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Abstract

This study characterizes the growth of white rot fungi Phanerochaete chrysosporium
IFO 31249) and lignin peroxidase(LiP) activity in different submerged culture media. P,
chrysosporium was grown in the form of pellet of various sizes from a spore inoculum
under shaking liquid culture condition. While the growth of mycelia was higher under
the nitrogen-sufficient culture than under the nitrogen-limited culture, ligninase activity

was relatively lower. The lignin peroxidase appeared in nitrogen-limited culture and was
suppressed by excess nitrogen. High level(40U/1) of lignin peroxidase activity was
obtained in the growth medium containing 1.5mM veratryl alcohol, a secondary
metabolite of P. chrysosporium. Lignin peroxidase production was not observed under

conditions of nitrogen sufficiency or

in balanced media, suggesting that control

parameters could increase the activity by manipulating the secondary metabolism.
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HaIZA glade ®alsol Hold B4 R
A A FH(wood-rotting  fungi)gl WARZF
(white rot fungi)& ©]-&3F A& 3)(biodegradation)
A7t Bol A= o] fom, 53] A wfFoiA
2 AAsty @A 7 F(basidiomycetes) 2 Eo]3f
A geke B4 XAE ¥AsE Phanerochaete
chrysosporiumoll ¥t AT7F 7HF @el B35 o
AtH1,2l. P. chrysosporium-& lignin peroxidase
(LiP)¢} manganese-dependent peroxidase(MnP)#}
1 RE2E 5 FF59 AE(extracelluar)

peroxidase® #H]3l3, veratryl alcoholg wi7j&

« Zewstz BT sz
o ZAUER BF T 1S, T

34 lignin®] 8 AL BS2ZA ligning 3
sl Ao o#A UoH3)l fad EHas
(lignin degrading enzyme)< glycoslylated heme
proteing2 FAHo] f2v, carbon, nitrogen,
sulfur GFE Age] Whgste 23 hAME
(secondary metabolites)24  AJAFE o A c}4-7].
a8 N 5ol FHlad B8 E4x A2¥e ga
de HE3 04 79 GEAAH F& AEE
& B 5 g $8E 23 gusl

AF7A o2 AFAE 93 P
chrysosporium® A 5ol 4%& vXEe 937 <
AEe] BuEAEH6,79,10]. P. chrysosporium®]
ARE A3 AH &2x%& 39Ced, 3 pHE 4.
0~459jt}.  HE3  veratryl alcohol, Tween
80(sorbitan polyoxyenthylene monoleate), 7] &
2 5] lignin peroxidased] #AEZ Z7HA 7t}



[11-14]. z3y 2494¥<A 8 ZWHelA veratryl
alcoholo]lt} Tween 80°] Z 2 Ao Aoz
gdag A olyr}(15].

ZAe 43 gad EMEL AL F
"ol d A gRe HAspww ohz
e=, pH, B71, T 59 wFzol
Fasitn ¢ & Ak A1 2F )
G2 F2 AAuIoIReY (& WG

MFes &AME gow, e o
YL Aste] nYHE o1& W
AN A5 Azde Edite 5
Jad ga Zae Ae Eol7l AR

A7 A JPE Yt

2 oA = P chrysosporium$ ©]-&3% %
HAFEAY Hg YT AGARA, QA FE
Ao A wiNzAo] wE w7 A ST ok
& lignin peroxidase 84T & AR st

2. Nz ¥

21 3F

Aol 2123 F3E WAEZT Phanerochaete
chrysosporium(IFO 31249)¢]19, YM broth agar ®j
A(yeast extract 3g/L, malt extract 3g/L, peptone
5g/L, dextrose 10g/L, agar 20g/L)NA] 35~39T *
o2 2~39 Fob ugT F, 4TAAN HITEHA
o] &-stsi e},

22 H|xj 2 uf 2k

P. chrysosporium® A3 A& <dolir] 4
A A2 3 mediume sodium acetated AHIF A
¢lel+= Kang¥ Stevens[16]e] Al-&3 wix]z=4 =
fFARSEA AT AElA ol &% growth
medium Fejo] @& wjA 24 & Table 19 e
ok g291 AirgdozA 56mM  glucosedt
0.12mM ammonium tartrate’t 9% growth
medium I-€& control mediumo® Al&3H 1,
growth medium Dol 1.5mM veratryl alcohol
(3,4-dimethoxylbenzyl alcohol)& H7lstgddh.
Z1 growth medium M3} V& Al =& |
AA AdHeR FAade] FRE Wi 74
stk o wte) #F/9 ARE A8 FUIHEHF
vitamin® FYsA Hrstged, wiA 9 pHe
HEZ 248 Fgdch

