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Abstract

This study describes the effect of stirring speed, concentration of serum, working volume and mode of culture methods on cell
growth of the M-BmN cell linewhich was established from Bombyx mori. The cells could be cultured in suspensionin shaking flasks
at a speed of 80 rpm or below. If 0.2% of Pluronic F-68 was added into the IPL-41 medium, the cells could grow, even if the stirring
speed was increased to 250 rpm. Studies on the effect of fetal bovine serum (FBS) concentrations on cell growth show that cells
grew better in medium supplemented with 10% FBS than did those with 5% FBS. We also found that, when the working volume was
60 ml or more in a 250ml shaking flask, the pH of the culture medium kept dropping and finally inhibited cell growth. In contrast,
change of pH values inthe culture medium, for cells growing in a flask with a working volume of 30ml, first dropped, but then
increased again. The increase of pH was used as a sign to indicate the timing to feed glucose and glutamine in a fed-batch culture
method. This method, when applied to MBm-N cells culture, can increase the maximum celldensity from 32x105 to 48x105
cells/ml. More significantly, the production of HBsAg could also be increased from 230 to 560 ng/ml.
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AXEZZHFEAMBoNELE @R ERTRATRAAEERZIBE ) ATHAMN
HHikE . wFRE RUEBSFTARBRMBAFETHORARIYE - BB
0.2% ZPluronic F-683AIPL-413% & &+ » £ &H#i& (250 rpm) T » TH 2K H e
ARAEEAN > BHEA AR ABEXZEL AEBET ) S RSERGEEEY
309 (#32X10°£48 X 10° cells / ml) o fn ik BEF & > B+M-BmN&sf£109% o7&
Boah A RARIUES % Mo ik Ak s LA RAABHARREXEE o RRAERES
&> B ARIS KB (KA60 m) ERREE T TR HpHABK D RA| 0L
ko MARBEETEIY ) FARGOEETE > WEHAREN > FHRXWAE
B o BB AR R E T e EE > FTRAAEMEREEE
WX ARE > BNBENAABGREZET T HRAZAPFL230 ng/ml, REHE

#) A Bk 3 B P AZ X570 ng/ml o

FRSRET : Lawmrd s, &S Ak BAFXRERR
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BRRBRARRRERERNRER
KR % A #%RF (Autographa californica
multi-nuclear polyhedrosis virus,
AcMNPV) EERE# % A BK E (Bombyx
mori nuclear polyhedrosis virus, BmNPV)
RELZH > HPAERFABmNPVRE RHE
ENAREENHRE iBMaeda et al.
(1985) FINHIRIA$Ho- TH#FE (human-

AR AR BEA

a-interferon) PREMEE , BREZRE
oo WA R FRFIBIIESE (heavy
chain) A1#E#E (light chain) MHAAKARE
EHE T (Reis et al., 1992) » BLERREZ
Bl #7588 (chloramphenicol acetyltransfe-
rase,CAT) (Zhang et al., 1994) » R AEH
£ E#F (human growth hormone)(Ka-
dono-Okuda et al., 1995) > JLILEBR
BmNPVRIL R » CLHEEIZ A AR
FEH -
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B M BmNPVRE R Ml 5 8 2 W
%, HWyatt (1956) FIAI S RZ BB » I
his 9% B SA MR 3% B R B (Bombyx mori) M
F%A - H%Grace (1967) MELBARK &
W WHN10% BR4- I (FBS) » B8 — 1tk
REMMBKE - HEREHEKREREZOE
RAR&ERE - REMEKARSHUTEER
B EREE , HStavroulakis et al. (1991
a) BSLIRIN0.39% FEBHE E (methylcellulo-
se, MCL)#|&10% FBS ZIPLAUEEHK
o, T A R R 5 B Bm-5 KX B MR 280
rpm#E T o MMM ERERBREBRE (glu-
tamine) X & ¥ (glucose) =Bm-5# £k 7E
EHREEEERNBEHEERY - MES
BiBED , BIHEK (ammonia) W AERMELL
BRI ERERABENRE , RMEHE
> TIEBUREE (uric acid) IR - FH
BRMRAHTERNVILBREERNERR
HI%I#IER R (Stavroulakis et al., 1991b) °

