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ABSTRACT 

The broad aspect of the growth of vatiOla virus in human polls 

has been considered from a biological point of view. 

A general disevision and review of the literature on the subject 

of kmallpex and the forms it which the disease exists today sines 

the background against which this present stUdy was undertaken. 

The experimental work embodies a tomperison of the behaviour 

ola major and *ariaa minor strains in 'meat Cells* bearing 

iii 	the podsibility Of finding new Markets far the biological 

-terisation of vuriola virus strans• 

The comparison was made by investigating the, &troth patterns. 

of the International Reference Strains of vatiola major (Harvey) 

end MitOr (BOtler). 

of otopathic Offset aad production of infections 

vir s, '0 a twig antigen* diffUsible antigen and haemagglutinit, 

of virus DNA.and)antigen infsituin delld 

e anted bit t two variola strains were Compered., 

Partie lair +attention wt paid to the effect of inimbatioA., 

temperatures ramem 	Optimal to nonpermissivefer virus owth 

'41°  C) upon the synthesis of virus product°. 

That the synthetic functions of Butler virus were characteristically 

ensitiietosupraoptimal incubation temperatures than were those 

of Harvey vilensv aited,rtith the finding that' 35©̀  C. was 
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temperature for Butler virus gre44,4t. and 37°  C for Harvey virus. 

The production of haemegglutinin by variola virus was studied, 

and a differentiation of major and minor strains, based an 

haemagglutinin production in human calls at 37°. 39,5°  Co  attempted. 

An enquiry into the role of several biological compounds in 

the growth of variola virus suggested that the metabolism of 

bicarbonate, arginine, and histone was linked here and played an 

important part in promoting varied* infection in vitro. 

The relevance of the results reported in this thesis to the 

roes of smallpox and ay astria in man are discussed. 
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ABBREVIATIONS 

The f011owing abbreviatione have been used in the text: 

CAN . chorioallantoic membrane of the chick embryo 
CPS - Gytopathic effect 
11A 	haemagglutinin 
liars 	haemagglutination 
RAD 	haemadsorption 

- 	quantitative hoemadsorption 
RBC . red blood cells 
DNA 	ribonucleic acid 
DNA . 	deoxyribonucleic acid 
RNAase. ribonuclease 
*RNA » messenger ribonucleic acid 
BCO; . bicarbonate 
tlia9 bicarbonate concentration 
OF . complement.fixing 
FUdR • 	fluorodeoxyuridine 
BUdR 
	

$.;bromodeozyuridine 
AO 	acridine orange 
PA 	?Increscent antibody 
LD 	LethalAlose f  clothe infectious dose necessary to cause death 
30 	ih 50 % of °group of test animals* 

:VC 	varielascovpOt (hybrids) as in VC-hybrids 
• AR. 	alastrihoirabbitpox (hybrids) as it AR.hybride 

1137, 
11044 Harvey or Butler infected human akin/muscle fibroblast' cultures 
g3%5 incubated at 370,  38,5°, and 39.5°  C and concentrated br drying 
B37# I 	the frozen state* 
B,8*5$  
B394 



CP 	cotton-ip 'egged cultures' 
SC 1• screw.capped cultures 

CPS 	,cotton plugged cultures stoppered with rubber bungs (as controls) 

I/arias strains, haVe been refared to by the strait" male clay 
'Harvey,., iButlerfONjothos)„and the group to which the 

strain belongs (major, minor, or African) were specified only 
When essential for purposes of reference. 



CHAPTER I 

Historical Introduction 

The pan-eradication of smallpox has become a feasibility* The 

advent of modern techniques for handling vaccines has made it possible 

to render whole communities immune to the. disease by the use, on: a 

large scale, of the century-old method of vaccination. Freese-drAmg 

has facilitated the preservation and.- storage of potent vaccine in 

tropical climates; the jet-gun has proved to be an efficient and 

acceptable method of dispensation* 

With the means at their disposal all that is required by the 

underdeveloped countries involved is the money and the organisation 

to make an anti.omallpor programme a reality, 

The benevolence of the United States of America in granting 

foreign aid has made some states of West Africa fortunate in this 

respect* 

Until all that is hoped for from Vaccination c 	has been 

achieved,, clinical smallpox remains a  Problem. 

In the overpopulated regions of Asia*  endemic smallpox alai*. 

theti ands ,of lives each year, maiming and disfiguring those Who► survive 

their infection; care and treatment of those afflicted is an ever.- 

whelming responsibility* 
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Jet aeroplane travel has made the accidental introduction of 

smallpox into non endemic areas of the world a constant threat in 

spite of port-of en restrictions. Medical practioners must 

therefore be alert for the rare case which ma  occur. The difficulty 

lies, not in the diagnosis of the classical rash, but in recognising 

the significance of atypical symptoms such as dusky skin and collapse 

as seen in early fulminating cases of the disease, and in noticing 

the few small local lesions of mild and modified forms of smallpox 

easily missed in a less than thorough examination. 

Tate epidemiology of smallp t has presented an 	(Testing fact. 

AlthoUgh the disease has now spread from its original foci to every 

;art of the world, it bas done so in two distinct forms, variola 

major and "ariola minor. 

Variola major produces the more severe disease in man. VariOloum 

patients are profoundly ptostrated, while those with variolastinart  

car *laetrile are often ambulant and recover rapidly. The clinical 

picture is reflected in the correspqp41%g mortality rates, 20.30% 

and as much as 40-30% in the unvaccinated in the case of smallpox, 

and leas than 1 % in the case of alastrim. 

The identity of both varieties has been retained. Ertensive 

and rapid passage of variola minor through susceptible populations 

has not enhanced its virulence. 

11 



Ribes (194C) described the introduction of alastrim into Brasil 

from Africa via Bahia* Although the disease became very prevalent 

within a short time, it raised no alarm since it remained benign in 

character and the mortality rate, even among eases nursed under the 

most adverse conditions, vas very low* 

Was compared Brazilian alastris with true Smal.lpok and die. 

cussed the salient differences from the clinical aspect* Jorge (1924) 

cumnarised the subsequent spread of alastrim as it was imported from 

country to country throughoht the world. *madam 0948) reported 

en analysis of his el 	findings based on 13,686 confirmed 

cases 	in loodwitotveen 1928 and 1934* 

of the pressing difficulties concerning the efficient 

production of a useful entisiesalipm vaccine have heen solved, one 

of the remaining scientific problem is to determine those differences 

vatioln sajor and veriola minor which are responsible for 

the diversity in the severity of the clinical disease in Mai 

storystudies on seallpox and &laetrile strains have revealed 

t differences in the Virugo•hont interactions. The 

reported in this thesis was conducted in pursuit of others. 

Torres and Teixeira (1935) first described the propagation of 

alastrim virus ea the CAM of the fertile hen Is egg, and Downie and 

DuMbell (1947) fully characterised the growth of varida nags in 
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the chick embryo* The formation of pocks on the CAM has since 

proved to be an invaluable tool in the isolation and study of variola 

viruses and is the investigation of smallpox outbreaks, 

finger (1956) compared virus strains isolated from an outbreak 

of 42 cases of alastrim in the Hague (de 'Tong, 1956) and from alastrim 

cases occurring outside this epidemic with strains of classical 

variola major and reported the first laboratory difference between 

smallpox and alastrimt variant major was more virulent tor the 

hick embryo than *viola minor* This fact was made apparent by 

fuse observation thatt  after inoculation into the,10 day old chick 

o, Variola major persisted and could be recovered 6 days later 

by which time comparable inocula of variola minor had bees eliminated, 

The use of virulence for the chick embryo in the differentiation 

of variola major and alastrim was pursued tUrther by Helbert,(1957),  

He compared 5 strains of variola major with, 5 strains of variola 

minor and showed that the approximate 1050  for minor strains was 

Consistently at leaat 10 times greater than that tor major strains 

The 24.hour recovery of virus from livers of infected eabryos was 

as much, ea several hundred-fold greater in the case of variole major 

than for variola miner, Helbert also remarked on histological 

differences seen in infected livers which suggested that variola 

major infections of the embryo also mare seriously impaired the 

defence mechanisms of the heat. 
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As a testi Belbert's method of determination of progressive 

mortality of chick embryos and recovery of virus from liver was laborious 

when used in the routine differentiation of variola strains* Nisamoddin 

and Dumbell (1961) devised a simpler but reliable technique based on 

the fact that the growth of variola major strains in the chick embryo 

is less sueceptible to temperatures of incubation above 35°  C than 

is variola mir►or (Figs*.1 and 2)* An inoculum of variola major expected 

to give 200 pocks at 35°  C on the CAM produced ebott 100 smaller pocks 

in eggs at 3805° Co' An inoculum of  variola miner giving 200 pocks at 

35°  C was completely suppressed in eggs at 3845! C.  

Furthermore, Dumbelli  Bodeen and flossier (1961) showed that not 

only pock productions  but also mortality rate and persistence of virus 

in the chick.embryo were temperature dependent. 

Bedson and Dumbell (1961) determined the temperature dependence 

of pock production for other viruses of the variola.Vaccinia pox Viral 

subgroup and found that their ranking order for Ceiling temperature 

(that temperature above which the growth of the virus and development 

of viruespecific lesions is arrested) was the ease as for *hick 

Mortality* Babbitpox was established as the most virulent for the 

- chick embry0 and Variola virus as the least vireenti  variola minor 

being significantly less virulent than ♦ariola major. 

This positive correlation between virulence and ce1144.1g temp- 

erature in a single test was exciting evidence in support of a 

hypothesis propounded by twat (1959) that the ability of &Virus to 

14 
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grow at high physiological temperatures would be a favourable virulence 

factor. 

However, although the chick embryo had been used as a common host 

for the study of the variolaevaccinia group of viruses, and in this 

host the order of ceiling temperature was correlated with the order of 

virulence, there was sufficient evidence to indicate that the order of 

Ceiling temperature as determined in this host did not reflect the 

order of virulence of these viruses in other hoots such as man or the 

rabbit. 

An attempt to evaluate other factors petty/1140g to Virulence 

led Bedson and Dumbell (1964a,b) to prepare hybrids of variola major 

and cowpox (VC hybrids) and of alestria and rabbitpos (AR hybrids). 

An analysis of 7 markers for AR earids  and 8 markets for VC hybrids 

Showed that all markers, which had been reasonably considered as 

positive virulence factors, segregated independently in pair-wise 

crows. Virulence for the rabbit and for the mouse were found to be 

independent in AR hybrida. Neither were the hybrids correlated in 

their chick mortality to their ceiling temperature in this series. 

Bedson and Dumbill concluded that "... correlations between single 

characters and virulence, are always likely to be fortuitous, and that 

one should not =poet to find strict correlations of this kind in 
, 

atteipts to determine the characters which underlie virulence". 

Since information concerning the comparative virulence and growth 

characteristics of viruses as determined in the chick embryo cannot be 
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validly extrapolated to predict the behaviour of strains in human tissues, 

a more complete undorstAnAivrg of the forces influencing the outcome of 

variola infection in man might be obtained from a detailed investigation 

of the behaviour of variola major and minor in cell types derived from 

the human host. 

Gurvich and Marennikova (1964) compared the development of CPE 

of variola major and variola minor strains in human foetal ski n/ 

cells, monkey kidney cells and chick embryo cells* Their results showed 

that temperatures above 37.5°  C and 38°  C prevented the onset of 

CPE in,variola mine x!.. and variola major4nfected chink embryo fibro-

blast nonolayers respectively., lh cultures overlaid with age?, 

plaque formation by variola major was inhibited above 370e C. However, 

egg preperations of both strains of variola virus caused a CPE in 

human eMbryo and monkey kidney cells at temperatures up to 390  C. The 

Butler strain of alastrim was an exception and failed to cause a CPE 

in either cell-type at this temperature* Adaption of strains by at 

least three'pasaagers in human embryo cells raised the ceiling temperature 

for CPS development 1°  C• 

Gurvich and Mareantkova checked the specificitY of CPS in 'Muir 

systems by haemadsorption and round "clear see heemedsorptiss 

accompanying all CPE. It was noted that both types of Variola virus 

persisted in a potentially active state in cultures at increased 

temperatures (presumably above the determined 00111,1g temperatures 

of the virus-cell system Jaime) and was capable Of inducing a 

17 



normal OPE on return to the "usual" temperature. 

The results presented by Gurvich and MarennikoVa were qualitative 

and somewhat difficult to evaluate since no attempt was made to 

determine quantitatively the relative abilities of their variola 

major and minor strains to grow and produce a net increase in infectious 

at `lie 	tested in any of the three cell-types used. 

It Would seem worthwhile to establish the pattern of growth of variela 

tarts in human ainimuscle'cultures. 

Si** vetiola major and "oriole minor are very closely related 

viruses (Holbert* 1957)* it was considered in this case that the 

greater:sensitivity to temperature of the growth cycle in the. chick 

embryo might be more than fortuiteuely related to its lessor virulence 

in the human host* The Ceiling temperature of alastriM in the chick 

embryo V5'3745 C, a temperature easily exceeded even in a mild fever, 

Whereas that'Ofveriola major is 38.5°  C. 

SOte evidence far an interurelatift betty n sari oia major and 

variola minor might be claimed from epidemiological observations. 

Veriola minor was first reported in South AfriCa as IAMaast or 

Maffirspoxf (de Ratite*  19000 Ribaa (1910 noted the arnii►al of 

alattrim in -wine regions of Brazil by way of agricultural labourers 

travelling overland from the port of PAW which was, at that time, 

receiving trading Shipping directly from AfriCa* 

18 



It is possible that African conditions We been conducive to the 

evolution of many Variant* of vitriol& virus, and the continued ambulance 

of meMbera of nomadic tribes only slightly sick with the milder forms 

has encouraged the spread of variants of low, fixed virulence. One 

ar more of these variants may have spread to the rest of the world as 
trim. 

Scientific support for such &augment comes from the work of 

Bedson, DuMbell, and Thomas (1963). Using the temperature test 

(ftamuddin and Bushell, 1961), they were able to define a third and 

"intermediate strain of vari.ola VOUS; these strains had been isolated 

► case* of mild smallpoX in I at ri# and 	"00. either close 

to, or like varlet& major in the temperature 

results) beVe also obaery 

of Africa (inoluding Transvaal, 

Spa. Ethiopia, and Kenya) are detectably differ* 

ola major and alaatrim 

Annual reports of the mortality rates from smallpox indicate 

al 	ly that it is vari %a major which is prevalent in India and 

and that variola minor is prevalent in Brasil. Mortality 

rates is A an countries are lower than can be expected from 
ate marler loot g war than can be expected from variola minor. 

argued that variola major and minor were both 

present in these countries and that the figures represented the 
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overall death rate It was also suspected that the figures were 

unreliably recorded and therefore statistically meaningless. However, 

in light of the results obtained from the laboratory studies on the 

African strains, it seems possible that the intermediate mortality 

rate of about 3 % is the %vault of the existence in these areas of 

strains of Intermediate virulence. 

Thus, the hitherto bifurcation of variola into two clinical 

categories, the,major and. the minor, is likely to be en oversimplification 

of a more complex taxonomical problem. 

It was hoped that a further study of variola virus in human cells 

might ,reveal how characteristics which could be used as markers for 

the differentiation of variola strains. Information obtained in this 

way might ;:lao indicate the reasons for the lower virulence and 

stability,oftiatiola minor ttrains and reveal meohanisme whereby'' 

variola Virus induces the elinical features men in smallpdt, infectiont 

otmani 
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CHAPTER II 

The Growth of Variola Virus in Human Skin/M*1E1as Fibroblast 

Cultures at Different Temperatures of Incubation 

In order to Create a system relating to the conditions for growth 

encountered by an invading virus IA the human subject, the growth of 

the Harvey strain of vario]a major and of the Butler strain of 

Weriola minor in'Ihulat akin/60801e foetal fibroblasts was studied at 

various temperatures of incubation. The temperatures chosen were 

aimPlar to the teiperaturee of the dermal and aubdermal sweat Of the 

body, of the deeper organs, and of the body undergoing a pyrexial 

episode. 

Thus, the production of intraael1v1Ar virus in, and the release' 

of mature, inteCtive virus trot, infected cella was followed at the 

four incubatiOn temperattres of 330, 37°, 38°, and 39°.39.3°  C during 

bOth single- an&clultiple.otep growth cycles of infection. 

Cellular and supernatant fractions from pairs of infected cultures 

were harvested at regular intervals for the duration of infection and 

were titrated for infective Virus on the choriciallantoic membrane of 

fertile hetet eggs. InfectiTity titres were expressed as pock forming 

units (pfu) per ml of undiluted harvest fluid*, whith is also an 

expression in terms of pfu per tube in this case. 
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Materials and Motheds 

(see appendix) 

Results 

Growth curves were constructed showing the formation of tare-► 

cellular virus end release of extracellular virus from the infectivity 

assays of the samples harvested at intervals throughout single» end 

multiple-cycles of infection, 

The logarithm of the pfu par ml of cellular supernatant sample 

was plotted against the time of harvesting in hours (single-cycles of 

infection) or in days (multiple.ocycles of infection). [Figs. 3 and 5] 

In the following discussions, the Harvey strain of variola virus 

vi 	be referred to simply as 'Harvey and the Butler strain of 

van la minor as 'Butler' 

Virus detectable at four hours may be either adsorbed or free 

but not absorbed., and it could be assumed that this virus had played 

no part in the subsequent infectious cycle. Since this virus persists 

throughout the period of each experiment the inactivatios rate for 

variola virus being only 0.20 loge/day at 3.5e  C (Bedson, 1964), the 

numerical value of the titre of the fourAvour fractions was subtracted 

from the numeriCal value of all points for each growth cycle. The 

resulting growth curves, showing a zero baseline, are also given is 

order to further clarify the kinetics of each growth cycle. (Figs. 4 a d 6] 
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This procedure, however, created one anomaly* In the case of 

figure 6b, the infectivity titre of the extracellular virus of the 

Harvey strain appears to increase before en increase in the 

associated virus was detectable* Reference to the corresponding un-

adjusted figure b  shows that the lowest titre, at 8 hours, is two.fOld 

less than the infectivity detected at 4 hours. No corresponding 

decrease was noted in the virus content of the supernatant fraction. 

Since this difference represented may a 4 % loss in infectivity in 

the cell-associated fraction and en 8 % increase in the infectivity 

of the supernatant• fraction from 4 to 8 hours, the anomaly described 

is within experimental error and is therefore not considered to be 

significant. 

In pointing out the 	t features of a growth curve, the 

input dose of Virus has been used as a baseline for describing and 

comparing increases and decreases in infectivity during the growth 

cycle, unless otherwise stated. Thus, an increase in infectivity of 

100.fold would indicate that 100  pfa virus per ml had been recovered 

from cultures inoculated with 106  pfu virus per mi. 

a) 	Muitiplewstep Growth Curves 

At 35°  C infettious Virus was recoverable from the cellular 

fraction by the first day of infection and showed a steady increase 

Until the third 44,, Since the rate of production of virus was 

greater for Harvey than for Butler, a met increase of 100'fold for 

27 



the Harvey strain and only 106fold for the Butler strain was found 

at this time 

Virus progeny released into the culture medium Was not detectable 

Until the second day Ofinfeetion* The titre of extra0ellent 'Virus 

of both'straini retie between one and two log Units behind that of the 

torkeeponding cellisassociated *true titre. 
By the fifth dayiA marked reduetion it extracellular virus had, 

occurred. This lass may have been due to readaOrption and eclipse 

of progeny virus in a further cycle of infection; it was accompanied 

by a second increase in the level of intrdoollaar Vitas* Hy the 

sisth'day* the level of free Vitus in the 4Upernatante had returned 

to apProximately that recoverable at three days after infection* 

kloas'of cell‘associated virtu* partiOnlar4 in the case of, 

the Butler strain* was noted after the:fifth day• 

The maximUm yield of infectious virus was recoverable on the 

fifth day and represented n total increase in infectivity of 1064014 

for both strains of Variola Virus. The net increase in infectivity' 

at the end -Oftluo MUltiple.step growth oyele (sixth day) was 60#Old 

fear Harvey and &fold for Butler at 359  Co At this time the 

infectivity recoverable from- Harvermiinfected cultures was almost 

tota14 cell-alsociated (99.5 %), whereas 23 % of the total virus 

formed in the Butler-infected cultures was found to be-extracellular* 
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Both the Harvey and Butler strains show the maximum rate of virus 

production, maximum peak yield, and final net yield of infectious 

virus at 370 C. The maximum rates of release of virus progeny from 

cells infected with both strains were also attained at this temperature. 

Both strains showed a sharp increase in intracellular virus by 

the first day of infection. The maximui level of intracellular virus 

occurred between the second and third day of infection and was 104old 

for Harvey and 100401d for Butler greater than that attained in the 

same time at 3e C. Thus, the peak titre ter both strains represented 

an increase of 1000401d over the level of virus in the inoculum* 

Mxtracellulat Virus was recoverable on the first day of infection 

at 7°  C as compared with the second day at 35°  C. Release of .Virus 

from infected cells was more efficient in the case of Harvey than that 

of the Butler strain at this temperature* On the first, second, 

and third d of infection, the free virus in the eupernato of 

BarVey-infected cultures exceeded that of Butley-infected cultures 

by approximately one log unit. This difference was increased by an 

additional log unit by the fourth day due to a decline in the titre 

of eXtraeellular virus of the Butler strain. Thin decline may have 

been due to a reabeorption of virus to infected cells. 

By the sixth, day, there was a very significant difference between 

the yield of free infectious virus in the two atrains# 50 % of the 

total virus formed had been released from Harvey-infected cells, 

whereas 9909 % of the total virus formed in the Butler-infected 
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cultures was still cell*aaaociated. Thus, there was a 300-fold 

difference in the free virus yield of Harvey and Butler, although 

the net increase in total virus was the same (160-fold) for both 

attains. 

At a temperature of incubation of 38°  C there was a suppression 

of the rates of virus production and release, and in the infectivity 

yields of both viruses, but the variola minor strain was suppressed 

to a somewhat greater extent than was the variola major strain. 

The titre of intracellular virus in Butler-infected cultures was 

1/10 that in Harvey-'infected cultures on the third day of infection 

when mule= titres bad been obtained. The net increase of infectivity 

of Harvey cultures was 3000fold and that in Butler cultures 8O-fold 

at this time. Thereafter, the virus detectable in the cellular tract ons 

began to decline and by the sixth day the remaining virus levels 

represented only a 5-fold increase in infectivity for both strains, 

As at 37°  C, extracellular virus was detectable by 24 hours after 

infection* It might have been expected that the difference in 

efficiency of the release of mature virus from cells noted at 37°  C 

would be emphasised at a temperature 1°  C higher* This was not the 

case. Although the initial rate of release of mature virus of the 

Harvey strain was somewhat greater than that of the Butler strain, 

the yield of free virus from Harvey-infected cells was suppressed at 

380 C to much the same level as that for the Butler strain; 8 % and 
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2 %respectively of the total virus formed was released from the 

infected cells,  

A temperature Of incubation of 39 C was effective in inhibiting 

the growth and multiplication of both variola major and variola minor 

in human skin/ipscle fibroblasts. No net increase in virus was detected 

at this temperature. 

Infective virus of the Harvey strain persisted in association 

with the cellular fraction of infected cultures for three days after 

infection, but, was undetectable by. the fOurth.dat. All infective 

Virns,of the Butler strain vas lost from infected cultures. during 

the first 24 boups. 

b) Single step Growth Curves 

The notable feature of the single-step growth **yes of variola 

majar and variola minor at 354  C was that there was no significant 
difference in the kinetics of growth of the two strains.  

The eclipse phase lasted for approximately 8 hones, and by 12 

hours the first increase in intracellular virus vas detectable. After 

a 4 hour delay* there vas a corresponding rise in the infectivity of 
the supernatant fraction. The virus content Of the supernate was 

between 1/10 and 1/100 that of the corresponding cellular fraction 

throughout, the growth cycle. 
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The maximum level of intretellular virus was detected at 24 hours 

and represented approximately a 10.fold increase over the virus content 

of the inoculum for both atrainem This level of virus had been 

maintained at 48 hours, When 90 % of the total virus formed by Harvey 

and Butler remained celleassociatedm 

At 370  C the rate Of virus production Was slightly increased and 

.the stationary phage began approximately 4 hours earlier than at 35°,  C 

for both Ratios and Butler. The yield of intracellular virus at this 

time:was somewhat lower than at 33°  Co but a small increase in 

intracellular virus during the Second day of infectien resulted in a 

total virus yield not different from that at 35°  C. 

After an initial lag in release of virus from Butler-infected 

celIs0 13724 hours the yield of virus released into the supernatant 

was the sale for both strains but. Vas about 1/10 the yield attained 

during the stationary phase at 35°  em At 37°0 approximately 

ofthetrital Vitus produced during the growth cycle of both strains 

remainelvell‘Associatedm 

Raising the temperature of inenbation trot 37°  to 38° C resulted 

in some reduCtion of the virus yield from the infected cella, 

The initial formation and release of mature progeny virus weeded 

more slowly than at 37°  C in Butler...infected Cultures. The stationary 

phase of the intracellular virus vas reached at 24 to 48 hours 

compared with 16 bouts in Harver.infected Cultures; in the fluid 
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phase after 28 hours as compared with 20 hours with the Harvey strain. 

