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LIU Xiaolong'?,LI Xia'* ,QIAN Baoyun'?, TANG Yuting'*

(1 Institute of Food Crops.,Jiangsu Academy of Agricultural Sciences, Jiangsu High Quality Rice R&.D Center, Nanjing Branch of
China National Center Rice Improvement, Provincial Key Laboratory of Agrobiology,Jiangsu Academy of Agricultural Sciences,

Nanjing 210014, China;2 College of Life Science, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: As a second messenger, Ca’" is involved in signal transduction pathways related to various re-
sponses to abiotic and biotic stress in plant. The specific calcium signal in plant cell is actived by different
stress via stimulating calcium channel on the plant plasma membrane, then transformed to Ca®" sensing
proteins,such as calmodulin(CaM) ,Ca”" -dependent protein kinases(CDPK) and calcineurin B-like protein,
etc. , which induced a series of physiological and biochemical processes of plant cell to the stress. Drought
stress is one of the most serious abiotic stresses in the earth. Ca’" signal plays a pivotal role on response to
drought stress,by regulating stomatal movement, water channel protein(aquaporin, AQP) and antioxidase
activity to reduce water loss and drought damage, increasing water use efficiency. Furthermore, Ca®" has
some ecological functions. In this paper,we also summarize the new progress Ca*" signal and its regulation
for response to drought stress.and propose simple prospect in the future.
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il i 5 5 2 W ST IE
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ECA)HI Pys-ATPase, )5 &M T2 B85 N B 3FHM
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calcium ATPase, ACA), RE W E#)E T Ca**-
ATPase, #REME AT Ca® By fy AH B & HIAH B K
. ACA P85 A N i CaM 254 X, Hig 7k
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Ca®" Mk B — HALTE & Wk BE AT, IF REAR T AH DG 0 b
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Ca™" W& B, DT 19 A 90 19 A 7= BB 12

3 EMETEA

855 o8 3 25 S8 S A T i &y
A F R E SR, Y (5 SRz 8
H 1] 434 CDPK . 2545 B iR i B #& H (calcineurin
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BERG S R O RS2 R IS M R A S 1R i
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T A IR A7 e CMLL R IT & 50 FAS [ 28
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(AR BRI REB 78 S A TR W S A I A AR A
ST OLEE AL R W & LA RO FT R 1Y 2o 8
WA, BOE R BB R S 5 T MAPK {5 5l
7%, MPKS i@t 5 CaM il MKK3(MPKkinase3) 4%
AW BTG . Y8 4% RbohD (respiratory burst oxidase
homologs D) £ [ #) & ik 1 & % 15 14 % (reactive
oxygen species, ROS) [ =412
3.2 $SREIE BRI

L BN S RS N R I G e o 3
SN T 5T VR A N S5 R A5 AT i A P . CDPK
—AZ AR N I X CRJ A8 XD — AN 8 0 X 5
LD  — A B R IP 6 XA — A~ &F EF 454
AL CaM X4 G 4% XD 41 . AT CDPK [ N
vy AR DX 28 HE R 20 H AN [A] 5 32 DX 2 33 ) RE o A
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WA A NN A fE S5 CDPK Ry E A 1, AN
(1) CDPK 2 [ fi b X ] 6 1 ¢ 0 i 1 3R 400 il
D 91 die R R SY S R R O R . CDPK 48T B 364
IR A 24 Ab F ™ A2 85 45 9 )5 . Ca® T 5 CDPK
PEAIE X R EF 255 A0 545 5 i BR B 3R, i ik
AT IRZS . AR CDPK X Ca® ™ ffdtE AN JA] L 1%
PRAE T 8515 5 ke e

CDPK FELN G I AT 34 Ak PR 50 AN [) 4 Bk
AT A [/ 0 A4 9 % O e, W A«CPK3 Al
AtCPK6 25 0 TL40 i 25 71 38 #1998 42 F i1 ABA
#ER RSz s, CPK4 1 CPKI11 L K& CD-
PK11 #1 CDPK24 HAE. 735155 T ABA S
MAPK @21 k& LB sh Mib kK & 5 E
L A, KR it & 3k CDPK7. CDPK21 il
CDPK12 & 7 H P02 68 Jy Fiiif $h 6 50, wf
UL, CDPK J2& 1 ¥ A= ¥ £ AR v Bl B30 39 1 /Y 2
#bF .

3.3 XEEBBREBER

YA CBL & —RBU/NMNIS 4 GEH. 5
S 4u il CBL 4% B X (CNB) [H] ¥, J& T CaM ##
KiK. CBLA 44> EF T80 45 5 DI, % X4 hy
-7, CBL 454 Ca’' Ja ., 555 8 0l IR G B4 25 i
fiti (CBL interacting protein kinase, CIPK) #H H {E
L% 855 5, HAl. % 2 4 CBL i EF X 5§
A I RE I A T TE A .

AL PR WE R B B A 1 7E 40 R T A K R R
BT 10 Fi g i 5L AL i CIPK 4 £ 55 P & 5 25
o oAb, oy AL AT R R IT A 4 Fh CBL
AL BB 4 A, 3 WU R 2 Fob 5 D S5 4 i A
T, 6B CBL 5 CIPK A B./E H RE % DL m )iy Ca® "
WAL A F TR R R A 15 5.

