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Vikls GROWTH IN PRE-HEATED CELIG.

The resulits reported in this dissertation are
concerned malnly with the effect of supraoptimal temperatures
oL ﬁﬁzmalg'ﬁl3 cells and on thelr ahility‘ﬁm support the
growth of varlous viruses,
| The term “augraoptimml temperature” wag defined as
any temperature above the optimel temperalture of 379C and
below 49°C, above which most cells became stainable by
teypon blue.

The effect of supraoptimal Lemperatures on the
maliiplication of C1l3 cells was tested by cowmparing the
plating efficlency of (L3 cells, after exposure to higher
vemperature, wlith that of normal cells. The plating
efficiency of the cvells fell gradually with the rise in
tepperature. Nearly 80 o lﬁ&%lmf cells had ceased to
divide between btemperatures of 459C ana 469¢,

Before studying heanted cells, the characteristics
of the grovth ¢ycele of a small sepries of DNA and BNA viruses
vere established for BHE-21, C1l3 cells. Bome of these had
first to be adapted to the cells.

The capaclty of heated BHK-2l, Cl3 cells to support
syntheslis of these DUA and REA viruses was tegsted by the
formation of infectious centres, by the examination of

one-step growth curves, ahd occasionally by serologleal test



for synthesis of virus probtein and vhen advantageousn, by
haenadsorptlon.

Baposure of the coells to supraoptimal temperatures
made the cells insensitive to the DNA vivusese The declineg
in sensitlvity bepgan at about the same temperature and fell
ot ahout the same rate as the plating efflciency of BHE-21,
G 3.3 cells,.

On the other hand, BlK-21, CL3 cells, after exposure
to supracptimal temperatures, continued to synthesize the
BNA viruses with thelr normal efficlency.

The findings were not limlted to BHE-2L, CL3 cells
but held also for hvman, chicken and mouse cells tested with
one representative virng of each type.

It is guggested that one heat-gensitive biochemlcal
procass in all specles could be regponsible for all these

findings.
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CHAPTER 1,
ANTRODUCTION

The ability of enimal vivuges to nultiply only in
living tissue has been known for & long time. It 1s only
with the achievenent of Bnders and his group (19%9) in
cultiveting poliomyelltis virus in tissue cultare that the
task of snalysing thﬁ reproduoction of enimal vivuses within
the cell became susceptlble to accurate and sensltive
axperimpnts, The greatest lmpetus for this development
came when Dulboeco (1952) most clearly demonstrabed that a
plague ecounting technlque, comparvable 4o those employed with
bacteviophage, was also appllicable to anlmsl vivuses. Since
then the most profitsble attempts made to lnvestigate animal
virng-cell relotionship have Tollowed the lines of phage
research,

The quest hes been so successful that there has been,
@V@miemnﬁermimg animal viruses and thelr interactions with
the cells, a shift from biological o chemlcal investigations,
Many important binlogicel questions hava heen rephragsed as
chemical problems. It is 1likely that the work of this thesis
ends similerly in a blochemical explanation, but the principal
experiments belong to the serles of biological questlons as
c@mgafisan will now show.

Vivuses ave smeller in size and chemically less



complex than the cells they infect. It has been shown thatl
the infectivity of vavriouns viruses resides in thelr nuclele
geild component and the infection of host cells can he
initiated by the nmeleic scid alone (Bllem and Colter, 19603
Colter gl al., 19573 Sanders, 19603 Bellelt gf_al., 1962).
Thus, virus multiplication ﬂ@p%hﬁ& on the host metabolism
and it is the host enzymes and nuclelc acld scting in vnison
which produce new virus particles. It is reasonable to believe
that any attack on known host functions which is found %o
affect virus growth will legd %o knowledge of pathways Top
virus synthesls. The following account of the malin avennes
of expervimental attack such as, change in the nubtritional
requivenents, energy requirements and nd of the eonviromment,
the effect of inhibitors, redistion end tempersture of
incubstion, on virus growih will indicate to which categovy

the present work belongs,.

Notritional reunlrementys

Stie e raadf.

The nutritionsl requirements of tissue in culture
and of the virus multiplication have been worked out in detail
by Bagle (1955)., It i3 possible to determine the effect of
omisslon of certain essentlial compounds fyvom a certain
completely defined medium which supports vivns mutliplication.
Magle and Habel (19%6) itraced the importance of exogenous

glucose and glutamine in the optimal productlion of polliomyelitls



in Hela cells. Heggle and Movgan (1956) discovered that if
| selected single compounds such as phenylalanine or tryptophan
‘were omitted from the meditwm, multiplicstilon of psittacosis virus

not oocdr.

gﬁ@rgviﬁeﬁmir@maﬂis for_virus mw;tim;igﬁﬁiggs

| »_ "Iﬁ'is nataral that virms@s é@paﬂé ont host cells for
t@nergymwaqmir@d for thelr m&ltipiiaatimm: Conversely, 1t can
he @K@éat@é that the inhibition of majar routes of energy
matabollen Qill affect the wvirus productilon.

Ackernann(1951) measured the respivation of the

chorioallentoic membrane snd suspension of Hele cells infected
.wi%h influenze and pollomyelitls viruses respectively, He
reported that ﬁh@ ﬁ@&pifa%imﬂ éffﬁhe calls remained Tized at
th@jprﬁlif@r@ﬁi@m ratbe ﬁhraughaut the period of viral develop-
went end releese. Similer results were obtained in tisgues

el ale, 1950)3

«'J,fs# LZ S

inf@aﬁ@é with Wewesstle discase virns (MacLiman's
and vaccinia vivus (Overman end Temm, 1957).  In a number of
infectlons ansevoblc glyé@lysis of infected tissue lig slsted
to be unchanged. ﬁmﬂ an increésse In anseyrobic glyeolysis in
- monkey kidney c¢ells infected with poliovirus was nhoticed by
Tevy and Baron (1957).  HMany workers hsve reporled a
Cdimdonution of virus‘pfﬂﬁuetian in anagrobic condltilions.
GLEEord and Byverton (L957) showed the production of poliovirus
in Hela cells to be the seme undew anseroblc as well as esevobic

conditiong,




Compounds 1ike sodlum malonate, arsenlie, cyanide,
'@xiéaa etcs, which inhlbit resplratory sctivity of tissues,
imnihitbmalﬁipiieatian of influensza virus (Ackermann,l951)
snd vaceinia Vi?&ﬁ.(fﬂ@mpﬁﬁﬂg 1@47)% The fluoroacetate
which blocks an 1&9@?%&&% step in Krebls cyele inhibits the
mialtiplicetion of poliomyelitls (Ainslie, 1252) and Semlikil

forest virus (Wetansbe el ale, 1992). It has been suggested

that de-oxypgenation ln infected tisswve may be one fector in
determining vecovery from virns infection (Baron, 1963).

The explorsition of enevgy wetsboliesm asnd the use of
¢iﬂhibit@ﬁﬁ nas showun that the over-a2ll metabolism of tissues,
after iﬁf@&tiam with viruses remalns umehanged-baﬁ has not
‘heen of grest help in spproaching the mechanisms involved in
vival synthesis. This ls mostly because both aereblce and

anaeroble pathways gseem to be utilized.

Hydropen-ion concentratlon (pH).

There is 1ittle evidence thal the fluchuatlon in
hydrogen~-ion concenbrstion, whlch ordinarily oceurs in
cultures, mavﬁ&@ly affects the gfmmth of most agents. Yogt
ab_al. (1959 showed thet the cytopathic effect of variants
of poliovirus, ahéraat@riz@ﬁ by low pathogenicity for monkeys,
is delayed 1n zlight acid medis as indicated by the slower
-fmxéaﬁian of plagues. in sgary overlay cultures of wonkey kidney
cells, Baron and Karzaﬁ_(l@ﬁ?) found thet eytopathie changes

Anduced by cevialn straing of Beho snd Coxsackie viruses are



depressed or delayed when the pH of the medlum is allowed
to become acid.

It ds possible thet slight pH changes, sciing in
gocord with other changes in inflammation of infected tisste,
for example, wmay have a distinet influence on limiting virus

infeatlons (Baron, 1963).

Bifect of inhlbitorg:

Varions inhibitory compounds and antiblotlics weve
discovered in the search for sultable sntiviral drugs. This
in turn polnted to the desivability of esnalyzing the specifie
ef fect of inhibitors on virus-cell complexes st different
developmental stages.

Ackermannend Masssab (L9%%, 1955) showed that the
componnds p-floorophenyl slenline and methoxinine, which
presumably ot by interfering wiith normal protein synthesis,
Intewfore, not with the adsorpilon of wvirvus, but by blocking
the multiplicetion of influenza virus and poliovirus. The
inhibltory setlon of p~fluorophenyl alanine was veleased by
addition of phenylalanine, which permitted immedilate rapid
relesge of virveg, Ilndiceting thst the lnhibltor perwiis
cartain essentlal resctlons to continues On the other hand,
the relesse of inhibition produced by methoxinine requires
a lag of abt least 2 hours before virus rvelease. It is evidend
that these two compounds affect virus multiplicetion ot different

pointse.



Anslogues of knbwa constituents, such as purine and
pyrimidine, hs iwve been useds A pyximiéiﬁe analmgue9
ﬁwbﬁmmpwgéﬂaﬁxyumiﬁiﬂeg a potent inhibltor of the synbhesis
of novmal cellular DNA, inhibits the production of vaccinia
- (Thompson gb gley 1?%@9 Bimon, 19613 Basterbyrook & Davern, 1963)
and Herpes &imgla& (%im&&mf@g 1962) but has & . not action on
RUA viruses, Newesstle dis@a ~v:i:x*ms; anﬁ'influéméé virus A
Cghrain (Salzman, 1%60)g |

w Antibiotics such aﬁ'purmmyﬁin$ Actinomycin Dy
Mi somyeln G, eloe, with a specific jnhibitory action have
beanilarg@ly proved mseful in distinguishling the chronclogy
_ﬁf”éV@ﬁﬁS in the formetion of virus-specific material in

infectod cells.

Effects of UV and Xevay vadistionss

In mﬁwﬁy works on viruﬁ@ﬂ these radiatlions were
employed Lo inactivate the viruses, There are a few
Qharaeﬁ@riaﬁi@s of wedistilon which fghﬁ@y it interesting
in a é%ady of ﬁifuﬁwhaaﬁ relationship. % penebrates with

Cmindmal or no damage Ho the vwhole structure asnd it has

- lpcelized action. Pfsmarllj ?ﬂé}@blmjﬁg¢maL methods were

us@é dn the siudy af beeterial viruses, Lveniually methods
used 4o aﬂamy @ Lhe complex mechanism of bacteriophage
>iﬂ;aé5ian served &8 & model for examining animal virusecell
inbersctions.

Dulbecen (1957) by performing experiments similar to



Iuria and latepjet (LOW7) on phage, showed that the ability
of pollovirus infected vells to survive as infective centres
after.irwmﬂiatimu'wiﬁh UVL, inereases progressively with Lime,
and that %h@ survival curves remaln of a single-hit type
during the latent period, as well ag during the period of
virus release, $i&ilarﬁfa$uita war@vrgyérteﬂ for vesicular
stomatitis virus - chick embryo cell cempléﬁaﬁ irreadiated with
pr&y5'€yranklin§“l9§8).

The radintions, UV aﬂﬁ.ﬁwr&ys,;haV@§beam known to
prevent mltosls and arrest deaﬁjribanuuieia acld synthesls ln
tissue culbure cells (Klein, G. and Forssberg, A. 1954%;

Whitfleld b ale, 19595 and Powell, W,F. 1962).
Thege experiments show that the biosynthetlce capaclty
of tissue culture is extrewmely radiorvesistant, although the

reproductive capacity of the cells ls lost much wmore readlly.

Tempersiure of incubations

Virologists have for long been avare of the adverse
effects of higher temperature on virus sulitiplication and
the existence of an optimal temperature oy virus development.

Defore the advent of tissue culture, remarkable
regsults of hypevpyrezia in vgrigug jinfections turned the
attentlon to its applicatlon in a great variety of disorders,
Wolf (193%) studied the eifect of hyperpyrexis on monkeys
infected with poliomyelitis. e showed that it was possible

t0 abort the development of poliomyelitis ln monkeys by



hyporpyrexis.  Thompson (1938) demonstrated the influence
of temperatures myan“%h@ proliferation of infectious fibroms
| aﬁd myxoma viruses lp vivo, According to him the welatively
hlmw %@mpergtmr@ of the skin was the impovtant feetor for the
mualEiplication of ﬂar&ﬁﬁrayic virus, as the prolilerstlon of
fibrome wag inhibited wvhen the tomperature of the skin wasg
raised to the gseme valueg as the deepey LTlssna.

| Bnders . and Pesrson (194%1) noted that the Melbourne
stiraln of inflm@néa virus falled to multiply in chickeembyyo
tissue cultures neintained ot @Qﬁég aithmmgh the cells were
not affected sppreclebly.

Dubes apd Chapih (1956) noted that poliovirus grown

gt Low temparature loses 1ts oviglnal capscily tm'gfaw at 37°C,
Similer results wewre obtalped by Bang et sle. (L957) who
ghoweﬁ’tbatrth@ cytopathic eff@m% of Beatern aguline
encephalliis virns mey slso be medifled by chenge in temperaiure.
As o wresult of these observaetlons many ebteunpis were wmade $o
establish the relationship between the high temperature and
virulence of viruses. Dubés and Venner (195?)‘5ﬁaéia& the
affect on poliovirus grown at low temperatures. By selecting
Qﬂliﬁvi?&ﬁ able to develop at low femperatures, they obtalned
a sbraln which was lohibited at 37%. The cold strain did
not oroduce any paralysis whereas the originel strain vas
nenrovirulent, The relative evirulence of cold sdapled

gtrain appeared to be due to its reduced capeciby to propagate



al 3?90 éf 5hoveoa On the contravy, straims selacted fop
thelir ahility to gfaw at highew bemp@rpaaf@s were found %o
be highly virulent (8abin and qu§f9 1959)s  Perol Vauchez
et _als. (1961) have found a similar kind of yrelationship
between high temperatnre and virulence for the viruses of
'OﬁﬁﬁﬂhdjﬂmgUQaydl&lba - )

racent work on poliovirus hy Twoit (196?) indicatey
that there is & hhufﬂﬁﬁ@ﬂ;Ltiva stop involved in synthesis
of this virus.

The effect of higher temperatures on tlssue culitures
hag been studied for some tine. The method of these

investigatlons was to observe cell multiplicebion at sublethal
and lethal tempersbures in ﬁhﬁ hope of ascevtaloing the
blochemical or physical processes involved, The commonest
type of experiments had been to determine the exaget lethal
éXpsﬁuxe time at temperstuvres Just shove normal.

Friedgood (1928) and Plncus and Pischer (1931)
studied the effect &f lathal %emp@ratufes pn tissue cultnres
but felled %o sscertain qav ohe heat sensitive function
responsible for cell death or injory.

The appliaat¢aﬁ of tempevature shock %o culbures
for eff@&u¢v9 Eyﬂﬁhﬁﬂﬂldabiﬁﬂ of - bvll divigion in Gissue
culture hes been considered. Eriaf exposure t? - low
t@mgﬂra%uf@s is’fudnﬁ to be wmors @”feetiv@ for ﬁhig g&r?aae
(Goy, Bang and Gey, 199k Hilc;%y and Newton, 1958) than the

supraoptimal temwpsratured.



The effect of incubation at temperatures higher
then 3790 has not been casrefully studied.

The methods mentioned 1n the sbove account have all
yielded glgnificant information aboul vivus growkh, although
biologicael methods have provided less precigse Infovmetion
than, for @xamplaglgﬁuﬁies with chenmical snalogues and
anbiblotics.  The effects of heat, periicularly heat-sensitive
st@? in the synthesis, have not yel been satisfsctordly
explained chemically, Heating the virus-host systen is
more conplex than heating elther virns or host sepsrately.
This last form of investigetion does not seem to have been
adopted and forms the subject of this thesle. The reasong
for ehosing this subject will be apparent in the followlng
chapliers.

The results of my experiments are probably uore
informative then the preceding accounts in the fields of
ﬁutfitimn and energy regulrements, and sensitivity to pi
changess as informative as those of growth of virus ot
elovated teupsratures and after lrredistion of virus-cell
complexess bub iess instruetive than blochemleal findings

wlth specifle wmetabolic Inhibitors and snalogues,



CHAPTER 2,

GENERAL MBTHODS

This chapter includes an ovtline of procedures which
have been routinely used throughout this work, Special

mathods will be desevibed in the velevant chepbers.

