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Purification and characterization of versatile peroxidase from
Pleurotus ostreatus produced in a rotary draft tube bioreactor

Hyo-Cheol Ha*

Department of bio-technology and convergence, Daegu Haany University, 1, Hanui-daero, Gyeongsan 712-715, Korea

ABSTRACT: In this study, Pleurotus ostreatus No.42 was cultured in glucose-peptone-yeast-wheat bran medium using a previously
reported novel rotary draft tube bioreactor. Versatile peroxidase (VP), a lignin-degrading enzyme, was isolated from a pellet-type
mycelium culture grown in the medium for seven days. The VP was purified by sequentially applying ultra-filtration, DEAE-
Sepharose CL-6B column, and Mono Q column. SDS-PAGE analysis revealed the molecular weight of VP to be 36.4 KDa with an
isoelectric point of 3.65. The amino acid sequence was confirmed as VICATGQTT. The purified VP was observed to possess the
property of not only oxidizing Mn ions but also decomposing veratryl alcohol, a non-phenolic compound. The catalytic ability of

VP is a subject for future research.
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g, e gkl A (polyeyclic aromatic hydrocarbons;

PAHs), =2 93] 9'd (Polychlorinated biphenyl; PCBs),
ASA, &7 32 71 (hydrophobic  volatile

organic compounds; VOCs)¥ 72 tjefst 7|AES &
mjeto] AsAE g e Zle® BAHA gle] #ad
ol BN ohl2}t ' A4S}, nlole dE, #Y,
Hhol e ZIvk BetE 93, A%, s, A= A3
T AL ER wf 7E7E 22 AR dHA o
(Singh et al, 2023; Sellami et al, 2022; Wang et al,
2018).

2 Zell AlAgelA 7 Bol A e dE
A<t (Phanerochaete chrysosporium)®] 735 G402
ARE s (H,0,)7h Blad Bl 3rsh G4l

w7k ke @4 (MnP)¢F Blad #ksE g (LiP)ell
olgl Fujj Fl= WhgollA glad FIAE A= &
27 Ax FHAA A wkgoz Aisiar tk(Gold
MH and Alic M, 1993). LiP2] 7% g]z2d¢] v ¥ ¢
5 Abstete] WS aEldl] ol goze A st

ZHEE AREAE BT 5 e AR gEA Jor
(Tien M and Kirk TK, 1983), MnP¢] ¢ Mn”" 23 %

A2 2t M E Mn’ & 2513 § HlE 7128 Ak
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7= AO= BIEo] JIth(Wariishi er al, 1989).
Vesatile peroxidase(EC 1.11.1.16)= B2 Atst &4 4
dS Adele spolBE = EAF +2E 7K 3 (Fe)
Al e AR HFol= MnPe| isozymeS 2 A+EH S
A% Mn*'oll oFEEA] kol wlgtEY L L (veratryl
alcohol; VA)Z 222 ¥] #HlEA SIFER A 4 A
o] LiP9} 22 7|5 Zhe Aoz defA] lom way
S F=ElElt (Pleurotus eryngii) S ZFE *& HIL
(Ruiz-Dueiias et al, 2001; Martinez, 2002)%® ol %<&
AFAEl o3l 98 A kvl (Tsukihara et al, 2006;
Salame et al, 2012; Kong et al, 2017). 3] MnP9] %

23k 5421 Mn' 0|23} Adtsle 7919t Lipe] T
5420 vl #Hsd ses A e =2 H9
A5 Yo7)E EYETH(triptophan) 715 2= 54 o
woll Askerd 54 FHellA LiPek MnPe] sfo]He|=
= 7R glnk. wEbA 278e] 24 FelE Ad VPe
S Abstekd A9t ofle} w2 Askekd M= <
3 Blads A s F e s8] e Aew
dHA AT (Knop er al, 2016). 2L B F-F530] A
Ak VPOl A 71A AkstE ek FElg 24 et

Bste] o]F Wdel ojEge] e AR BiE 9l
om AA7HA] F=El2l+t freff VPRte] AsehA | A
o2 EXA3}Eo]dth(Perez- Boada et al, 2005). 3ol
© VPO Wil FxE gyt thE F5k 7S o]
&oto] wlsd B oH] HsA SgE, ASA, Atskekd A
7F =& 98, o8 S vslea 9 glads 23

