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EXKh 34 CIPK BAiREERE
T 2K EME THRIES

T

oL O BT

B

e T (e

TaRLRFEPHFFR/ T RN AERESSREKXREEEFR T, A M 450002

EiE

NP A= W45 B 2% 3 BT 0 6 3R A8 T KoK Ty 3 4> CIPK J [/ 8] I8 Fp 31 CFF 3¢5 43 ) AY104819,

EU974290 Hl EU968441) , &A1 4 i 11 2 B 2 77 5 B8 B AT CIPK X 15 Mo B 1) 1y 8 25 #4945, 4 U J& T CIPK K
5. MRAERIEME 2 B e fr 4 R ZmCIPK1.ZmCIPK17 #1 ZmCIPK18, RT-PCR 43 Hr&5 0 .76 T 2 A
MR T X 3 AN HEE PR IBBAME A YR, £ T 2P &0 T . ZmCIPKL FEAR 3 35 1 B W ot 248, T IC TR
Jpi8 FARE AR K . ZmCIPK17 Al ZmCIPK18 7F 2 F 38 T # B RZUA S D 7E R R W38 T Rk e 7 22 5% i
HAE 50 o 1 3 SR Bt A RAR ] 7R T3 2 A3 PR e F SRR TR0 30 & 4 2 2 000 08 9 1 T L (E DG 9 s L

HAFTEZ SR

k4EiR  CIPK B[R ; EK; EWERLYE; TR

hES%ES S513: Q78  XHKARIAAS A
JLB S B A DR B AR AR A s i AR
e b R AR AR ] MR AR L BB 2 AN T
e S RV NP EE R R (30 I NI P
JtL & A — R AN LR N . IR BUAE W R N AR
SMLAIMESE TE G HEH A AR CaM S HAHK
A ESK M 2 B (Ca® " -dependent protein ki-
nases, CDPK ) F5 4 5 R i B 28 1 (calcineurin B-
like proteins.CBL)™', CBL 2 B 1% 4 fif§ 1% ¥ . 06 200 1l
HHEHE 1 CIPK (CBL-interacting protein kinase) 4% 4
ARSI, CIPK f2— % FLA 2 B W/ 3 A M 4
AR O, T B N i R C g i Y
S 2 DX s AR ST O HLA 2 CBL 1 CIPK AR A 7
B SR R, CIPK 2 i 2 5 DA 52 1 4 it 1Y
A EEFEMY T Z A, i ERE T e
YE T 25 4 CIPK B K Fe Fg B b dL R & 30 1
30 4~ CIPK R ¥F Z WP FE 455 R, CIPK Xk
G AEAE Y B i 3a CF 5 = R F ABA 45) 15 5 4%
FAH K OsCIPK9 5¥% T 5 ABA K #h Wi A
K ACTPK 24 FEE 30 A O 7 445 Na® F- fi o
KA AR HY; OsCIPK23 5 F 5 W da A &0

Wi F . 2011-04-14

3 fRELNE s Rk

XEHE  1000-2421(2011)05-0545-07

AtCIPK23 4 8 B 7 {5 5 " ; OsCIPK24 5
ABAPEG N T B A X, 5 & hiak
KR,

KAEWFoE R i ik CIPK J& K 0] DL 5 Al
Wi o N 0t i R 3K ZmCIPK16 K Zm-
CIPK31, ] 4 g S R 400 pg JF ek pE> . Btk
CIPK T30 T K5 BB RPEEM .

