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VIB'ÜS aaOMTH H  P B ïï-I llâ T l!©  0 BL1 8 .

The results reported la  this dissertation are 
oonoeraed mainly with the e ffect of supraoptlmal temperatures 
on BHK""81̂  G13 o e lls  and on their a b ility  to support the 
growth of various viruses.

The term "supraoptlmal temperature" was defined as 
any temperature above the optimal temperature of 37% and 
below 4*7%̂  above %'Zhloh most c e lls  beoame stalnable by 
trypan blue»

The effeqt of supraoptlmal temperatures on the 
m ultiplication of G13 c e lls  was tested by oomparlng the 
plating efflolenoy of G13 oells^ after exposure to higher 
temperature^ with that of normal o e lls . The plating 
effioienoy of the c e lls  f e l l  gradually with the r ise  In 
temperature# $3early 80 to 100# of c e lls  had ceased to 
divide between tempez'aturas of 4^% and

Before studying heated cellS ) the characteristics 
of the gro%fth cycle of a small series of DM and EM viruses 
were established for BHK-21) G13 cells#  Borne of these had 
f ir s t  to be adapted to the cells#

The capacity of heated DHIMI  ̂ Clj c e lls  to support 
synthesis of these DEA and EM viruses was tested by the 
formation of Infectious centres^ by the examination of 
one-step gro%fth cui'ves^ and occasionally by serological te st
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fo r  syatliesis  of v iru s  p ro te li i  and when advantageous^ by 

haemadsorp t io n  *

Exposure of the coIIb to supraoptlmal teffipe3?a,tures 

made the c e l l s  in sen s i t iv e  to the DM viruses# The decline 

l a  s e n s i t i v i t y  began a t  about the same temperature and f e l l  

a t  about the same r a te  as the plating  e f f ic ien cy  of BHK-21j 

a 13 ce l ls#

On the other handp C13  c e l ls^  a f t e r  exposure

to  supraoptima1 temperatures, continued to synthesise  the 

HÎ A v iruses  with t h e i r  normal effic iency#

The f ind ings  were not l im ited  to  BHE-2 1 p 0 1 3  c e l l s  

but held a l so  fo r  human g chicken and mouse c e l l s  te s te d  with 

one representative v irus  of each typo.
I t  i s  suggested th a t  one h e a t - s e n s i t iv e  bioaheiaicaX 

process in  a l l  species could be .responsible fo r  a l 3. these 

findings#
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C m P T E B  1 *

The a b i l i ty  of enlmal viruses to multiply only in  

liv ing  tlaeue has been known fo r a long time# I t  la  only 

with the achievement of Bnders and hla group (194-9) in  
cu ltiv a tin g  poliom yelitis v irus in  tissu e  cu ltu re  that the 

task  of analysing the reproduction of animal viruses within 

the c e l l  became susceptib le  to accurate and sen s itiv e  
experiments* The g rea tes t Impetus for th is  development 

came when Dulbecco (1952) most c lea rly  demonstrated tha t  a 

plaque counting technique, comparable to  those  employed with 

bacteriophage, was also applicable to animal viruses* Since 
then  the. most pro fitab le  attempts made to in v e s t ig a te  animal 

virus*fOell re la tionsh ip  have followed the lin es  of phage 
research#

The quest has been so successful th a t  th e re  has been, 

even concerning animal viruses and th e ir  in te rac tions  with 
the  cells@ a s h i f t  from b io lo g ic a l  to  ohemioal in v es t ig a t ion s*  

Many Important b io log ical questions have been rephrased as 
chemical problems# I t  Is  l ik e ly  tha t the work of th is  thes is  
ends sim ilarly  in  a biochemical explanation, but the p rinc ipa l 
experiments belong to  the se ries  of b io log ical questions as 

comparison w ill  no%v show*

Viruses are smaller In s ize  and chemically less



complex thon the c e l ls  they Infect# I t  has been shown tha t

the in fe c tlv i ty  of various v iruses resides in th e i r  nucleic 
acid component and the in fec tion  of host c e l l s  can be 
I n i t i a t e d  by the  nucleic aold alone (Bllem and C o lte r ,  19&0; 

Colt©3? j„Lj1.,s 1957? Sanders, I960; B e l l e # , 1962).

Thus, virus m ultip lica tion  depends on the host metabolism 

and i t  is  the host enzymes end nucleic acid acting in  unison 

which produce new virus p a r t ic le s .  I t  is  reasonable to  believe 
that any attack  on liinown host functions which is  found to  
affec t virus growth w ill lead to  knowledge of pathways for 
v irus synthesis* The following account of the main avenues 

of experimental a ttack  such as, change in  the n u tr it io n a l 
requirements, energy requirements and pH of the environment, 
the effec t of in h ib ito rs ,  rad ia tio n  and temperature of 
Inoabation, on virus growth w ill  indicate to  which category 
the present work belongs.

The n u tr i t io n a l requirements of t issu e  in  cu ltu re  

and of the v irus m ultip lica tion  have been worked out in d e ta i l  
by Bagle (195^5)# I t  is  possible to  determine the effec t of 
omission of ooztain e ssen tia l compounds from a ce r ta in  
completely defined medium which supports virus mutliplioation* 
Eagle and Habel (195&) traced the Importance of exogenous 
glucose and glutamine in  the optimal production of poliom yelitis



in  SeDa cells*  Haggle and Morgan (1956) discovered th a t i f  
selected single compoaada such as phenylalanine or tryptophan 
were omitted from the medium, m ultip lica tion  of p s itta co s is  virus 
not 000hr*

I t  la  na tu ra l that v iruses depend on host c e l ls  fo r 

energy required fo r  th e i r  m ultiplication* Oonvereely, i t  can 
be expected tha t the in h ib it io n  of major routes of energy 
metabolism w il l  a ffec t the v irus production#

Ackemiann(1951) measured the re sp ira tio n  of the 
chorioallan to ic  membrane and suspension of HeLe ce lls  infected 

with influenza and poliom yelitis viruses respectively* Re 
reported tha t the re sp ira t io n  of the c e lls  remained fixed a t 

the  p ro l ife ra t io n  ra te  throughout the period of v i r a l  develop
ment and release* Similar re su l ts  were obtained In tissues  
infected with Newcastle disease virus (MaèLiman’s 1950);

and vaccinia virus (Overman and Tamm̂  1957)# lu a number of 
infections anaerobic glycolysis of infected t is su e  i s  stated 
to  be upohanged# But an increase in anaerobic glycolysis in  
monkey kidney c e lls  infected with poliovirus was noticed by 
levy and Baron (1957)* Many workers have reported a 
diminution of virus production in  anaerobic conditions#

Gifford and Byverton (1957) showed the production of pollovlrua 
in  ReLa c e lls  to  be the same under anaerobic as well as aerobic 

conditions#



Compoands l ik e  sodium malomte, a rsea lte , cyanide, 

ezlde, e tc . ,  which in h ib it  resp ira to ry  a c t iv i ty  of t is su es , 

in h ib it  m ultip lica tion  of influenza virus (Ackermann,1951) 
and vaccinia virus (Thompson, 194^7)* The fluorbaoetate 
ivhich blocks an lmpm*tant step in  Kreb’s cycle Inh ib its  the 
m ultip lica tion  of poliom yelitis (A lnslle, 195^) Bemllki 

fo res t virus (M atanbbe^^al,, 1952), I t  has been suggested 
tha t désoxygénation in  infected t is su e  may be one fac to r in  

determining recovery from virus infection (Baron, 1963),
The exploration of energy metabolism and the use of 

inh ib ito rs  has shown that the over-^all metabolism of t is su es , 
a f t e r  in fection  with viruses  remains unchanged but has not 
been )f great help in  approaching the mechanisms Involved in 
v i r a l  syntheais* This is  mostly because both aerobic and 
anaerobic pathi^ays seem to  be u ti l iz e d ,

SyJj:ÊBMmAmijmBsmÈ£MMmL-£sMl>

There i s  l i t t l e  evidence th a t  the f luc tua tion  in 
hydrogen-lon concentration, which ord inarily  occurs in  

c u ltu re s , markedly a ffec ts  the growth of most agents, Vogt 
et_ @1, (1957) showed tha t the cytopatblc e ffec t of variants 
of pollovirus, characterized by low pathogenioity for monkeys, 
is  delayed in s l ig h t acid media as indicated by the slowei* 
formation of plaques in agar overlay cultures of monkey kidney 

c e l l s ,  Baron and Karzon (1957) found tha t oytopathic changes 

Induced by c e r ta in  s tra in s  of Boho and Goxsaokie viruses are



depressed or delayed ï'fhea the pE of the medium Is allowed 

to  'become acid*

I t  Is possible tha t s l ig h t  pH changes, acting la  

accord with other changes in  inflammation of infected t is su e , 
fo r  example, may have a d is t in c t  influence on lim iting  virus 
infections (Baron, 1963 )#

Various inh ib ito ry  oompoands and a n tib io t ic s  were 
discovered in  the search for su itab le  a n t iv ir a l  drugs* This 
in  turn  pointed to the d e s i r a b i l i ty  of analyzing the specific  
e ffec t of in h ib ito rs  on v iru s -c e l l  complexes a t d iffe ren t 

developmental stages*

Aokermannand Maassab (1954-, 1955) showed th a t the 
compounda p -f1uoropheny1 a lan in e  and methexinine, which 

presumably act by in te rfe r in g  with normal p ro te in  synthesis, 

in te r fe re ,  not with the adsorption of v irus, but by blocking 
the m u l t ip l ic a t io n  of influenza virus end poliov irus. The 

inh ib ito ry  action of p-fluorophenyl alanine was released by 
addition of phenylalanine, which permitted Immediate rapid 
re lease  of v iru s , Indicating tha t the in h ib ito r  permits 
ce r ta in  e ssen tia l  reactions to  continue# On the  o ther  hand, 
the  release of Inh ib ition  produced by methoxlnine requ ires  

a lag of at le a s t  2 hours before virus release* I t  is  evident 
tha t these two compounds a f fe c t virus m ultip lica tion  at d if fe re n t  
points*



Analogues of know# constituen t^ , such as purine ai 

pyrimidine, have been used# A pyrimidine analogue, 
5-bromo-2'^deo%yurldlae, a potent Inh ib ito r of the synthesis 

of normal c e l lu la r  DMA, In h ib its  the production of vaoolnla 

(Thompson 194̂ 9; Simon, 1961; Easterbrook & Davern, 19&3)
and Herpes Simplex (Simlnoff, 1962) but has not action on 
RNA viruses, Newcastle d isease  virus and Influenza virus A 

s t r a in  (Balzman, 1960) #

A ntib io tics such as puromyoin, Actinomyoin D,

Mltomyoln C, e tc# , with a spec ific  inh ib itory  ac t io n  have 
been largely  proved useful in  distinguishing the chronology 
of évents in  the formation of v iru s-spec ific  m aterial in  

infected cells*

In early  ivOrlcs on viruses these rad ia tions %mre 
employed to in ac tiv a te  the viruses* There are a few 
c h a ra c te r is t ic s  of rad ia tion  which render i t  in te res ting  

in a study of vlrus^host relationship# I t  penetrates with 
minimal or no damage to  the whole s truc tu re  and i t  has 
localized action# Primarily rad iobio logical methods were 
used l a  the study of b a c te r ia l  viruses* Eventually methods 

used to  analyse the complex mechanism of bacteriophage 
in fec tion  served a# a model fo r  examining animal v iru s -c e l l  

in teractions* ,

Dulbecoo (1957) by performing experiments sim ilar to



Durla and la  te r  j e t  (194-7) on phage, showed that the a b i l i t y  

of poliovirus Infeoted c e l l s  to survive as in feo tlve  centres 

a f te r  I r rad ia tio n  with UVL, increases progressively with time, 
and that the surv ival curves remain of a slagle -h it type 

during the la te n t  period, as well as during the period of 

virus release# Similar*-results were,reported fo r vesicular 
s tom atitis  vii*us -  chick embryo c e l l  complexes ir ra d ia te d  with 

X-rays (Franklin^ 1958)#
The ra d ia tio n s , UV and X-rays, have been known to 

prevent m itosis and a r re s t  deoxyribonucleic acid  synthesis in  
tis su e  cu lture  c e l ls  (Klein, G, and Forssberg, A* 1954-; 
W hitfield eLA i*, 1959? and Pmfell, W*F$ 1962)#

These experiments show th a t the biosynthetic capacity 
of ' t i s sue  cu ltu re  i s  extremely ra d io re s is ta n t , a lthough the 

reproductive capacity of the c e l l s  i s  lo s t  much more readily#

f m  jfTi - M m  4  1  t W  à  / A  -Î  ’  -1 V*t f  r. n  j ' l  4 ;  4  m  g_  „„  _____       ... ..   ...___   i0of iac

V iro logists  have fo r long been aware of the adverse 

e ffe c ts  of higher temperature on virus m ultip lica tion  and 
the existence of an optimal temperature fo r  virus development 

Before the advent of t is su e  cu ltu re , remarlmble 
re s u l ts  of hyperpyrexia in  various in fections turned the 

a tten tio n  to i t s  app lica tion  in  a great varie ty  of disorders# 
Wolf (1934-) studied the e ffec t of hyperpyrexia on monkeys 
infected  with poliomyelitis# He showed tha t i t  was possible 

to  abort the development of poliom yelitis  in  monkeys by



hyperpyrexia* Thompson (1938) dempastratad the Influence 
of temperatures upon the p ro l ife ra t io n  of infectious fibroma 
and myxoma viruses In vivo* According to  him the re la t iv e ly  

lo%̂ temperature of the skin was the Important fac to r fo r the 
m ultip lica tion  of dermotroplo v iru s , es the p ro l ife ra t io n  of 

fibroma was inhibited when the temperature of the skin was 
raised to  the same value as the deeper tissue*

Enders  ̂ and Pearson (1941) noted tha t the Melbourne 

s t r a in  of influenza virus fa iled  to  multiply in chick-embryo 

t is su e  cu ltures maintained a t 40 C, although the c e lls  were 
not affected appreciably*

Dubes and Chaplh (1956) noted th a t  poliovirus groim 

at low temperature loses i t s  o rig ina l capacity to  gi'ow at 37%# 
s im ila r  re su lts  were obtained by Bang ,^t a]!.,* (1957) who 
showed th a t the oytopathlc e ffec t of Eastern equine 

.encephalitis virus may also be modified by change in  temperature 
As 8 re su lt  of these observations many attempts ivere made to 
e s tab lish  the re la tio n sh ip  between the high temperature and 
virulence of viruses* Dubès and Wanner (1957) studied the 
e ffe c t on poliovirus grown at low temperatures* By se lec ting  
poliovirus able to  develop a t low temperatures, they obtained 
a s t ra in  which was inhibited  at 37%* The cold s t ra in  did 
not produce any paralysis  i^hereas the o rig ina l s t r a in  was 

neurovirulent* The re la t iv e  avirulence of cold adapted 

s t r a in  appeared to be due to  i t s  reduced capacity to propagate



at 37% or above# On the contrary, s tra in s  selected for 
th e ir  a b i l i ty  to groiv at higher temperatures were found to 

be highly v iru len t (Babin and W off, 1959)* Perol Vauchez 

e t 8 l# (1961) have found a s im ilar kind of re la tionsh ip  
beWeen high temperature and virulence for the viruses of 

eneephalomyooardltis*
Recent work on poliovirus by Iwoff (1962) indicates 

th a t  there is a thermosensitive step Involved in  synthesis 

of th is  virus#
The e ffec t of higher temperatures on t is su e  cultures 

has been studied for some time# The method of these 
investigations xms to observe c e l l  m ultip lica tion  at sub le thal 
and le th a l  temperatures in the hope of ascertaining the 
biochemical or physical processes Involved# The commonest 
type of experiments had been to  determine the exact le th a l  
exposure time at temperatures juat above normal#

Friedgood (1928) and Pincua and Fischer (193D 
studied the e ffec t of le th a l  temperatures on t is su e  cultures 
but fa iled  to ascerta in  any one heat sens itive  function 
responsible fo r c e l l  death or Injury.

The application  of temperature shook to  cultures
' .

fo r  effec tive  synchronization of c e l l  d iv ision  in  tissue  
cu ltu re  has been considered# B rief exposure to  low 
temperatures is  found to be more e ffec tive  fo r th is  purpose 

(Gey, Bang and Gey, 1954; Wildy and Newton, 1958) than the 
supraOptimal temperatures#



The effec t of Ineubatlon at temperatures higher 

than 37% has not been ca re fu lly  studied#
The methods mentioned In the above account have a l l  

yielded s ig n if ican t information about virus growth, although 
b io log ical methods have provided less  precise Information 
than, fo r  example, studies with chemical analogues and 
an tib io tics#  The e ffec ts  of heat, p a r t ic u la r ly  h ea t-sen sitiv e  
step l a  the synthesis, have not yet been s a t is f a c to r i ly  

explained chemically# Heating the v lrus-host system is  
more complex than heating e i th e r  virus or host separately*

This la s t  form of inves tiga tion  does not seem to  have been 
adopted and forms the subject of th is  th e s is .  The reasons 

fo r  choslng th is  subject w ill  be apparent in  the following 

chapters*

The re su lts  of my experiments are probably more 
infjrm atlvo than the preceding accounts in the f ie ld s  of 
n u tr i t io n  and energy requirements, and s e n s i t iv i ty  to pH 
changes; as informative as those of growth of virus at 
elevated temperatures and a f te r  ir ra d ia t io n  of v iru s -c e l l  
complexes; but le ss  in s tru c tiv e  than biochemical findings 
I'jlth specific  metabolio in h ib ito rs  and analogues#



CHfiPBSR S . 

a e iE M L  METHODS

This chapter Inoludes an outline of procedures whloh 

have been routinely  used throughout th is  I'jork# Speolal 

methods w ill be described In the relevant chapters*

Bm-21, C13 c e l l s :
The Binc-21, CI3 clone of hamster c e l ls  (Maopheraon 

and Btoker, 1962) were groivn in ETC from frozen stock 
suspenalon# As e routine, c e l ls  were grown In 8 oz baby 
b o tt le s ,  but whenever a considerable number of ce lls  %iras 
required, they were propagated in 80 oz b o tt le s  la id  on 
th e i r  aides, revolving about th e ir  long axis at approximately 
one revolution per minute at 37%* About 8 x 107 to 1 x 10^ 
c e l ls  suspended in 200 ml BTC were seeded in  each b o tt le ,  
yielding approximately 4 x 10^ c e lls  per b o tt le  in  48 hours* 
The ce lls  were harvested using 0*05^ trypsin  in versene 
solution* Celle ware washed once with ETC and then 
resuspended in  fresh  ETC and stored at f4% u n ti l  used*
Cells were used immediately or not la te r  than 48 hours a f te r  
being stored*

R efrigeration of c e l ls ;

Just confluent cu ltures of CI3 c e l ls  were trypsinized 

with 0*05# try p s in  versene, spun and resuspended in the medium



oontalaiag 25^ oalf serum and 5^ glyoerol# Aliquots of 
the c e l l  8U8%)en8lon In small b o tt le s  were slowly oooled to 

-6 0  C l a  a deep freeze* Gelle were reoovered by thawing 

rap id ly  in a %mter bath a t  37%*

Exposure of o e lls  to temperatures:
The logarithm ically  growing BHK-21, G13 monolayer 

c e l l  oulturea grown for 24-48 hours were trypsln ized  with 

0*05^ try p s in  versene, oentrifuged a t  1000 rpm fo r 5 minutes, 
and resuspended In warm ETC to give a monodispersed c e l l  
suspension of approximately 1 x 10^ e e l ls  per ml# The o e l ls  
were d is tr ib u ted  ixi 1 ml q u an titie s  in 4 % & slllconed tubes# 

The tubes x^ere t ig h t ly  oorked and placed in  a water bath 

adjusted to  the required temperature# The tubes were 
immersed in  the water bath deep enough to keep the c e l l  

suspension well below the lev e l of the water In the bath#

I t  took between 90 -  120 seconds fo r the temperature of the 

f lu id  Inside the tubes to eq u il ib r ia  te  %fith th a t  of the 

water in the bath* The temperature of the water bath was 

maintained w ithin t  0*05% of the desired temperature*
C ells  were generally  exposed to  a p a r t ic u la r  temperature 

for a period of 15 minutes unless otherwise stated# C ell 
suspensions were occas iona lly  shaken to prevent settling#



CH&PTM 3.

OM . BilK-ai, 013 CELLS.

