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W h e n  l y m p h o i d  cell su spens ion  was o b t a i n e d  f rom r a b b i t s  
t r e a t e d  w i t h  F r e u n d ' s  a d j u v a n t  only,  no  specific p h a g o -  
cytos is  of e r y t h r o c y t e s  could  be  de t ec t ed .  On c o m m o n  
i n c u b a t i o n  of ki l led s t aphy lococc i  w i t h  h y p e r s e n s i t i v e  
l y m p h o i d  cells a n d  e r y t h r o c y t e s  no  d i s t i n c t  in f luence  of 
t he  degree  of bac t e r i a l  p h a g o c y t o s i s  b y  m a c r o p h a g e s  was 
obse rved .  

T h e  i n c u b a t i o n  of e r y t h r o c y t e s  w i t h  f resh se ra  of 
sens i t i zed  r a b b i t s  led to  t h e i r  pa r t i a l  d e s t r u c t i o n  or  
damage .  These  e r y t h r o c y t e s ,  a f t e r  wash ing ,  were  n o t  
phagocy t i zed .  W e  suppose ,  there fore ,  t h a t  t h e  f ac to r  in 
q u e s t i o n  is p r o b a b l y  n o t  a c o n v e n t i o n a l  opsonin .  

F u r t h e r  e x p e r i m e n t s  a re  in  p rogress  to  anMyse  t h e  
d i s t i n c t  n a t u r e  of t h e  a b o v e - m e n t i o n e d  f ac to r  a n d  i t s  role 
in  t h e  m e c h a n i s m  of t h e  reac t ion .  

I t  was  s h o w n  t h a t  on  s i m u l t a n e o u s  i n c u b a t i o n ,  a 
f ac to r  is re leased  f r o m  sens i t i zed  l y m p h o i d  cells w h i c h  is 
c apab l e  of i n d u c i n g  specific p h a g o c y t o s i s  or  a d h e r e n c e  of 
e r y t h r o c y t e s  to  m a c r o p h a g e s  f rom n o r m a l  an imal s .  W e  
t h i n k  t h a t  t he se  r e su l t s  a re  r e l a t ed  to  s imi la r  f ind ings  
desc r ibed  in t h e  s tud ies  of cell m i g r a t i o n  q u o t e d  in t he  
i n t r o d u c t i o n  of our  p a p e r  as well  as  to  t h e  p r o b l e m  of t h e  

so-called cy toph i l i c  a n t i b o d i e s  n-8 a n d  poss ib ly  also of t he  
so-cal led cel lu lar  i m m u n i t y  ~. 

ZusammenJassung. Mit  I n - v i t r o - E x p e r i m e n t e n  wi rd  ge- 
zeigt,  dass  in  A n w e s e n h e i t  y o n  sens ib i l i s ie r ten  K a n i n c h e n -  
L y m p h o z y t e n  S c h a f e r y t h r o z y t e n  spezi f isch a n  n o r m a l e  
K a n i n c h e n - M a k r o p h a g e n  adso rb i e r en  u n d  v o n  diesen 
d a n n  p h a g o z y t i e r t  werden .  
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Alterations of the Erythrocyte Membrane Caused by Fluorinated Dinitrobenzenes 

