
442 SHORT COMMUNICATIONS VOL. 28  ( I958)  

Ultracentrifugal examination of dissociated polio virus 

I t  is generally known tha t  poliomyelitis virus cannot  be lyophilized wi thout  serious loss of in- 
fectivity. The mechanism involved was explained by HAMPTON 1, who showed tha t  when dried 
droplet  prepara t ions  of purified suckl ing-mouse-adapted MEF1 poliomyelitis virus, intended for 
electron microscopy, were re-wetted, the virus particles dissociated into smaller units.  In  the 
present  work the dissociation products  were examined in the Spinco analytical ul tracentrifuge 
as well as in the electron microscope. 

The virus used in this  s tudy  was  the  M E F  1 s t ra in  of Type I I  polio and was prepared f rom 2o 1 
of infected t issue-culture fluid. The purification method was  t ha t  used by  POLSON AND HAMPTON 2. 
I t  involved the initial concentrat ion of the infective agent  by pervapora t ion  followed by the removal  
of undesired tissue protein by  chloroform t r ea tmen t  and differential ul t racentr ifugat ion.  Before 
lyophilization the homogenei ty  of the virus suspension was  confirmed by electron microscopy 
and analytical  ul t racentr i fugat ion.  The virus suspension recovered f rom the ul tracentr ifuge cell 
was freeze-dried, reconst i tuted in the same volume of distilled water  and again ul tracentr ifuged.  
Electron micrographs were also made of the reconst i tuted materials.  

In  Fig. I (a) and (b) are shown sedimentat ion diagrams of the virus before and after freeze- 
drying respectively. I t  will be noticed tha t  the virus suspension prior to lyophilization contained 
one major  component  wi th  an indication of two slower sedimenting components .  The sedimenta-  
t ion coefficients of the three components  were 156 for the fast component  and approximate ly  8o 
and 2o Svedberg units  (S) for the slower ones. In  the  centrifugation run  wi th  the lyophilized virus  
suspension a component  of sedimentat ion coefficient 66 S was found together  wi th  material  which 
did not  sediment  far enough to enable the sedimentat ion velocity to be est imated.  In  a second 
exper iment  using a different prepara t ion  of undissociated MEF 1 virus the material  was ul tra-  
centrifuged at  a higher rotor  velocity with the object of resolving the fraction which failed to 
sediment  in the first experiment .  The undissociated prepara t ion  (Fig. 2a) again contained, in 
addit ion to the main component ,  small am oun t s  of two slower sedimenting fractions, the three 
sedimenta t ion  coefficients being I56, 73 and 25 S. In  the lyophilized prepara t ion  (Fig. 2b) two 
components  were resolved; these had sedimentat ion coefficients of 69 and 15 S units  respectively. 
No trace of the component  having a sedimentat ion coefficient of 156 S could be detected in either 
of the lyophilized preparat ions.  Details of the ul tracentr ifugal  analyses are given in Table I. 

Fig. I a  b Fig. 2a b 

Fig. I .  Sedimentat ion diagrams of purified M E F  x virus,  first prepara t ion,  (a) before and (b) after  
lyophilization. Phaseplate  angle, 20 ° in bo th  cases. (a) was  taken  after  35 rain at  14,29o r .p.m, and 

(b) after  27 rain a t  14,29o r .p.m. + 7 rain a t  29,5oo r .p.m. 

Fig. 2. Sedimentat ion diagrams of purified M E F  1 virus, second prepara t ion  (a) before and (b) af ter  
lyophilization. Phaseplate  angle, I5 °, and ro tor  velocity, 2o,4zo r .p.m.,  in bo th  cases, (a) was 

taken  after  25 min and (b) af ter  27 min a t  the  indicated ro tor  velocity. 

