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ABSTRACT

Recalcitrant 4-t-Octylphenol used as a surfactant was subjected to the biodegradation with wood rot
fungi, Basidioradulum molare and Schizopora paradoxa. Two fungi were grown in the culture medium
containing various concentrations of 4-t-Octylphenol in order to investigate their resistance against
4toctylphenol. Schizopora paradoxa was reached to the full growth within 14 incubation days in the
concentration of more than 200 ppm of 4-t-Octylphenol, while Basidioradulum molare showed the
inhibitory mycelium growth as the concentration was increased. Schizopora paradoxa and
Basidioradulum molare biodegraded 95% and 36% of initial concentration of 4-t-Octylphenol at first
incubation day, respectively. However, the biodegradation capability reached to more than 95% after 3
incubation days. During the biodegradation of 4-+t-Octylphenol, the activity of manganese dependent
peroxidase was induced by the addition of 41-Octylphenol in the culture medium of Schizopora
paradoxa, but that of laccase was maximal before the addition. The reduction of estrogenecity was
assayed by MCF-7 cell proliferation test and measurement of pS2 mRNA expression. The level of pS2
mRNA was decreased down to the level of baseline at first incubation day. Also, estrogenecity of
44-Octylphenol completely disappeared after treatment with supernatant by Schizopora paradoxa and
Basidioradulum molare from first incubation day of culture down to the levels of vehicle.
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24 (estrogen) # 218 2H4-% 3l B2 S FALE
2 & (xenoestrogen)o|#i #r}. dutH oz YlEH|
A Aea F gREo) olgd EA Ao, &
A9QEA Fde WEAHoR ¢FAEF(alkyl-
phenols)7} ololl Slgett dAdEFe dEEZA
B fAHe 2E| 202 TERE AU YA E ot
Al ol ~EEA F-&A(estrogen receptor) ]
ERE (estrogen response element)$} A§gHo 2 M
A2EZ AT FAEHA o8 AYEE Fishe A
o2 4elA glth(Sato et al., 1991). °|& ¥ZH=
£ Z 4-pentylphenol, 4-Octylphenol, nonylphenol
isomersE Eg2d 5 FAFAFY AdshEAAG
HAA & Hjo] A AAAAY S22 F2 AN
gz 9onz £A09 2 AFHdAa fEse &
A7 a9ld o3 Adl FYHAE A7t Aol
=1

A2 o) 74y EAE AETHY WS
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g shaAe fEE G B4 ngERs
F7t 8 e o]Fo{X 1 itk (Ronen ef al.,
2000; Lobos et al., 1992: Furusawa et al., 2000:
Chatterjee & Dutta, 2003). WARFFA HAtiAl
(Phanerochaete chrysosporium)-& ©]4-3 phenan-
thracene® E3j7} &<l o]F(Hammel et al.
1986), WEuA Aol 22y} B dEfy 2
| MEEF AT WARTHG 0] &3 A7 A
xog £y vt

ahg|glolrt B4 G B sl Bl
AU 91 B F79 B Ea%o] #asdt
=uby AR ER0 H|EolHel HEY] FAE of
g3l B3 Al2dS FRATIL dong ASHY
27} 1ssitt. old BYEE F8 g48E BAR
o glade HgHog AAsE a42 & 43A
9)+& lignin peroxidase, Mn-dependent peroxidase
2 Mn-independent peroxidase. laccase &jol%®
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Fig. 1. Chemical structure of 4-t-octylphenol.

(Tien & Kirk, 1984), 48890 > B3 2 7 433}
Z¥H cellulase, oxidaseT 9 o2 AaSo| 4
F #A0 wFo] SEEH T YE Aol EIE ] HE
ET(bioremediation) Fokollr WMEEZ Zg
4 Blste A7 Ha itk H 2o wAaRFER
#d dEAMAd B2 £ A7 Trametes versi-
color, Trametes villosa, Pleurotus ostearus % TF
e 7& U Z A7t AR T e (Glen et
al., 1986), T & ] A WAREFE o] &
3to] dREAY BHLAEEY o3 79 gas)
HERE Eilsts A7t olFo iAo,
1998 <t= 3, 1998: ¥ 5, 2002).

2 AFdME BYRIEFE o)8319 4-t-Octyl-
phenol®] F37ls43& AR 2 Rés 24 &
3t g F EajiE dAaERAY AP A8
€ MCF-7 M EF2] F4A43 pS2 f-xxte iy <
$& F8hd P
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2.1.

