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FIGURE 5.20 Selected Domains Found in Large Numbers of Proteins (a) The EF hand, a helix-loop-helix that binds specifically to Ca2+, and (b) the leucine zipper, a DNAbinding domain, are two examples of α-domains. SOLUTION 1. (Carbon is the central atom because it has the lowest electronegativity.) 3. In the chymotrypsin numbering system,
these are Asp 102, His 57, and Ser 195. TABLE 5.2 pKa Values for the Ionizing Groups of the Amino Acids pK1 (—COOH) pK2 (—NH+3) Glycine 2.34 9.60 Alanine 2.34 9.69 Valine 2.32 9.62 Leucine 2.36 9.60 Isoleucine 2.36 9.60 Serine 2.21 9.15 Threonine 2.63 10.43 Methionine 2.28 9.21 Phenylalanine 1.83 9.13 Tryptophan
2.83 9.39 Asparagine 2.02 8.80 Glutamine 2.17 9.13 Amino Acid pK R Proline 1.99 10.60 Cysteine 1.71 10.78 8.33 Histidine 1.82 9.17 6.00 Aspartic acid 2.09 9.82 3.86 Glutamic acid 2.19 9.67 4.25 Tyrosine 2.20 9.11 10.07 Lysine 2.18 8.95 10.79 Arginine 2.17 9.04 12.48 When molecules with net charges are placed in an
electric field, they move in a direction dictated by their net charge. In addition to iron, several other d-block elements are important in living organisms. KEY CONCEPTS • Aerobic respiration, the process that generates most of the energy required in eukaryotes, takes place in mitochondria. AMIDES Amides are amine derivatives of carboxylic acids
with the general formula [R(C O)— NR2] where the R groups bonded to the nitrogen can be hydrogens or hydrocarbon groups. For example, hydrogen chloride reacts with water to yield the hydronium ion H3O+ and chloride ion: In this reaction, the hydrogen chloride donates a proton (H+) to H2O (acting as a base because it accepts the proton) to
form the H3O+ and chloride ion. Phase contrast microscopes are fitted with an annulus aperture (which limits the angle of the incoming light rays) and a phase plate (which contains a phase ring that shifts light wavelengths (λ) along the horizontal axis). Carboxylic acids with more than two carbon atoms are often named using the hydrocarbon
precursor name followed by the ending -oic acid. We continue to believe that the cornerstone of an education in the life sciences is a coherent understanding of the basic principles of biochemistry. Pain, as unpleasant as it is, is a vitally important warning system that protects the body. This set of properties is referred to as _______________. Of the three
thermodynamic quantities, enthalpy, free energy, and entropy, which provides the most useful indicator of spontaneity in a reaction? Blood pressure rises as water then flows down its concentration gradient through the tubule cells and back into the blood. Energy Energy is defined as the capacity to do work, that is, to move matter. Biological
Membranes Biological membranes are thin, flexible, and relatively stable sheet-like structures that enclose all living cells and organelles. fatty acids sugars nucleotides amino acids Critical-Thinking Questions 31. Three-dimensional representations of amino acid stereoisomers are illustrated in Figure 5.7. Notice in the figure that the atoms of the two
isomers are bonded together in the same pattern except for the position of the ammonium group and the hydrogen atom. Briefly outline the roles of ribosome-associated chaperones, hsp70, hsp90, and chaperonins in protein folding. According to Hund’s rule, when an energy subshell has more than one orbital (e.g., p and d orbitals) there is only one
electron allowed in each orbital until all the orbitals have one electron. For example, hydrogen has three isotopes: hydrogen-1, hydrogen-2 (deuterium), and hydrogen-3 (tritium), which contain zero, one, and two neutrons, respectively. Amides with two alkyl groups attached to the nitrogen are tertiary amides [R(C O)—NR2]. The chemical properties
of organic molecules are determined by specific arrangements of atoms called functional groups. Zn2+ NAD+ active alcohol dehydrogenase CDP-ethanolamine alcohol dehydrogenase lacking Zn2+ biotin g. Explain why the term crowded rather than concentrated is used to describe the densely packed molecules in the interior of living cells. Together,
four quantum numbers describe the configuration of the electrons and the orbitals in an atom. CAs are usually zinc-dependent metalloenzymes with a deep cavity in which the active site is composed in part by an antiparallel β-sheet. Then the highly ordered water molecules in solvation shells are released from the interior, increasing the disorder
(entropy) of the water molecules. This process is referred to as salting out. Key Words addition reaction, 17 amino acid, 7 anabolic pathway, 20 anhydride, 14 autopoiesis, 13 autotroph, 19 bioinformatics, 26 biomolecule, 3 catabolic pathway, 20 chemoautotroph, 19 chemoheterotroph, 19 chemosynthesis, 19 degeneracy, 23 electrophile, 14 elimination
reaction, 15 emergent property, 23 energy, 19 enzyme, 3 fatty acid, 10 feedback control, 24 functional genomics, 26 functional group, 5 gene, 12 gene expression, 13 genome, 12 genomics, 26 heterotroph, 19 homeostasis, 3 hydration reaction, 17 hydrocarbon, 5 hydrolysis, 14 hydrophilic, 7 hydrophobic, 5 isomerization, 17 leaving group, 14 lipid, 10
macromolecule, 3 metabolism, 3 mixed anhydride, 14 modules, 24 monosaccharide, 8 mutation, 5 negative feedback, 25 neurotransmitter, 7 noncoding RNA, 13 nucleic acid, 11 nucleophile, 14 nucleophilic substitution, 14 nucleotide, 10 oxidation-reduction (redox) reaction, 18 oxidize, 18 oxidizing agent, 18 peptide, 7 peptide bond, 7 photoautotroph,
19 photoheterotroph, 19 photosynthesis, 19 polypeptide, 7 polysaccharide, 8 positive feedback, 25 protein, 7 proteomics, 26 purine, 11 pyrimidine, 11 reduce, 18 reducing agent, 18 reductionism, 22 response element, 13 robust, 23 saturated, 10 signal transduction, 21 sugar, 8 systems biology, 22 transcription, 12 transcription factor, 13 unsaturated,
10 Review Questions SECTION 1.1 Comprehension Questions 1. When the substrate S binds in the active site of an enzyme E, an intermediate complex (ES) is formed. The products of the reactions are S- adenosylhomocysteine and epinephrine’s inactive methylated derivative metanephrine. Deficiency symptoms include anemia, leukopenia (reduction
in blood levels of white blood cells), bone defects, and weakened arterial walls. The free energy of activation, ΔG‡, is defined as the amount of energy required to convert 1 mol of substrate (reactant) molecules from the ground state (the stable, low-energy form of a molecule) to the transition state, which is the structural form of the reactant molecule
that has the highest energy along the reaction coordinate. Another possibility is that only one of the two reactants is involved in the rate-determining step and it alone appears in the rate expression. (b) In yeast cells mitochondrial fission involves an interaction with an ER tubule, which is mediated in part by a protein tether called ERMES (ERmitochondria encounter structure). Water contains four electron groups: two bonding pairs and two lone pairs. (b) Phosphatidylcholine, a type of phosphoglyceride. After reviewing the molecular structures of these compounds, explain why there is such a difference in these values. Shallow clay pools can promote the synthesis of macromolecules and
accumulate the building blocks of life. TABLE 1.1 Important Functional Groups in Biomolecules Family Name Group Structure Group Name Significance Alcohol Hydroxyl Polar (and therefore water-soluble), forms hydrogen bonds Aldehyde Carbonyl Polar, found in some sugars Ketone Carbonyl Polar, found in some sugars Acids Carboxyl Weakly
acidic, bears a negative charge when it donates a proton Amine Amino Weakly basic, bears a positive charge when it accepts a proton Amide Amido Polar but does not bear a charge Thiol Thiol Easily oxidized; can form —S—S—(disulfide) bonds readily Ester Ester Found in certain lipid molecules Alkene Double bond Important structural component of
many biomolecules (e.g., found in lipid molecules) Major Classes of Small Biomolecules Many of the organic compounds found in cells are relatively small, with molecular masses of less than 1000 daltons (Da). _____________ are chromoplasts that convert light energy into chemical energy. Hsp70 and hsp90 also work together to identify proteins
damaged by oxidative or heat stress and either refold them or target them for proteasome-mediated destruction (p. ERassociated protein degradation (ERAD) is a cellular mechanism that targets misfolded polypeptides and transports them into the cytoplasm, where they are degraded by proteasomes (p. First, the mixture is digested by a protease and
the resulting peptides are then separated by liquid chromatography. 38. FIGURE 5.40 Hemoglobin Structure The HbA protein contains four subunits, designated α and β. The biochemical processes within an organelle proceed efficiently because of locally high enzyme concentrations and because they can be individually regulated. There are three
classes of biochemical pathways: metabolic, energy transfer, and signal transduction. For example, in both humans and lab animals, the switch from a balanced diet to a high-fat diet causes the loss of beneficial bacteria, some of which are known to protect cells in the gut lining. Such proteins share an obvious common ancestry. This vulnerability,
referred to as fragility, is an inescapable feature of robust systems. Examples include the nitrogenous base components of nucleotides and the nucleic acids, heme (the ironcontaining organic group required for the biological activity of several important proteins), and chlorophyll (a pigment of critical importance in photosynthesis). FIGURE 5.41 The
Hemoglobin Allosteric Transition When hemoglobin is oxygenated, the α1β1 and α2β2 dimers slide by each other and rotate 15º. Fe2+, which forms six coordinate bonds, is bound to the four nitrogens in the center of the protoporphyrin ring. Two types of hydrocarbon side chains are found in this group: aliphatic and aromatic. 30. 48. (The peptide
bonds are colored blue. The rate expression for the forward reaction is kF[A]n, and the rate expression for the reverse reaction is kR[B]m. The group 1 elements all have one electron in their outermost shell. A wide variety of chromatographic techniques are used to separate protein mixtures on the basis of molecular properties such as size, shape,
and weight or certain binding affinities. Water, which also has two polar bonds (two O—H bonds), is a polar molecule because of its geometry. Protein subunits in a multisubunit complex may be identical or quite different. Michaelis–Menten Kinetics In 1913, Leonor Michaelis and Maud Menten proposed one of the most useful models in the systematic
investigation of enzyme rates. Most coenzymes are derived from vitamins. Each unique sequence or molecule of mRNA possesses the information that codes directly for the amino acid sequence in a specific polypeptide. Wallace DC. This reaction is especially important in numerous proteins that contain cysteine. Of the 64 possible three-base
sequences (called codons) on an mRNA molecule, 61 base triplets code for 20 amino acids during protein synthesis. There is also a C-terminal αhelical structure that acts as a lid for the substrate-binding pocket. What are the possible products of a hydrolysis reaction of an amide? Vasopressin stimulates water reabsorption in the kidneys by initiating a
signal transduction mechanism that inserts aquaporins (water channels, p. _____________ is the biochemical conversion of light energy into chemical energy. In the first step in the reaction, a strong electrophile is generated. TABLE 6.1 Key Characteristics of Enzymes • Increase reaction rates • Obey the laws of thermodynamics (i.e., no effect on Keq
values) • Catalyze the forward and backward reactions of reversible reactions • Usually present in low concentrations because they are not consumed by reactions • Are controlled via regulatory mechanisms • Transition state of reacting substrates bound in enzyme active sites Enzyme Catalysts: The Basics How do enzymes work? As the silk
polymer progresses down the tapering duct, biochemical changes (e.g., in Na+, K+, and H+ concentrations) cause the conversion of α-helices into hydrophobic β-pleated sheets that expel H2O. Machines permit the accomplishment of tasks that often would be impossible without them. This reaction involves an E1cB mechanism, which is illustrated on
p. By step (f) (the final enzymeproduct complex), the bond between the serine oxygen and the carbonyl carbon has been broken. Each of the heavy and light chains contains constant (C) and variable (V) β-barrel domains (the classic immunoglobulin fold). Calcium-dependent signaling cascades initiated by a hormone, growth factor, or other type of
stimulus always involve the rapid transfer of calcium into mitochondria via MAMs. The subsequent activation of Ca2+-responsive proteins in every phase of ATP synthesis ensures that sufficient energy is available for the processes that are initiated by the signaling event and quenching of the calcium signal by ATP-pump complexes in the ER and
plasma membrane. Hepatocyte SER performs a wide variety of functions, which include biotransformation and synthesis of the lipid components of very lowdensity lipoproteins (water-soluble lipid transport complexes that deliver lipids to tissue cells). Opposing these factors is the unfavorable decrease in entropy that occurs as the disorganized
polypeptide folds into its highly organized native state. FIGURE 2.23 Mitochondrial Fission and Fusion (a) Both fission and fusion help mitochondria remain functional when cells experience metabolic, oxidative, and other stresses. Prominent examples include β-alanine, a precursor of the vitamin pantothenic acid, and γ-aminobutyric acid (GABA), a
neurotransmitter found in the brain (Figure 1.5). Compare and contrast the feature of an airplane autopilot system with a biological system. The reaction will be spontaneous at a higher temperature. What functions does the cytoskeleton perform in eukaryotic cells? Chloroplasts are a type of chromoplast that is specialized to convert light energy into
chemical energy. Active as a homotetramer, p53 regulates the expression of hundreds of genes, most notably those involved in cancer-suppression processes such as DNA repair, cell cycle arrest, autophagy (p. The activities of some enzymes can be regulated. They also have vast biochemical diversity across species lines because almost any organic
molecule can be used as a food source by some species of prokaryote. Often referred to as exocytosis (Figure 2.16), this process involves the fusion of the vesicle membrane with the plasma membrane. photosynthesis thylakoid membrane MAP IFT polycystic kidney disease 53. Identify the functional groups in the following molecules: (c) (a) (d) (e) (b)
(g) (f) (h) 25. The structure of βαβ units, typically found in ion channels, is stabilized by hydrophobic interactions between nonpolar side chains projecting from the interacting surfaces of the β-strands and the α-helix. QUESTION 5.5 Write out the complete structure of oxytocin. The oxygen-induced readjustment in the interdimer contacts is almost
simultaneous. The active (catalytic) site of an enzyme contains the side chains of amino acid residues that are conserved because they participate in the protein’s catalytic activity. propane propanol acetic acid formaldehyde 75. The Golgi apparatus is involved in the processing, packaging, and distribution of cell products (e.g., glycoproteins) to
internal and external compartments (Figure 2.15). As a result, amides are not weak bases (i.e., they have little capacity to accept protons). 41. Large- and small-scale cell movement. Adding to this complexity, cells must protect themselves from proteotoxic stress, a potentially lethal condition in which there is an accumulation of misfolded proteins
caused by genetic variations or environmental insults such as oxidative stress (pp. This chapter provides an overview of these principles. Carbon, for example, can form double and triple bonds. For benzene, which has six π electrons, n is equal to 1 [4(1) + 2 = 6]. In biomolecules, nitrogen is found in amines (R-NH2, where R is a carbon-containing
group) and amides (e.g., bonds between amino acids in proteins). Because there is no objective lens to recombine the scattered X-rays, the three-dimensional image is reconstructed mathematically. Bacteria cells such as those of E. Can you suggest how these molecules perform this feat? • Some relatively simple polypeptides fold spontaneously into
their native conformations. At each step, as molecular bonds are rearranged, some energy is captured and used to maintain the organism’s complex structures and activities. Preexisting peroxisomes can grow larger with the transfer of membrane from the ER and then divide to produce new peroxisomes. Ribosomal RNA is synthesized in the
nucleolus, found within the nucleus. Serine, threonine, and tyrosine contain a polar hydroxyl group, which enables them to participate in hydrogen bonding, an important factor in protein structure. In multicellular organisms, other levels of organization include tissues, organs, and organ systems. Iron is a transition metal found in a large number of
proteins in all living organisms. Schiff bases, referred to as aldimines, formed by the reversible reaction of an amino group with an aldehyde group, are intermediates (species formed during a reaction) in transamination reactions (pp. • Disulfide bridges, formed by the oxidation of cysteine residues, are an important structural element in polypeptides
and proteins. The heterotrophs obtain energy by degrading preformed food molecules obtained by consuming other organisms. Some species use glycogen or poly-β-hydroxybutyric acid as carbon storage polymers. The reaction is spontaneous. What are the first and second laws of thermodynamics, and what are their defining equations? It is produced
by proton migration from the CH of a CHOH group to the oxygen of a carbonyl group to yield a carbon–carbon double bond where each carbon bears an OH group. • Chapter 10 offers a set of new figures to present a clearer illustration of electron transport and its components. The free energy value for the hydrolysis of ATP is greater than that for
ADP. The work of life scientists, made possible by the experimental approaches of biochemistry, has revealed that all organisms obey the same chemical and physical laws that rule the universe. rRNA molecules are chemically modified in the nucleolus. MCAT Study Questions 61. Draw a diagram of a bacterial cell. Individual organisms with amino
acid substitutions at the conservative, invariant residues of cytochrome c, for example, are not viable. Most cell types have several hundred mitochondria. In these areas malaria, caused by the Anopheles mosquito-borne parasite Plasmodium, is a serious health problem. Each is discussed briefly. All molecular diagrams have been recreated by Jeremy
Berg for clearer and more consistent presentations of structure throughout, with the art programme being increased by nearly 20 per cent over the previous edition. Although organisms are bombarded with signals, they can adapt to changing environmental conditions only if they can recognize, interpret, and respond to each type of message. The
GAPDH monomer is a nuclear DNA repair enzyme. 60. These molecules are “saturated” because they will not react with hydrogen. The resident ER molecules, identified by retrieval signals in their structures, are recycled by returning to the ER via vesicles that have COPI (coat protein I) coats. Mitochondria Mitochondria (singular mitochondrion) are
organelles that have long been recognized as the site of aerobic metabolism, the mechanism by which the chemical bond energy of food molecules is captured and used to drive the oxygen-dependent synthesis of adenosine triphosphate (ATP), the cell’s energy storage molecule. Sci Am 304:68-73. 35. FIGURE 5.9 Titration of Glutamate There are three
stages in the titration of the free amino acid glutamate because it has three ionizable groups. Harold FM. In contrast, hydrophobic molecules—such as the hydrocarbons, which possess few if any electronegative atoms—do not interact with water. Large globular proteins (i.e., those with more than 200 amino acid residues) often contain several
compact units called structural domains. For this reason E1 reactions are similar to SN1 reactions because the reaction rates of both depend on one molecule, the precursor of the carbocation. Amino acids undergo several chemical reactions. FIGURE 2.6 Volume Exclusion Macromolecules and small molecules are depicted with large balls and small
balls, respectively. At higher temperatures, molecules have more thermal energy and are, therefore, more likely to collide with each other. System biologists take advantage of all of these methods to decipher biological networks such as metabolic process control, gene regulation, and signal transduction (information-processing) mechanisms. The
smooth outer membrane is permeable to most molecules with masses less than 10,000 Da. The inner membrane, which is impermeable to ions and a variety of organic molecules, projects inward into folds that are called cristae. Recent evidence has revealed that consumption of artificial sweeteners in food and beverages has detrimental health effects
because their effects on certain gut microbes result in destabilized blood glucose control in lab animals and some humans. Englander W, Mayne L. The average atomic mass for hydrogen is 1.0078 µ. The emphasis throughout is on the relationship between the structure and function of polypeptides. There are eight different types of spider silk,
although no spider makes all of them. In contrast to the double helix of DNA, RNA is single-stranded. Several fluorophores can be used simultaneously. In the absence of substrate molecules, the zinc ion is also coordinated with a water molecule. FIGURE 1.21 Anabolism and Catabolism In organisms that use oxygen to generate energy, catabolic
pathways convert nutrients to small-molecule starting materials. 220) of 5700 years, carbon-14 is used in the radiocarbon dating of organic materials up to 60,000 years ago. Microsomes are deposited in the pellet, and the supernatant contains ribosomes, various cellular membranes, and granules such as glycogen, a carbohydrate polymer. For
example, CH2 CH—CH2—CH2— CH2—CH3 is named 1-hexene, not 5-hexene. Commonly observed examples include the arginine– arginine, carboxylate–carboxylate, and carboxylate–histidine dyads. When an external force is applied to structure (a), it rearranges to form structure (b). When ammonium chloride dissolves in water, the solution
becomes cold. Lipid exchange. First, they are used in the synthesis of larger molecules, many of which are polymers. • Chapter 2 contains more detailed coverage of the function and structure of the Golgi apparatus, including an updated explanation of the role of anterograde and retrograde transport in the processing of new lipid and protein
molecules. There are four groups of molecular chaperones involved in de novo protein folding, that is, assistance in the folding of nascent polypeptides: 1. In recent years, mitochondria have also been recognized as key regulators of intrinsic apoptosis, one form of a genetically programmed series of events triggered by cell stresses (e.g., DNA damage,
hypoxia, or nutrient deprivation) that leads to cell death (Figure 2.22). Overview CELLS ARE THE STRUCTURAL UNITS OF ALL LIVING ORGANISMS. Insulin increases fat synthesis in adipose cells. intrinsically disordered protein intrinsically disordered region prosthetic group apoprotein molecular chaperone 41. The charge distribution in the
relatively anhydrous active site facilitates the optimum positioning of substrate molecules and influences their chemical reactivity. The following is an example of a _______________ reaction. This atom will often be the one with the lowest electronegativity. • Chapter 7 now includes an explanation of the importance of glycosylation reactions in animal
biology. The sum of all the reactions in a living organism is called its _____________. The remaining elements in the standard periodic table, groups 13 to 18, are in the p block, so named because electrons progressively fill p orbitals. In the second step, the nucleophile attacks the electrophilic carbocation to form the product. Unstructured polypeptides
(not shown) in the center ensure the selective transport of cargo molecules bound to nuclear transport proteins. The biological activity of complex multisubunit proteins is often regulated by allosteric interactions in which small ligands bind to the protein. Peripheral proteins are not embedded within the membrane. With the exception of hydrogen, all
of the group 1 elements [lithium (Li), sodium (Na), potassium (K), rubidium (Rb), cesium (Cs), and the rare radioactive francium (Fr)] are referred to as the alkali metals because they react vigorously with water to form hydroxides (e.g., NaOH). i, iii, and iv c. The vesicular coat of COPII (coat protein complex II) and its adapter proteins ensure that the
vesicle is directed to the correct target membrane. For an E2 reaction mechanism to be possible, the β-hydrogen and the leaving group must be anticoplanar (i.e., in a geometric arrangement in which they are 180° from each other on neighboring carbons). Catalytic Mechanisms Despite extensive research, the mechanisms of only a few enzymes are
known in significant detail. Many salts produce heat when dissolved in water and the solution becomes warm, reflecting the fact that the ΔH term is positive. The undulating motion of cilia and flagella is the result of the outer microtubule pairs sliding relative to each other. If one of the four electron groups in a tetrahedron is a lone pair, the
molecular shape is trigonal pyramidal. ER lumen b. Determining an element’s electron configuration requires knowing its atomic number (the number of protons), which is also equal to the number of electrons. The chapters that follow focus on the structure and functions of the most important biomolecules and the major biochemical processes that
sustain life. Hydration shells increase the distance between charge centers and reduce electrostatic attraction. In contrast to the 10 years required for insulin, current technologies allow protein sequence determination within a few days by mass spectrometry. Once initiated, the internal signal causes a signaling cascade, a series of reactions that
involve covalent modifications (e.g., phosphorylation) of intracellular proteins. Many biochemical pathways are regulated by negative feedback. After reviewing the discussion on pp. Substitutions at conservative and variable sites have been used to trace evolutionary relationships. Consequently, gel electrophoresis is highly effective at separating
complex mixtures of proteins or other molecules. Describe the structural features that allow these two proteins to accomplish separate functions. How is it important in the life of cells? In many of these molecules or the domains within a molecule, the hydrophobically collapsed shape of the intermediate is referred to as a molten globule. Molecules
with molecular weights ranging from several thousand to several million daltons are called polypeptides. Protein sequencing analysis makes use of tandem MS (two mass spectrometers linked in series, MS/MS). 2.2 STRUCTURE OF PROKARYOTIC CELLS The prokaryotes are an immense and heterogeneous group that are similar in external
appearance: cylindrical or rod-like (bacillus), spheroidal (cocci), or helically coiled (spirilla). Efforts to spin the goat silk protein, purified from the animal’s milk, resulted in fibers that had inferior mechanical properties with diameters (10–60 μm) that were considerably thicker than those of natural spider silk (2.5–5 μm). Changes in cell shape result
from responses to external signals. What do these numbers tell you about the evolutionary changes that would have to occur to generate an efficient eukaryotic cell, considering that many biochemical processes depend on transport across membranes? Its principal components include microtubules, microfilaments, and intermediate fibers. adenosine
triphosphate redox reaction oxidizing agent reducing agent NADH 38. Biochemical reactions are organized into pathways where a reactant is converted to a product in a step-by-step sequence where each reaction is catalyzed by a separate enzyme. Microtubules are polar; that is, their ends are different. Some coenzymes are only transiently bound to
the enzyme and are essentially cosubstrates, whereas others are tightly bound by covalent or noncovalent bonds. network metabolic network signaling network module motif 58. It should be noted that the term oxidation state is often used in reference to atoms that have gained or lost electrons. SDS (sodium dodecyl sulfate), a negatively charged
detergent, binds to the hydrophobic regions of protein molecules, causing the proteins to denature and assume rod-like shapes. All robust systems are necessarily complex because failure prevention requires an integrated set of automatic fail-safe mechanisms. ΔH = ΔG c. The molarity of the solution in this problem is 0.085 mol/2 l, which is equal to
0.0425 M (moles per liter, or molar). The success of these models is reliant on huge data sets containing accurate information about cellular concentrations of biomolecules and the rates of biochemical reactions as they occur in living, functioning cells. Adding these numbers, the molecular mass (m) of glucose is determined to be 180 g. The
immediate effect of deforestation in the Yucatan peninsula in the ninth century was erosion as rainwater washed away soil previously held in place by tree roots. Biochemistry in Perspective essays and chapter-opening vignettes, as well as dozens of examples integrated into the body of the text, help students see the relevance of biochemistry to their
chosen fields of study. 1.3 IS THE LIVING CELL A CHEMICAL FACTORY? With a diameter of 0.3 μm, they are believed to be the smallest known free-living organisms. (Because allosteric enzymes play a key role in the control of metabolic processes, allostery is discussed further in Sections 6.3 and 6.5.) QUESTION 5.8 Review the following
illustrations of globular proteins. Detergents. Large numbers of weak interactions are required for supramolecular structures to form. Yet, as astonishing as this diversity is, these molecules constitute only a small fraction of the possible protein molecules. MOLECULAR STRUCTURE Molecules are three-dimensional arrangements of atoms. Iodine is a
component of the thyroid hormones, which regulate diverse metabolic processes in the animal body. SUMMARY Biodegradable, lightweight, strong spider silk has an enormous number of potential applications. 4. FIGURE 2.21 The Nuclear Lamina A thin, dense network of lamin filaments is linked to the inner nuclear membrane via interactions with
laminassociated proteins such as emerin, LBR (lamin B receptor), and SUN-domain proteins. Chaperone action begins as the nascent polypeptide begins to emerge from the ribosome’s exit tunnel. The orderly chaos of proteins. (d) The ATP-binding domain of hexokinase, a type of α/β-domain. Electrophoresis, one of the most widely used techniques in
biochemistry, is usually carried out using gels such as polyacrylamide or agarose. FIGURE 5.29 The Energy Landscape for Protein Folding (a) Color is used to indicate the entropy level of the folding polypeptide. Meanwhile, the trans-GroEL-(ADP)7 ring is already beginning the loading, trapping, and folding process for another unfolded protein or
domain. hydride ion oxidation reaction energy FAD electron transport pathway 39. A protein molecule combined with its prosthetic group is referred to as a holoprotein.) Prosthetic groups typically play an important, even crucial, role in the function of proteins. Copper (Cu) is found in several energy generation proteins. [Hint: Synthesis of the lipid
molecule continues at a normal rate.] Lysosomal Storage Diseases Nucleus The nucleus (Figure 2.19) is the most prominent organelle in eukaryotic cells. • Coenzymes are organic molecules that have a variety of functions in enzyme catalysis. _____________ is an antiviral defense mechanism involving siRNA molecules. Polypeptides are amino acid
polymers. The capacity to lower Ea has been attributed to transition state stabilization. Inasmuch as nitrogen has five valence electrons and each oxygen atom has six valence electrons, the following Lewis dot structure of the nitrate ion satisfies the octet rule: However, there is no reason why the double bond should appear where it does in this
formula. The energy shell of H2 has a maximum of two electrons, and the formation of H2 is depicted as The following rules facilitate the drawing of Lewis structures for more complicated molecules: 1. Peptide bonds are amide linkages that form in a nucleophilic substitution reaction (p. As the microtubule grows at the plus end, it extends toward the
cell’s periphery. Understanding biochemical processes can be significantly enhanced by examining the following core concepts: water, biological membranes, self-assembly, molecular machines, macromolecular crowding, proteostasis, signal transduction, calcium ions as a signaling device, and the relationship between signal transduction and
metabolism. 147 for a discussion of this reaction.) ACIDIC AMINO ACIDS Two standard amino acids have side chains with carboxylate groups. Until recently, because of the debilitating nature of sickle-cell disease, affected individuals rarely survived beyond childhood. For example, the oxygen-binding capacity of hemoglobin, the predominant red
blood cell protein, differs by several orders of magnitude depending on whether it is measured within red blood cells or in dilute buffer. Functions Of all the molecules encountered in living organisms, proteins have the most diverse functions, as the following list suggests. Menkes’ Syndrome QUESTION 6.4 Copper is a cofactor in several enzymes,
including lysyl oxidase and superoxide dismutase. The enediol collapses as the histidine removes a proton from the C-1 hydroxyl group and C-2 abstracts a proton from the protonated glutamate to form the GAP product. Vasopressin and oxytocin are examples of peptide molecules with more than one function. Thiolates are excellent nucleophiles
because sulfur’s 3p electrons are easily polarized. FIGURE 3.3 Charges on a Water Molecule The two hydrogen atoms in each molecule carry partial positive charges. Assume that both ATP and ADP have a concentration of 1 M and T = 25°C. Anabolic processes include the synthesis of polysaccharides and proteins from sugars and amino acids,
respectively. One by one, each oligopeptide ion is directed into a collision chamber, where it is fragmented by collisions with hot inert gas molecules. CHAPTER 17 What Makes Us Human? When released from the pancreas in response to high blood glucose levels, insulin binds to its receptor on a target cell. Since there are four chlorines bonded to
the central carbon atom, there are eight bonding electrons. A Lewis base is defined as a chemical species that donates an electron pair and possesses lone pair electrons. As quantum theory revolutionized physics in the early twentieth century, it became apparent that the theory explained many properties of atoms that the Bohr model did not. A
signal molecule, called a ligand, binds to and activates a receptor. HEMOGLOBIN Hemoglobin is a roughly spherical molecule found in red blood cells, where its primary function is to transport oxygen from the lungs to every tissue in the body. Instead, noncovalent interactions between the enzyme and substrate change the three-dimensional
structure of the active site, conforming the shape of the active site to the shape of the substrate in its transition state conformation. Computer programs now perform these extremely complex and laborious computations. Human Ciliopathies Considering that primary cilia are present on most cells in the human body, the wide spectrum of primary
cilia-related human diseases is not surprising. Top-down proteomics becomes reality. In the intermediate steps in these redox processes, high-energy electrons are transferred to electron acceptors such as the nucleotide NAD+/NADH (nicotinamide adenine dinucleotide in its oxidized/reduced form). KEY CONCEPTS • Enzymes are catalysts. (In
humans, for example, 2 m of DNA are compressed into a nucleus with a diameter of 10 μm.) Chromatin is highly structured, consisting of DNA and DNA packaging proteins known as the histones. Defects in primary cilia result in numerous human diseases. Examples include H+, CH3+, and polarized neutral molecules such as HCl. Nucleophiles have
negative charges (e.g., OH−), contain atoms with lone pairs (e.g., H2O and NH3), or have π bonds. QUESTION 2.1 A typical, roughly spheroidal, hepatocyte (liver cell) is a widely studied eukaryotic cell that has a diameter of about 20 μm. Caetano-Anolles G, et al. When Keq is greater than 1000, the reaction has gone to completion (i.e., almost all
reactants have been converted to product). Water’s properties make life on Earth possible. The amino acid residues that line the iron-binding site protect Fe2+ from oxidation. In Menkes syndrome intestinal absorption of copper is defective. Electron tomography studies (a microscopic technique in which electron beams are used to create threedimensional reconstructions of specimens) have revealed a more complicated anatomy. Chromatin has been traditionally classified according to how densely it is packaged. Glycine (Gly) Alanine (Ala) Valine (Val) Leucine (Leu) Isoleucine (Ile) Phenylalanine (Phe) Tryptophan (Trp) Methionine (Met) Proline (Pro) Serine (Ser) Threonine (Thr) Tyrosine
(Tyr) Asparagine (Asn) Glutamine (Gln) Cysteine (Cys) Asparatate (Asp) Glutamate (Glu) Lysine (Lys) Arginine (Arg) Histidine (His) TABLE 5.1 Names and Abbreviations of the Standard Amino Acids Amino Acid Three-Letter Abbreviation One-Letter Abbreviation Alanine Ala A Arginine Arg R Asparagine Asn N Aspartate Asp D Cysteine Cys C
Glutamate Glu E Glutamine Gln Q Glycine Gly G Histidine His H Isoleucine Ile I Leucine Leu L Lysine Lys K Methionine Met M Phenylalanine Phe F Proline Pro P Serine Ser S Threonine Thr T Tryptophan Trp W Tyrosine Tyr Y Valine Val V FIGURE 5.3 General Structure of the α-Amino Acids POLAR AMINO ACIDS The functional groups of polar amino
acids easily interact with water through electrostatic interactions, such as hydrogen bonding. We’re sharing this with our audience ONLY for educational purpose and we highly encourage our visitors to purchase original licensed software/Books. DNA molecules in prokaryotic cells are located in an irregularly shaped region called the nucleoid. The
energy, released when the phosphoanhydride bonds are hydrolyzed, drives cellular processes. Once formed, each vesicle acquires a “coat” of specific proteins that facilitates its transport or targets it to its destination. The relative movement of each molecule results from its capacity to remain associated with the stationary phase while the mobile
phase continues to flow. Damaged cells release numerous substances, including the inflammatory peptides substance P and bradykinin, as well as nitric oxide (p. (After gentle hand pulling of the dragline silk, the spiders were then released.) The silk fiber used in the weaving process was twisted into 96-ply thread. Bacteria dominate the human gut
microbiota. A new Biochemistry in the Lab feature examines CRISPR, the genome-editing technology now widely used in biomedical research. The defective enzyme cannot keep erythrocytes supplied with sufficient amounts of the antioxidant molecule NADPH (Chapter 8). Figure 2 is a diagram that will aid in recalling the order in which the subshells
are filled. Structure. Electronegativity, a measure of an atom’s affinity for electrons in a chemical bond, increases across a period as atomic radii are decreasing. α-Helix. The R groups are highlighted.) 3D animation of Met-Enkephalin FIGURE 1.7 Polypeptide Structure As a polypeptide folds into its unique three-dimensional form, hydrophobic R
groups (yellow spheres) become buried in the interior away from water. It is known that two types of β-pleated sheet (highly ordered and less ordered) are responsible for the strength of spider silk. Toughness, a combination of stiffness and strength, is a measure of how much energy is needed to rupture a fiber. So called because they are released
when the cell disintegrates, endotoxins are responsible for symptoms such as fever and shock in animals infected by Gram-negative bacteria. Lipids are a diverse group of substances that are soluble in organic solvents such as chloroform or acetone, but they are not soluble in water. The extent to which a weak acid dissociates is referred to as its pKa
value. Simple proteins, such as serum albumin and keratin, contain only amino acids. Fibrous proteins (e.g., collagen) are long, rod-shaped molecules that are insoluble in water and physically tough. Transport. Samuel Taylor Coleridge (1772–1834), The Rime of the Ancient Mariner C oleridge’s mariner laments the fate (dying of thirst) he and his
shipmates face as their becalmed wooden sailing ship is surrounded by an endless vista of undrinkable ocean water. The free energy of hydrolysis for ATP is −30.5 kJ/mol. Cytoskeleton The cytoskeleton is a network of fibers, filaments, and associated proteins (Figure 2.26). AMPK phosphodiesterase peroxidase glucose-6-phosphatase 78. Since
Frederick Sanger determined the amino acid sequence of bovine insulin in 1953, the structures of several thousand proteins have been elucidated. Such molecules are described as hydrophobic (“water-hating”). The internal structure depicted in this diagram is referred to as the baffle model because of the bellow-like shape of the crista. 119) that the
value of ∆G for a specific reaction can predict whether it is spontaneous but cannot be used to predict its rate. Spider silk: from soluble protein to extraordinary fiber. Using Einstein’s equation, calculate the amount of energy in 1 mg of dust. • Computerized test bank. The chapter opens with a new feature on pain, aspirin, and the COX enzymes.
Thermodynamics is based on the behavior of large numbers of molecules. RER is so named because of the numerous ribosomes that stud its cytoplasmic surface. For example, two molecules of the amino acid cysteine react to form cystine, which contains a disulfide bond. Humans and their microbiota have evolved together into a dynamic,
interdependent superorganism. For a 7016 kg adult, the average number of mitochondria has been estimated to be 1 × 10 (10,000 trillion). When two cysteine residues form such a bond in peptides or polypeptides, it is referred to as a disulfide bridge. McQuade – Bradley University Gary Means – Ohio State University Alexander Melkozernov –
Arizona State University Joyce Miller – University of Wisconsin–Platteville Robin Miskimins – University of South Dakota David Moffet – Loyola Marymount University Rakesh Mogul – California Polytechnic State University Joyce Mohberg – Governors State University Jamil Momand – California State University, Los Angeles Bruce Morimoto – Purdue
University Kyle Murphy – Rutgers University Alan Myers – Iowa State University George Nemecz – Campbell University Harvey Nikkei – Grand Valley State University Michael Nosek – Fitchburg State University Peter Oelkers – University of Michigan–Dearborn Peter M. Cyanide (CN−) and NO also inhibit O2 transport, but at higher concentration
than CO. Christian Anfinsen, who shared the Nobel Prize in Chemistry in 1972, demonstrated the following example of a reversible denaturation in the 1950s. COURSE MANAGEMENT SYSTEMS All instructor and student resources, including the text images, the test bank files, and the online self-quiz questions, are compatible with a variety of
management systems. Carboxylates are not good substrates for nucleophilic substitution reactions because the carbonyl carbon is not sufficiently electrophilic. By convention, the amino acid residue with the free amino group is called the N-terminal residue and is written to the left. In any reaction, the time required for one-half of the reactant
molecules to be consumed is called a half-life (t1/2). QUESTION 5.9 Illustrate the noncovalent interactions that can occur between the following side chain groups in folded polypeptides: (a) serine and glutamate, (b) arginine and aspartate, (c) threonine and serine, (d) glutamine and aspartate, and (e) phenylalanine and tryptophan. The mechanism
that facilitates pyruvate transport into a mitochondrion is an example of a protocol. Also called the cytoplasmic membrane, the plasma membrane is a phospholipid bilayer that is reinforced with hopanoids, a group of relatively rigid molecules that resemble sterols (e.g., cholesterol) that stiffen membranes in eukaryotes. Some substances are readily
removed. Low-level chronic systemic inflammation, caused by the leakage of bacterial molecules such as lipopolysaccharide (also called endotoxin) across a gut wall compromised by the loss of protective bacteria, is now believed to be a significant feature of most metabolic diseases. The rates of enzyme-catalyzed reactions also increase with
increasing temperature. FIGURE 5.32 Molecular Chaperone-Assisted Protein Folding Molecular chaperones bind transiently to both nascent proteins and unfolded proteins (i.e., those denatured by stressful conditions). (Nuclear spin [p. For example, the binding of the hormone insulin to its receptor on the surface of its target cells sets in motion a
signaling mechanism that alters the expression of numerous genes (e.g., enzymes in glycogen and triacylglycerol synthesis). (c) This diagram illustrates axoneme bending, the result of the sliding of the microtubule doublets relative to each other. The overall rate of the reaction is determined by the rate of the step with the highest Ea (ΔG‡), in this
case the first step. 617), and cancer. Glutamate now has no net charge. Emergence As we have discovered, the behavior of complex systems cannot be understood simply by knowing the properties of constituent parts. systems biology b. (Glycolipids contain carbohydrate groups.) Hopanoids are complex lipid molecules that stabilize bacterial
membranes. “Biochemistry” also becomes the first text to fully reflect the revolution that has taken place in biomedical science in the past ten years, culminating in the human genome project. Once formed, the ammonia molecules desorb from the catalyst. For two reactions to be coupled, they must have a common intermediate. SECTION 1.2
Comprehension Questions 12. As a polypeptide folds, favorable (negative) ΔH values are the result in part of the sequestration of hydrophobic side chains within the interior of the molecule and the optimization of other noncovalent interactions. The carbon–carbon σ bond is formed by the overlap of an sp hybrid orbital from each carbon atom. When
this molecule accumulates in brain cells, an otherwise healthy child undergoes motor and mental deterioration within months after birth and dies by the age of 3 years. For example, fatty acids are transported into organelles known as mitochondria so that they may be broken down to generate energy. A sigma bond (σ), which is formed by the
overlapping by the outermost orbitals of two atoms, is the strongest type of covalent bond. The collapse of the Mayan civilization, the result of severe malnutrition and disease, chronic warfare, and social chaos, was the inevitable consequence of inadequate food production caused by insufficient water. Occasionally, mixed parallel–antiparallel β-sheets
are observed. (b) A more detailed view of an antiparallel β-pleated sheet. Cyclooxygenase is an enzyme that catalyzes the first reaction in a pathway that synthesizes fatty acid derivatives such as the prostaglandins. Abrupt changes in direction of a polypeptide involve structural elements called loops. The dynein arms are ATPhydrolyzing motor
proteins that “walk along” the microtubules to produce axoneme bending. The product ammonium chloride (NH4Cl) results when a covalent bond is formed between the nitrogen with its lone pair and the proton that has dissociated from HCl. LEWIS DOT NOTATION Chemists often describe chemical bonds using Lewis dot structures. As the number
of positively charged protons at the center of the atom increases, the negatively charged electrons are attracted more strongly (i.e., the electrons are drawn closer to the nucleus). Schneider ED, Sagan D. Its small side chain introduces structural flexibility into proteins. The alkali metals do so because they readily lose their single valence electron to
form cations with a +1 charge. In E1 (elimination unimolecular) reactions, the first and slowest step is carbocation formation. The isoelectric point (pI), the pH at which a molecule has no net charge, is calculated by adding the pKa values that bracket the zwitterion and then dividing by two [(pKa1 + pKa2)/2]. The functions of noncatalytic side groups,
which include substrate orientation and transition state stabilization, are subtle in comparison with those of catalytic residues. Poor diets can also cause dysbiosis since dietary factors play a significant role in shaping the microbiota. Together, the inner and outer membranes create two separate compartments: (1) the intermembrane space and (2) the
matrix. The pI value for aspartic acid is (2.09 + 3.86)/2 = 2.98. SIMPLE, CLEAR ILLUSTRATIONS Biochemical concepts often require a high degree of visualization, and we have crafted an art program that brings complex processes to life. The remaining two sp2 orbitals, one from each carbon, overlap to form a carbon–carbon σ bond. Hydrophobic
substances such as steroid hormones, which cannot be broken down into simpler molecules, are converted during a series of reactions into water-soluble derivatives. In shotgun proteomics, a bottom-up technology, complex mixtures of proteins (e.g., the proteome of a specific cell type) can be analyzed. HCl is a strong acid because its dissociation in
water is complete (i.e., 100% of HCl molecules dissociate into chloride and hydrogen ions). Plant cells solve this problem by transporting such molecules into a vacuole, where they are either broken down or stored. Describe in general terms the inheritance pattern of this molecular disease. Hsp70 ATPase activity is stimulated when a peptide segment
enriched in hydrophobic amino acid residues binds within the binding pocket. Catalysts perform this feat because they decrease the activation energy required for a chemical reaction. Although these data sets are incomplete, this analytic method has produced some notable successes. If the Keq value is lower than 1, then product concentration is
lower than reactant concentration when equilibrium has been reached. SDS–polyacrylamide gel electrophoresis (SDS-PAGE) is a widely used variation of electrophoresis that can be used to determine molecular weight (Figure 5F). Critical-Thinking Questions 24. QUESTION 6.1 The hexokinases are a class of enzymes that catalyze the ATP-dependent
phosphorylation of hexoses (sugars with six carbons). (Refer to pp. Most mutations are silent: they either are repaired or have no effect on the functioning of the organism. They have or are predisposed to have intricately shaped surfaces with complementary structures, charge distributions, and/or hydrophobic regions that allow numerous, relatively
weak noncovalent interactions (Figure 2.4). Chemical Bonding A chemical bond is a strong, attractive force between the atoms in a chemical compound. Both oxytocin and vasopressin signaling deficits have been linked to social impairment in children with autism spectrum disorder. IFs connect microtubules and microfilaments to each other and to
the nucleus and plasma membrane. The oxidation state of oxygen atoms in compounds is usually −2. All information-processing mechanisms can be divided into four phases: 1. Some carbohydrates serve as structural materials. As the name suggests, fibrous proteins are long, rod-shaped molecules that are insoluble in water and physically tough. The
newly formed carbocation (a molecule containing a positively charged carbon atom) is then attacked by the nucleophilic water molecule to yield an oxonium ion (a molecule containing an oxygen cation with three bonds). In eukaryotes, the hsp90s are found in cytoplasm, nucleus, mitochondria, and chloroplasts where they do not bind to nascent
polypeptides. Assuming a concentration of 4 mM for this molecule, what would the phosphate concentration be at equilibrium? 2013. What amino acid residues can be phosphorylated? Because of the strong repulsion of the lone pair, bond angles are less than 109.5°. Because each protein has a characteristic salting-out point, this technique removes
many impurities. MOLECULAR CHAPERONES Molecular chaperones apparently assist unfolded proteins by protecting them from inappropriate hydrophobic protein–protein interactions that can result in misfolding or aggregation. In varying degrees, they all participate in each type of catalytic mechanism. When proteins are severely damaged, hsps
promote their degradation. The matrix also contains 2 to 10 circular DNA molecules. Keeping in mind that living organisms are selfregulating, what would you expect to happen if a person’s diet is high in cholesterol? Problems 5.1 to 5.3 are sample titration problems. Oxidation-reduction in biological systems involves one- or two-electron transfer
reactions accompanied by the compensating change in the amount of hydrogen and oxygen in the molecule. The other (the distal histidine) stabilizes the oxygen-binding site. In the active site of aconitase, the enzyme that catalyzes the isomerization of citrate to form isocitrate (p. For example, nearly all enzymes have globular structures. Molecules
with the molecular formula R(C O)—NH2 are primary amides. Nonstandard amino acids found in proteins are usually the result of posttranslational modifications (chemical changes that follow protein synthesis). In FTICR-MS signals generated by the accelerated movement of charged particles in a static magnetic field and a rapidly varying electric
field are analyzed by performing a mathematical transformation called a Fourier transform to yield a mass spectrum. Amino acids with their carboxyl groups, amino groups, and various R groups can undergo numerous chemical reactions. Because salting out is usually reversible and different proteins salt out at different salt concentrations, it is often
used as an early step in protein purification. Enzymes, like all catalysts, cannot alter the equilibrium of the reaction, but they can increase the rate toward equilibrium. The equilibrium shifts toward ammonia synthesis because there are fewer molecules of this gas. Transferases are enzymes that transfer molecular groups from a donor molecule 3. The
voltage difference between the electrospray needle and the injection port results in the creation of protein ions. Here the flowing dope begins to assume the properties of a liquid crystal as long axes of the protein molecules are forced into parallel orientation. Mass spectrometric exploration of proteome structure and function. The same trend is not
seen in the atomic radii of the elements in groups 3 to 12. Cells are composed of a diversity of biomolecules and macromolecules, some of which form more complex supermolecular structures. For example, alcohols result when hydrogen atoms are replaced by hydroxyl groups (—OH). Wright PE, Dyson HJ. Staining gels with a dye such as Coomassie
brilliant blue is a common method for quickly assessing the success of a purification step. The concentrations of hydrogen and hydroxide ions change depending on the substances that are dissolved in water, but their product is always 1 × 10–14. Functional relationships between modules in a system are managed by protocols, or sets of rules that
specify how and whether modules will interact. During this process, ribonuclease, composed of a single polypeptide with four disulfide bridges, completely unfolds and loses all biological activity. lysine tyrosine leucine asparagine proline cysteine glutamic acid valine histidine glycine Fill in the Blanks 7. How many electrons are in its valence shell?
Chymotrypsin catalyzes the hydrolysis of peptide bonds adjacent to aromatic amino acids. As examples, consider the movement of protist cells as they search for food in a pond or the migration of human white blood cells as they search for infectious foreign cells throughout the body. When reactants are in different phases, contact only occurs at the
interface between the phases. The seeds of Lathyrus odoratus contain a toxin (βaminopropionitrile) that inactivates lysyl oxidase. Which of the following is a component of the cytoskeleton? Molecules with a central atom with four pairs of electrons have a tetrahedral shape. Hydrophobic interactions. One such system in animals is the digestive system,
which comprises a group of organs that is tasked to break down food into molecules that can be absorbed by the body’s cells. GENERAL CHEMISTRY Chemistry is the investigation of matter and the changes it can undergo. With the exception of the element hydrogen (H), the dense, positively charged nucleus contains positively charged protons and
neutrons, which have no charge. The imidazole ring of His 57 lies between the carboxyl group of Asp 102 and the —CH2OH group of Ser 195. Describe in general terms how mutations are involved in the evolution of species. Note that DNA is coiled and folded around protein molecules (brown). 1989. Each conjugated protein consists of a simple
protein combined with a nonprotein component called a prosthetic group. The seventh edition continues to present students with a complete problem-solving system. 615–17), cardiovascular disease, and obesity). Rothman S. SER percentages in these two cell types are 16% and 1%, respectively. All chemical equations must obey the law of
conservation of matter, which states that during chemical reactions mass is neither created nor destroyed. Choice 1: does not move, Choice 2: toward the cathode (negative electrode), Choice 3: toward the anode (positive electrode). ATP hydrolysis converts the cavity within GroEL into a hydrophilic microenvironment that facilitates the collapse of the
hydrophobic core of the folding protein into the molten globule form. Movement. Most ADHs consist of two or four subunits, each of which contains two zinc ions. P-30.) The carbonyl group is polar because of the difference in electronegativity between oxygen and carbon. Note that the R groups of alanine on one side of each β-pleated sheet
interdigitate with similar residues on the adjacent sheet. Of the 20 amino acids found in proteins (Figure 5.2), only those with polar and charged side chains actually participate in catalysis. The functional properties of aspartate–histidine dyads result from a polarized imidazolium ring caused by the close proximity of the aspartate’s negatively charged
carboxylate group. Because the molecule has a bent shape and the electron distribution is uneven, ■ dimethyl ether has a dipole moment. A generalized acyl substitution reaction is shown: FIGURE 5.10 Formation of a Dipeptide (a) A peptide bond forms when the α-carboxyl group of one amino acid reacts with the amino group of another. 51. What is
its electronic configuration? Chem Reviews 114:6589–631. For CO2, a first try would yield Note, however, that in this structure each carbon only has six electrons and each oxygen atom has seven electrons. Many naturally occurring elements exist as a mixture of isotopes. They dissolve in nonpolar solvents such as hexane and chloroform but not in
water. Within enzyme active sites, the functional groups on the side chains of histidine (imidazole), aspartate and glutamate (carboxylate), tyrosine (hydroxyl), cysteine (sulfhydryl), and lysine (amine) can act either as proton donors (called general acids) or as proton acceptors (called general bases) depending on their state of protonation. As product
molecules accumulate, they stimulate an enzyme in the pathway, thereby causing an increased rate of product synthesis. • Cells contain four families of small molecules: amino acids, sugars, fatty acids, and nucleotides. Molecules with tertiary carbons groups are good substrates for E1 reactions because reaction rates depend on the stability of the
carbocation. New York (NY): Oxford. Their work has revealed that protein folding is a stepwise process in which secondary structure formation (i.e., α-helix and β-pleated sheet) is an early feature and that hydrophobic interactions are an important force in folding. They do so by lowering the activation energy of the reaction by providing an alternative
pathway for the reaction. Proteins are often regulated by phosphorylation/dephosphorylation reactions. The nature and the strength of chemical bonds affect reaction rates. For example, with few exceptions, only L-amino acids are found in proteins. Well-known examples are the keratins found in skin and hair cells and the lamins that reinforce the
nuclear envelope. Most of the accomplishments of the modern life sciences would have been impossible without the reductionist philosophy. So there are 6.022 × 1023 molecules in 1 mol of H2O and 6.022 × 1023 sodium ions in 1 mol of NaCl. The molar mass of substances (mass per mole of particles) is used to determine the amounts of reactants
and products in a reaction. [Note that during a folding cycle the GroEL ring capped by GroES is referred to as the cis-ring. Its bond angle is 180o. In α-amino acids, the most common type, the amino group is attached to the carbon atom (the α-carbon) immediately adjacent to the carboxyl group (Figure 1.3). Up to a length of about 50 amino acids,
these molecules are called peptides. In addition, there are certain vitamin-like substances that organisms can synthesize in sufficient amounts to facilitate enzyme-catalyzed reactions. For example, glycolysis, the pathway that degrades the sugar glucose, is linked to energy capture pathways within mitochondria by pyruvate, the product of glycolysis.
Each organelle within the cell contains a characteristic set of biomolecules and is specialized to perform specific functions. GST is a small protein (26 kDa) that has a high binding affinity for GSH (p. (b) An electrospray mass spectrum showing the m/z ratios for several peaks. Like ammonia, amines are weak bases because of the lone pair of electrons
on the nitrogen atom, which can accept a proton. What effect do you think this “coat” would have on a bacterium’s interactions with a host animal’s immune system? In contrast to motile cilia, primary cilia lack the central microtubule pair within the axoneme (a 9 + 0 pattern) and the dynein arms and radial spokes that are required for motility. The
water is involved in a fast, non-rate-limiting step in the reaction mechanism. The final Lewis structure is given as follows. Examples of nucleophiles in SN1 reactions include alcohols and water. Among these properties are (1) structural features that allow newly synthesized proteins to rapidly fold into their biologically functional conformations
(shapes), (2) the presence of binding sites that are specific for one or a small group of ligands (molecules that serve a biological purpose when bound to a larger molecule), (3) an appropriate degree of flexibility that is appropriate to their functions, (4) surface structure that is appropriate for a protein’s immediate environment (i.e., hydrophobic in
membranes and hydrophilic in cytoplasm), and (5) vulnerability of proteins to degradation reactions when they become damaged or no longer useful. (b) The isomerization of dihydroxacetone phosphate to form glyceraldehyde-3-phosphate begins when a basic side chain of the enzyme, triose phosphate isomerase, removes a proton from carbon 1 and
an acidic side chain donates a proton to the carbonyl oxygen. PH Hydrogen ion concentration, expressed as a pH value, affects enzymes in several ways. Common trivial names for the transferases often include the prefix trans; the transcarboxylases, transmethylases, and transaminases are examples. Polypeptides enter the RER during ongoing
protein synthesis as they are threaded, or translocated, through the membrane. For a chemical reaction at equilibrium, a change in the conditions of the reaction (e.g., temperature, pressure, or the concentrations of its components) triggers a shift in the equilibrium to counteract the change. Compare the functions of neurotransmitters, hormones,
and cytokines. Each type of hybrid orbital corresponds to a type of electron group arrangement predicted by VSEPR theory. 6.2 CLASSIFICATION OF ENZYMES In the early days of biochemistry, enzymes were named at the whim of their discoverers. Nucleotides, known for their high-energy transfer potential, function as coenzymes in that they
activate metabolic intermediates and/or serve as phosphate donors or as carriers for small molecules. Although cellular phospholipid biosynthesis occurs predominantly in the SER, several reactions require mitochondrial enzymes. Examples of simple hydrophilic molecules include salts such as sodium chloride and sugars such as glucose. Alcohols
with five or more carbons are not water-soluble because the hydrophobic properties of hydrocarbon components of these molecules are dominant. the polyalanine and polyGlyAla sequences form antiparallel β-pleated sheets, the microcrystalline structures that give silk its tensile strength (Figure 5A). • Schiff bases are imines that form when amine
groups react reversibly with carbonyl groups. These residues, referred to as variable, apparently perform nonspecific roles in the polypeptide’s function. Proteins are identified using software-enabled genomic and proteomic databases. QUESTION 5.10 Covalent cross-links contribute to the strength of collagen. However, when two or more β-strands
line up side by side, they form very stable structures called β-pleated sheets (Figure 5.18). 152). An intermediate is a species that exists for a finite length of time (10−13s or less) and then is transformed into product. A brief description of the nature of the living state is followed by an introduction to the structures and functions of the major
biomolecules and then an overview of the most important biochemical processes. A number of eukaryotic proteins, referred to as modular or mosaic proteins, contain numerous duplicate or imperfect copies of one or more domains that are linked in series. (b) Triskelia combine to form the hexagons and pentagons observed in the latticework of
clathrin-coated vesicles. Which of the following statements about the nucleolus is not true? If not used in such reactions, this highly reactive molecule is detoxified by the enzyme catalase. Electronegativity is the tendency of an atom to attract electrons to itself. In general, kinesin moves cargo such as vesicles or organelles toward the plus end, and
dynein moves toward the minus end. FIGURE 2.26 The Cytoskeleton The major components of the cytoskeleton are (a) microtubules, (b) microfilaments, and (c) intermediate filaments. autotroph chemoautotroph photoautotroph photoheterotroph chemoheterotroph Fill in the Blanks 41. List four reasons that account for why ATP hydrolysis is
sufficiently exergonic to drive biochemical processes. Chemical Reactions In chemical reactions, the atoms in chemical substances are rearranged to form new substances as chemical bonds are broken and formed. The sugar isomerases interconvert aldoses (aldehydecontaining sugars) and ketoses (ketone-containing sugars). Each amino acid
contains a central carbon atom (the α-carbon) to which an amino group, a carboxylate group, a hydrogen atom, and an R group are attached. Describe the functional properties of bacterial pili and flagella. Hsp90s. 216–17), manifested in the cleavage of peptide bonds on the Cterminal side of the aromatic amino acids tryptophan, tyrosine, and
phenylalanine, is made possible by the relatively large size of a hydrophobic pocket within the active site that both accommodates and orients the aromatic side chains. Determine the number of bonding electrons. For example, animal cells ultimately convert food molecules, such as sugars and amino acids, into CO2, H2O, and NH3. When water is
added to an alkene, an alcohol results. The gel, functioning much as it does in gel-filtration chromatography, also acts to separate proteins on the basis of their molecular weight and shape. Such responses involve precise alterations in gene expression and the flow of metabolites in biochemical pathways. 248 in the textbook), are triesters of the
trialcohol molecule glycerol and three fatty acids. There is a limit to how much the temperature can be lowered, however, because the catalyst requires heat to be efficient. Nature 537:347–55. New to this edition is a set of questions designed to help students preparing for the MCAT exam. (a) How many moles are there in 270 g of glucose? Despite
these magnificent accomplishments, beginning around 750 CE and lasting until about 950 CE, Mayan cities began to decline and were eventually abandoned. Biomolecules, the molecules synthesized by living organisms, are organic (carbon-based). Several of the amino acid side chains that line the active site actively participate in the catalytic
process. ETHERS Ethers have the general formula R—O—R′. (Proton loss is determined by an ionizable group’s pKa.) As NaOH is gradually added to the solution, the α-carboxyl group loses its proton to become a negatively charged carboxylate group. For alcohols with up to four carbons (methanol, ethanol, propanol, and butanol), the polar OH group
allows them to dissolve in water because hydrogen bonds form between the hydrogen of the OH group of the alcohol and the oxygen of a water molecule. Glutathione protects cells from the destructive effects of oxidation by reacting with substances such as peroxides (R–O–O–R), by-products of O2 metabolism. β-Strands are a second type of secondary
structure in which a peptide segment is fully extended into a zigzag-like structure. What molecules link these two processes? (Glycine is a symmetrical molecule because its α-carbon is attached to two hydrogens.) Molecules with chiral carbons can exist as stereoisomers, molecules that differ only in the spatial arrangement of their atoms. FIGURE 3.5
Molecular Dipoles in an Electric Field When polar molecules are placed between charged plates, they line up in opposition to the field. In recent years it has become apparent that numerous polypeptides, referred to as multifunctional proteins, have multiple and autonomous functions. The names of many ligases include the term synthetase.