3 BT BAL urk PPAolL HEHOR A5}
5/
- L

“el2]t (Pleurotus ostreatus)S 72 MANA F HA =
o] AvjEE AYgHeR Fasgh A&wAloln glads
el ohe AR SFo 2 gad Aol AEE HAY
5 ATE A% =2 rUE B2 AAEC o8 A+
o] $kth(Knop et al, 2015; Saez-Jimenez et al, 2016;
Nakazawa et al, 2017). 53] =glg]tolr= glad &
3 Al2ElS sk Al &) ks 2491 MnP, VPE
Arkete 2oz deA Jlom ellA Awet Fads
Ao g2 FEstshe 54E 7 dEAdE = o
2A LiP= AR & A= d#A Sk

2 Ao s RS2 & IR Jde =EE
4< 312 5F5F AENRS7] (Rotary draft tube
Bioreactor)ol|A] B Fe|Z NA wdst AN AL
o2 VPE AAkste] 2], AAstel7]o] olo] Bilst=
niojth,

ME 2w

old R WHH (Ha, 2021)0.2 )73k th et A&

38 AFdolA EHAsa e el No. 425
potato-dextrose 2} A HIA] (PDB, Difco Co.) 20 mLolA]
28°C, 7¢ &Rt AA| wjgFet & A E B FHel &
T 20mLE ¥l #4s}ete] FFALAE-ARF
ZE-47]& (glucose-peptone-yeast-wheat bran; GPYW)
250 mLof|A] 28°C, 79 &<%F 120 rpme] 272 ZIE Hj
Fe T S A% HEAOE ARSI & ik
< 3,500mL 324 F3H AEHS7](Rotary draft
tube Bioreactor, Kawasaki Heavy Industry Co.)& AM&-3}
Ao Mg 213 sLg GPYWHIR| | FE3te]
FTHOE 2,000 mLE HE== Stk wjgEde 28°C,
120 rpm®] HEE FAFAA ST Fhgo] ¢k
IAEE 7Y olF MY S Idte] £, AA oo

= ARSI

CIEA nitst g4 53

VP2 &AL o)l Be] W (Ha ef al, 2001)2
2 Jegeict. Ztzke] wig o2 RY ImLA FHato
4°C, 5000 rpm, 5i7F A4S & AAEHE FHshA
UV-Visible spectrophotometer(Shimadzu UV-1201)2 A}
$3j0] of) TR e B2 2P ol 2
o VP 8484 s 1:27F 1 nmol®] veratryl alcohol
©] veratryl aldehyde= AFslel= HEE 310 nme| 3¢
oM FHE=Z STt T Mn o) EA] 3lolA
guaiacolS 7|EE sl 127 ¥ E AAH EZY
465 nmel| A 9] FF =R STt
CHHE
oz skake Bradford Y (Bradford, 1976)° =
3lo]  Bradford reagent ImlE A]59} WAl &
595 nmollA SFEE AT Bovine serum
albumin (Sigma Co.)& XTI OE A8 T THL]

PA— s
P 29,

ofe O
oM

Vesatile peroxidase(VP)2| 22| ¥ M|

VP &40 ZA= o]xe] W (Ha e al, 2001)°] F3}
of AT S, v g S Blrate] vt AgR]of €]
3 FFAIZ] 28 4YS 20 mM succinate buffer(pH 4.5)
2 3¥srAH F2 DEAE-Sepharose CL-6B column
(Amersham Phamacia Biotech., UK)ol| 483}3 & ¥&
£ 0.1, 02MZ AR Zrlslar S48 2he 2
g Hopd FF, EEekiith. HFHSE Mono-Q
anion-exchange column(Amersham Phamacia Biotech.,
UK)= o838t o =0l m& 712 (gradient) B
o7 Fe AAsA

M
A
ikl

712
=

45 24

tjo O

ojm 48
= on

N
M 12
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3ot AT, ©Ed 71952 Phast System
(Amersham Pharmacia Biotech. UK)®l €]%+ SDS-PAGE
(sodium dodecyl sulfate-polyacrylamide gel electrophoresis,
2.5% glycerol)ollA 1A]7F AAJ81H 2™ 527 (Isoelectric
point; IEF) &% Servalyt precoats polyacrylamide
gels(Serva Fine Biochemical Inc., pH 3-5)2 43
AMEstE o A719E0] ¢ F 0.1% Coomassie blue
R-2502 d Wi=s Ao VPEAS 3.3°-
diamino-benzidines 714% ATt A wir=
standard mark(Daiichi Pure Chemicals, Japan)E A-&-3}
Fom 5ZA wAE calibration kit(pl 2.4~5.65, BDH
BmbH, Germany)= AR&-5}e] AA]5FS T}

