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Functions and mechanisms of CDPKSs in plant responses to
abiotic stress
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Abstract: Calcium-dependent protein kinases (CDPKs/CPKs) are members of the Ca*'-sensitive
Ser/Thr protein kinase family and play a crucial role in plant growth and development and
responses to abiotic stress. CDPKs are capable of rapidly sensing changes in intracellular Ca**
signals and recognizing and phosphorylating specific substrates, thereby transmitting and
amplifying Ca®" signal cascades downstream. They are involved in plant responses to stress
conditions such as drought, saline-alkali stress, and injuries and regulate plant growth and
development, gene activity, and stomatal
autophosphorylation of CDPKs can affect their activities and substrate specificity. CDPKs have
the ability to bind to and phosphorylate multiple substrates. In addition to participating in
respiratory burst oxidase homolog (RBOH), mitogen-activated protein kinase (MAPK), and plant
hormone signaling pathways, CDPKs can also bind to 14-3-3 proteins, which enables the
regulation of plant responses to stress and promotes plant growth and development. This paper
summarized the research findings on the discovery, structure, classification, and roles of CDPKs
in plant responses to stress and proposed the future research directions, aiming to provide the
genetic resources and a theoretical basis for improving the stress tolerance of crops.

Keywords: calcium-dependent protein kinases; stress tolerance; growth and development; stomatal
movement; signal transduction
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protein kinase, CDPK/CPK). #5HBERMEE B &
F (calcineurin B-like protein, CBL)fll CBL H.{E
5 134 % (CBL-interacting protein kinase, CIPK)
TN IERERE S 5 S AL B B R U, DA 0 Al
W%t 45 b A A A R o

CDPK J&—2 Ca” {5 5 /&Y Ser/Thr & 11
WG, (UFETHEY . RAEEY . INEH
gk, e s M A P AL7ED . CDPK
O3 A T AR A A X, AR . AH AT .
MR . NI, Zokifk . AR . R /MA
i E ALY R AR SR B AR SE, TTizS S
K& &', CDPK FEfhk/AACH . 40 -H 429
WL RALEIEAY AR DL AR AR
A Wy b v o 7 sl AR ep R 22 EEAE R,
WAEEAR R Z R Tz w0 KT, 454
A TR A2 i 3 % i R A ) il 5% (Beta vulgaris)
BvCDPK FEMHFRBUR, ARG 04 T
Y1 CDPK &L, &5M 50028 . kAL
FILEY*D)6E, X CDPK M b4 Rl
W A TR AR S BRI DAZE AR, IER AR R
WG e TR, DU S AR VR Pt a0k e 15 A%
o R HR A S R DR W D R R S A

1 #4% CDPK ¥y % 3,

o S I EE — A4S CDPK 25 1 3l 2
PsCDPK J&1E%i 5. (Pisum sativum)H & 3L,
2 JG1E K TG.(Glycine max) 43 55 4l Ak 3% 55 1134
A B S BIFSY N AR 4k 7E 40 JT (Arabidopsis
thaliana)!'™, /N2 (Triticum aestivum)!'®! | Tk
(Zea mays)!'"! . i (Solanum lycopersicum)!®!
SEAH P v v R4 E B CDPK JE[H (R 1) AR
R R FAED S B2 T-Be, SR (Beta wulgaris)
R4 % 161 CDPK B 51, MRIETEYL
1 F 7 B Ay 4 - BvCDPK1-BvCDPK 16
CREFEIR). P55 81 /R, BvCDPK JE[H

