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In tro d u c t ion

In  p ra c t ic e ,  m yo fib e r types a re  commonly e s ta b lis h e d  by us ing  h is toch em ica l 
re a c tio n s  as in d ic a to rs  o f  c o n tra c t io n  c h a r a c te r is t ic s  and energy m etabolism . 
The re a c tio n s  u s u a lly  employed a re  fo r  m y o f ib r i l la r  adenosine tr ip h osp ha tase  
(ATPase) and f o r  a m ito c h o n d r ia l enzyme such as s u c c in ic  dehydrogenase (SDH).
A massive l i t e r a t u r e  about m yo fib e r ty p in g  e x is ts ;  i t  is  d i f f i c u l t  to  in t e r 
p re t because o f  the  v a r ie ty  o f  te rm in o lo g ie s  employed and because o f  the 
s e n s i t iv i t y  o f  r e s u lts  to  sm all a l te r a t io n s  in  procedure (e .g . ,  p re in c u b a tio n  
pH fo r  ATPase). One ra t io n a le  fo r  us ing  the ATPase re a c tio n  is  to  p ro v ide  
an e s tim a te  o f  c o n t r a c t i le  p ro p e r t ie s  o f  the  m y o fib e r. T h is  has not been 
t o t a l l y  accepted, however. Guth (1973) concluded th a t  the ATPase re a c tio n  
cannot always be taken as in d ic a t iv e  o f  the  c o n tra c t io n  speed o f  the  m y o fib e r, 
and Nemeth (1979) does not c o n s id e r the  re a c tio n  as always accu ra te  fo r  
m yo fib e r ty p in g . Maxwell e t a l . (1982) re p o rte d  th a t myosin ATPase a c t i v i t y ,  
maximum s h o rte n in g  v e lo c i ty  and h is toch em ica l d e te rm in a tio n  o f  m yo fib e r type 
by ATPase do not always p ro v id e  e q u iv a le n t es tim a te s  o f  c o n t r a c t i le  p ro p e r t ie s ,  
and the y  concluded th a t  the  h is to ch e m ica l procedures appeared to  be the  source 
o f  d isc re pa n cy .

A fu r th e r  c o m p lic a tin g  fa c to r  is  th a t the re  a re  species d if fe re n c e s  fo r  
r e s u lts  o b ta ined  from the  h is toch em ica l p rocedures. In  a d d it io n ,  in v e s t ig a to rs  
have a p p lie d  the  nom encla ture  systems used fo r  mammalian spec ies  (which 
c o n ta in  o n ly  tw itc h  m yo fib e rs ) to  avian species (which c o n ta in  both tw itc h  
and to n ic  m y o fib e rs ) .

Immunochemical techn iques have prov ided  a new and s p e c i f ic  approach to  the 
problem o f  m yo fib e r ty p in g . Several recen t papers re p o r t  on in v e s t ig a t io n s  
o f  s low  and fa s t  m yo fib e rs  by using a n tib o d ie s  a g a in s t d i f fe r e n t  myosin 
isozymes (A rnd t and Pepe, 1975; B i l le t e r  e t a l . ,  1980; B o rm io li e t a l . ,  1980; 
C a n tin i e t a l . ,  1980; G a u th ie r , 1979; G au th ie r and Lowey, 1977, >979; G au th ie r 
e t  a l . ,  1982; M asaki, 197**; Snow e t a l . ,  1981).

We re p o r t in  t h is  m a nuscrip t an im munological procedure f o r  ty p in g  fa s t  and 
s low  m yo fibers  o f  c h ic k e n  muscle based on s p e c if ic  a n t ib o d ie s  to  myosin heavy 
cha in  (MHC). The o b je c t iv e s  were (1) to  deve lop  a n tib o d ie s  to  MHC isozymes o f 
fa s t  and s low  m yo fib ers  and e s ta b lis h  th e ir  a n t ig e n ic  s p e c i f ic i t y  by g e l-  
e le c t  ro p h o ris  is-de rived-enzym e  1 inked-im m usorbent-assay (GEDELISA), and 
(2) to  compare the  re s u lts  o f  immunof1uorescent s tud y  o f  m yo fib e r types to  
the  re s u lts  from standard h is toch em ica l ty p in g  o f  m yo fib e rs .

