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The  proposed change  CallllOt apl ) rec iably  a l te r  the in tens i ty  ol the (oo-') sp~t ~nl the X-ra \  
d i l f rac t ion  d i ag ram so t h a t  the q u a l i t a t i v e  evah la t ion  of the in tens i t i es  of the N-ray interferences 
by  ~IEYER AND ~'IISCH i does not  exc lude  such a poss ib i l i ty ,  lit y ie lds  a c rys ta l  la t t ice  ~f cellulose I 
which is in be t t e r  accord with the mc~rt~hology of the microf ibr i ls  observed in the electron microscope 
than  the classical  model .  The la t t ice  of K. tt. MEYFR would den land  a t l r lnlounced l amina t ion  ol 
the  na t i ve  cellulose para l le l  to the p lane  (oo2), and the  cohesion of the la t t i ce  l}erpendicular  t~ it 
would  be so weak t h a t  (o02) ough t  to be a p lane  of c leavage.  Fur ther ,  (002) W~nlld not only 1/(! a 
p lane  of l amina t ion ,  bu t  also a p lane  of preferred g rowth  so t h a t  a foliar la t t ice  would result .  None 
of these  expec t a t i ons  proves  to be correct .  On the con t ra ry ,  the d iagona l  phme ( ioI )  is the  p lane  
of growth,  l amina t i on  and cleavage.  \ \ :h i l s t  in the old mode l  all hydrogen  b(mds were concen t ra t ed  
in one p lane  d e m a n d i n g  a p ronounced  sheet - l ike  hal)it ,  in the  new c rys ta l  la t t ice  these bonds wurk 
in such a w a y  t h a t  the  cha ins  are tied t oge the r  in the two p lanes  ( Io l )  and  (~0i), p roduc ing  a f ihri l lar  
and not  a fol iar  habi t .  However ,  the s t r eng th  of the bonds  in the  ( i o i )  p lane  is app rec i ah ly  s t ronger  
than  in the (toY) ph/ne, according to the d i s t ance  of the oxygen  a toms  y ie ld ing  hydrogen  bonds, 
which is I I o;> less in the ( Io l )  than  in the (Io~) p l a n e . . k s  a resul t  there  is a cer ta in  t endency  to fl~rm 
r i l )htm-shaped fibrils. 
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A powerful reactivator 
of al kyl phosphate-i nhibited acetylcholi nesterase* 

Certa in  p h o s p h a t e  es ters  such as t e t r aa l l cy lpyrophospha tes ,  d i a lky l -p -n i t ropheny t  phos- 
phates ,  and  d i a lky l  f luorophospha tes  are p o t e n t  i r revers ib le  inh ib i to r s  of ace ty lcho l ines te rase  and 
esterases  in general .  The r e a c t i v a t i o n  of a l k y l p h o s p h a t e - i n h i b i t e d  ace ty lcho l ines te rase  is of bo th  
p rac t ica l  and  theore t i ca l  impor tance .  I t  is of p r ac t i c a l  in te res t  because  the  mos t  p o t e n t  chemica l  
war fa re  gases and  some powerful  insect ic ides  are a l k y l p h o s p h a t e s  and  the i r  l e tha l  ac t ion is clue 
to the  inh ib i t ion  of ace ty lchol ines te rase .  I t  is of theore t i ca l  in te res t  because the  mechan i s ln  of 
i nh ib i t i on  and of r e ac t i va t i on  is very closely re la ted  to the mechan i sm of enzymic  hydro lys i s  1. 
This  enzvnle  con ta ins  two sites, (i) an anionic  si te which con t r ibu t e s  to the  c a t a l y t i c  a c t i v i t y  
by b ind i~g  and  o r i en t ing  molecules  con t a in ing  s u b s t i t u t e d  a m m o n i u m  s t ruc tures ,  and  (it) an 
es te ra t i c  si te  which i n t e r ac t s  wi th  the  es ter  function and is p r imar i l y  respons ib le  for the  h y d r o l y t i c  
act iv i ty .  During  the  hydro lys i s  of a carboxyl ic  ester a basic  group in the  esteratic  site is acy lated  
to form an acy l - enzyme  as in t e rmed ia t e .  Ace ty l - enzyme  (from ace ta te -es te r s  or anhydrides)  

* This  work  was  suppor t ed  in p a r t  by  the  Medical Research and D e v e l o p m e n t  Board,  De- 
p a r t m e n t  of the  Army,  Office of the  Surgeon General ,  Con t rac t  No. DA-49-OoT-MD-37, and  in 
part  by  the  Div i s ion  of Research  Gran t s  and  Fe l lowships  of the  Nat ional  I n s t i t u t e s  of Health,  
G r a n t  B-573, Un i t ed  S ta tes  Publ ic  Hea l th  Service. 
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rap id ly  reacts  wi th  wate r  to p roduce  acetic acid and  to regenera te  the  free and  ac t ive  enzyme.  
The  alkyl  p h o s p h a t e  inhibi tors  react  wi th  the  same  basic group to form a dia lkyl  p h o s p h o r y l  
e n z y m e  which  however  reac ts  only  ve ry  slowly wi th  water .  

