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Abstract: Homologous recombination is an important technique that is used to modify mammalian genome. Here, we constructed
an efficient common gene targeting vector based on the plasmid pBS246. The vector consisted two positive selection markers,
neomycin resistance gene (neo) and enhanced green fluorescent protein gene (EGFP) flanked by locus of X-over P1 (LoxP) sites.
Two synthesized multiple cloning sequences MCS-1 and MCS-2 that contain several “8 bp cutter” enzyme sites were placed in
outside of LoxP sites. Additionally, a negative selection marker HSV-tk (herpes simplex virus thymidine kinase) gene was located
adjacent to MCS-1 site. The constructed vector was named pGT-V1, and its functions were characterized in C2C12 cells. The vector
had the following unique features: 1) EGFP was used to monitor instantly the transfection rate that was essential for increasing the
efficiency of gene knockout (KO); 2) The EGFP marker located between two LoxP sites was able to be removed from KO positive
cells to avoid the potential damage of selection markers to the recipient cells. The process could be monitored visually and the
positive cells without selecting markers (the loss of green fluorescent cells) could be sorted out by either flow cytometry or
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immunomagnetic beads; 3) “8 bp cutter” restriction sites were embedded in MCS sequences, which then enhanced the versatility of

this vector. In summary, the constructed plasmid optimized the vector of gene targeting and provided a new technique means for the

transgenic animal research.
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A P37 s pIRES-neo . pEGFP-C1 # Ay [
Clontech /A F]; pBS246. pBS185 M FNHE YL i )
Lipofectamine TM2000 4 H
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Fig. 1 Flow diagram of vector construction.

1.2.3 M JE# K pBS246/tk
a2 BES A8 Bl VI A7 25 ) DNA
/N BE, MCS-1 (5'-3"): AATTCGCCCGGGCCCTCA

GCAGCGCTGGCGCGCCGCTAAGCGGGTCCCGC
TAGC #1 MCS-2 (5'-3"): CTAGTTAATTAAGGCCG

GCCGACTTAGTCCTGAGGACCGGTGTTTAAACC
Ao ¥ 2 A F B BT AR pBS246 #ARHY EcoR 1
fid (MCS-1) 1 Spe | /Nde 1 fii 5 (MCS-2) 4b,
193] pBS246/MCS. #AJ5H EcoR 1T H.[i§1) pBS246/
MCS, £ Klenow #MFJ5, F5H Not 1 Mg, B
S 1L 1Y) pBS246/MCS; Not 1 /Swa 1/ Ase ] =
Y] pORF-HSV1tk, #EME RIS G 3+ & ployA
FPAN HSV-tk B, o ¥ HSV-tk 73 se 3 2
L% pBS246/MCS 1, HHE AL pBS246/tk #ilk . 4
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1.3.1 W5 FR R 25 i b e I E
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M2 R4 . PREEHT G418 RIZR IR T lE , FEAERE SR
I AT eV B Y GAC, %of v 8 400 i 7R 4T 7 07 v
[, DRI G2 JORE A C2C 12 20 AR g B X IR 2
1 PSR 25 R
1.3.3  Cre-LoxP FZHIZIFESIIF

Tk pBS185 A Cre KM, it dy 2 LN
10 pg pBSI185 FkL T AMFAH G418 HitkAy 10° i
g RIS, DAORH [R) AR f 8 i 7K B Y AR Ry R o) B
24 h J5 Y R WS H L G R (5 9L A
LBl AR, SR )58 T A M4 73 EGFP [T
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Fig. 2 Schematic of recombinant plasmids and the enzyme mappings. (A) Structure of pING. (a) pING digested by enzymes. 1:
Bgl1l digestion; 2: Kpn [ digestion. (B) Structure of pBS246/tk. (b) pBS246/tk digested by enzymes. 1: Sma | digestion; 2: Pst |
digestion; 3: Pac | /Asc I double-digestions. (C) Structure of pGT-V1. (¢) pGT-V1 digested by enzymes. 1: Kpn [ digestion; 2: Spe |

digestion. M: molecular weight marker.
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2.2 pGT-V1 H{RBYTHEELEIE
2.2.1 G418 Fll GAC BRITEIE NI &

Zoad 1 R BB OT E , C2C12 4L G418
REPRAO B /NEAE R R ) 400 pg/mL, HIL, RA
400 pg/mL G418 ¥k & F Fifizk . C2C12 40l
6 umol/L GAC AbHJ54#Est, MAEH 4 pumol/L
GAC B RERSF A BB , FTLL GAC 9T ek
£ %E A 4 pmol/L,

2.2.2  FEHFFICAIIE T T b i D BEHT 200

F B LT R pGT-V1 S A C2C12 41,
Xk HEZH 20 B AN 0 JBORE LA TR S A e e . %% 24 h
o, AR NS, SR 30% 54 1A
M sk s (K 3A), Xt BEL %A M B4t ok
ot (Kl 3B). Bfi)5, TEH IR IIA 400 pg/mL G418
BTGP e, A 2 R 1 K. 7~10d &£ 4,
Xif REZH 20 B J L 4B AE T, T SE G 40 AT A S K
A MIZET , SRIGHF G418 B9V B I 200 ng/mL,
AkSEG L, 3 5, IR L G418 Hrih i ve
W o 5 GAI8 HUIE ALY 3y 3G %, AEVOEE TR &
B, HLEF N LSS Al A A s (9 (K 3C), UERA
P e AR E F G pGT-V1 B2 K -

