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THERMAL INACTIVATION OF VIRUGES

REPORT 1, THE RELATIONSHIP BETWEEN THE RATE OF INACTIVATION AND TEMPERATURE '
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D I Ivanovskiy Virological Institute (Institut virusologii)
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The speed and dynamics of the inactlvation of virus al varlous temperatures
depends on multiple factors, Basic among them are thn nature and structure of the
viruses, their genetic pecullarities, the state of the medium in which the viral
molecules are suspended, and the worled and conditions of the preservation of vi-
ral preparations, However, enough :table characteriitiecs inhorent to each type of
virus oxist to determine the thermodynamic process for inactivating the virus, As
the results of the study of verious viruses showed, the mechanism of their thermal
inactivation at high and low temperatures substantially differs (5,6,16,33), re-
quiring, obviously, completely different methods of stabilizing viral preparations
in relation to the level of Lemperature acting on them,

We tried to determine some principles of the inmactivation of RNA-containi
viruses under various conditions using Venezuelan Equine Encephalomyclitis (VEE),
Sindbis (SV), and Vesicuwlar Stomatitis (VSV) viruses, By basigc functiomal tests
the dynamics of shange in infective activity of viruses were determined, Report
No 1 gives an account of the results of investigating the constants of the rate of
inantlvatlion at various temperatures, as well as data on some thermodynamic char- A
acteristics describing the process of loss of infective activity by viruses, '

Materials and Methods

VEG, SV, and VSV (Indian strain) viruses were received from the Museum of Viral
Strains of the D I Ivanovskly Institute of Virology, AMN SSSR and placed in cultures
of fibroblasts of chicken embryos (FEK), All three viruses were grown in medium No
199 with a 2% heated bull sexum component,

Initially trypsinized FEK was prepared by the usual method,l

Viral infectivity was detifmiged by plaque titratlion under agar overlay accore
ding to Porterfild or Dalbekkoils2¥ Cultivation of the cells and incybation of
plaque forming systcm was conducted in an atmosphere containing 3% CO2¢ Hemagglu-~
tinating activity of VEE and SV viruses was determined according to the earlier
described method of Klark and Kazals

As a rule, the viruses were heated suspended in a storage medium, The viruses
were tltrated immediately after being heated through,

The influence of the temperature gradient on VEE and SV viruses, In dia 1 the
results of heating SV and VEE viruses for 20 minu‘es at tumperatures from 20° to 70°
are cet down, Each point was determined by the average of two parallel experiments,

n The interval of tomperature from 50° to 60° was shown to be critical for the viruses
studied, In the intervel from 20° to 50° an increased variety of viral titers was
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noted, with each 10° rise resulting in a 0,1 1g for LV and a 0,3 1g for VEE; after
50° cach 29 increase in temperature resulted in furthur lnactivaticn in the medium
of 1,5 to 2 1g, Heating for 20 minutes at 709 completely inactivated the infecti-
vity of both viruses,

The break at the 50° point on the curve indicating change in VEE and SV infectivity
in relation to temperature affirms, in all probablility, the existence of various
mechandsas for Anaciivelliig infectivity oif the studied viiuses at temperatuxres avove
and below 509,
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Dia 1, Changes in infectivity of VEE (1) and Sindbis (2) viruses
during heating for 20 minutes at various temperatures, Alovng the
y-axis - activity of the virus in lg E0E/ml; along the x-exis =
temperature in degrues,

For more detalled study of these processes a speclal serles of expsriments
was set up,

Detex-‘nation of enthalpy and entropy of heat inactivation of viruses, Virusas
were incubtr .d at temperatures from Lo to 560 and identified after a suiteble intexr-
val of time with the goal of obtaining more detailed data for authentic determinatlon

of the fine dynamics of inactivation., The speed constant of inactivation was calcu-
lated accoxrding to the formula

2303 log C/Co
kip= - 3 i >

with kin the speed constant of viral inactivation, C - activity of virus on expiration
of time and incubation, Co - activity of virus before incubation,

inactivation (1lg kyyn) of VEEL virus from the inverse absolute temperature (wys TWO
components woere computed, intorseoting at 40° and 429 and having various angles of ine
clination that represent various mechanisms influencing the loss of infectivity of VLR
virus during high and low tempexatures, Analogous results were obtained for Sindbis
virus (see dia 2 b), In dia 2 b changes in the value of the logarithm of the constant

oli'; speed of inactivation of VSV virus in the temperuture range from 45° to 56° axe
shown,