The  inh ib i to ry  reac t ion  is i l lus t ra ted  for a f luorophospha te :  

O G 

II I 
H - - G  q- ( R O ) 2 P - - F  ~ ( R O ) 2 P  = O + H F  

act ive  e n z y m e  inhibi tor  inhib i ted  e n z y m e  

where  H - G  represen t s  the  es tera t ic  site con ta in ing  an acidic group (H) and  a basic group ( . . ) .  
Theo ry  predic ts  t h a t  nucleophil ic  r eagen t s  should  dephosphory l a t e  the  e n z y m e  and  t h u s  res tore  
its ac t iv i ty .  'When R = e thyl  ( inhibi tor  = d ie thyl  f luorophospha te  or t e t r a e thy l  p y r o p h o s p h a t e  
(TEPP))  reac t iva t ion  is readi ly  accompl ished  by  a large n u m b e r  of su i tab le  compounds .  W h e n  
R = isopropyl  ( inhibitor  = diisopropyl  f luorophospha te  (DFP)) r eac t iva t ion  is more  difficult. 

E x p e r i m e n t s  show t h a t  the  anionic  site su rv ives  t he  inhibi t ion  of t he  e n z y m e  and  can  
con t r ibu te  to t he  reac t iva t ion  process.  I t  is therefore  to be expected  t h a t  a very  good r eac t iva to r  
m i g h t  be p roduced  by  combin ing  in the  s ame  molecule  an  in t r ins ical ly  good func t iona l  g roup  
and  a su i t ab ly  located q u a t e r n a r y  a m m o n i u m  s t ruc ture .  E x p e r i m e n t s  wi th  a n u m b e r  of re- 
ac t iva tors  inc luding  h y d r o x a m i c  acids have  shown  t h a t  the  r eac t iva t ing  ac t iv i ty  can  indeed be 
p romo ted  by  in te rac t ion  of a cat ionic  cen te r  wi th  t he  anionic  site 2. 

These  s tudies  also showed t h a t  the  in t r ins ic  ac t iv i ty  could be a u g m e n t e d  by  a pyr id ine  
nuc leus  pa r t i cu la r ly  if t he  func t iona l  group were in t he  2-posi t ion 2. Therefore,  s tudies  were carr ied 
ou t  wi th  o the r  h y d r o x y l a m i n e  der ivat ives ,  in par t i cu la r  oximes,  s ince it  was  k n o w n  t h a t  s imple  
ox imes  are active.  To tes t  the  effect of a pyr id ine  nucleus,  pyr idoxa l  ox ime  was s tud ied  and  
found  to be qu i te  act ive*.  We therefore  prepared  

\N/-C=NOrt 

(i) 

~ N J - C = N O H  
; +  

C H  s I -  
(II) 

2-pyr idine  a ldox ime  (I) and  2-pyr id ine  a ldox ime  meth iod ide  (II) 

in order  to eva lua t e  t he  effect of i n t roduc ing  a q u a t e r n a r y  s t ruc ture .  C o m p o u n d  I I  was  found  
to be ex t r eme ly  act ive  in r eac t iva t ing  the  inhib i ted  e n z y m e  fo rmed  wi th  two r ep re sen ta t ive  
inhibi tors ,  t e t r a e t h y l p y r o p h o s p h a t e  (TEPP)  and  diisopropyl  f luorophospha te  (DFP).  C o m p o u n d  I 
had  only  a low ac t iv i ty .  

The  resu l t s  are p resen ted  'in Table  IA. F r o m  these  resu l t s  it  appea red  t h a t  m e a s u r e m e n t s  
wi th  T E P P  m i g h t  no t  be ra te  m e a s u r e m e n t s  b u t  r a t he r  the  e x t e n t  of r eac t iva t ion  achieved a t  
equ i l ib r ium of t he  reac t ion  : 

G O 
] ~ H J ~  H 

Ro_ =o + I c vl.°  
OR J+ 

C H  3 CH~ 

inh ib i ted  e n z y m e  reac t iva to r  act ive  e n z y m e  pos tu l a t ed  
phospho ry l a t ed  ox ime  

To tes t  th is  poss ibi l i ty  the  inhib i ted  e n z y m e  was  d i lu ted  400 t imes  ( instead of 7.5 t imes)  
before the  reac t iva to r  was  added.  U n d e r  these  c i r cums tances  the  pos tu l a t ed  p h o s p h o r y l a t e d  
ox ime  should  be grea t ly  reduced  and  the  equi l ibr ium displaced to the  r ight .  The  resul ts  so ob- 
ta ined,  Table  IB, are cons i s t en t  wi th  t he  a s s u m p t i o n  of equi l ibr ium.  High  reac t iva t ions  are  
ob ta ined  wi th  ve ry  low reac t iva to r  concen t ra t ions .  %Vith T E P P  even  at  these  low concen t r a t i ons  
it appear s  t h a t  t he  ra te  is m u c h  less t h a n  I m i n u t e  and  t h a t  the  m e a s u r e m e n t s  cons t i t u t e  equi-  
l ibr ium values .  The  D F P  d a t a  seem to indicate  a rate,  b u t  the  s i tua t ion  is no t  clear. 