Autotrophs are organisms that transform the energy of the sun (photosynthesis) or various chemicals (chemosynthesis) into chemical bond energy; they are called, respectively, photoautotrophs and chemoautotrophs. 156. How does this circumstance contribute to prolonged dives? The newly created electron is emitted as a β-particle. Do the laws of
thermodynamics apply under these circumstances? Subsequently, the enzyme digest is injected into the first mass spectrometer, which separates the oligopeptides according to their m/z ratios. Check out our DMCA Policy. If you feel that we have violated your copyrights, then please contact us immediately. P-34. Chromatin distribution within the
nucleus is not random. Protein Synthesis Appendix: Solutions Credits Fifth Edition Alison Snape, Despo Papachristodoulou, William H. 256), nonenzymatic reactions that contribute to atherosclerosis, neurodegenerative diseases, and arthritis. Mass Spectrometry Mass spectrometry (MS) is a powerful, sensitive technique for separating, identifying,
and determining the mass of molecules. P-19), they are effective electrophiles. As a result, the oxygen has a tetrahedral shape with an overall bent shape for the dimethyl ether molecule. If the catalyst increases both the forward and the reverse rates by a factor of 100, then the forward rate becomes 100,000 and the reverse rate becomes 100. How

does the statement “the whole is more than the sum of its parts” apply to living organisms? Polypeptides play a variety of roles in living organisms, including transport, structure, and catalysis. In nucleophilic substitution reactions involving acyl transfer, a nucleophile attacks the carbonyl carbon of a carboxylic acid derivative, forming a tetrahedral
intermediate. As a result, the letters D and L refer only to a molecule’s structural relationship to either of the glyceraldehyde isomers, not to the direction in which it rotates plane-polarized light. P30) in which the amino group nitrogen of one amino acid attacks the carbonyl carbon in the activated carboxyl group of another. The role of ATP in
metabolism. The OH group (acting as a nucleophile) attacks CO2, converting it into HCO3−: Finally, because transition metals have two or more valence states, they can mediate oxidationreduction reactions by reversibly gaining or losing electrons. Note that all the techniques for isolating, purifying, and characterizing proteins exploit differences in
charge, molecular weight, and binding affinities. LONG BEFORE THEY HAD ANY REALISTIC understanding of the physical basis of the living state, biochemists instinctively appreciated the importance of enzymes. Examples of each class of molecule are described next. Although the charged carboxyl group has an affinity for water, the long nonpolar
hydrocarbon chains render most fatty acids insoluble in water. It has been suggested that collagen’s carbohydrate components are required for fibrilogenesis, the assembly of collagen fibers in their extracellular locations, such as in tendons and bone. Describe how this process can occur. Furthermore, writing, data analysis, problem solving, and
communication are skills that employers always value highly. For example, after cell division, the extension of the endoplasmic reticulum membrane from the newly formed nuclear membrane out toward the cell’s periphery and the reformation of the Golgi complex are accomplished by attachment to microtubules. The ester then becomes more
susceptible to the nucleophilic attack of a water molecule. They do so by utilizing signal molecules with opposing functions that together regulate numerous functions (e.g., blood pressure regulation). Selenocysteine, an exception to this rule, is discussed in Chapter 19. As a result of recent investigations, models of enzyme kinetics are evolving, and
methods of experimentation, data collection, and computer simulations are becoming more sophisticated and closer to realistic in vivo conditions. When reducing agents donate their electrons, they become oxidized. The greater resolving power of EM (0.5 nm) compared with that of the light microscope (0.2 μm) is a result of the wavelength sizes of
their illumination sources. This opening chapter provides an overview of the major components of living organisms and the processes that sustain the living state. channel protein carrier protein receptor prokaryote eukaryote 3. After the beads are gently washed to remove other proteins, the beads are then washed with free GSH, which causes the
detachment of the fusion protein. Key Words bioenergetics, 113 biogeochemical cycle, 111 dissipative system, 123 electron acceptor, 113 electron donor, 113 endergonic process, 119 endothermic reaction, 115 enthalpy, 113 entropy, 113 exergonic process, 119 exothermic reaction, 115 free energy, 113 isothermic reaction, 115 phosphoryl group
transfer potential, 125 resonance hybrid, 127 spontaneous chemical changes, 117 thermodynamics, 113 work, 112 Review Questions SECTION 4.1 Comprehension Questions 1. • Kinetics also provides insight into reaction mechanisms. TABLE 6.2 Selected Examples of Enzymes QUESTION 6.2 Which type of enzyme catalyzes each of the following
reactions? An atomic mass unit (µ) or dalton (Da), named after the chemist John Dalton (1766–1844), is defined as one twelfth of the mass of an atom of carbon-12. Hardin and James A. Each protein possesses one or more unique cavities or clefts whose structure is complementary to a specific ligand. Similarly, ions and molecules are transported into
and out of organelles (p. Many of these proteins participate in nutrient digestion, transport, or chemotaxis (a process in which cells alter movement in response to certain chemicals such as nutrients in their environment). The space between the two membranes, the perinuclear space (diameter 20–50 nM), is continuous with the lumen of the rough
ER. Ions formed when atoms lose electrons, called cations, are positively charged because they have fewer electrons than protons. The extracellular face of a eukaryotic cell is heavily “decorated” with carbohydrate; that is, much of the membrane protein and lipid contains covalently attached carbohydrate. McKee and Trudy McKee Publication Date July 2019 ISBN: 9780190847609 944 pages Hardcover 8-1/2 x 11 inches Retail Price to Students: $229.99 In One Semester. For example, arginine (Figure 5.2), citrulline, and ornithine (Figure 5.5) are components of the urea cycle (Chapter 15). Cell Fractionation Cell fractionation techniques (Figure 2A) allow the study of organelles in a relatively
intact form outside of cells. In this view, each living organism is considered an autonomous, self-organizing, and self-maintaining entity. Having discovered that the C—N bonds joining each two amino acids are shorter than other types of C—N bonds (1.45 Å), Pauling deduced that peptide bonds have a partial double-bond character. 59. Commonly
used radioisotopes include 3H (tritium), 32P, and 35S. The trends of these properties are illustrated in Figure 4. Chitin, another type of polysaccharide, is found in the exoskeletons of insects and crustaceans. Under this condition, aspartic acid will move to the anode at pH ■ values of 5, 7, and 9. The individual amino acids are connected in peptides
(Figure 1.6) and polypeptides by peptide bonds. Note that pKa values are inflection points. In a genetic disorder known as cystinuria, defective membrane transport of cystine results in excessive excretion of cystine into the urine. Calcium signaling. Phosphorylated molecules with high _____________ values of hydrolysis have large phosphoryl group
transfer potentials. Biochem J 417:621–37. Despite the work of life scientists over several centuries, a definitive answer to this deceptively simple question has been elusive. work enthalpy entropy internal energy CHAPTER 5 Amino Acids, Peptides, and Proteins A Spider’s Orb Web Constructed with Silk Fibers The orb (circular) web is an efficient
means of ensnaring insect prey, which become stuck to the sticky spiral, made of capture silk. The tapered S-shaped spinning duct has three segments. cAMP response element binding protein (CREB) and p53 are examples of proteins whose functions depend on disordered segments. Can you suggest why? degeneracy e. Some of these substitutions
are said to be conservative because an amino acid with a chemically similar side chain is substituted. The nucleolus is the largest of the nuclear bodies. WORKED PROBLEM 5 Consider the following reaction equation: Balance the equation and identify the elements that are oxidized, reduced, or unchanged by the reaction. Volkov – Oakwood College
Justine Walhout – Rockford College Linette M. 6. Laptenko O, et al. The application of biochemical techniques to investigations of living processes has provided significant insights into the unique chemical and structural properties of biomolecules that make their functional properties possible. By lowering the temperature of the reaction (i.e., by
removing heat from an exothermic reaction), the equilibrium is shifted toward more ammonia synthesis. • Proteins, polysaccharides, and the nucleic acids are biopolymers composed of amino acids, sugars, and nucleotides, respectively. The precise functional properties and relative sizes of both ER types vary with cell type and physiological
conditions. For example, the synthesis of glycogen is significantly curtailed when the enzyme glycogen synthase is phosphorylated. For example, human oocytes and hepatocytes may have as many as 200,000 and 2000 mitochondria, respectively. Carbohydrates are widely (d) (e) Name four classes of small biomolecules. A high Keq value (significantly
greater than 1) indicates that when a reaction reaches equilibrium, the concentration of the reactant is low (i.e., the reaction favors the production of product). FIGURE 8 Ethene Structure Each carbon atom in ethene (also known as ethylene) has three sp2 orbitals with bond angles of 120°, which have a trigonal planar geometry. The behavior of
weak acids and bases is especially important in biochemistry because many biomolecules possess carboxylate, amino, and other functional groups that can accept or donate hydrogen ions. • New, Expanded, and Updated Coverage of Current Topics. In molecules such as ammonia (NH3), it is obvious that although the nitrogen atom is more
electronegative than the hydrogens, it is the only atom in the molecule that can form multiple bonds. Molecular Diseases Mutations, however, can be deleterious. Several pathogenic bacteria use GAPDH as a virulence factor. Radial spokes are believed to regulate axoneme motion. More subtle examples include the movement of specific enzymes along
a DNA molecule during the chromosome replication that precedes cell division and the secretion of insulin by certain pancreatic cells. (A carbocation, or carbonium ion, contains an electron-deficient, positively charged carbon atom.) A carbocation intermediate is stabilized by the R groups that decrease the positive charge on the carbon atom. • The
mirror-image forms of a molecule are called enantiomers. Ligand-binding pockets are water-depleted regions of the protein. OXIDATION-REDUCTION REACTIONS Oxidation-reduction (redox) reactions occur when there is a transfer of electrons from a donor (called the reducing agent) to an electron acceptor (called the oxidizing agent). The rate
expression then is The reaction is first-order in both reactants and second-order overall. Enzymes and Macromolecular Crowding Effects Enzymes operate in living organisms in crowded conditions (p. DNA consists of both coding and noncoding sequences. The bloodclotting proteins fibrinogen and thrombin prevent blood loss when blood vessels are
damaged. Protein misfolding is now known to be an important feature of several human diseases, including Alzheimer’s disease and Huntington’s disease. In these molecules, the third hydroxyl group of glycerol is coupled with phosphate, which is in turn attached to small polar compounds such as choline. The ionic bond in NaCl is the electrostatic
attraction between the positive and negative ions. 16. A similar process results in the formation of lysinonorleucine, a cross-linking structure that is found in elastin and collagen fibers. The increased electron density on the oxygen atom in these molecules also decreases proton removal. The atomic number uniquely identifies an element. A complex
network of trans-Golgi membrane and vesicles, called the trans-Golgi network (TGN), sorts the processed molecules and packages them into vesicles coated with a protein called clathrin (p. Nat Rev Mol Cell 16(1):18–29. The substrate’s overall shape and charge distribution allow it to enter and interact with the enzyme’s active site. The two processes
always occur simultaneously. (Cooperativity and allosteric regulation are described in Chapter 6.) When hemoglobin is oxygenated, specific salt bridges and hydrogen bonds between the αβ-dimers are disrupted, and the dimers slide past each other and rotate 15° relative to each other (Figure 5.41). Ammonia, the product of the reaction, is removed
from the reaction vessel. Sci Am 299(5):62–7. These red blood cells have an abnormally low oxygen-binding capacity. Transfer RNA molecules deliver activated amino acids to the ribosome during protein synthesis. The biologically active form of a fatty acid is the thioester of _______________. In general terms, describe how a system biologist evaluates
this phenomenon? So y is also 1. RNA Ribonucleic acid (RNA) is a polynucleotide that differs from DNA in that it contains the sugar ribose instead of deoxyribose and the base uracil instead of thymine. Living organisms exploit the distinctive molecular structure of each of these biomolecules. Such groups can be precisely positioned in relation to the
substrate (Figure 6.5b). Hydrogen bonds and disulfide bridges are the principal interactions between subunits. Terminology used in systems biology includes system, network, module, and motif. Topics that are directly relevant to biochemistry (e.g., biomolecule classes, pH, buffers, kinetics, and thermodynamics) are described within the textbook.
Available in PowerPoint format, the lecture notes for the seventh edition now include embedded links from the new curated animations and video guide. These changes again reflect the goal of balanced and thorough coverage of chemistry within a biological context. Water-soluble organic solvents such as ethanol interfere with hydrophobic
interactions because they interact with nonpolar R groups and form hydrogen bonds with water and polar protein groups. High levels in males are associated with increased aggressive behavior. A class of enzymes referred to as the S-adenosylmethionine-dependent methyltransferases catalyzes some of the best-known examples of SN2 reactions in
biochemistry. FIGURE 1.4 Structural Formulas for Several α-Amino Acids An R group (highlighted) in an amino acid structure can be a hydrogen atom (e.g., in glycine), a hydrocarbon group (e.g., the isopropyl group in valine), or a hydrocarbon derivative (e.g., the hydroxy methyl group in serine). If there are two electron pairs, the molecule has a
linear shape. Living cells are classified as either prokaryotic or eukaryotic. Aromatic hydrocarbons contain cyclic structures that constitute a class of unsaturated hydrocarbons with planar conjugated π electron clouds. i and ii d. Genetic research has linked this disease to defects in genes that code for primary cilium proteins. The alignment of the
amino acid residues within the active site, including the catalytic triad of Asp 102, His 57, and Ser 195, creates a temporarily unoccupied position called the oxyanion hole. Electron affinity, which can be thought of as the likelihood that a neutral atom will gain an electron, increases from left to right across periods. Sickle-cell anemia is characterized
by excruciating pain, organ damage, and eventually death. FTICR-MS has been used successfully to obtain high-resolution sequencing of proteins with masses under 100,000 kDa, as well as characterization of posttranslational modifications and protein–protein interactions. The amino acid sequence of spider silk protein and the spider’s silk fiberspinning process combine to make spider silk one of the strongest materials on Earth. In addition to proteosomal protein destruction, autophagy (controlled digestion of damaged or unnecessary organelles or other cell components; see p. They provide cells with significant mechanical support. For example, signaling from some receptors, such as
insulin receptor and thyroidstimulating hormone receptor, has been shown to continue after they enter endosomes. Mechanical stress. If not, why not? We have thus sought a unique balance between chemistry and biology, while also considering their applications to medicine and human health. For the Mayans it was a tragedy that deforestation, with
its resultant erosion, water runoff, and decreased rainfall (caused by water cycle disruption), occurred in the midst of a regional drought. Elastin, the rubber-like protein found in elastic fibers, is found in blood vessels and skin that must be elastic to function properly. ELECTRON CONFIGURATION IN ATOMS Knowing how electrons are distributed in
atoms is essential to any understanding of how chemical bonds are formed. Today, as a result of accumulating evidence derived from protein dynamics (conformational motion studies) and macromolecular crowding analysis, enzyme research is undergoing revolutionary changes. Each collagen molecule is about 3000 Å long. The presence of the polar
–OH group makes alcohol molecules polar, allowing them to form hydrogen bonds with each other and with other polar molecules. Catalysis. They can also be oxidized to give the carbonyl group-containing aldehydes, ketones, or carboxylic acids. _____________ are the linear sequences of nucleotides in an organism’s genetic information. Hsp70s
interact with co-chaperones, accessory proteins that assist hsps in individual steps in chaperone activities. Thus, each amino acid can behave as either an acid amino group is in its conjugate acid form or a base. Hexokinase, a single polypeptide with two domains, is shown (a) before and (b) after glucose binding. Distinguish between silent and
harmful mutations. The maturation process is achieved in part by an increase in hydrogen ion concentration (i.e., a reduction in internal pH) through the activity of V-ATPase (an ATP-dependent proton pump) and the arrival of TGN vesicles containing lysosomal acid hydrolases and membrane proteins. KETONES Ketones are molecules in which a
carbonyl group is flanked by two R groups [R—(C O)—R′]. In recent years, protein-folding researchers have determined that the process does not consist, as was originally thought, of a single pathway. protein synthesis; iii. They are often observed positioned near sites of high-energy demand. _____________ inhibits the release of molecules that promote
increased blood pressure. Proteins such as trigger factor in bacteria (p. In biological systems, the functional capacities of each level of organization are derived from the structural and chemical properties of the level below it. Unstructured proteins have a diversity of functions. Pyruvate oxidation yields carbon dioxide and water and liberates energy
at the rate of 1142.2 kJ/mol. The process begins with transcription, the mechanism whereby the base sequence of a DNA segment is used to synthesize a gene product. Constitutive exocytosis (unregulated secretion) occurs continually in all cells. Covalent cross-links significantly stabilize certain multisubunit proteins. Biomimetics solves engineering
problems by emulating biological processes such as the spinning of spider silk. High-performance liquid chromatography (HPLC) is an extremely sensitive method that uses a pressurized liquid solvent containing a sample mixture through a column filled with an absorbent material to separate and identify components. Compare anabolic and catabolic
pathways. The machinery of life, 2nd ed. Refer to a general chemistry textbook for a discussion of significant figures. Late endosomes are converted to fully functional lysosomes when the internal pH is less than 5, a circumstance that activates the acid hydrolases. 3D animation of ornithine 3D animation of citrulline Modified Amino Acids in Proteins
Several proteins contain amino acid derivatives that are formed after a polypeptide chain has been synthesized. As each centrifugation ends, the supernatant is removed, placed into a new centrifuge tube, and then subjected to greater centrifugal force. In other words, emergent properties of a complex system have different characteristics than those
of its component parts. Martin Lawrence – Montana State University Carol Leslie – Union University Duane LeTourneau – University of Idaho Robley J. FIGURE 2.14 The Endoplasmic Reticulum There are two forms of endoplasmic reticulum (ER): RER, the rough endoplasmic reticulum, and SER, the smooth endoplasmic reticulum. Filaments that
extend from the cytoplasmic and nucleoplasmic side of the NPC function as docking sites for large molecules that will subsequently be transported through the pore. 11. Examples include the secretion of the structural protein collagen by fibroblasts and serum albumin by liver cells. Phosphoglycerides contain two fatty acids. DNA RNA genome
transcription fructose 19. Certain biomolecules become linked to form polymers called macromolecules. They are described in terms of both carbon number and the type of carbonyl group they contain. There are two major protein shapes. With water acting as an attacking nucleophile, a tetrahedral (oxyanion) intermediate is formed. In the molecule
ethylene, a carbon–carbon double bond involves the sharing of two sets of valence electrons. In MALDI, a laser pulse vaporizes the protein, which is embedded in a solid matrix. Explain why the third law is not useful. Vitamins (organic nutrients required in small amounts in the human diet) are divided into two classes: water-soluble and lipid-soluble.
Stress response. Its structure consists of two antiparallel polynucleotide strands wound around each other to form a right-handed double helix (Figure 1.13). ACKNOWLEDGMENTS We wish to express our appreciation for the efforts of the dedicated individuals who provided detailed content and accuracy reviews of the text and the supplemental
materials of the seventh edition: Shohreh Amini – Temple University Samuel Besong – Delaware State University Vijay Antharam – Methodist University Curtis L Ashendel – Purdue University Jennifer Chaytor – Saginaw Valley State University Christopher Cottingham – University of North Alabama Joe Deweese – Lipscomb University Stephanie
Dingwall – University of California, Riverside Michael Gunther – West Virginia University David Hawkinson – University of South Dakota Angela Hoffman – University of Portland Susanne Hoffmann-Benning – Michigan State University Joseph Johnson – University of Minnesota Duluth Marjorie A. Acetaldehyde (CH3CHO) is the oxidation product of
ethanol. Non-equilibrium thermodynamics, maximum entropy production and Earth-system evolution. Enzymes can bind more effectively to the transition state when the active site is complementary in its shape and electrostatic structure to the transition state’s structure. The Mayan civilization eventually collapsed because its population grew so
large that it surpassed water and food resources. Peptide bond cleavage is a _____________ reaction. ANIMATION AND VIDEO GUIDE Revised for the seventh edition, the student companion website includes a curated guide to dozens of relevant, high-quality videos and animations to help students visualize complex biochemical processes. Molecules
with net positive charges will move toward the cathode (negatively charged electrode); those with net negative charges will move toward the cathode (positively charged electrode). This relationship is usually symbiotic (mutually beneficial in some way) or commensal (nonharmful). Note that disulfide bridges are also a structural feature within each
constant domain. Proline, on the other hand, contains a rigid ring that prevents the N—Cα bond from rotating. These reactions, which are discussed in Chapter 19, require ascorbic acid (p. The ER is responsible for several vital processes. Microfilaments are small fibers (5–7 nm in diameter) composed of polymers of the globular protein actin (Gactin). 186.) Human adult hemoglobin (HbA) is composed of two identical α-globin chains and two identical β-globin chains. In a reduction, there is a gain of electrons. For example, as a result of protein research efforts, the original estimate of human protein coding genes was 100,000, instead of the approximately 20,000 that were ultimately
confirmed. 178–80. Torsional resistance, the capacity of a fiber to resist twisting (an absolute requirement for draglines used as safety lines), is higher for spider silk than for all textile fibers, including Kevlar. For example, the amide linkages of proteins are hydrolyzed in the stomach in an acidcatalyzed reaction that yields amino acids. For example, it
is easier to remove an electron from lithium (atomic number = 3) than from nitrogen (N) (atomic number = 7). Other membrane-bound organelles are mitochondria and peroxisomes and the chloroplasts in plant cells. The deoxygenated conformation (deoxyHb) is referred to as the T(aut) state, and the oxygenated conformation (oxyHb) is referred to
as the R(elaxed) state. ΔG = ΔGo + RT ln Keq ΔG° = ΔH − TΔS P = 1 atm T = 273 K 32. SOLUTION Balancing a chemical reaction equation requires that the number and types of atoms be the same. It is for this reason that success is highly dependent on a student’s background in general and organic chemistry. (An anhydride is a molecule containing
two carbonyl groups linked through an oxygen atom. Amoebas, for example, rapidly change shape as they move closer to a source of nutrient molecules. Biochemists often use a purification technique called isoelectric focusing, which can separate proteins by placing them into a gel with a pH gradient in an electric field. 384–94), elevated
temperatures, and exposure to toxins. A new figure illustrating the structures of ApoE3 and ApoE4 helps to show why individuals with the ApoE4 variant have an increased risk for Alzheimer’s disease. Molecules that can behave as an acid or as a base are called _____________. In addition to comprising protein, amino acids have several other biological
roles. These reactions are organized into pathways (Figure 1.20) in which an initial reactant molecule is modified in a step-by-step sequence into a product that can be used by the cell for a specific purpose. Hemoglobin also binds nitric oxide (NO) (p. Examples of Lewis acids include cations such as Cu+2 and Fe+2 and molecules such as carbon
monoxide (CO) with multiple bonds and atoms with different elctronegativities. 2014. The atoms of each of the most common elements found in living organisms can readily form stable covalent bonds, the kind that allow the formation of such important molecules as proteins. It is synthesized in the hypothalamus, a small structure located at the base
of the brain that regulates a wide variety of functions, including water balance, appetite, body temperature, and sleep. The robust (fail-safe) properties of human-made mechanical systems are created by redundancy, the use of duplicate parts (e.g., backup electric generators in an airplane). Prominent examples are the reactions of glycolysis, an ATPgenerating pathway in carbohydrate metabolism. The structural features of collagen, the most abundant protein in vertebrates, are described in some detail. When a dialysis bag (an artificial semipermeable membrane) containing a cell extract is suspended in water or a buffered solution, small molecules pass out through the membrane’s pores. b.
Atrial natriuretic factor (ANF), a peptide produced by specialized cells in the upper chambers (atria) of the heart in response to stretching of the atrial wall (high blood volume), high serum Na+ concentrations, and exercise, stimulates the production of a dilute urine, an effect opposite to that of vasopressin. Depending on the structure and
composition of this material, which accumulates on the outside of the cell, the bacterial glycocalyx may also be referred to as a capsule or a slime layer. Everts S. Examples include roles in DNA synthesis and repair, microtubule bundling, apoptosis initiation, vesicular transport, and nuclear tRNA export. The biologically active form of fatty acids is the
thioester of coenzyme A (p. It is the globin fold within myoglobin, which is responsible for reversible oxygen binding since free heme [Fe2+] has a high affinity for O2 and is irreversibly oxidized to form hematin [Fe3+], which cannot bind O2. Thyroxine (a tyrosine derivative produced in the thyroid gland of animals) is a hormone—a chemical signal
molecule produced in one cell that regulates the function of other cells. What is the free energy change for the reaction? Approximately 90% of the collagen found in humans is type I. These vesicles then fuse together to form mature peroxisomes. Thermodynamic state functions include enthalpy, entropy, and _____________. PN components include
molecular chaperones (proteins that assist in protein folding or unfolding: pp. The close proximity of the aspartate carboxylate group to the imidazole group of histidine raises the latter group’s pKa, thus facilitating its ability to remove a proton from serine. a. In the reverse process called cell respiration, sugar molecules are oxidized to form CO2 and
O2 is reduced to form H2O. 650), and purine bases. A detailed list of updated material follows in the next section. The NE is composed of two concentric membranes. What reaction is the first step in utilizing glucose as an energy source? The most important of these factors are proximity and orientation effects, electrostatic effects, acid–base catalysis,
and covalent catalysis. Pain Perception Pain signals are initiated when mechanical, thermal, or chemical stimuli activate receptors in the bare nerve endings of primary sensory neurons called nociceptors. Some bacterial species cause disease (e.g., cholera, tuberculosis, syphilis, and tetanus), whereas others are of practical interest for humans (e.g.,
those used to make foods such as yogurt, cheese, and sourdough bread). Glyceraldehyde is the reference compound for optical isomers (Figure 5.8). In 1885, the French chemist Henri Louis Le Chatelier reported his discovery of a remarkable feature of systems at equilibrium. In addition to a diet low in copper, Wilson’s disease is treated with zinc
sulfate and the chelating agent penicillamine (p. In vertebrates, NPCs consist of several hundred proteins called the nucleoporins (a family of 30 proteins). These studies assume that the longer the time since two species diverged from each other, the larger the number of differences in a polypeptide’s primary structure. The Resources You Must Have.
Unlike the outer membrane, the inner nuclear membrane (INM) contains integral proteins that are unique to the nucleus. Step 6 The loss of a proton from the protonated product of step 5 (the conjugate acid of methyl acetate) yields methyl acetate. For example, glycoproteins contain a carbohydrate component, hemoproteins contain heme groups (p.
Ribosome-associated chaperones. Collagen’s amino acid sequence primarily consists of large numbers of repeating triplets with the sequence of Gly—X—Y, in which X and Y are often proline and hydroxyproline. The sign and magnitude of ΔG give important information about the direction and rate of a reaction. These invertebrate animals are a class
of arthropods, called the arachnids, which have an exoskeleton, a segmented body, and jointed appendages. The product of these two values (i.e., [H+][OH−]), referred to as the ion product for water, is 1 × 10–14. This review will focus on the structures and the chemical properties of the major classes of organic molecules: the hydrocarbons
(molecules containing only carbon and hydrogen) and substituted hydrocarbons (hydrocarbon molecules in which one or more hydrogens has been replaced with another atom or group of atoms). A molten globule is a partially organized globular state of a folding polypeptide that resembles the molecule’s native state. Kim YE, et al. Provide examples
of these functions and then speculate as to why organisms use the same molecules in seemingly different processes. Together PC1 and PC2 (a cation channel) act as a mechanoreceptor that monitors fluid flow in the kidney tubule cells. In addition, certain metal cations mediate redox reactions. Like the mechanical devices used by humans, molecular
machines ensure that precisely the correct amount of applied force results in the appropriate amount and direction of movement required for a specific task to be completed. 58), and energy metabolism. salt bridge allosteric transition molecular disease protein denaturation α-helix 43. Disruption of the delicate balance between fission and fusion has
been observed in metabolic diseases such as diabetes and obesity. Are the octets complete? For example, ammonium sulfate, (NH4)2SO4, decomposes upon heating to yield ammonia (NH3) and H2SO4. Identify the oxidizing and reducing agents in the following reaction: 52. Values of m range from −l to +l. ACID–BASE EQUILIBRIA AND pH When
acids and bases dissolve in water, they dissociate, forming ions. Each organism is considered an autonomous self-organizing self-maintaining entity. The folding of larger polypeptides typically involves the formation of several intermediates (Figure 5.30b, c). One or more cells in the tumor have expressed the gene for P-glycoprotein, a membrane
transport protein that pumps the drugs out of the cells. In the example reaction, a carbocation intermediate forms as π electrons in the double bond attack an electrophilic hydronium ion. In other words, a conformational change in one subunit (i.e., the binding of an oxygen molecule) is rapidly propagated to the other subunits, resulting in further O2
binding. • The oxygen-binding properties of myoglobin and hemoglobin are determined in part by the number of subunits they contain. Each protein is then removed so that it can be analyzed further. The “cell” here is composed of aluminum struts (“intermediate filaments”) and thin elastic strings (“microfilaments”); the “nucleus,” a geodesic sphere,
is constructed of wooden sticks and white elastic thread. Extensive research has revealed that catalytic mechanisms require the precise positioning of one or more catalytic units that are composed of either two or three amino acid side chains called dyads or triads, respectively. Doubling the concentration of NAD+ doubles the rate of the reaction. In
contrast to human-made machines, which generate and use energy under harsh conditions such as high temperature, high pressure, and electrical currents, the relatively fragile molecular machines within living organisms must use more subtle mechanisms. ORGANIZATION AND APPROACH CHEMICAL AND BIOLOGICAL PRINCIPLES IN BALANCE
As with previous editions, the seventh edition is designed for both life science students and chemistry majors. For example, the immunoglobulin structural domain is found not only in antibodies, but also in a variety of cell-surface proteins. The carbonyl group (C O) in which a carbon is double-bonded to an oxygen atom is a structural feature of the
aldehydes, ketones, carboxylic acids, and esters. 210). Among these are its thermal properties and unusual solvent characteristics. Collins FS, Varmus HA. The rate of a reaction is determined by the relative number of reactant molecules that possess sufficient energy to overcome the activation energy barrier (Ea) (see Figure 6.1). Lyases. Cells have
complex mechanisms for exploiting this phenomenon in a way that permits some of the released energy to be captured for cellular work. Why are moonlighting proteins necessary and/or desirable? If refolding is not possible, molecular chaperones promote protein degradation. What would be the result if the bonds between these atoms were either
slightly less or more stable than the naturally occurring bonds? Noncovalent interactions between amino acid side chains and the nonpolar porphyrin ring within myoglobin’s oxygen-binding crevice decrease heme’s affinity for O2. Among these are the short-chain fatty acids (SCFAs) acetate, propionate, and butyrate, which are responsible for some of
the beneficial effects of dietary fiber in human health (e.g., reduction in risk of colon cancer and metabolic disorders such as type 2 diabetes (pp. Spontaneous processes occur with the release of _____________. In a recent and astonishing effort, two Madagascar businessmen oversaw the creation of a hand-woven 11-foot brocaded spider silk tapestry.
Molecular polarity requires an asymmetric distribution of polar bonds. Living organisms utilize modules because they are easily assembled, rearranged, and repaired, as well as eliminated when necessary. What is its isoelectric point? Carboxylic acids that undergo nucleophilic acyl substitution reactions are often first converted to thioesters, For
example, acetic acid forms a thioester with a molecule called coenzyme A, which has a sulfhydryl group. 2010. SN1 (substitution nucleophilic unimolecular) reactions, which often involve secondary or tertiary alkyl halides (molecules in which a halogen atom such as chloride has been substituted for a hydrogen in an alkane) or alcohols, proceed in two
steps. Using this information, provide a rough estimate of the average mass of a mitochondrion. The group 2 alkaline earth metals [beryllium (Be), magnesium (Mg), calcium (Ca), strontium (Sr), barium (Ba), and radium (Ra)] have two electrons in their outermost shell. Current estimates of microorganisms to human cell ratios range from 3:1 to 1:1.
The requested URL was not found on this server. In most eukaryotes, the plasma membrane is protected with extracellular and intracellular structures (Figure 2.12). The solvent evaporates during this phase. Plasma Membrane The plasma membrane isolates the cell from the outside environment. Throughout this effort, scientists will further probe
both spider silk structure and the biological spinning process. Examples include NH3, OH−, and cyanide ions (CN−). What conclusion concerning spontaneity can be determined about a reaction if the value for ΔH is positive and the value of ΔS is negative and the temperature is 30°C? Typically, globular proteins have dynamic functions. 427).
Reactions occur faster when substrates are advantageously positioned. The insulin receptor is a member of a class of receptors called the tyrosine kinase receptors. ADP/ATP exchange converts the cavity to a hydrophobic, expanded microenvironment that then traps the protein substrate under a GroES lid. This number, which is 6.022 × 1023
particles, is referred to as Avogadro’s number. 406), which have diverse physiological functions. Critical-Thinking Questions 57. NEW! Ebola Virus What is Ebola, and why is it so dangerous? The protonated imidazole ring can serve as a general acid, and the deprotonated imidazole ring can serve as a general base: FIGURE 6.5 Ester Hydrolysis Esters
can be hydrolyzed in several ways: (a) catalysis by free hydroxide ion; (b) general base catalysis, in which an amino acid side chain in an enzyme active site accepts a proton; and (c) general acid catalysis, in which an enzyme active site side chain protonates the substrate. Biochemistry IN THE LAB Cell Technology D uring the past 50 years, our
understanding of the functioning of living organisms has undergone a revolution. Animal and plant cells contain thousands of different types of molecules. There are six classes of IF proteins, which differ in their amino acid sequences. A network of intermediate filaments (IFs) extends from a ring-like meshwork around the nucleus to attachment
points on the plasma membrane. A prominent example is the dehydration of 2-phosphoglycerate, a reaction in glycolysis, which is a biochemical pathway in carbohydrate metabolism (Figure 1.17). Each protofilament is formed by the reversible polymerization of the protein tubulin. F-actin G-actin intermediate filament ciliopathy anterograde transport
Fill in the Blanks 54. Assume that the shape of a ribosome is approximately that of a cylinder. _____________ are rod-shaped proteins that are insoluble in water. 47. Its enhanced capacity to accept a proton initiates a general acid–general base hydrolytic mechanism. Intact enzymes with their bound cofactors are referred to as holoenzymes. (b) This
diagram of an axoneme in cross section illustrates the classic axoneme pattern. For example, hsp40 assists hsp70 by regulating ATP hydrolysis and mediating binding to unfolded or oxidized protein substrates. SOLUTION (B) At pH values below that of the pI, the dipeptide will move to the cathode (i.e., 1, 3, and 5). Other examples of reactive
intermediates observed in biochemical reactions include carbanions (nucleophilic carbon anions with three bonds and an unshared electron pair) and free radicals (highly reactive species with at least one unpaired electron). Living Organisms and Robustness Fail-safe control mechanisms, whether in human-made systems or in living organisms, are
expensive. In contrast, enzyme-catalyzed reactions typically occur within time frames ranging from micro- to milliseconds. Glycine is prominent in collagen sequences because the triple helix is formed by interchain hydrogen bonding involving the glycine residues. According to the collision theory, the reaction rate in bimolecular reactions depends on
the frequency of successful collisions between the chemical species. Power, sex, suicide: mitochondria and the meaning of life. PEPTIDE BOND FORMATION Polypeptides are linear polymers composed of amino acids linked together by peptide bonds. FIGURE 5.28 The Anfinsen Experiment Ribonuclease denatured by 8 M urea and a mercaptan (RSH,
a reagent that reduces disulfides to sulfhydryl groups) can be renaturated by removing the urea and RSH and air-oxidizing the reduced disulfides. The coat proteins are then recycled to the plasma membrane. In the past several decades, spider silk and orb webs have attracted the attention of life scientists, bioengineers, and material scientists as
they have begun to appreciate the unique mechanical properties of this remarkable protein. 415). Examples include the amino acids (components of proteins), the nitrogenous bases of the nucleic acids, and the alkaloids (complex molecules produced by plants such as caffeine, morphine, and nicotine that have significant physiological effects on
humans). Given the following data, calculate Keq for the denaturation reaction of the protein β-lactoglobin at 25oC: ΔH° = –88 kJ/mol ΔS° = 0.3 kJ/mol. Given the following equation: Glycerol-3-phosphate → Glycerol + Pi ΔG°′ = 9.7 kJ/mol At equilibrium, the concentration of both glycerol and orthophosphate are 1 mM. Bioenergetics: the origins of
complexity and the ascent of man. e. Second-order rate constants are measured in units of M−1s−1. Those with low molecular weights, typically consisting of fewer than 50 amino acids, are called peptides. Information is transferred by the binding process. Therefore, the amino acid in this problem will move to the cathode at the pH values of 1.
Mechanical bending of the cilium caused by urine flow results in the inward flow of Ca2+. Neutral iron atoms can form the +2 ion because the 4s orbital and the 3d orbitals have very similar energies, so that the removal of two electrons to form Fe+2 ([Ar]3d6) requires little energy. What are the six major elements present in living organisms? Recent
determinations of uncatalyzed (unenhanced) reaction rates in water range from 5 seconds for CO2 hydration to 1.1 billion years for glycine decarboxylation. Not enough information is given. 5. basic amino acid 5. Consider the tripeptide Glu-Asp-Phe. Many of the multisubunit complexes involved in cellular processes are now known to function as
molecular machines; that is, they are mechanical devices composed of moving parts that convert energy into directed motion. In living systems, however, elevated temperature is unrealistic because of structural damage to biomolecules, and the concentration of most reactants is relatively low. Amino acids are classified according to their capacity to
interact with water. Among these processes are the synthesis of several kinds of protein, a variety of membrane lipids and steroid molecules, and the storage of calcium ions. Any atom with 16 protons in its nucleus is an atom of sulfur (S). Strong acids or bases. Cargo leaving the nucleus binds to proteins with nuclear export signal sequences. Because
transition metals act as Lewis acids (electron pair acceptors, see p. Note that emerin and LBR also bind to chromatin, although emerin does so indirectly via the protein BAF (not shown). The basic blood group antigens (A, B, AB, or O) are an example of this self-identity function. The chaperonins are large, double-ring complexes that promote faster,
more efficient polypeptide refolding within an internal compartment. Why are fatty acids the principal long-term energy reserve of the body? This reflects its structure as a single subunit protein and its role as an O2 storage protein in muscle tissue. Brown – Florida Gulf Coast University Weiguo Cao – Clemson University Edward J. Sometimes secondorder reactions involve reactants such as water that are present in great excess: The second-order rate expression is (11) Because water is present in excess and [H2O] is essentially constant, however, the reaction appears to be first-order. Recall that initial velocities are measured in most kinetic studies. Among the new fields created by highthroughput methods are functional genomics (the investigation of gene expression patterns) and proteomics (the investigation of protein synthesis patterns and protein–protein interactions). work entropy enthalpy free energy 17. In regulated exocytosis, secretion is a Ca2+-triggered process that occurs only in response to an external signal. SAM’s
methyl group is readily donated because it is attached to an electron-withdrawing sulfur atom. Overview of Metabolism Metabolism is the sum of all the enzyme-catalyzed reactions in a living organism. 2016. Among water’s most important properties is its capacity to interact with a wide range of substances. Microtubules, the largest constituent of
the cytoskeleton (outer diameter 25 nm, inner diameter 12 nm), are girder-like hollow cylinders composed of protofilaments. Electrophiles have positive charges or they may have an incomplete octet. FIGURE 5B Processing of Spider Dragline Silk After the spidroins are secreted into the lumen of the major ampullate gland, they move toward the
funnel, where they exit into the beginning of the spinning duct. The newly formed molecular complexes then bind to exportins, the nuclear transport proteins that mediate cargo transport through the NPC and into the cytoplasm. Once believed to be a simple process, endocytosis is now recognized as being fully integrated into cellular signaling and
regulation. Also refer to Table 1.1 on p. Primary cilia have evolved as primary sensory organelles for vertebrate cells. A chemical reaction occurs when the colliding molecules possess a minimum amount of energy called the activation energy (Ea) or, more commonly in biochemistry, the free energy of activation (ΔG‡). We give a very special thank you
to Susan Brown, whose consistent diligence on this project has ensured the accuracy of the text. Synthetic reactions (also referred to as combination reactions) involve two or more substances that combine to form a single new substance. In the reaction ATP + glucose → ADP + glucose-6-phosphate, ΔG° is -16.7 kJ/mol. _____________ is a polymeric
network in the prokaryotic cell wall in which short peptide chains are linked to carbohydrate chains. Hydrophobic molecules do not interact with water. P roteins are a diverse group of macromolecules (Figure 5.1). 46. However, gene regulatory networks in living organisms are inextricably integrated with other networks. The active site of alcohol
dehydrogenase also contains two cysteine residues (Cys 48 and Cys 174) and a histidine residue (His 67), all of which are coordinated to a zinc ion (Figure 6.11a). i. The oxidation state of hydrogen is +1 throughout the reaction. After exiting the tER, the vesicles are transported to the ER-Golgi intermediate compartment (ERGIC), a structure of
membranous tubules and vesicles that facilitates the sorting of cargo molecules from resident ER proteins. (Chemotaxis is the movement of an organism such as an amoeba toward or away from a chemical stimulus.) Cell biologists and biochemists use fluorescence microscopy to investigate cell function with fluorophores (molecules that absorb
photons of light and then reemit photons of lower energy). To appreciate the magnitude of the size difference between the two cell types, estimate how many bacterial cells would fit inside the liver cell. KEY CONCEPTS • Each biological membrane is composed of a lipid bilayer into which proteins are inserted or attached indirectly. The impact of the
gut microbiota on human health: an integrative view. OUTLINE WHY STUDY BIOCHEMISTRY? In what direction does the amino acid move when placed in an electric field at the following pH values: 1, 3, 5, 7 and 9? In another scenario, life arose in close proximity to hydrothermal vents, openings in the seafloor out of which flows heated mineral-rich
water. In this balanced equation, the same number of carbon, hydrogen, and oxygen atoms is on both sides of the arrow because the number 2 has been placed before the formulas for molecular oxygen and water. In polycystic kidney disease, loss of function in the kidneys and several other organs is caused by cyst formation that is linked to defects in
either of two genes that code for the primary cilium proteins polycystin 1 (PC1) and polycystin 2 (PC2). This loss is usually accompanied by the formation of a π bond. Serine proteases are irreversibly inhibited by diisopropylfluorophosphate (DFP). Using the electron configuration pattern, the element’s electrons are then used to fill in the orbitals
beginning with the lowest energy level. Hydrolysis reactions in biochemical systems are assumed to be pseudo-first-order because of the ready availability of the second reactant, H2O, in aqueous environments. holoprotein heat shock protein protein family protein superfamily moonlighting protein 39. Define the following terms: a. This section ends
with descriptions of the structural and functional features of examples of the two major categories of ordered proteins: fibrous and globular. The energy (ATP) and reducing power (NADPH) that drive biosynthetic reactions are generated during catabolic processes as certain nutrient molecules are converted to waste products such as carbon dioxide,
ammonia, and water. P-33), acyl group transfers, and phosphoryl group transfers. When [S] becomes high enough to saturate the enzyme, the rate of the reaction is zero-order with respect to substrate. Polypeptides that have similar amino acid sequences and have arisen from the same ancestral gene are said to be homologous. FIGURE 3.2
Tetrahedral Structure of Water In water, two of the four sp3 orbitals of oxygen are occupied by two lone pairs of electrons. More than 720 full-color figures fill the pages of the seventh edition, many newly enhanced with consistent scale and color for a more vivid presentation. For example, the right-handed helices observed in proteins (pp. FIGURE
1.8 Some Biologically Important Monosaccharides Glucose and fructose are important sources of energy in plants and animals. Analysis of pollen and mineral concentrations of modern lake sediments reveals that as the Mayan population grew, the land was gradually deforested for agricultural purposes. The excellent efforts of the Oxford University
Press production team are gratefully acknowledged. The inflammatory and healing processes that are normally triggered by these traumas typically resolve within days or, at most, several months. Life sciences as diverse as agronomy (the science of soil management and crop production), forensics, marine biology, plant biology, and ecology are now
being explored with powerful biotechnological tools. Molecular hydrogen (H2) is a simple example. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) is a well-researched example of a moonlighting protein. WORKED PROBLEM 2 What is the Lewis electron dot formula for formaldehyde (H2C O)? Ligand-induced conformational changes in such
proteins are called allosteric transitions, and the ligands that trigger them are called effectors or modulators. The Roles of Amino Acids in Enzyme Catalysis The active sites of enzymes are lined with amino acid side chains that are in close proximity as a result of the protein-folding process. The protein component of an enzyme that lacks an essential
cofactor is called an apoenzyme. 24. clathrin e. The newly made vesicles then enter the endocytic pathway when they fuse with a membrane-bound organelle called an early endosome. In transition state theory it is assumed that the enzyme binds more strongly to the transition state than to the original substrate molecule. 13. Quantum tunneling,
which occurs when hydrogen is transferred, is discussed in an online Biochemistry in Perspective essay. Evolution, the adaptation of populations of living organisms in response to selection pressure, is made possible by the capacity to generate genetic diversity through various forms of mutation, gene duplications, or the acquisition of new genes from
other organisms. This number is rounded off to 0.043 M because of the rule of significant figures. This control is accomplished by regulatory networks that switch on and off the genes that code for the synthesis of enzymes and all other biomolecules. In the second step the enediol is deprotonated by a basic side chain and an acidic side chain adds a
proton to carbon 2, yielding the product glyceraldehyde-3-phosphate. Electrophilic addition reactions (p. In addition to stabilizing NE structure, the functions of these proteins include chromatin binding, chromatin remodeling protein recruitment, and various enzyme activities. If m is equal to 2, the rate quadruples when the concentration of reactant
A doubles. E2 (elimination bimolecular) reactions involve the simultaneous removal of a β- proton by a strong base and release of the leaving group. FIGURE 3.4 Space-Filling Model of a Water Molecule The water molecule has a bent geometry because the distribution of charge within the molecule is asymmetric. For example, the substrate specificity
of chymotrypsin (pp. Visit the companion website at www.oup.com/us/mckee to read the Biochemistry in Perspective essay Organelles and Human Disease. Antibiotic treatment causes major alterations of the gut microbiota. Radioactively labeled molecules have been used in the investigation of nucleic acid and protein synthesis, gene expression,
signal transduction, and metabolic pathways. COVALENT CATALYSIS In some enzymes, a nucleophilic side chain group forms an unstable covalent bond with an electrophilic group on the substrate. Amides are classified according to how many carbon atoms are bonded to the nitrogen atom. Enzymes use several functional groups that behave as
general bases to transfer protons efficiently. Uversky VN. Recently, however, investigators have demonstrated that the catalytic function of certain enzymes can be linked to internal motions that extend throughout the protein molecule. The conversion of a stable reactant molecule into an activated one is analogous to the energy-requiring process of
rolling a boulder up a hill. As centrifugal force is applied, particles in the sample migrate through the gradient bands according to their densities. The term tertiary structure refers to the unique three-dimensional conformations that globular proteins assume as they fold into their native (biologically active) structures and prosthetic groups, if any, are
inserted. The uppercase Greek letter delta (Δ) above the arrow indicates that the reaction requires an input of energy in the form of heat. Protein Sequence-Based Function Prediction Once a polypeptide has been isolated, purified, and sequenced, the next logical step is to determine its function. Describe why insulin is considered a signal molecule.
For example, insulin and glucagon are peptide hormones that regulate blood glucose levels. Many of the biomolecules found in cells are relatively small, with molecular weights of less than 1000 daltons. However, water molecules are bent (the bond angle is 104.5°, slightly less than the symmetrical tetrahedral angle of 109°) because the lone pair
electrons occupy more space than the bonding electron pairs of the O—H bonds (Figure 3.4). (b) Positive Feedback. For many proteins, this structure–function relationship holds true. The nuclear export process, also driven by GTP hydrolysis, is similar to the import process. How do the more than 200 cell types in humans arise from a fertilized egg?
First, the number of moles of NaCl must be determined by dividing the mass of NaCl (5 g) by the formula weight of NaCl (58.5 g; i.e., 23 g for sodium and 35.5 g for chlorine). The Golgi apparatus has two faces. In the reaction of lithium with chlorine forming lithium chloride (LiCl), lithium gives up one electron to become a lithium ion (Li+). In this
scheme, an enzyme is assigned a four-number classification and a two-part name, called a systematic name. In addition, endosomes may serve as signaling platforms because they contain protein or lipid components not present in the plasma membrane, and endosomal pathways offer opportunities for signal diversification. For example, glycerate1,3bisphosphate is an important metabolic molecule.) The digestion of many food molecules involves hydrolysis. Signals sent to the nucleus result in the inhibition of protein synthesis, with the exception of additional molecular chaperones. Calculate the number of remaining electrons and distribute them about each of the chloride atoms so that each
atom in the molecule has an octet. (In anemia, the number of red blood cells or the hemoglobin concentration is lower than normal.) Anemia is one of the most easily measured symptoms of lead poisoning. KEY CONCEPTS In living organisms, processes of highly ordered complexity are sustained by a constant input of energy. Similarly, cationexchange resins bind positively charged groups. 45. FIGURE 5.14 The Enzyme Adenylate Kinase (a) This space-filling model illustrates the volume occupied by molecular components and overall shape. After centrifugation, the bottom of the tube is punctured and the individual bands are collected in separate tubes. During the course of the reaction,
one or more intermediates form. Whether falling as rain or flowing in rivers, water has eroded the hardest rocks and transformed the mountains and continents. WORKED PROBLEM 8 The empirical formula of the sugar glucose is C6H12O6. These molecules have remarkable properties. Covalent bonds involve electron sharing with orbital overlap or
mixing. Hydrolases catalyze reactions in which the cleavage of bonds such as C—O, C— N, and O—P is accomplished by the addition of water. The repeatedly folded, continuous sheets of ER membrane enclose an internal space called the ER lumen. Membrane segments that connect adjacent grana are referred to as stroma lamellae (singular:
lamella). Larger R groups would destabilize the superhelix structure. 23. This presumption, based principally on fossil and anatomical evidence, is supported by cytochrome c primary sequence data indicating that this protein is identical in both species. Examples of lamin-associated proteins include the integral INM proteins emerin, LBR, and SUNdomain proteins. They catalyze the reversible oxidation of alcohols to form aldehydes or ketones. P-28) have already been described. According to the Michaelis–Menten model, as currently conceived, it is assumed that (1) k–1 is negligible compared with k1 and (2) the rate of formation of ES is equal to the rate of its degradation over most of the
course of the reaction (i.e., the [ES] remains the same throughout the reaction). Among these modified amino acids is γ-carboxyglutamic acid (Figure 5.6), a calciumbinding amino acid residue found in the blood-clotting protein prothrombin. REACTION TYPES There are several basic types of chemical reaction: synthesis reactions, decomposition
reactions, displacement reactions, double displacement reactions, acid–base reactions, and redox reactions. The heavier particles, such as the nuclei, form a sediment, or pellet. Examples of these behaviors include bonding between mating pairs, mothers and babies, and members of an in-group. Identify the indicated functional groups. The α-amino
groups of the globin chains are carbamoylated (CO2 attached), stabilizing the T state for return to the lungs. FIGURE 1.9 Fatty Acid Structure (a) A saturated fatty acid. System biologists have identified two core principles that underpin the complex and diverse biochemical pathways described in this textbook: emergence and robustness. Prokaryotes
are single-celled organisms that lack a nucleus (pro = “before,” karyon = “nucleus” or “kernel”). Golgi proteins are constantly recycled. ONE REMARKABLE FEATURE OF CELLS IS THEIR DIVERSITY: THE HUMAN BODY contains about 200 types of cells. 6.4 ENZYME KINETICS Recall from Chapter 4 (p. A colored arrow represents the movement of
an electron pair during each mechanism. The reaction (Figure 9) requires a small amount of a strong acid catalyst such as sulfuric acid (H2SO4) because water is too weak an acid to initiate protonation of the alkene. metalloprotein primary structure secondary structure tertiary structure quaternary structure 40. Elements such as carbon, nitrogen,
and oxygen can form multiple covalent bonds. Matter, which can be described as physical substances that occupy space and have mass, is composed of various combinations of the chemical elements. The isomerization of dihydroxyacetone phosphate to glyceraldehyde-3-phosphate (Figure 1.19b) is a reaction in glycolysis. For example, is a
tetrapeptide identified as tyrosylalanylcysteinylglycine. Coenzymes involved in redox (electron or hydrogen transfer) reactions include nicotinamide adenine dinucleotide (NAD+), nicotinamide adenine dinucleotide phosphate (NADP+), flavin adenine dinucleotide (FAD), flavin mononucleotide (FMN), coenzyme Q (CoQ), and tetrahydrobiopterin (BH4).
QUESTION 5.3 Calculate the isoelectric point of the following tripeptide: Assume that the pKa values listed for the amino acids in Table 5.2 are applicable to this problem. The forms of cellular motion profoundly influence the ability of all organisms to grow, reproduce, and compete for limited resources. For weak acids and bases, hydrogen ion
concentrations in aqueous solution can vary from 1 M to 1 × 10–14 M. Zinc (Zn) occurs in over 100 enzymes and has structural roles in numerous proteins. The Haber–Bosch industrial process for synthesizing ammonia maximizes the reaction’s yield in several ways: 1. In addition to protein identity and mass determinations, MS is also used to detect
bound cofactors and protein modifications. FIGURE 5.33 α-Keratin The α-helical rod-like domains of two keratin polypeptides form a coiled coil. Hundreds of thousands of proteins have been discovered in living organisms. RNA polymerase is the core protein in the protein complex that transcribes DNA to yield RNA. Key Words aerobic metabolism, 58
apoptosis, 58 biotransformation reaction, 49 carrier protein, 37 cell fractionation, 68 channel protein, 70 chloroplast, 62 chromatin fiber, 55 chromosome, 44 chromosome territory, 55 clathrin, 52 clathrin-dependent endocytosis, 52 cytoskeleton, 62 density-gradient centrifugation, 69 differential centrifugation, 68 endocytic cycle, 52 endocytosis, 52
endomembrane system, 45 endoplasmic reticulum (ER), 48 ER-associated protein degradation, 49 ER stress, 49 exocytosis, 51 extracellular matrix (ECM), 45 glycocalyx, 45 Golgi apparatus (Golgi complex), 49 granum, 62 hormone, 40 hydrophilic, 36 hydrophobic, 37 inner mitochondrial membrane, 59 inner nuclear membrane, 56 integral protein, 37
intermediate filament, 65 ligand, 40 lysosome, 52 marker enzyme, 69 membrane skeleton, 45 microbiota, 34 microfilament, 64 microsome, 68 microtubule, 62 mitochondrion, 59 motor protein, 38 neurotransmitter, 40 nuclear envelope, 56 nuclear lamina, 57 nuclear matrix, 58 nuclear pore complexes, 56 nucleoid, 44 nucleolus, 58 nucleoplasm, 55
nucleus, 55 organelle, 36 outer mitochondrial membrane, 59 outer nuclear membrane, 56 perinuclear space, 56 peripheral protein, 37 peroxisome, 61 photosynthesis, 43 plasma membrane, 43 plasmid, 44 primary cilium, 67 proteome, 39 proteostasis, 39 proteostasis network, 39 receptor, 37 respiration, 43 rough ER (RER), 48 signaling cascade, 40
signal transduction, 40 smooth ER (SER), 48 stroma, 62 thylakoid membrane, 62 unfolded protein response, 49 vesicles, 45 Review Questions SECTION 2.1 Comprehension Questions 1. P-20) and halogenation reactions. CHAPTER 3 Cell Volume Regulation and Metabolism Is there a relationship between metabolism and cell volume? The intracellular
distribution of each type of cytoskeletal component is visualized by staining with fluorescent dyes. FIGURE 5.42 The Effect of 2,3-Bisphosphoglycerate (BPG) on the Affinity between Oxygen and Hemoglobin In the absence of BPG (–BPG), hemoglobin has a high affinity for O2; where BPG is present and binds to hemoglobin (+BPG), its affinity for O2
decreases. Classification of intrinsically disordered regions and proteins. Referred to as salt bridges, these noncovalent bonds are significant only in regions of the protein where water is excluded because of the energy required to remove water molecules from ionic groups. In a closed system, neither energy nor matter is exchanged with the
surroundings. The association of clathrin triskelia to form hexagons (in this figure) causes the membrane distortion required in the vesicle-forming process. Among the most commonly used techniques are chromatography and electrophoresis. Hydrogen peroxide (H2O2) is generated when molecular oxygen (O2) is used to remove hydrogen atoms
from specific organic molecules. Denaturing conditions include the following: 1. Martin – Morningside College Carrie May – University of New Hampshire Dougals D. A protein of interest, often extracted from a band in a gel, is then digested by a proteolytic enzyme. Living organisms can be considered information-processing systems because
maintenance of their structural integrity and metabolic processes involves interactions among a vast array of molecules within and between cells. Chlorine (1s22s22p63s23p5) has a very high electron affinity because it releases a large amount of energy to become more stable as the chloride ion when it fills its valence shell by gaining one electron.
Some species are pathogenic to humans. 572–75). 637) of the cells in multicellular eukaryotes can be quite diverse. 16 d. Both the small and large subunits of ribosomes, the molecular machines that synthesize polypeptides, contain large numbers of proteins. Subsequent research demonstrated that these polypeptides have one or more unexpected
roles. Cystine is unique among the amino acids because it contains a _____________ bond. Mitochondrial fusion generates extended mitochondrial networks and facilitates the rescue of mitochondria with minor damage by allowing the mixing of their contents with healthy mitochondria. Within each square, macromolecules occupy 30% of available
space. The number of mitochondria that cells possess varies across cell types. As the nascent (newly synthesized) polypeptide chain folds, it forms certain localized arrangements of adjacent (but not necessarily contiguous) amino acids that constitute secondary structure. The sample is applied to the top of the column and is eluted with buffer (the
mobile phase). In the milder form of this disease, patients have half the plasma membrane low-density lipoprotein (LDL) receptors needed for cells to bind to and internalize LDL (a plasma lipoprotein particle that transports cholesterol and other lipids to tissues). Such groups include amino, carboxyl, carbonyl, methyl, phosphoryl, and acyl (RC=O).
Calculate the number of valence electrons for each atom in the molecule. Consider the following molecule: a. Water, an inorganic molecule, may constitute 50 to 95% of a cell’s content by weight, and ions such as sodium (Na+), potassium (K+), magnesium (Mg2+), and calcium (Ca2+) may account for another 1%. Proline is a helix-breaking residue
that alters the direction of the polypeptide chain because rotation around its α-carbon is not possible. 1.1 What Is Life? Free energy change is a measure of the maximum amount of work available from a reaction. 727–30). There is also new information on intrinsically unstructured proteins and intrinsically disordered regions, and a new figure
highlights the unstructured protein domains of p53, an important tumor suppressor protein. Direct magnifications as high as 1,000,000× have been obtained with the EM. Although most eukaryotic cells possess similar structural features, there is no “typical” eukaryotic cell. Does it surprise you that this genetic anomaly is commonly found in African
and Mediterranean populations? The spinning process (Figure 5B) begins in the ampullate gland in the spider’s abdomen where epithelial cells secrete spidroin into the gland’s lumen. 3.1 MOLECULAR STRUCTURE OF WATER The water molecule (H2O) is composed of two atoms of hydrogen and one of oxygen. The metallic character of an element,
defined as the readiness of an atom to lose an electron, also shows periodic trends. How can affected infants be treated to avoid the symptoms of the disorder, which include seizures, retarded growth, and brittle hair? The LINC complex thus connects the nuclear lamina to the cell’s cytoskeleton. (The hydrogen nucleus consists of a single proton.)
Atoms are electrically neutral, so the number of protons is equal to the number of electrons. They can therefore form ionic bonds with acidic amino acids. Phenylalanine t-RNA synthetase is an enzyme that links the amino acid phenylalanine to its cognate tRNA during protein synthesis. However, of the trillions of possible protein sequences, only a
small fraction (possibly no more than 2 million) is actually produced by all living organisms. 39). In this process, a cell suspension is placed either in a glass tube fitted with a specially designed glass pestle or into an electric blender. The cytoskeleton, a dynamic mechanical system, is an integral feature of most cell activities. The Molecular Basis of
Life Seventh Edition James R. The most prominent examples include the motile cilia on the surface of tracheal cells that move debris-laden mucus away from the lungs and the flagellum of sperm cells that seek out egg cells. Primary amine groups of amino acids react with aldehydes or ketones to form _____________. Short-Answer Questions 59.
Johnson – Carlow University Gail Jones – Texas Christian University Ivan Kaiser – University of Wyoming Michael Kalafatis – Cleveland State University Peter Kennelly – Virginia Tech University Barry Kitto – University of Texas, Austin Paul Kline – Middle Tennessee State University James Knopp – North Carolina State University Vijaya L. Because the
metal is widely found in foods, copper deficiency is rare in humans. In addition, a shorter version of the systematic name, called the recommended name, is suggested by the IUB for everyday use. Clathrin adapter proteins link clathrin to membrane-bound receptors and target clathrin-coated vesicles to destinations such as endosomes (p. The capacity
of living organisms to regulate metabolic processes despite variability in their internal and external environments is called homeostasis. The pH value at which an enzyme’s activity is maximal is called the pH optimum (Figure 6.8). 778). The nuclear envelope (NE) acts as a barrier that prevents the free passage of molecules between the nucleus and
the cytoplasm. Examples include the binding of hormones and growth factors to cell-surface receptors, action potentials in nerve and muscle cell membranes, and mechanical forces such as tensional force and hydrostatic pressure. Large-scale cellular movements are made possible by a dynamic cytoskeleton that can rapidly assemble and disassemble
its structural elements according to the cell’s immediate needs. If protein homeostasis cannot be achieved within a certain time period, apoptosis (p. 70. 52), lysosomes, and the plasma membrane. The concept of orbital hybridization, the result of quantum-mechanical calculations, explains how the mixing of atomic orbitals results in the formation of
the more stable hybrid orbitals found in molecules. Increasing collisions by raising the temperature or increasing reactant concentrations can improve product formation rates. The magnetic field force deflects the ions depending on their m/z ratios, with lighter ions being more deflected from a straight-line path than heavier ions. Ethers are relatively
inert chemically, but they do convert over time into explosive peroxides (e.g., diethyl ether hydroperoxide) when exposed to air. A spinning nucleus is similar to a miniature bar magnet.) Unlike X-ray crystallography, which is limited to proteins that crystallize easily, NMR can be used to investigate the structure of moderately sized proteins (40–60
kDa), as well as other macromolecules, without regard to their crystallization capacity. For example, the optimum pH of pepsin, a proteolytic enzyme produced in the chief cells of the stomach, is approximately 2. 58. Any change in the protein’s activity is caused by changes in the interactions among the protein’s subunits. Ceruloplasmin also catalyzes
the oxidation of Fe2+ to Fe3+, an important reaction in iron metabolism. For example, ovalbumin in bird eggs and casein in mammalian milk are rich sources of organic nitrogen during development. FIGURE 6.10 Human Alcohol Dehydrogenase In humans, the alcohol dehydrogenases are oxidoreductases that function as dimers with a zinc ion
complexed within the active site in each subunit. In contrast, the remaining 70% of the space is available to small molecules. This number is very close to 1.0 because hydrogen-1 has an abundance of more than 99.98%. Examples include ion-exchange and bioaffinity chromatography. What structural features of these cilia make them ideal for this
purpose? The alcohol product is formed as the oxonium ion transfers a proton to a water molecule. The serine proteases use the —CH2—OH group of serine as a nucleophile to hydrolyze peptide bonds. Although this textbook has been revised and updated to reflect the latest research in biochemistry, our original mission remains unchanged. The
female golden orb-web spider of Madagascar (Nephila madagascariensis) is a large spider (length = 12.7 cm or 5 in) that is so named because of its bright yellow silk. Proline and 4-hydroxyproline may account for as much as 30% of a collagen molecule’s amino acid composition. The oxyanion intermediate (a molecular species with a negatively

charged oxygen: see p. SN2 reactions proceed in one step: as the nucleophile, functioning as a Lewis base (an electron pair donor), donates its electron pair to an electrophilic carbon that has been polarized by an electronegative atom. The 2p orbital of each of the six carbon atoms overlaps side to side above and below the plane of the ring to form a
continuous circular π bonding system. A functional group is a specific group of atoms within a molecule that is responsible for the molecule’s chemical reactivity. 28. As a result, processes such as DNA replication and transcription are more easily regulated. • Chapter 17 now includes an extended discussion of chromatin, complete with illustrations of
chromosome territories and TAD chromosomal boundary structure. Lone pairs of electrons have a greater repulsive effect than bonding pairs. 21. 286) is an enzyme that catalyzes the nucleophilic attack of the carbon–6 hydroxyl group of glucose on the phosphorus in the terminal phosphate of ATP. FIGURE 2.19 The Eukaryotic Nucleus The nucleus is
an organelle surrounded by a double membrane, the nuclear envelope. The binding of molecular chaperones to short hydrophobic segments in partially folded polypeptides facilitates efficient folding and prevents aggregation. Plants use sucrose as an efficient means of transporting energy throughout their tissues. Lathyrism Globular Proteins The
biological functions of globular proteins usually involve the precise binding of small ligands or large macromolecules such as nucleic acids or other proteins. The capacity to understand and appreciate the significance of this phenomenon begins with a thorough knowledge of biochemical principles. In addition to its support and protective functions,
the ECM plays roles in the regulation of cell behavior through the binding of some of its components to specific membrane receptors in biochemical and mechanical signaling processes of various types. A _______________ is an interconnected and interacting assembly of biomolecules. The amide linkages of proteins are called _____________. In general,
shorter wavelengths allow greater resolution. Whether it originated from Earth’s collisions with ice-rich asteroids and comets, the water vapor outgassing by volcanoes, or high-temperature interactions between atmospheric hydrocarbons and the silicate and iron oxides in Earth’s mantle over millions of years, water has profoundly affected our planet.
