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smal l  a m o u n t s  of H b  A,. H a p t o g l o b i n  was  a b s e n t  in  
t h e  blood.  

Cons ider ing  t he  n o r m a l  h e m o g l o b i n  c o n t e n t  of t h e  r e d  
ceils, we m u s t  conc lude  t h a t  t h e  a b n o r m a l  c o m p o n e n t  in  
p l a s m a  a n d  u r ine  r e p r e s e n t s  a s e c o n d a r y  h e m o g l o b i n  
a l t e r a t ion .  A s imi la r  f a s t - m o v i n g  p s e u d o a b n o r m a l  h e m o -  
g lobin  was f o u n d  in  2 o t h e r  cases of h e m o l y t i c  anemias .  

Case 2. B y  c o u r t e s y  of Prof .  DAClE, London ,  we re- 
ce ived a s e r u m  sample  f rom a n  a d u l t  ma le  w i t h  h e m o l y t i c  
a n e m i a  fol lowing ca rd iac  opera t ion .  The  p a t i e n t  was  
ope ra t ed  t h r e e  m o n t h s  p rev ious ly  a n d  a v a l v e  p ros thes i s  
was  p laced  in t he  ao r t i c  va lve  region.  W e  found  a secon-  
d a r y  a h a p t o g l o b i n e m i a  a n d  in t he  s t a r c h  b lock  e lee t ro-  
phores is  two benz id ine  pos i t ive  f rac t ions ,  one  w i t h  t h e  
m o b i l i t y  of  m e t h e m a l b u m i n  a n d  t he  o t h e r  m i g r a t i n g  
s l igh t ly  f a s t e r  t h a n  H b  Ax. No n o r m a l  free H b  A 1 was  
p resen t .  

Case 3. In  a b lood sample  de r iv ing  f rom a n  a d u l t  female  
w i t h  a h e m o l y t i c  crisis of u n k n o w n  origin,  p a r t i a l l y  de te-  
r i o r a t ed  d u r i n g  t r a n s p o r t ,  a s imi l a r  f r ac t ion  was d e m o n -  
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s t r ab l e  in  t h e  h e m o l y s a t e  co r r e spond ing  to 37% of t h e  
t o t a l  hemog lob in .  A t  p H  6.5 t h i s  f r ac t ion  m i g r a t e d  more  
s lowly  t o w a r d s  t h e  c a t h o d e  t h a n  H b  A~. Af t e r  t h e  h e m o -  
ly t ic  crisis no  a b n o r m a l  h e m o g l o b i n  was d e t e c t a b l e  in  
e r y t h r o c y t e s  a n d  p l a sma .  

A co r r e spond ing  h e m o g l o b i n  f r ac t ion  can  easi ly  be  p ro -  
duced  in  v i t ro .  I n  a I resh ar t i f ic ia l  m i x t u r e  of n o r m a l  
h e m o l y s a t e  w i t h  n o r m a l  p l a s m a  no  a b n o r m a l  h e m o g l o b i n  
is d e m o n s t r a b l e ,  b u t  a f t e r  s to rage  of t h e  m i x t u r e  a t  
+ 4°C for  10 days ,  a f a s t - m o v i n g  h e m o g l o b i n  c o m p o n e n t  
ap p ea r s  w i t h  t h e  m o b i l i t y  descr ibed  he re  atx)ve. 

