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# F i HBsAg Fab FifkHIA NETMB MG HEVSI RN P AAEEMNER. I TEVBREMGETES™
R A B B A F 4T HBsAg Fab ik Mk T ¥, LRt RFE i F 4T T BB, BT i Fab bifk
FEN ScFv B ERMAENER NS TYREN S I EAG T2 ERS EMAT N E A A B HBsAg Fab i
KEAPHEE, SRR AP REENENEMSARSRENESN Fab, SEE N 96.8% . A EKEHE, BF
30% ~d40% . ScFv AR EAZ WAL ER Fab, B % 97.5% , BIY X 75% ~85%, Z T¥EBIHMNE
RSB ETENE, ETXRERMANEA Fab, EHN 7% R Y 5% ~85% . KL L BRI HE
BAMEETRA. UEESREEH A S ARBERAENEH B FERE i A ERIFOSLY
B AR B HBsAg Fab Fitk, SRS T E R AR VA ERF, Ak RN R EAHRER. HEH

Fab 346 89 Tl 44 7= 5 B 1 ARl

% HBsAg, E4 Fab, SifbFE, BFEH
hEAHE QR XWIRIAE A

ZRFRWRERREREEREA DA RE, R
NElRAmHuFE, B SHEATFENZERH
HIWER. ERNZHRERORREMSS S, H
HAKFETFAREENR BT R R EIIAN
BEFAERGERE R A TELMBMEY
#@Y, Fab PiKEAE T T 690 AME, A F&E
FBRM AT RSN R RS Y R
EHREMARMRELS S TEE BRI AN S
SEERAERE . §i HBsAg Fab HilkBiIN A ESE
BB FIE 5T HBV 312 M9 #5 697E RI™ .

BEERRERANET WV AKERZSARHEREE
ik RGHEBT AR TOEATHFE, M
BAHHEHMHAALDEENS . REXFTAR

BTHETY, S REERRERBEREAR

PE4 HBsAg Fab IR ZEY AR LSS
( Pichia pastoris) FHRB B FEE ", & Fab Hlk
HAERBMHEAAEHAEENERE AE
H—EHEN AR, BRERERENABRER
HBsAg Fab iR M35 80, A& E K i R %
KRS ALREH T ZEHAT R, R E
(1 A B EE L HBsAg Fab YLk 44k 7 BT T W8
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1.1 ##

WY AT HBsAg Fab i kB B T B H
GS115/Fab, & ¥ AR 7F, ScFv . 3% R& 1 4k 40 M &%
UF, E BB —_EH XKFLE P .0 8R 4, Sal
HiTrap™ NHS activatited Sepharose HP 2 #7 H . 5mL
HiTrap™ DEAE-sepharose Fast Flow 2 #7 . 5ml
HiTrap™ CM-sepharose Fast Flow /2874 .30mL E#7H
% 1 4 Amersham Pharmacia 2 & 7= 1. DEAE-
sepharose Fl CM-sepharose B T X #t HH B W A
Amersham Pharmacia 23 7 , AKTA tREWHE QA RH
{¢ (FPLC) 3 Pharmacia /2 & ™ ¥, HARHNAH R
&= Pl T
1.2 Hik
1.2.1 EH AEEST HBsAg Fab HL{& K & B =
ME i YPD Vi Pk E 4 A Wi HBsAg Fab HiikRE
B TRM GS115/Fab HE % A T 10mL BMGY #
THEREOCKRFERE DRk 10 ER  BET
200 mL BMGY 35 2P 30CIRFERE 0Dk 10
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BT HAAREY HRsAg Fab PS40 2 14 LB SE 885

ERENEEEMN. £ 10%E/FBHA SL X 8E
B3 RE 15 35 3 P, BEAT Fed-batch B BEi% S & B¥ 96h,
Btk 2 BEW 2 6000 r/min 25min 5.0, WE F ¥,
40% 1R A /Y (NH, ), 50, TLTE FFULIERE T 0. 1mol/L
TrisHCI(pH8.0) %, I ZE W Z vh # 4 C & H7 24h &
Ao

1.2.2 HiFabHEFEREN AT Fab: &M%
B4 o8 BB A Fab B4k (Sigma 2 7)) & TEE
2 1 % (0. 2mol/L NaHCO, ,0.5mol/L NaCl, pH8.3)th
(BWE Img/mL) , 3 B Sml HiTrap™ NHS activatited
Sepharose HP J2 #7 4,3 x 10wl YK ¥ 1mmol/1. HCl #t
LW 0. 5mb/min, B HE MR B, HA S~
10mL Hi Fab 3k B8, 25 C B 30min. KiEE
A(0.5mol/L. Z.BER%,0.5mol/L NaCl, pH8.3) \ K 1% & nh
B B(0.5mol/L Z.#,0.5 mol/L NaCl, pl4.0) 3¢ # 1k
R ERERESAREF KB REAMNELE
Hl. FHZEE pH P8 4CREFEH.

