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RBP 2B EIEFF Vero MR

IR HAHE KA EFA4

(ENEENPREMTERAN X 10007D

N OE BERAARSHAREZEERNFTRTE. SAERLEAFETBH Cytodex 1, Cy-
todex 3. Biosilon, Bellco Glass Microcarrier, CT-1, CT-3, MC-1. CT-2 s #Ef#o Yy
% T T BRIk, B85 L Biosilon 28 Vero RS S R H SR ME&, A sooml
Wheaton B FERIEE BN Vero IR HT I HF &M, 20 50~60mg/m] B RERA .1
~2X10"/ml (EARESEE, FLUNES (95%0,+5%C0.) H RN EEFERAS
HEFE L. 75 200ml EFREHY Wheaton BEHM P, WMEEIKE 2 50~ 60mg/ml, MK EH
WEEE 9. 24X 10°/ml, W HE ¥ 65~85r/min, ¥ 25d 32 3E, Vero BB ]34 2. 34 X 107/
ml, AR 50~ 60mg/ml #Y RO P& A A IEFF MMEH ® k. B L SL CelliGen £ MR T
BOEfTI R, MR BN 498 X105/ ml, HHER R 1.2L, HERKEM 0. 20L E#H
kP 3 65L, & 22d iERMMISSE, RAMMFEAR 205X 10" /ml. X HEHIEHY
Vero IRBAESHORFE (VSV) EREH, ARTERREREGE.

x@i7 WRE, SEHIER, Veo Wl

RAHBERABEFEAREGT 60 7KW Capstick XHF % BHK M &5
RIfE. YBRATHEME T 4FAWESN FMDBEHTE. BXREH IFN, -PA,
EPO H— RN RARE R ENHH™ & R ERE, EATTARAFA Y REK
BEFREAKEFIUENEOREZARREREFTEAN RSB, EAHHEMADNA
HA SN MAMEEE ERN L. 8, #Ei. 2, ARnHBEEAHT
BEAFHOOEAR,. MAHEKAAREFYUKURAEEGARERLFE.
EAs B4 A A M BE AR B o K R K, Vero B —ARVA 1~2X10°/ml HIAR RS B L
LERE Y HEHE, FIH Vero MHANEE TRHKOCHIMEFEXT hGH, UK,
t-PA SEAAYT. MERFAREEREAS] 1~2X107/ml, L668 KU BEREAL & 7= 1
F,BEanBamiteda. i, Ve SRS FEE R RETH T E-ELEK,

1 HHEFkE
1.1 H#¥
1.1.1 4HE: Vero MAR (134~180 ) AW LS, HPEEHIAAEYR R AT EME,

1.1.2 F58.: VSV Indiana #k, HEHARETERE.
1.1.3 3E&E. FFRMMIZTHR DMEM 3EHE, Wheaton BEH A CelliGen £ YR N B W

FEFE AL BEWEEE “AHEARTHLEHER".
EIF 1994410 A 18 H K H.,
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Mis§3E R DF (DMEM/F12=1/1) 3f#, XRMWEHEN N GIBCO /=&, B i W85
1. 4gNaHCO;, 5g D-Glucose, {#fB{ N 5%NCF (XX IREF /40, HAHim
EHEW TEMBTFRI4), 10mmol/L HEPES, 179mmol /L NaHCO,. 2mmol/L-
Glutamine, 100IU/ml Penicillin H 100ug/ml Streptomycin,

1.1.4 fPattk. s HEAMHA MK, MC-1 (ZEFEEH¥B); CT-1, CT-3, GT-
2 (JeF AL T2BE); Cytodexi, Cytodex3 (Pharmacia, Sweden); Glass Microcarrier
(Bellco Glass, Inc. , USA); Biosilon (Nunc, Denmark). F#RIEF R, Biosilon kK
MTIMIMACLEMEESS, STEEEH, HROEKK 20mg EERESFIMA 8
A BB T, F 4oml XFEEE PBS BEHR 21K, U EF PBS £ 0. IMPa HEXS
Keh 30min, BEASMEN LAEEHREEN 10h D EFHEE, B ACKBREFEH.
1.2 Hik

1.2.1 FHER: W 100ml 84, mERPIMA 2~3ml 8 3% PR HIBEES
W, BRRY, REREFET, B150CHEH 1.sh T H5H. 450 8 M REMEAL
FHRFIA Vero #1Mif0 8 Mg #kik, BAMMBEEN 2X10°/ml, FRHMEAREBEY
2mg/ml, #REO.chBRBRREILT, 2h SEILRBRE, BV CEHER, KEREXEH
dml, HR 2d REITHMEHENE.

