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BE NEHLEFRBEBNSRELBDBENEFGHEXE, ABT/NE TaCATsER RGNS TEVERENFTEHFAE
NG EIFEEEICEM, FI A e-PCR AZ# T INEIRUSEB(CATFHERRIE , &S in silico BRI MNE TaCATSEI%ﬁ"E’J
EXFEBHITOMMEN, SEBFIERELLGERKA, TEN/NEZ TaCATs BERREH K R 5 /KEHN CatA f1EXK Cat3
EERTHHELE, 2 511X 89%K 81.1%, & A TaCAT3,E E 20 DNA 71 cDNA K E 42 5 5 1986 1 1482bp, 47 #3 494 A~ & &
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W, REEEMHBEERKA,/NEZ TaCATs 88K SN MIMA X, EEARKRBEF FIE IR FER £, 5 A SwissModel #
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Clone of TaCAT Genes in Wheat (Triticum aestivum L.) and Its
Biochemical and Molecular Biological Characterization

SHE Maoyun, LEI Hao, YIN Guixiang, FENG Chen, BIE Xiaomin, DU Lipu, XU Huijun, YE Xingguo

National Key Facility of Crop Gene Resources and Genetic Improvement; Key Laboratory of Crop Genetic and Breeding, Min-
istry of Agriculture; Institute of Crop Sciences, Chinese Academy of A gricultural Sciences, Beijing 100081, China

Abstract There is a close relationship between in vitro regeneration potential of wheat (Triticum aestivum 1.) tissues and their resistant
ability to oxidative stress. In order to dissect and provide theoretical evidences for subsequent experimental molecular functional
characterization of TaCATs, e~PCR method and in silico techniques are employed for the isolation of the new member of wheat TaCAT
family and the prediction on biochemical characters of TaCA Ts, respectively. TaCAT3, as a new member in wheat CAT gene family, is
encoded a deduced 494 —amino acid protein with the 1986bp and 1482bp of genomic DNA and ¢DNA, respectively, it shares 89%
homology with CatA (Oryza sativa L.) and 81.1% identity with Cat3 (Zea mays L.), and is possibly targeted in the mitochondria according
to the subcellular localization prediction. Furthermore, all the functional sites in TaCATs are highly conserved. Phylogenetic tree
construction shows that the wheat TaCATs are able to form three separate branches with one isoform each. Swiss—PdbViewer 3.7 software
package is employed for homology modeling of TaCATs after an appropriate template is acquired in Swiss Model online. The
reconstructed model could well reflect the TaCAT senior structure.
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o A AL & (catalase , 45 5 & CAT;EC:1.11.1.6) & —F
T8 B A W IR 4 2 4 HL0, 95 HE R 43 5 S RK i S Ak d
B, TER ZHOR T AR D EEAEAE 3 A CAT B, 4
i A TR 7 288 f ] TR, 26K RS (Oryza sativa L)l E K (Zea
mays L) & E LM 3 F CAT gt F 4, 705 )& CaA® CatB®
CatC(GenBank % 3¢5 :DQ118681) Fl Car1™, Car2®  Car3®,
i KFE CatA .CatB F1 CaC 4395 E K Caud Catl X Car2 H.
R EL ] [R] Y5 5 22 (orthologous genes )P H & 1k HLAA B ¢ PR i
ERFMCSY H CaA B Ca3 %% FE 114 51 4 ) BT
AR, AN B RR (Ricinus communis 1M 5 4% 2 (Solanum
wberosum L)™', K7 (Hordeum vulgare 1.)"™ T4l ¥ I
(Arabidopsis thaiana 1)V SEWA CAT [F) T 4 15 3 K A9 i
i, HAr, fE/NE (Triticum aestivum L) E WLARIE 2 > CAT
() T Tl i i S PRl 12160

H0, /&4 S A WA AV AR i — A~ 27, Il i
o, 2 A W TE T 52 09 D TR I 3 A BT Bk 38 B A B T P A
(Active Oxygen Species,AOS) i) —Ff T Z 41 BUE 017, 748
Pt 5t 20 1,0, BB 2 S8 A AR ) A T 5 &
FE ) & AR AR a0, SR T Sl AR P A e S Ak I aa LA R
AR PR S A 360 38 0 3 101 AR D 1 9 T AR Ak O e s B R
A g Bl A HLT IR 2 B g i LG 3R i R E ik
40 0 T3 Ak, SR R AT 21 29 8% 3R 1 2 g U2y,

