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Abstract: The aim of the present study was to construct a salivary-glands-specific expression vec-
tor, which including dual screen markers gene and fibrolytic enzymes gene, and then it was trans-
fected into porcine fetal fibroblast cells to provide fibrolytic enzymes transgenic donor cells for
cloned pigs. The sequences of dual screen marker gene NEO-T2A-EGFP and fibrolytic enzyme
gene SP-EGX-F2A-BGL1 were amplified by SOE-PCR and PCR, respectively, and inserted into
the salivary-glands-specific expression vector to generate pPSP-SP-EGX-F2A-BGL1-CMV-NEO-
T2A-EGFP. After identification by PCR, restrictive enzymes digestion and sequencing, the vec-
tor was transfected into porcine fetal fibroblast cells with liposome, and the stably transfected
cells were screened by G418 selection and EGFP and identified by PCR and Western blot analysis.
The result showed that the salivary-glands-specific expression vector with dual screen marker

genes and fibrolytic enzyme genes was constructed, and the stable transgenic porcine fetal fibro-
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blast cell lines were established. The study paves the way for further research on production of

cloned pig expressing fibrolytic enzymes in their salivary glands.

Key words: dual screen markers; fibrolytic enzymes; 2A; porcine fetal fibroblast cells

27 Y 252 W) A0 RE Y ALY AR A ) 8
HCHERTAN 220 fCi TY R 4R T
3590 ~50 %01 A A P AR IR AR E R 2
¥ (Non-starch polysaccharides, NSP) , i 2Bk I
o Ew AR B AT AR BT R KRR B AR ARG R
R R BR T . 2T 4R 3R 1 AR TR T e B 5 20
B ) {UA 5B X, ) FH 2T 4k K R 21 2 % A 7
BRSO e R A LT . RS2
ol T 2H RS 525 R 2R A 4 19 U0 SR W I L A1 D)
JOBHAR AN B AR R B 3 R 2E. PR BEIEIA N« 4b
VYW AE T T AN PR £F 4 32 10 . [T 1 45 b 45 40 1 &1
e R K> T HETF 2L AR 23 7 R w3 70 A A U K
M 27 48 3R 5 T /K Ak 5 3 VI DA T 28 20 D) i 3%
EII AR I3 il 3L B-1.4 B, 77 LR 2F 4 0. = bk
SRS AR SR 5 B AW B A 4T 2 W =R
OYRRCHI AR . R . TEE A S ARk
B AT A 2R B BEAR T I AR PR ARDR A R 3L
BT — E AR R U UR TR BRI B S e e A
(Ampullaria crossean) £ I g £ 4k & filf EGX [6] it
HANY) -1, 4-4 RAERG . SbU) -1, 4-7%] S0 il 71
ARRWEBGSF 3 Fs ok 2R i 25 - 49 4 1 i BGL1
RE 1% 7K fff 21 i — 5 2F Ui AR

AT 5 UL H T A R R S 1 R ik EGX A BGL1
AR RUKE X 22 it 1 4L 3 3K B4, T % NEO 1 EGFP2
AU e B R I B BT VD 5 2 A SEAT R O & B F
A SR BAAR R  Geg i LR AT A A0 L O e AR
W L AR T A L AR Ry A 7 B 2 A R Tl R TR o
K A BIE 9T B9 E Al

1 MRERE®
1.1 #F
P57 PR 5 WA B 1 B I AL 2R Sk Rk 3K
& pPSP-CMV-NEO H Ht [E 4 b K 2% 4= 77 Be - PR
L W B R pGEM-T-SP-EGX-2A-BGL1 Wy
AW B0 mT OB M & TR peDNA3. 1 (4 Al
pT2AL200R175-CAGGS-EGFP A 3216 2= (R 47,
FR P DI Not 1. Xho 1.Cla 1.Bgl [IF1 Asc 1
g B Fermentas 2\ 7] 3 )2 40 E. coli Competent
Cells DH5a 7% 21 Ligation Kit Ver. 2. 0, B {f E