&: 010-64807509

FIG N3 ) 45 X ¥ 51 (coding domain sequence,
CDS)KJEFE 1 539 bp (BVCDPK1)#| 1 881 bp
(BVCDPK9)Z [A] AN, MK EETE 512-626 aa
ZMEl, 2% 554 aa; FEIE 4> T (molecular
weight, MW)7E 57.11 kDa (BVCDPKL)F| 70.97 kDa
(BVCDPKO9)Z [] A4 ; S5 A5 (isoelectric point,
pD7E 5.25 (BvCDPK6)#l| 9.24 (BvCDPK12)Z [i] ;
FH H i K P (grand average of hydropathicity,
GRAVY)7E—0.696 (BVCDPK13)%|-0.35 (BVCDPK1)
ZIa], B BvCDPK iy GRAVY ¥ hfifl, %
BB AT 2 kK Pt (R R R &) . 7151,
ARl CDPK HE DR 5 A 5% B0 A7 i AN ]
¥ (Gossypium hirsutum) CDPK 3 [ 5% G i bt
Bk, K 98 AP i K ik E 4 (Medicago
truncatula)fie /b, A 10 AP FERIRIF . B
#f(Fragariaxananassa) Fll 7 5% (Brassica napus)H
SRR 34, 1R AR PP iR, R
[ %h COPK St AAAE W] .25 50 IKAh, 5
) COPK JEIN ] BEAEHEAL IS R R 22 11y 1 HE (K 7 4
AR REfL A R BN il S Bl Rg ik
338 5 ) VR O AR ELAE RO, A B TR A
Yiibeasive. Flan, /SR (Brassica rapa)t Al
g1 CDPK % K/ JLF-J2 Jo i 4% (Amborella
trichopoda) i [FIZH H CDPK FKikHY 2 £5°°,

2 M4 CDPK W& 5 4%

CDPK J&—28%} Ca® Uk . f KA 1
Mg, Hamal HAEERH ATP S S Ry A
Ca” VE R 5 S kid. R CDPK A FHHEA
4 DRI B Z IR (B 1A), AFE AT
AR N U2 #a)3e(variable N-terminal domain, VNTD)
Ser/Thr 8B {425 ¥4 3k (Ser/Thr protein kinase
domain, S/T KD). H #IHil4%#438 (auto-inhibitory
junction domain, AJD)F1 4 EF-hand fZRESIHZER
254 15(CaM-like regulatory domain, CaMLD)!'#%
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*1 A[E1EY COPK £H
Table 1 The CDPK genes in different plant species
Species Gene Gene name Subgroup Class References
number 1 Im ma 1
Arabidopsis thaliana 34 AtCPK1-AtCPK34 10 13 8 3 Dicotyledon [15]
Triticum aestivum 79 TaCDPK1B—-TaCDPK30D 26 24 24 5 Monocotyledon [16]
Zea mays 40 ZmCDPK1-ZmCDPK40 17 9 10 4  Monocotyledon [17]
Solanum lycopersicum 29 SCDPK1-SCDPK29 13 8 6 2 Dicotyledon [18]
Fragariaxananassa 11 FaCDPK1-FaCDPK11 4 2 2 3 Dicotyledon [19]
Ipomoea trifida 35 ItfCDPK1-1tfCDPK35 4 9 9 3 Dicotyledon [20]
Ipomoea triloba 35 ItbCDPK1-1tbCDPK35 14 9 9 3 Dicotyledon [20]
Brachypodium distachyon 30 BdCDPK01-BdCDPK30 11 8 8 3 Monocotyledon [21]
Hevea Brasiliensis 30 HbCPK1-HbCPK30 1 8 9 2 Dicotyledon [22]
Musa acuminate 44 MaCDPK1-MaCDPK44 14 11 13 6 Dicotyledon [23]
Cicer arietinum 22 CaCDPK1-CaCDPK22 8 8 5 1 Dicotyledon [24]
Setariaitalic 29 SCDPK1-SCDPK29 13 6 8 2 Monocotyledon [25]
Gossypium hirsutum 98 GhCDPK1-GhCDPK98 28 29 20 21 Dicotyledon [26]
Trifolium repens 50 TrCDPKO01-TrCDPK50 17 15 13 5 Dicotyledon [11]
Medicago truncatula 24 MtCDPK1-MtCDPK24 9 9 5 1 Dicotyledon [27]
Raphanus sativus 37 RsCDPK1-RsCDPK37 13 6 13 5 Dicotyledon [28]
Solanum habrochaites 33 ShCDPK1-ShCDPK33 13 8 7 5 Dicotyledon [29]
Gossypium barbadense 84 GbCDPK1-GbCDPK84 27 30 19 8 Dicotyledon [30]
Medicago lupulina 10 MICDPK1-MICDPK10 4 2 3 1 Dicotyledon [31]
Taraxacum koksaghyz 34 TKCPK1-TkCPK34 11 8 12 3 Dicotyledon [32]
Lactuca sativa 34 LsCPK1-LsCPK34 12 7 11 4 Dicotyledon [32]
Helianthus annuus 40 HaCPK1-HaCPK40 13 10 13 4  Dicotyledon [32]
Chrysanthemum nankingense 34 CnCPK1-CnCPK34 14 6 9 5 Dicotyledon [32]
Cynara cardunculus 30 CcCPK1-CcCPK30 o 7 8 5 Dicotyledon [32]
Prunus persica 17 PpCDPK1-PpCDPK17 6 5 5 1 Dicotyledon [33]
Ananas comosus 17 AocCPK1-AocCPK17 5 4 6 2 Monocotyledon [34]
Chorchorus capsularis 18 CcCDPK1-CcCDPK18 8 5 4 1  Dicotyledon [35]
Chorchorus olitorius 16 CoCDPK1-CoCDPK16 6 4 5 1  Dicotyledon [35]
Beta vulgaris 16 BvCDPK1-BvCDPK16 5 5 5 1  Dicotyledon Unpublished
data

