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Development of Serum-free Media for

the Culture of Mouse Hybridoma (I)

; Determination of Optimal Media Composition

Cho, Bo-Yeon and Tae-Boo Choe!*

Genetic Engineering Center, KIST, Seoul 136-791, Korea
{Department of Microbial Engineering, Kon Kuk University, Seoul 133-701, Korea

A serum-free medium that could be used for the large-scale culture of mouse hybridoma to produce
monoclonal antibodies was developed. The medium was based on a 1:1 mixture of Iscove’s Modi-
fied Dulbecco’s Medium and Ham’s F-12, supplemented with insulin 10 2 g/ml, transferrin 10 » g/ml,
ethanolamine 10 » M and selenium 30 nM (designated EBM (enriched basal medium) with the sup-
plements). The effect of various supplements of steroid hormones, vitamins, lipid and mineral salts
was investigated and their optimal concentration was determined to replace fetal calf serum (FCS).
These components were added respectively and then added by way of two or three combination to
discern of which component combination was effective to the culture of hybridoma. As a result,
serum-free medium KM3 (EBM with BSA 100 g/ml, mineral cocktail and 0.05% PEG) was deter-
mined. The hybridoma Alps 25-3 cultured in this medium showed almost the same growth rate as
in medium added with 2% fetal bovine serum. However, the antibody concentration from KM3 cul-
tures was 80% of that obtained from culture with FCS. KM3 was also examined for the culture of
other mouse hybridomas, KW, AdW & HCGK, and it was confirmed that it could support the growth
of these hybridomas and the production of monoclonal antibodies.
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3 Ham's F-12(Gibco)& 1: 18 &3 wix]E 7]
2oz 25% fetal bovine serum %+ iron-supple-
mented bovine calf serum (Hyclone)-S A 7}8led
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SEAL vokd IMDM # Ham's F-125 1:1 &
E3at Wiz g 7|2 slo] ofrjel ITES &
(insulin 10 wg/mi, transferrin 10 ug/mi, eth-
anolamine 10 xM, selenium 30nM)& Z7}ste] &
A o7 7A3 EBM(enriched basal medium)el
steroid hormones, vitamins, lipid % mineralg ¥|
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Table 1. Medium supplements used for the development of serum-free media.

Group Supplement Stock solution* Concentration
1. ITES solution insulin 0.5 mg/ml 1- 10 pg/ml
transferrin 1.0 mg/ml 10- 100 pg/ml
ethanolamine 10 mM 10- 100 M
selenium 10 uM 10- 100 nM
2. Bovine serum albumin (BSA) 5 mg/ml 50— 5004 g/ml
3. Steroid progesterone 1.57ug/ml (5uM) 10- 100 nM
hormones. hydrocortisone 1.8ug/mi (5u.M) 10- 100 nM
dexamethasone 0.1mg/ml 0.5- 10ug/ml
4, Vitamins tocopherol succinate 0.5 ug/ml 0.005- 0.05 u#g/ml
tocopherol acetate 1pgiml 0.01- 0.1xg/ml
ascorbic acid 0.2 mg/ml 1.0- 20 pg/ml
d-biotin 1004 g/ml 0.5- 2.0ug/ml
5. Lipid cholesterol 10 g/ml 0.5~ 2.0 ug/ml
6. Membrane fB-mercaptoethanol 50 mM 10- 50u«M
protection polyethylene glycol 10% (w/iv) 0.05- 0.4%
group
7. Mineral MnSO;H,0, Na,SiO39H,0,
cocktail (NH,)Mo,0434H,0, NaVO,
NiSQ;6H,0, SnCl32H,0
8. Others pyruvate 10 mM 50- 200M
putrescine 200uM 2- 20uM
concanavalin A 2 mg/ml 5- 20pg/ml

*:in I/F (1:1) medium
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Fig. 1. Effect of supplements on Alps 25-3 growth in
basal medium.

o ; in I/F (1:1) with 2% FCS

o;in I/F (1:1) with 1, 5 and 10 ¢g/m! insulin

w; in I/F (1:1) with 10, 50 and 100 zg/ml transferrin
a; in UF (1:1) with 10, 50 and 100 #M ethanolamine
o in I/F (1:1) with 10, 50 and 100nM selenium

«;in UF (1:1)
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Table 2. Growth of Alps 25-3 in EBM containing var-
ious supplements of hormones and BSA.

