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The immunochemica l  p r o p e r t i e s  of human oxyhemoglobin and the hap tog lob in -hemoglob in  
complex  obtained f r o m  human  HbO 2 and dog Hp were  c o m p a r e d  re la t ive  to ant ihemoglobin 
s e rum.  It was  shown by the complement  fixation t e s t  that the complex  r e a c t s  m o r e  s t rongly 
than oxyhemoglobin with the s e rum .  It is suggested that the conformat ion  of oxyhemoglobin 
is  modif ied when it is bound with haptoglobin.  

Changes in ce r t a in  p r o p e r t i e s  of hemoglobin (Hb) on binding with haptoglobin (Hp), i .e. ,  in the 
H p - H b  complex,  have recen t ly  been  extensively  invest igated.  The r e s u l t s  s e rve  to identify the binding 
cen te r s .  The invest igat ions have included de te rmina t ion  of the access ib i l i ty  of t i t ra tab le  carboxyl  groups  
and imidazole  r ings  of his t idine r e s idues  [6] and the dec rea se  in reac t iv i ty  of SH-groups in the posit ion 
of the fi-(93) chain in H p - H b  complexes  by compar i son  with Hb [8]. Changes in the oxygen dissocia t ion 
curve  of Hb on binding with Hp [11] have been demons t ra t ed .  However ,  the immunochemica l  p rope r t i e s  of 
the H p -  Hb complex  re la t ive  to ant ihemoglobin s e r u m  have not h i ther to  been  studied. The object  of the 
invest igat ion desc r ibed  below was  to study changes  in the immunochemica l  p r o p e r t i e s  of human oxyhemo-  
globin (HbO2) and to compare  them with those of dog Hp by means  of a quanti tat ive immunochemica l  
m e t h o d -  the complement  fixation tes t  (C FT). 

E X P E R I M E N T A L  M E T H O D  

ttbO 2 was  isola ted by the method of R o s s i - F a n e l l i  et al. [14], and deoxy-Hb was  obtained with the 
aid of c rys ta l l ine  Na2S204. Rabbi ts  we re  immunized  with HbO 2 in accordance  with the following scheme : 
f i r s t  in ject ion (30 mg HbO2) subcutaneously together  with F reund ' s  comple te  adjuvant, 10 days l a te r  30 mg 
HbO 2 twice a week; in the next 2 weeks  HbO 2 in doses  of 40 mg and 50 mg twice a week.  Seven days a f te r  
the l as t  injection the s ta rv ing  an imals  were  exsanguinated.  If the antibody t i te r  was  too low, the an ima l s  
were  left  for  the second cycle of immunizat ion.  The specif ic i ty  of the resu l t ing  an t i s e r a  was  ver i f ied  ira- 
munochemica l ly :  f r o m  the absence  of prec ip i ta t ion  a r c s  with p l a s m a  pro te ins  and by immunoe lec t ro -  
phores i s  by G r a b a r ' s  method in Scheidegger ' s  modif icat ion [5]. The complement  fixation t e s t  was  c a r r i e d  
out by the method desc r ibed  by Uspenskaya  et al. [1], and par t ia l ly  modified by the authors  (the Hp was  
pur i f ied on a column with Sephadex G-200 in 0.1 M phosphate  buffer ,  pH 7.2). The Hp concentra t ion was 
de te rmined  spee t ropho tomet r i ca l ly  using the coefficient  E = 12 at 280 nm and by L o w r y ' s  method [4]. 
H p - H b  complexes  were  obtained by mixing equ imolar  amounts  of Hp and HbO 2 followed by purif icat ion on 
a column with Sephadex G-75 in 0.1 M phosphate buffer ,  pH 7.25. The concentra t ion of HbO 2 and of H p - H b  
complex  was  de te rmined  spec t ropho tomet r i ca l ly  us ing the coefficient  of extinction E 1% = 8.5 at 540 nmo 1 c m  

The complement  fixation cu rves  i l lus t ra ted  in this  paper  we re  checked with two antihemoglobin s e r a  
and identical  r e s u l t s  were  obtained. 
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Fig. 1. Complement - f ix ing  abili ty of 
HbO2, of H p - H b O  2 complex,  and of de- 
oxy-Hb with ant themoglobin s e r u m :  
1) H p - H b O  2 complex;  2) HbO2; 3) de- 
oxy-Hb.  Absc i ssa ,  content of Hb (in 
ttg); ordinate ,  complement - f ix ing  
abili ty (in %). 

