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PK; PKs R
Amino acid symbol M,* (—COOH) (—NH3) (Rgroup) pl index' proteins (%)

Nonpolar, aliphatic

R groups

Glycine Gly G ™ 234 9.60 5.97 -04 72
Alanine Ala A 89 234 9.69 6.01 1.8 78
Proline Pro P 115 1.99 10.96 6.48 1.6 52
Valine Val V 117 232 9.62 597 42 6.6
Leucine Leu L 131 2.36 9.60 5.98 38 9.1
Isoleucine lle I 131 2.36 9.68 6.02 45 53
Methionine Met M 149 228 921 5.74 1.9 23
Aromatic

R groups

Phenylalanine Phe F 165 1.83 9.13 548 28 39
Tyrosine Tyr Y 181 220 9.11 1007 5.66 -13 32
Tryptophan Tp W 204 238 9.39 5.89 -09 14
Polar, uncharged

R groups

Serine Ser S 105 221 9.15 5.68 -08 68
Threonine Thr T 119 211 9.62 587 -0.7 59
Cysteine® Cys C 121 1.96 10.28 8.18 5.07 25 19
Asparagine Asn N 132 2.02 8.80 5.41 -35 43
Glutamine Gln Q 146 217 913 5.65 -35 42
Positively charged

R groups

Lysine Lys K 146 218 8.95 1053 09.74 -39 5.9
Histidine His H 155 1.82 917 6.00 759 -32 23
Arginine Arg R 174 217 9.04 12.48 10.76 —45 5.1
Negatively charged

R groups

Aspartate Asp D 133 1.88 9.60 3865 2.7 -35 53

Glutamate Glu E 147 219 9.67 4325 322 -35 6.3
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Protein Ligand K; (m)*
Avidin (egg white) Biotin 1x10°%®
Insulin receptor (human) Insulin 1x10°"°
Anti-HIV immunoglobulin (human)’ gp41 (HIV-1 surface protein) 4x10°1°
Nickel-binding protein (E. coli) NiZ* 1x10°7
Calmodulin (rat)* ca®* 3x10°°®
2x107°

Typical receptor-ligand interactions
S —

Sequence-specific protein-DNA
| ]

Biotin-avidin
Antibody-antigen = Enzyme-substrate
I

10% 100 102 100 10% 10% 10¢ 102
high affinity Ky () low affinity

Color bars indicate the range of dissociation constants typical of various classes of interactions in bio-
logical systems. A few interactions, such as that between the protein avidin and the enzyme cofactor
biotin, fall outside the normal ranges. The avidin-biotin interaction is so tight it may be considered
irreversible. Sequence-specific protein-DNA interactions reflect proteins that bind to a particular
sequence of nucleotides in DNA, as opposed to general binding to any DNA site.
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. someCoenzymesThat ServeasTransent Caiers of Spedfic Aoms or Functional Groups
Coenzyme Examples of chemical groups transferred  Dietary precursor in mammals TABLE 6-1
Ions Enzymes

Biocytin COy Biotin
Coenzyme A Acyl groups Pantothenic acid and other compounds
5'-Deoxyadenosylcobalamin H atoms and alkyl groups Vitamin Bys i
(coenzyme Byz) cu*t Cytochrome oxidase
Flavin adenine dinucleotide Electrons Riboflavin (vitamin Bg) Fe2+ or FQIH Cytochrome oxidase. catalase
Lipoate Electrons and acyl groups Not required in diet peroxi i ! !
Nicotinamide adenine dinucleotide  Hydride ion (:H™) Nicotinic acid (niacin)
+ .
Pyridoxal phosphate Amino groups Pyridoxine (vitamin Bg) K Pyruvate kinase
ERTS e Ono-carbon groups Folata Mg** Hexokinase, glucose 6-phosphatase,
Thiamine pyrophosphate Aldehydes Thiamine (vitamin By) pyruvate kinase
Mn®* Arginase, ribonucleotide reductase
Mo Dinitrogenase
Ni** Urease
Se Glutathione peroxidase
Zn>* Carbonic anhydrase, alcohol