CDPK FAJZE N w28 4 3 3 75 20-200 4>
GASERRFR L , Hr AFE A ot T 67 a5 R e Tk
R 520, N s 2 5 CDPK 5 41 i i 45
BRI RECT Mg U A
Y Ser/Thr £ FIENE & BE ORI 11 M2
—, HA S 2 AN 1 MRSF Y Lys Gk,
A BEJE ATP MZEG 00 . BRI S5 #5850 i dee P
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A Myr  Palm
\ / Active site EF-hand
H,N - J - = —— COOH
— - N-lobe C-lobe
VNTD S/TKD AlD CaMLD
B
) r
A 5
Ci F 4 @ > | (
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1
WL ZE A ATD: A 45 H9 5 CaMLD
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Figure 1
N-terminal domain; S/T KD: Ser/Thr protein kinase

14 CDPK g A)FEEEH By rEE"

Active CDPK

VNTD: AJ748 N szt ; S/T KD: Ser/Thr
o RESR RN Myr: SRERHELAL S s Palm RoR

Diagram of CDPK structure domains (A) and activation mechanisms (B)[ls]. VNTD: Variable

domain; AJD: Auto-inhibitory junction domain; CaMLD:

CaM-like regulatory domain; Myr: Myristoylation site; Palm: Palmitoylation site.

W AIH EF-hand (78 A 58 2—80%, wlHE
WA Ca® 454, M3 CDPK 1Y Ca® it
A 3 R | BT P # Y (Cucurbita pepo)
CpCDPK25 Hfu % 2 /™ EF-hand, ifif CpCDPK19
1l CpCDPK27 W53 5 &4 9 ~F1 8 1~ EF-hand,
XA RE SR TR SFAS Mk B 3R 8T S
DR SR AR S, DT S B0 2 BE AL 308 D gAY,
Harmon 2P I 7T 34 4~ CDPKs HEA 7 7
GURAPE AT, R R I-IVIX 4 MR . RS
CDPK A IR HAE AR b 7 B 7402,
(EBEA B AR B T8 22 57 1T UK i e
HRAGIT CDPK RIGW 5 R kb kR, &
SCRF MEGA 11.0 A XHURE ST . /N2 . A8
B (Taraxacum koksaghyz) flIEH 355 4 ¥ Fh K

