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FTEE . TR CBF # X BT AP 3R 5T, AR BEIZ AL 45F vF A AMH 83 PCR H AR M A A B
28 DNA P 354% CBF1 ¥ 3% B F % % A AF-PACBFI ,GenBank % 35 % KM245570, A3\ 547 & W , % 5 B FF 3 0 i 4E A 729
bp, %5 242 AN FIRER N E G R 5T 84 27.405 kD, L B G E A5 0k, AL 54 29 AF-PACBFI 5 # B Hk e
TR F SRR, FiZ AR K BER R AKX AR pET-32a( + ) P, M & & ik i 45 pET-PACBFI , 454 %] E. coli
Rosetta (DE3) W #t47& ik, SDS-PAGE w kM &R A , A X BRGEFPRN—K, 5T ERNHAH47.8kD, ELEG
W F A ATRACE R AR, F40% G pET-PACBF1 £& IPTG # & 4 0.2 mmol/L 5 F 4 h i LR X % E, RBLER
THE—F LT RGEGRAR LI RET KA,

KHE . Ak CBFI % B F ;R &L

Cloning and Prokaryotic Expression of Almond CBFI Transcription Factor
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Abstract; In order to identify the role of CBF transcription factors in plant resistance of almond. The CBFI
homologue gene named AF-PdCBF1 ( Genbank Accession No. KM245570) was isolated from the leaf of almond
¢ Aifeng’ ( Prunus dulcis) in Xinjiang with the technology and method of PCR. Sequence analysis revealed that the
open reading frame was 729 bp in full-length and encoded a protein of 242 amino acids, and its relative molecular
mass was approximately 27. 405 kD ,and AF-PdCBF1 had no signal peptide. The homology tree showed that AF-
PdCBF1 with Prunus avium and Prunus mume had recently genetic relationship. The recombinant prokaryotic ex-
pression vector pET-PdCBF1 was constructed by inserting the DNA fragment into the prokaryotic expression vec-
tor pET-32a( + ) ,and then transformed into E. coli Rosetta ( DE3). The SDS-PAGE displayed that the expressed
proteins consistented with the size of expected protein and then 47. 8 kD protein was obtained. The optimal ex-
pression condition was set 0. 2 mmol/L IPTG , induced temperature at 28 °C , and induced time for 4 hours. The
results provided a foundation for further purifying and identifying target protein and studying the function of AF-
PdCBF1.
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CBF ( C-repeat binding transcription factor/de-
hydrate responsive element binding factor ) %% 5% K )&
TP AR ARA S, CBF RIKMEATA 1
RSP AP2 25580, 2 ST AP2 KR RY 1
ANEZN , HAEA YA T A S A AR )
i AT h B AR YRR T 8 4T R
W, CBF #5341 L&A 1 MRSFIEELLF 5
X ( NLS, nuclear localization signal ): PKK/RP-
AGRxKFxETRHP , J¢ Rl &5 47 (1) DSAW J7 51 Fil 3%
Rty LWSY DR5F P81 PR 2 CBF e s K 11
FHEFHI . CBF %% 55 A 5 (1 IR 45 7 5
WARAE AN 7 M W) 2 18 R R IR ST M, A
E. J. Stockinger%m EFEITF T E R AEI CBF #:H
LIS, AT ARG MRS et eyt
A MENY SER SRR Y B LS
SRR CBF RN, CBF ¥k N TfER %
Ykt R B E e mEAMEH T KR Joglo
SFUVOKE ACBRT SRR AR ST v B S AU R O T
P TXMRIR AT 320k, BARAE K AlCBFT JEA
Bl NIRRTy Bt B DR e i v 1 o I IR A i 522
C. Benedict 5574 AlCBF1 3[R At i il HC %o
IR 2 A T RS, W] W, CBF e 5%
PR AERE Y R e R BAT B R AN, R
ST Wk R R — AR SENS H CBF e A
THEAT velE KRBT, IR CBF 5% 54 ¥
TE i MEHTFERLTR Th R SRR T RE L SR AIE R i At e
I B B0 E IS BEA

1 HEE %

1.1 REHr Y

T 2013-2014 FAEFHEARM K044
SERNA MY A )R H S S0 AT, R R SR
H g 4 B R i i e DA AR AR
HERBRAL 5%, 28 5250 Z K 35 A th ot 5 & T4 C Ik
TR IE AL B 24 h K W B AW A b 2R S ST R
FERCT B AR VKA 25 H
1.2 Hik
1.2.1 5|#¥i& it MR GenBank 2 1ii Y Pd-
CBFI1 M (B 35 . AFLA8190) X i+ 9l ¥
PACBF1-F: CGCTAATGAACAGGTTCTTCTCTCA ;
PdCBF1-R: CAAAGTGAGCAGCCAAGGAACC, R

