
Foundations of Biochemistry 
A Guide for study during Winter Break in the PBPM Program 
 
“Chemistry teaches me how life works.” 
Slayton Evans, 1966.  (A story to be shared during the spring.) 
 
Your spring CHEM 4410 course in Biological Chemistry will provide you with excellent 
preparation for the biochemistry component of the MCAT.  This Guide will help you to get a 
head start on CHEM 4410 and your MCAT preparation. 
 
The pages that follow in this Guide provide one-page summaries of each of the first fourteen 
chapters to be covered in CHEM 4410 (Chapters 1-11, and 13-15). For each chapter summaries, 
pay particular attention to the first section, which describes concepts and worked problems 
that you should master and understand. Use the “Foundational Biochemistry” section to review 
the concepts you have covered in each chapter.  These first fourteen chapters will constitute 
about 60% of the material to be covered in CHEM 4410.  (The last five or six weeks of the 
course will cover intermediary metabolism (Chapters 17-20, 22-27 of Garrett and Grisham). 
 
Important Note: 
Several topics in Garrett and Grisham will NOT be covered in CHEM 4410 and need not be 
included in your MCAT preparations.  These include: 
Chapter 3: Section 3.9 (Reduction Potentials) 
Chapter 5: Section 5.5b (Computer Programs, …), Section 5.6 (Peptide Synthesis) 
Chapter 10: Section 10.6 (Hydrolysis of Nucleic Acids) 
Chapter 11: Section 11.6 (Chemical Synthesis of Nucleic Acids) 
Chapter 13: Section 13.5 (Bimolecular Reactions) 
Chapter 15: Section 15.5 and beyond. 
 
 
 
 



CHEM 4410 

Recommended End-of-Chapter Problems in Garrett and Grisham 6/e 

Chapter 1 – 1-10, 12 

Chapter 2 – 1-10 

Chapter 3 – 1-6, 8, 9, 10, 11 

Chapter 4 – 1-9, 15, 18 

Chapter 5 – 1-9 

Chapter 6 – 1-20 

Chapter 7 – 1, 2, 4, 5, 7, 9, 10, 14, 17, 18, 20, 21 

Chapter 8 – 1-11, 13, 15-22 

Chapter 9 – 1, 2, 4-13, 15, 17, 20-23 

Chapter 10 – 1-6, 9, 10-14, 18-20 

Chapter 11 – 1, 2, 4, 5, 9, 10, 11, 13, 15, 16, 19, 20 

Chapter 12 – none (chapter probably not covered) 

Chapter 13 – 1-5, 7-14 

Chapter 14 – 1, 2, 3, 5, 6-10, 12-19 

Chapter 15 – 1-4, 6-10, 12 

Chapter 16 – none (chapter probably not covered in depth) 

Chapter 17 – 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 18, 19. 

Chapter 18 – 1-18, 21, 22. 

Chapter 19 – 1-5, 7-21. 

Chapter 20 – 4-6, 8-15, 18-20. 

Chapter 22 – 1-4, 6, 8-13 

Chapter 23 – 1-4, 6, 7, 10, 13-17, 19, 20. 



 
Chapter 24 – 2, 3, 5-7, 9-10-15, 19, 20. 
 
Chapter 25 – 1-8, 10-15, 18-20. 
 
Chapter 26 – 1-11, 14, 16, 19-20. 
 
 
 
 
 
 



FOuNDAtIONAL BIOCHeMIStrY Things You Should Know After Reading Chapter 1.

●● Chemistry is the logic of biological phenomena.

●● Biological molecules serve functional purposes.  

●● The living state is characterized by the flow of energy through the
organism.

●● Biomolecules are compounds of carbon.

●● Cellular macromolecules and structures are formed from simple mol-
ecules  according to a hierarchy of increasing structural complexity.  

●● Metabolites are used to form the building blocks of macromolecules. 

●● Membranes are supramolecular assemblies that define the boundaries 
of cells.

●● Biological macromolecules and their building blocks have a “sense,” 
or  directionality.  

●● Biological macromolecules are informational.

●● Macromolecules have a defining three-dimensional architecture.

●● Weak forces important in biochemistry include hydrogen bonds,
electrostatic  (ionic) interactions, van der Waals interactions, and
hydrophobic interactions.  

●● Weak forces maintain biological structure and determine biomolecu-
lar interactions.  

●● The defining concept in biochemistry is “molecular recognition
through structural  complementarity.”  

●● Biomolecular recognition is mediated by weak chemical forces.

●● The importance of weak forces restricts organisms to a narrow range
of  environmental conditions.

●● Enzymes catalyze metabolic reactions.

●● Metabolic regulation is achieved by controlling the activity of enzymes.  

●● The time scale of life ranges from 10215 sec (the speed of electron
transfer  processes) to 1018 sec, the time span that life has been evolv-
ing on earth.  

●● The structural and functional organization of prokaryotic cells.

●● The structural and functional organization of animal cells and plant
cells,  including the functions of the various organelles.

●● Viruses are lifeless complexes of nucleic acid and protein that act as
cellular  parasites in order to reproduce. 
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Chapter 1

Chapter 1 is introductory and provides a broad overview of biochemistry and the principles that must be 
understood and mastered in an introductory biochemistry course.

Be able to compare and contrast covalent bonds (single, double, triple) and weak forces (van der Waals, 
hydrogen bonds, ionic interactions and hydrophobic interactions) in terms of their bond stabilization 
energies.



