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ABSTRACT

We have studied the effects of serum concentration and initial cell density on hybridoma cell growth
and monoclenal antibody (MAb) production at various media supplemented with different types of
serum. The types of serum were fetal bovine sera, newborn bovine calf sera, calf sera including supple-
mented calf sera, horse serum, and goat serum. The concentrations of each serum were 0.5, 1.25, 2.5,
and 5% (v/v) and the inoculum densities were 5x 10%, 1x 10°, and 2 10° cells/ml. The hybridoma cell
growth and anti-Hepatitis B surface antigen (anti-HBsAg) MAb production were found to be en-
hanced by increasing the serum concentration and by increasing inoculum density regardless of serum
type. We found that test sera purchased from different companies show different effects on cell growth
and MAD production, although they are the same type of serum.
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Ho) T Zol7 &4 dAEE HAEY) AT
Qe odFFo] AP QJrk(2-5). 53, W
wjokoll A= ol2idt FAAES] £ v SHEA dF
Hog, gaelx g 84 thAEol /s o
7HA] Mg AAEe] A HEE Folr] $EhH
a§402 o|gulolol & Aolch. WAL At
Al A AN o8] FAHL AH AxEL ¥
+ 274 EAE o|FA Az AL oA
delgt ZAaE AX AHAEA FaEA "ok
g o8 59 23S 7 Az £
o 2 AatE|y, e FFo] EHolelr Y8
o] Aot AxALe] AFFA e webA o FA
apol7h Al HER dAF S 7hA AL o
AapA ARgslE o] AE wiofold A Fazgh
247} Hu, dehiers veld Aol Hs F
2381}(6). Tl F & (doner herd) 9] 8 AL
ARt A P 2 Ao RS FEich 3o
FEFS AAZ Ao AL FFEly] st dub
Ho 2 od#al AT LS FAFEE Ik
502 AgE A8E Hold, wd FTEES A
31714 st whelgjx k] o5 Fw s
Age F AH%ste] A3l doner call A= A
A2 A WAL FRE R AL i
A e B39 e 5 do] ohich. B3 AR
A5 AT Ads] B 2 Az 2ada
Q7o) ¥4 WeS B3] AEse) AE Eaol
At 8L ARl ). £ g F 5
endotoxin¥} #|RF2H Er 9 uvlo|z|ro) gl
RAANY 57} Fa380, £ 4 A23]Ab A
g A& 9jete] Axd FAAAE Fsfof
b, WakA) ALvhrl A AEEL sl 2
2 fetal calfl w& calfollA] g HAlolr}. &
Aol EAste FEAEY wfFE Aaste AA
Hlo]l 9459 oko] FE9 vole} t{Eo] Flslm
2 7MEA o TElA A3 EAo| AEufokel
L2z2)3t o2 ol ). ol o)F=2 fetal calf
o4 A #3§} Fetal Bovine Serum (FBS) o] 7}aF v
o] AME-E= AFHAHC)A|RE, Hojd A $Fd <t
o FolAolx AHFHE calf serumel] n]ato] 3uf A
5 7}Ho] =7] wFe] newborn call serumoji}
calf serum, w3 vlgk i} 7[el HE AR =3
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vjekslels Al 29} wpole|ne] Firo) whebil ¢}
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M| ZEF

B Agel| AR83 slolrexnt A EF = mouse
Fee slolnezel 231 MZeolt}. o] MEFE
Boodpadda AAZG AR 7y Zwddd
(HBsAg) o2 W7l BALB/c mouses] H|AHA|
¥of| CRL 1580 myeloma A|¥ (P3-X63-Ag8.
653) % §3AIA FEssdct. o] 2c3. 1 AlzE 7
Axdesle) gk UdFZA (subtype, IgG)E
Aakgle}, o] Al EE 5% CO7t #AEe CO, vl
7}(Napeo, U. S. A)ell4 5% (v/v) %2} bovine
calf serum, defined/supplemented(sBCS)ZE 7}
g RPMI 1640 #)#]oll4] 40rpme} £% 2 spinner
flaskell 4] &etufjekatgd o, vk 37Celd
t}. e rpme| AR {25 YA Cellgro™
stirrer(Thermolyne, U. S. A.)& A}&-stgic), £ A
3o A}23k slolnglru} 2¢3.1 HEE A
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Table 1. Serum types and producer used in this
experiment.

Serum type* (Abbreviation) Producer
Fetal Bovine Serum
Fetal Bovine Serum, defined(FBSh) ~ Hyclone, U. S. A.
Fetal Bovine Serum(FBSf) Flow Laboratories, Australia
Fetal Bovine Serum, certified(FBSg) ~ Gibco, U. S. A.

