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On the relationship between myosin and tropomyosin A 

Serological r eac t ions  p rov ide  a va luab le  tool  for t h e  s t u d y  of i n t e r r e l a t ionsh ips  a m o n g  t h e  
" con t r ac t i l e "  p ro t e ins  of  musc le .  I t  is i m p o r t a n t  to  c lar i fy  such  re la t ionsh ips  in  v iew of inc reas ing  
ev idence  t h a t  myos in ,  t h e  p r inc ipa l  con t rac t i l e  p ro t e in  of musc le ,  m u s t  be  cons idered  a he te roge-  
neous  p ro t e in  x. Myos in  can  be  eas i ly  b r o k e n  down  in to  smal l e r  c o m p o n e n t s  z, 3,4 wh ich  show s t r ik ing  
r e s e m b l a n c e s  to  o t he r  f ibrous p ro t e i n s  of  muscleS,e,7: t r o p o m y o s i n  B, t r o p o m y o s i n  A and  act in .  

I n  t h i s  p a p e r  t h e  i m m u n i z a t i o n  of r a b b i t s  a g a i n s t  ac t in ,  t r o p o m y o s i n  A a n d  t r o p o m y o s i n  B 
is descr ibed  a n d  t h e  c ross- reac t ions  of t h e  r e su l t i ng  i m m u n e  sera  w i th  t he se  p ro te ins  a n d  m y o s i n  is 
repor ted .  P rev ious ly ,  KESZTYOS, NIKODEMUSZ AND SZIL~GYI 8 showed  t h a t  ac t in  is i soant igenic .  
KLATZO, HORVALTH AND EMMART 9 r ecen t l y  n o t e d  t h a t  m y o s i n  is n o t  species  specific. 

T r o p o m y o s i n  A was  p r epa red  f r o m  t h e  a d d u c t o r  musc l e  of  t h e  c l am (Venus mercenaria) as 
descr ibed b y  LAI¢I x°. T he  mi nced  musc le  t i s sue  was  w a s h e d  w i th  cold o. 4 % NaHCO~ a n d  dr ied  wi th  
ace tone .  F r o m  t h e  K I  e x t r a c t  of  t h e  dr ied  mince ,  t r o p o m y o s i n  A was  c rys ta l l i zed  a n d  t h e  c rys ta l l ine  
ma t e r i a l  u sed  for i m m u n i z a t i o n .  T r o p o m y o s i n  B was  p r epa red  f rom ch icken -b reas t  musc le  by  t h e  
m e t h o d  of BAILEY 11. Ac t in  was  p r e p a r e d  f rom r abb i t  musc l e  accord ing  to  MOMMAERTS TM. T h e  
m y o s i n s  were p r epa red  f rom r abb i t  musc l e  a n d  ca t  musc le ,  accord ing  to  t h e  m e t h o d  of SZENT- 
GV6RGYI TM. The  h o m o g e n e i t y  of  t h e s e  p r e p a r a t i o n s  was  checked  b y  ana ly t i ca l  u l t r acen t r i fuga t ion .  

An t i s e ra  a ga i n s t  act in,  t r o p o m y o s i n  A a n d  t r o p o m y o s i n  B were p roduced  in rabbi t s .  5 m g  
of a n t i g e n  were in jec ted  in  1-3 ml  v o l u m e  i n t r a v e n o u s l y ,  two  or t h r ee  an ima l s  be ing  i m m u n i z e d  
w i th  each an t igen .  In j ec t ions  were  g iven  eve ry  o t h e r  d a y  for 2 weeks .  5 -7  d a y s  a f te r  t h e  las t  
in jec t ion  xo-4o ml  blood was  t a k e n  f rom each  an imal ,  a n d  t h e  i m m u n i z a t i o n  course  was  repea ted .  
Sera  f r om a n i m a l s  in each  g roup  were  pooled.  Myos in  an t i s e r a  were a l r e ady  ava i lab le  f r o m  t h e  
r abb i t s  i m m u n i z e d  w i t h  h u m a n  myos i n ,  as descr ibed  b y  KLATZO, HORV~TH AND EMMART 9. 

