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Abstract: Studies on plant peroxidases are revieved in this paper, including
enzyme types and localization, molecular structure, purification and identifica-
tion and gene expression and regulation related to plant grow th, development,
wounding and pathogen infection etc T he physiological functions of peroxida-
ses in plant are alo discussed, w hich cover such as active oxygen metabolisn,
formation of lignin and suberin, degradation of auxin, oxidation of other com-
pounds and regponses for various environmental stresses, egecially the
pathogen attack

Key words Plant peroxidase; Enzyme structure; M olecular regulation; Physi-
ological function; Environmental stress

[peroxidase, POD, EC1 11 1 7(X)]

‘RH2+ HO2-
2HO+ R 1809
200 ,
(horseradish pero-
xidase, HRP) 1940 , Thorell 2

: 2000-10-10, : 2001-01-12
: (300706221)
(1963- ),



333
HRP, )
’ [174] ,
1 POD
POD
(pl< 7.0) (pl= 7.0) (p1>7.003 POD!®:
POD POD ;
POD POD POD ;
POD ( (8.9, POD
POD POD NADH POD KA POD
POD ; POD,
POD [10 12] [13,14] ( ABA )
(15 17] (18]
POD (2,41
POD , POD
POD
( ) POD POD
POD [18,19]
2 POD
POD (protoporphyrin IX) (hemopro-
tein), (apoprotein) (holoenzyme)
POD Bl HRP POD (chloroperoxi-
dase) (imidazol axial ligand),
’ Oo-0 , )
; (thiolate axial ligand),
P-450 HRP (201 POD
hypohalites  pereracetic acid'™"!
POD , POD
c POD POD HRP 15%
17% ,
(2]
POD 35 kD )
(acid/base catalysis domain) (ligand of heme) ™, 8

2

8

(protohe-



334

19

matin) 2 N - C- POD
c POD pl35 10
95 100 , 10min , POD
: POD (9] pH 10,
pH 14 90% (P hanerochaete chry sogporium)
POD [26]
POD 30 ( ),
5 , 3 M pski pskze  psks
(308 aa), 91% 94%,
His®,His"™, Tyr'® A rg'® Cys 3 ,
prxC:  prxCz DNA 4
3 M prxC2  prxCs 347 349 aa,prxCua prxCe
71%, prxCia prxCs 66%,
(B acillus stearothem gphilus)  prx , cprx
prx HRP 30% HRP dDNA
prxCa prxEa 4 3 , prxEa
prxCs , 89% prxCa prxCun 91%,
64%, mMRNA : trl
Hertig '* : POD 2 .2
312 32382 , 2 POD
; (P haneroehaete chrysgporium) POD 5
N - [26]
POD
) 2
POD , [29]
POD c POD POD ]
, (prosthetic group),
Fe EPR )
HRP POD 49%
e c POD POD
POD POD ,
HRPc POD PODa POD
POD 1 , POD
Bost M iller B POD POD
(30%), POD , ¢ POD
40% , POD 79%
POD , POD POD

[9]



335

[33]

POD : POD
(4] POD (2935.%] | gg POD C3
POD A 3 ,C1 C3
, ALA2Axn A3 A2 A1l , Axn A3
: : POD
[37,38]
3
, POD :
TrisCl  TrisM es ; pH 5.5
7.5 OTT) 2- ,
: (PM SF) :
BA) (59 42l OTT) 2
POD v DTT HRP
30kD 23kD 18 kD 80%
POD , POD (44, 45] ()
DEAE
POD, Sephadex G Sephacry| POD
(40 46,471 Monos ,phenyl Superose A
(concanavalin A ) , POD (40,48, 491
Shiff POD , POD
: : , POD
30 ¢, p-chloromercuribenzoate (o] POD
; POD H0:?2
' 2\ iyaka
H2O:2
POD, (0.02 0.1mmolA)

: (1 3mold NaCl KCI, 3molA LiCl, 0.2
0.4molA CaCl) POD, 2.5% (PA/) 0. 5% (PA)
GF 20 , pOD (% 104754

