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p l a s m a  a c t i v i t y  in n o r m a l  rats ,  accord ing  w i t h  FLEISHER 
a n d  WAKIM5. B o t h  t h e  i soenzymes  were r e m a r k a b l y  in-  
c reased in p la sma ,  a f t e r  po i son ing  w i t h  t he  2 doses of 
CC14. Inc reases  were d i rec t ly  r e l a t ed  to  t h e  a d m i n i s t e r e d  
dose of CCI,, accord ing  to  t he  resu l t s  g iven  b y  ZIMMER- 
MANN 22. 

As far  as AAT I is concerned,  our  d a t a  are in a g r e e m e n t  
w i t h  t h o s e  of t he  Other au thors .  An  increase  of p l a s m a  
levels of A A T  I I  ha s  been  also r epo r t ed  b y  FLEISHER a n d  
WAKIM 5, a n d  b y  GABRIELI a n d  ORFANOS 4, b u t  no t  b y  
HIRAYAMA et  al. e. I t  is poss ible  t h a t  nega t i ve  f ind ings  
r e p o r t e d  b y  HIRAYAMA et  al. 6 d e p e n d  on  a loss of A A T  I I  
ac t iv i ty ,  wh ich  is k n o w n  to be  more  labi le  t h a n  A A T  I ~a. 
Th i s  is s u p p o r t e d  also b y  t he  v e r y  low r ecove ry  (6 -20%)  
of AAT a c t i v i t y  t h a t  t he  a u t h o r s  o b t a i n e d  a f t e r  t he  e lut ion.  
The  m a x i m a l  a c t i v i t y  p e a k  of b o t h  t h e  i soenzymes  ap-  
pea red  in p l a s m a  a t  24 h a f te r  po i son ing  w i t h  0.1 ml  of 
CC14, whi le  w i t h  0.02 ml  t he  h i ghes t  increase  was obse rved  
36 h (AAT II)  and  48 h (AAT I), respect ive ly ,  a f t e r  t h e  
a d m i n i s t r a t i o n  of t he  drug.  Th i s  suggests  t h a t  t he  ad-  
m i n i s t r a t i o n  of a h i g h  dose of CC1, causes  a more  severe  
a n d  ear l ier  i n j u r y  t h a n  t he  a d m i n i s t r a t i o n  of a lower  dose. 

On t h e  o t h e r  hand ,  we were able  to  f ind  a r e l a t ionsh ip  
b e t w e e n  i soenzyme b e h a v i o u r  a n d  h is to logica l  changes .  
These  d a t a  agree w i t h  those  of CORNISH a n d  BLOCK 24, b u t  
are in  c o n t r a s t  w i t h  those  of DINMAN eL al. 25 a n d  
ZIMMERMANN et  al. 2", who  found,  r e spec t ive ly  in r a b b i t s  
a n d  in ra ts ,  t h a t  t h e  dose of CCI~ ha s  no  in f luence  on  t h e  
t i m e  e laps ing  before  t he  a p p e a r a n c e  of t he  p e a k  se rum 

levels of AAT,  a n d  of t he  m a x i m a l  h is to logica l  a l t e r a t i o n  
in t he  l iver.  These  d i f f e ren t  resu l t s  m a y  depend  on  t he  
d i f fe ren t  a n i m a l s  employed  b y  these  au thors ,  and,  w h e n  
ra t s  were used, on  t he  d i f fe ren t  m o d e  of d rug  a d m i n i s t r a -  
t ion  26. 

Riassunto. Median t e  f r a z i o n a m e n t o  c romatogra f i co  su 
co lonna  di r e s ina  a scambio  anionico,  a b b i a m o  p o t u t o  
d o c u m e n t a r e  nel  siero di  r a t t i  i n toss i ca t i  con dosi d iverse  
di CC14, i n c r e m e n t i  assai  s igni f ica t iv i  sia della com- 
p o n e n t e  mi tocondr i a l e  che c i t o p l a s m a t i c a  della a s p a r t a t o -  
amino t r ans f e r a s i .  
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An Inheri table  A b n o r m a l  f l -Chain  in Rabbit  H a e m o g l o b i n  

B y  rou t i ne  use of c a rboxyme thy l ce l l u lo se  co lumn  for 
t h e  s e p a r a t i o n  of e- a n d  fl-chain of r a b b i t  h a e m o g l o b i n  1, 
we h a v e  found  a n  a b n o r m a l  g lobin  compos i t i on  in t h e  
h a e m o g l o b i n  of one r abb i t .  The  add i t i ona l  g lobin  p e a k  
was e lu ted  a f t e r  t he  n o r m a l  fl-chain. T he  a b n o r m a l  
g lobin  is i n h e r i t a b l e :  t he  same p a t t e r n  ha s  been  obse rved  
in one a n i m a l  ou t  of a k i nd r ed  of 5 of t he  ' m u t a n t '  r abb i t .  
D a t a  are  p r e sen t ed  w h i c h  ind ica te  t h a t  our  f ind ings  can  
be  a c c o u n t e d  for b y  a m u t a t i o n  a f fec t ing  t he  fl-chain. 

