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" Specific activities have been c,~rrectcd for d i | u t i , n  by carrier and radmactive decay; they 
represent  the ntei~n vahms for the purification steps outlined (see texl:) #.g. b2xpt, z, post. pit. 
spec. aet. after XE+6 4, 15.4; paper ionophoresis, 13.3; rechrornatography on carl~oxvmethyi- 
cellulose and  dividing the biologically active peak into 3 fractions, i3. 5, t2.6, iS.O; Exp,.  3, 
post. pit. ga~'e spec. activit ies of z ~.o, 9.8, t t .4, 7.5. U.o respec~ivel.v; Expt~ t given a~ c o u n u / m i n /  
a. 5 ttg (approx. t uni t  vasopreasin) o[ t~xidized vas,~pressin elute, l from paper ~fter itmoph,~r~sis 
and meast,red colorimetrically by the r~OLIN procedure m. 
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Chemica l  nature  of  the  DFP-bind|n~] site of pseudocholinesterase 

D F P  is  k n o w n  to  p h o s p h o r y l a t e  a n u m b e r  of e s t e r a s e s  a n d  p r o t e a s e s  a t  t h e i r  e n -  
z y m i e a l l y  a c t i v e  s i tes .  I n f o r m a t i o n  on  t h e  c h e m i c a l  n a t u r e  of t h e  a c t i v e  s i tes  of t h e s e  

e n z y m e s  h a s  b e e n  d e r i v e d  f r o m  d e g r a d a t i o n  of t h e  D F P - i n h i b i t e d  e n z y m e s  a n d  
a n a l y s i s  of  t h e  P - c o n t a i n i n g  p e p t i d e s  p r o d u c e d .  

I n  t h e  p r e s e n t  n o t e  we r e p o r t  the. a n a l y s i s  of a P - p e p t i d e  o b t , ' d n e d  f r o m  D F P -  
i n h i b i t e d  p s e u d o c h o l i n e s t e r a s e .  A n  mlzDane p r e p a r a t i o n ,  o b t a i n e d  f r o m  a b o u t  800  t 
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horse  se rmnL c o r r e s p o n d i n g  to  6.  i o  ~ un i t s  e n z y m e  a c t i v i t y  an d  pur i f ied  r o o o  t imes  
as c o m p a r e d  wi th  the  c r u d e  se rum,  was c o m p l e t e l y  inh ib i t ed  b y  ! ) F P  (7 m g  La~P]I)I:t ' 
a~ 2o ~" a n d  p H  7.0 for  ~ h;  w)l., 690 ml). Fo l lowing  dia lys is  ag0inst  w a t e r  to  r e m o v e  
the  excess  of  D F P  it  was  f o u n d  t h a t  6 .9 /xmoles  a2p were  b o u n d  per  I7 g prote in .  
This  P - e n z y m e  p r e p a r a t i o n  was  f r a c t i o n a t e d  using Caa{PO4},, gel a d s o r p t i o n  fol lowed 
by  e thano l  p r ec ip i t a t i on  to  o b t a i n  -~.3 g p ro t e in  wi th  4 .6 / zmole s  b o u n d  ~ P .  

T h e  P -p r o t e in  (I "o solut ion)  was  d iges ted  wi th  peps in  (o.oo5 %) at  37 ° an d  
pH  2.o for 6.5 h. At  the  end  of this  pe r iod  the  so lu t ion  was n e u t r a l i z e d  an d  res idual  
p ro te ins  were  r e m o v e d  b y  p r ec ip i t a t i on  w i th  e t h a n o l  (80 %). T h e  p e p t i d e  m i x t u r e  
was sub j ec t ed  to  c h r o m a t o g r a p h y  on  2oo -4o o  m e s h  D o w e x - 5 o  X 4 (H +) (3 "< Iz  cm 
col tnnn o p e r a t e d  wi th  o.o 5 i l l  acet ic  acid,  p H  3. I ) .  R a d i o a c t i v e  e lu a t e  f r ac t i ons  were  
pooled  and  !yophi l ized .  T h e  r e su l t i ng  m a t e r i a l  was  r e - e h r o m a t o g r a p h e d  on D o w e x - 5 o  
X4  (i .2 "- 60 cm co lumn  at  p H  3.I) .  The  e lua t e  was co l lec ted  in Io -ml  f rac t ions ,  
The  f rac t ions  28-39 c o n t a i n e d  a 32P-pept ido (yield, 2 .o/~moles) .  Th i s  p e p t i d e  was 
h o m o g e n e o u s  on p a p e r  c h r o m a t o g r a p h y  in severa l  so lven t s  an d  on  p a p e r  e lec t ro-  
phores is  (l ; l t  3.0 and  0.5) p r o v i d i n g  ev idence  for  i ts p u r i t y .  M o r e o v e r  NH~--. e n d - g r o u p  
de te rmim~t ions  of the  P - p e p t i d e  wi th  F D N B  revea led  the  p resence  of one  f ree  N H ~ -  
g rou p  per  phospho ry I  g roup .  

