A 8 4 Y B 22 31 2010,11(2) :186-191

Journal of Plant Genetic Resources

K ZmCIPK31 3 R IR R 3% Be )R g1+ 51 5 #

kb, EE, Bxk REA EXRF % B
(' BAR B BEE SR F LT, L3 100081 ;W10 77 8% KA1 075000)

RE 548448 L45A% %5 B % 4 (calcineurin B-like protein, CBL) Z 4k #) & & CIPK( CBL-interacting protein kinase) /£
HUBZHERAFTREERAER TR ISR, S MR LR GRL ZnCIPK3] A BHE Rax i i TaBK, #7TR
BAAPW HATAREG XHAFE BL21 §RESAFENZHENED, FOTERF AN, CATEHRGTS &
SROMBEEAS A SBTRE, AT T HEERI RS TASHODEN RS, AN, AT ZnCIPK3] AAREEATF
ATG L 646 2189bp B H FEB , MA KA AH A ST A ALK Z R A A TATA-box #o CAAT-box ¥ B 3 F 3t A A4
Pl ERLEABE MERE ATHREX BERBXAL LR AL BELEAR, RL_8(PEG) W& T ,ZmCIPK3] X B #
HFREAR-TARAR RS L BEAR LR PHREABRXREA,

KA :ZmCIPK3] 2B RB AKX B AT ;R824

Prokaryotic Expression and Promoter Region Analysis of
ZmCIPK31 Isolated from Maize
ZHANG Cheng-wei' ,LIU Ying-hui'? ,SHI Yun-su' ,SONG Yan-chun', WANG Tian-yu',LI Yu'

(” Institute of Crop Sci ,Chinese Academy of Agricultural Sciences ,Beijing 100081 ;
? Hebei North University , Zhangjiakou 075000)

Abstract; CIPK ( CBL-interacting protein kinase ) interacts with calcium sensor CBL ( calcineurin B-like pro-
tein) . It was proved to play important roles in responding to stresses and regulating certain developmental processes
in plants. Here,a recombinant plasmid was constructed for prokaryotic expression analysis for ZmCIPK31 obtained
in this study. The results showed that the predicted target protein could be induced in the recombinant plasmid
transformed E. coli BL21 strain cells. Protein solubility analysis proved the target protein was soluble. Thus, the puri-
fied soluble target protein was obtained by being loaded onto an amylose resin column,which could be used for fur-
ther protein kinase assay. Meanwhile,a 2189 bp DNA fragment, upstream of the putative translation initiation site
(ATG) of the gene,was obtained as ZmCIPK3] promoter region. A promoter motif search of this region showed that
there were not only TATA-box and CAAT-box, but also motifs related to light, stress ,development , auxin and others.
Under polyethylene glycol( PEG ) stress ,the expression of ZmCIPK3] was induced. Moreover, the expression pattern
of ZmCIPK31 in shoots was different from that in roots.
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X 354518 % % A (calmodulin and calmodulin-like pro-
teins) 4% 1K #i 4 % (1 3 A8 (CDPKs) MUY P T 4% 5
3453 B B B8 B & 1 ( calcineurin B-like protein,
CBL)'”, MIAABAMIEMACSRERS B
TENERBAREEAMEEE, BARALER
HERES G S FHARERE AL
TF,CBLs Rl —2£ % A # & CIPKs( CBL-interacting
protein kinase) fE AR EH , # T RA R K HMNE
%, Bk, CBL A 1998 4 # & $ LA, CBL-CIPK &
BRDBER S TG RERZAANKER S,
HAi, B9 E %9 CBL-CIPK R&@ 3 HY T
ERESXRBATHY B EREET IR, WE— K5
AR AR, ik % 2 ABA A%,