Fetal Bovine Serum(FBSs) Sigma, U. S. A
Fetal Calf Serum(sIFCS) Sera—Lab, England
Feral Calf Serum(ssbFCS) Salmond Smith Biolab, New Zealand

Fetal Calf Serum(biFCS)
Newborn Bovine Calf Serum
Newborn Bovine Calf Serum(NBCS) ~ Central Biomedia, Inc,, U. S. A.
Newborn Calf Serum(NCSma) M. A. Bioproducts, U. S, A.
Newborn Calf Serum iron supple- Biological Industries, Israel
mented(NCSis)
Bovine Calf Serum
Calf Serum(CS) Gibco, New Zealand
Bovine Calf Serum, defined/sup-  Hyclone, U.S. A,
plemented(sBCS)
Calf Serum, supplemented(CSs) ~ Gibco, U. S. A.

Biological Industries, Israel

Calf Supreme(Cs) Gibeo, U. S. A.

Alpha Calf Serum(aCS) Hyclone, U. S. A.
Horse Serum

Horse Serum heat inactivated(HS) Sigma, U. S, A.
Goat Serum

Goat Serum(GS) Gibco, Australia

L% 5 2 spinner flask(Bellco, U. S. A.)dl| &t
ekt 3 3417171 bz wi2 Hell 1500rpm
ol 4] 5&7F YAEeste] AEE FEgIc) o] AE
£ AL AR ¢4-2 RPMI 1640vi#] 2 23] A
gt & Table 1o Aeld &L 7t 5% EFE )
A2 spinner flaskol| 4 24 A7} E<F 40rpm 2] wlok
Sr 2 detujokataict. 2o dA4 S F5 g
o 2HE ATEHE AZE o 1A s 4 &
o) £ WAZ 13 AHT F 2 vkl P
HAewol 27 AEZEEE AZE 100ml w]A)ES
%58} 250ml spinner flasksel] A&s}1, 37C CO,
k7)o A 40rpm o2 detuokstgict. wi#] 2] pH
£ " 05N sodium hydroxide £-oo 2 wlok
Fab 7.0~7.2 Aol 2 §AI5hedck.

glojuelwrl 2¢3.1 AE AEQ &= trypan
blue exclusion #hiell 2lako] S4shgich. Hjopale)
glucose 5%+ Industrial analyzer(YSI model 27,
Yellow Springs, U. S. A.)& o]&s}o] F-Aslor}.
Lactate % %+ 340nmol 4 lactate dehydroge-
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nase® o|4g UVihye 2 xJgkslgdu}(8).

8ix|2| ELISA £4

dtojualwul 2¢3.1 Al Zefek whAl Ao 7hlx
Ha ol g e Z-EFA (anti-HBsAg MAb) 9]
okl FA-%A WHAFAHEA (ELISA, enzyme-
inked immunosorbent assay) ¥l oJsle] HA
sloic}. Affinity W o & AA¥ %F anti-HBs
£ 1% bovine serum albumin(BSA)& ¥3s}+=
phosphate buffered saline(PBS, pH 7.2) 0.2 34
gle] 4.5-300mLU./mle] FFL&N& Fn)stgich.
o]l RF4NI} 1% BSAGdez 3)Ag ujokelo]
A=ale 96well plate(Nunc, Denmark)®] poly-
styrene stripel] 100 ul® Yo F 2)7F Tob WA
g % stripss 0.1% PBST (phosphate buffered
saline tween 20) 2 A W A|Hslz, Ao 3)4
% 100nge] HBsAg-HRP conjugated 7}s}o]
37CeNA & A|ZF 5ok whAgka 0.1% PBST= t}
Al ¥ A F3slgde}. Chromogenic peroxidase sub-
strate &0& AEollA 10048 o AAAE 7}3} e
z+ wellol| ] WAE AEE 405nme) 4] plate read-
er (EAR 300, SLT Lab., Austria) 2 =3Js}qic}.
AAbE A ] AkE s A3 ®F anti-HBs
& soluelen} 2031 MZe) chebilero zie A
Agte] e Foln, g Aol thg AP A
7hA 9 Sl e F WA ubE AR F st

o Al#stgict.

et

A% 2%

3ol 5T} M= SAlof 0|X|= P

slolr ol AZof wijokufA|of A HA 5wl uf
g} AZ FAlo v)XE ¥ F79 AE F4 AA
5% sl dASEE Folv] 9 ssAE
ZAtet7] $jste], stolnejznt 2c3.1 AEE 7Hzh
o] €3%57} Ask® RPMI 16408)je)] 1x10°
cells/mle] A 27) ATEFE2 HF8o] spin-
ner flaskol4 aehufjekalgdrl. Table 1o Ae)¥
oAej7}x] FHEE 0.5%, 1.25%, 2.5%, 5% (v/v)
o] g2 wjAo] Hrisle] AlgEtglon, 7hzhe]
4 srolA] A FFHo) wE 2¢3. 1 AE A
< uwsldr}.

