BIOLOGICAL SYNTHESIS OF A PROTEIN HNGLOOU E OF 11
ACETYLCHOL INESTERRSE : NONOC. . (V> JOHNS HOPKINS UNIV
BALTINORE MD SCHOOL OF MEDICINE T RUGUST 418 JUL 85

UNCLASSIFIED DAMD17-83-C-3133 F/G 6/4

D-A193 469




Cal

7OUN M P M0 RO Mt Mo Mo X

Buratnl

L8 S e e,

;l‘."l F

A

S

S

& kﬁn‘“ﬂ

A »
A e B
LA !

28 -

=

—_——

25
NB_;Z

IIII
0
i

==

Egmm

==
ol Iy
B L EEERTTT

|
I

20
1.8

]

14

=3

[.2

XL ..c.,'m W..W,\.r

C.
\

VS A NASS el




-"\-""\-l_
e e e e

L P A NN AL RS G e S S =
N ._,':';'\. SECURITY CLASSIFITATION OF THiS PAGE Whon Fata Entarad) .
\u‘.p S, - \
\ READ INSTRUCTIONS
: ATION PAGE BEFORF. COMPLETING FORM -
: —A 93 2. GOVT ACCESSION NO | G NUMBER 5
* _UME FAICE CoP- ©
. B } ; l
l TITLE (and Subtitie) . TYPE DF REPQRTY & PERIOD COVERED :
{ BIOLOGICAL SYNTHESIS OF A PROTEIN ANALOGUE OF Annual Report R
d : ACETYLCHOLINESTERASE: MONOCLONAL ANTI-IDIOTYPE 15 May 1984 - 14 May 1985 .
L
iANTIBODY ANALOGUE OF THE ESTERATIC SITE 6 PLRFORMING CRG. REPORT NUMBER
¢ t N, -
' 3T AUTHOR(a) 8. CONTRACT GR GRANT NUMBER(a) ‘
. {
[ J. Thomas August DAMD17-83-C-3135 |
:. .
3. PEAFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK
» - Johns Hopkins University School of Medicine AREA & WORK UNIT NUMBERS <
. © 725 N. Wolfe Street ]
Y Baltimore, Maryland 21205 :
P, 11, CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE ]
A US Army Mgdical Research & Development Command July 10, 1985 )
i Fort Detriek 13 NUMBER OF PAGES )
X  Frederick, Maryland 21701-5012 3
; *T& WMCNITORING AGENCY NAME & ADORESS(I! ditferent trom Controlling Otltce) 1. SECURITY CULASS. (of thie report) !
d .
ﬁ ' Unclassified
[)
& , Fise DECLASSIFICATION DOWNGRADING
' SCHEDULE
" ‘5. DISTRIBYTION STATEMENT (of this Reporr)
» !
N Approved for public release; distribution unlimited
»
; DT
Y
N
:' ‘7 OISTRIBUTION STATEMENT (of the abstra:t enterod In Block 20, ! differan! !'wm_}:‘opnrt)
.
. 3 SUPPLEMENTARY NOTES B -
"y
\ S XEY #OURDOS (Continue on reverse aide !¢ "‘(-.-ﬂ-,--.;y md tdantify b block mumbarn, 1
) Acetylcholinesterases’ Monoclonal antlbodles“;}igonuc1eotide probes; =
o Amino acid sequence determination "
s :
- 5. ABLTACT (Conttmus an reveree side If neceesary and [ Jenttiy by dlock number)
‘LDurlng the second year of this contract, we have purified human erythrocyte ace-
: tylcholinesterase to >877% homogeneity by MAb affinity chromatography and size- :
.. exclusion HPLC and have obtained sequence data for >100 residues, derived from .
[~ tryptic, chymotryptic, and V8 peptides. We have used these sequence data to :
‘.: synthesize oligonucleotide probes with which to screen two human cDNA libraries -
for the gene encoding human AChE. 1In addition, we have identified a large number X
of MAb that bind to acetylcholinesterase and we have begun to characterize sev- .
] eral of these antibodies that are capable of inhibiting acetylcholinesterasei t . f
'l
A * 7,608 ‘m ' . (|
A ¥ JAN n EDITION OF ' NOV %515 OBSOLETE !
.: SECURITY 7~ LASSIFICATION OF TH!S PAGE . When Date Envered) )
N . - . - - R .- . -
/ “ . . . S

NN



.............