W CBFI JitSHE N A% ek 8k pET-32a( + ) £ 50
BRG] A7 s 1 X 4F 5% 519 CBFly-F: CGCG-
GATCCATGAACAGGTTCTTCTCTCATTT; CBFly-R:
CCGCTCGAGTTAATTGGAGAAACTCCACAATT, 7E |
TS IR 5 354 BTN BamH 1 Xho T BEHI 5 5
TRAFBaEE (TR or R B UL AL BHAER 23 R AR 4P
EE) .

1.2.2 RHERE A DNA $2EUK AF-PACBFI By5%
BE ] M BOAY CTAB B: 42 B Bk 38 B 41
DNAP* L DNA A FH 514 PACBF1-F/R i
1T PCR Y 1G5 0 94 C FEPE 5 min;94 °C
A5 30 5,60 CHR K 30 5,72 C 4#E{H 60 s,35 M
572 CHEAH 10 min, Z:PEORARLEE L B0 5] £ [ml
W PCR 7 4, Wi ™= ¥ 3% #: %) pMD 19-T 2K {4
(TaKaRa "= ¥ /A ), 4L E. coli DHSa 52 25 20
Jia, 5 30 BH P TR B, T PCR AR i a6 A b2k T
APBARA BRA R A5 D525 5 3B 1 4 1)
B TR AR AR RURE , DL SOR A SR i 5 19 CBF1y-F/
R #£4T PCR #3184 , 2o 4k TA 518 146 I 1F 8 114 [H Pk
PR A TAE AR B A Y, B2
A4 pMD-PdCBF1

1.2.3 AF-PdCBF1 EREF 5 4% i BLASTn
TE 28 B A4 (http ://blast. nebi. nlm. nih. gov/Blast. cgi )
X} AF-PACBF1 #E47 [A] U8 )7 1) L X5 fdf - Protparam
( http ://web. expasy. org/protparam/) 43 M7 AF-Pd-
CBF1 ity 1 1) R SE R P 51 21 A AR X 43 7 o 45
PRALPET ; (8 FH BioEdit XX AF-PACBF1 5 H A AE
Yy SR Iy S HEA T RIEE 2347 s AU MEGA 5. 0 k{4
XPRFEFEY) CBF F MRS & & 4387 i SignalP
4.1 Server TELRIAF( http ://www. cbs. dtu. dk/services/
SignalP/ ) %} i#k AF-PACBF1 & A5 ST
1.2.4 BE#FRiLEHM pET-PACBF1 B9¥& i/
BamH 1 Xho 1 PRI ¥ VI (TaKaRa ZE#)A F]) 43
SILEY] pMD-PdCBF1 T 4H 5 ki DNA #1 pET-32a
(+) FAZFRIREAR, 4 3150 H 19 F BE, T, DNA %
$E0 (TaKaRa £\ F)) i #2 J5 7 4L E. coli DH5a
JREZ AL, 20N 5 55 R (Amp ) HUPEF AR i 1
YKL, 220 PCR b XUBEETI G I i T4 i R
HEAT I 7 %6 78 . T4 3% 3k #AK 4y 4 4 pET-Pd-
CBFI,

1.2.5 BMAZEAEABHERNIFESRESF

W E 4l 3k Tkl pET-PACBFI 4L Rosetta ( DE3)
(& e A F)) BZ S, PR 5 R T
800 pL & fA& LB K532 (%4 100 pg/mL Amp) H1,
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wOW % W 16 %:

37 CHRGEEFRI R, K H 555 F5 410 8 21 ok 1
WA 1100 19 LL B2 20809 LB B2 L (& A
100 wg/mlL Amp) .37 CIR_RGIERE OD¢y, =
0. 4, 53 BIBOA 18] 75 5 i) 6] 5K ] PTG R B2 /9 7%
TRk, AFEE SRR T L H® T 1.5 mL
O, A IPTG (& ¥ E K 0.2 mmol/L) 7E
28 C#FATIE TR, f pET-32a( + ) FALTE 5300
T 0h 6 h, BAEMMAEFOh 1 h2h3h,
4h5h.6h, A IPTG ¥ . B 1 mL B T
1.5 mLES.C A, pET-32a ( + ) #E 4L TE 23 5 A
0 mmol/L 1 mmol/L i IPTG {E R X} IR, ®4HE A
3 BIIAA [F# B TPTG (0 mmol/L 0. 05 mmol/L .
0. 1 mmol/L.0.2 mmol/L 0.5 mmol/L.1 mmol/L)
28 Cif5T 3 he WCHERAR, A 50 pL 2 x SDS-
PAGE | £ 22 sh Wi F1 50 pL ddH, O %! i B 14,
100 C /K3 10 min, FFARHJFH S pL £ 5 T
FE, 4T SDS-PAGE (4% W48 I FN 12% 43 85 158 ) H
VKT, EEREAT 2 T i R-250 Y gl H
JIGE €8 58 €51, 25 5 S0 A

2 ER5HMH

2.1 ¥k AF-PACBFI HI=ER S

DLB sk 5y B R E i Fr B DNA g AsiAR | 38 2o
PCR " 3475 3 5 HUH KN —3m 5545 (B 1) . Bz
FBGEEER) pMD 19-T v B A5 I 7, 25 SR 3R W]
HAKJE R 890 bp, 12 3 A 19 FF il ] 132 HE ( ORF) 2y
729 bp,fir4 K AF-PACBFI , %%:H 4 242 5
R, i 27. 405 kD, Z R4 BLAST b
X5 RFL I, AF-PACBF1 5 H ALY CBF 24 %A F
AR & i TR, Hrh 55 A Bk ( BAC20184) F1I
A ( ADF43035) (1) S5 R 3 50 AH L d5c s, >
85 %,

ANFEAEY) CBF FE R 2 FE 1R 7 4 [R) L XS 534
KW AF-PACBF1 B: A 1Y 2 6% X% A DR 51 1Y AP2/
ERF Z5#38 LA K T. K. Nakano 25 B 19 CMII-1
) CM -4 LR IF 51, 3% LS 17 5140 15 4 5 1)
Vg E S J AP2/ERF 45 #5031 i) DSAW 4#iF
FEAI(CMIT-3) (F 2) , 3X 65 JR 7 51 L6 A [ 4 A
PR AR A B RS . R G AR A B 2R
W ,AF-PACBF1 5T} 8k PaDREBI 13 % 5% £ fx
I, S5 E PmCBF AT RE R R (K 3),
3 Signal P 4.0 Server #AFFN AF-PACBF1 4 [
SRR, S Hr s KW AF-PACBF1 & A A RS
K,

M:DNA 2000 43 F&FRi#E;1 ~3:AF-PdCBF1

M:DNA 2000 Marker,1-3; AF-PdCBFI

Rk AF-PACBF1 B[ PCR ¥ 184§

Fig.1 The results of PCR amplification of AF-PdCBFI gene

E1

2.2 ERREBENHMEREHTFHEE

FLH pMD-PACBF1 1 pET-32a ( + ) Uk, fdi
BamH 1 Fl Xho 1 53 510D, 2 i H 95 Bl
FIREAR, FH T, DNA EHERGHEIE S 54L E. coli DH5au
JEAZ S AL, K4 Rl IR FTRE pET-PACBFI

519 CBF1y-F1/R1 Xf 5 40 J§i b pET-Pd-
CBFI 47 PCR Fll, AT 434 4 750 bp 24 H Y
FB (1 4) {1 BamH 1 F1 Xho 1 W) 5 41 ki
pET-PdCBF1 , v Y1 750 bp ZE A R BE(E 4) , #125
WEH pET-PdCBFI A TR EIER . S T i —2
TIEBH 2 2H TR 1 1 B 1 K40 26 36 E 1F Aff 1) FE 2
RLHEATIF AN o 07 25 R 3R, 4 A L8 B
5 B — 2, BEVI S0 AR, A& BRI ek
A5 RS ADAE E, R W] O RTS IE R Y AF-Pd-
CBFI1 W JFA% IR H A Bk,
2.3 SDS-PAGE Hik&#7

