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Z—Following is tne translation of an article by 4. Sy V) e
sdovokhatskiy and L. J. Hishin, institute of Virology =~ | @ [ ‘w
imeni D. I. ilvinovskogo, auil USSR, soscow, published " ~ 7~
in the EFussian~language periodicul Voprosy Virusologii

{froblems of Virology), xo 5, 1968, Dp 56o=-574. . Lﬁ§%£518!§§;

was submitted on 20 Nov 1967. / Lﬁ
il

The missions of practical virology require ths further study
and development of simple and sufiiciently efiective metnods for tne
cultivation of viruses. These requirements are answered to a! xnown
degree by the method, developed after tne discovery of the principle
of fermentation dispersion of tissue, of cultivation of viruses in
suspensions of trypsinized cells [3, 7, 11, 14/. Suspensions: of
primerily trypsinized fibroblasts of chick embryos were used with
success for tae cultivation of viruses of fowl plague, tick-~borne
encephalitis, liewcastle disease, vesicular stomatitls, aueski; vaccine,
and equine encephalomyelitis /I2, 15, 147. i

i
t

We studied the peculiarities of multiplication of virus in
suspension on & model of VEE = fibroblasts of chick embryos, using
& unit, which was developed in our institute, for tne deep cultiva-
tion of cells. Thls unit makes it possible to aerate tne culture
with 2 mixture of air with a set percentage of carbon dioxidels

Materials and ilethods |

The cells, fibroblasts of chick embryos (¥Ci), were obtained
with the help of the conventional metnod of trypsinization from
10--11 day old chick embryos. 48 & rule the cells were diluted in
a mediwn of the following composition: 0.5% solution of lactalbumin
hydrolyzate (45%), medium No 199 (45%), heated bovine serum (5—10%),
and 100 AU/ml each of penicillin and streptomycine. |

Ve used the virus of Venezuelan equine encephalomyelitib (Vais)
which had preliminarily undergone a number of passages in monplayer
cultures of fibroblasts of chick embryos.

The culture was infected by means of introductlon into khe
prepared cellular suspension of specific amounts of an appropriate
diiution of virus-contuining fluid in Hanks solution. In thel tests
for studying the dynamics of accumulation of virus we used tne follow=-
ing method: the suspension of cells was centrifuged for 10 minutes
at 1500 rpm, the supernatant fluid was removed, and the cells| were
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General ;ri.ew of unit for deep cultivation.
& = units for automation and control; b - interior view of ihcubator.
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3 Flgure 2. Hain arrangement of the unit for deap cultivationé
resusgended in virus-containing fluid. after contact for Soﬁminutes
at 87° the cells were again precipitated by centrifuging, wasaed
threce times with [lanks solution, and diluted in fresh nutrient medium

up to the required density. A sample taken at this moment was
taien as O hours. t

in tae work we used the semi-sutomatic system Ior suspénsion
cultivation of cells of the batch type (Fige 1)e¢ The main arran;e=
ment of the unit is shown in Fig. 2. ‘

‘
1
1

The culture vessels were beakers (1) made from molybednum
glass which were eguipped with a connecting piece with a tap ror
decantation of suspension and a fluoroplastic cover with connecting
pleces, two of which serve for switching in the circulating system
of aeration, and the third for the sterile admission of Iresh
nutrient medium from vessel 5,
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For mixing the suspension a floatlng paddle magnetic stirrer
made from molybdenum glags is used. The 1lifting force of the!
spherical {loat presses tne upper end of tue stirrer shaft to a
conical screw mounted in tihe center of the cover which fulfills
tne rolo AL ¢ thrust beuring. To tuo lower yortiun of tho float
is welded a 1nrro‘£gnet¢c rod waicn is armored with glasse The
stirrer is revolved from & standard magnetic driving gear, while
botia rotaticn and centerinz of tane lower end of tne stirrer rela-
tive to the vessel 1is ensurud by the magnetic field. A distinctive
feature of t.e stirrer is the absence ol rubbing parts in tae
liguid with effective mixing, wihich 1s conditioned by the presence
of t 2 paddles. For aoration of tie suspension a hrrmetic circu-
lating system of itne closed type is usede It ensures the contin-
uous Ilow of sterile air witn & set concentration of COg over the
surface of tne suspension. Circulation of the gaseous mixture is
ensurcd by an air micropump (4) with a regulatable capacity from
0.l to 2 1/min. The reyuired concentration of CO, is ensured by
an apgaratus cf autcmatic regulation, the pickup of wnicn ib
included in the aeration system. rreliminary establishment of the
required percentage of COp is done with tae help of a special; reg=
ulator witnin limits from 1 to 10%. All the elements of the
apparatus are calculated for prolonged continuous operation.i

