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Abstract:

cloning was impossible. In order to overcome these problems, we have devised a directional T vector pETG based on

Traditional T vector cloning method requires onerous procedures for identifying recombinant, and directional

pET-23a(+). For gene cloning, 7 bp partial LacO sequence was introduced into DNA fragment to reconstitute a full length
LacO with Bfu I digested T vector. After transformation, blue colonies were selected on LB plate supplemented with X-gal.
Restriction enzyme digestion and PCR identification showed that all blue colonies contained the directionally inserted
recombinants and the recombinant efficiency was nearly 100%. We have successfully cloned 103 genes from human liver
cDNA; in the study complicated procedures for screening of recombinant were not required. Eight pETG clones were

picked for protein expression, and all the clones successfully produced corresponding proteins. We demonstrated that the

directional T vector was successfully constructed, and it was very suitable for gene cloning and expression.

Keywords: TA cloning, PCR cloning, screening recombinant, protein expression
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YRR SR QiR BT pBR322 (195
LA L&A LacO J¥5, %A LacZz
JA 8 ¥ HoT b IE A RN S RN IR Lacl M,
XA R A FURG sh 72 mH Y, ek kL
W REITRER X-gal Y, f0ZAETE B ik

cjb@im.ac.cn

511




512

ISSN 1000-3061

CN 11-1998/Q Chin J Biotech  April 25,2013 Vol.29 No.4

(#l 1C), pET-23a(+)J&5kT pBR322 ik 1) = +5
DR AA . FRATFE pET-23a(+) ARl FAEE T 5E 1f)
T #4& pETG, FIFH PCR F BORUE 0] T k%45
HIYSEREN LacO J751 (Bl 1A), 554k Lac+R#FE,
o 7 T e A 1 T 9 A SR A8 R E [ 4 AT
FAHFM (B 10), MEALEF-H i g
PRI BB S BELI A PCR % 5E KA W5 (A TH 7%
S RSB TR AR T AR A A 2
] T AR sa e T 103 4 AN B2 1 4 i 3

A
e / N
T vector
(N)nT GENE X aattgtgA GCG CTC ACA ATT (N)n
(N)n ttaacac T CGC GAG TGTTAA (N)n
7/20 bp LacO 13/20 bp LacO
C

1 E@ T HAREREE
Fig. 1

I, BELPRZEIL R 8 AN B4 e e R AT 8 1 D
Rik, WRTNIIFRE . XEgIrk, M
% T SR PEAT RN sE AR H T A L s, T g,
I H AT DUSEBUEE D SE i A, SE i 0 48
SEEAH T, BT RIS TR PCR %2 5E 1Y
AR, WY T R B ) FGR) A, R %
SE ) T BRI HALG T BRI N ke, %5E
] T AT IR oy e 14 i A e B T 3K 1Y
JO7 RIS

-Lac I
= Lac Z
Plac w
Off white
High copy number

plasmid carring
reconstituted LacO

LacZ

On blue

Principle of a directional T vector cloning method. After ligation, the insert and vector will reconstituted a full

length of ideal LacO(A); reconstituted full length of ideal LacO occurring on a high copy number plasmid pETG will
titrate out of the lac repressors (Lacl ) which adhered to the LacO sites on F' plasmid, thus LacZ transcription is
derepressed (B), and the colonies go blue (C). Followed by transformation, the recombinant events were phenotypically

selected, transformants with blue color revealed the desired recombinants.
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1 #@EFE

1.1 HEERFABAL

FIREIK pET-23a(+) . T FIBH KT
BL21(DE3)lJ H Novagen 23 #), FT5elE K
FFE XL10-Gold Wy [ Stratagen 2\ ), DH10p [J&
HAY . merdd (mrr-hsdRMS-mcerBC) ¢p80lacZM15
AlacX74deoR recAl arad 139 (ara, leu) 7697 galU

galK J-rpsL nupG tonA umuc:: pirll6 -frt F' (Lac+
pro+AoriT:: Te) | W 2~ ¢ Stephen J Elledge

