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Abstract ; Most of the signal transduction process is accompanied by the changes of intracellular calcium concentra-
tion. CBL ( calcineurin B-like proteins) / CIPKs ( CBL-interacting protein kinases) network as an emerging signal
** sensors CBLs and their
targets CIPKs. In higher plants,the recent studies revealed that CBL-CIPK network play an important role in stresses

signal transduction pathway. Based on the structure introduced, characteristics of CBL and CIPK, the recent CBL /

system for Ca’* decoding were reported in higher plants recently. The system include the Ca

CIPK research of different plants response to siresses were reviewed in the paper. Understanding the siress response

mechanisms of CBL-CIPK will help for improving crop resistance to provide new ideas and germplasm resources.
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1 CBL/CIPK (5ER%& %%

1.1 CBLZEH#EMT

CBL f1 314 7 59 CNB ( B subunit of calci-
neurin ) , NCS ( neuronal calcium sensor ) ELAG £ 5
7 3 6] 98 ok, B B B i 45 9 CBL™*, CNB,
NCS X $e2 fik ] 4 47 B B > BRI 45 135, o 1)
A—TBAEWNEEXE, XTHYNS, 81
CBL b&A UAMRSFHEAFE EF FRIL5H, 40
B 1w, S8 HE - 35 - R e R EF Theg i r s 5l
250, K3 e 12 N ERREN, A& H —
A o BB, 72 EF FREGHE E 1(X),3(Y),5
(2),7(-Y),9(-X)f12( -Z) B hHREE
MRESS Ca” BRH™,

CBL

ALK X
Catalytic domain Regulation domain
SEHEs
Autoinhibitary
iy CIPK

Y, NAF PPI

WiEH

Activation loop Junction

E1 CBL I CIPK &#gRER"™
Fig.1 Schematic diagram of CBL and CIPK™.

CBL @8 4 > EF FRIZHH (1 ~4) , CIPK B{RE5HRI 43 N i
BESX AN C WriRIE X, By A IR 3 N B X A —
MBUER, C A EX NE WA B2 83, — 12 NAT 454y,
FA—A2 PPL 454,

The overall structure of CBLs consists of four EF-hands (1 ~4). The
overall structure of CIPKs consists of an N-terminal kinase domain,
which harbors the activation loop and a regulatory C-terminal
domain, which has two interaction domains, NAF domain and PPI

domain.

1.2 CIPK ZA®N

CBL & H B B A E 4, 5 508
BER58FEH CIPK BE#1T, CIPK 2EY %
A —REBL AR/ 77 BRI & H#EE
CIPK 2 CBL W T if# B H, A N i X A
C Wi XM IIRER . C wmiAE X A FHA~8
BIRE I, NAF 444 1 PPI ( protein phosphatase
interaction) Z5 1, BN HA — 1 EHE B (R
Bl 1), NAF g5thil i 24 M RERAR, R4
=5 CBL BAEFTL T, PPI 514382 CIPK 5%
EBERBE R A ™ .

2 CBL/CIPK SR &SR EER
&l

2.1 CBL/CIPK {£ SR ST

Kolukisaoglu 540 B 3% 10 4~ CBLs BE4T
R EMRE—DH 5 CBL /MR EF FH
Z5¥,CBL1 f1 CBLY &4 2 M #LER) EF T84
¥ ,CBL6.CBL7 1 CBL10 H&A — MG
4EH , Widkl 421 CBL2 . CBL3.CBL4.CBLS 1 CBL8
EAEHIER EF FHRIZ54 . 76 A #lEJT CBL
H,N 35 . C 3K B A AR {8 EF FRZHEE
Mz RIS R4 AR, R CBL 7 =4 4510
ERARSF#T, CBLs F H ML EF F RIS
B E FHES KRR, S 3O Ca® By 3%
MBI EAR, X EREFRE CBLs §5/5 5 ot
REXT IR AR 2 RBU s B R B

