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Venezuelan equine encephalitis (VEE) virus was purified and concentrated by
chronaiography of tissue culture supernaiant fluids on diethylaminoethyl-cellulose
columns. Stepwise gradient clution studics indicated & broad.elution pattern for the
virus, with recovery occurring from .05 to 0.7 m NaCl. Opticel density, infeciivity,
hemagglutination {HA), and "amplement fixation {CF} =assays indicated that
complete recovery of input viras in highly purified form was possible. Singlestep -
elution with 0.7 & tristhydre umeth}!}dmmo nethane-succinate-salt buffer resulted
in a vius volume decrease of 85% with a concomitant inerease in infectivily and
antigenicity. Recov. ries cona:stmt!} equaled or excceded 1009 of the input prepara-
tions. Additional purification of coltimn-recovered virus wac obtained by sedi-.
mentation of poslud virus eluaies on 509 sucrose cushions. Exposure of borate
saline and 0.5% histidine suspensions of purified VEE virus preparations to'd X me
r of gamma radimion resulted in a loss of infectivity for. tissue culture and a Joss.of
Iethality for weanling and sucKiing mice, Inactivation was _.. exponential.-function
of the dosage. In conirast 1o infectivity, antigencity {HA and CF} of both saline
and histidine preparations was retained after irradiztion with doses as high as 6 X .
10f r. Purified and irradiated VEE virus prepararicns have been wcfessfully tised
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for routine s serological tests.and are bcmg evaluated as vac:.me:‘i
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The need for adéguaté protecgies_x ofighcmtdry
personnel who Have contact with Venezuelan
gquine encephalitis {VEE} virus has long been

established. Early atiemipis‘to solve this- problem:

resulied in the dc‘ydopmem of several Formalin-
inaciivated vaccines {24, 22; Smith et al,, ‘Bag-
teriol Proc., p. 59, 19534} and; more recently, in
one with live attenuated virus (33, Unfortunately,
ihe inactivaied VFE vaccines either contained
residual infectious virus {29} or were so drastically
treated as to confer inadequate protection {3, 14}
The live, attenimted vaccine, although conferring
good protection in man {14}, causes a signifizant
aumber of vaccinees to display clinical inflienza-

like sympiems and leukopenia and 10 manifest
transient electrocardiogram abnormalities (1),

In attempis to-develop a more effective non-
viable'VEE vaccine, the applicability of two ap-
proaches not ‘previously ulilized in conjunction
was mxa,ngazed- purification and concentration
of virus by chromatography and inaciivation by
ionizing radiation. Recent studies indicated that
arbovirus preparations of high purity and con-
centration could be oblained by chromatography
on dicthylaminoethyl {DEAE}-cellulose columns
(16; Fuscaldo et al., Bacteriol. Proc, p. i6l,
1969). This procedure <eemed appropriate for

t

obta‘ining"i?EE virus jiréfxafations with-increused

_sp&:,lhc antigen concentration and’ mr.:na! non.

-immunogenic constifuents. i}ther siudies have

demonstrated*that.a. ifar!c{} of microbiai agents )

killed by ionizing radistion retain greater anti-
genicity than-do preparations killed By chemicals
ot heat-{6, 7, 20, 33}. This method of inactivation
glso :i»:strev; the infeciivity of VEE virus while
retaining the capacm of the virus {o stimulate
eniibody production {36}.

The results of our investigation of purification
and concentration of VEE virus and subseguent

tnactivation by ionizing radiation are presented

in this repdri.

MATERIALS AND METHODS
Viras, The Frinidad sirain of VEE virus, originally

isplated in goined- pigs from a. dopkey brain 23,

was used: 3t had been passaged 13 times in chicken
embryos when it was obtained through the courlesy
of. our colleague William P. Allen. Working seeds
for these studics were prepared {rom a second suckling
mouse brain passage as 16%: suspenstons of infected
suckling mouse brains in borate saline.