HRixF CBLA CIPK W R EERPEMNE
FRARBE, EXEOHREMAMELD AL RE
st RACE F &P 83 ZmCIPK31 X H (Gen-
Bank % 3% 5 % EU516320), AKX R &S FBE RS
FEEXKBHEPRIRETZERNEHAED
MBP-ZmCIPK31, o] %4 #TiE R &4 & 1 MBP-
ZmCIPK31 ROJEHM, BT LA S AL BRAE
EHNEL; REBA T ZmCIPK3] XHWE S F
B3, 30 B sh F R A S AT 40 47, T B H R IO 8
Xt ZmCIPK31 ZEH 7 EXKE W PEC BT R E
S-S HNERNINE, XEFT-FEAK
Bt T L R EE T EETF ST T 26,

1 #REAE

1.1 REREAHAHHER ZnCIPK31 EHR
#Fkix

AWAEBULANSI Y (ERSY 5'-CC6-
GATCCATGTATCGGGCTAAGAGG-3'FI R 5514 5'-
CCCAAGCTTTCATGCTGCCGCGCTGTT-3') § 1 Zm-
CIPK3] Wy4wb%IX , 3 11 Bg V)07 s 4§ Ho % # B) pMAL-
2X B R A RA(NEB) I, & pMAL-ZmCIPK31
BB EIEARK, 5E D B2 Rik pMAL-
c2X 2 P% 4k K B #F B BL21 % # ( Transgene) , i#f
TREREN. RHUEERTEEFEAYHE
EPitE M LB A, 37C o I 5%, E %
11000 LB F 15ml W EFETFERM
LB #5334 ,37CHE 2 0D600 444 0.5 if , B i
1ml @ T 1. Sml .08 b, 4 h kK i# 47 IPTG (iso-
propyl-B-D-thiogalactoside ) i 5 # i i , &% T B ¥ A
ALKk BE K 0. 3mmol/L ) IPTG,37°C 200rpm 3 3%
3h, ESHMEAEE, I 1ol T L5ml BLEH,

ERZ PTG ERHHGR. FANERREREERT
12000rpm & .(» 30s( B > #l eppendorf 5417R) , % L
BB, TREPMA 2 x BH L # buffer (50mmol/L
Tris-HCI pH 6. 8,100mmol/L B-mercaptoethanol,2%
SDS,0.1% R M ¥, 10% H ) , @ 1 SDS-PAGE 43
HEAHREHER",
1.2 EgwEgam

R ERCESFHEBE 3ml ZXMF 1. Sml E.L
o, EHE T 12000rpm B> 30s, EHE K, 3 L&
W, EARKRIERER TE (50mmol/L Tris-HCl pH
8.0,0. 2mmol/L EDTA) & &, BMAKKBBHEERE
A5 ,4°CTF 12000rpm B .L> 20min, ¥ b & B R B
ZLSml BLOEP, BN EERAGEY P HM
AE R 2 x E A L buffer, Z ¥ Smin, 37 B 5 & K
L 1min, % & 12000rpm B .{> 1min, B 20l 451 i
%7 SDS-PAGE 4-#7,
1.3 EBR4URRSE

BEOMAUEES S pMALM ER @A Maik
ZG(NEB) B RS R, MMEBSFEBREN
HERAERTEAEATHEFERINEN LB FRE,
ITICHEEESF HERE 1:1000 WLHE B ET
200ml EEHEBMHBAFNEERNMEMLB FEHE
1 ,37CEEZE 0D600 24 0.5 Bf , ALK E N
0. 3mmol/L # IPTG,37°C 200rpm ¥53% 3h,i 55 HIW
BEa&ik, FAEBEMA SOml BOEH4CTF
4000rpm B .L> 20min, £ FHEK, MLEE & T Col-
umn Buffer (20mmol/L Tris-HCl; 200mmol/L NaCl;
1mmol/L EDTA ;10mmol/L B-mercaptoethanol) &, J§
F-20CAKIH RAGHTHEERE,4CTF
10000rpm B§.C> 20min, i 13 b & B0 A 3 8 B IR
H(NEB) #1740k, BEAEH 10mmol/L £ ¥
¥ i) Column Buffer ¥ 25 L ) B H VL thi R o F| H
FEITIRFE PEGB000 f AL B8 T #H 4E ki B B HE 1T 3E
4., Bi5@Eid SDS-PAGE REE[AKRKEN
5o
1.4 RBHFREREISH

