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i THE ORICIN OF &4 PACTTR CAUSIR, DEPROTETHIZATION
QF VACCINIA VIRUS WUCLEOCAFSID

oiiowing fe the transiation of an article "y L.A., Meinikows,
1.4, Keglove, ©.7, Bersrson snd V.M. Zhdancv, Inatitute of
Virolegy imeml D1, Iv-novskogo, A USSR, Boscow, gublished
in the Russisn-language pericdical Voprosy Virusslogii (Pro-
blews of Virolegyl, 1953, Bo, &, _» 8472432 it was submittad
on 16 August 1994, Translacion perforaed by 535/7 Charles T.
Qsterteg, Jv,]

A pecuilarity of the {atvscelliular development of wvwirusas from the
veriols growp, diffeventisting theam from other viruses, i{s the two-phess
procaes of virion depryoteinization and the libs atiosn of virel suelaic

i from the protein memdrame, The firs™ phase fa cavried ~ut im wirus
sensitive cells iswedistoly following the penetration of virus parif{cics
by msans of vircpesis: This phese iy completsd in vacuoies by the libsra~
tion of rucisocapaid frim the excevanl mewbranes awd apparently is
guaraniesd by snrywes from the ool wali, The second phase i preceded
by the resse, dlom of ke vacuolie end the divcheres cf the muclaocspeid
iats tha cyioplaem of the csll, After this a fector @ rs o the osli
which emswmes the finel deprotainization of wvivwus BA /.

Up until vow the meture and ovigin of this faclor heve reasinsd up-
cleay, Imwing imectivation of the virus by varirus agents which dewage
protein, for sumaple by hesting, this facter is not forme! and deprotein-
izecion of the wirus csases in the fire? »haee. On the othey hand the
gdedition, to cells infected with such & wirur, of liwing ~icuses from the
i iola grouy or the pame wirusee with lepsired wurcielc wed {zroated with
mugterd ges) lesde o the Yovesmtion of thie fectur erd the campistion of
duproteinisatior of thi virions which hod peaetzated into the cell [§).

n eommpetivon with this, the {n-call formstion of the factor covsieg the
deproteinigation of the muclaccepsld of virwses {vom che warioln growp le
& mecessary phase in the procesees of mulviple rescliiveiion sod recosbiom-
tion of thess wirusss mimﬁ?

Appaivently the fector causing the deproteiwisstion of e wso!eocapsid
of viruses in the weriola group bes sn serywatic watere., Howerey, oy watil
recentiy {t s remmived uacleer whather this annyme fo cobded Lu the siruwe
or if the wirue io oniy ap fndecer of chis factwr, coded {n the eceil.

In the yresest phpsr &n aitespt s mmds o soewer this guestion, The
matheds ot our Iwweedigutlows nre sessvhnt 41flovent thee Lo rocently

pubiished papars (1.

0

¥
 doh R D s L ot R0 sk By AR
C N A ) e SN U s ot AR LAY LTS Y 29 Pl




TR TR r T g

Hezerials and ¥Morhods

Caeiias, In the experaeents we uged & 2-day culturd of chich filye-
bioet calis, incubsied in test tubss in medium Ko, 199 with the sddition
of 5% ‘oviem serum,

Yirwesa., The iunvestigations ere cavried sut with ssilipoer wRkicing
virases {devemvaccing strain) sud cowpor wives (Breighcua sivsin), The
meailpez wecine virue was introduced inte the cell culiurs in 2 quantity
ef 330 VU per one cell.

Por ipsctivetion we used the ssmlipon weccine virve, obtalrsd by seens
&f centriugstion of a euspension of infscted chorio-silsniols zmbrasss

& X .90 rpn for oma bour and wws?md?d in a phosphats “ufifar with 8
7.8«7.8, The titer of che wirws wse 1077 ID. The virue wes haetsd f(o test
tobos in 2 vwolume of ! 2l for 24-3 hours st 37, ¥Pricr 1o imfection ths
virus was dileted by 10 times. The abpence of infectivitr in the vires
wes datecwined by ssauws of 3 two~fold peseage o the chorie-sllantais
aspdrgnes of chick smbryoe.

