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#§E DNA AW Cre 7] LLFEJI LoxP A7 51, {#75H LoxP A7 £/ DNA 23 TR AZH A : 2 /N[ LoxP 2 [ ) DNA Jv Bed
MikR, 2 DNER DNA 43 TS —AKaF. BT Cre B IX S ERIREE, M T —BHRN BRI EHEBAR, 1
Cre MEIIMERTR, ofp ZERBNEERGEA pTLG EVIBR ok, SR)5 R 2R 244 pET-LoxP |, MM {5 H5¢ e T
afp SR FIE AR pET-gfp M. gfp SERAE KA B BL21(DE3) " i S 0E, VA4 T st ses. @
T X STV TR b, LA T IRRIE MR pTLG RNkt L I ik pTLG W3 A E AR AN . i BB AL St by 2

AR TR SRR S, AR I AL T B P R, O Cre W 7EIE D] 5 B FIE 5 B o FR N R Bt T AR A O S JE A

K4#iE DNA FE41HE Cre, JEREA pTLG, L2144 pET-LoxP, gfp 3N, LRE2OGHEVE

FRPES Q7832

AR 22 W58 T AR RS PT DA G 0 2 Ml R
A& PL 4 15 (1) Cre U K % W% BF Saccbaromyces
cerevisiae I 2 W FIR JTURL 9 5 (1) FLP2 31 DL J2 1 9% B
Zygosaccharomyces rouxii ¥ pSR1JTURE 2w i) 1) T 41 il
REEE . EATHIAE FHARARLL,  #RT LAV AH . ) A
FIBL s FRARHE AL RO T ), 3 R DNAFE 51 (4
A BRI Y, DT AE A2 0 A N B A4 A S 30
RS A B R E AL, Pl E 2 W e )iz Y T AE B)
Pren, FEYIKIDNARAR -2, SR AR R R K 1
— R AT ) I DNA#EAE T H.

WA, Bt K B2 NG5 N2 1AL i # p
We'? A G0 B 75 AR 22 i S BUD IR AN 5250 A
DURHRZ R, 17 HLZH A HAS 214538 1) g D) A7
LT AR e A LU IR ME AN 220 . i R R s
— B EAM FHIERE R RS, KL
WAFER ZARBAE Ve T, AR AR . PRk
WS AR IR, IR S AEIR KRR BT AL
MR A NI R g, R A
A SIS ). PR, FRATTaE H] EE 4L Cresx B
ERARHEAT T 2T AT

Crefii /2 111 Sternberg 2413151981 4F M P14 B 44
HOREILAR,  E PG B A 2 AL 1 K /) 2 38 k) H
. RE V34 bp K/ BT LoxP A kL, A2 i) i
LoxPA7 i Z [F] I DNAFMIER . 24 S ] LoxPAz i 2

[ [FIDNARE S i, 25410 — AN LoxPAL fU1) 2 N FR
ARDNAZY M HEA S — N KR 7. 410
X (R T SRS T Ak, 1] LU MR JiEDNA
AT DL ZE PEDNAML. BE T Cre i 1) 1% 26 fi W4 1
AU R g T B g iR pTLG A TR A2 4k
pET-LoxP, ) F 55 41 i Cre 1) M 53 11 1) A1 4 &5 4
M, SHLT Cref N5 10 ofp F5 IR JEURX s 3R ik 2 ik
PET-gfp I FI SR, [, JEREAT T FRIREE A 14
PR RN L DR A0 A 3 ZH 2R 1 5 5 LA

1 SRIutsy

11 EFE. RRS5EKE

Crefifi 3 K FILoxP ¥ 510 1~ 1[5 B2 e A= Wy o
23 w]; pMD-18 THUARI T K& Y THA RS
"l: Crefiff e (A )i, gfp 5. pET-30ai#% mi 23R
KA. KA EIM109FIBL21(DE3) 1 A S5
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EARMESI T RER LY TRATIR AW, DNABY
YRR I T RERR T A v HAB A AR
W [ A AR AR 2 ]

2 LWHE

2.1 HEEHApTLGHIME

L5547 gfp 525 IR (R R R RS ARCE AT PCR, 514
W F: Pl, 5 GGATAACTTCGTATAATGTAT-
GCTATACGAAGTTATGGATATCGATGGTGAGC-
AAGGGCGAGG 3', P2, 5 GGATAACTTCGT-
ATAGCATACATTATACGAAGTTATCGATATCC-
GTTACTTGTACAGCAGCTCGTCC 3'.