S5 A Fab Bl M A BB B A 0. tmol/L
NaAc, 0.5mol/L NaCl, pH4.5) I F 4 BEIH % B
(0. 1mol/L Tris-HCl, 0.5mol/L NaCl, pH8.0) 4 25mL
Yok, B# 8 2ml/min. 0.1mol/L TrisHCl, pH8.0 Y
-y 28 2p (30 ~ 40mL) -8 Fab bl K, ik 6] L,
BV R EH A B Y HBsAg Fab TLIAFE S E
B H O E# 20mL, Hi 8 Y 1ml/min, FJ 0.1
mol/L TrisHCI, pH8.0 -8 4% M ik (30 ~ 40mL) AR,
A 0.01mol/L TrisHCI, pH8.0 28 ¥ (20 ~ 30mL)
BEBE, WE X 2ml/min, FJ 0.1mol/L Gly-HCI ¥ i% 25
MRHEATHE G Ve, VR A K 1. Sml/min, WEE
BOERBE . BA ENEOHES R BRE
H# 17 SDS-PAGE 1 Westem-Blot 5347
1.2.3 i ScFv PR FZ R BB ok B4 Fab:
ST ScFv B 5E BEDUR 40 Bk 14F7 A Balb/C /MR
W AT R TR Y B, WK Bk S R
k.

B Fab itk 5 ScFv B 50 RE B4 5% A0 ) (¥ 10
SE ¥ Fab AL E A Fab Pilk BB L HIE—F
MEOH ELISA iR 4CHBLE®E. H%, EAHEK
BIIA ScFv P REHIK,37TCRR 1h, Bk, MMA
B EAYBIRICHENB G, 37TCHE 1h,
OPD B &, , BiF{{ M & AennfBo

WA BRI ScFy S RN BB THRKS W
AP (AWE Img/ml), ¥ B S5mL HiTrapTM NHS
activatited Sepharose HP &, 4+ %1 Fab ik B4
P A M B & 25mL B H, W N 2mL/min,

0. lmol/L 3% B2 22 tt 3 (0. 1mol/L Na2HPO4, 0. 1mol/L
NaH, PO, ,pH8.0)¥-# ScFv P mEEH K FEMENH,
HoER L, WEWHEMEEA#FED BF 20~
30mL, % # 3 1mL/min, A 0.1mol/L pH8.0 ) 8% &8
Zp W (30 ~ 40mL) BEE 22 & O, B A 0.01mol/L
pHS .0 3% K8 2% PP M (20 ~ 30mL) B4 B B3, M N
2ml/min, RS 0. 1mol/L pH2.5 § Gly-HCl i R &
MR HTRERER . R EE N 1 Sml/min, W
HEREEE. SAENEANEREBREFIE
FH# 4T SDS-PAGE #1 Westem-blot 7+ #7 .
1.2.4 BTXBRENMLEM Fab: 0. lmol/L BT
3 2 s 8 (0.1mol/L Na,HPO,, 0.1mol/L
Nall,PO,, pH6.5) F # & i{ 5mL HiTrap™ DEAE-
sepharose Fast Flow EZ 874, 5 F 0.02mol/L MBS F 42
BV HEPB LS., FE 2ml/mn, MHFHEE L#
20mL BEEEAE S . FHE 1.5ml/min, WEFRBAE
eflifk, A tmol/L NaCl A BE LI B F X etk .
HIEEENMERENLHEB TR, RBEER R
1.5mL/min.

0.1mol/L B F 22 ¥ % h ¥ ¥ & 25 B SmL
HiTrap™ CM-sepharose Fast Flow 2 #7 &, I
0.02mol/L B F X FWE b ¥ #, W& 2
mL/min ¥ DEAE LM FRBEEMNAKE L
o Wi 1.5ml/min, A 1mol/L NaCl ¥ B VEH B ¥
IREAE Facfhte, £HEN 120ml, SEEEE X 1.5
mL/min . 53 & W 4 ¥% i % , SDS-PAGE 43 17 EA il 2 B
EZi R

4y B B & B 9 DEAE-Sepharcse CL-6B #l CM-
Sepharose CL-6B H5, /KB ¥, £ B HKkG, 45
A lmol/L NaOH 1 Imol/L. HCI 32 # 30min AR £ 2~
B. B (SE) L BE, HAKEREPH,
FHAM (B AR TITENEET. B
0.0Ilml/L BT XBTFHEENMBIEREHINET
30mL(2cm x 20cm) (¥ ZHr k., H4H Fab Lk 2k
HREF i Sml B T XBREELE,
1.2.5 4ifp 4l Fab HLIERIPER S RIGHRIE
AR E M A BRI HBsAg Fab LA R %5 i i E
SRR [20] 3 F7, itk E 4 A B 5 HBsAg
Fab FLEM 5 T R M2 2 Bk [ 12]#47.