BMK-21, 013 o e l ls  are regu larly  cu ltured  a t  37%) 

heaoe 37% 1$ oousldered as the qptlim l temperature fo r th i s  

c e l l  line* The growth ra te  of 013 c e l ls  was oompared a t  
temperatures 37^» 39*̂ " and 4 l%  to  cheek the assumption and 

to  define the range of eupraoptlmal temperatures* Borne 

a l te ra t io n  of growth xms, In f a c t ,  observed a t  39^ and 41%; 
the terms ’’supraoptlmal", "higher temperature" and "heat" 
were used to  denote one and the same meaning, l,e*  any 

temperature above 37%; the optimal temperature#
The growth ra te  a t  37^ and 39%*

Replicate oulturee were prepared In a number of 

p lae tlo  b o t t l e s  seeded with 5 % 10^ c e l l s  in  5 ml of BÎO#

The b o t t l e s  were gassed with 3$ GOg In a i r  and incubated a t  

37^ 39% in  the a i r  Incubators* The duplicate cu ltu res
from each batch were taken a t  an in te rv a l of 24 hours# The 

c e l l s  from indiv idual b o tt le s  were harvested and counted in  
a haeraocytOBioter# The minimum number of c e l l s  counted was 

between 150 -  200 c e l l s  per sample# The growth ra te  was 

followed fo r 96 hours without replenishing the medium or 
the gas.phase#



at 3

Pig* 1 shows th a t the growth ra tes  of C13 c e lls  

'0 and 39% fo r the f i r s t  72 hours are the same, the 
mean doubling time during the log phase being 12 houra, aa 

noted by Macpherson ( I963) fo r  37%# After 72 hours at 
39% the growth ra te  of GI3 oe lla  seemed to  alow down, and 
appeared to  reach sta tionary  phase, while c e l ls  a t 37% 
continue to  grow at normal rate#

The growth ra tes  were not followed a f te r  96 hours, 

bb the c e lls  Incubated a t  39% appeared unhealthy and 

granular.
The comparative curves of 013  c e l l s  a t  37^ and 4l%  

are shown separately  (Fig# 2 ), beoause of one difference In 
the  experimental method f o r  the  39% cultures# BHK-21, G13 

c e l ls  do not adhere to p la s t ic  or glass a t 41%, therefore, 

a l l  the cu ltu res were loosely capped and placed in humidified
ar 37% fo r the f i r s t  6 hours. When

eq u ilib ra tio n  and s e t t l in g  had occurred at the end of th is  

period, b o tt le s  were t ig h t ly  capped and divided in to  two 

batches, one being placed in an Incubator a t 37%, the other 
a t 41%* C ell counts were done on duplicate cu ltures from 
each batch at the end of 18 hours and every 24 hours th e rea f te r  
The growth ra te ,  a t both temperatures, remained the same fo r 
the f i r s t  24 hours and th e re a f te r  there was a gradual drop 

In the to ta l  c e l l  population grown at 41%. By 72 hours, 

the to ta l  c e l l  population grown at 37% was three times more 
than that grown at 41%,
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Fig. 1 The r a te  of m u ltip lica tio n  of 013 c e l l s  a t  
37°C (x x) and 39 C (o ---- o).
Bach point la  the arithm etic  mean of two 
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Fig* 2 The r a t e  of m u l t i p l i c a t io n  of 0 1 3  c e l l s  a t  
37^0 (x —-  %) and 41^0 ( o  o ) #
Each p o in t  i s  the  a r i th m e t ic  mean of two 
counts*



re su lts  Indicated th a t the grovth of OI3 c e lls  

retarded a t temperatures of 39% ^nd above, which were 

considered eupraoptlmal temperatures*

$he e ffec t of higher temperatures on tis su e  
cu ltu re  is  known to  be le th a l  (Plncus, G*, and Fischer, A*, 

I 93I; Kokott, 1930a, 1930)$ The le th a l  e ffec t of 
supraoptlmal temperatures on GI3 c e lls  was judged by th e i r  
Increasing s e n s i t iv i ty  to trypan blue stain# The s ta in  
trypan blue is generally used to  d is tingu ish  dead organisms 

or t is su e  cu ltu re  c e l ls  from liv ing  ones (Evans and Gchulemann, 

Pappenhelmer, A#M*, I 917)# Since the aim was to  study 

the e ffec t of supraoptlmal temperatm?es on the metabolic 
a c t iv i ty  of BHK##21, CI3 o e l ls ,  i t  was necessary to  ascerta in  

which of these were non-lethal*
The CI3 c e l ls  in suspension were exposed to 

temperatures ranging from 39^ to  ^0% in a water bath fo r  
various lengths of time and then stained with 0#$^ trypan 
blue# The counts on stained and unstained c e l l s  were 
compared to  estimate the death ra te  in a c e l l  population 
a f te r  exposure to  higher temperatures# Uptake of s ta in  
was dependent , on tem pe#ture of exposure and the time of 
exposure* Heating to  48% and above was acopmpanied by a 
c r i t i c a l  Increase in the permeability of the c e lls  to the 

dye (Fig# 3)$
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s;<ai%8@ tfhloh hae beea standard In mlorobioloAy) l#e# referring 
(onulsr 1)0 t&ie ;al)jl]L:L1b3r ladC iilie dLiiclilTrjLciiaaalL tzellLas ib() owa]L1;jL%)l3r jlfito 

a %ü(%(33?o&;(;o]3jLo (toTLoâ f*
fSiagzirjlTfaJL araat;*) ()jT t:tïe cseTLlLg; v/as (3etie3?8%:Laeci l)5r 

23 siiaaiipssfiaijLofs ()jT agjltigflLe (;e]L]L8 c)o t;o ttse jTeecSeaf

OLasareaPs; i*03? titie î 03?%af&t]Loi3 ()jr wiaacsafGGcfOjpjLo (solt̂ ajLess» %îtie 
layers were prepared as described by EStzoTce]? and 

$4ks(&]pj&<e3*6;<)fk (I96I) * The plating efflo leney of C13
eel%a mnd#r normal oondltlona^ was $0»#80̂ # . 3he effeot of 

beat on t #  afw%»\rjLirja]L rate of oella  was estimated by 
oomparing the plating efflolenoy of normal and heated oells*  

$he' Iqgarltbmloally garotfjljBis 013 della tfeare 
auapended In warm BIG to give approximately 1 % 10  ̂ ee lla  
per m illilitr e#  Aliquot a of 1 ml amounts t;@3?c) distributed  
in slllooned tiaTbeas # The c e lls  were exposed to supra optimal 
temperatbrea by placing a tube^ containing c e l l s , In a Taaizesz 
bath) maintained at the required temperature» for 3L5T minutes 
_(teahnlque_ on page 10 $ The cells, after exposure to heat 
were a;%>u& down and resuspended In 1 ml of BTC to give a 
(stasiipensjLC)# of single c e lls  * The c e lls  were tkien counted 
and diluted in BTC to give 100«#'200 c e lls  per plate* The 

minimum number of 8 plates was used for each sample in  order 

to attain  90^ confidence lim its# Plates tfeare incubated in



.a Q0« l a c  a b a t  o r  a t  3 7 %  f o r  7  4 a y s j  th e n  f ix e d  w i th  1 0 %
■

2%nd 3Le;lesl%mg3f%& *8 eitiajln*

tUlae aswi7T/:lira)]L (ïtaseifes; ojT is&ree <%jLjTjPe3*enlG <33s%)G]rjLsaGat8 

E&SZG ]%3?Gê;eAt#c* jlfï IP jigs* tf* ][& <5330 j% (sacjpeapjLmeiil;* title (gjTjTeoik 

of f iv e  d ifferen t temperatures oh the p latin g  e ff ic le n e y  

W88 omg)8red wjLlbti thet of normal c e l l s  4 The survive I re te  

of c e l le  appeared to  drop grad u ally .# ltb  the r is e  of 

temperature# The r e su lts  varied fr m  experiment to  

experiment# The ifiaarjIeitsjLon .ih  the survival rate at 4l^  and 

4-390 extended over a lajLde ranges between 5»0 to  80^# The 

pereentage of o e lla  forming oolonlea twlaen treated at 4-9% 

varied between 0  to  2 Q̂ $ but the c e l l s  exposed to  46% never 

formed co lon ies  in  any experiment# Various aanifiiTisnmentiaJL and 

host factors might have Iseen responsib le for  th is  variation#

It was/ therefore) necessary to conlkartal the conditions of 
assays # The @]ctë3*!ia]L fact ors ̂  such as meddLum and sers) were 
controlled by using one batch of medliLiwR and serub#

The effect of the cfusr&iiilon of exposure at various 
supraoptimal temperatures on the survival rate of 013 c e lls  
was studied# Th® maximum time of exposure at any one 
temperature was 60 minutes* Thë results are shown in  
Fig# ÿ# The 8 U3nrjLTria]L rate.' of the c e lls  at a l l  temperatures 

decreased syjLtii the j.nc3Pea8e in the time of ewrgiosu%*e. The 

,aurvlval curves obtained, wefe of mult 1-̂ hit type#
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F a i lu re  of c e l l s  to  form macroscopic Goloniea 

could be due to  one of the  following reasonsi

a) the  heated c e l l s  may d i¥ ld e  f o r  a l im ited  number of 

d iv is io n s  and form microcolonies^ or

b) th e  r e p ro d u c tx b i l i ty  of c e l l s  Is completely 

in h ib i ted  so th a t  they remain as s in g le  c e l l s  and 

disappear# . .

Lim ita t ions  In number of d iv is io n s  was ruled out 

by the  absence of miorocolDnies a t  any stage# At higher 

tem pera tu res5 c e l l s  which had re ta ined  t h e i r  a b i l i t y  to  

divide^ formed colonies  of normal si^e# This l e f t  complete 

in h ib i t io n  of d iv i s io n  as the cause of decreased su rv iv a l  ra te#  

MorpholoCT of c e l l s 3

The c e l l s  exposed to  temperatures up to  fo r

15 minutes appeared normal when examined under ordinary 

o p t i c a l  microscope# The only obvious e f fe c t  of heat on the  

CI3 c e l l s  was the rounding of the cells* I t  was noticed 

th a t  when heated c o l l s  were plated^ with the  r i s e  of 

temperature an increasing number of c e l l s  remained rounded 
and f a i le d  to  s t i c k - t o  the glass* . At temperatures of 

and 46%) a m ajori ty  of the: c e l l s -h a d  rounded up and were 

found e i t h e r  f lo a t in g  in  the medium or loose ly  attached to  

the  glass# Rounding of the. chick o s te o b la s t ic  c e l l s  was 

observed by Pineus and F ische r  (1931) when c e l l s  were exposed
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Nothing can be deduced from the curves of the survival rate#

][& jpiaartijLcïulLQar ()ne (sannoi; decsjicle 1)ei:%feen ;3:Ln#f]Le san(3 %Bta]Lt;jL])]Le«* 

liilt; <adï:FG(%t;s;« aSoiae jTsacstiojra; iftijLofi nijlEitit: jLnjriLueancse 1;Bie (latziaare 

of the curve cannot be Ignored $ The siens jit; jkirjllbsr of the
c e l l s  to higher temperatures Is sskiown to  depend on the 

B)jl1ko1;:lc phase o f the c e l l s  at the time of eacioosiwafe (IhormaPy 

195̂ 9; ZeutbeUÿ 196̂ )̂ * The v a r ia b ility  alone in  the 

s e n s it iv ity  of the c e l l  population to  supraoptimal temperatures 

could e9E%)]LGijLn the nature of survival curve# In that ca se
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BQ’lj ion  of heat may not be a phenomenon^ but may

have-one s in g le  ea t io n  on the c e l l s  depending on t h e , s t a t e  

of the ce lla*

The s i t e  of ac t io n  in the  c e l l s  can be e i t h e f  

s t r u c t u r a l  o:r biochemical* E lec tro n  microscopic examination 

of normal and heated c e l l s  had shown no obvious s t r u c t u r a l  

damage, (p^l09) * That does not r u le  out the  p o s s i b i l i t y  of 

damage without d i s t o r t i o n  or ffragmentation) e*g* coagulation* 

The only o ther  obvious e f fe c t  could have been e i t h e r  

an in a c t iv a t io n  or d e s t ru c t io n  of the e s s e n t i a l  metabolism 

requii'ed fo r  the c e l l  m u lt ip l ica t io n #  The process of c e l l

d iv i s io n  is  a compleK one v/hose 3?egulotion is  s t i l l  a Blatter

of speculation^ and i n h ib i t i o n  of any one of the  many px^ocessas 

involved may r e s u l t  In  the prevention of c e l l  division^ but 

not n e ce s sa r i ly  causing” other e f f e c t s  on the  metabolism#
The experiments reported  in  the  following chapters  were 

designed to  determine th e  e f f e c t  on other fano t lans  of the

host c e l l*  Of th e s e ) I  chose to  t e s t  the capac i ty  of the

preheated c e l l s  to  support virus reproduetlong s ince  sev e ra l  

p u b l ica t io ns  have appeared about the r e l a t io n s h ip  between 

c e l l  cllv ision and v irus  gieowth) a*g# Herpes simplex (Stoker 

and îiewton^ 1959)? NDV and, Mttô (Wheelock and Tammg 1959) and 

Reo (Spetidiove 1963) ,

The following v lrusea  were-selected  from the l i s t  

of the v iru ses  known to  m ultip ly  and produce cy topa th ic
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I t  was necessary to ob ta in  p rec ise  information about 

the  processes of v i r a l  in fe c t io n  of c a l l s  and m u l t ip l ic a t io n  

of Herpes Simplex vIvuq^  Pseudorabies v irus  and Vaccinia v i ru s  

in  CI3 c e l l s  before  the s e n s i t i v i t y  of preheated CI3

c e l l s  to  these  v iru ses  was tested*

The reasons fo r  d iscuss ing  these  th re e  v iruses  

toge ther  w i l l  become obvious*

Herpes Etoplex v i ru s  has been studied in 

ombryonated eggs and many t i s s u e  c u l tu re  c e l l  l ines*  I t

contains  D #  f o r  i t s  nucle ic  acid (Ben-Porat and Kaplan, 1962; 

R ussell)  1962) and i t s  s i t e  of m u l t ip l ic a t io n  in  in fec ted  c e l l s  

i s  in  the nucleus of the host c e l l s  (Grouse et a l . , 1952,

M organ e t„ _ a l . ,  1 9 ^4 ; Leferun, 19^6) .

Pseudorabiea v irus  has been placed in  the Herpes 

group of v iru ses  because both are  p an tro p ic , neuroinvasive 

and produce s im i la r  in t r a n u c le a r  Inclusions (Sabin, 193!'!'). 

Morphologically v i ru s  p a r t i c l e s ' . a r e  in d Is t in g u ish ab le  under 

e le c t ro n  Microscope (Iforgan et_j^l*, 195*- )̂* Pseud or ab les  i s

a DNA v iru s  (Ben«Porat and Kaplan, 1962)*

Vaccinia v i ru s  belongs to  the Pox group of viruses*

I t  has been studied in  embryonated eggs as well as in various

t i s s u e  c u l tu re  c e l l  l ines* I t  i s  a DMA v irus  but the group

of poxviruses has been considered unique because the syn thes is



of v i r a l  'Dlâ i s  induced in  the  cytoplasm of infected c e l l s  

(Gairni^;1960 and Ebeek and Magee, I 96D*
MATERIALS A #  METHODS.

Herpes Simplex;
The EFEM s t ra in  of Herpes Simplex virus was kindly 

supplied by Dr* Wlldy* The virus had been derived from a 
single pock on the chorioallan to ic  membrane of an egg and 
was adapted to  BHK"»21, CI3 c e l ls  by s e r ia l  passages* The 
virus seed was prepared In monolayers of GI3 c e l ls
growing at in  ETO (Farnham end Newton, 1959)* Two days 
a f te r  Infection , c e l ls  were scraped off the glass and were 

disrupted In a small volume of medium using a Dax/e Eonlclean 
u ltrsonlcator*  The c e l l  debris was removed by cen tr ifuga tion  

a t  1000 rpm fo r 5 minutes# The supernatant f lu id  was 
dispersed in  1*0 ml q u an titie s  and stored a t The
In fe c t lv l ty  t i t r e  was 2 % 10^ pfu/ml*

Pseudorab lea;
Pseudorabies v irus grown In HeLa c e l ls  was obtained 

by courtesy of Dr* Russell* The virus was then adapted to  
013 c e l l s  by three passages and the seed' was prepared from 
the cu ltu re  f lu id  of the fourth  passage which had the 
In fe c t lv l ty  t i t r e  of 2*^ x 10^ pfu/ml* The seed ims stored 
a t  In  1 ml aliquots*

Facclnla:

The L ie te r  s t r a in  of Vaoolnla, (kindly supplied by



Dr* Eosa), derived from a s in g le  pock on the  cho3? io a l lan to ic  

membrane, was grown In human amnion c e l l s  fo r two passages*

I t  was then adapted to  CI3 c e l l s  by three  passages in  

monolayers, incubated a t  37% fo r  h8 hours# Two days a f t e r  

In fe c t io n  of the  monolayers with undiluted Inoculum from a 

th i r d  passage t i s s u e  c u l tu r e  f l u i d ,  c e l l s  were harvested and 

d isrup ted  in  a small volume of medium using a Dawe Sonicleen 

u l t ra so n ic a to r*  The suspension was spun a t  1000 rpm f o r  

5 minutes to  remove c e l l u l a r  debreis* The supernatan t  was 

t i t r a t e d  fo r in f  a c t i v i t y  and had the t i t e r  of x 10® pfu/ml

The seed vbb s to red  a t  -*70% in  1 ml q u an t i t ie s#

X nfec t iy ity  assay;

The s e n s i t i v e  plaque technique used was devised by 

R usse ll  (1962Wwho es tab l ish ed  the  v a l i d i t y  of t h i s  

technique by showing a l i n e a r  r e la t io n s h ip  between the  

concen tra t ion  of v iru s  and th e  number of plaques with 

Herpes Simplex, Pseudorables and vaccinia v iruses#

Aliquots  of CI3 c e l l s  contain ing hri x  10^ c e l l s  

in  ETC (where n i s  the  number of p o t r i  d ishes used per 

d i lu t io n )  were spun down and the  p e l l e t  of c e l l s  resuspended 

in  n ml of an app rop ria te  v i ru s  d i l u t i o n  in  BTC# This 

cell-*viruB suspension was shaken a t  37% fo r  30 minutes fo r  

Herpes Simplex and Pseudorabies v irus  and fo r  60 minutes 

f o r  Vaccinia t i t r a t i o n s #  Then a fu r th e r  hn ml of ETH or 

ITCm was added ami 5 q u a n t i t i e s  of suspension were p la ted  

in  n number of 60 mm p e t r i  dishes# These p la te s  were then



iiioubatocl iïi a QO2 Incubâ t  or o t  370G* The p re sen ce  o f  

human serum conta in ing-  a n t i b o d i e s - t o  Herpes Simplex i n  ETH 

prevented, secondary  p laque  fo rm ation*  I n h i b i t i o n  of secondary  

p laques  i n  th e  absence of specific* a n t i - s e ru m  f o r  P seudorab ies  

and V a c c in i a - v i r u s  was ach ieved  by adding E a g l e ' s  medium 

c o n ta in in g  ca rbozy  methyl c e l l u l o s e  (ETGm). Oare was ta k e n  

not t o  mùve th e  a s say  p l a t e s  d u r in g  in c u b a t io n *  Plaques  1 -  2 mm 

i n  d ia m e te r  appeared  i n  2 -  3 days* P l a t e s  were f ix e d  w i th  

l '0/â formol-* sa l i n e  and s t a i n e d  w i th  Leishmannls s t a in *  P laques  

were counted w i th  a h an d ' l e n s  ( z b ) *

The adso rp t ion  a^ate of viruses  on monolayers, ae well

as on c e l l s  in  suspension was s tu d ied ,  as both methods were
' . .

used in  subsequent ezperiraents*

à s e r i e s  of. monolayer c u l tu re s  was washed once with 

txwls-calf s o lu t io n  and then inocula ted  with 0*1 ml of v iru s  

inoculum d i lu te d  in  BTC to  give a known number of plaques 

per plate* The in fec ted  c u l tu re s  were incubated in  a 

humidified CO^ incubator' a t  37%# .. Every 30 minutes 

h  p la te s  were removed from the  incubator,  the  monolayers 

wei'e washed 3 times with t r i s - c a l f  so lu t io n  and then over la id  

with egar medium and incubated a t  37%* The p la te s  were 

overla id  with a second la y e r  of overlay conta in ing  *OOb^ 

n e u t ra l  red a t  the  end of h days’ Incubation pexwlocU Plaques 

were v i s i b l e  as-unsta ined  areas  *



In suspensions

A numb63? of k  x |* inch  s i l iconed  t e s t  tubes 

oontsln ing  k % 10^ c e l l s  in  each, p lus  1 ml of v irus  

inoculum d i lu te d  in  ETC to  give a known number of pfu/ml, 

we3?e incubated a t  37% . The t e s t  tubes we5?e t i g h t l y  corked 

w ith  s i l i c o n e  bungs. The v lrus-^eell  suspension was gently 

s t i r r e d  on a small magnetic s t i 5?3?er# One tube per sample 

was taken at d i f f e r e n t  time in te z 'v a ls . C e l ls  were washed 

th ree  times with  t i ’l 8«*aalf s o lu t io n  to  get r id  of unadsorbed 

v i ru s ,  then  the  c e l l s  were mixed with 1 .2  % 1 0  ̂ normal 013 c e l l s  

suspended eithoze in  20 ml of BTH ( fo r  Herpes Simplex) ov ETCm 

( fo r  Pseudorabies and V acc in ia ) .  The mixture of c e l l  

suspension was d is tribu ted  in to  fou3? 60 mm p e t r i  d ishes in  

5 ml q u a n t i t i e s  per p la te .  The p la te s  we3?e incubated in  b 

COg Incubator a t  37% f o r  2 3 clays and then f ixed with

fo rm o l-se l ine  and s ta ined  w ith  Leishmann'a s t a i n .  Plaques 

were counted with a hand lens  (x b )#

S ing le  stcj.) /a^D‘wth curve?

To study the one*^step growth curve, the  method 

adopted was s a tu r a t io n  of the  c e l l s  by in fe c t io n  a t  high 
m u l t i p l i c i t y ,  to  ensure th a t  evo3?y c e l l  in  the  suspension 

was infeoted* The v i r u s ^ c e l l  mixture was Incubated a t  37%» 

Input v i ru s  was removed by thorough washing, and in  the  case 

of Herpes Blmplex, by n e u t r a l i s in g  antibody. An equal number 

of c e l l s  'was dispensed in  sepaszato b o t t l e s  which were 

harvested a t  appx^opirlate time In te rva ls*  In each case



i n f e c t iv e  ce n tre s  were determined, by p la t in g  in fec ted  c e l l s  

during the  l a t e n t  per iod , and I n t r a c e l l u l a r  and eztraeellu lax" 

v i ru s  -was measured to g e th e r ,  by dls3?uption of in fec ted  c e l lo  

by f reez ing  and thawing th.ree times.#

HEBULTBg

Adsorption r a t e ; -  (a) On monolayer -  A s e r ie s  of 

monolayers of CI3 c e l l s  was incubated with 0«1 ml of v i ru s  

Inoculum conta in ing  50 pfii /0*l ml* P la tes  we3?e rocked every 

20 minâtes to  f a c i l i t a t e  the  even d i s t r i b u t i o n  of inoculum. 

Fig* 1 shows th a t  more than 50^ of v iru s  inoculum was 

adsorbed w i th in  the  f i r s t  3^ minutes and the r a t e  of 

adsorp tion  g rad ua l ly  increased t i l l  i t  x^eaohed the  maximum 

le v e l  in  one and h a l f  hour where nearly  80^ of the  v iru s  was 

adsorbed* At 2 hours i t  was d i f f i c u l t  to  measure the  r a t e  

of edsorption because of thermal in ac t iv a t io n#

(b) In suspension Resu lts  in  Fig* 2 in d ic a te  th a t  when 

k  X 10^ c e lls  were in fec ted  in  suspension with 1 ml of v i ru s  

inoculum conta in ing  400 pfu/ml, the adso5?ption r a t e  was f a s t e r  
â maximum was achieved in  the f i r s t  30 minutes of incubât ion# 

The amount of v i ru s  adsorbed was s ig n i f i c a n t ly  g re a te r  than 

on the  monolayer*

In order to  determine the ec l ip se  per iod ,  d u ra t ion  

of s in g le  growth cycle  and an average y ie ld  of virus per
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infeated c e l l s ^  I t  was necessary to nse a high m ü ltlp llo ity  

of ia feetlo rj. Approximately 3 ^ IG^ oe lls  were infeoted 
with 1 ml of v irus inocalum containing 4 x  10® pfu/ml to  give 
an input m u ltip lic ity  of about 12 p fu /c e ll .  fhe v iru s«ee ll 
ml%tur@ was incubated fo:i” 30 minutes a t 37% py shaking on an 

automatic shaker* After iacubetiatij the vii’u s-ce ll  mixture 

was treated  with medium containing human serum with spec ific  
anti'9'herpes aatibodieS} for 20 minutes a t 37%* At the 

end of th is  Incubation, c e l ls  were washed twice with t r i s -  
■ c a lf  solution to get r id  of antibodies* C ells were 
resuspended in  BSC to  give approximately 1 x 10® c e lls  per 
ml* Aliquots of 2 ml quan titles  were dispensed in to  a se ries  
of 4 02 t is su e  cu ltu re  b o tt le s  which were Incubated a t 37%*
An aliquot of c e l l  suspension fu rth e r d ilu ted , to give 
approxiffiately 1 x  10® c e l l s /p la te ,  and were plated fo r 

in fec tive  centres*
The number of in fec tiv e  centres obtained was 68# 

in  th is  experiment* Nearly 40# of ce lls  had fa iled  to  
produce in fec tive  virus or to  make in fec tive  cen tres . By 
a Poissonian d is tr ib u tio n ,  100# of c e lls  should have been 
infeoted* I f  a l l  the,, c e l ls  were susceptib le , which may be 
a wroiîg assumption, then the fa i lu re  of infected c e lls  to  

produce plaques must be due to  lo ss  of infected c e lls  during 
the manipulations * th th a t case, the p la ting  effic iency  i f l l l  
never be 100 per cent*

Fig* 3 shows th a t ,  following washing and treatment
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with Immuae some vlruts a t l l l  remained in  the medium*
The la te n t  period extended to  between 2 and 4 hours and 

during that period there was a a ligh t f a l l  In residual virus» 

Following the la te n t  period y v irus Inoreaaed s tead ily  to 
reach the maximum by 12 hourst The drop In the f in a l  y ield  

a t 2^ hours could be due to  thermal inactivation# The 
average yield  per Infeoted c e l l  was 80 pfu/oell# This growth 

ourve is  now known to be o h a rao te r is t ie  of herpes virus in  
G13 c e lls  (Gold 1963),

Adsoiptlon Katess (a) On moaolayer * A sez'les of monolayers 

If as Infeeted with 0*1 ml vls’ws Inooalw» containing JO pfo/0*l ml 

Sampleg woi’o t'akett every h a lf  an hour,
(b) In suspension -  Approximately x 10^ c e l ls  were infected 

with 1 ml of v irus d ilu tio n  containing 480 pfu/ml* Samples 
were taken a t vai'ious time in te rv a ls .