POD

[55, 56]
POD 403 nm (hemne ) 280mm 2 ,
RZ (OD403 nm /280 nm) POD Rz U
L e’ AA HRP 403 nm 418 nm, 8 min
HRP AA HRP



336

19

(IEF)
IEF)

[5, 46, 47, 58]

,MRNA
POD
prxCia
Northern blot

Gus

Gus

prxCum

PA GE,

POD'® DSPAGE

W estern blot

, POD

[3]

[3]

POD

POD

(2491 K av aoka

, prxCz
prxC:

RNA
MRNA
POD mRNA ,

(gpecific POD activity)

[10]

prxCs
mRNA

POD
IEF (preparative

[23,27]

40 )

DNA
POD

4 HRP  ONA;

prxC:z

MRNA

[28, 46, 48, 59~62]

81 50 mmolA NaCl



4 : 337

3] Roberts '™ POD ®DNA
mRNA , MRNA , 1d
mRNA , 4d ,
, MRNA ,
10 “mmolA ABA ,2d mRNA ,8d
B9 L agrimini '* RNA POD
1600 ,
POD
prxC: 5
, - 296bp 283 bp
, G-box (CACGTG), - 177bp - 134 bp
PAL -box , , (o]
Pox 381 Northern blot , (Erysiphe
graminisf . hordei)12 14 h 103 kb ,
, DNA mRNA
(pH8.5) DNA POD
,MRNA 5h,24h ,
pH8.5
[66]
Cevi-1 POD POD, 2
MRNA : MRNA
, : 1mmolA
6h , MRNA ,48 h ,
b, POD DNA
POD POD , POD
5
POD ,
51
©>2) ) '
H02), (OH")
(02)3 , POD POD
NADH NADPH NADPH 03,03 HO: (67 681

H0:2 , , POD



338 19
HLO> , (lignin)
POD, POD H0:?
[69],
(active oxygen burst)
tesmml , (pro-
granmed cell death, PCD) (HR) ,  HO:
72 H:O. ,
(6. 731 (glucose
oxidase) HO: ,
POD mRNA (a1 Kolattukudy!™
H0:2 POD
HR POD , ;
[76]
52
FOD [77]
POD (suberin) (3, 40.78]
POD e, POD
[17] POD [80]
.8 Phytgphtbora megapperma f 9
glycinea ,
POD (78l (tracheary elament)
, POD ¥ mberty ™
POD syringaldazine
53
POD
POD (2227571 AA HO> :
H0:2 , (indole acetic acid oxidase,
AAQ) & Kryloy 1 AA , HO: |,
AA , Conver
(23] : 3 ci1cz2c3
AA, Mn” Ccl1 c2 : C3
,HO2 C1 C2 , C3
AA POD , ,
[87,88]'
©OxnA) 2 POD
AA : indole-3yl-methanol  3-methyleoxindole (63]

AAO [57, 89]



339

4
AA : Mn* Cée”
P- (27, 901 PAGE POD
AA , POD AA )
POD POD , AA
Marco 5 2 POD
) POD AA )
VandeBerg POD (44 kD) POD
(36 kD) POD POD POD
pH3.6 AA , POD pH 7.0, H0:?
: POD ( POD) KA
POD [2, 83,89, 91], FOD FOD
AA [27]
AA
: POD/IAAO AA
[92] POD
[93 98]’ IAAO [44]
POD AA AAO )
AA ,
[80, 99 101]
54
, POD NADH DTT
(391221 pop dityrosine, isodityrosine
polytyrosine, ,
[22], POD ,
: B adiani’™
POD ; )
POD Henniksen " X HRP-
HRP- - , HRP
, (A rg38) POD (chloropero-
xidase) hypohalite  peracetic acid,
(9] POD prx %1 pop

55

[32, 107—109]

