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INTRODUCTION 

The relation of the cross-striation of the muscle to contraction has been most exten- 
sively studied by BUCHTHAL 1-~ who came to the conclusion that  only the A band con- 
tracts, while the I band stretches. His finding is in agreement with WEBER'S statement 
that  only the A bands contain myosin4, 7,1% I t  is difficult to imagine, however, how the 
muscle could contract more than 50 % if half of it does not participate in the contraction. 
The filaments observed in the electron microscope seem to run continuously through A 
and I bands and there is reason to believe that  these filaments are actin threads~,S, 8. 
They could thus be expected to be accompanied by  myosin and be contractile. On the 
other hand, if myosin is localized in the A bands only, one has to assume part  of the 
muscle's actin to be free of myosin. 

I t  appears to be simple to decide by direct microscopic observation how far the two 
bands, A and I, participate in contraction. The difficulty is with the material. I t  is veI 3" 
difficult, if not impossible, to maintain a uniform lasting contraction in living muscle 
under the microscope. This difficulty was solved by  SZENT-GYORGYI 7,8 with the intro- 
duction of the glycerinated psoas muscle. If  the muscle is extracted with glycerol, its 
ATP is removed while the contractile microstructure remains undamaged. I f  the glycerol 
is washed out, the muscle suspended in saline and ATP added, contraction of any desired 
extent can be produced, depending on the length to which the muscle is allowed to 
shorten. If  the ATP is then washed out, the muscle remains indefinitely in this contracted 
state and can be studied at ease under the microscope. I f  the psoas muscle is used for this 
preparation, one has the additional advantage of parallel running fibers, which, owing 
to the lack of connective material, can easily be disintegrated into thin fiber bundles or 
even single fibers. 

EXPERIMENTAL 

T h i n  fiber bund le s  of t he  psoas  musc le  of t he  r abb i t  were used  in al l  exper imen t s .  I m m e d i a t e l y  
a f te r  t he  d e a t h  of t he  a n i m a l  na r row s t r ips  of t he  psoas  (lO-12 cm long a n d  3-4  m m  wide) were 
a t t a c h e d  in situ by  l i g a m e n t s  to app l ica tor  s t icks,  cu t  free of t he  res t  of t he  psoas  a n d  immersed ,  
t oge the r  w i th  t h e  s t icks,  in to  5 o %  wa t e ry  glycerol  so lu t ion  of o ° C, a n d  kep t  a t  t h i s  t e m p e r a t u r e  
for 4 8 hours .  Beyond  t h i s  t i m e  t h e y  were s to red  a t  - 2 o  ° C in  5 o %  glycerol.  

If  fibers s t r e t ched  beyond  t he  r e s t - l eng th  were required,  t h e  psoas  bund l e  was  s t r e t ched  im-  
med ia t e ly  a f te r  t h e  d e a t h  of t h e  an i ma l  a n d  a t t a c h e d  to  t he  app l ica tor  s t ick  in  a s t r e t ched  condi t ion.  
If  fibers of r e s t - l eng th  were desired,  t he  musc le  was  fixed a t  i t s  n a t u r a l  l eng th  in situ. If  musc le  of 
equ i l ib r ium l e n g t h  was  needed,  t h e n  one end  of t he  musc le  on ly  was  t i ed  to t he  st ick,  while  t h e  o ther  

* Aided  by  a g r a n t  f rom t he  Sis ter  E l i z abe t h  K e n n y  Founda t i on .  

Re/erences p. ~59. 



258 B. HORVATH VOL. 8 (1952) 

end was cut free and fixed to the stick after it had shortened spontaneously to its equilibrium length, 
which was mostly lO% shorter than the rest-length. Before observation these muscles were separated 
with the help of tweezers into fiber bundles or even single fibers. 

If contracted muscle was desired, the starting material was muscle of rest-length. With the 
help of the tweezers thin fiber bundles were isolated containing 3-6 fibers. The bundle was laid over 
a hook, then both ends were fixed with a clamp. The muscle was straightened by a gentle pull on 
the clamp, and immersed in this condition for 5 minutes into a solution csntaining o.08 M KC1, 
0.oo05 M MgCl~ and 2 mg per ml ATP, then transferred for io minutes into distilled water to wash 
out the ATP. The temperature of both the ATP solution and the distilled water was o ° C (isometric 
contraction). A number of bundles were allowed to shorten slowly in ATP while pulling against a 
weight. When the desired final length was reached, the bundles were transferred to distilled water, 
as above (3o-5o% contraction). Psoas fibers will not contract at o ° C by more than 5o% of their 
rest-length. To make stronger contraction possible the experiment has been performed at io ° C, 
but otherwise as described above. 

In taking the microphotograms the following procedure was employed : A larger number of fibers 
of each type was observed under the microscope using high power magnification and oil immersion. 
Fibers treated identically all looked alike. The best fields were photographed, io or more pictures 
being taken of 3 or more fibers of each preparation. The negatives were taken on Kodak Micro-file 
M 4o2 film with a Leica camera and its Micro-Ipso attachment. All pictures were taken with the 
same magnification and an identical enlargement factor was used in making the prints. 

