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INTRODUCTION

A. Statement of the problem

In order to study any virus adequately, a sensitive and reprodu-
cible assay procedure to determine the number of infectious particles
in a given sample is valuable.

In the past, investigations of Colorado tick fever virus (CTFV)
have been performéd gsing theltube dilution method of assay in mame-
malian cell cultures. This procedure consisted of inoculating culture
tubes containing monolayers of susceptible cells with serial tenfold
dilutions of virus. After several days of incubation, cytopathic
changes or effects (CPE) in the cells and pH changes of the medium
were noted. The titer, in terms of the dilution of virus infeoting
50% of the cell cultures inoculated (CGIDSb)’ was then calcqlated.

The CPE, in the tube dilution method of assaying virus, is qualita-

tive and can be used quantitatively only when several dilutioﬁs and
mutiple cell cultures at each dilution are used. Another method of
analysis,‘called plaque assay system, isvmore practical and perhaps more
sensitive for use quantitativély. For example, plaque counts made from
15 to 30 petri dishes or plates would be as significant as the results
obtained from 1200 to 2400 culture tubes (Dulbecco and Vogh, 195ka).

| In the plague assay pfocedure cell monolayers are infected with
dilutions of virus suspension. These infected monolayers are then

overlaid with a semisolid nutrient solution which helps to limit
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the spread of virus frgm an infected cell to neighboring cells., As
a resu;t local macroscopic areas of CPE, or plaqﬁes,develop; If the
monolayer of cells is then stained with a vital stain such as neubral
réd, the plaques become visible as clear areas in-a faint red back-
ground,

Accdrding to the one particle theory, each focus of infection is
initated by a single virus particle or aggregation of particles not
divisible by dilution. Thus, the plaque assay method enables one to
determine the number of infectious particles, or plaque-~forming units
(PFU‘S), per unit volume. The value of such a system is evident., For

'example, during purification procedures the loss or gain of infectious
 virus per unit volume following éach physical or chemical maﬁipulétion
of the virus suspension can be followed with accuracys Also, any;work
related to the stability of a virus to certéin chemical and physiecal
effects would give more significant data, Furthermore, studies related
to attachment or adsorption kinetics, single-step growth curves, virus
mutants, general characterization of viruses, etc., are possible and
more meaningful with this systeﬁ.

A plaque assay method for enumerating infectious CTFV particles
was described in which the A-l embrybnic hamster fibroblast strain was
used as.the host cell (Delg and Watkins, 196L). Farly attempts to re~
produce these experiments were unsuccessful;l Furthermore, personal
efforts to acquire the A~l cell strain were unfruitful. Thus in order
to study this virus adequately, 1t became necessary to develop another

technique in which a different indicator cell was erployed,

Gardner, Co F., "Personal Communicabion," 198l



3
The need for a plaque assay procedure using a stable cell line became
more acute when it was noted that thé A=l cell strain had undergone
varlous changes following numerocus subcultures. These changes appare—
ently affected both the susceptibility of the cells to CTFV and their

viability under an agar overlay‘medium.1

——na

B, Review of the pertinent Liberabure on Golorado tick fever virus

1. Early history

An account of clinical symptoms of Colorado tick fever was first
given by Becker (1930a), His description and classificabion of this
disease indicabed thal the causative agent was either an abtenuated

strain of Ricketbsia rickettsil or some entirely different agent

(Becker, 1930b), Prior to this time, the names "Mountain tick fever"
and "American mtuntain fever" nad been used.synonymously'to describse
this disease. A decade later, Topping (19L0) conducted a study in
which certain epidemiological observations were made while attempting
to isolate the causative agent from afflicted individuals, This ine
Vestigatof‘found that tick bites were always associated with the
disease, aﬁd all evidence pointed to the tick as the transmitting ageht.
.In this study, guinea pigs, monkeys, rats, mice, and chicken embryos
were inoculated with various preparations of blood, serum, or spinal
fluid from patients having Colorado tick fever, but all attemtts to
isolate or observe spirochetes, parasites, or rickettsiae from thése

experimental animals were unsucessful,

2, Tsoldbioh of CTRY

Florio, Stewart, and Mugrage (19LlL) were able to isolate and pass

% Deig, Fo E., "Personal Communicabion." 1966
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the virus in hwﬁan volunteers and hamsters by injecting blood or serum |
from a patient in the febrile -pha;se of the disease., These same workers
later detem:j_ned that the etiological ager;t of Colorado tick fever was
a virus, and that the ageh’o was filterable through a membrane with an
average pore size of 2l mu (Florio, Stewart, and Mugrage, 19L6),

Koprowski and Cox (1946) adapted CTFV to mice and developing chick
embryos ‘by serial blind passage. Virus was found in brains, spinal
cords, hearts, spleens, lungs, and blood of :Lnfecﬁed mice, Tﬁe highest
cohcen‘orations were found in brains and spinal coxds, These same authors
(1947) tound thst after 1 days of age, mice began to develop a natural
resistance to infection with increased age., For example, 50% mortality
was obtained if 21-day-old mice were inoculated with a dose giving 100%
mortality in newborn or suckling mice. Ai‘ter the mice were 28 days
of age, they no 1énger died when given massive doses of CTFV. Tne
higher susceptibility of the suckling mouse obviously made this animal
the principal means of isolation of the virus from naturally infected
ticks and humans (OLiphant and Tibbs, 1950), More recently the use-
fulness of tissue culture for such isolations has been recognized

(Prckens and Luoto, 1958).

3¢ Transmission and clasgsification of CTFV

Even though it had been knowm for several years that ticks trans-
mitted the etiological agent of Colorado tick fever, it was not until

1950 that the virus was isolated from wood ticks (Dermacentor andersomi)

found in nature (Florio, Miller, and Mugrage, 1950a), This established
CIFV as the first known tick-borne virus in the Western Hemisphere,

These investigators also isolated the virus from De varisbillis and re=-
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ported that both of the above-mentioned ticks were capable of trans-
mitting CIFV transovarially (FLorio et.al, 1950a; Florio, Miller, and
Mugrage, 1950b), Recently, hklund, Kohls, and Kennedy (1962) re-
ported'that D. andérsoni appeared to be the principal vector of this
agent as far as transmission to human beings is concerned, Further—
more, they were unable to show that transovarisl passage of this virus
occurred,

CTFV is trensmitted by an arthropod vector and therefore, is
classified as an arthropod-borne virus (arbovirus)., Neutralization
studies (Koprowski and Cox, 1947) and complement-fixation tests (DeBoer
et al, 1947) revealed that this virus was not antigenically relabted
to any éther.arbovirus. It Ssy therefore, classified as an ungrouped
arbovirus.

he Tissue culbure studies

Pickens and Luoto (1958) were the first investigators to describe
the isolation and propagation of CTFV in tissue culture. These workers
were able tolisolate CTFV from infected mouse.brains, ticks, and human
and monkey blood samples in cultures of KB human epithelial carcinoma
cells, In some cases, a blind passage was required before the virus
~would produce CPE in these cultures., In comcomitant attempts to pro-
pagate the virus, it was found that the titer of virus increased after
three to four serial passages in tissuevculture. Finally, Pickens
and Tuoto (1958) observed that the time required for CPE ﬁo-develop
was proportional to the amount of virus inoculabed. High concentrations
of CTFV gave complete CPE in three days while lower concentrations

required up to éight days to produce similar changes.,



A plaque assay procedure for CTFV, in which the A~l embryonic
hamster tissue cell strain was used as host, was described by Dieg
and Watkins (196L). According to these investigators, infectivity
of this virus for Aul cells is effected by several conditions of the
assay'system; For example, the efficiency of virus atbachment or
adsorption to cells was increased by adding fetal calf serum to the
media, allowing attachment to take place at 25 C, end by maintaining
the pH of the attachﬁent medium between 7.1 and Cottes LG was also
reported that the incorporation of fetal calf serum in the overlay
medium allowed maximum plaque production. Similarly, plaque production
was maximal'if the ooncentration of NaHCO3 in the overlay medium was
less than 0.22%. Under optimal conditions plaques measuring h'mm in
‘diameter were obtained after incubation at 37 C for L to 6 days.

Trent and Scott (196)) compared the sensitivity of several cultured
cell lines to infection by CTFV. The &irus was found to induce CPE
in =929 mouee fibroblasts, FL human amnion cells, and primary chicken
embryo cells as well as KB cells. The virus underwent adaptation when
it was passed serially in IL-929 cells; there was a sudden 1000-~fold
iﬁcrease'in measureable virus yield after the fourth passage. This
levelﬂof_virus replication_was then maintaired in all subsequent passages.
A similar phenomenon was also ﬁoted by Pickens and Lﬁoto (1958) in ine
fected KB cells,

The rate of attachment of the cell~adapted virug to =929 cells
and its growth in these cells were also investigated (Trent and Scott,
196h). Approximately 90% of the virus had attached i (15w End 9%7
in 30 min., A ten~to twelve-hr eclipse period followed, and maximum

rate of viral synthesis was attained within an additional 10 to 2 sy



depending upon the multiplicity of infection, Virus production
reached 1its pesk 35 hrs after infection was initiated. The average
yield of virus was 125 CCIDSb per cell.,

5. Chemical and physical properties of CIFV

Florio et al, (1946) originally reported that the hamster~adapted
strain of CTFV was approximabely 10 Qy.in diameter, A mbre complete
study, using filtration methods for estimating the‘sizevof the mouse
brain~adapted strain of the virus, indicated that it was between 35 m e
and SOxyuim diameter (Koprowski and Cox, 1947).

Infectivity of mouse~adapted virus was lost after 30 min at §0 &
or 3 to i days at 37 C. Virus~containing mouse brain preparations
stored at roomAtemperature remained infective for some.time; however,

6.8
in 25 days, the titer of this virus decreased from 106'8)LDSO to

1Oh'OLDSO/g of tissue as measured in suckling mice (Koprowski and
Cox, 19&?). The I~929 cell adapted—virué appeared to be even more‘
heat labile, since the half life of this CTFV preparation was 21 min
at 37 C and ?é min at 25 C (Trent and Scott, 1966). However, these
results may indsed be due to'differences in exp;rimental conditions,
For exﬁmple, the L-929 cell-adapted virus was suspended in tissue cul-
ture mediuﬁ.while the eérlier observations of Ko@rowski and Cox were
made using a virus-mouse brain preparation.

Farly investigators found that addition of serum would adequately
stabilize the virus during'manipulation and storage (Koprowski and Cox,
1947). More recent studies have indicated that glucose, glycerol, bo-

vine serum albumin, gelatin, and glutamine as well as serum are capable

of stabilizing CIFV (Trent and Scott, 1966).
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While 5—fluoro~2~deoxyuridine and waromo;aneoxyuridine are

known to cause a marked inhibition of DNA;containing viruses, they
do not greatly:affect the replication of viruses containing RNA
(Spalzman N. P., 1960; and Hamparian, Hilleman, and Ketler, 1963).
Experimental findings indicated that these compoundé did not apprec-
iably change‘the rate of formation of CTFV in a tissue culture system.
Additional experiments demonstrated that Actinomycin D (known to in—‘
hibit_DNAjdependent RNA synthesis) had no direct effegt on viral_re—
plicabion. Both of the abpve experiments indicate that CTFV is an

RNA~containing virus.(Trent and Scott, 1966).

C. Review of the plaque assay bechnique and factors affecting its

Sensitivitz

s Introduction

Standard plaque assay procedures for enumerating bacterial viruses
were first described by Ellis and Delbruck in 1939. It was more than
a decade Tater before a similar method of assaying animal viruses was
reported tDulbecco, 1952). Many modifications of this procedure have
been employed in titrating various viruses. These changes were made
to obtain plagues in systems where known fechniques failed, to increase
the sensitivity of the assay, or just as a matter of convenience and
ease of operation, |

2. The indicator cell

The selectionvof a suitable indicator cell is an important factor
in designing a plaque assay procedure. The cells must be susceptible
to the virus and, preferably, undergo changes detectable by the'differ-
ences in :ea;tion to vital stains observed between infected and unin;

fected cells.
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Usually, celisﬁin.which CPE is induced by a virus in a liquid
medium are chosen as indicator célls for use in a plaque éssay tech~
nique for that virus. However; in certain cases these cells show no
CPE when incubated under an agar overlay system (Hsiung and Meinick,
1957). Tn other instances, the agar overlay would permit CPE tov
develop without the formation of plaques (Rapp et al, 1959).

In general there are two major reasons for‘differencés in the
susceptibility exhibited by lines of cells to a given virus. These
differences may be due to variations in genetic or embryological
origin df the cells., Alternatively, they may be variations in suscept-
ibility due to physiological conditions. Cloned cell lines may be
preferred for plaqﬁe assays becauée of uniform degree of susceptibility.
Some workers (Vogt and Dulbecco, 1958) have found that uncloned He La
cell cultures contained cells resistanf to infection by poliovirus.

It was later reported that the difference in susceptibility was due
to a heritéble cellular difference and not host range virus variation
(Darnell and Sawyer, 1959). |

Physiological conditiqns play a major role in cell susoeptibility
as measured by the plague assay system., For example, it was found that
if the temperature of incubation duriﬁg the 2L hr previous to viral
attachment was 1l C or if requiréd nutrients were absent from growth
medium, there was a decrease in susceptibility of cells to Rous sarcoma
virus (RSV) (Temin and Rubin, 1958). Virus yield was substantially
.affected by the pH of the bulturing medium, and this was found to be
related to the decreased metabolic rate of the cells (Gifford, Robertson,
ahd Syverton, 1956), Similar studies gave evidence that He La cells

become less susceptible to certain strains of olioviruses
. P D i
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under acidic conditions (Hsiung and Melnick, 1958).