A ATt AT AT
T 7 Py

TABLE OF CONTENTS e
Summary ;‘
Report j{
a
Problem o
Background -
A. Purification of Human Erythrocyte Acetylcholinesterase E}
B. Amino Acid Sequence Analysis ;j
C. Cloning the Gene for Human AChE ji
D. Studies Using Monoclonal Antibodies ¢j
Distribution List :7
TABLES: -
Table 1: Purification of human erythrocyte acetylcholinesterase E'
Table 2: Sequence analysis of AChE tryptic peptides :;
Table 3: Amino acid sequence analysis of chymotryptic peptides of AChE ;
Table 4: Sequence analysis of AChE V8 peptides E;
Table 5: Comparison of tryptic acid and V8 peptides Eg
FIGURES: E:
Figure 1: HPLC size exclusion chromatography of purified AChE 5
Figure 2: SDS-PAGE analysis of AChE purification f
Figure 3: Two-dimensional gel analysis of purified AChE ;:
Figure 4: Preparation of tryptic peptide of AChE 3‘
Figure 5: Preparation of chymotryptic peptides of AChE ?'
Figure 6: Preparation of V8 peptides of AChE :E,
Figure 7: Monoclonal antibody binding to AChE =
Figure 8: Inhibition of AChE activity by monoclonal antibodies
Figure 9: Effect of monoclonal antibodies on activity of purified ;:
acetylcholinesterase y 003 E
o — -
A
N N e N N N AT LAY N AT T B T N T -.-’ ‘



-

v es & €

MW Y

» a2 & Al

v "t

Figure 10: Effect of pre-incubation of acetylcholine with neostigmine on the

P
»
binding of monoclonal antibodies to the enzyme s
Figure 11: Effect of pre-incubation of acetylicholine with BW 284c51 on the k
4
binding of monoclonal antibodies to the enzyme $
A
4
Figure 12: Effect of pre-incubation of acetylcholine with edrophonium on the )
binding of monoclonal antibodies to the enzyme .
p
Q
LY
N
t
g
x N
- ‘ Q
. ‘-
pooT T T
‘!'_‘:\; e N § .:
P . [ :‘
L . - N ¢
i Pt y : s
b e - *
! § '
P Q-] ! '
&ﬂ./.,i _k \
A
K
“
“
-
:‘
e e e e e T T A “k‘)‘;“)je"a‘a““"«‘b}}"g*b*}”}f;*;}}"}”}‘}}}‘}“}}é“}‘k“’"}3}‘5}}“‘“2



4

REPORT >

R

Problem b

The goals of this research are to biochemically and immunochemically E
characterize the molecular structure of the active site of human acetyl- E.
cholinesterase (AChE). This information should lead to the capability of W,

chemically or immunologically synthesizing analogues of the esteratic site. The .
first step or problem in this program has been the purification of the enzyme Ef

from human erythrocytes in preparative quantities. Our research during the f
second year has been directed primarily toward using our highly purified AChE for f)
(1) the production of AChE-specific monoclonal antibodies and (2) amino acid Et
sequence determination and synthesis of oligonucleotide probes to allow us to ﬂ
clone the gene encoding the AChE molecule. =

Background E

AChE is associated chiefly with cells involved in cholinergic synaptic f

transmission and is aiso found in a few non-neuronal cells like erythrocytes. %i

Fambrough, et al. (Proc. Natl. Acad. Sci., USA 79, 1078-1082, 1982), prepared :ﬁ
five monoclonal antibodies that bound to purified human erythrocyte AChE, each 3;

reacting with different antigenic sites on the AChE molecule. A1l of these N
antibodies cross-reacted with human and monkey neuromuscular junctions. It was §:
concluded that a high degree of homology exists between the AChE of erythrocytes Tl
and neuromuscular junctions. é,

