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S u m m a r y .  Oxygen aff ini ty  and n u m b e r  of -SH groups of hemoglobins  have r a t h e r  constant  va lues  for hens be-  
longing to Leghorn,  Whi te rock ,  Rhode Is land Red, Sussex and Corn i sh  b r e e d s ,  and for hybr ids  be tween Rhode 
Is land Red and Leghorn, i r r e s p e c t i v e  of the b r e e d .  Number  of -SH groups in  red  cel l  hemolysa t e s  amounts  to 
8 pe r  mole  Hb (7 ,88  - 8 , 4 8 ) ,  logpso = 1,04 - 0 ,94 ;  value of "n" for Leghorns is 1 ,70,  for Whi te rocks  2 ,80 .  

In t roduc t ion  

Despi te  n u m e r o u s  inves t iga t ions  pe r fo rmed  wi th in  the 

las t  decade,  both spac ia l  s t r u c t u r e  and funct ional  p ro -  

pe r t i e s  of av ian  hemoglobin  (Hb) have not been  suff i -  

c ien t ly  e lucidated,  and in some  cases  the obtained da-  

ta a r e  con t r ad i c to ry  ( Van de r  Helm and Hu i sman  1958; 

Hu i sman  eV a Z. 1964; Mul le r  1961; Matsuda et a l .  1964; 

Schnek e~ aZ. 1972) .  Hemoglobins  of b i r d s ,  including 

poul t ry ,  as  wel l  as hemoglob in  of m a m m a l s ,  have been  

proved to be he t e rogeneous .  Dunlap e t  a t .  (1956) r e -  

vea led  two hemoglobin  f rac t ions  in hen blood, the ma in  

f rac t ion  cons t i tu t ing  about 80 7~ of the total  hemoglobin ,  

and the mino r  f rac t ion  (20 7~) of h igher  e l e c t r opho r e -  

t ic  mobi l i ty  (Saha 1964) .  However ,  D ' A m e l i o  and 

Salvo (1959) ,  D'  Amel io  (1966) and Kol~taj (1963) 

found th ree  f rac t ions  in hen hemoglob in .  The n u m b e r  

of f r ac t ions  equal  to 2, 3 or  5 proved to be dependent  

on the buffer  applied du r ing  e l ec t rophore t i c  s e p a r a t i o n  

(Schal l  and Turba 1963) .  

Moreove r ,  apa r t  f rom cy top lasmic  hemoglobin ,  

n u c l e a r  hemoglob in  was found in hens (Wie rzb i ck i  

1974). 
The capabi l i ty  for r e v e r s i b l e  b inding of oxygen by 

d iva lent  heme i ron  is a bas i c  b io logica l  funct ion of 

r e s p i r a t o r y  p r o t e i n s .  Binding of oxygen by molecu les  

of t e t r a m e r i c  hemoglobin  is accompan ied  by the phe- 

nomenon  of " h e m e - h e m e "  in t e r ac t i on  and oxygenat ion 

cu rves  have a s igmoida l  shape .  Sigmoidal  cu rves  a r e  

d e s c r i b e d  by the Hill  equat ion,  so "Ps0" and "n" va l -  

ues  cons t i tu te  p a r a m e t e r s  c h a r a c t e r i z i n g  quan t i t a t i -  

ve ly  the oxygen aff ini ty  of hemoglobins  and a r e  indi -  

c a to r s  of the i r  phys io logica l  f ea tu res  (Anton in i  and 

~ This work was p e r f o r m e d  wi th in  the pro jec t  0 9 . 3 . 1  
of Po l i sh  Academy of S c i e n c e s .  

B r u n o r i  1971).  Aff ini t ies  of hemoglobins  for oxygen 

exhibi t  a r a t h e r  s t r i c t  dependence  on the amount  of 

f ree  -SH groups in  the molecule  (Riggs  1969) .  Taking 

into account  the above data ,  it s eemed  i n t e r e s t i ng  to 

d e t e r m i n e  the oxygen affinity of hemoglobin  in hemo-  

lysa tes  of red  blood ce l l s  of d i f ferent  hen b r e e d s ,  

c h a r a c t e r i z e d  by changeable  fea tures  ( for  example  egg 

product ion)  s i m u l t a n e o u s l y  with d e t e r m i n a t i o n  of the 

n u m b e r  of the i r  f ree-SH groups .  

Ma te r i a l s  and Methods 

Blood of 5 hen b r e e ds ,  Leghorn, Rhode Is land Red, 
Sussex ,  Whi terock  and Corn i sh ,  as wel l  as of c r o s s -  
b reeds  Rd • Lg and Lg • Rd, was used for inves t iga -  
t i ons .  All  the b i rds  we re  r e a r e d  at the poul t ry  f a rm 
of the Inst i tute  of Gene t ics  and Anima l  Breed ing  of the 
Po l i sh  Academy of Sciences  in Michr6w, under  iden-  
t i ca l  food and case  condi t ions .  The blood w as  taken 
f rom weaning vena by sy r inge  with h e p a r i n e .  The red 
ce l l s  w e r e  sed imented  and washed w i t h 0 . 9  % NaCland  
hemolysed  with an equal  amount  of w a t e r .  The hemo-  
lysa te  was  cent r i fuged at 10,000 r pm for 20 m i n .  to 
r e m o v e  f r agmen t s  of m e m b r a n e  and nuc le i .  The p u r l -  
tied hemolysa te  was used to d e t e r m i n e  oxygen d i s s o -  
c ia t ion  curves  and the n u m b e r  of -SH groups .  

