TRANSLATION NO,

v
. 'V— [
(o~

DA

DISTRIBUTION STATEMENT

Approved for public release;‘
distribution unlimited.

Reproduced by
TIONAL TECHNICAL
l':llF‘ORMATlON SERVICE

Jpringfield, Va. 22151

DEPARTMENT OF THE ARMY
Fort Detrick
Frederick, Maryland 21701

2782

kg




Vop. Virusologii 16:2: 143-150, 1971
279 2

. . N ‘e R YA Y "~
Acade UCLe M.t TG olE T 00T 67,005 615

Thermoinactivation of Viruses, Conmurdcnuron J¥: Soouors deuermining
FARY Yy

the Dynamics and Rate of Inactivation of Vern.wusla, Laeire bncephalo-
myelitis Virus (VEE

A.S. Novokhatsky, F.J. Ershov

The effect of a number of biological, cruwico. con nienl factors
on the course of the precess of inflectivity donciivo ol 0 wllferent
temperatures was studied on the meocel of Vil virws. <. opulalions
obtained in Hela and MASHA cells were found to he Lecn stoble teo heating
at 50 degrees C than those obtained in cells of Liyv.oiniucd ciiick embryes
and RES cells. Ultracentrifugation resullcd in rocucon uherrostuability
of VEE virus and increased its sensitivity of vnernoiua in cifect of

12.5% magnesium sulphate. Decreasing of pil ol the viius-containing
suspension from 9.0 to 7.0 siiphtly slowed down thcrinoinactivation of VEE
virus by the "nucleic" type; rore crude chanpges in ph markedly enhanced
inactivation of the virus, In all cases, a change in the duration and
dynamics of the process of thermoinactivation of VEE virus occurred owing
10 a regular change of a limited number of mechanisms of the loss of
infectious activity, the specific manifestations of wiiioh are discussed.

(D.I. Ivanovsky Institute of Virology, Academy of Medical Sciences, Moscows
Published Jzn, 13, 197C)

The complicated structure of virus particles represents a nucleo-
proteid complex, in a series of cases surrounded by an outer lipeproteid
casing, and it finds a reflection in the variety of machanisms causing
a loss of infectious activity of the virions at different temperatures
and in different conditions of incubation. 34s was indicated earlier
(2 =« L4, 6 - 8), the virus particles become inactive either as a result
of previous breakdown of the viral nucleinic acicd, {the nucleinic type of
inactivation) or as a result of the denaturing o¢f virus protcins (protein
type of inactivation). A sagnificant influence on the character and the
speed of inactivation is the outer formation of the e¢ncased viruses (1l).

Varying biological, physics and chemical factors, acting on the
process of heat loss of infectiocus activity of virusas, realize their
influence on the basis of one or another type of inactivation, subordinate
to sufficiently determined regularities. In this report w e present the
results of research on the influence of a series of [actors on the level
of thermostability of the VEE virus. Choice cf the model was determined
by the circumstance that at a temperature cf 50 vo € degrees, the dynamics
of inactivation of the VEE virus allows simultancous determination of
the action of the factors under study on various irnactivation machanisms
and various structural formations of the virus particles (2, 9).

Materials and Methods

The VEE virus was received from the collcezion of the Rockefsller
Institute in 19LL. Taking into account the ncicio,uneity of the parent
virus population (3), from it was made a veriart t® (3 ,L) by means of
three~fold passivation from platelet to platelet. The virus which was




taken Srem one nlatelet at the third pasusewe ana cclicnteel dn trypainized
chicken embryo colls (TKE) was used au the molies virvis.  In dll cases
where there was no special indication, the vires wio used in the form
of a culture liguid taken 2! hours after infeetion o Lihe “%u cells and
incubated at 36 degrees {infection mu_tialicjny\o,OUUS “ittifeell)s  In
soveral exserinments we used thermorcsistnnt (17} varisnl of the VHE
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virug, the receipt and progerties ol wilch e o dorihod carager (L),

Preparation of the TE cells, the healln, ihe vation and
the titration of the VEE virus were done accoraing o the methods described
earlier (2, L).