, The most available source of human AChE is the erythrocyte. AChE is an 22
i integral part of the red blood cell membrane (Biochem. Biophys. Res. Commun. 39, ?E
267-273, 1970; Biochem, Biophys., Acta 255, 251-272, 1971), and is one of the e

| most active of known catalytic agents, with a turnover number of about 6 X 109 ;
\ moles/min/active site. Purification of human erythrocyte AChE has been reported iy
by several workers (Biochem. Biophys. Acta 370, 468-476, 1974; Eur. J. Biochem. 5
57, 469-480, 1975; J. Biol. Chem. 259, 5643-5652, 1984.) ;ﬁ
3
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Herein we report the purification of human erythrocyte AChE by monoclonal
antibody chromatography and the use of this purified AChE for amino acid sequence

determination and generation of enzyme-specific monoclonal antibodies.

A. PURIFICATION OF HUMAN ERYTHROCYTE ACETYLCHOLINESTERASE:

I. Monoclonal Antibody Affinity Chromatoqraphy

We have employed monoclonal antibody affinity chromatography for simple and
efficient purification of the erythrocyte enzyme to near homogeneity with high
yield (Table 1). Approximately 500 ug is obtained from 1000 ml of packed red
blood cells. This yield is similar to that reported by Rosenberry and Scoggin
with the acridinium ligand procedure (J. Biol. Chem. 259, 5643-5652, 1984).
Recovery of enzyme activity is about 15 percent with a purification of more than
130,000-fold. The yield of AChE protein is about 60 percent, as indicated by
radioimmunoassay of enzyme protein, indicating that the overall purification of
AChE is about 500,000-fold.

An important modification over earlier procedures was the replacement of
Triton X-100 used to solubilize the enzyme by /9-D-octylglucoside during
affinity chromatography and elution from the column at pH 10.5. Enzyme elution
in the presence of Triton X-100 and higher pH apparently caused significant
aggregation of the molecule. The change of detergent and pH results in greater

yield and purity of material.
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TABLE 1: Purification of human erythrocyte acetylcholinesterase?

]
|
I
4 .
)
|
)
|
]

Purification Total Total Activity Specific Fold
Step Volume Proteinb ActivityC Recovery Activity Purification
{m1) {mg) (AA/min) (a) (aATmin/mg)
12 -
E HEMOLYSATE 21,217 488,286 262,810 0.5 1
RED CELL
BROSTS 1,132 5,040 245,608 93 52 100
. 100,000 x g
{ SUPERNATANT 1,027 994 165,571 63 178 342
? ANTIBODY
AFFINITY 0.9 0.7 34,597 13 68,180 131,115
2 Rasults are the mean value of four ourifications.

Protein was measured by the modified method of Lowry et al. (J. Biol.
Chem. 193, 265-275, 1951).

C Enzyme activity was measured as described by Ellman et al. (Biochem.
Pharm. 7, 88-95, 1961).

11. Size-exclusion HPLC

Final purification of the affinity isolated material is achieved
by size exclusion HPLC chromatography. AChE elutes as a single peax
of enzymatic activity and orotein. The enzyme is recovered as a hi:in
Hr fraction (>232,000 Da) rather than at the 140,000 Da position of
the dimeric protein; we attribute this effect to the detergent bound
to the protein.

The HPLC sten is irportant to subsegquent sequence studies as it
removes low moleculir weight contaminants that possibly could e
present in hi3nh molar corcentratica, even when insignificint n ~—2s,

or absarbance at 2:=0 nm,
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Figure 1: HPLC size exclusion chromatoaraphy of ourified
AChE. The concentrated affinity-purified fraction or ACht
{20 w1, 10 ug) was placed in a 7.5 mm X 30 cm TSK-SW3000
column. The column was eluted with 50 m¥ NaPO4, PH 7.5,
150 mM NaCl, 0.3 percent octylglucoside. The fraction
volume was 0.5 ml. The tracing is absorbance at 280 nm
with a setting of 0.02 absorbance units full scale. The
peak fraction correseggded exactly to enzyme actévity and
to radiocactivity of [-AChE (0.01 uq, 1.3 X 10° cpm)
added as an internal marker.
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III. Purity