W5 8 40 JFOki pET-PACBF1 %54k Rosetta( ED3 ) J&
AN, 35 7R IR IR TR ODg (2924 0. 4 B,
1E28 CHFAT AR M55 5, I8 A& A k1T
SDS-PAGE HLIK 43 #T, 45 H o, 4 A SR 3 [H 1Y
F A ki pET-PACBF1 4 PTG 553 , 16 Tl il &
4T 47 kD ZEAA 1 FEA K, MARE S K
PR S BRI R B B AW, RAEA
ki pET-PACBF1 TE K IGAT 57 3R3K T AF-Pd-
CBF1 [, M SDS-PAGE Hyk&5 R 0] LIF H PTG
L E A 0.2 mmol/L A, 38 i A AFE (0 h 1 h,
2h3h4h5h6h)WikT, KENENREIELE



3 1

5 SESE bk CBFI SR T i e MR R

KT 615

AOHEIN, 153 4 ~ 6 h J5 KB E AR E
ME R R LR (B 5 A), T A Ak
IPTG (0 mmol/L, 0.05 mmol/L, 0.1 mmol/L,
0.2 mmol/L 0.5 mmol/L 1 mmol/L) Wi T X P,

TEHE F35 0. 2 mmol/L J7 B 0 i g 8 F 3R 0k
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AF-PACBFI( AIX87844 ) . ik ( Prunus dulcis) ;AtCBFI( AAV80413. 1) . $I M5+ (Arabidopsis thaliana) ; BpCBFI( ADZ23479) : (¥ ( Betula
platyphylla) ; BpCBF3 ( ABP98989) : FEAHE ( Betula pendula) ; EgCBFI1a( ABB51637. 1) : ¥ ( Eucalyptus gunnii) ; FaCBFI (ACN87752. 1) ; Wi%§
( Fragaria x ananassa) ; PACBF ( AFU54607 ) : LAk ( Prunus davidiana) ; PaDREBI (BAC20184 ) . &Pk ( Prunus avium) ; PfCBF ( AFU54609. 1) : Ht

Bk ( Prunus ferganensis) ; PmCBF ( AFU54606. 1) : Y6#ZH8k ( Prunus mira)

s PmCBFc( ADF43035) : W [ ( Prunus mume) ; PpCBF (ADU03762. 1) ;

Wk ( Prunus persica) ; PICBF ( AEB69782) : ' Jii #k ( Prunus tenella)

& 2

A EEY CBF SUEEFF 5 B b Xt

Fig.2 Multiple alignment of deduced amino acid sequences of CBF from different plants

99

93 Wk Prunus persica (ADU03762.1)
HrEBE Prunus ferganensis (AFU54609.1)
LKk Prunus davidiana (AFU54607)

SeAEBk Prunus mira (AFU54606.1)

— Y bk Prunus tenella (AEB69782)

99

@ itk Prunus dulcis (ATX87844)
Ak Prunus avium (BAC20184)

99— 5 Prunus mume (ADF43035)

0.02

E3 A E#EY CBF SEBFIIRFER BRI

Fig. 3

Phylogenetic tree analysis of the deduced amino sequences of plants CBF protein
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wOW % W 16 %:

15000 by
10000 b};z
7500 b

—HH R

M. DNA 7 F &bt ;1 ~3 3K . A Gk pET-PACBFI PCR ¥ UEZS
4 ~6 JKiB . AR pET-PACBFIT W96 UES
M:DNA ladder,1-3 lanes:PCR analysis of pET-PdCBFI ,4-6 lanes
Restriction enzyme digestion analysis of pET-PdCBF1
B4 FEHFRH pET-PACBF1 H PCR K WEGHIIGE 4 &
Fig. 4 Restriction enzyme digestion and PCR analysis of
pET-PdCBF1 recombinant plasmid

3 i

X T2 AR A R 5 IR AR5 AT LA AR
RE KA YL e AR A g R, W CBF
B s Rl Z AN T BRIRF S 2 A i s AL =2
— 0 AGRIRF FH PCR AR, & 3 i Bk 20 8 15
BT AF-PACBFI %556 HF, FPo iRl iz
H—12 60 N ILRRALALIN) AP2 2545k, HAE AP2
SERGIE L RS ) A N & CBF % SR R
HE 7 51 1 15 B S K 7 471 ( PKK/RPAGRxKFXxETRHP
1 DSAW) ) {508 AF-PACBF1 &3 Y] CBF % 5%
To & 4 itk B 5 B W R, AF-PACBFI
(KM245570) 5 PaDREBI ( BAC20184 ) I PmCBF
(ADF43035) B3RS K R il , H#EN AF-PACBFI %%
SERFIE RS Ytk ik v B — e thig, HEX
T AF-PACBF1 %% 56 A 1123 P15 i@ 42 vh J& el A
FEHIIREN , AT 2R FKE Bl TR ARG
SRR FRIAR R R LS S D Re i 3l . A<
5K DA HT i i Bk Hh SE R 1Y) AF-PACBFT % 5 R
PR RN JFAZ F IR AR pET-32a( + ) ', IF7E E. coli
(ED3) BT FRIR T K2k 48 kD M, A9
= AR 45 SR B AF-PACBF1 & 1143 7 & K/
k1 27. 405 kD, Ifii JF A% F 35 # AR pET-32a( + ) Ay fil
BHR%ZE Trx + Tag His - Tag F1' S - Tag &£ H K/NA
20. 4 kD, B LAHEN 47. 805 kD ORI &EH /NS5 H