Cells of the intertwining lines of RES, Hela, arc YAUHA were grown
in matras flasks at a volume of 100 ml. under a layer of fueding medium
(medium No. 199 with 10% bovine serum). Infection of ine cells with the
mother virus took place with an infection multiplicitvy of 5 PFU/cell;
incubaticn of the infected culture a t 36 degrees lasuved LG hours; as
an aggregate medium, medium No. 199 with 2% bovine scrum was usede

To establish the indisepnsatle value for pH, we adaced to the viruse
containing liquid a corresponding quantity of 10% soluticn ol NaOH or
1 n of HCl with the subsequent pH control with the aid of a potentiometers

Cleaning the VEE virus. The virus-containing liquid received during
replication of the VEE virus in TKE cells (aggregation medium - medium
Nco 199 without bovine serum), was centrifuged for 20 minutes at 2000
revs/min. to remove thée éell detritus, The remaining liquid was centrifuged
for 2 1/2 hours in a carvon rotor 8 x 50 of centrifupe Superspeed=50
at 27,000 revs/min. The precipitate was resuspended in 15 ml. of medium
No. 199 and homogenized with the aid of a homogenizer {Downs, 15 oscilla-
tions). The suspension was cleared for 1% miautes at 10,000 revs/hin. From
the remaining liouid, the virus was precipated for 2 1/2 hours at 2 5,000
revs/min using the centrifuge Superspeed-5C (bucket-rotor 3x20) through
16% potassium tartrate on a cushion of LOY potassium tartrate. The virus
was gathered from the interphase, homogenized in medium no. 199, clarified
as indicated above, and precipitated with the aid cf still one more
cycle of ultracentrifuging. The precipitate was resuspended in the cor-
responding medium.

Results

Influence of the cell system on the thermcstarility of the VEE virus,
The virus was replicated in the intertwining RLS, Hela anc MASHA cells
and in TKE cells. The inactivation dynamics were determined at 50 to 54
degrees. The results of the experiments are prescnicc in sketch 1l
The VEE virus {variant t%) received in varicus cell moucls, became ¥
active at SL degrees in medium No. 199 with 2% b“ovire scrum with cimost
identical speed (sketcii 1,a). At the same tire, bne VL virus (variant
tT) received in TKE cells (in sketch l,a, the izactivation dymandcs are
indicatecd by the broken line), lost its infectious activity significantly
more slowly. .

At 50 derrees the ViE virus (variant tT) received in Hela cells
{vroken line in sketch 1b), and likewise ViE virus (variant t5) received
in TRE and RES cells, became inactive wilh thce salie specu which was
noted below as the speed of inactivation of tne Vii virus (variant ts)
received in Hela and MASHA cells,




g
i
.
*

B L U e A oL

NI e

3«9

In this way the speed of inactivation of the Vin vires reolicated
in various cell systems, was determined by the “cvel of Lh: tomperature
during heating and by the strain peculiarities of the virus.

The influence of differential centrifuging on the thorucstability
of the VEE virus. The cleaned virus was resuspended in medium Noo 199,
diluted 5~fold in a physiological solution and maintain.d i various
temperatures, from L5 to 50 degrees, determining ithe dynanic of thermo-
inactivation. In 311 cases the speed of irnactivatlion of the zlecaned
virus was increased by comparison with the control. Tn skcich 2, the
resulta are progented of the typlcal oxperimont on duierainsiion of the
inactivation of the cleaned virus and tne conirol sweple at 50 degreess

Sketen 3 demonstrates the inactivation of the cleaned Vil virus in
various salt solutions at 50 degvees, “ddition of 12,57 megnesium sulfate
slowed manyfold the loss of the infecti .sness of the virions,

Resistance of the cleaned virus in various storape conditions.
The cleaned VEE virus was resuspended in Earle's sclution with a borax
buffer pd 9,0 (1:1) and maintained at a temperature of 57, of I, and of minus
LO degrees, thawed only once, when at a given poriod wo wntermined the
infectious activity; anouvher part underwent daily trnawisng anc freczing
which significantly hastened the dyinrg of the virus (siccich L, curve 3)e
The virus at 37 degrees became almost wholly inuctive by the following
2L hour period.

At L degrees, the virus was morc stable ithat &l =0 degrees if the
storage period did not exceed 1 = 1 1/2 weeks.

The influence of pH of virus-containing suspensions orn the thermo-
stability of the VEE virus. In sketch Sa, the graph represents the in-
activation of the VEE virus at 53 degrees and pH 7,0, 6,0, and 9,0 during
the first 20 minutes of heating. The increase of the of value leads to
the constant growth of the inactivation speed of the virus in these cone
ditions.