94°C 5min; 94°C 40s, 60°C 30s, 72°C 1 min
JL30MNEHS; 72°C ZEAH 10 min. [P PCR ™ ¥ 5
pMDI8-T & & ¥ $:. W /3 15 #f 1) kL iy 44 H
pTLG.

2.2 ERFEZ{ApET-LoxPHIHIE

Pgfp B AR EATPCR, 5141 F

5" gGGATCCGAATTCATGGTGAGCAAGGG-
CGAGG 3'; 5 GAAGCTTATAACTTCGTATAG
CATACATTATACGAAGTTATGAATTCTTACTT-
GTACAGCTCGTCC 3'( FRIZ/RLoxPA £4).

RN ZAE K 94°C 5 min; 94°C 40's, 60°C
30s, 72°C 1 min, 30™MF¥: 72°C & {#10 min.
W PCR %45 8 pMD-18T#H A F. I3 % 5 1 i
&> M BamH 1 Fl1Hind W 3E47 XUEE ), =44
2 700 bp K/ EAA T BeFIZ1800 bp ) /b Jr B, HL
VKA B B, 1B FIAEZE BamH 1 M Hind 11
L M pET-30a 44 b &8 F TR H EcoR T ¥
b, PP HEZY5 500 bp K/ AR B BEATZ1800 bp I
INFBG, HIUKBICER By, T4EREN I, ¥
R BEIM109, $EUFOR % 2w, e
P3N AT — A LoxP{r £ 2 X 52 /& pET-LoxP.

2.3 Cref§NM SHIEREH®IKPpTLG LgfpE E RIMIBR

Crefiff /& ARSI = RIELiL, LIS
2 3CHR[15].

2.3.1 Cre B/ 3 IR pTLG b gfp 2 (1) M)
B, 755 4N0.5 mlIE O 2l AN 0.1% BSA 1,
10x Sz N 2% P (20 mmol/L MgCl,, 700 mmol/L
NaCl, 500 mmol/L Tris-HCI pH7.5 ) 1 ul,,» ¥R
pTLG 30 pg, Creff#0.5 pg. 1 pngs 1.5 pgs 2 pgs
2.5 g, I JE FDZOKAMEL0 pl AR &R, 37°C e
%15 min, 1% SDS 1 wl£& 1k B, 0.8% B g #
T8I PR GRS

232 Cre B/ F M pTLG | gp 5 B
B, ZEBOE TR INIANO.1% BSA 4wl 10x W 22
W4 pls PEpTLG TR 150 wg. Crefi§3 wg, A
ZEIKAN A0 pl VAR FR, 37°C R V2, 5. 10,
20, 60 minf #HL8 wlfil1% SDS 0.8 wlZ% 1k 5.
SN ARG, 10.8%5 g B e FL v A4 )
2.4 Cref8 T SHIgfpE B IREIZ S M FRIEHAKpET-
gfp IR

I00.1% BSA 1 pl, JEREAEAPTLG (FFARELH
1) 50 pg, I AZARPET-LoxP 10 pg, 10x %
e 1wl CrefE1.0~1.5 pg, HIXFEKANE 2
10 wl. 37°C JJ¥ 15 min, 65°C 20 min’k i Crelf,
Ak KA BL21 (DE3) A2 &40 M. 7856 e id
FEh, PR FRES WS, 10 TG IR B N IPTG
FAYRE N T mmol/LU, B A Al AE— N
8 HF 25 (50 mg/L) (LB -4 I, 37°C 8] & 15 9%
12 h. AR5 B~ PRI 80 T4°C VKA B 2 4% .98k
B (L) 2~5K).
2.5 RABEERRIMELGS TN F 2

