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I t  has been known for many  years, that  the haemoglobin of the foetus and the 
newborn child and the haemoglobin of adults differ in many respects. VON K6m~ER 1 and 
VON KROGER 2 in the nineteenth century demonstrated that  the foetal haemoglobin 
(Hb-f) exhibits a much greater resistance to denaturation with alkaline reagents than 
does the haemoglobin (Hb-a) obtained from the blood of normal adults. Afterwards, 
BRINKMAN AND JONXIS a and SINGER et al. 4 used this principle for the percentual 
estimation of the foetal haemoglobin. Except in denaturation rate the two proteins 
differ in electrophoretic mobility 5, in ultra-violet spectral absorption 8, in crystal struc- 
ture 7, in solubility s, 9 and in speed of spreading in monomolecular layer 1°. On the other 
hand, the molecular weight, the iron content and the spectral absorption at higher 
wavelengths were identical. 

There is also evidence that  the amino-acid composition of the two haemoglobins 
differs in some respects. The amino-acid content of human adult globin and Hb has been 
reported several times in the literature. The most detailed investigations were carried 
out in I95o by SCHROEDER, KAY" A.ND WELLS 11 by means of the methods of starch 
chromatography, which was developed by STEIN :~ND MOORE 12. In this analysis only 
slight attention was paid to the influence of the time and method of hydrolysis of the 
protein. Concerning the amino-acid composition of foetal haemoglobin only partial 
information is available. Using microbiological methods VAN DEn LINDEN la, 14 found 
differences in the threonine, proline, valine, methionine, i so leuc ine ,  tyrosine, histidine 
and t ryptophan content of globin prepared from umbilical cord blood, which contains 
about 20% of adult haemoglobin next to the foetal component, and of globin from the 
blood of normal adults. I t  will be noted that  PORTER AND SANGER 15 described differences 
in the amounts of N-terminal residues. 

The object of the present paper was to compare the amino-acid composition of the 
haemoglobin from the blood of normal adults and of purified foetal haemoglobin, free 
of the adult component. The analysis was made by means of the method of ion exchange 
chromatography which has recently been developed by STEIN AND MOORE 16,17. The 
influence of the time of hydrolysis on the recovery of the constituent amino-acids was 
also studied. 

* This work  was  car r ied  ou t  w i th  the  aid of a g r a n t  f rom the  Neder landse  Organ i sa t i e  voor  
Zuiver  W e t e n s c h a p p e l i j k  Onderzoek  (Z.W.O.). 
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E X P E R I M E N T A L  

Preparation and purification o~ haemoglobbts. R e d  b l o o d  cei ls  w h i c h  r e m a i n e d  a f t e r  r e m o v a l  e l  
t h e  p l a s m a  of t h e  w h o l e  b lood  of n o r m a l  a d u l t s  ( l a h o r a t o r y  w o r k e r s )  w e r e  u s e d  as sou rce  of H b - a .  
T h e s e  e r y t h r o c y t e s  were  f i rs t  w a s h e d  t h r e e  t i m e s  w i t h  n o r m a l  s a l i ne  a n d  t h r e e  t i m e s  w i t h  1.25 % 
s a l i n e  a n d  f ina l ly  h a e m o l i s e d  b y  t h e  a d d i t i o n  of one  v o l u m e  of d i s t i l l e d  w a t e r  a n d  o. 4 w~lume of 
t o luene .  T h i s  m i x t u r e  was  s t o r e d  for  24 h o u r s  a t  o '~ C. A f t e r  c e n t r i f u g a t i o n  a n d  r e m o v a l  of t he  
t o l u e n e  f r a c t i o n  t i le  h a e m o g l o b i n  s o l u t i o n  w a s  s h a k e n  w i t h  ce l i t e  535 a n d  s l o w l y  f i l t e red  w i t h  s u c t i o n  
on a B u c h n e r  funne l ,  in  o r d e r  to  r e m o v e  t h e  s t r o m a  p r o t e i n  a n d  s o m e  o t h e r  i m p u r i t i e s .  T h i s  p r o c e d u r e  
was  r e p e a t e d  twice .  T h e  pu r i f i ed  h a e m o g l o b i n  s o l u t i o n  was  a d j u s t e d  to  a 2 g %,  s a t u r a t e d  w i t h  
c a r b o n  m o n o x i d e ,  a n d  d i a l y s e d  a g a i n  s l o w l y  r u n n i n g  d i s t i l l e d  w a t e r  for t w o  d a y  s a n d  a g a i n s t  t w i c e -  
d i s t i l l e d  w a t e r  for t w o  d a y s  a n d  a g a i n s t  t w i c e - d i s t i l l e d  w a t e r  for 24 h o u r s  a t  4 C w i t h  four  c h a n g e s  
of t h e  d i a l y z i n g  fluid.  A f t e r  a f ina l  t r e a t m e n t  w i t h  Ce l i t e  535 t h e  s o l u t i o n  w a s  s t o r e d  in t h e  d a r k  
a t  C. 

R e d  cei ls  f rom s ix  s a m p l e s  of b lood  o b t a i n e d  f rom the  foe ta l  s ide  of t he  p l a c e n t a ,  w h i c h  c o n t a i n  
8o 9o % H b - f  n e x t  to  n o r m a l  h a e m o g l o b i n ,  w e r e  f i rs t  t r e a t e d  in t he  s a m e  m a n n e r  as t he  e r y t h r o c y t e s  
of t he  n o r m a l  a d u l t  i n d i v i d u a l s .  T h e n  a h a e m o g l o b i n  s o l u t i o n  free of t he  a d u l t  p i g m e n t  w a s  p r e p a r e d  
b y  t h e  t e c h n i q u e  of CHERXOFF ls, w h i c h  is b a s e d  on t h e  d i f f e r e n t  r a t e s  of d e n a t u r a t i o n  of t h e  t w o  
p r o t e i n s  in a l k a l i n e  m e d i a .  Af te r  r e m o v i n g  t he  p r e c i p i t a t e  of d e n a t u r e d  n o r m a l  l l aen l ( )g lob in  b y  
c e n t r i f u g a t i o n  t h e  r e m a i n i n g  s o l u t i o n  w a s  t r e a t e d  w i t h  Ce l i t e  535, s a t u r a t e d  w i t h  c a r b o n  m o n o x i d e  
a n d  d i a l y z e d  in t h e  s a m e  m a n n e r  as d e s c r i b e d  for  t h e  n o r m a l  h a e m o g l o b i n .  T h e  f ina l  s o l u t i o n  w h i c h  
c o n t a i n e d  i - i  .5 O'o Of C O H b - f  w a s  a lso  s t o r e d  in t h e  d a r k  a t  I ' C. C r y s t a l l i s a t i o n  of t h e  t w o  h a e m o -  
g l o b i n s  w a s  n o t  f e a s i b l e  s ince  a su f f i c i en t l y  c o n c e n t r a t e d  s o l u t i o n  of foe ta l  h a e i n o g l o b i n  c o u l d  n o t  
be  o b t a i n e d .  