Infectmtg and antigenicity determinations. Assays
for virus infectivity were performed by piaqm. titra-
tion in 24-hr chick embryo monoliyer tissue culures
and in 18- to 12-g weanling mice. Samples of ir-

427




428 GRUBER Arrr. MICROBIOL.

mtraeurc&ai-;nhnpentamai nmc;.htmn {(}03 and

0.1 ml} were titrated in suckling mice for resrdual

five virus by a.combination intracercbral and-intra-
peritonzal. incculation of 0.02 and 6.03 mi, respec-
tively {26}, Fifty ner cent iethal dose ond peints were
calculated by the method of Reed and Muench (23).

_Assuys for virus aniigenicity were performed by he.

magglutination (HA) and complement fixation {CF}
fests by using micrefiier methods (5, 27). ‘HA was
tested for with goosg ervihrocyies at pH 58; the
National Comimupicable Disease Center Labota-
tory Brainch Complement Fixation {LBCF} pro-
cedure wat employed in complement fixation tols
an. o

Tissue cultwre virus. VEE virus wis grown in 24-hr
chick embryo monolayer iissue culiure, and infected
superratant. fluids were harvested by aspimiion at

. 18- 1o 20-hr postinfecidon. Tissue cultcse relluler
. debris was removed by slowsspeed centrifugadinn and

the clarified vires preparations were then dals.ed
for 18 hr at 5C apgainst 10 volumes of water to de-
crease their salt conventration. This procedare did
fiot materially decrease VEE plague titer or anti-
genicity,

DEAE cellalose column chromatography. Columns
for chroratography wire prepared T~ 10 g of
DEAE-ceilulose. ‘Before .use they wefe washed and

equilibrated with 0.01 5 RaCL.n .01 m phosshate -

buffer, pH- 7.3. Columpe mmnsm ratios, zagth to
diamuter, were- appmxmmm 2:1, Adsorption of
the tissue culture-virus prepa:auon was by free gravity
flow, but during development ol the colema the flow
" rate-was.mainigined ‘between 53and 10 ml-per min.

lrradiaﬁrin. :Piirified virus “preparations were..ir-
radiated at'the National Bureau of Standaids through
the: cnunﬁy of Daniel-W. Brown. Suspensxcna of
VEE virus weie txpcseé*m gamma radiation froni a
cabalt-éasourccataaoserteef? p 4 }B‘Ipermm.

The suspensices were- ifradiated in 4.ml gquantitics.

x&poi}pmp}!cae iest, tubes {12 by 75 mm}. Samples
" were kept frozen with dry ice during 1rmdmtzon and
were-held.in the frozcn state until tested for infxc-
tivity, The different doses of radiation were obtained
by varving the time erg:xpcm at the constamt dose
rate, Conirol samples of virus weie exposed to identi-
cal conditions but were not irradinted.

RESULTS

Elution by the stepwisc method. Investipation of
fraciionation of VEE virus was initinted by 2
study of its clution pattern during a stepwise pro-
ceduré. After the tissue culture-virus efffuent was
collecied; the virus was eluted with NaCl solutions
of increasing concentrations. Fractions of eluates
{250 m! each} from each of the various concenira-
tions of NaCl solution were collected. Optical
density, infectivity, and HA activity o each frac-
tion were determined. {Table 1}. Approximately
90377 of inpu: virus infectivity and all HA activity
were retained.by the column before clution was

initiated. In contrast, approximately 809 of the
light-nbsorbing components of the presaration
were recovered in the tissue culture effluent. Virus
infectivity and antigenicity were not recovered
with 001 s NaCl elution, whersas additional
light-abserbing components were again eluted.
VEE virus was eluted in a range of silt concen-
trations from 0.05 to 0.70 &1, The eluates gbiained
from this range showed diffc.ent levels of virus
content, wiith- the greatest elution occurring at
.03, 0.108, and 9.5 u concentrutions. Table 2
derived from ihe data in Table 1, shows the per
cent recovery of virus infectivity at the various salt
concentrations. Essentinlly all infectivity was re-
covered by elution through 0.5  salt concentra-
{ion. “hese findings indicated thai virus of rela-
tively high purily and conceniration might be