Zhang et al. (1992) B 7t B R (K MF IR
MZBE , MRS EBm-sREMBERE
5% Ra4 M AIPL-415% 2 ¥ & f& 1% A Ex-
-cell 40085B¥F » EHHEREBmSRE
MM AT R EE AR P &2 % M4 [ E IPL-
41 » FEIMEHSF-900 RISFME &+ , Eik
MBEHFMNEHRERCEENREEHE -
A—#HETNAELRELLARRERLS
B (occlusion body, OB)WEERZES10%
5% IM¥EHIIPL-4155 81K 8 & 1% A Ex-cell
4005 B > HIF1.74 X 10° > 2.00 X 10° >
2.79X10° (OBs/ml) » BAOBHEEEE
BERFOFBRENEINMEY » AR
METEE R HHFIOBMNAEE - Zhang et al.
(199 X BRMEEREBZEEHENE
F(0,) R EFLRBEN=50% » NE
BELUBmNPV / Bm-5RE R EECATE R
HIEER82~90ug CAT /106 cells, £

198 AR s+ A A

AcMNPV/ Sf-9XRHA RN E &M
X, o Zhang et al. (1994)FF| R E £ X FE
BB AR, DUEECAT - M BRMENEE
WABRMRENEREEHEREREWNE
BEMPE, BANEHEHEEERRENE
BREEAAER, TEXDHBRAEELERER
# (log phase) FHBREAMUERY: , HERR
(ED

TR EREREREMERE RN
W5E » #1# Aspinner flasks¥I14¥ K FERS >
HPREBRETRZDENRENEES (sha-
ker) s HifFECBEEBEREHEQEE
MRTERE - RRMEREBEREMRPS
shaking flasks™ > Wt ¥ X EREMEERE
WBRERT , GHEE, BEEH, 8%
B, MFREEXR BN, BFErKIHE
RESEEHEANGSE

MBI E

4Btk

KRB A HEHRSM-BaN > fRH
AREBARBFREWRENRG - iIEAZ
BREASBIPL-4155 85 (Gibco) » TEFFRERE
2 2EEIN10 % Ba4F 13 (Gibeo, Cat. No.
26140-038) » MBEHEMFERCMBEER
BEBTHESHNER -

R

AR ERR R EREEBRFAE
BN B (YFHBs) I £ A BmNPVIE & -
MEENEARBEBREBREMREE , H
FYFHBsEHpYFHBs B EF AR REK S A
BRSDNARK FAEBRAEAE ZEHER
B, RERERS ARRSp10EREEH T
RAUFABEBRF A RE VR E Omajor S&
W, EAHRRAREEOERNEE TR



KiBEHlac ZEHR (Liu, 1996) -

#3fE1% ¥ (Stationary culture)

M-BmN# fE k5 B P28°C 2 K&
N FRE3~ 4RI RTEE B E (T-flask) B
R M Ff LAE M HE 28 (rubber policeman) &
T B mZEFTREMEES —HTE
BERE, HHERAERERE AIBES~10
) > FIA4 mFrEEZ B BRETERR
% (subculture) °

f&;71& % (Suspension culture)

HE—EREEBTHEES PHHERE RN
W, B THE, AR - E=FEEH
BCEBREGIHMBHEERHEEER
H1(250 ml shaking flasks) » HHHUENAT 1818
BEPBIEIAHMAER FHARIEEER
B FEER G Z MR, EHEEIL2.5X10° cel-
s/ mIf B IR E BB IR
HERIRHL : sHEREE , EEEEELE
110 rpm 2 1K > BIFEAIA0.2% Pluronic-P ©
olyol F68 (Sigma, Lot 45H0278) » EH—&
RREMEERZOUNBGENRAEEE
B o

SWAE
(134 pa =t B R pHEIE
B —E B MMREEM > FH0.85% NaCl
B MBEEECHREE FANEENR
EHIEEE0.4% trypane blue (Sigma)B&
Feth, DUMMBRET 828 20 Bl BUSE M Ao 52 5
EE - EEHZENHREES  pH
meter (MettlerToledo 340, Schott Gerate
Z451)fIE pHIE -
EEREE BRI
RREEEEREES  UHEES
Hr& (YSI, 2700 Select) E#MIE - HFHE

