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G anges in skeltal muscle connect in
' H- XAKAI and *K. TAKAHASHI
'nsti t u t e  o f  A n im al I n d u s tr y , T sukuba  N o r in d a n c h i , I b a r a k i  3 0 5 , Jap an

° f  Anim al S c i e n c e ,  F a c u l t y  o f  A g r ic u l t u r e ,  H ok k a id o  U n i v e r s i t y ,  S a p p o r o , H ok k a id o  0 6 0 , J ap an

tein
I'll

l s  a lo n g , f i l a m e n t o u s  p r o t e i n  fo u n d  in  s t r i a t e d  m u s c le , w h ic h  l i n k s  t h e  t h i c k  f i l a m e n t  t o  th e  Z l i n e .  
l s  a l s o  r e s p o n s i b l e  f o r  p o s i t i o n i n g  th e  t h i c k  f i l a m e n t  a t  t h e  c e n t e r  o f  a s a r c o m e r e . T h e r e  a r e  tw o t y p e svnnli, ’ a  - c o n n e c t i n  and fi - c o n n e c t i n ,  and t h e i r  m o le c u la r  m a s se s  a r e  e s t im a t e d  a s  2 ,8 0 0  kDa and 2 ,1 0 0  kDa, lveiy .k *n t h i s  s tu d y  we r e p o r t  t h e  p o stm o rtem  c h a n g e s  in  c o n n e c t in  o f  c h ic k e n  m u s c le s .

' Th
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m u s c le s  w e re  s t o r e d  a t  5°C . A t th e  a p p r o p r ia t e  p o stm o rtem  t im e , m y o f i b r i l s  w e re  p r e p a r e d  from  t h e  s t o r e d  
m y o f i b r i l l a r  p r o t e i n s  w e re  s e p a r a t e d  by so d iu m  d o d e c y l  s u l f a t e  p o ly a c r y la m id e  g e l  e l e c t r o p h o r e s i s  (S D S -

e c t  th e  c h a n g e s  in  c o n n e c t in .  F u r th e r m o r e , m y o f i b r i l s  p r e p a r e d  from  f r e s h l y  e x c i s e d  m u s c le s  w e re  su s p e n d e d  
S°^ut io n  c o n t a i n i n g  0 .1  mM C aC l* and 30 t i g  o f  l e u p e p t in /m l .  T h is  s u s p e n s io n  was s t i r r e d  g e n t l y  a t  5°C . Then  

S e a t e d  m y o f i b r i l s  w ere a l s o  a p p l i e d  to  SDS-PAGE. In  b o th  s t o r e d  m u s c le s  and C a2+- t r e a t e d  m y o f i b r i l s ,  a 
PeP t id e a p p e a r e d . P o l y c l o n a l  a n t i b o d i e s  a g a i n s t  t h i s  1 ,2 0 0  kDa p e p t i d e  w e re  o b t a in e d  i n  a r a b b i t .  U s in g

i. a tla ly s i s ,  t h e  o r i g i n  o f  t h i s  1 ,2 0 0  kDa p e p t id e  w as i n v e s t i g a t e d .Oünt ° f  a  - c o n n e c t i n  d e c r e a s e d  w ith  s t o r a g e  t im e  in  c h ic k e n  l e g  m u s c le s .  The o t h e r  h and , th e  am ount o f  /3 -%  i
\
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ncre a s e d , and th e  1 ,2 0 0  kDa p e p t i d e  a p p e a r e d  d u r in g  s t o r a g e .  The d e n s i t o m e t r i c  a n a l y t i c  d a ta  show ed  t h a t  th e
PeP t id e  was s t o i c h i o m e t r i c a l l y  p ro d u c e d  from  a  - c o n n e c t i n .  The sam e c h a n g e s  a l s o  o c c u r r e d  in  C a2+- t r e a t e d

^s in g  im m u n o b lo t a n a l y s i s ,  i t  w as show n t h a t  t h e  o r i g i n  o f  t h e  1 ,2 0 0  kDa p e p t i d e  w as a  - c o n n e c t i n .  We t h q -j « - c o n n e c t i n  was d iv id e d  s t o i c h i o m e t r i c a l l y  i n t o  / ? - c o n n e c t i n  and a 1 ,2 0 0  kDa p e p t id e  in  p o stm o rtem  
U scl e ,  and t h i s  d i v i s i o n  w as in d u c e d  by 0 . 1 mM C a2+.

