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B| =R A T A R ATt H o — AR A KSR H OPQal, B il B A FAHFIEN R fo A 38 4 1k
RI, 454 16S tIRNA LB 57 947, 7% %5 2 H# OPQa3 B T42 K LI B Brevundimonas sp.,
H 16S rRNA % B & 7| 5 Brevundimonas diminuta (EU434566.1) 8948001 52 3 (99%). &2 F OPQa3
A REEA 24 h; VA 2%89 AT E AR OPQal3, HRIER 4 ODg=0.70, T 746 mg/L &) F KB
A CHHBEIE AP, 120 h A 69 TR F 7T 3K 84.5%, B OPQa3 A Ky RAER/E A 30 °C, H&i& pH A
BT AEA TERRM TR A 25 R, 5 H R OPQal Mt £ A R A LHE 69 KB T ik k.
KR AR RATHEL(NPNEO), BME, ik, 52, Bk

Isolation from tannery wastewater and characterization
of bacterial strain involved in nonylphenol
polyoxyethylene degradation
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Abstract: Nonylphenol polyoxyethylene (NPnEO) is a commonly used nonionic surfactant that can be
found in all kinds of detergents and emulsifier. NPnEO has relatively low persistency in the environ-
ment; however, the great biological toxicity of NPnEO intermediate products cannot be ignored due to

its widespread use. Bioremediation is an effective and economic method to repair the environment that
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has been polluted by NPnEO. So researchers have paid much attention on the point. Most of these re-
searches focus on the isolation, identification and characterizing bacteria with abilities to degrade
NPnEO. In the present study, a bacterial strain OPQa3 capable of utilizing NPnEO as sole carbon source
was isolated from water samples collected from tannery waste treatment plant suffered long-time ap-
plication of NPnEO by enrichment method. It was preliminarily identified as Brevundimonas sp. ac-
cording to morphological characteristics, physiological-biochemical properties and the similarity
analysis of its 16S rRNA gene sequence. The growth period of strain OPQa3 was 24 h. Inoculated 2% of
OPQa3 solution, to give a final ODg, of approximately 0.70, to NPnEO solution that initial concentra-
tion was 746 mg/L, degradation tests showed that, the degradation rate of strain OPQa3 was 84.5%
within 120 h, the optimum temperature is 30 °C while the optimum pH is about 7. At the same time, a
plasmid strip was found from strain OPQa3 through plasmid detection. The experiment of plasmid
elimination conformed that the plasmid has some relation to the ability of NPnEO degradation which is

a degradative plasmid.

Keywords: Nonylphenol ethoxylates (NPnEO), Degrading strain, Screening, Identification, Degradation
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il A 2 V5 G e AT 2 —, FLE
B RS A ERE YA B A LY R R A
Ok —Fh &2 AR T R i R, R
fift ;=) 22— T LB N R A AR Y PR B P 43 1
T EDCs) FFE A VA # 15 M (PTS), FAFE K
945 40 7 ¢ BT S5 B R4 £ Mk NPnEO (n — it 4
1-20)HE B PR 55 B, Hodh 2 60% i 1ok 45 Fi i 42
B AP AKIREEM, 2835 K kb P S B 42 HEA H SR K
PB4 R A4 37%HY NPnEO i 5 i A
T AR RS Fe B i T K AL BERIA AR, B
FEHENE AR T A9 NPnEO Fb 43 81 511, FHEBR A X
Bt B, — SBR[ R4 T — R TS e
X, R I 7 Tk B S M BOR B 1 X e Ak A
Yoty A 7 R T, 48 i sk 6 3 Y A 7E BR A b i HE
W, FEVESATIL T 1997 4E25 ) NPnEO, {Hi T
A1l P9 F NPnEO WA A 25 5, i LU Py 3
AN VR ) AR B R B R, e T
AT, AR U, = A O FHIA .
K, 5¢F NPnEO 7E3k E 75 YR oL, 7EIREEZ A
J i 7 i AL 5T DL AR e BE Rl - 9 AR S KUBS: R
Gy )1 N 7 A B 7/ 3 P8 7 Sl R | e A S TR T
PER R BRI e BB AR . LT T A & 0 ik
(10 Bl A 00 4 i [ P b R R AT T — e g
Maki H 2V i s KA B (3% v s e v, i

ARG IR e B — bR = AR NPnEO YT TROI
(Y58 N Pseudomonas sp.)o #1253V 0 e 0 i 1%
VTR B HETE F R K i e e R A
A 15 7 5 T T PR R T R BRI AR £ 0 I Y TR AR
T100, J& T4 HFTF# & Ochrobactrum sp..