FERI F AR I SE P, LYY pGT-VI 1)
FHPEA MG FR4E 4 pmol/L GAC MYBEFRwh, 24
4~5d AR, LI A A sET (K] 3D1), Tk
¥t pGT-V1 HYXF B 20 MuAT SR 4715 (1] 3D2), Ith4h
UL HSV-tk %45 B AL R FE K40 |, Jf6E
RN AT,

2.2.3  Cre-LoxP ZJGERI 2

FEAE pGT-V1 4K I ¥ Cre-LoxP F It
A IRE, ATEATA Cre FEHY Fk: pBS185 (10 pg)
Wi E LS A EGFP R 4 i b B Y% 24 h
. PSR WA Ek (A5 AN L B i 28k o X FE
KILYL Cre W) EGFP HYEZIEAL (& 4A), #4e T
Cre M40 LA — & LB A0 2 T a5
Jt (Bl 4B), FUIX LR LA N AL T LoxP X [A] 1)
YR iC Ml EGFP 2B B Cre BHEFR. Mg
AT Cre M 25B% LoxP H BeAIRCR , TRATR A H X
AT Cre WA PRAY A0 M AT 15 SAGIN . DIR
YL C2C12 HMAE I BAEXT IR (B 4C1), FaE i
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YLty EGFP PRGN 230 0308 A S &8,
83.4% 4Nl EGFP FTE, 16.6%W41MN EGFP
FAYE (& 4C2)., iM%t Cre FAbER)S ) EGFP BATE
ML, A 61.2%040M N EGFP MM, 38.8%MY
ik EGFP BTk, S5AKZ Cre BRALHRAYLH LLAL,
FTRGODCMMESIEIN T 22.2% (& 4C3),
THEE Y HRIB AR 100% , NI T Cre B 5 F
LoxP B, BRI, FRATXAR 1 U e i) 40 i
MAFTT 1 IR, 255 2 IR Cre [ipb S, %
Reg @I AR LRI EF] 59.9% (K 4C4). LA
BHRERY], Zad Cre BEALHS, 29 12 ) EGFP
BHPEANAR 2245 T LoxP B o FESE P 4K P b ad )
S PCR SEEGUER, SXTHRAIAHLL, Cre BEALHERY
EGFP FHVEARMIZH N, EGFP H:[H Y3 0 sk /0
(K 4D). VA EZ5RFEN, ikt EGFP WM, Ik
BT Cre M it A R4 LoxP A3 5 18] i 3T #E 5 e AR i
5 DR DK 240 i g 5 R 2 B
3 otk

Xk DNA AT IE WA 280 B, Qi a4
PRI YO Rkt | BRI iR 1A
8 H i35 i R A A R S TR i . SERAT
FE SRS B IE T EEAR 0 VS . SR 8 F B PolyA
AR PR ICHE IR AT . BERR AR L Y
RS AR, (H AR E— S, i,
XoF S T DR AT A A R, BB AT R A 3%
AAHRE RV IERE i RIS A B AR A 2 A D)
Brad, LA R e ke AT TR #iA Al ok TR Y
WX, VP2 bR A T ik, Easb%
SORENL, B AR T 2 s B S R UL
YIGL L, A2 SRS A 5 0T iy Rg U107 G Ar ]
UMLK . R DNA R B s 4 ok T N
Hk, — I W 24T AR B b b B i e bR i
SR THE IS 1 BE A 2 Y G 207 R PRI M o 55—y T — 2
WA IE/ AR E PR IC TR AR, AR A SR BR AT
J5 AE T A L P 35t B TR AR AL, DR R A L L
PEARICA T fE 2 R0 P A A R AR PR, Bk
S A2 RV i SRR . IR EE IR, R
YA AL AT HERE Y I, 1P 2570 Cre-LoxP R4
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Fig. 3 Fluorescence detection and anti-drugs selection. (A)
C2C12 cells transfected with pGT-V1 (24 h). 1: fluorescence; 2:
phase contract. (B) C2C12 cells without transfection. (C) The
positive clones selected by G418. 1: fluorescence; 2: phase
contract. (D) G418 resistant cells selected by GAC (5 days). 1:
cells selected by GAC; 2: C2C12 cells without transfection.

