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Several of the small viruses which have been analysed in the Spinco preparative ultra- 
centrifuge by the method of POLSON AND LINDER 1 have shown the presence of infec- 
tive particles of widely different sedimentation constants. Thus the MEF 1 strain of 
poliomyelitis showed the infectivity to be associated with two components of sedi- 
mentat ion constants IOO S and 17o S (SELzER AND POLSON2). Neurotropic Rift Valley 
fever which had been passaged intracerebrally for ~o6 generations in mice followed by 
5o passages in chick embryos and a further 9 intracerebral passages in mice showed 
infective particles of sedimentation constants 175 S and 492 S (Namt~E, MADSEN aND 
POLE• 3) and African horsesickness virus has been shown to have its infectivity asso- 
ciated with particles of sedimentation constants 18o S and 476 S (PoLsoN AND 
MaDS~X4). Neurotropic yellow fever virus on the other hand is an exception in that  
it has all its infectivity associated with a particle of sedimentation constant 17o S 
(PoLsoNS).  

These differences in sedimentation constants may be interpreted in several 
ways, viz. 

(a) The particles may be covered with layers of lipoid of different thickness which 
would thereby give the particles overall lower densities and consequently different 
sedimentation constants. 

(b) The particles may be of different shapes so that  they have different frictional 
constants and consequently different sedimentation rates. 

(c) The particles may have the same shape (possibly spherical) but different 
diameters. 

Most of the animal viruses which have been purified and identified on electron 
micrographs are spherical or nearly spherical and no case has yet been found which 
showed rod-shaped particles as some plant viruses do, notably tobacco mosaic virus. 
Possibility (b) is thus very unlikely. 

To decide between possibilities (a) and (c), use was made of their abilities to 
migrate into agar gels of different concentration. I t  has been found that  the migration 
of proteins (including viruses) into agar gel depends on the concentration of agar in the 
gel. 
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Standardization o/ the afar  gel 
By layering a dilute gel over a more concentrated gel an osmotic pressure ~{radient can [)e 
established across the dilute gel. If a watery suspension of protein be placed on the surface ill 
the dilute gel some fluid will be drawn into the gel, and if the pore sizes in the gel are larger 
than the protein particles the protein will move into the dilute gel with the water. If pignmnted 
protein is used the movement into the gel can be followed by the movement of the colour band. 
The osmotic pressure gradient across the dilute gel layer can be varied at will by the incorporation 
of different concentrations of glycerine in the concentrated gel in the lower part of the tube. 
In the present experiments this was avoided because the proteins were drawn into higher gel 
concentrations than when glycerine was omitted. Two haemocyanines of different molecular 
weight were used in the standardization of the agar gel. That from the crayfish Jasus  lalandi 
has a particle diameter of to. 5 m/t and a molecular weight of 45o, ooo (JOUBERT s) ; and that  from 
the whelk Caminella sincta has sedimentation constant too S, a probable molecular weight of 
6,6oo,ooo and a particle diameter of -'4 m/t (PoLsoN AND LINDER (lOC. CiL)). In addition to these, 
rabbit haemoglobin was also used. 

A 5 cm long column of 8 % afar dissolved in M / I  5 phosphate buffer of pH 7.2 was allowed 
to set in each of a series of v/s" × 6I' test tubes. Over these concentrated gel columns a 5 mm 
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Fig. I. Relationship between size of 
particle and limiting concentration 
of agar. (Lowest concentration of 
agar preventing entrance of particle 

into it.) 

thick layer of agar varying in concentration in the diffe- 
rent tubes from o. 7 °/o to 8 % were placed. A separate set 
was prepared for each protein tested. A small amount 
(o.25 ml) of the protein solution under test was placed 
on the upper surface of the agar in each tube and allowed 
to remain in contact for three days, the tubes being stored 
in the cold. The surfaces of the different gels were then 
washed free of unabsorbed protein and the gels examined 
for the presence of protein which had penetrated it. It  
was found that  rabbit haemoglobin migrated into the gel 
to the same extent irrespective of its agar content within 
the range tested. Jasus  lalandi haemocyanine moved into 
those gels which contained less than 7 g/ agar, whereas 
for the haemocyanine of Caminella sincta the limiting 
concentration was approximately 3 %-The  relationship 
between the particle's diameter and the minimum agar 
concentration which prevents its entrance under the 
particular conditions of our experiments is probably that  
shown in Fig. 1. Very dilute agar gels, in which the 
molecules are far apart, would hold back large particles 
only and very concentrated gels with their molecules 
cIose together would exclude small particles. The following 
equation can be applied: Cd = K (i) 

In this equation d is the diameter in m# of the particle and C the limiting concentration of the 
agar. K is a constant. The value of K calculated from the results obtained with the two haemo- 
cyanines is approximately 7 o. Equation (i) enables one to calculate the approximate limiting 
concentration of agar for the smaller animal viruses. 