Ace ty l cho l ine s t e r a se  (ACHE)  a p p e a r s  to  b e  l oca t ed  a t  
t h e  o u t e r  sur face  of  t h e  h u m a n  e r y t h r o c y t e  m e m b r a n e  l &  
W e  h a v e  r e c e n t l y  s h o w n  t h a t  t h i s  e n z y m e  was  i n a c t i v a t e d  
w h e n  red  cells were  t r e a t e d  w i t h  1 - f luoro-2 ,4-d in i t ro -  
b e n z e n e  ( F D N B )  a n d  1 ,5 -d i f l uo ro -2 ,4 -d in i t robenzene  
( D F D N B )  8. T h e  ef fec t  was  i r revers ib le  a n d  cha r ac t e r i s t i c -  
a l ly  d i s t i n c t  for  e a c h  r eagen t .  W h i l e  A C H E  i n a c t i v a t i o n  
was g r e a t e r  w i t h  D F D N B  t h a n  w i t h  F D N B ,  exposu re  to  
t he  f o r m e r  r e n d e r e d  t h e  res idua l  a c t i v i t y  more  r e s i s t a n t  
to  h e a t  a n d  u rea  t h a n  t r e a t m e n t  w i t h  t he  l a t t e r .  F D N B  
r e a c t s  w i t h  free amino ,  h i s t idy l ,  t y r o s y l  or  s u l f h y d r y l  
g roups  to  y ie ld  d i n i t r o p h e n y l  de r iva t ives ,  a n d  D F D N B  
reac t s  w i t h  2 such  groups ,  p r o v i d e d  t h e y  are  5 i t  a p a r t ,  
to  give d i n i t r o p h e n y l e n e  cross- l inks  4. T he  inc reased  
s t a b i l i t y  of t h e  r e s idua l  A C H E  a c t i v i t y  fol lowing D F D N B  
t r e a t m e n t  was  a sc r ibed  t o  t h e  f o r m a t i o n  of  c ross- l inked  
d e r i v a t i v e s  8. Since A C H E  a c t i v i t y  is r educed  in n e w - b o r n s  
a f fec ted  w i t h  A B O  h e m o l y t i c  disease  s a n d  i n a s m u c h  as 
b lood -g roup  specific an t i gen i c  r ecep to r s  also are  loca ted  
a t  t h e  r ed  cell sur face  ~, we h a v e  i n v e s t i g a t e d  t h e  in-  
f luence  of A B O  a n t i b o d i e s  on  A C H E  i n a c t i v a t i o n  b y  
F D N B  a n d  D F D N B  a n d  t h e  poss ible  c h a n g e s  in t h e  
a g g l u t i n a b i l i t y  of cells t h u s  t r ea t ed .  

Blood  o b t a i n e d  f r o m  n o r m a l  a d u l t  i nd i v i dua l s  of b lood  
g roup  A or  B was  cen t r i fuged  a n d  t h e  p l a s m a  a n d  b u f f y  
coa t  were  r e m o v e d  b y  suc t ion .  T h e  e r y t h r o c y t e s  were  
w a s h e d  twice  w i t h  20 vol. of cold 0 . 1 5 M  NaC1 a n d  5 
t imes  w i t h  20 vol. of chi l led 0 . 1 M  s o d i u m - p o t a s s i u m  
p h o s p h a t e  buffer ,  p H  8.0. 5 %  s tock  so lu t ions  of F D N B  
a n d  D F D N B  in  m e t h a n o l  were  p r e p a r e d  da i ly  a n d  s to red  
a t  4°C. A 0 .5% suspens ion  of A e r y t h r o e y t e s  was  incu-  
b a t e d  for  60 m i n  a t  25°C a n d  p H  8.0 w i t h  5 × 1 0 - 4 M  
F D N B  a n d  D F D N B .  M e t h a n o l  was  a d d e d  to  t h e  cont ro ls .  
Fo l lowing  i n c u b a t i o n  t h e  cells were  w a s h e d  5 t i m e s  w i t h  
20 voI. of  bu f f e r  a n d  a d j u s t e d  to  a 50% suspens ion  a f t e r  
t he  las t  cen t r i fuga t ion .  A C H E  a c t i v i t y  was m e a s u r e d  a t  
25 °C on  rep l i ca te  0 .1% cell suspens ions  in 0.1 M p h o s p h a t e  
buffer ,  p H  8.0 us ing  a c e t y l t h i o c h o l i n e  iodide as  s u b s t r a t e  
a n d  5: 5" -d i th iob is - (2-n i t robenzoic  acid) as  color  r e a g e n t  5. 
Res idua l  e n z y m e  a c t i v i t y  was r e l a t ed  to  cont ro ls .  Agg lu t in -  

