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P A R T I C L E  SIZE D I S T R I B U T I O N  OF A F R I C A N  H O R S E S I C K N E S S  V I R U S  

by 

A L F R E D  POLSON AND T H E L M A  MADSEN 

South African Council/or Scientific and Industrial Research and the University o/Cape Town 
Virus Research Unit, Department of Pathology, University o/Cape Town (South Africa) 

During the course of our work on the measurements of physico-chemical properties 
of animal viruses, particularly those occurring in Africa, it was noticed that in suspensions 
of some of the viruses there were particles of at least two different sizes, both particles 
being infective. The work reported here is that done on neurotropic African horsesickness 
virus. 

EXPERIMENTAL 

The strains of horsesickness virus on which the work was performed were i i8o, i i78, Vryheid 
and A 5Ol (ALEXANDER, personal  communicat ion) .  Virus emulsions were prepared as IO O//o suspensions 
of virus-infected mouse brains  in lO% rabbi t  serum saline. The crude suspensions were spun  at  
2600 r .p.m, for i hour  and the supe rna t an t  fluids used in the ul t racentr i fugat ion studies. Al though 
it is possible to obtain  sedimentat ion diagrams wi thout  the use of densi ty gradients  in the centrifuge 
tube as was shown by BRADISH et al. 1 and POLSON AND LINDER 2, they  were nevertheless used as 
a safeguard against  possible heat  convection currents .  The use of cane sugar  solutions in establishing 
densi ty  gradients  was avoided because of the difficulty of cor- 
recting for viscosity in the determinat ion  of sedimenta t ion  160 
rates  in this  medium. Ins tead  reliance was placed on haemo-  
cyanine, which itself has  a high sedimentat ion cons tan t  and 
which is known to provide an effective gradient.  The haemo- 140 
cyanine of Caminella sincta of sedimentat ion cons tan t  ioo S 
was found useful for this  purpose  (POLSON AND LINDER2). 

Infected brain suspensions in IO% rabbi t  serum saline t20 
containing 1.5 % haemocyanine  were placed in io ml graduated 

centrifuge tubes  and spun  in the ro tor  which had ~'~ Spinco 100 
previous ly  been b rough t  to the  centr ifugat ion equil ibr ium 
tempera tu re  for the required rotor  velocity (POLSON AND 
LINDER2). The ro tor  velocity was carefully noted at  intervals  80 
during acceleration, during the main centr ifugat ion run  and 
during the deceleration period. The average effective ro tor  
velocity during the period of centrifugation,  which was ioo 60 
minutes  in these experiments ,  was determined by  plot t ing the  
square  of the actual  ro tor  velocities at  different intervals  401 
agains t  t ime and calculating the average effective velocity ac- 

(a ) rea included by  curve 112. 
cording to the formula r.p.m. = 20 

IO0 
The method is similar to t ha t  described by  BRADISH et al. 1. 

Immedia te ly  after  the  rotor  s topped the t empera ture  of 
the wate r  in the balancing tube  was  determined and the tube 
containing the virus t ransferred to a metal  holder at  the bo t t om 
of a large container  made of 8 m m  thick " p e r s p e x "  and filled 
wi th  wate r  at  the same tempera tu re  as the centrifuge rotor,  
care being taken tha t  the water  in the container  was at a 
level above tha t  of the meniscus in the centrifuge tube.  Wi th  
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Fig. I. Showing the square  of ro tor  
velocity against  t ime in minutes.  
Average speed calculated from this 

curve is 12,22o r .p.m. 
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a sampling device the fluid in the tube was removed in successive layers of o. 5 or I cm. Thus  the 
contents  of the tubes  were divided into 8 or io samples. Each  sample was t i t ra ted by  intracerebral  
inoculation of tenfold dilutions into 3 to 4-weeks old mice. The mice were kept  under  observat ion 
for 8 days. Fif ty percent  end-points  were determined by  the method of REED AND MUENCH 3. The 
t i tres of the different samples were plot ted against  the relative posit ions in the centrifuge tube.  
The position of the sedimenting virus boundary  in the centrifuge tube which corresponds to the 
5 ° % concentrat ion point  in tile Svedberg light absorpt ion  technique is determined from the posit ion 

o5 a line drawn th rough  a point  represent ing a ti tre T where T = Log (Anti log T e --2 Antilog T I )  

and T e is the virus t i tre below, and T 1 t ha t  of the ti tre above the boundary  zone respectively. 
F r o m  the posit ion of the sedimenting bounda ry  H thus  determined, the sedimentat ion cons tant  
was calculated using the equat ion of Svedberg and Pedersen as modified for sedimentat ion in the 
angle centrifuge 