&: 010-64807509

162 1~ CDPK H: R ) 2 JE 2 91 i1 T 2 J Le X,
F 38 1 41 45 54 1 (neighbor-joining, NI)#4 R 4t
KEWE2), 450K, 157 COPKEFEURZ,
A 524, HUGRRMIE, 2501 514474,
MIViE COPK K%, HA 12 (& 2).
FEESE T, BVCDPK1, BVCDPK6, BVCDPK9,
BVCDPK10 7l BY"CDPK14 J& T 1#%, BVCDPKA4,
BVCDPK5, BvCDPK7, BvCDPK13 #il BVCDPK16
J& F13%, BVCDPK2, BvCDPK3, BvVCDPKS,
BvCDPK11 fil BVCDPK15 J& F11If%, i BvCDPK12
J& FIVIE(E 2). iF—L 5 k3, BVCDPKsY
BRI IR B TKCPKs #ifb ¢ R filr, Hik
TFAERHEY P T B OC R R, R A
BHEY/ N (B iR ) kA O R B0 (K 2),
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AICPK25 @
aozddadrL
VL ZNddIrL

2 SEEY CDPK EERERFHMLSHT KA MEGA 11.0 BT FH 2 & AR R G L
MR . BOBRIER R IT, SORIERR/NE, O ZMIBFOREIESE, F oM RRRREE.
CDPK LRI . PR A S 3250 2 B S E IR #5080 Hhon (8 5% . NMIDCX0001709)

Figure 2 Evolutionary analysis of CDPK gene family in higher plants. MEGA 11.0 software was used for
sequence multiple comparisons and phylogenetic tree construction. Purple circles represent A. thaliana, green
circles represent T. aestivum, blue triangles represent B. vulgaris and cyan stars represent T. koksaghyz. The

source, name and accession number of CDPKSs are shown in National Data Center for Microbiological Science
(accession number: NMDCX0001709).
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5 Hb b A 4 B0 il ] (repression of  shoot
growth, RSG)AI4E & 26 F 1 UL & RSG 1R 1k
R, ABTEIRS 23 1 5it — MOVE W B 8 Al s 2 2
F B IR ALK -, FR WA AR S P Wl R At m)
PR M BT b, B (Ricinus
communis) ReCDPK 1 1Y Tyrso {3 55, F i FR AL A2 10
VNTD Fl Ca® i& 453 2 A1) Ca® i 14 1.
Y, MiMifii15 ReCDPK1 £ Serys, {57 & B R AL 41
Y B R M 5 TN B R #R 1L i (bacterial-type
phosphoenolpyruvate carboxylase , BTPC)™!, ix
Sz RRW], CDPK H#EER AL A 5 240 ML 1Y
Ca” THURER &, T HiR 5 R4 4 6
3.2 CDPK Z5Z#MESRIKRE