A W) 20 285 3% A P AR BB g ™ T 5 R R DY T AR
AR HEAT I 38 % o R 5T, AR SRR 0 38 AL A, LR A TR
W F B E MG EREN T Z 22
FeE, MY AE 2 B (Cichorium intybus L.) %% %% 2F (Petunia
hybrida 1.). i #i] (Pauownia kawdkamii 1.). & Wi
(Lycopersicon peruvianum 1..) N (Daucus carota 1..) AU
M T KA B OK B R o B B AGP™) Sho'™ PESF1™Y
Rg—1® SERK™ ESR1™ NiR™ ZmLEC1™ J Shdl #1 KN1
SR P AR R BE R Y, OF R R BRI R i T X
Sy Fl 2] KGR AR RE T L AR MR B B — R
YEW /N2 HE A T2 0 TR B o R DL i i otk AR R
R ZE AR /N A2 P AR A DG PR 1Y) 22 ) 2 AS 5 PR L) 2 4-D
Ak 35 AN A 3R R 38 /N A2 R RE CBO3T (4 IR MR, R

) U5 5 [ B 5 B RT-PCR # R Th 7 # 8] — 4 5 /% 4
VR P AR AT I 3 I R DG R S N TaCAT1 (ff k 3) . 7RI
B o T O N TR i R o NI AN RS i
CAT [R) T 2 it 3 X TaCAT3, ¥ K 76 /N2 4y ik
A R 7 B TR TR BRI in silico $ R XK F 3 R Y
AN oy T B 2 R AT IO A3 BT, N R SR R
a3 FAE W 0 B R AR TR

1 ME5F&
1.1 &4 8 R EH DNA 2B

il /N (T, aestivum L)L CBO37 w1 [ A lk Bl 2%
B VIR =00 5% T MR 22 5 DL B, AR IR AR A7, FILH SDS
NN E R PR BOE N4 DNA, JHT /N CAT FjgE 3N
RZEIRE: IS
1.2 RNARES cDNA &/

I CBO37 /N2 Fn R A7 18 I 5 37, R b W 3 5 b T
A3 EEEA A, WA TR T-80CIRAF . 4% It TRNzol
Kit 38050 & (A6 5t RAR A2 /) 38 1Y J7 B 5 U 22 0t 2
RNA, K& PrimeScript 1st Strand ¢cDNA Synthesis Kit (K%
TaKaRa 2\ m) ) #AE 0 W& B cDNA 55 — 4%

1.3 /& TaCAT3 £H 5 53k 15

MR KRG CatA A E K Cat3 2 LM F 4, FIH 3 E 52
AW ARG B AL (NCBL) Y thlastn T H38 A & 9/ 2
EST, H CodonCode 2.0.4( Z€ [ CodonCode 2\ &) ¥ 17 17 41 B
B, RYEPHES S FIH DNAMAN 6.0 8 f-7E S0 iy 5 Fn 3
UTR X3 3195 cDNA il gDNA 2K 75005191, I 4
N TaCAT3, 51475102 1, PCR B 1A ZR B KF R 20uL,
3,35 ddH,0 5.8uL,2xGC Buffer 10pL (K% TaKaRa A ), 3l
¥ (10pumol/L) 4% 1uL,dNTP (4% 2.5mmol/L)2uL,LA Taq
(5U/pL, K% TaKaRa 23 7 )0.2uL, B4 ¢DNA % ¢DNA (50ng/
pL)1pL, PCR ¥ 8 2 ¥ 4 94°C7HE ¥ 4min,35 4115 3 £ 75
94°C % P 50s,62°CiE k. 40s,72°CHE i 2min, % )5 72°CIE fif
10min, 195 8 Byt i W 58 5 Al ik A 00 O Il i A9 R B, R
NCBI % ORF Finder FI7EZE#f4 FGENESH #E4T ORF N &
F M, e AR R R R NE CAT F5 53 5 WA~ 1l 5
(TaCAT1,TaCAT2) )75, 2K H IR 1 5 537 38 3 cDNA il