YT E"", gfp BARBURL pHBM2002 S AL
g S ST L B o 3} G L
1.2 EEEFRA

DNA 4 FihnifE . Solution I #H2AF & |
LA Tag REEEMRGYENVIEE Nde 1 . Xho 1 J
Stu | W4 H TaKaRa A w]; 8 s F s FIfR
Hil N YIRS Bfu 1 19T Fermentas 2] ; Bk
PRI L BN I [T s e A st 4k
SEVEARARAGE, 518 (& 1) BfERER
Je IR IR Rl G W TR 7 e R
#4218 Sambrook 25 PRI Iy i AT

x1 3¥%F7

Table 1 Primer sequences

1.3 FHi&*
1.3.1 ERBEEMEER pET-23a(+) L1 Bfu 1 AL

HR A pET-23a(+) #0751 B 1T 5285 | 4)
Mu23aF A1 Mu23aR . MublaF 1 MublaR, %%
& RIS Bfu | BEVIALSIHBREAE N Stu |
fsi o PCR 23503 3 Bfu 1 U7 5 P 0 ) 22k
TR B, B BRBHE I 1T i 5% 4k XL10-Gold
R AN, W R s R RN R
FEH PR AR pET-23aM, % IR AW
GiR/p5 s
1.3.2 EER T 8Bk pETG

BT XI5 7E 544551 A pET-23aM [a] i
BER—A> Bfu T SLAL, P19 R 40 Bu 1 {751
A 13 bp WH4r LacO ¥4, HiZ5I ¥ M
pHBM2002 b4 38455 Prrn-gfp ik & Bt 2
& PET-23aM £ Nde | Fil Xho 1 XUEGVIJ5, BifR
W8 e Il e K R B o o Uy Bk R B S
prm-gfp Fik & BRI HE XL10-Gold
JREZZS YN, B R N SRR, RS m)
T 24K pETG, % LS A 9108 /T .

Primer name

Primer sequence (5'-3")

Mu23aF TTAGAAAAATAAACAAATAGGGGTTCC

Mu23aR CCGGTAAGCGGCAGGGTC

MublaF? GACCCTGCCGCTTACCAGGCCTCTGTCCGCCTTTCTCC

MublaR? TGTTTATTTTTCTAAATACATTCAAATATAGGCCTGCTCATG
GFPF® AAGGAGATATACATATGCACCATCATCATCATCATTCTTCGGATACGCCGTTCGCTGTGTCGCA
GFPR® GGTGGTGGTGCTCGAGAATTGTGAGCGCTCTAGAGGATACTTCACTTGTACAGCTCGTCCATGC
ATFSF ATGTCACTCCTGGCGACCC

ATF5R® CACAATTCTAGCAGCTACGGGTCCTCTG

Note: the oligonucleotides in bold font in a, b and ¢ indicated the Stu I site, Bfis I site and 7 bp partial LacO sequence, respectively.
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1.3.3  Bfu | BUIHI%& T Bk

Bfu | FEVI#AR pETG, TR HHEERE M1 ¢ 4
T VIE K A B, —20 CH#RAT o
1.3.4 PCRY ' HRZEREM T KA

HAE NCBI B4 PEA% H W7 9 A i), 47/
PLEA RN (AN ATFS), FIH Genetool #4511
— X514, ERTA R NS S R AN 7 bp
B4 LacO 41 (5'-CACAATT-3', {13 1 fi7R).
FIFHZS R LA Tag DNA RABH 8 H (13
P, JEBEIR MR [0 B R B o FH 3% B R
BiEH~60 ng PCR Y MI~20 ng AL Em T
AR, OSSR R
JFF IR DH10B B2 A4, WA &4 50 pug/mL
FEVIAREAA 25 pug/mL X-gal 9 LB Fhe, 7F
37 CRIFFF PAOEEE IR 10 h e, PRHGE (i1
TR TR
1.3.5 FEHAFFREM SDS-PAGE il