The  peptidt" y ie lded  the  fo l lowing a m i n o  acids on to t a l  hyd ro lys i s  (6 N HC1 
at  IIO ° fo r :x ( ; ' h ) !  a iunine  (3), g l u t a m i e  ac id  (I), g lyc ine  (2), p h e n y l a l a n i n e  (I) an d  
serine (z) in add i t ion  to  P (I) (by  q u a n t i t a t i v e  a m i n o  acid anMysis  w i t h  n i n h y d r i n  
using p a p e r  c h r o m a t o g r a p h y ) .  T h e  s t r u c t u r e  of t h e  P - p e p t i d e  could  be  p a r t i a l l y  
e s t ab l i shed  ushlg  the  ED.~.\x d e g r a d a t i o n  t e c h n i q u e  a.~ desc r ibed  b y  Fg.~,~'Ki~.z 
C t ) g g - \ l "  el t t[[. '~. P T H ' s  o b t a i n e d  were  iden t i f ied  as such  b y  p a p e r  c h r o m a t o g r a p h y  
wi th  the  so lven t  F of ED.~A.x AND Sj/~Qws'r ~ a n d  also as  the  p a r e n t  a m i n o  acids  
r e g e n e r a t e d  f rom the  P T H ' s  on  h y d r o l y s i s  (6 N HCI at  I5  o~ for  x6 h). U p o n  com-  
plctiula of each  d e g r a d a t i o n  cycle  the  s h o r t e n e d  P - p e p t i d e  was pur i f ied  b y  e lec t ro -  
phores is  (pH 3.6, 6oV, ' cm for z h). T h e  d e g r a d a t i o n  t e c h n i q u e  was  app l i ed  on 
I .O/xmole  of the  P -pep t ide .  Success ive ly ,  pheny la l an ine ,  g tyc ine  a n d  g l u t a m i e  ac id  
were Iom~d ind i ca t i ng  t he  N - t e r m i n a l  ~equence P h e .  G l y . G l u  for  t h e  P -p ep t i d e .  T h e  
s h o r t e n e d  P - p e p t i d e  o b t a i n e d  a f t e r  t h r e e  success ive d e g r a d a t i o n s  was co u p l ed  wi th  
I r I )NB f¢:r iden t i l i ca t ion  of  t he  f o u r t h  a m i n o  acid a n d  f u r t h e r  s equen t i a i  analys is .  
A small  a m o u n t  of the  D N P - p e p t i d e  was h e a t e d  wi th  2 N HCt  a t  l o5  ° for  3 h.  
N - D N P - s e r i n e  p h o s p h a t e  cou ld  be  ident i f ied  in t h e  h y d r o l y s a t e  b y  c o - c h r o m a t o g r a p h y  
wi th  s y n t h e t i c  N - 1 ) N P - s e d n e  p h o s p h a t e  in severa l  so lvents ,  as de sc r ibed  p r ev io u s ly  4. 
T h e  bulk  of  the  D N P - p e p t i d e  was  pa r t i a l l y  h y d r o l y z e d  (r2 N HCI a t  35 ° for  I6  h). 
Ks~ent ia l ly  on ly  tu 'o  r ad ioac t i ve  D N P - d e r i v a t i v e s  were  o b t a i n e d .  T h e s e  were  ex -  
t r a c t e d  f rom the  solut ion at  p H  r .o  wi th  m e t h y l  a c e t a t e  a n d  s e p a r a t e d  b y  p a p e r  
c h r o m a t o g r a p h y  in BAV~" (R~. ' s ,  o.5o and  o.6o). T h e  D N P - d e r i v a t i v e  a t  RF 0.60 
p r o d u c e d  a lan ine  on  to t a l  hydro lys i s  ind ica t ing  t h e  s equence  D N P - S e r -  Ala.  T h e  o t h e r  

I 
P 

I ) N P - d e r i v a t i v e  (RF, 0.50) p r o d u c e d  g lyc ine  an d  a lan ine  in an  a p p r o x i m a t e l y  I :  I 

Abbreviations: DFI', diisopropyl phosphorofluo1"idate; P.-, phosphoryl group which is bound 
to tht: enzyme after r~action with DFP;  FDNB, l-fiuoro-z,4-dinitrobenzene: DNP-,  e,4-dini%ro- 
phenyl : PTII, phenytthiohydantrfin derivative.~; BA~,~], butanol acetic acid- water (4 : I : 5) ; ][-)P--, 
diisopropyl phosph[~r.vl; MP-~, mtmoisopropyl phosphoryl: I)[I', diisopropyi phcxsphate; NIP,  
monoisopropyl phosphate. 
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r a t i o  o n  t o t a l  h y d r o l y s i s ;  h e n c e  i t  r e p r e s e n t s  t h e  t r i p e p t i d e  D N  P -Ser" A I a , G l y .  T h e s e  
I 

p 

r e s u l t s  e s t a b l i s h  t h e  s t r u c t u r e  of  t h e  P- p e p t i d e  a s  f o l l o w s :  P i l e -  G l v -  G i n -  %er- A l a -  Glv- 