POD

[41, 58, 92, 104~106]
1

POD



340 19
[89, 110] POD,
POD : ] POD
[11, 17, 71, 1127116]
[1177119] svalhein [120] ,
(Cladogporium cucum erinum) POD
POD )
POD )
POD ,
POD
[ 1] FujiyanaK, TaakemuraH, Shibayanas$, etal Structureof the horseradish peroxidase isozyme c genes Eur
J Biochen, 1988, 173: 681 687
[ 2] SiegelB Z Plant peroxidases——an organic perspectives Plant Grav th Regulation, 1993, 12: 303 312
[ 3] VanHuyster RB. Somemolecular apectsof plant peroxidase biosynthetic studies A nnRev Plant Physiol,
1987, 38205 219
[ 4] Obinger C, BurnerU, EbemannR. Plant Peroxidases Biochenistry and Physiology. Proceedings N Inter-
national Symposium 1996 V ienna U niversity of A griculture, 1996
[ 5] BurelC, Berthe T, Mery JC, etal Ielectric focusing analysis of peroxidases in flax seedling hypocotyls
grow in different light condition Plant Physiol B iochen, 1994, 32 853 86Q
[ 6] LeeM Y, ChoiY, Kim SS Purification and mmunological relationshipsof six radish isoperoxidases P lant
Physiol B iochem, 1994, 32: 259 265
[ 7] AsadaK. A sorbate peroxidase-a hydrogen peroxide-scavenging enzyme in plants Physiol Plant, 1992, 85:
2357241
[ 8] SatoY, SugiyanaM, Takashi S, et al Purification of cationic peroxidases bound ionically to the cell walls
from the rootsof Zinia elegans J Plant Res, 1995, 108: 463 — 468
[ 91 QuesadaM A, TigierH A, BukovacM J, et al Purification of an anionic isoperoxidase from peach seeds and
its mmunological comparison w ith other anionic ioperoxidases Physiol Plant, 1992, 79: 623 — 628
[10] KavaokaA, Kavomoto T, OhtaH, et al Wound-induced expression of horseradish peroxidase Plant Cell
Reports, 1994, 13: 149~ 154
[11] LagriminL M, Rothstein S Tissue pecificity of tobacco peroxidase isozymes and their induction by wound-
ing and tobacco mosaic virus infection Plant Physiol, 1987, 84: 438 — 442
[12] BrownleaderM D, HopkinsJ, M obasheriA, et al Role of extensin peroxidase in tomato (L ycapersicon escu-
lentum M ill ) seedling growth Planta, 2000, 210: 668 — 676
[13] Mensen R, Hager A, Salzer P. Elicitor-induced change of wall-bound and secreted peroxidase activities in
sugpension-cultured pruce (Picea abies) cells and attenuated by auxins Physiol Plant, 1998, 102: 539 —
546
[14] VeraP, Tornero P, Corejero U. Cloning and expression analysisof a viroid-induced peroxidase from tomato
plants M ol PlantM icrobe Interact, 1993, 6: 790~ 794
[15] MorgensPH, CallahanA M, DunnL J, etal Islation and sequencing of ONA clones endoding ethylene-
induced putative peroxidases from cucumber cotyptiles PlantM ol B iol, 1990, 14: 715~ 725
[ 16 ] RobertsE, Kolattukudy P E M olecular cloning nucleotide, sequence, and abscisic acid induction of a suber-
ization-asociated highly anionic peroxidase M ol Gen Genet, 1989, 217: 223~ 232
[17] QuirogaM, Guerrero C, BotellaM A, et al A tomato peroxidase involved in the synthesis of lignin and
suberin  Plant Physiol, 2000, 122: 1119~ 1127
[18] Prosad T, AnderonM D, Stewart C R L ocalization and characterization of peroxidases in themitochondria
of chilling acclmated maize seedlings Plant Physiol, 1995, 108: 1597 — 1 505
[19] ZapataJM , SabaterB, M artinM . Identification of a thylakoid peroxidase of barley w hich oxidasizes hydro-

[20]

quinone Phytochemistry, 1998, 48 11191123
Dav on J H. Probe structure-function relations in heme-containing oxygenases and peroxidases Science,



341

[21]
[22]
[23]
[24]

[25]
[26]

[27]
[28]
[29]

[30]

[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]
[44]
[45]
[46]
[47]

[48]