RESULTS 

M E F  1 p o l i o m y e l i t i s  

F r o m  e q u a t i o n  (I) i t  was  ca l cu l a t ed  t h a t  t he  I7O S (3 ° m/~) pa r t i c l e  of M E F  1 v i r u s  

w o u l d  be  he ld  b a c k  b y  2.5 % agar .  To t e s t  t h i s  t h e  v i rus  f r o m  2o i n f e c t e d  s u ck l i n g  

m o u s e  b r a in s  was  e x t r a c t e d  in 20 ml  I o %  r a b b i t  s e r u m  sal ine  a n d  p a r t i a l l y  pur i f i ed  

b y  d i f fe ren t ia l  u l t r a c e n t r i f u g a t i o n .  The  final  pe l le t  was  d i s p e r s e d  in I ml  Io  % r a b b i t  

s e r u m  sal ine  a n d  o.25 ml  of th i s  s u s p e n s i o n  was  p l aced  in each  of 4 t u b e s  p r e p a r e d  

w i t h  a t o p  l aye r  of 2.5 % aga r  a n d  t h e  usua l  b o t t o m  l aye r  of 8 % agar.  T h e y  were  lef t  

in t h e  r e f r i g e r a t o r  for 3 d a y s  a n d  du r ing  th is  pe r i o d  n e a r l y  all t h e  fluid d i f fused  in to  

t h e  agar .  The  sur face  of t h e  a g a r  was  t h o r o u g h l y  w a s h e d  b y  i m p i n g i n g  a l ight  j e t  of 

IO% s e r u m  sa l ine  on  to  it. A f t e r  four  such  w a s h i n g s  t h e  t u b e s  were  i n v e r t e d  a n d  lef t  

to  dra in .  The  2. 5 % aga r  l aye r s  were  t h e n  s c o o p e d  ou t  a n d  g r o u n d  up  in Io  ml  s e r u m  
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saline with the aid of a Ten Broeck grinder. The agar was centrifuged off at IO,OOO 
r.p.m, for IO minutes and the supernatant fluid mixed with an equal amount of 
Carninella sincta haemocyanine used for particle size determination by the ultra- 
centrifugation method. After centrifugation at 20,0o0 r.p.m, for IOO minutes in the 
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Fig. 2. S e d i m e n t a t i o n  d i a g r a m  of c o m p o n e n t  
wi th  s e d i m e n t a t i o n  c o n s t a n t  i o o S  isolated 
f rom M E F  1 pol iomyel i t i s  by  migra t ion  into 
2. 5 % agar.  Tile solid ver t ica l  line represen t s  
the  pos i t ion  of the  h a e m o c y a n i n e  (C. sincta) 
b o u n d a r y .  Cen t r i fuga t ion  a t  2o,ooo r .p .m,  for 

ioo minu te s .  
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Fig. 3. Sed imen ta t i on  d i ag ram of M E F  I polio- 
myel i t i s  v i rus  isolated by  migra t ion  into 1.5 % 
agar.  T he  solid ver t ical  line represen t s  t he  
posi t ion of t he  h a e m o c y a n i n e  (C. sincta) boun-  
dary .  Cen t r i fuga t ion  a t  2o,ooo r .p .m,  for too 

minu tes .  

Model L Spinco preparative ultracentrifuge successive layers were removed and the 
virus content of each determined by titration in mice. Fig. 2 records the sedimenta- 
tion diagram of the virus and shows the position or the haemocyanine boundary. 
There is a single sedimentation boundary cor- 
responding to the virus particle of IOO S. No 
evidence is found of the 17o S particle normally 
also present in material not previously subjected 
to diffusion into 2.5 % agar. 

