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Despite intensive efforts toward education, cocaine abuse Scheme 1. The Products of Enzymatic Hydrolysis of Cocaine 1

continues to be prevalent and its escalation into a major medical @d Acetylcholine 3
and social problem has degraded the fabric of society in many Me\;\]H

countries the world over. Recent surveys for the United States L%COZMe Meﬁ 0o i
indicated that more than 34 million people have tried cocaine, S CO,Me + 0
including an estimated 2.1 million considered regular useXs. OY© L%
myriad of medical problems, including death, often accompany o OH
cocaine use, and the association of the drug with the spread of AIDS 1 2
is of concerr? Furthermore, detrimental effects may be especially Me 4
tragic for pregnant women where “crack” has been reported as the 8 Meaﬁ o
most abused illicit dru§.There is no doubt that cocaine abuse has — + )J\ _
insidious and far-reaching consequences on health, the legal system, O\ﬂ/ OH 0
and the family unit. (o}
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Protein-based therapies for cocaine addiction have received
considerable attention in recent ye&r®f particular interest are
catalytic antibodies and enzymes specific for the hydrolysis of the hedral intermediaté Thus, the computational model of GNL7A1
benzoyl ester of cocaink returning the nonpsychoactive products Wwas first validated by comparing the docked cocaine transition state
benzoic acid and methyl ecgoni@€Scheme 1). Several catalytic ~analogue with the crystal structure (Figure 1, parts A and C);
antibodies have been developed for this reactidgncluding gratifyingly, these two molecules displayed a high degree of overlap
GNL3A68 and GNL7AT from our laboratory, as well as enzymes (RMDS = 0.384 A). To examine if the antibody would similarly
such as butyrylcholinesterase (BuChEnd the phage-displayed ~ stabilize the transition state for ACh hydrolysis, a tetrahedral
cocaine esterases cocE-plll and -f¥lowever, the efficacy of approximation of the ACh transition state was docked into the
any treatment for cocaine addiction is dependent on limiting crystal structure of 7A1 Fatbound to a cocaine transition state
potential deleterious side reactions. Antibodies have long been analogue (accession code 2AJX). Using this model, ACh was found
touted as possessing exquisite specificity for their cognate antigensto bind at the same site on the catalytic antibody and in a very
Yet, while heteroclitic interactions are well-known for binding similar conformation as cocaine (Figure ). In the lowest-
antibodiedi! no catalytic antibody has been reported to display energy structure, the quaternary nitrogen of ACh makes cation-
activity for two distinct substrates of clinical relevance. With —contacts to the same residues as cocaine, and docks only 1.3 A
antibody therapies rapidly entering human testing, combined with away from the tropane nitrogen. Other residues such as TyrL94
the aftermath of the recent TGN1412 clinical trial disaster, and TyrH50 interact with the tetrahedral intermediate of both ACh
potential therapies must be carefully scrutinized for adverse clinical and cocaine.
consequences. As with GNL7AL, cocE also has been crystallized in multiple

Given that the common neurotransmitter acetylcho8r{&Ch) conformations? For our studies, we chose the crystal structure of
and cocaine both contain a cationic nitrogen and reactive esterCocE bound to its product, benzoic acid (accession code 1JU4), as
functionality, we became intrigued by the possibility that antibodies no structural data for cocaine-bound cocE has been reported. As
and enzymes displaying cocaine esterase activity might alsowas previously observed in the catalytic antibody dockings, the
hydrolyze ACh. Support for this hypothesis can be attained by an lowest-energy structure of cocaine binds to the active site of cocE
examination of the low energy conformations of these two (Figure 1, parts E and G). The methyl and benzoyl esters of cocaine
molecules; indeed, in both molecules the nitrogen atom and make hydrogen-bond contacts with Trp166 and His287, respec-
catalytically cleaved ester moieties are separated~Byl A. tively, and the tropane nitrogen makes a catiomteraction with
Furthermore, crystallographic studies have revealed that cation- Tyr44. The catalytic Serl17 also is in proximity with the reactive
interactions between aryl residues and the cationic tropane aminebenzoyl carbon. The validity of the docked structure is supported

of cocaine are key elements of substrate binding for both GNE7A1
and cocEYL suggesting that the quaternary nitrogen of ACh may
similarly bind to these enzymes in a productive orientation.

