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E f f e c t s  o f  F l u o r i n a t e d  D i n i t r o b e n z e n e s  o n  E r y t h r o c y t e  M e m b r a n e  A c e t y l c h o l i n e s t e r a s e  

A m o n g  t h e  few e n z y m e s  recognized  in  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 ,  ace ty l cho l ines t e r a se  (ACHE)  is 
one  of t h e  m o s t  i n v e s t i g a t e d .  P r e v i o u s  s tud ies  h a v e  
i n d i c a t e d  t h a t  t h i s  e n z y m e  a p p e a r s  to  be  l oca t ed  a t  t h e  
o u t e r  su r face  of t h e  m e m b r a n e  z,~. BERG e t  al. 8 h a v e  
r e c e n t l y  r e p o r t e d  t h a t  t r e a t m e n t  of h u m a n  r ed  cells a t  
a lka l ine  p H  w i t h  1 - f luoro-2 ,4 -d in i t robenzene  ( 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 )  p r o d u c e d  
mod i f i ca t ions  of t h e  e r y t h r o c y t e  m e m b r a n e  w h i c h  were  
cha rac t e r i s t i c  for  e ach  r eagen t .  W h i l e  F D N B  caused  cells 
to  b e c o m e  p e r m e a b l e  to  s o d i u m  a n d  p o t a s s i u m  a n d  to  
lyse in  i so ton ic  buffer ,  e r y t h r o c y t e s  t r e a t e d  w i t h  D F D N B  
b e c a m e  rigid,  d id  n o t  lyse  in  w a t e r  a n d  could  no t  be  
b r o k e n  b y  u l t r a s o n i c a t i o n  3. B o t h  r e a g e n t s  r e a c t  b y  dis- 
p l a c e m e n t  of f luorine,  w i t h  free amino ,  ty rosy l ,  h i s t i dy l  
or s u l f h y d r y l  g roups  to  fo rm s t a b l e  de r iva t ives .  F D N B  
reac t s  w i t h  one  such  g r o u p  t o  y ie ld  d i n i t r o p h e n y l  (DNP)  
d e r i v a t i v e s  a n d  D F D N B  r e a c t s  w i t h  2 groups ,  p r o v i d e d  
t h e y  a re  5 ~k a p a r t ,  t o  fo rm d i n i t r o p h e n y l e n e  cross- l inks  4. 
W h e n  we m e a s u r e d  t h e  A C H E  a c t i v i t y  of e r y t h r o c y t e s  
t r e a t e d  w i t h  F D N B  a n d  D F D N B  we f o u n d  t h a t  each  
r e a g e n t  a f fec ted  t h e  e n z y m e  in a cha rac t e r i s t i c a l l y  dis- 
t i n c t  m a n n e r .  T h i s  o b s e r v a t i o n  p r o m p t e d  a n  i n v e s t i g a t i o n  
of t h e  f ac to r s  i n f luenc ing  t h e  effects  of  these  s u b s t a n c e s  
on  red  cell m e m b r a n e  A C H E .  A d d i t i o n a l  i nd i ca t i ons  for  
c o n d u c t i n g  these  s tud ie s  c o n s t i t u t e  t he  d e m o n s t r a t i o n  
t h a t  F D N B  i r r eve r s ib ly  i nh ib i t s  glucose t r a n s f e r  in  i n t a c t  
e r y t h r o c y t e s  s a n d  t h e  i nc rea s ing  use  of r ed  cells c o n j u g a t e d  
w i t h  F D N B  a n d  D F D N B  for  t h e  d e t e c t i o n  of a n t i - D N P  
a n t i b o d i e s  6,L 