BHK-21, C13 cellss

The BHK-21, €13 clone of hamster cells (Macpherson
and Stoker, 1962) were grown in BIC frow frozen stock
sSuSpen3 Lo, As & voutine, celle were grown in 8 oz baby
bobtles, but whenever a considerable nonber of cells was
required, they wvere propsgeted in 80 oz bottles laid on
thelr sides, revolving sboubt their long axis &% aporoximately
one revolutlon per aminute at 39%C., About 8 x 107 to 1 z 1@8
cells suspended in 200 nl BIC were gseeded in sach boltle,
yielding approximetely 4 x 108 cells per bottle in 48 hours,
The cells were horvested using 0.05% trypsin in versene
golotion. Cells were washed once with ETC and then
raguspended in fresh BIC and stored at +h9C uontil used,
sells were used lmmediately or not leter than 48 hours eftev

being stored.

Refrigervation of cells:
Juat confluent cultnres of C13 eells were tTrypsiniged

with 0.05% teypsin versens, spun and resuspended in the medilom



conbainlng -25% call serum and 5% glycerol, Aliguots of

the cell suspension in small bottles were slowly cooled to
> . " o . X

~5607C in a deep freesze, Cells wers recovered by thawving

rapidly in a water bath at 379C.

Exposure of cells to bempevatures:

The logarithmically growlng BHE-2L, CG13 mﬂnmlayar
cell cultures grown for 2448 hours vere trypsinized with
0.05% trypsin versene, centrifuged at 1000 »pm for 5 minutes,
and resuspended in warm EIC o give a wonodlspersed cell
suspenslon of approximately 1l x lﬂé cells per ml. The cells
vere distributed in 1 wl guantities in % x ¥ siliconed tubes,
The tubes were tightly corked and placed in g water bath
adjusted to the reguired tempeyature., The tubes vere
immersed in the water bath deep enough to keep the cell
sugpension well below the level of the water in the baths
It took betueen 20 - 120 seconds fox the temperaiuvre of the
Lluld inside the tubes to equilibriate with that of the
water in the bath., The temperature of the water bath was
raintained within £ 0,059C of the desired temperature.

Cells were generally sxposed o a paribiculay lempepature
for s period of 1% miputes unless otherwise stateds Cell

sugpensions were occaglionally shaken to prevent sebtling.



GHAPTIR 3.

HFFEGE. | OF. TEAPERATURLS

et Mt T

ON  BHK-21, G13  CELLS.

Optimal and Supraoptimal temperaturesgs

BHK-21, C13 cells are regularly cultured at 379C,
hence 37?& is consideved ag the optimal temperature for this
cell lines The growth rate of Cl3 cells wags compared at
temperatures 379, 399 and 41°C to check the assumption and
to deline the range ol supraoptimal temperatures. aome
alteratlon of growth was, in fact, observed at 39° and %19C;
the termg Ysupraoptimal?, "nigher temperature? and "heat!
vere used to denote one and the same meanlng, l.e. any

temperature above 37°G?>th@ optimal %@m@@waﬁureﬁ

The pgroubth rabte at 372 and 399%C:

| Replicate cullures were prepared in a numbey of
plastic bottles seeded with b lﬁ% gells in 5 ml of EIG.
The bottles were gassed with 9% C0p iln air and incubated at
379 and 399C in the air incubators. The duplicate cultures
from each batch were taken at an interval of 2% hours, The
cells from individual botbles were harvested and counted in
a heemocytomeber.  The minlmum mumber of cells counted was
between 150 - Eﬁﬁumells per sample, The growth rate vas
folloved for 96 hours without r@ylénishing the medlum oy

the gas phage.



Mlge 1 shows that the growth rates of G113 cells
at 379C and 399 for the fivst V2 houvrs sre the same, the
mean doubling time ﬂgyiﬂg the log phase being 12 houvs, &s
am%@é by Maepherson (1963) Tor 3I70C. After 72 houvs ob
3900 the greowbh pate of 13 cells seemed to slow down, and
appeared to resch statlonapy phagse, while cells at 37WC
continue o grow at normel rate.

The growbh pates were not followed after 96 hours,
as the cells ineubated alb 3900 appesred unhealihy and
granular.

Th@‘aamyara%iV@ curves of CL3 cells at 399 and W1YC
ave &h@Wﬂ separately (Pigs 2), becauge of one difference in
the experimental method for the 399 cultureg. BHR«-2L, G113
celle do not adhere to plestle opr glsss at 419, therefore,
all the cultures were Lloogsely capped and placed in humidified
(:0, incubator at 379 for the first 6 hours,  When
equilibration and setiling had occurved st the end of this
period, bottles were tightly capped and divided into two
batches, one being placed in an incubelor at 37°C, the other
at 419, Cell eonunts were done on duplicate cultures from
each bateh at the end of 18 houws and every 24 hours theveafter,
The gwowth vate, at b@th'ﬁampﬁyétaf@$9 remalned the same fop
the first 24 hours and thersaftoer theve was a gradual drop
in the total cell population grown at %19, By 72 hours,
the total cell population grown et 379C was three times more

than that gyown st 100,
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These results indicabed Yhat the growih of C13 cells
was retarded sl temperatures of séﬁﬁ and sbove, vhleh were
considered ﬁaﬁrampéimal tenperatures. |
¥a§iawL.@£§€¢4,whg@i

[ The effect of higher temperstures oh tlssue
culture 1s kﬁﬁwn to be lethel (Pingus, Ga, and Filgcher, f.,
19315 Kokoth, We, 1930a, 1930). The lethal effect of
'émy&a&ptlmal't@mp@raturaﬁ on Gl3 eells was judged by theip
iﬂc%éaﬁiﬁg gensitivity to teypan blue staine. The staln
teypan blue is generslly used to distinguish dead organisms
or tissue culture cells fxom living ones (Bvang and Schulenann,
1914 Peppenheimer, A.M., 1917). Since the aim was to study
ﬁhé effect of supraoptimel temperstuves on the metahbolic
aeﬁiviﬁy of BHK-21, C13 cells, it was néc@saﬁwy to ascerbtain
which of these ﬁar@ non-lethal,

The C13 eells in suspension weve exposed %o
tenperatures waﬁging'fram 399 o 5000 in a water bhath for
variwmé 1@&3%@@ of time and then stained wilith 0.5% Lrypan
blue. The counts on stained snd unstained cells were
eompared to estimate the death wate In a cell population

afhey éxpmauré 0 higher temperatures. Uptake of stain
was ﬂﬁy@n&@nk.an'temp@yéﬁmf§>Df_@Xpmséfé ehd the time of

AEPOS AT H@aﬁing o %836 spnd above was aeagmpémi@ﬂ by @
aritical iﬂ@r&&ﬁéiiﬁ the permeability of the cells %o the

dye (Pig. 3).
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Figs 5 The cell counts represent the percentage
of uwagtained J and gtained m@ cells in
g cell population exposed to various
temperstures for a duratbion of 15 and
50 minutes,.
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Tﬁe'ghﬂﬁg-af ﬁﬁgggyﬁllqmrqu |
The terms Ysurvival® or “viable" arve used in the

3émaé wniéh,h@s b@@ﬂ,ﬂééﬂé&f& in miecroblology, l.ce ?@f@frimg
only to tﬁé abiii%y‘mﬁ the imﬁividmal cells to multiply into
a macroscopic colonye | |

 The survival rate of the cells was determined by
plating a dilute gﬁgyanﬁimn of gipgle cells on to the Tesder
41ayéﬁs for tﬁs‘fﬁrmaﬁimﬁ af'maeﬁmﬁﬁépiﬁ'cﬂiamieﬁa The
Pecdey layﬁéﬁ waﬁaﬂpyaﬁ&r@ﬁ pe desceribed by Stoker and
Macpherson (1961)s  The plating efficiency of BHK-21, €13
&allﬁegmﬁﬁr normal qanaiﬁiama,waﬁ‘éﬁmaa%g . The effeck of
‘jh@at on ﬁh@ gurvival rate of cells wagﬁe&timat@d‘by
'Qﬁﬁpéﬁiﬁg‘thﬁ plating efficlency of normasl and heated cells.

The logarithmically growing C1l3 cells were

guspended lo warem BIC %@Agiv@ appw@ximéﬁemy 1% 196 caells
per millilitres.  Aliquots of 1 ml smounts were distribuied
iﬁugiliegmaﬁ'ﬁmhag,, The cells were ax?éaéé o supraopiimal
t%mp&réﬁﬁf&a by placing e tube, ﬁanﬁaiﬂiﬂg cells, in a waber
Lath, maiﬁﬁaiﬁ@ﬂ at the requirsd tempersture, for 15 winubes
:ﬁﬁﬁaﬁmiq&@fuﬂ‘yag@ 13, The cells alter exposure Lo heat
wef@'éﬁmm,éawﬁ‘gnd ?@ﬁ&ﬁﬁ&ﬂﬂ@ﬁ in 1wl of BTC %o give a.
sugpension mf‘ainglg cells, @hé*cmlls were then counted
and diluted iﬂ‘E?Q to give 100-200 gells per plate. The
mindmim mu@bér‘mf 8 plates was u%@d for epch gsample in order

o ettain 904 contidence Limitse. Plobes weve incubsted in



a €0, incubsbor at 379 for 7 days, then fixed with 10%
Formol-saline and shained wiﬁh L@iahmanm‘a slialne

- The survivel curves of three different grpevinents
Bre Pres sented 1n Fige % In each experiment, the effect
féf five different tempevatores of the plating efficieney
was compared with thset @f ﬁgwmal'mmllsé ﬁh@ survivel wate
of cells appeaved ﬁa-ﬁyﬁp gﬁa&uﬁlly.with the rise of
ﬁ@m@@éatmr@« The re 21u& varied from @Xﬁ@fim@nﬁ ho
ﬁﬁ?&ﬁimﬁﬂﬁa The vawi sbion in thn'au*vivai rate ot B39 and

ﬁ3ﬁb @%ﬁ@ﬂdaﬂ over a wide ?enzwg bhatween 50 to 80%. The

- pergentage of egllg forming colonles when treated a% W00

voried between 0 to 20%, but the cells exposed to héﬁﬁ never
‘ﬁﬁrm@ﬂ colonies in any @ﬁ§@ximanﬁa_ Various envivonmenbal and
“host faa&mf% might have been ey pamsﬁhle for this varistion.
It was, thevelore, necegsary to contvol the conditions of
agsays.  The oxternal fectors, such as mediom and seva, were
controlled by using ope bateh of medium and sevui.

The effect of the duvetion of exposure at verious
Smyraﬂp%imal ﬁ@mpeﬁatmﬁeﬁlmn the survival vate of (13 cells
wag abudied, The mazxinun 4 ima of ﬁ?ﬂﬂ”&r at any one
‘ammgoyatm%@ was . 69 mimaﬁﬁa. ~ﬁ$h@ “m@a1t‘ ave shown in
Plgs 5 Tm@ m&vzva% rate of th@ cells gt all temperalires
decreased with the incvease in the time of exposure.  The

surylyal curves obltalned were of multi-hit type.



RATIO

37 39 41 43 45 47
TEMP, OC

Pig. &

Colony plating efficlency ¢ the
resulits of three different experiments
are shown in this figurc. Each point
ig o ratio of nuamber of colonies formed
by preheated cells to the number formed
by normal cells,.



RATIO

Q is 30 45 60

TIME -~ MINUTES

Fig, 5

Pigs 5 sach point is a ratio of numbex
of colonieg formed by preheated
cells to number formed by normal
cells,

1 - 41°%; 2 - 43%; % - 45%; 4 - 46°cC.



CFate of the cells dnactlivated by heats

Failure of cells 4o foru macrmﬁaopié colonles
coild be due to one of the following reasons:d
a) the heasted cells may divide for & limlted number of
divisions apd Torm microcolonies, ow
) the rapwaﬂnahiﬁility of cells is completely
inhibited mo that they vemsin as single cells and
dissppenle |
Limitations in number of divisions was ruled oug
by the absence of micvocolonies at any stege. A% higher
temperatures, cells which had ﬁetéimed thelr abllity to
divide, formed colonies of noemal sige. This left couplete
inhibitlon of division ag the canse of decressed survival rate.

Morphology of cellsgs

The cells exposed o t@mp@rat&res up to WY fov
15 minutes sppeared normal when exemined under ordinary
optical microscope. The only obvions effect of heat on the
C1l3 ¢ells was %hé vounding of the cellsg, It was noticoed
that when heated colls wers plated, with the vise of
temperature an increasling number of cells remained rounded
and failed to stick. to the glass. A% temperatures of W5OC
and %690?,3 majority of the cells had rounded up and weie
found elther Lloating 1 the medinm or loosely atitached %o
the glass ﬁamn&ing of the chick ostooblastic eélls was

observed by Pincug and Fischer (1931) when cells were exposed



t0 higher temperatures, but they stiributed this change to
the desth of the cells, In the experiments desecribed here,
the cells were impermeable %o trypan blue and were considered

motabollcally active.

St Ay

Recoverability of hested cellss

Becovery of CL3 cells after exposure bo supraopiimel
temperatures was tested by storing heated as well as unheated
cells at +%9C fopr 2% hours. The stored cells were %then
plated for plating efficieney and the pesults vere compared
with that of unstored normael and heated cells plated 2b hours
sarlier. The effect of heat was lrreversible. The vesulis

are shown in the Table 1.

The pesulis of the experilments dlscussed above
suggested that supraophimal temperaturess affect cell
division and the process g lyreparable with time. The
nature of the action of heat il difflcult to ascerbain,.
Nothing can be dedonced from the curves of the survivel raite,
In particular one cannot decide between siongle and multiplee
hit effects. Some factors which might influence the nature
of the curve cannot be ignored. The sensitivity of the
celle to higher temperatuves is shown to depend on the
mitotic phsse of the cells at the Uime of expusure (Thormar,
19595 Zeubhen, 1964).  The wariablility alone in the
gsensitivity of the eell populetion to sppraopbtimael temperatures

could ezplaln the nature of survivel curve. In that case



TABLE 1

Bffect of storage on vlating efficiency
of unheated snd heated cells.

s FVR . B R S e T A kA b 316 P e AU e

Colony plating efficlency (5’%}
Stoxred cells
L +40C for 24 houis

- ‘ on g S E LI R
Penperature Og Duration of eXpoaiye

in minntes Frosh calle

Neémal celle 37,60 63.07
41 15 TL,71 42.0
4% o 52,59 28,11
,‘43 f 10,15% 1,27
: | 46 A -

oSy




aciion of heat may not be a mmlﬁipleahit ph@numememg but way
hove one single action ﬂﬂ the emlisaﬂ@p@nﬂimg on the state
of the cal}go |

The &iﬁé of sction in the cells cen be elihew
iﬂﬁractuﬁal or biochemnieal. Electron micfms&apia examinat lon
of nowmal and hested cells had shown ho obvious structural
damage (pa109. That does  not rule owt the possibility of
-ﬂamag@ without distowtion or Tragmentation, ec.g. coagulstion,

‘The only other obvious effect could heve been either
an inectivation or destruction éf the essential metabolism
required for the aeli ﬁaltiﬁlieatiaﬂ, Th@ process of cell
division is a=caﬁplex one whose regulation is s83ill a matter
mf_ép@emlaﬁian;~amd iﬂhihiﬁinn of any @né of the many processes
involved may result in the prevention of coll division, but
not necesgarily caunslng other effechs @n‘ﬁheym@%abbliam.
The expewiﬁenﬁé veported in the followving chaplers were
d@sigued'tﬁ'dﬁﬁermime the effect on other functlons of the
host ﬂﬂllai OF these, I chiose to test the capacity of the
preheoted eelis to support virus reproductilon, sin&s several
Qﬁbliaatiams'hava appeared about the relatlonship between
cell divisiqn and vifué gfbﬂﬁh, Befw Herp@élﬁimplax (Stokey

and E\Za“-:‘wiﬁtm@ 3.??5’9:) y WDV and NW8 (Wheelock end Temm, 1959) and

GATER e e

Reo (Spendlove gt gley 19632,

The following viruses were selected fyom the list

of the viruses kncﬁnvia multiply and produce cybopathic



effeet in BHE-2L, €13 cells (Stoker and Mocpherson, 1964).

Herpes viruses
Por virnses

Bnoephalonyocard 1tis

Myzoviruses

Reo virugew

H

=13

L2

S

Herpes Simplex

Paeudorables

Vaccinia

& swall plague vardant of BMO
W45 strain of Influenza A
Fowl plague virug |
Néwea&tla dlseanse vivus

Roo type 3.



CHAPTER L.,

GROWTH _OF DNA VIRUSES TN WORMAL 13 CELIS.

It was necessary to obtaln preclse information about
the processes of viral infectlon of cells and multiplication
of Herpes Simplex virus, Peeudorables virus and Vaceinla virus
in BiK-21, Cl3 cells before the sensitiviiy of prehesated C13
cells %o {these viruses wasg tested. |

The ressons oy discussing these three viruses
togethor will beﬁﬂme,mbviouag

Herpas Bimplex virus has been studied in
embryonated eggs 2nd many tlssue culiure cell lines, L%
contains DNA Ffor its nucleic ecid (BenwPovs® and Xaplan, 1962;
Russell, 1962) and its site of multiplicstion in infected cells
is in the nucleus of the host cells (Crouse gb_als, 19523

Movgen el ale, 195435 Lebrun, 1956).