Ok

NEYY R

M

AARREA7 T 2 A8 FAAH BF HEHA
FNER BEo gl AWBAA 4-t-Octylphenol
< TAEAR A3 FAEAY gorzae
Fig. 13} 2t} FA#FE TELEsted vjgEs)
A 7] BRaF 9551 44 4N 38FS iy
% 2 RBBR (Remazol Brilliant Blue R)*j¢l &J3}e]
AdE ¥ gad Eas drkea 2 558 Ag)
AZEALE E38t] EolWW Al (Basidioradulum molare)
#} FFYW A (Schizopora paradoxa)& ENTFE
At

22. HgY &3

4-t-Octylphenol 100, 200, 300, 400, 500 mg/ L&
8 YMPG #i=](1 29) F574%, glucose 10 g,
malt extract 10 g, bacto-peptone 2 g, yeast extract
2 g, asparagine 1 g, KHaPOs 1 g, MgSOs-TH:0 1 g,
thiamine 1 mg, bacto-agar 20 g)oll 2ol@uiAlx &
TEHAE FEF3 1493 30ToAA A ujge
EA Y G #ALY ARUolE EA )
z} 759 13 4-t-Octylphenol F%o )3k 284
< A3

2.3. HPLC &4

TALS] Aol Hazo] 9 oY 7o 20 mM
4-t-Octylphenol stock solution@23€ 50 uiA&
10 me9] B384 AAui=|o) H71sto] fuf=
e IFE BFEE 100 pME ZA 3] 30°CoAA] )
FeAch. Mgt B35S 2AME) Y8k A
7t F 1,3, 6 12%°] AUE Z+ wjgrirds
n~hexane 20 m¢& o] 5 min7k A A& A EE1 10
min?t A A7l F n-hexane & HHN& o] &3l
et 352 A ethylacetate 10 més}
n-hexane 10 m¢®] EFLoj&E Yr1dle] A2 3
Ko 12 & A3} 814 0.45 yum microfilter 2
A& st ¥8'5 Waters symmetric column
& o] &3 HPLC (Hewlett Packard 1100 series,
Germany) 2 A% £435}] At EH2AL flow
rate, 0.6 m&/min, €9 CHsCN : water = 80:20
(v/v), detector UV 240 2 280 nmdllA] isocratic
FHeo2 ¥4y}

2.4, A% Y R EI} XA}

MnP (Manganese dependent peroxidase) 2 laccase
o 97t thFd 2L Wyges EAs%ct. MoP
74 ABTS(2.2"-Azino-bis(3-ethylbenzthiazoline-
6-sulfonic acid))(0.08 g/4), H202 (0.1 mM), MnSOs4
(0.2 mM) 2 0.2 M lactate buffer (pH 4.5) &%&
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ol g3l 2R o 2aLNE AY Fol 7t
e =2&L HAEAC Laccase G718 A4
ABTS (0.8 g/¢) 2 0.1 M sodium lactate buffert
& o] 23Tt MnP$} laccased] H7M ABTSE 7]
FOR E44= 36,000 M'em & H&ate] AES
t}. =3 4-t-Octylphenol 7t 2l3te] W3alE =
MnP, laccase &49 471& #asl7] 93t AA
iAo #FE HEE F W 64z 28 A=
- AL A F 129z H0bE Yo FUE HeE
ZAL3 Tt

25 MY A 4E 5

A ZAM) oJsted AR Zo|wAlR F1
WA H4 &% 9w A& #sted 2% malt
extract agar 2 YMPG wjxloll HZ3te 17, 25, 30,
34°CAA Ztzt ujgsle] wjd FAMEEE F4st
o] zAbstTh E3 gAY 2 A4 BE 549G
7} W3l 2487 $5ked AR WA glucose
2 asparagine?] WA §HEHE FAst WY F o
AZF A AL o) F APl 2E NG o8t
Aq7He FAATH

2.6. 4—t—Qctylphenol % FojM=0
s AEZHN HIt '

2.6.1. X ® EBN A

w3 285 1 o] DMEM (Dulbecco's modifi-
cation of Eagle's medium)$} #E5 =7t 1 mMo] =
%2 godium pyruvate % 7.5% NaHCO:& #7H&
% pHE 742 ZA% 3 0.2 ym filter2 AF3IA
2 ¥ G2843 A2(56C, 30 min)¥ FBS
(Fetal Bovine Serum) 50 m¢E #71sle AF 5%
FBS DMEM #ix1 & Az=3ldch AZE wl=] 9] 2.9
ol 37T Hlgr]olA 48 h vige §F wjxie] @
F - B2 s wiYgE AEE F5I] 9%
0.25% E@AEA3t 0.2% EDTAE 242 A8
PBS:0.2% EDTA:2.5% trypsin (8:1:1)& &34
0.2 ymZ A#g T Aol A&

