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Differential  R e s p o n s e  of M y o s i n  - A T P a s e  Act iv i ty  and  Contrac t ion  Proper t i e s  of Fast  and S l o w  
Rabbit Muscles Following Denervation 

Fast  and slow muscles differ not  only in contraction 
properties, but  also in dependence on aerobic and anaero- 
bic mechanisms in generation of cellular energy. Dener- 
ra t ion  produces a multiplicity of changes depending on 
morphological and biochemical type of muscle, see 1. 
However a comparison of strictly defined fast and slow 
muscles, concerning both metabolic and contraction 
properties, after denervation has so far not been under- 
taken. 

Mater ia l  and  methods. Adult  male or female rabbits 
(about 3 kg body weight) were used in the experiments. 
The muscles of the hind l imb were denervated unilaterally 
by sectioning the sciatic nerve in the middle of the thigh 
and removing 2 cm of the nerve to avoid reinnervation 
of the muscles. The contralateral side served as a control. 

Contraction properties. The extensor digitorum longus 
(EDL) and the peroneus longus muscles innervated by 
the peroneal nerve are both fast muscles with identical 
contraction properties. In the study of contraction prop- 
erties we have therefore used the peroneus longus muscle, 
methodologically advantageous because of its smaller 
size and thickness. The soleus muscle is known to be an 
exceptionally slow muscle, Contraction t ime (time to peak) 
was measured in vi tro at  36°C with the mass stimulation 
method * and recorded by an automatic  analyzer s. The 
stimuli were square pulses of 1.0 msec in duration of 
supramaximal intensity. Optimal resting tension (tension 
producing maximal  twitch tension) was determined before 
each experiment. 

Biochemical properties. Myosin was prepared from the 
fast E D L  and the slow soleus muscle by dilution and pre- 
cipitation procedure 4 with 10 m M  sodium pyrophosphate 
and 1 m M  magnesium chloride included in the extraction 
medium. Protein was determined by the biuret method, 
inorganic phosphate according to FISKE and SUBAROW 5. 
Low molecular weight proteins were dissociated from 
myosin by t rea tment  with p-ch!oromercuribenzoate e and 
isolated by the procedure used by SAMAHA et al. s. Poly- 
acrylamid gel electrophoresis was carried out as described 
by ORNSTEIN ? and DAVIS s. The stocking and separating 
gels were made up in 8 M urea. 

Results .  Figure 1 shows tha t  the rate of muscle atrophy is 
slightly higher in soleus muscle in later denervation 
periods. The Table shows the changes in contraction 
t ime in the peroneus and soleus muscles following dener- 
vation. In  the course of denervation, the peroneus shows 
prolongation, the soleus muscle shortening of contraction 
time. 8 weeks after denervation, the denervated peroneus 
muscle is 23~/o slower, the denervated soleus muscle 44% 
faster than the control muscles. Figure 2 shows that  the 
yield of myosin]g of muscle (wet wt.) decreases progress- 
ively during denervation. The amount  of myosin obtained 

from the denervated soleus muscle is much lower than 
tha t  from the denervated E D L  muscle. The method used 
for isolation of pure myosin cannot be quant i ta t ive and 
only about 1/4 of the total  myosin present was extracted 
from both control E D L  and soleus muscles. However, as 
all preparations are done under strictly identical condi- 
tions, the data  indicate tha t  the relative amount  of myo- 
sin decreases with denervation. During the denervation 
period, the relative content  of sarcoplasmic proteins 
apparently increases; but  par t  of the moysin molecule 
may  change as a consequence of denervation, and thus 
the isolation procedure may not involve this modified 
myosin. Figure 3 shows the changes in ATPase act ivi ty  
of myosin during denervation. As expected in view of 
prolongation of contraction t ime in the fast, and its 
shortening in the slow muscle, ATPase act ivi ty  of myosin 
decreases in the fast E D L  and increases in the slow soleus 
muscle. Specific ATPase act ivi ty  of the soleus muscle is 
almost doubled 8 weeks after denervation. The relation of 
ATPase act ivi ty  of myosin and speed of contraction is 
well known for normal muscles 9. 

