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STATEMENT OF PROBLEM

As outlined in the First Aknnual Report, the goal of
this ccntract is to develop methods that will eventually
lead to the identification of therapeutically wuseful
antagonists of curarimimetic neurotoxins, a group of snake
venom proteins which block the nicotinic acetylcholine
receptor in the neuromuscular Jjunction thereby causing
paralysis. Theé grcat majority of neurotoxin antagonists,
i.e. substances that in vitro compete with or displace - the
neurotoxin, are likely to be receptor antagonists
themselvrs, and consequently of 1little therapeutic value.
It is therefore anticipated that the search for the
relatively rare physiologically inert toxin antagonists will
require a major effort which could be greatly helped by the
development of labor-saving mass-screening methodologies.

BACKGROUND

A simple way of screening rotential ligands for a
specific recentor site is to measure their potency in

displacing a kncwn radioligand from that site, In this

fashion the pharmacological profile of a receptor can be

established. In studies of cholinergic receptars in the
CNS, 1inhibition of [“Hl-acetylcholine binding to brain
merbranes' by appropriate ligands has been uced to identify a
binding site as either nicotinic or muscarinic (Schwartz et
al., 1982). Padiorecertcr assays have been used to
quantitate krown receptor-specific drugs (Enna, 1985) as
well as to identify and develop novel compounds with desired
receptor binding properties (Snyder, 1983:; Evans ot al.,
1986). This approach has not been used in the search for

acetylcholine receptor toxin antidotes, althovgh data’

describing the rotency of -various drugs in nreurotoxin
competition assays are scattered throughout the literature
»n nicotinic receptors (see e.a. Weber and Changeux, 1974:
Schmidt and Raftery, 1%7%; YNeubis and Cohen, 1979; Blarchard
2t al., 19792}, In all of these .studies the goal was ‘o
obtain informaticn on the nicotiric nature of the bindinc
site; or to quarntitatively deterrine ligard affinities; or
to study the prercreron of desensitization, Corngrounntin
analysis of a relatively small nurber of ligands sufficed,
and it was rossible to erploy varicus toxin binding assays
without recgard to their sreed and sirplicity.

PATIONALF

The bpasic assumption or which this research proiect
resis is that tie neurotoxin birding site in the nicotinic
acetylcholine recertor Jiffers sufficiently from the
acetylcholine binding site that drugs can be found or

designed which discriminate between them. This expectaticn

i~




was borne in an investigation performed during the first
contract year. Basic amino acids and in particular small
- basic proteins were shown to block toxin binding without
impairing the binding of the agonist acetylcholine to the
Torgedo electric tissue receptor. What rermains to be shown
is that such ligands act as physiologically inert toxin
antagonists in preparations in which not only binding but
ion transport is measured. :

First however a mass screening procedure for the
identification of toxin antagonists has to be developed.
The goal here is to combine existing toxin binding assays
with technologies adapted from hybridoma screening. During
the first contract year I was able to show that the standard
DEAE-cellulose assay for neurotoxin binding can be employed
in an autoradiographic version, thereby greatly reducing the
number of manipulations without sacrificing accuracy. The
second year .was primarily devoted to the development of a
solid-phase assay as a prerequisite for complete automation.
This goal has been reached ; a quick and reliable
autoradiographic solid-phase assay is now available.

METECDS AND MATZRIATS

(1) Ligard preparaticn:

During tig,gourse of the csecond contract year several
batches of *““I-alrha-bungarotoxin were prepared as
described vypreviously (Schridt, 1987}, Again, specific

act;vities ranyed fron ca 1000 cpm/femtorole to . 150

pm/fertorole, cdepending on ‘batch and age, for .thke
morOLOdvna*ed derivative, and, about twice das high for the
diicodinated preparation. ‘Alpha-bungarotoxin was conjugated
to fetal intestinal alka:iine ptosyhatase according to Ey et
al. (1978). The algpha toxin of !MNaja naja siarensis was

curified from freeze-dried ‘enem (“Aaxd Serpentarium}) by
"gzoratography on carbous: rLtA,l—cr“u’ﬁrc and Serhadex C-50.
{“H]~acetylcholine wag. synthesizod as outlined befcore.
{2) Receptor precaraticn sl acsnys
Rocoptor-vich T el califorrion  alactric tissue
morbranes wera propared cozoentiallic o as degscribed “nVLOUal .
For rmust arplicatiera in whish eelubilized roceptcr was
nruired, corcernsrated recbrane sarples were diluted inte 19

iur ctelace, 1u =M sodium chosphate ol 7,4, Peceptor wacn
iantitarnd e rerhranes and solution, using the

¥

NEAD-cel  ulaues Jiol acoay »c deneribod  rreviously.