Blood  o b t a i n e d  f rom n o r m a l  a d u l t  i n d i v i d u a l s  a n d  f rom 
n e w - b o r n  i n f a n t s  was  cen t r i fuged  a n d  t h e  p l a s m a  a n d  
b u l l 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 ice-cold 0 . 1 5 M  NaC1 
a n d  5 t i m e s  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. Af t e r  t h e  l a s t  c e n t r i f u g a t i o n  
t he  r ed  cells were  a d j u s t e d  to  a 50% suspens ion  w i t h  
p h o s p h a t e  buffer .  F i v e  pe r  c e n t  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  k e p t  a t  
4 °C in  a t i g h t l y  closed con ta ine r .  T he  effects  of F D N B  
a n d  of D F D N B  on  red  cell A C H E  w as  i n v e s t i g a t e d  b y  
a d d i n g  a p p r o p r i a t e  a m o u n t s  of t h e  r e a g e n t s  to  0 .5% cell 
suspens ions  in  0.12PI p h o s p h a t e  buffer ,  p H  8.0. 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 he  
e r y t h r o c y t e s  were  w a s h e d  5 t i m e s  w i t h  20 vol. of buf fe r  
a n d  a d j u s t e d  to  a 50% suspens ion  a f t e r  t h e  l a s 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 o n  
r ep l i ca t e  0 .1% cell su spens ions  in  0.1 M p h o s p h a t e  buffer ,  
p H  8.0 u s i n g  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 t h i o b i s - ( 2 - n i t r o b e n z o i c  acid)  as color  r e a g e n t  8. 
T h e r m a l  i n a c t i v a t i o n  of A C H E  was  i n v e s t i g a t e d  a t  56 °C 
us ing  a t h e r m o s t a t i c a l l y  con t ro l l ed  w a t e r - b a t h  c o n s t a n t  
to  + 0.5°C. T h e  r e m a i n i n g  e n z y m e  a c t i v i t y  was  sub-  
s e q u e n t l y  m e a s u r e d  a t  25 °C. F u r t h e r  de t a i l s  a re  i n d i c a t e d  
in  F i g u r e  2. 

I n c u b a t i o n  a t  25 °C of a 0.5 % e r y t h r o c y t e  suspens ion  
w i t h  5 × 1 0 - 4 M  F D N B  a t  p H  8.0, fol lowed b y  5 wash ings  
of t h e  cells, c aused  a slow, t i m e - d e p e n d e n t  loss of A C H E  
ac t iv i ty ,  whi le  t r e a t m e n t  w i t h  D F D N B  u n d e r  t h e  s ame  
cond i t i ons  r e su l t ed  in  a r a p i d  r e d u c t i o n  of e n z y m e  
a c t i v i t y  (F igure  1A). N o  loss of A C H E  a c t i v i t y  was  n o t e d  
in con t ro l s  i n c u b a t e d  w i t h  m e t h a n o l .  T r e a t m e n t  of cells 
u n d e r  i den t i ca l  cond i t ions  w i t h  u p  to  5 × 1 0 - 2 M  N a F  d id  
n o t  cause  r e d u c t i o n  of A C H E  a c t i v i t y ;  th i s  f i nd ing  ru led  
o u t  t h e  poss ib i l i ty  t h a t  t h e  loss in  e n z y m e  a c t i v i t y  n o t e d  
was  due  to  f luor ide  ions.  F r o m  e x p e r i m e n t s  in  wh ich  
d i f fe ren t  c o n c e n t r a t i o n s  of F D N B  a n d  D F D N B  were  
a d d e d  to c o m p l e t e  a s s a y  s y s t e m s  a n d  in i t i a l  r a t e s  

measu red ,  i t  was  possible  to  in fe r  t h a t  t h e  r e d u c t i o n  in  
e n z y m e  a c t i v i t y  was  no t  caused  b y  i n t e r f e r ence  w i t h  t h e  
A C H E  assay.  Th i s  poss ib i l i ty  was  also ru led  o u t  b y  
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Fig. 1. Effect of time and concentration on inactivation of erythro- 
cyte ACHE by FDNB and DFDNB. (A} At 4°C, 0.02 ml of a 5% 
solution of reagents in methanol was added to replicate tubes 
containing 10 ml of a 0.5% cell suspension in 0.1 M phosphate buffer, 
pH 8.0. Methanol was added to controls. After thorough mixing, 
tubes were incubated at 25 °C. At the time indicated, 2 tubes of each 
set were withdrawn, the cells washed 5 times with 0.1 M phosphate 
buffer, pH 8.0. ACHE activity was measured as indicated in text 
and results related to controls. (B) Same as (A) except that varying 
amounts of reagents and methanol were used and all tubes were 
incubated for 30 rain. 
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f ind ing  no  decrease  in  e n z y m e  a c t i v i t y  w h e n  i n t a c t  
e r y t h r o c y t e s  were  p r e i n c u b a t e d  w i t h  a n d  t h e n  as sayed  
in  p h o s p h a t e  bu f f e r  p r ev ious ly  used  to  w a s h  F D N B -  or  
D F D N B - t r e a t e d  cells. 

