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Research progress of plant PP2C-type protein
phosphatase in ABA signal transduction and
adversity stress regulation mechanism

ZHANG Ji-Hong™ , TAO Neng-Guo

( College of Chemical Engineering s Department of Biological Engineering , Xiangtan University , Xiangtan 411105, China )

Abstract : Protein phosphatase is the most important and pivotal enzymes in reversible protein phosphorylation regula-
ting mechanisms. While the PP2C phosphatase is a kind of serine/ threonine residues of protein phosphatase, is the
largest protein phosphatase family in higher plants, there are 76 family members, widely exists in living organisms.
So far, four kinds of PP2C protein phosphatases have been found in plants. Protein kinase and protein phosphatase
catalyzed reversible protein phosphorylation, play an important role in plant signal transduction and physiological me-
tabolism, protein phosphorylation exist in almost the signal transduction pathway. Numerous academic studies have
shown that plant PP2Cs are involved in multiple signal transduction pathways including PP 2C involved in ABA sig-
naling pathway, the response to drought, low temperature, salt stress, participated in the plant wound and seed dor-

mancy or germination signal pathway, and exist the different regulation mechanism and the enzyme catalytic activity
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were dependent on the concentrations of Mg*™ or Mn®*". In plant PP2Cs protein C-terminal, there are a highly con-

served catalytic domains, as well as in their N-terminal., their function are different. The review would provide a brief

overview of classification, structure of PP2Cs, the interaction between ABA receptor and PP2Cs protein, the recent

progresses about their roles in ABA and other stress signal transduction pathway in higher plant.

Key words: protein phosphatase; ABA; signal transduction; adversity stress; research progress

A5 J0in 30 2 PR AT 4 A6 K R 7 1 Y I
R BTG AR ) R S S R S T AE
W SEE 81 (155 S i A = NI B B A s e R 047
fg 5T R aRENA L, W EH A — B
(Schweighofer et al.,2004), Sbeng(2003) i iff 5%
2 W] T 5 R AR A5 0 B A8 TT A S 2 A AR 1 T
R ERIL .,

AR B R A R A 2 1 BT A T R
IR 1E S 5 T E EHLH Z — . & A PR N i A
TER R E MG S il R EEAE M L, T
UG S P R0 X AR A 5 A RV L B R TR il
(PPs) A] g A 44 & PP1,PP2A ., PP2B & PP2C(Lu-
an,2003), 7EEEMY ., PP2Cs &8 K E M #
MR MGG, FEAE 76 A WL 5L, #4310 4 (A
(Kerk et al.,2002), PP2C 2 B f&: — 2K 2 Z MR/
I TR Sk AL W IR I, H AT fER RN E R 6
flr PP2C & 1 W5 IR i . £ #F ABI1, ABI2, HABI,
HAB2,AHG1 1 PP2CA/AHG3, Shinozaki et al.
(2000) B 5T A A 2 11 I8 T R 28 11 0 T TG 1 )
AL 25 1 5T AT 30 B R AL 2 A AR N AR S e R A R
AN E IS LR B e

PP2C AUl 1% it 4 S W] 5 AE J2 7E 48 1 5T 09 4 b
WA FEE 11 A KR W 45 49 3k (Bork et al.,
1996), 7R &Y, PP2Cs 25 T ABA JRJR .,
JWhia e K B 4 4 A5 5 7 5 & 12 (Tougane et al. .
2010) , B H XY PP2C 45K e 25 ABA 453
B AT = 4 W 2 B B 9 R R AT T ERR

1 PP2C #y %5 A9 45 4E KR 15 AL

B FR i (Protein phosphotase, PP) 7£ 41 fifi
i R A e R R AL A B
W Ak, M FBCRE R AE A . Kerk er al.
(2002) By 5T 2 W, 35 11 Wi 2 8t 76 A ) 4 P 2 A 3%
R EEEMN EARNBRACILTAETIE
R ERER AT ST i

PP2C i # % P Ak #OB T Mg®' 50 Mn®" |

Ca’" \Zn*" \Ni*" S g5, flan, 364 Mn®" 50 Mg*"
Bl PP2C BE TR . I A G50 ED-
TA.PP2C Rl A-FFHA A= 9935 1 L (R 45 TR (oka-
daic acid) . F i1 F & (cyclosporin) 2 % PP2C 1Y 3%
%A # W (Hunter,1995) ,

