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/. Abbreviations used: o-Bgt, o-bungarotoxin; nAChR, nicotinic
acetylcholine receptors; monoiodo g-Bgt, monoiodinated o-Bgt; diiodo:

o-Bgt, diiodinated o-Bgt; [“H]o-Bgt, tritium-labeled o-Bgt; [12°] -

*Bgt, 125

I-labeled monoiodinated o-Bgt; [12512]a-Bgt, 1251—1abe1ed
diiodinated o-Bgt.



ABSTRACT
The binding interactions of’purified tritiated [3H]d-Bgt, mono-
jodinated and diiodinated derivatives of & -bungarotoxin with: membrane-bound

nicotinic acetylcholine receptofs (nAChR) from Torpedo californica

electroplax and rat brain have been characterized by. several kinetic and

d 125

equilibrium techniques. By all criteria, [3H]a-Bgt an I-1abeled

([125

monoiodinated a-Bgt [Je-Bgt) exhibited comparable specificities and

125

affinities for nAChR. In contrast, affinity of nAChR for I-Tabeled

[125

diiodinated a-Bgt ( Iz]a—Bgt) was reduced, and [12512]a-Bgt—nAChR

125

complexes showed anamolous biphasic dissociation kinetics. [ IJo-Bgt

and [125

Izja—Bgt binding was inhibited most potently by native o-Bgt as
opposed to ijodinated toxins. [3H]a-Bgt was the radio-toxin most resistant

to inhibitory influences. The use of well-characterized, chemica]]y—

modified a-Bgt derivatives may identify ligand binding microheterogenities

and tissue-specific receptor sub-classes.

~,
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INTRODUCTION

Utilization of curarimimetic neurotoxins as specific probes for
nACth has contributed to our knowledge of neurotransmitter receptor
structure and function (Lee, 197i; Heidmann and Changeux. 1978). Despite
wide diversity of available toxins, and a sjgnificant literature on
effects of chemical modification on their toxic activity (Tu, 1977), use
of different naturai]y—occurring or chemically-modified toxins to probe
receptor properties has been Timited.

In an earlier communication (Lukas[iewiéz]_gg_gl.,,1978y, we reported
that co]umn—puriffed native o-Bgt and tritiated, monoiodinated and
diiodinated a-Bgt dehivatfves.exhibit characteristically different
ultraviolet and circular dichrofsm spectra, suggesting that progressive
iodination. of an exposed tyrosine residue(s) leads to alterations in toxin
secondafy structure. Radiotoxin binding competition data further
suggesfed fhat jodination also leads to some disruption of receptor
recognition properties presumab]} as a consequence of structural
alterations. .

In order to quantitatively document any such alterations in receptor
binding characteristics, kinetic properties of the reaction of ﬁi%]a—Bgt,
[1251]g¢Bgt and [12512]a-Bgt derivatives with both membrane-bound nAChR

from Torpedo californica electric organ and rat brain membrane functions

were examined.
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EXPERIMENTAL PROCEDURE
Materials ’

Crude venom from Bungardé multicinctus (Miami Serpentarium,Miami FL),

d-tubocurarine chloride (Calbiochem), and carbamylcholine chloride (Sigma)
were'stbred at -20°C. MWag/Rig rats were from the Lawrence Berkeley
Laboratory rat colony. Liquid nitrogen-frozen chunks of Torpedo
californica electric organ were obtained from Pacifié Biomarine, Venice
CA and stored at -80°C. ‘

Preparation of o-Bgt followed procedures-of Eterovic’gﬁ_gl. (1975b),
as modified by Lukas(iewicz) et al. (1978). Iodination of a-Bgt and
resolution of monolabeled, dilabeled and unlabeled ioxins via ion-exchange
column chromatography a% pH 6.5 were carried out as described previously
(Lukas[iewicz] gg;gl,,‘1978). Tritiated o-Bgt was pfepared according to
Eterovi{_gg.gl. (1975a) using purified monoiodo a-Bgt, and resolved from
residual iodinated species by ion-exchange chromatography/fﬁ;éﬁlfaézicz]
et al. 1978). Nonradiolabeled o-Bgt (25;{&) fractions were stored in 1
ml aliquots at -20°C until use, and kept at 0°C thereafter. Radiolabeled
o-Bgt derivatives (10-25 M) were stored ét -20°C in the presence of 1

mg/ml bovine serum albumin.