TR R TR AR Y 7RO A
e RIEEATRARBER . SR, ARk T R4k
A IE SR T R OK B R R AR TR KR
Sy B B~ SR A RO K Y AR K 3 AN
IR 052 B N P 756 1 5 v M R I KA Y S ER
DL, BT B R EOKR i B A EE A L, HE,
TR K CIPK [RIFGE L0 i A s B2
IR, Bk ZmCIPKs i 5 B8 2 /0 5 1R 57
T

BRI AE WG B 7 45 3] 3 DMWY &
Kk CIPK I fig 3 [ (GenBank % 3% 5 43 % A
AY104819,EU974290 EU968441 , AR 415 [F] Y 14 %5 it 44
9 ZmCIPK1, ZmCIPK17, ZmCIPK18), #] F§ RT-
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R P

PCR,XFiX 3 AR 7E T 5 R 38 R 1y 3R 88K
BEATHI AL 5B o LA Ry it — 2D F 93X 8 L [A (%) B e 2
E FEA
1 ARSI
1.1 w4 IR

VIE K (Zea mays 1) 5 F #R 28 958 Sk 3 46 44
K Je 1 0.5% NaClO X £ KR 7R # 15 min,
PEHIZEIRK T 40 Ve, BT N TAARAR TP ik 24 h,
RIGHA A 2 )2 IR R 4, T 28 C
TREE A 2 d, B R B ZR K 3 W, LAPR R B 400
. WO H R4 H— S 2 i 1oL IR IR 58 N 4k 2k
Bt ARG K & ok — .0 4y 34T 18 %6 PEG Ml
4 CARIR 30 Ak B, b RN 5] 535 4 0.2.6,12.,24 h,
AL 3R A A [ B (8] B2, 5 0 4 S50 A B 6 4 0 %o
HEKRLE 2 7 K2R, WA B G R AT —
70 “C AR VKA A5
12 FINRBREYVERESHT

FI KRS B AU IF h C R CIPK F1 78 NC-
BI (4 /& http://www. ncbi. nlm. nih. gov/BLAST/
o HEAT LR, R A PR AR R s HOR IR T oK Y )y
G, 3R A% )7 505 B . SR A NCBI # 47 [ I8 7% 43
M. 454 DNAStar 1 Genedoc B 443 Hr 5 2 4 P fig
A7 85 43 B 38 o 7E £k T B Chttp://www. expasy. ch/
prosite/) 4T,
13 EXHEERE RNARELF cDNA £ — 41
BH

JH Trizol 4 Hiat 56 20 A0 XF BE AT K i FOAR 5
RNA, ¥ #7464k , 28 Dnasel (Promega 2 #)) 4b
FRS LB 1 g RNA, L Oligo dT N 51#1, £ M-MLV
Wik S B AR R, 3% B/ Fermentas 24 7] Y Rever-
tAid™ Firs Strand ¢cDNA Synthesis Kit U B 45, ¥ %
SEA R cDNA S5 —5E
14 514zt

%% GenBank & 5 5 40 B AY104819.
EU974290, EU968441 1) 3 A F >k 3 B i #% 1 e 7
G, MR 48 B K Gk 5 | W i it JE )L A ] Premier 5.0
BAFBRIT AR S 9. B A 5193 i BioSune Bio-
technology Co. ,Ltd. & M. HHFEK I MHmBER 2.5
mmol/L. ST K& BKEMER 1 PR,
1.5 FEMEEMIET ZmCIPKs BIFRIESTHT

I 396 5 S A B cDNA K 154 o R 5 1 11 3

5% 30 %
*x1 s19FE5
Table 1 Primer sequences
R GEY] 751
Gene Primer Sequences(5'-3")
Actin? P1 GTGACAATGGCACTGGAATG
ctin
P2 GACCTGACCATCAGGCATCT
P1 GTCGTAGAGCTTAGGAAATC
ZmCIPK1
P2 CAACCCGGTGGCTAATTTGC
P1 AGACAGCCAT GGCTAGTTCG
ZmCIPK17
P2 TGCAAGCCGA TCGAACACTC
P1 GTTGTAGCAACTTTGCGTAG
ZmCIPK18
P2 TGTATGCACACATCTCCAGA

A REFIE RS 19, #:4F RT-PCR 204, PCR i 1A %
7:10 X PCR buffer 2 pl,2.5 mmol/L i dNTP mix
1.5 pLL, 10 pmol/L S 1 pl, 2.5 U/ul. Taq i3
(KM 0.2 pL,cDNA 1 pL,#B4lisk 13.3 pl, S
20 pl, PCR RN FEJF R 95 ‘C FilZEHE5 min, 94 C
A5 30 5,38 K 30 5,72 CHEH 90 s, 3L 30 1E IR,
72 ‘CHEAH 10 min,4 ‘CLRAF 1 hs SR )5 HEAT AR HHEE I
HLUK . LA B-Actin2 VE R PIBR , R8I0 35 PR A AR 6 R34 7K
T CRAS Y BEAER 300,

