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Is foetal haemoglobin present in the blood of normal human adults? 

T h e  h a e m o g l o b i n  of t i le  new- l}o rn  c h i h l  c o n s i s t s  for  a l}ou t  8 o %  of H b - F  a n d  c O ' )  {}f 1 4 b - \ .  
A f t e r  f o u r  m o n t h s  t i le  foe ta l  c o l n p o n e n t  s e e m s  to  h a x e  d i s a p p e a r e d .  ]3RINK~iAX AND JONXlS i 
u s e d  t h e  d i t i e r e n c e  in  t h e  r a t e  of  a l k a l i - d e n a t u r a t i o n ,  b u t  d i d  n o t  s u c c e e d  in d e m o n s t r a t i n g  t h e  
p r e s e n c e  of  [ o e t a l  h a e m o g l o b i n  in t h e  M o o d  of  o l d e r  c h i l d r e n  a n d  a d u l t s .  T h e  m e t h o d  u s e d ,  
h o w e v e r ,  w a s  n o t  a c c u r a t e  1}eh}u 5 % of  H I > I "  p r e s e n t ,  l . a t e r ,  SINGER F[ e/l. 2 d e m o n s t r a t e d  w i t h  
a n  a l t e r e d  a l k a l i  d e n a t u r a t i o n  t e c h n i q u e  ( s t a r t i n g  w i t h  H b O e )  t i le  p r e s e n c e  of  t 3 % of a h>e ta l - l ikc  
c o m p o n e u t  in t i le  M o o d  of  a d u l t s ,  w h i l e  I<0NZER a w i t h  a s i m i l a r  p r o c e d u r e ,  b u t  u s i n g  c y a n -  
h a e m o g l o b i n ,  f o u n d  <).5 I " ] )  ()f s u c h  a c o m p o n e n t .  \ V i t h  i m m u n o l o g i c a l  m e t h o d s  ( ~ H E R N O F i  'a 

d e m o n s t r a t e d  t i le  p r e s e n c e  of o .o  5 o .5  <',', o f  HI t - l : ,  w h i l e  m o r e o v e r  RocH>." AND 1)I~;RRIEX ~ w i t h  
at s a l t i n g - o u t  t e c h n i q u e  f ( m n d  s m a l l  a m o u n t s  {}f a c o m p o n e n t  w i t h  t h e  s a m e  s o l u b i l i t y  as  t h a t  
of  H b - F  f r o m  c o r d  b l o o d .  T h e  a m o u n t s  of t h i s  c o m p o n e n t  f o u n d  b y  t h e s e  m e t h o d s  ;ire so d i t l e r e n t  
t h a t  i t  s e e m e d  desi ra l}Ie  to  r e p e a t  t h e  i n v e s t i g a t i o n  c o n c e r n i n g  t h e  p r o b l e m  of  t h e  p o s s i b l e  
p r e s e n c e  of  H b - F  in a d u l t  b l o o d .  M o r e o v e r  i t  m a y  be  i m p o r t a n t  to  i n v e s t i g a t e  w h e t h e r  t h e  a lka l i -  
r e s i s t a n t  f r a c t i o n  f o u n d  w a s  i d e n t i c a l  w i t h  f o e t a l  h a e m o g l o b i n .  F o r  t h i s  p u r p o s e  we  u s e d  in o u r  
i n v e s t i g a t i o n  t h e  e s t i m a t i o n  of t h e  a m i n o  a c i d  c o m p o s i t i o n  of  t h i s  f r a c t i o n ,  as  t h e r e  a r e  m a n y  
d i f f e r e n c e s  b e t w e e n  H b - 1  c a n d  t i le  o t h e r  h a e m o g l o b i n s  in t h i s  r e s p e c t  6. 

In  t h e  p r e s e n t  s t u d y  b l o o d  s a m p l e s  of  t h e  a u t h o r s  w e r e  used .  T h e  h a e m o g h , b i n  w a s  p r e p a r e d  
a n d  p u r i f i e d  b y  t h e  m e t h o d  d e s c r i b e d  p r e v i o u s l y  6. T h r e e  s a m p l e s  of  Ht)O~ (no n n m r ~ c a r l } o x y f o r m )  
w i t h  a c o n c e n t r a t i o n  of  {3-8 m g  {~{, ( t o t a l  a m o u n t s  532o ,  4015  a n d  707 ° m g  r e s p e c t i v e l y )  w e r e  
e x p o s e d  t o  t h e  a c t i o n  of all{all (f inal  t )H 12.0) fo r  t w o  m i n u t e s .  T h e  d e n a t u r a t i o n  p r o c e s s  w a s  
t h e n  i n t e r r u p t e d  b y  a d d i n g  a n  e q u i m o l a r  a i n o u n t  of  h y d r o c h l o r i c  a c i d .  T h e  d e n a t u r e d  h a e m o  
g l o b i n  w a s  s a l t e d - o u t  b y  a d d i n g  a 3-5 3 l  p h o s p h a t e  b u f f e r  p H  0. 5 ( - -  i o o , o ) ,  d e s c r i b e d  b y  
I)ERRIEN 7, u n t i l  a f ina l  c o n c e n t r a t i o n  of  8o % w a s  r e a c h e d .  A f t e r  f i l t r a t i o n ,  t ho  u n a l t e r e d  h a e n n >  
gh}t)in w a s  p r e c i p i t a t e d  l ty d i s s o l v i n g  t h e  c a l c u l a t e d  a m o u n t  of  p u l v e r i z e d  K[:t  21>Or a n d  l< eH P()  
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(equimolar quantities) to a final concentrat ion of 98 %. The precipitate was collected and dissolved 
in distilled water.  The haemoglobin was first converted to haemoglobin by adding a small a m o u n t  
of KaFe(CN)a and then to cyanhaemoglobin with KCN. The exact haemoglobin concentrat ion 
was determined by  reading the optical densities at 42oo° A and 54oo° A in a Beckman DU 
spect rophotometer .  

