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55C 59C 1 T-
710bp pGEM-T Bel-2 Cyclin E Xba 1
Cyclin E Cyclin E pCl-neo-IRES  Sma [ /Xba |
GenBank M74093 D14015 X75888 pCI-NI-B  pCI-NI-C
pCeneOF/pCeneOR Xhol  Sal 1
pCcenelF/pCenelR 1 Pyrobest plGX-
CHO c¢DNA 30 cycles hoF/plGSaXbR  pBelixhof/pBelisalr 1
57°C 55C T- Igf-1 Bel-2
1.2kb pGEM-T Xho | Sal 1
Igf-1 Tef-1 GenBank num- Xhol  Sal l pCI-NI-B  pCI-NI-
bers  X04482 plefOF/plgfOR c pCINL-IB- pCL-NI-BC
plefIF/plgfIR 1 1
cDNA 30 cycles 59C 1.3
55 Lipofectamine™ 2000 Reagent pCI-NI-IB
400bp pGEM-T pCI-NI-BC CHO-dhfr~
) 800pg/ml. G418
Table 1 Primers used in this work 20 G418
Name Sequence 125
pBelos TGTCCGCCGEGAGTCAGG 1.4 Western blot
pBelo3 GCATATTTTGGGGAGCAGGTC Bel-2
pBeliSsma  TAT CCCGGGCCACCATGGCTCAAGCTGGGAGAAC 10° 300,.L
pBeli3xba GCG TCTAGATTATCACTTGTGGCCCAGGTAGG TBS pH 7.2 1% NP-40 0.5% sodium deoxy-
pliencOF TTCCGGTCIGAGTICEAAGIC cholate 0.1% SDS 0.5mmol/L PMSF 0.1mol/L DTT
pCeneOR CGCCGTACCCTATCAACAGCAACC
pCenelF CCATGCCAAGGGAGAGG 30min 12 000g 4T 10min
oCenelR TTACOAERINTECACE 100y 4 x 200mmol/L Tris 6.8 8% SDS
plgfOF TIGGGGGAAAGGATGGACTCTAAC 0.4% 40% 100°C Smin
plgfOR GCGGTGACGTGGCATTTTCTGT 25uL 12% SDS-PAGE
plgfIF ATGTCGTCTTCACATCTC 0V 4C PVDF
plgflR CTACATTCTGTAGGTCTTG Tmmobilon-P Millipore
pBelFBt CCACCATGGCTCAAGCTGGGAG 0% DS PVDF 5%
pBelRXba GCG TCTAGATCACTTGTGGCCCAGGTAG
pCEGFB CCACCATGCCAAGGGAGAGGAAG Zh Bel-2
pCE6RXba GCG TCTAGATCATTCTGTCTCCTCCTC 4h NBT/BCIP
pIGXhoF GT CTCGAGCCACCATGTCGTCTTCACATC Cyclin E
pIGSaXbR CC GTCGACCTACATTCTGTAGGTC 4x10’ PBS 2
pBelixhof TAT CTCGAGCCACCATGGCTCAAGCTGG 700p.L Buffer A 10mmol/L. HEPES-KOH
phiclisalr GLC STLCACTTATCACTICTGCUCCACE pH 7.9 at 4°C 1.5mmol/L MgCL, 10mmol/L KCI
15min 1mL 5
1.2 Buffer A
pCdhfr5 10
2 Xho 1 /Not 1 IRES 12 000g 4°C 1min
20041
pCl-neo pCl-neo-IRES 30min 12 000g 4°C 10min
Bcl-2/Cyclin E - 1gf-1/Bcl-2 Pyrobest
pBclFBi/pBclRXba  pCEOFBU/pCEORXba o pmdghdngs marsmsminasasm neo:// journa b= 1T3e cn
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20

90% PBS 1

20mL IMDM/HT 0. lmmol/L Hy-
poxanthine 0.016mmol/L Thymidine
4d 5 100mlL 20 000g
20min 0.2pm
50ml.  4°C
0.02mmol/L PB
10mL
300
Bel-2 sc-492 Cyclin
E sc-9568 Igf-1 sc-1422
Santa Cruz Biotech
Promega NBT/BCIP Western
Blue’ Promega
1.5
Bel-2  Cyclin E T25
PBS 3mL PBS
Iml 4% 2h  4%C
3mL
0.15% Triton X-100 0.1% BSA PBS 20min
200pL. 1%
BSA 0.005% Tween-20 0.1% sodium azide PBS
1.4 4%C
3mlL 2
200pL FITC
4°C 4h
3mL PBS 2 2ml. PBS
1.6
Phos-
phatidylserine  PS
PS  An-
nexin V
pPS PS
EGFP Annexin V  Clontech
Clontech
DNA
DNA Qiagen
10° DNA
1.5% DNA