c*.Hi ( a l s o  c a l l e d  t i t i n )  i s  a e l a s t i c  p r o t e i n  o f  s t r i a t e d  m u s c le s  fo u n d  by MARUYAMA e t  a l  ( 1 9 7 6 ) .1 in I t  i s  th o u g h to te la  e x t e n d s  from  Z - l i n e  t o  t h e  v i c i n i t y  o f  M - l in e  a s  o n e  g i a n t  m o le c u le  (MARUYAMA e t  a l , 1 9 8 4 a ,  FURST e t  a l ,  
e x i s t s  a s  a e l a s t i c  t h i n  f i l a m e n t  (MARUYAMA e t  a l . 1 9 8 4 a ) .  and i s  r e s p o n s i b l e  f o r  p o s i t i o n i n g  th e  t h i c k  

e c e n t e r  o f  s a r c o m e r e  (HOROWITS e t  a l , 1 9 8 9 ) .
lQn o f  m y o f i b r i l s  by so d iu m  d o d e c y l s u l f a t e  (S D S ) p r o v id e s  a c o n n e c t in  d o u b le t  in  g e l  e l e c t r o p h o r e s i s .  The

h : thlZat 
N  is .ir. CaH e d  a - c o n n e c t i n  ( t i t n  I ) and t h e  lo w e r  o n e  i s  c a l l e d  /? - c o n n e c t i n  ( t i t i n  n  ) ,  and t h e i r  m o le c u la r  ,, est:\  lm ate d  a s  2 .8 0 0  kDa and 2 ,1 0 0  kDa r e s p e c t i v e l y  (MARUYAMA, 1 9 8 6 ) . /3 - c o n n e c t i n  i s  a p r o d u c t  by l i m i t e dof « - c o n n e c t i n  (MARUYAMA, 1 9 8 6 ) . The sh a p e  o f  a p u r i f i e d  /3- c o n n e c t i n  m o le c u le  i s  l i k e  a v e r y  t h i n  s t r i n g ,  

\ ( '’Sth i s  e s t i m a t e d ~ 0 .  6 ~  1 .2  n m (MARUYAMA e t  a l ,  198 4 b , TRINICK e t  a l ,  1 98 4 , WANG e t  a l ,  1 984 , NAVE e t  a l ,  1989  
■ 'll nan g e s  in  p o stm o rtem  m y o f i b r i l s  a r e  a  w e a k e n in g  o f  Z - l i n e ,  a w e a k e n in g  o f  t h e  i n t e r a c t i o n s  b e tw e e n  m y o sin  

a d e g r a d a t io n  o f  c o n n e c t in  (TAKAHASHI, 1 9 8 9 ) . T h e se  c h a n g e s  a r e  r e s p o n s i b l e  f o r  t e n d e r i z a t i o n  o f  tneat. 
e t  a l  ( 1 9 7 9 )  -found t h a t  in  p o stm o rtem  s k e l t a l  m u s c le ,  th e  am ount o f  a - c o n n e c t i n  d e c r e a s e s  w ith  i n c r e a s i n g

\ Tor ̂ is ^  l e n d e r i z a t i o n  o f  m eat.
 ̂ fi ^°r '̂ we s t u d y  th e  p o stm o rtem  c h a n g e s  in  c o n n e c t in  c o n t a in e d  in  c h ic k e n  l e g  m u s c le s .  We d e m o n s tr a te  t h a t

"L ° nr|e c t i n  b u t a l s o  a new 1 ,2 0 0  kDa p e p t id e  i s  s t o i c h i o m e t r i c a l l y  p r o d u c e d  from  a - c o n n e c t i n .  And we showi, ses

in  p a r a l l e l  w i th  th e  d e c r e a s e  in  e l a s t i c i t y  o f  t h e  m u s c le s .  S o , th e y  s u g g e s t e d  t h a t  c o n n e c t in  was

C0l a re  in d u c e d  by 0 .1  mM C a2+. F u r th e r m o r e , we show  im m u n o lo g ic a l ly  t h a t  th e  1 ,2 0 0  kDa p e p t id e  i s  p ro d u c e dlect i n n o t  ß - c o n n e c t i n .
4ETII0D

