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TEHAL| HEMEN Trametes versicolor MrP10]| 2|8h
Phenanthrene?| =3
a2 - Y - 257
YIS RDRiCSt Meniste, Zisihetn Maimsiolis

GRS A4S YT Az AED W o] 9} g it G A GYEE 9L e
EAH i & o] §-5te] At gt A RFF A GA o opA Y FF ) HA AL H AN QR 5L
A3 FBFHA Trametes versicolorsd 1739 AARA T versicolor MrP1¢] phenanthrene A28+
veratryl alcohol¥} tryptophan2- ¥ 7} pH 6.02) 2FAA) vl 2| o) A 30°C 2. 1 e}uf k& o] A2 1AL}
52w A A 9} o YT F ) 279 AR L AT A HAH 27 9 F AR o)A 209
74 %8181 9 T versicolor MrP19] o 220l u] 4l 31% ©] ¥-2 phenanthrene 381%5-& Jelic}. A4 £}
$4 L A3 o= P14 AYIME 3§24 84 71 958 phenanthrene 3352 Vel o o] g A=
HAANGAE o] $- R ANZE FF9 pdto] FA o] A3 FEAHA TR LA 2748 T F UL R

32
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TZEZHOE PgF ol $Ao| =F A Balj7h & =R o}
GEY EAE EFHE 99EE 8392 (polycydlic
aromatic hydrocarbons, PAHs)= 2~7/1¢] dldlvz] SBIEE o)
FoAH &4 F718HERA o) w9 ol Bk Yo
A FHET @) 2HE, sEE 2 49 430 45 59
A allell o3) wiEs AU, Mol A4 5 3Xdg]
Ak, A, @abolu #7159 AHEle} HE 3 Fo Sk
EE YR oR &7 FEE 4 vk =3 AR ALe
< X AT S BREE 9o 9l7) WlEe] PAHsE Izt
250] e ZoA e ouME wdE 5, tiy] o= W
Z2 At tir]9 580 b Fitog AA o)F &3
7Fssith(18). 87 Ed PAHsE AAZ B3/t & o)%
ARA Y= G 22 A7) 840 2R QA9
45 YepiAY 48 et #42¢ Sddols Yol
ol ®BaE ub Q7] wiiZol] ©]8 F 167 BAL- n|= EPAY)
A 9492 GEA (priority pollutant)E A3 TFAI8}3 QUTh(19).

2 HAEE VAR o83 GENA B4 e A&H
oz Ayso] ghom E4o A A vlgo] APsa Ty
7h A5 AREECA 3R QS Fohe A Wi 2
ez Eket A7) 1= Qloke, 16). FEaA B2 2
o Fode e nAEE F 53] WARZH (white rot

fungi)o] el B2E Bl #EFT 5 9= FYol §-
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Fltty RaEled tEH] AZ o] AN AMSdE 75
WA Trametes versicolor= PAHs, €8, TNT 5 o8 7}A] &
A WS SIEES wAE 5 AvkiL, 14). BARSEE
e FEIFPFEZDE S E3|o= lignin peroxidase, manganese
dependent peroxidase, laccase 59 #1d B FAVt Fosi=
dl(15), o]59] 71A HolAdo] wo} vt WS APEES
EAE ¢ o 53] A 7HA] FHESE FAO B3E 5
A}, 3 YARDIT PAHS} T2 R EH ) AR
of o] L FHES Kol jlon, & AFMe FleS
=o|7] 9af) B Howbiog WA Edol Hejol o
e f4e] E4E F7MA1717] A3 EARAAE EE9s
Ve PJAABAE R3la oY w59 AESES vlagt
o2 Maroarol ARsE Fe) Tl ta A3t
=3

