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H y b r i d  F o r m a t i o n  in  M i x t u r e s  o f  H e m o g l o b i n s  a n d  I s o l a t e d  H e m o g l o b i n  C h a i n s  f r o m  D i f f e r e n t  
S p e c i e s  

' H y b r i d '  hemoglob ins ,  i.e. h e m o g l o b i n s  c o n t a i n i n g  
and  fl cha ins  f rom d i f fe ren t  a n i m a l  species, are k n o w n  to  
form w h e n  t he  or ig ina l  h e m o g l o b i n s  are mixed  u n d e r  
cond i t i ons  in  w h i c h  t h e y  h a v e  a s t rong  t e n d e n c y  to  dis- 
socia te  i n to  m o n o m e r i c  s u b u n i t s  ~,~. 

A l t h o u g h  the re  are  i nd i ca t i ons  t h a t  d i ssoc ia t ion  in to  
s ingle  cha ins  is f in i te  b u t  sma l l  even  a t  n e u t r a l  p H  a n d  
low ionic s t r e n g t h  ~,4, m i x t u r e s  of h e m o g l o b i n s  do n o t  
show a n y  h y b r i d  f o r m a t i o n  ~,s. I n  t h e  p r e s e n t  work,  
m i x t u r e s  of c a n i n e  h e m o g l o b i n  a n d  i so la ted  h u m a n  h e m o -  
g lobin  cha ins  were  a n a l y z e d  in o rder  to  e s t ab l i sh  w h e t h e r  
t h e y  hybr id ize .  

Material and methods. H u m a n  a n d  c a n i n e  h e m o g l o b i n  
were  p r e p a r e d  w i t h  t o luene  f rom f resh ly  d r a w n  a d u l t  
h u m a n  a n d  c a n i n e  blood.  T h e  i so la ted  h e m o g l o b i n  cha ins  
( P M B  cha ins )  were  p r e p a r e d  acco rd ing  to  B u c c I  a n d  
FRONTICELLI 5. T h e  cha ins  w i t h  free S H  g roups  were  
o b t a i n e d  b y  emuls i f i ca t ion  w i th  d o d e c a n e t h i o l  (DE RENZO 
e t  al.e). 

Can ine  h e m o g l o b i n  a n d  asH or  fiSH cha ins  were  mixed  
a t  a c o n c e n t r a t i o n  of 3 m g / m l  in 0.01 ]l~ r p h o s p h a t e  bu f f e r  
a t  p H  7. T h e  m i x t u r e s  were d iv ided  i n to  3 a t i quo t s  wh ich  
were  k e p t :  one  a t  r oom t e m p e r a t u r e ,  t he  second  a t  4°C, 
a n d  t h e  t h i r d  a t  4 °C d ia lys ing  a g a i n s t  d is t i l led  water .  A t  
t he  s a m e  t i m e  m i x t u r e s  of h u m a n  a n d  c a n i n e  h e m o g l o b i n  
were p r e p a r e d  u n d e r  t h e  s ame  cond i t ions .  The  h y b r i d i z a -  
t ion  of h u m a n  a n d  c a n i n e  h e m o g l o b i n  was  fol lowed ac- 
co rd ing  to  ITANO a n d  ROBINSON 1. The  s t a r c h  gel e lec t ro-  
phoreses  were ca r r i ed  o u t  w i t h  t he  d i s c o n t i n u o u s  buf fe r  
s y s t e m  accord ing  to POULIK 7. 

a b c d e f g h 

Fig. 1. Starch gel electrophoresis in the discontinuous buffer system 
according to POULIK. Stained with benzidine. Mixtures dialysed for 
3 days against distilled water. (a) HbA; (b) raSH + canine Hb (4°C); 
(c) aSH; (d) HbA + canine Hb (hybridized); (e) fiSH + canine Hb 
(4 °C) ; (f) fiSH ; (g) HbA + canine Hb (4 °C) ; (h) canine Hb. 