N-Zch oo &t MEEA

HE 28 AT VP N-ZT opr|=At A EEA
Z1343}7] $1304 semi-dry electro-phoretic transfer™
2 AAET &, A719F delA] ERlE ddui=
0.05% SDS2<, 25 mM Tris, 20% methanol, 40 mM e-
Amino-n-caproic acidg& i3t o] &ujE o|&3lo]
1.2 mA/em’, 12087} polyvinyldifluoride(PVDEF, Bio-red
con)Zoll &7l & Hojd wy RES Aokt A
w3t iy RS whild 2sAd £471E o835t
o =¥H(Edman) 3 O2 opn|ieAit A EE #A] T
(Model 491A, Applied Biosystems, USA).
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=
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E=TU =~

3|H4| SSE ME ST (RTB)E ALE8H =El2[Z2
A(VP) 22| EA|
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71 (Ha, 2021)°l w2t =Ele] No. 4271 Aitele= kst
a4 oS vlete]s} DEAE-Sepharose CL-6B Z#,
Mono Q ZHE& FAHH 02 A8t 8] AAlsaow
#% Mono Q 29 AZvtE 19| A3E Fig. 19 o
EP AT o] Bargh A A3} (Ha, 2019; Ha, 2021)
o4 MnP39] 7% AH| WFE= AlZl(retention time;
RT)°] 10087 G| F=Z2 0.3MlA 1.0ME F43]
Z7Z W fE5E AoE B3 vl Qo) old wk
af ool Bilsh=s thed kst §49] 79 807 A
T AIeA EEE AR RIS ol2d A=
Kamitsuji 5 (2005)°] F7] 24921 ammonium oxalate
£ e miAl 20A ks S A4S Hefste] HEH
O F %ol Mono Q AHAAM F /e i) 45
2], AAstdon thgd kst §47F WA §EE
2 o] %o MnP37} &%= ZOE Hilste] & AT 4
ol A28kt

Kamitsuji 5(2004)2 233 23 =g ¥ 325 (glucose-
peptone-yeast; GPY)HiA] =7 oA MnP3%F A2kE 9o

K5 MnP3 }
E 4
g I'II SR S e A ket ey Ho
g i ‘ s
i -
1 i -
€ i E
S i 5
2 Q
] / It -
= / 8/ 05 §
g i/ _l 04 3
& g VP & | 03 =
£ fSE o 7
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Fig. 1. Profiles of vesatil peroxidase(VP) by Mono Q column
chromatography.

—: Absobance at 280nm; ...: Absobance at 407nm

o E OgE 2 FFILA-FGEFEE (glucose-
Yeast; GY) #JA] A= VPTH Aitel= Ao B
sttt ol gk Aab= GPYHIA| 2719A4= MnP3o] 7}
8ol AAEAT GYuiAl 270l 7 Hel ALtE
£ gad Bs) &2 MnP7} ol VPSS AiteleE A
o7 o3 Axte AU FE (peptone)e] J ol wh
& 0% 71&siiith

B AT Aol w2 GPYWHIA| 2ol 71 o)
ArkeElE kst @47F MnP3%l AL Kamitsuji 5
(2004)°] A Bael XA o AFPolM= &
golA 9k VPE AtE= AoR gRlste] A At
oF7F Aol7t e Ae=E uvehsth. Zeu Sarkar 5
(1997)2] Baro] o]&hH “Ele]id-S GPYHIA Z7olA
AR v A, 7 N g7 Hhtst A5 A
om VPe 542l viFlEA e WgE" 4d3E
(veratryl alcohol; VA)S- 4t} Al7]= 580l e A=
i) & AT Aol At olgd A= 2
2o 7 g% FZE (yeast extract)W H71ePH VPURS:
Akt aRFEE & o8 24U HES Frtst
H 7Pg o] AAtEE MnP39t ] aRFEE M A
2HEl= VPR o] Ak 4 Qltke AE ov|gitt. ¢,
el No.d27t A4kt vpel Ha) A A3}= Table
1ol YepiSdeh. WA 313424 F33 AENhEloA A
Abek ksl Zg 4l 2099U/2,000mLS  HRERe )
DEAE- Sepharose CL-6B A%, Mono Q AH2] AT
2 28, BAN e HFA R HEAE 2448 units/
mg, 9.18]¢] HAE=E zZh= VPE 2.9% 3]st
Kamitsuji 5 (2004)¢] Hio] w=w =ele]#e GYH)
2 z7504 HEHOE Mono Q AHA A 4
2 B1ZAE 369.0 units/mg, 2381¢] FAEE ZH= VPE
3|stithal Barste] of7ke] ztolE VERlSI=T] o2
g A= VPE Atete viAl 2 B widF 2719 &
o] w2l Aoz Azt
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Table 1. Purification of vesatile peroxidase(VP) produced by a rotary draft tube bioreactor (RTB)