Toxin and Radio-Toxin Concentrations, Radio-Purity, and Specific

Activities

Concentrations were determined from optical absorbance measurements
(Cary 118 spectrophotometer) at 280 nm, corrected for scattering, using
ESQ&% = 1.32 (Hanley et al., 1977), and confirmed with protein

determinations according to Lowry et al. (1951). Radio-purity of labeled

toxins was ascertained by titration of toxins (at concentrations in excess

7y
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of.their apparent KD) with increas{ng quantities of Torpedo nAChR. At
large excess of receptor over‘toxin, the_proportion of radioactivity

sedimenting with receptor—containiﬁg membranes serves as a lower limit
(due to nonquantitative precipitatidn of toxin-receptor complexes; see,

also, Jones and Thompson, 1980) for the amount of radioisotope associated

with toxin, and the biological activity of labeled species. Specific

activity determinations based on direct counting of radiotoxin aliquots of
known concentration were confirmed in toxin titration experiments, where
membrane fragment-associated specific binding levels at saturation were
indexed to the known concentration of toxin-binding sites. Over the
course of the experiments described herein, the specific activity of the
[3H}a—Bgt preparation used was 12-14 dpm/fmol (5.4-6.4 Ci/mmol). The

125

specific activity of the [*"°I Ja-Bgt preparations was about 15

dpm/fmole, and the specific activity of the [}Zslz]a-Bgt from the same

125

preparation was twice that of the [*"“1]Ja-Bgt at all times. Deéay of the

specific activity of the two radio-iodinated species exhibited the 60 day

half-1ife of 12°7.

Radio-toxin Binding Aésays

Rat brain crude mitochondrial fraction membranes were prepared, and
toxin binding assays conducted fundamentally according to Lukas et al.
(1979). Torpedo nAChR-rich membrane fragments were prepared essentially
as described by Hazelbauer and Changeux (1974). Binding asséys for
Tqrgedo membrane fragments were done similarly to those for rat brain
membranes, except that toxin-receptor complexes were sedimented at
100,000g for 30 min in a Beckman 40 rotor. In all data subSequent]y

presented, binding levels are corrected for honspecific binding (Lukas et
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~ specific binding contributions to total binding at 10 nM radiotoxin, after

al. 1979). For nAChR titration experiments, radio-toxins at concentra-
tions in excess of their apparent Ky were incubated with aliquots of
Torpedo membranes containing increasing quantities of nAChR. For
radio-toxin titration experiments, aliquots of membranes containing nAChR
at concentrations less that the apparent KD were incubated with aliquots
of radio-toxin of increasing concentration for either 1 h, or overnight
(20-24 h). Studies of dissociation of radio-toxin from toxin-receptor
éomp]exes followed two general paradigms. After overnight reaction with
saturating levels of radio-toxin, and removal of unbound, free 1igand,
samples were either diluted in ten volumes of bu%fer (physical.di]ution),
or supplemented with a large (100-fold) exceés 6f unlabeled, native a-Bgt
(chemical dilution). In some experiments. samples were supplemented with
1 mM d-tubocurarine or carbachol iﬁstead‘of native a-Bgt. Aliquots of
each sample were then subjected to centfifugation at different times and
assayed for the quantity of radio-toxin-receptor éomp]ex remaining.