In a redox reaction, the oxidizing agent is reduced and the reducing agent is oxidized. The Relevance Your Students Need. Biochemistry: An Introduction 2. In the βαβ unit, two parallel β-strand segments are connected by an α-helix segment. Signal processing by the endosomal system. The atomic radii of the elements in groups 1, 2, and 13 to 18
decrease from left to right. SUMMARY Nonmotile primary cilia have vital roles in the health of vertebrate cells. One of the most common biochemical isomerizations is the interconversion between aldose and ketose sugars (Figure 1.19). Analysis of the hemoglobin molecules of sickle-cell patients reveals that the only difference between HbA and
sickle-cell hemoglobin (HbS) is at amino acid residue 6 in the β-chain (Figure 5.15). Sci Am 278(1):48–57. For the general reaction the rate is equal to k[A]m[B]n, where k is the rate constant and [A] and [B] are the concentrations of the reactants A and B, respectively. Devised by the chemist G. Knopp Loading PreviewSorry, preview is currently
unavailable. Together with the myosins, a large family of ATP-dependent motor proteins, microfilaments generate contractile forces that create tension. The superscripts in the electron configuration pattern indicate the maximum number of electrons in each subshell. Certain proteins and lipids also contain carbohydrate. Examples include lipoic acid,
carnitine, coenzyme Q, biopterin, S-adenosylmethionine, and p-aminobenzoic acid. Instead, hsp90 proteins finalize the folding of a limited, but diverse, set of partially unfolded molecules, referred to as client proteins (e.g., protein kinases and steroid hormone receptors). Chilson – Washington University Randolph A. For example, humans and
chimpanzees are believed to have diverged perhaps only 4 million years ago. What effect on oxygen delivery to the body’s tissues would be expected in the event of an irondeficient diet? α-carbon hydrophobic amino acid polar amino acid acidic amino acid e. CHAPTER 9 Carcinogenesis: The Warburg Effect and Metabolic Reprogramming What is
aerobic glycolysis, and how does it impact cancerous cells? The ΔG°′ value for glucose-1-phosphate is -20.9 kJ/mol. For example, the catalytic activity of a certain enzyme requires the protonated form of an active site side chain amino group. Examples of proteins with inorganic cofactors include metalloproteins, which contain metal ions, and
phosphoproteins, which possess phosphate groups. 55. In response to cell stress, mitochondria release a protein called cytochrome c into the cytoplasm, which facilitates the activation of enzymes that proceed to degrade cell components. Draw the structure of alanylisoleucylphenylalanine. In the case of CO2, carbon is less electronegative than
oxygen, so carbon is the central atom. 14. In Chapter 6, the functioning of the enzymes, an especially important group of proteins, is discussed. Prominent examples include the metabolism of amino acids and lipids, the synthesis of iron–sulfur clusters (p. Deforestation disrupts the water cycle, the process by which water continuously moves on, above,
and below Earth’s surface. In animals, for example, CO2 diffuses out of cells and (after a brief and reversible conversion to bicarbonate by red blood cells) is quickly exhaled through the respiratory system. In the oxidized product GSSG, two tripeptides are linked by a disulfide bond: Because of the high GSH:GSSG ratio normally present in cells,
glutathione is an important intracellular antioxidant. Single bonds between the elements account for 6 electrons, leaving 6 electrons unaccounted for. In the case of CO2, rearranging the electrons results in the following Lewis dot structure in which there are two double bonds and all three atoms have a full octet of electrons. Estimates of prokaryotic
disordered proteins are considerably lower at approximately 2% (Archaea) and 4 % (Bacteria). CHAPTER 18 Carcinogenesis What is cancer, and what are the biochemical processes that facilitate the transformation of normal cells into those with cancerous properties? With the exception of beryllium, the alkaline earth metals lose their two valence
electrons to form cations with a +2 charge [e.g., they react with water to form metal hydroxides such as Ca(OH)2]. After storage in the dark, the emulsion is developed by standard photographic techniques. In many ways, arsenate (AsO43−) is very similar to phosphate (PO43-), yet it does not substitute for phosphate in biomolecules. According to the
_____________ law of thermodynamics, the disorder of the universe always increases. (c) Two p orbitals (blue), one from each carbon atom, overlap to form a π bond. In the presence of reagents such as urea, reducing agents (e.g., βmercaptoethanol) convert disulfide bridges to sulfhydryl groups. What factors make ATP suitable as an energy currency
for living organisms? Even the simplest cells are so remarkable that they have often been characterized as chemical factories. 573). Biologically important examples of carboxylic acid derivatives include carboxylates (deprotonated carboxylic acids), esters, amides, thioesters, and acyl phosphates. The rate accelerations achieved by enzymes require
that KT < KS. These are 7, 9, and 12. In addition to their role in endocytosis, lysosomes also contribute to the autophagic degradation of debris within cells (p. Four of the most important cellular techniques used in biochemical research are briefly described: cell fractionation, electron microscopy, autoradiography, and live cell imaging. Hydration is
one of the most common addition reactions. Which of the following amino acids would not be found in an α-helix? Retinitis pigmentosa (RP) is a group of more than 30 different progressive genetic eye disorders that lead to blindness. WORKED PROBLEM 6 The Ka for acetic acid is 1.8 × 10–5. After its export to the bacterial cell surface, GAPDH,
acting as a proteolytic enzyme, facilitates the invasion of host tissue. 626), and several autoimmune diseases. Nutrients 7:17–44. The cytoskeleton, a supportive network of fibers and filaments, is involved in the maintenance of cell shape, large-and small-scale cellular movement, solid-state biochemistry, and signal transduction. This equation, now
referred to as the Michaelis–Menten equation, has proven to be very useful in defining certain aspects of enzyme behavior. Many proteins also require hsp60 protein complexes to achieve their final conformations. The unique three-dimensional structure of each protein allows it to bind to, and interact with, a specific molecule that has a precise
complementary shape. RADIOACTIVITY Some isotopes are radioactive (i.e., they undergo radioactive decay, a spontaneous process in which an atomic nucleus undergoes a change that is accompanied by an energy emission). For example, CO2 contains two C—O dipole bonds. The resulting temporary confinement of transmembrane proteins and
membrane microdomains is believed to facilitate signal transduction processes. Visit the companion website at www.oup.com/us/mckee to read the Biochemistry in Perspective essays on lead poisoning and heme biosynthesis (Chapter 14). A prominent feature of the Archaea is their unsurpassed capacity to occupy and even thrive in very challenging
habitats. Short-Answer Questions 14. The rate of the reaction is directly proportional to substrate concentration only when [S] is low. Tenegrity, cellular biophysics, and the mechanics of living systems. Changes in gene sequence can have moderate to severe effects on health. Oxytocin, the signal molecule that stimulates the ejection of milk by
mammary glands during lactation and stimulates the contraction of uterine muscle during childbirth, is also associated with trust and empathy and has modulating roles in certain social behaviors. The electron distribution in oxygen–hydrogen bonds is displaced toward the oxygen, and, therefore, the bond is polar. The standard pH in bioenergetics is
7. The rate or velocity of a biochemical reaction is defined as the change in the concentration of a reactant or product per unit time. OUTLINE PAIN, ASPIRIN, AND THE COX ENZYMES 6.1 PROPERTIES OF ENZYMES Enzyme Catalysts: The Basics Enzymes: Activation Energy and Reaction Equilibrium Enzymes and Macromolecular Crowding Effects
Enzyme Specificity 6.2 CLASSIFICATION OF ENZYMES 6.3 CATALYSIS Organic Reactions and the Transition State Transition State Stabilization Catalytic Mechanisms The Roles of Amino Acids in Enzyme Catalysis The Role of Cofactors in Enzyme Catalysis Effects of Temperature and pH on Enzyme-Catalyzed Reactions Detailed Mechanisms of
Enzyme Catalysis 6.4 ENZYME KINETICS Michaelis–Menten Kinetics Lineweaver–Burk Plots Multisubstrate Reactions Enzyme Inhibition Enzyme Kinetics, Metabolism, and Macromolecular Crowding 6.5 ENZYME REGULATION Genetic Control Covalent Modification Allosteric Regulation Compartmentation Biochemistry in Perspective Alcohol
Dehydrogenase: A Tale of Two Species AVAILABLE ONLINE Biochemistry in Perspective Enzymes and Clinical Medicine Biochemistry in Perspective Quantum Tunneling and Catalysis Biochemistry in Perspective Humans and Enzymes—A Brief History Pain, Aspirin, and the Cox Enzymes P ain. • Chapter 6 has been dramatically reorganized to present
catalysis before the discussion of enzyme kinetics. (b) Two of the sp2 orbitals of each carbon (green) overlap with an s orbital of hydrogen (red), forming a total of 4 σ bonds. The amino acid composition of collagen is distinctive. Chronic pain may begin with an injury, but in some cases it seems to begin without any apparent body damage. (c) Large
proteins with multiple domains follow a more complex pathway, with each domain folding separately before the entire molecule progresses to its native conformation. coli. WORKED PROBLEM 5.3 Consider the following dipeptide: a. Some prokaryotes and a small number of plants (e.g., the pitcher plant, which digests captured insects) are
photoheterotrophs; that is, they use both light and organic biomolecules as energy sources. Note that numerous integral proteins and lipid molecules are covalently attached to carbohydrate. The Biochemistry in the Lab feature on genomics includes updated information on genomic libraries, DNA microarrays, and bioinformatics. Jefferson – Luther
College Craig R. In these techniques, cells are gently disrupted and separated into several organellecontaining fractions. New illustrations enhance the descriptions of the structure and functional properties of α-carbonic anhydrase and alcohol dehydrogenase. • Chapter 12 features extensive revisions to the Biochemistry in Perspective essay on the
atherosclerotic process. Water constitutes 50 to 90% of a cell’s content by weight, and ions such as Na+, K+, and Ca2+ may account for another 1%. Nickel (Ni) occurs in several enzymes in microorganisms and plants. Cox, David A. Complex arrays of fusing and dividing inner membrane tubules have been observed in the mitochondria of some
tissues. NMR Spectroscopy NMR is a commonly used form of spectroscopy based on the absorption of electromagnetic radiation (radio waves) by atomic nuclei with magnetic properties (i.e., isotopes that have nuclear spin such as 1H, 13C, and 15N) that are aligned with a strong magnetic field. For example, soluble and translucent egg albumin (egg
white) becomes insoluble and opaque on heating. Catalytic residues directly participate in the catalytic mechanism, whereas noncatalytic residues have support functions. (See the online Biochemistry in Perspective essay Protein Folding and Human Disease.) KEY CONCEPTS • All the information required for each newly synthesized polypeptide to
fold into its biologically active conformation is encoded in the molecule’s primary sequence. State functions are independent of the pathway. Describe why bacterial biofilms can be a threat to human health. Although the design of living organisms does include some redundant parts, the robust properties of living systems are largely the result of
degeneracy, the capacity of structurally different parts to perform the same or similar functions. The new author team has also worked to maintain the book’s defining feature: the characteristic clarity.Download Biochemistry 5th Edition PDF FreeFile Size : 29 MBIn this part of the article, you will be able to access the .pdf file of Biochemistry 5th
Edition PDF by using our direct links. BASIC AMINO ACIDS Basic amino acids bear a positive charge at physiological pH. Specialized cells of the connective tissue of higher animals called fibroblasts synthesize and secrete proteins into the extracellular matrix (ECM; e.g., elastin and collagen). FIGURE 2.7 Structure of a Typical Bacterial Cell All living
cells contain vast numbers of densely packed and interacting molecules, each of which performs specific tasks that, taken together, are required for life. The answer to this question requires a review of the role of catalysts. Conion MA, Bird AR. Along with its cochaperone hsp70, TRiC facilitates the cotranslational folding of proteins with complex
domain folds, most notably actin and tubulin. Because carbocations are sp2 hybridized and have an empty p orbital, the nucleophile can attack on either side of the ion. The remaining space in the cytoplasm is filled with ribosomes (molecular machines composed of RNA and proteins that synthesize polypeptides) and a diverse number of
macromolecules and smaller metabolites. Using one pair of these electrons to form a double bond between carbon and oxygen completes the carbon octet. Why do you think that the antimalarial drug primaquine, which stimulates peroxide formation, results in devastating cases of hemolytic anemia in carriers of the defective gene? It may reflect the
affinity of the enzyme for its substrate. Recent evidence indicates that endocytosis pathways contribute in other ways to signal transduction. Complementary base pairing between DNA bases and the bases of incoming ribonucleotides specifies the base sequence of the RNA molecule. According to the cisternal maturation model, the VTCs mature into
the cis-Golgi network (CGN), which in turn forms the cis cisterna. Each active site is a cleft or crevice in a large protein molecule into which substrate molecules can bind via weak reversible noncovalent interactions in a catalysis-promoting orientation. Plant proteins such as zein perform a similar role in germinating seeds. The genetic code is a
simple, well-recognized example. Among water’s numerous roles are nutrient absorption and transport, waste product excretion, body temperature regulation, and joint lubrication. The atomic radius of a neutral atom is the distance from the nucleus to the outermost electron orbital. Transiently bound coenzymes are usually regenerated by a reaction
catalyzed by another enzyme, whereas tightly bound coenzymes are regenerated during a step in the catalytic cycle. For example, alcohol:NAD+ oxidoreductase (EC 1.1.1.1) is usually referred to as alcohol dehydrogenase. 426) —provides mechanical strength to the plasma membrane and determines cell shape. In αα units (or helix-loop-helix units),
two α-helical regions separated by a nonhelical loop become aligned in a defined way because of interacting side chains. The remarkable structural complexity and diversity of organic molecules are made possible by the capacity of carbon atoms to form four strong, single covalent bonds either to other carbon atoms or to atoms of other elements.
Acetylene (C2H2) is a molecule with a triple bond, with each carbon bonded to two other atoms in a linear geometry. This is accomplished by four primary means: synthesis of biomolecules, transport of ions and molecules across cell membranes, production of movement, and removal of metabolic waste products and other toxic substances. Describe
the functional properties of motor protein subunits in molecular machines. Similarly, it is now recognized that enzymes function in conditions that are vastly different from those traditionally studied (i.e., purified molecules in dilute concentration). In addition, weak electrostatic interactions, such as those between permanent and induced dipoles in
both the active site and the substrate, are believed to contribute to catalysis. Enzymes are in fact the means by which living organisms channel the flow of energy and matter. Take your learning further by visiting the companion website for Biochemistry at www.oup.com/us/mckee where you can complete a multiple-choice quiz on water to help you
prepare for exams. Despite the elaborate controls on cell division in animal bodies, mutations in just a few of the genes that code for cell cycle regulatory proteins can result in a robust uncontrolled proliferation of the affected cell. Yet when such molecules are prepared in the laboratory, they usually fail to spontaneously adopt their active
conformations. Other transport proteins include hemoglobin, which carries O2 to the tissues from the lungs, and the lipoproteins LDL and HDL, which transport waterinsoluble lipids in blood. Microfilaments can exert force simply by polymerizing or depolymerizing. Assign each of the following molecules to one of the major classes of biomolecule: (c)
(a) (b) 27. What is the shape of dimethyl ether? Carbon-12, the most abundant carbon isotope, is used as a reference standard in the measurement of atomic mass. Much of the difficulty in delineating the precise nature of living organisms lies in the overwhelming diversity of the living world and the apparent overlap in several properties of living and
nonliving matter. Although numerous nuclear processes have been shown to require specific nucleoskeletal proteins, their structural properties remain unresolved. There are two additional reaction classes, aliphatic substitution and elimination reactions, which students should be familiar with. The burning of the hydrocarbon methane (natural gas) is
a typical combustion reaction. Substituted Hydrocarbons Substituted hydrocarbons are produced by replacing one or more hydrogens on hydrocarbon molecules with functional groups. The complex interactions among multiple subunits help regulate a protein’s biological function. Palenchar – Villanova University Treva Palmer – Jersey City State
College Ann Paterson – Williams Baptist College Scott Pattison – Ball State University Allen T. Its best understood functions are the transcription of rRNA genes, rRNA processing reactions, and ribosomal subunit synthesis. Note that the carbanion form of the reactant is the conjugate base referred to in the term E1cb. If you were to spend 5 minutes
writing out the molecular structure of each decapeptide, how long would the task take? A large number of receptor molecules and other proteins embedded in the ciliary membrane facilitate the sensing of environmental cues, such as mechanical pressure, signal molecules, and light. The end result is the destruction of the invading bacteria. Iron
atoms ([Ar]3d64s2) can form a wide range of oxidation states from −2 to +6, but its most common oxidation states are +2 and +3. Lane N. As a result, a lid-like flexible loop in the enzyme moves so as to shield the active site from solvent. Many antigenic proteins bind to the external surface of these sites. Calculate its isoelectric point. 430) into kidney
tubule membrane. It is not surprising that the functions of the two molecules overlap. Reactions that require an input of energy in the form of heat are described as endothermic. In the β-meander pattern, two or more consecutive antiparallel β-strands are connected by short loops with polar amino acids and glycines that permit a more abrupt change
in direction involving a one- or two-residue hairpin turn. 552), histamine (p. Caesarean section and the mother’s microbiota), diet, and environment (e.g., exposure to antibiotics or acid-suppressing medications). It is a challenge for today’s biochemists to construct assays and models that duplicate in vivo conditions. The E1cb mechanism involves the
removal of a proton from the reactant to form the carbanion, followed by the slower loss of the leaving group. Between the two extremes is an enormous group of both large and small biomolecules, each of which possesses its own unique pattern of hydrophilic and hydrophobic functional groups. A unimolecular reaction A → B has a molecularity of
one, whereas the bimolecular reaction A + B → C + D has a molecularity of two. Often, several techniques must be used sequentially to obtain a demonstrably pure protein. ATP hydrolysis is more likely at pH 5 than at pH 7. A reaction is said to follow first-order kinetics if the rate depends on the first power of the concentration of a single reactant and
suggests that the rate-limiting step is a unimolecular reaction (i.e., no molecular collisions are required). Instead, when they are mixed with water, hydrophobic molecules spontaneously form clusters, minimizing contact between hydrocarbon chains and water molecules (Figure 2.2). p53 can integrate information from multiple signaling pathways
because covalent modifications (e.g., phosphorylation and acetylation) of its disordered N-terminal domain result in structural variations that allow interactions with a wide variety of proteins. Chromosome location varies among different cell types. 64. The nucleus of any eukaryote contains DNA, the cell’s genetic information. Biomolecules are
composed of atoms, which in turn are formed from subatomic particles. As many as 32 peroxins, proteins required for peroxisome assembly, have been identified. Consequently, the larger oxygen atom bears a partial negative charge (δ−), and each of the two hydrogen atoms bears a partial positive charge (δ+) (Figure 3.3). 554–55), and bile acids (p.
In this powerful, mechanistic strategy a complex, living “whole” is studied by “reducing” it to its component parts. In a catalyzed reaction, both the forward rate and the backward rate are increased, but the Keq (in this case, 1000) remains unchanged. The double helix forms because of complementary pairing between the bases due to hydrogen
bonding. However, reductionism has its limitations because of the assumption that detailed knowledge of all the properties of the parts will of itself ultimately provide a complete understanding of the functioning of the whole. Examples include the α-defensins, released from cells of the small intestine that kill bacteria by inserting into membranes and
forming pores that cause cell rupture. 58), a programmed cell death process can be initiated. Short-Answer Questions 30. The compartmentalization afforded by organelles creates microenvironments in which biochemical processes can be efficiently regulated. Globular proteins are compact spherical molecules that are usually water-soluble. Spider
Silk Structure Dragline silk is composed of two proteins, spidroin 1 and spidroin 2, which have molecular masses that range from 200 to 350 kDa. Spidroin amino acid composition is distinctive because the majority of residues are glycine (42%) and alanine (25%), with smaller amounts of amino acids with bulkier side chains (Arg, Tyr, Gln, Ser, Leu,
and Pro). Gibbs free energy equation Keq ΔSuniv coupled reactions dissipative system Fill in the Blanks 27. ΔH = 0 is a(n) _____________ process. ATP hydrolysis provides most of the free energy required for living processes. Cystine concentration in the kidney is reduced by massively increasing fluid intake and administering D-penicillamine. As a
result, there is now a vast array of career opportunities in federal or state government agencies and industry (e.g., pharmaceutical, biotechnology, and agribusiness companies) for recent graduates with life science degrees. 39. After a brief discussion of some basic themes in cellular structure and function, the essential structural features of
prokaryotic and eukaryotic cells are described in relation to their biochemical roles. However, for this analogy to hold true, human-made factories would not only manufacture and repair all their structural and functional components, but also clone themselves, that is, manufacture new factories. 776–79). In addition to acting as a selective
permeability barrier, the bacterial plasma membrane possesses receptor proteins that detect nutrients and toxins in their environment. The lamins are intermediate filament proteins (see p. SUGARS AND CARBOHYDRATES Sugars, the smallest carbohydrates, contain alcohol and carbonyl functional groups. Visit the companion website at
www.oup.com/us/mckee to read the Biochemistry in Perspective essay on protein folding and human health. The higher its n value, the farther an electron is from the nucleus. In time, as more cells and secreted material accumulate, biofilms become thicker. Globular proteins (e.g., hemoglobin) are compact, spherical molecules that are usually soluble
in water. Enzyme assays in the presence of crowding agents are closer to those of direct in vivo measurements, but the environment of the assay is still too homogeneous and differs significantly from the crowded heterogeneous conditions in vivo. What ratio of glucose-6phosphate to glucose would allow the reverse reaction to occur? Coleman – The
College of William and Mary Sean Coleman – University of the Ozarks Kim K. Amino acids can be theoretically linked to form protein molecules in any imaginable size or sequence. Covalent character confers directionality to the bond or interaction, unlike the uniformly spherical force field around an ion. The major roles of RNA include: i gene
expression; ii. Certain sugars are important energy sources. The purity of the individual fractions can be assessed by visual inspection (electron microscopy). QUESTION 5.6 The structural features of vasopressin that allow binding to vasopressin receptors are the rigid hexapeptide ring and the amino acid residues at positions 3 (Phe) and 8 (Arg).
homologous polypeptides protein fold ligand oligomer protomer 38. FIGURE 6.7 Effect of Temperature on Enzyme Activity Modest increases in temperature increase the rate of enzyme-catalyzed reactions because of an increase in the number of collisions between enzyme and substrate. As elution proceeds, larger molecules travel faster through the
gel than smaller molecules, whose progress is slowed because they can enter the pores. Phosphorylation of the hydroxyl-containing amino acids serine, threonine, and tyrosine is often used to regulate the activity of proteins. 51). (Fluorescence is described on p. Nonsuperimposable mirror-image stereoisomers are referred to as _____________. Common
abbreviations for the standard amino acids are listed in Table 5.1. Note that 19 of the standard amino acids have the same general structure (Figure 5.3). Chaperonins. In the water molecule (H2O), for example, oxygen is more electronegative than the hydrogen atoms because oxygen’s larger nucleus strongly attracts its electrons. Reactions of central
importance in biochemistry (i.e., those used in energy production and the synthesis and degradation of major cell components) are relatively few. This carbohydrate “coat” is referred to as the glycocalyx (Figure 2.13). In addition to promoting the folding of nascent protein, molecular chaperones direct the refolding of proteins that are partially
unfolded as a consequence of stressful conditions. For example, in the Haber reaction in which molecular nitrogen reacts with molecular hydrogen to form ammonia, the oxidation number of nitrogen atoms changes from 0 to −3, and hydrogen atoms change from 0 to +1. In the past, biochemists and other scientists have often benefited from each
other’s work. For example, H2O2 is produced in the pathway that converts purine bases into the nitrogenous waste molecule uric acid (p. Arrow tips point toward the C-terminus. This edition is dedicated to those individuals who are willing to give up cherished ideas and assumptions when they are confronted by verified, proven facts. They also form a
conjugate acid–base pair. Villasenor R, et al. Lipid Metabolism 13. The carbon–carbon triple bond is rare in biomolecules and is not discussed further. Intense, and as yet unsuccessful, research efforts have focused on duplicating the natural process by which spiders produce this remarkable fiber. Taxol, a drug used to treat ovarian cancer, attaches to
and stabilizes microtubules. Almost all the other molecules in living organisms are organic. Note that the use of fluorescence microscopy in the observation of living cells is limited to short periods of time by the toxic nature of fluorescent stains. In contrast, biological systems have evolved by trial and error over several billion years. Nucleotides also
have an important role as the building-block molecules of the nucleic acids. In contrast, substitutions of amino acids within the hydrophobic core often lead to serious structural changes in conformation. In addition, chloroplasts undergo fission. ISOMERIZATION REACTIONS In isomerization reactions, atoms or groups undergo intramolecular shifts.
Predicting whether a specific metal will displace another is accomplished by referring to the activity series of metals, a list of metals (found in general chemistry textbooks) that is arranged in order of strength of metal reactivity from highest to lowest. Physical properties that are affected by molecular shape include boiling point, melting point, and
water solubility. Satir P, Pederson LB, Christensen ST. Toxins. Named after the Spanish histologist Santiago Ramón y Cajal (1852–1934), Cajal bodies are sites of processing reactions of histone mRNAs and several ncRNAs. There are also discrete sites within the nucleoplasm, called transcription factories, in which active genes come together to be
transcribed to yield mRNAs that code for polypeptides or numerous types of other RNAs by multiple copies of transcription enzyme complexes. Many of the biochemical reactions previously believed to occur within the liquid phase of the cytoplasm instead proceed in large measure on a cytoskeletal platform. In this case, the nitronium ion (+NO2) is
created when the sulfuric acid protonates the nitric acid on the OH group and the resulting water molecule leaves. 5.2 PEPTIDES Although less structurally complex than the larger protein molecules, peptides have significant biological activities. Peripheral proteins are attached by noncovalent bonds to the cytoplasmic surface of the PM. The reaction
begins when the nucleophilic glutamate carboxyl group abstracts a proton from the substrate and a histidine residue donates a proton to yield the enediol intermediate. For example, in the reaction of methane (CH4) with O2 to yield carbon dioxide and water, how much water is produced from the combustion of 8 g of methane? FIGURE 1.5 Select
Examples of Naturally Occurring Amino Acids That Are Not α-Amino Acids: β-Alanine and γAminobutyric Acid (GABA) WORKED PROBLEM 1.1 Living organisms generate a vast number of different biopolymers by linking monomers in different sequences. For example, refer to pp. 3D animation of adenine 3D animation of Thymine 3D animation of
Cytosine 3D animation of uracil DNA DNA is the repository of genetic information. If the pH becomes so alkaline that the group loses its proton, the enzyme’s activity may be depressed. ALCOHOLS In alcohols, the hydroxyl group (–OH) is bonded to an sp3 hybridized carbon. FIGURE 1.2 Structural Formulas of Several Hydrocarbons Most
biomolecules contain more than one functional group. Systems biology is a new field that attempts to provide understanding of the functional properties of living organisms by applying mathematical modeling strategies to amassed biological data. As described previously, molecules with a positive net charge migrate toward the negatively charged
electrode (cathode). Many globular proteins contain combinations of α-helix and β-strand secondary structures (Figure 5.19). CYSTEINE OXIDATION The sulfhydryl group of cysteine is highly reactive. When an individual organism in a population reproduces itself, mutations or sequence changes can arise as a result of stress-induced DNA
modifications and errors that occur when DNA molecules are copied. In addition to forming hydrogen bonds with one another, the polar amino acid side chains may interact with water or with the polypeptide backbone. Estimates of the volume occupied by macromolecules, called the excluded volume, in individual cell types vary between 20 and 40%.
At ■ pH values above the pI, the dipeptide will move to the anode. Molecules with tertiary carbons do not undergo SN2 reactions because of steric hindrance (the reactive site on a molecule is blocked by adjacent groups). McAbee – California State University, Long Beach Martha McBride – Norwich University Kristi L. Reactant and product molecules
connect these pathways to each other. peroxide GSSG aquaporin hypothalamus renin Fill in the Blanks _____________ is a steroid that promotes Na+ and water retention by the kidney. Because of greater ring strain, cyclopropene and cyclobutene are even less stable than cyclopropane and cyclobutane. We have uploaded Biochemistry 5th Edition PDF
to our online repository to ensure ease-of-access and safety. A theoretical term can be used to characterize simple reactions: molecularity is defined as the number of colliding molecules in a single-step reaction. It is important to note that in hydration reactions of propene and larger alkenes, the most highly substituted carbocation will form
(Markovnikov’s rule). TERTIARY STRUCTURE Although globular proteins often contain significant numbers of secondary structural elements, several other factors contribute to their structure. A defective ATP-dependent protein that transports copper across cell membranes causes Wilson’s disease. In this view endocytosis is a mechanism for
downregulating receptors, thereby desensitizing cells to signaling molecules. Both α-helix and β-pleated sheet patterns are stabilized by localized hydrogen bonding between the carbonyl and N—H groups in the polypeptide’s backbone. Why is this important? An arrow between the reactants and products symbolizes the chemical change that occurs as
a result of the reaction. McKee and McKee is respected for its balance of biology and chemistry, consistently placing biochemical principles into the context of the physiology of the cell and biomedical applications. Several α-amino acids or their derivatives act as chemical messengers (Figure 5.4). One-carbon transfers, a diverse set of reactions in
which carbon atoms are transferred in various oxidation states between substrates, require biotin, tetrahydrofolate (TH4) or S- adenosylmethionine (SAM). Integration of Metabolism 17. The straight-chain alkanes belong to a homologous series of compounds that differ in the number of carbon atoms they contain. Since glutamate side chains within
proteins are usually negatively charged with roles in numerous enzymatic catalytic mechanisms and in protein structure and stability, a pH-induced change in glutamate’s side chain charge may have physiological consequences. During the past two decades, the influence of biochemistry and the allied field of molecular biology has increased
exponentially. Examples include α, β, α/β, and α + β. Photosynthetic organisms such as plants, certain prokaryotes, and algae capture light energy and use it to transform carbon dioxide (CO2) into sugar and other biomolecules. WEB QUIZZES At www.oup.com/us/mckee7e, students seeking to test their knowledge of biochemistry can gain access to
more than 600 questions written by Dan Sullivan (University of Nebraska at Omaha). Distinguish among the terms ER stress, unfolded protein response, and ER-associated protein degradation. Mitochondria have low-affinity calcium channels that also contribute to calcium signal quenching. In the methane molecule (Figure 7), each of the four sp3
hybrid orbitals overlaps with the 1s orbital of hydrogen to form a sigma bond. The 18 vertical rows of the periodic table consist of elements with similar chemical and physical properties. Qualley – Berry College Ramin Radfar – Wofford College Rachel Roberts – Texas State University–San Marcos Niina J. These molecules contain a central carbon atom
(the α-carbon) to which an amino group, a carboxylate group, a hydrogen atom, and an R (side chain) group are attached. (Denaturation is not usually considered to include the breaking of peptide bonds.) Depending on the degree of denaturation, the molecule may partially or completely lose its biological activity. • Chapter 11 presents a new
Biochemistry in Perspective essay on Alzheimer’s disease and apolipoprotein E. The drought, at its most severe in the ninth century, became especially dire when it was punctuated with 3- to 9-year periods of little or no rainfall. Coding sequences, called genes, specify the structure of functional gene products such as polypeptides and RNA molecules.
In addition to membranous organelles, eukaryotic cells possess several components that are devoid of membranes. In general, chromosome segments that are gene-poor or that contain heterochromatin typically occur in the periphery of the nucleus. In addition, because the enzymes are chiral molecules, most bind substrate (reactant) molecules in
only one enantiomeric form. For example, what is the molarity of a solution of 5 g of NaCl in 2 l of water? FIGURE 5G Mass Spectrometry (a) The principal steps in electrospray ionization. The threedimensional structure of a polypeptide can also be determined using homologous modeling, a method that is based on the observation that threedimensional protein structure is more conserved than protein sequences. Antibiotic resistance can be transferred from one bacterial cell to another. T he structural hierarchy of life on earth extends from the biosphere to biomolecules. The bacteria in biofilms are very resistant to immune system attack and antibiotic therapy. The light microscope, in
contrast, magnifies an image to about 1,000×. However, over the past two decades, it has become increasingly apparent that some proteins lack a unique three-dimensional structure, either in whole or in part. Use the generalizations that the oxidation state of hydrogen and group 1 metals is +1 and that of oxygen is −2. See p. Group I chaperonins,
found in bacteria, mitochondria, and chloroplasts, are composed of two stacked seven-membered rings. Glutathione protects against the formation of methemoglobin by reducing H2O2 in a reaction catalyzed by the enzyme glutathione peroxidase. Glycine and proline residues often occur in β-turns. Once the enediol is formed, the abstraction of a
proton by the C-2 atom from the protonated glutamate residue and the loss of a proton from the C-1 hydroxyl group yield the product GAP. The oxygen atom carries a partial negative charge. As the atomic radii decrease across a period (i.e., the distance between the outer electron and the nucleus of the atoms decreases), more energy is required to
remove the outer electron. Three chromatographic methods commonly used in protein purification are gel-filtration chromatography, ion-exchange chromatography, and affinity chromatography. This includes in-chapter worked problems, which illustrate how quantitative problems are solved, as well as dozens of practice questions presented
throughout the text when new concepts and high-interest topics are introduced. Myoglobin gives up its O2 only when the muscle cell’s oxygen concentration is very low (i.e., during strenuous exercise). Many of these proteins and certain lipids are covalently bound to carbohydrate molecules. The p-block elements found in living organisms (carbon,
nitrogen, phosphorus, sulfur, chlorine, and iodine) are nonmetals. Each group has distinctive structural properties and chemical reactivities. Nucleophiles are anions (negatively charged atoms or groups) or neutral species possessing nonbonding electron pairs. What types of amino acid are probably in the α-helix, and which ones would you need to
substitute. Each solution has been independently checked for accuracy by a panel of expert reviewers. Schrödinger E. Coticone – Florida Gulf Coast University Elizabeth Critser – Columbia College Michael Cusanovich – University of Arizona Anjuli Datta – Pennsylvania State University Bansidhar Datta – Kent State University Danny J. SOLUTION (A)
The isoelectric point is the average of the pKas of the amino group of glycine and the carboxyl group of methionine (obtained from Table 5.2). In addition, substrates may be affected. They detect relevant information in cell environments in which there is a profusion of stimuli, integrate this information, and then execute an appropriate response. The
initial product, a resonance-stabilized ion, is then protonated by an acidic side chain of the enzyme to yield the product malate. ■ WORKED PROBLEM 5.2 a. The most prominent use of spider silk, however, is for prey capture. In tissues where the pO2 is low, CO2 concentration is higher, and pH is lower than in the lungs, hemoglobin releases O2 and
NO. (b) Steric repulsion between macromolecules (open circles) limits the ability of these molecules to approach each other. According to the free energy equation a negative free energy change in a process is the result of a balance between favorable and unfavorable enthalpy and entropy changes (pp. FIGURE 2.5 Biological Machines Proteins
perform work when motor protein subunits bind and hydrolyze nucleotides such as ATP. Insulin secretion occurs because the binding of Ca2+ to specific calcium-sensitive membrane proteins facilitates the fusion of the membrane of insulin-containing secretory vesicles with the plasma membrane in a process known as exocytosis (p. The heme group
has an iron atom that binds reversibly with oxygen. Biochemical Reactions At first glance, the thousands of reactions that occur in cells appear overwhelmingly complex. Although human-engineered systems and living systems are remarkably similar in some respects, they are significantly different in others. The fourth quantum number is the spin
quantum number ms, which describes the direction in which an electron is rotating: clockwise or counterclockwise. Because peptide bonds are rigid, the α-carbons are swivel points for the polypeptide chain. On the basis of composition, proteins are classified as simple or conjugated. FIGURE 1.10 Lipid Molecules That Contain Fatty Acids (a)
Triacylglycerol. First, the rates of enzymatically catalyzed reactions are often phenomenally high. Ionic bonds form when electrons are transferred from atoms with a tendency to release electrons (e.g., alkali or alkaline earth metals) to electronegative atoms that tend to gain electrons. FIGURE 1.6 Structure of Met-Enkephalin, a Pentapeptide Metenkephalin is one of a class of molecules that have opiate-like activity. This fiber is desirable not only because of its remarkable mechanical properties, but also because spiders produce it at ambient temperature and pressure with water as the solvent. The immune system normally strikes a fine balance of protection from pathogens and tolerance of
nonpathogenic organisms and the body’s own cells. Asparagine and glutamine are amide derivatives of the acidic amino acids aspartic acid and glutamic acid, respectively. Into the cool: energy flow, thermodynamics and life. Their catalytically active forms must be regenerated before another catalytic cycle can occur. Elongation factors Tu and Ts are
prokaryotic proteins that facilitate the binding of aminoacyl-tRNAs to the ribosome. The variable domains of the H and L chains form the site that binds to antigens (foreign molecules). Metal ions provide a high concentration of positive charge that is especially useful in binding small molecules. Glucose is the principal carbohydrate energy source in
animals and plants. The apoptotic cell shown is forming blebs that will eventually fragment into apoptotic bodies. Subsequently, sequential hydrolysis of the seven ATPs converts the cavity to a hydrophilic microenvironment, driving both the formation of the molten globule state of the protein substrate and the progression of the folding process. The
precarious balance between favorable and unfavorable forces allows proteins the flexibility they require for biological function. Atomic Structure: The Basics Atoms are the smallest units of an element that retain the property of that element. They are formed as a result of a series of reactions involving the oxidation and condensation of lysine side
chains. 574), apoptosis (p. Finally, because of their relatively large and complex structures, enzymes can be regulated. Why does soap kill bacteria? Blood pressure, the force exerted by blood against the walls of blood vessels, is influenced by two peptides called vasopressin and atrial natriuretic factor. As the new bond forms between A and B, the old
one between B and X breaks. The disulfide bond that forms when cysteine residues are linked is an important stabilizing feature of protein structure. Protein sequence databases (e.g., UniProt [Universal Protein resource] www.uniprot.org) are sufficiently large that about 50% of sequence comparison queries yield matched sequences that are close
enough to infer function. ■ Ascertaining a molecule’s three-dimensional shape begins with a correct Lewis dot structure. • Some proteins are partially or completely unstructured. Critical-Thinking Questions 23. Although living cells are translucent, a phase shift of 90° relative to the background light results in sufficient contrast that cell structures
can be observed. Following ATP hydrolysis, the dimer opens, releasing the now folded client protein. Overview FROM MODEST BEGINNINGS IN THE LATE NINETEENTH CENTURY, THE SCIENCE OF BIOCHEMISTRY HAS PROVIDED INCREASINGLY MORE sophisticated intellectual and laboratory tools for the investigation of living processes.
Endocytic control of cellular signaling at the primary cilium. The tetramer is formed by the interactions (behind the DNA helix, which is illustrated in blue and green) of the four tetramerization domains. To satisfy this requirement, the number 4 is placed before the reactant KClO and the product KCl. The reaction becomes Using the oxidation state
information given above, oxidation numbers are assigned to each element: Sulfur is the element that is oxidized (i.e., its oxidation number increases from −2 to +6). Numerous signaling pathways detect unfolded proteins and the stressful conditions that threaten proteostasis. Our bodies begin acquiring microbes as soon as the amniotic sac ruptures.
Self-assembly of such structures involves a balance between the tendency of hydrophilic groups to interact with water and the tendency for water to be excluded by hydrophobic groups. 1.1 WHAT IS LIFE? Found in all human cells except for erythrocytes (red blood cells), peroxisomes most notably occur in large numbers in the liver and kidney.
Prostaglandin E2 (PGE2) promotes all the signs of inflammation: redness, swelling, and pain. Each of the seven horizontal rows of the periodic table, called periods, begins with an element with a new shell with its first electron. Determine the number of valence electrons for each atom in the molecule. FIGURE 2.1 The Human Microbiota Each healthy
human is host to an exceptionally large and unique set of highly adapted microorganisms. j. Examples of such fields include biomedical and clinical research, forensic analysis, plant or animal genetics, environmental protection, and wildlife biology. The overall three-dimensional shape that a polypeptide assumes is called the tertiary structure. A
double bond in molecules, such as ethene, consists of a σ bond and a π bond. What are the functions of COPII in eukaryotic cells? Proteins can be classified according to their functions, amino acid sequence similarities, and overallthree-dimensional form and composition. These substances contribute to pain perception and the inflammatory processes
that usually lead to healing. The efficiency and effectiveness of signal mechanisms require that they be terminated in a timely manner. NEW IN THIS EDITION As a result of the rapid pace of discovery in the life sciences and our commitment to provide students with the highest-quality learning system available in any biochemistry textbook, we have
revised the seventh edition in the following ways: • New and Updated Applications. The nuclear matrix (nucleoskeleton) is a scaffold within the nucleoplasm composed of a large number of proteins in which loops of chromatin are organized. • Expanded Problem-Solving Program. Keratin and fibrinogen are examples of _____________ proteins. Reaction
order reflects the mechanism by which A is converted to B and vice versa. Geometric isomers occur when each of the carbons in the double bond has two different groups on it. Describe in general terms what structural properties of moonlighting proteins allow this phenomenon. For example, the primary cilium of kidney tubule cells protrudes into the
tubular lumen, where it senses the flow of urine. This binding process prevents folding until an entire domain or polypeptide has emerged from the tunnel. Determining the order of a reaction allows an experimenter to draw certain conclusions regarding the reaction’s mechanism. Biochemical reactions have simple organic reaction mechanisms. The
text equips students with a complete view of the living state, emphasizes problem solving, and applies biochemical principles to the fields of Health, Agriculture, Engineering, and Forensics, to show students the relevance of their learning. FIGURE 1.19 An Isomerization Reaction (a) The reversible interconversion of aldose and ketose isomers is a
commonly observed biochemical reaction type. Koval – Colorado Christian University Allison Lamanna – Boston University Hugh Lawford – University of Toronto C. Usually located near the cell’s periphery, early endosomes serve as the nexus or focal point of the endocytic pathway because it is here that the fate of internalized molecules is
determined. The peroxidase activity then catalyzes the reaction of PGG2 with the reducing agent GSH (p. (In close quarters, these aggressive organisms proceed to eat one another.) Handling each of thousands of spiders separately is also unworkable because of its expense. Under these conditions, calculate the final concentration of glycerol-3phosphate. Each NPC is a 60 to 100 MDa structure (diameter = 100 nm). KEY CONCEPTS Formed from relatively large, flattened, saclike membranous vesicles, the Golgi apparatus prepares proteins and lipids for their cellular functions and packages and secretes certain cell products. The rate of the reaction A → P is proportional to the frequency
with which the reacting molecules form product. Protein folding, a process in which an unorganized, nascent molecule acquires a highly organized structure, occurs as a consequence of the interactions between the molecule’s side chains. Turbo Design Can Be Dangerous Why must turbo design biochemical pathways be rigorously controlled? The
most basic rule is the Aufbau principle, which stipulates that electrons are put into orbitals, two at a time, in the order of increasing orbital energy (i.e., the inner orbitals are filled before the outer, higher-energy orbitals). As illustrated on pp. Describe the functions of the rough and smooth endoplasmic reticulum. FIGURE 1 The 2p Orbitals Three 2p
orbitals are oriented at right angles to each other. Each hsp90 molecule is composed of three domains: the N-terminal domain, containing an ATP binding site; a middle domain that is involved in client protein binding and ATP hydrolysis regulation; and the C-terminal domain, which contains the interaction site for dimer formation. Describe the
connection between antibiotic use and inflammatory bowel disease. snoRNAs assist in the maturation of ribosomal RNA during ribosome formation. In addition, proline has no N —H group available to form the intrachain hydrogen bonds that are crucial in α-helix structure. The total possible number of combinations for such a molecule is an
astronomical 20100. Acid–base reactions are a type of double displacement reaction. Although the heme group (Figure 5.36) in both proteins is responsible for the reversible binding of molecular oxygen, the physiological roles of myoglobin and hemoglobin are significantly different. The ER is a system of interconnected membranous tubules, vesicles,
and large flattened sacs found in eukaryotic cells. Organic solvents. Singhal – Wichita State University Deana J. Whatever its origin, it is not an accident that life arose in association with water because this substance has several unusual properties that suit it to be the matrix of life. The clinical examples to start each chapter are very nice and a good
way to interest students in the material. Therefore, there are three valid Lewis dot structures for the nitrate ion. Proteins perform their function by interacting with other molecules. (c) Human retinol-binding protein, a type of β-barrel domain (retinol, a visual pigment molecule is shown in yellow). Electrostatic interactions occur between any two
opposite partial charges (polar molecules) or full charges (ions or charged molecules). In this reaction, Cl− is the conjugate base of the acid HCl. Together these two species constitute a conjugate acid–base pair. Specific bands may be excised from the gel after visualization with ultraviolet light. Ester hydrolysis can also be catalyzed by a general acid
(Figure 6.5c). VALENCE BOND THEORY AND ORBITAL HYBRIDIZATION Although the VSEPR theory accounts for molecular shape, it does not explain how the orbitals of the individual atoms interact to form the covalent bonds in molecules. Formed from relatively large, flattened, sac-like membranous vesicles that resemble a stack of plates, the
Golgi apparatus is involved in the modification, packaging, and release of cell products into the vesicular compartment for delivery to target locations in the cell. The most recognizable feature of the nucleolus is the nucleolar organizer region, which is formed by the association of several chromosomal segments, each with multiple copies of rRNA
genes. Finally, the αammonium group loses its charge with the addition of more NAOH, giving glutamate a −2 charge. Measurements of ν0 are made immediately after the mixing of enzyme and substrate because it can be assumed that the reverse reaction (i.e., conversion of product into substrate) has not yet occurred to any appreciable extent.
SECONDARY STRUCTURE The secondary structure of polypeptides consists of several repeating patterns. Examples range from the ancient Greeks, who used spider webs to treat wounds, to the Australian aborigines who used spider silk to make fishing lines. Is this phenomenon a strength or a weakness of biological systems? Anfinsen’s
experimental treatment, which resulted in full restoration of the enzyme’s catalytic activity, provided an important early insight into the roles of different forces and primary structure in protein folding. Amines and amides possess nitrogen-containing functional groups. 36. Biological Order The coherent unity that is observed in all living organisms
involves the functional integration of millions of molecules. An iron-based catalyst (iron oxide with small amounts of other metal oxides), which increases the rate at which equilibrium is attained, converts a slow reaction to one that is fast enough to be commercially feasible. Carbon’s 2s orbital mixes with two of the three available 2p orbitals to form
three sp2 orbitals. For the above reaction, if rate = k[A]2, then the rate-limiting step involves collisions between A molecules. The sulfhydryl group (—SH) of cysteine is highly reactive and is an important component of many enzymes. As a result of these properties, the possibilities for molecules with different arrangements of carbon and the other
elements are virtually limitless. (Reducing agents are elements or compounds that donate electrons in chemical reactions.) Of all the alkali metals, only sodium and potassium have normal functions in living organisms. polar head group hydrophobic tail ligand motor protein GTP 4. Trends Biochem Sci 41(9):784–97. Jackson – Montana State University
Sajith Jayasinghe – California State University, San Marcos John R. In salting out, high concentrations of salts such as ammonium sulfate [(NH4)2SO4] are used to precipitate proteins. The cleavage of ATP’s phosphoanhydride bond to form ADP yields approximately _____________ kJ/mol. Salt bridges have been observed to contribute to the interactions
between adjacent subunits in complex proteins. to an acceptor molecule. Large polypeptides often have well-defined, three-dimensional structures. Nature 459:770–3. The binding of a ligand to its cognate receptor triggers a cellular response. An increase in the K+:Na+ ratio, combined with the secretion of phosphate and H+, is believed to cause the
conversion of α-helical conformations to β-pleated sheets. Examples of polysaccharides include starch and cellulose in plants and glycogen in animals. Once the sample has been ionized, its molecules, now in the gas phase, are separated according to their individual m/z ratios. At pH 9? It should be noted that cellular respiration, the biochemical
mechanism whereby aerobic (oxygen-utilizing) living cells extract energy from fuel molecules such as the sugar glucose, is a slower, controlled combustion reaction process. Hydrochloric acid and acetic acid (CH3COOH) are two well-known acids. Current examples of the medical relevance of biochemistry include immunotherapy (harnessing a
patient’s immune system to treat diseases such as cancer) and CRISPR (clustered regularly interspaced short palindromic repeats—a gene-editing technique used to alter DNA in living cells). Their impact on human health is described in the Biochemistry in Perspective essay Primary Cilia and Human Disease on p. Some noncoding sequences have
regulatory functions (e.g., controlling the synthesis of certain proteins), whereas the functions of others are as yet undetermined. After a brief review of protein purification methods, mass spectrometry is described. The hsp90s, found in organisms ranging from bacteria to mammals (but not archaea), have roles in diverse cellular pathways. lncRNAs
play vital roles in gene expression. In the reaction of zinc with molecular oxygen, zinc is the reducing agent and molecular oxygen serves as the oxidizing agent. Nat Rev Mol Cell Biol 14(4):237–48. In the reaction of metallic zinc with molecular oxygen to form zinc oxide, for example, the zinc atoms are oxidized (i.e., they lose electrons) and oxygen
atoms are reduced (i.e., they gain electrons). One group of glutathione’s functions exploits its effectiveness as a reducing agent. The urea molecule is then removed from the body through the kidney as a major component of the urine. The lithium valence electron is donated to chlorine to form the chloride ion (Cl−). The most obvious of these is the
nucleoid, a spacious, irregularly shaped, centrally located region that contains a long, circular DNA molecule called a chromosome. NUCLEOTIDES AND NUCLEIC ACIDS Each nucleotide contains three components: a five- carbon sugar (either ribose or deoxyribose), a nitrogenous base, and one or more phosphate groups (Figure 1.11). The
equilibrium constant for a reaction under nonideal conditions is given by (5) where Keqi is the ideal constant, and Γ is the nonideality factor, the ratio of the activity coefficients of the products and reactants. Genetic Information 19. Suggest a possible reason for this effect. As a result, fatty acids must first be activated by the formation of an acyl
adenosyl monophosphate derivative (Figure 1.14) at the expense of ATP bond energy. 712–15], followed by translation.) The recombinant protein is typically a fusion protein that contains an affinity tag such as GST (glutathione-S-transferase; see p. With an s orbital, l = 0, so the value of m is 0. Molarity of the solution is determined by dividing the
number of moles by the number of liters. The residue His 57, acting as a general acid, is believed to facilitate this decomposition. X-Ray Crystallography Much of the three-dimensional structural information about proteins has been obtained by X-ray crystallography. According to their capacity to interact with water, amino acids may be separated into
four classes: nonpolar, polar, acidic, and basic. NaOH then dissociates to form Na+ and OH−. In other words, catalysts provide an alternative reaction pathway that requires less energy (Figure 6.1). Several types of interaction stabilize tertiary structure: hydrophobic and electrostatic interactions, hydrogen bonds, and certain covalent bonds.
Functional Groups of Organic Biomolecules Most biomolecules can be considered derived from the simplest type of organic molecule, called the hydrocarbons. The resultant decrease in hemoglobin synthesis causes severe anemia. collagen dynein elastin chromatin 77. AMINO ACIDS AND PROTEINS There are hundreds of naturally occurring amino
acids, each of which contains an amino group and a carboxyl group. For many elements, atoms will react so that their outermost energy level or valence shell is filled, which is the most stable configuration they can have. Components are manufactured, and waste products and heat are discharged back into the environment. This step-by-step
description is referred to as a reaction mechanism. Numerous biological processes involve redox reactions. The zinc ion polarizes a water molecule, resulting in a Zn2+bound OH group. Water’s properties are directly related to its molecular structure. Bidirectional lipid transfer between mitochondria and the SER via MAMs is required for
maintenance of the unique lipid composition of both the inner and the outer mitochondrial membranes. Life is information-based. MCAT Study Questions 76. When a substance such as sodium chloride is dissolved in water, the ions become completely surrounded by water molecules, forming structures called hydration spheres. The amino acids are
connected by peptide bonds. QUESTION 6.6 Identify each of the following as a cofactor, coenzyme, apoenzyme, holoenzyme, or none of these. 168–72) has not been completely resolved. Shape and Composition Proteins are often classified according to their shape and composition. These organelles are most noted for their involvement in the
generation and breakdown of peroxides. Nucleotides participate in a wide variety of biosynthetic and energy-generating reactions. Robustness Systems that remain stable despite diverse perturbations such as fluctuations or damage are described as robust. SAdenosylmethionine (SAM) is widely used in methylation reactions as a methyl group donor.
FIGURE 5.31 Space-Filling Model of the E. The chapter concludes with a brief discussion of the concepts of modern experimental biochemistry and an introduction to systems biology, an investigative strategy used to improve our understanding of living organisms as integrated systems rather than collections of isolated components and chemical
reactions. (c) Clathrin-coated vesicle formation is initiated by GTP-binding proteins (not shown) that recruit adaptor proteins that serve as binding sites for clathrin. METABOLIC PATHWAYS There are two types of metabolic pathway: anabolic and catabolic. In the second step, the fatty acyl-AMP is attacked by the thiol group of coenzyme A (CoASH) to
form the thioester fatty acyl-SCoA and AMP. Use the three-letter symbols for the amino acids to represent this molecule. 545). Carbohydrate Metabolism 9. The orbital diagrams of nitrogen and oxygen illustrate this rule. Moving quickly along microtubules, the vesicles, in a process referred to as anterograde transport, then lose their coats and fuse
together to form the vesicular tubule cluster (VTC). WORKED PROBLEM 9 Cephalosporin c is one of a class of antibiotics, known as the cephalosporins, that kill bacteria by preventing the cross-linking of peptidoglycan, a key structural element in the cell wall. Bovine pancreatic ribonuclease (a digestive enzyme from cattle that degrades RNA) is
denatured when treated with β-mercaptoethanol and 8 M urea (Figure 5.28). These include new study questions designed to help students in prehealth programs prepare for the MCAT test. They are dynamic organelles that are continuously dividing (fission), branching, and merging (fusion). In the cyclooxygenase-catalyzed reaction, arachidonic acid
reacts with two molecules of O2 to yield PGG2, a bicyclic hydroperoxide. EM uses a stream of electrons, which have much shorter wavelengths than those of visible light. A mole is defined as the amount of a substance that contains as many particles (e.g., atoms, molecules, or ions) as there are atoms in 12 g of carbon-12. When lysine side chains in
collagen accepts a proton from water to form the conjugate acid fibrils, a vital structural component of ligaments and tendons, are oxidized and subsequently condensed, strong intramolecular and intermolecular cross-linkages are formed. Molecular chaperone function in protein folding and proteostasis. There is also a new table on the carbon
skeletons of glucogenic and ketogenic amino acids. Biological membranes are thin, flexible, and relatively stable sheet-like structures that enclose cells and organelles. Apache/2.4.41 (Ubuntu) Server at studyabroad.sdbor.edu Port 443 Table of contents : Biochemistry The Molecular Basis of Life 7th EditionHalf TitleTitle PageBrief
ContentsContentsChapter-Opening VignettesBiochemistry in Perspective EssaysBiochemistry in the Lab BoxesPrefaceGeneral and Organic Chemistry Review Primer1 Biochemistry: An Introduction2 Living Cells3 Water: The Matrix of Life4 Energy5 Amino Acids, Peptides, and Proteins6 Enzymes7 Carbohydrates8 Carbohydrate Metabolism9 Aerobic
Metabolism I: The Citric Acid Cycle10 Aerobic Metabolism II: Electron Transport and Oxidative Phosphorylation11 Lipids and Membranes12 Lipid Metabolism13 Photosynthesis14 Nitrogen Metabolism I: Synthesis15 Nitrogen Metabolism II: Degradation16 Integration of Metabolism17 Nucleic Acids18 Genetic Information19 Protein
SynthesisAppendix: SolutionsGlossaryCreditsIndex Citation preview Biochemistry The Molecular Basis of Life Biochemistry The Molecular Basis of Life Seventh Edition Trudy McKee James R. polypeptide peptide protein standard amino acids neurotransmitter 15. 3D animation of 2-Phosphoglycolic acid 3D animation of DHAP FIGURE 6.4 Energy
Diagram for a Two-Step Reaction There are two transition states (TS1 and TS2) in a two-step reaction. The liver is a multifunctional organ that has several digestive functions. The resulting nucleophile attacks the carbon–carbon double bond. Oxytocin has mild antidiuretic activity, and vasopressin has some oxytocin-like activity. This chapter is
devoted to catalytic proteins. Rubi JM. 614), cardiovascular disease, lysosomal storage diseases (p. Hydrogen bonds are represented by dotted lines. 549) that is grafted either to the N- or C-terminal of the protein of interest. Temperature. One zinc ion, located in the active site, is crucial for catalysis, whereas the other has a structural function that
promotes the enzyme’s stability. It also binds metals (e.g., iron and copper ions) in proteins. CREB, a transcription regulatory protein discussed later (p. FIGURE 1.18 An Addition Reaction (a) When water is added to a molecule that contains a double bond, such as fumarate, an alcohol results. Eukaryotic cells come in a vast variety of shapes including
the blob-like amoeba, columnar epithelial cells, and neurons with complex branching architecture. (c) NAD+ accepts a hydride ion from the substrate, and the aldehyde product is formed. flagellum photosynthesis respiration capsule polyphosphate inclusions Fill in the Blanks 29. 22. Proc Nat Acad Sci 107:8947–53. A detector measures the deflection
of each ion. thermodynamics bioenergetics entropy enthalpy free energy 2. Hydrophobic interactions between nonpolar molecules take effect only when the cohesiveness of water and other polar molecules forces nonpolar molecules or regions of molecules close together. Ester hydrolysis takes place much more rapidly if the pH is raised. FIGURE 5H
Schematic Diagram of X-Ray Crystallography X-rays are useful in the analysis of biomolecules because their wavelength range is similar to the magnitude of chemical bonds. The following is a list of some, but not all, of the updated content that has been introduced in the seventh edition: • The General and Organic Chemistry Review Primer gets
students off to the right start with a review of foundational topics in general and organic chemistry. Within the duct, Na+ and Cl– are extracted, and phosphate and K+ are pumped in. The technology required to identify and quantify biomolecules of all types continues to be refined. What is the leaving group in these reactions? _____________
compounds exclude water. • Receptors on the plasma membrane’s surface allow the cell to respond to external stimuli. Examples of alternative careers where a life science degree is an asset include public policy (e.g., public health risk assessment and health product regulation), law (e.g., lawyers for pharmaceutical and biotech companies and
environmental organizations), and marketing and sales (e.g., drugs and medical devices). 37. Despite decades of investigation into the physical and chemical properties of polypeptide chains, the mechanism by which a primary sequence dictates the molecule’s final conformation is unresolved. Because this is a reversible reaction, B is also converted
into A. Carbon’s 2s orbital FIGURE 7 Structure of Methane Methane (CH4) has a tetrahedral geometry with four σ bonds formed by the overlap of four sp3 orbitals of carbon with four 1s orbitals of hydrogen atoms. Tertiary structure has several important features: 1. It also illustrates that human-caused environmental destruction can have
catastrophic consequences. The location of radioactively labeled molecules is indicated by the developed pattern of silver grains. The four phases of signal transduction are _____________, _____________, _____________, and _____________. Understanding molecular structure, also referred to as molecular shape, is important because structure provides
insight into the physical and chemical properties of molecules. Among the early benefits of the systems approach are the insights associated with emergence, robustness, and modularity. Living systems have become increasingly more complex, in part because of the unavoidability of interactions among established system components and potentially
useful new parts (e.g., derived from gene duplications followed by mutations). The nucleophilic hydroxyl oxygen of Ser 195 launches a 3 nucleophilic attack on the amide carbonyl carbon of the substrate. 9. Amino acid R groups extend outward from the helix. FIGURE 5.35 Collagen Fibrils Staggered collagen molecules form the bands observed in this
electron micrograph image. As illustrated in Figure 2.6, nonspecific steric repulsion prevents the introduction of additional macromolecules under macromolecular crowding conditions. For example, Pb2+ binds to catalytically active sulfhydryl groups in two enzymes in the heme synthetic pathway. When a protein mixture is mixed with beads with
GSH attached, the GST fusion protein will bind to the beads. They cross-link, stabilize, sever (cut into fragments), or cap (block polymerization) microfilaments. Proteins can be distinguished based on their number of amino acids (called amino acid residues), their overall amino acid composition, and their amino acid sequence. Because the isotopes of

an element do not occur with equal frequency, the average atomic mass unit (the weighted average of the atomic masses of the naturally occurring isotopes) is used. In other words, living organisms require both energy and information to create order. FIGURE 14 COMT-Catalyzed Methylation of Epinephrine: An SN1 Mechanism When epinephrine
enters the active site of the enzyme, a basic amino acid R group deprotonates one of the hydroxyl groups of epinephrine, forming a nucleophilic alkoxide group. Kinetic studies also measure the affinity of enzymes for substrates and inhibitors and provide insight into reaction mechanisms. Tomich – Kansas State University Anthony Toste – Southwest
Missouri State University Toni Trumbo-Bell – Bloomsburg University of Pennsylvania Craig Tuerk – Morehead State University Sandra L. Ion-exchange chromatography separates proteins on the basis of their charge. Colonization resistance is a constellation of tactics (e.g., competition for space in the mucus layer lining the intestinal lumen and
intermicrobial chemical warfare). The hydrolysis of ATP to yield AMP and PPi yields_____________ kJ/mol. The active site serine residue, one component of a catalytic triad, plays an especially important role in the catalytic mechanisms of this group of enzymes. For example, functioning mitochondria can be used to study cellular energy generation.
Mitochondrial fission regulation. In living organisms, the amide functional group is the linkage, referred to as the peptide bond, that connects amino acids in polypeptides. Why is the cellular ratio of GSH to GSSG in cytoplasm usually high? 12. 8. The molecules formed in biosynthetic reactions perform several functions. Describe in general terms how
malfunctioning primary cilia cause the formation of kidney cysts. They can perform this feat under mild conditions of pH and temperature because they can induce or stabilize strained reaction intermediates. For example, cytosine is aromatic because the NH adjacent to the carbonyl group donates its lone pair of electrons to the ring’s π electron
cloud. P-25). The cell contains a system of vesicular organelles involved in processing both endogenous and exogenous materials around, into, and out of the cell and performing specialized biochemical functions. In this model, substrate does not fit precisely into a rigid active site. FIGURE 5.30 Protein Folding (a) In many small proteins, folding is
cooperative with no intermediates formed. Nucleic Acids 18. Thus, one might predict that the deleterious mutational change that causes this affliction would be rapidly eliminated from human populations. James R. Chromosomes occupy discrete locations called chromosome territories. Prominent examples include ribosomes (the protein-synthesizing
devices that are formed from several types of protein and RNA), large protein complexes such as the sarcomeres in muscle cells, and proteosomes (large protein complexes that degrade proteins). ATOMIC NUMBER AND MASS NUMBER Elements are identified by their atomic number and mass number. Membranes provide chemically reactive
surfaces and exhibit unique transport functions between the extracellular and intracellular compartments. Short-Answer Questions 63. Quantum theory is based on the principle that both matter and energy have the properties of particles and waves. Other important concepts that are emphasized include the relationship between biomolecular
structure and function and the dynamic, unceasing, and self-regulating nature of living processes. As nutrient molecules are degraded, energy and reducing power (high-energy electrons) are conserved in ATP and NADH molecules, respectively. Chapter Summary 1. In negative feedback, the most common form, an accumulating product slows its own
production. Intrinsically disordered proteins in cellular signaling and regulation. As the protein molecules pass across the stationary phase (a solid matrix), they separate from each other because they are differently distributed between the two phases. Revised for this edition, the primer includes two new worked problems and a new figure showing
trends in the periodic table. FIGURE 2A Cell Fractionation After homogenization of cells in a blender, cell components are separated in a series of centrifugations at increasing speeds. Because one hydroxide ion is produced for each hydrogen ion, the hydroxide ion concentration is also 1.0 × 10–7 M. These chapters can either be covered in class or
assigned for self-study. The intermembrane space contains several enzymes involved in nucleotide metabolism, whereas the gel-like matrix consists of high concentrations of enzymes and ions and myriad small, organic molecules. 1.2 BIOMOLECULES Living organisms are composed of thousands of different kinds of inorganic and organic molecules.
266) and links them to membrane-spanning proteins called integrins (p. General chemistry topics include atomic structure, chemical bonding, acids and bases, and the chemical properties of the principal elements found in living organisms. MODULE Complex systems are composed of modules, components or subsystems that perform specific
functions. Together, fresh water in rivers, lakes, underground aquifers, and the atmosphere accounts for less than 1% of the world’s water! In the 10,000 years since the Neolithic agricultural revolution, humans have usually settled near convenient sources of water (dependable rainfall and/or large rivers) so that agriculture could flourish. Can you
suggest what will happen to the binding properties of vasopressin if the arginine at position 8 is replaced by lysine? The Old Kingdom in Egypt in the third millennium BCE built the great pyramids, but it collapsed in the midst of a 300-year drought. For example, mechanical forces such as stretching or pressure transmitted through the extracellular
matrix of cells activates a process that sequentially realigns the bionanowires of the cytoskeleton and the nuclear lamina, often resulting in changes in cellular biochemistry and gene expression. SN2 (substitution nucleophilic bimolecular) reactions differ from SN1 reactions in that there are no carbocation-like intermediates and reaction rates are
determined by the concentrations of both the nucleophilic and the electrophilic reactants. The HbA molecule (Figure 5.40) is designated α2β2 (HbA2 is a variant designated α2δ2). Oxygen atoms are also found in all the major classes of biomolecules (e.g., proteins, carbohydrates, fats, and nucleic acids). The SER is especially prominent in hepatocytes
and striated muscle cells. The product loses a water molecule to leave O=N+=O In the second step, the nitronium ion reacts with the nucleophilic benzene. Bending occurs as the ATP-driven structural changes in the dynein molecules (called “arms”) cause them to alternately attach to and “walk along” the adjacent microtubule and then detach. For
example, glucose-6-phosphatase, the enzyme responsible for converting glucose-6-phosphate to glucose in the liver, is a marker for liver microsomes. Reactant concentration. Cells contain four families of small molecules: amino acids, sugars, fatty acids, and nucleotides. Amino Acid Ionizable Side Chain Groups and pH The predominant ionic form of
the ionizable groups of amino acids in solution depends on pH (Table 5.2). There are six major families of organic molecules that contain oxygen: alcohols, aldehydes, ketones, carboxylic acids, esters, and ethers. Consequently, hemoglobin alternates between two stable conformations, the T and R states. FIGURE 5.15 Segments of the β-Globin Chain in
HbA and HbS Individuals possessing the gene for sickle-cell hemoglobin produce β-chains with valine instead of glutamic acid at residue 6. ATP is ideally suited to its role as universal energy currency because it is a sufficiently stable phosphoanhydride and has an intermediate phosphoryl group transfer potential that allows it to carry phosphoryl
groups from high-energy biomolecules to lower-energy biomolecules. Although found in many cellular regions, microtubules are most prominent in long, thin structures that require support (e.g., the extended axons and dendrites of nerve cells). In which direction will the dipeptide move at pH 1, 3, 5, 7, 9, and 12? • The pH at which molecules such as
amino acids and proteins have no net charge is called the isoelectric point (pI). The other half-reaction illustrates that the oxidation number of carbon in C6H12 (cyclohexane) has changed from −2 to +4 in carbon dioxide. Which of the following compounds would you expect to liberate the least free energy when hydrolyzed? A healthy gut flora is
characterized as diverse, relatively stable, and resilient. A structural protein may incorporate large amounts of immobilized water as part of its structure. It contains most of the cell’s DNA. FIGURE 2.13 The Glycocalyx Electron micrograph of the surface of a lymphocyte stained to reveal the glycocalyx (cell coat). The following are the six major
enzyme categories: 1. 63. Chemists use a shorthand method to illustrate how electrons are arranged around the nucleus of a ground-state atom (an atom at its lowest possible energy state). CHEMICAL REACTIONS AND EQUILIBRIUM CONSTANTS Many chemical reactions are reversible (i.e., they occur in both forward and reverse directions). The
four N-terminal transactivation domains with their disordered segments extend outward in search of partner proteins (transcription factors and other signaling proteins). proteins are involved in metabolic regulation, transport, defense, and catalysis. (b) An unsaturated fatty acid. In other words, the mass of the reactants must be equal to the mass of
the products. Hydrocarbon groups that are derived from alkanes are called alkyl groups. Hydroxylysine is also found in the Y position. Phase contrast microscopy takes advantage of variations in the refraction of light as it passes through substances with different densities. The favorable entropy change is a major driving force in protein folding. There
are three major types of RNA: messenger RNA (mRNA), ribosomal RNA (rRNA), and transfer RNA (tRNA). Proteins that consist of two or more polypeptides have quaternary structure. Hydrolases. The nucleolus is a membrane-bound structure. As a result, the system produces more NH3 to reestablish equilibrium. Consequently, it is not surprising
that considerable time, effort, and funding have been devoted to investigating their properties. The silk dope is squeezed through the ampullate gland and the narrow funnel that connects to the spinning duct. Silk protein, referred to as silk feedstock or dope, is highly concentrated (as high as 50%). Myoglobin is a protein that stores O2 in muscle
cells. Catalysts. Phase contrast microscopy is used in investigations such as chemotaxis when low-resolution level is sufficient. The reaction is complete when the alcohol is released. 406–07). This diversity is directly related to the combinatorial possibilities of the 20 amino acid monomers. For example, zinc’s electron configuration can be described as
[Ar]3d104s2. In which direction will the tripeptide move in an electric field at pH 1, 5, 10, and 12. The reaction of the aldehyde group of aldose sugars with an intramolecular OH group to form the more stable cyclic hemiacetals (see p. With its consistent decay rate and a half-life (p. 45), several types of actin-binding proteins, and spectrin (p.