HoweVer, by 28 hours the virus content, both in the cellular fractions 

and the supernatant, of cultures infected with variola major or variola 

minor was not significantly different. Of the total Truss recoverable 

at 48 hours, less than 5 was recoverable as extracellular virus. 

At 39°.5C no increase in infectivity of either variola major or 

Vatiola minor was detected. The level of virus of both strains 

persisting in aesotiatiOn with the cell fraction and in the infectious 

form had decreased to a level representing only 10 % of the 

inoeulum by 48 hours. 

Discussion 

Both the variola major and the variola minor strains were able 

to multiply frme small and large inocula of virus at 35°. Yes and 

38°  C but not at 394:15C in human skin,/muscle fibroblast cultures. 

The outcome, at each temperature of incubation, of the single 

growth cycles of the two strains was the same. By the time the 

stationary stage had been reached, the net yields of intraceluilm. 

and extracellular virus of Harvey- and Butler-infected cultures 

were not different and had been eimilarly suppressed as the temperature 

of incubation was raised. However, the initial rate of virus formation . 

and particular y' the rate of release of mature virus progeny, of 

the Butler strain was more sensitive to suppression by the higher 
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temperatures of 37° and 38°  C than was that of the Harvey strain. 

Since the net yield of virus produced was Virtually the same 

for both strains at any one temperature, a difference in the ability 

of the strains to grow in human skin/muscle fibroblasts must stem from 

a difference in the ability of the two strains to initiate secondary 

cycles of infection. 

Over the longer period of time taken for multiple-cycles of 

infeCtion to ocpuri it was found that elevated temperatures of infection 

had a differentiating effect' not so much on the actual production 

of infective virus, but rather on the release of virus progeny from 

infected cells. Of the four temperatures tested, 55°  C was found to 

be optimal for the liberation of virus from the Butler infected cells 

(25 % of the total Virus recovered on the sixth day was eatracellUlar), 

whereas 31°  C Wes found to be optimal for the release of virus from 

the Harvey*infected cells (50 % of the total virus recovered at six 

days was extraCellular). At 38°  C the rate Of formation Of virus of 

the Butler strain was also reduced to a lover value than that of the .  

Harley strain. 

Giten the limited scope for growth which exists for the duration 

of a single infective cycle in cells of a confined monolayer, a delay 

in virus formation and release Conferred no overall disedvantage on the 

growth of the Butler strata as' comparedwith that of the Hervey strain 

educe the same total yield could be attained in tills. But, Where 

released prOgeny are the initiators of secondary and subsequent 
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cycles of infrction, such a delay in the availability of new infectious 

Butler virus to reLnfect more cells would result.in a cumulative lag 

in the progress of infection as Compared with a more rapid spread of 

Airdection by the Harter Virus strain which is capable of being promptly 

released from the host cell after maturation. 

The'Multiple‘step growth curves shoe that it would be possible 

for such a difference to accrue. 

The efficiency with which Wituo is released and Circulated in 

vivo Could be at :more important theta* in determining the VirulenOe of 

virus stiain than the actual growth in the cell► 

If vitae Of the alastrim strain at normal body` temperature (37°  C) 

lacked the ability to spread from tell to cell as efficient4 es 

virus of the variola major strains throUgh slow release of progeny 

virus and at a higher temperature-incurred the Added disadvantage 

of a slower rate of formation of virus, then it seems reasonable to 

suppose the following. In the intact living organism where moo systemic 

factors may influence the *ogre's of en infection* an alastrix infection 

would be more liable to be overcome by the defense mechanisms of the 

host and to cause less cell and tissue damage than a variola major 

infection spreading Vigorously. 

The growth and release of Butler virus at 35°  C is as efficient as 

that of Harvey virus at the same temperature, And the release of 

Butler virus is greater at 35°  thee at 37°  C. This feet could, in 

part, explain the observation that although /UAW* *lento are 



not as distressed by their virus infection as are patients with 

/*oriole major, the akin eruptions (localised' lesions resulting from 

Virus growth) can be AO aktensive 66 th06e of oases of Yario1a 'major. 

The surface temperature of the body being about 354)  C compared with 

an internal bOdy temperature of 37°  C could thus be permissive of 

growth of Variola major both externally and internally, while ilastrim 

is predominately only able tob form lesions in the skin. 
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CHAPTER III 

The Cytology of Human Cells in Tissue Culture Infected with 
Vari014 Virus at Different Temperatures of Incubation 

!ft Deyehoysont of the ertoosthio affect induced  b: 	and 
1;an7Doses of Variolayke 

The growth of variola virus in human skin/muscle fibroblast 

cultures hes been described in Chapter II. Mature infectious virus 

was found to be released more slowly from cells infected with the Butler 

strain of variola minor than from cells infected with the Harvey strain 

of vari 	Jar, especially at incubation temperatures between 37°  

and 38.3 	was concluded that such a delay in the relearn, of 

infective tirue could result in a significant difference in the 

efficiency with which these two strains of variola virus are able to 

establish vigorously spreading infections in susceptible cell cultures. 

To substantiate this supposition, the progress of the cytopathic 

effect (CPE) induced inhuman skin/muscle fibroblast cultures by 

variola virus at different temperatures of incubation was followed. 

Duman skin/muscle fibroblast cultures were inoculated with large doses 

of variola virus in order to expose the entire monolayer to virus during 

the absorption period, and with small doses of variola virus in order 

to create discrete feet of infection from which virus can spread in 

secondary cycles of growth. Cultures inoculated with large decree of 

virus were incubated at 37°, 38°, 30°  and 41°  C, and those inoculated 
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with small doses of virus at 37°, 38.5°, and 39.5°  C. Infected cultures 

were examined at regular Intervals throughout infection by phase contrast 

microscopy. 

(Materials and Methods-  • See Appendix) 

Results 

a) CPE from Large Doses of Variela Virus 

Four hours after infection with Harvey at 37°  C there were no 

vie ble signs of a beginning CPE trig. 7a]. The fibreblast cells 

retained the characteristic elongated spindle shape with a central 

oval nucleus containing usually a single nucleolus. The cytoplasm 

was granular and unrefractile. 

By 8 hours obvious changes in the morphology of the majority 

of the Cells in the infected nonolayer had token place. Retraction 

of cytoplasmic processes was beginning and the cells were assuming a 

more polygonal shape and an increasing granularity of the cytoplasm. 

In many of the cells the number of nucleoli/nucleus had increased. 

Sm 11  vacuoles were noted at the periphery of serveral cells. Cell 

boundaries were difficult to distinguita at this stage, although the 

nuclei were undistorted and quite discrete trig4 71,14 

By 12 hours the cells were showing extreme pleomorphism, gran. 

ularity, and fusion of the cytoplasms trig. 740. Contraction of the 

cytoplasm was resulting in imicrolesionst in the cell sheet whichwms 
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c d, 
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20 hrs. 

ilA W'T cELL • 

Fig. . Sequential stages of CPE induced by a large doge of Harvey virus 
in human fibroblast monolayers incubated at 37 C. 



becoming increasingly irregular and ragged in appearance. 

Progression of the CPE was marked by an increase in intensity of 

granularity and necrosis throughout the entire cell. sheet (Fig. 7d3. 

Detail of the internal structure of the fused sasses of cells was 

difficult to discern' but despite the extreme distortion of the cell 

cytoplasms r  the nuclei remained relatively undamaged, although obscured 

by changes in the cytoplasm. 

Large, dense cytoplasmic inclusions could be seen by 24 hours and 

by 28 hours vacuolation of the cytoplasm was often advanced fFigs 70. 

The integrity of the cell Sheets at 30 houro of infection had 

been lost May cells showed extreme vacuolations but the'majorit, 

of Cells were rounded up and ) 4ghly  retractile, seeming 'to separate as 

cellular units from the fUsed mass into which their had previously 

Merged. This was the last stage of CPE. At 48 boars most of the cells 

had fallen away' from the glare surface, any renaiTAIT cells being 

Completely necrotic. 

Uninfected control tubes remained normal and unchanged throughout 

the experiment. 

Butler at 370  C and Harvey at 38°  C showed no obeicousdifferenses 

in the,Progreas of CPS, but Butler at 38°  C lagged quite considerably 

behind. At 28 hours the cell sheet was still intact, although the cells 

themoelves were showing a degree of shortening and granularity. , At 

36 hours the adhesive forces maintaining the integrity of the cell 

sheet had been lost and the mii4esions left by reseeding Cytoplasmic 
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processes were visible. The cells were markedly granular. However, 

by 48 hours little difference coed be teen between Butler infected 

cultures at 38°  C and corresponding Harvey cultures. The cell sheet 

was entirely necrotic, bUt a significantly higher proportion of cells 

remained attached to the glass surface as Compared with Harvey► at 37°  C 
and 38°  C and with Butler at 37°  C. 

Subsequent observations have shown that large doses of HarVey and 

Butler virus are also able to induce a progressive CPE at 39*  C and at 

410  C. Infected cells at 41°  C became rounded and retractile at an 

earlier time than at lower temperatures. SaCh a change Was not seen 

in uninfected Controls at 410  C. 

b) CPE from Small Dues of Variola Virus 

where CPE was observed, infected cells in monolayers inoculated 

small.dode of virus showed the same pattern of CPS-development 

as seen in cells of monolayers inoculated with large virus doses. 

In comparison with the Uniform distribution of CPE throughout the 

entire monolayerresUlting from the simultaneous infection of all Cells 

Of a culture, small inocula set up discrete foci of infection, CPE 

spreading from the Centre to the periphery of foci in a cell-to-cell 

sonnet*. Thus, polls at the centre of foOl had either fallen away from. 

the glass (forming irregular plaques) or were rounded and necrotic. 

Those cella at the outer limits of foci, being at an earlier stage of 

infection, were losing the characteristic spindle shape to become 

polygonal and granular. 
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After 24 hours, cultures of both viruses at 37°  C showed foci of 

shortened, granular cells and of neerolie gradually extending through, 

the monolayer, By the eighth day, the entire cell sheet was necrotic, 

and many cells had left the glass surface, 

At 38#5°  C cultures of Harvey-infeited cells showed large foci of 

necrosis from the first day, These extended, as at 37°  Co to involVe 

almost all the monolayer by the eighth day. However, in Butler-infected 

cultures inoculated at 38,5°10, the foci of shortened, grenosir cells, 

which bad developed by the firat day, remained small and discrete 

throughout the course f'theemperiment and Showed little degeneration 

into necrosis: 

At 39:50  CAPE did 
	

dexelop in either Harvey0infected or 

r-infected, cultures. 

Discussion 

It has been shown that both Harvey and Butler viruses are able 

to multiply and form infectious virus in cultures incubated at 35°, 

37°, and 38 5°  C, but not at 30-.39.1,5°  C (Chapter II). It was 

interesting, therefore, to find that both viruses were able to induce 

a CPS at temperatures greater than that at which infectious, Progeny 

virus can be produced, and at least as high as 41°  C. 

Virus bad been adsorbed at a constant temperature (25°  C) before 

expoeure to high tesTerattires of incubation, but infective virus was 

not the end product of the virus...cell interaction. Thus, either an 
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abortive or incomplete growth cyclellad'occurred causing a CPE'  or 

cell damage was due to a,non.speeific cellular reaction to foreign 

material such ,as lysosomal actitation-(Alliseh-and Mallucci, 190). 

ObserVatiOns of the' progress of. CPE is variola-'infected culture* 

re in support of donamaiOna drawn from the results of the growth. 

study: experiments described in Chapter II, 

Single.step :growth files had-shown that. initial delays in the 

release of mature Virus,from - Butlet.infedted Cells at higher temperatures 

of inothatiOnlehind that from Barvey.infected Cells were overcome' 

and that the final virus yields of the two strains at each temperature 

were not significantly different.. Birortarly. the. CPE in Butler'-infected 

culture* at 38°0. 8hOwed*in initial lag but was no different from the 

CPE is Harvey.infected cultures at this temperature by 48 hours. 

Xn cultures infected with small doses of Virus, both. Haney and 

Butler were seen to have spread extensively at 37°  C At 38.5°  C.theri 

was a Very marked difference. Harvey.infeetedoUltures Showed necrosis 

which progressed at a similar rate as et 37°  C. but the spread of 

infection of Butler Virus was much retarded in comparison; foci of CPE 

remained confined even by the eighth day - 

ThUs. the slower rate. at which Butler Vitus progeny matures and 

is released from the host cell doe" result in a teach Slower spread of 

Vitus from cell to Cell in infected cultures. 

That Harvey 40iiiBttler were Uiable to initiate foci of infection 

at 39.e 0 was to he expeeted. As no VirUs produetien wee peseible et 
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thia temperature, the CPE which would be induced in the smalls  but 

unnoticeable proportion of Cells infected by the inoculut did not 

spread to adjacent cells 
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3.2 	The kenlication of C °chemical Techniques lathe St of the 
Develgpment  a Vario  Virus Antigens in HumanTabs 

0) Sequential Studies 

Lam. and Riggs (1961) followed the sequential development of virus 

antigens in Ida cells multiply-infected with imeeinia virus. 

Employing the technique of staining preparations of infected cells 

with the flnorochromet  acridine orange*  they showed an early increase 

in Cytoplasmic RNA and the appearance of centres of DNA synthesis at 

4 hoUrs after infection* A narginal fragmentation of these inclusion 

bedies at. 8.io hours was concommittent with the firet increase in 

intracelluler Ti.rus 

Using the tore :anent antibody technique and specific anti**LS0 10  

anti.JW, and anti-'HM fluorochrome..coupled antisera, Lollard Riggs 

also demonstrated that 'LS' antigen (a virus surface component) was the 

Borst antigen to be detected which appeared at 4 hours followed by the 

antigee (virus nucleoprotein) between 54 hours' Mixing of the 

'NP' and 'L$4  antigens occurred at 8.10 hours when fragmentation was 

seen L7 leridine orange staining and when maturation of progeny virus 

occurred. The MA' antigen (bsemagglutinin) appeared at 'What're, 

torhand Riggs concluded.that the typical inclusion seen in 'social*. 

infected cells was mainly SNP' antigen* 
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In order to establish how far the growth cycle of variola virus 

proceeds at different temperatures of incubation, histoehesical 

techniques were applied to earerslip preparations of variola-infected 

dells incubated at temperatures ranging from '7°  C to 41°  C. 

A seqUential study of the deVelopment of virus antigens ift 

la.infeeted cells was made employing the acridine orange (AO) 

staining teehnique for mullets acids and the fluorescent antibody (TA) 

sandwich technique forth* location of virus antigen. It was hoped 

that the cause of viruaAnduced CPE occurring above the permissive 

rature for Virus growth would ale° be revealed in this way 

Sites of virus antigen synthesis were identified by analogy 

with the work of Lob and Riggs (1961) on the 'ago a Virus system. 
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See Appendix) 

Results a i) Aerials. Orange Staining 

At 2 hours after traria* infection at 37°  C, the cytoplasm of 

cells in infested cultures showed a more intense staining than did 

the eytoplasit oy *ens in uninfected control cultures. Nuelear 

Chromatin Sleeks and the nuclearamsbranes were more pronounced; 

the 

	

	 leoli were enlarged and often increased in nuMber. Minute 

were visible in the perinuclear area trig. 8i]. 
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Fig. S. Sequential development of virus DNA inclusions in a 
humaN fibroblast cell infected with variola virus incubated 
at 37° C and then stained with acridine orange. 
N = nucleus; I = inclusions; DA = dark area; V = vacuoles; 
and VA = vacuolated area. 



By 6 hours perinnolear camplation was pronounced and cells were 

shorter and wider having lost the characteristic spindle shape EFig. 8b]. 

DNA inclusions appeared at 7.8 hours as email spherical apple+ 

green bodies often arranged in a hemisphere around an unstained area 

lateral to the nucleus tPlaie 1]. This area displaced the nucleus to 

one side or to one end of the cell trig. 8*3. 

The inclusions increased in site as time progressed and after 10 

hours a noticeable loss in the regularity of shape of the inclusions 

was seen. The irregularity was marked by 18ln:ours, idilma the majority 

of inclusions had assumed a very irregular shape EFig 8d],. Adjacent 

inclusions had merged by 24 hours. 

Some intensity of staining was lost at ter this time and by 3 
hours the cytopless of infected cells was riddled with diflUse 

yellowish.green inclusion material. Cells were rounded and had reached -

the final stage of necrosis Dig. W. 

Plate 2 illustrates the various stages of DNA inclusioa development 

and the presence of the dark area in cariola.infected human conjunotive 

cells incubated at 37°  C for 24 hours. 

Naemadsorption, indicating the presence of the INA0.antigen. was 

first detectable at 10.12 hours after infection. It was interesting 

to find that baemadsorption was not directly correlated with inclusion 

fOrmation since many cells showing all stages of inclusion development 

were seen which were negative for haemadsorptim. Other 441110 at 
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Plate 1: Acridine orange-stained pre 	tioni 800A Kadachrome /I A 

Cytoplasmic virus DNA inclusions in a variola-infected human 
skin/Cuscle fibroblast cell incubated at 37*  C for 10 hours, 
The inclusions (I) are arranged around an unstained, dark area 
(DA) lateral tot  and displacing the nucleus (N)a 

Plate 21 A 
	

ora a stained pr par tam. 800x KodaChrome /I A 

Human conjunctiva Cells infected with variola Virus and incubated 
At 37°  C for 24\hourai FiVe atageb (I1-33) of wirue DNA inclusion 
deiTeleiment are to be seen; one Sell Contains en unstained, dark 
area (DA) disOlading the tvelets (N)* 
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similar stages of inClusion formation were positive. The position of 

attaehment of NBC *hewed no topographical relationship to the position 

of the DNA inclusions in the cells. 

Incubation of infected cultures at 3905 C did not Completely 

prevent the formation of inclusions by either Hervey or Butler' 

although the production of infective.virun did not proceed at 39°  C 

(Chapter II). 

At 8 hears when the centres of DNA synthesis had been established 

by both Harivey and BUtler at 37°  C, only about 1/10 the number of 

cells infedted with. Harvey vitas Contained inclusions at 39.54  C. 

A reduction in the matiplicity Of inclusions in infected cells was 

noted. Cells Of BUtlet.,infected cultures at 394°  C Showed pronounced 

Vecuelatien but lees intensely stained eytOplesm than at 37°  C.  

Only accessional cello Contained DNA inclusions. When this wad the 

Case, there was usually only a sivIgle inclusion per cell. 

By 24 hours bout 70 % of inteeted oelli at 37°  C *bowed 0 °sant 

inclusions epreeding through the cytoplasm. At 39,5° C in Harvey 

infected cultures, less than 10 % of all infected cells cOntained 

diffuse  inclusion material; most inclusions were still discrete, few 

in number per cell, and enlarged. The few inclusions which developed 

in Butleridnfeeted culturea at 394° C also remained as enlarged, 

spherical bodied at a lower multipliCity per tell than for Harvey 

infected cello at this temperature. 
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At temperaturea ranging from 370  C to 39.5e  C*  the majority of 

cells of Harvey. and Butler infected cultures developed a typical 

CPI:irrespective of whether or not the cells contained DNA-syntbeeieine 

foci* 

Results ii) Fluorescent Antibody Staining 

AO stained preparations of variola.infected cells identified 

the site of virus DNA synthesis in infected cells* 

It wag noticed that in almost every se 	he haracteristic 

changes ismorphOlogy was the disPIaceMent and 'diatortiOn L ot the 

nucleus by an area not stained by AO* At 37*  C inclusions often 

fear 	arc► end this area which was also present in cells at 39.5°  C 

in wh ch no unions  had developed. For descriptive purposes thiel 

e "dark area". 

The dark area did not form in uninoculated controls at any of 

the temperatures tested and was therefore assumed to have been 

pecifically induced at some stage in the virus growth cycle* It was 

of interest that this area should develop even when virus DNA synthesis 

appear** not to be taking place* 

To determine whether the dark area vas the site of virus antigen 
Synthesis, infected Coverslip monelayers were harvested and examined fr 

the presence of vine antigen by using the fluorescent antibody 
sandwich technique* 
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Since the antivaccinial antiserum used in these experiments was 

prepared against whole virus it was therefore polyepecific and reactive 

with all antigenic components present in infected cells. Thus, no 

differentiation could be mode between the various virus antigens using 

this technique as in the work of Loh and Riggs where sera specific 

for 11.5f, MP, *  and INV were used 

Comparison of PA treated slides with duplicates stained with 

AO permitted some conclusions to be drawn as to the nature of various 

specifically fluorescent sites observed. 

At 370  C the firet appearance of fluorescence cccurared at 6 hours 

as pinpoint round bodies lying around the already displaced  displaaced.nucleus 

and the site of the so.called dark area EFig. 9a]. Comparison of this 

stage with a duplicate culture stained with A0 identified the foci of 

fluorescence as being centres of DNA synthesis The dark area was 

formed at this time as shown by the displacement of the nucleus and the 

arrangement of DNA inclisions, but was not fluorescing. 

By 8 hours the inclusions bad enlarged and some cells showed 

perinuclear fluorescenee. The dark area showed slight fluorescence 

EFig4  gblo 

Preparations stained at 10.11 hours showed that coalescence of 

the DNA inclusions was beginning. Perinuclear fluorescence was more 

prominent in the infected cells of cultures and was spreading through 

the cytoplasm. The dark area was seen to contain a stellate-shaped 

body of increased fluorescence t g« 90). 
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GCF 

C a 

Fig. 9. Diagrammatic representation of the sequential development 
of sites of fluorescence in a human skin/muscle fibroblast 
cell infected with variola virus, incubated at 370  C, and 
then stained with the fluorescent antibody 'sandwich' 
technique. 

N = nucleus; I = 'NP' inclusions; DA = dark area; 
SB = stellate body; GCF = general cytoplasmic fluorescence. 



Coalescence of elusion bodies progressed and by 16 hours many 

cells showed bright fluorescence throughout the cytoplasm* The stellate 

body had enlarge& and its internal structure had become finelY 

reticular. At this and later stages, the former DNA inclusions were 

not distinguishable, having become dispersed throughout the cytoplasm. 

As the time after infection increased, the number of, cells 

showing, total fluorescence increaped As cells became rounded and 

*motley the cytoplasm r showed uniform fluorescence, Fig. 9d). 

The typical fluorescence  shown by ea tiole4nfeeted celi.a 

incubated 	C for 24 hers and stained by the FA sandwich 

techniqUe. is illustrated in Plates 3,end 4. 

A9 	one of Butleroinfected cultures incubated at 39.5 

showed that he majority of intepted cells developed a #ngle or 

very small number of DNA inclusions which remained as large, isolated 

round bodies in the cytoplasm and which tailed to mature by coalescence. 

FA preparations of such Cultures showed a similar pictUre with 

respect to these inclusions.. Infected cells stained at 24 hours 

showed that the cytoplasm had become generally fluorescent. as in 

cultures incubated at 57°  CA The *stellate* body and the da0k area 

also developed, but the former area appeared less conspidueus than at 

37°  C in the preparations examined. DNA inclusions remained as large 

disrete  bodied rarely merging into the general fluoreecence as at 

37°  C. Celle Were also present which contained no inclusions, but the 
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3 and 4; Morescent Antibody staining. 320: 
Plate 3: Ektaobrone high speed, Plate 4: Kodachross XX A 

umau skin/Muse e fibroblast cells infected with variola virus and 
incubated et 37°  c for 	hours showing sites of virus antigen 
synthesis* The nucleus (N) of infected cells is displaced by an 
unstained area (DA) containing a 'stellate body' (SB) and is often 
surrounded by perinuclear fluorescence (PP)* DNA inclusions have 
become diffuser (D) rand general cytoplasmic fluorescence (GcP) is 
developing* 



prate :3 
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dark area, stellate body, and general cytoplasmic fluorescence had 

developed. These observatiOns are depicted in Plates 5 and 6. 

At 41.42°  Cs  as in cultures at all temperatures tested, a proportion 

of cells did not show fluorescence. In those cells which did, typical 

perinUclear, stellate body, and genotal cytoplasmic fluorescence was 

obserOvid. It was noted at 39.5°  C that the stellate body was less 

conspicuous than at 37°  C; at 41-42°  C this area was probably less 

developed than at 39.5°  C. 

464hout Mary 4.infeeted fibroblast cultures incubated at 

41-42°  C showed a marked rounding and refractility in a large proportion 

of the cells Thii had not been apparent at 394°  C and was net seen 

in uninoculated controls incubated at 4142°  C. FA alto-thing showed 

that all such tells exhibited unifotO fluetescence and therefote 

contained evenly distributed Vitus antigen [see Plate 7). It it, 

poseible that infected cells were predisposed to rounding when exposed 

to such high incubation temperatutes. 