Figs, 4 and J in d ica te  th a t  the adsorption sa te  in  
sttspensiohj i s  faste»’ than i t  is  on monolayers, Nearly 
of virus inoculum was adsorbed when infected in suspension, 
as compared to adsorption on monolayers.

The q u an titie s  used in  the s ing le -s tep  gi'owth eui*ve 

were 2 x  lo ” c e l ls  and 1 ml,of virus containing 2.4 x 10® pfu/ml. 
th is  gave a m u ltip lic i ty  r a t io  of IS ; 1, She v lru s^ ce ll  

mixture was incubated fo r 30 minutes a t 37%. The c e lls  were
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wjsheâ 4 times with t3?is«>ealf solu tion to get rid  of anadsorbeâ 
v iru s .  Cells wqv© resuspendod in  fresh ETC and dispensed in  

2 ml amounts containing approximately 1,*(- % lO® eella /m l in  

t is s u e  eu ltu re  b o t t le s .  An a liquo t of c e lls  %ms used fo r  

the estimation of the number of c e lls  yielding virus* Hearly 
1^0 c e l ls  per p la te  were plated*

Fig, 6 shows that the la te n t  period extended over 
a hours; during th a t period residual virus remained a t the 
same lev e l. After 2 hours, v irus m ultip lica tion  increased 
rapdlly  and maximum growth of v irus was obtained by 10 hoursj 
a f te r  which fa r th e r  Incubation did not have any adverse e ffec t 

on the infectious t i t r e  of the v iru s . In th is  experiment,

35^ of c e l ls  produced in fec tiv e  cen tres . The yield per 
infected c e l l  was nearly 800 p fu /c s l l .

Herpes Simplex v irus grew at a slower ra te  In 
BHK-^aij Cl3 o e lls  end had a lower yield per Infected c e l ls  

as compared to  Pseudorabies v irus in BM<*21, C13 c e l l s .
S im ilar re su l ts  were obtained in  rabbit-.'kidney o e lls  by 

Kaplan <1959').

Adsorption ra te  s (a) On. monolayer *» Monolayers W 6i*e  infected 
to  give 110 plaques per monolayer. Fig* 7 indicates tha t 
maximum adsorption is  achieved by 60 minutes and approximately 
63^ of v i ru s . inoculum is  adsorbed,

Cb) In suspension -  Approximately 4 x 10® c e lls  were infected
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x-jlth I  ml of v irus eo n ta ia l0g 550 pfu/ml, Although w ithin 
the f i r s t  30 minutes the adsorption ra te  was f a s te r  than 
that on monoXajreî*ji the maximum adsorption was only reached 

toy 60 minutess as w ill be seen,from Fig, 8,
(11 ̂  1 ÇS *1" ÉîîtTi 4* ̂  fô 6

B rie fly , the proeediire was ae followe# Approximately 
3 % 10^ o e lls  lifere Ihfeotea tilth  1 ml amount of virus Inooulum 
containing 1*4 % 10® pfu/ml, which gave a raa ltip lio ity  r a t io  
of ÿ # 1 approximately* Higher m u ltlp llo lt le a  were avoided 
ae 033 ee lla  were found to form clumps when mixed with vaccinia 
vlrna* The olumpa formed were large and could not be b%»oken 
by pipetting* At lower m u lt ip l ic i t ie s ,  c e lls  showed less  
tendency to clump and c e l ls  could be separated easily  by 

pipetting*
The vltnis-^oell mixture was incubated fo r  60 minutes

a t 37%* The ra te  of adeorptlon of vaccinia is  slower as

compared to Herpes Simplex and Paeudorabies# Hence, a 
longer Incubation period was used# After incubation, c e l ls  
were washed %\;lth trlS '^ealf so lu tion  a t le a s t  three times to  
remove e x trace llu la r  v iru s# Cells wex̂ e resuspended In 
ETC to  give approximately 1 x 10^ cells/m l and d is tribu ted  

in  tissu e  cu ltu re  b o ttle s  In 2 ml amounts* At the same time 
oella  were plated fo r In fec tive  centres* The number of 
In fec tive  centres estimated was 5̂ 2̂ * The growth cycle of 
vaccinia Is represented in  fig* 9 which Indicates tha t 
vaccinia ^roifS a t only a s l ig h t ly  slower ra te  in  C13
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c e l l s  as compai^oâ to  Hex^pes aW Pseudorabies. The

l a t e n t  pmrlod was about hours and a f t e r  k  hours v irus  cQiitlnuecl 

to  grow t i l l  I k  hours when the  maximum y ie ld  of v i ru s  was 

obtained# Once the  maximum le v e l  was reached) i t  remained 

s t a b le  on f u r th e r  Incubation  up to  84- hours. I n d ic a t in g - th a t  

v i ru s  i s  not g r e a t ly  in a c t iv a te d  by hea t .  The y ie ld  per 

In fec ted  c e l l  c a lcu la ted  from the number of i n f e c t iv e  c e n t r e s ,  

was 75 p fh  per in fec ted  ce l l#



crapïB i 5.

GROWTH OP Dim , VIRÜSIB I I  HEATED CELJ.S.

The a b i l i ty  of BïiK-^Sl, QI3 c e l ls  a f te r  exposure to 

heat, to  support the growth of Herpes Simplex, Pseudorabiea 
ami Vaccinia v irus , was .dotemiiied by the formation of 

in fec tiv e  centres* In fective  centres are the plaques formée! 
by single  infected c e lls  and give a propo2?tionate estimation 
of the fx^action of infected c e l ls  capable of producing new 
virus in  a c e l l  population*

METHODS ê

XG£ssMï.§™egiît£a,,8sjîjjg; by the suspension methods

à s ing le  c e l l  suspension from active ly  growing CI3 

c e l l s ,  was prepax?ed end counted# Aliquots of 1 ml q u an tit ie s , 
containing about 1 x 10^ ca lls /m l, were dispensed in  a 

number of k x  & siliconed te s t  tubes# Cells were exposed 

to  supraoptimal temperatures fo r  15 minutes by placing the 

tubes in a water bath adjusted to the required tempersiture*
The Celia wex*e then sedimentecl by centrifuging a t 1000 rpm 
fo r 5 minutes', and x^esuapencled in  1 ml virus diluted in ETC 
to  give a high input ratio* The ce ll^v irus 0 omplex vmB 

incubated at 37%* The c e l ls  v/exxe kept in  suspension 

during the adsorption period by s t i r r in g  on a magnetic s t i r re r*  
A fter incubation, the c e lls  were washed h times with ETC to 
remove unadsorbed v irus, and resuspended in 1 ml of ETC * ,



0*5 ml of i t  was f u r th e r  d i lu te d  to  give 2 ml of c e l l  

su sp eas ioa 'con ta in ing  approximately 800^1000 c e l l s  per 

m i l l i l i t r e #  One m i l l i l i t r e  of d i lu ted  suspension, was used 

fo r  in fe c t iv e  c e n t r e s ,  and the  remainder was f rozen  and 

thawed th roe  tim es, and t i t r a t e d  fo r  any c e l l - a s s o c ia te d  or 

unadsorbed virus# Infected c e l l s  were mixed w ith  hn. x  10^ 

noxniial c e l l s  suspended In 5n ml of Eaglets medium (1*3 times 

normal stx?ength), OD.nteining caxxboxy methyl c e l lu lo s e ,  and 

p la ted  in  5 ml amount per p la te  (n stands f o r  th e  nimiber of 

petrl«*dishes) # The p la te s  were incubated a t  37% In  a COg 

incubât ay# Care was taken not to  d is tu rb  th e  p la te s  to  

prevent the  formation of secondary plaques* At the  end of 

3 days, p la te s  were fixed with 10% formol s a l in e  and s ta ined  

with  Leisiimann’s s ta in*  In fe c t iv e  cent,res wore counted with 

a hand lens*

C e l l  counts -  C e ll  counts were done in  a haemoeytooieter*

An equal amount of 0J5% trypan  b lue  was added to  the 

remaining 0*5 ml of undiluted c e l l  suspension, and only 

unstained c e l l s  wex*e counted* Doublets were counted as one 

and t r i p l e t s  were counted as two, which formed le s s  than 1% 

of the  t o t a l  c e l l ,  suspension* At l e a s t  200*-*h*00 c e l l s  were 

counted per a am pler  

Coomlement f ix a t io n  t e s t s

A .nt i s  era -  (a) A pool of human herpes-Immune serum \ms

used in  t i t r a t i o n  of Herpes Bimplex C*F* antigen*

(b) Anti-^vaecinial serum prepared in  the r a b b i t  was k indly



supplied by Dr* Roes and was used to mesBure Vaeoinla G*F* 

antigen*
For the complement f ix a tio n  te s ta ,  s e r ia l  t%i^o-fold 

d ilu tio n s  of the antigen were pre^sared in veronal buffer 

using 0*1 ml volumes* To the respective se rie s  of d ilu tio n  
were added 0*1 ml of oomplement (2 un its )  dilu ted  In veronal 

buffer and 0*1 ml of d ilu ted  specifio  antiserum* After 

primary incubation a t 4% fo r  2k hours, 0*1 ml of eensltl^ed 
sheep red c e l ls  were added to  each d ilu tio n  end the t e s t  was 
reed a f te r  fu r th e r  incubation at 37% fo r 1 hour* The la s t  
d i lu tio n  of antigen giving complete haemolysis was taken 
as the end poin t. The re su l ts  were expressed as antigen 
units per m i l l i l i t r e *
RBBDLTS:

The c e l ls  exposed to  supraoptimal temperatures fo r 

15 minutes were infected in suspension with the HFBM s t ra in ,  

to  give a m u ltlp lio ity  r a t io  of Ik pfu/oell* The vlrus^^-oell 

mlxtui'e was incubated foz* 30 minutes at 37%# The
minimum number of 800 infected c e lls  %)er sample vmre plated 
fo r  in fec tive  cen tres . In fec tive  centres were read a f te r  
three days of incubation at 37% In a CO2 incubator* The 
frozen and thawed controls were Included in  a l l  experiments* 

This gave less  than 1 plague per p e t r l  d ish , and th is  

excluded the p o s s ib i l i ty  of formation of in fec tiv e  centres 

due to free  virus*



* y

It.  was found th a t  the number of ccflls forming 

i n f e c t iv e  cen tre s  f e l l  with the r i s e  In temperature to  

which c e l l s  were exposed# The r e s u l t s  of tv o  experiments 

a re  shown in  Fig# 1# In one of the experiments, c e l l s  

were heated to  f i v e  d i f f e r e n t  temperatures and the a b i l i t y  

of these  c e l l s  to  form in f e c t iv e  cen tres  was compered with 

th a t  of normal c e l l s*  67^ of the  normal c e l l s  produced 

in f e c t iv e  c e n t r e s ,  as aga ins t  IGOf  ̂ by t h e o r e t i c a l  estimation# 

C ells  heated a t  39% gave th e  same number of in f  a c t iv e  c e n t r e s ,  

suggesting th a t  the  s e n s i t i v i t y  of 013 c e l l s  to  support v i ru s  

growth was r e s i s t a n t  to a temperature of 39%% In the  

second experiment only ^2% of normal c e l l s  formed in f e c t iv e  

centres# . The reasons f o r  th i s  dlsGrepancy are  not known#

The number of in f e c t iv e  cen tre s  obtained with the  heated 

c e l l s  are  compared with th a t  of normal c e l l s  and are  

p lo t ted  on a r e l a t i v e  sca le  in  Fig* 1* I t  in d ica te s  th a t  

near ly  80 to  ^0% of c e l l s  exposed to  temperatures between 

and k3% f a i l e d  to  induce plaques, and near ly  80-100;^ 

of c e l l s  became r e s i s t a n t  to  in fe c t io n  when heated at k5% 

and 46%*

I t  i s  important to  r o c o l le c t  tha t  the number of 

c e l l s  unable to  s t i c k  to  a g la s s  or p l a s t i c  su rface ,  

inc reases  with the r i s e  in  temperature of exposure (page 21). 

The reel act ion in  number of in f e c t iv e  cen tres  could have been 

clue to  f a i l u r e  of c e l l s  to  get attached or s e t t l e  on the 

p la tes#  Herpes v iru s  is  uns tab le  a t  37% and t h i s  i n s t a b i l i t y
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in  probably responsible fo r  the  absence of i n f e c t iv e  centres , 

since vxrns re leased  from Infec ted  c e l l s  can become in ac t iv a ted  

by the time i t  has dlffnsGd through the medium contain ing 

earboxy methyl ce l lu lo se*  fo  overcome t h i s  d i f f i c u l ty ^  a 

monolayer method was t r i e d  (described on page 66)® The 

in fec ted  c e l l s  were p la ted  on to  the  monolayers® A small 

a m o u n ta b o u t  0*5 ml, of agoj? overlay was g radua l ly  de livered  

on to  the  su rface  of the monolayers and allowed to  harden, 

and then b#5 ml of agar overlay was poured onto the th in  

la y e r  which prevented c e l l s  from, sw irl ing  in to  the  agar a t  

var ious  d is tan ces  fx*om the morK>layea?s* At the  same time, 

in fec ted  c e l l s  were iplated by the  suspension method* R esu lts  

in  Table 1 indicates th a t  reduc tion  in  the formation of 

in f e c t iv e  cen tre s  i s  not due to  the  f a i l u r e  of c e l l s  to  

s t i c k  to  the surface* I t  a l so  shows th a t  suspension 

method is  a more s e n s i t iv e  technique than the  monolayer 

method*

Perhaps heated c e l l s  were not in fec ted  because 

heat had so a l te re d  the  su rface  as to  prevent v i ru s  

attachment# The adso rp t ion  r a te s  of Herpes Simplex v iru s  

to  normal and heat#d c e l l s , ,  heated to  were compared#

A s e r ie s  of a i l l e oned tubes ,^con ta in ing  normal end heated 

c o l l s  suspended in  1 ml of v iru s  inoculum conta in ing  

400 pfu/ml, was incubated a t  37%# At various  time 

in t e rv a l s  the  c e l l s  of two tubes ,  one ooptalniog a normal
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e e l lv v l ru e  mixture aacl the o ther  heated c e l l s  and v i r u s , were 

spuri down and the  aupernataiit f l u id s  were t i t r a t e d  fo r  the  

r e s id u a l  virus* Data presented in Fig* 2 demonstrates t h a t  

th e  adsorp t ion  r a t e  in  both c e l l s  i s  the same, thus ru l in g  

out the  p o s s i b i l i t y  of c e l l s  being not in fec ted  because of 

non^adsorptlon of virus*

The s teps  subaoquont to  attachment, penetxwation and 

e c l ip s e  were not s p e c ia l ly  studied# The absence of cell*^ 

assoc ia ted  v irus  in  the f rozen  end thawed c o n tro ls  of 

i n f e c t iv e  cent r e s ,  ind ica ted  th a t  adsorbed v i ru s  was non*̂  

in fe c t io u s  during the  l a t e n t  per iod ,  th a t  i s ,  i t  had gone 

in to  eclipse*

A comparison of v i r a l  growth in normal and heated 

c e l l s  was made* Since 80-^90$ of c e l l s  f a i l e d  to  produce 

infectiDUS cen tres  when heated a t  45% , i t  was considered 

as a s u i t a b le  temperature fo r  comparison*

Bing l e  s tep  growth curves were pex’formed and assays 

were made on the  t o t a l  I n fe c t iv e  c e n t re s ,  t o t a l  i n t r a c e l l a l a r  

v i ru s  and the  an t igen  production*

C ells  exposed to  a temperature of 45% f o r  15 minutes 

in  number of s l l ico n ed  t e s t  tubes ,  were pooled to ge the r  to  give 

approximately 3 x 1()7 c e l ls*  A pool of f ro s h  c e l l s  

conta in ing  about the same number of c e l l s ,  along with the 

pooled heated c e l l s  were In fec ted  with Herpes Simplex v i ru s
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at; a high input m u l t i p l i c i t y  of in fec tion*  The v l ru a ^ c e l l  

mixtures were incubated a t  37% f o r  30 minutes on am 

automatic shaker* At the end of incubation ,  c e l l s  were 

washed 4 times to  get r id  of unadsorbed virus* The c e l l s  

were rasuspended in  ETC and d i s t r ib u te d  in  small t i s s u e  

c u l tu re  b o t t l e s ,  i n  2 ml amounts, c ont aiming approxirijately 

1 X 10^ ce lls /m l*  An a l iq u o t  of c e l l s  was taken fo r  

e s t im ation  of in f e c t iv e  cen tres*  Samples from both s e ts  

were taken a t  varioua time in t e r v a l s ;  c e l l s  were harvested 

and spun down at 1000 rpm f o r  5 minutes* The p e l l e t  of 

c e l l s  was suspended i n  1 ml of d i s t i l l e d  water and d isrup ted  

by trea tm ent i n  a Dave Boiiicleaii bath* The completeness of 

d is ru p t io n  was determined by microscopic examination*

C e l lu la r  deb r is  was sedimented by c e n t r i fu g a t io n  and the  

supernatan t f lu id  was used fo r  assay* The r e s u l t s  of both 

curves are summarised in  Fig* 3*

A fte r  a 4 hour l a t e n t  per iod , the t i t r e  of 

in fe c t io u s  v iru s  rose ,  to  give a maximum y ie ld  a t  12 hours ; 

4o^ of the c e l l s  p la ted  fo r  in f e c t iv e  cen tres  formed 

plaques* The y ie ld  per c e l l  was ca lcu la ted  from the t o t a l  

amount of virus and the t o t a l  number of in fec ted  ce l ls*  The

y ie ld  of in fe c t io u s  virus, per in fec ted  c e l l  rose  froDi

*OCAî* p f u /o e l l  a t  2 hou3?s to  200 p f u /c e l l  a t  12 hours*

Antigen, measured by the  complement f ix a t io n  t e s t ,  was 

de tec ted  by 4 hours and reached i t s  maximum le v e l  by 12 hours
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The an tigoa  and i a f e c t l ¥ i t y  curvets v$):ee no t j^a ra l le l  and 

th e  d i f fe re n c e  expressed as a r a t i o  between the  h ighest 

y ie ld  of i n f e e t l v i t y  (pfo/ml) and an tigen  ( C u n i t / m l )  

was

ïh© in fe c t io u s  v i ru s  was not detected  u n t i l  

6 h o u r s ,  and thon g rad u a l ly  ro se  to  reach i t s  maximum by 

20 hours# Only 2$ of the  c e l l s  p lated fo r  i n f e c t iv e  cen tre s  

were recorded to  have form ed plaques , The y ie ld  per 

in fec ted  c e l l  was 50 p f u / c e l l .  The complement f ix ing  

an t igen  f i r s t  appeared by 6 hours, two hours l a t e r  than 

t h a t  of normal c e l l s .  The sy n thes is  of an tigen  was 

completed by 20 hours# Since the  an tigen  and i n f a c t i v i t y  

curves were not p a r a l l e l ,  the  d i f fe re n c e  was expressed as 

r a t i o  between the  two and was 10̂ *'*̂ ”̂ ,

The appearance of In fe c t io u s  v iru s  and an tigen  

was delayed In heated c e l l s ,  end the time required  fo r  the  

completion of a s in g le  cyc le  was more than th a t  required  

in  unheated co l ls»  When the growth curves of in feo t lo oa  

v i ru s  and an t igen  in  unheated,and heated c e l l s  were compared, 
as seen in  Fig» 3? i t  became evident th a t  the  s lopes of the 

curves were the  same, which meant th a t  the r a t e  of v irus  

m u l t ip l i c a t io n  i n  normal and heated c e l l s  was the  same» The 

prolonged l a t e n t  period might be due to  undetec tab le  q u a n t i t i e s  

of v i ru s  in  the e a r ly  p a r t  of the  cy c le .  As only 2:% of heated



c e l l s  took p a r t  :Ui the  v i ru s  production as ag a in s t  40# 

aoimial c e l l s ,  the  amount produced by th ese  c e l l s  was probably 

too email to  be de tec ted  by the  present method of t i t r a t i o n ,  

and i t  was two more hours be fo re  measurable amounts were 

synthesized# The y ie ld  per unheated Infected  c e l l  was 

200 p f u /o e l l  and f o r  th e  heated in fec ted  c e l l  was 50 p f u / c e l l ,  

about 75^ lee s  than the  n o m al  ce l l#

She i n f a c t i v i t y  to an t ig en  r a t i o s  in  normal and 

heated c e l l s  were and 10̂ '̂*̂  ̂ respective ly , The

d i f fe re n c e  In  th e  two r a t i o s  i s  about 0#.4 lo g ,  These r e s u l t s  

ind ica ted  t h a t ,  although heated c e l l s  made le s s  in fe c t io u s  

v i r u s ,  they produced more an t ig e n .

