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would  be  non- tox ic  (low h a e m a g g l u t i n a t i o n  and  p l a t e l e t  
agg lu t ina t ion )  and  of m o d e r a t e  p o t e n c y  in vivo.  These  
e x p e r i m e n t s  ind ica te  t h a t  l y m p h o c y t e  a n t i g e n - a n t i b o d y  
complexes  are immunogen ic .  Our  resul t s  also sugges t  t h a t  
b y  p r ec ip i t a t i on  w i t h  a n  a n t i s e r u m  ra ised aga ins t  cell 
m e m b r a n e s  we h a v e  selected a f r ac t ion  of the  cel lular  
an t i gens  which  leads  to  more  p o t e n t  a n d  less tox ic  
an t i s e r a  t h a n  are o b t a i n e d  aga ins t  whole  cells. A smal l  
a m o u n t  of a n t i s e r u m  ra ised  aga i n s t  h igh ly  pur i f ied  m e m -  
b r a n e  or soluble  a n t i g e n  2,~,~ could be  used to  p r e p a r e  
enough  complexed  a n t i g e n  to  i m m u n i z e  severa l  large  
animals ,  a n d  t he  a n t i g e n  need no t  be  recovered  f rom t h e  
complex.  F u r t h e r  i m m u n o l o g i c a l  p rocedures  wh ich  m i g h t  
p rove  useful  in t he  p r e p a r a t i o n  of A L S  are i l l u s t r a t ed  b y  
t h e  sequen t i a l  a g g l u t i n a t i o n  of e r y t h r o c y t e s  and  t h y m o -  
cytes  in  t he  f i rs t  e x p e r i m e n t  a n d  b y  t he  pr io r  a b s o r p t i o n  
of t he  a g g l u t i n a t i n g  a n t i s e r u m  w i t h  a n  i m m u n o a b s o r b e n t  
p r e p a r e d  f rom e r y t h r o c y t e s  in t h e  second expe r imen t .  

Rdsumd. Des c o m p l e x e s  an t i g6ne -an t i co rp s  pr6par6es  
p a r  r6ac t ion  du  s6rum a n t i l y m p h o c y t a i r e  (ALS) avec  des 
l y m p h o c y t e s  ou avec  des b r o y a t s  l y m p h o c y t a i r e s  f u r e n t  
in ject6es  aux  lapins.  Les A L S  o b t e n u  a ins i  des l ap ins  
fu ren t  immunod6presseur s .  Cet te  t e c h n i q u e  p e u t  ~tre 
uti l is6e pou r  ob t en i r  des ALS  plus  specif ique et  moins  
toxique .  
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Heme Synthetase in Thalassemia 

H e m e  s y n t h e t a s e  (HS) is t h e  m i t o c h o n d r i a l  e n z y m e  
wh ich  in t roduces  i ron  in to  p r o t o p o r p h y r i n  and  t h e r e b y  
pa r t i c i pa t e s  in  t he  l a s t  s tage  of he ine  synthes is .  A cl inical ly  
useful  t e s t  for m e a s u r e m e n t  of H S  a c t i v i t y  on cell lysa tes  
was  r ecen t ly  descr ibed  b y  BOTTOMLEY 1 a n d  closely fol- 
lowed in our  l abo ra to ry .  The  t e s t  is based  on  t he  progres-  
s ive i nco rpo ra t i on  of r ad i oac t i ve  i ron in to  heine,  us ing  
o p t i m a l  a m o u n t s  of p r o t o p o r p h y r i n  and  ferrous i ron as 
subs t ra tes .  The  increase  of specific r a d i o a c t i v i t y  of ex-  
t r a c t e d  and  c rys ta l l i zed  he ine  2 is l inear  du r ing  t he  f i rs t  
30 to  60 rain,  and  t h e  i n c o r p o r a t i o n  of r a d i o a c t i v i t y  m a y  
the re fore  be  expressed  per  m i n u t e  a n d  n u m b e r  of cells 
o r ig ina l ly  presen t .  The  c u r r e n t  i nves t iga t ions  were per-  
fo rmed  on pe r iphe ra l  b lood  r a t h e r  t h a n  bone  mar row.  
Af te r  r e m o v a l  of p l a s m a  and  t he  bu f fy  coat ,  H S  a c t i v i t y  
of washed  a n d  lysed red  cells was  measured .  P r io r  to  
hemolys i s  red  cells and  re t icu locytes  were counted .  