F1 INE TaCAT ¥ #8314
Table 1 Primer sets for TaCAT amplification of wheat

A GenBank % 3¢5 E 51 (5'—3") B w514 (5'—3") J BER/Nbp
TaCATI1 GU984379 ATCGTTCCTCCGTTCGCCAT CGCACTCCATGGACTGATCT 1516
TaCAT2 X94352 CCCGGCCATGGATCCCTACA CTTGTCCATCTTACATGTTCG 1496
TaCAT3 HQ860268 AGGATGGATCCCTGCAAGTT ATCGATCCATCCATCACATGCT 1502

gDNA 741, e TR A B HE A AR PR RE AT 20 M AT, [R] A ] PSORT

1.4 TaCAT S EBAR £ FH TS
HIH ExPASy 7r£% 8 F 5t BEAL PR 5t 20#r T B X TaCAT 9

24

(htp://www.psort.org/) TEZSF BT 8 AE XS TaCAT #4740 il i
LI, R Deléage 5E5J5 %t 3 i TaCAT 4T — 4544



] jemik —
R SH 2011,29(12) iff 3R ik 3 (Articles) ﬁ
‘\%m\lllll.\ REVIEW
T (http://npsa—pbil.ibep.fr/cgi-bin/secpred_dpm.pl) o 2 ZREHIT

1.5 REELTFAEE K54

Mg /N2 TaCAT R HE 2T 51, 12 H blastp 7€ NCBI 1
HEAT RN EE X, 3l 7R 4R clustal W2 X 48 2 21 B9 AH S 1y
CAT #ATRE G, FIH Mega 4.0 31 #Y Neighbor—
Joining ¥ £ R 45 % B W, 2505 E R 1000 bootstraps,
1.6 /N2 TaCAT [ iR Z4E = B 7y

H4 Bordoli &P 41 19 T ¥ X /N2 TaCATSs i R 45 44 it
TFHUN A4 ExPASy (9 SwissModel T.H.f5 £ TaCATs AR
FEAR , R H SwissModel 1Y) Swiss—PdbViewer 3.7 #4433 17 5]
PRI | [R]I TaCATs £ 5F 19 21 BB 01 5 14 05 2 45 4y i
T, IF A SwissModel 7 £k 155 37 £l T H. Procheck #il
Whatcheck #4774l

21 & TaCAT3 EFE =&+ o4

WFFE R M, /N TaCATL 1 TaCAT2 43 5K H8 CarC . %
K Car2 FUKFE CatB . FEK Carl HAT 5w A9 ARAL T 3 W7 Hon]
BB SR IR T L R 9 2R Ak 3B, R A 5% LUK R 1Y) Catd B2 &
KA Ca3 NP7 %51, I NCBI () blast T ., ili3h 155 6
% H A B M /NE EST A Bt ,GenBank % 3% 5 43 jl
N CK209694 .CK209786 .CJ711217 .DR740318 .CJ930266 #iI
CJ958975, h Beal 4 5 13 3 — 4K h 1737bp WIF 5 (1 1),
ORF Finder Wil 25 5 & B HAL & 584 19 ORF, #lE ok, FIH
ORF Wil UTR X33t 514, R W M PCR HOARTE W 8
INFEBERE CBO37 E: 40 DNA A1 ¢cDNA H 4350l 72 B — 25 45 5%
F B, K/NA 510k 2086bp Fil 1502bp (16 2) , IR IE AR B K %

CK209694

1737

CK209786

CI711217

DR740318
CJ1930266
CI958975RC

B 1 /NE TaCAT3 FoIPHELER
Fig. 1 Sequence assembly of TaCAT3 in wheat

BN TaCAT1 1 TaCAT2 FF AV S 9, W43 &5 2 P &
1) gDNA F1 cDNA J¥ 31 (B5 R AR HR) o

B 2 /& TaCAT3 R34 i
Fig. 2 Isolation of TaCAT3 in wheat
i :(a):cDNA £ ; (b) :gDNA 3 £ ;M1.:DL2000; M2 :DL5000; &F
kBT~ 2000bp B F B,
Notes: (a): cDNA; (b): gDNA; M1: DL2000; M2: DL5000; 2000bp
fragment was shown by arrows.