Psepdorablies virus has been placed in the Hesrpes
group of virugses because both ave pantropic, neuroinvagive
and preduce similar intrannclear inclusions (Sabin, 1934).
Morphologically virus particles.ave indistinguishable under
electron wicroscope (Morgan et._pl.s 1954). ‘sendorables 1is
s PDNA virvus (Beﬁ«?&rat'and Kaplan, 1962),

Vaccinla virus belongs lo the Pox group of viruses.
It has been gtudled in embryonsted epgs as well as in various
tissue culture cell lines. It is a DNA virus but the gra&p

of poxviruses has been considered unigue becsuse the synthesis



of viral DWA is induced in the eytoplasm of infected cells
(Qairng,1966 and Sheel and Msgee, 1961).
MATERIALS AND HMBEIHODS.

Hevpes Simplexs

| The HFEM stralin of Heypes Siumplex wvirus was kindly
SQppli@ﬁ'by Dees Wildy.  The virus had been derived from 2
single pock on the choriocsllantoiec membrane of an egg and
wag adapled to BHR=21, €13 cells by serial passsges. The
virgs seed vas prepsred in wonolayvers of BHR-21, C13 cells
growing at 329 in BIC (Farohem and Newton, 1959). Two days
after infection, cells weve scraped off the glags and were
disrupted in & small volume of wedium using 8 Dave S8oniclean
uliysonicator. The cell debris was removaed by centzilfugation
at 1000 rpm for 9 minutas. The aup@ﬁnaﬁanﬁ £luid was
dlepersed in 1.0 ml quantliies and stored at -70%. The
infectivity tiltve was 2 x 108 piu/mle

Pgendorabless

Paeudorables virus gyaﬁn in Hela cells wos oblained

by courtesy of Dy, Russell,. The virus was then adapted to
CL3 eells by three passages and the geed woes prepaved from
the culture fluid of the fourth psssage which had the
infectivity tlire of 24 % 109 pfu/ul,  The soad was shoref
g =70%C 1 1 ml allquots.
Vecelnias “

The Lister strain of Vaccinla, (kindly supplied by



Dre. Rozg), devived fvom a single pock on the chorloallantoie
membrane, vas grown 1n human amnion cells for two pagsages.
It was then adapted to Cl3 cells by three passages in
monolayers, incunbated at 370C for 48 hours. Two dayg after
infeetion of the monolayers with undiluved inocculum from a
third passage tissue culture fluid, cells weve harvested and
disrupted in o swall wvolume of medium using 2 Dawe Soniclean
ulirasonicator. The suspenslon wag spun at L0000 rpm for

minutes 0 remove cellular debrise. The supernstant was

A

X Py 3 Eic I * £
Gitrated for infectivity and had the titer of L4 x 1.08 piu/ml,

The seed was stored at -70% in 1 wnl guantilies.

e »

Infectivity assays

The sengitive plague technigue uged was devised by
Russell (1962a)who established the validity of this
technique by showing a linesr relationship between the
copcehtration of virvus and the nuber of plagues with
Herpes Sdumplex, Psaudorabies and Vaccinia viruses.

Aliquots of C13 cells containing %n x 100 cells
in BTC {where n is the anumber of petri dishes used pew
diluion) were gpun doun and the pellet of cells resuspended
in n wl of an appropriate virus dilution in BIC, Thig
coll=virug suspension was shaken st 39% foy 30 minutes fop
Herpes Simplex and Peendorabiecs vivus and for 60 minvtes
for Vaccinia tltrations. Then a further Wn wl of ETH op
BT0m wag added and 9 ml gquantitios of suspension were plated

in n number of 60 nn petrl dishes. These plates were then



incubated in a Sﬁ.cﬁg incubator at-37ﬂﬂ; . The presence of

“human aéﬁmm‘emmﬁaiﬁiﬂg aﬂtibgﬁiwg-ﬁa Herpeos ﬁimplax in BTH
pravenﬁéﬂhsaémnéary plague formation.  Inhibition of secondavy
gpiagues in thg.absémhe of specific apti-serum fop Pseéasrabias

and Vaeceinila virvus waéjaaﬁi&vaﬁ by adding Bagle's mediom
contalning earbbﬁg‘@éﬁhyl collulose (EICm). Care was haken

lnut %pv@nva the ﬂssa&hpléﬁ@s during incubatlon. Plagques 1L - 2 mm
1 dianeter appeared in 2?4%3 days. Plates were fixed with
IQ%Afﬁfmwlwsaline ang stain@é withlhaishménm’s gtain. Plagues
iﬁ@?@ counbed with a hand lens (zl).

Adsorpuion ratas

The adsorpblon paie af?virmﬁ@s on monolayers, &8 well
cas oo cells ln suspension was studied, as bobh wethods wewe
used ln subsequeht experiments.

On.monolayves:

A series of’ %Qﬁalay@w amlfﬁr@s wvas washed once with
trisw*alf solution and then lnoculated with 0,1 ml of virus
imaculﬁm diluted in BIC %o glve a knoun number of plagues
per plataes The infecﬁea cultures %3?@ incubated in g

humldified 5% Gﬂgiincmba%af at 37°C.  Every 30 minutes

. ?l&tes waﬁa'§eméVQq fraﬁ the ineubéﬁpr,-tha monolayers

vere washed 3 times with tris-calf solution snd then overlaid
with ager medivm and incubated at 37V, The plates were
_éverlaié with é ééeamﬂ léy@& of 0v@§iay éomtaiﬂing » OO
nettral red ab the end of 4 dayﬁ“in&&bétion period. Plagues

were visible ag- unstalned avess.



In suspensions

A number of % = & inch siliconed test tubes
contelning b x 100 ecells in each, plus 1 ml of virus
inoculun dilubed 1n BIC to give a kﬁmw& nunber of pfu/mi,
wvere lncubated at 37%C. The tost tubes were tilghily corlked
with slidcone bungs. The vicvus-cell suspension was genitly
stirred on a small wmagnetic stlurew. One tube per sonple
was taken at differvent time intervals. Cells were waghed

thiree times wlth Lris~calf solution to get vid of unadsorbed

| . o o _
vivrus, then the cells weve mixed with 1,2 % L07 normal C13 cells
9 | :

suspended elther in 20 wl of RTH (for Hevpes Simplex) op BiCm
(for Pseudoyables and Vaceinia),  The mixture of cell
smﬁp@nmiwﬁ was distreibuted Into four 60 mm petri dishes in

5 ml guantities per platce. The plates wvere incubated in a
CO, ineubabtor at 37°C for 2 « 3 days and then fixed with
formol-galine and steined with Leishmannts stain. Plaques
vers eounted with a hand lens (x ).

Sinele ston growih curve:

Wksmeaoai v

To study ﬁh@'mnewstep gxmwﬁh curve, the wmethod
adopbed was satuvation of the Qalls*by infection at high
maltlplicity, %o ensure that every cell in the suspension
was infecheds, (Tna virus-ceoll mixivore was incubated at 37%C,
IThput virus was yenoved by ﬁﬁerough.washiwgﬁ.anﬁ in the cage
of Herpes Sluaplex, by neutvalizlng anﬁibody; An equal number
of cells was ﬁiﬁp@ﬁs&ﬁ,iﬂ gepavate bottles vhich were

harvested at approprlate time Ilntervals, In each case

wd



e

infective centres were delermined, by platlng infected cells
during the latent pewiod, end intracellular and extracellulax
virug was messured togethew, by disruption of infected cells

by freezing and thawing three tilmes,

RESULTS ¢

Hewrpes Sinplex virugs

i Rk

Adsorption yrate:~» (a) On monolayer - A series of
monolayaers of CL3 cells was Iincubated with 0.1 nl of virus
inoculum containing 50 pfu/0.1 nl. Plates were vocked every
20 minutes to facilliate the even digiribution of inoculum.
Plge 1 shows that wore than 50% of wirus inoculum wasg
adsorbed within the Dirst 30 minates and the rate of
sdsopplilon greduslly incweased €111l it wveeched the maximum
level in one and hald hour where neawly 80% of the virus was
adsorbed. At 2 hours 1t was difficullt to neasure the rate
oi adsorpiion because of thermal lnactlivatlon.

(b) In suspeunsion - Results in FPlg. 2 indicate that wvhen

y % 100 cells were infected in sugpension with 1 ml of virus
inoeculum containing 400 pfu/wl, the adsorption vate was faster.
A maximum wag achleved in the fivet 30 miautes of incubation,.
The amount of virus adsovbed was significantly grester than

on thae monolayer.

Sinple-~sten growih curves

In ovder to deteprmine the eclipse periody duration

of single growth eyele and an aversge yleld of virus pew
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infocted cells, it was necessapy 4o vse & high multiplicliy
of infection. Apg@&xima%ely'g x 107 eells were infected
with 1 ul of virus inoculun containing 4 x 1.08 pfu/ml to gilve
an.iﬂpmﬁ“maltiplieity of sbout 12 pfu/cell. The virus-cell
mizture wes incubsted for 30 minutes at 379 by shaking on an
aubomatic shaker. After incubation, the virus-cell mixture
was treated with wmedium contalnlng huwman serumn with specifie
anti-herpes antibodles, for 20 minuwtes at 37%C. At the
end of this inaéhaﬁiaﬂ@ e¢ells vere washed twice with trise
‘calf solution to get rid of antlbodles, Celly were
resuspended in BTG %o give approximakely 1 = 106 ells per
il e Aliquotsa of 2 ml guantities wevre dispensed Into & geries
of % oz Yissue culture bottles which were incubaled at 37°C,
An aliquoet of eell suspehsion was further diluted, %o give
approximately 1 x 107 cells/plate, ond were plated fow
infective cenives.

The number of infective centres obbained was 62%
in this experiment. HNearly 409 Qf‘ﬁéllﬂ had failed %o
produce Infective virus ov (o wmake infective eenﬁﬁ@éf By
a Poisgonian dis%wi%uﬁiang 100% of cells should have been
infeateds I all the,cells wewe suscepiible, which may be
a wirong assumptilon, ﬁh&ﬁ the fallure of infeched c@llé'%m
produce plagques wmust be due Lo losg of imf@ﬁ%éd cells during
the manipulations. "fh tﬁaﬁ cage, the plating efflclency will
never be 100 per comb. ’

Pige 3 shows thet, following washing and treatment
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with immune gerum, SO0 viﬁms s6ill remained in the wmedlum.
The latent period exbended to betwesen 2 and & howes and

during that period there was a slight fall in residual wirug.
Following the latent period, wirus lncressed steadily o

raach the m&ximmm by 12 hours. The drop in the final yleld
gt 2% hdurs could be due %0 thevmal inactivation. The”
average yleld per infected cell was 80 pru/cell, This growih
curve i how known to be chavacterlstic of herpes virvus in

GE.B {3@115 ({:‘fﬁld ﬁ@i{“ ﬂlty 1(}63){5

ReAa LN

Paeudorsbles:

Mgorption rates: (@) On monolayer « A series of monvlayers

was infected with 0.1 wml virns inoculum conteining 50 pfu/0.1 ml.
Samnplos wvere taken every half an houow,

(b) In suspension = Approximately b x 100 eells were infected
with 1 wl of virug dilutlon containing 480 pfufml. Samples
were baken at varlovns time intervels.

Piges % and § indicate that the adsorpiion rate in
guspension, 1ls faster than 1t Is on monolayers. Nearly 75%
of wvirwg inoculum was adsorbed when infected in suspensilon,
as compared to 69% adsowrpiion on monolayers.

elngleeaton growbth curyes

The qmaﬂti%i@s_us@é in the single~step growih curve
were 2 % 167 cells and 1 wl. of virus conbaining 2.4 = 1,08 pfu/ml,
this gave a mpultiplicity watioc of 12 § 1, The virusecell

mizture was incubated for 30 minutes at 379, The cells were
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washed & times with twis-calf golution to get rid of unadsorbed
virng., Cells were resuspended in fresh BIC end dispensed in
2 ml amounts conbaining approximately L.b x 1.06 eellis/ml in
tlgsue enltnre hottless  An aliguot of cells was used fov
the estimation of the number of cells yielding virus. Nearly
140 eelle per plate were plated.

Pigs 6 shows that the Llatent period extended over
2 hourss during that p@riaﬁﬁfeﬁidmal virug rewmained at the
goma levele Affer 2 hours, virus multiplication incressed
rapdily and mazimum growth of virus was obtalned by 10 hourg,
after which furthey incubation 4id not have any adverse effect
on the infections titre of the virus. In this experiment,
35% of cells produced infective cenitres. The yileld per
infected cell wag nearly 800 pfuw/cell,

Herpes Simplex vivus grew at a slover wabe in
BHE=~21, C1l3 cells end had a lower yleld per infected cells
as compared to Pgeudorablies wvirug in BHE-21l, €13 cells.
Blwdlaw vesults were obtalined in pabbit-kidney cells by
Kaplan (1959).

Vacaindas

Adsorptlon »rate + (&) On monolayer « Monoleyers wevre infectaed
to gilve 110 plagues per monolayer. Fig. 7 Indicates that
maxinun adsorpbion is achieved by 60 minutes snd approximately
63% of wvirus inoculum is asdsorbed,

{b) In suspenslon - Approximately % x 165 cells were lnfected
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with 1 wl of wvirus containlng 9550 pfu/wmi, . Although wiﬁhiﬂ
the Liest 30 minutes the aﬁsaﬂp%iaﬂ.rake was Tfagter than
that on mopolayer, the meximum adsorption was only veached
by 60 minutes, as will be seen frow Fig, 8,

Sinele~gtep growith cyvele @

¥

Byielly, the procedure was asg follows,  Approximately
3% 107 cells were infected with 1 ml amount of virus Lnoculum
contalning ekt % 108 nfu/wly which gave @ mml%iplieityAfaﬁiﬁ
of 5 3 1 approximately, Higher mmlﬁi@liaitia& weve avolded
as GL3 eells were found to form clumps when mixed with wacelinls
TiIUS o The clumps Tormed were lavge and could not be broken
by pipetting. At lower multiplicities, cells shoved less
bendeney to ¢lump and cells could be separated easily by
pipehting.

The virus-cell wixture wes incubsted for 60 minubes
at 3749, The vate of adsorption of wvecclinia s slover as
compared o Herpes Bimplex snd Pseudorables. Hence, o
longer incubstion period was usoed, Al ey im&ubatian, cells
ware washed wlih tris-calf golutilon at lesgi three times to
renove extracellular vivus. Cells vere resuspended in
B¢ %o giva approximately 1 x 1.00 cells/ml and risby;huhwﬂ
in %issue culture boltles in 2 wl amounts. t the same tips
colly were plated fow infectlve centres. The numbey of
infective centres estimated was 52%. The growkth eycle of
vacelnia ls represenited in Plg. 9 which indicates that

vacecinia grows a® only a slightly slower rate in BiK-21, CL3
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cells ag compared o Herpes ﬂimpiax'anﬁ Psendovables. The
Llatent pericd was aboub % hours and after b hours vieus conbinued
to grow $111 1% hours when the maximum yleld of virus was
dbtéined. Once the maximum level was reached, 1t remained
gtable on further lneubatlon ap to 2% hours, indicating that
virug ig not greatly lnectivated by heat. The yield per
infected cell caleulated from the number of infectlve centres,

was 79 pfu per infected cell.



CHUAPTER 9.

GROWTH __OF DNA_ . VIRUSES _IN HEATED CBLIS.

The ability of BHEK-21, C13 cells after emposure to
heat, %0 support the growth of Hevpes Simplex, Pseudorablies
and Vaccipla vizrus, yaa,d@%e?miﬂed by the formation of
Infective cantres. EXHfGC%iVG gcentres ave the plaquéﬁ Formed
by single infected cells and glve a proporiionate estimetion
of the fractlion of infected c¢ells capable of producing hew

yivug in a cell population.