a n t i “ fa s t  a n t ib o d ie s . The non-bound f r a c t io n  (e lu te d  in the  column v0' <̂() 
volume) from  a p p lie d  crude a n ti-m ix e d  im m unoglobulins was next a p p l'e^ . c
the  m ixed-myosin colum n. A n tib o d ie s  b ind in g  to  t h is  column were spec' j
fo r  slow f ib e r  m yosin , any a n t i - f a s t  myosin a n tib o d ie s  having been reta' 
p re v io u s ly  on the  fa s t-m yo s in  a f f i n i t y  colum n.
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GEDELISA (L u tz , e t a l . ,  1978) was perform ed to  te s t  th e  s p e c i f i c i t y 0^ ! ^
a n tib o d ie s  f o r  the  m y o f ib r i1la r  p ro te in s .

d to  te s t  the  s p e c it i c i t y  u ¡,,5 
Each a n tib o d y  was tes te d  a9â

the m y o f ib r i l la r  p ro te in s  from the  s lo w -to n ic  ch icken  a n te r io r  la t is s "
d o rs i (ALD) and th e  m y o f ib r i l la r  p ro te in s  from fa s t - tw i tc h  p e c to ra l» 5*

Id e n tic a l loads o f  m y o f ib r i ls  were a p p lie d  to  2 o r  more c y l in d r ic a l  st* 
SDS g e ls  (Laemm li, 1970) and the  p ro te in s  separated by e le c tro p h o re s is * ^  
One gel was s ta ine d  w ith  Coomassie Blue and the  lo c a tio n  o f  the  prote 
recorded w ith  a den s itom e te r scan. The o th e r ge l was s l ic e d  in to  l 1™1' ^
us ing  a m echanical ge l s l ic e r  (H oefer S c ie n t i f ic ,  San F ra n c is c o , CA) •
gel s l ic e  was incubated o v e rn ig h t in  a w e ll o f a p o ly s ty re n e  tis s u e  cU «1*
p la te  (C ostar #3596, B e llc o  G lass) c o n ta in in g  150 p i o f  0.1 M Na2 C0. r . 
Th is  re s u lte d  in the  e lu t io n  o f  p ro te in  from the  gel s l ic e  and s u b s e t

The p la te  had p re v io u s ly  been l g|) (*!p ro te in  a b s o rp tio n  to  the  w e ll w a ll ,  
w ith  g lu ta ra ld e h y d e  to  m in im ize  p ro te in  d e s o rp tio n  (Howell e t 
the  enzym e-linked  immunosorbent assay (ELISA) which fo llo w e d .
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An ELISA (E ngva ll and Perlman 1972) was performed on the  p la te ;  the  5*^(1 
m y o f ib r i l la r  p ro te in s ,  now adsorbed to  the  w e ll w a lls ,  being the  anti9*V *
be te s te d  fo r  re a c tio n  w ith  a n tib o d y . Each w e ll was incubated fo r  30
room tem pera ture  (RT) w ith  200 u l o f  3 mg/ml bovine serum album

fo r  . i% 
in (BS* J

standard  s a lin e  (SS; 0.9% NaCl -0 .05  M potassium phosphate (pH 7-**) aCfi' 
NaN.) to  b lock  any rem ain ing re a c tiv e  s i te s .  Three rin s e s  o f  5 m in. ? 0f3 u anr < cma i i i i  ny i c d u u e  m ree rin s e s  o i j  m " "  . 0i
.05% Tween 80 -  1% BSA -  SS fo llo w e d . P rim ary a n tib o d y  (1° Ab; 100 v
1 u g/m l) was added to  each w e l l ,  incubated a t RT f o r  2 h rs  and then 1 
remove any 1° Ab not s p e c i f ic a l ly  bound to  the  adsorbed p ro te in .

A lk a lin e  phosphatase con jugated  goat a n t i - r a b b i t  secondary a n tib od y  ^  ¿ft 
100 ul o f  1:1500 d i lu t io n ) ( M i le s  L a b s ., E lk h a r t ,  IN) was p ip e tte d  ' n t° 
w e l l ,  incubated a t  RT f o r  2 h rs ,  and r in s e d . The enzyme s u b s tra te ,
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p -n i tro ph e ny l phosphate (Sigma Chem. C o ., S t. L o u is , M0) was next addf  ;ch1wn'* «each w e ll (100 u l o f 10 mg/ml) and a llow ed  to  re a c t f o r  3 h rs  a f te r  w J„re’the re a c tio n  was stopped by the  a d d it io n  o f  50 u l o f  3 N NaOH. The P1¡((t'
o f a c o lo re d  product in a w e l l ,  measured spect rophotomet r i  ca l ly  on a 
ELISA reader (MR 580, Dynatech) in d ic a te d  r e a c t iv i t y  between 10 Ab an 
m y o f ib r i l la r  p ro te in  in  th a t w e ll .