H AWM HBsAg Fab LRI IR B RS 1B

In-Hak Choi %' @ ELISA K ¥ #17. MiEREH
HBsAg(100ng/mL) ,4°Cif % ,2% BSA # A, BE¥k, &
FIhn A gifl i E 41 A Wk H1 HBsAg Fab ik ,37°C
BB 1h, 6%, MARBTEAYBHEIZHERA
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B ¥ 0%

Fab $5 5 8 50, AL 1h, i ¥, B 6, B (0 E
Awmﬁo

2 R

2.1 Fab#HEkFEMEHLALHLEA Fab

HAANEBHH HBsAg Fab LA TR FIL LT
SFwm MR AL RS, | Fab RAEWHE, Halifk
L5 SDS-PAGE ¥ in & 1 . i3t Fab EAEH
aife, BRI TAEREBMNEM Fab bilk, 2 EHHE
ST, B4 @9 B 4 Fab B4 B 7 5% 96.8% LL I,
3t Fab BHrEE ol B WA R B EA
Fab H &, {H B % 7 ik 9 B R, LR 30% ~
0%,

== kD

E - —— 077
— a3

— —20

e B

i

1 Fab EMBEWH AL HEA Fab Hi{KE SDS-PAGE 55
Fig.1 SDS-PAGE analysis of purified Fab fragment
by Fab affinity chromatography column

2.2 ScFv £ REREFEMEHALEAR Fab

BT HBsAg ScFv B mEHi A S EH A AW
HBsAg Fab H{& % M h 69 ELISA Bl @GR L% 1.
R B, EH Fab Hilk 5 ScFv 558 R B & & F
HAERR, ELW L HERMSLO A .

%1 N4 Fab k5 ScFv P35 EH KR
A9 ELISA ME
Table 1 Affinity analysis of recombinant
Fab antibody and ScFv mAb by ELISA

Concentration of ScFv Mab  1:1000 1:10000 1:50000 1:100000
4.019 3.150 2.923 2.261
Purified Fab
3.232 2.538 2.407 2.597
3.232 2.834 1.992 1.987
Fermentalion supernatnat -
3.032 2.049 1.868 1.506
Negative control 0.032

ScFv A RETL A FEMER L TEH AR HT
HBsAg Fab $i {4 89 SDS-PAGE 43 47 {0 B 2, i% 4k 4k 77

EAT A AL E A Fab Piik , BERR Y WER A
ScFv g REH K EMENHEAL K E A Fab FiikH
HEEETT IR 97.5% . W H e Ll R A
TREBEMERE, L T70% ~85%

1 2 3 4 5

2 SeFv HHiEMBENH At EH
Fab Hi{K &) SDS-PAGE 43 87
Fig.2 SDS-PAGE analysis of purified Fab fragment by
ScFv Mab affinity chromatography column

2.3 BFEHENY4{LESR Fab

ATEH—HREA A, RITERTHE
FLeREWraEH Fab HEN L, EAARY
i HBsAg Fab $iH i) %5 iy M52 {829 7.5398, 5
WP %S e % fH 8.105 W 2E KRB — 4 pH B4,
BEHLSHSERTTEFXERAGLT R,

H % A SmL B9 HiTrap™ DEAE-sepharose Fast
Flow 1 HiTrap™ CM-sepharose Fast Flow 1 5 H: % &
HEAHTER BFXRENALEL Fab i
SDS-PAGE #3#r4nfd 3, WTLLEH AR E X8
B BNEQSRAT EEFRB P, LEMNEAS

. TERAMRBEALF2BHEHEFSRERE, ¥

WHEFERFRRK EHEE TR, HPORE
AEAFLEBAFHBEPRME . BE A NaCl X H
BITHEHTHEERBERTHBIMEMELR Fab i
ko WE & FR B b KR 3omL B FX
¥k, 4ifb% 19 SDS-PAGE £ #rmE 4, B3
TREFMELHER. SERMTER,BLET
ZHaifb M EH Fab PLE R LEE FTIK 97% . Hifk#
R E RN 5% ~85% .

2.4 HUBEAFabHAHERFIFTRBFENE
AR R B E T Westem-blot 7 #7
WE 5, R RN, AAk T B iR
EHEBTY.
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—20
— 144

3 Sl BFXmENTEEALESL
Fab 3 &9 SDS-PAGE #H it
Fig.3 SDS-PACGE analysis of purified Fab fragment by SmL
ion exchange chromatography columns
1 2 3 4 5 6

- —20
L
g —144

B4 omlL BFRBENELLED
Fab $1{K#Y SDS-PAGE 41 #t
Fig.4 SDS-PAGE analysis of purified Fab fragment using
30mL ion exchange column

F LB HBsAg Fab FLIRM — S S5 R H BB 57
& (47914.65D) M L 82, M % 2763.84., HimEH M
RIEWES Fab ST REAFEEREL (KOS
F 15 gEE), MA, & Fab ik —REWPHFE
& N-$¥ AL 67 £ (Asn-X-Ser/Thr) I 7E Y O-PERL{L
s BRLASr FRAMMER THREAERN.
=FARE NI AL GBI E S Fab BLERIHL
REaFEHRE 2 AE 6, difk it BPEMA Fab Pk
MTEE R AR, W = e kX i
BAAEW, Gl ES Fab HIKKE KRB
LHENE . ENELGERERE EHEFHERS
FHEATEA Fab ik SHIR S5 (P RAHEX
B h LA 2 84 pPICZa-A B GS115 i S LI,
A MR B, BAtEX B HBIG 3 ARH#H HBsAg

K ZHi,
1 2 3 4 s 6 7 8
™ kD
—97.7
—66.2
- Y
e s —31
—20
5—14.4

5 #li{bRIEH Fab i {KAY Western-blot 7+ H7

BEHABHS HBsAg Fab Bl 0 F R &
MALDLTOF-MS ¥ % # { B 50678.49D, 5 A

#2 S{LMEA Fab HkH) ELISA 47
Table 2  Activity analysis of purified recombinant Fab antibody