Materials and methods. R a b b i t  e r y t h r o c y t e s  were col- 
lec ted  a n d  h a e m o l y z e d  as p rev ious ly  r epo r t ed  for h u m a n  
red  b lood  cells 2. Th e  c o n c e n t r a t i o n  of t he  h a e m o g l o b i n  
cyano  d e r i v a t i v e  (CN Met  Hb) ,  used 3 for all  t h e  c h r o m a t o -  
g raph ic  a n d  e lec t rophore t i c  separa t ions ,  was  d e t e r m i n e d  
a t  541 n m  accord ing  to  SCHNEK a n d  SCHROEDER 4. 

H o r i z o n t a l  s t a r c h  gel e lec t rophores i s  of t he  va r ious  
h a e m o g l o b i n s  was car r ied  ou t  a t  4 ~ in N a  b o r a t e - N a  bi-  
c a r b o n a t e  buf fe r  p H  9.3 in Tr i s -EDTA-bora te  buf fe r  
p H  8.6, p H  8.35 a n d  p H  7.3 a n d  in Tris-succinate buf fe r  
p H  5.4. S t a r c h  gels were s t a ined  us ing  benz id ine  or  
A m i n o  Black.  E lec t rophores i s  of h a e m o g l o b i n  was also 
pe r fo rmed  on cellulose ace t a t e  a t  18~ us ing  t he  same  
buffers .  The  s t r ips  were s t a ined  w i t h  Ponceau  Red.  
C h r o m a t o g r a p h y  of c y a n o m e t h a e m o g l o b i n  on  A m b e r l i t e  
IRC-50  was  accompl i shed  accord ing  to ALLEN et  al. 3. 

Free  g lobin  cha ins  were p r e p a r e d  b y  ac id -ace tone  pre-  
c ip i t a t i on  ~ a n d  e- a n d  fl-chains were s epa ra t ed  accord ing  
to DINTZlS 1. E l e c t r o p h o r e t i c  s e p a r a t i o n  of H b  s u b u n i t s  
was  ca r r ied  ou t  on  s t a r c h  gel in  6 M  u rea  and  0 . 0 5 M  
m e r c a p t o e t h a n o l  in  Tr i s -EDTA-bora te  buf fe r  p H  7.3 7 a n d  
T r i s - K  p h o s p h a t e  buf fe r  p H  6. t .  

Results. A typ i ca l  c h r o m a t o g r a p h i c  s epa ra t i on  on  C1K 
cellulose c o l u m n  of t h e  e- a n d  fl-globins, p r e p a r e d  f rom 
' n o r m a l '  r a b b i t  haemoglob in ,  is r epo r t ed  in F igure  Ia .  
Only  2 peaks  can  be de tec ted .  

The  c h r o m a t o g r a p h i c  p a t t e r n  of g lobin  f rom the  
' m u t a n t '  r a b b i t  h a e m o g l o b i n  revea ls  on t he  c o n t r a r y  t h e  
presence  of 3 peaks  well  s e p a r a t e d  one  f rom a n o t h e r  
(Figure  lb ) .  The  f i rs t  p e a k  has  a m i g r a t i o n  co r respond ing  
to  t h a t  of t he  e-chain ,  a n d  t he  second p e a k  to t h a t  of t he  
n o r m a l  fl-chain. I n  fact,  if pur i f i ed  f l-chain un i fo rmly  
label led  w i t h  L-Valine C 14 (U) (New E n g l a n d  Nuc lea r  
Corp., 0.05 mc/0.0293 mg) is a d d e d  to  the  ' m u t a n t '  
g lobin  before  c h r o m a t o g r a p h y ,  t h e  peak  of r a d i o a c t i v i t y  
is co inc iden t  w i t h  t he  second p e a k  (Figure  2). The  sum 
of t he  fl- a n d  the  a d d i t i o n a l  chain ,  as m g  of p ro t e in  
(de t e rmined  b y  t h e  Fo l in  t echnique) ,  is equa l  to  t h e  e- 
chain .  
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Fig. 1. (a) Separation of cr and/~-chain of 'normal' rabbit haeino- 
globin on carboxymethyleellulose colunm. (b) Separation of 'mutant' 
rabbit globins on earboxymethyleellutose column. 