I T 1Y) v B SR AL R AT BL21(DE3)
JRAZAS YN, B A BI85 R SDS-PAGE il J7 72
Z W5 Tre BT,
1.3.6 BHRERRREEEE

¥ H A R4 M SDS-PAGE Ji& %1 F,
Fie SCHR[13THEAT e N A5 BT 2 2 43 #T

2 &R

2.1 EE T HIKREE

PUFCRL pET-23a(+) MM, 514 Mu23aF
1 Mu23aR . MublaF #1 MublaR 43 514 14 $ 15
WIR~2.1 kb FI~1.5 kb KB, BUIRWHEER kS
AL KIHHTF1E XL10-GOLD 832 A4, 745
HHPRIEA pET-23aM, 1 T S28 5% 24 1
A Bfu 1AL IHBRIFFEAE B St T A7 05, Stu 1 )
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YE pET-23aM AJLUIYIHZY 1.5 kb /N B, T
pET-23aM £ Bfu | VI oVl /N B, 1Y)
WS S LR W] pET-23a(+) | TH #Y Bfu T BEI7 5
PR (F 2),

PLUBCRL pHBM2002 SMAHR, 5% GFPF Fi
GFPR P ¥EARAG AU 1 098 bp prin-gfp FRik &
B, BB R R i 1T A i 38 A [ R R LA A
pET-23aM 1 Nde I Fl Xho 1 v 5., #AFEM T
#H K pETG (& 3).pETG 4 Bfu | BI155]25 1 kb
3.6 kb KPS B (Bl 4), 285 RKW] gfp £
k& B RIS AR pET-23aM 1, A~ Bfu |
R UL B OE RS A
22 HIEFZMHER T &K

e 2l R RGN & pETG ok, Bfu |
St4MEY) pETG J& , Bl HEEE M2y 3.6 kb (1)
T AR B (B 4), Hil &b e m T 284K 52 AL,
T B MA] DL T R 42 U

bp M 1 2 3 4 5 6

19 329
7743
6223

4254
3472
2690

1882
1489

925

2 E§YIERE pET23aM

Fig. 2 Identification of pET23aM by restriction
enzyme digestion. M: DNA marker; 1: pET23aM; 2:
pET-23a(+); 3: pET23aM digested with Stu I; 4:
pET23aM digested with Bfu I; 5: pET-23a(+) digested
with Stu I; 6: pET-23a(+)digested with Bfu 1.
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f1 origin

I
bla

[
pBR322 origin

PETG (4 649 bp)

Nde 1

Nde 1

Bful Ndel

T7 ter | . |
13/20 ideal LacO g

B
PT7=>RBS

6xHis tag ~ T7 promoter

T Bfirl

3414AAGGAGATATACATATGCACCATCATCATCATCAT ATCTTGGATAC
-gfp expression cassette- GTATCCTCTAGAYGCGCTCACAAT Tassy

Bfirl

Bfit 1 restriction site: GTATCCNNNNN'Y
CATAGGNNNN A

C

T 13/20 ideal LacO=>T7 ter

ideal LacO sequence: AATTGTGA GCGCTCACAATT
TTAACAC TCGCGAGTGTTAA

& 3 pETG FHIKEERER S KEFT

Fig. 3 A plasmid map of pETG and key sequences. (A) gfp expression cassette flanked by 6xhis tag-Bfu I sites and Bfu
I sites-13/20 LacO sequence was inserted into Nde I-Xho 1 site of pET-23aM. (B) The key sequence of pETG was
indicated. (C) Bfu I restriction site and a full length of LacO sequence were showed, N stands for any base.

