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Development of Serum-Free Medium for Mouse-mouse Hybridoma
Part 11, Hybridoma Culture using Developed Serum-Free Media

Hoon Sung Jeh and Cha Yong Choi*

Central Research Laboratory, Lucky Biotech Inc.
*Department of Chemical Technology, College of Engineering, Seoul National University

ABSTRACT

The serum free medium was developed and used for the suspension culture of mammalian cells.

Although there were the problems of the longer lag time and the smaller maximum cell concentration

achievable, the higher specific productivity as well as other advantages of the serum free medium can

make it a more realistic allernative.

The existence of a staggering period in glucosc concentration vs. time profile in the batch culture can
be a practical indicating signal for performing fed batch culture.

The concentration dependence of the effects of the additives in the serum free medium as well as its

economic feasibility was also tested.
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2% wpr} dsdch. T8 A= AREE cell line
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A Fha) v] YA AWS ksl 2oy o
fd3tal Chlamydia trachomatis L2 typeol| w3t 3}
A& Eu)sh= hybridoma KA-1127} AR5 ¢}
KA-112+= Chlamyidia trachomatisZ A7 o WS
stof 2 2= (spleen) <} ¢) A 9} mouse mye-
loma P3UL(th{7# wbal, A& mujdidh)e 2
AN AE g5alo] 2R Al ztstelch(3).

KA-112& 73 34l 9& 3243 5717
FE F AT A Ale] 7hE Hod Ao A
2 ARg-E] 9}

ALE HHX|

Hybridoma®] chef wjof 3 wjx] 7dA]e] Mg
= 71X 2= RPMI-1640 medium3} Dulbecco’s
modified Eagle medium(DMEM No. 240-6309:
GIBCO, NY, U. S. A.) o]9)2m sodium bicarbon-
ate(2.0g/0 )¢} T84 3 7hinje)Al(0.3g/¢ :
kanamycin, Fopdf, A&)E H7I3 3 0.22m
A7nm He| 2 23] W o ale] AMg-slgir).

MIZE HH2t

Wi x] Aol = AFEE 24well tissue culture
plate(NUNC, Denmark)-& AM-3tgl.omd 75 87
o} 7] AE A18E 9lste] © 60 2 @ 100 tissue
culture dish(%412} o] &34, 48)7} AF= o
Ffrlokolle) 2 AEE 9JaiA= 250m09) 1L
spinner flask(Bellco, U. S. A.), 2 L Celligen Bio-
reactor(New Brunswick Scientific Co., U. S. A.)
7b AHEE ). wlod7) e exs 36.5°ClA Alo]E
odom spinner flask?] 7-$ol= muk7|o] 35
£ 40 rpmel] E3 ARk )
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S| Aol M

9= gkl 9] o 7l= ELISA (enzyme linked im-
munosorbent assay) ¥ o& ZX=9lc}. Peroxi-
dase-labelled goat anti-mouse 1g M(Kirkegaard
and Perry Laboratories, U. S, A.)o] AM&-5¢] o
&1L Chlamyidia trachomatisZ McCoy A EE 4
T2 3to] wfoFd ohg 24 Ralele] Algsly)
th gl 24 He] 242 354359 micro
well plated]] ¥, Az 3lo] ELISAe] A3}t

=9 M

EE ozt 235 A (control medium) 2 2
~397t AEA17) A2E dARelslo] AYrra
Ade, FIdEFo 2 24well plated] B33 o}
19 Fol 3 vl #] (spent medium)E 7} well ¢
AAsL 7R Q1A AAR zhzte] iz &
TAd? F(1~2m) Flapsich vl 244 7dmj} &
Lot HERE 243l TS ).

