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It was shown by e lec t rophores is  on polyacrylamide gel that the content of proteins with low 
electrophoret ic  mobility r i ses  in a Triton extract  of the fract ions of synaptic s t ruc tures  
f rom the spinal cord t issue of ra t s  with local tetanus, whereas  no change was found in the 
protein spec t rum in the dodeeyl sulfate extract .  In experiments in vitro tetanus toxin s t im-  
ulated the incorporat ion of lys ine-H 3 into total proteins of cort ical  synaptosomes.  
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Tetanus toxin (TT) specif ical ly damages synapses and thus Mocks the secret ion of mediators into the 
CNS [8, 10] and, in large doses,  it also damages neuromuscular  synapses [4, 15]. The p r i m a r y  link in the 
biochemical  disturbances in the synapses in TT poisoning has not yet been es tab l i shed  TT has been shown 
to bind select ively with the fraction of brain syaaptic membranes  [1, 19], forming a complex with the gan- 
gliosides present  in the membranes  '[1, 9, 21]. Whether TT (or its toxophore group) penetrates into the syn-  
aptoplasm or whether its harmful action is l imited to disturbances in the presynapt ic  membranes  is l ike- 
wise unknown. The wr i t e r s  showed previously that in the initial stage of TT poisoning changes  take place 
in the t ranspor t  Na,K-ATPase  activity of spinal cord membranes  [5]. In experiments  in vitro TT great ly  
inhibited contractions of actomyosin- l ike  protein of synaptic origin [6]. Changes in protein metabol ism in 
the synapses are  an important  indicator of the molecular  pathology of synapses.  No data on changes in the 
protein composit ion of the synapses in TT poisoning are to be found in the l i terature .  

The object of this investigation was to study changes in the protein spec t rum of synaptic s t ruc tures  
of the brain and spinal cord  t issues  of ra ts  poisoned with TT and during the action of TT in vitro. 

E X P E R I M E N T A L  METHOD 

Noninbred ra ts  weighing 180-200 g were used Subcellular fractionation of the spinal cord and brain 
t issues of the ra ts  was ca r r i ed  out by centrifugation in a sucrose  density gradient as described ear l ie r  [12]. 
After centrifugation fractions r i ch  in synaptic membranes ,  light and heavy synaptosomes,  and "pure" mito- 
chondria were collected, sedimented at 130,000 g (40 rain), after which the res idues  were extracted in 0.1% �9 
Triton X-100 solution containing 0.01 M tr is-HC1 buffer, pH 8.4, for 16 h at 0-4-~C. After centrifugation 
(105,000 g, 40 rain) a Triton extract  of the corresponding fractions was obtained, and the res idues  were 
solubilized in a 1% solution of Na dodecyl sulfate, containing 0.01 M tris-HC1 buffer, pH 8.4, at 0-4~ (the 
DDS extract  of s t ructural  proteins). 
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Fig. 1. Elect rophores is  and densi tometry of Triton and DDS 
extracts  of synaptic s t ruc tures  f rom normal  ra t s  and ra ts  
poisoned with tetanus toxin. On chromatograms  s tar t  at top, 
finish at bottom, direction of e lec t rophores is  to anode; on 
densi tograms s tar t  on left, finish on right.  1, 3, 5, and 7) 
Tri ton extracts  of fractions o f  light synaptosomes (1), synaptic 
membranes  (3), heavy synaptosomes (5), and mitochondria (7) 
f rom normal  ra t s ;  2, 4, 6, and 8) Triton extracts  of co r respond-  
ing fract ions in TT poisoning; 9-12) DDS extracts  of c o r r e -  
sponding fractions f rom healthy ra ts .  

Disk e lect rophores is  [16] in 7.5% polyacrylamtde gel (PG) was ca r r i ed  out in 5 mM t r i s -g lye[ne  buf- 
fer,  pH 8.3, at 0-4~ (Triton extract) or at 20~ (DDS extract) in the Reanal (Hungary) apparatus.  The PG 
and working buffer contained detergent in the same concentration. Prote in  was applied in a dose of 100-150 
pg per tube. The initial current  was 1.5 mA/ge l  and the duration 20 min for the Triton extract ,  and 0.5 
mA/gel  and 40 min for the DDS extract ,  respect ively.  In the case o f  the DDS extract  no concentrating gel 
was used. When the protein entered the gel the current  was increased in both cases to 4 mA/gel ,  and elec-  
t rophores i s  continued for 1.5 h for  the Tri ton extract  and 3.5 h for the DDS ext rac t .  Bromphenol blue 
was used as the indicator dye. The PG was fixed with 7% TCA, washed with water ,  and stained with 0.2% 
Coomassie  Brill iant Blue in a solution of CH3COOH-CH3OH- H20 (1:1.2), and then washed in the same so-  
lution (1 : 10:30).  The fractions were est imated quantitatively by means of the Chromoscan  (England) den- 
s i tometer .  The protein content was determined by Lowry ' s  method. The res idue of total ra t  ce rebra l  co r -  
tical synaptosomes (mainly f rom the gray ma t t e r )was  suspended in 0.8 m.1 K r e b s - R i n g e r m e d i u m  (NaC1 
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TABLE i~ Effect of Tetanus Toxin 
on Incorporation of Lys[ne-H 3 into 
Proteins of Cortical Synaptosomes 
of Rats in Vitro 

M 
~'fn 

Specific radioactivity (in 
countjrain/rag protein) 

2754 16~ 
1oo 

+~ 

4564 24~ 
166" 