X2 M9 ZmCIPK31 DNA 55 7E M 35 http://
www. plantgdb. org B # 4T Blastn 247, BB T /5 3
FEEFIGR BUFHRITERI W (5
TTCAGCAGAACACTGGTCGG-3' fil 5'-GCCCTCTTA-
GCCCGATACAT-3') ,LAEK H 3 % CN165 fy 2 A
41 DNA AHH#H# 1T PCR ¥ 1, BT =P X
/N2 2000bp, PCR B F H:94C 5min;94C 30s,
59.9%C 30s,72°C 2min,36 4 1§# ;72C 10min, ¥
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1B B 6 B A PCR 7™ ¥ 1% 4 3] pMDIS-T £ f&
(Takara) + WM BBEHTFHFI. AIABSHTFE
£% TR i 3% 4 PlantCARE ( http ; //bioinformatics. psb.
ugent. be/webtools/plantcare/html/ ) 27 & 37 F X 7]
BETRZE ML AE A T
1.5 BR#HSLE

EXHIR B R CNI65 FAEBRFTARRM
B, FF2KELE(T5% Z B 1min,0.5% KEMR
B 20min) J5, FIABAKMYE S B, ARBEHTER
BERNAETS, BEM 4 k. BELBRERAPE
7%, K BB &M (16h ),28C / 8h §%,22C), 4 3d
Tk 1 W MAEKRRE M EXE 20% PEG6000
W, #EAT PEG fip 8 40 38, 4 5 B 4L 8 Oh  1h . 5h,
12h 24h f)4h E AR, TN BB ER %, -76 C
RAF HBLRH RNA,
1.6 /% % E R PCR (real-time quantitative

PCR,RT-qPCR) 4 %7

%t4 PEG &b B2 A9 £ BB 41 3547 8 RNA 8
B BES BRI S RNA R BUGKH & 28 (the Total
RNA Isolation Reagent, TRIzol Reagent, Invitrogen) ,
R )5 181t DNasel(Takara) Xf 5 RNA #47HLAb &,
PALBREEZ DNA {55, FIA M-MLV R # L7
& (Invitrogen ) ¥ 2 g 24k #Y & RNA R F R H—
£ cDNA,{£% RT-qPCR @145, i RT-qPCR 8|4
#it Bk B§ DNAMAN & it ZmCIPK31 ¥ 5 8|4
(5'-CACATCCTCCTCCAAGACTC-3'#1 5'-CCTCTTA-
GCCCGATACATCT-3"), XKk W5 5B CAPDH B
RTERSE P05 R FEHE S cDNA Bt EHE
#HAT g — AL ¥, BT A 519 & 5'-CCCTTCATCAC-
CACGGACTAC-3' fi1 5'-AACCTTCTTGGCACCACCCT-
3’, 20pl PCR 314K & #7:10p! 2 x SYBR Premix Ex
Tag ( SYBR ® Premix Ex TagTM Kit, Takara ),
200 nmol/L45| 4 F1 1l ##K ¢cDNA, ¥ % —4 PCR
BB B4 5 IR F 96 FLAR (Axygen) ¥, S iF %
FB &% 3 O & (Axygen) , fii FJ Icycler real-time
PCR system( Bio-Rad) # 17 RT-qPCR, &/ # 4 3 IR
HH, PCR ZF H:95C 1.5min; 95C 5s, 58C
15s8,72°C 20s,3t 40 MNE IR ;& 14 60°C , 45 20s ¥
0.5C, %3t 80 MERE 100°C i T o 47 M 8 il &
587, 7 Excel B, FH 279 Fr 81" 43 51153 47 o b 3F
M ZmCIPK31 FE R[] PEG B 381 0 8] F 69 461 ¢
RiXER . LLRH#TT PEG Bra b Oh BEREN
NS R, HERREKFEITH 1, BRELURER
£s(n=3)BR, 7 SAS PRI AH IR E LR