NO imitations identifiable as foci of 'NP4  synthedis were noted. 

Discussion 

The work of Leh And Riggs showed that 'x5'-antigen was the first 

to be detected in the vaccinia..Relia cell system. In the Tariola-. 

human Wit/Insole fibroblast system reported in this thesis, the 
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Plates 5 and 6: fluorescent antibody staining. 320st Ektadiroms 

Cie f ìbrc blasts infected with the Butler strain 
nor and incUbated at 39,5 C for 28 hours showing 

of virus antigen synthesis, Virus inclusions (BP) have 
rested. as discrete, but enlarged bodies in the cytoplasm of 
erected cells. The 'stellate body' (SB) within an unstained 
area (DA) has developed in some cells; nuclei (N) have become 

aced, and general cytoplasmic fluorescence (GC r) has 
developed,  
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7: F uorescent ant body otaining 320x Ektachroms 

Human skin/Muscle fibroblasts infected with the Harvey strain 
of variola major and incubated at 41*. 420  C for 48 hours. 
Rounded cells show uniform fluorescence (F). 

(This is a poor quality photograph of the original preparation) 

Plate 	 Aoridine or 
	

320x Hodachrome A 

A field of View of a variola..infected humen skin/Muscle fibrdblast 
Culture showing infected cells containing countable Virus DNA 
intlusions (I) and cells positive for hmemodeorption (RAD), Some 
Cells contain diffuse inclusion material (D). 



62 -
plates 

r-

7 

12.1 

J.l A 

_----D 

8 



INP0.antigen associated with the DNA inclusions was the first to appear. 

A possible explanation for this discrepancy between two closely related 

systems is that the use of an antiserum asde hnerimune against whole 

rus precluded detection of earlier protein antigens through a lack 

of a high titre of antibodies to them in the serum. The use of a 

monospecific anti-'IS' antiserum might have rectified this anomaly. 

The finding that the so-called dark area did indeed contain virus 

antigens was interesting, particularly since this area showed developmental 

changes during the progress of infection concurrently with the 

coalescence of foci of virus DNA synthesis. Maximum brightness and 

reticulation of the stellate body coincided with the merging of 

cytOplasmis DNA inclusions and with the spread of fluorescence throughou 

the general cytoplasm* 

A second feature of interest to arise from these studies with 

FA was the fact that fluorescence of the stellate body and particularly 

of the cytoplasm in general developed at 39.5°  C in Butler-infected 

cells and at 41.42°  C in Barvey.infected cells. Since DNA inclusions 

remained identifiable as discrete, isolated bodies at 39.5°  C and were 

completely absent at 41.42°  C, the aforementioned fluorescence must 

have been attributable to the synthesis of antigen other than 'NP*. 

At 37°  C the development of 'HA' at the cell surface (Oda, 1964) could 

not be eliminated as a cause of cytoplasede fluorescence, but it has 

been shown that the IHA,  antigen, as detected by HAD, develops in lose 

than 10 % of Butler-infected cells at 394,5°  C and not at all In Harvey.* 

infected cells at 41.42°  C. 

6.3. 



Thus, it is tempting to conclude by a process of elimination, that 

fluorescence of the stellatebodr, of the perinudear cytoplasm, and 

sUbsequently of the cytoplasm in general is due to the synthesis of 

antigens other than 'Mt and MA" in these locations. 

'LS' antigen and other virus protein antigens synthesised de novo 

and possibly fulfilling structural fUnctions may be implicated. 

The results have shown that vi antigens can be synthesised 

in the infected cell without the participation of new virus DNA 

detectable in inclusion bodies in the cytoplass. 

Fluorescent antibody studies employing monospecific antisera 

would be essential to resolve the functional relationships of the 

various sites in which antigen synthesis has been demonstrated. 

Such antisera were not available at the time of these experiments 
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b) Quantitative Studies 

Cairns (1960) using autoradiographic and fluorescent antibody 

techniques established the following quantitative facts about the 

initiation of vaccinia virus infection in KB cells: 

i) Each successfely infective virus particle creates its own centre 
of virus synthetic' in the host cell.  

ii) All centres of virus synthesis destined to develop in an infected,  
cell begin simultaneously. One random Virus particle, the initiator, 

overcomes or induces a speeitio mechanism controlling the initiation 
of all potential virus synthetic Centres in the cell. 

iii) Bisect, there is a oaoaacimAittance in the beginning of foci of 
virus synthesis 'in each Cell, the number of foci in an individual 
cell reaming constant Until such time as the foci have enlarged 
to the extent of fusion. 

iv) The number of cells in which initiation has taken pleas in an 
infected cell populatiOn increases with time. Those cells 
successfully infected with several particles have a greater 
probability of beginning synthesis at an earlier time after 
infeation than those cells infested with a mingle virus particle. 

Sinte vaccinia and variola are closely related members Of the 

same pexvirus subgroup, it would be expected that the initiation of 

variola virus infection proceeds in the same manner as described by 

Cairns for vaCcinia virus. If this assumptiOn is correct, then the 
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frequency distribut on of successfully established foci of DNA 

synthesis in cells of variola-infected cultures incubated at oPtimal, 

supraoptimal, and non.permiSeive temperatures could be eiamined* 

In this manner, some quantitative information concerning the 

establithment and development of factories of DNA synthesis in variola-

infected cells wee collected* 

The proportion of Cells eonte4viteg DNA inclusions, and the proportion 

of cells showing baemadsorption (HAD) of agglutinable fowl cells could 

be counted after the staining of infected cultures with acridine orange. 

The number of inclusions in each cell. Could also be counted tPlete 8) 

Celle were recerded as contketir diffuse inelusion material (D) when 

infection had .proceeded to a stage where the inclueions were no longer 

discrete, but diffusein the cYtopiann 

The following frequency distributions were vestigatedt 

1) The proportion of cells in Harte 	and Butler..infected human 

skin/muscle fibroblast cultures incubated at 3'744* 38.3°, and 

90$0  C for 24 hours containing DNA inclusioni and of cells 

hewing HAD of agglutinable fowl cells* 

2) The proportional distribution of discrete inclusions and diffused 
inclualon material (D) in Harvey. and Butler infected human skin/ 

muscle fibroblasts incubated at 356., 37°, 38.54)* 39.541, and 4142°  C 
for hours, 

distribution of discrete inclusions and diflused 

inclusion (D) -in Harvey. and Butler...infected human. amnion 
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cells and human skin/muscle fibroblast cells incubated at 37°0  

38464% and 39.5 C for 24 hours. 

4) The proportional distribution of discrete inclusions and diffuied 
inclusion material (D) in Harvey. * Butler. , and vaccinia-infeoted 
chick embryo fibroblast cells incubated at 370, 3805°, and 39$5°  c 
for 24 hours 

5) The proportional distribution of discrete inclusions and diffused 
inclusion material (D) in Barvey.infected human skinimuscle fibroblasts 
incubated with and without 104"3  M hydrozyurea at 37°  C far 24 hours. 
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Absorption was routinely carried out at 25© C for 2, hours and 

the ineCulum was removed before placing cultures at the experimental 

incabation temperature. EVery culture* therefore bad an equal *bane* 

of developing a Poissonian distribution of inclusions in the infected 

Ball Population during the absorption period, Any deviation in the 

distribution of inclusions in infected cells incubated above the 

optimum temperature,from that distribution attained in baseline culture 

incubated at the optimum temperature, could therefor* be' aesu*ed to be 

due to the temperature at whidh cultures had been incubated following 

absorption 

The frequency dissttributi.ans to be discussed represent the 

ional distribution of ceii* containing x number of inclusions 

or diffuse inclusion material at the time tb* counts Were made and 

not the total proportion of cells in each culture which have developed 

one or more discrete inclusions and subsequently diffused inclusion 



material during the course of infection* 

The probability of ,development of inclusions and of BAD in a 

cell increases with time* Thus, it was essential in thin instanee, 

to stop infection at a time when the maximum number of cells capable 

of developing inclusions and the property for HAD had done so, and 

When altiathiam of the infected cells had proceeded to Such an advanced 

stage of infection that internal cellUler detail could not be resolved. 

13.24 hour* after "oriole-infection of human cells was chosen 

as a euiteble time for the frequency dietribtUons to be made* In 

Harvey.infected cultures at 33°  or 37°  C (baseline), moat of the 

potentiality for inclusion formation and MP production had been 

expressed, but at this time infection was not too edvanced* After 

24 hours, 'the loess Of necrotic cellos frolithe lane atrface became 

increasingly significant and made frequendy distributions performed 

bis time in' al 

Enoh count was qualified with the time after infection at which 

it was made*  

and Method «» See Appendix) 

Roanit* 

1. See fig. 0 
An analysis of the frequency of DNA.inclusion-contnin  ng  cells 

in Harvey. and Butler. infected human fibroblasts showed that by 

24 hours 8 %, 1, %, and 37% sower Cells had been established as 
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Fig. 10. The percentage of cells in Harvey- and Butler-
infected human skin/muscle fibroblast cultures 
developing virus DNA inclusions and the property 
of haemadsorption by. 24 hours at 370, 38.5°, and 
39.50  C. 
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83% 

infective Centres at 37°, 38,5°, and 39.5°  C. reppectivelY. in 

Butler..infected than in Harvey-infected cultures. 

At 37°  C. 7 % of. Harver.infeeted DNA-indlusioncontainiftg cells 

Were negative for HA es detected by HAD.. HA production 4o known to 

lag considerably behind the synthesis of other Virus antigens(toh and 

Riggs, 1961). but it was found that the proportion of cello contAin!ng  

DNA inclusiensi but which were non4menadsOrbing, increased with the 

incubation temperatUre. This proportion was always greater in Butler‘ 

infected cultures than in Harvey-infected cultures at each temperature 

(Table 1J. The difference was partidulerly eigniticant at 385°  C 

and at 	C 
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TABLE 1 

37°  c 

26% 

% 
7% 

17 % 

of ells at tech temperature in Harvey- and 
hUman *kin/ Musa. fibreblast cultures containing 

DNA incluoions, tmt which did not bsemadsorb agglutinable fowl 
cells (24 hours after infection). 

ThIJA the establiehment of Ouccessf41 infection its determined by 

the presence of virus DNA inclusions in cells wan found to be sore 

efficient ter Harvey virus thin for lutler,iigus at all three temp' 

eratureo tested. :,Initiation of DNA synthesis in,Hutler7infected cello 

was partiOularly sensitive to a *eavestituro of 394°  Co and HA production 



to temperatures of 38.5°  and 39.5°  C. 

Plates 9, 10, and 11 illustrate the difference in the extent of 

HAD at 24 hours in Harvey infected human skin/muscle fibroblast cultures 

at ye and 39.5° C and in Butler-infected akin/muscle fibroblast 

Cultures at 39.5°  C. 

2) Bee Pig. 11 

An analysis of the distribution of inclusions among Harvey. and 

Butler infected human skinimuscle fibroblast cells at 15 hours after 

infection showed that increased temperatures of incubation were 

ffective in suppressing the stage of coalescence of inclusions. 

Decreases in the proportion of cells with diffuse inclusion material 

were accompanied by increases in the proportion of cells containing 

lower multiplicities of inclusions. 

0Maturationl'of inclusions occurred as efficiently at 35°  C as 

at 37°  C in  Harvey-infected cells, but was suppressed progressively 

et 38.5°  and 39.5°  C with a corresponding increase in the proportion 

of cells containing, in particular, 7 or fewer inclusions. 

In lutler.infected cells 'maturation' of inclusions occurred 

most efficiently at 33°  C, being increasingly suppressed at 37610 3841 

and 394°  C. Fewer inclusions per cell were found at each temperature 

than in the corresponding Hervey.infected cultures; the number of cells 

containing single inclusions was greater and increased with temperature.  

Little 'maturation' of inclusions was noted for either virus 

strain at 59#5°  C, and no inclusions developed at 41.42°  G. 
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Plates 9, 10, and 11; Acridine orange staining. 	160x Kodaohrome II A 

A comparison of the extent of haemadsorption given by human 
skinAmusale fibroblast oultUres infected with the Harvey strain 
of variola major and incubated at 37°  0 (Plate 9) and 39•5m  C 
(Plate 40), and with the Butler strain of variola minor ►crubated 
at 39.5,  C (Plate 11) for 24 hours. 



plate 10 plate 1 1 

plate 9 
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Fig. lla,b. The proportional distribution at 15 hrs of discrete DNA inclusions and diffused 

inclusion material in Harvey- and Butler-infected human fibroblast cells 	mj 
incubated at the stated temperatures. 	 CR 



These results Correspond to the results obtained from the growth 

studies. The optimum temperature for both virus release and inclusion 

coalescence is 35°  C in the cese,of the Butler strain and 3e C for 

the Harvey strain. The lag at 15 hours in the progretit'of development 

of feel of DNA synthesis in Butler.infected cells behind that in 

Harvey-infected Celle corresponds to the Situation at 15 hours as 

depicted by the single.gtep growth carves (Chapter II). That little 

fusion of DNA inclusions occurred at 39.5°  C in cells infected with 

either Harvey or Sttler Vizir§ in in accordance with the fact that no 

infective vim ie produCed at this temperature by either strain. 

3) See Figs. 12 and 13 

A comparison of the 24 hour frequency distribution of inclusions 

in populations of may-► and Butler-infected human skin/muscle 

fibroblasts with that in Harvey. aLl Sutler.infected human amnion 

celli showed that DNA inclusion development was somewhat more 

efficient in infected skin/muscle fibroblast cells. No fusion of 

inelusions was detected in amnion cells at 3945°  C, whereas a small 

preposition of fibroblast cells showed this stage at this temperature. 

By 24 hours the probability that cells containing the larger 

multiplicities of inclusions will hen progressed to the stage of 

diffusion of inclusions is greater than at earlier times Also, those 

cells Containing single or small numbers of inclusions, being slower 

in initiation, are less likely to have reached this stage in maturation. 
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Such ells, then, may be predicted to constitute the greater proportion 

of cells contsdMng countable inclusions. This was found to be so. 

However, cultures incubated at 38.5' and 39.34)  C could be seen to 

contain a significantly larger proportion of cells with one or two 

inclusions than did those incubated at 37°  C; cells containing oral 

one or two inclusions were particularly abundant in Butler...infected 

cultures* 

4) See fig. 14 

In human skin/muscle fibroblast cells the difference in ceiling 

temperature between the Harvey and Butler,  strains of variola major 

and minor, respactivelY, is not as marked es in chick mibryo fibroblasts* 

It was of intermit, then, to compare quantitatively the formation of 

DNA inclusions in these 	systeme, Vacoinia tins chick embryo 

ftbrob ts were ineluded in the study since this virus grows 

vigorousely in chick embryo cells at all temperatures tested; the 

selling temperature of vaccinia virus as determined in the Chink 

rroIa 41°  C (Beams and Dumbe3.2.6  1961). 

The results of this eXperiment showed that, after 24 hours 

incubation*  the proportion of Narver/infected chick fibroblast cello 

containing diffuse inclusion material was 63 % and 60 % at 37` and 

38e C, respectively* This proportion is more than 30% greater 

than the proportion in Butler..infected chick embryo fibroblasts, being 

32 % and 4 reepectively* Correspondingly, Butler-infected cultures 

were richer in cells containing one or two inclusions only. 
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evince 	more marked in chick embryo fibroblast cultures 

than inhuman skin/Muscle fibrobtast aUltures as represented in fig. 13. 

At 48.5 C putler does not form,pooks on the CAM. whereas HarVey 

does, but at a reduced number than at 37! C (NizamOddin. and Dumbe3l, 

1961). At 38.5°  C the frequency distribution revealed that 25% of 

BUtier.infected chick embryo fibroblast cells Contained diffuse inclusion 

material as compared with 60 % of Harvey-infected cells. It is 

pOssible that this lack of development of inclusions in Butler-infected 

Chick embryo cells indicates one reason for the difference in the 

behaviour of variola Major and minorattain! on the CAM at 38.5° C 

Suppression of DNA synthesis would be reflected in a suppression ot, 

infective Virus synthesi6 -  A severe reduction in virus yield, from_ 

ected)sellavould lead tPAkpper spread of infection to 

to abOrtiVe pocks. 

old; Vigorously, inHchiCk embryo .:fibroblasts 

ed coalescence of inclusions in 100 % 

and 39.34! C by 21+ hours.  

5) see Fig. 15 
io4  m brtraguroa hal been shown to suppress the production of 

infective virus and DA in accinia..infected 1443  cells (lawhy, 1967).  

In Harvey- nested human fibroblasts the infeCtivity yield was 

reduced to 1/40, and HA production to 1/3 that in untreated controls. 

#a is known to suppress vaccinia virus  production by virtue  

at the tested t 

of the infected 

ties • 

cells at 37°0  
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. 15. The proportional distribution of discrete DNA 
inclusions and diffused inclusion material in 
Harvey- and Butler-infected human fibroblasts 
incubated with and without 10-3  M hydroxyurea at 
370  C for 24 hours. 
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of its effect on DOA replication (Rosenkrants et al., 1966). 

It was found that treatment of Harvey-infected human skiniauscle 

fibroblasts incubated at 37°  0 reduced the multiplicity of inclusions 

developing in any one cell and reduced the proportion of cells showing 

DNA inclusion coalescence. However, the total proportion of cells 

developing as centres of DNA synthesis in an infected population was 

not different to the proportion developing in untreated controls. 

Thus, a suppression of DNA aynthesis by means other than 'bleb, 

temperature also resulted in a reduotion in the establiehment and 

development of DNA inclusions, although the 4,014S4tory mechanisms 

are different and may well, effect different stages in the pathway of 

virus DNA synthesis. 
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1 Mowed that frag ntation and diffusi 

Inclusion material coincided with. th  onset of maturation of infective 

virus in cells. It has been assumed that this stage is equivalent to 

that scored #Dt in the qnantitative studies described above. 

The frequency distributions of the experiments have shown that 

the effect of supraoptimal temperatures of incubation is to suppreas 

this stag* of Coalescence of DNA inclusions in infected cells.  
Purthermore, the proportion of cells containing high multiplicities 

of inclusions is reduced increasingly as the temperature of incubation 
pproachee the non-permissive temperature for virus growth. 



On the basis of  

the delays noted in the rate of production and release of 

and the reduction in the maximum yield of infectivity 

of Harvey and Butler virus at high temperatures of incUbation can, 

at least in Part, be accounted for by the  suppression of the number 

of DNA inclusions developing in infested  sells  and in the Proportion 

of inclusions able to reach the stage of Coalescence* 

Virus production and release in Butler-infected cells is sore 

s nsitive to supreoptival tem§eratures of incubation than that in 

Harvmy-infected cells A corresponding sensitivity in inclusion 

production and development was noted during these studies. 

Cairns (1960 showed that all factories of vaac1xda virus 

synthesis began simultaneously in any one cell, it was noticed, 

however, during emaLcation of AO .stained preparations of vatiola 

infected cells, that once inclusions have been established in a cell 
their subsequent development was often asynchronous Single calls 

were frequently seen to contain both small, discrete inclusions and 

large, irregular inclusione. Thus, once initiated, each 

would seem to detelop independently of other inclusions in the same 

al Studies 

aired from fluorescent antibody and 

*aridly, orange staining variola.intected cultures, the failure of 

the infective process to yield mature infectious virus progeny at 39.5°  C 

84 



may be due to the arreat in development of nucleeids• 

Two temperature-induced blocks of the *equence of events conr 

trmilliv the establishment and subsequent development of DNA inclusions 

can be envisaged, The first block,, which prevents the development of 

potential factories °flares synthesis so causing a reduction in the 

Somber of DNA inclusions established. in cells incubated at supraoptimal 

temperatures, occurs early in the virus Cycle. The second block, 

occurring such later in the Cycle, prevente the coalescence of DNA 

inclusion bodies which normally preceeds, or is ooncOmmittant with, 

the essenb4 of mature Virus 

The DNA which ie formed in in 	at 39+5°  0 woad tseem to  

defedtive in some way since inclusions rarely beams,  diffuse  

tine virus does net form If, however, this DNA is corm, 

aesse led then' Other Otepieetal tolbs-aatUration.of progeny Virus 

Mot 480  be sups esaed at 390e co Fluorescent *Imbed* studies 

euggestedthat the syntheeis of some vtru$ preteins are probably 

reletivelr matteetted by high teePeratureo of IncubatiOn. Hemmer, 

takes" may well be caused at suchtemperaturen at one or several 

tstages in Structural. protein synthesis also. 

e that .a failure of the development of nucleic acid 

containing virus cores can explain au abortfte Virus infection at 

suprooptiraal inmibation temperatures is found in the reports of 

Steven* (1966) toUcerningterpes Virus and of Libeurier and Birth 

(1966) concerning Tebaseto Mimic virus.. In both cases, temperatures 
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the optimum or virus reproduction permitted the sytthesis,of 

Impalas, but prevented the, formation of the nucleoids* Electron 

micrographs of Sections of infected cells shoved that the caymids 

ormedAuring infection were devoid of nucleoids and that no nucleaid. 

is 	present in infected cells* 

copy of variols4Afected cells incubated at high 

temperatUres could s 	to confirm or disprove the speculations made 

her* concerning the aduction of virile componerto under such 

onditions* 
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3.3 Electron Microecony of yariola-infected MUM% Susie  Fibroblasts 

The production of virus-specific antigens, bat not of mature 

ectious progeny virus occurs abate the temperature permissive for 

variolalarW3 growth. Some speculations hare been made concerning the 

failure of the production of mature virus under these conditions. 

In order to obtain direct information concerning the production 

f structural components of variola Virus above the permissive temperature, 

Dr. 3. G. Crab:shank kindly undertbok to perform some preliminary 

examinations of rariola.infected human skin/Muscle fibroblasts 

prepared for electron microscopy 

Human skin/muscle fibrdblastsinfected with the Harvey strain 

of variola *ajar at en input multiplicity of approximately 10 pfu 

per cell were incubated at 350  C and 40,  C and examined by electron 

microscopy for the presence et virus structural components. Uninoculated 

controls incubated at the same temperatures were also examined. 

Methods w  See Appendix) 
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Results* See electron micrographs with corresponding explanations 
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Plate 12 , 

A section through a normal, uninfected human akin/muscle fibroblaat 
eel] incubated at 35°  C. A rather vacuolated cytoplasm surrOunds the 
nucleus (N) and its nualear membrane (NM). The finely granular 
cytoplasm contains numerous ratio-tidies (FB) and mitochondria (M). 
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Plat 21.  

A section through a v ola..infected human skin/Muscle fibroblast cell 
16 hours after infection and incubated at e C. Immature virus 
Particles (VP) are developing in an area of itiroplasm (V) which is 
devoid of mitochondria and other cellular structures* A dense 
core (C) is beginning to form within the area confined by the virus 
membranes of one particle (VMS)* 

30,000x 



vd4 
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Plate 14 

A section through a 'oriole-infected human skin/Muscle fibroblast cell 
16 hours after infection and incubated at 35°  C. immature *lima 

particles (VP) are Iying near the cell surface. A dense Ors (C) 

is forming in one particle. 

20,000x 
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Plate la 
A section through a VariolaAnfected human akin/Muscle fibroblast cell 
16 hours after infectiOn and inoubated at 35°  C. Neatly mature *it= 
PartiOlea0P) are lying at the cell mirth** prior to being released 
trom the cell. Dense Cores (C) completely fill the partiales. A 
dumbell.shaped nucleoid (ND) can be discerned in the most mature 
of the virus particles. 

36,666x 
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Plate 16 

A section through a variola-infected human skip/insole fibroblast 
Cell 6 haute after infection and incubated at 400  O. Immature and 
mature vitus particles are absent. Many electron-opaque fat bodies 
(FB) are apparent. The salient feature of this Section is the 
presende of widely distributed smooth grey bodies (13) reminiscent 
of viroplasm, Which are surrounded by a membrane* In many places, 
this membrane is: aeon to bear epikee (8MB)* 

35,000x 
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Discussion 

At 35°  C Variola virus particles term normally ininfected human 

fibroblast *ells At 40°  C mo virus particles, either immature or 

mature, are Seen in infected cells. Instead, an abnormel feature con-

sisting of very many smooth grey Neese* surrounded by a mesibrane which 

often bears spikes is seen. Sequential studies have shown that this 

feature appears early after infection. 

It is possible that this membrane, whichsometimes appears smooth 

sometimes bears spikes, could represent an abnormal assembly of 

virus membranes. Whereas the Virus *embranee are normally termed as 

small units suitable for individual Virus 'coats', the membranes 

could be misassembled, at high temperatures, into much larger units 

forming bizarre shapes. It is interesting that this membrane encloses 

clear areas similar to the clear areas of viroplaam. 
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3.4 	C eneer~s3, portal one  

.0ytochemical studies of variola-infected cells incubated above the 

permissive temperature indicated that DNA synthesis was severely suppressed* 

that nuclesid development was arrested* but that the synthesis of some 

taro of virus *.structural protein was possible under these conditions. 

