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T h e  G e n e t i c s  of a S o l u b l e  A c i d i c  P r o t e i n  in  S k e l e t a l  M u s c l e  ~ 

The micro tubule  p ro te in  m u s t  be one of t he  older 
pro te ins  in an evolut ional  sense, for micro tubules  are the  
componen t s  of bac ter ia l  flagella as well as t he  mi to t ic  
spindle of all eukaryotes .  In  ver tebra tes ,  aside f rom 
mi to t ic  spindles,  the  cilium of cer ta in  .epithelial ceils, the  
tai l  of spermatozoa ,  neurof i l aments  of t he  nerve  axon  
and sareotubules  of t he  skeletal  muscle uti l ize th is  
prote in .  I t  has  been  shown t h a t  the  micro tubule  p ro te in  
is an acidic p ro te in  of globular  shape  hav ing  a molecular  
weigh t  of 120,000. 

I t  was of ex t reme  in te res t  to  u s  to  f ind out  whe the r  the  
micro tubule  p ro te in  used in d i f fe rent  organelles of ver te -  
b ra te s  is specified by  a single gene locus or by  a group of 
dupl ica ted  gene loci. The p re sen t  pape r  describes the  
au tosomal  inher i tance  of a soluble acidic p ro te in  found  in 
skeletal  muscle  of t he  toad  and  the  quail. In  the  quail  i t  
will be  shown t h a t  th is  p ro te in  is  a d i m e r  hav ing  the  
molecular  weigh t  of 120,000, and the  possibi l i ty  t h a t  i t  is 
a cons t i tuen t  of sarcotubules  will be considered.  

W h e n  the  skeletal  muscle  ex t rac t s  of the  t oad  (Bu/o 
americanus) and  the  J apanese  quail  (Coturnix coturnix 
japonica) were sub jec ted  to  s ta rch  gel e lectrophoresis  a t  
p h  8.6, an in tensely  s ta ined  pro te in  band ing  p a t t e r n  was 
ident i f ied on the  gel p la te  a t  a pos i t ion far  t oward  the  
anode  (Figure). Allelic p o l y m o r p h i s m  of th is  p ro te in  was 
observed.  The homozygo tes  showed a single band,  while 

Vertical starch gel electropboresis of quail skeletai muscle extracts. 
Extracts were prepared by mincing and sonicating 5 mg of pectoralis 
muscle in 2 volumes of pH 7 adjusted distilled water at 4~ A 
supernatant was obtained by eentrifugation in. the cold at 40,000 g 
for 30 rain. Protein concentrations were determined using the Biuret 
method and were occasionally estimated by the 280/260 mv ab- 
sorbanee ratio. Vertical starch gel electropboresis was carried out, 
as previously described 9 at pH 8.6 in borate buffer. Gels were fixed 
and protein bands stained with Amido Schwartz. Column 1:1/1 
homozygotes with a single intensely stained band. Column 2:1/2 
heterozygotes with 3 bands. Column 3 : A single band of 2/2 homo- 
zygotes. 

Binding specificity of Ha-colchicine 

Extracting solution Counts/min Protein 
H a- Boiled (cpm/mg) 
colchir extract 

+ H 3- 

colehieine 

Quail pectoralis muscle 
dist. H20 pH 6.5 4,872 953 2,528 
P-Mg (pH 6.5) 6,350 1,383 3,443 
P-Mg + 0.1 mM GTP 7,809 1,067 4,420 
P-Mg + 0.1 mM GTP 10,245 1,340 5,517 

+ 0.1 inM UTP 
P-Mg + 0.1 mM GTP 1,445 1,470 - 

+ 0.1 mM UTP 
+ ,--., 1 • 10-bM 

Unlabelled colchieine 
Rabbit serum 1,045 
Rat brain 

P-Mg + 0.1 mM GTP 52,312 1,504 30,827 

the  he te rozygotes  showed 3 bands .  The p rogeny  tes t  
done  on the  quail  conf i rmed the  single au tosomal  locus 
inher i tance  of th is  protein .  The ma t ing  be tween  hetero-  
zygotes  (1/2) such as shown in co lumn 2 of the  Figure,  
p roduced  3 types  of p rogeny  (1/1, 1/2 and  2/2) in the  
expec ted  1:2:1 ratio.  

