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e Particle Siz  of Blue sngue Virus as
by Ultrafili ation and Ultracentrif

By ALFRED POLSON, Section of Protozoology and Virus  iseases,

Onderstepoort.

A wrnn description of the technique used for a similar investigation of
physical characteristies of the virus of horsesickness has heen given previously
{Polson 1941). Since that time the Dbisectable capillary method of centri-
fugation as a modification of or improvement upon Elford’s inverted capillary
method lias been described (Polson 1941). In the experimental work to be
recorded 1n this article the same methods have been used so that 1t 1s necessary
to detail only those modifications of technique which have been adopted with
a view to case of procedure and greater accuracy.  These are concerned
chiefly with improvements in the methods of preparing infective emulsions
for filtration and centritugation,

Marewrians axn TrenyiQui.
17 rus.

A wingle antigenice strain of bluetongue virus was used, that known

av the f Bekker 77 strain [ Bekker, De Kock and Quinlan, (1934), Neitz

)48)].  When the investigation was commenced the virus wasx available

only in the sheep virulent torm in the I5th passage through sheep after itx

original isolation  from cattle.  Tater the chick embryo adapted virus

[ exander (I947)] became available and this was used for u considerable
extension of the work,

reliminary Clarification of Virus Infected Tissue Foulsions.

(a) NSheep Virulent Virus—Sheep were destroved approximately 48
hours after the first rise in temperature after infection with stored virulent
blood, since 1t has been found experimentally that at that stage the virus
titre 1s at its maximum. The spleens were removed with aseptic precautions
and passed throngh a Iatapie mincer.  To the vesulting pulp sutficient saline
wax added to make an approximate 10 per cent. emulsion which was
thoroughly agitated and rvapidly frozen and thawed several times to disinte-
orate the cellular material prior to clavification for prepuration of the stock
emulsion,  Preliminary  ijovestigation showed that clartfication by the
standavd method of filtration  rough sand and paper or ashestos pulp filters
either left so mueh tissue debris in suspension that the gradocol membranes
were clogged and gave false filtration end points, or alternately reduced the
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virus titre so much that the filtrate was of little value for further filtration
or centrifugation. Consequently two further methods of clarification e
adopted.

1. Clartfication by aluminium  Hydrozide.~The  uninium
hydroxide used was prepared as follows: A 5 per cent. Al(S0,),
solution was heated to 60° C. and excess 10 per cent. ammonia added.
The precipitated AI(OH), was filtered off and washed on the filter
paper uuntil the test tor sulphate ions was negative. he mrecipitate
was scraped off the lter paper and stored as a gel in the r igerator
at 4° C. The crude 10 per cent. saline spleen emulsion was centrifioed

for 8 hours at 3,000 r.p.m. in a Clay Adams angle centrifuge. e
supernatant fluid was decanted and diluted with an equal volu of

0-133 M phosphate buffer in saline pH 7-9. To 40 c.c. or tnis
buffered emulsion 1-5 gni. of aluminium hydroxide gel was added,
thoroughly mixed and placed in the rvefrigerator for half an hour.
The mixture was then spun for 10 minutes in a horizontal centrifuge
at 3,000 r.p.m. The clear, slightly opalescent supernatant fluid wax
passed through a coavse gradocol membrane with an average porve
diameter of 700-800 mp to provide the final bacteria free clarifie
virus suspension, By this procedure apparently the coarser tissue
debris is adsorbed to the gel leaving the finely dispersed virus
particles in a state of considerable purity in suspension.

2. Clarification by Trypsin Digestion.—The su  rnatant fluad
obtained after angle centrifugation of the crude 10 per cent. galine
spleen emulsion for 3 hours at 3,000 r.p.m. was adjusted to p
This slightly turbid fluid was warmed to 37° C., Merck’s crude trypsin
in powder form added to make a final concentration of 0-01 per cent.
and digestion allowed to continue in the incubator at 379 (. for
20 minutes. The fluid which still contained fatty materials in suspen-
sion was shaken up with an equal volume of ethvl ether. After it
has stood for a few minutes in a separating funwel the bhottom laver
was separated and centrifuged for 10 minutes at 3,000 r.p.m. The
fatty materials separated off as a thick white layer on top of the cleov
watery solution in the lower parts of the centrifuge cell. The ether
dissolved in the watery solution was removed by suction. This fluid
which could then be passed through a 700 mp gradocol membra
with great ease was used as the stock filtrate.

