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Abstract: Catalase (CAT) is a hydrogen peroxide (H,0,) scavenging enzyme and plays a central role in plant
growth, development and stress response. Its function is strictly regulated to keep an appropriate concentra—
tion of H,0, as a signal molecule under normal conditions to ensure plant growth and development, and to
maintain H,0, homeostasis under stress conditions to enhance plant stress tolerance. This review summarized
the recent research progress of CAT in plant growth, development and stress response, especially the regula—
tion of CAT function by post—translational modification and subcellular localization. It also made suggestions
for future research on the regulatory mechanism of CAT in plants.
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AR AR S S5 A R VR R e A o B BA
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PINERE . AR LIERR 1,0, BIBE 24 CAT.
LRI AR A2 A ) W (ascorbate peroxidase, APX).
A AP (peroxidase, PRX) A Bt H kit 4k 9
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redoxin, TRX) e H I FE R (glutathione S—trans—
ferase, GST)ZF1, 5 H Al H,0, IEBREEAF], CAT
ANt BATAT I SR AT LA H,0,0 BEA, HAR
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crococcus Cohn)FIKIGFF R (Escherichia coli)] CAT
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H,0, 1§ FRAES ™. [HAHY) CAT A% NADPH 454
B, HAEAR H0, MR N R0 16 AL A Fr
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B 1 #EYHAERN HO, W= EFfERTE

BhR ML THM@mILA 260 H0, = AF ez, (1g22: #£K§ 22; FLS2: #£% & %1k 2; BAKL:
BRI1 A8k k& 24k @ %8 1; BIK1: X F @ #5595 1; RBOH: “F R & 8ALEER) R 45; SOD: A2 A% LB, HP-
CAl: H,0, &% & 8, PIP2;1: BN 2% @ ; RuBP: 1,5- =B8R 4 B 4%, RuBisCO: 1,5- =-F% B2 4% A 45 4 1L B, 3PGA:
3-FEERH i BR; 2PG: 2—-BFR Hm B GSH: iE R A BB AK; GSSG: BALA S BEHBk; DHAR: BL AT IR e B2 3T JR B, DHA:
BLEAFIR M B8 ; MDA: B AR BR; MDAR: 3L S0 30 3R £ B8 38 JR BB Asc: L3R B8 ; APX: 3R fo bR 1t B ALEE; XO: 3%
"Rk B ALES; CAT: i B 4L £Bs; TAG: Hid = 85; GR: &L H KL R B, GPX: Bk kT AL 4 B, PRX: i A AL s,
NAD(P): YA Bt e i n% vh- =A% 3 BR (F582); NAD(P)H: i 8 2 8 B i B % vh — A 3 B (R BR)

Fig.1 Production and scavenging of H,0, in plant cells

The main subcellular sites and processes for H,0, production and scavenging in plant cells are briefly summarized in this figure.
1g22: Flagellin 22; FLS2: Flagellin—sensitive 2; BAK1: BRI1 —associated receptor kinase 1; BIK1: Botrytis—induced kinase 1;
RBOH: Respiratory burst oxidase homolog; SOD: Superoxide dismutase; HPCA1: H,0,~induced Ca* increases 1; PIP2;1: Plasma
membrane intrinsic protein 2;1; RuBP: Ribulose—1,5-bisphosphate; RuBisCO: Ribulose—1,5-bisphosphate carboxylase/oxyge—
nase; 3PGA: 3-Phosphoglycerate; 2PG: 2-Phosphoglycolate; GSH: Glutathione; GSSG: Glutathione disulphide; DHAR: Dehy—
droascorbate reductase; DHA: Dehydroascorbate; MDA: Monodehydroascorbate; MDAR: Monodehydroascorbate reductase; Asc:
Ascorbate; APX: Ascorbate peroxidase; XO: Xanthine oxidase; CAT: Catalase; TAG: Triacylglyceride; GR: Glutathione reduc—
tase; GPX: Glutathione peroxidase; PRX: Peroxidase; NAD(P): Nicotinamide adenine dinucleotide phosphate; NAD(P)H: Reduced

nicotinamide adenine dinucleotide phosphate.
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70 kDo WG LT AR ARYERE 325 &8I, AEY) CAT
B9 1 i B AE 220~240 kD, VEHHAEY) CAT W)
DA B L T Re0 2, B0k CAT JLT-IAH
T, T 2H 2B R U R AR S JF T T R R e 0,
CAT X} H,0, 1 K,, fH¥E 40~600 mmol/L, T H:Ath
i E AL H,0, 19 K, fEE/N T 100 mmol/L,
T CAT XF H,0, AR ik T Ho b 24k 9
fiffn APX . PRX &%), SR1M CAT H3& & FHALH,0,
THEREERY LA AR 2220 SRE CAT BERS SR
THER H,0,, TE4ESF H,0, FaS PG HEA/E .
22 CAT B53%mR