Ad 8 2%

SRS MEEM HE

7% BAFH7MNA, 1% SAH7L €Y wiA], *
g2 wx)9] -Gl oF(suspension culture) EAJ-L-
v s}, 300m spinner flask& o]-4-3}o)
250m¢ volume &2 wjofsled s djo] AE Fig. 1
of =AlEtdch AZA G lolA "4 )= (1.3x
10° cells/mé) <} AEA w2 (1.2X10° cells/md) o)}
Hlgle] B8 =7} ohh e 3 AE Ex(l.
0X10° cells/mf) & Hoct. = &71x E7]8 7L
FEA A9 AHE-A] lag timeo] thE wiA|o| v]s)
W) ke Aeolch. MEZAA 7hg 2 e 2
£ AAEER FAE e FEA AL 2}
Ale] Fujsh= 71| Azl 2} (autocrine grow-
th factor)E9] FE7} wiefzrle] 7 (o]
lag timeo] AA HAcly gz}, FEA wA]ol|4
of wfekell A i AE Fxr} 7} Ge AL ol
MR % 5 Aoy A lag time S-gho)
maintenance energy-4-°.2 energy substratez} A
v 7] wf o2 A7t 4 gl Fig. 29) g 4
5 B9 glucose %7} lag time £k 79 ¥
32 o ke iAo vl A E 2 Awgws) g}
A e 710 Ho} lag time Sk glucose ¢)
9]¢ MH-o] energy substrate® o] 9l L& o
T Aok E o8 §4E A lag time Foll=
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Fig. 1. Cell growth kinetics in low-serum medium
and serum-free medium. (Supplements for
serum-free medium are transferrin(10ng/
L), bovine serum albumin(0.5g/L), linoleic
acid(5mg/L), ethanolamine(1.2/g/L), and
sodium selenite(1.7 zg/L) Culture was car-
ried out in 300m¢ spinner flask).

autocrine factorS-g AAsR= oA ofel)
metabolic activity= 58] & Aeoll A glucose®
AnEA g AZAARE dojuR] gzt vl
ubab A A o] Fiks] dojd &l WA Wel
inhibitory &S0 SAs o] A TAH] B &AL
2 g7 2ok AE 47 & 5 ok 4RSS
o slelME T8 wixY A7t o A FE
Heor} 18] & AolE Holxe @it Al7iA
wj x) A A 9] glucose Ab] S B Fig. 29}
z}. o] A AME lag time®] &7} HAAH =
¥ E0)3 HoRE lag timeT et AMEE= mainte-
nance£-9] substratet glucoses} obd& & 4 3l
gt &, glucose: lag timeo] Eyi < 10~20
A7} ol 2v|E7] At en lag timeo] 7
7) 283 w2 A-$l glucose 21|28 AZx= 7}
2 SA Jebdol, w3 A 2A%e] AAEHIL AE
o) Apgo] A)tE7| AA A FAAe] 3 A7t
o)A glucosed] Zm|7h AA| AR sh= AL B
Lty ole FEAEY EA F9 FHal cel
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Fig. 2. Concentration profile of glucose in 3 dif-

ferent kinds of media for the culture of the

hybridoma, KA-112.

cycled] 7j9lshe Ao ¥glrh &, oW 49
322 A E7} AR phased4 ©hE phase® &
A7l we} 7184H) patterno] =epA| I o]el|
o et W40z 42 o Ae o 7}
2 wokubalol o] Wi FF Ao} (7)ol o8& &
9]¢ Ao Byl &, glucose FEE on-line2
2 248 4 Ao (8) MATHY 71T A
$7} glg Aol o]o] g whe oz AT A
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PEGE 0188t MZME & AT

Qo] Algelx FHA wjAE AMgsle] Pk
g A7} AP o e Hi AELFEE BeE
2 lag timeg Zo| . 3 M EFES Fo17] A3
o] PEG(polyethyleneglycol) S A 7}slod Al Eufof
S slgich. A=k 1500, 4000, 200009 PEGE
A3 A} Bk 1500004 74 £ AAE o
gov} iy MEFEE Foli= de= & EAE
Az Zatir}(Fig. 3). #Ated 15009 PEGAA
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Fig. 3. Effect of various molecular weights of
polyethylene glycol(PEG) on maximum
cell growth. Each MW was added at 0.1%
(w/v) concentration. Cells were inoculated
into D-100 dish and were counted every-
day to determine maximum cell concen-
tration. The numbers indicate the molecu-
lar weights of PEG used.