In  all these  cond i t i ons  t h e  s ame  f r ac t ions  were  o b t a i n e d  
w h e n  t h e  h e m o g l o b i n  was c o n v e r t e d  in to  m e t h e m o g l o b i n ,  
m e t h e m o g l o b i n  c y a n i d e  or  c a r b o x y h e m o g l o b i n .  W e  m u s t  
a s s u m e  t h a t ,  a f t e r  hemolys i s  w i t h  c o n s u m p t i o n  of t h e  
whole  p l a s m a  h a p t o g l o b i n ,  a c e r t a i n  a l t e r a t i o n  or  com-  
b i n a t i o n  of t h e  free h e m o g l o b i n  is p r o d u c e d  s lowly in 
v i t r o  a n d  more  r ap i d l y  in vivo.  M e t h e m a l b u m i n  a n d  
h e m o g l o b i n  b o u n d  to h a p t o g l o b i n  can  be  exc luded,  a n d  
t h e  co mp l ex  of h e m o g l o b i n  w i t h  g l u t a t h i o n e  fo rmed  
n o r m a l l y  in  old h e m o l y s a t e s  n e v e r  r e p r e s e n t s  a f r ac t ion  
w i t h  s h a r p  s e p a r a t i o n  in e lec t rophores is .  F u r t h e r  inves t i -  
ga t ions  are  in progress  to  c la r i fy  t h e  n a t u r e  of t h i s  pseudo-  
a b n o r m a l  h e m o g l o b i n  1 

Zusammen/assung. Es wi rd  e in  p s e u d o a n o m a l e s  H~imo- 
g lobin  beschr ieben ,  das  be i  Z i r k u l a t i o n  y o n  f re iem 
H/~moglobin im P l a s m a  e n t s t e h t  u n d  im U r i n  ausgeschie-  
d en  wird.  Es  h a n d e l t  s ich u m  eine sekund/ i re  Ver~Lnderung 
des B lu t f a rbs to l f e s ,  die y o n  de r  H a p t o g l o b i n -  u n d  Glu ta -  
t h i o n b i n d u n g  v e r s c h i e d e n  ist. 
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l~ledizinische Universiltitspoliklin~k, Basel 
(Switzerland), Jan.uary 18, 1965. 

Starch block electrophoresis pH 8.6. Left and right: normal hemo- 
lysate. Middle: plasma after hemolytic crisis in paroxysmal noc- 
turnal hemoglobinuria (case 1). The benzidine reaction reveals free 
Hb A~ and a fast-moving component. Methemalbumin is removed. 
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Influence of Thiol-Inhibiting Substances on the 
Effects of Ethyl Methane Sulphonate (EMS) on 

Chromosomes 

Copper  a n d  zinc ions  were d e m o n s t r a t e d  to e n h a n c e  t h e  
a b e r r a t i o n  r a t e  p r o d u c e d  b y  E M S  on  c h r o m o s o m e s  1. 
O t h e r  ions  were also r e p o r t e d  to  mod i fy  t he  c h r o m o s o m e  
b r e a k i n g  ab i l i t y  of m u t a g e n i c  c o m p o u n d s  of t h e  m e s y l o x y  
group.  T h e  mod i f i c a t i on  was  s t r o n g e r  for  m o n o f u n c t i o n a t  
t h a n  for  d i f u n c t i o n a I  c o m p o u n d s  2 

T h e  p r o b l e m  ar ises  of t h e  poss ib le  m e c h a n i s m s  b y  
wh ich  ions can  m o d i f y  t h e  c h r o m o s o m e  b r e a k i n g  a b i l i t y  
of EMS,  

On  t h e  one  h a n d ,  for  c o p p e r  a n d  zinc, t h e  poss ib i l i ty  o i  
a chemica l  r eac t i on  w i t h  E M S  lead ing  to a new s u b s t a n c e  
w i t h  c h a n g e d  m u t a g e n i c i t y  was  ru led  o u t  8. T h e  m a x i m u m  
synerg i s t i c  effect  was  found  w h e n  t h e  ions were  a d d e d  
before  E M S  t r e a t m e n t  s. Th i s  effect  was  p H -  a n d  t e m -  
p e r a t u r e - d e p e n d e n t .  

On  t h e  o t h e r  h a n d ,  i t  was  supposed  t h a t  some  ions 
cou ld  i n t e r a c t  w i t h  t h e  a c t i v i t y  of some e n z y m a t i c  sys-  

1 j .  and M. MOUTSCHEN-DAHMI~N, Exper. ]9, 144 (1963). 
2 j .  MOUTSCKEN, Thesis, Universit4 Liege (1964). 
8 j .  and M. MO~JTseHE~-DA~MEN, Rad. Bot. 3, 297 (1963), 
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t e rns  w h i c h  would  c o n s e q u e n t l y  mod i fy  t he  r eac t i v i t y  of 
t h e  a l k y l a t i n g  a g e n t  a t  t h e  c h r o m o s o m e  level, or the  re- 
j o in ing  c a p a c i t y  of t he  c h r o m o s o m e  f ragments .  

