The Korean Journal of Microbiology, Vol. 44, No. 3, September 2008, p. 199-202

Copyright ©2008, The Microbiological Society of Korea

ol

7| AISH

&8t HlAHlE A9l Fafi<t

FA

0>-

A

g d & ol ot WA sjuel 7AW Adpex lacteus) S T SR EA o of 3 8ol H]
$ e 2o} o] & e M FEAME 223 o) He) 8}l laccase B4 o) - 2ok RN
EAE A& L35S FAA717] 93t laccase B L F71A] 71 23} o} AL 9] laccase cDNAS T4 ¥
2 P23 74 Fu Ao FAAZ g oz =98} §A] 13 H L& glyceraldehyde-3-phosphate dehydro-
genase -F82+9] X2 2|9} A =¥ laccase FAAE AA D FAAAA A wl F27] Q1 A7) ol A 73
WA E o, A4 24 8A 7} L0 G B shtel w]AsE A BPA) 52 EENLERA X

A AAC NAME o 3.

Key words [] bisphenol A, endocrine disrupting chemicals, estrogenic activity, genetic transformation, Irpex

lacteus

TES g8t EdEo
2} 138 ET2ERY
gt} o3 L ¥E 2
o2 YEH] Az eie S840 FAR iHS
A& sk E2E0] 3lom, olE UlEH|F)
disrupting chemicals: EDCs)o]2}3L B-ETHE). ©]
FRME FE A7 BAE Welsl] wfiZel
g7t w9 Fag FAE A2 EDCel d
¢l M) e vkl gekEde] £9) wFof 23t
Aste g A

vro

h=Nye]
= R

T

o}

(15) ©|

o,
i
&
P
_>‘J_4‘
hch
ot
e
o
o)

v

@)

1o

& AFAT
Aoz o

HAEG F8 gad-g Balsle E47, = laccase, lignin
peroxidase (LiP) & manganese peroxidase (MnP)g 7}AZ 2
™, o] &5 2% dme] @), EDCY #3l(3, 21), ¥k
o A5 2 AEAle B8i(12, 14) T The GEsAg
EAe] Falfoll thet Bt Qivt WA Rg ol sl 714 %1
A(Irpex lacteus)®= S5 B (17), 579 Ha)(7) Le)ar v)
2#HE A9 E8f(16)d gt A7 FA=EAT S 7AISH
8] MP (2, 18)9) TAF 1% laccase (19)7F g vF 3ot
laccase E/3-2- TRt vl Fz= 2ol A v k3]

.

ul3r x}_

= a1

=

. "

*To whom correspondence should be addressed.
Tel: 82-33-250-8511, Fax: 82-33-242-0459
E-mail: htchoi @kangwon.ac.kr

199

o} A (Phlebia tremellosays ZRHO|ER7E e v A]ol A
ujoreh AL laccase?] BAlo] ZA EviEle S B,

of Wl WAL laccase cDNAE FTISFHTH22). 1Lt ot
518 o) AR BT Bl Al Bairt As] Hels
Boith22). B A7 e YA JHHE e g
23ty o E (1) oA 2] laccase cDNAE FAXZ WPHo =
ZIAEHAl] =g go 2N Ealeo] dE FHEMAE SE
shaAl AE-S 383t
LT
OfmH{Ad2] Laccase cDNAE T8t 7|AIESHAlS| #EHM

g i

o R Go A Beje 7AITHAE o] Aol ARSI
(7). $38A]E= PDA (Potato Dextrose Agarys ARE-815.0m
AR E Leem 511 #AE AFEEET 718 Y2 Yeo
=02)o] WS ulsic} ol A 9] laccase cDNA (accession
no.. AM282562)2 pBARGPE19] BamHI ARl AFdsre ZH
laccase L EME] pBARLACIS 7515t Laccase HEHUHE
7NAZHA =43h7] ekl HB2Q] ¥ AA-CaCl, S
AHEBII(L), BAAEA S AR FE A phosphinothricin #1343
o7 Muslgin) AdE FAASANZHE F DNAZ EEl8kL
W B EASHE pC TELE-phosphinothricin A&
A2 bar) B©] Z&}o|H(forward primer; 5-GTCGACAGAAGA
TGATATTG-3' & reverse primer; 5-AGTTAGACAACCTGAAG
TCT-3)3 AHE-8H= PCRES F-3)ste] duEle] A4 RAE
ekt