FOUNDATIONAL BIOCHeMISTrY Things You Should Know After Reading Chapter 2.

●● Water has unusual properties, and hydrogen bonding between water
molecules is the key to understanding these properties.

●● Water is an excellent solvent because of its polar nature.

●● Hydrophobic interactions between nonpolar molecules in aqueous
solutions occur because of an entropy-driven process based on a net
decrease in order among water molecules.

●● Amphiphilic molecules have both polar and nonpolar chemical
groupings.

●● Solute molecules affect the properties of the solution through their
interactions with water molecules.

●● Colligative properties are properties that depend on the number of 
solute molecules in a solvent, not the particular chemical properties
of the solute molecules.

●● Water can ionize to a small but finite extent to form H+ and OH− 
ions.

●● The ion product of water, Kw, is given by Kw = [H+][OH−]. Kw = 10−14 

M2 at 25°C.

●● pH is defined as the negative logarithm (to the base 10) of the H+ 
concentration.

●● Strong electrolytes are substances that dissociate completely in water
to form ions.

●● Strong electrolytes include strong acids, strong bases, and many salts,
including the salts of weak acids.

●● Weak electrolytes show only a slight tendency to dissociate in water
and form ions.

●● The ionization constant, Ka, is a measure of the extent to which a
substance forms ions in solution.

●● The Henderson–Hasselbalch equation relates pH to the pKa of a
weak acid, as determined by the relative concentrations of the weak
acid and its conjugate base.

●● Titration curves can be used to determine the pKa values of weak
electrolytes.

●● Buffers are solutions containing amounts of a weak acid and its
conjugate base sufficient to resist large changes in pH when acid or
base is added.

●● The phosphate buffer system is a major intracellular buffer system.

●● The imidazole group of histidine can also serve as an intracellular
buffer.

●● The bicarbonate/carbonic acid system is a major extracellular buffer-
ing system.

●● Not many naturally occurring substances have pKa values in the neu-
tral pH range, so biochemists have devised artificial buffering systems
for in vitro work.

●● The properties of water give it a significant role in the environment.
The fitness of the environment for living systems depends on the
properties of water.
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Chapter 2

Special emphasis should be devoted to a review of acid-base chemistry, including a 
thorough understanding of the Henderson-Hasselbalch equation and titration curves.  
Mastery of the example problems and the recommended end-of-chapter problems is 
essential.



FouNDATioNAL BioCHEMiSTRY Things You Should Know After Reading Chapter 3.

●● The definitions of isolated, closed, and open systems.

●● The first law of thermodynamics—the total energy of an isolated
system is conserved.

●● The definition of enthalpy.

●● The second law of thermodynamics—systems tend toward disorder 
and randomness.

●● Entropy represents energy dispersion.

●● The third law of thermodynamics—the entropy of a crystalline, per-
fectly ordered substance is exactly zero at 0 K.

●● The definition of free energy.

●● Free energy depends on reactant and product concentrations 
(Equation 3.8).

●● The equilibrium for a reaction in solution is a function of  DG°
(Equation 3.9).

●● Free energy is pH dependent if  protons are produced or consumed
in a reaction.

●● DGº9 symbolizes the standard-state free energy change at pH7.

●● Reduced coenzymes and high-energy phosphates mediate flow of 
energy from exergonic reactions to endergonic reactions.

●● High-energy phosphates include phosphoric anhydrides, enol phos-
phates, acyl phosphates, and guanidine phosphates.

●● High-energy phosphates are not long-term energy storage substances,
but rather, transient forms of stored energy.

●● ATP is an intermediate energy-shuttle molecule.

●● The DG°9 for ATP hydrolysis used in this text is 230.5 kJ/mol.
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●● Phospho(enol)pyruvate (PEP) has the largest DG°9of hydrolysis of 
the high-energy phosphates (262.2 kJ/mol).

●● Group transfer potentials quantify the reactivity of functional groups.

●● The favorable DG°9of hydrolysis of phosphoric anhydrides is due to
electrostatic, ionization, and resonance effects.

●● The DG°9 of  ATP depends on pH and on the concentration of metal
ions.

●● The cellular DG of  ATP hydrolysis depends on the concentrations of 
ATP, ADP, and Pi.

●● Reactions and processes with unfavorable DG can be made favorable
by coupling with favorable processes, such as the hydrolysis of ATP.

●● Humans typically consume their own body weight in ATP each day.

●● The typical human body contains about 50 grams of ATP. Recycling
of each molecule approximately 1,300 times per day satisfies the
body’s ATP needs.

●● %0∙ values can be used to predict the direction of redox reactions.

●● %0∙ values can be used to analyze energy changes in redox reactions.
The reduction potential depends on concentration.

Chapter 3

The meaning and significance of Equations 3.8 and 3.9 and the box on page 58 must be 
understood thoroughly.

The characteristics and chemistry of the "high-energy biomolecules should be studied 
carefully.

Problems 1, 3, 6, and 8 are recommended for careful study.



 

FOuNDATiONAL BiOCHeMiSTry Things You Should Know After Reading Chapter 4.

●● The fundamental structure of amino acids.

●● The formation of peptide bonds by amino acids.

●● The structures, names, and one- and three-letter abbreviations of the
20 common amino acids.

●● The classification of the 20 common amino acids as nonpolar, polar
and uncharged, acidic, and basic.