XF/INZE 3 TaCAT 22 1) gDNA F1 cDNA &K JF
G AT OS50, B 3 A FE K A3 HAr 6.8 4 AN Skt 1
573 MANET (K 3), Kb s —4 K )i — MR TR
JE B W RS TaCAT2 2324 1k B dieii iy BA7
i Z AN BN A R SR CAT HE N B, A 3 A4
TaCAT B[ AN KA & T8 HAFTERCR 22 55 {H cDNA K
AR AREE N, 4R 50k 1476 1476 F1 1482bp (4% 14 %5 75 7 5

LR TR, TR, 34 TaCAT 2K ¢DNA 4K ¥4
R ATUIN B 2 Tt 7 ) e Xt 45 R KW, TaCAT1 5 TaCAT2 [R5
PR s F) 73.1% 1 80.7% , 1 —. % 5 TaCA T3 [5) 5 1
AL, 53 0k 80.19% 1 72.8% ,67.3% 1 72.4% (£ 2) . fEE
JKF I, TaCAT3 57K #F CatA .CatB,CatC #1 E K Catl .Cat2,
Cat3 73 913k 3] 89.0% 72.1% .75.4% 72.5% . 72.4% 81.1%#H
UPE, R TaCAT3 5KFE CatA K £ K Cat3 T gk T —
ASFEA 3,305 T 1 &5 RAFF . WP &s B /M 34
TaCAT B 1Y) gDNA K JE 43 31124 3013 3358 1 1986bp (3143
M 1), il 3 T %0,3 4> TaCAT £ [H i gDNA FE91 K J¥ 25 %
FIRER TN TS LR TR TS, AN, TaCATL I
TaCAT2 M2 1L BT 4 TAA, T TaCAT3 W TGA.

F 2 INEH 3N TaCAT & EE FEH L&
Table 2 List of the homology for the three members of
TaCAT in wheat

3t TaCAT1/%  TaCAT2/%  TaCAT3/%
TaCAT1 (%)  100(100) — —
TaCAT2 (%)  73.1(80.7) 100(100) —
TaCAT3 (%)  80.1(72.8) 67.3(72.4) 100(100)

E AT T AREABR AR

Note: Alignment results of amino acids are shown in brackets.

2.2 INE TaCAT mE =¥ IBL R Z K EH ST
INZZ 3 B TaCAT K 43 5 4 B 492 492 Fl 494 A~ 457 Ik
Mz, FFH ExPASy 7828 & 1 5 B0 1 J5 434 T 5 xh JH 4% Fh 2t
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2[50 S(I]O ?SIO IO(I)O 12?0 ]5(])0

I?ISO 205)0 22150 251[)0 E?ISO 30?0 3250

gTaCATI

gTaCAT2

—
——

gTaCAT3

. :
3 /hZF TaCAT EE &
Fig. 3 Exon-intron structures of catalase genes in wheat

EHRHAENEAEANEF, EPERBRERTEUNMEF BLANEF RRABELKE,
Notes: Exons are indicated by colored boxes,with the same color representing corresponding regions among genes. The

thick lines between exons represent introns. The number of base pairs is corresponding to the uppermost scale.

M BT HEAT 43 BT, A5 R 3k 3, IS4 3 AP TaCAT HYAHRIM:AF
TE— 8 22 5 (3% 2),@,&5@%@22&5&%*&%*5“ Ju LI
AR A B/ o3 F ik o K TR S 50% 2847, 1M B /)N
I3 IR R \ﬂﬁﬂfiﬁ%ﬂ%@&&?ﬁ% PE R KT B R 5 B A
I, UAO5 B A R it e IR, 4905 16%.

DIRR A7 S AT R B, TS 19 D) B8 S M 7 S5 ZE 3 Fh TaCAT
FRAERE AL R SoE A L BE AR SE R, AR HaO, 45 A s
(Asp350, Arg353) i P 2 (His65,Serl1 04, Asn138) LA K 45 &
WE K Il 21 % (Val63,Thr105, Phel43,Pro326 , Arg344 , Phe346,
Tyr348) v iS55 (B 4) ., BLAh X 2L 5 5 i B i 19 Hofh
FEY) CAT AR A i B 8 B2 1 — Bovk (Bl R s ), R
SOy 5 H A L W ORSEE  RS 1 R e AT CAT (T B
HAEEM ., R ExPASy w8 W 408 12 {57 500 4% 44 8E 17
TaCAT {7 B, 4554 %W, 3 Ff TaCAT ¥ H A i3 R