Doubling  Maximum  Culture

Concent- . . ok

Supplement ration time cell density  time
(hr.) (cells/ml) (hr.)

Progesterone 10 nM 15.8 1.3x 108 96
50 nM 21.3 9.0x 105 96

100 nM 26.9 3.9%x 105 96

Hydrocortisone 10 nM 25.5 3.9% 105 96
50 nM 18.4 6.22x 105 96

100 nM 15.6 7.38x 10° 96

Dexamethasone 0.5ug/ml 389 2.62x 109 120

Loygiml 196 8.78x 105 96
10 g/ml - 4.7x 104 -
BSA 50ug/ml 188 1.0x 108 96
100ug/ml  14.9 1.12x 108 96
500ug/ml  18.3 1.14x 108 96
Control** 2% FBS 128 1.2x 108 72

* The culture time when the cell number arrived at maximum
** 1/F (1:1) containing 2% FBS

anti mouse IgG~antiserum ©] 0.5-19; *7}5 agar-
ose gel (1% w/v)ell wlokol 10 4l WS H713 5 48
AlZE ol wbxetd o g AAFH e
‘halo’ 7} &4 H <}, o] halo o] #74E & 3le] A
9] FE& AAkstgch

#a o 2%

Enriched basal medium(EBM) ZH

S-aa wixPRube $lel el wixlel wls) L4
ofplx Atz wlelm] & we| s gl IMDM
T oA wiEkd4Ee]l Eo8le Ham's F-125
1118 3¢ A /F)E 71¥ez stx T84
wlze] H4 A Folel & 4 U insulin(1-10 g/
ml), transferrin{10-100 zg/m!{), ethanolamine
(10-100 #M) 3 selenium (10-100 nM)ell =g 7tz
o HAEEE e Yfou Figl 3 2o} A F
Alstz] gk, whebd Be Slela
wixjoll 4] Yul"o g HLHT 9 FEZ insulin
10 pg/ml, transferrin 10 gg/mi, ethanolamine 10
uM, selenium 300M (12, 13)& 745 I/F WAl &
EBM (enriched basal medium) 2.2 =3} o] )
AE gl she] o AYE AYEch, g9 ¢
ol d4 2% & 23T wiR|o|A dlejuE®al
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Fig. 2. Effect of various supplements of hormones and
BSA on Alps 25-3 growth in EBM.
e; in I/F (1:1) with 2% FCS
a; in EBM with 100 #g/ml BSA
a; in EBM with 10nM progesterone
«; in EBM with 10nM hydrocortisone
o3 in EBM with 1.0 ug/ml dexamethasone
o; in EBM

Alpe 2539 4] AFFE 5X10¢cells/m/ ¥ 7
¥ 20417k wiukel ARk 7le 40-50 Al 7kl Hi 4
FA71E AA AAAA7 ] =5 F Eupz A
71l EoiZeh(Figl), o = HIFAEE (u)+
0.05 hr-* (doubling time=14 A}7}) o] 3L o] 7|z} F<t
AZE 453 Bodshe] H 1X 108 cells/
ml AFZ HolFam Qlrh