('rileria o/ purity. T h e  e l e c t r o p h o r e t i c  h o m o g e n e i t y  w a s  u s e d  as an  i n i t i a l  c r i t e r i on  of t m r i t y .  
T h e  p r o c e d u r e  w a s  a s l i g h t l y  m o d i f i e d  m e t h o d  as d e s c r i b e d  1)y BF~AVEN, HOCH AND HOLH)AY 19. I t  
w a s  f o u n d  t h a t  each  h a e m o g l o b i n  m o v e s  as  a s ing le  1)oundary ,  wh i l e  ill t h e  c o u d ) i n e d  s o l u t i o n  t h e  
t w o  h a e m o g l o b i n s  m o v e  w i t h  d i f f e r e n t  speed .  T h e  s t o c k  s o l u t i o n s  were  a l so  t e s t e d  for t he  p r e s e n c e  
of s t r o m a  p r o t e i n  a n d  of t he  c a t a l a s e .  N o n e  of t h e s e  i m p u r i t i e s  c o u l d  be d e t e c t e d .  

Us ing  t h e  m e t h o d  of BRINKMAN AND JOXXlS a we e s t i m a t e d  t h e  p e r c e n t u a l  a m o u n t  of H b - f  
in  t he  h a e m o g l o b i n  s o l u t i o n s  f r o m  cord  b lood  be fo re  a n d  a f t e r  r e m o v i n g  t h e  n o r m a l  p i g m e n t  b y  
a l k a l i  d e n a t u r a t i o n  a c c o r d i n g  to  t h e  m e t h o d  of CHERNOFF 1~. For t h i s  p u r p o s e  o. 1 lnl  of t h e  u n t r e a t e d  
s o l u t i o n  was  a d d e d  to  9.9 ml  o. i  N N a O H  (pH f ina l ly  12.7) a n d  t he  e x t i n c t i o n  a t  6 4 o o  A w a s  
m e a s u r e d  in a I c m  c u v e t t e  a t  d i l f e r e n t  t imes .  As t he  p u r i f i e d  H b - f  s o l u t i o n s  c o n t a i n e d  a m u c h  
l o w e r  c o n t e n t  of h a e m o g l o b i n  (i i. 5 g pe r  i o o  ram)  i t  w a s  n e c e s s a r y  to  m i x  1.o m l  of t h e s e  s o l u t i o n s  
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Fig. ~. F r a c t i o n a l  d e n a t u r a t i o n  of an  u m -  
b i l i ca l  co rd  b l o o d  s p e c i m e n  0 -  - 0 ,  a d u l t  
h a e m o g l o b i n  < - - x  a n d  of at pu r i f i ed  
foe t a l  h a e m o g l o b i n  s o l u t i o n  O O. 

w i t h  <) .oml  o. 1 r N N a O H  (pH t i na l l y  12.7). BRINK.MAN 
.aNt) JONxlS h a v e  p o i n t e d  o u t  t h a t ,  w h e n  t h e  loga-  
r i t h m s  of t h e  p e r c e n t a g e s  of t h e  u n a l t e r e d  h a e m o g l o b i n  
c o n c e n t r a t i o n s  e s t i m a t e d  a t  v a r y i n g  i n t e r v a l s  a re  p l o t t e d  
a g a i n s t  t i m e ,  a s t r a i g h t  l ine  is o b s e r v e d ,  w h i c h  m a y  
be c o n s i d e r e d  us " a  l ine  of d i s a p p e a r a n c e  of t h e  m o r e  
a l k a l i  r e s i s t a n t  component". By e x t e n d i n g  t h i s  s t r a i g h t  
l ine  to  zero  t i m e ,  t h e  p e r c e n t u a l  q u a n t i t y  of t h i s  com-  
p o n e n t  m a y  be  e s t i m a t e d .  I t  is n e c e s s a r y  to  c a r r y  
o u t  t h e s e  e s t i m a t i o n s  before  t i le  h a e m o g l o b i n  is con-  
v e r t e d  i n t o  c a r b o n m o n o x y h a e m o g l o b i n  a~s i t  is k n o w n  
t h a t ,  b o t h  C O H b - a  a n d  C O H b - f  e x h i b i t  u h i g h e r  re 
s i s t a n c e  to d e n a t u r a t i o n  w i t h  a lka l i .  The  f r a c t i o n a l  
d e n a t u r a t i o n  c u r v e s  g i x e n  for one  s a m p l e  in Fig.  i 
s h o w  t h a t  t he  c o n c e n t r a t i o n  of H b - f  be fore  r e m o v i n g  
t h e  a d u l t  h a e m o g l o l ) i n  was  a b o u t  7 8 % ,  wh i l e  t h e  
pur i f i ed  Hb- f  s o l u t i o n  c o n t a i n s  n e a r l y  ~oo % Hb-f .  T h e  
a m o u n t s  of H b - f  in the  s ix  s~fiut ions nsed  in ou r  e x p e r i -  
m e n t s  a n d  m e a s u r e d  w i t h  t h i s  t e c h n i q u e  w a s  98 ~ o 2 % .  
I t  wi l l  be  n o t e d  t h a t  t h e  H b - a  s o l u t i o n s  c o n t a i n  no  
a l k a l i - r e s i s t a n t  c o m p o n e n t ;  w i t h i n  t w o  m i n u t e s  a l l  t h e  
h a e m o g l o b i n  is d e n a t u r e d  (Fig.  i). 

