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these  the  presence  of m a n y  he te rochromat i c  bodies  in 
in te rphase  nuclei made  sex ch roma t in  diagnosis impos-  
sible. This  same diff icul ty  was encounte red  in some ra t  
t issues t h a t  con ta ined  numerous  ch romocen t res  14. 

The cur ren t  concept  t h a t  sex ch roma t in  represents  the  
inact ive  X in female in te rphase  nuclei  does not  explain  
t he  presence of a sex ch roma t in  body  in any  male ceils. 
I t  is known to  occur a t  a low bu t  var iable  f requency  in 
appa ren t l y  normal  h u m a n  males  ~2. 

OHNO et al. 4 in t e rp re t  the  ch roma t in  mass  in the  male 
Virginian opossum as represen t ing  the  Y chromosome.  
The size difference be tween  male and  female ch roma t in  
masses  is a t t r i bu t ed  to  the  Iength  of the  X mid Y chro- 
mosomes,  the  X being twice as long as the  Y. 

In  t ). nasuta there  is the  same size re la t ion be tween  
the  X and  Y chromosomes  7, bu t  not,  as men t ioned  earlier 
be tween  the  male and female sex ch roma t in  masses.  If  
one accepts  the  in t e rp re t a t ion  t h a t  the  male sex ch roma t in  
in the  marsupia ls  s tud ied  so far  is the  Y chromosome,  
t h e n  in P. nasuta the  ex t en t  of he te rochromat i za t ion  of 
the  X and Y chromosomes  in in te rphase  nuclei is equi- 
valent .  

In  conclusion since b o t h  male and female corneal  epi- 
thel ial  cells of P. nasuta  conta in  sex chromat in ,  th is  

t issue canno t  be used for nuclear  sexing in th is  animal.  
In  add i t ion  due to its sex ch romosome  an o ma l y  any  
general  conclusions regard ing  the  sex ch roma t in  s i tua t ion  
in o the r  Aust ra l ian  marsupia ls  canno t  be inferred f rom 
this  s t u d y  ~5. 

Rdsumd. La ch romat ine  sexuelle des cellules de l ' epi the-  
l ium corneal  de males et  femelles adul tes  du Marsupial  
aust ra l ien Parmeles nasuta  Geoffroy a 6t6 6tudi6e. Les 
cellules des males comme celles des femelles man i f e s t en t  
l ' exis tence de la ch romat ine  sexuelle dans  le noyau  inter-  
phasique.  II n ' y  a pas de diff6rence de tail le en t re  chro- 
mar ine  sexuelle mMe et  femelle. 

SHIRLEY M. WALTON 

School o/Zoology,  Universi ty o / N e w  South Wales,  
Kens ington  (N .S .W. ,  Austral ia) ,  20 J a n u a r y  1969. 

14 K. L. MOORE, Acta anat. 61,488 (1965). 
15 The author wishes to express her gratitude to Professor G. B. SHAR- 

MAN, for his helpfulness in reading the manuscript. 

A 7-Globin-Chain  Mutation in the Hemog lob in  1 

In  a previous work  ~ we have  shown, in agreement  wi th  
o ther  au thors  =,a, t h a t  chicken hemoglobin  (Hb) is not  
homogeneous,  bu t  is composed  of 2 fractions,  easily de- 
t ec tab le  by  e lect rophoret ic  or ch romatograph ic  tech-  
niques. We have  called H b l  the  minor  fraction,  and Hb2 
the  major  one. The 2 hemoglobins  seemed to have one 
globin chain in common,  a, and 2 di f ferent  coun te rpa r t  
globin chains, fl, and ),: thus  the  molecular  ' formula '  of 
H b l  is ~2~, and t h a t  of Hb2 is ~2fi2- 

We have  recent ly  descr ibed the  occasional f inding of 
a ' m u t a n t '  Hb  in the  domest ic  chicken (breed Arbor  
Acres and Vantress)  4. By  rout ine  s ta rch  gel analysis,  a 
cer ta in  n u m b e r  of chickens were found to have  3 H b  
fract ions  ins tead of 2. Crossing expe r imen t  revealed t h a t  
th is  p a t t e r n  corresponds  to a he te rozygous  condi t ion;  
in fact  we could ob ta in  the  segregat ion of 2 homozygous  
groups  of chickens, one group wi th  the  'normal '  Hb  pa t -  
tern,  and the  o ther  wi th  the  ' m u t a n t '  H b  fraction.  The 
p resen t  s tudy  was u n d e r t a k e n  for the  purpose  of ident i-  
fying the  m u t a t i o n  responsible  tor the  appearance  of the  
new hemoglobin  type.  

Materials  and methods. The he te rozygous  cocks and 
hens  were isolated and the i r  eggs collected and incubated.  
The homozygous  ' normal '  and ' m u t a n t '  chickens were 
ident i f ied by  analys ing the  H b  p a t t e r n  of the  h a t ch ed  
chickens 6. The analysis  was carr ied out  by  s ta rch  gel 
e lectrophoresis  a t  p H  8.6, as previously  repor ted  *. 