e DNA B & PrimeSTAR Max DNA Polymer-
ase .DNA 7> T E W 8 TaKaRa; N V] i Asc 1.
PAYWERR T . Phusion® # & B DNA X & ff 1 H
NEB; Taq DNA Polymerase Mix Kit g B % 5%
AW R BR 2 W s DNA Byl W B i 1] ig it 1) &
E.Z. N. A™ Gel Extraction Kit, PCR /=%y [0] i izt
F £ E. Z. N. A™ Cycle Pure Kit, ¥ 3@ 5 b7 /)N 2 32
#& E. Z.N. A™ Mini Plasmid Kit, J¢ N # £ Jii ki
/IR F & E. Z. N, A™ Endo-Free Mini Plasmid
Kit[[ \E. Z. N. A.® Tissue DNA Kit #§ § Omega
NI

FE YR | lipofectimine LTX Fifi ik 254 G418
& Invitrogen 7= %h; FBS, DMEM., OPTI-MEM,
PBS. J§ifiE . DMSO WU 45 GBICO j7 i

—3L Mouse mAb anti-GFP antibody #1 — 3
Anti-mouse horseradish peroxidase-conjugated IgG
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Table 1 Primers used for vectors construction and detection

514 % FR S FEH-3") #

Primer name Primer sequence Note

EcoR I-NEO-1 ACGGAATTCGCCACCATGGGATCGGCCATTGAAC R4t H EcoR 1 BV 15

CTCGACGTCACCGCATGT TAGCAGACTTCCTCTGCCCTCGAAGAA ]
NEO-T2A-2 ) [ 52 > 8 & o
CTCGTCAAGAAGG
ACATGCGGTGACGTCGAG GAGAATCCTGGCCCAATGGTGAGC
T2A-EGFP-3 ) 52 & &
AAGGGCGAGGAGCTGTT

CGGCTCTAGACTTACTTGTACAGCTCGTCCATGCCGAG

EGFP-Xba I-4

RN AN Xba T BEVIL A5

AGTGATCCC
SPo ATATGGCGCGCCATGTTTCAAC RN ALy Asc T Y1785
BG1 GATGAATTGGCCTACTCCCCTC
BG2 TATAGGCGCGCCTTAGTGAACAGTAGGCAG RILR AL Fg Ase T BEVIAL &5
EGX1 ATGCCCTCTGGTGCTGCTGGTG
EGX2 GCTAACATTAATGTTGACGG
pcDNA3. I-F GTGTACGGTGGGAGGTCT
pcDNA3. 1-R GGAAAGGACAGTGGGAGTG
1.2.3 40 n i1k W Ak AL H: IR 1% B BRI E 9] (3R 2) AT U0 Ak o 1 2 o A 5 e 4t g

i JLBCET AE 20 M P T 24 FLET IR A a8 aed %o oA A

F2 FRRKIAERE LGB L

WA B4 2 AT,

Table 2 The proportion of plasmid DNA and liposome for transfection

[t 5 Proportion

i H Ttem

1:0.5 1:1 1:2 1:3 4 1:5 1:0.5 1:1 1:2 1:3 1:4 1:5
JFiki/pg  Plasmid 0.8 0.8 0.8 0.8 0.8 0.8 4 2 1 0.66 0.5 0.4
J§ ik /L. Liposome 0.4 0.8 1.6 2.4 3.2 4.0 2 2 2 2 2 2

1.2.4 20 M %t G418 (i Bl v A6 Il ¥4 R L
BUET A 20 B 1E e A T 24 L A0 M RE FR AR 3 s
Y S 100,200,300,400,500,600,700 pg « mL !
) G418, 1 2~3 d # ik 1 ¥k, 555 2 Ji L LSS 14 K
A 40 L 52 42 FE T A GA18 ¥R i Ay 5 36k A f5 3 MR P
AU BEA 2 AP AT X R

