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The ef fec t  of pro longed te tanizat ion on ace ty l cho l ines t e ra se  act ivi ty  of the s a r c o p l a s m i c  re t i cu lum 
was invest igated.  Pro longed tetanus was s imula ted  by local  tetanus of the hind l imb in ra t s .  Acetylchol ine-  
s t e r a s e  act ivi ty  p e r  m i l l i g r a m  pro te in  was inc reased  at pH 6.2 and 7.0 but unchanged a t pH 8.0 and 9.0. 
The i nc rea se  in act ivi ty  at pH 7.0 was 44%. The yield of pro te in  f r o m  the s a r c o p l a s m i c  r e t i cu lum per  g r a m  
of t i ssue  was reduced  by 14% during tetanus.  It is concluded that  prolonged tetanizat ion in vivo leads to an 
i n c r e a s e  in the ace ty l cho l ines t e ra se  act ivi ty  of the s a r e o p l a s m i c  re t icu lum.  

The m e m b r a n e  f rac t ion  obtained by different ial  centr i fugat ion between 12,000 and 40,000 g, consis t ing 
mainly  of c i s t e rn s  and undes t royed  t r i ads  of s a r c o p l a s m i c  re t i cu lum (SPR) [8], according  to the findings of 
Ulbrecht  and Kruckenberg  [11], p o s s e s s e s  high specif ic  cho l ines t e ra se  act ivi ty.  These w o r k e r s  suggest  
that the act ivi ty  of this cho l ines t e r a se  is a s soc ia t ed  with the conduction of exci ta t ion f r o m  the su r face  of 
the s a r c o l e m m a  into the depths of the musc le  f iber .  

We studied the ace ty l cho l ines t e ra se  act ivi ty  of the SPR during prolonged, continuous te tanus produced 
by injection of smal l  doses  of te tanus toxin. 

E X P E R I M E N T A L  M E T H O D  

Expe r imen t s  were  c a r r i e d  out on male  albino r a t s  weighing 280-320 g. Tetanus toxin was injected 
in a dose of 1 / 2 0 - 1 / 3 0  MLD into the musc l e s  of one hind l imb as desc r ibed  prev ious ly  [6]. T issue  was 
taken for  invest igat ion at the end of the 3rd day, i.e., a f t e r  tetanus las t ing  m o r e  than 48 h. The c o r r e s p o n d -  
ing musc les  of healthy r a t s  acted as the control .  

The SPR was isola ted in 0.1M KC1 solution by dif ferent ia l  centr ifugation.  The excised  muscles ,  f r o m  
which fat was removed,  were  pa s s ed  through a "Latap ie"  m i n c e r  and homogenized in a mic rob lender  with 
four  vo lumes  of i so la ted  medium for  2 min. Myofibri ls  and cell  f r agments  were  r emoved  by centr i fugat ion 
at 1000 g for  25 min. The supernatant  was f i l te red  through four  l a y e r s  of gauze, the mi tochondr ia  were  
sed imented  by centr i fugat ion fo r  20 min at  12,000 g, and the SPR was sed imented  by eentr i fugat ion at 
40,000 g for  1 h. The SPR res idue  was suspended in isola t ion medium to give a final concentra t ion of 3 mg 
p r o t e i n / m l .  The ace ty l cho l ines t e ra se  act ivi ty  was de te rmined  by H e s t r i n ' s  method [9]. P ro te in  was d e t e r -  
mined by the method of Lowry et al.  [10]. 

Expe r imen ta l  s a m p l e s  measur ing  2.5 ml cons is ted  of 0.06M KC1, 0.09M NaC1, 0.04M MgC12, 0.01M 
phosphate  buffer  (pH 6.2, 7.0, or  8.0) or  0.01M KC1, bora te  buffer  (pH 9.0), 0.003M acetylcholine,  and 1.5 
mg SPR prote in .  The incubation t ime was 1 h and the t e m p e r a t u r e  37 ~ Control s amples  to allow for  
spontaneous hydro lys i s  of acetylchol ine were  tes ted at  each  pH value.  

