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"\. lTLL cle:-;cription of t h e tec1mique u;;ed im a ;o;imila1· i Jl Ye,;tiga tiou of 
physical (:haraderistic·s of t he Yir u ,; o{ hmsesi(' lmPss h cl:i bePn g- iYen previous]~· 
(Polson 1941) . Si.n('e t ha t time the hi;wctahle ('apilhu~- lllethocl of centri­
fugation as a modification of or improYement upon Elfonl 's i n,·ertecl <·apil l <tr~­
methocl has been <lescribecl (P-obon Hl-l-1) . In the e:xpe1-imental \Hnl to he 
recorded in this article t he same methods haYe been used so that it is neCPSSUIJ' 
to detail only thm;e mo<lifi('ation;; of technique whit"h kn·e been adopted with 
u Yie,,- to ea:;e of pro(·eclure and greatPr a cnna(·:;·. T hese an· ('Ollt"enlecl 
chiefly with i.mpruYPme nts in the met1wcls of preparing inft:'diYe Pmnlsions 
for filtration and centrifug-ation. 

}J..I TJ-:1!1.\LS .IXJ) '.l'H 'J IKlQL"i':. 

1' irus . 

.A ·Hingle a ntigenic strain of hluet(mgue Yiru,; \Y<l:i u:-;ed, that known 
as the " Bekker" strain ['Bekker, D e Kock ;nul quin lan, ( 19~~4) , X eitz 
(1948)]. \.Vht-n the inYestigation was C'onuneneed the Yirns \\·a:-; :wailahle 
only in the ;;het:'p viJ"ulent form in the 15tll passag-e throug·h sheep after ih 
orig-inal isolutiou from cattle. Later the chi(·k embr.\'o adapte<l Yirns 
[Alexancler (1947)] berame nnilable and thi,; wa,; u;;ed for a C'OI1Hi<1ernhlt:' 
e:xten ~ion of tlw \\·ork. 

Preliminm·.'J ('frn·ification of rirus 1 nfer-tcd '!'ii!SI/C Emulsions. 

(a) Shei:'JJ Firulcnt r ;7'1/S.-Sheep Wf'l'e de,.;tro_,-e <1 nppro:ximatel~· 48 
hours after the fi.n;t rise in tem per;l hu·e a Her iu feC'tion ''"ith store<l Yi n d en t 
bloo<l, ;;in<:P it h as been found expe1·i men t-all,v thcd· at tlwt slagr. ihe Y.irus 
titre i;; nt ib; Jnn:ximulll. 'l'h e ,;pleen,; \Yen• removed wit h asept i(' I)l'Pt:auhon,; 
and passecl through a latapie mineer. To the re;; nlti11g- pul p ,;utli<·ient ;.;alint:' 
\\·us a<lded to make :m appro:xi.mnte 1U ver t"en t. emubion \\·hi('h \\·:1,; 

tho roughl:;· agit.ated and rapidly froz:en <lll d tha"·ecl ;;eYeral tillles io <li,int<•­
grate the t;ellular material prior to elm-ification for p1·t>pnrntio11 of the sto(·k 
emu],.ion. Preliminary im·estigntion sho"·rd that clarifi('ation h.\· flu-' 
sta ndard nwthocl of filtration through sall(l and paper or a,.;besto:; pulp filter,; 
either left so much ti ,;,ue delJris in suspension that the g~raclocol membranes 
" ·ere cl.ogge<l an<l gaYe f:dse ti.Jtration e1l<l point;; , or alternatel:;· n·duce<l the 
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virus titre :-;o much that the filtrate \YaS of little value for further filtration 
or centrifugation. Consequently hYo further methods of clarification were 
adopted. 

