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Summary. The  loca l iza t ion  of severa l  muscle  p ro te ins  in re laxed  a n d  c o n t r a c t e d  myof ib r i l s  is compared .  T h e  morpho l -  
ogy  of t he  myof ibr i l s  a n d  t he  b e h a v i o r  of these  p ro t e in s  was also i n v e s t i g a t e d  u n d e r  e x t r a c t i o n  condi t ions .  

A n u m b e r  of pro te ins ,  i sola ted f rom ch icken  muscle,  e.g. 
p a r v a l b u m i n - l i k e  pro te in ,  /?-actinin, g lycogen phospho-  
ry lase  b a n d  MM-crea t ine  k inase  h a v e  been  shown  b y  
us to  be  loca ted  in d i s t inc t  regions  of t he  re laxed  myo-  
fibrils~-% I n  p u r s u i n g  these  s tudies ,  3 m a j o r  ques t ions  
were ra i sed  concern ing :  a) the  specif ic i ty  of t h e  de tec t ion  
m e t h o d  used ( indi rec t  immunof luo re scence  t echn ique)  
u n d e r  v a r y i n g  e x p e r i m e n t a l  condi t ions ,  b) the  b i n d i n g  
of these  p ro t e in s  also in s t rong ly  c o n t r a c t e d  myofibr i ls ,  
where  t he  i n t e r f i l a m e n t a r y  d i s t ances  are  e x t r e m e l y  re- 

duced,  a n d  c) t h e  e x t r a c t i o n  u n d e r  cond i t ions  appl ied  
for t h e  'specific '  r e m o v a l  of t h e  M-line s t ruc tu re .  A 
n u m b e r  of e x p e r i m e n t s  h a s  been  u n d e r t a k e n  to  t e s t  our  
usua l  a p p r o a c h  ( ind i rec t  immunof luorescence)  u n d e r  
condi t ions  where  morpho log ica l  an d  func t iona l  s t a t e  of 
t h e  myof ibr i l s  are cons ide rab ly  changed .  
Methods. Relaxed  myof ibr i l s  were p r e p a r e d  accord ing  to 
K u n d r a t  an d  Pepe  7, a n d  i n c u b a t i o n s  were done  as 
descr ibed  earlier~-% An t i s e r a  aga ins t  t h e  p ro t e in  com- 
p o n e n t s  were o b t a i n e d  a n d  cha rac t e r i zed  as r epo r t ed  ~-% 
An t i -MM-crea t ine  k inase  a n d  a n t i - I g G  f rac t ion  aga ins t  
ch icken  g izzard  ac t in  were k ind  gifts  of M. C a r a v a t t i  
an d  Dr  B. Jockusch .  An t i s e r a  were d i lu ted  1 :40 excep t  

Fig. 1, A. Localization of a parvalbumin-like protein, b fl-actinin, 
c phosphorylase, d MM-ereatin kinase and e actin in relaxed myo- 
fibrils isolated from chicken breast muscle, ] control, incubated with 
nonspecific control serum. The exposures on the left show phase 
contrast and oil the right the fluorescence of the same myofibril. 
• 3500. 

Fig. 1, B. Localization of a parvalbumin-like protein, b fl-actinin, c 
phosphorylase, d MM-creatin kinase and e actin in strongly con- 
tracted fibrils, ] control. 
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for pa rva lbumin- l ike  p ro te in  and an t i -ac t in  (IgG) which  
were di luted 1:25. Controls  (pre- immune sera) were 
appropr ia t e ly  di luted.  Goat  an t i - r abb i t  globuline con- 
jugate  (FITC, fluorescein isothiocyanate)  was ob ta ined  
f rom the  Grand Is land  Biological Company  and di lu ted  
1 : 200. 
The following buffers  were used:  
Relaxing buffer :  0.1 M KC1, 1 mM EGTA, 5 mM EDTA,  
1 mM di th io th re i to l  p H  7. 
Cont rac t ion  buffer :  0.1 M KC1, 5 mM MgC12, 0.2 mM 
CaC12, 1 mM di th io thre i to l ,  0.5 mM A T P  p H  7. 
E x t r a c t i o n  buffers  : a) low ionic s t rength ,  5 mM Tris-HC1, 
1 mM di th io th re i to l  p H  7.7; b) high ionic s t rength ,  0.6 M 
KC1, 1 mM MgCI2, 10 mM sodium pyrophospha te ,  0.1 M 
po ta s s ium p h o s p h a t e  p H  7. 
Results and discussion. 1. Proper t ies  of isolated myofibri ls .  
W h e n  myofibr i ls  were kep t  in relaxing buffer  e i ther  a t  
4~ or in relaxing buffer  conta in ing  50% glycerol a t  