To test this hypothesis, in silico binding studies were performed
with GNL7A1 and cocE by determining the potential binding sites,
followed by ligand docking in MPSim-Dock Crystallographic
studies suggest that the catalytic activity of GNL7AL1 results from

by the high degree of overlap between the benzoyl moiety of
cocaine and benzoic acid of the crystal structdrBeplacement

of cocaine with acetylcholine revealed that these two molecules
bind cocE in similar conformations and make similar contacts to
the enzyme (Figure 1, parts—H). Specifically, the quaternary

nitrogen of acetylcholine docks only 0.78 A away from the tropane
nitrogen of cocaine and the respective carbonyl carbons are

a conformational change, thereby stabilizing the generated tetra-separated by 1.02 A.
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Table 1. Kinetic Parameters of ATCh and Cocaine Hydrolysis.
acetylthiocholine cocaine?
catalyst Keat (min) K (M) Keal K (M7 57%) KealKuncat keat (min) K (M) Keal K (M7 57%) KealKuncat
GNL3A6 0.016+ 0.002 910+ 220 0.29+ 0.08 3.0x 10?+ 0.3 x 1(? 0.03 55 9.2 3% 1¢°
GNL7A1 0.010+ 0.001 1250+ 320 0.13+ 0.04 1.9x 10>+ 0.2 x 1% 0.025+ 0.001 750+ 37 0.56+ 0.04 2.7x 10°+ 0.1 x 10°
GNL4D3 0.014+ 0.001 960+ 110 0.23+ 0.03 2.5x 1? £ 0.2x 1% 0.01 70 2.3 1.2 108

cocE 1210+ 24

8430+ 270 2.4x 1+ 0.1x 10° 2.2x 10+ 0.1 x 10" 468+ 6

0.64+0.02 1.2x 10"+ 0.1x 10" 5.0 x 10" £ 0.1 x 10

aValues from refs 6 and 9.
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Figure 1. The docked (cyan) and crystal structure (green) of a cocaine
transition state analog in 7A1 Fashown in surface (A) and ribbon (C)
view and the structure of an ACh transition state analog in 7AL b

D). Cocaine (E, G) and ACh (F, H) dock into the same site of cocE.

1

/i

Encouraged by the results of these in silico studies, we tested
three cocaine esterase catalytic antibodies, GNL7A1, GNL3A6, and
GNL4D3, as well as cocE for acetylcholinesterase activity using
Ellman’s colorimetric assalf. As expected from our docking
simulations, all proteins displayed acetylcholine hydrolysis activity
consistent with standard Michaefidlenten kinetics (Table 1).
Perhaps more surprising, all antibodies hydrolyzed acetylthiocholine
(ATCh) with rate enhancements comparable to that of cocaine. This

phenomenon was not due to nonspecific IgG effects, as neither the

cocaine-binding monoclonal antibody GNC92Fi2or catalytic
antibody GNL23A8 hydrolyzed ATCh at enhanced rates relative
to background reactions. In all cases, Kgfor ATCh was much
higher than theK, for cocaine, likely because of the loss of van
der Waals contacts with the smaller substrate. An increagg,in
was most pronounced for cocE, which has the highest specificity

for cocaine; however, the endogenous enzyme butyrylcholinesterase(

(BuChE) has a comparabl€,, for acetylthiocholine K,, = 0.5
mM).16 Interestingly, it is as a result of this relatively promiscuous

substrate binding that BUChE has been implicated in a wide range

of physiological roles including organophosphate detoxification,
Alzheimer’s disease, and co-regulation of cholinergic neurotrans-
missiont?

We suggest these results argue that the ability to hydrolyze ACh
may be inherent for all cocaine esterases. Additionally, we note
that the catalytic activity of a cocaine esterase for ATCh hydrolysis

closely tracks with the kinetics of cocaine cleavage; the most
proficient cocaine esterase (i.e., cocE) displays the most rapid ATCh
hydrolysis. While this finding does not preclude the use of cocaine
esterases in the treatment of drug dependence, it does argue for
future studies directly examining the effects of these proteins in
vivo on the cholinergic nervous system. Furthermore, given the
favorable kinetic parameters of cocE relative to BUChE for ACh
hydrolysis, this enzyme may also prove useful as a scavenger in
the treatment of exposure to agents of chemical watfaveith a
large number of monoclonal antibodies currently in clinical trials,
our study highlights the vital importance of thoroughly examining
specificity and reactivity prior to human administration.
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