I t  i s  known tha t  the  most of the; an t ig en  la  s i tu a te d  

in  p ro te in  which i s  not incorporated with the  p a r t i c l e .  The 

excess of an t igen  may thus rep resen t  p ro te in  which was 

excluded from p a r t i c l e s  by chance or e lse  was never des tined  

to  become inco rpo ra ted .  I t  was poss ib le  th a t  the heated 

c e l l s  tfhich s t i l l  produced v i ru s  were p a r t i a l l y  damaged and 

needed to  make more antigen than normally required  before  

the  in fe c t io u s  v i ru s  was formed,

Another p o s s i b i l i t y  i s ,  t h a t  more c e l l s  took pa r t  in  

v i r a l  sy n thes is  than produced infectious virus* The c e l l s  

producing an tigen  alone could have been de tec ted  by the  

f lu o re sc e n t  s ta in in g  techn ique .  But because of te c h n ic a l  

d i f f i c u l t i e s  of s ta in in g  rounded c e l l s ,  th i s  technique could 

not be used*



Psaudorabiess

The s e n s i t i v i t y  of heated c e l l s  to  Pseud orahles 

virais was s im i la r ly  te s te d  by formation of in fe c t io u s  

centres# The r e s u l t s  obtained were s im i la r  to  th a t  of 

Herpes Simplex and are shown in  Fig# 4# F u r th e r  information 

regarding attachment of v i r u s , nature  of m u l t ip l lc a t io o  and 

production of an tigen  and in fe c t io u s  v irus  was not obtained#

«ociM aî

The s i r f i i la r i ty  in  r e s u l t s  between Pseudorabies and 

Herpes Simplex was not s u rp r i s in g ,  ss these  two belong to  

the same group of v iru ses  and are  s im i la r  to  each other in 

many ways# Faccinia  v i ru s  d i f f e r s  from th ese  two v iru ses  

except in  one re sp e c t ,  th a t  a l l  th re e  have DM fo r  t h e i r  

nucle ic  acid* The behaviour of heated c e l l s  towards 

vacc in ia  was a matter  of specu la t io n .  Hence, syn thes is  

of vacc in ia  in  heated c a l l s  was inves t iga ted  in  much the 

same manner aa with Herpes Simplex# All the experiments 

were done under sim ilar conditions#

E s t i m a t io n  of i n f e c t i o u s  c e n t r e s “

Normal and heated c e l l s  were in fec ted  with  vacc in ia  

w ith  an input m u l t i p l i c i t y  of 5 to  1, and c e l l s  were 

itiaUbeted at 37% fo r  60 minutes# The c e l l s  were maintained 

in  suspension using a magnetic s t i r re r* .  A fte r  the adsorp tion  

period, c e l l s  were washed thoroughly to  got r id  of unadsorbed 

v i r u s .  The c e l l  suspension was fu r th e r  d i lu ted  and counted#
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About 800 to  1000 c e l l s  per saoiple were p la ted  fo r  the 

formation of In fec t io u s  centres#  Frozen and thawed 

co n tro ls  were included in  every experiment* The percentage 

of c e l l ‘̂ associated and f re e  v i ru s  was never more than 1/L 

The r e s u l t s  of such two experiments are shown in  Fig# 5* In 

both the experiments the percentage of in f e c t iv e  cen tres  was 

62*1/0 and 55#4^ re s p e c t iv e ly ,  which was le s s  than t h e o r e t i c a l  

expec ta t ions  * Fig# 5 shows th a t  the number of c e l l s  forming 

i n f e c t iv e  cen tre s  had decreased as the  temperature of 

exposure had increased .  On exposures to  temperature 4 l%  

and 43% nearly  20 to  50^ of c e l l s  l a s t  t h e i r  capac i ty  to  

grow vacc in ia ,  and a t and above 45% 90^ to  100^ of c e l l s  

were unable to  syn thes ize  vaccinia#.

¥ i ru s  a t ta Chment t

The f a i l u r e  in formation of in f e c t iv e  cen tres  was 

not due to  the f a i l u r e  in  v i ru s  adsorp tion ,  as shown in  

Fig# 6 #

at two d i f f e r e n t  temperatures?

The growth curves in  normal c e l l s  and in  those heated 

t o  B temperature of .45% f o r  15 m inu tes , . were compared and 
summarized in  F ig # 7#

Wm'mal c e l l?

The ga?owth curve obtained with normal c e l l s  was 

c h a r a c t e r i s t i c  of vacc in ia  growth in 013 celles, p rev iously  

described on page 39 « The an tigen  production was
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d e t e c t a b l e  lÿ  k  h o u r s  and  r e a c h e d  i t s  maximum s y n t h e s i s  

a b o u t  t h e  sam e  t i m e  bb i n f e c t i o u s  v i r u s  b y  18  h o u r s #  T h e  

n u m b e r  o f  i n f e c t i o u a  c e n t r e s  o b t a i n e d j  was 70/b and t h e  y i e l d  

p e r  i n f e c t e d  c e l l  was 1^3  p f u / c e l l #  The I n f e c t i o u s  vix^us 

an d  a n t i g e n  w as  e x p r e s s e d  a s  t h e  r a t i o  o f  t h e  tw o  and  was

The  p r o d u c t i o n  o f  i n f e c t i o u s  v i r u s  and  a n t i g e n  was 

a p p a r e n t l y  d e l a y e d #  The s l o p e s  o f  t h e  g r o w t h  i n  n o r m a l  

and  h e a t e d  c e l l s  wei^e t h e  same<^ i n d i c a t i n g  t h a t  t h e  r a t e  o f  

v i r u s  m u l t i p l i c a t i o n  i n  b o t h  c a s e s  was p r o b a b l y  t h e  same# 

O n ly  2/ê o f  h e a t e d  c e l l s  f o r m e d  i n f e c t i a u s  c e n t r e s  and  t h e  

y i e l d  p e r  i n f e c t e d  c e l l  w as  ^ 0  p f u  p e r  c e l l #  T h e  r a t i o  

b e t w e e n  i n f e c t i o u s  v i r u s  and a n t i g e n  was 10^"^'*^^#

Onee a g a i n ^  t h e  r e s u l t s  i n d i c a t e d  t h a t  t h e  h e a t e d  

c e l l s  p r o d u c e d  m o re  a n t i g e n  and  l e s s  i n f e c t i o u s  v i r u s  a s  

c o m p a r e d  t o  n o r m a l  c e l l s #  à  s i m i l a r  d i f f e r e n c e  In t h e  

b e h a v i o u r  of h e a t e d  and n o r m a l  o e l l a  was  o b s e r v e d  w i t h  

H e r p e s  S i m p l e x #  The p o s s i b l e  e x p l a n a t i o n s  h a v e  a l r e a d y  

b e e n  c o n s i d e r e d #

T h e  r e s u l t s  d i s c u s a e d  a b o v e  show t h a t  t h e  exposure 
o f  c e l l s  to s u p r a o p t I m a l  temperatures m akes them i n s e n s i t i v e  

t o  DMA v i r u s  i n f e c t i o n #  The d e c l i n e  i n  s e n s i t i v i t y  b e g i n s  

a t  a b o u t  t h e  sam e t e m p e r a t u r e ^  and  f e l l s  a t  a b o u t  t h e  sam e 

r a t e  a s  t h e  p l a t i n g  e f f l e i e a c y  o f  BHK**21^ C I 3 c e l l s #
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I t  w as  e s  s e  a t  l a  1 t o  e x a m i n e  t h e  g3?owth o f  

E ü c e p h a l o m y o c a x ' d l t i S j  M j x o v i r u s e s  a m e u r o t r o p l c  s t r a i n  

o f  X nf lue r iB a  # & ,  F o w l  p l a g u e  v i r u s  and  H e w c a s t l e  d i s e a s e  

v i r u s  ^  and B e o  v i r u s  t y p e  3 i n  n o r m a l  013 e e l l s ^  p r i o r  t o  

t h e i r  s t u d y  i n  c e l l s  e x p o s e d  t o  su%)r a o p t i m a l  t e m p e r a t u r e s #

E n c e p h a l o f f l y o c a r d i t i s  v i r u s  b e l o n g s  t o  t h e  g r o u p  o f  

Me a g o  v i r u s e s *  I t  i s  o n e  o f  t h e  s m a l l  E M  v i r u s e s *  T he  

s i t e  o f  i t s  s y n t h e s i s  i n  the infected c e l l  was a m a t t e r  o f  

c o n t r o v e r s y ,  but r e c e n t l y  E a s o n  and  B m e l l i e  (196}f) h a v e  

c o n f i r m e d  i t s  s y n t h e s i s  i n  c y t o p l a s m *  I t  h a s  o n e  a d v a n t a g e  

o v e r  t h e  o t h e r  t ’wo g r o u p s  t o  b e  d i s c u s s e d ,  t h a t  i t s  E M  

n u c l e i c  a c i d  h a s  b een ,  i s o l a t e d  a.nd shown t o  b o  i n f e c t i o u s  i n  

0 1 3  c e l l s  ( M i l l l k e n ,  u n p u b l i s h e d ) *  I n  a d d i t i o n  B r e e z e  ( 1 9 6 k ) , 

i n  c o n c u r r e n t  s t u d i e s ,  h a s  e x a m in e d  i t s  g r o w t h  i n  G13 c e l l s  

i n  d e t a i l #

M y x o v i r u s e s  8

T h e r e  a r e  tw o  m a in  s u b g r o u p s  o f  t h e  m y x o v i r u s e s  

w h i c h  a r e  know n t o  b e  E M  v i r u s e s  (A d a ,  1 9 5 7 f  Ada and P e r r y , 

195k )  b u t  fro%% w h i c h  i n i f e c t i o u s  EMA h a s  n e v e r  b e e n  

s a t i s f a c t o r i l y  i s o l a t e d #  ( F o r  a p o s s i b l e  e x c e p t i o n  s e e  

Ma a s  s a b ,  1 9 ? 9 |  P p r t o c a i a  ^ t ^ . j | l * ,  I 96I # )  H o w e v e r ,  a l l  ax'e



o harac te r lsed  by the syn thes is  of a so lub le  an t igen ,  l*e# 

x^ibomtc le  0- p ro te in  I which becomes enclosed in  an envelope 

th a t  incorpox'^ates p a r t i c l e  an t igen ,  i .e#  haemagglntinin# 

Only in  the  In fluenza  v iru sea  the  so lub le  an t igen  is  

synthesized in  the nucleus and th e  haemagglutlnin in  the  

cytoplasm, while in  the  o ther  subgx^oup, the  mumps,

Mewceatle d isea se  v i ru s ,  para-«iofluenza v i ru s e s ,  both 

antigens synthesized in  the  cytoplasm# Because of 

th e se  d i f f e r e n c e s ,  i t  was decided to  examine the  v i ru se s  of 

influenza  end Fowl plague from one subgroup and Newcastle 

d ise a se  v i ru s  from the  o ther  subgroup, l e s t  heat should 

r e a c t  d i f f e r e n t ly  on the  nuclear  and cytoplasmic syn thes is  

of v i ru s  componenta# Fowl plague v iru s  and Newcastle 

d isea se  v i ru s  were a lready  known, i n  th i s  la b o ra to ry ,  to  

form plaques on monolayers of CI3 c e l ls#  , the  mouae»^

neurotropic  s t r a i n  of In fluenza  A v i ru s ,  was added when 

H i l l i k e n  (unpublished) found th a t  i t  a lso ,  but not other 
in f luenza  A s t r a ln e ,  produced plaques on 033 monolayers*

Eeo v i ru ses  a re  recen tly  i so la ted  and very l i t t l e  

i s  known about them# They have characte.?iBtic Inc lu s ion  

bodies which are  always located  arround the  nucleus# The 

syn thes is  of new v iru s  in  the  in fec ted  c e l l  i s  said to  take 

p lace  along the  f ib r e s  of the m ito t ic  sp ind les  (Spendlove 

; 19631 Dales, 1963)* There a re  spécu lâ t  Iona 

regarding the  in fe c t io u s  r ib o n u c le ic  acid# There are



reasons to  b e l ie v e  th a t  the  ElA of Eeo v iru s  i s  doable 

stranded (Gomatos and Tamm, 1963a, 1963b ) #

MATERIALS AMD METHODS:

Tàm ephal omycard i t  la  (EMO ) 2

A small plaque v a r ia n t  of encephalomyocarditis 

v i ru s  i so la te d  from a s in g le  plaque and passed seve ra l  times 

i n  L ^ea l ls ,  was k ind ly  supplied by Dr# Breeze* I t  was then  

grown i n  033 ce l ls*  I t  grew r e a d i ly  in  033 c e l l s

and the  s tock v iru s  was prepared from the t i s s u e  c u l tu re  

f lu id  of the  second passage which gave a t i t r e  of 2 x 10® pfu/ml* 

The stock was t i t r a t e d  by the  plaque method* 3Jhe plaques 

appeared in  2k hours in  the  presence of DEAR d ext ran* Virus 

s tock was s tored  a t  ’̂ 70̂ ^C i n  1 ml quan t i t ie s*

Myxovlrusea:

I® ',  Fowl plague v i ru s  and Newcastle d isea se  v i r u s ,  

grown in  eggs, were k ind ly  provided by Dr* Fraser#

MS s t r a i n  of Influenza A (NWS) :

The seed of MW8 was prepared by su b a l la n to ic  

in o cu la t io n  of 11 day old eggs with 0*05 ml of in fec ted  

a l l a n to ic  f lu id  d i lu ted  to  10*̂ "̂ t o  10^6 ETC# The eggs 

were Incubated fo r  k& hours a t  37%# The a l l a n to i c  f lu id s  

were co l le c ted  and s tored  a t  ^ 70%^ The s tock  was assayed 

fo r  i n f e c t I v i t y  by the  plaque technique and fo r haemagglutinin 

a c t i v i t y  by the  a e r i a l  two-^fold d i l u t i o n  method* The plaques



appeared l a  fou r  days* The i n f e c t i v i t y  ami HA t i t r e s  were 

5 X 3.0® pftV'ml and 2*5 x lo3 HA an i t  a/ml, respec t ive ly*  The 

pfu/HA r a t i o  of the  s tock  v i ru s  was of the 037der of 10&»3 0 , 

The r a t i o  of l a f e a t i v i t y  t i t r e  l a  eggs and in  CI3 c e l l s  was 

near ly  un i ty ,  in d ic a t in g  th a t  one in fe c t io u s  un i t  was needed 

to  i n i t i a t e  plaque formation in  CI3 ce lls*

Fowl plague v i ru s  (FPV)§

The s tock  of FP? was prepared in  the same raanncn? as 

above and s to red  a t  -̂ 70%* The peed was t i t r a t e d  on CI3

monolayers and plaques were scored a t  the end of 4 days*

The t i t r e  of the seed wras 1*1 x  10® pfu/ml* The HA t i t r e

was 1*2 X 103 HA units/oil* The r a t i o  of egg i n f e c t i v l t y

t i t r e  (EID50) and plaque forming un its  (pfu/ml) i n  CI3 , was 

almost un ity ,  which ind ica ted  th a t  one in fe c t io u s  unit  foxniaed 

one plaque in  CI3 c e l ls*

Newcastle d isea se  v i ru s  (îlD?):

Egg grown H0? was adapted to  GI3 c e l l s  by four 

passages* The t i s s u e  c u l tu re  f lu id  of the f i f t h  passage 

had the  t i t T e  Of 1*5 x 10® pfu/ml and was s tored a t  

The haemagglutinin t i t r e  was not determined as i t  was 

produced in  very small q u a n t i ty  and gave v a r ia b le  r e s u l t s  

a t  d if fe ren t temperatures*

Beo v iru s  8

Boo type 3 grown in  monkey kidney c e l l s  was obtained 

by courtesy  of Br* Eoaa* I t  was then passed i n  BEK#.2l, GI3



oellB sev e ra l  times * I t  grew slowly in  CI3 c e l l s  and took 

3 to  h clays b e fo re  the  m ajo r i ty  of c e l l s  sbowed cy topath lo  

changes# 013 c e l l s  were g en e ra l ly  grown in  the

medium conta in ing  10^ c a l f  serum (BTC)$ Since c a l f  serum 

in a c t iv a te s  Heo v i ru s  (Ehim and Melnlckp 1961)  ̂ c e l l s  were 

grown In  a medium conte ln lng  10?̂  horse seruiiip in a c t iv a ted  a t  

f o r  10 minutes (BTîfr)# The c e l l s  were subcultured  twice 

in  ETHr before  being used f o r  the  a e r i a l  passages# The s tock  

was prepared from 8th passage m ateria l#  C e l ls  ware harvested 

on the  fo u r th  day a f t e r  in f e c t i o n  and suspended in  a smell 

amount of the superna tan t  f lu id #  The c e l l s  were d isrup ted  

in  a Dawe Sonic lean  u l t r a s o n i c s to r ,  c e l l u l a r  deb r is  waa spun 

down a t  1000 rpm f o r  5 minutes and the  supernatan t  was a to r  

a t  ^ 70%# The i n f e c t i v i t y  t i t r e  was assayed by the plaque 

technique and waë 2 % 10^ pfu /m l.

Plaoue method f o r  asaavi

The v i ru s  was t i t r a t e d ,  ro u t in e ly  on C13 monolayers, 

prepared by p la t in g  3#^ %'10^ c e l l s / 5  ml of ETC In  ^0 mm 

p e t r i  dishes, and incubating  a t  37% in  CÔ  Incubator 

f o r  2h hours* P la te s  were then washed once with t r i a - c a l f  

so lu t io n ,  and 0*1 ml of v i ru s  inoculum d i lu te d  in  ETC was 

addW to  the  monolayers# .Adsorption of v i ru s  to  the

monolayers was allowed to  proceed a t  37% In 0 COg incuba to r  

f o r  a s p e c i f ic  leng th  of time, depending on the v iru s  used*

A t the  end of adso rp t ion ,  v i ru s  inoculum was removed and



5 ml of agar overlay were added to  each p la te#  In some 

e^cperimenta, e*g# adsorp tion  t e s t s ,  monolayers were washed 

to  remove excess of Inoculum befo re  add i t ion  of overlay, 

but I t  was l a t e r  found to  be unnecessary because th e  same 

plaque counts were obtained in  both washed and unwashed 

p la tes#  The overlay ao as is ted  of 1*3 Eg* s a l in e ,  c a l f  

serum, 0*9^ Noble agar and 10 yig/ml DEAE dextran* This 

overlay  medium was used fo r  a l l  v iru ses  except Heo virus*

BBâE dextran mbs r o u t in e ly  Included in  the overlay medium#
EMC small plaque v a r ia n t  grew ra p id ly  and a t ta in ed  a la rg e  

s ised  plaque in  the presence of DEAE dextrati#

The growth of myxovlruses was not hastened in  the 

presence of 'DEAE d ext ran ,  but the plaques formed were more 

r e g u la r  in  shape and d i s t i n c t  than  those grown in  the 

absence of DBAS d ext ran or w ith  Difco Bacto agar overlay*

The second overlay con ta in ing  0*00b"# n e u t ra l  red 

ims added to  the  p la te s  in  2*5 ml amounts, a t  the  end of 

the incubation  per iod ,  i*e* at the end of 2k hours fo r  

EMC, h days f o r  MW8, FP¥ and WV and 6 days f o r  Beo v i r u s .

The p la te s  were incubated fo r  a f u r th e r  period of 6 hours 

and then plaques were scored as v i s ib l e  unstained areas*

The overlay used fo r  Heo virus contained 1*3 Eg* s a l i n e ,  

1^2% Noble agar ,  1# yeas t  e x t r a c t  and 0*1^ bovine albumen#

S uffic ien t v iru s  was added to  a suspension of 013 

c e l l s  in  ETC to  Inaure th a t  every c e l l  was infected# The
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eel3.«*vlrus mixture was incubated a t  37% and kept in  

suspension by eontinuous s t i r r i n g  on a magnetic s t i r r e r #  

fhe  t e s t  tubes conta in ing  v irus-^ee ll  complex were t i g h t l y  

corked with s i l i c o n e  bungs# At the end of the  adsorp tion  

time the  c e l l s  were cen tr ifuged  and washed in  ETC th ree  

times to  remove uiiadsorbed virus# The c e l l s  were 

resuspended in  I  ml BTC of which 0#5 Bil t-7as f a r t h e r  d i lu te d ,  

and to  the  remainder, 0#5 ml of 1# trypan  b lue  was added and 

used fo r  counting# A known number of c e l l s  in  a volime 

of 0 .1  ml was g radu a l ly  added to  once washed GI3 monolayers 

and allowed to  spazead# The pirates were then replaced in. a 

GO2 incubator  a t  37% f o r  h a l f  an hour, which allowed c e l l s  

to  s e t t l e  on the sheet# A f te r  h a l f  on hour 0#5 ml of 

ov05?lay medium (same as the one used fo r  plaque assay) was 

poured on to  th e  monolayers and was allowed to  harden#

This Immobillgied the c e l l s  and prevented them from sw ir l ing  

in to  agar when the remaining I s 5 ml was added# The p la te s  

were incubated a t  37% in  a 3% GOg incubator# Generally 

fou r  p la te s  per sample were used# The remainder of the 

c e l l  susponsion was froi^en and thawed four times during 

l a t e n t  per iod ,  and t i t r a t e d  f o r  unadaorbed and c e l l - a s s o c ia te d  

virus#  The p la te s  weâ e stained, with a second overlay 

conta in ing  0 #OOh# n e u tra l  vbû a t  the end of Incubation  period# 

The incubation time fo r  each v irus  was the  same as th a t  f 057 

plaque assay# The in f e c t iv e  cen tres  appeared aa unstained 

areas and were counted by the naked eye#
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Q uaii t i ta t ive  îiaomagglutinationâ

T i t r a t i o n s  were clone i n  p l a s t l o  Hâ trays#

EHO -  S .er ia l  2*-fold d i l u t i o n s  i n  gluooB©/'PB3/golat:lœ

b u f fe r  were made of the v i ru s  Inoculum to  be te s ted #  0#4 ml

of 0#!^  ̂ suspension of sheep 0̂ red blood c e l l s  i n  glucose/PBS/

g e la t in e  b u f fe r  were added to  0#b- ml of each d i lu t io n #  The
00t i t r a t i o n s  were l e f t  a t  "hk overnight and read i n  terms of 

the  p a t t e r n  formed by the  red blood c e l l s  a t  the  bottom of the  

tubes# The l a s t  d i l u t i o n  of the  v i ru s  p re p a ra t io n  giving 

d e f in a te  evidence of a g g lu t in a t io n  was taken  as the  end p o in t .  