LR I T NP PR ok

33 bl KRR T Tkl
TaCATA P E] SRGPIL
TaCAT2 P PIL
TaCAT3 B P E PIL:

ot doddodhodt Bt

s EE
TAD 85
L 85
IAHF 85
A |

W ENES (B 4 % SSS/TSG . SRL/NRL % 4 1 PTSI
F2) {0 H: 5 0 7 g A A T B M ARG, AR 0.159.0.076
1 0.162; WA, & K IAE 5 IK T 5 fE 4, & B 3 Bl TaCAT
FIREIRIE 70 WA R 1 . R4 E A7 0 25 B, 3 i TaCAT W B
SENTELR AR (0 TaCAT3 EA 075 A9 2ok A 5 o7 v g
FE A B 15 0.92076359, A B 58 H Y TaCA T3 J2: #2497k A6
CatA MEK Ca3 UM TLHEFR], MG HECHET Z NS
SRR S A HL A AR = A DG PEDY | 3E— 25 B 1 T TR
CIES

T Deléage 55 (19 88 10T G5 F THIN 25 2R 4 Fob
FEA Z A5 BT (- 1808 BT & BT 1, TC KL & il )
# TaCAT & FEA, Hrh LI G e wEZ, 40 &
59.96% .57.11% F1 40.08% (3% 5) ,TaCAT1 5 TaCAT2 £ — 2%
SEAZH R A AL TS TaCAT3 fR4E—E £ 5, RN 1E

L

EAEEARRARR A A AR A AT ARE AR AR A AN R AR ARRRN AR AR RARAR A X R RR R ARRRIRN AR R g AN g Hx | KggghRe *

2 R RN IR m:élﬁzﬁ
TaCATZ2 PVI PVFFI PP 170
TaCAT3 P AR PVI PVFFI 170

Wy MR AER R R AAN W RN AN R R RRARR MR R RN g W WR R WRR R WA Wy g W
LT

Iﬁﬂw I:I" -
TaCATZ IPL: F
TaCAT3 FFL: B

wwwwwwwww
- -, R T L L Tk

B I - x—k,ttl_

- ww W u,wnwunnw« e g

L I - g ww

Eaﬁlamw
TaCATZ2

L MW W
L 255
L 255
L L 255

uuuuuuuuu

- 1
TaCAT1 r's P.:I:I\I’P L 340
TaCATZ2 ra. r L 340
TaCAT3 340
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,_nun*,w x| mE W

ss PEM 492

[ N
TaCAT1

TaCATZ2 : = PN'II 492
TaCAT3 PD :I:llID 494

B 4 /vZE 3% TaCAT FoltE & R
Fig. 4 Sequence alignment of three TaCATs in wheat
i RE clustalW2 BN B RIS ERERE ESEATE ¥, ESRTRERT, ASKRIRMBART, ;=0 KO0EMFIES BE
SEREYEEN CEBBEREEMRES HO, & af CAT EHEM & E ZiHTHENIEEA AN I E TZAFSET,
Notes: All the amino acid residues are colored in clustalW2 default settings. Consensus, highly conserved, and semi-conserved

residues are shown as asterisks, colons, and dots, respectively. Empty and full rounds and boxes represent targeting sites

of peroxisome or glyoxysome, HO, binding sites and active sites, respectively. Proximal and distal heme-binding legends

are shown by upper and lower triangles, respectively.
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Table 3 Physiological analysis of three TaCATs in wheat

CAT 7. %1 IR A Bk #H e 191/% AR A 53 ¥ 1/Da

Tiny A+C+G+S+T 116 23.577
Small A+B+C+D+G+N+P+5+T+V 246 50.000
Aliphatic A+I+L+V 115 23.374
Aromatic F+H+W+Y 81 16.463

TaCAT1 Non—polar A+C+F+G+I+LA+M+P+V+W+Y 253 51423 7.0189 56807.83
Polar D+E+H+K+N+Q+R+S+T+Z 239 48.577
Charged B+D+E+H+K+R+Z 143 29.065
Basic H+K+R 80 16.260
Acidic B+D+E+Z 63 12.805
Tiny A+C+G+S+T 119 24.187
Small A+B+C+D+G+N+P+S+T+V 252 51.220
Aliphatic A+I+L+V 121 24.593
Aromatic F+H+W+Y 78 15.854

