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Phanerochaete chrysosporium PSBL-19] H{FEZ1 = HSIE E
Lignin Peroxidase@| 2fZFMAL
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YACHSIL AHDSIT/EEMHSSIR, SSElEEr =8, e

2| 2712 2] Phanerochaete chtysospormm_ o]-8-8} lignin peroxidase(LiP)e] A AR = 3 =] 58 wiek =
ez g vt S BAGE 95 o dgen], 2owlkEad =t 100% Akhe F9E 23 Ak e Ry A
#Aal7] o723 2A ¢ qlch B A ME P chrysosporinm PSBL-1 T5E o4, 1:}"3—‘3‘]- ek W s 24
LiP2] sfdalkat 16 w2 isozyme 414 HEE Felslaia) sfan) JEH 02 Mt Z A A8 vijA]] A4l
diammoniumE- 48 mME 71512, <FAA| 24 verairyl aleohold 2 mME. 3 7}3]e, sPongeo]] )8} arabuyake.
A A5 A3 1,800 units/£2] LiP7} AR G, o]2jsh B4 2] F71= 7]86 ¥y PSBL-1 759 LiP A4k
7l 700 units/i#} v, <F 2,576 2] A FoE vebd o AR LiP isozyme 4 23 Mn*(2.73 mM)<}
diammonium(48 mM)}E H7151H & 735 HI isozymes] Itk albe] gel=lgic). A4kEl LiP(0.4 units)E o] 838
o Z}2}k2] ol:zA) HR (acid yellow 9, congo red orange II; each 50 pAnel o. gelal o}, 28 o]
Well ol F G5 gk @Y o] o] FoxXe AL F1F ¢ A, & AFEe] SHEE AE FolT S 9l
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MgS0, | g, thiamm-HCI 1 mg. adjusled to | hter by distilled
waler)Z AMSEHIL. BA2] A4S Q84S Tieno) AHLE nj
AZ (basal medium (KFHPO, 20 g, MgSO, 5 g CaCl, [ g
adjusted to 1 liter by distlled water) 100 s/, trace element
solution (MgSO, - 7H,O 3 g, NaCl 1 g, FeSO, - 7H,0 0.1 g,
CoCl, * 6H,O 0.1 g, ZnSO, - 7TH,0 0.1 g CuSO, « SH,0 0.1 g,
AIK(80,), * 1,0 10 mg, H,BO, 10 mg, Na,NMcO, - 2H,O 10
wg adpsted 1o 1 liler by distilled waler) 70 mf, 0% sghicose
100 mf, 3 mM lysme 100 mi, ammoninm tartiate(S8C g/} 2.5
mif, thiamuw(l gy | med, 100 mM veratryl alcohol 1 mf, 10%
tween 80 5 mf, 100 mM succinate buffer(pH 4.5) 100 s,
adusted o | liter by distlled waler) =JEre = FFH19).
YMPG ullZ|el| A 792 WiakEle E55 TALAE 50 mM
sucomate  bufferipH 452 AFHF|3 homogenizerTKA
labortechimk, Germany)® =#5}(13,500 pm) —70°C2 H3}s)
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'@_- :.ELEJ.E: o] Z.j}ﬁ. 310 nmoﬂ /\li zj.ﬂ EO]— 05]_%:24 o=

spectrophotometer{Ultrospec 111, Pharmacia)2 S-48HE2(19), &
1
E

Eoh

A

JI}II

ZF 1 mole?] veratryl aldehydeZ A1/4A1 wfjeo] 54 d7)=
mite® Asett vk A ALEE BE F98 3000E By
o g 4

Proteasc 92 azo-casems 712 = AM-SlS proteased]] 24
O casein B E] frE]El= ol 4R FAEE 2F
Mt Protease T4 SHE AlE 300 w, 200 mM citrate
bufferipH 5.0) 300 4/, 1% azo-casem 200 pie E@st, 37°C
oflA] 3087 dHE-A1Z] FF 20% TCA 150 wE WS A7) A)7)
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nmellA] FREE Ssrh2)

S5 sl
P.‘ chrysosporuim PSBL-12] €838l |uloz sy
Azt YMPG WA A 100 mpdd] o}FA d@EiAcd
Yellow 9, Congo Red, Orange IME 3 7kl TAAE H
e ﬁ#—g AER 5 7Y g7l wel 987} R3)s]
yells EggE glclﬁ]_giq HHOPD]]O} g galego feigS)] —‘-]
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HEFAS Fosied vk AAEiEe) A 24 9A=9] FH7)
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aldchyde @ L-tryptophans: TAALHIA] el 2% 2 mME] =
T E Fosld widaby T LiP @4WEE Fqlsid)
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0.4 mit®] Lipgk 12 9REAA Lip E42] dlge #olaeich
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LiP isozyme =44