CDPK HA 5 Z MRV 456 It wkm b fe
I, XARPTREW K S a2 PR, ATk E
CDPK il FIEH %, CDPK A5 I %
E AL E] 79 (respiratory burst oxidase homolog,
RBOH) . 2 24 5 36 AL 25 1 3 1 (mitogen-activated
protein kinase, MAPK)FIAE 4% % 5515 5 10 1%
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M, MHYS 14-3-3 EAMS A, ElSH,
CDPK 5 RBOH H.AE, %1k BnaCPK2 J5 H 51
W 7% % E AL BRI TR D (respiratory burst oxidase
homolog D, RBOHDHHEAEH, 51k T iEVESA
(reactive oxygen species, ROS)FL R FNZMIALT;
BnaCPK6L 115 RBOHD H./EFI#km2 1k , 7 ROS
2k B AR 20 2888 #80U%  (hypersensitivity-like,
HR) [ 21 i 56 7= v & 7% 51 B4 AT, e ah,
WRKY % 5% [HF WSR1 5 CPK5/6/11 HAEFH- 9l
fRfk, WSRI {2 /KR (salicylic acid, SA)FI
ROS =1, 2351, CDPK fil MAPK
PARI A 53 [ (B) At T REAEAESC BARE T, MAEW)
Z B RUG , 38 2> [F BHES CDPK Al MAPK .
1- 5 FE IR 5E - 1-3R 12 5 B (1-aminocyclopropane-
l-carboxylate synthase, ACS) 7 HE 2= [d] B} 32 %
CDPKs il MAPKs HYzhZAJEEEE, LRk
SrRTEoR, TETOKIEA B4 CPK11 i#%E MPK5
Fik, DI B AL REFNBT A AL BERS PE 1
XULE W], CDPK #ilS 52/ ES Mk A&
FER SR . KRZ % CDPK 32 3% Fiit ¥ %
MiES, L4575 (Vitis amurensis) VaCPK16 i
VaCPK32 4% K M (—FP S R A A Y
A PO I A , CDPK 12 5 i & 182 (abscisic
acid, ABA){7 545 3(14 3), ABA 7] LI i CDPK
5L SIEFIBIPE, T CDPK Al @R fk ABF 157 ABA
HEEESPS WEIT CPK6 il ik ABA
N & oo 4 4 Tl T (ABA responsive element
binding factors, ABF)Hl ABA K& 5 (ABA
insensitive 5, ABIS) K IE ] JF#EF o5 % . 4hi 4
K AHT R P #4E (Prunus mume) PmCDPK8/11
F0UF 8 46 (P. mume var) PmvCDPK9/13 5
ABIS MEAEMP, pbsh, ¥ BnaCPK6 5
BnaABF3/4 . BnaABI5 A &% BnaAREB3 X [a]f71E
MEAEHPY, X 55 % B, CDPK 7E#%.0> ABA
T A [ R R YT S g R PR A K
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A —ABA response

.
&

— Activation

— Suppression

+ABA response

-

ABA signal

3 CDPKE#%L ABA FSEHPIFTHE  A: 7E8= ABARELL T, HEABKRE ABLHH CDPK
A BRI ETEYE. B: 24 ABA Z{& RCAR/PYR/PYL(Fric i RCARD)EAI ABA i, ABI #4ii
it ABA ZARGEGIF ARG, NIRRT CDPK i

Figure 3 Regulatory mechanisms of CDPK in the core ABA signaling pathway. A: In the absence of ABA,

the protein phosphatase ABI inhibits the autophosphorylation of CDPK, rendering it inactive. B: When the
RCAR/PYR/PYL ABA receptor (denoted as RCARI) senses ABA, ABI is bound by the cytoplasmic ABA

receptors and inactivated, thereby reducing inhibition on CDPK.

CDPK ®5HEHF . &8 &1 s
G55 E A EVEN . Bldn, CDPK W] LIRS
LT AL 55 (flower locus T, FT)5H#3E X /55 %
R 4% (basic leucine-zipper, bZIP)¥% 5% K FD
MEAEA, ISR IR fEr
FRES, ZEEM)ATES Ca G5 W
CPK4/5/6/11 RS, 3k 638 il v] il R Ak I 35005
Mn #3211 MTPS, MMifEHE Mn 1 dEc,
SRIM, Mn 5 Elefil &R R MK X Ca® (55, i
CPK21/23 ¥, et Mn #3281 NRAMPI
TE Thraos VS BERRIL, NRAMP1™ W& 1k E—
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I B TE R, TG SRAE DI XS Mn W2
RE I ANXT Mn = BT 244, AR EE-CDPK
55 ] B ER L R 57 NIN KE 2 [ (nin-like
protein, NLP), M50 T ikt iz 1 . ARk
Bk AR % B2 . CPK10/30/32 3@ a3 3 1547
RARERAG 5 M4, fEsFrE b AR KR &R
% FL(Pyrus bretschneideri) PbrSLAH3 %
CDPK i 1k ok 45 il Hoi% ¥, PbrSLAH3 5
PbrCPK32 HIACHE T fES 5 AR NO; 1211,
TE JK 2% 32 (Chenopodium glaucum), T+ FakEh
iR, g #ik CgCDPK A 75 S 4 ik K A w4
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#k5 CgbHLHOO01 [A] 5 A NtbHLH #9315,
CygCDPK 5 CgbHLHO01 =[] f7 75 A ek,
TEEG ST, AtCPK28 Al 5 E3 2 K& M
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MR 5% 5L Thros Fll Thros, MR XT AtBIK1 Y2
LEMAS, XK, CDPK TEAFES
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WA K EE . PRI AtCDPK 7] LIBRR b4y
TR ZAREEE M 3.7 (glutamate receptor-like 3.7,
GLR3.7)[J Serseo 5, ZEY 14-3-30 MHE
YER, FRlaL T Ca™ (5 SR ABA S0 H
RIFEEEER; GLR3.6 B Serssise -3 14-3-30
HHEAER, H CDPKI6 455 EmEER L GLR3.6 1Y
Sergse N5, XLELERL KW, CDPKJ 255
L B0 45 s S i, Ko A 400 I %o AS ) B 358
RiFERK AT R KEE,

