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FY oA Eeld F-EW Al (Trametes versicolor)ol] &8 W8] A <] E3 bisphenol AS] &3] &S

Fol7]

3t 2 AR HA2AL =AY T. versicolor: Yeast extract-Malt extract-Glucose (YMG) |l 2] ol] 4] 12
A7k o] Y ¢l 50 mg/L bisphenol A 100% A3 31w, 5 Tk A vl & A] ol &= 2A]3F o] W ol] 100% A A 35 =
Bisphenol A¢] FE71 Y845 & 5= 35°C, pH 60| A AL &o] 7HF T4hom wmute] of 3k =7 kst F
AR | A A Esl & o] 7t FkAq HAH AL YMG ul R o M &) f-Akst g of A RS0l Fedh=Ead ¥
3] &4 |laccase®] mediator @1 ABTS[2,2'-azino-bis(3-ethylbenzo-thiazoline-6-sulfonic acid) diammonium salt] S & 4
wj A o] A7+ ¢ bisphenol A] AE-871 EXH UG HFE T il A5 Aol A TAF vl o] =&
FF AL L] Tt =d 2 v Ee] 50% Y o 5ol A 7FeE 50 mg/L £] bisphenol A7} 44 Al ¢l 100% ¥

3=} YMG wiA| ol A bisphenol AS] A-E-3] ol wh2} Wl E0] Al ZAEAE JehllE &

E

EzA A3}
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e WA ANE AL o) Sol e 251 - wq o
= Ae7el F9siol ZAH Gl v Az FAZ o
531 glo] o] W2 A7} B o]l A T ek,
Al ) A e o dEsee) dsER s 4
B 282 sl PAH9 2v|2o|= FE A9 AP
e WANRIE6, 19, I B2 F2) 1<) bispheno

>
fr

+ polycarbonates, epoxy resins, phenol resins, polyesters 12
I polyacrylates®] g 13 AZELAZ ARSEH=H(3), F+ 7
o] nE7t AAH] U= w9 PE FERE AAHR] &7t
Z dojubA] &=t Bisphenol AS E3gHal el o2 vl
AEo] AT ZAE EalATe BARE R &ohs YRS
T (white rot fungi)o] HHEsld E8S COE ¢hds] E3lAZ
T e Ao FES AL JIUKG, 20). YA FFto] EHgh=
2layd 3] E247) bisphenol A E3flo] F8 G4 28s=t|
fEH Fad ESELEZE lignin  peroxidase (LiP),
manganese dependent peroxidase (MnP), laccase 5©] UTH16).
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versicolorS o2 7 Bz 1S FAskL, Bajgido] -
3 HPES Ve bisphenol AY] AR SS Z7HA17) 4}
3toH, bisphenol A9l A& ME JgiEZA EA
(estrogenic activity)e] 745 ZASFAIT

F5< A Trametes versicolor 951007-
22-5 monokaryon 5= 7Fdishu Ay apsh v) Ay E-A sk
oA EoFikth T versicolors Potaio Dextrose Agar
(PDA, Difco Lab., USA) v #|ol] HEst A7 okl #]
E7HA] AFEE oF 747F 30°Col A Bl SATE. PDA E 3R]
A AP FFE w7IZ v § YMG (4 gL Yeadt
extract, 10 g/L Malt extract, 4 g/L Glucose) ¢Aui=]ol] HZE3}
31 30°C 130 rpmell A 547t wjokslict. o] Aujkd FFe=
A (6,140xg, 30 min)ate] TAIE 5 A 10% (Viv)
2 g 5§ 20 mle] YMG Hi#] == ZAwjA] [glucose 10 ¢f
L, KH,PO, 1 gL, K,HPO, 1 gL, (NH,),PO, 3 gL, MgSO,
0.3 gL, CaCl, 0.1 g/iL]ell 0.5 ml FE3t LAzt W)t
st

Bisphenol A 23lj2] £ & =74
T. verscolorZ2 YMG HiR|&} FH x|
bisphenol AS 713l A AIZE B3 &, ZF bisphenol A

