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Production of manganese peroxidase from Pleurotus ostreatus
using a rotary draft tube bioreactor (RTB) and characterization

of its activity

Hyo-Cheol Ha*

Department of bio-technology and convergence, Daegu Haany University

ABSTRACT: Ligninolytic enzymes were produced by Pleurotus ostreatus No.42, cultivated in a new kind of bioreactor that has a
rotating draft tube with a helical ribbon. Maximum laccase (Lac) production (about 8,200 U/bioreactor) was reached after 3 days
of incubation, then production decreased. Production of manganese peroxidase (MnP) in this fermenter reached a maximum
level of about 8,400 U/bioreactor after 6 days of incubation. Lignin peroxidase (LiP) was not detected under these growth
conditions. These results indicate that the rotary draft tube bioreactor (RTB) is compatible with large scale production of
ligninolytic enzymes. MnP produced under these fermentation conditions was purified via a multistep process that included
chromatography on Sepharose CL-6B, prep grade Superdex 75, and Mono-Q. This major isoenzyme was confirmed to have an
apparent molecular weight of 36,400 by sodium dodecy! sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), and its isoelectric
point (IEF) was determined to be 3.95. N-terminal sequencing of the major isoenzyme from this fermentation was identical to
that reported for an MnP3 isoenzyme isolated under different cultivation conditions, including stationary and shaking culture.
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aclcohol, coniferyl alcohol ¥ sinaryl alcohol®] X}&H=
P T Bl A} Abstel| ofsl Fdo] dojdtt.
olg{3t H]Eo|x Wk TEAIFFe] EHd3dt 33
biopolymerE AJ/dsh sldz=2 3 ©9lo] Hxtsl 34
FAZ sl Bl vl UjE Eeide o
98-S 3th(Eaton and Hale, 1993).

1970 dt) 2 U= Al7)of| 318t FFIFEE AAA A

T8k 2ladE ARgste Aol #ile] EolSolE g
I9E RIS R JPEEA] skt 2y HE
F2de 7154 4)EE R AL £ 9= g
d Balgh 9 ZujA|e g8k EA 33 A FEo]
hitelA FeEo] QWA glad o] ol #Ag #ilo] =
OoFA| 3L At}(Bilal ef al., 2017; Li et al., 2017; Martinez
et al., 2017).
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glad wellde] dF BN (Phanerochaete
chrysosporium)S.Z5-E 1980dt] % 2d 3 I
a4l lignin peroxidase(LiP; EC 1.11.1.14), manganese
peroxidase(MnP; EC 1.11.1.13)7} 8}8] % ©]% (Kuwahara
et al., 1984; Tien and Kirk, 1983) A S7k4] @& A4}
Sl o&f ol& mas A A7 Ayt Hixol gt
TH(Gold and Alic 1993; Pollegioni ef al., 2015; Wang et
al., 2015). £3] o]#g gl1d Ealaie a9l 54
718320 polyhydrocarbons % polychlorinated
biphenyls¥} 7+ thefst A f3tet EdE3 FoFS 5
d tiAL A CO,E AFstshed] 2H8-ate] FH 2ol A
E43l] A&ste A7 s W= 25 3
t}(Chang et al., 2021; Itoh and Kuwahara 1998; Kadri
et al., 2017; Steffen et al., 2003; Yang et al., 2011).

gad Eaaie] A A8 v 2 A
ol v Festthar ATk AA|, 52 vlo] QAR
FE A 75 vlo] Qolee ALkS 91k glad e
o o]&3FomHN s AR Uigt ErE =
Atk =4, 54 F718FES] s 3 e 9E4
PIHESS Wallshk=tl A48T + Aok AA, A F
= AIRS] F5E gstshet] B8] HH mpRee R
AANY & BEFT Zooll A& & vk, 2EE
gad Fajaad] 545 4 AEFe Al o]-&3st
7] $18lA = thEF AR 7]so] MaE]ofo

Yoshida 5°](1996) A2 1A AJEWHS-7] (rotary-
solid bioreactor)g &3t EM A (Bjerkandera adusta)
E 647 wigate] HA FAHE 180 gollA] manganese
peroxidase 18U/bioreactors AJ4Fataitt. A, Hl JH)
2 AR E vigehe Zlo] a3t vk BE AAke]
X 7 (Leisola et al., 1985; Li et al., 2011; Moreira et al.,
1996)= A Fe R 7FsAdS AL F Ao,
FZol= Y o] FAM Hio] Ak ¢ 7™ F
TS 99 st FAE HFE Aol e HeRE B
AT Veiter et al., 2018).

