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The solubility of cetylpyridinium complexes of biological 
polyanions in solution of salts 

In a r e c e n t  n o t e  the  p r e c i p i t a t i ~ m  of ac id i c  p(~lysacchar i t les  1)y I~n,<-chain q u a t e r n a r y  
a l l l r n o l l i u i D  s a l t s  was  r e p o r t e d ,  a n d  snt/le q u a l i t a t i v e  alld t l t l a u t i t a t i v e  a p p l i c a t i o n s  \vere d e s c r i b e d .  
T h e  p r e s e n t  c o n l m u n i c a t i ( m  dea l s  w i t h  an  e x t e n s i o n  ~)f (me of t h e s e  a s p e c t s :  t he  use ~)f s (~ lu t i .ns  
of s o d i u m  s u l p h a t e  to  d i s s o l v e  t n ' e c ip i t u t ed  c a r b o x y l i c  p o l y s a c e h a r i d e s  se lec t i \ ' e Iy ,  l e a v i n g  till .  
t o u c h e d  p r e c i p i t a t e s  c o n t a i n i n g  s u l p h a t e d  p o l y s a c c h a r i d e s .  I)trTTa. J o N v s  AND .':';T:X(~,:'V '2 h a v e  
d e s c r i b e d  t h e  d i f f e ren t  s o l u b i l i t i e s  in s a l i ne  (if I )NA and  t{N. \  c o m p l e x e s  wi th  "ce t :~ \h ) I f ' .  11 
s e e m e d  i m p o r t a n t  to  d i s c o v e r  w h e t h e r  s i m i l a r  p h e n o m e n a  c(mld be obserx 'ed w i t h i n  each  g r o u p  
of ac id i c  p o l y s a c c h a r i d e s ,  a n d  It, sea rch  for at p r i n c i p l e  u n d e r l y i n g  the  s o l v e n t  e t l ic i t 'nc\ '  . f  a n y  
p a r t i c u l a r  sal t .  The  f o l l o w i n g  e x p e r i m e n t s  were  p e r f o r m e d  wi th  t h e s e  e n d s  in v iew.  

A ser ies  of t u b e s  each c o n t a i n i n g  o. 4 mg  p o l y s a e c h a r i d e  a n d  1.4) i l lg (a sma l l  excess)  cetx'I- 
p y r i d i n i u m  c h l o r i d e  in 3.3 ml s o l u t i o n  (~f v a r y i n g  s a l t  c o m ; e n t r a t i o n  was  k e p t  o v e r n i g h t  a t  3 ° :  (" 
to  a l l o w  the  p r e c i p i t a t e s  to  c o a g u l a t e .  Af te r  c en t r i f uga t i~m the  a m o u n t  ~,1 c e t y ] p y r i t l i n i u m  
r e m a i n i n g  in  t he  s u p e r n a t a n t  was  e s t i m a t e t l  s p e c t r o p h o t o m e t r i c a l l y  a t  -t)o m,., a t  whic l l  w a x e -  
l e n g t h  t he  m o l e c u l a r  e x t i n c t i o n  is a p p r o x i m a t e l y  4 , I n ° .  The  q u a n t i t y  of t~r{'cipitate f,~rmed can  
t h u s  be  fo l lowed  as  a f u n c t i o n  of s a l t  c o n c e n t r a t i o n .  

The  c o n c e n t r a t i o n  ()f c a l c i u m  c h l o r i d e  r e q u i r e d  to  p r e v e n t  p r e c i p i t a t i o n  of four  d e x t r a n  
s u l p h a t e s  v a r i e d  f rom 2 .8 .V to  7-5 N, a n d  s e e m e d  t(~ d e p e n d  b o t h  on d e g r e e  of s u l p h a t i ( m  and  
m o l e c u l a r  we igh t .  The  h e p a r i n  ( l e o  u n i t s / i n g )  t:{mu)lex d id  n o t  p r e c i p i t a t e  f rom 3.o X c a h i u m  
e h l n r i d e ;  nor  ditl  t h e  c o m p l e x e s  t~f txw~ s p e c i m e n s  of chon( I rMt in  s u l p h a t e  f rom a p p r ~ x i m a t e l  3 
I . I  A;, 

The  effect  of a se r ies  ~1 c a t i o n s  a n t i  an io t l s  on the  s o h t b i l i t y  of t he  ( ~ m l p l e x  of one  d e x t r a n  
s u l p h a t e  was  d e t e r m i n e d .  The  r e su l t s  a re  shr)xvn ill T a b l e  [. I~'iK. ~ s h o w s  s,m]e ~1 the  curx'e~ 
w h i c h  \\ 'ere o b t a i n e d .  
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C o n c e n t r a t i o n  ( n o r m a l i t y }  
r e q u i r e d  to  m a i n t a i n  7 ° '!. 
of d e x t r a n  s u l p h a t e  in so- 
lu t ion .  

3.1 _,.83 1.75 1.o 1.75 < ° 5  ; "  -'.5 3-3 4 .I 
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C o n c e n t r a t i o n  ( n o r m a l i t y )  
r e q u i r e d  to  m a i n t a i n  70 % 
of d e x t r a n  s u l p h a t e  in so 
lu t ion .  

