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ABSTRACT 

The invention provides a butyrylcholinesterase variant hav 
ing increased cocaine hydrolysis activity as Well as the 
corresponding encoding nucleic acid. The invention further 
provides methods of hydrolyZing a cocaine-based butyryl 
cholinesterase substrate as Well as methods of treating a 
cocaine-induced condition With the invention variant. 
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BUTYRYLCHOLINESTERASE VARIANT 
POLYPEPTIDES WITH INCREASED CATALYTIC 

EFFICIENCY AND METHODS OF USE 

[0001] This application is a continuation-in-part of US. 
Ser. No. 10/324,466, ?led Dec. 20, 2002, Which claims 
bene?t of provisional application Ser. No. 10/032,233, ?led 
Dec. 20, 2001, Which Was converted to a provisional appli 
cation by Petition Under 37 C.F.R. §1.53(c)(2)(i), and is 
incorporated herein by reference in its entirety. 

[0002] This invention Was made With government support 
under grant number 1101 DA011707 aWarded by the 
National Institutes of Health. The United States Government 
has certain rights in this invention. 

BACKGROUND OF THE INVENTION 

[0003] The present invention relates generally to the ?elds 
of computational chemistry and molecular modeling and, 
more speci?cally, to butyrylcholinesterase polypeptide vari 
ants With increased catalytic efficiency. 

[0004] Cocaine abuse is a signi?cant social and medical 
problem in the United States as evidenced by the estimated 
3.6 million chronic users. Cocaine abuse often leads to 
long-term dependency as Well as life-threatening overdoses. 
HoWever, no effective antagonist is currently available that 
combats the reinforcing and toXic effects of cocaine. 

[0005] One dif?culty in identifying an antagonist to treat 
cocaine abuse arises largely from the narcotic’s mechanism 
of action. Speci?cally, cocaine inhibits the, re-uptake of 
neurotransmitters resulting in over-stimulation of the reWard 
pathWay. It is this over-stimulation that is proposed to be the 
basis of cocaine’s reinforcing effect. In addition, at higher 
concentrations, cocaine interacts With multiple receptors in 
both the central nervous and cardiovascular systems, leading 
to toxicities associated With overdose. Because of this mul 
tifarious mechanism of action of cocaine, it is difficult to 
identify selective antagonists to treat both the reinforcing 
and toXic effects of cocaine. Additionally, antagonists that 
block cocaine’s binding to its receptors tend to display many 
of the same deleterious effects as cocaine. 

[0006] Recently, alternative treatment strategies based on 
intercepting and neutraliZing cocaine in the bloodstream 
have been proposed. For eXample, dopamine D1, D2, and 
D3 antagonists affect the reinforcing potency of cocaine in 
the rat model, these antagonists display a narroW range of 
effective doses and the eXtent of decrease in cocaine potency 
is quite small. In addition, these dopamine antagonists 
produce profound decreases in other behaviors When the 
doses are increased only slightly above the levels that 
display an effect on cocaine self-administration behavior. 

[0007] A separate treatment strategy involves partial pro 
tection against the effects of cocaine using antibody-based 
approaches. Limitations of immuniZation approaches 
include the stoichiometric depletion of the antibody folloW 
ing the binding of cocaine. The use of a catalytic antibody, 
Which metaboliZes cocaine in the bloodstream, partially 
mitigates this problem by degrading and releasing cocaine, 
permitting binding of additional cocaine. HoWever, the best 
catalytic antibody identi?ed to date metaboliZes cocaine 
signi?cantly sloWer than endogenous human serum 
esterases. 
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[0008] In vivo, cocaine is metaboliZed by three principal 
routes: 1) N-demethylation in the liver to form norcocaine, 
2) hydrolysis by serum and liver esterases to form ecgonine 
methyl ester, and 3) nonenZymatic hydrolysis to form ben 
Zoylecgonine. In humans, norcocaine is a minor metabolite, 
While benZoylecgonine and ecgonine methyl ester account 
for about 90% of a given dose. The metabolites of cocaine 
are rapidly cleared and appear not to display the toXic or 
reinforcing effects of cocaine. LoW serum levels of butyryl 
cholinesterase have been correlated With adverse physi 
ological events folloWing cocaine overdose, providing fur 
ther evidence that butyrylcholinesterase accounts for the 
cocaine hydrolysis activity observed in plasma. Human 
plasma obtained from individuals With a defective version of 
the butyrylcholinesterase gene has been shoWn to have little 
or no ability to hydrolyZe cocaine in vitro, and the hydrolysis 
of cocaine in plasma of individuals carrying one defective 
and one Wild type copy of the butyrylcholinesterase gene has 
been shoWn to proceed at one-half the normal rate. There 
fore, it has been suggested that individuals With defective 
versions of the butyrylcholinesterase gene are at higher risk 
for life-threatening reactions to cocaine. Recently, adminis 
tration of butyrylcholinesterase has been demonstrated to 
confer limited protection against cocaine overdose in mice 
and rats. 

[0009] Although administration of butyrylcholinesterase 
provides some effect against cocaine toXicity in vivo, it is 
not an ef?cient catalyst of cocaine hydrolysis. The loW 
cocaine hydrolysis activity of Wild-type butyrylcholinest 
erase requires the use of prohibitively large quantities of 
puri?ed enZyme for therapy. 