Fig.5 Westem-Blot analysis of purified Fab fragment

Blank Purified recombinant Fab antibody Ferment Positive control Negative
control Fab column ScFv Mab column Ion-exchange3 column supernatant (HBIG) control
Absorbence 0.0002 1.744 1.842 1.757 1.516 2.141 0.040
A ssoi30 0.0004 1.890 1.867 1.874 1.675 2.057 0.034
M";]::f"ﬁ“ 36.34 36.99 36.31 31.91 41.98
{'The ratio which is 2.1 limes larger then the negative control was treated as positive . The value of negative control which is lower then .05 was treated as 0.05)
25 S L >
3 Wi
20
L A Fab P10 4 B S AL — M B IR
é THEELL Bt PR A AR R el SF S AL s B R
v AR E AT SRR NS RE, B
03 Fabbifh B AW Sk 7 i R 5L Fab LA E AR
0

;bxi_[ts-n]o
ALRFAIEALTENERANEAA

W Fab ik RO AT THEHR. 3 Fab HLiE

EHENATERBMFRHABEMNELEASA Fab btk

A B C D E F

6 AE{LEH Fab HL{KRY ELISA LK
Fig.6 Compare of purified recombinant Fab
antibody by ELISA analysis
A :negative control; B:Fab column;C:ScFy Mab column; D: ion-exchange
column; E : ferment supernatant; F: positive control
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MAEL AR THFEGNELS Fab [3] Tam MR, Goldstein LC. In Manual of Clinical Microbiology,
itk , E4A Fab HKMSE A5 96.8% , (B F EH ;;“:"‘*Si‘;[ o A, Haler W0 ¢ "‘l;’ 4th ED. ppd0s -

a . 1crobiol . ngton 5
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IR Bk, M8 5 B, BT AT BT Fab SLAE E A [5] Sowyer LA. Amibodies for the p and treatment of virail
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o 35 T e R AU AL R B M R T RE . A SCBR ) RO ol = sppesh o vccie therapy. Cancer, 1995, 16(3):
Baifh B4 Fab PR EIWER{L N 30% ~40%, A] st _ ]
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Study on the Methods of Purification of Recombinant
Humanized anti-HBsAg Fab Antibody

DENG Ning' XIANG Jun-Jian'® RAO Gui-Rong® CHEN Wen-Yin®
' Lab of Molecular I logy and Antibody Engineering, Life Science and Technology College in Jinan University , Guangihou 510632, China)
*( The Central Research Institute , 4581h Hospital of PLA, Guangzhou 510602, China)

Abstract Anti-HBsAg Fab antibody is useful in prevention if it binds to and block surface regions of the virus, which is
essential for the infection of hepatecytes. In order to establish steady and high effective methods to purify the recombinant
humanized anti-HBsAg Fab antibedy from fermentation supernatant of Pickie pastoris for industrial production, anti-Fab
chromatography, anti-ScFv Mab chromatography and ion exchange chromatography were used. Results showed that the purity of
recombinant anti-HBsAg Fab antibody punfied by affinity chromatography of anti-Fab antibody column is 96.8% , and the
recovery rale of the Fab antibody is about 30% ~ 40% and much of Fabh fragment was lost. The purity of recombinant anti-
HBsAg Fab antibody purified by affinity chromatography of anti-ScFv Mab column is 97.5% and the recovery rate of the Fab
antibody is about 75% ~ 85% . This method can be used in smaller scale purification of recombinant Fab antibody from
fermentation supematant of recombinant yeast. The purity of recombinant Fab fragment purified by ion exchange chromatography
is 97% , and the recovery rate of the Fab antibody is about 75% ~ 85% . The method of ion exchange chromatography can be
used to produce the recombinant Fab antibody in large scale for indusirial production. The results demonstrated that the
recombinant humanized anti-HBsAg Fab antibedy can be purified high effectively by the methods of anti-ScFv Mab
chromatography and ion exchange chromatography from fermentation supematant of recombinant yeast, and the methods of anti-
ScFv Mab chromalography and ion exchange chromatography can be used effectively in industrial production.

Key words HBsAg, recombinant Fab, methods of purification, Pichia pastoris
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Establishment of Murine Embryonic Stem Cell Line
Carrying Enhanced Green Fluorescence Protein and its
Differentiation into Cardiomyocyte-like Cells in vitro

JIANG Zu-Yun't  YUAN Yi-Jun''® CHEN Liang-Biao> LU Yong-Liang' YAO Xing' DAI Li-Cheng*
' { College of Life Science , Zhejiang University , Hangzhou 310012, China)
2( College of Life Science and Chemistry, Tianshui normal University . Tionshid 741000, China)
3 (Institute of Genetics and Developmental Biology , Chinese Academy of Science, Bejing 100101, China)

* ( Central Hospital of Huzhou , Huzhou 313000, China)

ZHANG Ming'"