1988, 240: 433~ 439
Rajasekaran K, Cary JW, JacksT J, etal Inhibition of fungal grow th in planta and in vitro transgenic tobac-
oo expressing a bacterial nonheme chloroperoxidase gene Plant Cell Reports, 2000, 19: 333~ 338
Zheng X, V an HuysteeA B. On tyrosineoxidation by cationic POD. PlantCell TissOrgan Culture, 1991, 25:
3544
Converso D, FernadezM. Peroxidase isozymes from wheat gem: purification and properties P hy tochem-
istry, 1995, 40: 1341~ 1345
Buffard D, Breda C, V an Huystee, et al M olecular cloning of complementary DNA s encoding two cationic
peroxidases from cultivated peanut cells ProcN atl A cad Sci USA, 1990, 87: 8874~ 8878
Clemente E Purification and themostability of isoperoxidase from oranges Phytochen, 1998, 49: 29— 36
RothsdchildN, Hadar Y, DosoretzC G L ignin peroxidase isozymes from P hanerochaete chrysgporium can be
enzymatically dephophorylated App! EnvironM icrobiol, 1997, 63: 857 — 861
Intgpruk C, Yanamoto K, SekineM, et al. Regulatory sequences involved in the peroxidase gene expression
in A rabidgpsis thaliana Plant Cell Rep, 1994, 13: 123 129
Hertig E, Rebanm GB, Dudler R. Sequence and tissue-ecific expression of aputative peroxidase gene from
wheat (Triticum aestivum L. ) PlantM ol Biol, 1991, 16: 171 174
Hu C,KrolM, V an Huystee R B. Comparison of anionicw ith cationic peroxidase from cultured peanut cells
Plant Cell TissOrgan Culture, 1990,22: 65 7Q
Welinder K G Amino acid sequence studies of horseradish peroxidase amino and carboxyl temini,
cyanogen bromide and rvyptic fragments, a complete sequence, and some structure characteristics of
horseradish peroxidase C. Eur J Biochen, 1979, 96: 483 502
W elinder K G Plant peroxidases-their primary, secondary and tertiary structures and relation to cytochrome
c peroxidase EurJ Biochen, 1985, 151: 447 45Q
M iller R, ZilinskasB A. M olecular cloning and characterization of a gene encoding pea cytoslic ascorbate
peroxidase J Biol Chen, 1992 267: 21802 21807
V an Huystee R B, M aldonado B. Some physico-chemical properties of amajor cationic peroxidase from cul-
tured peanut cells Physiol Plant, 1982, 54:88 92
VandenBergB M, ChibberRN, VanHuysteeRB. A comparative study of a cationic peroxidase from peanut
and an onionic peroxidase from petunia Plant Cell Rep, 1983, 2: 304 — 307.
V an Huystee R B, Zheng X H. Cationic peanut peroxidase and the oxidation of ferulic acid P hy tochem istry
1993, 34: 933~ 939
SnithJA, Hanmerschmidt R Comparative study of acidic peroxidases asociated w ith induced resistance in
cucumber, musk melon and watermelon Physiol M ol Plant Pathol, 1988, 33: 255~ 261
Egelic K E, FranceschiV R, Kolatukudy P E Immunocytochemical localization and time suberization in
wound-healing potato tube tissue Plant Physiol, 1986, 81: 487 — 492
M arco A, Guzzardi P, Janet E Ilation of tobacco isoperoxidases accumulated in cell-sugpension culture
mediun and characterization of activities related to cell wall metabolisn. Plant Physiol 1999, 120: 371 — 381
BadianiM , DeBiasiM G, FeiciM. Soluble peroxidase from w inter w heat seedlingw ith phenoloxidase activi-
ty. Plant Physiol, 1990, 92: 489 — 494
Christensen J H, Bauw G,Welinder K G, et al Purification and characterization of peroxidases correlated
w ith lignification in poplar xylem. Plant Physiol, 1998, 118: 125~ 135
A gostiniA, de Forchetti SM, Figier H A. Production of peroxidases by hairy rootsof B rassica napus P lant
Cell TissOrgan Culture, 1997, 47: 177~ 182
Snith F T, ShortleW C. IAA oxidase perxidase, and barrier zone formation in redmaple Eur J For Path,
1990, 20: 241 246
LeeM Y, Kim SS Inactivation and cleavage of radish peroxidase by various reducing agents P hytochem,
1998, 49: 23— 27
BenzA, Spring O. Identification and charecterization of an auxin-degrading enzyme in dow ny midev infected
sunflower. Physiol M ol Plant Path, 1995, 46: 163 — 169
Gagar T, Dubuco M, A ntoszen ski R A uxin decarboxylation and isoperoxidases in strav berry petiole ex-
tracts Biol Plant, 1975, 17: 23— 30
Rasnussen S K, Wellinder K G, Heugoard J dNA cloning, characterization and expression of an en-
dospem -pecific barley peroxidase PlantM ol Biol, 1991 16: 317 — 327
Sato Y, SugiyanaM , GoreckiR J, etal Interrelationship betw een lignin deposition and the activitiesof per-
oxidase-isenzymes in differentiaing tracheary elenentsof Zinnia Planta, 1989, 189: 584 — 589
LagriminiL M, BurhartW ,MoyerM, et al. M olecular cloning of complenentary DNA encoding the lignin-