Conce~ltrtttio~ ol the haenwglobin solulion. "file con 
e e n t r a t i o n  of t h e  H b  s o l u t i u n s  w a s  b a s e d  u p o n  t he  
s p e c t r o p h o t o m e t r i c  m e t h o d s  as  d e s c r i b e d  by  1)RABKIN 
AND AUSTIN 20. ;kS t im  t e s t s  Oi1 a n l n l o n i a  a n d  s u l f a t e  in 
t h e  d i a l y s e d  s o l u t i o n s  were  n e g a t i v e ,  e~mf i rmat ion  of 

t he  c o n c e n t r a t i o n  was  a lso  o b t a i n e d  f r o m  t h e  e s t i m a t i o n  of t i le  t o t a l  n i t r o g e n ,  a s s u m i n g  t i l e  n i t r o g e n  
c o n t e n t  of b o t h  h a e m n g l o b i n s  is 10.,~ g %.  
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Acidic hydrolysis o/haemoglobins.  Acidic hydro lys i s  was carr ied  out  in r e l a t i ve ly  d i lu te  so lu t ion  
as sugges ted  by  SCHRAM el al.~L Abou t  lOO-15o mg of COHb was added  to  200 ml 6 N hydroch lo r i c  
acid and  ref luxed for different  periods.  In  order  to s t u d y  the  effect of t ime  of hydro lys i s  on the  
recovery  of the  amino-ac ids ,  the  hyd ro ly s i s  was  carr ied  ou t  for 24 , 48 , 96 and 144 hours.  Dur ing  
the  first  hour  of the  hydro lys i s  v igorous  foaming  occured;  th i s  could be d imin i shed  by  add ing  one 
d rop  of octyla lcohol .  At the  end of the  per iod of refluxing,  the  excess of HC1 was removed  in vacuo 
a t  4 o~ C, wa te r  was added  and aga in  r emoved  by  evapora t ion .  This process was r epea ted  twice.  
The h y d r o l y s a t e s  were t a k e n  up f inal ly  in o. t M sodium c i t ra te -c i t r ic  acid buffer (pH 2.0) and d i lu ted  
t i l l  a concen t r a t ion  of i to 1. 5 mg N per  ml;  the  p H  var ied  be tween  1. 5 and  2.0. The solu t ions  were 
k e p t  in the  d a r k  a t  ~ - IO ° C. 

I t  was found t h a t  for the  e s t i m a t i o n  of the  amino-ac id  con t en t  of the  haemoglob ins  i t  was not  
necessary  to p repare  first the  globin;  therefore  only  c a r b o n m o n o x y h a e m o g l o b i n  was hydro lysed  in 
a l l  cases. 

Chromatographic methods. The c h r o m a t o g r a p h y  of the  h y d r o l y s a t e s  was  per formed on co lumns  
of a ka t ion  exchange r  us ing a s l igh t ly  modi f ica ted  g r a d i e n t  e lu t ion  t echn ique  as r ecen t ly  descr ibed 
by  STEIN AND MOORE*<~L I n s t e a d  of Dowex  5 ° (4 5 % cross l inked) we used the  Eng l i sh  resin 
" Z e o k a r b  225" (par t ic le  size less t h a n  5 ° H, w a t e r  rega in  i . i  g per g) accord ing  to the  me thod  of 
CAMPBELL el al. ~*.  A full descr ip t ion  of the  t echn ique  used will  be g iven  elsewhere ea. The h} droly-  
sa tes  of six s amples  of a d u l t  Hb a nd  the  same  n u m b e r  of h y d r o l y s a t e s  of six s amples  of foetal  
HI) have  been ana lyzed ,  

RESULTS 

A typical experiment showing the elution curve obtained on a column of Zeokarb 
225 with a sample of COHb-a hydrolysed for 48 hours, is given in Fig. 2. With the 
exception of threonine and serine the separation of all amino-acids was complete. 
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Fig. 2. E lu t ion  curve  ob ta ined  by  c h r o m a t o g r a p h y  of a 48 hour  h y d r o l y s a t e  of h u m a n  adu l t  COHb 
on " Z e o k a r b  225" by  the  g r a d i e n t  e lu t ion m e t h o d  of STEIN AND MOORE 16. The va lues  p lo t t ed  on 
the  o rd ina t e  are expressed  as leucine e qu iva l e n t s  (except  for proline) and  m u s t  be mul t ip l i ed  by  
four as only  one four th  of each e tu ted  f rac t ion  was  analysed.  In  genera l  for each run  2 ml of a hy-  
d ro lysa te  ( =  14-17 mg of protein)  were used. 111 the  lower  p a r t  of the  figure the  g r adua l  increase  
of p H  (from 3.t to  5.0) and  of the  sod ium c i t r a t e  concen t r a t i on  (from 0.2 _,lI to  1.2 1!4) in the  effluent 
is given. I t  is n o t e w o r t h y  t h a t  dur ing  the  g rea te r  p a r t  of the  e lu t ion  the  t e m p e r a t u r e  was 37 ° C; 

only  the  e lu t ion  of a rg in ine  needs a t e m p e r a t u r e  of 75 ° C. 

" We are i ndeb ted  to  Dr. S. MOORE and Dr. \V. H. STEIN of The Rockefe l ler  I n s t i t u t e  for Medical  
Research,  New York,  and  to  Dr. P. N. CAMPBELL and  Dr. T. S. WORK of the  Medical  Research  
Council,  London,  for p e r m i t t i n g  us to see a copy of the i r  papers  before publ ica t ion ,  and  for the  helpful  
c o m m e n t s  on our s tudies.  
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TABLE 