Prec ip i t in  r eac t ions  were car r ied  out ,  t e s t i n g  each  a n t i s e r u m  aga in s t  each  an t igen .  An  equa l  
v o l u m e  of a n t i g e n  so lu t ion  was  a d d e d  to  serial,  2-fold d i lu t ions  of an t i se ra .  D i lu t ions  of t h e  an t i s e r a  
were  m a d e  w i t h  o.z 5 M NaC1, c o n t a i n i n g  o.o2 M s o d i u m  p h o s p h a t e  buffer,  p H  7- All an t igens ,  
excep t  myos in ,  were  d i lu t ed  w i t h  t h e  s a m e  buf fe r  to  a c o n c e n t r a t i o n  of  I mg /ml .  Since m y o s i n  is 
p rec ip i t a t ed  a t  low ionic s t r e n g t h s ,  i t  was  d i lu ted  w i th  o. 5 M NaC1 to  t h e  s a m e  concen t r a t ion .  
T h e  f inal  sa l t  c o n c e n t r a t i o n  in  all t u b e s  con t a i n i ng  m y o s i n  was  o.32 M,  in all o the r s  o.15 M.  I n  
some  ins t ances  prec ip i t in  r ings  were obse rved  i m m e d i a t e l y ,  b u t  final r ead ings  were  rou t i ne ly  
t a k e n  a f te r  o v e r n i g h t  s t a n d i n g  in  t h e  cold. T he  a m o u n t  of  p rec ip i t a t e  was  g raded  o to  3- 

E a c h  a n t i s e r u m  gave  a p rec ip i t a t e  w i t h  i t s  h o m o l o g o u s  an t igen .  However ,  t h e  r eac t ion  of 
r abb i t  ac t in  wi th  a n t i - r a b b i t - a c t i n  s e r u m  dese rves  c o m m e n t .  A t  t h e  t i m e  t h a t  KXSZTYOS, 
h~IKODE~USZ AND SZZL£GYZ showed  ac t in  to  be i so-ant igenic  s, t h e  bes t  ava i lab le  ac t in  was  on ly  
5o o~ pure .  T h e  p r e s e n t  resul t s ,  ob t a i ned  w i t h  purif ied ac t in ,  rule  ou t  t he  impur i t i e s  a n d  es tab l i sh  
ac t in  as  t he  i so-an t igen ic  pro te in .  

A l t h o u g h  t h e  musc le  p ro t e ins  act in ,  m y o s i n  a n d  t r o p o m y o s i n  B reac ted  w i th  the i r  r e spec t ive  
h o m o l o g o u s  an t i se ra ,  none  of t h e m  exh ib i t ed  a prec ip i t in  r eac t ion  w i th  a n t i s e r a  to  t h e  o the r  two  
an t igens .  Th i s  f inding m a y  be  i n t e rp r e t ed  as  i n d i c a t i n g t h a t  each  p ro t e in  p r e p a r a t i o n  was  un -  
c o n t a m i n a t e d  b y  e i ther  of t h e  o t he r  two.  

The  a n t i s e r u m  to t r o p o m y o s i n  A gave  a v e r y  s t r o n g  reac t ion  w i t h  i ts  h o m o l o g o u s  a n t i g e n  
a n d  also p rec ip i t a t ed  b o t h  r abb i t  m y o s i n  a n d  ca t  myos in .  Conversely ,  t r o p o m y o s i n  A was  pre -  
c ip i t a t ed  by  h u m a n  m y o s i n  a n t i s e r u m ,  p r e p a r e d  in  t h e  rabb i t .  