4 Y COPK WAEY ¥ ek

CDPK TEAHYI TR iz 04, TEAR . 2E. I
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TV 5 W RSEORAL B S 3 I (two-pore K
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Ca®™ H 35 i) 538 B 11 A AR 1E Ca® 78 f i Pt
JERLRL, JeAh, SA FI ABA #RAT ALK
M. WFFEEB, CDPK KHif Ca® {5 5 iR5)nf
REJE IR AN SA {55 A1 ABA (5 53 A X
MK, fETFRMEE T, K ZmSLACI
SFFAILEHEE ZXREENER, Histkz
| ZmCPK35 Hl ZmCPK37 M43, M i 4 412
P ABA Fl Ca™ 15 ok sE LA AL T ABA
AN o 8] 1 3 R LS P A R R
Mo, S 38 o Y R R R X W) & A K
SR, HSRAE Y TR AE R RE T A,
T B8 8E CaCDPKs 1] i 35 i 2 £k A1
PR TN B T8 , L) ABA ARH T =0 45 <
fLizah, MRS G (Cicer arietinum)fit#%
i R K A iR B IR ST, 34 A
AtCDPK JE [ H R 214 20 N ER D4R A A
RS- 265, X RERE EA TR RE7E S fLiz shid
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Figure 4 Regulatory role of CDPK in stomatal movement. The K" uptake channels include KAT and AKT.
GORK is a K" efflux channel. The cyclic nucleotide gated channel (CNGC) and the glutamate receptor-like

(GLR) family participate in Ca®" transport.

i (Brachypodium distachyon)?" 1 75 JIX (Citrullus
lanatus)®*'H, CDPK F % il b2 5 518 45 AN )
WA E CAE . R RS AER K
H. 7i4h, COPK WrEfblny KAz kik,
ST AtCPK 17 FiIl AtCPK34 75 16 My 45 i Mk A= K vp
EEZMER, e P8 K 18 8 ok e R
R MR T RS, HAEfEm 8 Kk
JEFAER L AR PR R . AtCPK16 FEIK

http://journals.im.ac.cn/cjben

ShAT BRI 30 Ca**-ATPase ACAS &M
A, B 2 AR A B R R B R R AT
cpk2/6/20 = Z8 AR AR PR H AR A A K B R 1
RIS A, CPKIL Fl CPK24 W 7E A & h 3
K, FRILIRIEAT Ca HRAE I I ) A6 A B 1) P 2 3
K188 SPIK/AKT6 3% 1121, 57 41, /K i (Oryza
sativa) OsCPK29 5 6k & & A %83, /N
TaCDPK137E46 2 Hh 136k A AL TR 5 e K1Y



8 % | EY) CDPK 7ENIR FE B AP B9 1E A R AL 3347

XL R L], CDPK 7MW E K A F ol fEh
RYEHREEANEM.

