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SUMMARY. The binding si tes  of dendrotoxin  I, m a s t  cell degranula t ing  
pep t ide ,  a nd  13-bungarotoxin are  t h o u g h t  to be  a s s o c i a t e d  wi th  

n e u r o n a l  K + channe ls .  The different b inding  si tes  s eem to reside on 
the  s ame  molecu la r  a s s e m b l y  as  each  toxin can  al losterically inhibit  
the  binding of the  others.  Affinity ch roma tog raphy  on a 13-BTX Aca 22 

affinity co lumn  has  s h o w n  tha t  there  is an  he te rogeneous  popula t ion  
of dendro tox in  I b ind ing  pro te ins .  Two s u b t y p e s  were  s e p a r a t e d  : 
DTXI b inding  pro te ins  wi th  low affinity for [~-BTX (60-70% of total) 
and  DTXI b ind ing  pro te ins  wi th  high affinity for 13-BTX (30-40% of 
total). Binding of 1251-DTXI and 1251-MCD to the  former  s u b t y p e  is 

inhib i ted  b y  ~-BTX with  a low affinity (ICso = 560  riM), while inhibi- 
t ion a t  the  la t te r  s u b t y p e  occu r s  wi th  a high affinity (IC50 = 10- 
16 nM). The DTXI b ind ing  s u b t y p e  wi th  low affinity for ~-BTX con- 
ta ins  mos t  (85-90%) of the  binding s i tes  for 1251-MCD. © ~988 Academio 
Press, Inc. 

INTRODUCTION. Dendrotoxin  I (DTXI) (Mr = 7 kDA) from the  venom of 

D e n d r o a s p i s  p o l y l e p i s  s n a k e s  shows  sequence  homology  with Kunitz- 

type  t ryps in  inhibi tors .  13-Bungarotoxin (13-BTX) (Mr = 21 KDa) is also 

a snake  venom toxin which  cons i s t s  of two subun i t s .  The A - s u b u n i t  

(Mr = 13.5 KDa) carr ies  a phospho l ipa se  A2 activity. The B - s u b u n i t  

(Mr = 7.5 KDa) h a s  s e q u e n c e  homology  to p ro tease  inhibi tors  (1-4). 

*E 
O w h o m  repr in ts  r eques t s  shou ld  be  addressed .  

The a b b r e v i a t i o n s  u s e d  are : DTXI, dendrotoxin  I, 13-BTX, 
6-bungarotoxin ,  MCD, m a s t  cell degranula t ing  peptide.  
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The mas t  cell degranulating peptide (MCD) is a basic 22 amino acid 

peptide toxin from bee venom (5). 

DTXI and [3-BTX affect neurotransmission at the neuromuscula r  

junct ion by an interaction with pre-synaptic nerve terminals (2, 3, 6). 

MCD has  been shown to induce hippocampal theta  rhy thm in the 

motionless animal (7) associated to long-term potentiation in hip- 

pocampal slices (8). Both MCD and DTXI have been shown to induce 

epileptiform activity and paroxystic seizures when  injected in rat  

brain  at high doses (7, 9). The target  of these toxins in neuronal  

membranes  is a family of neuronal K + channels (10-13). 

Binding sites for all three types of toxins have been identified in 

brain (14-18). These binding sites seem to reside on the same pro- 

tein complex, as : (i) each toxin can inhibit the binding of the others 

(17-20), (tl) the solubilized binding prote ins  cor responding  to 

receptors of the three different toxins have similar stabilization re- 

quirements  (15, 18, 19). (IiI) MCD, 13-BTX and DTXI binding sites 

copurify. Binding activity for MCD and [3-BTX is still present  after a 

4000-5000-fold purification of DTXI binding sites thought  to lead to 

the pure or nearly pure DTXI binding protein (21). 

