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P N H - L i k e  Red Cells:  M e c h a n i s m  of Ac t ion  of Su l fhydry l  C o m p o u n d s  on N o r m a l  Red Cel ls  

I t  is known t h a t  concen t ra t ed  solutions of d i f ferent  
su l fhydry l  compounds  at  alkaline p H  can al ter  normal  
red cells in such a way  t h a t  t h e y  become similar  in m a n y  
respects  to the  red cells of p a r o x y s m a l  noc turna l  haemo-  
globinuria  (PNH)1-4;  in par t icular ,  t h e y  lyse in s l ight ly 
acidified normal  serum and  in a med ium of low ionic 
s t r eng th  if c o m p l e m e n t  is present ,  and d isplay  a low 
acetylchol ines terase  (ACHE) ac t iv i ty .  STICKNEY et al. 5, 
using GSa~H solutions found t h a t  r ad ioac t iv i ty  was f i rmly 
bound  to PNH- l ike  ceils; on the  con t ra ry  GSSG did no t  
b ind  to the  cell m e m b r a n e  and did no t  induce the  PNH- l ike  
lesion. On the  basis  of th is  and  o ther  evidence,  KANN et 
al. 4 suggested t h a t  the  su l fhydry l  compounds  spl i t  the  
m e m b r a n e  -S-S- bonds  and reduce t h e m  or form wi th  
t h e m  mixed  disulfides. The da ta  so far available,  however,  
do not  indica te  whe the r  b o t h  react ions  take  Place and are 
i m p o r t a n t  in de te rmin ing  the  PNH- l ike  lesion and  whe the r  
mixed  disulfides are formed t h rough  a thiol-disulf ide or a 
disulf ide-disulf ide exchange.  This l a t t e r  mechan i sm could 
occur  since it is known t h a t  su l fhydry l  groups in alkaline 
so lu t ion  a n d  in the  presence of 02 pa r t ly  conver t  to  
disulfides 6 In  order  to inves t iga te  these  problems,  normal  
red ceils were t r ea t ed  wi th  a solut ion made  up of 9 volumes  
of a 0.685 M solut ion of GSSG and 1 volume of an equi- 
molar  solut ion of GSH.  

The contro l  solut ions were:  1. A 0.685 M solut ion of 
G S H  (i.e. t h a t  used by  MERIWETHER et ald to induce the  
PNH- l ike  lesion) ; 2. A mix tu re  of 9 volumes  of a 0.685 M 
solution of GSSG and 1 volume of saline;  3. A mix tu re  of 
9 volumes  of saline and 1 vo lume of the  0.685 M solut ion 
of G S H ;  4. Saline. 

All the  solut ions were b rough t  to  p H  8.0 by  a 5N N a O H  
solut ion and  incuba ted  wi th  normal  red cells for 15 rain 
a t  37~ After  several  washings,  t r ea ted  red cells were 
t e s t ed  in the  acidif ied-serum tes t  and in the  sucrose-haemo-  
lysis test ,  and the i r  AChE ac t iv i ty  de te rmined .  The 
expe r imen t  was repl ica ted  3 t imes ;  results  were compar-  
able and those  of one of t h e m  are repor ted  in the  Table.  

I t  appears  f rom the  Table  t h a t  the  mix tu re  of a solut ion 
of GSH at  a concen t ra t ion  per  se no t  capable  of inducing 
a PNH- l ike  lesion wi th  a solut ion of GSSG (per se also 
inact ive  on the  red cells) induces in normal  red cells a 
PNH- l ike  a l terat ion.  This, however ,  is d i f ferent  f rom t h a t  
induced by  the  h igher  concen t ra t ion  of GSH,  since the  
cells lyse only  in the  ac id i f i ed -se rum test, and  here lysis 
is less marked  t h a n  t h a t  observed wi th  the  usual  PNH- l ike  
cells. Moreover,  the  inhibi t ion of AChE ac t iv i ty  was less 
marked  in red cells incuba ted  wi th  the  GSSG + G S H  
solut ion t h a n  in those  incuba ted  wi th  the  G S H  solution. 
Apropos,  i t  m a y  be no ted  t h a t  the  enzyme ac t iv i ty-  
decrease induced by  th is  la t te r  solut ion is no t  so marked  
as t h a t  observed in A E T - t r e a t e d  cells 2, which  thus  
resemble  P N H  cells more  closely. 

