VeI svewsesis aywugell DONAS, and hydrophobic
and ionic interactions (Chapter 4)./Formation of each

weak interaction in the ES complex ‘is accompanied by
release of a small amount of free energy that stabilizes
the interaction. The energy derived from enzyme-sub-
strate Interaction is called binding energy, AGj. Its
significance extends beyond a simple stabilization of the
enzyme-substrate interaction. Binding energy 1s a
major source of free energy used by enzymes to lower
the activation energies of reactions.

Two fundamental and interrelated principles pro-
vide a general explanation for how enzymes use nonco-
valent binding energy:

1. Much of the catalytic power of enzymes is
ultimately derived from the free energy released in
forming many weak bonds and interactions between
an enzyme and its substrate. This binding energy
contributes to specificity as well as to catalysis.
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Weak interactions are optimized in the reaction
transition state; enzyme aclive sites are
complementary not to the substrates per se hut 1o
the transition states through wiich substrates pass
as they are converted to procucis during an
enzymatic reaction.
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A+B=—=P+Q

Reaction coordinate

FIGURE 14-6 The effect of a catalyst on the transition state

iagram of a reaction. Here AAGT = AGT ... — AGT

cat
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Enzymes Affect Reaction Rates, Not Equilibria
simple enzymatic reaction might be written

E+S=—ES=—EP=—E+P (8-1)

where E, S, and P represent the enzyme, substrate, and product. ES and EP

are transient complexes of ‘the enzyme with the substrate and with the
product. |

To understand catalysis, we must first appreciate the important dis-
tinction between reaction equilibria (discussed in Chapter 4) and reaction
rates. The function of a catalyst is to increase the 7ate of a reaction. Cata-
lysts do not affect reaction equilibria. Any reaction, such as S=P, canbe
described by a reaction coordinate diagram (Fig. 8-2), a picture of the en-
ergy changes during the reaction. As we noted in Chapters 1 and 3, energy
in biological systems is described in terms of free energy, G. In the coordi-
nate diagram, the free energy of the system is plotted against the progress
of the reaction (reaction coordinate). The starting point for either the for-
ward or the reverse reaction is called the ground state, the contribution
to the free energy of the system by an average molecule (S or P) under a
given set of conditions. To describe the free-energy changes for reactions,
chemists define a standard set of conditions  (temperature 298 K; partial
pressure of each gas 1 atm or 101.3 kPa; concentration of each solute 1 M)
and express the free-energy change for this reacting system as AG®, the
standard free-energy change. Because biochemical systems commonly

involve H* concentrations far from 1 M, biochémists define a biochemical
\ standard free-energy change AG'°, the standarq free-energy change at

pH 7.0, which we will employ throughout the boéA‘ more complete defi-

nition of AG’° is given in Chapter 14.

The equilibrium between S and P reflects the difference in the free en-
ergies of their ground states. In the example shown in Figure 8-2, the free
energy of the ground state of P is lower than that of S, so AG" for the re-
action is negative and the equilibrium favors P. The position and direction
of equilibrium are 7ot affected by any catalyst.

A favorable equilibriim does not mean that the S — P conversion will
occurat a detectable rate. The rate of a reaction is dependent on an entirely
different parameter. There is an energy barrier between S and P, the energy
required for alignmerit of reacting groups, formation of transient unstable
charges, bond rearrangements, and other transformations required for the
reaction to proceed in ieither direction. This is illustrated by the energy
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action, the molecules must

_ - o a higher energy level.
overcome this barrier and tl'lereforel must be .F?SSSCZ; ” Lghe S or P state is
At the top of the energy hill is a point 2t meThis is called the transition
équalLv probable (it is downhill eltk;ler Wagl)épecies with any significant sta-

e s not emic y :
state. The transition state isnota ¢ " tion interme diate (such as ES

e d with a reac , ,
bility and should not be confuse olecular moment in which events such as

9P). It is simply a fleeting m
ggn%}?)ré;liz;;n tg)o)r’ld formilrtlfon, and charge deV?IOpment have proceeded
to the precise point at which decomposition to either substrate or product
is equally likely. The difference between the energy levels of the ground
state and the transition state is called the activation energy (AG?). The |

rate of a reaction reflects this activation energy; a higher activation energy
corresponds to a slower reaction. Reaction rates can be increased by rais-
ing the temperature, thereby increasing the number of molecules with suf-
ficient energy to overcome the energy barrier. Alternatively, the activation |
energy can be lowered by adding a catalyst (Fig\8-3). Catalysts enhcmcej
reaction rates by lowering activation -energies.
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(I; practice, any reaction may have several steps involving the formation
anddecay of transient chemical species called reaction intermediates.*
When the S = P reaction is catalyzed by an enzyme, the ES and EP com- !
plexes are intermediates (Eqn 8-1); they occupy valleys in the reaction co- '
ordinate diagram (Fig. 8—-3). When several steps occur in a reaction, the |
overall rate is determined by the step (or steps) with the highest activation |
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I;;actmn Rates and Equilibria Have Precise
ermodynamic Definitions
Illhel{a(ctéon eq?libm. a1:e inextricably linked to AG'® and reaction rates are

ed to AG r.A basic introduction to these thermodynamic relationships is
the pext step in understanding how enzymes work. |

An equlhbl?um such as S = P is described by an equilibrium con-
stant, K, or simply K (Chapter 4). Under the standard conditions used
to compare biochemical processes, an equilibrium constant is denoted K7,
(or K): o | '

2P

| K= [S] (8-2)
From thér_modynamics, the relationship between K¢, and AG'® can be de- .
scribed by the expression o i

_ AG” = —-RTIn K., - (8-3)
where R is the gas §nstant, 8.315 J/mol - K, and T is the absolute terper-

ature, 298 K (25 °C))Equation 8-3 is developed and discussed in more de-
tail in Chapter 14.

. ‘#hie important point here is that the equilibrium constan
is directly related to the overall standard free-energy change for the reac-

tion (Table 8—4). A large negative value for AG'® reflects a favorable reac-

tion equilibrium—but as already noted, this does not mean the reaction will
proceed at a rapid rate.
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Collision theory states that the rate of a
chemical reaction is proportional to the
number of collisions between reactant
molecules. The more often reactant
molecules collide, the more often they
react with one another, and the faster the
reaction rate. In reality, only a small
fraction of the collisions are effective
collisions. Effective collisions are those
that result in a chemical reaction.

In order to produce an effective collision,
reactant particles must possess some
minimum amount of energy. This energy,
used to initiate the reaction, is called the
activation energy. For every sample of
reactant particles there will be some that
possess this amount of energy. The larger
the sample, the greater the number of
effective collisions, and the faster the rate
of reaction. The number of particles
possessing enough energy is dependent on
the temperature of the reactants. If
reactant particles do not possess the
required activation energy when they
collide, they bounce off each other without
reacting.
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