-

DISTRIBUTICN STATPMENT r=n0 1] E”]

Nous &
M‘pluud fur pxihc relouse; FEB 16 1972

distribution unlimited, '
ToEID Tl

-

AD736274

THERIOTACTIVATIQN! OF VIRUSWS
Announcemont II: ON TiH7T NATURZ OF ATICHIALITIES Y THR DYI'XTICS CF
VIRAL IERACTIV ATIO

_ A, &, Novokhatsky, F. I. Urshov

Institute of Virology named for D, I, Ivanovskiy AN USaR. Moscow
Presented July 22, 1949

< 3

The mechanism was studied of the oricin of dymamic
inactivation irre:qmlarities of the viruses of the
Venezuelan Equine incephalitis (VE7), >1nd01s and
vesicular stomatitus (VVS), which are formed at50-55°
in the first we sks and nonths after rcproouctloﬁ. The
hetero~eneity of the viral population is based on the
described phanomenon., The t¥ variant of V33, isolated
from the initial powulation was characterined by
siznificant AlLr=95,4 k.’n.loca.lorle/n'tole.A;a}‘J =219.% 3.8,
and QT =26,02 Ec/molc, Ani=D.15 .8, At 5 _5/0 the
tr vart aﬁ+ of VCOF was inactivated in coatrast to the
initial strain by the nuclein type that ulso caused
an lnactivition dymamdes disturbance, The disappcarance
of the phonomenon after viral incubatica at /0 was related
to a lowered stabil .y in theso pon-ditions of tho t¥ viral
variant and to its :: -dual disappearance frca tha viral
rpopulation,

The dymamies of the inactivation of viruses are praphically presented
. by one of three basia forms of eurves [T3_7, The formation of any form of
(ﬁ\ curvea 18 caujed by the praperties of the viral particles, by the presence
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+ ahseace of a eabrane, iteperature, Tweinc chien be ionefTou T L
carried out, tho coposition of the e iy 20 ot\r* Cachtors, Lo uesh
Zmnortant noaent, which deteraines the covrse of the nreness o7 the loss of
inTectious activity of viruses durin- the 1nf1nnnen n? the wesions
toqneratures, 1s the relation of the "proteln' and the ncleln Locs f
iractivation [ 3 7.

Rolyin: on tho definition of the basie theraoiraanic pava-aters, e
tried to discovor the mochanisn of the ori-in of dimade inactivaiion
irre~ularitics of the viral infoctions, developed in o anries ol instnners
at 50-55°, Rnsoarch was carriad out on soveral All-conbtainine viruscs, =on
V33 uns used as the basic modol,

PATZERIAL ATD ETIODG

“'e have ~iven a dectalled descripiion of t.:c naterinl m:' akkoris oaRibion
The viruses wore warned accordin~ to the usual -isthel [ 7 7 with a quink
titration,

WOSULTD

Thz natuwre of the irre~ularity ol tho Pmasing 0f 2o inivaetfenti e o7
riruses, During the thermal inactivation of soi 27 —cOn, i
obtained irrerular pr.mhs of the dependence of the infectious activit vyoolf
the viruses on tho warmin~ period at the same time as the classieal cuwrves
of inactivation., In fir. 1, a, b, ¢, exxmles of such rraphs of viral
inactivation of VEE, Sindbis and VV3 aro ~iven, Alter the influence ol
teaporature for 30-40 min,, in the courso of vhich the activityr of the
viruses fell by 3-5 1g from the initial level, durin~t which this fall went
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Fige 1, Dynamics irreqularity of ther minacti\{ation of V.o (a), Sindois ()
and W3 (e¢), llero and in fi~s, 2-%, 6, 7: abcissa--inactivation
timo (in min,); ordinatoe- -1ral aottvﬁ 7 in 1o VIU/ <

-2—




:

ir aacordance iith the usnal dynweies of thorwoin'c*i"ﬁtiow, TR
rsvmossna plateat,  The duration of naintenancs off th~ dsticr "~':¢: Fyoe
29 to 0 -in., and then it was chan~ed with a porie? of rather aiel
taactivation of tho viruses,

™ doseribed irremilarity of the dymaniss of inactivation for the
Jindidvis ﬂnd VVo viruseos was obsorved as correet with a iariin; teiperaturs
o7 50=52° and Cor ViT of 5’-5) . J3uch a featnre of 1nwcL1v~i|ow was ooatadned
suecessfully and ro~ularly in the virusoes lu the cours~ of iin ricst el
anl aonths aftor roprotuction, Tho aulcliest irrolarlty dis apheared Uit .
tha tamidnc of tha W, In fir, 2a tho chanso of the dmades oA inactivation
0~ Y57 in showm in rolation to tho poriod of 1% beine maintained at 2°,

N~ 2, Dynanics of inactiva-
tion of WIS in mediun o, 199
s3th 27 albumin serun at 500
usesd for testin~ after 1 day
(1), *’tcr 1 week (2) and
LTter 2 uwecls (3) after tho
roproiuctxon ().