Results obtained from the electron microscopical examination of 

cells infected and incubated in the same way are in general agreement 

with these conclusions. Both typical virus particles and nucleoid.like 

elements were absent in variclaiiinfected cells incubated at 40P 0* but 

a membrane* pessibly representing an abnormal and misassembled virus 

membrane* was formed* However* the situation would aplear to be more 

complex than was found to be the case with Herpes virus (Stevens* 1966) 

and with Tobacco Moods virus (Lehenrier and Hirth I 

since of the findings from the electrat 

infected cells at 400 0 is net yet c 

and the problem awaits a 	ye inVestigation. 
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CHAPTER IV 

The riff of the tenure of Incubation on the Formation of  
Virus geUde Antigens in Tisane Culture 

The +Root of the ixteubatlon temperature on the formation Of 

►* virusompec 	tot inelusiona*  Virile entices. mei 

bmakeitiMinin, has been reported in Chapter /I/. The acridine orange 

eohniqus, with and without accospanyingiutemadsorption, and 

fluorescent antibody sandwiCh teohnique were used to detect the 

ed cells 

it is possible 	ant Oren 

dt fixation its end to *Wyse antigen  

immusediffusion. It is els possible to 

assay baetsgelutinin (0.) by haemaggIutination tests. 

The complement fixation and haenagglutination tests were applied 

to the eellear and supernatant fractions of infected cultures sampled 

during the course of aingle.step growth cycles of varloiallinta at various 

temperatures of incubation. The antigen content of Harvey. and Butler- 

infected human skinimusole fibroblaat oulturea incubated at 3e, 38.31 

and 39.3 C for 3 days was investigated by immunodiffusion. 

4.1 	The Complement  ,11,7104 Antigea 

lne dor oomploatent firing (CF) antigest is probably 'LS' tig 

ac described by Craigie and Wishart (1936) for vaecinia virus. This 

antigen is a protein antigen which is incorporated into the surto* 
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structure of the virus particle (Marquardt, Han, and locket 1965), and 

which is produced during the infeetive cycle in excess of the amount 

ragnined for the production of mature virus particles. 

On standing, a suspension of elementary bodies undergoes 

dis00ciation of the IS antigen from its superficial position on the 
virus particle. 

Both soluble IS and ZS bound to the virion, andalso virus NP 

antigen are able to fix complement. 

Bearing in mind that other antigens 
	

be responsible far a 

tiom 0f ft tion,the complement fixation test was used 
~o a~yyarterm for this pre*ence of LS antigen in variolai*, 

d tij 	dt 

In order to estiblidh a) the time of appearance, b) the rate 

o production, and e) the final yield of complement fixing antigen 

at various temperatures of incubation, fourbourly cellular and 

tent harvests taken during the course of single cycles of 

of Harvey and Butler virus in human skiniinsele fibroblmsts 

were assayed for complement-fixing activity. The temperatures used 

3/611 38p, and 3946° C, for both virus strains. Harvey was 

at the additional temperature of 4O° O. 

(Mate 	Methods See Appendix) 
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Results* See Figs. 16 and 17 

Almost all the complement fixing (CF) activity was oell.associated. 

The small amount of CF antigen present in the supernatant was probab30 

attributable to loss of cellular material following cell necrosis. 

Maximum supernatant titres were found at 37p  C. 

The time of appearance, rate of production, and final concentration 

Of CF antigen in Harvey- and Hutler-intected cultures at any one 

tempera 	was not greatly different. 

et Increase in CF antigen occurred between 8 and 1R hours 
at e and 37°  and slightly earlier, between 4 and 8 hours, at 

38°  and 39.5°  C. The maximum yield' of CF entigen were not altered 

by raising the incubation temperature from 35°  to 38° C. At 39.5°  C 

there was niacin CF antigen production, greater in. Antler-infected 

cultures than in Harvey-infectedcultures, and the maximum yields 

ware slightly reduced. A harther delay in the appearance of antigen 

and a greater' suppression of the maximum yield was noted in Harvey. 

infected cultures at 40° C. 

Die 

e CF ootiSon was not significantly suppressed above 
temperatuu es at which Nil and HA antigens are formed, this is evidence 

that these two antigens contribute very little to the CP activity of 

infected *ell suspensions,' 
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is. 16. The production of complement-fixing antigen during single-step 
growth cycles of variola major (Harvey) and variola minor (Butler) 
in human skin/muscle fibroblasts incubated at the given temperatur- 
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Fig. 17. Comparison of the complement fixing antigen content of cellular 
fractions of Harvey- and Butler-infected human pin/muscle cultures 
during single-step growth cycles at 35 to 39.5 C. 
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Assuming that the CF activity largely represents Is antigen, the 

results show that the production of at least one structural pratein 

is tberscstable at temperatures sufficient to suppress DNA synthesis 

and HA production* 

The results of 
	

complement fixation tests are in agreesent,with 

the results from fluorescent antibody studies* , Both indicate that 

antigen(s), Bch cannot be accounted for by NP and RA, era produced 

at supreoptimal temperatures* This is further eV dense that the 

synthesis 

the part 

possibly a range of virus antigen* takes plea* without 

of nerve virtu DNA* Above the permissive temperature 

variola 401irus Hrowtb* virum structural proteins sal be formed,  

the synthesis of fnnotional DNA or its incorporation into the 

elements of the nuoleold of virus particles is probably arrested* 

Work done by Kodiak* Simind'itch. and Dales (1964)employing 

spa 	 b ors to interrupt the cycle of replication of 

) in Earle's L cells at known stages has shown 

that wao 	 tein is synthesised it the absence of the synthesis 

of 	DNA in the cytoplasm* ,*FluorodeoXyUridine (rUdN) treatment 

of cep permitted normal penetration and release of naked DNA fros 

inumatad cores of veecinia particles and was also without effect on 

the :lumber of factories of viroplasm developing in the cytoplasm* 

Reveler* those factories were smaller than those developing under 

normal conditions* Electron micrographs of treated* infected cells 

Showed that those particles which bad deVsloped *ere 'immature' forms 
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and deVoid of nweleoids. The particles were often misaseembleduhaving 

several Membranes. Similar results Were obtained by treating Cells 

with MiteMyein C (thought to depolymetise DNA and so prevent its net 

syntheei0)1 "4,4. protein synthesis can ensue under conditions of 

sieVerely depressed DNA aynthesie. PseudOrdhies virus has been quoted 

es an example of assembly Of structural protein into Capsids in the 

abSende of the formation of DNA-containing cOree (Reiseig and Kaplan, 

1962). 

Hsu (1966) have more recently 

of hydroxyurea prevented 

Synthesis of Vaccinia virus. DNA, but not virus protein. The end product 

of replication under such conditions was art 'immature virus particle 

lacking a nucleoid. 

These observationa and those of Becker and aoklik (1964) and 

Salzman, anthill, and Sebring (1964) have been taken to 	indicate 

that the replieation of viral DNA is not required for its transcription 

t apecifie MINA and consequently not required for the' manufacture 

of TMeteins". 

Supporting eviden le his been tendered by Easter*** ('1963), 

tkin (1963), a 

	

	and Payne (1965) Who hate used mu to show 
the t session or blockage of the production of infective virus does 

synthesis and the development of immature virus 

particle 
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The elects microscopy of variolem.infected human skin/ Muscle 

fibroblasts incubated above• the permissive temperature has been 

discussed in chapter X11. The results supported the speculation. that 

DNA is not assembled into meoleoids under these conditions. 

Eoweier, 'immature' virus particles, as demonstrated in the metabelic 

iShieitor.treated cell systems reviewed above, were not Moen in the 

human fibroblast system at 4O°  C. Au abnormal mesibres 

only infected cells above the per 	temperature 

rated This structure may poitably incorporate antigens 

mplement fixation tests 
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4.2 Di 	,Antigens  

Ia 	 eaeentiially qualitative method tor studying 

and antibody systems* The basic princiOle lies in the mutual 

cliff ►ion of antigens and antibodies from opposing wells in a layer 
of ago  gel contained in a Petri dish (buehterlogy, 1948). 

li 	logo us antigens and antibodies diffusing towards sash other 

form lines of precipitation (line components) where they meet at 

optimal concentrations. Where several homologous components are 

present in an antigen/'anti hody system, a series of line components 
xihl form between the antigen and antiserum wells. Each line of 
precipitation occurs at the point of oPtisal concentrations of the 

estigenituitibody pars involved. 

Two 	te 

their co 

	

	
from ed jat out we 

iserum. Lines of p `si p tation vi,li. form where 
and antibodies in the systems under test meet. 

.tent antigenic Systems contain a common 
component, tin the 	ra of precipitation so formed will meet and 
fuse at the point 0 	ersection. A "reaction of identAty" coon 

to these systems is th produced. Where lines of precipitation 

are formed Whioh do not have counterparts in adjacent systems, then 

the line components  crossoithout fusion at the intersection, all 
other lines of pre* pitation and pass on independently through the 
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agar gel. Such lines of precipitation are "reactions of non-identite• 

A line of precipitation, heltelrefrit  may be formed by a complex of 

igenic cons  diffusing together. The MS' antigen 

of poftvirusesito be discussed later, is suoh a complex. if an adjacent 

antigen 	 contains one, but not the full complement of the 

components of the complex, then the line of precipitation formed by the 

antigenic complex and its homologous antibodies will be seen to divide. 

One part of the complex line ouponent will tau with the line of 

precipitation formed by the Common antigen in the adjacent system, 

thereby giving a flresotion of partial identite; the other part will 

pass on independently, without fusion, as a line of` non-identi 

The im 	ittueion technique► has bun extensirye3y need a 
Wive method f resol. 	antigenic components formed in 

poxVirus.infected tissues. Dumb II and N_din (1959 used 

gel.d.iffusion 	for the laboratory diagnosis 

of smallpox* 8mile and Dumbell (1961) used 	odiffusion as a 

research tool for the investigation of the soluble antigens produced 

in the chick embryo oborioallioaAdo mesh rue and in the rabbit skin 

by infection with cowpox virus and its 'White variants'. 

The immunodiffusion technique has been applied in this thesis 

ble qualitative differences in the diffusible 

the infection &holm skin/muscle fibroblast 

cultures at 3e, 38.5 and 39,50 C  with the Enmity strain of variola 

major and the Butler strain of variola minor. 
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Cellular' and suPernatant material was harvested from vitriol*. 

infected Cultures and concentrated 70.fold by drying from the fres.* 

state,k. The concentrated samples, denoted 1137, 113805,8394, Art 14384, 
and B39.3, wore tested for diffusible antigen against a blPerimmune, 

antivaccivia` rabbit antiserum. 

Lines of precipitation were identified by comparison with entigenic 

preparations giving known line components against the antivaeoinia, 

rabbit antiserum. Crude preparations of variola soluble antigen*  

extracted by centrifUgation from infected chick embryo CAM. disintegrated 

by Ethiortng with glass beads. give two lines of precipitation against 

en antivacciniai rabbit antiserum. The more prominent of these two 

due to the soluble Mgt antigen. 

igen is an antigenic complex containing,  a heat-stable 

componeat tr and a heat ..labile antigen Component no. In 

heated preparations of crude ntiola spluble antigen*  the o pacity 

for M0  to Combine with antibodies to IL0  antigen  in an immune serum 

is lost* %Us, the single line af PreeiPi on due to the LS 

omplex in the 'unheated soluble anti gen preparation gives a reac iofl 

of partial identity with the single line component given by heated 

soluble antis.* Vhen both are tested against an 4uitimaceinia antiserum. 

The line pattern given by concentrated preparations of variola 

soluble antigen derived from infected human skinimuecle fibroblasts 

trap ompared with the line pitterns given by heated and unheated egg 

parations of variola soluble antigen. 
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(Material a and Method— See Appendix) 

Results 

1) See Plate 17 

When tested against a hyperimmune antivasoinia antiserum three 

(037, M38,5, and B37) of the sin concentrated samples gave two lines 

of precipitation, (1) and (2). Eheh of the two line components vas 

ommon to these three samples' Samples B38.5,1139'5, and B39.5 did 

not give lines of precipitation 

ii) See ate 18 

(1) giVen B37. M. 	84 gave &reaction 

e stele line component given:by heated soluble 

antigen, and therefore a reaction of partial identity with the valor 

line of precipitation given by unheated vestal& soluble antigen. 

On 

ents detectable, by immunodiffusion against 

an antivac Ian rabbit 	 are formed in variolaoinfected human 

/m :le fibrOblast cultures at 37°C. 

Line component (1) we identified with the line ,of,  precipitation 

given by the 080  component of the MS' antigen, of crude preparations 

of variola solnble antigen produoed in egg and is therefore assumed 

to represent a structural protein formed by "arida virus in human 
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PLATE 17. 
	 KEY TO PLATE 17. 

A comparison of the antigenic components produced in Harve- and Butler-
infected human skin/muscle cultures incubated at 37°, 38.5, and 39.5' C. 
Preparations of Harvey- and Butler-infected cell cultures concentrated 
by drying from the frozen state, H37, H38.5, H39.5, B37, B33.5, B39.5; 
hyperimmune antivaccinialrabbit antiserum = v.a/s. 

PLATE /g, KEY To PLATE f8. 

A comparison of the antigenic components produced in Harvey-infected 
human skin/muscle cultures incubated at 37°  C,with those contained in 
heated and unheated egg preparations of Harvey soluble antigen. 

Preparation of Harvey-infected human cell culture concentrated by drying 
from the frozen state, H37; unheated and heated egg preparations of 
Harvey soluble antigen, H/EGG SA, and H/EGG SA(H) respectively; 
hyperimmune antivaccinial rabbit antiserum = v.a/s. 
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fibroblasts. A line identifiable with the #14' component of •X81  was 

not detected in these samples of *oriole infected human fibroblasts. 

Line component (2) was not identified. It was not present in heated 

egg preparations of variaa soluble antigen, but did not represent 

#1.,  antigen. 
Both the antigenic components,represented by the lines of 

poresc pitation (1) and (2) were produced at 370  and 384° C  in Hartr$ 
infected Cultures, but only at 37 C in Butler...infected cultures. 

In the preparation of infected tissue catty* material for 

antigen analysis*  fibroblast monoleyers were Infected under conditions 

43042* multiple cycles of infection. It has been shown (Chapter II 

and Chapter 	3.1) that the Harvey strain of veriola manor is able 

to grow and spread vigorously through susceptible cell cultures at 

both e and 38.5°  0, Whereas the Butler strain of veriola minor is only► 

able to grow and spread effectively at 37.  CI) at 38.5° C Butler virus 

spreads very slowly from original foci of infection. Neither Harvey 

nor Butler viruses are able to spread through cell cultures at 39.5°  C. 

once the detection of the two antigenic components (1) and (2) in 

sam le H37, 	•5. and B37, but not in B38.5, H39.5, and B39.5 

probably represented a quantitative difference in the amount of` 

antigen formed*  rather thazx a qualitative difference stemming from 

a difference in the ability of the two strains of *feriae time to 

form antigens at the temperatures tested in cells which had been 

successfully infected. 
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Veiling the immunodiffusion technique on a picroscale and employing 

nonspecific antisera, Beason and CruiebOue* (unpublished results) have 

demonstrated up to seven antigenic components which are produced in 

veriole-infected We cells at a range of temperatures from optimal to 

sureeoptimal. As the temperature of incubation is raised, there is a 

slight delay in the production of the antigenic components._ At 40 )̀,C„ 

which is above the permissive temperature for the linden strain of 

variola ma used, the production of one of the prominent antigenic 

Components (the Mat antigen) is considerably delayed and reduced in 

quantity. 

The immunoditesta reported here dugs* t that t2tere is 

n quantitative, 	tative, difference in the diffusible 

antigens' produced in variola, josh- and minor-infected human cells 

et-a range of temperatures from optimal to non-permissive. 

The investigation of the diffusible antigens produced during 

le-step growth cycles of the two strains of 'oriole virus at 

moons temperatures, using antleare specific for single antigeni 

components, would possibly' confirm this cal101UBIOne 
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4.3 The Raemagglutinin 

Variola virus growing on the CAM of fertile eggs or in tissue 

tyre causes the formation of a phosPholipoprotein complex 

(haetaggiaatiaia) which is not part of the 'dries and which will 

agglutinate the red blood sells of some hens (haemagglutination). 

Joni (1966) has suggested that HA production is a virus-directed 

cellular function. HA is both virue.specitic and *ell ciao' 

it is neutral zed by immune serum and yet its physical characteristics 

Wary with the host cell source.. 

McCarthy and Holbert 0960 tound no dii`t*renaea in the 

haelsaNiuktAine of *Umbria and smallpox virus in inducing anti-RA 

antibody' in the human subject or in the range of sped*. of BBC 

agglutinated. 

Maresnikota, Gurvich, and lUmasiheva (1964) found that HA was 

either present in very low titres or absent from tissue culture 

infected with 'oriole Vi. Experiments to be reported here will 

ehow that at optimal temperatures for infection the titre o! HA in 

cu tures infected with high doses of virus was such as would permit 

omparative studies under conditions of varied incubation temperatures. 

It wsa briefly reported in chapter III that, under condition's of 

singleimatep growth cycles, HA production was increasingly suppressed 

es the temperatures of incubation were raised. Ha production by 

Butler virus was more temperature-sensitive than that by Harvey virue. 



Thus he thermostability of the process(es) resultingin the production 

of HA would seem to be a strain characteristic. 

In order to atudy the kinetics of 8A' production at different 

temperatures of incubation, four-hourly cellular and supernatant samples 

were taken during the course of aingle-step growth craws of Harvey 

and Butler, Growth cycles were conducted at 35,. 37°08°, and 39.e C 

in human skin/iusele fibroblasts for both Harvey and Butler and at 

the additional temperature of 40°0 .fore Harvey. 

(MIL 	 Site A 

Resulter See Figs, 

	

Sims t+e little 	ty wee found in the supernates, the 

	

ion w 
	

that found in cellular 

The effect of the temperattre of in cubat.ioflon the formation of 

the RA latigen as deteOted by HA assay confirm the difference between 

the two etraims mentioned abaft. 

The u hea t titre of HA in Harvey. and BUtler.infected cultures 

was sttdned at 356  0, being detectable after the 16th hour of 

infection. The initial rate of HA prodUctiOn was slightly Slower 
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Fig. 18. Comparison of HA content of cellular fractions of Harvey- and 
Butler-infected human skin/mascle cultures during single-step 
growth cycles at 35 to 39.5 C. 
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ia the ease of Butler-infected cultures, but the peak titre occurred 

at the same time as, and was not different from, that of Harm HA. 

At 3/ C Haryey HA was detectable in infected Cultures from the 

12th hour, earlier than at 336  C. Butlerlikdid_not appear until 

the 20thlhour, later than.HaryerRA, at this temperature and later 

than Butler HA at 356  0. By 36 hour the maximum titres had been 

reaChed at 376  0 and were 8-fold lower than the maximum titres at 

35 C, being the same for both Strains 

At 386  C the time of appearance of 
	

HA 
	

delayed as 

compared with the time of appearance at 370 
	

maximum titre 

remained the same as at 37 C. The appearance 
	HA was 

ftrther delayed until after 28 hours; the maximum titre t 36 hours 

was 2-fold less than the titre of Harvey HA at the same temperature. 

The HA Content of the cell fractions of both strains of virus showed 

a decline after 36 hours. 

Ste difference between Harvey end But er HA produotiou was eve qt 
greater at 306  O. Haryerdnfected cultures 'contained HA after the 

h' hour the final, titre at 48 bouts being the same as that at 386  C. 

ed cultures at this temperature contained no detectable 

A temperatUre of 406  C considerably suppressed the format 

Heresy-infected cultures as compared with the, temperature of 

A low titre of HA was detectable by 48 hours. 
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us, the time of onset of RA production, rate of production and 

final yield of BA in Sutler-infected cultures was much more mensitive 

to suppression by raised temperatures of incubation than was that in 

Harveyiiinfeoted cultures. Between 330. 38.3°  C, the maximum titres of 
HA produced by the two strains was not greatly different at any on. 

tesperature The significant differences between the production of HA 

Harvey and Butler lay in (a) the yield of HA et 39.3°  Co. and (b) the 

of onset of HA production at 37°  and 38.5°  C. 

The pattern of HA production reflected the general pattern of virus 

growth as reported in Chapter XI in that HA in Butler.infected Oultures 

was more sensitive to temperatures of 370  and 38.5°  C than was that 

in Harvey infected oultures. 

Xt was interesting to find that HA ey-infected  

dultures imoubated at 39°  C. At this temperatu r a discrete DNA inclusions 

were formed (Chapter III), but no increase in infectivity was detectable 

Hence, HA was synthesised in the absence of mature virus production. 

Xt has been reported (Ldh and Riggs, 19611 Oda, 90) that poxvirus 

HA production is detectable only after production of mature virus has 

occurred. However, Baehr (1967) showed that virus production can be 

suppressed with or without an aceompanying suppression in HA formation. 
toosodesayuridise (BUR) and sitsayein4 suppresses virus synthesis 

Without affectieg HA synthesis; JUR and hydroxyurea suppresses both 
production and BA synthesis. 

The property of HA production has been used as a genetic marker in 

analyses of the biological characters of poxviruses and in genetic 

studies (Fenner, 1958). Oda (1964) exploited the surface position 
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of HA .n the genetic analysis of the HA marker by combining the 
techniques of plaque formation and HAD. 

A compariSon of the production of H by Harvo and Butler Vireaea 
In 'Oman skin/muscle fibrdhlasts at a range ofinothation teMperatures 

suggests that HA produetion at a group of three temperatures*  37** 

Y8e, and 39.5°  C, *ight prove to be la Useful genetit Marker in 
differentiating between smallpox and alastrim strains of Variola 

Virus intimate culture* This posaibility will be investigated in 

chapter V. 



122 

CHAPTER V 

Haesagglutinin 

Observations on the production of haesagglutinin (HA) in human 

skin/Muncie fibroblast oultureo infeoted with large doses of the Harvey 

and Butler strains of variola virus at 37°, 38°, and 39.5°  C indicated 

that a differentiation between the two strains might be possible based 

on the relative capacity for HA production at these temperatures. 

Same Gene C 

Before comparative experiments could be pee 	was 

esaar7 to investigate the following points; 

a) The relationship between the HA particle and the phenomena of 
haesadeorption (HAD) and haeaagglutination (RA4). 

Only a proportion of fowl have red blood cells (BBC) which are 

agglutinable by poxvirus BA, Because inagglutindble fowl cells have 

been said to haesadsorb to pardrua.intected cell monelayere (Dekking, 

personal communication), it was decided to test the relationship 

between BAD, HO, and the HA particle. 

Variola-infected cell sonolayers, potentially capable of giving 

onfluent HAD, were flooded with suspensions of known agglutindble 

inagglutinable BBC in parallel and incubated at 374)  G far 1 bar, 
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The infeottd monolayers flooded with agglutinable RBC were found 

to give confluent HAD, whereas those monolayers inc=ubated with 

inn gglutinablo NBC showed that only a very atoll proportion of the 

RBC had been adsoVbedi 

These results indicated that each fowl, has a certain proportion 

of fagglutinable and winagglutinable cells in their population of 

RBC and that this proportion varies with individual birds. This idea 

is consistent with the fact that agglutinable RBC from different birds 

give 	tree of HA when the BBC are tested against a single 

not hard to visualise that when the proportion of 

e cells in "BBC population is low, any agglutination of 

e obscured by in agglutinated cells and this pass undetected 

in a. 2u emagglatination teat 

Thus, on the basis of these results it would seen that a claim 

the inoseutindble RBC haemadeorb is unfounded. 

Other results tote reported in this chapter show that se 

haeaegglutinat estivity was found in the absence of RAIL Aeoepting 

*shad lev factor for the &tootles of RAuthe converse is 

s that HAD end gAll 	oin SitUS and fin vitro e 

expressiont of a single factor BA. 

b) The oomparative merits of the available methods for BA assay. 

Assuming that a superficial HA is the sole agent responsible 

both for IA 'Vitt° haemagglutination and in situ  haemadsorption, three 
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methods of 	were available: 

$) direct  direOt assay of suitably disrupted cell sueiensions  ►HAm, 

IA) dire* HAD of infected monoleyerO, 

Ili) assay of oxyhaemeglobin at 410 m/u. released.from haemadsorbed 
RM. This is the quantitative haemadsorption (QE) method of 
litter 0964). 

Each method haS its inherent advantages and disadvantages. 

SAD was qualitatively the most sensitive since a small number of 

single4nfeeted cells 131 a, Monolgyer shoving HAD were easily detected. 

Assay of the extent of HAD was limited to de 	co of the nuaber and 

mime of oti of HAD in random fields of Olsm or to the semiconfluenee 

or e 	e ofHAD on the entire monoloOer 	ompatison of the 

quantit of HA 	need vas possible. 