4z the reactiwstor we selected the cowpex virug, which wee introduced
tate the coll culture slso in 8 dose oo 3-10 FPY Sor 2k-3 hours bafore thels
infect oo with hested vivus,

The jafocted cells were {uvestiga.aé in 1, 2, 5, 6, &, 19, 1%, and 14
kours after infection, The peasence of virue was determined sfter 2
3-Feld froesfug sod thawing out of {nfected chorlo-sllsntole weubreuse ~F
1i-day old chick embryos, which wers then lowvpetigated sfter 4B howre
following fnfectivn for the presence of plagues ssd by citrstion iv the

hamagglutisation reaction,

The celiuler extracts wers propared from the colls of norwel chicken ~
fibrodinsts and frow there infectwd with smmllpow wmccine vwirus, A lec-
dey culture of chick Fibrobium< cclls, incubmted in finsks in Medium Mo,
199, w9 iefected with the somllipox vaccine wirug in 2 doss of 10 FFU per
one cell far 2-2% hours. Ther the sousdesrded virus was removed and the
calle thoroughly weshad with physiclogical solution and neutralized with
antivariolous serum. The cells were removed smcaswical. .y, precipiteted vy
centrifugacion at J000C vpm for I35 wilwmstes, thes centrifuged twice at 2300 B
rpo., Tha precipitstc wae homogenized in e Potter homogenizer and rssuypendasd ‘f
ir modium Mo, 199 uwp to 10% comremtration, In the szeme wmenney we prapevaed
the sxtracts from cells, treated with actinomycin B in a doee of 0.05 W /ol
for 18-24 hours befors their infectivm with virus, In the exparimente we
used only thosuw eutracts which did mot allow the growth of wirue during 2 !
two-fold passaging om the chorio-slliantoie sesmbrens of chick sbrwos. The
axtreced and the virwe merc funtroduced at the saue tise end {n ths smw
queaticy (¢.1 w).
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Furceyoin was introduced into a cultuws of chick f{ibroblast cells
in 2 doze of 20.80 Flwil alsc simultanecusly wits the virue 2 and 3 hours
before infecti,sn, Aftar & ond howr coutect with the cells the virus was
wmaghad ovf with ghyoiniogicsl solution and spe ‘¥ic serum. The cultums,
waghed of sonsdesrbed virue, wis flushed with outriewy wedium conteining
parsmyeln in ghe same doses,

Raoults

e vesuite =f the izmveetipaticns, conducted with live {atsct wirug ;

amd wivus impciivated by meang of hasting, ars presented in Tables 1 and
7/‘/"»

imder the condftiong of our expeviments meture virus wes detected in
¥ mours sfter infactiom with “ive intact virus; of coorse during infection
with heszed vires mufuve vivus ald nor sppear, The eddition of extracts
from cells infactzd wit™ the seee vwirus in Z-2% hours after {noculstiosn,
reduced the lateud perisd by 3 hours eond the mature virue sppedred in &
howrs frilewing infaczion. The perinds for the sppesrance of mmiurs wrirue
were the szme during iafection borh with live sad hosted vivus. This
indieatye that reactivation procezses took place (n the latter casa. It
should be notad chat tha axtracts alome, obteined in the first 2-2% hours
aftey infection of the cwlle, ss draady mentioned, did mot coutein virus,
This excluder the poswibility of even i{ndividuml virus perticles emtering
the culiure, On the orber hand, the extraecte from norswl tisouea in
esperiments with live wisrus did not raduce the perfods for tha appsarance
of the seture wires, sod in tests with insctiveted vwirus did not laed te
ite vesctivation, Lonsegueotly, rthe shortening of the lacant period was
conmmuted with the sreseece of inf.-ted cells {n the exiTrect, thet i¢ the
faotor gurantseing vhw outbresk of virus infection, in other words, the
fantor o o leting tiw deproteinization of the virus particle.