Abstract The availability of EGFP ES cell D3 lines provided a traciable model to study cell differentiation and tissue generation in
vive and in vitro. Plasmid pEGFP N2 was introduced into the murine embryonic stem cell D3 by standard caleium phosphate
precipitation . Transfected clones were screened out under the fluorescence microscope at the 488 nm emission light in the presence of
G418, Strong fluorescent EGFP clones were singly picked out and further proliferated on a feeder layer of mitomycin-C treated mouse
ermbryonic fibroblasts. One line of EGFP ES D3 cells subcultured twenty passages and still carried the EGFP DNA without the
selecling pressure. It indicated that the gene might integrale into the ES genome or still dissociated in the cytoplasm. PCR analysis for
EGFP DNA showed that undifferentiated EGFP ES cells at passage 8 and 18 carried the EGFP gene. Alkaline phosphatase staining,
embryoid body and teratoma formation were performed to analyze the differentiation status and potential of the ECFP ES D3 cells. The
cells derived from embryoid body were able to differentiate into beating cardiomyocytes with green flucrescence clearly observable
under the confocal laser scanning microscopy. 30% ~ 40% of cells from embryoid bodies were capable to differentiate into
cardiomyocyte-like cells, and it appeared lower than the non-transfected ES D3 cells, which could be 60% ~ 70% under the same
conditions. The mechanism was curently unknown. Immunocytochemistry staining indicated that the contracting cells were
cardiomyocytes based on the presence of cardiac specific molecular marker cTnT. Results showed that the stable EGFP positive ES
cell line retained the typical characteristics of ES cells and possessed the pluripotential to differentiate into beating myocytes in vitro .
The EGFP transfected cells stably yielding bright green fluorescence in real time and in situ rendered it was a powerful tool in cell

transplantiation and tissue engineering-
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Embryonic stem cells are pluripotent cells derived from the inner
cell mass of pre-implantation mouse embryos. They have self-renewal
ability and represent embryonic precursor cells that can differentiate

s [1.2]

into three embryonic genn layers in vive and in witro .dtis a

tractable cellular system to investigate cellular and genetic
programming of early development. In terms of clinical benefit, stem

cells are generating many hopes for future regenerative medicine.

Mouse embryonic stem cells are widely used for gene mutation

Received : (4-06-2004

analysis or for incorporation of marker genes. Molecular markers are

- useful in studying gene expression profile during differentiation and in

tracing and selecting particular subsets of cells**) . The MES allows
for studying genes of interest in vitro, bul more importantly, by
creating chimeras it is an extremely useful tool in analyzing genes
during the embryo development in wivo. Eiges e af {2001)
established 2 DNA transfection protocol for human ES cells. The
transfected cells by ExGen 500 transfection system showed high levels
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of GFP expression limited to the undifferentisted cells, and the
fluorescent cells could be separated from the differentiated cells by
using a fluorescence-activated cell sorter’®! . In addition, some other
GFP transfected ES cell lines are established by electroporation!® 7,
Here we describe the work that labeled the mouse ES cell lines with
the green fluorescence protein through the standard calcium phosphate
precipitation method and produced the stable EGFP ES D3 line. The
EGFP ES D3 cell differentiated into cardiomyocytes-like cells in vitro
under proper culture and treatment. The EGFP labeled clones of the
ES cells will provide a useful tool for monitoring the differentiation

status of the cells in wtro and in wizo .
1 Materials and Methods

1.1 Cell lines and animals

The ES cell line D3, purchased from the Institute of
Biochemistry and Cell Biology, Shanghai Institutes for Biological
Sciences, Chinese Academy of Sciences, was used for all siudies.
Feeder cells are from ICR mouse embryonic fibroblasts { MEF),
prepared from 13.5 dpc mouse embryos®? . SNL cell Line, is gifted by
the College of Life Science Peking University, which is derived from
the mouse STO cell line and resistant to G418. Balb/c nu mice were
the recipients of the EGFP transfected ES cells to form teratoma to test
the in vivo differentiating capacity of the EGFP ES D3 cells.

ES cells were cultured on a feeder layer of mitomycin-C treated
MEF in Dulbecco’ s modified Eagle” s medium ( GIBCO-BRL),
supplemented with 15% newbomn bovine serum { Evergreen, Hangzhou
Sijiging Biological Engireering Materials Co., Lid.), 1| mmol/L
glutamine { GIBCO-BRL), 0.1 mmol/L 3 mercaptoethanol (Sigma),
1% nonessential amino scids steck (GIBCO-BRL), Penicillin (100
w/mL}, Streptomycin (100 mg/mL)} and leukemia inhibitory factor
(LIF: 1000wmlL, Chemicon International Inc., Temecula, CA,
USA}.

1.2 Transfection of EGFP reporter gene and establishment of
transgenic cell lines

The pEGFP N2 vector, a construct expressing the enhanced
green fluorescent protein { EGFP) under the control of the “human
cymegalovirus (hCMV} promoter ( purchased from Clentech) was used
for transfection. The plasmid DNA was prepared accorling to the
maximum extraction method "' . The construct contained an SV40-
driven neo selectable marker. The use of SV40 promoter in the system
was suflicient to confer G418 resistance by driving the neo gene,
although it was somewhat inefficient in mouse ES cells.