1. Clarification b.'! alu min-lu111 ll yd1·omid e.-'l'he aluminium 
hydroxide used was prepared as follo\YS: A 5 per cent. Al2 (S0.,)3 

solution was heated to 60° C. and excess 10 per cent. ammonia added. 
'L'he preeipitated Al(OH)3 was filtered off and washed on the filter 
paper until the test for sulphate ions '"as negative. The precipitate 
was scraped off the filter paper and stored as a gel in the refrigerator 
at 4° C. The crude 10 per cent. saline spleen emulsion was centrifuged 
for 3 hours at 3,000 r.p.m. in a Clay Aclams angle eentrifuge. The 
supernatant fluid was decanted and diluted with an equal volume of 
0·133 :M: phosphate buffer in saline pH 7·9. To 40 c.<:. of this 
buffered emulsion 1· 5 g-m. of aluminium hydroxide g-el was added, 
thoroughly mixed and placed in tl1e refrigerator for half an hour. 
The mixture "·as then spun for 10 minutes in a horizontal eentrifug-lc' 
at 3,000 r.p.m. The clear, slightly opaleseent supernatant fluid was 
passed through a coarse gradoeol membrane with an average pore 
diameter of 700-800 lllf-t to provide the final bacteria free c-larified 
viruR suspension. By this p1·opedure apparently the coarser tissue 
debris is adwrbed to the gel leaYing the finely dispersed Vll'Us 
particles in a state of f'onsidera ble purity in suspension. 

2. C'lm·ificat'ion by Trypsin lhgestlon.-'l'he supernatant fluid 
obtained after angle centrifugation of the crude 10 per cent. saline 
spleen emulsion for 3 hours at 3,000 x.p.m. was adjusted to pH 8. 
This slig·htlv turbid fluid was "·armed to 37° C., M:en·k's crude trypsin 
in pmYder form added to make a final coneentration of 0 · 01 per cent. 
and digestion a llo"·ed to r--on tin ue in the incubator at 37° C. for 
20 minutes. The fluid whicl1 still contained fatty materials in suspen­
sion was shaken up with an equal volume of ethyl ether. After it 
has stood for a few minutes in a separating funnel the bottom 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 ele:r 
watel-!' solution in the lower parts of the centrifuge cell. 'l'he ether 
dissolvecl in the watery solution was removed by suction. This fluid 
which could then be passed throug-h a 700 111ft gradocol membrane 
with great ease was used as the stoek filtrate. 

\Yith the sheep Yirulent Yirus no opinion ean be expressed as to whetlwr 
either of these procedures resulted in a si!.!·nifif'ant reduction in virus titre 
sinee it was not possible to carry out eomparatiYe infectivih titrations. At 
least stock filtrates '"ere produced "·hich contained an adequate virus concen­
tration for the furthe1· experimental work, and the minimum quantities of 
particulate matter other than virus particles prlc'sent did not interfere with 
further filtration. This was indiPatecl 1Jy the ease of filtration through all 
membranes with A.P.D.'s down to that in the Yicinit~- of the virus limiting 
membrane. 

(b) Clu:ck EmbPyo Adapted Tliruo.-Embryos after 8 davs preliminarY 
incubation were infected '"ith egg- adapted virus bv injeetion into the volk 
sac. AfteJ" 24 hours incubation at 35° C. followed bv tra11sfer to 32° C. 
for 48 hours the dead embryos were harvested and m:imlsified without the 
addition of any diluent to provide a tissue pulp of high virus titre (Alexander 
1947). The supernatant fluid obtained by angle centrifugation of this pulp 
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was clarified either by aluminium hydroxide adsorption or trypsin digestiou 
as above to furnish the requisite ::;tock filtrates. As it was possible to carry 
out thi:; work in eggs stridly on a quantitatiYe basis it was earl~· appareilt 
that clarification by alulllinium hY<hoxide adsorption did not reduce tlw 
,·irus titre more than the bt>st results obtaine<l with sand and pulp filtration. 

Urodo<·ol m embtanes .- Elford';; graclocol membranes wen· prepared un<l 
calibratt>d in the laborator~· by the usual technique (Pol son 1041). 

Centufu.qation. - High spet>tl ce11tri£ug·ation wa s l'an·iecl out in an Eceo 
Ultima water-cooled centrifuge the ,;peed being measured stroboscopically. 