124 raM, KC1 5raM, MgSO 4 1.3 raM, NaHCO 3 26 mM, CaC12 0~75 raM, 
glucose 10 raM, tris-HC1, pH 7.4. 10 raM) and preincubated for 10 rain 
at 37~ Next 0.2 ml H3-DL-lys ine-HCL (specific radioact ivi ty  0.5 
mCi/mM),  d i s s o l v e ~ n  the incubation medium, was added, The 
final concentrat ion was 1 mg/ml  protein and the radioact ivi ty  4 
pCi/ml. The samples were  incubated for 30 rain at 37~ The 
react ion was stopped with i0~c TCA (1 : 1) and a ser ies  of r insings 

' -~ ~ with 5~c TCA (3 times) was ca r r i ed  out to remove unincorporated 
~v > ~ label. Nucleic acids were removed by heating to 80~ (20 min). ~.z :~ 

o ~- Extraction was then carried out with 95% ethanol, saturated with 
sodium acetate, lipids were extracted with a mixture of ethanol 

2341 
250 and ether (2 : i) on heating (6~ 30 min),and the residuewas dried 

4 with ether.  The purified proteins were dissolved in 0.5 ml 0.5 M 85 
NaOH. Some of the solution was used to determine protein (up to 
30% of protein was lost during the washing), the res t  (0.2 ml) was 
t r an s f e r r ed  to the counting flask, to which 8 ml ethanol and 8 ml  
scintil lation fluid - 0.1 g 2,5-diphenyloxazole (PPO) and 6.0 g 
1,4-di[2-(5-phenyl)-oxazolyl]  benzene (POPOP) in 1 l i ter  toluene - 
were added. Radioactivity was counted in a Nuclear Chicago 
Mark II (USA) scintillation counter.  The resu l t s  were expressed  
as specific radioact ivi ty after  subtracting the background and the 
adsorption control  (503 counts rain/rag protein).  The incubation 
conditions chosen were optimal for the study of local protein syn-  

[2]. Each experiment  was ca r r i ed  out on synaptosomes isolated f rom six or  

Legend: 1 Control - incorpora- 
tion of lysine ~ithout addition of 
TT to samples. 2.* marks re- 
sults of experiments for which 
P < 0.05 (compared with control); 
n - number of experiments. 

thesis  in synaptosomes 
seven ra t s .  

TT was purified by gel- f i l t ra t ion on Sephadex G-200 [11] and inactivated at 120~ (20 min); the solu-  
tion of the toxin thus obtained, in a c.oncentration of 50-90 t~g/ml, remained  translucent .  Local tetanus was 
produced by injecting 0.1 MLD at several  points (0.1 ml per  injection) into the muscles  of the leg and thigh 
(so as to ensure the regula r  a r r iva l  of TT in the spinal cord  along the regional neural  pathway [4]). Tissues 
of the anter ior  horns of the lumbosacra l  enlargement  [5] in TT poisoning were investigated after 72 h. 

EXPERIMENTAL RESULTS AND DISCUSSION 

Triton extracts of fractions of the synaptic membranes, light and heavy synaptosomes, and mitoehon- 
dria of the spinal cord contained 52, 64, 62, and 27~c protein~respectively, whereas the DDS extracts of the 
same fractions contained 40, 35, 37, and 66% protein, respectively. The protein content in extracts of the 
fractions of s3~aptic structures from the spinal cord tissues of healthy and poisoned rats were virtually 
identical. 

Anodic disk eleetrophoresis of proteins from synaptic structures of healthy rat spinal cord showed a 
high degree of heterogeneity for both Triton (up to 15 stained bands) and DDS extracts (up to 22-23 bands; 
Fig. I). Heterogeneity of soluble, structural, and membrane-bound proteins of the synaptic structures of 
the cerebral cortex has been described previously [14, 18, 20, 22]. Specific proteins have also been shown 
to be present in the synaptosomes and synaptic membranes, not present in the phase spectrum of brain mi- 
toehondr[al and mierosomal proteins [3, 13, 17]. 

It follows from Fig. 1 that the greatest changes in protein composition in the Triton extracts (soluble 
and membrane-bound proteins) in TT poisoning were observed in the fractions of synaptic structures (es- 
pecially the synaptic membranes fraction); in the mitochondrial fraction these changes were much less 
marked, evidently because of contamination with synaptosomes. These changes were expressed as an in- 
crease in the intensity of the stained proteins with an electrophoretic mobility of 0.i in the synapses in tet- 
anus poisoning. The experiments also showed that compared with normal, no significant changes were ob- 
served in the DDS extracts of the structural proteins from fractions of the synapt[c structures in tetanus 
poisoning. 

To continue the study of the changes in synaptic protein composition in tetanus poison{}i~exper{-ments 
were carried out to study the effect of TT on protein synthesis in the synaptosomes in vitro. As Table 1 
shows, TT in a concentration of 15 ~tg/ml (I000 MLD for mice) considerably (by 66%) stimulated the incor- 
poration of lysine-H 3 into total proteins of the synaptosomes of the rat cerebral cortex. Heat-inactivated 
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TT did not affect the prote in-synthesiz ing sys tem of the synaptosomes.  The observed  increase  in the in- 
tensi ty  of staining of some proteins  af ter  e lec t rophores i s  of the Tri ton ex t rac t  of synaptosomes and synap- 
t ic membranes  on PG found in the ea r ly  stage of tetanus poisoning thus co r r e l a t e s  with data showing an in- 
c rease  (evidently in the membrane  component) of local protein synthesis  in nerve  endings as a r e su l t  of the 
action of TT in vitro. 

In the ear ly  stage of tetanus poisoning no significant morphological changes of synaptic s t ruc ture  took 
place and the most charac te r i s t i c  feature was the I accumulation of synaptic vesicles  close to the active zone 
of the presynaptie  membrane [7, 8]. Changes in protein synthesis in the synapses the re fore  mer i t  special 
attention for they could be an important  link in the chain of biochemical  disturbances in tetanus poisoning. 
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