342

19

[49]
[50]

[51]

[52]
[53]
[54]

[55]

[56]
[57]
[58]

[59]

[60]
[61]
[62]
[63]
[64]
[65]

[66]

[67]

[68]

[69]
[70]
[71]
[72]

[73]

forming peroxidase from tobacco: molecular analysis and tissue-gecific expression ProcN atA cad SciUSA,
1987, 84: 7542~ 7 546

Hendriks T, Vandden Berg B M, Schran A W. Cellular location of peroxidase isoenzymes in leaf tissue of
Petunia and their affinity for Concavalin A -Sepharose P lanta, 1985, 164: 89— 95

HossainM A, A sadaK. Inactivation of ascorbate peroxidase in pinach chloroplastson dark addition of hydro-
gen peroxide itsprotection by ascorbate Plant Cell Physiol, 1984, 25: 1285~ 1295

Amako K, Chen G X, A sadaK. Separate assay gecific for ascorbate peroxidase and guaiacol peroxidase and
for the chloroplastic and cytosnlic isozymes of ascorbate peroxidase in plants Plant Cell Physiol, 1994, 35:
497 — 504

Chen G X, A sada K. Hydroxyurea and p-aninophenol are suicide inhibitors of ascorbate peroxidase J B iol
Chen, 1990, 2652775~ 2781

M iyake C, A sada K. Inactivation mechanisn of ascorbate peroxidase at low concentrationsof ascorbate; hy-
drogen peroxide decomposes | of ascorbate peroxidase Plant Cell Physiol, 1996, 370: 423~ 43Q
GarciaGomezM L, Sanchez-Romero C, BarceloM unozHerediaA , et al Peroxidase activity during adventi-
tious root formation in avocado microcuttings CanJ Bot, 1995, 73: 1522 1526

Roberts E, Kutchan T, Kolahukudy P E Cloning and sequencing of d™NA for a highly anionic peroxidase
from potato and the induction of itsmRNA in suberizing potato tubers and tomato fruits PlantM ol Biol,
1988, 11:15 26

Geiger RB, RioB, NandrisD, etal Peroxidaseproduction in tissuesof the rubber tree follow ing infection by
root rot fungi Physiol M ol Plant Pathol, 1989, 34: 241 256

LeeT T, Roleof phenolic inhibitors in peroxidasemediated degradation of indole-3-acetic acid P lant Physiol,
1977,59: 372 375

Kay L E, Basill KV. Secific peroxidase isoenzymes are relatedw ith organogenesis P lant Physiol, 1987, 84:
99 105

Mohan R, V ijayan P, Kolattukudy P F. Developmental and tissue-gecific expression of a tomato anionic per-
oxidase (tap1) gene by aminimal promoter, with wound and pathogen induction by an additional 5 -flanking
region PlantM ol Biol, 1993, 22: 475 490