I t  is n o t e w o r t h y  t h a t  a n t i s e r a  to  m y o s i n  a n d  t r o p o m y o s i n  B did n o t  cross- react ,  no r  did  
t r o p o m y o s i n  A a n t i s e r u m  cross- reac t  w i t h  a n t i s e r u m  to  t r o p o m y o s i n  B to  a s igni f icant  ex t en t .  

These  obse rva t i ons  ind ica te  a n  i mmuno l og i ca l  difference b e t w e e n  t r o p o m y o s i n  A a n d  
t r o p o m y o s i n  B. T h e y  also sugges t  a close re la t ionsh ip  in  immuno log ica l  p roper t i e s  be tween  m y o s i n  
a n d  t r o p o m y o s i n  A. 

I t  was  also found  t h a t  t r o p o m y o s i n  A a n t i s e r u m  prec ip i t a tes  t h e  l igh ter  f r a g m e n t  of  myos in ,  
L -mer0myos in .  Th i s  f inding sugges t s  t h a t  t h e  s i te  of  cross  reac t ion  w i th  t r o p o m y o s i n  A a n t i s e r u m  
is t h a t  por t ion  of t he  m y o s i n  molecule  which ,  on t r yp t i c  digest ion,  y ie lds  L-meromyos in .  

The  si te  of c ross - reac t ion  can  f u r t h e r  be  localized on  t he  "c rys ta l l ine  f rac t ion  of d e n a t u r e d  
m y o s i n " .  \Vhen  m y o s i n  is d e n a t u r e d  wi th  alcohol  a n d  e ther ,  t h e  add i t ion  of  t r y p s i n  br ings  in to  
so lu t ion  2 5 % of m y o s i n  14. Th i s  soluble  p a r t  of  m y o s i n  read i ly  crysta l l izes  ou t  of solut ion,  a n d  h a s  
t h e  chemica l  and  phys i co -chemiea l  p roper t i e s  of  t r o p o m y o s i n  A. Th i s  p ro t e in  is p rec ip i t a ted  b y  
t h e  t r o p o m y o s i n  A a n t i s e r u m  to  t h e  s a m e  e x t e n t  as t r o p o m y o s i n  A itself.  Since th i s  c rys ta l l ine  
c o m p o n e n t  of m y o s i n  is ident ical  w i th  t he  "c rys ta l l ine  f rac t ion  of L - m e r o m y o s i n "  ( represen t ing  
60 % of L-meromyos in)  ~s, t h e  si te  of cross reac t ion  appea r s  to  be th i s  c o m p o n e n t  of L-meromyos in .  

The  close re la t i (mship  of a s e g m e n t  of m y o s i n  to t ropomy'os in  A r e m o v e s  a gap  be tween  
v e r t e b r a t e  aml  i n v e r t e b r a t e  musc les  t h a t  c a m e  to l ight  wi th  t he  d i scovery  of t r o p o m y o s i n  A. 
\Vhile it  was  found  t h a t  t he  musc les  of i n v e r t e b r a t e s  con ta ined  qu i te  large a m o u n t s  of t r ope -  
m y o s i n  A easi ly ex t rac t ib le  TM,1T, no  t r o p o m y o s i n  A could be  e x t r a c t e d  f rom v e r t e b r a t e  musc les .  
The  e x p l a n a t i o n  seems  now a t  hand .  I n  v e r t e b r a t e  musc le  t r o p o m y o s i n  A is bui l t  in to  t he  m y o s i n  
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molecule  17. In  i n v e r t e b r a t e  musc les  whe re  t he  a m o u n t  of myos in  is u sua l l y  less, t r o p o m y o s i n  A 
occurs  in  t he  free, u n b o u n d  form.  The  difference b e t w e e n  v e r t e b r a t e  and  i n v e r t e b r a t e  musc les  is 
t h u s  a q u a n t i t a t i v e  r a t h e r  t h a n  a q u a l i t a t i v e  one. 
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Preliminary Notes 