●● Amino acids that occur rarely in proteins.

●● The ionization behavior of amino acids.

●● The application of the Henderson–Hasselbalch equation to the ion-
ization behavior of ammo acids.

●● The pKa values of the a-carboxyl and a-amino and side-chain groups
of the common amino acids.

●● The titration curves of the 20 common amino acids.

●● The reactions of the common amino acids.

●● How to name amino acids according to the D,L and (R,S) nomencla-
ture schemes.

●● The UV spectroscopic behavior of the common amino acids.

●● The NMR spectroscopic behavior of the common amino acids.

●● The methodology for separation of amino acids on chromatographic
columns.
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●●

●●

●●

●●

Amino acids link to form peptide bonds.

Why the peptide bond has approximately 40% double bond character.

The polypeptide backbone is relatively polar.

The meanings of dipeptide, oligopeptide, and polypeptide.

●● The meanings of the terms “monomeric,” “dimeric,” “multimeric,” 
“homomultimeric,” “heteromultimeric,” and “polymeric,” with respect 
to proteins.

●● The approximate sizes and molecular weights of typical proteins.

Chapter 4

The structures and 1- and 3-letter abbreviations of the 20 common amino acids should be 
committed to memory.
The pKa values of the side chains of the 20 common amino acids should be committed to memory.
The acid-base chemistry and titration behavior of the 20 common amino acids should be 
understood thoroughly.
The stereochemistry, spectroscopic behavior, and reactivity of the 20 common amino acids should 
be understood thoroughly.
The fundamental structural oattern of proteins, including the peptide plane, should be understood 
thoroughly.



FOuNDATIONAL BIOCHeMISTry Things You Should Know After Reading Chapter 5.

●● Proteins fall into three general classes on the basis of shape and solu-
bility: fibrous, globular, and membrane.

●● Protein structure is described in terms of four levels of organization:

primary (1°) —amino acid sequence

secondary (2°) —patterns arising by hydrogen bonding

tertiary (3°) —folding of the polypeptide chain

quaternary (4°) —subunit organization.

●● Noncovalent forces underlie the higher (2°, 3°, 4°) levels of protein 
structure.

●● The overall three-dimensional structure of a protein is called its  
conformation.

●● Proteins can be purified from cellular sources by exploiting their size,
charge, and affinity differences.

●● A protein’s amino acid composition can be determined following acid
hydrolysis and chromatographic analysis of the amino acids released.

●● The amino acid compositions of proteins differ, but soluble proteins
tend to have about one-third charged amino acid residues, one-third
hydrophobic, and one-third polar but uncharged.

●● The amino acid sequence of a protein is the defining characteristic
of a protein.

●● Chemical and enzymatic methodologies can be used to determine the
sequence of amino acids along a polypeptide chain.

●● The amino acid sequence of a protein can also be determined by mass 
spectrometric analysis.

●● Most of the available amino acid sequence information for proteins 
was obtained from nucleotide sequence analysis of genes and genomes.

●● Homologous proteins share sequence similarity and structural resem-
blance and often perform similar functions across different organisms.

●● Homologous proteins can be subclassified as orthologous or pa ralogous:

Orthologous proteins are proteins that perform the same function
in different cells.

Paralogous proteins are proteins found within the same species that 
have homologous amino acid sequences; paralogous proteins arise
through gene duplication.

●● Related proteins shared a common evolutionary origin.

●● A mutant protein is a protein with a slightly different amino acid
sequence.

●● Polypeptides of defined sequences can be chemically synthesized; the
most effective strategy for chemical synthesis relies on solid-phase
methods.

●● Post-translational modification of proteins can introduce new proper-
ties into proteins.

●● Proteins may have other chemical groups attached to them, such as
carbohydrates to form glycoproteins.

●● Proteins are the agents of biological function.

●● All proteins function through recognition and binding of some target
molecule.

●● The proteome is the entire set of different proteins found in a particu-
lar cell at a specific moment in time.

●● Proteomics is the science of describing the proteome.

●● The tools of proteomics are protein separation, followed by identifica-
tion, usually by mass spectrometry.
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Chapter 5

Particular attention should be devoted to the sequencing of peptides, as described in Section 5.4.

End-of-Chapter Problems 2-8 should be studied in detail and understood thoroughly.



FOuNDATiONAL BiOCHeMiSTry Things You Should Know After Reading Chapter 6.

stabilized by weak forces.

-
phobic residues are located mainly in the protein interior.

native structure is contained in the amino acid sequence of the 
peptide.

 and  
angles of each amide plane are known.

a–helix and b–sheet and b–turn
and how each is stabilized by hydrogen bonds.

a– and b–keratin and the collagen helix.

proteins.

structures.

space is small cavities that provide flexibility and facilitate protein
dynamics.
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two or more domains.

systems.

renatured under certain conditions.

concerted mechanisms.

-
ten globules.

-
tropy change for the waters associated with its nonpolar residues.

l-amino acids tend to undergo right-
handed twists.

a   proteins, all
b proteins, a/b proteins, and a+b proteins.

exerting multiple functions.

proteins are similar to those that stabilize protein monomers.

include stability, genetic economy and efficiency, juxtaposition of
catalytic sites, and cooperativity.