I n  o rde r  to  d i s c r i m i n a t e  be t w een  these  possibilit ies,  
s u b s t a n c e s  k n o w n  to  i nh i b i t  more  specifically enzyma t i c  
r eac t i ons  were  t es ted .  

S u b s t a n c e s  r eac t i ng  w i t h  th io l  groups  are  numerous  
(for a r ev i ew see a a n d  5). S u b l i m a t e  (HgC12) a n d  neo- 
a r s p h e n a m i n e  ( sodium sa l t  of m-d iamino-p-d ioxy-a r seno-  
b e n z e n e  m e t h y l e n e  su lphoxy l i c  acid) were chosen  for the  
p r e s e n t  i nves t iga t ion .  

D r y  b a r l e y  seeds  (caryopsis)  of var .  pirol ine and  d ry  
V i c i a  f a b a  ssp. m i n o r  var .  A k e r b 6 n a  Weibu l l  seeds were 
t r e a t e d  for 2 h a t  doses r a n g i n g  f rom xJx ~- 10-~M to 
4 .  1 0 - ~ M  for HgCI~ a n d  1 ,  1 0 - 4 M  to 1 . 1 0 - ~ M  for 
n e o a r s p h e n a m i n e .  

Af te r  w a s h i n g  w i t h  r u n n i n g  bidis t i l led  water ,  t he  
m ~ t e r i a l  was  i m m e r s e d  in a so lu t ion  con ta in ing  0.025 g 
to  0.8 g E M S  pe r  100 ml  b id is t i l l ed  water .  Seeds were 
g rown  as desc r ibed  in  a p rev ious  p a p e r k  Chromosome 
a b e r r a t i o n s  were  o b s e r v e d  a n d  recorded  dur ing  the  f irst  
m i to t i c  cycle a f t e r  ge rmina t i on .  

Fo r  m e t a p h a s e  o b s e r v a t i o n s  in V i c i a ,  seeds were 
t r e a t e d  success ive ly  w i t h  HgCla 1 0 - n M  for 3 h and  EMS 
0.4 g for  2-3  h, a n d  roo t  t ips  were a f t e rwards  t rea ted  

w i t h  a cotchic ine  so lu t ion  (0.05 g pe r  100 ml  for l t / 2 - 2  h)  
before  f ixa t ion  (Carney  for  Z h). 

P r e l i m i n a r y  e x p e r i m e n t s  were des igned  to  m e a s u r e  the  
t ox ic i ty  of t he  two  sal ts  a n d  to  a d j u s t  c o n c e n t r a t i o n s  
which  would  no t  b y  t h e m s e l v e s  induce  c h r o m o s o m e  
aber ra t ions .  

C o n c e n t r a t i o n s  of s u b l i m a t e  a n d  n e o a r s p h e n a m i n e  re- 
spec t ive ly  h ighe r  t h a n  1 0 - 4 M  a n d  I 0 - 2 ~ I  s h o u l d  be  
avo ided  owing to  t he i r  tox ic i ty .  

I n  F igure  l a  a n d  l b  i t  c an  be  seen t h a t  inc reased  con-  
c e n t r a t i o n s  of HgCI~ a n d  n e o a r s p h e n a m i n e  can  in f luence  
the  a m o u n t  of a b n o r m a l  a n a p h a s e s  p r o d u c e d  b y  a single 
dose of EMS (0.4 g%) .  

These  curves  r each  a p la t eau .  I t  shows t h a t  i t  is n o t  
necessary  to  use c o n c e n t r a t i o n s  h ighe r  t h a n  2 .  10 -~kI  
for HgCI 2 and  1 0 - a M  for n e o a r s p h e n a m i n e .  

