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EYFREE Ca» FSE S ERIHLH

FEH FNT

ERIME X ZEE GRS, R 200062)

Ca B FN-FALM AP RAZ T AR L, AT 2P ARidAR, CBL A —FP 4L

Wb K ILE Ca> 4546-% 4, L3¥EE 4 CIPK, st CBL-CIPK 42 5 4% £ % & L hofT % Ca¥ 12

HE
Bt P4 AT SRR,
xR CBL; CIPK; Ca* (554 %,; ¥

FEZMMIME S, BRFEEY R IEEY T
B, S5EEDABEA Cax REMSAE4, FH
HMFEZEENEKRKELE, REMNEK. &
MEMEMER, #ZH Ca {5k SEHIKST,
B FAFBME 5 51 AR R 2 40 i s N, BT A
20 2 B X A AN [F RIS | 2 1 Ca WREARAL LA KX
EHBZESERTEENEREENEY SN
B OA MR YIS & IR E 2 B A R 53
FURT DX 38R e P A B BN R A 5 R AR e
AT N IR R R, {HOR A B S R B
X Ca MIE SRR ? X EMM Ca? K2R
Ao IREZAFIE T RS Ca¥ HIR 2 MM B 1)
FAM, BRI Ca> WERIB ARG T4
EMHEN, EARKNRN, RARIHHEDH
BFAEERN . EaSEY T oS E LA Ca>
BZEE. BEANFEHPRSHEERCaM)M 524
KMEA, HMAZRERE RHRES Ca» 44
EF FR& M. 5 R MBI & B #E8 (calcium
-dependent and calmodulin-independent protein kinase,
CDPK), ‘EAUALE 5 CaM AL Ca2 5418, it
A —NERBEE . FTUAMUAE Ca> 235 ThEE, 1M
HA Ca* Bz iE R FIhRE. Liu %91 Kudla 500
51 51F 1998 4R 1999 FAERUB S+ AT T — i)
Ca B2 35K, ZF R B S sh v 5 B
BRI Y B —— 45 VR B IR BE B AHIBL, FRZ 4 CBL
(calcineurin B-like protein, CBL). CBL L& (134
K J(CBL interacting protein kinase, CIPK)}#8%g
H, BEMEFPOLRkIA 10 B CBL #1125 #
CIPK, /K#&# 10 F CBL 130 ft CIPK"Y, 7FH:
AR EA R, BEFES s
FFH44R 7~ 84N CBL A1 CIPK MIfERT . E3RB I
F &5 RFEW], CBL-CIPK fIAHEVE MR 72 B
WHRS, EREBAESEETEMEN, SiFEDXT

A A=Wl LA R IR % B (ABA) I R N . T M LASSL g
I HEFRANE— FCBL-CIPKIZE S S RS L HE
AR % Ca W5 54 MR,

1 CBLRERESERR

FERREITH, CBL(AtCBL)HI— MNIEF R
B, HEIDEMEXNFEKREDE 10 MR,
AR T EmEM G SKE AR, HEAX
SRR ENRIEBHIE A RR R TS R AT
20% % 90% HNAZFHU0, CaM H 4 PMENE - FF - 18
FAA( helix-loop-helix structural motif)(EF T 4544),
EF FR &ML H TR T 12 MEER AT
¥, ACa* &iafimHEd 1, 3,5, 7, 9A12
MEFERAH LS Ca>, 1M 1(Asp). 6(Gly). 12
(Glwfr 2 H 3 AN ERTFHEER] ¥, CBL 5
CaM K] EF FHREM R FERTFITH LAML, HAib
JRF RIEHEAR /NS, iR 48 CaM ) EF FREEME
{ERBA R, AN[E K CBL B E AFRSE R # 5 EF
FR4H): AtCBL6. AtCBL 7. AtCBL 8. AtCBL
10 [UEFH#MEE—NHAIR EF FREH#), AtCBLI.
AtCBLY BHE X HF MK, AtCBL2. AtCBL3.
AtCBL4. AtCBLS NIER B A # A F EF FR AU,
H 5 2 B R AR S5 M 20 AT R B AtCBL2F F A B
5 Ca 456 EF TR 454, RE & EF FREWK
EHMAYFF04, XA CBL 454 Ca* fIfe /11
HEREAN—FER . XHA CBL /A —Fh Ca RZ 3%
TR 2 PRI R RS Ca® AR ILIRME T 2554,