METHODS 8

Infective centre sssay by the suspension method:

A single cell sungpension from schively growing CL3
cells, was prepared and counted. Aligquots of 1 ml quantities,
containing about 1 x 100 cells/ml, were dispensed in a
number of % x 4 siliconed test tubes. Cells were exposed
w0 gupraoptiimal temperatures Covr 15 minubes by placing the
tubes in a water bath adjusted Lo the required temperature.
The ¢ells were then sedimented by centrifuging at 1000 rpwm
for § minutes, and wesuspended in 1 wl virus diluted in ETC
to glve a high input ratio. The cell-virus complez vwas
dncubated at 39W. The cells vere kept in suspension
during the adsorption @e?iad by stivring on a wmagnetic sbivrer.
After dncubation, the cells were washed L {imes with BIC %o

remove unadsorbed virusy and resuspended in 1 wml of EIC,



0.5 ml of it was further diluted to give 2 ml of cell
smﬁpemﬂianfaamtéiniﬁg approximately 800«1L000 cells par
millilitwres  One millilitve of dilubed suspension was used
for infecilve centres, and the remainder was frozen and
thaved throe times, and titwvated for any cell-associzted ov

anadsorbed virns. Infected cells wvere mixed with bn x 106

- normal cells suspended in 5n ml of Bagle's medium (1.3 times

novimal strengthl), containing carboxy methyl cellulose, and
plated in % ml amount per plate (n stands fov th@rnmmb@r of
peiri=dishes)s The plates were lheubated at 37°C in a CO0
iﬁéubatay; Care was taken not 4o di$tmrh the plates to
provent the formation of secondary plagues. At the end of
3 days, plates were fixzed with 10% formol saline and stained
with Leishmann's stain. Infective centires were counted wiih
& hand leno.
Cell counts - &ali counts were done Lin a haemoeybomeler.
An equal emount of Q5% trypan blue wéﬁ added to the
vemaining 0.5 ml of undiluted c¢ell suspension, and only
unstalned cells were counted. Doublels were counbed ss one
and triplets were counted as twoy, which formed less than 1%
of the total cell suspension. At least 200400 cells were
counted per éampl&é, '

. ,

Complenent fixatlon tesis

Antisera -« (8) & pool of human herpes-immune serun was
nsed in titration of Hewpes Sdmplex C.F. antigen.

(b) Anti-vaceinial serum prepared in the rabbit was kindly



supplied by Dy, Ross and was used o measure Vacclnia C.F,
antlgens

For the complenent fixetion tests, serial Hwo-fold
dilubions of the antigen were prepared in vevonal buaffew
nsing 0.1 wl volumes. To the respective servies of dilutlon
wove added 0.1 ml of complement (2 units) diluted in veronal
buffer and 0,1 wml of dilnted specific antisermom. Afteyr
primery ineubstion at 49C for 24 hours, 0.1 nl of gensitized
sheep red cells werve added o each dilubtion and the test wasg
pead after forther incubation at 379 for 1 bouw. The last
dilution of antigen gilving complete haemolysls wag taken
ag the end point. The resulis wore expressed as anbtigen
upits per millilitres
RESULES ¢
Herpes Sinplex:

The cells expossd to suprsoptlmal %%mpara%mraa for
15 minntes were lafected in suspension with the HFEM shrain,
to give a mulviplicity vetio of 1k pfu/cell. The virus-cell
mixture was incubalted for 30 winubes at 37", Whe
mininum number of 800 infected eells pey somple wore plated
for infective centras. Infective centres weve vead after
three days of incubation at 37Y in a GOy incubator. The
frozen and thaved eontrols were lncluded in all euperliments.
This gove less thar 1 plague per peteri dish, and this
excluded the posgiblility of formetion of infective centres

due to free viruas,



Tt was found that the number of c@lis forming
infective centres fell with the vise in temperature to
whiich cells were exposed. The wesnlis of two experiments
arve shown in Fig. 1. In one of the experiments, cells
weire heated to five diff@fent temperatures and the abllity
of these cells to fovm infecltive centves was compared with
that of normal cells. 67% of the noemal cells produced
infective cenires, as againgt 100% by theoveticel estimation.
rells heaﬁéd at EQQC'gave the same humber of infective centres,
suggesting that the sensitivity of Cl3 cells to support virus
growth was resistent tb a bempervature of 399, In the
second experiment only 52% of normal cells Fformed infective
centres, The vessons for this discerepancy are not known.
The number of infective c&mtr@é obhiained with the heated
cells are compared with that of nornal cells and ave
plotited on a relative scale In Fig. 1. It indicates thatl
nearly 20 to 50% of cells éxpmsaﬂ ﬁmrtemﬁeratarea betiveen
219 and 43°% falled to induce plaques, and nearly 80-100%
of cells became resistant %o infection when hested at WyYC
and h69C, |

It 1s important to vecolleet that the number of
‘cells unable to stick %o a glass or plastic surface,
increases with the rise in temperature of exposuve (page 21).
The reduction in ntmber of infecllve centres conld have been

due Lo faillure of cells to get attached owr setitle on the

pla%@sg Herpes viwvus is unstable at 379 and this instebililty

A
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Fige 1 Herpes Simplex ¢ The ratio of
infective centres formed by
preheated cells to the number
formed by normal cells.



1s probably respongible for the aﬁﬁanﬁe éf infective cenlires,
glnce virus released from infeéﬁéd ¢ells can becone inactivated
by the time 1t has diffused through the medium containlng
cavboxy methyl eellulose, To ﬁﬁermame this difficuliy, a
monolayer method was tried (described on page 66). The
infected colls were plated on to the monolayers. . A smali
amouht, about D;S'ml, of agar overlay was graduslly dellivered
on to the surface of the monolayers and allowed to havden,

and then 4.5 ml of agar overlay was poured onto the thin
layer vhich prevented cells from swirling into the sgar at
varlous distances from the monolayers, AL the sewme tlme,
infected cells were plated by the suspension method. Results
iﬁ Table 1 Iindleate that reduction in the fafmaticn of
infective centres is not due to the failure of cells to

stick to the surface. It also shows that suspension

method is a more sensitive techaique than the monolayex
method,

Virug atiachment:

Perhaps heated cells were not infected because
heat had so altered the surfsce as %o prevent virus
attachment. The adsorpiion ratoes of Herpes Simplex virns
o normal and heated cells, heated ﬁO'ﬁﬁﬁﬂ, were compared.
A series of siliconed tubes,.conbalning normal snd heated
cells svspended in L ml of wvirus inocculum cmn%aiﬁing
WO pru/wml, was incubated at 379 A% various tilme

Intervals the cells of two tubes, one conlaining a novmal
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collwmvivus wixture and the other heated cells and virus, vere
spun down and the supernstant Tlulds were ﬁit?aﬁea for the
reglduel virus. Date presented in Fig, 2 demonstrates that
the adsorption vate in both cells is the same, thus rullng
out the possibility of cells helng nol Infected because of
pon=adgorption of virus.

The steps subseguent o atitachment, penetyvatlion and
eelipse were not specially studied. The absence of callw
asaoelated vivus in the frozen and thaved controls of
infective centves, lndicated that adsorbed vipus was none
infectiious dnring the latent peyriod, that is, it had gone
into eclipse.

A comparlson of vival growth in normal and heated
calls was mado. Since 80-30% of cells falled %o produce
infectious centres when heated at 45O, it was considored
as a suitable tewperature for comparlson.

Sinele ghen growbh curyas

Bingle step growth curves were performed and assays
wvere made on the votal infectlve centres, total intracellular
virus and the apntlgen production.

Cells exposed Yo a temporature of 45U for 15 ninutes
in number of silicongd test tubes, were pooled together to glve
approximately 3 x 107 gells. 4 pool of fresh cells
contalning about the same number of cells, elong with the

ponled heated cells were infected with Herpes Simpley vivus
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at a'high input multiplicity of infecilon. The wvirvugecell
mixﬁmreé wepre incubated at 37°C for 30 minubtes on an
antomatle shaker. AU the end of lncubation, cells were
washed W times to gebt rid of unadsorbed virus, The cells
were reguspended in BIC and distributed in small tissue
culture bottles, 1n 2 wml amounts, qmmﬁaining appﬂoﬁima%ely
1 x 100 cells/ml., An sliguot of cells was taken Tor
estimation of lofective centreg. Samples Crom both sebs
were btaken at various time ihtervalsy cells were harvested
and spun down at L0000 ppm for 5 minutes, The pellet of
cells vas suspended in 1 ml of distilled water and diszrupted
by treatment in a Dawe Soniclean bathe The compleleness of
disruption was determined by microscopic examinations
Cellulary debris was sedimented by centrifugatlon and the
supernatant fluid was used for sssay. The resulbts of both
curves are sumparised in Fig. 3.

Noymal cellss

b

After o 4 hour latent pewlod, the titve of
infectious virus rose, to glve a nagimum yleld at 12 hourss
WO% of the cells plated for infective centres formed
plagnes. The yield per cell was eslculated Tvom the total
apount of virus and the total number of Infected cellg. The
yield of infectious virus pef infected cell rose from
«O0% pfu/cell at 2 houre %o 200 pfu/eell at 12 hours.
Antigen, measured by the complement fixation test, was

detected by % hours and reached its meximuwn level by 12 hours.
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Fige O The multiplication of Hexpes Simplex in normal
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N and H vepresent the number of infectious centres
obtained wibth normal snd pre-heated cells respectively.

0 yield of infectlious virus in normal cells.
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Thoe entigen and infectivity curves wvere nolt parsllel and
the difference ecxpressed ag g ratio between lthe highast
yield of infectivity (pfu/ml) and antigen (C.8, wpdt/ml)
was lﬂk“glﬁ

Hoated cellg:

The infections wvirus was not detected uaﬁil
6 hoursy and then gradually rvose 1o reach its maximum by
20 hours. Only 2% of the cells plated for infective centres
were recorded to heve formed plaqﬁea. The yield @em
infected coll was 50 pfu/cell. The complenment fixing
antigen first appeared by 6 hours, itwo hours later than
that of normal cellg.  The syntheslis of entigen was
completed by 20 hours. Aince the antigen and imfeaﬁiviﬁy
curves were not psvallel, the ﬁiffer@nae was expressed as
ratio betveon the two and was 19%’1@.

The appeafamée of infectliouns virus snd antigen
was delayed in heated cells, and the time veguired for the
completion of & single cycle was more than thatg fequiyeﬂ
in nnheated cells. When the growth curves of infectious
vivrng and anﬁigéﬂ in unhea%eﬁ,&nd:haat&d cells were compaved,
ag seen in Fig. 3, 1% became @vidéht that the slopes of the
curves were the gsame, which meant thet the rate of virus
multiplication in normal and heated cells was the same. The
prolonged latent perilod @ight be due Yo undetectable gusntitles

of virus in the early part of the cycle. As only 2% of heated



cells took part in the vizus production as agalnst WOF

noyrmal cells, the amount produced by these cells was prebably
too small to be detecied by the present method of titration,
and 1t was two move hours before meassurable amounts were
gyntheslzed, The yield per unnheated infected cell was

200 pfuw/cell and for the heated infected cell was %0 pfufcell,
about 75% lees than the normal call,

The infectivity tov antigen yalbios in normal and
heated cells were LoMe5l and 10“'10 regspectively. The
difference in the two retios is sbont Ok log. These resulis
imdieate@ that, although heated cells made less infectious
virug, they produced nore antlgen.

It is koown that the most of the: antigen is situated
in protein which is not incorporasted with the pariicle. The
exaceas of aniigen way thus vepresent protein which was
excluded from pevticles by chance or else wes never destined
to become incorporated. It was possible that th@'heated
cells which sti1l produced virus were partially damaged and
needed to make more antigen than normally reguived beforve
the infectious virus was formed.

Another possibility is, thatl more cells took part 1n
viral synthesis than produced infectlouns virus. The cells
producing antigen slone could have heen detected by the
fluorescent stainlng technigue.  Bul because of ltechnical
difficuliles of stalning rounded cells, thils {fechuligue could

not he used.



Psaendorabiess
| The sensitivity of hested cells to Pseudorabies
virus was similarly tested by formation of infechious
centres. The resulis obtelned were similar to that of
Herpes Simplex and aye shown in Pig. 4,  Further information
! )

regarding ettschment DL virus, nature of mulbvpcha’ion and

production of antigen and infectious virus was not obtained.

The simllarity in resulis between Pgepudorablies and
Herpss Sluplex was not surpyvising, as these two beélong o
%hﬁ game group of viruses and ave similar to each other in
Many waysa Vaccinia virwus differs from these tvwo viruses
except in one respect, that all three have DNA foy their
nuelelic acid. The behaviour of heated cells towards
vacelnia was a mabter of speculstion, Hence, synthesis
of vaeccinia in heated cells was investigated in much tﬁe
game manner as with Héﬁ@es Simplexa. ALl the experiments

ware done under sinilay conditions.

Betimation of infectious centres?

Nermal and heeted cellsg were infeclted with wveccinla
with aﬁ input multiplicity of % %o 1, and cells werve
inenbated at 3700 for 60 minutes. The cells were maintained
in suspension using & magnetic stivrer. Aflew ﬁhé adsorpiion
period, cells were washed thowoughly to get rid of unadsorbed

viruse. The cell suspension was Turther dilvubed and counted,
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Fig. 4 Paeudorabies & The ratio of
infective centres formed by
preheated cells to the number
formed by normal cells.



About 800 o 1000 cells pér sample werve plated for the
formation of Infectious centres. PFrozen and thawed

controls were included in every experiment. The percentage
of ¢elleggsvcisted and free vivus was never move than 1%.

The results of such twvo experviments arve shown in Fig. 5. L
both the experiments the percenbage of infective centres was
62.1% and 5%.4% respectively, which wae less than theoretical
expachations., Pige. 5 shows that the number of cells foeming
infectlve centres had deareased as the ltemperature of
oxposure had ilncreased. On exposures to temperature BLOC
and 43 nearly 20 to 50% of cells Llost their capacity to
grow vaccinla, and at and above 459 90% to 100%Z of cells
were nnable t0 synthesize vaecinia.

Virng stitachients

i

The Tailure in formatlon of infective centres was
not due to the falluve in virus adsorption, as shown in
Fige 6.

gingle-gtep grouth curves at two different temperatures:

et

The grouth curves in noymal cells and in those hested

to a temperature of US0C for 15 minutes, were compared ahd

sumnnarized in Fige. 7.

Normal cells
The growth cuvve obtalned with normal cells was
characteristic of vaccinle growth in C13 cells, previously

degscribed oh page 39. The antigen produciion was
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Fige 5 Vaccinia ¢ the ratio of infective
centres formed by preheated cells
to the number formed by normal cells.
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detectable vy I hours and resched ite maxinmum synthesls

ghout the same time as infectious virus by 18 hours. The
number of infections centres obtained, was 70% and the yield
per infected cell was 143 pfucell. The lnfectious wirus
apnd antigen wag expressed as the patlo of the two and wvas
10*s61.,

Heated callse

The production of lnfectious virus and antigen was
apparently delayed. The slopes of the growth 1n normal
and heated cells were the same, indicatlng that the rate of
virvus multiplicetion in both ceses was probably thg BolE.
Only 2% of heated cells formed infectious centres and the
yield per infected cell wag 50 pfu per cell. The watio
betwesn infectlous virug end anfigen was 10”'1Q~

Once again, the results indicated That the heated
cells produced wmore shtilgen snd less infectious virus as
compered to normal cells. A simllar difference in the
behaviowy of heated and normsl cellg was observed with
Herpes Simplex. The pogsible explanations have alyeady
been considered.

The results discussed sbove show that the exposure
of cells to supraoptimal temperatnres makes them insensitive
0 DUA virus infectlon. The decline in sensitivity begins
at about the ssme temperatuve, anhd falls at about the saue

rote as the plating efficiency of BIK-21, C13 cells.



CHAPTER 6.

GROWERH OF BNA VIRUSES IN WORMAL Q1% CHELLS.

It was essential to examine the growth of-
Bnceephalonyocardlils, Myxovinruses - a neurotyople strain
of Enfluensa A4, Nw&, Fowl plague wirus and Newveastle disease
virng = and Beo virews type 3 1n nowmal C13 cells, prior %o
thely éﬁudy in cells exposed to suppraopbimal temperatures.

Eneephalom&mcarditis virus belongs to the group of
Mango virvuses. It is one of the small REA viruses. The
site of its synthesis 1n the ilnfected cell was a matter of
contiroversy, but recenlly Bason and Smellie (1964) have
conflvmed 1ts synihesis in cytéylasm, It has one advantage
over the other two gvoups to be digcussed, that its RNA
nucleic acid hag been isolated asnd shown to be infectious in
€13 cells (Milliken, unpublished). In addition Breeze (1.964),
in concuwrent studies, has examined its growth in CLl3 cells

*

in detvail.

Myxovirusess

There are two maln subgroups of the myrovivuses
which ave known to be RNA virnses (Ada, 195735 Ada snd Pervy,
195%) but from which infectious RNA has never been
satilsfectorily isolated. (For & possible excepilon see

Maasaab, 1959 Portocala eb al., 1961.) However, all ave



characterlsed by the synthesis of a soluble antigen, 1.0
riﬁm&aelau»prwteing which becomes enhclosed in an envelope
that incorporvaites particle antigen, Ll.e, haemagglotinine
Only in the influenza viruses the soluble antigen is
gynthesized in the nuclews and the haemagglutinin in the
cytoplasm, while in the otheyr subgroup, the mumps,
Néwcaﬁtle diseagse virus, pare-influensza viruses, both
antlgens are syathesized in the cyloplasm. Because of
theée diffef@msesg 1t was decided 4o examine the vivuseg of
influenza and Fowl plagﬁ@ from one subgronp and Vewcastle
disease virusvffom the other subgreoup, lest heat should
veact differvently on the nuclear and cytoplesmic synthesis
of virus compﬁﬁ@nﬁﬁ. Fowl plague virus and Nowecastle
~disease virug were alrealdy known, in this labowatory, to
form plaques on monolayers of Cl3 cells, NW3, tho mousew
neuxatropié stpain of influenza A virus,; was added when
Milliken {unpablishaﬂ) found that it also, but not othew

influenza A strains, produced plagues on Cl3 monolayers.

