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CONTRACTILE PROTEINS OF NERVE ENDINGS AS A POSSIBLE 

TARGET FOR THE PRESYNAPTIC ACTION OF TETANUS TOXIN 

G. N. Kryzhanovskii*, R. N. Glebov, UDC 612.815.1/.2.015.348.014.46:576.851.551 
a n d  Y u .  G.  S a n d a l o v  

KEY WORDS: tetanus toxin; ne rve  endings; contract i le  prote ins .  

Tetanus toxin (TT) is known to have a presynaptic  action, leading to inhibition of med ia to r  secre t ion  in 
centra l  and per iphera l  synapses [5]. It has also been shown that TT binds select ively  with gangliosides of 
ne rve  ending membranes  [6]. However,  the mechanism of its toxic action has not yet  been explained. It has 
been suggested that there  a re  th ree  cen te rs  in the TT molecule:  r ecep to r ,  binding with gangliosides,  antigenic, 
and toxophore [6]. The resu l t s  of e lectrophysiological  investigations indicate that the action of TT is a imed 
at  the final stage of exocytes is  - in teract ion between synaptic ves ic les  (SV) and complementary  regions of the 
presynapt ic  membrane  [5]. Elucidat ion of the biochemical  t a rge t  fo r  TT is important  for  the understanding 
not only of the pathogenesis of tetanus,  but also of the p rocess  of med ia to r  secre t ion  i tself .  It has recen t ly  
been poskfiated that media to r  sec re t ion  is based on mechano-chemica l  p roces se s  in which a cytoskeletal  ne t -  
work of microtubules ,  neurof i laments ,  and active microf i l aments  associa ted  with the presynaptic  membrane  
takes par t  [2, 9]. These  s t ruc tu res  may  be responsible  both for  t ranspor t ing  SV to the active zone of the syn-  
apse and fo r  complementary  contact  between SV and the presynapt ic  membrane ,  with subsequent exocytosis .  
Accordingly,  it  can be suggested that the t a rge t  fo r  TT m ay  be the contrac t i le  prote ins  of ne rve  endings. It 
was shown previously  [4] that  TT depres ses  the A TP ase  act ivi ty of the actomyosinl ike protein (AMLP) of the 
r a t  brain.  The object  of the presen t  investigation was to study the effect  of TT on the AMLP superprecipi ta t ion 
reac t ion  and on interact ion between act inQike protein (ALP) and isolated SV. 

EXPERIMENTAL METHOD 

The TT was purified by gel-filtration on Sephadex G-100 [8]. TT with a toxicity of 1.25.105 MLD for 
mice/rag protein was used in the e~periraents. AMLP was isolated from bovine cerebral cortex by the method 
in [12] with ce r ta in  modif icat ions.  The t i s sue  was homogenized in  2 volumes of isolat ion medium (0.9M KC1, 
1.5 ram dithiothreitol,  5 ram MgC12, 50 talk Tris-HC1; pH 9.2) at  0-4~ The homogenate was t r e a t ed  with 
0.5% Tr i ton  X-100 and kept in the cold fo r  18 h, a f te r  which it  was centr i fuged (1 h, 10,000g). The superaatant  
was diluted with 1 ram CaC12 solution in the ra t io  of 1: 5, the pH of the medium was adjusted to 6.25-6.3 with 
acet ic  acid, and centr ifugation was repea ted  under the same conditions, The res idue  was washed and suspended 
in isolation medium,  the final KC1 concentrat ion being adjusted to 0.6M. Af t e r  centr i fugat ion (30 rain, 100,000g) 
the supernatant  was diluted sixfold with dionized water ,  the pH adjusted to 6.25-6.3 with acetic acid, af ter  
which centr ifugation was c a r r i e d  out for  1 h at 100,000g. The res idue ,  consist ing of AMLP, was dissolved in 
0.6M KC1 containing 1 mlM dithiothreitol  and 20 ram Tris-HC1,  pH 7.4, and kept at 0-4~ for  1-2 weeks.  The 
yield of AMLP was 10 mg pro te in /g  wet weight of t i ssue.  Pro te in  was de termined by Lowry ' s  method. 
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Fig. 1. Action of TT on bovine bra in  AlV[LP 
superpree tp t ta t ion  react ion.  Incubation medium: 
KCI 0.1 M, T r i s - a c e t a t e  20 raM, pH 6.8, t e m -  
p e r a t u r e  37~ VoIume of sample  4 ml,  volume 
of addit ives 50 ~1. Pre lncubat lon  with TT for  
10 rain. A: 1) Without TT,  2) 0.25 MLD/ml  
TT,  3) 2.5 MLD/ml  TT, 4) 25 MLD/mt  TT, 
5) 250 MLD/ml  TT;; B: 1) without TT, 2) 2.5 
MLD/ml  TT, 3) gangliosldes 0.25 p l /m l .  4) 
gangliosides +TT.  Absc i ssa ,  t ime  (in rain); 
ordinate ,  EG20 (in optical  densi ty  units). 
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Fig.  2. Action of T T  on changes in sca t t e r ing  
of l ight by synaptic ves i c l e s  induced by lV[g 
and ATP,  in the p r e sence  of bra in  act in.  In -  
cubation medium:  50 mM KC1, 20 miVl T r i s -  
HC1, pH 7.4. ALP  80-100 #g prote in  pe r  
sample ,  SV 100/~g prote in  p e r  sample ,  volume 
of sample  2.5 ml ,  t e m p e r a t u r e  22~ MgC12 
and ATP w e r e  added each in avo lume  o f l 0  ~1 
of the 250 mM solution. A) Without TT,  
B) 1600 M L D / m l  TT.  Absc i s sa ,  t ime  (in rain); 
ordinate ,  intensi ty of  sca t t e r ing  of light (in %). 