FIRABRERE L2EEHESLEE (glucose
oxidase) BEE AL , HAELZBEL
&(H;0,) » AREEGHHENE -
GBEFAREINRE D ZHE
M-BmN# il 4% BE R IRBREFF £ REHUR
B HRH SR (YFHBs) B35 » ZF H IR
Mo B ug > KR0S b TS e R
17> HRE {7 IPBSIHETE MK » LA500 plififE
5B (50 mM Tris-HCL (pH 7.5), 10 mM
EDTA,500 mM NaCl, 1% SDS, 1% Triton
X-100, 1% sodium deoxycholate) F73¥ f##
#® BHREEYE LHERREFER-20°C - £
WERME > BFRKEAFZEKHBsAgE
LREHEFAE (Ever New Monoclonal
HBsAg EIA)HIEBEHFARAEIEERED » &
MEEEE . HREREY . BEYREN
fE(6.0, 4.5, 3.0, 1.5 ng / ml) > &M H RAHR
A HHEME , 5 3E00uliIA R E K
LA, Ra0°CEBER BN ; DURER
(washing buffer){H¥H3R » K200 ul» F
BIA100u1 anti-HBsAg-HRPO(horseradish
peroxidase) » 240°C X FE1/NK % >, BRI
EHWHLIR » BTRIMAL00 plZEER
OPD(o-phenylenediamine) » &R = EERK
LR B30 8 » REIMAL0N 2N
# 1L KFE » AIELISA reader (Physica Eli-
da-5) EEOD. - RELUTEC BRI R £
ENRECSENHEY REELAHERN
OD .8 » Rl —REIFHRSER , B
BAaWEERAZARAUKRBERENS

H o

AR R
AR R BMILZ TEERBEROH

%%, %t AcMNPVATRE R HI30% & B &
#HREKE (Entwistle and Evans, 1985) » 40
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IPLB-SF21AE (Spodoptera frugiperda),
IPLB-TN368( Trichoplusia ni)% o (HEE K
EREBEREMBHFERIIKY  THEES
il , ZHBmNPVE BRI RFERALHE
HTHHEBESBREERET - B ZHER
FEE, BAREES VAR REERSEN
NEED HERME TEREERESEER
B, —SEHEEREATFHM- B N#Il 4 K
MR BOETT T YIRS -

1. M-BmNAAMEHRESR T IEEM (shaking
flask)iFEZEREM
VI E A HFM-BmNMAEZE 80 rpm AV #HE
PEEmT, MlRT4EE, EFEEENE
70%~80% <, BREEENERESE
110 rpmf¥ > HEMIGEIRAIET » FIEZRHERY
MR TRE - EEIINA0.2% Pluronie-Polyol
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F-68% , eyt mA R, HEFEEELAK
EERFZEHELI0Y (BRRR) « B—ARTR
ZHREREM-BmNE#EER110 rpmiEE T 2
1B - EHEEATH3X10° cells / mlEFI35
X 10° cells / ml » A" 23 & 15 M o HGE 2
i ah , BBEEZpHIELH I K63 T & F
6.0 » FBIMAREM LI E6.05 - H— K% » pH
EFERZI L Fe6.25 » THFEREZTFEET
BEE75% > AP EREL P aER
EEF0.2 g/ L(ERRKRHE) » HtpHER L
o, AREREEETCEHEERETSL &
MBS TR R LRI R ETIRE
&K, EREEE ZpHE LA « H
BN EMEIRE , SfF-9R &M
# (Wang, 1994) o B[ Ef 1G8540 N %250
rpm > WE—BATR » pHIERYE LA L EL[E
— AL, R TRERLAF, B &M
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Fig. 1. Kinetic data of viable cell density, pH, glucose concentration of MBm-N cells cultures with a stirring speed

of either 110 rpm (a) or 250 rpm (b).
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DL HES EHE E (fed-batch  culture) FF » 3
T S RipHE BB , BBlpHE EH
BERMEEREER - BAKEENMH
M7 {2532 X10° cells / ml

