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Isolation of a Nonylphenol-degrading Microbial Consortium
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Nonylphenol (NP), which is well known as an endocrine disrupter, has been detected widely in untreated sewage
or waste water streams. Given the necessity of discovering an eco-friendly method of degrading this toxic organic
compound, this study was conducted to isolate NP-degrading microorganisms from the aqueous environment. NP-
degrading microbes were isolated through NP-containing enrichment culture. Finally, a microbial consortium, SW-3,
capable of degrading NP with high efficiency, was selected from the mixture sample. The microbial consortium SW-3
was able to degrade over 99% of 100 ppm NP in the culture medium for 40 days at 25°C. The microbial consortium
SW-3 seemed to utilize NP as a carbon source, since NP was the sole carbon source in the culture medium. In order to
isolate the NP-degrading bacterium, we further conducted single colony isolation using the microbial consortium SW-
3. Four strains isolated from SW-3 exhibited lower NP-degradation efficiency than that of SW-3, suggesting that NP
was degraded by the co-metabolism of the microbial consortium. We suggest that the microbial consortium obtained
in this study would be useful in developing an eco-friendly bioremediation technology for NP degradation.
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Nonylphenol> At 504 o4} &3k AFg A < 714
of A mlo]& AHE/ At A=A o]-&% alkylphenol
polyethoxylates(NPnEQ) 2] E3|AHE 2 3422 2| & oy 4=
g FollA n ol o3t 3714 2§74 2l E Fl
NPnEO®] o 5417]7} 2} 23}5]o] 22402 nonylphenol
o] AT d A Qlth(Giger et al., 1984; Ahel et al.,
1994; Fries and Puttmam, 2003; Azevedo et al., 2001). AF¢]
ALt 24 Sl el Ao EASE L dAstor 4]
=]= nonylphenol 2}e18l7 Fol4] Bal7} 2|7 ore 57
o2 Qs g4 e de A7 53] eAEsol it W
Bl Rerg AR 2883 gk AR AHA 9lo] 44
e SHollA Fagh Iilo] ¥aL §lok(Fairchild et al.,
1999; Yadetie and Male, 2002; Karels et al., 2003; Hernadez-
Raquet et al., 2007). A%t @A -2juete] A 2 59
nonylphenol©] Z52ko] ol A5 ol7] Sof] thgh Ale) AR
AAA O o]ol A 914 gkt A A So] ofa] #A 2l
o177} AE T k. AR7EA] ZALS AAjeko] mE Ao
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+, AR A HZ% nonylphenol 5=+ 113-3890 ng/g dry
wt. ZA] BjoF o2 5= sP Ol ZH7Re Aol A A e
Wbyl #1811 (Khim et al., 1999), =374 142 Y&
v Ao S o] W3t 7] 2 FAFol| M= A3 117 A -9 a4A
A 2ol A 6.0-119.1 pglkg ] == Hol= A0 W3yl o
™ (Cho et al., 2004), A|3}& 4=%2] H nonylphenol 5E+=
3.6 pg/L 23 Baskal QIrh(Li et al., 2004). o]2]3t AL A}
+ @A B2 F9 nonyphenolo] #7 FO 2 BjEE L Qlth=
78 AASHL 9AEF. 53] nonylphenole] 79 S Bo Al
Mo 2T SEAREY Wi Bk A 2431 5]
mZof 4278 5] nonylphenol o] 3o gk ZARERE of
Y2} nonylphenol-2 &7 %1314 Q1 Wi 0 2 2|73} A|7]= 7|
S/l e a5ttt

ot el sletEdER @
Hog AEsha A 71ME of8st
sto] HFA R i oitEt AR 7= A
2ol WRio] 2 Z1ehAql Wi o ® Q1A Al Qlth(Ripp et
al., 2000; Kim et al., 2007; Kang and Kim, 2007; Lee et al.,
2009). @A U L]ol| A EF Foll AHFdh= 5o, AR 9 +
Sl=Aoll gt A=t Q] el wet A7t ers] X3
o] QIth(Kim et al., 2004; Hussain et al., 2007; Shin et al.,
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2008; Park et al., 2011). 3}A|9k, =AEH of] ZHF-5= -3

