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niKL\. s JULn\.\I. 3,191-199 (1960)

Killing of L- Cells by
Heat- and UV- Inacfivafed Vaccinia Virus

Depn, finent of Patho!ogj, , Re Jettyc/, In, till11c for Ajicrobi"!
Di'Jen5eJ, Of ak" Uni', errity, 0, ak"

The cytopathogcn;c effect of hcai- and UV- inaritivaiecl \, arcci". in \irus on L cells and
thcir ajiilit\, to kill the host cells are described. 'I'he so two illncii\. ated forms of virus cannot

multiply, Iiut they arc still lethal to it OSt cells in their respective nianncrs. I{eated \'Irus
callses only a slow shrinkage of cells. A, Iultiple inlettion willI heated \, iriis has been shown
to lie Ilcccssarv for death of the cells. The cytopathic changes indriced I, y UV-Irradiatcd
\. irus seems to correspond to those caused by Ihc virus CSj, ecially at an early stage of in-
letiion. The cell killing capacity is rather hcat labilc in UV irradiatcd virus. while in
healed \. irus it is UV sensitive

HIDESABURO HANAFusA

(Recei, ed for pi, b!I'd 1107i, June 20.1960)

INTRODUC'TIC)\

Our I>revious studies o1T various I)iological I>Topcitics or hcat Inactivatcd \'ac-
cinia \, irus have shown that Ihc in activatcd vii. us was reactivated \vhcn there \\ as

mixed infoction with active heterolouous I'Dx-viruses. The Inactivaicd form could
also interfere with the multiplicatioiT or active hornologous virus, thouglt its in-
rectivity **, us completely lost (Hanafu, a at ,,/., 1959 a, 1959 b, 1960).

\Vhile studyin, r the reactivation IJhenomcnon, it was found that \\. hcn ITigh
titer heat-Inactivated vaccinia IHD (with an infection multiplicity or more than
+) \*. as inoculated into an L cell culture, cellular dcgeneratioiT appeared \\'Ithout
viial replication and most or the cells had died 15 Ilours artci. Inoculation. But
the cytopathic changes caused by heated virus \\. ei'c cjuite clifferent from those
caused by the active virus in that the rounding and agglutination of the cells,
\\'hicli is al\\, ays noticeablc at an early stage o1 infection \\ Ith the active \ 11'us,
did ITot occui. On the othei. hand, UV-Inactivated virus hacl a dinerent kind of
cytopathogcnicitv. The cytopathic changes induced I)y ITradiated virus, \vhic}l can
he seeil several ITours after infection, closely rescmble Ihosc caused I, y acti\'c \'11'us
throughout the entire cycle of infection.

This paper describes the cytopathic changes* and death or the host cell 101-
10\vin, r infection with heal- and UV-in activated vii'us, and some properties or these
cell-killing agents.

SUMA. IARY

* Since all of acti\. e \ irus. hcat- and UV- in acti\. ated o11cs finally kill the host cells, the term
"cell-killin, ," is tis"d in this report. But sometimes the term "cytopathogcnicity" is also Lised
when cyiopathic cliange of host cells is particLilarly considered
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I. Gel*

Earle's L cells were used. The cells were grown in monolayer cultiircs in Hanks' saline
containing 0.57" Iactalbumin hydrolysate, 0.1% yeast extract (La-Ye) and 5, f calf scrum

2. nil IIJ

The IHD straiiT o1 \, accinia \. irus grown in L cells was tised tiltoitghout this study. In-
lettcd cells suspended in the medium were disrtipted by sonic vibration at 10,000 cycles per
second for 10 minttbs in' a 1<nbota 200-watt 10 KG Inagnetostrictive oscillator. Sonorated

suspensions were treated with fluorocarbon ("Daifron S3", Osaka Kinzoku Co. .VITUS

JapaiT) according to the method of Epstein (EDSiein, 1958), and finally I, urined by one cycle
of differential centrifiigation

3. Afroy procedme

The titration of infectiviiy was carried out in L cell cultt!r's by PIaquc assay, as ticscribcd
in an earlier report (Hanafusa at at. , 1959a). Tllc capacity to be reacti\. ated of heated virus
was <1ctcrmined by the PIaquc methocl as describeclin the preceding paper (Hanafusa, 1960).