The sarcoplasmic  ex t rac t s  ob ta ined  by  homogeniz ing  
muscle t issue under  condi t ions  of low ionic s t r en g th  
general ly con ta in  all of the  soluble enzymes,  the  sarco- 
tubule  protein ,  and  a n u m b e r  of un ident i f ied  p ro te ins  
p re sen t  in small  a m o u n t s  2. Since th is  pa r t i cu la r  p ro te in  
represen ted  30% of the  to ta l  protein ,  i t  seemed mos t  
reasonable  to consider  t h a t  it  m i g h t  be t he  muscle  micro- 
tubule  subuni t .  The  fac t  t h a t  th is  p ro te in  can be ex t r ac t ed  
f rom skeletal  muscle  b u t  no t  f rom cardiac  muscle  indi-  
cates  t h a t  th is  p ro te in  is ne i the r  ac t in  nor  myosin.  
Fu r the rmore ,  t he  procedure  of EISENBERG and  EISEN- 
BERGS, 4, .which is supposed  to  specifical ly ex t r ac t  
sarcotubules  d id  ex t r ac t  th is  prote in .  

To fu r ther  es tabl ish  the  i den t i t y  of th is  protein ,  
molecular  weigh t  m e a s u r e m e n t s  were m a d e  using zone- 
s ed imen ta t ion  procedures  in a p repa ra t ive  u l t racent r i fuge  
and by  Sephadex  G-200 gel f i l t ra t ion  5. E x p o n e n t i a l  
sucrose grad ien ts  were designed to  ob ta in  c o n s t a n t  
veloci ty  sed imenta t ion .  1125, labelled IgG, was used as 
an i n d e p e n d e n t  marke r  and  an S value of 5.7 was ob ta ined  

e " 7 S1 ( M W  l~2/a 
in th is  way.  Using the  q u a h o n  ~ = \ ~ - ~ - ~ ]  , the  

molecular  weigh t  was e s t ima ted  as 119,000. F i l t ra t ion  
of the  sarcoplasmic  ex t r ac t  t h ro u g h  Sephadex  G-200 gel 
co lumns  was accompl ished  in the  m a n n e r  of ANDREWS ~ 
and gave a molecular  weigh t  e s t ima te  of 120,000 in good 
ag reemen t  w i th  the  value  ob ta ined  in the  ul t racentr i fuge.  
Loca t ion  of t he  p ro te in  in g rad ien t  and Sephadex  frac- 
t ions  was m a d e  by  collecting and  e lec t rophores ing  
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Press, Inc., New York 1959). 

6 p. ANDREWS, Bioehem. J. 91,222 (1964). 
T C. K. MATHAI, S. OHNO and E. BEUTLER, Nature 270, 115 (1966). 



15.10. 1969 Specialia 1109 

a p p r o p r i a t e  f r ac t ions  in s t a r c h  gels. Those  qua i l  wh ich  
t y p e d  as 1/2 he t e rozygo te s  were used since t he  r e s u l t a n t  
b a n d i n g  p a t t e r n  was more  d is t inc t ive .  

I t  has  been  shown  t h a t  one d imer ic  molecule  of micro-  
t u b u l e  p ro t e in  specif ical ly b inds  w i t h  I mol  of colchicine 6. 
To t e s t  colchicine b ind ing ,  t he  m i n c e d  musc le  was 
e x t r a c t e d  in dis t i l led  water ,  P-Mg 7 buf fe r  or P-Mg 
buf fe r  c o n t a i n i n g  nucleos ide  t r i p h o s p h a t e s  (Table).  
S u p e r n a t a n t  so lu t ions  a n d  a p p r o p r i a t e  cont ro l s  were t h e n  
i n c u b a t e d  w i t h  2.5 • 1 0 - 7 M  Ha-colchic ine  a t  37~ for  1 h. 
Co]chicine b i n d i n g  was t h e n  assayed  us ing  t he  W h a t m a n  
DE81  f i l ter  m e t h o d  descr ibed  b y  WEISENBERG et  al. s. 