~t::&1ics of inactivation of
TS heated v dlauvly after
ronrodv.ction at 50° 11 mediun

?.
o, 192, cultivated as a physi- \
olo-ical solution (1) and a : t ,
Lamnesiut S ti =T
('?1) :Sbuu ulfate solution o 501_&0 ol St

The addition of 12,5 mamnesiun sulfato to the heated virus-eontaining
fnid (fi~, 2b) to some do-ree chanred the dynarics of therroinactivation,
avl thoe ewrve snoothed out somcwhat,

Tafluence of the formation of ribonueloase, iith the ain of 4
tho *e]otlo ship of tho irre-ular vlatcan of the viral activity to
ritonuclease, waraed tests processed 20 /-1 of riboauclense in 30 i

at room teperature, Txperiniental and eontrol tests were titrated 1L.044au,_;
aftor the completion of processin~z, Tho rosults of tho experimont aro showm
in fi~. 3., The procossing of the ribonucloase in tho deseribed condlitions
romove tho plateau eventhough the infectious titres :rere lovered somevhas
whieh reduced tho curves of inaetivity to ar i-mwoterial smootimness,

Tsolation of the therostable variant of Vi, o asswied that the
phenoienon beins studiod was eommectedt writh the heteroceneity of the viral
poprulation, Theroloro, for a moro detailol study of its composition, an
attept was undertakon to isolate the varianis of Vill, differins aeccordin«
to gymvtois of thermoresistivity (t). Tor this, the initial virus is held
at 549 and, Lo~innin~ with 0 min, tosts aro sclocted with intervals of 10
»in, to tho spaco of an hour. The obtalnod tests wore brod in a 100 ti=es
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solortion of nhenks and passod in the enltvre o7 v 2 1 i ?, ALt
chiclken enbrrros and doten1incn the dyna~tics o7 tha innchiriisr ol “le wionl
virwbts at 55

T T T

D s0 o0 &0

Fiz. 3. T~ iluence of processins Fire Me Dymaiics o".‘ inactivation
of ""A on the VEE activity, warmed at 55° e (1) and t3-(2) of the
at 54° for soveral weeks aftor variants of ViZ.

reproduction,

l-cinactivation after processing
ith 2040

2--inactivation wlthout processing
vith RIA

'l were ablo to obtain tho tf-variant of VI (strain VI:-00), which is

L'

distinctive from tho init:.al t -variant significantly b7y a2 hiher stability
to warnine at 55°, 1In fir, U, the dymanics of the inactivation of Lhe t°
and t¥ variants of VES durine wvarmine in mediwa Do, 102 shith 20 albiedn
serwt at 559 are shotm, “hon the titres of the initial +irus fell to i 1~

for 10 nin, tho activity of VZI-80 fell to 1 1- for 30-35 ~in, -

Deteraination of enthalwyr and entrony of Mo nectivotion o7 tha
inractivation nrocess of U ‘.",-',0 The detemiination of the (l/ht. des ol the
inactivation of tie infecetious activity of Vm="0 Aunin - varions on -nevalas=oes
Iroy the last calculation of the constant of L,.lr‘ cnend of ~.~‘cc*’""’cLo 2
the basis of receivod information, an Arrhenius rcnenr‘ gnece was constructed
of thelomarithdr of the ccnstant of tho speel of inactivation on Lie invorsc

of the absoluto toaporatw . (fir, )), ant the si nlﬁcnnoc or the thero-
dynardeal charactoristics of tho proaess werec detoer

dned, Jnalovous Lo tic

wlie




thn dualacosonant

viral inaciizailon,

rosults received for the oririnal tS-variant of Wil
~raph proved the existonce of various hechianisas of