TasLe |, Stepwise cluiion of Venezuelan egquine
encephaliiis viruz from DEAE.cellulpse

i § . H
saerst YoMl ones | IS 1wt
: H |
Virusprepa.... .. 300 | >Z00, 8.2 | 236
_ Tiszue culiure- ! :
virus eiffeent . . 300 52,00 6.3 0
0.01 at NaCL_ j © 200 6.6 o
0.01 31 MaCl-. ;038! 6.0 ¢ O
0.05 8 NuClL. . | : 073 8.0 ° 256
DOSaNaCl.__ . 2% ¢ 031 69 . B
930 8 NaCl. .. 3 . 070 82 . &
0.10 a NaCl. 0 ° 0,27 65 4
0,20 3 NaCl_... Coaet’ 7.3 0t %
sﬂaswac;“,ug 6, 02! 651 2
0s0mNaCl.. . 5 230 | 0.46: 7.7 © 32
0.50 » NaCi. ... e 6351 2
0.70 s NaCl. 805 &7 0
8"8'« NaCl....: 000 6350 B

= 0;‘3;1&33 uensstx at 280 om.

& j.og. plague-forming vaits/ml on 23-he chick
embryo-monelayers.,

= Agglutination of goole eryibrocyies at pH
58:805 ml.

Tanre 2, Elwrion af Venezuchue cquine encephalitis
sirus from BEAE-ceflglose as a fimction of salt
CoRCERIraiion”
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-
]
T

¢

[}

input virus infectivity loge PFU'm
Plague-forming units,

¢
o

5
=

[




O T 0 P N

]
e

-

|

BRI R I T A L L e e R VA “ln"':!“‘l;“‘ﬂtil P by

8]

N .‘k',“-ﬁ‘ e

o

!

You. 20, 1970
gbrained by removing contaminating tissue culfure
materisl with a salt soletion of low molarity and
then collecting the virus in one step with a de-
veloping- buffer of relatively high concentration.

Chromatographic purification of VEE virus. The
typical recovery of purified VEE virus by such
methodology is shown in Fig. 1. After addition of
virus, the columns were washed with 0.01 » NaCl
in 0.01 M phosphate buffer, pH 7.2. Then the virus
was cluted with a 0.7 M trislhydi oxymethyliami-
nomethane-succinzte-salt buffer at pH 10. Usu-
ally 25.ml fractions were collecied. Optical den-
sity, infectivity, HA aciivity, and CF activity of
the collected samples were determined. Infectious
virus was recovered immediately after ths column
void volume, Chromatography resulted in a virus
volume decrease from 500 te 75 mi {859}, witha
concomitant increase in plague-forming infec-
tivity o represent essentially complete recovery of
the input virus. Excellent correlation was found
among the various iesied properties. Thole
fractions with high infectivity also had the greatest
HA and CF acfivity. Representative column
recoveries of infectivity and serological activity
sre indicated in Table 3. Recovered infectivity
and antigenicity *onsistcnﬁy equaled or exceeded
1004 of the toial input. The mean recovery of
infectivity was 115%,. The increised infectivity
may represent a virus with less aggregation, with
greater efficiency for the. tissue culiure, or nay
reflect the removal of some mfectmt}-mmb::mg
subsiance,
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FIG. 1. Recovery of gpurified Venezuelan eguine
encephalitis virus by DEAE-<cHiulose chromgiography,
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TABLE 3. Recovery of Fenezuelan epuie encepha-
fitis ums nfectivity and .verofagxml activify
) Input recovercd (5
EI!li n
PR Hat L P
——— {
A 105 8§ i
B 140 180 i {12
C 106 116 93

s Plaque-forming units,
& Agglutination of goose ervihrocytes.
= Complement fixation.