Dia 2 represents the Arrhenius equation of the logarithm of the speed ‘gnstant of
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Dia 2, Graphic relationship between the logarithmic constant
of inactivation from inverse absolute temperature for (a) VEE,
(b) sindbis, and (c) Vesicular Stomatitis,

According to Eyring's formulal?,

Inky peins 4 A5 _ 4K
AT

vwith kin the gonstant of speed of viral imactivation) k - constant of Boltsman
(1,380 x 10~1%xrg/degree)) h - Plank constant (6,625 x 1027 exg/second); T -
absolute tomperature; R - gas constant (1,987 calories/degree x mole)jAH =
enthalpy of activatlion;AS - entropy of activation determined for VEE virus;
enthalpy and entropy of activation of the process of thermoinactivation, re-
sulting from the two components of Arrhenius' equation, For VEE virus the
sloping component is characterized by the value of AHnk = 26,000 cal/molv and
ASpk = 3,98 UE (units of entropy), and the steep high temperature component
OHpy = 75,800 cal/mole and ASyny = 162,8 UE, For Sindbis virus AH high and low
temperature areas of the graph are dependent on tho logarithmic constant of the
speed of inactivation from the inverse absolute temperature, consisting of
78,000 and 20,000 cal/mole. Enthalpy of inactivation (AH) of the vosicular
sto;\atitis virus within the 45° to 562 xange was determined to be about 81,000
cal/mole, '

Dia 3 represents the dynmamics of thoxmal inactivation of VEE virus at 529,
The initial period of slow inactivation of viral infectivity accompanied by
gradual lowering of the hemagglutinating activity 1s cleaxly expressed, This
period lasts 30 to 35 minutes and alternates with a phase of sharply accelerated
inactivation, Hemagglutins in this period were not identified,

The described viral lnactivation mates fluctuate in dependence on temperature,
to whose influence the virus is subjected, the period of its storage, the state of
the medium, the viral molecules present, and other conditions, From 37° to 38°
accelerated inactivation usually is not apparent; it can be detected only after
2l to 36 hours of incubation. With raised temperature the (initial) heating
stage of accelerated inactivation come earlier and earlier, while at 56%-580 it
does not become fundamental to the dymamics of thermal inactivation of VEE virus,
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Dia 3, Dynamics of inactivation of VEE virus at 520,
1 - 1g BOS/ml 2 - 1g GAR/ml
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Separate determinmation of the constant of speed of inactivation for the des- ' 1
eribed parts of the VEE virus inactivation curve gave two rows of different indica-
tions, The significance of 1g kin in this case lies in the course of earller deter-
minations (see dia 2 a) of components of Arrhenius' equation, completing the plcture
ol erosssover (diu 4 a), The value of 1g kin for the periods of slow inactivation of l
virus remained a sloping, low temperature component of the graph, tut for the periods
of accelerated inactivation there was an abrupt, high temperature component of the ‘
graph with 1g kin dependent on T,
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Dia 4, Graph dependence of logarithm of constant of inactivation
on inverse absolute temperature,

Arrhenius' equation: a, determined separately for (1) protein and
(2) nucleic types of thermal inactivation of VEE virus; b, for the
process of thermal Ainactivation of Vesicular Stomatitis virus de-

' termined (1) experimentally and (2) accorging to data on the time
‘ of polylnactivation according to Galasen,’3
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The stabllizing influence of the 2+ cation, To viruses suspended in a storage
nediun we added equal volumes of 25% solution of magnesium sulfate or physiological

solution. Then we maintained viral suspension at various temperatures titrating the
virus immediately after the end of heating,

Dia 5 a,b,c represents the influence of magnesium sulfate on the thermal stability
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of viruses at 50°. Tho greatest stabilizing effrct wat on VoV, the least on VEE,
There hac been iuterest in the fact that stabilizing action of magnesium sulfate
appears at temperatures above 37° and concerns pericds of accelerating viral in-
activity which are described by characteristic high temperature components of
Arrhenius' equation, More detailed peculiarities of influence of varicus factors
on the durability of viruses under such conditions will be seen in another report,

