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A FIGURE 2-24 Adenosine triphosphate (ATP). The two
phosphoanhydride bonds (red) in ATE which link the three
phosphate groups, each has a AG™ of —73 kcal/mol for hydroly-
sis. Hydrolysis of these bonds, especially the terminal one, drives
many energy-requiring reactions in biological systems,
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A Figure 8.13 The effect of an enzyme on activation
energy. Without affecting the free-energy change (AG) for a reaction,
an enzyme speeds the reaction by reducing its activation energy (Ea).



INHIBITOR

(a) Normal binding

A substrate can Substrate

bind normally to the
active site of an
enzyme.

Active site

Enzyme

(b) Competitive inhibition

A competitive
inhibitor mimics the
substrate, competing
for the active site.
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INHIBITOR

 (a) Normal binding

A substrate can Substrate

bind normally to the
active site of an
enzyme.

Active site

(c) Noncompetitive inhibition

A noncompetitive
inhibitor binds to the
enzyme away from
the active site,
altering the shape of
the enzyme so that
even if the substrate
can bind, the active
site functions

less effectively. Noncompetitive inhibitor
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A Figure 8.21 Feedback inhibition in isoleucine synthesis.
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¥ Figure 9.9 A closer look at glycolysis. The orientation diagram on the left relates
/ glycolysis to the entire process of respiration. Note that glycolysis is a source of ATP and NADH.
eyravate | FE0E Oxidative EITINEATER What would happen if you removed the difydroxyacetone phosphate generated in
cuidationfRY ey | Pheshorylation step © as fast as it was produced?

Glucose o_cnoao 6-phosphate Fructose o.vsont_.ms Fructose 1,6-bisphosphate
nzwox nzwole CH ol@ CH,OMH ADP @Ioln_._N cH,—o—@ |Aldolase
" 4 cleaves the
m.z D m: ; sugar molecule
HO el OH ?8.58_:8. Phospho- OH into two different
H  OH H isomerase fructokinase HO __H three-carbon
\Q \Q l\\\\\\\\\@ _l_ Aldolase sugars (isomers).

Hexokinase Glucose 6- Phosphofructokinase @
transfers a phosphate is transfers a phosphate
phosphate group 8:<M:ma toits group zoSUb..—v to the Dihydroxyacetone Glyceraldehyde
from ATP to isomer, fructose opposite end of the phosphate 3-phosphate
glucose, making it 6-phosphate., sugar, investing a second ®—0—CH, Ho Com O
more chemically molecule of ATP. This is -0 _ V M:o:
reactive. The charge a key step for regulation A 1 1 _H__v/
on the phosphate also of glycolysis. CH,0H H—=0—0 14 step 6
traps the sugar in the cell. lsomerase @

Isomerase catalyzes the reversible conversion between the two isomers.
This reaction never reaches equilibrium: Glyceraldehyde 3-phosphate is
used as the substrate of the next reaction (step 6) as fast as it forms.



The energy payoff phase occurs after glucose is
split into two three-carbon sugars, Thus, the
coefficient 2 precedes all molecules in this phase
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dehydrogenase 1,3-Bisphospho- 3-Phospho- 2-Phospho- Phosphoenol- Pyruvate
@/ glycerate glycerate glycerate pyruvate (PEP)
This enzyme catalyzes two The phosphate group added This enzyme Enolase causes The phosphate
sequential reactions. First, the in the previous step is relocates the a double bond to group is transferred
sugar is oxidized by the transferred to ADP (substrate-  remaining form in the substrate from PEP to ADP
transfer of electrons to NAD*, level phosphorylation) in an phosphate by extracting a water (a second example
forming NADH. Second, the exergonic reaction. The group. molecule, yielding of substrate-level
energy released from this carbonyl group of a sugar phosphoenolpyruvate  phosphorylation),
exergonic redox reaction is has been oxidized to the (PEP), a compound forming pyruvate.
used to attach a phosphate carboxyl group ( —COO") of with a very high
group to the oxidized an organic acid potential energy.

substrate, making a product (3-phosphoglycerate).
of very high potential energy.



itric Ondative
Ghyolyssp Pyrunvate 0 phasphondation

| U
% % % MITOCHONDRION

=
CH,

Pyruvate

Transport protein

A Figure 9.10 Oxidation of pyruvate to acetyl CoA, the
step before the citric acid cycle. Pyruvate is a charged molecule,
so in eukaryotic cells it must enter the mitochondnion via active
transport, with the help of a transport protein. Next, a complex of
several enzymes (the pyruvate dehydrogenase complex) catalyzes the
three numbered steps, which are described in the text. The acetyl group
of acetyl CoA will enter the citric acid cycle. The CO, molecule will
diffuse out of the cell. By convention, coenzyme A is abbreviated S-CoA
when it is attached to a molecule, emphasizing the sulfur atom (S).



© he substrate
1 oxidized,
reducing NAD' 10
NADH and
regenerating
oxaloscetate.

© Addition of
a water
molecule
roarranges
bonds in the
substrate.

[ 6 RIS
hydrogens are
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FAD, farming
FADH, and
oxidizing
sudcinate.

© ~cetyl CoA (from
oxidation of pyruvate)
adds its two-carbon acetyl
group to oxaloacetate,
producing citrate.

°n9> is displaced by a phaosphate group,
which is transferred to GDP, forming GTF, a
molecule with functions similar to ATE, GTP
can also be used, as shown, to generate ATP.
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MITOCHONDRIAL MATRIX

@+ ions flowing
down thew gradient
enter a half channel in
a stator, which s
anchored in the
membrane

©H* ions enter binding
sites within a rotor,
changing the shape of
each subunit so that

the rotor spins within

the membrane,

° Each H" ion makes one
complete wurn before
leaving the rotor and
passing through a second
half channel in the stator
into the mitechondrial
matrix

O spinning of the
rotor causes an internal
rod 16 spin as well. This
rod extends Ike a stalk
Into the knob balow it,
which is held stationary
by part of the stator.

\| @ Turning of the rod

activates catalytic sites
n the knob that
produce ATP from ADP

and®.

A Figure 9.14 ATP synthase, a molecular mill. The ATP

synthase protein complex functions as a mill,

powered by the flow of

hydregen ions. Multiple copies of this complex resde in mitochondrial
and chloroplast membranes of eukaryotes and in the plasma
membranes of prokanyotes. Each of the four parts of ATF synthase
corsists of a number of polypeptide subunits.
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