Fig. 3 records the results of a similar ex- 
periment in which the upper gel layer contained 
only 1.5% agar. The normal sedimentation 
pat tern indicating the presence of virus of 2 
particle sizes was obtained. 

I t  was shown experimentally that  it was 
not simply the grinding of a virus suspension 
in the presence of 2.5 % agar gel which gave rise 
to the altered sedimentation diagram. A sedi- 
mentation diagram of a virus suspension treated 
in such a way is recorded in Fig. 4- From these 
experiments it is concluded that  the slower 
sedimenting component of MEF 1 poliomyelitis 
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Fig. 4. Sed imen ta t ion  d i a g r a m  of M E F  1 
pol iomyel i t i s  v i rus  ex t r ac t ed  f rom infec- 
t ive ma te r i a l  g r o u n d  up  in t he  presence  
of 2. 5 % agar.  The  pos i t ion  of the  h a e m o -  
cyan ine  (C. sincta) b o u n d a r y  is ind ica ted  
by  the  solid ver t ical  line. Cen t r i fuga t ion  

a t  20,000 r .p .m,  for ioo minu t e s .  

virus is a particle of smaller diameter than the component with a sedimentation con- 
stant of 17 ° S and that  its slow sedimentation is not due to a higher lipoid content. 

Neurotropic A[rican horsesickness virus 

From equation (i) it can be calculated that  the 5o m/z particle of horsesickness virus 
which has a sedimentation constant of 476 S, would be held back by agar gel with a 
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concent ra t ion  of a p p r o x i m a t e l y  o/ 1.5 ,,o. The pa r t i a l ly  purified virus of the s t ra in  Vry- 
heid ob ta ined  from 2o infected adul t  mouse bra ins  was suspended in I ml lO7o rabb i t  
serum saline and allowed to migra te  into 1.5 % agar  gel under  s imilar  condit ions as 
was done with the  M E F  1 virus. The ex t rac t  of the i .  5 % agar  gel was u l t racent r i fuged  
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Fig. 5. (a) Sedimentation diagram of unfractionated Horsesickness virus. (b) Sedimentation 
diagram of Horsesickness virus isolated by migration into i-5 °/o agar. The positions of the haemo- 
cyanine (C. sincta) boundaries are indicated by the solid vertical lines. Centrifugation at i i,ooo 

r.p.m, for ioo minutes. 

a t  it,bOO r .p.m, for IOO minutes  in the  presence of Caminella sincta haemocyan ine  
(sedimentat ion cons tan t  IOO S). As a control,  mate r ia l  not  sub jec ted  to migra t ion  
into agar  was also u l t racent r i fuge& Figs. 5 (a) and  (b) record the  results  of a typ ica l  

3 

~2 

c 

,.*-___..*___*_ 
l • 

d 
I 

I 
• t 

I I I I I 
I 2 3 4 5 ems 
Distance in centri/uge tube 

Fig. 6. Sedimentation diagram of 
Horsesickness virus isolated by 
migration into 1. 5 % agar gel and 
ultracentrifuged at 2o,ooo r.p.m. 
for Ioo minutes. The vertical solid 
line indicates the position of the 
reference haemocyanine (C. sincta). 

exper iment .  Components  of both  the  main  par t ic le  
sizes are  present  in the  un t r ea t ed  mate r ia l  and  only 
the  component  with a sed imenta t ion  of 18o S is 
present  in the mate r ia l  recovered from the gel. 
Unlike the sed imenta t ion  d iagrams  ob ta ined  with 
the  M E F  1 virus suspensions (Figs. 2 and 3) those 
ob ta ined  with horsesickness virus suspensions show 
considerable  amoun t s  of virus  above  the two sedi- 
men t ing  boundaries .  A t t e m p t s  to isolate a still  
smal ler  component  b y  migra t ion  into gel of higher  
concent ra t ion  were not  sa t i s fac tory  on account  of 
the  low t i t re  of the a p p a r e n t l y  smal ler  component  
with consequent  large losses dur ing  recovery from 
the agar.  An add i t iona l  not  previous ly  recognised 
componen t  was found on u l t racent r i fuging  the ma-  
ter ia l  isolated with  1.5 % get  a t  20,ooo r .p.m, for 
IOO minutes.  The results  of such an exper iment  in 

which Caminella sincta haemocyan ine  was present  as reference are shown in Fig. 6. 
Like the  slower sed iment ing  component  of M E F  x virus  this  component  has a sedi- 
m e n t a t i o n  cons tan t  of a p p r o x i m a t e l y  IOO S. 