V
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In d ir e c t  Immunofluorescence

In d ir e c t  im munofluorescence and h is toch em ica l s ta in in g  fo r  myof ib r i  M  ̂ rd' L  
and SDH were perform ed on s e r ia l 8 u th ic k  se c tio n s  o f  a mixed m yof'^e , Of »r 
o f ch icken  p e c to ra lis  which had been fro zen  in l iq u id  n it ro g e n  cooled ^ sl|f ^ 's  
isopen tane. The c ry o s ta t  cu t s e c tio n s  were p icked  up on a lbum in coat **
and a llo w ed  to  a i r  d ry  fo r  30 m in.

Procedures

P re pa ra tion  o f  A n tib o d ie s

Mature ch ickens  were used throughout the  s tu d y . M y o f ib r i ls  prepared from 
the  fa s t - tw i tc h  "w h ite "  reg ion  o f  ch icken  p e c to ra l is  (G a uth ie r and Lowey,
1977) o r  from ch icken  lower leg  muscles were used as a source o f  f a s t -  
m y o fib e r and m ixed -m yo fib e r (bo th  fa s t  and s low  m yo fib e rs ) MHC a n tig en  
re s p e c t iv e ly .  The m y o f ib r i l la r  p ro te in s  were separated e le c t r o p h o re t ic a l ly  on 
polyacrylam ide-SDS s la b  g e ls  o f  5% a c ry lam ide  -  0.07% B is -a c ry la m id e  (Laemmli, 
1970). Two m illig ra m s  o f  m y o f ib r i ls  were a p p lie d  to  a 3 mm th ic k  s la b  g e l,  
y ie ld in g  a MHC band o f  a pp ro x im a te ly  0 .8  mg.

The MHC band was prepared fo r  im m unization e s s e n t ia l ly  by the  procedure o f 
Granger and Lazarides (1980 ). The MHC band was v is u a liz e d  by s ta in in g  w ith  
Coomassie B lue fo llo w e d  by o v e rn ig h t d e s ta in in g . The band was c u t o u t w ith  
a s c a lp e l,  d iced  in to  sm all p iece s , and e q u il ib ra te d  f o r  1-2 days in  0.1 M 
sodium phosphate, pH 7.**. The p ieces were then homogenized in  a m otor d r iv e n  
g la s s /T e flo n  homogenizer along w ith  a small amount o f  b u ffe re d  s a lin e  s o lu t io n  
(0 .135 M NaCl -  10 mM potassium phosphate pH 7 -2 ) .  The homogenate was 
e m u ls if ie d  us ing  an equal volume o f  Freunds Complete a d ju va n t (D ifc o  Co., 
D e t r o i t ,  M l) by passing the  m ix tu re  through  a s y rin g e  severa l t im e s .
Incom plete  a d ju va n t was used a f t e r  the  f i r s t  in je c t io n .

R abb its  were in je c te d  subcutaneously a t severa l s ite s  a long both s ides  o f  the  
sp ine  on days 0 , \ k ,  28, and t*2 w ith  0.*» mg MHC. On day 50 each ra b b it  was 
b led  ( 5 0  m l) ,  and a crude  im munoglobulin f r a c t io n  was is o la te d  from the  serum 
by ammonium s u lfa te  p re c ip i ta t io n  (25 g /100 m l) .  Subsequent b leed ings  were 
perform ed a t s ix  week in te r v a ls ,  w ith  the  ra b b its  re c e iv in g  b ooster in je c t io n s  
o f 0 .2  mg MHC 8 to  10 days b e fo re  b le e d in g .

A f f i n i t y  P u r i f ic a t io n  o f A n tib o d ie s

Two immunosorbent columns were prepared: one us ing  fa s t-m y o fib e r  myosin 
is o la te d  from  the  fa s t-m y o fib e r  re g ion  o f  ch icken  p e c to ra lis  and one using 
m ixed -m yo fib er myosin from ch icken  leg m uscles. Myosin was e x tra c te d  us ing  
the methods o f  Nauss e t a l . 19 6 9  and p u r i f ie d  on DEAE-Sephadex (O ffe r  e t  a l . ,  
1973). The myosin was coupled to  cyanogen bromide a c tiv a te d  Sepharose, a t a 
c o n c e n tra tio n  o f  5 mg myosin/m l packed g e l,  by the  procedure o f  March e t a l . ,  
197**.