2R EEEHARERNOTE

seg At 2 A E B 2 £ RIEE
BE . AEHPEBRATEEEZERL
B, HEE2RERETRH , EEEEET
BHERRA HFEEERERS - WA
LA60 mlf R E BRI ML B , HE R
440 A ) B L 4R PR B (930 mD) HOAE R
W ERA  (HpHE R LAIHTES0 mlIRMF
BEEE T ZRABEMERZER  MHpH
EEFEEEEERREER , WHEIE A
B BFf R 2 pHIE LA AR &, KpHER
ETMEs4EL  WREPRNRTRIFE

mEA/N , TTRER BN EEA  #ol
mee m g R RAMBER - K—
FRE30 mlfREEET  HERERER
B[3£35.2X 10° cells / ml » MiGiE&pHERIFI6.
02 5 B BIFERUE NS 60 mlFRRMILE
FEE R f3£28.2 X 10°  cells / ml > T {EpHIE
AEEs.4, BHEERERRFEMARNET
Flp@asE TERRESNENREER
GEEIEENESE » WY (shear
stress) R ERMERB o HHE—EHHER
W, EmREBEiE, MRS EE
B /IEE T o #Neutra et al. (1992)
frER 4 rhEE R > 110 rpm8E T 5 PHER R
B, BESSIoME RBRIEREES
B BB % ~45% - HEBERFR
A0 % B, BRI ERRER
WS > R 16 0 25 R TR AR AR ELR REE

30 — o 6.4
—®— Viable cell density —|
.n’; 7
-
7z 20 -1 6
e
g
3 — 4 mM Gle — =
=)
% 6.8 mM Gin
(%]
=
:.3;. 10 -1 56
> i
‘ 52
0 200 400
Time (h)

B— MBm-Niliu L Eaemeom TR EH0Ing - REEmEDBEL - FEERA M B 5 (Glo) RE R

B(GIN)EBE -

Fig. 2. Kinetic data of viable cell density and pH for a culture of M-BmN cells grown in a 250-ml shaking flask
with a 60-ml working volume at 250 rpm. Feedings of glucose (Glc) and glutamine (GIn) are indicated.

FREASHEREMR: PERE 201



EMHEE - M-BmN#l B8R LSt oM g
Ko ATREFBLLBARMIYI N, FHEZEHY
ERARUR - I, BNEHRIERTE (60 mD)
EREERERE (250 ml)<25% » B#EHE
200 rpm > EHXM-BmNMETE ) EEPR
BEHER(R—) -

F— TRILIEMRER > EEMBm-NBETEZRE
[ SN

Table 1. Effect of working volume on minimum pH

and maximum cell density achieved. MBm-

N cells were cultured with a working

ERH10% FBSTZHEEA13% » )
HASE - MZhang et al. (1994)7E ARG ¥ N5s
i (spinnerflask) #Bm5HH I R I1F R B EF »
NEFEEERW rpmfF, HAREERZR
RHEMEE R EREFRTE60KE0 rpmfF
& o

R FRELERE > TEEEF EZEMBm-NiEMR
FrebEZ R AIBIEE &

Table 2. Effect of stirring speed on maximum cell

density achieved. MBm-N cells were cul-

tured with supplements of either 5% or

volume of either 30 or 60 ml. 10% FBS.
Working Minimum  Maximum cell density Supplement of Stirring  Maximum cell density
volume (ml) pH (X 10° cells / ml) FBS(%)  speed(rpm) (X10° cells / ml)
- 30 6.02 35.2 5 150 20
60 5.4 28.2 200 25
10 200 41
250 49
SIES AR

EMRDBIE A SRR, AUEHRX
KRR ANBEHLREMBEI TS B SR
B, MR TREERWERIEH - H1E
PHRREASYN , SEBRHMRMBERES -
BT EM-BoNMRERENREBEEET , #
HMENERREENEE,, RPDEREE
ARETTARAERERNRE , BHMN0.2% Z
Pluronic-Polyol F68 - FH&R _FBHRAREM-
BmN#ifuss&E5% FBSHEERS , EE
HES200 rpmfF > HRE MM B ATE5 X 10°
cells / ml » MI7EEE150rpm T K& = HEE
BRI {#20 X 10° cells / ml » A EI20% - FH+
R_AIBEREERS10% FBSHEEWREE 7
BEE250 rpmAERT , RAMBREETE
48.6X10° cells / ml » Ti¥EEPEHE200 rpm
T BiF41.4%10° cells / ml > BAFI13% o
DUEMBEREERERBRERT , filky
RHESRZINRSNHEREE , MAEs%
FBSHIBBEHT (HA20% » RO HER