The pur i f icat ion of the  H b  types  p resen t  in ' normal '  
and  in ' m u t a n t '  chickens,  was achieved by  chromatog-  
r a p h y  on Amber l i t e  CG-50 columns 1. The globin chain 
types  p resen t  in the  to ta l  lysate,  and in purif ied H b  
fractions,  were s tudied  by  s ta rch  gel e lectrophoresis  in 
6 M  urea at  p H  3.6 as previously  r epor ted  1. A new buffer  
sys tem was devised for a be t t e r  charac te r iza t ion  of the  
2 7 globin chains.  I t s  compos i t ion  was the  following: 
0 .2M succinic acid b rough t  wi th  solid Tris  to p H  5.4, 

(Hbl )  of the Domes t i c  Chicken 

di luted 50 t imes  for the  gels and 6 t imes  for the  buffer  
reservoirs.  

Results and discussion. The c lec t rophore t ic  p a t t e r n  of 
the  hemoglobins  under  inves t iga t ion  is p resen ted  in 
Figure 1. The migra t ion  of Hb2 is the  same in the  3 con- 
di t ions considered,  while the  e lec t rophore t ic  mobi l i ty  of 
the  H b l  f ract ions differ in ' normal '  and in ' m u t a n t '  
homozygotes .  In  the  'he te rozygous '  condi t ion,  b o t h  H b l  
types  are p resen t ;  in th is  last  case, the  re la t ive dis t r ibu-  
t ion of the  Hb  fractions,  as de te rmined  by  analysis  of 
the  s ta rch  gel wi th  a ChronIoscan, is H b l  ' m u t a n t '  =~ 
25% , H b l  ' n o r m a l ' - -  25%, H b 2 =  50% . 

The hemoglobins  f rom 'normal '  and  ' m u t a n t '  chickens 
have  been  purif ied on Amber l i te  CG-50 columns.  As pre- 
viously repor ted  1, this  resin allows the  separa t ion  of H b l  
f rom Hb2;  moreover  H b l  can be separa ted  in to  2 frac- 
t ions, which we have  called H b l  and H b l a :  despi te  the i r  
d i f ferent  ch romatograph ic  behaviour ,  the  2 fract ions have  
been shown to  have  the  same e lec t rophore t ic  ulobi l i ty  
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6 The crossing experiments, using heterozygous cocks and hens, 
gave a total of 314 hatched chickens, distributed as follows: 
Homozygous 'normal' = 100, heterozygous = 155, and homo- 
zygous 'mutant' - 59. No explanation can be given up to now, 
for the unexpectedly low number of the homozygous 'nmtant' 
chickens, as the post-hatching development of the 'mutants' 
seems to be normal. 
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Fig. 1. Starch gel electrophoresis in Tris-Borate system at pH 8.6 ~, 
of the hemoglobins under investigation. From left to right: 1, hemo- 
globins from 'mutant '  chickens; 2, hemoglobins from 'heterozygous' 
chickens; 3, hemoglobins from 'normal '  "chickens. Staining by 
benzidine. 
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Fig. 2. Elut ion pattern from Amberl i te CG-50 type I I  columns of 
'normal '  and 'mutan t '  hemoglobins. The results obtained in the 2 
groups are reported on the same figure for comparison. Cyano Hb 
was used. The Amberlite column was equilibrated with a buffer of 
Na2HPO 4 (molarities: Na + - 0.093, KCN - 0.005) at pH 7.45. The 
flow-rate was 2 ml/h in the cold, and 4 ml/h at 28 ~ Fractions were 
collected and analysed at 541 nm. ( . . . .  ), hemoglobins from 'normal'  
chickens; (--  ), hemoglobins from 'mutant '  chickens. 

a n d  t h e  s a m e  g l o b i n  c h a i n  c o m p o s i t i o n  (e~;,~). I n  t h i s  
r e p o r t  H b l  a n d  H b l a  a r e  b o t h  r e f e r r e d  t o  as  H b l .  
F i g u r e  2 s h o w s  t h e  e l u t i o n  p ro f i l e  f r o m  A m b e r l i t e  CG-50,  
o f  t h e  H b  t y p e s  p r e s e n t  in  ' n o r m a l '  a n d  in  ' m u t a n t '  
c h i c k e n s .  H b t ,  in  i t s  2 f r a c t i o n s ,  M u t e s  in  a s l i g h t l y  d i f -  
f e r e n t  p o s i t i o n  in  ' n o r m a l '  a n d  in  ' m u t a n t '  c h i c k e n s ,  
w h i l e  H b 2  h a s  t h e  s a m e  m i g r a t i o n  in  b o t h  c o n d i t i o n s .  
T h e  e l e c t r o p h o r e t i c  a n a l y s i s  o n  s t a r c h  gel o f  t h e  p u r i f i e d  
h e m o g l o b i n s  c o n f i r m e d  t h a t  o n l y  t h e  H b l  f r a c t i o n  f r o m  
' n o r m a l '  a n d  ' m u t a n t '  c h i c k e n  d i s p l a y e d  a d i f f e r e n t  m i g r a -  
t i on .  T h e s e  r e s u l t s  d e m o n s t r a t e  t h a t  t h e  ' m u t a n t '  h e m o -  
g l o b i n  is H b l .  