7]
AEAEZ 1X10
2zt Mgol tiEt 2¥sx BHE
EBM Ao o7 cell lineell4l = &.37} XiLs]
o} 1 gl¥ progesterone (10, 50, 100 nM), hydro-
cortisone (10, 50, 100 nM), dexamethasone (0.5, 1.0,
10 wg/mi) ¥ BSA (50, 100, 500 ug/mi)& Z7 A
sbate] Alps 25-3 Alze 4% #ad Azs
Table 29} 3}, o] A#ollA progesterone & A7}
sl oko] ZAT4E(HFEE 10nM) hydrocor-
tisone & Z71E4-E (HAES 100nM) A EFAlo|
gt Z3971 AxlE HAES 2edon], dexameth-
asone < #H7teF 10pug/mlolAd HAXNE BArh
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Table 3. Growth of Alps 25-3 in EBM containing var-
ious vitamins,

Concent- Doubling Maximum Culture
ration time cell density time*
(pglmi) (hr.) (cells/mi) (hr.)
Tocopherol 0.005 15.0 8.50x 105 96
succinate 0.01 16.5 4.86x 105 96
0.05 16.3 8.02x 105 96
Tocopherol 0.01 19.6 6.90x 10° 120
acetate 0.05 17.5 5.22x 108 120
0.1 15.1 5.32x 10° 120
Ascorbic acid 1.0 15.5 6.84x 10° 72
10.0 16.0 6.64x 105 72
20.0 16.0 8.60x 10° 72
d-Biotin 0.5 17.2 7.16x 107 72
1.0 14.3 8.70x 10° 72
2.0 15.4 8.28x 105 72

* The culture time when the cell number arrived at maximum

7+ g2 AAE=AE Ao ulRelA] dlofal
Alps 25-3 ¢ A 54L& Fig29 #eon of il
o3h £ 2ol AF TEo] ez EBM
WA Hope AR} dEHAETE 4 T
ok, zejy iAol Broie ARz} ot
A of 24 A7F AAH] Hm; AEFzel Pie
A|7ko] FrZolA g2 U4 4 gtk 2E|Rel= &
2o FHA uxe] HolEe Fo

cell ineollAl 2 &3 R asloixln gloevt o F
29} 57% celllineol wel, =e F29 Ffol
upe} Aol & 10%%1 2lch(8, 14-16), A7bd BSA
X Vitamin, lipid, &% 5 #-& Fxlgkg] ol 3
£ Hilkdle 7%@%"‘3;% Z vz B AddM=
axzl 2 Jebds & 7 drRds, 17).
Vitamin A¥e2 7|Huiz] Foll Zghslo] x| &
£ tocopherol acetate (0.01, 0.05, 0.1 ug/m/), toco-
pherol succinate(0.005, 0.01, 0.05 ug/mi), ascorbic
acid (1.0, 10.0, 20.0 xg/m!), d-biotin (0.5, 1.0, 2.0 ug/
mi)ol g ZHaE Hag Azs Table 3¢
Helgo] glem 2 HdAyEE 727 01,0005
20.0, 1.0 pg/mi & Hgsiglct, bl ko] AFA
o Zholsle lipid & FEA wizlelA Az FAS
solz Aoz oelx ¢lE cholesterol(17, 18)
0.5, 1.0, 20 ug/mi wlEste] HAMFER] pyruvate
(50, 100, 200 M), putrescine (2, 10, 20 uM), =%

H
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Table 4. Growth of Alps 25-3 in EBM containing various supplements.
Doubling Maximum Culture
Supplement Concentration time cell density time*
(hr.) (cells/mi) (hr.)
Cholesterol 0.5ug/ml 12.3 6.20x 105 72
1.0 12.5 6.22x 105 72
2.0 19 4.09x 105 96
Pyruvate 50uM 26.2 5.28x 105 96
100 22.3 6.42x 105 96
200 22.1 7.12x 105 96
Putrescine 1uM 20.4 8.28x 105 72
10 16.7 8.34x 105 72
20 17.3 6.84x 105 72
PEG 0.05% 17.7 1.01x 108 96
0.1% 18.7 9.74x 105 96
0.4% 18.7 9.96x 105 96
B-Mercaptoethanol 104M 175 7.98x 105 96
50 17.2 8.92x 105 96
100 17.2 8.84x 10° 96
Concanavalin A 5pgiml - - -
10 - - -
20 - - -
Mineral cocktail 60 2.6x 105 120