Sherf B A, BajarA M, Kolattukudy P E A bolition of an inducible highly anionic peroxidase activity in trans-
genic tomato. Plant Physiol, 1993, 101: 201~ 208

LagriminiL M, GingasV, Finger F, et al Characterization of antisense transformed plants deficient in the
tobacco anionic peroxidase Plant Physiol, 1997, 114: 1187~ 1196

Ito H, Kimizuko F, OhbayashiA, et al M olecular cloning and characterization of two complementary DNA s
encoding putative peroxidases from rice (Oryza sativalL. ) shoots Plant Cell Reports, 1994, 13: 361~ 366
BeffaR, M artin H V, Pilet P E. In vitro oxidation of indoleacetic acid by soluble auxin-oxidases and peroxi-
dases from maize roots Plant Physiol, 1990, 94: 485~ 491

Kaothien P, Shimokawv atoko K, KavaokaA, et al A ciselanent containing PAL -box functions in the ex-
pression of thewound-inducible peroxidase gene of horseradish Plant Cell Report, 2000, 19: 558 — 562
Rebmann G, Hertig C, Bull J, et al Cloning and sequencing of dNA s encoding a pathogen-induce putative
peroxidase of wheat (T riticum aestivum L. ). PlantM ol Biol, 1991, 16: 329~ 331

Scott-Craig J S, Kerby KB, SteinB K, etal Expression of an extracellular peroxidase that in induced in bar-
ley (H ordeum vulgare) by the powdery midev pathogen (Erysiphe graminisf . hordei). Physiol M ol
Plant Pathol, 1995, 47: 407 — 418

PengM , KucJ Peroxidase-generated hydrogen peroxide as a source of antifungal-activity in vitro and on to-
bacco leaf disks Phytgathol. 1992, 82: 696 — 699

M artinez C, Baccou J C, Breson E, et al Salicylic acid mediated by the oxidative burst is a key molecule in
local and systeamic regponses of cotton challenged by an avirulent race of X anthanonas campestris pv mal-
vacearum. Plant Physiol, 2000, 122: 757 — 766

Bolwell G P, Wojtaszek D. M echanisns for the generation of reactive oxygen secies in plant defence—a
broad pergective Physiol M ol Plant Pathol, 1997, 51: 347 — 366

Baker G J, Orlandi EW, A nderonA J Oxygenmetabolisn in plant cell culture/bacterial interactions, sur-
vival under biological and artificial oxidative stress Physiol M ol Plant Pathol, 1997, 51: 401~ 415

LuH, HigginsV J M easuranent of active oxygen secies generated in planta in regpponse to elicitor avia of
Cladogporium fulvum. Physiol M ol Plant Pathol, 1998, 52: 35— 51

Apostol I, Heinstein P F, Low P S Rapid stmulation of an oxidative burst during elicitation of cultured plant
cells Plant Physiol, 1989, 90: 109~ 116

LevineA, TenhakenR, Dixon R, etal H202from theoxidative burst orchestrates the plant hypersensitive



343

[74]
[75]
[76]
[77]

[78]

[79]
[80]
[81]
[82]
[83]
[84]
[85]
[86]

[8r]

[88]
[89]
[90]
[91]
[92]
[93]
[94]
[95]
[96]
[97]
[98]
[99]

[100]

five disease resistance repponse Cell, 1994, 79: 583 — 593
Wu G, ShorttB J, Lavrence EB, etal D isease resistance conferred by expression of a gene endoding H20 2-
generating glucose oxidase in transgenic potato plants Plant Cell, 1995, 7. 1357~ 1368