Chapter 6

Review weak forces, which are the basis for secondary, tertiary and quaternary structures of proteins. 
Understand the constraints of phi- and psi-angles between peptide planes.
Understand the structures and dimensions of alpha-helices, beta-sheets and tight turns. Understand 
the structures of alpha- and beta-keratin and collagen.
Study the structures of globular proteins carefully.
Be able to construct a helical wheel from a peptide sequence.
Understand the significance of domains in globular proteins.
Understand the importance of dynamic porcesses in protein function.
Understand the denaturation of globular proteins.
Understand the folding of globular proteins.
Understand the energetics of quaternary structure formation.



FouNDATIoNAL BIoCHeMISTrY Things You Should Know After Reading Chapter 7. 

●● Naming conventions for mono-, oligo-, and polysaccharides.

●● The structures of simple aldoses and ketoses (three to six carbons).

●● The structural features that define and distinguish enantiomers.

●● The structural features that define and distinguish diastereomers.

●● The structural features that define and distinguish epimers.

●● The structural features that define and distinguish anomeric carbons
and anomers.

●● How to convert linear sugar structures to cyclic Haworth structures.

●● Chair and boat conformations of simple sugars.

●● Oxidation of sugars to form sugar acids.

●● Structures and properties of sugar alcohols, deoxy sugars, sugar 
esters, and glycosides.

●● The nomenclature and structural features of oligosaccharides, includ-
ing glycosidic bonds and the characteristics of reducing sugars.

●● The nomenclature and structural features of storage polysaccharides,
including a-amylose, amylopectin, and glycogen.

●● The nomenclature and structural features of structural polysaccha-
rides, including cellulose, chitin, agarose, and the glycosaminoglycans.

●● The structural features of bacterial peptidoglycans.

●● The structural and functional features of O-linked and N-linked
oligosaccharides and glycoproteins.

●● The structure and function of antifreeze glycoproteins in polar fish.

●● The structural and functional features of proteoglycans, especially
cartilage matrix proteoglycans.

●● The essential features of glycomics, lectins, and the sugar code.

●● The role of selectins in the inflammatory response.

●● The structural and functional features of galectins, pentraxins, and
C-reactive protein.

Chapter 7

Know the blue-shaded structures in Figures 7.2 and 7.3. Be able to convert linear structures to cyclic 
structures and vice versa.
Understand the stereochemistry of sugars in details - enantiomers, diastereomers, epimers, anomers.
Understand sugar alcohols, sugar acids.
Understand the naming of di- and tri-saccharides.
Study the alpha gal story on page 216 in detail.
Understand ths structures and chemistry of starch, amylopectin, glycogen and cellulose.
Understand the structures of O-linked and N-linked oligosaccharides.



FouNDATioNAL BioCHeMiSTrY  Things You Should Know After Reading Chapter 8.

 ● The structures and chemical features of the saturated and unsaturated 
fatty acids

 ● The identities and structures of the essential fatty acids

 ● The fat compositions of common dietary oils

 ● The structures and chemical features of representative trans fatty acids

 ● The structures and chemical features of triacylglycerols

 ● The structures and chemical features of glycerophospholipids

 ● The prochirality of glycerol and the sn-numbering system for glycero-
phospholipids

 ● The structures of ether glycerophospholipids, especially plasmalogens

 ● The structures and chemical features of sphingolipids, including 
ceramides, sphingomyelins, cerebrosides, and gangliosides

 ● The structures and properties of waxes

 ● The structure of isoprene and the structural and chemical features
of terpenes

 ● The chemical features and cellular properties of steroids, including
cholesterol, the androgens, the progestins, the corticoids, and the bile
acids

 ● The roles of lipids and their metabolites (including sphingosine-
1-phosphate, IP3, and diacylglycerol) as biological signals

 ● The identities and chemical and biological actions of phospholipases
A1, A2, C, and D

 ● The role of lipidomics and lipidomic analyses in elucidation of the
functions of lipids in cells, tissues, and organs

Chapter 8

Know the structures of the saturated and unsaturated fatty acids.
Know the structures of triacylglycerols and the glycerophospholipids.
Know how to convert sphingosine to a ceramide, a cerebroside, a sphingomyeling, and a ganglioside.
Understand how isoprene units combine to form mono-, sesqui-, di- and tri-terpenes.
Understand the role of cholesterol in the biosynthesis of other steroids.
Know the actions of the phospholipases and how they produce lipid signals.



FOuNDATiONAL BiOCHeMiSTrY Things You Should Know After Reading Chapter 9.

●● The variation of membrane composition in tissues and subcellular
organelles.

●● The spontaneous formation of stable structures by lipids in water.

●● The meaning of critical micelle concentrations for amphiphilic molecules.

●● The essential features of the Singer–Nicolson fluid mosaic model.

●● The relationship between membrane composition and membrane
thickness.

●● The characteristics of peripheral and integral membrane proteins.

●● The structures and essential features of membrane proteins with sin-
gle transmembrane segments and multiple transmembrane segments.

●● The role of hydropathy plots in analysis of membrane proteins.

●● The role prolines play in transmembrane helical segments.

●● The location preferences of amino acids in transmembrane helices.

●● The roles of reentrant loops and nonhelical segments in membrane
proteins.

●● The characteristics and functions of b-barrel proteins in membranes.

●● The characteristics and functions of lipid-anchored membrane proteins.

●● The asymmetric and heterogeneous nature of biological membranes.

●● The types and time scales of motions in biological membranes.

●● The characteristics and functions of flippases, floppases, and scram-
blases.