AChE purity was analyzed by SJS-PAGE (Fig. 2). The protein was
stained by silver nitrate reducticn. The AChE was apparently over G0
percent pure following affinity chromatagrapohy and appeared to be >93
percent pure aftar HPLC, The enz,72 w~as grasant as a dimer before
disulfide reduction and as a 70,227 23 -oncrer after reduction. wWhen
labeled with [3H}OFP, a single Hind <orrasponding to the enzyTe was

observed.
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Figure 2: SDS-PAGE analvsis of AChE purification. Lane 1,
hemolysate, 60 ugm; lane 2, red blood cell ghosts, 10 ug;
lane 3, 100,000 xg supernatant, 3 ugm; lane 4, affinity
purified AChE, 1.5 ug after disulfide reduction; lane 5,
aff inity purified AChE, 1.5 ugm protein, without disulfied
reduction. The protein bands w~ere visualized by silver
staining. M, standards are myosin heavy chain, 200 kDa;
pnosphorylase b, 97 kDa; bovine serum albumin, 68 kDa;
ovalbumin, 43 kDa; chvmotrypsincgen, 25 kDa.

IV. Two-dimensional electropnarasis

The purified proteins contained several isoelectric varients,
typical of glyccoroteins w~ith charge heterogenity in the

oligosaccharicdes cf the =—glacuyle (Fig. 3).
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Figure 3: Tuo-dirensianil qel 1nalvsis of syrified AChE.
HPLC purifiea AChE, /7 ug, was anaiyzed as described Dy
O'Farrell (J. Biol. Chem. 250, 4007-2021, 1975). The
protein w~as stained with silsar nitrate. M, standards on
- the left are phosphorylase b, 97 kDa; bovine serum albumin,
68 kDa; ovalbumin, 43 xDa; and chymotrypsincgen, 25 kDa.
B. AMINO ACID STQUEMCE ANALYSIS:

We currently have sequence data fcr >170 regidies, obtained from
tryptic, chymotryptic and V8 peptides. Tnese peptices represent
approximately 20 percent of the intact 2nzyme mglacyle. The sequence. 127
is summarized in Tables 2-5.
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- 9_
;f; Sequences were obtained with the vapor phase protein sequencer (Model
.
470A, Applied Biosystems) described by Hewick et al. (J. Biol. Chem, 255
7990-7997, 1981).
I. Trwtic oeotides
Peptide mixtures generated by trypnsin digestion were separated by
reverse-phase HPLC. Approximately 23 peptides were resolved (Fig.
4). At this time, 5 have yielded satisfactory sequence data (Table 2).
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Figure 4: Prepiraticn of truotic sestides of AChE., AChE )
(70 ug) in T ml or 20 mM Nafl4, pn 7.0, containing 0.2 =
percent octylglucoside was treated at rocm temparature for -
8 h with a total of 3 ug of tryosin, The digest was ::
applied to a Vydac C4 coluan (3.6 =m X 25 cm), maintained =
at 45 °C. The solvents were (A) 0.1 percent o
trifluoroacetic acid (TFA) and_(B) acatonitril:preoanol )
(2:1) containing 0.1 percent TFA. The nantices aera elyted N
at a flow rate of 1 ml/mn ~ith tre falliswing gradient 3
program: 0 percent 3 for 5 min, O derzant 3 o 33 percent N
B for 75 min, 55 percent 3 to 122 s2rcent 3 for 10 min, 100 -
percent B for 10 min. The frictidns w2r2 driad under o
vacuum and subjected to amino 17°7 s27u2nCe analysis, ]
y |
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[I. Chvmotrvotic peotides

Over 40 fractions have been obtained from AChE treated with
chymotrypsin (Fig. 5). The amino acid sequence of each of these
peptides currently is being analyzed. The sequence of three of these

peptides in shown in Table 3.
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Figure 5: Preparation of chvmotry,otic oeptides of AChE,
AChE (150 wgm 1n 350 ul 100 m4 sodrum pnospnate, pH 8.0
containing 0.5 percent octylglucaside) was treated at 37°C
for 2 h with 3 ugm of chymotrypsin. The peptides generated
were separated on a C4 Vydac reverse phase column as
described for tryptic peptides.
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Table 3. Amino acid sequence analysis of chymotrvotic peptides of ACKE

VY

.
e,

XA
A
.