E X P E R I M E N T A L  R E S U L T S  

Dog Hp is a compara t ive ly  well studied pro te in .  In its 
abil i ty to bind with Hb, it is identical  with human Hp 1-1 [4]. 
The spec imen  of Hp isola ted  in these expe r imen t s  was  e l ec t ro -  
phore t ica l ly  homogeneous  on f ree  boundary e l ec t ropho re s i s  in 
0.1 M verona l  buffer  (pH 8.6) and in s ta rch  gel by Smithies '  
method [15]. When inves t igated in the Spinco E u l t racent r i fuge ,  
it moved as a single s y m m e t r i c a l  peak with sedimenta t ion co- 
efficient  of 3.8 S (0.5% solution in 0.66 M phosphate buffer ,  pH 
7.5, t e m p e r a t u r e  20~ The molecu la r  weight of Hp, de te r -  
mined by the unstable equi l ibr ium method and calcula ted f r o m  
its dis t r ibut ion at the meniscus  (7200 rpm) was 80,000, in 
a g r e e m e n t  with data in the l i t e ra tu re  [4]. Invest igat ion of the 
hemoglobin-binding ability of the Hp by the method of Lawre l l  
and Nyman [7] showed that 1 mole  lip binds 1 mole HbO 2. These 
findings were  all evidence of the puri ty  of the Hp used.  

The CFT control  showed that  Hp does not bind a n t i s e r u m  
against  Hb. For  this r eason ,  during isolat ion of the H p - H b  
complex,  at tention was  concent ra ted  on the absence  of f r ee  I-lb. 
For  this purpose  the complex  was pur i f ied by ch romatography  

on Sephadex G-75o The product  obtained af ter  ch roma tog raphy  was  e lec t rophore t i ca l ly  homogeneous  on a 
s t a rch  block and co r responded  comple te ly  to the sa tu ra ted  I-Ip-Hb complex.  

Complement  f ixation cu rves  for  HbO 2 and for  the H p - H b O  2 complex  a r e  shown in Fig. 1. It is c l ea r  
that the complex  binds anti_hemoglobin s e r u m  be t t e r  than HbO 2. The change in the complement - f ix ing  power  
of the complex  com pared  with HbO 2 sugges ts  that a change takes  place in the conformat ion  of HbO 2 when it 
binds with Hp. This conclusion is conf i rmed  by recen t ly  published work  on the immunochemis t ry  of Hb 
and its  de r iva t ives .  For instance,  conformat ion  d i f fe rences  between deoxy-Hb and HbO 2 found by Peru tz  
by the method of x - r a y  s t ruc tu ra l  ana lys i s  [10] have recen t ly  been demons t r a t ed  a lso  by Reichl in et al. 
[13] by an immunochemica l  method.  The identity of the changes in the conformat ional  and immunochem-  
ical c h a r a c t e r i s t i c s  of a s e r i e s  of modif ied hemoglobins  has  been obse rved  by Atass i  [3]. In additon, the 
fact  that  the fi-(93)SH groups  in the H p - H b  complexes  a re  l e s s  access ib le  for  r eac t ion  than those in I-IbO 2 
may  also indicate conformat ional  changes in tibO 2 during binding with Hp. Since a s imi l a r  dec r ea se  in r e -  
act ivi ty of these  groups has  been es tab l i shed  for  the deoxy - fo rm of Hb, Malchy and Dixon [9] have postu-  
lated that HbO 2 in the I-Ip-I-Ib complex  has  a conformat ion  analogous to that of deoxy-Hb.  

These immunochemica l  r e s u l t s  show d i rec t ly  that conformat ional  changes  take place in the HbO 2 
molecule  when it binds with Hp, and they a re  also evidence of d i f fe rences  in the conformat ions  of deoxy-Hb 
and I-IbO 2 in the complex,  for  they have different  complement  fixation cu rves .  For  instance,  it follows 
f r o m  Fig. 1 that,  by con t ras t  with the H p - H b  complex,  deoxy-Hb is m o r e  weakly bound with ant ihemoglobin 
s e r u m  than HbO 2. This weaker  binding of deoxy-Hb is in a g r e e m e n t  with the e a r l i e r  observa t ions  of 
Reichlin [13]. The conformat ional  changes in Hb on binding with Hp demons t r a t ed  in the p resen t  inves t iga-  
tion can evidently be c o m p a r e d  with the r e s u l t s  of Japanese  w o r k e r s  who studied the breakdown of heine 
into lib by the enzyme b e r n e - a - m e t h y l o x y g e n a s e .  For  example ,  good subs t r a t e s  for  this  enzyme have been 
shown to be HbA in the f o r m  of the H p - H b A  complex  of myoglobin (Mb), and HbH; f ree  HbA is split  by the 
enzyme only to a ve ry  slight degree  [12]. The m o r e  rapid  enzymic  degradat ion of I-Ib when bound with Hp 
in a complex  can be a t t r ibuted to conformat ional  changes  in the I-lb. These couformat ional  changes also 
c o r r e l a t e  with the d i sappearance  of he ine-heine  in teract ion in Hb in the H p - H b  complex,  and it is also ab-  
sent in Mb and in HbH. 

The r e a s o n s  why the H p - H b  complex  binds antibodies to a g r e a t e r  degree  than HbO~ a re  not yet  
known. Asconas et al .  [2] found that the re  is a latent  center  of antigenici ty in the fi-chains of Hb, and it 
can accordingly  be postula ted that  the conformat ional  changes in lib during i ts  binding with Ep affect  the 
f i-chains in HbO2, so that  the latent  cen te r s  of antigenicity become  m o r e  access ib le  for  r eac t ion  with 
antibodies.  
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