RESULTS 

The uni formi ty  among fibers which were t rea ted  similarly was al ready apparen t  on 
simple microscopic inspection. This was fur ther  borne out by  the obvious s imilar i ty  in 

the enlarged pr ints  of the same type  of material .  
On the pr ints  the cumula t ive  height of io  adjacent  compar tments  was measured 

and  expressed in percentage of the same value for rest- length fibers. This served as the 
measure of contract ion,  and  was checked against  the degree of contract ion (or stretch) 
measured on the whole fiber. This  procedure served several purposes. I t  proved tha t  
no s tr ia t ions disappear (or appear) even under  condit ions of extreme contract ion (or 
stretching). I t  also helped to exclude errors such as observing a torn  fiber while the 
whole bundle  appeared to be intact .  F ina l ly  i t  showed tha t  no disfiguration occurred 
dur ing the prepara t ion  of the single fibers. The agreement  between the degree of contrac- 
t ion measured on the whole muscle and  on the pr in ts  of single fibers was always satis- 
factory (within 5 %) except for the maximal ly  (78 %) cont rac ted  fibers. Here the measure- 
men t  of the microphotograms revealed tha t  the sarcomers contracted by  60% of their  
rest- length only, and  fur ther  shor tening was due to curving and  wrinkl ing of the fibers. 

For  measurements  of the relat ive width  of the bands  only those parts  of the pr ints  
were used in  which the bands  lay s t raight  over one, or preferably several centimeters,  
in  which the widths of the bands  were uni form throughout  this length, and  the demarca-  
t ion of the A and  I bands  was sharp. Since absolute values were not  needed a mil l imeter  
scale was pu t  obliquely across adjacent  A and  I bands,  thus allowing a more exact de- 
t e rmina t ion  of their  relat ive widths. Focusing experiments  showed tha t  the width of the 
bands  did not  depend on the level a t  which the picture was taken.  This was done by 
taking  a picture first at  the highest level at  which any  s t ructure  could be discerned, then  
tak ing  subsequent  pictures moving the object ive down by  O.OLO m m  each time, un t i l  the 
lowest l imit  of visibi l i ty was reached. Such pictures look identical.  This result  is in  
agreement  with similar da ta  of BUCHTHAL 1. 

Measurement  of the microphotograms showed tha t  the relat ive width of the A 
and  I bands  is always I : I independen t ly  of the degree of contract ion or stretch. I t  will 
be seen from the pictures on Fig. I. tha t  over the whole range s tudied both  the A and  I 
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b a n d s  o c c u p y  50-5  ° % of  t h e  h e i g h t  of t h e  c o m p a r t m e n t ,  t h a t  is b o t h  A a n d  I b a n d s  

c o n t r a c t  a n d  s t r e t c h  equa l ly ,  a t  l eas t  u n d e r  t h e  c o n d i t i o n s  of  t h e  e x p e r i m e n t s  desc ibed .  

T h i s  w o u l d  i n d i c a t e  t h a t  b o t h  b a n d s  c o n t a i n  c o n t r a c t i l e  m a t a r i a l  a n d  t h a t  t h e  a c t i n  

f i l a m e n t s  a re  a c c o m p a n i e d  b y  m y o s i n  in  t h e  I b a n d s  as  wel l  as  in  t h e  A b a n d s .  

a b c d e f g h 

Fig. i. Microscopic pictures of single fibers of the glycerinated psoas muscle of the rabbit. (Unstained). 
a : 14o % stretched, b : rest-length, c : isometric contraction, d : equilibrium length, e - -  h contracted: 

e: by 22.5% , f: by 4o%, g: by 50%, h: by 78% 

SUMMARY 

Microphotograms were taken of glycerinated psoas fibers of the rabbit in different stages of 
contraction and stretch. A and I bands retain their relative width of i : i  over the whole range. 
I t  is concluded tha t  both bands are equally capable of contraction and both contain contractile 
material. 

Rt~SUMI~ 

L'auteur pr6sente des microphotogrammes de fibres de psoas glyc6rin6es dn lapin dans diff6rents 
stades de contraction et  d'extension. Les bandes A et I conservent leur laxgeur relative de I : i dans 
tout le domaine ~tudi~. L'auteur conclue que les deux esp~ces de bandes ont la m~me capacit6 de 
contraction et que routes deux contiennent du mat6riel contractile. 

ZUSAMMENFASSUNG 

Microphotogramme yon glycerinierten Psoasfasern yore Kaninchen in verschiedenen Stadien 
der Kontraktion und I)ehnung wurden aufgenommen. Die A und I Banden behalten in dem ganzen 
Bereich ihre relative Breite yon I : I. Es wird geschlossen, dass beide Banden die gleiche Kontraktions- 
tiihigkeit haben und dass beide kontraktiles Material enthalten. 
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