KA H RTV& (1 PR 23 Sl T AR B A BERHX
(ZF-90 20y rp FIe e WA Bt N EAT M SR, Gt A
SRR b AR R 2 0 O TR B L (R A
), WRIRpTLGHI L M pTLGX A 2 H 41 % 11
M. PREAAN SR OO G TRTVE FAN RSO G RITR AT
JFCRL D) 43 BT R P4 5

3 4 £

3.1 EFEHApTLG S EE Z{ApET-LoxPRI14iE

FESIN Crel A1 3 1) gfp F5 DR B A% v R 8 48044
) E sk, AR AT S LoxPA7 AL PR AR
B RR AT AT — AN LoxPAE A5 19 J5UR% ey AU 3 0 3 44
T g 33 7 5L PRI pTLG A1 5 X 32 /4K pET-LoxP,
WILPCRA Y, 45 gfp = TR R i 4% 51 N — A5 1)
M F I LoxPAZ 14, 73 %pTLG, it PCRGI ¥4
W pET-30a i 1% i R IE A ) 2 v A7 s Ak 51N
—ANLoxP {7 i (J5 17 5 pTLG [ — %) 15 3 pET-
LoxP. 7ECrefiIfEH =, pTLG_L (24 [H] [\ LoxP
B 2 B P gfp HE DRLRE A M B, 7 2 45 45— > LoxP
PRI IR gfp & R, 3 AN R R ] DA g A 3
pET-LoxP | & [ gfp K& DA 1) J5L % v 2% 3R 18 4 14
pET-g/p.

P45 B XKW, pTLGHIpET-LoxP 741 5 %
e a—E.
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3.2 Cref/t SHIEE #{KpTLG Lgfp £ E BIMIBR
TEHEAT Crelilg /v T (R L DR A6 AS . AR M it 2 T
WIRAIEPTLG F 1) gfp 55 PR e Bl 25 DTSR T .
3.2.1 Cre 5/ 3 IR pTLG Eghp FE AT N
K. PORpTLGTECrelgI/EH T, 2417 1] LoxPA
R B gfp BE IR M 3, 77 A — AN AR 1) gfp ik A
AR B, WoREEIL. SR gs R E2.

7\

pTLG Cre gfp gene + T-vector
3480 bp A 780 bp 2700 bp

Fig. 1 Schematic of DNA excision between two direct
repeat LoxP sites on circular pTLG mediated by Cre
recombinase
Recombination between two direct repeat LoxP sites (showed by red
arrow) on circular pTLG will excise gfp gene (showed by green solid

lines) and generate two circular DNA molecules.

Fig. 2 The result of circular pTLG’s recombination
mediated by Cre
Lane / indicates circular pTLG without adding Cre recombinase. Lane
2, 3, 4, 5, 6 corresponding to the recombination of pTLG mediated by
0.5 pg, 1.0 pg, 1.5 pg, 2.0 pg, 2.5 pg Cre recombinase, and all of them
generated 2 700 bp band (showed by red arrow ) and 780 bp gfp gene
band (showed by green arrow). M: Marker.

2 LUE ., ECelERI/ER T, KR
PTLG L ) gfp FE DRI M B, 725 T 780 bpskiiy, H
Bl Crelif & I3 I, 77 A 1R ofp 22k IA 1) S B AT i 448
D) [P S A RE X R a1 (F 52 TN PSR i R v
(=
322 Cre Mg/t 3 HI 2k pTLG L gfp 55 PO
B. fECreEMIfER ~, Z&MEpTLG L1 ofp 3 M 4
TR, 7 e SRR gfp 5 DRLRT— AN Ze M B A7)
T REOLES, s st FLEA4.

4T LUE H, ECelEI/ER T, it
pTLG L1 gfp JERIBEMIBR, 7742 7780 bpskiti, H.
B 25 s B T) PRI RE G, 7= A= 1 gfp 55 DR PR Al A O
.

