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ABSTRACT: An extracellular peroxidase found in culture broth of Pleurotus ostreatus was induced
by syringic acid. This enzyme was fractionated by DEAE Sephadex A-50 ion exchange chromatography
and gel filtration chromatogrphy on Sephadex G-150. The enzyme is a glycoprotein containing 35.7 %
carbohydrate. The results of SDS-linear polyacrylamide gradient gel electrophoresis and gel filtration
indicate that the enzyme is a dimer consisted of identical subunits (Mr=72,400). The absorption spec-
trum of the enzyme indicates the presence of one mole of iron protoporphyrin IX per one mole of subunit.
Isoelectric point of the enzyme is 4.26 and K., value for H,0, is 7.2 uM. The enzyme showed its opti-

mal activity at pH 3.5-4.0 and at 40 °C. The Km values of this enzyme for ferulic acid and sinapic acid
are 2.4 and 12.3 times higher than those of horseradish peroxidase, respectively.
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Ligninase ¥ manganese peroxidase 2t < 1k ol phenylglycol @ intradiol cleava-
Wl 28 peroxidase 5| Phanerochacte ch- ge= 38, benzyl alcohol-& aldehyde 9
rysosporium 2] WFH . ZHE] f£pBelEle) ketone &2 4rs}A]7]51 phenol & At 7]H,
EAde]l Badl »b gl (Glenn & Gold, 1985 benzylic methylene group 3} styryl 7z %ol 4
Gold &, 1984; Tien® Kirk, 1984). Man- olefinic A3& hydroxylation A]7]= %, «¥
ganese peroxidase & 2|1y Fajele] el 7HAl ARSRbE Eufjele Aoz deld 9ol
o] ¥-3}x ek}, ligninase o A%, g 7} (Kirk ¢} Shimada, 1985). Ligninase & nonlig-
Al B-linked B2 38X Co-Cs cl- ninolytic culture dl+= Zx§312] 920 (Faison
eavage & ZFul3l3cH(Gold %, 1984 ; Tien 7  Kirk, 1985), wizWje] Az ofofglo] AP
Kirk, 1984), o] wkg-2 w4 X5 7o) o4 e o Eae] AJA4ake] Fshsli, veratryl alcohol
o] ##E o @2sEE wkgelch(Chen # o] FEEAR 8dle 2lad Fass ¢4 &
Chang, 1985). Ligninase ¥ Ca-C» cleavage 2Ee o2 48A 9o (Faison® Kirk,
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1985 ; Faison %, 1986 ; Kirk %, 1986a).

gad-g o4 vINEE F P, chrysospo-
rium & ALY o}E FENA peroxidase 7t T
Aoz A7 vl go, HId Garcia ¥
(1987)°] ligninase o] i3t AE o] &4 of
H 7p2 HA) RFFe] Hei% ligninase 9 A
g EaEo] EXgcly Rdr bl s, Plewro-
tus ostreatus Al A extracellular lignin peroxi-
dase #Ao] gltie ZE& By o} ligninase
o] A3t A2 E FEHA dokoba Boaske,
o] 9lel|  Streptomyces spp.7F lignocellulose &
¥ & o peroxidase 7} fFEHTE 2t 3
(Ramachandra 5, 1987), =z 3}e] o fAdel
de) e AFE vl ARAT Coprinus cinereus 2
vj ok o)} 4 peroxidase 7} &8 ¥ ot (Mori-
ta %, 1988), ¥|E ks Ho|Aqt o]=fdl HZH
A7 AH}EL peroxidase & 22 ele] FA
7} P. chrysosporium ARt =F3E o] ohiz}
olnubdel Y2 HE" 5 glg Aoleks 7heAd
& AAbslhe el

BoAdel B8 2)ord B9} peroxidase oF
o HAE & o] dubael Ao Hys w7 §
3 Garcia Z(1987)¢} ligninase ¢}= ©}& per-
oxidase 7} & gckar B3k P, ostreatus o)A
peroxidase & #elste] 1 §A4-& dolr At st

et
ME Uy

F o uidxA

B A A3 o5 I AEEYE 4%
3ol A B-oure- Pleurotus ostreatus (strain No,
2)2 4], potato dextrose agar slant o] * %3}
o 25°Col| A HAstHon, 45 A2 At
oF3tsch.,