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

Since the ace ty lcho l ines t e rase  act ivi ty  depends on the s ta te  of ionization of acid and bas ic  groups  
contained in i ts  ac t ive  center ,  it might be expected that, if changes take place  during local  tetanus in the 
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TABLE 1. Acety lchol ines terase  Activity (pmoles ace ty leho l ine /mg 
pro te in /h)  Under Normal  Conditions and in Experimental  Local 
Tetanus 

Series of expt, pH 
6,2  7 ,0  8,0 9 ,0  

NormaI . . . .  
Tetanus , . .  
%of normal 
activity . . . 

0.10-----0,02 (17) 
0.22-+0.03 (17) 

220 

0.54_+0.02 (18) 
0.78_+0.03 (18) 

144 

1.46+-0.08 (17) 
1,59_+ 0,05 (17) 

109 

1.55___ 0.008 07) 
1.70_+0.08 (18) 

110 

Note. Number of experiments  inpa ren theses .  

enzyme molecule, they could be detected by studying the relationship between ace ty lchol ines terase  ac-  
tivity and pH. 

As Table 1 shows, the ace ty lchol ines terase  activity of the SPR was increased  during tetanus in acid 
and neutral medium but unchanged at pH 8.0-9.0, i.e., in the region of the pH optimum. 

A study of the SPR protein yield per  g ram tissue showed that during local tetanus less  protein (1.67 =~ 
0.1) was isolated f rom 1 g muscles  than f rom muscles  of healthy animals (1.94 =~ 0.08), i.e., 86% of normal 
(15 experiments) .  

The decrease  observed in the SPR protein content per  g ram muscle t issue was evidently due to the 
fact  that prolonged continuous tetanization of muscles causes changes in the relat ive intensities of SPR 
protein synthesis  and breakdown in favor of the lat ter .  No such changes were discovered in the mitochon- 
dria.  It may be that protein synthesis  in the cell s t ruc tu res  most  closely connected with the trophic in- 
f luences of the nervous sys t em [7] are  modified f i rs t .  The changes discovered were opposite to those ob- 
served  af ter  denervation [3, 7]. In cont ras t  to denervation, when acety lchol ines terase  synthesis  takes place 
more  rapidly than synthesis  of other  enzymes [5], the increased e lect r ical  activity did not affect the r e l a -  
tive content of ace ty lchol ines terase  among the other SPR proteins.  Evidence of this was given by the 
ident ical  activity of the enzyme in the region of the pH optimum under normal conditions and during exper i -  
mental local tetanus. The increase  is ace ty lchol ines terase  activity at acid and neutral  pH values apparent-  
ly indicates that the enzyme molecule underwent cer ta in  changes as a resul t  of which the pH of the imid- 
azole group of histidine in the active center  was displaced toward the acid side. Since the decrease  in con- 
tent of 8PR protein  in tetanus, i.e., 14%, was at least  3 t imes sma l l e r  than the increase  in acetylchol ine-  
s t e rase  activity at physiological  pH values (44%), it may be considered that in vivo prolonged tetanization 
must  lead to an increase  in ace ty lchol ines terase  activity, especial ly if it is r emembered  that the pH of 
muscle t i ssue during tetanus is displaced slightly toward the acid side [1]. The increase  in acetylchol ine-  
s t e r a se  activi ty of SPR which we discovered is evidently due to the fact that the muscles  remained for  a 
long time in an active state, because training leads to an increase  in the chol ines terase  activity of muscles 
[2]. The increased  ace ty lchol ines te rase  activi ty of the SPR may be connected with the phenomenon demon- 
s t ra ted by Kryzhanovskii  [4] and which can be interpreted as increased lability of the muscles  of tetanized 
animals .  
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