23 FEEEAMOMELAE

PCR ¥ 3413 N BLE ML E ) T 2K
i, AL R AP DH10B, WA FAl (B 1) I
BEHLEKE 10 AW (B pR v, ShER ORI IFHEA T
DIF PCR S /- E 4R, T T 8RR
A Nde 1 #1 Xho 1 BUIO 8, 1T AR R RRRE
AR Bt ATFS (849 bp) PIBR T2k, Bk py B
Y SE S5 o BEHLERI 10 A (10 PR VR
T ke i BORLAR U H SRR KON R B, S
WU ZESRAHAT (] SA), [R5 D AR SR A
R YR AR E S 1) T7ter #47 PCR ¥ 3 3%
B, 10 DERCER & HIIERSE A, 3 BN IE
A B3 B B/ NIRRT U ZS RAHAT (B SB),
AN 100% .

bp M 1 2 3

19329
7743
6223

4254
3472

2690

1882
1489

925

B4 ZE@THAK pETG HRASHEEAL Bk 4

Fig. 4 Identification of directional T vector pETG by
agarose gel electrophoresis. M: DNA marker; 1:
pET23aM (3 666 bp); 2: pETG (4 649 bp); 3: pETG
digested with Bfu I.
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5 6 7 8 9

10 11

2000

1 000
750
500

250
100

5 EEFRIEEY] (A) F1PCR(B) £FE

Fig. 5 Identification of recombinants by restriction enzyme digestion and PCR. (A) Identification of recombinants by
Nde 1-Xho 1 restriction digestion. M: DNA marker; 1-10: Nde I-Xho 1 digested plasmids isolated from 10 blue colonies,
respectively; 11: PETG digested by Nde I-Xho 1. (B) The plasmid DNA from 10 independent blue colonies was
amplified by PCR, PCR products were separated on a 1.5% agarose gel and visualized after EB straining. M: DNA
marker; 1-10: PCR products of 10 recombinants isolated from 10 blue colonies, respectively; 11: PCR product of vector

PETG.

24 ERBRFEMSH

AWFFEAN A ) T 2R BTy b s fE T 103 4
NEIFE AR, PPk 8 A5 Y
ik GERA PRI REROR LR 2), HIL KT
B BL21(DE3), IPTG i5S&EHFEILE, SDS-
PAGE /- #7 & 6 /s, 8 4~ pETG wilE&i%E S
JEAERE R/ B 1 Ak AR, R HiR
EHFRE (E 6), HEAE MG EIR G250
T S UE W A X 1 A AR R R

3 Wik
160 TR RS0 b | RISty
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E RIS R SR TR, FEE AT 2R A H Y
He O REAGE S AT, DUE T4 R4
T @5 PCR Y BIRC 2443 1T Z )
B th TAAAER B IR, R A B¢ PR A
R[] BT 2 1 S F 2 - e 4 v 5 X T st
FE N R E DI REIT IO e B AT H RRGA,
THRERRA T ZARBT7 2 BEHLAY , B i Ak
T IE R Rk, BE BARSE T HR ek )i ik i
15 HA 509 WY LR ARG E 1) 4l A B B4, FL
B8t T FARGEATREIN sE R FRIBATIIR TG EEAE D
KA AR A RS BoeE . 45 2 A
gt A 1o U8, ] S R e e P e e R
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Table 2 Clone efficiency and protein theoretical molecular weight of 8 gene

Gene GenBank Accession No. Length (bp) Clone efficiency Molecular weight (kDa)
PTPRA BC027308 2382 100% (9/9) 89.7
ZNF597 NM 152457 1275 100% (12/12) 48.0
ZNF24 BC003566 1107 100% (10/10) 42.1
ATF2 BC026175 630 100% (10/10) 23.0
ATFS5 BC005174 849 100% (10/10) 30.7
JNKK BC060764 1200 100% (10/10) 44.4
IRF1 NM 002198 978 100% (24/24) 36.5
ZNF435 NM 025231 1047 100% (10/10) 41.0

kDa M PTPRA ZNF597 ZNF24 ATF2 ATF5 JNKK IRFI ~ ZNF435 Control
130—

05 — -

72—

55— e :

43— _

34— g

26—

17— .