Methylamine (CH3NH2) is an example of a primary amine. For example, glycine, glutamate, γ-amino butyric acid (GABA, a derivative of glutamate), and serotonin and melatonin (derivatives of tryptophan) are neurotransmitters, substances released from one nerve cell that influence the function of a second nerve cell or a muscle cell. 51), referred to
as the endocytic cycle, plays a central role in cellular information processing. Because biosynthesis increases order and complexity, anabolic pathways require an input of energy. Designed for students who need a solid introduction to biochemistry, but are not specializing in the subject, the text focuses on essential biochemical principles that
underpin the modern life sciences, and offers the most balanced coverage of chemistry and biology of any text on the market. Arrange the electrons so that each atom donates one electron to a single bond between it and another atom and then count the electrons around each atom. Because of the fluid nature of cellular membrane, integral proteins
can diffuse laterally. T cell activation occurs when a T helper lymphocyte (yellow) with surface proteins capable of binding to a specific foreign antigen interacts with the macrophage. As the oxygen of the ester’s carbonyl group binds to the proton, the carbon atom becomes more electrophilic. For example, at certain sequence positions leucine and
isoleucine, both of which contain hydrophobic side chains, may be substituted for each other without affecting function. For example, fatty acids contain proportionately more hydrogen atoms than sugars do and therefore yield more energy upon oxidation. Examples of the major groups of organisms observed in the normal flora are given for each
ecosystem. Mycoplasmas are unusual bacteria that lack cell walls. Response. Siebenlist – Marquette University Vijay Singh – University of North Texas Ram P. Found in almost all organisms, glutathione (GSH; pp. Suggest a reason why eukaryotic cells are so much larger than prokaryotic cells. Examples include nucleoli, speckles, and Cajal bodies.
Chemotrophic species derive the energy required to incorporate CO2 into organic biomolecules by oxidizing inorganic substances such as hydrogen sulfide (H2S), nitrite (NO2–), or hydrogen gas (H2). The term crowded rather than concentrated is used because macromolecules of each type usually are present in low numbers. The sample (a protein
dissolved in a solvent) is injected via a glass capillary into the ionization chamber. The subsequent elimination of a water molecule followed by loss of a proton from the nitrogen yields the imine product. How much coal would have to be burned (yielding 393.3 kJ/mol) to produce an equivalent amount of energy? Instead of two alternate structures of
benzene, benzene is a resonance hybrid, which is indicated by the fact that all of the carbon–carbon bonds in benzene are the same length. The characteristics of catalytic RNA molecules are described in Chapter 18. The genome’s functional gene products are either _____________ or _____________. Watkins – Southwest Texas State University Terry Watt
– Xavier University of Louisiana Athena Webster – California State University, East Bay Lisa Wen – Western Illinois University Rosemary Whelan – University of New Haven Kenneth O. Artificial sweeteners induce glucose intolerance by altering the gut microbiota. As a result, the electron pairs between oxygen and each of the hydrogen atoms are
drawn closer to the oxygen atom. Some ciliopathies appear to affect one or a small number of cell types or organs, whereas others affect many of the body’s systems and can vary greatly in their symptoms. THIOLS A thiol is a molecule in which an sp3 carbon is bonded to a sulfhydryl group (–SH). What effect would hyperventilation (rapid breathing)
have on the concentration of oxyhemoglobin in the bloodstream? The other two corners are occupied by the unshared electron pairs of the oxygen, which repulse each other because of their negatively charged clouds. (One dalton, one atomic mass unit, is equal to 1/12 of the mass of one atom of 12C.) Cells contain four families of small molecules:
amino acids, sugars, fatty acids, and nucleotides (Table 1.2). Extraction of a protein requires cell disruption and homogenization (see Biochemistry in the Lab: Cell Technology in Chapter 2). If fractions are collected, the larger molecules appear in the earlier fractions and later fractions contain smaller molecules. Biochemists have distinguished four
levels of protein structure. Proteins are composed of one or more polypeptides, unbranched polymers of 20 different amino acids. Cells can sense and respond to their environment, transform matter and energy, and reproduce themselves. The stomach’s low pH is the result of the secretion of hydrochloric acid (HCl) by parietal cells. Alzheimer’s and
Huntington’s Diseases Fibrous Proteins Fibrous proteins typically contain high proportions of regular secondary structures, such as α-helices or β-pleated sheets. NADP+ 65. During endosomal maturation, the proton concentration rises and the ligands are released from their receptors, which are subsequently also recycled back to the plasma
membrane. During several of these redox reactions, the energy released is sufficient to drive the synthesis of ATP, the energy carrier molecule that directly supplies the energy used to maintain highly organized cellular structures and functions. The outgoing nucleophile (in this case, X), called a leaving group, leaves with its electron pair. (A
recombinant protein is produced in a host organism by the transcription of a recombinant DNA sequence [pp. Eventually, energy becomes disorganized and is released in the form of heat. The synthesis of urea, a molecule formed in vertebrate livers, is the principal mechanism for the disposal of nitrogenous waste. For example, oxygen atoms with an
electron configuration of 1s22s22p4 have six valence electrons (i.e., there are a total of six electrons in its 2s and 2p orbitals). Golgi Apparatus The Golgi apparatus (also known as the Golgi complex) is formed from relatively large, flattened, saclike membranous vesicles that resemble a stack of plates. Howard – Illinois Institute of Technology Jeffrey
Hoyt – Paradise Valley Community College Christine A. Similarly, the inactivation of a specific type of hormone receptor may be compensated for by similar receptors with partial overlapping functions. Because most molecules bind SDS in a ratio roughly proportional to their molecular weights, during electrophoresis SDS-treated proteins migrate
toward the anode (+ pole) only in relation to their molecular weight. The effective concentration or activity (a) of a solute is equal to (4) where γ is a correction factor called the activity coefficient, which depends on the size and charge of the species and on the ionic strength of the solution in which the species is reacting, and c is the concentration in
moles per liter. The following instructor’s resources are available on the McKee ARC: • All text images in electronic format. In healthy cells, there is a constant remodeling of mitochondrial networks by continuous cycles of fission and fusion in response to the ever-changing metabolic status of cells. Because the guanidino group of arginine has a pKa
range of 11.5 to 12.5 in proteins, it is permanently protonated at physiological pH and, therefore, does not function in acid–base reactions. FIGURE 5D Dialysis Proteins are routinely separated from low-molecular-weight impurities by dialysis. For example, salt formation, the exchange of ions, is a fast process compared with the breaking and forming
of covalent bonds. Notably, the configuration of mitochondria changes with the physiological status of the cell. Each individual part is then further broken down so that the chemical and physical properties of its molecules and the connections between them can be determined. Hamilton G. Although all three forms of elimination reactions occur in
living organisms, the E1cB is more commonly observed. Water has a tetrahedral geometry because its oxygen atom is sp3 hybridized, and at the center of the tetrahedron is the oxygen atom. Type I collagen molecules, found in teeth, bone, skin, and tendons, are about 300 nm long and 1.5 nm wide. 341). 33. Consider the following spontaneous
reaction: As the temperature rises, vibrating molecules A and B are more likely to collide. FIGURE 5.21 Fibronectin Structure Fibronectin is a mosaic protein that is composed of multiple copies of F1, F2, and F3 modules. They lack a nucleus and other organelles. The term protein describes molecules that consist of one or more polypeptide chains.
Some bacteria secrete substances such as polysaccharides and proteins, collectively known as the glycocalyx. Schiff bases are also intermediates in glycation (p. (Nitrogen = large blue ball; hydrogen = small gray balls; carbon = black balls; oxygen = red balls) FIGURE 5.8 D- and L-Glyceraldehyde These molecules are mirror images of each other.
Acute pain, resulting from phenomena such as cuts, burns, bee stings, broken bones, and childbirth, occurs suddenly. At this stage, spidroin’s globular conformation (about 30% α-helices) ensures its solubility in water and prevents aggregation. Chemical reactions are described with chemical equations. The most basic of the many crucial functions
that membranes serve is to act as a selective physical barrier. The transition state occurs at the apex of both reaction pathways. NMR has another important advantage over X-ray crystallography: X-ray crystallography can only provide a snapshot of a crystallized protein, whereas NMR can be used in the investigation of protein dynamics (e.g.,
internal structural changes that are essential for a molecule’s function). Outline the role of the cytoskeleton in intracellular signal transduction. Why is it difficult for the colon to reestablish a beneficial flora after several antibiotic treatments? What is life? The structures of the various ionized forms of glutamic acid are: KEY CONCEPTS • Molecules
with an asymmetric or chiral carbon atom differ only in the spatial arrangement of the atoms attached to the carbon. (A chromoplast is a cellular organelle in plants that accumulates the pigments responsible for the colors of leaves, flower petals, and fruits.) In this process, called photosynthesis, which will be described in Chapter 13, light energy is
used to drive the synthesis of carbohydrate from CO2. Rep Prog Phys 77(4):046603. The close proximity of the two negatively charged aspartate carboxyl groups raises the pKa of one of the aspartates, making it less acidic and more basic. Humans synthesize most of the cholesterol required for cell membranes and for the synthesis of vitamin D and
other steroid hormones. In an ATP-regulated cycle, an open hsp90 dimer (V-shaped) binds a client protein and closes in a clamp-like motion driven by ATP hydrolysis. The ΔG°′ value for the hydrolysis of glucose-6-phosphate is −13.8 kJ/mol. Dialysis (Figure 5D) is routinely used to remove low-molecular-weight impurities such as salts, solvents, and
detergents. Describe the functions of glutathione within cells. The protein component of myoglobin, called globin, is a singlepolypeptide chain that contains eight segments of α-helix (Figure 5.37). Note that the value of n indicates the total number of subshells within the principal energy shell. Wilson’s Disease QUESTION 6.5 In a rare inherited
disorder, called Wilson’s disease, excessive amounts of copper accumulate in liver and brain tissue. It takes 15 to 20 s for all seven ATPs to hydrolyze in the ring subunits and to complete the folding process. Light – Florida State University Rich Lomneth – University of Nebraska at Omaha Maria O. One mole of glycerate-1,3-bisphosphate can
phosphorylate one mole of AMP to yield ATP. Spider silk’s tensile strength, the resistance of a material to breaking when stretched, is as great as that of Kevlar and greater than that of high-grade steel wire. Trudy McKee James R. An increase in the pressure within the reaction vessel (to 200 atm), obtained by decreasing volume, causes an increase in
ammonia synthesis. An enzyme’s optimum temperature, the temperature at which it operates at maximum efficiency (Figure 6.7), is determined in the laboratory under specified conditions of pH, ionic strength, and solute concentrations. Spider silk is a lightweight fiber with impressive mechanical properties. Protein complexes involved in DNA
synthesis and gene expression regulation are also found within the nucleoid. Thus methane (CH4), a component of natural gas, can be converted into methanol (CH3OH), a toxic liquid that is used as a solvent in many industrial processes. Because of several structural constraints (i.e., the rigidity of peptide bonds and the allowed limits on the values of
the φ and Ψ angles), certain amino acids do not foster α-helical formation. 31. Aspirin inhibits PTGS by acetylating a serine residue within the cyclooxygenase active site. NADH b. Biochemistry IN PERSPECTIVE Primary Cilia and Human Disease What effects do nonmotile cilia have on human health? Several examples of α-amino acids are presented
in Figure 1.4. Twenty standard α-amino acids occur in proteins. The mitochondrial mystery. In most mammals, ADH contains arginine and is also referred to as arginine vasopressin (AVP). Short-Answer Questions 45. In addition, membranes have significant roles in information processing and energy generation. As the polypeptide chain folds, local
folding patterns constitute the protein’s secondary structure. Each globin chain has a heme-binding pocket similar to that of myoglobin. Reduction has occurred if a carbon atom loses oxygen or gains hydrogen: KEY CONCEPTS The most common reaction types encountered in biochemical processes are nucleophilic substitution, elimination, addition,
isomerization, and oxidation-reduction. FIGURE 1.3 General Formula for α-Amino Acids For 19 of the 20 standard amino acids found in proteins, the α-carbon is bonded to a hydrogen atom, a carboxyl group, an amino group, and an R group. Functional groups also separate the substituted hydrocarbons into families. Specific proline and lysine
residues in collagen’s primary sequence are hydroxylated within the rough ER after the polypeptides have been synthesized. Heterocyclic aromatic compounds have two or more different elements in their rings. 344), histidine acts as a general acid and protonates the −OH group of the citrate, making it a better leaving group. As a result of the
extraordinary difficulty in breaking the stable triple bond of N2, nitrogen fixation (the conversion of N2 to NH3, a molecule that can be assimilated into organic molecules such as amino acids) is largely limited to a select group of microorganisms. A second slow deacylation of the enzyme follows, releasing the carbonyl end of the substrate. Sullivan –
University of Nebraska, Omaha William Sweeney – Hunter College Blair R. In halogenation reactions, alkane molecules react at elevated temperatures or in the presence of light, forming free radicals (atoms or molecules with an unpaired electron). Carboxylic acids react with bases to form carboxylate salts. For example, the percentages of RER in
hepatocytes and pancreatic acinar (digestive enzyme-producing) cells are approximately 35% and 60%, respectively. Spider silk cape goes on show at V & A. In parallel β-pleated sheet structures, the hydrogen bonds in the polypeptide chains are arranged in the same direction; in antiparallel chains, these bonds are arranged in opposite directions.
Domains are classified on the basis of their core motif structure. Covalent bonds between atoms with moderate differences in electronegativity are referred to as polar covalent bonds. Biochemistry 5th EditionWith new co-authors Jeremy Berg and John Tymoczko, “Biochemistry” 5th edition has expanded integration of evolution, more chemical and
structural insights, and a web based media component created simultaneously with the text.Improved pedagogy includes: chapter opening outlines, expanded end of chapter problem sets, new types of problems, and special icons highlighting evolutionary coverage, clinically relevant material, or related media content on the Web. Instead, a
polypeptide can take numerous routes to fold into its native state. • The systems approach has provided insights into the emergent properties, robustness, and modularity of living organisms. The cell wall of Gram-negative bacteria—organisms that do not retain the dye crystal violet—is illustrated in Figure 2.7. A thin peptidoglycan layer lies between
the outer membrane and the plasma membrane and within the periplasmic space. Pedersen LB, et al. At a pH of 3, the amino acid does not move. The extent to which the reaction proceeds to product is measured by an equilibrium constant (Keq), which reflects the concentrations of reactants and products under specific conditions of temperature and
pressure. In such circumstances, equilibrium constants are based not on solute concentrations but on activities, quantities called effective concentrations that take intermolecular interactions into account. • SER lacks attached ribosomes and is involved in lipid synthesis, biotransformation, and Ca2+ storage. 49. The eukaryotes (eu = “true”) are
composed of cells that possess a nucleus, a membrane-bound compartment that contains the cell’s DNA. E1cb (elimination unimolecular conjugate base) reactions involve the formation of a carbanion (an organic ion bearing a negatively charged carbon). These contacts, which consist of closely apposed membrane segments tethered by proteins, have
several functions that together regulate mitochondrial dynamics: 1. The mechanism that maintains this condition, referred to as colonization resistance, protects the body from the challenge of exogenous and potentially pathogenic microbes. Sehorn – Clemson University Steve Seibold – Michigan State University Edward Senkbeil – Salisbury State
University Ralph Shaw – Southeastern Louisiana University Andrew Shiemke – West Virginia University Aaron Sholders – Colorado State University Kevin R. In fact, the behavior of all other molecules in living organisms is defined by the nature of their interactions with water. The functions of chlorine in the form of the chloride ion include the
digestion of protein in the animal stomach [hydrochloric acid (HCl)] and its function as an electrolyte. 316), and CDP (cytidine diphosphate)-ethanolamine, an intermediate in the synthesis of certain lipids (p. The digestive system and one of its component organs (the liver) are shown. Tudge C. In fact, aromatic compounds are remarkably stable.
Enzyme kinetics provides insight into the forces that regulate metabolic pathways. Histidine’s capacity under physiological conditions to accept or donate protons in response to small changes in pH plays an important role in the catalytic activity of numerous enzymes. QUESTION 5.12 Myoglobin stores O2 in muscle tissue to be used by the
mitochondria only when the cell is in oxygen debt, whereas hemoglobin can effectively transport O2 from the lungs and deliver it discriminately to cells in need of O2. Ingber DE, Wang N, Stamenovic D. 142–43 for a description of the effect of hydrogen ion concentration on amino acids, the molecules used to construct proteins. FIGURE 5.18 β-Pleated
Sheet (a) Two forms of β-pleated sheet: antiparallel and parallel. Endoplasmic Reticulum The endoplasmic reticulum (ER) is a system of interconnected membranous tubules, vesicles, and large flattened sacs that often constitutes more than half of a cell’s total membrane. The cancerous cells in a tumor proliferate uncontrollably, and treatment often
involves the use of toxic drugs in attempts to kill them. (An enediol is a molecule containing the atomic arrangement —C(OH) C(OH)—. 34. emergence c. List three life science fields that require a solid understanding of biochemical principles. FIGURE 2.20 The Nuclear Pore Complex (a) The nuclear envelope is studded with thousands of nuclear pore
complex structures, one of which is indicated by the arrow. Life sciences as diverse as medicine, agriculture, and forensics have generated immense amounts of information. Key Words affinity chromatography, 185 aldimine, 148 aldol condensation, 175 aliphatic hydrocarbon, 138 allosteric transition, 164 allostery, 163 Alzheimer’s disease, 172 amino
acid residue, 136 amphipathic molecule, 168 amphoteric molecule, 136 apoprotein, 153 aromatic hydrocarbon, 138 asymmetric carbon, 141 chaperonins, 171 chiral carbon, 141 conjugated protein, 153 cooperative binding, 178 denaturation, 167 disulfide bridge, 147 effector, 164 electrophoresis, 186 enantiomer, 141 fibrous protein, 152 fold, 159 gelfiltration chromatography, 184 globular protein, 152 glycoprotein, 153 heat shock protein, 152 hemoprotein, 153 holoprotein, 153 homologous polypeptide, 153 hormone, 140 hsp70, 171 hsp90, 171 Huntington’s disease, 172 intrinsically disordered protein, 165 intrinsically disordered region, 165 ion-exchange chromatography, 184 isoelectric point,
143 ligand, 160 lipoprotein, 153 mass spectrometry, 187 metalloprotein, 153 mobile phase, 184 modular protein, 160 modulator, 164 molecular chaperone, 170 molecular disease, 155 molten globule, 170 mosaic protein, 160 motif, 158 multifunctional protein, 152 neurotransmitter, 140 oligomer, 162 optical isomer, 141 peptide, 136 peptide bond,
145 phosphoprotein, 153 polypeptide, 136 primary structure, 153 prosthetic group, 153 protein, 136 protein family, 152 protein folding, 158 protein superfamily, 152 proteoform, 166 protomer, 162 quaternary structure, 153 response element, 165 salt bridge, 160 salting out, 184 Schiff base, 148 SDS–polyacrylamide gel electrophoresis, 186
secondary structure, 153 stationary phase, 184 stereoisomer, 141 subunit, 162 supersecondary structure, 158 tertiary structure, 153 zwitterion, 136 Review Questions SECTION 5.1 Comprehension Questions 1. Organelles are moved around within cells by being attached to cytoskeletal structures. The free energy of hydrolysis of ATP in systems free
of Mg2+ is −35.7 kJ/mol. For example, when a sodium atom (Na) loses an electron, it becomes the positively charged ion Na+. For example, sodium (1s22s22p63s1) reacts with water to form sodium hydroxide (NaOH) and hydrogen gas (H2). Most of these organisms, referred to as an indigenous flora or microbiota (Figure 2.1), are bacteria with
smaller numbers of archaeans (another type of prokaryote), fungi, and viruses. Our bodies are, on average, approximately 60% water because it is the principal component of every body fluid (e.g., blood, saliva, lymph, and gastric juices). However, most proteins treated similarly do not renature. Metallic properties increase from right to left diagonally
across periods. These molecules are called amphipathic because they contain both hydrophobic and hydrophilic components. They are also found in the mitotic spindle (the structure formed in dividing cells that is responsible for the equal dispersal of chromosomes into daughter cells) and the slender, hair-like organelles of locomotion known as cilia
and flagella (Figure 2.27). As a result, carbon can form an almost infinite number of compounds. It is composed of a lipid bilayer and an enormous number and variety of integral and peripheral proteins (Figure 2.12). When the DNA double helix unwinds, one strand can serve as a template. Distinguish between living organisms and human-made
factories. QUESTION 2.2 In many genetic disorders, a lysosomal enzyme required to degrade a specific molecule is missing or defective. Note that the synthesis of ammonia is an exothermic reaction (i.e., it releases heat energy): where a joule (J) is a unit of energy and a kilojoule (kJ) is 1000 joules. 2011. The first six members of this series are
methane (CH4), ethane (C2H6), propane (C3H8), butane (C4H10), pentane (C5H12), and hexane (C6H14). NAD+ c. Understanding the significance of electron configurations, valence, and other properties of the elements is enhanced by familiarity with the periodic table of the elements, which is discussed next. Biochemistry The Molecular Basis of
Life Common Abbreviations in Biochemistry A ACTH ACP ADP AIDS ALA AMP ATP BCAA BH2 adenine adrenocorticotropic hormone acyl carrier protein adenosine-5ʹ-diphosphate acquired immune deficiency syndrome δ-aminolevulinate adenosine-5ʹ-monophosphate adenosine-5ʹ-triphosphate branched chain amino acids dihydrobiopterin (oxidized
form) BH4 tetrahydrobiopterin (reduced form) bp BPG C CAP CDP CMP CTP CoA or CoASH cAMP cGMP cyt DAG DHAP DNA ssDNA dsDNA DNase DNP EAA EF EGF ER ESR FAD FADH2 base pair 2,3-bisphosphoglycerate cytosine catabolite gene activator protein cytidine-5ʹ-diphosphate cytidine-5ʹ-monophosphate cytidine-5ʹ-triphosphate coenzyme
A adenosine-3ʹ,5ʹ-cyclic monophosphate guanosine-3ʹ,5ʹ-cyclic monophosphate cytochrome diacylglycerol dihydroxyacetone phosphate deoxyribonucleic acid single-stranded DNA double-stranded DNA deoxyribonuclease 2,4-dinitrophenol essential amino acids elongation factor epidermal growth factor endoplasmic reticulum electron spin resonance
flavin adenine dinucleotide (oxidized form) flavin adenine dinucleotide (reduced form) fMet FMN G G protein GH N-formylmethionine flavin mononucleotide (oxidized form) guanine or Gibbs free energy guanine-nucleotide binding protein growth hormone GDP GMP GSH GSSG GTP Hb HDL HETPP HGPRT HIV HMG-CoA HPLC HRE hsp IF IGF IgG IL
IMP IP3 guanosine-5ʹ-diphosphate guanosine-5ʹ-monophosphate glutathione glutathione (oxidized form) guanosine-5ʹ-triphosphate hemoglobin high-density lipoprotein hydroxyethyl-thiamine pyrophosphate hypoxanthine-guaninephosphoribosyltransferase human immunodeficiency virus β-hydroxy-β-methylglutaryl-CoA high pressure liquid
chromatography hormone response element heat shock protein initiation factor insulinlike growth factor immunoglobulin G interleukin inosine-5ʹ-monophosphate inositol-1,4,5-triphosphate Km Michaelis constant kb kDa LDL LHC Man NAA NAD+ kilobases kilodalton low-density lipoprotein light harvesting complex mannose nonessential amino acids
nicotinamide adenine dinucleotide (oxidized form) NADH NADP+ nicotinamide adenine dinucleotide (reduced form) nicotinamide adenine dinucleotide phosphate (oxidized form) NADPH ncRNA NDP NMR NO nt NTP Pi nicotinamide adenine dinucleotide phosphate (reduced form) noncoding RNA nucleoside-5ʹ-diphosphate nuclear magnetic resonance
nitric oxide nucleotides nucleoside-5ʹ-triphosphate orthophosphate (inorganic phosphate) PC PDGF PEP PFK PIP2 plastocyanin platelet-derived growth factor phosphoenolpyruvate phosphofructokinase phosphatidylinositol-4,5-bisphosphate PPi pyrophosphate PRPP PS PQ(Q) PQH2 (QH2) phosphoribosylpyrophosphate photosystem plastoquinone
(oxidized) plastoquinone (reduced) RER RF RFLP RNA dsRNA mRNA rRNA siRNA snRNA ssRNA tRNA snRNP RNase S SAH SAM SDS SER SRP T THF TPP U UDP UMP UTP UQ UQH2 rough endoplasmic reticulum releasing factor restriction-frament length polymorphism ribonucleic acid double-stranded RNA messenger RNA ribosomal RNA small
interfering RNA small nuclear RNA single-stranded RNA transfer RNA small ribonucleoprotein particles ribonuclease Svedberg unit S-adenosylhomocysteine S-adenosylmethionine sodium dodecyl sulfate smooth endoplasmic reticulum signal recognition particle thymine tetrahydrofolate thiamine pyrophosphate uracil uridine-5ʹ-diphosphate uridine-5ʹmonophosphate uridine-5ʹ-triphosphate ubiquinone (coenzyme Q)(oxidized form) ubiquinone (reduced form) VLDL XMP very low density lipoprotein xanthosine-5ʹ monophosphate Names and Abbreviations of the Standard Amino Acids Amino Acid Alanine Arginine Asparagine Aspartic acid Cysteine Glutamic acid Glutamine Glycine Three-Letter
Abbreviations Ala Arg Asn Asp Cys Glu Gln Gly One-Letter Abbreviations A R N D C E Q G Histidine Isoleucine Leucine Lysine Methionine Phenylalanine Proline Serine Threonine Tryptophan Tyrosine Valine The Genetic Code His Ile Leu Lys Met Phe Pro Ser Thr Trp Tyr Val H I L K M F P S T W Y V General and Organic Chemistry Review Primer
OUTLINE GENERAL CHEMISTRY Atomic Structure: The Basics Atomic Number and Mass Number Radioactivity Atomic Theory Electron Configuration in Atoms The Periodic Table Chemical Bonding Lewis Dot Notation Molecular Structure Valence Bond Theory and Orbital Hybridization Chemical Reactions Reaction Kinetics Chemical Reactions and
Equilibrium Constants Acid–Base Equilibria and pH Reaction Types Measuring Chemical Reactions ORGANIC CHEMISTRY Hydrocarbons Cyclic Hydrocarbons Aromatic Hydrocarbons Substituted Hydrocarbons Alcohols Aldehydes Ketones Carboxylic Acids Esters Ethers Amines Amides Thiols Organic Reactions: Substitutions and Eliminations
Substitution Reactions Elimination Reactions BIOCHEMISTRY COURSES ARE ALWAYS FAST-PACED AND CHALLENGING. The immunoglobulins (or antibodies), produced by lymphocytes, protect against invasion of the body by foreign organisms such as bacteria. Each reaction is catalyzed by a specific enzyme (E). Several properties of the R groups
(e.g., size and charge, if any) attached to the α-carbon influence the φ and Ψ angles. The extra electron in Fe2+ is required to coordinate with an unpaired electron in the O2 molecule to generate oxyHb. KEY CONCEPTS • Globular protein function usually involves binding to small ligands or to other macromolecules. One of the best-understood
examples of allosteric effects, the reversible binding of O2 and other ligands to hemoglobin, is described on pp. To tackle this problem, systems biologists have invented mathematical and computer models to derive from biochemical reaction pathways an understanding of how these processes operate over time and under varying conditions. Physical
state. The obvious solution would be spider farming, similar to the more than 5000year-old practice (originating in China) of cultivating the domesticated silkworm moth (Bombyx mori). Molecules with a net negative charge will move toward the positively charged electrode (anode). Studies of crystallized enzyme bound to substrate analogues reveal
that these residues are close to each other in the active site. Carboxylate–carboxylate dyads occur in the active sites of the aspartic proteases, a family of proteolytic enzymes such as pepsin, which animals use to digest dietary protein. 3D animation of citrate The resulting HOH is held in the active site by histidine long enough to be able to attack the
intermediate and generate the isomer of citrate (isocitrate). These molecules, called noncoding RNAs (ncRNA), have roles in a great variety of cellular processes. Calcium signal decoding is dependent on the amplitude and localization of brief spikes in the concentration of cytoplasmic calcium ions [Ca2+]cyt. The first reaction in cross-link formation is
catalyzed by the copper-containing enzyme lysyl oxidase, which converts lysine residues to aldehyde allysine: Allysine then reacts with other side chain aldehyde or amino groups to form cross-linkages. Affinity chromatography is commonly used in the purification of recombinant proteins. Cancer, a group of diseases in which cell cycle control is
disrupted, is an example of the “robust, yet fragile” nature of robust systems. Many proteins function as carriers of molecules or ions across membranes or between cells. The free energy value for the hydrolysis of ATP is nearly the same for ADP. Examples include short interfering RNAs (siRNAs), micro RNAs (miRNAs), small nuclear RNAs (snRNAs),
small nucleolar RNAs (snoRNAs), and long noncoding RNAs (lncRNAs). The hydrolysis of ATP to yield ADP and inorganic phosphate (Pi) and the reaction of glucose with ATP provide two examples of nucleophilic substitution involving phosphoryl group transfer. As often happens with IDPs, the disordered pKID domain transitions into a more ordered
conformation as it binds to the KIX domain of CBP. Several recently developed technologies have created additional opportunities to investigate the molecular basis of disease. One method often employed to further purify cell fractions is density- gradient centrifugation (Figure 2B). Tertiary amines such as triethylamine [(CH3CH2)3N] are molecules
in which all three hydrogens have been replaced with organic groups. 472). Genomics has been especially useful in medical research. RNAs have numerous functions. 2004. Oxidation occurs when an ion, atom, or molecule loses electrons. Name this molecule. The water exclusion process promotes the conformation change that moves the domains
together to create the catalytic site. The process is then repeated with oligopeptides derived from digestion with another enzyme. Describe the causes of proteolytic stress in a living cell. Mitochondria form stable contact sites with regions of the ER called _____________. • Proteins with similar amino acid sequences and functions and a common origin
are said to be homologous. The order of the amino acids in a polypeptide is called the amino acid sequence. Molecules that are larger than the gel pores are excluded and therefore move through the column quickly. After proteins that do not bind to the resin have been removed, the protein of interest is recovered by an appropriate change in the
solvent pH (altering the protein’s net charge) and/or salt concentration. The number of moles of glucose in 270 g is calculated by dividing the mass of glucose (270 g) by the molecular mass (180 g). Serine is again hydrogen-bonded to His 57. Reactions that occur in living organisms, however, deviate from ideality. Consider the abundance of collagen
in the tissues within animal bodies and suggest some likely symptoms of this malady. CHAPTER 14 Gasotransmitters How do gas molecules, previously thought to be toxic at any concentration, act as signal molecules in the mammalian body? A diverse group of proteins are embedded in the lipid bilayer. cytokine lipopolysaccharide proteostasis
proteostasis network signal cascade 6. Consider the following reaction and determine if the entropy is increasing or decreasing as the reaction proceeds. The conversion of DHAP into the enediol involves the deprotonation of C-1 by a nucleophilic glutamate residue and the donation of a proton to the C-2 carbonyl oxygen by an electrophilic histidine
residue. LBR (lamin B receptor) binds to both B lamin filaments and heterochromatin. CHAPTER 5 Spider Silk and Biomimetics What properties of spider silk have made it the subject of research worth hundreds of millions of dollars? The valence electrons for hydrogen, carbon, and oxygen are 2 (one for each atom), 4, and 6, respectively, for a total of
12 electrons. FIGURE 5.27 p53 Structure p53 is a key regulatory tumor suppressor transcription factor that functions as a tetramer. Unlike ordinary catalysts, coenzyme structures are changed by the reactions in which they participate. This criterion may be used to distinguish four classes: nonpolar, polar, acidic, and basic. It should be noted that a
few water molecules remain within the core of folded proteins, where each forms as many as four hydrogen bonds with the polypeptide backbone. KEY CONCEPTS • The chemical and physical properties of water make it an indispensable component of living organisms. Several protein classes are processed by the RER: membrane proteins, and watersoluble proteins destined for retention within the ER, transport to other organelles or export out of the cell. What is the difference between exothermic and exergonic reactions? Eventually, increasing the temperature decreases the reaction velocity. DNA, consisting of two antiparallel polynucleotide strands, is the repository of genetic information in
living organisms. Biosynthetic processes use metabolites of catabolism, synthesized ATP and NADPH (reduced nicotinamide adenine dinucleotide phosphate, a source of reducing power), to create complex structure and function. In all other aldehydes the aldehyde group is bonded to an alkyl group. Carbon (1s22s22p2) in group 14 has four electrons
available to form stable bonds both with other carbon atoms and with a variety of other elements (most notably hydrogen, oxygen, nitrogen, and sulfur). For example, the binding of epinephrine (p. Several other ligases are called carboxylases. Describe the forces involved in protein folding. Silk fibers (fibroin embedded in an amorphous matrix) are
flexible because the pleated sheets are loosely bonded to each other (primarily with weak van der Waals forces) and slide over each other easily. carboxylic acid and alcohol amino acid and carboxylic acid ether and aldehyde ketone and amine 72. 74. α-Domains are composed exclusively of α-helices, and β-domains consist of antiparallel β-strands. It
should be noted that glycine with a hydrogen atom side chain instead of a hydrocarbon side chain is slightly hydrophilic. It is used to transport Cu2+ and maintain appropriate levels of Cu2+ in the body’s tissues. At the molecular level, there are hundreds of biochemical reactions that together sustain the living state. For example, the folding of some
proteins requires the aid of molecular chaperones, protein molecules that, among other functions, prevent inappropriate interactions during the folding process. (13) where k1 = rate constant for ES formation k–1 rate constant for ES dissociation k = 2 rate constant for product formation and release from the active site = WORKED PROBLEM 6.1
Consider the following reaction: Given the following rate data, determine the order in each reactant and the overall order of the reaction. Describe the structural feature of p53 that allows it to exert its significant control over cell proliferation. (See p. The Role of Cofactors in Enzyme Catalysis In addition to active site amino acid side chains, many
enzymes require nonprotein cofactors, that is, metal cations and the coenzymes. Hemoglobin is the protein that carries O2 from the lungs to the body’s tissues. FIGURE 11 Hemiacetal Formation The reaction begins with the acid catalyst protonating the carbonyl group. Such reactions are said to be pseudo-first-order. As a result, all organisms have
evolved stringent protein quality-control processes that prevent or correct protein misfolding and aggregation (the formation of usually toxic clumps of misfolded proteins) or, if necessary, destroy damaged proteins or even the cell itself. Primary structure, the amino acid sequence, is specified by genetic information. Research efforts over several
decades have revealed that such signal transduction processes are hierarchical and immensely intricate. For example, most striated muscle cell mitochondria are positioned along the entire length of myofibrils. Water’s chemical stability, its remarkable solvent properties, and its role as a biochemical reactant have long been recognized. The SER in
striated muscle is so highly specialized in both structure and function that it has a different name, the sarcoplasmic reticulum (SR). According to the octet rule, atoms react so as to achieve the outer electron configuration of the noble gases. Molecules with no net charge will not move at all. FIGURE 1.17 An Elimination Reaction When 2phosphoglycerate is dehydrated, a double bond is formed. Students receive a feedback summary with each graded quiz. Biochemistry and Water Water dominates living processes. Are there any amino acids that have two chiral centers? The patient’s red blood cells become sickle shaped and are susceptible to hemolysis, resulting in severe anemia.
Babin – Creighton University Stephanie Baker – Erksine College Bruce Banks – University of North Carolina at Greensboro Thurston Banks – Tennessee Technological University Sandra L. When molecular dipoles are subjected to an electric field, they orient themselves in the direction opposite to that of the field (Figure 3.5). The components of living
organisms, unlike engineer-designed parts, have no fixed functions, and overlapping functions are permissible. Entropy is a measure of the _____________ of a system. FIGURE 5.13 Structure of Penicillamine Cystinuria QUESTION 5.4 In extracellular fluids such as blood (pH 7.2–7.4) and urine (pH 6.5), the sulfhydryl groups of cysteine (pKa 8.1) are
subject to oxidation to form cystine. An entire field is devoted to molecules composed of carbon because of its astonishing versatility. Reactant structure. Unlike the stronger covalent bonds, individual noncovalent interactions are relatively weak and are therefore easily disrupted (Table 3.1). 176–80) are a classic protein family. Carbon dioxide is a
nonpolar molecule because of its linear shape (i.e., its bond dipoles are symmetrical and cancel each other out). Immense numbers of receptors play key roles in signal transduction. Int J Mol Sci 17(11):1874. All living organisms require a source of usable nitrogen-containing molecules. Protonation of the nitrogen converts the amine into a cation.
Atomic structure consists of a positively charged central nucleus surrounded by one or more negatively charged electrons. This carbon is electrophilic because it is bonded to an electron-withdrawing positively charged sulfur atom. Since the total magnetic field experienced by each nucleus includes local magnetic fields of nearby atoms, each NMRactive nucleus will react differently to the radio waves. Small molecules (fewer than 100 residues) often fold without intermediate formation (Figure 5.30a). As a result, the reaction vessel operates at 400°C, a temperature that is hot enough for the catalyst, yet relatively cool for an industrial process. 0 +2 +1 −2 74. Actin filaments are components of
the cytoskeletons of eukaryotes. Frequent antibiotic use can result in dysbiosis, a condition in which a severely eroded colonization resistance allows the overgrowth of pathogens. Sketch the titration curve for the amino acid aspartic acid. For example, cytochrome P450 is a diverse group of enzymes found in animals and plants that usually convert a
variety of toxic organic contaminants into less toxic derivatives. Approximately 70% of immune system cells (e.g., lymphocytes and macrophages) are located in and around the GI tract (especially the small and large intestine), where maintaining this balance is vital. FIGURE 2.15 The Golgi Apparatus The Golgi apparatus is essentially a factory that
synthesizes and/or processes a diverse group of proteins and lipids. GENE EXPRESSION Gene expression controls when or if the information encoded in a gene will be accessed. Several properties of transition metals make them useful in catalysis. 2000. Sickle-cell anemia results from a single amino acid substitution in the β-globin chain of HbA. The
chemical properties of each amino acid, once incorporated into protein, are determined largely by the properties of its side chain. 603); olfaction (the primary cilia of olfactory sensory neurons detect odorant molecules); and sight (the outer segment of rod cells in the retina is essentially a highly modified primary cilium with an enlarged tip packed
with visual pigments). The two hydrogen atoms, with one electron each, complete their valence shell by sharing their electrons. However, the Mayan collapse is not just a cautionary tale of geography and climate. An orbital is a probability distribution (i.e., variations in an orbital’s cloud density correlate with the probability of finding an electron).
Prokaryotes that derive energy by oxidizing reduced sulfur compounds form sulfur granules. FIGURE 2.2 Hydrophobic Interactions between Water and a Nonpolar Substance As soon as nonpolar substances (e.g., hydrocarbons) are mixed with water (a), they coalesce into droplets (b). Conjugated proteins are classified according to the nature of their
prosthetic groups. 2009. 29. Sugars are the basic units of carbohydrates, the most abundant organic molecules found in nature. • Proteins that consist of several separate polypeptide subunits exhibit quaternary structure. Simpler images that highlight specific features of a molecule are useful. Actively transcribed, gene-dense euchromatin is located
more centrally. It is believed that penicillamine (Figure 5.13) is effective because penicillamine–cysteine disulfide, which is substantially more soluble than cystine, is formed. The goal of this international research effort, begun in the late 1980s, was to determine the nucleotide base sequence of human DNA. The majority of human microbiotic
organisms occur in the intestines (between 500 and 1000 species by some estimates) where they provide a spectrum of beneficial services in exchange for a stable nutrient supply and favorable environmental conditions. Chloroplasts Chloroplasts are specialized chromoplasts that convert light energy into chemical energy. This structure, referred to
as the molecule’s native conformation, is a direct consequence of its amino acid sequence (the order in which the amino acids are linked together). The oxidation half-reaction is The reduction half-reaction is Molecular oxygen is the oxidizing agent in the combustion of methane. The inner and outer nuclear membranes fuse at structures called
_____________. Cells in which protein quality control is high are said to be in a state of protein homeostasis, or proteostasis. Some standard amino acids have unique functions in living organisms. After passing through the valve, the polymer is forced through one of several spigots. For example, many simple sugar molecules have several hydroxyl
groups and an aldehyde group. The first civilizations in the West were established between the Tigris and Euphrates rivers in Mesopotamia and the Nile River in Egypt. Ala Ser Gly Leu CHAPTER 6 Enzymes Cyclooxygenase Cyclooxygenase-2 (COX-2), shown here in its monomer form, is one of two human COX enzymes that catalyze the first reaction
in the conversion of the 20-carbon fatty acid arachidonic acid into prostaglandins and thromboxanes (pp. The free energy of hydrolysis (ΔG°′) of pyrophosphate (PPi) at pH 7 is 19.2 kJ/mol. For d orbitals l = 2, so there are five possible orientations: –2, –1, 0, +1, or +2. As illustrated in Table 5.3, vasopressin and oxytocin have similar structures (the
phenylalanine and arginine residues in vasopressin are replaced by isoleucine and leucine residues, respectively, in oxytocin). • Amino acid residues that are essential for the molecule’s function are referred to as invariant. Embedded in this membrane are mitochondrial respiratory chains, molecular complexes that are responsible for the synthesis of
ATP. For example, relatively unstable carbon-14 undergoes a form of radioactive decay, referred to as β-decay. Denaturation often results in easily observable changes in the physical properties of proteins. Nevertheless, they play a vital role in determining the physical and chemical properties of water and the structure and function of biomolecules
because the cumulative effect of many weak interactions can be considerable. Recent research, however, has revealed that nucleoporins also have roles in chromatin organization and in DNA replication and repair. The experimentally determined value Km (measured in moles per liter of substrate) is considered a constant that is characteristic of the
enzyme and the substrate under specified conditions. For example, the plasma membrane (the animal cell’s outer membrane) is a selective barrier. 93–96 for a description of pH and pKa.) The imidazole side chain of histidine, however, is a weak base that is only partially ionized at pH 7 because its pKa is approximately 6. (The term residue refers to a
small biomolecule that is incorporated in a macromolecule, e.g., amino acid residues in a protein.) For example, many of the residues of proline are hydroxylated in collagen, the connective tissue protein. However, hydroxide ion catalysis is not practical in living systems. Evapotranspiration, in which water is transpired by plants and evaporated from
soil, is an essential feature of the water cycle. In top-down MS (as opposed to the bottom-up technique of digesting a protein before MS analysis), an intact protein or protein mixture is directly injected into an instrument called a Fourier transform ion cyclotron resonance mass spectrometer (FTICR-MS). These molecules function as weak acids (i.e.,
they are proton donors) because the carboxylate group (COO−), the conjugate base of a carboxylic acid, is resonance stabilized. Proteins are involved in all cell movements. In covalent bonds, electrons are shared between atoms with similar electronegativity values. A number of human diseases, referred to as ciliopathies, are attributed to defects in
primary cilia. The role of hemoglobin, the primary protein of red blood cells, is to deliver oxygen to cells throughout the body. Carroll Jr. – California State University, Northridge Srikripa Chandrasekaran – Clemson University Jiann-Shin Chen – Virginia Tech Alice Cheung – University of Massachusetts, Amherst Oscar P. Antibodies are proteins
produced by the immune system that protect against viruses, bacteria, and other foreign substances. For example, technologies created by physicists such as X-ray diffraction, electron microscopy, and radioisotope labeling made biomolecular structure and function investigations possible. The amino acid sequence of a protein can also be generated
from its DNA or mRNA coding sequence if this information is available. Fatty acids occur as independent (free) molecules in only trace amounts in living organisms. A key focus of the new edition is the unifying features of protein structure and function that have been revealed by the incredible progress in gene sequencing. After nonbinding protein
molecules have passed through the column, the protein of interest is removed by altering the conditions that affect proteinligand binding (i.e., pH or salt concentration). Cells are information-processing systems that respond to a wide range of external chemical and physical stimuli. 3D animation of fructose, d- 3D animation of ribose 3D animation of
2-deoxyribose 3D animation of fructose, l- FATTY ACIDS Fatty acids are monocarboxylic acids that usually contain an even number of carbon atoms. Fatty acids are represented by the chemical formula R—COOH, in which R is an alkyl group that contains carbon and hydrogen atoms. Both 4-hydroxyproline and 5-hydroxylysine are important structural
components of collagen, the most abundant protein in connective tissue. Although thiols are considered the sulfur analogues of alcohols, the low polarity of the SH bonds limits their capacity to form hydrogen bonds. In addition to providing support, the cytoskeleton immobilizes enzymes and moves organelles to suitable positions in the cytoplasm. At a
pH of 7, the carboxyl group of an amino acid is in its conjugate base form (—COO–), and the . Hanson RW. Hydrophobic amino acids play an important role in forming and maintaining the threedimensional structure of ordered proteins. 1944. The binding of glycolytic enzymes to cytoskeletal filaments has been observed to vastly increase reaction
rates. The optimum pH for the proteolytic enzyme chymotrypsin is 8. ESTERS Found widely in nature, esters [R(C O)—OR′] are responsible for the aromas of numerous fruits. (b) The substrate ethanol probably binds to the Zn2+ as the alcoholate anion, displacing the water molecule. Phenylalanine and tryptophan contain aromatic rings. Although
oxidation and reduction occur simultaneously, for convenience they may be considered two separate half-reactions, one involving oxidation and the other reduction. The unique chemical and physical properties of water are a crucial determining factor in the behavior of all other biomolecules. As the silk filament emerges and the remaining water
evaporates, it is solid. 590). coenzyme anabolic pathway catabolic pathway signal transduction pathway glycolysis 40. The alcohol, acting as a nucleophile, attacks the resonance stabilized carbocation. For example, glycolysis can be considered a module. FIGURE 5.38 The Oxygen-Binding Site of Heme Created by a Folded Globin Chain Myoglobin’s
oxygen-dissociation curve (Figure 5.39) is hyperbolic where O2 affinity is high and O2 saturation occurs at very low partial pressures of O2 (pO2). Cellulose is the major structural component of wood and certain plant fibers. However, research efforts continue because achieving the goal of industrial engineers will certainly be worth the investment:
biodegradable, environmentally safe artificial spider silk will offer an attractive alternative to petroleum-based fibers. The systems approach is especially useful because the human mind cannot analyze the hundreds of biochemical reactions that are taking place at once in a living organism. The local dielectric constant is often low within active sites
because of water exclusion. Many physical and chemical conditions disrupt protein structure. List several important ions that are found in living organisms. 65. They are all surrounded by a membrane that separates them from their environment. Living Cells 3. 6.1 PROPERTIES OF ENZYMES Enzymes have several remarkable properties (Table 6.1).
Some proteins are multifunctional; that is, they have two or more seemingly unrelated functions. This shift in binding properties, called cooperative binding, results in a shift from the T to R conformational forms of hemoglobin. As a result of this functional “cytoarchitecture,” opposing forces are continuously equilibrated throughout all cytoskeletal
elements (Figure 2.28). The three most common hybrid orbitals observed in biomolecules are sp3, sp2, and sp. coli cell is a perfect cylinder and the eukaryotic cell is a perfect sphere, calculate the surface-to-volume ratio for each cell type [cylinder volume, V = pr2h; cylinder area A = 2pr2 + 2prh; sphere volume, V = 4/3(pr3); sphere area, A = 4pr2].
Infected red blood cells, for example, produce levels of oxygen radicals that are toxic to parasites. What criteria are used to evaluate purity? The E. Decarboxylases, hydratases, dehydratases, deaminases, and synthases are examples of lyases. Hydrogen bonds form between the N—H group of each amino acid and the carbonyl oxygen of the amino acid
four residues away. Microbiol Mol Biol Rev 69(4):544– 64. After exposure to the radioactive precursor, the cells are processed for light or electron microscopy. Late endosomes may also fuse with existing lysosomes. X-rays, however, have very short wavelengths (0.07–0.25 nm). On rare occasions, mutations may contribute to an increased ability of the
organism to survive, to adapt to new circumstances, and to reproduce. Silks differ in their β-pleated sheet and random coil content. The most stable puckered conformation is the chair form. This simplifying assumption is allowed if the reaction rate is measured while [P] is still very low. In a secondary alcohol (RR′CH—OH) such as 2-propanol, the
carbon atom bonded to the OH group is also attached to two alkyl groups. According to Huckel’s rule, to be aromatic a ring molecule must be planar and have 4n + 2 electrons in the π cloud, where n is a positive integer. 607), binds to cAMP response elements (CREs), one type of DNA sequence called a response element. The principal means by
which cells obtain energy is oxidation of biomolecules or certain minerals. FIGURE 4 Periodic Table Trends Investigations of the elements in the periodic table have revealed trends in certain properties. There are two types of nucleic acid: DNA and RNA. Tertiary alcohols (RR′R″C—OH) such as 2-methyl-2-propanol have three alkyl groups bonded to
the carbon bearing the OH group. Newly formed COPII-coated vesicles deliver the molecular cargo to the Golgi complex for further processing. The degree to which a weak acid dissociates is expressed as an acid dissociation constant Ka, the quotient of the equilibrium concentrations of the ions A− and H+ and the undissociated acid (HA). One of the
principal underpinnings of this paradigm has already been mentioned: the series of experiments reported by Christian Anfinsen. The computer uses the sequence information derived from both digests to determine the amino acid sequence of the original polypeptide. Peptide segments are released from hsp70s as a result of a conformational change
initiated by the exchange of ADP for ATP. All three domains, which are also found in a variety of extracellular matrix (ECM) proteins, contain binding sites for other ECM molecules such as collagen (p. Within animal tissues, the specialized cells called fibroblasts synthesize and secrete structural proteins and complex carbohydrates that form the
extracellular matrix (ECM), a gelatinous material that binds cells together. Dyneins move substances (e.g., kinesins that have discharged their cargo) in the opposite direction. coli, cellular proteins that do not fold spontaneously require processing by the GroEL/GroES complex. Biotransformation reactions convert an enormous variety of waterinsoluble metabolites and xenobiotics (foreign and potentially toxic molecules) into more soluble products that can then be excreted. Each of the two carbon–hydrogen σ bonds is formed by the overlap of carbon’s other sp orbital with the 1s orbital of hydrogen. (A β-proton is bonded to the carbon adjacent to the carbon bearing the leaving group.)
Molecules with tertiary carbons typically undergo E2 reactions. In double displacement reactions, two compounds exchange their ions to form two new compounds. The complex structure of cells requires a high degree of internal order. Other functions of MAPs include guiding microtubules toward specific cellular locations and cross-linking that
creates microtubule bundles. (Control of enzyme synthesis requires gene expression changes, a topic covered in Chapters 18 and 19.) FIGURE 6.2 The Induced-Fit Model Substrate binding causes enzymes to undergo conformational change. The process of structure disruption, which may or may not involve protein unfolding, is called denaturation.
The exception, proline, differs from the other standard amino acids in that its amino group is secondary, formed by ring closure between the R group and the amino nitrogen. In living organisms, modularity occurs at all system levels. KEY CONCEPTS • Prokaryotic cells are small and structurally simple. Phillips – University of Colorado at Colorado
Springs Jennifer Powers – Kennesaw State University Dominic F. There are three types of elimination reactions: E1, E2, and E1cb. If the solvent outside the bag is continually renewed, all low-molecular-weight impurities are removed from the inside. The triple covalent bond in molecular nitrogen (N2) is an example of the sharing of three sets of
valence electrons. Each type of enzyme contains a unique, intricately shaped binding surface called an active site. Chlorine (Cl) gains an electron to form the chlorine ion Cl−. The protein molecules aggregate and then precipitate. Ionization energy is defined as the amount of energy required to remove the highest energy electron from each atom in 1
mol of the atoms in the gaseous state (i.e., how strongly an atom holds on to its electrons). Amino Acids, Peptides, and Proteins 6. The body is partially protected from exposure to excessive copper (and several other metals) by metallothionein, a small, metal-binding protein that possesses a large proportion of cysteine residues. The polarizing effect of
the two arginines on the phosphate group’s oxygens has the effect of converting phosphate into a good leaving group. QUESTION 6.3 Aspartame, an artificial sweetener, has the following structure: Once consumed in food or beverages, aspartame is degraded in the digestive tract to its component molecules. The substitution of one of the nitrogen’s
hydrogens with an alkyl group yields a secondary amide [R(C O)—NHR′]. DNA contains the genetic information that controls cell function. Predict what the products of this process are. The oxygenases, oxidases, and peroxidases are among the enzymes that use O2 as an electron acceptor. What possible effect will this effect have on the protein’s
structure? aliphatic hydrocarbon amino acid neurotransmitter hormone zwitterion 2. (Refer to the periodic table for atomic mass numbers.) By this calculation, there are 0.5 mol of methane in the reaction. FIGURE 5.11 The Peptide Bond (a) Resonance forms of the peptide bond. Recently, a higher-resolution mass spectrometry technique, referred to
as top-down MS, has been developed for protein structure analysis. It could easily appear in either of the two other locations around the nitrogen atom. Kangaroos, whales, and sheep, whose cytochrome c molecules each differ by 10 residues from the human protein, are believed to have evolved from a common ancestor that lived more than 50 million
years ago. Catalytic proteins called the enzymes accelerate thousands of biochemical reactions in such processes as digestion, energy capture, and biosynthesis. Drugs that disrupt cytoskeletal structure cause glycolytic enzyme detachment and a rapid decrease in cytoplasmic ATP production. For example, DNA ligase links DNA strand fragments
together. Venous blood, which drains from tissues, is O2 depleted. _____________ and _____________ linkages are covalent bonds between polypeptides that are the result of the oxidation of lysine side chains. As a result, thiols are not as soluble in water as their alcohol counterparts. The values of the concentrations of acetate and hydrogen ions are
equal to each other and are set at x. Hexokinase (p. Images are formed because of variations in the absorption of electrons by the specimen. Ribosomes, large, complex, supramolecular structures composed of rRNA and protein molecules, convert the mRNA base sequence into the amino acid sequence of a polypeptide. FIGURE 1.1 Hierarchical
Organization of a Multicellular Organism: The Human Being Multicellular organisms have several levels of organization: organ systems, organs, tissues, cells, organelles, molecules, and atoms. 67. They can undergo substitution reactions. Peptide bond and disulfide bridge formation, however, are of special interest because of their effect on protein
structure. In the following half-reaction, a decrease in the oxidation number for oxygen indicates that each oxygen atom has gained two electrons; that is, it has been reduced. Each subshell also has a specific shape. As a protein approaches its isoelectric point, it becomes less soluble and may precipitate from solution. Intermediate filaments (8–12 nm
in diameter) are a large group of flexible, strong, and relatively stable polymers. Metals such as sodium (1s22s22p63s1) have low electron affinities because they become more stable when they lose valence electrons. The nature of protein folding pathways. There are an enormous number of biomolecules that contain amine nitrogens. The

displacement reaction described on P-19, in which iron displaces the copper ion in copper (II) sulfate, is also a redox reaction because the oxidation state of iron changes from 0 to +2 and that of copper changes from +2 to 0. Well-known examples of folds include the nucleotide-binding Rossman fold, often found in nucleotide-binding proteins, and the
globin fold, found in the oxygen-binding globins. Describe why penicillamine is used to treat cystinuria. 480). Ronkainen – Benedictine University Abbey Rosen – University of Minnesota, Morris Gordon Rule – Carnegie Mellon University Tom Rutledge – Ursinus College Ben Sandler – Ashford University Richard Saylor – Shelton State Community
College Michael G. The free energy of hydrolysis for acetic anhydride is −21.8 kJ/mol. In addition to the hemoglobins and myoglobins (oxygen-binding proteins in muscle cells), the globin superfamily includes neuroglobin and cytoglobin (oxygen-binding proteins in brain and other tissues, respectively) and the leghemoglobins (oxygen-sequestering
proteins in the root nodules of leguminous plants). 426) into the bloodstream, where it acts as a vasodilator, thereby increasing blood flow to the target tissue. In ketoses, sugars with a ketone group (most notably fructose), the carbonyl group reacts with an OH group on the sugar molecule to form a cyclic hemiketal. Life is complex and dynamic.
Moles are also used to express concentrations of substances in solution. Glycolysis is also linked to amino acid biosynthetic pathways because certain glycolytic intermediates serve as precursor molecules. FIGURE 9 Acid-Catalyzed Hydration of an Alkene In the first step, protonation of the double bond forms a carbocation. Using the Aufbau and Pauli
exclusion principles and Hund’s rule, the electronic configuration is 1s22s22p63s23p64s1. FIGURE 2.10 Animal Cell Structure FIGURE 2.11 Plant Cell Structure FIGURE 2.12 The Plasma Membrane of an Animal Cell The plasma membrane (PM) is composed of a lipid bilayer in which a wide variety of integral proteins are embedded. The supernatant
is then transferred to another centrifuge tube and spun at a higher speed (15,000– 20,000 g) for 10 to 20 minutes. Immune system cells, whose task is to attack and destroy foreign cells, cannot destroy these bacteria. The reaction rate is (7) where ν0 = initial rate k a rate constant that depends on the reaction conditions (e.g., temperature, pH, and
ionic = strength) x the order of the reaction = Combining Equations (6) and (7), we have (8) Order, defined as the sum of the exponents on the concentration terms in the rate expression, is determined empirically, that is, by experimentation (Figure 6.12). The pH optima of enzymes, determined in the laboratory, vary considerably. They are significant
in the interior of the folded protein and between subunits or in protein-ligand interactions. When ATP in the N-terminal domain of an hsp70 is hydrolyzed, the lid closes, thus trapping a peptide segment of the substrate protein in the binding pocket. decreasing if the temperature is 400oC or above d. Elliott... Pyruvate is transported into the
mitochondrion, where biochemical reactions in another pathway begin the process of capturing the energy in its hydrogen atoms. Tay–Sachs disease is a devastating genetic neurological disorder caused by the lack of an enzyme that degrades a specific lipid molecule. In the frequently observed four-residue β-hairpin, for example, the carbonyl oxygen
of the first residue in the loop forms a hydrogen bond with the amide hydrogen of the fourth residue. During the first step, the nucleophile (i.e., the oxygen of serine) attacks the carbonyl group of the peptide substrate. FIGURE 5.2 The Standard Amino Acids The ionization state of the amino acid molecules in this illustration represents the dominant
species that occur at a pH of 7. For example, silver nitrate reacts with potassium bromide in aqueous solution to yield silver bromide and potassium nitrate. Peptides are named using their amino acid sequences, beginning from their N-terminal residue. This chapter reviews the structural and functional properties of enzymes. The epimerases catalyze
the inversion of asymmetric carbon atoms, and the mutases catalyze the intramolecular transfer of functional groups. FIGURE 5.7 Two Enantiomers L-Alanine and D-alanine are mirror images of each other. Annu Rev Biochem 82:323–55. Obesity and the Metabolic Syndrome Why are so many humans predisposed to obesity in the modern world,
especially in the past 30 years? KEY CONCEPTS Cells are densely crowded with macromolecules of diverse types. For many proteins, their three-dimensional structure and biological function result largely from interactions among the R groups (Figure 1.7). A nonmotile version of cilia, referred to as primary cilia, is an important structural feature of
most vertebrate cells. For example, the balance of sodium ions and potassium ions across the plasma membrane of neurons is critical to the transmission of nerve impulses. The alkali and alkaline earth metals in enzymes are loosely bound and usually have structural roles. Second, in marked contrast to inorganic catalysts, the enzymes are highly
specific to the reactions they catalyze, and side products are rarely formed. nucleic acid nucleotide purine pyrimidine deoxyribose 18. nucleophile electrophile leaving group addition reaction anhydride 37. However, several characteristics of metabolism allow us to simplify this picture: 1. What are the two other critical roles that carbohydrates play in
living organisms? Examples of eukaryotic signal molecules include neurotransmitters (products of neurons), hormones (products of glandular cells), and cytokines (products of white blood cells). Lessons from the living cell: the limits of reductionism. Although spiders possess an efficient venom injection system, their most impressive feature is the
production of silk, a multiuse protein fiber. Nucleotides have roles in addition to being components of DNA and RNA. KEY CONCEPTS • The plasma membrane provides mechanical strength and shape to the cell, and is actively involved in selecting the molecules that can enter or exit the cell. Amino acids, the building-block molecules of proteins, have
both an amino group and a carboxyl group. However, because they have vacant d orbitals, they can expand their valence shell and form different oxidation states. The other glyceraldehyde isomer, referred to as levorotatory (designated by −), rotates the beam in the opposite direction to an equal degree. In general terms, describe the features of
enzyme structure that make this specificity possible. 4 b. The lipid component of the outer membrane is lipopolysaccharide instead of phospholipids. A new Biochemistry in Perspective essay examines the Ebola virus. Protein folding proceeds with two cycles occurring in an overlapping fashion, depending on the ATP/ADP binding status of the two
cavities. When two amino acid molecules are linked, the product is called a dipeptide. Reversible reactions are indicated in reaction equations with double arrows. As a protein sample becomes progressively more pure, more sophisticated methods are used to achieve further purification. CHAPTER 15 Disorders of Amino Acid Catabolism What are the
effects on human health of deficiency of a single enzyme in amino acid metabolism? UNSTRUCTURED PROTEINS Polypeptides fall on a structural continuum from highly folded containing multiple domains linked by flexible linkers, those with varying percentages of disordered segments, and finally those that are completely disordered. Lysosomes
are vesicles that contain granules consisting of digestive enzymes called acid hydrolases, which catalyze the attack of a water molecule on ester and amide linkages under acidic conditions. Heavy metals such as mercury (Hg2+) and lead (Pb2+) affect protein structure in several ways. Madhuparna R, et al. (Hydrogens attached to nitrogen and
fluorine also behave the same way.) In this interaction, called a hydrogen bond (Figure 3.6), the hydrogen is unequally shared by the two electronegative centers: oxygen nuclei in the case of a pair of water molecules. As the alkoxide attacks, the sulfur–carbon bond begins to break to form the more stable sulfide leaving group. Capsules can be
composed of polysaccharide or protein. 68. N. Despite sophisticated rain collection and storage facilities and irrigation systems, the Mayan population (at its highest about 13 million) was severely stressed by a serious dry period that lasted more than 250 years. The relatively porous smooth outer membrane is permeable to most molecules with
masses less than 10,000 Da. The inner membrane is permeable to O2, CO2, and H2O and impermeable to ions and a variety of organic molecules. This discrepancy is now explained by three factors: (1) alternative splicing (a regulated process in which specific sequences are excluded from mRNAs, pp. The concentrations of proteins, the dominant type
of cellular macromolecule, may be as high as 200 to 400 mg/mL. Elements on the right side of the periodic table have high electron affinities because of vacancies in their valence shells. The aromatic phenylalanine side chain, which fits into a hydrophobic pocket in the receptor, and the large positively charged arginine side chain are especially
important structural features. Using this criterion, we may distinguish four classes: (1) nonpolar, (2) polar, (3) acidic, and (4) basic. This great variation reflects the variety of functions that cells can perform. 1.2 Biomolecules Functional Groups of Organic Biomolecules Major Classes of Small Biomolecules 1.3 Is the Living Cell a Chemical Factory?
The GAPDH polypeptide in eukaryotes has an extraordinary array of functions. Phospholipids have two features that make them ideally suited to their structural role: a hydrophilic charged or uncharged polar group (referred to as a “head group”) and a hydrophobic group composed of two fatty acid chains (often called hydrocarbon “tails”). FIGURE
5.34 Molecular Model of Silk Fibroin In fibroin, the silk fibrous protein produced by silkworms, the polypeptide chains are arranged in fully extended antiparallel β-pleated sheet conformations. Signal transduction pathways, which allow cells to receive and respond to signals from their environment, consist of three phases: reception, transduction, and
response. The oxidation state of an atom in its elemental state is 0. Most organelles are components of the endomembrane system, an extensive set of interconnecting internal membranes that divide the cell into functional compartments. During a regulated process, energy is released as electrons are transferred from one electron carrier molecule to
another. coli cell is 2 μm long and 1 μm in diameter, whereas a typical eukaryotic cell is 20 μm in diameter. 65) that are classified as type A (lamins A and C) and type B (lamins B1 and B2). FIGURE 1.22 Feedback Mechanisms (a) Negative Feedback. Examples include cell volume changes triggered by metabolic processes that alter osmotic balance
across membranes, the self-assembly of biopolymers such as proteins into supermolecular structures, and proteostasis, the mechanisms whereby cells protect proteins and when necessary degrade them. The dissociation constant and pKa for acetic acid at 25°C, for example, are 1.8 × 10–5 and 4.76, respectively. Proteins consist of one or more
polypeptides. Together with revised features on carcionogenesis, diabetes, the atherosclerotic process, proteomics, protein analysis, and bioinformatics, these essays will inspire student interest into the latest developments in medical and biochemistry research. Examples of inclusion bodies in bacterial cytoplasm are _____________ and _____________ .
Distinguish between peptides, polypeptides, and proteins. For example, carbon has three naturally occurring isotopes containing six, seven, and eight neutrons, called carbon-12, carbon13, and carbon-14, respectively. • Most enzymes are proteins. One of the most remarkable features of the hydrocarbons is the capacity to form isomers, molecules
with the same type and number of atoms that are arranged differently. Biochemistry may be defined as the study of the molecular basis of life. For example, collagen (the major component of connective tissues) and fibroin (silkworm protein) have significant mechanical strength. NETWORK Systems can be thought of as the dynamic interaction of
networks, each of which is a group of interconnected molecules that performs one or more functions. If electron transport also occurs, approximately 12.5 ATP molecules are produced. Like factories, living organisms acquire raw materials, energy, and information from their environment. An NMR spectrum is a computer program–derived plot of radio
pulse frequency against the energy absorbed by each of the molecule’s nuclei. In the second step, a pair of π electrons in the benzene attack the electrophile, resulting in the formation of a resonance-stabilized carbocation intermediate. Of torques, forces, and protein machines. The COX Enzymes There are two forms of PTGS, called COX-1 and COX2; both of them function as dimers. Included in this discussion is the distinction between the different atherosclerosis risks of small buoyant and small dense LDLs. • Revised figures in Chapter 13 better explain the noncyclic and cyclic electron transport pathways in chloroplasts. Turchi-Dooley – Millersville University Shashi Unnithan – Front Range
Community College Timothy Vail – Northern Arizona University Harry van Keulan – Cleveland State University Ales Vancura – Saint John’s University William Voige – James Madison University Alexandre G. CYCLIC HYDROCARBONS As their name suggests, the cyclic hydrocarbons are the cyclic counterparts of the alkanes and alkenes. Aldosterone is
a steroid that promotes Na+ and water retention by the kidney.) The structures of vasopressin and oxytocin, another peptide produced by the hypothalamus, illustrate an interesting feature of biomolecules: similar structures may result in overlapping functions. Carbon dioxide (CO2), for example, is a linear molecule with two electron groups. Solid
state biochemistry. The alkoxide then attacks the methyl carbon atom of SAM. Lysine, which has a side chain amino group, . Domain modules are coded for by genetic sequences created by gene duplications (extra gene copies that arise from errors in DNA replication). Each cell type has its own characteristic structural and functional properties. As a
product molecule accumulates, it binds to and inhibits the activity of an enzyme in the pathway. The rapid hydrolysis of PPi to form two phosphates (Pi) drives the reaction forward. Living organisms require both information and _____________ to create order. 54), and neurodegenerative diseases such as Alzheimer’s, Parkinson’s, and Huntington’s.
