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F ol A e d FFW A (Trametes versicolor)ol] €13 Wj-34] ] A} o]E4 bisphenol A2] JF-3] A &L ¥o]7]
93t 1 ARE HH AL A . T versicolor:= Yeast extract-Malt extract-Glucose (YMG) #lj A o] A 12
2] Zt o] Wi o] 50 mg/L bisphenol A€ 100% A-F-# 81, 59 F<t Al o Aol &= 241 3F o] o] 100% A A 845}
Bisphenol A9} =7} W45, £ £+ 35°C, pH 69| A A 18-& o] 713 ko] ko] oJ3ke =] ¢gotr). ¥
Al Aol M= A E8]&-o] 7} Rt AIT HA 222 YMG vl Aol A 9} ALt o A R-woff e =2l ad ¥
3] &2 laccase2] mediatorg] ABTS [2,2'-azino-bis(3-ethylbenzo-thiazoline-6-sulfonic acid) diammonium salt]& 3 4~
uj A o] 718 A §- bisphenol AS] AE-87} AT HFE F ulF A F5Hol] A FA g vl o] &
& J ¥ &) F/A e 2 v 0] 50% Y o 5ol H 7R 50 mg/L2] bisphenol A7} 49 A o] 100% ¥
#5931}k YMG i A] o] M bisphenol A9] AJ-F-#] o] u}e} Y F-u]A Fof A3}-5 Yel = | 2E2 FA L 3T
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U7 R B2 FEY HEHIA 715S Welshs ez
G WRHA el ez g ¥ T ASH
2 Al frh=o] AL FFo] Wi A EAR o
FHI Qo] 29l wWE A7t FHHEHA o]FoAL T,
4] WERIA AAEEL A3 2 AREZAF AL
28-S dto A LElRelE s28 89 A
& A6, 19). WEHA ZAEE 3¢ 142 bisphenol

+ polycarbonates, epoxy resins, phenol resins, polyesters 1]
31 polyacrylates®] TS A8 AEEAZE AE-HEU(3), F 7
o] 17t dEHo e vig- FRE FEE AAHY Bt
Z JojuA] &=t} Bisphenol AE E33HtT G o v
AEo] AT EAE EaATIe SRR &3 gaRs
T (white rot fungi)o] FE3A EHE CO,E Y3 EsjAZ
T AT Ao' FES WAL TG, 20). HAFFro] FHlshs
gl B3 E 57 bisphenol A F3lol T8 §4F FE5h=d]
gxHe Fad Eaize (LiP),
manganese dependent peroxidase (MnP), laccase 5°] S1TH16).
o] glad Esjassd o3 Balle U= Efztes s
Aldde 2] tdst WEe GRS 3iES A0 815
Hog EAE 5 3lod, thFEdo] ohd IYEZY gl
sl ALt FEHEZR o|E Fd 3-83leE A7t Bid
Y51 TH4).
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versicolors U730 2 H& BxS 2ARSHL, E3j@Ado] ¢
S5 WS ZAL3LY bisphenol A AR S-S 7724}
3900, bisphenol A9 AEFH wWE o2rETH A
(estrogenic activity)?] ZHAS ZALSIIT
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Ao A" a3 FEYA Trametes versicolor 951007-
22-5 monokaryon T 74t AEHEY 0| AEA ] 84l
HHANA BSFLUTE T versicolor= Potato Dextrose Agar
(PDA, Difco Lab., USA) i R|ol] HEto] FAE 7} & gu] ]
kA sk oF 797 30°CHlA Hl ksl ATt PDA B3l x|
AX 2AF #FE wA7IE S F YMG @ g/l Yeast
extract, 10 g/L. Malt extract, 4 g/l Glucose) SAHIR]|o} HZF3}
I 30°C 130 rpmollA] 5Y3F wiFstdtt. o] HuljddE dF+=
QA (6,140xg, 30 minyste] FAKE A5A9) 10% (viv)
2 %E 5 20 ml9¥ YMG ¥iR] = HAH|A] [glucose 10 g/
L, KHPO, 1 g/lL, K,HPO, 1 g/L, (NH),PO, 3 gL, MgSO,
0.3 g/L, CaCl, 0.1 g/LIol 0.5 ml BE3S A7 Agu)F
=g