L
e

Nz o

1

=7

AR SFol BalEA F9 3] manganese dependent
peroxidase (MnP)9} manganese repressed peroxidase (MrP)e] &
2FAAR mnp®t mpE ATHEL-WAN A H (restriction
enzyme-mediated integration)y & ©]-8-3t] TEHAR  Trametes
versicolor®] A4 W& 247} ThA] AAYAIAA MnPE HHEHA]
71 MnP2-69} MiPS IFHAIZ] Mrpld} MrPI3 (12, 2005
ZZAdista n B EA RS AFAZRE EDAUT

Bt FF potato dextrose agar (PDA: Difco Lab.,
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USA)I 1x1 em? 272 HEsl A7 Foulx] 2747 o
A7 W71A] 30°ColA BT PDA ekl R| oA Apk
TAHIE w8 7l(model PH91, SMT Co., Japan)Z w}3t &
YMG (4 g/LL yeast extract, 10 g/L malt extract, 4 g/L glucose)
BAEHA] 500 mioll FHF3AL 30°CAA 130 rpmoE 5U7 A
gttt WdE de A5dn FARE A8 Eec,
6,140xg, 30 min)dte] W2 B3I 10% (wet wiv)2] FA3}H
A HEES E0I8IT

THIZ HETES 20 me YMGHIR| 2} Kirk's basal salts
medium®] HFHA|(17) [10 g/L glucose, 0.22 g/ ammonium
tartrate, 2 g/l KH,PO,, 0.5 g/L. MgSO,7H,0, 0.1 g/l CaCl,
0.001 g/l thiamin-HCl, 160 ml/L trace elements (0.08 g/L
CuSO, 7H,0, 005 gL HMoO, 007 gL MnSO, 0.043
ZnSO, TH,0, 0.05 g/l Fe,SO,),, veratryl alcohol 0.06 mlL,
L3 mlL 2,2-dimethylsuccinate, pH 4.2 and 0.5 ml/L Tween 20]

ol 0.5 ml FF3t] YA 71k v

FEY A

e ASE V|2 183 723 vkEt 15 mio)
methylene chloride® 37}t ¥ extraction shaker (Recipro
shaker RS-1, JEIO TECH, Korea)lA 300 rpmoZ 3087+
3l 6,140xgol A 3027t dARE F 7)1 8uj=he Balst
ATt #-2]¥ methylene chloride 10 ml-& ZF phenanthrene®)
ZAE J3 JHANFZLIIE 0183t 05 mE =30
HPLC (Waters, Breeze Model, USA)E ©]8-3lo] B3} o
4 208 039 20 232 Gemini 54 C18 150%4.6 mm
9] A3 (Phenomenex, USAYS AHE3IH T o] 54 gradient
ZHAOZ I5E7HAE 50% acetonitriled 1584 258712
100% acetonitriles EHFALM 25EHE 30E71A= 50%
aceto-nitriles AMS-SIRTE FE3 AEE pore 271 045 ume)
syringe filter® g+ & 20 WS- autosampler (Waters 717 plus)
€ o83t T3 flow rate 1 mlminZ 3} 254 nm 3
doX UV dectorS AHE-31e] £t}

Phenanthrene 22| &| %3}

50 mg/L phenanthrene®] E7}E 20 ml YMG HAu) x|l T
versicolor®} AZARA T. versicolor MiP18] HZES 0.5 ml
HEFIL LE(15~40°C), pH(3.0~8.0), THH130 rpm A, AR))
< 22I8}a E3 5 mM veratryl alcohol® 5 mM tryptophand
Zyzk v 3 7heke] MARE79) phenanthrene A8 o]
PR 98E AR

E 20 M phenanthrene2]| 24& 5}

ZEAdiEn WellX E%oam soilyS A3Hste] A 2 mme)
A2 BEYE 28 B 100 o2 250 ml Hlo)7Ad] 2 :EA
ZHo R EF IS ZAHT F EY FEERSTY 50~
60%2] EFTEE FAATIA 30°ColA 2097 v %E &
Kayali-Sayadi 5-(10)%] %ol w2} 257 phenanthreneS A 23}