Rao viruses arve recenily isolated and very 1ittle
ig known aboul them, They have characteristic inclusion
bodies which ave alusys 1acated‘éroand the nueleus. The
synthesis of néw vivug in the infected cell is said Yo take
place along the fibwres of the wltotlice spindles (Spendlove
eb.ale, 19635 Dales, 1963). There ave speculations

vegardlng the infectlous wibonucleic acid, There ave



ha® &

vensong Lo beliceve that the RNA of Beo virus ig double

stranded (Gomatos and Tamm, 1963n, 1963hL).

MATEHRIALS AND METHODS:
Viznsess
Bneephalonycarditis (BMO) ¢

A small plague variant of encephalomyocarditils
virus lsolated from & single plagus and passed several times
in Imeoalls, was kindly supplied by Dr. Breeze. It was then
grown in BHK-21, 013 cells, It prev veadily in CL3 cells
and the stock virns was prepaved from the tissne culiure
£fluld of the second passage which gave a titve of 2 x 108 nfu/ il
The stock wog (itvated by the plagus method. The plagues
appeared in 2% hours in the presence of DEAE dextran. Vivus
stock was stoved at «70°% in 1 nl gquantities.
Myxovivrusess

NW5, Fowl plague virug and Hewcastle disease virus,
grown in epgs, were kwindly provided by Dr. Fraser.
WS géraln of Influenza A& (NWE) s

The seed of HWE was prepared by suballantolce
Inoeulation of 11 day old eggs wlih 0.0% ml of infected
allantole fluid diluted to 10D to 106 ip BEC, The epes
vere lncubated for 48 hours at 37°C. The allaptoic fluide
were c¢ollected snd stored at 700G, The stock wes assayed
for infectivity by the plague technique and fop hasmagplutinin

activity by the gerlisgl twe-Ifnld dilution method. Thé plaques



appeared in four days. The Infeetivity and HA Hitres weve
5 = 108 pru/ml and 2,9 % 103 HA wnits/ml, respectively. The
pfu/HA ratlo of the stock virus was of the order of 105430,
The ratio of infectlvity titre in egpgs and in C1l3 cells was
neavly unily, 1ndieaﬁiﬂg'thah-wna infections unlt was needed
$0 inltiate plaqﬁé formation in C13 3@113.

Powl plague virus (FPV): |

| The stock'bf PPV was vprepared in the same manner ag
aghove and stored atb ~7GQG. The seed was titrated on GL3
monolayers and plagues were scored at the end of b days.

The titre of the seed was L.1 x 108 pruw/ml. The HA titve
wag 1.2 x 103 HA units/ml. The watio of egg infectivity
titre (BID50) and plague forming unilés (pfu/ml) in CL13, was
almost wvnity, whieh indlcated thaet one infectlous unit formed
one plague in GL3 ocells,

Newcastle digsease virug (DY)

Begpg grown MOV wvae adapbted to CL3 cells by fonr
passages. The tissue culture fluid of the £ifth passage
had the titre of 1.5 x 108 piw/ml and was stored at -700C¢,
The hgomagglutinin titre was not determined as it wag
produced in very small quantity ahntt gave variable resulis
at different tempersatuves. |
Reo virus:

Beo type 3 grown ln monkey kldney cells was obhained

by eourtesy of Dr. Rosg. It was then passed in BIK-21, C13



- gells seversl times. It grew slouly in €13 cells and took

3 %o N days>b&fore the majorlity ol cells showwd'cyﬁmpa%hia
changes. BHK&ng #13 cells were generally grown 1ln the
medin containing 10% calf serum (BTC), since cald serum
Inactivatos Reo vipus (Rhim and Melnick, 1961)9 cells were
'gﬁoﬁn in a medium containing 10% hovse serum, Inachlvated atb
56O fop ié minutes (HETHz). The cells wewre subcultured twice
L din ETHr before belng used foy ihe serial PASSOEEs, The stock
vas prepaved from Bth pasﬁaga materiale Cells were harvest@d
on the fourth day after infection and suspended in & small
amount of the éupawmatant flald. The cells were dlsrTupted
in a Dawe Soniclean nlirasonicator, cellulay debris was spun
down a8t 1000 ﬂpm_far 5 minutes and %hé supernatant was gtored
gt -70%, The iuf@eﬁivihy titve was assayed by the plaque

technique and waé‘z‘ﬁ 1.07 peu/nl.

Plague method for assavi

| The virws wag tltrated. routinely on CL3 wonolayers,
prepared by plating 3.5 % 106 eells/5 ml of BIC ih 50 mm
petri dishes and incubabing st 37°C in Y% €0, incubator

For 2% hours. Plates were bthen washed once with tfiﬁncalf
solutlony end 0.1 wl of viﬁdﬁ inoculim diloted in BTC was
added to the mﬁﬂpi§y@ra, ”AG$mrptién of virus to the
fmbnniayerg GEE allaw@d.ta proceed at 379 in a Gﬁg incubator
fbxié speelfic length of time, depending on the virns used.

At the end of adsorptlon, virus inoculum was removed and



5 ml of agar overlay were added to each plsate. Ih sone
gxperiments, @.g. adsovrption tests, monolayers were washed
to remove excess of inoculum before additlon of overlay,
but 1t was later found to be unnecesgary because the same
plague counts weve obhainsd in both washed and unwashed
plates. "he overlay consisted of 1.3 Bg. sallne, 5% calfl
serum, 0,97 Woble agar and 10 pg/ml DEAE dextvan. This
ovrerlay medium was used foy all viruses exceph Reo virus,
DEAE dextvon was routinely included in the overlay medinm,.
EMC small plague variant grew yapidly and attalned a lavge
sized plague in the presence of DBEAR dextyan,

The growth of myzoviruses was hot hastened in the
pregence of DBAR dextran, but the plagues forwmed were more
rogular in shepe and distinet than those grown in the
ebsence of DBEAS dexitran ov with Difco Bacto agar overlay.

The second overlay containing 0.,004% neutval ved
was added to the pletes in 2.5 ml smounts, at the end of
the lncubation perlod, i.e. 8t the end of 24 hovrs for
EMC, 4% deys for WWS, TPV and MV and 6 days for Reo virus.
The plates were incubated for a further perlod of 6 houvs
and then nlagues were scored ag visible unsteined areas.

The overlay used for Reo virus contalned 1.3 Eg. saline,
1.2/ Noble agar, 1% yeast extwact and 0.1% bovine albumens

Antective contre assays

Sufficient virus was added to a suspension of C13

caells in BIC to Insuve that every cell was infected, The

b T
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ecell=-vivus mixture wag incubsted at 379 and kept in
suapension by eontiannous stireing on a magnetic gtivrer.
The test tubes contalonlng virus-cell complex vere tightly
corked with silicone bungs. At the eénd of the adsorptlion
time the cells were geﬁtéifug@d and washed in BIC three
times to remove unadsorbed virus. The cells were
resuspended in 1 wl BIC of which 0.5 wl was furihev diluted,
and 4o the remainder, 0,5 ml of 1% trypan blue was added and
nsaed for counting. A known number of esllé in o voluwe

of U.l wl was graduslly added Lo once washed Cl3 monolayers
and allowed to spread. The plates were then replaced 1h g
COs incubator at 379 for helf an hour, which allowed cells
to settle on the sheet. After half an houw C.% nl of
overlay wmediun (sawe as the ane“uﬁéé for plaghe assay) ﬁas
poured on to the monolayers and was alloved to havdens

Thils immobilized the cells aﬁﬁ prevented them fyom swivling
into agar when the remalning 4.5 ml was added, The platoes
wore incubated at 37°C in a 5% €0, incubator. Generally
four plates pey sample were used. Th@ yemainder of the
¢ell suspension was frozen snd thawed four times during
latent peviod, and titrated for uhadsorbed and cell-associated
virus.  The plates vere stained wlth a second overlay
containing 0.004% neuiral red st the eﬂé of incubation period.
Tho incubablon time for each virus was the sswe as that for
plaque asgay. The infectlve centres appeared as unstalned

areas and veve counted by the naked gye.



IQuamtiﬁative haemagglotlnatlons

| Titrations were done in plastiec HA trays,

BMG - Barial 2«~fold dilmﬁiamﬁ in &lmaaqa/ﬁﬂﬁ/ﬂ Auino

buffaf wore made of Lhe virug inoculum o be bested. 0.k ml
of 0.14 suspension of sheep's roed blood cells in glucose/PBS/
galatine bulfer wore added to 0.4 ml of each dllution. The
Hltrations ware left atb +h0ﬂ overnlght and read in terms of
the pattern formed by the ved blocd cells ab ﬁzm pothom of the
tubes . The last dilubtlon of the virus preparation glving
definate evidence of agglutination vas taken as the end point,.
The results are expressed in terms of hasmagglubinating (HA)
units/ml,

NS and BPV w Serdal 2-fold dilubions of 0,29 ml of

wirus lnoculum In normal saline were made Go whiah 0,25 ml

of 0.5% guineaplg red blood collé wore added to each dilubion,
Tha trays were lncubated at room Gemperature. The readings
were Gaken at the end of I hour, the end polnt belng the

lagt dilution showing evidence of agglubinatlone The rosulis

vwere expresged as HA ublts per millllitve.

RESULIS 3
Eneephalomyoccardiyiss

| To establish the most convenlent interval fown
adsorptlon of virus to GI3 eells on monolayers and in
suspension, the adsorpblon rates were studled.

Monolayers were Infected with 0.1 ml of lnoculuam

6t



contalning 50 pfu. The plates were incubated at 37°C in a
GOq incubator and, at intewvals, a set of four plates was
withdrawn and washed three times with {ris-calf solution.
An agar overlay was added to the plates and incubated fox
2% hours at 37%. As Pig. 1 shows, 80% of virus was
adsorbed in 60 wminutes. A standard interval of 60 ninutes
was allowved for sdsorption of virus in the plague assay.

The adsorpllion »ate by sugpended cells wvas determined
by tltwating the supernatgnt fluld at intervals for residusl
wivng,. The cells were suspended in 1L ml of virvus lpoculum
conttaining 240 pfu/ml. Fig. 2 indicates that aboubt 88% of
the virus was adsorbed in 30 minutes, and there was veny
Little further adgorplion.

Blngle~ateon sroyth curvas

Informaetion about the growth cyele of EMC virus
wag obtalned from the single-gtep grovth curve. A pellet
of logarithmically growing €13 ecells containing aporvoximetely
L x 107 cells wore suspended in 2 ml of neat virvus to give an
adsorbed multiplicity of 10 pfu/cell, The virusg-cell mixture
was ineubated at 37N for 30 minutes. The cells were keph
in suspension by shaking the mixture automatically. The
infected cells were centrifvged and washed Tour tdimes in
BYC and resuspended In BIC at 8 concentration of approximately
1 =x 106 cellg/ml. Aliquots of 3 ml guantitles were dispensed

into % oz tissue culture botiles. The bottles were gassed
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with ﬁﬁp and Lncubated ah 7”&. | During the latent pey%ﬁd a
known number of ceilsgwas plated For infective centres.
Gamples were taken aL different time imhewvgla and %ha total
yleld of virus was determined. |

The resulbs ave shown in Filge 3.  Phe solid line
Fepresents total infections virﬁsg while the broken Lline
indicetes haemagglutlnin sctiviiy. The virus formation
baegan snﬁawhere betwesn 2 and 4 hours émﬁ'was campiete'by
10 houzng. Ha@magglmtiﬁi& activity épﬁearad at tn@ same
time asg infectious viras and vesched a maximﬁm level by
8 hours, The plating efflclency of the infective cenire
was Y14 in this exparimenﬁ. The yield per ¢ell wasg
caleuloted based on the tobal yield of virus and the nbmbew
off Lnfegbed cells ma judged from the percentage of infections

centres. . The bu?u size was about 280 pfu/infected cell,

The mrate of virug adsorption to mnnmléyers‘amd to
the cells In ﬂaﬂpemsiong was' deteruined in order to choose a
convenient adsorptlon period for ywawth studies, Pige, k&
and ? haw that maximum ndSGWP@TQﬂ by both methods was
achieved by 30 pinntes.
Growhh curve:

The observation by Hillik@n (unpublished) that NWS
produced plagues in C13 cells, provided an nppovtanity TO
axamine therelation betwaeg input multlplicity and incomplete

virus formation. Milliken (unpublished) showed that



f =W

37
/o/fo—\#\o
] ///P
2
S 4
&
5}
]
ta
x
g
i
° R tL BT S
go o7 13
f= .,
- K :
i , z
[l ’
Z 2
& e
~ u
'Z,'_) ~
;‘-T 2 ‘:_!‘
3
4]
-
£
3] 11
3 J
3 o
r T T T T T 1 i
[s] 2 4 6 8 10 12 24

TIME - HOURS

Fig. 3

igs 3 OfULe : Single step growbh cycle.

0 =~— 0 yield of infectious virus/infectious centre.
® —— & yield of haemagglutinin/ml.



80]
.—-/M.
§
x40 Fige 4 Adsgorption of NWS
g | to Cl3 wmonolayers,
OA
o 30 60 90
TIME - MINUTES
Fig, 4.

-

500
8
Figes b Adsorpbtion of NWS 3
to Cl% in suspension s

SUsp on. ' 250

g 4

100!

o 30 60 . 90

TIME - MINUTES

Fig. 5.



multiplication of HWG in this systen was dependent on the
multiplicity of infectiony, higher multiplicitles accompanied

by incomplete virus production. Bhe also shoved thet the
paxdnun complete virus s produced when there is a mulitiplicity
of one particle per cell.

The Tivst cycle yilelds were determined and compaved
at two different multiplicities. Multiplicity 1n the sense
adoptell here repvesents the number of plaque forming unilis per
cell, Two sets of C13 cells conteining 4 x 107 cells were
suspended in 2 ml smounts of vivus lnoculum, to gilve
multipliclties of approximately 10 pfu/cell and L pfu/cell
raspectively. Pollowing an adsorption period of 30 minutes
at 379, the cells weve washed four times in ETC snd
resugpended in BIC and counted. The cell suspension
conbaining about 1 x 106 cells/ml was distributed in b oz
tiggue culiture bottles in 3 ml amounig. The hotiles were
gassed with GOy in air and incubabted at 37°C.  An aligquob
of cells was plated for infective centres. The samples
vera harvested al diffevent time intervals and tltrated fop
infectivity as well as haemagglutloin sctivity.

The infectivity titrations revealed that the wate
of growth at o multiplicity 10 %o L was slightly wore rapid
than that aﬁ¢} 56 1 multiplicity ratioc, as shown in Fig. 6.
The meximum viros préﬁudtian at L to 1 nuliiplicity was

veached by 12 hours, 2 hours lalter than thet at a high input
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watibn © The hesmagglintinln becamne detectable by 4 hours
and the wate of productlon wag the seme in both cases.

At the muliipliciity of infection of 10 teo 1 and
1 4o 1 the pfu/lA/nl ratios wvere, 10340 gpg 10%'6@
raspectively, indiceting thel, at the higher mulitiplicity,
lnfected cells ¢ontalined s lowey proportion of infectious
virug. The haemegglutinin content was the same at hoth
multiplicitiios, These results were in sccordsnce wilh
the resuwlts obbained by Milliken (unpublished).

The number of infeetions centres obialned were 2%
at multilplicity of 10 to 1 and 18% at the vatio 1L %o 1.
As will be shown later, that multiplicily was to prove an
importent fector in obtainling infectious centres. The burst
size based on number of 1lnfected cells vas approximsiely 225

and 208 pfw/cell respechively.

Poul Plagus Vivns:

The sdsorption vate of FPV on the monolayey and o
the cells in suspension wes the seme. The maxinmum adsorptlon
wae schileved by 30 minubtes, Flgs. 7 and 8.

einglewsten prouth curves

R an 150 P I A

The growth . of PPV in €13 cells was fonnd to be
dependent on the wuliipliclity of infection. If the infective
dose of vivas was large, predominantly non-infectlous
hasmagelutinin vas Lormed, whereas wilh a small inoculum wore
infectious virus was produced. This phenomenon was noh
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studied In detail.

The ﬁingléwsteé growth curve was cavrried out at
muﬁhnplmujty of 1 pfu/cell, The results are pfesant@ﬁ in
Flg. 9. After 4 hours latent period the titve of JnWGCLAGHS
virng gradually rose to yeach its final yileld by 1£;n0ur$, and
theveafter remained at the same level., The h?emagr1ut¢mlm
appeared hy L houvs and reached its maximum before the
production of infectious virus. Only 21% of cells pleted
Tor infective centres formed plagues, The yield pew

infected cell is about 105 pfu/cell.