It has been clearly shown that  the three different types of toxins 

associate to different categories of binding sites (17, 20). However 

the mutua l  relationship of these different binding sites for the diffe- 

rent  toxins is still far from being completely understood : (i) Binding 

experiments consistently indicate less MCD and 13-BTX binding sites 

than  DTXI binding sites (14, 17-19, 22). (lI) Histological distributions 

of [3-BTX and DTXI binding sites in brain do not seem to coincide 

(23). (Jill Although DTXI potently and completely inhibits the binding 

of 125I-MCD and 125I-~-BTX, ~-BTX inhibits the binding of 125I-DTXI, 

and MCD that  of 125I-~-BTX, only at high toxin concentrations in the 

~tM range (17, 18, 20-22). 
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Black and  Dolly (22} have previously  sugges ted  tha t  there  may  be 

i s o - r e c e p t o r s  for dendro tox in .  The e x p e r i m e n t s  d e s c r i b e d  in th is  

pape r  u se  affinity ch roma tog raphy  to provide direct  evidence for the  

exis tence  of different popu la t ions  of DTX I b inding proteins.  

MATERIALS AND METHODS.  ~-BTX, horse  hea r t  ey toch rome  C, com- 

p o u n d  4 8 / 8 0  and  soybean  phosphol ip ids  were from Sigma. Activated 
Aca 22 and  SP-Trisacryl  were from LKB, and DEAE-Affigel b lue  from 
Biorad .  DTXI and  MCD were purif ied from Dendroaspis polylepis 
venom and  bee  venom respect ively as  descr ibed previous ly  {18, 21}. 

I od ina t ed  DTXI and  MCD and  Tri ton X-100  ex t rac t s  f rom rat  

b r a i n  m e m b r a n e s  were  p r epa red  as  desc r ibed  {18}. Binding  of the  
iodinated  toxins to these  extracts  was  de te rmined  us ing  a G F / C  filter 

a s s a y  {18}. Binding of 125I-MCD was  de te rmined  in the  p re sence  of 
25 9 g / m l  of c o m p o u n d  4 8 / 8 0  {16, 18}. 

The affinity co lumn was  p repared  as  follows : I~-BTX (10 mg} or 

cy tochrome  C {102 rag} were  coupled to ac t ivated  Aca 22 (5 and 6 ml 
respectively} in 0.5 M K + p h o s p h a t e  buffer  a t  pH 7.6 for 24 h at am- 
b ien t  t e m p e r a t u r e  according to the  protocol  of the  manufac tu re r .  The 
capac i t y  of the  I~-BTX Aca  22 aff ini ty c o l u m n  (750 fmol of  DTXI 
b ind ing  s i t e s / m l  of gel} is m u c h  lower t han  w h a t  would  be  expected  
from the  a m o u n t  of I~-BTX (100 n m o l / m l  of gel} which  was  coupled.  

Most  of the  13-BTX seems  to be  inact ivated b y  the coupl ing procedure .  
This  inact ivat ion was  also observed with o ther  affinity s u p p o r t s  s u c h  
as  Affigel 10 and 15 and  CNBr act ivated Sepha rose  (H. Rehm, u n p u -  
b l i shed  observations}. 

Co lumns  of ~-BTX Aca 22 (0.9 x 6.5 cm} or cy tochrome C Aca 22 
{0.9 x 9.5 cm} were  equi l ibra ted  wi th  a 20 mM Na+-Hepes  buffer  at  
pH 7.4 conta in ing  120 mM KC1, 1 mM EDTA, 2 mM MnC12, 0 .05% 
{w/v} Tri ton X-100,  10% (w/v} glycerol and  0 .01% {w/v} of s o y b e a n  
p h o s p h o l i p i d  (buffer I}. The de t e rgen t  ex t rac t  w a s  loaded  on the  
co lumn at a flow rate of 5 ml /h .  The co lumn was  w a s h e d  with buffer  I 
con ta in ing  1% {w/v} of  Tr i ton X-100  and  0 .2% (w/v} of s o y b e a n  
phosphol ip id  {flow rate 10 ml/h} and e luted with the  s ame  buffer  b u t  
conta in ing  220 mM KC1 ins tead  of 120 mM and  no MnC12 or 2 pM of 
DTXI. When  the co lumn was  e lu ted  with 2 ~tM DTXI, the  e lu ted  frac- 
t ions  (2 ml) were t rea ted  twice wi th  100 ~tl of SP-Trisacryl  in buffer  I 
in order  to adso rb  DTXI. For r e c h r o m a t o g r a p h y  of the  b r e a k t h r o u g h  

of the  I3-BTX Aca 22 column,  the  co lumn  was  first  w a s h e d  wi th  3-5 
co lumn vo lumes  of buffer  I. 