:E.IS

P A
4.,

Cycle Amino acid Yield Amino acid Yield Amino acid Yield

pmole pmole 2role

g3
Ty

4

v

Ala 494 X X X

Ala 426 Asn 248 X

Gln 290 Gly 231 Try
Gly 268 Ala/Glu 1487137 Gly
Ala 346 Pna 106 Met
Arq 59 Gly
Yal 233 Glu
Tyr 125

etaty

Yo hdX
5

Y

¥
[

QOO N &N
S5

—

AL YA

I[IL. Y8 pentides

. LR AN
’

l.l
l, L

Digestion of AChE with 5. aursus V8 protease yielded 9 peptide

LI NN
¢

fractions upon resolution on size exclusion HPLC (Fig. 6). Two of

S

these peptides (V3 and V6) have been analyzed (Table 4) and contain

-

a4

sequences highly similar to sequences within tryptic peptides 79 ar:

Ly
A

T1l (Table 5). Repeated sequencing of these fragments is requirad 2: :D

determine if the differences [ras:duas | and 2 of V3 as compared t3 % e

and residues 5 and 7 of V8 as ccmoarad to T1l) ara significant.
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Figure 6: Preparation of Y3 peotides of AChS. The ACht -

(100 ugm) purified Dy size exciusicn nPLLC was mixed w~ith 3 .
agms of S. aureus V8 enzyme in 0.2 M sodium phosphate <

- buffer pH 8.2 containing 0.2 percant octylglucoside. The K
mixture was incubated at 37°C for 13 h. The peptides were

then separated on a C4 vydac reverse phase column under the g

conditions descrited for the secaration of tryptic K

peptides. K
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Table 4. Sequence analvsis of AChE V8 peptides e
V3 V6 1

l-

)

Cycle Amino Yield Aming Yield A

acid acid

N

prole pmole -

L Try 79 Ala 155 '
2 X Val 114 v
3 Val 53 Val 117 P
4 Leu 58 Leu 123 !
5 Drig 8? A3 27 R
6 Gln 30 Tyr 67 =
7 Glu 13 Leu 31 0y
8 X .
3 Try/Ala 27123 3
10 Leu 47 *
11 Leu 44 {
12 Pro 21 o,
13 Gly 11 Ry
14 Aso 5 A
15 Pro 44 .
16 Alz 21 »
17 Gly 7 ‘
18 Leu 50 N
19 Gly 9 =
Repetitive yield 66 (-) s
:z

.J
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Table 5.

Comparison of trvotic acid and V8 peptides

1
Thr
Arg
Pro

Gln
Val
Leu
val

WO NAWUEWN -

10 His
11 Glu
12 Asp
13 His
14 Val
15 Leu
16 Pro
17 Gln
18 Glu
19 Asp
20 Vval
21 Phe

NOYU B W

Try

Val
Leu
Pro
GIn
Glu

m

Val

Gly
Val

Pro
Gln
Val

Ser
Asp
Leu
Ala
Ala
Glu
Ala
Val
Val

Leu
Asp
Tyr
Thr
Aspo
Try
Leu

X
Pro
X

Aso
Pro

OO~ & W)

Ala
Val
Val
Leu
Ala
Tyr
Leu
X
Try/Ala
Leu
Leu
Pro
Gly
Asp
Pro
Ala
Gly
Leu
Gly

IV. N-terminal sequence analvsis

mixed signals 1t certain residues.

We did not repeat the seqguzni2
reported previously in abstract form.