For toxin associatidn studies, reactions were carried out for
specified periods of time until quenched with a large excess of native
o~-Bgt. Non-radiolabeled ‘toxin competition assays were initiated by
addition of an aliquot of membranes to solutions containing a fixed
concentration of radio-toxin plus a QariabTe concentratfon of competing
ligand. The concentration of Torpedo nAChR, 4 nM, was approximately 8-10

times the concentration of the resumptive nAChR from rat brain. Non-

1 h incubation are for [3H]ongt, [12511a-Bgt and [12512]0~Bgt,
respectively, 35%, 40%, and 42% for rat brain, and 9%, 5%, and 3% for
Torpedo. Non-specific binding increased with time, especially for [12512]

. f
a-Bgt incubated with rat brain membranes.
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RESULTS
Results of nAChR titration experiments established that the

12511 4Bgt exceeds 80% (Fig. 1). The data

radio-purity of [3H]ongt and [
also indicate that radio-purity of [12512]a¥Bgt approached that for the
two other radio-toxins. An 1nteresting feature of these results is the
apparently higher avidity of [3H]*;Bgt for nAChR relative to radio-
1odihated toxins. Maximal binding of radio—toxin.with reteptor is
achieved under the given conditions at the 16west‘nAChR concentration for

[3H]ongt, and is not achieved for [125

IZ]GABgt even at the highest nAChR
concentration tested.

Receptor saturation/toxin titfatidn experiments were routinely
carried 6ut for -1 hr; or, in order to more c]bse1y approach equilibrium
conditions, overnight. It should be pointed out that for both shdrﬁ and
extended periods of reaction, apparent and trué KD values are valid
measures Qf toxin-receptor affinities (Lukas et al. 1979). Results of a
typical series of experiments (Fig. 2) 111ustfatevfhat, ﬁn general,
observed receptor affinities werevhighest for [3H]a—Bgt, and lowest for
[12512]ur89t, énd tended to increase with increésed reaction time. On
closer inspection 6f the data, as facilitated by Hofstee-Eadie-Scatchard
analysis (Fig. 3), it 1s evident that apparent affinities are
highest for receptor interaction with [3H]<»Bgt and Towest for [12512]
o-Bgt. An exception was noted with overnight incubation with Torpedo
membranes;‘where affinities for [1ZSI]ungt are about one-half of those
for [3H]u—Bgt. With the exception of radio-iodinated toxin binding to rat
brain membranes, apparent Kp values are decreased.on overnight incubation,

as the reaction procedes to equilibrium.



Experiments were a]so‘perfofmed to determine association rates of
radio-toxins. Typica]]y, membranés were incubated with radio-toxins at
final concentrations of 2; 5, 10, 20, 40 and 80 nM, and the period of
incubation varied from 10 sec to 24 h. Rates of toxin binding were
determined froh the slope of plots of 1n[100 (% sites unoccupied)'l vs.
time (Bylund, 1980). The values of these slopes, representing obsérved
association rates, are plotted agaihst radio-toxin concentration in Fig.
4. Over the range of radio-toxin concentratfons 2 thru 40 nM, these plots
are essentially linear, 1ndi¢at1ng that the apparent association rate
constant is independent of toxin concentration over this range.
Association rate constants are Eomparable for bjhding to raf brain
membranes for all three‘species of radio-toxin. For interéctiohs with
Torpedo nAChR, rate constants for [3H]a—Bgt andv[lzsl]u-Bgt are twice

those observed for [125

[125

Iz]angt. In addition, binding to brain of [3H]
o-Bgt and [Jo-Bgt is abdut six times more rapid.thén the binding to
Torpedo membranes.

In order to further delineate the kinetic propertieé of radio-
toxin-receptor interactions, dissotiatioh rates of toxin from receptor
sites were determined. Foryboth rat brain membranes and Torpedo memb}ane
bound nAChR, dissociation of receptof—toXin complexes on dilution is
characterized by a single ekponential brocess; monophasic decay curves fit
the data for [3H]0r59t and the [1251 Jo-Bgt but a biphasic dissociation

was found for [12512](ngt (Fig. 5). Dissociation of radio-toxin-receptor
complexes is accelerated on exposure to a large excess of non-radiolabeled
toxin. For dissociation of [3H]ctht.from toxin binding sites, the

process is again characterized by a single exponential decay. Experiments

using [3H]chgt and rat brain membranes indicate that the dissociation



rates in the presence of 1 mM carbachol or d-tubocurarine are intermediate
between those observed Gnder‘chemica] and physical dilution conditions.
Another feature of the data is the observation that dissociation of
radio-toxin upon chemical dilution follows avbiphasic decay process for
[125170-Bgt, which is even more pronounced - for [12512]a-Bgt. The
appearance of the biphasic decay process and relative quantities of
quickly and slowly dissociating components was found nof to be sensitive
to the extent of receptor occupation. That is, decay profiles were
strictly comparable whether receptor was incpbated for 1 h with 4 nM or 40
nM toxin, or overnfght with 4 nM or 6 nM toxfn. Independent of the
specific conditions used to measure radio-toxin diésociation, fastest
rates are observed for dissociation from rat brain membranes with [12512]
o-Bgt receptor complexes; [3H]0tht-receptor compie*es are longest lived.