With the sheep virulent virus no opinion can be expressed as to whether
either of these procedures resulted in a sienificant reduction in virus titre
since il was not possible to carry out comparative infectivity titrations.
least stock filtrates were produced which contained an adequate virus concen-
tration for the further experimental work, and the mintinum guantities of
varticulate matter other than virus particles present did not interfere -vith

wrther filtration.  This was indicated by the ease of filtration throuy all
membranes with A.P.D.’s down to that in the vieinity of the virus limating
membrane.

(b)y Chick Embryo Adapted Virus.—Embryos after 8 davs preliminary
incubation were infected with egg adapted virus by injection into the volk
sac.  After 24 hours incubation at 35° C. followed by transfer to 32° (.
for 48 hours the dead embryos were harvested and emulsified without +he
¢ lition of any diluent to provide a tissue pulp of high virus titre (Alexar r
1v47). The supernatant fluid obtained by angle centrifugation of this puip

138



ALTRED TOTLSON.

was clarified either by aluminium hydroxide adsorption or trypsin digestion
as above to furnish the requixite stock filtrates. As it was possible to carry
out this work in eggs strictly on a quantifative basis 1t was early apparveint
that clarification by aluminium hvdroxide adsorption did not rveduce the
virus titre more than the hest results obtained with sand and pulp filtration.

Giradocol membranes.—Elford's gradocol membranes were prepared and
calibrated 1 the laboratory by the usual technique (Polson 1941).

Centrifugation.—High speed cenfrifugation was carrie  out in an ]"“n
Ultima water-cooled centrifuge the speed being measured stroboscopica
loxprRIMENTAL,
A, Kstimation of Particle Size Ly Gradocol Membrane Filtration .
Nheep Virddent 1Virus.
In table T are given the results of a sertes of experiments on she

To test for the presence or absence of virus <heep were given a sube tancous
imjection of 9 c.e. of the filtrates obtained from membranes of progressively

decreasing A.P.1D).  The subsequent febrile and clinical reactions were
recorded duily and the results were coufirmed by appiying an immunity
texst dp])l()\lhldt(—‘l" 28 days later.  I%or the immunity test virulent sheep

blood was used in a dose of 2 c.e. subcutaneously. The reactions produced
in those sheep which did wot react to the injection of a filtrate served to
control the avirulence of that filtrate as well as the virulence of the blood
used for the Tmmunity test.

Tasre 1.

Fstimation of Pavticle Size by Gradocol Membrane Filtration Sheep Viru-
lewt VTrrus,

A P.D. of Gradocol Membranes in mu.

Method of ‘

Clarification. ‘ [ i | |
} 7C0 Shd ‘ 376 350 26() 226 ‘ 212 " 200 j 195 189 | 166
| |
_ e _} - I
Aluminium  hvdr- 1
oxide...... ..., jRIL| — | — RLIRLI — — | — 1 - |NR  XR
Aluminium  hydr- | ‘
oxide.........lwrrl — Twr 0 Tl Nk Nk
Aluminium  hydr- ‘ | | ‘ i
oxide. ol IRy — = = —  — JRL | — NR.| — |-
\
Trypsin digest..... ‘ R.I. | R.I. ‘ R.I. — , R.L | R.1 —- — N.R — | —
Trypsin digest..... | R.I. | R.1. | — — | — R — N.R. [ — N.R. —-
Seitz filtration..... ' R.L — | = — | R.IL i N.R. — ‘ _ | N.R. \ —- —
- ‘ ! ! N D
Nore.—R.I. = reacted to injection of filtrate and later found immune.
N.R. = did not react to injection of filtrate and later proved susceptible.
Result.

Usiug o stock filtrate clarified by Seitz  filtration  the virns was
found to pass the 260 mu mewmbrane hut was rvetained by the 2206
niye mewhbrane.  As this was the ouly oceasion on which the virus was
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are obviously incorrect in the hght of all the other determinations, have
been distegarded, and are believed to be due to reduction of the pore diameter
of the membranes by clogging with particulate cellular debris. W en
adsorption on to aluminium hydroxide was used for clarification the initial
virus titre was approximately the same, vet 1n all those experiments, virus
passed through the 230 mp membrane; in two out of three experiments virus
in reiatively low concentration was present in the 200 mp filtrate and on the
only occasion tested was absent from the 191 mp filtrate.