Axe) Aelrl 71 E9re-S Aaksiegirt. Human
heterohybridoma& ¢ 383 wjx] kAl =
PEG7} & &35 Bivhs Eavh dded(s,
10) mouse hybridomagl KA-112¢| 4+ lag time
& Zo|x& Esidrt. PEGY 93L opx 9y
A dstort ME 3] AMEEe of 1/104
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saata e volEt g} lag timed 4% 7
o2 7oy v} gdlenE MEAAASE o
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Fig. 4. Effect of insulin concentration on maxi-
mum cell growth. Cells were inoculated
into D-100 tissue culture dish and were
counted everyday. 3 days after inocula-
tion, cell death occurred and maximum
cell concentration could be determined.
Inoculum size: $X 10° cells/mé.
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chill A ArHego] XA A v]H e e 1)
9l 3led control SFMell A 7}sl4® insulin, trans-
ferrin, BSA ¥%¢] 1/2, 1, 10, 20w} w2 ul
A& Azl FURANA wiofsilct. Algds = &
A 9]dl= control SFM3} Fdg 244& st

i ) insulin

A& wj|of2e} o] insuling ¥ wj=el
AME PaHo|gded 71E Hrkexe o 100 Fx
oA HHE vepldch(Fig. 4). 71& F7ks=7t
Bag o A9 HArbsd] vis] 1/10 o3z
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ol 4 2 ule} vl7FA| 2 short-term cultureel] 4]
A% FA Furt(Fig. 5). A1gR 7 Rl
71¢] v}5=3} growths ¥4l 2m long-term culture
o9 ks we{sle] A% Hrispz AAH Aol
Aot FEHA w2 Az vgex A st
%E 7 ol o] aels]ojo} st
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‘”‘3"3 w2l A 7 F88 AdApE AAE BSA
2% Fkl dEb AEARE F7RIAG
(Fig. 6). 11} control SFM2] BSA §Xxdl] sl
10u], 20su) 2] BSA X+ u§ FHrlsie] 108)9]
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Fig. 5. Effect of transferrin concentration on
maximum cell growth. Cells were inoculat-
ed into D-100 tissue culture dish and were
counted everyday. 3 days after inocula-
tion, cell death occurred and maximum
cell concentration could be determined.
Inoculum size: 5X 10° cells/m.
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2} A EZA ol v]A| = A& 2] FolEs Ao
ot &, Z71 BSA Xl vla] ol AEAA
o] ok 1] ARA dorng HAM|A A 5}
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A} BSA%Y] sldshs 0.5g/¢ 7HA= T o EH
Ql ko] 73| w|ste] L o] ol A= AA & lag
-timed] 7Z+4adAle] Hala) 4 & ¢EA0] 7‘}
A&} wepx AlZAAe 242l BSAQ] oke
0.5g/Lgd o 1 o]Ake] F&& lag timed E9lo
23 o & A Eskdd eddhed 7od Ao
Bk
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Fig. 6. Effect of BSA concentration on maximum
cell growth. Cells were inoculated into D-
100 tissue culture dish and were counted
everyday. 3 days after inoculation, cell
death occurred and maximum cell concen-
tration could be determined. Inoculum
size: 5% 10" cells/m? .
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o 23l A)1He) sampled ELISAR 3Aajgict.
A Zuj oF-& spinner flaskel| 4] o] o]z on v 2
3] sampling & 7 % HaldcH(Table 1). ztzte)
samples 37129 Fx2 3|4 3sle] o715 =43}
At ZE 3MulelA 78 wix] AR A7}
g Aol 7 e Ao yehdr). 395}
of & 7% 7} sampleg®] WA 5} v §- o2
ne o]zg whilAlEo] ELISA A6 74 a3}8
% 7FsAde] EAlgck: Aolt). 1 xd o
A2y d vlasle] By T wiz]9] 447} 7}
7z on oju] antibody titeres RE 3]Aun|9
sampleel] tjslo] T34 wjx] AM-Alel 74 Egho
22 specific productivity7} ch& & 7Sl us)
Aolx AV o 22 3 7 Aoz YEgl
t}. E3] ol 4% glucose oF& B (Fig. 2)
T w2 e e AEFEe} AT v
& glucose AH|EE7} o} 5 wix]9] 752} A9
2}, o) MEAA] FoE Al antibody2) 4
Akl 7)Ao] A% AnlE 2 gl3-E Yehith %
A x| 7 AZARSEI} dolx 7]Ae A=
A4 dojip= 7lo] Edald], o]2|§F maintenance
energy9] 47} product® Ads= Aow Az}
Hr}. #3d Bug ¥lZ hybridomad] AAEE S
AglH e g J& A9 1 specific productivity 7} 2
7Hchs ARde] gled] o]#)jt Moty B Auy)
AR g}, gt Akl T8 wx]el A9 A4
o] 719 wjxlel vla] Frhs AdE Iy A$-
7b el 2 Ao E ARz} Aale] A7}
A=A Y o= g slA] g