2 HBEREHMH

EMERESW
FIH KRG B ARG IF o 2 H CIPK JP 41, 3l it
NCBI #4848 R 3K A 2 5% BAs)P 41 2 Fuk e
FE XS R BE A 25 50T . 4K A8 T 3 AW BERY oK CIPKs
FPa oK H 5K R R T 9 CIPK OB DL &
MENTEHA CIPK G R PE L5 A8 358

HE— LR . ZmCIPK] &4 1 395 bp BT
BB HE CORE) . 4 5 464 A2 5 W2 . 4> F i & J2
51.87 ku. SFHL S R 7. 38(F 2), B IZFE N G fis &
FIR TS GenBank H H At A= 4 11 2 3 R 7 51 HE 1 7
FeXT, & B 5 KRS OsCIPK1 RS IF AtCIPK] ¥
GRS 0 R 84 %0 F0 61% . FAZh A 15 /0 M4
UK 2,27 ~50 i AW 2 ATP 45 G i 5, 7E
140~152 o 7 A (2 1R / 7 24 B2 T I Ao i BV N-J il
WA 25 # 38, 310 ~ 334 7 R C-IE 5 BBl NAF {4 <F
B, NAF 7E i A7 1) CIPK o #f w&5 BE AR 7 (& D, i B
=5 CBL BAEFT LR M A0, NAFBRTHEA S
CBL 254 AEHS iR Re 3 ] CIPK 2 1A B 14 3 i
T PE  N-J S C-IR T 32 CIPK 25 (1 B4 A P 45
P
ZmCIPK17 &4 1 389 bp 1) ORF, 4t 462

21
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FIETR, 4> T & h 50. 46 ku, ZEHL 5 9. 32(F 2),
FEAZBE R T g 0 1) 2 L TR 7 4 5 Ho A Al 0y 9 ik A 7
Xt KBS oK ZmCIPK16.KR§ OsCIPK16 F1
IR IF AeCIPKS [a] U5 % 43 9] 5 35 96 % . 81% F0I
55% s B A TIREAL ST 45 5 (R 2) KB i BE T 4 i

ATP-binding region

MO SERR 28 ~57 B MG ATP 45 4 0 41
147 ~159 i J& (& PR /95 B R 45 & 1L 11, 324~ 349
fr & C i 55, B NAF 57 X, Hdh NAF #1 A
(PR FORP R M) | LGEE M) & 5 B 1 5F 19
(B D,

ZmCIPK1

VNGEQ-—RADAEC LSER-FID 65
At CIPK1 R —RQ——iF.KKCg ADLN-FSI@ ¢4
OsCIPK16 JRAR-EERADQ RRTE%V 67
ZmCIPK17 3 SGR—EAS PGEE] RRTE 73
ZmCIPK18 5 SRRREG2AGGE] RRME 73
ZmCIPK1 139
At CIPK1 138
OsCIPK16 140
ZmCIPK17 146
ZmCIPK18 146
ZmCIPK1 213
At CIPK1 212
OsCIPK16 214
ZmCIPK17 220
ZmCIPK18 (M2 220
ZmCIPK1 287
At CIPK1 286
OsCIPK16 286
ZmCIPK17 | 292
ZmCIPK18 294
300 * *
ZmCIPK1 DDEDVLPSP——---APSIKEPIEE- 346
AtCIPK1 TCDEEEVDTDD--BAFSIQ NVSERRI 349
0sCIPK16 TSPVSPRRWE-—EDD-—— VTG ——————— ORAAT—— 345
ZmCIPK17 SPPVTPEKQQ-LDEG——A. OKTAT—— 361
ZmCIPK18 SPPMTPKKRL.DGDDGGGGAMFIES——————— HKAAT-— 359
*