Kor. J. Microbiol

Bt EGoA phenanthrene®] F&-2 100 g2 El 100 m12]
n-hexaneS H713E & 1A17H5<L sonicationg A7 ¥ 718w
£ w2 B8l 108] 53 F HPLCE 48 3ich

2 3

sl M 5 S 20f | 8F phenanthrene2| &35l

ek ghgl449] phenanthrene2 50 mg/Ld FEE
YMG 4A wizjo) Hrlsln di2T2 o8 T versicolors} T,
versicolord] BARATAES FF3lA 34 T vl 27 o
&, T versicolor MiP1, MiP13%} MnP2-6= Z+Z+ 40, 80, 75
9} 19%<] phenanthrene AE&E EVAIL T versicolor MiP1
£ 2R} 40% HE phenanthrene A A%5°] © -39tk
Fig. 1. ¥ 6dRoN= T versicolor?] o3 MP1 2
MrP133}e] B35 2|7t SAEJAT T versicolor MiP12]
5ol oI RT Z3tt)

Phenathrene 2 E235}2] =& =74

YMG YAl =}e| A phenanthrenes 7122 3] vjokzAL
gejste 297k] AR AES A% ) RGN E
HAAGA T versicolor MiP19] 3.7%, R TS 7.8%2) A
S5S Hyov} Aol T versicolor MIP1-& 39.4%, T
Z2 28.1%2] AEIN TS ePHTE 257} phenanthrene AYE
el m A= P M E =2 15, 20, 25, 30, 359}
40°C Z7°|A] phenanthrenes- 22} 10, 20, 25, 29, 149} 4%
AEANSHE™A T versicolor MP1-S 3. 18, 24, 38, 329} 21%
A ES 5 h(Fig. 2). PhenanthreneS pH 3, 4, 5, 63 7 70
A iz g8l 22 126, 25, 4, 2463 7.8% AAENCH
T. versicolor MrP19l] 2J3)| 13.1, 279, 28.7, 3149} 5.6% AA
Atk T4 @H 7.0) 2L A3 BE 24N T versicolor
MrP19] AR50 R2TR} F9koH, pH 6.00]4 i A&
A5 (31.4%)S VENAATE. Veratryl alcohol™ tryptophans 5
mM 715 28 AFZZAA phenanthrene] AJE350]
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Fig. 1. Biodegradation of 50 mg/L phenanthrene by Trametes versicolor
and its transformants in YMG medium. Symbols; uninoculated
control ( ), T versicolor ( @), T. versicolor MtP1 ( O ), MP13 (@),
MnP2-6 (L).
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Fig. 2. Biodegradation of 50 mg/L phenanthrene by Trametes
versicolor (closed bar) and its transformant T. versicolor MrP1 (open
bar) at different temperatures in YMG medium during 2 days.

11~20.9% S7VEIJIL T versicolor MiP19] &85 thed
Hoh 11~24% o £4t}h 53] veratryl alcohol? tryptophang
Bl e A9 2T 124%, BRAASA T versicolor
MrP1-& 20.9%9] phenanthrene E350] 2715t 5 75
ol 2J3t phenanthrene AJ -3} 9] tryptophan©] veratryl alcoholb
o 3~5% A= ARATS o TVMIE AeE JeEldthFg
3).