The r e s u l t s  are expressed In  terms of haamagglutinating (M ) 

u n i t  s/ml#

m# and FPV  ̂ S eria l 2-fold d ilutions of 0.25 ml of
v i ru s  inoculum in  normal s a l in e  were made to  which 0#25 ml 

of 0#5̂ > gulneaplg red blood c e l l s  were added to  each d i lu t io n #  

The t r a y s  wore incubated a t  room temperatu37e # The readings 

were taken  a t  the end of I  hour^ the  end po in t  being the 

l a s t  d i l u t i o n  showing evidence of agg lu t in a t io n#  The r e s u l t s  

wore expressed aa H4 u n i t s  per m i l l i l i t r e #

REsnhTa:

Enoephalomyocarditis t
To e s t a b l i s h  the  most convenient i n t e r v a l  fo r  

ad so rp t io n  of v i ru s  t o  GI3 c e l l s  on monolayers and i n  

suspension, the  ad so rp t ion  r a t e s  were studied#

Monolayers wore in fe c te d  w ith  O.I ml of inoeulum
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conta in ing  50 pfa* The p la te s  were Incubated a t  37% Tn a 

OOg inoubator and, a t  i n t e r v a l s ,  a se t  of fo u r  p la te s  was 

withd.ra¥o and washed th re e  times with t r i s - c a l f  so lu tion*

An agar oves^lay was added to  the  p la te s  and Incubated f o r  

2k  hours a t  37%# As Fig* 1 shows, 80^ of v i ru s  was 

adsorbed in  60 minutes# A standard  in t e rv a l  of 6o minutes 

was allowed f o r  adsorp tion  of v i ru s  in  the plaque assay#

The adso rp t ion  r a t e  by suspended c e l l s  was determined 

by t i t r a t i n g  the supernatan t f l u id  a t  in t e r v a l s  f o r  r e s id u a l  

v irus#  The c e l l s  were suspended in  I  ml of v i ru s  inoculum 

conta in ing  2kO pfu/ml# Fig# 2 in d ica te s  th a t  about 88^ of 

the  v iru s  waa adsorbed in  30 minutes, and th e re  waa very 

l i t t l e  f u r t h e r  adsorption# 

ïBingle^stej) m?ovjth curveï

Information about the growth cycle  of EMC v iru s  

waa obtained from the  a in g le - s te p  growth curve# A p e l l e t  

of 1 ogar i thm ica l ly  groining G13 c e l ls  conta in ing  approximately 

k X X07 c e l l s  were suspended in  2 ml of neat v i ru s  to  give an 

adsorbed m u l t i p l i c i t y  of 10 p fu /e e l l#  The v l r u a - c e l l  mlxtare 

was incubated a t  37% fo r  30 minutes# The c e l l s  were kept 

in  suspension by shaking the  mixture autom atically#  The 

in fec ted  c e l l s  were cen tr ifuged  and washed four  times in  

ETC and resuspended in  ETC a t  a concen tra t ion  of approximately 

1 X 10^ 0 e l l s / m l * Aliquots  of 3 ml q u a n t i t i e s  were dispensed 

in to  k  oz t i s s u e  c u l tu r e  b o t t l e s #  The b o t t l e s  were gassed
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with GOo and inculcated a t  37%# Durl% the  l a t e n t  period a/L. . . . .

lmo\‘/n number of c e l l s  was p la ted  fo r  in fe c t iv e  centres# 

Bamples were taken at d i f f e r e n t  time in te rv a l s  and the t o t a l  

yield- of v iru s  was determined#

The r e s u l t s  a:co shown in  Fig# 3» The so lid  l ine ,  

re p re sen ts  t o t a l  In fec t io u s  virus^ while the  broken l in e  

in d ic a te s  haemagglutinin a c t iv i ty #  The v i ru s  foimmtlon 

began somewhere between 2 and k hours and was complete by 

10 hours* Haeoiagglutihin a c t i v i t y  appeared a t the  same 

time as i n f e c t loua v i ru s  and reached a maximum le v e l  by 

8 hours* The p la t in g  e f f i c i e n c y  of the i n f e c t iv e  ce n tre  

waa l a  th is  experiment# The y ie ld  per c e l l  was 

ca lcu la ted  baaed on the t o t a l  y ie ld  of v iru s  and the number 

of in fec ted  c e l l s  as judged from the  percentage of in fe c t io u s  

centres* . The b u rs t  s i^ e  was about 280 p fu / in fec te d  ce l l#

:

The r a te  of v i ru s  adsorp tion  to  monolayers and to 
the  c e l l s  in  suspension^ was' determined in  order to  choose a 

GonvGnient adsorp tion  period fo r  growth studies*  Figs* k  

and J  show th a t  maximum adsorp t ion  by both methods was 

achieved by 38 minutes*

Giyowth curves

The observa t ion  by Mlllifcen (unpublished) th a t  IMS 

produced plaques in  G13 c e l l s j  provided an opportunity  to  

examine the  r e la t io n  between input m u l t ip l i c i ty  and Incomplete 
v iru s  formation* M il l iken  (unpublished) showed th a t
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m u lt lp l lca t io Q  of MWE In t h i s  syatera waa depericlent on the 

m nH ilpIic ity  of in fec t ion^  h igher aaa lt ipX le lt iea  aeeorapanled 

by incomplete v i ru s  prodnetion# She a lso  showed th a t  the  

maximum complete v iru s  i s  produced when th e re  i s  a m u l t i p l i c i t y  

of one p a r t i c l e  per ce l l*

The f i r s t  cycle y ie ld s  were determined and compared 

at two d iffe ren t m u l t ip l i e i t  les* M u l t ip l i c i ty  in the sense 

adopted here rep re sen ts  the number of plaque forming un i ts  per 

ce l l*  Two s e ts  of 013 c e l l s  con ta in ing  h x. 107 c e l l s  were 

suspended in  2 oil amounts of v i ru s  inoculum^ to  give 

m u l t i p l i c i t i e s  of approximately 10 p f u /c e l l  and 1 p f u /c e l l  

respec t ive ly*  Following an adsorp tion  pe3?iod of 30 minutes 

at  37%9 the c e l l s  were washed four  times in  BTC and 

resuspended in  BTC and eourrted* The c e l l  suspension 

conta in ing  about 1 x 10^ c e l l s /m l  was d i s t r ib u te d  in  h 

t i s s u e  cultu3?e b o t t l e s  in  3 ml amounts. The b o t t l e s  wex̂ e 

gassed with GO2 In  s i r  and incubated a t  37%* An a l iq u o t  

of c e l l s  was p la ted  fo r  in f e c t iv e  centres* The samples 

were harvested a t  d i f f e r e n t  time in te rv a l s  and t i t r a t e d  f o r  

i n f e c t i v i t y  as w ell  as haemagglutinin a c t iv i ty *

The i n f e c t i v l t y  t i t r a t i o n s  revealed t h a t  the r a t e  

of growth a t  a m u l t i p l i e i t y  10 to  1 was s l i g h t l y  more .rapid 

than  tha t  at, 1 to  1 m u l t I p l i c i ty  r a t i o ,  as shown in  F ig .  6.

The maximum v irus  production a t  X to  1 m u l t i p l i c i t y  was 

reached by 12 hours, 2 hours l a t e r  than th a t  a t  a high input
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r a t io ,  ' !idi© haeiiagglutrUiin became d e te c tab le  by h hours 
and the rat© of px*oduction was the  same in  both  ceaes ,  .

At the  m u l t i p l i c i t y  of in fe c t io n  of 10 to  1 and

1 to  1 the pfn/HA/ml r a t i o s  wero^ io3*40

respective ly , in d ic a t in g  t h a t ,  a t  the higher m u l t i p l i c i t y ,  

in fec ted  c e l l s  contained a lower proportion of I n f e c t loua 

virus# The haemagglntlnln content was the same a t  both 

m a l t ip l i c i t io s #  These r e s u l t s  were in  accordance with 

th e  r e s u l t s  obtained by Mil l ik e n  (anpu'blished) #

The number of in fe c t io u s  cen tres  obtained were 2%

at m u l t i p l i c i t y  of 10 to  1 and 18^ at the r a t i o  1 to  1,

As w i l l  be shown la te r^  th a t  m u l t i p l i c i t y  was to  prove an 

important f a c to r  in  obtain ing in fe c t io u s  centres# The b u rs t  

siEe based on number of In fected  c e l l s  was a%)proxlmately 225 

and 208 p f u /o e l l  respec t ive ly#

Fowl Plague Virus:

The adsorp tion  r a t e  of FP? on the monolayer and to  

the  c o l l s  i n  suspension was the  same# The maximum adsorp tion  

was achieved by 38 minutes, Figs# ? and 8#

The growth, of FPV.ln C13 c e l l s  was found to  be 

dependent on the m u l t ip l i c i ty  of in fec tion#  I f  the  in f e c t iv e  

dose of v iru s  was la rg e ,  predomlnantly non-#infectious 

haemagglutiairi was formed, whereas with a small inoculum more 
in fe c t io u s  v i ru s  was px^oduced# This phenomenon was not
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s tudied  in  d e ta i l*I a

‘fhe single«*step gro¥th  cm?ve was c a r r ie d  out a t  

m u l t i p l i c i t y  of 1 p fu /c e l l*  The r e s u l t s  are  presented in  

Fig* 9« A fter  h hours l a t e n t  period the  t i t r e  of in fe c t io u s  

v i ru s  g radually  rose  to  reach i t s  f i n a l  y ie ld  by 1 2 hoars^ mid 

t h e r e a f t e r  remained a t  the same level*  The haemagglutinin 

appeax^ed by h hours end reached i t s  maximum before  the  

production  of in fe c t io u s  virus* Only 21^ of c e i l s  p lated 

f o r  in f e c t iv e  cen tre s  formed plaques* The y ie ld  per 

in fec ted  c e l l  i s  about 105 p f u / c e l l .

Hewcastle d isease  v i ru s  %

The adsorp tion  time on monolayers and in  suspension 

was determined and is  shoxm in  Figs* 10 and 11*

The maximum adsorp tion  of ?0% was reached by 

90 minutes on monolayers while nearly of t o t a l  inoculum 

was adso3?bed between and 6o minutes when c e l l s  were 

in fec ted  in  suspension*

Growth curve?

ro? has a normal growth cycle  in  BHK«-21p GI3 c e l l s .

The in fec ted  c e l l s  re lea se  new in fe c t io u s  v i ru s  and th e re  

is  no evidence of In te r fe re n c e  due to  incomplete v i ru s .

à slngle-^step growth cycle  if as p e rf  ormed by 

in fe c t in g  GI3 c e l l s  in  suspension a t  an input r a t i o  of 

15 p fu /oe ll*  The procedure followed is  doscreibed on page 6 9 . 

The growth cycle  i s  represented  in  Fig* 12* The l a t e n t
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period vos about 2 boors a f t e r  which v irus  om ltip l ica tio rx  

IricreaaQcl s t e a d i ly  and was completed by 12 hours» ïhe  

percentage of c e l l s  producing v i ru s  was The y ie ld

per in fec ted  c e l l  was about p fu /c e l l»



CMPÎEIR 7

GROWTH OF BM fDlüSES ÏM HEATËD CBLLS.

Onee the  m u l t ip l i c a t io n  ro te s  of BMC5  ̂ FPV,

ro? end Beo v i ru s  in  BHl<.**2 1 p CI3 c e l l s  were knowTiiÿ the growth 

of these  v i ru se s  io  CI3 c e l l s  exposed to  supraoptimal 

temperatures was considerad# The capac i ty  of heated c e l l s  

to  support the growth of the v i r u s e s 5 was te s te d  by the  

formation of i n f e c t iv e  centres#  I t  gave a p ropo r t ion a te  

es tim ate  of th e  f r a c t i o n  of exposed c e l l s  capable of y ie ld ing  

new virus# The re su lts  were considered r e l i a b l e  only when 

reproduced sev e ra l  times^ when experimentb were repeated 

under s im i la r  conditions#

METHODS$

The procedure f o r  i n f e c t iv e  cen tre  assay described 

on page 66 was followed# Infected  c e l l s  were plated on 

preformed, co n f luen t ,  GI3 monolayers# A fter  p la t in g  

in fec ted  c e l l s ,  0#5 ml of agar medium was added to  the  p la te s  

This t h in  lay e r  of agar was allowed to  harden and then the 

remaining 4#$ ml of agar was poured on top# The p la te s  

were incubated in  COg incubato r  a t  37% fo r  the required 

per iod ,  depending on the  v i ru s  under consideration# A

minimum number of four p la te s  pare sample was used. The



overlay meciiam was the  same as the one iiseM f o r  l a f e o t i v i t y  

asaaya#

Inc ephalomyoc a rd I t  is  t

The number of in fe c t io u s  cen tres  formed was r e la te d  

to  the m u l t i p l i c i t y  of in fec tion*  I t  was observed th a t  

when the m u l t i p l i c i t i e s  of adsorbed v irus  pfu per c e l l  was 

50 to  1 or more, the p la t in g  e f f ic ie n c y  of in f e c t iv e  cen tre s  

was nearly 90 to  lOOJ ,̂ as seen in  Table 1* The frozen and 

thawed co n tro ls  were included, to  make sure th a t  the plaques 

formed were not due to  excess of unadsorbed v i r u s ,  but were 

due to  in fec ted  ce l ls*  The co n t ro l  p la te s  had le s s  than 1% 

plaques* Hence a m u l t i p l i c i t y  of JO to 1 was used fo r  

i n f e c t iv e  c e n t re  assays*

Normal CI3 c e l l s  and the  c e l l s  exposed to  

supraoptimal temperatures (method on page 12 ) woto in fec ted  

with BMC virus* At the end of 30 minutes adsorp tion ,  c e l l s  

were thoroughly washed with ETC to  remove unadsorbed v irus  

and about jO to  100 in fac ted  c e l l s  in 0*1 ml volume were 

p la ted  on each monolayer* Four p la te s  were used per sample. 

The frozen  and thawed c o n tro ls  were t i t r a t e d  f o r  f re e  

unadsorbed virus*

F ig .  1 rep re sen ts  th e  r e s u l t  of one experiment, 

where percentages of i n f e c t iv e  cen tres  obtained with the  

c e l l s  heated at 4 l^ ,  ^̂ 3̂ ? k6^  and 47% f o r  I J  m inutes ,

a re  compared with  th a t  of normal ce l ls*  I t  in d ic a te s  th a t



Effect of m u ltip lic ity  of infection  on fownatioa 
o f jïifectiouB centres by EMU,

I t ip l i c i ty  
' infection 
U per co ll

No, of c a lls  
plated per 
mono3.ayer

No, of plaques 
observed per 

monolayer

Observed efficiency 
of p lating 

knfectiouB centres
m

Expected percentage 
of infected ce lls

P„ = e®0

2 101 10p 9p lip  8 9,5 06,5

10 04 Mp 31, 36 41.07 100

96 42, 43, 46, 41 44,67 100

110 66p 62, 59, 60 56,8
. ' 

100

BO 70, 74, 78, 6B 90,6 100 ,
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temperatupoB up to  hacl not adverse e f f e c t  on the

capac i ty  of CI3 c e l l s  to  form in fe c t io u s  centres*  The 

number of c e l l s  preheated to  k s y n t h e s i z i n g  IMO virus^ 

was the  same as th a t  of normal c e l l s  » But the p la t in g  

e f f ic ie n c y  of in f e c t iv e  cen tre s  of the  c e l l s  exposed to  

46% was reduced by nearly  and a t  4 7 % j le s s  than 10^

o f c e l l s  were capable of syn thes iz ing  new virus# . The 

experiment was repeated sev e ra l  times and the  r e s u l t s  were 

s im i la r  to  the one described here*

The k in e t i c s  of the  growth cycle of BMC v iru s  In  

normal c e l l s  and l a  those  pz^eheated to  4J%  fo r  I J  minutes 

was compared by following single-^step growth curves. The 

method used i s  described on page 3 0 . A pool of normal 

c a l l s  and a pool of heated c e l l s  ware in fec ted  with an 

input m u l t i p l i c i t y  of J pfu to  1 c e l l .  The r e s u l t s  of 

the  growth cyc les  are compared in  F ig .  2. The r a t e  of 

m u l t ip l ic a t io n  and th e  t o t a l  y ie ld  of v iru s  in  both the 

systems wms the  same* The y ie ld  per c e l l  was ca lcu la ted  

from the amount of v i ru s  present, in  the f i n a l  y ie ld  and the  

number of in fe c t io u s  centa^es formed during l a t e n t  period*

The p la t in g  e f f i c ie n c y  of in f e c t i v e  cen tres  was 4J .4#  and 

44.6$ with normal and heated c e l l s  respec t ive ly*  Naturally^ 

th e  b u rs t  s iz e  in  both the  systems was the  samej approximately 

1000 pfu per in fec ted  ce l l*

I t  was obvious th a t  CI3 cells j ,  when exposed to  

temperatures up to  4J%,wez^e appaz’en t ly  normalj, and continued
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to  syatheaiise EMC v iru s  with  normal effloienoy# But a t  

temperatures 46^ and the damaging e f f e c t  became

evident r a th e r  suddenly5 and w ith in  the range of 2% nea r ly  

90/?> of o e l l s  became in e f f e c t iv e  and lo s t  t h e i r  syn thes iz ing  

capacity*

The r e s i s ta n c e  of C lj  c e l l s  to  temperatures up to  

4'$% was t e s te d j  by inc reas ing  the dura tion  of exposure*

The period of exposure was extended from 15 minutes to  

60 minutes# I t  was d i f f i c u l t  to  maintain c e l l s  in  

suspension beyond 60 minutes.^ as  they were found to  clump 

in s p l t e  of in t e r m i t t e n t  shaking* Hence the e f f e c t  of 

f u r th e r  exposure time waa not tested#

Several a i l ico n ed  tubes conta in ing  approximately 

1 X 10^̂ c e l l s  suspended in  1 ml of ,ETG§ were p laced  in  a 

water ba th  maintained a t  the req u ired  temperature# At 

15 minute in te rv a ls^  one tube was removed# These c e l l s  

were then In fec ted  w ith  BaC v i ru s  and p la te d  fo r  in fe c t iv e  

c e n t r e s .  The e f f e c t  of temperatures hl^^ and was

considered# The r e s u l t s  of th ree  experiments a re  given

in  Table 2# The p la t in g  e f f ic ie n c y  of in fe c t iv e  cen tres

of the c e l l s  exposed to  h l%  fo r  60 minutes was the same as 

th a t  of normal c e l ls#  F u e rs t  ( I 96I)  found t h a t g i f  

monolayers of h c e l l s 9 ready f o r  plaque assay of enoephalomyo- 

c a r d i t i s  v i r u s 9 were preheated  a t  41# 5^ h?Pc f o r  60 m inutes , 

they y ie lded  100# more plaques than unheated monolayers# The
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x*eaaon fo r  t h i s  d i f f e re n c e  has not been determined» In the  

experiment discussed here^ the  t o t a l  y ie ld  of v i ru s  was not 

determined* Howeverg F uers t^s  observation  supports the

f ind ing  th a t  the c e l l s  preheated to  fo r  60 minutes can

allow v irus  m u lt ip l ica t io n *  iVt t e m p e r a t u r e a % and 45% 

the  e f f e c t  of heat on c e l l s  became evident a f t e r  45 and 

15 minutes of exposure respec t iv e ly*  The curve (Fig. la )  

obtained a t  45% resembled e m u l t i - h i t  curve* I t  i s  p o ss ib le  

t h a t  v a r i a t io n  in  th e  s e n s i t i v i t y  of c e l l s  could be respons ib le  

fo r  the nature of the  curve obtained h e re .

Influenza A (NMB)s

The growth cycle  a t  d i f f e r e n t  m u l t i p l i c i t i e s  

discussed on page ?4g had ind ica ted  th a t  the production of 

in fe c t io u s  v iru s @ as well as th e  p la t in g  e f f ic ie n c y  of 

in f e c t iv e  cen tre s  g depended on the  input m u l t i p l i c i t y  of 

in fec tion#  Therefore p re l im inary  experiments were done to  

f ind  out the m u l t i p l i c i t y  of in fe c t io n  whereby the maximum 

number of in fe c t io u s  cen tres  could be obtained*

013 c e l l s  were in fec ted  a t  d i f f e r e n t  input 

m u l t i p l i c i t i e s  of p a r t i c l e s  per c e l l .  The p a r t i c l e  counts 

of th e  v i ru s  p rep a ra t io n  were based on the observation  by 

M ill iken  and Watson (unpublished) th a t  10 v i s i b l e  p a r t i c l e s  

b y .e le c t ro n  microscopy formed one plaque forming u n i t .  The 

t o t a l  number of in fec ted  c e l l s  a t  the  m u l t i p l i c i t i e s  of
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100 to  Ig 10 to  1) 1 to  1 a ad 1 to  10, waa estimated by 

in f e c t iv e  ce n t re  assays and a haemadsorption technique. 

In fe c t iv e  ce n tre s  were counted a t  the end of k days and 

haemadsorption counts we3?e done a f t e r  20 hours of infectioiiy 

1*6# a t  the end of s ing le  cyc le  a t  low m u l t i p l i c i t i e s .  The 

i^esults are shown in  Table 3* The percentage of c e l l s  

forming In fe c t iv e  cen tre s  was considerably  lower than 

expected on a Poissonian  distx^ibution. But the  number of 

Q ollB  haomadsorbing was w i th in  s t a t i s t i c a l  expectation* .

The marked discrepancy obsex'^ved between the number of 

In fe c t Iv e  cen tre s  and nuBiber of c e l l s  giving p o s i t iv e  

haemadaox^ptlonj w i l l  be discussed elsewhere*

Bine6 the  m u l t i p l i c i t y  of 10 p a r t i c l e s  per c e l l  

not only insured the In fe c t io n  of a l l  c e l l s  In a p5?eparation$ 

but a lso  gave the maximum number of in fe c t io u s  centres^ i t  

was used f o r  the following experiments*

Normal and heated c e l l s  were in fec ted  a t  an input 

r a t i o  of 10 p a r t i c l e s  per ce l l*  The v l ru s ^ e a l l  mixture 

was incubated a t  37% fo r  30 minutes# C e l ls  were thoroughly 

washed with ETC to  remove unadsorbed v irus  and then plated 

fo r  in f e c t iv e  centres# à minimum number of 500 c e l l s  in  

0*1 ml volume was added to  the  monolayer* Four monolayers

per sample were used * Frozen and thawed c o n tro ls  were 

inclided# In ad d i t io n  to  in f e c t i v e  centres^ c e l l s  were 

p la ted  fo r  haemadsorption* The stanclas’d s in g le  c e l l  

haemedaorption technique described on page 107 was used*



r
TABLE 3

E f f e c t  o f  m u l t i p l i c i t y  o f  i n f e o t i o a  o n  fo r m a t i o n  
o f  I n f e e t i o u B  c e n t r e s  b y  IW8 and  EPVq

o*. MM.<TW<i4*>rWTTMX«i ft:-#» w ,

,rus
i&li 
of i 

■pfi\/ 
c e l l

àpXioity
.nfoctlon
P artic les/

ce ll

Bb, of 
c e lls  

monolayer

Bo 4 of 
plaques 
observed 

per 
mqnoXayor

Observed 
efficiency 
of p lating 
infectious 
centres {*f)

Mo. of
haem- 

adsorbing 
c e lls  (/I3)

Expected 
noiî.of 
infected 
ce lls  C/̂ )

p ib /ce ll
p Sffi 0 “"̂  ̂0

M««W^sVlffWFw* li anwiM,». ■

1 0 1 0 0 4 0 0 1 9 ,  9 ,  9 ,  4 2 . 9 1 0 0 1 0 0

1 3.0 4 4 0 8 8 , 7 6 , 1 1 2 , 1 0 3 2 2 1 0 0 6 3 .5 1

0 . 1 1 4 0 0 7 2 , 8 4 , 8 8 , 5 6 9 . 9 4 7 . 5 1 0 . 9

iO l 0 , 1 4 6 0 m i Mil 1 7 2 , 3
•<*WV.WTt* «*»*«•!• W

* M'*l V «'n***.",N  k.'MÏ»i*.^*T 4<'Wh!!<«l*eÉhW<1***MWirww/p'» «

; 1 0 COO 1 1 , 1 3 ,  9 , 1 0 1 . 9 1 0 0 1 0 0

1 4 0 0 9 0 , 1 0 4 , 9 3 , 9 3 2 4 . 2 1 0 0 65# 3 1

0 * 1 6 4 0 5 9 , 6 5 , 7 4 , 7 0 1 1 . 5 , 6 5 1 0 * 9

,0 1 6 2 0 N i l M il 1 2 . 1 2 / 3
rt* *-*(*1 » » m  JU3*#w*r, »w*-M *.*yw* »  ■■#*0» w**

.w.%M f  Ff

Expectod 
n o ,  o f  
i n f e c t e d  
c e l l s ( ? C )
P a r t l o l o s  
p e r  c e l l
p  g .