[0010] A number of naturally occurring human butyryl 
cholinesterases as Well as species variations are knoWn, none 
of Which exhibits increased cocaine hydrolysis activity. 
Similarly, although a variety of recombinantly prepared 
butyrylcholinesterase mutations have been tested for 
increased cocaine hydrolysis activity, only one such mutant, 
termed A328Y, has been identi?ed that eXhibits increased 
cocaine hydrolysis activity. Further butyrylcholinesterase 
mutations that lead to increased cocaine hydrolysis activity 
need to be identi?ed to permit clinical evaluation of butyryl 
cholinesterase. 

[0011] Thus, there eXists a need for recombinant butyryl 
cholinesterase polypeptides capable of hydrolyZing cocaine 
signi?cantly more efficiently than Wild-type butyrylcho 
linesterase. The present invention satis?es this need and 
provides related advantages as Well. 

SUMMARY OF THE INVENTION 

[0012] The invention provides a butyrylcholinesterase 
variant polypeptide having increased cocaine hydrolysis 
activity as Well as the corresponding encoding nucleic acid. 
The invention further provides methods of hydrolyZing a 
cocaine-based butyrylcholinesterase substrate as Well as 
methods of treating a cocaine-induced condition With the 
invention variant. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 shoWs alignment of amino acid and nucleic 
acid sequences for all butyrylcholinesterase variant alter 
ations in their respective regions of human butyrylcholinest 
erase. 
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[0014] FIG. 2 shows the amino acid sequence of human 
butyrylcholinesterase (SEQ ID NO: 44). 

[0015] FIG. 3 shows the nucleic acid sequence of human 
butyrylcholinesterase (SEQ ID NO: 43). 

[0016] FIG. 4 shoWs an amino acid sequence alignment of 
human Wild-type (SEQ ID NO: 44), human A variant (SEQ 
ID NO: 45), human J variant (SEQ ID NO: 46), human K 
variant (SEQ ID NO: 47), horse (SEQ ID NO: 48), cat (SEQ 
ID NO: 49) and rat butyrylcholinesterase variants (SEQ ID 
NO: 50). 

[0017] FIG. 5 shoWs (A) the correlation betWeen the 
HPLC assay and the isotope tracer assay as demonstrated by 
plotting the quantitiation of benZoic acid formation by both 
methods, and (B) the Km for cocaine hydrolysis activity of 
horse butyrylcholinesterase using the LineWeaver-Burk 
double-reciprocal plot. 
[0018] FIG. 6 shoWs solid phase immobilization of Wild 
type (?lled circles) and truncated (open circles) butyrylcho 
linesterase for measuring cocaine hydrolysis activity. 

[0019] FIG. 7 shoWs the use of multiple synthesis col 
umns and codon-based mutagenesis for the synthesis of 
focused libraries. 

[0020] FIG. 8 shoWs the effect of pre-treatment With 
AME-359 (solid circles) or Wild-type BChE (open circles) 
on cocaine-induced toxicity. AME-359 exhibited statisti 
cally signi?cant protection against cocaine (Chi-squared 
test; p<0.001). 

[0021] FIG. 9 shoWs the effect of therapeutic treatment 
With AME-359 on cocaine-induced toxicity. AME-359 
maintained full protection When administered at 8 minutes 
into the cocaine infusion (in particular, measured from the 
?rst set of slight convulsions) and decreased in ability to 
protect When administered at later time points. 

[0022] FIG. 10 shoWs plasma levels of Wt BChE and 
AME-359 folloWing an iv. bolus of 1 mg/kg. Wild-type 
BChE pool I or pool II (open squares and open circles, 
respectively) and AME-359 pool I or pool II (solid squares 
and solid circles, respectively). BChE activity Was deter 
mined by enZymatic assay utiliZing butyrylthiocholine as the 
substrate. 

[0023] FIG. 11 shoWs plasma levels of an intravenous 
bolus of cocaine after treatment With AME-359. Cocaine 
Was administered at 10 mg/kg (open circles) and AME-359 
administered immediately at 0.01 mg/kg and 0.05 mg/kg 
(solid circles and solid squares, respectively). 

[0024] FIG. 12 shoWs the prophylactic effect of the 
butyrylcholinesterase variant designated A328W/Y332M/ 
S287G/F227A on cocaine-induced convulsions. The variant 
Was administered at the indicated doses, 1 minute prior to 
infusion of 30 mg/kg cocaine (2 mg/kg/min for 15 minutes). 
The data is presented as mean:sem.*p<0.001 vs. control, 0.1 
mg/kg or 0.2 mg/kg variant-treated animals; ANOVA fol 
loWed by Bonferroni post-test. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0025] This invention is directed to butyrylcholinesterase 
variant polypeptides having increased cocaine hydrolysis 
activity compared to naturally occurring human butyrylcho 
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linesterase, as Well as to their encoding nucleic acids. The 
invention also is directed to methods of hydrolyZing a 
cocaine-based butyrylcholinesterase substrate and to meth 
ods of treating a cocaine-induced condition. 