HIDESABURO }IANAFUSA

MATERIALS AND METHODS

4. . InaC!tufftCd '11/4$

\'accinia virus of 0.5~2 x 10s FFU*'/inI was I, calcd in an ampouleHeat tieati, lent

at 56'0 for one hour

Ult, a, io!et light (UV) treatntent : Ultra\iolct in'adjation was performed willT a 15 watt
germicidal tube (Toshiba Electrics). The virus stock (5xlOT FFU/inI) to be mactivatcd was
exposecl to UV 11glTt for 2 minutes in 2 inI ajiquots in a petridish (87 mm ID. ) at a distance
o1 40 cm from the jamj, . Samples were rocked gently during irradiation. Judging from the
UV-macti\. ation curve shown in Fig. I, most o1' the infectivity was lost under the alJo\, c con-
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It was shown that neither Ihc heat lion. the IJV Inacii\ated virus preparationsditions

lirepared as above contained sur\, i\. ing infections \. irus

5. 17/06/11"t!on o13",, IPIe.

All ,xi, CTin, enis were carried o111 o11 1110nolaycrs of L I'ells containing approximate y 5
x 10'i cells, grown in 200 inI prescription bottles. One inI of each sample was adsorbed on
the cell layer at 37'C 10r 21tours. Then the cells were washed \\. ith 4 inI of Hanks saline
to remove tinadsorbcd n, aterial and overlaid with 8 in I of fresh medium

111 these experiments the multiplicity of ITeated virus was calculatecl ironl the multip ICity
of acti\. c \ it 115 used for heat inactivation assuming that heat treatccl virus was adsorl, e at
tile sailie rate, since tile estimation of adsorptioii of neatecl \, irus was very dimcult. From
the prc\IOUs sitidies on the properties of heated vaccinia (Hanafusa, 1960), this assumption
was consider CLI to be valid

6. F1!n! 11"in I'rig o1 cellJ

Viabilliy of cells was estimatecl IJy staining 111.1i) with incthylcnc I)Iuc. Alter the culture
mediun, had I, con removed, the cells were harvested, centrilugcd at 1000 rpm for. 5 niinutcs
and T'suspcndcd in I InI of 0.01 % Incthylenc bluc un phosphate buffered saline. \\ithiil a few
minutes an aliquot o1 this suspension was examined in a hitemocytonTeler. T IC nun, >ci o
dead cells staining willI methylene binc and o1 healthy ones, which clid not stain, were coni, led.
,\ 111injinuiii of 1000 cells was counted in every sample. There was LISually about 5~ lier
cunt of blue-stained cells in normal untreatccl L cells. These may have 1,001t killccl cltiriilg
hat\'CSting and ccn!rilugation. Cells heated at 56'C for 30 niinutes or treatccl with O. A1
KC\ 5011/1ioii for 5 ,nintiics write coinpictcly stained ity this inclhotl.

CELL KILLING BY INACTIVATED VIRUS

I. Cell 1,111ii!, q hJ, 11, ,!/cd 111'111

\-'accinia \. irus multiplies in I, culls, inducing a I'cmaikal)IC degcncratioit in
thc ITost cclls. 11T the first 2~3110uis artci Inkction thc cells liegiiT to round up
allcl I)CCDmc scjiaiaiccl from eac11 o1hcr. I'Dlynuclcatcd giant cclls are formecl In
considerable numbers through agglutination. 1'inally tint)ut 2+ ITours or latei. a Ier
infection, the cells Iysc producing more Ihai\ one ITUndied viius pi'ogeny.

Heal in activated \, irus causes no in orpholo;{ICal cl, angcs in Ihc host cells \\ hen
multiplicity of inkctioii \\, as al>out I (Hanafusa, 1960). But \\heIT Iargc doses of
hcatcd virus wei. c inoculated, most or Ihc cells shranl< and the monolaycr SITeet
\\as dustioycd 24 hours after inoculation <Fig. 2). I, \Dally the cells \\'CTC detached
nom the ,, lass surlace and Iysed. This I)roccss of killing the cells was Ilo1 accom-
nanied I)y any vii'al ;{To\^th. 'thus, in the culturcs Inoculated with the eatc
vii. us of 2~+ multiplicity, I)artial degeneration was found at -+ IToui's, Jul atei'
Ihc de;{eneratcd lesions disappeared as the I eruainin;: liealthy cells gi'e\\'. r\s co
killing by neatec{ virus took somc time, damaged cclls appcared only a tel'
houi. s. 'The initial ICsponse or Ihc cells to Infectioil by active virus \\ as absent in
this casc and neithei. inclusion bodies noi' viral antigen \\ crc observed by the
uiemsa stainin, , or fluorescent antibody technique.