4 F=7h 05%(v/v)d 7ol FBSfe}
sIFCSE Al93t o} 2 A= AE Aabe] =14
Aslsle] 23] vluke] FAE dgx, 58] YA W
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Fig. 1. Growth of hybridoma 2c3. I cells in RPMI 1640 medium supplemented with 0.5%(v/v) serum:a), b)
fetal bovine sera; ¢) newborn bovine calf sera; d) calf sera, horse serum and goat serum. The inocu-
lum density was 1 X 10°cells/ml.
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Fig. 2. Growth of hybridoma 2¢3. 1 cells in RPMI 1640 medium supplemented with 1.25%(v/v) serum: a),
b) fetal bovine sera; ¢) newborn bovine calf sera; d) calf sera, horse serum and goat serum. The inoc-

ulum density was 1 X 10°cells/ml.
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Fig 3. Growth of hybridoma 2c3. 1 cells in RPMI 1640 medium supplemented with 2.5%(v/v) serum: a), b)
fetal bovine sera; c) newborn bovine calf sera; d) calf sera, horse serum and goat serum. The inocu-

lum density was 1 X 10°cells/ml.
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Fig. 4. Growth of hybridoma 2c3. 1 cells in RPMI 1640 medium supplemented with 5.0%(v/v) serum: a), b)
fetal bovine sera; c) newborn bovine calf sera; d) calf sera, horse serum and goat serum. The inocu-

lum density was 1 X 10°cells/ml.
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o] 8459 calf serumel ®]Eto] AL newborn
calf serumS AHEEF v Aol 4] Q] 2¢3. 1 A FEAJA o]
23|28 calf serumE-| v])dte] dopr}(Fig. 1). w
2t 0.5% w5 83 A2 A L7 A4
of slojrejzn} 2¢3. 1 AEAAE AA& - §&
& 2ot

YA w5 1.25%, 25%, 5% 2 Z7}3te) ule}
AZARE F7lshe 848 Rl (Fig. 2, 3,
4). Fetal bovine serum % FBSfe} sIFCS& A&
W F5E(05%, 1.25%)2 719 wjA Az o}
2 A vl & ATALE B, o] 5%
ol A sIFCS&EHo] FHhA|EE%7} 212t 6.87 X 10°
cells/mlz} 1.51 X 10%ells/ml 9] 7}AF & A|E A=}
& Boirh @ o] F Fxold g4 H(GS) e
% A (HS)ol njste] w2 AEAAE B}

25%(v/v) FES AL AN ejofelAx
FBSfe} sIFCS7} o}2 d3o] Asld wjekyrin
& XS Boh(Fig. 3). H(iron) o]&o]
A7He sBCSell M 8] A 243 FBSf& A& <)%
t}2 fetal calf serumBvle & HT Az EMe
Bolow, o] FEE AR wigeMz o €3
(HS)e] 714 & AZAAE B4ch(Fig. 3). o]
2.5% AL AR widolMe e £/ €
Aglx B3kl 2u] olabe] AEAAY ol
A AL zolo 7al= e & 4 9)

M EE 5% SE HS AHEE kM
AZAA] 25 WAIH ARHe AT 24 24
& yeldgla(Fig. 4), HNWAESEE spinner
flaskE o]-83fe] 2c3. 1A EE 3% wjokste] A&
T e HA7s A A= AcH(9). Newborn bo-
vine calf serumfF+= fetal calf serumel] H|&}o]
wjzlel] H7bd of Yo MEYAE Hgort, 5%
TEE ARSE nj Ao A= NCSmast NCSis®E Ho)
fetal calf serum< E§3F t}2 A S| v)3ldo 7}
2 = A EAA(2.55~2.56 X 10°%ells/ml) & #]A]
slch.

YA 2FAST e HUAESEE R 257
P QAT 24l gebd Ze v
oAFsich(Fig. 5). AZARLE 5% ¥z dAL
AHEEEE | 7P £ AdE 1, o] FAF
T olgtel M= EH FHoll TR3MA MEA A A
A etAi, 05% FHE AH3IES w= AE7}
79| AAekA] Fg¢E ¥ it o, 25% w9
A4S K wige) Aol delxE FBSI,
sIFCS, ssFCS, sBCS £ A5 5% ==
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Fig. 6. Growth of hybridoma 2c3. [ cells in RPMI 1640 medium supplemented with 5.0%(v/v) serum at in-
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o2 AT} FRE FARAE A9l ol 6
Fasie D) Sasol & Aol

