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On the crystal structure of cellulose I 

In the crystal  bl t t ice ol t:el]ulose, the t)]ane (o02) plays the predominant  nqu, because it c~)I~t;lli/~ 
the f lat  t /yranose rings of the chain mo]ecules. MEYER AND MISCH t placed inb> this phm~' not o l / Iv  
the bonds between the six carl)<>n at()lns an(1 the two  secondary hydr<)xyl gr,)up> hvith the necess~rv 
deviat ions due to the yah 'no\  angles ;ind the space c()nstollath)n nl tilt, l~)'ianose ring), t)ul stJs<> 
as far as possible the ( : t l  e ( J l  bond t(~ the p r i m a r y  hyd roxy l  gn)u l) (l:ig. I:t). i s  ;l (',)nse(lu01h c. 
t i le  hyd roxy l  groups  of l te ighhour ing cellulose cha ins  ;ire {It a d i s t ance  of o n h  _,.t~ .\ from each tither 
so t h a t  the hydrogen  b(mds (q' the cellulose la t t ice  =, ()ught t() be formed in the' foe_,) plane el  the 
l a t t i ce  (l:ig. Ill). 
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Fig. ~. Cellulose 1 according to MEYER ANI) MISCH t. la. Space la t t i ce ;  lb. hydrogen bonds tie toge ther  
the cellulose cha ins  <>f ti le plane (oo2). O v and Ox in do t ted  lines, before the  suggested r()tati()n: 

in full  lines, after.  
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Fig. 2. Or ien ta t ion  of ti le cellulose c rys ta l l i t e s  in the  
p l a n t  cell wall.  Sect ion : to the axis  of the  chain  la t t ice .  
The p lane  (Ion) lies para l le l  to t i le  cell surface;  i t  is the  

p lane  of l a m i n a t i o n  and growth  in area. 

g rowth  of the  cellulose c rys ta l l i t e s  (Fig. 2). Therefore,  i t  is 
ac t ive  in ( t o i )  t han  in any  o ther  l a t t i ce  plane.  

,<uu:) In silk l ibro in,  MARSH, CtlRFY ANI) 
I ) A U L 1 N G  3 found the or i0ntat ion of the 

7 hydrogen  bonds  to  govern t i le  shape and 
the  g rowth  of t i le  microf ibr i ls  vis ible  in 
t i le  e lec t ron microscope,  since these micro- 
t ibri ls  r epresen t  fiat r ibbons  4 whose surface 
corresponds  to the  di rect ion of the hydro-  
gen bonds.  By analogy,  the l a t t i ce  plane 
(oo2) ough t  to  control  the sul)microscopic  
morphology  of the  cellulose microfibrils.  
}gut th is  is not  the case. Morphologica l ly  
the p lane  ( l o l l  seems to be nmch nn)re 

, i m p o r t a n t  than  (oo2): . \ ( cord ing  to X ray  
diffract ion evidence,  in p l a n t  cell wal ls  the 
submicroscopic  c rys t a l l i t e s  have  the p lane  
( l o ~) or ien ted  para l le l  to the surface of the 
c y t o p l a s m  by which they  are  producedS: 
a t  the  same  t ime  it is the  p lane  of lami-  
na t ion  of the  memt:)ranes t h i c k e n i n g  by 

(m~/ appos i t ion  6. In  some special  cases the tui- 
croflbrils  d i sp lay  even beau t i fu l  aggrega  
l ions  and fasc ia t ions  in t h a t  p lane  7. 
Fur ther ,  microf ibr i ls  suspended in wa te r  
and p roduced  by  mechan ica l  or chemical  
d i s iu t eg ra t ion  of na t i ve  t ex t i l e  fibres are 
depos i ted  on the i r  ( l o l l  p lane< These facts  
prove t h a t  ( io I )  is the pr inc ipal  p lane  of 
l ikely  t h a t  t i le  hydrogen  bonds  are more 
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The  mass  p r edomi nance  of (oo2) in the  c rys ta l  s t ruc tu re  of cellulose I m u s t  no t  necessar i ly  
induce the  s t ronges t  la teral  cohesion in th is  very  plane.  MEYER AND MISCH 1 m e n t i o n  t h a t  the  t rue  
posi t ion of the  p r i m a r y  h y d r o x y l  is unce r t a in  so t h a t  the  chosen disposi t ion (Fig. I) is j u s t  one of 
m a n y  possibilities. As a m a t t e r  of fact  the  p r i ma ry  hydroxy l  of the  angled group > C v H - - C v I H 2 \ o H  
can  freely ro ta te  a round  t he  axis C v - - C v I .  

