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The catalytic antibody 17E8 is an esterase that catalyzes the S RSERCH.,

hydrolysis ofN-acyl amino acid phenyl estetsThis catalytic 5t R=H:R-H
antibody was generated against the norleucine phenyl phos-Figure 1. Schematic of 17E8- active site structure and hydrolysis
phonate analod, and one of the best substrates for the enzyme reaction catalyzed by 17E8.
is N-formyl norleucine phenyl est&? (Figure 1). The crystal

structure of the 17E8 Fab complexed with the phosphonate Table 1. Enantioselectivity of 17E8 Catalysis

analogl has been solved to 2.5 A resolutidnThis structure Ca

shows that 17E8 has similar active site features to natural triad- _ Substrate configuration  PJo® keat(S7)°  Kw (MM)P
based hydrolases. In addition, the structure shows hat N-for-Nle-OPh @) S —14.0 2.1+ 0.1 0.10+ 0.01
buried deeply in the antigen combining site, and there are R +13.7

separate and well-defined binding pockets for the phenyl group racemic 0 2.06:01 0.18+0.04
andn-butyl side chain ofl. The system is thus a simple model N-for-Ala-OPh @) g ;gg-g 0.9+01 11+4

of proteolytic enzymes containing a single, isolated S-subsite racemic 0 0801 942

poc_ket fo_r recognition of a P1 hydrophobic side chain of the N-for-Aib-OPh @) nonstereogenic 0
amino acid substrate. N-for-Gly-OPh 6) nonstereogenic 0

In our initial kinetic studies with 17E8, we observed that the phenyl hexanoate nonstereogenic 0 2206 06+02
hydrolysis reaction was catalyzed in an enantioselective man-
ner! The synthesis of substra?eesulted in @ racemization, ; ¢

. - A A . . 241 polarimeter. All samples were prepared as dichloromethane
making it unsuitable for preparing enantiomerically pure g tions, and optical density measurements were made &C25
substrates with eitheR or S Ca configuration. However, we b Activity assays were performed in 50 mM borate, 150 mM NaCl, pH
were able to obtain enantiomerically enrichedt ® and S 8.7 at 24.5°C. Steady-state kinetic constants were obtained from
samples and found that tiSeenriched substrate afforded a higher nonlinear fits ofv vs [S] data to the MichaelisMenten equation using
specific activity than thdR-enriched substrate by the expected the Kaliedagraph programiThe kinetic data for this substrate were
value assuming comple®enantioselectivity for 17E8-catalyzed Obf)a't”e?&at.p"' 9{5' ngr7°°r1“pacrj'sK°”* ftge4ra(,:\;lsmtateHo; éhe natural
hydrolysis. Additional support for the hydrolytic enantioselec- SUDSIrales gIVeS ar OF 375 = andim of 0.4 M at pH 9.5,
tivity was obtained from the 17E8-crystal structure which
showed that the enantiomer bivith the same @ configuration
as theS substrate was bound in the active site even though
racemicl was used in the crystallization experimént.

An alternative synthetic route involving esterification of
N-Boc amino acids was developed to prepare enantiomerically
pure 17E8 substratésWe now report results that unambigu-
ously confirm the 17E&-enantioselectivity of hydrolysis and
show that enantioselectivity and catalytic activity are controlled
by hydrophobic interactions between the substrate P1 side chal
and enzyme S1 pocket.

The enantioselectivity of the 17E8-catalyzed hydrolysis
reaction was examined using tBeandR substrate as well as
the racemic mixture (Table 1). Th&)¢2 and racemi2 are
effective substrates for 17E8, whereas the hydrolysisp(
was not catalyzed by 17E8. A steady-state kinetic analysis was

performed with § -2 ar;1d face”?“?ﬁ to ?btgain the Kinetic g pstrates leads to a 4000-fold decreasedrand a 9000-fold
constantsca andKy.* The magnitudes of these constants are yocrease il ofKy. In contrast, the analogous experiment with

consistent with arS-enantioselective mode of hydrolysis: the 17£g shows that the substrateacyl group is not particularly
(1) Guo, J.; Huang, W.; Scanlan, T. & Am. Chem. S0d994 116, important in catalysis. Phenyl hexanoate, which contains a
6062. hydrogen atom in place of thd-formyl group, gives values

3ci(e2r)1czqughez'6\glic%$0' J.; Huang, W.; Fletterick, R. J.; Scanlan, T. S. {5 k. and Ky similar to those of the norleucine substr&te

(3) Castro, B.; Evin, G.; Selve, C.; Seyer, 8ynthesi€977, 413. Both (Table 1), suggesting tha_t th_e enant_ioselectivity of 17E8 is not
the R andSenantiomers of the norleucing)(and alanine3) were prepared controlled by an H-bonding interaction between tid\-acyl

by this route. Thex-amino isobutyric acid (Aib4) and glycine §) substrates, group of substrate and an active site acceptor
which are nonstereogenic attCwere prepared by direct esterification of he alani ib d alvei b ; d
the correspondindi-formyl amino acid. Phenyl hexanoate, a substrate that 1 h€ alanine, Aib, and glycine substrat@s 4, and5) were

a Optical activity measurements were performed on a Perkin-Elmer

samek.,; value is observed forgj-2 and racemi@, but theKy
value for racemi@ is approximately twice that of§j-2. Taken
together, these results unambiguously establish that 17E8
catalyzes the enantioselective hydrolysis of norleucine phenyl
substrates that have th® configuration at @, and the
enantiomeriR substrates are not processed by the enzyme.
The serine proteases show similar S-enantioselectivity of
hydrolysis® A simple explanation to account for the enantio-
. selectivity of serine proteases is a three-locus model where the
"Nthree non-hydrogen groups attached to the stereogecérbon
make stabilizing interactions with specifically oriented active
site groups in the hydrolysis transition stétdn the case of
chymotrypsin, an H-bond between the NH of thé-acyl group
and an active site acceptor has been identified as a critical
interaction for controlling enantioselectivity Replacement of
theN-acetyl group with a hydrogen atom in phenylalanine ester

possesses thebutyl P1 side chain but does not contain téormylamino examined to probe the contribution of the substrate P1 side chain
substituent, was prepared by esterification of hexanoic acid.