The crude immunoglobulin f ra c t io n s  in  column b u ffe r  (0 .15  M NaCl -  20 mM 
potassium phosphate (pH 7 .2 ) -  I mM NaN.) were a p p lie d  to  the  column and 
a llow ed  to  c ir c u la te  a t room tem perature  fo r  3 hrs a t a ra te  o f  I column 
vo lum e /h r. Bound a n tib o d ie s  were e lu te d  w ith  1 M p ro p io n ic  a c id  -  0 .15 M NaCl 
and im m ed ia te ly n e u tra liz e d  w ith  an equal volume o f  1.5 M K.HPO,. The bound 
f r a c t io n s  were d ia ly z e d  o v e rn ig h t a t **°C a g a in s t PBS (0.1 M NaCl -  10 mM 
potassium phosphate (pH 7 .2 ) -  I mM NaN..) and the  a n tib o d ie s  were p re c ip i ta te d  
by ammonium s u lfa te  (25 g /100 m l) .  A f te r  c e n t r i fu g a t io n  a t kOOO xg fo r  30 
m in . ,  the  a n tib o d ie s  were d is s o lv e d  in a sm all amount o f PBS and d ia ly z e d  
versus PBS o r  column b u f fe r .

A l l  a n t ib o d ie s  used f o r  immunochemical procedures were a f f i n i t y  p u r i f ie d .  
A n tib o d ie s  b in d in g  to  the  fa s t  myosin column a f t e r  a p p lic a t io n  o f crude a n t i 
fa s t  o r a n t i-m ix e d -m y o fib e r im m unoglobulins were used in procedures u t i l i z i n g

For in d ire c t  im munofluorescence each s e c tio n  was incuba ted  w ith  a ó '°r  J
Ab ( a n t i - f a s t ,  0.0*» mg/ml o r a n t i- s lo w ,  0 .05  mg/ml) fo r  30 m in.
then rin s e d  3 tim es f o r  10 m in. each in  PBS. An in c u b a tio n  w ith  2
( f lu o ro s c e ln  con jugated  goat a n t i - r a b b i t  lg  G) (M ile s  Labs) fo r  3^ m'werf.------------------  - -  . - c  W*f.
fo llo w e d , and the  s e c tio n s  were rin se d  *♦ tim es in  PBS. The se c tion
mounted in  25% g lyce ro l-P B S  and c o v e rs lip s  sealed in p lace  w ith  wef< 
p o lis h .  S ec tions  were viewed under epi f  1 uorescence, and p h o to g ra P ^ [gli 
taken us ing  Kodak T r i-X  f i lm  w ith  ty p ic a l exposure tim es o f  a pp ro *1 
seconds.

H is tochem ica l Procedures
----------------------------------------  f  so*'!M y o f ib r i l la r  ATPase was dete rm ined  h is to c h e m ic a lly  by the  method o  ̂

(1976) w ith  p re in c u b a tio n s  a t pH 1*.3 and l».6 fo r  5 m in. and a t pH 
in 7 on S ta in in g  fo r  SDH was acco rd in g  to  the procedure 0
(1976)
10.3 fo r  20 m in. 
and Brooke, (1973)•

R esults

H is tochem ica l I d e n t i f i c a t io n  o f  M yo fib e r Types: R e su lts  from h '*  1 ^
s ta in in g  fo r  ATPase and SDH a re  shown in  F igu res  1 and 2a and b.
m yo fibers  have h ig h  ATPase a c t i v i t y  a f t e r  pH k . 3 and 1».6 p re in c u b a t' ^  y  
moderate ATPase a c t i v i t y  a f t e r  pH 9.** and 10.3 p re in c u b a tio n . Tyi,eand!l^
m yo fibers  have moderate ATPase a c t i v i t y  a f t e r  pH I* .3 p re in c u b a t¡o f

.d ' |P

ATPase a c t i v i t y  a f t e r  pH l».6, 9.*«, and 10.3 p re in c u b a tio Both IR*
m yo fibers  show moderate SDH a c t i v i t y  w ith  even ly  d is t r ib u te d  ct
p a r t ic le s .  Type I I  m yo fib e rs  ( I IR  and IIW) show id e n t ic a l ATPase r ( 
No ATPase a c t i v i t y  a f t e r  pH k .3  p re incubâ t io n , moderate a c t i v i t y  3  ¡ofl5