M i s c e l l a n e o u s .  The DTXI binding prote in  was  purif ied with ion- 
exchange  c h r o m a t o g r a p h y  on DEAE-Affigel blue,  affinity ch romato -  
g r a p h y  on DTXI-ACa 22 and  affinity c h r o m a t o g r a p h y  on whea t -ge rm 
agglutinin-Affigel 10 as  descr ibed  e lsewhere  (21}. 
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Prote in  c o n c e n t r a t i o n s  were de t e rmined  wi th  the  BCA a s s a y  
(Pierce) af ter  prote in  precipi ta t ion according  to Wessel  and  Flfigge 
(24). SDS-PAGE on exponential  gradient  gels (6.5-17%) was done ac- 
cording to Laemmli  (25). The Coomassie  s ta ined  gels were s canned  
with a LKB ultroscan.  

RESULTS 

Affinity chromatography of 125I-DTXI binding sites using a ~-BTX 

Aca 22 aff inity column. When a Triton X-100 extract  from ra t  bra in  

m e m b r a n e s  was  ch romatographed  on ~-BTX Aca 22, the  co lumn re- 

ta ined  125I-DTXI binding sites with a capaci ty  of 750 fmol of b inding 

s i t e s / m l  of gel (Fig. 1). Reta ined 125I-DTXI b ind ing  si tes could be 

e luted by  increas ing  the KCI concent ra t ion  of the buffer  from 120 to 

220 mM. The capac i ty  and  the  e lu t ion  proper t ies  of the  ~-BTX 

co lumn  were different  from those  previously  observed for the DTXI 

Aca 22 co lumn which  we used  for the  pur i f icat ion of the  DTXi-bin- 

ding protein (21), This DTXI affinity Column had  a capaci ty  of a t  least  

16 000 fmol of b inding s i t e s / m l  of gel and  the KC1 concent ra t ion  of 

the buffer  had  to be increased m u c h  more t h a n  for the  ~-BTX Aca 22 

co lumn  (from 120 to 620-720 raM) in order  to obta in  the  e lut ion of 
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Fig. 1. Chromatography of detergent extract on [~-BTX Aca 22. Deter- 
gent extract (37 mg of protein, 12 000 fmol of 125I-DTXI binding 
sites) was prepared and chromatographed on [t-BTX Aca 22 as des- 

cribed in Materials and Methods. Protein (A) and 125I-DTXI binding 
(@) in the indicated fractions are shown. The values are given in % of 
the maximal value of the respective parameter of the fractions. 

234 



Vol. 153, No. 1, 1988 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

the binding sites. Although the same protocol was used  for the 

preparation of the two types of affinity columns, the DTXI column was 

prepared  with 25 t imes more toxin (in moles) t han  the ~-BTX 

column. Also the affinity of DTXI for its receptor (Kd = 50-150 pM 

(18, 21)) is 10 times higher than the affinity of ~-BTX for its binding 

site (Kd = 1-2 nM (19)). 

Since ~-BTX is a basic protein (pI = 9.5 (26)), the possibility 

existed tha t  the retention of the acidic (18, 21) 125I-DTXI binding 

protein was solely due to ionic interactions.  The following experi- 

ments  strongly suggest that  ~-BTX Aca 22 truly behaves as an affinity 

column: (i) 125I-DTXI binding sites retained by the column were elu- 

ted not only by high concentrations of KC1 but  also with 2 ~tM DTX I. 

(ii) Virtually no 125I-DTXI binding sites were retained on an Aca 22 

column prepared with cytochrome C (150 nmol /ml  lof gel) (instead 

of I~-BTX). Cytochrome C is a protein which is of similar or higher ba- 

sieity t han  ~-BTX. (iii) The purification obtained with the ~-BTX 

Aca 22 column (= 100-fold) was significantly higher than that  obtained 

by ion-exchange chromatography (10-17-fold) on different ion ex- 

changers  (18, 21). 