CIPK & H N s & A — ML B 45 i 3,
BRI EA 11 A DI RRIR, A[F CIPK Z
AL S IR RV AR & 5 € S 3 A — M
BEKREE X, AR CIPK 2 &) & #5848 L A~
Fio CIPK #4LIRA —A~ i 7F R BR AR B 4 B 1
ALIR, ZIPLTF N 3 DFG F1 C 3% APA Z5#18>
W, BRST IS 4L 3R b B0 R R BR A R T
Z ARG, CIPK 7284 — MBS H B R 5
Wi, B B 3 R BT CBL™, #EI T A
AR ES 5% CIPK #9754, CIPK 7]
REFE DA HALE SRR ML 2 K 4E
. C uii#E X i) NAF 25 CBL BAE b
BzhResl, KW e B R, BEHASHAREH
YEZ 8], B G CIPK 2 R o 3L s — 26 J] ) X I 58
AT Rk & H CIPK 5 CBL Ry E A", B 4h
NAF 25t g stk R A M RI/ER, — Bk
NAF 5, CIPK #1452 28 0 A 4K H F CBL 9 R
BHB M EEEEENER, PTRERY NAF 2
CIPK 5FE A #:sHE 2C ABI1 ( ABA-insensitivel )
ABI2 ( ABA-insensitive2 ) H/ER} U FE BT, E 5
PPI fHEAE Y ABI B AN RRIRAS AR th e i
T 5 CIPKs #E 4 " . CBL 5 CIPK
XEAFIERE T CBL/CIPK RANEHRESE
ko
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2.2 CBL/CIPK (&S A% R

REHFHE YIS EFABREBAEREE A BN
Ca’ WAk, B —MEE SHER L HMAIF,
Ca’* fF 5 M /NS 4k VT BB RIE Fh4S B & 1 £
B~ BRI 54— RSP RSEELE
Tyt S0 SR B &1, CBL il CIPK 2
CBL/CIPK Z& AT DB EE KM, L
4t R i e k18 3 T AtCBIA (ASOS3) Al
AtCIPK24 (AtS0S2) ,'EfiJAB X+ NaCl sk, 3 F 3k
KRG E A A A 4k A R B R A R AR
HiaNERRPEAFEXHINEAREER
AR, Y2 R R, Y AR Ca’”
We B A4k . AtCBLA B B MR i S Ca®*
BUHEZEE HMERERNEENL, N ERERE
1L )5 B AtCBL4 F1 AtCIPK24 454, Mt & R IE

e R
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i
SOS3(CBL)
;HEA (Ca** &P 3%)

Motor proteins (Ca?* Sensor)

) AiCBLA/ACTPK24 & SR 2 BERR1L )G BB
76 NHX(Na*/H" antiporters) HKT( High-affinity K*
transporter) Fl AsSOSI =~ 9 3% (B 2)™,
NHX #R %65 Na*/H" R is$E H, W LHEH:
Ji38 T 4IPS £ Na ™ PR B ARV B PN , (1 40
7E Na™ i K P T defe g U2 I, (R 37 T 40 g JiR
PO AR Bl ST s HKT SEAE 49 4R P 3 A7 7E B —
K¥izEH, TERRES S Na' /K EH Y
NSRRI E, ZOEMEIET Na™ gAY
Mo, E—ERE LR T B EMEM;S0SI R7EHR
8 TR R AT R T R B AR T R, BB
BN 2R H Na ™ iz H 40 ML OR300 A 9 2R 88
TV, SOS R EA=RESHEBEHRAL
Na ™ ¥ B R4 7E A X BARE K F, (RIE T IE B9
24 ST AR e B R T

Ca®" ¥ Ca®" Increase

Ca? 47
\ ‘S}SZ (CIPK) Ca?" homeostasis

S082+8083 — CAXl1

- LI CaZ*/H 1 1) Foi2 Bk
#32  H Transporters i 0 V-Ca?'/H" antiporter

- I:rIH)E N HKT SOS1
(BCHUBE Na'/H' 2 E ) (EFERIN I E ) (Na" /HH 2% H)
(V-Na'/H" exchanger) (Low affinity Na* transporter) (PM-Na*/H" transporter)
!
Nat#k A& Na'#EAZZEH Nat4hHE
Na' in vacuoles \ Na* entl’}lbIOCde / Na' efflux-PM

ik & Salinity tolerance

B2 Sos{xS@Em
Fig.2 SOS signaling pathway!™!.

