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MgSO, 1 g, thiamin-HCl | mg, adjusted to 1 liter by distilled
waten)S AHESITL, B4 A4S 2JSiAE Tieno] ARESH bl
A& (basal medium (KH,PO, 20 g, MgSO, 5 g CaCl, 1 g
adjusted to | liter by distilled water) 100 m/, trace element
solution (MgSO, * 7TH,0 3 g, NaCl 1 g, FeSO, * 7H,0 0.1 g,
CoCl, * 6H,0 0.1 g ZnSO, * TH,0 0.1 g CuSO, - SH,0 0.1 g,
AIK(SO,), * H,O 10 mg, H;BO, 10 mg, Na,NMoO, * 2H,0 10
mg adjusted to 1 liter by distilled water) 70 ml, 10% glucose
100 mf, 3 mM lysinc 100 m/, ammonium tartrate(80 g/l) 2.5
ml, thiamin(1 g//) 1 ml, 100 mM veratryl alcohol 1 mi, 10%
tween 80 5 ml, 100 mM succinate buffer(pH 4.5) 100 ml,
adjusted to 1 liter by distilled water) WFEOZ S TH19).
YMPG iAol A 723} wfFsted 58 FAMAE 50 mM
succinate  buffer(pH 4.5  A|H3}T  homogenizer(IKA
labortechnik, Germany)® £4]8}23(13,500 rpm) —-70°CE K33}
gty EAAE Yalxe T2 A 04 mg dry
mycelium weight/m! 2} T FARAE HE3sle] 747he] ek
200 T oS AT

LiP &4 S48 AJE 500 wl, 125 mM tartrate buffer(pH 2.5)
400 ul, 40 mM veratryl alcohol 50 w/o] ¥Hgo] 2= H.0,
ZA] Al LiP7} veratryl alcohol3 veratryl aldehyde(e 310=9,300/
M/em)Z AHHAI7) = WS AMESE T ¥R 8 mM H,0,
50 uol A= B8l AlRET WA veratryl aldehydeoll €
3 FFwo Z7HE 310 amolA 28 FQ dHFHom
spectrophotometer(Ultrospec 111, Pharmacia)® Z43193L(19), &
2 1 mole2] veratryl aldehyde® AJ43A12 wje] F4 A7E |
unitZ Aot v Al AMES BE e 30°CE EAS
o Whg-S AAEH T

Protease &2 azo-caseins 7| A E ARSI proteased] 213}
3l E0] casein® ZHE freHE o}2A AR FREE B
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buffer(pH 5.0) 500 ul, 1% azo-casein 200 S &H3lad, 37°C
oA 3083F BEEAIZ] B 20% TCA 150 Wiz Whe-g AXA7)
31, 8,000 g oA 527 AARelEt] A5 400 wE FH)
&7]oll 2 N NaOH 400 we E3tste Mg 770§ 450
oA FFEE SA3HTHQ).
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oM AATERATE wHkEE] o A HluE SRS
50, 100, 200 pm R FAFE| = 3ped HAIBYT, TLEA ] <
stk oke] 739 ring® 312A| (HBC-Ring; tAIAF), Tock® &
A(BIO-MOL; 53 El=L), spongeS A F 2712 emX2 emX 1
em)E Hek3to] 250 mie] baffled flaskl %ol BwE T 50 mie]
HENL Tojslo] wjoks AAsiTh Ak X Ak A7t
Z %3 LiP A2+ Y= veratryl alcohol, veratrol, veratryl
aldehyde 2 L-tryptophan EAAAHIA] Wol F 2 mM2] &
T2 Fojsto] vy | Lip &dRiskE gRlsidirt.
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membrane(M.W. 10 kDa cut-off, Amicon)S ©]-8-3lo] §33 &
0.1 unit®] LiP} 1112 ¥A1A Lip 49 H3lE sl
WEFZE 100°C]A 3087 122 AT protease FFNLS
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membrane filter® J38F31 YMI0 membrane®. & 208) T3 &
10 mM Na-acetate bufferpH 6.0)2Z 4314 Mono-Q
column(Mono-Q HR 5/5, Pharmacia)®. 2 ]} t}. HPLC
system(Waters 626, Waters)2 AF&3}e]  10~500 mM  Na-
acetate(pH 6.0) linear gradient gl A £&FES | mimin®.2
408 B BAFHT 409 nmollA] heme siteE 7R S,
veratryl alcohol®l] i3l 2¥8bs2 71 AES LiP isozymel 2
AAEATH19).
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(A) (B) (<)
Fig. 1. Degradation of azo dyc mixture by P chrysosporium PSBL-1.
(A) no inoculation; (B) after 7 day cultivation: (C) clear zone
formation by culture broth. Used azo dye concentration was 100 mgi/
and LiP activity was 3 units/m/.
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Fig. 2. Azo dye degradation by extracellular fluid from P
chrvsosporium PSBL-1. ~ Congo red at 501 nm; —————-
Orange I at 485 nm; --------- Acid yellow 9 at 386 nm. Final azo dye
concentration was 50 uM/ml, LiP activity 0.4 unit/m/. reaction was
performed at 30°C for 3 min.

