Energy, Enzymes, and Metabolism

A dam converts the kinetic A generator canverts the Electric energy can be
energy of a flowing river to movement of water released transmitted, stored, and used in
The movement of water in the potential energy by backing up | | from the dam (kinetic anergy) a variety of ways to do work.
rivar generates kinetic energy. the water and impeding its flow. into electric energy. /
L AR Iy

6.1 Energy Conversions and Work (Page 107}
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The First Law of Thermodynamics.
The total amount of enargy before a
transicrmation equals the total
amount after a transfarmation, No
new energy s created, and no
enenzy is lost.

The Second Law of Thermodynamics.
Although a transformation dees not
change the total amount of energy
within a cloged system, afler any

{a)

Energy
transformation

__—er measunng device

indicates that the total
energy does not change.

(&) Energy
translormation
K er ]
Usable energy affer
B > D /
Eitie (free enerpy)
Unusable energy after

transfarmation the amount of free
enerzy available 1o do work is always
less than the original amount of energy,

Energy transformations

Free energy

=

Unusable energy after

Another slalement of the second law is that in a closed
system, wilh repeated energy transformations, fres
energy decreases and unusable energy increases—a
phenomenon known as creation of entropy.

6.2 The Laws of Thermodynamics (Page 108)




(@) Exergonic reaction

A
Reactants
2 energy
% 2% released
- l

| Products

Course of reaction

(b) Endergonic reaction

h
Products

X
ko : // 4§ Amount of
E O, ENergy
¢ > required
=

r

i o Reactants
| - .

Course of reaction

6.3 Exergonic and Endergonic Reactions (Page 170}

ad .l Reaction to

® & & ® equilibrium
o0 —
e 98

Reaction to
equilibrium

e
L

1% Glucose
l-phosphate

95% Glucose 6-phosphate
5% Glucese 1-phasphate

Water solution at equilibrium

6.4 Concentration at Equilibrium (Page 111)

ENERGY, ENZYMES, AND METABOLISM

-
Amountof (545 exergonic reaction,

energy is released as the
reactants form lower-
energy products. AG is
negative,

JEne:gymusrbe added for an

endergonic reaction, in which
reactants are converted

to products with a higher
energy 'eved. AG is positive,

\%ﬁ P

100% Glucose : 2
0-phosphate
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0

ATF (space-filling model)

ATP (structural formula)

Adenine NH,
I
c
A
Nfﬁ" C“IN%
| I /C—H
e Ces
H C%N/ N

o o5 o ~ o
OH OH
Ribose
3
Y
Aderasine
. J
AMP (Adenusine monophosphate)
| S
Y
ADP {Adencsine diphosphatel
N e

6.5 ATP (Page 112)

Exergonic reaction;
(releases energy)
¢ Cell respiration
* Catabaolism

=% Energyit:

requires energy.

Synthesis of ATP
from ADP and P,

Y
ATP (Adenosine triphosphate)

Endergonic reaction:
(requires enpergy)

* Aclive transport

e Cotl movements

* Anabolism

ADP T

TR 7 Enersy _-

Hydrolysis of ATP

to ADP and P,
releases energy.

ATP

6.6 The Energy-Coupling Cycle of ATP (Puge 7112}

[The - AG indicates aq
Exergonic reaction exergaonic reaction,

(releases energy) {I

AG = —7.3 keal/mal

AP- + H,0 . ADP + OP;

- Energy-

Endergonic reaction
{requires energy)

O Q
4 é ¢
E S F L ﬂ—c\
o NH,
Glutamate

The + AG indicates an
endergonic reaction,

AG= +3.4 kcal/mol

Glutamine

AG = =39 keal/mol
b

The coupled reaction has an overall - AL,
indicating an exergonic reaction and 5o is
favorable.

6.7 Coupling ATP Hydrolysis to an Endergonic Reaction (Page 173)



(@)

Free energy

£, is the activation
energy required far a
reaction to begin.

.
Energy Transition state

barrier / Unstable malecules
\ _____\form.

Reactants ‘gﬂ

(stable) ;f Al for the reaction ISJ

AG = notaffected by,

Products

{7

Free energy

(¢}

Free energry

Course of reaction

Stable
state

Less stable
stale {(transition state)

:1‘ i ———1’ A ball that has received an input of

activation energy can roll dewnhill
spontaneously, releasing free
ENargy.

| The ball needs a push (€,) to
,_ﬂf":-']kge[ it out of the depression.

6.8 Activation Energy Initiates Reactions (Page 114)

Free energy

The kiretic enargy of some 1
molecules equals ar exceeds
——_ the activaticn energy. These

T
/‘.._,-o,_-:'-'—_—"'_'__ /tnolecules are abile to react

and form products,

Reactants

N
0 Products

Course of reaction

6.9 Over the Energy Barrier (Page 114)
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Active

Substrates fit precisely . site

into the active site.., \ ?\
...but nonsubstrate

does nat. J“\

Enzyme-subsirate
complex

Enzyme

6.10 Enzyme and Substrate (Page {715)

An uncatalyzed reaction has a
greater activation energy than
does a catalyzed reaction.

Uncatalyzed
reaction

>

%c A catalyzed reaction has a lower

E e Tk activation energy.

g eaciants

He et There is na difference in free
Catalyzed AG enargy between catalyzed and
reacton uncatalyzed reactions,

Products

-

Course of reaction

6.11 Enzymes Lower the Energy Barrier (Page 115)

93

Product

The breakdown af the enzyme-
substrate complex yields the
product. The enzyme is now
available to catalyze anather
reaction.