(3] Prepararicn of antilodios:
AN Torpedn e Lol ALt i30Ora and manosrecific
anti~-recentor ar*~bﬂ- hE wWor e rrepared as described

ut



previously (First Annual Keport). Purification of the
monoclonal antibody mAb35, which recognizes the "main
immunogenic region" of the alpha subunit of the Torpedo
receptor was performed using either immobilized receptor or
immobilized goat anti-rat immunoglobulin antiserum. The
former resin was prepared by specifically adsorbing Torpedo
recentor onto a resin containing alpha-bungarotoxin followed
by ccvalent coupllng with the cross-linking agent dlmethyl
pimelimidate (Pierce; for details see previous report); the
latter by reacting 2 ml of a high-titer serum (PelFreez:
18.3 mg of anti-rat immuncglobulin antibody per ml of goat
serum) with 10 ml of cyanogen-activated Sepharcse 4B-CL
(Pharmacia). :

Monospecific anti-alpha-bungarotoxin antibodies were
similarly obtained from an anti toxin serum by affinity
chromatography on rgsin—coupled antigen.

Secondary antibodies: Goat anti-rabbit immunoglobulin
and goat anti-mouse immunoglobulin antisera were prepared as’
described in Campbell et al. (1970):; monospecific antibedies
were obtained by 1mmunosorbent chromatography of these sera
on appropriate resin-linked immuncglobulin fractions. Goat
anti-rat immunoglobulin antiserum was obtained from
Pel~Freez (Pcgers, AR). Goat 2Anti-rabbit IgG-alkaline
phosphatase conjugate was obtained from Sigma (St. Louis,
#0). Alkaline phosrhatase was assayed according to Blake et
al, (1984), uring S5-bromc-4-chloro- 3-indolyl phosphate as a
substrate. ' :

(4) Materials: '

Microtiter plates were obtained from the following
sources: Polystyrene flat-bhottom plates "Immulon 1" from
D/ra*ech {(Chantilly, VA); rpolyvinyl chloride U-bottom and
fiat-bortor plates "Microtest III" frofm Becton Dickinson
_(Oxnaru, Ca); cellulose ester botteom plates "Millititer HA"
from Millipore (Redford, MA).. Detercents and drugs were
products of Sicra (St.louis, MO). Polyethyleneimine was
rurchased 'from Eastrar ¥odak (Rcchester, NY),

REETITE AND DISCUSSICoH

nadiocraphy ard Multiwell Plates in
Competition Studies - Comre Ergononmic

QO

The deduction of an irhibition censtant for a given
igand by cenventional techniques such as the verv simple,
or

)
sensitive, and speedy NEAE-cellulose disk assay requires a
large rnurber of manipulations. For a s ngle data point a
minimum cf 5 pipettinge, § disk hardling steps, 2 counting
vial handiing sters, and 3 incubaticn tube handling steps




are required, which for a complete binding curve (consisting
of, say, a dozen data points), adds up to apprcximately 200
individual operations.

The introduction of multiwell titer plates and

multichannel pipets permits a vast reduction in the number
of sample handling operaticns. Thus when eight ligands are
investigated simultaneously, the number of pipetting steps
(for every inhibition constant determined) is reduced by an
order of magnitude. A further saving of time and labor can
"be realized if autoradiographic evaluation replaces single
sample counting in the gamma spectrometer. The basic
feasibility of this method was demonstrated during the first
contract year.,

Nevertheless this combination of hybridoma technolegy
and autoradiography does not appear ideal because of the
need for a final transfer of the sample out of the
multititer plate and onto a sorptive membrane, whose
handling (clamping into blotting device; removal therefrom;
repeated washes; drying; and autoradiography) requires

ccnsiderable care and labor. In addition there are
drawbacks specific for. the remrbrane chosen- (fragility of
DEAE-cellulose paper; = COst of Nylon derivatives).