Conclusion.

It 18 concluded that the limiting membrane 1s shightly less than 200 »mu,
the virus particle having o caleulated diameter of slightly less than 0 50
Ny,

amment,

The results of this series of experiments once again emphasises the
necessity for taking the greatest care with the prelimmary elarification of
ctock virus emulsions if entireiyv erroneous conclusions are to be avoided.

though the work on the sheep virulent virus can hardly be regar
as comprehensive due entirely 1o the excessive number of sheep which woulid
he required for such an Investigation, vet the results obtained agree
closely with those carried out in greater detail with the egg adapted variant.

B. Estimation of the Particle Nize by Centrifugation.

The method of bisectable capillary centrifugation (Polson 1941) wax
used n preference to WHord's inverted capillary method (Elford 190 |
the chief reason being  at with the inverted capillary technique calcula-
tions based on reductions of titres greater than ten-fold give values for th-
particle diameter which are too low. [Elford (1938), Markham, Smith an
Lea (1942)].

The formula developed by Elford for calculating the size of a virv-

particle from the rate of sedimentation in inverted capillavies was @ plic
namely :—
log X
d o= 794107 J IR (1)
A N o Nt
B o
where X T
v, 4+ 1L C
¢,
ay == distance of axis of ritation from the perifery of the cell,
n == viscocity of the medium.
N = revolutions per minute.
t = time of centrifugation in minutes.
Ao = difference n density between particle and medium.
C, = relation between virus concentration after and before centrifugation.
c

d := diamcter of the particle sedimented.
I = length of the capillary.
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(2) Eyy Adapted Virus,

An essential prerequisile to the caleulation of the diameter of the virus
particle is the accurate determination of 1ts specific gravity. The method
of centrifugation in media of different densities was used [Elford (1933),

olson (I1941)] and from the data collected hoth values were calculated.

Technigue.

Lee adapted virus emulsions were ciarified by angle centrifugation
for 1T hour followed by filtration through asbestos pulp. " i3 method was
adopted because 1n centrifugation studies removal of all particulate debris
has no bearing on the final results comparable to that 1u filtration studies.

The method of centrifugation in media of high densities may introduce
a <erious source of error if the densities of the media are raised by Jow
molecuiar substances like salts or sugars as these substances might diffuse
into the structure of the virus and so ncrease 1ts density,

This effeet 15 dewonstrated below with bluctongue virus and cane
sugar. A medium of high density wax used in the form of 25 per cent.
saceharose solution 1 0-85 per cent. saline confaining 5 per cent. horse
serum: ° Merthiolate 7 in a concentration of 1:10,000 was added as a
preservative.  The low density was -85 per cent. saline.  Clarific  chiek
embryvo emulsion was added 1n the proportion of 1 part of emulsion to 3
parts ot medium. This produced final densities of 1-075 and 1-00 gm./c.c.
respectively, determined pyknometrically.  Preltminary centrifugation runs
showed that in the sugar solution a ten-fold reduction 1u {itre ecould be
expected after 80 minutes.  Data from 6 experiments are given in Table 4.

Tanre 4.

| 1 | . . .
‘ Virus titre and time of
’ | centrifugation min,
I
Exp,  Medium. | Density, | ©°C | N, Viscosity. o o
| | o | 7 ) ‘ J
} | Co. 6oloo o,
| I
I ‘ I ! !
1..... Sugar 1-075 | 22-5 | 10,200 0165 33602 R0 2-3111 H0 2-6521
RO Sugar 1-075 21-0 10,200 1 <0170 I3-3121 90 28521 100 21610
3..... Sugar, 1-075 24-5 10,200 -0157 ! 35000 90 1-3732 1 100 1-8000
R Saline 1-0 24-0) 10,200 -(09H 4-2500 1 30 26600 40 20000
I Saline 1-0 200 10,200 0101 34010 30 2-5111 35 [-8301
6..... Naline 10 2040 10,200 0101 4-0210 30 27630 35 26710
' [ \ ‘

|

Nori.—The captions in the table are explained by reference to the formulae in the text.

Caleulations.

(a) Density.~—€aleanlations of the density of the virus particle were
made from the formula.