1.7
MTT 0.5~ 1mg/ml. 37°C 4h
MTT 560nm
1.8
2
2.1
Bel-2 Cyclin E
Igf-1 Cyclin E
GenBank AF404339 AY046321
AF440694 pCI-NI-IB  pCI-NI-BC
2.2
pCLNLIB  pCI-NI-BC
G418 20  Western blot Bel-2
Bel-2 3 IB3
IB4 IBS  BCl BC2 BC7 2A 2B
Bel-2 IB3  BCI
Western blot
Igf-1  Cyclin E 2C 2D
Igf-1  Cyclin E
IB3  BC1
Bel-2 BC1 Cyclin E
IB3  BCI Bel-2  Cyclin E 3A
3B
2.3 IB3 BC1
IB3 BC1 CHO-dhfr~ IM-
DM/HT 24h IMDM/HT/10%
FBS 0.5pg/mL D
Actinomycin D 24h
DNA Ladder
4 5
D IB3  BC1
DNA Ladder
4 IB3  BCl
D
IB3 47.1% BCl
52.5% CHO-dhfr~
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Fig.1 Di-cistronic expression plasmids

Control IB3 [B4 IB5 Control BC1 BC2 BC7

o F26kD

Control B3 Control BC1

—47kD

B2 Westem blot B RHEKER
Fig.2 Western blot analysis of expressed genes

A: The expression of Bcl-2 (26kD) in 20 G418-resistant clones previ-
ously transfected with pCI-NI-IB was analyzed by Western blot. Three
clones that expressed highest level of Bcl-2 were shown here. They ex-
pressed considerably higher level of Bel-2 than the CHO-dhfr™ control
clone .

B: The expression of Bcl-2 (26kD) in 20 G418-resistant clones previ-
ously transfected with pCI-NI-BC was analyzed by Western blot. Three
clones that expressed highest level of Bel-2 were shown here. They ex-
pressed considerably higher level of Bel-2 than the CHO-dhfr™ control
tlone.,

C: The expression of Igf-1 {(7kD) in IB3 was analyzed by Western blot.
The clone expressed much higher level of Igf-1 than the CHO-dhfr~ con-
trol clone.

D: The expression of Cyclin E (47kD) in BCI was analyzed by Western
blot. The clone expressed much higher level of lgf-1 than the CHO-

dhfr™ control clone
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Fig.3 Flow cytometry analysis of expressed genes
Bcl-2 expression in BC1 and 1B3 (A) and Cyclin E expression in
BC1 (B) were analyzed by flow cytometry. The two genes showed
much higher expression level in engineered cells than in CHO-dhfr~
control cells

No induction No serum No induction  Actinomycin D
CHO BCi IB3 CHOBCI 1B3

CHOBC1 IB3 CHOBCI 1B3

1 2 3 4 7 8 9 19

B 4 DNA ladder Ry M AR BT
Fig.4 Apoptosis analysis by DNA ladder detection

For BC1, 1B3 and CHO-dhfr™ , apoptosis was induced by
withdrawal of serum (4 ~ 6} or by addition of actinomycin D
(10~ 12) . Controls were set without apoptosis induction (1 ~
3,7-9). In the figure, BC1 (5, 11} and IB3 (6, 12)
showed much less fragmented DNA than control cells (4, 10},
which meant that BC1 and IB3 were more resistant 1o apoptosis

24 IB3MBCIAMEZMFEFEIRATH
ok oF

$# CHO-dhfr .IB3 # BC1 A S 5x 100 ~F
24 FLABEIE R R, £ 10% FBS i IMDM/HT 35
HiEE 24h, REFMRIGEE, FEBRRE BEAS
& ¥ IMDM/HT, 4k 8235 3% 96h, FEEEFE, MA
& Img/mL MTT B9 IMDM/HT 3% 28 3£ 37°C 5 3% 4h, 5
ZEE RBERE T RARYP, ME 560nm 1R
W, ERINE 6 FiR, B3 M BCl 41AEEK7E 560nm i
F M 2 E B T CHO-dnfr % 58 40 M 8% , ik B4 1B3 0
BC1 £ 7T MM 5 5 Fr B YA RE /17 F CHO-dhfr ™
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Fig.5 Apoptosis analysis by flow cytometry

Annexin V-EGFP

Apoptosis was induced with 0.5pg/mL actinomycin D for 24h  then externalized PS was detected with flow cytometry. A CHO-dhfr~ control without apoptosis

induction 6.2% underwent apoptosis the rate of apoptosis of un-induced IB3 and BCI was similar not shown here