2 dA7ae A8wdleln glad e}l =it
(Pleurotus ostreatus)S-E5E 1% %9 AL} Mn'+
S 7k o]lS Yo’ & F Ue FAE HUtet
o] AMEZe #H] &40 manganese peroxidase(MnP3)E
A, Hazste] gitt. o] & Aox= I FEFH
A& WES-7] (Rotary draft tube Bioreactor)E Al&-3ho]
manganese peroxidaseE @ B4 = = 27 o

& A3E HIsks ulolt),

%2 %2 )y A

f
o
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Fig. 1. Set up of the cultivation system using a rotary draft
tube bioreactor (RTB). A: O, reserver, B: gas flow meter, C:
gas filter, D: RTB, F: speed control.

BHshy B g ARRSIAT. el (P ostreatus
No. 42)2 potato-dextrose |9 x](PDB, Difco Co.)
20 mleflA 28°C, 7Y &<t FA viFR F HAHIE B
3 Holl S/ 20 mlE ¥ 783}k glucose-peptone-
yeast extracter-wheat bran ¥JZ] (GPYW) 250 mlof|A] 28°C,
74 B9 120rpme] XA E HE wket & B ufke
A3 HEAOE AREEIITE. & ujS 3K TR
AEWL 7S AME(Imai ef al, 1993)510H =g zE
FH (draft tube)S FAAZ|H wjgdo] FHOoE W
<tol FE WA ofgfiFo s 5255 AA Y Q)
= FEI9] 3500 ml A= 7] (Kawasaki Heavy Industry
Co.)eltt. Fig. 1ol VFepdl mj A2l wt Ao o=
TH YA FY A FFE fFRAE] SlE A £
AE AXslal AFAFFS Midisart  2000(Goettingen
Co.,) 0.2um BIEHEEHE A8319.9H, glucose-peptone-
yeast extracter-wheat bran HJZ] (GPYW) 2000 mlollA]
28°C, 120rpm®] £%& +A3FAL glucosed ol 23]
azkd w7k wiFeaA glad e a4AgES 54

skt

2|ad 2dlgas E3

glad Falaie] a48Ade o) Hare] W (Ha et
al., 2001) 2.2 FPslAct, zhzke] g o2 RE | ml
A Fske] 4°C, 5000rpm, SEZF AR S F F5AS
#3sle] UV-Visible spectrophotometer(Shimadzu UV-
1201)= AHg-ste] ofel] 2ad Eafah FAel <3|
=743} t}. Lignin peroxidase(LiP)2] &4 S5+

£7F 1 nmol®] veratryl alcohol®] veratryl aldehyde=Z 4t



skohs A=S 310 nme] oA FBEE Yerlich
Manganese peroxidase(MnP)2] €4 &4 F%E+= Mn ©]
2 ZEA slollA 187 vkgo 2 AAE EF 9] 465 nmol
Aol FFE=Z YeERAT. Laccase(Lac)] &4 AT
S o-phenylendiamines 7|2=E ate] 1E7F WO =
AE 49 440 nmolA ¢ FEEE YERNSITE

France) 2 & 28°CollA =
Co.8] midel wet 2+ 4 A E Aol AAekit

[
24

o

FEE o] ®HIS W (Ha ef al., 2001)
© 2 mutarotase GODW (Glucose C-test, Wako Pure
Chemical)2.2 =74 3|3

=2 1
A SFeke Bradford B (1976)0l =310 Bradford
reagent ImlE A5} BESAIZ] & 595 nmolX] F8=E =
A3192.H, Bovine serum albumin(Sigma Co.)E ZF34
o2 Ng F o] kS SA ST