S ^ ^ i - J i y o f i b r i l s .  C h ic k e n  l e g  m u s c le  (M. a d d u c t o r )  was u se d . M y o f i b r i l s  w ere p r e p a r e d  from  f r e s h  o r

o f  m y o f i b r i l s . C a2+- t r e a t m e n t  o f  m y o f i b r i l s  was c a r r i e d  o u t  a c c o r d in g  t o  th e  m ethod  o f  TAKAHASHI
T h e se  p r e p a r e d  m y o f i b r i l s  w ere

a c c ° r d in g  to  th e  m ethod  o f  PERRY e t  a l  ( 1 9 5 6 ) .
l|i92ireatment\  pr e s h m y o f i b r i l s  w e re  p r e p a r e d  from  th e  w h o le  m u s c le  o f  a c h ic k e n  l e g .  
i ^ l a ]  S o lu t io n  c o n t a i n i n g  0 .1  M KC1, 0 .1  mM C a C l2, 30  / / g o f  l e u p e p t in  /  m l, 1 mM d i t h i o t h r e i t o l ,  1 mM NaN3 and  
\5iir  ̂ ®a te  b u f f e r ,  pH 7 .0 ,  a t  5°C w ith  g e n t l e  s t i r r i n g .
,erW ^ 3 m i d e  g e l  e l e c t r o p h o r e s i s  (SD S-PA G E). The m y o f i b r i l s  w ere d i s s o l v e d  in  a s o l u t i o n  c o n t a i n i n g  1"» SDS, •new, ------------------------------------------—nan« l .  5 mM EDTA. 5mM T r is -H C l, pH 8 .0 ,  and 10“» g l y c e r o l .  Then s a m p le s  w ere h e a te d  in  b o i l e d  w a te r  f o r
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2 12*
'¡82 m in .,  and c l a r i f i e d  by c e n t r i f u g a t i o n  a t  1 0 ,0 0 0  g f o r  5 m in. The p r o t e i n s  w e re  s e p a r a t e d  by SDS-PAGL u s ,n  

g r a d i e n t  o f  p o ly a c r y la m id e  in  th e  b u f f e r  s y s te m  a c c o r d in g  to  F a ir b a n k s  e t  a l  ( 1 9 7 1 )  o r  2% g e l  o f  p o ly a c r y la " 1 
c o n t a i n i g  0.5% a g a r o s e  a c c o r d in g  t o  T a k a h a sh i e t  a l  ( 1 9 9 2 ) .  i ^n(_iserUlS ^

A n tis e r u m . In  b o th  th e  s t o r e d  m u s c le  and t h e  C a2+ t r e a t e d  m y o f i b r i l s ,  a p e p t i d e  o f  1 ,2 0 0  kDa ap p eared -
a g a i n s t  t h i s  p e p t id e  was o b t a in e d  by  t h e  f o l l o w i n g  p r o c e d u r e :  t h i s  p e p t id e  was c u t  o u t  from  s l a b  g e l s  an

|3te

0 .3  mg o f  p e p t id e  in  d i s p e r s e d  g e l s  was i n j e c t e d  in  a r a b b i t  3 t im e s  a t  7 d a y s  i n t e r v a l s . si»*1Im m u n ob lot. The p r o t e i n s  s e p a r a t e d  by SDS-PAGE w e r e  e l e c t r o p h o r e t i c a l l y  t r a n s f e r e d  o n to  a n i t r o c e l l u l ° S^ inding 
(TOWBIN e t  a l ,  1 9 7 9 ) . T h is  s h e e t  was t r e a t e d  w ith  t h e  a n t is e r u m  a g a i n s t  th e  1 ,2 0 0  kDa p e p t id e ,  and a n tib o d y  
d e t e c t e d  by h o r s e r a d i s h  p e r o x id a s e  r e a c t i o n  u s in g  a n t i  r a b b i t  IgG. ( B io - r a d ,  CA)

(j!

Amino a c i d s  c o m p o s i t io n  a n a l y s i s .  £ - c o n n e c t i n  a n d  th e  1 ,2 0 0  kDa p e p t id e  s e p a r e t e d  by SDS-PAGE w ere
e l e c t r o p h o r e t i c a l l y  t r a n s f e r e d  o n to  a  p o l y v i n y l id e n e  d i f l u o r i d e  (PVDF) membrane ( M i l l i p o r e  C orp. ) . 
c o m p o s i t io n  o f  th e  t r a n s f e r e d  p r o t e i n s  was a n a ly z e d  by t h e  m ethod  o f  N agasaw a e t  a l  ( 1 9 8 9 ) .