A uiX{e| 2BEXY

ol A3 e AYE F3tod wiA| AzvEn A
Zbeley Soll v]A o 5-& sl wix|9] A
2 ZAA sl c}(Table 2). 24 % transferring #
7hd o= ATeekS Esle] opA] FEs|efo} e
nkef insuling] FEE ARAEEE AT T S
74 insulin®] FExi= ‘AAEEe] Aozl W
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Table 1. Comparision of Antibody Production in
Each Medium

(0.D)
dilution 7% FBS

1% FBS(LSM) SFM

% 0.196 0.212 0.460
% 0.155 0.249 0.227
% 0.103 0.111 0.165
max. 5 6 ﬁ
13X10° cells/mf 1.2X 10" cells/mé  1.0X 10° cells/mé
cell conc.

After raking the supernatants from three kinds of culture
broth, ELISA was performed on different degree of dilu-
tion. All cultures are performed in 300m¢ spinner flask
(Bellco.)

* The maximum cell concentration of each culture.

Table 2. Composition of Serum Free Medium

Basal Medium
DMEM(3 430-1600)
: with sodium pyruvare(110mg/L)
and low glucose(1.0g/L)
Supplements Essential to Short-term Cultivation

BSA 0.5g/L
insulin 760ug/L
Supplements Nonessential to Short-term Cultivarion
transferrin 10mg/L
sodium selenite 1.7ug/L
ethanolamine 1.2ug/L
linoleic acid s.omg/L
Others
glucose 3.5g/L
sodium bicarbonate 2.0g/L
kanamycin 0.3g/L

(ch) AERS HE

(2h) AL G4 Hw

A A A4S EAE WrHEEe Aol
Agslo} s Wojeko] FHAslo} . F1E WA
WA 7 2 A9 st BAsE ol 9l of
2 dilsk WrHEe) AP aud AA Aol
Selalch mjeba AR % wAe) 426 o] 7]

E iAol Bls) $-915 AR ke o i} Fas)

N



v % ujz] Alo)e] by AA s she] a9l
o] & 4= glrh.

w2 Alzeguc o $28 5 e Ao
AW B4 whiAl gleolet & 4= glch 54 ohy
Ao RAAE fjsle] o] TR ARl spE
WA gl ek W REHAAE HEF o}
g}

