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da t ive  p h o s p h o r y l a t i o n  n o r  o p t i c a l  d e n s i t y  seems to b e  
n o t a b l y  i m p a i r e d ,  b u t  t h e  n i t r o g e n  c o n t e n t  of mi to -  
chondr ia l  s u s p e n s i o n s  decreases  s ign i f i can t ly .  The re fo re  
this  s econd  t y p e  of a v i t a m i n o s i s  wou ld  a p p e a r  to  a f fec t  
the  m i t o c h o n d r i a l  p o p u l a t i o n  r a t h e r  t h a n  ene rge t i c  
m e t a b o l i s m  or  s t r u c t u r a l  i n t e g r i t y  of t h e  p r o t o p l a s m i c  
granules .  

5 9 %  of H b - A .  No  d i f f e rences  were  f o u n d .  I n  b o t h  cases  
a f r ac t i on  was  p r e s e n t  w h i c h  was  s a l t e d  o u t  a t  a some-  
w h a t  h i g h e r  p h o s p h a t e  c o n c e n t r a t i o n  t h a n  t h e  n o r m a l  
a d u l t  h a e m o g l o b i n  a n d  t h e  a b n o r m a l  H b - E  t h a t  h a s  t h e  
s a m e  so lub i l i t y  as  H b - A  g. 

I g In 

Is A l k a l i - R e s i s t a n t  H a e m o g l o b i n  in Cooley's  
Anaemia  Different  f r o m  F o e t a l  H a e m o g l o b i n  ? 

R e c e n t l y  PEROSA a n d  BINI 1 r e p o r t e d  in t h i s  J o u r n a l  
some d i f fe rences  b e t w e e n  t h e  a l k a l i - r e s i s t a n t  h a e m o -  
globin f r a c t i o n  in Coo tey ' s  a n a e m i a  a n d  t h e  foeta l  
h a e m o g l o b i n  f rom co rd  blood.  T h e s e  d i f fe rences  were 
found in (1) t h e  r a t e s  of d e n a t u r a t i o n  of t h e  c a r b o n  
monox ide  d e r i v a t e s  b o t h  b y  a lka l i  a n d  b y  ac ids ;  (2) t he  
ra te  of d e n a t u r a t i o n  of t h e  c o r r e s p o n d i n g  o x y h a e m o -  
globins b y  acids ,  wh i l e  (3) t h e r e  were  a lso  i n d i c a t i o n s  
t h a t  p a p e r  e l e c t ropho re s i s  g ives  e v i d e n c e  of a d i f fe ren t  
b e h a v i o u r  for  b o t h  h a e m o g l o b i n s .  

However ,  a n u m b e r  of o t h e r  p r o p e r t i e s  h a v e  been  
r epo r t ed  in  t h e  l i t e r a t u r e ,  in  w h i c h  t h i s  h a e m o g l o b i n  a n d  
the  foe ta l  h a e m o g l o b i n  b e h a v e  i d e n t i c a l l y :  t h e  u l t r a -  
violet  s p e c t r a l  a b s o r p t i o n  ~, i m m u n o l o g i c a l  b e h a v i o u r  3, 
the  d e n a t u r a t i o n  r a t e  of t h e  o x y h a e m o g l o b i n s  b y  a lka l i  4 
and  t h e  N - t e r m i n a l  r es iduesL  T h e r e f o r e  i t  is n o t  ye t  
clear w h e t h e r  t h e  a b n o r m a l  h a e m o g l o b i n  in  Cooley ' s  
a n a e m i a  is i d e n t i c a l  w i t h  t h e  foe ta l  h a e m o g l o b i n  f rom 
cord b lood  or  no t .  