FeAVE R P () TR aE MDA
T 2 BERR SE AR AT LA AR R 1Y) 0029, o,
PR P ) R SR AL R R AR AR S R AR
fiEA, AE7 AR KA 1,0, T CAT 7EDGITHE ™A
1) H,0, 1 Bat R v & 4 S AR FH, AR PN 38
WAL E ZA CAT KIEHLSL, (AAZ A B CAT
HS 5 I R BN, RIS 3 4 CAT BUR,
HA CAT2 25 T, 76 IE % KRB,
CA T2 G754 1t P JAE W A= kil 2 A R A A
AR S ATE; TEEAE CO, YR FE A BREE ok F et
LN 2T F TR, CAT2 EEFRE T A, I
PR 32 ) 6 A 4 T R R G R A,
AR KB, BARE T CAT FER EA T 1
K2 P (brassinolide, BR)SZ /AR F BRI1 AH X2
ZAREE IR 1 (BRI1-associated receptor kinase 1,
BAK )RR AL IS, Bt =L R R 1,0, LI4E
FRIEH AR KT, KRG CaC HFRIWZEE
BRI, I H CaC MIBRZEAE 215 i A
4, UERHZK AR CatC 26PN ot & #5524
FHS, A B 8 I R S AL B oxalate oxidase,
0s0X03) .0sGLO3 Fl CatC 5 5 b 32 35 7 R4
TR ESERT IR SR, A5 T Rt AV ERACE R
FERK R AR, 33 BERIF ST 45 B, CAT AMUAE
T S b & F5 8 24, i ELAE e o
Y T EEA A A
23 CATZ5#EYRE

CAT SZAEA) G iy TR R -, AR s Ji
WA TSP CAT BT AE LS B By Al
AR AT HBET - (programmed cell death, PCD)
SRR SRS S A AR A ORI 2 — . AR
AT LLE PR CAT DIREfE ROS AR, Mk i
PCD HEFE AR JEL P AR, T DL 3 AR
ROS FLHEARICIR IR, Sk T IS5 A8 4 i i I

PASE B, S 5 B 2 70— ERON R - e,
BTN TR LAY CAT AHEAE 8l & JH#ECAT
ik, W2 AEY) H0, B2, 18058 Sy N,
AL IR . WIan, KI5 %5 B (Phytophthora
sojae) WY PsCRN63 (crinkling— and necrosis—in—
ducing protein 63)F1 PsCRN115 BEW 54 & CAT
HHEAERL, I CAT ¥t A%, LI
H,0, T8, KA PCD SRR A G e I vy, DA
SEHUZ YA, RUERAE M5 BE (Pepino mosaic
virus, PepMV)5H AN K TGBp1 (triple gene
block protein 1)5 77 CAT1 AHEAE, JF5 CAT
T, LA 1id 3 i feie ini, JR4E ROS AR
F0T LU i ey e 70, EUR S eE B9 ROS
REMEWSEFEEYNERKET, MHENELER
AFEAEY), BT LAY il it B A% ROS VE R
TREACHE G BE SN o Gao S50V I T — A5 G2
TLEEEAKRBHIREM 1 (resistance of rice to
diseases 1, ROD1)Z 5 By )1 S F A= &k
FHFALE . IEH &R, ROD1 5 CaB M EAR
H, W5 ROS 15 BR ELAW I G, AT ~F-# 7K A%
P SN AR R s 2 U R G i, ROD1 -
CatB BOHIE, FHIHER L BLE0™ A= B H,0,, AT
SR S KRR . IR T AR R AL
I PH T AviPiz—t 205 CatB, 1] H,0, LR, M
T G Sz [FIBsF, K RIP1/APIPG 12 3 3%
He RS , WOE 19 RIPL/APIPG 2 AvrPiz—t.
CatB Fll ROD1 HYREF, 320 H,0, BRI
S, HEAT UL, CAT AlE PR Hy0, FAR
VA TR O S L, A i D ) ] e
s AR CAT DHREARSLBL e sl A iz o
2.4 CAT S5 £ W ihiB i Bz