g A ¥ 4 5E dR7E EAEe @3S SRl thEie
1 (A). (B)). FEgt gai@dgo] iabA] o F2 WEswe aid 9
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chrvsosporium PSBL-12] Wl 5535k paper disks &3l
HESAIZ A, disk TR FHUlZE 45 A 83918 4
ASATHFig. 1 (C)). Ztzhe] obzAl HE50 uM)et 4% gt
B el-S(0.4 unit LiP) WHEAIA ggo] WHelE dae 43
Cripps5(6)°] BKM-F17678] LiPE o]&3dlo] sl Za} xmo}
e FolEAds HFERILO M, orange T, congo red, acid yellow
99] A1z Yalrt 2 olutrh(Fig. 2). W WA, Fol F

RS BT A S5 AR 0T YA
80 nmell A F45E UEhfe whgiHEo] A
gld = A THFig. 3). Acid yellow 9
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Fig. 3. Wave scan ot azo dyes and degraded products by extracellular
fluid from £ chrysosporium PSBL-1. Solid line indicates before
reaction, broken line indicates after reaction. Final azo dye
concentration was S0 uM/m/, LiP activity 0.4 unit/m/, reaction was
performed at 30°C for 3 min.
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Fig. 4. Time courses of LiP activity from P chrysosporium PSBL-1
according to agitation specd. ( O ') 100 rpm; ( @) 200 rpm.
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Fig. 6. Time course of LiP activity and protease activity from P
chrysosporium PSBL-1. ( O ) proteases; ( @ ) lignin peroxidase.

Table 1. The effect of protease on lignin peroxidase
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Fig. 5. Time courses of LiP activity from P chrysosporium PSBL-1
cultivated using different immobilizing carriers. ( O ) sponge type
carrier; ( @ ) ring type carrier; ( 2 ) lock type carrier.
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HjGF 94 o]%o] gAdo] YERR= secondary protease®] F EFHF
9] protease® FHIhE o= ALRHUNFig 6). i 29#9k

Primary protease Secondary protease Control*
Heating®  No heating® Heating  No heating
81.7+12.3¢ 71.749.2 96.9+£3.5 93.749.0  109.5£13.7

“LiP concentrate and heat treated protease, "LiP concentrate and non-
heat treated protease, “LiP concentrate only, “Residual LiP activity(%),
data are mean = standard error from three times measurements.
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J3FS 313l THTable 1). primary proteaseol] 23+ LiP &
A3H2] 7% primary protease SE5NS A3 B FAEA
71 ASol= vepskow, A E o4 @S 7o &494317t
H mdoy ko g QxRIfle] Eol7ks AT AolALt.
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Table 2. The effect of medium ingredients on the activity of lignin
peroxidase

Residual LiP activity (%)

Control 100.0
Medium source*

Ammonnium tartate 103.4
Thiamin-HCl 103.2
Veratry! alcohol 105.8
Tween 80 120.7
L-lysine 103.6
D-glucose 105.7
Basal [l medium 96.9

Trace element*

Magnesium 96.0
Maganese 1.3
Sodium 98.3
Ferrous 91.3
Cobalt 98.1
Zinc 106.3
Copper 92.2
Aluminium 925
Boric acid 83.2
Molybedenum 972

*Concentration of all the elements were the same as the concentration
used in the production  medium. Control was no addition of medium
source.
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Fig. 7. Time courses of LiP activity from £ chrysosporium PSBL-1
according to MnSO, concentration in enzyme production medium.
(O )noMnSO,: ( . Y273 uM MnSO,: ( A ) 2.73 mM MnSO,.
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Fig. 8. Heme protein profiles of the extracetlular fluids of cultures of
P, chrysosporium PSBL-1 grown with various MnSO, concentrations.
Effluent was monitored at 409 nm. (A) no MnSO,; (B) 273 uM
MnSO,: (C)2.73 mM MnSO,.
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AL Aoty Y MnSO, 5= 2|ste] A Lipd
isozymeS E-43 A3}, isozymee] Yol Fl3] th2A ehd
AL 08 = AATHFig. 8). °1# g A= MnSO,7F ABAHE
Lipsl] Tk A are eRlE Aol oflel Lipel FAFA|
e 9%L 713 AR BRIt gk Rothschild F(17y
P chrysosporium BKM-F1767% %-E] Mannose-6-phosphatase
(M6Pase)2 H-2]3le] EA& uoldl A3} M6Pase?| H, isozyme
S HI isozyme®. 2 AEA7IH, Mne] 7ol oa) F wf o]
9 BF7P} dojdtie ARE IRt & APdMe
MnSO,8] o] Z7FEFE HI isozyme®] Hl&0] 7ok A&
sleldt 4= gIiEt ©]AL Rothschild 5o 8l M6Pase7} £
TFAME W3 o], HakE H, isozymeS HI isozymeS Z 7
N Aog Atgdch wpetA AR AE e
MnSO,= LiP9] ZAleHAI} d&® Lipe] G4 Astol] das
7120, =3k AR LiP isozyme HI&W3}E ©k7]18k= M6Pase
o 2R AHREOAE § Lipdae] e Bwos Ja
& 7IXE AOE M) Lipe] AARF F3dol thek MnSO,St
o it & O A4H9) A7} Dasjrln 478,