200 Yunjung Kim et al Kor. J. Microbiol

2H|IZONER, BlAHE Aol Hil U HAERA M  o® 53 A oF sorfe FANSA} dgElen o] F
5 24 N Jaccase BAo) 7FE w2 F ANy TFE AU o]
W AR )9 o B TFE PDAYA 597 Hlk B2 PDASIA o) n)ste] @A 7) AR o-tolidine™ T 7%
TAE Q3L o8 HAA] 50 mol) 2HA) A& oF 202 S HYa(Fig. 14), A A AR BlF 2ol 5ol
7re) FAE 3] 30°ColA] 5UZE ARk St AEk £ gAo] ERIFUTHFig. 1B). olHA HjF Z7]o) laccase
&3 A HAE Waring blender® 2o} AZE HAawA] 100 FAo] & T FagEo] W wiRoA] wi< 7dA) B2
miell 20% (viv) BEE HEskn vl A BPA) 37 9 W B E4e] @40 vehe 19 vlud v GEEA B
Aol vigte] oF 70%2] AelWAE Hole 5 BPA S0 mg/  AFE wjok 2715E Az 4= 7] W] gAY &9
L& T8kl 30CA 15t sHt) BPAY AFshs U 2}1 dekdct, #2489 pBARLACIS) ¢FE4¢] A2 31%
kS %Lol EAslnl AXASe] vk AAE n-hexaned. 013t7] 8k rpCibar F-4A)F Bo| EelolHE A8 PC
B2 223l7 o]& A cthylacetate® 53}k @ 24 900><g031A1 318t dal JAEE DNA FZH14 kb)o] 0.7 #% zgé;l
AHEY Btk A7 BPAS 3= 7718 53] (TFask TF7)9] QA ZRE SITHHFg. 10). ©] FAx2
HPLC (HP 1,525 series, Gemini 5 um C6-phenyl 110A 150x4.6 AEL FAAOZ v)§ =0l vl Ao 103] ot A
mm column)E AlME-Slel BAsigdud %"% ﬁ‘ﬂﬂl& acetonitrilev} thufoks) Tolw Mel A 2 taccase A} F-AE I

) rﬁ 2 m(o

H,0 (9:1, v/v) EFEALE AME319 T, 2455 E 1.0 mUmin®] A 7R e E, TRS TENEol 2% BPAY] H3E
oM BPA BF AloFS TYUS ZHo g A3 BPAS] ¥  HPLCE #43 A3 5 vl 2424]7ke) BPA (50 mg/L)E
== AARsa 95% o1 B35t ThTable 1), FAATAE] 23t BPA £-8)
kg S HES s dAERA 842 Shizuoka tHEF &o] o gol nlste HIE 3% point A% F-ASHAITE g
Nishida 2F25E FUHE yeast two hybrid system (Y190r& &Sk 2EZA 848 & AolE HHoh TR} TF7Y]
o] &-3}o] A1 THS). v ool FESRe | 2ERT S48 v 194 oRIFR
o o wrom, wick 2dAol= oy R niste] saf o) ol

BPA -"?"—‘EHI'-f’gOﬂM Laccase &8 24 Eg 249 A& HHTHFg 24). WAF-Fte] 3}L+°

O

Hl 2 e

|

O

Laccase®] B2 o-tolidineS 7122 ARE3le] 224319 Coriolopsis polyzona’} B9S2 laccase’™ 4A1ZF B4 HE
Q) AL o] 2NN 12T 0Dy, 0.19] 45E Hol= A BPA (5 mgL)yE &3] AASATH3). if}ﬁd E-’,“ﬂ“—‘?—?
Ao L 1 wite E FIATE Trizol FELEH (nvitrogenyS Stereum hirsutam™} Heterobasidium insulare™ BPA (100 mg/L
AHgste] 2h FPASA ] FAZHE F RNAE #2)8laL, 72}

RNAS thao= | §244 Aol 2743 pCR Zeho
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Strains Removal of bisphenol A (%)
- Wild type 95.3%£0.6
Zn 9 nE pe ’
Transformant 1 (TF4) 97.9+0.6
71 AZM Al laccase WHEWE] pBARLACIS 3448k v Transformant 2 (TF7) 97.0+0.8
(A) B © M R TF4 TE7

WT TF4 TF7

Fig. 1. (A) Comparison of laccase activities of two transformants with the recipient strain on agar plate on day 4. (B) Comparison of extracellular
laccase activities of the recipient and two transformant strains on day 2. (C) Confirmation of integration of the expression vector (pBARLACI) in
two transformants by PCR using vector-specific primers. The arrow represents the expected amplified PCR product.
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Fig. 2. (A) Determination of the residual estrogenic activity from the
culture supernatants of three strains on day 1 (white bar) and on day 2
(black bar). (B) Determination of laccase activity on the culture
supernatant of the wild type (white bar), TF4 (black bar), and TF7
(gray bar). (Inset: Determination of laccase expression from three
different strains at 24 hr by RT-PCR using the laccase-specific
primers. Upper panel for the amplified RT-PCR product; lower panel
for the total RNA).
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ABSTRACT : Degradation of Bisphenol A and Removal of Its Estrogenic Activity by Two Laccase

Transformants of Irpex lacteus

Yunjung Kim, Hong-Gyu Song, and Hyoung T. Chei* (Division of Life Sciences, Kangwon
National University, Chunchon 200-701, Republic of Korea)

A white rot fungus Irpex lacteus produced lignin degrading enzymes, which showed degrading activity against
various recalcitrant compounds. However, laccase, one of the lignin degrading enzymes, was too low to be
assayed by spectrophotometry using o-tolidine as the chromogenic substrate in this fungus under various culture
conditions. A laccase expression vector was constructed using a cDNA from Phlebia tremellosa with the con-
stitutively expressed promoter of glyceraldehydes-3-phosphate dehydrogenase gene, and introduced into L lac-
teus by the restriction enzyme mediated integration transformation through the protoplast-CaCl, procedure. Two
transformants showed highly increased laccase activities at the early growth phase in the minimal liquid
medium, and they not only degraded bisphenol A, a notorious endocrine disrupting chemical, but also removed

the estrogenic activity effectively.