AMINO-ACID RECOVERIES FROM HUMAN ADULT 

The da ta  are given as g of 

A mino-A ctd 
Time o[ hydrolysis 

24 h ~ 48 h 

Aspartic acid lO.4O lO.58 lO.5O lO.32 lO.6O lO.6O 
Threonine 5.84 5.83 5.46 5.65 5.4 ° 5.45 
Serine 5.19 5 .2o 4.53 4 .60 4.32 4.41 
Glutamic acid 7.28 7.15 7.4 ° 7.45 7 .lo 7-27 
Proline 4 .88 5.33 4.92 5.o3 4-87 5.o4 
Glycine 4.66 4.52 4 .62 4-47 4-48 4-56 
Alanine lO.63 lO.58 lO.O3 9.76 lO.O7 9.97 
Cystine/2 o.99 1.16 i .Ol i .oo 0.99 0.97 
Valine 11.39 11.32 lO.6O lO.77 11.19 11.13 
Methionine 1.59 1.53 1.4o 1.39 1.4 ° 1.4 ° 
Isoleucine 0.34 0.28 o.41 0.27 o.3t 0,34 
Leucine - -  15.12 15.4o 15.15 14.93 15,15 
Tyrosine 4.38 4.15 4 .08 3-93 3.65 3,74 
Phenylalanine 7.80 8.22 7.83 7.80 7.76 7,92 
Lysine lO.58 lO.21 9.95 9.98 9.85 9,82 
Histidine 8.65 8.48 8.17 8.o8 8.40 8.59 
Arginine 3.75 3.57 - -  - -  3-28 3.44 
Ammonia  1.34 1.35 1.4 ° 1.32 1.34 1.46 

* These values were obtained by  extrapolat ing to zero t ime of hydrolysis by  the method of least 
squares.  

Seventeen amino-acids and ammonia have been shown to be present in the two types of 
haemoglobin. There is no evidence of the presence of other amino-acids, while t ryptophan 
was completely lost by the acidic hydrolysis. I t  will be noted that  although tile separa- 
tion of the amino-acids is about the same, the order was different in some respects from 
that  given by STEIN AND MOORE TM. I t  was found that  glutamic acid was eluted before 
proline, and cystine before valine. I t  may be that  the few modifications in the technique 
are responsible for these alterations. 

Table I lists the results of the analyses for the various amino-acids in samples of 
adult carbonmonoxyhaemoglobin, which were hydrolysed for different periods. The 
data  show that  the recovery of the greater number of amino-acids is independent of the 
time of hydrolysis; only for aspartic acid, threonine, serine, methionine, tyrosine and 
lysine were marked losses found after longer hydrolysis. As it is known that  peptide 
bonds involving serine, threonine and aspaxtic acid are among those which are readily 
hydrolysed, it may be expected that  these amino-acids are completely liberated after 
hydrolysis for 24 hours. Therefore the recoveries of these amino-acids and also of 
methionine, tyrosine and lysine are plotted against time. The results given in Fig. 3 show 
a linear decrease with time of hydrolysis for all these amino acids. By extrapolation to 
zero time the original amount of each amino-acid can be easily established. Our results 
found for haemoglobin are in this respect in good agreement with those given by SMITH 

AND STOCKEL 24 fo r  c r y s t a l l i n e  c a r b o x y p e p t i d a s e  a n d  b y  SMITH, STOCKELL AND KIMWELL 25 

for crystalline papaine. I t  will be noted that  the recovery of ammonia increased with 
longer time of hydrolysis. 

As shown in Table I, the yields of the other amino-acids are essentially constant 

Re[erences p. 9r .  
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C A R B O N M O N O X Y H  A E M O 2 ~ L O B I N  H Y D R O L Y S 3 , T E S  

a m i n o - a c i d  p e r  i o o  g p r o t e i n .  

85 

Time  o/ h}drolysis 

144 h 

Average or extrapolated SGHROEDER 11 VAN DER [ANDEN TM 

value et al. globin 

lO.OO lO.32 9 .8o  lO .64  IO.6O* :E o . I o * *  I I .O2  IO. 7 
5 .oo  5 .o8  4 .56  4 .9o  6 .1o*  ::L o-o4  '~ 5 .85 5 .6 
3.8~ 3 .84  3 .13  3 .26  5 . 5 0 * +  0 .03  5 .05 - -  
7 . l  4 7 .20  6 .88  7 , i 8  7 .20  ~ 0 .05  7 .17 6.5 
4 .96  4 .96  4 .68 5,3 ° 5 .00 :k o.o55 4 .39  4 .8 
4 .63  4 .53  4 .36  4 .4  ° 4 .52 ~ 0 .03  4 .85 - -  

lO.3O lO.3O lO.15  lO .19  l o . 2 o  - [  0 . 06  lO.19  - 
0 .96  1.12 - - .  1.o 5 1.o 3 ~ o.o25 - - .  - 

11 .35  11.5o ~ 11 .48  11 .o9  ~ o . t l  l O . 6 5  lO.3 
1.24 1 .29 I . IO  1.16 1 .6o*~-  O.Ol 1.38 1 .39 
o .34  0 .3o  0 .32  0 .30  0 .32  ~ o . o I  5 o .21 0. 4 

I4 .88  16.o2 14 .6o  15 .72  15 .22  7 o. I45 [5  .06 14.3 
3 .78  3 .81 3-54 3 .62 4 . 4 ° *  ~ o .04  2 .99  3 "1 
7.83 8-30 7 .75 8 .15  7.93 n o.o6~ 7 .66 7 . r 5  
9 .92  9 .82  9 .52  9 .20  lO.6O* ~ 0 .05  ̀5 9 ,64  t o . o  
8 . 7 t  8 .60  8 .60  8 .42  8 .47  l 0 .07  8 .44  7.8 
3 . 2 6  3.44  3.15 3 .54  3 .43 - -  o-°45 3 .28 3-5 
1.5o 1.75 1.76 1.9o 1 . 1 o * ~  o o  3 

** S t a n d a r d  d e v i a t i o n s  of  t h e  n l e a n s  a n d  fo r  t h e  e x t r a p o l a t i o n s  s t a n d a r d  e r r o r s  of  e s t i m a t e  (see 
W.  J .  D i x o N  AND F .  J .  MASSEY, Introdtwlio~z to statistical a**alysis, 1951,  p.  153). 

after hydrolysis for different periods. This is of special interest, since it was to be expected 
from earlier work on the hydrolysis of proteins, notably that  of HARUENISr AND CROCI(; ~6, 
that  the recovery of isoleucine and valine was incomplete on short hydrolysis and 
increased with longer times, when isoleucine and valine are coupled together in peptide 
linkage. This was also found for carboxypeptidase 2~ and for papaine2L In spite of the 
relatively low amount of isoleucine in COHb-a it will be clear, that  this coupling is not 
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Fig .  3- R e c o v e r i e s  as  a f u n c t i o n  of  t i m e  of  h y d r o l y s i s  of  v a r i o u s  a m i n o - a c i d s  a n d  of  a m m o n i a .  
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T A B L E  

AMINO-ACID RECOVERIES FROM HUMAN FONTAL 

The data are given as g of 

T i m e  o,t hydrolysis 
A m i n o  ~tcid . . . . . . . . . . . . . . .  