●● The structural and functional consequences of lipid ordering in
membranes.

●● The structural and function features of lipid rafts.

●● The essential features of the hop-diffusion model for lipids in 
membranes.

●● The ways in which lipids and proteins accomplish curvature of  
membranes.

●● The essential features of caveolins and caveolae.

●● The essential features of SNARE proteins.

●● The current model for SNARE complex assembly and synaptic vesicle 
fusion.

●● The definitions of passive and facilitated diffusion and active transport.

●● The calculation of the chemical potential for a membrane gradient
involving an uncharged molecule.

●● The calculation of the electrochemical potential for a membrane 
gradient involving an ionic or charged or molecular species.

●● The graphical methods for distinguishing passive and facilitated 
diffusion.

●● The structural and functional characteristics of membrane channels.

●● The energy sources that are responsible for biological active transport.

●● The structural and functional features of Na,K-ATPase and SR 
Ca-ATPase.

●● The structural and functional features of the gastric and osteoclast
H1-ATPases.

●● The structural and functional features of MDR efflux pumps.

●● The essential features of light-driven proton transport by bacterio-
rhodopsin.

●● The essential features of secondary active transport driven by ion
gradients.

Chapter 9

Understand how amphipathic lipids form bilayers and other structures spontaneously. 
Understand the topology of membrane proteins and the preferences of amino acids for particular 
locations in membranes and membrane proteins.
Understand why alpha helices and beta sheets predominate in the cores of membrane proteins. 
Know the four classes of lipid-anchored proteins, and the charactistics of each class. 
Understand the dynamic processes that are essential to membrane structure and function. 
Understand the essential features of passive diffusion, facilitated diffusion and active transport in 
membranes.
Understand the chemistry of membrane channels.
Understand how energy sources including ATP, light and ion gradients can drive active transport 
proesses.
Understand proton transport by bacteriorhodopsin, including how light absorption triggers 
conformational changes that alter pKa values of groups in the proton channel and drive protons 
across the bacterial membrane.



FOuNDATiONAL BiOCHeMiSTrY Things You Should Know After Reading Chapter 10.

●● Nucleotides are composed of either a pyrimidine or a purine base, a
ribose, and phosphate.

●● Nucleotides participate in virtually all aspects of metabolism.

●● Nucleic acids are polynucleotides.

●● The two kinds of nucleic acid are DNA and RNA.

●● DNA is the repository of genetic information in cells.

●● RNA is involved in the expression of genetic information through the
processes of transcription and translation.

●● Pyrimidines and purines are heterocyclic aromatic substances con-
taining two (pyrimidines) or four (purines) nitrogen atoms in their
ring structures.

●● The three principal pyrimidines are cytosine, uracil, and thymine.

●● The two principal purines are adenine and guanine.

●● Purines and pyrimidines undergo keto-enol tautomeric shifts.

●● The particular keto or enol form of a nitrogenous base affects its 
H-bonding possibilities.

●● The aromaticity of pyrimidines and purines endows them with UV
absorbance properties.

●● Nucleosides are formed when ribose (or deoxyribose) is attached to a
nitrogenous base via a b]N-glycosidic bond.

●● Nucleotides are formed when phosphoric acid is esterified to an 
—OH group of the ribose of a nucleoside.

●● Cyclic nucleotides result when the phosphate group forms ester link-
ages with two ribose —OH groups.

●● Nucleoside diphosphates (NDPs) and nucleoside triphosphates (NTPs) 
are nucleotides with two or three phosphoryl groups.

●● NDPs and NTPs are polyprotic acids.

●● NTPs are the carriers of chemical energy.

●● Nucleic acids are polymers of nucleotides linked 39 to 59 by phospho-
diester bridges to form a sugar–phosphate backbone from which the
bases project.

●● The sequence of bases along the sugar–phosphate backbone is the
defining characteristic of a nucleic acid.

●● DNA is found in chromosomes as the genetic material.

●● RNA has as its central role the transfer of information from DNA
to protein.

●● The fundamental structure of DNA is a double helix that is main-
tained by base pairing between a purine base in one strand and a
pyrimidine base in the other.

●● The canonical base pairs are A;T and G;C.

●● The information of DNA is encoded in digital form.

●● Messenger RNA (mRNA) carries the sequence information for syn-
thesis of a protein.

●● Ribosomal RNA (rRNA) provides both the structural framework
and the protein-synthesizing function of ribosomes.

●● Transfer RNAs (tRNAs) deliver amino acids in the form of aminoacyl-
tRNAs for use in protein synthesis.

●● Small nuclear ribonucleoproteins (snRNPs) mediate the splicing of 
enkaryotic gene transcripts to form mature mRNAs.

●● Small RNAs and long noncoding RNAs serve a variety of regulatory
roles in cells.

●● The chemical differences between DNA and RNA—thymine vs. uracil, 
presence or absence of  29-OH group—have important biological 
consequences.

●● DNA is acid labile; RNA is not.

●● RNA is susceptible to hydrolysis by base because of its 29-OH group;
DNA lacks this —OH and is not susceptible to alkaline hydrolysis.

●● Enzymes that hydrolyze the phosphoester bonds of nucleic acids are
called nucleases.

●● Nucleases differ in their specificity for the different forms of nucleic
acid, such as DNA vs. RNA or single-stranded vs. double-stranded.