If such ro ta t ion  is allowed so t h a t  the  p r i m a r y  h y d r o x y l  is moved  ou t  of the  p lane  (oo2) (Fig. i) 
and  b rough t  as near  as possible  to the  oxygen  br idge  of the  neares t  ant ipara l le l  cellulose cha in  
which  is sh i f ted  by  ¼ of t he  fibre period a long the  b axis of the  cha in  latt ice,  the  following con-  
f igurat ion resu l t s  (Figs. 3 and  4). 

i 
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Fig. 3- Pro jec t ion  of the  modif ied crys ta l  la t t ice 
of cellulose I. H y d r o g e n  bonds  tie t oge the r  the  
cellulose cha ins  of t he  p lanes  ( io i )  and  to a 
lesser degree those  of (lO7). Pro jec t ion  of the  
un i t  cell 3 a on the  p lane  I to the  cha in  axis  (b 
axis  3b), on the  p lane  / to the  a axis. The  original 
posi t ion of the  oxygen  a t o m s  Or ,  Ox,  Ov '  and  
O x '  in the  la t t ice  of MEYER AND MISCH 1 is indi- 

ca ted  by  do t t ed  circles. v 

The  smal les t  d is tance  be tween  oxygen  a t o m s  of paral lel  cellulose cha ins  is located be tween  O r '  
and  Oi ( indicated by  a full line in Fig. 3). I t  measu re s  d = 2.54 A, whi ls t  t h a t  of O v - - O I  ~ a m o u n t s  
to 2.80 A ( indicated by  a do t t ed  line). The  d i s tance  be tween  the  h y d r o x y l s  Or"  • • OIII and  Or ' "  • • O i i i  

has  an  in t e rmed ia t e  va lue  of 2.65 A and  t h a t  be tween  Ov" • •OII and  Ov'" • •Oi i '  3.% A. Since Or ' "  • "OI 
is shor te r  t h a n  O v " "  OiII '  t h e  condi t ions  for the  fo rma t ion  of hyd rogen  bonds  is m o s t  f avourab le  
be tween  cha ins  ly ing in the  p lane  ( io i ) .  If those  bonds  are formed,  the  bond  O v " '  "Oii i '  c a n n o t  
exis t  a t  t he  s ame  t ime.  So the  n e x t  possible  d i s tance  for the  fo rma t ion  of h y d r o g e n  bonds  is O v - - O I ' ,  
by  wh ich  t he  cellulose cha ins  are  l inked toge the r  a long the  p lane  ( io i ) .  

The  d i s t ances  have  been found  graph ica l ly  by  us ing  t he  p a r a m e t e r s  of the  a t o m s  in the  c rys ta l  
la t t ice  given by  MEYER AND MISCH 1, the  bond  d i s tances  C - - C  = 1.54 A, C - - O  = 1.45 A and  t h e  
va lency  angle  IO9°4 o'. Ov '  ha s  been ro t a t ed  a round  the  axis C v ' - - C v I '  into the  p lane  Cv 'CvI 'OI  
and  Ov  a round  t he  axis C v - - C v I  into the  p lane  CvCvIOI' .  The  new pa rame te r s  of Or ,  Ox, Ov '  and  O x '  
as compared  wi th  those  of MEYER AND MISCH 1 are:  

parameters 
o/ 

MEYER AND MlSCH n~,  position 

a b c a b c 

Ov 0.57 0.29 o . I i  o.59 o.37 o.89 
O x  o.43 o.79 o.89 o.4I o.87 o.i  I 
Ov '  o.91 o.oo o.61 0.93 o.91 0.39 
O x '  0.09 0.50 0.39 0.07 o.41 o.61 

The  a p a r a m e t e r  of the  ro t a t ed  p r i m a r y  h y d r o x y l  g roups  ha s  no t  c h a n g e d  appreciably,  b u t  
referred to t he  b axis  Ov  and  O x  appear  cons iderably  raised and  Ov '  and  O x '  cor respondingly  lowered. 
Inc iden ta l ly  t he  p a r a m e t e r s  of Ov  and  O x  or O v '  and  O x '  are in te rchanged.  The  p a r a m e t e r s  do no t  
essent ia l ly  change  if the  new d imens ions  of the  un i t  cell of L E G R A N D  9, TRILLAT A N D  L E G R A N D  10 

a n d  K I E S S I G  11 are  cons idered :  
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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. 