F—?
Linear pTLG(3 480 bp

1lCre ’ -
- + (&
T-vector(2 700bp) "/

Fig. 3 Schematic of DNA excision between two direct
pTLG mediated by

Cre recombinase

repeat LoxP sites on linear

Recombination between two direct repeat LoxP sites (showed by red
arrow) on linear pTLG substrate will excise gfp gene (showed by green

solid lines) and generate one circular gfp gene and one linear molecule.

bp

Fig. 4 The result of linear pTLG’s recombination

mediated by Cre

Lane / indicates linear pTLG without adding Cre recombinase. Lane 2,
3, 4, 5, 6 corresponding to incubating 0.5 g Cre recombinase and
30 pg pTLG for2 min, 5 min, 10 min, 20 min, 60 min, and all of them
generated 2 700 bp band (showed by yellow arrow ) and 780 bp gfp gene
band (showed by green arrow). M: Marker.

33 Cref§ NS Mg EREEpTLGFIpET-LoxPZ
BRI E LR

SE AP TLGHECre g (MA/E T, BT =B 1)y
H — A LoxP 47 ;LI FROIR gp 2 B 15 5L R %2 14
pET-LoxP R A #4577 E B ) F IR 4 1 pET-gfp »
R gfp 55 D5 1) DA i AR IR A . 31X LI gfp SE DRI 75
A pET-LoxPI G HE, fEIPTGHIES R, gpFtN
RLLERIRIE, JEr= B muOb % (H5).

34 WAREHMSHNFLEE
341 OGRS,

PLFRIR B Ze pTLG MR AA, #nT LT
BTN TE,  AHIX 2P AN [R] #4 B 1 I 6] 5%
WA SO R OX AR 2 B AL ) 1 B
s, S5 6.

I 6T LAG H, DLMCRpTLG by JE R A4
A A 4923.68%, V¥ R9.5%, 1 LAk T
pTLG A AR, T4 B B FEAG, FA R
N417%, ~V3443.25%.

3.4.2  SOGHETE PIBGD) AT A A . RO
PR A AR DG B T Th B TR AT IR 0 B, DS e
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3BTRS ST — 8. 4RSI E TR
Giv Gyv G; FIG, LA J2 3/ FE 4 5 %5 6 1 ¥ NG,
NG, HING; [P B 3 A1 45 5 L& 7.

7T LUE i, SRSV T IRpET-gfp I
BFA—2, 4w U GG, ) 45 1] 58

(a) (b)

SRR, WPEEREY: G, pTLGHI A4
HOIERACPETINTT B T2 )5, gfp EBITERT #ifk
WA G T gfp FEIE & A LA DNA J Bt
R P25 RAREL, 25 GG T84
WEH, £33 T pET-gfp 2 k.

(c)

Fig. 5 Green fluorescent colonies

(a) Photo obtained through ZF-90 UV apparatus shows colonies who just containing pET-LoxP. (b) Photo obtained through ZF-90 UV

apparatus shows the result of recombination between pET-LoxP and pTLG. Apparently ofp gene was transferred from pTLG to pET-loxp and

generated green fluorescent colonies. (c¢) Photo obtained from fluorescent microscope shows common colonies and green fluorescent colonies.
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Fig. 6 Recombination ratios affected by circular pTLG
and linear pTLG
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Fig. 7 Plasmids from green fluorescent colonies and

common colonies were digested by restriction enzyme
1 ~4: Plasmids G, ~G, digested by EcoR V which should generate
5400 bp band (showed by red arrow) and 720 bp band (showed by green
arrow); 5 ~&: Plasmids G, ~G, digested by EcoR | which should
generate 6 120 bp band; 9~11: Plasmids NG, ~G; digested by EcoR |
which should generate single 5 400 bp band; 72: pET-30 was digested by
EcoR | which should generate single 5 400 bp band as ck; M: Marker.