The above f indings  suggest  t h a t  the  fo rma t ion  of a 
mixed  disulfide be tween  the  a l ter ing compound  (GSSG) 
and the  cell m e m b r a n e  can in fact  de te rmine  the  P N H -  
like lesion, a l though  only  part ial .  I t  seems likely t h a t  the  
mechan i sm involved is t h a t  of an exchange  be tween  the  
disulfides of the  cell m e m b r a n e  and  those  of GSSG, 
ca ta lyzed  by  G S -  groups.  These could ini t ia te  the  reac t ion  
by  sp l i t t ing  the  m e m b r a n e  - S - S -  bonds  wi th  fo rmat ion  of 
a mixed  disulfide and  a Membrane -S  group. The lat ter ,  
by  reac t ing  wi th  t he  disulfide reagent ,  could t h e n  produce  
ano the r  mixed  disulfide and a new molecule of the  ini t iator ,  
accord!ng to  t h e  following scheme:  
1. G-S- + Membrane-S-S-Membrane ~ Membrane-S-S-G + 

Melnbrane-S-" 
2. Membrane-S- + G-S-S -G- -~  Membrane-S-S-G + G S- 

RBCs incubated Acidified- Sucrose- Acetylcholinesterase 
with the following serum test haemolysis (inU/ml (% inhibi-. 
solutions (pH 8.0) (% lysis) test RBCs) tion) 

( % lysis) 

Saline 0 0 13,500 0 
GSH 66 18 9,490 30 
GSH + GSSG 
(1:9 v/v) 40 0 11,400 16 
GSH + Saline 
(1:9 v/v) 0 0 13,690 0 
GSSG + Saline 
(9 : 1 v/v) 13 0 13,580 0 

Results of one of the experiments performed. The composition of the 
solutions of the indicated compounds is reported in the text. 

W h e n  concen t r a t ed  solutions of thiols  are used, R S -  
groups are p r e d o m i n a n t  and a more  effect ive spli t  of t he  
m e m b r a n e  S - S -  bonds  occurs. Moreover,  it  is possible 
t h a t  these  bonds,  spl i t  by  the  a l ter ing solutions,  r ecombine  
in an abnorma l  way, so causing an a r r a n g e m e n t  of mem-  
brane  pro te ins  and/or  l ipids t h a t  could p lay  a role in the  
cell abnormal i ty .  Fur the rmore ,  it  c anno t  be excluded 
t h a t  a cer ta in  degree of oxida t ion  of the  m e m b r a n e  - S H  
groups occurs. All these  possibil i t ies become acceptable  if 
one bears  in mind  the  complex i ty  of the  react ions  t h a t  
occur when  su l fhydry l  compounds  are involved,  a l though  
they  canno t  be assessed by  the  p resen t  expe r imen t  which  
indicates  only  t h a t  t he  spli t  of m e m b r a n e  - S - S -  bonds  is a 
f u n d a m e n t a l  process by  which the  su l fhydry l  compounds  
induce a PNH- l ike  lesion in normal  cells. 

Riassunto.  Si 6 s tud ia to  se l ' incubazione  di emazie  
normal i  con una  soluzione di GSSG addiz ionato  di una  
piccola quan t i t~  di G S H  fosse in grado di provocare  in 
loro la lesione s imi l -EPN (emoglobinuria  paross is t ica  
no t tu rna) .  Si 6 osservato  che ques ta  in effe t t i  si produce,  
p robab i lmen te  a t t r averso  un meccanismo di scambio  
disolfurico t ra  i legami - S - S -  della m e m b r a n a  er i t roci tar ia  
e quelli  del GSSG, catal izzato da gruppi  GS . 
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