2 CBLHJ3EEH—CIPK
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5 CaM #H[F )& CBL BARAEL S Ca2, HE
S RA BRI, SO HAL RS AR A B R 1E
HAEH . RIHBEREAH AR Y 2 H CBL HI¥E A
REEBBEFE GRS, 4k CIPK!Ise, CIPK 5
SNF1/AMPK FKEAE B L RAHKK, BT Ser-
Thr FHH B, {B7E C imXIREH — A K 24 4
RAIEFR A A T BN NAF Z5 #3507, 53X — i
#& CBL-CIPK HItHEAEHET AR /D), NAF 45
BRI FFILERT A CIPK & E{R5F. CIPK i N i fg
MBI CBL-CIPK HIAH BAE RS, fns2 84
CIPK5 A 54E4T AtCBL/EH, ME#k T N ifif C
i[X 1% 5 AtCBL1. AtCBL3. AtCBL4 {EFEHE,
X W] CIPKS ) N i X 3 fE 52 & FHAS C X 85
AtCBL fI/EH . MiHksk N i) CIPK1. CIPK2 #l
CIPK3 #ft 5 AtCBL1 1EH, ERN 523 E AR
MEAERRK, 2% CIPK1 85 AtCBL1 fEH . [F#E
AtCBLA4 £ 5 CIPKS A1 CIPK6 H%k 5% T N i i) C 3 X
WHARER, MALEEE CIPKS B, RE55%
#[P) CIPK6 1EH o B RE XU AAS I &5 3% B 45— Fof
CBL A4 —% CIPK M EAEH, 49 —Fh CIPK
YEHF—FE# £/ CBL. CBL-CIPK HiX s
7+ 5 5 HI/E R NLHIZR B IX B Fh 2 R KK Th e L s
FHMEEM,

CBL1 5 CIPK1 MM BEAE AN S & 451
AK, EFHEMBERKFE LK Ca2 09, BN R
FKH i Ca> # EGTA 4 # /5, CBL1 5 CIPK1 2
BIANRAERRN . TIIATAEE /R &K Ca> B, BHEZ
B RMNAEFEHE . XU T Ca* & Ca* RZ /e
8 8 1 AH B4R F RO A & (R 09,

3 CBL-CIPK Z4if##% Ca* 5SS /Y4F
14

YA RS FHARRIE T, BP0 RN L
ARG Ca> IRFEARML, T B R I A B 24 0 A1
FZERK. LR BRI, T00E 0 E M AR
%, #RAEH Ca¥ IREEBILFFERST, FHARFFHHI Ca>
FEMENE . LSRR RE, SBE, 5
W%, B5(5 ST, %R E LY Ca
O SERMN, i Cax 5 SR IERAL N
BH T 5 Ca* A1/ EA®., KT CaM
CDPK HEMMIR CE AL HiE, WIEBIRZH
R, HERSRFEAMEEATRS, HRERRK
JWME. AHEZ T, CBL RfF —XEHH—CIPK,
BT LA R 50 8 .

fERLEE SF R A 10 B CBL 125 #h CIPK, 7KF&

7 10 F CBL 1 30 # CIPK, X ¥ Ff 2 (K 5K ik 4
I SEE L ThRE LR R R e ? LU I
%, L3RV CBL-CIPK KA BAEH S 51
Xt 2 Rl DL K BV FR (ABA) I N o G bl 587%
EHERRI A PUA TR R AP R MRS, HHZR
AR AAEAR ST ABA F N2, T A0 ER e &
£ CBL1 2R K AW T CBLI Hid ERIER
FAAR B B 158 T Xt AT R 52t (HIRSS T
A, XEHFE R T CBLL Xt AT 28 FIER
VAT, XA RN R . R Ca> Rt
T FREA R, BRAMEN I Ca? W B A AL,
1% % CBL1 255 2 5HAWmMEE, RIAH
Tl AN [ A B RGN 6 4R 2 v A [R] F #E 28 11 B CIPK SE 3R
K, MZ5H0A ERER LR Z LK CBL-CIPK
(B 1), F1CBL1 [RIYEM: &X 85% ) CBLY HFH 8
FTHE1HFHJIA RS i T-DNA #HAT S L
cbl9 AT RFE U T FEAR T ABA ) N AT
A PE0D; T CBLY fid & 3Rk MR bR B 3858 T i
MR RRRER, KET 2004 47 HZE4(Sheng
Luan) oA 7E LR T RIZHI# % ). XHE CBL1 M
CBLY AN[EHI4EE H CIPK Al REREENS 5 ARFER
1558842, 1 CBL1 Xt CBLY 25 14 R N2 it
SR CBL1 5 CBLY A LRI =, BA XT3t
FEEANSE S TREESERN, A HEN
CBL9 %f CBL1 2 5T 8 [k B & Ff 1. BEERNA
R 45 R LA K2 Th e r TR B CIPK 7 &
CIPK9 f # S 5V RN, CIPK3. CIPKS.
CIPK10 ft 7S 5HYFIPuAtE, CIPKL. CIPK4.
CIPK8. CIPK18 Fifigf2#2 5 (& 2). Microarray
R4 R BT RMAELM T RIS HEM
CIPK % CBL( 3)36AE T ¥ sl 4516, #4r CIPK
HIZhRE D ATABERAT R . A WARIME S RIEG 1