2 H.  Sin a 
S = (2x 1 + H S i n a ) ~ o  2(t e - t l )  ~/~Te0 (I) 

where X 1 ~ distance of initial boundary  from the axis of rotat ion,  a is the angle of inclination of 
the tube, e) the angular  velocity of the rotor,  (t e - -  Q) the effective t ime of centr i fugat ion (IOO minutes  
in the present  experiments) ,  and ~#12o the ratio of viscosities of the solution at  the t empera tu re  of 
centr ifugat ion to tha t  of water  at  2o ° C. 

The sedimentat ion cons tan t  can also be ca lculated f rom a knowledge of the distance sedimented 
by  a substance of known sedimentat ion cons tan t  under  identical condit ions of centrifugation.  For  
this purpose  the following equat ion is used 

Se := $1 H e (2 x I + H 1 Sin a) 
H I (2x 1 + H 2 Sin a} (2) 

where S e ~ the  sedimentat ion cons tan t  of the  substance under  investigation, S 1 the sedimentat ion 
cons tan t  of the reference substance,  H e the distance which the substance under  invest igat ion sedi- 
mented  and H 1 the distance which the reference substance sedimented.  

The advantages  of using this equat ion are several. No accurate knowledge of the effective ro tor  
velocity is necessary nor  the  t empera tu re  of the rotor  during centrifugation.  Tube distort ions during 
centr i fugat ion do not  play a role either in comput ing  sedimentat ion constants .  I f  the reference 
subs tance  has  no effect on the material  under  invest igation it can be mixed wi th  the material  and 
centrifuged in the same tube.  In  the  exper iments  wi th  horsesickness virus Caminella sineta haemo- 
cyanine wi th  a sedimentat ion cons tan t  i00 Svedberg uni ts  was mixed wi th  the virus prior to cen- 
tr ifugation.  The haemocyanine  served a dual purpose,  firstly, ill establishing a density gradient  and 
secondly, in serving as a reference substance.  

RESULTS 

In Fig. 2 are given diagrams showing the virus content of the samples token at 
different levels in the centrifuge tube in three centrifugation experiments on strain 118o 
of horsesickness virus. The virus was subjected to centrifugation at an effective speed of 
i i , o o o  r.p.m, for IOO minutes. It will be seen that the sedimentation diagrams are 
similar in all three cases and that there are at least three components of different 
sedimentation constants present in horsesickness virus. The boundary of the component 
with the lowest sedimentation constant moved down to 1.2 5 cm while the intermediate 
component sedimented to approximately the 4 cm level. The presence of an additional 
very rapidly sedimenting component is suggested by the fact that the original emulsion 
has a higher virus titre than any portion of the supernatant fluid recovered after this 
degree of centrifugation. 

Several experiments were conducted to show that the inhomogeneity of the virus 
is real and that it is not due to unrecognised artifacts. 

a. The component with the lowest sedimentation rate is not due to virus coated 
with a thick layer of lipoid which would produce a particle of low specific gravity. If this 
was the case the particle would show negative sedimentation on centrifngation in a 
medium of high density. Such an experiment was performed. A suspension of virus was 
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centrifuged at  2o,ooo r.p.m, for IOO minutes in a cane sugar medium of densi ty  1.17 g/ml. 
The t i t rat ions of the samples taken at different levels in the centrifuge tubes after  
centr ifugation showed tha t  some sedimentat ion had still occurred and tha t  no virus 
moved to the top levels in the tube thus indicating tha t  the " l ighter"  component  is not  
virus coated with a heavy  layer of lipoid. 
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Fig. 2. Tit-re of samples taken at various levels 
in the centrifuge tubes in three different experi- 
ments conducted with approximately constant 
rotor velocity and time of centrifugation. Strain 

118o of horsesickness virus. 
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Fig. 3. Titres of samples taken at various levels 
in the centrifuge tube in an experiment in which 
material was centrifuged at 14,9oo r.p.m, for 

IOO minutes. 
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Fig. 4- Titres of samples taken at various levels 
in the centrifuge tube after centrifugation of 

the "lighter" component at i i,ooo r.p.m. 