The spectrum of low molecular weight proteins of 
myosin was also studied, as i t  was shown tha t  these 
proteins are specific and differ in fast and slow muscles, 
e.g. 1°. I t  is assumed that  some of these low molecular 
weight proteins are located in or near the active site 
of the myosin ATPase and thus changes in pat tern of 
these small proteins might  suggest how ATPase act ivi ty  
is regulated in vivo. Figure 4 shows the results of an 
electrophoretic study of proteins released from myosin by 
p-chloromercuribenzoate t reatment .  The pat tern of low 
molecular weight proteins of myosin from the denervated 
E D L  muscle is part ial ly changed to the pat tern of the 
normal soleus muscle. An opposite trend is observed 
when proteins of normal and denervated soleus are com- 
pared. 

Discuss ion.  The changes observed in specific ATPase 
act ivi ty  demonstrate that  changes in contraction prop- 

I E. GUTMANN and P. HulK, The Ellect o/Use and Disuse on Neuro- 
muscular Functions (Czechoslovak Academy of Sciences, Prague 
1963). 

i A. SANDOW and M. BRUST, Am. J.  Physiol. t94, 557 (1958). 
s V. ROHLI~EK, SNTL Dig. 61,383 (1968). 
4 S. V. PERRY, in Methods in Enzymology (Eds. S. P. CoLowlcK and 

N. V. KAPLAN, Academic Press, New York 1955), vol. 2, p. 582. 
5 C. H. FISKE and Y. SuBARow, J. biol. Chem. 66, 375 (1925). 
* F. J. SAMAHA, L. GUTH and R.W. ALBERS, J. biol. Chem. 245, 

219 (1970). 
? L. ORNSTEIN, Ann. N.Y. Acad. Sci. /21, 321 (1964). 
8 B. J. DAvis, Ann. N. Y. Acad. Sci. 121,404 (1964). 

% 

8O 

60 " 

4O 

2O 

Fig. 1. **Vet weight of muscles after denervation expressed in percent 
of control muscle. O, EDL; Q, soleus muscle. 
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Fig. 2. The yield of myosin per g of muscle after denervation expreso 
seal in percent of control muscle. O, EDL; O, soleus muscle. 
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Contraction time of control and denervated rabbit muscles (36°C, in msec) 
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Muscle Control 1 week after p Control 4 weeks after p Control 8 weeks after p 
denervation denervation denervation 

Mean 4- SE Mean 4- SE 

No. of animals 5 5 
peroneus 24.5 4- 1.47 20.2 4- 0.97 < 0.025 25.1 4- 1.02 
soleus 87.6 4- 8.95 63.4 -¢- 8.51 < 0 .05  91.6.4- 8.04 

Mean + SE 

5 
30.1 4- 1.63 < 0.025 27.5 + 0.72 33.9 4- 1.42 < 0.005 
54.6 -I- 1.93 < 0.001 88.2 4- 4.37 48.9 q- 4.76 < 0.001 

-~ 0.'~ 

E 0.~ 

0.~ 
EE 

0.~ 

0 3 5 fi 7 8W~lcs 

Fig. 3. Adenosine triphosphatase activity of myosin from control and 
denervated muscles, O, EDL; O,  soleus muscle. Assayed at 25 °C in 
0.05M Tris/pH 7.5/0.025M KC1, 10 mM CaC1 v and 5 mM ATP. 