FAE &7 4% AR malt = (17 4
Aol dextrose 10g, malt extract 10g, yeast
extract 5g, peptone bg<9 &AL 7 wWA))E
Abg-stedct, A7 0.8cm cork borer & agar
plateol %} 4709 plugE W 50m/ ) w#ix7}
S99l E 250 m/ Erlenmeyer flask ol %&3lo
28°CollA] 48413t AlEbeiekgt ¥, Omni-mixer
(Du Pont Instrument)® w3t 1 gL
1% (v/V)EA AFEste] 28°ColA #etu)ofslad
o, &4 #FEE 9% #ix2& Commanday ¢
Macy (1985) 7} AF8-3F FHAawi & Wy ste] 414
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ok 11 242 1/ F4He dextrose 10,0g,
NH.Cl 0.1g, KH,PO, 5.0g, CaCl, 0,2g,
MgSO, 0.5g, thiamine 2,0mg, trace
mineral solution 20 m/(trace mineral solu-
tion &) =A< 1719 CuSO, 0.2g, ZnSO, 0.1
g, MnCl, 0.1g, Na,MoQ, 0,05g, FeSO, 1.0
g, Na-EDTA 0,6gel%ch, )& ¥& ob& 1,0N
NaOH & w§=|¢] pHE 5 (028 w39, £
T3 S 93 thiamine o]¢]9) t}& nvlgiw]
£ aTslx] edstr, Malt v 2ol A wijokated
L FAE malt W9 28] 5= feu Rl %71
# Omni-mixer & o431 250 m/ Erlenme-
yer flask ol 50 m/ ¥ #F3to] 28°Co A A 2w
<3kl Peroxidase @ 52 SdfAy A
% malt sAelA] FENAZ &2 o, SEaz
o FEEHZA syringic acid(4-hydroxy-3, 5-
dimethoxy benzoic acid)E 0.5 mM 9 Fx=
A7slsict,

oMz &3

Pick ¥ Keisari(1980)& wh-& w3 sjed A
a3t} HHSEFE 1,0 m/ Y 242 20 mM
2AFSEE 298 (pH 4.0), 0.5 mM phenol red
{(phenolsulfonphthalein) =+ 0,2 mM H,0, 19
S Eagde)w 30°ColA 587 wkgAl F 4 N
NaOH 20 p/ € 2o ¥bg-& F#A1713 610 nm
N FHAwE HAsdc, 2k H0.5 ol
Fowy Aztsigity, ZAe G 1EH
1,09 &3w wisE Jeld ¢ gl Ao ks
Junit & Ho)sigich, Aie] MK ol
= A e 20 mM Al EZAF -l Aksk3a-of
(pH 4. 0)% AHgstd.en, 7t 7]3e] &
W A4 35 wIARE FAs
Horseradish peroxidase ¢ #4<& &
= 20 mM A EE A - gl Abeh g (
&3kt

Acetone &M

49 x4 gyringic acid & 0.5 mM
A "risted 109 Eob wiekgh ok 2,0/(50
mix40)ol4 gauze ¢} FAFZ FAHE AA
slar of Felel] oAl E-E 65 %EHA Helg ¥, 0°C
o A 8, 000xg & 10¥7 daEelssict, o
dojzl AHB|A] ALFNAE opHES AAT
& 20 mM Q4kskE8-8 (pH 6,5)°l o AAE
gg AENE 2R AEE

DEAE Sephadex A-50 o|l2meta 2ol E 12 gl

%2&42E DEAE Sephadex A-50(Pharmacia

m
o
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Fine Chemitals) .32 o] 2x gz dntg 195
skl 20 mM glibbE 4 (pH 6.5)2.2
AHgE A7 (2,8x18,5 cm)ol A1EE o3, 500
m/ e} ghFEdeq 423 H, cofx] e <lirs)
FEqe4 NaCl 0~0,5 M dFx% 7|72
EEA A, T olensta g oy T w4
£ 20 mM <lAFbE4-9 (pH 6. 0) & AH&33]2
w, NaCl 0~0.4 Mo AEx 7|87]|8 254
Atk