Oxygen affinity of the hemolysa te  was de t e rmined  
spec t ropho tome t r i ca l l y  accord ing  to Asakura  e t  a l .  
(1964) .  The n u m b e r  of -SH groups was d e t e r m i n e d  
spec t ropho tome t r i ca l l y  with sodium p - c h l o r o m e r c u -  
r ibenzo ic  ac id  at 250 nm,  accordi3ng to Boyer  (1954) ; 
p-CMB of concen t r a t i on  1-2 • 10- M, in 0 , 0 5 M p h o s -  
phate buffer  pH, was used for t i t r a t i ons  of 3 rnl he-  
molysa te  in the s a m e  buf fe r .  Hemoglobin c o n c e n t r a -  
t ion in the hemolysa te  was  ca lcula ted  f rom abso rbance  
at 542mm, assuming that Hb0_E I% = 8,4. Spectro- 

E iota 
photometric measurements were performed in a Carl 
Zeiss spectrophotometer, type VSV - 2P. 

Resul t s  and D i s c u s s i o n  

Oxygen aff ini ty cu rves  of red  blood cel l  hemolysa tes  

of the inves t iga ted  hen b reeds  had a typical  s igmoida l  

shape .  N u m e r i c a l  data we re  plotted accord ing  to Hill 
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Fig.  l .  Oxygen affinity of blood hemolysate~ 
- - - e -  - -  C o r n i s h , -  - -FG_ _ -Leghorn,- - - o -  - - 
Sussex,  . . . .  _ __Rhode Island R e d , - - - h - - -  
White Rock 

(Fig.l) and f rom these  plots the oxygen aff ini ty value 

(P50) and the Hill  coef f ic ien t  "n" w e r e  d e t e r m i n e d .  

These data  a r e  s u m m a r i z e d  in Table 1, w h e r e  the num- 

b e r  o f - S H  groups  pe r  mole  p ro t e in  is a l so  g iven .  

One may infer  f rom the obtained r e s u l t s  that the 

number  of -SH groups  in r ed  blood ce l l  h e m o l y s a t e s  

of the inves t iga ted  hen b r e e d s  is constant  and amounts  

to 8 pe r  mole  Hb(7 ,88  - 8 , 4 8 ) .  No s ign i f i can t  d i f f e r -  

ences  in oxygen affinity w e r e  found. The lowes t  h e m o -  

globin af f in i ty  for oxygen ( logp50  = 1,04) was cha -  

r a c t e r i s t i c  of Leghorn hens ,  the highest  one of Sus -  

sex  hens ( logp50 = 0, 94) .  

The va lues  of the i n t e r ac t ion  coef f ic ien t  "n" showed 

one m o r e  d i s t inc t  d i f f e r ence ,  s i nce  Leghorn hens w e r e  

d i s t ingu ished  f rom o ther  b r e e d s  by the h ighes t  value  

of  n = 1 ,70 .  

Resu l t s  f r o m  f o r m e r  inves t iga t ions  showed that 

av ian  blood has a lower  oxygen aff in i ty  than m a m m a -  

l ian blood.  It has been e s t ab l i shed  that oxygen aff ini ty  

of ch icken  Hb d e c r e a s e s  rap id ly  with a g e .  Osh ima  e t  

a l .  (1964) and Beneseh  eV aZ. (1968) r e v e a l e d  t ha t t he  

mean  fac to r  lower ing  oxygen aff ini ty  of  chicken h e m o -  

globin is inos i to l  phosphate  ( IP)  and the concen t ra t ion  

of  inos i to l  phosphate  i n c r e a s e s  with a g e .  Ochai  e t  aA 

(1972) found that the pa r t i a l  oxygen p r e s s u r e  n e c e s -  

s a r y  for 50 % oxygenat ion  of  ch icken  hemoglob in  is ap-  

p r o x i m a t e l y  20 t i m e s  lower  in pur i f ied  h e m o g l o b i n . I -  

nos i to l  phosphate  binds to Hb t e t r a m e r  in a 1 : 1 mo la r  

r a t io  (Ocha i  e t  a l .  1972; Gondko 1972) .  

Oxygen aff ini ty  of  hemoglob in  is dependent on the 

compos i t i on  and pH of the m e d i u m .  It is known that  

phosphate  compounds a r e  an impor tan t  fac to r  in de -  

t e r m i n i n g  this  aff ini ty  (Gondko 1972) .  

It s e e m s ,  f rom these  p r e l i m i n a r y  s tud ies ,  that  

oxygen aff ini ty and number  of  -SH groups  of  hemog lo -  

bin have qui te  constant  va lues  for  hens ,  i r r e s p e c t i v e  

of b r eed ,  s i nce  no s t a t i s t i c a l l y  s ign i f ican t  d i f f e r ences  

w e r e  found be tween  the inves t iga ted  b r e e d s .  This does 

not exc lude  the poss ib i l i t y  that such d i f f e r e n c e s  ex is t  

in oxygen aff ini ty  of  pure  hemoglob in  so lu t i o ns .  This 

ques t ion  wi l l  be the sub jec t  of  fu r the r  s t u d i e s .  
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