By  centrifugation in media of different densities by  the method of LAOF~ER, 

TAYLOR AND WONDER a the hydra t ed  densi ty of the " l ight"  particle has been found to 
be 1.28 g/ml. This aspect of the work however needs confirmation by  experiments 
carried out with a range of media of different densities. 

b. The " l ighter"  component  is not  due to an art ifact  arising out of spinning at the 
relatively low speed of i1 ,ooo r.p.m. I t  is also demonstrable in fluids subjected to 
centrifugation at 15,ooo r.p,m, but  has of course at  the higher speed sedimented through 
a greater  distance (Fig. 3). 

c. The different components  present in the emulsion can exist independently.  The 
" l ighter"  component  was separated from the "heavier"  components  by  centrifugation 
at 20,0o0 r.p.m, for 30 minutes and upon centrifugation of the supernatant  at  II,OOO 

.p.m. only a single sedimentat ion " b o u n d a r y "  was obtained (Fig. 4). The " h e a v y "  
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component, recovered from the deposit after centrifugation at 2o,ooo r.p.m., was washed 
six times in lO% rabbit  serum saline, each time being recovered by centrifugation. 
Finally it was tested by centrifugation at II,OOO r.p.m, for IOO minutes and a sedi- 
mentation diagram was obtained which showed only the presence of the "heavy"  
components (Fig. 5). There is therefore no equilibrium between the "l ight" and "heavy"  
components. 

d. The "light" component does not result from dissociation brought about by the 
haemocyanine. The absence of such an effect was evident when it was found that  a cane 
sugar gradient could be substituted for haemocyanine (Fig. 6). 
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Fig. 5. T i t res  of samples  t a k e n  at various levels 
in the centrifuge tube after c entrifugation of the 

" h e a v i e r "  components at I I,OOO r .p .m.  
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Fig. 7. Titres of samples taken at various levels 
in the centrifuge tube after centrifugation at 
i I,OOO r.p.m, of the "light" component separated 

by  repeated centrifugation. 
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Fig. 6. T i t res  of s amples  t a k e n  a t  various] levels 
in the centrifuge tube after centrifugation at 
14,77o r .p .m,  in the  presence of a sugar gradient 

ranging from o-16  %. 
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Fig. 8. Titres of samples taken at various levels 
in the centrifuge tube after centrifugation at 
i i ,ooo r.p.m, of the "light" component separated 

by repeated passage at limit dilutions. 

e. Attempts were made to obtain a "light" virus free from the "heavy" components 
by a'ternative separation of the "light" component by centrifugation and mouse passage. 
After 9 such alternate centrifugations and passage a suspension of the virus was ultra- 
centrifuged at II,OOO r.p.m, for IOO minutes and a result obtained (Fig. 7) which was 
not different from that with the original virus suspension. 

An alternative method was also employed to produce virus consisting only or 
predominantly of the "light" component.  After the "heavy" virus was removed by 
centrifugation serial tenfold dilutions of the supernatant fluid containing the "light" 
component were injected into mice. The brains of mice which were moribund after 
receiving the highest infective dilution of the virus suspension were collected. Suspensions 
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were prepared and once more freed of "heavy"  v rus by  centrifugation, after which 
they were t i t rated in mice. The alternative centrifugation and "limit dilution" passage 
was repeated 3 times. After the third passage the sedimentation rate of virus in infected 
brain emulsions was determined in the 
usual way. The results (Fig. 8) revealed no 
difference from the original virus. 

f. The "l ight" component is not peculiar 
to strain 118o alone. In Fig. 9 are given 
sedimentation diagrams obtained in experi- 
ments with the strains 1178, A5oI, Vryheid 
and 118o. All were centrifuged at approxi- 
mately  the same speed. Unfortunately the 
centrifugation temperatures were different 
in the different experiments as a result of 
which different sedimentation distances were 
obtained. The haemocyanine, with which 
the virus was mixed, however showed corres- 
ponding differences in boundary movement.  
I t  could therefore be concluded that  the 
sedimentation constant of the corresponding 
components in the different strains were the 
same, and that  the only difference amongst 
the strains was in the relative amounts of the 
different components present. 