Cold colchicine was added  to a f ina l  c o n c e n t r a t i o n  of 
1 • 10-SM, i n c u b a t i o n  m i x t u r e s  were d i lu ted  w i t h  9 ml  
of P-Mg b u f f e r a n d  g r a v i t y  f i l tered t h r o u g h  W h a t m a n  
DE81  paper .  Col lected p r o t e i n  was t h e n  w a s h e d  5 t imes  
w i t h  P-NIg buf fe r  a n d  c o u n t e d  in  a B e c k m a n  LS233 
l iquid  sc in t i l l a t ion  s p e c t r o m e t e r  to  2% s t a n d a r d  error.  
The  b i n d i n g  of H3-colchicine is specif ical ly b locked  b y  
1 • 10-~21~ r un labe l l ed  colchicine a n d  sources  l ack ing  t h e  
m i c r o t u b u l e  do no t  b i n d  t he  t r i t i a t e d  a lka lo id  a t  all. 

I n v e s t i g a t i o n s  are  c u r r e n t l y  u n d e r w a y  to s t u d y  t he  
k ine t ics  of colchicine b i n d i n g  a n d  to  extef id  t he  micro-  
t u b u l e  a s say  to  o the r  t i ssues  of t he  quail .  Since 2 allelic 

fo rms  are  m a i n t a i n e d  in t he  stocks,  m a n y  ques t ions  
r ega rd ing  gene r e d u n d a n c y  for such  a c o n s e r v a t i v e  p r o t e i n  
m a y  be  answerab le .  

Zusammen/assung. E i n  H a u p t b e s t a n d t e i l  yon  w/isseri- 
gem S k e l e t t m u s k e l e x t r a k t  i s t  ein d imeres ,  saures  P r o t e i n  
m i t  e inem Moleku la rgewich t  v o n  120 000. I n  der  W a c h t e l  
Coturnix coturnix japonica u n d  in der  K r 6 t e  Bu/o 
americanus wird  dieses P r o t e i n  v o n  e inem e inze lnen  
a n t o s o m a l e n  Locus kont ro l l i e r t .  
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P h o s p h o g l u c o m u t a s e  P o l y m o r p h i s m  in the R a i n b o w  Trout ,  S a l m o  ga i rdner i  I 

Zone e lec t rophores i s  of p h o s p h o g l u c o m u t a s e  (PGM) 
us ing  musc le  e x t r a c t  f rom r a i n b o w  t rou t ,  Salmo gairdneri, 
was car r ied  ou t  b y  ROBERTS a n d  TSUYUKI 2, who repor t ed  
2 d i s t i nc t  i sozymes  a t  p H  8. A t  h ighe r  p H ' s  less c lear  zones 
of a c t i v i t y  up  to  a m a x i m u m  of 5 were seen. T h e y  d id  no t  
r e p o r t  i n t e r i n d i v i d u a l  p o l y m o r p h i s m .  W o r n ,  u s  (un- 
publ i shed)  has  found  P G M  isozyme p o l y m o r p h i s m  in t he  
A m p h i b i a n  genera  Bu/o a n d  Rana. 

O t h e r  e l ec t rophore t i c  s tud ies  of PG2K h a v e  largely  
i nvo lved  h u m a n  t i ssue  ex t rac t s .  SPENCER et  al. 3 found  
p o l y m o r p h i s m  for p h o s p h o g l u c o m u t a s e  in m a n  w i t h  
e lec t rophores i s  of e r y t h r o c y t e  lysates.  T h e y  r epo r t ed  2 
g roups  of bands ,  i n v o l v i n g  a t o t a l  of 8, w i t h  v a r i a t i o n  
re s t r i c t ed  to  t he  s lower  m i g r a t i n g  group.  T h e y  p o s t u l a t e d  
2 loci wh ich  are  now label led  P G M  1 for t he  s lower b a n d s  
a n d  P G M  2 for t h e  fas te r  bands .  P G M  2 p o l y m o r p h i s m  has  
been  r epo r t ed  (HoPKINSON and  HARRIS a), and  recent ly ,  
a fas te r  a d d i t i o n a l  va r i ab l e  g roup  of i sozymes  in m a n  f rom 
the  p lacen ta ,  l ive r  and  k i d n e y  h a s  led to  t he  p o s t u l a t i o n  of 
a t h i r d  locus, P G M  a. T he  PGM~ b a n d i n g  is t he  m o s t  
p r o m i n e n t  b a n d i n g  in cu l tu red  f ibroblas ts ,  whi le  in  
muscle  t h e y  are  ' e x t r e m e l y  weak  a n d  ba re ly  de t ec t ab l e '  
(HoPKINSON and  HARRIS 5). PARRINGTON et  al. ~ found  no 
gene t ic  l inkage  b e t w e e n  P G M  1, PGM= and  P G M  a in a 
fami l ia l  s tudy .  Cons iderab le  differences  in P G M  1 allelic 
f r equency  in  h u m a n  popu l a t i ons  i nd i ca t e  t he  occur rence  
of genet ic  dr i f t  or n a t u r a l  se lec t ion (MouRANT a n d  
TILLST). 