Experimentally-derived values for apparent KD et 1 h and overnight
incubation, and for disspciation and association rate constants and the
resultant KD'S, are summarized in Table I. |

In an earlier report, it was suggested that differences in
radio-toxin receptor afffnfties were evident in binding competition
experiments (Lukas gg_gl, 1978). Data from similar experiments are snown
in Fig. 6 in the form of modified Dixon plots (Dixon, 1953). In these
transforms, a slope of one indicates that radio-]abeled and non—padio-
labeled toxins are equa]]y effective as ligands intepacting at receptor
binding sites. Slopes greater than one suggest thap receptor nas higher
affinity for the non-radiolabeled species,_while s]ppesvof less than one
indicate that the receptor has higher affinity for the radiolabeled
species. From the results psing both brain and Torpedo membranes, it is

125

evident that native ungf competes most effectively for [ IZJOPBgt
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binding, and least effectively for [3H]o}Bgt. Similar results are
obtained when non-radiolabeled, monoiodo OFBgt is used as competing ligand
for.sites on brain membranes. Dixon plot é]opes are summarized in Table
II. The results further illustrate that native o-Bgt is the most potent
inhibitor of radio-iodinated toxin binding.‘ Anomalous results were
obtained with di-iodoe{-Bgt vs. [3H]ungt and diiodo a-Bgt vs.
[lzslz]u—Bgt). |

DISCUSSION

Monoiodinated, diiodinated and native (tritiated) o-Bgt derivatives,
previously shown to be distinguishable on the basis of their ultraviolet
and circular dichroism spectra (Lukas[iewicz] et al. 1978), exhibit
characteristic kinetic properties_on interaction with nicotinic-type
acetylcholine receptors present in membrane preparatiohs from rat brain
and Torpedo e]ectric organ. _Detai1ed studies of receptor—radio-tbxin
binding properties yield QUéntitative]y different values of preequilibrium
apparent KD and association and dissoéiation rate constants for different
radio-labeled a-Bgt derfvafives. The interaction of [3H]a-Bgt with brain
and Torpedo nAChR fits thé simp]ést receptor binding mechanism, displaying
~monophasic associ;tion and dissociation profiles. [3H]a-Bgt also binds
to brain membrane sites with the highest affinity of tested ot-Bgt derived
radio-toxins. Affin{ty of t1251]chgt for receptor sites is only slightly
less than that of [3H]a—Bgt, except as binding to Torpedo nAChR approaches
equilibrium. In addition, the dissociation rates for [125I]a—Bgt—receptor

complexes show a small degree of biphasic charactef. In contrast,
[125

affinity of receptor sites for Ié]d;Bgt is lowest by all criteria, and
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decay of [125

Izjongt—nAChR complexes is clearly biphasic in the presence
of excess native o-Bgt. | |

" These resu]ts'confirm and extend bur previous findings
| (Lukas[iewicz) et al. 1978), and point tovthe kinetic bases of the
observations, replicated herein, that nativeba-Bgt is the most effective
inhibitor of radio-iodinated toxin binding, and that binding of [3H]-a—Bgt
is most resistant to inhibition. While differences between binding
properties of [125174-Bgt and'[3H]c»Bgt are gma11; our present evidence
again suggests that major a1teratf0ns in receptor binding activity shown
by diiodo m&BQt are probably a consequence of alterations in the
conformation of the mo}ecuTe‘induced by progressive iodination of an
~exposed tyrosine residue (Lukas[iewicz] et al. 1978). Provisional results
of one experimént sugge;t that the susceptible reSidue is Tyr-54 (Hanley
and Lukas, unpublished), in accordance With the fnterbretatioh of
B]anchard et al. (1979) regarding iodination of aQBgt via a nonenzymatic
procedure similar to tHat described herein. In'a_fecent report Wang and
Schmidt (1980) have assjgned the iodination fo the cbrrespondfng tyrosine.
It is evidént, however, that while Tyr-54 is not one of the conserved
residues thought to be.fundamenﬁally,involved in receptor bindihg
(Tsernoglou and Pet;ko; 1976) it may still influencé receptor binding
properties in a significant, if not predictable way (Hanley, 1978).