t}(Liao and Chang, 2004; Jayaweera and Kasturiarachchi,
2004). 5142k nonylphenol o] AE3ta] Eajo] atol i =
©]of| A %= nonylphenol 23l W|AYE2] Fejof thet Hint &
o]8l= A=olm o= ol gt AF7E ofF] o] Fof
Z] 3L R A] ¢Fth(Tanghe et al., 1999; Fujii et al., 2000; Fujii
et al., 2001; Corvini et al., 2004; Junghanns et al., 2005; Shi
and Bending, 2007). oJo] & A= =AY 2o sl 9l
= A4 PA8EE ©]-8-5t] nonylphenolZ 7 Z3H4 Hp o
=2 A 4= Sl e A 7les 5] fistke] WA
nonylphenol -3} 7] 8& 5= TS AA|SEAL o] 95 0]
-3t nonylphenol £3 522 <15t 71 E4Jof tfsto] Yo}
H7] fiste] A5 Z3skoich

IHE Hl-hé'-l

o

¥

A M=
E ofitof ARE3t nonylphenol(Assay >85%)-2 Fluka A}
(USA)OlA F-d5kef ARgsRlom, 21 ofof] Al o] ARG A

oo #4.ge] EFA|oRS Fufato] AL
8 A2

Nonylphenol 8} #-9] 222 913 20104 5o 4F
A7) Q1] fo] Leli SAARY B} chopat 5 2
ARA A sk, A AR D SAALR ] B2 A shsict.

Fo| H2| % vy

Nonylphenol £3f 52o] -3t #& A3tal7] 93l Fujii
et al. (2000, 2001)2} Corvini et al. (2004)2] W8 2115}
o] YNB(yeast nitrogen base without amino acids; Difco,
USA) vjA]& AHE-ste] YA wigfs AAISHITH A= 2 Hf
e 34 A& 1,000 mL2- 0.45 pm Omnipore Membrane
Filter(ADVANTEC, Japan)2 ¢]1}5}¢] 1 L E|= nonylphenol
100 ppmo] 33t 100 mL YNB HjX|o]] il 25T of A ZIgt
HjFatalon, Aol A Az 10 gof| 34 90 mLE 7}s}
o] &35t &, A= F oJ1}5}9] nonylphenol 100 ppmo] 3£3HE]
YNB v %] 200 mLeof] Y11 25C, 150 rpme] 272 Z& uj
ket 3 2 AE AR 3] 4] vjet= 5ho] nonylphenol
< 502 Fod o s nAEES gL o] Fofl A
7V wolvk e B34 Liebdl vjoyel © 22l nonylphenol
2o AN PG RS, o] F el AaA Qo 2Ry
nonylphenol 53] & 5 E&]& A|=3}% . Nonylphenol
23 Y #3100 ppm2] endosulfang 7} YNB g+
HiZ] (A7) YNBH|Z] o]l 1.5% HA-S 713 wj Aol ARkE 4
Al EjeFel 100 pLA =date] O o5 =2l skoith

Nonylphenol & % HPLC 24

a2 HiFRt 5 afjoF Y of) 2kE38}= nonylphenol o] A§&3}4]
H3} &=+ HPLC(high performance liquid chromatography)=
4151l ch(Fujii et al., 2000). HPLC 245 9fsf AAIRE ==

=]
3| A15}a1, o] 7]9] acetonitrile 15 mLS &35t &, vortex mixer
2 1831 2g-sto] 2H£3}= nonylphenol& 5% 9]t

F23 AIE-S 0.2 um filter(DISMIC-25AS, ADVANTEC,
Japan)2 o]1}st & HPLC(Flexar HPLC System, PerkinEl-
mer, USA)Z 2A35}9ct 248 columna CAPCELL PAK
C18(SHISEIDO, Japan)-2 A8-5}%1.© 1, mobile phase+ acet-
onitrile : water(75 : 25, v/v)E 3}¢] 1.0 mL/min8] &£ =2 H4]
5}laL, UV A&7 2 277 nmol A &35 4 Al AR
o B HPLCE-S AR-3HSch Nonylphenol©] 2o
nonylphenol peake] 74 FH MR g FHAkso] Lehyg)
o} HPLC £-4] 27 Table 19 YER @it}