Sedimentation constants and particle sizes o/ 
the components o/horsesickness virus 

As the amount of sedimentation of the 
"l ight" components was very small no re- 
liable sedimentation constant could be calcu- 
lated for it from the diagrams obtained at 
i i ,ooo r.p.m. However an appreciable migra- 
tion of the "l ight" component to warrant  the 
calculation of a reasonably accurate sedimen- 
tation constant was obtained when the virus 
was centrifuged at 14,9oo r.p.m, for IOO 
minutes. The sedimentation diagram is shown 
in Fig. 3. 

In Table I are given the experimental 
data  from which the sedimentation constant 
was calculated. 
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Fig. 9" Ti t res of samples taken at var ious 
levels in the centr i fuge tubes af ter  centr i fu-  
g a t i o n  a t  a p p r o x i m a t e l y  t h e  s a m e  s p e e d  of  
f o u r  d i f f e r e n t  s t r a i n s  of  h o r s e s i c k n e s s  v i r u s :  

a .  1 1 7 8 ;  b .  A 5 o I ;  c. 118o ;  d .  V r y h e i d .  

The sedimentation constant of the "l ight" component was also calculated with the 
aid of equation 2 and the data in Table II .  The haemocyanine boundary (sedimentation 
constant IOO S) moved down 1.5 cm during centrifugation. From these data  a sedimenta- 
tion constant of 173 S was calculated. Using the modified Stokes equation and assuming 
spherical particles of density 1.33 g/ml particles diameters of 50.8 mF and 31.2 m/z 
were calculated for the two components of horsesickness. 
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T A B L E  I 

U L T R A C E N T R I F U G A T I O N  OF D I F F E R E N T  S T R A I N S  OF A F R I C A N  H O R S E S I C K N E S S  V I R U S  

( S e d i m e n t a t i o n  c o n s t a n t  of t i le  " h e a v y "  componen t )  

X1 -- 5.35, t l - t2 ~ ioo minutes ,  Sin a = o.4384 

Strain T °C ~/~72o H in cm r.p.m. S in Svedbergs 

118o 9.0 1.39 3.7 lO,8OO 477 
118o 6.o 1.52 3.2 11,o6o 441 
118o 7.0 1.46 3.2 lO,8OO 438 
118o 6.75 1.48 3.3 lO,83o 460 
118o* 6.8 1.47 3.75 IO,92o 499 

A 5 o i  8.0 1.42 4.2 lO,83o 53 ° 
Vryheid 9.5 1.37 4 .0 I I , I 3 6  471 

1178 8.0 1.42 3.8 IO,8OO 496 

Average 476 

* After removal of "light" component by centrifugation. 

T A B L E  I I  

S E D I M E N T A T I O N  C O N S T A N T  OF T H E  " L I G H T "  C O M P O N E N T  OF S T R A I N  1 1 8 0  

OF A F R I C A N  H O R S E S I C K N E S S  V I R U S  

X l  = 5.35, t l- t~ = IOO minutes, Sin a = o.4384 

T °C ~]~*o H in on  r.p.m. S in 
Svatbergs 

7.5* 1.46 1.2o lO,8OO 177 
9.0 1.39 2.6o 14,9oo 183 

Average 18o 

* Average values of 5 experiments. 

The soluble antigen o] horsesickness virus 

It was found that, after complete removal oI the infective virus particles from solu- 
tion by ultracentrifugation at 3o,ooo r.p.m, for 2 hours, the supernatant fluid stiU 
contained about one half of the original complement fixing power. From analytical 
diffusion measurements by the method of POLSON 5 it was found that the particle size 
of antigen remaining in the supernatant fluid is approximately 12 m#  in diameter. , 

DISCUSSION 

From the work reported in this paper it appears that tissues infected with neuro- 
tropic horsesickness contain at least two particles differing significantly in size but both 
being infective for mice. Assuming spherical particles of density 1.33 g]ml sizes of 
31.2 mt~ and 50.8 mr* were calculated for the "lighter" and "heavier" particles. Brains 
of mice infected with strain 118o appear to contain particles bigger than 51 mt~ in 
diameter as there is always appreciably more virus in the crude emulsions than in any 
samples of supernatant fluid recovered sifter centrifugation. The presence of this com- 
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ponen t  could  not  be de tec ted  in the  o ther  s t ra ins  examined.  The re la t ive  amount s  of 
" l i gh t "  and  " h e a v y "  components  differ for the  different strains.  W h e t h e r  this  is a 
genuine difference or whether  i t  is dependen t  on the number  of in t racerebra l  passages 
in mice mus t  stil l  be de te rmined .  