TaCAT2 Non—polar A+C+F+G+I+L+M+P+V+W+Y 254 51.626 7.0686 56479.71
Polar D+E+H+K+N+Q+R+S+T+Z 238 48.374
Charged B+D+E+H+K+R+Z 144 29.268
Basic H+K+R 82 16.667
Acidie B+D+E+7Z 62 12.602
Tiny A+C+G+54T 115 23.279
Small A+B+C+D+G+N+P+S+T+V 257 52.024
Aliphatic A+I+L+V 116 23482
Aromatic F+H+W+Y 83 16.802

TaCAT3 Non—polar A+C+F+G+I+L+M+P+V+W+Y 264 53.441 7.0853 56883.14
Polar D+E+H+K+N+Q+R+S+T+Z 230 46.559
Charged B+D+E+H+K+R+Z 151 30.567
Basic H+K+R 84 17.004
Acidic B+D+E+Z 67 13.563

. A,Ala; B, Asx;C,Cys; D, Asp; E, Glu; F ,Phe ;G ,Gly; H, His; I, 1le; K;Lys; L, Leu; M, Met; N ,Asn; P, Pro;Q,Gln; R, Arg; S, Ser; T, Thr; U,

Sec (selenocysteine) ;V,Val; W, Trp; X, Xaa; Y, Tyr; Z,Glx.

Notes: A, Ala; B, Asx; C, Cys; D, Asp; E, Glu; F, Phe; G, Gly; H, His; I, lle; K, Lys; L, Leu; M, Met; N, Asn; P, Pro; Q, Gln; R, Arg; S, Ser;
T, Thr; U, Sec (selenocysteine); V, Val; W:, Trp; X, Xaa; Y, Tyr; Z, Glx.

*F4 INEd 3 F TaCAT EfLE SN
Table 4 Prediction on subcelluar location
of three TaCATs in wheat

CAT & K/Maa ¢TP¥ SLP-Local™  SignalP®™  PTS1!

TaCAT1 492 0.159 0.45342794 — 7.754

TaCAT2 492 0.076 0.62997647 — 8.683

TaCAT3 494 0.162 0.92076359 — 9.206
E: —, KRR,

Note: — ,not found.

#*5 INETaCAT Z &M%tk
Table 5 Statistical summary of secondary structure
of TaCAT in wheat

TC AL
ih/%
3.86(19) 59.96(295)

CAT R o-20E/% B-YF&/% B-F:51/%

TaCAT1  24.59(121) 11.59(57)
TaCAT2 27.85(137) 11.79(58) 3.25(16) 57.11(281)
TaCAT3  31.78(157) 19.64(97) 8.50(42) 40.08(198)
EAET P h AL SR MY AR A0 R R R R

Note: Amino acid residues composing the secondary structures are shown

in brackets.

TaCAT3 " a—12JiE B-H7 & M1 -1 /i 09 LL B AT B 7, 43 3
ik 31.78% .19.64%F1 8.50% , i JCHL M| 5 il 45 ¥4 F 2 40.08% ,
H =25 mE 5 fis .,

2.3 /& TaCAT B4 &R IRER
TR GAE A L DR B A A ORA SeE E IE

27 Im
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Fig. 5 Schematic of TaCAT3 secondary structure of wheat

A8 ;B, - BT,/
Notes: A, o—helix; B, B-sheet; T, B-turn.

T A5 1 5T e G 4 kst B Re A3 AT B A R S U T
ZEH AR AP E AP, /NEE TaCAT 2 BT A0 5 SR 854 1 R
Mg . AW 5% K] H ExPASy 9 spdbv 85 4% 4 2 (Swiss
Pdbviewer 3.7)%F /NAZ TaCAT BEAT R PR 2 AR i £E 2k Swiss
Model S48 — 5t s HL4589 © F Y CAT 1 4 8] 5 g A 1y
i, 250K 6, il spdbv B A Magic Fit T H 347
TaCAT BAUFYE (] 6, MCARSLIE 7R TaCAT3 Y [] I AR AL 45
Y, KM Procheck Fil Whatcheck % & #8545 5 gk 170 4, iR 415
P15 4% 1 Ramachandran plot X fT # #5 8 JE 47974 (O 46 1
SR KMl AR ) [ U5t A A R PPk 2 R e B TN A R ) B
134~ a—185E (11 A~ B-47 8 F & TR 00 4 it 25+ 2i ik, 3
TA 97.4% R FETR AR FE AL T o R o T AR Y
Ramachandran plots H 8% (0 X 38 (B4 v] 14 o F o 00 1 X,
Kl 7),Procheck P4 45 1) G—factor A—1.09, % BH AR 7 1l