% bk CBL/CIPK R4 &%t CBL,CIPK
EAWEHKEIE .CBL/CIPK E 4 A% 4B AR
MR FSEREEE G FEURSHEAE
G| & T i — R 5 B R & 0L A, 2
CBL/CIPK 155 ARG EEHHE .

3 CBL/CIPK MK ESGESHIENEXE

CBL 5 CIPK EZHH KK, 2 B ai v 1L 3

FSFRB T 10 A~ CBL #0125 A~ CIPK %7
KRG ESZBT 10 4 CBL 1 31 4 CIPK #
BB WS R BT 10 A~ CBL 127 A CIPK %
PEES-1515T i K sp #E A 10 4 CBL M1 43 4
CIPK RN ™, o, Hifty 2 %6 1 9y v #5 H
FIRIE e T BT KRR E K R
BTN A
3.1 #lEgFFh CBL/CIPK #1352
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R A, S B — A B I R R
BHEBASER, I L EITEEAB/N AT H
4 BT B S8 &, I CBLLCIPK H3: R ThAE
LA F: CBL/CIPK RI487E 33 BR824 44 T AR A BL
HABEY R EIT P AR N ET . ARE
AR B 18 51 A2 B9 Ca®* W AR L 15 5 A i 8
AvCBLI 71 AtCBIA A0, X WA EE 5 B8
#1175 1 AtCIPK24 ¥, CBI4 55 AtCIPK24 B %
BEARPAEMEA, W ACBLI ZEEHAFEENTT
Xt ERME B B Y . 3 AtCIPKI HEMS5HE
YEWY A:CBLI 1 AtCBL9 %R 2878 (R 5 K WA, ik
42 AtCIPKI Ffksk AtCBLI B}, AtCBLY —REE 2
Y5 a8 B9 B UK, ACBL1 5 AwCBLY #f#B
A AtCIPK1 38 % & &, AwCIPK1/AtCBL1 #I
AWCIPK1/AtCBIO E &5 YWk EfV £ R JIE k.
ACIPK] 25 REBENE,FHAS 5T KRBT
ABA FIAKHR 5 F ABA i 5 5 @R M XF
3% AwCIPK23 By LKSI ( Low-K * -Sensitive ) 4
W, R T AlCIPK23 J5  FEAR%T K™ IRk B 2 R
%, 3 HAf R BB R B AEKZ R R MH, W
FEARR A I s 2 R AR AR P o K B9 TR I B B 3
58 FEARTER K™ R4 T BT Ho A HR B 2E H58,
AtCBLI 1 A«CBLY 7 Thfg E BB TR T AMEH,
AtCIPK23 B ) AtCBL1 B¢ AtCBLY ¥, 48
BRI 9 AcCIPK3 EEAMUZ R T2
ABA [F#: 5T HS S5 EIT S H W B
N2, 76 AtCIPK3 S7ZE R FpF i R IEIR , — Lo
B EEFESRAFTHESFEHE T ERHR
£ Pandey 4™ B ERIR . B 1 H B BE.
MU SR FRHR B K™ B8 &4 T, A«CIPK9 )3
HAKE A, T HAE K EZ ST ACIPK9 78
TR TR 5 23R A 3R, R AsCIPKI £ Ry
—AN e N & B F 7E B EE OT (R A i 3B R AR T XS
K BBRAMAFAEEESER. 2E2E™ U
AtCIPKI4 ) T-DNA 1 A R A 8L, RGBT
5T AlCIPKI4 HERARNFAR SEKET N
FRMB O AcCIPKI4 ZE 8 & S AR PR A,
L5 R AiCIPKI4 FERBGE ABA FEL 38 1 &
FERBEPMaMEXERE T, X ACIPKS (5
REAZEFES ST B HRERE N & 5N 1 H
HEFX KRB HEHREREES, I Hu
&R KB ACIPKS 2 5% T MRie T
PIAERHAERKMBRNERREREEANE

B #IF T CBL/CIPK X5 W, CBL/
CIPK RSB RBRAEARZNEF S RERETH
—ANEAYIXT IR A R S S AN S AR
R

3.2 7k#gh CBL/CIPK #3;