Bisphenol A 232] &/ X =

T versicolors YMG A&} HAuX] HF3 AZ
bisphenol AS #7135l YA A7t vlFSt ¥, ZF bisphenol A
& FE39 EoleS vlasrt. =g YMG iA|eh A=A
oA a5 YA A Aulldst T bisphenol AS F713Ha ull
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oF5te] bisphenol AS] A& A=E H| W3t Bisphenol A
9] F%(1, 25, 50, 100 mg/L), 2E(25, 30, 35, 40°C), WiA] &
7] pH 4, 5, 6, 7, 8), WRFEE(FR], 80, 130, 200 rpm), FF
Eo] Mujek A)Zks, 7, 9, 11, 13, 158)S E8lsta &3 €1
Y BB laccase®] mediatord] ABTS [2,2-azino-bis(3-
ethylbenzo-thiazoline-6-sulfonic acid) diammonium salt] 200 puM
F} HBT [1-hydroxy-benzotriazole] 200 uME H7I8td T
versicolorll 2]+ bisphenol A2 F-3}8-2 E4381t}.

Bisphenol A (50 mg/Ly’} 34 &3 52X 2R {4
o Hiufx|e] FUES HIISIAL T versicolord] TAAIS} A5
Ae] HIE-S 10, 20, 30, 40, 50% (viv)E BElsle HET F 6
& 5Qte] B &-8 FARIG Hge A9} Ao R o
Fala] ThE A Eol| 213t bisphenol A2] E-E- viAIAIF .

Bisphenol A F&2 E4{WY

8ol AMS-EAH bisphenol A7} H7HEAD v S E
ol 712 1827 obsfigk 3 10 ml2] methylene chlorideE 231,
extraction shaker (Recipro shaker RS-1, JEIO TECH)SlA] 300
pmo.Z 3087+ ZHF bisphenol AE FE § AAEF@C,
6,140xg, 30 minE T3 F718 NS ERT. ERlE &
71gujoll A 7)|A A2 E T Z(GCYE o83k bisphenol A
PEFE 28K Geol SAxAe v 2o 99 GC
(M600D, 3% 717], Korea) column, HP-1 (15 mx 0.53 mmx 5.0
um); injector, 275°C; oven, 270°C; detector, 280°C. Chromato-
gram®] 53} Agli= Autochro-Win (F¥717], Koreay& A&
=

HAEZH &M =X

T. versicolor®] 2]3} bisphenol A Y3 I ANAM d2EZ7
ZAlo] W3l= Nishikawa 5(1999)°] 23] e yeast two-
hybrid assay systeme ©]-83t] ZA3}tt. Bisphenol A7} 3
7VYE T versicolor W8S AAE2](6,140xg, 30 min)3t] ¢
Sob-9 35319}, SD Wl A|[minimal SD base (Clontech, USA)
27.6 g', DO Supplement (Clontech, USA) 0.64 g'JollA 12412
W3t yeast transformant Y 190 (200 phyE A5H(12 ulyo] =
g€ SD X800 plyoll 7Bl o] &G 4~12A17H30°C,
150 rpm) &<t vt wigFE EFA 400 piE AAE
(387xg, 2 min)3ted 3)H yeast pelletsS 800 12| Z-buffer
[0.1 M sodium phosphate (pH 7.0), 10 mM KCl, | mM MgSO,,
0.001% sodium dodecyl sulfate]ol] A3 EFSPAA 16 p12] chloroform
< 7kt 158 B 30°ColA AT AlEe] 4 mg/ml
o-nitrophenyl-g-D-galactopyranoside (160 ulyE 34713l 8AIZE
ol ¥Hg-AIZl & 1 mi9] 1 M Na,CO,Z H7}54At) A8
Yehd =2h29) B-galactosidase activity's - FZ=AE o83}
& 420/550 nmoll A Z733FATH14).

2E AL uiplicate FY3IFLH A= 7 FHEXZ 1}
BRI AR= error barZ EAISIAETE
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YMG BiX| L bisphenol A2| ¥ 25} &&=

