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unAnge

aseending (Peroxidase) (E.C.1.11.1.7) Tungueandladdnimanusiluly
535UV fm:i,maLﬁﬂﬂg’jﬁ%maaﬂ%Lﬂ%’uﬁ’umséﬁj@ﬁuﬁwawﬁa LU guaiacol uay
pyrogallol Wusiu lasumnufiswsgawnsuarslusnuidennegifuiuingt Uil
asUszneviueaniuiide fdnmeseanlefanimgivlugramnssuewns uas
fmsratanstanm udu snideiivguszasdifoioudsuddunsnosdiy
uazpuantAnduaivoneuleinesoondinalufia Sas wuaiiFe uazuyud
7 wila Usznounay Arabidopsis thaliana (WsAULUY), Armoracia rusticana (89
WS A %), Escherichia coli (WUAN LS &), Glycine max (a&’; L8 89), Homo sapiens
(muw‘), Ipomoea batatas (W uLne), Saccharomyces cerevisiae (§ @) 210
F1udaya NCBI (http://www.ncbi.nlm.nih.gov/protein) Tnen3saoTansauna
AR ToYan1uALl-N18AIMULTONH KIS EXPASY SIB Bioinformatics SOPMA
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ausIN (Asp + Glu) 2-45, ﬂ'ﬁﬂizqmﬂi’m (Arg + Lys) 3-32, extinction coefficient
8980-32680, Instability index 26.05-59.62 uag Grand average of hydropathicity
(GRAVY) -0.442-0.190 371nA1SLUS B U UAIAUNTABEHIUYDUNES 8ONT LAY
nI19g0ausAY AU Rduuuy, wuaiiSe, davdes, uyud, Sume, Sad wuen
percent identity gsfigalufivdunuuiesas 65.70 Msiiasgsinnuduiusnia
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Abstract

Peroxidases (EC.1.11.1.7) are commonly found in natural
oxidoreductases and can oxidize with various reactants such as guaiacol,
pyrogallol, etc. It is popular for use in immunology research, as well as the
treatment of phenolic compounds in wastewater, peroxides elimination from
raw materials in the food industry, and as biosensor. The objectives of this
research were to compare the amino acid sequences and biochemical
properties of peroxidase in plants, yeast, bacteria and humans in 7 types
including Arabidopsis thaliana, Armoracia rusticana, Escherichia coli, Glycine
max, Homo sapiens, lpomoea batatas, and Saccharomyces cerevisiae from

the NCBI database (http://www.ncbi.nlm.nih.gov/protein). The software of the
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ExPASy SIB Bioinformatics SOPMA tool was used to analyze the
physicochemical data by comparing similarities among protein chains, while
the ClustalW software was used to analyze the phylogenetic relationships. The
lengths of amino acid sequences for peroxidase in plants, yeast, bacteria, and
humans were found to be in the ranges of 58 — 352, theoretical pl 4.72-8.76,
negative charge (Asp + Glu) 2-45, positive charge (Arg + Lys) 3-32, extinction
coefficient 8980-32680, instability index 26.05-59.62, and grand average of
hydropathicity (GRAVY) -0.442-0.190. In the comparison of amino acid
sequences for peroxidase among Armoracia rusticana, Arabidopsis thaliana,
Escherichia coli, Glycine max, Homo sapiens, Ipomoea batatas, and
Saccharomyces cerevisiae, the highest percent identity was found in
Arabidopsis thaliana at 65.70%. In the analysis of the phylogenetic
relationships, short phylogenetic branches were found in 4 living things
including Armoracia rusticana, Arabidopsis thaliana, Glycine max, and
Ipomoea batatas, indicating close phylogenetic relationships. The results from
this study provide insight into the role of peroxidase in the development of
enzymatic engineering to promote the potential of industry, medicine, and

bioremediation.