Nonylphenol 2351 #F2| Mer =X

Nonylphenol -3l w+5=¢]] 2|gF nonylphenol 3} €-4d v}
S0 TAE dol 17| lgte] 23t A Y o5
Al oA Eeitt & FEEY ASEE 54
9] A& = 100 ppm nonylphenol©] & 7}¥ YNB #j %] o] 1w
M 1%E FESH T 25Col|A] 150 rpmO.2 ZIet ulok 3HH A
HjeFoll S 5 7HA o = Fsko] 53 0) }3HE 600 nmoj A =
g3kt

22130 55

Nonylphenol& T+ BFAg © 2 2 7}3) v x]of| 4] 4] vfjeF
= 5ol 2] % 5= Sl A, nonylphenol -3l & o] £-=3F &

Table 1. HPLC condition for analysis of nonylphenol

Product Flexar HPLC System
Manufacturer PerkinEImer(USA)
HPLC Condition
CAPCELL PAK C18
Paticle size : 5 um
Column
Size : 4.6 mme@x250 mm
SHISEIDO(Japan)
Detection UV 277 nm
Flow rate 1.0 mL/min
) (A) Water
Mobile phase "
(B) Acetonitrile
) (A) 25% H,0
Isocratic
(B) 75% CH,CN
Running time 15 min
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2)at2 Beha | 3 AP A ] 7 (Hitachi S-2400 scanning
electron microscope ; Hitachi Ltd., Tokyo, Japan)& ©]-8-35}¢]
el ER L slolslg o, Baldte] Asleld EAe g8t
A & 7 Ao wha} VITEK Gram Negative Identification
card(GNI+)E o] &5to] F EAS AT E3F 16S
'DNA 97142 B8 Boto] 2 252 E4elsl.

2279 165 DNA 97149 24E Slste] Belaro)
chromosomal DNA %2 Berns and Thomas (1965)7} 7|
3k Qb el Who) weh Alssheich. DNA 358 913
G-spin™ Genomic DNA Extraction Kit(iNtRON, Korea)&
AFE35F L, 16S IDNAE $235}17] $J5Fo] PCR(Polymerase
Chain Reaction) §+-2-9]| 27F(5'-GTTTGGATCCTGGCTC AG-
3", 1492R(5-AAGGAGGGGATCCAGCC-3'") primer(Takara,
Japan)E AHE-SHGITE PCR Wh3-2 50 o= Y5t
At} 0.5 pul(2.5 U) Taq polymerase, 5 pL Taq polymerase
buffer(10X), 1 pL 10 mM dNTP, 39 uL dH,0¢f 20 pmole
9] Z} primer 2 pL &}, 25 ng®] 3 DNAE F7}sto] 2 &3
o 3 WhEHS 94°C oA 2 EXF WA AIFT o] 5 52°C oA
2 .7} annealing 3t & 72°Cof| 4 2871 polymerization A]7|
a1, ThA] 94°C ol A 24, 52°C ol A 24, 727CoflA 229] cycle
= 203] ¥HEsko] AJ3Yskqith. PCR A=) 971499 2742
SolGent(Korea)ol| o]=|sto] HAJsIGITt. A7|A D 578 &4
L o) 23 YL BAE] Data baseS 0|85 thhttp://www.
ncbi.nim.nih.gov/BLASTY/).

Zn ¥ oy
Nonylphenol 2 ZAAAY #F2| 22|

TY2H4 Foll X-75k= nonylphenol &] 7-¢- =AY Eof o
U o el B A g0 S

=2 U4 A 9rh(Yadetie and Male, 2002; Karels
Hernadez-Raquet et al., 2007). o]o]] £ Lo A= -r*gijﬁ
%14 nonylphenol& 282 5= Sl 1B Belsh] slst
o] nonylphenol7} /gt & 0 & ol vj& E 20 & A= &
Al S A 07 A 7E A F6FL(Cho et al 2004) %A1 uj

J
—
et

A}

oFS 35} nonylphenol 53284 el L AAA Y &T
o] AHFS Al =SS B Aol A= 2752 ALY 45
gt o o] F 7k FHold nonylphenol H-3l5-S

i r2m

w2

W-32- nonylphenol bioremediationg |3+ +F2 25 A
5ta1 o] & L= Z13Y5} I tH(Table 2).