The amin° aci°

RESULTS AND DISCUSSION
At

F ig u r e  1 sh ow s t h e  e l e c t r o p h o r e t i c  p a t t e r n  o f  m y o f i b r i l l a r  p r o t e i n  from  c h ic k e n  M. a d d u c to r  s t o r e d  a t  5 ^
W ith i n c r e a s i n g  p o stm o r te m  t im e , th e  band o f  a ^nearsa  new 1 ,2 0 0  kDa p e p t id e  apP ^  ^p o stm o r te m , o n ly  a - c o n n e c t i n  e x i s t s  w ith  no P - c o n n e c t i n

b ec o m e s w e a k e r , w h i l e  t h e  band o f  P - c o n n e c t i n  b ec o m e s s t r o n g e r .  F u r th e r m o r e
s t o r a g e .  The m o le c u la r  w e ig h t  o f  t h i s  p e p t id e  i s  h ig h e r  th a n  n e b u l in  w h ich  h a s  l a r g e  m o le c u la r  w e ig h t  neoi\neL

observe inThe d e n s i t o m é t r i e  a n a l y s i s  s u g g g e s t s  t h a t  t h e s e  c h a n g e s  c o n t in u e  u n t i l  a b o u t 4 d a y s  p o stm o r te m , and P con _ c ^ ct
1 ,2 0 0  kDa p e p t id e  a r e  p r o d u c e d  s t o i c h i o m e t r i c a l l y  from  a - c o n n e c t i n  ( F ig .  2 ) .  The sam e c h a n g e s  a r e degra1des to
M. sem im em b ran o su s and M. t e n s o r  f a s c i a e  l a t a e  ( d a t a  n o t  sh o w n ). T h e se  d a ta  s u g g e s t  t h a t  a c o n n e c t in  
c o n n e c t i n  and th e  1, 2 0 0  kDa p e p t id e  u n t i l  a b o u t  4 d a y s  p o stm o rtem  in  c h ic k e n  l e g  m u s c le s .  fa ge.

U s in g  c h ic k e n  b r e a s t  m u s c le s ,  s a m p le s  a t  0 day  p o stm o r te m  in c lu d e  b o th  a - and / 3 - c o n n e c t i n s .  D uring  tIBI t  i s  th o u g hthe pa - c o n n e c t i n  d e c r e a s e s  and / 3 - c o n n e c t i n  i n c r e a s e s ,  b u t  t h e  1 ,2 0 0  kDa p e p t id e  d o e s n ’ t  a p p e a r .
d i f f e r e n c e  b e tw e e n  b r e a s t  and l e g  m u s c le s  i s  c a u s e d  by  d i f f e r e n c e s  in  t h e  s t r u c t u r e s  o f  c o n n e c t in  b etw een  0famong ^m u s c le s .  I t  h a s  b e e n  d e m o n s tr a te d  t h a t  t h e r e  a r e  d i f f e r e n c e s  in  m o le c u la r  w e ig h t s  o f  c o n n n e c t in s
a n im a ls  (LOCKER e t  a l ,  1 98 6 , HU e t  a l , 1 9 8 6 ) . F u r th e r m o r e , FURST e t  a l ( 1 9 8 8 ) r e p o r t e d  t h a t  t h e i r  monoc lo n a l fly’1
r e a c t e d  w ith  b o th  a - and P - c o n n e c t i n  o f  s k e l t a l  m use 
d a ta  s u g g e s t  t h a t  t h e r e  a r e

l e s ,  b u t  d id n ’ t  r e a c t  w ith  P - c o n n e c t i n  o f  c a r d iaC musel eS\  Jtho'it iS ■«TH il S -*• v 11Dd i f f e r e n c e s  i n  t h e  s t r u c t u r e  o f  c o n n e c t in  in  t h e  tw o t y p e s  o f  m u s c le s .  1  ̂ conheC
t h a t  d i f f e r e n c e s  in  t h e  s t r u c t u r e  o f  c o n n e c t i n  i s  r e s p o n s i b l e  f o r  t h e  d i f f e r r e n c e s  in  p o stm o rtem  ch a n g e the CF