A S0 mE Lipdat

AaY FEE 28)8la MnSO, H7HE wlAA1Z] PSBL-19]%
O FHE LiPp A4 A] 48 mM9] diammoniumS AP E
TWNAE w Al 1056 units/ie] LiP7F A RATHEig. 9). ©l#
3 Aule 2499 FE vldsi AAgE Hoh B aAF
< S35 o] Lipvh At Roz ATEQT) sozyme 4
A3} 24 mM9] diammonium®] H7MELS 7= HY isozyme
o] mlgo] E3] EA YePdARE 48 mM2] diammonium H7}
Al H1, H2, H7 59 isozymeS°] AAH o2 EA A== &
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Fig. 9. Time courses of LiP activity from P. chrysosporium PSBL-1
according to NH," concentration in enzyme production medium. ( O )
24mMNH,"; (@)24mMNH,"; ( A )48 mM NH,".

Lignin peroxidase®] Z}&AAF 233

Cc

Fig. 10. Heme protein profiles of the extracellular fluids of cultures of
P. chrysosporium PSBL-1 grown with various NH," concentration.
Effluent was monitored at 409 nm. (A) 24 mM NH,"; (B) 24 mM
NH,"; (C) 48 mM NH,".
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Fig. 11. Time courses of LiP activity from P. chrysosporium PSBL-1
according to stabilizer additions in enzyme production medium. ( O )
2 mM veratryl alcohol; (@) 2 mM veratrol; ( 2 ) 2 mM veratryl
aldehyde; (A ) 2 mM L-tryptophan; ( [J ) no addition.

‘g VEPATHFig. 10). ©]#3 Zi= Orth’5(15)°) PSBL-19]
N-sufficient culture(24 mM diammonium tartrate J7HE F3f
HI, H2 isozymeRhg FgAl4k SAThe B9} isozyme AY2HF
ol o Ze &€ 4 e, °12E MnSO,E A7 ga
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ko] A2 2i4s
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AASE Hell HI isozyme2] HlEo] H2 1so7vme°ﬂ Hls] A
HERRTE o2 wRo] Mol H PSBL-1 yt-e] 9ol

M6Pase”} A42F5]o] H2 isozymeS HI isozyme_‘?.li: BT
AO.E Hojzict
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LiPe] 248 BN 5 Q= BAES dsiol, fl 4
Aol Fojgho 2

1 Hoh §3pAQ) AAAARS
Aol AHE-e BHELS LipY 0}745}9} A& st gapsola}
HA121)¥ veratryl alcohol} FAFERE 7171 &

2 3k} o2 BT dimethoxy benzene ringS dE54 02
75 e B2 {‘ 2] veratryl aldehyde$} veratrol8- §-21% 0.
2 MdHaedeh. wgt tiEsto2 A Lipe] bgalel] fuivl ok
al Ba(5)¥! L-uryptophans S22k Ae]] Fofslint. Al
2 mME veratryl alcoholo] 7Fe 7% 1804.1 wnits/S] LiP A
2ko] o] Fo M 2™, veratrol#} veratryl aldehydeS H7}sh 719 °ﬂ
= 2F2F 1029.059% 1360.15 units//2] LiP7F A4 0THFig. |
L-tryptophan- LiP2} SF83le] GapAojgle B 5ok %"
359.15 units//2) AIAHFURS LJERIRITE Stabilizers 113 4713}
A ke 7ol T 47820 units/l7F FTHAY AHEO 5 A stabnlver«l
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ABSTRACT : Overproduction of Lignin Peroxidase from Phanerochaete chrysosporium PSBL-1

Yun-Jon Han, Seung-Wook Jang, Wook Jin Jung,' You Jung Won,* and Byeong Chul
Jeong*(*Department of Biological Sciences and BK21 Graduate Program in Environmental
and Biological Engineering, and 'Department of Chemical Engineering and Research Institute
for Clean Technology, Myongji University, Yongin 449-728, “InSoo Environmental Co.,
Yubang-dong, Yongin 449-728, Korea)

Until now, it was difficult to overproduce lignin peroxidase(LiP) from Phanerochaete chrysosporium since
the lack of optimized growth conditions. In this paper, we optimized the LiP production conditions and mon-
itored LiP isozymes of P. chrysosporium PSBL-1. The optimized condition includes sponge matrix support,
no addition of MnSO,, excess addition of nitrogen source(48 mM diammonium), and addition of stabilizer(2
mM veratryl alcohol). Finally we obtained LiP activity of 1,800 units//. H1 isozyme was overproduced when
mycelium was cultivated in media containing Mn>* (2.73 mM) and excess nitrogen(48 mM diammonium).
Three azo dyes(acid yellow 9, congo red, orange II; each concentration of 50 uM) were rapidly decolorized
within 2 mins by 0.4 unit of LiP.





