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ABSTRACT

The virus of Venezuelan equine encephalitis (VEE) was purified
from chick eubryo suspensions by two methods, and che total 1ipid
content and RNA content of the purified virus preparations were com=
pared, The 1ipid content of VEE virus purified by sucrose gradient
centrifugation was much lnwer (24 per cent) than that of VEE virus
purified without gradient centrifugation (54 per cent). Virus of
lower 14ipié was still fully infectious, the specific infectivity for
purified virus being 10°*"" mouse intracerebral LDy per gram of
protain., With the decresse in lipid content of the virus thgr-
was & concomitant increase in RNA content. ‘

, Electron microscopic exaudnntica of purified VEE virus showed
that thq virus had an averaga diameter of 8 millimicrons and
possessed 2 center core about 30 millimicrons in diameter.
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1. INTRODUCTION

Studies on the chemical composition of the viruses of Eastern (EFE) and
Western (WEE) equine encephalitis indicated that these viruses contained
about 54 per cont fat-solvent extractable material and 4 per cent RNA whan
they were purified by ultracentrifugation.”’ *? Preparations of Venezuelan
equine uncephalitis (VER) virws purified in our laboratory by the same
method employed by Taylor et al for EZE virus, or by variations of this
method, alao c~ntained apptaximntely the same percentages of lipid and RNA
ag had been reported for EEE and WEE viruses., Olitsky and Casals® pre-
dicted, however, that '"the chemical results stated may need revisica 1f

~ purified preparations become available.”" With VEE virus such has been
the case when vival preparations of higher purity were obtained by including
sucrose gradient centrifugation in the purification procedure, ylelding
virus of much lovct lipid content and higher RNA content.

Iz 19 the putpooe of this report to compare the lipid and kNA contents
of VER virus purified with arnd without the use of gradient centrifugation
and to show that virus of lower lipid content remains fully infectious. A °
preliminary report of this work wag made earlier.'

II. FATERIALS AND METHODS

1
T - - -
‘.- Ll . . . : P

A, VIRUS . ’.'

- The Trinidad |cra i of VER virus dc  .ibed by Eardy’ was used in gll .
experimants. Tha working seed for the. . studies was a2 ten per -cant chick:
embryo sead, : v ' : . . ‘ .

B. PREPARATION OF VIED§ SUSPERSIONS - -

VER virus was propagated in ll-aay embryonated aggs incubated at 37°C
after inoculatien by the allantoic route with spproximately 500 egg LDw of
virus, At the peak time of death (18 to 20 houras after ircculaticm),
decapitatsd ezbryos were hozogenizasd for three ainutss in & Waring Slendor
with four parts by weight of Ringar-Locke sclution, Pollowing the pro-
cedure degcribed by Taylor' for EER virus, the 20 per cent embryo suspen-
sions were held at pH 8.3 to 8.5 for four days &t 4°C to minimise the
effect of & normal embryo component that tended to sediment with the virus
in the centrifugation sequencs, Suspenaiouns were then stored £t & tempera-
ture of 45°C until needad for further processing.
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£. INTECTIVITY ASSAY

Infectivity was determined vy the inoculation of virus vii the amniotic
" route into l4-day embryonated eggs and by intracerebral inoculation into 12-
to l4-gram white mice,

D. PROTAIN DETERMINATION ‘ : '

Protein gontent of virus preparations was determiued by the method of
Lowry et al. Crystaliine bovine plasma albumin (Armour) was employed as a
standard. :

-

E. DIALYSIS AND LYOPHILIZATION . | " A

: Samples of vi:ius for analysis were prepared by dialyzing suapensions of
the jurified virus against distilled water, then concentrating them to
satllar volumy by perveporation before lyophilization {n ampoules or smell
bottlas, faaples wers further dried to constant weight cver phelphorn:
pentoxide befors extraction of 1lipids or nucleic acid. o

- LIP1D B!T!!SIIA!IUN

Total 11;1& vas determinsd as alcohol-ether-soluble lipid by (a) thrnn .