P. chrysosporium® ®%& $13l Table 1°l
AA Y growth mediume ZZ 218 Ax3H
mediumd 2 F8)8 10709 250ml  Erlenmyer
flaskell 150mL¥ Yo A9 DF121TC, 158)8

H,0W 9 B

%, YM broth agar ®lAolA 2~34 ®igd TF
& cork borer(No. 2, A% bmm)E 5x&7ty FY
3tAl ¥ mediume] YA = Erlenmyer
flaskel HFste] AFuF(39T, 150rpm)3t et
agl3 P. chrysosporium® ujeke] wE 4 E
A FZAE 19 tHeg 104 T growth
medium ¥ Elo] wla} Erlenmyer flask & 7% 2
2Ry 7)Ao ¥%, pH, TAA AzxFHF %
lignin peroxidase? BAEE FA 3t

Table 1. The composition of growth medium
Unit © g/L
Growth Medium

Components I o o W
Glucose 1.0 1.0 1.0 1.0
KHzPO4 2.0 2.0 2.0 2.0
CaCly 0.1 0.1 0.1 0.1

Veratryl alcohol NA"Y 0252 NA NA
MgSO0; « TH20 05 0.5 05 05
Thiamine 0.001 0001 0.001 0.001
(NH4)2C4H40s 0.0221 0.0221 65 NA
NH4C1 NA NA NA 58

Y NA : not added

23 24

Lignin peroxidase® &4 X3 veratryl alcohol
o] veratraldehyde® A13}8l= w-8&-§& o]83ld ZAA
3}94 2 M[17], veratraldehyde®] A4S UV-visible
spectrophotometer(Varian Cary  3)&  AM&3ld
310nmellA A& AHEE & FEAFE 930
M'lem Mol em, A2 500kl g &< (220mM
sodium tartrate, 3.33mM veratryl alcohol, tartaric
acid(pH 3)) 450 L} Hz0.(10mM) 50L& #H7}
dto] 58 FoF wr&AlZ Tl Lignin peroxidased]
FAE BE UlolH, 1 unitU)E A7) =)
A lgmol® veratryl alcohole] 1% F¢
veratraldehyde2 B & ¥& v},

P.  chrysosporium® < #AA  AZRSFE
Whatman GF/C filter2 < #3te} 105TlA 24
7 B AN AzFFHoR FA3Y 18
I w¥de] COD® NHy-N9 FX+= Standard
Methods[18]oll #&to 43ttt

3. 8% & nz

Phaenrochaete chrysosporiums YM broth
(Difco)ell Al  Auj%(39C, 150rpm)3tHA A%
Hel S RSPl P chrysosporiume wy¥t &
Aol AAuANA spore inoculuml B F-E d g
st Bt A B #A1E wWor AL, 1
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Phanerochaete chrysosporium® 9 & wi% 2 Lignin Peroxidase A4t

A #AtY xRz FAAE YA sl (Fig.
1). =8 P chrysosporiume AL AZ3 £2
2 F89] pellet Az AA8E EAL YEHW
on wj% 7|7ke) Ao uiel pelletd F& GF
& arlz Fuste %S B} Fig 2 3%
ok zAstelA 104 A F dAHE FFY
pellet Uehd ARZlo)th, Pelletd Z7]+ myt 7
E9 57 Azl wet 924 veguyri: sty
[19], Leisola %([20]% pellets] =Z7]o] u]std
ligninase® A4 =71 F713ctn B a3kt

Fig. 1. Photomicrograph(10X40) of Phanerochaete
chrysosporium mycelia grown in YM broth.

Fig. 2. Photograph of mycelial pellets formed by
Phanerochaete chrysosporium grown under
shaking submerged culture condition.

WARERS HAg YT ZIARA Hade
AHHo o] 43lA = %oy celluose,
hemicellulose, glucose, glycerol 5 <A wWhAlE
F Qe ARNAY EASAA FHadg £33
2, 7129 nge A o] AFdEE 13 A}
A 2z Al A LR AFJHE UAIFEYS =
tH21].