%* 6 /& TaCAT BEiF BE#R
Table 6 Templates for TaCAT homology modeling of wheat

CAT PDB
5 7R K )
W 1L A AR TR —_
TaCAT1 Exiguobacterium oxidotolerans 2j2mA  50%  e-132

TaCAT2

—%: EfH

Pseudomonas syringae Im7sA 49% e-129

TaCAT3 Pseudomonas syringae Im7sA  47%  e-125
B 6 /hE TaCAT3WEIRER
Fig. 6 Homology modeling of TaCAT3
N 28

Psi(degrees)
=)

—135¢

180 ;J() 0 45 90 I_I“wS 180
Phi(degrees)
Plot statistics
B 7 /v% TaCAT3 = ## 2 #) Ramachandran [
Fig. 7 Ramachandran plots of TaCAT3 3-D model
FE3NEMMNAREULGERAER , EREU D EAERR, L. HE. K
BHANRER o-1BHE - B . TMNE H
Notes: Active sites are shown in wire -frame model. The advanced
structure of TaCAT3 is in 3-D model. Red, yellow, and grey
represent alpha-helix, beta-sheet, and random coil, respectively.

WP {5 FEAR &, H Pseudomonas syringae VR CAT

SR R AR 4 o S W HH /N TaCAT3 (55 45 RRAE . [
PSR VR 1 CAT 105 037 05 5% B 14 4% [B) 44 G2 i 47 o % TR R 2t
KB TaCAT3 1 PEAL KLY 3 5 2E His65 . Serl04 Al Asn138
AEME 5 Tm7sA AT PEN7 5 His56 Ser95 1 Asn129 58 4 &
F NG PR A ML S ke AL 1 D S R0 25 (B R 2 4 CAT Dy & E
B AR A i — 2 U W 2R AL S0 TT AT (181 8)
24 INE TaCAT EE#HLHHE

Syt — B WF 5T NEE TaCAT 5 HoAh A CAT [8] (19 3 4k 5

%, FH MEGA 4.0 % {4 %+ blastp 15 2 i JL b w5 25 45 9 0
CAT R IT R FE LR B, B9 B4 ARG,
Horh TaCAT1 5K %5 CatC, E K Cat2 F & F F 2 (Festuca
arundinacea L.)Cat J& i, — 14337 ,TaCAT2 5 /K5 CatB, E K
Catl \ K7 Catl ., # 5 (Sorghum bicolor L.)Cat JE B 75 — 1~ 43
52, TaCAT3 57K A CatA . EK Cat3 K& Cat2 I B 24 (Secale
cereale 1.)Cat 55 3 43 32, 1 H Al AT 048 9 5k Y5 i CAT
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B8 BEHUSHEEMREEE
Fig. 8 Iterative map of active sites of TaCAT3
F. aemEFEESF A Pseudomonas syringae CAT #n/h%& TaCAT3
BEMA R, REARMALESRE,
Notes: Red color and yellow color denote the active sites of catalase

from Pseudomonas syringae and wheat with the names and

sites beside the structures, respectively.

T 4 A 53 3, B T DL 0T AR A R BT I AR ) T
AEHATH Z CAT WY, R, (R R IR CAT R A6 G145 75 (7]
— AR WAL A BE (Nicotiana plumbaginifolia 1.) ¥ Cat3
5 Catl JFRTER —WRE 11 556 H AR (Gossypium hirsutum L.)
Catl &l —#F X BEAR AU 42%, [RFE B BL G o i B A
Rli oA Cat2 (1 9), P G HEM | 76 45 i JH 55 /9 Catl 55 Cat3 Z
6] DL Bl AR Catl 5 Cat2 ZIHIE9 CAT I AEZE 5 AT REH K,