#T B E B
2 HREHH

2.1 EBBEBRE

ALK EC RS ZnCIPK3] ZHETEN
HERLTFHEASTFRENRS0.8 kD, HRIFZERA
EXBHEERNETEERE—-MEMURDINE
BB AT R R 0. B BT AT pMAL-
QX FHEREABAEABEH 1 4 42.5kD Mz
E B (F % ¥ % & % A maltose-binding protein,
MBP) , Btk i ] R B & 35 & 48 F MBP-ZmCIPK31
MAEEANSFRN 3.9 kD, ¥ pMAL S £k
(fE X5t BR) M B K pMAL-ZmCIPK3] EARK L
BIF L KB E BL21 B bk, & IPTG BRE, #1T
SDS-PAGE 4 #7 , 4R WA 1, AfLLA Y, £ IPTG %
SE BEWEREREFRETW/NT 94kD M E
B,Mx Rk REFRET RS MBP, HILE
H EAEARR K BL21 B2 IPTC #S56E®
BYKEBEZISFEEZIMMEN B KHEA MBP-
ZmCIPK31 Wi VLAN ZmCIPK3] B K BT &
HEBERE—-IHN S FRENEA, hiE—-FPHE
B EES T T E5,

1 ZmCIPK3| EXBHERESRER
MBP-ZmCIPK31 4t & 5 ) SDS-PAGE ik B
Fig.1 The expression of ZmCIPK31 protein in E. coli and
the purified protein MBP-ZmCIPK31 by SDS-PAGE analysis
M: B R Marker, Z B kM BEASFB/H 94kD B KW ;1.3:5
I RA$E AL pMAL R, pMAL-ZmCIPK3] JBLE9 K B #F 86 BL21 8§
BAZFESHEERKMDR2.4: 5 F 2 RF/L pMAL BB . pMAL-
ZmCIPK31 R KIH FF 8 BL21 B2 IPTC BR M E O R AW

BL;5:MBP-ZmCIPK31 #4025 , % M4 3K B m

M : Protein marker and the band the left arrow pointing to was 94 kD;1,3:
Showed the expressi lysis of p in pMAL and pMAL-Zm-
CIPK3! transformed BL21 strains without being induced by IPTG, respec-
tively;2, 4 Showed the expressi lysis of p in pMAL and
pMAL-ZmCIPK31 transformed BI21 strains being induced by IPTG, re-
spectively; 5 ; Purified MBP-ZmCIPK31 fusion protein as shown at the

right arrow
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2.2 EQTBRHESWRLAL

CIPKs 8 )5 M4 ¥y %5 SNF B A9 SnRK3 T 4
B R-XEFEAHME, Hit, yRIFEHMELE, &
EMReuBadtnaEtMNES. £EXBFE
RERGEF ZEWEBEREAFEUTHEHEAR
AHEHARERREREE, BRARERE AR
HERKEEFETHARY P, EANEHERE
T, AEFTHBEEST MAESEAEERF
ETLERT REFEGENED, BEH THEE
HH. Bk, B AEN ERRI)FIAK MBP-Zm-
CIPK31 A EAHTAI BRI T. WEEERR
AT MBP-ZmCIPK31 R4 B H MW KB E &K, &
FREEE LR L EEMIEY, % SDS-PAGE
S ERAE2, TUEH, FEBRAREY B
ERREEEIM—BNERNELRE. AHE
i, KB %% RIAK MBP-ZmCIPK31 @& &
ARMUMTESEANABRHEABRERFE, T
st — SR B EAMSLTE, BEFTHE
# H & (3 MBP-ZmCIPK31 # b & & it 3& % ¥ IS
B, B4 ES . ERAE1(KES). dlEH
T—3EANEBEERS TR T AL BEAEEN
HHEH,

