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The s p e c t r u m  of action of the m us c l e  dipeptides, anse r ine  and ca rnos ine , i s  wide. The i r  influence 
extends to such vi ta l ly  impor tan t  p r o c e s s e s  as g lycolys i s ,  oxidative phosphoryla t ion,  and musc l e  con -  
t r ac t ion  [6, 8, 9]. It  has often been shown that  the working capac i ty  of a musc le  and the dipeptide content  
a r e  in te r re la ted :  musc l e s  c a r r y i n g  heavy loads as a ru le  contain m o r e  dipept ides ,  and the working c a -  
paci ty  of i so la ted  musc le  p repa ra t ions  i n c r e a s e s  in the p r e s e n c e  of these  compounds [2, 12]. In the ca se  
of musc l e  cont rac t ion  th ree  d i rec t ions  can be postulated in which the act ion of dipeptides u l t imate ly  leads 
to an i nc r ea se  in working capac i ty  of the m u s c l e s .  F i r s t ,  this act ion of dipeptides m a y  be due to m a i n -  
tenance,  with the i r  aid,  of p r o c e s s e s  supplying ene rgy  to the musc le  t i s sue  (glyeolysis  and oxidative phos -  
phorylat ion) .  Second, the d i rec t  par t ic ipa t ion  of these  compounds in the act  of cont rac t ion  and the i r  l ink-  
age with the actual  con t rac t i l e  s t r u c t u r e s  of musc l e  t i s sue  m a y  be a s sumed .  Third ,  dipeptides m a y  take 
pa r t  in the t r a n s m i s s i o n  of nervous  impulses  f r o m  ne rve  to musc le  [1, 10, 11]. On the bas i s  of these  
hypotheses ,  a m o r e  or  less  un i fo rm dis t r ibut ion of dipeptides may  be expected in such in t r ace l lu l a r  s t r u c -  
t u re s  as  myof ib r i l s ,  or  in the reg ion  of n e u r o m u s c u l a r  s y n a p s e s .  Data r e la t ing  to the content  of an se r i n e  
and ca rnos ine  in the s t r u c t u r a l  e lements  of the cel l  obtained by di f ferent ia l  cent r i fugat ion  (nuclei, m i t o -  
c hondria,  m i c r o s  omes)  a r e  con t rad ic to ry  and give evidenc e, of a r a t h e r  un i form dis t r ibut ion of dipeptides 
in the cy top la sm [18, 19]. Unconvincing data have been obtained by the use  of methods such as e l e c t r o -  
phores i s  in the aqueous phase  and u l t ra f i l t ra t ion ,  in an a t tempt  to d i scover  a link between dipeptides and 
the prote ins  of the musc le  p l a s m a  [5, 7]. A c l e a r e r  p ic ture  of the in t r ace l lu la r  local izat ion of dipeptides 
would give valuable  evidence enabling the ro le  of these  compounds and the i r  m e c h a n i s m  of act ion to be 
in te rpre ted .  

The object  of the p r e s en t  invest igat ion was  to continue the s tudy of the in t r ace l lu l a r  dis t r ibut ion of 
anse r ine  and ca rnos ine  in the pec to ra l  musc le  of chickens by the method of h i s toau torad iography ,  using 
ca rbon- l abe l ed  f l - a l an ine -3 -C  14, and to de t e rmine  the l inkage of these  peptides with the prote ins  of musc le  
p l a s m a  by e l ec t ropho re s i s  on paper .  

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

The pec to ra l  musc le  of chickens aged 15-20 days,  containing 600-800 mg % anse r ine  and 20-80 mg % 
ca rnos ine ,  was used in the expe r imen t s .  To de t e rmine  the linkage between dipeptides and musc le  p r o -  
te ins ,  the musc le  p l a s m a  was subjected to e l ec t rophores i s  in phosphate buffers  of d i f ferent  ionic s t reng th  
and pH fo r  4-18 h ("Leningrad  fas t "  paper ,  potent ial  gradient  5-6 v / c m ) .  After  e l ec t ropho re s i s ,  the paper  
was dr ied  and s ta ined with 0.5% ninhydrin solution in acetone,  and then heated to 120 ~ fo r  5 rain to r evea l  
dipept ides,  or  with 0.02% solution of amido black to r evea l  prote in  f r ac t ions .  Muscle  p l a sma  was obtained 
by centr i fugat ion (at 18,000 r p m  for  20 rain) of f rozen  (with a mix tu re  of dry  ice and acetone) pec to ra l  
musc le  chopped up with a sca lpe l .  F r o m  10 g of such a mince  about 3 ml  p l a sma  was obtained; 0.03 ml  
p l a sma  was applied to the e l ec t rophores i s  paper .  