ZmCIPK1 LI K I 1] : EAEK LKNSKCSENSRNPSS S¥ 420
At CIPK1 o KHAK OB E— ENQKGQV sC 420
OsCIPK16 e Kle | R 415

ZmCIPK17 D e Kle ! 2 5 431

ZmCIPK18 A S TTIREKE - SMEA-——[JAGGTNG. 429

* 460 * 480 *

ZmCIPK1 RQIEER-———-JSsCEJACKTEQIARTESSSDDLSSLDGEAFPLSGF 464

At CIPK1 ROLYER—————LKDMGTSSPEQEIVT———————————————————— 444

OsCIPK16 NK§§VDVRP ADT] Vf“WQ%RPnAPDVI\AI\TVF}CS PA———————— 456

ZmCIPK17 INKF¢eAVDVRPQETET] SWQGSH SPHAAVGTA ———————————————— 464

ZmCIPK18 NKE&AVDVR PGEAEINWAWOGHS SPEAVVGTA ———————————————— 462

OsCIPK1 & 5% 5 /& NP-001042792 Accession number of OsCIPK1 is NP-001042792; ShCIPK21 % % 5 & Q6ERS4 Accession num-

ber of SbCIPK21 is Q6ERS4 ; B {4, [ 5 /R — EUF 51| Consistent sequence are denoted by a black shadow ; K {4 [ % 27~ [A] ¥ %) Ho-

mologous sequence are denoted by a grey shadow; ATP-binding region % H LGQGTFAKVYyArdlsaaagtgsts. . ... VAIK 4 5F 4 5 /Y

ATP %54 X3 ATP-binding region contains a conserved position of LGQGTFAKVYyArdISAAAGTGSTS

VAIK;Ser/Thr kinase

domain : CIPK 2K {4 #4 i i 1k 458, The catalytic domain of CIPK protein kinase ; Activation loop i F{#5F Y DEF Fll APE J#%1] 2 [A] Acti-

vation loop is located between the conserved DEF and APE motifs ; NAF motif @& JE %57, Hrp AF. L 25 E £ 5FH NAF motif is con-
served in the CIPK family and A,F,L are highly conserved in the motif.

1
Fig. 1

ZmCIPK18 A 1 395 bp 9 ORF, 4§ 464 4
FIETR 4> TN 51,00 ku, Z5H 5 8. 41(F 2),
W 5 5T 2 5 19 B R )P 91 5 GenBank o Ho At AH
YR #EAT X RS £k Zm CIPK16 [ 8
E5ik 89% . 57K G OsCIPK16 [VEPE K 81% , 5l

E K ZmCIPK1.ZmCIPK17.ZmCIPK18 5 H {1 4& 41 CIPK W [E] iR 14 & &5 # i 5 0 #

Multiple sequences alignment of plant CIPKs and analysis of the structure

T AtCIPKS WIRIETE R 57 % . HE D T g s 22 5
R I DI REE S 0BT (3% 2) 2. 28 ~ 57 i S FE R
S ATP 45467 5,147~ 159 i @ MR 2 24 AR/ 75
SR 5, 326 ~ 351 7 & i JE PR SF ) NAF 45
P s,
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F2 3N EFEFGENEAERMESDELISHT
Table 2 Analysis of the properties and domains of the proteins encoded by the three genes
_— S e HEHIRENL S M Analysis of prosite
e AR k A - . o - .
FH . = T EAWMW ATPE4ME LR/ IR E F WIS V5 y
. {#HE/bp  Numbers of i /ku e ) k - NAF % #4 5k
Gene . . pl Protein kinases ATP- Serine/ Threonine protein i
ORF amino acid M L . . . . . . NAF motif
binding region signature kinases active-site signature
ZmCIPK1 13 95 464 51. 87 7.38 27~50 140~152 310~340
ZmCIPK17 1 389 462 50. 46 9.32 28~57 147~159 324~349
ZmCIPK18 1 395 464 51. 00 8.41 29~57 147~159 326~351