●● Type II restriction endonucleases are nucleases that cleave double-
stranded DNA at specific base sequences. These enzymes are useful
for in vitro manipulation of DNA molecules.

●● Restriction endonucleases can be used to map the structure of DNA
molecules.
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Chapter 10

Know the structures of adenine, cytosine, guanine, thymine, and uracil.
Know the structures of the nucleosides made from these bases.
Know the structures of the nucleotides made from these bases.
Understand the structures of DNA and RNA, including the structures of A-T and G-C base pairs.
Know the types of RNA and their cellular functions.
Understand the chemical differences between DNA and RNA and their biological significance.
Understand the functions and uses of restriction enzymes.



FOUNDATiONAL BiOCHEMiSTRY Things You Should Know After Reading Chapter 11.

●● DNA sequencing: Sanger’s chain termination protocol based on  
dideoxynucleotides uses DNA replication to generate a defined set of 
polynucleotide fragments.

●● The nucleotide sequence of DNA can be determined from the elec-
trophoretic migration of a defined set of polynucleotide fragments.

●● Current ultra-high-throughput methodologies for DNA sequencing 
also rely on DNA polymerase-driven primer extension to copy un-
known DNA sequences.

●● Ultra-high-throughput sequencing technologies use light emission,  
fluorescence detection, or pH change to follow DNA polymerase-
catalyzed nucleotide addition and note which base was added. These 
reactions can be carried out on millions of different DNA strands 
at the same time, all of which are immobilized on beads or glass  
surfaces.

●● DNA structure: The sugar–phosphate backbone of nucleic acids has 
six degrees of freedom. Rotation about the C19-N glycosidic bond cre-
ates a seventh degree of freedom.

●● DNA usually occurs in the form of double-stranded molecules.

●● The Watson–Crick base pairs (A-T; G-C) have virtually identical 
dimensions.

●● The DNA double helix is stabilized by H bonds, electrostatic interac-
tions, and the van der Waals and hydrophobic interactions arising 
from base-pair stacking.

●● The DNA double helix has a major groove and a minor groove.

●● DNA double helices can occur as A-, B-, or Z-DNA conformations;  
the B-DNA conformation is the canonical form for double-helical DNA.

●● Z-DNA is a left-handed double helix.

●● RNA double helices and hybrid DNA:RNA helices adopt the  
A-conformation due to steric hindrance caused by the RNA 39-OH 
groups.

●● Alternative H-bonding interactions give rise to novel DNA structures, 
such as cruciforms, triplexes, and quadruplexes.

●● Hoogsteen base pairs, an alternative mode of base-pair formation, 
arise in triplex DNA structures known as H-DNA.

●● Thermal denaturation of DNA can be followed by observing  
increases in UV absorbance.

●● Single-stranded DNA can renature (re-anneal) to form DNA duplexes.

●● The rate of DNA renaturation is a measure of DNA sequence  
complexity.

●● Supercoils are one kind of structural complexity in DNA. Supercoils 
alter the topological state of DNA.

●● Supercoils can be positive (overwound DNA) or negative (under-
wound DNA), relative to B-DNA.

●● The linking number, L, of double-helical DNA is given by L = T + W, 
where T = twist (the number of helical turns in a DNA molecule) and  
W = writhe (the number of supercoils).

●● Topoisomerases are enzymes that change the topological state of DNA.

●● Eukaryotic DNA: Nucleosomes are the fundamental structural unit 
of chromatin.

●● Higher-order structural organization of chromatin gives rise to  
chromosomes.

●● SMC proteins establish chromosome organization and mediate  
chromosome dynamics.

●● Nucleic acids can be created synthetically, using an orthogonal proce-
dure and phosphoramidite chemistry.

●● RNA molecules are rich in secondary structures formed through 
intrastrand H-bonding.

●● RNAs contain a variety of structural motifs, such as stem-loops,  
U-turns, tetraloops, bulges, junctions, and coaxial stacks.

●● Transfer RNA adopts higher-order structure through base- 
pairing interactions between the single-stranded regions of stem-loop  
structures.

●● Ribosomal RNA also adopts higher-order structure through base-
pairing interactions between the single-stranded regions of stem-loop 
structures.

●● Ribosomal RNAs adopt an evolutionarily conserved secondary  
structure.

●● Aptamers are oligonucleotides with highly selective ligand-binding 
ability.

●● Riboswitches are naturally occurring aptamers involved in regulating 
the expression of genetic information.

Chapter 11

Understand the Sanger dideoxy method of DNA sequencing
Understand the secondary structures that DNA molecules can adopt.
Understand the nature and structure of the major and minor grooves of the DNA double helix. 
Understand the nature of Hoogsteen base pairs and their involvement in DNA structures. 
Understand cruciform structures and the heat-induced denaturation of DNA.
Understand supercoiling of DNA and the functions of gyrases and topoisomerases. 
Understand the structures and chemistry of ribosomal, messenger, and transfer RNA.



FOUNDatIONaL BIOCHEMIStrY Things You Should Know After Reading Chapter 13.

●● Enzymes are the agents of metabolic function.

●● Enzymes exert kinetic control over thermodynamic potentiality.

●● Catalytic power is defined as the ratio of the enzyme-catalyzed rate of 
a reaction to the uncatalyzed rate.

●● The substance upon which an enzyme acts is termed the substrate of 
the enzyme.

●● Specificity is the term used to define the selectivity of enzymes for 
their substrates.