Aspartic  acid lO .53  1o .48  l o . o 8  io .  l 9 i o . 3 7  l O . 4 i  
Threonine  7.12 6 .9  ° 6 .5o  6 .66  6 .46  6 .42 
Serine 6-74  6 .37  5 .93 5 .76  5-95 5 .67  
Glutamic  acid 7.36  7 .44  7.5 ° 7 .68 7 .82 7 .60 
Prol ine  4.43  4-30 4-24 4 .2o 
Glycine 3.94 4 .6o 4.7 ° 4.71 4 .57  4 .42  
;klan ine 9.4  ° 9 .46  9 .57  9 .8o  9- 54 9 .8o  
Cystine/2 0.97  0 .95  0 .98  0 .98  0 .95  0 .94  
Valine 9-83 9 .9  ° 9 -47  9 .38  9 .81 9 -38  
Methionine 1.81 t . S 6  1.82 i .  79 1.76 1.97 
[ so leuc ine  1.8o t . 74  1.9 l l .  79 1.79 1.88 
Leucine 14.7 ° 15.3 ° 15-60 r 5.5 ° 14.90 1 -t .98 
Tyros ine  3.59  3-55 3 .37 3 .2o 3 .o0  3 .02 
P h e n y h d a n i n e  8 .35 7 .78  7 .75 7.98 7 .83 7.97 
I.ysine i o , o o  lO.62  9 .68  9 .80  9 .77  io .  l l 
Histidine 7.45 7 .6o 7.33 7 .20 7 ,38 7 .6~ 
Arginine 3-34 3.5 ° 3 .37 3 . 2 ;  

A m m o n i a  1.31 1.37 1.36 1.48 ~ .34 t .43 

* a n d  **, see corresponding footnotes  to Table i .  

present. As shown in Fig. 3 these two amino-acids are completely liberated after hydro- 
lysis for 24 hours. 

In Table I our final results are also compared with the quantities which have been 
reported by S¢I~ROEDER et a~. 11 for adult carbonmonoxyhaemoglobin and by V.,~N DER 
LINDEN 13 for human globin. In general they are in good agreement. Apart from aspartic 
acid however, the vahles of the five amino acids, which were calculated by extrapolation 
to zero time, and of proline and valine were found to be higher, while tile amounts of 
aspartic acid and of glycine were lower. 

Table II summarizes the results of the analysis of purified foetal haemoglobin, while 
the recoveries as a function of time of hydrolysis of aspartic acid, threonine, serine, 
methionine, tyrosine, lysine, ammonia, isoleucine and valine are given in Fig. 3. These 
data show that apparent destruction occurs in COHb-f of the same amino acids as found 
in COHb-a, while also the yields-of isoleucine and valine did not increase with longer 
time of hydrolysis. Comparison of our results with the data of V;~N DER LINDEN 13 is not 
completely appropriate, since this author studied globin prepared from umbilical cord 
blood, which contained about 2o°0 of tile normal adult component. 

Table III presents a comparison between the amino-acid composition of the two 
haemoglobins. The nitrogen recoveries, which are for COHb-a about lO3.5% and for 
COHb-I about Io2.8 %0, indicate that the composition of these proteins has been satis- 
factorily estimated. As no tryptophan analysis was carried out, the values for this 
amino-acid given by VAN DER LINDEN 13 were used in calculation. In general the number 
of individual amino-acids present in these haemoglobins and calculated per molecule 
of 68,000 molecular weight is reasonably satisfactory too, although the values for some 

Re/erences p. 9x. 
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I I  

CARBONMONOXYHAEMOGLOBIN HY I)ROLYS.~.TES 

amino acid per too  g protein. 

Time o.t hv drol> sis 

96 It I 141 h 

Average or VAN DER LINDEN la 
ettrapl>lated value globin*** 

lO.2O lo. lo 1o.oo 9.97 1o.6o*-- '  o .03** lO.6 
0.52 5.78 6.22 5.64 7.30*7:: 0.o 5 6. 4 
5.3 l 5.o3 4.18 4.13 6.90* _~ 0.05 - -  
7 .08 7 .6o 7.33 7.59 7.50 - 0.05 6.6 
4.23 4 .22 4.34 4.27 4-29 i 0.03 4 .1 
4.52 4.4 ° 4.5 ° 4.46 4.48 ! 0.07 - -  
9.25 9 .88 9.45 9-57 9-04 :~: 0.07 - -  
I.O 7 1.o 5 0.92 I.OO 0.98 [ 0.02 --  
9.48 9.62 9.60 9.55 9.00 }: 0 .06 9.1 
1.4o 1.58 1.29 1.39 2 . o 5 " ~  0.02 .5 1.76 
1.83 1.89 1.85 1.80 1.83 1 0.02 1.6 

14.93 15.8o 14.35 15.9o 15.2o ~ o.125 i4.~ 
3.°5 3. I8 2.9 o 2 . 9 5  3.6o* o.o25 2.8 
8.30 7.90 8.13 7 .80 7-99 " 0.07 7 .1 
9.75 I ° . [ 5  9 . °9  9.82 lO.0O* 2 o.o 7 9-9 
7.71 7.25 7.65 7.35 7.45 7! ° . °55  7.3 
3.32 3.4 ° 2.93 3.46 3-3 [ i 0.05 3.4 
1.72 1.47 J.66 1. ro* : o.o45 

* ** Th i s  globin was prepared from blood  of newborn  infants  w i t h o u t  renlov ing  the adul t  h a e m o -  
globin.  

amino acids, for instance glutamic acid and leucine, must be treated with some reserve. 
Comparison of the number of residues in COHb-a and COHb-f shows that in general the 
same values were found for aspartic acid, glycine, half cystine, leucine, phenylalanine, 
lysine and arginine. It is not really clear if the content of glutamic acid in the two 
haemoglobins is the same. It may be that the quantity of this amino-acid in the foetal 
haemoglobin is slightly greater than in the adult component (P <o.o2).  The amounts of 
the other amino-acids differ to a greater or lesser extent. They may be divided into two 
categories as follows: 

(a) Amino-acids, which were found in a greater amount in the foetal carbonmonoxy- 
haemoglobin, i.e. threonine, serine, methionine, i soleucine and tryptophan (the last of 
these amino-acids according to VAN DER LIYDENla). For all these amino-acids P < o.ooi. 