El 6 SDS-PAGE #HiiEHER
Fig. 6 SDS-PAGE analysis of recombinant proteins. M: molecular mass standard protein. Control: BL21(DE3)/pETG.

ik, BB T TAE . BRI
(1 T AR — B TR A9 T 2201

HETFI SR T BRI TN s B
PR, — AR BH MR TC L ke, T 2K
HRFAL T I TS s R IEHIRA T A fEE
), AP SR K N Tk Ak A 74 A7 1)
WeiE BT M GFP'Y, KillerRed™' el %
LacZ' V45 35 DR ) 2 R (Bl 2 Ok 1 TROAS 58 4 D) 1Y
WA =, IR —E R L AR T ik F A

T TAE R, (FURASA T e ML T ik 5
i L 2H P ) 47 AR DR B T S T s R Ak
f) Topo™ TA 5 it £ T LASEHLAE [N A4 5E 7 72
B% TR RATLE 90% , % )5 1 FIREAEAE T 5

TS YL I, oa BTSSR T 2R St ok O 2
B\, HHBAE RGP, 752K &)
SRR &, ABERAIH AR E R T #m
PCR Fi BiZe4%##4 20 bp LacO ¥k —k3k
TR 18 L DR 478 ACFI A ) SR o 24 T R4
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SER B R AR ERR I SR RO, T AR Y
13 bp #8743 LacO J¥ 5144 M1 PCR F Bt 1% 7 bp &6
43 LacO J¥ 3 E A58 #4120 bp LacO 531, FHY
# LacO 373K e P B i 7 P Y LacO 4%
BN (Lacl), XEFEWM LacZ FEHFRE LN
Hl (D), Z T X-gal KPR AR
B EA T RS T SRR
LacZ alpha i ARG Wt A% i 6 77 =00 7™
T 44K A b= A AL . RO dd A G4k
T B S LacZ A LA HRA 4
BEF, WA A B EEEREA, H 20 bp
LacO J¥4 2 A AL T 1T AR 2 .
TRk Jr S I T AT WL A R AR IRAG T vk, A ]
TARGE R BB T , 00 R E T ek
i A ME— IR M, AN 1 BTN A LT
T ORI A T %5 58 S S SE [ A A B0R N
100% , BT A B i 5 6 b 7 TR AR & 4
MEGIPANIUNENEIE 35508

FIFHIZE ] T BT 3 R e Rk R o
ER. ATEE, ANHIESERDL R T 2 &, i
AT LASEEIE R ) 2 A A 5 S I Rk O T 2B
F1R 0 126 48 E LA T 5 JF HAZoE ) T Ak n]
PASEERFER ) JeaE o ke, Foak iR AR Sl s
BHMYAE L IR T 5, H AR Xem T,
Ahd 1, EcoR V il & T kI AE sa ke 7 51 ik
5% B B VI S S B, ek S B o g v
BE, M HBRIAN, &P AN
SMYESERRIT A, I RE S AR Y 2R A
SCE DIRERAEA — 2 T2 o A58 ) FH R
RN UG Bfu | BEDT T 8RS T 36 A Y T4k 5o
We, e TIELEFIINRLS . Bfu 1 J&T 1S Al
Bl P DI, DD EIO s A A =24, It
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HYTHI SR PFOMNAL ST WESS 5 A AT 2 A e
(& 3C), @it PCR §"84 prn-gfp 51 APIAF1H]
AR Bfu 1 s, HARI G pren-gfp, 4
A A T 2R, 2B R B 7 s 4
VIR, ANLsiR B ATATREDIAL ST 5, AT SE
TR P TCAERS , YT BURIA IR 245
FARUTYIREEFSN ZEERRIT ], PRUE T 8
JOF G R AR RS

A S IR HE T — PR 0] T #0A,
FIFHIZ T A BB € ) v 1 103 D AR
H AR o BEALPIE 7 Hor 8 NI P Y v pat stk
FTER I BT IA R 8 AN JE R I () 4K 11 ¥ A5
BN IE o R HZE 1) T 2R AAHEA T 3L IR (4 5 e
FIRART R B, AMUE L T REE R
FEEAT TAE, LT IHFAE mHA . FEE
TodEfl G ik, W] LU 4K & 5 RHIF R
], BEACsERE A, [FBHZE M T Bk sk
SO WS 7 %N~ S W - S =B A 8 - S B
FFIR I FH T 5
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