F i r s t  we e x a m i n e d  b lood  f rom 8 hema to log ica l ly  normal ,  
h e a l t h y  donors.  The  i n c o r p o r a t i o n  of r a d i o a c t i v i t y  in to  
he ine  per  ra in  and  5 • 109 red cells, inc lud ing  a b o u t  1.8% 
re t iculocytes ,  was  a p p r o x i m a t e l y  0 .04% of in i t ia l  radio-  
a c t i v i t y  added.  In  con t ras t ,  i n co r po r a t ed  r a d i o a c t i v i t y  
r eached  0.5% in t h e  b lood  of these  same  n o r m a l  ind iv i -  
duals  w h e n  we a t t r i b u t e d  t he  H S  a c t i v i t y  to  109 ret iculo-  
cytes .  B o t h  va lues  a p p e a r e d  n o r m a l  to  m a r k e d l y  increased  
in t he  blood o b t a i n e d  f rom 6 p a t i e n t s  w i t h  t h a l a s s e m i a  
major ,  a n d  t he  m e a s u r e d  ac t iv i t i e s  were more  va r i ab l e  
(Table).  

The  ra t io  of i ron i n c o r p o r a t i o n  in to  h e m e  a t t r i b u t e d  to 
109 re t i cu locy tes  (R) ove r  t h a t  ca l cu la t ed  pe r  5 • 109 red  
cells, inc lud ing  re t i cu loey tes  in t h e  pe rcen tages  i nd i ca t ed  
(E), aga in  was more  va r i ab l e  in  t he  t h a l a s s e m i a  group.  A 
decrease  in t he  r a t io  would  ind ica te  t h a t  r e l a t ive ly  more  
H S  a c t i v i t y  resides  w i t h  red  cells wh ich  h a v e  m a t u r e d  

Heine syn the tase  a c t i v i t y  of normal  and  thalassenfie hemolysa tes  

SgFe incorpora ted  into Normal  donors Thalassemia  
berne/ ra in /number  of cells (mean -[- s t andard  (range) 
(%) deviation) 

5 • 109 e ry th rocy tes  (E) 0.037 -E 0.017 0.09 --  4.0 
109 re t iculocytes  (R) 0.530 i 0.244 0.70 --  7.3 

retieulocyte nunlber av.: 1.8% 1 -- 14% 
ratio R/E av. : 14.3 1.3 -- 20.4 

b e y o n d  t he  s tage of t he  re t iculocyte ,  i.e. H S  a c t i v i t y  
r ema ins  longer  w i t h  m a t u r i n g  red  cells or, a l t e r n a t i v e l y  
and  more  likely,  t he  p r o p o r t i o n  of young  red  cells is in- 
creased.  

Our  resul t s  do no t  ref lect  m e c h a n i s m s  con t ro l l ing  h e m e  
syn thes i s  b y  n o r m a l  a n d  t ha l a s semic  re t ieu locytes  or red  
cells. He ine  syn thes i s  is indeed  in f luenced  b y  t he  avai l -  
ab i l i ty  of t he  p ro t e in  m o i e t y  of h e m o p r o t e i n s  3, a l t h o u g h  
the  m e c h a n i s m  of r educ t i on  of he ine  syn thes i s  in  tha las -  
semia  is no t  well  u n d e r s t o o d  4. Ea r l i e r  s tud ies  of STEINER 
et  al. 5 on  H S  of bone  m a r r o w  suggested  t h a t  th i s  e n z y m e  
also was reduced  in tha l a s semia .  However ,  H S  va lues  
expressed  per  n u m b e r  of b o n e  m a r r o w  e r y t h r o b l a s t s  
inc lude  t he  pool  of ineffec t ive  e ry th ropo ies i s  in  th i s  dis- 
order.  Our  p r e sen t  resul t s  i nd i ca t e  t h a t  H S  a c t i v i t y  of 
circulating red cells a n d / o r  re t i cu locy tes  of t ha l a s semic  
b lood is n o r m a l  or increased,  r a t h e r  t h a n  reduced  as a 
consequence  of impa i r ed  g lobin  syn thes i s  ~. 

Zusammen/assung. H A m s y n t h e t a s e  (HS)-Akt ivi t~t t  zir- 
ku l i e render  R e t i k u l o z y t e n  u n d  E r y t h r o z y t e n  v o n  Normal -  
s p e n d e r n  u n d  P a t i e n t e n  m i t  ThalassAmie  wurde  in v i t ro  
b e s t i m m t .  H S  war  n o r m a l  oder  e r h 6 h t  be i  Thalass~Lmie. 
Jugendl iche ,  fiber das  S t a d i u m  des R e t i k u l o z y t e n  h i n a u s  
gereif te  E r y t h r o z y t e n  e n t h a l t e n  wahrsche in l i ch  noch  e inen  
s ign i f ikan ten  Ante i l  der  im p e r i p h e r e n  B l u r  messba ren  
H S - A k t i v i t ~ t .  
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