Ex l'J·:unmx-r.u .. 

A . /i)slimotion of Pm·ticlP Siz<' (i.JJ Gutdr)('ol .lfemhron e FiltNttio11. 

L. .\/,i' ef! 1-irule llt 1-iru s. 

In table ] are giYen the rt>sult,; of a :;ene~ of experim en t;; on sheep. 
To test for the presenee or ahseJH·e of Yints sh eep "·ere giYen a ;;u bn1b neous 
inj eetiou of 5 c .c. of the filtrates ohtnined from membranes of progres;;iYely 
den easing A .P.D. 'l'he subsequt> nt f eb.riJe ll iHl rlinif'al r eaction,; were 
re!'orded dail:v anrl the reo-~ults were co ufinnetl by applying an immunity 
test approximately 28 day,; later. For the immunity test virulent ,;h eep 
blood wa s used in a <lose of 2 c.r:. subcutaneousl.v. 'l'he reactions produced 
in those sheep " ·bich did not r !-'act to t he in.iel'tion of a filtrate served to 
control the aYirulenre of that filtrn1 e a:-l \Yell as tl1e Yirulence of the bloorl 
us!-'<l fm th e immunity test. 

TABLE 1. 

Estimation of P({rficle 8ize by (}1-({dO('Ol M embrane Fdtmtl:on 8 heep rirll­
f pnf Vi ru s . 

. .\. P.D. o f Gmclocol )fembnwcs in m,... 
Method of 

C'la r·ification. 
700 I 554 376 350 260 I 226 I 212 I ~00 I l9J I 189 I 16H 

Alumini um hydr. 
oxide . . .... ..... R. J. R.l. R.L N .R. N.R. 

Alum inium hydr. 
oxide ....... R. I. R.I. X.R. X.R. 

Aluminium hydr. 
oxide . . . ........ R.l. R.I. l'\.R. 

I 

I 
Trypoin digest ..... R.I. R.I. R.I . R.l. R.l. -

I 

:\.R. 

Trypli n d igest ..... R.I. R.I. R.I. N. l"t. - N. R. 

~ei tz filtration .... . R.I. R.I. X .H. I - I 
X.R. 

I 

XO'l'E.- R.I. = reacted to injectio n of filtrate and later found immune. 
K.R. = did not react to injection of filtrate a nd later proYed susceptible . 

Ues ult. 
U:-;ing- a stock filtrate r·knifi erl hv Sei1z filtration the virus was 

fo und to pass t he 260 m,u men1brnn~ but waR r etain ed by the 22() 
lllfl membrane. As this was the on l:-· occasion on whi ch t he Yinu; was 
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retaiuefl b.v a 226 ITifl membrane it is as~umed that the discrepant result 
was due to an initial low Yirus titre of the stock filtrate. On the one 
Jccasion "·hen a 200 111f1 membrane was used the filtrate was not infectiYe . 
Filtrates from all other memb1·anes of hig-her or lower porosity \Yer e rtdin' 
or innctive ns would have heen nnticipated. 

Conclu~n:o11. 

From this serie,; of e:sperimentR it is c-onclude(l t hnt the aYerage por!:' 
diameter {)f the limiting membrane for Rheep Yirulent bluetongue virn,; is 
approximate]~, 200 lllf1. Applying· Eltonl"" fonnuln for the relation behYeen 
pore RiY-e and particle diameter (Elford 1938) 1-lw (liameter of the virus 
is cakulatt'fl n~ 100-160 ll1f1. 