1.2.5  Fase S g H i 200K 240 M & 109 i i U E

Sy FEA: ) R 2 AR T R B R L il R T N 7 R
ki ilid Not Tl Xho T 2 A7 siibfr 2k, L
DA e e 25 0 B e R L AT A0 L . B e IR
A8 h B AL I Ak R K. 4% 15 10 (1 B i) B2 Bl & 96
AP A EGA GA18 (AU E Hy 400 pg » mL ")
(58 A 3G SR AL EAT HUPE TR AL . 4 3 d B 1 kL LR
it e 3 Jl I LA e e 240 e Al X IR L TR] IR ) ¢
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(P 1B)  fifi 6 A B A Y L A R 5tk ik 38 1A
J H B o€ B H Y 3R pPSP-SP-EGX-F2A-
BGL1-CMV-NEO-T2A-EGFP (& 1C). £ PCR i
1 D) 88 IF I o0 s 2RSS i BUT A AR
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A. SOE-PCR ¥ #bric 3& I %) NEO-T2A-EGFP;B. " [a] 3 & pcDNA-NEO-T2A-EGFP X i V] % & ;C. HAY 3
& pPSP-SP-EGX-F2A-BGL1-CMV-NEO-T2A-EGFP W I % & . M1. DNA A1 X} F 5t /2 ki i DL2000;1. T2A-
EGFP H E;2. NEO-T2A B ;3. NEO-T2A-EGFP F B ;4. pcDNA-NEO-T2A-EGFP 3§ Y] 7= 4 ;5. pcDNA3. 0
() WEFE 724 s M2, DNA 5 4> F it 5 4% i DL15000;6. pPSP-SP-EGX-F2A-BGL1-CMV-NEO-T2A-EGFP 3{
HEY) =4y s M3, DNA X} 43 F Bl bR i »-Hind I digest DNA marker

A. SOE-PCR product of NEO-T2A-EGFP; B. Identification of recombinant pcDNA-NEO-T2A-EGFP by double en-
zymes digestion analysis; C. Identification of vector pPSP-SP-EGX-F2A-BGL1-CMV-NEO-T2A-EGFP by double
enzymes digestion analysis. M1. DNA marker DL2000; 1. Product of T2A-EGFP; 2. Product of NEO-T2A; 3.
Product of NEO-T2A-EGFP; 4. Double enzymes digestion of pcDNA-NEO-T2A-EGFP; 5. Double enzymes diges-
tion of pcDNA3. 0(+); M2. DNA marker DLL15000; 6. Double enzymes digestion of pPSP-SP-EGX-F2A-BGL1-
CMV-NEO-T2A-EGF;M3. »-Hind [l digest DNA marker

B 1 HHWEHE pPSP-SP-EGX-F2A-BGL1-CMV-NEO-T2A-EGFP g1 &

Fig. 1 Construction of pPSP-SP-EGX-F2A-BGL1-CMV-NEO-T2A-EGFP

dsc 1 Asc | e
//// veo |mA| EGEP PA t—
SP F2A 1

B2 HAFREiLmEE pPSP-SP-EGX-F2A-BGL1-CMV-NEO-T2A-EGFP & it
Fig. 2 Map of the vector pPSP-SP-EGX-F2A-BGL1-CMV-NEO-T2A-EGFP for transfection
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WA XS EGEP 7520 il rp 22 35 1 B0 18 WL 5¢ 70 v
S5 R AE R AR R B 25 R (0. 8 pg) Bl
BT P B2 1 3 m A e 280 R  v R B AR  &
1.6 pL B 3% Qe 8o B ey s Z 05 - BE B i 3 14 1 38
Bl QLU i g AEL 48 AR T Ee 4 B A e S B
A7 (0 5 e A MKk B R . 7 AR BT 4 P & A W] 1 2%
PET (2 ), B 2 J00ORL F S 04 15 0 e e 550 5 W ik 42
s PR TR T 1 pg I B O 5 A MOS8 T B4 ™
o, AT SRR EORL Y R 2 2 1 B BEST
R 24 fLACH IR 2 pL A 1 pg) s FTARAHRC R 1Y
SRR NI L R G be i) BT TR Wi e g
2.4 ZHBEXY G418 SRR

Ze3d 2 AR GA18 e BEB BE AR T 1 , 1 € GA18 X
S NG L BCET 44 M 1) e /N BB FE 2 400 pg » mL ',
PRI I » SR FH 2% W B 00 A 7 f 5 TR 240 L % 1 A i 32 L O