er t ies  in d e n e r v a t e d  muscle  are due  to  a l t e ra t ions  in t he  
myos in  molecule  and  no t  only  to  a change  in t he  a m o u n t  
of myos in .  Moreover ,  fas t  and  slow muscles  reac t  differ-  
en t ly  to  'denerva t ion .  These  are several  possibi l i t ies  of 
exp la in ing  th i s  d i f ferent ia l  response,  wh ich  can be gener-  
al ly r ega rded  as a process  of ded i f fe ren t i a t ion  due  to  loss 
of ne rvous  regula t ion .  In  expla in ing  t h e  m e c h a n i s m s  of 
t h e  d i f fe ren t ia l  behav iou r  of fas t  and  slow d e n e r v a t e d  
muscles,  i t  m u s t  be r e m e m b e r e d  t h a t  b o t h  musc les  are  n o t  
homogeneous ,  con ta in ing  f ibres  w i t h  h igh  ( type  II)  a n d  
tow ( type  I) A T P a s e  ac t i v i t y  in d i f fe ren t  p ropor t ions ,  
see tl. The  fol lowing m e c h a n i s m s  m a y  be respons ib le :  a) 
re la t ive  i ndependence  of s low fibres on neura l  control ,  b) 
p re fe ren t ia l  a t r o p h y  of  one  t y p e  of muscle  f ibres 12, c) for- 
ma t i o n  of a new t y p e  of muscle  fibres, and  d) sho r t en ing  
of t he  d e n e r v a t e d  soleus muscle  p roduc ing  a sho r t en ing  of 
con t r ac t ion  t ime  analogous to  t e n o t o m y  i s  

More d a t a  are necessary  to  answer  t he  ques t ion  which  
m e c h a n i s m  is responsib le  for the  d i f ferent ia l  response  of 
fas t  and  slow muscle  to  dene rva t i on  and  consequen t ly  for 
t he  regula t ion  of cont rac t i l e  and  e n z y m a t i c  p roper t i e s  of 
muscle.  The r ab b i t  soleus muscle  con ta ins  few t y p e  I I  
f ibres only  and  pre fe ren t ia l  a t r o p h y  of slow f ibres  m i g h t  
occur. However ,  a lower A T P a s e  ac t iv i ty  of m y o s i n  is 
obse rved  in t h e  d e n e r v a t e d  E D L  musc le  and  o t h e r  fac tors  
a p p a r e n t l y  also opera te .  Never the less ,  i t  can  be  conc luded  
t h a t  a l t e ra t ions  in t h e  myos in  molecule  occur  a f t e r  dener -  
v a t i o n  and  are re f lec ted  b y  changes  of specif ic  A T P a s e  
ac t iv i ty  of  my o s i n  and  b y  the  p a t t e r n  of low molecular  
we igh t  pro te ins ,  re la ted  a p p a r e n t l y  to  t h e  syn thes i s  of a 
d i f fe ren t  t y p e  of myos in  molecule  or p a r t  of it. 

Zusammen/assung. Nachweis  un te r sch ied l i cher  Kon-  
t r ak t ionsgeschwind igke i t en  bei  schnel len und  l angsamen  
K a n i n c h e n m u s k e l n  sowie en t sp rechende  Un te r sch i ede  in 
der  Myos in -ATPase -Ak t iv i t g t  und  im S p e k t r u m  nieder-  
molekularer  P ro t e i n e  nach  D e n e r v a t i o n  w e rd en  gezeigt .  
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Fig. 4. Effect of denervation (8 weeks) on low molecular weigl~t pro- 
teins of slow soleus and fast EDL-muscles myosin. I. Control EDL. 
2. Control soleus. 3. Denervated EDL. 4. Denervated soleus muscle. 

9 M. BJ~RANY, J. gen. Physiol. 50, 197 (1967), Suppl. 1. 
zo F. J. SAMAHA, L. GUTH and R. W. ALBERS, Expl. Neurol. 27, 276 

(1970). 
:l V. DUBOWITZ and A. G. E. PEARSE, Histochemie 2, 105 (1960). 
1~ G. KARPATI and W. K. ENGEL, Am. J. Anat. 122, 145 (1968). 
is G. VRBOVi, J. Physiol., Lond. 169, 513 (1963). 
z4 We are indepted to Miss A. KREJ¢~OVX and Mrs. A. HERBRYCHOVJ~ 

for their valuable and skillfull technical assistance. 