The 70-xDa subunits possidly differ,

We have attempted N-terminal sequence analysis of AChE five

times. The results have been ambiguous with inconsistant resy'ts a~:

Haas and Rosenterry -

Biochem. 148, 154-162, 1985) nave reported the presence of 2
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. N-terminal amino acids with stoicheometries of 0.66 Glu and 0.34 Arg
per 70-kDa subunit. Their additional sequence was
Glu-Gly-Ala-Glu-Asp-Ala. Position 3 differed from the analogous

sequence determined by S.S. Taylor (Haas and Rosenberry, Anal,

Biochem. 148, 154-162, 1985).

C. CLOMING THE GENE FOR HUMAN AChE

We have imitiated gene cloning by taking advantage of the sequence
data and syntnhesizing oligonucleotide probes corresponding to the amino
acid sequen.es. These nrobes are being used to screen cDONA libraries by

colony hybridization (Grunstein and Hogress, PNAS 72, 3961-3965, 1975).

[. Suvnrthesis of oligonuc'eatide prabes

Several ONA probes containing a mixture of oligonucleotides that
represent all possible codon combinations for small portions of the

amino acid sequence of AChE have been synthesized:

Probe 1: 17 ~er corrasponging to seotide 77:
Amino acid | Pro — Asn -- Giy — Pro — Try — Ala

A A A A o
- Probe 3 GG% - T76 — C03 — G388 — ACC — & 5
T T t
Probe 2: 13 ~er corresponding o peotide Tll:
Amino acid Gly — Val — Pro — Gln — Val
4 A
Prode 3" 08 -~ CAG — GZF — GTC — CA 5
¢ o
T T T
Prote 3: 11 "2r Corr2503n3:i73 3 oedtide T7:
Amino acid Thr — 73l — Gly ~- Mot — Gly
A A b
Probe 3V TG — CAG — 733 — TAC — CC 5!
C C L
T T T

- y S % P e 1% '
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Probe 4: 17 mer corresponding to peptide T10:
Amino acid GIn — Try — Pro — Pro — Tyr — Thr

C A A A
Probe 3'  GTT — ACC — GGG — GGG — ATG — TG

Additional oligonucleotide probes (see Proposed Research) are now

being prepared.

II. K562 cDNA libraries

cONA libraries of the K562 human erythroleukemia cell line
prepared in pBR322 and oUC 8 were obtained from Dr. Giovanni Rovera,
Wistar Institute (Watt et al., Nature 303, 725-728, 1983).

c-mvc oositive control: A 17 base long oligonucleotide probe

(5' CGG-CAA-(CGA-CGA-GAA-CA 3') was synthesized according to the
nuc leotide sequence reported for c-myc gene by Watt et al. (Nature
'ggg, 725, 1983). Using this probe strong positive signals were
detected with both the K562 cONA libraries (K562-pUC8 and
K562-pBR322), indicating that the experimental protocol used was
appropriate for hybridization with a 17 base long oligonucleotide
probe. Based on this observation, AChE probes 1 and 4 (both 17 base
long) were used to screen the cONA libraries.

AChE Probes: Approximately 400,000 clones of each litrary wera

screened twice. Positive clones were not detected with probes 1 2-2

III. Human musc’'2 <D%A library

The human muscle ¢ONA library in 58R322 w~as cobtained from
Or. L. Kedes, Stinfsrd University (Sunning 2t al., Mol. and Coii 3
3, 7387-795, 1933). This cIHA liSrary was orepared as descrited Sy
Okayoma and 8erj i™2l. 2and Z211 8i3l, 7, 161-170, 1982) w~hich

optimizes conditions for the reverse transcription of mRNA and res. -

.:-F - ‘,;.,- -.r_:.f >~ .r Py .r_.(- ‘ot /,’J'
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in cONA covalently linked to the plasmid vector and a high yield of
'
fu11-length cONA clones. This library is currently being tested with
each of the 4 probes prepared from tryptic peptides. Preliminary
evidence suggests the possible presence of cDNA clones (see Proposed

Research).