3o Cofiditions of atbachment

A single washing of cell monolayers before and after infection
has been reported to have little or no effect on the atiachment rate
(Kaplan, 1957). ‘On the other hand, multiple washings after the ad-
sorption period have been found to cause a deterlorating affect on
the cell ménolayef (Bachrach eb al, 1957; Nagai and Hammon, 196l),

Tne solution used for attachment and dilution of sbock virus
should contain adequate concentrations of various cations and serum,
Allison and Valentine (1960) have shown that virus attachment o cell
nonolayers is dependent on the concentration of cations and is not
depressed by the presence of proteins in the medium, In addition,
these investigaltors found that thé‘presence of protein in this medium
reduced the amount of virus adsorbed to gléss or plastic surfaces.

The ability of adenovirus-tb adsojb to monolayers of He La cells
has been reported to be dependent on the presence of serum. The effi-
ciency of attachment could be promoted bj the‘inclusion of chicken or

rabbit»serum in the attachment mediwm, It human or horse serum was

‘used, the amount of virus adsorbed to the cells was greatly'redﬁded.

(Philipson, 1961).
In general, a pH between 5.5 and 7.6 will allow efficient viral
atbachment to monolayered cells (Allison and Valentine, 1960), How

ever, CLFV appears to require a pH apove 7 and below 8 for attachment

"to cells, (Dieg and Watkins, 196L).

The volume of the virus inoculum affects the efficiency of attach-
ments For example, Bachrach et al, (1957) found that whereas 0,1 ml

of a suspension of foot~and-mouth disease virus (FMDV) yielded
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62 PFU, a 50% reduction in the number of plaques was obtained when
the same amount of virus was suspended.in 0.Lh ml, When the volume
was increased to 6.h ml, only 10 plaques developed. With RSV it was
shown that as bhe_adsorption volume was increased,frqm Q.l ml to
0.8 ml there was a 65 to 75% decrease in efficiency of atbachment
(Temin and Rubin, 1958), A similar result was also observed by
Porberficld and Allison (1960) with poxviruses.

It is apparent from these results that the sﬁallest possible
volume of the diluent that protects thé cells from drying results in
the most efficient attachment of virus to cells, Generally, if the -
attachment period requires several hours, 0,1 ml of virus suspension
does not adequately cover and prevent the drying of a cell monolayer
in a 60 mm~diameter plate. The problem is resolved by gently rocking
the dish periodically, Valentine and Allison (1959) reported that
this rocking technique has no effect on the rates of viral abtachment.

Lie Componénts of the overlay mediunm

An overlay consisting of agar, nutrient medium, serum, and a buf-
fering system is generally utilized in the plague assay procedure,
These constituents can affect the physiological condition of the cells
and in turn, affect the sénsitivity of the assay system.

A hpars |

A technique for ﬁashing agar~agar to remove certain factors which
were apparently inhibitory to plaque formation was described by Dulbecco
‘and Vogt (195ka), Plaques produced by mengovirus mubants were larger
under overlays containing washed Noble agar than those containing
either unwashed Noble or purified agars (Campbell and Colter, 1965).

Noble agar appeared to allow normal plaque production to occur in
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the assay of FMDV (Bachrach gﬁ al, 1957), myxoma virus (Schwerdt and

Schwerdb, 1962), and encepholomyocarditis virus (EMG)(Takemoto and
Liebhaber, 1961), As mentioned above, Noble agar reduced the size of
mengovﬁrus pléques. Howéver,u if protamine was added to media contain-
ing this agar, the plaque size of one mutant strain Qould be increased
from 0,2 mm to 6.0 mm in diameter (Campbell and Colter, 1965),

Purified agar has been used sucessfully in the overlay media em-
ployed to assay fibroma and myxoma viruses (Padgett, Moore, and Walk'er,
1962),

Ionagar is another commercially washed agar which may prove use-
ful in plaque assay procedures (Cooper, 1961);

Dulbecco and Vogt (1951;3.) recommended that 1.3% agar be used in
the plaque assay procedure. The lowest concentration giving a firm
gel (0.9%) is now commonL}Aused by many investigators (Dougherty, 196l).
Because the neutral red staining technique is 6f1':en unsatisfactory,
other cc;n;:entﬁr‘ations of agar, 0.6% or less, have been used with diff-
erent stai.ning procedures.' Ir the cells are firmly attached to the
container, thé 0.6% agar and virus-killed cells can be decanted, This
would leave only the uninfected cell sheet which can then be fixed and
s’oainéd to allow the counfing of plagues (Holland and McLé:cen, 1959),

P.Laqﬁes were also found to develop much sooner under this concen-
tration of agar. The use of similar (Schwerdt and Schwerdt, 1962) or
even lower agar concentrations (Hotchin, Deibel, and Benson, 1960)

.i'or other assay systems héve also been described,

Alchough agér can commonly be used in overlay media, it contains

substances which may inhibit plaque or virus production. - Takemori and

Nomura (1960) found that extracts of agar would inhibit the replication
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of small~plaque€prdducing mutant strains of poliovirus, The size of
EMC virus plaques was also frund to be suppressed by inhibitp;s found
in agar (Takemoto and Liebhaber, 1961),

It was reported that these inhibitors did not inactivate polio-
virus by directly combining with the virus particles, The indications
were that viral replication was inhibited by alterations in the meta-
bolism of susceptible host cells (Iakemori and'Nomura, i960). In re-
cent investigations with mengovirus, these inhibitors (stlphated poly-
saccharides)-were féund to block cell-virus interaction by directly
immobilizing the virus particle. Plaque formabion was nob completely
inhibited, bubt smaller plaques were observed. Probamine added to the
agar overlay medium apparently neutralized thié inhibitory affect and
allowed development of larger plaques. (Colter, Davies, and Campbell,
l96h, Campbell and Colter, 1965).

In some instances agar was found to prevent CPE and demoﬂstrable
virus replication, This necessitated the ubilizabion of other sUb--
stances for localizing infection in the monolayers. Mevhylcellulose,
for example, has been found sabtisfactory for use in assaying fowl
plague virus (Hotchin, 1955 ), measles (Rapp eb al, 1959), and several

group B arboviruses (Scvnulze and Scilesinger, 1963).

Be Nubtrients

Incorporation of the proper kinds and concentrations of nutrients
in the overlay may be important for maintaining the physiological condi-
tlonsof the célls, It $his is indesd the vese, the mubribiendl contert
of the overlay medium may be a cribical factor in determining the sen-

sitivity of a plaque assay procedure, Evidence supporting this was
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originally reported by‘Dﬁlbecco and Vogt (1954b) who found that

Earle's balanced salt solubtion (EBSS), with or without glucose, was
incapable of allowing plaque production by Western equine encephalo-
myelitis (WEE) virus in monolayers of chicken embryo cells, If chicken
bserum was added to the EBSS, plaques were produced. Similar findings
were obtained with RSV. In this system, cell monolayers starved of
glucose or glutamine for 2l hr were found to be less susceptible to
virus infection than monolayers in medium containing normal concentra-
tions of these constituents (Temin and Rubin, 1958),

| Thevability of adenovirus to form plaques in KB cells was reported
to be deﬁendent on the source and amounts of sefa present in the over=-
lay. Results of experiments involving various concentrations and
combinations of rabbit; calf, and chicken sera were compared to detere
mine the most sensitive s&stem.' A combination of 2% chicken and 1%
calf serum was found to give the optimal npmber and size of plaques
(Philipson, 1961).

Weeks of iﬁcubation are required before plaques develop in mono-
layers infected with polyoma virus. Therefore, two additions of over-
iay’medium are necessary to maintain the cells until plaques devélop.
A recent techniqué used with_simian virus 4O in fetal rhesus kidney
cells, in which a 16~day incubation period is required to obtain plaques,
has desiréblelcharacferistics. Additional ﬁutrients are added inAliquid
ﬁorm. The expended medium.éan be easily removed before each>new feed-
ing, This allows several feedings without continuously adding to the_
depth of the overlay medium (Ushijima and Gardner, 1967),

C. Control of pH

A report discussing the yield of poliovirus from He La cells grown
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at various pH ranges appeared in 1956, In these studies it was

found that low virus yilelds al decreased (below 7.2) or increased
(above 7.8) pH levels were related to a decrease in metabolic rate

of the host cell cultures (Gifford et al, 1956), These findings

may have stimulated interest in determining the significance of the
role played;by the buffer system in determining the sensitivity of

the plaqué assay system.

| Mﬂténts of polioviruses have been isolated that have a low plat-
ing efficiency in the presence of 0.11% NaHCOB. Theée mutents produced
“only 6 X 10° PFU/ml under an agar overlay at pd of 6.6, and 3 X th
PFU/ml at pH 6.8, However, if the pH was bebtween 7.0 and T.7, approx-
8

imateij Ll.4 X 10” PFU/ml were produced under an agar overlay, These
mubants, called d mutants because of delayed plaque production, exhib-
ited dependency on bicarbonate concentrations. }Results of experiments
conducted with d mutants indicaved that the delay in plaque production
was not due to a decreased attachment rate. Rather, it appeared to be
due to a gradual decrease in susceptibility of the cells in this system
to the d mutants as a result of some influence exerted on the cells un-
der the acid overtay. It was also noted that areas infected by the d
mutants did not show signs of infection under an acidic agar overlay
for long periods of time. If the pH of the agar was raised, the cells
‘apparently'became suscepﬁiblé again and plaques rapidly formed (Vogt,
Dulbecco, and Wenner, 1957), | |

Similar studies of the effects of NaHCO., concentrations on plague

8
formation were determined with virulent and attentusted strains of polio=-
virus, Four different concentrations of NaHCO3 ranging trom 0,11% to

0.9% were used in the overlay media., The plaques of virulent strains

were smallest at the lowest concentration and became increasingl larger
= 0
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as concentrations increased. Slightly higher plague counts were- |
observed in most instances as thé concentration was increased from
0,11% to 0.45%. The attenuated strains, on thE Sthes hand, produced
larger plaques at higher concentrations and no plaques at all at the
lowest concentration. Attachment and replication of polioviruses were
not greatly affected by varying the NaHGO3 concentration in liquid
medium.. On the basis of these studies, it was determined that the bi-
carbonate concentration rather than the initial pH of the overlay ex-
erted the affect on plaque development and size (Hsiung and Melnick,
1958). |

The.concentration of NaHCO3 used in the plaque assay procedure
for Japanese B‘enéephalitis virus appeared to affect the number and
often the size of the plaques obtained. Optimum sensitivity regarding
number and size of plaques appeared greatest‘when 0.1% NaHCO3 was used.,
If higher or lower concentrations were used, a decreased efficiency
of this assay system was observed (Nagai and Hammon, 196). Sodium
bicarbonate has been eliminated in the plaque assay of several viruses
and substituted with tris (hydroxymethyl) aminomethane buffer, which
was fourd to allow fqr more efficient plaque production (Porterfield
and Allison, 1960); |

The volume of overlay medium has also been reported to exert in-
fluences on the developﬁent of plaques (Vogt et al, 1957)0_ An increase
in thickness of the overlay from 0.8 mm to 1.2 mm resulted in a de-
éreased titer of the d mubant strain viTus From Fob XiO7 to 3.8 Xth PFU/ml.
In such a system, maintaining a conétant volume of overlay and an even
deﬁth of agar over the entire monolayerrwould be necessary in order to

obtain accuracy., Gifford and Syverton (1957) reported that plaques
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developed slower as agar depth increased because a longer latent
period was required for development-of virus under conditions of
low O2 tension,

The depths of agar which will allow plaques to develop are dif-
ferent for several group A arboviruses. These diffefences were
found using the same host cell and are ascribed to differences in

oxygen requirements necessary for virus replication (Baron, Porter=-

field, and Isaacs, 1961).
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MATERTALS AND METHODS

Accepted guidelines for waéhing and care of all glassware used
in the cell culture studies were followed (Paul, 1961). The deter-

gent used was 7-X (Linbro Chemical Company, New Haven, Conn.).

e

A, Solutions and media

Unless otherwise stated, all solubions and media were stored at
2 to L C. |

1. Antibiotics

A stock solution conbaining a mixture of 20,000 units potassium
penicillin G (Chas. Pfizer and Co., New York) and 20,000ug streptomycin
sulfate (E. R. Squibb and Sons, New York)/hl in sterile_deionized
distilled water (DDW) was stored at ;20 @l - Five;tenths ml of this
solution was added to each 100 ml of medium to give concentrations of
100 units penicillin and lOQﬂg streptgmycin/ml of medium,

Amphotericin B (Fungizone) (E. R; Squibb and Sons, New York) was
SRR e i 4, Sterile DDV at a concéntrgtiqn of 12,000ug/ml. ‘This sbock
solution was stofed at ~20 C. For use, 0.33 ml was added to 100 ml
of medium to give a concentration of hqﬂg amphotericin B/ml.

Kanamycin sulfate (donated by Bristol Laboratories, Scheneqtady)
was dissolved in sterile DDW at 20,009ﬂg/m1 and stored at ;éO Ce Five=
tenths ml in 100 ml of medium gave a final concentration of lOO/ug
~of kanamycin/ml.

Unless otherwise stated, all cell culbture media and sallt solutions
contained the penicillin and streptomycin mixture. Kanamycin and amp-

photericin B were only included in medium used for culturing stock cells
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and were never added to the agar overlay media.

2. Sodium bicarbonate

& stock solubion cbntaining 7.5% NaH003 was prepared monthly and
sterilized by Millipore (Millipore Filter Corp., Bedford, Mass.) file

tration.,

3. Hanks' balanced salt solution (HBSS) (Hanks and Wallace,

wers

1949)
Twenty-times concentrated stock solutions for making HBSS were

prepared as follows:
Solution A

Components 7 Amount
NaCl ' ' 160.0 g
KC1 8.00 ¢
MgSOh-THZO 27QQ g
MgClZ-éHZO , 2,0Q g
Can2 2.80 g

The first four components were dissolved in gbout 800 ml DDW.