0

100

100

6 5 .3 1

3 .0 .9
4*1 1*'#̂  .#17 Wf*

K iB i ( l )  I n f e c t i o u s  c e n t r e s  a t  a b s o l u t e  a n d  r e l a t i v e l y  h i g h  m u l t i p l i c i t y ,

( 2 )  A p r o p o r t i o n  o f  p la q u e  f o r m a t io n  u n i t s  a t  lo w  m u l t i p l i c i t y  f a i l s  
t o  fo rm  i n f e c t i o u s  c e n t r e s  b u t  p r o d u c e  h a e m a d s o r p t io n .



Ifeeraadaorptloa eounts were done at the  end of s in g le  cycle# 

The In fe c t iv e  cen tre s  were read a f t e r  h days of incnbation* 

The r e s u l t s  of one experiment are  presented in  Fig* 3o In 

t h i s  expe3?iment about 18*2/1 of normal c e l l s  gave in fe c t iv e  

centres^  while 9^% o f  the  in fe c ted  c e l l s  were haemadsorhing* 

C e l ls  exposed to  temperatures 43^ and 45% gave about

the  same number of In fe c t iv e  cen tre s  as compared to  the 

normal c e l ls#  The percentage of haeoiadsorbing c e l l s  was 

cons tan t  at temperatures 41^ and 43% . A t 45%? the  number 

of c o l l s  giving p o s i t iv e  heemadsorption had dropped by 8^*

At temperatures above 45% th e re  was a la rg e  and abrupt drop 

in  the percentage of in fec tiv e  cen tres  and haemadsorption 

counts# The experiment was repeated seve ra l  times and 

s im i la r  r e s u l t s  wore obtained each time#

The response of heated c e l l s  to  MS was, therefora^ 

s im i la r  to  th a t  of Encephalomyoaarditis#

The growth r a t e  of MB in  normal and in  c e l l s  

exposed to  45% fo r  15 minutes^ was compared by perfoi^ming 

a 8ingle'*'step gs^owth cycle* The x’e s u l t s  are  compared in  

Fig* 4# The r a t e  of syn thes is  of in fe c t io u s  v i ru s  was the 

same in  both systems* The number of in f e c t iv e  cen tres  

obtained was 2D»2>? and 21 «0$ in  normal end heated c e l l s  

%'espectively* The haemagglutinin was f i r s t  detected  a t  

4 hours In  both  eyaterns* The amount of heemagglutioin 

produced by heated c e l l s  a t  four  hours^ was a l i t t l e  le s s  

when compared I'jith the amount produced by normal ce l ls*
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But a f t e r  4 houra, the  r a t e  of syn thes is  as w ell  as the 

amount of haemagglutinin produced by heated ce l ls^  was 

same as normal c e l ls*  The pfu/HA r a t i o  was 1 0 and 

^ q4 ,40  normal and heated c e l l s  respec t ive ly#  The

y ie ld  per in fec ted  c e l l  f o r  normal and heated c e l l s  was 

190 pfu and 180 pfu respec t ive ly*  “

Fowl plague v i ru s  a

The m u l t ip l ic a t io n  of BW in  013 c e l l s  was s im i la r  

to .B®* The formation of complete and incomplete v iru s  

depended upon the  m u l t i p l i c i t y  of in fec tion#  D i f f i c u l t i e s  

a im ila r  to  NWS were encountered in  obtaining a reasonable 

number of In fec t io u s  centres* Once again; in  order to  

o b ta in  the maximum number of c e l l s  producing in fe c t io u s  

v i ru s  ; c e l l s  were in fec ted  a t  d i f f e r e n t  m u l t i p l i c i t i e s *

The r e s u l t s  a re  shown in  Table 3 on pago 92* The 

m u l t i p l i c i t y  r a t i o  i s  expressed as the  plaque^^forming un it  

per ce l l*  I t  appears tha t?  a t  a m u l t i p l i c i t y  r a t i o  of 

1 pfu to  1 c e l l ;  almost a l l  the  c e l l s  are  in fec ted  and a leo ;  

a maximum, number of c e l l s  g ive  in fe c t io u s  c e n t r e s .  As 

w ith  MWB (see d iscu ss io n  on page 113) non«*pleque forming 

in fe c t io n s  must occur* Hence th e  m u l t i p l i c i ty  of 1 to  1 

was used fo r  the i n f e c t iv e  cen t re  assays*

The sy n th es is  of FPV in  normal and heated c e l l s  

wee compared by in f e c t iv e  c e n t re  assays# The c e l l s  were 

in fec ted  at th e  input r a t i o  of 1 to  1* The virua*-cell
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complex was Incubated fo r  30 minutes a t  37%* The in fec ted  

c e l l s  were t r e a te d  with s p e c i f i c  a n t i  serum d i lu te d  1 in  ^0 

i n  ETC; fo r  20 ml nut ea a t  37%* This s tep  was necessary as 

the  excess of v i ru s  was not removed by severeal washes#

Aft 03? treatm ent w ith  a n t i  serum; c e l l s  were washed again , 

tw ice ,  to  3?emove antibodies# The c e l l s  were then plated 

f o r  in f e c t iv e  c e n t r e s ,  a minimum number of 500 c e l l s  per 

monolayer in  0*1 ml volume was*' p la ted on the  monolayer 

which was then layered with, an overlay medium in  two s tages  

as described previously# The r e s u l t s  were s im i la r  to  NWS 

and are shown in  Pig* 5# The p la t in g  e f f ic ie n c y  was 25# 1/?*

The growth cycle of ÎW  in  013 c e l l s  was not 

accompanied by the formation of lacomplete v i r u s ,  hence 

high m u l t i p l i c i t i e s  fo r  i n f e c t i v e  cen tre  assays wore s a fe ly  

us ed #

The 3?esults obtained w ith  normal c e l l s  and the 

c e l l s  preheated to  temperatures 43^# 45^, 46^ and 47%

a re  px’esentod in  B''ig# 6* In t h i s  expes^iment c e l l s  were 

In fec ted  a t  a 3xatio of 20 pfu per c e l l ,  the percentage of 

i n f e c t iv e  c e n t re  w ith  normal c e l l s  was 45#5f# The r e s u l t s  

i/ere simila.r to  MWB and FP?#

The gx’owth ra te s  of FP? and HD? in  normal and 

heated c e l l s  were not compared#
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The respoiiBe of heated c e l l s  t o  l e o  v iru s  v m  

considered# Normal as w ell  as c e l l s  preheated a t  various 

temperatures were in fec ted  a t the  m u l t i p l i c i t y  of 10 to  !•

The ¥iras*^cDll complex was incubated fo r  60 minutes a t  37%» 

At the  and of adsorp t ion  per iod ,  c e l l s  were washed t h r i c e  

w ith  ITHr to  remove excess of unadsorbed v iru s  and about 

100 c e l l s  per p la te  were p la ted  on to  the monolayers* The 

0X3 raoaolayers grown in STH were washed twice with ETHr 

befo re  use* Plates were overlaled with agar medium i n  

usual manner* In fe c t iv e  c en t re s  appeared at the  end of 

6 days* From th e  r e s u l t s  presented in  Fig* 7 i t  was evident 

t h a t  the r e a c t io n  of heated c e l l s  to  Heo v irus  was s im ila r  to  

o ther  v iru ses  described above*

The r e s u l t s  ind ica ted  t h a t ,  the a b i l i t y  of 013 c e l l s  

to  syn thes ize  HIA v i ru s e s ,  a f t e r  exposure to  sup3?aoptimal 

tem peratures ,  was. not impaired*



LO'

37
— I---------------------- 1—

4  1 4 3

T E M T .  OC

Fl f i .  7

—1~
4 5

— h -

47

Fig* 7 Eeo I the  r a t i o  of i n f e c t i v e
c e n t re s  formed by p rehea ted  c e l l s  
to  the  number formed by normal c e l l s .



XUL

CHAPTER 8

IFFKGT OF TEMPFJlâTÜRfîS OR 
DiPFERBHT CJSRL LIRE,S,

From the evldeiiee discussed in  the previous chap te rs ,  

i t  became apparent th a t  the e f f e c t  of supraoptimal 

temperatures on BEK^Êl, CI3 c e l l s  was ch a rac te r ized  by two 

d i s t i n c t l y  d i f f e r e n t  responses of preheated c e l l s  to  v i ru s e s ,  

depending upon the  nature  of the  v iru ses   ̂ nucle ic  acid*

Whether th i s  e f f e c t  was confined to  BBK-^21, 013 c e l l s  or 

whether heat had a s im i la r  e f f e c t  on the response of o ther 

maomiallan c e l l  l in e s  to  d i f f e r e n t  v i r u s e s ,  was investiga ted*  

Three c e l l  l i n e s  03?lginating fx̂ om d i f  foment veszto^brate spec ie s ,  

L c e l l s ,  secondary chick embryo fibx^oblastic c e l l s  and HeLa 

c e l l s ,  were se lected*  Since the  p la t in g  e f f ic ie n c y  of a l l  

th re e  ima le s s  than the  e f f e c t  of eupraoptimal temperatures 

on t h e i r  su rv iv a l  r a te s  was not considered* The a b i l i t y  of 

these  c e l l s ,  aftex" exposure to  hea t ,  to  suppo5?t v iru s  

m u l t ip l ic a t io n  was examined, e i t  hex* by in f e c t iv e  cen tre  

assays or by th e  s in g le  c e l l  haemadsoreption technique*

Viruses known to  grow well and produce a cy topa th ic  e f f e c t  in  

the  re sp ec t iv e  t i s s u e  c u l tu re s  were se lec ted  from the l i s t  

given on page 25 * Only one v iru s  from each group wee used

fo r  each c e l l  l ine*  Although care  was taken not to  use the

same v iru s  tw ice ,  the use of vacc in ia  fore a l l  th ree  c e l l  l in e s  

was inev itab le*  The HFBM s t r a i n  of Herpes Simplex, adapted



to  GI3 c e l l s  did not form plaques in  L c e l l s  and

HeLa ce l ls*  The s u s c e p t i b i l i t y  of sooondax\y ch ick  f ib r o b l a s t s  

to  the EFEM s t r a i n  v m  not tes ted*  Out of the group of viruses 

contain ing  ENÀ, Blhoephalomyoeardltis, Fowl plague v iru s  and 

Newcastle Disease via^us were chosen fore L c e l l s ,  secondary 

chick  f ib r o b la s t s  and HeLa c e l l s  respec tive ly*

METHODS AMD MATERIAL8;

L'ocelle E a r l e ’s s t r a i n  L (mouse f ib r o b la s t s )  c e l l s  worejrr.31

grown in  baby b o t t l e s  in  Bagievs medium contain ing  10# c a l f  

serum*

-  primary cultures were 
prepared from decap ita ted  10 or 11 day old chick  emb3:*yos by 

the method of F ran k lin  (1957)* Cultures were gj^own as 

monolayers in  BTC i n  60 mm p e t r i  d ishes and incubated a t

37% in  a OOg incubator* Once the  monolayers were formed,

c e l l s  W03̂ 0 harvested with 0*05# t ry p s in  in  versene s o lu t io n ,  

washed once with BTC and r e susponded in  BTC* These secondary 

c u l tu re s  were used fo r  the  experiment*

# L a pells, .*• HeLa c e l l s ,  c lone B 1, were c u l t iv a te d  in

baby b o t t l e s  in  B ag la ’s medium contain ing  10# c a l f  se5?um*

Preparation of v iru s  stocks has been 

described in  previous chapters*

in fec tive  centres with vaccinia 
were obtained by the  suspension method as described on page * 

And fo r  BMC, FP? and TO? I n fe c t iv e  centres, monolayex^ lûothocl 

described on page 66 was.used*



*• ' A teehniqaej stendâraiôeâ la  

th is  labw atoyfs of single fiell-haemadsorption was followed»
0»,# of vaccinia sen s itiv e  : fowl.red blood c e l ls  aaspended in 
normal sa lin s  were used fox* vaccinia and Newcastle disease 
v ira s 0S»

-  Geiis  were

exposed to snpraoptimal températures for 1 , minutes* A 
detailed  descrip tion  of. the method is  given on page 12,

RSSULlSs . -

Il c e l l s  « Il calls were exposed to temperatures from .above 
37®C to  fo r  1? minutas» The a b i l i ty  of preheated c e l ls

to  support growth of encephalorayocarditis and vaooinia was 

tes ted  by in fec tive  centre assays,

Encephalomyocarcl I t j s  ;
Normal, as well as heated c e lls  were infected with 

BMC virus at a m u ltip lic ity  of ^0 to  1. The c e l l s ,  a f te r  

30 minutes* incubation 'a t 37%; were thoroughly washed to 
remove unadsorbed virus and then plated for in fec tive  centres*
The remainder of the c e l l  suspension was frozen and thawed 
three times during la ten t period and t i t r a te d  fo r  unadsorbed 
virus* The control p la tes had no plaques. The plating 

effic iency  of in fec tive  centres was 77»8f<>» The Fig, 1 
indicates tha t the normal p la ting  efficiency of in fec tive  centres 
is  ffiaintained even a f te r  the c e l ls  are heated to  a temperature 

of 44%, Bat at a tetaperature of 4^% the number of c e l ls
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forming in fe c t iv e  cen tre s  had dropped by L c e l l s

appeared to be more s e n s i t iv e  to  hea t  than 013 c e l l s  ’A e re  

the adverse e f f e c t  of h igher temperatures on the sy n thes is  

of EnG v iru s  became evident only above 4^% *

Vaccinias

M or mal and heated h c e l l s  \iexo in fe c ted  with 

vaccin ia  a t  a m u l t i p l i c i t y  of 5' to  1* The v i im s -c e l l  

mixture was incubated fo r  6o minutes a t  3y%» In fec ted  

c e l l s  were thoroughly washed f r e e  of unadsorbed vlx^us# A 

minimum number of 100 c e l l s  per p l a t e  was p la te d  fo r  in fe c t iv e  

centres* Froïsen and thawed c o n t ro ls  were included# About 

of normal c e l l s  gave i n f e c t iv e  centres# The 3?esults 

of in fe c t iv e  cen tre  assays obtained with normal and heated  

c e l l s  a re  compared in  Pig* 1# The number of in fe c t iv e  

cen tre s  g radua lly  dropped with the r i s e  of température^ a 

p a t t e r n  s im ila r  to  t h a t  obtained with 013 c e l ls#

Bimilar experiments were performed with secondary 

ch ick  embryo f ib ro b la s t s ^  where fowl plague v irus  and 

vacc in ia  v i ru s  were used#.

Fowl plagiie v iruss

Fowl plague v irus  grows normally in  chick  f ib r o b l a s t s  

(F rank lin  and Henry^ I 96O)# C e l ls  were in fe c te d  a t  an inpu t 

m u l t i p l i c i t y  of 10 to 1# About 6o#5i^̂  of normal c e l l s  formed 

in f e c t iv e  centres# The r e s u l t s  of in f e c t iv e  cen tre  assays 

obtained with normal and heated  c e l l s  are  aompax*ed In Fig# 2# I t  

in d ic a te s  th a t  the capacity of ch ick  f i b r o b l a s t s  i s  r e s i s t a n t



t.o #-

— I-------------------------1 -

4 1 4 3

TÏMP. OC

r ig.  2

—i---- 1-----1—
4  5 46 47

Fig . 2 FP¥ (x ----  x) and Vaccinia (# —  #) s

each p o in t  i s  a r a t i o  of i n i e c t i v o  
c e n t re s  formed by preneated  c e l l s  to  the  
immber formed by normal c e l l s*



XQ5

to  temperatures up to  g but a f t e r  4^% the  drop l a  the  

number of c e l l s  forming i n f e c t iv e  cen tres  Is  r a th e r  abrupt.

The s e n s i t i v i t y  of in fec ted  chick  c e l l s  to  heat i s  s im i la r  

to  013 c e l ls#

Vaccinia g

The r e s u l t s  obtained with  vacc ln ie  a re  shown In 

Fig* 2ji on page 10^* Chick f ib ro b la s ts ^  l i k e  013  ̂ g radua l ly  

lo se  the  cap ac i ty  to  synthesigie vacc in ia  virus*

The sy n thes is  of Mewcastle d isease  v iru s  and 

v acc in ia ;  in  normal and heated c e l l s  was examined by the  

s in g le  c e l l  haemadsorption technique# Because of 

d i f f i c u l t i e s  in  obtaining the  la rg e  number of c e l l s  required  

fo r  In fe c t iv e  cen tre  assays^ th i s  method was not used *

Since the  capac i ty  of preheated CI3 c e l l s  to  suppoi't 

m u l t ip l i c a t io n  of vaccin ia  and HDV was previoualy  measured by 

in fe c t iv e  c e n t re s ;  a -Gomparlson of the r e s u l t s  obtained with  

HeLa c e l l s  with those of CI3 c e l l e  was 0 ,::: done simultaneously  $ 

using the haemadsorption technique fo r  the es t im at ion  of 

syn thes is  of virus*

Newcastle d isease  v i ru s  #

Normal and heated c e l l s  were in fec ted  with TO? a t  an 

input m u l t i p l i c i t y  of 10 t o  1* C e lls  were incubated fo r  

6 0  minutes a t  37% »  A f t e r  the c e l l s  were thoroughly washed 

and the excess of v iru s  removed ; about 1 x 10^ c e l l s  were



platacl 111 ?0 mm p e t r l  d ishes  con ta in ing  h ml of ETC* P la te s  

were then incubated a t  37% in  a COg incubator* I t  the  

end of 18 houreS; th a t  i s  a t  the end of a s in g le  growth oyole* 

c e l l s  were harvested by using 0*0S># t ry p s in  in  versene 

solution* C e lls  were then spun down and rcesuspended in  

0*5 ml of ETC; to which an equal amount of 0*1|> of B'owl red 

blood c e l l s  was added* A fte r  a few minutes ; a drop of t h i s  

mixture was allowed to  spread on the s l id e s  under a coverslip*  

The c e l l s  showing p o s i t iv e  haemadsorption were counted under 

high magnification* A t o t a l  number of 1000 c e l l s  was 

counted* The r e s u l t s  are shown in  Table 1#

A s im i la r  method was used fo r  vacc in ia  and the r e s u l t s  

e re  shown in  Table 1#

The r o s u i t e  In d ica te  th a t  the response of heated 

I'leLa c e l l s  to  TO? and vacc in ia  is  s im i la r  to  the response; 

formez*ly  obtained; f o r  013 co l ls*  Heated c e l l s  re ta ined  

t h e i r  a b i l i t y  to  syn thes ize  ND? even a f t e r  exposure to  

temperatures up to  45% while theirr s e n s i t i v i t y  to  vaccin ia  

was gz’adually  l o s t  with the  r i s e  of temperatuz^e*

Thus ; ill four sep a ra te  species  of c e l l s  the  capac i ty  

to  syn thes ize  c e r t a in  Bite v i ru se s  i s  always more heat^ 

z 'es ia tan t  than the capac i ty  to  syn thes ize  c e r t a in  Dite v iruses*
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BusceptxMllty of ]>roheatocl aiiK-21  ̂ 0X3 and Hola ceXle to 
Vaccinia virus and MDV tested  by haomadoorptioa*

Yims

Vaccinia

ïieifoaatle 
disease 
vixiis

Celle

BHÎ5-21, C.15

Percentage of haemadsorbing ce lle
.-V i w r ■ * ^  t  tk»K fW f* >A»1 f

Room ‘JtemiK'sratero 4 1  C 4 3  C 4 5  C

O c c a s i o n a l l y  6 1 , 9  4 2 , 5  8 . 0
n e g a t i v e

100

6 5 . 5 1

5 3 . 6

6 9 . 8 2  6 9 ,

5 5 .6 3  6 0 . a

4..) 11.1.. k. » f. 3T •*
46%

5 4 . 4 5  4 0 . 5 2  1 0 . 6

5 4 - 6 3  1 9 .2 5

4 8 .6 1  2 0 .9 7
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The e le c t ro n  microscopic examination of the normal 

GI3 c e l l s  and the c e l l s  exposed to  45% f o r  15 minutes was 

undertaken in  c o l la b o ra t io n  with Mrs* E# M* Grawfo3?d*

METHOD 5

C ells  we3?e deposited by centx^ifugation f o r  5 minutes 

a t  1000 Tpïû0 The c e l l  p e l l e t s  were fixed in  a cold 1$ 

so lu t io n  of osmium te t ro x id e  in  a Z e t te rq v ls t  *$ b u f fe r  

(pH 7 . 3 ) fmz h a l f  an hour. The p e l l e t s  were then, r insed 

b r i e f l y  in  d i s t i l l e d  water» and dehydrated by rapid passage 

through an ethanol ser ies#  A f te r  imprégnât Ion i n  

unpolymerlZGd 9 : 1 b u ty l  methyl methacrylate» th e  c e l l s  

were embedded in  prepolymerized m ethacrylate  syrup (benzoyl 

peroxide c a ta ly s t )»  s tored fo r  36 hours a t  4^» and polymerized 

a t  60^ fo r  12 ** 24 hours. Boctions wesze ca t  on a Cambridge 

Huxley p a t t e rn  microtome and mounted on *Form.var^«^covered 

g r id s  and subsequently s ta ined  in lead hydroxide fo r  

10 minutes* The sec t ion s  were photographed in  an 

Elmiskop I  e le c t ro n  microscope* 

msHLTa*

Sections  of heated c e l l s  (Fig# 2) when compax*ed with 

those  of normal c e l l s  (Fig# 1) showed no apparent s t r u c t u r a l  

abnormality#
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Fig* 1 Normal 013 cells.