The  q u a t e r n a r y  ox ime  is a mil l ion t imes  be t te r  t h a n  t he  n o n - m e t h y l a t e d  c o m p o u n d  and  
5o,ooo t imes  be t t e r  t h a n  p ico l inohydroxamic  acid ill r eac t iva t ing  T E P P  inhib i ted  enzyme,  The  
reac t iva t ion  appears  to be app roach ing  e n z y m e  speeds.  I t  h a s  no t  ye t  been es tabl ished,  w h e t h e r  
our  c o m p o u n d  ha s  t he  syn-  or  t he  an t i -conf igura t ion .  

* K ind ly  suppl ied  by  Dr. Kar l  Pfister ,  Merck & Co., Inc. 
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\VUI'H 2 - P Y R I D I N E  A L D O X I M I  r. MI, ;TI t l r I I I IDIi ;  

T h e  r e a c t i v a t i o n s  w e r e  c a r r i e d  o u t  a s  f{fllows: o.2 nil of  c n z y l l l e  s o l u t i o n  p r e p a r e d  lr{nu l';Ic~/J,, 
phorus clectricus w a s  t r e a t e d  w i t h  o.{, |  nil  ~}f T F . l q  ~ o r  l ) l " l '  s{f lut ion (2o 7 / l id ) ,  a n d  d i l u t e d  / |fl{,r 
i h o u r  in t h e  colt1 to  I, 5 1111. T h i s  s o l u t i o n  w a s  u s e d  as  s t o c k  f{}r r e a c t i v a t i { m  : t o  o.2 I331 tVeFe a d d e d  
o.2 ni l  o f  r e a c t | e a t e r  so lu t i~m of  s u i t a b l e  c o n c e n t r a t i o n  in o .o l  5 3]  p h o s t i h a t c  b u f f e r  (pH 7) ; tnd 
o .oo  7 . ] /  E I ) T A . . \ f t e r  s u i t a M e  i n c u b a t i o n s  (~', 5 ' ,  ix ' )  t h e  r e a c t i v a t e d  s{fluti{m w a s  d i l u t e d  t .  
5 ° i111 w i t h  w a t e r  a n d  i ni l  w a s  a d d e d  t o  t h e  l l l a n o n l e t y i c  vesse l s  fo r  a s s a y .  T h e  t{}tal e l lZyI l l e  
d i l u t i o n  w a s  5025  fo ld .  [11 p a r t  B t h e  inh ib i t e i1  e n z y m e  w a s  i l i l u t e d  t o  So .o  ml i n s t e a d  {ff i. 5 nil.  

A. D i l u t e d  7.5 t i m e s  

T E P t  > I } F I '  

l "  .5' 1 ' .5' 

5" ~o :1 3 /  55 82 
2. ~o '~ 43 oo 

lo  a 94  94  
i o  4 41 4 8  
1o r, 8 9-5 

B.  D i l u t e d  4 0 o  t i n I e s  

l '  :1' I '  I1" 

IO 4 3 ~ 53 
l o  .5 85 89 9 l _, 
I o  a 2 5  : 9  

M o s t  r e a c t | v a l e t s  r e a c t  d i r e c t l y  w i t h  T E P P  a n d  D F P  4. T h i s  is a l so  t h e  c a s e  w i t h  t h e  q u a t e r -  
n a r y  ox in l e .  T h e  r a t e  as  j u d g e d  b y  a c i d  p r o d u c t i o n  w a s  f a i r l y  r a p i d  b u t  n o t  e x t r a o r d i n a r y ;  w i t h  
o . o i  BI  o x i m e  a n d  o . o o 2  AI p h o s p h a t e  a n h y d r i d e  t h e  t i m e  f o r  o o/ 5 ,.,0 r e a c t i o n  a t  25 ° C a n d  p H  7.4  
w a s  I2  a n d  2o m i n u t e s  f o r  T E P P  a n d  D F P  r e s p e c t i v e l y .  

T h e  n i c o t i n e -  a n d  p i c o l i n o h y d r o x a m i c  a c i d s  p r o v e d  a l r e a d y  t o  b e  o f  v a l u e  as  a n t i d o t e  of  
t h e  s o - c a l l e d  " n e r v e  g a s "  in  a n i m a l s .  T h e  q u a t e r n a r y  o x i m e  is t h o u s a n d s  o f  t i m e s  m o r e  p o t e u t  
a s  a r e a c t i v a t o r ;  t h e r e f o r e ,  t h e  p o s s i b i l i t y  of  i t s  u s e  as  a p o w e r f u l  a n t i d o t e  a p p e a r s  p r o m i s i n g .  

T h e  a u t h o r s  w i s h  t o  a c k n o w l e d g e  t h e  a s s i s t a n c e  of  Miss  CAROLE Q U A N  u u d  t o  e x p r e s s  t h e i r  
t h a n k s  t o  D r .  DAVID NACHMANSOHN f o r  h i s  c o n t i n u o u s  i n t e r e s t .  
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