●● The specific site on the enzyme to which the substrate binds and where 
catalysis occurs is called the active site.

●● Regulation of enzyme activity ensures that the rate of a metabolic 
reaction is appropriate to cellular requirements.

●● Enzyme nomenclature provides a systematic way of naming meta-
bolic reactions.

●● Coenzymes and cofactors are nonprotein components of enzymes 
that are essential for enzyme activity.

●● Tightly bound coenzymes are termed prosthetic groups; the protein 
without the prosthetic group is called an apoenzyme.

●● Enzyme kinetics is the branch of science that studies the properties of 
enzyme-catalyzed reactions.

●● Enzymes, like other catalysts, lower the free energy of activation for 
a reaction.

●● Decreasing the free energy of  activation, DG‡, increases reaction 
rate.

●● The rate of a simple enzyme-catalyzed reaction can be described by 
the Michaelis-Menten equation.

●● The Briggs-Haldane steady-state assumption (d[ES]/dt 5 0) provides 
an improved interpretation of the Michaelis-Menten equation.

●● Km, the Michaelis constant, is defined as (k21 1 k2)/k1.

●● The velocity of the reaction, v, is given by v 5 d[P]/dt 5 k2[ES].

●● The maximal velocity of the reaction, Vmax, is achieved when all of the 
enzyme, E, is in the ES form. Vmax 5 k2[ET].

●● When [S] 5 Km, v 5 Vmax/2.

●● The turnover number, or molecular activity, of an enzyme is defined 
as kcat∙ kcat 5 Vmax[ET].

●● The catalytic efficiency of an enzyme is defined as kcat/Km.

●● The catalytic efficiency of an enzyme cannot exceed the diffusion-
controlled rate of encounters between E and S. Thus, the upper limit 
on kcat/Km is about 109 M21sec21. 

●● Lineweaver-Burk double-reciprocal (1/v vs. 1/[S]) plots and Hanes-
Woolf ([S]/v vs. [S]) plots convert the hyperbolic Michaelis-Menten  
v vs. [S] response into a straight line.

●● Enzyme activity is affected by pH, temperature, and ionic strength, all 
of which can affect protein conformation.

●● Enzyme inhibitors are useful probes of the properties of enzymatic 
reactions.

●● Many drugs and other pharmacological agents are enzyme inhibitors.

●● Enzyme inhibitors are classified as competitive (compete with S for 
binding to the active site), noncompetitive (bind elsewhere on the 
enzyme) or uncompetitive (bind only to the ES complex).

●● Irreversible inhibitors bind irreversibly to or form covalent bonds 
with the enzyme.

●● Bisubstrate reaction mechanisms may be single-displacement (both 
substrates bind and then the reaction occurs) or double-displacement 
(the first substrate binds, reaction occurs and product is released and 
then the second substrate binds, further reaction occurs and the sec-
ond product is released).

●● Single-displacment reactions may be random (it does not matter 
which substrate binds first) or ordered (one substrate, called the 
leading substrate, binds first; only when it is bound can the second 
substrate bind).

●● Fischer’s “lock and key hypothesis” was the original explanation for 
enzyme specificity.

●● Koshland’s “induced fit hypothesis” is a better explanation of enzyme 
specificity because it considers the conformational change induced in 
the enzyme (and the substrate) when S is bound by E.

●● Not only protein molecules but RNA molecules may be catalytic; 
catalytic RNA molecules are termed ribozymes.

●● The ribosome is a ribozyme.

●● Antibodies that have catalytic activity are called abzymes.

●● Designer enzymes are enzymes designed to catalyze a reaction for 
which no naturally occurring enzyme exists.

●● Several approaches have been taken to create designer enzymes:  
rational enzyme design (altering the active site of  a known enzyme 
so that it now catalyzes a new reaction) or in silico design (using  
computers to model an active site that will catalyze a desired reac-
tion and then attempting to create a protein that will have such an 
active site).

●● Designer enzymes have potential applications in organic synthesis 
(such as the synthesis of new drugs) and environmental remediation 
(to remove pollutants).
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Chapter 13

Understand the essential features of kinetics, including Figure 13.1.
Understand mathematic aspects of enzyme catalysis, including derivation of the Michealis-Menten eqn. 
Understand reversible inhibition of enzymes (competitive, noncompetitive, uncompetitive). Emphasize 
Problem 13.4 at the end of the chapter. Be able to plot kinetic data either as Lineweaver-Burk or Hanes-
Wolff plots and determine Km, Vmax and KI for a reversible inhibitor.



FoUnDATIonAL BIoCHEMISTRY  Things You Should Know After Reading Chapter 14.

●● The approximate magnitudes of catalyzed and uncatalyzed reactions 
described in Section 14.1.

●● The role that transition-state stabilization plays in enzyme catalysis.

●● The manner in which destabilization of ES affects enzyme catalysis.

●● The nature, lifetime, and binding characteristics of the transition state 
of an enzyme reaction.

●● The utility of transition state analogs as therapeutic agents.

●● How to read and write chemical reaction mechanisms.

●● The nature of near-attack complexes in enzyme reactions.

●● The role of protein motions in enzyme catalysis.

●● The role of covalent intermediates in enzyme catalysis.

●● The role of general acid–base catalysis in enzyme reactions.

●● The characteristic features of low-barrier hydrogen bonds and their 
role in enzyme catalysis.

●● The role of metal ion catalysis in enzyme reactions.