Comslately anslngony vesults were cbrained vhen the cells ware pre~
Timinarily infected with snother wirue of the veriola group {(cowpow virwus),
Tu contrage to the smalipox vaccioe virus, vhich causes the forwstion of
jarge whiie plagues, the rowpox virus forms smali red plagues, therefore
hoth wirwses wve sasily Jifferuniiated on choric-allaentols mewbrane.

Hetwre psyticlies sppesy in & hours sfter infection with smallpon wacetee

virwe, thet 18, 3 boure suriier then o the control, both with live and
with haatod vwivue.

For clesviog up ae probiem comcerning the origie of the factor opder
study toat» wore ewxt wp with setinmaycin D, tal’ag inte coasideration that
thde sntibiotic reacts spacificelly witu the doubls thread structures of
Vs, proventiog the formatiss of cellular fnformstion ERA, mecessary for
the syatbesis of protein,




The preliminsry treatwent of <eli cultuwes with sctinowycin U {n @
dose of 0.05 U/ml sharply ishibited the development of smellpox vac~'ne
virus: The ssiure virus wes dete-ted only aftsr 12 hours, that (3, .
bowrs lator thaw (~ the tasts withou® actingmycin, ~.eee dats differ
with the resuits of recemtly pub’ishad papers 7. They testify te the
&lmoet complete supprecsion of virus wultipiication at & doss of 0.1 T/al.
Tats con b axpla.oed by the low concemtration of actinomycin {n our
snper iments and prodadly by the gradus] destresilon of he istter in the
enlls, The extrscts of ceils, (nfected with virus iu the procance of
actisenvein, 44id vot reduce the latent porisd of smllipox virus dovelsy-
oenT, sl Sl3w 28 el pllWeal lie dEVELISTIAEE.  Swourequeniil T, They e
ot contain the deproteinisation factor for smellpox virus.

Therefore, the conclusic 2an be sade that the genetic iwlormstion
coacerniag this factowr is contained in the celiular sad not ths virus
genooss, This conclusion ie e'ec supported by the face thet a2xtrscts of
infected celie, awded to Teated virus, caused the venctivation of this
virwe in cslla trested with activomycia. This i wexy clearly comfiremd
ia superimsate io which the colls ware trested with an extvect from cells
traatad with ecticon, cle D and infacted with small,ox ver~ioe virua,

Vadar auch &n srpsr bwntel set-op the vea. {* «tion of heatrd virus
did wot ocowr,

¥or clerification of the neture of the Jdeprofsinisation factor for
the amclaoceupsid of smmllipox veccims virus, ond alec of the role of the
erll in this process, we umed puromycin as the inhibitor of prcoetin
ayathensis.

n Sories I of the s.perimects the dose of puw  ycin wae 20 ¥ixwl,
Wson the cells were roated with that guantity of purcmycin there wae a
sherp increase ip the lafsn. period of development of e swe'lpox veccie
vizwe: thw meiure virus spposred after 10 hours. that (¢, 3 houre late
thens {n the comtrol. If the ssme virus wes incu.ated in cells treateo L e
with puremycin snd &n extvsct of infected cells addes  then the latent e
prriod was shevply reducsd and the pjurcaycin did met vtop the developmant A
of virve infection, In the expurtments with inactiveared virus the raduc-
tiow in the loagth of the latemt peariod wss las~ a» ssed, o genersi,
the results of thess fasts sre simfler to ths rosults of the tests with P
sctinomycin, though in this case protein synthesis wae {nhibited, The L
dorglopmen: of the virus {r the presence of puromycin way be ewplaized by
the fact that the dose of it wes wuol grest and could therefore omly ,
reatveis, ™t 2ol completely block, the synthesis of viral proteins,
seting wauch woce strongly on the systhesis of zellular protafas,

s the cslls wure treated with lai ez Joses of purowycin {80 ¥/al)
ws sotel the coaplats suppression (o tas syrthesis of mmellpox weciss
wirwe in invosti{getices 4 boowrs after fsfectios.