D. STUDIES USING MONOCLONAL ANTIBODIES

A large number of immunizations with AChE and a putative active site
peptide have been performed to obtain monoclonal antibodies directed at
enzyme active site(s) and to prepare anti-idiotype immunogliobulins that
mimic the enzyme in substrate binding. This phase of the program has been
slow due to a low frequency of antibodies that inhibit enzyme activity.
However, we now have obtained 2 such antibodies and are in the process of
characterizing the mechanism of their action. In addition, we have
prepared about 20 other clones with antibodies that bind to AChE withou:

inhibiting enzyme activity.

[. Irmmunizations

- a. ACht - Three different types of immunization protocals
have been used for develcoing monoclcnal antitodies (see Metnszs

for details):

1. Convantisnal, Famorough 2t al. (PHAS 79, 1073-1C27,
1332).
P, H1en mmecifhn afdcianay Cianfrigliy ot 3l

(Hydradoma 2, 451-457, 1933).

111, Solenre, Thorpe 2t 3l. (Hybridcma 3, 381-335, 132

0
¢
"
S

4
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b. Consensus active site peptide - A peptide synthasized from

the consensus sequence of serum butyr) cholinesterase and tornedo
electric organ AChE was obtained from Or. 4. Soreq, Weizmann
[nstitute. The reported sequence of this peptide was as follows:
Val-Thr-d ey-Phe-Gly-Glu-Ser-Ala-Gly-Ala-Ala-Ser-val. This peptide
was conjugated to l!ioopbolysaccharide and to keyhole limoet
hemocyanin and used as immunogen. Hybridomas prepared from these
immunizations were poSitive with the peptide but negative against
AChE in solid phase radioimmunoassay and did not inhibit enzyme

activity.

II. Monoclnnal Antihndies

A large number of monoclonal antibodies that bind AChE have been
obtained. As a representative sample, we have cloned over 20 of these

for their potential interest (Fig. 7).
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Figqure 7: Mcnoclonal antiondv binginag to AChE. Culture

supernatant (3J ul) was dispensed 1nto w~ells of Dynatech ‘
polystyrene 56 ~ell nicrotitar plates containing 5 ug geat .
anti-mouse [gG antibody adsorbed %o the plate. After 1 hr -
the supernatant was rewmoved, and 3 percent normal mouse :
serum (50 ul) w~as added to b lock excess goat anti-mouse [gG

Lg
combining sites. 1257 AChE (10 r3, 10° cpm) was then ;
added for 20 mn, and the 2xcess ramaved by washing with 1 .
percent 8SA/P3SS. Specifically bound AThE sas taken up 1n

0.1 ml 2 M HalH afsar incubat on it 707D foar 15 min., and ﬁ
counted in 1 g:m11 counter. O = conventional; M o= hign ”
efficiency; S = :p'aniz i7munrzaticn -
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[II. Antibodies That Inhibit AChE Activity

WA Ny e b

Two antibodies, H10 and H12, have been found to inhibit AChE

activity (Figure 8). Both antibodies gave greater inhibition than

" observed with the AE2 antidbody in assays with crude supernatants. N
q 1
A 2
', ’, )
2 ~ 10
:
N 60
“ .
c 30
9 )
-
3 49
L
c 30
= | .
220 ]
c .
N 10 ;
15 .
0 — | :
AE2 P3 HIO Hi2 ;
Monoclonal Antibody
. Fiqure 8: Inhibitign of AChRE 3ctivitv hv monnclonal
2 antibodies.” ~t3 supernatant (50 ul) was used as 1n the
]

RTA, followed by 10 ng unlabeled AChZ. Next 50 ul of

monoc lonal antibody was adced for 20 min and removed by
washing. Enzyme activity was then analyzed by the addition
of colorimetric agent and substrate (Ellman et al.,
Biochem. Pham, 7, 88-95, 1961). AE2 = Fambrough isolate;
P3 = control myeloma supernatant; H10, Hi2 = new~ moncclonal
antibodies as described above.
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IV. Characterization of Monoclonal Antibody Inhibition of AChE

Inhibition of AChE by the AE-2 antibody has been analyzed.
Similar studies have been initiated with the two new inhibitory
antibodies, H10 and H1Z2.