Cultivation was carried out for the most part in a volume of
500700 ml., The sus ension was mixed by various metnods: by a mage=
net placed in the bottom of the vessel (stirrer system), by a magnet
suspended oa & chain (splnner system), and by a paddle stirrer. If
in tihe tests a unit for deep cultivation was used, then the rate of
rotation of the .stirrer varied from 180 to 250 rpm. The culture WaSs
aerated oontﬁnuously witn air or a mixture of air and carbon dlox1de
in set proportions with a rate of flow of gaseous mixture under the
culture of AOO ml/min. The temperaturc was maintained ﬂonstantly
ot around 37°., Samples were taken after specific intervals o; time,
0. ol the suspension was determined by a change in the color of the
010l red indicator, and in necessary cases data were controlled
bJ pectentiometric indices. The amount of cells in 1 ml was calculated

a Goryayev chamber, Living and dead cells were diflerentﬁuted
by susceptibllity to staining with Trypan Blue. |

Results ?

|
For the purpose of determining tine recuired initial parameters
& nunber of preliminary inve%t¢5a+ions were carried out. The result s
of a study of the survival of FCL cells in suspenslon showed that
under tlw selected conditions a sufficiently hign density and via=
bility of tho culture was preserved for the first 1y days (ri « 3o
4Hlready in several hours after tho onset of cultivation the cells
aad rounded off, and by 6 hours began to conglome.ate, initially
by 4-6-8 cells and then more, so that by 18—-24 nours up to 50s of
tlie cells were found in aggregates, the viability of which carresponded
to the viability of the culture as a whole., By this time lange
’ |
4, i
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Plge 3. Dynamics of changes in Fipg. 4. Dynamics of changei in the
~ the population of FCE cells in a pH under various conditionsi of

suspension in noninfected and aeration, |
VEL virus infected culture. Noninfected culture: 1 = aeratlon
Noninfected culture: 1 - total with air, 2 - air and 1.5% CO
of cells, & = living, infected infected culture: 3 - aeration with
culture; 3 - total of cells, air, 4 - air and 1l.5% CO,; 5 -
4 - ligi absence of aeration; 6 =“variable
(a) 10 cells/ml, (b) days. regimen of aeration. |

(¢) hours. :

i
solitary light cells were revealed in the culture, Formauion'of
aggregates did not drop even with the intensive mixing of theipaddle
stirrer at a rate of rotation of 250270 rpme. On the 4—5th day
of cultivation the aggregates were disintegrated ~s a result of the
death of a portion of thelr component cells. At this same time
sclitary cells began to degenerate. l

Throughout the entire experiment & settling was noved ok a
considerable amount of cells on the walls of the culture vessel along
the edse of the meniscus. The rate of formation and density of this
cell ring alwuys corresponded to the viability of the culture.

l

The change in the pH of the FCE culture at a density ofxo.s * 10
cells in 1 ml and asration witan air with 1.5% COp 1s shown in' Mipure
4 (curves 1 and 2). Blowing tarougan of a nixture of air with 1.5%
CO? did not protect the culture i1rom acidulation, and aeration withn
aif at a rate of flow of 400 ml/min maintained the pH within bptimum
limits.

l

The stakility of the virus at 37° in the medium usod under con=
ditions of constanv mixing was compared with the stubility ol the
virus in an immobile cell-=less medium, The results of the experiment
are shown in Fig., 6§, Inactivation of the virus during mixing takes
place considerably more rapidly. 'hile in the irmmobile medium at 37°
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Fige Se DLynamics of inactivation Fige. 64 Dynamics of accumulation

of Vis virus in en immobile medium of Vux virus i a suspension cul-

(1) ana with mixing (2). ture of ©Ci cells (density of pop=

Legend (both figures): (a) = ulation 3 ¢ 10° cells in: 1l ml)