UEJUAE, KRG 89 CBL. CIPK PR 7035 1
AR B S IR E BB £, M KRE R 30
A CIPK HEEEAR R LY TR KT
Wi B 20 A~ OsCIPK 3B i3k B —Fhist
(TR 3 EE . ABA f1 PEG) 5 L, K%
ST SRS CIPK SRk ABA B
HABREES. =M PZEE. TRMSS
BmPES R OSCIPK3.,0SCIPKI2 F1 OSCIPK15 #:
B A B H A MR KRS R e 117
1, S HEARRBEBRIR AT WHEE, TR
BT X RE T B EWES. AR
BRAE OsCIPK3 #1 OsCIPKI2 % E Ak R HE R
MR & 2 e B W ™ . B
KRG SOS 15 E R BBz, 0sS0SI 5 At-
SOSI [FI¥R, BL& F1 AsSOSI M EFEFE , Bt HE 40
FLPI 24X Na * 32 H 40 A T 45425 200 L P 6 5
FV4, BEJG XASE T ASOS2 Fil AtSOS3 17 I8
FHE 0sS0S2 F1 0sS0S3, 3+ HAEH FE I+ iIE M
0sS0S1.0sS0S2 1 0sS0S3 B fIEGF+ & SOS &
A DI . Xt OSCIPK31 :: Ds 78 R Bt
9730 OSCIPK31 25 T /KRG LW B8 T
PR LA KSR s, x
IR R BKAS CIPK XES 5 T ARSI
Jisl T BRI i I, o — s R o T 4R 6 K S
BB B T R B O P R 5 o

3.3 E¥rth CBL/CIPK #3;
EREREM R HRBHEERS LE
Py, X TR R SR B = AR IR 55 5
BB BUREEY . BEE RN EE —HR
HAEKEFREN EEAREE, BRE XS
CBL/CIPK #H 3¢ BF 55 L S0 B 2% 7K RS Hh 9 4 o
B REBEE A, EXKH ZmCBIA HIThREEM T
AtCBIA Thig, B X B MY A L ME , B HE
LiCl fip38 i — s fE R . ZmCIPKI6 3£ %
ABA FIZFpE Yt MG R EIA S, e
It sos2 RAPRHIBIIE LT, & PG 2 F A M
B R R AR T SR TR KR, T B R R
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Fkk e, S0S2 Fif#H SOSI kb K EiH
5 ZmCIPK3 72 H &% . NaCl, ABA 1 4°C 1§
BAM T HERKFE 12 h BE EFEDY,
ZmCIPK31 ZEIE H A K FZ B E R X R4
W2 T+ Bt g — g B AEMRE,
PN RBER K, I HZE B PEG
M-SRk, A2 ABA FIBi KA B ESD,
M EAZEEA LT EY2E 2PN TR 43 4
CIPK BERFTE, BREBEMTEREAKRE T E
K CIPKEFZ 5T ABA. T2 5B KBS
BRI BRI KRR E KR EA AR Y
CIPK BERFIGESEE T ZAX =N EEK
HRESERE R AR RIS, £ CIPK BH
RERT bt R\ EK CIPK ZEH 4 8 H
H,—HRIPAETTF (<) EH,F—-HAEZHEY
F(=11) EH,RF CIPK FIERGEK T WK
W CIPK R ZE S AZNETFMONEF
PR TS AR BN F AR B Z AR B
FE. BFHAXFHHEY Y CIPK EREK S
AR, B CIPK BERY M EEY MR
Py,

3.4 HEf#Fhch CBL/CIPK #5t

CBL.CIPK R T AEAEYHEIT E
FEEYOKRE  ERP AR EZMIES, I LEH MY
MHINER KA VELF BE L) P K
CBL #1 CIPK ZFEW ARG, Ak
RAEYER¥F BN ERM KA SN CBL #
FFFRI, 43 B R T 10 ANF1 13 ANTTRRHY CBL 3
HEIFXHREHEANBEARFTHT T REST
THBE™ gtk TYAH CBLL B A H A
HHEAT T B9E. MRS AT 0 T H ISR
GBS CBL 2 I3 Hah i R A4k fn
MR TTHEREAT T 4047 BE B —A PsCIPK %
HM 52 BAER PsCBL 2 H 4 ke , G Ui e
TS B3 XU 2R B IE 9 53 A 5k R /T LA A, 48
Pt EZR B PsCBL %€ {7 7E i & H 1fi PsCIPK
WOEMFEM R AMNE B BhAhE RE . HLIR R
155 . Ca®* Fl kA7 BR AL BRLAR BT LA (5 53 PR A 22k DR 5 %
KRS BT T2 ABA AFHHF XA
8P, BHASI R T HH P CBLs R
EAREEY B ETHERKE, SR2EN
PeCBL1.2 . 3.4.5.9 1 PeCBLIO 7&#8 )W B4 #p 53L #