KA BERRM B A S CIPKs fHEAEHZ S
T Z R AR AR Y B aa 1 B A A CBL-CIPKs &2 &
TRAT R A2 4 D BB JF A AHTE] . 4 CBL4-CIPK24
AV AT R A H/Na' 21 iz i
T [ SOS1 (salt overly sensitive 1)#735 Na® 4,
ifii CBL10-CIPK24 0] LAiA 5 i) Na ' 24 .
CBL10-CIPK23 5 K" # iz &k AKT1 (Arabidopsis
K" transporter 1) & — V&5 &, A4 K& 47,
ifi B CBL1/9-CIPK23 Z5 4 J& JE 1 i & 45 ) o vl 3
LT AR A0 A T A AKTL, DL 2 Fp oy S 45
YUY KT BT A B 5T A & B, CBLA
5 CIPK6 JE Wi & & W AR Hh A RE 96 44 £ T N it
WU by AKT2 B 2% 21 i i b, 98 35 8 3 7 N

WY, 5 H AR J7 XA CBLA-CIPK6 I A4S &
DL R AL 10 5 s Y AKT 2, 3 Fb I s R AL 4% 7%
P J7 AOE WA AE T Hifh CBLs-CIPKs 2549 I
WAHMS THF9. CBL10 (LA B8 AKTINH,
X HHF5E F W] CBL-CIPKs & & ¥y % $8 H AR I # 17
TEZ R0, Ak . CBL1/9-CIPK23 el KRS T
i3 25 W It M R AL IS 3ok TR 45 R bR 7R I AR
FIEE i CBL1/9 AT A4S & 8 [ i CIPK26 J4
) B JF NADPH (nieotinamide adenine dinucle-
otide phosphate) ' £ & 48 AL 1 [7] 2 ¥ (respirato-
ry burst oxidase homologue, RBOH)"" % 55 fiz
i1 . CBLs-CIPKs $8 H by (¥ 2 B¢k Rl ¥ Oy
KRR A T8 S R R Rk

4 FEHHE R EE S R

e S e TR e mE 25 S m g, 191558
12 5 L2 Sl ok R R A MK FLEE 1 DL R A
5 20 22 18] 9 7K 50 3 3l DT ZE A 0 1 5 D da
THROKEEST . T 5 51 R LA P s 1
W B 3 00 308 3o AR 5 AN AR ABA {5 i % 52 L
VERI LA BT Ui 15 5 56 ML e 6 AL OGP ZE A
BRI I3 > 3 8 7K 3 R 3R 5 doe S A ) %)+ 5
T RE T (A D)

41 $5BEFSESRAXHA

4.1.1 SAXHAHRBRESED ROS =& fETAL
KME T ABA R Ca® ™ {5 50l i e =ik 42 .
ABA 3 i 2 b J7 2 I Jo R s 1 T8 L 0 O
PR ES T, 24 R MR ROS . NO P,

l jF;E#
v fy CDPKs: -+

ABA—»H,0O—»NO—p[Ca’ ]N_EC L T
LJ BL-CIPKs- .~

x v ¥
R PUE LB R K R E Exi‘Lili_ZJJ
I |

IR e

K1 SBESETEREPNES SRR
T 9228 R O HME SR 48 FE AR I W] B R TIE 52 9 15 5 1 18
Fig.1 Signaling pathway of Ca’" in drought stress
The solid lines mean the known pathways,and the dashed lines

point to the pathways that are still unclean or not proved
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M cADPR %2 5 7 X — i 85, K45 8T,
ABA fE i 5 rp Kk B 8L — O O Wi 1 CL 4
fift TP, 1M TP W] J3 30 £ T2 200 i i o 485 )22 4 2 /<
FLXGH s 5% — 7T i@ f cADPR b 7] B & i Py 45 55
FHOm AR H AT EAE Y e A e TP Rl
cADPR #y & {7, {4 T 40 g b 45 {5 5 5 1P, M
cADPR Z [i] i £ FIHL A A 5 i — 2 05T .

ABA W[ i H, O, Pk 75 5 M P 45 85 7 34
AT S 500 5 A A, T 2 00 T | HACCs DU
T EH AR A 1 S0 VR B Ca® Y R
LM, HAT.NO 25 ABA @it H, O, G815
SE PR — AL W R . Wang 1Y R B AN 4T B
TR ABA G R #E H, O, 72 A R8T NO 5 B
A5 S AL BESALOE AT . FHAS 3% 44 (sodium nitro-
prusside, SNP) 4b B2 8 % fiff & & K L ¢ M1, i {8
NO ¥ bR 7 2-4-F2 28 Jk U H S ke Joe - 14 - 3-8 1k )
[ 2-(4-carboxyphenyl)-4, 4, 5, 5-tetramethylimid-
azoline-1-oxyl-3-oxide, cPITO] W #P ] T ABA =
H, O, FSHAFLCH . 4ME H O, 2 1 i
NO K 1 5 28 A Al (CAT M T ABA 551
NO ™7, 3B NO & ABA i 545 5 7 8 m iy
—#4r. I HALF H. O, R, 25 B2 900 8K,
ABA I NO 75 5 S FL X # o] g cGMP i 300 41 551
ODQ[ 1H-(1, 2, 4)-oxadiazole-[ 4, 3- a]quinoxalin-
L-one J#l 4] . M cGMP 2Bl 0 ] Pk 52 2 2o A
H, O, il NO fit{& ¥y g8 5] &2 cGMP ¥ B2 35 i, 1
cGMP # il 7 LY83583 Wl v] 58 4= # il g H. O, F
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