4 ”“C’J—'ﬂ- MnS0, H7Feze] wWE LiP isozymed] 4+ WEl
g D9057) 93 FADRE Tens] W FLIA AATR
ch19y LiP 247e] Hdl AlFe wjdds 2o} 045 um
membrane filter® 7Sk YM10 membrane® 2 200 = &
10 mM Na-acetale bufferpH 6002 E43t9  Mono-Q
column{Mono-Q HR 5/5, Pharmacia) &= 5359tk HPLC
system{Waters 626, Watais) = A3l 10~300 mM  Na-
acatate(pH 60 linear gradient Atolld F&5EE | mimmS =2
408 = 34;45}5&_'_ 409 nmﬂ/ﬂ heme siteS ZFA| ST
veratryl aleohololl Ths] A%
A BFRATH(19)

Y AES LiP isozymeSF

@3 9 o

P clnysasporimn PSBL-12] =2 Rslis =l

S2oleE gelalr] gk vMPG A ofzA d8 &
srall(Acid Yellow 9, Congo Red, Orange II, each concentration
100 mg/lye 713 ZApE|Re]A dar) LaE= 842 hak




230 Yun-Jon Han ef @l

(&) (B) : (C)
Fig. 1. Degradation of azo dye mixture by P chivsosporium PSBL-1
{A) no inoculabon; (B) after 7 day culiivation; (C) clear zone
formation by culture broth, Used azo dve concentration was 100 mgf/
and LiP activity was 3 wts/m/l,
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Fig. 2. Azo dye degradaton by extracellular fluid from P

chrvsaspormim PSBL-1. Congo red al 501 nm; ————-——
Orange II at 485 nm; -———---- Acid yellow 9 at 386 nm Final azo dye
concentration was 50 pM/ml, LiP activity 0.4 unil/z/, reaction was
perlonmed at 30°C for 3 min.

g Blelele e sk el Adg p]ateﬂﬂ P
chrysosporium PSBL-19] ¥l %<& 5353t paper diskE 3l
ezl 27, disk 292 =Wl Pa4sEs 2L Feld
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9] £=x= B/} & defdthrig 2). =3 W34, 32 3
T WalE #3329 ASFY 48 BT Eeise] St
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Fig. 3. Wave scan ol azo dyes and degraded products by extraccllula
flmd fiom £ chnsesporium PSBL-1. Solid line indicates before
reaction, broken Ime indicates after reaction. Final azo dye
concentranon was 30 (Mindd, LiP activity 0.4 umit/m, reaction was
performed al 30°C for 3 mm
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o] FHo] PEATE pellel VB2 0] AhAgsfo] P27 W&
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AE 7|4 Bar® pSBL-1 T2 Lip AR 700
umtsel] B vlARE 272 A o] T ARAs Tk
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A, Axs A °L°ﬂ AgE 371 2EAF spengec] ;le]
2 AR AA wloks A$r]l A Lpe] Aate] FeEkgen] A
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Fig. 4. Tune courses of L1P acovity from P chrysosporitm PSBL-1
according to agitation speed. { O ) 100 rpm; ( @) 200 rpm.
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Fig. 5. Tume courses of LiP activity from P. clrysosporium PSBL-1
cultivated using differenl immobilizmg carriers. { O ) sponge type

carrier; ( @ ) ring type canizr; ( 2 ) lock type carrier.

olelg w4l B DS F757] Aol PSBLIS] 44
3l proteasedt HIAAE-L dite s Lp 43l #2422
HEGICH

Proteased]] 2]t &k

PSBL-1-2 gk 2 # #FHAL LEJl= pnmary protease®}
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Fig. 6. Time course of LiP activity and protease actrvity from P
ehrysasporiun PSBL-1. ( O ) protcascs; ( @ ) Ligmn peroxidase.

Table 1. The effect of prolease on lignin peroxidase

Primary protease Secondary protease Countrol®
Heating" No heating” Heating  No healing
81 7=12.3° 71.7£9.2 96.943.5 93.740.0  109.5213.7

“LiP concentrate and heat treated protease, "LiP concentrate and non-
heat treated protease, “LiP concentrate only, “Residual TP activity(“6).
data are mean + slandard errot from three times measurements.