An aminosugar nucleotide from Carcinus maenas 

I t  has  been  d e m o n s t r a t e d  t h a t  u r id ine  p y r o p h o s p h a t e  (UPP) d e r i v a t i v e s  can  ac t  as g lycosyl  
donors  for the  enzymic  syn thes i s  of bo th  d i sacchar ides  and  po lysaccha r ides  1, z. (For recen t  rev iews  
see refs 3, 4.) GLASER AND BROWN 5 h a v e  shown t h a t  t he  i nco rpo ra t i on  of 14C-labelled N-ace ty l -  
g lucosamine  in to  ch i t i n  by  cell-free e x t r a c t s  of Neurospora crassa i nvo lves  14C-labelled ur id ine-  
p y r o p h o s p h a t e - N - a c e t y l g l u c o s a m i n e  (UPPAG) as an i n t e r m e d i a t e .  A t t e m p t s  are  now be ing  m a d e  
to  decide w h e t h e r  u r id ine  nuc leo t ides  are  also concerned in  the  b iosyn thes i s  of ch i t in  b y  a r th ropods .  
The  p r e sen t  c o m m u n i c a t i o n  repor t s  the  i so la t ion  of w h a t  appea r s  to  be a new U P P  d e r i v a t i v e  f rom 
the  h y p o d e r m i s  of t he  shore crab,  Carcinus maenas. 

A crude  e x t r a c t  was  o b t a i n e d  f rom h y p o d e r m i s  of 20 crabs  (suppl ied  b y  t he  Mar ine  Biological  
L a b o r a t o r y ,  P l y m o u t h )  in  the  fol lowing way .  The fresh t i s sue  was  t r ans fe r r ed  i m m e d i a t e l y  a f te r  
r e m o v a l  to  lOO ml  of i cewate r ,  a nd  was  r a p id ly  minced  in a \Var ing  b lendor .  The  minced  t i ssue  was 
boi led  for i rain, f i l tered t h r o u g h  mus l in  a nd  t he  res idue  r e - e x t r a c t e d  w i t h  a fu r the r  5 ° m l  of 
boi l ing  wa te r .  The  c o m b i n e d  f i l t ra tes  were  s t i r r ed  w i t h  u n g r o u n d  ac id -washed  e mois t  N u c h a r  C 
(abou t  4 ° g) u n t i l  t he  l iqu id  became  colourless.  The  f i l tered charcoa l  was  t h e n  washed  wi th  w a t e r  
{i5o ml) and  t he  nuc leo t ides  were  e x t r a c t e d  r e p e a t e d l y  wi th  5 ° % aqueous  e t hano l  con ta in ing  i ° o 
(v]v) 0.88 N a m m o n i a  un t i l  t he  e x t r a c t s  become pale  s t r a w  coloured.  The combined  ex t rac t s ,  
c o n c e n t r a t e d  unde r  reduced  p ressure  ( temp.  35 °) to  a b o u t  IOO ml were  app l i ed  to  a Dowex-1 X 2 
(C1-) c o l u m n  (20o-400 mesh,  20 cm :< 0.64 cm°-). The nuc leo t ides  were s e p a r a t e d  in l o -ml  f rac t ions  
by  s t epwise  e lu t ion  a t  room t e m p e r a t u r e  a t  a flow ra t e  no t  exceed ing  4 ° ml/h.  

The fo l lowing e l u t a n t s  were  used:  I, o.o1 N HC1 c o n t a i n i n g  o.or N NaC1; I[,  o.ot  N HC1 
con t a in ing  0.03 31 Na( ' l ;  I I I ,  o.ol  N H('I c o n t a i m n g  o.o6.1I Na( ' l ;  IX', o.ot N t l ( ' l  c ,mta in ing  
o. lo ~1I Na( ' l ;  V, o.ol  N HCI con ta in ing  o.-o .11 Na(' l .  
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