THE INFLUENCE OF AGE AND NUMBER OF MADIN-DARBY BOVINE
EIDNEY CEELS IN MONOLAYERS ON THE SIZE AND NUMBER
'OF PLAQGUES FORMED BY BOVINE ENTEROVIRUS*
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COnsce 3 Somplete monolxyer of MDBK cells was obitaised, the
plague size of bovios enterovirod was appareotly noaffected by the
number af cclls in. the meoclayer and the age of the cell culture.
Simllarly, the eramber of plaguse pru-dumd by 4 given virus inoculum
was oot ibinenced by chis celt Gorentiution i & complete cellabeet,
Mevarthyless, Ao Plaque covnt wat aavasoly affecied by the aytritive
stege of the call culture. The pligue decreaged to aboat 30 per cent
whets the cefl cultures were fed 48 hours ‘before virus Thoculation,
imstead of 20 to 24 hours.

The virus yield per cell was ebout 500 PFL when the cells
were 1y the expinepiisl phase of growth compardd witk oaly abaut
190 PFU per coil when the colls were in Stationary or decline phase
of growth.

INTRODUCTION

Any vitus work. r:qu:rea gccurate quant:tatmn of infectivity of the virus
concerned. Among the vadous methods of virus assay availeble, tissuc culfure
copstituted the most modern &nd sensitive technique, prever. fhere are
some preblems associated with tissue calturg . methodology. For instance,
there is occasionally inconsistency in the number and. size uf p]aquca formed
by a certain virus even though experimental qnndttmnn BIE apparently kcpt
consiant. . This dlﬂhulty was experienced during studies on bovine enterovir-
uses (Barya, 1966},

A study was thus undertaken (o determine the effect of age and number
of Madin-Darby bmrme kidney (MDBK) celis in monolayers on the size and
number of plagues formed by bovine enterovirus,

MATERIALS AND METHODS
Bovine eut:rowms, damgmtnd BE\LI -wag jsplated from the pooled
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faacal sammples of nine calves, three to six months old, and two pregnast cows
(Moll and Davis, 1959, After plaque-purification by the method of Dufbeeco
and ¥ogt (1954), the virus stock was prepared according to the method adopted
by Barya et. al. (1967).

The virus infectivity was quantitited in MDBK cell live cultures accord-
ing tc the mathnd employed by B&:rjl'a et. al. (1967).

An initial dumber of 3x10% MDBK cells in 2-ounce bottles wag in-
cubated &t 37°C, for 13 days. The medium. was replaced with Earle's mamten-
ance medium (EMM) on day 3, 5, 7, 9, 19, 11 end 12, Three bottles were
sglepted at random and each day the average ceil count per bottle was determined
by tryp&n—dmpamon and <ell counting in- a haemoeytometer,

- ‘Each day, virus BEV-1 was diluted to-about 1000 PFU per ml. and
0.2 ml: of the diluted virus titrated by the plaque method ii:_np.dh of three tissue
culture bottles. After 48 hours incubation, the infected eclls wero stained
and the plaques counted. The size and uum]ber of plaques was determined.

Tn order to estimate the virys vield ner cell, threse tlasue-ﬂulture bottles
were infected with 0.2 ml. of a 2: 10° PFU of BEV-1 from day 2 through 13.
The vitus inoculum was adsorbed for I {2to 1 hour st 37°C. followed by addition
of 6 b of maintenance medium and the infected bottles were incubated at
37°C. for 30 hours. The virus yield was pooled from three bottles after freeze-
thawing three times. The pooled virus samples for each day were stored at
20°C. until assayed.

RESULTS

Tnder identical experimental conditions, the plaque size was relatively
Jarge (3-4 mm) when the cell monulay:rs wel'e l:hm and mm:nplt:tr:, the plaque
size decraased gradualif,r as the number of cells in the muno]aycrs increased,
When & complete cell monolayer was obtained, the diametsrs of the plaques
were approximately 2 mm., (Table 1, Fig. 1)

The number of plagues formed by a given amount of vicue in incomplate
monolayers was approximately doubled when a complete cell sheet was in-
peulated. When a continuous monolayer was obtained, the age and sumber
of cells did not seem to influence the number of plagues formed. However,.
it was found that the nufritive stage of the cells preatly affacted the piague
numbers farmed by a given virus, Thes numbers of plaques were coapistently
lower when the cells were fed with fresh maintenapce medivm 48 houss as
compared to 24 hours before virus inoculation (Table 1, Fig. 1.}

The virus yielt was approximately 200 to X PFU per cell for cellain the
expopential phiase of growib. and enly approximately 100 PFU per cell whes
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the cells were in the stationiry phase (Table 1, Fig. 2.} The MDBK cells has a
geaeretion time of 24 hours (Table 1, Fig. 1.}

TABLE L.—Effecs of Age of MDBX Cell Cultures and Number of Ceils
Ber Cultyre on the Virus Yield, Number af Plagues and Plague Size.