There are a number:of re;orts in the literétufe documenting kinetic
and equilibrium parameters for reaction of radiolabeled, curaremimetic
neurotoxins.with nAChR.from Torpedo (Wang and Schmfdt, 1980; James et al.
1980; Blanchard 53_31.11979; Weiland, et al. 1976; Franklin and Potter,

1972), Electrophorous (Weber and Changeux, 1974; Mai]ickelgg_gl. 1977,

Fulpius et al. 1975; Bulger et al. 1977), cat muscle (Barnard et al. 1977)



Lo o S

A

12

rat muscle (Brockes and Mall, 1975; Kemp et al. 1980), chick muscle (Wang
and Schmidt, 1980), and central (Wang and Schmidt, '1980; Morley and Kemp,
1981; Lowry et al. 1976; Moore and Brady, 1976; McQuarrie et al. 1976)
neural tissues. Direct comparison of those data to the results described
in this communication is difficult, however, due to important differences
in incubation media, in the use of membrane-bound or solubilized receptor
preparations, in the choice of the purified snake toxin used, and the
nature of the radio-labeling modificatibn réaction to non-overlapping
ranges of toxin and receptor concentrations utilized, and insufficient
documentation of the purity and characteristics of radio-toxin in some
cases. \

Four studies, in-addition to ours, have deé]t with differences in
binding characteristics caused by ]abe]ing of ¢-Bgt with [1251]. Vogel et
al. (1972) first noted that [125Ii]angt bound to cultured chick embryonic
cells both more rapidly and with as much as three-fold lower KD than did

5
[12

iodinated toxins contained little of the non-iodinated species. 'Recently,

Izjangt. It appears from data given in their paper that the

three other reports have appeared characterizing the binding of iodinated
derivatives of et-Bgt (Blanchard et al. 1980; James et al, 1980; and Wang

and Schmidt, 1980). Blanchard et al. used mixtures of [12°

IIJOkBgt and
native ¢-Bgt and concluded that the labeled toxin bound to membrane-bound
receptor from Torpedo with the same rate constant as the unlabeled toxin.
James et al compared ‘the binding characteristics of non-labeled toxin,

[12s 12512]c»Bgt. They also concluded that

I;JaBgtlabeled toxin and [
monoiodination of the toxin did not modify'thé binding properties to
purified nAChR while [12512]($Bgt bound less rapidly to solubilized nAChR

from Torpedo californica. Most'réceht1y”Wang and Schmidt have compared
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the binding properties of the diiodinated toxin-to those of the monoiodin-
ated toxin and the non-substituted'toxin. They-conclude that diiodination

reduced the binding rate by a factor of 2 to 3, but did not change the

dissociation rate (tI)Z %; hrs) from the.receptor obtained from chick

. optic lobes. No differences were reported between the association rates

of native toxin and the mono-iodinatd toxin. (It should be pointed out,
however, that the chromatographic step to:ourify labeled toxins was
carried out at pH 7.4'and;consequent1y a'mixture of the mono-iodinated and
non-iodinated toxin has been used in these three recent studies.) .Thus;
mono-iodination of -Bgt tyr-54 is a re1attue1yjinnocuous‘orocedUre;_ L
This can be contrasted with the labeling of o-Bgt w1th [ H] 1abe1ed
pyridoximine phosphate which leads to a 9-fold decrease in receptor b1nd- :
ing (James and Thompson, 1980). We would agree w1th the conclus1on that

[125 2]a-Bgt differs significantly from the nat1ve tox1n and [125

and that detailed kinetic studles of the b1nd1ng of 1od1nated o= Bgt shou]dtﬂ¥*='