Sketch 5b demonstrates the virus inactivatior. a t 53 cegrees and pH
values of 8,0, 10,0 and 6,0 (curves 1, 2, 3 corresgond). Obviously,
such a large range of pH to the alkaline and also to the acidic side
significantly speeds the loss of infectious activity. The virus perishes
most quickly in a sharply acidic medium. It should te noted that the
angle of curve I (nucleinic type) is less than the mildly sloping part of
curve 2, and that the angle of the steep part cf curve two {proteid type)
in turn is less than the angle of curve 3.

The influence of glutamin and several other saditions to viruse
containing suspensions on the thermostability of Vix virus. In sketch &
are represented the dynamics of virus inactivation ut 90, Si and 98 depreecs
in medium No. 199 with 2% bovine serum in the presence of 0,1% of glutamin.
Control statistics are indicated by the breken linc. At 5L and 58 degrees,
the 0,1% glutamin somewhat speeded the virus inactivaticn, At 50 degrees
before the period of accelerated inactivaticn of the V<E virus which began
after 60 minutes of heating, it appeared that there was a period of

3




stabilization of infectious titers. However the dificrence by comparison

with the control was small and durinz use of he Liteiiion netnod of pis —w
lets, it cannot be recognized as valid.

In comnection with the fact that we raceivea sizilar resulss
37 derrees, and also for the determination of the influence on wix C ity
of the simaltaneous presence of glutamin and mapnesium sulfate which cae. .ed
a stabilizing action on the protein type of inactivation, wi set up a
special series of experimentis.

The Vii virus greéw in TKE cells in Barle's solation with 0,22 7 of
soriuwn Dicarbonatz withoul serwn in oidur (o0 avold the influence of tne
many components usually used in the composition of the growth (aggregate)
medium. To the virus-containing suspension we added C,1% of glutanmin,
12,5% magnesium sulfate, 0,1% of bovire a lbumin and their combinations.
The virus was heated at 50 degrees for 20 minutes. Tie results of the
experiment are shown in the table. The crystalline bovine albumin had
the greatest stabilizing action; this influence was scmewhal decreased
by the addition of magnesium sulfate. The magnesium sulfate somewhat
stabilized the virus;to the same degree, the glutamin speedzd its inactivae
tion. The simultaneous introduction of 12,5# mapnesium sulfate and
0,1% glutamin led to a notable increase in inaciivation.

Discussion

Study of the duration and the thermodynaxnic parasciers ¢l the proe
cess of thermoinactivation of viruses leads o the convictiecn that the
loss of infectious activity of the virions as z recult of the action of
one or another temperature takes place in a limited number of
methods which correspond to two basic machanisms of iractivation = the
nucleinic, or the vrotein which reflects the inward s
particles. Various outward factors exeri varyiag and regula
the probability of the appearance and interconnection of indicated
mechanisms of inactivation (6, 7).

0

Research on the inactivity curves of infeectious activity permits
a certain degree of judgement about the nature and rechanisms of ih.s
process, Determination of the dynmamics of VEE virus inactivation during
different temperatures and conditions leads to the conclusion that the
change in tnhe angle of one inactivation curve in comparison with another
(for instance curves 1, 2 and 3 in sketch 3) within known limits speaks
for the acceleration or slowing of the process during the preservation of
the mechanism or type of inactivation. From the other hand, sharp
change in the angle of one curve in comparison with another is determined
at one or another temperature {(curves 1 and 3 in skelch 2), and likewise
the presence of a break in the curve {(for instancc, curve 2 in sketch 2 or
curve 2 in sketch L), as a rule, indicates a chane in the mechanism
itself of the process of thermoinactivation (2 = ).

In the process of inactivation, the existing action indilcates,
besides structural components of nucleocapsides of virus particles,
their surface lipoproteid complex. The role of surlace lipoproteid
complex, forned during immediate participation of the ccll componeats (l),
appears in various relation to heating at S0 deprecs of the virus popula-
tion received in cells of various origin. For virus sobeolations (5 1 -iant)
received in Hela and MASHA cells, the speed of inactivalion tuking place,
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Jppu“cﬂt y, according to the protein iyee, is dncoerolo oL conparison with
viruses from RES and TKE cells wvhich becoase inaciive 1o lnoese conditions
according to the nucleinic type.