Phenanthrene®| 2§38l 41} 7| 2o| W3}

ZAME phenanthrene?] Ay &3] HZHZAL BIEOF Kirk's
basal salts medium®] ¥ A]o] phenanthreneS 50 mg/L H7}
g F 2097F vl FSPAA phenanthrene®] B2} FAFe] W
315 EA3TE R T versicolor MiP1 25 10U 571
Z}2k 59.49F 91.2%2] phenanthrene AAS JeENIQT 1 o)&
5 g FEAAY AR 24 SV LU4thFg. 4).
TYE vl AAN S33 FARE T versicolor MrP19] 1
A 4= UrhFig. 5).
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Fig. 3. Effect of veratryl alcohol and tryptophan addition on the
biodegradation of 50 mg/L phenanthrene by Trametes versicolor and
its transformant 7. versicolor MrP1 in YMG medium during 2 days.
Symbols: control ([]), 5 mM veratryl alcohol (B ), 5 mM tryptophan
(), 5 mM veratryl alcohol and 5 mM tryptophan ( 1l ).
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Fig. 4. Biodegradation of 50 mg/L. phenanthrene by Trametes versicolor

(@) and its transformant 7. versicolor MiP1 (O) in the minimal medium.
( @) uninoculated control.
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Fig. 5. Change of cell mass (dry weight) during biodegradation of 50

mg/L phenanthrene by Trametes versicolor ( @ ) and its transformant
T. versicolor MrP1 ( O ) in the minimal medium.

E2F0|| A phenanthrene2| 24&5H

BAADA T versicolor MiP18] $-5°38F AR50 HA E
FAME FAEEA] dotrr] 93] EGRA A AR 52
AP B EYONANTE T versicolor MiP13} tiZ2FE 5
URE 10Y Aol RE #al7h AlRE o] 22t 9577 94.3% H-3)
SO H(Fig. 6), BB EYME T versicolor MiIP1-& B
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Fig. 6. Biodegradation of 50 mg/L phenanthrene by Trametes versicolor

( @) and its transformant . versicolor MiP1 ( O ) in a sterilized soil. ()
uninoculated control.
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Fig. 7. Biodegradation of 50 tg/L phenanthrene by Trametes versicolor
( @) and its transformant 7. versicolor MiP1 (O ) in a non-sterilized soil.
( ) uninoculated control.

EYRT 9% phenanthrene #3171 dolton, 544 T.
versicolor MiP13+ D278 242t 603} 52% Eafjslon) &4
A8 Ea&ol 8% A= EUT AR 108 Bk wgE
7 9637 957%= VI3 Ea&-S EATHFg. 7).

K

&

L S3E-2 S0 FEsle Aol o o3
T SRR ozt 1 B3l dAREEE 94 B0
A4S Y ke rdel £33 EdWelE Yeoita
Hag vk 9lthki3). 2 ARE o3t dRIA EFe 23
o Qlo] MARFFE o] &3 ALl Eo] BuE7) A&Elga B
AR HlwE o ARsfe] gt FHE 27 wiEe) H2
A BARZFE o] 85 FEIAFEZ Y YR A7 Y
3 JYHI IThR). B AFelre BaRTFe) Gy &
o] Eaflo] #oste EAF HEAAZ] YARSA 9} oY
o5 Bills Hug 53 32A%E 53 dEdy -
B} 5842 #3) 71eAS S 975 Iyt

PAHs®] 3+ F7EA 370 Wol £A)51% PAHs 299 A
EZ AMEH= phenanthrene (42 thle s ZAEn wAE
Ae)gt APAZRE BWEIL Trametes versicolor (T2 A9
BAABANE] T versicolor MiP13} MrP13 (manganese
repressed peroxidase TLEH FF) B T versicolor MnP2-6
(manganese dependent peroxidase I&d T5)3 oS FF9)
H|W3} phenanthrene &3 $5FFE AFsH4Th YMGH]R]
oAl 647ke] ullof717t $<t phenanthrenedl] thEt E-al3s0] 94
g TF= T versicolor MiP1013).0.™ TiZFQ] opE T30
Hls] 53] Wlg 2700 22 FES BYtFg 1). HRE
T2 Phanerochaete chrysosporium< BJSE 279 uhe] H7}g
phenanthrene s 70~100% E3f|3cty B ¥)Q111(15), Pleurotus
ostreatuse W% 11979 713t phenanthrene] 94%ZS A)A g
o LA THE). ol vlsle] T versicolor MrPl-L]- T. versicolor