Manganese peroxidase(MnP)2| HX|

F2:] ZA= Ha 59 W (2001)l Esto] AATSHA
o el B%ste] vetel g o8] FEAZ
F4NS 20mM succinate buffer(pH 4.5)Z HE 3} Al
A o olewsl aZwlEaHy ZHH(lon-exchange
chromatography column)?l] 4-83}l3. 9% =5 0.1, 0.2M
2 AFeR FUlekAA  EElsth. Manganese
peroxidase #2] A= DEAE- Sepharose CL-6B column
(Amersham Phamacia Biotech., UK)2.Z2 2A]35}3 0™
4G TAE o] 83519] manganese peroxidase®] A
Zt= B98 HopA WA E o]&-ate] F53HiTt
53 manganese peroxidase?] &4 IS A A=Zw}
E#9] Y (Gel chromatography column)?l Superdex
75(Amersham Phamacia Biotech., UK)2.2 H&]3+ & 3|
FX0F Mono-Q anion-exchange column(Amersham
Phamacia Biotech., UK)S ©|&3dle] HFm=e] wE
gradientyH o2 F2] HA|sHA ).

I
A

A lus o
4% 4Ye

53 #2]%¥ manganese peroxidaseE 7
17] £ o]&st] ATt vl H719F
Phast System(Amersham Pharmacia Biotech. UK)ll
2]+ SDS-PAGE(sodium dodecyl sulfate-polyacrylamide
gel electrophoresis)ollA] AAJEIN o™ S27 (Isoelectric

point; IEF) =732 Servalyt precoats polyacrylamide

=
5 4

o

o

7] ARgell w2 =E}g]s+2] Manganese peroxidase A4t 2 4 318

gels(Serva Fine Biochemical Inc., pH 3-5)2 93}
AHgslR e d719gEel ' F 0.1% Coomassie blue
R-2502 Tl =g A8l om MnPE/4d-S 3.3
diamino-benzidines 71d% M3t A wiA=
standard mark(Daiichi Pure Chemicals, Japan)E A}&-3}
Hom X4 mA = calibration kit(pl 2.4~5.65, BDH
BmbH, Germany)E AF&-5}o] AA|&1T),

N-ZCH ofO| &t MEEAN

N-EE opni=ih AMERA S HE 3 manganese
peroxidaseE SDS-PAGE “gollA Z7lste] ©@d M=E
3ol3}te] semi-dry electrophoretic transferS 2AA| 54T},
=, A719% 23ollA ld dLM=E 0.05% SDSEY,
25 mM Tris, 20% methanol, 40 mM e&-Amino-n-caproic
acids 3 Adol&mE ol&ste] 1.2 mA/em2, 120
7} polyvinyldifluoride(PVDF, Bio-red con.)2Hol &71
Holgl whild RES dosiitt. deker ohig FE
il ZEAE BA7E o]&ste] omA MBS

A3 tH(Model 491A, Applied Biosystems, USA).

N
i HE

O

At o o

E=T i~

>

o ME HLE7[(RTB)E ALE8t =EI2[#9
2 MLt

olA Ao El2]F (P ostreatus No. 42) A uj
FA] A (pellet) 7] 2 A3 GG FAlsk=
Z1°] manganese peroxidaseZ/3-& =0]|al thEF ALk
Fegitta RISt (Ha ef al., 2001). o]0l £ Ao
M A2 FEH AETRSZI(RTB)NA Hl #730]
12 mm7} HE= JHZEE (impeller speed)e} 8544
A7 (5~15 ppm)S AT 223 ol AFET 10
v wiR|Fe]  F7KSE 2000 ml Z71oA]  manganese

Enzyme activity
(unitsx103/bioreactor)

Glucose concentration ( giL)
Oxygen concentration (ppm)

Incubation time (days)

Fig. 2. Time course of the ligninolytic enzymes production
by a rotary draft tube bioreactor(RTB).

@: laccase activity, O: manganese peroxidase activity, A:
glucose conc., AA: dissolved oxygen
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Table 1. Comparison of the ligninolytic enzymes produced by P. ostreatus No.42
Vol. of

White-rot fungi Growth Dissolved oxygen Lac MnP

name type medium(ml)  concentration(ppm) (U/bioreactor) (U/bioreactor) Reference
P, ostreatus No.42 pellet 2000 5~15 8,200(3)" 8,400(6)" This study
P, ostreatus No.42 pellet 200 5~10 560(6) 780(7) Ha et al.(2001)
P, ostreatus No.42 pellet 200 <5 500(6) 0 Ha et al.(2001)
P, ostreatus No.42 mycelium 20 N.D” 50(9) 80(11) Ha(2019)

a) The number in parentheses indicate the culture days which showed the maximum activity.