[0026] Cholinesterases are ubiquitous, polymorphic car 
boxylase Type B enZymes capable of hydrolyZing the neu 
rotransmitter acetylcholine and numerous ester-containing 
compounds. TWo major cholinesterases are acetylcholinest 
erase and butyrylcholinesterase. Butyrylcholinesterase cata 
lyZes the hydrolysis of a number of choline esters as shoWn: 

BChE 
Acetylcholine + H2O —> Choline + CorrespondingAcid 

[0027] Butyrylcholinesterase preferentially uses butyryl 
choline and benZoylcholine as substrates. Butyrylcholinest 
erase is found in mammalian blood plasma, liver, pancreas, 
intestinal mucosa and the White matter of the central nervous 
system. The human gene encoding butyrylcholinesterase is 
located on chromosome 3 and over thirty naturally occuring 
genetic variations of butyrylcholinesterase are knoWn. The 
butyrylcholinesterase polypeptide is 574 amino acids in 
length and encoded by 1,722 base pairs of coding sequence. 
Three naturally occuring butyrylcholinesterase variations 
are the a typical alleles referred to as Avariant (SEQ ID NO: 
45), the J variant (SEQ ID NO: 46) and the K variant (SEQ 
ID NO: 47), Which are aligned in FIG. 4. The Avariant has 
an D70G mutation and is rare (0.5% allelic frequency), 
While the J variant has a E497V mutation and has only been 
found in one family. The K variant has a point mutation at 
nucleotide 1615, Which results in an A539T mutation and 
has an allelic frequency of around 12% in Caucasians. 

[0028] In addition to the naturally-occurring human varia 
tions of butyrylcholinesterase, a number of species varia 
tions are knoWn. The amino acid sequence of cat butyryl 
cholinesterase is 88% identical With human 
butyrylcholinesterase (see FIG. 4). Of the seventy amino 
acids that differ, three are located in the active site gorge and 
are termed A277L, P285L and F3981. Similarly, horse 
butyrylcholinesterase has three amino acid differences in the 
active site compared With human butyrylcholinesterase, 
Which are A277V, P285L and F3981 (see FIG. 4). The amino 
acid sequence of rat butyrylcholinesterase contains 6 amino 
acid differences in the active site gorge, Which are A277K, 
V280L, T284S, P285I, L286R and V2881 (see FIG. 4). 
[0029] Naturally occurring human butyrylcholinesterase 
variations, species variations as Well as recombinantly pre 
pared mutations have previously been described by Xie et 
al., Molecular Pharmacology 55:83-91 (1999). Recombi 
nant human butyrylcholinesterase mutants that have been 
tested for increased cocaine hydrolysis activity include 
mutants With the folloWing single or multiple changes: 
N68Y/Q119/A277W, Q119/V288F/A328Y, Q119Y, E197Q, 
V288F, A328F, A328Y, F329A and F329S. Out of these 
mutants, the only butyrylcholinesterase mutant identi?ed 
that exhibits increased cocaine hydrolysis activity is the 
A328Y mutant, Which has a Tyrosine (Y) rather than an 
Alanine (A) at amino acid position 328 and exhibits a 
four-fold increase in cocaine hydrolysis activity compared to 
human butyrylcholinesterase (Xie et al., supra, 1999). 
[0030] The invention provides butyrylcholinesterase vari 
ant polypeptides encompassing the same or substantially the 
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same amino acid sequence as shown as SEQ ID NOS: 2, 4, 
6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 
40, 42 and 52 and functional fragments of butyrylcholinest 
erase variant polypeptides encompassing the same or sub 
stantially the same amino acid sequence as shoWn as SEQ ID 
NOS: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 
32, 34, 36, 38, 40, 42 and 52. 

[0031] The butyrylcholinesterase variant polypeptide 
encompassing the same or substantially the same amino acid 
sequence as shoWn as SEQ ID NO: 2, or functional fragment 
thereof, has a tWenty-four-fold increase in cocaine hydroly 
sis activity relative to butyrylcholinesterase. The butyryl 
cholinesterase variant polypeptide encompassing the same 
or substantially the same amino acid sequence shoWn as 
SEQ ID NO: 4, or functional fragment thereof, has a ten-fold 
increase in cocaine hydrolysis activity relative to butyryl 
cholinesterase. The butyrylcholinesterase variant polypep 
tide encompassing the same or substantially the same amino 
acid sequence shoWn as SEQ ID NO: 6, or functional 
fragment thereof, has a siXteen-fold increase in cocaine 
hydrolysis activity relative to butyrylcholinesterase. The 
butyrylcholinesterase variant polypeptide encompassing the 
same or substantially the same amino acid sequence shoWn 
as SEQ ID NO: 8, or functional fragment thereof, has a 
eight-fold increase in cocaine hydrolysis activity relative to 
butyrylcholinesterase. The butyrylcholinesterase variant 
polypeptide encompassing the same or substantially the 
same amino acid sequence shoWn as SEQ ID NO: 10, or 
functional fragment thereof, has a one-hundred-fold increase 
in cocaine hydrolysis activity relative to butyrylcholinest 
erase. The butyrylcholinesterase variant polypeptide encom 
passing the same or substantially the same amino acid 
sequence shoWn as SEQ ID NO: 12, or functional fragment 
thereof, has a one-hundred-fold in cocaine hydrolysis activ 
ity relative to butyrylcholinesterase. The butyrylcholinest 
erase variant polypeptide encompassing the same or sub 
stantially the same amino acid sequence shoWn as SEQ ID 
NO: 14, or functional fragment thereof, has a ninety-seven 
fold in cocaine hydrolysis activity relative to butyrylcho 
linesterase. The butyrylcholinesterase variant polypeptide 
encompassing the same or substantially the same amino acid 
sequence shoWn as SEQ ID NO: 16, or functional fragment 
thereof, has a ninety-one-fold in cocaine hydrolysis activity 
relative to butyrylcholinesterase. The butyrylcholinesterase 
variant polypeptide encompassing the same or substantially 
the same amino acid sequence shoWn as SEQ ID NO: 18, or 
functional fragment thereof, has a siXty-eight-fold in cocaine 
hydrolysis activity relative to butyrylcholinesterase. The 
butyrylcholinesterase variant polypeptide encompassing the 
same or substantially the same amino acid sequence shoWn 
as SEQ ID NO: 20, or functional fragment thereof, has an 
increased cocaine hydrolysis activity relative to butyrylcho 
linesterase. The butyrylcholinesterase variant polypeptide 
encompassing the same or substantially the same amino acid 
sequence shoWn as SEQ ID NO: 22, or functional fragment 
thereof, has an increased cocaine hydrolysis activity relative 
to butyrylcholinesterase. The butyrylcholinesterase variant 
polypeptide encompassing the same or substantially the 
same amino acid sequence shoWn as SEQ ID NO: 24, or 
functional fragment thereof, has an increased cocaine 
hydrolysis activity relative to butyrylcholinesterase. The 
butyrylcholinesterase variant polypeptide encompassing the 
same or substantially the same amino acid sequence shoWn 
as SEQ ID NO: 26, or functional fragment thereof, has an 