Therefore, and because of the explicitly stated goals 2b and

c of the contract, much of the effcrt in the second year was
devoted to the develcprient of a solid-phase binding assay.

(2) Solid-phase Assay and Autoradiography
(a) Preliminary binding experiments:

Choice of detergent: A prerequisite for a solid-phase
ig the immobilization of the acetylcnoline recédptor onto the
wall of the ‘container, i.e. the individual wells of a
microtiter plate, Undissclved merbrane preparations were
fourd to bind to multiwell titer plates rather erratically.
“e. trerefore tested .detergent-solubilized preparations.
Many detergents interfere with protein binding; in fact,
Triton X-100 and Tween are frequently used in quench
solutions with which to treat surfaces to prevent the

nonspecific stickira of rroteins, e compared several
detergents; results of such an experiment are shown in Fig,.
1. Clearly, only chelate-solubilized recert.r binds

significantly to the PVC rlates erployed. ' This is somewhat
surprising as deoxycholate, which differs from cholate only
Ly a' hydroxyl functien, cempletely blocks receptor
adsorption (it could also be arqgued that mcst detergents
interfere not with receptoryggastic interaction, but with
the subsequent binding of ~““I-alpha-bungarotoxin to the
receptor; however, many of the detergents tested, such as
Triton ¥-100 and deoxycheolate, hrave been in use for years
for the extraction cof active acetylcholine receptor from
electric tissue and muscle) . For all subsequent
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experiments, Torpedo receptor was used extracted from
electric organ membranes by means of 1% cholate.

Choice of titer plate: Not all multiwell titer plates
are equally suited for autoradiographic evaluation. Three
plate types were tested and found to differ greatly in their
receptor binding activity (Fig.2). PVC plates exhibit
better receptor-sorptive properties than the commonly used
polystyrene plates and are easily cut with scissors. This
latter feature permits quick removal of the rim .of the plate
so that the bottoms of the wells can be brought in direct
contact with film .for autoradiography: in addition,
autoradiographic results can be readily corroborated by
counting individually cut wells in a gamma spectroneter.
Millipore's Millititer plates exhibit by far the highest
protein sorptive capacity, but suffer from two major
drawbacks. One of these is an ergonomic one: direct
‘analysis, either by autoradiography or ELISA, 1is not
possible, and radiocactivity measurements require the
laborious punching' out of individual well bottoms. The
other is economic: cost for a single plate exceeds $ 8,.-
Therefore most studies were performed using PVC plates,
initially in the U-bottom wversion; later on flat-bottom
plates were used almost exclusively.

' (b) Optimization of the autoradiographic assay

"Cptimal receptor concentration: The protein~sorptive
capacity of a PVC well is 1limited to approximately 1
microgram. When dincreasing quantities of Torpedo membrane
extract are applied, tkound receptor first increases, then
levels off and eventually even falls, presumably because the
receptor (whichn, . after all, represents only a relatively
"small fraction of the total rrotein) is competed off by more
strongly binding proteins (Fig.3). Cptimal adsorption was
seen witn diluted extracts contairirg approximately 0.5
picomole of toxin binding site.: ‘

Enhancement of receptor' adsorption: Since only a
rather small fraction (ca 7%) of applied receptor binds to
PVC wells even urder the optimal conditions described atove,
several nonspecific treatments of the plates prior to the
receptor adsorption stepr were exrlored. Polyethyleneimine
has frequently been emploved for the treatnent of filters in
receptcr ligand assays as it reduces nonspecific ligand
binding .without corpromising receptor binding. We tested
several concentrations of this polycation and found that it
increased receptor birding by 3 to 4fold (Fig.4).
Polvechylencinmine has the added advantage that nonspecific
tox-n binding to PVC is sharply reduced even if plates are
not quenched (with protein solutions such as 3% casein)
prior to receptor addition. Another polycation,'6,6—ionene,
a polymer made upr of hexarethonium moieties and carrying
perrmanent positive charges in each 7th position along the




chain, failed to give increased signals, possibly because it.
can directly block the toxin binding site cn the receptor.
Concanavaline A was also investigated as a potential
anchoring agent; it did not noticeably improve receptor
binding, most probably because too many Torpedo membrane
proteins, being reactive glycoproteins themselves, compete
for this lectia (data not shown).