Immunof1uorescence
fiÇ» y

The m yo fib e r ty p in g  by in d ire c t  immunofluorescence Is p ic tu re d  i*1 n ti ' ’
2c and d . Only the  s lo w -to n ic  m yo fib e rs  (IRA and IRB) s ta in  w ith  3 ^¡tl’
a n t ib o d ie s  w h ile  o n ly  the fa s t - tw i tc h  m yo fib e rs  (MW and MR) sta*
a n t i - f a s t  a n t ib o d ie s .  M yo fibers  were never observed to  re a c t w ith  
a n tib o d ie s .
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p re in c u b a tio n  a t pH k . 6 , and s tro ng  ATPase a c t i v i t y  a f t e r  p re in c u b a ^ r ' J  
pH 9-** and 10.3- Type MR m yo fib ers  have h igh  SDH a c t i v i t y  w ith  ¡V
colemmal agg re ga tio ns  o f  d iform azan p a r t ic le s .  Type IIW m yofibers  ̂ ^  
to  moderate re a c tio n  fo r  SDH w ith  some subsarcolemmal a g g re g a tio 0 0

y

GEDELISA re s u lts  a re  i l l u s t r a t e d  in  F igu res  3a and b . A n t i - fa s t  3l?‘ „  i*.«*

f
were observed. The re a c tio n  o f  a n t i - f a s t  a n t ib o d ie s  w ith  ALD Pr ° ! *

. ... . w.w 1 , j U. « ■ ■ iu«,>av«u • • 1 yui t j j a anu u . ni n  i • w. - , gfl 11' i
react s tro n g ly  w ith  p ro te in s  from  the p e c to ra l is .  The m ajor react V
MHC, a ltho ug h  two m inor re a c tio n s  w ith  o th e r h igh  m o le cu la r weigh1 ¡pS*!*

a weak re a c tio n  o n ly  w ith  MHC. A n ti- s lo w  a n tib o d ie s  re a c t s tro n g 1^  
p ro te in s ,  showing a m a jo r re a c tio n  w ith  MHC, and m inor re a c tio n s  - ** 
h igh  m o le cu la r we ight p ro te in s .  The re a c tio n  o f  a n t i- s lo w  a n tib o  1 
p e c to ra l is  p ro te in s  is  ve ry  weak and o n ly  w ith  MHC.

120



lO ¡<*
id t" 
: ' f iCj
ita '^ ¡.¡'body fV o f tb e a n t i - fa s t  a n tib o d y  fo r  fa s t  m y o fib e r MHC and o f a n t i- s lo w  

s low-myof i ber MHC was e s ta b lis h e d  us ing  GEDELISA. Th is  is  
(f'''slow ^y *a r9e GEDELISA absorbance v a lu e s , when u s ing  a n t i - fa s t  o r 

9>Jre 3 ?n t 'b o d ie s , a t an R, va lue  co rre spo n d ing  to  th e  MHC from p e c to ra lis  
and ALD (F igu re  3d) re s p e c t iv e ly .
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S ‘ ‘ «*«Ht 9urr - ® n t i- fa s t  a n tib o d ie s  show o n ly  a s l ig h t  re a c tio n  w ith  ALD

insure S !  f n<! th a t a n t i- s lo w  a n tib o d ie s  show no re a c tio n  w ith  p e c to ra lis  
jj pepe . ^a) is  c o n s is te n t w ith  the  c o nc lu s io n  o f  o th e r  researche rs (Arndt 
«1 "ct'iiHri ’  Masa*<'p 197*0 th a t fa s t  and s low  myof i bers have ant igen ica 1 ly  

s ‘ Tb® MHC's have a ls o  been shown to  be s t r u c tu r a l ly  d i f fe r e n t  
J ' . ,  l 97^ .o f f b e ir  e le c t r o p h o re t ic  m ig ra t io n  in  n o n d is s o c ia t in g  g e ls  (Hoh 
V j^ ie s  ’ Hofl’ *978 ). The m inor GEDELISA re a c tio n  between a n t ¡ - fa s t  
■cj'tv,'tchand the  MHC from ALD m y o f ib r i ls  may be due to  the  presence o f  a few 

i g ^ m7 o fib e rs  in  t h i s  slow muscle (A rnd t and Pepe, 1975; G au th ie r and 
; T° uta n t e t a l . ,  1 9 8 1 ) .

iu*̂ Cubâ l?ern'ca l s ta in in g  fo r  SDH and fo r  m y o f ib r i l la r  ATPase a t severa l

N 'cie.. °n PH's (F igu res 1 and 2a and b) were perform ed in  o rd e r to  o b ta in
i(L ■'erj ?v ‘ dence to  e s ta b lis h  the  id e n t i t y  o f  ch icken  s k e le ta l muscle 
t|j "t 'th in  a lre a d y  pub lish e d  c r i t e r ia  (Khan, 1976; Suzuki, 1982;
« A i  • ■ 1981). We have used the  nom encla ture  o f  Khan, 1976 fo r

( "’V o fib e rs , but Table 1 a llo w s  comparison w ith  o th e r  nom enclature 
Takl * a ,so Toutant e t a l . ,  1981).