In  Fig. 3 is shown an electron micrograph of the  second prepara t ion  before dissociation by 
lyophilization. The sample appears  to be r ea sonab ly  homogeneous  and the  virus particles are similar 
in shape and size as those earlier observed by, for instance, HAMrTON 1 or TAYLOR AND ?¢[cCORMICK 8. 
After freeze-drying no such particles could be detected (Fig. 4). The electron micrograph revealed 
less well defined bodies of vary ing  size and opaci ty to electrons and wi th  great  tendency to ag- 
gregate into clumps.  
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Tests  on the second prepara t ion  by  the t issue-culture method  showed tha t  the infectivity 
dropped f rom to s.5 to lO 2.5 T.C.I.D.50 per  ml during freeze-drying. "Whether the remaining act ivi ty 
was due to undissociated virus cannot  be s ta ted  with certainty.  

T A B L E  I 

SEDIMENTATION COEFFICIENTS AND RELATIVE CONCENTRATIONS OF THE DIFFERENT COMPONENTS 
OF THE UNDISSOCIATED AND DISSOCIATED M E F  1 POLIO-VIRUS PREPARATIONS 

Preparation 

Total concentration o~ 
sedimented /factions 

S~o in Svedberg units 
(relative concentration in %) 

mg!ml I I I  I I I  

I 0 . 8 7  156  (IOO % )  80  (trace) 20 (trace) 
O/ I (freeze-dried) o.24 - -  60 (IOO /o) not  sedimented 

2 1.16 156 (80%) 73 (8%) 25 (12%) 
2 (freeze-dried) 0.72 - -  69 (4 ° %) 15 (60 %) 

Fig. 3. Electron micrograph of undissociated M E F  1 virus, second preparat ion.  × 88,000. The 
mater ia l  was dialyzed against  distilled wate r  before being subjected to electrou microscopy. 

Fig. 4. Electron micrograph of M E F  1 virus  dissociated by lyophilization. × 88,ooo. 
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The  work  descr ibed  above  conf i rms HAMPTON'S obse rva t i on  t h a t  polio v i rus  is d issoc ia ted  
by lyophi l i za t ion .  Our observa t ions ,  however ,  differ f rom HAMPTON'S in t h a t  we h a v e  found t h a t  
the  v i rus  par t ic les  do no t  b r e a k  up  in to  un i t s  of un i fo rm size, bu t  t h a t  a v a r i e t y  of pa r t i c les  of 
different  dimension~ were formed. F r o m  resu l t s  o b t a i n e d  in the  u l t r acen t r i fuge  i t  wou ld  appea r  
t h a t  two  m a i n  componen t s  are formed as p r o d u c t s  of the  d i s soc ia t ion  and  have  s e d i m e n t a t i o n  
coefficients of 66 to  69 S and a p p r o x i m a t e l y  15 S, respec t ive ly .  I t  c anno t  be dec ided  a t  the  m o m e n t  
w h e t h e r  the  fas ter  of these  c o m p o n e n t s  cons is t s  of the  i n t a c t  nucleic acid nucleus  or the  p ro te in  
shell  or some bigger  f r agmen t s  of e i the r  p a r t  of the  virus .  The s lower  componen t  u n d o u b t e d l y  
consis ts  of smal le r  d i ssoc ia t ion  p roduc t s  w i t h  molecu la r  we igh t s  of p r o b a b l y  less t h a n  a mil l ion.  
As only  a t race  of the  lyophi l ized  p r e pa r a t i ons  was  insoluble  and  on ly  4o-6o % was  recovered  as 
s ed imen ted  mate r ia l ,  much  m u s t  h a v e  been conver t ed  to  even smal le r  pa r t i c l e s  of s e d i m e n t a t i o n  
coefficients less t h a n  15 S. 
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The sialic acids of hog pancreas 