dehydrogenase, carboxypeptidases
Aand B
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Citrate synthase is one of many enzymes that catalyze
condensation reactions, yielding a product more chemi-
cally complex than its precursors. Synthases catalyze
condensation reactions in which no nucleoside triphos-
phate (ATP, GTP, and so forth) is required as an energy
source. Synthetases catalyze condensations that do
use ATP or another nucleoside triphosphate as a source
of energy for the synthetic reaction. Succinyl-CoA syn-
thetase is such an enzyme. Ligases (from the Latin lig-
are, “to tie together”) are enzymes that catalyze
condensation reactions in which two atoms are joined,
using ATP or another energy source. (Thus synthetases
are ligases.) DNA ligase, for example, closes breaks in
DNA molecules, using energy supplied by either ATP or
NAD™; it is widely used in joining DNA pieces for
genetic engineering. Ligases are not to be confused with
lyases, enzymes that catalyze cleavages (or, in the
reverse direction, additions) in which electronic re-
arrangements occur. The PDH complex, which oxida-
tively cleaves CO, from pyruvate, is a member of the
large class of lyases.

The name kinase is applied to enzymes that trans-
fer a phosphoryl group from a nucleoside triphosphate
such as ATP to an acceptor molecule—a sugar (as in
hexokinase and glucokinase), a protein (as in glycogen
phosphorylase kinase), another nucleotide (as in nucle-
oside diphosphate kinase), or a metabolic intermediate
such as oxaloacetate (as in PEP carboxykinase). The re-
action catalyzed by a kinase is a phosphorylation. On
the other hand, phosphorolysis is a displacement reac-
tion in which phosphate is the attacking species and
becomes covalently attached at the point of bond break-
age. Such reactions are catalyzed by phosphorylases.
Glycogen phosphorylase, for example, catalyzes the phos-
phorolysis of glycogen, producing glucose 1-phosphate.
Dephosphorylation, the removal of a phosphoryl group
from a phosphate ester, is catalyzed by phosphatases,

with water as the attacking species. Fructose bisphos-
phatase-1 converts fructose 1,6-bisphosphate to fruc-
tose 6-phosphate in gluconeogenesis, and phosphorylase
a phosphatase removes phosphoryl groups from phos-
phoserine in phosphorylated glycogen phosphorylase.
Whew!

Unfortunately, these descriptions of enzyme types
overlap, and many enzymes are commonly called by two
or more names. Succinyl-CoA synthetase, for example,
is also called succinate thiokinase; the enzyme is both a
synthetase in the citric acid cycle and a kinase when
acting in the direction of succinyl-CoA synthesis. This
raises another source of confusion in the naming of
enzymes. An enzyme may have been discovered by the
use of an assay in which, say, A is converted to B. The
enzyme is then named for that reaction. Later work may
show, however, that in the cell, the enzyme functions
primarily in converting B to A. Commonly, the first name
continues to be used, although the metabolic role of the
enzyme would be better described by naming it for the
reverse reaction. The glycolytic enzyme pyruvate kinase
illustrates this situation (p. 538). To a beginner in bio-
chemistry, this duplication in nomenclature can be be-
wildering. International committees have made heroic
efforts to systematize the nomenclature of enzymes
(see Table 6-3 for a brief summary of the system), but
some systematic names have proved too long and cum-
bersome and are not frequently used in biochemical
conversation.

We have tried throughout this book to use the
enzyme name most commonly used by working
biochemists and to point out cases in which an enzyme
has more than one widely used name. For current infor-
mation on enzyme nomenclature, refer to the recom-
mendations of the Nomenclature Committee of the
International Union of Biochemistry and Molecular Biol-
ogy (www.chem.gqmw.ac.uk/iubmb/nomenclature/).
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TABLE 6-9 Effects of Reversible Inhibitors on
Apparent V__ and Apparent K

Inhibitor type Apparent V_ Apparent K
None Vi K,
Competitive V. aK_
Uncompetitive V ./ K. /o'

Mixed vV ./ aK /o

Non-competitive Vipax/ K.,
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Homoallosteric regulation
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