20 ~ for longer t h a n  3 days  or several  weeks respect ively,  
an increased F ITC media ted  f luorescence in the  I -b an d  
region could be observed upon incubat ion  wi th  unspecific 
cont ro l  (pre-immune) serum. However ,  no or only  l i t t le 
unspecif ic  binding was seen when fresh myofibri ls ,  pre-  
pared  f rom muscle t issue which was p u t  into re laxing 
buffer  immedia te ly  af ter  excision, were used. U n d e r  these  
condi t ions  app rox ima te ly  90% of the  fibrils, isolated 
f rom leg or b reas t  muscles, were found to be in the  re laxed 
state.  This  is in con t ras t  to hea r t  muscle where up to 803/o 
of the  myofibr i l s  were cont rac ted .  Pro longed  s torage of 
the  excised (leg or breast)  muscles in ice or in the  frozen 
s ta te  resul ted also in a high percentage  of con t r ac t ed  
myofibri ls .  Cont rac ted  myofibri ls  were normal ly  ob- 
ta ined  by  addi t ion  of cont rac t ion  buffer  to the  pel le t  of 
re laxed myofibri ls .  They  were cons iderably  more uns tab le  
t h a n  in the  relaxed state.  Rais ing of the  A T P  concent ra -  
t ion up to 1 mM resul ted in a spl i t t ing of the  fibrils into 
smaller  f ragments .  Incuba t ion  wi th  immune-se ra  and 

successive washing  s teps  had  to  be carried out  in re laxing 
buffer  in order  to  avoid fu r the r  f r agmen ta t i on  of t he  
fibrils. A revers ion of the  con t rac t ion  by  resuspens ion  
in re laxing buffer  (even for 24 h) was never  observed.  
The s ta te  of con t rac t ion  cor responded  to  s tage D as 
def ined by  Tunik  and Hol t ze r  8 wi th  closely spaced 
con t rac t ion  b a n d s  of equal  opt ica l  densi ty .  
2. Local izat ion of the  muscle  pro te ins  in re laxed and  
con t rac ted  myofibri ls .  As can be seen f rom figure 1, A, 
parva lbumin- l ike  prote in ,  fl-actinin and phosphory lase  b 
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Fig. 2. Myofibrils, a prior to extraction in relaxing buffer, b in ex- 
traction buffer (5 mM Tris-HC1 pH 7.7), and c in high salt medium 
(0.6 M KC1 pH 7). 

Fig. 3, A. Localization of a parvalbumin-like protein, b ~-aetinin, 
c phosphorylase, d MM-ereatin kinase, and e actin in relaxed fibrils 
after extraction with 5 mM Tris-HCl pH 7.7; [ control. 
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Fig. 3, B. Localization of a parvalbumin-like protein, b fl-actinin, 
c phosphorylase, d MM-creatin kinase, and e actin ill contracted 
myofibrils after extraction in 5 mM Tris-HC1 pH 7.7; ] control. 

are found  in t h e  I - b a n d  (like act in ,  t h e  m a j o r  p ro t e in  
of t h e  t h i n  f i l amen t  wh ich  was  chosen  for a d i rec t  com- 
par ison)  in t h e  re laxed s ta te ,  whereas  phosphory la se  also 
shows some a d d i t i o n a l  b i n d i n g  in t h e  H-zone  4, MM- 
c rea t ine  k inase  was local ized m a i n l y  ill t h e  M-line. 
T h e  ques t i on  was ra ised w h e t h e r  these  c o m p o n e n t s  are 