' extractions with & 3:1 mixture of ethanol-ether at 30°C in a closed tube, °
using a Cahn alectro-balance to weigh the virus samples before snd after
extraction, and (b) by direct weighing of the extracted lipid, using
nicro-extraction appdratus similar to that gancribed by Shaffer et 1l nnd

the extraction procedure employed by Thomas with Tipula irridescent vtruc.,

In thts mathod,” the 1ipid extrscted by refluxing with & 1:1 mixture of -
mathanol-diethyl ether was re-extracted with petroleum ethar. The resul&-v,

ing petroleuvm ethor-soluble and -insoluble fracticns were then dried to econ-

stant weight, Ro additional lipid was dzmonstrated in the virus rcaiduca
on repeated treatment with methanoli-ather., -~ & = .ovy o, o

1S . L - : * N BN .‘v..',
G NUCLBIC AOID UETE&HIRAIION et

The ribouu~101c acid cantcnt of :h- dryk purified virus sa=mples was .
detemained by the method of Ogur and Rosaen. - Samples of VEZ virus purified
with and without gradient centrifugation, from which 1ipid had been ex-
tracted, were washed once with cold two per cent psrchloric acid before
beirg thoroughly aixed with cold tsn pexr cent perchloric acid and placed st
4"C. After 44 hours, samples wers cantrifuged and the &doorption spectra
at 260 millimicrens cf the supernatent fluids vere datermined in & Beckmen
DU spectrophotemeter. By compariascn with standards of purified RNA in

perchloric acid solution, the amount of RXA prezent in the vi'ua waz estimated,
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Ore preparation of VEE virus purified by gradient centrifugation was
avclyzed for nucleic acid by the procedure of Ogur and Rosen mentloned above
and also by the hot sodium chloride method that Ada and Perry employed to
determine the nucleic acid content of influenza virus.

H. ELFCTRON MICROSCOPY

Electron micrographs were taken with an RCA EMU-2 electron microscope.
A droplet of purified virus, suspended in sucrose-Ringer-Locke, Ringer-
Locke, or ammonium acetate solution (0.1M, pH 7.2), was allowed to stand
for three to five minutes on a collodion film supported by a specimen
screen. Most of the drop was withdrawn, and the specimen was rinsed two
or three times with ammonium acetate solution before being allowed to dry
in air. The preparations were shadowed with uranium at an angle of 30
degrees. '

I. PARTIAL PURIFICATION PROCEDURE

VEE virus was pariialily purified from infected chick emhryo suspensions
by a modification of the method employed by Taylor and coworkers® for EEE
virus. The original method, which consisted of filtration thrcugh a layer
of Celite followed by three cycles of differential centrifugation, was
changed in the folliowing respects: (a) centrifugation speeds and times
were modified slightly, and (b) a tryptic digestion step was introduced
into the procedure; the sediment of the first high-speed centrifugation was
suspended in a sclution-of ten'milligrams per milliliter of trypsin (Difco
1:250) and incubated at 36°C for 10 minutes. - -

To obtain more highly purified virus for comparative analyses two hethods
were employed: (a) adsorption and elution of virus from glass Eilters, and
(b) density gradient centrifugation.: -

J. AD3ORPTION-ELUTION FROM GLASS

The partially purified virus was subjected to a modification of a pro-
cedure employed by Puck et al for the concentration of bacteriophage. The
virus suspension was filtered through a series of Pyrex sintered~glass
tilters of medium porosity that had been prerinsed with cold Ringex-Locke
solution of pH 8.3. Virus was eluted with beef heart infusion broth {(pE 7.2)
that had been previously centrifuged at 105,000g for three hours to elimi-
nate nonvirel material that sedim:nts from the broth under these conditions.
Combired broth eluates were centrifuged at 105,000g for three hours to
sediment the virus in the form of smali, translucent, ~mber-coiored pellets.
To eliminate traces of broth, sediments were resuspended in five to ten
volumes of Ringer-~Locke solution and resedimented by centrifugation at
%1, 1Y0z2 for one hour.