In Tabis I we present tho vesulls of the 3 expe. b #ni. on Jhe
tmfiuerce of puromycin on the reactivavion of heatea virvs, &z iz ssen
from these date, treating the cells with purcwycis lesltanecusiy or 2
andd 3 hou s prioy te the ademivietration of * _ated v us and the esiract
froe cells infected wich live virus prever s the res fivetion of thi=
wivus,

These data testi{ify that ou-2%, it not only auppres.des the synthesis
of celiuiar pictein, but aleo influences the fector of mucleocapeid du-
protainization, which mekes 12 possibie to axpress the supp-sitiom
concerning {ts protein nmatuve.

In addition to this we carried ocut supplementary {investigaiicas om
the study cf the action of puromycin on the mitiplication of smailpox
vaccine virus asnd the aynthssis of the factor ceusing d&rgf%emiuticﬂ.
Taking into ccomaideretion the data from the literature 2,7/ and our data
that thig factur {3 formed in sarly perlods following infection, purcmycin

wad Iintroduced in the first hours sfter {nfection snd with 30 m!-utae
interveis (Figure 1). The results of these tests showed that vhen puro-
wycin was sdministeved 30 minutcs after infection, the cowpleta suppression
of wirus synthegis wae voted vhen the investigation was made 24 houre sft.”
infaction, When puromycin wes u‘hintut@nd 1-1% hours after infection the
virus e detected in a titer of 107" ID, after 2-2k nours the titer of
the virus in the test group of celle couprived 10-2 I, and then fucroesced
up to 10"} ID, At the szxe time in the control the titer of tha virus was

10”7. The rasultes cf these tesls sgain urge that purceycic suppresses the
synthesis; of smellpox vaccine virueg, and the compiasis suppression of virus
wsuitipricst! n 3 minutes after ' ‘gction craxtes ¢ foundatioa for the
propoesl that the factor under g.. .y has a protein mavure asd {e “rmed
during the savliy pariode of inisction.

Yor a more pecusate quantitstive charscterizstion of the dynemice im
the wul. iplication of the smellpox vaccine virus we set up tests with the
titration of the wirue on choric-sllantois wesbrane bssed on plagues and
on the hemeglutinetion resciion {tha rasction »as used on' ; with iive
intect virue).

In figures 1 sud 3 we osresent the deta from the tests with live {utact
virug, Ae <an be sesn from these drawings, the sdeftion of extracts from
virus infected celle to the culture not only reduces the pariods for it
apy.avance of the sature virus, but also incresees its titer. This is
expressed still more if amothar virus of this group (cowpox virua) is
sddad o the culturs. Tresatmeut of the culture with actinowysin D
incresces the latent period snd lowers the foteneity of wultiplicstion.
Erre (he plague asthod f¢« wmore ssneitive than the wethod of virus titration
tn the hemegglutination resaction. In the latter case the pariode for the
dotection cf the virue sre drswn back dy 2 haws (Figure &),
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In the tesca with the i ested virus the add{tion of extiict or heter-
agenecus samilpox virue lesde to the resctivation of this virus. However,
i1 titers sve somawhat lowe: thawy (o the tests with live virua.

Discueeion

Ay 48 mlveady koown, for ths synihesis of smelipox vaccine it s
weceseevy that 123 DRA be lidberated, This tskee place in 2 phases, vhile
the £ vl deproteinization s accomplished dve to & specisi fector, “he
ptture aue origin of which remein urclear up to the present time, Thare
is doubiless iatersst in the question of whether this factor (sanzvme) {s
odad in the cell or {u the virus, or is the latter &n inducer of thie
feector .