Keywords:  peroxidase / amino acid sequences / bioinformatics
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unin

ieseandina (Peroxidase) (E.C.1.11.1.7) iueulusisunuudugaifen
(monomeric) AifiBsuasdusznou dneglunquosndlnidnina Aidvwminluana
Faust 28-240 Alaenadu [1] annsonuludsdTin i fiv Sad wuafide wovanud
\waseanBnanusla 2 nqufe (1) Heme peroxidase Usenausae (1.1) Peroxidase-
Cyclooxygenase Superfamily (PCOXS) 3'aae ' luna u Animal peroxidase
Usznoaun 18 Myeloperoxidases, Eosinophil peroxidase, Lactoperoxidase Way
Thyroid peroxidases 10 1@ W (1.2) Peroxidase-Catalase Superfamily (PCATS)
dnoglungu Non-animal peroxidase 91uunidu Class | prokaryote peroxidase
(Cytochrome-peroxidase, Ascorbate-peroxidase, Catalase-peroxidase 0 usu)
Class I secretory fugal peroxidase (Lignin peroxidase) e g Class Ill secretory
plant peroxidase [2] (Horseradish peroxidase, Soybean peroxidase, peanut
peroxidase LU U) (2) Non-heme peroxidase Usgnaus g Thiol peroxidase,
Halo-Peroxidase, Alkylhydro-Peroxidase iag NADH-Peroxidase [3] wansloiiug
nauvesaulesl Myeloperoxidase finulunywifisnoglumeseendinangu Heme
peroxidase WWULABINUNY Bas wagluaiise

WaseaNBinavinntniiseinisaatea s uieUiseeendindu-Sandu

=

AilalasiauneseonlemdusIsudianasou wazeandladansaedunidudqln
dudnnsou [4] weseandinaidudrundaluieuleddueuyadaseidfy wasd

a Ql'

arwddnlusssund [3] Mnmesidedudefnauislagiuwesooninaiiarin
I¢anseausae (Horseradish: HRP) lésuanuaulanaziinsfnwiiuiudunasn
Uselordlunisihunldvsdug aamnssy nisuwng n1snsiadiasgsing
#osFoRns nuin HPR iuiiwnszgansvdmulunauneilansiaglsy Tudseime
Tnemnii HRP anldUselevlasddunui gudosaindosiidrandsseina
se9uifedTedanuaulafnwanuduiusneiiauins auaudiniaed-
nMenmveeseandindluily wazduuIeuifisuiuddldiniiady uazdsiey
pgtlidudou wu Bad wuailisy wasuywd lnenuimeseandinaluuywduinniy
30 wllafiunnssiusenly [5]
q'

woseandinan wulunviieidesiunseuIunIsnNEs TInendiAglunis

= a v [

WS YLAUTALAZNITHAIUITOINTY wazdlaudiAgluauel Fuad AU

Y 9

walulag¥inn uazgeamnssunisiidnuide awnsanulalugnwedy (Spondias
tuberosa A.) ugLlawna (Lycopersicon esculentum Mill.) waueu (Citrus jambhiri,
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Citrus limon) 19 (Prunus persica) inn1aveu (Lactuca sativa L.) uzagne (Carica
papaya) Urauaan (Roystonea regia) uzLf oW lsv (Ficus sycomorus) NSEHU
(Leucaena leucocephala) AnSeein (Eruca vesicariasbsp. Sativa) ug 1 (Citrus
medica) @nse \wes (Fragaria ananassa Duch) Usenlaa (Brassia oleracea Var.
Italica) i3 (Actinidia deliciosa) # w1 (Camellia sinenis) suel$ ¢ (Solanum
tuberosum) Unaunsiuanidu (Trachycarrrpus fortunei) 1giU9817 (Solanum
melongena) UA (Fagopyrum esculentum) #1e (Gossypium hirsutum) fuden
(Vigna species) nenen (Brassica oleracea) UIUNaY (Luffa aegyptiaca) suine
(lpomoea batatas) wardawies (Glycine max) [3,6,7] dxvlngmesoandinaain
fiwdnoglu Class Il secretory plant peroxidase And3eonsUBNLTARTIDALNTD
vudsluuiraleala [8] wulu PeroxiBase database 911U2U 5692 sequence
Ussunusesar 70 L1Ju sequence 189 non-animal peroxidase 1A vadeafiu
N5EUIUNIINIEST TINT @iy 19U N15WUE suwUaniiaead (cell wall
metabolism) wuinneseendinaduni dunaeoulsifdunumddglunis
ﬂ?UﬂuﬂﬂiéaaaaﬂﬂmﬁﬁL%aé [9] Lignification, suberization, auxins metabolism,
wound healing, reactive oxygen species (ROS) ke ¢ reactive nitro gen species
(RNS) metabolism [3]