Newcastle disease virus:
The asdsorpiion time on monolayers and in suspension
wae determined and is shown in Flgs. 10 and 11,
The maximum adsorption of 704 was reached by
90 minutes on monclayers while unearly 85% of total inoculum
was adgorbed between BS and 60 mlnutes when cells weve
infected in suspension.
Growth curves
WDV has a normal growbh cycle in BHE-21, CL3 cells.
The infected cells release new infectious virus and there
is no evidence of interference due to incomplete virus.
A sipngle~step growih cycle was performed by
infecting C1l3 cells 1in suspension at an input vetio of
15 pfu/cell. The procedure followed is descrilbed on page 69.

The growth cyele is represenied in Fig, 12. The latent
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pariod was about 2 houvs after vhich viruas multiplication
inereased steadily and was completed by 12 houvrs. The
pevcentage of cells producing vivus was h5%, The yield

per infected cell was about 89 pfu/cell.



CHAPTRR 7

maTeman s sne Koy

GROWEH OF  RWA _VIRUSES IN  HBATED CELLS.

Once the multiplication vretes of BMC, WWS, TPV,
MV and Beo yvirns in BIK-21l, C13 cells were known, the growih
of these viruges in Cl3 cells exposed to supvaoptimal
temperatures was considered. The capecity of hested cells
to support the gyowith of the viruses, wvas tested by the
Formation of infective centres. It gave @ proporvtionate
egtimate of the fracilon of exposed cells capable of yilelding
new viras. The results werve considered reliable only when
raproduced several tlmes, when experinents were repested

undey similar conditions.

METHUDS ¢

Infective centro sssays

The procedure for infectlve centre assay described
on page 66 was followed. Infected cells were plated on
preformed, confluent, Cl3 monolayers. After plating
infected cells, 0.5 wl of egor medium was added to the plates
This thin layer of agar wag alloved to herden and then the
remalning 4.5 ml of agav was poonved on top. The plates
were lncubated in CO2 incubator at 3Y9C for the required
period, depending on the viruvus undey consilderatlon. A

minimum nomber of four plales per sanple was uged. The



overlay medium was the sawme as the one used foy infectiviiy

AEBAHYE e

BESULTS
Bncephalomyocarditiss

The number of infectious centres formed was welated
to the multiplicity of infeetions It was observed that
wheon the multiplicities of adsorbed virus pfu per cell wvas
50 o 1 or move, the plating efficiency of infective centres
was nearly 90 o 100%, as seen in Table 1. The frozen and
thewed contyols were included, to make sure that the plaques
formed wewre not due %o excess of unadsorbed virus, bub were
due to infected cellas. The control plates had less than 1%
plaques. Hence a multiplicity of 50 %o 1 was used for
infective contre assays.

Normal €13 cells and the cells exposed to
suapraoptimal temperatures (method on page 12) were infected
with BMC virusg. At the end of 30 minvtes adsorpilon, cells
were thopoughly washed with EIC to remove unadsorbed virus
and about B0 to 100 infected cells in 0.1 ml volume were
plated on each monolayew. Pour plates were used per sample.
The frogen and thawed contyols were titrated fop {ree
anadsorbed virus,

Flge 1 represents the wesvlt of one experiment,
vheve percentages of infective centres obtained with the
cells heated at W10, 430, 50 LEO and W79 For 1Y minutes,

are compared with that of anrmal cells. It indicates that



TABLE 2

RIS

Effect of multiplicity of infection on foxvwation
of Tafectious centres by WiC,

1

‘s ' . !
Atiplicity | Wo, of cells | He. of plaques | Observed efficiency | Bipected percentoge]

" infeation plated per observed pex ~ of plating of infected cells |
U per cell | monoloyer monolayer | Lnfectivus centres P e &
| (%) o

ke w83 b by 1okt [-e vt

2 100 10, 9, 11, B 9.5 86,5
0 Ca m, 37, 3L, 36 42,07 100 :
g6 42, 4%, 46, 41 44,67 100 5
110 66, 62, sé, 63 5648 106 ¥ é
80 T0, Ty 18, 68 90,6 100 ?: |
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temperatures up Lo W59 had not adverse effect on the
capacity of €13 cells to form infectious eaﬁtres. The
number of cells preheated to W5 synﬁhasizing BMC wirus,
was the same as that of normal cells. Bui the plating
efficiency of infecltive centres of the cells exposed %o
W6 was wveduced by neariy 50%, and at 47°C, less than L0%
of cells vere capable of synthesilzing new viruss. The
gxperinent was repealed soveral times and the wvesulls were
gimilay to the one described heve. |

The kinetics of the growth eyele of BMC virus in
noriaal cells and in those prehested o BEPC for 15 winvtes
wag compared by following singlewglep growth curves. The
method used 1s described on page 30, A pool of anrmal
cells and a pool of heated ¢ells were Infected with sn
iaput multiplicity 6f 5 pfu o 1 cells The wesults of
the growth cycles are compared in Fige 2, The wate of
multiplication and the totsl yileld of virus in both the
aystens was the same. The yield per cell was calculabted
from the amount of virus present in the finsl yield and the
nuamber of infecvtlous centyes formed during latent period.
The plating efficiency of infective cenives was WH.hi and
&u.a% with novmal &nd hested cells respectively. Naturally,
the burst gize in both the systems wag the same, approwimstely
10G0O pfu per infected cell.

It was obvious that Cl3 c¢ells, when expoged 4o

tenperatures up to %§”C,were apparently normal, and continued

.....
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to synthesize TMC virus with norme efficiency. But at
temperatures W6° and W¥0, the damaging elfect becane
evident rather suddenly, and within the range of 29C nearly
20% of cells became ineffective and lost their syonthesizing
capacivy.

The registance of €13 cells to temperatures up o
h59C was tested, by increasing the duration of exposure.
The period of exposure was extended from 15 minutes to
60 mimates, It was difficult to meintain cells in
suspengion beyond 60 minvtes, as they were found Lo olump
inspite of intermittent shaking. Hence the effect of
further exposure time vag not tested.

goveral slliconed tubes ¢ontaining approximately
1 x 10% cells suspended in 1 ml of iTC, were placed in a
yater bath wmaintalned at the required temperature. AT
LY minute intervals, one tube was removed. These cells
were then infected with BuC virus and plated for infective
centres, The affect of temperatures %1%, 43° and 45° vas
considered, The results of thres experiments are given
in Table 2, The plating effliclency of infective centres
of the cells erxposed to %19C for 60 minvites was the same ag

that of normal cells., Fuerst (1961) found that, if

monolayers of L cells, ready for plague assay of encephalomyQ=

carditis virus, were preheated at 41,59 « 429 for 60 minutes,

they yielded 1004 more plagues than unheated monolayers,

The

oWl W -



rhREy b

iTleot of time of heating on suscepbibility
of ecells to BNC infection.
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incubation
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Perceniage of infectious
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Room Temperature
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50
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vesson for this difference has not been determined. In the

axperiment digcussed herve, the total yield of virus was not

¥, £

deternined. However, Fuerst's observation supporis the
finding that the cells preheated to 419% for 60 mimntes can
allow virus nultiplication. At temperaturesl3® and 4590

o3

the effect of heat on cells became evident after 45 and

15 minutes of exposure vespectively. The cupve (Fig. la)
obtalned et 459 vesembled a multi-hit curve. I% s possible

that veriation in the sensitivity of cells could be vesponsible

for the nature of the curve obtained here.

Myxrovirusess

Influenza A (WWS):

The growth cyele at different wmultiplicities
discussed on page 74, had imaieaﬁed that the production of
infectiouns virus, as well‘ms the plating efficlency of
infective centres, depended on the input aulitiplicliy of
infection. Therefove éreliminary experiments were done to
find out the multiplieiﬁy of infection vhereby the maximum
namber of infectious éen%rﬁg eould be obtained,

C13 cells were infected at dlfferent input
mualiipliclties of particles per cell., The particle counts
of the viprus pfeparation wara)ba$ed on the observetion by

Mjlilkeﬂ and Wﬂhwﬂﬂ (nnpuh11 hed) that 10 visible particles

‘bj electon miaramaopy xagmad one plague formlihg unit. The

k]

total ﬁHMb@?' £ iafected cells at the multiplicliles of

pArS
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Mige. la The formation of infective centres
by the cells exposed to 45°9C for
varisble length ol time,



100 40 1, 10 %o 1, 1 %o 1 and 1 to 10, was ecstimated by
infective centre agsays and o haemadsorpiion techniquo.
Infective centres were counbed at the end of 4 days and
haemadsorptlon counts were done after 20 hours of infection,
leve at the end af,simgla.eyéla at low multiplicities. The
rasnlis ere ﬁhown‘in Tabie”3§ The pevcentage of cellg
forming infectlve centres was“cansiderably lover than
expacted on a Polsgsonian distribution. But the nuwmber of
cells haemadsovbing was within statistical expectation.
The marked discrepancy obhserved hetveen the number of
infective contyres and number of cells glving positive
haemadsorption, will be discussed elsewhere.

Bince the muliiplicity of 10 partlcles per cell
not only insured the lnfectlon of all cells in a prepavatlon,
but also gave the maximum nomber of infectilous centres, 1t
was used for the following experimentis.

Normal and hested cells were infected at an lnput
ratvio of 10 pavticles pey cell, The virus-coll mixture
was incubated at 379 for 30 minutes. Cells were thowoughly
~washed with BIC o remove unadsorbed virus and then plated
Toy Infective centres. & mindlmum number of 500 cells in
0.1 ml volume was added to the wmonolayei. Four wonolsyers
per sample were used. Prozen gnd thawed controls were
inchded, In addition to infeative centres, cells wvere
plated for haenadsorpilon. The standard single cell

haemadgovptlon technigue described on page 107 was used.
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TABLE

3
2

Effect of multiplicity of infection on formation
of Infectious centres by NWS and. TPV,

Observed

. Nos of Bypeatedl Bfpectod
. ud tiplicity No. of plagues efficiency Wo. of nee.of ne, of
ras) of Infootion cells observed |of plabting haen- inf&wtgfl infected
pfu/ {Pavticles/] monolayer per infectious | adeorbing cetla(?)| ceria(é
cell sell wonclayor |centres (%) cells (4%) bt o e
) B Particles
piuwfleelt] _ O T L
P ow o] Pev cel
0 P = gl
o
S 10 100 400 15, 2, 9 4 2e3 100 100 100
3 10 440 885,76,112,1083 28 100 65.51 100
0.1 1 400 728488 ,50 i 47.% 10,9 635,51
01 0.1 460 Hil Wi, 17 ReB 10.9
A 10 600 11,13, 9,10 1.9 100 100
1 400 00,104,93,93 242 100 63,51
0.1 640 69,65,74,70 1.5 65 10.9
.01 D) Nil ML 12.1 2.3
; 1

(2) A proportion of plague formation units at low multiplicity fails
to form infectious centres but produce haemadsorpiion.

S NeBs (1) Infectious centres at absolute and relatively high multiplicity.



Haemadgsorption counts were done at the end of single cycles
The infeciive centres were vead after W days of lncubatilon.
The resulits of ong experiment are presented in TFig., 3. In
this experiment abont 18.2% of normal cells gave infective
centives, while 92% of the infected cells were haemadsorbilng.
Jelle exposed to temperatures W1V, 3% and 459 gave about
the same number of infective centres as compared o the
norvmal cells. The percentage of haenmadsorbing cells was
constant at teupervatores 412 and W3°%. At 459, fthe numbew
of cells giving positive haemsdsowpltion had dvopped by 8%,
At vempevatures above W5YC theve wss a large and abrupt drop
in the percentage of infective centres and haemadsorpiion
couniis. The egperiment was repeated several times and
ginllar resnlis voere obiained cach time.

The response of hested cells to NS was, thevefore,
similar to thet of Encephalonyocarditis.

The growth rate of WWS in normal and in cells
exposed to WHOC for 1% minutes, was compared by performing
a single-gitep growth cycle, The results are compared in
Pige e The rate of synthesls of infectiouns virus was the
gawe in both systems. The number of infective centres
obtained wos 20.2% and 21.0% in normel and hested cells
raspectively. The haemsgglutinlin wag fivst delecied at
L hours in both systems. The amount of haemagglutioaln
produced by heated cells at four hours, was a Little less

when counpared wilth the asmount produced by hormal cellg.

“ad ¥
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L The maltiplication of NWS in normal cells
and preheated cells (45°C for 15 min.).
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But alier & hours, the rate of synthesis sas well ag the

amount of haemagglutlnln produced hy heated cells, was the
) N 5. . . ),,', r@ 0

sane as normal cellgs The pfu/HA watio was 107*7" and

b b
le.ho

with nozmal and heated cells vespectively. The
yield per infected cell for normal and heated cells was

190 piu and 180 pfu respectively.

Poyl nlague viruss

The mulﬁiplicatimu of FPV in CL3 cells wag similar
o NG, The forwation of complete and lncomnplete viprus
depended onn the multiplicity of Infection. Rifticulties
simllay to NWS were encountered in obtaining s reasonable
number of infectious centwes. Once apain, in order &o
obhain the waximum nombexr of cells gymdueiﬁg infections
virus, cells were infected at diffevent multiplicities.
The vesults are shown 1o Table 3 on page 92. The
Cwulidplicity vatio ls expressed as the plague-Ffovming nnit
per cell, T4 appears that, at a multipliclity vatio of
L pfu to 1 cell, alwmost all the cells ave infected and also,
a masintin humber of ceolls give infectlous cenitres. Ag
vith NWS.(sae discussion on page 113) non-plague fovming
infecetiong must occuw. IHence the multiplicity of 1 to 1
was nged Tor the infective centvre assays.

The synthesis of FPV in normsl and hested cells
was compared by infective centre assays, The cells were

infected at the input watio of 1L to 1. The vivus-cell



complex was incubated for 30 wminutes at 37°C, The infected
cells vere trested with specific snbiserun diluted 1 in 50
in BIC, for 20 minubes at 37°C. This step was necessary as

)

the oxcess of vieus was hot remnoved by several weshes.
Aftoeyr btreatment with sntlserum, cells weve washed again,
twlce, to wemove antlbodles. The eells were then plated
for infective cenitres, & minimum nuwber of 500 cells pew
monolayer in 0.1 Wl volune was- plated on the monolayer
which was then layeved with an overlay medivm in two stages
65 described previously. The resulis wvere similar bo NWS

and are shown in Pig. 5. The plating efficiency was 2Y.1%.

Newgasble Risesse virngs

The gyrowih cycele of WDV in C13 cells was nob
accogpanied by the formation of incomplete virus, hence
high wultiplieities for infective centre assays were safely
nsed.

The results obtained with normal cells and the
cclls preheated to temperatures 419, 430, LED, LED apg L%
are presented in Flg. 6. In this experiment cells were
infected at a raltio of 20 pfu per celly the percentage of
lafective centre with normal cells was U45,5%.  The vesulis
wvere similar %o WS and TPV,

The growih rates of FPV and MDDV in normal and

heated cells were nNot compareds.
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The response of heated cells 4o Beo virus was
~camsiﬂar@d; Normal as well s céllﬁ preheated alt various
temperatures wvere infected at the multiplicity of 10 %o 1.
The vipngmcell complex was lncubated for 60 minutes at 37°C.
A% the end of adsorption period, cellg were washed thrilce
with ETHr to vemove excess of unadsgorbed vizrus and abouk
100 cells per plate were plated on to the monolayeis,. The
C13 monolayers gyovn in BTH were washed twice with BETH»
before use. Plates wewre overlaied with agsr medinm In
usnal mannei. Infeetive cenires appeared at the end of
6 days. From the resulis presented in Fig. 7 1t was evident
that the reaction of hested cells to Reo virwg was gimllar o
other viruses descrlbed above.

The results indiceted that, the abillty of CL3 cells
$0 syhtheslize RNA viruses, after expostre Ho supranptimal

temperatures, wes not iupslred.
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GHAPTER 8

BEFECT _ OF  TEMPERATURES _ ON
© DIFFERGNT CRLL LINES,

Prom the evidence discussed in the previous chapters,
it became appavent that ﬁh@_eff&cﬁ of supraoptinmal
temperatures on Bﬂﬁwai§ C1l3 vells was charvocterized by tuo
distinetly diffevent wresponses of preheated cells to viruses,
depending upon the natﬁr@,mfﬂth@_virusﬁﬁ' naclele acid,
thether this elfeet was econfined to BHK-2), €13 cells ow
vhether heat had a siwmilar effect on the reﬁpéns@ of othewr
mammalian cell lines to différen%.vifasas, was investigated,
Three cell lines owiginating from different vertebrate species,
I cells, secondary chilck eubryo filbroblastic cells and Hela
cells, were selected. Hince the plating efficiency of all
three wag less than 5%, the effect of suprsoplimal temperatures
on Gthelr survival vates was not considered,. The ability of
these cells, after exposure to heat, to suppowt virug
rmuliiplication was examined? elither by infectlve centre
assays or by th& single &eli haemadsorption techniqﬁe.