I n  o r d e r  t o  d e t e r m i n e  w h i c h  o n e  of  t h e  g l o b i n  c h a i n s  
p r e s e n t  in  H b l  w a s  a f f e c t e d  b y  t h e  m u t a t i o n ,  p u r i f i e d  
H b l  f r o m  ' n o r m a l '  a n d  ' m u t a n t '  c h i c k e n s ,  w a s  s u b m i t t e d  
t o  s t a r c h  ge l  e l e c t r o p h o r e s i s  in  6 M  u r e a  a t  p H  3.61. T h e  
r e s u l t s  o b t a i n e d  a r e  s h o w n  in  F i g u r e  3. I t  c l e a r l y  a p p e a r s  
t h a t ,  wh i l e  t h e  ~- a n d  f l - cha ins  h a v e  t h e  s a m e  e l ec t ro -  
p h o r e t i c  b e h a v i o u r  b o t h  in  ' n o r m a l '  a n d  ' m u t a n t '  c h i c k -  
ens ,  t h e  ~ - c h a i n  o f  ' m u t a n t '  H b l  m i g r a t e s  t o w a r d s  t h e  
c a t h o d e  m o r e  s l o w l y  t h a n  t h e  7 - c h a i n  f r o m  ' n o r m a l '  H b l .  

T h i s  f i n d i n g  r e c e i v e s  f u r t h e r  s u p p o r t  f r o m  t h e  d a t a  
p r e s e n t e d  in  F i g u r e  4, w h i c h  s h o w s  t h e  e l e c t r o p h o r e t i c  
b e h a v i o u r  o f  t h e  v a r i o u s  g l o b i n  c h a i n s  in  s t a r c h  g e l - u r e a  
a t  p H  5.4. T h i s  p H  v a l u e ,  w h i l e  n o t  s a t i s f a c t o r y  for  a 
c l ea r  m i g r a t i o n  of  t h e  ~- a n d  f l -cha ins ,  is  p a r t i c u l a r l y  
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Fig. 3. Starch gel electrophoresis in 6 M urea at pH 3.6 of the globin 
chains present in purified hemoglobin fractions. From left to right: 
1, hemoglobins front 'normal'  chickens; 2, H b l  from 'normal '  
chickens; 3, Hb2 from 'normal'  chickens; 4, hemoglobins from 
'normal'  chickens; 5, hemoglobins from 'mutant '  chickens; 6, Hb 1 
from 'mutant '  chickens; 7, Hb2 fronl !mutant '  chickens; 8, hemo- 
globins from 'mutant '  chickens. The conditions for the electro- 
phoretie run have been reported previouslyK Staining by Amido 
Black 10 B. 
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Fig. 4. Starch gel electrophoresis ill 6 M  urea at pH 5.4 of the globin- 
chains present in the total lysate of 'normal'  and 'mutan t '  chickens. 
1 and 3, 'mutan t '  globins; 2 and 4, 'normal '  globins. Succinate- 
Tris-buffer, running time 4 b at 250 V. Staining by Amido Black 10 B. 

s u i t a b l e  fo r  t h e  d i f f e r e n t i a t i o n  of  t h e  2 7 - c h a i n s .  
F i g u r e  4 s h o w s  in  f a c t  t h a t  t h e  2 7 - g l o b i n s  f r o m  ' n o r m a l '  
a n d  ' m u t a n t '  h o m o z y g o u s  c h i c k e n s  h a v e  a d i f f e r e n t  elec-  
t r o p h o r e t i c  m o b i l i t y .  I t  c a n  t h e r e f o r e  be  c o n c l u d e d  t h a t  
t h e  m u t a t i o n  r e s p o n s i b l e  for  t h e  a p p e a r a n c e  of  t h e  n e w  
H b l  t y p e  in  ' m u t a n t '  c h i c k e n s  is l i ke ly  to  be  d u e  to  a n  
a m i n o  ac id  s u b s t i t u t i o n  of  t h e  7 - g l o b i n  c h a i n  of  H b l .  

F u r t h e r  w o r k  is in  p r o g r e s s  in  a n  a t t e m p t  t o  c h a r a c -  
t e r i ze  t h e  ' m u t a n t '  7 - g l o b i n - c h a i n L  

Riassunto.  A t t r a v e r s o  v a r i  i nc roc i  ~ s t a t o  pos s ib i l e  iso-  
l a t e  u n  c e p p o  di  po l l i  d o m e s t i c i  p o r t a t o r i  d i  u n a  m u t a -  
z ione  a c a r i co  del la  e m o g l o b i n a  1 ( H b l ) .  M e d i a n t e  t e c n i c h e  
c r o m a t o g r a f i c h e  ed  e l e t t r o f o r e t i c h e  si  ~ p o t u t o  a c c e r t a r e  
c h e l a  m u t a z i o n e  r i g u a r d a  la  c a t e n a  7 g l o b i n i c a  de l l a  H b l .  
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