At LAY F5 SW-32 =412 A4 )
A Al moll A 2 HALAH #5782 HPLCE o] &3t
nonylphenol @] ZHF5F B4 A3}, 252712] wjek 3o 100 ppm
9] nonylphenolZ 85% o|A; £3j5t= 202 e TH(Table

oot A= Sphingomonas xenophaga Bayr o7} 25+
7k HjoF Zofl 90% ©]A4F2] nonylphenolS E&fjgtth= H L
(Gabriel et al., 2005), Sphingomonas sp. TTNP3 w557} 25
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Table 2. Nonylphenol degradation ratio of isolated strains after
enrichment culture

Collectedarea  Sample No. Source Remaining ratio (%)

JM-A-1 sewage 89.47

JM-A-2 sewage 85.22

JM-A-3 sewage 83.54

SY-1 mixture 90.16

P1 SY-2 sludge 92.36
SY-3 water plant 90.47

P1-s1 sludge 80.05

P1-s2 sludge 79.53

P1-s3 mixture 76.25

SW-1 sewage 21.16

SW-2 mixture 20.43

SW-3 mixture 14.62

0G-1 sludge 3149

P2 0G-2 sludge 30.41
0G-3 sludge 23.18

p2-a-1 sewage 24.30

p2-a-2 water plant 29.25

p2-a-3 mixture 25.07

D-1 mixture 98.11

D-2 mixture 99.98

D-3 mixture 99.25
DC-B-01 water plant 100.00
P3 DC-B-03 sludge 100.00
DC-B-M mixture 100.00

p3-p1 sewage 99.99

p3-p2 sludge 9754

p3-p3 mixture 99.97

Nonylphenol concentration was measured after 2 weeks
incubation.

7r9] vjjoF %ol 80% ©]AH(Corvini et al., 2004) 18|31 =23
ZdollA Eefgt v E LAY 7 4597wl ek $-of oF
70%2) nonylphenol 53 24 Lehith= 2 31 (Fujii et al.,
2000) 52 & & uf, & ¢1-tof| 4| 2]k nonylphenol £-3f 714

Al 5 SW-3+&= F o nonylphenol 23 2HA4-& 71X &= 21 &
2 o,

Nonylphenol £3aff 7

ALY RO MRT &3

I

Ho

2 Lo A 2] nonylphenol £al AAAY #3F SW-3
o] nonylphenol %314 A2 =9t BAE AL Slstol
100 ppm2] nonylphenol®| H7}E YNB v x| oJ| A vj9FA]7F2]
7ol w2 #Fo] %52} nonylphenol 28242 2ALS}HS]
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t}. Fig. 1o Uehd A9, w42 571¢F t&©] nonylphenol
o Zaf7F e E= Ao] wa H ek 109 7hx] 9] wjekz7]
o= ot S40] AA 3] 2 E L o] HEof nonylphenol &
S A A e AT v 103} 15U Abo] o] F&3t of
o] =213} $17 nonylphenol9] = 7[435} = A o7
ElFtth(Fig. 1). o] 213t Z3}+= nonylphenol £l AALA|Y
= SW-39] nonylphenol- oY Ao & o]&3}7] wfjFEef o+
o] SAlo] &sj 2| A nonylphenol®] 3}7} 7h&52} Hrt
= AS AR AAAY B SW-3L vl 259 o] Fo
© 9 AL AA 8] skt ol wiA 59 oy A
<1 nonylphenol®] 117z & vhehe|m vjeF 304 7 of] 54
A 710l mesklh(Fig. 1). Z12|aL, oo B&5&5E ot o
0} nonylphenol®] Ealj& == A A S] ZHaE AR, vk
409 Fofl= &3] el H it & A Aot iR =
nonylphenol 3| 21 Sphingomonas sp. TTNP3w+2] 7%
T 39 A5l w2 nonylphenol ©] 82} v %] F-9f of A 2]
21 nonylphenol©] fF4x0f whE A&t Zharp Hire 1 qlok
(Corvini et al., 2004).