2. Chi.ck e mln-yo adapted rirus . 

All thiR work was carried out quantitatively . The 1·iru,; titn',; of the 
,.<uious filtrate~ "·ere 1leterminecl by ;;erial ] O-fol1l dilution in egg;; <!Her K 
(lays preliminary incubation and then Ittnintained at. =~=~·G0 0. fm· 7 clay~ 
(Alexander 194!>); () eggs were used fo1· ench (liluhon illl(l dert cl embryo,; 
in the vicinity of the 50 per c·ent. lethal Pml poiut were hni"Veste1l for 
subinocubtion to cletermine " ·heth er cleath " ·as (lue to the spevific adi(lll of 
the virus or 11ot. 'l'hiR procedu're grently i.11nease(l th-e nccnracy of the 
titrations. Virus titres were calrulate1l hy the metl101l of Hee<l an1l ~hwnch 
nn(l are expressed l og-m·i t hmically. 'l'h e · r efnil ts -of n serie~ of Psperim P n b 
are given in Table 2. 

T .-\1\LE 2. 

Estimation of Particle Si:::e by Grodocol ill!:'mlnane Filtratio11 . 
Chic!.· E-m bn;o :ldo7)ter~ T"i ·ru s. 

L.D. fiO of Gradocol Membrane filtrates (A.P.D. in miL)-
Method of 

Clarification. 
880 3-~0 2ii0 230 :200 

Asbestos filter ... . . 4·364 2·6364 

Asbestos fllter .,. ... 3·6ii2fi 2·7ii00 

As bestos filter ..... 4·6 110 4·0000 

O·fiOOO 

0 

Trace . 0 

I l9fi I 191 I. 17R 

---------;-----~----'-------,----()----,----1 0 1= ,~ 
0 I - - I --

1 

Aluminium hydr- I 

oxide ........... 4 ·0000 L ·9036 O· :i:262 0 
Alumi nium hydr-

oxide .. . .... 3. 87:i2 > :2·COOO 1·0000 O· ,iOOO 
Alu minium hydr-

oxide . ....... 4·8447 > 2·0000 > I ·0000 0 

XOTE.- Trace : 1 o ut of 6 eggs which recei,·ed undil uted filtrate died a nd on subinoculation \\·as 
found to contain virus in high titre. 

RP.wlt. 

_,Vhen filtration through nshestos pulp was useil for prelimiwny chu·i­
ficatwn the average pore dinmeter of the limiting m emhra11e \Ya s fonn1l 
to be bet"·een 2~~0 and 250 mp. Since the Yirus titre of the stock emulsion 
had not been materially (lecreased the I·e,;u]b of the :] espPrimenb, \Yhich 
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are ohYiou:>l)· incorrect iu the lig-ht of all thP other determinations, haYe 
been disregarcled, and are belie.-ed to he due to redudion of the pore diameter 
of the membranes hy clogging with particulate cellular clehris. \\' h en 
arlsorption on to aluminium hydroxide was .. l~sed for d arifica tion th e initial 
Yirus ti.he was appn>ximately tlw same, yet in all t hose experiments, virus 
passed through the 230 m,u memlmme; in hYo out of three experiments .-irm; 
in 1·e:atively low cOJ>centration \Ya:s 1n·ese.11t in the :!00 lllf< filtrate a]l(l on thP 
only occasion tested 'nH; ab~ent hom th e ] 91 lllf< filtrate. 

Con r; lu s·ion, 

It is concluded that the limiting membrane is slightly less tl1an 200 m,u , 
the vi1·us particl e ll:'J.Ving a ralrulated d iameter of slightly lPss than 100-FiO 
lll ,u. 

Cotnm.ent. 

'l'he resu lts of this senes of expel imen ts on r·e a ga lll emphasises the 
necessity for taking th e g·reatest ca 1e "1th the p1eliminary ('larification of 
sto('k Yitu::; emu];;ions if entire~v enoneous ('Onclusi.om; are to he axoicl ed . 
Although the work on the she'ep .-irulent virus can hardly be regarded 
a:; comprehensive due e11tirely to tl>e exceHsive number of ,.;heep which 'nmld 
be required for such an iu Yestip;::l tion, yet the results obtained agreP 
do,.;el,v with tho;;e raniecl out in gTeater detail \Yith the egg adapted variant. 