Gel 0in}3 20lE T 5|

Sephadex G-150(Pharmacia Fine Chemi-
cals) & ¥ (2.8%101 cm)dll F33ted 20 mM
AL (pH 6. 0) 22 A Hsl1 2% A8
WS F A e 43y,

SD$-linear polyacrylamide gradient gel 7|
=

Lambin(1978)2] whH& W sled SDS-dis-
continuous buffer system 2 % acrylamide
5~20%, bis-acrylamide 2, 6 %<l linear gradi-
ent slab gel & A48l A8 Tris-HCl 2
FEN(pH6.8), 2% sodium dodecyl sulfate,
5% 2-mercaptoethanol ol o] 537+ Felal &
AHg-stdel, A7)9% F 22 Neuhoff % (1988)
o] whflell we} dMetgdnd, AL 129 trichlo-
roacetic acid &Ho 4 147} Eob 3447 %,
109% coomassie brilliant blue G-250, 29
phosphoric acid, 109 ammonium sulfate,
20% methanol & g0 oF 242)7F g
332 25% methanol 2 4 "algich,
Z ¥ az-macroglobulin (170, 000 ;
form), phosphorylase b(97, 000),
dehydrogenase (55, 400), 12]1 lactate dehy-
drogenase (36, 500) (°]4-2 Boehringer Mann-
heim Biochemica ol 4 ))& +}-&3}eic],

EXzke] A

xF E}uﬂ 7(1

reduced
glutamate

Sephadex S-300 superfine (Pharmacia Fine
Chemicals)& & (2, Ix105cm)oll Z21sts] 20
mM 4tb8o (pHE, 0) 28 AAsty, &4
o} FE A | bule dextran(2, 000, 000), apo-
ferritin(443, 000), g-amyvlase (200, 000), alco-
hol dehydrogenase (150, 000), bovine serum al-
bumin (66, 000), -z2J3 carbonic anhydrase
(29, 000) (2)4 Sigma Chemical Co, )& @&
T EAS A gNoR g7}

g42| FEsty 24

3 2" e (UV-visible absorption spec-

alol
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trum)-& Shimadzu UV-265 spectrophotometer
& AHgEte] Aol A st 20mM Q) AkskE
4 (pH6.0) 10m/el AA® Fi S0 ug &
= AHg3tden, H,0,- 5% 2¢4E Ao
A Bagdd) H,0,5 0.2mMEA @eo] A9
t},

CHaE Mzt

Bradford ® # % (1976)3 Lowry 9] w4
(1951)-& w3 sled ALgalgdom, gz
bovine serum albumin(Sigma Chemical Co, )
£ AHgEhdc,

40| chatat HMat

Dubois % (1956) <] whel] oz} HA)5l
5% phenol <& A3} 34418 Helgh % 190 nm o
AERE Wkl HAste] 40 gaeks AR
Fodoh, EP22E £E9(Fluka)e 20 mM

A aof

AN
AAReEEE (pH 6, 0)ell o] Algabeic)
THe H=Zz £
P. ostreatus ¢ *B AL A7) e AT
Fe FAsAY, FAE o3 9= HzE o

21 (Whatman No, 2) 2 #4013 Z2i4 100°C o
2417 FF dEAIZ) F AzxFeks =% sl
c},

Alot

WA A8 F, dextrose =
Co. N4, malt extract, yeast extract, -1
peptone & Difco ol 3]st FAeo 71
24 o-dianisidine, 8-(3, 4-dihydroxyphenyl)-
a-alanine, ferulic acidt Sigma Chemical
Co.el A, sinapic acid ¥ Roth <4, phenol &
Merck ¢l 4, salicylic acid¥ Fisher Scien-
tific Co, ¢l 4, catechol-® Wako Pure Chemi-
cal Industries ol 4], gallic acid & Xiligshh | %
Mgl A, “12l3 guaiacol & # v 4 {LFHk
Akl A sl

Junsei Chemical

Ho ¥ 1

2o R

Tl =)o) A F& A |uekalwl ] ok
HE peroxidase ¢ &4 thl A o) derg Ex
&t ﬂ} peroxndase o] g2 wiek 1145, o

1014 22 & ebl 2l o} (Fig,

‘}*o—?_:i} off H,O,5 We]Fx] otom
dofiba] Qb Ao Mol FAol Aol
perox1dase°l g Ao A=A FabAe