2. I}kirijjn/ed I jin. , lidi'11cles in I'll killiii. g '41/1J

'Lhc first question \\. hich arises nom these findings is \\ he ther this phenomcnon
is caused by heated virus itself or I)y other cellular constituents and other paili-
cles I>roduccd in infected cells. Although virus preparations purified with fluoio-
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carboiT were used in these experiments, the presence of a very small amount or
somc other substance in the preparation could not be excluded. in order to solve
this qtestion various experiments \\, ere performed.

Uninfected L cells were disrupted by sonic OScillatioil and centrifuged undei'
the same conditions as used to prepare the virus stocks. Neither the super natant
fluids from each I, atch of disrupted L cells noi. a sample of each heated at 56'C
for I Ilour caused ai}y cellular. degeneration. The cell killing ability of a heated
virus preparation was completely abolished if the heated virus is neutralized \\, ith
anti-vaccinia serum prior to being reacted \\, ith Ihe cells. Further, by centrifuga-
tioil or heated virus at 34,850 g for. 30 minutes, all of the cell killing activity was
piecipitated and thc super natant fluid hacl n0 1< illin, , activity. These experiments
suggest that heated virus particles act as cell 1<11/1ng agents.

3. q. !!in!/iid/i;', '11/4' qf ifll kilni!g

.\s mentioned above, the extent of cell 1<11/1n, , varied \-\, ith the multiplicity of
the ITeated \, irus. 11} order to investI, ,ate this problem quantitatively, the 11'action
of surviving cells \\. as determined nom the viable count

. The relationshijJ between the ITactioil of surviving cells and the time after
Inoculation with a ITeated virus, \vith a multiplicity of 10, is sho\\, n in Fig. 3. The
fraction of surviving cells droppcd sharply after 10~15 hours and then decreased
I, radually until481Toui's after inoculation. The results were consistent with micro-
SCOPic observations o1T cell cultures and all the shrunken cells stained \\, ith methy-
Iene blue.

However, the viable counting or cells \\. as carried out at 24 hours after inocu-
IatioiT with heatcd virus to dctermine the cell 1<11/1ng power, because the effect of
gio\\'t}l or uriattacked cells on the Iesults could not be neglected in samples of
10\\'er multiplicity

HIDESABURO }IANAFUSA
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Fig. 4. Relationship between surviving fraction of L cells and multiplicif of healed VCccinio
Viabilily of the cells wos estimated 24 hours offer inoculation. The the oralicolvirus

plots for I ~4 particle mechanisms of kill are indicated

L cell cultures exposed to diffei. eni multiplicitics or hcated virus. \\. eie stained
\\, ith methylcnc bluc at 241toui. s aria. inoculation and the sui'vivin!: cclls \\ei. e
counted. The 11. action of survivors vancd \\. ith the multi 11cit , or the hcatcd virus
as sho\\IT in Fig. 4, where the theo1'etical plots* for' one to foul' pal'ticlc mecha-
nisms or 1<11/1ng are indicated. Evidently Ihc experimental data fit a 4- article
curve. 'The exact numbei OF I>articles I'equired to kill a cell could It o1 be delci'-
mined, for. Ihc multiplicity of the heated virus could only be assumed to be that
or active virus. However Ihcse Iesults indicate that the cell 1</11in. mechanism
\\'Ith heated vii us is o1 a multiple hit type and only cells attacked h , mole than
t\\, o particles arc destroyed. Th. above facts are compatible \\, ith the Facts that
no c\topathic change \\, as observed \\, illi heated virus \\. illl a multiplicity of about I
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* The the orctical curves have been derivecl from the Poisson dirtribiitioii P (r) = in' e-in/r!
where P (r) is the probability of the cells in a given population lieing attacked b r heated
virus particle when the average multiplicity of infection is ni. The fraction of cells escaping
killing calt be calculated by the followin, , equations:

I particle curve . . . . . . . . . . . . . . . . . . . . . P ( 0 ) = e-in
2 particle curv, . . . P ; O I + P ( I ) = e-in ( I +in )
3 particle curve . . . . P ( 0 ) +P ( I ) +Pi2 ) =,-in (I +in + rip/ 2 )
4 particle curvc . . . .P (0) +P (1) +P (2 ) +P (3 )

= e-in (I+in+in2/2+ni3/6)
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+. Soilie popei'!ieJ of' Ihe tall killing dgeii!