ISR A AR A P e 2 A e AR
KA ROS, CAT TEIFBRAR AP i BUR Y ROS
rh iy iR R A0, SRR T E R T AR
T SR B R 2 —, BEALAE AR A B 5
AP KR KB ITRITR, WETEH R S
ATFEBRITRM, FAVEZ 25 CAT T HEA
A, JFEWE YRR AR KK E SNBSS IR T L
et CAT WIRIRIFHR = CAT W 1, 1S9 AE Py %
e BT AT S A CAT T
P, IERERS RN CAT BISRIK, T2 A R4 ki
PRI 2 PR, SRANETIME 25175 AP CA T HIRIA,
NTT4ERFET GRIMA 8 ROS F2A8R-31, A[EHEY)
CAT LI AR A i 07 AR R E 5. B
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(Pisum sativum) CAT T ¥ 32 55 B 38 1915 T,
] H 2% (Helianthus annuus) I+ 3% (Brassica juncea)
MR CA T HGA I SZ B RRIPE 15 T4, 1
KN A EE(Ulva fasciata) CAT IIFRRMIANZ 57
ip3E S, LR T P B P AR Ve JEE S A U
ST R BE AR A SR, T L, CAT 7R
) 4 T g 1 i i 7 b S 4 B AR

TR AMERAFAR A Y8 22 K ROS 4R
R, WITEEMEYI A KR T, IS E e e
TERE UL SR AR B e PO T 52 1 ) A A T
ZMHEY) CAT MG PESZ 3T 5 AR 8 75 5
TEERBUBOK AT LA BRRT dhan 49 ™, CAT i1
TEER A T B, MAEMELA) BRRI dhan 547,
CAT FOTE PR R R a5 T M i, AR 1Y
WFFE A BN, $he A2 2832 M 5 2 R 1 (salt
tolerance receptor—like cytoplasmic kinase 1, STR—
K1) AT LABERR LI LG CatC, $2R7KAE ROS 1EFRAE
71, HRR KA I ERVES, FEKFE It KK CaC, fE
B R R DR R A TR R Vel ek, A ISR
i, R BEERE NN OsMT1a BI/KFER R
HACRIY CAT 1 PR S, SRk KIm
TR CA T HE DS B i 32 1 s MR R A i Sl ARG
IR I, /INAZ CAT IG R 3Z 31 5 e i
P9 X BERTFEAER UL, CAT TEAEIAE A= Wb ia
Mg 7 P AR A
25 CATSE5EUHEESES

CAT TEHIER Z 5 19 ROS R S &
HHEBEH. K (salicylic acid, SAYSIHIGLO
5 CAT Te/K Rt v AH EAE L, TS HL0,
FRR, FEMTHCA KR A 38 6 3 SA A AT i it
FLIEA CAT 455 KA CAT 36 1k, o i i
Il WRKY62/76 % A 1 R ZA AN CAT H)
ik, IWTAERFAEPIAR 73 A= 2L Z BT S0, Ji 7% 1R
(abscisic acid, ABA)IH I W5 KAE CaB BIFRIEFK
TS E T H0, B, 52 m KR B iR 5
PESI, BR 2 BAKL 7EEDE T 2B LI
T CAT, VBRI A R 1Y H0,, MM 4EFRFAEY) IE
WHAER AT, SMEGEIN 2,4-3R005 R N Bk
(24—epibrassinosteroid, EBR)A] LA APX FICAT
IR, BRI R PR AME, XS SRR,
BR ] LU CAT AR ROS MfEAS. &
IRTEAR I A K R B AR S b R 35 T EAE T
AR, ROS 2 HEZ W L& i, SR
WINZIG25F CAT 55 ROS W5 FREERE A 93K X,