YMG B Aol T versicolor?] &3} &Aool bisphenol A 50
mg/LE ¥l 6AI7F A OZ bisphenol A9 ZEFS AN
o} 2 A3} T versicolore 12A13F ©]Wlol| bisphenol AZ 100%
EAAT YMG WX T versicolors @%8te] 59 54 A
B3t & bisphenol A 50 mg/LE 71t AF T versicolors
bisphenol AZ 1417} &% 56.1%, 221t E 100% 233t
Bisphenol AZ 1, 25, 50, 100 mg/Le) FE& FH7lsle] YR3)
&S ZARIAS o, oM Bt A7 957, 566, 4.3, 0%2] &
HE vehylen 1A de 28 Tl A9 o AAE
AckFig. 1). T versicolor®] FZ=} Tl bisphenol A 50 mg/
LE ¥ =08 28U o 12413F vk F 35°CellA
100% AA= ] E3lE-0] 71 r3tATHFig. 2). YMG A
%7] pHE @23t T versicolor?] 353} 5 Alol bisphenol A
50 mg/L-s A7t 12417 miFEtR-E Wl &7) pH 694
bisphenol A7} 91% A|AE Fal&o] 7P FstATHFg. 3).
sugkel oggke g zA) gof 12412 A F A e 994
%, GO 954-988%2] E3E VFERNSACE. YMG HAuf
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Fig. 1. Degradation of different concentration of bisphenol A (BPA)
in YMG medium by T. versicolor. Symbols: (@) 1 mg/L (O )25 mg/
L(H)50mg/L () 100 mg/L
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Fig. 2. Degradation of 50 mg/L bisphenol A (BPA) by T. versicolor in
12 hr at different temperature when the fungal inocula were added
with BPA into YMG medium.
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Fig. 3. Degradation of 50 mg/L bisphenol A (BPA) by T. versicolor in
12 hr when the fungal inocula were added with BPA into initial pH-
adjusted YMG medium.

RN T. versicolore] 2u AIZHE Ee]st gl A&l
) Xe dEE 2ABIES o 79 AuE IF HE A
bisphenol A7} 6A17F whell 100% EaE o] 7FE =& ARA&
< YeER AT Fig. 4).

Z| A HY X[ Ol M bisphenol A M &3l £ X =71

AR NN T versicolord] FF3+ FA10l bisphenol A 50
AV gS uf 24217k 49.4%, 36417 ool 100%
Balstaot 28U T versicolorZ 5Y A8 %3+ 3 bisphenol
A 50 mg/LE 3713 A7 6A1ZF vk o)Wl bisphenol A7}
100% ZE3NE R/ T versicolor®] HZE3} F Aol bisphenol A
50 mg/LE 2o €59} pH7} bisphenol A AES ) ¥)X= 3
S ZARBIEES W 30°C (Fig. 5)%F pH 6 (Fig. 6)olA H3ll&
o] 714 93ttt T versicolor®] 323} “EA]9l bisphenol A
50 mg/lLs ¥ ¥ ABTS 200 uMS #7138 Z9ol= 2471%F
oJuol] bisphenol A7} 100% E3)=9e}t HBTE 24, 36, 484
Fsot 2V 252, 969 100%2 mediators 71814 kS o)
o} vlwale] Q358 W e Bt

mg/LE
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Fig. 4. Degradation of 50 mg/L bisphenol A (BPA) in YMG medium
with 7. versicolor inocula of different period of preincubation.
Symbols: incubation time 6 hr (closed bar), 12 hr (hatched bar)
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Fig. 5. Degradation of 50 mg/L bisphenol A (BPA) in a minimal
medium by 7. versicolor at different temperature. Symbols:
incubation time 24 hr (closed bar), 36 hr (hatched bar), 48 hr (dotted bar)
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Fig. 6. Degradation of 50 mg/L bisphenol A (BPA) by T. versicolor
when the fungal inocula were added with BPA into the initial pH-
adjusted minimal medium. Symbols: incubation time 1 day (closed
bar), 2 day (hatched bar), 3 day (open bar)
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Fig. 7. Biodegradation of 50 mg/L bisphenol A (BPA) by different
inocula of T. versicolor in the domestic wastewater containing
nutrients of the minimal medium. Symbols: 4-day incubation (closed
bar), 6-day incubation (hatched bar).
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30%9) A%
7.

62 o)uloll bisphenol A7} 100% 3} 5 ATHFig.

MES Al HAERA M ZHA

YMG vl Ao A} bisphenol A2l AJES] Al yeast two-hybrid
system (14y5 o}-83to AEZA 48 SHNG= 1, 25,
50, 100 mg/L bisphenol A EFENA] 6/\]7WH o J2ETA &4
o} Z+zZ} 100, 63.5, 324, 15.3%, 1273 ¥RE- Foll= 100, 89.1,
93.1, 62.5%7} 212t A3t Act.