. Viruses knouwn to grow well.aﬁd produce @ cytmp&ﬁhie offect in
| the respeciive tissve cultures were selected From the Tist
'givem on pagé 25 « Only mneAviwus'fwmm gach group was used
for each cell lina. Although care was taken not té use the
same vivus twice, the uée of vaccinia for all thvee cell lines

wags ineviiables.  The HFEM strain of Herpes Simplex, adapted

LA
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fo BHE~21, Ci3 cells did not fowxm pladques in L cells and

Hela cells.  The susceptibility of secondary chick fibroblasts
to the HFEM stvein wes not tested. Out of the gvoup of viruses
ean%aiming RNA;iEﬂa&phal&mymearditi&, Fowl plague virws and
ﬁewéasﬁle;ﬁiseaé@ vifrus were chosen fof L cells, secondary

chick fibroblagits end HelLa cells vespechively.

METHODS AND MATERIALS:
'st

I

L SH I S ST

~cella « Barle's stwvain L (monse fibroblasts) cells were

grown in baby bobtles in Fagle's medivm containing 10% call

HSertm.

Secondary.chick embryo fibroblasts = Priwarvy culitures were
prepared from decapitated 10 ov 11 day old chick embwyyos by
the method of Feanklin (195?). Cultures weve groun asg
monolayers in BIC in 60 mm petrl dishes and incubated at

379 in a GOy incubator. Once the mopolayers were fopmed,
cells wemre harvested with 0.05% trypsin in vevsene solution,
washed once wlth EIC and r@susﬁaade& ln BIC, These secondary
ounlinpes vere used faxtﬁhe gxparinent.

Helin colls « Hela cells, clone $ 1, weve cultivated in

baby bottles in Dagle's mediuvm containing 10% calf serum.

Virns shooks = Preparatlion of virus stocks has bheen

deseribed in previons chepters.

Infeative contre assays - Infective centres with vaccinla

were obtained by the suspension method as described on page N2,
And for BMG, TPV and WDV infective centves, wmonolayer wethod

descvibed on page 66 was_used.
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gg@g@g;w“wtinm hmmhmiau@ - A Laahniqme, s%amﬁardﬂsqé ﬁﬂ

this 1abmratmryg‘af 5%@1@ ﬁaij haemadsorption was falluweﬁ.

0.5% of va&v niu g@ﬁ%’“?@@ fawj rod blood cells suspended in
normal aalimﬁ wef@ mswd Tuv vaﬁ@iaxa and Newcastle 5isaas&
vipruses.

- Exposnre.of cells Lo, supraopiimal temperatnres - Cells were

Sribeptu g o

gxposed o swﬁram@%imai ﬁampa@a%ura& for 1% minutes. A

detailed d@ﬁm?iptiﬁﬁ of the m&uhmd is given on page 12,

L aells = L a&?lq were exposgsed Lo temperatnres from above
399 o WO for 15 minutes. The ability of preheated colls
%0 support grovih of amaaﬁh&lamymearditiﬁ and vaceinia wvas
testod by infective aéﬁﬁ?é QE8AYS e

Bneephalomyocarditis:

ﬁﬁfmal, ds well as healed Gliw vere infected with
MG virug at @ mmltiy?iaiﬁy of ﬁﬂrha La Tha callsy after
30 mim&ﬂe ' ineubation ah 3?933 ware thoroughly washed %o
vemove unadsorbed virns and inem platad Lo 3mf0abive contres.
The remalndey of the cell ﬂn@bﬂﬂiﬂﬁ was frozen and thawed
three times duvihg latent p@riaé and titrated for unadsorbed
TLrusa Thé%ééﬁtralupla%es had no plagures. The plating
efficiency of infective contras ves 7.8%,  The Fig. 1
indicates that the noxmal plating efficlency of infective centres
is maimﬁaiﬂ@a aven aftaw the cells are heated to s temperature

cof WhO¢,  But ot a temperature of %5$G the number of ecells
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forming infective centres had dropped by G4%. L cells

appeared to be move sensitive to heﬁt than Gl cells whexe

the adverse effect of higher temperatures on the synthesis

cof BnG vivus became evident anly avove WE9C,

Vaceindas
Normwal and heated L cells were infected with

vaceinia at a multiplicity of % to L. The virus-cell

mixture was incubated for 60 minutes at 37°C. | Infected

cells were thoroughly vashed free of unadsorbed virus. A

miniwvum number of 100 cells per plate was plated for infectlive

centres. Frozen and thaved controls were ingluded. About

G4 5% of normal cells gave infective centres. The resullts

of infective centre assays obbtaloned with normal and heated

cells are compared in Plg. 1. The oumber of infective

centres gradually dropped with the rise of ltemperature, a

pathern similay to that obtained with CL3 cells,

Simllar experiments were performed with secondary
~chick embryo fibroblasts, where fowl plague virus and
yacceinia virus vere uvseds,

Fowl plague virvugs

Fowl plague virus grows normally in chilek Libroblasts
(Franklin and Henpy, 1960). Cells were infected at an input
maltiplicity of 10 to l. About 60.5%'0f normal cells formed
iﬁfeetivakgantr@s, The results of infegiive centre agsays
obtained with normal and heated cells are compared in Figs 2. It

indicates that the capacity of chick fibroblasts is resistant
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to temperatures up to WWOC, but after M5O the drop in the
number of cells forming Infective centres is rather abruph.
The sensliivity of infected chick cells to heat ls similaw
bo BHK=21, C13 cells, |
Vacelinias |

The vesults obtalned with vaccinls are showa in
Fig. 2, on page 105, Chick fibroblaste, Like CL3, gfaéually

“lose the capacliy 10 synthesize vaccinis vivng.

Helw cells:

The synthegis of Neweastle disease virus and
ﬁac@inim, in normal and heated cells wss eﬁamiﬂéd by the
single cell haemadsorpliion technique. Béﬁ&&ﬁﬁ‘@f
difficultles in obtaining the large number of cells vequirved
. for infectlve centre assays, this wmebhod was not used.

Since the capecity of prehested CL3 cells 1o support
maltiplication of vaceinla and MDYV vwas previously measuved by
infective centres, @& comparison of the vesulits obtained with
Hola cells with those of CLl3 cells was =o0 done simultaneovsly, -
asing the haemadsufpﬁioﬁ tethnigque for the asﬁimatimﬁ of
synthesis of virus.

Newcastle disease virus

Normal and heated cells w&ré infected with WV at an
input moaltiplicity of 10 to 1. Cells were incubsted for
60 minutes at 379,  After the cells were thowvoughly washed

and the excess of virus removed, about 1 x 10% colls were
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plated in 50 mn petwrl dishes containing Y4 ml of BRC. Plates

2]

were then incubated st 37°C in a COy ineubator. At the
end of 18 hours, that 1s at the end of a single growth cycle,
cells were harvested by using 0.09% trypsin 1n versene
golublon. Cells were then spun dowh and resuspended in
0.5 wml of BIC, to which an egual amount of 0,1% of Powl ved
blood cells was added. After & fovw minukes, a drop of thils
mixtuire was sllovwed to spread on the slides undey g coverslipe.
The cells showing posltive haemadgorptlion were counted undey
high meagnification. A total nuamber ef 1000 cells was
pounbed. The resulis ave shown in Pable 1.

A similar method was used for vaccinla and the wesulis
ave shown in Table 1.

The results Indicete thet the response of heated
Holia cells to MOV and vaccinle is similar %o the response,
formerly obtained, for Cl3 cells. Heated cells relalned
thely ebility {0 synthesize WV even after exposure Lo
temperatures ap o K99 while thelr sensitivity to vaccinila
vas gradually lost with the rise of tenperatuve,

Thug, in four separate species of cells the capscity
to synthesize certoln RNA viruses is aluays move heate

registant than the capacity to synthesize certoin DHA vivuses.
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pusceptibility of preheated HlIK-21, 013 and Hele cells to
Vaceinia virus and WOV tested by haemadoorpition.

/
¢

Percentage of hasmadsorbing cells

Virus Colls , : o o R ——
Room Tenperatore 41.°C 43°C 45°C 4670
Vaceinia Wi-2l, CL3 Occasionally 61,9 425 8,0 o
negative
Hela 160 54,45 40.52 10.0 e
Feweastle B2, O13 65,31 69,32 69434 54.6% 19.25
dipease ‘
Vi
ﬂ@La ‘5‘{'.5 . 6 55 . 63 ‘3() &8 480 6:‘. 2(} & 97
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CHAPTER. 9.

BLECTRON MICROBCOPIC STUDY.

KRR ]

The electyon microscopic exemination of the normal
C13 cells and the cellas exposed Lo %5% for 1% minutes was

undertaken in collaboration with Mys. B. M. Cravford.

METHOD

s@lle weve deposliied by centrifmgat;mn row 5 minutes
at 1000 wpm., The cell pellets were fixed in a cold 1%
solution of osmium tetroxide in a Zetterquist's buffer
{pH 7.3) foy half an hour. The pellets wére then ringed
briefly In dilstilled wvater, and dehydrated by rapld passage
thyough an ethanol seriles. Afber impregnaltion in
unpolymerized 9 ¢ 1L butyl methyl methacrylate, the cells
were embedded in prepolymerized methacrylate syrup (henzoyl
peroxide catalyst), stowred Tor 36 hours atb %09 and polymerized
at 60° fop 12 « 2% hours. Sectlons were cut on a Cambridge
Hmalej pattern microtome and mounted on 'Formvar'ecovered
grids aua $ubseqaanbly gteined in lead hydroxide fow
1.0 mimut@$, The sectlons were photographed in an
Lumwukop I eleetvon microg selc

RESULTS

Sections of heated cells (Fig. 2) when compaved with

those of normal cells (Fig. 1) showed no apparent structural

abnormallty.



U.u.v #

Fig* 1 Normal 013 cells.



i'ig. 2 Cl) cells exposed to 45°C for 15 minutes
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CHAPTER 10,

OENERAL _DISCUSSION.

The observation reported in the preceding chapbers
distlinguish the heat sensitive and the heat vesistant processes
in the isoleted BHE-21, C13 cells: a) loss of sbility of
single cells to form macyoscopic colonies (Chapter 3), b) an
inabililty of prehested cells %o support mulitiplication of DNA
viruses (Chapter 5) and ¢) the ability of preheated cells to
- gynbhesize BNA vivuses (Chapler 7).

In preliminary experiments the effect of varlous
supraoptimal temperatures on the survival rate of cells wes
demonstrated by an increasing loss in the number of cells
forming macroscopic colonles, with the rise of temperatura.
At temperatuvres W52 and W69, 80 to L00Z of cells had cessed
“to divide and were‘imp@rm@abla t0 trypan blue. The survival
Aa&rva (Figs M, ﬁ.ﬁﬁ) obtained was & mulbi-hit curve, The
posalbility ag ﬁg_whﬁ%h&f*th@ effect of heal is a single-hilf
0T & mulﬁiplawhit phenomanon has alresdy besn discusgsed on
page 22. The variation in the gensitivity of the cells,
depending on its physiological state, appears %o be the most
probable weason for the multi-udld nature of the curve. In
that case, action of heat on cells could still be a single-hit
phenomenone.

It wag difficult to assess the specifiec sction of heat
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on the cells as well as the extent of deamage inflleted on the
calls by heatlng. InRibiltlon of cell division could have
elthey been due to struectural demage to the veproductive
apparatis or due to changes in the biochemical processes
involved in the mechanism of cell division. Blechron
microscople examination of nowwmal cells and the cells

exposed %o B89 for 15 minubes showed no evidence of obvious
structural damage.

Prior to the gtudles on virel synthesis in heated
cells, the growth chavecterlstics of all the viruses to be
nsed later vere determined.

Pirsty the adsorpiion pates of each virus were
measured, for these had a practleal value in the experimenis
involving ploque titration and gquantitetive studies,
Adgorption of virus paviicles by suspended cells wag more
rapldy but elso the efficiency of adsopption wes beliew
than by monolgyorns,

The grouth cycles of DNA wvivuses, Herpes Simplex,
Paseundorables and Vaccinla were charvacieristic and not any
different from the ones studied in other cell lines,

But the obseprvation on the growth characteristics of
RNA viruses 1n normal CLl3 cells made it possible to follow
cerbain Teatures of mysoviruses by teking advantege of the
fact thet NS gtrain of Indluenzn A forms heenageplutinin as
well as infestious vivus in CL3 cells,.

It was noticed that even with the highest yield of



NHs formed duving the grouth cyele, at a nmulitiplicity of
infection of 1 pfu pér cell, the watio of the infectlivity
titre v x 107 pfu/ml) 4o heemapglubinin titre (Y = ¢ L0 A
uniss/ml) was 104*9, approximately 2 log less than would be
expected from ageglutinin titre (Issac, 3@57), AG a
muluipllc LGy of 10 pfu per cell, the ratio was even lovewr,
i.0e 10393, These resulis suggested thatb multiplicity_af
infection plays‘am important role in the formetion of
incomplete virus in BIK-21, C13 cells as in eggs (Von Maghug,
19552,

Infective centve sssays nrovided further evidence
supporting this hypothesis ag well as suggesting that at
multiplicity lower than 1 pfu per cell, the fwrmaﬁiém of
incomplete virus wag due 4o an excass of lnecowplele virus
in the lnoculum. Infectivity vatlos were caleulated In
torms of pfu as well as nuwber of pertieles pewr pfu (10 particles/
pfu, Milliken and Watson). Infectivity titrations measure
the number of infective unlts in a virus praeparationy 1t
does not mec@ssarily‘fmllww that, vhen the particle/infectivity
vatio is move than 1, the other particles in %the preparation

are non-infectiouns. The wmethod employed for parbicle
counting is ilncapable of distinguishing between fully infectious
pavilcles and non~infectiouy ones,

Phe vesulis in Table 3 (p. 92) show that at wmultiplicity
ratio of 10 pfu/cell and 1 pfu/cell, when 100% of cells weve

infected, as JGﬂ?Qd by haemadsovpbtion counts, only a few cells



formed lnfections cenlires. The number of infectlous centres
was highey at 1 pfu/eell than it was at L0 4o 1, clearly
»ﬁmggestiﬂg that the Tormation of infections virvus &epenﬂﬁ on
~the maltlplicity of infection. A% & lower multipliclty of
Dul pln pér cell, when one wounld expect less inbterflerence and
e highey fraction of cells produclng infectlous virus, the
propoction of infectious cenitres Lo haemadsarﬁing colls was
‘1m fact the same ag with the mulitiplic 1%? of 1 bfa per cell,.
But at this nultiplleity (0.1) the nuwber of infected cells
cavyasnﬂnﬂ@d with the theoretical aumber calculated f%mm.the
input of 1n?eab3em% unit per eell, indiceting that, at a
multiplicity of 0.1 pfa per cell, the plating efficlency of
4nfeetimu@ contres was L00%, % must alsv mean Lh t et »ll
30UG? mu]tjpljoiaies vhere there is a less chance mf |
incomplete infectlion due to multiple lnfection, every
“infectious unit adsorbed will gilve rise to successful
infection. It is also true that, at the same multiplicity,
the expected number of "infected" colls, when the wmultiplicity

infection was caleulated in terms of partiele per cell,

was squal %o the nuwber of heemadsorbing cells. This implias
“Gthat all p;u”g glag were capable of iniltlating infection, 1.o.

produce haemagglutinin and, therefore, thet about 1 in 10
produce infectlous virug, ©Ho fay as I am aware, bthis is

the fivst virus-cell system in which one can distinguish betveen
a particle inﬁsaﬁiviﬁy.raﬁim greéter than one being due to an

excess of defeetive virus paviicles and it is being caused by



a statlskical chence, mocording to the sensitivity of the
system, of any one of a populetlon of fully adequate
partlceles inltistlng infection.

ke NWS, the formstion of imaemyl&ﬁe and conplete
virus in FPV 1nfected BIK«2L1l, €13 cells apveared Lo depend
pn mulsipliclity of infection, The results (Pable 3, p.92)
of infective cenive ssgays with FPV, onoe agein revealed
that, at the lowewr multiplicity of 0,1 pfuw/celly the number
of infectious centres produced is eguivelent to the
theoretical number calculated in terms of lnfectious wvnits,
In this case, the pariicle infectiviiy ratio is nol measuved,
hence 1%t ds difficult o assess the proporiion of nopn-
infections and infections particles in the inocuolum. A1l
the same, Tthe fecl remaing that in this cell systewm, at lower
mulbiplicities, one infectious unlt is capable of initlating
infection which will always resuli in the formatlon of
infections viynsg,

These vere incidental, but imporiant findings
observed duping the course of investigations and had no
bearing on the problem of heatw-sensitivity of the colls.

The gwrowth cycles 0f other RNA wviruses used in this
study are normal, hence they arve not considered here.

ALl later expeviments were designed Lo ansvey &
question whether the heated cells, afber a loss of ability
to divide, woere still capable of suppowiing vievus growvhh.