Labeled  f l -a lan ine  was synthes ized  by the following scheme:  

KCt4N 14 [H]/Ni-- Renay 
CI.CH2-COOHw--*N i C .CHe.COOH-- --~NH2.CI4He.CH~.COOH ; 

the init ial  labeled m a t e r i a l  was KC14N with a speci f ic  ac t iv i ty  of 70 # C i / g .  The synthes is  of cyanacet ic  
acid was c a r r i e d  out by the method sugges ted  by Mandl and Brown [16], and it was conver ted  into f l -  
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TABLE 1. Effect  of His to log ica l  T r e a t m e n t  on Content of Dipept ides  in T i s s u e  

Sample  no. 
His to log ica l  t r e a t -  
ment  of t i s sue  

Unt rea ted  
Usual  t r e a t m e n t  fo r  

t ime  xwi th  volume of 
r eagen t s  y 

T r e a t m e n t  dur ing t ime  
x with volume of r e a -  
gents 2y 

T r e a t m e n t  dur ing  t ime  
2x with volume of r e a -  
gents 2 y 

A n s e r i n e  

in m g / g  
t i s s u e  

9.15 
6.75 

5.9 

4.7 

in pe rcen t  of 
un t rea ted  t i s s u e  

73 

64 

51 

Caruos ine  

in m g / g  
t i s s u e  

1 . 7 6  

1.5 

1.3 

1.4 

in pe r c e n t  of 
un t r ea t ed  t i s sue  

85 

74 

80 

N o t e  : L i s t  of r eagen t s  used,  o r d e r  and dura t ion  of t he i r  appl ica t ion  during h i s to log ica l  t r e a t -  
ment  of m a t e r i a l .  ~ 

C a r n o y ' s  mix tu re  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40 
Absolute  a lcohol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 

~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 0  

Absolu te  a lcohol :  ch lo roform = 1:1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 
Ch io ro fo rm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 
Xylene 20 , . o  I �9 e e , �9 t 

f f  

Absolute  a lcohol  

min at  5 ~ 
I t  ff  5 ~ 

ff I I  5 ~ 

, 20 ~ 
h " 20 ~ 
rain n 20~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 0  n ,, 20  ~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 " " 20 ~ 

Fig.  1. Autorad iograph  of p e c t o r a l  musc l e  of a chicken.  Exposure  
with emuls ion  for  15 days .  400• 

a lanine  by  the method sugges ted  by F r i t z s o n  [17] : hydrogenat ion under  a p r e s s u r e  of 15-20 a tm hydrogen 
in the p r e s e n c e  of Renay n ickel  [13]. The p r e p a r a t i o n s  of fl - a l a n i n e - 3 - C  i4 thus obtained (specific ~ct ivi ty  
1.5 and 3.5 p C i / g )  we re  ident i f ied ch roma tog raph i ca l l y .  The y ie ld  by ac t iv i ty  was 33 %. 

A solut ion of f l - a l a n i n e - 3 - C  la (dose 100 #Ci) was in jec ted  once into the leg musc le  of a chicken in 
0.5 ml  0.9% NaC1 solut ion.  His toau torad iography  of the musc le  t i s sue  was c a r r i e d  out by the method 
d e s c r i b e d  by  Zhinkin [4]. The h i s to log ica l  t r e a t m e n t  included f ixat ion of the t i s sue  in Ca rnoy ' s  mix tu re ,  
dehydra t ion  with absolu te  ethanol,  and embedding in paraff in  wax through ch lo ro fo rm.  Type nRw liquid 
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photographic emuls ion  was used  fo r  au to rad iography  
and was applied in a thin l aye r  ove r  the f ixed musc l e  
sec t ions  (thickness of sec t ion  7p) .  The durat ion of 
exposure  of the p repa ra t ions  with the emuls ion  was 
15-30 days .  Af ter  development  of the photographic 
emuls ion  the p repa ra t ions  w e r e  s ta ined with h e m a -  
toxyl in-eos in .  