22 RT-PCR&RH&4H

DZmCIPK1 £ PEG RARE 8 T B ik
K. 7E 18UPEG Ml F . ZmCIPK1 fEM H b &3k
U T 24 h Ik B AR, R IR AR
W5 2 h ik 5.6 h BRI FF 4R B AR, B 5 — B A
FRALAKF (B 2-A), 7 4 CHpia T, ZmCIPK]1
TEM R th B K- 218 T s fE 3 2.6 h I8 {E
AN, a8 12 b FE R H 2GR R B 4R K
VL BERTE 24 h APV, ERI, Zm CIPK]
2% 35 B A AN R AR K, 78 B 3E R RS S T X R
(B 2-B) ., FiR 45 R FEH. TRWiE T, ZmCIPK1
FE I o) RN BB AR Y, — PR KO i

A L L L L
ZmCIPK1

Actin2
B L L L L
ZmCIPK1

Actin2

Oh 2h 6h

12h

24 h Oh 2h 6h

R U St T TS SR A R iR i, R R
W 107 B2 B SR RS, S /R T Zm CIPK1 fEAR 5 f ep ]
ReZ 5T 2 AAFEE T 28 s . m e (%R
Ji 8 . Zm CIPK1 78R Jr B AR v 3R 5K 728 16 i #545
hy—E, i AR R A,

FRATTHE W AE 28 52 AR P 38 B AR N R AT
— ZY A A ZmCIPKL F£ik MW, R )5
5 | SR 7 F A 3 AR AR Ak A5 R ) 3 A TR PR B
R, i3l — B R] S Zm CIPK1 By 63K K A
PR o T AR R AT I 1% J% R — e 22 M o, X i i
& ZmCIPK1 TR v K8 B IF A 8 3 — 4>

12h 24 h

L R R R R R

12h 24 h

A:18%PEG 4b B 18% PEG treatment; B:4 “CAbHE 4 °C treatment; L:M Leaf; R:M Root; Actin2:P2% Standard control.
B2 ZmCIPK1 EFE2EMEEBELETERYEHFRPHRIE

Fig.2 Expresssions of ZmCIPK 1 in maize seedlings under drought and cold stresses

2)ZmCIPK17 £ PEG KARIE MG ) 3 154
K. 7€ 18%PEG Wit &, it 5 Zm CIPK17 78 %}
MRERIK /D, 2 h BT . 6 ~12 h 3R 3K g fl
TR 24 hik B R m BIFE T 238 T, Zm CIPK17
TEM o ik B — R SR8 s K. FEARER , Xt IR
' ZmCIPK17 JLP A RIS, 2 h RIXEB &,
Z BT IR 2 B K B 3 R R G
T JE BEAR (B 3-A) . #E 4 CE R, ZmCIPK17
P B FIAR v ek LT 0, H a8 2 h, 7ERF
B Rk AR T H R 2~ 12 h Rk
—HFFEAR 12 h ZJF %W TR, 24 h KKK
ik, TEARER, MESE 2~24 h FKik A B W&

G H 24 h Rk m (B 3-B). XBERATHT
LR 38 0 A B ), Zm CIP K7 3 K e
SRk, HLAE — 5 i 8] B 4R KO, LR
YR AR B A St Bk, IATHED Zm-
CIPK17 7€ T 2 AL E M8 F# A EZ/EM .
3)ZmCIPK18 1 PEG KAKIR Ml T 19 3 5
A, 7E 18UPEG Wil K, A Zm CIPK18 78 Xf
MR AR, T30 2 h )5 3 2K gl 70 1
JpiE 12 h 3k WS GLT BE, 24 h R A KV ik B i
w AR E L EX B D iR iA L, 2~24 h KRB R R
B MR (E 4-A), AT, ZmCIPK18 3 A
B R] A T 52 38 R, 76 iy FIAR v 3R 5k i
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Fie s HAE AR A b i 3 5k R O L, HE D Zom -
CIPK18 7E 0w [ 1 58 v R 2 AE