202 o R LRSI

4. MEFEHMARERMNVE -

B EA s B A, BREEMKE KK
BEMEERNER - MEREFZIMFRAR
HPRAGHEEREERARN0% - AT
HHRBEMFOERE > FEEEERSMK
HMEZERA . BERENFEES GF EMEN
AR, BEFMLUHAE - #ARFS S
M-BoN#ifEEE R MFEEES % NEER
o, HEFESREL0% ~90% ZM , 7@
HE =& R BETM-BmN#E10% 75 BE
THE , ERAKMBEEE A E41.4X10° cells
/ml, MEERs% FBSHE L&A MMEE
{#3#25.1x10° cells/ ml > HMERM-BmN
MEESIERET » RERRREE - B
AR B EHM-B N AR IPL-4135 B &
FTHERBEEREE - RMERAERL
F AR BRI - A, MIJRE
B4 ReyE 8RR PRSI » DITNM-
FHEEEREREEE , MENHEENT
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Fig. 3. Effect of serum on M-BmN cell growth. Cells were grown in 250-ml shaking flasks using IPL-41 medium
supplemented with either 10% (squares) or 5%(circles) FBS. Feedings of glucose (Glc) and glutamine

(GIn) are indicated.

B, HHMEERRE (population doubling
time) F1E 1 » MAEAHEEEERETEES
(Murhammer and Goochee, 1988)

5. R MEETEHAMERNVE -

DAA [ 6 2 2 A0 A 55 1 S 7T M- Bm N R
Bt R EE L EE B 5 R Y R R R AR A
B (6.2X10° cells/ ml) » HEZHAMA
EEARE G ESEREE (3.3%X10° cells
/ml) ¥E% , HEpHEWMER L7, 8RR
MR EHENRNBERS  AREEE
BB IREIE B (lag phase) LK HHLLLE
FEEERE - BEBEEEERSENE
ZFMRAMAEEE48.8X10° cells / ml
B IR B S % 2 43.1 X 10° cells / ml
M o Neutra et al. (1992) LASETERE &

RN EA A E (1.2~22X10°  cells /
ml) FISE-ORT L fUiF B B sREh , BRE
BEREAER, HRERESE TR, T
HEAMBEZEESG TR - RENEREEN
RAMNMEEEREERETEESS~22X10°
cells / ml © fHMurhammer and Goochee
(1988) LARGIE #7265 2 ML BSE oMl IERT » Al
I HEREEE TMER0.4X10° cells / ml
s BAE R EENAER -

6. REHMEHERERNBE
MrREMECHTF S REBVIERR
S A REEMREEEEYE (limiting
nutrient) (Stavroulakis et al., 1991b; Fer-
rance et al., 1993; Zhang et al., 1994) > T
HEEE R A S & BUIEIG (purines) » W
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x
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S
£ 20

A

4 mM Gle
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4 mM Gle .
High initial cell
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— .

Low initial cell
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_._

4 mM Gle

200

400

Time (h)

Bm FREHREE6.2X10°83.3X10° cells/ mDEMBm-NFEIEAE L B2 - SEBIEAMN > HEE(Gle) RESK

BZ(Gin) R -

Fig. 4. Effect of initial cell density on M-BmN cell growth. Cells were grown in 250-ml shaking flasks seeded either
with an initial cell density of 6.2X10° (squares) or 3.3X10° (circles) cells / ml. Feedings of glucose (Glc)

and glutamine (GIn) are indicated.