B. E stimat?'on of the Particle Si::e UJJ Cent1·ij1tgati011. 

'l'he method of biRecb ble capilhtry centri fuga tiou (Pobon 19-±1) was 
used in p>efer en ce to Elford· s in vert eel c::1 pil: ary method (Elforfl 1938) , 
the chief renson being that " ·ith the inverted capillar~· technique calcula­
tions based on reductions of titres greater than ten-fold give valueR for the 
pnrticle eli ameter whir h are too lo1Y. [Elfonl (1938), :Markham, Smith and 
Lea. (1942)]. 

The formula developed hy Elford for (·alculating the Rize of a vnuR 
particle hom the rate of seclimentation m im-erted capillaries wns applied 
namely:-

d = 7·94 X 10 7 J~lo~;-
. 6 a t 

... . ...... . ..... (1) 

.1;1 + l 

x 1 + l C, 
where X 

C,, 
x1 = distance of axis of ritation from the perifery of t.he cel l. 

YJ = viscocity of the medium. 

N = revolntions per minute. 

t = time of centrifugation in minutes. 

/2 a = difference in density between particle and medium. 

C, = relation between Yirus concentration after and before centrifugation. 

~ 
d = diameter of the particle sedimented. 

l = length of the capillary. 
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(1) Sheep Yi1'11lent Vi'l·us. 

Sheep would have been required in fur gTeater number;; than were 
available if this investigation was carriecl out strictly quantitatively i.e. if 
the virus concentrations before and after (;entrifugation were to be deter­
mined accurately. Consequently a somewhat crude modifieution was adop­
ted . 

.Previous titration;; of the infectivity of sheep have shown that a 
10 per cent. emulsion of splee11 hom sheep <le,.;troye<l 4tl hours after the first 
rise in temperature of a bluetongue reaction contains constantly a bout 
10,000 M.I.D. ·~of virus per(;.(;. (Alexander pen;onal (;omm1.mi(;ation). vVith 
the bisectable capillary the reduction in tihe when the boundary of the 
sedimenting virus just passes into the lower segment is more than 100-folcl. 
'l'he suspensions nfter centrifug-ntion for va rying lengths of time "·ere 
fliluted 1 in 100 before injeetion in 1 c.c. :~mounts sulwntuneou,.;ly into 
sheep. The shorte,;t period of centrifugation that was required to product-' 
an i.nadive diluted virus suspension was assumed to be the time required 
to sediment the virus boundary just into tlw lower eapilhry segment. 
Therefore in the equation Ct j Co waR taken as ·O to give a value for IX of 
1 ·27 (x, = :3·7). The data obtained hom two experiments are given in 
T able 3. 

Exp. 

l. ........... . 

2. 

U P.mlt. 

Centri.f1t.r;ation of Sheep Firulent Fints. 

~ = t·.p.m. 

lO,iiOO 
l0,500 
10,700 
LO,!JOO 

t. 

l!i 
30 
4ii 
riO 

T 0 C'. 

2-!·0 
U·O 
2-l-·6 
24 · 6 

7 

0 ·009ii 
0·009;; 
0 · 009-l-
0·009-l-

l~enction in Sheep. 

.R.I. 
R. I. 
"i.R. 
N.R. 
R.T.* ! 

--~-0-,:i_O_O --~---ii-0--~--20 -:-;--~--0-· 0-1-0~-~----J-N-. R-· .----
lO,:iOO I HO I 21·0 I 0·0102 i ~.R. 
lO,!'iOO 70 i 21·0 i 0·0102 I N.R. 

- - I - I I R.f.* 

* Controls for infectivity of original suspenBion. 

x = :3·7 c.m. l = I c. m. 6 u = 0·106. g. m./ e.c. (see Inter). 