1=
v o
fru

o

[+

=
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Fig. 1. Effect of syringic acid on the production of Pleu-
rotus peroxidase.
Syringic acid was added to a final concentration
of 0.5mM. Symbols; enzyme activity in the pre-
sence of syringic acid ( @), enzyme activity in the
absence of syringic acid (0), protein concentra-
tion (M) and mycelial dry weight ((.).
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Fig. 2. lon exchange chromatography of Pleurotus
peroxidase on DEAE Sephadex A-50.
Column dimension; 2.8 x18.5cm. Fractions of
5m/ were collected at a rate of 15mi/hr. Sym-
bols; enzyme activity (®), protein concentration
(0), and Na(l gradient (.

z2Zee SAAARE AL Zrsidy, 2 %
8 7HA] FFAdlclrl 8 o] Foll= A WA
oroirl. &40 FEEAEN syringic acid &
0.5mM A 9oiFL o, &2 BAdol 104

Aol HWAE vepion, o o Aa¥AE o
270 wlsted of 3 AE Frtshgich, WA
st FAple) AzFae a7k Holst o
sieh.

g0 g2l o A

SEulA) ofshale] olHEL 65%2 Helsiel

il a-g e23) & DEAE Sephadex A-50 °]-&
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Fig. 3. Gel filtration chromatography of Pleurotus
peroxidase on sephadex G-150.
Column dimension; 2.8 x 10lcm. Fractions of
6m/ were collected at a rate of 13.2mlhr.Sym-
bols; enzyme activity (®), and protein concentra-
tion (O).
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Fig. 4. lon exchange chromatography of Pleurotus
peroxidase on DEAE sephadex A-50.
Column dimension; 1.8 x18.5cm. Fractions of
5m/ were collected at a rate of 15m//hr. Sym-
bols; enzyme activity (®}, protein concentration
(©), and Na(l gradient {--).

DEER| e Raka]H] ~0,5 M NaCl 5% 7

712 -tx’f%—“raiti 1} NaCl 0,25 M ¥5e) sfgs}
B oM sixe 848 vehlie peak 7F #
Y=} (Fig, 2), o] % 538 8o Sephadex
G-1507+ DEAE Sephadex A-5022 A& -3
st ch(Fig, 3} 4), 2HAE AWle] aazviel
sz 2alg A3, 11,4%9) 5% specific
activity 7} 408 Hx Z71sisdch(Table 1), el
Aol 23t B4 £%8 SDS-linear poly-
acrylamide gradient gel *71%-% (Fig.6) %%
galgk Ast, thd F5re) oAl S EHld ¢

[°)
=
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Table 1. Purification step of Pleurotus peroxidase from the culture filtrate of P ostreatus.

KOR. JOUR. MICROBIOL

Total Total protein Spucific Recovery Purification
Purification step enzyme activity (my) activity (%) fold
(AAgpminh) (AAgymg~h)
Culture filtrate 9062 86.3 105.0 100 1.0
Acetone precipitation 8858 B 278.6 97.7 2.7
DEAE Sephadex A-50) 3520 2.2 2421.1 60.9 23.1
chromatography
Sephadex G-150 1776 0.6 2921.1 19.6 27.8
chromatography
DEAE Sephadex A-50) 1032 0.2 4303.5 11.4 40.1
chromatography
Q
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Fig. 5. Molecular weight estimation of Pleurotus per-

%73}

oxidase by gel permeation chromatography on
Sephacryl S-300.

Molecular weight markers: 1, apoferritin
(443,000); 2, 8-amylase (200,000); 3, alcohol
dehydrogenase (150,000); 5, bovine serum albu-
min (66,000); and 6, carbonic anhydrase
(29,000). 4 indicates Pleurotus peroxidase.

EEEXE R RO

gk, ®F shRAe v, /v, (v, &5,

Voo void F-3) kg FApeke] Agdipite] i3t

20%0o

Fig. 6. SDS-linear polyacrylamide gradient gel electro-

phoresis of Pleurotus peroxidase.