P. chrysosporiume HAiaGUYuR 2 o] Fo)A
Table 12 growth medium A X Fig. 29 #
S F¥9 pellet Y2 YFsrgdon, AT 7
o] we} sjAe Faeh A FAHoZ FAA
Aol F74ste A Y Y (Fig. 3).

7| BujA 2 o]Fo]R growth medium [ & ©]
23+ P. chrysosporium® 4 A w A FAA =
W 6d7tx] MEHA F4E BYey, 2 ofF
BE= AA71E vElWY. P chrysosporiume
i 496 Hol AFE 13mg/dayE JElW Lo,
Wk 6 A F TAAH] AxFHS 330mg/L
@t FANA Aol wrE {7159 WiE COD
2 2Asd B Adx 7] % 1,165mg/LolA
% 109 A F 6%HE FaEAeH, i
o2 o83 grYol:s %7 & 4.8mg/LAA
24X 7k W% F 90% ol/de) £EHUTH

Veratryl alcohol® P. chrysosporium® 22+
AR 2 A phenylalanine & 2 %€ A=Y,
lignin peroxidase® #4& FEIE Ao o4y
A 1tH14,22]. Lignin peroxidased] ZLAZ=E F
7}A717) Y38k veratryl alcohol?l HAHFEE A
FAEvt 4 Zole Jev, diE 04~2mM
Hele RAeg Amnsm cH1314,20]. £ ATl
A 15mMe] veratryl alcohol® 7}ttt

Veratryl alcohol& ®l% Z71e] 3H7}s growth
medium 09 ZA$ P chrysosporiume A&
growth medium [lxe A3 FAE B3FE
Btk P chrysosporium< mediumo] A A3
o uiF 49 AF} F 300mg/lel TAA AIFE
Jetdles FHo ¥AEL 10mg/dayc). g
dqAe] COD FEE 10¥ A¥% F =7 5=
1,610mg/Lell A 1,070mg/LE Za3tgon, old
e ¥F CODE #H7IEY veratryl alcohol{!
Aoz Budd £33 drRYolE 4NN AY F
ok 94%7F AA " 0.25mg/LE el

AAQe 2 65g/L9 ammonium tartrate® 7}
& growth medium MolA e FALA B3 v
490 Hdl AFEA 4lmg/dayE YEFW O,
ok 109 A F 467Tmg/LE & mediuml] ¥
A L FAA S Bk a8l wjgel
Ael cODS ¢EYole 7 FEE #Z
3,880mg/Le} 1,320mg/LR 29, g 109 A% ¥
Ztz} 33% 9} 20%9 Ha2&S e
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Fig. 3. Variations of mycelial growth, lignin peroxidase, COD, and NHs™~N during the cultivation of
Phanerochaete chrysosporium in growth media 1, I, LI, and IV. (e : Myceliai Dry Weight, o
Lignin peroxidase, © : COD, & : NHs-N)
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Phanerochaete chrysosporium® 9A w|%¥ 2 Lignin Peroxidase 44t

Growth medium V& &add w& FEYe}
7} L 52 FAE mediumlZA w g
COD ¥&+& %7 %% 1,100mg/LolA W% 109
A3 ¥ 88%7t 4 ¥ 13Bme/LE dElHoY &
Buole ARES 10% u o]t Growth
medium Vol A9 #AHA] AL vl 4de] Aoy
AAE 24mg/dayE YEIWen], WY 647A
447mg/Le) TAHA AFAE BRPoY 1 o3 RH
£ AHE7]1E JErdH