AT NAIA 32 T BE 1 3R 4R S MR Tt 5 G K AR
i VB H AR R OPQa3, JfXf H 4T 1 A4 Fl
BEMARIE ORI LT ST, DLAE 7R NPnEO A= W) [ fift i) ik
AFEE, IE A TE T B R A Tk T e A
PR R R —E S % .

1 MBEHE

1.1 it

T 3L Wy 3 & & 4 B (4-Nonylphenol polyeth-
oxylates glycol, NPnEO)IJ T SIGMA-ALDRICH i
FINTE] L FEAE BT : CAS No.: 9016-45-9; CMC:
0.059 Mm (20 °C—25 °C); 4[i &£ >99%; 4 ¥ :
CysHy3(OCH,CH,),0H, H:H n=9-10,

#BalisK, i EASYpure® II 5255 % & FH 4l AL K HL
A o S gk AR v FH B B At 24 5 2 Ok € Sl sl
Mrati,

JCHLER B 77 L4 W F (g/L): NaCl 2.5,
(NH4),S04 2.0, MgSO47H,0 0.3, CaCl, 0.01,
Na,HPO, 3.7, KH,PO, 0.9, Vitamin 2.0 mL/L, Trace
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element 1.0 mL/L,

(1) 42k ZvAm "™ (mg/100 mL): nH W b iRk
10.0, 442K B, 5.0, 4% B, 5.0, MEHERR 5.0, #i
FR 5.0, ARE KM 5.0, 4i4EE H 2.0, 4i4E % B,
2.0, 4425 B, 0.1,

() MEITEREK! (mg/100 mL): MnCl,-H,0
20.0, CoCly6H,0 4.0, Na,MO,2H,0 26.0,
FeCly-6H,0 15.0, 1x10° Pa K& 20 min,

) 2P IR AR it SR B T 00 T YA ek i e R ke A PR
NG KA ER Y5 K HERL T
1.2 NPnEO &% H R 1%

MR R K P EC L mL IR, AR
50 mL LI NPnEO i — 8 Y oML ER 15 I 5L 1)
250 mL 4RI, i AE IR IR 5 IR, 30 °C,
150 v/min 5% 3 d. $F229I4L 30 d )5, FILEER
il 1071077 B BE MR BRI, AR5 43 Bl B2 A TEHL
IR RO B, BIE T 30 oC TR SR R R R
FH A IR B HCH: v 3 BRI UL B SRR, R P AR R
ROy B R Aoy B, A B 2l Ak T R O T L
NPnEO M —Ri 5 AL K V%, BIBEYS Ak T 5L
RA LB R o TR e 20 A GO T 15%
AR H T, & T -80 °C MyvkAa .

1.3 NPnEO BEEEMEE

PR 1 T 28 B A 3 A b3 56 O vk S IR Sk
[15-16],

PAFEA# B OPQa3 %[ 41 DNA 1 MM, PCR
P14 16S rRNA EH . W51 9530k 27F: 5'-AG
AGTTTGATCCTGGCTCAG-3' fl 1492R: 5'-AAG
GAGGTGATCCAGCCGCA-3', &M PCR 50 pL Jx
N ZRIEATY G, PSR 94 °C 3 min; 94 °C
455,55 °C 1 min, 72 °C 1 min, ¥ 30 ¥&; 72 °C
7 min,

PCR J R =¥ 1.0% Bt IR B 6 Jie Fi, dak 4G 0 5
PCR =¥ BL#E% B AR TR TRBAR RS A RA
FINT o A BLAST 0, Bl e 15 21 i 35 8 7 571
5 GenBank (www.ncbi.nlm.nih.gov) ¥ 1T
B LS 43T, AR BURTIT S50 T AR A K R P 51 . SRS
Fl Hl ClustalW F1 MEGA 4.0 1 # 48 % %
(Neighbor-Joining) #3 REKBW, HITRELT

http://journals.im.ac.cn/wswxtbcn

53T
1.4 SHKZpNE

W B i B4 A 10 mL A9 LB 85353 P 30 °C.,
150 r/min FIR¥GHF% 24 h, M EL 100 uL fim A
100 mL JoHLEE s RS P Ak S 15 5%, BB 0.2, 4.6,
8. 10, 12, 14, 16, 18, 20, 22, 24, 36, 48 h it
B, 1F 600 nm FIHOGR R, A4 6% B Bl A (R] 1Y
AT S (LA ] RS A8 45, ODgoo HANAEFR), BRIy
IR NPnEO i [ iff 1 14 25 R 2
1.5 NPnEO [&f2 T RYBE RR4F 14