ab i l i t y  was  a s c e r t a i n e d  w i t h  h u m a n  a n t i - A  se rum (Or tho  
Diagnost ics) .  I n  some  e x p e r i m e n t s ,  A or  B e r y t h r o c y t e s  
were a g g l u t i n a t e d  w i t h  a n  excess  of h o m o l o g o u s  h u m a n  
a n t i s e r u m .  The  a g g l u t i n a t e d  cells were  d i spersed  a n d  
w a s h e d  5 t imes  w i t h  buf fe r  p r io r  to  t he  exposu re  to  
F D N B  a n d  D F D N B .  F ina l ly ,  A or  B e r y t h r o c y t e s  were  
i n c u b a t e d  w i t h  h o m o l o g o u s  h u m a n  a n t i s e r u m  in a m o u n t s  
insuf f ic ien t  to  cause  d i r ec t  agg lu t i na t i on ,  b u t  suf f ic ien t  
to  p roduce  a g g l u t i n a t i o n  w i t h  r a b b i t  a n t i - h u m a n  g lobul in  
serum.  Cells t h u s  t r e a t e d  were  w a s h e d  w i t h  0.1 M phos -  
p h a t e  buffer ,  p H  8.0 a n d  t h e n  i n c u b a t e d  w i t h  t h e  reagen t s .  
Fo l lowing  t h i s  t r e a t m e n t  a n d  mu l t i p l e  wash ings  w i t h  
buffer ,  A C H E  a c t i v i t y  a n d  a g g l u t i n a b i l i t y  b y  r a b b i t  an t i -  
h u m a n  g lobul in  s e rum were  d e t e r m i n e d .  A g g l u t i n a t i o n  
was  j u d g e d  on  a 1 to  4 scale. 

I n  T a b l e  I i t  c an  be  seen t h a t  whi le  t r e a t m e n t  of 
e r y t h r o c y t e s  w i t h  5 × 1 0 - 4 M  F D N B  caused  on ly  a 
m o d e r a t e  r e d u c t i o n  of A C H E  ac t i v i t y ,  exposu re  to  t h e  
same  c o n c e n t r a t i o n  of D F D N B  a n d  u n d e r  iden t i ca l  condi -  
t ions  r e su l t ed  in a m u c h  g rea t e r  loss of ac t iv i ty .  I t  c a n  
also be  o b s e r v e d  t h a t  whe rea s  cells t r e a t e d  w i t h  F D N B  
were a g g l u t i n a t e d  b y  homologous  a n t i s e r u m ,  t hose  incu-  
b a t e d  w i t h  D F D N B  did  no t  agg lu t ina t e .  Howeve r ,  
a g g l u t i n a t i o n  of F D N B - t r e a t e d  e r y t h r o c y t e s  was  i nva r i -  
a b l y  fol lowed b y  hemolys is .  W h e n  red cells were  agg lu t i -  
n a t e d  w i t h  a n  excess  of h o m o l o g o u s  a n t i b o d y  a n d  t h e n  
exposed  to F D N B  or D F D N B ,  r e d u c t i o n  of A C H E  
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a c t i v i t y  was  n o t  affected.  T h e  coa t i ng  of e r y t h r o c y t e s  
w i t h  h o m o l o g o u s  a n t i s e r u m  in  a m o u n t s  w h i c h  did  n o t  
cause  d i rec t  agg lu t i na t i on ,  also fai led t o  e n h a n c e  t h e  
r e d u c t i o n  of e n z y m e  a c t i v i t y  w h e n  t h e  cells were  sub-  
s e q u e n t l y  exposed  to  t h e  r e a g e n t s  (Table  I I ) .  I n  t e s t i n g  
t h e  a g g l u t i n a b i l i t y  of t he se  cells w i t h  a n t i - h u m a n  g lobul in  
se rum,  i m m e d i a t e  lysis was  n o t e d  w i t h  t he  a n t i b o d y -  
coated ,  F D N B - t r e a t e d  e r y t h r o c y t e s ,  w he r ea s  t h e  sensi-  
t i zed  cells i n c u b a t e d  w i t h  D F D N B  h a d  b e c o m e  non-  
agg lu t inab le .  E s s e n t i a l l y  t h e  s ame  resu l t s  were  also 
o b t a i n e d  w h e n  g roup  B e r y t h r o c y t e s  were  s imi la r ly  
t r ea t ed .  