PR B ROS RS, H,0, ZbBE2: 15 h Ul R
IAERREMHCEARCGERE GRS DRS.
iy AR AUXT H B & PINT A1 PIN2) YR8
R, ULIH H,0, XA K R 1A ORI ke
—E BIHIVE R, 209818 K3, ”gl%aﬁfi(indole—
3-acetic acid, TAA)AT LA EAEAT CAT AHE AR
AT CAT BITIRES . LA EWFTREE SR UL, CATAY
T HL0, TSI LE & PR A RS 7% 5
TR FEEZAER, Wik H,0, 2N —FhEE
L ERE
2.6 CAT S5EWMERFEERK S

A (reactive nitrogen species, RNS)J&—Ff
WEHEAEEAY, R —MEENES ST, 4
Yo A 25 UG 2 T EEE A A (B, X
;Y s, AEY) - EENE ST, TR
PRZE IMAS I R G0 e A F SR L i,
B ER H-I0 = 1) —E AL R (nitric oxide, NO)REY 7K
ML, 0 A AT 5K, ROS Hil RNS Z A7
TEBE AR R AT KB, Bt shibk v Bz 4t i i
KZ 1328 NO HIUE, BT CS (protein ki—
nase C8, PKCO) B WAL MRS, TG 1Y PKCS
Rk CAT B 167 13 228 R (Ser-167), {2 CAT
PUSRIRBIL 2, G CAT BY H,0, TWEBREE ST,
ROS L E, Ui CAT 7E37% ROS Fl RNS ¥4 75
R FEEBAERY, R RAE 1960 4EWFFEA G
B2 E] NO S5 MAE ) (HJEAHY) RNSH)
WFFE A B, B A5G 20 A A YA R A
FHEAEXTHIY NO BIThRETFJRIFST . 2012 4F, #H5E
A BGURBE, NO FIER 15T WA Ak (& 1l i CAT
KR H,0, Fa 7S, MR KRE A 4l sET,
ZHFEAHIVIE Y] CAT 25 T RNS 91X
O, Chen SFOVRGEHL AT T LRI ST HIKAE CAT
KGR AMIIRE, KM IT CAT3 FIUKFE CatA
AR 2 ) b A A S, T — R A Sk
fitf, FEZ 5PN RNS (5 5@, CAT2/3
H CatB/C W] FEAT AL SR RE, (B2 e
TE RNS {5 5@ B il 2 2 0 s E R . fit
AU, TCeTE S e A, CAT 7ECHK ROS
F1 RNS [ 5l h R 2 VER .

3 CAT #9iAEHL &

CAT TEA Y A A K T FIR A8 W) 7 o 473 7
T EEMNM G, ERENRN 10, B3, 2
Wil 2R AR R A TR R, SORETAEMNE T
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A RMARICAEY . FUL, PR N CAT FL)
AE B M A2 BG4 H R G0 0™ 4 4 (B 2).
3.1 BRMEMFEE

R R RN RN EEF R —,
ANa) i 23 5 S SRR et R i A — S SR
ATLATEZ A S 2B R 2 R DIRE. CAT
FIFIRHZZ ) 1,0, 1S, H0, AT L &
FHEUR CAT WIERIK, $i m TR 0T Whan iy 52
PEO), CAT B FRIB I Z B4 FIME YR 52 mm] , FL
W, SA PTG IS WRKY62/76 55 sy 1k 4
il CAT W35, AEReAa Py AR o3 A 4 8L 1 10
AT WRKY75 BRI 15T SID2 (SA induc-
tion—deficient 2)FFINE] CA T2 BIFRIXAK I H,0,
A, S B RaEel, ABA ALl KRG CaB
PR IR AN G T2 WA 1,0, LR, & KRS
BT SpEB, ANEER N 204 A1 BR AEIERE cAT
AR5, $m A AUk 2 e, teAh,
R 255 CAT R IK . AN = 240 il
CatB WWFR3E, FEARKFEAER Y CAT 1EHE, 1Ak
WA ANR, B2y aFE IR, F b i o 45 5L
K41 DNA 19 BEALRIEE SOD Al CA T 3L
ik, 4 SF7AE) ROS 15215 bR, et md
Yt M i SZ e, A BT iR, 137 A AL
AT, A2 (Manihot esculenta) 8 15T FE MeK -
IN10 FL LIRS S MeRAV1/2 (related to
ABI3/VP1)f) Ser—44 fl Ser—45, WifR1L 1Y MeR -
AV12 55 5] MeCATO/T JA 8T I, $2 8 MeC-
AT6/T ke, THBRMA T i SR R0 H,0,, 1
SR AR BT S ACME AT 2, AR AT LA SE A 417
il CA T e SR S, T B S A W gl aot )
YRV R T CA T e SERAN IR G 28 S o
Ban, K 2 RERE TR 43 W B BN F PsCRN63/115
ALRERSE: CAT FHSERI AN, 6 BERSAE Ak 5t
P R cAT WERIK, IR PCD LI
il 32 GggEe