W F£W, CDPK 2 S5HHYINIE A AL
LA % (Splanum tuberosum) StCDPK1 £ 5251
FEARRIRZE, SRR RR AR R A, KT
J#k(Chorchorus olitorius) CoCDPK6/7/11/12 % H:
[7i] Y5 25 [H B JRR (C. capsularis) CcCDPK18/17/10/8
AL SR, WRES SN &
FHET, KRG OsCPK12 B 7EAas B R ik,
HRBERSSH R e, 254K
W, 3 IR AT BB A KR B e e AR
Wi ST geah, 3 F ik CPK30 ATt FAR &
AR FAMEE A PIN I, FEAR R m b
RAMRR O AR RERD, CDPK 82 5177
T E SRR A F2 . CPK10/30/32 3 2 %
FRAL IR 5% T NLP7 B9 HEY, T NLP7 U
Pl NOs/NH, “F#5™), CDPK 82 5HE4H
MFRE . CPK31 T 45 25 I fif iR b (As™)
WS, FEKAE T, CDPK 1 LA W G 7E 55
(CA) Wit F B B R Ak 38 m ©% . fh st ar
W, CDPK 7EWMEMHMIESHE . B Mo
A KA A AR

5 FEY CDPK FEv BL 3 5 i 18
+ Hy 1A

5.1 CDPK 5#&¥)fit £ 14

EINISER QR K 7//N ONa o i1 a = D ASRA Ul 1§ 7
me, AFEMEEAVER . PRELE TR TR
i E AL, B E A A R i P
CDPK 748 4 1w 225 45 Joih 36 v 3 224 (B 5).
TEMFITH, AtCPK3 Hl AtCPK6 IF [a] ¥ E:
Jolr 3B M N, HESERAE P ER ;T AtCPK21
AtCPK23 U 47 [ 4R Mraa . 7E4R A (Ginkgo
biloba)+, A~ GbCDPK/CIPK H:H ik

&: 010-64807509

5 MR B HETB BRGNS, e
7 CaCDPK A REVAFEER A T PR 2R Na 5%
&, XFRIE A K AERR AN N Na' /K sy, A
TR X g ERAE W 3% BVCDPK 7 i 1 £k il e
HRER AT TIRABESE, R qQRT-PCR £2 AR
XA [R] e i kA B (% BVCDPK Rk Bzt
MR B, BRI SR Y BVCDPK £iky 5z
WA AR, F0H BvCDPK 763 8 2 o
HAAEVERCR R F=EdE). 1t4h, CDPK %
51- R (Mangifera indica)$h Biria S i, (H H: i
HHLERAE TP, FE ROk, ZmCPKIL il
R Na /KRS, By IkERiA St et E
Ve FDC RS U 455, DA H2 v 4l 1 Tif 6
P 64, ZmCPKI11 3K 7E ABA 5 5% ROS 7=
A R B R g R HEVER™, Wi3E CDPK i
AT NO . BEFEERGHT AR B, AR
AR =), AR S Y 7Edh
Wrie F, H E (Glycyrrhiza uralensis) GuCPKs
TEAR RS R, AT RS WA B R b &
Y Ao, X2t LRI, CDPK 1EFEY)
M o s Joip 3 v e #E AR
5.2 CDPK 5#¥ImEH

TR R AR LR, BT RXHX
Fbhie , AR . RO o> 755 5w ik
HZFEALIE LTS, CDPK FEAR IR I T 52
R PEEEA A 5. FETRANT, MR
Ca> VRS b £3080% CDPK, A2k ABA B,
ABA TETTRIE PR EEA/EHPY, CDPKs
WEIRIL ABA FHCHH SN T ABFS/AREB, 454
HAELSEEE, BRAEYPTRE, 3% BnaCPKS
W B2 1k BnaABF3 1 BnaABF4 3K 315 Jii 7k
15 'S (responsive to dehydration, RD)J&[X RD29B
ik, MIMIE FE T RHR N fE N,
T 5 hia 4 B TaCPK34 HEHFERE,
TaCPK34 A B #Zak M40 15 ABA R B [H 3

IX: cjb@im.ac.cn



3348 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

Stresses
Drought stress Salinity stress Temperature Infect
stress
Ca* Phytohormone
P
CDPKs activation
P \
14-3-3 protein MAPK cascade WRKY TFs RBOHs

l

Antioxidant

!