b) Not determined

peroxidase®] W At 7FeAS ERlsinh. 48 A,
Fig. 2014 Uehd Bke} 74o] laccase® 3LA 8200(4.1)U/
bioreactor(ml)e] o A4S vepd & frisles AES
eI 2™  manganese peroxidaseE 6UA 8400
(4.2)U/bioreactor(ml)2] FHth &4 yepd & A4Sk
g I AT

oy gt A= glad Fallaie] A4 HElx laccase
7F AA MEL]ZE A2 F manganese peroxidase” | A§AF
Flth= o)A B3 (Camassola ef al., 2013; Elisashvili et al,
2008; Ha 20193 <¥UAsk9em™, 53] manganese
peroxidase®] 74-$- glucosed =7} 23] 7143 4Y o] %
o] &Ao] F7Fete] 80% ol ZHagh A1) 64 i
e UJeRlil=dl o]2]gt Z3= manganese peroxidase
7} glucose} 712 FFArt A AEHEA LHE = o]2} o
ARREE UEile Adete ol BRaEd dXsith
(Ha et al, 2001; Orth et al, 1991). W2t manganese
peroxidase$} 22 o|x} thARHES] 7 AL 717HS @5
A1717] 93] ©4382120 glucosed] 7] &HHE SQ3
AA}2kar AJZHE T, A, Table 13 7Fo] o]% HAloA]
A2 S0l 20 ml G| w3 - laccasesE 9L A
50U/flask, manganese peroxidase= 11€4] 80U/flask= Y
Bl E A A3} laccase= 164H], manganese
peroxidase= 1058] 715l o A= 747} 6,
59 ©@SAIR Ao yEht. ol BarelA 200 ml
e wjFet el e = §F Aol 5ppm VWY 73
% laccase= 6¥4] 500U/flask, manganese peroxidase:=
AAE R ekgtom B AFxAI}  laccases  16.441,
manganese peroxidase= 8400H] S7FsIAt). E3t 5
22191 200 ml g wjget B Fej= & Aol
5~10 ppm 73-F- laccase= 6¥A| 560U/flask manganese
peroxidases= 794 780U/flask-S UERN A OH, & A+
A3} laccase= 14.68], manganese peroxidase= 10.84)
Z7hetnt. wetA 2 dArdds wiA =S S7HA71H
g gad e s oig AL Thestn 59
manganese peroxidase &A= &E4A T2} 7}
A Fask e, Hl Py 9 A7|E 2Hst mSF
she Aol B8-S BHFa SA%E SuATIH ALt 717

E

2l el a4 UE<] manganese peroxidase®] T
= A4ES Wk (agitation)ol] TS FAMAS] WA=
el B2 AFAES APA FolA AAiSFS Sl
714 FHe| A hypha)FE| = v FalHA] gl2d &3
45 AT wEbA | manganese peroxidaseS tHEF
AArsE7] 918 U2 (Laugero et al., 1996), Z2]$-2 gk
(Moreira et al., 1997), ZH|ele|2 ~H (Herpoél et al.,
1999) T3 22 tikst AA A IHE o]l omj2=E
ARESEAY oheFst e ] AJERES7] (bioreactor)E A8
stdet 7P Al FEjl wwke (Stirred type), ©ll
oZ|ZE =& WEY (air-lift type or bubble type), 37
A A58 (fixed bed type), 553 (fluidised bed type),
2229 (silicone-membrane type)s-o] ¥ H} Tt
(Asses et al., 2009; Aragdo et al., 2020; Babi¢ et al.,
2012; Méndez-Hernandez et al., 2015). ZZ2i L} 2714
HuE B A Ax4EL2 A 483 A7)
(bioreactor)Z I3l o] moAAY FAMA FE| L]
3 R gl (scale-up)ol]l o] FAFE 7L U=
o] Apdoltt, & Ao A& A T3 A= v
71(RTB)= wyF ®= REg-7|9} Hlwate] HdheS

1 2 3 4
Fig. 3. Formation of mycelial pellets in a rotary draft tube
bioreactor(RTB).