The AMLP superprec ip i ta t ion  reac t ion  was studied by determLning the change in opt ical  density (E) at 
620 nm and 37~C. The reac t ion  was s t a r t ed  by the addition of 50 /~l Mg-ATP, in a final concentra t ion of 1 mlV[. 
The appara tus  fo r  continuous r e c o r d i n g  o f E  620 cons is ted  o f  a photoelec t r ic  c o l o r i m e t e r  (FEK-56) with inbuilt 
magne t ic  m i x e r  and c o n s t a n t - t e m p e r a t u r e  cuvet te ,  dc ampl i f i e r  (pH-340), and KSP-4 automat ic  w r i t e r  [1]. 

The SV f rac t ion  was i so la ted  f rom ra t  c e r e b r a l  co r t ex  o r  bovhm hypothalamus by De R o b e r t t s '  method 
with ce r ta in  modif ica t ions  [7]. In te rac t ion  between SV and ALP in the p r e sence  of M g - A T P  was studied by 
m e a s u r i n g  the change in intensi ty of  sca t t e r ing  of  light at an angle of 90 ~ at 520 rma and 22~ on a Hitachi-204 
(Japan) s p e c t r o i l u o r o m e t e r  with au tomat ic  r e c o r d e r  [7]. The total  gangliostde f rac t ion  was isola ted f rom 
bovine bra in  [13]. Noradrena l in  was de t e rmined  f luo romet r i ca l ly  [14]. 

E X P E R I M E N T A L  R E S U L T S  

In the e:~periments of series I the effect of TT on superprecipitation of AMLP from bovine brain (Fig. la), 
initiated by the addition of Mg--ATP in medium with low ionic strength, was studied. This reaction is important 
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TABLE 1. Action of TT  on Libera t ion  of 
Noradrena l in  into Incubation Medium on I n t e r -  
action of SV and ALP (M -~ m) 

Liberation of 
Substances added noradrenalin, % 

sv 
sv~- ALP 
SV+ ALP q-TT (lOOO MLD/ml) 
SV+ ALP + TT-}- antitetanus serum 

(150 i.u./ml) 

100~6 (n=9) 
130• 10 (n=lO) 
87• (n=5) 

120~13 (n=4) 

Legend.  ComposRion  of incubation medium 
(30 rain, 37~C): 50 mM KC1, 0.2 mM MgC12, 
0.2 mM ATP-Na2; 1 ram CaC12; Tris-HC1;  pH 
7.4; SV 90-120 pg  p ro t e in /ml ;  ALP 70-90 @g 
p r o t e i n / m l .  Volume of sample  1 ml .  Quan- 
t i ty  of  noradrena l in  l ibe ra ted  f rom SV during 
incubation without ALP  (45% of its content in 
SV) taken as 100. 

evidence [3] of the contractile ability of the AMLP isolated from brain. It consists of two phases: rapid (1-2 
rain) - the phase  of  c lear ing ,  cor responding  to d issocia t ion of  AMLP into ALP and myos in - l ike  protein;  slow 
(10-15 rain) - the phase  of  t rue  superprec ip i ta t ion ,  i .e . ,  an i nc rea se  in optical  densi ty  above the initial  level ,  
cor responding  to the fo rmat ion  of the AMLP complex  and i t  s po lymer iza t ion  and aggregat ion.  As Fig.  l a  
shows, TT in te rac t s  with AMLP,  thereby  signif icant ly changing the course  of  the superpree ip i ta t ion  react ion;  
c lear ing  is intensif ied somewhat  and t rue  prec ip i ta t ion  cons iderably  weakened.  I t  is impor tan t  to note that  
the inhibi tory action of TT  was man i fe s t ed  in compara t i ve ly  low concentra t ions  (2-200 m g  p ro t e in /ml ,  equiva-  
lent  to 0.25-25 MLD/ml) ,  but in a concentra t ion of 250 M L D / m l  the value of E620 in the second phase  of the 
reac t ion  did not  i nc rea se  above its initial l eve l .  In the absence  of M g - A T P ,  TT in the concentra t ions  studied 
did not affect  aggregat ion of the AMLP prepara t ion .  In control  expe r lmen t s , human  s e r u m  albtunin in concen-  
t r a t ions  of up to 2 pg  p r o t e i n / m l  did not affect  aggregat ion  o r  superpree ip i ta t ion  of  bovine bra in  AMLP.  