¡Sis?'**0 a summation o f  our o b s e rv a tio n s  u s ing  the  h is to ch e m ica l and
. |aeScent s ta in in g  p rocedures. We concluded th a t s ta in in g  fo r  

; ; f #TPasa us ing  a pH *».3 p re in c u b a tio n  to g e th e r w ith  s ta in in g  fo r  
|in tiboH-eCt' Ve* y e s ta b lis h  h is toch em ica l m yo fib e r type  id e n t i t y .  A n t i ”  

V W  andles ° n ,Y S ta ined  th e  h is to ch e m ica l ly  fa s t - tw i tc h  m yo fib e rs  (MW 
stjj efs (|Aa n t '~ s * ° w a n tib o d ie s  o n ly  s ta ine d  the  h is to ch e m ica l ly  s lo w -to n ic  

wi'  and IB ) . The o b s e rv a tio n  th a t  an in d iv id u a l m y o fib e r never 
lf *c ^ur r ^ h  a n tib o d ie s  in d ic a te d  the  homogeneity o f  each m y o fib e r fo r  a 

lL 1 'sozyme.

*>V ¿ J ty  oF each a n tib o d y  fo r  i t s  homologous MHC isozyme as ¡11 us —
°f eaCL, . ^A, combined w ith  the  homogeneity observed in  im m unofluores- 

^ acCUraJ n d !v idual m y o fib e r fo r  a MHC isozyme, have proven the  a n t i -
m yo fib e r ty p in g .  The observed agreementV)*11 irrDu l f and re ,ia b ' e in

b ii^s  then° ' l  UOrescent m yo fib e r ty p in g  and h is to c h e m ic a l m yo fib e r ty p in g  
^  Or . .  USe o f  ATPase as an a ccu ra te  in d ic a to r  o f  m yo fib e r ty p e s , f a s t -  

8 °W“ ton  i c the  c h icke n .

i \  j Scof>sinPOrted bY the  C o llege  o f  A g r ic u l tu ra l and L i f e  Sciences, U n iv e rs ity  
iS‘stan’ E d is o n ,  W isconsin , 53706. Muscle B io lo g y  Manuscri p t Number 183. 

c® o f  D r. Lawrence Yates and D r. Roy Ax is  g r a te f u l ly  acknowledged.

Masaki T (197*0: Immunochemical comparison o f  myosins from ch icken  c a rd ia c , 
fa s t  w h ite ,  s low  red , and smooth m uscle . J Biochem 76:*»*»1

Maxwell LC, Fau lkner JA, Murphy RA (1982): R e la tio n s h ip  among f ib e r  ty p e , 
myosin ATPase a c t i v i t y  and c o n t r a c t i le  p ro p e r t ie s .  Histochem J l*»:98l

Nauss KM, Kitagawa S, G erge ly J (1969 ): Pyrophosphate b ind in g  to  adenosine 
tr ip h o s p h a ta s e  a c t i v i t y  o f  myosin and i t s  p ro te o ly t ic  fragm ents.
J B io l Chem 2*»*»:755

Nemeth P, H o fer HW, P e tte  D (1979): M e ta b o lic  h e te ro g e n e ity  o f  muscle f ib e r s  
c la s s i f ie d  by myosin ATPase. H is to c h e m is try  63=191

O ffe r  G, Moos C, S ta r r  R (1973): A new p ro te in  o f  the  th ic k  f i la m e n ts  o f  
v e r te b ra te  s k e le ta l m y o f ib r i ls .  J Mol B io l 7** = 653

Snow DH, B i l le t e r  R, Jenny E (1981 ): Myosin types in  equine s k e le ta l muscle 
f ib r e s .  Res Vet Med 30:381

Suzuki A (1976): The pH s t a b i l i t y  o f  m y o f ib r i l la r  adenosine tr ip h o sp h a ta se  
o f f iv e  f ib e r  types o f  s k e le ta l muscles o f  the  sheep and c a t t le .
Jap J Zootech Sci *«7:95