Some o t h e r  t e c h n i q u e s ,  b y  w h i c h  d i f fe rences  b e t w e e n  
the  n o r m a l  a d u l t  H b  a n d  t h e  foe ta l  H b  h a v e  b e e n  found ,  
are :  s a l t i n g - o u t  e x p e r i m e n t s  6, c h r o m a t o g r a p h i c  ana ly se s  7 
and  t h e  e s t i m a t i o n  of  t h e  a m i n o  ac id  c o m p o s i t i o n  s . B y  
app ly ing  the se  3 m e t h o d s  to  t h e  a l k a l i - r e s i s t a n t  h a e m o -  
globin in  Cooley ' s  a n a e m i a ,  i t  m a y  b e  poss ib le  to  con t r i -  
bu te  t o w a r d s  t h e  r e s o l u t i o n  of t h e  p r o b l e m .  

Fo r  t h e  i n v e s t i g a t i o n s  r e p o r t e d  here ,  a b lood  s a m p l e  
was used  of a l i t t l e  b o y  su f fe r ing  f rom Cooley ' s  a n a e m i a .  
Besides t h e  n o r m a l  a d u l t  H b  a n d  t h e  a l k a l i - r e s i s t a n t  
f ract ion,  t h e  b lood  also c o n t a i n e d  a c e r t a i n  a m o u n t  of 
the  a b n o r m a l  h a e m o g l o b i n  E L  As i t  was  poss ib le  to  
sepa ra te  t h e  a l k a l i - r e s i s t a n t  f r a c t i o n  c o m p l e t e l y  f rom 
the  o t h e r  2 H b ' s  b y  m e a n s  of  a c h r o m a t o g r a p h i c  p roce-  
dure, t h e  p r e s e n c e  of t h e  a b n o r m a l  h a e m o g l o b i n  E d id  
not  in f luence  t h e  r e su l t s  o b t a i n e d .  

The  s a l t i n g - o u t  e x p e r i m e n t s  were  ca r r i ed  o u t  as 
descr ibed b y  DERRIEN x° u s ing  a 3'5 m o l a r  p h o s p h a t e  
buffer  so lu t ion ,  p H  6-5. 2 h a e m o g l o b i n  s a m p l e s  were  
i nves t i ga t ed  : t h e  h a e m o g l o b i n  of t h e  p a t i e n t  (41% alkal i -  
r e s i s t an t  f r ac t ion ,  m e a s u r e d  b y  t h e  m e t h o d  of BRINK- 
MAN a n d  J o ~ x l s  ix a n d  b y  a c h r o m a t o g r a p h i c  t e c h n i q u e  ~) 
and an  a r t i f i c ia l  m i x t u r e ,  c o n t a i n i n g  4 1 %  of H b - F  a n d  
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The chromatographic behaviour of the alkali-resistant haemoglobin 
in Cooley's anaemia. 

I. Cooley trait tfather of the patient studied; alkali resistant 
fraction 9%) ; 

II. Cooley trait after addition of Hb-F. 
III. Cooley's anaemia. 
IV. Normal adult Hb. 

Also t h e  c h r o m a t o g r a p h i c  b e h a v i o u r  of t h e  a lka l i -  
r e s i s t a n t  h aemo g l o b i n ,  p r e s e n t  in t h e  b lood  of t h e  p a t i e n t  
s t u d i ed  was iden t i ca l  w i t h  t h a t  of foe ta l  h a e m o g l o b i n .  
T h e  F igu re  shows some  resu l t s  o b t a i n e d  w i t h  t h e  " c u -  
v e t t e  m e t h o d "  us ing  t h e  c a t i o n  e x c h a n g e r  A m b e r l i t e  
I R e - 5 0  ( X E - 6 4 ) L  I t  wil l  be  n o t e d  t h a t  H b - A  a n d  
H b - E  h a v e  p rac t i ca l l y  t h e  s a m e  r a t e  of d i s p l a c e m e n t .  

The amino acid composition of a 48 h hydrolysate of the alkali- 
resistant fraction in Cooley's anaemia' 

Amino Acid 

Aspartic 
Threouine 
Serine 
Glutamic 
Proline 
Glycine . . . . . . . . . .  