i n  t he  p r e s e n t  s tudy ,  ske le ta l  muscle  ex t r ac t s  of ra in -  
b o w  t rou t ,  Salmo gairdneri, were r u n  in ver t i ca l  s t a r c h  gel 
e lec t rophores i s  a t  p H  8.6 us ing  t he  t e c h n i q u e  of WoI~NUS. 
Gels were r u n  for  16 h a t  450 vo l t s  in  a n  O t t o  Hil ler  V- 
t y p e  e lec t rophores i s  a p p a r a t u s .  T he  s t a in ing  m i x t u r e  
cons is ted  of 0.1 g MgC1 v 0.035 g TPN,  0.075 g 3/ITT 
te t razo] ium,  0.001 g p h e n a z i n e  me thosu l f a t e ,  a n d  0.30 g 
glucose 1 p h o s p h a t e  d issolved in 50 ml  0.032Vf Tris buf fe r  
(pH 8.0) to  wh ich  was added  25 ,~ of g lucose -6 -phospha te -  
d e h y d r o g e n a s e  (G-6-PD)  j u s t  before  use. 

A t o t a l  of 72 r a i n b o w  t r o u t  f rom a commerc i a l  f ish f a r m  
( H a p p y  J a c k ' s  F i sh  F a r m ,  Azusa,  California)  were 
s tudied.  A b a n d  t h a t  m i g r a t e d  s l igh t ly  to  t he  c a t h o d e  was 
seen in t he  same  pos i t ion  in all  t h e  zymograms ,  a n d  was 
des igna ted  (a). A var iab le ,  i n t ense  b a n d i n g  p a t t e r n  ap-  
pea red  on  t he  a n o d a l  side of t he  origin,  and  cons is ted  of 
2 d i s t inc t  b a n d s  or s ingle b a n d s  a t  1 of t he  2 co r r e spond ing  
posi t ions .  The  b a n d  closest  to  t he  or ig in  was des igna t ed  
(b), whi le  t h a t  wh ich  m i g r a t e d  f a r t h e s t  was  cal led ( c ) .  

'Thus  some spec imens  showed  (b) a n d  (c), whi le  o the r s  
showed on ly  (b) or (c). The  (a), (b) a n d  (c) b a n d s  can  be  
seen in t he  Figure .  Of t h e  72 specimens ,  17 were (bc), 2 
were (b) and  53 were (c). I f  one i n t e r p r e t s  t h e  2 -band  (bc) 
c o m b i n a t i o n  as t he  he t e rozygous  c o m b i n a t i o n  of 2 
alleles t h a t  are r e spec t ive ly  h o m o z y g o u s  in t he  single (b) 
and  (c) pheno types ,  t he  f i t  to  H a r d y - W e i n b e r g  expec ta -  
t ions  is as fol lows:  

No. tested: 72. p(b) = 0.15, q(c) = 0.85 

Phenotypes 

(b) (be) (e) 
Observed 2 17 53 
Expected 1 18 52 

The  resu l t s  are cons i s t en t  w i t h  a n  a s s u m p t i o n  of a 
I - Ia rdy-Weinberg  equi l ib r ium.  
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