P 
(Alae .  %er) °. P a r t  of  t h i s  a m i n o  a c i d  sequ~!nce x'iz. ( ; I v - G I u .  S e r .  A l a - G l y  is i d e n t i c a l  
w i t h  :! e s e q u e n c e  in  t h e  I ) F P - b i n d i n g  s i t e  o f  h o r ~ e - l i v e r  a l i e s t e r a s c  t a n d  s t r i k i n g l y  
s i m i l a r  t o  t h e  s e q u e n c e  G l y ' A s p ' S e r . ( ; l v  in t h e  D F P - b i n d i n g  s i t e  of t h e  p r o t e o l y t i c  
e n z y m e s  t h r o m b i n  ~, c h y m o t r y p s i n  t~. ~ a n d  t r y p s i n  ~. Mos t  s t r i k i n g  in  a l l  t h e s e  s t r u c t u r e s  
i s  t h e  p r e s e n c e  of  t h e  c o m m o n  . ~ q t t e n e e  d i b a s i c  a m i n o  ; t c i d - s e r i ne .  R e c e n t l y  ~ w e  h a v e  
d i s c u s s e d  h o w  u ~erine O H  a n d  a C O O  g r o u p  f r o m  a d i b a s i c  a m i n o  a c i d  m i g h t  i}e 
f u n c t i o n a l l y  i n v o l v e d  in  t h e  r e a c t i o n  of  t h e s e  enzvme .~  w i t h  t h e i r  s u b s t r a t e s  o r  [ ) F P .  

T h e  P - p e p t i d e  of  p s e u d o c h o l i n e s t e r ~ , ~ e  c : t r r i e d  a M P - g r o u p  i n M e a d  of  t h e  I ) P -  
g r o u p  f o u n d  in  t h e  P - p e p t i d e s  f r o m  l ) F i ) - i n h i l f i t e d  c h y m o t r y p s i n  ¢,, t r y p s i n  s a n d  ;tli~ 
e s t e r a s e  t. T h i s  c o u l d  he  s h o w n  t)v h e a t i n g  a sau~ph,  ,)f t h e  P - p e p t i d e  lit t o o  a n d  
p H  I2 ,O  ( N H t O H )  h~r I o  m m .  Al l  a sp  w a s  re le . ' i scd  f rom t h e  ' * a P - p e p t k l e  a s  M I P ,  

i d e n t i f i e d  b y  p a p e r  c h r o m a t o g r a p h y  in p t t t ;Hol -w; t t e J ,  B:\ '~V : rod  b y  c l e c t r o p h o r e s i s  
( p H  3.6 ,  6 o V / c m  for  3o r a in ) ,  I t  is v e r y  u n l i k e l y  t h a t  M I P  is f o r m e d  f r o m  ;t I ) P -  
s n b s t i t u e n t  o n  a l k a l i n e  t r e a t m e n t  o f  t h e  P - p c p t k [ e  s i n c e  nil  o t h e r  P - p e p t i d e s  p r o d u c e  
D I P  u n d e r  t h e  e x p e r i m e n t M  c o m l i t i o n s  e m p l o y e d .  T h e  p r e s e n c e  of  M P  ill  the. p , p t i d e  
is  c o m p a t i b l e  w i t h  i t s  a c i d i c  t o r t u r e .  A l s o  t h e  p a r e n t  P - p s e u d o c h o l i n e s t e r a s ¢  p r o d u c e d  
M I P  on  a l k a l i n e  t r e a t l n t : n t .  :~, f r e s h l y  p r e p a r e ~ l  I ) F P - i n h i b i t - e d  p s e n d o c h o l i n e s t e r a s e  
p r e p a r a t i o n ,  h o w e v e r ,  p r o d u c e d  a m i x t u r e  of I ) I P  a n d  , '-,lip on  a l k a l i n e  t r e a t m e n t ,  
T h e s e  f i n d i n g s  s u g g e s t  t h a t  p s e n d o c h o l i n e ~ t e r a s e  r e a c t s  w i t h  I ) F P  in t h e  u s u a l  w a y  
to  f o r m  t h e  D P - e n z y m e  w h i c h  is  t h e n  s p o n t a n e o u s l y  c o n v e r t e d -  i n t o  a n  M t ' - e n z v m c .  
I t  h a s  b e e n  s h o w n  in t h i s  l a b o r a t o r y  t h a t  t h i s  c o n v e r s i o n  of  D F P - i n t d b i t t ~ d  p s e u d o -  
c h o l i n e s t e r a s e  f o r m s  t h e  c h e m i c a l  b a s i s  of  i t s  " a g e i n g "  
r a t a b l e  i n t o  it n o n - r e a c t ( r a t a b l e  i n h i b i t e d  e n z y m c U L  
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" I t  has not  )-eL l)tlclt de te rmined  whether  the P-pept ide  contains  t ryp tophan .  