I t  could  be  p r o v e d  t h a t  a t  t he  o p t i m u m  c o n c e n t r a t i o n ,  
the  a m o u n t  of d a m a g e  is p r o p o r t i o n a l  to  E M S  concen-  
t r a t i o n  (Figure  2a a n d  2b). 

This  conclus ion  was  also r eached  for  Cu ++ a n d  Zn  ++ 1. 

4 Z. M. BACQ, Exper. 2, 349 (1946}. 
'~ Z, 1~I. BAcQ, Actual. biochim., vol, 8 (1947). 
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Fig. la. Hordeum sat ivum - Percentages of chromosome aberrations 
at  anaphase for different HgCl~ concentrations (300 anaphases). 
EMS concentration: 0.4 g[100 ml. White circles: salt alone. Squares: 

controls. 
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Fig. 2a. Hordeum sativum - Percentages of chromosome aberrations 
at anaphase for different EMS concentrations (300 anaphases). 
HgCl 2 concentration: t - 10 ~M. White circle:  salt alone, Squares: 

controls. 
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Fig. lb. I tordeum sat ivum - Percentages of chromosome aberrations 
at anaphase for different neoarsphenamine concentrations (300 aria- 
phases), EMS concentration: 0.4 g/100 ml. White circles: salt alone, 

Squares: controls. 
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Fig. 2b. Hordeura sativum - Pereetttages of ehromosonw aberrations 
at anaphase for different EMS concentrations (200 anaphases}. 
Neoarsphenamine concentration: l - 1 0  =M, White circles: salt 

alone. Squares: controls. 
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As in t h e  case of these  t w o  ions,  i t  could  be  p r o v e d  t h a t  
t he  in f luence  of t he  two  i n v e s t i g a t e d  c o m p o u n d s  was  de- 
p e n d e n t  on  t h e  p H  of t he  so lu t ion  (F igure  3a a n d  b). F o r  
Hg++, a n  o p t i m u m  ex is t s  a t  p H  7.3, w he r ea s  for  neo-  
a r s p h e n a m i n e  t he  a c t i v i t y  seems to  inc rease  c o n t i n u o u s l y  
a t  a lka l ine  p H  w i t h i n  t h e  l imi t s  of t h e  doses  i nves t i ga t ed .  

T h e  a c t i v i t y  of these  c o m p o u n d s  is lower  t h a n  for  cop-  
pe r  a n d  zinc. A l im i t i ng  f ac to r  for  I tg++ is i t s  tox ic i ty .  
The  resul t s  a b o u t  t h e  p H  d e p e n d a n c e  could  be  fa i r ly  
c o m p a r e d  w i t h  t hose  o b t a i n e d  w i t h  Cu ++ a n d  Z n  ++, whe re  
t h e  o p t i m u m s  were r e spec t ive ly  p H  7.8 a n d  7.2. 

T h e  ana lys i s  of m e t a p h a s e  d a m a g e  was  ca r r ied  o u t  
w i t h  Vicia [aba. W i t h  HgCI~, i t  was  found  t h a t  in  th i s  
species t he  synerg i s t i c  effect  is s t i l l  more  e v i d e n t  t h a n  for  
bar ley .  

I n  F igure  4, i t  c an  be  seen t h a t  al l  classes of c h r o m a t i d  
a b e r r a t i o n s  are  i n v o l v e d  in t h e  effect. T he  increase  is 
h i g h e r  for two  h i t  a b e r r a t i o n s  (quad r i r ad i a l  con f igu ra t ions  
a n d  i n t r achanges ) .  A s h a r p e r  ana lys i s  showed  t h a t  all  
classes of s i s te r -un ions ,  w h e t h e r  cen t r i c  or  aeent r ic ,  are  
well  r ep re sen t ed .  Fo r  b reaks ,  increase  is m a i n l y  due  to  
isolocus, t h e  p r o p o r t i o n  of c h r o m a t i d  b r e a k s  be ing  r a t h e r  
low. I n  t h i s  i nves t i ga t i on ,  no  c h r o m o s o m e  a b e r r a t i o n s  of 
t h e  two  h i t  t y p e  i n t e r  a l ia  d icen t r i c s  or  r ings  could  be  
de t ec t ed .  I t  c a n  be  s t a t e d  t h a t  t h i s  class of a b e r r a t i o n s  is 
n o t  a t  al l  af fected.  