TapLe 4, Spec:mpﬁotome:ﬂc analyeis af Vene-
.ue!an equine encephalitis virus preparations

Ratic of optical dousity at 260 to 280 am
Expt -
Iaftals Final® Incredse
A 8.60 0.83 D.29
B 0.61 8.90 0,29
C 8.72 .86 8.17
D 8.7 0.89 8.18
i ’ .23

= Dialyzed tissue cuimn,-ums preparations.

& Recovered DEAFE-cellulose column  virus
pools. )

« Mean ratic .incrasg.t

Abscrmxon spectia-analysis | Was also- used to.

mopitor VEE virus purifi cztmndunngchmateg—
raphy. Optical densities al 260 and 280 nm were
determined for represéntative tissue. cu!ture‘vxms
preparations and’ for their recovered column

pools. From these values, 260 to 280 nim-ratios.

were aetennmed -and are presented in Table 4.
In each_instance, the 260 to 280 fatio 1msed
afier chrmtography “The mean ratic increase
was O 23, These increased ratios are asnmed 10
reflect punﬁcancn of the-virus from contami-
nating tissue culture proteins.

Sedimentation on sucrosc cushions. Column-
recovered virus was additionally purified by sedi- -
- mentation of pooled viius eluates on 50 sucrose

cushions. Sedimentation was obfained by -centife
vgamm at 27,000 rev/min for 2.5 hr. The thin
light-scatfering -bands recovered from above the
sucrose cushions represent highly cencentrated and
purified virus material, Usually; the final virus
preparation was }qth the wlumc of the mitxl
tissue culiure material, Typical recoverics aro
indicated in Table 5. Atcep!able recoveries of
infectivity and serological activity were obtained
by this procedure. The fivefold concentration-ob-

-tained and the separation from scluble proteins
gxpecied from the procedure supporied ifs use.
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Tanilk 5. Recovery of Veneouelun equine encephit-

{itis virus by cemrifugarion on a ¥, sucrdse
cusfion

Calumh pool ricoverad (71}

Empt oo
) Infestiniiy® 7 i!,—’v" : C¥=
A 52 : 26 . 44
B 19 160 ; 133
C &0 107 ! 58
; 1z 96 : -

Meaap

* Plaque-forming unis,
5 Agglutinat:on of goose erythrocytes at pH 5.8,
¢ Complement fixation.

W0

O = With histidine
= = Without! histidine

W)
it

j=tessthon

bog o Floqua-forming unite/mi

0'5 Roenigens

Fits. __-fmczn'zxron af pzmﬁed Venezuelin equine
eucephalitis virus by fonizing radiation.

It shozﬂ"‘ e noted here that 779, mean recovery
¢f tolumn_ pool mlemmy represents t:ssent;an,,
93<; of the rotal input virus in purified form.
Inactivation. ng structure compounds imhibit
gmmma ray inactivation of viruses, and histidine
selectivity protects dntigenicity more than infee-
uvify {19}, The loss of infectivity and antigenicity
of purified VEE virus us a fu:;c;ion of dose of
radiation was studied in borafe saline and in0.5¢,
histidine suspensions. Suspensions were radiated
at a constant dose rate { (7 % ¢y per min} for
such peviods that ex'xosurca- ranged i‘mm m{m
iail‘ged m the i'r;}zm stute during .rradxahén,m
minimize indirect radiation effects. Resuits of
representative infectivity assays in tissue culture
are-presented -in-Fig. 2. inactivation of purified
VEE virus was linear, indicating first-order be-
havior of the reaction. Survival of VEE virus
infectivity was enhanced in the presence of histi-
dine. ith -saline and histidine preparations
lacked plagueforming capacity afier irradiation

GRUBER ArrL. MiCrROBIOL,

at 6 G&J{?X‘} f. ‘&firt.s Zm:»ir x‘mn m htmdme was
was ako tested in *.&eanimg mice. Typic xi resuits
obizined and a comparisen with a plaque assay
are presented in Table 6. Although deaths did nos
occur in weanling mice inoculnied with virus ex-
posed 10 4,000,000 and 6,000,090 r, similar ipac-
tivation curves indicated potentinlly five virus in
both 4,000,000.r preparations. Intracerebral inoc-
ulation of suckling mice confirmed the presence of
infectious virus in both saline and histidine
preparations irradiated at 4,000,000 r. In contrast,
deaths did not occur in newborn mice inoculated
with undiluied saline or histidine preparations
exposed io 6,000,000 r,

Results of antigenicity assays. of saline and
histidine suspensions -of purified VEE virus are
presented in Fig, 3. In contras: {o infectivily, the
antizenicity of botn saline and histidine prepara.