PPU/xl; (o) = hours. at a multiplicity of infection of
0.,00002 PFU/cell (1) and 2 PFU/
cell (2)0 |

in 24 hours the infecting capacity of virus 1s reduced by L-—l1.2 1lg,
in 24 hours with constant mixing it was reduced by 2.5==3.5 lg.
i
in a comparison of the various methods of mixing it turhed out
that whon using the spinner system or the paddle stirrer the level
of virus was approximately the s.me. As & rule the stirrer culture
yielded less of an output ol virus.

|
Dynamics of multiplication of VEL virus in a suspension of

Ct cells. For studying the dynamics of accumulagion of virus two

paraliel cultures (density of population 245 * 10 cells in 1 ml)

were infocted with & multiplicity of infection of 2 and 0,00002 FFU/

cell (Fige. 6)¢ 4 lowering of the infecting capacity of virus' was

noted in the first 3 hours, then the isolation of virus increascd

almost exponentially from 4 to 9-10 hours in the case of a high

nultiplicity of infection and from 6 to 22-=24 hours with low mulgi-

plicity. The meximum titers in the girst case comprised 4,4 « 10

) FU/ml, and in the seccond = 2.1+ 10Y PFU/ml. In both cases in 48

hours an expressed lowering was noted in the titers of infecting
E capacity of the virus.

The acceler. .ted lowering in tae amount of colls 1n the %nfected
| cuiture appeurcd in 24 hours aftor tne inoculation ol virus, however,

| T.e viability of tne cells began to drop much earlior and at iconsid=-

! erdably moro expressed toripos. Higure 2 shows tane dynamics ofl caanye

| in a culture &after infection with u massiveo doso of virus. ag ro-

| cates, existing for & long time in an infectnd culture, disintegrated
i «nd died already by 24=-32 hours, The cell ring on the w&lli of the

| vessol was weakly exprossed and easily disintegratade Changes, caused
| in a culture by infection of virus with low multipilcity, dififered

\ only by the greater lengthiness in time,

; 5.
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Table 1
Multiplication of the Vi virus in suspensions of chick embry&
fibroblasts during various concentrations of cells and a variocus
multiplicity of infection.

f
!
t
. 3 |
Konuente (J i
HOXCTBE T THTp Bil
rayn e [pnorcersemmocrs [ Frurp supyes |
(s nanisa) | (8 BOLikaemxa) 24 waca ,
! 1 "9,5.107 !
0,000001 3.10 i
2 5 5.10% g
0,00005 2,1-10° '
b ' 0! - 3,7 10"
. -. 0,00001 8-10%
? 0.4 1-108
0,0004 1-10°
10 2 2,7-10% :
0,0001 - 4,4-10° i

Key: (&) Concentration of cells (in million/ml); (b) Multiplicity
of énfection (in PFU/cells); (c¢) Titer of virus (in PFU/ml) after
24 hours, E

Multiplication of Vix virus in suspended cultures of FCxz
cells of vagious density. The concentration of cells varied from
1 to 10 ¢ 10¥ cells in 1 nl. In ocacn experiment we studied the
multiplication of virus with a multiplicity of infection differing
by 4~=5 orders.’ The data obtained are cited in Table 1. The best
results were _achieved with moderate Censitles of cell population
of 2==7 ¢ 10% cells in 1 ml. Under thusc conditions the virus
accumulated up to titers of 8 s 108-=2 ¢ 109 2FU/ml in 24 nhours,
The titers of virus at a low multipliclty of infectlon continually
turned out to be higher tnan during infection witn a massive dose.

Comparison of productivity of VLl virus undor various condi-
tions of cultivation. Table 2 shows the maximum titors,obtained in
a number of tests for a given concentration of cells for 1 ml:
medium, of accurmlation during the applicction of tihe rollier, .cuse-
poension, and stationary cultivation. Steruain; from the data cited
tho approximate harvest of virus per 1 coll was calculateds 1%
turned out thnat the lowest was during its incubation in suspension,
and the highest was in monolayer stationary culturus. Dluring; any
method of cultivation the jreatest productive cayacity of virus wus
notod at a concentmation of 1,5—3 + 10° cells in 1 ml of uedium of
acourmlation, r