Suzuki A, Tsuchiya T, Tamate H (1982): H is tochem ica l p ro p e r t ie s  o f  m yo fib e r 
types in  th ig h  muscle o f the  c h ic k e n . Acta Histochem Cytochem 15=362

Toutant JP, Rouaud T , LeDouarin GH (1 9 81 ): H is tochem ica l p ro p e r t ie s  o f  the 
b iv e n te r  c e rv is  muscle o f  the  c h ic k : a re la t io n s h ip  between m u lt ip le  
in n e rv a tio n  and slow to n ic  f ib e r  type s . Histochem J 13 = *»8 l

* 0

y

'V

¡<7

a'1'

llj| J (1975): A n tig e n ic  s p e c i f i c i t y  o f  red and w h ite  muscle m yosin.
’V

\S
' " l l ,

Weber
Cytochem 23=159 

H, Lutz  H, Howland H, Eppenberger

s i* - '

- L U U  n ,  n u n i a i i u  n ,  c  i u c  i y  c  i n n  ,  u c i i i i t  i- \ i .
Human s k e le ta l muscle f ib e r s .  H is to c h e m is try  65:2*»9

Jenny E (1980 ): Myosin

y
4dr

y
< i

y
/

r to re  S, V i ta d e l lo M ,  S c h ia f f in o  S (1980): Slow myosins in 
e s k e le ta l m uscle . J C e ll B io l 85=672 

Sj r t0 re  s . S c h ia f f in o  S (1980): Myosin types in  c u ltu re d  muscle 
t* y’ Ce,l B io l 85 = 903 

ta ^  B. caBr°°ke  MH, Eds (1973): Muscle B iopsy: A Modern Approach.
4*l j  auDders, London, p 20-33

|N nzy^rrnann P (1972 ): ELISA I I I :  Q u a n tita t io n  o f  s p e c if ic  a n t ib o d ie s  
e~labeled ant i-im m unoglobul in  in  a n t ig e n -c o a te d  tub e s . J Immunol\  ' ,l29

,*r
„ X 5 L u , 9 7 9 ) :  U lt r a s t r u c tu r a l id e n t i f ic a t io n  o f  muscle f ib e r  types by 'hi. " s t r y .  J C e ll B io l 82:391

\
Low«

type, 'eY s (1977): Polymorphism o f  m yosin among s k e le ta l muscle
J C e ll B io l 7**:760

soenzymes among s k e le ta lS k USc*®’ f - ^ ey S (*9 7 9 ): D is t r ib u t io n  o f  myosin i 
h*tr *ber type s . J C e ll B io l 81:10 «F .

of LOWeY S, B e n fie ld  PA, Hobbs AW (1982): D is t r ib u t io n  and p ro p e r- 
\  f^LOSln isoenzymes in  d eve lop ing  a v ian  and mammalian s k e le ta l

« lb e rs . j  C e ll B io l 92:*»7I 
C, La>Nl, ° t iat ‘ e rid e s  E (1980): Synemin: a new h igh  m o le cu la r w e igh t p ro te in  

’ L i .  e wi t h  desmin and v im e n tin  f ila m e n ts  in  m uscle . C e ll 22:727
l Hy 1*9 73) .
\  1 Ui'b r : i  i Fact and a r t i f a c t  in  the  h is to ch e m ica l procedure fo r

f ’ Mcq ar ATPase- Exp Neuo1
0 f 3tb W hite R1 (1976 ): E le c tro p h o re t ic  a n a ly s is  o f m u lt ip le  

\  u .myos • n in  fa s t - tw i tc h  and s lo w -tw itc h  muscle o f the  c h ic k .
*» ,, J '57 :87

b ig h t ch a in  d is t r ib u t io n  o f  ch icken  s k e le ta l m uscle myosin 
Lp ' " * •  pEBS L e t t  90:297 
* ’ ,

h, ^ S t i ^ Ser J . Schray KJ (1981): Coated tube immunoassay: Facto rs  
\  y* ty r 9 SeD s i t i v i t y  and e f fe c ts  o f  re v e rs ib le  p ro te in  b in d in g  to  

lA ene . I t y  i
J Immunoassay 2 :205

L V * Is?6).
\ m c *® /, ^ 's to c h e m ic a l sub-types o f  th re e  f ib r e  types o f  a v ian  s k e le ta l

[* (j* J h is to c h e m is try  50:9

V .  * ^«ad^ ? ) 5 Cleavage o f s t r u c tu ra l p ro te in s  
o f Bacteriophage T ^ . Nature 227:680 