Drought Cold
| o
CBLI\ CBLx

CIPKn CIPKz \>/ CIPKy

Gene expression Gene expression

Drought responses Cold responses

Fig.1 The model of positive response to drought and negative
response to cold mediated by CBL1 (Unreported results, from
Sheng Luan’s speech in the seminar of “Genomics to Proteomics
and Metabolomics”, July, 2004, Shanghai)

X, ¥, z, n: represent speculated CBL or CIPK individually.
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Drought Cold fRE MR R R BG RA R A RN . U
l RIFFH 10 F CBL &5 25 # CIPK, JUe ELT %)
CBLI CBL9 CBL-CIPK I ZhREAS 2 T [#BH, 1 CBL4 Al CIPK24

il CIPK1,CIPK4, {
CIPKS,CIPK 18
CIPK7, CIPK9 CIPK3, CIPKS, CIPK10

Gene expression \/ \/ Gene expression

'

Drought responses Cold responses

Fig.2 Responses of the plant to cold and drought mediated by
CBL-CIPK (Unreported results, from Sheng Luan’s speech
in the seminar of “Genomics to Proteomics and Metabolomics”,
July, 2004, Shanghai)

CIPK3
CIPKS
CIPK10

CIPK1,
CIPK4, CIPKS,
CIPKS, CIPK18

Cold

Fig.3 The microarray results showing enhanced expression
of CIPKs and CBLs induced by drought and cold (Unreported
results, from Sheng Luan’s speech in the seminar of “Genomics
to Proteomics and Metabolomics”, July, 2004, Shanghai)

5 B TR B AE AT AR A AU X S R M AR AL 81, IX
FhAR L REW S 0 Ca? B2 8% CBL &N, B
] CBL-CIPK R &tfift % Fifss R A RNV .

4 INGE

Ca* fENHEYIRI Z s S FERFHE—F
ff, MR Ca¥ EFELHEMIAEG SR TN T4
MRS F RN, fIEEEBENHRER. RIOHR
KB RILK) Ca? 52 3% CBL i@ it CBL-CIPK &%t

FEAER, (EEY APk rEls; CBLL A LA
MYPT SR CBLY M5 HA A X,
CIPK14(AtSR2)5%F 7 BB B2 ML A K e-22;
AtCBL2-CIPK 14 N#A K 505 5 5 G K02,
%] B CBL-CIPK #HE1E F M R P 48 2% R 48, A
ERHR EAEBEEREX, mAERLA A
FHR KRN AN . teinid B Rk iS4 54
) CIPK7. CIPK9 ] A i M5 S Pk 14 5 U 52 1 1
A5 i oA A PR R R .
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The Mechanism of Decoding Ca** Signaling in Plants

Yu-Ju Li, Xiao-Fang Li*
(School of Life Sciences, East China Normal University, Shanghai 200062, China )

Abstract

Calcium signals mediate a multitude of plant responses to external stimuli and regulate a wide

range of physiological processes. CBL, a new family of Ca** sensors, were defined in plants. These proteins interact

with their target proteins named as CBL-interacting protein kinase (CIPK). In this review, we introduce the system

of CBL-CIPK and the role of this system in decoding the specific signal of Ca?".
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