F ig u r e  3 sh o w s c h a n g e s  in  m y o f i b r i l l a r  p r o t e i n s  o f  c h ic k e n  l e g  m u s c le s  d u r in g  C a2 + - t r a t m e n t .  B a s ic a l ^ ^ er
B u t t h e  band o f  th e  1 ,2 0 0  kDa p e p t id e  i s s cont in ue ^ ((  

The d e n s i t o m é t r i e  a n a l y s i s  ( F ig .  4 )  sh o w s t h a t  th e  c h a n g e s  in  connectif 
a b o u t  24  h o u r s . T h is  d a t a  a l s o  s u g g e s t s  t h a t  / 3 - c o n n e c t i n  and t h e  1 ,2 0 0  kDa p e p t id e  a r e  p r o d u c e d  s t o i c h i

in  c o n n e c t i n  a r e  t h e  sam e a s  t h a t  o c c u r e d  in  s t o r e d  m u s c le s ,  
s h a r p e r  th a n  in  s t o r e d  m u s c le s

a - c o n n e c t i n .
TAKAHASHI e t  a l  ( 1 9 9 2 )  d e m o n s tr a te d  t h a t  d e g r a d a t io n  o f  c o n n e c t i n s  d o e s n ’ t  o c c u r  in  a C a2+- t r e a tm ent s'oluti0<l ti

caaSed Wc o n t a i n i n g  5 mM EDTA. So , t h e y  c o n c lu d e d  t h a t  t h e s e  c h a n g e s  a r e  n o n - e n z y m a t i c a l l y  in d u c e d  r e a c t i o n s  ênied
Ca2+. The o t h e r  hand, HARUYAMA e t  a l  ( 1 9 8 6 )  th o u g h t  t h a t  t h e s e  c h a n g e s  a r e  in d u c e d  by  an  unkown Ca2

t Pr

From o u r  d a t a  r e v e a l e d  h e r e , we th in k  t h a t  t h e s e  c h a n g e s  in  c o n n e c t in  a r e  in d u c e d  by 0 .1  mM C a2+-
F ig u r e  5 sh o w s r e s u l t s  o f  im m u n o b lo t a n a l y s i s .  The a n t is e r u m  a g a i n s t  th e  1 ,2 0 0  kDa p e p t i d e  r e a c t s with 1'

p e p t id e  and  a  - c o n n e c t i n .  B u t i t  d o e s n ’ t  r e a c t  w ith  P - c o n n e c t i n .  T h is  d a ta  r e v e a l s  t h a t  th e  o r i g in o f  the
d fro®p e p t id e  i s  a  - c o n n e c t i n .  T hus, i t  i s  c o n f ir m e d  im m u n o lo g ic a l ly  t h a t  t h e  1 ,2 0 0  kDa p e p t i d e  i s  p ro d u ce-nnecuand n o t  p - c o n n e c t i n .  

1, 2 00  kDa p e p t id e .
T h is  d a ta  a l s o  s u g g e s t s  t h a t  t h e r e  a r e  d i f f e r e n c e s  in  s t r u c t u r e s  b e tw e e n  P "c0

an1 t(ie

T h e re  a r e  d i f f e r e n c e s  in  am ino  a c id  c o m p o s i t io n  b e tw e e n  / 3 - c o n n e c t i n  and th e  1 ,2 0 0  kDa p e p t id e ,  eS P  ̂ a(1d ^
, 0*.

iiy sef’l.2®1

and Arg ( T a b le  1 ) . T h is  d a ta  a l s o  s u g g e s t s  t h a t  t h e r e  a r e  d i f f e r e n c e s  in  s t r u c t u r e s  b e tw e e n  P co n n ec
Tin1 idkDa p e p t i d e .  p0 l

T h e se  d a ta  s u g g e s t  t h a t  a  - c o n n e c t i n  d i v i d e s  i n t o  P - c o n n e c t in  and t h e  1 ,2 0 0  kDa p e p t i d e  a t  a c e r t  ^nA S^'
m o le c u le .  I t  i s  th o u g h t  t h a t  t h i s  d i v i s i o n  o c c u r e s  a t  a p o in t  0 .3 1  n m from  Z - l i n e  (R . TANABE and K- , eci)le' .jj+ inm a n u s c r ip t  i n  p r e p a r a t i o n ) .  The 1 ,2 0 0  kDa p e p t i d e  i s  co m p o sed  o f  t h e  Z - l i n e  s i d e  p a r t  o f  a -c o n n e  tender 