Jun. 24, 2004 

increased cocaine hydrolysis activity relative to butyrylcho 
linesterase. The butyrylcholinesterase variant polypeptide 
encompassing the same or substantially the same amino acid 
sequence shoWn as SEQ ID NO: 28, or functional fragment 
thereof, has a four-fold in cocaine hydrolysis activity rela 
tive to butyrylcholinesterase. The butyrylcholinesterase 
variant polypeptide encompassing the same or substantially 
the same amino acid sequence shoWn as SEQ ID NO: 30, or 
functional fragment thereof, has a four-fold increase in 
cocaine hydrolysis activity relative to butyrylcholinesterase. 
The butyrylcholinesterase variant polypeptide encompass 
ing the same or substantially the same amino acid sequence 
shoWn as SEQ ID NO: 32, or functional fragment thereof, 
has a tWo-fold increase in cocaine hydrolysis activity rela 
tive to butyrylcholinesterase. The butyrylcholinesterase 
variant polypeptide encompassing the same or substantially 
the same amino acid sequence shoWn as SEQ ID NO: 34, or 
functional fragment thereof, has a three-fold increase in 
cocaine hydrolysis activity relative to butyrylcholinesterase. 
The butyrylcholinesterase variant polypeptide encompass 
ing the same or substantially the same amino acid sequence 
shoWn as SEQ ID NO: 36, or functional fragment thereof, 
has a tWo-fold increase in cocaine hydrolysis activity rela 
tive to butyrylcholinesterase. The butyrylcholinesterase 
variant polypeptide encompassing the same or substantially 
the same amino acid sequence shoWn as SEQ ID NO: 38, or 
functional fragment thereof, has a tWo-fold increase in 
cocaine hydrolysis activity relative to butyrylcholinesterase. 
The butyrylcholinesterase variant polypeptide encompass 
ing the same or substantially the same amino acid sequence 
shoWn as SEQ ID NO: 40, or functional fragment thereof, 
has a one-and-a-half-fold increase in cocaine hydrolysis 
activity relative to butyrylcholinesterase. The butyrylcho 
linesterase variant polypeptide encompassing the same or 
substantially the same amino acid sequence shoWn as SEQ 
ID NO: 42, or functional fragment thereof, has a tWo-and 
a-half-fold increase in cocaine hydrolysis activity relative to 
butyrylcholinesterase. The butyrylcholinesterase variant 
polypeptide encompassing the same or substantially the 
same amino the amino acid sequence shoWn as SEQ ID NO: 
52, or functional fragment thereof, has a one-hundred-fold 
increase in cocaine hydrolysis activity relative to butyryl 
cholinesterase. 

[0032] The butyrylcholinesterase variant polypeptides of 
the invention hold signi?cant clinical value because of their 
capability to hydrolyZe cocaine at a higher rate than any of 
the knoWn naturally occurring variants. It is this increase in 
cocaine hydrolysis activity that enables a much more rapid 
response to the life-threatening symptoms of cocaine toXic 
ity that confers upon the butyrylcholinesterase variant 
polypeptides of the invention their therapeutic value. The 
butyrylcholinesterase variant polypeptides of the invention 
have tWo or more amino acid alterations in regions deter 
mined to be important for cocaine hydrolysis activity. 

[0033] As used herein, the term "butyrylcholinesterase” is 
intended to refer to a polypeptide having the sequence of 
naturally occurring human butyrylcholinesterase shoWn as 
SEQ ID NO: 44. 

[0034] As used herein, the term “butyrylcholinesterase 
variant” is intended to refer to a molecule that is structurally 
similar to a butyrylcholinesterase, but differs by at least one 
amino acid from the butyrylcholinesterase shoWn as SEQ ID 
NO: 44. Abutyrylcholinesterase variant is structurally simi 
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lar to the butyrylcholinesterase shown as SEQ ID NO: 44, 
but exhibits increased cocaine hydrolysis activity. For 
example, the cocaine hydrolysis activity of a butyrylcho 
linesterase variant polypeptide of the invention can be 
increased by a factor of 5, 6, 7, 8, 9, 10, 12, 14, 16, 18, 20, 
24, 28, 32, 36, 40, 80, 100 or more. 