N2 : N ,
oy N2y fymy logry —— o Ny 4y 7y log iy
g = B .
N2 \ 2 —
N2, fymy log ry —— N2 1), log ry
where o) = denzity of the medium of low specific gravity,
oy = density of the medins of high specific gravity.

* “Aert ate” = Sodium ethyl mercuri thiosalicylate, Eli Lilly & Co.
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Three circular metal sections 3-8 em. in diameter w  » cut ar holes
2 mm. in diameter drilled through all except the bottom section into which
the holes extend about 5 wmr.  The flat faces of these sections were well
cround. The sections turn on a central bolt which screws 1nto the bottom
“cction.  In o certain position the holes coincide to form 12 capillazies.
ne top section acts as a lid, the central section which ix 1 em. thick as test
section and the hottom as receiver for the virus centrifuged out of the
central section. When 1o use this cell 1s sapported on the hottom of the
centrifuge cup by a thin picce of rubber sheet.  In this position the radius
of centrifugation is inereased from the previous value s 37 em. to
XD T6 e

Fig. 1.

The centrifuge run was made as follows:—The virus solution was
faced 1 each of the 12 capillariexs. The Ud is turned slightly to close
tne cavitlies and the cell 15 placed in the centrifuge cup.  Suilicient virus
solvfion was then let in to cover the Iid.  This solution counteracts the
by ostafic pressure inside the cell thus preventing the solution from
akmg out of the capillartes when the cell i centrifuged. The 11 of the
cup 15 then closed and the cell centrifuged for different perods of time
and the virus content of the central section determined,

145



THE PARTICLE SIZLE OF BLUETONGUE VIRUS.

Data from two different experiments are given in Table 6. The virus
was suspended in 246 per cent. seruin albumin solution in saline at pld 7-3.

TasBLe ©.

|
| Virus titre and time of
centrifugation min.

Exp. | Medium. | Density. | T°C. N. Viscosity.

o 7 !
+ Co, ty C, “ by C,
i |
|
T Albumin | 1-062 24-5 | 10,200 I 0-0329 3-243 | 150 2600 180 2-183
8..... Albumin 1-062 25-2 | 10,200 | 0-0324 3-500 | 150 2-835 180 1-604
|

5..... Saline 1-00 20-0 | 10,200 0-0101 3-401 ; 30 2. 1 35 1-8301
6..... Saline 1-00 20-0 1 10,200 0-0101 4-021 ‘ 30 2-7630 35 2-6710

The results are given in tahular form in Table 7.

Tapre 7.

Calculated Density and Particle Diameter in Concentrated Serum Albumin
Y

Solutions.
‘ Particl
s - article
Exp. Time. X 1 7 | diameter in my.
\ !
Tovvieii 150 1-129 . 1-126 126-0
180 -1156 ! 1-101 126-0
o 150 1-132 i 1-094 1 127-0
180 1-150 i 1105 i 123-0
5 30 1-231 | — i 131-0
35 1-260 | — 1280
LT 30 1-262 [ — 139-0
35 1 1-271 — 130-0
! Average 1-106 Average 128

The particle sizes calculated from the data of the high and low density
media used in this experiment agree very closely which indicates that no
increase in density of the particle occurred in the concentrated albumin
solution,  Sharp, Taylor, Meclean, Beard and Beard (1945) reported a
similar result with influenza virus. They found that in councentrated sugr~
solution the density of the particle increased. True densities were four
when concentrated bovine albumin solutions were used.

STMMARY.

1. The particle diameter of bluetongue virus (sheep virulent and ege
. N . o L p N o
adapted virus) was determined by gradocol membrane filtration.

2. Details of the technique for clarifying infective emulsions by alu-
minum hvdroxide adsorption and trypsin digestion are given.
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3. The density of the egg adapted virus was calculated from date
obtained from centrifugation in media of low and high specific gravity ar

was found to be 1-147 gm./em.® in strong cane sugar and 1-106 gm/cm.”
in serum albumin,

4. The particle diameter of the sheep virulent virus was determined
approximately, and of the egg adapted virus accurately by centrifugation.
The results may be summarized as follows:—

MEerHOD OF DETERMINATION.
Virus, ‘
Ultrafiltration. ‘ Ultracentrifugation.
|
Sheep virulenb...............cooooeenn... 100-150 mg. } 108-133 my.
Bgg adapted....................... e 100-150 my. ‘ 128 mp.
\
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