Discussion
ixistence of two types of inactivation - low temperaiure claractsrized by

lower enthalpy and entropy of activation values and hign temperature for which the
values were several times greater ~ has been noted by various authors for a varieiy

- of viruses according to thelr nature, Data on these investigations presented in

Table 1 show that the prosence of two principle types of heat inactivation are gen-
exal for viruses, reflecting thelr nucleoprotein nature,

TABLE 1
THERMODYNAMIC CHARACTERISTICS OF HEAT INACTIVATION OF SOME VIRUSES

Virus AHpy (in cal/ eSpr (in aHp, (in  ASpk (in temp (in  bibliographic
P mole i caf[nnold ) UE)  degrees) referonco
oro3sover
Phage
T 95 207 23
T2 72 139 23
™ 105 246 ‘ 23
7l 131 4
T5 73.2 169 20
77 77 4
Ml 76 165 12
M2 87 195 12
Ml 136 M7 12
Streptophage 76 165 9
Stafilophage 137 1 8
v 192 459 19 -20 25
RNA~VTH 19-13.5 -11-26 ik
Pollo virus 2l 689 28 7 4 33
Coxsackie 200 26
Foot and Mouth 116175 291-460 30-45 23-33  U42-53 5
Rhinovirus 100 242 19 -18 39 33
Adenovirus 50 15
Vaccines 1 97 27
Cytomegall 55¢7=92 4 12.5-13.5 30-37 32
Respiratory- L -68 16
syncytial
Somitlg 141,575 19
Jori. ";0 ; %g 9 -3 4 ZO
Rous sarcoma Te .
VEiS 75.8  162,8 26 3.98 ho-t2 Authox's
data
S4indbis 78 20
Influenza
A-hermagglutins 170 450 30
B-hemagglutins 30 950
NDV=hemaggluting 125 300
NDV virus 125 300 29 30 31
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TABLIS 2

Dependence of enthalpy and entropy of high lemperature inictivation
of DNA-containing viruses on molececular welpht of DiA
Mol wt Mol wt of

of virus x 106  viral DNA x 300 aH,. (In  Aspy
Virus  Dalton Dalton cil/mole) (in UEB)
3 35-149 105 246
1l 140 &5 9 207
5 145 80 73.2 169
2 250 120-130 72 139
TABLE 3

Energy of activation of thermal inactivatlion of lyophil viruses

&H (in cal/ AS (in Bibliographic
Virus mole) UE) Reference
FAG T1 27.5 22
FAG T3 19,1
FAG T7 12,7
Polio 28,8 21 18
20.8 ) "10

Analyzed systematically, the material in Table 1 can be divided into two
viral groups., In the first group are DNA-containing viruses for which a faixly
clear inverse propoxrtional relatlonship vetween AHpr and Abpye on one siee and the
nolecular welght of the virus and the viral DNA on the other (Table 2) develops,
Ehe second group consists of viruses characterized by relatively high values for

H and AS,

The remaining viruses have various values of enthalpy and entropy of activation
anl systematizing them according to this indication is ospecially difficult, It is
interesting to note that if the relationship AHpr/\Spr consists of 2-2.5, then the
relationship between Hpp and Spp is aore complex, but as is evident from Table i,

& straight proportional dependence is rather durably preserved, During determination
of the energy of activation of lypphilic preparations of viruses, the low value of
JH and AS even with the temperature around 70° to 90° (Table 3) wes discovered.

Sharp change in speed and character of VEE and Sindbis viruses inactivation
at temperatures over 50° is noteworthy in regard to temperature characteristics
for the beginning of heat denaturigg of protein, Values ofAHpr and AS.. fully
supported this hypothesis, Dimmok?’ showed with a serological reactlon that during
high temperature inactivation of polio and rhinovirus the structures of their pro-
teln coatings are disturbed,

If on breaking one hydrogen bond 5000 cal/mole of energy of activation and 12

enthalpic units?8 are required, then it can be shown with sufficlently good conforaity
that, using the values we extracted, OHpr and) Spy agree and demonstrate that the
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denaturing of VER protein molecules is implemented by breaking 14 to 15 hydrogen
bonds,