Growth medium$) ZA wef P.
chrysosporium® 23§ BAEE= lignin
peroxidased] BHEE &A% A& Fig 334
t}. Growth medium I91A 9] lignin peroxidase
BAEE 9 59 A F 215018 vEdlen,
medium O+ ¥Y¥ 64 FA & HOUIZ 7M1 &
$AEE et a8y B49Y 27 TR &
9 growth medium MM$ V& 5~100/19 @&
A4 EE Jebdth Growth medium OoA 9 ¥
€ lignin peroxidase 4%+ #H7FE veratryl
alcoholel 21§ Aoz 221 thAHA A veratryl
alcohol lignin peroxidase?| #% 7|32 &3
o] lignin peroxidase A& FAANZ Ao E [/
5m[11], wHe  veratryl alcohol P
chrysosporium® A= dtE 49FE XA
%= Aoz ZAHAUG. Growth medium 13 0
| A P. chrysosporium? ¥ 713tell @& lignin
peroxidase A4 #AAE  AHEY, lignin
peroxidase 8AEE WHE medumo2ZHEH &
Byolzt AREE. AV FAAS AFECl F
g Uehd 717 o] FRH Yeue F¢E XA
t}.  Keyser Sl RAAATEXCNAN P
chrysosporiume RAMLHPE A AR AL
7t nzZE F gad 28 AL A2 £3&
ZA¥%n  BRIFYR, Jeffries Fl71& P
chrysosporium& AAATRA A wIRE o
AAi o]l 2Pl wel Qo] FLHT 23 E
Aatzt dojut ojmo} Fadg Ectn 3
9o}, Faison® Kirk[22]2 P. chrysosporiume} 2]
% lignin peroxidase 84 =+t ©A ol v dA4
do} AFHE ZANAN B & 4= YE
doka s9oh. @eld growth medium Mo Vel
A Axrdoz Algd gEUol:E 1A 4FE #
1A ALr2E AgEHAoY 13 4% olF &
e Fxz FIFHA e gEYole P
chrysosporium®] 23 WAl#4g & A gstd LiP 4
A dAY Aoz B 24 WE2W d7Y
23 QA AA A4LE HMY AL Fad &4
9} veratryl alcohol®] Aol ZAHE RezZ H
2 AH9,22].

Fig. 4& P. chrysosporium® ¥4S %3 A4
B Ao pH ¥EE zAE Adolth. Growth

medium I, IO, I, V¢ %7] pHE 27 438, 47,
566, 45929 wi¥ 109 A3 ¥ pHE 47 40,
385, 48 3622 #idteE FFE Jdeglth 2d
1} Roch %[201¢] @M= P. chrysosporium
INA-128 A47 $5% wlx] 2AAM 69 ¢
A GRS 9 GA wxHe pHE & F718}
= AL AYey, £35 %7} pH 5004 Hg
FAEE el olyE dz B o P
chrysosporium< pHel @ Aol 4311,
Ao Wad AA mze pHE ZAse 5ol
dE Aoz wudr dutyeg FHE Ad9H
oz ogg Fsm mBE PHoE FHY
pHE WA o= Ax A%el AR 8FE
HEG[]. 48 W NHSel §5& H#e ng
o2 9% pHE 4 E: 1 ol#Z AFANL,
B2 NOs ol &5+ 98 pHE 14E F7HA2
).
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Fig. 4. Changes of pH during the culture of
Phanerochaete chrysosporium in  growth

media 1, Il, I, and V.

ol Aol Ao ot Ha) wix oM FE2
COD #4% P. chrysosporium® A7e) B
142 A83 glucosed] A% o3 Reoez H
@E ', P chrysosporiume dAAYe %7 §%
7t e v 2AAAN & FAA AFF COD
AAEE BPoy LiPY $4EE A YEUE
AFgL UJERY B dFME TFY 43 H
ad Ba 249 FAHE JFE vAE O "
s Tween 80 59 94 AxEE nH A
%L HAGYuAE ol Lot AL BYEE
Foln ¥AHS #A8] Y= HAEF inducer

9} cofactor?] F7H7F "Wad Aoz AZAEHUG.
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4. BB

Phanerochaete chrysosporium®}] <§A wjoke
B39 bgy 22 2L 42 5 Ut

1) P. chrysosporium& #HigFujz| 2] zlg o)
WFzAGA 7ol o 1~5mm 27l Fe
T4 pelletS Aty QYAste 54L& ekl
o},

2) P. chrysosporium< ZAAAT v B A4V}
SHE WA =AM F 0% BE B FA
A Az2FHFS ey sy, 403
2.2 5~10U/19] & lignin peroxidase ¥4 %
g Yedd.

3) Lignin peroxidased %= 7|22 3Ir&sts
veratryl alcohol2 lignin peroxidase 84L&
EAAIE 988 e Aor zAHYLHY
P. chrysosporium® AAeE ¥HYE 9FS
uxz2 ¢k Aoz EAHUD.

4) P. chrysosporium® 13 373& fsixs 47
o8 £ e @Y 2 2 Fagde
Xl Aoz #AHY, P, chrysosporium® 22
tAke} lignin peroxidase BHEE aiM= 3
a9 Aol Yoy Aoz Agdd
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