HRP fdnaglu Class Il Snatgloleioulodundnluanadus 31-40
Alamasiu wazen pl faud 5.7-9.6 [4] Tassadsdseneusediuuinanss dnisend
heme group uaglassislusAuiivszneusensneziily 308 ¢ [10] Jaguuldsu
AnuflengeluanunInsviinsgrinimsinnd Jdinenuidednwianuduius
MBI 00NTLAAINEIRUNTADLI LY LavAuauUANILAN-N18AINTLATITHIY
w3eaileTransauwma aseruduiusd Tauin1ssenineddi®dn (Phylogenetic
tree) MnHaTIBUITouandliiiuinnesonnding Class Il ifunguuoaoulsid
mnuafiosinniian [11] dagduinmsmonunsideijadunsdnuiisadudiu
nsneziilunazauauiiviauai-mennveseulsdmeseandinaidudiuiuiin lag
fgauszasdiflonwanuduiusneiiannnsvessulsiefoondinaludsdivin
naonaulfiduteyaiuguilugnsisedugemmaiiusing 9 wu HRP Wuieulsd
Laww%fm%’*uﬂiw’:uiﬁ’maaﬂg%ﬁisﬂﬁ%’ﬂ@ﬂ:ﬂsL%q (specific enzyme-prodrug
therapies) Tnsnauginad HRP AU wouAuedidnmzivwaduzifuazeondlad
indole-3-acetic acid livliAalalasiauneseenlaiiiuty dwmaliannissendia
voswaauziiale [12]
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MnnsAnwIAgIUNMILeznsUsEg Al Tneseendinaiviuiuy
Turaa 10 shuanlédinislaauluanavilannsousnuagivuadnuazianiy
g unaefa [13] ineseondinaves Arabidopsis thaliana e lu Class i
wuanda 130 lelaeulesl dawSeudioussninsd iy RNA uas duiiandlelng
204 HRP nulpssadravesiudfindreiuiosas 75 [4] Meaunsisulddneinis
NT¥A188187TUIN15V0Y Catalase-peroxidase (CP; EC 1.11.1.6) 977U 1839
sequences 7 57891ulu PeroxiBase database $9® E;u"Lu Class | prokaryote
peroxidase funumadayAeaiu oxidative stress [3] wusnlukuanSesULUY
ouledaomtiiiviausie catalase uaz peroxidase faemsvauauidvinly cp
MNuUAYauITaUeiunIsiia oxidative stress [14]

Sefunsneziluvesevluineseendva 7 viafiinsanulueuisendsid
\feannnisAnedeyaanniiuduuuy (Arabidopsis thaliana) tiufuLuuvas
nsAnwIIULREINUWUATISY (Escherichia coli) 8@ (Saccharomyces cerevisiae)
Uszneufudoyaatuayuilifisswelugiudeya i ethdeyauuseuidieuiialy
ﬁmﬁluﬁlﬂqﬂLLazLﬁ]'%iglﬁuim'wiuﬂimﬂm W Glycine max (§2118049),
Jpomoea batatas (Sfuwe) tienaununisld HRP luauisessly Sntadeiinny
aulalunisilseuiisuanuasiendanienuantinisaiveiie Sad wuaiise wag
LY

AM53eH a1 ng UsraeAiit oS suiiisudsunsaezdlunasanaudinig

9 9
s a

Fuadvotoulwiineseandnaluiy dad wuailisy wasuywd 590 7 vlla Lawn
Arabidopsis thaliana (WYAUWUY), Armoracia rusticana (88@wsa%), Escherichia
coli (WU L3 ), Glycine max (ﬁ;’g L\1& ©4), Homo sapiens (muﬂwa‘), Iromoea
batatas ({uwe), Saccharomyces cerevisiae (Sa) Tneraiilgannisinwazidu
foyaiugrulunsaiuayudmiunisinuifesely e Tassadrsanudd v
eveaeuled Anuaiesveseulel Lﬁ@ﬁ’lmL‘f]u%’a%aiumimﬁmé’aammﬂﬁu
woudvearely nsAnulassadsauiifveeulviiduuinasuasanuaies
saaeulusllunsuaniafseainfuLouiven oaldmadansduniuasdinends
Tassass Ssmsdnuduiazdielumadilalassaduasanandiveseulsdids
an wavanataelunsianuasmsuulfieulsdlunisdediiussans nmgatuly
UNAR
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EAUAZIINTT
Fududayaiiugrumeseanding lnsduduteyaiiugiumesoonding a1n
Armoracia rusticana (89@WsA%), Arabidopsis thaliana (WA UWU), Escherichia
oli (WwuANL5 8), Glycine max (1418 03), Homo sapiens (11 w4), [pomoea
batatas (Wuine) wag Saccharomyces cerevisiae (8 &) ﬂﬁﬂ%ﬁuﬁam a NCB
(http //www.ncbi.nlm.nih.gov/protein) (mi’m‘m 1) fe15anA i T3adivhandne
3 7 gllnananuainnsanuianssueulsinesluresujUnanis was f\magﬂumqm