453 A%

g Zzalo Balsg WA £F YMG WlAsh Az
o #5E A A7 AR F bisphenol AZ B8N )
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Fsled bisphenol A2] RS H=E vlwstS]th. Bisphenol A
o] F%(1, 25, 50, 100 mg/L), %=(25, 30, 35, 40°C), HlA| =
7] pH (4, 5, 6, 7, 8), W= (A X], 80, 130, 200 rpm), HE
Eo] MujeF AIZKs, 7, 9, 11, 13, 15¢)S Eelslar &3 2l
H B a9 laccaxed] mediaord] ABTS [22-azino-bis3-
ethylbenzo-thiazoline-6-sulfonic acid) diammonium sdt] 200 pM
I} HBT [l-hydroxy-benzotriazole] 200 pM=S 718t T
versicolorell 2]t bisphenol A #-3l1&-S #4313t

Bisphenol A (50 mg/Ly’} X3H8 &34 sl5=52Aed 745
o] HAuA|e] ke /)81 T. varsicolore] A A5
o] WSS 10, 20, 30, 40, 50% (viv)E Zeldte] HE3 5 6
U Beke] B8-S ZABR AGE B2} ofaeto @ of
shste] ThE vl Bl €13 bisphenol A9] 812 HjAIAI R

Bisphenol A &1} E4{8HH

B ago] AHEE A bisphenol A7} H7HE A v A S
)2 187 vlfiEk 3 10 mle) methylene chlorideE 2L,
extraction shaker (Recipro shaker RS-1, JEIO TECH)°l|A4] 300
rpmO.E 30%E-7F Z+F bisphenol AS FE3 & A4l (4°C,
6,140xg, 30 min}E &3l fF71-8mS-S Eelstatt. EelE #
718l A 7)1 AZrE I8 Z(GC)E ©]8-51] hisphenol A2
ZHEFFS B8 en Geo xS ey 2ot 9¥ GC
(M600D, 3217]7], Kores) column, HP-1 (15mx 0.53 mmx 5.0
pm); injector, 275°C; oven, 270°C; detector, 280°C. Chromato-
gram®] 33} X2]= Autochro-Win (F#1717], Koreays A&
e

O2EZA M £F
T. versicolorel]l 2]k bisphenol A &3] FAdolA Al ~EZA
kAl o] W3l= Nishikawa 5(1999)0) && 7129 yeast two-
hybrid assay systems ©]-8-3td Z431tt. Bisphenol A7} 3
7FE T. versicolor B2 91418-2](6,140xg, 30 min)dte] AF
S-S 34319t} SD A [minima SD base (Clontech, USA)
276 g, DO Supplement (Clontech, USA) 0.64 glollA 1243t
w3 yeast transformant Y 190 (200 p)E A5 (12 piye] E
3wl SD HjA|(800 plyell H7FslaL o] EFANLS 4~124]7H30°C,
150 rpm) <t wiFECh viFE 3 400 e AAEE
(387xg, 2 min)3le] 3|4 yeast pelletsS 800 ple] Z-buffer
[0.1 M sodium phosphate (pH 7.0), 10 mM KCI, | mM MgSO,,
0.001% sodium dodecyl sulfatgel]l AAEESAA 16 Wel chloroform
< A7kt 158 F<F 30°CellA WESAIAT AlEel 4 mg/ml
o-nitrophenyl-R-D-galactopyranoside (160 pl)S H7}ske] 8A17F
ol WAl F 1 mie] 1 M NaCOE H7hsksith A=l
vehd =gk B-gaactosidase activity'= EFFEAS o]-83}
o 420/550 nmellA] 7431 TH(14).
= AYL triplicaez 33N o Ay= I FAAZ Y
BT BR= aror bar2 AT
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YMG HiX| L bisphenol AS| ME3H =X =71