Lho "protein" typse of inactivation is charactarizi Hw sixiliesnst

B =05, keal/=ole andds= 219,04 3, 5, A sioother, lovataiperature vortios

of the ~raph ("nucloin type") s described by siemificant 47=25,02 kcal/-wlc
anl A5=3,15 2.3, TFi~, S demonstrates a :ariee? resoval ol thin raalin: nolnk

ol hi-h and low tenperaturo components of the raph o” Arrhonias' depen‘ence
Aeterined for virus VEI-80 in comparison with the ori-inal siraia, Tie sione
of tho stesp and swcoth parts of the rraph are sinilar Tor Hoth stulici
variants of the virms, bnt their mutual Adistritmtion is esscentially chan~ad,
1ith a 3lope ~reator than 459, the speed of innctivation of the itT-variant

is lojered even vore in cormparison with tho tSvariani, ani at 552550 vil-3

is inactivatod 5-10 timos slower than the tS~variant, Telov 45°, the 5pocd

of inactivation of tho tF-variant is rreater, and, consequently, in thcse
conditions, the oririnal t5 strain of Vi~ is rore stable,
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wopy % %6 0 50 €9
iz, 5., Arrhenius! gopcndogce of Fir, 6, Inactivation of V3T in
thersoinactivation of the t¥ (1) mediu Yo, 199 tith 25 albuiin serus
. rs Iy rq— -~
and t3 (2) variants of VET, at 53° after 2 (1), 5 (2) and 7 (3)
theissam-inverso absolute tenper- months of “aintenanco at 4O,
ature (% 1000);
Cilinato-~lo~arithin of the
inactivation constant,
“nTlicnce of tho duration of ~aintenance at "0 on the thersorrsistancs

=y

4
of tha reh, A V3% sgspcnsion in nediun lo, 197 arith 2 albwiin serw: was
‘aintained at 49, Throu-h tho detoriined intervals of tine the virus was
srarted to 539, and the dynamics of the decreace of infectious activity was

£
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dsternined, The results of the exporirments, swwnarized in Fiz, 6, shou
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waintenanes abt 49 leads not only o a ralual decreane in Lhe art ool
infcetivity of the virus tut also chanen the wvnzties ol 3

Ut an increased veriod of maint.nanca, the Lhvasiol! tic i
ol accolerated inactivation of the virus, rolaled to the jxeec
denaturation of the viral albuminsg, appreach the be-innin: of Lhe ari-us
cven nore,

DLSCUH5TCN

The d:mades of the inactivation of virnses often bneoey Lhe 03 cet
o Aiscuassion anon~ supporters ol the "iechanienl' and "riinlisilie™ Weorlics
of tie “wechanics of its Corantion, The first po ni of vlﬂ‘ 15 besel on Lha
relationship to the kinoties of the reactions loadineg tn the less of
infectiouns activity, the socond on the fact of vorions thorioseanitiviiies
ol the coiponents of viral populations 173_7;
0a princinle, three different for:s o

1

the
nf‘

iractivity are troated, An mwaintcrmnted linenr VF
to a raaction of the first owder, proves the evisien
of InTnetious loss for virusos inactivoated vy Uhis

Sam

.1-ch“o“cwt curves of viral Lhorioinacuisl
05t often mut 15 the onc [Tﬁ, _7'by wihich the initial,

o? v*ral inactivation is chanzed by a periol of uslos, —»n'usl

infectivity, Tho most rarely deterained is the invarse vapiant ith ohicen
tnn curve has a bezinning period of induction ani a poried Joilein- it
acceleratod inactivation, VEu[T'_7 1s activated accordlnr to th!s type,

r
.
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i Tho dynamics of inactivation at 50°, duseribved by us ahove, was
characterizod by two periods: an initial slew one=="nuclnin"; and a later
accelerated ono-="protein',

' The Airremilar dynamics of tho inactivation of several A—COubllnlu,
c virnsaes beins studled was rolated, in all probability, to the hoterovrncity
of the viral population, For VVa, the possinilitr of the farmation of
arre~vates alonr 3-12 viral particles was observed which coild have dissociaterd
durln" warming 4;7. Howevor, at 50° the disas~resation could have been
carried out simnificantly earlier than the irre-ular platean wns,

“le can not complevely deny the role of a~~re-ate reaction in the
Tormation of tho resez.ched phenomenon eventhion- a speeial series of tesis
did not substantiate its existence durin~ the forsation of the irvrc-ular; tor,
The disap)earance of the irre~ularity after.iiaintairin-~ the viruses at &
also speaits arainst the influence of avrregate reaction,

L
o]

The experinents with the treatment of warqin- virus-containin- susson-
; sions of ribonuclease elininates the possibility ol the "kaation o7 a plateau

on the curve of the inactivation of Vii with the result a 1 un&xco,mJt
—~ of the RIA virus L 6_7 At the same timo, tho coparison of thie therio-
c0 dynamle characteristios of tho two distin-nished accordin- to therioresistant
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variants of V3T allewr us to explain rather satisfactorily the prosertics o
the pherionenon obtained,

Acrnally, as it follows from the determination of enthaley anl enire:nr:-
0° the activation for VI3-50, the registance of its albwains to a wir: denature-
i:aiion is5 hi<her and notlcoale reduced to the achion of a lower teiporate.
e irremularitr of tho dymardies of therioinactivation is Toracd only in ile
1i-its of te~poratures when it is possible to notice 2 maried sasaration of
Lhe sneed of inaectivation forriin~ the viral pomlation of the viral variants
11?-cr1n’ accordirs to teamerature, Tor craaple, for ¥II both variants louer
than 50-52° are ina ct1v1t-d by the "nacloln" tyve ant hirher than 545=579 by
"proveln.“ Athin the linits of 5¢-56 2 variant t° is inactivated as a rosult
of aibuiin denaturatlon sinco variant t° evon still continues to lose its

infectivity by the "nuclein" type.