Fig.  2. E l e e t r o p h o r e s i s  of musc le  plasma-. A) 
phosphate  buffer ,  pH 7.0, /~ = 0.09; B) phosphate 
buffer ,  pH 7.0, /z = 0.3. I - P l a s m a  s ta ined with 
amido black;  II) p l a sma  s ta ined with ninhydrin;  
III) s t andard  solution of anse r ine  and ca rnos ine ,  
s ta ined with ninhydrin.  

EXPERIMENTAL RESULTS 

Histoautoradiography.* Since ca rnos ine  and 
anse r ine  a r e  syn thes ized  f r o m  components  and a r e  
dipeptides f l - a lany l -h i s t id ine  and f l - a l a n y l - l - m e t h y l -  
his tidine [6 ], admin i s t r a t i on  of fl -a lanine  -3 -C  14 
fac i l i t a tes  incorpora t ion  of the label  into the m o l e -  
cules  of both anse r ine  and ca rnos ine .  Incorpora t ion  
of labeled f l -a lanine  into o ther  compounds (panto- 
thenic acid,  coenzyme  A, fa t ty  acids) was sl ight  and 
could not d i s to r t  the p ic ture  of the autograph,  as was 
a lso  the ca se  with the p r e s e n c e  of f r e e  f l - a l a n i n e - 3 -  
C 14, which, as expe r imen ta l  r e su l t s  showed, is rap id ly  
excre ted  and p rac t i ca l ly  absent  f r o m  the musc l e s  4 h 
a f t e r  inject ion [3, 14]. Hence,  the t r a cks  in the p r e -  
para t ion  examined~obtainedin the pho~0graphic e m u l -  

sion f r o m  the fl r ad ia t ion  f r o m  c a r b o n , m u s t  c o r r e s p o n d  only to anse r ine  and ca rnos ine  molecu les .  As the 
autograph i l lus t ra ted  in Fig. 1 shows,  the dis tr ibut ion of the' label  was diffuse in c h a r a c t e r ,  with no m a r k e d  
local izat ion.  P r e p a r a t i o n s  of chicken pec to ra l  musc l e  w e r e  obtained which w e r e  taken 4, 20, and 42 h a f t e r  
injection of the labeled m a t e r i a l .  Subsequent expe r imen t s  showed that the f i r s t  per iod  (4 h) was m a r k e d  by 
v e r y  high specif ic  ac t iv i ty  of ca rnos ine ,  wh i l e  l a t e r  per iods  showed t r a n s f e r  of the labe l in to  the anse r ine  
molecu les .  In both ca se s  the c h a r a c t e r  of d is t r ibut ion of the t r acks  in the p repa ra t ions  was ident ical .  
Some var ia t ions  in the method of p r epa r ing  the a u t o g r a p h s - a p p l i c a t i o n  of photographic emuls ion  on a 
gelat in  backing or  without it ,  f ixat ion of the t i s sue  sec t ions  to the s l ide  by a d r y  method or  with the use  of 
w a t e r - r e v e a l e d  no apprec iab le  changes  in the pa t te rn  obse rved :  