_ not be made with m1xtures of the two non-1dent1ca1 forms.: It is a]so ev1—7‘**1'r“

dent that contrary to some accounts in the 11terature (e g., B]anchard et

al. 1979) the d1ssoc1at1on of toxin-membrane nAchR comp]exes does have a

measurable half-life, and toxin—receptor'interactions consequently have
measurable dissociation constants. o

Five other observations warrant specific comment. -KDappjvalues;areA

~typically 10 times as great as microscopic reversibi1ity dissociation

'constants ca]cu]ated from forward and d1ssoc1at1on rate constants

Consequently, in most cases the receptor concentrat1on used 1s about the‘
same as true KD; and the long ha]f times for d1ssoc1at1on of preformed
toxin- receptor comp]exes confirms that true equ111br1um has not been _
achieved. Thus, 1t 1s yet to be determlned whether th1s d1screpancy in

apparent and. m1croscop1c KD va]ues are due to exper1menta1 conditions or

I ]a-Bgt o
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Secondly, the

an inherent property of toxin-receptor interactions.
12512]a~Bgt for

results presented herein document decreased affinity of L

)

)

j

f; nAChR in both rat brain and Torpedo electroplax, in contrast to results of
earlier experiments (Lukas[iewicz] et al. 1978) in which a decrease in

affinity for Torpedo was not found. Thirdly, the acceleration of decay of
radio-toxin-nAChR complexes on exposure to excess native a-Bgt may have a

simple explanation, based on the assumption that the overall receptor-
) toxin interaction is comprised of numerous iénic, hydrophobic and Van der
Waals contacts. In the absence of added non-radiolabeled ligand, the
probability that enough reéeptor-toxin contacts will be simultaneously
broken in the presence of solvent and solute molecules, with low affinity
and specificity for those sites, will be small. .Competing 1fgand,
however, possesses sufficient affinity and specificity for those sites
that the probability of simultaneous contact blockade is increased,
particularly when the ligand shares specific contacts with radio-toxin.
The intermediate ability of d-tubocurarine to accelerate dissociation of
bound [3H]a-Bgt from rat brafh'membranes suggests that it shares fewer
contact points with [3H]<ngt than does native a-Bgt. Of course, any such
model must take into account steric hindrance limitations, and concede
that the precise nature of toxin-receptor interactions at contact points-
may not be readily mimicked by solute or solvent molecules. The ability
of carbachol to induce toxin dissociation may follow these considerations,
but may also reflect contributions due to carbachol-induced alterations in
receptor state. Fourthly, the exp]énation of toxin-binding inhibition
results advanced in a previous communication (Lukas[iewicz] et al. 1978),
which may also explain decreased affinity of nAChR for [12512]a—Bgt as

described herein, based on steric fit considerations and formation of
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ternary toxinFreceptor-toxin complexes is also consisteﬁt in the context
of the present results. It is, however, curious, that some logical
expectations of such a toxin binding model are not borne out by the
present data--such as the absence of clear 1:1 stoichiometries for slowly
and rapidly dissociating [12512]angt—nAChR complexes under. chase
cénditions. Lastly, the docuhented differences in receptor-toxin complex
dissociation properties for [3H]angt and t;zslzjongt are subject to
alternative exp]anations'and prospecti. On the one hand, one might argue
that eva]uatioﬁ of receptor-diiodo toxin interactions should be treated
cautiously. In this regard, the apparent allosteric effects of diiodo-
‘dngt discussed by Bulger et al. (1977) may be attributed to the
properties of the derivative itself. On the other hand, use of iodinated
toxins might be Qsefu] in révea]ing microheterogenéities of receptor sites

or toxin binding mechanisms.
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TABLE I