The capacity of cells exzposed to various temperatures to
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groy viruses was tested by infeective cenlre assays because this
toechnlgue allows one to GbS@fV@ the response of inﬂividmal
¢ell %o vieus infection. This 1s essentlal in differentisting
beltween a partisl loss of capacity by all cells and é complete
loss of capacity by some cells in any one population. The
' mui%iplieaﬁimm of Herpes Simplex, Pseudorabies, Vacelinla, EMC,
Myszoviruses (N8, FRV gnd WDV) and Reo virus, in heated ¢ells
was compared. |

The response of hesated cells to varlous viruses was
differvent for two distinct gweoups of viruses. One group
consisted of Hevrpes Simplex, Psewdorables and Vacelnia while
in the second group BMC, Myxoviruges and Beo vivrus wvere
inclnded. This meant that this cell system wss capable of
distingnishing the PNA-containing viruses from BNA-containing
viruges. |

The vesults of infectious centre assays shoved that,
an Ineveasing nuuber of cells logt theiy sensitivity to the
DNA-containing viruses as the lemperature of exposure was
raisefl, At temperatures 45°C and U6%C, 80 to 100% of cells
became resistant to the DNA viruses. In contvast, the |
number of cells synthesizing BNA-contelning viruses vemained
constant up to 459 and wes only reduced by %0 Lo 50% at 46°¢,(Fig.
The failure of cells exposed to temperastures above W69C to
synthesize any wvirus was havdly unsxpected congidering thely
physiologlcal state, es«ge change in th@ perneabllity (p. 16 }.

These lines of evidence show that the nechanisms
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Fige 1 The resulis of the individval experiments
are presented together in order to lndicate
the difference between the DNA viruses and
BRNA viruses tested.

_ The open and closed
gymbols represent RNA and DNA viruses
respectively.,



involved in the division of cells and ﬁh@ synﬁhegis of the
DIA viruses ave heat sensibtive; but the veplication of RNA
viruses ls independent of the heat sensliive fmg&ﬁiom(ﬂ).

Although the heat sensitive mechanisms neaed noi be
identicsl, it is possible Yo say from the experimenisl data
at which point in the synthetic eycle of DN¥A viruses the
nnkpown mechanism operates.

Dawing the cycle of viral replication, viruses pass
theough an ovderly gequence of stageS. The known steps are,
adsorpbion, penetratlon, sclipse, release of viral nuclele ascid
and the synthesis of viral specifilc DHA and other components
such gg proteln veguired fovr the formation of vivus pariticles.
Heat could affect any of these stages which wonld result in

the failuve of virus lunctlon.

Adgorpiions

Damage 4o the gell surface wlght prevent adsocrpiion
of virus pariicley on 4o the cell suvface. Measgreﬁenﬁ of
adsorption tatoy bf‘ﬁerp@s Simplex (pe B7) and Vaceinia (p. 57)
in heated cells indicated that the vate of adsorpilon as well
as efficlency of adsorpiion in heated cells wos the same as M
in normel cells.  The next stage to adsorption is penetwation.

Penetrations

Penetyation is an obligstory step in initisting
infection of wmammalian colls, Direct studies of penetwvation
were not done, bul the infecting virus is shown to disappear

durlng lateal period. It hag been shown that the wvirus
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particles of Herpes Simplex (Holmes and Watson, 19633
Tpstein, 1964) and Veoceilnia (Dales and Siminoviteh, 196L) enter
cell by phagocytosis., The phygoeytic activity of BHE~-21, CL3
cells was tested by adding Indla ink to the sugpension of
heated cells, the presence of intvscellular partlcles of
India ink in majorlty of zﬁlls indicated that the phygoeytic
acbivity of cells was nob damaged by heats 8o it ls unlikely
ot adgorbed virus particleg dld not penetraie heated cells.
The next impértant steps in the initiation of infectlon ave
the eclipse and the uneoating of viral genowe.
Eelipges

The virus from infected heated cells was nob relessed
during the latent perlod by freezing and thawing. Therelore
it suvselt be presumed that the heated cells can eclipse added
virus at least to the extent of inacbivation.
Ungoabing of viral gepomes

1t ig presumwed that decoating of virus particles is
an essential step in the process of virus infectlon, espoeclally
in cases where virus particles are enclosed in membrone(a).
Very Little is koown about this wmechanism in the lnfectlon of
Herpes Sloplex. Sufficient information on vaccinia appears
to be at hand, %o permit the tentative generalization that
after phygoeytosis, release of the corg into the cytoplasmic
mateiz lg effscted by enzyme(g)s As to the presence of this
enzyme(s) in the cells, two controversial views have been

expressed, Aceording to Joklik (L96%) and Abel (1963),



upeoatlng enzymes ave induced after infection while Dales

and Kajioka (196%) believe that these enzymes are present in
Cthe cell but are activated when foreign protelin @nters the

call. Whlchover m@chahism may be vesponsible, 1t 1s lwmporisnt
to keep in mind that heabing may elthew incapacitate the
reactlon of cells to viéﬁééparticleskbf may destroy pre-exisilng
eNZYNes. In both events, vwirus particles will Tall to initiste
infechtion. Unfortunately it was nob possible for me to carpy
out tests of engymic actiivity requirved for ithis sort of
ezperinent,

Syntheslis of virus conponenis:

Single step growth curves of Herpes Simplex and Vaccinla
- (pe 49 and pe 57) in heated cells were studied (o determine
the gynthesls of virael components, protelns and infectious
virus. The production of antigen in normsl as well as hested
cells was debermined by thé'aomplemmnt fization test,. In
both cases, resulls indicate that, the heated cells produced
less infectious virug as compaved o the normal cells, The
ratios of lnfectlvity to antigen suggest that the heated cells
produced more entigen than expected for the amount of infectious
virus synthesized by these cells. This incresse in the
gynthesis of antigen in heated cells could be due %o eny of
the following reasons

(1) It 1s possible thab all the heated cells produce ﬂémageﬁ
components and need to make more anbigen before infectlious

virus ls formed,

e S
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(2) The yield of matuwe vivus might be limlted ag a vesuld
of the limited quanbity of virsdl DNA but the synthesis of
viral proteins continues as normal.

{3) In some celleg only, Tormetion of vigsl DNVA is completely
inhibited but not the synthesis of protein (antigens).

However, in the absence of definlte evidence 1t can
only be guessed as to vhether the cells produced excess of
antigen or whether some colls which did not score ag infectious
centres, wvere synthesizing anvigen alone. As stated in
Chapter 5, flnoregcent antibody studies were too inconclusive
in pounded, heated cells,

It thervefore appenrs that one of the heat sensitive
steps existy somevhere beltween eclipse and synithesis of
soluble anbigens This leaves certaln possibilities, 1%
could be elthey
(1) - Interference with the mechanisw of "decoating", or
(2) Interference with the viral DNA synthesis.

4 Failure in the mechanism of decoating has already
been considered. |

Several mechanlsms appear 0 have been involved in
the replication of DUA viruses, It has been suggested that
the vivael DNA wmay be synthegized by DHA enzyme system of the
hoat cell. Increage in the enzyme actlivity of Herpes Simplex
(Kelyr and Gold, 196335 Russell &ﬁwél;,.lgé%)_émd Vaceinla (Joklilk,
19623 Green and Pina, 1962a) has been noticed, It is still

not known whether the increased enzyme activity is due %o



new virus specific engymes oy vhebher these enzymes ave the
same as those formed in uninfected cells. However, lncreased
levels of DNA polymerase in Vacclnila (Green, 1962bg Magee, 1962)
and DNA=dependent RNA nucleotide transferase (BC 2,7.7.6) in
Herpes Simplex infection (Burdon, Kely and Wildy, unpublished)
and the current theory of dependesnce of DNA viruses on DNA
dependent BNA polymervase suggest that specific messenger RNA
mugts be involved in DHA virus foymatlona

Bince RNA virvuses produce full infectlious particles
in heated cells,y it is cleaw, therelore, that the synthesis
of funetional RUA and protein ls not impeired. It therefore
follows that 1f wessenger RNA is formed by viral DNA, then it
would be expected to fonction normally. This wmakes it likely
thet the viras DUA is not "read" into messenger RNA in heated
calls. If this 1s true, then the excess of antigen ovew
infectious virus production in heated cells (ps119) is unlikely
10 be due to protein synthesis in the absence of DNA replication.

It appears thet, in oll probabillity, it is the cellulay
enzyne syshenm that ig sffected by heating whileh in turn
nrevente the vival DNA éynth@sis.

In contrast to DWA vilruses, the replication of RNA
viruses in heated cells was not affected. The fallure of
RIEA vivuses Lo grow in cells exposed %o highey temperatures
could pot be followed becaunse of the physiologileal stalte of
the cells.

If 1% is true that the heating of cells inactivates
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DNA enzmyme system in CL3 cells then one 1s justified in
concluding that BNA viruses, siugle astranded as well as double
stranded, replicate lndependently of this system. This
supports the conclusion reached by Barey (196%) in cagse of
myxovirusges that althaggh these viruses appenr to depend
on DNA dependent RUNA, p&lymérasa as they are Actinomyelin D
sensltive, they can in fact synthesize independently of the
cellulay DNA systems. The resulis with Reo virus are also
in accord with ﬁhé data'pr@a@ntea by Gomatos et al. (1962),
The effect of supraocptimal Lemperatures on threa
other cell lines was algo congldered. The sensitlivity to
virvgses of L cells, Chick fibroblastic cells and Hela cells
ie similar to that of BHE-2L, €13 cells, This wide range
of cell specios indicates that the differentinl effect of
heat on the two mein clagses of viruses, ds likely to be of
zeneral application. ~ In this cagse blochemical investlgatlions
should reveal a wmechanlism which 1s common to all species of
animal cell, which is requived for the synthesis of DA

viruses and which is heat-sengliltive.
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The results repowied in this dissertstion are
congerned mainly wlth the effect of supraoplimal btemperaitures
on BHEE-21, CL3 cells and on thely ability to support the
growih of various viruses,

The term "supraoptlmal tomperature" wos delined ag
any ﬁ@mpera%ure sbove the optlmel Ltemperature of 37 and
helow %79, above wniéh most cells became stainable by
Lrypan blueg. |

Tha affect Qf,suﬁrauptimal temperatures on the
mnlﬁiplicatimn of €13 cells was tested by comparing the
plating effiéienay of C13 cells, after ezposure Lo highey
t@mp@ﬁatmra, with that of normal cells, The plating
oefflcieney of the cells fell gradually with the rise in
tamporature, Nearly 80 to 100% of cells had ceased to
divide between tempevatures of W59 and ¥6°C.

Before studylng heoted cells, the charscteristics
of the growbth cycle of o swall serieg of DNA and RWA viruses
warae esbeblished for BHE-21, Cl3 cells. Bome of these had
firet o be adapied to the cells.

The éapacity of heated BHE-21, 13 cells to suppori
synthesis of these DNA and RNA viruses was tested by the
formation of infectious centres, by the oxamination of

one-step growth curves, and occaslonally by serologicel test



for synthesls of virus proteln and when advantageous, by
haemadsorphion.

Bxposure of the cells to supraoptimal temperatures
made the ¢ells ingsensivive to the DNA viruses. The deeline
in sengitlvity began at aboul the same temperature and fell
at about the same vate as the platving efficiency of BIK-21,
Cl3 cells.

On the other hand, BHK-21, CL3 cells, after exposure
o supraopiinal temperatures, continued to synthesize the
RUA vivnges with thelr normal afficlency.

The Findings wereo not limited o BHEK-21l, G13 cells
but held also for huaman, chicken and mouse cells tested with
one vepresentative virus of each type.

It is suggested that one heatwgensitlive biochemical
process in all species could be responsible for ell these

Tindings.
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Boplels Medium (Glasgow medification) .

SR

To make 1,000 ml.

NaGl o l Gt e
KRG 0wkt g,
CaCl, 0.2 B
MgB0), » 78,0 | 0.2 g,
NaHy PO, 21,0 o 0,14 g.
Daxtrose HeB g
Ferric niitvate ‘ 0.,000L g.
L, Glutamine ' 0.292 g
Penicillin 100,000 units
Streptonyein | Dl Ba
Antimycotle 0. 02% 1,0 wl.
Pﬁaﬂml Red i% TeH il

Digsolve in gbout 500 ml. of distilled water,

bads  WaHCO, ' 2,75 g,
Amino acids (eoncentirated) | 50 @l
Viteming (c0ﬁqenﬁr§ted) b oml,
Distilled vater Ho 1,000 wl.

Flush with €O, nntil orange.
Sterilise by Millipore filiration, using G.S5. membrane (0.22 ),
Bottle in 80 ml. emounts and store at %°C,

Check for bacterial contamination snd pleting efficiency.
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Tryptose Phosphate Broth

Lo make, 5,900 wul.

Tryptose Phosphate Broth (Difceo Bacto) 7.5 g,
Distilled water %o 5,000 ml.

Dissolve with the aid of heat.
Bottle 20 ml, amounts.

Autoclave at 1% lbs. pressure for 1% minutes.

Cheek sterility by incubating at 379 for 5 days before issues



Sera & All sera were sterilized by filtration and stored

at =-1.0°C,

Gall sewrum

Human serum

Hovasa gerum

4

L]
»

Wot dnsctivated.

Huoman sermm contailned herpes immuane antibodies

and was nob inasctivated,

Inactivated at 569 for 30 minubes.



Plaque asgay overlay meddum

L¢3 Bagle's medium ¢ Bagle's medivm with the constituents
at L.3 times the concentrabion of
Bagle's mediumn except with far less
phenol rved (1 wml of 1% dye/18 litres)

Agap &

3.6% Noble agaw

L. 8% Hoble agay.

Overlay medium was made by adding 2% wml of melted agar
ta 75 wl of 1.3 Bagle's medium plus § wml of calf serum.

A neutral red contalning, staining overlay wves mede up
in an identical manner, except that 3 wml of 0.4% neutral zed

solution was incorporated,



Proparatlon of Carboxymethyl celinlose,

5% w/v solution of the sodimm salt of carboxymethyl

cellulose (L. Light & Co.) in wvatewr,



Yergens in P.B.8, (Solution A).

fo meke 1,000 ml.

NaCl1, & g
Ke1 2 ge
NagHP Oy, ‘ 1.15 g
Kia POy, : ol B
Adgs

Diamlnoethanetetra ~ acetlic acld,

disodivm gsalt (Versene) (BDH quality) o2 e
Phenol Red 1% 1e5 mla

Digsolve in 1,000 ml. of dlstilled water,
Bottle in 20 wl, amonnbs.
Autoelave at 19 lbs. pressure for 15 minutes.

Ieypain/Versene:

1 volume Trypsin

L yolumes Verscene.



Trypsin 0.25% in Trig dSaline.

oremrind

Yo aske 1,000 mnl.

HaCl | & &
K{L 19% 2 ml,
B :@21"13?04 0.l g
Dextrose - L g
Teis (hydroxy webthyl) amine methaune B e
~Diesolve in TO0 wl. distilled water.
Add §/1 HCGL to make pl T.7 ab room btemperasture.
Add s

Phenol Red 15 1.5 mle

Penicillin 160,000 wsits

Sbyreptomycin Osl g
tlake up to 1 litre.

Add g

otean mdTE

\3"‘
&
@

Teyosin (Difeo L:i250) 205
| R ¢
feave at 40 overnight.
Prefilter through ls2dp¢ 0.8 1, Q.4kp.aﬂd O.2d p millipove
membranes using a coarse prefilter with each of these.
gherilise by Billipore filtration, uslog Med. fembrane (Q¢28)A).
Bottle 100 ml. amownts.
RN uvh g b f:) (') 5
i’.?tii()l. & HL w370y
Checlk for bseberisnl conbtominstion snd tryphic efficiency.
The efficiency is checked by testing the digesbtive sciivity

of varying dilubtions of the Trypsin on a plece ol A-ray
i 1lm,



Paucd
Tt

3
ey

i
i

To, make 50,000 ml.

NaCl OO g
KC1 19% 100 ml,
Na,BPO, | : 5 &
Dextrose ' 50 g
Tris (hydroxy methyl) amino wmethane 150 g
Phenol Red | 1% | 75 ml.

Disgolve 1n about lé litres distllled water.
Add W/1 HCL to make pH 7.4 at room temperature.
Adds
Penleillin 5, 000, 000 units

Streptonycin 5 B
Distilled vater to 50,000 ml,

Sterilise by Millipore filtwration, uslng G.5. m%mbrane)
0.22 1)«

Bottle 190 ml, amounbse.
Stoure at &OC.
Check {or bacterial contamination.

Prig-calt 3 firis saline + 2% calf serum.




Diluent Poy INMC H.A. titration.

Dissolve %5 gm glucose in 100 ml distilled water
and miz with 100 ml PBS. (complete). Take 99 wml and add

5 wl 1% gelatine solution in PBS.
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