Application of the h i s toau torad iography  method to compounds such as anse r ine  and ca rnos ine ,  with 
the i r  low m o l e c u l a r  weight  and high solubi l i ty  in wa t e r  and in aqueous alcohol,  is compl ica ted  by the fac t  
that  cons ide rab le  elution is poss ib le  during his tological  t r e a t m e n t  of the t i s sue .  Expe r imen t s  showed that 
the method of h is to logical  t r e a t m e n t  usual ly  used by the author  enabled 70-80% of the init ial  content  of d i -  
peptides to be  kept  in the t i s sue  (see Table  1). When the durat ion of t r e a t m e n t  or  volume of the reagen ts  
was inc reased ,  so  a lso  was the pe rcen tage  of dipeptides eluted. In this r e s p e c t ,  prolonged contact  between 
the t i s sue  and alcohol  is pa r t i cu l a r ly  undes i rab le ,  caus ing  a d e c r e a s e  in the content  of dipeptides in the 
t r ea t ed  m a t e r i a l  to 20-40%. Elution and the a s soc ia t ed  red is t r ibu t ion  of anse r ine  and ca rnos ine  during 
his tological  t r e a t m e n t  w e r e  min imized  as f a r  as poss ib le  by c a r r y i n g  out the f ixation and dehydrat ion of 
the t i s sue  with absolute  alcohol in the cold. Neve r the l e s s ,  the probabi l i ty  of s econda ry  red i s t r ibu t ion  of the 
dipeptides was not ruled out, and al lowance was made fo r  it  during ana lys i s  of the autographs  obtained. 
Another  f ac to r  which could not be  forgot ten  was that  the fi pa r t i c les  of the ca rbon  isotope,  with c o m p a r a -  
t ive ly  high emis s ion  ene rgy  (50,000 eV) m a y  give a s t rong  s c a t t e r  of t r acks  v i s ib le  in the photographic 
emuls ion .  I t  has been shown [15] that  the weak f l - r a y  emis s ion  f r o m  t r i t i um (5700 eV) enables autographs  
with much higher  reso lu t ion  to be  obtained than is poss ib le  with C 14. The use  of t r i t i um as label  might  
t he re fo re  enable the local izat ion of dipeptides r e la t ive  to the s t r u c t u r e s  of the musc l e  ce l l  to be  detec ted  
where  only a diffuse p ic ture  could be  obtained by  means  of C 14. 

E l e c t r o p h o r e s i s .  In this s e r i e s  of exper iments  another  a t t empt  was made  to d i scove r  the l inkbetween 
the dipeptides and prote ins  of the musc le  p l a sma  by e l ee t rophores i s  on paper .  If such a link is p r e sen t  it 
may  be expected that  the dipeptides will  m i g r a t e  in an e lec t r ic  f ie ld together  with a pa r t i cu l a r  p r o t e i n f r a c -  

* This  p a r t  of the work  was c a r r i e d  out in the L a b o r a t o r y  of Cell  Morphology,  Inst i tute  of Cytology,  Acad-  
emy  of Sciences  of the USSR. The  author  is g ra te fu l  to P r o f e s s o r  L. N. Zhinkin and the s taf f  of the L a b o r a -  
t o ry  fo r  the i r  guidance and help with the work .  
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t ion.  Phosphate  buffers  pH 5.5, 7.0, and 8.4 and with ionic s t r eng th  0.3 and 0.09 were  used f o r  e l e c t r o -  
pho re s i s .  In al l  conditions suggested,  ca rnos ine  and anse r ine  mig ra t ed  during e l ec t rophores i s  as a common 
band independently of the prote in  f rac t ions  (Fig. 2). The r a t e  of migra t ion  of the dipeptides during f r a e -  
t ionation of the musc le  p l a sma  co r re sponded  s t r i c t l y  to the r a t e  of movemen t  of s tandard  anse r ine  and 
ca rnos ine  solutions applied to a pa ra l l e l  s t r ip  of paper .  Staining the paper  with amido black,  which gives 
no reac t ion  with dipept ides,  r evea led  no t r a c e s  of prote in  in the zone of anse r ine  and ca rnos ine .  The 
r e su l t s  obtained demons t r a t e  that no link between the g r e a t e r  pa r t  of the dipeptides and the prote ins  of 
musc le  p l a sma  can be detected by  e l ec t rophores i s  on paper ;  at the s a m e  t ime ,  these  r e su l t s  do not ru le  
out its poss ib i l i ty  comple te ly .  I t  m a y  be  that  in musc l e  p l a s m a  obtained by  thawing f rozen  and minced 
musc le  s o m e  of the dipeptides a r e  in a f r e e  f o r m  and the r e s t  bound to pro te ins .  However ,  it is a lso  
poss ib le  that the p r e s e n c e  of bound dipeptides,  which mus t  m i g r a t e  in an e lec t r ic  f ie ld together  With a 
pa r t i cu l a r  prote in  and l ie in its zone, could not be  found by  the methods used because  of masking  of the 
dipeptide s ta in  by the color  reac t ion  of the proteins  with ninhydrin.  

I t  is evident  that  migra t ion  of imidasol -conta in ing  dipept ides ,  bound to pro te ins  of the musc le  p l a sma  
during e l e c t r o p h o r e s i s , m a y  be demons t r a t ed  m o r e  accura te ly  only if labeled m a t e r i a l  is used and if the 
bond is not broken  by applicat ion of the e lec t r ic  f ield.  
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