125I-DTXI binding sites  are separated into two populations by ~- 

BTX Aca 22  c h r o m a t o g r a p h y .  Only a fraction (37 _+ 4%) of the 

125I-DTXI binding sites applied to the ~-BTX Aca 22 co lumn (in 

amoun t s  within the capacity of the column) was retained. Rechro- 

ma tography  of 125I-DTXI binding sites which were eluted in the 

breakthrough of the column led to no significant additional retention 

of these binding sites (Fig. 2). 

These results suggest that  there are two populations of 125I-DTXI 

binding sites, one with a high affinity for ~-BTX which is retained by 

the I3-BTX Aca 22 column, the other  one with a lower affinity for 

13-BTX which is not  retained under  the experimental conditions used 

in this work. Fig. 3A confirms this view in showing that  I~-BTX in- 
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F ig .  2.  C h r o m a t o g r a p h y  of  d e t e r g e n t  e x t r a c t  on  ~-BTX Aca  22 a n d  

r e c h r o m a t o g r a p h y  of t he  b r e a k t h r o u g h .  R u n  I : D e t e r g e n t  e x t r a c t  
(4.4 mg  of p ro te in ,  1600 fmol of 1251-DTXI b i n d i n g  s i tes ,  750 fmol of 

1251-MCD b i n d i n g  si tes)  w a s  p r e p a r e d  a n d  c h r o m a t o g r a p h e d  on  ~- 
BTX Aca  22 a s  d e s c r i b e d  in  M a t e r i a l s  a n d  M e t h o d s .  (@) 1251-DTXI 

b i n d i n g  a n d  (O) 1251-MCD pep t ide  b ind ing .  The  v a l u e s  a re  given in % 
of t he  m a x i m a l  va lue  of the  respec t ive  p a r a m e t e r  of the  f rac t ions .  R u n  

/ /  : Af te r  R u n  I t he  c o l u m n  w a s  w a s h e d  w i th  20  ml  (5 c o l u m n  
vo lumes)  of  buf fe r  I. The  pooled  f r ac t ions  Nr. 3, 4 a n d  5 f rom R u n  I 
w e r e  t h e n  l o a d e d  on  t h e  c o l u m n  a n d  r e c h r o m a t o g r a p h e d  a s  
d e s c r i b e d  in  M a t e r i a l s  a n d  Methods .  125I-DTXI b i n d i n g  in  t he  indi -  

c a t e d  f r ac t ions  is  given a s  % of t he  m a x i m a l  va lue  of t he  f rac t ions .  
The  a r r o w s  p o i n t  to t he  s t a r t  of e l u t i o n  w i th  bu f f e r  I c o n t a i n i n g  
220 mM of KCI. 
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hib i t s  1251-DTXI b ind ing  to the  f rac t ion  r e t a ined  by  the  aff ini ty 

co lumn  wi th  an  IC5o of 16 nM while it  inhibi ts  1251-DTXI b ind ing  

from the fract ion eluted in the b r eak th rough  with  an  IC5o of 560 nM. 

This  difference in affinity for I~-BTX is no t  accompan ied  by a diffe- 

rence  in affinity for DTXI. 1251-DTXI b inds  wi th  s imilar  affinities to 

b r e a k t h r o u g h  (Kd = 76 pM) and  re ta ined (Kd = 42 pM) fract ions (not 

shown). This f inding is cons is ten t  wi th  the previous observat ion tha t  

near ly  a11 (<99%) of the  1251-DTXI b ind ing  si tes are re ta ined  on a 

DTXI Aca 22 affinity column (21). 

Most of  the  125I-MCD binding s i tes  are not  retained by ~-BTX 

Aca 22  chromatography.  Most (85-90% of total) of the  binding sites 

for 1251-MCD were not  re ta ined by the 13-BTX Aca 22 co lumn (Fig. 2). 

The non- re ta ined  popula t ion  of 1251-MCD binding  sites differed from 

the  smal l  (10-15% of total) popu la t ion  of 125I-MCD b ind ing  si tes  

which  were re ta ined  in their  sensi t ivi ty to 13-BTX. 1251-MCD binding  

to the b r e a k t h r o u g h  was inhibi ted by 13-BTX with an  IC50 of 560 nM 

while 125I-MCD binding to the re ta ined fract ion of the  affinity column 

was  inhibi ted  by  ~-BTX wi th  an  IC50 of 10 nM (Fig. 3B). 1251-DTXI 

b ind ing  to b r e a k t h r o u g h  and  re ta ined  f rac t ions  was  inhibi ted  com- 

pletely and  with  a similar high affinity by MCD (IC50 = 3-4 nM) (Fig. 

