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SUMMARY

The goal of this research during the first year of the contract was to
develop a method for the purification of human erythrocyte acetyl-
cholinesterase and to initiate the preparation and analysis of monnclonal
atibodies. This was accomplished by the preparation of red blood cell .

membr me ghosts, enzyme solubilization with a noa-fonic detergent, and enzymne

purification by monoclonal antibody affinity chromatography. Sixty ml of
packed red blood cells yielded a final fraction of 750 wg, approximately
20,000-fold purified. The purified fractiognfontained a single protein of
about 75,000 daltons that was labeled with diisopropyifiuorophosphate and
%save a single pedk during high-performance 1iquid chromatogriphy on a

K-SW3000 s1).ca-supported hydrophilic polymer column, Mice were injected
with the purified enzye for the preparation of monoclonal ant.bodies, and
assay systems to screen for anti-acetylcholinesterase, anti-active site, and
nti-idiotype monoclonal antibodies have been developed.
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FOREWORD

In conducting the research described in this report, the 'nvestigators
adhered to the "Guide for the Care and Use of Latoratory Animals,® prepared by
the Commi ttee on Care and Use of Laboratory Animals of the Institute of
Laboratory Animal Resources, National Research Councﬂ (OHEW Publication No.
(NIH) 78-23, Revised 1978)

Citations of commercial organfzatfons and trada names in this report do
not constitute a afficial Department of the Army endorsement or approval of
the products or services of these organizations.
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gr_gblem:

The goals of this research are to bischemically and {mmunochemically
characterize the mylecular structure of the active site of huma -
acetylcholinesterase {AChE), This information should lead to the capability
of chemically or immunologically s_athesizing analogues of the esteratic

site. The first step or problem in this program is the purification of the
erzyme from human erythrocytes in preparative quantities. Our reseerch during
the first year has been directed primerily at this purification procedure.

Backgrownd:

ACE 1s mssociated chiefly with cells involved in cholinergic symaptic
transmission and is alsc found in a few non-aeuronal cells 1ike erythrocytes.
The enzyme exists in a variety of aq?rc?mon states with a monomr it of
sbout 75,000 M (1,2,3). Two general classes have been distingutshed:
as tric forms, which contain catalytic uaits covalently linked to a
co“agenous tail, and qlobylar forms, which are assemblies of catalytic units
devoid of the collagencus component 14). In the plasm membrane of the
erythrocyte, the enzyme exists as a globular dimer of 180,000 iv. [n the
central nervous system, 3 mabrane-bound tetrimeric form predominates. In
skeletal muscle, globular forms (nomomeric, dimeric, and tetrameric) occur as
both soluble and tightly mesbrane-bound molecules, and som globular forms are
secreted. In addition, skeletal muscle containg complex asymmetric forms in
which up to thres tatramrs arc covalently linked to a collagencus tail. The
occurrence of these ssymmetric forms often correlates with innervation, and in
st species asymetric forms are located primerily ia the area of tmorvation
and constitute a major fraction of the esterase at neuromuscular jurctions.
This local ization appears to be mediated by the interaction of the
c(:glga?)en.ukc tafl structure with the extracellular Biscwent mastrong matrix

All of the mlecular species of ACKE appear to have the same enzywatic
sites. Fambrough, #l. 8), prepared five monoclonal antibodies that bow d
to purified humn or ocyte ACHE, each reacting with different antigenic
sfites on the AChE molecula. All of these mmtidbodias cross-reacted with Kuman
and monkey neuromuscular junctions, It was concluded thet a Mr degree of
homology exists between the AChE of urythrocytes and neuwromuscular junctions,

The most available source of human ACKE 13 the erythrocyte. ACKE 1s an
integral part of the red blood cell mambrane (9,10) and is one of the 3
active of knom catalytic agents, with s turnover mumber of about 6 X 10
moles/min/active site. Purification of ausam erythrocyte ACKE has heen
reported by several workers (11,12,13), For example, Ott ot al. (12)
solubilized the human erythrocyte enzyme with Triion %100 and used scridintum
affinity dwonaor?hy to obtain a fraction with 3800 [U per mg pretain
specific activity. The purified erzyme appesred a8 2 single polypeptide of
80,000 Mr on SDS-gel electrophoresis under reducing condition, Rosenberry and
Scoggin 113) used & similar procedure for g Yerge-scale purification ytelding
abut 5 mg of enzyme from 10 Viters of erythrocytes. '

Herein we recort the purification of human erythrocyte AChE by monoclonal
mtibody affinity chwomatography.

o




Enzyne Preparation:

ACHE Extraction From Human Erﬁhrogote; - Pack~d human erythrocytes from
10~ to J0-day-old collections o 00 tained from the central blood bark of
the Johns Hopk ins Hospital were used as the starting material for the
purification of AChE. Red cells were washed three times with equal volumes uf
isotonic buffer (5 mM sodium phosphate, pH 7, 0.9 percent NaCl), C(ells were
1ysed in 40 volumes of hypotonic buffer (5 mM sodium phosphate, pH 7)., Ghosts
were prepared according to the procedure of Rosenberry et al. (14), using a
Millipore pellicon high-volume molecular filtration apparatus. A single
modi fication of the procedure was the use of a Duripore filter (0.45 ym) in
place of the PTXH 100,000 filter. Tritom X-100, 1 percent final
concentration, was added to solubilfze the membrane proteins, and the
suspension was centrifuged at 100,0C0 x g for 60 win, The 100,000 x g
supernatant wis diluted 1:5 with 5 mM sodium phosphate buffer, pH 7, and
passed through a 30 ml Sepharose-48 colum to remove any non-specifically
absorbed proteins. The soluble enzyme was then purified ¢ s immuno-affinity
chromatography & described below.

Monoclonal Antibody AfﬁnitE Colum Purification of ACF - Hybridoma cells
s:creting monocional a y , specific Tor human , were obtained
firom Or. 0. Fasbrough, Carnegre Institute (8). Large amounts of
ismunoglobylin were obtained by growing cells as ascites tumors, Mice were
injected intraperitoneally with 0.5 ml of pristane
(2,6,10,14-tetramethylpentadecane), and | week later were injected with 1 to 2
x 107 hyoridoma cells. Ascites fluids were inactivated at 56 C for 30 min,
ad clarified by centrifugation at 100,000 x g for 1 W, _

Purification of the -4 mtibody was carried out by asmonium sulfate
precipitation and fon exchange chromatography (15,16). A1l procedures were
carried out at 1 20 4 C. Solid smmonium sulfate was added to ascites fluid &t
a final concentration of 45 percent. The precipitated protein was coliected -
by centrifugation at 20,000 x g for 20 min, suspended in 10 mM sodium
phosphate buffur, pH 8.0, ad dialyzed for 36 h in 2,000 a! of the same buffer
with six chages of dialysate, After centrifugation at 109,000 x g for 1 he, R
the protein solution was applied to a 2.5 x 9-om DEAC-cellulose (Whatman -
DE-23) column equilfbrated in 10 mM sodium phosphate puffer, pH.8.0. The
unabsorbed material contained 5 to 10 mg of immunoglobulin per ml of ascites;
the ‘1-uno?!obul in was shom to be greater than 95 percent pure bg‘sodiua
dodecy! sulfate-polyacrylamide ?ol electrophoretic malysis (SOS-PAGE) of
reduced and non-reduced materfal.

The purified monoclonal atibody was dialvzed against a buffer solution
containing 500 w4 NaC® and 100 mM sodium carbonate buffer, pH 8.3, and coupled
to cyancgen bromide-activated Sepharose CL-OJZDO mg of cyanogen bromide/ml
of packed beads) at a ratio of 3 mg of protein/ml of packed beads, &
previously described (15,16). The protein contant of the filtrates indicated
that 96 percent of the antibody preparation was coupled. A 1.5 om x 10 om
column containtng approximately 30 mg of AE-4 mntibody coupled to 10 mi of
Sepharose CL-48 beads was treated sequentially with 50 ml cf 100 mM
diethzlmme. pH 11.5; SO ml of 1 M Tris-HC], pH 7.6; and 50 m1 of 5 mt Tris,
pH 7.6, before the erytiwocyls extract was applied.

Aoproximately 2300 ml of the diluted 100,000 x g supernatant was applied "
to the amtidbody colum) it a rate of 2 ml/min, Most of the protein in the & i
extract wis not retained by the colum. After the protei. semple was loaded R ’:
the colum was washed with 150 m) of the column buffer, followed by 150 ml o
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a borate-salt buffer, pt 8.5 (1 M KaC1, 100 mM boric acid, 15 mM sodiua
borate, 0.2 percent {(w/v) Triton X-100! to remve components adsorbed.
non-specifically to the colum. The colum was then elut2d at a rate of 0.5
mi/min with 100 m? of 100 mM diethylamine, pH 11.5, containing 7.2 percent
{w/v) Tritun %-100, and 20 percent glycerol. Fractions of 2 ml were coliected
in tubes containing 0.5 ml of neutralizing buffer (2 M Tris-HC1, pK 7.6). The
antigen eluted in m) as a single, sharp peak of antigenic activity
corresponding t0 3 small protein peak. Analysis dy polyacry'amide gel
2lectrophoresis of the indivi”ial fractions of the enzyme ithowed that the
concentration of this eluted protein was proportional to enzyme activity (data
not shown), The active fractions were pooled and concentrated to 1.5 =l by
use of a negative pressure dialysis-concentrating apparatus (Micro~Pro 0i Con;
8io-Molecular Dynamics, Beavertom, OR) in 2000 ®l of a buffor solution
contzining 20 mM sodium phosphate, 100 mM NaC1, 0.1 percent (w/v) Triton
X-100, pH 8.0, md 20 percent giycerol at ¢ C