A separate solution containing the_0a012 in 100 ml DDW was then added
to the solution containing the other ingredients. Finally, the total

volume was brought to 1,000 ml with DDW.
| Solution B

Components : Amount
Na, HPO; » 7,0 1.80 g
KHZPOM 1.20 g
dextrose _ 20,00 ¢
0.5% phenol red solubion® | 80.0 m1
DDW, quantity sufficient to ﬁake 1 liter

1 s . : : " 5 : .
Phenol red solution was purchased from Microbiological Associates,

Inc., Albany, California (MAT).
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Each solution ﬁas»dispensed into 100-ml bottles and then steri-
lized gt 115 C fer 1O mem.
Single;strength HBSS was prepared by adding 5 ml of solution A,

3 tov9O ml sterile DDW.

li. Earle's balanced salt solution (EBSS) (Earle, 1943)

5 ml of solution B, and 0,5 ml of 7.5% NalCO

The composition of EBSS is given in the appendix. This solution

was purchased as a sterile tenfold concentrate, without NaHCO,, from

33
Baltimore Biological Laboratories, Baltimore (BBL).
For use as Single;strength EBSS, 10 ml of the stock solution gnd
3 ml of 7.5% NaHCO3 were aseptically added to 87 ml of sterile DDW.
When double-strength EBSS was required foruplaque assay, it was
made by adding 20 ml EBSS (10X) to 77 ml of sterile DDW,
| 5. Saline A  (Marcus, Cieciura, and Puck, 1956)

A tenfold concentrate of this solution was made in the following

manner:
Components Amount

-NaCl 80,00 ¢

KC1 L.00 g

dgxtrosel l0,00 g

0.5% phenolxred 658 sl

DDW, quanbity sufficient to make 1 liter

Thisrsolution-was sterilized by‘Millipore filtration and dis=
pensed 1nto 100—ml bottles for storage.

Saline A was prepared for use in cell culture by adding 10 ml of
the above stock solution and 0.5 ml of 7.5% NaHCO, to 88 ml sterile DDW.

3
6. Phosphate buffered saline (PBS) (Dulbecco and Vogh, 195ha)
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PBS was prepared as follows:

Solution A

Components Amount
NaCl 16.00 ¢
KC1 0.140 ¢
Na HPO)  3.30¢g
KH,PO) , C.Lo g
DDW ‘ 1,500 ml

| Solution B
Mg012 0.20 ¢
DDW 200 ml

Solution c

cacl 0.20 ¢

2
~ DDW 200 ml

These solutions were autoclaved for 20 min at 15 psi. After cool-
ing to 5 C, thenfipal solution was prepared.by adding solution B and
soluﬁion_c in order to solution A4, and then bringing the volume to 2
1iters with sterile DDW. The resulting solution was dispensed into

sterile 8~0z prescription bottles for storage.

7. Basal medium Fagle (BME) (Eagle 1955a; Eagle eb al, 1956)

The chemical composition of BME is listed in the &ppendix.
The salt, vitamin and amino acid components of"this medium were
purchased as working solutions from MAI. Single-strength BME was pre—

pared as follows:
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g
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The double-strength BME
following constituents:

Order

5 .

o VL oW
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Component
83,0 ml. sterile DDW
10,0 ml EBSS (10X)
1,00 ml BME amino acids (100X)
0ol ml N NaOH

1,00 ml BME vitamins (lOOX)

1,00 mt 200 mM L—glutamine

0.50 ml penicillin-streptomycin mixture
(200%) '

0.5 ml kanamycin sulfate (200X)
3.0 mil 7.5% NaHCO,
0.33 ml amphotericin B (300X)

used fox plagque assays contained the

Component
?1,0 ml sterile DDW
20,0 ml EBSS (10X)
2,00 ml BME amino acids (100X)

0.28 ml N NaOH

2,00 ml BME vitamins (100X)

2,00 ml 200 mM L-glutamine

1.00. ml penicillin-streptomycin mixture
(200%)

The 200 mM Leglubtamine and BME vitamin concentrates were stored
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8. Minimum essential medium (MEM). (Bagle, 1959)

The phémical composition of MEM is listed in .the appendix;

Concentreﬁ‘fed solutions of '.'essen.tiél" amino acids(E!LA»), "non-
es_sen’oial" amino acids (NEAA), vitamins and L;-glutamine were purchased

from MAT,

——

A single-—gtrength medium was prepaved in the foilowing mannexr:

Ordexr Components

X ' 81,0 ml sterile DDW

2 ' 10,00 ml EBSS (10X)

3 2,00 ml MEM-EAA (50%)

L Tal00) ] IVJIEHJW—-NEA_A (100X)

5 n.gutralize to pH of 7 with N NaOH
6 lfOO mlL MEM vitamins (lOOX)

7 lfOO m_']_ 100 mM sodium _pyruvate

8 l._,OO ml 200 mM L-«glutamine

9 0.50 ml pe}nicilli_n;-stre;p”qomycin (200x)
10 O.SQ ml kanamycin sulfate (200X)
11 3.00 ml 7.5% NallCO3
12 0.33 ml amphotericin B (300X)

Double~strength MEM, when used in the overlay medium was pre-

pared as shown ‘on following page.
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Double~strength MEM:

Order Components
s 68?0 ml sterile DDW
2 20.0 ml EBSS (10X)
5 4.00 m1 MEM~EAA (50X)
L 2,00 ml MEM-NEAA (100%)
5 ngutralize'tq pH 6f_7.0‘ﬁith N NaOH
6 2,00 ml MEM vitamins (100X)
7 2700 ml 100 mM sodium‘pyruvéte
8 2.00 m1 200 mM L-glutamine
9 1.00 ml penicillin-streptomycin (200X)

The MEM vitamin solution was stored at =20 Ce

9. Medium 199 or ML99 (Morgan, Morton and Parker, 1950; Salk,

Youngner, and Ward, 195L.

A tenfold concenbrate of M199 without NalCO, was purchased from

3
MAT, A‘Singlefstrength solution of ML99 was prepared py adding 10 ml
of the M199 (10X) working solution, 2.6? ml NaH003 and @l¥mambibiotics
to 87 ml sterilé DDW.

The double—strength M199 for use in preparing the overlay medium
consisted of 20 ml M199 (10X) in 77 ml sterile DDW.

The camponents of M199 are listed in the appendix.

10, Lactalbumin hydrolysate media

a) Lactalbumin hydrolysate, 0.5% in HBSS (LaH).

This medium was prepafed by dissolving 5 g of lactabumin hydrol-
ysate [ﬁutritional Biochemicals Corp., Cleveland (NBCE]in approximately

800 ml DDW. After the volume was brought to $00 ml with DDW, 90-ml

aliquols were dispensed into bottles and autoclaved at 10 psi for 10 min.
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These bottles were Then allowed to cool to room tehperature before
they were stored at 2 to L C.

To prepare this medium for use, 5 ml each of sterile HBSS
twentyfold concentrated stock solutions A and‘B were added_to each
bott;e of'the lactalbumin hydrolysate solution. Finally, 0,47 ml
Bl [as% NaHCQ'.was added. S

3 :
b) Lactabumin hydrolysate, 0.5% in EBSS (LaE)

The procedure in preparing LaFk was similar to that used in pre-
paring LaH., However, the 5 g was dissolved in DDW brought to a final
volume of 870 ml, and 87-ml aliquots were dispensed into each bottle
before auboclaving. o

Preparations:of Lak required‘the addition of sterile 1OAml EBSS
tenfold qoncentrate and 3 il of ook NaHCO3 to the bottle containing
the sterile 87 ml of 1acﬁa6umin hydrolysate solution.

In order_to prepére double~strength LaE for a plague assay, the
following procedure was ermployed:

Ten grams of lactébumin hydrolysate were dissolved in approximately
650 ml of DDW. The volume was then brought to 770 ml ﬁith‘DDw, and 77 ml
aliquofs were plgced in 6~Qz prescription bottles for autoclavipg at
| 115 C for 10 min. This was then cooled ;nd stored until needed. When
dduble—strength LaE was required for plaque assays, 20 ml EBSS ten;
fold concentrate was added to 77 ml of the lactalbumin hydrolysate sol-
ution, |

c) Lactalbumin hydrolysate (0.5%) and yeasb~extract (9.}%)

in EBSS (LaFYe)
This medium is similar to LaE except that 1 g of yeast extract p/liter
(NBC) is included. A1l other procedures for preparing this medium are

identical to the preparation of ILaE.
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1l. Trypsin
Trypsin (1~300 gréde) was obtained from NBC. A stock solution of

Q.25% ﬁrypsin in Saline A was filter-sterilized and stored in l-ml
aliquots at ~20 C, This solution was diluted tenfold in Saline A
for use with cell culbures.

12. - Serum

Lyophilized calf serum was purchased from BBI and stored at -20 C,
It was.then reconstituted with sterile DDW shortly befofe use.

Rabbit serum, used”in preparing the virus stock suspensions, was
purchasgd from MAT and stored at -20 C.

13. Neutral red |

Neutral red was dissolved in 0.85% NaCl at a concentration of

0.000l%_and sterilized by autoclaving at 10 psi for 10 min.

. Crystal violet
A.1L.LZ solution of crystal violet was diluted 1:100 in tap water

for use in staining the cell monolayers.

15, Immune sexrum

Reference hyper hyperimmune anti—CTFV‘serum was kindly supplied
by Dr. Leo Thomas, United States Public Health Service Laboratories,
Hamilton, Montana., | |

16. Agar

Bacto~agar, purified agar,Aand Noble agar were purchased from
Difco Laboratories,‘Detroit. Oxoid Tonagar no. 2 was obtained ffom
Consolidated Laboratories, Inc., Chicago Helghts, Ill.

A modification of Dulbecco and Vogt's technique (195ha) was used
for washing the Bacto-agar. One~half pound of this agar was washed

25 times in tap water, 10 times in DDW (using 5 liters/wash) and 3
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times in acetone (2 liters/wash). The acebone was removed by filtering
through a Buchner funnel. The agar was then dried under 3 desk Lamps
and collected when completely dry.

The agars were diluted in DDW to give solutions which were twice
the concentration, éf agar, desired in the final overlay mixbture. They

were autoclaved at 20 psi for 20 min and cooled to L2 C in a water—

bath immediately prior to use.

B. Virus
The GS-20 strain of CTFV (Gerloff and Eklund, 1959) was used in

all‘experiments. It was derived from the Florio-- strain which had
undergone 30 serial passages in hamsters and 57 intracerebral passages
in suckling micej Gerloff and Eklund passed the virus 7 times in
embryonated eggs and li more times in suckling mice. It was then de~
signated as the GS-20 strain. Gardner (1962) subsequently obbained
the virus frqm.Dr, Gerloff and passed it 6 times in suckling mice.
Two additional suckling mouse passages were made by the present author,
and the lést‘of thege was used in the experiments reported herein,

A modification of Gardner's (1962) technique was used in making
these passages of the virus. An inoculum of 0,0L ml of 107 dilution
of the virus in 0.85% NaCchéntaining 10% normal rabbit serum (NRSS)
was injected intracerebrally into 2~to h;day old Swiss albino mice.
When the mice became moribund after 3 days, they were killed by freezing.
The brains were harvested, weighed, and ground in a sterile mortar and
bestle with alundum. A 10% suspension (weight/volume) of the tissue
was made in whole NRS and centrifuged at 2000 rpm for 20 min at L C.
The supernatant, which contained the virus, was removgd and dispensed

into ampoules. These were sealed and stored a2t -70 C.
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C. Celi culbure techniques

KB (Eagle, 1955b), I~929 (Sanford, Eai‘le, and Likely, 1948), and
embryonic human skin (EHS) cells (all obtained from MAT) were cultured
in one~liter Roux bo#tles. The cells wefe growun in a medium consiste
ing of 90 parts BME and 10 parts calf serum (BME;CalO )+ Incubation

was at 37.5 C in an atmosphere of 95%»air and 5% CO To prepare cell

o
suspension for~transfer, the monolayered celllcultures were first washed
several times with 10 ml of Saline 4, prewammed at 37 C, and then tryp-
sinized for 5 to{lOlmin at 37.5 C with 5 ml of prewarmed diluted trypsin
solution., FolloWing this, the cells_wére gently pipetted back and

forth several times to Qisperse any clumps, and 5 ml of BME;Calo were
added to thersuSpension. Afte: thprough but gentle mixing, a cell

count was performed using a hemocytometer., The suspension was then

diluted with growth medium to the desired cell concentration.

D. Tubé dilution titration of CIFY

A standard tube dilubion method for assaying CTFV in cell cultures
(Gerloff and Eklund, 1959; Gardner 1962; Trent and Scott, 196k) was »
used to estimate-the amount of CTFV present in the stock suspensions.

Trypsinized_cells were diluted to a concentration of 2 X th cells/ml

R4

in BME~Ca1@. This cell suspension was then dispensed into Wallise Mel-‘
nick culture tubes (Demuth Glassware, Parkersburg, West Virginia) in
1;ml éliquots. The'cultures were incubated at 37.5 C fqrvl8 to 24 hr
in the QOz;air mixture. At the end of this ﬂime, the cells had attached
to the tubes and were ready for use.

Serialvtenfold dilutions of the sbock virus preparation were made

in LaH containing 5% calf serum (Lall~Ca5). The medium was removed from
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the cultufe tubes, and each of It or 6 tubes then received an inoculum
of 1 ml of the virus diiution. Control tubes received an inocﬁlum of
medium alone., . A1l tubes were then sealed with silicone~rubber stoppers
and incubated ét 35 C. The medium was replaced every three days with
fresh LaH~Ca5 in which the concentration of NaHCQBFhad been doubled,

The cultures were held for 10 days and examined at two-day intervals

for CPE. Virus titers in terms of CCID5 were calculated by the method

O
of ReedAand Muench (1938)9‘

E. Plaque agsay procedure

A modification of the technique described by Dulbecco and Vogt
(195La) was employed, The general procedure is stated in the following
séctign.