Total activity Total protein

Specific activity

Purification step (units) (mg) (Units/mg) Yield(%) Purification(fold)
Crude enzyme 2099.0 77.90 26.9 100.0 1.0
Ultrafiltration 1757.0 43.90 40.0 84.0 1.5

DEAE-Sepharose 263.6 1.30 202.8 12.6 7.5

Mono Q 61.2 0.25 244.8 29 9.1

A B

MW (Da) pl
17,000

30,000 3.65m

42,400

3.9
66.000 5=

116,000
200,000

1 2 1 2

Fig. 2. Electrophoresis of purified vesatile peroxidase(VP)
enzyme.

A. SDS-PAGE; Lane 1; MW marker, Lane 2; VP

B. IEF; Lane 1; VP, Lane 2; active stain of VP
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3 A2 B2 AEWST|(RTB)ERE 797 vid3h
, VPE HF2 22 Mono Q ZH o= 2] AAgH =,

FEHAE olgsle] U=z Rt Fig. 20014
7o) SDS-PAGE(A) 2 Servalyt Precoats polyacrylamide
gels(BY oA whld  dAls Xgs Ay, A
36.4 KDa, 537 (IEF)& 3.655 YeRNJth. T3k itk
3t 840 5AQ &4 S ANE A Ao w At
stEl= S EIskslnt. o] e Aabe o] & A
A7} H.3l(Ha, 2021)3 MnP3¢} Blwshd 722 Exjek
(36.4KDa) YERSI o™ 543 (3.95) 0.3 Fx x}o]
7F e Aoz st dhH Kamitsuji 5 (2004)°]
HAgk GYHiA o] Pl 24 stollA ke vPe] &
AFFLe oF 42KDa, 51HL 3,772 BHusle] B A7 4
Hol= kel Aozt Yl A& ERISATE. o] st *
ol whld el oA FE|Edstshe gl A
Arksel Agete @] EAbol et A a4 wAt
o] of7k ztol7k v Ao 2 AZbEm o)At uj g
331709 7= A Jom st vhild BalEre
34.6KDa%l Ao 2 B3 (Perez-Boada, M et al, 2005)%
3L %do] B AT Ail= VP A e e Ao
2 dkEt g GPYHiA oA A4HE MnP33} H]aLa)

o N

-

A VP BAE 723 AL 04 = Ao|7t U=
Ao g Histe] & A Ao} fAke HHS YERI
o} A opn st AV|IME AFEEA 7S Bole] 334
B3 AETST|A Ui Aikste] ddwi=E AASH
VP o) iakS B8 Ayl N-Ueho 25 £ 97))9] o}
vk ujE VICATGQTTS g1 &+ Ao AF7t
A o AFAREC] Bagk VP 2 MnP39} v £45)
ST (Table 2).