¥ CAT & NADPH HU45-&07 5, 1E H,0,
WIEBARIN 2455 1 70 F NADPH LUkESL CATZR
T A CAT A NADPH 256 5, kAT
REARLE LA LRI HILEI  FRSRAE ) & KA CAT,
R ENRAE S K. Sl g & O A —Fp
CAT KRG 5 =X, M rp S50 B T, 3 oo
W KA G S, YA S CATH
A G R TR RS, CAT 76 11 200 R %,
SN R Ty REASFE PTG T, RS T

B RSOSSN X R T . O T
CAT SCEEALXS A R SE0, FE Y 1 95 CAT #Y
B B RERE I ORAER DU IR T IEH #Y CAT
P In: BE T (Secale cereale) TGN CATI
e SR B Y BEAL AR R i B PR 2, O ELIX Aol
P 2 B WOLR IR ENAE T A ROS 71
WS CAT1 By BHiERE S0,
3.2 BEREEmEE

A RIS A 28 0 B 0 2 1 Bt
AL TR R, Bl e — e 2 E
R ER AN B BE A, W] LA 28 1 5 iy B
At PR, FE TR MR £ BT 254 D RE LA K AR,
FEVE, BRI f DA R ) R SE B
Z—, FE R A AR B o) ) H AR R
BTk T A IR A A KRRk, TEME R E
JRIRE A MR A 2 £ 77 T 2 A,
W ANMLE T S P B E TR, TS
., PKCS RSG5 &K c—Abl/Arg B2 1L CAT,
M CAT AR FEEE PR, FEAE ) 4N
J A 2R AL B AT . BRI EE P18 8
(calcium—dependent protein kinase 8, CPK8)#E T
e T REAEBERR b CAT3 19 Ser-261, #I% CAT3,
S mY) 1,0, WEERAE T, SR R I B i S
BR i 5l BR 2R3 BAK] 7ERDE N2
BERRACIEITE CAT, NTiE R AR 1Y 1,0, LA
AEFAEYE R AR KRR, (HR HBERIL CAT I H
AR A ANTE B ER U (salt overly sensitive,
SOS)ff Z il FH, B2 U SOS2 (salt overly sen—
sitive 2)FIA% H BRI (nucleoside diphosphate
kinase, NDPK)W & 7T LA CAT M EAEH, 14
TCAT {6 1E, [H2 R RG] i AT A, AR
R AL 8 ) — Ik MR £ NS STRK1, AR
A P BRI CatC BYE 210 DLESZEIA(Tyr-210),
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Fig.2 Mechanisms of CAT regulation in plant cells

As one of the important H,0, scavenging enzymes, CAT plays an important role in plant growth, development and stress response.
It is regulated by a variety of factors to maintain intracellular H,O, homeostasis. This figure represents a summary of the tran—
scriptional regulation, phosphorylation and ubiquitination, and subcellular localization regulation of CAT. BAK1: BRI1-associat—
ed receptor kinase 1; STRK1: Salt tolerance receptor-like cytoplasmic kinase 1; HPCA1: H,0,—induced Ca® increases 1; ROD1:
Resistance of rice to diseases 1; AvrPiz—t: Avirulence Piz—t; CRN63/115: Crinkling— and necrosis—inducing proteins 63/115;
CMV 2b: Cucumber mosaic virus 2b protein; CPK8: Calcium —dependent protein kinase 8; PKCS: Protein kinase C§; CaM:
Calmodulin; APIP6: AvrPiz—t interacting protein 6; PEXS: Peroxin 5; NCA1: No catalase activity 1; LSD1: Lesion simulating
disease 1; GLO: Glycolate oxidase; KIN10: Protein kinase 10; RAV1/2: Related to ABI3/VP1 1/2; WRKY75: WRKY family
transcription factor 75; WRKY62/76: WRKY family transcription factor 62/76.
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