_____________ in the hypothalamus monitor blood Na+ and when necessary trigger vasopressin secretion. ■ ORGANIC CHEMISTRY Organic chemistry is the investigation of carbon-containing compounds. The resulting pellet contains mitochondria, lysosomes, and peroxisomes. • Metal ions are effective electrophiles, and they help orient the substrate
within the active site. The large amount of silk required in this endeavor was obtained by literally harnessing thousands of orb-web spiders. The nexin linkages connect the outer doublet microtubules. COX-2 is upregulated in inflammatory processes. In animals, calcium ions are involved in an astonishingly diverse set of signaling processes that
include neurotransmitter release from nerve cells, hormone secretion, protein folding (assisted by calcium-dependent molecular chaperone proteins), and contraction of all muscle types. Growth hormone stimulates cell growth and division. An aspartate–histidine dyad is also, most notably, a component of the well-researched serine protease triad
(Asp-His-Ser, p. J Cell Sci 123:499–503. KEY CONCEPTS • The RER is primarily involved in protein synthesis. 15. 19. An _____________ reaction liberates heat. Transition State Stabilization In any chemical reaction, only molecules that reach the activated condition known as the transition state (see p. 549–51) is involved in protein and DNA synthesis,
drug and environmental toxin metabolism, amino acid transport, and other important biological processes. The capacity of living organisms to survive abiotic stresses is mediated by a variety of proteins. The functions of active site side chains fall into two major categories: catalytic and noncatalytic. In a coordinate covalent bond, a shared pair of
electrons in the bond comes from one atom. The reaction between ammonia (NH3) and HCl provides a simple example. Compare the structures of vasopressin and oxytocin and explain why their functions overlap. Living organisms are hierarchically organized systems: they consist of patterns of organization from smallest (atom) to largest (organism)
(Figure 1.1). Each of the parents is said to have the sickle-cell trait. Explain the difference in these values. Chapter 5 Review Quiz Suggested Readings Aebersold R, Mann M. What would be the net charge on this molecule at the average physiological pH of 7.3? At pH 4? In the presence of the antibiotic, resistant cells synthesize a protein that
inactivates the antibiotic before it can damage the cell. KEY CONCEPTS • In living organisms, the molecules in supramolecular structures assemble spontaneously. They are also versatile and dynamic cellular components that are intricately integrated into all living processes. For example, glycine’s R group (a hydrogen atom) is so small that the
polypeptide chain may be too flexible. Amino acid molecules are used primarily in the synthesis of long, complex polymers known as polypeptides. Resonance explains why aromatics do not undergo the addition reactions observed with alkenes: the delocalizing of the π electrons around an aromatic ring confers considerable stability to the molecule.
Cytoplasm Despite the absence of internal membranes, prokaryotic cells do appear to have functional compartments (Figure 2.9). FIGURE 2.4 Self-Assembly The information that permits the self-assembly of biomolecules consists of the complementary shapes and distributions of charges and hydrophobic groups in the interacting molecules. •
Embedded in the inner membrane of a mitochondrion are respiratory assemblies, where ATP is synthesized. 66. Prokaryotes are simpler in structure than eukaryotes. The ligand is covalently bound to an insoluble matrix, which is placed in a column. Na+K+ATPase and hemoglobin are examples of _____________ proteins. Describe how cytoplasmic
calcium ions are involved in insulin secretion. The resulting acyl-enzyme intermediate is hydrolyzed by water in a second reaction: Several other amino acid side chains may act as nucleophiles. An organism’s entire set of DNA sequences is called its genome. It most notably occurs in hemoglobin, the oxygen-transport protein that gives blood its red
color. ADDITION REACTIONS In addition reactions, two molecules combine to form a single product. In electrospray ionization, a solution containing the protein of interest is sprayed in the presence of a strong electrical field into a port in the spectrometer. Dintzner – Western New England University Robert P. When the value of ΔG°′overall for
coupled reactions is_____________, the reactions proceed in the direction as written at standard conditions. Seven standard amino acids have ionizable side chains: Asp, Glu, His, Lys, Arg, Tyr, and Cys. The molarity of the glucose solution is 0.9 M. Modularity is especially important because it provides the capacity to limit damage to components that
can be easily removed and replaced. Two of the three sp2 orbitals of each carbon atom overlap the orbital of a hydrogen atom, forming a total of four σ bonds. Slime layers, also referred to as biofilms, are disorganized accumulations of polysaccharides that form when microorganisms adhere to surfaces and grow. It should be noted that any type of
reaction in which the oxidation state of the reactants changes could also be classified as a redox reaction. Strategies used to prevent damage include impenetrable epithelial tissue barriers and immune system cells. Alcohols react with carboxylic acids to form esters. The bases attached to the sugar deoxyribose are on the inside of the helix. The
hydrogen bond is represented by short, parallel lines designating the weak covalent character and directionality of the bond. Students can manipulate and study individual molecules and their structures, take self-guided concept tutorials, and test their understanding through interactive self-quizzes. For example, when methane reacts with chlorine
gas (Cl2), the molecule breaks down to form two chlorine radicals, which then initiate a chain reaction with methane molecules that yields several chlorinated products: CH3Cl (methyl chloride), CH2Cl2 (methylene chloride), CHCl3 (chloroform), and CCl4 (carbon tetrachloride). Energy 5. We are not hosting any copyrighted contents on our servers,
it’s a catalog of links that already found on the internet. Note that 1-butene does not form geometric isomers because one of the double-bonded carbons does not have two different groups. Peroxisomes are also involved in the degradation of long-chain fatty acids, branched chain fatty acids (p. Overview PROTEINS ARE MOLECULAR TOOLS THAT
PERFORM AN ASTONISHING VARIETY OF FUNCTIONS. Such sequences are used by living organisms to construct new proteins. Although the catalytic activity of some enzymes depends only on interactions between active site amino acids and the substrate, other enzymes require nonprotein components for their activities. Water also has a slight
capacity to dissociate into ions. Metabolic processes require significant amounts of useful energy. 62–66), external mechanical force strong enough to deform the cytoskeleton can alter the shape of the NE and possibly alter chromatin organization within the nucleus. Eventually, the reaction reaches a dynamic equilibrium state in which both the
forward and reverse reactions occur, but there is no net change in the ratio of reactant and product molecules. The other form, called heterochromatin, is tightly packed and inaccessible for transcription. SECTION 1.3 Comprehension Questions 35. COLLAGEN Collagen is synthesized by connective tissue cells and then secreted into the extracellular
space to become part of the connective tissue matrix. Aspartic acid and glutamic acid are often referred to as aspartate and glutamate because carboxyl groups are negatively charged at physiological pH. FIGURE 5.17 The α-Helix Hydrogen bonds form between carbonyl and N—H groups along the long axis of the α-helix. Termination. As the titration
continues, the side chain carboxyl group loses its proton, yielding a molecule with a −1 charge. The PN in mammalian cells consists of at least 2000 proteins. Note that lone pair electrons are indicated by an enlarged representation of an orbital. In contrast, COX-2 is usually only synthesized during inflammatory processes. Anion-exchange resins,
which consist of positively charged materials, bind reversibly with a protein’s negatively charged groups. Each type of differentiated cell has its own specific set of facultative heterochromatin. Alcohols are weak acids (i.e., a strong base can remove the proton from an alcohol’s hydroxyl group to form the alkoxide ion R—O−). Identify examples of
secondary and supersecondary structure. Humans have also long appreciated spider webs for their physical properties. Direct and indirect interactions among membrane skeleton components, plasma membrane integral proteins, and lipid molecules intermittently partition the membrane into compartments (p. 80–82). Critical-Thinking Questions 44.
Hence, the nitrogen atom is the central atom in ammonia molecules. A fraction of this energy is captured and used to drive anabolic reactions. deoxyribonucleic acid genetic information insulin receptor mutation hierarchically organized system Fill in the Blanks 3. coli Chaperonin Called the GroES-GroEL Complex GroES (hsp10 in eukaryotes) is a
seven-subunit ring that sits on top of GroEL. As the protein droplets exit the injection device, typically an ultrafine glass tube, the protein molecules become charged. Enzyme cofactors may be ions, such as Mg2+ or Zn2+, or complex organic molecules, referred to as coenzymes. Life is cellular. The hydrogen ion concentration of pure water at 25°C is
1.0 × 10−7 M. The electrostatic effect of Zn2+ stabilizes the transition state. Its Lewis dot structure is For a large number of molecules, there is more than one valid Lewis dot structure. Temperature changes. The slightly positive carbon is electrophilic and therefore able to react with nucleophiles. Many polypeptides fold in such a fashion that amino
acid residues distant from each other in the primary structure come into close proximity. The intermediate product is an enediol (a molecule in which a hydroxyl group is attached to each of the carbon atoms in a carbon–carbon double bond). 738), and 26S proteasome (p. Powers ET, Balch WE. The Bohr effect describes the stabilization of the T state
and the unloading of O2 when pH decreases ([H+] increases). The nitrate ion (NO−3) is a typical example. Signal transduction. Reactions that release energy are described as exothermic. Individuals with the sickle-cell trait are less vulnerable to malaria because their red blood cells are a less favorable environment for the growth of the parasite than
are normal cells. Sugars that possess an aldehyde group are called aldoses, and those that possess a ketone group are called ketoses. Once a protein’s amino acid sequence is known, its folded structure is determined by analysis of several NMR experiments in which the properties and relative location of each atom in the molecule are resolved. Over
the past two decades, it has become increasingly apparent that the assumption of ideal conditions needs to be reevaluated. KEY CONCEPTS • Living organisms receive, interpret, and respond to environmental information by means of the process of signal transduction. Three reactions are especially important: peptide bond formation, cysteine
oxidation, and Schiff base formation. The unstructured phosphorylated KID (pKID) domain is then able to search out and bind to a domain of CREBbinding protein (CBP) called KIX (KID-binding domain) (Figure 5.26). Tandem MS is used to identify the peptide fragments. One consequence of inward calcium flow is cell division suppression.
Understanding how essential water is in living processes requires a review of its molecular structure and the physical and chemical properties that are the consequences of that structure. The resulting slides are then dipped in photographic emulsion. Describe the functions of peroxisomes. After this latest supernatant has been recentrifuged at
200,000 g for 2 to 3 hours, ribosomes and large macromolecules are recovered from the pellet. The collected pellet can be resuspended in liquid and examined by microscopy or biochemical tests. Lewis (1875–1946), Lewis dot structures are a shorthand notation for explaining how the valence electrons of the atoms in various compounds combine to
form covalent bonds. The damaged mitochondrial product of fission is then destroyed by a form of autophagy called mitophagy. When this function is disrupted by mutation of either protein, cell division, which is controlled in part by primary cilium function, is stimulated. Curr Opin Cell Biol 33:111–18. Within the interior of a molten globule, tertiary
interactions among amino acid side chains are fluctuating; that is, they have not yet stabilized. Harris, and Catherine J. (In the centrifuge tube containing the solution, the sucrose concentration increases from the top to the bottom to form a gradient.) During centrifugation at high speed for several hours, particles move downward in the gradient until
they reach a level that has a density equal to their own. In this process, called electrophoresis, molecules separate from each other because of differences in their net charge. In insulin secretion, for example, the release of insulin from pancreatic β-cells is triggered by calcium ions. Nitrogen Metabolism II: Degradation 16. Molecules with both a
positive and a negative charge, but an overall neutral charge, are called _____________. Stirring and grinding actions disrupt the delicate balance of forces that maintain protein structure. It possesses structural features and biochemical pathways that convert the energy in food molecules into the chemical energy required to drive cell processes and
synthesize numerous biomolecules, among other functions. Among the most common reaction types encountered in biochemical processes are nucleophilic substitution, elimination, addition, isomerization, and oxidation-reduction. Constraints such as energy availability require priorities in resource allocation. The saturated hydrocarbons, referred to
as the alkanes, are either normal (straight chains) or branched chains. PGA was found to bind so tightly to the active site of TPI, most notably to Glu 165 and His 65 side chains, that it functions as a potent inhibitor of the enzyme. Catalysts are substances that accelerate a reaction’s rate but remain unchanged afterward. They are also involved in the
refolding of misfolded and aggregated proteins and in the transmembrane transfer of organelle (e.g., ER, mitochondria, and chloroplast) or secretory polypeptides. It is now believed to be an important factor in biochemical reaction rates, protein folding, protein–protein binding, chromosome structure, gene expression, and signal transduction. Other
molecules, however, are so toxic that specific processes have evolved to provide for their disposal. The free carboxyl group on the C-terminal residue appears on the right. The core three-dimensional structure of a domain is called a fold. In vertebrates, keratin, a protein found in skin cells, aids in protecting the organism against mechanical and
chemical injury. TABLE 5.3 Selected Biologically Important Peptides The tripeptide glutathione (γ-glutamyl-l-cysteinylglycine) is a singularly important peptide that contains an unusual γ-amide bond; the γ-carboxyl group of the glutamic acid residue, not the αcarboxyl group, contributes to the peptide bond. SIGNAL TRANSDUCTION Signal
transduction pathways allow cells to receive and respond to signals from their surroundings. The two types of membrane proteins are peripheral and _____________. 2015. Examples include protein synthesis and transcription regulation. (The letters EC are an abbreviation for the Enzyme Commission of the IUB.) Because many enzymes were
discovered before the institution of the systematic nomenclature, the old well-known names have been retained in quite a few cases. The hydrolases include esterases, phosphatases, and proteases. Aerobic respiration, a process by which cells use oxygen to generate energy, takes place in mitochondria. Glycine, alanine, valine, leucine, isoleucine, and
proline have aliphatic R groups. There is little reduction in atomic size in these elements because of the repulsion between the 4s and 3d electrons. Does the value of ΔG°′ change with pH? Vasopressin and Oxytonic Multicellular organisms maintain a stable internal environment, a condition called homeostasis, via the complex and dynamic interplay
between opposing physiological processes. Cells are the structural units of all living organisms. (This indicates that peptide bonds are resonance hybrids.) Because of the rigidity of the peptide bond, fully one-third of the bonds in a polypeptide backbone chain cannot rotate freely. Hydrolysis reactions are nucleophilic acyl substitution reactions in
which the oxygen of a water molecule serves as the nucleophile. Two methods of conveying structural information about proteins are presented in Figure 5.14. Collagen is composed of three left-handed polypeptide helices that are twisted around each other to form a right-handed triple helix (Figure 5.35). The genetically distinct collagen molecules in
skin, bones, tendons, blood vessels, and corneas impart to these structures many of their special properties (e.g., the tensile strength of tendons and the transparency of corneas). For example, the formation of the phosphate ester of tyrosine is a common protein regulatory mechanism. Following their synthesis on ribosomes, these enormous numbers
of proteins must fold into their functional shapes, be transported to their proper destinations, and then be promptly degraded when they become damaged or obsolete. 174) and heparan sulfate (p. Carbanions are nucleophiles that are stabilized by adjacent electronegative atoms and resonance effects. The dimensions of prokaryotic ribosomes are
approximately 14 nm by 20 nm. At pKa = 2.19, for example, half of the α-carboxylate groups are protonated and half are unprotonated. Mitochondrial fission involves an interaction with a _____________, which is mediated by a protein tether called _____________. Many bacteria contain additional small circular DNA molecules called plasmids. In
electrophilic aromatic substitution reactions, an electrophile reacts with an aromatic ring and substitutes for one of the hydrogens. The s orbital is spherical with the nucleus at its center. If someone with copyrights wants us to remove this software/Book, please contact us. immediately.You may send an email to admin@cmecde.com for all DMCA /
Removal Requests. The inner surface of the eukaryotic plasma membrane is reinforced by a threedimensional meshwork of proteins called the membrane skeleton, which is attached to the membrane by extensive noncovalent bonding to peripheral proteins. The _____________ is the region between the outer membrane and inner membrane of
Gramnegative bacteria. 2. The function of NPCs was once thought to be limited to nucleocytoplasmic molecular transport. For example, carbonic anhydrase (Figure 6.6a) is the enzyme that catalyzes the reversible hydration of CO2 to form bicarbonate (HCO3−). Chemical reactions occur in the following manner: where ETS = enzyme-transition state
complex. Most biological membranes have the same basic structure: a lipid bilayer composed of phospholipids and other lipid molecules, into which various proteins are embedded or attached indirectly (Figure 2.3). In response to low blood pressure or a high blood Na+ concentration, osmoreceptors in the hypothalamus trigger vasopressin secretion.
In animal cells, this protein network—composed of actin (p. Epithelial barriers in the GI tract lining protect internal organs from invasion of microorganisms. KEY CONCEPTS • • • • All living organisms obey the chemical and physical laws. The formation of the ester methyl acetate from acetic acid and methanol is illustrated in Figure 12. So if n = 3,
the atom’s principal shell has three subshells with l values of 0, 1, and 2. Plasmids may carry genes for special function proteins that provide protection, metabolic specialization, or reproductive advantages to the organism. All of the heme-interacting amino acids are nonpolar except for two histidines, one of which (the proximal histidine) binds
directly to the iron (Figure 5.38). However, many polypeptides spontaneously fold into a single biologically active form. The β-pleated sheets are connected by glycine-enriched sequences that form random coil, β-spirals (similar to βturns), and GlyGlyX helical structures that together constitute an amorphous and elastic matrix. WORKED PROBLEM 1
Consider the element potassium (atomic number = 19). Nonpolar (i.e., hydrophobic) amino acids play an important role in maintaining the three-dimensional structures of many proteins because they interact poorly with water. Mitochondrial DNA (mt DNA) resembles bacterial DNA in that both molecules are “naked” (i.e., not packaged with histones)
and are located within a nucleoid. Proteins entering the nucleus must have a nuclear localization amino acid sequence signal, which is recognized by a cargo transport protein called an importin. The sugar-phosphate backbones of the double helix are represented by colored ribbons. KEY CONCEPTS • Most molecules in living organisms are organic.
Spun through spinnerets at the end of the spider’s abdomen, silk is used in locomotion, mating, and offspring protection. Simple carbohydrate groups are often attached to the hydroxyl group of hydroxylysine residues. The second phase, the loss of the leaving group, is the rate-limiting step in E1cb reactions. How does a common intermediate couple
two chemical reactions? In eukaryotes, they are found in cytoplasm and several organelles (mitochondria, ER, and chloroplasts). β-Pleated sheets are stabilized by hydrogen bonds that form between the polypeptide backbone N—H and carbonyl groups of adjacent chains or chain segments. One glyceraldehyde isomer rotates the light beam in a
clockwise direction and is said to be dextrorotatory (designated by +). Multisubunit proteins in which individual polypeptides are different or identical are referred to as oligomers. Three general classes of functional groups are important in biomolecules: oxygen-containing, nitrogen- containing, and sulfur-containing molecules. The electron
configurations for the biologically important group 2 elements magnesium (DNA structure and enzyme function) and calcium (bone structure and muscle contraction) are 1s22s22p63s2 and 1s22s22p63s2 3p64s2, respectively. The roles of selected peptides that promote homeostasis are briefly described. mosaic protein 42. Note that hemiacetals are
unstable and their formation is readily reversible. When there is an increase in the salt concentration of an aqueous solution of protein, some of the water molecules that interact with the protein’s ionizable groups are attracted to the salt ions. Free energy change is a measure of the rate of a reaction. For example, there is one covalent bond in
molecular hydrogen (H2). In 1899, the Bayer Company began selling a less irritating form of salicylic acid in tablets called acetylsalicylic acid, or aspirin. The most essential features of signal transduction processes and their effects on metabolic regulation (the effects of hormones and transcription factors on biochemical reactions) are introduced in
Chapter 8 (Carbohydrate Metabolism). After a brief time, the product dissociates from the enzyme. Whereas iron easily oxidizes in the inanimate world, the iron in hemoglobin does not usually oxidize, even though it is linked directly to oxygen during the transport process. The most important examples of Schiff base formation in biochemistry occur in
amino acid metabolism. In the first step of an SN1 reaction, a planar carbocation forms as the leaving group (a stable ion or a neutral molecule) is displaced. Eukaryotes also differ from prokaryotes in size and complexity. KEY CONCEPTS • Biochemists distinguish four levels of the structural organization of proteins. [See the Biochemistry in
Perspective essays in Chapters 10 (Myocardial Infarct: Ischemia and Reperfusion) and 12 (Biotransformation).] FIGURE 6.6 Structure of α-Carbonic Anhydrase (a) Found predominantly in animals, the α-carbonic anhydrases (CAs) catalyze the reversible hydration of CO2. SIGNAL TRANSDUCTION AND METABOLISM Signal transduction mechanisms
in living organisms are vital. Provide several examples of the consequences of signaling cascades in living cells. The proteins move along the gel until they reach their respective isoelectric point. Which of the following thermodynamic quantities is not a state function? PROTEIN FAMILIES Protein families are composed of protein molecules that are
related by amino acid sequence similarity. Mitochondria form stable contact sites with regions of the ER called mitochondria-associated membranes (MAMs). 6 of the textbook for a brief overview of the functional groups. c. That is, it uses a reversible noncovalent binding affinity between a specific protein and a special molecule (the ligand). 18. For
example, the foam formed when egg white is beaten vigorously contains denatured protein. KEY CONCEPTS The cytoskeleton, a highly structured and adaptable network of proteinaceous filaments, is responsible for maintenance of cell shape, large- and small-scale cell movement, solid state biochemistry, and signal transduction. Several other
factors (described in Section 6.3) also contribute to rate enhancement. The standard free energy change ΔG°′ at pH 7 is used in this textbook. Living organisms within Earth’s crust must be tolerant of high temperatures. FIGURE 5.4 Some Derivatives of Amino Acids Biologically Active Amino Acids In addition to their primary function as components
of protein, amino acids have several other biological roles. 2.1 CORE BIOCHEMISTRY CONCEPTS Each living cell contains millions of densely packed biomolecules that perform at a frenetic pace the thousands of tasks that together constitute life. REAL-WORLD RELEVANCE Because students who take the one-semester biochemistry course come
from a range of backgrounds and have diverse career goals, the seventh edition consistently demonstrates the fascinating connections between biochemical principles and the worlds of medicine, nutrition, agriculture, bioengineering, and forensics. In such an atom the principal energy shell would contain s, p, and d orbitals. Biochemistry IN
PERSPECTIVE Spider Silk and Biomimetics What properties of spider silk have made it the subject of research worth hundreds of millions of dollars? Almost all the other kinds of biomolecules are organic. There is also a new in-chapter question on ATP hydrolysis and the unique digestive issues in alligators. With 34 new figures, the seventh edition
incorporates a superior and expanded art program designed to help students develop a strong visual grasp of biochemical processes. Globular proteins are compact because of efficient packing as the polypeptide folds. The supernatant, which contains microsomes (small closed vesicles formed from ER during homogenization), is transferred to
another tube and spun at 100,000 g for 1 to 2 hours. Diamagnetic atoms such as nitrogen are not attracted to magnets because they have paired electrons (i.e., the magnetic fields of the paired electrons cancel out). • Chapter 9 features a new illustration of the pyruvate dehydrogenase complex, a revised presentation of the eight reactions of the citric
acid cycle, and a major updating of the discussion of carcinogenesis and the Warburg effect. Consequently, life has been viewed as an intangible property and is usually described in operational terms, such as movement, reproduction, adaptation, and responsiveness to external stimuli. This discussion is followed by descriptions of the structural and
functional features of peptides and proteins and the protein folding process. CHAPTER 18 DNA and Chimeras: A Biological and Legal Mystery CHAPTER 19 MRSA: The Superbug Biochemistry in Perspective Essays CHAPTER 2 Primary Cilia and Human Disease What effects do nonmotile cilia have on human health? For example, the six-carbon sugar
glucose (an important energy source in most living organisms) is an aldohexose; fructose (fruit sugar) is a ketohexose (Figure 1.8). An ester is the product of a nucleophilic acyl substitution reaction in which a carboxylic acid reacts with an alcohol. Techniques that the body uses to protect itself from the microbe members of the human superorganism
are impenetrable tissue barriers and _____________ system cells. FIGURE 5.26 Disordered Protein Binding The intrinsically disordered phosphorylated KID domain (pKID) (left) of the transcription regulatory protein CREB searches out and binds to the KIX domain of the transcription coactivator protein CBP (right). SOLUTION The ionizable hydrogens
are lost in the order of acidity, with the most acidic ionizing first. hydrophillic hydrophobic lipid bilayer integral protein peripheral protein 2. In this diagrammatic illustration, several weak noncovalent interactions stabilize the binding of two molecules that possess complementary shapes. These ecosystems, each with its own set of environmental
conditions (e.g., temperature, pH, and O2 availability), eventually possess their own characteristic communities of microorganisms. For example, the sequence homologies of the mitochondrial redox protein cytochrome c have been used to trace the evolution of species. Note that the side chains of adjacent residues point in opposite directions. 574)
can be utilized in an attempt to prevent cell death. Under standard conditions, which statements are true? The carbon atom has 4 valence electrons and each of the 4 chloride atoms have 7 valence electrons for a total of 32 valence electrons. In the reaction’s next step, an electron pair of the oxygen atom in a water molecule forms a σ bond with the
positively charged carbon atom. Short-Answer Questions 35. KEY CONCEPTS • The primary structure of a polypeptide is its amino acid sequence. Free energy is related to the equilibrium constant for a specific reaction. The steady state assumption equates these two rates: (15) (16) Michaelis and Menten introduced a new constant, Km (now referred
to as the Michaelis constant): (17) They also derived the equation (18) where Vmax = maximum velocity that the reaction can attain. The oxygen-binding proteins myoglobin and hemoglobin are interesting and well-researched examples of globular proteins. Critical-Thinking Questions 71. Pancreatic juice also contains sodium bicarbonate (NaHCO3),
which neutralizes the acidity of the partially digested food entering the small intestine from the stomach, thereby raising its pH to about 8. We are threatened by our dependence on clean, unsalted water to maintain our health when usable, accessible water resources are vanishingly small. The major type of sulfur- containing functional group is the
sulfhydryl group, which occurs in thiols. All currently existing organisms contain either prokaryotic or eukaryotic cells. In this diagrammatic illustration, a motor protein complex moves attached cargo (e.g., a vesicle) as it “walks” along a cytoskeletal filament. BPG binds to the T state because a cavity lined with positively charged amino acid residue
side chains is exposed in this conformation. The transfer process results in the formation of oppositely charged atoms called ions. An arginine–arginine dyad is a catalytic unit in adenylate kinase, an enzyme that catalyzes the transfer of phosphoryl groups from ATP to other nucleotides. A significant number of primary sequence changes do not affect a
polypeptide’s function. Give an example. In this illustration, the zinc ion is shown bound to a hydroxide group, the product of the acceptance of a proton from a water molecule by a fourth histidyl residue (not shown). FIGURE 6.12 Enzyme Kinetic Studies (a) Conversion of substrate to product per unit time. When the dimer forms, the two NAD-binding
domains, each of which contains β-strands, form a 12-stranded β-pleated sheet. Ribulose bisphosphate carboxylase is an important enzyme in photosynthesis. Our understanding of living processes is incomplete without knowledge of their cellular context. Arnaud CH. For example, dragline silk has a higher content of β-pleated sheet than does capture
silk. Of all the members of the halogen family (group 17), only chlorine ([Ne]3s23p5) and iodine ([Kr]5s2 4d105p5) routinely occur in living organisms. This strategy is based on the simplifying assumption of an ideal solution. Bustamonte C. There are 1.5 mol of glucose in 270 g of the substance. (b) The zinc ion of carbonic anhydrase is located at the
bottom of a cone-shaped cavity, where it is coordinated with three histidyl residues. At equilibrium, the rates for the forward and reverse reactions must be equal: (1) which rearranges to (2) The ratio of the forward and reverse constants is the equilibrium constant: (3) For example, in Equation (3), if m = n = 1, and kF = 1 × 10−3 s−1, and kR = 1 ×
10−6 s−1, then At equilibrium, therefore, the ratio of products to reactants is 1000 to 1. This process can be summarized as follows: KEY CONCEPTS • Enzyme kinetics is the quantitative study of enzyme catalysis. Individuals with the sickle-cell trait have levels of sickled cells that are sufficiently low that cells and tissues of the reticuloendothelial
system (e.g., phagocytes, spleen, and bone marrow) can selectively destroy the infected cells. 50. Despite their diversity, most prokaryotes possess the following common features: cell walls, a plasma membrane, circular DNA molecules, and no internal membrane-enclosed organelles. What factors can promote protein misfolding in cells? Despite this
diversity, each IF type consists of a rod-like domain flanked by globular head and tail domains. Because of its high-resolving power, gel electrophoresis is also used to assess the purity of protein samples. 32. • Signal transduction can be divided into four phases: reception, transduction, response, and termination. (The doubleheaded arrows are used in
the representation of resonance structures.) In the case of the nitrate ion, it is considered to have a structure that is the average of these three states. For example, in the water molecule H2O the oxygen atom has a significantly larger electronegativity value than the hydrogen atoms. How many possible tripeptides are in this set? The effects of
protein misfolding on human health can be considerable. Approximately 70% of the body’s immune system cells are located in or near the wall of the lower intestinal tract (intestines). As its name suggests, GAPDH is an enzyme that catalyzes the oxidation of glyceraldehyde-3-phosphate, an intermediate in glucose catabolism (p. After a macrophage
(blue) has engulfed a foreign cell such as a bacterium, it proceeds to initiate a multifaceted process that will eliminate the threat. Systems Biology Model Concepts The research efforts of systems biologists have resulted in the development of simplifying models, which facilitate the efforts of life science researchers, as well as students, to understand
the vast complexities of living organisms. FIGURE 3.6 The Hydrogen Bond A hydrogen bond results when the electronegative oxygen atoms of two water molecules compete for the same electron-deficient hydrogen atom. The VTC then proceeds to the cis face of the Golgi apparatus. Cyclohexane has no ring strain because it is puckered so that its
bond angles are near the tetrahedral angles. Nonstandard amino acids consist of amino acid residues that have been chemically modified after incorporation into a polypeptide or amino acids that occur in living organisms but are not found in proteins. The α-helix is a rigid, rod-like structure that forms when a polypeptide chain twists into a righthanded helical conformation (Figure 5.17). Regulation. Atoms that contain unpaired electrons (e.g., oxygen) are referred to as paramagnetic because they are attracted to magnets. Many of these technologies apply to the investigation of other biomolecules. Note that because of orbital overlaps, the order of the orbitals being filled becomes more
complicated as the filling pattern progresses. Afflicted individuals inherit from each parent a defective gene that codes for an enzyme that degrades a complex lipid molecule. Oxidoreductases catalyze oxidation-reduction reactions in which the oxidation state of one or more atoms in a molecule is altered. In another way of explaining acid–base
reactions, referred to as the Lewis acid and base theory, acids and bases are defined in terms of atomic structure and bonding. Later chapters devoted to metabolic networks (e.g., lipid and energy metabolism) introduce other facets of signal transduction and metabolic regulation that will allow a more integrated understanding of the biochemistry of
cell and organ function. Nitrogen Metabolism I: Synthesis 15. Rather, they are attached to it either by a covalent bond to a lipid molecule or by noncovalent interaction with a membrane protein or lipid. 16.1 Overview of Metabolism 16.2 Intercellular Communication Polypeptide Signal Molecules Cell-Surface Receptors Enzyme-Linked Receptors
Nuclear Receptors 16.3 Metabolism in the Mammalian Body: The Feeding–Fasting Cycle The Feeding Phase The Fasting Phase Feeding Behavior Biochemistry IN PERSPECTIVE Diabetes Mellitus Biochemistry IN PERSPECTIVE Obesity and the Metabolic Syndrome Chapter Summary Suggested Readings Key Words Review Questions Available Online
Biochemistry IN PERSPECTIVE Mammalian Hormones and the Hormone Cascade System Biochemistry IN PERSPECTIVE Metabolism in the Mammalian Body: Division of Labor CHAPTER 17 Nucleic Acids What Makes Us Human? It is believed that proteins at ER-mitochondria contact sites initiate fission by marking the division location on the
mitochondrion and recruiting the fission proteins that cause constriction and division. SYSTEM A system is defined as an interconnected and interacting assembly of biomolecules. Found in organisms ranging from bacteria to animals and plants, the molecular chaperones have a high degree of sequence homology. Which of the following molecules is
the most polar? Oxidation of two molecules of cysteine forms cystine, a molecule that contains a disulfide bond (Figure 5.12). They are classified into two groups. This process is often followed by differential centrifugation and, if the protein is a component of an organelle, by density gradient centrifugation. The proteomes (p. A wide variety of proteins
are protective. Individuals possessing traits that allow them to better exploit a specific energy source within their habitat may have a competitive advantage when resources are limited. FIGURE 6.8 Effect of pH on Two Enzymes Each enzyme has a certain pH at which it is most active. 75. At each level of organization of the system, new and
unanticipated properties emerge from interactions among parts. Metabolically active tissue produces large amounts of CO2, which forms HCO3– and H+ in blood. For example, alcohol dehydrogenase catalyzes the oxidation of ethanol and other alcohols, and ribonucleotide reductase catalyzes the reduction of ribonucleotides to form
deoxyribonucleotides. What do these amino acids have in common? When a reversible reaction begins (i.e., when the reactants are mixed together), reactants begin to be converted into product. Although most cells contain only trace amounts of BPG, red blood cells and the brain generate a considerable amount. The microtubules in the inner core of
flagella and cilia, referred to as the axoneme, form a ring of nine fused pairs with a centrally located unfused pair (a 9 + 2 pattern). After an electric field is applied, the proteins move into the gel. New York (NY): Springer. Unfortunately, however, success has been limited. Because of the dramatic increase in the rate of the forward reaction made
possible by the catalyst, equilibrium is approached in seconds or minutes instead of hours or days. The superscripts n and m represent the order of a reaction. The equation for the decomposition of calcium carbonate, for example, is In this equation, the letter s indicates that the reactant CaCO3 and the product CaO (calcium oxide) are solids. The
molecular chaperones are a network of proteins that play a central role in cellular protein quality control by facilitating the folding of nascent (newly synthesized) proteins and the refolding of preexisting proteins. The writing is at a level that will be helpful to students."--Michael Gunther, West Virginia University Table of Contents Chapter Opening
Vignettes Biochemistry in Perspective Essays Biochemistry in the Lab Boxes Preface General and Organic Chemistry Review Primer 1. FIGURE 1.13 DNA (a) A diagrammatic view of DNA. In addition to serving as a reservoir for oxygen within muscle cells, myoglobin also facilitates the intracellular diffusion of oxygen. • The nucleolus plays an
important role in the synthesis of ribosomal RNA. (The Occupational Outlook Handout on the U.S. Bureau of Labor Statistics website offers an unbiased assessment of future employment prospects.) No matter the economic conditions when students graduate, employment opportunities are always better for those who have undergraduate research
experience. The primary functions of metabolism are (1) acquisition and utilization of energy, (2) synthesis of molecules needed for cell structure and functioning (i.e., proteins, carbohydrates, lipids, and nucleic acids), (3) growth and development, and (4) removal of waste products. Several pathogenic bacteria (e.g., Bacillus anthracis, the cause of
anthrax) produce an outermost mucoid layer called a capsule. These molecules, if not disposed of properly, can be toxic. Elements whose ■ oxidation numbers remain unchanged are hydrogen, potassium, and oxygen. 72. The simplest aromatic hydrocarbon is benzene. By losing its one valence electron, lithium atoms gain stability by having a filled 1s
shell (two electrons). Coenzymes such as thiamine pyrophosphate (TPP), coenzyme A (CoASH), and pyridoxal phosphate are involved in the transfer of aldehyde, acyl, and amino groups, respectively. Willeford – Mississippi State University Alfred Winer – University of Kentucky Beulah Woodfin – University of New Mexico Kenneth Wunch – Tulane
University Ryan D. coli have about 2000 different types, for a total of about 4 million molecules per cell. For example, there are three molecules, each with its own set of properties, with the molecular formula (C5H12): pentane, 2-methylbutane, and 2,2-dimethylpropane. Cytosine, a pyrimidine base found in DNA and RNA, is an example of a
heterocyclic aromatic molecule. Careful removal of the denaturing agents with dialysis (p. Sulfur ([Ne]3s23p6), the second member of the oxygen family, is found in proteins and small molecules such as the vitamin thiamine. For many elements, an electron configuration also reveals how many valence electrons there are. However, a few species in the
normal human microbiota are pathogens that can cause disease if conditions permit (e.g., if the immune system is depressed). Several β-barrel arrangements are formed when β-sheets fold back on themselves. Chlorophyll molecules, which capture light energy during photosynthesis, are bound to thylakoid membrane proteins. siRNAs are important
components in RNA interference, an antiviral defense mechanism. Proteins can also be classified into families and superfamilies, according to their sequence similarities. Potassium has one valence electron because its outermost energy level (4s) has one electron. In the reduction half-reaction the two atoms of oxygen gain a total of four electrons. For
example, water exclusion results from a conformational change in TPI that occurs when an enediol intermediate is in the active site. KEY CONCEPTS • Polypeptides are polymers composed of amino acids linked by peptide bonds. For example, the lone pair in NH3 forces the NH bonding electron pairs closer together with bond angles of 107.3°. In
recent decades, a new approach called systems biology has been utilized to achieve a deeper understanding of living organisms. Written by the authors, the test bank includes more than 1,400 questions that can be edited and combined with an instructor’s own questions to create customized quizzes and exams that can then be exported for use in
learning management systems or printed for paper-based assessments LECTURE NOTES SLIDES This set of more than 1100 editable lecture notes slides makes preparing lectures faster and easier than ever. Nature 525:444–6. The long arm of the second law. When an antiparallel β-sheet doubles back on itself in a pattern that resembles a common
Greek pottery design, the motif is called the Greek key. FIGURE 1.12 The Nitrogenous Bases (a) The purines. It is believed to be analogous to the cell’s cytoskeleton because various forms of cytoskeletal proteins (e.g., actins, actin binding proteins, and myosins; see p. This view has changed considerably as researchers have discovered that
mitochondria have no fixed sizes. 736–38), (2) elimination of N-terminal segments as a result of alternative translation initiation, and (3) posttranslational modifications (enzyme-catalyzed alterations of polypeptides that occur after synthesis, pp. TPI is an exceptionally efficient enzyme that is composed of two identical subunits. _____________ is a
peptide that protects cells by reacting with peroxides. smooth ER d. In general, as temperature increases reaction rates increase; that is, the number of collisions increases, and more molecules have sufficient energy to enter into the transition state. Euchromatin, the lightly packaged form, is usually gene-rich and is easily accessed by transcription
factors and transcription enzyme complexes. The detection of high blood glucose levels sets in motion an intracellular signal transduction process that causes cytoplasmic Ca2+ levels to rise near the β-cells plasma membrane. FIGURE 3 The Periodic Table In the modern periodic table, elements are organized on the basis of their atomic numbers,
electron configurations, and recurring chemical properties. The three-dimensional structure of protein molecules is determined using short pulses of radio waves, which disrupt the alignment of the nuclei along the external magnetic field. There are two types of fatty acids: saturated fatty acids, which contain no carbon–carbon double bonds, and
unsaturated fatty acids, which have one or more double bonds (Figure 1.9). Complete models depicting even the smallest of the polypeptide chains are almost impossible to comprehend. system 57. Macromolecular crowding, created by the density of proteins within the cell, is an important factor in the wide variety of cellular phenomena. Chemical
bonds form because of interactions between atoms that involve the rearrangement of their outer shell electrons. Critical-Thinking Questions 36. 44. The most important of these functions is controlled molecular transport, which is facilitated by carrier and channel proteins. NADPH protects cell membranes and other cellular structures from oxidation.
Receptors are proteins with binding sites for extracellular ligands (signal molecules). 2,3-Bisphosphoglycerate (BPG), an intermediate of glycolysis (glucose breakdown), binds to and stabilizes the T state, increasing the amount of O2 that is unloaded in the tissue (Figure 5.42). 1. PTGS has two active sites: cyclooxygenase and peroxidase. In contrast,
Kevlar, an aramid (aromatic amide) polymer derived from petroleum, is synthesized by forcing an almost boiling mixture of monomers dissolved in sulfuric acid through the small holes of an industrial spinneret (a multipored device used to convert a polymer into individual fibers). plasma membrane nucleoid conjugation bacterial capsule biofilm 27.
(Dr. Pauling first demonstrated that sickle-cell patients have a mutant hemoglobin through the use of electrophoresis, a technique described on p. There are two types of EM. As with the alkanes, the cycloalkanes undergo combustion and halogenation reactions. New Eng J Med 372(9):793–5. At the plus (+) end, polymerization can occur rapidly.
Found in the brain, met-enkephalin inhibits pain perception. A new, unfolded protein can now bind to repeat the cycle. There are two types of metabolic pathway: anabolic and catabolic. The genes linked to BBS form the BBSome, a protein complex that plays an important role in IFT in primary cilia. BLAST (Basic Local Alignment Search Tool) is a
computer program (www.ncbi.nim.nih.gov/blast) that allows fast searches of known sequences for matches to the unknown protein sequence (the query sequence). Angewandte Chem Int Ed 48:3584–96. In myoglobin and hemoglobin, the fifth coordination bond is to the nitrogen atom in a histidine residue, and the sixth coordination bond is available
for binding oxygen. As the reaction occurs, the unshared pair of electrons on the hydroxyl oxygen of CH2OH of the sugar attacks the phosphorus, resulting in the expulsion of ADP, the leaving group. In the de novo process, preperoxisomal vesicles bud off from a specialized region of the ER. Fibrous proteins, such as the keratins found in skin, hair,
and nails, have structural and protective functions. The constant flow of energy and nutrients through organisms and the functional properties of thousands of enzymes make possible the process of metabolism. These partial charges are indicated by the lowercase Greek letter δ: δ+ and δ−. As amino acids are added and the chain lengthens, the prefix
reflects the number of residues: a tripeptide contains three amino acid residues, a tetrapeptide four, and so on. The noble gases [e.g., helium (He), neon (Ne), and argon (Ar)] in group 18 do not conform to this trend because their valence shells are filled; hence, they are chemically unreactive. Transcription factors are synthesized and/or regulated in
response to an information-processing mechanism initiated by a signal molecule (e.g., insulin, a protein that regulates several metabolic processes) or an abiotic factor such as light. Organic molecules with many carbon atoms can form complicated shapes such as long, straight structures or branched chains and rings. A principal driving force in this
process is the capacity to exploit energy sources. We wish to extend our deep appreciation to those individuals who have encouraged us and made this project possible: Ira and Jean Cantor and Josephine Rabinowitz. OUTLINE WATER, WATER, EVERYWHERE 3.1 MOLECULAR STRUCTURE OF WATER 3.2 NONCOVALENT BONDING Ionic
Interactions Hydrogen Bonds Van der Waals Forces 3.3 THERMAL PROPERTIES OF WATER 3.4 SOLVENT PROPERTIES OF WATER Hydrophilic Molecules, Cell Water Structuring, and Sol-Gel Transitions Hydrophobic Molecules and the Hydrophobic Effect Amphipathic Molecules Osmotic Pressure 3.5 IONIZATION OF WATER Acids, Bases, and pH
Buffers Physiological Buffers Biochemistry in Perspective Cell Volume Regulation and Metabolism AVAILABLE ONLINE Biochemistry in Perspective Water, Abiotic Stress, and Compatible Solutes Biochemistry in the Lab Dialysis Water, Water, Everywhere Water, water, everywhere, And all the boards did shrink; Water, water, everywhere, Nor any
drop to drink. A significant number of hydrogen bonds form within a protein’s interior and on its surface. Which statements are true and which are false? Which of the following statements about insulin is not true? Epithelial cells also produce antimicrobial proteins. FIGURE 5.22 Interactions That Maintain Tertiary Structure 5. The Bronsted–Lowry
theory defines acids and bases as proton donors and proton acceptors, respectively. Suez J, et al. KEY CONCEPTS Amino acids are classified according to their capacity to interact with water. Clathrin-coated vesicles are also used to transport vesicles from the plasma membrane to destinations such as endosomes and the TGN. (The term aliphatic
refers to nonaromatic hydrocarbon compounds.) SUBSTITUTION REACTIO NS Aliphatic substitution reactions, which involve tetrahedral carbons, are designated as either SN1 or SN2. Living organisms must perceive and correctly respond to both their internal and external environments. 417); and transferrin, an iron-binding protein], intercellular
signal transduction, and membrane recycling. Various forms of HPLC are used in protein analysis. Despite intense efforts, a coherent understanding of dynamic living processes continues to elude investigators. (A protein without its prosthetic group is called an apoprotein. Note that β-strands are depicted as arrows. 86), structured water is an
important stabilizing feature of protein structure. Biological information is expressed in the form of coded messages that are inherent in the unique three-dimensional structure of biomolecules. Channels and carriers within the plasma membrane regulate the passage of various ions and molecules in and out of the cell. The general equation for the
dissociation of a weak acid is where HA is the undissociated acid and A− is the conjugate base of the acid. Kleidon A. Living cells are, therefore, in a constant state of dynamic instability. Although only surface features can be examined with the SEM, this form of microscopy provides very useful information about cell structure and function. The
simplest aldehyde is formaldehyde (also referred to as methanal) in which the aldehyde group is bonded to a hydrogen atom. QUESTION 5.11 Fetal hemoglobin binds to BPG to a lesser extent than does HbA because His 143 in the BPG binding pocket in β-globin has been replaced with a serine residue in γ-globin. (b) In some larger proteins, folding
involves the initial formation of a molten globule followed by rearrangement into the native conformation. Refer to pp. Why is it advantageous for p53 to be activated by factors such as ER stress, light, and hypoxia (low oxygen concentration)? QUESTION 5.1 Classify these standard amino acids according to whether their structures are nonpolar,
polar, acidic, or basic. When atoms gain or lose one or more electrons, they become charged particles called ions. Describe why ATP, the molecule that serves as the energy currency in the body, has an intermediate phosphoryl group transfer potential. A heterogeneous group of enzymes, the isomerases catalyze several types of intramolecular
rearrangements. The conversion of glycerate-2-phosphate, an intermediate in glucose degradation, to phosphoenolpyruvate provides an example of an E1cb mechanism (Figure 15). The inner surface of the PM is reinforced by the membrane skeleton, which is composed of a meshwork of actin microfilaments and other proteins linked to the cell’s
cytoskeleton. The number of proteins per cell varies widely: bacteria such as E. (An aldol cross-link is formed in a reaction, called an aldol condensation, in which two aldehydes form an α, β-unsaturated aldehyde linkage. The insulin receptor has tyrosine kinase activity. Science 320:1034–9. There are two forms of ER. Cmecde.com doesn’t have any
material hosted on the server of this page, only links to books that are taken from other sites on the web are published and these links are unrelated to the book server. Myoglobin’s eight helices are designated A through H. Indicate the level(s) of protein structure to which each of the following contributes: a. The distinct chemical properties of each
functional group contribute to the behavior of any molecule that contains it. Life is complex, dynamic, organized, and self-sustaining. CALCIUM IONS (Ca2+): A UNIVERSAL SIGNALING DEVICE Cells respond to external stimuli by increasing their cytoplasmic Ca2+ concentrations, which are normally kept quite low (approximately 100 nM) (1 nM = 1
× 10–9 M) by ATP-driven pump complexes in the plasma membrane and in eukaryotes in the membrane of organelles such as the endoplasmic reticulum (p. Unfortunately, silkworm silk is less tough and elastic than spider silk spider, and spider silk farming is not commercially feasible because spiders are cannibals. This nucleotide is adenosine
triphosphate. In anabolic (biosynthetic) pathways, larger molecules are synthesized from smaller precursors. ΔG = ΔG° b. In addition, amino acid substitutions experimentally introduced into proteins (via site-directed mutagenesis, a technique that creates specific changes in a DNA sequence) reveal that changes in surface amino acids rarely affect
the protein’s structure. Proteoforms and Proteome Complexity. An intricately folded internal membrane system, called the thylakoid membrane, is responsible for the metabolic function of chloroplasts. Reaction rates increase as the reactant molecules become more crowded. Ceruloplasmin, a deep-blue glycoprotein, is the principal copper-containing
protein in blood. The homologous family of alkenes (formula = CnH2n) are named by taking the names of the alkane with the same number of carbons and substituting the suffix -ene for -ane. For example, triacylglycerols (fats and oils) are esters containing glycerol (a three-carbon alcohol with three hydroxyl groups) and three fatty acids. The bases
in nucleotides are heterocyclic aromatic rings with a variety of substituents. With the exception of glycine, all of the standard amino acids have one chiral center. Among the most important functions made possible by the properties of the cytoskeleton are the following. The amino acid residues that are identical in all homologues of a protein, referred
to as invariant, are presumed to be essential for the protein’s function. The H+ recombines with HCO3– to form carbonic acid, which then dissociates to form CO2 and H2O. Using quantum theory, physicists and chemists eventually described an atomic model in which electrons are predicted to occur in complex orbitals that are essentially probability
clouds. Valence electrons, the electrons in the s and p orbitals of the outermost energy level, determine the element’s chemistry (i.e., how it will react with other elements). The diffraction patterns are used to construct an electron density map. KEY CONCEPTS • Metabolism is the sum of all the enzyme-catalyzed reactions in a living organism. These
characteristics, which affect chemical reactivity, include atomic radius, ionization energy, electron affinity, and electronegativity. Subtracting 8 bonding electrons from 32 valence electrons yields 24 electrons. 156–57) result from the exclusive presence of L-amino acids. One of the most important aspects of protein synthesis is the folding of
polypeptides into their biologically active conformations. New initiative on precision medicine. NONPOLAR AMINO ACIDS The nonpolar amino acids contain mostly hydrocarbon R groups that do not bear positive or negative charges. Cambridge (UK): Cambridge University. Nucleotides, the building-block molecules of the nucleic acids, contain either
of the pentoses ribose or deoxyribose. DnaK is the major bacterial hsp70. A large variety of actin-binding proteins regulate the structure and functional properties of microfilaments. This phenomenon, called ER stress, is caused by environmental factors such as metabolic stress (changes in metabolism triggered by injury, illness, or infection),

oxidative stress (from oxygen radicals), and activated inflammatory signaling processes, as well as genetic factors. Gut Flora and Human Health Each person has a unique microbiota that is the result of genetic inheritance, birth circumstances (e.g., vaginal delivery vs. 111–12, outline the phases of the carbon cycle as described. HbCO has a bright red
color, so cherry-red skin is a symptom of CO poisoning. Which of the following molecules is an energy currency molecule required in fatty acid synthesis? In what larger molecules are they found? Enantiomers have identical physical properties except that they rotate plane-polarized light in opposite directions. Molecules that are smaller than the gel
pores diffuse in and out of the pores, thereby retarding their movement through the column. Analysis of the RNA in prokaryotes has revealed that there are two distinct types of prokaryotes: the Bacteria and the Archaea. Consequently, there are limits to the number of conformational possibilities. FIGURE 2.9 Bacterial Cytoplasm (a) Cytoplasm is a
complex mixture of proteins, nucleic acids, and an enormous variety of ions and small molecules. Low-resolution micrographs reveal that nuclear structure consists of a seemingly amorphous nucleoplasm surrounded by membrane, the nuclear envelope. CHAPTER 19 Trapped Ribosomes: RNA to the Rescue! How are ribosomes bound to damaged
mRNAs retrieved so that they can be recycled? Explain. The term intrinsically unstructured (or disordered) proteins (IDPs) is used to describe molecules that are completely unstructured. For example, numerous bacteria contribute to dietary fiber digestion, a process that contributes about 5% of human energy requirements and produces a variety of
bioactive molecules. Clathrin is a soluble protein complex called a triskelion (three heavy chains and three light chains) because of its shape (Figure 2.18). Helix-loop-helix motifs are often found in in DNA- and calcium-binding proteins. However, of an estimated total world water supply of 366 × 1018 gallons, approximately 97% (355 × 1018 gallons)
is ocean water. (b) The molarity of the glucose solution is calculated by first determining the number of moles of glucose in 324 g. Because the Pauli exclusion principle states that each electron in an atom has a unique set of the four quantum numbers, it follows that when two electrons are in the same orbital, they must have opposite spins. The
thickness and chemical composition of the cell wall and its adjacent structures determine how avidly a cell wall takes up and/or retains specific dyes. Take your learning further by visiting the companion website for Biochemistry at www.oup.com/us/mckee where you can complete a multiple-choice quiz on energy to help you prepare for exams. Once
they have mastered these foundational biochemical concepts, students are prepared to tackle the complexities of their chosen science fields. The enlargement indicates relative sizes and shapes of the major biomolecules in a bacterial cell. The shape of molecules also powerfully affects chemical reactivity. TABLE 3.1 Bond Strengths of Bonds Typically
Found in Living Organisms Bond Strength* Bond Type Covalent kcal/mol† kJ/mol >50 >210 1–20 4–80 Van der Waals forces 0), the process is called endergonic. This mechanism is also used to solubilize some exogenous organic molecules such as drugs and environmental contaminants. The eight tripeptides are as follows: ■ AAA, AAB, ABA, BAA,
ABB, BAB, BBA, and BBB. Animals, plants, fungi, and single-celled protists are examples of the eukaryotes. Most biomolecules have more than one chiral carbon. The volume of the bacterium Escherichia coli is significantly smaller at 2 to 4 μm3. Calculating an element’s mass number is complicated by the existence of isotopes, atoms of an element
with the same number of protons but different numbers of neutrons. Reversibly linked to hsp70, hsp90 completes the folding process. The energyinduced change in the shape of a motor protein subunit causes an orderly change in the shapes of adjacent subunits. A mixed anhydride is an anhydride formed from two different acids. Biochemistry in the
Lab Boxes CHAPTER 1 An Introduction CHAPTER 2 Cell Technology CHAPTER 5 Protein Technology CHAPTER 17 Nucleic Acid Methods CHAPTER 18 Genomics NEW! CRISPR CHAPTER 19 Proteomics Don t forget your favorite Biochemistry in Perspective essays from past editions, now available on the companion website at
www.oup.com/us/mckee: Organelles and Human Disease (Chapter 2) Caveolar Endocytosis (Chapter 2) Water, Abiotic Stress, and Compatible Solutes (Chapter 3) The Extremophiles: Organisms That Make a Living in Hostile Environments (Chapter 4) Protein Poisons (Chapter 5) Protein Folding and Human Disease (Chapter 5) Molecular Machines and
Motor Proteins (Chapter 5) Myosin: A Molecular Machine (Chapter 5) Enzymes and Clinical Medicine (Chapter 6) Quantum Tunneling and Catalysis (Chapter 6) Humans and Enzymes: A Brief History (Chapter 6) Scurvy and Ascorbic Acid (Chapter 7) Sweet Medicine (Chapter 7) Conversion of Fischer Structures into Haworth Structures (Chapter 7)
Fermentation: An Ancient Heritage (Chapter 8) Hans Krebs and the Citric Acid Cycle (Chapter 9) The Evolutionary History of the Citric Acid Cycle (Chapter 9) Glucose-6-Phosphate Dehydrogenase Deficiency (Chapter 10) Botulism and Membrane Fusion (Chapter 11) Sphingolipid Metabolism (Chapter 12) Starch and Sucrose Metabolism (Chapter 13)
Photosynthesis in the Deep (Chapter 13) Crassulacean Acid Metabolism (Chapter 13) The Amine Neurotransmitters (Chapter 14) The Catecholamines (Chapter 14) Parkinson s Disease and Dopamine (Chapter 14) Heme and Chlorophyll Biosynthesis (Chapter 14) The Essential Amino Acids (Chapter 14) The Nucleotides: IMP Biosynthesis (Chapter 14)
Lead Poisoning (Chapter 14) Hyperammonemia (Chapter 15) Gout (Chapter 15) Catecholamine Inactivation (Chapter 15) Heme Biotransformation (Chapter 15) Mammalian Hormones and the Hormone Cascade System (Chapter 16) Metabolism in the Mammalian Body: Division of Labor (Chapter 16) A Short History of DNA Research: The Early Years
(Chapter 17) HIV Infection (Chapter 17) The Meselson-Stahl Experiment (Chapter 18) EF-Tu: A Motor Protein (Chapter 19) Your favorite Biochemistry in the Lab boxes from past editions are also available on the companion website at www.oup.com/us/mckee: Dialysis (Chapter 3) Protein Sequence Analysis: The Edman Degradation (Chapter 5)
Glycomics (Chapter 7) Photosynthetic Studies (Chapter 13) Preface W elcome to the seventh edition of Biochemistry: The Molecular Basis of Life. Certain characteristics of the elements increase or decrease along the vertical or horizontal rows. Ligases catalyze bond formation between two substrate molecules. Building-block molecules (e.g., amino
acids, sugars, and fatty acids), either produced or acquired from the diet, are incorporated into larger, more complex molecules. iii and iv CHAPTER 2 Living Cells The Immune System at Work: Antigen Presentation In this colored scanning electron micrograph, two white blood cells are performing a vital process that can result in the destruction of
foreign cells or hostinfected cells. It is concise yet provides enough details to lay a solid biochemistry foundation."--Joe Deweese, Lipscomb University "The amount of material covered and the depth of the coverage is very good for a one-semester biochemistry course. The general formula of the cyclic alkanes, CnH2n, has two fewer hydrogens than the
alkane formula CnH2n+2. It is very reader-friendly and has a better flow than most Biochemistry textbooks. Aspirin inhibits pain perception by irreversibly inhibiting an enzyme called prostaglandin endoperoxide synthase (PTGS). Pili (singular pilus) are fine, hair-like structures that may allow cells to attach to food sources and host tissues.
Hydrocarbons (Figure 1.2) are carbon- and hydrogen-containing molecules that are hydrophobic, or insoluble in water. As a result, systems are generally protected from commonly encountered environmental changes, but they are vulnerable to unusual or rare events that cause damage. The initial velocity ν0 of the reaction A → P, where A and P are
substrate and product molecules, respectively, is (6) where [A] = concentration of substrate [P] = concentration of product t = time Initial velocity (ν0) is the velocity of a reaction when [A] greatly exceeds the concentration of enzyme E [E], and the reaction time is very short. ribosome macromolecular crowding excluded volume signal transduction
hormone 5. For most polypeptide molecules, the net free energy change between the folded and unfolded state is relatively modest (the energy equivalent of several hydrogen bonds). Zapanta – University of Pittsburgh We also wish to express our appreciation to Jason Noe, senior editor; Eric Sinkins, development editor; Katie Tunkavige, assistant
editor; Tina Chapman, marketing manager; Petra Recter, director of content and digital strategy; and John Challice, vice president and publisher. Insulin is a protein hormone that regulates several metabolic processes. 7. The external surface of the RER membrane is studded with ribosomes. Instead, the in vivo (“in life”) milieu of enzymes is a
crowded gel-like environment. Numerous types of transport proteins involved in nutrient uptake and waste product disposal also occur here. For example, dimethyl ketone is usually referred to by its original name, acetone. Proteoform: a single term describing protein complexity. Describe how these treatments work. If water molecules were linear,
like those of carbon dioxide (O=C=O), the bond polarities would balance each other and water would be nonpolar. The variety of life: a survey and a celebration of all the creatures that have ever lived. These patterns are called supersecondary structures or motifs. Chromatography Originally devised to separate low-molecular-weight substances such
as sugars and amino acids, chromatography has become an invaluable tool in protein purification. These maladies, often referred to as lysosomal storage diseases, include Tay–Sachs disease (p. If the salt concentration is high enough, there are so few water molecules available to interact with ionizable groups that the solvation spheres surrounding
the protein’s ionized groups are removed. As a result, the carbon–carbon bonds in these molecules are weak and reactive. ELIMINATION REACTIONS As their name suggests, elimination reactions involve the loss of two atoms or groups from a molecule. For example, when [S] is equal to Km, the denominator in Equation (18) is equal to 2[S], and ν is
equal to Vmax/2 (Figure 6.13). Large numbers of charged amino acids (e.g., glutamate and aspartate) and bulky R groups (e.g., tryptophan) are also incompatible with α-helix structures. As a result of these processes, several protein products, referred to collectively as proteoforms, can be produced from a single-polypeptide coding gene. McKee is
Professor of Chemistry at theUniversity of the Sciences. FIGURE 5.5 Citrulline and Ornithine Structure Both of these molecules are intermediates in the urea cycle, which is described in Chapter 15. CHAPTER 4 Nonequilibrium Thermodynamics and the Evolution of Life How does thermodynamic theory relate to energy flow in living organisms?