Virus Yield . . ' Plaques
Days at ' : :
o i ol logip of logg FFU PFU . Average  Average size
MDBK. per ml. per Cell . No in mm. .
Cells BDI'LIE“ 4R hrs. of
pet ml. ; neubation}
0 4,700
i 4.670 s i
2 4.964 7.653 490 P
3e £.258 7.748 30 27 4.2
4 5,566 7. 800 172 42 3.6
5@ 5.790 7.937 140 58 2.8
6 5.896 7778 76 15 2.7
il 5.798 7.902 113 54 2.6
g 5.926 7.760 . 48 81 2.4
9a 5.801 7.923 133 7 2.3
10 5.877 7.858 96 T4 2.3
11* 5.81% 7.925 114 76 ‘2.3
12 5.860 7.57% - 52 85 2.0
13 5.965 7.760 . 62 82 2.1
(@) Celt culture finid méhnnmwith Earl’s malatenance mediun contalning 5% lamb
serpm.. ;
(b) Ceil cultuzs Huid exchanged ‘with maintenancé medium contaniig 7.5% lamb
grim,

- DISCUSSION

Within & given time of incubation of infected cell meonolayers, the gjza
of virils plaques was influesiced only up 1o to a certain extent by the number of
cells in the monolayers.” Where the monolayers became relatively thick and
complete; the plaque size remained mote or'less constant, The differences in
plaque size are most probably dus to the cell concentration around the centre
of infection. Thus infactive virus particles, released from infected cells, spread
and infict colls farther from the foens of infection when iHe cell concentration
it 16w, Young ce!f cultures, when in the exponential phase of growth, synthe-
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size alout 500 PFU per cell while dnly 100 PFU per infected cell are syathssized
in the staticnary phase of growth, This might alsc be reflected in & larger plague
size in young cell monolayers,
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Ounce a camplete monclayer was abtaiged, the number ‘ff plaques formed
by & given-mocutum of virus suspension was appareatly not-influenced by the
number of catls in the monolayers and the age of the cell cultures. The pu_mher
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of plaques for a constant inoculum of virus was about one-third of the actyal
number when the monolayers were incomplete and with empty spaces, This
cah b expldifed Ky tHé Hdsorption of Virus pasicies om the-giass surfageof the
smpty spaces in the cell sheets, . Tha nmnber of plaques decreased to about
50 per cent when the monolayers were fed with fresh maintenance medium 43
hours before virus inoculation instead of 24 hours, Thus, the number of
plagues- apparently seemizd to.be aifected by the nutritive stage of the cell
cultures An acid pH of the ol cuitore medintn after 48 hours might also he a
mntnhutmg factor. However, insufficlent concentration of 'nutfiénts per
cell after 48 hours appears to be 8 more important’ factorfor a low plague count.
It is likely that inadequate mutrition resylts i diminished synthesis of cell
receptors for ¥irus adsorpiion. Holland #nd McLasen (1961) have demonstrated
that for the human enteroviruses, susceptibde calls have specific reowptors in
the insoluble lipoproteins of the cell membranes, mainly in th microsome
fraction and that non-susceptible cells lack these specific receptors.

. These experiments demonstrate that the cells should be used when they
tiave formed a complete monolayer and the mediam should bé changed about
24 hours before use in order to obtain & relatively amumte dnd’ rcpruduclble
titration of virys by the plaque method. .

. ‘Thé age of cel! cultures seems to influence the virus yiald per cell. ‘The
colls in the sxponential phase of growth yield about fivs times a5 many PFU
per cell as thoss in the stationary phase. This is probiably due to the fact that
cells in the exponential phase of growth are more attive metabotically than
thoss in the statipnary or & decline phase of growth, Optimal concentration
of nutrients per celt apparently dlso wik beneficial for the synthesis of relatively
high vitus yield, This study suggests that 4 to 5 days old cell cultures should
be used for optimal virus yield.
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