B 1IB3 induced with actinomycin D

47.1 underwent apoptosis C BCI induced with actinomycin D 52.5% underwent apoptosis D CHO-dhir~ induced with actinomycin D 92.6% under-

went apoptosis

Aseo

0
CHO-dhfr™
MIT

IB3 BCl

6

Fig.6 MTT assay of cell proliferation in protein-free medium
Cells were cultured in equal number in protein-free medium IMDM/HT for
96 hours before MTT test. The figure showed that IB3 and BCI proliferat-

ed faster than CHO-dhfr™ control P < 0.0l . In the figure the bars

represent standard deviation calculated from three independent tests

2.5 IB3 BC1
1x10* / CHO-dhfr™ 1B3
BC1 6 3
IMDM/HT/10% FBS 24h
PBS
4 IMDM/HT/10% FBS IMDM/
HT/1% FBS IMDM/HT/0% FBS IMEM
IMEM IMDM
2
IMEM 40pg/mL
Fibronectin ~ 0.5pg/mL Vitronectin 2
IB3
Tgf-1
1
7 IMDM/HT/10%

FBS

A IMDM/HT/1% FBS
IB3  BC1 CHO-
dhfr” IB3 BC1
B IMDM/HT/0% FBS
4
IB3  BCl
CHO-dhfr~ C IMEM
CHO-dhfr~ IB3
BC1 IMDM/HT/1 % FBS
D IB3
BC1
2 IMEM
Table 2 Supplement for protein-free medium IMEM
Component Concentration
Na, SeO; 20pg/LL
CuSOs 5H,0 2.5pg/L
FeSOs 7H, 0 850pg/LL
ZnCl, 400pg/L
CaCly 2H,0 80mg/L
MgCly 6H,0 30mg/L
Alanine 10mg/L
Sodium pyruvate 100mg/L
Linoleic acid 180pg/LL
Putrescine-2HCI 200pg/L
Ethanoamine 3mg/L
Hydrocortisone Img/L
Glutamic acid 60mg/L
Asparagine 60mg/L
Fe NO; 3 9H,0 80pmol/L
N 2-hydroxyethyl iminodiacetic acid 80pmol/L
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Fig.7  Continuous culture of genetically engineered cells
CHO-dhfr~ IB3 and BCI cells were cultured in IMDM/HT/10% FBS
A IMDM/HT/1%F¥FBS B IMDM/HT C and IMEM protein-free
medium D continuously for 2 weeks. Cell numbers were counted every
IB3 and BCI exhibited much
higher cell number than the control CHO-dhfr~ cell line P <0.01 after
day 4 .

other day. In protein-free medium D

In the figure the bars represent standard deviation calculated

from three independent tests
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Construction of Two Robust CHO Cell Lines Resistant to Apoptosis and
Adapted to Protein-free Medium by Over-expression of Igf-1/Bcl-2 or Bcl-2/Cyclin E Genes

LAI Da-Zhi WENG Shao-Jie QI Lian-Quan YU Chang-Ming FU Ling YU Ting CHEN Wei"
Beijing Institute of Microbiology and Epidemiology Beijing 100071  China

Abstract Serum used widely in mammalian cell culture is also a potential source of bacterial mycoplasmal and viral contami-
nations. In addition the complex biological components in serum make harder the subsequent product recovery process. High
cost high batch variation and potential source limitation are among the other shortcomings. So serum-free or even protein-free
medium are preferable for recombinant protein production. However without serum to provide essential components such as hor-
mones  growth factors and binding proteins cells are easy to die. In this study CHO-dhfr™ cells were genetically engineered to
make them adapted to IMEM  a protein-free medium and resistant to apoptosis. The genes in choice are insulin-like factor Igf-
1 Bel-2 and cyclin E. Bel-2 is a mitochondrial membrane-integrated protein. It can block the release of cytochrome ¢ by main-
taining the integrity of mitochondrial membrane and thus inhibit apoptosis. Igf-1 is similar both in structure and function to insu-
lin a growth factor added to serum-free medium to promote cell growth and is the only protein component in many currently used
serum-free media. cyclin E is a cell cycle protein expressed continuously in G1 phase. When cyclin E accumulates to certain
amount cell cycle was driven to S phase. So cyclin E is a proliferation-promoting protein. By co-express Igf-1/Bcl-2 or Bel-2/
cyclin E in CHO-dhfr™ cells with a dicistronic expression vector we constructed two cell lines CHO-IB and CHO-BC. The high
expression of each protein was confirmed by Western blot and flow cytometry. Apoptosis was analyzed by flow cytometry and DNA
ladder detection and the two cell lines were both found much more resistant to apoptosis induced by withdrawal of serum or addi-
tion of actinomycin D than the CHO-dhfr™ parent cell. Cell proliferation assay by MTT method showed that the two cell lines pro-
liferated much faster than CHO-dhfr™ in IMDM medium without serum. Continuously culture assay proved that the two cell lines
grow very well in IMEM protein-free medium supplemented with fibronectin and vitronectin to ease adherence. When compared to

CHO-dhfr™  the two cell lines exhibited much more viable cell numbers and faster growth rate.

Key words CHO cells cell culture apoptosis cell cycle protein-free medium
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