The effects of antibody, trypsin, heat and UV-irradiation o1T this capacity
of heated virus were examined under the conditions used in studies on at er
biological activities of heated vaccinia (Hanafusa, 1960).

As described in section 3, the cell killing capacity was completely abo is e
by reaction with antiserum before inoculation of heated virus into the ce cu ture.
However. when antiserum was added to cells \\, hich had been exposed to heate
virus for. 2 hours, the cell killing took place as usual after 20 hours' This capa-
city \\. as not affected by treatment with 50 11g/inI of trypsin. UV-irradiation,
\\'hich caused a decrease in infectivity of active virus of 10~ , Inactivated t c CG
killing power of heated virus. These properties of the cell killing capacity are very
like other biolouical capacities of heated virus. However the cell killing capacity
was more heat stable Ihai} other capacities as shown in Fig. CTe ore, co
killinq may be caused by a heat-stable and IJV-sensitive fraction o eate virus.

HIDESABURO HANAFUSA
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5. Redr!11n/ioii in!of ,,/I killi!Ig

Even in the cells whicli \-vould ITave heelT killed by multiple Infection o
of heated virus occui'red by superinfection \\'Ith activeheated virus. I. eactivation

ccti'Dinelia. Monolayei's of L cells were exposed to a mixture o acti\, e ectrome in
<2 x 10.1 PFU) and heated vaccinia sumcieitt to cause death or all the cells. After
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21}ours the Inoculum was removed and then the cells \\. ere \\, ashed se\. eral time
with Flanks' saline. A unifoi. in suspension or thcse cells was re ared by sci'a $4
and aspirating with a pipette, and appropriate dilutions of cell suspensioiT \\. ei. c
plated on the monolayer or I. cells. The numbei. or reactivated vaccinia on the
platc coincided with the expected value assumin, , that reactivated
released from all cells initctcd \\. ith ecti. Qinelia. Howevcr, when tlle active ectio-
me11a \\, as superinfected at 24 hours artei' inoculation or heated virus of ITi"h
multiplicity, no reactivated \, it. us could I)e detected using the same expel linenial
procedures. 'This indicatcs that cells, ill \vhicl\ thc cell 1<illing I'eaction has Ji. 0-
CGedcd 10 a certain extent. lose the capacity to support reactivatioii
6. Civilw/hi, 41, r/.\ of 0'1"-jilt!din/,,/ ;-I!-!!.;

\.'11'us I, articles Inactivatcd by UV-irradiation also caused deat11 o1' 1105t cells,
but the cytopathic changes \\. etc very diffci'cnt. The various chan. us induced b ,
11'radiatecl virus \\ erc indistinguishable from thosc caused by active viius cxcc ,I
that no in o1'piiological signs o1 viral gi'owlh, I. c. formatioil of inclusion bodies and
vii'al antigen, wei'c found. UV-iriadiatcd vii'us caused 1'0undin!r or the cells and
101'mallon or giant cells to the samc extent as did active virus (Fig. G). Allulii, !c
infectioil or UV-11. cated vii. us \\. as also lethal to the cells. 01} stainin, \\, illT inclli ,-
ICne Iilue it \\. as found that the surviving 11'action or cclls artci' exposui'c to U\'-
ITi'adjatcd virus was about 0.5, 24 houi's after in FCCtion. 'This ICsult is Idcntical
with Ihc tractioiT or survivin, r cells riflei. active vii. us infoction. }10\\. cvcr. Ihc cell
counts \\'ci'c uni'cliablc, as many giant cclls \VCrc pi'CSent. 11 is Intel'CSiin, , that at
this stage somc giant cells stained with inclhylene blue and some did 1101. I{0\\.-
cvci', \vlTci, a dilutcd suspension \\. as used, somc cytopathic changes \\ ei. c obscivcd
one day after infoction but Ihcse disappcarcd later in Ihc same wav as 111c chaituc>
causecl I)y diluted heated virus.