Al FERS oA - HEdE- Ao - HdA

2.6.2. N9 AHCHH) ==

AE7 20} Q& 25 cm® ZekAA(Corning #430168)
o Mg F9 - AAZ &, diFEHA Folgl= I
A& AAs7) $i8ted PBS (Phosphate Buffered
Saline) 9% 5~6 me= MASAT. 1 F 0.25%
EYLgde Zep2a o 500 ptE A7Fekd 1~2
min A% wjd3lydct. MCF-7 M%7} SehkxAntd
ojA] Wojx L} iR 5 meE Hol WAL F,
15 m¢ YA EH (Falcon #352097) ] EF3le] ¥4
E231(1,000 rpm, 4C, 5 min)stath A59-g &
AAS L 2 viAE Yu Ao AEE G
Ase T AXFE ASHAT. M2 AE FE
25 cm’® Eeh239 5% FBSS ¥318 DMEM Hjx| &
5 me Wi, 4~5%10* cells/flask’} HEE ALE
Bag & Zelaag JAE oA A3t 2¢
A B EE dla] 5% COp, 37T vid7]olA] v
o¥atgict. 3~4 Goll g Wi g F< - AABI L A
2 WA ngstact AXe AdE 6~8Y 14
o2 Aguldg sttt

2.6.3. Charcoal—Dextran 2|

g3 Fol I8 AEZTHAAE AAZ}] 5t
&3 go] AYslch Aol dE FHdUFE
o 5% A(EAEX1.1 mb)S Hlstd] BAE
ABRA FH4-E W dstE AR B2 EE
o] X SAeHE BAAZ & Wi std (250 rpm,
2 min) 84Y 2HAAE AANAT. 2 F 0.5%
dextran (B3 Fx1.1 m)E ¥ FAAFNA F
252 e 5 golge HFo] FAHES BAAA
A48 89600 rpm, 5 min). 4E% S FY -
AAG & 3L Y1 7|0 MHEE AA3]
wukete] FAeHE EARA AT o] & 37T XE o)
%7104 60 minZt Wi¥F F AMELHE A
(3,000 rpm, 20 min). GAF FZHE 0.45 ym, 0.2
pm filter 8 3} WF#sted 10 me{ FlYHFEA
A~Eml AR E5F F -20CoA BAstn AHA A4
2 853 & phenol red free iAo &4t A
2] A& 5% 715t E-screen assayell ©1&3k
=3
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Fig. 2. Resistance (left) and biodegradation (right) of 4-t-Octylphenol by Basidioradulum molare
and Schizopora paradoxa depending on incubation days.

26.4. MHESAHY NH

AE7L ol Qe Fetra e WA E A A st
PBSZE 13 AAg ¥ 0.25% trypsing A3
500 w0E 718t 1~2 min AX #WSAIAT). wiR)
£ 15 m¢ YA FRo] XA 4T AR
2](1,000 rpm, 5 min) 3 F 434L 2AAHA A
At Mxe Aol wel YA Wi E 7}
T A" st AEE G2 F hemocytometer S
|83t MEFE FHIA}. MEFE 5x10° cells/
well 2 96 well plate (Falcon #353072, Non-pyrogenic)
o 400 O AXE EF3HT} A HL W)
2191 5% Charcoal-dextran activated FBSS ¥ 83}
= DMEM 90 me¥ Z+ welloll 713l A EEF (4t~
Octylphenol) ¢] ¥ =& ZAsle] 2+ £x¥E 10 yo
€ welloll 7lech ojd) SAUIzEAEE= DMSO
(DiMethyl Sulfoxide) & 7}8t] 5% CO., Wi%k7]0) A
6947144 h) Wit MCF-7 A2 Z4 2 total
RNAE #23le pS2 f-dxke] wd %8 RT-PCRY
& o]&3l A3}

2.6.5. pS2 mRNA 24

AEZ Ao A9} o] NEE Fulsla AAtd
HEZE wellF 5x10" cello] =2 6 well plateol
e T 5% CO2, 37ColA 24 h aiFstsic). 24
h ¥ steroid free DMEM (Phenol red free, 5%
Charcol-Dextran A&l 5% FBS7} d71€ DMEM)
& 2 me¥ BF8 ] 72 h ¥ plate el A Rol=