Heme peroxidase

A15197 1 18YaN19PIETAUNAYLY peroxidase enzyme 10 7 I

Definition DBsource accession Source

. Horseradish “A00740.17 Armoracia
peroxidase rusticana

2 peroxidase “Qa2578” Thale cress

3 peroxidase “CP024134.1” Escherichia coli

a4 peroxidase “NM001251386.1” Soybean

5 myeloperoxidase “X64647.1” Human

6 peroxidase “AJ242742.17 Sweet potato
glutathione . ,

7 peroxidase GPX2, JAAEALOT0000016.1 Baker's yeast

partial

VULV

1 = Armoracia rusticana 2 = Arabidopsis thaliana

3 = Escherichia coli 4 = Glycine max

5 = Homo sapiens 6 = Ipomoea batatas

7 = Saccharomyces cerevisiae

AATIERNITITNBININAT-N18AIN Toyan1uad-N18nINVes amino
acid sequences TLAS1E A 18 Expert Protein Analysis System (ExPASy) [15]
(https://web.expasy.org/compute_pi/) Tneddunsnesiluveddidinfidne
dhszuuinsesieaulay dum pl dndnlanana (kDa)
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Wisuieuaiaunsnaziiluvasnguiaeany (Multiple alignment
sequence) Y1a1A UNTABE A LULNBT 8ONTLAA1N Homo sapiens (MU ),
Saccharomyces cerevisiae (G @n ), Escherichia coli (bUAN L5 ©), Arabidopsis
thaliana (WIRUWUY), Armoracia rusticana (89awsAY), Glycine max (51 WA DY),
Jpomoea batatas (sfuwe) WisuiisunedinUlna i dauadeadatudie
TUsunsu ClustalW (https://www.ebi.ac.uk/Tools/msa/clustalo/) [16-18]

ApTzidayaneiugnIsuLasnsadeaeduNusigdTauins a1eu
nsnerdluneseandindann Homo sapiens (MH‘HEJ{), Saccharomyces cerevisiae
(af), Escherichia coli (wUATLSE), Arabidopsis thaliana (WUAULUY), Armoracia
rusticana (89@WIA ¥), Glycine max (ad’s LA B4), Ipomoea batatas (3 uLne)
WiguiguuazAmuimkuuwuITauinis wagaiisunugiaulyd (phylogenetic
tree) [19-20]

NANISANEN

mMsBesziniwesmaaii-menin WeilldSouiioumsiinesms
wafl-nenm drdunsnerilureanesoondinangs Heme-peroxidase finuluiia
ganl wumnilSe wazuyed lunsdvrudeyalassaialgugiivesdidunsnesiiluines
sondinaangudoyalusiulu NCBI nulassairsdfunsmesiiluiunnsnaiulaes
AMLE1IVDETUNIABLTUR U 58-352 f7 NUALEIYBIEIRFUNSARLTTY
Armoracia rusticana, Arabidopsis thaliana, Escherichia coli, Glycine max,
Homo sapiens, [pomoea batatas wag Saccharomyces cerevisiae MU 309,
335,299, 352, 58, 327 hay 162 A11a16 U Theoretical pl 4.72-8.76, Total
number of negatively charged residues (Asp + Glu) 2-45, Total number of
positively charged residues (Arg + Lys) 3-32, extinction coefficient 8980-32680,
Instability index 26.05-59.62 @ ¥ Grand average of hydropathicity (GRAVY) -
0.442-0.190 Fauandlun11edl 2
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M13199 2 AnaudRnIuAil-NMEnNYeINY Ban wuafilsy waviyudlagnsinien

Sdunsmezdludeiniesile https:/web.expasy.org/compute pi/

1 2 3 q 5 6 7
Number of amino
acids 309 335 299 352 58 327 162
MW (kDa) 34.0 35.0 33.1 38.1 6.4 35.0 18.4
Theoratical pl 6.30 4.72 5.25 4.98 8.15 5.30 8.76
Total number of
negatively charged 28 23 45 31 2 23 19
residues (Asp + Glu)
Total number of
positively charged 27 15 32 23 3 18 23
residues (Arg + Lys)
Extinction coefficients
are in units 13450 8980 32680 14940 25230 10470 16190
of M em™, at 280 nm
Instability index 4294 35.91 41.43 31.74 59.62 39.23 26.05
Grand average of
hydropathicity -0.177 0.126 -0.329 0.004 0.190 -0.109  -0.442
(GRAVY)
MJJ’]EJL‘VW!