In experiment 1 it i,; ;u;,;mned that 1he viru;-; bou ndary wac; ,.;e(limeJtted 
into the lower seg-meut o£ the hi sedable capillary in frolll :)() tu 4f) minutes. 
This gives a eal<mlated partic~e diameter of 108-133 m,u . The data from 
experiment 2 is in condusive but it is calrulated that the partide ,;ize i,.; 
greater than 107 lllf< sin('e the virus had been ,;erhmeu ted in les:; tlum GO 
minutes. At. thi,; stng-e the \YOrk 11·ith ,;heep was clisr·ont.inue<l in favour of 
a more compreheusiYe ~utd mme acrurate examination of the egg nclapted 
nrus. 
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(:!) E.IJ.I/ .ldapted Tl£rus. 
An eRsential prerequisite to the calc:ulation of the diameter of the Yll'US 

particle is the accurate fletermination of its specific gravity. The method 
of f'entrifugation i11 media of clifferent clen8iti es " ·as used [Elfonl (19B8), 
Pobo11 (1941) l and hom t-l1e dab collected both Yalne~ were ealcula tecl. 

Trchniq11e. 

Egg aclapted Yiru,; emubim1s ,,·ere clarified l>y angle centrifugation 
for J !tour follmn•d by filtration through asbestos ]Hllp. 'l'his method \Ya r-; 
adopted beca u,;e in centrifugation studies remoYal of nll p:-nticulate debris 
has 11o bearing- 011 the fin;tl results ('Olllparahle to that in filtration stuclies. 

T he methocl of c;enhifngntion in media of hig·h clensitieK may introduce 
a ,;erious source of enor if the clensitie,; of the media are raisecl by low 
molec·\J1ar snhstaJJ<·es like ::;alts or sngars as these subsb nces might diffuRt' 
into the structure of the virus and so innea,;e its density. 

This effed iK clenJOlh~hatecl below "·ith hlnetong·ne virus and cane 
:mgar . A medium of high clen::;iiv \\u ,; u sed i11 the form of 25 per rent. 
saec·hanJH' Koluticm i11 0·8:-, pe1· cent. ;;a lin e containing- G per cent. hor;;t• 
serum: " Merthiolate " in a concentration of 1:10,000 wu::; added as a 
pre~ervutive. The low clen,;it.v was 0·8& per cent. S<l line. Clarified chic·k 
embryo e1nubion \YUR nclflecl in tht' proportion of J pal't of emulsion to 3 
parts of medium. This produ('ecl fina l densities of l·OFJ and 1·00 gm.f c.c. 
respedi ve h, cl eterm i ned p_y kuometri cally. Prelim iu a ry centrifugation rum; 
shmYed that in t.he sug-ar solution a ten-fold recluctiou in titre could he 
Pxpeded nftPr 80 minutPs. Data from 6 -experiments art' gtven in 'l'nhle 4 . 

TAl3LE 4. 

I Medium. I Vioeoei<y. 

Virus titre and time of 
centrifugation min. 

Exp. Density. T°C N. 
! II 

I 
YJ I 

I I 
I I 

I 
I 

Co. 
I 

t, cl t2 c2 
! I 

I -

1. . . . . Sugar L ·075 22·5 10,200 ·0165 ::1·3602 80 2. 31 Ll 90 2 ·6521 
2 .. .. Sugar L ·075 21·0 10,200 ·0170 3·3121 90 2 ·8521 100 2·1610 
3 ... .. Suga.t·. 1·075 24·() 10,200 ·0157 3·5000 90 1·37::12 100 1·8000 
4 ... . Saline L ·0 24·0 10,200 ·009.~ 4·2.500 30 2·6600 40 2·0000 
;) .... Saline 1·0 20·0 10,200 ·0101 3·4010 30 2 ·f>1ll 35 1· 8301 
6 .... Saline 1·0 20·0 10,200 ·0101 4·0210 30 2·7630 3.5 2·6710 

: 

Xo·I'E:.- The c<tptions in the table arc cxpl>tined by refe rence to the for·mulae in t he text.. 

Calculat7'ons. 

(a.) D ensity.-Calf·ulntions of the clem;ity of the yn·us particle "·ere 
macle from the formula. 

a 2 N2
2 t 2 "'t log x1 --- a 1 N2

1 t 1 "7 2 log x 2 
a = 

N2
2 t 2 "7 1 logx1 N 2

1 11 "7 2 log x 2 

where a 1 = den>ity of t he medium of low s pecific gmYity. 

a 2 = den~it.y of the medinrn of high :;;prcific g ravitv. 