Alkali-resistant 
fraction 

10.9 
6.3 
5.5 
7.85 
4.05 
4-3 

Atanine 
Cystine/~ 
Valine 
Isoleucine 
Leucine.  
Tyrosine 
Phenylalanine 
Lysine 
Histidine 
Arginine 

9-65 
0"95 
9"35 
1"75 

15"1 
3"15 
7"9 
9"7 
7'25 
3"3 

Hb-F Hb-A 

0-25 10 .5  
6.5 5"5 
5.85 4.45 
7.65 7.25 
4.2 4.95 
4.6 4.55 
9.7 9-95 
0-95 1-00 
9.5 10.9 
1.85 0.35 
5.3 15.15 
3'2 3"85 
7-85 7"85 
9.85 9-9 
7.4 8.3 
3.35 3-35 

The values are given as g]100 g protein. 

B y  c o m p l e t e  e l u t i o n  on  a n  A m b e r l i t e  I R C - 5 0  ( X E - 6 4 )  
co lumn ,  i t  was  poss ib le  to  i so la te  t h e  a l k a l i - r e s i s t a n t  
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f r a c t i o n  free  f r o m  t h e  o t h e r  c o m p o n e n t s .  T h i s  f r a c t i o n  
was  u s e d  for  t h e  e s t i m a t i o n  of t h e  a m i n o  ac id  compos i -  
t i on .  T h e  ana lyses  were  ca r r i ed  o u t  in  t h e  m a n n e r  
d e s c r i b e d  ear l ie r  s. T h e  r e s u l t s  o b t a i n e d  a r e  g i v e n  in  
T a b l e  I a n d  c o m p a r e d  w i t h  t h o s e  d e s c r i b e d  for  b o t h  
n o r m a l  a d u l t  a n d  foe tM h a e m o g l o b i n .  N o  s i g n i f i c a n t  
d i f fe rences  a re  p r e s e n t  b e t w e e n  t h e  a lka l i= re s i s t an t  H b  
in  Cooley 's  a n a e m i a  a n d  t h e  foe ta l  h a e m o g l o b i n .  I n  b o t h  
cases t h e  s a m e  inc rea se  in t h e  c o n t e n t s  of t h r e o n i n e ,  
serine,  i so leuc ine  a n d  p e r h a p s  g l u t a m i e  acid,  a n d  t h e  
s ame  dec rease  in  the '  p e r c e n t a g e s  of pro l ine ,  va l ine ,  
t y r o s i n e  a n d  h i s t i d i n e  a re  f o u n d  as  c o m p a r e d  w i t h  
n o r m a l  a d u l t  l i b .  

S u m m a r i z i n g ,  i t  h a s  b e e n  p o i n t e d  o u t  t h a t  t h e  a lka l i -  
r e s i s t a n t  h a e m o g l o b i n  in  Cooley ' s  a n a e m i a  does  n o t  
d i f fer  f r o m  foe t a l  h a e m o g l o b i n ,  w i t h  r e s p e c t  to  i t s  so lubi -  
l i ty ,  t h e  c h r o m a t o g r a p h i c  b e h a v i o u r  a n d  t h e  a m i n o  ac id  
c o m p o s i t i o n .  T h e s e  d a t a  s u p p o r t  t h e  h y p o t h e s i s  t h a t  
Cooley ' s  a n a e m i a  a n d  foe ta l  H b ' s  a re  i d e n t i c a l .  

T. H .  J .  HUISMAN, H.  t C  PRINS, 
a n d  P.  C. VAN DER SCItAAI; 

Department o] Pediatrics, University o/ Groningen, 
October 3, 1955. 

Zusammen/assung 

E s  w u r d e  fes tges te l l t ,  dass  s ich  da s  a l k a l i r e s i s t e n t e  
H a e m o g l o b i n  be i  Coaleys  A n a e m i e  u n d  f6 ta les  H a e m o g l o -  
b i n  g le ich  v e r h a l t e n  in  b e z u g  a u f  i h r e  L6s l i chke i t ,  i h r e  
c h r o m a t o g r a p h i s c h e  A u f t r e n n u n g  a n d  die Z u s a m m e n -  
s e t z u n g  i h r e r  A m i n o s A u r e b a u s t e i n e .  Die  R e s u l t a t e  s t i i t -  
zen  die l i y p o t h e s e  e i n e r  Ident i t~£t  d e r  b e i d e n  u n t e r -  
s u c h t e n  H a e m o g l o b i n a r t e n .  