On the other hand the difference in thevmsi: . i variants
tT and t® received in TKE cells is preserved durin; . to Hela

-
a LUl .;u;;
vt {rueleiaie)

v -\ ~.
ol the cells,

cells as a system producing viruses. But the o

which the change teres place from on2 typs o inae
to another (prot«in, (2, 3) varies dependiing or ine

In this way at least in its appiication to Tne oac
the increase of the resistance of virus particles cur
caleulasion as an increase in the durability of tne prowein structure of
nucleocapsides (3, L) as well as an increase in inc stability of the
surface lipoproteid complex playing the defence rola.

T
et sTuay,

The properties of the surface lipoproteid complex determine the
formation and duration of the period of inductisn - of tne berinning
period of the slowing of the loss of infectiocus a clivity of the VEE
virus during which it becomes inactive according to the nuclein typee.
Ultracentrifuging the virus substantially lowers its thermorcsistance,
at which the peried of induction determined for the cleaned virus in the
control experiment at 50 degrees diszpvears and ihe virus immediately
becomes inactive according to the prouein type. A1 “ho come btime the
sensitivity of the VEE virus grows = in orainuzy» ccoolilons it is unclearly
expressed (2) - (sensitivity) to thermostabiliz’ng soiicn of magnesium

‘sulfate which lowers the speed of protein inactivauion.

Taking into account that in the process of ultr:
the cleansing of the VEE virus one can observc i1ui " :Lr:', thue change
in buoyvant density of the virus particles ol“;lp;t*ri nonarLnily because
of the chipuing out of lipoid components (5, 10,, iv is pessidle to
suppose that the virus becomes more thermosensitive after the breakdown
of its surface lipoproteid complexe.

entriiuging darlﬂg

This circumstance complicates work witih clea
inasmuch as the wholeness of the surface 11*03 g
significance during storage of the virus at low mege,_ Lres, 25pecl ly
lower than zero degrees (1l). If in thc courca off ... sibal work it

is necessary to remove the suspension of cileansca viruses many times from
the refrigerator or if the duration of the work witi the suspension does
not exceed 1 ~ 1 1/2 weeks, on the basis of statistics received by us it
is possible to recommend a preferred storage at i derrees rather than at
a temperaturs lower than zero.

nscid virus preparations,

sl

+ o
|8

With the model of the foot and mouth virus it wis shown that the

shift of pH exerts an opposite action on protvein caw nucleinic tvpes of
inactivation (6). In a more acidic medium, the urotein inactivation
accelerated, and the nucleinic = slowed. In morc (Janline wodiums, this
dependence was opposite. As a result of study donn o ul on the VEE virus,
it was discovered that the changes in pH witnin Xiown (ixits did not

change the duration of the period of induction and, losicaily, did not
influence the stability of the surface lipoproici< cowmulex. I1na these
conditions the fall »f pH lowers the specd of inac mu;tian of the ViE
virus according to the nucleinic type. A larper «ulft of ! (to 6,0 or
10,0) caused destruction of the suriace of vho 1l.0.:obcid coiplex and
change of the mechanism of virus inactivation.
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Amoag the nurber of tested chemicual additives bte Lhe virus~-containing

suspension, the greatect stabilizing action was indic&tud vy crystalline
bovine alocumin, which slowed the lOuS of infcctiovs aceivity of the virus
both according to the nucleinic and the protelin vyps. A sulficlently

cood effect was exerted by the application of a complux of components
maintained in medium No. 199.

In our opinion, of particular interest is the souren for chamical 3
substances exerting selective action on various types of virus inactiva= i
tion., If for the protein type, magnesium sullale has such a selective

action, then specificity of the a ction of glutawin on the rnucleinic l
type of inactivation cannot be proved valid, Indirectly, this circum-
stance can confirm the fact of the neutralization of the stabilizing i
action of magnesium sulfate by the addition of 0,1% glutamin. It should :
be taken into account that chemical adiitives exert action first of all P
on the surface formations of virions; an increasc in the resistance of M
the surface lipoproteid complex does not change the speed of inactivation
of the nucleinic type, but only increases the time during which this
inactivation can be determined, The influence on the nucleinic loss of
infectiousness is possible only during conditions of sufficient penetra=
bility of the surface structures for the test substance. But this
heightening »f penetrability can bread down the stability of the surface
lipoproteid complex and cause its bremature destruction. Similar inter-
relations can be traced during the inactivation of VEE virus at 50 degrees 3
in the presence of glutamin (see sketch &). The induction period is !
significantly shoriened, but during it there is for practical purposes,
no defined inactivation of the nucleinic type.