(b) Amino-acids, who are present in a smaller amount in COHb-f, i.e. proline. 
alanine, valine, tyrosine and histidine (always P <o.ooi ) .  These differences agree well 
with the results of V=~N hER LINDEN la, which are also summarized in Tables I and II, 
The much higher content of isoleucine in human foetal haemoglobin is one of the most 
striking features of this protein. 

DISCUSSION 

It is obvious that the differences in amino-acid composition in our analyses of 
purified foetal haemoglobin and of adult haemoglobin are somewhat greater than those 
described by VaN DER LINDEN la, as in his investigations cord blood was used, which 

R e / e r e n c e s  p .  9 I .  
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"1".\ l~I.t~ II! 

C O M P A R I S O N  O F  T H E  A M I N O - A C I D  C O M P ( ) S I T I O N  OP" H U M A N  A I ) U L T  A N D  F O E T A L  C A R B O N M O N O X y H ~ . E M O G L O H I N  

A dull ( 'arhonmonol  yhacml)globin I,'oeldl (Tarbotlmlml~.~ vhaemo~'lld*tn 

( :ah:ulalt'd Calculated 
A mino-Ac id  g o/ number  o I A s s u m e d  g o/ number  o/ A s s u m e d  

amino  acid N as % residues .tor no. o/ amino-ac td  N as % residues number  o/ 
per too  ,g o / to ta l  N per * oo g o / / . l e d  N tool. a'/ o/ residues ?or tool. a t  reMdues 

( OHb  COf tb  ' 1,,%',,o¢; o/ (i,~¢,r)oo 

. \ spar t ic  acid 1o.0o 0.0o 54.2 54 I0.60 0.00 54.2 54 
Threon ine  o. Io 4.25 34.8 35 7.3 o 5.o7 4 I.o 42 
Serine 5.5 ° 4.35 35.0 30 0.9o 5.45 44.7 45 
( ; lu tamic  acid 7.20 4.07 33.3 33 7.56 4.20 34.9 35 
l ' roline 5.oo 3.oo 29.5 29 4.29 3.08 25.3 25 
Glycine 4.5:  5 .oo 4 °.0 41 4.48 4.97 4°.7 4 ~ 
:klanine ~o.2o 9.52 78.0 78 9.04 8.()8 73.0 74 
Cystine~ 2 , .03 0. 7 1 5 " 9  0 O . 9  8 0 . 0  7 5 . 0  () 

Valine I I .o 9 7.O) O 4. 2 04 9.0o O, 8,3 55.4 55 
Methionine  t.0o 0.8:) 7.3 7 2.o 5 l.] 4 9.3 9 
I soleucine o.  3 2  o .  2 o  i . 7 2 i . 8 3  [ .  2 o  9.7 I O 
l ,eucine I5.22 0.05 78.9 79 r 5 . ' o  9.02 78.6 79 
Tyros ine  4.4 ° 2.02 10. 5 [ 0 3.0o 1 . 0 4  I 3"4 13 
[qmnyla lnnine  7.9.3 3.98 32.5 33 7.99 4 .°l  32.7 33 
l ,ysine l o.0o I 2.o 5 49.3 49 10.o0 [ 2.05 49.3 49 
His t id ine  8.47 ~3 .0o 37 .I 37 7.45 12.o6 32.7 33 
Arginine 3.43 0.55 13.4 I 3 3.31 ¢).32 I 2. 9 I 3 
A m m o n i a  i. [o* 5.38 44-i * 44 * I . I O *  5.3,8 44. ] * 44 

Tota l  113.21E 1oo. 3 - 013.t 012 [I3-38 99"33 014"() 0tt ,  
Tryptol )hanla  1.2o o.ot~ 4.0 4 1.57"* 1-25 5 .2 5 
l l e m e  calcula ted  3.80 2.20 3.8o 2.20 

010 102.84 

l ) i ( /ercmes 
bet;~'et,n 

Iluntber . /  
l'£sl'dltc.s 

: 7 
! q  
i 2 ?  

4 

9 
i 2 

8 

4 
I 

Vinal total  lO3.54 ot 7. t 619.8 621 -t- 5 

* This  va lue  is onl i t ted  f rom the  total.  
** Calcula ted from the  vahle  g iven by v. D. ]ANDEN la 1)y nmlt i l ) ly ing it  by  5/'-t. 

c o n t a i n e d  a p o s s i b l e  a m o u n t  o f  2 0 %  of  t h e  n o r m a l  a d u l t  c o m p o n e n t .  T h e  i n f o r m a t i o n  in 

T a b l e  1 a n d  I I  m a k e s  i t  c l e a r  t h a t  t h e  d i f f e r e n c e s  i n  a m o u n t s  o f  t h r e o n i n e ,  p r o l i n e ,  v a l i n e ,  

m e t h i o n i n e ,  i so leuc ine ,  t y r o s i n e  a n d  h i s t i d i n e  a r e  s l i g h t l y  g r e a t e r  t h a n  t h o s e  d e s c r i b e d  

b y  V;~N DER LINDEN.  T h i s  i n v e s t i g a t o r  d i d  n o t  c a r r y  o u t  s e r i n e  a n d  a l a n i n e  a n a l y s e s .  