a l s o  b o u n d  in s t rong ly  c o n t r a c t e d  myof ib r i l s  where  t he  
i n t e r f i l a m e n t a r y  d i s t ances  are e x t r e m e l y  reduced.  In th i s  
s ta te ,  t he  A- an d  I - b a n d s  h a d  d i sappeared ,  n o t  a l lowing 
a c lear  loca l iza t ion  of the  f luorescence,  in  def ined s t ruc-  
t u r a l  regions. 
F igure  1, B, shows the  local iza t ion  of t h e  c o m p o n e n t s  in 
c o n t r a c t e d  myofibr i ls .  Cross-s t r ia t ion  is sti l l  observed  u p o n  
i n c u b a t i o n  w i t h  an t i - f l -ac t in in  a n d  an t i -MM-crea t in  k inase  
b u t  n o t  w i t h  p a r v a l b u m i n - l i k e  p ro t e in  an d  phosphory lase .  
3. E x t r a c t i o n  of the  muscle  c o m p o n e n t s  f rom re laxed  
an d  c o n t r a c t e d  myofibr i ls .  Main ly  2 p rocedures  for  the  
e x t r a c t i o n  a n d  isola t ion  of M-line p ro t e in s  (from myo-  
fibrils) are descr ibed  in t h e  l i t e r a t u r e :  a) a more  'specific '  
p rocedure  in low sa l t  buf fe r  ~ an d  b) one u n d e r  h i g h  sa l t  
cond i t ions  (0.6 M KC1)10 a f t e r  ex tens ive  wash ing  of t h e  
f ibr i ls  in re lax ing  buffer .  
The  inf luence  of these  cond i t ions  on t h e  m o r p h o l o g y  of 
single f ibri l  is shown  in f igure  2. I t  d e m o n s t r a t e s  a 
cons iderab le  swell ing of t h e  sti l l  r e laxed  myof ibr i l  in  
hypo ton ic ,  low sa l t  buf fer  (up to double  size) w h i c h  is 
i m m e d i a t e l y  reversed  b y  r e i n c u b a t i o n  in re laxing  buffer .  
E x t r a c t i o n  (for longer  t h a n  2 rain) in h igh  sa l t  buf fe r  
r e su l t ed  n o t  on ly  in the  e x t r a c t i o n  of the  M-line and  
A-band ,  b u t  a l m o s t  comple t e  d e s t ru c t i o n  of t h e  f ibri l  
(figure 2, c). Therefore  on ly  low sal t  cond i t ions  were used 
for e x t r a c t i o n  and  local iza t ion.  F igure  3, A, shows t h a t  
c rea t ine  k inase  and  p h o s p h o r y l a s e  are e x t r a c t e d  in 5 m M  
Tris-HC1 p H  7.7 (for 15 rain) f rom re laxed  fibrils b u t  no t  
f i -ac t in in  or act in .  E x t r a c t i o n ,  however ,  of c o n t r a c t e d  
f ibri ls  (under  cond i t ions  used for re laxed  myofibr i ls)  
r esu l ted  in a d i s appea rance  of MM-crea t ine  k inase  while  
/~-actinin a n d  ac t in  are s t i l l  visible.  Due  to the  weak  
f luorescence a f te r  i n c u b a t i o n  w i t h  an t i - p h o s p h o ry l a se  
a n d  a n t i - p a r v a l b u m i n - l i k e  p ro t e in  sera  in c o n t r a c t e d  
f ibri ls  (prior to  ex t rac t ion) ,  no  clear  resu l t  was ob ta ined .  
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Summary. The  a d d i t i o n  of L-ser ine to s h o r t - t e r m  cu l tu res  of r a t  t h y m o c y t e s  s t i m u l a t e d  t h e  i nco rpo ra t ion  of ~H- 
deoxycy t id ine  in to  DNA,  b u t  s imu l t aneous ly  depressed  the  i n c o r p o r a t i o n  of 8 H - t h y m i d i n e  in to  DNA.  

A l t h o u g h  L-serine" is n o t  cons idered  to be  a n  ' essen t ia l '  
amino  acid, p rev ious  s tud ies  h a v e  shown t h a t  p ro l i f e ra t ion  
of c e r t a i n  m a m m a l i a n  cell t ypes  Call be  s t i m u l a t e d  b y  
L-ser ine  s u p p l e m e n t a t i o n  3. I n  add i t i on  i t  has  been  found  
t h a t  t he  full  l y m p h o c y t i c  response  to p h y t o h e m a g g l u t i n i n  
requi res  a n  a d e q u a t e  s u p p l y  of L-ser ine 3. P a r t  of t h e  
r eason  for th i s  r e q u i r e m e n t  m a y  be  due  to all i n a d e q u a t e  
syn thes i s  of L-ser ine  f rom glycolyt ic  i n t e r m e d i a t e s  4. 

I n  t h e  process  of t e s t i n g  t h e  effect  of amino  acids on  t he  
p ro l i f e ra t ion  of r a t  t h y m o c y t e s  in v i t ro ,  we found  t h a t  
whi le  t h e  add i t i on  of L-ser ine  s t i m u l a t e d  t h e  i nco rpo ra t ion  
of ~H-deoxycyt id ine  in to  DNA,  t h e  i nco rpo ra t ion  of 3H- 
t h y m i d i n e  in to  nucleic  acid was  depressed.  
Materials and methods. Sprague -Dawley  der ived  male  ra ts ,  
35-40 days  old, weighing  125-150 g, were pu rchased  f rom 
Sasco, Omaha ,  NE,  a n d  were m a i n t a i n e d  on w a t e r  a n d  