07 HE3 djygag a2 FEste] Livdl ik protease?]

L) 5159 T (Table 1). pomary protease®] 2|§ Lip 34
A&12] S prmary protease F5S DAt & 2HIEA
T Ueldom, oxjEe 5"’-2] 1o A0o] 84737}
o =kou) AukEo s o ApE e Selvike A= Ale|gith
Secondary piotcased] 2]8iM e Lipg] 2443171 M) deu)H]
gslen] EATE A e AR tharel S
ol Bolie A8 B4 AsT L, olig 492 7
Fo{H ol pnmary protease®} sccondaly protease 25 LiPel
gk 2AFE = Ao vlelgl 4wl A Helzlch ofedg A
Ae P cfm’sosponum BKM-F1767¢] 7§—?— 2 A TR dellA
O]R]-KHJ\- 2 A2TE)= secondary proteasec] 28] LiP 24
o] ’1’:1‘53:%] ]’f ®agel  delg Ao, S P
c;’ri'\'sospomrm BKM-F1767258 % B chrysospormom INA-
122] A4 prmary plotease”t LiP o] S AAAZivE B
(=h= ohe Adgh vEA 2 PSBL-1 T2 9 protease
of 218k Lip E7de] ae vig mlekek AEe|a, s FH7]
2] LiP &4 Ay T 44 GAle] &t phibitor] E7T,
= glyoxal madaseol] 23 H,O, &AL S7bel| o9 dRs
A ATt g pnmary protease =42} LipS WHe- AlEE
< Aol 7hivl fEdnei=d, dHEE HAES proteaseZ
= &8 ”é A= &AAslE HehlTh wieba] #j#4
o2 A0 o= B M Aoz AE ofF v
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Table 2. The cffect of medinm ingredients on the activity of lignin

peroxidase
Readual LiP activity (%)

Control 100.0
Medium source*

Ammonnium tartate 103.4
Thiamin-FCI 1032
Veratryl alcohol 105.8
Tween 80 120,7
L-lysine 103.6
D-glucose 1057
Basal IIl medmm 96 9

Trace element*

Magnesium 960
Maganese 1.3
Sodiurm 983
Ferrous a1.3
Cobalt 981
Zinc 106.3
Copper 9212
Alwminfum 925
Boric acid 832
Melybedenum 97.2

*Concentration of all the elements were (he same as the concentration
used in the production medmum Control was no addition of medium

source,

1200
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LiP activity (U/L)

0 2 . 6
Culture Time (day)

Fig. 7. Time courses of LiP activity from £ chrsosporium PSBL-1
according to MnS0Q, concentration in enzyme production medium.
(O )noMnSO;; ( @) 273 uMMnSO,; ( £ )2.73 mM MnSO,.

Kor J. Microbiol

H8

C

Fig. 8. Heme protew profiles of the extracellular flmds of cultures of
P chrisospornam PSBL-1 grown with various MnSQ, concentrations,
Efflnent was monitored at 409 nm. (A) no MnS0O,: (B} 273 uM
MnS0,; (C) 2.73 mM MnSO,.

‘aEol W3 Lip &4 A ante 298k 49 S daE s

SR 2| of 8 25F

H2AAMNAE gz Belle] Lpe] P4As) FRs 4
HE A3 MnSO,9] 2
He AL 208 7 UAN bl 2). o] AHE digles
MnSC,& FEE WalAA wx)el H7)gk F fide] ARns
A2 29 Mns0,E WE IS gke e #1071
onits/74] LipAlAke] o] £} AckFig 7). MnSO, 2 e g =
AT Lipy] Aol 100 misdo] . EEEA] Bl
o8l dah= Lipy] AJAMERIE vlwsked Bk o) (0w A%
o A5 ekl 2122, Table 22] ARE v]F0] Hol o]
e Lip7h MoSOel Sl 8-S 49lS rleAe w1 d 4
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A& Aelth vt MnSO =S HE sl A44E Lipd
isozyme: 248 A3, sozyme?] Yibo| FHs] tiEA et
AL 20 5 ckrEg 8. 0183 Ao MnSO T ke
Lipell d|t A adv-g ehls 3ol o=t Lipe] HAbetA|
2E FEs 71X 2Ae®E ¥R EF Rothschild (171
£ chrysosporium BKM-FL7672 ¥-E] Mannose 6-phosphatase
(M6PaseYs E2)5)0] 5798 Zehgl 2} MePase?} H, isozyme
2 Hl1 isozymel R AZAIF|, Mne] Hrle| 2|5 F A ol
o AF7E doldte 495 SHEth £ AEeMe
MnS0,8) 9] F7FRR HI sorymed] o] B7HoHE A&
gHolal 4= 9lol=d) |2 Rothschild 5] 978 M6Pase?| £
WA= EEs, AbE H, isozymes Hl isozymet = A
A oz Atz weba] A A vk e
MnSO,= LiPS] HAdA e} 2% 1ip2a] &4 Aale] d3fe
72w, gl AAE L sozyme BlEH3E k7S = Mo6Pase
o] ZufjR|ZA AMEEAAE B LiPA oy dide = 9%
£ 7Ae 7oz Hch Lip2] A4k 70 gk MnSO,St
9 e F o AL J57F B asita da4E