3 itig

INAE GRS SR AR L N Ay M RN R R AT
N BB FE AN O L R AR T R AW AR F
Bt w2 U5 M AR i T . Nishimura S0 A8 9 19
HrA B ) 22 R 5T SUA R KOG KR | WO B 98 3% #5145 A M

AR AL T 18 /N2 4B CBO3T #E4T CA T 45 B v B LA Je A= 4k

43— AR S0 N T

Iwamoto 5P} 7K 8% CAT A9 #E AL 55 N, AN TRl () CAT
[7) T Tt I 75+ 3T 8 2 AR H i A P OB A W a4 53
BRSBTS R R R EE AT, ASHIESE T s B Y
38 TaCAT W AF 12X R 22 5, R AN & T8 H A — B (&
3), HEMI/INAE CAT 5KAG CAT vl BEAF AL [F) RE M &5 7 k4L
HLH o von Ossowski Z5WIH 58 & B, 7E CAT ¥4k [ PaF ol
XA A GRIE B 2 A ar 32, KR GER THE Y
CAT AL A8 T8, SR, ASF 98 & 80 CA T 5& H REAR 4y b e
B OB WA A 2 A Ay 0 R AR A 3, A RS ) 84%
(L 9) , HHLHI A Fr itk — 20 5% .

I Y58 A AR SR T B R A A Y — T
AR 3 A X A AR 1 2 R 1 (] R AR DL T R 9 AR R L R AR
53 A 1 T D e, 445 7 A 1 J5 ) 5l 5 4 18] A ELAE ML
7] B &5 6 22 PSS B PE Al T2 B, R J5 22 8 1 T ) 8 S TR 5 2
FEHEA

.ﬁﬁ
S

AARB457T A

P49317
AACIT731
NP 564121 v
NP 001031791
P30567
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AA{ 17729
9553(}?
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Fig. 9 Phylogenetic tree of plant catalases
FRENEZECAT RERRANERINFHIT I I ME; B . HIER
=4 5ltRR TaCAT1 . TaCAT2 #n TaCAT3; T A A #E R~
bootstrap S HFHWBEFE
Notes: The three groups are denoted based on the sequenced

100

I

isolation of TaCAT. The circle, box, and upper triangle
represent TaCAT1, TaCAT2, and TaCATS3, respectively. The
numbers at the nodes are the indications of the level of
confidence for the major branches determined by bootstrap
analysis.
GU984379: TaCATH1, T. aestivum; P55313: TaCAT2, T. aestivum,
HQ860268: TaCAT3, T. aestivum; BAA06232: CatA, O. sativa;
A2YH64: CatB, O. sativa;, AAZ29552: CatC, O sativa;
NP_001105415: Catl, Z mays; NP_001105310: Cat2, Z mays;
AAA33441: Cat3, Z mays, P55307: Catl, H. vulgare; P55308:
Cat2, H. vulgare; AAB62892: Cat1, Nicotiana glutinosa; AAB71764:
Cat1, N. tabacum; P49315: Catl, N. plumbaginifolia; P49317: Cat3,
N. plumbaginifolia; AAC17729: Catl1, H. vulgare; AAC17730: Cat2,
H. vulgare; AAC17731: Catl, A. thaliana; NP_001031791: Cat2, A.
thaliana; AAR84578: Catla, Lotus japonicus; AAR84577: Catlb, L.
japonicus; CAA42720: Catl, Z mays; CAG23920: Cat, F.
arundinacea; CAH61266: Cat, S. cereale; NP_564121: Catl, A
thaliana;, 048561: Cat4, G. max; P17598: Catl, G. hirsutum;
P30567: Cat2, G. hirsutum; XP_002437631: Cat, S. bicolor

4 iR

MR PECARIE KRG M EK CAT A, 3T in silico FiAR
BEFT/NAZ EST J3 50 He Xt | PF A0 ek, i3 43 25 8 — A B i
INZE CAT R TS i 24 0 TaCA T3 (B AE W E B H AR
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FEA BN 3 R TaCAT HEP K Ho gt 7= 4 b 47 #4k I A
YF e A, S50 R W TaCAT3 5 TaCAT1 F1 TaCAT2 A
AR SE A 2540 - A R R 22 5 A6 W 40 M o7 5 1 i 77 7
225 EH G0 A B G TR A R RS BT s R B
BRI, RIEHHrR Y3 F TaCAT [ T.HF W % 48
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