C o m p a r i n g  t h e  r e s u l t s  o f  t h e  a m i n o - a c i d  a n a l y s e s  o f  t h e  t w o  h a e m o g l o b i n s  t h e  

q u e s t i o n  a r i s e s  h o w  f a r  t h e  p o s s i b i l i t y  wi l l  be  p r e s e n t  t h a t  t h e  s o l u t i o n s  o f  p u r i f i e d  f o e t a l  

h a e m o g l o b i n  c o n t a i n e d  s m a l l  q u a n t i t i e s  o f  t h e  a d u l t  c o m p o u n d .  U s i n g  t h e  a l k a l i  

d e n a t u r a t i o n  m e t h o d  of  BRINI<M~kN ,kND J o x x l s  a t h e  a m o u n t s  of  H b - f  in  t h e s e  s o l u t i o n s  

w e r e  f o u n d  t o  b e  I o o  21__ 2 %,  w h i l e  e l e c t r o p h o r e t i c a l l y  t h i s  c o m p o u n d  m o v e s  a s  a s i n g l e  

b o u n d a r y .  M o r e o v e r  CHERNOVl :~s d e m o n s t r a t e d  b y  i m m u n o l o g i c a l  e x p e r i m e n t s  t h a t  

f o e t a l  h a e m o g l o b i n  p r e p a r e d  i n  t h e  s a m e  m a n n e r  w a s  f r ee  o f  t h e  a d u l t  p i g m e n t .  T h e r e f o r e  

i t  m a y  c o n c l u d e d  t h a t  t h e  p o s s i b l e  a m o u n t s  o f  n o r m a l  h a e m o g l o b i n  i n  o u r  p r e p a r a t i o n s  

o f  p u r i f i e d  f o e t a l  h a e m o g l o b i n  a r e  n e g l i g i b l e  a n d  d o  n o t  d i s t u r b  o u r  v a l u e s  for  t h e  

a m i n o - a c i d  c o m p o s i t i o n  o f  t h i s  p r o t e i n .  

A l s o  i t  m a y  b e  p o s s i b l e  t h a t  s m a l l  a m o u n t s  o f  f o e t a l  h a e m o g l o b i n  wil l  b e  p r e s e n t  in  

t h e  s o l u t i o n s  o f  n o r m a l  a d u l t  h a e m o g l o b i n .  B o t h  .qlNGER el al. 4 a n d  ROCHE AND I )ERRIEN ~ 

[¢e/ereJ~ces p. 91. 
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reported, that small quantities of the foetal compound are always present in the blood 
of adult individuals. According to SINGER et al.  4 these quantities range from o. 5 to 1.77/o 
of the total amount of haemoglobin present. Recent investigations in our laboratory 
(to be published) furnished evidence that an alkali-resistant haemoglobin fraction is 
regularly encountered in normal human blood, which also shows the specific differences 
in amino-acid composition as given for the foetal haemoglobin. The quantities found 
however, were much lower than those given by SINGER et al. 4 and do not succeed 0.5 o/, o 
of the total haemoglobin. Therefore it will be clear, that our amino-acid analyses of 
normal Hb are not influenced by notable amounts of Hb-f. 

The question arises whether the dissimilarity in the electrophoretic mobility of 
COHb-a and COHb-f--according to ZINSSER 27 the isolectric points vary from 6.9I to 
6.94 for COHb-a and from 6.97 to 7.03 for COHb-f in 0.2 M phosphate buffer pH 7.1- - 
can be explained in terms of the differences in amino-acid content of the two haemo- 
globins. A lesser content of 4 histidine residues and a possible greater content of glutamic 
acid and of one residue tryptophan in the foetal haemoglobin would cause a decrease in 
isoelectric point, which is contrary to the results of ZINSSER 27. On the other hand, since 
the hydroxyl groups of serine and threonine are able to form good hydrogen bonds the 
possibility exists that the much greater amounts of these two amino-acids in the foetal 
haemoglobin would bring a decrease in the polar side chains of these protein by folding or 
coiling the polypeptide chains in Hb-f in a different manner than in Hb-a. It  is surprising 
that the differences in the isoelectric points of Hb of sickle-cell anaemics (Hb-b) and of 
normal HI) is much greater than that of tile foetal and adult haemoglobin, while the 
amino-acid compositions of Hb-b and Hb-a are nearly the same 11, a'. The present study 
gives no evidence of differences in the content of ammonia (or amides), but our investiga- 
tions on this point are not sufficiently complete to allow any conclusions in this respect. 

There can be little doubt that the yields of valine and i s o t e u e i n e  were complete after 
hydrolysis for 24 hours and showed no increase with longer times as found for insulin 26 
and some crystalline enzymes 24, 2.~. Therefore it is unlikely that a coupling of these two 
amino-acids in adult and in foetal earbonmonoxyhaemoglobin is present. 

In these two types of haemoglobin, four heme residues are present in one molecule 
(molecular weight 68,000). If the globin molecule is built up with four similar polypeptide 
chains, it would be necessary that the total amounts of residues for each amino-acid 
should be divided by four. The data from Table I I I  shows that for some amino-acids 
this is impossible, while the limits for the me thod - - t he  results generally fall within tile 
range of IOO ~ 3 % - - c a n n o t  explain these differences. Several different explanations 
are possible. First it may be that the globin molecule consists of one long polypeptide 
chain (molecular weight about 66,ooo) with four heme residues or two similar chains of a 
molecular weight of about 33,ooo, each with two heme residues. On the other hand, both 
COHb-a and COHb-f may be composed of haemoglobin fractions with a different amino- 
acid composition, while each fraction may be built up of similar peptide chains. Which 
of these possibilities is valid cannot be decided at the present time. However BRINKMAN 
el al. with alkali denaturation methods 29, ROCHE AND D E R R I E N  ~ with a salting-out 
technique and VAN FOSSAN 29 by column chromatography, have demonstrated the 
existence of different types of human adult Hb and human foetal Hb. It may be that a 
quantitative study of the amino-acid composition of these fractions will bring about 
elucidation of these problems. 

As the differences in amino-acid composition of COHb-f for some of the constituent 
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acids (serine, valine, isoleucine) are relatively rather great, this method promises to 
become an aid in differentiating the foetal haemoglobin from the normal component. In 
particular the estimation of the amino-acid composition will be of great hel t) in deciding 
if an alkali-resistant pigment in the blood is identical with the foetal haemoglobin a°. 
Using this technique, we consider it probable al that the alkali-resistant fraction which 
sometimes occurs in the blood of patients with sickle-ceil anaemia up to zo%, is not 
foetal haemoglobin. 

