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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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Finally,  a ve ry  faint  non-var iable  band, designated (d) 
migra ted  still far ther  to the  anode. Thus all specimens 
were ident ical  for (a) and (d). Because of the  wide 
separat ion of (a) and (d) wi th  the  insert ion of (bc) bands  
it  is assumed tha t  (a) and (d) represent  products  of 2 
different  homozygous  loci. Consequently,  a to ta l  of 3 loci 
are pos tu la ted  for phosphoglucomutase  in ra inbow trout .  

The possibi l i ty exists t h a t  these 3 loci are homologous 
to the  PGMa, PGM~ and PGM~ loci in man, an idea sup- 
por ted  by  the  similar  na ture  of the  fastest  band. HOPKIN- 
SON and HARRIS' .5 descript ion of the  FGIVI 3 banding  as 
bare ly  detectable  in h u m a n  muscle ext rac ts  would apply  
to the  t rou t  muscle zymograms.  I n  the  present  s tudy,  
this band has not  been s tudied in ext rac ts  of o ther  tissues 
which migh t  show i t  more. clearly. Despi te  the  apparen t  
s imilar i ty  of t rou t  and h u m a n  phosphoglucomutase  in 
being under  the  control  of 3 loci, the  to ta l  number  of 
isozylnes in man  is about  twice the  number  in t rout .  

Zusammenfassung. Es wird aufgrund von  St/~rke-Gel- 
Zymogrammana lysen  der Phosphoglukomutase  in 72 
Forel len (Salmo gairdneri) die Exis tenz  eines po lymorphen  
und zweier nicht  var i ierender  Gene ermit te l t .  Der  Poly- 
morph ismus  beruh t  auf 2 Allelen mi t  i ibere ins t immenden 
Frequenzen  im Hardy-~Teinberg-Gleichgewicht .  
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Zymogram for phosphoglucomutase from skeletal muscle homo- 
genates of 5 rainbow trout showing the (bb) homozygote, (be) 
heterozygote (3), and (ce) homozygote. 
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P u r o t h i o n i n s  in  Aegilops-Triticum s p p .  

Puro th ion in  was first  obta ined  f rom the  endosperm of 
hexaploid  whea t  (Triticum aestivum L.) and crystal l ized 
by  BALLS et  al. 1. This high sulphur prote in  moie ty  of a 
proteol ipid has bacter ic idal  and fungicidal  ac t iv i ty  ~. 
Recen t  work  a-6 has established t h a t  the  crystal l ized 
mater ia l  is a mix tu re  of approx ima te ly  equal  amounts  of 
2 forms:  purothionins  e and ft. Molecular weight  deter-  
minat ions,  aminoacid  composi t ion and other  proper t ies  
indicate  t h a t  the  2 forms are ve ry  closely related 5. W e  
have  found t h a t  bo th  the  al lohexaploid T. aestivum L. 
(genomes ABD) and the  a l lote t raploid T. durum Desf. 
(genomes AB) synthet ize  the  ~ and fl forms% This  note  is 
to repor t  some phylogenet ic  implicat ions of purothionins.  

The diploid species T. monococcum (A) synthet izes  
only tile t5 form, suggesting t h a t  the  A genome of T. 
durum is responsible for the  genetic control  of /3 form 
synthesis  and the  B genome for t h a t  of the  e form. 
Analysis of the  potent ia l  B genome donor, namely,  the  
diploid species Aegilops speltoides (S = B), which does 
synthet ize  the  c~ form, substant ia tes  the  hypothesis .  This 
indicates t ha t  e and /5 purothionins  are the  result  of 
d ivergent  evolu t ion  a t  the  diploid level and have  come to 
coexist  by  the  convergent  process of alloploid format ion.  

We  have  fur ther  inves t iga ted  the occurrence of ~ and/3 
forms in the  remaining  species of the  Aegilops-Triticum 

group. A microlnethod was used because  only small  
amounts  of mater ia l  were available.  The  samples, 200 to 
400 mg of ground kernels were macera ted  for 2 h wi th  
twice the  a m o u n t  (v/w) of pe t ro leum ether  (b.p. 35-60~ 
The superna tan t  was t ransferred wi th  the  aid of a capil- 
lary tube  to a piece of paper  (Wha tman  No. 3, 2 • 8 mm) 
and evapora ted  in the  process. Lipid was dissociated from 
puroth ionin  by  t rea t ing  the  paper  wi th  1 N  HC1 in 
e thano l : pe t ro l eum ether  (3:1) wi th  the  aid of a capi l lary 
and then  was ex t rac ted  by  immers ion  in pe t ro leum 
ether  for 1 h. The  dried paper  was wet  wi th  buffer  and 
the  purothionins  f rac t ionated  by  starch-gel  electrophoresis.  

The results are summar ized  in the  Figure.  The  occurrence 
of the  previous ly  described 7 l inoleate  (L) and pa lmi ta te -  
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