(c) Improvement of the autoradiographic procedure

Initially plates with pointed wells were used which
give rise to fairly diffuse signals (see e.g. Fig.3). To
render subsequent quantitative analysis {by means of
densitometry) simpler, we switched to flatt-bottom r ates.
Since standard exposure casettes cannot hold ‘objects as
thick ( >8 mm) as the titer plates, we now use a
custom=-built casette constructed from black plexiglass and
lined with b>lack photographer's felt: it holds a 20.3 x 25.4
cm f£ilm for the simultaneous exposure of 4 plates. .lLarger
boxes to hold 35.6 x 43.2 cm films for the simultaneous '
processing of 10 to 15 plates could easily be built. A
special problem arose due to the optical properties of the’
plates: even in dim darkroom light they will produce images
unless covered. We now rcutinely cover the plates with
aluminum foil. Preflashing is not required. To reduce the
autoradiographic halo around each well tle volumes of
receptor-containirg extract are kept to a .minimum (25 ul or
less); further reduction may be accomrplished with a retal
shielding device. PResults of an 8-ligand experiment are
. shown in Fig.5. It is obvious f{rom this experiment chat
ligands capable of binding to the toxin site on the receptor
are readily recognizable, and that furthermore their
affinity for the receptor can be estimated directly from the
autoradiograph. The inhibition constants .deduced are higher
than would be expected from their krown affinities. This is
due to the irreversible asscciation of the toxin with the
receptor which precludes any true equilibrium measurement
(at equilibrium all receptor sites wculd be occupied by
toxin); as a consequence, rrotecticn constants are weasured
(= concentrations cf drug that reduce the initial rats of
toxin binding to half), which tend to be hicher thran true
binding constants, especially when nr OWOrqed ircubations
have to be carried out to get sufficient toxin binding
(“leber and Changeux, 1974). Film saturaticon at high sample
radioactivities ard/or excessive exposure tires could cause
problers: however even the rather strorag sigunals of Fig.s
were shown to fall in the lirngar ranqge.ef f£ilm response. As
shown in Fig Sb, results of diract ~“°I peasurerents in a
narma spectrometer and densitoretric data agree very well.

At this poirt the autoradiographic versicn of the
Tultiwell tltor assay is ready for further autoration whici
we ex:ec* to accerplish by mearnc of a Dire ting station and

corputer analysis of densitometric dat
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(2) The Use of ELISA and Multiwell Titer Plate Technology
in Receptor~Ligand Interactions,

As a rule colorimetric assays are far less sensitive
than assays involving radiolabeled compounds. In our
specific case this also holds. Whereas as 1little as 1
femtomole of radioiodinated toxin is readily detectable,
about a hundred times more immunoglobulin is needed for
detection by an alkaline phosphatase-coupled secondary
antibody. We have worked on two versions of an ELISA assay
for the detection of receptor-bound bungarotoxin (see below)
both of which require efficient adsorption of receptor onto
titer plate wells.

{a) Experiments on increased receptor adsorption

Nonspecific anchoring methods {e.g. coating with
polyethyleneimine) increase adsorbed receptor levels toward
the threshold of de-ectability by ELISA methods, but not
significantly beyond it. A further increase in receptor

density on the well wall cannot be achieved without either-
purifying the receptor itself or an anchoring agent specific

for it. Receptor purification does nut appeal because of
the limited supply of electric tissue, and the technical
difficulty and low vyield of the purification procedures.
The same reasons, a fortiori hold for the wuse of
ronospecific polyclenal anti-receptor antibodies. (whose

purification requires the purification of the receptor for.

immunization as well as affinity resin synthesis); this is
regrettable since ronospecific anti-receptor antibodies
raise receptor adsorption to beyond the picomole/well mark
({see Fi.6). A receptor-srecific monoclonal antibody which

can be easily prepared and purified .n the 1laboratory

appears as a workable compromise.