Sufficiently expanded and undifferentiasted murine ES eells
underwent stable transfection with pEGFP N2 plasmid DNA by the
standard calcium phosphate precipitation method!™®! . In following 24
~ 48h, GFP expression was monitored under the fluorescence
Nikon ) equipped with mercury bumer
(HBO100W/2, Stromart:-DC, Osram). G418 (800 pg/mL) was
then administered to the medium, allowing the selective propagation of

microscope  ( Diaphot,

transfected cells in culture, neo resistant fluorescent-labeled colonies
were identified by a fluorescent microscope after one week (up to 10
colonies per well} . Single transgenic colonies emitting strong green
fluorescence were picked out by a micropipette, dissociated into small
clumps, and transferred into a 96-well culture dish on a fresh MEF
feeder. The cells continuously formed a large number of expanding
undifferentiated colonies on a feeder layer of MEF. The different
passages of the EGFP ES cells were examined under the fluorescence
microscope .
1.3 DNA preparation and PCR analysis

Genomic DNA was extracted from undifferentiated EGFP ES cells
al passage 8 and 18 respectively using standard method! " | Genomic
DNA from untransfected D3 cells was also extract as negalive control
in PCR. The primers for PCR were: 5" CTGGTCGAGCTGGACGG-
CGACG 3', and 5’ CACGAACTCCAGCAGGACCATG 3' (Clontech) .
PCR reaction was performed in a final volume of 50pL containing 50ng
template, 1 pmol/L of sense and antisense primers, 200 nmol/L of
dNTPs, 2u of Taq DNA polymerase, 1 x PCR buffer and 2.5 mmol/L
MgCl, { Shanghai Sangon Co Ltd) . Amplification was carried out by
denaturing at 95°C for 4min, followed by 30 cycles of 1min at 95°C,
Imin at 58°C, 2min at 72°C, and finally 10min at 72°C. PCR
products were separated in 1.5% agarose gels containing ethidium
bromide, and bands were visualized by ultraviolet transillumination .
1.4  Anglysis of EGFP labeled ES cells
1.4.1
Phosphatase kit was used in the assay following the manufacturer’ s

Alkaline phosphatase assay: The Sigma Diagnostics Alkaline

instruction. The activity of alkaline phosphatase in the ES cells was
evaluated microscopically .

1.4.2 Embryoid body formation: The EGFP positive ES cells were
grown in the presence of LIF to avoid the use of MEF as feeder layer.
The undifferentiated cells were digested into small clumps and were
induced to differentiate in vitro into embryoid bodies ( EBs) by
omitting LIF from the growth media, allowing aggregation in petri
dishes. Following the formation of simple EBs by a 5-day cell
agpregation procedure .

1.4.3 Differentiation in vivo : About 2 x 10V cells/fmL EGFP positive
ES cells were trypsinized and dissociated into single cells and
resuspended in 0.3 ml. PBS. ES cell suspension administered
subcutaneously into the oxter of the male Balb/c nu mice. Teratoma
was detectable afier 2 weeks. Teraloma was prominent and mature
after 30 ~ 50 days. The teratomas were surgically removed from the
mice and fixed in 10% neutral formalin. Routine paraffin section were
performed by the standard method and stained with hematoxylin and
eosin. Sections were examined and pictured under microscope .

1.5 Differentiation into cardiomyocyte-like cells

1.5.1 Candiomyocyte:like cells derived from EGFP transfected ES
D3 cell line: After about 5 days of development in suspension culture,
5 EBs with similar sizes were picked out and each replated in a well of

a 0.1% gelatin-coated 24-well plate in the absence of LIF. EBs were
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further spread and underwent differentiation into a monolayer cells in
following days. After 7 to 8 days, cardiomyocyte-like beating activity
was clearly visible, the active areas were examined and photographed
under the confocal laser scanning microscopy { ZEISS LSM 510) .
1.5.2 Cardiomyocytes primary culture: Cardiomyocytes were isolated
from 1 ~ 5-day newbom mice as previous reports "' _ Briefly, the
hearts of newhom mice were dissected and the basal part of the
ventricle was collected. They were rinsed three times with PBS and
mechanically dissected in the sterile dish. 1 mL 0.08% trypsin
digestion solution was then added and the minced tissue was incubated
at 37C for 10 ~ 15min. The tissue was gently triturated for several
seconds until the tissue was dissociated into single cell or into very
small clumps. Afterwards, cells and clusters were seeded into a
culture flask containing coverslips, the flask was incubated at 37°C
ovemnight and used on the following day.

1.5.3 Immunocytochemistry: We used the ABC method to
characterize the cardiomyocytes derived from the EGFP labeled ES
cells. The differentiation cells and primary culture myocytes were
washed with PBS twice and underwent fixation in 10% neutral
formalin for 10min. A primary monoclonal antibody against Troponin T
{Santa Cruz Biotechnology, Inec, cat sc-20025) was applied in a
concentration of 1:200 in 10% NBS in PBS at RT for lh to the fixed
cells. The cells were then washed 3 times with PBS. Biotin-
conjugated anti-mouse lgG (secondary antibodies) with 1:200 dilution
in 10% NBS were added to the cells, and the mixture was incubated
for 30min at RT. The cells were washed 3 times with PBS. Reagent A
and B of the ABC test kit (Sino-American Biotechnology Company)
were diluted 1:100 in 10% NBS in PBS. ABC compound was mixed
in the same proportion of the reagent A and B and was then added to
the cells and incubated at 37°C for 30min. AEC of the AEC kit
(Sino-American Biotechnology Company) was used as a chromogenic
substrate. After 8 ~ 10min of staining, reaction was ended by washing
the cells with bidistilled water.