Parallel HA 
	and HAD a ssessmen ahc  

of HADan a cell sheet were obrioust  adicate monolayers 

disrupted by sonloaticna gave negative resat* even for the undiluted 

cell, suspension in the HA assay 

A. comparison of direct HAD with the 0 method revealed that the 

differ^ nce in percentage transmission given by varying degrees of HAD 

was less than could be detected by inspection of HAD of monolayers by 

eye. HomolaYera with many isolated foci of HAD gave percentage 

transmissions ranging from *077%, whereas mono sere of semiconfluent 

HAD gave transmissions up to 72 76. The difference between no HAD 

and severe foci of HAD Vas only i %, less that the variation obtained 

from indieLdual uninfected tubes. 
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- Application of the QH method .in this instance wae.therefore 

considered unneoessarOy laborious and of no advantage. 

The main advantage of the 110 assay was that all HA produced was 

harvested, where's in methods inVolving HAD, no account can be made 

for haemadsorbing cells detached from the glass.. The washing of the 

0911 sheet to remove unadeo#bed PSC necessary in both direct HAD and 

in the Q0 method only increased these losses. 

MAn was quantitative in spite of a fairly high threshold level 

for detection of activity; HAD was very eensitise PelitativelY. 

It was therefOre decided that direct HAD at, 2k hours and 48 hours 

and RA4  assay at 72 hours would be the most suitable ways of recording 

HA activity of infected cell sheets for comparative purposes. 

The degree of haemadsorption shown by infected monolayers was 

moored in the following way: 

confluent HAD 5 
sesd.confluent HAD 
ging foci of HAD 3 
tod toed of HAD 2 

HAD (Win 1 
so HAD 0 

emagglutination want scored as follows3 

100 % BAn 
75 % " 	75 
g© % ft 30 

25 % 	 25 

trace " t 
no " 
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0) The dose-response relationship between virus input and the yield of HA. 

Before direct comparisons of the HA yields of infected cultures 

could be made it was necessary to test the dependence of the final 

yield of HA upon the input multipliaity of virus. 

Croups of confluent human skin/Muscle fibroblast monolayers in 

tubes were inoculated with 5 x 107. 5 x 106, 5 x 105, 5 x 104, and 

5 x 103  pfu Harvey viruSitube and incubated in trigi0ate at 3?°, 
38.5°, and 3965°  C for 72 home* The HA yield in each group of 

cultures was assayed by the HAn test* The highest diIutiOn of eoai+ eel, 

harvested cell suspension giving 100 % HA was taken as the endpoint 

the titration* 

The results are expressed in fig* 20* At each to 

Virus Limes x 107, 3 x 10, end 5 at 105  pro/tube) eirpee ted to 

giire multiplicities greater than 1 resulted in a final yield elf HA 

Which 	not itary in spite of a hundred-fold range in the virus dose.  
Below multiplicities of 1 (inocula of 5 x 104  and 5 x 103  pre/tube), 

the final yield of HA varied with the virus dose; increasing proportions 

of susceptible cells failed to become infected during the absorption 

of virus as the virus dose was reduced. 

Thus, as lctg as each cell of a culture is infected (and this 

an be established visually), accurate adjustment of the *OW dose 

is not necessary for the comparison of HA *Auction, A cell produces 

the same quantity of HA whether infected by 1 or by 100 virus particles* 
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PTV. of HARVEY vIRRS inrootA4-ATE TILBE 

. 20. The Dose-response relationship between virus input and 
HA yield as measured in Harvey-infecteds  human skin/muscle 
fibroblast cultures incubated from 37 to 39.5°  C 
for 72 hours. 
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d) 	tion of the HA particle 

The tall in titre shown by suspensions at. HA an storage, particularity 
in the frown state, has been shown to be due to an aegregation,of SA 

!mita.** into polymer complexes (Nett, Ackerman*. and Prestos, 1965)• 
In experiments to be described, ea*ples thawed in readiness for 	. 

HA *meg were exposed to 15.30 seconds of ultrasoni. Vibration', at 80 blics• 
The HA titres were restored to the original leVel after this treatment. 



HA* (?2 hes) 
N 1/2 1/1 1/8 1/16 1/742 1/64 

+ + + +.+ + 

+ + + 

+ + 

+ 

+ + 

TABLE 2 

HAD (48 bre HAD (24 bzs ) 

5 

4 

2 

0 

Butlei  
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5.2 	production  of HA U VSZi01111 C 	m.  

Table 2 shown the production of HA by Harvey and Butler in 

human skin/iuscie fibroblasts at 37°, 384% and 39.50  C as detected 

by HAD and HAn tests. 

HA production 
	

tier in human skinimusOle fibroblasts 

The aitf.renia between the two attain& lies in the extent of HAD 

0 at 24 hours, and in the extent of HAD at 38.5P 

5°  C st 48 boons. 

bie difference is relative and not absolute, the dine ncte 

r the stoup of three temperatures is quite marked. 

o show no HAD at 39.5°  C. but it le known (chapter XXX) 

that a 	proportion amine* cells do develop HA; the few 

positive c.: were probably unnotiseable in a confluent cell sheet. 
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The possibility that other sources of tissue way support a greater 

difference in HA production at a range of temperatures than was found 

in human skin/ /sole fibroblasts was next considered. 

The fallowing species of *trains end lines of cells were 	needs 

1963 

1) RamaIlan humane 

primary strata *maim, lung 
continuous limes Chats conjum l,va Mang, 1954) 

2) A ell ont• hens 

PlAskrii 0 
	li blasts 

3) Re tit 	.. turtle: 

continuous line* X2.75  fibro 

Results 4. See Table 3 

TABLE 3 

Oe 	Strain V 	. 
C) 

HAD 
(24 hrs) 

HAD 
Os bras) 

RAn 	2 	 t)  
N 1 	1 	1 	1 	1 

1 , I:6 	512 

Rum* Asmiolt Rarrery 3? 3 5 + 	+ 25 is 	ii. 
38.5 3 5 it. 	t 	... 	4. 
39.5 2 3 t . - 

Butler 3? 2 5 44 75 	t 	4. 	.. 
384 0 4 
39.5 0 3 .. 	..I* 	SID 	4/* 

Hunan lung Harvey N 4 3 + ,+ 	+ 	+ 	+ 	+ 
38.5 4 4 + + + + + 	+ 
39.5 4 4 + + + (75 	t 	- 

Butler 3? 4 5 + + + + 	+ 	+ 
38.5 2 2 t 	- 	4.. 	- 	... 	.4 
39.5 0 0 - 	.. 	- 	.. 	4. 	-4 

, 	- 
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TABLE 3 convd 

HAD 
(48 urts) 

HAD 
(24 bra) 

HA* (72 bra) 
111 

it 2 

Munn Chang 
Conjunctlira 

5 
5 
5 

Harvey 37 
38.5 
39.5 

.5 
39.5 

+ + + + 	40, 

+ + + + 
+ 4* 	 - 

+ + 

• All 00 al. 	 Is 

0 
5 
3 
0 

- 3 
5 
3 

414 al. 

+ .+ , ++  
+ 4$ t 

2 
t 4IP 4 411. 

t 4.  

41,  • 
AO-  • 'al. 

2 
4 
3 
2 
I 

Afk  lo• 
silk Is OIL • 00- 

+ + + + + 

1,11 3 

Harvey 5 
37 
38.5 
39.5 Turtle 

Fibroblasts 

Th33245 
• Is 
+ ' + 4; + 

+ 
4 
2 
0 JIM Olt AM, 

4 
2 
0 

HA 1.11 Harter* and Butlet.infected osiim of 
incubated at a mugs of temperatures from 25° 

5 
4 
2 
3 

4 
2 
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wpm Table 3 it can be Ewen that Harvey and Butler produced HA 

with varying degrees of efficiency in the several eell types at the 

range of temperatures tested. 

Cells of rabbit caste, primary rabbit kidney and continuous 

live rabbit aortal  were, also used. Since /lariat* virus grew poorly 

in these tissues, experiments in HA production were not very sufeesstel. 

Primary rabbit kidney and rabbit aorta cells were not readily *available 

in the laboratory and attempts to adapt Harvey and Butler to rabbit 

tissue were therefore abandoned. 

It was found that the higher 	xr obtained.  

in human foetal lung (miter**. Whereas Harvey 	titres 
of HA at al/ temperatures in this cell strain even a 

	BrAtlerr 

produced little HA at 38.5°  and 39.5°  C. 

As human foetal lung cells supported a greater difference 

ability of. Harvey and Butler to produce HA at 	 38.5° 

4 this strain of Moen cells was considered to be potentially 

useful in the differentiation between variola major and minor strains 

with respect to HA formation., 



133 

carderIn 	to establi 	t 	noted difference between the 

ability of the Harvey strain 	major and the Butler strain 

of variola or to produce HA at 	 383°, and 394°  C was 

Oharaeteristie of major and minor strains in general, a n* bur of 

strains isolated from 01800 of epidemic and anionic variola and known 

to be elinioally major or minor were also tesiedfor HA at a range of 

temperatures, 

Several East African 	ola strains isolated from smallpox 

ases in Kenya and Tr 	ca were also included in the tests* The 

East African strains which bad been isolated from mild cases of 

smallpox bad been fbund by Bedson, Dumbell, and Thomas (1963) to be 

"intermediate" between true variola major and minor in two Liberator: 

tests. These strains, in general, behave more like variola major in 

the pock.reduction test but more like alastrim in the ohick-embryo 

virulence test. 

(Mater In end Methods . See Appendix) 

Results 

a) Screening in human skin/muscle fibroblast cultures (Figs. 21, 22, 23) 

In spite of some internal variation, even among strains isolated 

from a single outbreak ('Campbell' and 'McGinty' from the Glasgow 
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Fig. 22. The 72 hour yield of HA in human skin/muscle cultures infected 
With South American (SA) ang European (E) strains of variola 
minor and incubated from 36 to 40°  C. 
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smallpox epidemic; Laidle w and Horne, 1950), variola major strains 

from Europe and Asia, and vote's mince strains  fros EorsPe and 

South Ameriva tell into two broad groups according. to the yield of 

HA produced at a 	of temperatures. 

Variola major strains gave a good titre of VA at 38.34  C and 

often gave activity at 39.5°  40°  Co  whereas variola minor strains 

produced very little or no detectable HA at 38.5°  C and none at 

39.9 C. Smellpwe strains from Africa'  both from Kenya and Tanganyika, 

resembled the Variola major strains from. Europe and Asia. Variola 

minor strains from South America resembled those from Europe with 

the exception of strain Brasil.? a which behaved more like a sari ola 

HA production. 

emperature Of-40 C was used 

strains, but it proved to be slightly too high for detectable HA 

production even by vitriol& major strains. The results obtained 

when strains were tested at 39.5°  C em the highest temperature 

served to illustrate that more HA was detectable at this teamperture. 

A temperature Of 39.54  C Was therefore more suitable than 40° C in 

this teat andwas routinely used whoa strains were screened in :MUM 

lung cultures. 

b) Screening in human lung Cultures (rigs. 241'2361A; 26 

When VariCaa strains were tested for HA productive at a range 

of incubation temperatures in human lung cultures, the majority of 
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Fig. 25b. The 72 hour yield of HA in human lung cultures infected with 
Kenyan (K) strains of variola virus. 
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major 	strains again eil into two broad groups. 

Motor the major strains produced an lima, or almost as much, 

HA at 8.3°C as at 37°.C, and also a fairly geed titre at 394°  C. 

Alwstrim strains generally only produced detectable HA at 37°  C. 

Baceptione were the %mins,  and Moon' strains of ariola major 

and the'Plygg' lad 'Brasil-7f straits of alastrim between which 

there was no significant difference in thii series of teats* 

The results showed that human lung cultures were not significantlY 

sensitive to differences in BA produotion of Variols major and 

at the three temperatures than were human skin/Muscle 

The A 	an strains, when tested in human lung cultur $ showed 

a compete range of responses of HA produc 	to to 	of 

38.3°  and 39 450 C from definitely variola major4ike to 

definitely 'mica* *111  

Both tha Tanowiloms 	X. 

laited in ranking order. 

Three subgroups were created. The first subgroup contained 

those strains behaving like variola major, showing HA production 

at all three temperatures. The second subgroup contained the 

intermediate strains which showed HA production at 37°  and 38.3°  C, 

but not at 39.3°  C. The third subgroup contained those strains 

behaving like variola minor, showing HA production at 37°  C ony. 



Faber) Virulente 
Test 
Valti 

HA test at 3? 3841  3905 
an human lung) 

r38.3°  

Reduction in Pock titre 
at 38.3° C 

Dog titre[35°).log titre 

Value 

O 

0.61 
0.52  
0666 
4.72 
044 

car 	next page 
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The members of each subgroup were then ranked weighting a high 

titre, where applicable, of HA at 39.5°  C, then at 38.50  0, and then 

at 37°  C es 1st, 2nd, and 3rd characters respectively. 

The ranking orders with respect to the HA teat of the two groups 

o African strains thus obtained are shown in Table 4. 



RA test at 314 	39.3o 
(in human luoil) (0) 

P 

Reduction in gook titre Reduction 
38.3 C 

(log titre[3541.10g titreD4  
E38.5P1) 

\ 

Nmbryo Virulenco 
Tim* 
Value 
. . 

Strain Strain Value Strain 	Value 

Variola Major (in general) <0.5 (general) 4.5-5 

Iascamt4osklAtiAt 
(0 	[ 2/63 1/61 0.3 2/63 	5.2 

063 2/63 0.4 12/61 	5.9 

/32/62 22/62 0.? 6/63 	6.0 
(2) 17/61 6/63 0.7 22/62 	6.4 

122/62 12/61 0.8 8/61 	.7.7.4 

8/61 8/61 1.0 1/61 	7.1 
(9 12/61 32/62  1.3 32/62 	8.3 .8.1 

1/61 17/61 1.8 
, 	. , 

V In Minor (in 	 en rail) )2.0 )64 

5 

14 1 

TABLE 4 cont'd 

Th.ra 	orders or East African variola 
to r 	minor.like) with rOspect to the 	NA. teat, the pock.reduction 
teat, 	 the chickfikahryo virulence test. 

from variola major-like' 

Of the 

ariola major. 

and Moues" behsv  

$ Mongol, and INjami* behaved 

at the other end of the scale 'Mary iNjotho'. 

alastrim. The Tanganyikan strains '2/63' and 

06/630  were like *aria& major, whereas strains 18/610. 012/61#, and 

1/61 behaved as variola minor, Eery variation of reaction °carved 
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between the Tanganyikan and Kenyan strains at opposing ends of the 

ranking order,  of strains with respect to the HA test 

DuMbell, Dodson, and Itomak(196,) and Dumbell and Dodson 

(unpubliahed results) have tested many of these strains for their 

behaviour in the pock0reduction test and in the chicki.eabryo virulence 

test. Their results are also listed in Table 4. The African strains 
can be seen to be either intermediate or like variola major with 

respect to the pock-reduction test and either intermediate or like 

variola minor with respect to the ohick.embryo virulence test. 

Inspection of Table 4 shows that, from theresults available, 

no regular correlation exists between the ranking orders of the 

Afrioan strains in the HA test end pock-reduction test nor between 

the ranking orders in the HA test and the 'hick-embryo virulence 

test. For trample, strain 01/611  is definite4. like varied* minor 

in the KA and chick virulence tests, but is definitely like variola 

major in the pock-reduction teat. On the other hand, Mika' and 

t2/634 resembles variola major in all three tests, and tHedetat and 

Odoort which are intermediate in the HA test are like variola major 

in the pock reduction teat and like alastria in the chick virulence 

test. 
Although Belson and Duabell (1961) dem trated a positive 

correlation between the ranking erder of porviruses with respect 

o virulence and ceiling temperatures as determined in the chick 



y of a la 

Taxi ols major 
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eibryo,,they later showed by -hybridisation experiments (Belson and 

Dumbell, 1964a,b) that virulence for the chick embryo and ceiling 

temperature in the chick embryo were independent properties. 

the behairi of 'oriole strains, as illustreted by the African 

strains in human lung cultures, with respect to the BA test would 

also seem to be an independent property since no correlation was 

t+r 	with previously determined values for these strains for chick 
vtrulenc and for sensitivity to temperature of growth on the chick 

CAM. 

It is diffisglt to t1 +g4nethat the p tction of HA is 3n any 
way a virulence factor, unless an ability produce HA in human cells 

at high temperatures of incubation reflects a tenacity of virus-directed 

functions in the febrile human host. 

ory differentiation of strainsof 

►n the basis of HA production 

.5°  C in human cells of Metal skin/Muscle and 

imestigated. 

rains generally produced det 	le HA at 

9 
	

C whereas variola minor strains generally 

axb rapt 37°  C but not at 38.5°  and 35.5° C. 
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Although major and minor strains fall into two broad groups, 

group variation is sufficient to make the classification of a single 

variola strain tested alone unreliable, unless the strain in question 

gives a reaction which is Very definitely characteristic of a major 

We minor strain. 

Where IndiVidual African strains have been tested on two occassions 

in human lung cultures in the HA test, the results obtained each time 

were constant for each strain. The HA test would therefore seem to 

be another used marker in the biological characteriSation of the 

African strains in laboratory mtudi 
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5.4 The Devendence of the Yield of HA on Growth Media Fieters 

During the course of experiments concerning the production of 

HA by variola Virus, it became increasingly clear that the nutritional 

composition of the culture medium used during infection was important 

in determining the final yield of HA from infected cells. 

An attempt to stabilize the rapid fall in pH of culture media 

during infection of cell monolvers bad involved the use of a Zwitterion 

buffer known to be very effective in mainteivAng a pH of 7.4 coder 

such conditions. The buffer, N-2 Hydromyethylpiperanifte4,..2 Ethane 

sulphonic Acid*  (WES) substitutes for the normal WACO .9% COein.air 
buffering system used routinely in tissue culture media. HOES is 

neither taken up by the cell nor metabolieed, (Good et al., 1966) 

When need as a culture medium during HA experiments, HEPSS4uffered 

Egg a Basal Medium (EAG BM) (Foe's, 1955a0) was found to calm an 

almost complete suppression of HA production as detected by HAD at 

24 hours and HA* at 72 hours 

order to further investigate the production of HA under various 

types of media, parallel cultures of human skin/Musele cells wire 

infeeted with a high dose of Harvey and Butter Viruses and incubated 

at 57*  C under 'culture media routinely used in tissue culture. 

The afoot on HA production of Pnrkers Medium 199 (Morgan et al.,195o) 

7054 obtained from 'ACalbiochemP, Imo Angeles, Cantor:it 



HAD 
(24 bre) 

S  
4-3 

um (in bre) 
N 7 1 1 1 1 

4.  I 	2 

+ + + 50 t 
+ + + 70 t 

g % Bicarb# 

0488 

Medium 

0.088 

0010s 

0.088 

I 	 

199+10% liver 
&Igoe* Ultra-
filtrate 

toad '199+10% 
st 
its 
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which had been previous17 used to maintain an uninfected monoliver of 

human fibroblasts and which was deficient in some of its conatttuent 

compounds was also tested Mine 5) 

TASK 

Band f RAC confined to the upper end of ;imolai r in t 
of various culture *dia. on HA production in 

t 	acted human fibroblasts at No 
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It Was !bum:1'0st HA production was most efficient under.EaOlea 

Minimal Essential Medium (EAG MEM)(Eagles, 19394 alight4 more HA 

Was 'produeed in Outler4nfeated:culturei than in Harvoy-infected 

culttrea• Previous Ilea of 199 created. a medium which was poor in 

supporting HA production* 

• As there'arO•only-minOr differences in the concentrations of • • 

OondtitUent 40mpound8 of...BAG BM and EAGliEM, it waslinlikely that the 

466pOsitiOn• of gm BM was responsible for the suppression of HA 

production rather than the presende of the compound HEPES* .  

Omitting liver digest tiltiefiltrate from medii 199 reduced the 

yield -ot 'RA Of Butler virile *lightly'. 
Sabsequent experiments showed that the suppression Of HA prOducti 

under'• IDEPES4uffered LAG BM could be. roVersedlir the additionOt extra 

bidarbotate (HCO;) to the medium.. Extra MCC; also -increased the yield 

of Rkunder, aodium 999 and LAG MEM* (Table .6) 

!ABLE: 6 

Medium UCO' 3 
Virus HAD 

(24 Us) 

	

HAvi (72 	) 
i 	1 	1 

	

N I4I 	it 

199 0.1% IlatireY 4*, + + + + 	+ 	23 
Butler 3 + + + + 	+ 	30 

0•088 Harvey' " + -4. 	+ 	+ 	23  
Butler 3 + + + + 	+ 	30 

eon /*I 
	

Page 



TABLE 6 cont'd 

Virus HAD 
(2' hre) 

HP (72 bra) 
1 	1 	1 	1 	1 

* 	r6 32 

+ + + + 	2$ 

Butler 3 + 	+ 	+ 	+ 	OR 

5 + + + 75 • 
Butler 3 +'+ 	75 

Harvey 3 + + 
Butler + 

Harvey 
But 0 

EAG MM 

EAG MEN 0.176 

0.088*  
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Standard Bfcairbonate Concentration 
The effect of the concentration of HCO: in culture media 	production 
in Harvey- and Butler.infectod human fibroblasts at 370  C. 

Since the concentration of CO; contained in, }EFTS EAG BM was 

slightly greater than that contained in both the EAG MEM and in 199 

based media originally used in HA experiments (0.11 u% and 0.088 u%, 

I espectively), it was not a deft  :dews of HC©; in the mediui Which 

causing Suppression of HA production under HEMS EAG BM. 

It is possible that, although HEMS cannot be taken up by the 

ell, it can exert an effect from without upon the metabolism of the 

cell. The fact that the addition of extra H00; to HEPES EAG BM 

reversed the suppression of HA may indicate that HEPES maw can 

bloOk the availability to the cell of HMS in a utilisable form. 
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CHAPTER VI 

A Surfer of the Activity of Several Biological Cceapoutide as Stimulators 
of Vitriol* HA Production in Hunan Skin/Musetle Pittroblests at 31)  C 

xt was reported in Chapter V that the Concentration of bicarbonate 

01001 available to infected vale was an important factor in 3  
Isteassetutintii OW production. Addition of extra HMS to media 

Ve effect of Eagles Basal Medium (EAG BM) buffered 

HA yields under Eagles Minima 

*06 !Chia fact was studied 

(Mat 	end end Me 	See Appendix 

6.1 The Effect HEMS LAG EN RAG KM LivaA j erade4 .iponeentrowronsim.ffirig 	Media Cant  
ilVIRRUMIGMNIA"M 

Although the TO of stadia vas unavoidably / tereed by addition of 

different bicarbonate concentrations (M S), scrutiny of Table 7 
shows that HA produttion was not directly related to the * of the 

medium. Media of the same * have supported different extents of 

HAD and EA titres.  
An mess of 0.022 g % of H00; largely reversed the suppression 

of RA in HEPES EAG BM* but the yield of HA did not increase signitie 

Zeserftal Media NAG 

further* 



Final Virus 

• 

7.3 7.3 

TABLE 7 
HAS (72 bra) 

1! 	1! it SI  
+ 	25 

+ + + + + 50 

+ + + 25 
+ + + + s0 

0.176 

(4088*  

.044 

0.033 

0.022 

7.4 
7.4 
7.1 
7.1 

6.8 

6.6 
6.6 
6,1+ 
604 

24 bri 

PH 

25 
4. 4. 4. 	25 * 

+ + + 
+ + + 50 

7.5 )7.4 7.7 
7.5 	7.8 
7.3 7.4 7.1 

0.176 

0.088* 

contld next page 

.17.4 
7.8 

7%3 
7.4 
7.1 
6.8 

7.0 
6.9 

6.9 
6.8 

6.4 

6.4 
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between the minimum and maximum concentrations of extra 80Or added. 

This range, from 0422 * 0.088 g respectively. elielts a graded 

reepOUS. in HA prodizotivn in 199 medium and in EAG 14124 

It was found that in 199 medium the HA production by Butler was 

suppressed to a greater extent at low CHCO? than that by Harvey. This 

situation was reversed, however. in EAG ME I. 
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TABLE 7 eon d 

HAD 
(24 *s) 

Initial'  24 * 
in 	le 

BP (72 bra) 

* 	4 4 	dk 
+ + + ,0 • 
+ + 	+ )30 

7.02 7,2 

7,1 6,8 7.1 
7,1 7,0 

7.0 6.4 7.0 
7.0 

I 

701 

%and  
Maarten to conCentritinn 

Of ;no confined to upper end et An tube 

oat o 'tarring 'bicarbonate contentratione on BA production 
Baru (H) ,and Butler (B) in bum fibro'b3site of 370  0, 
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Moste3 and Enders (1962) investigating the de *nee of the 

owth of virulent and attenuated etra of polio virus upon available 

devised media in Which polio virus could be grown in monkey aco" 3 
alum*. of ECO" (Per media 3 ki 	 the 

appendit.) 