I n c u b a t i o n  of r ed  cells w i t h  inc reas ing  a m o u n t s  of 
F D N B  a n d  D F D N B  also r evea l ed  d i s t i n c t  p a t t e r n s  of 
A C H E  i n a c t i v a t i o n  (F igure  1B). W h i l e  t h e  r a t e  was  
acce l e r a t ed  a t  r e l a t i ve ly  low c o n c e n t r a t i o n s ,  31% a n d  
80% of t h e  e n z y m e  was  i n a c t i v a t e d  b y  5 × 10 a M  F D N B  
a n d  D F D N B ,  respec t ive ly .  I n  t he  con t ro l s  t r e a t e d  w i t h  
inc reas ing  a m o u n t s  of m e t h a n o l  no  r e d u c t i o n  was  ob-  
served.  W h e n  cells were  exposed  s i m u l t a n e o u s l y  to  b o t h  
reagen t s ,  a n  a d d i t i v e  effect  was  seen. I n c u b a t i o n  a t  
d i f f e ren t  t e m p e r a t u r e s  also revea led  g rea t e r  i n a c t i v a t i o n  
b y  D F D N B  t h a n  b y  F D N B .  A t  4 °C D F D N B  d e s t r o y e d  
50% of t he  ac t i v i t y ,  while  F D N B  caused  on ly  a 10% loss, 
A t  37 °C, 9 6 %  was  i n a c t i v a t e d  b y  D F D N B  a n d  38% b y  
F D N B .  R e p e a t e d  w a s h i n g  of cells exposed  to  t h e  r eagen t s  
d id  n o t  r e s to re  e n z y m e  ac t i v i t y .  T h e  e n z y m e  of A C H E -  
de f i c i en t  e r y t h r o c y t e s  f r o m  n e w - b o r n  i n f a n t s  w i t h  A B e -  
h e m o l y t i c  disease  s a n d  of cells s e p a r a t e d  b y  d e n s i t y  i n to  
y o u n g  a n d  aged  p o p u l a t i o n s  9 was  m o r e  a f fec ted  b y  
D F D N B  t h a n  b y  F D N B .  R e d  cell i n t e g r i t y  was  n o t  
neces sa ry  for  t h e  i n a c t i v a t i n g  effects  of F D N B  a n d  
D F D N B ,  because  t h e  e n z y m e  of cell-free m e m b r a n e  
p r e p a r a t i o n s  ~ b e h a v e d  like t h a t  of i n t a c t  e r y t h r o c y t e s .  

I n a c t i v a t i o n  of A C H E  was  n o t  a ssoc ia ted  w i t h  changes  
in  s u b s t r a t e  specif ici ty,  p H  profile,  K m ,  a n d  effects  of 
i nh ib i to r s .  However ,  i t  was  a c c o m p a n i e d  b y  s t r i k ing  
c h a n g e s  in t h e  t h e r m o s t a b i l i t y  of t he  enzyme.  Res idua l  
A C H E  a c t i v i t y  fol lowing t r e a t m e n t  w i t h  D F D N B  was  
more  h e a t  r e s i s t a n t  t h a n  t h e  e n z y m e  of m e m b r a n e s  
t r e a t e d  w i t h  F D N B  a n d  of con t ro l s  (Figure  2). S imi la r  
r e su l t s  were  o b t a i n e d  w h e n  p a r t i a l l y  h e a t - i n a c t i v a t e d  
A C H E  p r e p a r a t i o n s  x° were  exposed  to  t h e  reagen t s ,  
w a s h e d  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  a t  56 °C. These  
o b s e r v a t i o n s  i n d i c a t e d  t h a t  D F D N B  did  n o t  p r e f e r en t i -  
a l ly  i n a c t i v a t e  a m o r e  hea t - l ab i l e  A C H E  species a n d  
sugges t ed  t h a t  t h e  f o r m a t i o n  of a c ross - l inked  d in i t ro -  
p h e n y l e n e  d e r i v a t i v e  h a d  confe r red  g r e a t e r  s t a b i l i t y  to  