Plan of study: Characterization of the inhibitory activity was

carried out by use of a variety of enzyme inhibitors, measuring the
effect of these agents on 125I-enzyme binding to different

monoc lonal antibodies. Hydrolysis of acetylcholine by AChE involves
both an electrostatic attraction between the choline moiety of
acetylcholine and the anionic site or sites of the enzyme, and between
the carboxyl group of acetylcholine and the esteratic site of the
enzyme. Enzyme binding of the carbamyl ester neostigmine and related
compounds is similar to the binding of acetylcholine, whereas other
enzyme inhibitors bind primarily either to anionic sites (e.g.
edrophonium) or to the esteratic site (e.9. DFP). We have studied thre
ability of these enzyme inhibitors to block the binding of purified
AChE to the monoclonal antibody AE-2. The monoclonal antibody AE-4,
which does not inhibit enzyme activity, was used as control for
non-specific effects of the inhibitors on antibtody binding. Under tn=2
conditions employed, antibcdy was oresa2nt 1n 2¢xcess and 125I—AChE
bound by monoclona1.ant1bodies was orzoportional to the amount of

1251 achE added.

Inhibition »f ACRE 4Hy 2E-2: Significant inhidition of the enz,~2

was observed with the AE-2 —oncclcnil ant:bcdy (fig. 9). The maxim.n
inhibition of =nzy-a actryity Sy this antitcdy sas shout 50 perzent.

Effect ~F no~qt-mminne Yegstizmire 43S found to inhibit the

binding of AE-2 by .o :y S50 percant it concentrations between 5 anz? .7

mM (Fig. 10). Irmiortcr concentraticas of 1 oM or less were not
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inhibitory for antibody binding even though they reoresented

6
10”"-fold molar excess to the enzyme and blocked greater than 95

[

percent of enzyme activity. The requirement for a high concentration
of neostigmine can possibly be attributed to a high affinity of the

antibody for its epitcpe compared to the affinity of the enzyme for
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the pharmacologic inhibitor,
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Figure 9: Effect of mcnoclonil 2nt<5o0dies on activity of
purified acetvicholinesterase. ~c-2 (Q ), ~t-4 (Q]).
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] BW 284C51: A similar effect was found for the compound BW 284C5!, .
N or 1,8 bis (allyldimethyl-ammonium-phenyl)-pentane-3-one-dibromide .
. (Fig. 11). This compound binds reversidbly to anionic sites but also ;
affects the esteratic site, thus blocking the binding of OFP if 4
; BW284C51 is pre-incubated ~ith tne enzyme. [t was found to be activ2 :
' at somewhat lower concentrations than neostigmine, i.e. at less than . -
>
' mM, and showed up to 70 percent inmidition of enzyme binding to the ﬁ
: . . . .. g
; antibody at the uppar limit of concentrations (12 mM) giving a .
: specific effect on AZ-2 15 ccrpared to ~Z-4. %
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Fiqure 11: Effect of ore-incubation of acetvicholine with
B8W 284¢c51 on *ne binaina of monocionai antibodies to the
enzvme. AE-2 (O), AE-4 (O ).

DFP: The effect of drugs binding to or obstructing both anicnic

and esteratic sites was compared to the effect of agents which ping t2

either site alone. Pre-incubation of 125I—AChE with the
irreversible, esteratic site-binding inhibitor DFP failed to inhidit
the binding of either AE-2 or AE-3 to the enzyme; in fact, a slight
enhancement of binding acpeared to take olac2 with both antibodies,

) Edrophonium: B8y contrast, w~hen leI-AChE was pre-incubated witn
§-50 MM edrophonium, a predaminantly anicnic site-binding compound,
the binding of AE-2 but not AE-3 was inhiditad Sy up to 50 percant
(Fig. 12).

These dati ar2 zzns15t2nt 197 31 ~aZel 11 anicn tha mgniliin:’

antibody AE-2 2l27x5 enz mitic Mclivity 5y competing with th2

substrate for an‘onic sitas or s:7 r2lited site,
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Figure 12: Effect of ore-incubation of acetvicholine with
edrophonium on the bindina of monocional antipodies to the
enzvme., AcL-2 (O), AE-4 (0O ).
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