The anlounts  of the isolated haenloglobin in the three samples studied were 23 mg (-- o. 4 ° 0 
of the original amount) ,  17 mg ( =  o.35%) and 4 ° mg ( =  o.5% ) respectively. As there are 
relatively great  differences in the amino acid composit ion between the Hb-F  and the normal 
adult  component  some amino acid analyses are carried out  in the isolated proteins. The method 
used is the same as tha t  described previously e. The results given in Table I shows tha t  the isolated 
fractions have a s t rong tendency to the foetal haemoglobin in view of the higher amounts  of 
threonine, serine and isoleueine and the lowered amounts  of valine, tyrosine and histidine. :ks 
the differences between the isolated haemoglobins and the adult  component  are always smaller 
than  between the purified H b - F  and the Hb-A, it will be clear tha t  next to the foetal haemoglobin 

TABLE I 

THE QUANTITIES OF DIFFERENT AMINO ACIDS IN 48-HOUR HYDROLYSATES OF 
THE ISOLATED HAEMOGLOBINS AND OF Hb-A AND H b - F  

(the values are given in g / ioo  g protein) 

Amino acid Hb-A Hb-F Sample • Sample 2 Sample 1 

Aspartic acid lO. 5 lO.25 lO.6 lO.45 i l.o 
Th reonine 5.5 6.5 6.4 6.05 5-95 
Serine 4.45 5-85 5.6.5 5.85 5.2 
Glutamic acid 7.25 7.65 7.95 8.15 7.45 
Glycine 4.55 4 .6 4.7 4.35 4.9 
Alanine 9.95 9.7 9.6 9.8 9.9 
Valine lO.9 9.5 9 .8 9 .6 9.2 
Isoleucine o.35 1.85 1.5 i .6 i .4 
Leucine 15.15 15.3 15.8 15.5 I5.15 
Tyrosine 3.85 3.2 3-3 3.5 2.9 
Phenylalanine 7.85 7.85 7-5 8.o5 7-4 
Lysine 9-9 9-85 9.55 9.9 9.7 
Histidine 8.3 7-4 7-35 7.5 7.7 

some Hb-A (about 25% ) is also present.  Hence it follows tha t  the three haemoglobin samples 
studied contained o.3-0. 4 % of Hb-F.  During the procedure described here no notable quant i t ies  
of Hb-F  are precipitated together  with the adult  component.  To prove this, small amounts  of 
H b - F  from cord blood (8. 5 mg and 21. 5 mg respectively) were added to some haemoglobin samples 
of adults. The recovery was quite sat isfactory (io mg and 23. 5 mg respectively). 

From these data it will be clear tha t  small amounts  of alkali-resistant haemoglobin are 
demonstrable  in the blood of normal adult  individuals. The amino acid composit ion of this 
fraction makes it very likely t ha t  the alkali-resistant component  is identical with the foetal 
haemoglobin. The percentages of o.3-o. 4 which we found are much lower then those described 
by SINGER et al. 2 ; they are in correspondence with the small quanti t ies est imated with quant i ta t ive  
immunologic  techniques 4. 

Department of Pediatrics, University of Groningen (The Netherlands) 
T. H. J. HuIssLax 
J. H. P. JONXIS 
ANDR~E DOZV 

1 R. J~RINKMAN AND j .  H. P. JONXIS, d r. Physiol., 85 (1935) 117. 
2 K. ~INGER, •. I .  CHERNOFF AND g .  SINGER, t~lood, 6 (1951) 413 . 
3 W.  K//'NZER, Z. K inderhe i l k . ,  76 (1955) 56. 
4 A. I.  CHERNOFF, Blood, 8 (1953) 399. 
5 j .  ROCHE AND Y. DERRIEN, Sang, 24 (1953) 97. 
6 1). C. VAN DER SCHAAF AND T. H .  J .  HUISMAN, Bioch im .  ]3iophys. 14cta, 17 (1955) 81. 
7 y .  DERRIEN, Biochim. Biophys. ,4cta, 8 (1952) 631. 

Received September 3oth, 1955 