2 ZmCIPK31 EXBHEDHFIRIE
EAMTEED R
Fig. 2 Soluble analysis of ZmCIPK31 protein obtained in
IPTG induced E. coli cells
M:EEf Marker, M B L5 BA ST B A 94kD M%7 ;1.2:.5
FI 4L pMAL-ZmCIPK31 FRLA9 K B #F 8§ BL21 B Bk 5k & PTG
HBIPTC FFHNEBEAHRBEWHR;3.4: F HRAH L pMAL-Zm-
CIPK3] R H KB FF B BL21 Hitk & IPTG %%, BB AME, £
BOMGR P BEAREER, £MHE X B ESREH MBP-Zm-

CIPK31 Z &
M ; Protein marker and the band the right arrow pointing to was 94 kD;1,

2 ;Showed the expressi lysis of protein in pMAL-ZmCIPK3! trans-
formed BL21 strain without and with IPTG induction ;3,4 ;Showed the ex-
pression analysis of proteins in sup and precipitate of cracked IPTG

induced BL21 cells,which were transformed by pMAL-ZmCIPK3! fusion
plasmid , respectively; The left arrow pointed to the location of MBP-Zm-
CIPK31 protein

2.3 BHFRERFENSH

HEE T ZmCIPK3] 3 cDNA 1 DNA
ERE ATRATHERLARSH, B aEHE3
FR FHTEHDFRNEMTHTR, B3 FR
X PCRY BB FHBANBEREAT, KNAR
2000bp, ZWFJE, BB TEFFEH T ATC £
2189bp M J5 3 F X Bt ( GenBank ; EU516320) , £
J& 3 T 2E 4 B 3K 4 PlantCARE! 4347 HL 7T B 77
ERBKRERTH ERALE L, BEFRMAE
AT E R AR A AKE, RUAH TATA-
box il CAAT-box /581 FILA 5, F BAH MK .
[SCINE - 3. &-F: P& 2 P EL i) i)
BEWE, dILER ZnCIPK3] EHT# S 5% E
HHYEAELR, NEL SHMEREERFSE.S
5Hmki—RIIERNOEYFELIRE,

2000bp >

B3 ZmCIPK3] B TR
Fig.3 Cloning of the promoter region of ZmCIPK31
M:DNA marker, Z2 45 3k 4 (5] 2000bp 9 4 ;1. R A BLR B 5 %%
H,2:ZmCIPK31 BB FH5, F=Y 0 o 5 M F L FTR
M:DNA marker and the band the left arrow pointing to was 2000 bp;1.

Negative control ;2 : Promoter cloning product,as shown at the right arrow

%1 ZmCIPK3] RHFEBRAFIIHM
Table 1 List of predicted regulatory motifs in ZmCIPK31

promoter region

= e R T WEFIEH

Cis-acting element Name

FHX 4¢l-CMA2b ,ATCT-motif . Box I.chs-CMA2a

Light related G-Box, GAG-motif, I-box, L-box, MNF1,
MRE .Spl ,TCCC-motif

W% ARE ,GC-motif HSE .LTR ,TC-rich repeats

Stress related

REHR CAT-box, CCGTCC-box, circadian, GCN4 _

Development related motif ,Skn-1_motif

WEMX GARE-motif , CGTCA-motif , P-box , TGA -ele-
Auxin related ment, TGACG-motif

BHF CAAT-box .ELI-box3 ,TATA-box

Promoter related

H A Others A-box ,CCAAT-box MBS
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2.4 Ekd ZmCIPK3] BEEF PEG #ESMRE
a4

24 ZmCIPK3] RBPEHE T TR M6 4 2
THEX EST gy — & EST BEIM'™ , HoA5
ZmCIPK3] AR FZ TR iERRE, A #
—HUEH G 3 F P 5 T BT T R B B 2 A R
S HERTEMNPECBEHBRLEEX, Zn-
CIPK31 B H 7 AWM Z PEC il R AW
RmE4, NEHATERE, b L BARE Zm-
CIPK3] %R # % 3] PEC B8R RA, BRRZE
BERAARF, ZB b £ ZmCIPK31 3 B 7 4 B
12h 6FFFiR B8, WA R I ZE AL 38 1h RFFHA T A,
f sk, ZmCIPK3] B % PEG BHi8 T %%, A