Hemagglutin stisn
2.0487 i‘—":r—'" G s 5
5 1536 -\‘
Foio2ak s »
N2y
% =Without histidine
S = With histidine
© .} Complement Fixntion
51381 —'3\\ = 5
~  384F
2
= 258f
128 ¢
1 i - k 3 i 1 5
. -2 3 LR 5 bR

Iéé Rcentgens

" Fia. 3. Reresitivn of antigenicity of purificd Vene-
sl equine encephalitis virus preparations semdered
noninfections by ionizing radiation.

Tasit 6. Inactivation o af purified Venezuelon equine
encephclivis virus by fonizing radiation

Hizstudine prepn

Radiatisn : i -
: - PFLmt §mcmg
H i
— e , oo ﬂi__ﬁf
r B! :
OXI* |, 8% 1.5 ° 89 ' 1.5
0.5 X 10¢ 7.7 - 9. 795 9.2
1.0 X 105 6.1 88 . 7.0 8.2
2.0 X 108 3.8 5.3 493 6.5
SO X1 <10 <15 <10 <3
GO0X " <10 <i.5 <t.0  <i.5

= Plaque-forming units.
& Logw, values,
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tions of purified VEE virus was remnined affer
irradiation at doses as high as 6,000,000 r. Histi-
dine suspensions of ;}mnﬂd YEE virus completely
retained their capacity 1o produce hemagglutina-
tion and complement fixation, At 5,000,000 1, the
dose at which all assay sysiems indicated com-
plete loss of infectivity, titers were identical to
those of nonirradiated control preparstions.
Saline suspensions were similarly active. Although
frequently an initial decreuse in titer occurred
afier exposute 10 low doses of gamma radiation
{as indicated in the figure), inactivaiion did not
continue lnearly, and a high level of antigenicity
was maintained throughout exposuse to the
higher doses. In these instances, at 6000000 r,
50 of the HA and CF properiles were retained.
More commonty, the saline-virus preparations
behaved like those of histidine and no decrease
in titer occurred at doses as high as $,000000 r.

In vitro serology. Irradiated VEE antipens ex-
posed o £,000,600 r were emploved in our Inbora-
tory in CF tests of several animal sera. Resulis
were similar to those obtained with five virus

_preparations and with saline extrucis of infected

suckling mouse .omains inactivated with 035
heta-propiclactone. No chuange in CF or HA
titer was noted with column-purified antipens
stored for 3 weeks at 3C, and only a fourfold
decrease in titer was neted after 16 weeks, Studies
are currently:in progress to evaluate the immuno-
genicity of thfse purified VEE virus preparations.

~ DISCUSSION

Since the imtial description in 1958 of the use
of ion-exchange adsorbents to puriy and con-
centrafe animal viruses {9}, 1 wide variety of
viruses, viral components, and viral antigens have
heen purified by DEAE cellulose chromatography
4, 8, 12, 13, 15, 17, 32}, With the .sboviruses
howau:r maost. im‘es.!gaia S using mrcmaiﬁg-
saphy for purification have ©aploved caleium
phosphate €2, 28, 303, and DEAL _cilulese has
been only rarely used. Nicol: {16} investigated
the isolation of soluble hemaggalutinins of several
arboviruses by DEAE-cellulose chromatopmaphy
and reparied the elation of group A Sindbis virus
hemagglutinin at a salt conceniration range of
0.3 10 0.5 a1 Seventy-one per cent of the hemag-
gluiinin fixed on the columne was recovered, and
the serological activity was coincident with in-
fectivity. Fuscaldo et al. (Bacteriol. Proc., p. 161,
§969 reported the purification of tissue culture-
grown Eastern equine encephalitis (EEE} virus by
single-step DEAE-cellulnse chrematography and
sttbsequent sucrose cuwshion and gradient banding.
They reported that more than 909, of input virus
infectivity was rcovered. In the present work,
gradient elution of tissue culluregrown VEE
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virus occurred st salt concentrations sm:i&r,
although not identical, 1o that for Sindbis virus,
and singlestep elution and sucrose cushion
banding resuited in recovery of infectious visus
equal to thet reparted for EEE virus. These re-
sulis supgest that DEAE-cellulose chromato-
graphic purification is applicable tc a variety of
arboviruses and that the procedure deserves morg
attention and wider use.