‘ The summary of a typical procedure starting with ten unit. of red blood
cells is stown in Tadle 1. An apparent 44-fold purification and recovery of
< percent were obtained by preparing the red cell ghost fraction. The crude

hemolyzate activity assay is asbiguous, however, since the cells likely
contain other contaminating esterase activities. Thus, tiere is probably -
greiter recovery of activity and greater purification tha is showm., Antidody
affinity chromatography resulted in 500-fold purification with X) percent
recovery of enzyme activity. The fuial yield was 75 ug with m overall
purification ot at least 20,000-fold. .

Enzywe Chgsgsziu;ig:

[H)0FP Ladeling and PAGE - The purified enz:me analyzed by SOS-PAGE
showtC a single major polypeptide stained by the silver reduction procedurg o
with Cocaassie brillfant blue. The apparent molecular weight wes 75,000,

This polypeptide wer proven to be ihe ACKE by DFP labeling. Te !
conditions for DFP labeling were established by treating the purified ACHE
(5x10-¢ pmoles) with varying amounts of OFP (0-20 pmoles) in 0.1 N Tris-HCY
pH 7.5 coataining 2 percent rropylane glycol fa a final volume of 10 ul.

. After 20 min at room tesperature, enzyme activity was estimated by the Ellmen
procedure (17). -

The mzr was almost totally inhibited (90 percent) by a 400:1 mlar
ratio of DFP:AChE, Based on these results, enzyme was labeled by reacting 7.§
pwoles of ACE with_3000 pmoles of FP (specific activity e 5.2 Ci/mm).
After 30 min, the [ }-DFPACIE adduct was precipitated with 10 voluses of
acetone at -20°C for 15 e, After centrifugation at 12,000 x g for X0 min,
the pelleted protein was solubilized and analyzed by SOS-PAGE ?Figun 1). The
gel, analyzed both by silver statn and autoradiography, revealed a single
;ogltolabcled pol ypeptide correspnuing to the purified p-otein of 7$,000

altons,

High-performance Liquid Chromatogra HPLC) - The purity of the fraction
was a:50 demonstrated oy size-exciusion on & =SH000 s111ca-supported '
hydrophilfc polymer column, A single major protein peak detected by
vitra-violet absorbance at 280 nm was present (Figure 2). This peak
wﬂ'ﬂooﬂd!f gorfcctly to the enzyme activity of the fractions and to the
elution of 1231.100¢1ed ACKE.
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TABLE 1
Purification of human erythrocyte acetylcholinesterased
Purification Yol ’Tota: b Total Activity Speciﬂc " MF'?M ‘
Step olu Protein fvi Recov tivi urification
hi; ilg, iahh! i%’ (Asin‘nhg) :
HENOLYSATE 24,000 264,000 233,000 09 1
RED CEIL
GHOSTS 540 2,100 9,000 © “ 49
100,000 x ¢
SUPERNATANT “%5 1,023 9,000 9 9 - 100
ANTIBOOY
NFFINITY : 1.5 0.7 17,000 ? 23,000 26,000

3 pyrification was performed as descrided ia the text.

D protein in the hemolysate, red cell ghosts and 100,000 x ¢ supernatant
preparations measured by the modified method of Lowry (18), and in the purified
fraction by fluorometric assay (19).

€ Enzyme activity was mmasured as described by Ellman et al. (17).




Fiqure 1. Purified acetylcholinesterase lsheled with

ﬁ?ﬁr& Purified ACKE was labeled with [ H1-UF", as
described in the text‘ treated with a buffer containing
[

62.5 mm tris-C! pH 6.8, SOS 2 percent; s-mercaptoethanol
§ percent and electrophoresed on a 10 percent acrylamide
gel according to the sethod of Laesmlt (20).
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rig{re 2. Size-exclusion HALC of purified acetyl
olinesterase. The concentrated affinity-purified
fraction of ACKE (2 ul, 10 ug) was placed fn a7.5 mX X0
o TSK-S43000 column, The colus. was eluted with 5 aM
Tris-HC1, pH 7.5, at 0.5 mi/min. 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
corresponded exactH to erzyme attivity and to
radioactivity of [1¢S1)ACKE (0.01 ug, 1.3 X 108 cpm),

o aliquot of the purified fraction fodinated by the
chloramine-T procedure and added as an internal marker,

PHOTEIN (Abs 280) (——)
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Monoginal Ancfbodies:

Research w the major procedures and assay systems for production of
monoclona! Z.tibodies ad for detection of anti-active site and anti-idiotype
monoclonsl 2itibodies had been initiated during the first year of the contract.