2ol AAE WiAE I AFH AEZ A AN
o} Zre g oz AEslth. M-MLV reverse tran-
scriptase (Ambion)& A3l cDNAE At
1 y8E ¥ 22 Tag DNA polymeraseS o}&3}o
PCRE A#3l=ul pS2 FAAE ZE357] 931
forward primer 5-GGCCACCATGGAGAACAAGG-
3’9} reverse primer 5-CCA CGAACGGTGTCGTC
GAA- 3’8 AM83t4 303 ¥HE =88ttt House
keeping f-4A= human 1AE ©]-£38l99.e™ forward
primer 5-GATATGG CGTTTCCCCGCATA- 3'} re-
verse primer 5-GGATTTTGGCGT AGCTTTGGT-
3’8 1AZ FE3h=d A438l%th PCR AE 2
50%E agarose gel (pS-2; 2% agarose, 1A: 1%
agarose) | loading ¥ 100 volts2 ¢} 30 min3tF AY
€ Zo W719%¢ +¥s%t. EtBr (Ethidium
Bromide) & ©]83} dAsigion) Yehd gae
Gel doc 1.000& AH83led EAMaiich 24€ pS2
mRNA®] 7€ 1A mRNAZ ¥Z#sisct

3. dut & 13

3.1. #32| 4-t—Octylphenolof CH3t
MY U Bas
4-t-Octylphenol 100. 200, 300, 400, 500 ppm< &

& R4 TR L ZopuhmAle] FA} A
e 149493 A8} AL A A= Fig, 2
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Fig. 3. Induction effect of manganese dependent peroxidase (left figure) and laccase (right firuge)
activities in the culture medium of Basidioradulum molare and Schizopora paradoxa by the
addition of 4-t-Octylphenol (Add : incubation with the addition of 4-t-Octylphenol, Inc :
incubation without the addition of 4-t-Octylphenol).

o} zith, FAP) $A13] HiEL U4 E F8se A%
3ke] Zol7t 8.5 cmol EBEIAE WE &4 AL
2 7FEe F 75 BF 4-t-Octylphenolo] 3
745 A e tERTAME dY A 1~2
cm oo 2 WA Asie] AT dH A=
5~70] £254c} 100 ppmel FEoAME F &
z g% gz7e nlaste 2d AR A 44 A%
o) B3l oy} 200 ppm FEME FTHHAS
14 o, ZolunAle 11do] H&A 4-t-Octylphenol
o} ol oJste] FAF Aol 43| AFHU.
300~400 ppme.& X7} F71ee whet ofztel A
4 A g-e YA 500 ppme] LFEEANAE Aol
Ssle] EFHw Al ol A2 4-t-Octylphenol
o] H QB A 2d o]go] FEd Ao
= At}

100 uM¢] 4-t-Octylphenol& Au=|o] H7}ske]
glokr)zid e AE B35S Fig 2(08%)¢9 2
o}, Z7awAle dd 1944 FYH 4-t-Octylphenol
o] 95%E Ba|A]7| L Solu AL 36%] Eal5S
YERU & 75 25 3gAdl= 95% ol 2
Baeg VeRAT ol ml$ mE ATt Zai7t
01812 JehR| W A& BE-E7] (bioreactor)
S0 Ag AFE Bt Fr1HQA #F AT Aol
g gstelet Ata€rh

3.2. 2490 4 {8y

4-t-Octylphenol H7} AF 9] EF7HHA 9 Fol
Al skl o] MnP 2 laccase?] W3l Fig. 3%
2t} 4-4-Octylphenol H7Fe FFEHANA wjk
A3 vl wate] wjF Fo) ALH OS2 MnP |77t &
7hete FEEFHIF ARNES VeRdu, SolEEiAlg
A% A7l Aol Hz:el MnP |7HE JERRY]
4-t-Octylphenol A7}l &8t X3 Hri7l i
atglch. Laccase? 7A-golE ¥ &5 EF 7} ol
A1 9712 Yekd F AA3] rstAY Wt
29] 4-t-Octylphenol B7tol 23 =g} Qe
Aoz HAFHRAY.