C h a n g e s  in Red Cel ls  M e t a b o l i s m  in P r e s e n c e  
of  I n c o m p l e t e  A n t i b o d i e s  

A l t h o u g h  t h e  i n c o m p l e t e  a n t i b o d i e s  l a rge ly  a c c o u n t  
for  t h e  h a e m o l y s i s  in  e r y t h r o b l a s t o s i s  foe tMis  a n d  in  
a c q u i r e d  h a e m o l y t i c  a n a e m i a s ,  n o  d e f i n i t e  k n o w l e d g e  
h a s  so f a r  b e e n  g a i n e d  as t o  t h e i r  a c t i o n  m e c h a n i s m .  I t  
c a n  r e a d i l y  be  d e m o n s t r a t e d  t h a t  t h e  r e d  cells h a v e  
a d s o r b e d  i n c o m p l e t e  a n t i b o d i e s  on  t h e i r  su r faces  1, b u t  
in  w h i c h  w a y  t h e  a n t i b o d y - c o a t e d  e r y t h r o c y t e s  a re  
d e s t r o y e d  is s t i l l  a p r o b l e m  to  b e  so lved.  

T h e  i n c o m p l e t e  a n t i b o d i e s  d i s p l a y  in vitro a g g l u t i n a t -  
ing  power  o n l y  w h e n  spec ia l  devices ,  s u c h  as t h e  use  of 
b o v i n e  a l b u m i n  m e d i a  z or  t r y p s i n i z e d  e r y t h r o c y t e s  ~, a re  
emp loyed ,  b u t  i t  is d o u b t f u l  w h e t h e r  t h e s e  t y p e s  of 
sero logica l  r e a c t i o n s  c a n  b e  c o m p a r e d  w i t h  t h e  a g g l u t i n a -  
t i o n  d e t e r m i n e d  b y  c o m p l e t e  a n t i b o d i e s .  I t  c a n  b e  shown ,  
for  example ,  t h a t  n o r m a l  s e r e  m a y  also, u n d e r  c e r t a i n  
cond i t ions ,  a g g l u t i n a t e  t h e  t r y p s i n i z e d  e r y t h r o c y t e s  4, 
b u t  in  n o  case  does  t h e  c o m p l e m e n t  a d d i t i o n  r e s u l t  in 
vitro in  h a e m o l y s i s  of i n c o m p l e t e  a n t i b o d y - c o a t e d  r e d  
cells. 

T h e  in vitro b e h a v i o r  of i n c o m p l e t e  a n t i b o d i e s  does  
n o t  c o r r e s p o n d  to  a n  a c t u a l  a g g l u t i n a t i n g  p o w e r  in vivo: 
t h e  p re sence  of s l udged  b l o o d  as  s h o w n  b y  WASA- 
STJ~RNA et al. ~ in  t h e  c o n j u n c t i v a l  vesse ls  of p a t i e n t s  w i t h  
h a e m o l y t i c  a n a e m i a  a n d  p o s i t i v e  C o o m b s  tes t ,  c a n n o t  
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b e  c o n s i d e r e d  as de f in i t e  e v i d e n c e  of i n t r a v a s c u l a r  agglu-  
t i n a t i o n  s ince  s u c h  p h e n o m e n o n  c a n  also b e  f o u n d  in  a 
w ide  v a r i e t y  of d iseases  6, w h e n e v e r  t h e  b l o o d  s e d i m e n t a -  
t i o n  r a t e  is i n c r e a s e d  ;, t h u s  s u g g e s t i n g  t h a t  t h e  b lood 
s ludge  f o r m a t i o n  is a p r o d u c t  of r o u l e a u x  a g g r e g a t i o n  
r a t h e r  t h a n  a n  i m m u n o l o g i c a l  r e ac t i on .  