WEHaNEPETHREEMNER. EEL
& AR P E T 4 A CBL #H, Hh Gh-
CBL2 1 GhCBL3 7 A 45 4k {4 40 i v A A58 1Y
Fik, W B XK Y, 5 GRCBL2 #1 GhCBL3
HAEW GhCIPKI g% E M i [, i 45 R 3=
B CBL/CIPK 155 R4 £ WA 4P K 5
B TREEMNER.

LI R BFFL 45228 CBL/CIPK %% R A1
YR R ABA GRS IR SR A Y 5 N
EUREYINER R TS ESHFOEPERE
Y, B3t CBL.CIPK 3HE BB BT AR T
@MY CBL-CIPK R4 33535 b & VE ML 7] ik
RAEYIPU MR AL TR B B e & 2, X F &
HTREF AU RIS ARG EENANMES
IR S,

4 RE

% B g, CBL/CIPK BB AARTES
HTR B R RS, TR AR R A M B B
AR PREEEER, CBL/CIPK /55 AAEMEY
o A 3 35 J- 3 B ML o 52 b 5 3 CBLs Al
CIPKs B A GBI Ca’ FE 3R, AR L
REHIEHIBTIER Ca* 55K %,
TSI T i — 251 b3 w2 R o 2 1A AL T8
o738 A , (S A B kb R B ) B K
IR

R HET% CBLs/CIPKs B4R TR Z RN
BE5E, B R AL CBLs,CIPKs fh4M3h BEMRAR $hk
B, WA DI FEI CBL/CIPK H /T B 5%
S Ca B MABRRRIERE 20, BT CBL
1 CIPK #RUBREF KRR A, CBL fl CIPK
FEFR SR BRI A 0 =2 6 A e v iy TR e, B LA
[Fl—A CBL W8 R—ASJUA CIPK 1R ; Rk,
[fl—A~ CIPK 47T BEFI—A LA CBL ZFEAEA
(& 3) . AIFK CBL/CIPK = Jalf) AT L& B
ARG AR AR MR R, VT LR A I 3 A
'™, H4h,CDPK 8, MAPK 4 2k E7E
HIHADL Ca’ FE B2, TIEERXE ™ 55
B CBL/CIPK 55 &% ts RELRXY, H
BT A M AR X R AT R B, RBBIR
i T % B £ 1 CBL # CIPK #EIIBBHIAEN . 5
JE 15 Pl I T8 A2 SR XX BN R R R e
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RBP4k CBL/CIPK RAEMEREEN  REG5, i CBL/CIPK, CDPKs, W4 57 R4
WEW, HIEWIEHRE SRR SERNE  MAPK R ARG5S, RAEXERGEHINES
MmaENSESREL, BEAREMEPRERER E—EIIITHR, A REE 15 2 B R 5t k4
—HL L, My A ESEABESAE—EHET  PHRONENSH

-t +82 &R %R s wmipH
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M3 #EJF CBL-CIPK iS5 S &g
Fig.3 Arabidopsis CBL-CIPK stress signal response pathway 1.
CBLx %M CIPK3 B {E{E k55 ¥ CBL 2 H , CBLy /A% H1 CIPK9 & {E{ERHaE R CBL £H , CIPKx [ F M CBL1 E/EEEXHE
i) CIPK A , CIPKy {431 CBLY H {F{E RHE R CIPK 2H
CBLx represents undetermined CBL gene interacts with CIPK3; CBLy represents undetermined CBL gene interact with CIPK9; CIPKx repre-
sents undetermined CIPK gene interact with CBL1; CIPKx represents undetermined CIPK gene interact with CBL9.
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