The amino  group  of s ial ic  acids  can  be s u b s t i t u t e d  wi th  an ace ty l  g roup  (N-ace ty ls ia l ic  acid) or a 
g lycolyl  g roup  (N-glycolyls ia l ic  acid). 13LIX el al. 1 i so la ted  the  g lyco ly l - con ta in ing  sial ic  acid 
(P-sial ic  acid) f rom h o g - s u b m a x i l l a r y  mucin.  VVhen we t r i ed  to  i so la te  N-glycoly ls ia l ic  ac id  f rom 
o the r  t i s sues  of hog, e.g. k i d n e y  and serum,  the  c rys ta l s  were found to  be composed  of a b o u t  15 % 
N-glycoly ls ia l ic  acid and 85 % N-ace ty l s ia l i c  acid2, 3. On the  o the r  hand ,  the  s ia l ic  ac ids  i so la ted  by  
us frolfi the  s u b n m x i l l a r y  g land  and  muc in  of hog con ta ined  80 % and  9o % N-glycoly ls ia l ic  acid,  
respect ively ' .  Therefore,  we a s sumed  t h a t  the  mucoids  in the  secre t ions  f rom the  hog g lands  con- 
t a i n e d  p r a c t i c a l l y  pure  N-glycoly ls ia l ic  acid. To t e s t  the  hypo thes i s  we h a v e  i so la ted  t he  sial ic  
acids  f rom hog pancreas  and  i n v e s t i g a t e d  t he i r  composi t ion .  

2 kg  of hog pancreas  freed f rom mos t  of the  fat  and  connec t ive  t i s sue  were  homogen ized  in a 
T u r m i x  blendor .  The homogena t e  was  poured  under  s t i r r ing  in to  8 1 e t hano l  and  boi led  for 3 ° min.  
The e thano l  was  f i l tered off and  the  res idue was  reboi led wi th  the  same  vo lume  of e thanol .  The  
e x t r a c t e d  ma te r i a l  was col lected on a Bi ichner  fnnnel  and  washed  severa l  t imes  w i t h  e t hano l  and  
f inal ly suc t ioned  dry.  The w a s h ing  of the  m a t e r i a l  and  the  i so la t ion  of s ial ic  ac ids  were  car r ied  ou t  
as descr ibed for h u m a n  l iver  4. The lyophi l ized  crude f rac t ion  con t a ined  315 rag sial ic  ac id  de ter -  
mined  by  the  resorcinol  m e t h o d  5. As the  a m o u n t  of N-ace ty l s ia l i c  acid in the  or ig ina l  ma te r i a l  was  
found to be .725 mg, the  yield was  43 %- 

l .yophi l ized  mate r i a l ,  co r respond ing  to  275 mg sial ic  acids,  was  d isso lved  in 2 ml  w a t e r  and  
d i lu ted  wi th  2o ml methano l .  5 ° ml d i e thy l  e the r  were a d d e d  under  con t inuous  ag i t a t ion .  A large 
a m o r p h o u s  p rec ip i t a t e  was  f i l tered off and  an  a d d i t i o n a l  i o  ml  of e the r  added.  Crys t a l l i za t ion  
s t a r t e d  immed ia t e ly .  The c rys t a l s  were red isso lved  in w a t e r  and  methano l ,  and  e the r  was  added as 
before. The yie ld  of r ec rys ta l l i zed  sial ic  ac ids  was  137 m g  (Frac ion  A). 

The a m o r p h o u s  p r e c ip i t a t e  and  the  m o t h e r  l iquors  were  r e c h r o m a t o g r a p h e d  on Dowex-2.  
A second f rac t ion  of s ial ic  acids  could be c rys ta l l i zed  (Frac t ion  B = 61 mg). 

Table  1 straws the  glycol ic  acid c on t e n t  of the  lyophi t ized m a t e r i a l  and  of F rac t i ons  A and  B. 
Onh- two spots  were found, wi th  the  same  Rv  va lues  as N-ace ty l s ia l i c  acid and N-glycolyi-  

sialic acid, when the  m a t e r i a l  was  sub jec ted  to pape r  c h r o m a t o g r a p h y  wi th  n -bu t ano l  n - p r o p a n o l -  
o.i .VHC1 (l : 2 : l,  v /v /v )  as so lven t  ~. 

The X- ray  powder  d i a g r a m  was iden t i ca l  w i th  t h a t  of P-siat ic  acid 1, 2 (N-glycolyls ia l ic  acid). 
Tile in f ra red  s p e c t r u m  was  of the  same t y p e  as t h a t  of a m i x t u r e  of the  t wo  sialic acids  7. 