PLESFEW T (200 pg » mL— 1) Sy 2 35 9k i k47 R
T B Y 0 MR ) AR R R
2.5 BEERLENREABRNIFE

PACAL 0% Yo S5 AR AT A M 5 G, 24 b J5 G e
20 AT WL BH 5 i ke e 6 (B 3A) . 48 hJE, DL
WRER 400 pg » mL- ' GA18 HEAT 25 Wbt M i 3k
2 JE Z )G s 6 R AN B 4 AR T 1 i 0 4 A i A
SRR A ISE T s 3 A B G418
P A0 e L FE DG T AR I L A0 i & Hh R 6 Ok
( 3B) . g BHME SRS K H5 5%, IF LAAMR B2 2 200
pg » mL T G418 AT HUPE4E+T , e LR AR B
Y 2 Y 22 R OG 35 DR ) A 56 DRR MR L B &7 4 4t e 3R
([ 3C H13D) . F3 4 8 FH A 20 i A% e 0 e 4o 7 o
S0 9T B LU IR I 8 I 110 96 5 A T 0
AR SR PR A AU TR 37 3] 1 S 200 i 2 R 35 A% 16 ¥ BT
T .

A, BEYLIS 24 h 411 (200 X)) 3B, G418 Fivk 3 G4 M (200X ;C. HIWLEF FAaE UL 41 i (100 X)) 5 D. % %%

AR RE B UL i A i (100 X))

A. 24 h after transfection (200X ); B. 3 weeks after selection by G418 (200X ); C. Stably transfected cells under
bright light (100X); D. Stably transfected cells under blue fluorescence (100 X)

B3 fFiEEHE EGFP i M h 1 Rk

Fig. 3 Expression of marker gene EGFP in transfected cells
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2.6 WEHLBHEHMEHEMFAR PCR N

PRI FE 7 Ui 1k 1Y 4N L R BE D ZH DNA G i
PCR 4351944 H 19 3£ [ - Bt SP-EGX-F2A-BGL1,
BGL1 F1 EGX . )\ 35 i B %6 e B vk A Il 1] /] 0, B
PE 20 ff 56 PR 20 rp BB 6% 43 0 9 4 i 4 1002 800 AN
1200 bpiy H By i B (B 4 i W H MR E R 2 48
BEBE FMMEE A,
2.7 2A FEHYIEIRZER Western blot #& il

h T BRI AR G T A 35 VIR A 2A 7y

10 000

SR IR, AR M aEn. i
Mouse mAb anti-GFP antibody g & — #t ¥ 17
Western blot #4550 B /R, 7F 27 ku &b H B T B4
—WHMEAZKW . I LEZREA NEO-T2A-EG-
FP {55 W £ 15 (EGFP & 11 K /N 27 ku, 2A £ ik
KNy 2 ku, NEO 2 34 ku) L Y WA 1L 5 SR
) T2A o RA R & i BRI EIRHCR S & T
HR 2 RN RIK RGO (8 5.,

By 1 2 3 Ml - bp 4 5 6 M2 bo be 7 8 9 M3 by
15 000
5000
4100 § 000
2 800 2 500 2 000
1200 1000

A. PCR 4" SP-EGX-F2A-BGL1 F E&;B. PCR ##% BGL1;C. PCR "3 EGX, 1,4 7. RIS Y 20 i h B Y
BIvEXT B 52,5 A1 8. DAUBHE 40 i S BEAR 43 5 3 38 2 K il 5 3L ) SP-EGX-F2A-BGL1 L) K57 9 BGL1 1 EGX ;3,6
9. LUk pPSP-SP-EGX-F2A-BGL1-CMV-NEO-T2A-EGFP #5457 1 [H ¥4 %} B8 ; M1. DNA A8 % 4% T 5 & 4% U
DS10000; M2. DNA % 4» T 5 & 47 v DL15000; M3, DNA %4> B it 7 i DL2000