FE N T A T 35 1 2R 4 2 0 Bk I /K B
L, I R RCHOAH (4 1% (HPLC) I - NPnEO Y
B, THRREmAR,

(1) HPLC 43 HrAE i Ab B o H— s IR I 7K R,
8 000 r/min .0 LERAF A, W L5 & T 250 mL HIE
=AM, A 60 mL A H b, TEEIRZHEE 1 h,
WOEAMUE R E, JH 20 mL AP R BERIER 2 Ik,
GO IEH, A5 AT 40 mL 10%5AfbaK
R A RS, JREE 2 min, BEZ, KAHE
S35 200 10 mL S LA H 2 Ik, A IFA L
HH, B AEHE 75 KA, 60 °C W45 % 0.5 mL. #%
BEMA 5 ¢ /EBERMIM B Z i, Ham
TR Ve, WO M W 50 mL, W45 £ 02 mL, &
RAMK T HEEFREERZE 1 mL, i 0.45 pm
A HLIERL G HPLC Wl 22 NPnEO Y% 2,

(2) NPnEO (il € . Agilent 1200 BRI AH (351X
ZORBAX Edipse XDB-C18 {4j##£(250 mmx4.6 mm,
5 um), shAE N EEK=90:10 (V/V), FEiE 23 °C,
WL 1 mL/min, SEAMEGINEE, DK 226 nm,
HEREEE 20 pL, 7E LR SRMFT, THM R A L IaT
A4 B2 ] Ry 5.378 min. ), ORI AR R 7E S
NPnEO 19 15 77 3 v AE K 19 5 305 6 B A0 pH {45 143
FrAG
1.6 PEBRTE BURIAS N

XoF L 0 32 4 D e 20 I e T R AT R i M JB A A
W, K B A T R T & 100 mg/L NPnEO A9 2—5 mL
LB #5553, 30 °C. 150 r/min 3% 55 3% 12-16 h,
#wH.

T2 X AT BE B A R P BRI T PR SR FH i 24
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fifp 12 EAT BORLER I, HARERAE S W5 £(Z0003B
Puprep Plasmid Mini Kit, % A YH AR A); a0
RAETETTORL, 02K F AR i -SDS 32 M7k s i 47 1
BR, SCENLAEFNCHLER B, H B o e 2ok WL
GRS B IR, AN A i T B Y AT BE S SRR
THBRIEAZ R, T B OB IS 19 98 78 1 ik 30T H 0 15
NPnEO HIREARSEFRAE I, WEEHANORDL, IR Xf
JRORET B i 114 5 72 o A0 et e T A 7 L PRORG I O P B

2 ZER5E
2.1 [EEEBTFIE

SCHRFE I, T3 M 3 SR M Tk 1 A fit B A B
4", Mariana Lozada. Gu Xin 517218 28 3K
PETG R e 5] T T3 R A LR R R . TS
TRHEIC I B K 3 A T 5 B R DA S At AL 45 e
B A K A A E, b, I5 K HER TR O e A
e fige TR VES 10 400 B 0 BRI )t R RATT
15 7K HE T T RURE S A7 O i TR O R 1 R R &
T RFEEEE IR, ML T B 5 AR £ 0 Tk SRy I — Tl DALY
TCWLER R 7 P i 2 3 NP Ak, 2ifb)E0K 3tk
HE T4 5, 4394 OPQal, OPQa2. OPQa3. ik
HUTERG SR R 75 B K OPQa3 it ATt — % e
5% o
22 MBEREMNEE

P OPQa3 MUZANMIEAS: ANAIFTAR, &2 [GRH
PEE, 400/ R 0.5 umx(0.8-4.0) um, figissh, A
MiE, JCZFMMTERE, AR, WKIESN
Ja FEDE . O R . B kB (S R RS AR
B ANBEW L HGIREFTENT . BORL G HIE A
g —3 . By sy TRIR . A WKEEAER.