FPor clearing wp 522 2.tk we 2l vae »f antimarsheliciae: dctinn-
wysie D as aa {mhidbitor of infrrmation DHA, opecessary for the gyathesis
of pretsin, and puromycin, which is 2 suppress.: of protein synthesio, The
wall stwdied phoncmenon of reactivatior .erved as the criteriux for ti.»
dopreteinizmiion of viral wmiclsocapsid and the liberation of viral DRA,
Siawitanesusiy with hoated wirue, enalogous variants of the sxperiments
were corvied out with live {atact virus, The resctivation of heated virue
wees successfully reproduced mwot ovly with native cowpox virus, but alsc
with awtracts obtaiwsd from cells {nfacted with smsllpox vaccine virus,
Thess data conforwm to the results of racently pubiished papers in which it
we de~oustrated that sxiracts, obtained frum celi~ of chick fibroblaeta
infected with astive cowpox virus, are capable of reactivating heated virvg
alresdy in 2 hours sfter iafecticn, The aaxisum vesctiveting scti-ity ss
poe-3ssed ., Jellular esvracts obtainsd 3-8 hours after {(nfectiom, It wae
shown serlter /7/ that ths reactivating fuctor, investigated daeed on the
sooaliivity of IR, to TRAase, le ianifested considerahly ssrifer, The
extracts fysm infected cells in the tests with live virue act the sewe a3
ths compox virus, thet i{s, thay shorten the pericd of virus initistion by
3 boure. ALl of this pointe to the fact that {s the inf-cied celle there
is & factor cousing the Iiberation of viral nucleic 2¢id and the sleoguent
srutheois ! mature virus particles. Nowwwver, es it m=as slresdy stated,
it remaing woclsar (f this factor %9 coded In the cell or in the wirus, or
{Z 1t 15 lnduoced in the ceil under the (nfluence of the virus. Light wae
ohod om this probiex by deta from vearicus oxperimeats csrvisd out with
actincapcin D, which wa weed ap the suppressor of inforastico ERA; conse-
qratiy the noswal (aforwetion for tha synthedis of protein wms 4! pesd
in treated calis.

The fact et oxtracte from culls trested with sctincaycin D ead {a-
focted with iftve mwllpox wacsine virus {peviod of infectiom 2§ houre} did
a0t esuce tha phspomarvow of resctiwetica of hested virus, end 4.4 not
\ redece the perio’ of in{tistion for native virss, spexke in favex of the
foliowivg: The facion uwedsr study, soruwing tie deprotatnisaticn of the

Rl comsasabrtbatrhe i 0 i S




mucieocapsid of tha sseilpox ~merine viro-, {8 coded In the genome of tha
cell snd not of the virus, Thig proposition is aiac aupported by the £
experimenis in which the preliginary treatment of the celis with actinogyric 2
D did nnt prevect the reactivetion of hested virueg following the addition i
to the cells of the prepared factor contained in the extract of {nfected

cails,

The purpose of the expuriments with purowycin wes to cleer up “he
nature of the factor under s idy, A puroewcin dose of 20 ¥/al had araomt
no influence on the multiplication of live virus snd did not inmhibtit the
reactivaticn of hested virus followiug the addition of ~xtracts from
infected cells. However, when the cellis were treated with a large dose of
purceycin (80 ¥/ml) the synthesis of emaiipox waccine virue was completsly
biocked snd resctivation of heated virus wns pre.mtad ~vex with the
addition of ar extract of ‘-~Fearred cells, 1

The datas obtained testifies to *he prutein wature of this fartor,
Conclu. ione

1. In tne sariy stages cf cel]l infea-"ion with the sasllpox veccine
wirus (2-2% hours) & factor e formed which encures ths deprotsinmisation cof
the virus owudieocapaid,

2. Thie fritor slpe ansuzse he poesibility of the rsactiwecion of
hented virus.

3. The deproteinizscion factor 8x a8 protels neture sod is coded in
tha gencme of the cell-host.
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seriods Cor the arvaarance of sature virus in tests with liw
intact smallipox vaccine virus
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Tabies 3
Tuenee of wwamycin on the reactivetion of heated virss
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R ) Time after infection (in hours)
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' Figure i, Influence of purcsycin o the synthesis of smslipex vaccime virus,
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Fipurce 2, Dymemmics of development of live smallpox vaccine virus, measured

in P¥Ug

1 - smallpox vaccine virus; 2 - cowpax virus and smalipox vaccine virus;

3 - extract of cells infected with seallpox vaccine virus and smallpox wvaccine
virus; 4 - puromycin, sxtract {rom celis infected with smalljox vaccine wirus
and smrlipox vaccine virus: 5 - asctinumycin D and smmllpex veccines virus;

& ~ extract of cells trsated with sctiomycin I and infccted wiih smalipox
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