(4) The kinetic constante.,;andKy were obtained from a nonlinear fit (5) Stroud, R. M.Sci. Am.1974 231, 74.
of the v vs [S] data to the MichaelisMenten equation using the (6) Ingles, D. W.; Knowles, J. RBiochem. J1967 104, 369.
Kaleidagraph program. (7) Ingles, D. W.; Knowles, J. RBiochem. J1968 108 561.
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Table 2. Comparison of P1 Catalytic Effects Between Chymotrypsin and 17E8

enzyme substrate no.atP1T’s k(s Ku(mM) AP1C® Akeat AKpy AAGy* (kcal/moly

chymotrypsin  N-Ac-L-Nle-OMe (6) 4 16.¢ 5.37

chymotrypsin  N-Ac-L-Tyr-OEt (7) 7 192 0.663

chymotrypsin  7/6 3 12-fold  8-fold 2.7
chymotrypsin  N-Ac-L-Phe-OMe 8) 7 97.¢ 0.93

chymotrypsin  8/6 3 6-fold 6-fold —-2.1
17E8 -3 1 0.9 11.0

17E8 -2 4 2.1 0.10

17E8 (S)3/(S)-2 3 2-fold  110-fold -3.3

aRefers to the number of carbon atoms contained in the P1 side &Hrdrfiers to the difference in the number of carbon atoms between the P1
side chains of the two substratégkea/Kw)d/(keal Km)b = exp(—AAG,Y/RT) as defined by Fersht. 9 Kinetic constants for chymotrypsin taken from
ref 9.

to catalytic enantioselectivity (Table 1). Hydrolysis of the chymotrypsin for the natural substrate over the substrate with
glycine phenyl ester substrafe which does not contain a P1  the smaller P1 substituent; addition of the three P1 carbon atoms
substituent, is not catalyzed by 17E8. The alanine phenyl esterresults in 3.3 kcal/mol of catalytically productive binding energy
3, which bears a P1 methyl substituent, is a 17E8 substrate,(AAG¥) for 17E8, whereas 2.1 and 2.7 kcal/mol of binding
and hydrolysis 088 proceeds with the san&enantioselectivity energy accompanies S1 pocket filling for chymotrypsin with
observed for the norleucine substraté Hydrolysis of the Aib the Phe and Tyr substrates, respectively. Interestingly, the
phenyl ested is not catalyzed by 17E8, suggesting that the isolated effects oo andKy resulting from increased PIS1
enzyme cannot accommodate substrates withs@bstituents binding interactions are markedly different for 17E8 and
larger than hydrogen in the p®-position. Taken together,  chymotrypsin. In chymotrypsin catalysis, the increase in binding
the results support a model where 17E8 hydrolytic activity and energy is distributed approximately evenly betw&gnandKy,
enantioselectivity are controlled by (1) hydrophobic—+=il whereas for 17E8 nearly all of the additional binding energy is
interactions, (2) a substituent no larger than an H atom at the used to decrease the valueky. In chymotrypsin-catalyzed
proR position of Gx, and (3) hydrophobic and electrostatic hydrolysis of specific ester and amide substratesKihealue
interactions between the carbophenoxy substituent and thegenerally corresponds tés (the dissociation constant for the
phenyl ester binding pocket of the enzyme. ES complex). This may not be the case for 17E8, and a better
Similar P1-selectivity experiments usifdacyl amino acid understanding of the catalytic mechanism will be needed to
ester substrates have been carried out with chymotrypsin, whichunderstand how the catalytic antibody uses binding energy along
prefers substrates with aromatic P1 side chains, but will also the hydrolytic reaction coordinate.
accept substrates with unbranched aliphatic P1 side chwits. In conclusion, both the natural enzyme and catalytic antibody
the data available, a comparison can be made between chymoare able to use hydrophobic binding interactions remote from
trypsin-catalyzed hydrolysis df-acetyl Tyr, Phe and Nle esters, the reaction center to direct enantioselectivity and stabilize the
and 17E8-catalyzed hydrolysis Bfformyl Nle and Ala esters  hydrolytic transition state. The magnitude of the hydrophobic
2 and 3 (Table 2)!° The comparisons are made between the P1-S1 interactions is greater for 17E8 than for chymotrypsin,
enzyme’s “natural” substrate, where-P31 binding interactions ~ and the precise mechanism by which the binding energy is used
are maximized, and an inferior substrate that has a P1 side chairio accelerate the hydrolysis reaction appears to be different for
three carbon atoms smaller than that of the natural substrate the natural and unnatural enzyme. The structural simplicity of
The kinetic data show that 17E8 has a higher specificity than the 17E8 active site, where the isolated interactions of a single
P1 substituent and a single S1 pocket can be examined, may

(8) The highKw, values for3 make it technically difficult to obtain illuminate the more complex multiple-PS and P-S' subsite
precise saturation curves, and the expected 2-fold differenkg imalues ; : ;
between the$-3 and racemi substrates is not as apparent as with the interactions of natural endopeptidasés.
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