[0035] A butyrylcholinesterase variant polypeptide can 
have a one, tWo, three, four, ?ve, six or more amino acid 
alterations compared to butyrylcholinesterase. A speci?c 
example of a butyrylcholinesterase variant polypeptide has 
the amino acids Tryptophane and Methionine at positions 
328 and 332, respectively, of Which the amino acid sequence 
and encoding nucleic acid sequence is designated as SEQ ID 
NOS: 2 and 1, respectively. Additional examples of butyryl 
cholinesterase variant polypeptides are the butyrylcholinest 
erase variant polypeptide having the arnino acids Tryp 
tophane and Proline at positions 328 and 332, respectively 
of Which the amino acid sequence and nucleic acid sequence 
are described herein and designated SEQ ID NOS: 4 and 3, 
respectively; the butyrylcholinesterase variant polypeptide 
having the amino acids Tryptophane and Leucine at posi 
tions 328 and 331, respectively, of Which the amino acid 
sequence and nucleic acid sequence are described herein and 
designated SEQ ID NOS: 6 and 5, respectively; the butyryl 
cholinesterase variant polypeptide having the amino acids 
Tryptophane and Serine at positions 328 and 332, respec 
tively, of Which the amino acid sequence and nucleic acid 
sequence are described herein and designated SEQ ID NOS: 
8 and 7, respectively; the butyrylcholinesterase variant 
polypeptide having the amino acids Serine, Alanine, Gly 
cine, Tryptophane and Methionine at positions 199, 227, 
287, 328 and 332, respectively, of Which the amino acid 
sequence and nucleic acid sequence are described herein and 
designated SEQ ID NOS: 10 and 9, respectively; the 
butyrylcholinesterase variant polypeptide having the amino 
acids Serine, Alanine, Glycine and Tryptophane at positions 
199, 227, 287 and 328, respectively, of Which the amino acid 
sequence and nucleic acid sequence are described herein and 
designated SEQ ID NOS: 12 and 11, respectively; the 
butyrylcholinesterase variant polypeptide having the amino 
acids Serine, Glycine and Tryptophane at positions 199, 287 
and 328, respectively, of Which the amino acid sequence and 
nucleic acid sequence are described herein and designated 
SEQ ID NOS: 14 and 13, respectively; the butyrylcholinest 
erase variant polypeptide having the arnino acids Alanine, 
Glycine and Tryptophane at positions 227, 287 and 328, 
respectively, of Which the amino acid sequence and nucleic 
acid sequence are described herein and designated SEQ ID 
NOS: 16 and 15, respectively; the butyrylcholinesterase 
variant polypeptide having the amino acids Alanine and 
Tryptophane at positions 227 and 328, respectively, of Which 
the amino acid sequence and nucleic acid sequence are 
described herein and designated SEQ ID NOS: 17 and 18, 
respectively; the butyrylcholinesterase variant polypeptide 
having the amino acid Serine at position 332, of Which the 
amino acid sequence and nucleic acid sequence are 
described herein and designated SEQ ID NOS: 20 and 19, 
respectively; the butyrylcholinesterase variant polypeptide 
having the amino acid Methionine at position 332, of Which 
the amino acid sequence and nucleic acid sequence are 
described herein and designated SEQ ID NOS: 22 and 21, 
respectively; the butyrylcholinesterase variant polypeptide 
having the amino acid Proline at position 332, of Which the 
amino acid sequence and nucleic acid sequence are 

Jun. 24, 2004 

described herein and designated SEQ ID NOS: 24 and 23, 
respectively; the butyrylcholinesterase variant polypeptide 
having the amino acid Leucine at position 331, of Which the 
amino acid sequence and nucleic acid sequence are 
described herein and designated SEQ ID NOS: 26 and 25, 
respectively; the butyrylcholinesterase variant polypeptide 
having the amino acid Alanine at position 227, of Which the 
amino acid sequence and nucleic acid sequence are 
described herein and designated SEQ ID NOS: 28 and 27, 
respectively; the butyrylcholinesterase variant polypeptide 
having the amino acid Glycine at position 227, of Which the 
amino acid sequence and nucleic acid sequence are 
described herein and designated SEQ ID NOS: 30 and 29, 
respectively; the butyrylcholinesterase variant polypeptide 
having the amino acid Serine at position 227, of Which the 
amino acid sequence and nucleic acid sequence are 
described herein and designated SEQ ID NOS: 32 and 31, 
respectively; the butyrylcholinesterase variant polypeptide 
having the amino acid Proline at position 227, of Which the 
amino acid sequence and nucleic acid sequence are 
described herein and designated SEQ ID NOS: 34 and 33, 
respectively; the butyrylcholinesterase variant polypeptide 
having the amino acid Tyrosine at position 227, of Which the 
amino acid sequence and nucleic acid sequence are 
described herein and designated SEQ ID NOS: 36 and 35, 
respectively; the butyrylcholinesterase variant polypeptide 
having the amino acid Cysteine at position 227, of Which the 
amino acid sequence and nucleic acid sequence are 
described herein and designated SEQ ID NOS: 38 and 37, 
respectively; the butyrylcholinesterase variant polypeptide 
having the amino acid Methionine at position 227, of Which 
the amino acid sequence and nucleic acid sequence are 
described herein and designated SEQ ID NOS: 40 and 39, 
respectively; the butyrylcholinesterase variant polypeptide 
having the amino acid Serine at position 199, of Which the 
amino acid sequence and nucleic acid sequence are 
described herein and designated SEQ ID NOS: 42 and 41, 
respectively; and the butyrylcholinesterase variant polypep 
tide having the amino acids Alanine, Glycine, Tryptophane 
and Methionine at positions 227, 287, 328 and 332, respec 
tively, of Which the amino acid sequence and nucleic acid 
sequence are described herein and designated SEQ ID NOS: 
52 and 51, respectively. 