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



ïha observation  reported  In the preceding ehepters  

d i s t in g u i s h  the  heat s e n s i t i v e  and the  heat r e s i s t a n t  processes 

in  the  I so la ted  BHïC-21  ̂ 013 c e l le s  a) lo ss  of a b i l i t y  of 

s in g le  c e l l s  to  form macroscopic colonies  (Chapter 3)$ b) am 

i n a b i l i t y  of preheated, c e l l s  to  support m u l t ip l ic a t io n  of DMA 

v iru se s  (Chapter J) and c) the  a b i l i t y  of preheated c e l l s  to  

syn thes ize  HIA v iru ses  (Chapter 0) #

In p re l im inary  experiments the e f f e c t  of various 

aupraoptimal teeiperatures on th e  su rv iv a l  r a t e  of c e l l s  was 

demonstrated by an Increasing  lo s s  in  the number of c e l l s  

forming macroscopic colonies@ T/ îth the  r i s e  of temperature#

At temperatures 4$^ and 46%$ 80 to  100# of c e l l s  had ceased 

to  d iv ide  and were Impermeable to  trypan blue# The su rv iv a l  

curve (Fig# 4@ p#20) obtained was a multl-^blt curve# The 

p o s s i b i l i t y  as to  whether t h e  e f f e c t  of heat i s  a s ingle '*h it  

or B m ultip le '^h it  phenomenon has a lready been discussed on 

.page 22# The v a r i a t i o n  In th e  s e n s i t i v i t y  of the ce l ls^  

depending on i t s  ■physiological s ta te^  appears to  be  the most 

probable reason f o r  the  multi"*milt nature of th e  curve# In 

t h a t  case^ ac t io n  of heat on c e l l s  could s t i l l  be a single-^Mt 

phenomenon#

I t  was d i f f i c u l t  to  assess  the  s p e c i f ic  ac t io n  of heat



Qti the  oellG as well as the  ex ten t  of damage i n f l i c t e d  on the  

c e l l s  by hea t ing .  I n h ib i t io n  of c e l l  d iv is io n  could have 

e i t h e r  been due to  s t r u c t u r a l  damage to  the reproductive  

apparatus or due to  changes in  the  biochemical processes 

involved in  the  mechanism of c e l l  d iv ision# Bleetron 

microscopic examination of normal c e l l s  and the  c e l l s  

exposed to  4^% fo r 15 minutes showed no evidence of obvious 

s t r u c tu r a l  damage*

P r io r  to  the s tu d ie s  on vi5?al syn thes is  in  heated 

ce l ls»  the growth character is  t i c s  of e l l  the  v iru ses  to  be 

used l a t e r  were determined*

F i r s t s  the  adsorp tion  r a te s  of each v irus  were 

measured» fo r  these  had a p r a c t i c a l  value in. the  experiments 
involving plaque t i t r a t i o n  and q u a n t i t a t iv e  s tudies*  

Adsorption of v iru s  p a r t i c l e a  by suspended c e l l s  was more 

rapid» but also the  e f f ic ie n c y  of adsorp tion  was b e t t e r  

than by monolayers*

The growth cycles of DMA v iruses  » Herpes Simplex, 

Pseudorabies and Vaccinia were c h a r a c t e r i s t i c  and not any 

d i f f e r e n t  from th e  ones s tudied  in  other c e l l  l ines*

But the  observation on the  growth c h a ra c te i ' l s t io s  of 
EMA v iruses  in  normal 013 c e l l s  made i t  po ss ib le  to  follow 

c e r t a in  fea tu re s  of myxoviruses by taking advantage of the  

f a c t  th a t  I#I3 s t r a i n  of Influenza A forms haemagglutinin as 

well as in fe c t io u s  v irus  in  CI3 ce l ls*

I t  was noticed th a t  even with the h ighest  y ie ld  of



MB f o r m e d  d u r i n g  t h e  g r o w t h  c y c l e »  a t  a m u l t i p l i c i t y  o f  

i n f e c t i o n  o f  1 p f i i  p e r  c e l l ,  t h e  r a t i o  o f  t h e  i n f e c t I v l t y  

t i t r e  ( 4  x 10*^ p f u / m l )  t o  h a e m a g g l u t i n i n  t i t r e  ( 5  x  10^  HA 

u n i t s / m l )  was  10^ '̂*9  ̂ a p p r o x i m a t e l y  2 l o g  l e s s  t h a n ,  w o u ld  b e  

e x p e c t e d  f r o m  a g g l u t i n i n  t i t r e  ( I s a a c ,  1 9 ^ 7 ) #  A t  a  

m u l t i p l i c i t y  o f  1 0  p f u  p e r  c e l l »  t h e  r a t i o  was e v e n  lo w e r »  

i . e *  l o 3 # 3  ̂ T h e s e  r e s u l t s  s u g g e s t e d  t h a t  m u l t i p l i c i t y  o f

i n f e c t i o n  p l a y s  a n  i m p o r t a n t  r o l e  i n  t h e  fox’m a t i o n  o f  

i n c o m p l e t e  v i r u s  i n  B H & 21» 0 1 3  c e l l s  a s  i n  e g g s  (Von Magnus»

1 9 5 5 )#

I n f e c t i v e  c e n t r e  a s s a y s  p r o v i d e d  f u r t h e r  e v i d e n c e  

s u p p o r t i n g  t h i s  h y p o t h e s i s  a s  w e l l  a s  s u g g e s t i n g  t h a t  a t  

m u l t i p l i c i t y  l o w e r  t h a n  1 p f u  p e r  c e l l »  t h e  f o r m a t i o n  o f  

I n c o m p l e t e  v i r u s  w as  d u e  t o  a n  e x c e s s  o f  i n c o m p l e t e  v i r u s  

i n  t h e  i n o c u l u m *  I n f e c t I v i t y  r a t i o s  w e r e  c a l c u l a t e d  i n  

t e r m s  o f  p f u  a s  w e l l  a s  n u m b er  o f  p a r t i c l e s  p e r  p f u  ( 1 0  p a r t i c l e s /  

p f u ,  M i l l i k e n  and W a ts o n ) o  I n f a c t i v i t y  t i t r a t i o n s  m e a s u r e  

t h e  num ber  o f  i n f e c t i v e  u n i t s  i n  a v i r u s  p r e p a r a t i o n ;  i t  

d o e s  n o t  n e c e s s a r i l y  f o l l o w  t h a t » w h e n  t h e  p a r t i c X e / i n f e c t i v i t y  

r a t i o  i s  m o re  t h a n  1» t h e  o t h e r  p a r t i c l e s  i n  t h e  p r e p a r a t i o n  . 

a r e  n o n ^ i n f e e t i o u s  * The m e th o d  em p lo y e d  f o r  p a r t i c l e  

c o u n t i n g  i s  i n c a p a b l e  o f  d i s t i n g u i s h i n g  b e t w e e n  f u l l y  i n f e c t i o u s  

p a r t i c l e s  and  n o n - ' i n f e c t i o u s  o n e s *

The r e s u l t s  i n  T a b l e  3 (p# 9 2 )  show t h a t  a t  m u l t i p l i c i t y  

r a t i o  o f  1 0  p f u / c e l l  and 1 p f u / c e l l ,  when  1 0 0 0  o f  c e l l s  w e r e  

i n f e c t e d »  a s  j u d g e d  b y  h a e m a d s o r p t i o n  c o u n t s »  o n l y  a f ew  c e l l s



formed in fec t io u s  cent3?es* The number of in fe c t io u s  cen tres  

was higher a t  1 p f u /o e l l  than i t  was a t  10 to  1» c le a r ly

suggesting th a t  the  formation of In fec t ious  v i ru s  depends on

the  m u l t i p l i c i t y  of in fec tion#  At e lower m u l t i p l i c i t y  of 

0*1 pfu per c e l l ,  when one would expect l e s s  in terference ami 

a higher f r a c t i o n  of c e l l s  producing in fe c t io u s  virus» the  

proportion  of in fe c t io u s  cen tre s  to  haemadsorbing c e l l s  was 

in  f a c t  the  same as with the  m u l t i p l i c i t y  of 1 pfu per ce l l*

But a t  t h i s  m u l t i p l i c i t y  (0*1) the  number of in fec ted  c e l l s  

corresponded with the t h e o r e t i c a l  number ca lcu la ted  from th e  

input of in fe c t io u s  un i t  per c e l l ,  in d ica t in g  that» a t  a 

m u l t ip l i c i ty  of 0*1 pfu per c e l l ,  the p la t ing  e f f ic ie n c y  of 

in fe c t io u s  cen tres  was 1000# I t  must a lso  mean th a t  a t  a l l  

lower m u l t i p l i c i t i e s  where th e re  i s  a leas  chance of 

incomplete i n f e c t io n  due to  m u lt ip le  infection» every .

' in fe c t io u s  unit  adsorbed w i l l  give r i s e  to  success fu l

in fec tion*  I t  ia  a lso  t ru e  t h a t ,  a t  the same m u l t ip l i c i t y ,

the  expected number of infected** c e l l s ,  when the m u l t ip l i c i ty  

of in fe c t io n  was ca lcu la ted  in  terms of p a r t i c l e  per c e l l ,  

was equal to  the  number of haemadsorbing co lls*  This implies 

th a t  a l l  were capable of i n i t i a t i n g  in fe c t io n ,  l*e#
produce haemagglutinin and, th e re fo re ,  th a t  about 1 in 10 
produce in fe c t io u s  virus* Bo f a r  as I am aware, th i s  i s  

the f i r s t  v i ru s ^ o e l l  system In which one can d is t in g u is h  between 

a p a r t i c l e  i n f e c t i v i t y  r a t i o  g r e a te r  than one being due to  an 

excess of d e fec t iv e  v iru s  p a r t i c l e s  and it  is being caused by



a a ta t isS loaX  chance, recording to  the  a e n a i t l v l t y  of the  

system, of any one of a popu la t ion  of f u l l y  adequate 

p a r t i c l e s  i n i t i a t i n g  in fec tion*

Dike NWS, the  formation of incomplete and complete 

v i ru s  in  FFV in fec ted  BHK-̂ 2̂1, €13 c e l l s  appeax=*ed to  depend 

Dll m u l t i p l i c i t y  of in fec tion*  The re su l ts  (Table 3» p*92) 

of in fe c t iv e  centre© assays with FFf, once again  revealed 

t h a t ,  a t  the lower m u l t i p l i c i t y  of 0#l p f u / c e l l ,  the number 
of in fe c t io u s  cen tres  produced i s  equivalent to  the  

t h e o r e t i c a l  number ca lcu la ted  i n  terms of in fe c t io u s  units#

In t h i s  case ,  the  p a r t i e l e  i n f e c t i v l t y  r a t i o  is  not measured, 

hence i t  i s  d i f f i c u l t  to  assess  the  proportion  of non-* 

in fe e t io u s  and in fe c t io u s  p a r t i c l e s  l a  the inoculum# All 

the same, the f a c t  remains th a t  l a  t h i s  c e l l  system, a t lower 

m u l t i p l i c i t i e s ,  one in fe c t io u s  u n i t  is  capable of i n i t i a t i n g  

in f e c t io n  which w i l l  always r e s u l t  in  the form ation of 

in fe c t io u s  virus*

These were in c id e n ta l ,  but important f ind ings  

observed during the  coux’se of iav es t ig a txo os  and' had no 

bearing on the problem of hea t«*sensit iv ity  of the  ce l ls*

The growth cycles  of o ther  RWA v iru se s  used In th i s  

study are normal, hence they a re  not considered here*

All l a t e r  experiments were designed to  answer a 

ques t ion  whether the heated c e l l s ,  a f t e r  a lo ss  of a b i l i t y  

to  d iv ide ,  were s t i l l  capable of supporting v i ru s  growth*

The capac i ty  of c e l l s  exposed to various temperaturea to



gl’ow v iruses  >?8S te s te d  by in f e e t lv e  cen tre  assays because t h i s  

tselmlqu© allows one to  observa the  response of Indiv idual 

c e l l  to  v i ru s  in f e c t io n .  This is  e s s e n t i a l  in  d i f f e r e n t i a t i n g  

between a p a r t i a l  lo ss  of c ap ac i ty  by a l l  c e l l s  and a complete 

lo s s  of capac i ty  by some c e l l s  in  any one population . The 

m u l t ip l ic a t io n  of Herpes Simplex^ Pseudorabies, Vaccinia, SMC, 

lyxov lruses  (WS, FE? and HDV) and Reo. v i ru s ,  i n  heated c e l l s  

was compared.

The response of heated c e l l s  to  various v iru ses  was 

d i f f e r e n t  f o r  two d i s t i n c t  groups of v i ru s e s .  One group 

cons is ted  of Herpes Simplex, Pseudorabies and Vaccinia while 

in  the  second group BMC, Myxoviruses and Reo v i ru s  were 

included. This meant th a t  t h i s  c e l l  system tfas capable of 

d is t i t igu ish ing  the  lîMâ-contalnlng v iru ses  from RM -contalning 

v i ru s e s .

The r e s u l t s  of in fe c t io u s  cen tre  assays showed th a t ,  

an increasing  number o f , c e l l s  l o s t  t h e i r  s e n s i t i v i t y  to  the 

RNl-eontaining v i ru ses  as the  temperature of exposure was 

r a i s e d .  At températures and 46%, 80 to  100# of c e l l s

became r e s i s t a n t  to  the D #  v iruses*  In c o n t r a s t ,  the 

number of c e l l s  syn thes iz ing  RKA-contalriing v i ru se s  remained 

constan t up to  U5®G and was only reduced by 4o t o  gO# a t  4 6 % , ( F i g .  

The f a i l u r e  of c e l l s  exposed to  temperatures above 46% to  

syn thes ize  any v i ru s  was hardly unexpected considering t h e i r  

p hys io log ica l  s t a t e ,  e .g .  change in  the perm eab il i ty  (p. 16 ) ,

These l i n e s  of evidence show th a t  the  mechanisms
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Fig* 1 The x'eaults of the in d iv id u a l  expérimenta
are  p resen ted  toge ther  in  order to  in d ica te  
the d i f fe rence  between the DM v iru ses  and 
BM v iru ses  tested. The open and c losed 
symbols r ep re se n t  RM and DMA v iru ses  
r e s p e c t iv e ly .



involved in  the d iv i s io n  of c e l l s  and the  syntheâla  of the  

DMA v iru ses  are  heat s e n s i t iv e ;  but the  r e p l i c a t i o n  of Hlfâ 

v i ru se s  i s  independent of the heat s e n s i t iv e  f u n e t lo n ( s ) $ 

Although the heat s e n s i t i v e  mechanisms need not be 

i d e n t i c e l 3 i t  ia  p oss ib le  to  say from the experimental data 

a t  which point in  the  sy n the t ic  cycle of DIM v iru ses  the  

unknown mechanism opera tes .

D uring 'the  cycle  of v i r a l  r e p l ic a t io n ,  v iruses  pass 

through an o rderly  sequence of stages* The known steps  a re ,  

adsorp tion ,  p en e t ra t io n ,  e c l ip s e ,  r e le a se  of v i r a l  nucleic  acid 

and the syn thes is  of v i r a l  s p e c i f i c  DM and o ther  components 

such as p ro te in  required  fo r  the  formation of v i ru s  p a r t ic le s *  

Heat could a f f e c t  any of these  s tages which would r e s u l t  in  

the  f a i lu r e  of v iru s  function*

Damage to  the c e l l  su r face  aiight prevent adsorp tion  

of v irus  p a r t i c l e s  on to  the  c e l l  surface* Measurement of 

adsorp tion  rates '  of Herpes Simplex (p* and Vaccinia (p. 57) 

in  heated c e l l s  ind icated  th a t  the  r a t e  of adsorp tion  as well  

as e f f ic le a o y  of adsorp tion  in  heated c e l l s  was the  same ae 
in  norm al 'ce lls#  The next s tage  to  adsorp tion  la  penetra tion# 

Penetra tions
# AfvTtA  ̂ w « . ( r i

P en e tra t io n  Is  an ob l iga to ry  s tep  in  i n i t i a t i n g  

in fe c t io n  of mammalian ce l l s*  D irect s tud ies  of p en e t ra t io n  

were not done, but the in fe c t in g  v irus  i s  shown to  d isappear 

during l a t e n t  period# I t  has been shown th a t  the  v irus



pai*tie las of Herpes Simplex (Holmes and Watsoa, 19^35 

Bpste ln ,  196V) and Vaeelnia (Dales and Bimlnovitch, I 96I)  en te r  

c e l l  by phagocytos is# The phygoeytic a c t i v i t y  of DHIMl, CI3 

c e l l s  was te s te d  by adding Ind ia  Ink to  the suspension of 

heated c e l l s ,  the presence of ;lntraoellu3„ar p a r t i c l e s  of 

India ink in  m ajo r i ty  of c e l l s  ind ica ted  th a t  the phygocytic 

a c t i v i t y  of c e l l s  was not damaged by heat* Bo i t  i s  u n l ik e ly  

th a t  adsorbed v irus  p a r t i c l e s  d id  not p en e tra te  heated c e l ls*  

The next important s teps  in  the i n i t i a t i o n  of in fe c t io n  are  

the ec l ip se  and the uneoating  of v i r a l  genome*

Be].ipseg

The v irus  from in fe c te d  heated c e l l s  was not r e le a se d  

during the l a t e n t  period  by f reez ing  and thawing* Therefore 

i t  must be presumed th a t  the heated c e l l s  can e c l ip se  added 

v i ru s  a t  l e a s t  to  the ex ten t  of inac t iva t ion*

UacGating of v i r a l  genomes

I t  i s  presumed th a t clecoating of v iru s  p a r t i c l e s  i s  

an e s s e n t i a l  step in  the process  of v irus  in f e c t io n ,  e sp ec ia l ly  

in  cases  where virus p a r t ic le s  are enclosed I n  membrane( a )$

Very l i t t l e  i s  iaiown about t h i s  mechanism in  the in fe c t io n  of 

Herpes Birjjplex# B uff io ien t  i n fo iw b io a  on vaccin ia  appears 

to  be a t  hand, to  permit the t e n ta t iv e  g e n e ra l i s a t io n  th a t  

a f t e r  phygocytosis ,  r e le a s e  of the cor§ in to  the cytoplasmic 

matrix  i s  e f fe c te d  by enzyme( s ) * As to  the presence of t h i s  

enzyme(s) i a  the c e l l s ,  two c o n t ro v e r s ia l  views have been 

expressed# Acoox'ding to  J o k l lk  ( 196  ̂) and Abel ( I 963) ,



unooating enzymes a m  induced a f t e r  in fe c t io n  while Dales 

and Kejioka ( 196b*) be l iev e  th a t  those  enzymes are  present in  

the  c e l l  but e re  ac t iv a ted  when fo re ig n  p ro te in  e a te r s  the  

ce l l#  Whichever? mechanism may be s^espoDsible, i t  i s  important 

to keep in  mind th a t  heating may e i th e r  in c a p a c i ta te  the 

r e a c t io n  of c e l l s  to  v iru s  p a r t i c l e s  or may des troy  pre«-existlng 

enzymes# In both events , v i ru s  p a r t i c l e s  w i l l  f a i l  to  i n i t i a t e  

Infection# Uafortunately  I t  was not poss ib le  fo r  me to  ca rry  

out t e s t s  of enzymic a c t i v i t y  required fo r  t h i s  so3?t of 

experiment#

Single  s tep  growth curves of Herpes Simplex end Vaccinia 

(p# ^9 ami p# 57 ) in  heated c e l lo  were studied to determine 

th e  aynthesis  of v i r a l  eomponents, p ro te ins  and in fe c t io u s  

v i r u s , The production of an tigen  in noxvaal as well  as heated 

c o l l s  was determined by the  complement f ix a t io n  te s t#  In 

both  oases, r e s u l t s  in d ica te  t h a t ,  the heated c e l l s  produced 

le ss  in fe c t io u s  v iru s  as compared to  the normal celle*  The 

r a t io s  of I n f e c t I v l ty  to  an t igen  suggest th a t  the heated c e l l s  

produced more an tigen  than expected for  the amount of in fe c t io u s  
v i ru s  synthesized by these  c e l l s#  This Increase  in  the 

syn thes is  of antigen in  heated c e l l s  could be due to  any of 

the following reasons:

(1) I t  i s  po ss ib le  th a t  a l l  the  heated c e l l s  produce damaged 

components and need to  make mo:re an tigen  before  in fec t io u s  

v i ru s  ia formed#



xc:: u

(2) The y ie ld  of mature v i ru s  might be l im ited  as a r e s u l t  

of the  l im ited  q uan t i ty  of v i r a l  DMA but the  syn thes is  of 

v i r a l  xjroteins continues as normal#

(3 ) In somĉ  c e l l s  only, formation of v i r a l  DMA Is completely 

Inh ib i ted  but not the syn thes is  of p3?otein (antigens)*

However, in  the  absence of d e f in i t e  evidence i t  can 

only be guessed as to  whether the  c e l l s  produced excess of 

an tigen  or whether some c e l l s  which did not scox^e as in fe c t io u s  

c e n t re s ,  were synthesiz ing  an t igen  alone* As s ta ted  in  

Chapter 5, f lu o re sc e n t  antibody s tudiea  were too  inconclusive  

in  rounded, heated ca l ls#

I t  th e re fo re  appears th a t  one of the  heat s e n s i t iv e  

s teps  e x is ta  somewhere between aolipae and syn thes is  of 

so lub le  antigen* This leaves c e r t a in  p o s s ib i l i t i e s #  I t  

could be e i t h e r

(1) In te rfe ren ce  with th e  maehauism of **decoatlng", or

(2) In te r fe ren ce  with the v i r a l  DMA aymtheals.

A f a i l u r e  in  the mechanism of clecoating has a lready 

been considered .

Severa l  mechanisms appear to  have been involved in

th e  x^eplioation of DMA v i ru s e s .  I t  has been suggested th a t

the  v i r a l  DBA may be synthesized by DMA enzyme system of the  

host ce l l*  Increase in  the  enzyme a c t iv i ty  of Herpes Biraplex 

(Keir and Gold, 1963; B u sse l l  e t  a l . . 1964) and Vaccinia (Jo k l lk  

1962 ; Green and Pina, 1962a) has been noticed# I t  i s  s t i l l  

not known whether the increased enzyme a c t i v i t y  i s  due to



m v  v iru s  sp e c i f ic  enzymes or whether these enzymes are the  

same as those formed in  hninfeatecl c e l l s ♦ However, increased 

lev e ls  of DIM polymerase in  Vaccinia (Green, 1962b; Magee, 1962) 

end DM«dependent HHâ nuc leo tide  t r a n s fe ra s e  (EC 2 *7 , 7*6 ) in  

Herpes Simplex in fe c t io n  (Burden, Kelr and Wlldy, unpublished) 

and the c a r re n t  theory of dependence of DHA v iru se s  on DWA 

dependent HIM polymerase suggest th a t  s p e c i f ic  messenger HHA 

must be involved in  DIM v iru s  formation*

BineG BHA v iruses  produce f u l l  in fe c t io u s  p a r t i c l e s  

in  heated c e l l s ,  i t  i s  c l e a r ,  therefo.re, t h a t  the syn thes is  

of fu n c t io n a l  HBA and p ro te in  i s  not impaired. I t  thex^efore 

follows th a t  i f  messenger HîM i s  formed by v i r a l  DMA, then i t  

would be expected to  func t ion  normally* This makes i t  l i k e l y  

th a t  the v i ru s  DMA is  not **reacV® in to  messenger RHA in  heated 

c e l l s .  I f  t h i s  i s  t ru e ,  then the  excess of an tigen  over 

In fec t io u s  v i ru s  production in  heated ce l lo  (p#ll9)  Is  u n l ik e ly  

to  be clue to  p ro te in  syn thes is  in  the  absence of DMA rep l ica t io n *

I t  appears t h a t ,  i n  a l l  p ro b a b i l i ty ,  i t  i s  the c e l l u l a r  

enzyme system th a t  i s  a f fec ted  b y  heating which in  tu rn  

prevents  the v i r a l  DIM s y n th e s is .