Y PP2C FH 1 C ¥ BAT R ~F B HE AL 25 4 38, N
Ui HLAT DI REAS S AR A X, N o ZE X2 AE 9 PP2C
JITREA 3 S6 A [] B EE 1 DX T PP2C A [R] /Y
A€, U PP2Cs By KAPP (kinase-associated protein
phosphatase ., ¥ il JC B 19 & H B RR B 19 N It A 5
P T AH VR A O (KD VR S5 M3k (Li et al.
1999), MH% PP2C % 1 A9 DBP1 (DNA-binding pro-
tein phosphatase 1, DNA &5 & H 5 HBEREE DAY N
Uiis H A e 53t PR 1 A RHAE L BE -5 AH DG B TR IR i A
7 X A 45 & (Bray. 1997) . $#1#§ 7% PP2C J{ it
ABI1 H FAY N s % C I i 1k 45 4 SO0T HC il 10 3% 1
A—EMPEINRE . A ELHE W IT PP2C il Z
— POL & FAY N I GE 410 il L Al 1) 305 12 (Y er al. s
2000) . HEIPRN PSPs (H F 22 28 R/ 75 % MR Wi R 1l )
FiR 2 HYIRE 2 AE, XY PP2C B = I 42 3 3L 1), 00
FIRETT EZ AR N s &5 0 J07E H A By e DL e
JEW L AR U o AR

2 PP2C £H#% 5 ABA 5% %
iy A 4

FELRE T ABA U a8 58 A A o i % 15 )
) ABI1 F1 ABI2 Wi Fp 3L A, #4415 PP2Cs & [
(Leung et al.,1994) . #UARGIF abil-1 8 abi2-1 %
AR AE AN TR 21 21 e K H O [ B B #R 2% B R )
ABA AR, X £ PP2C JEH & ABA 5 5%
H I 45 A (Gosti ez al., 1995), 15 & 25 Y
PP2C KW 5 # . ABI1 Hil ABI2 [ J& — /> F 25 (A
FO BT A KR A 9 4 (Schweighofer et
al.,2004), HAB1 5 HAB2 % {E -} ABA 155 &
BRI B R TS ABIL SEH)F S
FHALPEAR &5 (Saez et al.,2004) , MALLHEE I 58 25 (A b



6 1 sk4k 2145 . HEY) PP2C I AR B ABA 15 5 5% 5 Ko 5% a0 98 35 AL T 53 0 937

NPT TR ERREEORTE PRV Arabidopsis KAPP
Membrane RLK PP2C catalytic domain
anchor
[ e N | Arabidopsis ABI |

EF-Hand

PP2C catalytic domain

Bl 1 PP2C %51 5 3mg n i E
Fig. 1 Schematic diagram of PP2C structure and function

Meh % %48 3 AHG1 1 AHG3/AtPP2CA (Nish-
imura et al., 2007) B [H, H A A % ¥ F 19
PP2Cs B2 7E ABA {55 5 g 42 1Y 7 i 42 1 2 fig
P UE B FR B0 PP 2Cs T BEAH XS PR 5F (Komat-
su et al.,2009),

TERN BT . Merlot et al.(2001) & 31 ABI
Ml ABI2 |5 ABA #55 PP2C 3% Y 50 % o H JH HE KT,
AETE H A PP2C EHWZ 5 T ABA 55 7 ik
2. WHEIEWIFE ABA {55 &%, ABA 5% PYL-
PP2C tHEAEF . £ PP2Cs A9 A 28R B3, Fh T H &
AR o ABA A S UR B & A — 4 (AHGD)
ANk PYLs il (Antoni e al.,2012),

1E45r T K L PP2C 9 A 2R [a] B 5 =22 18] 77
TEYIRE LW TUA IEA R AL E A AR &R A,
WoRHLURE IR RIBBA, KOs 5221k
FEEEHEMNT LT AR % 55 53 & (Nakaba-
yashi et al.,2005), & & QPCR B & & RT-
PCR J7 LK, ABI 1 BE7EAS [R) 41 21 b 5K L A 45 Ff
TR T4 M, i AHG1 Fl AHG3/AtPP2CA F
BEAEFh 1 263K (Nishimura et al.,2007 ; Umezawa
et al.,2009), ABIL 1 AHG1/3 & A /Y IV 40 i &
LR, ] B [E , ABIL 2B H & AL T 40 g R
Mg fA%, i AHG1 1 AHG3 & A S EN T
MR (Umezawa et al.,2009), ABI1 ] 255
MR B4 D40 ABA B0 3815 (Leung et al. .
1994), 1 AHG1 fl AHG3 E B A fl 7 v & 3
BE , 7EAZ Hp o 1 HL K £ 38 (Nishimura et al.,2007) ,