[0036] As used herein, the term “polypeptide” is intended 
to mean tWo or more amino acids covalently bonded 
together. A polypeptide of the invention includes srnall 
polypeptides having a feW or several amino acids as Well as 
large polypeptides having several hundred or more amino 
acids. Usually, the covalent bond betWeen the tWo or more 
amino acid residues is an amide bond. HoWever, the amino 
acids can be joined together by various other means knoWn 
to those skilled in the peptide and chemical arts. Therefore, 
a polypeptide, in Whole or in part, can include molecules 
which contain non-arnide linkages between amino acids, 
amino acid analogs, and rnirnetics. Similarly, the term also 
includes cyclic peptides and other conforrnationally con 
strained structures. A polypeptide also can be rnodi?ed by 
naturally occurring rnodi?cations such as post-translational 
rnodi?cations, including phosphorylation, lipidation, preny 
lation, sulfation, hydroxylation, acetylation, addition of car 
bohydrate, addition of prosthetic groups or cofactors, for 
rnation of disul?de bonds, proteolysis, assembly into 
rnacrornolecular complexes, and the like. 
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[0037] As described below, polypeptides of the invention 
also encompass, for example, modi?ed forms of naturally 
occurring amino acids such as D-stereoisomers, non-natu 
rally occurring amino acids, amino acid analogues and 
mimetics so long as such variants have substantially the 
same amino acid sequence as the reference butyrylcholinest 
erase variant polypeptide and exhibit about the same cocaine 
hydrolysis activity. Abutyrylcholinesterase variant polypep 
tide of the invention can have tWo or more amino acid 

alterations. Furthermore, a butyrylcholinesterase variant 
polypeptide of the invention can have one or more additional 
modi?cations that do not signi?cantly change its cocaine 
hydrolysis activity, but confer a desirable property such as 
increased biostability. 
[0038] It is understood that the amino acid sequences of 
the invention can have a similar, non-identical sequence, and 
retaining comparable functional and biological activity of 
the polypeptide de?ned by the reference amino acid 
sequence. A variant polypeptide of the invention encom 
passes substantially similar amino acid sequences that can 
have at least about 75%, 80%, 82%, 84%, 86% or 88%, or 
at least 90%, 91%, 92%, 93% or 94% amino acid identity 
With respect to the reference amino acid sequence; as Well as 
greater than 95%, 96%, 97%, 98% or 99% amino acid 
identity as long as such polypeptides retain a biological 
activity of the reference butyrylcholinesterase variant 
polypeptide. It is recogniZed, hoWever, that polypeptides, or 
encoding nucleic acids, containing less than the described 
levels of sequence identity arising as splice variants or that 
are modi?ed by conservative amino acid substitutions, or by 
substitution of degenerate codons also are encompassed 
Within the scope of the present invention. 