TE 4 CHMHE T . ZmCIPK18 TEM F % B A
FIR L IEARIR IR AY 6 h N, KB KPFEATHE B
B, HEIpEE 12 h iz LW REEA A S, M
24 h Rk A ARG R ZmCIPK18 X M
LA F£E. A8 )5 2 h, Rk E KR -

A
ZmCIPK17

Actin2

ZmCIPK17

Actin2

Tt 8] 24 h FBRADAEFFR S KT (B 4-B) . B,
RIEMNE TR . Zm CIPK18 M AR H Y 23k 28 1k
A 2E S U AR 2 TR A I R ROAR SS ) 3R5A AT
fiE 52 AN R A0 A5 5 5 S a8 40 O 4, 7 X 0 A 3R Pl 3 v
REETAEH . R A RS T E 145 R
WiR T ZmCIPK18 75 AR v i 98 2 4F J 7T 8 17
L,

24 h

A:18%PEG 4b ¥ 18% PEG treatment; B:4 ‘CAb¥ 4 °C treatment; L:M Leaf; R:M Root;Actin2: % Standard control.

& 3

ZmCIPK17 E TR F{EBAIE T E RSB MR by RIE

Fig.3 Expresssions of ZmCIPK 17 in maize seedlings under drought and cold stresses

A L L L L
ZmCIPK18

0Oh 2h 6h 12h 24 h Oh 2h 6h 12h 24 h
B L L L L . R R R R R
0Oh 2h 6h 12h 24 h 0Oh 2h 6h 12h 24 h

A:18%PEG 4 ¥ 18% PEG treatment; B:4 ‘CAbH 4 °C treatment; L:M Leaf; R:# Root;Actin2: % Standard control.

4 ZmCIPK18 ETEMEBAETEXHEMHMBPHRIE

Fig.4 Expresssions of ZmCIPK 18 in maize seedlings under drought and cold stresses

3 W #

V25 £ B, CIPK 15 36 B3 i 38 v & 5 5 %2
YEH, BLIR—HE % CIPK 0% A A ) A 5% 7 306 55 oy
R RN A EE RO Re AR AE AR K 22 5, AR AL
W AAH R 1010 %f CIPK JE N 5 AR 3% 85 i T
fTh BE L 5 & B . — 26 CBL-CIPK 1% 5 & 12 76 A [A]
P e BT — 2 DRSS AE [ 5 R X 39 85 Jly
TEL PR IS R A ) 2 T BE AE S [ B 4 ol b T BE AR AE 22
Spttoertool S i, A A 9 6 T CBLL CIPK 1)
WFIF AR 2R R Z & S Y CBL-CIPK
RGeS IR ALE]

TR AR NSRS ABA, K

M5 AR A I B ABA B HE ) T RE L 7E A 2%
S, B AW K W, AtCIPKL #] DL 5 CBL1 Al
CBLO M E AR, 40 5 A 5 ABA K # F1E ABA 4K
i 2 il 5 & 48, CIPKL fE N X 2 FifE S i R 52
XSS5 T Wb 3 N £k . R &
W ZmCIPK1 F ZmCIPK17 7 + 5 W38 F, £ 0
R RBELSEAEREESR, £ T R
F.ZmCIPK1 5 ZmCIPK17 fEMh ik & —H
b F A KT ZEAR Fh a2 h Rk mE & . e
FEARTKOT BEAR . HEM & AT X 555 A U ) AR
KAEM PRI GES 5 T 2 RO 6] (0 08 55 34 42 . DT 7
ARIA A KA R ER . T AR 5t b iy 22
FRIKXET SN ABA B4 L LN 2R/
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o gl K ¥ R

530 %

wal LRI A 5 ABA R JE ABA HRBE% 12 18
Tt — LI IUE, WA Zm CIPK17 78X} #f
JUT A 23k, A3 25 R, JLAE AR 55 b rp AT g
T SR B SR A7 3015 5 9 R 2% L i FLWHIG TR
i 0 4 7 5 o R PR 3 R IS A i 3 A
ATRERIRT 25 T 902 Kbk i 42, (0 H HARE AL
A T ik — BT