Consider ing  that  the gangl ios ides  of  ne rve  ending m e m b r a n e s  a re  the r e c e p t o r s  for  binding TT [6] and 
that  glycol ipids  can play the ro le  of r egu la to r s  of the function of contract i le  prote ins  of ne rve  endings [2, 7], 
the combined action of TT and gangl iosides  on the superprec ip i ta t ion  reac t ion  was studied. It  will be c l e a r  
f rom Fig. lb  that  total  bra in  gangl ios ides ,  in a concentrat ion of 0.25 # g / m l ,  have a s i m i l a r  action to TT.  
During the combined act ion of TT and gangliosides,  t he i r  effect  on t rue  superpree ip i ta t ion  of AIVILP is addit ive 
in cha rac t e r .  Hence, i t  can be postula ted that  TT,  when bound with the r ecep to r  (gangliosides),  r e m a i n s  capable  

o f  acting on AMLP.  Consequently,  the t o ~ p h o r e  cen te r  of  the TT molecule  is dif ferent  f rom its gangl ios ide-  
binding cen te r .  These  data conf i rmed,  o n a  different  model ,  the previous  conclusion [6] of spat ia l  separa t ion  
of the toxophore and ganglioside-binding centers. 

In the experiments of series H the effect of TT on interaction between isolated SV and the preparation 
of bovine brain A LP was studied. It has been shown that membranes of SV contain a myosinlike protein, where- 
as presynaptic membranes contain ALP. Interaction between SV and ALP can evidently lead to the formation 
of the AMLP complex, which was confirmed by the increase in Mg-ATPase activity of SV in the presence of 
ALP [6, ii], by the increase in scattering of light by SV and ALP initiated by Mg ++ and ATP [6], and also by 
liberation of endogenous noradrenalin [6] and of labeled glutamate [Ii] from SV into the incubation medium in 
response to addition of ALP. It is shown in Fig. 2 that TT (1600 MLD/ml) blocks the formation of the complex 
in a suspension of SP from rat cerebral cortex and of bovine brain ALP on the addition of Mg ++ and ATP, as 
judged from the intensity of scattering of light. 

Interaction of SV of bovine hypothalamus with bovine brain ALP in medium containing Mg-ATP was ac- 
companied by increased liberation of endogenous noradrenalin from SV (Table I). This process was inhibited 
by TT in a dose of I000 MLD/ml, whereas preliminary incubation of TT with antitetanus serum (Diaferm, 
USSR; final activity 150 i.u./ml) abolished the action of TT. 

Of toxins with a known mechanism of action, phalloidin (the toxin of the death-head Amanita phalloides) 
and staphylococcal toxin affect contractile proteins directly. The toxic action of phalloidin is explained by 
stimulation of polymerization of liver G-aetin into the fibrillary form, as a result of which the interaction of 
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F-actin with myosin is disturbed [15]. Staphylococcal toxin disturbs the contractile power of actomyosin of 
smooth muscles [10]. The action of TT is probably similar to the action of these poisons, The results de- 
scribed above indicate that the contractile proteins of nerve endings, responsible for exocytosis of mediators, 
are the probable target for TT. The immediate target for TT is probably the ALP built into the presynaptic 
membrane. The result of binding of TT and ALP is blocking of contact of SV with the presynaptic membrane 
and of mediator secretion. It is not yet clear whether the TT molecule penetrates through the membrane of 
nerve endings or whether it acts on the cytoskeletal network and on SV in the cytosol of nerve endings. 
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P A T H O G E N E S I S  OF E X P E R I M E N T A L  C E R E B R A L  H E M O R R H A G E  

D U R I N G  H Y P E R T E N S I O N  IN THE L I G H T  OF M I C R O C I R C U L A T I O N  

S T U D I E S  

S. A.  V o r o n t s o v a  UDC 616.12-008.331.1-06:616.831-005.1-092 
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Problems concerning with the pathogenesis of cerebral hemorrhage in hypertension have recently been 
examined in the light of microcirculation studies [1, 3]. 

Microcirculation problems include not only the principles of transcapillary exchange and the structure 
and ultrastructure of the walls of the microvessels,  but also the state of the blood itself [10]. It is accordingly 
interesting to study the morphology of the microcirculation and indices of blood clotting and fibrinolysis in the 
early stages of experimental hemorrhages which, by their neurohumoral mechanisms, have features of 
similarity with hemorrhages due to apoplexy in man. Audiogenic apoplexy, excluding the possibility of limiting 
inhibition [5], and improved by the author [2] by the addition of hypoxic hypoxia, was used as the model of 
cerebral hemorrhage associated with hypertension. 
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