A po in t  of g rea t  in teres t  is t ha t  the  sizes of the  two components  fall wi th in  the  size 
classif icat ion of the  an imal  viruses (PoLSON 6) the  " l igh te r"  being a p p r o x i m a t e l y  ~ in 
weight  of the  "heav i e r "  component .  As far as the  wri ters  are aware  this  phenomenon  of 
the  inhomogene i ty  of the infect ive par t ic les  has not  been observed before;  a possible 
exp lana t ion  for this  is t h a t  most  of the  cent r i fugat ion  work of o ther  workers  in this  field 
has  been done on purif ied virus  p repara t ions  in which case the  ana ly t ica l  u l t racent r i fuge  
f i t ted  wi th  the  opt ical  sys tem was used. The slower sediment ing  component  is usual ly  in 
too low concent ra t ion  to be observed on the  sed imenta t ion  d i ag ram when this  technique  
is used.  

F r o m  the  exper iments  r epor t ed  above  i t  would appea r  t h a t  the  " l igh te r"  v i rus  is 
not  the  " h e a v y "  virus  coa ted  in a th ick  layer  of ]ipoid. At  the  moment  no proof  can be 
given t ha t  the  " h e a v y "  par t ic le  is not  the  " l igh t "  par t ic le  a t t a ched  to f ragments  of 
t issue protein,  bu t  in view of the  re la t ive ly  sharp  sed imenta t ion  boundar ies  ob ta ined  
and  the  cons tan t  size re la t ionship  be tween the two the concept  t ha t  the  " h e a v y "  
par t ic le  is an aggregate  of four " l igh t "  par t ic les  mus t  be favoured.  In  previous  work  
where the  cap i l l a ry  cent r i fuga t ion  technique  of ELFORD 7 was used a par t ic le  size of 
45 m ~  was ob ta ined  for Afr ican horsesickness virus  b y  POLSON s. Our present  f indings 
ind ica te  t ha t  the  size mus t  be assumed to be m i d w a y  be tween those of the  two com- 
ponents ,  or if adsorp t ion  to  t issue f ragments  is assumed tha t  of the  smal ler  componen t  
mus t  give a closer measure  of the  t rue  dimensions of the  horsesickness virus.  
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SUMMARY 

The existance of infective particles showing at least two sedimentation constants have been 
observed in suspensions of neurotropic African horsesickness virus. Assuming a density of 1.33 g/ml, 
particle sizes of 31.2 m/t and 5o.8 mtt were calculated for the two particles respectively. In addition 
to these particles a complement fixing, but non-infective particle of diameter 12 mtt has been found 
in suspensions of the virus. 

RI~SUMI~ 

Dans des suspensions de virus neurotropique Africain du cheval s'observent des particules 
infectieuses pr4sentant au moins deux constantes de s4dimentation. En leur attribuant une densit4 
de 1.33 g/ml, les deux types de particules mesureraient respectivement 31.2 mtt et 5o.8 mtt. En 
outre, il existe dans les suspensions du virus des partieules non infectieuses, fixant le compl4ment 
et d'un diam~tre de 12 m/~. 
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ZUSAMMENFASSUNG 

In Suspensionen des Virus der neurotropen afrikanischen Pferdesterbe konnten infektiose 
Partikel mit mindestens zwei Sedimentationskonstanten nachgewiesen werden. Unter der Annahme 
einer Dichte van I.33 g/ml werden fiir die Teilchen Grossen van 31.2 rnp und 50.8 rnp errechnet. 
Dariiberhinaus wurde in den Suspensionen des Virus ein komplementbindendes aber nicht infektiijses 
Teilchen van I2 rnp Durchmesser gefunden. 
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