T EBARTHNBERIESETER,
201 [ #b E#shoot .
::: ¥4 #Root * —IT .
?ﬁ o L4} . -} s
?ﬂ@lé" 12}
g; 1.0+
S 08}
K = *
0.6
" 04} * 3 % *
0.2 *
0
() 1 5

12 24 48
Ab A a)(h) Treatment time

4 ek ERPCRELH PEGBHET
ZmCIPK31 BER%E B E BARBPHRENR
Fig. 4 Real-time quantitative PCR analysis of expression

level of ZmCIPK31 gene under PEG stress in shoots and roots
Kb Oh RARKR L3840 78, B 0 RAKFAE K K A4k e ] 49
MR EL A, REZUGERE )RR, » RREREX
BE0OS KFLEKPBELER

The transcript level at time Oh( untreated ) was used as the calibrator and
was given as 1. All the values are means +s(n = 3),and s was shown as
error bar. * represented significant difference between each sample and

the related control at P <0. 05 level

3 itig

3.1 TWHY MBP-ZmCIPK31 EEHMESRE
FEERREBAMEARE M FHENERE,H

EESRENRERIRERNBHEARKELXE

HHE HEBESRABAVTEENENEA, B

MERANAEBBSEXANELA. AHNERNEE

BHESEAEABRUGHEKNERELE.

B #AEAT pET-30a( + ) (Novagen) R £k #
. BIATESXXANENEA,BABEESHE,

BEWEBERRUABENEREE AEBABEH
MAHEEES, B, B pMAL-2X RERE R
k&R MBI T % MBP-ZmCIPK31 B H,#H
gt (B1,E2), At — SN EAHBEES
WRETHEHSNEA, B HRERH Zm-
CIPKI6 XEFMARBENEZRZ R K, BRALA
A% M8 MBP-ZmCIPKI6 B, I MW E4 4
M, MEBH T ZmCIPK16 B 32 7] LA % 4 A B BR L FO B%
# 4k MyBP( myelin basic protein) By hE—
SHBRT LR RAREFNBANAFEEMEE
B AT SRS 1 2 BT R AT AT 4

BEAEKINERREFFBLAEBMEER
THEE MRS , 2Rt R W EH W Ik 9 R 35 B B F AL
AEHNES BETLGES FEZREABIRNAL
EAMERE EEAKF LEEHENBEERR,
PHEAREERERAVENBERENES,
AR TH—SHAREEGNE,
.2 BHFEIERSH

BN RKAERS FEYFB RS, T
BHTFEAMEXRZKEFLAYERERLINERZR
B MBS FHRARLARL, B B3 FRH
P9 B9 M= A R T 4 8 A7 T 43 7, 4B AT AR i —
PHMERRXEEHTRESE, B LK dE—
SHERNES RIS E, ZnCIPK3] WEHT
O EAENE MaNE REHX BMERLR
Hishee R MM BB ERR(R ), F—EIKE
330 2 T R A D T4, S 3 T B 4T K B
BB GUS RiRAHHT, MR RI A e AR
WX B, WA THEY G TRRE S FERERM,
A EED e, M EEARNRBEEE
AR 48 IS 30 F X S8 T A4 1 A T T BE R iR
LBEY ERRMEFERR.
3.3 PEG Bri8F ZmCIPK3] EEHHE S RX

24

3£ ,CIPKs ZFIEMAFER KK, EHY
MEEEBEIBPEEENEA . ZnCIPKI6
BUE 8132 PEG NaCl ABA K .#4 & T 28 495
8% 35", RT-qPCR 4 #7 & WA, ZmCIPK31 %
PEG MpEBERRE (B 4), T—SHIKBBEDHFH
) 434 S , %o L b 95 35 P 3 b B R B B 3R A 1R
BLHEAT 0T, LAt — 5 W) ZmCIPK31 EHMTIRE,

#4h , ZmCIPK31 % PEG B8 76 i b 3B 148 o
MESRAEARREMN, NEitAE Lo,
EHRRIEXRHERY, B EANEEN LA
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