T h e  m a r k e d l y  d i s t i n c t  b e h a v i o u r  of F D N B -  a n d  of 
D F D N B - t r e a t e d  cells, p r o m p t e d  a s t u d y  of t h e i r  a n t i b o d y -  
b i n d i n g  capac i ty .  Since e r y t h r o c y t e s  exposed  to  F D N B  
b e c a m e  fragile, cell-free m e m b r a n e  p r e p a r a t i o n s  (or red  

Table I. Effect of FDNB and DFDNB on ACHE activity and 
agglutinability of group A erythrocytes 

Treatment % ACHE Agglutination 
activity with anti-A serum 

None I00 4+ 
Methanol 98 4+ 
FDNB 71 3+ (lysis) 
DFDNB 7 0 

Table II. Effect of FDNB and DFDNB on ACHE activity and 
agglutinability of antibody-coated group A erythrocytes 

Treatments % ACHE Agglutination with 
activity anti-human 

globulin serum 

None 100 0 
Anti-A + buffer 100 4+ 
Anti-A + methanol 100 4+ 
Anti-A + FDNB 73 lysis 
Anti-A + DFDNB 7 0 

cell ghosts) ,  o b t a i n e d  b y  osmot i c  lysis, were  used  in t he se  
e x p e r i m e n t s .  A 0 .5% g h o s t  suspens ion ,  p r e p a r e d  f rom 
b lood -g roup  A red  cells, was  t r e a t e d  a t  25 °C a n d  p H  8.0 
w i t h  5 × 1 0 - * M  of t h e  reagen t s ,  w a s h e d  5 t imes  w i t h  
bu f f e r  a n d  t h e n  i n c u b a t e d  for  30 m i n  a t  22 °C w i t h  a n t i - A  
se rum.  M e t h a n o l - t r e a t e d  A ghos t s  a n d  b lood  g roup  O 
ghos t s  se rved  as controls .  Fo l lowing  i n c u b a t i o n ,  t h e  m e m -  
b r a n e s  were  s e d i m e n t e d  b y  c e n t r i f u g a t i o n  a n d  t h e  super -  
n a t a n t  was  d i lu t ed  a n d  t e s t e d  for  t h e  p resence  of res idua l  
a n t i - A  an t ibod ies ,  u s ing  a s t a n d a r d  6 %  suspens ion  of A 
e r y t h r o c y t e s  (Aff i rmagen,  O r t h o  Diagnost ics) .  I n  t h e  
F igu re  i t  can  be  seen t h a t  whe reas  t h e  ghos t s  t r e a t e d  w i t h  
F D N B  b o u n d  a l m o s t  as m u c h  a n t i b o d y  as t h e  c o n t r o l  
p r e p a r a t i o n s ,  those  exposed  to  D F D N B  t o o k  up  a 
r e l a t ive ly  smal l  a m o u n t  as ev idenced  b y  c o m p a r i s o n  w i t h  
t h e  O ghosts .  