[

A
t!l,“—“j“"}«—.ﬁ» Z TEWA Trametes versicolors 3139} o}
Yzt ot dRAA IS e 583 or Ralkita
By 6k g I:]'(13) ATl FEHA 7 HEH Al
bisphenol A 50mg/LE H7FStAS @ YMG wixlolA T
versicolore= 12A17F ool bisphenol AS 100% E3f5l5on
F 2wl A]el| M= 36A1ZE o[uloll bisphenol A7} 100% -85 ATt
FEELo] FHE YMG HjANME FFY o] a7 o
ol FamfAe Mt AR a)go) Eten U3 dio] o
2] NART Aol 93} 2,4,6-trinitrotoluene (TNT) w—sﬂ XM= 1}
ERATH9). 53 52l bisphenol AS M7} 3% bisphenol
A% 407 ety o] o] A ¥ —.3-: —’F A7) Wi
o #F7} FE38) AR & A=EE 59 AulY F bisphenol A
€ 7K dells YMG viAl M= 2413 P, Ham R e
6A1ZE ool 100% B3It A8k A] bisphenol A2 AR
7t S/ EE B Ipex lacteusoll A BILE Hl 91 O1(18),
TEHAE I3E o] NARTr) 23 TNT £ Alolx
YUENSTHY). Fusarium sporotrichioide NFRI-1012¢] 23] 40
mg/L bisphenol A7} 5Y Qtoll 999 oA} EalE]) on(2), 7
Al B2lE Streptomyces sp-2 1 mg/L bisphenol AZ 104 whoj|
90% ©l’d E-3N3HH(8), Pleurotus osmeausts 91.2 mg/L. bisphenol
AS 129 Bt 80% EAIATHGS). oo Way W T
versicolorc= bisphenol A9] £-3)&0] o> 558 o 4 Al]:}‘
ARG Tl 5 bisphenol AS) AR ) HA 34
S B3] 99 2%, pH B w8k 52 galdly "ﬂ‘v“sﬂg
& ZABFATE Bisphenol A 57} 5848 O B4 mEd
AEagol ZAastA= 1 mgLel 3% 6217 oWl 100%
a7t dofidon 100 mg/Le] FEAME 1243 Fo&
100% A= AckFig. 1) YMG HjA A &x2718 2esle]
Al PRE GRS ZARE A7) 350co)x] Balo] sh
=7 Vet o 30°C°ﬂ*151 71e] FAFskTHEFg. 2). v &
Sl Rlell A= 30°Coll A AEs o] 71 94731 05 35°Cel A
= EaliEol 30°Co] il kP R ThFig. 5). HAF-EFo
22y B EQ laccases bisphenol A AR Bedgtm
deiFon 45°ce] MuH T 2ZM laccased] 23
bisphenol A2l FEEo] 7HF FL Ro=2 HIEH A=Y (10),
bisphenol AS] AE3ho) Qlo] HAwlxjol] wig) &e A+ Wl
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Hal7t dojuls YMG wlAoA e TA 2ol 23l &R u=
119 laccaseol] Q&3 B3] 7o) 8 Ao= dathct
AAZ laccase 37 AFAE bisphenol A Ealo] FAgFS FA}
3171 8t T versicolor®] laccase ¥4 FAJo] vlg- && A]7]
A wiYd 7UH HFE HEEE AMRSEIA T versicolord] AE3}
EAloll bisphenol A SOmg/LE H7FIHES o 6A1ZF 2Hll 100%
-hv"sﬂﬂb - & B3 . o] dil= gy w A

28 X3 & pisphenol AQ} HESA)171 e Auioke] Avlel H]
-U-O]'Sa—g o= Ea)&e] & 2jo]E Holx) ¢kom bisphenol
Ag] E3Jo] 9lo] laccese BAdo] A FHLTE & 4 gtk W
AR Iro] BHl3le glod
dependent peroxidase (MnP), lignin peroxidase (LiP)7} TH3£%|Q1
Aog U JEUNS), YMG MRANA T versicolors] 87
A] MnP9} LiP9ll Y13 laccase®] ¥017}F w9 =A vebdthZ
} mAAD.