One millioﬁ cells in a volume of 5 ml of BME-Cal0 were placed‘into
60~mm plastic petri dishes (Falcon Plastics, Los Angeles), The dishes
were incubated at 37 C for approximately 2l hr until a nearly confluent
moﬁolayer developed. The growth medium was removed, and each monolayer
washed Wifh 3 ml of Saline A. After removing the wash fluid, Col ml
of a known dilution of the Stock virus was added to each of the cell
monolayers. The virus had been diluted in M199.containing 10% célf
serum (M199-CalO), and all dilutions had been made at L C. Virus ad-
sorption was allowed to proceed at room temperature for 90 min, The
agar overlay medium was added to the monolayers after removal of the
inoculum with another washing using 3 ml Saline A+. In all experiments
control cultures were treated identically except that the adsorption
medium contained only the diluent or normal mouse brain suspenéions

diluted in a mamner similar to the virus-containing mouse brain suspen-

sions. To prepare overlay medium, equal volumes of washed Bacto-agar
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Cal0, both held at L2 C, were mixed, Finally, 7.5% NaHCO., prewsrmed

3’
to 37 C, was added to the mixture to give a final concentration of 0.15%.
Four ml of the resultant solution were added to each culture dish and
allowed to cool and gel.

The plates were incubated at 37.5 C in the air-C0, mixture for
3 days, after which the cells were stained. If the agar concentration
in the overlay was 0.4% or less, the overlay was gently poured off,
and the monolayers were stained using a modification of the technique
of Hollahd and McLaren (1959). Five ml of 75% ethanol were added to
the monolayer to fix fhe cells, After 1.5 to 2 min, the alcohol was -
decanted and the cells were stained with crystal violet for approximately
20 seconds. The stain was decanted, and the cell layer was rinsed with
tap water. The plates were inverted and allowed to dry. Plaques
appeared as transparent circles in a darlc pﬁrple background.,

In experiments where the agar concentration of the medium was

0.5% or greater, fhe overlay could not be decanted, Consequently, a
different stéining procedure was employed. The technique used was that
of Dulbecco and Vogt (195ha). One ml of neutral red solubion was added
to the agar overlay after 3 dgys of incubafion. After an additional
5 hr of incubation, the stain was removed by suction., Plaques, which

appeared as translucent areas on a faint brownish-red background, were

- counted immediately,
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RESULTS

A, Tube dilution titrations g£ CTFV

Results of two tube dilution titrations of CTFV in L~929 cells
are given in Table 1. The titer of virus as calculated by the method

9.67

of Reed and Muench (1938) was 10 » CGIDSO/g of mouse brain in the

first test and 109'6 in the second,

TABLE 1

TITRATION OF CTFV BY THE TUBE DILUTION METHOD IN L~$29 CELL

CULTURES &
Virus dilution 2 " Results
Expt. 1 Expt. 2

107 ‘ LAY | 6/6°
107 L/ 6/5
10% Wb 6/6
107 b 6/6
107 Cuh 6/6
s g 1/l 6/6
107 b 6/6
T i | 1/ 1/6
ek o/ur o/é

Controls o/l 0/6

Prepared from a gram of CTFV-infected mouse brain tissue diluted
1:10 (weight/volume) in whole normal rabbit serum,then by serial
10-fold dilutions in LaH~-Ca5.

Numerator = number of tubes exhibiting CPE; denominator = total
number of tubes per dilution. ’
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Similar titrations.of the virus performed in FHS cells gave.a
calculated titer of lOS'BBCCIDSO in the first experiment and 108'5

in the second. Tn KB cells the biters were 10°°7° and 106'50013356

respectively.

TABLE 2 -

e

TITRATION OF CTFV BY THE TUBE DILUTION METHOD IN EIS CELL CULTURES .

Virus dilution® Expt. 1 Re%ults Expb, 2
10 | b/ WP
107 b/l L/l
107 L/ L/
207 ‘ s z
107" L/l 1/
1070 3 v
1077 Con o/l
3O o | o/
Toga o/L /L

Comtrol o/l o/l

% Prepared from a gram of CTFV infected mouse brain tissue dilubed

1:10° (Welght/volume) in whole rabbit serum, then by serial 10~fold
dilutions in LaHCa5. :

Numerator = number of tubes exhibiting CPE: denomlnamoz’z total
number of tubes per d#lutloﬂ.

b
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TITRATION OF CTFV BY THE TUBE DILUTION
METHOD IN KB CELL CULTURES

Virus dilution® Experiment 1 Experiment 2
1073 | 6/6° | b
107 ' 6/6 L/
107 6/6 B/
107 6/6 W
1077 2/6 | o/h
107 | 0/6 ' o/l
107 0/6 o/l
Toa 0/6 0/l
T 0/6 o/l

Control 0/6 0/l

Prepared from a gram of CTFV infected mouse brain tissue diluted
Ts ) (welght/VOIume) in whole rabbit serum,then by serial 10-~fold
dilutions in LaHCa5.

Numerator = number of tubes exhibiting CPE; denominator= total
number of tubes per dilution.
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The results of the foregding assays indicated that the 1L-929 cell

was the most susceptible to CTFV of the cells tested. To confirm this,
the susceptibilities of KB, L~929, and EHS cells to CTFV were then come
pared. Tne results of two experiments are presenﬁed in Table . The
data indicates that under the conditions of the experiments, L;929
cells are more susceptible than either EHS or KB cells. Based on

thgse results, L;929 cells were sglected as the indicatqr ce}ls to be

used in establishing a plaque assay procedure for this virus.

TABLE L

COMPARISON OF SUSCEPTIBILITIESZOF VARIOUS CULTURED
CELLS TO CTFV

Cell CCID SO/g CTFV-Infected Mouse Brain Tissue
CULTURES Expt L Expt. 2
KB 1005 1005
ms 867 168467
1929 10767 | 1075

Based on assays performed using the tube dilution method.

R

B, Neutralization EZ tube dilution assay

To acertain if" the stock CTFV suSpensions_used in these_studies
was contaminated with other viruses, neutralization tests were carried
éut in L~929 cell cultures;

Since a gram of virus~infected mouse brain tissue was found to

contain approximately 109'6CCIDSO of CTFV, the homogenate -was subsequently
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diluted in IaH-CaS to a final viral concentration of 200 CCIDSO/ml°
Anti-CfFV and normal mouse sera were inactivated at 56 C for 30 min,
then diluted in LaH-Cab.

Two and five~tenths ml each of the viral suspension were added
to equal volumes ;f 1:10 or 1:20 dilutions of the inactivated sera.
The controls included diluent withoult virus for each of the sera to
ensure the absence of any nonspecific toxic materiél f&r the cells.
Additionel cultures cﬁallenged only with diluent or virus served as
medium and virus controls.,

The mixtures were incubated at 37 C for 1 hr. Culture tubes
were then inoculated with 1 ml eéch of the mixbures and incubated at
T G Microscoﬁic observations and medium changes with TallCaS were
made at 3-day intervals. By the 6th day, CPE was apparent in cultures
infected with the virus-normal mouse serum and virus control mixbures.
Observations on the 9th day revealed that the cells in these cultures
were completgly déstroyed. The culbtures containing antiserum-~virus
mixtures showed no apparent changes indicative of virus infection.
Simiiarly, the antiserum, normal serum, and medium control cultures
remzined unchanged. The results of this experiment, shown in Table 5,

signified ﬁhaﬁ the stock suspension did nct contain virus other than

CTFV,

C. GPE production iﬂ monolayers of L~929 cells infected with CTFY
Theée experiments were undertaken fo determine whether specific

nutritional reqﬁirements were necessary for CPE production in 1-929

cells. This experiment was carried out in plastic petri dishes sinqe

monolayers of cells were desired. A nearly confluent monolayer of



NEUTRALIZATION OF CTFV WITH MOUSE SERUM
IN TUBE CULTURES OF L~229 CELLS

Final Serum 'CCH’sd of
Serum _ - :

Dilution CTFV/Culture Tube Results

1:20 ~ no virus o/L®

1:40 no virus o/L

Normal 1:20 100 L/L

1:40 100 L/k

1:20 no virus 0/l

1:L0 -~ no virus o/l

Immune 1:20 100 0/L

1:10 100 o/L

0 ‘ no virus o/l

None 0 100 L/L

x

Numeration = nuiber of tubes exhibiting CPE; denomlnatlon total
number of tubes used,
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1~929 cells is shqwn in Figure 1. Although some of these cellé appeared
to be fibroblastic, there is an éppareht change in morphology when the
monolaye? is completely confluent. At this Stageiof growth, foci of _
cells several 1ayers thick were obsérved which could_affeqt_the assay.
Consequently, the monolayers in the near-confluent stage were usedf

When ﬁhis stage of growth was obtained, thg_growth‘medium was removed
and 0,1 ml of'10"7 dilution_of virus was added to each dish. Control
cultures received O.l ml‘bf diluent alone. After allowing 90 min for
the virus o attach to the cells, 5 ml of MI99, MEN, BME, LaH, LeE, or
LaEYe, supplemented with 2% or 10% calf serum were added to each plate.

The cultures were observed daily with an inverted miCTOSCOpe.Y |
The appearance of CPE in_virus-;nfected cqltures‘was interpreted as an
indication that:the medium was perhaps suitable fof experimenté under
an agar overlay. The resulfs in Table 6 show that M199, MEM, BME, LaE,
or LaH supplemented with either»2% or 10% calf serum might be accept-
able for use in further studies. The thicity of yeast extract was
apparent sinée.degengration of both control and infected 1-229 cells
occured within two dayé under LaEYe medium.

Clese obsgrvation during_this experiment»révealed that micro-
plaques had‘formed in L~929Ycell monolayers maintained in ali of the
liguid media except LaEYe, One such micro~plaque observed in a culbure
incubated with M199 and supplemented with 2% calf serum (M199-Ca2),
on the 2nd day of infection'is shownvin figure 2.

M199ﬁé310 was selected as the experimental medium for plaque assay
studies because of the greater variety of nutrients contained in this
medium. Further experiments revealed that M199~Cal0 would indeed allow

CIFV to form plaques in 1=929 cells under an agar overlay system.



38

FIGURE 1.

A monolayer of L~929 cells at the stage

used in plaque assay.
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EFFECTS OF NUTRIENT MEDIA AND SERUM CONCENTRATTIONS
ON SUSCEPTIBILITY OF L~929 CELIS TO CTFV

Concentration
of Calf Serum Media

Infected Plates

Control Plates

LaH CPE normal
Lak CPE normal

2% _ M199 CPE normal
MEM CPE normal
BME CPE ﬁormal
LaEYe degenerationa degenerationa
LaH ‘CPE normal
Lak CPE normal

10% M199 CPE normal
MEM CPE normal
BME CPE normal
LaEYe degeneration degeneration

Degeneration of cell monolayer was complete in two days and
apparently due to toxic factors in the yeast extract,
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FIGURE 2.

A microplaque induced in a L-929 cell monolayer

by CT¥FV, L8 hr after infection,
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Before the effects of several other varlables were ilnvestigated,
certain procedures were Lemporarily established based on the_experi~

mental findings of other investigators. For example, the agar ovérlay

medium contained 0.15% NalC0, (Dieg and Watkins, 196L); the adsorption
volume was 0.1 ml (Dougherty, 196L); the attachment period was 90 min

e

(Trent and Scott, 196L).

D. The effect of agar concentration on plating efficiency

In most assays, the concentration of agar in the overlay is based
on that used in the procedure first reported by Dulbecco and Vogt
(195ha). Tovdetermine what effect agar concentration might have on
plaque titer and size, the following experiments wers performed.

The plaque assay procedure described earlier was followed; the
only variable wasthat double-~strength agar‘éolutions which would give
final»concentrations of agar ranging Prom 0.1% to 0.9% were used. The
data for these experiments were bbtained from 6 petri dishes at each
agar concentration unless otherwise stated. The results of these ex~
periments‘aée shown in TablesAT and 8. There is no meaningful differ~
ence bebween the number of plaques obtained under the varying agar cone
centrations, particuarly since the minute plaques were difficult ©o
enumerate at the higher_concentrations. However, it is»apparent'that
at fhe highest concentrations of 0.8% and particuerly 0.9%, pléque sizes
were reduced, The lower agar concentrations eppesred to favor the deve

elopment of larger-sized plaques.



L2

EFFECT OF CONCENTRATION OF WASHED AGAR IN THE OVERLAY MEDIUM ON
THE AVERAGE NUMBER OF PLAQUES PER DISH

Final Concentra= Average Wumber of Plaques per Dish®
tion of Agar in

the Overlay

(percent) Expt. 1% Expt. 20 Fapt. 3 Expt. L Expb, 5
0.1 51 (L7-57) *
0.2 L9 (38~58) *
0.3° 55 (30-7h) 32 (29-35) L1 (35-LL) 38 (37-L1) L8 (L2-53)
Ol :62 (56~70) 31 (27~36) #
0.5 70 (68=72) 37 (32-41) L1 (37-L2) Lo (39-h2) 52 (L7-59)
0.6 66 (56~71) 37 (28-L8) %
0.7 62 (56~71) LO (37-LL) L2 (39-Lk) L2 (38~L5) 50 (L6-57)
0.8_ 61 (56=6L4) 37 (35-39) * , #*
o.9v L1 (3L~50) 19 (16~21) 21 (18~22) 2l (20~28) 3L (30~37)

% The range of the counts is enclosed in parenthesis.