Kinetic Constants

P P ) kg i) g (min) Cate. ky () -
1 hr incub. overnight incub. dilution ©hase diTution chase
[3H] o-Bgt 1.6 0.9 3.2.10° 2.4.10°% | 4.6.10%  |0.075 0.14
['%1,JoBgt 2.1 2.6 2.7.10° 2.7-107 3.9-10'_%%80% 010 014
Brain " 1.2:1073{20) |0 0.44
125 ' 6 -4 | 6.1.107%(45 ©0.23
- . . 7. 6.2-10 : . :
['%°1,]0- Bgt 4.0 7.5 2.7-10 5a10-3(de)j0.23 023
[3H] o -Bqt 17 3.9 5.6-10° 1.8.107% | 2.6.107%  |0.32 0.46
Torpedo
11251 Joepgt 22 2.2 5.0.10° 1.4.107% | 2,10 Jozs 0.42
[1%°1,]o-Bot 90 19 2.5.10° 1.5-107% | 1.401075(80) | 0.56
| 7.2.107%(20)|0-60 2.9
Empirically derived values of Kgpp, ki and kK_y» and calculated ky values are from data shown
in Figs. 3-5.
o




o

Non-radio-

TABLE II

Dixon Plot Slopes

Radio-toxin

Jabeled toxin [3H]a-Bgt []25I]]a-Bgt [12512]u-Bgt
Brain
Native a-Bgt 1.02 1.72 2.26
Mono-iodo a-Bgt 0.49 0.98 1.52
Di-iodo a-Bgt 2.50 1.36 1.36
Torpedo
Native a-Bgt 0.98 1.73 2.25
Di-iodo a-Bgt - ' . - , 0.56

19
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FIGURE LEGENDS

Fig. 1. Receptor titration curves a - After a two hour incubation, quantity

\

of radioactivity associated with the membrane pellet (percent of total o
added radioactivity) is plotted against concentration of Torpedo

membrane-bound nAChR (nM) in order to assess radio-purity and biological

activity of radio-labeled a-Bgt species. The concentration of each

toxin was 140 nM in this experiment. b - Hofstee-Eadie-Scatchard

transform of data in Fig. la. (O-—-ds)-[3H]q-Bgt; @r-4&-[1251]

chgt; ty-—-cﬁ-[lzslz]a—Bgf. See methods for assay conditions and

design.

. Fig. 2. Receptor saturation_curves. Quantity of radiolabeled toxin

specifically bound (dpm x k) to membrane sites at fixed nAChR
concentration is plotted against concentration of radiolabeled toxin
(). (0,0)-[3HTorBats (4,4)-[251h-gt; (0,m)-[1251,]o-Bot.

a - Rat brain membranes, 1 h incubation. b - Rat brain membranes,
overnight incubation. c - Tdrgedo membranes, 1 h incubation. d -
Torpedo membranes, 24 h incubation. k value for Figs. 2 and 3: for
[3]a-Bgt - a,b,c and d, k = 1073 for [12°17a-Bgt - a and b, k = 6.25-

1075 ¢ and d, k = 1.33-107; for [1%°1,]oBgt - a and b, k = 3.12-10°%; ’

c and d, k = 6.66-1075. See Methods for assay conditions and y
‘ 01

design.
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3. Hofstee-Eadie-Scatchard tfansforms of receptor saturatiqn curves.
Data in Fig. 2 fep]otted as radiolabeled o-Bgt bound (dpm x k) against
[o~Bgt bound] [éoncentration'of radiolabeled a—Bgt]"l (dpm x'k +nM).

(0,0) - [Hlo-Bgt; (©,4) -EIZSI]]a-Bgt; (o,m) - [lzslz]a—Bgt. a - Rat

“brain membranes, 1 h incubation. b - rat brain membanes, overnight

incubation. ¢ - Torpedo membranes, 1 h incubation. d - Torpedo
membranes, overnight incubation. See legend to Fig. 2 for k values.

Analysis of 'the data yields the'fo1lowihg‘apparent KD values for [3H]

o-Bgt, [12511]078gt and [12512]dngt binding respectively: a - 1.6, 2.1,

4.0 nM; b - 0.9, 2.6, 7.5 nM; ¢ - 17, 22, 90nM, d - 3.9, 2.2, 19 nM.