2  Results

2.1 Transfection and EGFP positive colony screening

The plasmid pEGFP N2 were successfully introduced into murine
D3 cells by standard calcium phosphate precipitation method.
Expression of EGFP in the ES cells was detectable in as early as 24h
after transfection. About 1% of the cells showed EGFP expression
after 8-10 days culture in the presence of G418. These results

indicated that calcium phosphate precipitation method is feasible for

transfecting ES cells, and eytomegalovirus ( CMV) promoter can drive
the expression of EGFP gene in ES cells.
2.2 PCR for GFP DNA

The PCR results showed that three samples each contained EGFP
DNA sequence (Fig. 1). The EGFP ES cells of passage 8 and
passage 18 both contained the GFP gene. The PCR product was
authentic GFP gene after sequencing verification of these cloned PCR

product (data not shown) .

i 2 3 1 M

Fig. 1 GFP DNA of EGFP ES cells was amplified

1: control; 2: negative control, templates from the untransfected ES
cells; 3 and 4: template from undifferentiated EGFP ES cells passage §
and 18. The marker was GeneRuler™ 100bp DNA ladder plus {Shanghai

Sangon Co Lid) , indicated to the right

2.3 The EGFP positive clone maintenance and morphological
characteristics

We cloned the EGFP positive colonies by picking out the stable
and strong EGFP expression clones. We further screened the picked
clones by propagation up to 20 passages to choose those showed strong
green fluorescence in each generation. The undifferentiated positive
clones were maintained on MEF feeder layer. The EGFP colonies
exhibited compact and clear edges in morphology. The EGFP positive
clones grew on MEF feeder layer in the absence of G418 showed no
apparent changes in proliferative capacity and in the fluorescent
phenotype after long-term culture (Fig.2A) .
2.4 Alkaline phosphatase assay

In mice, alkaline phosphatase siaining is commonly used to
evaluate pluripotency of ES cell . In the present study, similar staining
was performed for characterizing EGFP positive ES cells clones. Most
of the cells at passage 8 and 18 exhibited strong alkaline phosphatase
(AP) activity. Whereas, those located at the edge of the ES colonies
with larger sizes and differentiated morphologies showed weak activity
(Fig.2F) .
2.5 Differentiation in vitro

In vitro experiment showed that the EGFP positive clones
maintained pluripotency and differentiation capacity. The ES cell
clones were trypsinized to single cell or smaller clumps and seeded in
culture dishes for 3 days in proper culture medium. These cells
aggregated to form simple embryoid bodies ( sEB) ( Fig.2B).
Continued culture of the sEB for 5 days longer, the two germ layers
and cavities were formed and visible under the inverted microscope.
These were mature EBs (maEBs). sEBs and maEBs still showed
strong green fluorescence observable under the fluorescence microscope
(Fig.2C) .
2.6 Differentiation in vivo

EGFP positive ES cells were injected subcutaneously into the
oxter of the Balb/c nu male mouse. Tumors were formed with a
diameter of | ~ 2cm after about 30 ~ 50 days. Paraffin embedded
sections were prepared from midplane of the tumor in about 3 ~ Sgan of

© PERZRMEDHRAATIKSHESS http://journals. im. ac. cn



JIANG Zu-Yun et al : Fstablishment of Murine Embryonic Stem Cell Line Carrying Enhanced Green Fluorescence Protein
No.6 and its Differentiation into Cardiomyocyte-like Cells in vitro 893

Fig.2 Identification of EGFP ES cells and the differentiation of cnrdiomyoéyte-like cells
A: Passage 18, murine ES cells underwent stable transfection with EGFP. a. Bright field under the inverted microscope; b. Dark field
under the fluorescence microscope. B.C:The transfected ES cells and their differentiated cell derivatives are shown: simple embryoid body
(sEB) . and mature embryoid bodies (maEBs). The B.a, C.a and B.b, C.b are bright and dark fields, respectively. Note that the
undifferentiated cells, simple EBs and mature EBs are fluorescent. D: Characterization of immunostaining. Primary culture cardiomyocytes
(D.a} and cardiomyocytes derived from EB (D.b) stained with antibodies against ¢TnT. E: Myocyles characterization under the confocal
laser seanning microscopy. The cardiomyocytes derived from EB yielded bright green fluorescence under the confocal laser scanning
py at the length of 488 nm (E.a) and the morphology of the bright field (E.b). E.c is the overlay of the E.a and E. b
photos. F: The transfected EGFP ES cells exhibited strong alkaline phosph (AP) activity. G: Teratomas formed by the EGFP posilive
ES cell lines in male Balb/c nu mice. The EGFP positive ES cells after about 4 months of culture { passages 15) from about 60% ~ 70%

confluent flask were injected subcutaneously into the oxter of 4-week-old male Balb/e nu mice (two or more mice) . Six to eight weeks after

injection, the resulting teratomas were examined histologically. (G. a) Ciliated columnar epithelium. (G.b) Neurocyte. (G.c) Typical
stratified squamous epithelium. (G.d) Adipose cells. {G.e) Striated muscle. (G.f) Gutlike structures. (G.g) Serous gland. (G.h)
Canrtilage
thickness and stained with hematoxylin and eosin. Those sections of three germ layers. Squamous epithelium and neurocyte from

indicated that the teratoma contained different types of tissues and cells ectoderm; cartilage, adipose cells, and striated muscle from
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mesoderm; and gutlike structure, ciliated columnar epithelium and

serous gland from endoderm were morphologically identified
(Fig.2G).