Soo sioothinm of the curve with the addition of 12,5: mamesiua sulshate,
arisin- oecause of tlo stabilization of the nain stases of inactivaiion, sunposis
tae su--ested nronodtion if it takes into accourt that the rasnesiun suluu“tc
stavilizes juse tne "protein” typo of viral inactivation,

O‘UAPluOﬁ of the constants of spozd of inactivation of the ir ity i
variants of VI% tith tho tomporaturo of mainterance (4°9) shows %hat in those
conitions a pro-ressiva liberation of the nomidation fro: the unﬂ‘~nsbahlo
variant cotns avont, This Lesides the anealeration in the nicecns of shioa-e

of tho indnction poriod (fiz, 4) leads finally to the disanpearancs of tho
phenomonon of ihe irrerularity of tho dynamies of thornoinactivation. procoodin:
nore or loss quickly relation to the nature of tlie viruses and composition

of tho viral population,

1020 .70 90 .ﬂl sl
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Diarram of the formation and disappearance of the irre-ulariti

of tho dymamics of VEE thormoinactivation, Inactivation of
viral populatiecns before iT and after t5 is held at 10,

Ffi-ure 7 illustrates the mechanisn of formation of the irreo-ularity of

tie dymaries of inactivation, Tach of tho variants of the virus, coiprisinz
tihe pepulation, is inactivated accordin~ to the characteristic for Vi3 at
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the ~iven teaperature of warmin-< the dual-rhase foren, Jasenl o7 T s

in o pi cvious amaouncenent, hwinc storace at A%, e Las Can o7 Loanelinid
ol eaen variaat chan~es indenecadentl:r of the vrinel lo rrescabe’t 1o 7L, o)
Tor vhich the tT strain dies ont alhost 10 Li2s cwielar 5o wesuil,

~ L) Ry . . . . - -~

cove of inactivation of the tF variant, Zomnt In £y Lo i aesiat a%inv
roencration of the virus, is the irrc-ular olatean apin- v i Sinec I
coincides with the curve of inactivation of variant +°,

L deerecased thertostahilit:s cdhwrin-~ stora-e a7 nevoral ovhie virases 1o
not>d [ 3, 9 7. The deternination of the Arrhenius ‘epondsisce Zor the str®es
of the foot-and-mouth disease virus was nlso nn inverse denendence hatueeen

<1
[0

Pas_ e .

"hretein' and "nuclein types of inactivation 17347. s ju of soule
practical sirnificance durinz the determination o” the ti: of like of tue
viruses of the preparations durine stora~e and indicates the nossilility of

>

a lo"cred resistance of the material obtainel froa the tuer—ostaila strains,
n the other hand, the possibility of a snoatancous relationshins in the viral
wo:xlatAono of the t¥ and t5 variants of the virus requires o ors siriet
matehine of conditions of thermoinactivation vhieih nust Lo orientedl Tor tihe
seriod of life of the thermoresistant strains,
Co- arative invostiqations of biclo—ieal nsroncthi~s of bie o {5 an
1Y warionts of ViIT wera devrloned v ug, bLhe sanulis o7 et 0T

exprossed specially, It is alse appropriate here to bnit tie ]Dw;¢-Lf
rmechanisms of increased thermoresistivity, DBesides the oxistence of an
inverse dependence betwcen the lovels of rosistivity to inactivation accordin;
to "nuclein" and "protein" type, tho chan<a of the si-nificanee of 47, and
A3, for variant t¥ in compaiison to variant t% Araws attonilon, iroi™ 1,

To» the denatrration of the albumin molecnles of the initial viral strain,

a —ap of less quantity of hydrogen bonds is required than for 721270 [_lu_/

Mmoot

Taking into account tho role in the process of war: deraturation 7 iz
albwiins of wator molecules capable of forwng hydro-en bonis [ 1 _7 it is
possible to introduce a higher therneresistant V737 as the resuvlt of an ineranse
of the linits of stabilization of the partieles of iis nlbwmin roleculzs Lo an
inelastle extension under the action of coulorid repnlsion A war+ oseillation

as a result of the formation of additenal inter-nolccular hydro-=en hHonds,
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