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Effective free energy

MUCH ADO ABOUT
ENZYME MECHANISMS

Studies advance understanding of how enzymes
work, but some ideas provoke controversy

STU BORMAN, C&EN WASHINGTON

HAT ARE THE UNDERLYING

forces and mechanisms

that enable enzymes to ac-

celerate reactions? “Quite

recently, we have found
that there are enzymes that enhance reac-
tion rates by factors as large as 10%%-fold,”
says chemistry professor Richard V.
Wholfenden of the University of North Car-
olina, Chapel Hill. “The challenge is to ex-
plain how they do this.”

Some contend that the issue is all de-
cided— that enzymes generally catalyze re-
actions by stabilizing transition states (ac-
tivated complexes), enabling reactants to
convert easily to products. But it’s fre-
quently a lot more complicated than that.

“It’s a fairly heated-up subject right now;”
says chemistry professor Stephen J. Ben-
kovic of Pennsylvania State University.
“We're beginning to understand, after all,
that transition-state binding is just a catch-

phrase. Clearly, that’s one way you have
catalysis. But now we're getting a better
idea of how it actually comes about.”

According to transition-state theory, a
stable reactant must surmount a free-en-
ergy barrier to be converted to a product.
This barrier is the transition state, a species
whose reacting bonds are midway to be-
ing formed or broken, as the case may be.
Transition states are “dynamical bottle-
necks to reaction, defining the critical
point of no return where potentially re-
acting species convert to products or re-
turn to reactants,” explains chemistry pro-
fessor Donald G. Truhlar of the University
of Minnesota, Twin Cities. Enzymes can
aid reactions by binding to and lowering
the energies of transition states, thus mak-
ing it easier for enzyme substrates to tra-
verse reaction paths.

Most enzymologists believe this is the
basic way most enzymes work— that tran-

TRAJECTORY Free energy surface for
the hydride-transfer reaction catalyzed
by dihydrofolate reductase as a function
of hydride-to-acceptor and hydride-to-
donor distances—RI[HA) and R(HD),
respectively. The reaction proceeds
from one side of the troughlike surface
to the other by clambering over the
saddle point (the transition state)—or
tunneling through it.

sition-state binding and stabilization are
primarily responsible for catalytic rate ac-
celeration. However, this view has been
undergoing considerable refinement, as
researchers study phenomena that mayun-
derlie,accompany; or even supersede tran-
sition-state stabilization—such as elec-
trostatics, quantum mechanical tunneling,
coupled protein motions, low-barrier hy-
drogen bonds, and near-attack conforma-
tions. But most of these refinements have
themselves been subject to some degree
of debate or even controversy.

For example, professor of chemistry and
biochemistry Arich Warshel of the Uni-
versity of Southern California, Los Ange-
les, and coworkers have shown that elec-
trostatic interactions play a predominant
role in the energetics of enzymatic reac-
tions. Warshel and coworkers found that
electrostatic forces provide most of the
energy that enables enzymes to bind tran-
sition states more strongly than ground
states.

THE PROPOSAL that transition-state sta-
bilization is primarily electrostatic “is gain-
ing wide acceptance,” Warshel says. ‘All
enzymes studied up to now by proper sim-
ulation methods have been found to work
this way”

However, professor of chemistry and
biochemistry Thomas C. Bruice of the Uni-
versity of California, Santa Barbara, notes
that hydrophobic forces are important, too.
Warshel “holds that the only thing that
countsis electrostatic interactions,” Bruice
says, but “the holding of amino acid side
chains in position is mainly by hydropho-
bic forces. To have an enzyme, you ob-
viously need both.” Warshel agrees that
hydrophobic effects are important in pre-
organizing the enzyme into a catalytic con-
figuration, “but in the preorganized en-
zyme,” he says, “the effect of the active site
environment on the activation bartier is by
far dominated by electrostatics.”

Other researchers have suggested that
catalysis in some enzymes is accompanied
by tunneling—a quantum mechanical phe-
nomenon that permits protons or hydride
ions to pass through an energy barrier even
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