K. DENSITY SRADIENT CENTRIFUGATION

Pollowing the third high-spead centrifugation the partially purified
virua was resuspended in ten milliliters of Ringer-Locke - three per cent
tryptose solution and then pasaed through a Millipore filter (pore size
0.45 micron). The filtrate was layered on s sucrose gradient of density
1.072 to 1.220 grams per milliliter that had been preparad by stepwise
layering and held at 4°C overnight. Aftar centrifugaticn at 90,000g for
three houra in a Spinco SW-25 awinging bucket rotor, the visible virua.
gone was romoved fhzough the side of the tuba with a modified trocar-
cannula assembly, The suspension was then dislyzcd against Ringer-Locke
solution to reduce the sucrose concentration and permit sedimentation of
the virus by centrifugation at 105,0G0g for one hour. The small, clear -
pellet was resuspended in a minimal volume of ammonium acetata solution.

Highly purified virus suspensions produced by the adsorption-to-glass
and the density gradient methode in a series of {dsntical trials were
raspectively pooled, dialyzed against ¢'stilled water, lyop\ilixed lnd
dried to constant weight, o

x ] b
S e 111, RESULTS - '.:'-4

A: nucccnniva lcapc in the purificltion procadutos lnnplen were :akan %
for ascry of infectivity and total protein. PFroe these vaiues tha specific.
infectivities (mouss or egg LDy par gram of protein) of .the samplas were. . . -
calculated. The average specific infactivities of the final purified virél
suspensions obtuimed in bog? fhe glass adsorption snd the sucross gradient
wdthods were the samar . mousa intracerabral LDy per graz of protsin,.
The raduction in pto:ain contant and concomitant increasa-in spacific
infectivity at saveral atages of the gradient ceatrifugation procedure ars
shown 1n Iabla I. T?@ra was an over-all incresss in specific 1nfact1vity
from 10°**7 to 108*°® mouse intracerebrsl LDw per gram of protein, This
incraage resulted from 2 reductlon in protein from 7.5 to 0.0033 willigram
per miililitsr (considering ell samdles on an unconcentratad” basis), or a
reduction of grastur than 99.9 per cent. Although a sharp decrssse in the
lipid content cf the virus occurred during gradiect centrifugation (as

showa in Table 1I}, note that s gain rather than a lesl ia ;pecific
infectivity was producaed at this ltep. :

Average reccvery of purified infectious virus in both mathods was about
25 pe= cent. Tha yield of dry purified virus ranged from 0.014 to 0,021
millixram per gram of starting emiryo.




TABLE I. PURIFICATION OF VEER VIRUS FRCM THE CHICK EMBAYO

Protein, Mcuse ICLDsy
Fraction ng/nl ) per gram protein
Starting 20% ambryo 7.6 : R TL R
After Celite filtraiien 3.7 e

After 3 centrifugation 0.012 e
cycles

 After gradient centrifugation 0.)033 .. 10t°
and final sedimentation .

TALLE II, EPFYECT OF SUCROSE GRADIENT CINTRIFIXATION ON THE
. ' . LIPID CONTENT OF VEZ VIRUS

1p14 Coatent t Ratio of
y X3 ' L o pr e Pet. Rthar-8aluble .
Sample Total Pat, Pat. to
S 11pt@®  Rebere ELther- Pet. Etnar-In-
; e e Solublas leauiuble " soluble Lipid
Virus suspenaion 53.1 40.2 12.9 3:1
befora gradient : .
t ceatrifugation
‘ Yirus suspeaston 2.9 is.2 9.7 1.6:1
. after gredieax
d centrifugation
Uppar aoma TR 51.5 6.5 8:1
of gradient

a, Methanol-ether-solubla.

T W SE I o g

s e Yo



cewd T g mec ey -

10

Sucross gradient centrifugation resulted in a specific separation of VEE
virus from contaminating nonviral components. In the gradient derived from
virus-infected embryos a narrow, opalescent tand was present near the center
of the gradient, although no rone was visible at this location in the gradient
derived frow normal embryos that were procussed in parallel with the infected
material., PFuthermore, if viral infsctivity was completely lost in an occa-
sional trial, no band corresponding to the virus band was visible.