The  ind i f fe rence  of A C H E  to  b lood -g roup  specific 
a n t i b o d i e s  is r e m i n i s c e n t  of ou r  p r e v i o u s  s tud ies  o n  t h e  
effects  of p r o t e o l y t i c  enzymes  1, a n d  t a n n i c  ac id  ~ on  t h i s  
s t r o m a l  enzyme.  As in  t h e  p r e s e n t  work ,  in  no  case cou ld  
we obse rve  a p r o t e c t i o n  of A C H E  or  a n  e n h a n c e m e n t  of 
i n a c t i v a t i o n  b y  a g g l u t i n a t i n g  t h e  cells w i t h  t h e i r  A B O  
specific a n t i s e r a  before  t he  exposure  to  t h e  i n a c t i v a t i n g  
agents .  Our  resu l t s  i nd i ca t e  t h a t  t r e a t m e n t  w i t h  F D N B  
does n o t  in t e r fe re  w i t h  a g g l u t i n a t i o n  b y  h o m o l o g o u s  
an t i se ra ,  b u t  cells t h u s  t r e a t e d  b e c o m e  e x t r e m e l y  fragile.  
BERG et  al. s h a v e  co r re l a t ed  t h e  f rag i l i ty  of F D N B -  
t r e a t e d  e r y t h r o c y t e s  w i t h  t h e  o smot i c  i m b a l a n c e  c r ea t ed  
b y  t h e i r  inc reased  p e r m e a b i l i t y  to  sma l l  ca t ions .  T h e  
p e r s i s t e n t  a g g l u t i n a b i l i t y  of t h e s e  cells was  f u r t h e r  illus- 
t r a t e d  by  t h e  a l m o s t  n o r m a l  b i n d i n g  c a p a c i t y  of a n t i - A  
s e r u m  b y  A ghos t s  p r e t r e a t e d  w i t h  F D N B .  I n  con t r a s t ,  
t h e  loss of a g g l u t i n a b i l i t y  a n d  t h e  s t r i k ing  r e d u c t i o n  in 
a n t i b o d y  u p t a k e  caused  b y  D F D N B  ind i ca t e  t h a t  t h e  
f o r m e d  d i n i t r o - p h e n y l e n e  cross- l inks  p r e v e n t e d  t h e  a t -  
t a c h m e n t  of a n t i b o d y  to  i ts  specific r ecep to r  site. These  
o b s e r v a t i o n s  differ  f rom t h e  suppress ion  of A B O  b lood-  
g roup  a g g l u t i n a b i l i t y  n o t e d  w h e n  red  cells were  t r e a t e d  
w i t h  fo rmal in  9 or  w i t h  t a n n i c  acid 1°,11, s ince t h e  u p t a k e  
of a n t i b o d y  was  n o t  s ign i f i can t ly  a f fec ted  b y  the se  agents .  
Our  f ind ings  w i t h  F D N B -  a n d  D F D N B - t r e a t e d  e r y t h r o -  
cy tes  a n d  ghos t s  a re  in  keep ing  w i t h  t h e  d i s s imi l a r i t y  
w i t h  w h i c h  t he se  r eagen t s  m o d i f y  t h e  sur face  of t h e  
h u m a n  red  cell s,x2. 
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A Gt~osts 

CHsOH F~B ~fOl~B 

¢ ¢ Control 
anti A anti A anti A antiA(Oghosts) 
¢ ¢ ¢ ¢ 

Super nat ant Super nat ant Super nat ant Super nat ant 
¢ ¢ ¢ ¢ 

Adrl tn A ceils Add to k Cells M[I to A cells Mfl to A cells 
O[lutians 

1"?. 3+ 3 + ~'+ ~-  
~. ?.+ ;]+ ~-+ ~-+ 
8 1+ Z+ ~,+ ~-+ 

16 0 2+ 3+ ~,+ 
3Z 0 0 3+ ~-+ 
B~ O 0 Z+ 3+ 

128 0 0 7.+ 3+ 
Z56 0 0 ?.+ ;~+ 
51;] 0 0 1+ Z+ 

10D 0 0 0 1+ 

Antibody uptake by erythrocyte membranes treated with FDNB 
and DFDNB. Agglutination was judged as indicated in text. 

Zusammen]assung. I n a k t i v i e r u n g  de r  Ace ty lcho l ines -  
t e r a se  in  de r  E r y t h r o z y t e n m e m b r a n  m i t  1 -Fluor -2 ,4-d i -  
n i t r o b e n z o l  u n d  1 ,5 -Di f luo r -2 ,4 -d in i t robenzo l  k o n n t e  
d u t c h  b lu tg ruppenspez i f i s che  A n t i k 6 r p e r  n i c h t  bee in-  
f luss t  werden .  N a c h  D i f l u o r d i n i t r o b e n z o l - B e h a n d l u n g  
ze ig ten  die B l u t k 6 r p e r c h e n  Ve r lu s t  de r  Agg lu t inab i l i tA t  
u n d  die M e m b r a n e n  eine H e r a b s e t z u n g  ih r e r  A b s o r p t i o n s -  
f~thigkeit ftir homologe  An t ik6 rpe r .  
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