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TABLE 2.1 Typical pK values of ionizable groups in proteins

Group Acad — Base Typacal pR_*
8] O
Terminal o -carboxy] proup ﬂ ﬂ _ 3.1
~H
~ "~ -
Azpartic aced ﬂl ﬂl _
Glutamic acad H = 4.1
T )
H
]
Histicine ‘Q-l N 4@ 6.0
M M
"H “H
+ H
Terminal @-amino group —I"-Ir-.,_ H —Hi.,_HH B0
Cwsteine —S*H e 5 B3
. H
Tyrosine 0 =——= — 10.9
+ H
Iysine —N- ———  —N« 10.8
" H  H

K, values depend on temperature, iondc strength, and the microenvironment of the ionizable group
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FIGURE 7.20 Chemical basis of the Bohr
effect. In deoxyhemoglobin, three amino acid
residues form two salt bridges that stabilize
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one of the salt bridges depends on the
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B146. The proximity of the negative charge
on aspartate 94 in deoxyhemoglobin favors
protonation of this histidine. Notice that the
salt bridge between histidine g146 and
aspartate p94 is stabilized by a hydrogen
bond (green dashed line).
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(a) Competitive inhibition
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(c) Mixed inhibition
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(b)) Uncompetitive inhibition
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TABLE 10.1 Common covalent modifications of protein activity

Example of
Modification Donor molecule modified protein Protein function
Phosphorylation ATP (alycogen (Glucose homeostasis;
phosphorylase energy transduction
Acetylation Acetyl CoA Histones DNA packing;
transcnipfion
Mymnistoylation Myristoyl CoA Src Signal transduction
ADP nbosylation NAD+ RNA polymerase Transcription
Farnesylation Farnesyl Ras Signal transduction
pvrophosphate
v-Carboxylation HCO; Thrombin Blood clotting
Sulfation 3’-Phosphoadenosine- Fibrinogen Blood-clot formation
5"-phosphosulfate
Ubiquitination Ubiquitin Cychn Control of cell cycle
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FIGURE 11-34 The general structure of the P-type ATPases. (a) P-type
ATPases have three cytoplasmic domains (A, N. and P) and two
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Foxglove (Digtaks purpurea) s the source of
digitalis, one of the most widely used
drugs. [Roger Halll'Shutterstock.]
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FIGURE 12.36 Vesicle formation by receptor-mediated endocytosis. Receptor binding on
the surface of the cell induces the membrane to invaginate, with the assistance of specialized
intracellular proteins such as clathrin. The process results in the formation of a vesicle within
the cell. M. M. Perry and A. B. Gilbert, J. Cell Sci. 39:266, 1979
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FIGURE 12.39 SNARE complexes initiate membrane fusion. The SNARE protein synaptobrevin
(yellow) from one membrane forms a tight four-helical bundle with the corresponding SNARE
proteins syntaxin-1 (blue) and SNAP25 (red) from a second membrane. The complex brings
the membranes close together, initiating the fusion event. [Drawn from 1SFC.pdb.]
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FIGURE 19-17 Chemiosmotic model. In this
simple representation of the chemiosmotic
theory applied to mitochondria, electrons from
NADH and other oxidizable substrates pass
through a chain of carriers arranged asymmet-
rically in the inner membrane. Electron flow is
accompanied by proton transfer across the
membrane, producing both a chemical
gradient (ApH) and an electrical gradient (Ay).
The inner mitochondrial membrane is imper-
meable to protons; protons can reenter the
matrix only through proton-specific channels
(Fo). The proton-motive force that drives
protons back into the matrix provides the
energy for ATP synthesis, catalyzed by the F,
complex associated with F_.
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In some tissues, the phosphatase 1s regulated by hormones. In liver, epi-
nephrine binds to the ac-adrenergic receptor to imitiate the phosphatidylino-
sitol pathway (Section 14.1), causing an increase in Ca”" concentration that
activates the phosphatase. In tissues capable of fatty acid synthesis, such as
the liver and adipose tissue, insulin, the hormone that signifies the fed state,
stimulates the phosphatase, increasing the conversion of pyruvate into ace-
tyl CoA. Acetyl CoA 1s the precursor for fatty acid synthesis (Section 22.4).
In these tissues, the pyruvate dehydrogenase complex 1s activated to funnel
glucose to pyruvate and then to acetyl CoA and ultimately to fatty acids.
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TABLE 21.1 Biochemical characteristics of muscle fiber types