PP2Cs ) A 281 51 B A 5 R 45 D) g, e 58 42
K abil-1 Fl abi2-1 FHR5R A ABA AN B & 2
DIWEBRARE . RASKAERE abil-1 F abi2-1 RS K
HAE PP2C W ALES F IR I, iy A PR S 19 H & iR
AR R R A H IR ., WHEssie R, My h PP2Cs
A SR R AR R 28 A8 L RE S AR R 1 ABA
ANEUK (Robert et al.,2006) ., 48 F AR, MEY iy

A PP2Cs R—KEBHEANNZSH ABA 55
IRAR I 4 R 2R AN R A 25 B sl 2 AR T
) PP2C TE 2 5 M ABA {5 55 S B2 M HLH
WARFE, HAT.FZ ABA 5 & A% ABA 2 ko
N DT BFSE Y L PP 2C Sy L6l o i % £
WU () T ok e o 34k 5 ABI1 SR HHES G & M
B RHRABESE A 28 PP2Cs IS5 TS fig , LA K i
— R ABA {55 575 5 38 48 v BORS AR 45 AL ] i
FAEHEEEMN.

3 ABA % {k-PP2C #H B £ H

W% PYRI1/PYLs/RCARI1 #f % 5 Ky Al % P
ABA 132,58 ABA 15 5 5 S R0 5 FHLE A
TR A T f# (Park et al.,2009), 3@ i %f 5% 14 &
H PYR/PYL/RCAR. & H # 2 i PP2Cs. & H
iR B SnRK2s DL K AH 567 5 1 1) 28 G2 FER A F
55,90 A # T L PYR/PYL/RCAR H 52 1K fiy
ABA 5 557 58 I B (Fujii et al..2009; Melcher
et al.,2009;Vlad er al.,2009)., #WFsE XM, E A K
HEG A E AR 2C(PP20) , 40 ABIL, Il
HAE ABA R i 12 h (9 3% PE (Park et al., 20093
Ma et al.,2009), W5t —20F W, ABA i@ & 8 15
PP2C i e i 2 40 M AR 08, o R i & M 5 &
o i Al R Y R 48 (Santner et al., 2009),
PYR1/PYLs/RCAR1 % ABA 2 k%454 PP2C H-4l
il PP2C % iR 1k 38 ., M1 ¥ 3% T SnRK2s.
SnRK 25 it — B B Ak FNTE — 28 ABA K i 784 4%
& AREB/ABF (K 2),

G2 PR Z MM Mg 2 & B H W AEAE ABA
J i R R T HEAE LA 5 {55 B Cn PP2C i
SnRK2) 76 4= B ]2 43 F L Bk R A KRB . BLsb,
PYR/PYL/RCAR % 4 i} PP2C 1 A 25 il 51 A0 T AF
FAA B HT ABA(Park et al..2009;Ma e al.,2009) .,
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2 PP2C 245 ABA 55 &M 4 A
Fig. 2 A model of PP2C involved in the major ABA
signaling pathway (Umezawa et al.,2010)

SnRK2s(SNF1 #HCHE H I 2s) , i SRK2D/
SnRK 2.2(SRK2D) ,SRK2E/SnRK 2.6/0OST1(SR-
K2E) #il SRK21/SnRK2.3 (SRK21) fig 75 14 4 # W2
1k AREB 1 2 ki 5 (Furihata et al.,2006; Fujii ez
al.,2007), BLAM. BIREIT A9 SRK2E 7 ABA M i
(< fL s B i T 56 B /R A ( Yoshida ez al.,
2002), SRK2D M1 SRK2E i[5 5 T ABA i
S B FRF B K AR R (Fujii ez al.,2007)

PP2C # H W B IR L 7E ABA 155 i 2 1R
HEMME,ER5> PP2C B HIEHE N ABA (55
K F 9% 47 B A4l iR (Hirayama et al.,2010), 54,
SnRK2 #i %52 4 ABA 96 09 55 A B . =B aa
BEIMIS SnRK 2 F: A 2R ik (Umezawa et al.,2004)

R N i I R IS S E -
SnRK2,SRK2C/SnRK 2.8 % 3 [ B &5 JF %35, M
T 1E VA ¥ A AR B 2t M (Umezawa et al.,2004),
B, /5 4 h PYR/PYL/RCAR % 1. A 2% PP2C
DL R SnRK2 2Z [a] 58 i B b 5 22 1 45 G TP il ABA
B E AR S S N 2 5
R E I ABA (55 & 1%,