An alectron micrograph of VEE virus sampled directly from the virus sons
of the aucrose gradisnt is shown in Pigure 1, The particles have sn average
diawater of 68 millimicrons, and consist of a center core about 30 milli-
microns {n dismeter, which is surrounded by an outer ring about 15 milli-
microns in width, with & depression between core and outer ring. In soume

- slectron micrographs numerous coreless particles or "doughauts' have been

seen. PFor compérison, an electron micrograpt ~f VEE virus purified by the
adgorption-to-glass method is shown in Pigure 2. These particles alsc have
an average diaseter of 68 millimicrons but do not show the center core and

ring.
The poonouaced differance in the lisid content of the VEE virus purifiud'

by (sintered glass) adsorption-elution and by dansity gradient centrifugation
is shewn tn Table III. The averags content of alcohol-ether soluble lipid

. of the samples purifiad by gradisnt centrifugation was 24.3 per cent, less '
» then malf the svexags value of £3,6 per cent for four preparations obtained
. without gredisnt centrifugation, Tha total lipid of the filtered preparstions

and first two preparations of virus purifisd by gradient centrifugation was

j determined by three extractions with ethanol-ether st 30°C, using the dif- -
feremce in weight before and after extraction for calculation., The lipid

contents of the last two preparations wers determined botn by weight differ-

+ mce and by dit.c} weighing of the extracted lipid, uning nicro-extraction .

mathod of Thomes.

A colpltilon of the lipid content of virus from the third yropltntlon
bafore and after gradient centrifugation with that of the upper, cloudy -
sona that romsined at the top of the gradient {s shown in Tabla II. %the
total lipi{d content of the virus suspension waa reducsd 30 per cent; at the .
sams tize, lipid wes concentrated at the top of the gradisnt, as indicatad
by the 38 per cant lipid contsut of tha up,er zone, Considering the ratio .
of pacrsleum ether-ssluble to petroleum ether-insoluble 1ipid i{n thase =
samplos, 1t appsars tha’ mors petroleum ether-solubls material-is removed -
{rom the virua auspension by density gradient centrifiqation. Basad om
praliainazry taats, the patroleum ether~insoludle fraction appiars to be
largely phospholipid; the petroleum sther-gscluble fraction appears to contein
all tha cholesterol fcund in the virus.
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TABLE III. LIPID CONTENT OF VEE VIRUS PURIFIED WITH
AND WITHOUT DENSITY GRADIENT CENTRIFUGATIGON '

Total Lipid,2/

. af
Treatment Semple= “per cent
Purified without 1 55.0
gradient centrifugation .
2 . 55.0
3 . 51.5
4 - 52.8
Mean 53.6
Purified with 1 £2.6
gradient centrifugation - -
2 25.5
3 T
4 77 ’ - 25.2

Mean 26.3

a. Each sample .oneisted of purified virus pooled from
a series of identicsl trials. '
%, Alcohol-ether-soluble 1lipid.

-
. - -

Tabla IV lists the KNA contant of eamples-of VKX virus purified by
sucrosw gradient centrifugition and by adsorption and elution from glass.
RIA was decermined by a perchloric acid extraction method. The aversgs
W%k content of five samples of VIX virus purifiad by grediant centrifuga-
ticn was 6.4 per cent, as comparsd wich 3.2 per cent for two samplas

"pur1£1c¢ by adsorption and elution from glass fillters.




TABLE 1V, RNA CONTENT OF VEE VIRUS

Type of RNA Content,
Prepc.ation % of whole virus
Purified by gradient 5.8
contrifugation 6.7

6.9

6.2

6.2

Mean 6.4

Purified adsorption 2.9
and elution from glass 3.5
' Msan 3.2

One prepiration of VEE virus purified by sucrose gradient centrifugation
was analyxzad for nuclcic acid by two methods: the cold parchloric proceduro
of Ogur and Rosen’ and the hot sodium chloride method of Ada and Perry. 1o
Approximately equsl weights of & lyophilized preparation of VEE virus from
vhich the lipid had not been extracted were analyzed. In the latter method,
4 1.53-miliigram portiou was extractad four times with ten per cen: godium
chloride sclution at 100°C for 30 minutes. The supernatant liquid of the
centrifugation that followed esch extrsction was examined in a Beckman
spectrophotometer for absorption at 260 millimicrona. A 1,58-milligra=
portion of the virus sample was washed with ~old two per cent perchloric
acid, then treated overnight at 4°C with ten per cent parchloric acid,