Highly extended and malleable disordered segments enable the molecule to “search” for binding partners in a manner similar to that of a hook on the end of a fly fisherman’s fishing rod. In the second and faster step, a weak base (often a solvent molecule) abstracts a proton from a carbon atom next to the carbocation to yield a carbon–carbon double
bond. Why do they disrupt IDPs? Disulfide bridges help stabilize many polypeptides and proteins. Surrounding the thylakoid membrane is the stroma, a dense enzyme-filled substance, analogous to the mitochondrial matrix. METALS The important metals in living organisms fall into two classes: the alkali and alkaline earth metals (e.g., Na+, K+,
Mg2+, and Ca2+) and the transition metals (e.g., Zn2+, Fe2+, and Cu2+). The removal of H2O from biomolecules containing alcohol functional groups is a commonly encountered reaction. These amino acids (and their side chain groups) are as follows: serine, threonine, and tyrosine (hydroxyl); cysteine (thiol); glutamine and asparagine (amide);
glutamate and aspartate (carboxylate); lysine (amine); arginine (guanidinium); and histidine (imidazole). The plastic centrifuge tube is then punctured, and the cell components are collected in drops from the bottom. biomolecules macromolecules metabolism homeostasis enzymes 2. This binding event initiates the transduction phase, a cascade of
intracellular reactions that triggers the cell’s response to the original signal. The plight of these fictional characters is also our own. Gene expression, the process that controls if or when a gene will be transcribed, involves the binding of transcription factors to specific regulatory DNA sequences called response elements. FIGURE 12 Formation of
Methyl Acetate Step 1 Acetic acid is protonated on its carbonyl oxygen to form the conjugate acid of acetic acid. The binding of sufficient numbers of acetylcholine molecules to acetylcholine receptors on the surface of the postsynaptic muscle cell results in muscle contraction. Consider the following reversible reaction: Without a catalyst, the reactant
A is converted into the product B at a certain rate. Two major types of chemical bonds are ionic and covalent. Cytosine always pairs with guanine; thymine always pairs with adenine. The iron mineral magnetite (Fe3O4) forms inclusions, called magnetosomes, which allow some species of aquatic anaerobic prokaryotes to orient themselves with the
earth’s magnetic field. In most cells, SER is involved in the synthesis of lipid molecules. Benzene is one of the simplest aromatic hydrocarbons (p. However, assays for marker enzymes (enzymes that are known to be present in especially high concentration in specific organelles) are more commonly used. Calcium ions then trigger the fusion of
neurotransmitter vesicle membrane with the nerve cell membrane, thus releasing their contents into the neuromuscular junction. For example, carbon dioxide (CO2) has one carbon atom with four valence electrons and two oxygen atoms, each with six valence electrons. Many naturally occurring amino acids are not α-amino acids. Because peptide
bonds are rigid, the conformational degrees of freedom of a polypeptide chain are limited to rotations around the Cα—C and Cα—N bonds. phosphoryl group transfer potential adenosine adenosine monophosphate high-energy bond resonance hybrid 45. 148). A mutational change alters a polypeptide by substituting three adjacent prolines for three
glycines. Rubisco is the enzyme that incorporates CO2 into organic molecules. The hyphenated lines represent hydrogen bonds. In peptides and proteins, thiol groups are used to advantage in stabilizing protein structure and in thiol transfer reactions, but free cystine in tissue fluids can be problematic because of its low solubility. Abel – Baylor
University Gul Afshan – Milwaukee School of Engineering Kevin Ahern – Oregon State University Mark Annstron – Blackburn College Josephine Arogyasami – Southern Virginia University Curt Ashendel – Purdue University Donald R. The pH of the 0.1 M solution of acetic acid is calculated as follows: ■ In decomposition reactions, a compound breaks
down to form simpler products when the reactant absorbs enough energy so that one or more of its bonds breaks. Several types of nucleophilic substitution reactions occur in living organisms. Phosphorus (1s22s22p63s23p3), in the nitrogen family, most commonly occurs in living organisms as phosphate (PO4−3) (e.g., in the nucleic acids DNA and
RNA and as a structural component of bones and teeth). Gimble – Purdue University Mark Gomelsky – University of Wyoming George R. As a polypeptide folds, hydrophobic R groups are brought into close proximity because they are excluded from water. As the N2 and H2 molecules become adsorbed onto the surface of the metal, where they are
more likely to be in a favorable orientation for successful collisions, the bonds in both molecules are weakened. The chains are held together by disulfide bridges (yellow lines) and noncovalent interactions. Cyst formation causes a catastrophic loss of function in polycystic kidney disease. Calculate the total number of possible decapeptides (molecules
with 10 amino acid residues linked by peptide bonds) that can be synthesized from the 20 standard amino acids. The properties of these important molecules are described next. As a result of CREB-CBP binding, CREB forms a dimer that alters the expression of certain genes when it binds to its response element. α + β-Domains are primarily β-sheets
with one or more outlying α-helices. As the intermediate breaks down, a proton is transferred from a nearby water molecule. Fibronectin, a glycoprotein in the extracellular matrix, binds to components such as collagen and proteoglycans (p. (The creation of the Madagascar tapestry cost $500,000.) An alternative strategy for producing artificial spider
silk is biomimetic industrial synthesis. Vesicle fusion with the early endosome is preceded by removal of the clathrin coat. IDPs and IDRs play a central role in cellular signaling and regulatory processes because, in addition to providing a larger surface area than globular proteins and accessible sequences for covalent modification (advantages in
signal transduction), IDPs and IDRs have multiple short-sequence motifs (3 to 7 amino acid residues) that permit interaction with numerous other proteins. The stones may cause pain, infection, and blood in the urine. The transition elements are metals with special properties. The hydroxyl groups serve other functions in proteins. Despite their many
similarities, groups of living organisms differ in the precise strategies they use to acquire energy from their environment. Hsp90 functions as a dimer. Polypeptide subunits assemble and are held together by noncovalent interactions such as hydrophobic and electrostatic interactions and hydrogen bonds, as well as covalent cross-links. Short-Answer
Questions 33. The β-hairpin loop, a commonly observed type of loop, is a 180° turn commonly involving two to seven residues between antiparallel hydrogen-bonded β-strands. Diethyl ether (CH3CH2—O— CH2CH3), the best-known ether, was the first anesthetic used in surgery (late nineteenth century) and is still used as a solvent. For example, 1butene and 2-butene are referred to as positional isomers. It is known that enzymes achieve significantly higher catalytic rates than other catalysts because their active sites possess structures that are uniquely suited to promote catalysis. They are linked to each other by polypeptide sequences that form the random coil, left-hand helices, and β-spirals
that provide elasticity. They are bounded by a cell wall and a plasma membrane. FIGURE 6 sp3 Orbitals Hybridization of an s orbital and all three p orbitals gives four identical sp3 orbitals. The subsections that follow describe the catalytic mechanisms of two well-characterized enzymes. Glycoproteins and glycolipids occur on the external surface of
cell membranes in multicellular organisms, where they play critical roles in the interactions between cells. As babies proceed down the birth canal, colonization begins as they are exposed to their mother’s microbiota. Second, changes in ionizable groups may change the tertiary structure of the enzyme. Hydrogenation and hydration are two addition
reactions that occur frequently in living organisms. In a modern variation of the lock-and-key model, Daniel Koshland’s induced-fit model, the flexible structure of proteins is taken into account (Figure 6.2). Molybdenum (Mo) has a vital role in nitrogen fixation. OUTLINE SPIDER SILK: A BIOSTEEL PROTEIN 5.1 AMINO ACIDS Amino Acid Classes
Biologically Active Amino Acids Modified Amino Acids in Proteins Amino Acid Stereoisomers Amino Acid Ionizable Side Chain Groups and pH Amino Acid Reactions 5.2 PEPTIDES 5.3 PROTEINS Functions Shape and Composition Protein Structure The Folding Problem Fibrous Proteins Globular Proteins Biochemistry in Perspective Spider Silk and
Biomimetics Biochemistry in the Lab Protein Technology AVAILABLE ONLINE: Biochemistry in Perspective Protein Poisons Biochemistry in Perspective Protein Folding and Human Disease Biochemistry in Perspective Molecular Machines and Motor Proteins Biochemistry in Perspective Myosin: A Molecular Machine Biochemistry in the Lab Protein
Sequence Analysis: The Edman Degradation Spider Silk: A Biosteel Protein S piders have evolved over 400 million years into exceptionally successful predators. Nuclear pores, referred to as nuclear pore complexes (NPCs) (Figure 2.20), vary in number in vertebrates from 2000 to 4000 per nucleus. Consider the titration of glutamate (Figure 5.9), an
amino acid with a side chain carboxyl group, with a strong base such as NaOH. Good reactants for SN1 reactions are molecules with tertiary carbons that can form a stable carbocation when the leaving group is released. KEY CONCEPTS Although small in comparison to larger protein molecules, peptides have significant biological activity. What
classes of enzymes are involved? The four DNA-binding domains are linked to the tetramerization domains by disordered segments (also hidden). The loss of an additional electron to form Fe+3 {[Ar]3d5} requires more energy. FIGURE 5.16 Sickle-Cell Hemoglobin HbS molecules aggregate into rod-like filaments because the hydrophobic side chain of
valine, the substituted amino acid in the β-chain, interacts with a hydrophobic pocket in a second hemoglobin molecule. The primary cilium functions, instead, as a sensory organelle; that is, it acts as a cellular antenna. The oxidation halfreaction is where the two zinc atoms lose two electrons each. 207–09), are sensitive to pH changes. Reducing [A]
by half results in halving the observed reaction rate. As a result, two isomeric products may be produced. FIGURE 1.14 Activation of a Fatty Acid Before a fatty acid can be degraded to yield energy or used in the synthesis of a triacylglycerol, it must first be activated. 17. Self-Assembly Many of the working parts of living organisms are supramolecular
structures. Fluorophores are used in the time-lapse investigation of a wide variety of cell functions, including signal transduction mechanisms. (b) Molecules separate and move in the gel as a function of molecular weight and shape. work kinetically favorable thermodynamically favorable closed system open system 3. What features of living organisms
does this process illustrate? Electron micrographs may be enlarged photographically to 10,000,000×. For example, two allysine residues react to form an aldol cross-linked product: Lathyrism is a disease of humans and domestic animals caused by consumption of any of several species of the plant genus Lathyrus. 546) is an important metabolite that
serves as a methyl donor in numerous biochemical reactions. The dissociation constants for the ES complex and the ETS complex are KS = [E][S]/[ES] and KT = [E][TS]/[ETS], respectively. As they do so, they mix, forming four identical sp3 orbitals (Figure 6). For example, glycine and glutamic acid function in animals as neurotransmitters, signal
molecules released by nerve cells. Photosynthesis 14. Life emerges from a self-regulating network of thousands of biochemical reactions. W ithout enzymes, most of the thousands of biochemical reactions that sustain living processes would occur at imperceptible rates. Name three waste products that animal cells produce. FIGURE 5A Diagrammatic
View of a Spider Silk Filament Segment The structure of spider silk is not known with precision. Zinc (Zn, atomic number = 30) is not considered a transition metal because its 3d subshell has 10 electrons. Weak acids and weak bases are so named because they dissociate only to a limited extent and establish a dynamic equilibrium with their ions. In
addition, the active site provides a hydrophobic binding pocket for the substrate’s phenylalanine side chain. Like the group 1 metals, the alkaline earth metals are strong reducing agents, although each element is somewhat less reactive than the alkali metal that precedes it. Examples include the hedgehog and Wnt signaling pathways, both of which
have important roles in animal development. (b) A water molecule is formed in the reaction. During this process, most water molecules are excluded from the protein’s interior, making interactions between both polar and nonpolar groups possible. Such molecules, called enantiomers, cannot be superimposed on each other. Fibronectin (Figure 5.21)
contains three repeating domains: Fl, F2, and F3. Water’s chemical and physical properties (described in Chapter 3) that result from its unique polar structure and its high concentration make it an indispensable component of living organisms. Nature Methods 10(3):186–7. The discussion of glycolysis regulation includes a revised presentation of
hexokinases. Step 3 The oxonium ion (the protonated intermediate formed in step 2) loses a proton to form a neutral tetrahedral intermediate. Critical-Thinking Questions 58. Signal molecules transported by IFT ultimately result in gene expression changes within the nucleus. New York (NY): McGrawHill. CHAPTER 13 The Artificial Leaf: Biomimetic
Photosynthesis Can humans successfully produce solar fuels as a substitute for environmentally damaging fossil fuels? SUN domain proteins, which are integral INM proteins, bind to the KASH domains of the ONM nesprins to form the LINC complex. Gauthier – Laurentian College Frederick S. Electrophoresis Because proteins are electrically
charged, they move in an electric field. Carbohydrates 8. Ligases. Since the transition state possesses more energy than the reactant or the product, it is also the least stable. i ii i and ii ii and iii 73. For Instructors ANCILLARY RESOURCE CENTER The Ancillary Resource Center (ARC) at www.oup- arc.com is a convenient, instructor-focused single
destination for resources that accompany the text. All life processes consist of chemical reactions catalyzed by enzymes. As illustrated in Figure 5.29a, an energy landscape with a funnel shape appears to best describe how an unfolded polypeptide with its own unique set of constraints (its amino acid sequence, posttranslational modifications, and
environmental features within the cell such as temperature, pH, and molecular crowding) negotiates its way to a low-energy folded state. If a substrate contains an ionizable group, a change in pH may alter its capacity to bind to the active site. In a process called intraflagellar transport (IFT), kinesins move particles containing molecules required for
ciliary or flagellar assembly and maintenance along the outer pair of microtubules toward the cell periphery. (b) Dimensions of a dipeptide. Hairpin turns allow flanking β-strands to interact. Alcohols can be classified by the number of alkyl groups (designated as R groups) attached to the carbon adjacent to the –OH group. For this experiment,
doubling the concentration of ethanol doubles the rate of the reaction; therefore, x is 1. Molecules into cells: specifying spatial architecture. Visit the companion website at www.oup.com/us/mckee to read the Biochemistry in Perspective essay Caveolar Endocytosis. In the absence of the toxic drug molecules, these cells again grow uncontrollably and
eventually become the dominant cells in the tumor. How are these components functionally connected? These individuals have their first heart attacks in young adulthood. Improvements to the general and organic chemistry primer New visual chapter summaries About the Author(s) Reviews James R. Topics in the organic chemistry section include
the structure and chemical properties of carbon-containing compounds, nucleophiles and electrophiles, functional group structure and chemical behavior, and organic reaction classes. The quantitative study of enzyme catalysis, referred to as enzyme kinetics, provides information about reaction rates. • At low magnification, ribosomes and inclusion
bodies of several types appear to be present in an otherwise featureless cytoplasm when viewed under low magnification. The shutting of the lid also traps and stabilizes the intermediate. The double bond in alkenes is formed from the overlap of two carbon sp2 orbitals (a σ bond) and the overlap of two unhybridized p orbitals (one from each carbon)
to form a π bond. The strongest electrostatic interaction in proteins occurs between ionic groups of opposite charge. Organic Reactions and the Transition State Biochemical reactions follow the same set of rules as the reactions studied by organic chemists. Certain amino acids foster or inhibit specific secondary structural patterns. Functions of the
SER include lipid synthesis and biotransformation. Because of the substitution of a hydrophobic valine for a negatively charged glutamate, HbS molecules aggregate to form rigid rod-like structures in the oxygen-free state (Figure 5.16). Balance the following reaction and calculate its ΔH value: where the ΔH values (kcal/mol) are as follows:
C17H35COOH (−211.4) O2 (0) CO2 (−94) H2O (−68.4) SECTION 4.2 Comprehension Questions 25. The most common reaction of this group is a reversible oxidation that forms a disulfide. Most often they are components of several types of lipid molecules (Figure 1.10). Type A and type B lamins each polymerize to form separate types of filament.
Prominent examples include the disulfide bridges in the immunoglobulins (Figure 5.24) and the desmosine and lysinonorleucine linkages in certain connective tissue proteins. FIGURE 2.24 The Mitochondrion (a) Membrane and crista. MCAT Study Questions 71. They are known as GroEL in bacteria and hsp60s in eukaryotes, and their function
requires lid-shaped co-chaperones. McKee ABOUT THE AUTHORS Trudy McKee is a biochemist who has taught Biochemistryat Thomas Jefferson University, Rosemont College, ImmaculataCollege, and the University of the Sciences. Most moonlighting proteins were first identified as enzymes or receptors. In addition to its capacity to form stable
covalent bonds with other carbon atoms to form long chains, branch chains, and rings, carbon also forms stable covalent bonds with a variety of other elements (e.g., hydrogen, oxygen, nitrogen, and sulfur). Consider, for example, a hypothetical protein composed of 100 amino acids. For alkenes with more than three carbons, the carbons are
numbered in reference to the double bond so that the numbers are the lowest possible. Storage. A process is isothermic if ΔH = 0. Keratin (Figure 5.33) is a fibrous protein composed of bundles of α-helices, whereas the polypeptide chains of the silkworm silk protein fibroin (Figure 5.34) are arranged in antiparallel β-pleated sheets. If stress is severe,
the RER initiates the unfolded protein response (UPR) in an attempt to restore proteostasis. Although a polar molecule always contains polar bonds, some molecules with polar bonds are nonpolar. In addition, many enzymes have little affinity for the product, so the reverse reaction is less possible. Salt concentration. 119–20). Anfinsen’s discovery
suggested that the three-dimensional structure of any protein could be predicted if the physical and chemical properties of the amino acids and the forces that drive the folding process (e.g., bond rotations, free energy considerations, and the behavior of amino acids in aqueous environments) were understood. Note that there are 3.6 residues per turn
of the helix, which has a pitch of 0.54 nm. The imine products of this reaction are often referred to as Schiff bases. RNA molecules are synthesized in a process called transcription. Resonance hybridization explains why the amide functional group is planar, with the nitrogen’s sp2 orbital forming a π bond with the carbonyl carbon atom. In recent
years, excessive antibiotic use, poor diets (e.g., those high in fat and sugar and low in fiber), and chronic stress have contributed to a rise in disrupted gut microbiota, characterized most notably by low species diversity. Because all the linkages connecting the amino acid residues consist of single bonds, each polypeptide might be expected to undergo
constant conformational changes caused by rotation around the single bonds. For example, attempts to use recombinant DNA technology to synthesize spider silk by inserting silk genes into bacteria and then recovering silk proteins have been disappointing for a variety of reasons (e.g., high costs and use of toxic solvents). The outer membrane is
relatively permeable, and small molecules move across it through porins, transmembrane protein complexes that contain channels. The metabolic pathways by which energy is generated and used by living organisms are briefly outlined next, followed by the basic mechanisms by which cellular order is maintained. Ethylmethyl ketone is also referred
to as 2butanone. The _____________ free energy is defined for reactions at 298 K and 1.0 atm pressure with all solutes at a concentration of 1.0 M. hydration hydrolysis addition elimination 75. The clathrin-coated vesicle is then excised from the plasma membrane by dynamin, a GTP-requiring protein that encircles and constricts the vesicle’s neck until
a fully formed coated vesicle is released from the plasma membrane. (b) Plot of initial velocity v versus substrate concentration [S]. Affinity chromatography is an efficient method of protein purification that takes advantage of the unique biological properties of proteins. The number of molecules of a substance per unit volume affects the likelihood of
collisions. The LDL receptors are recycled back to the plasma membrane, and LDL molecules (lipids and proteins) are degraded within lysosomes. A high oxygen concentration drives the conversion from the deoxyHb configuration to that of oxyHb. The change in the protein’s three-dimensional structure initiated by the binding of the first oxygen
molecule releases bound CO2, H+, and BPG. At what level of protein structure does each of the following denaturation act? 177), and lipoproteins contain lipid molecules. Kennedy M. Examples within a cell include amino acids, proteins, and biochemical pathways. Proc Nat Acad Sci 111(45):15873– 80. 12 c. Important roles of microfilaments include
involvement in cytoplasmic streaming (a process that is most easily observed in plant cells in which cytoplasmic currents rapidly displace organelles such as chloroplasts), ameboid movement (a type of locomotion created by the formation of temporary cytoplasmic protrusions), and muscle contraction. In the reaction in which ethanol is oxidized to
form acetaldehyde FIGURE 6.1 A Catalyst Reduces the Activation Energy of a Reaction A catalyst alters the free energy of activation ΔG‡, not the standard free energy ΔG° of the reaction. FIGURE 5.25 Desmosine and Lysinonorleucine Linkages Quite often the interactions between subunits are affected by the binding of ligands. Each subunit contains
a heme group that binds reversibly with oxygen. 42. The dynamic hydration shell that forms around a protein (Figure 5.23) also contributes to the flexibility required for biological activity. Each system allows certain functions to be performed. In polar covalent bonds, there is an unequal sharing of electrons because the atoms have different
electronegativities. A catalyst provides a different pathway for the reaction, thereby lowering the activation energy. Greater attention is given to the functions of insulin and receptor tyrosine kinase signaling. As the hydroxide ion attacks the polarized carbon atom of the carbonyl group (Figure 6.5a), a tetrahedral intermediate is formed. The surface
of the iron nail turns to reddish brown because of the deposition of metallic copper. • The secondary structure of polypeptides is stabilized by hydrogen bonds. 2005. SECTION 1.4 Comprehension Questions 56. What advantage do these circumstances have over allowing the cell contents to freely diffuse in the cytoplasm? Often, the organelle fractions
obtained with this technique are not sufficiently pure for research purposes. The letter g indicates that CO2 is a gas. Hydrogen bonds. The eight electrons removed from methane, the reducing agent, are used in combination with four protons to reduce the oxygen atoms to form two water molecules. What structural feature of the peptide bond gives it
additional bond strength? MEASURING CHEMICAL REACTIONS Chemists use the mole concept as a means of determining the amounts of the reactants and products in chemical reactions. For example, if m is equal to 1, the reaction rate doubles when the concentration of reactant A doubles. These binding events involve conformational changes in
the globular protein’s structure. Mildly damaged mitochondria can be rescued when they fuse with healthy mitochondria (i.e., components from a healthy mitochondrion compensate for those in the damaged organelle). Students are also provided with overviews of the major physical and chemical techniques that biochemists have used to explore life
at the molecular level. 233), chymotrypsin is one of several digestive enzymes that are secreted into the small intestine as a component of pancreatic juice. Each hair cell, also called a fiber, contains several macrofibrils. carbonyl group carboxyl group amino group hydroxyl group peptide bond 14. A large number of oligomeric proteins contain two or
four subunit protomers, referred to as dimers and tetramers, respectively. Unstructured segments within an otherwise structured molecule are called intrinsically disordered regions (IDRs). KEY CONCEPTS • The amino acid side chains in the active site of enzymes catalyze proton transfers and nucleophilic substitutions. Specialized regions of plasma
membrane called coated pits (composed of clathrin triskelia, not shown) progressively invaginate to form closed vesicles. In these reactions, electrons are removed or added as hydrogen atoms (H•) or hydride ions (H:–, i.e., an anion with one proton and two electrons). After the protein-containing fraction has been obtained, several relatively crude
methods may be used to enhance purification. With three electrons, lithium (Li) has a 1s22s1 configuration. (b) In a ribbon model, α-helices appear as spiral ribbons, and flat arrows represent β-strands. i = alcohol ii = ester iii = aromatic iv = carboxylic acid a. The electron-deficient hydrogens of one water molecule are attracted to the unshared pairs
of electrons of another water molecule because of the large difference in electronegativity of hydrogen and oxygen. 216–17), the close proximity of an aspartate carboxylate group to histidine raises the latter’s pKa. As a consequence, histidine, acting as a general base, abstracts a proton from a nearby serine side chain, thus converting the oxygen of
serine into a better nucleophile. Scientists who study enzyme mechanisms use such methods as X-ray crystallography, chemical inactivation of active site side chains, and modeling with simple model compounds as substrates and as inhibitors. Most are identified on the basis of nutritional requirements, energy sources, chemical composition, and
biochemical capacities. acid hydrolase mitochondrion lysosome autophagy peroxisome 52. Protein Sci 13:306l–5. This wave of change is transmitted to nearby subunits in a process that resembles a series of dominoes falling. Brief Contents 1. Allosteric effects can be positive or negative, depending on whether effector binding increases or decreases
the protein’s affinity for other ligands. The concept of the enzyme–substrate complex, first enunciated by Victor Henri in 1903, is central to Michaelis–Menten kinetics. Simian Virus 40 is a virus in which its DNA genome is enclosed in a protein shell composed of 360 copies of one protein (VP-1). In most humans, more than 90% of the microorganisms
in the intestines belong to two phyla: the Firmicutes and Bacteroidetes. For example, hemoglobin (the protein that transports oxygen in the blood to the body’s cells) requires ferrous iron (Fe2+) to be functional. Borland – University of Cincinnati Brenda Braaten – Framingham State College John Brewer – University of Georgia Martin Brock – Eastern
Kentucky University David W. For example, phosphorus has a +5 valence in phosphoric acid (H3PO4), sulfur has a valence of +6 in the sulfate ion (SO42−), and chlorine has a +1 valence in the hypochlorite ion (ClO–). In recent years, large numbers of RNA molecules have been discovered that are not directly involved in protein synthesis. Kudolo –
University of Texas Health Science Center at San Antonio Chandrika Kulatilleke – The City University of New York – Baruch College and the Graduate Center Karen Lewis – Texas State University Arthur Lesk – Penn State University Dennis Matlock – Harding University Cornelia Mihai – Northwestern Oklahoma State University Eugene Mueller –
University of Louisville Kyle Murphy – Rutgers University Michelle Marie Osovitz – St. Petersburg College Scott Pinkerton – Bellevue University Gerry Prody - Western Washington University Niina Ronkainen – Benedictine University Michael Sehorn – Clemson University Ivan Shibley – Penn State Lisa Stephens – Marist College Kari Stone –
Benedictine University Toni Trumbo Bell – Bloomsburg University of Pennsylvania Craig Vander Kooi – University of Kentucky Eric Wagner – Western Washington University Thao Yang – University of Wisconsin-Eau Claire We would also like to thank the individuals who reviewed the first six editions of this text: Erika L. As water-soluble polypeptides
emerge into the ER lumen, the folding process, facilitated by processing enzymes and molecular chaperones (proteins that facilitate protein folding), begins. New York (NY): Springer Verlag. Ethene (H2C CH2), also known by the older name ethylene, is the first member of the series. Bardet–Biedl syndrome (BBS) is an example of a pleiotropic disease
(a condition in which a genetic defect results in numerous and seemingly unrelated symptoms). 40. Chromoplasts accumulate the pigments that are responsible for the color of leaves, flower petals, and fruits. Arterial blood, enriched in O2, delivers it to the tissues. Examples include nucleic acids, proteins, and polysaccharides, which are formed from
nucleotides, amino acids, and sugars, respectively. The primary cilia at a glance. Each carbon also possesses two unhybridized 2p orbitals. FIGURE 5C Illustration of the Silk Spinning Spigots of a Spider Spinneret Note that emerging filaments are twisting together to form a fiber. g. (b) Close-up view of the nucleoid. The science of bioinformatics is
the computer-based field that facilitates analysis of the massive amounts of protein and nucleic acid sequence data that are being generated. NMR can also provide information about a protein’s responses to interactions with other molecules or changes in conditions such as temperature and pH. Aspirin, the most widely used medication in the modern
world, inhibits pain perception and inflammation by preventing the conversion of a 20-carbon fatty acid called arachidonic acid into PGG2 (prostaglandin G2), the precursor of a group of molecules called the eicosanoids (prostaglandins and thromboxanes, p. (If k2 is much smaller than k–1, that is, k2 In addition to the pentose sugar deoxyribose and
phosphate, DNA contains bases of four types: the purines adenine and guanine and the pyrimidines thymine and cytosine; adenine pairs with thymine and guanine pairs with cytosine. Not all collisions result in chemical reactions because only a fraction of the molecules have sufficient energy or the correct orientation to react (i.e., to break bonds or
rearrange atoms into product molecules). [A mechanism describes how bonds are broken and new ones formed in the conversion of substrate(s) to product(s).] Enzyme mechanism investigations seek to relate enzyme activity to the structure and function of the active site. In modern times, spider silk has served as crosshairs in scientific equipment
and gun sights. WORKED PROBLEM 7 Consider the following combustion reaction equation: Identify the elements that are being reduced, oxidized, or unchanged in this reaction, and the reducing or oxidizing agents. Information, or signals, come in the form of molecules (e.g., nutrients), physical stimuli (e.g., light) and mechanical force. Economic
conditions often dictate life science career choices. Step 5 The hydroxyl protonated intermediate formed in step 4 loses a molecule of water to yield the protonated form of the ester. 3D animation of triacylglycerol FIGURE 1.11 Nucleotide Structure Each nucleotide contains a nitrogenous base (in this case, adenine), a pentose sugar (ribose), and one
or more phosphates. These two isomers are mirror images of each other. CHAPTER 11 NEW! Alzheimer’s Disease and Apolipoprotein E4 What structural property of apolipoprotein E4 is responsible for making it a high-risk factor for Alzheimer’s disease? Assume that coal is pure carbon. The carbohydrate molecules play important roles in cell–cell
recognition (a form of intercellular communication) and adhesion, receptor specificity, and self-identity (an immune system requirement). The new proton converts the carbon-14 atom to a stable nitrogen-14 atom. What has not been widely appreciated is the critical role that hydration (the noncovalent interaction of water molecules with solutes) plays
in the architecture, stability, and functional dynamics of macromolecules such as proteins and nucleic acids. O2 is released as a result of proton-induced conformational changes in the Hb molecule. Describe the possible functions of proteins in the bacterial plasma membrane. Although biological machines are composed of relatively fragile molecules
(primarily proteins) that cannot withstand the physical conditions (e.g., heat and friction) associated with human-made machines, the two device classes do share important features. RNA is a single-stranded polynucleotide that differs from DNA in that it contains the sugar ribose instead of deoxyribose and the base uracil instead of thymine. ChapterOpening Vignettes Biochemistry in Perspective Essays Biochemistry in the Lab Boxes Preface General and Organic Chemistry Review Primer Biochemistry: An Introduction Living Cells Water: The Matrix of Life Energy Amino Acids, Peptides, and Proteins Enzymes Carbohydrates Carbohydrate Metabolism Aerobic Metabolism I: The Citric Acid Cycle
Aerobic Metabolism II: Electron Transport and Oxidative Phosphorylation Lipids and Membranes Lipid Metabolism Photosynthesis Nitrogen Metabolism I: Synthesis Nitrogen Metabolism II: Degradation Integration of Metabolism Nucleic Acids Genetic Information Protein Synthesis Appendix: Solutions Glossary Credits Index Contents Cover Half Title
Title Page Copyright Dedication Brief Content Content Chapter-Opening Vignettes Biochemistry in Perspective Essays Biochemistry in the Lab Boxes Preface Half Title 1 Common Abbreviations in Biochemistry General and Organic Chemistry Review Primer CHAPTER 1 Biochemistry: An Introduction Why Study Biochemistry? In supramolecular
complexes such as collagen fibers, replacement of smaller worn-out or damaged components can be managed more effectively. The molarity of the glucose solution is then calculated by dividing the number of moles by the number of liters. Cells may be disrupted by several methods, but homogenization is the most commonly used. Provide examples of
biochemical phenomena that are directly affected by macromolecular crowding. Cross-striations are about 680 Å apart. At each cisterna, COPI-coated vesicles are formed that transfer these molecules from older to younger cisternae. Heavy metals also bond with sulfhydryl groups, which may result in significant changes in protein structure and
function. The chemical properties of heme are dependent on the Fe2+ ion in the center of the heme prosthetic group. Genetic information stored in genes, the linear sequences of nucleotides in deoxyribonucleic acid (DNA), in turn specifies the linear sequence of amino acids in proteins and how and when those proteins are synthesized. It is the
filaments of the cytoskeleton and nucleoskeleton that facilitate and support signal transduction processes. P-33–P-34, this reaction occurs via an E1cB mechanism. 52. Although the macromolecules occupy only 30% of the volume, the introduced macromolecule is excluded. All organisms are composed of the same set of chemical elements, primarily
carbon, nitrogen, oxygen, hydrogen, sulfur, and phosphorus. (A biochemical pathway is a series of reactions in which a specific molecule is converted through a single or many steps into a terminal product.) The sum of all the reactions in a living organism is referred to as metabolism. Proteins are extraordinarily complex molecules. Fibrous proteins
(e.g., α-keratin and collagen), which contain high proportions of α-helices or β-pleated sheets, have structural rather than dynamic roles. Using X-ray diffraction studies, they characterized the peptide bond (1.33 Å) as rigid and planar (flat) (Figure 5.11). Its active site contains a zinc (Zn2+) cofactor that is coordinated with three histidine side chains
(Figure 6.6b). Synthesis of separate subunits may be more efficient than substantially increasing the length of a single polypeptide chain. As the lone pair on the nitrogen approaches the HCl, the latter becomes more polarized (i.e., the hydrogen becomes more positive), eventually causing the formation of a coordinate covalent bond between the
nitrogen and the hydrogen as the hydrogen–chloride bond breaks. If light energy is involved in a reaction, hν (ν is the lowercase Greek letter nu) is placed above the arrow. The ultimate source of the energy used by most life-forms on Earth is the sun. The periplasmic space, the region between the outer membrane and the plasma membrane, is filled
with a gelatinous fluid that contains, in addition to peptidoglycan, a variety of proteins. In addition, hsp90 also coordinates the assembly of protein complexes such as RNA polymerase II (p. Note that the prefix in each of these names indicates the number of carbon atoms (e.g., meth- = 1 carbon atom) and the suffix -ane indicates a saturated molecule.
Table 6.2 presents an example from each enzyme class. Desmosine (Figure 5.25) cross-links connect four polypeptide chains in the rubber-like connective tissue protein elastin. The failure of polypeptides to fold within the RER, resulting in an accumulation of misfolded molecules, is a potential threat to the entire cell since overall cell function can be
disrupted. Some proteins are more resistant to heat denaturation, and this fact can be used in purification procedures. Visit the companion website at www.oup.com/us/mckee to read the Biochemistry in Perspective essay on quantum tunneling. The exchange of energy between a system and its surroundings can occur in two ways: _____________ and
_____________. In living organisms, the most common type is feedback control (Figure 1.22), a self-regulating mechanism in which the product of a process acts to modify the process, either negatively or positively. Although courses in these subjects are prerequisites, students often have trouble recalling the detailed chemical information that will help
them understand the chemical processes in living organisms. Sulfation and phosphorylation reactions also occur. Plasma Membrane Directly inside the cell wall of bacteria is the plasma membrane (Figure 2.8). Oligomers are composed of protomers, which may consist of one or more subunits. The Biochemistry in Perspective feature on diabetes has
been expanded to cover type 3 diabetes and the link between insulin resistance and obesity, atherosclerosis, and fatty liver disease. ΔGo′ a. Many molecules form transient intermediates, which may or may not result in a trapped misfolded state. First, catalytic activity is related to the ionic state of the active site. 574). Hsp100 assists hsp70 in the
disassembly of protein aggregates. In multicellular eukaryotes, complexity is increased by cellular specialization and intercellular communication mechanisms. Adenosine diphosphate is the leaving group. In other words, the structure of the active site is used to optimally orient the substrate. The carbanion electrons displace the hydroxyl (–OH) group
from carbon-3, forming a carbon–carbon π bond. BPG stabilizes deoxyHb, thus providing a mechanism for increasing O2 unloading when energy demand is high. As the protein moves through the segments, nascent silk polymer forms as a result of increasing shear stress (force applied by the parallel duct wall) and several biochemical environment
changes. A prominent symptom of the disease is the deposition of copper in greenishbrown layers surrounding the cornea, called Kayser–Fleischer rings. Gel-filtration chromatography (Figure 5E) is a form of size-exclusion chromatography in which particles in an aqueous solution flow through a column (a hollow tube) filled with gel and are separated
according to size. SOLUTION (B) At pH values below the pI (in this case 2.98), aspartic acid is positively charged and moves to the cathode. The alkanes are unreactive except for combustion (p. REACTION KINETICS As informative as a chemical reaction’s equation is, it reveals nothing about several important properties of the reaction: (1) How fast
does the reaction occur? Over many generations, the interplay of environmental change and genetic variation can lead to the accumulation of favorable traits and eventually to increasingly different forms of life. Initial Concentrations (mol/L) Ethanol NAD+ Rate (mmol/s) 0.1 0.1 1 × 102 0.2 0.1 2 × 102 0.1 0.2 2 × 102 0.2 0.2 4 × 102 SOLUTION The
overall initial rate expression is To evaluate x and y, determine the effect on the rate of the reaction of increasing the concentration of one reactant while keeping the concentration of the other constant. When the sodium salt of a fatty acid is mixed with water, the carboxylate group of the molecule becomes hydrated, but the hydrophobic portion of
the molecule is poorly hydrated, if at all. Chirality has a profound effect on the structural and functional properties of biomolecules. This binding, which is possible because of complementary noncovalent bonding interactions between active site functional groups and the substrate, allows the precise orientation of the substrate to the catalytic groups.
For a reaction with the equation Keq is calculated as the ratio of the molar concentrations of product and reactant, each of which is raised to the power of its coefficient. Amazingly, when the Madagascar tapestry was on display in a New York museum, the owners challenged an onlooker to break a thread in one of the tassels. Vasopressin also has
roles in parenting behavior and social bonding. The science of chemical kinetics seeks to answer these and other questions about chemical reaction rates (i.e., the change in the number of product and reactant molecules as the reaction progresses). Nucleophilic attack by water gives a protonated alcohol. The product of a Lewis acid–base reaction
contains a new covalent bond. As a consequence of their rod-like or sheet-like shapes, many fibrous proteins have structural rather than dynamic roles. For example, if an iron nail is placed in an aqueous solution of copper (II) sulfate (i.e., copper with a +2 oxidation state), the color of the solution turns from blue to green because the iron displaces
the copper from copper sulfate to yield iron sulfate. Biofilms provide microorganisms with a protective barrier and are a significant feature in a variety of medical conditions (e.g., tooth decay, cystic fibrosis, and tuberculosis). Examples in eukaryotic cells include cell division and organelle movement, two processes that depend to a large extent on the
structure and function of a complex network of protein filaments known as the cytoskeleton. Why are these molecules so large? As the biological knowledge base has continued to expand, it has become increasingly obvious that future advances in life science and medical research will require the efforts of multidisciplinary teams of scientists. Glucose1-phosphate has a ΔG°′ value of −20.9 kJ/mol, whereas that for glucose-6-phosphate is −12.5 kJ/mol. Electron groups include bonding and nonbonding electron pairs or the pairs of electrons in double or triple bonds. During catabolic pathways large complex molecules are degraded into smaller, simpler products. There are 3.6 amino acid residues per
turn of the helix, and the pitch (the distance between corresponding points per turn) is 0.54 nm. Among these are atomic radius (decreases across a period from left to right and increases down a group), ionization energy (increases from left to right across a period and increases up a group), electron affinity (increases from left to right across a period
and increases up a group), and electronegativity (increases from left to right across a period and increases up a group). Two of the corners are occupied by hydrogen atoms, each of which is linked to the oxygen atom by a single covalent bond (Figure 3.2). As described previously (p. Inadequate water results in catastrophe. _____________ is a protein
meshwork attached to the inner surface of the inner nuclear membrane. One form of RP is caused by a defective version of RP1, a gene that codes for a MAP in the outer segment of rod cells. • Their DNA molecules, which are circular, are located in an irregularly shaped region called the nucleoid. The tetrahedral intermediate subsequently
decomposes to form the covalently bound acyl-enzyme intermediate (step c). FIGURE 5 Common Molecular Geometrics These structures illustrate the spatial orientations of electron groups. Each polypeptide component in these molecular complexes is called a subunit. Covalent bonds. Each p orbital is dumbbell-shaped, and each d orbital is double
dumbbell-shaped. The active sites of all serine proteases contain a characteristic set of amino acid residues, often referred to as the serine protease triad (p. The lithium ion, for example, has a +1 oxidation state, and the chloride ion has a −1 oxidation state. The three types of external bacterial appearances are _____________, _____________, and
_____________. Step 2 A molecule of methanol, acting as a nucleophile, attacks the electrophilic carbon of the protonated acetic acid. Amino acids are precursors of a variety of complex nitrogen-containing molecules. An older means of determining the primary sequence of polypeptides, the Edman degradation method, is described in an online
Biochemistry in the Lab box—Protein Sequencing Analysis: The Edman Degradation. Each p53 polypeptide possesses four domains: an N-terminal disordered transactivation domain (a peptide sequence that recruits and binds to numerous transcription factors); a DNAbinding domain; a tetramerization domain; and a C-terminal disordered domain that
is involved in nuclear localization. The hydroxide group will subsequently attack a CO2 molecule. In allostery, which is the control of protein function through ligand binding, binding a ligand to a specific site in a protein triggers a conformational change that alters its affinity for other ligands. Proteins that consist of two or more polypeptide chains (or
subunits) are said to have a quaternary structure. SOLUTION The number of electrons in the potassium atom is equal to its atomic number, 19. Describe the properties that all cells have in common. (b) Calculate the molarity of a solution of 324 g of glucose dissolved in 2.0 l of water. For clarity, the small molecules appear only in the upper right
corner. 59) during biochemical processes. For example, methanol (CH3—OH), a member of the alcohol family of organic molecules, is the product when the functional group –OH is substituted for a hydrogen atom on methane (CH4). Images are available on both the Instructor’s Resource CD and the seventh edition website,
www.oup.com/us/mckee7e. The subunits are aligned antiparallel to each other. Only 3% of the world’s water is fresh (drinkable), and most of that is locked away in glaciers and polar icecaps. The consequences of macromolecular crowding for living systems are significant. The molecule’s geometry is then determined based on the number of bonding
and nonbonding electrons on the central atom (Figure 5). proteotoxic stress proteosome proteome ubiquitin-proteosome system autophagy Fill in the Blanks 7. Some proteins extend completely across the membrane. Efficient transport by intraflagellar transport (IFT) of ciliary components and intermediate signal molecules back and forth between the
cilium and the cytoplasm also facilitates signal transduction. Hydrogen and lithium are two obvious exceptions. IF polypeptides assemble into dimers (two polypeptides), tetramers (four polypeptides), and higher-order structures. Electrophiles (“electron lovers”) are deficient in electron density and are therefore easily attacked by a nucleophile. Free
energy change is a constant for a reaction under any conditions. Ribose and deoxyribose are components of nucleic acids. FIGURE 5E Gel-Filtration Chromatography In gel-filtration chromatography, the stationary phase is a gelatinous polymer, with pore sizes selected by the experimenter to separate molecules according to their sizes. FIGURE 2
Subshell-Filling Sequence All of the subshells of a given value of n are on the same horizontal line. Why is cancer, which occurs as the result of disrupted cell cycle control, an example of the fragility of a robust system? Proteostasis (protein homeostasis) exists in cells as the result of a dynamic equilibrium between protein synthesis and folding and
protein degradation. FIGURE 2.25 The Chloroplast Chloroplasts convert light energy into the chemical bond energy of organic biomolecules. Both Alzheimer’s and Huntington’s diseases are neurodegenerative diseases caused by accumulations of insoluble protein aggregates. Cilia and flagella, whip-like appendages encased in plasma membrane, are
highly specialized for their roles in propulsion. Each hydrogen atom has a partial positive charge (δ+), and the oxygen has a partial negative charge (δ−). Visit the companion website at www.oup.com/us/mckee to read Biochemistry in Perspective essays about the many functions of molecular machines made from proteins and details about the
function of the molecular machine myosin. The membrane also mediates the response of the cell to the extracellular environment. Spider silk is about five times as tough as high-grade steel wire of the same weight and about twice as tough as synthetic fibers such as Kevlar (used in body armor). 502.) Fluorophores can be small molecules such as
DAPI, TRITC, and FITC or fluorescent proteins such as green fluorescent protein (GFP) linked to a protein of interest. Ideal solutions, for example, contain solutes in such low concentration that interactions such as steric repulsion or attractive forces are nonexistent. For example, glycine and serine can form the dipeptides glycylserine or serylglycine.
79. The enzyme’s reaction mechanism involves the formation of an enediol intermediate and two transition states. However, enzyme-catalyzed reactions have been traditionally investigated using dilute, buffered solutions. FIGURE 1.15 A Hydrolysis Reaction The hydrolysis of ATP, a nucleophilic substitution reaction involving phosphoryl transfer, is
used to drive an astonishing diversity of energy-requiring biochemical reactions. TRiC, a group II chaperonin in the cytoplasm of eukaryotic cells, is composed of two eight-member rings with a built-in lid. Chlorine has thereby increased its valence shell from seven to eight electrons. The aromaticity of nitrobenzene is restored with the loss of a proton
to a water molecule. (c) A computer analysis of the data showing the molecular mass of the sample protein (Mr = relative molecular weight, that is, molecular mass divided by 1/12th of the mass of a single unbound carbon-12 atom). The α-helices and β-strands are described on p. Our requirements for water are so stringent that even mild dehydration
causes tiredness, headaches, and loss of concentration. Two other coordinate bonds are available, one on each side of the planar heme structure. Metabolism is the sum of all the reactions in a living organism. LOSS OF PROTEIN STRUCTURE When one considers the small differences in the free energy of folded and their unfolded conformations, it is
not surprising to learn that protein structure is especially sensitive to environmental factors. Cells acquire and process information through vast, intricate signaling networks composed of receptor proteins that receive information and signaling pathways, whose components process it. Eventually, weak interactions such as hydrogen bonds are
disrupted and the protein unfolds. 376). Excessively high temperatures and other stresses result in the synthesis of a class of proteins called the heat shock proteins (hsps), which promote the correct refolding of damaged proteins. For the sake of convenience, hydrogen ion concentrations are usually converted to pH values. (b) A depiction of the
conformational state of a polypeptide during folding: polypeptides can fold into their native states by several different pathways. List three types of biochemical reactions involving acyl nucleophilic substitution. An example of an order determination is given in Problem 6.1. Reaction order can also be characterized in another way. Name four examples
of biologically active derivatives of the standard amino acids. In bacteria, the flagellum (plural flagella) is a flexible corkscrew-shaped protein filament that is used for locomotion. The inner and outer membranes fuse at structures called nuclear pores, which are elaborate macromolecular structures that regulate molecular traffic between the
cytoplasm and the nucleus. Certain portions of thylakoid membrane form tightly stacked structures called grana (singular: granum); the entire membrane encloses a compartment known as the thylakoid lumen. Pili and Flagella Many bacterial cells have external appendages. It is noteworthy that the nuclear lamina and its associated heterochromatin
do not extend to NPCs. INM SUN-domain proteins bind with one or more of the nesprins in the ONM to form LINC (links nucleoskeleton and cytoskeleton) complexes. The anatomical features of a typical bacterial cell are illustrated in Figure 2.7. Cell Wall The prokaryotic cell wall is a complex, semirigid structure that maintains the shape of the
organism and protects it from mechanical injury. • Other larger molecules require the assistance of proteins called molecular chaperones to ensure correct folding. The microtubules also transport cargo (e.g., newly synthesized axonemal proteins) within cilia and flagella. Whether the reactants are in the same phase (solid, liquid, or gas) affects
reaction rates because reactants must come into contact with each other. KEY CONCEPTS In living organisms, energy, the capacity to move matter, is usually generated by redox reactions. As pKID binds to KIX, it undergoes a disorder-to-order transition as it folds into a pair of helices. FIGURE 15 Enolase-Catalyzed Dehydration of Glycerate-2Phosphate: An E1cb Mechanism Within the active site of the enzyme enolase, the amino nitrogen of a precisely oriented side chain of an amino acid, acting as a base, abstracts the acidic hydrogen at carbon-2 to produce a carbanion. Several emerging filaments are twisted together to form a silk fiber that is pulled out of the spinneret by the spider.
Mascarelli AL. TABLE 1.2 Major Classes of Biomolecules Small Molecule Polymer General Functions Amino acids Proteins Catalysts and structural elements Sugars Carbohydrates Energy sources and structural elements Fatty acids N.A. Energy sources and structural elements of complex lipid molecules Nucleotides DNA Genetic information RNA
Protein synthesis Second, some molecules have special biological functions. Describe the properties of molecules that self-assemble into a supermolecular machine. The tail that wags the dog: how the disordered C-terminal domain controls the transcriptional activities of the p53 tumor suppressor. Animals, however, must use disposal mechanisms
that depend on water solubility (e.g., the formation of urine by the kidney). Longas – Purdue University, Calumet Cran Lucas – Louisiana State University–Shreveport Jerome Maas – Oakton Community College Arnulfo Mar – University of Texas–Brownsville Larry D. Structural proteins often have specialized properties. The actual leaving group is H2O,
the hydroxyl group having been protonated by a nearby carboxyl (–COOH) group. Visible light wavelengths [(λ) = 400–700 nm] clearly do not have sufficient resolving power for biomolecules. As their name suggests, peroxisomes are most noted for their involvement in the generation and breakdown of toxic molecules known as peroxides. Despite the
wide diversity of types of work performed by biological machines, they all share one key feature: energy-driven changes in the three-dimensional shapes of proteins. (In cytochrome c, the invariant residues interact with heme, a prosthetic group, or certain other proteins involved in energy generation.) For conventional polypeptides, the interactions
between amino acid residues determine the protein’s three-dimensional structure and its functional role and relationship to other proteins. A marker enzyme used to identify liver microsomes (ER fragments) after centrifugation is a. There are several rules concerning electron distribution. • Biomolecules are able to self-assemble because of the steric
information they contain. Modify each false statement so that it reads correctly. Group the remaining 6 electrons around the most electronegative atom (oxygen) until a total of 8 electrons (bonding and nonbonding) is reached. MOTIF Network motifs are recurring regulatory circuits that have many different uses. Primary amines (R—NH2) are
molecules in which only one of the hydrogen atoms of ammonia has been replaced by an organic group (e.g., alkyl or aromatic groups). Carbon monoxide (CO) is a competitive inhibitor of hemoglobin because it binds to hemoglobin with an affinity 250 times that of O2. Life’s diverse properties include the following: 1. Although they are not required
for growth or cell division, plasmids usually provide the cell with a biochemical advantage over cells that lack plasmids. This reaction is catalyzed by the enzyme enolase. For example, DNA sequences that code for antibiotic resistance are often found on plasmids. Some biomolecules contain carbohydrate components. Protonation of the Hb subunits
reduces salt bridge stabilization between the Hb dimers and induces an R-state to T-state transition facilitating the unloading of O2 and NO. Protein folding commences after lid closure entraps a substrate protein. Instructors who adopt the seventh edition gain access to every numbered illustration, photo, figure caption, and table from the text in
high-resolution electronic format. (Unwanted proteins that remain in solution are discarded when the liquid is decanted.) When proteins are tightly bound to membrane, organic solvents or detergents often aid in their extraction. There appear to be several reasons for the common occurrence of multisubunit proteins: 1. The triple helix is further
strengthened by hydrogen bonding between the polypeptides (caused principally by the large number of hydroxyproline residues) and lysinonorleucine linkages that stabilize the orderly arrays of triple helices in the final collagen fibril. Other examples of primary cilia functions include wound healing (fibroblasts migrate toward a wound when primary
cilium plasma membrane receptors bind to platelet-derived growth factor [PDGF], p. J Mol Endocrin 57:R1–R17. The urea cycle (described in Chapter 15) provides a mechanism for converting free ammonia and excess amino nitrogen into urea, a less toxic molecule. It is believed that the formation of the tetrahedral intermediate, which resembles the
transition state, and its preferential binding by the enzyme, is responsible for the catalytic efficiency of the serine proteases. Dunker AK, Kriwacki RW. Optical isomers are often designated as D or L (e.g., Dglucose, L-alanine) to indicate the similarity of the arrangement of atoms around a molecule’s asymmetric carbon to the asymmetric carbon in
either of the glyceraldehyde isomers. Sci Am 306(5):79–81. The dissociation constants of weak acids and bases are usually expressed as the negative log of the equilibrium constant (–log Ka or –log Kb), where the term –log is replaced by the letter p. The probable mechanism for this reaction is illustrated in Figure 6.9. Step (a) of the figure shows the
initial enzyme–substrate complex. This bond can occur in a single chain to form a ring or between two separate chains to form an intermolecular covalent bond. Yet within a cell there may only be a few molecules of a particular type at a time. Biochemists have contributed to the following insights into life: (1) life is complex and dynamic, (2) life is
organized and self-sustaining, (3) life is cellular, (4) life is information-based, and (5) life adapts and evolves. (a) An introduced small molecule can penetrate into virtually all of the remaining 70% of the space. Golgi apparatus 49. Some pathogenic (disease-causing) bacterial species possess thick capsules that allow them to avoid detection or damage
by host immune systems and to attach to host cells to facilitate colonization. Meyerovich K, et al. Describe the structural and functional properties of the nuclear membranes. A class of proteins called transcription factors regulates the expression of protein-coding genes when they bind to specific regulatory DNA sequences referred to as response
elements. CHAPTER 1 Biochemistry: An Introduction Biochemistry and the Life Sciences Throughout most of its history, biochemical research has provided the life sciences with biochemical knowledge and ever more sophisticated technologies that have revealed living processes at the molecular level. (c) Fission is subsequently facilitated by the

GTPhydrolyzing protein dynamin-1 (Dnm1) (Drp1 in mammals), which then constricts and severs the membrane stalk between the two mitochondria. Small – University of New England Maxim Sokolov – West Virginia University Madhavan Soundararajan – University of Nebraska Salvatore Sparace – Clemson University David Speckhard – Loras
College Narasimha Sreerama – Colorado State University Ralph Stephani – St. John’s University Dan M. Because the nucleophile attacks the back of the electrophilic reactant, SN2 reactions occur most rapidly with primary carbons, followed by secondary carbons. W hy study biochemistry? ribosome transcription factor signal molecule response
element RNA interference Fill in the Blanks 21. In a strongly acid solution (pH 0), the α-carboxyl, α-amino and side chain groups are protonated, and the molecule’s net charge is +1. Acetylene has a triple bond consisting of one σ bond and two π bonds. Together these circumstances contributed to the failure of the Mayans to sustain their civilization.
Mutations can also have a profound effect without being immediately lethal. Channel and carrier proteins transport specific ions and molecules, respectively. The number of individual copies of proteins in cells also differs widely, ranging from 10 molecules of βgalactosidase (the bacterial enzyme that converts the energy source lactose into galactose
and glucose) in the absence of lactose to 250 million molecules of hemoglobin in human red blood cells. Organisms may control enzyme activities directly, principally through the binding of activators or inhibitors, the covalent modification of enzyme molecules, or indirectly, by regulating enzyme synthesis. 216). In multicellular organisms, the levels
of organization are _____________, _____________, _____________ and _____________. Small amounts of 3-hydroxyproline and 5hydroxylysine also occur. Critical-Thinking Questions 10. This work eventually demonstrated that almost every event in living organisms occurs because of enzyme-catalyzed reactions. In many areas of the Yucatan peninsula, this
unimpeded water percolated through porous limestone down into water tables, many of which were too deep for wells. To ensure that all students are sufficiently prepared for acquiring a meaningful understanding of biochemistry, the first four chapters review the principles of such topics as organic functional groups, non-covalent bonding,
thermodynamics, and cell structure. What is the apparent efficiency of ATP production? Pepsin is a protein-degrading enzyme produced in stomach cells. After the aldehyde product is released from the active site, NADH also dissociates. Many proteins require molecular chaperones to fold into their final three-dimensional conformations. What is the
major structural difference between prokaryotic and eukaryotic cells? Chicago (IL): University of Chicago. The tetrahedral sp intermediate that forms (step b) from the planar sp3 hybridized amide carbon is sufficiently distorted that the newly created oxyanion is stabilized by hydrogen bonds to the amide hydrogens of Ser 195 and Gly 193 and enters
the oxyanion hole. As it does so, the macrophage inserts bacterial protein fragments (antigens) into its own plasma membrane in a phenomenon referred to as antigen presentation. Prominent examples include the redox reactions facilitated by the dehydrogenases and the reductases. Visit the companion website at www.oup.com/us/mckee to read the
Biochemistry in Perspective essay on protein poisons. In the reaction of HCl with ammonia, HCl is polarized, with the slightly positive hydrogen and the chloride slightly negative. Water: The Matrix of Life 4. 5.3 PROTEINS With the exception of water molecules, proteins are the most abundant biomolecules in living organisms. In extracellular
environments, these strong linkages partly protect protein structure from adverse changes in pH or salt concentrations. Macromolecular Crowding The interior space within cells is dense and crowded. A meshwork formed from flexible nucleoporins that line the central pore restricts transport through the NPC only to those macromolecules (e.g.,
RNAs and large proteins) bound to either import or export chaperone proteins. Product ions, peptides that differ from each other in size by one amino acid residue, are then sequentially directed into the second mass spectrometer. In the final step, the alcohol product results from a proton transfer to another water molecule. Smooth ER lacks attached
ribosomes, and its membranes are continuous with those of RER. Many biomolecules are proteins, which play a variety of roles in living organisms: transport proteins, structural proteins, and catalytic proteins (enzymes). Proteostasis Each type of living cell has its own characteristic set of proteins, referred to as its proteome, which changes
constantly in response to environmental conditions. McKee Facts are stubborn things; and whatever may be our wishes, our inclinations, or the dictates of our passions, they cannot alter the state of facts and evidence. Until recently, all known enzymes were proteins, but groundbreaking research led to the revelation that RNA molecules also have
catalytic properties. For the reaction A → P, the experimentally determined rate expression under such conditions is (12) The rate is constant because the reactant concentration is high enough to saturate all the catalytic sites on the enzyme molecules. In all chromatographic methods, the protein mixture is dissolved in a liquid known as the mobile
phase. The pH at which a molecule carries no net electric charge is referred to as the isoelectric point (pI). Early endosomes are tubular-vesicular networks that mature to form late endosomes, which are also called multivesicular bodies because they contain numerous closely packed vesicles. The C—N bond is a resonance hybrid because of the
attraction of the carbonyl group for the nitrogen’s lone pair. One or more components of biological machines bind nucleotide molecules such as ATP or GTP (guanosine triphosphate). Within a short time, a diverse array of microbes has taken up residence in all body surfaces that are exposed to the external environment: skin and certain parts of the
respiratory, gastrointestinal (GI), and urogenital tracts. Molecules in which charge is separated are called dipoles. 20. SYNTHESIS OF BIOMOLECULES Cellular components are synthesized in a vast array of chemical reactions, many of which require energy, supplied directly or indirectly by ATP molecules. 69. The filament of the flagellum is
anchored into the cell by a protein complex (Figure 2.7). In living organisms, the longer-chained carboxylic acids, called fatty acids, are important components of biological membranes and the triacylglycerols, a major energy-storage molecule. Methemoglobin, the product of this reaction, is incapable of binding O2. It is not always easy to determine
whether biomolecules have gained or lost electrons. The biomass produced in both types of process is, in turn, consumed by heterotrophic organisms that use it as a source of energy and structural materials. Amino acid polymers consisting of more than 50 amino acids are called _____________. The functional significance of these structural features is
unknown. amide diester ester fatty acid 74. For example, some side chains are hydrophobic (i.e., they have low solubility in water), whereas others are hydrophilic (i.e., they dissolve easily in water). Peroxisomes Peroxisomes are small, spherical organelles (0.1 μm–0.5 μm = diameter) consisting of a single membrane that surrounds a crystalline
protein matrix containing about 50 enzymes. The assembly of certain supramolecular structures (e.g., chromosomes and membranes) requires preexisting information; that is, a new structure must be created on a template of an existing structure. Regions of the nucleus called nuclear bodies have been found to contain certain types of chromatin
sequences and nuclear proteins. For example, in the following reaction the π electrons of the nucleophilic double bond will react with a partially positive hydrogen atom of an electrophilic hydronium ion. Some sequence positions are significantly less stringent. For example, the energy obtained from food molecules is used to form the high-energy
phosphate bonds of ATP. Can you suggest a reason for this phenomenon? The other attached ring, the one that has not yet initiated a protein-folding cycle, is called the trans-ring.] At the beginning of a folding cycle, an unfolded protein (or protein domain) is loosely bound via hydrophobic interactions to the cavity entrance of one of the GroEL-(ADP)7
rings. Accessed online through individual user accounts, the ARC provides instructors with up-todate ancillaries at any time while guaranteeing the security of grade-significant resources. MCAT Study Questions 72. Goodsell DS. The following compound has which functional groups? The peptide bond is a stronger bond than the ester bond.