5—20 % linear gradient gel (2.6 % bis-acrylamide)
was used. Slot A indicates Pleurotus peroxidase,
Slots B, molecular weight markers: a, ag-macro-
globulin (170,000); b, phophorylase b (97,400); c,
glutamate dehydrogenase (55,400); d, lactate
dehydrogenase (36,500); e, trypsin inhibitor
(20,100).
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Fig. 7. Molecular weight estimation of Pleurotus per-

oxidase by SDS-linear polyacrylamide gradient
gel electrophoresis.
Relative mobility was plotted against molecular
weight. The enzyme was indicated by the closed
circle. Other symbols are the same as those of
Fig. 6.

o] S"]%’l%"‘* > 2 (F lg 5), 7L 4
I J4e 2 ‘}‘%L'ﬁ 2k 150, ()0(] OB

o8 Fyse,
A Asel BA%E HE Az EAee

2] #.2 3}e] SDS-linear polyacrylamide gradi-
ent gel 7452 &g o (Fig.6), &&
ch o] £1%3 acrylamide % (% T)o A&
pahs EabEkel gl gl wisted 3] A A
& 8 AAE g (Fig. 7). 2 33 £49
EabeEe- ok 72,40022 FA A, ol Axt
EHEH E EL2E 209 Ay Awgd

(subunit) 2 °]Fejzl o|g4 (dimer) 2 FA%
o},
kg BFgoR dled AR (r) 0,9982)
%48 °13%L° o] & 71Fo @ 3to] Hax
2,67 ug& HHEAZE uf 1 48 pg 9 ol

59}, “Jr\’/}‘i H A e WA ool v
35, 7% AER ¥ ghs viehhdo,

31 pH Z2A A phenol red & 7122 1}-4
ste] fael #B4& :abetdh(Fig.8). o dof

rwio il ok B
3. tlo w B Ay }ﬂ
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Fig. 8. Effect of pH on the activity of Pleurotus per-
oxidase.

The optimal pH of Pleurotus peroxidase was
measured over the following buffer systems: pH
2.5 4.5, 20mM sodium tartrate buffer (0); pH
4.0 5.5, 20mM sodium acetate buffer (®); pH
5.0 6.5, 20mM citrate phosphate buffer (Ll);
PH 6.0 8.0, 20mM sodium phosphate buffer
(m).

pH 3.5~4.0 elellA z#le] &4& eplgd
th, pH 2,5~5,0 2felell 4= A& Aol o) ato]
50% °ol4e] Fido] eyt o, 1 ojake] pH e
A FAdol F43) gt} 2o oE A
&g e wgh- 40°CTHR = #deo]l HAH Fotet
32, 50°C o] el iz Ao HH3F skl
v, &3 30~35Cell A A s x| = 1, 166
kcal-mole~'e] 912w 35~40°C ol 4] &4 sheilld %]
3= 0. 6893 kcal-mole—te} g} (Fig, 9),

1.0 mM 2 o-dianisidine & electron donor
2 AR, H,0, 58 W7 a3
4% ZAs9d . Lineweaver-Burk plot 22
H,0,0l wH&F #49] K, 7H& 73l (Fig, 10,
o] W Kzt < 7.2 gMeoluct, H0, 5x7}
200 gMolsdS = FHojo] AigAdo] viepyton,
1 olie] FEol M BAde] oFt odAHe A&
2 5 elodoh(Fig, 11), w8t 3o 7128 A gs)
o H,0, 5% WaA)71Hd aosds 39
A3}, ferulic acid ¢} sinapic acid &) K,k
“Fzh 34, 33 12,4 uM ©]sl3L, horseradish pero-
xidase o ®]&) 2,35, 12,279 HE X2 33ln
£ 2t} (Tabie 2).
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Fig. 9. Arrhenius plot of Pleurotus peroxidase.
The optimal temperature of Pleurotus peroxi-
dase was measured by incubating the enzyme at
the defined temperature range (20 °C~55 °C).

150r

icec

V! (aAs02-min')
@
o

pd

-02-010 0 01 02 05 1.0
(ST" (am")

Fig. 10. Lineweaver-Burk plot of Pleurotus peroxidase
for H,0p
The enzyme activity was determined at 30°C
by monitoring the change in 402 nm due to
oxidation of o-dianisidine.
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008
ao? /’/‘\,\\-u

V {aAs02-min')

o 20 SO 100 200 500 1000
(s1 (um}
Fig. 11. Effect of H,O, concentration on enzyme ac-
tivity.
The enzyme activity was determined by the

change in 402 nm with odianisidine as a sub-
strate.