K s £ W & —Fh CBL MR —£&
CIPK tHEAEH . & —Fh CIPK /EH T 1 Fhoi 8 £
() CBL, EATIE B[] 1 &2 G 0 390 5% ik 38 v & #5
TR B A P2 e, B A M CBL4/CIPK24
FEM PR A IR N 2 A5 Na ™ 2 iR Ah, DL 2>
AR EEE L M CBL10/CIPK24 78 #y b 343 i v
B Na™ B0 P LU Na™ B9 T , 33 1k B AR F
mA] LAF) AR [7] 9 CBL-CIPK 4H & i 3 4% & 10 3%
BAFE S ARG R R T
ZmCIPK18 A RETE £ K &) 1 M 5 1k TS v M 1 &
E— AR Horp L DI RO B3 . Ah T
RIS R, Zm CIPK18 1A v 3k B gl 3 i
S AE b e N S L T ) A R A AR B
AR TR, XK R T ZmCIPK18 fEH 5
A gl 5 A CBL 245 &1 A [ i 2 A 1k 2
52 MARNGES &, bR P S 501G 5%
F22 B A% T8 e 0 AR 8 . PT L, Zm CIPK1 . Zm-
CIPK17 5 ZmCIPK18 [ 3% ik #2017 16 45 5
e A WS 5 AR CBL 454  fE AR AL
REREER? XEERSH T ABA Kk 2k
ABA MM i A2 B I ANTE A L 7 T B RUIR R B 38
T BT RNE &A% I [0 38 2 1 1) 1) 0 95 4 A AT 15
Fit—2 5%,

Z % x M

[1] LIRF, ZHANG J] W,WEI ] H,et al. Functions and mecha-
nisms of the CBL-CIPK signaling system in plant response to
abiotic stress[ J]. Progress in Natural Science,19(6) :667-676.
[2] ZHAO J F,SUN Z F,ZHENG ]. Cloning and characterization
of a novel CBL-interacting protein kinase from maize[ ] ]. Plant
Mol Biol,2009,69(6) :661-674.

[3] LUAN S,KUDLA J. Calmodulins and calcineurin B-like pro-
teins calcium sensors for specific signal response coupling in
plants[J]. The Plant Cell,2002,14 :389-400.

[4] ALBRECHT V,RITZ O,LINDER S.et al. The NAF domain
defines a novel protein-protein interaction module conserved in
Ca-regulated kinases[ ] ]. The EMBO Journal, 2001, 20 (5):

1051-1063.

[5]

L6]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

KUDLA ]. Calcium sensors and their interacting protein kina-
ses genomics of the Arabidopsis and rice CBL-CIPK signaling
networks [ J]. Plant Physiology,2004,134:43-58.

GIRDHAR K,LUAN 8. Calcineurin B-like protein CBL9 inter-
acts with target kinase CIPK3 in the regulation of ABA re-
sponse in seed germination[ J]. Mol Plant, 2008, 1(2); 238-
248.

PANDEY G K,CHEONG Y H,KIM B,et al. CIPK9:a calci-
um sensor-interacting protein kinase required for low-potassi-
um tolerance in Arabidopsis[]J]. Cell Research,2007,17:411-
421.

XIANG Y,HUANG Y,XIONG L Z. Characterization of stress-re-
sponsive CIPK genes in rice for stress tolerance improvement[ ] ].
Plant Physiology,2007,144.1416-1428.

YANG W Q,KONG Z S, OMO-IKERODAH E, et al. Calci-
neurin B-like interacting protein kinase OsCIPK23 functions in
pollination and drought stress responses in rice (Oryza sativa
L.)[J]. Joural of Genetics and Genomics,2008,35(9):531.
XU J,LI H D,CHEN L Q.et al. A protein kinase, interacting
with two calcineurin B-like proteins, regulates K* transporter
AKTI in Arabidopsis[]]. Cell.2006,125: 1347-1360.

QUAN R D,LIN H X,MENDOZA I.et al. SCABP8/CBL10,a
putative calcium sensor,interacts with the protein kinase SOS2
to protect Arabidopsis shoots from salt stress[ J]. The Plant
Cell,2007,19:1415-1431.