In eoted monolayers were inoobated in buffered  199 free of 

An ectten..plugged tubes (CP) or in tris4uffered 199 containing 

serow-capped ftbee (SC). 

metes of Mosley and Enders 	adopted in the investigation 

1100 	 i.aat liarVel* 

ted in 
In the latter 

oulttures. 	ed during cell metabolism was tree 

away tem the medium* In order to see what effect respiratimnr.produced 

1.302  tilted as ECO"' may have on HA produstiatt, CP cultore  were also 

incubated with rdbber bUsgs (CP/E13)t escape of CO2  was therefore 

priesented• 

The results tabu1ate 
	Table 8, 	ted that 

er 	 tial for EA prodnoti 
	 taboliso and 

fixed as ECe 
	

for 	toration 
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TABLE 8 

better in 

tech cultures than 159. based media. 

contains a oomplete range of nano 

# and o h tors#  the concentration of certain of 

the 	 ompounds 	lees comprehensive range present in 

BAG MEM is in excess of that in 199. 

Thu* it is not the &benne* of key compounds from 199 medium 

whi0h makes it a poorer medium with respect to HA productions bat 

.11A 



*mylalanitte 
lothreonine 
rotriPto'Phstil 

tirteine 

157 

presumably the lower to centration of such compounds. 
Table 9 lists those compounds common to 199, EAG POEM,. and EAG BM 

with the apprapriate concentrations in mg/litre of mediim. 

Both SAG MEM and BM are notab1 richer in growth factors than is 

199. Eagles medium also contains six times the concentration of 

slutueine and approximately twice the concentration of the Lwastino 

acids, arginine and histidine, than does 199. 

TABLE 9 

199 EMI BM (Mel) 

cont'd next page 

20 

20 

120 (DL) 
:ETI 

30 
50 
	

(DL) 
60 
20 
40 
50 

0.01,  
0.50 
0.01 
0.05  

126.2 
24 
292 
38.3 
32.4 
52. 
73.1 
14.9 
33 
47.6 
10.2 
36.2 
4.8 

2  

105 	PB 
24 
292 
24 
52 
52 
58 
15 
32 
48 

36 
46 
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TABLE 9 
	

td 

Compound 199 (mg/1)\ Eka gEM (mil) 00 BM (mg/1) 

Nicotinie acid 0.025 1 
mot 	de 0.025 1 

g01 0.025 1 I 
0,01 0,1 0,1 
0,01 1 1 

abatoott 1000 1000 2000 

Concentrations in melltre medium of 
and EA0 BM media. 

nts common to 199, BAG MEM 

To establish which broad pup of compounds was tponsib fear  
the  teeriehmeto of Eagles medians  medium 199 containing a low 

ooncentration of Me (0422 g %) was supplemented with th following 

stock solutions: 

stopk solution (I) ly.amino acids in selitre 
Arginine (105) 	Lewin* (52) 	Fhenylalanine (32) 
Mil:Udine (24) 	Xsoleuoine (32) 	Threonine (48) 	V 	( 
Arsine (58) 	Methionins (15) 	Tryptophan (10) 

stook solution (2) t tsamino acids in seiltre 

Tyrosine (36) 	Cystine (24) 

stosk so 	(3)1 B vitamins in se/ Mr* 

line Chloride (1) 	Pantothenft acid (1) 
Nicotinic acid (1) 	Pyridoxal (1) 
Inositol (2) 

Riboflavin (0.1) 
Thiamine (1) 
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olik solution 101 FOlic aaf,8 (1 s/Litre) 

Moak.Solution (5)$ Glutamine (0.292 M/litre) 

   

The as 	 ► 0.022 6% B0C could be expected to 

cat HA production* Addition of stock solution 

at 
	ely the concentrotion present in ZAG NEB 

should elicit an enhanced HA production in that group of infected 

cultures inedboted with the Medium containing the relevant empplement(s). 

It was found that 199 aupplementod with stook. solution (1) Was 

axle to restore to some extest the production of HA inner'', 

*toted oul 	o. 	infected cultures gave a greater 

response in BA. production to the addition of extra amino a <a than 

d Butler4nfected cultures* EXtra growth factors and glUtamino 

Mot 

(vi 

of forming a rovireib 

e transfer of amino acids 

gradient. 

rested with 

than Mall* supplomen 

en ound to be 

um 

al and 	acids might be more effective 

amino acids *Ion,. This was not torte 

to be the case and it 	tcaa ludod that cue or more amino acids pm se 

amount tar the sonrichmonti factor in EAG MEN..  



1 
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Since the IF-amino acid a onacentration of culture media had sons 

effect on the yield of HA in infected cultures, it was interesting 

to ascertain whether one or more amino acids could replace co; 

necessary far HA production. 

APES EAG EM was supplemented with , the Imamino acids listed 

in Table 10 at their concentrations in EAG MEM. Infected cultures 

we a ubsted under these media for 24 hours at 37 C and tested 

for 	Table 1O) 

ed to,  upper end of monolayar in tnbe 
of a/a  supplemented WOES EAG 3M on HA production in 

ler...infeeted human fibreblasts incubated at 37! C for 24 



TABLE 11 

HCO added 

U040 

MAO 

10.5 

of BCGZ and arginine in restoring HA production 
incubgted with. EWES EAG BM at 37° 0. 

• 
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It 	ound that Imarginine was an efficient replacement for 

and *bromine were less effective in, that order, and histidine, 

'aline metbioninet and phenylelanine were without effect, The extent 

mettle reversal of suppression was always greater in Harvep.infacted 

Oultures than in Butier-infeeted culture 

Thus, of the two amino acids present in a greater concentration 

in EAG MEM than in medium 19910 only arginins was effeetive in rePlaeine 

in culture eedia in this instance. 

Supplementation of HUES EAG BM with 0488 g % HCO3 or with the 

~rolar equivalent of arginine showed that eremite was only slight4 

lei ffioient in reversing the auypre ion of HA formation found in 
unsupplemented HEMS EA0 BM (Table 104, 
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Berle* sent  si Bicarbcnnte  k, Nucleic; ,A,ILW and Related Compounds  

Mast (1959) showed that HCO; depletion of nutrient media 

suppressed the growth of COmeackie B1 Ti, polio virus, and vaccinia 
virus in human conjunettra and Reilia cells. RNA (yeast.extracted). 

gasTiotia014.degrade4  RNA, and its nucleotides and nucleosides were 

all found to reverse the effects of this depletion . Bowever, neither 

the prime and Middle* bases constituting RNA nor DNA and its 

derivatives were effeetiVe in this way. 

It was proposed that the role of Itetr 
	

instance was as 

a preeursor of RNA. Depletion of HC0 would 	in a disturbance 

of cellular RNA metaboliem which would cause an interruption of the 

synthesis of pew protein in the cell. Hance,R 	depletion could 

lead to a suppression of virus protein synthee 
	

infected *elle 

a 	 d metabolism connected with varictla RA production, 

tired '199 contnivrtng 0.022 g % RCO.* was supplemented with 

DNA and yeastoextraoted RNA at a concentration of 

1.23 p 	medium. 

Sim. Chang found 

that ECOx depletion was causing; repercussions 

basesas such could 

there is a pre* 

ea or for the 

peesexr e of D.ribose. Therefore, triS.butfered 199 was also supplemented 

with ATP (1 g/m1) as an example of a ph p ryladtad base, and with 

D.ribose (5 mg/m1). 

t was found that DNA, RNA, ATP, and ribose were unable to reverse  
the suppression  of HA production in the system tested here. 



TAB 12 

HEPES EAG 

3M 

+3 sibi A + 0 

4,  3 m” A + C/P 
3 	A +C CA)  
additions 

3 
	

I 

0 
	I 

0 
	0 

I 
	

0 
0 
	

O 
0 
	0 • 

d 	( 

4 ater whine WO Cc) 
+ eastamyl phosphate (3mM 

t /P] 

1u 

6.3 	Re   itsPossible Biosynthetic Precursors 

Since the Liam no acid arginine has so far been found to be the 

moat effective compound in replaeing HCO; for the reversal, of HA 

suppression under HEPES EAG BM, possible precursors of uremia* (see 

fig. 27) were tested as replacements for arginine itself. 

Supplementation of HEPES EAO BM with 3 odi arginine had been found 

to be nearly as effective as 0.088 g % CON 	in supplementing HEPES 

EAG BM without eignificantly raising the pH. 

Por this reason, loaspartic meld, citrelline, and carba 1 

phosphate et 3 MM were used to supplement HEPES LAG BM and were 

capered with the activity of 3 arginine The three precursor 

ompounds were also tested in combinations (Table 12). 

Band of HAD confined to upper end of monolayer in tube. 
The effect of precursor compounds in restoring HA production in aspze 
EAG BM in Harvey. and Butlervinfected human fibroblasts incubated for 
24 hours at 37*  C, 



GtLYcOcYA MINE 

C SEAT( N E A METABOLIC TABLE RE.LATINg 
AgGININE WITH POSSIBLE BIOSYNTHETIC 
PRECAIRSORS AND PRODUCTS. 

Fly. 27 

CYTI DINE < 	L1,RIDINE 	 U RIDINE 
Tit I PHOSPHATE 	TR I PHOSPHATE 	M 0 NOPNOS MATE 

I 
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co, 
ATP 

N H3  

RNA 

ASPARTATE 

• 

CA RBAM YL.. A S PARTATE DNA 

FUMARATE 

GITRl,LLI.INE 

HISToNES 

CA RBA MYL. PHoSPWATE 

GREATINE PHOSPHATE 
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prom the table it can be seen that aspertic acid (another Dwain* 

acid) can re dace arginine to some degree. Citrulline and carbamyl 

phosphate, awe gar in coMbination with aspartic acid, had little 

effect in this series of experiments. Nothing was known, however, 

about the efficiency of uptake by the cells of these compounds from 

the medium. It may be that very little citrulline and/or carbmey1 

phosphate was taken up ,by the cells and that lack of  relarsal  of HA 

suppression reflected this possibility rather than a la,* of activity 

arginine precursors in this system. As alternative possibilitY 

was that arginine in, Virus thetie pathways is synthesised via a 

different route. 
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6.6 k, Possible 'Diosyn heti* Products 

Creatine and 	►phooreatine 

Creatine and its phosphorylated form phosphooreatine are found 

in high concentrations in muscle tissue* Croatia, phosphate is the 

phosphogen or storage form of phosphate associated with high-energy 

bonding in vertebrates* Luring the active contraction of muscles 

the phosphocreatine level falls and the compound is **synthesised when 

the, meaole is at rest* The specific function of phosihooreatine 

med. cells is to re- 	hates ADP to ATP in the reaction 

Phisphocreat 	ADP 	urea 

which is mediated by the moue ATP.oreatine transphecOnorylase* 

Arginine is involved in the cellular synthesis of Oreatines 



3 
2 
I 2 

the though 

no addition 

4 
4 b 	thrift* products area 

er tube 

ted h 
phos 

Bata 

either 	no phes;hoereatine were 

meatless  nothing was 

of these into the host Cella* 

BM 

24 hour HAD 

13utler 
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If the erginia 	quirement for phosphooreatine production in the 

	

skin/imsele fibrob 
	

cell is increased diving the variola virtu, 

infection then in supplying the end product it should be poesible 

to restore suppressed HA in the absence of additional erg:Wm. 
HEMS EAG BM was supplemented with ereatime and phosphocreatime 

13) at a Concentration of 1 114. 

TABLE 13 

Group. publ# no• 24# 1966) 

in close association with nmOleia 

contain an unusually Kish proportion of acs 	0 ell and 



the b 	acids. &act onat on studieshave suggested that 

e... bietene are a group of a limited number of *odor Proteins with 

Possibly a number of minor fractions". A lysine*rich and aat ginine. 

rich hietone fraction have been described in the above work where 

several fundamental functions for bistones have also been suggested. 

During the cellular synthesis of both arginine.vich and %mine-

rich bistenest  tb  

Particularly heavily drawn upon 

pod of *eve 

Could be depleted in 24 hem% it no 
	

dr 

Bearing in mind that arginine 	0 4 

been 4  Opt10410 	important 

ed cells the possibility that arginine*. 

involved in the fate of these two amino 

t 	edt 	**richt  lysine-rich,. and crude 

O w 
	d as replacements for extra HCO3  and e 

ement of HA production. 

supplemented with crude 	II) and 

h type tV) and lisine.orich (type /IX) 

concentrations ofit  OA, and 041 mg/01 

Obtained 

of arginine and lysine in the cell, must be 

Indeed, Pie* and Eagle (1958) found 

arginine an4 lySine to be ieeorporated into cell:der proteins to a 

*sob, higher proportion than were other amino acids end that only trace 

quantities of terse two amino acids ware 	0 in the amino sold 

f the free arginin 
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-infeeted cultures of human fibroblasts were incubated 370  0 

Under these media and tested tarifa** 24 hoUrs (Table 10. 

TABLE 14 

Mediu* 
	 Supplements 	HAD (2k bra) 

HEMS EAG 
BS 

negative controls no supplement 
positive controls: + 0488 g % 

BCO"
3
' 

0.5 
arsine 

5 

ed tone vas eff dent in 

teptacing HCr 	amine as requirements for RA production« Dysineo 

tie.. Crude histonewas s t17 more 

ive 	t a'concentration of i mellip probably 

of 	o the arginine.rich traction, 

sibility that the bistones were being used as sources 

of arginine and %pine rather than as lubatituteb te0 these compoun 

vas mot investigated.  
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Rower the HA produced b)'  histont stimulation was different 

to that stimulated by argLminef the $A to rapidly autoagglutinated 

When stored in suspension and caused a very coarse agglutination of 

d blood cells. These characteristics are like those shown 

HA produced in calf tissue (Ronne'  Unpublished results). 

ue HA in a high-titred suspension autoagglatinates za 

6- tours on s d sto give a suspension of little haemagglutinating 

aetivity, and also Causes coarse agglutination. The histonts used 

to productioncasttrirws imam cells had been 

(obtained from Sigma 

the 	es of Calf thymus blatant...stimulated 

fl 	 d in at least 	e.st 	HA, and 

themesintze 	two characteriatics are also typical of HA produced in 

eye 	time this is strong evidence that histont is used as such Su 

eabans HA production and not as a source of its component amino 
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A q.ener4  Discussion Resul  described in Sections 6,14.6 

The investigations reported in this chapter were mot esigned to 

1 a detailed study of the nutritional. and biosynthetic requirements 

ola-infeoted 0e13s in the production of BA. But, having noted 

that the Constituent etatUe of nutrient eulture media did seem to be 

important in determining the development of HA in infected cultures, 

the experiments conducted were more in the nature of a preliminary 

rear 'of the situation. and of the several possible approaches which 

might be made in investigating it for those avenues which promise 

worthwhile exploration. 

In dealing with the vaporise of he 	-cell interaction to 

variations in the constituente of culture zc die*EA, production was 

used as au indication rather than as an actual measurement in terms 

of virus growth, of the success of the virus replicatory cycle under 

such conditions. 

Parallel flit 
	

tvtty titres were not routinely 

carried out. but wherre their were there was evidence that a suppre 

of the infectivity yield accompanied suppression of HA production. 

Table 15 lists two examples. 

It wee therefore likely that HA eeppreesion under media 

deficient in various respects reflected a suppression of the Virus 

growth cycle as a whole. 
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TABLE 15 

Virus Infectivity 
titre 

(72 luz-pfulal) 

IAD 
(24 hours) 

199 0.176 	% Me 3 Harvey 5 x105  4-5 
0.088 	" 	" I/ 1.6 x 106 4.5 
0.022 	" 	" if 8 x 104 1 

0.176 g % E00; Butler 9.9 x 105  3-4 
0.022 	" 	" " 1.3 x 104 0 

I mega arg•hist. Harvey 6 3C i04 
5 

HEPES EAG 
rtm 

0.001 meal 
arg4isti 

it <5 x 102 1 

Experiments cones 	e ration in titC033 of media were 

rpreted with some reeerYatirans W Xn varying the C0053 of 

die, unavoidable changes in pH occurred and it was difficult 

to dte .ate entirely those effects due to variation of the CHC9 
and those due to pH different**. Adjustment of the pH of media poly 

introduced the possibility of other inherent alterations. the extent 

of whioh would be unknown and which may even be on the (HCO3 itself. 

The supplementing of media with Amino acids and other biological:, 

atstiVe compounds may also have effected *nutritional or metabolic 

balance throigh the action of teed-bath regulatory mechanisms in the 

otperimental cell cultures. Since nothing was known about the 
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efficiency with whitish oompounds used as supplements wore taken up 

into the cells, workable concentrations of these compounds were 

chosen an various arbitrary bases.. 

However, in spite of provisos, the indications are that NCO; 

depletion itself is fundamental in its effects init that era:tali. 
and subsequently the metabolism awl cellular functions of histone are 

probably effected by this f.ctor. 

There is much documented evidence concerrsing the dependence of 

h in boot cells upon the presence certain amino acids 

medium. 

0  and So 	 the  

an absolute requirement for adenovirus 	2 

in the presence of arginine virus 

maintained in a balanced salt-so 

as the sole sources of carbon., nitrogen, and oaergY 

Tanhersle$ (1963) tested the dependence of herpes 

(MSV) growth in human cells upon amino acids. Eleven amino, 

acids were required tar optimal growth and the require nt for arginin 

was nteelnte0 virus IwodUetion and CPE did not occur under argininew 

deficient media. Tankersley likened the suspension of RSV growth in 

ergininewdeprived cells to the virus. cell relationship in latent 

Infections. 

Inglis (1966)  

growth of HMI  Iwo 

igated the amino acid requirements for the 

and coxmadkie 133  In RK Cells, ming 13 
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'articular attention to the possible nutritional control of latency 

of infection. The BSY/BN, system required both atomize and biatidiae 

for the production of infectious Virus, but histidine-deficient media 

permitted the development of a OPE and presumably an incomplete 

growth 47010: Thus, arginine was agAin found to be an absolute 

both the initiation of CPE and virus production. 

A 	e 	s ten showed 110 absolute requirement for arginine. 

Tan the abeeflc s of ate a 
13 

e and lysine, virus progeny was produced even 

though in a great reduces y eld0 The arginine and lysine requirements 

were intertedia e between those of 

and the vaCctztillati3  system 

In a completelY unrelated system, Charles and Broadbent (1964) 

bowed that CO2  mutants of *Wooer& which were unable to utilise 
CO2  in Certain Synthetic pathways were 'unable to do so because at 

distWFbeaces on loci controlling nerbsityl phosphate metabolism* The 

et mutants Could be stimulated by the addition of citrulline, 

eapertate, arginine, =Irian*, or adenine depending upon the mutant 

Concerned+ This indicated that CO2  was converted into Carbanyl 

VhosObate fOr use in two pathweys, one far the synthesis of pyrimidines 

and one for arginine synthesis, two carbasyl phosphate-eynthesis 

moms being bzwolwed+ 

An inter+reaction between NCO; metabolism and arginine synthesis, 

and a dependence of virus synthetic pathways upon arginine and lysine 

have also been indicated in the study of the effects of supplementing 

the IISVAKI3  
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media with respect to the enhancement of. HA production. The 

use end more basic approach would be to study the capacity for 

virus growth in terms of virus production under conditions of arginine 

and lysine depletion. Such a study is merited. It would be interesting 

in thin connection to establish how far histone can substitute for 

arginine or lysine when these compounde are absent from, rather than 

their being used to enrich, the culture media. Another rewarding 

investigation would be to track the fate of ROO; in infected cells 

by means of 0144abeled bicarbonate in radioactivee tracer experiments. 

This is the only tray in which the sequence 

tip 	 girdne 

can be confirmed or disproved. The fate of lysine in infected cells 

could also, be established in tracer experiments 

are been interesting to , find that the nee 	pp ng 

issue was involved in the fate of arginine in the 

d cell. One of the clinical features of smallpox 

the muscle fatigue and collapse seen during the earl stages of the 

A 	produces this effect to a much lesser extent than 

does variola major. A quantitative difference in the arginine 

sr eres in* synthesis in Harevey. and antler infected 

vs had great signifileaSO 0 

EVOIA so, a lack of positive evidence for phosPhoereatine 

involvement does not necessarily rule out this poseibilityl the eye 
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may have been tested in the wrong way. If ermine is required in 

large amounts for a particular pathway in virus synthesis, and histene 

production may be just suCh a pathway, then in infected cells the 

0,218141ns normally required for phosphocreatine production would be 

redirected for another purpose. According to the degree of avidity 

of the virus synthetic pathway for arginine, or to the greater demand 

for this precursor resulting' from more extensive virus growth, more 

be made unavailable for conversion into 

weakly Competitive with the normal cell 

arse o which can only undergo limited growth 

less effect on the normal functioning 

CompetitiVe for arginine or 

whieh is growing 

of phosphoereatine would re 

ousel* cells hit would in no  

the end product 

the need of phosphocreatine in 

satiei rho requirement for alining, 

host, 

ific reaction,(4). Supplementing media 

* replacement for arginine may not be expected 

e HA 
	

04 • 

Vari lamajor etould than, by c*eating a g ter 	lie imbalance 

e host, cause more seriousl r detriaental effeota than could 

eg,inVoleement and lysine-involvement in, virus-speciflo 

heels would raise some interesting possibilities. One of 

Prolosod for biotoaes is  to Protect transcribed ORM 
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the action of cellular nucleases. (Busch,and Bonner, 1966) 

Those RNA es coded for in the early stages of the virus cycle 

and Vhich are not teed in the expression of, their coded function until 
later stages of the cycle would be particularly vulnerable to damage 

by 2NAe5se but for the protective aoti?ity of associated histone. 

in cells deprived of available bicarbonate, arginine in the 

intretellular pool and in the culture medium would be rapidly' exhausted 

in biosyntheses. 	could result in a deficiency arginine for 

the production cf nest Virus-coded bistonel virus mRNAs may thus be 

lacking in the vernal CompleMent of tective bistone Profesaor 

K. R. Dumber), has efuggested that siNNAs governing the expression of 

the property of HA production, being inadequately protected and being 

used late in the virus cycle, could be lost as a result of nuclease 

activity Nora could be produced. Even if the mRNA were on4 slight4 

damaged the coded message might still be unintelligible. Supplying 

a histone 	extra viral origin may serve to stabilize exposed mRNAs 

do so in such a way as to slightly alter the coded message.  
A HA of rather different physical properties could result. 

Experimental results obtained do not conflict with such an argument. 

Nagr speculation° can be made concerning the effect upon the 

best cell and subsequently upon the intact organism of the requisitioning 
for bus sIathetic  pathway's of Precursor materials also essential 
to the normal funetioning of the host. 
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Seven 	promising aspects of this question have been reviewed 

here end are indicative of a wide scope for future research, into 

the problem of how the areptome of smallpox infections of man Night 

be caused. 
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CHAPTER VII 

General Concluaions 

The following conclusions have been reached as a result of the 

experimental work reported in the text of this thesis 

1) Both the Harvey strain of variola major and the Butler strain of 
Voris: 4a Finer are able to grow inOnzman skin/Muscle cultures at 
35°, 37°. and 38°  C, but not at 390  0, 

optimal temperature for growth and release of mature virus in 
urea bf busman skim/Muscle fibrdblasts is 33*  C for the Butler 

nla ninars and 376  C for the Harvey strain of variola 

ase of mature virus from the host cell is more .efficient in 
cted cultures; in Sutler-infected cultures the formation 

of intracellular virus and partiOularly the release of extracellulsr 
virus is sensitive to temperatures of 37o  C and 38°  C. 

4) Between 33°  and 384)  C there is little differenee in the net yields 
of infectious Witte from single cycles of inteation of Harvey and 
Butler 'Witte inhuman 04u/Muscle cultures at any one temperature 
einenbatiOn. Initial delays in the ;Oration ,and, release Of :  
Bortlet isirsis Make a difference between the growth of Harvey end 
Butler in theSe celin aPPaient'dWeinirnmltiple'Oycles of infection. 

5) Both Harvey and Butler viruses cane a OPE in *ells of human skin/angel* 
fibrdblast cultures at 33P. 41w  C sucoessfully infested  with virus 

during the absorption period at 23°  C. Hence; Muria caution CRS: in 
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e of the production of mature infectious progeny. 

6) Small doses of Harvey virus 	e a spreading CPE in monolayers 
alumna skinAlusele fibrOblasts at Ye and 38430  C, but not at 
39.3°  C. Small doses of Butler Virus cause a spreading CPE at 
3/44  CO but foci rem .confined and non-necrotic at 38.5°  CI no 
CPE is induced at 39.50  C. The differeaoe in the Vigorousness of 
growth tan be attributed to differences in efficiency of release of 
virus by the two strains at these temperatures. 

71 Increase in the temperature of incubation of vatiolsAnfected human 
skin/musole fibroblasts reduces: 
a) the nudber of cells in a culture in which virus DNA inclusions 

develop' and in which HAD develops; 
b) the number of virus DNA inclusions per *ell and 
c) the number of cells in which DNA inclusions mature' and become 

diffused in the cell cytoplasm. 