* The culture time when the cell number arrived at maximum

off AlZuoks} A Hel| o] gl polyethy-
lene glycol(PEG) M.W. 1450, (0.05, 0.1, 0.4%),
B-mercaptoethanol (10, 50, 100 M), concanavalin A
(5, 10, 20 ug/mi)E EBMoll A7}t 7+ A Fof A
o] ZAaRE 2 A9E Table 40 Yehd gl
t}, Concanavalin A 2+ Mineral -$=}-2- EBM oj
772t Arblg wolle A2 Ao $48kA] gske
oantel ARe 2% Fald s Fu
4 o4 4 orh ] = mineral cocktail® 4
Cleveland 5-¢} ¥hg§ wgtch(9),

KM EiX|e] MEZHH
v} A=

SlolB s boll 71e4& 4 et Vel o
2 7lx AEE F steroidA TE e,
cholesterol 28] & Mineral ‘4-5': ol A A F

=2 718z EBM ol =% E3sled vz KMI ¢
o A olF H¥E F 2FEE shiy A4
7 Vb A o e sl = E AESGE S (Fig3).
KM1 ujx]e] 24-& EBM wi=]oll steroid hormone
group (progesterone 10nM, hydrocortisone 100 nM

and dexamethasone 1.0 ug/m/l), BSA 100 ug/ml,
vitamin group (tocopherol succinate 0.005 pg/
m/,ascorbic acid 20.0 zg/m/ and d-biotin 1.0 gg/m{)
3} lipid & cholesterol 0.5 ug/ml, ZL2]3 mineral
SoAS AHrpE Aoz, o] u A YRz 7
o AL Rolx ¢ AEE o] ZARIGEH
ol BMEH T¥E A AdsEnE 29 + A
t 7heAdel 7] wiEeldt, Figdel =en 2% ¢
A A A kgt olz=T-9f wlaslo] fabdk FA4
FAH HH AZLFEE B AEE KMIoA
vitamin 2Fubg AL WA E el i), o
ol 3 AEFEE Hiasht AEZALT O Z
A okilo] Holx BSA ¢} mineral =¥ cholesterol
abe] H7HE izl FAEA JElEE o 4
ek, webA sbg 718l A2 EBM o BSA
2} mineralsbs 235 wiAlE KM2 2 AA3A
ok, vt 2o sfRebe o] R3lE A EA R
o wlasle & of ofAls] AlxFmrh WA Jebyt
omz o& Rdry] Y3 wHY =
pyruvate, putrescine, PEG, concanavalin A 53 %+
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Fig. 3. Growth curves of Alps 25-3 in various media

added each supplements.

e; in I/F (1:1) with 2% FCS

o; in EBM

o; in EBM with BSA

s ; in KM1 without vitamin group

=; in KM1 without steroid hormone group

v; in KM1 without steroid hormone group, vitamin
group and mineral

©; in KM1 without steroid hormone group, vitamin
group and lipid

e;in KM1

B.glch(Fig.4).
o2 yetgter o
AN AR *ﬂ‘ FA=Ale] A ulA|
T P RAFAR(Figh #=x), °]

2R #HEAog # slolvalxol Alps 25-39 wijoF
+ 4% FEAH #ixlZ KM2d PEGE 713
KM3 wlx]& AHE & it o] wiAloa& o2