1.2.2 Wheaton S EIETE . 500ml Wheaton ffHE M, FERBERREZ I 1em? 85K
Mo, IRTERENEBEETHYAR. EANIEERRESH9Y. HAKXEN
Biosilon #3%{& . Vero #1}t#1 DF ¥ 5 (R IFEFHEEY 60ml, BT Bellco B it H R
(k38 G~200r/min, Bellco Biotechnolgy, USA) LI B 65r/min, HM 45min BEH
2min, 6h 5 I 2 HFEE 200ml FIHERIEFF . Wheaton BHBMBEARARHET 37C
BAEKN, ITHEZORESTEARBREREREROAM, TERERUBHESZ
RIS H. GSAREFENCHEEREKRITE, RERTREHRE.

1.2.3 CelliGen YR FEIEF . WRARH 1. SL HRALRPIEYRIVE L, ﬁﬁ
ZhZR i BT MWL, B Biosilon #{#{k, Vero MHFI DF 5%, SR IKMKE N 50mg/
ml, AREREE Y 4.98X10°/ml, EBHFEE L 2L, FENEMEEENSHER: B
B 37°C, DO40% S MMk, BHEE 40r/min, pH7. 4, AL pH BRIEL, B
7.5% (w/v) NaHCO, 4% NaOH VIS F A ERBEL . S REHENE, R HTER
B ERE.

1.2.4 ARIEATREAHH. AHMESREAFE B MR (ERAEUHEEF) ¥
F- Wheaton SIS, ERBRE TR 1~2ml; X T CelliGen ¥R N AIEH, #
WHERS FHABHERR 10ml, FFEEERAE LDG-2A BE.OH AURE B BOH #
) 1500r/min @ 10min, F LHER/G, MAFERN 0. 1% FTFERSHEER, A
BT 37CERANRE b UL, BARYEFAREREWIT, FN &I E R R AR
B bSO R A LR O BT AR EREEE R RS TARENRERRE R
ZEAK, AW ALEYERRERE, #88 1h REBJLK, 4~5sh FREHHEH 0. 1%
RS SRR AR R TR U b B

1.2.5 WRENE. BEEC, BEMEREALNE (GOD-PAP ), RHABRRFE=F
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R EEM AN ENE.

1.2.6 WHEMR. 7 200m! HHEKB A Wheaton BEHEME S 1N Biosilon HaRtk, Vero
4R DF K23t 60ml, LA 60~70r/min /8 45min 8 H 3min, th S8, ME
200m] JEEFIEEAITH . BMBFERHET] 1. 06X 10"/ml B, $EFh 2. 00m| 35 % A M. £
fhnt, B RBERIER W, MASKRE (AS49 MM E K FHPH 7. slog TCIDs,/ml #
AR (& 1%NCF # DF ) 3t 60ml, B/ 10min Bl 50r/min BEHE 1min, 0. 5h i
2 200ml AEFEREL 70 /min FEERE G G 8h RH 1~2ml, BERFHT T —70CK
WL, MLREAEESHE AS4 AN EES.

1.2.7 EAWE: X4 ERH 0 LMBEREXE0.-5h L E, mAILIA 0. 2ml A549 45
M# (¥ 6~8X10' @i, sh SHMRBEAWWRES . WEMERL 10 EHE, F
WMERERO. Iml A 4 7L, ZFE 3sh EHHEE R, Hk Karbef 2R H TCIDs,.

2 #R

2.1 WRGHME |

LM R T 8 FMBREIL T Vero ARABRHATTUER, 28 (IEXD %
AR EM IR LRI HEE, S 4~5d BB ASZHNBRESARELHTIA L
X10°/ml £, B Biosilon & HLELK (3. 05g/cm?), B (225cm'/g) HEE
BERK (0 Cytodex 1 4 6 000cm?/g) MNBE, BESME T T NABENRAERT S
ERAER, XEXEPAZFHNEAMBERESETECEFTERER, RRI%E
Bioslion SR 1EH Vero MM & BEES SR M BT PR B8R 1K

FE1 S HNBEFIEN Vero BB

Table 1 Results of comparision eight kinds of solid microcarrier for cultivating Vero cells

Highest cell Cost

Name Anchorage Growth Renuse
density/ X106 «ml=? /8§ (yuan) -g”!