, Kdattukudy P E . ,
1997, 23: 220~ 226
M ittler R, Lam E, ShulaevV, etal Signalscoontrolling the expression of cytoslic ascorbate peroxidase dur-
ing pathogen-inducing progranmed cell death in tobacca PlantM ol B iol, 1999, 39: 1025~ 1035
LevisN, Yanamoto E L ignin: occurrence, biogenesisand biodegradation A nnRev Plant Physiol PlantM ol
Biol, 1990, 41: 455~ 496
Grahan M Y, Grahan T L. Rapid accumulation of anionic peroxidases and phenolic polymers in soybean
cotyledon tissuesfollow ing treatmentw ith Phytogphthoramegagppermaf. 9. glycineswall glucan PlantPhys
iol, 1991, 97: 1445~ 1455
CasalJJ, MellaR A, BallariCL, etal Phytochromemediated effects on extracellular peroxidase activity,
lignin content and bending resistance in etioloted V icia f aba epicotyles Physiol Plant, 1994, 92: 555 562
LagriminiL M. W ound-induced deposition of polyphenols in transgenic plants overexpressing peroxidase
Plant Physiol, 1991, 96: 577 583
Nicholon R L, Hanmerschmidt R. Phenolic compounds and their role in disease resistance Ann Rev Phy-
tgpathol, 1992, 30: 369 389
mberty A, Goldberg R, Catesson A M. Inlation and characterization of Populus isoperoxidases involved in
the last step of lignin fomation Planta, 1995, 164: 221 226
Forchetti SM, Tigier H A. Indole-3-acetic acid oxidase and ring aldazine oxidase of peroxidase isozymes in
ybean root modules Physiol Plant, 1990, 79: 327 33Q
Saleh A N. The effect of kinetin on the IAA level and IAA oxidation activity in rootsof young plants Physiol
Plant, 1981, 51: 399 401
KokkinakisD M, BrooksJL. Hydrogenperoxidemediated oxidation of indole-3-acetic acid by tomato peroxi-
dase and molecular oxygen Plant Physiol, 1979, 64: 220 223
Krylov SN, KrylovaSM , Chebotaru | G, etal Inhibition of enzymatic indole-3-acetic acid oxidation by phe-
nols Phytochemistry, 1994, 36: 263 267
Gazaryan | G, LagriminL M, A shby GA. Thorneley RN F. M echanisn of indole-3-acetic oxidation by plant
peroxidases anaerobic stopped-flow spectrophotome studieson horseradish and tobacco peroxidases B iochem
J, 1996, 313: 841 847.
SnithA M, MorrionW L, M ilham P J Oxidation of indole-3-acetic acid by peroxidase involvement of re-
duced peroxidase and compound 11w ith superoxide as a product B iochemistry, 1982, 21: 4414— 4419
Pressey R. A nions activate the oxidation of indoleacetic acid by peroxidases from tomato and other sources
Plant Physiol, 1990, 93: 798 — 804
Siegel B I, Galston A. W. Indoleacetic acid oxidase activity of gpoperoxidase Science, 1967, 157: 1557 —
1559
LoukiliA, L man F, AyadiA, etal Purification and characterization of a neutral peroxidase induced by rub-
bing tomato internodes Physiol Plant, 1999, 105: 24— 31
Hausnan S F. Changes in peroxidase activity, auxin level and ethylene production during root formation by
poplar shoots raised in vitra Plant Grov th Regulation, 1993, 13: 263~ 268

, , - MLO . B ),1994, 24
484 — 490
, , . MLO) . ,1990 3:
146 — 15Q
, MLO AA ) , 1996,
9( ):47—52

, , .. MLO) . , .

: : , 1995, 303~ 307.
. : , 1998, 278~ 279
Tian G Z, HuangQ C, YuanQ P, etal Correlation of metabolic changesof infected paulow nia tissue culture
w ith PWB-M LO pathogenic mechanisn. Sci China, 1995, 38(B): 934 — 943

o ] : , )

1999
LagriminiL M, Brodford S, Rothstein S Peroxidase-induced w itting in transgenic tobacco plants Plant



344

19

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]
[118]

[119]

[120]

Cell, 1990, 22718

Ray H, DouchesD S, Hanmerschmidt R. Transformation of potato with cucumber peroxidase expression
and disease repponse Physiol M ol Plant Pahtol, 1998, 53. 93— 103

Henriksen A, SmithA T, GajihedeM. The structuresof the horseradish peroxidase C—ferulic acid complex
and the ternary complex with cyanide suggest how peroxidases oxidize snall phenolic substrates J B iol
Chen, 1999, 274: 35005~ 35011