Results. T h e  gel e lec t rophores i s  e x p e r i m e n t s  of t h e  
m i x t u r e s  of can ine  h e m o g l o b i n  a n d  h u m a n  h e m o g l o b i n  
cha ins  show t h a t :  (1) t h e  m i x t u r e s  of can ine  h e m o g l o b i n  
w i t h  a sH (Figure  lb ,  c, h) a n d  fiSH (Figure  le,  f, h) 
d ia lysed  for 3 days  ag a i n s t  dis t i l led w a t e r  a t  4°C each  
show a new b a n d  w i t h  i n t e r m e d i a t e  e l ec t rophore t i c  
m o b i l i t y  a p a r t  f rom t h e  or ig inal  c o m p o n e n t s .  T h e  new 
f r ac t ions  o b t a i n e d  h a v e  t h e  s a m e  m o b i l i t y  as t h e  ones  
fo rmed  b y  h y b r i d i z a t i o n  of h u m a n  a n d  c a n i n e  h e m o -  
g lobin  1 (Figure  l d ) :  in  fac t  t h e  h y b r i d  b e t w e e n  c a n i n e  
h e m o g l o b i n  a n d  fiSH co r r e s p o n d s  to  t h e  fas t  anod ic  
h y b r i d  (F igure  le ,  d) t h a t  w i t h  ~SH to  t h e  stow one  
(F igure  l b ,  d). I n  t h i s  l a s t  e x p e r i m e n t  t h e  a sH cha ins  
were  c o n t a m i n a t e d  b y  a sma l l  a m o u n t  of a PMB chains ,  
w h i c h  h a p p e n  to  h a v e  t h e  s a m e  m o b i l i t y  as  t h e  slow 
h y b r i d .  H u m a n  a n d  c a n i n e  h e m o g l o b i n  in t h e  s ame  con-  
d i t i ons  do  n o t  show a n y  h y b r i d  f o r m a t i o n  (Figure  l a ,  g, h).  
(2) T h e  m i x t u r e s  of c a n i n e  h e m o g l o b i n  w i t h  ~sH (Figure  
2a, c, d) a n d  fiSH (Figure  2d, f, g) wh ich  h a v e  b e e n  k e p t  
for 3 days  a t  4°C in 0 . 0 1 M  p h o s p h a t e  buf fe r  show on ly  
t h e  b a n d s  c o r r e s p o n d i n g  to  t h e  p a r e n t  subs t ances .  T h e  
s ame  so lu t ions  k e p t  a t  room t e m p e r a t u r e  show on ly  a v e r y  
weak  b a n d  w i t h  i n t e r m e d i a t e  m o b i l i t y  in t h e  m i x t u r e  of 
c a n i n e  h e m o g l o b i n  w i t h  fiSH cha ins  (F igure  2e), b u t  n o t  
w i t h  a sH cha ins  (Figure  2b). A t  r o o m  t e m p e r a t u r e ,  how- 
ever,  t h e  i n s t a b i l i t y  of t h e  so lu t ions  ove r  a long  per iod  of 
t i m e  p r e v e n t e d  a n  a c c u r a t e  ana lys is .  

Discussion. T h e  h y b r i d  f o r m a t i o n  b e t w e e n  c a n i n e  
h e m o g l o b i n  a n d  isola ted h u m a n  h e m o g l o b i n  cha ins  indi-  
cates ,  in  a g r e e m e n t  w i t h  t h e  expec t a t ions ,  t h a t  dissocia-  
t i on  of can ine  h e m o g l o b i n  in to  cha ins  occurs  even  a t  
n e u t r a l  p H  a n d  low ionic s t r e n g t h .  T h e  e x t e n t  of h y b r i d  
f o r m a t i o n  is smal le r  in d i lu te  p h o s p h a t e  buf fe r  t h a n  in 
t h e  absence  of salts,  w h i c h  m i g h t  i nd i ca t e  t h a t  d i ssoc ia t ion  
in to  cha ins  is increased  in these  condi t ions .  T h e  inc reased  
d issoc ia t ion  in to  i so la ted  cha ins  in  t h e  absence  of sa l t s  
m i g h t  be  r e l a t ed  to t h e  pecu l i a r  oxygen  b i n d i n g  b e h a v i o u r  
a t  v e r y  low ionic s t r e n g t h  4 

Riassunto. Miscele di emog lob ina  c a n i n a  e ca t ene  i so la te  
di e m o g l o b i n a  u m a n a ,  t e n u r e  a p H  n e u t r o  e a ba s sa  forza  
ionica,  m o s t r a n o  la fo rmaz ione  di molecole  ibr ide.  L a  
fo rmaz ione  di ib r ido  in t a m p o n e  fosfa to  d i lu i to  ~ m i n o r e  
che  in assenza  di sali. 
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Fig. 2. Starch gel eleetrophoresis in the discontinuous buffer system 
according to POULIK. Stained with benzidine. Solutions in 0.01 M 
phosphate 3 days after mixing. (a) aSit ; (b) a SH + canine Hb (room 
temperature); (c) aSH + canine Hb (4°C); (d) canine Hb; (e) fiSH 
plus canine Hb (room temperature); (f) /~SH + canine Hb (4°C); 
(g) fiSH ; (h) HbA + canine Hb (room temperature) ; (i) HbA + canine 
Hb (4 °C); (k) HbA. 
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