4, Apparent association rate determination. Saturation curves from 2
to 80 nM in toxin concentration were determined as a function of time.
Data from the first 10 min were transformed to plot 1n [100 (percent

sites unoccupied)-lj against time. Apparent association rates for
radio-toxin-receptor interactions (min'l) are calculated and plotted

against toxin concentration (nM). a - Rat brain membranes. b - Torpedo

membranes. (o) - [3H](ngt, (&) [12511]a989t, (o) [12512]c»Bgt.

1 nﬂ'l) for [3H]ungt, [12511]angt and [12512]a—Bgt

are, fespective]y, %2-106, 2.7-106 and 2.7-106 for rat brain, and
5 5

5.6-107, 5.0-10" and 2.5-105 for Torpedo membranes.

¥e
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F1g. 5. DissociattOn of radto;toxin-reCeptOr complexes, Extent of receptor
stte occupation. (percent max1ma1) is plotted againSt time (h): a -
brain membranes. b - Torpedo membranes, Data shown are for [3H]a-Bgt

(upper pane]), [1251 ]angt (midd]e_pane1) [125

Izjangt (1ower pane])
Receptor occupancy ]erels were,determined fo}]ow1ng dilution. in react1on
buffer (e) or;after addition of excess native a—Bét (o, -Chase) Data
are also shown for d1ssoc1at1on in the presence of 1 mM carbacho] (©) or
d- tubocurar1ne (0) Ca]culated va1ues for the d1ssoc1at1on rate |
constant (min» ) from bra1n membranes are; [’ H]a—Bgt [lzslja—Bgt and
[125; 2]a—Bgt, respect1ve1y, d11ut1on - 2 36,104, 2.69 10"4 6.2410" 4
chase - 4.62-107%, 3.86- 1o'4 (80%) and 1.15- 1073 (20 ), 6.08+10"% (45%)
and 2.56:107% (55%. For [ H]a-Bgt, kl = 3,86:16" (carbacno1.addition)
and 2. 7':3*10".4 (d- tUbocarine addition) : Ca1cu1ated‘va1ues for the

Y

d1ssoc1at1on rate constant (m1n from orped membranes are, for [3H]

125

a-Bgt, [125 l]ongt and [ 2]ongt, respect1ve1y d11ut1on 1.75-10" 4 ;

1.384107%, 1.48°10 4, chase - 2.63 10'4 2.10-10°%, 1.38-107% (80%) and

7.22-10 (20%)

Fig. 6. Radio- tox1n b1nd1ng compet1t1on. Data obtained on non radio]abe]ed |
toxin 1nh1b1t1on potenc1es toward rad1o tox1n binding are plotted as
modified D1xon transforms. a - Torped membranes: Nat1ve-Bgt vs [ H]angt

125; 5
(o-—-o), vs [°° IJOL-BQt (& - -4, Vs [1251 ]oc-Bgt(ll———l) diiodo o-Bgt vs -

25
[1 2]o,eBgt (A--a ), Rat bra1n membranes us1ng [ HJO%Bgt (O—0;0—49);

[125 [125

I ]O‘FBgt (=~ 0"“'-'. #) or ?_Ja-Bgt (D—D,H—f—{,g—_a.
b - Compet1ton w1th non- rad1o]abe1ed d11odo oeBgt ¢ - Competition with
non-rad1o]abe]ed mono-1odo<x Bgt., d- .pompet1tjon,w1th non—radiolabe]ed.

d110do oeBgt

P



Lukas et al
Fig. 1

100

~
O]

bound a-Bgt (percent)

N
(O]

o)
O

T ] T\\_T*. | T I T T T
a. | T b i
s e,
//’ ; A\ T
'\«4 . + A =
)‘ _— 1%/ o\
\
. N\
/ . \\
, ‘ ‘ A
/ ) N
\\
| 5 o\,
1 0N\ -
NN
3
1 1 N E— :1 1 1 L ] |
50 IO 150 1000 20000 025 050 075

receptor (nM)

bound a-Bgt [r_eceptor]’| (%enM™)

XBL 811-4415

£e .



Fig. 2

/
3
14
1
g
;
Ol/ I 1 | 11 YS! l I | L |
5 10 5 2030 50 5 10 15 2030 50
[radiolabeled a-Bgt] (nM)
XBL 811-44!7
Ldkas et al

24



Lukas et al
TFig. 3
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