Cytodex 1 +++ =+ 125 1¢ +
Cytodex 3 ++ 4+ 122 12 -
Riosilon + ++ 120 1 +
Glass + ++ 110 8 +
CT-1 +++ + 138 15 -+
CT-3 ++ +++ 78 20 -
CT-2 + 4+ +++ 138 15 ?
MC-1 +++ + 108 10 +

2.2 MRk

2.2.1 WEREHRHEAMMMIEFHE AL Y Vero MBI K 7. 69X 10°/ml BF,
AEH) Biosiln R E PR PR MM SR WA 1. %R H 30mg/ml HEBREERETE
Sd 41 B B TT Ik 2. 19X 10 /ml, Sk SR 4% 35 i 40 B FE FF 65 T B 5 35 R Al 50mg/ml IR
RRERHE RERERE, WIERT W od HES K 3. 70X 10°/mt, H 4495 BF
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Fig. 1 Relation between microcarrier
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Fig. 2 Relation between incculum density

and cell density

2.2.2 BEFREEMAREROGEN . % Biosilon MR EE Y S0mg/ml B, M Vero
MHREFHEE, £ dBFEEHAMAEHEERLE 2. TERBEN 7. 69X105/ml 5,
LA M B h 4. 01X 10°/ml; Z4EFTERE R 2. 05X 10°/ml M) & 8 BF 0 1% 8. 81X 10°/ml .

2.2.3 ESXMARERKOER. TRL.
AR W Y S0mg/ml, AMKERRE L
9. 24 X 10°/ml 3% 37 £ 58 3d B 41 AR 5% BE 9] 4
2. 41X10% /o, 7 i B (S 36 WO T A FE 48, O
REEETRAEYE, HEBERNREER
HREMRHBETE 95%0,+5%C0,) 1min
PREERSEB L. B—0wER, MR
RIS % 60mg/ml, M Ka$EFhAEFE K 1. 65X
10°/ml, % 2d 5 3% 4 B BE AT 3% 2. 67 X 10%/
ml, BEFEREFANFES imin, HHEEE
AHHBATHRAR (H3).

2.2.4 EFAMFELIHNRER. &
200ml X 3% 4k 1 By Wheaton ¥ 3 Mg
Bosilon #{#%{4 ¥k B b S0mg/ml, 4 B $ fh i

800(

Cell density/x 104 - m]-t

2
=)

600

400

Cxygenation

f/d
B3 S AR SR R

Fig. 3 Relation between gasing

and cell density

BEX 9. 24X10°/mt, BEFEEPEN 65~80r/min, 33k 25d IS WMMBE % 2. 34 %
107/ ml, HAMENBAELRAESRT. EREBFERLET, AMMERAL SEEE

EHRMFEHFAR (EREI-C. D, E. F. G, H),

2.2.5 SMAERERE BRI WE L EIER sd MIERT T FHNRE, 2
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i od ERE, ERERINERTLGENESNEEMERBHNESE L (MR -A,
B). TR [FBFF W, i Biosilon BEKIEFF Vero MRS, F 1A B 8F (X )5 K 30~
45min B4 2~5min, REBHRHFLEER ISR ARBE B L EEHE . MAFETHN
H&E, MEANTHREE Tk 60mg/ml; A —WERFHEHEY 60mg/ml H R &
FREIEFR, £ 15d J5 Vero WA A I 1. 16 X 10"/ml.
2.2.6 WEENE: FHRERNASHBEAEHHEERSD, MEERREEEHTE
MinMEENE O N. S8 10/mD) XMW HES HERTHY 0 45mg/d (R
2), ARIEREAIERGAREEROTE, RIVFEERFHREE R MT 6mg/ml
(B4, $EERBE IR, 0 RBRBEHTE 400~500ml (1§ 5,
¥2 Vero BBEEZREIEN
EHTHREMHER
Table 2 Glucose consumption of Vero cells
cultivated at high density

. Glucose 5 8
g, commrion S § |
164. 88 1.28 0.776 § _ 6[
161. 38 0. 34 0.211 % ¥ L ,
264. 75 1.32 0. 455 El _E. 4 \/\/\
© 303,38 2.25 0.742 abhy|
404. 38 1.62 0. 401 3 <
470, 00 1.94 0.413 E -
528. 25 2. 21 0.418 < N N
610.17 .87 0. 470 ¢ 2 6 10 va? B 2
83. 25 2. 60 0.381
700. 63 4. 06 0.579
835. 00 3,49 0. 418 H4 SHERETEREFTHEERMYORNNE
934. 75 4.51 0.473 Fig. 4 Accumulate glucose consumption per day of
101¢. 63 355 6.351 WVero cells cultivated at high density
1147. 50 3.05 0. 266

2.3 CelliGen ¥R B RIEH

&SP 1. 5L CelliGen M 5, HEFN 1. 2L, RN 4. 98X 10°/ml, 1
WA Y 40~50r/min, pH7.1~7.4, MNE=XARERIER, HEXFRAREFLS
n, MHFEM 0. 20L/FBEME 3. 65L/FRBEINEHHMEEEHE 1~3meg/ml, &
22d B M S BT & 2. 05X 107 /ml ([ 6),
2.4 HEBPEOARSFEXENUR