HWANG Y S,BETHKE P C,CHEONG Y H.et al. A gibber-
ellin-regulated calcineurin B in rice localizes to the tonoplast
and is implicated in vacuole function[ ]J]. Plant Physiol, 2005,
138:1347-1358.

HU H C,WANG Y Y,TSAY Y F. A:tCIPKS8,a CBL-interac-
ting protein kinase,regulates the low-affinity phase of the pri-
mary nitrate responsel ] ]. Plant J,2009,57:264-278.
TRIPATHI V,PARASURAMAN B,LAXMI A, et al. CIPK6,
a CBL-interacting protein kinase is required for development
and salt tolerance in plant[ J]. Plant J,2009,58:778-790.
. Kk ZmCIPK31 25K i e R 5 P 4r A7 (D], db st o
I 4l k27 B WF 52 B 2009,

FULLET o -, NI R (R o7/ B E R A U o S - S B 4
D ZmCIPK3 1) cDNA T¢ R M R X FEMELT ] TR B2,
2008,16(6) :52-57.

TEFME. FRKAS B R B & [ ZmCBL1 5 ZmCBL4
) v S I RE 2 M LD, b st . th B AR K= - 4548, 2007,
MARTEFNEZ-ATIENZA J,JIANG X,GARCIADEBLAS B, et
al. Conservation of the salt overly sensitive pathway in rice[ ]J].
Plant Physiology,2007,143:1001-1012.

ZHANG H C, YIN W L, XIA X L. Shaker-like potassium
channels in Populus,regulated by the CBL-CIPK signal trans-
duction pathway.increase tolerance to low-K™ stress[ J]. Plant
Cell Rep,2010,29.:1007-1012.

JERE AR SR, Fesr b, . R B T H R R E AR E
SRS B L) ], £ R R 22 2 4, 2010, 29 (4) : 408-



%55 £ OB oKk 34 CIPK [ P B 76 T 5 R IR Bk 0 1 3Rk 43 551

412. ated targeting of CIPKs facilitates the decoding of calcium sig-
[21] D> ANGELO C, WEINL S, BATISTIC O, et al. Alternative nals emanating from distinct cellular stores[ ]J]. The Plant
complex formation of the Ca-regulated protein kinase CIPKI Journal,2010,61:211-222.

controls abscisic acid-dependent and independent stress respon- [23] KIM B G,WAADT R,CHEONG Y H,et al. The calcium sen-
ses in Arabidopsis[J]. Plant J,2006,48:857-872. sor CBL10 mediates salt tolerance by regulating ion homeosta-
[22] BATISTIC O,WAADT R,STEINHORST L.et al. CBL-medi- sis in Arabidopsis[J]. Plant J,2007,52(3) :473-484.

Expression analysis of three CIPKs homologus gene
in maize under drought and cold stresses

WANG Qi WANG Wei SHEN Teng-fei XUE Rui-li TAI Fu-ju

Henan Key Laboratory of Food Crops Physiological Ecology and Genetic Im provement/
College of Life Science s Henan Agricultural University s Zhengzhou 450002 ,China

Abstract Three CIPK homologous sequences (GenBank accession number: AY104819, EU974290
and EU968441) were bioinformatically isolated from maize. Then a sequence coded by them included the
motif of the CIPK family and were named as ZmCIPK1,ZmCIPK17,ZmCIPK18 based on its homolo-
gies. RT-PCR analysis showed that the expression levels of the three genes changed under the treatment
of 18% PEG and 4 °C. The expression of ZmCIPK1 was changed obviously in roots under the drought
stress,but changed little under the cold stress. The expressions of ZmCIPK17 and ZmCIPK18 were
both strongly induced. However,there are differences for the expression profiles of the two genes in dif-
ferent stress. At the same time,the expression profiles of the gene in leaves and roots were also differ-
ent. These results showed that ZmCIPK17 and ZmCIPK18 may play a key role under drought and cold
stresses with different mechanism of regulation.
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