Charactenstic Typel Type Ila Type IIb
Fatigue resistance High [ntermediate Low
Mitochondrnal density High [ntermediate Low
Metabolic type Chadative Onadative/ glycolytic Glycolytic
Myoglobin content High [ntermediate Low
(ilycogen content Low [ntermediate High
Trnacylglycerol content High [ntermediate Low
(lycogen phosphorylase activity Low [ntermediate High
Phosphofructokinase activity Low [ntermediate High
(Citrate synthase activity High [ntermediate Low
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Galactose is highly toxic if the transferase is missing

LLess commmon than lactose intolerance are disorders that interfere

with the metabolism of galactose. The disruption of galactose
metabolism is referred to as galactosemia. The most common form, called
classic galactosemia, 1s an inherited deficiency 1n galactose 1-phosphate
uridyl transfterase activity. Afflicted infants fail to thrive. Thev vomit or
have diarrhea after consuming milk, and enlargement of the liver and
1aundice are common, sometimes progressing to cirrhosis. Cataracts will
form, and lethargyv and retarded mental development also are common.
The blood-galactose level 15 markedly elevated, and galactose 1s found 1n
the urine. The absence of the transferase 1n red blood cells 1s a definitive
diagnostic criterion.

The most common treatment 1s tlo remove galactose (and lactose) from
the diet. An enigma of galactosemia 1s that, although elimination of galac-
tose from the diet prevents liver disease and cataract development, the
majority of patients still sutfer from central nervous system malfunction,
most commonly a delayed acquisition of language skills. Female patients
also display ovarian failure.
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(Cataract formation 1s better understood. A cataract 1s the clouding of the
normally clear lens of the eye (Figure 16.15). If the transferase 1s not active
1n the lens of the eve, the presence of aldose reductase causes the accumulat-
ing galactose to be reduced to galactitol.
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Phosphorylase a
(liver)

s V8

2 Glucose (@)

T state R state

FIGURE 21.12 Allosteric regulation of liver phosphorylase. The binding of glucose
to phosphorylase a shifts the equilibrium to the T state and inactivates the enzyme.
Thus, glycogen is not mobilized when glucose is already abundant.
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FIGURE 21.13 Allosteric regulation of muscle phosphorylase. A
low energy charge, represented by high concentrations of AMP,
favors the transition to the R state. ATP and glucose 6-phosphate
stabilize the T state.
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DURING EXERCISE OR FASTING 633
21.5 Regulaticn of Glycogen Matabolism
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RNﬁ Edmng 1S not cnnfmed to apolipoprotein B. Glutamate opens cat-
1on-specific channels in the vertebrate central nervous system by binding to
receptors 1n postsynaptic membranes. RNA editing changes a single gluta-
mine codon (CAQG) in the mRNA for the glutamate receptor to the codon
for arginine (read as C(GG). The substitution of Arg for GGln 1n the receptor
prevents Ca’™, but not Na™, from flowing through the channel.

RNA editing 1s likely much more common than was formerly thought.
The chemical reactivity of nucleotide bases, including the susceptibility to
deamination that necessitates complex DNA-repair mechanisms, has been

harnessed as an engine for generating molecular diversity at the RNA and,
hence, protein levels.
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NADP™ - NADPH + H

Figure 34-5. Reduction of ribonucleoside diphos-
phates to 2’-deoxyribonucleoside diphosphates.
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—35 —10 +1

DNA template TTGACA TATAAT
—35 region Pribnow T
box Start of
RNA
(A) Prokaryotic promoter site
—75 —25 +1
DNA template GGNCAATCT TATAAA
CAAT box TATA box e
(sometimes present) (Hogness box) Start of
RNA
(B) Eukaryotic promoter site

FIGURE 4.30 Promoter sites for transcription in (A) prokaryotes and (B) eukaryotes.
Consensus sequences are shown. The first nucleotide to be transcribed is numbered +1.
The adjacent nuclectide on the &' side is numbered —1. The sequences shown are those
of the coding strand of DNA.
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N-carbamoylaspartate
formation —

10 20
[Aspartate], mM

FIGURE 10.14 Effect of CTP and ATP on
ATCase Kinetics. CTP stabilizes the

T state of aspartate transcarbamovylase,
making it more difficult for substrate binding
to convert the enzyme into the H state. As
a result, the curve is shifted to the right, as
shown in red. ATF is an allosteric activator
of aspartate transcarbamovylase because it
stabilizes the R state, making it easier for
substrate to bind. As a result, the curve is
shifted to the left, as shown in blue.
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