A. PCR product of SP-EGX-F2A-BGL1; B. PCR product of BGL1; C. PCR product of EGX. 1, 4 and 7. Negative
control using non-transfected cells as templates; 2, 5 and 8. PCR products of SP-EGX-F2A-BGL1, BGL1 and EGX
using stably transfected cells as tempates; 3, 6 and 9. Positive control using plasmid pPSP-SP-EGX-F2A-BGL1-
CMV-NEO-T2A-EGFP as templates; M1. DNA marker DS10000; M2. DNA marker DL15000; M3. DNA marker

DL2000
B4 BEHELMEEREL PCR N
Fig. 4

ku ! 2 ku
120
90
60
40
27
A

-

Identification of stably transfected cell line by PCR analysis

Cleavage site

\EGR SCGDVEENPG P
NEO —

GSLL
M EGFP A |—

l translation

NEO D@M -+ -

EGFP

A, ZFEH NEO-T2A-EGFP £ T2A bW 52 V1% B, 2A FHIN T AL B E H NEO-T2A-EGFP H 8 ¥l /R &

o L AR G a0 M I R ) B 5 2. A5 B % A i

A. Complete cleavage at T2A site was determined by Western blot; B. Schematic diagram of 2A peptide-mediated

cleavages of polyprotein NEO-T2A-EGFP. 1. Negative control using non-transfected cells; 2. Transfected cells

5 2A F5IHRSMIBI B R ) Western blot 6l

Fig. 5 Western blot analysis of cleavage efficiency of 2A peptide in vitro
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S 0 I B ) LA B e e B A TG L 9 A5 0 A e
ROCRA —E R . R DA 45 Bl 4 1 42 i i e
ROCRE AR I R A0 R AT S F . A ESE
238, R DNA [ K/ DNA ) 5 B8 550% F 4
IR 0 2 e sk 000 L AR 9 R T R O R R S
FHB AR K/ NEEE 20 kb, B B K S 80U Y iR
B T B 5 ) A S TR A0 B R ) R . 3 0 X
DNA 5 Jig i 4 e 6] (9 A 4k F 58 & BEL . 6 38 24 75 [
W L.DNA 508 B RR LBk 1 2 B O it /AR B
RE A AR AT 38 5 1 7 o8O s TR 3k 2 1 i 1k ik o
DNA S 1fij 5 85040 B i 7%  JE 1= FR AR T 5% e 5k %,
L5 R SCHR AR 25 SR A2

i M T 328 AR 9 5 L4 2 I O 3% A A R Y
2 Bl k. AT B v R DR AN AR R O 1) v
PR AT M AR 5% T AR 28 2R R b [ i A
NEO f1 EGFP 2 A~ ve 5L, i i % 259 G418 11
P R 2 €0, 5 6 X AT i 0 AT U TR O M L B T Ak
DR 440 9 P P A HE B 3l P ) 3 K 2 4 S TR
5 1k S R N A% B IR 0k A7 5 (IRES) B £ A4~
Je 8l F o H R 3 B ik e K SR 2 A T 2 [
FRIBK TS ZEATT W T E A YR N R K
JE R BRI T 3R AR A BED L A T B
R R AT FES] 2A £k, B H A /D m Ak
432 B T3 TR s R AR
FIH 2A JP3¥ NEO f1 EGFP B E]|—ie il i 1
MEShFIiash 2 AN FE R FEE BEEE R 2 M
SEHIEE L N Western blot & 1 25 5 0] I, 2A J 57
HAMRE R ARYIENE ., BR. AR AGE 2A
A S 2N SRR R g T, BT U )G B
B CuEN T 2A R ARSI EA I
RV HTE AR R P RARMENNB AR AR
GA18 Ptk N fE & gt ok ). 1% 45 R Ul B NEO
ARG 2A FEEEIF AR 0 ) 8 s ™ R

TE 7 16 B a2 % U 1 U5 3 TR A0 B R A 0o R b
PR, 0 0 6 R [ 08O B LY IR B Yl B A0 i t f
Y5 AT T U 55 5 Xt F 2 AP U DNA 52 31 % 0
AL B R s B . AMESE N RE S AE A R A

RE ¥ T B AR 22 7 T I ) AL, 38 W 35 1 06 1 2 L
P EENRZ —., HAEIREZMWEERER ST
X% DNA AR T 2H 25 11 & Bk A0 A2 i % A1 050 25 B
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