1 = Armoracia rusticana
3 = Escherichia coli
5 = Homo sapiens

7 = Saccharomyces cerevisiae

2 = Arabidopsis thaliana

4 = Glycine max

6 = lIpomoea batatas

N1591ATENlATIEIUgUR NsilSeuifisunsaeviiluluiiy Bad wuailsy

wazuywe viavian 7 viia nunsaezdlunddiwiuniniigaly Armoracia rusticana,

Arabidopsis thaliana, Escherichia coli, Glycine max, Homo sapiens, [pomoea

batatas Wag Saccharomyces cerevisiae A ® Leucine (Leu) 35 (Youay 11.3),
Serine (Ser) 45 (598ag 13.4), Alanine (Ala) Glycine (Gly) 29 (59818 9.7), Leucine
(Leu) 41 (Sowaz 11.6), Alanine (Ala) 9 (Seag 15.5), Serine (Ser) 35 (Sawa 10.7)
wag Lysine (Lys) 22 (Soaaz 13.6) anudsy lunamsadunsnesilufinuiiesly

9187091 Anw1 Ao Tryptophan (Trp) Tu 5 910 7 wilaNvinn1sAnen Aauanslu

ANS9N 3
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A1319% 3 LW3guiileunseesiluvaaneseandinaanity ad wuailse wasuywd

1 2 3 i 5 6 7

Ala 23 30 29 27 9 24 3
(7.4%)  (9.0%) (9.7%) (7.7%) (15.5%) (7.3%)  (1.9%)

Arg 21 10 17 16 3 15 1
(6.8%) (3.0%) (5.7%) (4.5%) (5.2%) (4.6%) (0.6%)

Asn 27 31 10 30 0 34 8
(8.7%) (9.3%) (3.3%) (85%) (0.0%) (10.4%) (4.9%)

Asp 21 17 20 22 0 16 9
(6.8%) (5.1%) (6.7%) (6.2%) (0.0%) (4.9%) (5.6%)

Cys 8 9 i 9 5 8 i
(2.6%)  (27%) (1.3%) (2.6%) (8.6%) (2.4%)  (2.5%)

Gln 13 14 10 15 4 15 11
(4.2%) (4.2%) (33%) (4.3%) (6.9%) (4.6%)  (6.8%)

Glu 7 6 25 9 2 7 10
(2.3%)  (1.8%) (8.4%) (2.6%) (3.4%) (2.1%)  (6.2%)

Gly 17 26 29 26 i 24 13
(5.5%) (7.8%) (9.7%) (7.4%) (6.9%) (7.3%)  (8.0%)

His 3 3 10 il 3 q 0
(1.0%)  (0.9%) (33%) (1.1%) (5.2%) (1.2%)  (0.0%)

Ile 13 21 12 16 1 14 7
(4.2%)  (6.3%) (4.0%) (4.5%) (1.7%) (4.3%) (4.3%)

Leu 35 36 25 41 6 32 15
(11.3%) (10.7%) (8.4%) (11.6%) (10.3%) (9.8%)  (9.3%)

Lys 6 5 15 7 0 3 22
(1.9%)  (1.5%) (5.0%) (2.0%) (0.0%) (0.9%) (13.6%)

Met 5 3 8 6 0 i 2
(1.6%)  (0.9%) (2.7%) (1.7%) (0.0%) (1.2%) (1.2%)

Phe 20 19 15 23 1 21 13
6.5%) (5.7%) (5.0%) (65%) (1.7%) (6.4%)  (8.0%)

Pro 17 12 9 17 6 16 5
(5.5%)  (3.6%) (3.0%) (4.8%) (10.3%) (4.9%)  (3.1%)
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Ser 25 45 14 29 3 35 14
(8.1%) (13.4%) (4.7%) (8.2%) (5.2%) (10.7%) (8.6%)
Thr 25 27 15 26 1 31 6
(8.1%)  (8.1%) (5.0%) (7.4%) (1.7%) (9.5%)  (3.7%)
Trp 1 1 a4 1 a4 1 1
(0.3%)  (0.3%) (1.3%) (0.3%) (6.9%) (0.3%)  (0.6%)
Tyr 5 2 7 6 2 3 7
(1.6%)  (0.6%) (2.3%) (1.7%) (3.4%) (0.9%) (4.3%)
Val 17 18 21 22 a4 20 11
(5.5%)  (5.4%) (7.0%) (6.2%) (6.9%) (6.1%)  (6.8%)
NHYLNAE)
1 = Armoracia rusticana 2 = Arabidopsis thaliana
3 = Escherichia coli 4 = Glycine max
5 = Homo sapiens 6 = Ipomoea batatas