43 S0 w2 Lipdat
A4 =5 98k MnS0, F7HE wiAA1Z) PSBL-1H]%
A Lip A Al 48 mMY diammoninmS FAaHew H
7RAEHE 1 A 1056 units/#e] Lip7F ANE TR 9). o2
g e A s HeEle AGlE Boh g A
+ &80 F=ke] L7t A Ao 2 AIE A sozyme F-4
A7} 24 mM2 diammonivm®] H7FESE = HE isozyme
2 Hl&o] B8] A e 48 mM2) diammonium 7T
A1 AL, 02, H7 59 isozymeE<] AAFeZ =A Habee ok

i
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Fig. 9. Time courses of LiP activity from P chrysosporium PSBL-]
according to NH," concentration i enzyme production medigm. { () )
24mMNH," (@) 24 mM NH,": ( A )48 mM NH,",

Ligmn peroxidase®] F=F84F 233

H1

H2

C

Fig. 10. Heme protein profiles of the extracellular fluids of cultures of
P chrvsosporium PSBL-1 grown with various NH,™ concentration.
Effluent was monitored at 409 nm. {A) 2.4 mM NH,': (B) 24 mM
NH,"; {C) 48 mM NH, .
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Fig. 11. Time courses of LiP activity from P chrysosporum PSBL-1
according to stabilizer additions in enzyme production medium, ( 2 )
2 mM veratryl alcohol; (@) 2 mM veratrol; { £ ) 2 mM veratry]
aldehyde; (& ) 2 mM L-ryptophan; { [1) no addinon.

A= WEIITHFIg. 10). oj# 8 2= OthS(15)°] PSBL-12]
N-sufficient culture(24 mM diammonium fartrate 2 7HE £
H1, H2 sozymeRtS a4k slths Hre) isozyme A4k
Aol B8 3 & < e, o1 Mnso 2 W15 8w
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ks AAEkE7] WEe R AE ok Rothschild 51702 £
chrysosporium  BKM-F1767¢|4  LiP2] H2 isozymeZ HI
isozyme &2 HILA)F| & MEPased] E-4leo] ko] FA-HU45
mM diammonium)S FZFAA WS B Ao veihdoia
wased, £ Al 2eke] da9e 271AA ek
HAIG Aol HI isozyme?] AIE9| H2 soryme] lnﬂ =A
UERYTH o]2 mFo] Bl E psBL-l #Fe AHFol=
M6Pase7} AJ4H=]o] H2 isozymeS HI sozyme® 2 7\451/%] 7=
o2 Koo},

Stabilizer2| & 7| S8t LiPEI-%*ﬂAI-‘:‘ =

LiP%] 41& oFAFA|R & ¢l= =& HEske, B4 A
il A Fejgte=aA wo Eﬂ}m] HaAE FEsink
Aol AT EAE2 LiPY OW'ZJDJ—-Q]- A2zl &st=e)E)
B E veratryl alcohol® A FEE 717 BAES U
2 390 o5& 2% dimethoxy benzene rings FEHLE
7lA Qe EAEEA vertryl aldehyde® vematrolS $-HE 2
2 MEsiad, 13 daFess Lpe) sl a7t ot
T 5y Lryptophang &AAlkl 2] Fo98i9ic}t 4=
2 mME veratryl alcohol®] 271 A% 1804.] s/ LiP A
Abo] ol Fold o veratrol® veratry] aldshydes 715 75-20]
£ 2k 1029.059F 136015 units/] Lip7} A4 SIckFig. 1),
L-wyplophane LiPe] $1°83le] fdelel= Byrsele 2]
359,15 units//2] AArEkS VIER]%0) StabilizerZ & 7S}
| g2 Ao E 47820 unils/Fl FAIAEES 2 siabilizers]
27} ] M) Lpdakake] 2elrt SRS TR 10, ©
gat AuE vge s A7E 2 smbilizerel] 23 AALHE
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ABSTRACT : Overproduction of Lignin Peroxidase from Phanerochaete chrysesporium PSBL-1

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

Uniil now, it was difficult to overproduce lignin peroxidase(LiP) from Phanerochacte chrysosporium since
the lack of optimized growth conditions. In this paper, we optimized the LiP production conditions and mmon-
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 aleohal). Finally we obtained LiP activity of 1,800 umts//. HI isozyme was overproduced when
mycelinm was cultivated in media containing Mn® (2.73 mM) and excess nitrogen(48 mM diammonium).
Three azo dyes(acid yellow 9, congo red, orange 1I; each concentration of 30 pdf) were rapidly decolorized
within 2 mins by 0.4 umt of LiP.



