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T e n s i o n  and  S t r u c t u r e  in  C r u s t a c e a n  F a s t  a n d  S l o w  M u s c l e  F i b r e s  

The sliding f i l ament  hypo thes i s  of muscle con t rac t ion  1 
rests  on the  premise  t h a t  tens ion  is genera ted  by  forma-  
t ion  of cross br idges be tween  th ick  (myosin) and  th in  
(actin) f i laments  where  t h e y  over lap wi th in  the  sarcomere.  
The hypo thes i s  predic ts  t h a t  t he  tens ion wi th in  a sarco- 
mere  is a func t ion  of tile ex t en t  of over lap of t he  th ick  
and  t t l in f i laments ,  and th is  has  been  subs t an t i a t ed  by  
recent  work  on the  l eng th- tens ion  re la t ionship  of single 
frog muscle  fibres 2. 

Two o ther  predic t ions  of the  sl iding f i l ament  hypo thes i s  
which  app ly  to muscle  fibres of d i f fe rent  res t ing  sarcomere  
leng th  are as follows: (1) Muscle fibres wi th  long sarco- 
meres  should develop more  tens ion  per  uni t  area  of cross- 
sect ion t h a n  fibres w i th  shor t  sarcomeres,  due to  more  
extens ive  over lap be tween  the  2 sets  of myof i l amen t s  
wi th in  t he  longer sarcomere.  (2) More rap id  con t rac t ion  
would  be expec ted  in f ibres w i th  shor t  sarcomeres,  since 
t h e y  possess more  sarcomeres  in series per  uni t  l eng th  
of muscle  fibre 1. Val ida t ion  of these  predic t ions  would 
require  t h a t  t he  long and  shor t  sarcomeres  under  con- 
s idera t ion conta in  myof i l amen t s  wi th  equiva len t  numb er s  
of s imilar  cross br idges  per  un i t  length.  

Materials and methods. I n  tile p resen t  work,  these  
predic t ions  were t e s t ed  on the  abdomina l  ex tensor  muscles 
of the  crayf ish and  lobs ter  a. Tension of indiv idual  f ibres 
was recorded isometr ical ly  by  means  of an RCA 5734 
t r ansduce r  while cur ren t  for d i rect  s t imula t ion  of t he  
f ibre was appl ied int racel lular ly  w i th  a microelect rode ~. 

Results and discussion. The 'deep '  ex tensor  muscles  
possess m u c h  shor te r  sarcomeres  (2-4.5 a) t h a n  the  
'superficial! eXtensor muscles  (6-10 ~). Over lap be tween  
th ick  and  th in  f i l aments  is abou t  3 a per  sarcomere  in 
a lobs ter  deep ex tensor  fibre of 4.3 p. sarcomere  length,  
compared  wi th  an over lap of abou t  6 ~ per  sarcomere  in 
a superficial  muscle  fibre of 9 ~x sarcomere  leng th  (de- 
t e rmined  by  electron microscopy) .  The sarcoplasmic re- 
t iculum is similar in a m o u n t  in t he  2 types  of fibre, and 
d iad ic  con tac t s  be tween  e lements  o5 the  sa~coplasmic 
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re t icu lum and  T- tubules  are roughly  equiva len t  in t e rms  
of t he  n u m b e r  per  sarcomere  5. 

Tension d e v e l o p m e n t  and  re laxa t ion  were always m u c h  
slower in t he  superficial  (long sarcomere)  f ibres (Figu~ce). 
Thus,  the  re la t ionship  be tween  speed of con t rac t ion  and  
leng th  of sarcomere  holds  for these  fibres, as in cer ta in  
o the r  c rus tacean  muscles S, 4, ~. 

Peak  isometr ic  t ens ion  of single muscle  f ibres in 
response  to  direct  s t imula t ion  was compared  af ter  t r ea t -  
m e n t  wi th  solutions conta in ing  t e t r a e t h y l a m m o n i u m  
chloride (TEA), a c o m p o u n d  which  faci l i tates  p roduc t ion  
of prolonged,  overshoot ing  spikes in c rus tacean  muscle  
fibresT. �9 Al though  the  T E A  spikes were more  prolonged 
in the  fas t  fibres, the  calcula ted t ens ion  per  un i t  area of 
f ibre cross-sect ion was a lways grea ter  in t he  slow fibres. 
Values ranged  f rom 0.8-1.4 kg /cm ~ in fas t  fibres, and  
f rom 5.0 to  over  10 kg /cm 2 in sIow fibres.  

In  o ther  tests ,  t ens ion  of t he  2 t ypes  of fibre' was 
compared  dur ing appl ica t ion  of con t rac tu re -p roduc ing  
agents  (Table). Fo r  each t r e a t m e n t ,  t he  slow fibres 
developed more  tens ion  t h a n  the  fas t  fibres. Indeed,  the  
la t t e r  failed t6 develop measurab le  tens ion  in high potas-  
s ium unless a p r e - t r e a t m e n t  wi th  caffeine was included.  

Treatment Fast muscle Slow muscle 
tension (kg/cm 2) tension (kg/cm 2) 

Excess In+ 0 Mean 1.50 (N = 3) 
(200 raM) S.E. • 

Caffeine Mean 0.22~ (N - 4) Mean 1.10~ (N = 3) 
(30raM) S.E. :~0.08 S.E. 4-0.3t 

Excess K + Mean 0.84 b (N = 3) Mean 4.40 b (N =4) 
(400 raM) and S.E. 4-0.15 S.E. 4- 0.76 
caffeine 
(30 mM) 

T-test: Means differ significantly (P 0.05). b T-test: Means differ 
significantly (P 0.01). 

The p resen t  results  are in qua l i t a t ive  ag reemen t  w i th  
t he  predic t ions  of the  sl iding f i l ament  hypothes is .  F u r t h e r  
quan t i t a t i ve  evaluation" would  require  in format ion  abou t  
the  number s  of cross br idges  per  uni t  l eng th  of t he  myo-  
f i laments  s. 

Rdsumd. Les fibres de l ' a b d o m e n  du h o m a r d  pourvues  
de longues s t r ia t ions  ou t  d~velopp6 une  plus g rande  ten-  
sion par  unit6 de surface, en coupe t ransversale ,  que les 
f ibres munies  de s t r ia t ions  courtes.  

Contraction of a deep extensor muscle fibre (A) and of a superficial 
extensor muscle fibre (B) in response to direct stimulation applied 
intraeellularly by mieroeleetrode. The top traces in each figure show 
the muscle fibre membrane responses; in neither case does a spike 
appear. Tension (bottom traces) develops and relaxes much more 
slowly in B. Calibrations: Horizontal (time), 0.2 see (A), 0.4 see (B); 
vertical (voltage), 10 mV; tension, 50 mg. 
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