7 = Saccharomyces cerevisiae

n1sil3gutiisualnuaatgadsarnunsnaziluvesunessandiaaluny
a6 wuaiisy wazuywd Aelusunsy Clustal W aannisilSeuiisuddunsnes
AluveUNeT09nTLAATENING Armoracia rusticana wag Arabidopsis thaliana,
Escherichia coli, Glycine max, Homo sapiens, Ipomoea batatas,
Saccharomyces cerevisiae WU R 1 percent identity (%identity) ELWTI aqm”Lu
Arabidopsis thaliana $o8az 65.70 Tunsssetnunan1siUIsuisunInazilluves
\WeseandLAaTEINg Armoracia rusticana way Saccharomyces cerevisiae WU
A1 percent identity (%identity) ﬁ’wﬁqm fio ovay 12.35 Hauandlumngnedl 4

o
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A13799 4 ALRAALLUIHUNBTUINTTUTENINLAYEY peroxidase 7 F3TIn

1 2 3 4 5 6 7

1 100 65.70 12.50 56.96 15.52 52.75  12.35
2 65.70 100 12.50 52.44 18.97 5321 1235
3 12.50 12.50 100 11.90 13.79 1190 11.11
4 56.96 52.44 11.90 100 13.79 60.55 11.73
5 15.52 18.97 13.79 13.79 100 1552  13.79
6 52.75 53.21 11.90 60.55 15.52 100 12.96
7 12.35 12.35 11.11 11.73 13.79 12.96 100

MUELNR)

1 = Armoracia rusticana 2 = Arabidopsis thaliana

3 = Escherichia coli 4 = Glycine max

5 = Homo sapiens 6 = Ipomoea batatas

7 = Saccharomyces cerevisiae

n1swWSsuiisuandunsnailuvaenguwaseandiaaiieniu (Multiple
alignment sequence) Nan13UIEIRUNIADLALUYBLNDTODNTAGAN Armoracia
rusticana, Arabidopsis thaliana, Escherichia coli, Glycine max, Homo sapiens,
lpomoea batatas wae Saccharomyces cerevisiae 3NFIUY 2y a NCBI lagld
TUsunsy Clustalw wudusnaditnsesilumieudull 1 Unawitu wasusn
fiflnsmesilundesusiuy 3 Usnar fenmi 1

A151WS UL BUa1A UNSARsd TULAZNISALASIZHATNE AN UE N9

[

ATMUIN1T (Phylogenetic tree) 31nN133AnguAUFUTUSNIGTUgNIITUVRINY
a ¢ a ¢ o a ' A . . ) . '

gadd wuaiiTe wavuywd 9 7 vila WUl Arabidopsis thaliana 3neglungs
WU Armoracia rusticana IanuaaeiureInsAaziluie Seeay 65.70 uazds
WU Glycine max wag [pomoea batatas JANUFUNUSN N UFNTTUN INATATU

wazgnInlunguiieniu fdanini 2
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A.thaliana
Horseradish
.max
.batatas
.sapiens
.coli
.cerevisiae

himmHQ

A.thaliana
Horseradish
.max
.batatas
.sapiens
«coll
.cerevisiae

o Q

A.thaliana
Horseradish
.max
.batatas
.sapiens
.coli
.cerevisiae

hEmm~NQ

A.thaliana
Horseradish
max
.batatas
.sapiens
.coli
.cerevisiae

hibmHQ

A.thaliana
Horseradish
.max
.batatas
.sapiens
~Cold
.cerevisiae

hEm~NQ

A.thaliana
Horseradish
.max
.batatas
.sapiens
sgold
.cerevisiae

hbmomH~HQ

MGFSPSFSCSAIGALILGCLLLQASNSNAQLRPDFYFGTCPFVFDIIGNIIVDELQTDPR
———————————————————————————— MOLTPTFYDNSCPNVSNIVRDTIVNELRSDPR
—--MGSMRLLVVALLCAFAMHAGFSVSYAQLTPTFYRETCPNLFPIVFGVIFDASFTDPR
—————— MASFSPLLAMALAIFIFSSHSNAQLSSTFYSTTCPNVSAIVRTVVQQALQNDAR