2.7 Acquiring the cardiomyocytes-like cells and
immunocytochemistry test

Cardiac differentiation was initisted by inducing EB formation
from undifferentiated EGFP ES cells. In order to monitor the presence
of beating cells in individual EBs, EBs were seeded at low density
after 7 days in suspension culture, and the locations of EBs in each
well were recorded. The EBs attached and continued to proliferate and
differentiate into a heterogeneous population of cells including beating
cardiomyocytes. Spontaneously contracting cells appeared as clusters
and were identified in approximately 6% of the individual EBs on
differentiation day 17 and increased to as many as 30% ~ 40% of the
EBs by day 22. The percentage was lower compared with 60% ~ 70%
of the control (Fig.3}. The commencing time of beating was 3 days
later than the control sample. Generally 1 ~ 2 beating areas appeared
in one EB. The besting areas were at the most of four in one EB. The
beating frequencies range from 30 to 130 per minute. Under confocal
laser scanning microscopy, the contracting cell clusters showed bright

green fluorescence (Fig .2F).

80 —e— control —@— EGFP-ES cells

415 16 17 18 19 20 21 22
Days of differentiztion

Percentage
of beating EBs/%
3

Fig.3 Percentage of beating EBs with the days of differentiation

The cardiac-specific troponin T (¢InT}, a subunit of the troponin
complex, is a special marker for the candiomyocytes. The monoclonal
antibody against troponin T was used to detect the expression of the
¢TnT in the cardiomyocytes denved from the EGFP positive ES cells.
Immunostaining showed that ¢InT was present only in the beating area
of the culture, but not in undifferentiated EGFP ES cells or
differentiated culhures without evidence of contraction ( Fig.2.Eb).
Similar positive result of immunostaining was also ohtained from the
primary culture of mouse cardiomyocytes (Fig.2.Ea}. The presence of
¢TT in the differentiated cells derived from the EGFP positive ES
clones indicated they were indeed cardiomyocytes.

3 Discussion

From the experiment, we found that subculture of the EGFP ES
cell lines can be carried oul on the MEF without the presence of the
(G418, which was different 1o other rvt:puﬂs[s -8 PCR analysis showed
that different passages EGFP ES cells cultured on the MEF stll carried
the GFP gene after 10 passages (from 8 to 18 passages) . It scems that
the transfected ES cells in our study expressed the green flucrescence
protein without the selecting pressure indicating that the gene may

integrate into the ES genome. The present study demonsirated that

EGFP positive ES cells possessed strong alkaline phosphatase { AP)
activity, most of the cells exhibited intensive alkaline phoaphatase
staining which is similar to other reports{®**-147

The in vitro and in vive differentiation ability is the other
important criteria for evaluating the pluripotency of ES cells. The
EGFP labeled cells exhibited the potency to undergo differentiation in
vitro by forming the embryoid body with various cell types and
structures in steps from the sEB to the maEB. When maEBs were
seeded in the gelatin coated plate, subsequent culture resulted in
spontancously contracting cells. Independent of the stages of
development, sEB, maEB, or the contracting cells all emitted bright
green fluorescence. Immunocytochemistry staining indicated that the
contracting cells were the cardiomyocytes since the cardiac specific
¢TnT marker was present on these cells while the surrounding non-
beating cells were negative to ¢TnT. The staining area was comparable
to the newbom mouse cardionmyocytes primary culture. The
percentage of cardiomyocytes differentiation of the EGFP ES cells was
lower than that of control. And the commencing time of bealing wes
not as early as the control. What was the mechanism underline these
differences were currently unknown. We also found that both embryoid
body formation and differentiation capacity of ES cells were closely
related to the growth status of the ES cells and the serum in the culture
medium. Stable differentiation percentage could be obtained only when
proper serum was used. Furthermore, no difference was found in the
beating frequency of the myocytes derived from EGFP ES cells and
non-transfected ES cells. The beating frequency became slower when
the temperature and freshness of the medium dropped. Histological
examination of leratoma derived from the EGFP ES cells in nude mice
revealed that the
representative of all three germ layers. Differentiated tissues including

solid areas of teraloma contained tissues

squamous epithelium, neurocyte, cartilage, adipose cells, striaved
muscle, gutlike structure, ciliated columnar epithelium, serous gland
were observed. This was similar to some related leport[ﬁ"'”'m .

To sum up, the above resulis completely revealed that the EGFP

. ES cells possess the typical characteristics of undifferentiated

embryonic stem cell. And green fluorescence existed in the
differentiated cells. The availability of EGFP ES cell lines provided a
tractable model to study cell differentiation and tissue generation in
vivo and in vitro . Transplantation of GFP-positive ES cells to murine
embryos wid injury mouse models are underway, which may pave ways

to some new findings.
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