P Values obtained from average of three plates at each concentration.

o 0.3% agar concentration selected as standard for further experiments.,

E Not done.
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TABLE 8

EFFECT OF CONGENTRATION OF WASHED AGAR IN OVERLAY MEDIUM ON THE
SIZE OF PLAQUES PRODUCED BY CTFV-INFECTED I-929 CELLS

Final Concentration Plaque Diameter in mm®™ (40,25 mm)
of Agar in the Overlay % 5
(percent) Expte. 17 Expte. 2° Expt. 3 Expt. L Expt. 5

0.1 Bas % ¥ % %
0.2 3.0 0 3% %* 3
0.3 3,0 E¢5 245 3.0 3.0
0.l 2.5 e v e % %
0.5 2.0 2.0 2.0 2.0 2.0
0.6 2,0 2.0 % 3 %
0.7 2,0 1.5 1.8 1.5 1.5
0.8 Tab 1.0 3% % %

0.9 0.5 0.5 - 0,5 0.5 0.5

There were two distinct plaqﬁe sizes on each dish, Only the large
plaques, which constituted about 70% of the total number of plaques,
- were measured. ' :

RF The values for these experiments were obtained from 3 plates with

each agar concentration,

Not done
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E. A comparison of staining methods

Neutral red and crystal violet staining procedures were compared
to determiné which resulted in the most clearly defined plaques., In-
dividual plagues stained by each of these methods are shown in figures
3 and . These pictures indicate that the resolution of plagues ob~
tained with crystai violet were superior to those obtained with neutral
red. In view of thess findings, crystal violet was adopted as the
standard stain.

Crystal violet was unsuitable with overlay bontaining an agar cone
centration of 0,5% or greater, since these overlay media could not bé
adequately removed without disturbing the cell monolayer. Furthermore,
if crystal violet was added to firm agar overlays in the same marnner
as neutral red, the entire overlay stains dark purple. Under this con-
dition plaques cannot be seen, On the other hand, concentrations of
0.2% or lower tended to allow the development of comet~ghaped plaques.
Such plaques interfered with counting, particuarly when two plaques
were in close proximity,

Since the agar concentration in the overlay did not affect the
numbersgof plaques produced, 0,3% agar was selécted as the standafd for
all other experiments. This concentration.was removed easily without
disﬁﬁrbing the monolayer énd was of sufficient firmness to prevent for-
mation of comet—shapéd plagues. Furthermore, plaques of optimum size
ﬁere produced under this concentration of agar.

Figure 5 illustrates normal and CTFV-~infected monolayers of L-929
cells stained with crystal violet, The piaques are well defined and
easily recognized. In additibn, at least two distinect sizes of plaques

tan be seen.,
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FIGURE 3. Microscopic observation of a CTFV-induced plaque in

a 1=929 cell monolayer stained with neutral red.
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FIGURE b.

A microscopic observation of a CTFV-induced plague

in a L~929 cell monolayer stained with crystal violet.
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FIGURE 5.

A. TUninfected 1-929 cell monolgyer sbained with
crystal violet.

B, CTFV~infected L=929 cell monolayer stained with
crystal violet.
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F. Effects of different types of agar on plague production

Five different agar preparations were nsed in an effort to detér—
mine which would be most suitable for the assay procedure, Ionagar.
No. 2, Purified, Noble, Bacto~agar §r washed Bacto~agar was incorpor-
ated into the overlay medium at a final concentration of 0.3%« The
results of these experiments are shown in Tables 9 and 10,

Litﬁle difference in size and mumber of plaques were observed in
’cultures overlaid with media containing washed, Ionagar_No. 24 Bactow~
agar, or purified agar. Plaques formed under overlay media prepared
with these agars were 2 to 3 mm in diameter ﬁhile those formed under
Noble agar were 0.5 mm, In addition, the nunbers of plaques under

Noble agar were reduced by as much as 50%.

TABLE 9

EFFECT OF DIFFERENT TYPES OF AGAR ON THE NUMBER OF PLAQUES PRODUCED
IN CTFV-INFECTED L~929 CELLS

Type of Agar Average Number of PFU/Platéa
Expt. 1 Expt. 2 Expt. 3

Washed agar® 39 (35-4l) 50 (L6-57) 51 (U7-59)
"Oxoid Tonagar 2 37 (31~42) | 51 (L7-53) L5 (38-51)
Bactomagar 37 (35-39) U6 (13-50) Sk (51-86)
Noble agar 1 (10~21) 2 (13-L3) 20 (15-26)
Purified agar 36 (33-43) 16 (3AT) L9 (Le-53)
3

The range of the counts is enclosed in parenthesis,

Washed agar was selected as standard for use in future experiments.
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TABIE 10

EFFECT OF DIFFERENT TYPES OF AGAR ON THE SIZE OF PLAQUES PRODUCED
BY CTFV INFECTED I1~929 CELLS

Plague Diameter™ in mm (+ 0.25 mm )

Type of Agar

Expte 1 Fxpt. 2 Expte 3
Washed agar A 3,0 3.0 3.0
Tonagar 2 2.5 20 2.0
Bacto~agar 3.0 . 25 3.0
Noble agar pin point 0.5 0.5
Purified agar 3.0 2,5 2.5

= There were two distinct plaque sizes, and on each dish only the
large plaques, which constituted about 70% of the total number of
plaques, were measured.
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G. Efficiency of plaque production by different media with varying

serum concentrablons

In an earlier study; several nutrilent media with varying concentra-
tions of calf serun were tested to determine the suitability of an ap~
propriate'medium suppcrting CTFV replication in L-929 cells. This study
wasrigconclusive since actual virus éiters were not determined nor were
the experiments"done undervplaque.assay conditiqns. :Thererore, M99,
MEM, LaE, BME, and EBSS_eaéh containing 2, 5, or’ 107 calf serum were
incorpbrated inte the overlay medium with 0.3% agar. All other condie-
tions_of the plaque assay procedure_were kept constant in an effort to
determine which medium~serum mixture allowed the maximum number of
plaques to form in these 1~229 cell monolayers., Three dilutions of
virus with 3 to 5 plates per dilution were ﬁtilized. The results of
a typical experiment are shown in Table 11.

The concentration of calf serum in the overlay was found to be
a ﬂontrlhutlng factor in 1ncreanng the sensitivity of this assay svstem;
Serum diluted in a balgnced salt solution did not provide the necessary
conditions to allow maximal number of plaqﬁes to develop. MEM, BME,
and LaE were comparable to_M199 in providing suitable conditions for

CTFV replication in I~929 cells,

He The effect of overlay volume on plaque size and numbers

The depth of the oveery med*hm has been shown to have a contribe
uting elfect on tke number of plagues produced (Vogu et al, 195 57) as well

as the rate of plaque formation (Gifford and Syverton, 1957). Therefore,
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TABIE 11

EFFECT OF NUTRIENT MEDIA AND OF CALF SERUM CONCENTRATIONS IN THE
OVERLAY ON PLAQUE TITER OF CTFV IN 1-929 CELLS

[ -

Percent  Nubrient PFU of CTFV/g of Infected
Calf S‘?I’ L Hedia Mouse Brain Homogenate X 10° (Range)
w199 17 (261-183)°
MEM | | 17 (162-181)°
2% BME 5 | | (L6~57)P
LaE . 10 (90~105 )b
EBSS 1 | (10-16)"
M99 3l (23-53)"
MEM 21 : (9-30)
5% BME 27 (9~36)
LaE Lo -~ (35-47)
EBSS 2 (18~25)°
T et 62 (57-68)
MEM 55 : (L5-66)
104 BME I (33-53)
LaF L2 (35-53)
EBSS -3 (21-27)

P Three dilutions were utilized and the determinations of PFU/g
are based on the dilutions that gave between 20 and 200 plagues
per petri dish.

4 Count made at 108 dilution.

. [ :
ML99 supplemented with 10% calf serum selected as standard overlay
medium for further experiments.
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experiments were performed to determine whether the vblume of overlay
mediun (which détermined the depth) had any effect on the production
of pl#ques by CTFV in L9229 cells,

.Volumes of overlay varying from 3.5 ml to 10 ml were added to
CTIFV~infected monolayers. The results of these experiments are shown
in Tables 12 and i3.

After a 3~day incubation period, no significant decrease in plaque
numbers were observed, but a decrease in the sizés of plaques.by as

much as 66% was found when volumes of 8 or 10 ml were used.

THE EFFECT OF OVERLAY VOLUME ON THE NUMBER OF -PLAQUES PRODUCED IN
1~929 CELLS INFECTED WITH CTFV

vOlu?eigfmgvirlay | Average PFU/Plate®

Expt. 1 Expt, 2 Expt. 3
3.5 557 (51-59) s %
L0 55 (L6-65)  50° (L6-57)  50° (L5-53)
6.0 53 (hes61) 51 (39-59) L8 (h6-51)
7.0 L7 (36-58) * £
8.0 bo  (37-b3) b5 (U3-U7) Lo (39-l1)
10,0 39 (3B-h2) L5 (2-50) 37 (30-41)

2 The range of the counts is enclosed in parenthesis,
k Average No. of PFU from three plates.,
e Average No. of PFU from six plates.

L
[A)

Not done,



53

TABLE 13

THE EFFICT OF THE VOLUME OF OVERIAY ON THE SIZE OF PLAQUES PRODUCED
IN L-929 CELLS INFECTED WITH CTFV

Volume of Qverlay Plaque Diameter in mm™
{ 50 1d 9 Faxpb. 1 Expt. 2 Fxpt. 3

365 3.0 % 3

L0 3.0 3.0 2.5
6.0 3.0 3.0 2,0
7.0 2.5 * 3%

8.0 2,0 - 2,0 15

10.6 1.0 . L0 1.0

There were at least two distinct plaque sizes on each dish,
Only the large plaques, which consbituted about 70% of the total
number of plagues, were measured,

Not done,
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Te Effectvgf varying the concentration ot NaHCO3 incorporated in

the overlay medium

The pH of overlay medium could influence the development of
plaques by modifying the physiological conditions of the indicator cells.
This could, in turn, affect the infectious processes of CIFV in L~929
cells, Since NaHCO3 is incorporated in the overlay medium, its influence
on plaque titer aﬁd size was investigated,
Several preparations of the overlay medium containing 0.3% égar
and M199-Cal0 were prepared, The céncentration pf the.NaHCO3 in the
-medium were varied between 0.03% and 0.3%. The monolayers were infected,
overlaid, incubated, and stained with crystal violet as described earlier,
The resulfs of this experiment are shown in Figure 6. |
The average number and size of plaques per plate were proportional
at the different concentrations of NaHCOB. 'Contfols containing no
NaH003 were vold of plaques, The maximum number and size of plaques
were attained in NaHCO3 concentrations ranging from 0,15% to 0.2)%.
At higher or lower concentrations, plaque size>and numbers were corres-

pondingly reduced.

Je. Washing of cell monolayers

Experiments were conducted té_ascertain whether washing of cell
monolayers before and after virus adsorption had any effect on the num—
ber of plaques produced, L~929 monolayefs were washed 1, 2, or 3 times
before and after the 90 min adsorption period. Each waéhithwas per=
formed using Li~ml volumes of Saline A, which were permitted to remain
in contact with the cells for only a few seconds. The results shown in

Table 1L indicate that washing of the monolayers before viral adsorption
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FIGURE 6. The effect of NaHCO3 concentration on numbers and
size of plaques produced in L-929 celi monolayers,
a) Average number of plagues/dish produced when the
concentration of NaHCO3 found at the aﬁpropriate
point on the abscissa was incorporated into the
overlay medium,
(0) Expt. 1
(&) Expt. 2

b) There were two distinct plaque ;izes on each dish,
Only the large plaques which constitﬁted about 704 of
the total number of plaques, are measured., The plague
size as above was the one produced when the concentration
of NaHCO3 found at the appropriate point or the abscissa
was incorporated into the overlay medium,
(@) Expt, 1

(&) Expt. 2
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slightly increased the éfficiency of plating. However, further washw-
ing did”not increase the number of plaques produced. ILittle effect
was noted when monolayers ﬁere ﬁashed after the designated periocd of

virus adsorption.

TABLE 1l

e — b

THE EFFECT OF WASHING L~729 MONOLAYERS PRE~ and POSTINFECTION

WITH CTFV
Number of Washings Average No., of PFU per Plate
BeforerAdsorﬁgigﬁ After Adsorption Expt° 1 E;;£. 2
0 0 35 (29-40)° 21 (20~23)
0 1 3L (31-36) 17 (15-19)
0 | 2 3% 16 (14~20)
0 3 ~ 3 11 ( 8-1k)
1 0 55 (52-58) 33 (27~h2)
2 o * 35 (20-4L)
S # Sh (51-56) L (3-h9)
2 ' 2 L5 (LO-L9) 37 (35-39)
3 - 3 33 (30-36) 32 (29-3L)
: The range of the counts is enclosed-;ﬁ parenthesis. ‘

One pre- and one post=-wash selected as standard,

Not done.

K. Certain conditions affecting adsorption of CTFV to monolayers of

of 1~929 cells,
In view of the unstable nature of CTFV it was appropriate ab this
time to determine the effect of volume of adsorption medium on CTFVU~

. induced plaque titer, One~tenth to 1.0 ml of diluent containing a known
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number of_PFU was allowed to adsorb for 90 min. The results of a
typical experiment are shown in FigureA7.v Optimum adsorption of CTFV
ﬁo L1929 cells oécured'when a volume of 0.1 ml was employed. Only |
39% of the infegtious virus present adsorbed when 0.5 ml was used.
The efficiency of adsorption decreased further with onlyn20% of tne
infectious CTFV present adsorbed if the volume,wég increased to 1.0 ml.
The time required for maximnm virus attacnment was also investi~
gated., Based on the adsorption volume studies, 0.1 ml of a suspension
containing 100 PFU of CTFV was added to monolayers of L-929 cells.
After a prescribedrperiod of attachment, the cell monolayers were washed
with Saline A to remove any unadsorbed virus before overlay medium was
added. The adsorption period was varied from 5 to 180 min, and each
| determination was based on counts from 10 dishes. The results of a
typical experimgnt are shown in Figure 8, It was foundrthat 93% of
the infectious virus present adsorbed to the 1L-929 cells_within 20 min,

No increase in titer was obtained after 120 min of incubation.