[0039] A biological activity of a butyrylcholinesterase 
variant of the invention is cocaine hydrolysis activity as 
described herein. For example, the butyrylcholinesterase 
variant A328W/Y 332M designated SEQ ID NO: 2 exhibits 
about a tWenty-four-fold increased cocaine hydrolysis activ 
ity compared to butyrylcholinesterase; the butyrylcholinest 
erase variant A328W/Y332P designated SEQ ID NO: 4 
exhibits about a ten-fold increased cocaine hydrolysis activ 
ity compared to butyrylcholinesterase; the butyrylcholinest 
erase variant A328W/V331L designated SEQ ID NO: 6 
exhibits about a sixteen-fold increased cocaine hydrolysis 
activity compared to butyrylcholinesterase; the butyrylcho 
linesterase variant A328W/Y332S designated SEQ ID NO: 
8 exhibits about a seven-fold increased cocaine hydrolysis 
activity compared to butyrylcholinesterase; the butyrylcho 
linesterase variant A328W/Y332M/S287G/F227A/A199S 
designated SEQ ID NO: 10 exhibits about a one-hundred 
fold increased cocaine hydrolysis activity compared to 
butyrylcholinesterase; the butyrylcholinesterase variant 
A328W/S287G/F227A/A199S designated SEQ ID NO: 12 
exhibits about a one-hundred-fold increased cocaine 
hydrolysis activity compared to butyrylcholinesterase; the 
butyrylcholinesterase variant A328W/S287G/A199S desig 
nated SEQ ID NO: 14 exhibits about a ninety-seven-fold 
increased cocaine hydrolysis activity compared to butyryl 
cholinesterase; the butyrylcholinesterase variant A328W/ 
S287G/F227A designated SEQ ID NO: 16 exhibits about a 
ninety-one-fold increased cocaine hydrolysis activity com 
pared to butyrylcholinesterase; the butyrylcholinesterase 
variant A328W/F227A designated SEQ ID NO: 18 exhibits 
about a sixty-eight-fold increased cocaine hydrolysis activ 
ity compared to butyrylcholinesterase; the butyrylcholinest 
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erase variant Y332S designated SEQ ID NO: 20 exhibits an 
increased cocaine hydrolysis activity compared to butyryl 
cholinesterase; the butyrylcholinesterase variant Y332M 
designated SEQ ID NO: 22 exhibits an increased cocaine 
hydrolysis activity compared to butyrylcholinesterase; the 
butyrylcholinesterase variant Y332P designated SEQ ID 
NO: 24 exhibits an increased cocaine hydrolysis activity 
compared to butyrylcholinesterase; the butyrylcholinest 
erase variant V331L designated SEQ ID NO: 26 exhibits an 
increased cocaine hydrolysis activity compared to butyryl 
cholinesterase; the butyrylcholinesterase variant F227A des 
ignated SEQ ID NO: 28 exhibits about a four-fold increased 
cocaine hydrolysis activity compared to butyrylcholinest 
erase; the butyrylcholinesterase variant F227G designated 
SEQ ID NO: 30 exhibits about a four-fold increased cocaine 
hydrolysis activity compared to butyrylcholinesterase; the 
butyrylcholinesterase variant F227S designated SEQ ID 
NO: 32 exhibits about a tWo-fold increased cocaine hydroly 
sis activity compared to butyrylcholinesterase; the butyryl 
cholinesterase variant F227P designated SEQ ID NO: 34 
exhibits about a three-fold increased cocaine hydrolysis 
activity compared to butyrylcholinesterase; the butyrylcho 
linesterase variant F227T designated SEQ ID NO: 36 exhib 
its about a tWo-fold increased cocaine hydrolysis activity 
compared to butyrylcholinesterase; the butyrylcholinest 
erase variant F227C designated SEQ ID NO: 38 exhibits 
about a tWo-fold increased cocaine hydrolysis activity com 
pared to butyrylcholinesterase; the butyrylcholinesterase 
variant F227M designated SEQ ID NO: 40 exhibits about a 
one-and-a-half-fold increased cocaine hydrolysis activity 
compared to butyrylcholinesterase; the butyrylcholinest 
erase variant A199S designated SEQ ID NO: 42 exhibits 
about a tWo-and-a-half-fold increased cocaine hydrolysis 
activity compared to butyrylcholinesterase; and the butyryl 
cholinesterase variant A328W/Y332M/S287G/F227A des 
ignated SEQ ID NO: 52, also referred to as AME-359 herein, 
exhibits about a one-hundred-fold increased cocaine 
hydrolysis activity compared to butyrylcholinesterase. 
[0040] One skilled in the art Will appreciate that the exact 
increase in cocaine hydrolysis activity compared to butyryl 
cholinesterase that is detected depends on the particular 
assay chosen. Therefore, While all of the butyrylcholinest 
erase variants of the invention have increased cocaine 
hydrolysis activity, the values set forth herein are approxi 
mate values that can vary if a different assay Were per 
formed. 

[0041] It is understood that minor modi?cations in the 
primary amino acid sequence can result in a polypeptide that 
has a similar, non-identical sequence, but retains comparable 
functional or biological activity to a butyrylcholinesterase 
variant polypeptide of the invention. These modi?cations 
can be deliberate, as through site-directed mutagenesis, or 
may be accidental such as through spontaneous mutation. 
For example, it is understood that only a portion of the entire 
primary structure of a butyrylcholinesterase variant 
polypeptide can retain the cocaine hydrolysis activity of the 
reference butyrylcholinesterase variant polypeptide. Such 
functional fragments of the sequence of a butyrylcholinest 
erase variant polypeptide of the invention are included 
Within the de?nition as long as at least one biological 
function of the butyrylcholinesterase variant is retained. It is 
understood that various molecules can be attached to a 
polypeptide of the invention, for example, other polypep 
tides, carbohydrates, lipids, or chemical moieties. 



US 2004/0120939 A1 

[0042] The term “functional fragment,” When used in 
reference to a butyrylcholinesterase variant polypeptide of 
the invention, refers to a polypeptide fragment that is a 
portion of the butyrylcholinesterase variant polypeptide, 
provided that the portion has a biological activity, as 
described herein, that is characteristic of the reference 
butyrylcholinesterase variant polypeptide. The amino acid 
length of a functional fragment of a butyrylcholinesterase 
variant polypeptide of the present invention can range from 
about 5 amino acids up to the full-length protein sequence of 
the reference butyrylcholinesterase variant polypeptide. In 
certain embodiments, the amino acid lengths include, for 
eXample, at least about 10 amino acids, at least about 15, at 
least about 20, at least about 25, at least about 30, at least 
about 35, at least about 40, at least about 45, at least about 
50, at least about 75, at least about 100, at least about 150, 
at least about 200, at least about 250 or more amino acids in 
length up to the full-length butyrylcholinesterase variant 
polypeptide sequence. The functional fragments can be 
contiguous amino acid sequences of a butyrylcholinesterase 
variant polypeptide, including contiguous amino acid 
sequence corresponding to the substrate binding domain of 
the butyrylcholinesterase variant polypeptide. A functional 
fragment of a butyrylcholinesterase variant polypeptide of 
the invention exhibiting a functional activity can have, for 
eXample, at least 8, 10, 15, 20, 30 or 40 amino acids, and 
often has at least 50, 75, 100, 200, 300, 400 or more amino 
acids of a polypeptide of the invention, up to the full length 
polypeptide minus one amino acid. The appropriate length 
and amino acid sequence of a functional fragment of a 
polypeptide of the invention can be determined by those 
skilled in the art, depending on the intended use of the 
functional fragment. For eXample, a functional fragment of 
a butyrylcholinesterase variant is intended to refer to a 
portion of the butyrylcholinesterase variant that still retains 
some or all of the cocaine hydrolysis activity of the parent 
polypeptide. 
[0043] A functional fragment of a butyrylcholinesterase 
variant polypeptide can contain active site residues impor 
tant for the catalytic activity of the enZyme. Regions impor 
tant for the hydrolysis activity of a butyrylcholinesterase 
variant polypeptide can be determined or predicted through 
a variety of methods knoWn in the art. Related enZymes such 
as, for eXample, acetylcholinesterase and carboXylesterase, 
that share a high degree of sequence similarity and have 
biochemically similar catalytic properties can provide infor 
mation regarding the regions important for catalytic activity 
of a butyrylcholinesterase variant polypeptide. For eXample, 
structural modeling can reveal the active site of an enZyme, 
Which is a three-dimensional structure such as a cleft, gorge 
or crevice formed by amino acid residues generally located 
apart from each other in primary structure. Therefore, a 
functional fragment of a butyrylcholinesterase variant 
polypeptide of the invention can encompass amino acid 
residues that make up regions of a butyrylcholinesterase 
enZyme important for cocaine hydrolysis activity such as 
those residues located along the active site gorge. 