LERR| & ZF7F Yiske CiEX atitst g4 (vp)el
7|& AtsiH|m
Table 20|42} 7o ofw|ielb viE 4] A3}, VPel A
- 2 (Val)FE Al2sE o o]l B3 (Camarero et
al, 1998; kamitsuji et al, 2004; Fernandez-Fueyo et al,
2014)8F VPE TAFE] A|Zelglom 97l e] Fd gt ofn
ok g YeRfQl). 3 o]8jd EAL g Al
ZSWAlT (Bjerkandera adust)IX = vl E2
Zb= 2102 RISIAY (Wang Y et al, 2002).
b olE VP2 HANME L A vk, FAFIE, wl
Soll ARl WZgEd gIZE& Wk AtsiA
E48 7 2oz 4EA vk Kamitsuji 5
(2005)°] W= GYHiA| oA AAHE VP HIZERH &
FL3} Poly R-478 2 RNaseA$} 72+& w8z} 319tES
2 Aste ¢ dtial HEglon BE VPOUA BHE
ol = EYER WE FHE JSS YERIAT
w2 AellA] ol VP 94 wWBEY L3}
WS A7 B4 ol¢ldl R} q
slshs EYHER W= sl 54
2 FE3l= vlolt}. 31, 1E 52 7] (wheat bran)
I e Ao A mjAellM tEe R Atee Aow
B =o] &= MnP39] 735 BT dEbd (Ala)FEl Al
Zhstlom ol & AFAE Bagk A H T of
vk vjd 3 s Wk o] 22 4kelAl )= b BlEE
24 BFHEQ] WigtEd gEee e TIA] et A
< 13k Y (Giardina e al, 2000; Cohen et al, 2001).
o]e} o] VP= MnP3¢} EAJE| o] lof ] HA| sh=
b oEe Ho] Jou v HEA FTES ASAZ
o opu|ieAt oM E Xfol7} A= AS
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Table 2. Comparision of ligninolytic peroxidase isozymes produced by Pleurotus sp

Oxidation activity

Reference

Organism Culture Peroxidase

N-terminal sequence

VA Mn®*

P. ostreatus BRI VP ++ VTCATGQTT this study

P, ostreatus M| =upek VP ++ VTCATGQTTANE kamitsuji et al, 2004

P, ostreatus EulAuek VP ++ VTCATGQTT Fernandez-Fueyo et al, 2014

P, eringii R A upek VP(PS1) ++ VTCATGQTT Camarero et al, 1998

P, ostreatus |l glufeF MnP3 -+ ATCADGRTTANAAC Ha, 2021

P, ostreatus MR =afoF MnP3 -+ ATCADGRTTANAAC Ha, 2019

P, ostreatus |l ZlufeF MnP3 -+ ATCADGRTTANAAC Ha et al, 2001

P, ostreatus EubrAugok MnP3 -+ ATCADGRTT Giardina et al, 2000

P, ostreatus ARk MnP3 -+ ATCADGRTIT Cohen et al, 2001
7} ofx @ERl Orange II, Reactive Black 5 % 2} H]FlEA SFES] WZEY ¢S Fdllske 54
AmaranthE 24 (Salame et al, 2012)A 2 5 Ao 57} S 7r= 7o 2 Vet

A WEH] weks}ghE (endocrine disrupting compounds;
EDC)%l H]AwE A(BPA), ETZFZAHTCS), A=EE
(E1), 17b- Oﬂ*EE]-E]i(EZ) 9 17a-oE o 2~ERT &
(EE2)°ll t3ll =& #3ll& (Taboada-Puig R et al, 2016)
< Uepislon, 29A o AENRE7|E A-83te] VPTE
=999 (Nonylphenol)S EHH o2 A& A As=H
A3 T 23 (Mendez- Hernandez JE et al, 2015)
Sk3ATh

FHoll= HFERE AU A2 WYRIFO R
B AL VP7E Tekg A8 Ha 8 E Eelice
© 2 X3 (Juarez- Hernandez et al, 021)0}0:] =y
Aol s st + U= l3“?—.:‘%
LiP4t MnP9} 22 th& 2l &3 ?JrL ﬂJr*Pi} e
REPHAE VPR A7 w2 71w 3 A
7 24 (4l 2%, pH)AARE RES- 7] wjZol] o=

£ ol BAE sk s 3P AxG 5k
AR HFY A WY 52 AT WFOE Yot

of & oz Hztart,
A O
- L

B AN Pleurotus ostreatus No.42+= ©]3d Bl
AR 789 334 TFH YEVEII(RTB)E Al
&olo] EF-FE-TR-U712(GPYW) HIA| oA Hlj )
STt o] v 79 <t BYY FAMA v 5, &

el tHEA ksl 24 (VP)E 8 E A
St oF. tHEA ksl gae] GA| AL gheof )
DEAE-Sepharose CL-6B ZA¥, Mono Q ZH< TAH8 <
2 Zgato] GASHArt. L A3}, SDS-PAGEIA &
AFEMW)L 36.4 KDa, 5374 (IEF)& 3.65% eSS
™, ofu:=At 248 VICATGQTTE 1=t A
H gE4 4kl G4 Mn o]2S AHsA|Z Bt oy
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