Enzyme

)
a

1 The enzyme strains the substrate.

The enzyme adds
charges to the substrate,

6.12 Life at the Active Site (Page 716)




F T S S PR
Hexokinase with an
empty active site

—

Whin the substrate binds to the active )
site, the two side chains move together,
changing 1he shape of the enzyme so
that catalysis can take place,

]I
Glucos H\I]]‘

substrate

6.14 Some Enzymes Change Shape When Substrate Binds to Them

{Page 117)

6.1

of Enzymes

A Few Examples of Nonprotein “Partners”

TYPE OF MOLECULE

ROLE IN CATALYZED REACTIONS

Cofactors
Iron (Fe** or Fe™)
Copper (Cu* or Cu?)
Zinc (Zn*)
Coenzymes
Biotin
Coenzyme A
NAD
EAD
ATDP

Prosthetic groups
Heme

Flavin
Retinal

Oxidation/reduction
Oxidation/reduction
Helps bind NAD

Carries —COQ-

Carries —CH—CT;
Carries electrons

Carries electrons
Provides/extracts energy

Binds ions, O,, and electrons;
contains iron cofactor

Binds electrons

Converts light energy

{Page 118)

Maximum rate

An enzyme speeds up the reaction,

At the maximum reaction rate,
however, all enzyme molecules are

occupied with substrate molecules,

J

“Reaction
with enzyme

Reaction rate

Reaction without
enZYIMe.
yme-.

‘With no enzyme prasant, the
reaction rate increases steadily as

substrate concentration increases.

Y

Concentration of substrate

6.16 Catalyzed Reactions Reach a Maximum Rate {Page 118)

ENERGY, ENZYMES, AND METABOLISM
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Active

+ @

Hydrogen - —— —
fluoride

The hydroxyl group is DIPF, an irreversible Covalent attachment of B o - B

on the side chain of inhibitor, reacts with the DIPF to the active site

serine in the active site. | | hydrowyl group of serine, | | prevents substrate from R R e e A

antering, thus disabling

the enzyme. —_— e — e e e
6.17 Irreversible Inhibition (Page 119}
fr} Compelitive inhibition Competitive inhibition of succinate dehydrogenase
Substrate
Competitive
inhibitor Inhibitor and + A === + AH,
substrate “compeie;”
anly one can bind to Succinate Fumarate
Active site the active site. {substrate) Catalyzed by
/ succinate
dehydrogenase
—_ =
Succinate dehydrogenase is
Oxaloacetate

Enzyme The enzyme's function is

disabled as long as the
inhibitor remains bound,

) Noncompetitive inhibilion
Substrate
vhcﬁve site

9@4—'@;

Enzyme
Moncompetitive
inhibitar An inhibitor rmay bind to a site away from the
active site, changing the enzyme’s shape so
that the substrate ne longer fits.

6.18 Reversible Inhibition (Page 720)

subject to competitive inhibition
by oxaloacetate, which re-
sembles succinate enough to
bind ta the active site but
cannot react,

{competitive inhibitor)

Noncompelitive inhibition of threonine dehydratase

Threcnine Catalyzed by a-Ketobutyrate
(substrate) threonine
dehvdratase
3 Threonine dehydratase is subject
to noncompetitive inhibiticn by
isaleucine, which alters the
+ enzyme by binding away from
Isoleucine the active site,

(noncompetitive inhibitor)



Inactive form

Conformational
change

The enzyime
switches back and
forth between the
two forms. They
are in equilibrium.

N

!

Allosteric
site

Allosteric
regulation

Catalvtic

]\ subunit

Allosteric
inhibitor

When the enzyme
isin its inactive
farm, the allosteric
sites an the
regulatory subunits
cap accept
inhibitor.

1

Cooperativity

Once a site is filled ]
with & substrate or
an inhibitor,
binding at a

second site of the
sarme type is
favored.

l

Regulatory
subunit
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Active form

—

Active
site

When the enzyme
is in its active form,
the active sites on
the catalytic
subunits can
accept substrate,

Substrate

[ —

| o

No product Product
formation formation e e

6.19 Ailosteric Regulation of Enzymes {Fage 121) = T s

() Single-subunit enzyme (£) Multiple-subunit enzyme - e — e =

A A — - - T

/-‘--_-._—

o - S = S S S b3 -0 S
E
= T L TR S _ M— =
o
I:'.E - - e ———— i S———_ dpdi—

Concentration ol subsirate

6,20 Allostery and Reaction Rate (Page 121)
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NH;*

I ' \ |
H—C—CO0 me— (" — ({0 sy . s s— H—C—CH,

CHAPTER SIX

step.

The first reaction is
the commitment

Each of these reactions is catalyzed by
adifferent enzyme, and each forms a
different intermediate product.

1
|

|
H—C—0H

Y

CH,

Threonine
(sfarting material}

w-Ketobutyrate
(intermediate product)

%

Buildup of the end product allosterically inhibits
the enzyme catalyzing the commitment step,
thus shutting down its own production.

6.21 Inhibition of Metabolic Pathways (Page 122)

Reaction rate

Salivary
amylase

Pepsin
/

Arginase

Acidic

6.22 pH Affects Enzyme Activity (Page 122)

Reaction rate

Maximum-—___

Optimal
h-_'mpu':nture\

1
1

Temperature

0 n

6.23 Temperature Affects Enzyme Activity (Page 723)

NH,*

l
H—C — COO"

CH,

|
CH,

Isoleucine
(end product)