Az AR A T DAV O S T AR A . SR
1 ATDLE 1, BRI OPQa3 A= My K or T i K i 4
SRS R I, e BIZ A SRR o W AR AR R oy T 1Y
AN, B R Ab A 3 ARG TP AU P A R k1 5
PR, RUZE A B A A A ne )y, Wik
A AR AR B 5 RN 2 R M AU

x1 EEEHUKEER

Table 1 Results of physiological and biochemical tests of
strain OPQa3

B4 B AR
Test items Test results

KGR K fift

Hydrolysis of macromolecules
VEH 7K A i -
Starch hydrolysis test
T i 7K A -
Lipid hydrolysis test
B Je K fipp ik -
Gelatin hydrolysis test
A1 85 R FLl R
Litmus milk test

Al & AR

Metabolism of carbon compounds
i I 1 -
Carbohydrate fermentation test
PR JEST (MR )ik 56 -
Methyl red (MR) test
R (VPRI =
Voges-proskauer (VP) test
Frg ek i +
Citrate test

A WA

Metabolism of nitrogen compounds
15 e 1 5 -
Indole test
Al = A =
Hydrogen sulfide production test
PRI +
Ammonia gas production test
AT R I e =
Phenylalanine deaminase test
PRZE IR A 1 5 +
Urea hydrolysis test

it

Activity of enzymes
AL B =
Oxidase test
i A AL S A +
Catalase test
PR ER A4 i -
Nitrate reduction test

Wi+ B — B

Note: +: Positive; —: Negative.
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56 R R 28 /K a0 25 Ry BRI, 95| e a0 A b &
BRI A B AR FH R 6 2 BH AR o 5 i i
FEALEE, WL O ME NI T34, Fik A4l
MR ¢ Ak, A SRR P . AR ER L
RIGEE SN M, b rl W, FEf# P OPQa3 [T
T FNAT AT o 48 B R PR OPQa3 YA B
A AR 5 R L TR 22 R AR AR

W fi# T OPQa3 [ 16S rRNA JE[H /i) PCR 4 14 7
War 3R K ER 1 236 bp MFH, HIE
GenBenk /%555 GRP234424, F BLAST #2
J¥ %t OPQa3 1 16S rRNA % [H ¥ 517 GenBenk H1 1
AT HEXF o3, 45 3R A 1R OPQa3 J& T ik B iy
# )& Brevundimonas sp., 5 Brevundimonas diminuta
(EU434566.1) 35 AL, AR 99%, #1887
TRZREMAEY RS LT LA, ' OPQa3 i
B GHC%EEE,

2.3 OPQa3 Y4 4%

W 1R, B OPQa3 JLT-7E M jm Witk
ATXEI, ARKACHRERS | ARGk | 3 PR,
VR I Y B A B 5 B T B 38 s B A R, R
223 24 h AAAXTEU AR, R AR E R, TEX
BCOrla] ., AT EL B A 3G B R R R, B SR AR
FEARAE, AE A3 K RBE T4 T 3l ASF A7, BF LA
STEGTERE 24 h Ry — D HEFR A

030

025 g 4

020

0.15 r

OD, 600

0.10

0.05 r

0.00 1 1 1 1 ]
10 20 30 40 50

1(h)

1 T OPQa3 Bi%E K%k
Fig.1 Growth curve of strain OPQa3
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2.4 & OPQa3 BYFEMR4SE

e OB T Sy BT 4 SRR W, R OPQa3 B fx
KA T2 R A LR BE Y 1 o 7 OPQa3 7E 24 h
DA T i P 2R 4R 2 0 Tk VR B N 746 mg/L [ #
422 mg/L (8 2), i OPQal., OPQa2 X} NPnEO [/
R R, Y/NT 15%. T8 Rl R e B0 B ik e
KX BO iR RE 1 Bk, X5 Yi-Wen Lin 22
W98 —3% ., Gioia D. Di Z5PY I E I, #7025 d
Joi T3 R A A Tk Y Al 25% . o3 AT R SEAIE
B, AN TR A 0 90 5% b 4t o R T S 1 3R S O 0
BEORE AP 22 5% . Bildn, Sjostrom ALE.Z5 G ffF
FELE RN T R H LM Tk (NP12EO)TE 0.3-10 d
IR R R 65%—T4%  FEIRX UK T, 146 e B
746 mg/L, EME R 2% (ODg=0.70)HF, 120 h N
OPQa3 X NPnEO [#fif % KT 84.5% (14 3), 120 h
J&, F OPQal Hl OPQa2 1[4 ZA5 bR/,

400
350
300
250 r
200
150
100 |

50

Response value (mAU)

t (min)

2 EME OPQa3 24 h RIIE N LR
Fig. 2 HPLC analysis result 24 h after OPQa3 inoculated

Response value (mAU)

t (min)