With the perchloric acid method extractions were made three times. A bovine
serum albumin control for each method was treatead in the same manner. Results
of the sodium chloride and perchloric aci{d extractions ara compared in Tadble
V. Hot scdium chloride extracticn d4id not remove RNA as rapidly as cold
perchloric acid extractiocn, and in four extractions gave a total of 6.07

per cent RRA, The first extraccion with ten per cent perchloric acid yieldad
5.7 per cent RNA, with the second and third extractions contributing an addi-
tional 0.8 per cent for a total of 6.) per cent. Since & significant amount
of RNA was released by the fourth sodiua chloride extraction, further ex-
traction with sodium chloride might have rafsed the value for total RNA con-
tent by this method closer to that givea by the gerchloric acid method, 1In

any case, results obtainad with cithtr -nthod wers not significantly
different,

-~
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TABLE V. COMPARISCH OF TWO EXTRACTION METHODS POR THE
DETERMINATION OF NUCLEIC ACID CONTENT OF VEE VIRUS

Percentage RNA Extracted

Trecatment
First Second Third FPourth Total
Bxetraction  Extraction Extraction [Extraction ota
‘Hot NaCl (10%) 3.4 1.18 1.0 _ 0,49 6.07
Cold KZIO,. (10%) 5.7 0.65 0.19 - 6.5

On the basis of & single comparison, the lipid content of REE virus
purified dy gradient centrifugaticn is lower than that of EXR virus purified
wicthout gradisnt csntrifugation. The total 1ipid content of a small sample
of ZEE virus purified by sucrosa gradient centrifugation was 36.0 per cent;
tbct of a preparaticc purified by the msthod of Taylor et 11 was 53.1 par

nt., - -

‘Praparstions of VER virus purified by sucroee gradient centrifugation
wers characterized as having & much lower Lipid conctant then preparations
purified without gradient centrifugation. The specific infectivity (LDy
per gram of ptotnln) , however:, reuincd the same vith both methods of

purificarion.

The formmtion of a virus band localized in the same velative poaitien
in meny individusl density gradiant triale sugjests that the virus particles
that concentrate at this leval rapresent particles with the mininalamount
of 1lipid, i.e., particles from which loosely bound liptds have bean removed
and that contain only lipids thse are an integral part of the viral
atructure.
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Sindbis virus, which like VEE virus is a member of the group A arbo-
vizuses, has been reported by Pfefferkorn and Hunter'® to have a total
11pid content quite similar to that of VEE virus. Sindbis virus, derived
from the exzra-cellular fluid of chick fibroblast monclayers, was purified
by a procedure based on adsorption to aluminum phosplate gel and differ-
ential centrifugation. ork is in progress to determine the 11pid content
of VEE virus producea in a tissue culture eystem and the effect of gradient
centrifugation on the lipid content of this type of virus,

Elsctron microscopic avidence of an average diameter of 68 millimicrons
for VEE virus purified by the methods outlined in this report agrees closely
with the range of 65 to 73 miilimicrons reported by Mucrsgay and Weibel* .
for VEE virus purified by treatment with protamine sulfate and differential
centrifugatioa. The §0-millimicron dismeter reported by these authora for
virus purified by an alternate method, and their observation of & 4S5-m{l1i-
micron core for VEE virus, might be related to inactivation associated with
dialysis against demineralized watar or resuspension of purified virus in
deminersaiined water preparatory to electron microscopic exsmination. A
dismeter of 30 uillimicrons for the core of VEE virus, as indicated in this
paper, suggests - siailarity to the 30-millimicron cors reported by Morgan
sta for WER virus as seen in thin sectlons, :

From the results we have obtained with VEER virus, it seems likely that
the apolication of gradient centrifugstion to the purification of ZEE and
WEE viruses will yield virue of lower lipid content than the 54 per cent
originally reported. OCur initial &ata with ERE virus support this hypothe-
ois.

Studies to compare the 1ipid contents of VEE virue propagated in two
bosts, suckling mouse brain and the chick esbryo, tndicats s similar, {f
noe identical, quantity of 1ipid present {n borh tiat corrsasponds to tha
low velus treportad in this paper. This tends to strengthen the hypothesis
that lipid remaining in the VEE virus particle subsequent to gradient
centrifugation represents lipid that is an integral part of the viral
atructure. ’ ' :

-
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