YMG | X]ol| T. versicolor®] AF3 FA]ol| bisphenol A 50
mylLE 2] 6AIZF 7HE 22 bisphenol A2l FHEFS ZASIA
o 2 A% T. varscolore 124]7F o]l bisphenol AS 100%
A A YMG BiA]9)| T. versicolor® HE3te] 59 5o A
w3k % bisphenol A 50 mgLE #7138 23} T. versicolor=
bisphenol AS 1717} 591 56.1%, 24170l 100% &35kt
Bisphenol AZ 1, 25, 50, 100 mg/Le] F=& Hr}ste] &)
&5 IS W, X% Bt A2 957, 56.6, 4.3, 0% &
32 Jehiglen 1247 ol 2E FxollA 79 o Al A
ATHFig. 1). T. versicolor®] HE3} &4l bisphenol A 50 mg/
LS B3 25x08 P89S o 124131 vk § 35°Col|lA]
100% A A= o] a0l 7 3tATHFig. 2). YMG HiA| 9]
%27] pHE 223}t T verscolory HZ3 SA]9) bisphenol A
50 mgLs H7bate] 12417F wiFstAS W %71 pH 6004
bisphenol A7} 91% A A=]o] Eall&o] 718 953t th(Fig. 3).
wyke] PRS- 7] A grof 12417t Ao & Xl 994
%, AERS 95.4~98.8%2] H31S UERNSITE YMG HAAH)

Residual BPA (%)

24

Time (hr)

Fig. 1. Degradation of different concentration of bisphenol A (BPA)
in YMG medium by T. versicolor. Symbols. (@) 1 mg/L (O) 25 mg/
L ()50 mg/L (1) 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 Y MG 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 initid pH-
adjusted YMG medium.

Aol A T. versicolore] AulF A7k 2] st E-do] Aol
HXs 9FS ZARIES o 79 A 77 HET Al
bisphenol A7} 6417t Bholl 100% EajE]o] 71g = RS
< YeRATHFig. 4).

Z| A HIX| 0| M bisphenol A 8235l =X =A

FH Ao A T. versicolord] HE3} FA]o bisphenol A 50
mgLE H71etS w 24A17kel 49.4%, 36A17F ©]ujell 100%
a5ttt 28y T. versicolors 59 Aufjeksk 3 bisphenol
A 50 mg/LE 713k A3 6A1%F viF o|uidll bisphenol A7}
100% 3 = At T. versicolord] HE3 Al bisphenol A
50 mglLE ¥o] %%} pH7} bisphenol A AE3fo] mxE o
S ZAKEIIS W 30°C (Fig. 5)¢} pH 6 (Fig. 6)°lx] #3ll&
o] 71 $=5}9tt. T. versicolord] E3} FA]ol bisphenol A
50 mglLE Y& & ABTS 200 uMS #7138t A-9ole 2473t
oJuiell bisphenol A7} 100% E3 =AU HBT= 24, 36, 487
5ot Zt2t 252, 96.9, 100%=E medistors 71314 &2 w)
o} vlwste] Q3|7 e EIlE-S Btk
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Fig. 4. Degradation of 50 mg/L bisphenol A (BPA) in YMG medium
with T. versgcolor 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 T. 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 funga inocula were added with BPA into the initial pH-
adjusted minima medium. Symbols: incubation time 1 day (closed
bar), 2 day (hatched bar), 3 day (open bar)
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o]l HAuAe] JFdE T} bisphenol A 50 mg/LE 7}
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Fig. 7. Biodegradation of 50 mg/L bisphenol A (BPA) by different
inocula of T. verscolor 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%2]
7.

739 64 o]l bisphenol A7} 100% E3]= ATHFg.

YR Al HAEZH Y Z2

YMG H] =]l A bisphenol A9} A3 Al yeast two-hybrid
system (14) o]&3lo] J2E=ZA FAS =T 1, 25,
50, 100 mg/L bisphenol A F=olA] 6AIZHA o] o ~E=A &4
o] Z}z} 100, 635, 324, 15.3%, 1273k ¥Hg- Fol= 100, 89.1,
93.1, 62.5%7} 212} sl