Kristensen B K, BlochH, Rasnussen SK. Barley coleoptile peroxidases purification, molecular cloning, and
induction by pathogens Plant Physiol, 1999, 120: 501~ 512

MatoM C, RuaM L. Ferro E Changes in levelsof peroxidases and phenolics during root-formation inV itis
cultured in vitra Physiol Plant, 1988, 72: 84— 88

Boeuf G, Legrand H, Ranbour S Influence of light conditions on development, apoplastic peroxidase ac-
tivties and peroxidase isoenzymes in chicory root explants Physiol Plant, 1999, 106: 331~ 336

Gagar T, Penel C, Castillo FJ, etal A two-step control of basic and acidic peroxidases and its significance
for grow th and development Physiol Plant, 1985, 64: 418 423

BetellaM A, QuesadaM A, KonowiczA K, et al Characterization and in situ localization of a salt-induced
tomato peroxidazemRNA. PlantM ol B iol, 1994, 25:105 114

Chittoor JIM , Leach J E, W hite F . Differential induction of peroxidase gene fanily during induction of rice
by X anthanonas oryzaepv. oryzae M ol PlantM icrobe Interact, 1997, 10: 861 861

EgelieK E, Kolattukudy P E Purification and characterization of an abscisic acid-inducible anionic-POD as-
ciated w ith suberization in potata A rch B iochen B igphys, 1985, 240: 539 545

Dalisay R F, KueJA. Persistenceof induced resistance and enhanced peroxidase and chitinase activities in cu-
cumber plants Physiol M ol Plant Pathol, 1995, 47: 315 327

Eshdat Y, Holland D, Faltin Z, et al Plant glutathione peroxidases Physiol Plant, 1997, 100: 234 24Q
Goy PA, FeriaG, M etraux J P, et al. Resistance to disease in hybrid N icotiana glutinosa X N icotiana deb-
neyi is asociated with high constitutive levels of 1, 3-glucanase, chitinase, peroxidase and polyphenolox-
idase PhysiolM ol Plant Pathol, 1992, 41: 11 21

RemersP J, Guo A, LeadiJE Increased activity of a cationic peroxidase associatedw ith an incompatible in-
teraction betw een X anthanonas oryzaepv. oryzac and rice (Oryza sativa). Plant Physiol, 1992, 99: 1 044
105Q

M iyazava J, Kavabata T, OgasavaraA. Induction of an acidic isozyme of peroxidase and acquired resistance
tow ilt disease in reponse to treatment of tomato rootsw ith 2-furoic acid; 4-hydroxybenoic hydrazide, or sali-
cylic hydrazide Physiol M ol Plant Pathol, 1998, 52: 115~ 126

Calderon A A, ZgpataJM , RedrenoM A, et al L evelsof 4-hdroxystilbene-oxidizing isoperoxidases related
to constitutive disease resistance in in vitro-cultured grapevine Plant Cell TissOrgan Culture, 1992, 239:
63— 70Q

M artinez C, M ontillet SL, Breson F, et al Apoplastic peroxidase generates superoxide anions in cells of
ootton cotyledons undergoing the hypersensitive reaction to X anthan onas campestrispv. malvacearun race 18
M ol PlantM icrobe Interact, 1998, 11: 1038 1047

TakaharnaU, Oniki T. Regulation of peroxidase-dependent oxidation of phenolics in the gooplast of inach
leaves by ascorbate Plant Cell Physiol, 1992, 33: 379~ 387

L ojkow ska E, Holubow skaM. The role of polyphenol oxidase and peroxidase in potato tuber resistance to
oft rot caused by Ew inia carotovora J Phytgathol, 1992, 136: 319~ 328

M essner B, BellM. Cell suspension culturesof ruce (Picea abies): inactivation of extracellular enzymes by
fungal elicitor-induced transient release of hydrogen peroxide (oxidative burst). Plant Cell TissOrgan Cul-
ture, 1994, 39: 69— 78

Svalhein ®, Robertsen B. Induction of peroxidases in cucumber hypocopyls by wounding and fungal infection
Physiol Plant, 1990, 78: 261~ 267.