R TTEEREFERORA, ROV T AR HRFENRE R, SR AR 3. N
R R 1. 21 X108/ m! RHERRAR B W B BEAE L6h KRR E#R 4 Tlog TCIDs/ml, 2
EREREFETHE, XYAREFERSHESRDMNES. B TRAEEEANAR
EEREE, BN TAEREBARR, BO08H 5 5w 30 B & BN (E] 3R
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22¢

20F
18-
16

30g Biosilon
14}F

108epml-!

Cell density/ *
=

4
[~

Glucose consumption /Mg » ml™

1 1
-

Free cell density/ x (o' - ml'!,

L
Amount of exchanged medium/ x 10tm! d

¥
i 1 A
[

L

1/d
Ao AMBEEMUHBHE
Fig. 6 Cell density and glucose consump-

B 5 353 Vero SR K&

el R ok R ] tion of Vero celis cultivated on
. . Biosilon
Fig. 5 Amount of exchanged medium and free cell CelliGen 1. 2L, Biosilon concentration
density of Vero cells cultivated with Biosilon 50mg/ml

%3 HRERSHRRIROXE

Table 3 Relation between cell density and virus titer

Cell dencity Virus titer/log TCIDse * mi~!
/X104 e ml 1 0 8 16 24 32 40 48 (h)
120. 75 5. 00 5.75 7.00 6. 75 6.25 5.75 5.75
1054. 50 6. 00 6.25 6.75 7.50 7.75 8. 00 7.25
3 i #

A Biosilon BB A#T Vero MPR HEER, BRETHE MMIE RN LA R
(MEHERE. pH %) 5, BREREE. (1) BHARBEHEE. Vero MPMN R
HE AT LS 810 /ml BEPREE L 5 MMM, BYEREEEN, HARTNR
LHENREERENTRAREHER, FHTAREE, EHSEaREGHT
REERUE RN, ATiEERARREARIREEE, M T Vero MM, 35 M i 3%
FEARE 1~2X107/ml, MBFHEEATEE 1~2X10°/ml, (2) BHHMREKKE. M8
A AR — AN 2~5/ml, XRRA MR AR R IR e MM A K R B B . 3
JU4E 4 BERHIE ' Cytodex B3 SRR 5 FI VR B 7T DU B 50 10~ 20mg/ml; Fabry
L. H97{E R 20mg/ml # Cytodex 3 B KA Vero MMIEFH D 1.5 X 107/ml EHEBHE
BE. Q) EBLMFAKT. IVARTENBTRENEYARENS, AESTEH
REGATHEREEANABERBANEERVWER., BEFRANDYARN LY T
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KRBT, BHEYMBERRKTAATARYERANRBR. L BRFER. BR
ERREEAREENARIEE, ERSSOERSMARERE, FANHE XM
RO HEEE, CAREHENBENERIEENE,. RITEXRFZHUESE
B 2x10/ml YU EHEEE, SHRRFERANHARGAIFN.
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Studies on High Density Cultivation of
Vero Cells with Microcarriers

Wang Dianliang Xiao Chengzu Chen Zhaolie Huang Zicai
(Institute of Biotechnology, Academy of Military Medical Sciences, Beijing 100071)

Abstract  First of all, Biosilon have been chosen from eight kinds of solid microcarriers
as the most suitable one for high density cultivation of Vero cells, because it has some
advantages than others ,such as it can be reused and its price was the lowest. Then some
conditions affecting high density cultivation of Vero cells including microcarrier concen-
tration, inoculum density and gassing were studied with a 500ml modified Wheaton spin-
ner bottle. When the inoculum cell density was §. 24 X 10°/ml, the cell density could
reach 2. 34 X 107/ml after 25 days of cultivation, it showed that Biosilon microcarrier
concentration of 50~ 60mg/ml had no toxicity at all on cells. When cultivation with
1. 5L CelliGen bioreactor at the cell inoculum density of 4. 98X 10° /ml, and the perfusion
volume was increased from 0. 20 to 3. 65L/d gradually, finally the cell density could
reach 2. 5X10"/ml after 22 days of cultivation. When vesicular stomatitis virus (VSV)
was inoculated into the culture of 1. 21X 10*/ml at the same MOI (multiplicity of infec-
tion), the virus titer reached 7log TCIDs,/ml and 8log TCID,,/ml respectively.

Key words Microcarrier, high density cultivation, Vero cell
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