I
-

1

WANRE o 2= T2RA Trametes versicolors 2] 1Bl o}
e} oefeh el g ek steS S0 R Eaditta
Bag vk QIek(13). & Al FEHA 5 JEH S0l
bisphenol A 50mglLE F7letds ®W YMG HiAelA T
verscolor= 1243+ oJWel] bisphenol AS 100% H33}53.0.H
F 2 Aol M= 36~17F ool bisphenol A7} 100% -8l = AT
FAEH] FHT YMG HiR|oME 72 o] w=7] o
ol HamR oM EY AEEEo] E%om U dde] o
2] WA RS o 23k 2 4,6-rinitrotoluene (TNT) E3llol A=
ERATh9). & SAlol bisphenol AS 718 7% bisphenol
A9l =40 = Qlte] 2] Ao AE WS 5 V] wWE
o] #F7} FE3] AFE = A== 54 AufY F bigphenol A
£ 71 wjell= YMG iAol A= 2417 b, H AR M=
6417t ool 100% w3 =] Atk AduieF Al bisphenol AS] AU
a7t Z71EE AL Irpex lacteusollA] B vl 9101 (18),
TEHAES XS o2 WARTTo o5k TNT &3l A=
YEbETH9). Fusarium sporotrichioide NFRI-10129] 2J3] 40
mg/L bisphenol A7} 5% Tholl 99% o] =310 (2), el
A E2)® Sreptomyces sp-> 1 mg/L bisphenol AZ 102 wholl
90% ©]4F #3351 (8), Pleurotus ostreatus= 91.2 mg/L bisphenol
AE 129 Bt 80% EABATHE). ol HlwE w T
versicolori= bisphenol A2] E-af&-0] ul-¢- 98-8 & °]‘:1r

WA RSt 9]¢k bisphenol AC] ‘ﬂ-r?sﬂ°ﬂ gk #4 g
728 gAE] 8l %, pH 2 1 58 2Elsty ‘ﬁtﬁﬂg
< ZARIH Bisphenol AS 5571 555 1 54 Wi
AEsEo] ZastREd 1 mgLel 3% 627t oWel 100%
237F dojwkor 100 mglLe] FEAXNE 12A]3F Foll=
100% AAZACHFig. 1). YMG iAo 2208 gejsio]
Aol mxe QEFs AR A7 3B°ColA wallEe] 7Y
A UE e 30°CAXE ALY FAIATHFg. 2). ¥hEel]
AR A= 30°Col| A ARl E0] 71 958k o™ 35°CollA
= TOH?__rO] 30°Col] Hl <kgF BolHth(Fig. 5). WlARSTe]
Zad B a42 laccase= bisphenol A A3E3ol] Hoditiar
g om 45°Co] MwA He L&A laccasee] oIS
bisphenol A} HAZHEo] 7P =2 ALoZ HIEHUA=|(10),
bisphenol A2} AJEaloll $lo] HamfAlol wlsl Fe AIZE ol
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37} dojuh= YMG Al A= Al ol 46} EERTE=
HF laccased]] ©J&E3F w3l9] 7hs/d0] H& FO0=E o dETh
AZ laccase &4 ABE bisphenol A TL“OH-Q] S A}

7] $18ted T verscolorA laccase B-H] E4J0] w9 =2 A7)
W 744 75 HEEZ AFESI T versicolore] HEd}
Aol bisphenol A 50mg/L~ 718l uf 6A13F whell 100%
He wf e . o] A= A oA
29 K3 = blsphenol A}t WEEAIZ = Adulloke] Ao} v
W3PS el Fa&e] & AolE HeolA| &S bisphenol
A9 ol 9lof laccase E/30] A S & F Utk 9
S o] BEHlsle lad B EAZ laccase, manganese-
dependent peroxidase (MnP), lignin peroxidase (LiP)7} tH3E&Q]
ZAog A J=v|(15), YMG #iR|9lA T. versicolore] A%+
Al MnP2} LiPell B3l laccase®] HI7F w9~ A1 YeElTHE
Z} m]AA)).