* "1\'Ierthiolate" = Sodium ethyl mercuri thwsalicybte, E li Lilly & Co. 
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The other symbols haYe t he meanings noted previously. 

(b) Particle Diameter.-Calculahons of the particle diameter were made 
by substitution of the average Jensit~· obtained namely 1·147 gm. f c.r.: . iu 
the previously mentioned formula :-

rl = 7 !}1 x 107 j YJ log x 
'\ 6 a N2 t 

'l'he re::;ults are given iu tabular form m Table G. 

'l'ABLE 5. 

Egg Adapted Vir11.\'. Calcwlated Density and ?cuticle JJia.IJI.eter 1n Concen­
b·ated S11ffa7' and ·in Saline Sol11f'ions . 

Exp. Time of Density Particle 
Centrifugation. X g.m.j c.c. diameter in mp. . 

l. .............. so 1·23 1·170 1!57 
90 1· 21 1·140 144 

2 ............ . . 90 1 · 16 1·120 122 
100 1·2+ 1·146 14!) 

3 . ..... • .... .. .. 90 1·27 1·169 151\ 
100 1· 2() 1·13!1 145 

+ .... .. . ... . .... 30 1·26 llS 
40 1·27 

5 ......... . ..... 30 1 ·23 115 
35 1 ·26 113 

().. ............. 30 1·26 122 
35 1·27 ll3 

Average J ·147 Average 132 

NoTE.-The density of the particle was dete1·mined from the data obtained f1·om the 30 and 
35 minutes centrifugation experiments 5 and 6 and those of cxpe1·iments I, 2 and 
3. The solutions were centrifuged immediate ly after they were mixed to minimize the 
time of contact of the virus with the s ugar. 

From Table tJ it (':.Ill be seen tit<tt there is a marked <liffeJen<·e• in t lte 
particle size;; \Ylwn cnll'ula ted hom th e data obtained from the expel'iment,; 
using sacr;hamse medium and those using iialine. This !'UU be expla ine<l 
on the assumption that ::mgar diffused into the ;;hudnre of the viruR thereh.\· 
inne:tsing its deusity, thu::; causing- an increase in se(lime11tation r ate . Thi s 
increase in se<limentrttion rate is 1·etl.ede(l in tl1 e larger partide si:~.e in suga1' 
medium as eakulntecl hom formula (1). 

This difficulty \YU ii overcome by centrifuging tue virus in a concentrated 
horse serum albumin solution. Serum albumin \\"as chosen as its molecular 
weight is high and the viscosity of <·oneenhated solution is rea;;onabl.v low. 

'l'o innease the 1·ate of sedimentatioJl of the Yirus .in thi;; m edium a 
special centrifuge r;ell \YH:-; construeted on similar lines to the cell u sed 
above, but which cmll<l be placed on the bottom of the centrifuge cup to 
get the greate;;t possihle radius of centrifugation. The following apparatuR 
sketehed in Fig. 1 \YUS constructed. 
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Tln·pe circular metal sections 0 · R em. in <liameter ''"ere cut and holeH 
"2 null. in diameter drill eel t htou p:h all except th e hottom section in to ''" hich 
the hole~ extend about .) mm . Th P flat faee,; of t he;;e sec-tion s were well 
gTound . 'l'he :;;t•ctions turn 011 a central bolt ''"hich sere''"" into the bottom 
sedion. In a certain position the holes coincid e to form 12 capillarie,.;. 
Th e top secti on ads as a lid , the cPntral sect- ion \Yhi ch is 1 em. thick as test 
sedi.m1 and the bottom ns receiYer for the Yirus cPntrifug-Nl out of tht> 
c-pntrnl section. \ VIw n i n use thi,.; cell is supported 011 tlw hottom of th t• 
centrifuge cup by n thin pi('CP of rubber slwet. In t his position the radiu s 
of ce11trifug-at ion is i ncrens<-'d from the prHious ,·~due x ~ 3·7 em. to 
X = !). 7G ('Ill. 

b'ig. l. 