L. Neutréiiiation of CTFV in the plaque assay system

It has already been‘determined that the CTFV suSpension was not
contaminated with other viruses. To confirm that the‘plaques formed
in L-929 cells resulted from CTFV infection, neutralization tests were
repeated In the agar overlay system.

The stock suspension of mouse brain containing L % 1Q9PFU/ml of
CTFV was diluted to a titer of 1000 PFU/0.5 ml of the virus, which were
added to equal volumes of the serially diluted inaétivated sera. Nor-
mal mouse brgin suspension was diluted to give a concentration of

tissue material identical to the CTFV-infected suspension. After in-
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FIGURE 7.

The effect of varying the volume of medium on
efficigncy of CTFV attachment to L-929 cell mono-
layers.

The volume of medium used to allow virus
attachznent to the cell ménolayer was varled in
an effort to determine which volume allowed the
most effiéient adsorption of Vj:E‘U.S to L=929 cell
monolayers. The number of plaqués préduced in
each sample was compared with the known number of

PFU in the sample. This value was then expressed

as a per cent and plotted on the graph.

Because of these results, the adsorption volume

used in further experiments was 0,1 ml.
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FIGURE 8.

Attachment of CTFV to L~929 cell monclayers as a

© functbion of time. Approximately 100 PFU of CTFV

Were'allowed to attach to L=929 cell monolayers
for varying lengths of time before further adsorp-
tion was stopped by washing and an addition of
overlay medium tc the cell monol;a.yer. The average
number of plaqués present was expressed as a per

cent of the maximum virus found to adsorb, In all

~ further experiments, an attachment period of 120 min

was used.
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cu‘ba’cion at 37 ¢ for 1 hr, 0.1 ml of each mixture was added to mono~

layers of I=929 cells., At the end of the adsorption period, the over-
lay medium was added, and the plates were incubated for 3 days before
staining and counting. |

The reéult of one of these experiments is shown in Table 15,
Monolayers treated with normal mouse brain suspension or sera withe
out v*.irusv did not develop any plaques. These findings, coupled with
the failure of normal mouse serum to prevent plaqﬁe formation, indie
cated that the virus inducing plaques in the L=729 cell monolayers
was only present in the CTFV-~infected mouse brain suspensioﬁ. Since-
the immune serum is kmown to specifically neutralize CTFV, it is ap-
parent that the production of plaques was the result of infection
 with CTEV.

M. G‘onlparati\fe susceptibilities 9£ L-929 and KB cells to infecbion

with CTFV under plague assay conditions.

Thus far, the plaque assay procedure devised has been used to

titrate CTFV with 1-929 cells, This proceciure may also aliow pladques

to develop with anohter cell line, such as KB cells, demonstrating de-
generative changes when infected with CTFV. Of particular interest with
KB cells was the fact that in the tube dilution assay the final titer
of CTFV was 106'5 CCIDSO/g' of‘mouse brain tissue as compared to ILO9'5
in 1-929 cells. To acertain whether this difference in titer would be
demonstrable under agar overlay, CTFV was again titrated inAKB cells.
The embive proc':.eduré of :Lﬁf‘ection, adsorption, overlay, incubation and

staining was as described in materials and methods. The results are

shown in Table 16,



61

TABLE 15

NEUTRALIZATION OF GTFV WITH MOUSE SERUM
IN MONOLAYERS OF L~929 GELLS

Serum Final Serum Expected Number Average Number
Goncentration of PFU/Plate of PFU/Plate (Range)
e 20 No virus 0 -
1:40 No virus 0 -
Normal ‘
1:20 100 107 (102-110)
1:40 100 101 ( 99-10L)
1:20 No virus 0 -
1:40 No virus 0 -
Lz80 NlV[Bb _ 0 -
1:40 NMB 0 =
Tmmune
1:20 100 0 =
1:40 100 o) , =
1:80 100 0 -
1:160 100 0 -
1:320 100 0 [ o1 )
1:6l0 100 : 15 ( 9-20)
1:1280 100 60 ( 51-66 )
1:2560 100 97  ( 90-101)
1:5120 100 106 (104-1.08)
0  Wo virus 0 -
None '
0] 100 103 (100~106)

Average of 3 plates per serum dilution,

Normal mouse brain.
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The titer of the stock CTFV suspension was found to be similar ﬁnder
this system'in both L-929 and KB cells., A notable difference was
observed in regards to plaque size. As shown in KighEe U, thé plaques
produced inVKB cells were considerably smaller than those produced
in L-929 cells. Under the same conditions that gave plagues 3 nm in
diameter in L-929 cells, plaques obtained ianB cells were no larger

than 1 mm in diameter.

TABLE 16

THE COMPARATIVE TITER OF CTFV IN MONOIAYERS OF I-929 AND KB CELLS
UNDER PLAQUE ASSAY CONDITIONS

a
Cell Line Final Virus Average™ No. of PFU/Plate

Dilution Fxpte 1 . Bxpis 2

107 et - TNTC -

1077 TNTC - TNTC -
1-929 1078 L5 (Lh-06)°© 36 (32-41)
107 5 (2-7) 5 (3-8)

10 s 6 0 -

Control -0 - 0 -

1070 , TNTC = TNTC -

1077 TNTC - TNTC -
KB 1078 30 (26-3L) 26 - (22-29)
07 0 - 1 (0-2)

T 0 - 0 -

Control B , = 0 -

Average of four plates at each dilutiorn,

TNTC: plaques too numerous to count,

c 5 g ) g
Ranges of counts are enclosed in parenthesis.



FIGURE 9. A comparison of CTFV-induced plagues in L=-929 cell
and KB cell monolayers. Plaques of CTFV in a I-~929
cell monolayer after 72 hr of infection,

Plaques of CTFV in a KB cell monolayer after 72 hr

of infection,
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DISCUSSION

A procedure for assaying infectious CTFV units by enumeration
of plaques in monolayers of L-929 cells has been developed in this
study. The initial requirement in any plaque as;;y procedure is the
sensitivity of a cell line to the lytic activity of a given virus.
~AMlthough KB and embryonic human skin cells were susceptible to in-
fection with CTFV, L~929 cells were selected for fuféhex studies in
view of the higher titers of virus obbained from the tube culture
assays. It was not determined if true intringic differences in cell
sensitivities were present or if the differences in apparent sensitiv-
ity were due to the.physiological conditions of the experiments.,

Several different media are commercially available, Certain cell
lines can be cultured in only specific medium whereas others appear
to have no preference., 1-~929 cellé could be cultured in M199, MEM,
BME, and LaE without difficulty pro&ided calf serum was added as a
supplement., There were no observable differences in plague titers in
1~929 cells cultured in overlays coﬁtaining any of these media., However,
the concentration of the serum supplement didiaffect the titer and size
of the plaques with 10% offering the most favorable results. "~ Among
the media tested, M199 was adopted for future assays, since it contained
the largest variety of defined ingredients,

The standard stain used by many investigators is neutral red,
which does not stain foci. of degenerated cells. This in turn could be

¥ 4
visualized as plaques induced initially by the infection of one cell
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and presumably by one infectious particle. When this stain was added
to the overlay medium of CTFVhinfected~L~929 cells, the plagues were
not clearly defined. Crysfal violet applied in-the same manner was
unsuitable, since the entire overlay stained darkly obliterating the‘
plaques. To attempt the removal of overlay prepared from 0.9% agar
was also unsatisfactory, since part of the cell monoléyer was removed
along with the agér overlay. However, if the agar concentration could
be reduced to the consistency where infection was still confined to a
giveﬁ focus and yet permit removal of the overlay without disturbing
the monolayer, the cells could be fixed, then stained with crystal V1o
let,

The concentration of agar in the overlay had no effeét on the
plaque titer, but the normal concentrations used in plaque assays of
0.8 to 0.9% did reduce the plaque diameter; A nutrient overlay con-
taining 0.3% agar was found to possess sufficient firmness +o localize
the plaques. 1In addition, this facilitated the removal of the overlay
at the termination of the incubation period without being detrimental
to the monolayer. Finally, plaques visualized under crystal violet
-staining were easily observed and well defined, This procedure of
staining also had the desireable’advantage in that the plates could be
kept indefinitely for possible future reference, |

As was the case with media, severai different types of agar are
available. TIonagar No. 2, washed and normal Bacto-agar, and purified
‘agar each allowed comparable numbers and size of plagues when added to
the overlay, However, Noble agar inhibited the production and size of -
plaques. Similar results have been reported Withimengovirus (Campbell.

and Colter, 1965), Apparently, Noble agar interfered with the infectious
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process of CTFV~infected I~929 cells, The use of washed.agar was
continued in this laboratory because of its availability.

Another variable investigated was the volume of the overlay medium,
Although volume was not noticed to be a critical factor, some differ-
ences in»thevnumber and size of plaques produced under g;eate: depths
of the larger overlay volumes may have been dug.ﬁgﬁslower metabélic
rates of cells under low_oxygen tensiqn. Since a li-ml overlay volume
was the most ecopomical volume which afforded proper protection of ﬁhe
monolayer from dehydration, it was chosen as‘the standard volume to
be used in the plaque assay sysbtem describedé

The pH of the medium_cogld be a contributing factqr since the
higher serum concentration was found to be conducive to optimal plaque
production._ In‘this.regard, the concentration of NaHCO3 in the overlay
could maintain anVOPtimum‘or favorable pH condition during»the 3~day
incubation period. Dieg and Watkins (196L) reported that any concen-
tration less than O.22% allowed optimal production of plagues bijTFV
in A-1 cells, bub this was not found to be the case with CTFV~infected
I~929 cglls, In concentrations less than 0.127 or greater than 0.2L%,
the plaque size and titer were reduced. Although a wider range in cone
centrations could suffice, the optimal conditién for plaque titer and
size was found to be approximately 0,217 NaH003 in the overlay medium.

Considering only the results obtained in CTFVainfectediL—929 cells
under varied NaH003 concent?ations,we might be able to explain the de=
Crease in plague production at certain concentrations on the basis of
stability of CTFV. For example, this virus is repidly inactivated ab

any pH below 6.} and above 8.3 (Trent and Scott, 1966). Therefore, the
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virus particles produced by an infected cell under such conditions may
be inactivated before adsorption to the surfounding cells can ﬁake
place. .Also, as the:normal cellular metabolism is continued the pH
of the overlay medium correspondingly decreases. This added pH change
may increase the rate of inactivation of'CTFV and concurrently alter
the physiological condition of the_cells. This alteration could
affect the suscepﬁibility of L~929 cells to inféction with CTFV. On
the other hand, even if infection is successful, a decrease in metaw
bolic gctivity of the cell may persist and intérferefwith the efficient
replication of CTFV. Similar results were observed.with poliovirus
in primate ce'llsvby Gifford and Syverton (1957).

The apparent.differences in ability of L-929 and A—l ce;lé to
allowvgptimum plaque_prqduqtion under an overlay medium containing less
than O,lZ%_l\TaHCO3 may be due tq differences in the rates of cellular”
metabolism, For example, L-929 cells are tumorigenic (Sanfqrd et al,
1948) while the A-l cell line was derived from normal cells; A come
parison ofrcellular_metabolism undgr varying pH conditions should pro=-
vide further information in this regard.,

_ An 0,1 ml1 adsgrption volume was originally chosen since Allison
and Valenﬁine (1960b) reported that the rate of virus adsorption to»a
monplayer‘of cells was inversiy‘proportional to the depth of the fluid
covering the cells, Similarly, Lockhart and Groman (1958) found that
the efficiency and rate ofradsorption of the unstable Weshern equine
éncéphalitis (WEE) virus were optimum when a minimal volume sufficient
to protect the cells from drying wa:s used. The volume used in .the early

studies with CTFV in I~929 cells was found to be an gppropriate selection
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since larger volumes, which were more suitable in regards to protection-
ggainst drying, reduced the efficiency'Of viral attachment.r For ex-
ample, a 0.2 ml volume decreased theAplaque titer by'approximately 33%.

~ Although other investigators have reported that 99% of the CTFV
had attached to 1.-929 cells within 30 min (Irent and Scott,‘196h), a
90-min adsorption period was used In the initial expertments in an
effort to,énsure that most of the infectious CTFV was adsorbed to the
cellé. However, on the basis of the results obtained in this study,
it appears that an attachment period of 2 hr was necessary for maximum
viral adsorption.

The possible discrepanqy‘could 1ie in the strain of CTFV used by
Trent and Scott, Whereas experiments described in this thesis were
~cond'ucted_ with.mouse brain-propagated virus, Trent and Scott used the
1=929-adapted virus. It is highly'plausiblé that the cell—adépted virus
posessed a highgr efficiency of attachment to 1~929 cells than the
mouse bpain—adapted virus, |

Although’the entire procedure for the plaqge assay of CTFV was
designed using L-929 cells, other lines of cells showing susceptibility.
to this virus_in the tube cultu:e assay should demonstrate plaques under
an agar tverlay system. As presented .in this thesis, KB cells were
found to be susdeptible to CTFV, but when these cells were used as the
indicator cells in'thg plaque assay system, differences in susceptibil-
ities were noticed. The virus titers under the overlay were 1000~fold
higher than in the fluid medium, The possible explanations for these
results are as follows:

A volume of 1 ml was used in the initial infection of tube culturés

in contrast to 0.1 ml for plaque assay. This increased volume could
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héve decreased the efficiency of attachment as was observed in the
plaque assay procedure, However, differences in titer were not observed

in the L-929 cells under both assay conditions, Possibly, the rever-
sible phase of viral attachment in KB cells may be longer than in
L-929 cells, and this prolonged period of "unsteady state" could very
well facilitate inactivation.