~" 4 1 . 7 5  1 . [  I.,X 3.N 

S o l u b i l i t y  c u r v e s  of t he  p r e c i p i t a t e s  of pec t i n ,  p o t a s s i u m  h y a l u r o n a t e ,  s t )d ium a l g i n a t e .  
s o d i u m  c h o n d r o i t i n  s u l p h a t e  (CSA), D N A ,  h e p a r i n  an t i  d e x t r a n  s u l p h a t e  (D%) were  d e t e r m i n e 4  
iI1 s o l u t i o n s  of p o t a s s i u m  a n t i  n / a g n e s i u m  c h l o r M e s  a n d  s t ) d i t l n ]  s u l p h a t e .  The  r e s u l t s  a re  s u m -  
m a r i s e d  in T a b l e  I I .  
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P O L Y S A C C H A R I D E  

N a l t  Ih'ctin IIvaluro, 'mh'  AIk, i n . l c  1) . . \ ' -4 .  ( ' . S _ t ,  l[c[ ,~rin I)..q. 
i 7~ u n i  s i k'J 
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N o r m a l i t y  of s a l t  s o l u t i o n  r e q u i r e d  to  m a i n t a i n  7 o %  of p o l y s a c c l a a r i d e  in snluti<m. 
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Certain generalisations can be made from these observations. 
i. Complexes formed by polyanions with cationic detergents are soluble in salt solutions 

at  concentrat ions which are characteristic 
and widely different, according to the struc- 1.0 
ture of the polymer, g 

2. Complexes of carboxylic polysaccha- 
rides are soluble in much lower concentra- k, 0"8 
tions of all types  cff salt than  those of the ~ m 
polysulphates, with DNA and RNA 2 in the ~ 
intermediary range. "~.9 0.6 

3. The solvent action of the anion on ~ ~ 
polysulphate complexes is inversely related ~,~ 
to its energy of hydra t ion;  the same applies "~ 0.4 
(up to a point) for the cation. Ionic s t rength  
seems to be of greater importance in the 
prevention of polycarboxylate and nucleic 0.2 
acid precipitation, especially when the density 
of charged groups is low, as in pectin. 

4. The bond between the qua te rnary  
a m m o n i u m  ion and ester sulphate groups 
differs considerably from tha t  derived from 
carboxylate,  and is probably  stronger. 

F rom the above and other experiments 
it is though t  tha t  two processes contr ibute 
to the formation of the precipitate. 

~. Organic cations associate with the 

/ / /  
Ke Ct-/ Na+ CI-/ • °~°  Li÷CI-/ /Ca++Cl~ 
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al 0.'6 & 1.3 1.~ 1.~ z'l 2; 2:7 ab a5 
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Fig. I. The optical densi ty was measured in IO 
m m  quartz  cells at  26o m/~. A reading of 0.20 
corresponds to complete precipitation, and 0.95 

to no precipitation. 

polyanion in solution displacing inorganic ions to some extent.  When the energy of hydrat ion of 
the polymer is insufficient to hold the long paraffin chains of the associated cetylpyridinium in 
solution, a new phase is formed. 

2. Organic cations from solution exchange with inorganic ions remaining on the solid with 
release of energy, stabilising the precipitate. 

Equil ibrium in stage i, between solid and solution phases depends on the ratio of the concen- 
t ra t ions  of qua te rna ry  a m m o n i u m  and inorganic cations, their  respective affinities for the anionic 
groups  and on the hydra t ion  energy of the polymer, i.e. on its structure.  The cation-anion affinity 
decreases wi th  increasing salvation of both, i.e. is roughly proport ional  to the size, charge re- 
maining cons tant  (for review on ionic salvation see Ref. 3). This is probably  because the s t rongest  
bond between cation and anion is an ion-pair, or a closely allied s t ructure  which can only be 
formed subsequent  to the loss of water  of solvation. 

The affinity of COO-, PO4-, SOa-, for a given cation seems to increase in tha t  order; of 
cations for an anion, Li < Na < K; the order of increasing size. The hydrogen ion occupies a 
special place in such series because of its ability to form covalent bonds with anions. 

The applications of these findings to biological materials, together  with detailed inter- 
pretat ions and experimental  data, will short ly be submit ted  for publication. 

My thanks  are due to Dr. J. E. KENCH for encouragement  and support ,  to Bengers Ltd. 
for specimens of dextran sulphate, and to the Medical Research Council for a research s tudentship.  

Chemical Pathology Laboratory, Department o[ Pathology, University o/ Manchester J . E .  SCOTT 
(England) 

1 j .  E. SCOTT, Chem. and Ind., (1955) 168. 
2 S. K. DUTTA, A. S. JoNEs AND M. STACEY, Biochim. Biophys. Acta, IO (1953) 613. 
3 g .  E .  CONWAY AND J .  O ' M .  BOCKRIS, Modern Aspects o/Electrochemistry, Butterwor th ,  London, 

(I954). 
Received Ju ly  28th, i955 

Effect of salt concentration and pH on the rate of virus neutralization 
by purified fractions of specific antiserum 

JERNE 1 and JERNE AND SKOVSTED 2 first reported tha t  the rate of neutralization of bacterio- 
phage by specific ant iserum is considerably faster  at low than  at high salt concentration. This 
effect of salt concentrat ion on the rate of virus neutralization has been confirmed by others3, 4. 
"The purpose  of the present  communicat ion is to make a prel iminary report  of studies dealing 