SeldE FUB FALHE

KM3 HHX|olA Z1E} cell line 2 42} ahx|44A

FellAl AL FEA RS A stelmemo}
Alps 25-39]o o}& F Flolmelxml cell lineolx
Hg&E F dex] dol £ A Table 59 2t
A=) 5% o4 F4lsh= A4W, HCGK, KW cell
line € F8A wixjoA AGA|A ulFd A= AdW
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Fig. 4. Effect of various supplements on Alps 25-3
growth in KM2.
a; in KM2 with 50 uM pyruvic acid
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Fig.5. Growth curves of Alps 25-3 in serum-free media.
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Table 5. Growth of mouse hybridoma and production of monoclonal antibodies in serum containing or in serum-

free media*,

Serum Doubling Maximum Culture Maximum
Cell line cone. time cell density time** McAb conec.
(%) (hr)) (cells/ml) (hr.) (ugiml)
Alps 25-3 2 11.7 1.4 x108 64 35
0 11.6 1.3 x108 65 28
A4W 5 14.0 1.0 x108 72 100
0 18.4 6.0 x105 72 100
KW 2 16.3 1.2 x108 72 68
0 18.2 6.7 x105 72 61
HCGK 2 16.5 9.6 x10% 96 74
0+ 19 1.28x 108 96 82.5
*KMS3, **The culture time when the cell number arrived at maximum, + KM4
s KWt 34457}t 2oiAn 0 AL¥E 94 1 489 =24 343 37 ol Sudd
£ ARE % 4 Uch olol BE AF A 4 Ut AU F1ge] 2P ek & ATl
= At 7 sholue|En} Alps 253 9] ok s
3]

a2

5% 20-30% Aaddes 23 F ddd &
HCGK—'E A7 7] (lag phase) 7} &k 247k A
= dAd ez o F w54]7]7] sl KM3 =]
71 e} ‘é*v——‘i ZAlstgd®  pyruvate, putrescine,
B-mercaptoethanol, concanavalin A & 4] ZA}3}
o £ A3 o] £ B-mercaptoethanol A+o| A7+
oz24 Ao FAvz|o]Ae}t whabskx] FAE B3
282 KM3ol g-mercaptoethanol & %73t ulj=|
£ KM4zt ZAE 4 glgln KM4E wigd
HCGK © AlzF =9} &4 825pug/ml 2 3] 44
gko] 2A F7tEE &4 4 U3k, B-mercaptoeth-
anol-& B ZYEA Ko HrlyEe AHRoez
peroxide ol & E£A-F WAL cell cycle & &3H
GiolA S phase 29 A%E FA3e Zlez o4
# glo] speju e =mle} lymphoma i %ol A A<l
Roz Baslojzlal o, Hol AFE F8 3ol
veleol aloks 93 FEH A= Fo viA=A
7188 stod celllineol @t} 3 F A22tE o
A7yt %3 stelnElsst digk g AEE
& ezt Azselxn dAuiAle Y
£xol Hu HE AZg B oh]el o1 A4k
Aol AL FAAIR 4 3

"’é%‘% hAlEte] mEAHql F kA AR e

o

m{n b

9]
10

Ao g FHAH wlA (serum-free media) 9 A
S Amsigdet, FEAZ okl IMDM # Ham's
F-i25 1:12 E3 wiA§ 7E22350e] ITES
£ (insulin 10 gg/m/, transferrin 10 ug/mi, eth-
anolamine 10 gM and selenium 30 nM)&  # 7}3}od
dzld o 2 AAg EBM(enriched basal medium)ell
steroid hormones, vitamins, lipid, mineral % o #
AEES 747 Hrlsle] dA Y gixE

= 2

A BRI A FTUZ AL Hel: FEA
¥ z1  KM3(EBM w1th BSA 100 gg/m!, mineral
solution and 0.05% PEG)S ZAAE 4 qlalern o]
wjjoll el A3 A A2 dAvizel oF 80%
z ebdd, =23 283 eAelA o1 cell lined
AR g9 A AAE z2AFeEH i F
stolugwnl A zujokels FEA47 F UdFE F
old 4 glsiet,
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