8) Variola*infected human skin/Muscle fibroblasts showing the same 
advanced degree of inclusion formation may or may cot have produced 
HA. 

9) Owe Virus DNA inclusions are established within an infected *ell, 
each inclusion deVelopii independently; the inclusions in a sing14 
cell nay be seen to be at various stages Of development. 

10) The develoPment of DNA inclusions and HA intelle in EintleSdnfe0tad 
human dkin/ausele cultures is more temperature setsittire than that 
in cells in Hervey-infected cultures of the same cells. 

The difference between the proportion of Harvey. and HVIler.infected 
*ells which contain few inclusions per cell and in which virus DNA 
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lusion material ha8 become diffuse is greater in chick embryo.fibroblast 
cultures at 57°  and 58.5°  C than in human fibroblast cultures at the 
eame temperatures. The difference in inclusion development neon in 
Narver and Butler.infected chick embryo cells suggests one reason for 
the difference in pock production of the CAM of the chick embryo at 
38.5°  C between the two strains. 

12) Treatment of HarVey-intected human skin/Muscle cells with 1014 
hydroxyurea reduces the number of virus DNA inclusions developing 
in infective cells*  reduces the number of cells in which DNA inclusion 
material has become diffoles  but does not reduee the number of Cells 
capable of developing DNA inelusions in a culture. Thin concentration 
f. hydrOxynrea reduces Testae virus production to 1/10 and OA 

ProdUatiaa *014 of that in untreated control cultures* 

2Nto 	tote-Induced bleak* in virus DNA synthesis a e predicted. 
an early block prevents the onset or a very early stage in DNA 
productions  thus blocking the "initiation" of factories of virus 

sins a 'late block inhibits the organisation of DNA into 
leads, and thus blocks virus saturation. 

1k) Virus anti gene are formed in Tariola-infected hum skin/am:0010 
fi breblaet cells at tesperitures. ranging from 55°.. 41°  C. Ant1461 
detected by complement fixation teats and by fluerescent antibody 
studies develops in the absence of detectable DNA synthesis. It 
is thereftWe possible that Virus-specific proteins can be synthesimied 
in the absenSe of new Virus DNA 87/Athos:is. 

15) An areas'unstSined by the AO stains  lYing lateral to and displacing 
the nucleus in variole.intected human cells contains a site of 
Tartola virus eyhtheSis es shown by FA studies This orea:becoMee 
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reticulate ooncommittently with the merging of lariat DNA inclusionau 
both processes-preceed,the spreading of fluorescence from theme sites 
and from a porinuclear area to involve the citOpleam in general* 

16) Fluorescent antibody atudieth have shown that virua antigen develops 
in TatioleAntected hue= skin/muscle fibroblast cells at temperatures 
at whieh the NP and HA antigeni do not develop* Thus, the CPE 
seen At temperatures in which Mature virus is not produced is canoed 
by an incomplete, Or abortive, 'Virus growth cycle.  

17) InteetiOn with rati.ola vitUs of skin/muscle fibroblaats at bon 
permissiVe temperatures for Vitus growth results in the absence 
of mature or immature virus particles* MectronsMicroseopy has 
revealed a. system of grey masses reminiscent perireplasm surraelded 
by a meibrane which sometimes shows a spiked SUrfaCe* The membranes 
may possibly represent a grotesquely misassembled virus membrane: 

18 There, is little different* in the production of Complement firing 
antigen itiffarVey. and Butlet»infected human skin/MO*01e fibroblasts 
intubited at 35°. 39.56  04 although,  there is au initial delay in 
that produced at 39.5°  C by both strains,' The complement fianit 
antigen produced in Harvey Virts.a0#0° C is suppressed'compared 
with that at the lower temperatures of inOubatiohi' 

19) WO antigenid components are formed in Uarvey-infected human 
skin/MUsele fibroblast cultures.incubsted at 376  and 38.56  C and 
la Blitlei‘inteeted cultures incubated at 376 C Which are detectible' 
as lines of predipitation by gel4iffusion against a hyperiMmUne 
antivaccinia antiserum. Thes components were not detected inliarrero 
infected cultures at 39.5°  C and in BUtler«intedted cultures at.  
38.5°  and 39,5° C in MS series of experimeata. One: line tonp4on, 
was identified with the 'SI component of *ariola LS antigen: 
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20) Harney and Butler viruses differ significantly with respett to 
a) time of onset of HA production at 370  and 38.5°  C4 and 
tO the yield of HA at 39.5°  C 

in human Ak4n/m0aCie fibroblast cultures, The onset of HA 
production during aingle.step growth cycles of Butler virus is 
increasingly delayed at 37°  and 38°  C, very little HA being 
produced at 394,  C. the onset of HA production during single. 
step greeth oyelee of Nee** Virus is not so Markedly affected 
at these temperatures, and an appreciable yield of HA is attained 
at 394°0. Therefore,.-HA production at 37°, 3844, and 39.5°  C is 
conaidered to be a possible marker for the biological characterisation 
Of eatiola *aft; strain* 

21) a lutiagglutination and baeMadsOrption aretaAtra and in situ 
manifestations of a. single factor, haemagglutinin. The inagglatinabi  

of 	 population of fowl red blood cells were not found to 
hameadsaft 

22) Where the infective multiplicity is greater than ems, the yield 
of HA obtained in Variola.infected human skin/muscle fibroblast 
cultures is independent of the multiplicity of infection, 

23) Harvey and Butler virus, tested for production of HA in human 
skin/iUsele fibrobleata, human amnion, human lung, human Conjunctiva, 
turtle fibroblasts Th182.75, and Chick embryo fibroblasts, produced 
HA moat efficiently in human lung cultures. The Harvey strain 
TirodUeed HA at el, 384D  and usually at 394°  C Whereas the Butler 
strain produced HA at 	C enif.  

24) Variola major and minor strains tested for HA production at 0. 40,  C 
in human skinimuscle fibroblast cultures and at 37°, 38.50, and 
394°  C in, human lung cultures formed two broad groups consistent 
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the clinical classification of the, strains* African imriola 
rains tested for HA production at 37°, 38.56frand 39.59  C in 

human lung cultures fell into three main groups, those resembling 
varida major, thou* like variola minor, and those which gave an 
intermediate reeponse* 

20 The ranking order of Afridan wariola strains with respect to HA 
production in buian lung cultures at 3e4 0.5% and 39.5° C was 
not correlated with their rmilAng orders with respect,to the pock 
redUctien teat and the chick embryo virulence testa of Bedson. 
Dumbell, and Thomas (1963) and of "Anibal and Bedsoh (unpublished 
results)* 

26) At optimal temperatures of incubation,the yield of RA produced in 
variola Virus.infected human shin/Muscle cells depends On the 
availability of bicarbonate to the infected cal. Varied concentrations 
of bicarbonate in the culture medium used during infection elicit 
a graded response with respect to the yield of HA produced* 

27) 10-arginine and arginine-rioh histone, and to a lesser extent 
anpartate, 10.1ysine, and lysine-rich histone can replace bicarbonate 
in reversing a msdium,isposed suppression of HA production in 
variola..infrooted human skin/Muscle fibroblast cultures, 

28) A, possible fundamental synthetic pathway in variola-infected cells, 
HVO; 	*rich histones, has been suggested. 

29)all thysue biatone.stimalated HA resembles vaccinia VA produced 
in oar tissue in at least two ways: both types of HA rapidly 

. Autcagglutinete On standing, and both cause a coarse agglutination 
of sensitive 104 *ed blood cells 
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30) the'funotion -of histonerz se to bibarbonate4sstaried Wariola4ifieted 
Sells ie:thoUght to be the replaeseent of that'histoneitot • 
Synthesised ins  such cells due to a lack of pre:Cursor lateriali: 
which is essential for the protection of slong4trot IRNAs from 
the deleterious effects of cellular aucleanee. The-tretalation 
Of IRMA coded for HA say be prevented in biCarbonatesstatired, and 
therefore histonedplackingi varioln+Infeeted cells. It is possible 
that the addition of hittone from an external source stabilises 
the *RNA but with a slight alteration, according to the characteristic 
f the histene Used, to the Coded Osseo 

lications of these findings have been discussed fully in 

the relevant sections of the tote 

In =Allston, the finding that the virus-directed functions of 

the Butler strain of variola ninor are appreciably more therbosensitive 

than are those of the Harvey strain of variola major is consistent 

with the fact that the option* temperature for virus growth and 

release in human skin/muscle fibroblasts was found to be 35P C for 

the Butler strain and 3f C for the HarVey strain of Variola virtu,* 

The ability of virus of the Harvey 'Strain to initiate rampant 

iifection in human Cells in Vitro through prompt release Of mature. . 

Virus:4 coupled with an sbluty to spread VigerOusly even at 381 at  

is likely to fav0Or anclet4helmi4g end :penetrating infeCtibb ► Vivo, 

as is seen in. classical smallpox in inn, Bras (19,2) reported the 

results of 177 ;Wit Morten emmenritions on patients who had died froo 

semilipOM it Djakarta in 1949-4, Gross leeitons of the amiOada of the 



Q  13 

respiratoryand digestite tracts, liver, kidneye,,testicles, and 

lymph nodes, in'adAtien to thotie of the skin, were co On found. 

On the other hand, the slow release ()feature progeny virus and a 

marked sensitivity to temperatures We 3n excess of 354" 0 of Virus of 

the Butler strain growing in Witte in human cells would be likely to 

restrict Virus groWt1 	to the cooler, dermal regions of the 

body, andto result in a more slowly sprWing infection easily controlled 

aborted by the natural defense *30a:items of the host. SUCh 

in man._ ROM 0911), Jorge (1924), and de 'Tong (1956) 

agreed on the benign and superficial nature of alaattim. Patient* 

are only moderately ill and tar- ely deVelop templications ttO aVidenee 

of intents.% disorder indicating that the internal organs are not 

seriously intelted, if at all4 

StUdies on the role of biological compounds in implementing Variela 

virus growth in htman Cells in4itto have suggested that precursor 

Materials neeessety for the normal fUnetioning of the host dells are 

requisitioned fet Vitt* synthetic pathways. Since It seems likely 

that there is arequirerent for cellular arginine fot the synthesis Of' 

Listone essential for the stabilisation of Virus-coded MINN then e 

highly dompetitiVe for precursor material or which is growing 

VisorOusly will be avid for the preoursOr arginine, and as a result, 

will synthesise adequate protection for ORNA from the action of 

cellular nucleases. 
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It is possible that aRNA so stabilised will confer an the 

Virus a higher optimum temperature for growth then will the aRNAs 

of those viruses less avid for the precursor material necessary for 

bistone synthesis. 

It.this is sog  there is an interplay between the nutritional 

requirements of a virus during infection with the thermostability of 

the virus-dirlisted fUnotions and, consequently, with the efticiencl 

of the growth of a virus in its boot. 
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APPEND /X MATER/ALS & METHODS 

Note 1: Viruses 

Note 21 Tissue Culture 

Note 3: M & M for Chapter II 

Note 4; X & H for Chapter XII 

Note 5s M & M for Chapter IV 

Note 6: M & M for Chapter V 

Note 7: M & M for Chapter VI 



0) East Afton 
Variolas 

Pros Kenya: 
Bedeta 	Matsu 
Arogo 
	Juba 

Kibeh 
	

Oduor 
Roses 
Musee 
	

Masi 

Njotho 
Sankt 
nethiri 
Mary 

Kongo 

Helder 
Odhialbo 
Kangi 
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Note 11 Viruses 

1. Virus  Straits 

The fellowitsK 

rains was kindly 

a) Vatic)la Majors 

IS) Ven ola Minor; 
(Alastris) 

invaluable and oomprebeneive range of variola 

supplied by Protemor K. B. Dumbells 

Harvey, Madan (Middlesex, 19e6) 
Meainty, Campbell (01088014 1950) 
Level, King 	(Merseyside, 1958) 

000,1 Young 	(forhshirs, 1952) 
Higgins 	(Staffordshire, 1948) 
Karachi 1 & 2 	(Pakistan, 1961) 
Madras i (Sharma) (India, 1961) 
Madras 2 (Shnhu Mia) (Tudia, 1961) 
mar 	(ndia, 1961) 

Plugge, de Meas. de Jough (The Ma‘ne, 19 ) 
Brazil 10  3, 7, 8, 9 (South America, 1959.4961) 
Venezuela 2 	(South America, 1939*1961) 
Beithwaite (lanosuihire) 
Hattridge (Italy) 
Butler 	(floohda10, 1953) 
Jones, Pinson, and Bell (Bized140u0o 1966) 
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it) rheas Tensaw/kat (1961-1963) 

1,161 	12/61 
22/62 17/61 

2/63 
8/61 

32/62 
6/63 

4) Va 	ss 	meter Institute Strain (egg passaged) 

2. Diluents and Suspending HE.. 

) Glass doubly-distilled water rowed with phosphate - phosphate 

buffer (ionic Arens* 0.01) to PH 7.2  (PBDV) was used  as  a 
suspending medium and diluent far inoculation of virus onto 

the oborioallantois membrane of shift eobtroo 

'eked with phosphate-phosphate 	, 

strength 041 to p1I 7.2 (PESA) wsi used as a suspending medium 

and diluent for inoculation of virus into tissue culture. 

41) 70 glyeerol Cote lined by autoclaving tar 5 minutes at 10 Ibisci,in, 

but ered with phosphate-phosphate buffer (ionic strength 0.01) 

to PH 702 (1430) was used in the preparation Of Virus stock 

suspensions other than those of Harvey and Butler viruses, 
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3. 	Preluaratio-416 of V 	St9,1t 

Fertile hone' eggs were obtained,commercially,from Appleby 

Farms Ltd., Aehford. Kent and were incubated at 384 C.in a 

"Westernette" incubator with hourly rocking for 12 days. 

The egg were candled for viability on the day of use and were 

prepared for inoculation of the chorioallantoie membrane (CAM) by 
the method of McCarthy and DuMbell (1961). 

Virus strains suitably diluted in PBDW were inoculated in 00 al 

aliqUots into groups of eggs in order to heavily infect the CAM. 

Those metbranes of viable embryos showing confluent growth after 

three days incubation at 33.59  C were excised and ;laded 'aseptically 

into universal containers 

Sterile PS:DV (1 ml) 'was added per membrane in the preparation 

of stock suspensions of the Harvey and Butler strains; 1 a PSG was 
added per membrane in the preparation of stock suspensions of all, 

other virus strains used. 

The membranes were shaken vigorously in the suspending medium 

with sterile glass beads to release the virus from the membrane tissue. 

Tlugt re sting suspension was centrifuged at low speed (1000 nonfat 

10 minutes in an MSE bendh centrifuge) to sediment cell debris. The 

supernate was carefully removed and constituted the stock suspension 

of virus.  

Glycerol suspensions of Virus,  were stored in toto at _200  C in 

bilou bottles. 
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Aliquots of *true; suspension (0.1 ml) in PAW were dispensed into 

bijou bottles and stored at 43°  C until needed. Since the majority 

Of experiments to be described involved the use of the Harvey and 

Butler strains, it was considered preferable to store this virus as 

aliquots rather than As a single suspension in glycerol at -20°  C to 

be used repeatedly. The need to dilute out the glycerol before 

inoculation into tissue culture vas eliminated, and also continual 

exposure to large temperature flubtuatione resulting in subsequent and 

unknown losses in infectivity titres of the stocks was aftided. 

PBDW suSpensifts used in en undiluted fora were brOught to physiological 

iSetenicity by the addition of 1 part x 10 concentrated saline to 

9 parts PBDuretspention. 

4. Its% of infective A1:,....*Us 

Stock suspensions and herVested experimental tissue culture 

fluids were essayed for infective Virus on the CAM ahem' eggs 

prepared for inoculation by the method of McCarthy and Dunbell (1961). 

As a routine procedure, two suitable 10-fOld dilutions in PBDW 

were made from the Materiel to be titrated, and 0.1 ml aliquots of 

these dilutions inoculated into groups of 34 eggs per dilution. The 

eggs were sealed with a paraffin-wax/Vaseline mixture, gently rolled 

to distribute the inoCulum uniformly, and incubated at 33.3°  C for 

3 days. The CAI* were excused, and the pock count for each membrane 

made. Infectivity was expressed as pock-forming units (pfu) per M1 
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of undiluted 	suspension or harvest fluid 

', The' pry:virus: particle ratioiwas assumed to be equivalent :for all 

virus strains used. CruiCkshank andliWdson (unpublished results) have 

round the particlesinfeetiVity ratio to be 6t1 14:1 for vario]a 

major and'alastrim 'viruses tested on the' chit* CAM. 

5. 1.1  rte  Inocula 

In the experimental work described in this thesis, it was 

necessary to know the infectivity content of the inoeula of Harvey 

and Butler virus used. VitUs inocula of two infectivity titres were 

regularly used: 
a) "large doses of 	to 10 pfs WitUsotinoculus, end 
) soon 40005 of rue ag 300 pfu virum/inoculus. 

Bsperimenta with all other virus strains were not so critical. As 

ae inoculated cell monolayers were exposed to an infectivi multiplicity 
greater than one accurate adjustment of input inrectivities contained 

in inocula VAS not ni eiaary►. Dilutions of 1/10 (diluting out the 

PBG) of * 	Ons pwovided C41 ma. aliquot a of ins*, 

of a serleien high re tat use. 
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Note 2s Tissue Culture 

1. Culture Media 

The following Cult Ore media were used for the routine growth and 

MAilltablOreee of tissue culture: 

a) Growth mediums Eagles Minimal F e ttfll Medium or Parker's 
199 medium 

• Ininactivated foetal .calf serum 
+ 2% of a 4.4 % solution of Sodium Bicarbonate 
"gamed" with CO2  to pH 7.2 

+ 100 Oil penioillin 
4,  100 egisil streptomycin 
+ 30 pg/il mystatin 
+ 1 peal tylosin 

b) Maintainance Eagles Minimal Etnential Medium or Parker's 

199 medium 
+ 10 % liver digest ultrafiltrate 
+ 2 % of a 4.4 % Sodium Bicarbonate solution 
"gamed" with CO2  to PH  7.2 

+ antibiotics as in growth medium (a) 

The human Skin/muscle tibroblaat cultures used for the study of 

the growth of Harley and Butler, during which samples were essayed for 

infectivity, haemagglutinin, and complement-fixing antigen, were 

grown and taintained on culture media ̀based onEAG MEM. Chick embryo 

fibroblasts were grown in EAG MEM contairivig a 3 %biCarbOnatetolution 
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All other routine bete tauture wave grown and maintained in '199-based 

media, 

2. Cell Strains 

The following primary cell strains were initiated in the Laboratory: 

Rumen Foetal Skin/Hustle FibrOblasts 
ikiran Foetal Lung Cells 
Chick Dabryo Fibroblasts 

obtained as established tissue t urea: 

toriest  Glasgow 

ThT82is7, Turtle Fibrob t5 Dr. Clarke ITSA (Clark & Ito • 96,) 

HUman eon3unativa and human amnion cultures were provided seeded 

tubes and on coverslipO ready for use, Th1B2-.73 cells were sub—

cultured in the laboratory before use. 

3. Culture Me 

 

    

 

a) vitiation of primary cultures 

Ski muse e tissue and the lungs were removed aseptical4 from 

human foetuses of 12.17 weeks gestation to provide tissue for 

the propagation of 	muscle fibroblast cultures amilmacultures 

 

rea 

   

o owing cell etra  

Hunan Con3un a 
Human Amnion 
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Ten.day old chicken embryos were removed 4peptically from fertile 

eggs, decapitatedi and freed of viscera to provide tissue tor the 

propagation of *Imam* chick embryo fibroblasts.  

Eebryetiesue from these three sources was treated as follows; 

Tissue fragMente were washed in PBSA containing 100 0/mi 

penicillin and 100 0/01 atroptomyeini,and then trypeniiied in 

1004 aliquets of a 0.1 % (human tissue) or a 0.25 % (chick tissue) 

trypsitt solution in saline in a waterbath maintained at 35°  C. 

Sterile, teflon-Coated magnets placed in the t 	lunation laaks 

and used in conjunction with external rotating magnets kept the tryystn 

Solutions and tissue in constant agitatien After 30 and mutes the 

eupernate was decanted and replaced by a fresh 100 ml aliquot of 

trypsin. Trypsitisation was repeated until the required amount of 

Cell aUspendion had 'been obtained, Cr until the' tissue supply was 

xhausted. The Cells in the dedanted' superhated were Sedimented by 

Centrifugation at 1066 rpm for 10 minutes. Cell pellets were rea. 

suepended'in 10 al growth medium minus calf serum. 

Sudpensions of chit* embryo fibroblasts were subjected to a 

viable count,. and diluted 4th complete growth medium to give concentrations 

of 2.5 x 10Cella/m1 mediuM. Aliquots (1 ml) were dispeneed into 

tubes. The tubes were gently shaken to ensure an even distribution 

of CellSi and inoubated at 37°.9ftsr 44 bOUrs . nntil confluent  
mon014yers had tereed. The Monolayers were then ready for use in 

virus Studies. 
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The volume of the Suspensions of human skinimasOle fibroblasts and 

human lung cells in growth medium minus calf serum was made up to 

80 ml with complete growth jedium. The resulting suspensions were 

dispensed as 40 el aliquots into 12 on medical flat bottles. The 

bottles were gently shaken to ensure even disttibution of the cells, 

and left to incubate undisturbed for 48 hours at 37°  C. After 48 

bouts the bottles of cells were fed with feesh growth medium where 

needed, and subcultured for use in virus studies and for the continued 

propagation of the Cell strain, whet the monolayerslad become 

Confluent. 

Subculturing of cell strains 

(human Skin/Muscle fibroblast cultures, human lung 	and 
ThlB2•75 turtle fibroblast cultures) 

To one Confluent 12 os bottle of cells, 2 ml of a 1 % trypsin 

solution was added and left in contact with the Sell sheet for 30 

Seconds and then 'carefully decanted. The residual fluid was sufficient 

to complete cell stripping Within 1.4 minutes at room tomperature. 

tChen the 0411 sheet began to break up, 2 ml geowth medium 

atone calf serum was added and the cells gently resuspended. The 

suspenSion was made up to 80 ml with comilete growth medium and 

dispensed as 46 ml aliquots in 12-os bottlesfar continued propagation 

of the cell strain. If tonelayets in tubes for virus studies were 
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requited*  then the 	0UsPensiens were made-  up to 10 ml with, 

Complete growth. medics and diepeneed as 1 ml aliquots in tubes. 

Coveralip cultures were prepared by seeding 0.11 ml Cell 

suspensions per coveralip. 

,Bottles and Woe* were gently shaken and incubated at 35.31°  C 

and rated when necessary until Confluent monelayers had formed. 

Since it seemed isTortant to use cells in a similar metabolic 

condition tat each experiment (Smith and Sharpe, 1960)*  those mono*. 

layers Oich had attained confluence overnight were loped fop Visits 

studies. 

Because of cell, dugs  it 	difficult to perform a 

meontngfUl Viable 41 X11. count 	to each seeding of, monolayers* 

Therefore, as a standard procedure. 10 tubes were Seeded from the 

ContentS of , a 12 oz confluent bottle of cells. The seeding rate 

was estimated to be approxiSately 3 X 	celis/tubooi 

c) 	Cultures of, cells (human amnion* human conjunctiva) received 

through the post ready for use were incubated overnight at 37°  C after 

the transit medium had been replaced by fresh maintainanee.medium& 

Tlss procedure allowed the cells to stabilize before use in virus 

studies. 
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G 

12 es bottles and bacteriological test Tubes to be 

used for tissue culture were washed in "Pyroneg", rinsed in tap water 

and several changes of glass double*distilled water, dried and sterilized 

by dry beat. Bottles were screw*capped using silicone-rubber washers, 

and tubes were :stoppered with non*toxic rubber bungs. 

soda-glass coversliye (1" x i") for use in cytological studies 

were rinsed in absolute alcOhol and sterilised by dry heat. 

Incubators 

Extenisiste use was and. of temperature. ranging tram 25°*,  410  C 

or the incubation ,of infected cultures and uninfected controls during 

he experimental work. 

The following arrangements were made: 

..c constant temperature rencmt maintained at 25°  C by therm** 
statically-controlled infrared heat lamps 

C * thormodtatiCally controlled large*dapacity incubator in 
which air sircOlatiOn was maintained by a fan. The incubator 
temperature was adjusted to the required temperature and ihe 
constancy of temperature was checked by observation of 

thersOmeters platted near the incubated materials. 
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36°. 40°C - thermoelectronically-controlled Melee incubators 
provided with fans for efficient air circulation. 
Incubator teaperatarea were monitored using an electrical 
temperature recorder with display chart Orantos Instruments, 
Cambridge). IncUbators were kept in an ambient temperature 
of 25°  C and were opened only when experimental work made 
thin necessary. This step ensured that the temperature 
fluctuation was less than 0.5°  C. 