SUMMARV 

E. Haemoglob in  from the blood of normal  adu l t  ind iv idua l s  and  purif ied foetal  haemoglol ) in  
have  been ana lysed  for seventeen  amino-ac ids  and  a m m o n i a  using, wi th  s l igh t  modif icat ions,  the 
g rad ien t  e lu t ion  c h r o m a t o g r a p h i c  me thod  as recen t ly  developed by  STEIN AND [~'IOORE. I t  was found 
t h a t  purif ied foetal  c a r b o m o n o x y h a e m o g l o b i n  con ta ins  more threonine ,  serine, lnel,hionine and iso- 
leueine and less pral ine,  alanine,  wdine,  ty ros ine  and lysine. The most  s t r ik ing  differences be tween 
the two haemoglobins  are the much higher  con ten t  t~f serine and isoleucine and the lower a m o u n t  
of val ine  in t i le  foetal  haemoglobin .  

-,. As the  yields of val ine  and isoleucine were comple te  after  a shor t  t ime  of hydro lys i s  and 
showed no incr¢~itse with longer t imes  its found for o ther  proteins,  it is an l ike ly  t h a t  these two amino-  
acids are combined  in pep t ide  l inkage  in these t u o  haemogk~bins. 

3- Since for some amino-ac ids  the  number  of residues could not  be d iv ided  by fimr, i t  is unlikely, 
t h a t  both adu l t  and foetal globin consis t  of four ident ical  po lypep t ide  chains.  Some possibi l i t ies  
COllcerning the  s t ruc tu re  of the protein molecule are discussed. 

4- I t  is poin ted  out  t h a t  the di l terences ill amino-ac id  compos i t ion  of COHb-a  and  COHb-f  
will be of g rea t  help for the  de tec t ion  of the presence of the foetal compound  in the blood in different 
diseases.  

R1;:S 1 MI' :  

t. I.es teneurs  de l 'hdmoglobine  du sang d ' i nd iv idus  adull,es n o r m a u x  el, de l ' hdmoglob ine  foetale 
puri l ide en dix-sepl, amino  acides et  en ammonia ' . lue  a n t  a% da te rminaes  "a l ' a ide  de la t echn ique  
c h r o m a t o g r a p h i q u e  d 'd lu t ion  par  gradien t ,  raise au po in t  pa r  STI~N F'r MOORF et ldg{~rement modifide. 
La c l t rboxyhamoglob ine  foetale puril ide con t ien t  plus de thrdonine,  de sdrine, de mdth ion ine  et 
d'isoleucine et  mains  de praline,  d 'a tanine ,  de valine,  (% l,yrosine el. de lysine, l.es difldrences les 
plus f r appan tes  ent re  les deux  hdmoglobines  sen t  les t eneurs  beaucoup plus alex, des en sdrine et 
isoleucine et llt t eneur  plus faible en val ine  de l ' hamogiobine  [oetale. 

z. Les r e n d e m e n t s  en val ine  et  isoleucine d tan t  quant i ta l , i fs  aprbs uu t emps  d ' hyd ro l y se  court  
e t  ne p rdse l l t an t  pas d ' a u g m e n t a t i o n  avec des telIlps plus longs, ctmtrairelnenl, ~'t ce que ['()n t rouve  
avec d ' au t r e s  protaines,  il est  peu v ra i semblab le  que ces deux  amino  acides soienl, lids pa r  une l iaison 
pepl,ide dans  ces deux  hamoglobines .  

3. l.e hombre  de ras idus  de quelques  amino  acides n ' d t a n t  pas divis ible  par  qual,re, il esl, peu 
v ra i semblab le  que les deux  globines  foetale el, adul te ,  soienl, eons t i tuaes  pa r  qua t r e  chalnes  poly- 
pep t id iques  ident iques .  Quelques  hypo thbses  sur [a s t ruc tu re  de la moldcule pro td ique  s e n t  discutOes. 

4. Les au teurs  ins i s t en t  sur le fail, que les di t iarences de compos i t ion  en a inino acides de COHb-a 
et  de COHb-f  seronl, d ' un  grand  secours pour  la ddtect ion de la prdsence du compass  foetal  dans  
le sang au cours de diffdrenl,es maladies .  

Z I JSAMMENI,':K.SSUNG 

z. H~hnoglobin aus dem Blute  norutttlor E rwachsene r  und gere in ig tes  Foetus l l t imoglobin  wurden 
mi t  Hilfe der j i ings tens  van STEIN UNI) MOORE entwickell ,en,  und van  uns e twas  a.bgefinderten, 
S tu fench ron la tog raph ie  ;tuf r 7 Aminos~uren und A m m o n i a k  unl,ersnchl,. Es  wurde  festgesl,elll,, dass 
gere in ig tes  Foe tu sca rbomonoxyh~ lnog lob in  mehr  Threonin,  Serin, Meth ionin  und Isoleucin,  aber  
weniger  Prolin, Alanin,  VMin, Tyros in  und l .ysin enthftlt .  Am s t t i rks ten  un te r sch ieden  sich beide 
t t~imoglobine durch den viel hahe ren  Geha l t  an Serin und [soleucin und den n iedr igeren  Geha l t  a n  

Valin des foetalcn H~imoglobins. 
2. I )a  die Ausl)euten van  Valin und [soleuciu berei ts  nach kurzer  Hydro lysenze i t  vo l lkommen  

waren, und nicht,  wie 1)el anderen  Proteinen,  durch  ltingere H y d r o l y s e n z e i t  gesteigerl,  werden 
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konnten ,  sche in t  es uns unwahrsche in l ich ,  dass  diese beiden Aminos~iuren in den beiden Hiilno- 
g lobinen durch  P e p t i d b i n d u n g e n  ve rkn t ip f t  sind. 

3. Da die Zahl  e iniger  Aminos~urenres te  n ich t  durch  vier  d iv id i e rba r  ist, sche in t  es unwahr-  
scheinlich,  dass  das  Globin E rw a c hs e ne r  oder  das  Foe tusg lob in  aus v ie r  iden t i schen  P o l y p e p t i d k e t t e n  
bes teht .  E in ige  H y p o t h e s e n  tiber die S t r u k t u r  des Pro te inmolek t i l s  werden  er6r ter t .  

4. Es wird be tont ,  dass die Unte r sch iede  zwischen COHb-a  und  COHb-f,  h ins ich t l i ch  ihrer  
XminosSurenzusammense tzung ,  yon grosser  B e d e u t u n g  ftir die B e s t i m m u n g  der foetalen K o m p o n e n t e  
im Blute  pa tho log i scher  F~lle sein k6nnte .  
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