In c o n t r a s t  to  DMA v i ru s e s ,  the ro p l i e a t io n  of REA 

v iru ses  in  heated c e l l s  was not a f fe c te d .  The f a i l u r e  of 

HIM v iru ses  to  grow in  c e l l s  exposed to  h igher temperatures 

could not be followed because of the p hys io log ica l  s t a t e  of 

the c e l l s .

I f  i t  i s  t ru e  th a t  the heating of c e l l s  in a c t iv a te s



enzyme system in  G13 c e l l s  then one i s  j u s t i f i e d  in  

concluding th a t  BMA v i ru s e a ,  s in g le  s tranded as  w e l l  as  double 

stranded," r e p l i c a t e  independently of t h i s  system# This 

supporta the conclusion  reached by Barry (I9â^t) in  ease of 

Biyxovii*uees th a t  although these  v iru ses  appear to  depend 

on DMA dependent BMA polymerase as  they are  Aotlnomycln D 

s e n s i t i v e ,  they can in  f a c t  syn thes ize  independently of the 

c e l l u l a r  DMA systems. The r e s u l t s  with Eeo v i ru s  a re  a lso  

in  accord with the data  p resen ted  by Qomatos ( I 962 ) ,

The e f f e c t  of supraoptimal temperatures on three  

o the r  c e l l  l in e s  was a l s o  aonsiclored. The s e n s i t i v i t y  to  

v i ru ses  of h c e l l s ,  Chick f ib r o b la e t i o  c e l l s  and HeLa c e l l s  

i s  s im i la r  to  th a t  of 013 c e l ls#  This wide range

of c a l l  species  In d ic a te s  th a t  the d i f f e r e n t i a l  e f f e c t  of 

hea t  Oil the two main c la s s e s  of v i ru s e s ,  i s  l i k e l y  to  be of 

genera l  applivcation# In t h i s  oaaa biochemical in v e s t ig a t io n s  

should r e v e a l  a mechanism which i s  common to  a l l  species of 

animal c o l l ,  which i s  req u ired  f o r  the sy n th es is  of Dlâ 

v iru se s  and which i s  h e a t - s e n a i t lv e .



The r e s u l t s  repD3?ted in  th is  d i s s e r t e t i o n  are 

Qoncerned mainly with the  e f f e c t  of supraoptimal temperatures 

on BIiK-^21, G13 c e l l s  and on t h e i r  a b i l i t y  to  auppox^t the 

ga?owth of various v i ru s e s .

Thé term ^hsupr a optimal temperature^* was defined as 

any temperature above the  optimal temperature of 37% and 

below 47% , above which most c e l l s  became s ta in a b le  by 

trypan b lue .

The e f f e c t  of supraoptimal temperatures on the 

m u l t ip l ic a t io n  of CI3 c e l l s  was te s ted  by comparing the  

p la t in g  e f f ic ie n c y  of GI3 c e l l s ,  a f t e r  exposure to higher 

temperature , with  th a t  of normal ce l ls*  The p la t ing  

e f f ic ie n c y  of the  c e l l s  f e l l  g radually  with the r i s e  in  

temperature , Hearly 80 to  100^ of c e l l s  had ceased to  

d iv ide  between temperatures of 45% and 46% ,

Before studying heated c e l l s ,  the c h a r a c t e r i s t i c s  

of the  growth cycle  of a small s e r ie s  of DM and RIA v iru ses  

were es tab lished  f o r  CI3 c e l l s .  Some of these had
f i r s t  to  be adapted to  the  c e l l s .

The Capacity of heated BHK*#2X, OI3 c e l l s  to support 

aynthesia  of these  DIM and EM v iru ses  was te s ted  by the 

formation of in fee t iou a  c e n t re s ,  by the examination of 

one-step growth, curves, and occasionally by s e ro lo g ic a l  t e s t



f o r  ayatheais  of v i ru s  p ro te in  and when advantageous, by 

haemad s QX»ption#

Exposure of the c e l l s  to  supraoptimal temperatures 

made the  c e l l s  in s e n s i t i v e  to  the  DMA v i ru s e s ,  The dec l ine  

in  s e n s i t i v i t y  began at about the same temperature and f e l l  

a t  about the  aame r a t e  as the  p la t ing  e f f ic ie n cy  of BBK-^21, 

013 c e l l s .

On the  o ther  hand^ DEE.^21, 013 c e l l s ,  a f t e r  exposure 

to  supraoptimal temperatures , continued to  syn thes ize  the  

EHA v iruses  with t h e i r  normal eff ic iency#

The f ind ings  were not l im ited  to  BHK^21, 013 c e l l s

but held a lso  fo r  human, chicken and mouse c e l l s  te s ted  with

one re p re s e n ta t iv e  v irus  of each type.

I t  i s  suggested th a t  one h e a t - s e n s i t iv e  biochemical 

process in  a l l  species could be responsible f o r  a l l  these  

f in d in g s .
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MEDIA

Bagla’ s medium 60 ml

Trypt080  phoBpliate broth 10 ml

Oalf serum 3.0 ml

2* ETE % E ag le ’s medium 60 ml.

Trypt080 phosphate broth 10 ml.

Human serum 10 m.l,

3« ETHr : E ag le ’s medium 80 ral,

Tryptose phosphate broth  3.0 ml.

Horse serum 10 ml.



To make 1,000 ji

6 , 4  g#

KGl 0*4 g,

OaClg 0 , 2  g ,

% 0  O.S g .

,2HgO 0,14 g,
D e x t r o s e  4 , 5  g*

F e r r ic  n i t r a t e  0,0001 g,

L, Glutamine 0,292 g.

P e n i c i l l i n  100^000 un i ts

B trept omycin 0,1 g ,

Antimycotic 0,02fS 1 ,0  ml*

Phenol Reel 1% 1 ,5  ml#

Dissolve in  about 500 ml. of d i s t i l l e d  water ,

Add I HaHGO^ 2 , 7 5  g#

Amino acids (concentra ted) 50 ml.

Vitamins (concentra ted) 4 ml.

D i s t i l l e d  water to  000 ml.

F lash  xcltii QOg u n t i l  orange,

B to r i l i s e  by M il l ipo re  f i l t r a t io n * ,  using 0 ,8 ,  membrane (0,22 jx ), 

B o t t le  in  80 ml, amounts and store a t  4%,
Gheek fo r  b a c t e r i a l  contamination and p la t in g  eff ic iency*



Trygtose  Phosphate Broth

Tryptose Phosphate Broth 

D i s t i l l e d  water to

(Difco Baoto) l ‘i-7*? g 

5,000 ml.

Dissolve with the aid of hea t .

B o t t le  20 ml* emouiats,

Autoclave a t  15 lbs* p ressure  fo r  15 minutes*

Check s t e r i l i t y  by Incubating a t  37% fo r  5 days before  issue,



Sera i All sera were s t e r i l i z e d  by f i l t r a t i o n  and s tored  

a t  -1 0 % ,

Oalf serum t Mot inac t iva ted#

Hama a a es? am s Haman serum contained herpes immune an tibod ies

and was not in a c t iv a te d .

Horse serum ) In ac t iva ted  a t  56% fo r  30 minutes*



Plaque aa$ay overlay medium

1*3 Eagle*a medium t Eagle*s raedium with the eo n a t i tu en ta

a t  1*3 times the  concen tra t ion  of 

Eagle*s medium except with  f a r  le s s  

phenol red (1 ml of Ifo clye/l8 l i t r e s )

Agar i

3*6^ lo h le  agar 

4 ,8^ lo b le  agar#

Overlay medium was made by adding 25 ml of melted agar 

to  75 ml of 1.3 E agle 's medium plus 5 ml of c a l f  serum*
A neu tra l  red containing^ s ta in ing  overlay was made up 

in  an id e n t i c a l  manner^ except th a t  3 ml of 0,4^ n e u t ra l  red 

so lu t io n  was incorperated#



P rep a ra t io n  of Garboxymethjl cqXlulgee,

f̂o w/v s o lu t io n  Of the sodium s a l t  o f  carboxymethyl 

G ella losa  (L. Light & Co.) in  water*



laCl @ g.
KCl ,2 g.
NagiiPOi,. 1 ,1 5  g.

0 f7

Add"

Diaminoethanetotra -  a c e t ic  a c id 5

d i s odium s a l t  (Verseme) (BDH q ua l i ty )  ,2 g*

Phénol Bed 1$ 1 .5  ml

Dissolve in  1 ,0 0 0  ml, of d i s t i l l e d  water.

B o t t le  in  20 ml, amounts#

Autoclave at  15 l b s ,  p ressure  fo r  15 minutes.

&£Mi-n/XiSâiiîê 8
1 volume 3Jr,vpsin 
I;- volumes Versons.



TrypsiB 0 , 25 f̂  .in Trip S a l i i ie .
To make 1«000 ml#

MaOl 8 g.

KCl 19^ 2 ml,

MaJlPO. 0 .1  g.

Dextrose  ̂ 1 g.

T rie  (hydroxy methyl) amino methane 3  g#

1)1 BBGive i n  TOO m l .  d i s t i l l e d  water*

.Add H / 1  HOI to  make pH 7*7 a t  room temperature*

Add s

.Phenol Reel 1$ 1*5 ml.

P e n i o i l l i n  100,000 melts

St rep t  omyc in 0 .1  g *

Make Up to  1 l i t r e .

»*n*v

Trypsin (Bllco 1:250) 2.5 g.
oLeave a t  4 0  o ve rn ig h t .

P r e f i l t e r  t h r o u g h  1.2  0 .8  0.4 ju and 0 . 2 2  jiA m il l ip o re

membranes us ing  a  coarse  p r e f l i t e r  with each, of t h e s e ,

81 e r 1 1 1 Be by B1 1 1 1 p o ra  f 1 1 1 r a t i o n ,  u s 1n g d #S . Aembrane ( 0 . 2 2  j x )  

B o t t le  100 ml. amounts.

S tore  a t

Check f o r  b a c t e r i a l  contamination and t r y p t i c  e f f i c i e n c y .

The e f f i c ie n c y  i s  checked by t e s t i n g  the  d ig e s t iv e  a c t i v i t y  
of vary ing  d i l u t i o n s  of the  Trypsin on a p iece  of X-ray 
f i lm .



l9_iâ¥jL.J£».ôaQL!al
laC l 400 g.

KCl 19% 100 Ml

Î3 g.
Dextrose 50 g.
ï r i s  (hydroxy methyl) amino methane 150 g.
Phenol Red 1^ 7? ml

Dissolve ill about 10 l i t r e s  d i s t i l l e d  water* 

Add W/1 HOI to  make pH 7,4 at room temperatu3?a.

P en ic l l l i ju  5,000^000 u n i ts

B t r e p t  omyc in  5 *

D i s t i l l e d  water to  50;000 ml*

S t e r i l i s e  by M il l ipo re  f i l t r a t i o n ,  using G.8* membrane
(0.22 ji)

B o t t l e  150 ml* amounts#

Store  a t  4%*

Check fo r  b a c t e r i a l  contamination*

I ' r lB -e a l f  i T r ie  s a l i n e  f  2 f i  c a l f  8 a rim#



D iluent f o r  EMC H#A. t i t r a t i o n ^

D isso lve gm glucose in  100 ml d i s t i l l e c i  water 

and mix with 100 ml PBB (complete) « Take 95  tnl and add 

5 ml Ifo g e la t in e  so lu t io n  in  PBB/



EISPEHBICES

ilbel^ p. (1963) %* ?02?erbangslehreç 2)V)*

/iakermaoüi W#¥# (19?1) J* B io l .  CheiiUj l lSs

Aokermana, W.¥. end Maassab^ H.F. (19$4) J# Exptl .  Med.j 22?

Aekermann, W.W. and Maaasabg H.F. (1955) d* Exptl .  Mod.5 39;

Ad a g G*B. and Perry , B , ï . ( 1 9 5 ^ t )  , â u s t r .  J .  Exptl» B io l .  Med.Bel.,

Ada, Q.L. (1957) The Mature of F irusee ,  p . 104, Giba Foundation 

Byraposium, Bond on, C h u rch i l l .

A lna l ie ,  J.D. (1952) J .  E x p t l .  Med., 25, 9.

Bangs y*B., (ley, Q.O,, Foard, M. and Minaegan, D, (1957)

Virology, 4, 4o4.

Baron, B« (1963) Advances in  Virus Research, vo l.  10, p . 39* 

Barron, A.L* and Kar^ion, D.T^ (1957) Proc* Soe. I x p t l .  B io l .  & , 

Med., 393 .

Barry, B*D. (1964) Virology, 24, 563.

B e l l e t t ,  A.J.D*, Burness, A.T.H. and Banders, F.K. (1962) Mature

12i> 4844, 874 .
Ben-^Porat, T. and Kaplan, A.B. (1962) Virology, 16,, 261.
Breeze, D.G. (1964) Ph.D. Thesis ,  U niversity  of Glasgow.

Cairns,  J .  (I960) Virology, XI? 603 .

G o ite r ,  J .B . ,  B i rd , II#H., Moyer, A.W. and Brow, E.A. (1957) 

Virology, 4, 522.

Grouse, H.V#, O o r le l l , '  B .L . , Blank, H, and B c o t t , T.F.McI. (1950  

J* Icmwunol., :119*



Bales ,  6 . ,  and Blminovlteh, L. (1961) J .  Biophys. Blochem.

G y to l . ,  ^75#

Dales, B. (1963) Proa# la t lU  Aead# Bci. U .S . ,  IQ, 268.

Dales, 8 . and %a.jloka, R* (1964) Virology, £4, 278.

Dubes, QJU and Chapin, M. (1956) Scienca, 124, 586.

Dube a, CKH. and Wanner, E«A. (1957) Virology, 4 ,  275#

Bulbeoao, E# (1952) F ree .  Matl. Acad. Boi#, J 8 , 747*

Dulbeoco, E# (1957) The Mature of V iruses, p . 147, Olba 

Foundation Bymposlum, London, G hurohlll .

Eagle, H. (1955) J« B io l. Chem*, 214, 839#
Eagle, E.g and Mabel, IC. (1956) J .  Exptl .  Mod*, 104, 271. 

Eason, H*§ and Bmellie, E.H.S# (1964) paper p resen ted  a t  

442nd meeting of Biochemical Society*

E aster  brook, K.B. and Davern, C.X* ( I 963) fix^ology, 509* 

Ellem, K4Â.0 * and G o i te r ,  J.B* ( i 960) Virology, 12,, 511*

'Baders, J.F* and Pearson, H*E. (1941) Proc * Boc. Bxptl# B io l .

& Med#, 277*

Bnder s , J  « F . ,  We H e r  § Î  * H. and Robb i n s , F *C. ( 1949 ) Be ie n c e ,

s t e i n ,  HtA., Eummeler, II. and Be;ekaloff, A. (1964) J# Bxptl. 

%4ed., ;L3<&, 293..

Evans, H#k. and Bchulemann, VI. (19X4) Science,, 3^ ,  443#

Farnham, A.E. and Hewton, A.A. (1959) Virology, £ ,  449#

F ran k l in ,  R.M., Rubin, H. and Davis, C.A. (1957) Virology, 2 , 96 

F ran k l in ,  1*11# (1958) Virology, 1 ,  4o8#



Frattislln., R. M., and Henry, S, (1960) V irology,. JO, W6.
Friedgood, H.B» (1928) tooh* F a r , Exp* Kellfbreahang, 7, 2^3. 
F uôrst, G,B» (I96 l) Virology, 9'53*
. # y ,  G.O*, Bang, F*B, end ' 8$y, M*K. (I9#i-) &nn, H» Y. &oad, Hot*, 

976. '

G iffo rd ,  G.E* and By v e r ton ,  J*$, (19$7) Virology, 4, 2X6,

Gold, E ,, Mlldy, P* and Matson, D,H, (1963) J .  Immunol,, 91, 666,
Gpma'È’os, P .J . ,  Tanna, I , ,  Dales, 8* and"FraiVclln, R» (1962)

Virology, 441. , .
Croiaetioa, P.J* and Tama, X, (1963a) Proo, H atl, &oad, S o l , , ?C
Goaatos, P» J,and Tam, I* (1,963b) Proe, H atl, àoad>' Soi», *?p, 8Ç

Green, M, and Pina, M* (1962a) Virology, 17, 603.,», ,

Green, M. (X962b) Gold Spring Harbor Sysip* Qaant, B io l* ,27,219. 

Boggle, 4*D, and Morgan, H.R. (I95'6) Proo, Soe. B xp tl .  B io l ,  and

Med., 506 ,
Holmes, I.H . and Matson, D.*H, ( 1963) Virology, 21, 112.

Isaae, 4* (1957) âclvanoes in  Virus issearcfe, v o l. 4, 112*
' Vokllk, W»K.- ( 1962) Gold Spring Harbor Syap, Q uan t. 'B ip l* ,  27,194. 

f o k l ik ,  t . K .  (1964) J.Mol. B io l .  8, 277.

Kaplan, â ,S . and V atter, â*B., (19550 Virology, 7 , 394,
Kaplan, à*S; ( I 962 ) Virology* 3©5,
î f e i r ,  H.M, and Gold, B, ( I 963 ) B ioeh ia ,  Biophys, 4 c ta ,  72, 263 . 

K le in ,  ' G. and '^nrssberg, (I95^f) E i g t l ,  O0I I  Resear oh, 6, 2X1» 

Kbkott,  M, (193:0,)..;; 2 ,  ^ s i l f o r s o h .  1 * m ikr, ànat» , 11,484*

Kofcbtt, If, ( 1930a) E* ^ e l l f o r s b h ,  u*. aiifer, t o a t . ,  12, 327.

Beteuïi, 1 , (1956) Virology, 2, 496.

Levy, H.B, and Baron, S , (1957) V. I n f e e t ,  D is ,  100, ,109#. '



Lw off  Ao (1962) C o ld  S p r i n g  H a r b o r  Q u a n t ,  Symp. 159»

Iiuria, S .E ., and Hater j e t ,  R» (1947) J* B ae te rio l. 149* 
Maassato, H.F. (1959) Prôe. Watl. Aead, S el, Wash,, M* 877. 
Mages, W.E, (1962) Virology, 17. 604,
Mciiimansj. W.P., Siém, B . i . , Mark, B.C*, and Plnska, B, (1950)

' J ,  Immqaol., 475. '
Maepherson, I ,  and Stoker, M, (1962) Virology, 2Â, I k y ,  

Macphsrson, ■ I.A , ( 1963) J , Rati, Gati. I n s t , ,  3J2? 475.
M illiten , S» and Watson, D.H. (anpnblished),
M illilseq, S, (unpublished).

Morgan, B ., E lliso n , B.A., Bose, H.M, and Moore, D.H. (1954)

J. Ix p tl ,  Med., loa? 195 .
Overman, J.R , and famm, I , (1957) Virology, 3, 173.

Pappenheim®?, A.M. (1917) J» Bxptl* Med., ESs 633*
Ferol-Vaufiheg, Ï , , Tournier, P. and Lwoff, M, (1961) C.R. Acad.

S e i.,  t B ,  2164. :
Pincua, G. and Fiselier, â» (1931) J , Ix p tl ,  Med., 323*
P ort00a la , B ., Boeuru, V. and Samuel, I . (1959) Acta V irologiea,

1 ,  172 .

Powell, W.F» (1962) Biochiraica e t Biophysiea Acta, 55; 969*
Rhim, J .S , and Melniok, J .L . (196I) Virology, .15, 80,
R ussell, ¥.C. (1962) Virology, 16, 355*

R ussell, W.C. (1962a) Nature, 122» 4845, 1028.
R ussell, W.C., Gold, B ,, E e ir, H.M., Omura, H., Watson, D.H. and

Wlldy, P. (1964) Virology, 8g, 103 .
Sabin, iUB, (1934) B r it ,  J ,  Bxptl, Pathology, 372 .



AeD# and A. (I9g9) Golemeg 1:̂ 87#
Salman» N#P. (I960) VlrolDgy^ 18^ 1^0#
aendersÿ F#K# (196o)r Mature^ 4716) 802^

Sheokg M*Ï'U end Magee^ WJ§* (1961) ■ Virology g Ifiÿ 146. 
iSimiüoff^ P# (1962) AbotractB. The e igh th  I n te r n a t io n a l

Oongreas of Microbiô.logy? M ontreal  ̂ p . 81. 

aimon^ E#a# (1961) Vlx^ology) 105̂ #

B pencil D¥0 3 R • fô # 5 Lenaet te  $ . E ♦ H # a ad A #0# ( 1963) J#

Imamnol*) ÿg4*

S toker) M#0#P# and Mawton^ Aliaon* (195*9) Anru W.Yo Acad# Bel* ^

s t o k e r 3 M , , and  M a c p h e ra o i i )  i#  ( 1 9 6 1 )  V i r o l o g y ^  1 4 ?  399#

Stoker ) M# and Maopheraon, I# (1964) Nature y 4952  ̂ 355» 

Ohiompson) B#L# ( 1930) J .  Infoct# D is .)  6gg 307 ,

Thompson) H.L# (1947) J$ Immunol#) ^Ss 345#

T l i o m p e O U )  E * L $ ,  W l l k l e ,  M # L # 3 . . H i t c h i n g S )  G # I U p  B l i o i i )  C # B » ,

FalcOÿ E.A# and Rus,s e l l ,  P#B# (1949) Science, 216, 454. 

Thormar, H. (1959) Compt# Rend* Trav# Lab* Oarlaberg, 3%$ 207# 

Vügt) M*) DulbeccO) H, and IVenner, H.A# (1957) Virology, iVi, 

Von Mfigmia, P# (1955) Advances In Virus Research, vol# 2, 59# 

Watanabe, T#, Higginbothem, E#B* and Gebhard t ,  LoP« (1952)

Proo. Soc* Exptl# Biol# & Med., 8(4 758#

'Wbeelock, B#F# and Tamm, I# (1959) Virology, &  532*

W hitf ie ld ,  T*F# and Rixon, R.H# (1959) Ëxptl# C ell  Research,

J ^ S I ÿ  j.sTiW#



O'

Mild y ,  P# arid Wewtoii, A* (1958) B loo hem* J * , 6 5 , l4P*

Wolf, li*F. (1934) Proc* Boc. Bzptl* Biol* & Med*, 3 2 , IO8 3 .

Zea then ,  E* (1964) Bynohrony i n  C e l l  D iv i s io n  and Growth, p*99,

Ed* Z ea theng E.