Hjz] Z7] pHoll W JERE YMG HiR|9} Han)A] B5F %
7] pH 69 WjAeA] walEo] 7P SEFAaL pH 7 o)) =
Ao e AuslEe F43% 7AE BAtHFg. 3 and 6). ¥4
BEHO oF AMZANA 3t Y-S Hol|W laccase ESH
pH 59141 bisphenol AS] Fgto] S-=3ltiar ZALE Hl ATH10).
%7] pH 62] HiA]9l| T. versicolorE ZF3aL bisphenol AS 3
7¥ate] AR vt F pHE /\Fﬂiig o] pH 55 3}y
Atk wglo] Awslol viXe Y ZARIAEH FA )
Fufeto] & ztolE YERHA] oF 9}‘3} RLE R T I Lt [
AR FNM aEHolehs Hae lovt sl o =
< A= 7] Wil F¢) EH”E dof| whe} ko] A7)
Foll e VA F e BoE FFATHT). 200 rpme.=Z
B gE SHAS W FARAITY B4 Aghe @de] vERH, B
A BHRS BF dAPE WA Woll §Al HA PR wik
Al TAHAS] Aol T o] dofdt X HolAwk AR O] Ax
FTHE ARIES o olg 11 TAFE & Ao|7} vEhd
A EJTHAEZ} v[AA]). Mediator= laccasedl] 9J3)) 4HslE = 2F
SRS WolFe 98-S sh=t(D), AEES =017 {8k
laccase®] mediatorS 3715+ bisphenol AQ] H-3]-8-2 ZAFSIA
= o HAujA A ABTSt wall&-5 FA S7HF 9 HBT
A7F Alddle 23] dizTtEoh AEa&o] Witk ABTSE T.
versicolor7} laccase2] 43S 3A71A] 20 71 EolA|qk o] %
ol laccase®] &/do] F43] FAET] wfZol T W
laccase®}2] WH-o] H Qg 790l o]-87}s3ltt.

Bisphenol A= Aol FUEo] AT 28] oA~EZA T}
AR 28-S 3l YlRH] 7158 a#AZITH(17). Bisphenol A
7} AEINEH 1 dAEZ ST AETA BuFEd=t
(21), T. versicolorell &3} hisphenol A A& = o|~E=ZA 3
e 2793195 W 1 mg/Le] bisphenol A= 6A17F Uloll 100%
AR BN o2EZA FHE 100% AAEJAATE 124715
oﬂh =2 FEANME 7R bisphenol A= §IAATE S ~EZA

Folaldtt. o= bisphenol A9 EaljiHEo] | AE
e 7] wiE?] Ao = FHE |EnA ol

ML AL

Mz OHT ro, EL

(
= _:
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Aol AA A AZEZA A4S AYxe FOAEZHA] 3]
AAN ok L adE AAlskar k.

ol 22 AR VIZABE AA 0 A A8 S
A=A R3] 3l T. versicolorel] 2§+ AE3NE bisphenol
A7} 23 Hlol AF A8ate] ARaE-S S5k o)A
ARoNMAR Aol thgh A9 HlEo] 10%% 7A5-el=
afgo] 1ohA] E4 %ﬁk‘itﬂ ol Hg W S0l ofs)
ARG Gro] A} el aa Hl7} A= A7) “H%OJ Zog
*Q‘}iﬁ} oo we} A S FHI G|t Ao d

T UEE HJFE T oA 1au HIES =< A7, 30%°]
ngi HEs9ES EHOHL 6L A, 50%2] 7390l 44l
bisphenol A7} 100% E31=AT(Fig. 7). ©18 Ax= Aujek A
ARsfso] FXEe 4T FAlSI dAZF ool dARKITE
HE o= T verscolor7} 53] F712 02 st A
Filss Uehd § US AeE FgHEnt u}a}/ﬂ TAs) wa
=] =] O =z

_%

LAl
B Age AR AR HASAE TS A o2 Ak
< FAJ @A HE 031-071-030).

mk
rot

k]
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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 Indtitute of Life Sciences, Kangwon Nationa 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 culturein YMG medium, all BPA was removed in 2 hr. T. versicolor could efficiently degrade
BPA a 35°C, pH 6 in YMG medium. T. 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
inaminima 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 T. versicolor. During the biodegradation of
BPA by T. versicolor in YMG medium, its estrogenic activity decreased.