ACKNOWLEDGEMENTS 

The au thor  wishes to  express his g ra t i tude  to Professor M. VAN DEX ENDE for his inter-  
est in this work, also Dr. G. SELZER for the  supp ly  of the  M E F  1 virus  and Dr. R. A. 
ALEXANDER for the  horsesickness virus. The technical  assis tance of Miss T. MADSEN iS 
gra te fu l ly  acknowledged.  

Re/erences P. 57. 



VOL. 19 (1956) COMPONENTS OF POLIOMYELITIS AND HORSESICKNESS VIRUSES 57 

SUMMARY 

From the foregoing exper iments  it is concluded tha t  the slower sedimenting components  of MEF 1 
poliomyelitis and African horsesickness viruses are definitely smaller particles than  the infective 
components  with higher sedimentat ion constants .  They were capable of migrat ing into agar gel 
which held back the components  with higher sedimentat ion constants .  The possibility tha t  their  
differing sedimentat ions  on centrifugation depend on factors other than  size, such as lipoid 
content,  can therefore probably  be excluded. In the case of horsesickness virus an additional 
infective componen t  with a sedimentat ion cons tant  of approximate ly  ioo S was shown. This is 
additional to the two components  with sedimentat ion constants  of 18o S and 476 S which have 
been previously ident i fed (PoLSON AND MADSEN (loc. cit.)). 

Rt~SUMI~ 

Les r6sul tats  d6crits pe rme t t en t  de conclure que les cons t i tuants  /~ s6dimentat ion lente du virus 
de la polyomydlite M E F  1 et du virus Africain du eheval sont  des part icules ne t tement  plus petites 
que les cons t i tuan ts  infectieux /~ constantes  de s6dimentat ions plus 61ev6es. Ils peuvent  migrer 
dans un  gel d 'agar  qui ret ient  les cons t i tuants  g constantes  de s6dimentat ions 61ev6es. I1 n 'es t  
done pas possible que leurs s6dimentat ions diff6rentes apr6s centrifugation soient dues g des 
facteurs autres  que la taille, tels que la teneur  en lipoide. Dans  le cas du virus du cheval, les 
au teurs  on t  observ6 un cons t i tuant  infectieux suppldmentaire  dont  ia constante  de s6dimentat ion 
est  d 'envi ron ioo S. Ce cons t i tuant  s 'a joute  aux deux const i tnants  de constantes  de s6dimen- 
ra t ions  respeetives 18o S et 476 S qui ont  4t6 ant6r ieurement  identifi6s (PoLSON ET MADSEN 
(loc. cir.)). 

ZUSAMMENFASSUNG 

Aus den obenangefi ihr ten Versuehen wird die Folgerung gezogen, dass die Iangsamer sedimen- 
t ierenden Vi rus -Komponen ten  der MEF 1 Poliomyelitis und der afrikanischen Pferdesterbe 
entschieden kleinere Partikel darstellen, als die infekti6sen Komponen ten  mit  hbheren Sedimen- 
t ie rungskonstanten .  Sic waren imstande,  in einen Agar-Gel hineinzuwandern,  durch welchen die 
Komponen ten  mit  h6heren Sediment ierungskonstanten  zuriickgehalten wurden.  Es kann  daher 
mi t  \Vahrseheinlichkeit  behaup te t  werden, dass die beim Abschleudern festgestellten verschiede- 
nen Sedimentierungsgeschwindigkeiten der Gr6sse und nicht anderen Faktoren,  wie dem Lipoid- 
gehalt, zuzuschreiben sind. I m  Falle des Pferdesterbevirus wurde Pine weitere infekti6se Kom- 
ponente  mit  einer Sediment ierungskonstante  von ungefAhr ioo S gefunden. Die Letztere komnl t  
also noch zu den beiden friiher identifizierten (PoLSON UND MADSEN (loc. cir.)) Komponen ten  
mi t  Sediment ie rungskons tanten  yon 180 S nnd 476 S hinzu. 
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