Table 2. Km value for ferulic acid and sinapic acid. En-
zyme activity were expressed by nanomole of
Substrate oxidation per min

Pleurotus Horseradish
Substrate . .
peroxidase peroxidase
Ferulic acid 34.3 80.8
Sinapic acid 12.4 152.1
Fhol Buss g
A g5 Fg~deds 2802 400 nm o
A AR 2 F35E Jehlon 5005

635 nm o} 4 kgt peak 7} e, H,0,8 0.1
mM =HA Y798 9 400 nm 9 Soret band
7F 415 nm & o] &t (Fig. 8), ol8jgh ~o e
gel FAs b peroxidase 53} wlaate] H.gk
& o (Gleen 3 Gold, 1985 Saunders 5, 1964 ;
Tien &, 1986), ¥ Ay ZAEA (prosthetic
group) 2% heme & 7le¢ e, I FRe
protoporphyrin IX oj2ts Azt 400 nm ol
A 2 &9 extinction coefficient ¥ 223
mM~t-cm™2 AlibE gl ow, o] ke ¥ per-
oxidase £ 9 extinction coefficient (Glenn
Gold, 1985, Saunders 5, 1964; Tien %,
1986)%)(-91 oF 2ol sl gheloh, wald B

2 2 a9 A 72 shde] heme & 71A)
a 9\1—‘\:— ol A 2 At}
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Fig. 13. Absorption spectra of purified Pleurotus perox-
idase.
Purified enzyme (540 ug of protein) was dis-
solved in 0.1 M sodium phosphath buffer(®H
6.0). The insert shows the enlarged spectra in
the wavelength region indicated. The oxidized
form (---) was obtained by adding 200 uM of
H,0, to the reduced form (—).

HZL} 549 é’éﬁ

S Ao B2 24 syringic acid &

1017 wjokgt ’? Ho*‘ﬂih‘ FAHAN S peroxi-
dase #4& Wlmsle] Bgiti(Table 3), #2l4

Pleurotus ostreatus © wWFq <l syringic acidol & f=5i

Sephadex A-50 o] &x 3tz gntg 7)) 2} Sephadex G

o o#) ¥
iron protoporphyrin IX ¢ +x&
o}l a H,0.0 HE K,ah2
acid ¢ sinapic acid ol & & fhe] A% (K,)
A xkE gl ok,

7= 2702] heme

Ab A

Z Ao

dod

T EFe B ) 2dATE g

1] (1988-1989) 1 2ls) 8 = HArt,

2y
-150 4 o=tz gele g Sl &
Ay gebere] 35, 7%4) bl Alojglen}, SDS-linear polyacrylamide gradient gel 7)<
P2k (Mr) 72,4000 270¢) Fdg) ke lﬂli o] Fo1% oA E wEgc}, B Akl F4
FREAR 7P gl low 2
7.2.uMolslch, & Ao whg HAHZxw 407C,

+= horseradish peroxidase o
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Table 3. Lacalization of peroxidase activity in P.
ostreatus. Volume of culture filtrate was 3.6l

Culture  Na(l Cell free
filtrate  extract extract
Peroxidase activity 13,600 0 66.2

(AA{;lo'min‘l)

G2 WA -E A ASEY 1 el g4 e 3
A& BAstdden, dodxl S ST A
2! . 0.5 M NaCl pgHoz disHe ¥
ateje] olyz ghil At FEsle] Ao B4 &
ekl oo f bR Omni mixer & 3
Vshe] Al FEelEE F, AeelS Fsbed & el
4L FAstAr, o Axh, Al 2 ek
peroxidase 2| k& Al ulel] Eashiz oFe] <o
0 5%01] Avba] edsromd, NaClell jsf 34

= peroxidase ¥ $1%ich, ol#idt Az 2
%—:- Ak Eaeln FHE S ol sl
ATl Aoy B ow, HAxFeE 7&
7ol AR = AR Hivl PAdsichs Hx
BB A eSS -2 7] Rkl e ‘ﬂ:‘”ﬁ
oA A wjcfl e 2 1} ls o] opdE siwtHsh=
7ot (Fig, 1), P.

SR VR N S
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