4 it ®

1 i B AR pET-LoxP I 5| W) LU FE Ik . — N5
WA A LoxPAL s, S5 — N . 2051 22344
WAL, BNMPCR™ A T8 Z AR Fe 45, (1
pLiRURL AT R X N U Sa)5 71 B

A SR Z A RO R E Bt A 34
LoxP{7 fi: pET-LoxP L.14~; pTLG. L24~. X34
PR Z T A LB AL EE 2, P30 b Cre Ay 3 1 S W
e R N, SECT EA LR 2. K
145 BB RE 8 PR AIOX ATt B R B R M4 v A A
A, RMmXERRMSLHME. BRI
277 TR 22 AR PLIX A ) 723

a. I8 I AR A SR A I R R R N 1) T I
A FLOR W] fig b m) i 75 ) 07 In) 2R AT (CBOHE AN AE AR SC
H).

b. 75 PLE M p TLG FIIR p TLGAE Jy ik DI 43t
1, AT gfp M EA R . mE I AE3 LA
W, FORpTLG N 2 pTLGAE Creliff (945 F T 477
EANFRYBLI 53 FRARIGER = AR, el
(1) 77 A 2 1 B AR 23 1 IR gfp JE DR BROIR TR fg
W A7 R A E R T B O 7 AL B g, etk 4y
TIAGE. BT, FRATTN A etk i B PR (A& pTLG
BHMFRESENENR: P B &g r
ANBERE LA, DT A TR B TG 20 TR v E ik
b, SRS TE S LB DA . (HSEEG £ R
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FHARMIATRAL— 8, L %10 L LR s
KR, RMEpTLGAM A e A7 R 32 o 75 21 % A
FEARAE DO VA S, ST & i R 4L R 0 L f4
I I U0 I AT A T AN A2 e A IE A 11

AR S 32 F T AL B CreHEAT T gfp 22 R AE 2 IR 44t
A pTLGHIEE R 32 AR pET-LoxP 2 ] () B0 #6785, Sz
LT Crelig N3 1 gfp FE K B A% o 3 IR 3 AR pE T-gfp
F A B, AW T AL Go 3 A b i R BT 75 1
I IR, RS BUL IR, WO AL T A A
HERTFE. R, A5 A A X B A R AT AT ] 3 (R
JFR i R L AR IR, (H AT AR A 0 20
FHRE I SE PR LA, I DA SR 25 BRI IX AR R 1A SE F A
B, XK LoxPAL & 34, HEH 24
13bp ) s [ AP A, R A IR 45 5140 i X LoxP
P75, FEPCR e EhE 2 5 AR 10, i EL5 11
PRAABAR . FTLL, W R AR K LoxPA f 8] 3 46 T
Btk b, FHXFEITEAR S PCRI IR, whia il
2% 5y b 1K 1) 4 H DR S 8 N LoxPAYE S5 16 H 1, 31X
FEBATF 0 BT S50 P 25
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Recombinase Cre Mediated DNA Recombination and Gene’s Transferring
Between Vectors”

WANG Wen-Qi", GAI Ying", LU Hai", LI Yi?, JIANG Xiang-Ning""
("College of Biological Sciences and Biotechnology, Beijing Forestry University, Beijing 100083, China;

? Laboratory of Transgene, The University of Connecticut, Connecticut, Unit 3088 Storrs, USA)

Abstract DNA recombinase Cre can recognize LoxP sites and result in recombination of DNA molecules.
Recombination between two directly oriented LoxP sites excises the inserted DNA. And recombination between
two circular DNA molecules, which contains a directly oriented LoxP site each one , generates a cointegrate.
Based on these traits of Cre recombinase, a gene-transfer and gene sub-cloning system was constructed. gfp gene
was excised from gene-donor vector pTLG and transferred directly to gene-receiving vector pET-LoxP mediated
by Cre recombinase, completing the construction of pET-gfp very quickly and simply. Afterwards, gfp gene was
expressed in Escherichia coli BL21 (DE3) and generated visible green fluorescence colonies. It extremely
simplified traditional courses of vector construction to only a reaction mediated by recombinase. Recombination
ratios affected by circular gene-donor vector pTLG and linear pTLG were quantified and compared with. A good
reference was provided for gene easy cloning or sub-cloning mediated by Cre recombinase.

Key words DNA recombinase Cre, gene-donor vector pTLG, gene-receiving vector pET-LoxP, gfp gene, green

fluorescence colonies
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