3.3. DA AHY 44 =

4-t-Octylphenol H7} AFe] FrHHA 9 o]
W] A uix) o) pH ¥sh= Fig. 49 2ok F73
WAL Wik pH 4.891A41 4-t-Octylphenol H7F A
72 3.82 A8t H7b Fol= pH 3.8~3.6&
=5 Folub AL of7k @& pH 3.8~3.4% #F
7t ol ZA AT, TF Al doiA widy
We] pHE 4-t-Octylphenol A7t 2|3 &4 EH|
EE BEAEe] A #57 2A Aaeilie
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Fig. 4. pH change in the culture medium of
Basidioradulum molare and Schizopora
paradoxa due to the addition of 4-t-
Octylphenal.

Aate] wxo o3t Be 4L e AoE A}
sEd. Exe] AYPN F dF EF %7] pH 5.0,
=5 30~34C, YMPG ul=|o| A HHe 75 A%
ZolAem gAhd ¥ A2UE 4740, 1, 292
Halald A FAY] AGHEE #Es A3 glucose
10 g, asparagine 1 g& ©]-&%F 7] Eul=|(18])ohA
Al Hdf Al =gE)

3.4. 4—t—Octylphenol L &&|AZ0
CiSH fAERAAN B}

3.4.1. MCF=7 M 29 B4 O|X|= B

B A7 e A fddHlEQ MCF-T Al 29
A X e 9% HEINGT. FAEAQA 4t
Octylphenol & 32 100 uME H71g AejolA 2
WA Zoldoz wigd ¥ 2z 1, 3,7, 12
o Fo] uigA g ANF 5] MCF-7 A% wjkA Hr}
gt 647 vl F AEFTH R BHFAAY HE
Fol FAET DMSOd 23 9ge | wste
A8kt 4-t-Octylphenol®] 7-$ A% 100 uM2
54 MCF-T A Z2d fo4 A 98 v
A3 A&E At o, He] Azto] Hutgo] o}
2t 2 ZA7 Zadhs A& e FrEuiA
o o Al A4 M F Wl AXE T4 fx
A7 Fo4 A FaEe ExEEs 59§
& Holg Ao yehgon, ZojumAE A

3Y A o]Fo] NE FHo) viAE AU} TP
TELE I WAl H3E Aoz JEhyt ¢9)
HPLCE ©]&& &4 ZAxo)A 4-t-Octylphenol©]
HEsHA FadHou, AE F44 AFAE o
L OE @4E Y FAEY, FTEuAld o8 2
3 AFEo] 23]8 MCF-7 M¥2 F44E AAsh=
EFHE U F U EFEuA o8 Ny
124 A 58 AR E FAGPd vlstd AL
F2Ao] 50% AEE Zastg o, ojs e Ax
7t HE 5400 93 AU, A Z 22 Hhg QF)
fridet AEQ MCF-7 A X Bold F49A217 o
Hol #AFHAME F o] A7 o8 AoE Alg
o o) ToluHAle] Eaf AERE UE A4S
Bof FA E3 EiEe YEE wkgAdo] A
g 37 olFo] A FadE RO n)Ro] 4~
Octylphenol] 74 A5 SoptAle] FAA ol
N7eHA ghg3te Ao Yehdth(Fig. 5).

3.42. BXFAX U A3 Aol 0jx= IY

MCF-7 MEF A o] &5+ marker FHAE o]
3t 1 BRAYE FH3 AXe F43 yys)
o ZHAEY dJrERA EFEAM B 9 &9
€ Q5 Fig. 6014 vehd A} o] okadut
SER o]&d JAEZAN FAEAS 4-t-Octyl-
phenolell X235 W pS2 FAA 2dFo] FEH
© RALE Ugxtov, F7HuA 2 oo
2 A FHIEZ A9 S W MCF-7 AX
o] pS2 Fr#x o) FAE ity AE 19 F,
B3 FY Fo 2 A AL sy
(Fig. 6). °l&= 94 AXFHAA Bole A7e
TLT AHE 4& F U%ey, AXFHud 4y
o] A#g LA FACE FolwwAl Y pS2 FH
2wy oAk Wslo) M Eu Al v ps2 &
HAAle] W] FH o Zr1d Aeledo]) el
of, AYo) AHEE F Fo WARFHO OE FHO
BNEE AL F doke dES 92 F U
o} 4-t-Octylphenol& ¥4 R0 Fojsie =
o] 22 vjx) S FN3 A3}, 53] AZoA
Aot @o] skl wel Yelts, &g
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Fig. 5. Reduction effect of estrogenecity of 4-t-Octylphenol by treatments with Basidioradulum
molare and Schizopora paradoxa.
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Fig. 6. The effects of 4-t-Octylphenol or supernatants from Basidioradulum molare and Schizopora
paradoxa treated with 4-t-Octylphenol on the pS2 mRNA expression.