T'he cell killing activity of U\'-ITradiated virus \\ as abolishccl b tieatincni
or thc virus \\ith antiscrum Iirior to its inoculation into the cell cultui. es thou, ,h
it could I'Dt be destroyed by 11'ypsin. 'I'he activity \\. as completel lost on neatin, ,
the I, reparation at 56'C 101 I hour, The rcsults show that the substance \\h' I
causes the eat'Iy cytopathic changcs may be UV-resistant and heat-sensitive in
contrast witlT the cell killing agent of neated vii. us.

CELL KILLING BY INACTIVATED VIRUS 197

vii'us \\'as

DISCUSSION

\Iai^, kinds o1 animal viruses cause various cytopathic changes in suscc }tihlc
cells. These Ilavc bcen legarded as evidcnce for. viral multiplication. Farthei. .
the I. e are a \\. Ide variety or cytopathogenic effects in cells initcted \\, ith a sin, ,Ie
kind or \, Irus. A cytotoxic agent separable from the infectious particles \\ as dcmon-
sti'ated \\, illT adenovirus T'ype 3 and Type 5, (Pereira, 1958; Everett and Ginsbei. tr.
1958)' 11 is a plotein like substance produced in infected cells, and its c lotoxic
effects corresponcl to those of an early stage of virus infection. UV-ITi. adjaied \, 11. us
also possesses the same cytopathogenicity (Pereira and 1<elly, 1957; Levy e/ nl. .
1957). The cell killing I)ower or active \e\\' Castle disease virus has I)cen investI-
gatec1 11T detail by Mai'cus and I'uc1< (1958). They sho\^ed that infectioi, or one
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virus particle is sufficient to cause death of the cell and that this cell killing agent
is heat labile and UV sensitive. it is interesting that the number of cell killing
particles exceeds that of PIaque forming particles in NDV-vaccine strain (Marcus,
1959). Recently the agglutination of L cells by the IHD strain of vaccinia was
investigated by IVlayyasi at a/, (1959). However their \vorl< \\, as mainly on the
aryglutination caused by active virus and the utilization of this phenomenon for
titration of v:rus and its neutralizing antibody.

The experiments presented here show that both the mactivated forms of vac-
cinia virus can induce death of the host cclls, but that their mode of action is

quite different. Studies on the cytopatogenicity of UV-ITradiated virus suggest that
the early cytopathic change caused by active vlrus may IJe due to a UV-resistant
proteiiT like substance and may be independent of the ability of the virus to
reproduce. On the other hand, cell killing by heated virus seems to be correlated
with the metabolism of the host cells, for' it takes longer than that by active virus
and causes only the shrinkage of the cells attacked. in this respect, the fact that
the cell killing capacity of heated virus is UV-sensitive, Is \, ery suggestive. This
activity may be the result or some unkno\\, n function or viral nucleic acids and
might be correlated with the interference by heated virus. The disturbance of
normal metabolic processes of host cells caused by heated virus may result in the
establishment of interference and death of the cell. In addition, the reactivation

or heated vaccinia virus by super infection \\, ith active ectromelia took IJlace under
conditions where cell death might have occurred. Half the cells infected with
active virus did not stain \\, ith methylene blue 24 hours after infection. Presum-
ably the cells in which viruses are gro\\. ing are living. Therefore cell death caused
by heated virus may be due to a different reaction from that of active virus or
to some defect in the normal process of viral growth. These possibilities are lather
similar to cell killing by ghosts of T2 bacteriophage. The killing action of ghosts is
pievented if the cells are infected \-\, illt bacteriophage (Caren and Kozloff, 1959).
However, the killing phenomenon with heated vaccinia may be litore complicate
as multiple infection is I}ecessary for death OF the cell. Fui'ther studies on other
biological aspects of Inactivated viruses may throw light on the interaction bet-
ween host cells and Inactivaied viruses.

HIDESABURO HANAFUSA
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Fig. 2. L cell culture I (0) norm01 ; 24 hours offer inoculation with hecfed vaccinia IHD o1
(b) multipllcify 10 Grid IC) inuiliplicify 5. Magnification, X 105
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