Fig. 3. Chromatography on [~-BTX Aca 22 with detergent extract was 
performed as described in Materials and Methods. A. Inhibition of 
1251-DTXI binding by ~-BTX in breakthrough and retained fractions of 
the ~-BTX Aca 22 column. The binding of 1251-DTXI (110 pM) to 

breakthrough (O) and retained fractions (A) of the chromatography 
was then determined in the presence of the indicated concentration 
of 13-BTX. B. Inhibition of 1251-MCD binding by [~-BTX in breakthrough 
and retained fractions from the ~-BTX Aca 22 column. The binding of 
1251-MCD (22 pM) to breakthrough (O) and retained fractions (A) of 
the chromatography was then determined in the presence of the 
indicated concentrations of [3-BTX. C. Inhibition of 1251-DTXI binding 
by MCD in breakthrough and retained fractions of the ~-BTX Aca 22 
column. The binding of 1251-DTXI (110 pM) to breakthrough (O) and 
retained fractions (A) of the chromatography was determined in the 
presence of the indicated concentrations of MCD. 
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3C). It has  also been observed that  1251-MCD binds to breakthrough 

(Kd = 76 pM) and retained fractions (K d = 50 pM) with a similar 

affinity (not shown). 

DISCUSSION 

This paper provides direct evidence for an heterogeneity of the 

high affinity binding proteins for DTXI and MCD which presumably 

correspond to neuronal  K + channels.  High affinity DTXI and MCD 

binding molecules were separated by chromatography  on 13-BTX 

Aca 22 into two populations which differed by a factor of 40-50 in 

their affinity for It-BTX. Of course the possibility exists that  each one 

of the two types of DTXI binding proteins demonstrated in this paper 

may itself be heterogeneous. Also the inhibition of high affinity 125I-[3- 

BTX binding by MCD (ICso = 1.6 pM (20)) cannot  be mediated by the 

high affinity MCD binding sites discussed here, bu t  ra ther  by an 

additional population of low affinity sites for MCD. 

Cross-linking studies have shown that, in rat  brain, MCD and 

DTXI bind to peptides of molecular  weight 76-80 KDa (18, 22). 

Purification studies have also indicated that  one of the two compo- 

nen ts  of the DTXI/MCD/I~-BTX binding protein has  a molecular  

weight of 76-80 KDa (21). The peptide pat tern of a typical purifica- 

tion is indicated in Fig. 4. The heterogeneity of the DTXI/MCD/I3-BTX 

b ind ing  c o m p o n e n t  is probably  ref lected by the broad  and  

he te rogeneous  appearance  of the 76-80 KDa band  (Fig. 4) after 

Coomassie blue staining. 

Recent analysis of the Shaker locus of Drosophila has given in- 

formation about  the s t ructure  of one class (A-type) of voltage-sensi- 

tive K + channels  in this fly (27-30). Alternative splicing occurs and 

generates multiple Shaker products (Mr = 70 KDa) corresponding to 

subtypes of A channels with different kinetics and tissue distribution 

(31, 32). The heterogeneity found in this work for toxin receptor 
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Fig. 4. Scan of the purified DTXI binding protein components. DTXI 
binding proteins were purified as described in Materials and 
Methods and run on 6.5-17% exponential SDS-PAGE. After staining 
with Coomassie blue the gel was scanned with a laser scanner. The 
peaks at 38 and 76-80 KDa corresponding to the protein compo- 
nents of the DTXI receptor (21) are indicated by stars. Molecular 
weight markers are indicated by arrows. 

p r o t e i n s  a s soc i a t ed  wi th  v o l t a g e - d e p e n d e n t  K + c h a n n e l s  migh t  be 

the  reflect ion of a diversi ty of K + channe l s  in m a m m a l i a n  brain .  
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