4 PEIF PP2C T 82 /1KE %
I ffr 28 Y v R 4R AR

0I5 Tl 3 A RV R X AR AR AR R

RETHHEAREm, FEAEY - R, Y0 TE
¥ FER W38 1 43 FHLHI © 812 BF 98 (Yamaguchi-
Shinozaki et al.,2006) . VF 2 F&¥% F1 1 5 36 (1)
N A DRE/CRT WCAE HI oo 4, Hog 36 1 17 51
4 & A CCGAC # 0 J¥ %1 ( Yamaguchi-Shi-
nozaki et al.,1994), AP2/EREBP % Ji (1) %% 5% A
F Wi FR N CBFs #{ DREBs, — H 45 & iX 86 %% 5% 51
4, 3R R T G A DR A e S (Liu ez al.51998)

R R R TR R RS TR D B, B
WHLHME . AT R FEA MR WA 5T UE ] ABA
AE X AE W W 7 35 (Seki e al.,2002), Y %
ABA YIRS N 2D A TIER. EY %
IR AL 3, 25 5 30 ABA 9B (Chen et al.,1983);
YLk PE 0 B #% /b TR ABA 5§ (Mohapatra et al.,
1988), ABIL 7 ABA 45 (1) 1 52 Jbfr 38 o iz vl 1
TR AT T 1EH (Gosti et al.,1999)

B R B 2A W T 5 AL B AE R A N
ABA /1% 15 5 1Y 58 B 3R 3k AT R P (Mon-
roy et al.,1998), ZmPP2C J& X 1Eh Ffl+ 5 ria
S AR N — AR E B F (Liu et al.,2009),

PP2Cs G A1 3 A>3 PR gl ik W 22 3 i 38 4b 2
Je bR R IR AR FLAE R W 38 v R A T R A AN T R
(Xue et al.,2008), PP2Cs 25 ;W0 m iy 2 8
it ABA .MAPK i i 8 Ff # B — 26 55 3 18 i AR
A, AtPP2CA , AP2C1 1 ABI2 (Schweighofer
et al.,2007), TRWHET ABA FEZ T A F i
ALY PRI oK Ay U . TEAMIR ABA Ak B 5E
AR abil.abi2 B, A2 0 B AR R 2] B AR T
BP A R R R o, TR S ABI1.ABI2 28 ) Tif
Wi AH 22 9 2L X (Finkelstein et al.,1990), 7E E K
o, PP2Cs By R IK 32 1 50 0 38 755 ML 1 A 0 A
(Xu et al.,2005),

Vartanian et al.(1994) {32 T ABI1 Hl ABI2
FE PR v BE TR, E A T 52 7 28 ) 3 AR AR 1 A=
KR R HREWIESHF XY AE,
ABA REURE AR abi-1 Al abi-2 H, HA L&A
N E Ay N IRYE NS DO 7 ST | 8 S - L]
Z 5T SRt AR abi1-1 MY E K B ABA
¥ T AR5 S 0 A O B [N 2R Gk 34 A2 B, i 28
AR abi2-1 WTG abi1-1 R FRIERAE . BF5TE %
HL,AHG3 25 TG 5155, 3 40 9 % b
B ABA [ R N 5 () s o 4 Il ¥4 375 5 AH
F I A F 3K (Yoshida et al..2002),
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5 PP2C Z5EMel 55 M Tk
R/ R T ®RE

— ML T ABA ZM AR R . H
B FEL R ST . O 1R A 8] T — 28 ABA AN U
RAMK Cabi) W abil-abi5 %5, 35 Vo b M %5 T MY
f 3 R [l i &% 38 ABI3 . ABIA ABI5 % fi5h % 5% A
TF.ABI1 f1 ABI2 W 415 PP2C & 1 (Ma et al.,
2009) ., ABIL Al ABI2 J5 41 (4[] Y5 1 AR &5 (5 43 51
AL TR I B A A G R B, BR P 9 4r A 3R W
abil Fl abi2 I PP 2C {457 25 ¥y 3 N B 4 1R
G-A(ABI1 Gly-180 Asp; ABI2 Gly-168 Asp) ) %€
Ap G| P BT ek AR B3 (Ma et al.,2009)

RATKR abil Fl abi2 J& B MR, HZE R F IR IR
5P EE N X ABA B R R, Sk T RE Y
ABI1 ZH N S 5P X ABA 3E N 34 5%, ABI 1
PR R ABA 155 5 3 44 19 1 0d #2 H F (Furi-
hata et al.,2006) , FEWIKIRA R ZHR L, KK
abi Cabil,abi2 Ml abi3) HIPRIR W /D, AR B R 2%
7 37 ) S A KR B R BT SR A 45 A B I IR
T (Koornneef et al.,1984) , i 225K abid % abi5
B DRI . ARAK abid T abi5 3 PN B A4 A
PRIR 7 20 A & AR AR A SR — 2R
R Bl 655 1 (Finkelstein et al.,1994) .