—————————————————————— MSQTVHFQGNPVTVANSIPQAGSKAQTFTLVAKDLSDV
------------------------ MTTSFYDLECKDKKGESFKFDQLKGKVVLIVNVASK

IAASLLRLHFHDCFVRGCDASILLDN-STSFRTEKDAAPNANSARGFNVIDRMKVALERA
IAASILRLHFHDCFVNGCDASILLDN-TTSFRTEKDAFGNANSARGFPVIDRMKAAVESA
IGASLMRLHFHDCFVQGCDGSVLLNN-TDTIESEQDALPNINSIRGLDVVNDIKTAVENS
IGGSLIRLHFHDCFVDGCDGSLLLDNNGTTIVSEKDALPNTNSTRGFDVVDNIKTAVENA

——————————— LCYILG=================——————————————————__AMOAHR
TLSQFAGKRKVLNIFPSIDTGVCAAS----VRKFNQLATEIDNTVVLCISADLPFAQSRF
CGFTPQYKELEELYKKYQDKGFVILG-—-——~ FPCNQFGKQEPGSDEQITEFCQLNYGVT

CPGRVSCADILTIASQISVLLSGGPWWPVPKGRRDSVEAFFALANTALPSPFFNLTQLKT
CPRTVSCADLLTIAAQQSVTLAGGPSWRVPLGRRDSLQAFLDLANANLPAPFFTLPQLKD
CPDTVSCADILAIAAEIASVLGGGPGWPVPLGRRDSLTANRTLANQONLPAPFFNLTQLKA
CPGVVSCVDILALASESSVSLAGGPSWNVLLGRRDRRTANQGGANTSLPSPFENLTNLTQ

CGAEGLNNVITLSTFRNAEFLQAYG- === ===== == — o —mm o m oo oo
FPIMKKIDVNGSNADSVYNY LKSQK— === === == m o —m oo oo

AFADVGLNRTSDLVALSGGHTFGRAQCQFVTPRLYNFNGTNSPDPSLYPTYLVELRRLCP
SFRNVGLNRSSDLVALSGGHTFGKNQCRFIMDRLYNFSNTGLPDPTLNTTYLQTLRGLCP
SFAVQGLN-TLDLVTLSGGHTFGRARCSTEINRLYNFSNTGNPDPTLNTTYLEVLRARCP
KFTNVGLN-VNDLVALSGAHTFGRAQCRTESPRLFNFSNTGNPDPTLNTTYLATLQQICP

ONGNGTVLVNFDVVTPDAFDSQYYTNLRNGKGLIQSDQELFSTP-GADTIPLVNQYSSDM
LNGNLSALVDFDLRTPTIFDNKYYVNLEEQKGLIQSDQELFSSPNATDTIPLVRSFANST
ONATGDNLTNLDLSTPDQFDNRYYSNLLQLNGLLOSDQELFSTP-GADTIPIVNSFSSNQ
QGGSGFTVTNLDPTTPDTFDNNYFSNLQTNRGLLQSDQELFSTS-GAPTIAIVNNFSANQ

SVFFRAFIDAMIRMGNRPLTGTQGEIRONCRVVNPRIRVVENDDGVVSSI—=—-=~~
QTFFNAFVEAMDRMGNETPLTGTQGQIRLNCRVVNSNS == === ======—— === ===
NTFFSNFRVSMIKMGNEGVLTGDEGE IRLQCNFVNGDSFGLASVASKDAKQKLVAQSK
TAFFESFVQSMINMGNS PLTGSNGEIRSNCRRPN === === === ———mm—— e~
———————————————— VLVGERGCVQHAAATG-————=—======————— ===
———————— SDNVIFSQBVDEITTEPDYEAALAVLKA-—==—=======———— o
——————— GKVVQRFSSHTKPSSLDQEIQSLLSK==—==========————————————

Al 1 msiSeuiisuaduninesiiluretnaseandinanduiediusielusinsy

Clustalw Jips1evinuanwizhomology sequence laganIuTINNLINIAREILY
willeuriu () Meiundsdyun, vshaniinseesiluagieiy () Mmeiundedii wag
Usnailitinsaeziiluviiouduasazlivsngdvesnuma
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O Peroxidase E.coli (13.55885)