Conceivably, the rates of wviral replication may play a vital part.

It was noted that the plaque size seen in L-920 cells was considerably
larger than found in KB cells, Excluding the possibility of agar or .
serum inhibitors, the KB cells may felease virus after a longer eclipse
period and in considerably lower numbers than L-929 cells, This
could account for the reduced plaque size,

All tube culture assays were terminated 10 days after infection.
‘C0nsequent1y, if it was possible to retain cultures of the KB cells
for perhaps 20 days, a comparablé titer might have been obtained., Un-
fortunately the KB cells began to degenerate nonspecifically after 10
days of incubation unaer these conditions,

In conclusion, differences in plaque size were noted in all petri
dishes. Although plaque purification was not attempted to ascertain
genetic stability, it is péssible that the virus suspension used con-
tained a hete;ogenebus population of CTFV mutants, These mutants
may have expressed their genotypic charécteristics through plaque morph-
ology. 1In view of sucﬁ mutants having been reported for other viruses,
including poliovirus (Takemori A él, 1956), EMC virus (Takemoto and
Liebhaber, 1961), and WEE virus (Ushijima, 1961), further studies con-

cerning these properties should be investigated,
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SUMMARY AND CONCLUSION

A-plaque assay procedure for Colorado tick fever virus (CTFV)
in monolayers of 1-929 cells was described, and several factors which
might affect the sensitivity of the system were investigated. The
experimental results are summarized as follows:

A. Susceptibilities of 1-929, KB, and embryonic human skin (EHS)
cells to infection withACTFV in tube cultures were compared, Because
of the higher susceptibility under these conditions, IL=929 cells
were selected as the indicator céll in developing a plaque assay‘
technique for this virus,

B. The concentraﬁion of agar in the overlay had little effect
on the numbers of plaques produced, However, at concentrations
greater than 0.8%, plaque size was markedly:feduoed. A 0.,3% agar
concentration was selected since this resulted in tﬂe production of
optimum=~sized plaques. In addition, this concentration facilitated
the removal of thé overlay without affecting the mpnqlayers gnd»ann
abled the use.of crystal»violet‘for staining, This stain permitted
thervisualization of qlearly defined plaques in contrast to those ob~
served'when monelayers were stained with neutral red.

C. TIonagar No., 2, Bacto-agar, purified‘aga:, and washed agar
were all shbwn to give optimal plague production. Noble agar reduced
the plaque size as %ell as plague numbers.

D._>Several nutrient media supplemented with 2, 5, or 10% calf
Serum were compared. M199, MEM, BME, or LaE supplemented with lO%
calf serum were comparable in providing optimal plague production.

M199 with 104 calf serum was found to allow consistently higher numbers



71
of plaques. However, there appeafed to be a correlation between in-
crease@ serum concentrations and plaque numbers in all media._

E. The volume of overlay_had_ﬁo effect on the numbers of plaques
produced by CTFV in L-929 cells, but plaqué size was suppressed under
greatep volumes, |

Fe For_maximal numbers and size of plaquesy*a qoncentration be~
tween 0.15% and 0.24% NaHCOS in the overlay medium was optimal.

Ge A volume of 0,1 ml was found to be most efficient for the
adsorption of CTFv to Lﬂ929.

He After a 120-min adsorptiqn periocd there was no further increase
in the number of plaques produced.

I. An experiment to determine'the relative susceptibilities of
KB and L;929 cells to CTFV'infection under_the plaqﬁg assay conditions
shqwed both cells gave comparable numbers of plaques. However, %he
plaques fprmed in KB cell monolayers were_qonsiderably smaller and
1ess clearly defined than CTFV inducgd plagues in L;929 cells.

Je Finally, it was observed that at least two different sizes of
plagues were presentvin L—929Ainfegted‘mqnplayers. The possible signie

ficance in terms of viral mutants was briefly discussed.



3.

Te

9

10,

L2

2

REFERENCES

Allison, A. C. & Valentine, R. C. Virus particles adsorption ITT.
Adsorption of viruses by cell monolayers and effects of some var-
iables on adsorption. Biochim. Biophys, Acta, 1960, L0,L00-410,

Bachrach, H. L., Callis, J. J., Hess, W. R. & Patty, R. E,
A plague assay for foot-and-mouth disease virus and kinetics of
virus reproduction. Virology, 1957. L,22-236.

Baron, Samuel, Porterfield, James Se¢, & Isaacs, Alick. The in-
fluence of oxygenation on virus growth. I. Effect on plaque
formation by different viruses. Virology, 1961.  1li,LhL-=lL9,

Becker, Fredrick E. Tick-borne infections in Golorado. T, The
diagnosis and management of infections transmitted by the wood
tick. Colorado Med., 1930a. 27,36=4l,.

Becker, Fredrick E. Tick-borne infections in Colorado. II. A
survey of the occurénce of the infections transmitted by the wood
tick. Colorado Med., 1930b.  27,87-96.

Campbell, James B., & Colter, John S, ' Studies of three variants
of mengo encephalomyelitis virus. III. Effect of overlay and
polyanions on plaque size. Virology, 1965. 25,608-619.

Colter, John S., Davies, Mary Ann, Campbell, James B, Studies
of three variants of mengo encephalomyelitis virus. Inhibition
of interaction with I, cells by an agar inhibitor and by protamine.
Virology, 1964.  2l,578-585,

Cooper, P. D. The plaque assay of animal viruses. In Kenneth M.
Smith. & Max A. Lauffer (Ed.) Advances in virus research. Vol. 8.
New York and London: Academic Press Inc., 1961. pp. 319-378.

Darnell, James E., Jr., & Sawyer, Thomas K. Variation in plaque-
forming ability among parental and clonal stains of He~la cells,
Virology, 1959. 8,223-229.

De Boer, C. J., Kunz, L. J., Koprowski, H., & Cox, H. R. Specific
complement~fixing diagnostic antigens for Colorado tick fever.

~ Proc. Soc. Exp. Bilol. Med., 1947. 6L,202-208,

Dieg, E. Frank, & Watkins, H, M, S. Plaque assay'proceduré for
Colorado tick fever virus. J. Bact., 196L.,  88,L2-47.

Dougherty, Robert M. Animal virus titration techniques. In R. J.C.
Harris (Ed.) Techniques in experimental Virology. = London and
New York: Academic Press Inc., 196l. pp. 169223,



13.
1.
15-
18,
17.
18,
19,

20,

21,

22,

23,

2h.

3

Dulbecco, Renato. Production of plaques in monolayer tissue
cultures by single particles of animal virus. Proc. Nat. Acad.
Sci. U. 8. A., 1952. 38,7L7-752. '

Dulbecco, R., & Voglt, Marguerite, Plaque formation and isolation
of pure lines of poliomyelitis viruses. J. Exp.. Med., 195ha.
99,167-182, " - ' ' - i

Dulbecco, R., & Vogh, Marguerite. One-step growth curve of Western
equine encephalomygelitis virus on chicken embryo cells grown in
vibtro and analysis of virus yields from single cells, J. Exp.
Medo [} l95l’»b ] 993 183"‘199 ‘

Fagle, Harry. Nutritional needs of mawmmalian cells in tissue
culture. Science, 1955a, 122,501-50L,

Eagle, Harry. Propagation in a fluid medium of a human epidermoid
carcinoma strain KB, Proc, Soc. Exp. Biol. Med,, 1955b.
89,362-361.,

Eagle, Harry, Amino acid metabolism in mammalian cell cultures.
Science, 1959. 130,L32-437.

Eagle, Harry, Oysma, Vance I., Levy, Mino, & Freeman, Aaron,
Myo~inisitol as an essential growth factor for normal and malig-
nant human cells in tissue culture. Science, 1956, 123,8L5-8)7.

Farle, Wilton R, Production of malignancy in vitro. IV, The
mouse fibroblast cultures and changes seen in living cells.,
« Nat. Caacer Inst., 1943. L,165-212,

Eklund, C. M., Kohls, G. Mo, & Kennedy, R. C. Lack of evidence of
transovarial transmissioq'of Colorado tick fever virus in Dermacentor
andersoni., In Helena Iibikova (Ed.) Biology of viruses of the
tick~borne encephalitis complex., Symposia of the Czechoslovak
Academy of Sciecnces. New York: Academic Press Inc., 1962,

pp. L01-)06,

Ellis, Emory L., & Delbruck, Max., The growth of bacteriophage,
J. Gen. PhySiOle, 19390 22,365"381’..

Florio, Lloyd, Miller, Mabel Stewart & Mugrage, Edward R, Colorado
tick fever, Isolation of the virus from Dermacentor andersoni
in nature and a laboratory study of the transmission of the virus

‘in the tick. J, Immun,., 1950a. 6l,257-263,

Florio, Lloyd, Miller, Mabel Stewart, & Mugrage, Edward R, Colorado
tick fever., Isolations of virus from Dermacentor variabillis
obtained from Long Island, New York, with immunological comparisons
between eastern and western strains. Jo. Immun., 1950b,

6li,265-272,




25,

26.
27

28.

29

30,
31.
32.
33.

3.

35.
36.
37.

38,

en

Florio, L., Stewart, M. 0., & Mugrage, E. R, The experimental
transmission of Colorado tick fever, J. Exp. Med., 19L).
80,165-188. :

Florio, L., Stewart, M. O., & Mugrage, E. R.  The &tiology of
of Colorado tick fever. J. Exp, Med., 1946, 83,1-10.

Gardner, C. E. Studies of Colorado tick fever virus. Unpublished
doctor's dissertation, Univ. Colorado, 1962.

Gerloff, Robert K., & Eklund, Carl . M. A tissue culture neutralie
zation test for CTF antibody and use of the test for serologic
surveys. J. Infect. Dis., 1959.  10k,17~183.

Gifford, George E., Robertson, Hugh E., & Syverton, Jerome T.
Propagation in vitro of poliovifuses., = VIII. Effect of pH on
virus yield and cell metabolism. Proc. Soc. Exp. Biol. Med., 1956.
93, 321-323.

Gifford, George E., & Syverton, Jercme T. Replication of polio=
virus in‘primate cell cultures maintained under anaerobic conditions.
Virology, 1957. L,216-~223.

Hamparian, V, V., Hillman, M. R., & Ketler, A, Characterization '
and’classification of viruses. Proc. Soc. Exp. Biol. Heds , 1963%
112, 1040~1050,

Hanks, J. H., & Wallace, R. E. Relation of oxygen and température
in the préservation of tissues by refrigeration. Proc. Soc. Exp.
Biol. Med., 19L9. 71, 196~200,

Holland, John J., & McLaren, Leroy C. Improved method for staining
cell monolayer for virus plaque counts. J, Bact., 1959.

78,596-597.

HeoscliTn, J; Be The use of methyl cellulose gel as a substitube
for agar in tissue culture overlays. Nature, 1955, 175,352,

Hotchin, John E., Déibel, Rudolf, & Benson, Lois M, Iocaticn of
noncytophathic myxovirus plagues by hemadsorption. Virology, 1960,
10,275~280,

Hsiung, G. De, & Melnick, Joseph L. Morphologic characteristics of
plagues produced on morkey kidney monolayer. cultures by énteric -
viruses (poliomyelitis, coxsackie, and echo groups). J. Tmmun, ,
1957.  78,128~136, :

Hsiung, G. Ds, & Melnick, Joseph L. Effect of sodium bicarbonate
on plaque formation of virulent and attentuated polioviruses.
Je Immn., 1958, 80,282-293,

Kaplan, Albert S. A study of the herpes simplex virus-—rsbbit
kidney cell system by the plaque technique. Virology, 1957.
b, li35-057. A



39

Lo.

L2,

L3,

LI’SO

L6,

L7.

18,

)-190

50,

5Silks

52,

(]

Koprdwski, Hey & Cox, H. Rs  Adaptation of CTF virus to mouse
and developing chick embryo. Proc, Soc. Exp., Biol, Med., 1946,
62,320“‘3221 :

Koprowski, He, & Cox, He Re Colorado tick fever. I. Studies
on mouse brain adapted virus. J. Immun., 1947. 57,239-253,

Lockhaft, Re Zey Jrey & Groman, Ne Be Some factors influencing
the interaction of Western equine encephalomyelitis and selected
host cells, J. Infect, Dis., 1958, 103,163~171.

Marcus, P. I., Cieciura, S. J., & Puck, T. T. Clonal growth in
vitro of epithalial cells from normal human tissues. J. Exp.
Med. ;] 1956 [ lO)_L H 615"'"628 [}

Morgan, Joseph F., Morton, Helen J., & Parker, Raymond., Nubtri-
tion of animal cells in tissue culture, I. Initial studies on
a synthetic medium. Proc. Soc. Exp. Biol., Med., 1950, 73,1-8.

Nagzai, Katsuji, & Hammon, W. McD. Plaque studies with certain
group B. arboviruses. I. Japanese B, encephalitis virus strains
on hamgter kidney and chick embryo tissue culture. Proc., Soc.
Exp. Biol. Med., 196L, 117,154-159,

Oliphant, J. W., & Tibbs, R. O, Colorado ‘tick fever., TIsolation
of virus strains by inoculation of suckling mice., Public Health
Rep., 1950, 65,521-522,

Padgett, Billie L., Moore, Merry S., & Walker, Duard I, Plaque
assays for myxoma and fibroma viruses and differentiation of the
viruses by plaque form. Virology, 1962,  17,L62-169,

Paul, John, OCell and tissue culture, (2nd Ed.) Baltimore:
The Williams and Wilkins Company, 1961.