[0044] In addition to structural modeling of a butyrylcho 
linesterase enZyme, biochemical data can be used to deter 
mine or predict regions of a butyrylcholinesterase variant 
polypeptide important for cocaine hydrolysis activity When 
preparing a functional fragment of a butyrylcholinesterase 
variant polypeptide of the invention. In this regard, the 
characteriZation of naturally occurring butyrylcholinesterase 
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enZymes With altered cocaine hydrolysis activity can be 
useful for identifying regions important for the catalytic 
activity of a butyrylcholinesterase variant polypeptide. Simi 
larly, site-directed mutagenesis studies can provide data 
regarding catalytically important amino acid residues as 
revieWed, for eXample, in SchWartZ et al., Pharmac. T her. 
67: 283-322 (1992), Which is incorporated by reference. In 
particular, a functional fragment of a butyrylcholinesterase 
variant polypeptide can include the active site residues 
corresponding to amino acid positions 82, 112, 128, 231, 
329, 332, 430 and 440 of the butyrylcholinesterase shoWn as 
SEQ ID NO: 14. Thus, a functional fragment can, for 
eXample, be 360 amino acid residues in length and can 
include residues 80 to 440 of the reference butyrylcholinest 
erase variant polypeptide. 

[0045] Therefore, a functional fragment of a butyrylcho 
linesterase variant polypeptide can encompass an area or 
region of the amino acid sequence of butyrylcholinesterase 
that is determined or predicted to be important for cocaine 
hydrolysis activity. As described above, a region can be 
determined or predicted to be important for cocaine hydroly 
sis activity by using one or more of structural, biochemical 
or modeling methods and, as a consequence, is de?ned by 
general rather than absolute boundaries. A region can 
encompass tWo or more consecutive amino acid positions of 
the amino acid sequence of butyrylcholinesterase that are 
predicted to be important for cocaine hydrolysis activity. A 
region of butyrylcholinesterase useful as a functional frag 
ment of a butyrylcholinesterase variant polypeptide for 
practicing the claimed invention is no more than about 30 
amino acids in length and preferably is betWeen 2 and 20, 
betWeen 5 and 15 amino acids in length. 

[0046] A butyrylcholinesterase variant polypeptide of the 
invention, or a functional fragment thereof, can have con 
servative amino acid substitutions as compared With the 
reference butyrylcholinesterase variant amino acid 
sequence. Conservative substitutions of encoded amino 
acids include, for eXample, amino acids that belong Within 
the folloWing groups: (1) non-polar amino acids (Gly, Ala, 
Val, Leu, and Ile); (2) polar neutral amino acids (Cys, Met, 
Ser, Thr, Asn, and Gln); (3) polar acidic amino acids (Asp 
and Glu); (4) polar basic amino acids (Lys, Arg and His); and 
(5) aromatic amino acids (Phe, Trp, Tyr, and His). 

[0047] Abutyrylcholinesterase variant polypeptide having 
the same or substantially the same amino acid sequence of 

SEQ ID NOS: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 
28, 30, 32, 34, 36, 38, 40, 42 and 52, or a functional fragment 
thereof, also can be chemically modi?ed, provided that the 
polypeptide retains a biological activity of the reference 
butyrylcholinesterase variant polypeptide. For eXample, 
chemical modi?cation of a butyrylcholinesterase variant 
polypeptide of the invention can include alkylation, acyla 
tion, carbamylation and iodination. Moreover, modi?ed 
polypeptides also can include those polypeptides in Which 
free amino groups have been derivatiZed to form, for 
eXample, amine hydrochlorides, p-toluene sulfonyl groups, 
carbobenZoXy groups, t-butyloXycarbonyl groups, chloro 
acetyl groups or formyl groups. Free carboXyl groups can be 
modi?ed to form salts, methyl and ethyl esters or other types 
of esters or hydraZides. Free hydroXyl groups can be modi 
?ed to form O-acyl or O-alkyl, derivatives. The imidaZole 
nitrogen of histidine can be derivatiZed to form N-im 
benZylhistidine. A butyrylcholinesterase variant polypeptide 




















































































































































































































