Nonylphenol 2l t #F2| 22| ¥ &%

g7 ol 4 Z2]% nonylphenol Z8lf U] 44
w248 nonylphenol 8 T 59| #2E5 ¢}t
Al uFE Foto] AdE AN 5 SW-3E Hagoen
nonylphenolH-& -3k 1A uf ] of] L=ste] 25T of 4] 2
FE vFsteict. A R oA th=o] 5 F2Y7F A
3 Holen o]F iAol A s thE wjeetA 54S U
B = 450 59 FRYE ISSHe (A} vAAD.

Nonylphenol-& &1} 0 2 Bajisl= AAA|Y #3 SW-3
oA == Bl 4 5o T FFH(SW-3-A, B, C 4 D)E 1%
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Fig. 1. Biodegradation of nonylphenol by microbial
consortium SW-3. Cells were grown in YNB containing 100
ppm nonylphenol. Nonylphenol concentration was determined
by HPLC analysis as described in Materials and Methods.
O-O, cell growth; @-@, remaining ratio of nonylphenol.

Table 3. Biochemical characteristics of isolated strains from
nonylphenol- degrading microbial consortium SW-3

) Biochemical test Result
Mnemonic (Substrate name) SW-3-A SW-3-B SW-3-C SW-3-D
APPA | a-phe-proarylamidase - - -
ADO Adonitol + + + +
PyrA L-pyrrolydonyl-arylamidase + + - -
IARL L-arabitol - + + +
dCEL D-cellobiose + + + +
BGAL | B-galactopyranosidase + - + +
H,S H,Sprodustion - - - -
BNAG | B-N-Acetylglucosaminidase + - + +
AGLTp | Glutamyl-arylamidase pNA - - -
dGLU | D-glucose + + + +
GGT y-glutamyltransferase + -
OFF Fermentative glucose + - + +
BGLU | B-glucosidase + - - -
dMAL | D-maltose + + + +
dMAN | D-mannitol + + + +
dMNE | D-mannose + + - -
BXYL | B-xylosidase + - - -
BAlap | B-alanine arylamidase - - -
ProA L-proline arylamidase pNA + + - -
LIP Lipase - + - -
PLE Palatinose + + + +
TyrA Tyrosine arylamidase + + -
URE Urease + - - -
dSOR | D-sorbitol + + - -
SAC Sucrose + + + +
dTAG D-tagatose - + + +
dTRE D-trehalose + + + +
CIT Citrate(sodium) + - - -
MNT Malonate + - - -
5KG 5-keto-D-gluconate + -
ILATK L-lactate alkalinisation + - - -
AGLU | a-glucosidase - - - -
SUCT | Succinate alkalinisation + - - -
NAGA | B-N-acetyl-galactosaminidase + - - -
AGAL | a-galactosidase + - - -
PHOS | Phosphatase + - + +
GlyA Glycine arylamidase + + - -
ODC Omithine decarboxylase - - - -
LDC Lysine decarboxylase - - - -
IHISa L-histidine assimilation - - - -
CMT Courmarate - - - -
BGUR | B-glucuronidase - - - -
O129R | O/129 resistance - - - -
GGAA | Glu-gly-arg-arylamidase - - - -
ImLTa | L-malate assimilation - - - -
ELLM | Ellman + + - -
ILATa L-lactate assimilation - - - -
QAL B3 ARt S} Av| AL ALST Fefaty 54
SHOIgh Ayt o] 5 4% B O LR elEglon
(3} ulAIA), 27 A B AR AL o g3t B4 2
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Fig. 2. Scanning electron micrograph of bacterial strains isolated from nonylphenol-degrading microbial consortium SW-3. Scale
bar represents 10 um in length. A, SW-3-A; B, SW-3-B, C, SW-3-C; D, SW-3-D.

T} SW-3-A%} SW-3-D+= 7H+-(#5i%), SW-3-BQ} SW-3-C= ot
(AR & = 2 ALE Sl Th(Fig. 2).

By #FE59 03 JdM AT} ug} BioMerieux Vitek
Gram negative identification card(GNI+)& AR&-3}o] A A5 AY
s}5h4 B4 Table 30 Ue ik, stk Heks] £ el
534S 9I510] PCRE o] §510] 2 B2 #5759 163 (DNAZ
:j.ﬁ_—g].o:] 0ﬂ7] /\-] o) A]—EH 1:' /\4_& Al A] 3].0%:]. A}EAC-)LQ. 7\}\].