(o] © Glutathione peroxidase GPX,, partial S.cerevisiae (13.249)

0.30985 [100]
© Myeloperoxidase H.sapiens (0.537612)
3.50953
[27.663]

O Peroxidase A.thaliana (0.0000324)
3.81224

[88.9871]
o Peroxidase A.rusticana (0.286953)

0.356735[92.4544]

© Peroxidase G.max (0.427605)
0.255193 i

99.985]
0! Peroxidase Lbatatas (0.400078)

AR 2 ANFUNuENIITRILINST0INES0aNTLAAINTY Bad wuATISY wazuywe

Aeszilaeluswnsy Clustalw

anUsguazasUNan1sIvY

ﬂmauﬁ’amqmﬁmemwmaaLWa%aaﬂ%maamﬁmmwwmﬁma%é’w Expert
Proteln Analysis System (ExPASy) WU2 19 A1 Theoretical pI Faus 4.72-8.76
Aade hydropathicity (GRAVY) s -0.442-0.190 LLﬁ“’iJ‘uTVT‘LJﬂIiLILaﬂa 6 4-38.1
kDa 9 nkan1sIAsIERAmIdmesuansliiuil A1 Theoretical pl fishnan 7
denalilusAuduszqau (negatively charge) A asau UL unsaluvaei an
Theoretical pl ﬁ@;ﬂﬂﬁﬂ 7 dﬂma%ﬂﬂiauﬁﬂizqum (positively charge) AauaNUR
Jusnaisewud Gedonndosiudn Total number of negatively charged residues
(Asp + Glu) Wag Total number of positively charged residues (Arg + Lys) WU
WS BRNTLAARIN Armoracia rusticana, Arabidopsis thaliana, Escherichia coli,
Glycine max Wa¢ Ipomoea batatas ﬁﬂqmauﬁ&?%aﬂﬂ’iﬁuﬁl Wdunsa
WALWOS08NTLAAN Homo sapiens wa¥ Saccharomyces cerevisiae | uANUR
voslusiufiduane Flmifuinngy Heme peroxidase ey udvnuinuvasd
wanasiunvi e TAnIaei-nenmuandisiueenly [11] A1 Grand average
of hydropathicity (GRAVY) 7 duavrennesesndinaain Armoracia rusticana,
Escherichia coli, Ipomoea batatas Wa¢ Saccharomyces cerevisiae ﬂﬂ%’iﬂﬂiau
meseendinann 4 wialiitadmaliiumesoondnaninadiinm ¢ avanetle
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v
& v v =

g7 (hydrophobic) AaaudRfsnanililduunumdAyauanuadssvedusiuly
lasassanuiifvonaseanding [21]

NFIATIENANUALRUENITTAUINTYILUTEEUTINIAIVIAULAN A
adunsneeiily meusveuneseandinadniiy dad wuaiise wasuyed uandli
i Afaunnsisuinuounesoonding ngu Heme peroxidase HaNSIATIZH
wansisnnuevesiiTannsfiauluadsdiia 4 ¥ia 18un Armoracia rusticana,
Arabidopsis thaliana, Glycine max Wwag Ipomoea batatas Ll LT EURY
Escherichia coli wa ¢ Saccharomyces cerevisiae @ 4HalW A0 & UWUE N1
3fmuﬂﬂﬁiﬁ1ﬂﬁ%ﬂﬁu5®a§1u PCATS: Class Ill secretory plant peroxidase Tunns
ASITUNDTDBNTAERN Escherichia coli, Saccharomyces cerevisiae wag Homo
sapiens 3nglu PCATS: Class | kag PCOXS anuansiu [3]

n1sAnwudseuiisuaruninesiluiazaaautiniegialvesaulesl
esoendinaluity Had wuaiiSe wazuyed Teaduayunudenlowesngueos
meseendinaianeglu Heme peroxidase senmuaNTAnIsai-n1an uandly
iuduweseendinarinenguiasifiinainunasiunnieiu axinaselassaiiaii
uandrsiuoenly wan1sAnuidieliianudladedoyamesoonlediiaylul
unuwlumsiaunimnssueulwifiduaudngamlusmgnainnssy nsunng
waznIEULMTHUTIa W

AnANIsUUIZNA

ANEEITEVRVBUNSTAMNTATUALUNTITEAINEY ImMATANTSWINE Ay
emansuazmalulad unnInendussdginuauaadnsse
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