T hus, i t  i s  th o u g h t  t h a t  p o stm o rtem  c h a n g e s  in  c o n n e c t i n  a s  r e v e a l e d  in  t h i s  s tu d y  i s  r e l a t e d  to  
m eat.
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P o s t m o r t e m  c h a n g e s  i n  c o n n e c t i n  o f  
a d d u c t o r  s t o r e d  a t  5 ° C .  E l e c t r o p h o r e s i s  

u s i n g  a g r a d i e n t  g e l  o f  2 1 2 %
yS ; /? - c o n n e c t i n  ; 

k D a ;  N" n e b u l i n ;  M H O

l e d o u t  u s i n g  a g r a d i e n t  
l a m i d e .  a  = a  - c o n n e c t i n  
î= a p e p 1 1de o f  1 , 2 0 0

a v y  c h a i n . PO STMORTEM TIME ( days )

F i g u r e  2. Pos t mor tem change s  i n  t h e  amount  o f  
c o n n e c t i n .  The amount  o f  c o n n e c t i n  was c a l c u l a t e d  
w i t h  a d e n s i t o g r a m  f rom the e l e c t r o p h o r e t i c  p a t t e r n  
shown i n  F i g .  I .  The amount  o f  each t y p e  o f  
c o n n e c t i n  was e x p r e s s e d  as p e r c e n t a g e  o f  t he  t o t a l  
amount  o f  c o n n e c t i n .  0 =  a - c o n n e c t i n :  A  = ¡3- 

c o n n e c t i n ;  0 =  t he  1 , 2 0 0  kDa p e p t i d e .
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F i g u r e  3.  C h a n g e s  i n  c o n n e c t i n  d u r i n g  C a 2 * -  
t r e a t m e n t  o f  c h i c k e n  l e g  m y o f i b r i l s .  E l e c t r o ­
p h o r e s i s  w as  c a r r i e d  o u t  by u s i n g  a g r a d i e n t  g e l  o f  
2 - 1 2 %  p o l y a c r y l a m i d e .  A b b r e v i a t i o n s  a r e  t h e  sa me  as  
u s e d  i n  F i g .  1.

F i g u r e  4. Changes i n  t he  amount  o f  c o n n e c t i ^  d 
d u r i n g  C a 2 + - t r e a t m e n t  o f  m y o f i b r i l s .  3 I 
c o n n e c t i n  was c a l c u l a t e d  w i t h  a d e n s i t o g t 3” ^  , 
the e l e c t r o p h o r e t i c  p a t t e r n  shown i n  Fig- ' 
c a l c u l a t i o n  p r o c e d u r e s  and a b b r e v i a t i o n 3 3 
same as used i n  F i g .  2. s

a-*-

1,200 kDa*-

a b

F i g u r e  5. I mmu n o b l o t  a n a l y s i s  u s i n g  a n t i s e r u m  
a g a i n s t  t h e  1 , 2 0 0  kDa p e p t i d e .  C a 2 + - t r e a t e d  
m y o f i b r i l s  we r e  a n a l y z e d  w i t h  SDS-PAGE s y s t e m u s i n g  
a s l a b  g e l  o f  2%  p o l y a c r y l a m i d e .  The i m mu n o b l o t  was 
c a r r i e d  o u t  by u s i n g  a n t i s e r u m  a g a i n s t  t h e  1 . 2 0 0  
kDa p e p t i d e  d i l u t e d  500  t i m e s .  a= a m i d o b l a c k  10B 
s t a i n e d  m y o f i b r i l s ;  b= i m mu n o b l o t  a n a l y s i s .

Si

S i

‘%1,

Table 1. Amino acid composition of the 1,200 kDa 
peptide.

1, 200 kDa ¡3 -connectin
Asp 107 116
Thr 85 82
Ser 77 68Glu 149 136Pro 49 62Gly 62 80
Ala 66 65
Cys/2 4 4
Val 88 85
Met 12 10
lie 53 53Leu 64 60
Tyr 27 28
Phe 30 24
Lys 75 73
His 15 11
Arg 36 44

\

V

lo.

S :

IS
h

in

Number of residues per 1,000 residues.
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