o1 of the suspension during various conditions of aeration of
the culture. igure 3 saows the results of measurements of i of
tiae suspension in various periods of cultivation of both infectod
cells and tnose not infected with virus. In the described series
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Tab%e 2
* = s ‘
Harvest of Viu virus per 1 cell (FCL) under various conditions of
cultivaticn {
- ST @ 7
@, 2871 Makcumann- = ;
Tun Kyautusnposasus §on | wme Turpu > powat c t
=¥2 3 !
. EE3 " b0k sy | S0L aeman)| PO ;
; g2 |
Crauuonaphusit monocaoh - 0.3 4.10 1333 ;
05 | 7.10° 1400 ;
@ 0.8 {1,3.100 1625 1748 -
1,5 | 4.100 2633 '
4 . ,
, l
o 1,0 | 7,6-100 760 ;
Poanep 1.6 9.10* 600 . :
, 3,0 | 65.100 2166 1281
@a ' 50 | 8.10° 1600 ' X
' 20 | 2,1.100 © 1050 :
50 | 8.100. 160 3
Cytrlenaun , 7.0 .10 143 349
100 | 4,4.10° 4 ;

iey: (a) Type of cultivation; (b) Density of cells per 1 rl ‘e 106;
(¢) laximum titers in 24 hours (in PFU/mly; (d) Harvest of virus

Ei? PPU/cell); (e) Average; (r) Stationary monolayer; (g) Roller;
n) Sucipensione. ;

1

ol tests the dens .ty of pouulation comprised % « 108 cells inl ml,
multiolicity of infuction = 2 sFy/ cell, and mixing and aeration were
in conformity wita tao rogimen described avove. hile the blowing
tarousi of juro air msintaired the . of a noninfected suspension
unaer optiun limits (1), the presence of le50 of COs in u zaseous
Lixture guive ragidly led to a lowering of tae pif to Ge8==6,7 (2)

in vhe avscnco of aeration an infoctou culturc ulroady in sevorsl
aours produced intonsive acidulation of the rmedium (o). 1ln vae caso
o blowing tarouch of purc aip taroush an infectec culturc (3) the

sii ol tao susponsion in tie course of 6 nours of incubation increased
LUGUWALLY DY Q.0==0.4; the paasc of logaritiaic growta in the isola-
©-0a o v.rus was conuected with & rnoticeadle acidulation of the

SRUNGAN Subsequently as a result of the doutn of cells tao S owus
“so.oiished on a quite aizan level, Slowin; tarouzh of & 1.54 CO.
+eSension somewinal decreasod tie initlal alkalization of vae culture,
dul auring srolon_ed cultivation tao il was roduced 0 6.8, .

¢.:un_c In tno concentration of carbon dioxide in the ;Bscous Iniiturc =
99050 CO2 during tho first 6 hours, air up to 24 hours, and, if urtaer
maintendnce of the culturo wos necedsiry, l.Se CO,, made it Poasible
to zuintain the pH in satisfuctory linits without sharp fluctuations,

!
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Discussion

"he rmultipliecation ol Vi virus in suspensions ol tryssinized
ICs eells is subordinated to tue swne _euncril princiylces walcn are
characteristic for its devolo.ment iu monoleycr culturcs of t.uese
cells. The use of & suspension culituro :wkes it possible to
achieve a considerable econormy of time, nutricnt nmedia, and labor
expenditure. Since the sreatest density ana viabillty ol cell
po.ulation is noted in the first hours of cultiv.tion, taen tals
method can be used with rreut success for the incuvbation of viruses
viith a short cycle of development. 3y multiplyin; tae virus con-
siderably speeds up tac deuth of the culture and curtuils £ilc Process
of survival of cells to several nours. The nigher tne muliiplicity
of infection the more significent tnis 1is.

The influence of multiplicity of infection on tiho maximun
titers of virus apparently has tne same mechanism whica was noted
by us for roller cultures, but less expressed. It is necessary to
add taat with a low multiplicity or infsction the cells in 10—14
nours are able to become somewnat adapted to existence in a sus-
pension and increase tine production of virus. A certain increass
in the ylold of virus following infection with small doses in sus-
pensions of trypsinized cells has been doscribed for the virus of
fowl plugue (6¥ and poliomyelitis [:7. As a rule for susponsion
cultures a considerable scattering of data and a certain inconstancy
of recults are characteristic for surviving colls.