YR N BAEAETE S 24 MAPK 2k R %, 78
HPFRRNF BRSNS, inBiE R UV R i &A= 1A
TVEFHIE, U JE A B9 MAPK R48, Tix 4655
fif B e 0 SR A AR B A MAPK 28 . 350 0E
LR IT R PP2Cs RS 58NS T H 25 %
JECHOHG R B (MAPK) 5 5163 L H VR IR
Pt fnot i 0 £ 15 5 & 12 (Schweighofer et al.,
2004 ;Castello et al.,2010),

MAPK ()40 T 6 32 22 2 ok e e e 1E .
ME A, G A5 2 T 40 MAPK S8 R 4853 X
SAMK (stress-activated MAPK) & ) MP2C 3%
(Meskiene et al.,1998), B 15 Z 8 €15 )5 . H
SAMK i % g 9 Wk i % . MP2C SE R 4R 465K
HEMAE SAMK 55153 . MP2C 5K ol 1 1
PE 4 K AE F (Meskiene et al.,2003), Ehirifa .
e Y B S R BE I & SIMK 342 , MP2C 4 fif
#il SAMK 42 L & SIMK ,SAMK i 4% i 42 A1 455
BB HE S el 4% 3 . B ETEATE A

ARG BB S 2k JA MO EHEEY .G
50 ¥ A AL 3 I WO B AR BN 4 AL, AR AR
P JA R 4L AR 5 I 6 B 3 4 s R (R )
A LT S (Gleller er al.,2010) ., ¥IF I+ MAPKs
RGALIE R 115 5 1% 33 R0 AE W B £ J o7 75 35 43 41
B, o — 4 & ik JAVET FUK A% R (SA) 4
WIHEFTENE TR FERE. BK mprd KN
JA W BAR AR 70 B0 K B i (HOR T JA fE
AR SR . T 5 S B bR id 2 [ PDF1.2 Al
THI2.1 %35 (Petersen et al.,2000) , 45 fil ] 1%
i S MAP B %3k (Bogre et al.,1996) , LA %
AN TR B 3 A S R R AR R L AL HR MAP 3
MAPPP ¥ i (Mizoguchi et al.,1996), #Z , Al
) PP2C 5K 2 5 F0 K IR /W & i L] A S A
[F] . 2 % PP2C 52 % A8 OC B I A 0 5%, 43 B T 1)
R OB T 2 0 2 0L . R RE 2 BB )
REVE 5™ A SEFP 4 & W i TS MAPK 342,
W PP 2C RE 7 IR 45 A8 4 X5 S S 40 36 104 i 3

6 EZ

PP2C 1Eh — K 8 2 1Y 8 11 Wl 1R 1 , i o i
Y AR ER A R R A Sk LR
MR AR5 1R AR . RN PP2C H A R ik i 4544
FROEFN AL P T, H AP 2 B 2 Hlcre A W] 9 2H LR 4%
i HESE SOOI A Z R, BETC Wk
B3 KE PP2C 3, I3 AR 55 5 b 04E M
AT T RIS DB I ABI1.ABI2 Tl At-
PP2CA W IIBEC WF A3 800G 2 . it K 3 PP2C
BT 25 ABA {55 (9 G 45 A . i fig At 5%
R R 25 4, JEFIAE A ABA Z k& 5 H el s,
1% PP2C MAEFHMLHITE B2 2, BT, BT 5k
L—1 PP2C 3§l 5] , B fl H I Wy i) i 58 I AR A PR
PP2C 1 F W (1 WF 5865 1%k BT 1 $4s,

W2t R B % e S ABA {5 555 5 38 B i BF
FURME T EEALRE, WAE L PYR/PYL/RCAR K
2R BE T i T E BRI b S5 A AR o T B
i 4 PYR/PYL/RCAR iR % ABA 15§ 5 U &
PP2Cs 1 SnRK 2s #5505 43+ AL 1) e B
oE T EBEEA, PP2Cs # & M@k SRK2D/
E /T /K57 s 200 F # B AE L ORT80M ABA 1915
S RIER,

B BLACRHE A K e I B DU B0 DL K 1]
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