}

ROS generation

|

Resistance related gene
expression

Bl 5 CDPK iE#ZHE Y35 e e iz 41 %l

Stresses response

Stresses resistance

AT AR COPK PR8N A 5 P &R

iRk ; CDPK 7] iRk, i nlBlzfk WRKY % 5%[HF . RBOH #114-3-3 #[1; %4b, CDPK 4 14-3-3

] HARW Y

Figure 5 Regulatory mechanisms of CDPK in plant response to adversity stress. The solid black arrows
indicate that CDPK regulating plant stress response pathway. P represents phosphorylation. CDPK can
undergo autophosphorylation and also phosphorylate WRKY transcription factors, RBOH, and 14-3-3
proteins. Additionally, CDPK and 14-3-3 proteins can regulate each other.
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Table 2 The role of CDPK in plant response to adversity stress

Specie name CDPK Function Reference
Arabidopsisthaliana AtCPK3 Positive regulation of salt stress; CPK3-TPK1 pathway [15]
AtCPK6 Positive regulation of salt stress; phosphorylation of ABF and ABI5  [15,54]
can positively regulate seed germination, seedling growth and drought
resistance
AtCPK8 Interact and phosphorylate CAT3, mediate ABA-dependent stomatal ~ [96-97]
movement, regulate H,O, homeostasis and improve drought
resistance
AtCPK10 Interact with HSP1 to regulate heat stress [15]
AtCPK21/23 Negative regulation of salt stress [15]
AtCPK27 Positive regulation of salt stress; regulating H,O, and ion homeostasis [91]
Oryza sativa OsCDPK1 Negative regulation of GA biosynthesis, expression and activation of [104]
14-3-3 protein; participated in rice drought resistance
OsCPK12/13/21  Salt resistance [104]
OsCPK21 Salt resistance; exogenous ABA was added [106]
Phyllostachys edulis PheCPK1 The scavenging ability of ROS was reduced; negative regulation of  [106]
drought stress
Solanum tuberosum  SCDPK5 Participated in the outbreak of ROS mediated by StRBOHB [107]
Brassica napus BnaCPK2 Interaction with RbohD triggered ROS accumulation and cell death [44]
BnaCPK6L Interaction with RbohD plays an important role in the cell death of [45]
ROS and hypersensitivity-like (HR)
BnaCPK5/6/11 Interact with BnaWSR1 and phosphorylate, promote the production of [46]
SA and ROS, and eventually lead to leaf senescence
Zea mays ZmCPK4 Regulating drought resistance of maize through stomata regulated by [108]
ABA
ZmCPK11 Activate defense function and antioxidant enzyme activity by [48-49]
regulating the expression of MPKS5 gene; regulating the steady state
of sodium and potassium in leaves to improve the salt tolerance of
maize
ZmCPK35/37 Regulating ZmSLACI protein to improve drought resistance [67]
Nicotiana tabacum  NtCDPK1 Negative regulation of transcription factor RSG, involved in the [109]
feedback regulation of gibberellin; interacting with 14-3-3 protein
Vitis amurensis VaCPK16/32 Synthesis of positively regulated stilbene [109]
VaCPK20 Increase the expression of stress response genes such as COR47, [110-112]
NHX1, KIN1 or ABF3, to improve their cold resistance; increase the
content of resveratrol in grapes to improve the resistance of grapes to
biological stress
VaCPK30 Participate in cold and drought tolerance [50]
Solanum LeCPK?2 The production of ethylene is regulated by phosphorylating LeACS2, [113]
lycopersicum thus the immune signal is regulated
SCDPK23 Participated in ABA-responsive drought resistance [18]
Triticum aestivum TaCDPK2/4/13  Directly or indirectly regulate ABA-dependent gene expression and [101]
improve drought resistance
TaCPK34 Interact with TaNOX?7 to produce ROS, which improves drought [84]
resistance
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