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The antibody-mediated hydrolysis of amides constitutes an o I X H
important step toward the development of biocatalysts for the O,R" H P g} H
sequence-specific cleavage of peptitieBrevious efforts toward H N_ONYR TR
this end, including our own, used the selective binding of o) o
transition-state analogs2 proximity effects supplied by a metal Hapten O1 Hapten 02

cofactor3® intramolecular rearrangemeritsiand complementary
acid—base catalystssimilar to natural hydrolytic enzymes. As
these efforts did not seem to provide a reliable strategy to generate
amide-hydrolyzing antibodies, we decided to explore a different
mode of catalysis, namely nucleophilic catalysis. This mechanism
is well understood for serine and cysteine protedsédeally,

the nucleophile of the hydrolytic reaction is programmed into the
antibody binding site in the form of an amino acid side chain . .
residue. In practice, it is not a simple task to generate such abond in the form of anintramolecular N— O acyl transfer
precisely placed residue even with prior knowledge of the binding "éaction of substrat2 (Figure 3). Here, we report that these three
site geometry. On the other hand, an auxiliary nucleophile can antibodies also catalyze tfietermolecular N— O acyl transfer
be tightly bound in an appropriately created pocket of the antibody "eaction, the cleavage of propiorgnitroanilide 1 using phenol
binding site, and it should prove equally effective compared with @s an external nucleophilic cofactor.
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Figure 2.

an internal nucleophilic residue. In this present study, phenol

was chosen as the auxiliary nucleophile since it is a readily water-

soluble compound, incorporating a phenyl ring that can take
advantage of hydrophobic binding interactions to optimally place
it in the antibody binding pocket. Furthermore, it is a good
nucleophile that would generate a water-labile phenyl ester
through the reaction with the target amitle The phenol-assisted
cleavage of propionyp-nitroanilidel is schematically shown in
Figure 1.

The design features of hapte®d andO2 have been already
discussed in detail. In short, both haptens were designed to
program specific antibody binding pockets for the transition state
of the amide cleavage and the phenol cofactor. Furthermore, the
hapten designs sought to generate acidic and/or basic catalytic
residues in the antibody binding sites, via charge complementarity.
These residues would then augment the nucleophilic catalysis
provided by the phenol. The two haptens were used separately
(homologous immunization) to immunize Balb/C mice, as well

Recently, we reported the generation of three antibody catalysts,as in sequence (heterologous immunizatforijhe details of the

6-17, 3-49 and 14-10, raised against the haptehsO2, and
both, respectively (Figure Z).In a preliminary screen, these

immunization protocol have been reporfeahd the monoclonal
antibodies were generated according to standard procetiures.

antibodies were shown to accelerate the cleavage of an amide The three antibody catalysts were screened for the acceleration
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of the cleavage of propionytnitroanilidel at varying concentra-
tions of phenol and at different pH values. All three were found
to catalyze this reaction, and the largest rate accelerations were
observed at pH 8.0 and 10-fold excess of phenol to propionyl
p-nitroanilide 1. The Michaelis-Menten parameters were de-
termined for the three antibody catalysts by varying either the
phenol or the propionyp-nitroanilide concentration and holding
the other one in excess. These values are listed in Table 1. As
previously observed for théntramolecular N— O transfer
reaction, the heterologously generated antibodyI@was again
found to be an almost 7-fold more efficient catalyst than the two
homologously generated antibodies 6-17 and 3-49. More im-
portantly, the catalytic activity of the (heterologous) antibody 14-
10 was competitively inhibited by both haptens, while 6-17
(elicited agains©1) was only inhibited byO1 and 3-49 (elicited
againstO2) was only inhibited byO2.
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Table 1

catalytic immuniza-  appkea? = KpPhenol K substratd

antibody haptens tion (20°%min™1)  (uM) (M)
6-17 010101 homologous 2.1 78 310
3-49 02/02/02 homologous 1.3 14 77
14-10 OVOLU0O2 heterologous 13.3 136 370

2 Thekeavalues were measured by holding the phenol concentration
in excess (pseudo-first-order rate constants).
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Figure 3.

The participation of phenol in antibody catalysis was clearly
established with a number of simple experiments. First and

Communications to the Editor

the linker site of the haptens. Therefore, it seems likely that
phenol is bound in a deep, hydrophobic pocket in the antibody
binding sites while the binding pocket for amitlés more solvent
accessible. Itis also interesting to note that the antibody-catalyzed
bimolecular reaction betwednand phenol is only about 2 orders
of magnitude slower than the antibody-catalyzed lactonization of
2.7’12

Given that the product phenyl estéappears to freely diffuse
out of the binding pocket (i.e. no product inhibition is observed),
and its rate of hydrolysis in the buffer employéd= 2.0 x 10
min~t at pH 8.0) is 3 orders of magnitudes faster than the buffer-
catalyzed rate of hydrolysis of amideat this pH, it can be said
that all three antibodies have, in fact, achieved the cleavage of
the amide bond in substrate This represents a formal, two step
hydrolysis of an amide bond where the initial transfer of the acyl
group to phenol is followed by the relatively facile uncatalyzed
hydrolysis of the formed phenol estér It should be pointed
out that this is the first time that a comparatively weak phenolic
nucleophile is turned into a powerful cofactor by a catalytic
antibody to effect the cleavage of an amide bond. Previously, a
tyrosine residue within an antibody combining site was implicated

foremost, in the absence of phenol, none of the three antibodiesto assist the hydrolysis of ester boridsThis concept should

showed any rate acceleration of the cleavage of anmide
Furthermore, neither 2-naphthdl)(hor 4+tert-butylphenol b) was

prove generally applicable to other hydrolytic reactions of
biological significance such as glycolysis or phosphodiester

accepted as nucleophilic cofactors for catalysis by any of the threehydrolysisi* Our future efforts will seek to improve on this
antibodies (Figure 3). These results indicate the existence of aapproach for amide cleavage by using different external nucleo-

specific binding pocket for the phenol auxiliary nucleophile.
Similarly, these catalysts were also specific for anilidetert-
Butylacetyl p-nitroanilide 6 was not accepted as a substrate,

philes that are more potent without sacrificing the lability of the
subsequently formed acyl intermediates.
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