$lo} 2He w4 e wejspHA 1 wix|e A2
Ao} FAHE Ak Arw wese] 7 wAE
7}sted o} st}

BiXI2| 7+ (WHX| ®|=H|E)

7)E dAuA e} A 7 7] wiA e AzrH
< Z Hrlsigeh(Table 3). WA Alzxn]§-2 A
g4 wix e Agrt esle FEA Al vl A

CEELS

Table 3. Cost of Media

Serum supplemented Medium : DME 1.4$/L
FBS 10% v/v 40.0$/L
Total 41.4$/L

Low Serum Medium : DME 1.48/L
Supplements -
FBS 1% v/v 4.08/L
Toral 5.4$/L

Serum Free Medium : DME 1.4$/L
BSA (0.5¢/¢) 1.68/L

Transferrin(1omg/¢ ) 3.5$/L
Toral 6.5$/1.

o) A& AN e] AlRtebA A e e o] At
o]7)% ajrt. tiA] wal FelAdAd otedds T
oo (thrl AEw 2~3% ol3h) A3 7}
52 d38 dAslEe drgdoeng wArpA2-
AP A 47} At HES AL A
ojc}. o)u] XS FBS 1% AH7teA] Calf serum
2% A7I2 A e wiz]7bA-L oS A 7
Z WA e 1/10 o|st& Ax7} 7bssich 12
ol @A) TR v o g w2047t A
S slue RejAA) v]gel ofd A7 AR
% Axsol & Zojr}h. wbd FHA wjx]e A
transferring A JA12 5= odepd A PA wj#] o] 5
712 7FAA gk shssieh HE AFHAL Sle
lipid®] emulsion3-% %3 BSA-free medium 7Y
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Fig. 7. Gel electrophorogram of supernatants.
KA-112 hybridomas were cutured in
serum free synthetic medium, low serum
medium, and 7% FBS supplemented medi-
um. Samples were precipitated in 50% sat-
urated ammonium sulfate. The precipi-
tates were dissolved in 5004 PBS. Initial
supernatant volume was 7mé. Two different
volumes, 25 ¢ and 502, of the prepared
samples were loaded. Lane:

1. reference protein size marker

2. 7% FBS supernatant(50 ¢ )

3. 7% FBS supernatant(25 £ )

4. LSM supernatant(50 ¢ )

5. LSM supernatant(25 1 )

6. SFM supernatant(50 ¢ )

7. SFM supernatant(25 124 )

8. supernatant after precipitation of 7%
FBS supernatant

dtoju} chelate®9) o] 422 transferring $H43
A& 4= glohd KA-112 hybridoma$} 7-8- %
| basal medium®] 7}d o & wjA| & A% 4 9]
& Ax s 5 ek

=c|&8H B|E

Mk w2 Eo] il gheks Br)9jslo] wfek
As-d-g& 50%(NH)SO,2 #Asle] ¥3%, SDS
(sodium dodecyl sulfate)-PAGE(poly acrylamide
gel electrophoresis) 2 A& Pejsigict. 7} o
FAENE T 7H4 ke loading ssled A
Qufz) o} T Hulx]o] chiA gepo] A w3}
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dom ofd miz} HejAA| 9 Jolkex 2 ajo)=
A& Aoz BYrh(Fig. 7). 1¥ lanes %z}t
standarde|w] 7}3 ¢]9] 7o) BSA wWizolt}, =
2E A el A 714 wke okS Hel 7lo] BSAo]
v LSM3} SFMel| A} Zzte] BSAoko] n|4:ghg &
T odddek A e 3% el RelAAe o
M%—g T PAsEe|ng ozl Ha] A4
B0 LSM3 SFM AR&A] wlj oA} S-ol o] Ba] )
of & Aoli= ¢E AR Boln 7% FBS A7} u)
A 9] w oGN] s AN 4 Be)HA s} 7
g Ao gy},

r A

B ATE o ATHE AT A B o
&y st sl A AN Ak
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