W h e n  free globin cha ins  were sub jec ted  to  s ta rch  gel 
e lectrophoresis  a t  p H  6.1 and  p H  7.3 in 6 M  urea and  
mercap toe thano l ,  the  3 peaks  were also separa ted .  The  
addi t iona l  peak, which  is absen t  in contro l  samples,  has  a 
minor  ca thodic  mobi l i ty .  E lec t rophores i s  a t  p H  8.6, 5.4, 
4.7, and  1.8 did no t  separa te  the  3 p ro te in  componen t s .  

S t a r c h g e l  e lect rophores is  and  migra t ion  on Amber l i t e  
IRC-50 of haemoglob in  f rom ' m u t a n t '  r ab b i t  showed only  
one c o m p o n e n t  w i t h  t he  same charac ter i s t ics  of t he  
' no rmal '  r ab b i t  haemoglobin .  

Discussion. The amino  acid sequence of r abb i t  haemo-  
globin is no t  unique  a n d  evidence has  been r epo r t ed  in 
favour  b o t h  of a t r ans la t iona l  origin of t he  ~-chain 
mul t ip l ic i ty  s and of an  ~-chain he te rogene i ty  due to  2 
al le lomorphic  haemoglob ins  9,10. In  our case t he  ab n o rma l  
ch romatograph ic  p a t t e r n  of the  free globin chain  suggests  
the  appearance  of a new fl-globin. In  fact,  the  add i t iona l  
peak  is l ikely to be due to  an amino  acid subs t i t u t i on  in 
t he  fl-chain and no t  in t he  cr as suggested by  the  
fact  t h a t  t he  sum of t he  fl and  of t he  addi t iona l  peak  is 
equal  to t he  ~-chain. The  e lec t rophore t ic  behav iour  of t he  
abnormal  globin suggests  the  add i t ion  of a nega t ive  
charge or a subs t i tu t ion  of a pos i t ive ly  charged amino  
acid wi th  a neut ra l  one. 

The poss ibi l i ty  t h a t  t he  p a t t e r n  migh t  be due to an 
a r t e fac t  is ruled out  by the  fact  t h a t  out  of abou t  30 out-  
breed r abb i t s  examined ,  f rom various origins, only one 
male  was found to have  the  descr ibed pa t t e rn .  

The fact  t h a t  the  i n t ac t  haemoglob ins  bo th  from the  
' m u t a n t '  and  'normal '  r abb i t s  have  the  same behav iour  
when  analyzed by  e lec t rophore t ic  and  ch roma tog raph ic  
techniques  m a y  be due to  the  t r id imens iona l  shape  of the  
protein ,  and to in te rac t ions  be tween  cr and  fl-chain so t h a t  
the  subs t i tu t ed  amino  acid m a y  not  be exposed,  the  dif- 
ference in charge becoming  ev iden t  only  when  the  
molecular  s t ruc ture  is d i s rup ted  by  urea or acid pH.  

Through  breeding expe r imen t s  it  has  been possible  to 
show t h a t  the  ab n o rma l  p a t t e r n  is inher i tab le :  the  
' m u t a n t '  male was m a t e d  wi th  a ' normal '  female and  the  
same ' m u t a n t '  chain was found in 1 an imal  out  of a 
k indred  of 5. This f inding makes  the  he te rozygos i ty  for 
the ~-chain mutation the  mos t  l ikely possibi l i ty.  

Fu r t h e r  work is in progress  in order  to charac ter ize  the  
n m t a t i o n  genetical ly and  biochemical ly  n.  
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Fig. 2. Carboxymethylcellulose column chromatography of 'mutant' 
rabbit globin (100 mg) plus fl-ehain purified from 'normal' rabbit and 
uniformely labelled with L-Valine C t4 (G) (6.1 mg; 260,000 epm). 

, O.D. 280 nm ; - - - ,  epm in 0.3 ml fraction. 

Riassunto. Median te  tecniche  c romatograf iche  ed 
ele t t roforet iche,  ~ s t a t e  t r o v a t a  una  globina anormale  
nella emoglobina  di un coniglio. La  mutaz ione  globinica 
r iguarda  veros imi lmente  la fl catena.  Questa  emoglobina  
anormale  ~ t rasmessa  e red i ta r iamente .  
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