MiP13& 399 &2 717 B2t 75~80% ©132] & phenanthrene

Kor. J. Microbiol

o] FAAZFAEL 2 B FERT
<3 phenanthrene AJ&3 F&8E 7HA1L k= ‘% 1%
A} T versicolor ° P8 TF= MY 6dA o FAAZA

E7 AR 2aE-& YRR FEVBELS B3] 27 ] 3l
o F83% TS () FAHEA ] 27] AR AA
A LHEE AA Fad TS T F IE Aotk
AESS SN fetd AR 23E& JHslshe A
P& FPsAct. WA YMGH A A wRFHEIA], 130 rpm
ey gelslel 2UzE AR Age s34 A5 FAAA)
T. versicolor MrP13} 12T 25 g%k Aol 25~30% =3
o] Z7sloitt. oleidt Aok PAHsS &713 i}l A
monooxygenase®} dioxygenaseS ©]-8-F 7| AAlnz]|e] AHEE
A3 Ao Avjd ez Fdadithe S RAFTE). AT
YMG BAuR]ANA] 54 A3t T versicolor?} ] ul ol A
100 mg/L phenanthrenecl] ™3t AE-a)5o] JeujdH} o ¢
Filthe As@)9he el ARl 1 olf= B A¥Le o

9] ek glol phcnanthrene»} 55 71‘;]%—3]'99\7] o
o AEE AL 24 Bt FES wARS dreA X%
g ool ARl oFol HIS) FHS FAHE 4E &
A7) QA Ao g AlsHTh

W2 EE HHslr] f8) Yot TYN 2002 HAHE
Pt A7 thZTL Han 5(9)°] 2Fe} U3 259 30°Ce]
] phenanthrene AEI7F 25 & Joltow T versicolor
MrP1& 359} 40°C zzjcﬂAL 79 259} 30°ColX ] AR
et R 22 B3l Uello] AR E o F | 1
B T2 2E)A "3‘#5117]' ZH dojue Aoz Ak AYrhFig.
2). WEtA T 2] AR o]H FAASA 9] o] 8o
Hoh f2& oz Az} viR] Y] Z7] pHyF vl H|A|
© 9% 2AR 9 SHEH 7.0) 24 A9 RE 24
ANA T versicolor MiP19] AJR-8l5o] Z2LHY YA &
AHHAE 2A HoluR] Kdle A=HoH, pH 6.0014] HiL
RAENF(314%)S JERAET] 0] B3-S Han 5(9)9) Hieh
Y3t ATt.

Collins 5(6)° =9 veratryl alcohol™} tryptophan lignin
23 aAES &4 AR RY Bosie] aag] kg
& F7RE & JUAL sIem, olHE aae] Pk} uiAy
F3o] g RS B RS FME ¢ dukaL
ALE %o} veratryl alcohol®} tryptophand THET T versicolor2}
HAAEA T versicolor MiP12] phenanthrene AJ£3] A] &0l
APl o 335 AR 5 ARl 98] T versicolor
MrP19] AE-35S dETET 8.5% O S718HTh By ol
2t F 7ol 213} phenanthrene AE-3]l tryptophan®] veratryl
alcohol BT} 3~5% F% F7H7IE AeE U

O M (Fig. 3) ©]#3 3= Collins 56y Faison 5(7)9] &
TollA tryptophano] B2 F3 &9 QHYslel EAfEol
1] veratryl alcohol®th ot TS Bl A9 7H3AA F
ol Hr}.