Pickens, Edgar G,, & Luoto, Lauri., Tissue culture studies with
Colorado tick fever wvirus. I. Isolation and propagation of virus
in KB cultures, J. Infect. Dis., 1958, 103,102-107,

Philipson, Lennart. Adenovirus assay by the fluorescent cell-
counting procedure.,  Virology, 1961. 15,263-268,

Porterfield, J. S, A plaque technique for the titration of yellow
fever virus and antisera. Trans. Roy, Soc, Trop. Med. Hyge,
1959. 53,458,

Porterfield, J. S., & Allison, A. C. Studies with poxviruses by
an improved plaque technique. Virology, 1960.  10,233-2ll,

Rapp, Fred, Selignan, Stephen J,, Jaross, Lorene B., & Gorden,
Irving, Quantitative determinations of infectious units of measles
virus by counts of immunofluorescent foci. Proc. Soc, Exp, Biocl.
Med., 1959, 101,289~29l.



53.

5.
55.
56.
5.
56.
9.
60.
| 61,
éz.
63.

6l

65,

66,

76

Reed, L. J,, & Muench, H.' A simple method of estimating fifty per
cent endpoints. Amer. J. Hyg., 1938, 27,&935h97-

Salk, Jonas E., Youngner, J. S., & Ward, Flsie N. Use of color
change of phenol red as the indicator in titrating poliomyelitis’
virus or its antibddy in a tissue culture sysbtem. Amer. J. s
19511-0 603 21)-L“2300

Salzman, Norman P, The rate of formation of vaccinia deoxyribo-
nucleic acid and vaccinia virus. Virology, 1960, 10, 150-152,

Sanford, K. K., Farle, W. R., & Likely, G. D. The growth in
vitro of ‘single isolated tissue cells. J. Nat. Cancer Inst.,

1948, 9,229-246.

Schulze, I. T., & Schlesinger, R. W, Plaque assay of dengue and
other group B arthropod-boirne viruses under methyl cellulose overm
lay media.  Virology, 1963.  19,L0-i8,

Schwerdt, P. Re, & Schwerdt, C. E, = A plaque assay for myxoma,
virus infectivity. Proce. Soc. Exp. Biol. Med., 1962, '
109, 717-72L,

Takemori, N., & Nomura, S, Mutation of polioviruses with respect
to sizé of plaques: II. Reverse mutation of minute plaque
mutant.  Virology, 1960,  12,171-18l.

Takemori, N., Nomura, S., Morioka, Y., Nakano, M., and Kitaoks M.
A minute-plaque mutant (m) of type 2 polioviruses. Science, 1956,
126,92-925,

Takemoto, K. K., & Liebhaber, H. Virus-polysaccharids interactions.
I. An agar polysaccharide determining plaque morphology of EMC
virus. Virology, 1961.  1L,L56-L62

Takemoto, K. K., & Liebliaber, H. Virus polysaccharide intéractions.
IT. Enhancement of plaque formation and the detection of variants
of poliovirus with dextran DEAE-SQH.‘ Viroloegy, 1962, 17,L499-501,

Temin, Howard M., & Rubin, Harry, Characterization of an assay
for Rous sarcoma virus and Rous sarcoms, cells in tissue culture.
Virology 6, 1958,  6,669~588.

Topping, Norman H. 'Colorédo tick fever, Public Health Rep.,
1910, 55,222h~2237.

Trent, Dennis W., & Scott, L. Vernon.  Colorado tick fever virus
in cell culture. I, Cells~type susceptibility ond interaction

Trent, Dennis W., & Scott, L. Vernon. Colorado tick feéver viruvs
in cell culture. II. Physical and chemical properties.  J. Bact.,



67.

. 68,

69.

70.

71.

i

Ushijima, R, N. Plaque mutants of Western equine encephalitis
virus. Unpublished doctor's dissertation, Univ., Utah, 1961.

Ushijima, R. N. & Gardner, C. E. SV-4O induced plaques on mono-
layer cultures of fetal rhesus kidney cells. Proc. Soc. Exp.
Biol. Med., 1967 in press. ‘

Valentine, R. C., & Allison, A. C., Virus particle adsorption.,
I. Theory of adsorption and experiments on the attachment of -
particles to non<biological surfaces. Biochim, Biophys. Acta.,
1959.  3L4,10-23,

Vogt, Marguerite, & Dulbecco, Renatto. Properties of a He Ia
cell culture with increased resistance to poliomyelitis virus.
VirOlOgy’ 1958 . 53 L’-25""J—l-3h-

Vogt, Marguerite, Dulbecco, Renatto, & Werner, H, A, Mutants of
poliomyelitis viruses with reduced efficiency of plating in acid
medium and reduced neuropathogenicity. Virology, 1957.
L,1h1-155,



APPENDIX

78



Farlels Balanced Salt Solution

Comgonents

CaClQ-ZHZO
KCL
MgSOh~7H2O
NaCl
NaHCO
all Jq
NaH2POh°H2O
Dextrose

Phenol Red

mg/liter

S50
L00.0
éO0.0
6,800,0
2,200.0

140.,0

1,000,0

10.0

19
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Basal Medium Eagle

) Comgonents

Amino Acidsk
L-Arginine HC1
L~Cystine
I~Glutamine

L-Histidine HCl'HzO

L=Isoleucine
L=Leucine
IL~Lysine HC1
I=Methionine .
LePhenylalanine
IL~Threonine
I~Tryptophan
L~Tyrosine
L~Valine
Vitaming
D=Biotin
D~Ca-Pantothenate
Choline Chloride
Folic Acid
~ i-Inositol
Nicotinamide
Pyridoxal HCL
Riboflavin
_ Thiamine HC1
Inorganic Salts and

Other Components

Earlels BSS
CaClZ°ZH20
KC1
NaCl
NaHCO3
NaHZPOh.HZO
Dextrose
Phenol Red

x

mg/liter

21,1
0.0
292.0
0.5
26.2
26,2
36.5
7.5
16.5
23.8
L0

- 18.1
23.4

1.0
1.0
FulD
1.0
1.8
1.0
1.0
0.1
140

265,0
1,00.0
1 200,0
6,800,0
2,200.0 N
140.0
1,000.0
10.0



Minimum Essential Medium

Components mg/liter

"Essential? Aminc Acids

L-Argine HC1 126.0
L-Cystine ‘ 2L.0
L~Glutamine ) 292.,0
L-Histidine HCL H,0 bi.9
L-Leucine | 52,
L-Lysine HC1 73.1
L-Methionine 1.9
L~Phenylaline 33.0
I~Threonine : ‘ h7.6
L~Tryptpphan 10.2
L-Tryosine 36.2
L-Valine L6.8
L~Isoleucine o 52.5

"Non-Essential" Amino Acids

L-Alanine : 89.0
I~Asparagine 13.0
L~Aspartic acid 13,0
L~Glycine _ 7.5
L~Glutamic acid . 15f0
L~Proline 12?0

IL-Serine 11.0



Minimum Essential Medium

Components
Vitamins

D-Ca~Panthothenate
Choline Chloride
Folic Acid

i~Inositol
Nicotinamide
Pyridoxal HCl
Riboflavin
Thiamine HCL

Inorganic Salts and Other Components

Farlels BSS

+2H,.0

CaCl,-2H,

KC1
MgSOh~7H20
NaCl
Na.HCO3
NaHZPOh'Hzo
Dextrose
Phenol Red

Sodium Pyruvate

mg/liter

9
1.0
1.0
2,0
1.0
440
0.1
1.0

2b5.0
L,00.0
1 200,0
6,800.0
2,200,0
/10,0

11,000,0

10,0
110,0



Medium 1

0
O

|

Components

- I-Alanine
I-Arginine HC1
I~Aspariic Acid
L-Cysteine HC1
L~Cystine
I~Glutamic Acid
L=Glutamine
IL~Glycine
I-Histidine HCl-HZO
L-Hydroxyproline
L-Leucine
L-Lysine HCL
LeMethionine
IL~Phenylalanine
L-Proline |
I~Serine
LuThreonine»
L-Tryptophan
L~Tyrosine

I~Valine

L~Isoleucine

mg/Liter

25.0
T8
30.0
Dl
20.0
67.0
100.0
50.0
22,0
106
60,0
70.0
15.0'
250
40,0
25,0
30.0
10.0
1,0.0

2540
20.0

83



Components
Vitamins

P-Amincbenzoic Acid
Ascorbic Acid

D~Boitin
Calciferol

D~Ca=~Pantothenate
. Cholesterol
Choline Chloride
Folic Acid

i-Inositol
Menadione
Nicotinamide ‘

: - Nicotinic Acid
Pyridoxal HC1
Pyridoxine HOL
Riboflavin
Thiamine HC1

DL~ =Tocopherolphosphate
(Na,)

Tween 80

Vitamin A

mg/liygg

0,050
0,050
0.010
0,100
0,010
0,500
0,010
0,050
0,010
0,025
0.025
0.025
0.025
0,010
0.010

0.010

5,000

0,100

8l



Medium 199

Gomponents I_r_l_g_,_/liter
Other Components
Adenine HCl'2H2O 12.10

Adenosine«5 "} =Monophosphoric
acid, dihydrate (AMP)
(Muscle Adenylic Acid) 0.20

Adenosine=5!=Triphosphate
disodium, tetrahydrate (ATP) 1.00

Deoxyribose 0,50
Dextrose 1,000,00
I~Glutathione 0,05
Guanine HCl-H2O 0.33
Hypoxanthine 0,30
Fhenol Red 20.00
Ribose 0.50
Sodium Acetate-BHZO : | 83.00
Thymine 0.30
Uracil 0,30
Xanthine 0630
Inorganic Salts
_Ca012'2H20 | 186f0
Fe(NOB) -9H20 Q.7 ,
KC1 | oo.0
KH,PO) 60,0
MgClz' 6H20 | 100,0
MgSOh-7H20 le0,0
NaCl 8,000,0
NaHCO, 1,250.0

NazHPOL{ THZO 94,0






AN ABSTRACT OF THE THESIS OF

Marvin Eugene Frazier for the Master of Science in Microbiology

4 PLAQUE TECHNIQUE FOR THE ENUMERATION OF INFECTIOUS PARTICLES OF

COLORADO TICK FEVER VIRUS IN I~929 CELIL MONOLAYERS

2
/ s
AppT’OVBd..ﬂ... ‘ 'o| .oe‘%‘_'ﬁ'.;:{(o.»‘a{‘ 3/{/(?’“;‘:‘;Icoooaoaooocoaua'|onu

(Professor in Charge of Thesis)

) fe M&da}/
. [ o

P



ABSTRACT

In the past, investigations of Colorado tick fever virus(CTFV)
have been performed using the tube dilution method of assay in mam-
malién cell cultures. However, in order to study this virus adequately,
it has become necessary to develop a procedure for the enumeration of
infectious CIFV particles. s

In the plaque assay procedure cell monolayers are infected with
dilutions of virus suspensions. These infected monolayers are then
overlaid with a semisolid nutrient solution which limits the spread
of virus from an infected cell to neighboring cells., As a result,
local macroscopic areas of CPE, or plaques develop. If the monoclayer
is then stained with a vital stain such as neutral red, the plaques
become visible as clear areas in a faint red background.

According to the one particle theory, éach focus of infection is
initiated by a single virus particle or aggregation of particles not
divisible by dilution. Thus, the plaque assay method enables one to
determine the number of infectious particles, or plaque-forming units,
per unit volume.

Susceptibilities of L-929, KB, and embryonic human skin (EHS)
cells to infection with CTFV in the tube cultures were compared. Because
of the higher susceptibility under these conditions, L-929 cells were
selected as the indicator cell in developing a plaque assay téchnique
for this virus. Such a method of assay for CTFV in monolayers of L-929
‘cells subsequently described and several factors which might affect
the sensitivity of the system were investigated.

The concentration of agar in the overlay had little effect on the
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numbers of plaques produced. However, at concentrations greater than
0.8%, plaque size was markedly reduced. A 0.3%7 agar concentration was
selected since this resulted in the ﬁroduction of optimum-sized piaques.
In addition, this concentration facilitated the removal of the overlay
without affecting the monolayers and enabled the use 6f crystal violet.
This stain permitted the visualization of clearly defined plaques in
contrast to those observed when monolayers were stained with neutral
red.

Ionagar No. 2, Bacto-agar, purified agar, and washed agar were all
shown to give optimal plaque production. Noble agar reduced the plaque
size as well as plaque numbers.

Several nutrient media supplemented with 2, 5, or 107 calf serum
were compared. M199, MEM, BME, or LaE supplemented with 10%Z calf serum
were comparable in providing optimal plaque production. M199 with 10%
calf serum was found to allow consistently higher numbers of plaques.
However, there appeared to be a correlation between increased serum
concentrations and plaque numbers in all media.

The volume of overlay had no effect on the numbers of plaques pro-
duced by CTFV in L-929 cells, but plaque size was suppressed under
greater volumes.

For maximal numbers and éize of plaques, a concentration between
0.15% and 0.24% NaHCO in the overlay medium wés optimal,

A volume of 0.1 gl was found to be most efficient for the adsorption
of CTFV to 1-929.

After a 120-min adsorption period there was no further increase
in the number of plaques produced.

An experiment to determine the relative susceptibilities of KB
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and L-929 cells to CTFV infection under the plaque assay conditions
showed both cells gave comparable numbers of plaques. However; the
plaques formed in KB cell monolayers were considerably smaller and
less clearly defined than CTFV-induced plaques in L-929 cells.

Finally, it was observed that at least two different sizes of
plaques were present in L-929 infected monolayers.. The possible

significance in terms of viral mutants was briefly discussed.





