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An Antibody-Catalyzed [2,3]-Elimination Reaction Scheme 1. Antibody-Catalyzed Cope Elimination Reaction
and Transition State Analogue
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Although there are no obvious limitations to the types of
chemical transformations that can be catalyzed by enzymes, only
a few examples are known of what are formally enzyme-
catalyzed, pericyclic reactiods Consequently, there has been
considerable interest in generating antibodies that catalyze this
class of reactions, both to increase the scope of biological
catalysis as well as to gain insight into the mechanisms by which
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such catalytic functions might evolde.We now report an
example of an antibody-catalyzed [2,3]-sigmatropic reaction,
the Cope eliminatiohof N-oxide 1 to dimethylhydroxyamine
and 4-methoxystyren2 (Scheme 1).

Balb/c mice. Twenty-three monoclonal antibodies specific for
hapten3 were obtained by standard protocélsnd purified by
chromatography on protein A-coupled Sepharose® 4Bhe
conversion oN-oxide 1 to product in aqueous 5 mM NacCl, 50

In order to catalyze this reaction, monoclonal antibodies were mM Na,PO, buffer, pH 7.5, was followed by high-performance

generated against the keyhole limpet hemocyanin (KLH)
conjugate of substituted tetrahydrofurgnwhich resembles the
conformationally restricted transition state of the reaction.
Moreover, the reduced dipole monent of hap8relative to

liguid chromatography (HPLC). One of the twenty-three
antibodies, 21B12.1, was found to catalyze the [2,3]-elimination
reaction over the background reaction, with initial rates con-
sistent with Michaelis-Menten kinetics. The valueskgf and

the substrate is likely to induce a low-dielectric environment in K., were determined by fitting the kinetic data to the Michaelis-
the corresponding antibody combining site. Such an environ- Menten equation using a nonlinear regression progtamd
ment might be expected to accommodate the charge dispersiorare 1.44x 10-3 h~1 and 235uM, respectively, at 37C. The

on going from substrate to transition state better than water.

This effect has previously been exploited in an antibody-
catalyzed decarboxylation reactidnConsequently, an antibody
generated to hapteBimight be expected to catalyze the Cope
elimination of substraté through a combination of entropy and

unimolecular reaction rate constaki(.) for the uncatalyzed
reaction under the same conditions is 1.58 106 h™1,
corresponding to a rate enhancement of roughl§ dv@r the
uncatalyzed reaction. Antibody 21B12.1 did not measurably
catalyze the Cope elimination reaction of the demethylated

medium effects. The dissociative nature of the reaction should substrate analogue, 2-Hydroxyphenyl)ethyldimethylamine

minimize product inhibition.
The N-hydroxysuccinyl ester of haptesf was coupled to
KLH and the resulting protein conjugate was used to immunize
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oxide, or the elimination reaction of the corresponding sulfoxide,
2-(4-methoxyphenyl)ethyl methyl sulfoxide, indicating that the
antibody-catalyzed reaction is highly selective. Haptgn
inhibits the antibody-catalyzed reaction competitively with a
K; of 200 nM at 37°C.1* The ratio ofK; to Ky, correlates
roughly with the observed rate acceleration, consistent with the
notion that the rate enhancement is due to the preferential
binding of the transition state by antibody. The deuterated
substrate1-2,2-d,, was prepared and kinetic isotope effects
were measured. The valuelQfikeanis 2.78 for the antibody-
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where [E] = total concentration of antibody binding sites, ff]concentra-
tion of inhibitor, Ki' = Kj(1 + [S]/Km), [S] = substrate concentration, =
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-8 conformation for the elimination reaction. However, the
antibody functions primarily by lowering the enthalpy of
activation for reaction, consistent with solvation effects on the
reaction.

To provide additional evidence for this idea, we measured
the elimination reaction of substraiein dimethylformamide
(DMF) and 1,4-dioxane. The values kf,caare 2.76x 1074
h=1in 1,4-dioxane Er = 36)'® and 5.79x 1073 h~1in DMF
(Er = 43)'6 at 37 °C. The activation parameters for the
uncatalyzed reaction in 1,4-dioxane axel* = 26.6 kcal/mol
andAS' = —5.71 eu. The values for the uncatalyzed reaction
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24 in DMF areAH* = 25.3 kcal/mol and\S* = —3.55 eut® The
change of reaction medium from watér(= 63.1)% to organic
0.0029 0.003 0.0031 0.0032 0.0033 0.0034 0.0035 solvent was found to significantly accelerate thkoxide

T (K elimination reaction, largely by lowering the enthalpy of
activation. These results are consistent with the notion that the
medium effects play a significant role in this antibody-catalyzed
reaction. The lack of a quantitative correlation kQfica: with

the solvent parametd16 likely reflects the differing abilities

catalyzed reaction, suggesting that the rate-determining transitionOf DM.F and. dloxang to stabilize both sqbstrmtanq atransition
state for the reaction involves some degree ofHCbond state in which partial proton transfer is occurring. Given the

breaking. For the uncatalyzed reaction in aqueous buffer theSUb.Strate ;peqificity of.the antibody and the small fraction of
value ofkuncar/KuneaniS 2.3414 ' 7 Tactive antibodies relative to those that bind haperother
To gainn;aéditirg;tgl insighi into the mechanism of catalysis factors are clearly influencing catalysis. Additional mechanistic

by antibody, 21B12.1, the kinetics of the catalyz&gh(and  and structural studies on antibody 21B12.1, the germline
uncatalyzed K.nc) elimination reactions were examined as a Precursor, and noncatalytic antibodies specific¥anay clarify
function of temperature (Figure 1). The activation parameters this issue.

for the uncatalyzed reaction ateH* = 30.6 kcal/mol andASf In summary, we have successfully elicited an antibody that
= —2.84 eu and the values for the antibody-catalyzed reaction significantly accelerates the rate of [2,3]-sigmatropic elimination
are AH* = 27.2 kcal/mol andASF = —0.29 eu, in aqueous 5  reaction. Mechanistic studies underscore the importance of
mM NaCl, 50 mM NaPQ, buffer, pH 7.5!5 The difference in medium effects in this antibody-catalyzed reaction and suggest
AG* between the antibody-catalyzed reaction and the uncata-that such effects’ when combined with entropic effects as well
lyzed reaction is 4.2 kcal/mol at 37C, consistent with the as general acidbase and nucleophilic catalysis, could lead to
roughly 1000-fold rate acceleration. The fact that the entropy large additive reductions in th&G* of catalytic antibodies.

of activation for the antibody-catalyzed reaction is about zero
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Figure 1. Arrhenius plot for the antibody 21B12.1 catalyzed reaction
(®) and the uncatalyzed reactions in 1,4-dioxaflg PMF (2), and
aqueous buffer®).
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