'l' he centrifug-e nm wac; ma<le as fol:ows : --The nrus solu tion " ·as 
placed in each of the J2 ca p ilhu·ies . 'l'h P lid is tun1ed sligh t]:,- to d ose 
the cavities and the cell is pla<·ed in th e ('ellhifuge rup. Suflicient YiTUs 
solution wa.· the11 let in i;() coYer t he lid. This solution counteracts the 
hydrostatic pressure insid e the cell thus preventing the solution frmn 
leaking out of the ca pillari es " ·hen the cell in cen trifuged. 'l'h e top of the 
eup is then closed and the eell centrifuged for clifterent periods of time 
and the virus content of the cell tral section determined. 
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THE PARTICLE SIZE OF BLUETOKGUJ<: VlRL"S . 

Data from hYo different experiments are g·iven in Table 6. 'l'he virus 
was suspended in 24 · 6 per cent . serum albumin solution in saline at pH 7 · 3 . 

TABLE 6. 

I 
I 

! 
Virus titre and time of 

I centrifugation min. 
I Exp. Medium. I Den;ity. T °C. 

I 

K. Viseo.>ity. --· 
1J 

I 

I 

I I 
I Co. tl 

I c, t , c, 
I I 

I I I 

7 ...... Albumin 1·062 24·5 10,200 0 ·0329 3·243 150 2·600 180 2·183 

8 ..... Albumin 1·062 25·2 10,200 0·0324 3-fiOO 150 2·83:3 180 1·604 

5 ..... Saline 1·00 
20·0 I 10,200 0· 0101 3·401 1 30 2 ·5111 3ii 1·8301 

6 ..... Saline 
I 1·00 20·0 10,200 0·0101 4·021 1 30 2. 7630 35 2·6710 

-

The results are g-iven m tabular form m rrable 7. 

'J.'ABLE 7. 

Calculated Density a.nJ Pa-rticle lJ.iamctPr m Concentrated S er111n Albumin 
Solut'ions. 

Exp. Time. X Particle 
diameter in ml'. 

7 .......... . .... 150 1·129 1·126 126 ·0 
180 ·1156 1· 101 126·0 

8 ............... 150 1 ·132 1·094 127·0 
180 1·150 1·105 123·0 

5 ....... .. .. ... . 30 1·231 131·0 
35 1·260 128 ·0 

6 ............... 30 1·262 139·0 
35 1·271 130·0 

Average 1·106 Average 128 

The particle sizes calculated from the rla.ta of the high and low density 
media used in this experiment ag-ree very elosely which indicates that no 
increase in density of the particle occuned in the concentrated albumin 
solution. Sharp, Taylor. McLean, Beard and Beard (1945) reported a 
similar result " ·ith influenza virus. They found that in concentrated sugar 
solution the density of the particle increased. True densities \Yere found 
when concentrated bovine albumin solutions were used. 

SUNBIARY. 

1. The particle diameter of bluetongue virus (sheep virulent :mrl eg-g 
adapted virus) was determined by gradocol membrane filtration. 

2. Details of the technique for clarify ing infective emulsions by alu­
minium lrnlroxide fldsorption and trypsin digestion are given . 
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3. The density o£ the egg adapted virus was calculated from data 
obtained from centrifugatio.n in media ·of low and high specific gravity and 
was found to be 1·147 gm. fcm.3 in strong cane sugar and 1·106 gmfcm.:' 
in serum albumin. 

4. The paJ·tide diameter o£ the sheep virulent virus was determined 
approximately, and of the egg adapted virus accurately b_v centrifugation. 
The results may be summarized as follows :-

METHOD 01' DETER1!INATJON. 

Virus. 

Sheep virulent ..... . .. .. ... . ........ ... .. . 

Egg adapted .... . . ... ......... . .. . ...... . 

Ultrafiltration. 

100-150 mfL. 

100-150 miL. 
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