& RE 2AF23AL AT AR AXEst A upba] xpFe] A Aul A Ee] F2o] HAE] Ft
3 xS gEEg oy, FYETOE ALEE 178 3ted 4-t-Octylphenole] dl=EZ Mo 2 o] Fart
-estradiol}t} 4-t-OctylphenolS F-13%F & 5ol e Aoz AREHUYTHFig. 7).
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Fig. 7. Histological changes in the uterus by
the treatment of vehicle (1), estradiol
(2), and 4-tert-Octylphenol (3), and non-
ylphenol (4). Arrow with head indicates
the epithelial cell layer of uterus.

4. 4

HE344¢] 4-t-Octylphenol®] ERAE &7} o]t
nAERIHE Yt YA SolwAL A
et om A AN F FFE $E9 St
of Wz} A3 AFH AL ngoy nEEQ
500 ppmoll A= FAS] AFo] A&HY R, Bl
FAL A F g5 BF 3Y o] Fol= 95% ol 4L 1}
EbJ}, 5 @0l 9§ 4-t-Octylphenol 84S
& EEZAY Pt A MCF-7 AEZ4 o] 1]
e FFE AVE A F7Y6A 2 SojHnA
Aol oate] 1 BajatEe] M yhg-Ao] 3}
F oo &H3] Zasgon, pS2 FAate] wE
<= A 19 Fo s Frhs FXE Ty Y
Fo 2 ZAst o 2EZA {AF MCF-7 A9 &
Ao 438l Fag ez YehgT)

AL AL

o] A79l AFE-L BK21 (P33 A7Y &
AAE), A AYTFATA Aol 9FA
FHHAFY.

10.

11

S

. G E, HAE 1998, A Eajiol 9§ 456-triguai-

acole] WAE Ea, 9252753, Vol 26(3) 3~72

- H AT, b3 1998 B2 F&jFo} 9% pentachloro-

phenole] n|4g £3), $=2AF8, Vol 263) B~62
T, olA4, &3} 2002 Monochlorophenole]
52 97 g% &3 54, §=F 4% 83, Vol
21(4):. 261~268.

Chatterjee, S. and T. K. Dutta, 2003. Metabolism of
butyl benzyl phthalate by Gordonia sp. strain
MTCC 4818, Biochemical and Biophysical Re-
search Communications, Vol. 309 36~43,

. Furusawa, S, S. Nakai, and M. Hosomi, 2000.

Microbial degradation of 4-Nonylphenol J. Jpn
Soc. Water Environ, Vol. 23 243~245.

. Glenn, J. K, L. Akileswaran, and M. H. Gold, 1986.

Mn(II) oxidation is the principal function of the
extracellular Mn-perxoidase from Phanerochaete
chrysosporium. Arch. Biochemistry Biophysics,
Vol. 251: 688~696.

Hammel, K. E, B. Kalyanaraman, and T. K. Kirk,
1986, Oxidation of polycyclic aromatic hydro-
carbons and dibenzo{pldioxins by Pbanerochaete
chrysosporium ligninase, Journal of Biological
Chemistry, Vol. 261: 16948 ~16952.

Lobos, J. H, Leib, T. K, and T. M. Su, 1992. Biode-
gradation of bisphenol A and other bisphenols
by a gram-negative aerobic bacterium, Applied
Environmental Microbiology, Vol. 58: 1823~1831,
Ronen, Z and A. Abeliovich, 2000. Anaerobic-
aerobic process for microbial degradation of
tetrabromophenol A, Applied Environmental
Microbiology, Vol. 66: 2372~ 2377.

Sato A, H Justica, J. W. Wray, and C. Sonnens-
chein, 1991. p-Nonylphenol and estrogenic xeno-
biotic released from “modified” polystyrene, Enviro-
nmental Health Perspectives Vol. 92: 167 ~173.
Tien, M. and T. K. Kirk, 1984. Lignin-degrading
enzyme from Phanerochaete chrysosporium :
purification, characterization, and catalytic pro-
perties of a unique H.Orrequiring oxygenase,
Pro. Nat'l Acad. Sci. USA, Vol. 81: 2280~2284,



	32-1: 
	32-2: 
	34-1: 
	34-2: 
	35: 