IR, T EZ AR iiE B, oIkt
25 B3 U 6 A I 09 BH Pk 0 B s R, DT R BB Kk 4B
Cre-LoxP RGENA HIINRE, Nk B KB KA K
A, BT UL BRI, FRATTHE S S HT SR 0 B
b, WIHE T — A neo/HSV-tk 1E i vEbRIC
I SERP i i TR IS U B INTRE A (uE= R N T ¥
KL Qe Z RS, — 7 T neo F1 HSV-tk WY 1F
0 4 T DA A A4k e AR BAPE AR i e b, 0 — DT

1 1K 2k (0 5 AR IC S Cre-LoxP REHILE G, FAL

10° 10" 10> 10° 10° 10" 10> 10°
Log fluorescence intensity

D 1.0 r KL B —Cre
z o+
1 2 %08 Cre
3
B 04 [
02
]
0.0 !
Cells

E 4 Cre-LoxP RS INEELIE

Fig. 4 Cre-LoxP function analysis. (A) The pGT-Vl
stable-transfected cells. 1: fluorescence; 2: phase contract. (B)
The pGT-V1 stable-transfected cells were transfected with
plasmid pBS185 that contains Cre gene. 1: fluorescence; 2:
phase contract. (C) The flow cytometry analysis of Cre treated
cells. 1: C2C12 cells as the negative control; 2: pGT-VI
stable-transfected cells; 3: Cre treatment for once; 4: Cre
treatment for twice. (D) Semi-quantitative PCR determination
of EGFP gene content. 1: pGT-V1 stable-transfected cells
without Cre treatment; 2: pGT-V1 stable-transfected cells with
Cre treatment.
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— TR AR IC LRI R G, XSRS
AL TR S 3 neo SEFRHEARICAIRBRIG L, X
CINDRAINEEE SR ot AN TR SR 81 LY N gy T SO |
PEARMT S ok, 583 TIERTHIEOR

FESCI T R R AT R B, AE BHPE v B O 32 5 A
Jo, BTN WABUES, ILEE PN A A A
ot (F 3C), (H 25 =gl i A 7 A
M A&, HA 83.4% ALKy EGFP FHE(E 4C2),
BCPERIRATT, T8 8 A 2 M SRR A B Y BH P s b
RATRESEANEE R, A &85 4 i s b e B PRk . 3.
TTAL P AR pGT-V1 SEAR G b 5 R T 3 o B i
BH VA o e 07 6 S8 A, R AR P 45 € 28 5163 ok 9 =X
PRLASGHATRI A A3, kA T BH P 36 1 4
J38b AEXT Cre-LoxP R GE MY DI fe AT 50 ik ) SE 5 v
BATE LT Cre WEALHL G 1) EGFP PRGN L4,
H 612%M Ml EGFP FATE, 38.8% 40 K
EGFP W1k, 5RE Cre BB A AL, ZREE
PRI RSN T 22.2% (&l 4C3). XHRTAT:
WA EGFP WHSEhRICHFAT S Mo, ARMER
1E Cre fif Bk LoxP FBLWALE , I T EBUR 445 5
AR 1O e PR 25 B 1 B PR At 20 22 S/ ol T L e e
RORIEAH] 100% , FIL25200 Cre [ 2Bk LoxP H
BReR ., T, RIS 1 REL YL iy 40 )T
T 1R 45 2 K Cre Wb HG, FR4GHE
TR AR LR IZFF] 59.9% (& 4C4), EH T,
TR 1) 3 R F T 0 2 A BE A A B W Cre-LoxP R 5%
M TAERCR, (R, W TR R e RSl EE
DUBEATLRE 5 A5 0L, 07 18 58 WU 76 v 8 240 Bfg 56 DR 4
LR BLZ A LoxP 5, it Cre - F 55U E
oM ERIEN o X 578 P A R S
TR AT R JE H o 4 048 DL 300K 08 2 A T A
4

FEZEMEPEIAT “8 BIL” DAL AL A 2
AL ST MCS-1 1 MCS-2, Big it
“8 Pl AL WYL S 7E DNA F 51 b B HLER 2 “6
BRIE” BV A 1/16, SFEITE S~6 kb K LA A
AR I —A “8 BRER” WEALA, Kt 7AEST
B0 R B 2 A 422 I 0 1 LD A7 o 2 ) TR
R Hb T TR R R R . T E AT
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P AR e A 2 A 200 R D ) 7 1 2 R R o A e
PR ZEFLIE, X 2 RO IR — D ORI
), BAHAR S S TR AR, B R S A
R RROR . RIS AR S 656 hR 10 ] LA
FLULHL AR T B3 R e B ORI, AT R B Y A5 1
LR UROR, IWIMARIE T 3T R q,
FEHE R T 58 05 1 i e R b, 38 o R 4 (0,58
SEFAT AT LA S st W 0] e 200 B A e I 6, X PH
SO R TR VERE A T EDULRY TR, AR TR
IR VEAE M B BRI B, 534h, AR5
S LA/IN B B JULZR B C2C 12 4 S 200 A 28 o) g 24 1
TCPFHEATISUE R, R T A [ Pl R 2 750 (4 4 i o) 24
P SR AN TR Y, i AR X R sl 1A T AR 4
FFEFTSEBFIE T, G418 Fll GAC [ Y T e 1k g 18
T AT E

MZ ., ARWFRAE S AT AR Y SR L
WAt TR Aric, ST R R S 58 %, JF
HEATZ R UME, h3hPis e & o 2K gl
IR S U E 3 NS
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