#»PAM. commmA
A
AM R A TEPRE; PTG 294 0. 2 mmol/L B, JKif 1.2 43
I pET-32a( + ) S #MAFAL T5F 0 h 6 h; IkiE 3 ~9 731

A pET-PACBF1 55 0h 1 h2h3h4h5h6h
A: M reprsents protein molecular weight marker,line 1 and 2 were pET-
32a( + ) induced with 0. 2 mmol/L IPTG for Oh and 6 h,line 3-9 were

pET-PACBF1 induced with 0.2 mmol/LIPTG for O h,1 h,2 h,
3h,4h,5h,and6 h
M 1 2 3 4 5 6 7 8

(kD)
97 — —
66— “wm
53— — :
L e T es e e e —AiVES
wBEEEEEET
24— -

B

B:M Jg i 1 F bR UG 1.2 O pET-32a( + ) &S BUAEL L F
IPTG 2% 4 0.1 mmol/L %S 3 h;Jkili 3 ~8 K
pET-PdCBFI PTG 24 & 535120 0,0. 05,0. 1,0. 2,

0.5,1 mmol/L HiES3 h
B:M reprsents protein molecular weight marker,line 1 and 2 were pET-
32a( + ) induced with 0 mmol/L and 1 mmol/L IPTG for 3 h; line 3-8
were pET-PACBF1 induced with 0 mmol/L,0. 05 mmol/L,0. 1 mmol/L,
0.2 mmol/L,0. 5 mmol/L,1 mmol/L IPTG for 3 h
B 5 ®h&EA pET-PACBF1 ZE XA & H
) SDS-PAGE % S RiA 547
Fig. 5 SDS-PAGE analysis of the expression of the
recombined pET-PdCBF1 in E. coli

TRESSRIEARW) A, IS5 W5 1 Hi 25 1 pET-
32a( + ) AERINEAR I AR AT CBFL il Rk 3
5175 5 28 0 B PRI ) R/ — 3, X4
EHNHE SR HET NG S R RN, HHEN
pET-PACBF1 7E IPTG ¥ JE 4 0.2 mmol/L %55 4 h
i, HR R w R AE

SMERER RE S TE R E P Rs 2 i 2
PRI 22 B2 ], AN (] 1) A% 3R TR 044 i 1/ L IPTG
VRE 5 S I D) R Y 2R IR AR A AR
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B IPTG e (LK E/NT 0.1 mmol/L) R, KA
AN R, MmO OIPTG MR O (AW E KT
1. 0 mmol/L) A X 1 F A T EIEH , AWF5EEw)
Vg E2H FoR 7E MR8 1E E W BL21 (DE3) Hhkik,
5N H LR LT %A 2k, SREH EA1 ik
T Rosetta( DE3) PR FIA 455 H LR & A7
KA TR R IR Rk, TR
A W RS T R B A ] AN R AE E. coli
PR R e Z S AR LR (RNA T B3 530
FHIREE IR Z IE . Rosetta ( DE3 ) B b g H2 L K I 4T
= 1 6 Fh G A % 1+ (AUA L AGG ,AGA [CUA |
CCC . GGA) X1 [ tRNA , I LA I 1 Bk BE 5 A 20
KA B T B i A 2 R 1 s B 0 35 PR A
IR B, DT R o 2 P s

AHIFFE I 55 i R AR 35 A = P I v R T
AF-PACBFI ¥656 R 7 IR 64T T A G I A W15 B 2
S A% T pET-PACBF1 H 40 FokL, 318 KT i
RS IhE A T RlE & A, h AF-PACBF1 M B9 4lifk
A L TIRe i — 2B WFIT 28 T A

&% 3k
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