(b) Preparation and isolation of maAb35 |

The choice of mAb35 is dictated by ceveral -

corsiderations: The hybridoma secreting it, originally
developed in the laboratory of Lirndstrcem, is available from
ATCC (under the designation TIB175): che antibedy, although
criginally raised against the receptor from Electrophorus
2lectricus, has high affirity for the Torpedo receptor; and
finally, we have had some experience with it using it in our
work on chick muscle receptor (Ress et al., 1987). We found
that the hybridora grows much better in PRMI than in DME as
suggested by the suppliers. Sirce the antibody constitutes
only a small fraction of the total rpretein in the culture
supernatant, the supernates therselves are unsuitable for
the coating of titer plates. The monoclonal antibody mnust
be purified or at least considerably enriched. Several
curification protocols were explored.

10




Zonventional protein fractionation procedures: Following
the suggestions of Lindstrom we tested a combination of
conventional fractionation procedures for the isolation of
. mAb35. Supernaces were first concentrated by
ultrafiltration and ammonium sulfate precipitation, and the
immunoglobulin frac!lon applied to DEAE-cellulose and eluted
with a2 linear salt gradient. Little useful fractionatioen
was accomplished. Affinity chromatograpny: mAb35 interacts
strongly and specifically with the acetylcholine receptor

and, since it is a rat immunoglobulin, with anti rat IgG

antibodies as well. Both procedures have been used. For
reasons of economy the latter technique is preferable. As
shown in Fig.7, the antibody significantly enhances receptor
binding to PVC wells. '

(c) Detection of unblocked binding sites

, Anti-toxin antibcdies: In the autoradiographic version
of the solid phase assay, radiolabeled toxin indicates the
presence of an unliganded acetylcholine bir7ing site. 1f
unlabeled toxin is used in the assay, it can be detected
with anti-toxin antibodies after treatment with secondary
antibody conjugated to a reporter enzyme, Preliminary
results of this approach are shown in Fig.8. Signals are
faint, but results clearly .indicate that the color reaction
depends on the presence of receptor, toxin, and anti-toxin
and on the absence of inhibiting ligands. Obviously more
work is required for the optimization of the procedure. A
major problem with this approach is the large number of the
sequential incubations and washes required
{(polyethyleneimine / receptor / quench solution / ligand and
toxin / anti-toxin / secondary antibody-toxin conjugate /
enzyme subscrate). Although all of these steps, including
colorimetric analysis, could be automated, the number of
manipulations appears excessive.

- Toxin-enzyme conjugates: A simplification of the above
protocol involves competition of liamand and a toxin-enzyme
conjugate. "Such conjugates were prepared with
alpha-bungarotoxin as well as the alpha toxin from Maja naja
siamensis wvenom, but lacked high-affinity recepteor binding,
possibly because of excessive covalent modification of amino
functions in the toxin moiety by the glutaraldehyde used as
a linking agent. 4

11
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Detergent Effects

18
17 A
16
15
14
13 A

11 -

Receptor Bound (KCPM)

0.2 0.4 0.6 0.8 c !

% Detercent

Fig. 1 Binding cf Acetylzholire Receptor as a Functicn of
Detergent Type and Concentratior

Torpedo merbrares were prepared as described in the
Methods sectien arng diluted 1:500 into PBS containing
detergent (CHAPS: % ; szodium cholate: Q: sodium deoxychrolate 4+
¢ digitorirs ¥ : ang Triton X-100:.4 ) at the indicated
concentrations (v/v), Aliquots of 100 ul were Cipetted into
individua: wells of a PVC microtiter plate and left standing
for 1 h at roor tenrerature, Wells were then ququhed with
3% casein for 3% min  and incubated with *“’7-alpha-
bungarotoxin (10~ M} for an additional k. After three
washes, individual wells were cut off the plate and counted
in a garra spectrometer. '
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Receptor Bound (KCPM) )