T h e  p u r p o s e  of t h i s  s t u d y  is to  t e s t  t h e  pos s ib i l i t y  t h a t  
t h e  r e d  cell  m e t a b o l i s m  ( and  espec ia l ly  t h e  g lyco ly t i c  and  
t h e  c h o l i n e s t e r a s e  ac t iv i t i e s )  m a y  be  a f f ec t ed  b y  in- 
c o m p l e t e  a n t i b o d i e s .  I t  is k n o w n  t h a t  in  m a m m a l i a n  red 
cells t h e  e n e r g y  a v a i l a b l e  as a r e s u l t  of m e t a b o l i c  acti-  
v i t y  a r i ses  ch ie f ly  f rom glycolys is  8 a n d  t h a t  t h e  electro-  
l y t e  b a l a n c e  ins ide  t h e  cell is m a i n t a i n e d  b y  t h i s  ene rgy  9. 
Neve r the l e s s ,  a g lyco lys i s  i n h i b i t i o n ,  h o w e v e r  i t  is 
ach ieved ,  b r i n g s  a b o u t  a loss of K a n d  a n  a c c u m u l a t i o n  
of i n t r a c e l l u l a r  N a  w i t h  i nc rease  of cell  w a t e r  1, t hus  
c a u s i n g  t h e  swel l ing  of t h e  e r y t h r o c y t e .  

Ch o l i n e s t e r a s e  a lso i n t e r f e r e s  w i t h  r e d  cell  c a t ion  
e x c h a n g e  I°, a n d  m o r e o v e r  a close r e l a t i o n s h i p  ex i s t s  be- 
t w e e n  g lycolys is  a n d  c h o l i n e s t e r a s e  a c t i v i t y ~ L  

T h e r e  is s o m e  e v i d e n c e  t h a t  a p a r t  a t  l e a s t  of the  
e n z y m e s  i n v o l v e d  in  t h e s e  e n z y m a t i c  s y s t e m s  is loca ted  
a t  t h e  cell  su r faces  ~ ,  so t h a t  t h e  i n c o m p l e t e  an t ibod ie s ,  
w h e n  a d s o r b e d  o n  to  r ed  cel l  m e m b r a n e ,  m i g h t  e x e r t  a 
d i r e c t  d a m a g i n g  ac t ion .  

I n  t h i s  r e p o r t  we wil l  e x a m i n e  t h e  e f fec t  of i ncomple t e  
a n t i b o d i e s  u p o n  e r y t h r o c y t e  glycolysis .  

Materials and Methods. O u r  e x p e r i m e n t s  were  carr ied 
o u t  u p o n  t o t a l  d e f i b r i n a t e d  b l o o d  a n d / o r  r ed  cells washed  
a n d  s u s p e n d e d  in  T y r o d e  s o l u t i o n ;  in  some  cases,  Ar- 
m o u r  b o v i n e  a l b u m i n  was  a d d e d  to  t h e  sens i t i zed  red 
cells to  a c h i e v e  a g g l u t i n a t i o n .  T h e  t e c h n i c a l  de t a i l s  can 
b e  f o u n d  in  t h e  Tab les .  As  a sou rce  of i n c o m p l e t e  an t i -  
bodies ,  a n  a n t i - D  s e r u m ,  w h o s e  i s o a g g l u t i n i n s  were 
p r e v i o u s l y  c a r e f u l l y  a d s o r b e d ,  w a s  used .  T h e  i ncomple t e  
a g g t u t i n i n s  t i t r e  of t h i s  s e r u m  w as  1 : 256 ( + )  i n  bov ine  
a l b u m i n  o r  w i t h  t r y p s i n i z e d  e r y t h r o c y t e s .  I t s  effect ive-  
ness  w as  c o n t r o l l e d  in  al l  e x p e r i m e n t s  b y  c a r r y i n g  out  
t h e  C o o m b s  t e s t  o n  r e d  cells  a f t e r  g lycolys is  e s t i ma t i o n .  
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