The fact that, based on yleld of virus for 1 cell, suspensicn
cultures give in considerably to the methnod of monolayer cultures
nas been noted many times by many authors on various cell and virus

models /7S, 7, 8, 10, 13, 14, 17/. From our point of view it is
‘ ) insufficient to explain tnis phenomoncn just by the paysiolo:;ical
state of cells in suspension, thus conditioning a lesser production
of virus by each cell. In suspensions of onick f{ibroblasts oven
when using & larpge multiplicity of infection a considerabls anount
of noninfected cells romain e On the otner nand destruct.ion of
the virus in a suspension proceods vory intensively. Finally, tao
metnod of cultivation of viruses in susponsiors of trypsinized cells
- is not near as develo.ed as tiio metnod of thelir multiplication in
monolayer culsurcs.

One of tae most important fuctors wnicn determine the succoss
of suspension cultivation is the maintcnance of oitimunm pi voluos,
Acidulation of tae medium sharply speoeds up tiw deatn of virioas,
meanwhile a shift. of pH to the acid side increuses by 2~—4 tlig.
tne wotivity of inhibitors of bovine serum, & correct rejiman ol
aeration makes it possibie to sinmply and efiectively rogulats v
reaction of the mediua, Thero is interest in the nature of tac
curve for change of pH during aeretion of a culturs with air (soe
Fige 3, ourve 3), which is apparently connected with tne cycle of

9 ;
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reproduction of the virus., The initial ove.aliialinity of the medium
Was probudly conaitimed by tne active remov.l, by the streum of
air, of the volatlis sroducts of cell metuvolism (CO2 in particular)
vinien wore forrmod as a result of the activation of enerzy »nrocesscs
of twno ceolls under tae influonce of virus infection. 4 subsequent
lowering of pi tekes place due to vhie sreater accummlation of aone
volatile acid substances, 1t ic wainly their liberation wnich' name
oere tune maintenance of o by tac :retnod of aeration with higa) con=-
centrations of cells, i

Ve dropose the following opvimui metnod for tne acceleorated and
econonicul obtaining of Vel virus in tine uiit for deep cultivation,
Cu cells, obtainecd pyr weans of trypsinization of 10—11 day chick
emb>yos are wcsnoed once witn lianks solution, they arc diluted in a
mixture of medium Lo 199 and 0.5 . solution of lactalowiin hydrolyzate
(1:1) to a density of 3==3,5 ¢ 10° cells in 1 xl, and 5—"7, of heated
bovine sorwa and antibiotics (100 aU/xl ezch of penicillin and strepto-
mycin) are added. Tne suspension of cells is placed in a culthge
vessel and the virus is introduced on tae basis of 10=% and 10~
PiG/coll. Tho temperaturs of incubation is set at 37°C, rate of ro=-
tation of the stirrer is around 200 rpi, and flow of rassous mixture
is 400 ml/min; the pH is maintaincd by tae corresponding regimen of
eerction, waica 1s selscted dependinz on conditions; gassing for 24
nours wita 1.8% CO, or passing for tne first 6 hours with 354
CO, wita subsequent blowin; tarougn ol cir for up to 24 aours. During
cultivation in closed vesscls without avration (spinner systen for
oxunple )} it is nocessary to select tae correct ratio of liquid and
guseous phases (1:10--1:20) or to use cottom plu3s, add soda Jeriode-
ically, etes In 24 hours the culture is re.oved and the suspension
contriluzed at 6,000 g for 15 mine Infectious titers of virus and
supernatant liquid reach 10% 2FU/ml. Tho entire »procoss of produce
ticn of virus occuplos 26-=28 anours.

Conclusions

1, The unit for deep cultivation can ove used succossfully for
tae mltiplication of viruses in a suspension of trypsinized cells,

2. 1t mhms—deen,Corxonstrated tiet tie efisctivencss of reyro-
cuctlion of virus is determined by tno multipliclity or inflecticn, cone
sontration of colls in the suspernsion, and tae regimen of aeration,

3. Uptimua tecnnological conditions nave boon doveloyed for
t.l0 uccelerated obtaining of lar;e quantities of & represontative of
Sroud . arboviruses.- the Vin virus.

——
—
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