Hydrophilic molecules—those that possess positive or negative charges or contain relatively large numbers of electronegative oxygen or nitrogen atoms—interact easily with water. For example, urease catalyzes the hydrolysis of urea. We provide thorough coverage of biochemical principles, structures, and reactions, but within a biological context
that emphasizes their relevance. The silk polymer then enters one of numerous spigots within a spinneret (Figure 5C). 48). 54. These elements fall into three categories: metals (substances such as sodium and magnesium with high electrical and heat conductivity, metallic luster, and malleability), nonmetals (elements such as nitrogen, oxygen, and
sulfur, which are defined as a group because of their lack of metallic properties), and metalloids (elements such as silicon and boron, which have properties intermediate between metals and nonmetals). An electron group is defined as a set of valence electrons in a region around a central atom that exerts repulsion on other valence electrons. In such
a reaction (A → P), it is assumed that (9) If [A] is doubled, the rate is observed to double. The protection of ferrous iron in hemoglobin is an emergent property, that is, a property conferred by the complexity and dynamics of the system and not anticipated by knowledge of the chemical properties of hemoglobin’s amino acids. After reviewing the
essential atomic characteristics of the element arsenic, explain this phenomenon. New to this Edition New and Updated Applications: Includes two new "Biochemistry in Perspective" essays on Alzheimer's disease and the Ebola virus, and a new "Biochemistry in the Lab" essay, which introduces the genome-editing tool CRISPR New, expanded, and
updated coverage on current and relevant topics, including non-coding RNA and gene expression, carcinogenesis, diabetes, the atherosclerotic process, proteomics, protein analysis, and bioinformatics Expanded Problem-Solving Program: Offers hundreds of new end-of-chapter questions organized by section number and problem type (multiplechoice, fill-in-the-blank, short-answer, and critical thinking), and an all-new set of questions designed to help students preparing for the MCAT exam Brand-New Illustrations: With thirty-four new figures, the seventh edition incorporates a superior and expanded art program designed to help students develop a strong visual grasp of biochemical
processes. There is also a large set of end-ofchapter questions, including hundreds of new problems, all reorganized for this edition by section number and question type. It is interesting to note that quite often a polypeptide’s overall threedimensional structure does not change despite numerous amino acid sequence changes. GENERAL ACID–BASE
CATALYSIS Acid–base catalysis (proton transfer) is an important factor in chemical reactions. They are involved in a variety of signal transduction processes. Critical-Thinking Questions 40. Glycosylation reactions, the attachment of carbohydrate groups to specific amino acid residues, are a prominent example of ER-processing reactions. The spiral,
wheel-shaped orb web, oriented vertically to intercept fast-moving flying prey, is the best-known method. The magnetic quantum number m describes an orbital’s orientation in space. As endosomal maturation continues, lysosomal hydrolases are delivered from the Golgi apparatus. Chapter 4 Review Quiz Suggested Readings Falkowski PG, Fenchel T,
Delong EF. Each of the two carbon atoms in the molecule ethene (H2C CH2) is bonded to three atoms in trigonal planar geometry. Constitutive heterochromatin, containing the sequences for chromosomal structures such as centromeres and telomeres and remnants of ancient viruses, is highly condensed and permanently inactive. Short-Answer
Questions 50. 17.1 DNA DNA Structure: The Nature of Mutation DNA Structure: The Genetic Material DNA Structure: Variations on a Theme DNA Supercoiling Chromosomes Genome Structure 17.2 RNA Transfer RNA Ribosomal RNA Messenger RNA Noncoding RNA 17.3 Viruses Bacteriophage T4: A Viral Lifestyle Biochemistry IN PERSPECTIVE
Epigenetics and the Epigenome: Genetic Inheritance beyond DNA Base Sequences Biochemistry IN THE LAB Nucleic Acid Methods Biochemistry IN PERSPECTIVE Forensic Investigations Biochemistry IN PERSPECTIVE Ebola Virus Chapter Summary Suggested Readings Key Words Review Questions Available Online Biochemistry IN PERSPECTIVE
A Short History of DNA Research: The Early Years Biochemistry IN PERSPECTIVE HIV Infection CHAPTER 18 Genetic Information DNA and Chimeras: A Biological and Legal Mystery 18.1 Genetic Information: Replication, Repair, and Recombination DNA Replication DNA Repair DNA Recombination 18.2 Transcription Transcription in Prokaryotes
RNAP and the Prokaryotic Transcription Process Transcription in Eukaryotes 18.3 Gene Expression Gene Expression in Prokaryotes Gene Expression in Eukaryotes Biochemistry IN THE LAB Genomics Biochemistry IN THE LAB CRISPR Biochemistry IN PERSPECTIVE Carcinogenesis Chapter Summary Suggested Readings Key Words Review
Questions Available Online Biochemistry IN PERSPECTIVE The Meselson–Stahl Experiment CHAPTER 19 Protein Synthesis MRSA: The Superbug 19.1 The Genetic Code Codon–Anticodon Interactions The Aminoacyl-tRNA Synthetase Reaction 19.2 Protein Synthesis Prokaryotic Protein Synthesis Eukaryotic Protein Synthesis 19.3 The Proteostasis
Network The Heat Shock Response The Proteostasis Network and Human Disease Biochemistry IN PERSPECTIVE Trapped Ribosomes: RNA to the Rescue! Biochemistry IN PERSPECTIVE Context-Dependent Coding Reassignment Biochemistry IN THE LAB Proteomics Chapter Summary Suggested Readings Key Words Review Questions Available
Online Biochemistry IN PERSPECTIVE EF-Tu: A Motor Protein Appendix: Solutions Glossary Credits Index Chapter-Opening Vignettes CHAPTER 1 Why Study Biochemistry? 25. Enzymes are especially sensitive to changes in temperature and pH. The Human Genome Project was a landmark event in this process. Within each living cell are hundreds of
millions of densely packed biomolecules. The product methyl t-butyl ether is formed as a proton is released from the oxonium ion into the solvent. ELIMINATION REACTIONS In elimination reactions, a double bond is formed when atoms in a molecule are removed. Dragline silk, a very strong fiber, is used for frame and radial lines in orb webs and as
a safety line (to break a fall or escape other predators). For example, consider the hydrolysis of an ester: Because water is a weak nucleophile, ester hydrolysis is relatively slow in neutral solution. Mitochondria play vital roles as central integrators of other metabolic processes. Describe the functions of the Golgi apparatus. The general formula for
aldehydes is abbreviated as R-CHO. Oxidation has occurred if a carbon atom gains oxygen or loses hydrogen: 2. Prokaryotes are also characterized by their relatively small size (a typical rod-shaped bacterial cell has a diameter of 1 μm and a length of 2 μm), their capacity to move (i.e., whether they have flagella, whip-like appendages that propel
them), and their retention of specific dyes. A diagrammatic view of protein folding involving GroEL and its lid co-chaperone, GroES, is presented in Figure 5.32. How many tetrapeptides can be synthesized from one molecule each of lysine, proline, glutamine, and cysteine? WASTE REMOVAL All living cells produce waste products. 3. coli have about 2
million proteins per cell, whereas the larger eukaryotic cells may have as many as 3 billion. Because α2ε2 and α2γ2 hemoglobins both have greater affinities for O2 than α2β2, the fetus can preferentially absorb oxygen from the maternal bloodstream. How do cells obtain energy from chemical bonds? Consequently, the resolving power of X-ray
crystallography is equivalent to interatomic distances. For example, the electron configurations of hydrogen (1 electron) and helium (2 electrons) are 1s1 and 1s2, respectively. Protein synthesis is covered in Chapter 19. Biochemistry IN THE LAB An Introduction B iochemical technologies exploit the chemical and physical properties of biomolecules:
chemical reactivity, size, solubility, net electrical charge, movement in an electric field, and absorption of electromagnetic radiation. Many fibrous proteins are composed almost entirely of secondary structural patterns. glutathione atrial natriuretic factor vasopressin oxytocin homeostasis 27. CLASSIC PROTEIN STRUCTURE Biochemists have
distinguished several levels of the structural organization of proteins. Supersecondary Motifs. Protein Structure Protein research efforts through most of the twentieth century strongly supported the protein structure–function paradigm: each nascent polypeptide folds into a highly ordered structure, a threedimensional conformation that determines
its function. Chronic pain continues for long periods of time and is often linked to long-term disorders such as rheumatoid arthritis, osteoarthritis, back pain, fibromyalgia, diabetic neuropathy (p. At this pH, molecules such as amino acids and proteins are least soluble and will not move in an electric field. The generalized structures of cells from
animals and plants, the major forms of multicellular eukaryotic organisms, are illustrated in Figures 2.10 and 2.11. Groups 3 to 12 are referred to as the d-block elements because electrons progressively fill the d orbitals. The presence of an electron-withdrawing atom or group (X in this illustration) makes the C— H acidic. _____________ is the product
when the iron atom in hemoglobin is oxidized to its ferric form. Unable to do so, he compared its strength with that of a bicycle lock chain. Briefly, what is the basis of Taxol’s anticancer action? NUCLEOPHILIC SUBSTITUTION REACTIONS In nucleophilic substitution reactions, as the name suggests, one atom or group is substituted for another: In
the general reaction shown, the attacking species (A) is called a nucleophile (“nucleus lover”). In recent years, the life sciences have also benefited from the services provided by computer scientists, mathematicians, chemists, and engineers. The attack by the OH of water on the terminal phosphate of ATP (Figure 1.15) breaks the phosphoanhydride
bond, thereby releasing energy that is used to drive many cellular processes. Such molecules are described as hydrophilic (“water-loving”). FIGURE 1.20 A Biochemical Pathway In this three-step biochemical pathway, biomolecule A is converted into biomolecule D in three sequential reactions. Using a circle to represent the carboxylate group and an
attached squiggly line to represent the hydrocarbon chain of a fatty acid, draw a picture of how fatty acids interact with water. There has been limited success with transgenic goats, animals into which a spider silk protein gene has been inserted. The shape and charge distribution of an enzyme’s active site constrains the motions and allowed
conformations of the substrate, forcing it to adopt a conformation more like that of the transition state. Finally we thank our son, James Adrian McKee, for his patience and encouragement. (b) An enlarged view of two base pairs. Except for athletes enduring heat and exercise-induced dehydration or exhaustion, most individuals with the sickle-cell
trait are relatively symptom-free, even though about 40% of their hemoglobin is HbS. CURRENCY The seventh edition has been updated to present recent developments in the field, while remaining focused on the “big-picture” principles that are the cornerstone of the one-term biochemistry course. Lighter particles, such as mitochondria and
lysosomes, remain suspended in the supernatant, the liquid above the pellet. A change in pH can alter the ionizable groups within the active site or affect the enzyme’s conformation. All of an individual organism’s metabolic processes consist of a vast web-like pattern of interconnected biochemical reactions that are regulated such that resources are
conserved and energy use is optimized. Many proteins require assistance in folding into their native conformations. chromatin nuclear matrix nucleolus nuclear envelope nuclear pore complex 51. Water is a dipole because there is an uneven distribution of electrons between the oxygen atom and the hydrogens. The electrical asymmetry in such bonds
causes one end of the molecule to possess a slightly negative charge and the other end a slightly positive charge. Heim M, Keerl D, Scheibel T. For example, it produces bile, which facilitates fat digestion, and it processes and distributes the food molecules absorbed in the small intestine to other parts of the body. The rigidity of the carbon–carbon
double bond prevents rotation, thereby producing another class of isomers: geometric isomers. All life on Earth has a common origin, with new forms arising from older forms. mixes with one 2p orbital to form 2 sp hybrid orbitals. Aspirin reduces pain and inflammation because it irreversibly inhibits COX enzymes. 552), produced by vascular
endothelial cells in the lungs, via thiol groups on the globin chains. Proteins may consist of one or more polypeptide chains. SECTION 5.2 Comprehension Questions 26. van der Lee R, et al. 187). Often, enzyme names provided no clue to their function (e.g., trypsin), and sometimes several names were used for the same enzyme. Therefore, in the
cyclohexane combustion reaction, cyclohexane is the reducing agent and ■ diatomic oxygen is the oxidizing agent. It is this repulsion that is responsible for pushing the two hydrogens closer together, resulting in water’s overall bent geometry. How is this type of organelle formed? If a cell is divided into its component parts, it will cease to function in
a life-sustaining way. FMN TABLE 6.3 Vitamins, Vitamin-like Molecules, and Their Coenzyme Forms Molecules Coenzyme Form Reaction or Process Promoted See Page Water-Soluble Vitamins Thiamine (B1) Thiamine pyrophosphate Decarboxylation, aldehyde group transfer 342 Riboflavin (B2) FAD and FMN Redox 335 Pyridoxine (B6) Pyridoxal
phosphate Amino group transfer 534 Nicotinic acid (niacin) NAD and NADP Redox 335 Pantothenic acid Coenzyme A Acyl transfer 341 Biotin Biotin Carboxylation 461 Folic acid Tetrahydrofolic acid One-carbon group transfer 545 Vitamin B12 Deoxyadenosylcobalamin, methylcobalamin Intramolecular rearrangements 545 Ascorbic acid (vitamin C)
Unknown Hydroxylation 393 Lipid-Soluble Vitamins Vitamin A Retinal Vision, growth, and reproduction 392 Vitamin D 1, 25-Dihydroxycholecalciferol Calcium and phosphate metabolism 418 Vitamin E Unknown Lipid antioxidant 392 Vitamin K Unknown Blood clotting 417 Vitamin-like Molecules Coenzyme Q Coenzyme Q Redox 364 Biopterin
Tetrahydrobiopterin Redox 543 Sadenosylmethionine S-adenosylmethionine Methylation 546 Lipoic acid Lipoamide Redox 342 Effects of Temperature and pH on Enzyme-Catalyzed Reactions Any environmental factor that disturbs protein structure may change enzymatic activity. The values for ms can be either +1/2 or −1/2. The function of proteins
such as casein and zein is _____________. The term pH simply means that the concentration of hydrogen ions in a solution has been converted to its negative log value (i.e., pH = −log [H+]. As the clathrin triskelia bind to the adapter proteins, a basketlike latticework forms that forces the membrane into the shape of a bud. A hydrogen bond is a force of
attraction between a polarized hydrogen of one molecular group and the electronegative oxygen or nitrogen atoms of nearby aligned molecular groups. The decreased affinity protects Fe2+ from oxidation and allows for the reversible binding of O2. FIGURE 2.3 Membrane Structure Biological membranes are bilayers composed largely of phospholipid
molecules in which numerous proteins are suspended. Among the early benefits of this work are rapid, accurate tests for predisposition to pathological conditions such as cystic fibrosis, breast cancer, and some liver diseases. SOLUTION The number of possible tripeptides is given by the formula Xn, where Substituting these values into the formula
yields 23 = 8. By definition, a catalyst enhances the rate of a chemical reaction but is not permanently altered by the reaction. When all seven ATPs have been hydrolyzed, the hydrophobic surface of the cavity is reestablished, and GroES and the newly folded protein leave the GroEL ring. The reaction of sulfur trioxide (SO3) with water, for example,
yields sulfuric acid (H2SO4). These are designed to enrich the educational experience for students and instructors alike. A sulfur atom appears in the thioether-containing aliphatic side chain (—S—CH3) of methionine. They are both members of the hemoproteins, a specialized group of proteins that contain the prosthetic group heme. In E. For
example, benzene reacts with HNO3 in the presence of H2SO4 to yield nitrobenzene and water (Figure 10). • Biological membranes are inextricably integrated into all living processes. When the addition of a reactant does not alter a reaction rate, the reaction is said to be zero-order for that reactant. The term octet rule is used to describe this
phenomenon because the atoms of most elements react so that their valence shells contain eight electrons. If one hydrogen atom is removed from carbon-2 of hexane, for example, and a methyl group is attached, the branched product is 2-methylhexane. Compare the volume of a mycoplasma with that of E. Upon activation, these receptors initiate an
intracellular response by catalyzing the transfer of phosphate groups to tyrosine (an amino acid residue that contains an OH group) in specific target proteins. There are several forms of endocytosis: the best-researched example is clathrin-dependent endocytosis, which is described next. To that end, we have sought comprehensive coverage of
biochemical systems, structures, and reactions, but within the context of the organism. ER comes in two interconnected forms: rough ER (RER) and smooth ER (SER) (Figure 2.14). Describe the four phases of signal transduction in living organisms. Of the 3000 mitochondrial genes, only 37 are encoded in the mitochondrial genome: 2 rRNAs, 22
tRNAs, and 13 MRC protein components. The members of the hsp70 family stabilize nascent proteins and reactivate some denatured proteins. Amino Acid Reactions The functional groups of organic molecules determine which reactions they may undergo. During methane formation, as a result of the attraction of each of the hydrogen nuclei (i.e.,
protons) for carbon’s lower-energy valence electrons, the two 2s electrons move into 2p orbitals. Such people are referred to as heterozygous because they have one normal HbA β-chain gene and one defective HbS β-chain gene. In such bonds, the electrons are shared unequally, with the electron density shifted toward the atom with the greater
electronegativity. Both noncovalent and covalent bonds hold the subunits together. 766), RAC (ribosome-associated complex) in yeast, and NAC (nascent polypeptide-associated complex) in eukaryotes bind to the ribosome and the emerging polypeptide. CHAPTER 12 Atherosclerosis What is the biochemical basis of arterial damage in the disease
process called atherosclerosis? rRNA genes are transcribed in the nucleolus. Proteins can also be rapidly analyzed by mass spectrometry in combination with new technologies. Endothermic processes are usually not spontaneous, so why does this salt dissolve in water? The resulting increased cell division leads to the formation of thousands of cysts
(fluid-filled sacs) and eventually causes kidney failure. Before the Mayans arrived, this land was a dense rainforest growing on top of a porous limestone bedrock and was dependent almost entirely on summer rains. At equilibrium, ΔG = ΔG°. Rotation about the peptide bond in glycylalanine is hindered. CELL MOVEMENT Organized movement is one
of the most obvious characteristics of living organisms. The sulfhydryl group of cysteine and the carboxylate groups of aspartate and glutamate can play this role. According to the valence shell electron pair repulsion (VSEPR) theory, repulsive forces between valence shell bonding and nonbonding electrons (lone pairs) determine molecular geometry
(molecular shape). ELECTROSTATIC EFFECTS Recall that the strength of electrostatic interactions is inversely related to the hydration of participating species (Chapter 3). Cells generate most of their energy by using redox reactions in which electrons are transferred from an oxidizable molecule to an electron-deficient molecule. For example, in the
equation for the reaction in which methane (CH4) reacts with molecular oxygen (O2) to form carbon dioxide (CO2) and water, the number of each type of atom on both sides of the arrow must be equal. This textbook goes beyond being a good reference book for students. Glucose is a six-carbon polyhydroxyaldehyde. Signal transduction mechanisms
allow cells to process internal and external information. 364) used in redox reactions, heme required to make hemoglobin, calcium homeostasis, and the disposal of ammonia (NH4+) in the urea cycle (p. Rhodopsin is a light-sensitive protein found in the rod cells in the retina of the eye. In Figure 2C, cell nuclei are stained blue with DAPI, a fluorescent
molecule that binds to DNA; actin filaments appear red because they are labeled with TRITC bound to the actin filament–specific binding protein phalloidin; and microtubules are green because they are bound to antibody proteins linked to FITC. _______________ are components or subsystems that perform specific functions in complex systems.
SECTION 2.3 Comprehension Questions 47. In β-decay, one neutron in the atom’s nucleus is converted into a proton and an electron. Many globular proteins contain two or more domains. The remaining 24 electrons are distributed around the 4 chlorine atoms as lone pairs. Nonmetallic properties (e.g., the ability to gain electrons) increase diagonally
from left to right across periods. • Chapter 18 includes updated coverage of DNA synthesis and repair, including a description of the SOS response triggered when bacterial cells are exposed to high levels of UV light or mutagenic chemicals. Critical-Thinking Questions 19. Calculate the volume of both a prokaryotic and a eukaryotic cell. What is the
major source of the heat? β-Strands. The number of moles of methane is calculated by dividing the mass of methane (8 g) by the molecular mass of methane, which is 16 g (the carbon atom has a mass of 12 g, and each of the four hydrogens is 1 g). Free energy change is equal to zero at equilibrium. Included in this group are protein-synthesizing
molecular machines called ribosomes and the cytoskeleton. Short-Answer Questions 24. Transferases. (See pp. Aerobic Metabolism I: The Citric Acid Cycle 10. Living organisms use enzymes to circumvent these restrictions. Numerous proteins, especially molecules that participate in eukaryotic regulatory processes, are partially or completely
unstructured. The Yucatan peninsula is a seasonal desert. 53. Transduction. There is a sharp rise at 1 Eq, 2 Eq, and 3 Eq. The isoelectric point is midway on the sharp rise between pKa1 and pKaR. In the lungs where pO2 is high and the pH is high, hemoglobin is quickly saturated (converted to the R state). For example, when an action potential of a
motor neuron reaches the presynaptic terminal, it causes calcium channels to open. P-24), electrophilic aromatic substitution reactions (p. The most obvious features of eukaryotic cells are their large sizes (diameters of 10–100 μm) in comparison to prokaryotes. Other reactions require nonprotein cofactors, that is, metal cations and the coenzymes.
CHYMOTRYPSIN Chymotrypsin is a 27,000 Da protein that belongs to the serine proteases. Examples of degradative processes include the unfolded protein response (p. AROMATIC HYDROCARBONS Aromatic hydrocarbons are planar (flat) hydrocarbon rings with alternating single and double bonds. For the same reason, thiolates (R—S−), the
conjugate bases of the thiols, are weaker bases than the alkoxides (R—O−). CHAPTER 17 Epigenetics and the Epigenome: Genetic Inheritance beyond DNA Base Sequences How do covalent modifications of DNA and histones affect the functions of multicellular organisms? The nuclear lamina consists largely of lamin filaments and lamin-associated
proteins. NO is transported along with oxygen to the tissues in which CO2 and H+, the products of metabolism, are accumulating. • Tertiary structure is the unique three-dimensional conformation that a protein assumes because of the interactions between amino acid side chains. NADPH d. Critical-Thinking Questions 66. Because MS analysis
involves the ionization and vaporization of the substances to be investigated, its use in the analysis of thermally unstable macromolecules such as proteins and nucleic acids did not become feasible until methods such as electrospray ionization and matrixassisted laser desorption ionization (MALDI) had been developed. FIGURE 6.3 The Triose
Phosphate Isomerase Mechanism The isomerization reaction in which dihydroxyacetone phosphate (DHAP) is converted to glyceraldehyde-3phosphate (GAP) is an example of acid–base catalysis that involves a glutamate (Glu 165) and a histidine (His 95) within the active site. CHAPTER 10 Myocardial Infarct: Ischemia and Reperfusion How are heart
cells damaged by the inadequate nutrient and oxygen flow caused by blood clots, and why does the reintroduction of O2 cause further damage? At first randomly oriented, the βpleated sheets are eventually forced into parallel alignment with the long axis of the filament. (Amides, which contain both nitrogen atoms and carbonyl groups, are described
on p. For example, the carboxylic acid derived from the four-carbon molecule butane is butanoic acid. Spider silk also has superior elasticity and resilience, the capacity of a material when it is deformed elastically to absorb and then release energy. The ionization energies of the elements in a period typically increase with increasing atomic number.
The plasma membrane of both prokaryotes and eukaryotes performs several vital functions. In first-order reactions, the concentration of the reactant is a function of time, so k is expressed in units of s−1. Chemoheterotrophs use preformed food molecules as their sole source of energy. Cells, the basic units of living organisms, differ widely in
structure and function, but each is surrounded by a membrane that controls the transport of substances into and out of the cell. In the absence of Mg2+, would ATP have more, less, or the same stability as when the ion is present? Unlike human-engineered system, the components of biological systems often have multiple functions. (In alkenes,
carbon–carbon double bonds are shorter than carbon– carbon single bonds.) Each carbon atom is joined to its neighbors by the equivalent of one and a half bonds. The processes that monitor and restore proteostasis are referred to as the proteostasis network (PN). All types of pain can be separated into two forms: acute and chronic. Combustion
reactions are a type of redox reaction in which fuel molecules react with an oxidizing agent to release large amounts of energy, usually in the form of heat and light. Because the ratio of methane to water is 1 to 2, the 0.5 mol of methane are multiplied by 2 to yield 1 mol of water. These mice are also highly susceptible to numerous infections caused by
transient pathogens (e.g., respiratory or intestinal viruses) because their immune systems are immature. Alcohol dehydrogenase is an enzyme that interconverts aldehydes and alcohols. Newly synthesized protein and lipid molecules exit the ER in coated vesicles that bud off from exit sites in an ER subdomain referred to as the transitional ER (tER).
The protein of interest is recovered by the enzyme-catalyzed hydrolysis of a specific site between the protein of interest and the GST tag. FIGURE 2.16 Exocytosis Proteins destined to be secreted by a cell are produced in the ER and processed by the Golgi apparatus, where they are packaged into vesicles that migrate to the plasma membrane and
merge with it. Cells are pushed forward when flagella rotate in a counterclockwise direction, whereas clockwise rotation results in a stop-and-tumble motion, allowing the cell to reorient for a forward run. There are two classes of base: the bicyclic purines and the monocyclic pyrimidines (Figure 1.12). They can be assembled into supramolecular
structures (e.g., the proteins and lipids that constitute membranes) or serve as informational molecules (e.g., DNA and RNA) or catalyze chemical reactions (i.e., the enzymes). What must be true about the Gibbs equation for these reactions to be spontaneous? The special reactivity of Ser 195 is attributed to the proximity of His 57 and Asp 102.
Among these are the capacities to have more than one oxidation state and to form colored compounds. Wynne – St. Thomas Aquinas College Les Wynston – California State University, Long Beach Wu Xu – University of Louisiana at Lafayette Laura S. COX-1 is a constitutive enzyme: in other words, it is regularly synthesized in a wide variety of tissues
where it functions in numerous processes, such as cell signaling and tissue maintenance (e.g., protection of the mucosal lining of the gastrointestinal tract). ATOMIC THEORY According to the Bohr model of atoms, electrons are in circular orbits with fixed energy levels that occur at specific distances from the nucleus. What is the charge on lysine at a
pH of 8? The atomic number of an element is the number of protons in its nucleus. h. The subsequent development of automated DNA sequencing technology revolutionized life science research because it provided scientists with a “high-throughput” (i.e., rapid, high-volume, relatively inexpensive) means of investigating the information content of
genomes, a field now referred to as genomics. Virtually all humans are familiar with the unpleasant sensations of pain (ranging from mild discomfort to agony) and the inflammatory processes that accompany it. Living organisms have elaborate, robust mechanisms that tightly control metabolic pathways. Each chemical element is a pure substance
that is composed of one type of atom. The names of members of the ketone family end in -one. In addition, systems biologists organize the vast complexities of living cells with concepts such as systems, networks, modules, and motifs, which are also briefly described. A set of tripeptides, each containing three amino acid residues, contains only two
types of amino acids: A and B. Determine the hydrogen ion concentration of a 0.1 M solution of acetic acid in water. The second premise is referred to as the steady state assumption. This is an especially important consideration in living organisms, which must conserve energy and raw materials. OUTLINE OUR BODIES, OUR SELVES 2.1 CORE
BIOCHEMISTRY CONCEPTS Biochemistry and Water Biological Membranes Self-Assembly Molecular Machines Macromolecular Crowding Proteostasis Signal Transduction 2.2 STRUCTURE OF PROKARYOTIC CELLS Cell Wall Plasma Membrane Cytoplasm Pili and Flagella 2.3 STRUCTURE OF EUKARYOTIC CELLS Plasma Membrane Endoplasmic
Reticulum Golgi Apparatus Vesicular Organelles and Lysosomes: The Endocytic Pathway Nucleus Mitochondria Peroxisomes Chloroplasts Cytoskeleton Biochemistry in Perspective Primary Cilia and Human Disease Biochemistry in the Lab Cell Technology AVAILABLE ONLINE Biochemistry in Perspective Organelles and Human Disease Biochemistry
in Perspective Caveolar Endocytosis Our Bodies, Our Selves I t would surprise most humans that we are colonized by a vast number and diversity of microorganisms. The bacterium Clostridium botulinum secretes botulinum toxin, which causes muscle paralysis. decreasing c. Note that although some bacterial groups occur at different body locations,
the species often differ. Lynne S. The seventh edition includes hundreds of new end-ofchapter questions organized by section number and problem type—multiple-choice, fill-in-theblank, short-answer, and critical thinking. Note that the carbon bonded to “X” in the reactant molecule is sp3 hybridized, whereas the same carbon in the product is sp2
hybridized. • In primary structure, the amino acid residues are connected by peptide bonds. Biochemical pathways are both more efficient and more easily controlled when enzymes assemble into complexes on a solid surface. Overview BIOCHEMISTS HAVE INVESTIGATED ENZYMES (BIOLOGICAL CATALYSTS) FOR MORE THAN 140 YEARS.
Moonlighting proteins are a subset of multifunctional proteins that are not the result of gene fusion or alternate splicing (a process whereby several proteins can be synthesized from a single gene by removing certain segments from an mRNA; see pp. (A lone pair is a valence electron pair on a central atom that is not involved in bonding.) The term
electron group is used in discussions of VSEPR theory. nucleotide synthesis OXPHOS autophagy NADH synthesis CHAPTER 3 Water: The Matrix of Life The Water Planet Unique among the planets in the solar system, the Earth is an oceanic world. Consider the following reaction: ATP → AMP + 2 Pi Calculate the equilibrium constant (Keq) given the
following ΔG°′ values: ATP → AMP + PPi (−32.2 kJ/mol) PPi → 2Pi (−33.5 kJ/mol) 51. Hydrocarbons Because hydrocarbon molecules contain only carbon and hydrogen, they are nonpolar. Draw the resonance forms of the peptide bond and explain why. The blood-clotting proteins _____________ and _____________ prevent blood loss when blood vessels are
damaged. Enzymes were often named by adding the suffix -ase to the name of the substrate. Based on what you have learned in this chapter, briefly describe the cellular processes that are defective in FH. What is the pH of this solution? Cobalt (Co) is an important component of vitamin B12 structure (p. Mammalian cells have an average of 10,000
types of protein, most of which are produced in multiple copies, for an estimated total of 1 billion molecules per cell. As the intermediate decomposes, the hydride ion is transferred from the substrate to the nicotinamide ring of NAD+. Living cells also contain a wide variety of potentially toxic molecules that must be disposed of. Molecular Machines
Researchers now recognize that many of the multisubunit complexes involved in cellular processes function as molecular machines: physical entities with moving parts that perform work, the product of force and distance. Pears Charles C. Cytoskeletal reorganization, triggered by a vast array of chemical and physical signals, is a principal feature of
most cellular processes. By this calculation (i.e., 5/58.5), there are 0.085 mol of NaCl in the 2 l of solution. For example, according to long-held views, enzyme function depends almost entirely on the complementary shapes and catalytic interactions between reactant molecules and their more or less flexible binding sites. Carbon (C) has 6 protons in its
nucleus, so its atomic number is 6. Energy is defined as the capacity to do _____________. About 1000 macromolecules pass through each NPC per second. A typical example of an SN1 reaction is the reaction of t-butyl bromide with methanol (Figure 13). Suggest which amino acid residues might comprise it. The diameter and strength of the fiber
depend on the muscular tension within the spinneret valve and how fast the spider draws it out. f. Mitochondrial division and fusion in metabolism. The carboxyl group of Asp 102 polarizes His 57, thus allowing it to act as a general base (i.e., the abstraction of a proton by the imidazole group is facilitated): Removing the proton from the serine OH
group converts it into a more effective nucleophile. There is minimal or no ring strain in cycloalkane rings with five to seven carbons. Increased cross-linking with age leads to the brittleness and breakage of the collagen fibers that occur in older individuals. Life’s organic molecules are principally composed of six elements: carbon, hydrogen, oxygen,
nitrogen, phosphorus, and sulfur, and they contain trace amounts of certain metallic and other nonmetallic elements. In the severe form of FH, in which affected individuals have no functional LDL receptors, heart attacks begin at about age 8, with death occurring a few years later. In step 2, the nucleophilic oxygen of methanol attacks the
carbocation. There are two types of unsaturated hydrocarbons: the alkenes, which contain one or more double bonds, and the alkynes, which contain one or more triple bonds. When an atom absorbs energy, an electron moves from its “ground state” to a higher-energy level. In the reaction A + B → P, if the order of A and B is 1 each, then the reaction
is said to be secondorder, and A and B must collide for product to form (a biomolecular reaction): (10) In this circumstance, the reaction rate depends on the concentrations of the two reactants. Like many denaturations, cooking eggs is an irreversible process. 549). The transfer of a proton from the amine group to the oxygen to form a carbinolamine,
followed by the transfer of another proton from an acid catalyst, converts the oxygen into a good leaving group (OH2+). As with protein folding, the hydrophobic effect is clearly the most important because the structures of the complementary interfacing surfaces between subunits are similar to those observed in the interior of globular protein
domains. The Mayan civilization, a series of city-states in the Yucatan peninsula, is an exceptionally wellresearched example of the effect of water availability on human survival because of climate data (temperature, volcanic eruptions, forest fires, and precipitation) obtained from Greenland ice cores. GroEL/GroES chaperonin is a large protein
complex in E. Step 4 The tetrahedral intermediate is protonated on one of its hydroxyl oxygens. Phil Trans R Soc 368(1910):181–96. Because the alkali metals donate their valence electron so readily, they are considered especially strong reducing agents. 2012. The principal quantum number n defines the average distance of an orbital from the
nucleus where n = 1, 2, 3, and so on. Reducing agents. In other cases, the solution becomes quite cold, and the enthalpy term is negative. The first and second laws of thermodynamics are useful for biochemists who investigate chemical reactions in living organisms. Additionally, a 404 Not Found error was encountered while trying to use an
ErrorDocument to handle the request. Their structures are therefore examined carefully in the next four subsections. This chapter begins with a review of the structures and chemical properties of the amino acids. Among the many RER proteins on the cytoplasmic side of the ONM, several (e.g., nesprins) bind to the filaments of the cytoskeleton.
Proteins that are synthesized by living organisms adopt a biologically active conformation. SUPERIOR PROBLEM-SOLVING PROGRAM Analytical thinking is at the core of the scientific enterprise, and mastery of biochemical principles requires consistent and sustained engagement with a wide range of problems. For example, the binding of the
protein insulin to insulin receptor molecules on the surface of certain cells is a signal that initiates the uptake of the nutrient molecule glucose. In other words, the valence electron pairs on the central atom in a molecule orient themselves in space so that repulsion is minimized (i.e., their total energy is minimized). Nature 514:181–6. Caveolar
endocytosis, a type of clathrin-independent process, is briefly described in an online reading. "McKee's Biochemistry is by far the best available textbook on the market for a one semester undergraduate Biochemistry course. SR is a reservoir for calcium, the signal that triggers muscle contraction. • Chapter 15 contains updates to the explanation of
ubiquitination and proteasomes. (Amino acid side chains are poor electrophiles because they cannot accept unshared pairs of electrons.) Because the directed d shell valences of metals allow them to interact with two or more ligands, metal ions help orient the substrate within the active site. p53 is activated in response to a variety of stimuli such as
DNA damage, ER stress, ultraviolet (UV) light, and hypoxia (oxygen deficiency). The coenzyme NAD+ acts as a hydride ion (H:−) acceptor. When vesicles, such as those containing LDLs, have fused with early endosomes, the reduction in pH releases the cargo from their receptors. The order of reactivity in nucleophilic substitution reactions is as
follows: Explain this order on the basis of their pKa values: phosphoric acid (1 × 10−3), hydrogen sulfide (1 × 10−7), alcohols (1 × 10−16), and ammonia (1 × 10−36). 2002. Living processes, such as growth and development, involve thousands of chemical reactions in which vast quantities and varieties of vibrating and rotating molecules interact,
collide, and rearrange into new molecules. Cellular responses triggered by insulin binding to its receptor include uptake of glucose into target cells and increased fat and glycogen synthesis. A detector within the mass spectrometer produces a peak for each ion. In the (ADP)7 state, the hydrophobic character of the cavity returns, the chamber opens,
and the folded protein or domain is released. Driven by the hydrolysis of the nucleotide GTP, traffic through the NPC is brisk and efficient. Several types of interactions stabilize tertiary structure (Figure 5.22): 1. Erythrocytes (red blood cells) have none. This stability is the result of the unique bonding arrangement of aromatic rings. However, despite
enormous effort and millions of dollars of investment, most applications of spider silk have not materialized for the simple reason that there is no adequate source. β-hairpin supersecondary structure fibrous protein globular protein e. The disulfide bonds of ribonuclease are cleaved by which of the following? As a result of the greater repulsions from
the lone pairs on the oxygen, however, the bond angle of a water molecule is 104.5o. The structural and chemical properties of each class are briefly discussed. For example, signaling molecules may be destroyed or removed (e.g., neurotransmitters such as acetylcholine and serotonin, respectively), activated proteins are inactivated by changes in
covalent modification (e.g., removal of phosphate groups), and nonprotein signals are degraded by enzymes. Most differentiated vertebrate cells possess a single nonmotile cilium called the primary cilium. Amino Acid Classes The sequence of amino acids determines the three-dimensional configuration of each protein. Systems under investigation can
be organisms, organs, cells, or organelles. When engineers plan a complex mechanical or electrical system, each component is designed to fulfill a precise function, and there are no unnecessary or unforeseen interactions between network components. FIGURE 2.17 Receptor-Mediated Endocytosis Extracellular substances may enter the cell during
endocytosis, a process in which receptor molecules in the plasma membrane bind to the specific molecules or molecular complexes called ligands. FIGURE 10 Nitration of Benzene The nitronium ion, a powerful electrophile, is created by the protonation of HNO3 by H2SO4. PRIMARY STRUCTURE, EVOLUTION, AND MOLECULAR DISEASES Over
time, as the result of evolutionary processes, the amino acid sequences of polypeptides change. Magnesium ion (Mg2+) forms complexes with the negative charges of the phosphate in ATP. A reaction order of 2 for the conversion of A to B indicates that it is a bimolecular process and that two molecules of A must collide for the reaction to occur
(Section 6.3). The confined space within a primary cilium enables the tight integration of several signaling systems. The cytoskeleton is a complex, dynamic, and force-generating network of filaments that give eukaryotic cells shape, structural support, and the capacity for the directed movement of molecules and organelles. p53 proteoforms and
intrinsic disorder: an illustration of the protein structure–function continuum concept. • Brand-New Illustrations. WORKED PROBLEM 4 Dimethyl ether has the following formula: CH3—O—CH3. Proteins more distantly related are often classified into superfamilies. For example, the outer membrane is highly permeable, whereas the relatively
impermeable inner membrane contains special carrier proteins that control molecular traffic into and out of the organelle. Although both prokaryotes and eukaryotes process environmental information, most research efforts have been concerned with eukaryotic signal transduction. The positively charged ion product is called a cation, and the
negatively charged ion product is called an anion. Enzymes: Activation Energy and Reaction Equilibrium To proceed at a viable rate, most chemical reactions require an initial input of energy. Proteins in the inner mitochondrial membrane are involved in which of the following processes? In addition to being composed of moving parts, both require
energy-transducing mechanisms; that is, they both convert energy into directed motion. SOLUTION (a) The number of moles of glucose is calculated by dividing the molecular mass of glucose by its mass. Catalyzed by biomolecular catalysts called enzymes, these reactions are organized into pathways. Peroxisomal enzymes are involved in a variety of
anabolic and catabolic pathways, including synthesis of certain membrane phospholipids and other lipids, purine and pyrimidine bases (pp. Oxidation-reduction reactions, also referred to as redox reactions, involve the exchange of electrons between chemical species. Signal Transduction If energy is the force that drives biochemical processes, then
information is the power to specify what is done. If not carefully controlled, the amplifying effect of a positive feedback loop can result in the collapse of the system. The final Lewis structure is given below. The next day, if a web is heavily damaged, the spider will eat the silk and then construct a new web. Carbon has an electron configuration of
1s22s22p2, which can also be represented as It appears from this diagram that carbon only has two bonding electrons. The subsequent activation of the T cell leads to its proliferation, followed by activation of other immune system cells. The silver bromide product is insoluble in water and precipitates out of solution. The minus (–) end grows more
slowly. SECTION 5.3 Comprehension Questions 37. Why do some ordered proteins require molecular chaperones to fold into their active conformations, whereas others do not? FIGURE 5.6 Some Modified Amino Acid Residues Found in Polypeptides Amino Acid Stereoisomers Because the α-carbons of 19 of the 20 standard amino acids are attached to
four different groups (i.e., a hydrogen, a carboxyl group, an amino group, and an R group), they are referred to as asymmetric, or chiral, carbons. In blood clotting, for example, the platelet plug that seals a damaged blood vessel does not expand continuously because inhibitors are released by nearby undamaged blood vessel cells. Fischhaber –
California State University, Northridge Nick Flynn – Angelo State University Clarence Fouche – Virginia Intermont College Thomas Frielle – Shippensberg University Matthew Gage – Northern Arizona University Paul J. The filamentous or polymeric form (F-actin) exists as a coil of two actin polymers with a plus end and a minus end. An elaborate
mechanism involving regulatory proteins ensures that internalized molecules are appropriately recycled back to the plasma membrane, delivered to the TGN for transport to locations throughout the cell, or degraded within organelles called lysosomes. • Chapter 4 offers an expanded discussion of energy currency molecules that introduces NADH,
NADPH, and FADH2 as electron carriers with considerable reducing power. Excess H2O is excreted through the kidneys. The equation for determining the hydrogen ion concentration in a 0.1 M solution is Solving for x yields 1.35 × 10–3, the hydrogen ion concentration in the acetic acid solution. 56. Take your learning further by visiting the
companion website for Biochemistry at www.oup.com/us/mckee where you can complete a multiple-choice quiz on amino acids, peptides, and proteins to help you prepare for exams. Purification Protein analysis begins with isolation and purification. Facultative heterochromatin is capable of changing in response to specific signaling processes from a
condensed inactive state into actively transcribed euchromatin. KEY CONCEPTS • Titration is useful in determining the relative ionization potential of side chain acidic and basic groups in an amino acid or peptide. The hexokinases will bind only D-hexose sugars and not their L-counterparts. The linked amino acids in a polypeptide are referred to as
amino acid residues because peptide bond formation is a dehydration reaction (i.e., a water molecule is removed). There is also a new description of DNA and RNA transposons, as well as new discoveries of transfer RNA and noncoding RNA functions. The electron returns to its ground state when the atom releases the absorbed energy. (3) Does the
reaction require or release energy? The periodic table is arranged in vertical rows called groups or families and horizontal rows called periods. Hydrogen bonds are considerably weaker than the covalent hydrogen–oxygen bond in the water molecule itself because of their longer bond lengths. For example, the individual electrical wires in the cables
that control aircraft are insulated to prevent damage caused by short circuits. Several topics are introduced in these early chapters and then revisited throughout the book. The Biochemistry in Perspective essay on carcinogenesis features an extended discussion of the link between cancer and lncRNAs. • Chapter 19 includes new material on the
initiation phase of eukaryotic protein synthesis, including an explanation of the 43S preinitiation complex and of transcript localization as a mechanism for directing mRNAs to discrete cellular locations. Often, however, after initial success (i.e., shrinkage of the tumor), the cancer returns because resistance to the drugs develops. The corresponding
rotations are represented by Ψ and φ, respectively. Hydration. An autophagic process called mitophagy removes heavily damaged mitochondria. The term autopoiesis has been created to describe the remarkable properties of living organisms. The sum of all reactions in a living organism is called its _______________. The remaining genes are located on
nuclear chromosomes. Positive feedback control is found less often in living organisms because the mechanism is potentially destabilizing. Under low magnification, the cytoplasm of prokaryotes has a uniform, grainy appearance except for inclusion bodies, large granules that contain organic or inorganic substances. Phosphoglycerides are an
important structural component of cell membranes. Either through direct physical contact between compartments or by transport vesicles, the endomembrane system processes and transports a vast array of molecules through cells, as well as to and from cell exteriors. The diffraction pattern that results is recorded on charge-coupled device (CCD)
detectors. This separation of charge is called a dipole. To improve clarity, one of heme’s propionic acid side chains has been displaced. The increase in oxidation number indicates that each carbon atom has lost 6 electrons for a total of 36 e−; that is, the carbon atoms have been oxidized. Living organisms require a constant flow of energy to prevent
disorganization. Assuming that mycoplasmas are spherical, calculate the volume of an individual cell. Additionally, the sulfhydryl groups of two cysteine molecules oxidize easily in the extracellular compartment to form a disulfide compound called cystine. The bases on opposite strands form pairs because of hydrogen bonds. Urea disrupts hydrogen
bonds and hydrophobic interactions. Carbohydrates serve a variety of functions in living organisms. Short-Answer Questions 7. In steps (d) and (e), the two previous steps are reversed. Serine, threonine, tyrosine, asparagine, and glutamine belong to this category. A metabolic network consists of interconnected biochemical reaction pathways that
synthesize and degrade biomolecules. Within the active site of the serine proteases (a class of proteolytic enzymes such as trypsin and chymotrypsin; see pp. For example, isobutanol reacts with acetic acid to form isobutyl acetate, an ester found in cherries, raspberries, and strawberries. Overview EARTH IS UNIQUE AMONG THE PLANETS IN OUR
SOLAR SYSTEM, PRIMARILY BECAUSE OF ITS VAST OCEANS OF WATER. After NAD+ binds to the active site, the substrate ethanol enters and binds to the Zn2+ as the alcoholate anion (Figure 6.11b). 218–32) are, they do not reveal any information about the actual catalytic mechanisms of enzymes. Hsp70s. Because the bond distances in proteins
are approximately 0.15 nm, the electromagnetic radiation used to resolve protein structure must have a short wavelength. Although the number of enzymes is vast, the catalytic units are composed of relatively few combinations of amino acids. ENERGY TRANSFER PATHWAYS Energy transfer pathways capture energy and transform it into forms that
organisms can use to drive biomolecular processes. Since the nesprins bind directly or indirectly to cytoskeletal filaments, LINC connects the nucleoplasm to the cytoskeleton. 170–72), simple proteolytic enzymes, and elaborate pathways that degrade selected proteins or organelles. A structural model is constructed from X-ray diffraction data of one
or more homologous proteins in the Protein Data Bank (www.pdb.org). COPI-coated transport vesicles containing resident ER proteins bud off from the edges of VTCs and return these molecules to the ER in a process called retrograde transport. 572), lysosomal degradation (p. In mature silk protein. In a mass spectrometer, ionized molecules flow
through a magnetic field (Figure 5G). What are the components of the endomembrane system? A hydrogen bond is an attractive force between a hydrogen atom attached to an electronegative atom (e.g., oxygen or nitrogen) of one molecule and an electronegative atom of a different molecule. (At physiological pH, serine hydroxyl groups are ordinarily
poor nucleophiles.) The deprotonated serine is thus converted into a better nucleophile. This compartment, which is often referred to as the cisternal space, is entirely separated from the cytoplasm by the ER membrane. Subsequent oxygen molecules bind with high affinity. 73. Fatty acids are components of lipid (water-insoluble) molecules of several
types. The protein hormone insulin is a signal molecule. endothermic reaction exothermic reaction isothermic reaction spontaneous process nonspontaneous process Fill in the Blanks 4. In transmission electron microscopy (TEM) electrons pass through thin specimens. THE PERIODIC TABLE The modern periodic table (Figure 3) is a chart based on
the periodic law, which states that the electron configurations of the elements vary periodically with their atomic number. The structure of GroEL and its lid-shaped co-chaperone GroES is illustrated in Figure 5.31. In positive feedback control, a product increases its own production. Microtubule dynamics are regulated by microtubule-associated
proteins (MAPs), a series of molecules that control microtubule stability by promoting or preventing the assembly process. Self-organizing living organisms are so complicated that they must have not only precise structural specifications for each type of biomolecule, but also specifications for how, when, and where each type is to be synthesized,
utilized, and degraded. In addition, every atom in an aromatic ring has either a p orbital or an unshared pair of electrons. The nuclear envelope, a barrier that prevents the free passage of molecules between the nuclear compartment and the cytoplasm, plays a vital role in gene expression regulation. ■ WORKED PROBLEM 3 Draw the Lewis dot
structure for the organic solvent molecule carbon tetrachloride (CCl4). In the early 1950s, Linus Pauling (1901– 1994, 1954 Nobel Prize in Chemistry) and his colleagues proposed an explanation. As the X-rays hit the crystal, they are scattered by the atoms in the crystal. However, two simple rules may be used to ascertain whether a carbon atom in a
molecule has been oxidized or reduced: 1. Biotransformation How does the body metabolize potentially toxic hydrophobic molecules? Members of each group serve several functions. Once the boulder has reached the top, only a slight push will cause it to slide down the other side, releasing energy as it does so. Because the octets are incomplete,
more electrons must be shared, an indication that there are double or triple bonds in the molecule. The unique functional properties of the cytoskeleton are made possible by a balance of mechanical forces between compression-resistant microtubules and tension generated by contractile microfilaments. A large number of human diseases have been
linked to errors in one or more gene sequences or to faulty regulation of gene expression. Note that the Lanthanides (elements 57–70) and the Actinides (elements 89–102) are not relevant to biochemistry and are not discussed. Endoplasmic reticulum stress and the unfolded protein response in pancreatic islet inflammation. What happens when a
ribosome attempts to translate an mRNA that is either truncated or missing a stop codon? Isomerases. This section of the chapter begins with descriptions of the structural features of classic ordered proteins and with brief overviews of disordered proteins, protein denaturation, and protein folding. In living organisms, oxygen (1s22s22p4) is found
most abundantly in water molecules, where it has an oxidation state of −2. Adjustments in the rates of enzyme-catalyzed reactions allow cells to respond effectively to environmental changes. Depending largely on its size, a polypeptide may or may not form intermediates (species existing long enough to be detected) that are momentarily trapped in
local energy wells (Figure 5.29b). Emerin binds directly to lamin A filaments and to BAF, a DNA-bridging protein with roles in chromatin organization and gene expression. Experiments with gnotobiotic (germ-free) mice have revealed that the absence of a microbiota has a profound effect on health. LEARNING PACKAGE We have created a
comprehensive set of additional resources to accompany the seventh edition. PROXIMITY AND ORIENTATION EFFECTS For a biochemical reaction to occur, the substrate must come into close proximity to catalytic functional groups (side chain groups involved in a catalytic mechanism) within the active site. The more reduced a molecule is—that is,
the more hydrogen atoms it possesses—the more energy it contains. The process that organisms use to receive and interpret information is referred to as signal transduction. The structure and function of several interesting examples, presented in Table 5.3, are now discussed. The microbial engines that drive Earth’s biogeochemical cycles. Matter
has been described as condensed energy. d. Examples of the latter include UDP-glucose, an intermediate in glycogen synthesis (p. Results of this process include changes in enzyme activities and/or gene expression, cytoskeletal rearrangements, cell movement, or cell cycle progression (e.g., cell growth or division). Enzyme Specificity Enzyme
specificity is an enzyme property that is partially accounted for by the lock-and-key model, introduced by Emil Fischer in 1890. Each strand of hair consists of numerous dead cells packed with keratin molecules. 61. The exponents m and n are used to determine the reaction’s order, a number that relates the rate at which a chemical reaction occurs to
the concentrations of the reactants. Because electron configurations of elements with high atomic numbers are unwieldy, chemists use a simplification for an element’s electron configuration that is an abbreviation for the electron configuration of the noble gas immediately preceding the element. Please use the download link mentioned below to
access the Biochemistry 5th Edition PDF.Download File Disclaimer: This site complies with DMCA Digital Copyright Laws. Please bear in mind that we do not own copyrights to this book/software. FIGURE 2.18 Clathrin-Dependent Endocytosis (a) Each clathrin triskelion is formed by three heavy chains and three light chains. (In some areas, where
malaria is endemic, the sickle-cell trait is present in as much as 40% of the native population.) QUESTION 5.7 A genetic disease called glucose-6-phosphate dehydrogenase deficiency is inherited in a manner similar to that of sickle-cell anemia except that it occurs most frequently in males. Under physiological conditions, the carboxyl group of fatty
acids exists in the ionized state, R—COO–. Davis – University of Arkansas Patricia DePra – Carlow University Siegfried Detke – University of North Dakota William Deutschman – State University of New York, Plattsburgh Matthew R. Developing a network of connections beginning with professors and expanding into the student’s field or interests (e.g.,
by attending science career fairs or professional society conferences) also increases employment opportunities. Biochemical Reactions Energy Overview of Metabolism Biological Order 1.4 SYSTEMS BIOLOGY Emergence Robustness Systems Biology Model Concepts Living Organisms and Robustness Biochemistry in the Lab An Introduction
AVAILABLE ONLINE Life: It Is a Mystery! Why Study Biochemistry? A system is at equilibrium when the free energy change is zero. McKee is Professor of Chemistry at the University of the Sciences, Philadelphia.Trudy McKee is a biochemist who has taught Biochemistry at Thomas Jefferson University, Rosemont College, Immaculata College, and the
University of the Sciences. Prevention of nonspecific activation of Ca2+-dependent processes requires precise localization of Ca2+ release and then rapid clearance of the ion from the cytoplasm. The same is true for the weaker electrostatic interactions (ion–dipole, dipole–dipole, van der Waals). In β- and γ-amino acids, the amino group is attached to
the second and third carbon, respectively, from the carboxyl group. 24 73. It should be noted that none of these catalytic factors is mutually exclusive. Consequently, the following discussion focuses on information processing in eukaryotes. The membrane-embedded ring-shaped core of the NPC is attached to a basket-shape structure. In the case of
glutamate, the pI is the pH halfway between the pKa values for the two carboxyl groups: (2.19 + 4.25)/2 = 3.22. Recall that electronegativity decreases from right to left across and from top to bottom of the periodic table. In DFPinhibited enzymes, the inhibitor is covalently bound only to Ser 195 and not to any of the other 29 serines. The impact of
this phenomenon can be considerable. A single covalent bond consists of two shared electrons. Genes and Diseases 3:244–51. When fatty acids and sugars are oxidized, their hydrogen atoms are removed by the redox coenzymes FAD (flavin adenine dinucleotide) or NAD+. Because each hydrogen atom has one electron, the Lewis dot structure for the
hydrogen atom is H∙. It exploits differences in their mass-to-charge (m/z) ratios. Critical-Thinking Questions 54. Ingber DE. Today, in the early years of the twentyfirst century, we find ourselves in the midst of a previously unimagined biotechnological revolution. The hydroxyl oxygen on carbon 6 of the sugar molecule is the nucleophile, and
phosphorus is the electrophile. Differences in the rates of particle movement separate the protein mixture into bands, which are then collected separately. endotoxin periplasmic space slime layer lipopolysaccharide pilus 28. Examples include type 2 diabetes (p. Whereas myoglobin shows hyperbolic O2-binding kinetics, hemoglobin exhibits a
sigmoidal curve suggestive of cooperative binding (ligand binding by one subunit affects the binding behavior of other subunits) and allostery (ligand binding affected by effector molecules). sugar glucose monosaccharide polysaccharide cellulose 16. Two staggered antiparallel rows of these dimers form a supercoiled protofilament. Korlipara – Saint
John’s University Christa R. However, no matter what their shape, size, or species, cells are also amazingly similar. ANF also inhibits the release of molecules that promote increased blood pressure. The primary role of the Golgi apparatus is the glycosylation (covalent attachment of sugar molecules) to proteins and lipids. It increases pain perception
during inflammation by lowering the threshold for pain signaling in sensory neurons. MYOGLOBIN Myoglobin, found in high concentration in skeletal and cardiac muscle, gives these tissues their characteristic red color. (b) The pyrimidines. The second form lacks attached ribosomes and is called SER. Some catabolic pathways release energy. The

amino acid will be negatively charged at pH values above 3. Based on the engineering principles originally developed to build jet aircraft, systems biology regards living organisms as integrated systems. The Guardian (London, UK), 24 Jan 2012. The shapes of f orbitals are increasingly more complex and are rarely relevant in biochemical reactions.
MULTIFUNCTIONAL PROTEINS As a result of early research on protein structure and genetics, biochemists have long assumed that each gene encodes one protein, which in turn has a single function. As the cis cisterna moves forward, eventually becoming the trans cisterna, the newly synthesized proteins and lipids enzymes undergo an ordered
series of covalent modifications (the addition of sugar molecules and sulfate or phosphate groups) that prepare them for their functions. Indicate which atoms in oxytocin can potentially form hydrogen bonds with water molecules. SCHIFF BASE FORMATION Molecules such as amino acids that possess primary amine groups can reversibly react with
carbonyl groups. Energy transformations, for example, involve electron transfers. GroEL (hsp60 in eukaryotes) is composed of two stacked, seven-subunit rings with a cavity in which ATPdependent protein folding takes place. The tritiated nucleotide thymidine, for example, is used to study DNA synthesis because thymidine is incorporated only into
DNA molecules. The molecule 2phosphoglycolic acid (PGA) resembles TPI’s enediolate 1 transition state. Consequently, the reaction rate increases significantly over that of the uncatalyzed reaction. Their formula is CnH2n+2. In a computer-assisted process, information concerning each ion’s mass is compared against data for ions of known structure
and used to determine the sample’s molecular identity. The synthesis of 2,3-BPG from the glycolytic intermediate 1,3-BPG (glycerate-1,3-bisphosphate) is catalyzed by the enzyme bisphosphoglycerate mutase, one of many iron-requiring enzymes. The 28 major families of collagen molecules include many closely related proteins that have diverse
functions. For students embarking on the study of biochemistry, a thorough understanding of the principles of organic chemistry is essential because, as stated previously, with the exceptions of inorganic molecules such as H2O, O2, NH3, and CO2 and several minerals (e.g., Na+, Ca2+, and Fe2+), biomolecules are organic molecules. As a result, the
leaving group leaves. Clathrin-dependent endocytosis, also referred to as receptor-mediated endocytosis, is a versatile and widely used mechanism in which clathrin-coated vesicles containing cargo, bound to membrane receptors, are taken into cells. Determine the structure of the product of the reaction of glycine with glucose. IN ADDITION TO
SERVING AS STRUCTURAL materials in all living organisms (e.g., actin and myosin in animal muscle cells), proteins are involved in such diverse functions as catalysis, metabolic regulation, transport, and defense. The l values of 0, 1, 2, 3, and 4 correspond to the s, p, d, and f subshells. 533–36). The precise nature of the forces that promote the
folding of proteins (described on pp. 725), RNA-induced silencing complex (p. The wrapping of an ER tubule around a mitochondrion (refer to Figure 2.23c) is an early step in the fission process. Solving this problem begins with a balanced equation: According to this reaction equation, the combustion of every mole of methane yields 2 mol of water.
Lyases catalyze reactions in which groups (e.g., H2O, CO2, and NH3) are removed by elimination to form a double bond or are added to a double bond. FIGURE 5F Gel Electrophoresis (a) Gel apparatus. 184) results in a spontaneous and correct refolding of the polypeptide and re-formation of the disulfide bonds. According to the principle of selfassembly, most molecules that interact to form stable and functional supramolecular complexes are able to do so spontaneously because they inherently possess the steric information required. If the electrophilic carbon is asymmetric (i.e., four different groups are attached), an inverted configuration around this carbon will be observed in the
product. Schiff base formation is another important reaction. β-strand β-barrel fibronectin botulinum toxin conjugated protein Fill in the Blanks 44. For example, glucose binds to its receptor on pancreatic insulin-secreting cells, whereupon insulin is released into the blood. As oxidizing agents accept electrons, they become reduced. Each enzyme is
now classified and named according to the type of chemical reaction it catalyzes. Tertiary alcohols are less acidic than primary alcohols because the alkyl groups inhibit the solvation of the alkoxide ion. KEY CONCEPTS Many molecular complexes in living organisms function as molecular machines; that is, they are mechanical devices with moving
parts that perform work. Proteins also contain nonstandard amino acids that are modified versions of the standard amino acids. Determine the identity of the central atom in the Lewis structure. • Chapter 8 begins with a new overview of metabolism that introduces the concepts of signal transduction and genetic regulatory pathways in relation to
core metabolic pathways. Evidence that enzyme mechanisms involve tight binding of transition states has been acquired with the use of transition state analogues, molecules that so closely resemble a transition state that they bind to an enzyme’s active site more tightly than substrate molecules. Once the activated fatty acyl-AMP is formed, its
carbonyl carbon is easily attacked by the thiol sulfur of coenzyme A (CoASH) to yield the fatty acyl-SCoA product. The genomes of most organisms specify the amino acid sequences of thousands or tens of thousands of proteins. (Examples of these reactions, referred to as posttranslational modifications, are described in Section 19.2.) The most
prominent covalent bonds in tertiary structure are the disulfide bridges found in many extracellular proteins. Much of our current knowledge of biochemical processes is a direct result of technological innovations. Vasopressin, also called antidiuretic hormone (ADH), is a nonapeptide (it contains nine amino acid residues) in which the two cysteine
residues form a disulfide bridge. • Most asymmetric molecules in living organisms occur in only one stereoisomeric form. Examples of the use of clathrin-dependent endocytosis include nutrient uptake [e.g., low-density lipoproteins (LDLs), sources of lipids such as cholesterol (p. Consequently, many investigators now use high-molecularweight
“crowding agents” such as dextran (a glucose polymer produced by some bacteria) or serum albumin to simulate intracellular conditions in enzyme studies. In RNA, as in DNA, the nucleotides are linked by phosphodiester linkages. Thiols are stronger acids than their alcohol equivalents, however, in part because of the weakness of the S—H bond.
Reaction rate is defined as the change in the concentration of reactant or product per unit time. In ancient Rome by the third century CE, 11 aqueducts provided sufficient water for an estimated 1 million people. The term amphoteric is used to describe this property. Also attached to the αcarbon is another group, referred to as the side chain or R
group. Define the following terms: free energy exergonic reaction endergonic reaction standard free energy charge e. SECTION 2.2 Comprehension Questions 26. If glucose, phosphate, and glucose-6-phosphate are combined in concentrations of 4.8, 4.8, and 0.25 mM, respectively, what is the equilibrium constant for the hydrolysis of glucose6phosphate at a temperature of 25oC? (Renin is an enzyme that catalyzes the formation of angiotensin, a hormone that constricts blood vessels. Capture silk, an elastic and sticky fiber, is used in the spiral of webs. P-4] is a form of angular momentum that occurs in atomic nuclei with an odd number of protons or neutrons. Such cells continue to grow
and reproduce, whereas susceptible cells die. As a result, more detailed images can be obtained. DNA polymerase, the enzyme involved in DNA synthesis, is a marker for nuclei. If so, why? As their name suggests, the branched-chain hydrocarbons are carbon chains with branched structures. Note that branched-chain molecules are named by first
identifying the longest chain and that the number of the carbon that is bonded to the sidechain group is the lowest one possible. There is also a new discussion of creatine kinase and creatine, featuring an illustration of the creatine kinase–phosphocreatine shuttle system, which facilitates intracellular transport of high-energy phosphate. Large
numbers of noncovalent interactions stabilize macromolecules and supramolecular structures, whereas the capacity of these bonds to rapidly form and break endows biomolecules with the flexibility required for the rapid flow of information that occurs in dynamic living processes. The carbon atoms in molecules such as methane, however, are bonded
to four hydrogen atoms in a tetrahedral arrangement. • Hydrophilic molecules interact with water. 10. rRNA tRNA mRNA siRNA miRNA 20. Phillips – Pennsylvania State University Jerry L. The hydration of the metabolic intermediate fumarate to form malate is a typical example (Figure 1.18). Until recently, the endocytic cycle has been regarded as a
means of controlling a cell’s response to a signal molecule by regulating the number of its cognate receptors in the plasma membrane. In addition to serving as structural materials, 5. The RER, which is primarily involved in protein synthesis, is so named because of the numerous ribosomes that stud its cytoplasmic surface. INTERACTIVE 3D
MOLECULES At www.oup.com/us/mckee7e, students will find an updated selection of hundreds of interactive 3D molecules in JMOL format. The bulk of the enzyme, however, is not part of the active site. _______________ are organisms that transform the energy of the sun into chemical bond energy. A fluorescence microscope is fitted with a light
source, an excitation filter (which transmits only the wavelengths that excite a specific fluorophore), a dichroic mirror (a beamsplitter composed of coated glass that reflects the excitation light and transmits the emitted fluorescence), an emission filter (which transmits peak emission light waves), and a camera. • There are three classes of biochemical
pathway: metabolic (anabolic and catabolic), energy transfer, and signal transduction. The folding of IDPs into stable three-dimensional conformations is prevented by biased amino acid sequences that contain high percentages of polar and charged amino acids (e.g., Ser, Gln, Lys, and Glu) and low quantities of hydrophobic amino acids (e.g., Leu, Val,
Phe, and Trp). ■ Equation (13) ignores the reversibility of the step in which the ES complex is converted into enzyme and product. Jones – Illinois State University Eun Hoo Kim – Methodist University Youngjoo Kim – SUNY College at Old Westbury Bryan Knuckley – University of North Florida Jason Kowalski – Marian University of Wisconsin Colleen
Krause – University of Hartford George B. Autoradiography Autoradiography is used to study the intracellular location and behavior of cellular components. In such circumstances, increasing interface surface area raises a reaction’s rate. 250 in the textbook) is an important feature of the chemistry of carbohydrates (Chapter 7). To eliminate
confusion, the International Union of Biochemistry (IUB) instituted a systematic naming scheme for enzymes. After the coat proteins are removed, the vesicle fuses with an early endosome, the precursor of lysosomes. An extensive new description of the redox proteome and the four principles of the redox code explain how sensitive redox signaling is
a major feature of numerous organismal processes. It catalyzes the reversible conversion of dihydroxyacetone phosphate (DHAP) to glyceraldehyde-3-phosphate (GAP), which is a reaction in glycolysis (Chapter 8), the biochemical pathway that degrades the sugar glucose. Reaction rates increase if Ea can be lowered. Lipids and Membranes 12.
Carbon-14 is also used as a radioactive tracer in biochemical and medical research. As in all organic reactions, product formation takes place in several steps. When reactants are in the aqueous phase, for example, thermal motion brings them into contact. The mechanisms of a variety of enzymes have been investigated intensively over the past
several decades. SOLUTION ■ Organic Reactions: Substitutions and Eliminations There are a very large number of organic reaction types. Peroxisomes are small spherical membranous organelles that contain a variety of oxidative enzymes. The bonds differ in how valence electrons are shared among the bonded atoms. NO is transported out of the
red blood cell via the anion exchanger AE-1 (p. • In Chapter 16, the discussion of hormones and intercellular communication has been thoroughly revised, with extensive new coverage of G-protein–coupled receptors, including new illustrations of G protein and GPCR and an extended discussion of GPCR regulation. They are sufficiently similar,
however, that a discussion of their basic components is useful. List three factors that do not foster α-helix formation. SECTION 4.3 Comprehension Questions 44. Water is now known to be an indispensable component of biological processes as diverse as protein folding and biomolecular recognition in signal transduction mechanisms, the selfassembly of supramolecular structures such as ribosomes, and gene expression. For example, the internal appearance of liver mitochondria has been observed to change dramatically during active respiration, that is, from a low-energy (expanded mitochondrial matrix) conformation to a high-energy (contracted mitochondrial matrix) conformation. In
living organisms there is no single definable optimal temperature for enzymes. Although the number of reactions is large, the number of reaction types is relatively small. The nuclear lamina (Figure 2.21) is a thin, dense protein meshwork attached to the inner surface of the inner nuclear membrane. The change in entropy of the water that surrounds
the protein is positive because of the decreased organization of the water in going from the unfolded to the folded state of the protein. HPLC is often used in association with mass spectrometry (p. In other words, the quantum number n designates the principal energy shell. Defense Mechanisms Despite the many benefits of the human indigenous
microbiota, the body must constantly protect itself from the microbiota’s potentially unrestricted growth. Energy transfer pathways capture energy and transform it into forms that organisms can use to drive biomolecular processes. Each level is inextricably linked to the levels above and below it. The general expression for the velocity of the reaction
is (14) To be useful, a reaction rate must be defined in terms of [S] and [E]. The Biochemistry in the Lab essay includes new methods in proteomics that analyze protein complex mixtures by combining mass spectrometry and high-performance liquid chromatography. 216 and Figure 6.9) that forms during the catalytic mechanism is stabilized by
interactions between the substrate’s peptide bond carbonyl group and the backbone amide hydrogens of serine and glycine residues. At temperatures above absolute zero (0 K, or –273.1°C), all molecules possess vibrational energy, which increases as the molecules are heated. The review of general chemistry includes an overview of atomic structure,
atomic electron configurations, the periodic table, chemical bonds, valence bond theory, chemical reaction types, reaction kinetics, and equilibrium constants. What statements concerning free energy change are true or false? The mass number of an element, measured in atomic mass units, is equal to the number of protons and neutrons. SOLUTION
The equation for the dissociation of acetic acid is Because acetic acid is a weak acid, it is assumed that the dissociation of acetic acid has no substantive effect on acetic acid concentration. Cells arise only from the division of existing cells. (An electrolyte is an ionic species that influences the distribution of electric charge and the flow of water across
membranes.) Because nitrogen (1s22s22p3) has five electrons in its outer shell, its valence is −3. The filling sequence is determined by following the arrows starting at the lower left. For example, the transfer of sodium’s single electron to chlorine (seven valence electrons) yields the cation Na+ and the anion Cl−. The essential features of both are the
reaction between electron-deficient atoms (electrophiles) and electron-rich atoms (nucleophiles) and the formation of transition states. First, the molecular mass of glucose must be determined by adding the sums of the masses of each atom in glucose. Lysine has the following pKa values: pK1 = 2.18 pK2 = 8.95 pKR = 10.79 Give the structure and net
charge of lysine at the following pH values: 1, 4, 7, 10, and 12. Mitochondrial fission (Figure 2.23) allows biogenesis when cell energy requirements are high or when damaged or inactive portions of mitochondria are segregated prior to destruction. In addition to requiring 30% more calories to maintain body weight than conventional mice, germ-free
mice were observed to have underdeveloped intestinal architecture and fat storage capacity, as well as smaller organs (heart, lungs, and liver). The hydrogen bonds in antiparallel β-pleated sheets are perpendicular to the β-strands, and those in parallel β-pleated sheets are evenly spaced but slanted. resonance stabilization electrostatic repulsion
phosphoanhydride bond phosphodiester bond orthophosphate Fill in the Blanks 46. Biological machines are relatively efficient because the hydrolysis of nucleotides is essentially irreversible; therefore, the functional changes that occur in each machine occur in one direction only. In the presence of the sulfuric acid, the electron pair in the π cloud
polarizes toward the hydronium ion (H3O+) and forms a new carbon–hydrogen ion. However, the sickle-cell gene is not as rare as would be expected. Hydration reactions of alkenes are electrophilic addition reactions that yield alcohols. Also present are proteins that are responsible for the transport of specific molecules and ions. Smith LM, Kelleher
NL. Hundreds of filaments, each containing four protofilaments, form a macrofibril. 549) to yield PGH2, the precursor of the other eicosanoids. Because sickle-cell trait carriers are more likely to survive malaria than normal individuals, the incidence of the sickle-cell gene has remained high. This endeavor usually begins with a database search of
known protein sequences. What are the primary functions of metabolism? This textbook covers the most basic signal transduction mechanisms, yet even these may be viewed as complicated. If ribosomes occupy 20% of the volume of a bacterial cell, calculate how many ribosomes are in a typical cell as E. Aspirin For thousands of years pain has often
been relieved by extracts of willow tree bark. Similarly, the electron configurations for carbon (6 electrons) and chlorine (17 electrons) are 1s22s22p2 and 1s22s22p63s23p5, respectively. What is the nature of the process that is destroying the patient’s cells? Several features like key concepts, medical correlations, chapter summaries, 'Biochemistry
in Perspective,' and end-of-chapter problems help guide learning and provide valuable study materials."--Niina Ronkainen, Benedictine University "McKee's Biochemistry is an excellent, one-semester biochemistry text that covers the major topics to an appropriate depth for health professions students. It should be noted that phosphorus, sulfur, and
chlorine are usually assigned valences of −3, −2, and −1, respectively. In a process referred to as oxidative phosphorylation (OXPHOS), the energy released by the oxidation of nutrient molecules (e.g., glucose, fatty acids, and amino acids) is transformed into the chemical bond energy of ATP. The common features of prokaryotic and eukaryotic cells
include their similar chemical composition and the universal use of DNA as genetic material. Each protein-containing slice is then eluted with buffer and prepared for further analysis. A substantial amount of energy is required to synthesize enzymes. In the third segment of the duct, large amounts of water, released from the silk protein as
hydrophobic interactions increase, are pumped out by epithelial cells. Self-assembly of supramolecular structures occurs within living cells because of the steric information encoded into the intricate shapes of biomolecules that allows numerous weak, noncovalent interactions between complementary surfaces. However, enzymes are proteins that
become denatured at high temperatures. Chapter 2 Review Quiz Suggested Readings Clemente JC, et al. The architecture of life. KEY CONCEPTS • The nucleus contains the cell’s genetic information and the machinery for converting that information into a code for protein synthesis. For example, the mitochondrion is an organelle (a type of cell
compartment in the cells of organisms such as animals and plants). In other words, both A and B take part in the reaction’s rate-determining step. For example, insulin receptor binding also triggers a signaling pathway that quickly modifies the activity of several biochemical pathways by stimulating the activity of certain enzymes while inhibiting
others. Provide a reason for your response. The domains move relative to each other to close around a glucose molecule (not shown). Drastic changes in pH often lead to denaturation. Carbon can also form carbon–carbon double and triple bonds. RNA molecules fold into complex three-dimensional structures created by local regions of complementary
base pairing. SOLUTION The oxidation number of oxygen atoms in diatomic oxygen gas changes from 0 to −2 in both water and carbon dioxide molecules. As a consequence, the enzyme–metal ion complex polarizes the substrate and promotes catalysis. Such spins are described as “paired.” The spinning of an electron creates a magnetic field. Each
enzyme binds to a single type of substrate because the active site and the substrate have complementary structures. A comparison of the structures of these two proteins illustrates several important principles of protein structure, function, and regulation. FIGURE 6.9 The Probable Mechanism of Action of Chymotrypsin There is a fast acylation step
during which the carbonyl end of the target peptide bond of the substrate is transferred to the enzyme to form an acyl-enzyme adduct and the amino end of the substrate leaves the active site. Each carbon has three sp2 orbitals that form three σ bonds with two other carbon atoms and with one hydrogen atom. In a nucleic acid, dozens to millions of
nucleotides are linked by phosphodiester linkages to form long polynucleotide chains or strands. The stabilization contributed by small “structural” water molecules may free the polypeptide from some of its internal interactions. Several standard and nonstandard amino acids act as metabolic intermediates. Oxygen is more electronegative than
hydrogen; in other words, oxygen has a greater capacity to attract electrons when bonded to hydrogen. When an carboxylic acid reacts with an alcohol, the product is called a(n) a. The substances undergoing the reaction, called reactants, appear on the left-hand side of the equation, and the products of the reaction are on the right-hand side. For this
reason, living organisms employ buffers to closely regulate pH. For example, the principal product of propene hydration is 2-propanol and not 1-propanol. Together these side chains create a microenvironment that is conducive to catalysis. As life science research has become increasingly more sophisticated, scientists have provided a progressively
more coherent view of the living state. Biochemistry IN THE LAB Protein Technology L iving organisms produce a stunning variety of proteins. The most important difference is the design issue. The species that accepts the electrons is referred to as the oxidizing agent. Integral proteins are embedded within the membrane because the amino acid
residues in the membrane-spanning portions of these proteins have hydrophobic side chains. (Peptides with 30 or less amino acid residues generate characteristic fragmentation patterns that are used to identify them.) A computer identifies each peak in the spectrum and automatically determines the amino acid sequence of the peptides. Unlike the
prokaryotes, the eukaryotes carry out their metabolic functions in membrane-bound compartments called organelles. How do plants dispose of waste products? This chapter provides an overview of cell structure. FIGURE 2B Density-Gradient Centrifugation The sample is gently layered onto the top of a preformed gradient of an inert substance such
as sucrose. Other products of elimination reactions include ammonia (NH3), amines (RNH2), and alcohols (ROH). Scanning electron microscopy (SEM) is used to form three-dimensional images by detecting electrons emitted from specimen surfaces coated with a thin layer of a heavy metal. In this procedure, the fraction of interest is layered on top of
a solution that consists of a dense substance such as sucrose. You can download the paper by clicking the button above. In condensation reactions, a small molecule, in this case H2O, is removed.) Cross-linkages also occur between hydroxylysine-linked carbohydrates and the amino group of other lysine and hydroxylysine residues on adjacent
molecules. 43. For example, when a barefooted pedestrian steps on a broken piece of glass, she is almost immediately motivated to remove the glass piece and then to clean and protect the wound. 3.2 NONCOVALENT BONDING Noncovalent interactions are usually electrostatic; that is, they occur between the positive nucleus of one atom and the
negative electron clouds of another nearby atom. Note that the structures of coenzymes such as NAD+, NADP+, FAD, FMN, and CoASH also contain adenine nucleotide components. As these molecules begin emerging from the ribosome, a rapid and cooperative folding process begins in which side chain interactions facilitate the formation and
alignment of secondary structures. Despite the rich diversity of living processes that contribute to generating and maintaining biological order, most can be classified into the following categories: (1) synthesis and degradation of biomolecules, (2) transport of ions and molecules across cell membranes, (3) production of force and movement, and (4)
removal of metabolic waste products and other toxic substances. Carbon is the crucial element in most biomolecules, with the exceptions of molecules such as water and ammonia and the electrolytes (e.g., Na+, K+, and Mg+2). TEMPERATURE All chemical reactions are affected by temperature. Ammonia (:NH3) acting as a Lewis base is attracted to
the hydrogen atom. These derivatives vary in their reactivity with nucleophiles. Despite their resistance to addition reactions, aromatic compounds are not inert. FIGURE 5.39 Dissociation Curves Measure the Affinity of Hemoglobin (red line) and Myoglobin (yellow line) for Oxygen. For example, when reactants are in the solid and liquid phases,
grinding the solid into small pieces increases its surface area that is in contact with the liquid phase. CHAPTER 8 Saccharomyces cerevisiae and the Crabtree Effect What unique properties of Saccharomyces cerevisiae make it so useful in the production of wine, beer, and bread? Successful collisions occur when there is sufficient energy at the
moment of impact (called the activation energy) and the colliding species are oriented during the collision in a manner that favors the rearrangement of the atoms and electrons. (pKa is the negative log of the acid dissociation constant, which is a quantitative measure of the strength of an acid in a solution, i.e., the tendency of an acid to lose a
proton.) 55. 93–94 for a more detailed description of pH and the pH scale, a convenient means of expressing the acidity or alkalinity of substances. The term homozygous indicates that the affected individual has inherited one copy of the defective gene from each parent. Electrostatic interactions. Note that the narrow, colored arrows in this and other
reaction mechanisms indicate the movement of electrons. Organization requires information. As a result of shear stress and other forces (e.g., squeezing of the wall of the ampullate gland and pulling of the silk fiber out of the spinneret by the spider), the spidroins in the silk dope are compressed and forced to align along their long axes. [Hint:
Metallothionein has a greater affinity for copper than for zinc.] COENZYMES Coenzymes are organic molecules that provide enzymes with chemical versatility because they either possess reactive groups not found on amino acid side chains or can act as carriers for substrate molecules. Each organelle is specialized to perform specific tasks.