Immunization and Hybridoma Production - Twelve week old female Balb/c mice
were injected with human erythrocyte ACTE purified as described above. A
rapid immunization schedule was adapted for use with the purified enzywe:
seven total wnjections were given 2t intervals of three days. Ten micrograms
protein in complete Freund's adjuvant were given initially, followad by an
fdentical dose in incomplete Freund’s in subsequent booster injections. The
initial subcutaneous injectioss included footpad, inguinal, and axillary
sites; secondary injactions were in the inguinal region (2l)

Two days after the last 1nject&on the 1ymph nodis ad spleen were removed;
2.5 X 107 Yymphocytes ad 1.5 X 109 splenocytes were fused with equal
nurbers of 3:63-A?8-653 myeloma cells in the presence of 50 percent

pol yethylene glycol 1000 for two min, Cells were diluted with § ml Dulbecco's
modified Eagle's medium over one min and they transferred to the same medium
supplemented with 20 percent fetal calf serum, 10 percent NCTC 135, Hepes

(10 mM), frsulin (0.2 Uﬂl). pyruvate (50 ng/ml}, ’xallcctic acid (0.15
nglgl), hypoxanthine (10~%* M), aminopterin (4 X 10-/ M), thmidine (1.6 X

10=9 M) (FAT medium). Lymph node cells were distributad in 0.5 ml into 48
wel ‘i md spleen cells into 72 wells of Linbro 24 mm we!l plates, in which 2.5
X 10° Bald/c macrophages in 1 ml HAT medium had previously been placed.
Replacement of 0.5 ml HAT medium was made on day 7 after fusion,

Screening for msi;gg‘-tﬁlchoﬂgggrgg. antl-agivi ;ite! and

i-idiotype antibodies - Wells are screened at two s after fusion by
so{ 70 phase radio-immunoassay techniques. Anti-ACHE antibodies are asscyed in.
the following manner. Culture supernatant, 50 ul, is dispensed into the wells
of Oynatech polystyrene 96 well wicrotiter plates contaiaing 5 ug of coat
mti-mouse Igé antibody absorbed to the plate and incubated with § perceat
bovine seruw albumin to block ercess charge. The wells are washed '”fB
%mpsfmt bovine serum albumin after which 1 ng of ACKE labeled with 1451
4°C

com per ug) is dispensed into the wells and incubatad for 30 minutes at

Excess AChE s removed by washing and the labeled AChE bound to specific
atibody s taken up in 0.1 ml of 2 M NaOH after incubation at 70 C for 15
min, Radioactivity was measured with a gamma counter,

Antibodies detected by the enzyme binding assay are all screened for

possible recognition of the enzyme active site by m?ldzing the effect of the

antioody on enzyme aetivitg. Red blood cell ghosts »g protein),
containing approximately 16 ng of AChE, sre mmobilized ontg the bottom of
microtiter plates amd incubated with antibody for 1 h at 40°C., After removal

-of urbound antibody, AChE activity is measured by the ¢)imam precedure (17).

With this procsdure, the Fasbrough antibody 2A8D-6 (8) appears to tnhibit
anzyme activity (Fig. 3). A search for additional mtidodies and further
analysis of the 2A8D-6 antibody will be continued in the second year of the

contract,
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A variation of the same assay system is used to detect anti-jdiotype

-antibodies directed against the combining site of anti-acetylcholinesterase
antibodies (22). Supernatants or purified antibodies are plated as before on
goat anti-mouse IgG-covered wells, at or near saturation of the goat antibody
combining sites. This is followed by incubation with nonspecific Ig6 to block
any further available sites. Thf gandidate anti-idiotype immunoglobelin, 50
ul, is then plated, followed by 231-ACHE . Significant inhibition of
radiolabeled ligand binding suggests the presence of a relevant anti-idiotype

- antibndy.

——e 2A30-5

0 ' 200 s 100
$G (ng)

Fiqure 3, Monoclonal antibody inhibition of acetylcholinesterase

gct%vity. Red blood cell rosts (9 »g protein), containing approximately .
16 ng of ACHE, were immobilized onto the bottom of microtiter plates. .
Purified monoclonal antibodies in varying concentrations were incubated
with the membrane protein for 1 hr at 4°C. After removal of unbound
antibody, AChE activity was determined by the Ellman procedure (17).
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