No naturally occurring soluble hemagglutinins
have been reported for group A urboviruses, This
invesfigation substanmnates that premise for YEE

virus. The recovery of HA activity during chro-

matography was Thvavs coincidental with infec-
tivity. No serological actvity was found in iissue
~uiture effluents of in fractions free from infec-
f14ity. A direct relationship befween the level of
HA activity and virus infectivilty was clearly
demonstrated. Figure § illusteates the rise and fall
of HA titer coincident with virus infectivity, and
gradient elution data (Table 1} further substan-
tinte this relationship over a range of salf con-
centrations. High, moderaie, and low levels of
HA were always obtained in ecluanis of high,
moderate, or low levels of infectivity.

The elution of infectious VEE virus at several
different =it concentrations during gradient
chromatography indicates an apparentiy hetero-
geneous binding between the virus copulaﬁen and
DEAE cellulose, Such heterogenelly may be a
property of the adsorbent employed. Heterogene-
ous binding had not been reported-for VEE virus
but such a characteristichad been nofed for elu-
tion of adenovirus type 2-infected tissue culiure
fluids from DEAE cellulose {17;. In that suudy,
15, 20, and 15 {o 205 of the infectious virus was
recovered by gradient ehuion at 0.5, 8,75, and
1.0 1 salt concenirations, respeciively. However,
in contrast to this present work, the guantitative
recovery of adenovirus was not obtained,

Two parameters were used in this study to mon-
itor YEE virus purification by chromatography.
With the Frat, optical density measurements at
280 nm during sradient elution vorified the re-
moval of substantial tissue culture material during
adsorption and salt washing of the colump before
the specific elution of virus, Secondly, absorpiion
spectra analysis at 260 and 280 nm of chromai-
ographed prepar:xﬁmxs prmidmi evidence sug-
gesting purification of viral nucleic acid elements
from contaminating proteins. The subsequent
sedimentation of column-purified virus on sucrose
cushions provides the final preparation with an
additional degree of freedom from tissuc cultun
coniaminanis.

Irradiation of VEE virus usder conditions
minimizing indirect radiaton effecis produced
linear inactivation of virus infectivity. These re-
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sultsare m&mt with those reporied previowsly
for VEE virus {26} and for a varidty of other
viruses after gmm—n radiation xn;iuémg vRIoinia,
St. Louis encephalitis, Westernequine encephalitis
{WEE)}, poliovirus {1{}}, and rubella virus {11}
These data are also consistent with resulis ob-
inined with severnl viruses irradié;eﬁ in the fluid

© stEig, including influenza Avamd B; amps, herpes

simplex, and WEE (18, 21). The level of radiation
required 1o completely inactivatc purified VEE
virus i less than that previously reporied for
gnothér VEE virus preparation (26). However,
this is in keeping with resulis of earlier studies
demonsirating that several purified viruses were

-inactivated at lower doses than their respective

crude preparadons {10}, The reduction in the in-
activation raie of infectious VEE virus provided
by histidine agrees with results of prior studies
with influenza A virus {19}, However, the poten-
tial profeciive effect of histidine nn_in vitro anti-
genicity was not defermined, sinée the saline
preparation itself frequently retained complete
sctivily even alter exposure i 6,000,000 1.
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