Lane 1: after 1day, Lane 2: after 2days, Lane 3: after 4days,
Lane 4: after 7days.
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HES7] ARl wE

LE}2]H#2] Manganese peroxidase 84+ 2 5744 320

Table 2. Purification of MnP3 produced by a rotary draft tube bioreactor(RTB)

Purification step Total activity (units) Total protein (mg)  Specific activity (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 1176.0 7.93 148.3 56.0 5.5

Superdex 75 915.3 3.35 273.2 43.6 10.2
Mono Q 611.2 1.70 359.5 29.0 13.4

o % o 2 22 manganese peroxidase tHE A
Aol A8 o & AR FAAHETH(Fig. 3).

Manganese peroxidase £2| 3 HX|

el (P, ostreatus No. 42y 334 553 AE
S71(RTB)ES AH&-sto] Wi A 2jad s as
manganese peroxidaseE 2] FASIATE. Table 29} 7+
©] manganese peroxidase &4 2099 unitE BFEFed}
4], ol 2wgk A, A A7 3 Mono Q o 2w AY &+
o2 27 AAsen HAFHom vEYE 359.5 units/
mg, 13.49]2] A =E ZF= manganese peroxidase (MnP3)
£ 29% 3]skt

Ay

A H7|YS o SHY

“el2]t (P, ostreatus No. 42)2 34 TF33H AE ¥
S7)(RTB)S AFgate] e M 2oy Ea gl

manganese peroxidaseE 8] ZAIg A7 A7|9E5%
£ ©o]83}9] SDS-PAGE(A) % Servalyt Precoats
polyacrylamide gels(B)= #-2]ste] @l A2 2188
Azt A% oF 36.4 KDa, 53 (p)2 3.955 HERIA
q_ n:—:s]. 31,]_}\]—33:]_;_6“_)\‘/] g;g :@1-/\4 OﬂAﬂ_Q /\1/\]—3]. g;r,}
Ao WssE A AT Fig. 4). ol At

2

A B

MW(Da) pl
17,000 3.65m

30,000 ...
- 3.95 =

42,400
66.000
116,000
200,000

1 2 1 2 3

Fig. 4. Electrophoresis of purified MnP3 isoenzyme.

A, SDS-PAGE; Lane 1; MW marker, Lane 2; MnP3

B, IEF; Lane 1; pI marker, Lane 2; MnP3, Lane 3; active stain
of MnP3

OV%H B 3g MnP3¢} Ak 2 550] g
#91519CHHa of al, 2001). A ofr]eat A7
A7}, A3 manganese peroxidase®] N-Hgho 2 HLE]
197)9] o)At vjd-& ATCADGRTTANAACCVLFPO 2
gl om o] Aol B 78k manganese peroxidase MnP3%1 %1
© = SIS ATH(IHa, 2019),

iy mlo rr
ofi Mz

V.S | (@)
b | i

gad Fejaae] ke Uy gio] e *Hi$
Fele] 3 5 AE I I(RTB)E
E}2] (Pleurotus ostreatus) No.4291 ]3] 2A| 0}051\:]- E‘ﬂ]
o] Z(laccase)®] FHo] ik wiF 39 £ ¢F 8,200 U/
bioreactor 70l =S & FASHGT). whdol|, 7y
SAlHlol=MnP)e]  Hof A2 6d Wi F oF
8,400 U/bioreactor®] =0l =&3}ith. 221} o] g
ZollA gadaSAEo|=(LiP)= HEHA B3Uth 2
A% 3344 FFH A WS7I(RTB)7L gl2d &3
A2E EHT_'DD— A ARS _Or]sﬁ H:Lz% o=z A 4 9]
B3t o] WA 7|AM uSAH 0|20 A 2
A2 Sepharose CL-6B, Superdex 75 prep grade
Mono-Q°ll thet A=rtEI S EFste] GAlstATt.
o] £Q ¥4+ sodium dodecyl sulfate-polyacrylamide
A 2719% (SDS-PAGE)SA EAF=F 36,400, pl 3.959]
A (EF) g 2zt RIS, o] ¥R 7]e] 8 &
2 N-gek MEe g2 2 s 22 ohE wjd=x
7oA BaE MnP3 G495t

El

we & o l:o{r
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