WlR] Z7] pHOl| W& FEEL YMG ¥R} HiujA] 25 &
7] pH 6] BiA|f A Esf&ol] 71 93819aL pH 7 o4ke] =
A= AR3NE] FAHE 1H4E HYTHFiE. 3 and 6). A
a2 oF PR ANA =3 RS Hold, laccase LT
pH 5914 bisphenol A2] H¥o] e3hcla ZALE v} Yrk10).
27] pH 69 ¥IX|o| T versicolorS AEEF1L bispheno! A 3
7Vste) YAAIZE ulR 5 pHE *]’3}31“0‘ o) pH 52 W3}y
Ao}, ko] AEsfol wjx)e G AR E HX) 6
o] & Aolg Heh)A ‘3%9&‘:} MARZF T A=
RGN AEHelge Rus oy} Auhgd o &
S AYE A7) WE 359 viFEEe wet ato] A3
Foll S WA = e Aog FHYKT). 200 pmoE A
B LS S W A BA ke @lde] el A
AAuEE SRS A AP WA el WA HA AR ek
Al TAA O] Aol T Eol dojd £ Holx|gt @AM Y] Az
TEHS ZABIAES W ol 7 FAFIE 2 Aol7} YehY
2] kA= H]Zﬂ/‘]) Mediator‘= laccaseol] 28l 2+ale= =}
SRS HaFE 98 =), AR 20)7]) 98ty
laccase®] mediatorS »@,7}0}01 bisphenol A9 F-5)-&-2 FA}EIA
= o HamjAoA ABTS7} 28145 A 71412121} HBT
H7E Alelle 2818 viRTEG ARsgc] W3ith ABTSE T
versicolor?} laccase®] E43-& 3U71A] 28 7}k o)At o]F%
ol laccase2] o] FAF] 24N 7 wEd TAZE W]
laccase®}o] WI-g-0] gk 9o o]-grV 53},

Bisphenol AT_? Aol U] JAZTZEQ gAEZ AT
AR 8- 3ted WEH] 7158 23AZITH17). Bisphenol A
7t ‘gv'f—sﬂi]‘?i 3 d2ER2 B4 Zhagria BuEded
(21), T versicolor®ll 23} bisphenol A AEI &= frE27 &
S S3350E # 1 myLe bisphenol AX 6A1ZF Wl 100%
AR d2EZA GAE 100% AAHAAT 122745

FHEAZE laccase, manganese-

N

E

r

o= %& FENAME ZF bisphenol Ax AN olrEZA
S92 7F oISl o] bisphenol AS) EjiHE©] o AE

22 295 dehlr] g2 Reg FAEH YA FolE
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Ao AA A dzEZA EPE AU
AAsNord HadE AAsta
ozt 2L AR 712ARE AA o #73d e 5
A=A R3] A48 T versicolordl] 213t AE-3)Z bisphenol
A7k 2P Aol A3 H85j0] ARHES 2R, ol
ARANMAE Aol gt TAH S HIEo] 10%Y Aol=
Ballgo] 2R w4 asted ol dAg U RS o3| ¥
AR A BeEL B ARSI BE Aoz
FAEAS. ol wat A ANES FESIT BTl o] &
o+ =T HFE T PAFS &L E A%, 30%9)
&2 HEIAE wole 6dAlol, 50%2 7Z-$olv 4ol
bisphenol A7} 100% 231 thFig. 7). o1 A= Ao A]
Aol ZAsie B fA DA oLl TAMI
FRE Z9N= T versicolor’} 283 F71x o2 A AY
il vehd 5 S 7oz FAHAh webd s v
F37 ¥heE 58 BseA vheRe 23S ThEo] o 88
73 bisphenol A FHrElgol A& 4= & ALE 7€t

FANAE7HA] 2d3)

HAtel &

e

—
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ABSTRACT : Optimization of Bisphenol A Biodegradation by Trametes versicolor
Ae-Ri Kang, Hyoung Tae Choi, and Hong-Gyu Song* (Division of Life Sciences, and
Research Institute of Life Sciences, Kangwon National University, Chuncheon 200-701,
Republic of Korea)

Optimal conditions for the biodegradation of endocrine-disrupting bisphenol A (BPA) were examined for the
white rot fungus Trametes versicolor isolated in Korea. T. versicolor degraded 100% of 50 mg/L bisphenol A
during 12 hr in yeast extract-malt extract-glucose (YMG) medium. When BPA was added to the 5-day pre-
incubated fungal culture in YMG medium, all BPA was removed in 2 hr. T. versicolor could efficiently degrade
BPA at 35°C, pH 6 in YMG medium. 7. versicolor could more easily remove BPA of 1~25 mg/L than that of
higher concentrations (50~100 mg/L) in YMG medium. T. versicolor degraded 100% of 50 mg/L BPA for 36 h
in a minimal medium, which is lower degradation rate than that in YMG medium. Optimal conditions for BPA
biodegradation in the minimal medium were similar to those in YMG medium. When BPA (50 mg/L) was
added into domestic wastewater, it could be completely removed by 7. versicolor. During the biodegradation of
BPA by T versicolor in YMG medium, its estrogenic activity decreased.