t h e  res idua l  e n z y m e  ac t i v i t y .  T o  s u b s t a n t i a t e  t h i s  con-  
t en t ion ,  cell m e m b r a n e s  p r e t r e a t e d  w i t h  F D N B  a n d  
DFDNB were  exposed  to  5 %  t r i t o n  X-100  in  8 M  u r e a  n .  
So lub i l i za t ion  a n d  c o m p l e t e  loss of A C t t E  a c t i v i t y  was  
seen w i t h  t h e  con t ro l s  a n d  w i t h  m e m b r a n e s  exposed  t o  
F D N B .  No so lub i l i za t ion  a n d  m i n i m a l  r e d u c t i o n  of t h e  
res idual  e n z y m e  a c t i v i t y  was  o b s e r v e d  w i t h  t h e  D F D N B -  
t r e a t e d  m e m b r a n e s .  Add i t iona l ly ,  i n c u b a t i o n  of con t ro l s  
a n d  F D N B - t r e a t e d  p r e p a r a t i o n s  w i t h  1 m g / m l  c rys t a l l i ne  
p a p a i n  1 r e su l t ed  in comple t e  i n a c t i v a t i o n  of A C H E ,  whi le  
no  f u r t h e r  r e d u c t i o n  in a c t i v i t y  was  n o t e d  w i t h  m e m -  
b r a n e s  p r e t r e a t e d  w i t h  D F D N B .  

Our  o b s e r v a t i o n s  on  t h e  effects  of F D N B  a n d  D F D N B  
on e r y t h r o c y t e  A C H E  c o m p l e m e n t  t he  f ind ings  of BERG 
et  al. ~. These  a u t h o r s  co r re l a t ed  t he  f rag i l i ty  of F D N B -  
t r e a t e d  red  cells w i t h  t h e  osmot ic  i m b a l a n c e  c rea ted  b y  
t he  inc reased  p e r m e a b i l i t y  to  N a  +. a n d  K + a n d  a sc r ibed  
t i le  r e s i s t ance  to  lysis  of D F D N B - t r e a t e d  e r y t h r o c y t e s  
to  t h e  f o r m a t i o n  of d i n i t r o p h e n y l e n e  cross- l inks  w h i c h  
would  be  s t r o n g  e n o u g h  to w i t h s t a n d  a n  equ i l i b r i um 
osmot ic  p ressu re  c o m p u t e d  a t  a b o u t  0.6 a rm .  T h e  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  resembles  t h e  effects  
of F D N B  on  g l u t a m a t e  d e h y d r o g e n a s e  v~ a n d  on  f ruc tose-  
1, 6 -d iphosp l l a t a se  zS,z4. However ,  in  c o n t r a s t  to  r a b b i t  
l iver  f ruc tose  d i p h o s p h a t a s e  la, A C H E  a c t i v i t y  was  n o t  
s t i m u l a t e d  b y  low c o n c e n t r a t i o n s  of F D N B  or D F D N B ,  
n o r  did  t h e  r e a g e n t s  cause  a l t e r a t i o n s  usua l ly  assoc ia ted  
w i t h  mod i f i ca t ions  of a n  a l los ter ic  site. Th i s  work  repre -  
sen ts  a n o t h e r  i n s t a n c e  where  we could  show t h a t  sub-  
s t ances  w h i c h  m o d i f y  t h e  m e m b r a n e  of t h e  h u m a n  
e r y t h r o c y t e ,  specif ical ly a l t e r  t h e  p rope r t i e s  of t he  surface  
loca ted  A C H E  lfi 

Zusammenfassung. Die  Ace ty l cho l i ne s t e r a se  de r  E r y -  
t h r o z y t e n m e i n b r a n e n  w u r d e  m i t  1, 5-Difluor-2,  4 -d in i t ro -  
benzo l  s t a r k e r  i n a k t i v i e r t  a ls  m i t  1 -F luo r -2 ,4 -d in i t ro -  
benzol .  N a c h  D i f i 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  wa r  die 
res t l i che  e n z y m a t i s c h e  A k t i v i t / i t  h i t ze -  u n d  h a r n s t o f f u n -  
e lnpf ind l ich .  Die  I n a k t i v i e r u n g  des  F e r m e n t e s  wa r  kon-  
zen t r a t ions - ,  zei t-  u n d  temperaturabh~Lngig .  
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Fig. 2. Effect of time on thermostability of ACHE. Erythrocyte 
membranes prepared by osmotic lysis were treated for 30 min with 
5 × 10-4M FDNB and DFDNB at pH 8.0 and 25°C. Methanol was 
added to controls. After 5 washings with 0.1 M phosphate buffer, 
p t t  8.0, a 5 0  membrane suspension in 0.001M phosphate buffer, 
pH 8.0 was prepared. Replicate 0.2 ml aliquots were incubated at 
56°C for time indicated, immediately diluted with 10 ml of ice-cold 
0.1 M phosphate buffer, pH 8.0 and stored at 4°C. Enzyme activity 
was measured simultaneously as indicated in text and related to 
controls kept at 4 °C. 
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