A3}, SW-3-A+= Klebsiella sp. XW7212} 99%, SW-3-B+=
Achromobacter sp. EP172} 99%, SW-3-C+= Achromobacter
sp. EP179} 100%, ~1&) 31 SW-3-D= Raoultella ornithinolytica
strain NB13} 99% 2 713} =8 AF=AS Lel ¢l th(Table 4).

r°" olN

oAte] BeldEo] Feald 2 Aslela EAJ3) 16S rDNA ¢
71 A AuE FEoto] Eelot SW-3-A= Klebsiella sp.,
SW-3-B2} SW-3-C+= Achromobacter sp., 18|11 SW-3-D=
Raoultella sp.= AL Z+ E2]++52] nonylphenol &3] &
AL TS

Ea|=l & #F9| nonylphenol 23l &4

Nonylphenol:& &3}4 © & Hafst= LAY 3= SW-3
oA &4 BEEE 4 £9 v #52] nonylphenol &
=243} th(Fig. 3). Nonylphenol E3j8H4-& ALA Y FF
o] Bafjlgddu} up7k A &2 viR] 22| nonylphenol Z-HFeF0

B2
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Table 4. Identification of strains isolated from nonylphenol-
degrading microbial consortium SW-3 by homology search
based on 16S rDNA

Strains Reference Identity (%) Accession no.
SW-3-A Alebsiella sp. X\W721 99 EU545402.1
SW-3-B Achromobacter sp. EP17 99 AM398226.1
SW-3-C Achromobacter sp. EP17 100 AM398226.1
SW-3-D Raoultella ornithinolyfica strain NB1 99 HM231274.1
100 B 1 week
O 2 weeks

o]
o
T

IN
o

Remaining ratio of nonylphenol (%)
N [}
o o

o

Control SW-3 SW-3-A  SW-3-B  SW-3-C  SW-3-D

Fig. 3. Biodegradation of nonylphenol by strains isolated
from nonylphenol-degrading microbial consortium SW-3.
Nonylphenol concentration was determined by HPLC after 1
week and 2 weeks incubation, respectively.

2 BEshleh B 239 WIS ALY FF SW3
Ha| @4o| 7hAF et Ao

pil

9] nonylphenol ¥
o Hjof 15U48 71202 79 7HH o
nonylphenol E3]&442 ARSIt
1A, EoE @ 5ol 93 nonyphenol®] £3l5
2, 459 7t uleF 155210 OF 40-45% o] Hollas
S 31(Fig. 3), vj%F 2520l = SW-3-A+= 60%, SW-3-D+= ¢F
70%94 3 2AS YER UL v SW-3-B2} SW-3-C
+= nonylphenol £3[&0] 55% J=& Ho] AjFog T
2 TOH%“J o] ¥z HQtk(Fig. 3). Lejuh, & 5 &
nonylphenol# 8l &= A 75 SW-39] &aj&H/dofl+=
3 A= 237t YUeRsith o] gt A 3= nonylphenol& &
T2 0 2 FB3||5= consortium Ao 4] Ha]g T FEE] £
e o] AxA Y FEEHE o] A k= Gioia et al. (2008)
O] Bt AX|gtth & At AufollA] dojzl ALAIY o5
SW-3¢]| ©]3t & 34 ¢ nonylphenol £-8l|= Z14A] 2 oo 24
Sl of ] o5 7He AR ZHgol| o3t Ao & wehE T o2
AFAELE 0|9} e oA AA|EaL th(Fuji et al., 2000,
Gioia et al., 2008).
FF, nES o83t €7 Z3H4 Q1 nonylphenol £-3f 7]
=& 7s}7] 918041+ nonylphenol 23] LAY 5= SW-3
Z7¥ F7H4 22 nonylphenol {3 0] &L T w759

EE 7er
nonylphenol 35} 7| o]t 15 Mg azg sher),
AL Ab

o] = E-E 2010\ HAHA| o8 7| /bl | o] A}
u] A9 o} ATE S(10-2-30-33).
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