'h i h
" I m, 
ser<

S i,
'0:

Vc

Cleavage o f s t r u c tu ra l p ro te in s  d u r in g  the  assembly o f

V
The s iz e  o f  the  f ib r e  p o p u la tio n s  in ra b b it), " •  Je"ny E (1978)

’ rt:k s*n s Usc le  as revealed w ith  in d ire c t  Immunofluorescence w ith  a n t i -  
H is to c h e m is try  57:223

Cuatrecasas P ( I9 7 h ) :  A s im p li f ie d  method fo r  cyanogen,a r"-h  .
5 acr Ii Q. . l ' Vat io n  o f  agarose fo r  a f f i n i t y  chrom atography. 
^Hem 60: |1»9

Table 1. Correspondence Between Nonencla tu re  Systems 
Used To Type V arious  Chick Muscles

Fi ber Type
Khan 1976 
(Soleus)

Toutant e t a l . ,  1981 
(B iv e n te r C e rv is )

Suzuki e t a l . ,  1982 
(Th igh M uscles)

S low -ton  ic  
O xidat ive

1 Red B1 B2 Red' SS o r  SM2

S lo w -to n ic  
O xidat ive

1 Red A B, Red 1

F a s t- tw itc h  
O xidat ive  
G ly c o ly t ic

I I  Red o Red 1 1 A

F a s t- tw itc h
G ly c o ly t ic

I I  White a W hite 1 IB

' i n  our hands I Red B appears to  co rrespond to  B2 R®8 .

2SS appears to  correspond to  Red; SM appears to  co rrespond to  I Red B 
(Suzuki e t a l . ,  1982).

Table  2 . H is to lo g ic  and Immunologic C h a ra c te r is t ic s  
o f  Chick P e c to ra lis  F ib e r Types

F ib e r Type
ATPase
*».3

P re -in cu b a t ion 
**.6  9.**

pH
10.3 SDH

Rxn
A n t i- fa s t

wi th  Ab
A n ti- s lo w

IRB ~ +a > +++ ++ ++ Moderate*^
and

D isperse

" +++

IRA ++ + + + Moderate
and

D isperse

+++

1 IR ++ +++ +++ Hi gh 
and

Subsarcolemmal

+++

1 IW ++ +++ +++ Low
and

Subsarcolemmal

+++

^ R e la t iv e  e x te n t o f  re a c tio n  a t a p re in c u b a tio n  pH: +++ s tro n g ; 
++ m oderate; + weak; - -  a bse n t.

^ E x te n t  o f  re a c tio n  and lo c a l iz a t io n  o f  d iform azan p a r t ic le s .
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Legends fo r  F igures

F ig . 1 . S e r ia l c ro s s -s e c t io n s  o f  the  m ixed -m yo fib er re g ion  o f  chick®” 
p e c to ra l is  s ta in e d  fo r  h is toch em ica l d em onstra tion  o f  ATPase a t Pre fjb«f 
o f :  (a) pH A .3; (b) pH 4 .6 ;  (c ) pH 9 .4  (d) pH 10.3 . Examples o f  i"Y° 
types a re  la b e le d . Bar equals SO pm.

F ig .  2 . S e r ia l c ro s s -s e c t io n s  o f  the  m ixed -m yo fib er reg ion  o f  ch',c  ¡<ji> 
p e c to ra l is .  H is tochem icaI d em onstra tion  o f :  (a) ATPase, pre incub3 
pH 4 .3 ; (b) SDH. Immunofluorescence us ing  (c ) a n t i - f a s t  a n t ib o d 'e 
(d) a n t i- s lo w  a n tib o d ie s . Examples o f  m yo fib e r types a re  la be le d ' 
equals SO pm.
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GEDeUSA3re° j  re ?u , ts  on (a) ALD m y o fib e rs ; (b) p e c to ra l is  m y o f ib r i ls ,  
j  ^ b o ^ ^ 'fa s t  en^ i tom eter scans a t  560 nm. Dashed l in e s  are  ELISA re s u lts  

R an  ̂■ b od ie s . D otted lin e s  are  ELISA re s u lts  us ing  a n t i- s lo w  
e sep n9 9 e lf t Va ues a re  c a lc u la te d  as the  d is ta n c e  from the  o r ig in  o f  the 

ra t in q n° -a s p e c if ic  p o in t d iv id e d  by the  d is ta n c e  from the o r ig in  o f  
9el to  the  dye f r o n t .