Z}zko] dFHE ARl SV As ™3k $ExA

o

N

¢

= }\‘l
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< HReE A7) w71z Bt RS BT FAR S
HSHE Yolr7] 930 Kirk's basal salts medium®] &)= oA
2093t vl et Bk FARS sk 2087k wy)
71t T AAAFY Sk FRABA T versicolor
MrP1o] o tiF g5l HIs) ESke W (Fig. 5), 2o W}
phenanthrene®] &35 T3 =3[ T versicolor MrP1
# &2 74 91.23 59.4%74 A B0 T versicolor
MrP12 thzoll HIs) 308% T 953 AR 5-S Yeliit:
(Fig. 4). Phenanthrene®] A&3)= MrP17} th2T 25 HjoF 10
Y7HA) 71 & O ol ZUIEHA] e S UshiiE
AR e F71E 5o 54 oY 23 mjE Row
FREE a3y ol grARIEEL FAFo] FEEAL
secondary population®] EAIE 73-9- u}x] " 4= 9l Zo|t}
.

WA o)A HAARA T versicolor MiP1E o3 U=
T ) B8] 9% phenanthrene 27) £35S Ve
AA BT 2T B8] T versicolor MiP19] 953 &
el FAHEA Golrr] Y3 AP Ax d B} B
i Bl 22 9573} 96.3%2] =& phenanthrene A AE
HYOW(Figs. 6 and 7) B Bl nls) vlEF ERoA<]
AR} o W] Q=) ol A vidE B &
Ashe thelgt vjAE el 352802 Q1) phenanthrene®) A
a7t £38 o2 AlRHU FEMA FAASA ) 23 E
Foll X} A= 714 2A3100A phenathrence] AES) A|
2047 90% A= F3g AAHS)HT s on v G =\
x¢] Ao} FAFSHA phenanthrene®] %71 ME-7} o &
ZTRY F90ch #l FukEol FAAA 9} 2T B 4
a7 AR A =3 g2 En|dEEY i 2
secondary population®] 2J3F AR AAZ Q3 ARg 3
AETh1).

T. versicolorsy FARAZA T versicolor MiP19] ™3} phenan-
threne B3l A7 A FANGA T versicolor MP1= ]
ZAM 8 AEES YR ol#d dal= dEa)
4 B2 AR o] BR1F WL o183 AT 9
AMgo] AP Belk ohg} AA B0 B8] 7] A
Eillss 7 5 doke 2AE AXEIeY o9 e
FTE Ao AR FUS AT OU3 FAHRA 9
s R SUNE A% st 2158 F9s)] Wotor
& Aolrt.

LMol ot

B A7s @A A XS4 SATAIG 08 At
& A FAHI 031-071-030).
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ABSTRACT : Biodegradation of Phenanthrene by Transformant Trametes versicolor MrP1
Yun-Seong Choi, Hyoung Tae Choi, and Hong-Gyu Seng* (Division of Life Sciences, and
Research Institute of Life Sciences, Kangwon National University, Chunchon 200-701, Korea)

As a model compound of PAHs (polycyclic aromatic hydrocarbons) phenanthrene has been regarded as a toxic
material, mutagen and carcinogen in various animals. Biodegradation conditions of phenanthrene such as pH,
temperature, shaking speed, stabilizer and cofactor of degrading enzymes were investigated with Trametes ver-
sicolor and its transformant 7. versicolor MrP1 in YMG medium, minimal medium and soil microcosm. 7. ver-
sicolor MiP1 can overexpress mrp gene encoding Mn-repressed peroxidase that is involved in fungal
degradation. Biodegradations of phenanthrene by T. versicolor and T. versicolor MrP1 were optimally per-
formed in conditions of weak-acid (pH 6.0), 30°C, shaken culture and medium containing 5 mM veratryl alco-
hol or tryptophan. In these optimal conditions, biodegradation of phenanthrene by T. versicolor MrP1 is 31%
higher than that of wild type strain in a minimal medium for 20 days. Biodegradation of phenanthrene by 7. ver-
sicolor M1P1 was also higher than that of wild type in soil microcosm. T. versicolor M1P1 can be a excellent
candidate for the bioremediation of PAHs contaminated environments.