QT Ao Rk AHE 7] AR R
QIR 2 AR Aownt ofiet W4 A
ZApEE 84 Aae] 9alsh sl B A
o7} 2leg FAF WAool slon, ol olfE ¥
Qo) Qe AzFAolt AT ool WS B2
& % viE Azsegel geid 1 Fad
24 9l shbea ¢ & vk

HESTIL MZE M3l olXlz &5

slolraww} 2¢3. 1 AIES 5%(v/v)9 7 £5
o] dAo] 7=l RPMI 164087 100mlE Z§H)
spinner flaskel] 5X10% 1x10% 2xXx10°ells/ml9]
AEsx= st Ax RS wlasdct
(Fig. 4, 6, 7). A|E= 27]) A5 xo) #A 0] 5%
2o 7k 848 A3 wiokolA] lag phaseglo]
e F7EHo R AAge Byt A2 HEse
7} 715l tlelA FHAEZA = Ee A7
ol vl Ao g wWalyow, HYNELFEE 27|
F5E9 37t vidEte FhE A (Fig. 8). o7
L 5%(v/v) 559 IS AMFF wiR|oA EH
o] FFl FAG] 27 AEFES} AE A4
7} A fdo] glom, o] AT} AT AR
of 8% AA 9L s J5E & F Uk
sBCS9] &3o] Arlxl wjode HEFxot T3
FBSse} NCSma &3} vl5dt & AE $4&
Holom, 2X10°cells/mle) AEE5 oA ALeE
o2 "3}l nldte] 7} L AEXFE(2.69X10°
cells/mD) & Air}. o)7L FUg dAolelr 7]
A E 5ol upebr] HE FAel| 2ol Bl 2fv)
= Aoy, 2Xx10%cells/mle] 27] AEE T2 A}
2435190 & 790l sBCSY Aol 231 AlX9 F
Aol 71 feldlel 2 F7Y AHNAME AX
o] AL} HYALFEE zlo]E vielom,
o] A ANl Aol 7|lvin &
olch. NBCS &2 Al9j3 2 A4 HEs
57} VRS e R0 dAe vt AR
e Byed, oA HEsErl TS A
ZAlol Z7hsElo] AEARY] Ao ha oJExr}
Zol 5 =Hof 2 TR HANM ] HEFA S
AL w5k ARE Hodr) o)Al AU s ¥
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Fig. 8. Comparison of maximum cell concentra-
tion and specific growth rate in RPMI
1640 media supplemented with various
serum at different inoculum densities. The
concentration of each serum was 50%

(v/v).

MZ cHAl] H|w

Ay 259 7449} 27 ALEEY 744 AT
ok wix]e} Ao glucose FE (2g/0 )l T
glucose 4H] ¥E9 ¥&(%) #HAE 7HAstth
(Fig. 9). Glucose 4¥] v]&& €3 FHo| ==
gFH o2 ¥ fetal calf, newborn bovine calf,
calf serum 02 t}4 FH4dke AdE Mo,
A ZAZAN A 2ol Hal 713} viE7pAR 2k 8
Aol M5 FHof w2 glucoseo]§ &L XolE
Hgdr}. Horse serum& AResl 83 £ 714 &
H|8-2 glucosed o4t} AEH0 R so|ug
Er} 2¢3. 1A1F oJ5te] A Age] F2 oA
el glucosed] o)8-2 Fd FHoME 7] AE
FE9} FH x| Zvlo welA vlste] Fo4E
£ ¥y o} horse serume Aty A £FH
of @& Eo|d glucose o4 Hej= Ro|A] ¢t
t} o] AE FAlT glucose o]g-oll Fo] gl
S5 9ujEte el



264

100

- 5%
0 :l%

€

o

Glucose consumed(®)
#

20

0

FBS FBS$ FBS) WRS RS NBCGS NCSs BSOS G HS G§
FES; FBSh FBS% bFSC RS NCm 1S @

Serum type
100
b

= 5B

Ghicose consumed(®¥)
8

0

l
|
|
|
|

FBY FBS$ FBS KRS dIKS NBGS NGSs @05 G5 Gs
By FBSh FBS bRC SO NGaw  alS  C%

Serum type

G§

Fig.9. Comparison of glucose consumption in
RPMI 1640 media supplemented with vari-
ous serum at different concentrations of
serum and inoculum density.
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Fig. 10. Comparison of lactic acid production in
RPMI 1640 media supplemented with
various serum at different concentrations
of serum and inoculum density.
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Fig. 11. Comparison of anti-HBsAg MAb produc-
tion of 2c¢3. 1 cells at various cultures
supplemented with various serum at dif-
ferent concentrations of serum and inoc-
ulum density.
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