F r o m  these  o b s e r v a t i o n s  i t  c an  be  conc luded  t h a t  in  
H o r d e u m  a n d  in  Vicia,  t h i o l - i n h i b i t i n g  subs tances ,  subl i -  
m a t e  a n d  n e o a r s p h e n a m i n e ,  i n t e r a c t e d  w i t h  t h e  effects  
of E M S  on ch romosomes .  A clear  synerg i s t i c  effect  was  
o b t a i n e d .  F o r  s u b l i m a t e  t h e  i n t e r a c t i o n  seemed  to  be  
more  s ign i f i can t  t h a n  for  n e o a r s p h e n a m i n e .  As  fa r  as  we 
c a n  see, t he  synerg i s t i c  ef fec t  dea l t  w i t h  t h e  c h r o m a t i d  
class of a b e r r a t i o n .  Th i s  l as t  o b s e r v a t i o n  p r o v i d e d  infor-  
m a t i o n  on  t h e  per iod  of t h e  m i t o t i c  cycle a t  w h i c h  t he  
a c t i o n  is m a x i m u m .  

I n  r e c e n t  e x p e r i m e n t s ,  w h i c h  a re  n o w  e x t e n d e d ,  B A L  
( 2 , 3 - d i m e r c a p t o p r o p a n o l )  a t  i • 1 0 4 ~ / / 3  h was  g iven  to  
seeds a f t e r  success ive  t r e a t m e n t  w i t h  s u b l i m a t e  a n d  EMS.  
I n  these  e x p e r i m e n t s ,  t h e  effects  were  c o m p l e t e l y  sup-  
pressed.  These  resul ts ,  r e p r o d u c e d  in seve ra l  cond i t ions ,  
re inforce  t he  a s s u m p t i o n  t h a t  t h e  t h i o l - i n h i b i t i n g  process  
is a c t u a l l y  i n v o l v e d ;  th i s  s t i m u l a t e s  new resea rch  to de-  
t e c t  w h i c h  e n z y m a t i c  s y s t e m s  m i g h t  be  respons ib le  for 
t h e  synerg i s t i c  effect  a t  t h e  c h r o m o s o m e  level  s . 
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Fig. 3a. Hordeum sativum - Influence of pH (S0rensen buffer solu- 
tions) on the synergism (300 anaphases). HgCI 2 concentration: 

1 • 10-SM. EMS concentration: 0,3 g]100 nil. 
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Fig. 4. ricia ]aba - Distribution of metaphase aberrations (pH 7). 
HgCI 2 concentration: 1 • 10 ~M. EIVIS concentration: 0.4 g/100 ml. 
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Fig. 3b. Hordeum sativum - Influence of pH (Sorensen buffer solu- 
tions) on the synergism (300 anaphases). Neoarsphenamine concen- 

tration: 1 • 10-ZM. EMS concentration: 0,4 g/100 ml. 

Rdsumd.  Des semences  d ' o rge  e t  des  g ra ines  de  f~verolle 
o n t  6t6 t ra i t6es  p a r  des  so lu t ions  de  sub l im6  eorrosi f  e t  
d ' u n  a r s 6 n o x y d e  a v a n t  t r a i t e m e n t  p a r  du  m 6 t h a n e  sul-  
f o n a t e  d ' 6 thy l .  C h a c u n  des ions  acc ro i t  c o n s i d 6 r a b l e m e n t  
les e f fe t s  de I ' E M S  sur  les c h r o m o s o m e s  d ' u n e  man i~ re  
d 6 p e n d a n t  du  pH ,  de  la c o n c e n t r a t i o n  en  ions e t  de la  
c o n c e n t r a t i o n  en  EMS.  

j .  MOUTSCIIEN a n d  N. D E G R A E V E  

Laboratoire de Gdndtique, Universi td de Liege 
(Belgique), November  23, 1964. 
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