€ (pyrimidines) » # (amino sugars) flas-
paraginefVE EEZER I » el #ETELR
# (oxidativemetabolism) ZE A4 # it 7 55 A BE
BRI, WHRRAMEEMESEELDL, R
HEYMETS > (58 TS BM A E (But-
ler and Jenkins, 1989) - B#E—% THHRE
M R I M-Bm NAH A R B FHE 2 A0E 5 &
TIEBEAIZX 10" cells / m1HJ#A M B 250
mlfYEEM T, WERHEpHE - OFTATHAE »

pHEE%ETE » SEpHEH LAR , Hh—
HERMe.8 mMB AR RESERT , BE
ZHRMAMMBERE Lo=R - RELERM
BEM I ABERE KR EES36.7 X 10°
cells / ml» M THIE EBEARRIE BB , AR
31.4X10° cells/ ml» REMEL13% o B

204 HEER AR LRI

RBARILOHFNEPM-BmNAK A K -

7. LARRF R B A M -BmNAE R R IE BRIBT K
FEMR -

38 IR B B A M-Bm N e B IR r] 3%
BARED AR MABAEEBEN A £E
TR & Amajor SERZEHFE , BRYEBE
BEMBIME - F—HEABREENRERE
E1X10° cells / mlfF 5 A FEmultiplicity
of infection(MOI) Z% 7 I LA HHR M
AR BRES  MEEETEEN, 2R
REBZHMBEERE - ABAEHEER
B, BPRBE R, #owEEgEEds
HOEAES ng/ ml > FEHRILEREN, &
BEBELRERERE > 242 ng
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Fig. 5. Effect of supplementing 6.8 mM glutamine on cell growth.
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Time postinfection (d)
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Fig. 6. Kinetic data of secreted foreign protein (HBsAg) production.
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/ml > FERFEAIREZ230 ng/ml- H—HE
BURHHEREGMEEE (25X10° cel-
ls / m]) RS, FEFIIAL13.5 mM&EEEM
6.8 mM#BR AL , EMMHABZMOIRMRE
B, RLEERE , REEREEM . A5
FIRTHAERNRERRBE K, TH
BLOWERAVNELIEED HE230
ng / mlI(EAELRGE) , EERAZEREM
EREBEAR, EEZEREY (570
ng / ml) > FEREERIEEZ500 ng / ml »

MU EZHER, TERRABREERL
M-BmNAM AT RIEBRF R REHR » IR
AAESERRERERERNMEEE E25x10°
cells/ml» HBREFAREMEEANEER
MARFEE I > #£230 ng/ miZI570 ng/ ml o
S5, BEMREERENEERE , 57
REBEMEAKR >, BMREMEEE R,
EHEHEENEREBEEEENIRS - B4t
ERMHERER RGBS, BEEEETR
BERTBEBE 2 B3 (protease) FIMEf## (degrada-
tion) BRI (Wang et al., 1996) o

B

FHBEEZ g6 1.1-8.42(2) K H
FIENSC 86-2316-B-005 -001-BCZRE#
B FEGEET LB BERYERESRER
B/NEZ B RS o
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Factors Affecting Mass Production of HBsAg in M-BmN Cells
Cultured in Shaking Flasks

Shou-Liang Wang, Roger F. Hou and Min-Ying Wang*  Graduate Institute of Agricultural Bi(;technology, National
Chung Hsing University, Taichung, 40227 Taiwan, R.0.C.

ABSTRACT

This study describes the effect of stirring speed, concentration of
serum,working volume and mode of culture methods on cell growth of the
M-BmN cell linewhich was established from Bombyx mori. The cells could be
cultured in suspensionin shaking flasks at a speed of 80 rpm or below. If 0.2% of
Pluronic F-68 was added into the IPL-41 medium, the cells could grow, even if
the stirring speed was increased to 250 rpm. Studies on the effect of fetal bovine
serum (FBS) concentrations on cell growth show that cells grew better in
medium supplemented with 10% FBS than did those with 5% FBS. We also
found that, when the working volume was 60 ml or more in a 250-ml shaking
flask, the pH of the culture medium kept dropping and finally inhibited cell
growth. In contrast, change of pH values inthe culture medium, for cells
growing in a flask with a working volume of 30 ml, first dropped, but then
increased again. The increase of pH was used as a sign to indicate the timing to
feed glucose and glutamine in a fed-batch culture method. This method, when
applied to MBm-N cells culture, can increase the maximum celldensity from 32
X10° to 48X 10° cells / ml. More significantly, the production of HBsAg could
also be increased from 230 to 560 ng / ml.

Key words: insect cell culture, shaker, fed-batch, Hepatitis B surface antigen.
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