470  C, . a small faneoperated incubator with a temperature fluctuation 
from 41°  to 42°  C. The bulbs of thermometers immersed in 
10 on bottle* Containing water' and a liquid paraffin deal 
were placed in strategic position* in all incubators and 
temperatures were checked regularly« 



201 

Note 31 (Chapter 1/) 

. Philtirltotte2 Growth 	Bcperiments 

Confluent:mosolayere in tubes were4noculated with virus at the 

rate of 300 pet Virue/tUbt. The virus was allowed to adsorb for two 
hours in the stationary state at the temperature of incubation for the 

eareriment twf011ow. The inoculus was removed lame the cell sheets 

wafted with warm PBSA to remove unadeorbed virus. One sl of maintainanee 

medium was added to each tUbesand the tubes were placed AIM required 

tesperrature for incubation. Implicate tubes were *sampled for each 
virus strain at 4 hours (baseline) and thereafter every 24 hours from 

the time* of infectiOn for sip days. During sampling* the se:Ornate* 

tros each pair of tubes were removed and pooled. One ml of fresh 

maintainance radium was added to the respiring cell sheet in.each tube. 

The cellular and supernatant harvests were then stored at -200 C until 

titrated for infected Virus. 

On the day of infectivityoessay, the specimens were thawed. 

Cellular'filetionsmere subjected to two fUrther cycles' of freezing 

thawi to liberate'oellular"virus, any Menolayar aril remsini~ag 
attached to the glass being removed and resuspended in. the Mediuiby 

Pairs of Cellular fractions were pooled.' Both the supertates 

and the ellular suspensions were then **Jested for 30 seconds 

tank: Headlandc Londoni operational A 80 lolt/S)'leak 
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down cell debris and to dierupt any viral aggregates. The samples were 

then titrated in egg, at suitable dilutions, and the titre of cell« 

associated and free, extracellular virus contained, respectively, in 

the cellular and supernatant fractions was calculated. 

20 	 ix4e-pla  Orowt 

 

Ex-;+s 
-supermatente- 

 

Confluent mono era in tubes were inoculated with Virus at the 

rate of tD phi/tube in order to expose all the cells to virus during 

the absorption period. The virus was adsorbed f©r two hours in the 

stationary state at the temperature of incubation of the experiment. 

The inooulum was removed and the Cell sheet washed three times with 

warm PBSA to remove unadsorbed Virus, be 	of &significant quantity. 

One il of maintainanee medium vas added to each tube and 'the tubes 

placed at the 
	truce of incUbati,on. 

Duplicate 	were sampled for each virus straits at tour hourly 

intervals after infection until 28 hours, and at 38 and 48 hours. 

The cellaar:cud supernatant frattions of each sampling were treated 

and assayed tar infectious virus in the same way as described for the 

sultiple.step growth -0yd* samples. 
The cellular and supernatant samples harvested during the single- 

step 	0.7cles were also assayed tar compUment.tixing antigen 

and `or 	 segglutinin (Bee Note 
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Note 4: (Chapter III) 

CPE .16111.111101,  

Confluent monolayers of human skin/muscle fibroblasts in tubes 

wed inoculated with 0.1 sa. Harvey and Butler virus suspension 

containing (a) 106  u/inoculus and 40 300 Pritvirusiinocaitau The 

virus was absorbed for 2 hours at 23P 0, the inoculum was removed, and 

1 el of fresh naintainance medium was added per tube. TUbes were 

then incubated in duplicate at the required temperatui  

Those tubes inoculated with a large dose *faints were then 

observed four.hourly for 24 hours using a 'ticker r e microscope adapted  

for phase contrast microscopy,  by the addition of the MeOarthy apparatus. 

Those tubes inoculated with a small dose of Virus were observed by 

phase contrast microscopy twice daily.. 

2, 	C 	h+oaical Methods 

Human conjunctiva and human amnion cells (obtained from PLOW 

Laboratories, Glasgow), human skin/muscle fibroblasts and chick 

embryo fibroblasts were grown to secdconfluence on sterile 1" xi"  

coverslips, and were infected with 10 guldrus/Coverdlip• The 

inoculue was absorbed for 2 hours at 2,4$  as removed, and 1 ml medium 

added to each tube in which the coveralip culture was Contained. 

Cultures were incubated at the required temperatures and harvested 

for Oytochemical studies as required. 
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g Method for Nucleic Acids 

.tares were rased briefly in PBSA pa 7,4 and fired 

in absolute alsehol for 10 minutes* Staining was carried Out in 

20 (AO) in MollVelsets citrate. 

es* Coverslips were then washed 

for pH 2.6 and mounted in 

erol pH 7.4.* Preparatione were sealed with 

or the presence of cytoplasmic virus DNA 

microscope and 011.ioseraion lens 

After Staining with. AO, RNA.containing Co 

Cand DNA-pcomtnirtng 000Ponento 

Sfie fowl red bidcells (RBC) contain nuclei which stain 
green in AO treated preparations, haesadosorptionhy infected  cove 

of agglUtinahle fowl RBC can also be studied by AO staining 

Coverelip Cultures are flooded with a 1 % suspension of agglutinable 

RBC and incubated for i. hour at 312  C with mcassionalagitation to 

resmspend =adsorbed RBO: The coverslip* are than washed well in 

PBSA, fiXedir and stained in the usual way* 

b) Vim cent Antibody Sandwidh Technique for Staining Virus Antigen 

Coverslip cultures were fixed in acetone for 10 minutes, airwdried, 

washed thorOughly in PBSA, and redried by blotting. Tbs coverslips 

were plaided in a moist chamber, flooded with two drops of a 1/10 
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dilution of, a hyperimmune 	ivaocinia antiserms, and incubated for 

30 minutes at 374  C e. 

Preparations were then washed in four changes of PBSA for a total 

time of minutes and were replaced in the moist chamber. 

=lips were flooded with two drops of fluoreslein.Conjugated 

anti-rabbit globulin (sheep origin.,  Obtained from PrOgressive Laboratories 

Ins., Baltimore, U.S.A.: cat. no. 928) and :re incubated for ,o minutes 

at 370  

Alter a further washing in tour changes of PBSA for 13 minutes, 

coverslips were mounted in 20 phosphate-buffered glycerol pH 7.4 and 

examined using an ultraviolet light-illuminated microscope and oil. 

immersion lens. 

Areas of virus antigen 	e ed 

of dim non-spec:MOflu a se a given b Cellular 

e tee of virus antige 

y counting the number, and 
orbit* vale and cells containing 

DNA-incluni 	co clip cultures incubated at a range 

of temperatures and ined with AO. The number and percentage of 

rag,*t nomber of DNA inclusions was also calculated 1:y 

t ag tom. fiber of DNA inclusions in infected *elle. Frequency 
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polygons (rigs. 10.15) were constructed from these results expressed 

in percentages. Hydroxyurea obtained from gigmat.London was used in 

the .quantitative studies as described in the text. 

d) °lour PhotcgraOhr 

Photographs were made as transparencies using Kodachrome II A 

(ASA 40) and.  EktaOhrese (ASA 125) high speed film for artificial light 

produced by Kodak Ltd. using Gillet and abort (London) photographic 

equipment for use with microscopes. The W.light illumination source 

was turned to maximum brightness giving 1/10 to 'I light unit reaching 

film plane in the camera. Ekposures ranged from 1.5 minutes using 

Ektaehrome film and 2.5 minutes using Kodachrome /I A. 

,Prints were processed from the resulting transparencie 

Ltd. a  Hemel Hempstead, 

Electron .Miaroscoyy 

Cultures of human shin/muscle fibroblaete grown to confluence in 

hours in Petri &Obis were prepared Using a growth medium ogasictiag 

Wiles Minimal Essential Medium 
+ 10 %tryptose-gemphate broth 

10 % feetal calf serum 
+ 2,% of a 4.4 % bicarbonate solution 
to a pH of 7.4 

sad with CO2 
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infected with variola virus as described in the 

10 % liver digest + 2 % of a 4.4. % bicarbonate solution 

maintainance medium and were prepared by Dr. J. G. Cruickshank for 

tron microscopy in the f011owing war: 

Infected monolayers and moweected control monolayers were washed 

Whom* Solution A and removed from the glass surface with a 

liceman The pellets of suspended cells were fixed immediately 

in 	% gluteraldetyde in 0.1 M phosphate buffer, wasted overnight in 

buffer, and postµfixed in buffered osmium tetronide. The 

les were passed through 	alcohols (20 %. ,50 %. 170 %. 90 %. 

te alcohol) and embedded in pre-polyme ed me 	late 

(1 Part Meth Ai parts butyl) which was then polymerised overnight at 

t 	of embedded samples were cut on the model liff Porte loam 

were examined  in the Siemens Moscow i at 

as> 	.fications of 2000 • 20,000 24 Photographs were made of interesting 

fields of view. 



Icod cells stored in Assevars 
tive solution washed three times in 

uent and made to a 4 % suspension. 

Red blood cells 
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Note 34 (Chapter IV) 

Complement Ifixat 

 

Tests 
41MINOMMINIMMI 

 

ethod used for the omplement fixation testa was based on that 

laid doses by Bradstreet and Tay lOr 0962). 

(a) Materialist 

standard antise 	a bypittamaine antivaccinia rabbit antiserum Used 
at a ittlutieti Of 1/3204 the Optimal litre of the 
arstisOum as deterred nainst a Standard . antigen 

d fromHso4ey4stfeoted chick enhryo CAM. 

antigen fourAourly 	ular and supernatant samples harvested 
during the Course of single.step growth cycle* of 
Harvey and Butler Viruses labs*** skin/00001i fibroblasts 
(see note 3). 

Ca". 	uent designed tor the complement fixation test 

(b) Methods 

A unit.  use of 0.1 ml was employed throughout the test. The 

asethtsd of 1 
	

fiti.on was used. Each test antigen was dispensed in 
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duplicate in the undiluted form and in doubling dilutiOns from 1/2 to 

1/64 in two adjacent rows of wells in perspez "agglutination trays", 

Unit volumes of standard antiserum at its optimal titre (the test series) 

were added to one row of antigen dilutions, and unit volumes of diluent 

(the control series) were added to the second row. Agy anti.* 

eodplementary activity contained in the test antigen material was 

thus detected and measured in the control series and could be taken 

into account When the final readings of the tests were made. 

Complement at a concentration of 3050  was then added to each well. 

Control wells in Which Complement, Or antigen, or antibody bad 

been replaced by diluent were set up along with a cell central oonta4ning 

3 unit volumes of diluent and to which only sensitised cells were to 

be added later in the test,. A complement titration, involving wells 

conta4p1,1 040 e, up $00  and 3030  complement and two volumes of 

diluent in each well replacing test antigen and standard antibody, 

was made to ensure that the working concentration of complement of 

30,0  had been maintained and used in the test* 

Plates were covered to prevent evaporation and were stored 

overnight at :.:40  0* A 4 % suspension of sheep PBC was sensitised with 

an equal volume of haemolytic serum at its optimal sensitising 

concentration and placed in a waterbath at 37°  C for 10 minutes to 

complete the seldlitliation of the celia. The sensitised cells were 

then stored overnight at 4°  C, 



210 

On the day of the test, plate* were warmed in a 3114)  C incubator 

for .30 minutes Sensitised cells were returned to the waterbath at 

C for 30 minutes* 

One volume of sensitised cells was delivered to each well. Platen 

were inenbated at 37°  C for 30 minutes with shaking at the beginnings  

after 15 minutest  and at the end of inctibation. The cells were allowed 

to settle at 40'C before reading the results of the tests 

The results were graded according to the degree of fixation of 

complement. The endpoint was taken as being that dilUtien of test 

antigen Which gate 30 % fixation (30 % 4610 or a.  reading of 2 as 

the method of Bradstreet and Taylor. 

(j) .Ce fluent monoloyers of human skin/muecle i,brobiaas grown in 

12 et medical flats were infected with 10P 00 per bottle of viral of 

the Harvey and Butler strains. Absorption was carried out at 230  C for 

2 hours and the inoculum removed. 35 ii of maintainante medium was 

added 	bottle and one bottle of infected cells for each virus 

strain incubated at ew  38.3°, and 39.5°  C for three days. The be tlen 

and contents were then stored at s.20,  C,until the day on which the 

antigens were to be prepared* 
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The bottles were thawed at roost temperature and the Cell samolayers 

resuspended into the sepernates using "robber policemen"., The antigen.. 

containing materials were then dialysed in 8/32" Vin tubing againmt 

distilled water at 4°  C with daily changes of distilled water for 

seven 

The contents of the dialysis ass were transtered to 250 ii. 

centrifuge pots capped with viSkin tubing into Which had been, cut a 

slit* The antigen-Containing 'elution* were then enellerresen in a 

mixture Of acetone and solid CO2  and dried overnight from the frozen 

State in an, "Nxel-Virtis" lyophiltsation apparatus. When the "Piranin 

gauge for total gases and the ”Oenevecu gauge fOr dry gases gave the 

same reading indicating that all moisture bad left the frown samples, 

the drying process vas complete. 

The lyophilised antigen material was harvested and the separate 

ample* H370  H386, g394, B37, 13384, and 339.5 were made up to a 

concentration of 100g/ill in saline. A concentration of the antigenic 

material of approximately seventy-fOld bad been effected. 

ii) Concentrated suspensions of Barmy. Virus in PBDW prepared from 

the infected pm of bona' eggs and separated from cellular debris as 
described in Note 1.3 were used as concentrated preparationa of 	. 

*foto* soluble antigens from egg after. adjusting to isotonicity with 
10* concentrated saline. 
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all) Egg preparations of Harvey soluble antigen in bijou bottles 

were incubated at % C for :2 hours in a waterbath to proVide preparations 

of heated Imo:Iola isolable antigen* 

Preparation of the Ouchterlony Plates 

5 ml aliquots of a 1 % solution of New Zealand noels' agar in 

saline containing 1 part in 10000 of sodium aside and stored in the 

fluid Phase at 56* C were dispensed into 	petri. dishes* The agar was 

ed to gel in the petri di ea at room temperature*  and when cold 

eat en isometric pattern of wells was cut into the agar 

mm apart using a perspes teeplate and a 

cutter Sharpened from the inside* 

Antigen or antiserum was added to the wells as required until the 

meniscus 5ust disappeared* Plates were left to develop for 24 to 48 

homes at root temperature and then examined for lines of prectiMation 

lisesagglutinetitet  Tests 

Yredh fowl cells, collected in an equal volUme of ewarle  

pitratedeXtrose anticoagulant from birds with known poxViruis 

haemagglutininsensitive NBC, were used* Before , use, the NBC were 

wed three times in PBSA and made up as a 1 % , suspension containing 

1 % normal heat...Inactivated rabbit serum to stabilise the red cells 

and to preeent non-specific auto agglutination* 
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A unit Volume mf 0.43 11 was used throughout the test. The 

diluent was pBSA. 

Cellular and eupernatant samples collected from sine...Step growth 

proles of Harvey and Butler virus in human skin/Smscle fibroblast 

cultures (see Note 4) and stored at .0200  C were thawed and ultrasonicated 

ter 30 Seconds to disperse aggregates of HA which are known to occur on 

storing' in the frozen state (neff, As:kerma-nut  and Preston, 1965). 

OadOles wore dispensed in the undiluted form and as doubling 

dilutions from 1/2 to 1/64 in rows of wells in perspes "agglutinatiOn 

trays 

A sample of known haesagglUtinin titre was alto diluted as a 

positive contra Uninfected cell material was diluted as a negative' 

control, and wells containing diluent only (to which RBC were to be 

added) acted as cell controls. 

One VslOmi of 0 BBC suspension wan added to each well and Pla ea 
incubated at 37 0 for 9 hOur 4th 4haking before incubation, after 

134 30i and 45 iatutet, and at the end of incubation in order to 
rebuepend the RBC. 

Plates *ere left at 	temperature for i ho *,and the results 

wese recorded when the cells had settled. 	% haemagglUtination was 

recorded as e+', and au estimate of lesser degrees of ItaemagglutiliatiOt 

(73% 30 %. 43 %) and trace (t) haemagglutinatioh was noted. 

Spot haemagglutination.inhibition tests were performed on pesitive 

sasiples on samples giving doubtful results in order to Confirm that 



haemagglutinstien was specific. Duplicate dilUtions from undiluted 

to the highest dilution known to have given baemagglutinationy were 

made for each sample to be tested. One series of dilutions was 

incubated for one hour at room temperature with 1 unit volume per 

well of a 1/64 dilution of a hyperimmune antivaccinia rabbit antiserum, 

the other series of dilutions with one volume per well of diluent as a 

positve control. One Volume of 1 % suspension of RBC tots then added to 

each well. and the plates were incubated as described for the straight* 

forward haemagglatinatioa test. 

If positve haemagglutination reactions are specific for virus 

haemagglutinin then antigen incubated with antiserum shows no 

haemagglutination as compared with the expected titre given by the positite 

control* Immune sera fail to inhibit hae 	lutination if this, is 

non-specific 

Although it was impossible to conduct all haemegglutinIxt as ay. 

on the same day with BBC from the same fowl, conditions for the 

titration within each group of growth samples were constant* and 

positiVe controls of known titre were included in each group of 

samples so that valid Comparisons of results obtained on different 

occassions could be made. 

2 
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Note 61 (Chapt V) 

10 atemsapaesaulutinis 

a) Hasmagglutination teat (see method described in Note 5.3) 

The cell monolayer of each sampled culture was resuspended into 

its supernatant, subjected to 30 seconds sonication, and like pairs 

of culture material pooled. These constituted the test antigens and 

were diluted for BA assay. 

b) Aaemadsorptitit Teat 

0.2 ml of a 1% suspension of agglUtinsbIe foul RBC in saline were 

added to the culture mediUm of the monolayere in tubes to be tested 

for haemadsorpthen (BAD). The cultures were incubated with the BBC 

at 37°  C for 1 hour 'with occassional shaking to-resnapend Unadderbed 

BBC. Nonolayes were then Carefully washed twice with warm PBSA s.  and 

1 ml of fresh maintPinAuce medium was added to taehtnbe.,.  Cultures 

Were examined 11.Poceecntrast aao*oscopy, and ah estimate Of the 

extent Of HAD. if aAy, was made. 

) Quantieatiee Ha *adsorption Method (Pinter, 1964) 

0.2 mi of a I % suspension in saline of agglutinable fowl RBC 

was added to the culture medium of monolayers in tubes to be tested 

e cultures were incubated at 37°  C for 1 hour with occassional 

olokftg to resuspend mnadeorbed BBC. Supernates of tubes were decanted 

and monolayers were washed twice with PBSA. 2 ml of distilled water 
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was added to each tube to lyse the adsorbed RBO. After 10 minutest  

vihetHhae004sis was complete„ tubes were placed in a waterbath at 

37° C for the miming of contents by convection to ensure a uniform 

concentration of haemoglobin without unduly disturbing the cell 

monolayers. 

The absorption and percentage transmission given by the resulting 

haeMOglain ablutions was determined in a Beekman speettephetemeter at 

At wavelength of:410111A at which point oxyhaemoglain shows a maximum 

peak. The results Of the different saMples were co 	d. 

2. of Eeemasg 	ouS 

-Continent tube 	turee,ofthevations 0411, types 
described in the text were inocUlated with 1b pfu Virusittibe of the. 

Harvey and %Ale*,  straits of Variola. Absorption Was carried. out at 

, C for 2 bents -  the inoculum was remelted, and 1 ml freak maintainande 

medium was added to each tube. Tubes were then placed at: the 

appropriate temperature of inctibatieh in groups representing each Watt 

and each cell type. 

The haeMadsorption test was applied to cultures from each group 

sampled at 24 atd,44 hours, and the haenagglutination test to cultures 

sampled. at 72 hours. 

&W. 
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Confluent tube monolayer cultures of human skin/muscle fibroblast 

Sells and human lung cells were infected with 0.1 ml aliquots of 1/10 

dilutions of highotiired glyeerol stock suspensions of variola virus 

strains stored at .20°  C Suoh.inocula were sufficient to give an 

infective sulti natty of greater than one in each mono er. Absorption 

was carried out at .23°  C for 2 hours* the inoeulum removed, and 1 ml 

er f esh ma/ate:inane* medium (Note 2.1) added. Tubes were plaCed in 
duplicate at the appropriate temperatures tor incubation. After 3 days* 

the cultures were harvested and yrepared for.assay of the haemegantinin 

content (Notes 6.1 and p.3). 

The following virus strains ware ujed: 

human ski n/Musole fibroblasts: 

Miens,  Campbell*  McGinty*  Level*. King*  linden~ lounge Bombay 
I, 
 Maria (Madras 1), Shuka Ml a (Madras 2)*  Karachi 10  Karachi 2 

1 

 Brazil 1, 3*  7, 84 94 Venezuela 2, Winkel, de Haas, Bell 
Jones*  Hartridge*  Haithwaito 

TisSeSyika 1 2/63, 22/62, 32/62  

Kenya t Nlothor Bedeta 

) in human lung cella s 

major fffinins* Minden*  Level, King, Moan, Bomhar 



218 

min 	{Mugge Winkel Haithwaite Brazil 1,7,. Vanesuela 2. 

Tanganyika {6,63, 1/61,.8/61 0  12/61, 17/61, 22/62, 32/62, 2/63 

Kenya fKibet Bedeta, Wathiri Njothoo Semat, , Jabuya, Odhiambo, Kenos, 
laika Mary Kenai Hjami, Arogo, Kongo, Mutes, Oduor, Helder, Mauna 

Experiments  with three basic culture media 

a) materiels 

Eagles Miami Essential Medium , 
4.1+ % Sodium bicarbonate solution 
lfter digest ultrafiltrate 

 

obtained from Burroughs 
Wellcome Co., London 

  

Parker+a 1993 	obtained from Glaze, Ltd. 

Eagles Basal Medium buffered with HEliES (See note .laii) w 
constituentands up from the l 	ingredients according to the formula 

for Eagles Basal Medium, and contained 0.11 g % bicarbonate 
nlisedu 199 + 10 % 7.iv digest nitrafiltrate was prepared by 
incubating 199 + 10 % liver digest ultrafiltrate with monolayer 
of mitabolising uninfected human skin/muscle cells tor 4 dam. 

b) Method 

Confluent 1103302.470143 in tubes of human skininnisole fibroblasts were 

d with 106  pta per tib 	Vino of the Harvey and Butler strains. 

Absorption was carried out for 2 hours, the inoculum removed, and 1 ml 

of the appropriate culture medium as described in the text added to each  
tube before incubating at 37°  C.  

Infected cultures were sampled at 24 hours for the haemsds 	on 

teat and at 72 hours for the haemagglutination teat. 
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Note: 7 (Charter 14) 

Materials for Nutrrittonal Studies 

a) Basic Media 

I41100  minimal Essential Medium, Eagles Basal Medium, and Parkar!s 

199 medium obtained as described in Note 6.4 were used as basic media. 
The following buffering systems hare been used to buffer the basic media: 

i) 2 % of a 4.4 % sodium bicarbonate solution with a gaseous phase of 
5% CO2  in air (the bicarbonate concentration was reduced as required). 

0.646 000 al medium of WM 01-2-hydr4motbripiperasino-N0-2-
ethane sulphonic acid) (Good et alio  1966) REM-buffered Eagles 
Basal Medium contained 0.11 g % bicarbonate, 

iii) Trio (hydroxymetbyl) aminomethane buffer at a final concentration 
of 041 M. 

The basic media were supplemented aa described in the text with 

the following biological compounds: (obtained from Sigma# London) 

leaminO acids (listed in text) Grade A 
54witamime (listed in text) Grade A 
Calf thymus DNA 
Yeast extract RN 
Adenosine trirbeerhate 
D44ibose 
BIlatitrUiline (Grade 1) 
Caxobamyl phosphate, 

Dilithive salt 
Creatineiqe (practical grade) 

Phoerheoreatine hydrate, sodium salt 

Calf Thymus histete 
(typeII crude bistone) 
(type ;I/ lyiline.rieb,hietone) 
(type IV :itremine4.!rich histone) 
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b) N paris ental media of Mosley and Enders (1962) 

Medium for: 

(i) screwcapped cultures 	(ii) cotton*plugged 

10xticn centrated 199 
13.33 solution Na2HP04412020 
1 M trio buffer' 
4.4% NaH003  solution 
Distilled Water 
1 u HCl dropwise tot 

ml 
0.1 ml 
0.1 ml 
0.5 11 

8.3 ml 
pH 7.0 

1 03. 
0.4 ml 
0.1 at 
1.00•041.110 

8.8 ml 
PH 7.2 

cottonspaugged.eulture 	inenbated in a It Ldified atmospbe 

Confluent monolayers in tubes of bbl +n  skin/Muscle fibroblasts 

were inoculated with 106  pfu per tube of Virus of the Harvey and Butler 

strains. Absorption was carried out at 2? C for 2 hours*  the inoculus 

removed* and 1 ml of the appropriate experimental mediun added to 

each tube as described in the text. 
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