Sumning up, it is advisable to note a series of menzral positions.
The resisvance of the Viiz virus during exposure to Low temperatures

is devermined by the speed of its irnactivation of ihe nucleinic type,

at sufficiently high temperaturcs; when the loss of infectiousness

from the first minutes of heating is caused by denaturization of virus
proteins, the thermostability is determined in the VZE virus by the speed
of inactivation of the protein type. In the interim between these two
extreme cases, the resistance of the virus depends in the last analysis 3
on the duration of the induction period and then on that temperature g
level when the induction period ceases to be determined,

The studied biological, physiological and
encing the process of thermoinactivation of th i
in various condltlons, the nucleinic or protein tvve o

of the virus. On the other hand, thcir action was rea d through the
surface lipoproteid complex and was involved in tie th- change of
duration of the induction period, and likewise oI the temperature level
during which the virus inactivation began to produce principally according
to the protein type.

remiczl factors influ-

s sneeded or slowed
inactivation
"L
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Sketch 1.

Sketch 2 .

Sketch 3.

Inactivation of the Vil virus populasion, received in cells of

various origid.

The broken lineindicates LnlCuLv&tLQ. no twee L7 population, the
unbroken line - t¥ populaticn: a - i doreees, the virus

wecekm in TKZ cells (1 and 2 sas (3, dlefLa (L), MASHA (5);

b = 50 degrees, virus rcceived in TR cells (1),

HeLa (3 and h) MASHA (5).

Ordinate = virus achivity at lp PFU/ml; ibocissa - time (in

minutes) s

v 0 0
Ja 45 b

Inactivation of the purified Vn
1l « parent virus in No. 199 ne
diluted in a S5-fold physiolozi
in Yo. 199 medium diluted 5-fol:
Ordinate = virus activity in
minutes).

Inactivation of the pu“ifird virus in ovacious salt solutionse
1 - borex buffer, pH 6,56 with 7”,54 MG Lsnn nuilate; 2 e

borax buffer, pH 3,8; 3 shysiolocsicnl «oiat!
Ordinate - virus &CLLV"LV in 1z VFL/NL; nvnainsa - heating
time (in minutes).
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Sketch L., Inactivation of the purificd V. —wira, oo Lo

1 - at L degrees; 2 = at =.0 coyraoag

(:) with deily thawing and freezineg 1o~ w0 7 o,
Ordinate = virus activiuvy in 1, ./ 0, o o

time (in 2L hour periods)

>
- i, o=l L TTo0n

&

! : f '’ J
Sketch S. Inactivation of the VEE virus wiin Jirfzscny valuos of pid at
52 degrees. a: 1 = pH 9,0; 2 = pi &,0; 5 = »% 7,0; ©: 1 =

pH 8,0; 2 = pH 10,0; 3 ~ pH 4,0. ,
Crdinate = virus activity in lg PFU/kl; 4bscissa = time (in

<:> minutes)

Sketch 6. Inactivation of the VEE virus ...

LS tenneratures in a
growth medium containing 0,14 gluivamis.

1 = 50 degrees; 2 - 5l degrees; 3 - £5 lerrces. control
results are indicated by the broken iine.

Ordinate = virus activity in le #FU/ml; Abscissa - time (in
minutes).
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\CZ) Inactivation of the VEE virus at 50 degrees in aiaiiuns of various
compositions (data are the average results of 3 parillcl experiments) 5
» Medium composition in which virus particles Fuil in infecltion {in lg PFU/ml)
are suspervied in 20 minutes of neating at 50 degrees

Earle's solution with 0,22% sodium

picarbonate 2,6
The same and 0,17 of buvine albumin i,0
Ine same and Q,1% of glutamin 3,1
Te same and 12,5% of magnesium

sulfate 2,5
The same and 0,1% of Bovine albumin

and 12,5% magnesium sulfate 2,3
The same, 0,1% glutamin and 12,5¢

magnesium sulfate L,&
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