Receptor—Plastic Interaction

3.182

1,000

318

100

32

0 -+ T T 1 T T T T T T T T
-23 -2 1.7 -1.4 <11 -098 -05 -0.2 0. 0.4 0.7 1

log vl Receptor

Fig. 2 A Compérison of Different Multiwell Titer Plates

Torpedo membranes wegre dissolved in 9 volumes ‘of
cholate buffer and 100 ul of this concentrated sample and of
serial (1:2) diluticns therof pipetted into wells of plates
made of polystyrene (4 , Dynatech Imrulon. 1), flexikle
polyvinyl chloride {a . Falcon Microtest III1), and
polystvrene with mived cellulcore cctor merbrane boticws (&)
Millipore, M“illititer KA)., Aftey quepghing with 3% casein,
wells were incubated with 5x10 ~ M °7 I-alpha-bungarotexin
for one h, washed, and bournd radioactivity determined by:
washing wells twice with 0.2 ml 1% sbs/1 M NaCH,
transferring the washings to a tube and counting
(polystyrene); cutting off and counting individual wells
(PVC) : or punching out the membrane and counting
(Millititer). B
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Fig. 4 Effect of Polyethylencirine on Receptor Adsorption

Yells of a. FVC clate were treated with PBS (): and
0.005% (4 ); 0.05% (g ); and 0.5% polyethyleneimire (x ).
After a brief wash with PRS, Torpedo receptor, serially
diluted into cholate bulfer, was added as described in the
legend to Fia. 2. Overnight incubation was ffd%owed by
cquench with 3% casein, incubation with 4 I-alpha=-
bungarotoxin, wash and determination of bourd radiocactivity,
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Fig. 6 UYonospecific Polyclonrnal Anti-Receptor Antibodies as
Anchoring Agents

PVC titer plate wells were treated, at 4° overnight,
with 100~-ul aliquots of a_7preparation of monospecific
anti-receptor antibodies (10 M) . After washing, wells
were incubaﬁed with ‘serial :diluFionfzsof Torpedo membrape
extggct. followed by incubation with I-alpha-hungarotoxin
(10 ‘M) . Values are corrected for background binding
observed in the presence of 1 mM d-tubocurarine. EBirding of
receptor in the absence of antibody {4 , from Fig.2) is

given for comparison..
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Fig. 7 Receptor Binding to mAb3iT-Coated Wells

DYC titer. plate wells were trge’ted. at 4° oygrnight,
with 100 ul of cé- 5x10 M (+); 10 ML) 2x10 M
(.2); and 4x10 M (') mAb3S. After washing, wells were
incubated with serial (1:5) dilutions of_:;‘orpedo membrane
cholate extract (hichest concentration: 10 M) for another
24 h at 4°. Then wells were aquenched with, 3% casein and
incubated with "Dl-alpha—bungarotoxin (4x10 ). After an
additioral hour, wells were washed, cut and counted.
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Fig. 8 Preliminary ELISA Results

Strip Is All wells of a polystyrene plate were coated
with maAb35 without (A,C,E,G) or with (B,D,F,H) poly-
ethyleneimine pretreatment. Wells were then incubated with
0 (aA,B); 0.1 (¢,D); 1.0 (F,F):; and 10 (G,H) picomoles of
Torpedo recept?gs and quenched with 3% casein. Then 4
picomoles of “~“I-alpba-bungarotoxin were added without
fcolumn 1) or with (column 2) 1 mM d-tubocurarine. Arfter 30
‘ain at room temperature the contents were removed and 1 ug
ronospecific anti-toxin was added for a 2-h incubation
followed by a 1-h treatment with the secondary antibody-
alkaline nhosnhatase cornjugate.. Enzyme was visualized as
described in the methods section, and the plate photocopied.

Strip II: 211 wells were trea*ed with 0.05% poly-
ethyleneimine; mAb35:; and receptor (0.5 picomole). Then
d-tubocurarine was added to row A at 100 mM anngerlally
(1:5) diluted to rows B, Cgetc., foolowed by I-toxin
(final concentration 1.5x10 M) . After 30 min contents
were removed and further treatments resembled those
described for strip I, except that the anti-toxin treatment
was left out in column 3.
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