Endocytosis in combination with exocytosis (p. Each type of stimulus triggers a specific signaling cascade composed of a set of Ca2+–responsive proteins that change in both their shape and their functional properties when bound to the ion. Alkenes with four or more carbons have structural isomers in which the position of the carbon–carbon double
bond is different. The hemiacetal product forms with the release of a proton from the positively charged intermediate. When the moonlighting protein glyeraldehyde-3-phosphate dehydrogenase (GAPDH) catalyzes a key reaction in glycolysis (a metabolic pathway in cytoplasm), it does so as a homotetramer (four identical subunits). Covalent linkages
are created by chemical reactions that alter a polypeptide’s structure during or after its synthesis. The third sp2 orbital of the two carbon atoms overlaps to form a carbon– carbon σ bond. What property of biofilms contributes to their impact on human medical conditions? Vesicles are membranous sacs that bud off from a donor membrane and then
fuse with the membrane of a different compartment. polypeptide peptide protein dipeptide hydroxyproline 6. Chemists and chemical engineers use Le Chatelier’s principle to manipulate chemical reactions to maximize product synthesis. FIGURE 5.12 Oxidation of Two Cysteine Molecules to Form Cystine The disulfide bond in a polypeptide is called a
disulfide bridge. β-Pleated sheets are either parallel or antiparallel. An important reason for this remarkable discrepancy is demonstrated by the complex set of structural and functional properties of naturally occurring proteins that have evolved over billions of years in response to selection pressure. 254.) The active site of TPI possesses numerous
precisely oriented amino acid side chains that either participate directly in the reaction mechanism (Glu 165 and His 95) or stabilize the substrate, transition states, or the enediol intermediate (Figure 6.3). Polypeptides synthesized in the laboratory from a mixture of both D- and L-amino acids do not form helices. Many scientists today believe that life
arose in a primordial pudding of clay and water. Examples include renin, aldosterone, and vasopressin. Afterward, CO2 diffuses from the blood into the alveoli and is then exhaled. FIGURE 2.27 The Axoneme of Eukaryotic Cilia and Flagella The axoneme is microtubule-based cytoskeletal structure. • Each mechanism is affected by catalysis-promoting
factors that are determined by the structure of the substrate and the enzyme’s active site. Outline the steps to purify a protein. After their transport into the cytoplasm, the ribosomal subunits bind to mRNAs to form ribosomes, the macromolecular complexes that synthesize proteins. For example, snakes, scorpions, and some spiders use neurotoxins
to subdue prey animals. triacylglycerol phosphoglyceride fatty acid saturated fatty acid unsaturated fatty acid 17. Note that in living eukaryotic cells, RER and SER are interconnected. IFs are especially prominent in cells that are subjected to mechanical stress. The plate (or cisterna) positioned closest to the ER is on the forming (cis) face, whereas
the one on the maturing (trans) face is typically close to the portion of the cell’s plasma membrane that is engaged in secretion. Chlorine is reduced because its oxidation number is lowered from +1 to −1. Why is lipopolysaccharide considered to be an endotoxin? peptide bond Schiff base disulfide bridge aldimine amphoteric 4. Defense. Membrane
proteins perform a variety of functions. 62. Mirror molecules. Crystallization of the amino acid results in formation of calculi (stones) in the kidney, ureter, or urinary bladder. It is responsible for the transport of certain substances such as nutrients from a relatively disorganized environment into the more orderly cellular interior. Aerobic Metabolism
II: Electron Transport and Oxidative Phosphorylation 11. Most commonly, such responses are an increase or a decrease in the activity of already existing enzymes or the synthesis of new enzyme molecules. Examples of membrane transport proteins include the enzyme Na+-K+ ATPase and the glucose transporter. Not all cyclic compounds that
contain double bonds are aromatic molecules. The sulfhydryl group of thiols is easily oxidized to form disulfides (RS—SR). The reaction will be at equilibrium. FIGURE 5.23 Hydration of a Protein Three layers of structured water molecules surround a space-filling model of the enzyme hexokinase before and after binding the sugar glucose. Because the
amide functional group is highly polar, the hydrogen-bonding capability of asparagine and glutamine has a significant effect on protein stability. Proteases, enzymes that degrade proteins by hydrolyzing peptide bonds, cannot degrade artificial polypeptides composed of D-amino acids. For example, glycolysis, the energy-generating pathway that
degrades the six-carbon sugar glucose, is composed of 10 reactions. Tubulin is a dimer that consists of two polypeptides: α-tubulin and β-tubulin, which is a GTP-binding protein. Speckles, as many as 50 per nucleus, are storage sites for ncRNA-protein complexes involved in converting pre-mRNAs into mature mRNAs. There are between 1 and 10
Cajal bodies (0.2 μM–2 μM = diameter) per nucleus. Many organisms produce protein toxins, which in general are used in predation or in defense. For example, the 16-carbon saturated fatty acid called palmitic acid usually exists as palmitate, CH3(CH2)14COO–. The side chains are indicated by shaded boxes. SOLUTION The oxygen in dimethyl ether
has four electron pairs, including two lone electron pairs. Fission creates new mitochondria and serves as a mechanism for removing damaged mitochondria. The reaction of an aldehyde with an alcohol yields a hemiacetal (Figure 11). Elemental potassium is paramagnetic because it has one unpaired ■ electron in its valence shell. The chemical
properties of these derivative molecules are determined by the specific arrangement of atoms called functional groups (Table 1.1). i, ii, and iv b. Provide several examples of emergent properties. KEY CONCEPTS • Systems biology is an attempt to reveal the functional properties of living organisms by developing mathematical models of interactions
from available data sets. Each mitochondrion has two membranes. The energy diagram for a two-step reaction in Figure 6.4 illustrates the difference between an intermediate (a reactive species with a finite lifetime) and a transition state (an unstable species with maximum free energy). (e) The α/β zinc-binding motif, a core feature of numerous
DNAbinding domains. It is thermodynamically favorable for methane to autoignite and burn at room temperature, but this does not occur. Molecules that bear both positive and negative charges are called zwitterions. The alkynes such as ethyne (or acetylene) contain triple bonds composed of 1 σ bond and 2 π bonds. Can you suggest how protein
molecules “freeze” the water in place and make it part of their structures? All of the following are state functions except a. (b) The basic structure of NPCs is a donut-shaped scaffold seated on top of a basketlike structure; the center is a pore-like opening. CRISPR-mediated genome editing and human diseases. QUESTION 5.2 Certain bacterial species
have outer layers composed of polymers made of D-amino acids. The resulting increased flexibility of the polypeptide chain is believed to play a critical role in the binding of molecules called ligands to specific sites. Cells, however, are considered the basic unit of life, since they are the smallest entities that are actually alive. CHAPTER 6 Alcohol
Dehydrogenase: A Tale of Two Species Why can humans make and consume alcoholic beverages? The filaments from numerous spigots wrap around each other to form a cable-like fiber. Although the structural complexity of prokaryotes is significant, that of eukaryotes is greater by several orders of magnitude, largely because of subcellular
compartments called organelles. Because a hydrogen atom only has one electron in its 1s orbital, it can gain one electron when it reacts to form a hydride ion (H−) with a 1s2 orbital, or it can give up an electron to form a proton (H+). Lysosomal formation is complete when all the hydrolases have been transferred to the late endosome and the Golgiderived vesicular membrane has been recycled back to the Golgi apparatus. In Asia, the Yellow River basin has been described as the “cradle of Chinese civilization.” As human populations in towns and then cities increased, survival depended on water resource management. Other examples include the immunoglobulins (antibodies) and the transport
proteins hemoglobin and albumin (a carrier of fatty acids in blood). Low life. List two functions of each of the following biomolecules: a. FIGURE 13 Example of SN1 Reaction In the first and slowest step, the alkyl halide t-butyl bromide forms the t-butyl carbocation as the leaving group bromide is released. Vesicular Organelles and Lysosomes: The
Endocytic Pathway Endocytosis (Figure 2.17) is a cellular process in which plasma membrane protein receptors bound to specific substances such as lipoproteins are taken into cells, most notably involving the pinching off of regions of the plasma membrane. The term aliphatic refers to nonaromatic hydrocarbons such as methane and cyclohexane.
Several factors contribute to enzyme catalysis. Several small membranous vesicles coated with COPII and containing newly synthesized protein and lipid bud off from the ER. The reaction intermediate (I), a molecular entity formed from the reactant molecule(s) that reacts further to form the product, exists in the valley between the transition state
peaks. 52). Scientific investigations of willow tree bark ultimately resulted in the discovery of its active principle: a bitter substance called salicin, which is converted to salicylic acid in the body. Note that Keq is also equal to kf/kr, the ratio of the forward and reverse rates of the reaction. Electron Microscopy The electron microscope (EM) permits a
view of cell ultrastructure that is not possible with the more commonly available light microscope. Another structural representation, referred to as a ball-and-stick model, is presented later (Figures 5.36 and 5.39). At some point in time, which differs for each reaction, some product molecules are reconverted back into reactant molecules. The
absorption of light energy by chlorophyll molecules and the energy-releasing redox reactions required for its conversion to chemical bond energy in a sugar molecule is a prominent example. In addition, any chemical that oxidizes the Fe2+ results in the formation of Fe3+-Hb or methemoglobin that does not bind O2, although the oxidation state of
iron in oxyHb is near 3. Bands resulting from a gel electrophoretic separation may be treated in several ways. About 98 of the 118 known elements occur on Earth, and an even smaller number occurs naturally in living organisms. Hence, in water molecules the electrons in the bonds between each of the two hydrogen atoms and the oxygen atom are
shared unequally. nucleophilic substitution elimination reaction hydration reaction isomerization reaction 36. 1.2 BIOMOLECULES Functional Groups of Organic Biomolecules Major Classes of Small Biomolecules 1.3 IS THE LIVING CELL A CHEMICAL FACTORY? Intracellular proteins do not contain disulfide bridges because of high cytoplasmic
concentrations of reducing agents such as GSH. Once thought to only provide shape and mechanical stability to the nuclear envelope, the nuclear lamina is now believed to have roles in numerous nuclear processes, including DNA replication, transcription, and chromatin organization. The intricate and coordinated activities required to sustain life
require the movement of cell components. When this situation occurs, the ion or molecule is said to be a resonance hybrid. 52), and autophagy (a mechanism that destroys unnecessary or dysfunctional cell components: p. Chapter 1 Review Quiz Suggested Readings Cai L, Fisher AL, Huang H, Xie Z. The equilibrium constant for the dissociation of
acetic acid is 1.8 × 10−5. In addition to enzymes, the stroma contains DNA, RNA, and ribosomes. The binding of a hormone molecule or a growth factor to cognate receptors on its target cell changes cellular function. 1.4 SYSTEMS BIOLOGY Information in the overview of biochemical processes that you have just read about was discovered using a
method of inquiry based on reductionism. Experiments performed over the course of the past century have revealed that the following factors influence reaction rate: 1. FIGURE 2.28 Cytoskeletal Reorganization Model In this tensegrity model, both (a) and (b) are stable structures that are held together by balanced mechanical stresses, namely,
tensional strings and rigid struts. For example, bacterial cells track down food molecules, plants adapt to changing light levels, and animals seek to avoid predators. Electron affinity is the energy that is released when an electron is added to an atom. Its derivative Sadenosylmethionine (SAM, p. T his textbook is designed to provide an introduction to
the basic principles of biochemistry. Note that the two DNA strands run in opposite directions defined by the 5′ and 3′ groups of deoxyribose. P-28). Produced in the pancreas as a larger molecule (p. Moreover Cmecde.com server does not store any type of book, guide, software, or images. After ligand binding, a conformational change occurs in the
protein that is linked to a biochemical event. Context-Dependent Coding Reassignment How is selenocysteine, a nonstandard amino acid, incorporated into polypeptides during protein synthesis? Denaturing agents include strong acids or bases, reducing agents, organic solvents, detergents, high salt concentrations, heavy metals, temperature
changes, and mechanical stress. The reaction will never be spontaneous. On its release, a polypeptide either folds into its functional conformation or hsp70 and its associated co-chaperones transfer it to other downstream chaperones. _______________ are recurring regulatory circuits that have many different uses in complex systems. Aspirin inhibits
both enzymes; this fact explains several possible side effects of aspirin, the most prominent of which is gastrointestinal bleeding. hydrocarbon hydrophilic hydrophobic functional group R group 13. Significant research efforts have been devoted to proteostasis because PN deficiencies are an important feature of numerous human diseases. It is clear,
however, that protein folding is a thermodynamically favorable process with an overall negative free energy change. PRIMARY STRUCTURE Every polypeptide has a specific linear sequence of amino acids that are linked by peptide bonds. SOLUTION (A) Plateaus appear at the pKa and are centered about 0.5 equivalent (Eq), 1.5 Eq, and 2.5 Eq of
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Key Words Review Questions Available Online Biochemistry IN PERSPECTIVE Scurvy and Ascorbic Acid Biochemistry IN PERSPECTIVE Sweet Medicine Biochemistry IN PERSPECTIVE Conversion of Fischer Structures into Haworth Structures Biochemistry IN THE LAB Glycomics CHAPTER 8 Carbohydrate Metabolism Metabolism and Jet Engines
8.1 Glycolysis The Reactions of the Glycolytic Pathway The Fates of Pyruvate The Energetics of Glycolysis Regulation of Glycolysis 8.2 Gluconeogenesis Gluconeogenesis Reactions Gluconeogenesis Substrates Gluconeogenesis Regulation 8.3 The Pentose Phosphate Pathway 8.4 Metabolism of Other Important Sugars Fructose Metabolism 8.5 Glycogen
Metabolism Glycogenesis Glycogenolysis Regulation of Glycogen Metabolism Biochemistry IN PERSPECTIVE Saccharomyces cerevisiae and the Crabtree Effect Biochemistry IN PERSPECTIVE Turbo Design Can Be Dangerous Chapter Summary Suggested Readings Key Words Review Questions Available Online Biochemistry IN PERSPECTIVE
Fermentation: An Ancient Heritage CHAPTER 9 Aerobic Metabolism I: The Citric Acid Cycle Oxygen and Evolution: Chance and Necessity 9.1 Oxidation-Reduction Reactions Redox Coenzymes Aerobic Metabolism 9.2 Citric Acid Cycle Conversion of Pyruvate to Acetyl-CoA Reactions of the Citric Acid Cycle Fate of Carbon Atoms in the Citric Acid Cycle
The Amphibolic Citric Acid Cycle Citric Acid Cycle Regulation The Citric Acid Cycle and Human Disease The Glyoxylate Cycle Biochemistry IN PERSPECTIVE Carcinogenesis: The Warburg Effect and Metabolic Reprogramming Chapter Summary Suggested Readings Key Words Review Questions Available Online Biochemistry IN PERSPECTIVE Hans
Krebs and the Citric Acid Cycle Biochemistry IN PERSPECTIVE The Evolutionary History of the Citric Acid Cycle CHAPTER 10 Aerobic Metabolism II: Electron Transport and Oxidative Phosphorylation Oxygen: A Molecular Paradox 10.1 Electron Transport Electron Transport and Its Components Electron Transport: The Fluid State and Solid State
Models Electron Transport Inhibitors 10.2 Oxidative Phosphorylation The Chemiosmotic Theory ATP Synthesis Control of Oxidative Phosphorylation Creatine Kinase and Creatine The Complete Oxidation of Glucose Uncoupled Electron Transport 10.3 Oxygen, Cell Signaling, and Oxidative Stress Reactive Oxygen Species Antioxidant Enzyme Systems
The Redox Proteome Antioxidant Nutrients Biochemistry IN PERSPECTIVE Myocardial Infarct: Ischemia and Reperfusion Chapter Summary Suggested Readings Key Words Review Questions Available Online Biochemistry IN PERSPECTIVE Glucose-6-Phosphate Dehydrogenase Deficiency CHAPTER 11 Lipids and Membranes The Low-Fat Diet 11.1
Lipid Classes Fatty Acids The Eicosanoids Triacylglycerols Wax Esters Phospholipids Phospholipases Sphingolipids Sphingolipid Storage Diseases Isoprenoids Lipoproteins 11.2 Membranes Membrane Structure Membrane Function Biochemistry IN PERSPECTIVE Alzheimer’s Disease and Apolipoprotein E4 Chapter Summary Suggested Readings Key
Words Review Questions Available Online Biochemistry IN PERSPECTIVE Botulism and Membrane Fusion CHAPTER 12 Lipid Metabolism Abetalipoproteinemia 12.1 Fatty Acids, Triacylglerols, and the Lipoprotein Pathways Dietary Fat: Digestion, Absorption, and Transport Triacylglycerol Metabolism in Adipocytes Fatty Acid Degradation The
Complete Oxidation of a Fatty Acid Fatty Acid Oxidation: Double Bonds and Odd Chains Fatty Acid Biosynthesis Regulation of Fatty Acid Metabolism in Mammals Lipoprotein Metabolism: The Endogenous Pathway 12.2 Membrane Lipid Metabolism Phospholipid Metabolism 12.3 Isoprenoid Metabolism Cholesterol Metabolism The Cholesterol
Biosynthetic Pathway and Drug Therapy Biochemistry IN PERSPECTIVE Atherosclerosis Biochemistry IN PERSPECTIVE Biotransformation Chapter Summary Suggested Readings Key Words Review Questions Available Online Biochemistry IN PERSPECTIVE Sphingolipid Metabolism CHAPTER 13 Photosynthesis Climate Change, Renewable Energy,
and Photosynthesis 13.1 Chlorophyll and Chloroplasts 13.2 Light 13.3 Light Reactions Photosystem II and Water Oxidation Photosystem I and NADPH Synthesis Photophosphorylation 13.4 The Light-Independent Reactions The Calvin Cycle Photorespiration Alternatives to C3 Metabolism 13.5 Regulation of Photosynthesis Light Control of
Photosynthesis Control of Ribulose-1,5-Bisphosphate Carboxylase Biochemistry IN PERSPECTIVE The Artificial Leaf: Biomimetic Photosynthesis Chapter Summary Suggested Readings Key Words Review Questions Available Online Biochemistry IN PERSPECTIVE Starch and Sucrose Metabolism Biochemistry IN THE LAB Photosynthetic Studies
Biochemistry IN PERSPECTIVE Photosynthesis in the Deep Biochemistry IN PERSPECTIVE Crassulacean Acid Metabolism CHAPTER 14 Nitrogen Metabolism I: Synthesis Nitrogen and the Gulf of Mexico Dead Zone 14.1 Nitrogen Fixation The Nitrogen Fixation Reaction Nitrogen Assimilation 14.2 Amino Acid Biosynthesis Amino Acid Metabolism
Overview Reactions of Amino Groups Biosynthesis of the Amino Acids 14.3 Biosynthetic Reactions Involving Amino Acids One-Carbon Metabolism Glutathione Neurotransmitters Nucleotides Heme Biochemistry IN PERSPECTIVE Gasotransmitters Chapter Summary Suggested Readings Key Words Review Questions Available Online Biochemistry IN
PERSPECTIVE The Amine Neurotransmitters Biochemistry IN PERSPECTIVE The Catecholamines Biochemistry IN PERSPECTIVE Parkinson’s Disease and Dopamine Biochemistry IN PERSPECTIVE Heme and Chlorophyll Biosynthesis Biochemistry IN PERSPECTIVE The Essential Amino Acids Biochemistry IN PERSPECTIVE The Nucleotides: IMP
Biosynthesis Biochemistry IN PERSPECTIVE Lead Poisoning CHAPTER 15 Nitrogen Metabolism II: Degradation Degradative Pathways and Human Disorders 15.1 Protein Turnover Ubiquitin Proteasomal System Autophagy-Lysosomal System 15.2 Amino Acid Catabolism Deamination Urea Synthesis Control of the Urea Cycle Catabolism of Amino Acid
Carbon Skeletons 15.3 Nucleotide Degradation Purine Catabolism Pyrimidine Catabolism Biochemistry IN PERSPECTIVE Disorders of Amino Acid Catabolism Chapter Summary Suggested Readings Key Words Review Questions Available Online Biochemistry IN PERSPECTIVE Hyperammonemia Biochemistry IN PERSPECTIVE Gout Biochemistry IN
PERSPECTIVE Catecholamine Inactivation Biochemistry IN PERSPECTIVE Heme Biotransformation CHAPTER 16 Integration of Metabolism Hypertension and Uric Acid: A Diet Connection? What is the approximate isoelectric of this molecule? Each of these side chain groups has a characteristic pKa value that may be influenced by nearby charged or
polar atoms. The oxygen dissociation curve of hemoglobin (Figure 5.39) has a sigmoidal shape because of T to R transitions. Chemical bonds form when a nucleophile donates an electron pair to an electrophile. Many spiders are nocturnal. The active site is more than a binding site, however. In the initial or reception phase, a signal molecule such as a
hormone or a nutrient molecule binds to a receptor protein. The electron configuration pattern useful for the elements relevant to living organisms is as follows: 1s22s22p63s23p64s23d104p65s24d105p66s2. Whenever an electron is transferred, energy is lost. No illegal copies are made or any copyright © and / or copyright is damaged or infringed
since all material is free on the internet. These monosaccharides occur as ring structures in nature. Peptide bonds (Figure 5.10) are amide linkages formed when the unshared electron pair of the α-amino nitrogen atom of one amino acid attacks the α-carboxyl carbon of another in a nucleophilic acyl substitution reaction (see pp. Separating DNA
replication and transcription processes from the cytoplasm is the nuclear envelope; it is composed of two membranes that fuse at structures called the nuclear pores. The conversion of ATP to ADP also involves the cleavage of an anhydride bond. Ethanol (CH3CH2—OH) is a primary alcohol. Most asymmetric molecules found in living organisms occur
in only one stereoisomeric form, either D or L. SN1 reactions are considered unimolecular because the rate of the reaction depends only on the rate of carbocation formation. Ligand binding triggers a change in the three-dimensional structure of the receptor, which results in the conversion of a primary message or signal to a secondary message,
often across a membrane barrier. hydrolysis b. The properties of the elements that depend on their electronic configuration, therefore, also change with increasing atomic number in a periodic pattern. 551), and prostaglandins (p. In displacement or substitution reactions a more reactive element replaces a less active element. As the ester bond is
formed, the peptide bond is broken. Other examples of microbiotic roles include vitamin synthesis (vitamin K and several B vitamins), repression of pathogens (organisms that produce toxins or cause severe diarrhea), and robust immune system development. Changes in pH alter the protonation state of certain protein side chain groups, which in turn
alters hydrogen bonding and salt bridge patterns. Polymerization, driven by ATP hydrolysis, occurs more rapidly at the plus end. For example, the chemical equation for the reaction in which molecule A reacts with molecule B to form molecules C and D is Other symbols that may appear in a chemical equation provide information about the physical
state of the reactants and products or a required energy source. For example, the reversible oxidation of Fe2+ to form Fe3+ is important in the function of cytochrome P450, a type of enzyme that processes toxic substances in animals. For example, a methyl group is a methane molecule with one hydrogen atom removed. Macromolecular crowding is
a significant factor in a wide variety of cellular processes. Although this problem is not completely resolved despite several decades of painstaking research, protein biochemists, using the most sophisticated tools available (e.g., X-ray crystallography and nuclear magnetic resonance [NMR] in combination with site-directed mutagenesis and computerbased mathematical modeling), have made significant progress. amino acid sequence β-pleated sheet hydrogen bond disulfide bond 51. In whip-like motile cilia and flagella, the axoneme has a classic 9 × 2 + 2 microtubule pattern (i.e., nine outer pairs [doublet microtubules] and an inner microtubule pair). QUESTION 2.3 It has been estimated that
mitochondria occupy 20% of the volume in the human body. Each mitochondrion is bounded by two membranes (Figure 2.24). In photosynthesis, light energy capture drives CO2 reduction and H2O oxidation to yield sugar molecules and O2 synthesis, respectively. Glycine is the only amino acid with an R group sufficiently small for the space available.
Rate increases of 107 to 1019 have been observed. chiral carbon stereoisomer enantiomer optical isomer isoelectric point 3. DESPITE DECADES OF RESEARCH, the source of much of this water is still controversial. Gasser – Marquette University Eric R. Which of the following statements concerning ATP is true? The phosphorus atom (the
electrophile) is polarized by the oxygens bonded to it so that it bears a partial positive charge. p53 is a major tumor suppressor (p. In addition to GI tract diseases such as inflammatory bowel disease (IBS, a stress-related disorder now believed to be a contributing factor in depression and anxiety), dysbiosis has also been linked to numerous systemic
disease states, including obesity, type 2 diabetes (pp. As a result of linkages between lamin filaments, lamin-associated proteins, and the cell’s cytoskeleton (pp. Finally, many small organic molecules are involved in complex reaction pathways. In contrast to the amines, amides are neutral molecules. The simplest carboxylic acid is formic acid
(HCOOH), which is found in ant and bee stings. It often occurs in biomolecules in the form of thiols (RSH) and disulfides (R-S-S-R). As a result, their muscles are typically brown. Oxidoreductases. The curved arrows illustrate the flow of electrons away from a nucleophile and toward an electrophile. The incidence of sickle-cell trait is especially high in
some regions of Africa. What is the structure of the penicillamine–cysteine disulfide? • Catalysts modify the rate of a reaction because they provide an alternative reaction pathway that requires less activation energy than the uncatalyzed reaction. The SR membrane extends throughout the muscle cell and is in close proximity to all myofibrils, the
organized arrays of contractile proteins. ALCOHOL DEHYDROGENASE The alcohol dehydrogenases (ADHs) (Figure 6.10) are a diverse group of enzymes that are distributed throughout the three domains of living organisms (Bacteria, Archaea, and Eukarya). Diversity in the origins of proteostasis networks—a driver for protein function in evolution.
The samples are loaded into wells. Although a few enzymes tolerate large changes in pH, most enzymes are active only within a narrow pH range. Autopilot systems in aircraft, for example, maintain a designated flight path despite expected fluctuations in conditions such as wind speed or the plane’s mechanical functions. FIGURE 2C Fluorescence
Micrograph of an Arterial Endothelial Cell Nuclei are stained blue because the fluorophore DAPI binds to DNA; actin filaments appear red because they are labeled with TRITC; and microtubules are green because microtubule-specific antibodies are linked to FITC. Solitary β-strands are rarely found in proteins because they are unstable. In the
secretory process, secretory vesicles containing molecules such as digestive enzymes, hormones, or neurotransmitters are delivered to the plasma membrane, where the cargo molecules are released from the cell. Mitochondria cannot be generated de novo; that is, new mitochondria are the result of biogenesis, the growth and division of preexisting
mitochondria. glycocalyx cell cortex endomembrane system vesicle endoplasmic reticulum 48. The impact of diet and lifestyle on gut microbiota and human health. A brief outline of metabolic processes and the means by which living organisms maintain ordered systems follows. In addition, a new Biochemistry in the Lab essay introduces the genomeediting tool CRISPR. In this procedure, a refrigerated instrument, the ultracentrifuge, generates enormous centrifugal forces that separate cell components on the basis of size, surface area, and relative density. Symptoms include severe mental retardation and death before the age of five years. The valve at the end of the duct is believed to act as a
clamp that grips the silk and as a means of restarting the spinning process if the silk breaks. Assuming that the E. The individual filaments, being highly flexible, are usually crosslinked into bundles of different sizes. The ions enter the mass spectrometer, which then measures their m/z ratios. Water exclusion from this site also prevents the
unproductive hydrolysis of ATP. Glycine’s lack of an organic side group provides flexibility that permits a contiguous proline to assume a cis orientation (the same side of the peptide plane), allowing a tight turn to form in a polypeptide strand. Reception. The size and functional properties of SER vary considerably in different cell types from sparse to
abundant. CHAPTER 16 Diabetes Mellitus Why does diabetes mellitus, a disease in which glucose transport is compromised, damage the entire body? Molarity is defined as the number of moles in 1 liter (l) of solution. • Chapter 5 provides new information on the roles of the peptides vasopressin and oxytocin along with an updated discussion of
multifunctional proteins, including moonlighting proteins. The strength of an acid or a base is determined by the degree to which it dissociates. These modifications are caused by random and spontaneous alterations in DNA sequences called mutations. this transition state might look like Note that the alcoholic H is beginning to leave as a H+ ion and
the methylene H is beginning to leave as a hydride ion (H:−). In other words, an enzyme stabilizes the transition state by binding it more tightly than to the substrate. The R (side chain) group gives each amino acid its unique properties. FIGURE 5.24 Structure of Immunoglobulin G (IgG) IgG is an antibody molecule composed of two heavy chains (H)
and two light chains (L) that together form a Yshaped molecule. For students not interested in research careers, there are opportunities in science journalism, education, and software engineering. As additional electrons enter the orbitals, they will spin pair with the previously unpaired electrons. 5.1 AMINO ACIDS The hydrolysis of each polypeptide
yields a set of amino acids, referred to as the molecule’s amino acid composition. There are two classes of membrane proteins: integral and peripheral. Formaldehyde (H2C O), with three electron groups, has trigonal planar geometry with bond angles of 120°. 6.3 CATALYSIS However valuable thermodynamic calculations and kinetic studies (pp. Ring
strain, observed in cycloalkane rings with three or four carbons, is caused by unfavorable bond angles that are the result of distortion of tetrahedral carbons. Lysozyme is an enzyme that destroys bacterial cell walls, most notably in tears. For example, the globin superfamily includes a variety of heme-containing proteins that serve in the binding
and/or transport of oxygen. For example, the metal iron is used as a catalyst in the Haber process, the industrial method of converting nitrogen and hydrogen gases into ammonia (NH3). The ATP-dependent motor proteins kinesin and dynein move along microtubules. All other organic molecules are formed by attaching other atoms or groups of atoms
to the carbon backbone of the hydrocarbon. Sickle-cell disease is a homozygous recessive illness; that is, it occurs only in individuals who have inherited two copies of the sickle-cell gene. Cytoskeletal proteins such as actin, tubulin, and their associated proteins, for example, are active in cell division, endocytosis, exocytosis, and the ameboid
movement of white blood cells. (b) The hydration of fumarate, catalyzed by the enzyme fumarase, begins with the removal of a proton from a water molecule by an amino acid side chain acting as a base. AMINES Amines are organic molecules that can be considered derivatives of ammonia (NH3). Barnes – Alcorn State University Ronald Bartzatt –
University of Nebraska, Omaha Deborah Bebout – The College of William and Mary Werner Bergen – Auburn University Steven Berry – University of Minnesota, Duluth Allan Bieber – Arizona State University Ruth E. CARBOXYLIC ACIDS Carboxylic acids (RCOOH) contain the carboxyl group, which is a carbonyl linked to an OH group. (a)
Transmission electron micrograph of a cross section of a motile eukaryotic flagellum. Indicate whether each of the following amino acids is polar: a. For example, in red blood cells, hydrogen peroxide (H2O2) oxidizes the iron of hemoglobin to its ferric form (Fe3+). Insulin increases glycogen synthesis Insulin increases gluconeogenesis reactions.
Before birth, other variants of β-chains are produced: ε in embryonic life and γ in the fetus. Changes in hydrogen ion concentration can affect the ionization of active site groups (p. In water, NaOH dissociates to yield sodium and hydroxide ions, and methylamine forms methylammonium (CH3NH3+) and hydroxide (−OH) ions. (b) Mitochondria from
adrenal cortex, the outer layer of cells of the adrenal glands located above the kidneys. Such electrons have parallel spins. Labels have been enlarged, and multipart figures have been broken down into separate components for clearer projection in large lecture halls. For p orbitals, the value of l is 1, so m is equal to −1, 0, or +1; that is, there are
three orbitals designated px, py, and pz (Figure 1). What are the consequences of this phenomenon for mother and fetus? 572). The volume of a typical eukaryotic cell such as a hepatocyte (liver cell) is between 6000 and 10,000 μm3. A Lewis acid is a chemical species that accepts an electron pair and has a vacant low-energy orbital. Cell shape. It
projects inward into folds that are called cristae (singular: crista). α/βDomains contain various combinations of an α-helix alternating with β-strands (βαβ motifs). Table 6.3 lists the vitamins and vitamin-like substances, their coenzyme forms, and the reactions they facilitate, along with the pages on which their structural and functional properties are
described. The cell wall’s strength is largely caused by the presence of a polymeric network made up of peptidoglycan, a covalent complex of short peptide chains linking long carbohydrate chains. Because the molecular mass of water is 18 g, the combustion of 8 g of CH4 produces 18 g of H2O. Prominent examples of secondary structure are αhelices and β-pleated sheets. 57. We are especially appreciative of the efforts of William Murray, senior production editor; Lisa Grzan, content operations manager; and Michele Laseau, art director. The structures of the 20 amino acids that are commonly found in naturally occurring polypeptides are shown in Figure 5.2. These amino acids are
referred to as standard amino acids. Embedded in this membrane are protein complexes and other molecules that comprise the mitochondrial respiratory chain (MRC). The Folding Problem The direct relationship between an ordered protein’s primary sequence and its final three-dimensional conformation, and by extension its biological activity, is
among the most important assumptions of modern biochemistry. As a result, the enzyme–substrate complex converts to product and free enzyme without the high-energy requirement of the constrained transition state. Certain proteins serve as a reservoir of essential nutrients. Enzymes 7. As the temperature increases, the rate of molecular vibration
increases. These biomolecules are then sorted for transport to their final destination. In biochemical processes, the hydrolysis of _____________ensures that a reaction goes to completion. Catalytic activity is lost when heat denatures the enzyme. Elements such as carbon, hydrogen, and oxygen that occur in biomolecules form stable covalent bonds.
Although modules (e.g., enzymes extracted from cells in the lab) can often be isolated with some or even most of their functional properties, their function is meaningful only within the context of the larger system. The discussion of glycoconjugates has been thoroughly revised, with an expanded explanation of the structure and functions of
proteoglycans complete with a new illustration of proteoglycan aggregate structure. For example, there are two geometric isomers of 2-butene: cis- 2-butene, in which the methyl groups are on the same side of the double bond, and trans-2butene, in which the methyl groups are on opposite sides of the double bond. The outer nuclear membrane
(ONM) is continuous with the RER, and ribosomes are attached to its cytoplasmic surface. When an oxygen molecule binds to one subunit in the low-affinity T state, that subunit shifts to the high-affinity configuration (R state) and induces shifts in conformation in the remaining three subunits. Each hsp70 possesses two domains connected by a short
interdomain linker: an N-terminal ATP-binding domain and a domain containing a substrate-binding pocket with an affinity for peptides with hydrophobic amino acid residues. Nucleoplasm contains a network of chromatin fibers, which during the mitotic phase of the cell cycle are condensed to form the chromosomes that will be distributed to
daughter cells. 219–20 for a more detailed description of reaction order.) The rate constant and order of a reaction can only be determined by experiment. Trends Biochem Sci 41(12):1022–34. Manganese (Mn) is found in numerous enzymes in all living organisms. For example, the binding of ATP to myosin in muscle cells is a critical event in muscle
contraction. In X-ray crystallography, highly ordered crystalline specimens are exposed to an X-ray beam (Figure 5H). Sex pili are used by some bacteria to transfer genetic information from donor cells to recipients, a process called conjugation. Familial hypercholesterolemia (FH) is an inherited disease characterized by high blood levels of
cholesterol, xanthomas (lipid-laden nodules that develop under the skin near tendons), and early-onset atherosclerosis (the formation of yellowish plaques within arteries). Both spidroin proteins contain two major types of repeating units: polyalanine sequences (5 to 10 residues) and glycine-enriched motifs such as polyGlyAla, GlyProGlyGlyX (where X
is often Gln), and GlyGlyX (where X can be various amino acids). Apparently, the copper transport protein is required to incorporate copper into ceruloplasmin and to excrete excess copper. Since most amino acids have more than one codon, degeneracy of the code provides a measure of protection against base substitution mutations. Birch – Saint

Louis University Karl Bishop – Husson University Albert Bobst – University of Cincinnati Michael G. The enzyme lysyl oxidase converts some of the lysine and hydroxylysine side groups to aldehydes through oxidative deamination, and this facilitates the spontaneous nonenzymatic formation of strengthening aldimine and aldol cross-links. Detailed
Mechanisms of Enzyme Catalysis Each of the thousands of enzymes that have been investigated has a unique structure, substrate specificity, and reaction mechanism. What is proteostasis? Chem Eng News 91(20):11–17. The slope of the curve at t = 0 equals the initial rate of the reaction. Again, the presence of water precludes the formation of
hydrogen bonds with other species. These membranes can be thought of as noncovalent two-dimensional supramolecular complexes (i.e., they are composed of molecules that are held together by noncovalent intermolecular forces; see pp. The inactivation of the neurotransmitter epinephrine (adrenalin) catalyzed by catechol-Omethyltransferase
(COMT) is illustrated in Figure 14. The structural and functional properties of proteins, nucleic acids (DNA and RNA), fats, and sugars can only be appreciated when students know how carbon-based molecules behave. Water is therefore polar. ATP ADP AMP phosphoenolpyruvate phosphocreatine 52. They are formed from biomolecules such as
phospholipids and proteins that together form a selective physical barrier. It has been an invaluable tool in biochemistry. Catalysts are substances that increase reaction rates without being affected by the reaction. QUESTION 2.4 Cancer is a group of diseases characterized by unregulated cell division. Movement occurs as motor proteins linked to
microtubules and to the membrane cargo undergo ATP hydrolysis–dependent conformational changes. The result is the decreased production of the product. The origin, evolution and structure of the protein world. increasing b. The muscles of diving mammals such as whales, which remain submerged for long periods, have exceptionally high
myoglobin concentrations. recognized as sources of metabolic energy. Chlorine has seven valence electrons because there are seven electrons in its 3s and 3p orbitals. Green – Mercer University Gregory Grove – Pennsylvania State University Joseph Hajdu – California State University, Northridge Marlin Halim – California State University, East Bay
James Hawker – Florida State University Terry Helser – State University of New York, Oneonta Kristin Hendrickson – Arizona State University Tamara Hendrickson – Wayne State University Pui Shing Ho – Oregon State University Angela Hoffman – University of Portland Charles Hosler – University of Wisconsin Andrew J. 266), as well as certain cellsurface receptors. Living organisms use a variety of signal termination methods. In a nucleophilic addition reaction, an amine nitrogen attacks the electrophilic carbon of a carbonyl group to form an alkoxide product. Cell 148(6):1258–70. QUATERNARY STRUCTURE Many proteins, especially those with high molecular weights, are composed of
several polypeptide chains. Methane (CH4), with its four carbon–hydrogen bonds, has bond angles of 109.5°. In addition to hair, the keratins are also found in wool, skin, horns, and fingernails. As folding progresses, the polypeptide moves from a disordered state (high entropy, red) toward a progressively more ordered conformation until its unique
biologically active conformation is achieved (lower entropy, blue). Some, however, are harmful, serving to limit the reproductive success of the offspring. When the KID (kinase inducible domain) of CREB is phosphorylated by a kinase (an enzyme that attaches phosphate groups to specific amino acid side chains), it becomes completely unstructured.
Triose phosphate isomerase (TPI) is an example of an enzyme whose kinetic and mechanistic properties have been researched in some detail. Mitochondria have traditionally been described as sausageshaped structures with lengths ranging from 1 to 10 μm. Enzymes can increase reaction rates by factors of between 106 and 1012. biotransformation
reaction unfolded protein response exocytosis endocytosis nucleoplasm 50. FIGURE 5.1 Protein Diversity Proteins occur in an enormous diversity of sizes, shapes, and functions. (2) When the reaction ends, what will be the ratio of product to reactant molecules? For example, DNA microchips (thousands of DNA molecules arrayed on a solid surface)
are now routinely used to monitor gene expression of cells. Its structure is shown as follows. Duffy – University of Alaska, Fairbanks Charles Englund – Bethany College Paula L. 1998. 71. Depending on the species of organism, there may also be proteins involved in energy transduction processes such as photosynthesis (the conversion of light energy
into chemical energy) and respiration (the oxidation of fuel molecules to generate energy). Nonpolar solvents also disrupt hydrophobic interactions. 743), as indicated by the fact that p53 mutations occur in at least 50% of all cancers. In the final step, the aromatic ring is regenerated when a water molecule abstracts a proton from the carbon atom
bonded to the electrophile. The rate of formation of ES is equal to k1[E][S], whereas the rate of ES dissociation is equal to (k–1 + k2)[ES]. The numerous noncovalent bonds that form when the nucleotide binds within the enzyme’s active site assure that the attached metabolite is correctly positioned. heat strong acid saturated salt solution organic
solvents (e.g., alcohol or chloroform) A polypeptide has a high pI value. 459), polyamines (p. In such cases, the nucleotide serves as a molecular carrier and a good leaving group in subsequent reactions. For example, proteins, certain carbohydrates, and nucleic acids are polymers composed of amino acids, sugars, and nucleotides, respectively.
Between 250 and 950 CE, the Mayans developed a culture with a written language and astronomical, mathematical, and architectural achievements that rivaled those of other contemporary civilizations (Figure 3.1). The principal reaction of alkenes is the electrophilic addition reaction in which an electrophile (an electron-deficient species) forms a
bond by accepting an electron pair from a nucleophile (an electron-rich species). Define the thermodynamic term “work.” Provide two physiological examples of work. 288). W hy is water so vital for life? The folding of intrinsically disordered proteins is prevented by the presence of Ser, Lys, and Glu residues. Colvert – Ferris State University Sulekha
R. Its free energy of hydrolysis is −30 kJ/mol. This section begins with a review of the primary chemical reaction types and the essential features of energy-generating strategies observed in living organisms. Hrycyna – Purdue University Holly Huffman – Arizona State University Larry L. Each π bond is formed by the overlap of two of carbon’s 2p
orbitals. Ribosomal subunits are synthesized in the nucleolus. As the number of solvent molecules available to interact with these groups decreases, protein–protein interactions increase. Ions formed by the gain of electrons, called anions, are negatively charged. (Plane-polarized light is produced by passing unpolarized light through a special filter;
the emitted light waves vibrate in only one plane.) Molecules that possess this property are called optical isomers. The Biochemistry in the Lab essay on protein technology has been revised to include a new brief discussion of high-performance liquid chromatography as a protein analysis technique. FIGURE 6.11 Functional Groups of the Active Site of
Alcohol Dehydrogenase (a) Without a substrate, a molecule of water is one of the ligands of the Zn2+ ion. Does this molecule have a dipole moment? 26. Survival requires that organisms process information from their environment. (Certain hsps function in the normal process of protein folding.) Cells are protected from radiation by DNA repair
enzymes. Sickle-cell anemia, which is caused by mutant hemoglobin, is a classic example of a group of maladies that Linus Pauling and his colleagues referred to as molecular diseases. Water’s “bent” geometry (refer to Figure 5) makes it an asymmetric molecule and therefore polar. 49), the ubiquitin–proteasome system (a mechanism in which the
multiprotein proteasome complex destroys proteins that are covalently bound to ubiquitin: p. Adapter proteins then bind to the cytoplasmic side of the receptor–ligand complex, after which clathrin is recruited. Ultimately, phagocytes (immune system cells that digest cell debris) will ingest the apoptotic bodies. FIGURE 5.36 Heme Heme consists of a
porphyrin ring (composed of four pyrroles) with Fe2+ in the center. Therefore every third residue is in close contact with the other two chains. Curr Opin Cell Biol 39:53–60. Suggest a reason for this phenomenon. coli that promotes the accurate folding of polypeptides. Live Cell Imaging The dynamic activities of living cells are best observed by live
cell imaging using light microscopy. p53 (Figure 5.27) provides a remarkable example of the utility of unstructured protein domains. _____________ is a series of reactions in which a specific biomolecule is converted into a product molecule. Cells possess a constellation of signal transduction mechanisms (voltage- and stretch-sensitive ion channels,
signal complexes, biochemical pathways, and gene expression devices) that can be thought of as resembling the integrated circuits (microchips) in computers: information-processing devices composed of transistors and capacitors, connected by wires, and driven by electricity. In living organisms, the ether linkage occurs in biomolecules such as the
carbohydrates. Describe the different effects of vasopressin and atrial natriuretic factor on blood pressure. Acyl phosphates are the most reactive, followed by thioesters, esters, amides, and finally carboxylates. The p orbitals, one on each carbon, overlap to form a pi (π) bond (Figure 8). 62) have been located within the nucleoplasm. Fats and
vegetable oils, also called triacylglycerols (see p. Amino acids are classified α, β, or γ according to the location of the amino group in reference to the carboxyl group. Szymczyna – Western Michigan University Christine Tachibana – Pennsylvania State University John M. 615–17), metabolic syndrome (pp. In addition, they also assist in the assembly of
multisubunit proteins and other proteincontaining structures (e.g., chromatin) and, if necessary, target misfolded proteins to the cell’s degradation pathways (pp. In the first step, the macrophage uses enzymes and toxic chemicals to destroy the bacterium. For example, acetic acid reacts with sodium hydroxide to yield sodium acetate and water. As
the hydrated glucose molecule enters its binding site in a cleft in the enzyme, it displaces water molecules occupying the binding site. ES complex formation lowers the energy of the transition state and facilitates the product formation state. ALDEHYDES The functional group of the aldehydes is a carbonyl group bonded to a hydrogen atom [–(C O)—
H]. TRANSPORT ACROSS MEMBRANES Cell membranes regulate the passage of ions and molecules from one compartment to another. The seventh edition includes two new Biochemistry in Perspective essays, on Alzheimer’s disease and the Ebola virus. The most commonly observed types of secondary structure are the α-helix and the β-pleated
sheet. Peroxisomes use H2O2 to oxidize toxic molecules such as formaldehyde or alcohol. Their complete outer valence shells are stable because of a reduction in stored potential energy. • Kinetic studies measure reaction rates and the affinity of enzymes for substrates and inhibitors. Many molecular chaperones are hsps (p. (In proteins that consist
of more than one polypeptide chain, each polypeptide is called a subunit.) 3. Deprotonation by a water molecule yields the alcohol. FIGURE 5.19 Selected Supersecondary Structures (a) βαβ units, (b) β-meander, (c) β-barrel, (d) Greek key, and (e) αα unit. Intermittent clogging of capillaries by rigid sickled cells also causes tissues to be deprived of
oxygen. 2008. (Forces as large as 500,000 times the force of gravity, or 500,000 g, can be generated in unbreakable test tubes placed in the rotor of an ultracentrifuge.) The homogenate is first spun in the ultracentrifuge at low speed (700–1000 g) for 10 to 20 minutes. DNA contains coding sequences, referred to as genes, and noncoding sequences,
some of which have regulatory functions. Without pain sensations, the same individual stepping on the glass would continue walking, thereby driving the glass deeper into the foot and risking significantly more damage. Biochem Educ 17:86–92. The standard free energy (ΔG°) is defined for reactions at 25°C, 1 atm pressure, and 1 M solute
concentrations. Take your learning further by visiting the companion website for Biochemistry at www.oup.com/us/mckee, where you can complete a multiple-choice quiz on this introductory chapter to help you prepare for exams. 3D animation of ATP 3D animation of AMP The reaction of glucose with ATP, yielding glucose-6-phosphate and ADP, is
the first step in the utilization of glucose as an energy source (Figure 1.16). For example, there is one electron in the 2s, 3s, and 4s subshells of lithium, sodium, and potassium (K), respectively. Label and explain the function of each of the following components: nucleoid, plasmid, cell wall, pili, and flagella. The Coverage You Want. A REVIEW OF
BASIC PRINCIPLES Few assumptions have been made about a student’s chemistry and biology background. Certain metals (most notably zinc and cadmium) induce the synthesis of metallothionein in the intestine and liver. Two examples are phase contrast microscopy and fluorescence microscopy. Give three examples of human diseases in which
there are proteostasis deficiencies. Life is cellular and information-based. FIGURE 3.1 A Mayan Pyramid The Mayans developed an elaborate and sophisticated culture with remarkable achievements in architecture, mathematics, and astronomy. —John Adams, second president of the United States (1797–1801) The scientific endeavor seeks to
understand the nature of reality. In the lungs, the process is reversed. This review is a valuable exercise because biochemical reactions do not occur in isolation. If glucose and phosphate are both at 4.8 mM, what is the equilibrium concentration of glucose-1-phosphate? The process begins with the binding of a specific ligand to its cognate receptor on
the external surface of the plasma membrane. Ligand binding is an important protein function. Membranes prevent the indiscriminate leakage of molecules and ions out of cells or organelles into their surroundings and allow the timely intake of nutrients and export of waste products. The water vapor created by these processes is carried into the
atmosphere by air currents and then returns to the Earth as rain. Each of the other two half-filled sp3 orbitals is filled by the addition of an electron from hydrogen. Description New to this Edition Book Information ▼ Table of Contents Biochemistry: The Molecular Basis of Life is an intermediate, one-semester text written for students on degree
pathways in Chemistry, Biology, and other Health and Life Sciences. They may disrupt salt bridges by forming ionic bonds with negatively charged groups. Examples include SN2 reactions (e.g., the methylation of epinephrine; refer to p. Despite the presence of double bonds, benzene and the other aromatic molecules do not undergo reactions typical
of the alkenes. For example, Mycoplasma pneumoniae causes a serious form of pneumonia. The Haber–Bosch process for making ammonia (NH3) from N2 and H2 is a prominent example. Spider silk’s mechanical properties ensure that the web readily absorbs impact energy so that prey is retained until the spider can subdue it. The hsp70s bind to,
stabilize, and promote the folding of nascent polypeptides. Carbohydrates range from the simple sugars, or monosaccharides, such as glucose and fructose, to the polysaccharides, polymers that contain thousands of sugar units. The structure of chloroplasts (Figure 2.25) is similar in several respects to that of mitochondria. WORKED PROBLEM 5.1
Consider the following amino acid and its pKa values: Draw the structure of the amino acid as the pH of the solution changes from highly acidic to strongly basic. In living organisms, the most important noncovalent interactions include ionic interactions, hydrogen bonds, and van der Waals interactions. Amines with small organic groups are watersoluble, although the solubility of tertiary amines is limited because they do not have any hydrogen atoms bonded to the electronegative nitrogen atom. They are all composed of the same types of molecules. Scientists estimate that a 2.54 cm (1 in)–thick rope made of spider silk could be substituted for the flexible steel-arresting wires used on aircraft
carriers to rapidly stop a jet plane as it lands. Typically, a pathway product inhibits an enzyme near the beginning of the pathway. In living organisms, _____________ is the high-energy molecule that links food molecule degradation reactions with biosynthetic reactions. Many figures have been enhanced for vivid, clear, and consistent presentation.
Spider Silk Fiber Assembly Production of dragline spider silk fiber provides a rare opportunity to observe protein folding as it occurs in a living organism. In other words, life is highly organized complexity. Life is organized and self-sustaining. Biodegradable and lightweight spider silk is preferable to artificial fibers for a variety of applications, such
as artificial tendon and ligament components, surgical thread (e.g., eye sutures), and lightweight armor (e.g., bulletproof vests and helmets). It is now estimated that at least 30% of eukaryotic proteins are completely or mostly disordered and about 50% have at least one disordered region. Dixon – Southern Illinois University–Edwardsville Patricia
Draves – University of Central Arkansas Lawrence K. 319) to its receptor on the surface of liver cells initiates a signaling mechanism that results in the activation of enzymes that degrade glycogen. Explain each answer. Many bacteria also contain additional small circular DNA molecules called plasmids that can replicate independently of the
chromosome. Is elemental potassium paramagnetic or diamagnetic? FIGURE 5.37 Myoglobin With the exception of the side chain groups of two histidine residues, only the α-carbon atoms of the globin polypeptide are shown. These ionizable groups, which play vital roles in protein structure, stability, binding properties, and function (e.g., enzyme
catalysis, pp. Detergents are substances that disrupt hydrophobic interactions, causing proteins to unfold into extended polypeptide chains. CHAPTER 2 Our Bodies, Our Selves CHAPTER 3 Water, Water, Everywhere CHAPTER 4 Energy and Life’s Deep, Dark Secrets CHAPTER 5 Spider Silk: A Biosteel Protein CHAPTER 6 Pain, Aspirin, and the Cox
Enzymes CHAPTER 7 Sweet and Bitter Taste: The Roles of Sugar Molecules CHAPTER 8 Metabolism and Jet Engines CHAPTER 9 Oxygen and Evolution: Chance and Necessity CHAPTER 10 Oxygen: A Molecular Paradox CHAPTER 11 The Low-Fat Diet CHAPTER 12 Abetalipoproteinemia CHAPTER 13 Climate Change, Renewable Energy, and
Photosynthesis CHAPTER 14 Nitrogen and the Gulf of Mexico Dead Zone CHAPTER 15 Degradative Pathways and Human Disorders CHAPTER 16 Hypertension and Uric Acid: A Diet Connection? This review is divided into two sections: general chemistry and organic chemistry. digestion by chymotrypsin incubation at pH 6 reaction with
diisopropylphosphate at pH 2 use of β-mercaptoethanol and 8 M urea at pH 8 76. For students embarking on careers in the life sciences, the answer should be obvious: biochemistry, the scientific discipline concerned with chemical processes within living organisms, is the bedrock on which all of the modern life sciences are built. The folded globin
chain forms a crevice that almost completely encloses a heme group. Life adapts and evolves. Domains (Figure 5.20) are structurally independent segments that have specific functions (e.g., binding an ion or small molecule). 406), among others. In the first step, the carboxylate ion attacks a phosphate of ATP to form a fatty acyl-AMP intermediate and
pyrophosphate (PPi). rough ER c. Motor proteins in this complex convert chemical energy into rotational motion. HCl dissociates in water to yield chloride and hydrogen ions, and acetic acid dissociates to yield acetate (CH3COO−) and hydrogen ions. Additionally, the —OH groups of serine and threonine are points for attaching carbohydrate groups.
FIGURE 2.8 The Bacterial Plasma Membrane Simplified view of the plasma membrane illustrating several classes of protein and lipid. The bacterial chromosome typically comprises numerous regions of highly coiled and uncoiled structures. There are two types of prokaryotes: _____________ and _____________. The carbonyl group reforms as the
tetrahedral intermediate collapses and the leaving group is ejected. The most prominent feature of energy generation in most cells is the electron transport pathway, a series of linked membrane-embedded electron carrier molecules. The binding of nucleotide molecules to these protein subunits, referred to as motor proteins, and the release of energy
that occurs when the nucleotide is hydrolyzed, result in a precisely targeted change in the subunit’s shape (Figure 2.5). For example, the side chain of histidine often participates in concerted acid–base catalysis because its pKa range is close to physiological pH. Sodium hydroxide (NaOH) and methylamine (CH3NH2) are examples of bases. 80. As a
genetic engineer, you have been given the following task: alter a protein’s structure by converting a specific amino acid sequence that forms an extended α-helix to one that forms a βbarrel. Despite their varied functions, most globular proteins have features that allow them to bind to specific ligands or sites on certain macromolecules. Peroxisome
biogenesis occurs by two distinct pathways. When the concentration of this ion is 5 mM, ΔG°observed is approximately −31 kJ/mol at pH 7 and 38°C. In some cases, self-assembly processes need assistance. Note that in this reaction 4 mol of reactant molecules are converted to 2 mol of product. ANF exerts its effect, in part, by increasing the excretion
of Na+, a process that causes increased excretion of water. List three environmental signals detected by primary cilia. The relationship between anabolic and catabolic processes is illustrated in Figure 1.21. FIGURE 1.16 Example of Nucleophilic Substitution In the reaction of glucose with ATP, the hydroxyl oxygen of glucose is the nucleophile. In a
process driven by the energy released by GTP hydrolysis, the protein–importin complex is then transported through the nuclear pore. [Hint: Use the expression V = πr2h for the volume of a cylinder and V = 4πr3/3 for the volume of a sphere.] 2.3 STRUCTURE OF EUKARYOTIC CELLS The structural complexity of eukaryotic cells allows more
sophisticated regulation of living processes than is possible in the prokaryotes. Small substances such as ions and small proteins (40 kDa or less) diffuse through the NPC, which has a functional diameter of about 9 nm. More importantly, the membrane surface area is greatly expanded by the presence of internal membrane-bound organelles.
Biochemists have identified one of the major causes of this phenomenon called multidrug resistance. Similarly, H3O+ is the conjugate acid of H2O. The hydrocarbons are classified into four groups: (1) saturated hydrocarbons (molecules containing only single bonds), (2) unsaturated hydrocarbons (molecules with one or more carbon–carbon double or
triple bonds), (3) cyclic hydrocarbons (molecules containing one or more carbon rings), and (4) aromatic hydrocarbons (molecules that contain one or more aromatic rings, which can be described as cyclic molecules with alternating double and single bonds). The endomembrane system consists of the plasma membrane, endoplasmic reticulum, Golgi
apparatus, lysosomes, and nucleus. In the following reaction, the oxidation of ethanol, two electrons and two protons are removed from the alcohol molecule. Living organisms possess metabolic, signaling, and regulatory networks. Vitamins Coenzymes can be classified according to function into three groups: electron transfer, group transfer, and
high-energy transfer potential. HbA’s four chains are arranged in two identical αβ-dimers. Forensic Investigations How is DNA analysis used in the investigation of violent crime? At intermediate substrate concentrations, the reaction has a mixed order (i.e., the effect of substrate on reaction velocity is in transition). Proteins have a vast array of
functions in living organisms. In a laboratory or industrial hydrogenation reaction, a metal catalyst (e.g., nickel or platinum) is required to promote the addition of H2 to an alkene to yield an alkane. emergent property negative feedback control positive feedback control bioinformatics proteomics Fill in the Blanks 59. Heavy metal ions. miRNAs have
diverse roles in gene regulation including binding to and silencing specific mRNAs. snRNAs facilitate the process by which mRNA precursor molecules are transformed into functional mRNA. The abbreviation GSH is used because the reducing component of the molecule is the —SH group of the cysteine residue. Consider the following reaction:
Glucose-1-phosphate → Glucose-6-phosphate ΔG° = −7.1 kJ/mol What is the equilibrium constant for this reaction at 25oC? Nitrogenase is responsible for nitrogen fixation. In redox reactions, the species that gives up or “donates” electrons is referred to as the reducing agent. Three-dimensional shape also affects molecular polarity. Many physical
and chemical agents can disrupt a protein’s native conformation. The different shapes and sizes of orbital clouds depend on the energy level of the electrons within them. carbohydrate synthesis a. The hydrogen bond has both electrostatic (ionic) and covalent character. FIGURE 2.22 Apoptosis White blood cells before (left) and during (right)
apoptosis. robustness d. As a result of the loss of two positive charges (one for each of two γ-globins), the binding pocket binds BPG less avidly. Effector molecule binding can increase or decrease the function of a protein. 101). Using the technologies devised by biochemists, life scientists gradually determined the properties of biological systems. A
property conferred by the complexity and dynamics of a system is called a(n) _______________ property. 269). Transmembrane polypeptides (i.e., those that contain one or more hydrophobic sequence segments) remain embedded in the membrane because the translocation process is halted when hydrophobic segments enter the membrane. The
majority of the d-block elements are the transition elements, which have incompletely filled d orbitals. For Students STUDENT STUDY GUIDE AND SOLUTIONS MANUAL Written by the textbook authors, this manual provides the solutions to all of the exercises from the text that are not included in the book itself. P-26), and nucleophilic acyl
substitution (p. For example, the nucleotide adenosine triphosphate (ATP) serves as a cellular reservoir of chemical energy. Lipopolysaccharide, composed of a membranebound lipid (lipid A) attached to a polysaccharide, acts as an endotoxin. KEY CONCEPTS • Each enzyme has a unique structure, substrate specificity, and reaction mechanism.
Polyphosphate inclusions are a source of phosphate for nucleic acid and phospholipid synthesis. In secondary amines, such as dimethylamine (CH3—NH—CH3), two hydrogens have been replaced by organic groups. A space-filling model of a phospholipid is also shown. Glycine constitutes approximately one-third of the amino acid residues. The
muscles of deep diving mammals such as whales contain exceptionally large amounts of myoglobin. The hemoglobins (blood oxygen transport proteins; see pp. Finally, Chapter 16 provides an overview of a complex metabolic process (the human feeding–fasting cycle) and how it is regulated. The structure and function of protein molecules are often
altered by conversion of certain amino acid residues to derivatives via phosphorylation, hydroxylation, and other chemical modifications. In contrast, the transition metals play key roles in catalysis either bound to functional groups such as carboxylate, imidazole, or hydroxyl groups, or as components of prosthetic groups such as Fe2+ in heme.
Hydrophilic groups usually occur on the surface. (Coenzymes are small molecules that function in association with enzymes by serving as carriers of small molecular groups, or in this case electrons.) The reduced products of this process (FADH2 or NADH, respectively) can then transfer the electrons to another electron acceptor. Short-Answer
Questions 12. 198 and Figure 6.1) can convert into product molecules. The angular momentum quantum number l (lower-case L) determines the shape of an orbital. In BBS, which can be caused by mutations in any of 12 genes, retinal degeneration and kidney and liver cysts occur in addition to an array of clinical symptoms that include several of the
following: obesity, hearing loss, olfactory deficits, diabetes, mental retardation, polydactyly (extra fingers or toes on either or both hands or feet), and situs inversus (left-to-right reversal of the internal organs). The resulting homogenate is separated into several fractions by means of differential centrifugation. The electrophile is usually the carbonyl
carbon of an ester, amide, or anhydride.
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