●● The essential features of the serine proteases.

●● The mechanistic basis of burst kinetics in an enzyme reaction.

●● The mechanism of serine proteases.

●● The essential features of the aspartic proteases.

●● The mechanism of aspartic proteases.

●● The roles of low-barrier hydrogen bonds in the serine and aspartic 
proteases.

●● The structural contrasts between mammalian aspartic proteases and 
the HIV-1 protease.

●● The significance of protease inhibitors as AIDS drugs.

●● The essential features of chorismate mutase.

●● The mechanism of action of chorismate mutase.

●● The role of a near-attack complex in the chorismate mutase reaction.
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Chapter 14

Understand the nature of a transition state - as composed of partially made or partially 
broken bonds.
Understand that enzymes bind the transition state better than the substrate or product of a 
reaction.
Understand the roles of transition state analogs in studies of enzyme mechanisms and drug 
development.
Understand the mechanisms of enzyme catalysis - covalent catalysis, general acid-base 
catalysis, near-attack conformations, etc.
Compare and contrast the mechanisms of serine proteases, aspartic proteases and 
chorismate mutase.



FOUNDATIONAL BIOCHEMISTRY Things You Should Know After Reading Chapter 15.

 ● The availability of substrates and cofactors usually determines the 
rate of an enzymatic reaction.

 ● As the product of the reaction accumulates, the apparent rate of 
product formation will slow down due to the increasing rate of the 
reverse reaction, which is directly dependent on [P].

 ● Genetic regulation of enzyme synthesis and decay determines the 
amount of enzyme present at any moment.

 ● Enzymes can be regulated allosterically through reversible binding of 
metabolic effectors at sites other than the active site.

 ● Enzyme activity can also be regulated through covalent modifica-
tion, the reversible attachment of chemical groups to amino acid side 
chains in the enzyme.

 ● Enzymes susceptible to reversible covalent modification are called 
interconvertible enzymes.

 ● The enzymes that catalyze reversible covalent modification are called 
converter enzymes, and such converter enzymes are subject to meta-
bolic regulation.

 ● Zymogens are inactive precursors from which active enzymes can be 
generated by proteolytic cleavage.

 ● Isozymes are enzymes whose subunits are homologous. The different 
isozyme subunits have different kinetic properties.

 ● Allosteric enzymes catalyze committed steps in metabolic pathways.

 ● Many allosteric enzymes are susceptible to feedback inhibition by the 
end product of the metabolic pathway.

 ● The kinetic behavior of allosteric enzymes does not conform to the 
Michaelis–Menten model for enzyme kinetics.

 ● Substrate saturation curves for allosteric enzymes are sigmoid  
(S-shaped).

 ● Allosteric effectors interact with allosteric enzymes at binding sites 
distinct from the substrate-binding (active) site.

 ● The activity of an allosteric enzyme can be activated or inhibited, 
depending on the nature of the allosteric effector it binds.

 ● Allosteric enzymes are oligomers; each subunit in an allosteric  
enzyme has a substrate-binding site and an effector-binding site.

 ● The interaction of allosteric enzymes with their substrates or effectors 
alters the conformation of the subunits.

 ● Conformational changes in allosteric enzymes are the basis of their 
changing affinity for the various ligands.

 ● The Monod–Wyman–Changeux (MWC) model of allosteric behavior 
postulates that

1. Allosteric enzymes are oligomeric.
2.  The allosteric enzyme can exist in (at least) two conformational

states, called R and T.
3.  All subunits in any molecule of enzyme are in the same confor-

mation (either all R or all T).
4.  The different conformations of the allosteric enzyme have dif-

ferent affinities for the various ligands.
5.  L is the equilibrium constant for the R zy T equilibrium defined 

as L 5 T0/R0. If  L is large, and S binds “only” to R, substrate
binding is cooperative.

6.  The concentration of ligand giving half-maximal saturation is
defined as K0.5.

 ● The Monod–Wyman–Changeux (MWC) model of allosteric behav-
ior is based on linked equilibria between conformational states and 
ligand-binding properties of allosteric proteins.

 ● The Koshland–Nemethy–Filmer (KNF) model for allosteric regulation 
is based on ligand-induced conformational changes in allosteric proteins.

 ● Reversible changes in the oligomeric state of an allosteric protein can 
also give rise to allosteric behavior.

 ● Covalent modification through reversible phosphorylation is a promi-
nent means of metabolic regulation.

 ● Protein kinases catalyze the ATP-dependent phosphorylation of 
target proteins.

 ● Protein kinases phosphorylate certain Ser, Thr, or Tyr-OH side chains.

 ● Target recognition: The specificity of protein kinases is determined 
by the sequence context in which the Ser, Thr, or Tyr residue is found.

 ● The activity of protein kinases is regulated by intrasteric control: A pseu-
dosubstrate sequence occupies and blocks the protein kinase active site.

 ● Binding of metabolic regulators (or phosphorylation) leads to the 
dissociation of the pseudosubstrate sequence from the protein kinase 
active site and activation of its protein kinase function.

 ● Phosphorylation is not the only form of covalent modification that 
regulates protein function.
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Chapter 15

Understand the ways in which enzymes may be regulated:
1) Availability of S and co-factors
2) Product inhibition
3) Genetic regulation of enzyme synthesis
4) Allosteric regulation
5) Covalent modification
6) Zymogen activation
7) Isozymes
8) Modulator proteins