The maximum AHp, and ASpp values lor low temperature inactivation of VEE and
5indbis viruses allows one to determine that loss of Infectivity in this case comes
from viral RNA destruction, This emphasizes the results of Ginov and associatesl
in the development of laws of thermal inactivation of nuclelc acid,

Concurring data was obtained for several other viruses,5» 10,33 A break in the
graph dependence of 1l¢ kin on(i)shows the level of tomperature at which the influence
of a given mechanism of inactivation becomes dominant, Dia L4 a shows that for VEE
virus at 60° - the temperature of separation of infective nucleic acid - the speed of
inactivation of RNA will be 100 times owexr than the speed of denaturing of virus
protelns,

The level of transfer of tha high and low enexgy components of Arrhenius'
equation is determined by varlous conditions, important among them being the state
of the medium in which the virus is suspended, as well as properties of viral mole-
cules, In one paper5 data on thermal inactivation of various strains of foot and
mouth disease is presented, With increased thermal stablility of this strain,
transfer from nuclele to protein type of inactivatlon occurs at ever high tempera-
tures, with this strain attaining the greatest siability at 53 During heating
to U39 « 560 of the strain of Vesicular Stomatitis virus we studied, the enexgy
of activation was about 80,000 cal/mole, that is, characteristic protein type ine
activatlons at the same tlme, the value of poluinactivaiion of the virus was come
puted, acconxding to Gala.ssoii, with the result that the energy of activation was
found to be, in the range from 4° to 569 about 36,400 cal/mole, a more naturally
nucleaxr type of inactivation (see Dia 4 b), The described divergence is explained,
in all probablility, by the variety of virus strains used,
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Dia 5, The stabllizing iafluence of Mge* on the thermal inactivation
of a, VET, b, Sindbis and ¢, Vesicular Stomatitis viruses,

1 - control; 2 - inactivation in the presence of a 1 M solution of MgS0y
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In 1968 1imd 14z and on-authors2? feportod that a 1 H solutlon of magnesium sule
fate did not railsa the durabllity of veslcular stomatitis anl Sindbls viruses at
500, that 1t was a mistake explained by a series of clrcumstances, The resulis of
our Investisation show that magnesium sulfate results in a stabllliving influence on
studied viruses durlng heating at 500, However, the stabilizing effect is related
only to the protein type of inactivation, which for these viruses doos not always
apncar from the first minute of heating, Data presented in Dia 5 ghow the presence of
the beginning period, most apparent wiih VER virus (sco Dia 3), during which inacti-
vatlon is predominataly melear, over yhdch o« 1 i solution of mignesium sulfate has
no influence, This is emphasized by the rosults of tho study of the influence of l
rmagnesium sulfate at low tenperatures, Titexrs of Vi and 5V viruses stored a long
time in the presence of magnesium at 4° did not differ from the contxrol,

According to Klourayt and Parkerdl American swine fever virus at 4° remained
stable for months in a medium free of Ca2¥ and ions, which, in this way, showed
no substantial influence over the nuclear type nf viml inactivation,

Tt can be surnised that Mg2* tons, creating lengthenod valent bonds, increase
the stabilivy of protein molecular coatings of viruses, reising, in this way, their
thermal stabllity,

Opinlon differs on the question of the influcnce of AH and /{3 on viruses, One
investigator considered that the state of the mediun and pecularities of strains of
viruses influence the level of disposition of high and low temperature components on the
8raph of Arrhenius! equation and +ths temperature, durlng which transfer ocours, net
sSeentially changing the slope of the line; that 1%, the energy value of activation,3»19
Others think that the enexgy value of activation can change within w%%e limits, in
rarticular for polio and rhino viruses under the inflvence of MgClap,

Results of the dectailed investigation of the lows of viral inactivation at
varlous tenperatures permit substantial conclusions concerning the factors determining
Preservation or loss of the infective state of viral particles, on the mechanisms of
thermal stability of viral Preparations, as well as on change in structure of the
organization of virions in the thermal inactivation process, Determination of thermal
dynamic laws and Darameters is Absolutely necessary during the study of materials
and conditions influencing the thermal quality of viruses, Efficient investigations
in this area hold the Possibility of selective breeding of stabilizing factoxs on the

) basis of precise charsoteristios,
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