3 EME OPQa3 120 h FikiE N TR
Fig.3 HPLC analysis result 120 h after OPQa3 inoculated
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T X R AR P T 1 3 P AR R, BB e
R FR AR . TETCHLERIGFREE D, 2 2% M B A
OPQa3 &k, NPnEO ¥R E N 100 mg/L, T
AFEEEET, 150 r/min #ik% 557, 120 h J5BFEHEAT
K, 45 BI04, I 4 ATLLE T, 7E 25 °C-37 °C
JEREIN, # OPQa3 %} NPnEO #HE A # I 1Y P A ik
R, NPnEO F R R EITE 70%L) I o F#k OPQa3 7£
30 °C WA KRR, s R R B 4 i A
oo TR PR AT R 2 AR RN R TR AR T TR AR P Y il
B, AR, 5] AP BEE i ] A HERS AR
P T B B A A — R A S kR O

90 r 7 0.9
80 1 0.8

SN
AA R

S
60 06
g o
o 50 r 105 §
) Q
= 40 r 104 ©
2
E‘) 30 1 03
/o t —O— Degradation rate 1 02
10 | = O { 01
0 1 1 1 1 1 1 1 O'O
10 15 20 25 30 35 40 45 50
Temperature (°C)

4 FEIRE TEMK OPQa3 BIE KRR
Fig. 4 Effects of temperature on NPnEO degradation by
strain OPQa3

AT f# pH X OPQa3 & fi# NPnEO F 5% i K
W fefE: pH 25, BF5T3EHL pH {E 5.0-9.0 (pH 41
MIHZE 5.0, 6.0, 7.0, 8.0, 9.0)% M F# OPQa3
X NPnEO [T 0L, 24 h 5 DU 2 R A7 1 6 2 5 R
NPnEO %% B s If 18 g, 45018 5. KL 5
ATLLE H, B OPQa3 Xif pH Ay I&E W 1 45 %, pH
{E 6.0—7.0 U1 Py 3543 307 1 I A s SR HLZAE K R AT,
TEHRPEAE R, pHAE M 7.0 I A K AS e, AR 1
T 80%.
2.5 PERRIYBURAS N 45

FI SR S e 4 5 240 A1 98 it 52 2 A LA R Tl e R IR
KL HTEFHRL o XF OPQa3 K Fki i 4 58 A8 1A
PEAT BORIRT I, 25 3R PR fi 7 OPQa3 A ki {7
TE (P 6)o

90 7 09

80 | 108
70 /\ 1 0.7

S
2 / \
<
= 60 106 g
.2 Q
g s0 | {05 ©
g
an
8 40 4 04
—O— Degradation rate
30 —— ODyy, 1 03
20 1 1 1 1 1 02
4 5 6 7 8 9 10
pH

E5 A[FE pH FHTE OPQa3 HIE IR
Fig. 5 Growth status of OPQa3 under different pH

6 FUhiiRERS M

Fig. 6 Plasmid extraction and detection

bp M 1 2 3 4 5
1388[

7 BRI

Fig. 7 Plasmid elimination

TE: 1, 3. 40 50 BORLIMERTA: 20 BORLR BN BRTA.

Note: 1,3,4,5: Plasmid eliminated strains; 2: A strain that still had
plasmid.

JRORELF 5% AT 4 5 BORE 2 75 5 JE R D BEOCHK, 2
ol ¢ figp T RS2 by OB AR ], D) B TBORE ) 5 2R
XA RE R ek . BRI ER S, PRI 5 AT
I35 ST LA NPnEO M — Bl U5 ) TC AL £ [T (K 5
FRdk b ZEOREFMIE 7, HA 1 AR O LER B 57
Seh A, BORALIISERAER], 3X 1 AR AR BURL,
MHA 4 BRI IR B B0k . b U, R ik iR
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OPQa3 B BRI BR, H %% NPnEO Y DIfigth 23
f220e, RIJCHETE LA NPnEO M — B I 1) JoALER 15 5%
Ferh A K BB NPnEO &A% Sk il BORLE I, I

3 it

(1) M2 T35 1y 2 40 £ 0 Bk 35 % 19 35 7K v s 3
FI| bk A AR T OPQa3, 2558 5 B i S i Ui B i
& J& Brevundimonas sp. .

(2) BB E R pH B S5 Z5 A5 o [ fit
B PR SCR . [ OPQa3 MR K AN 24 h,
oA KA AR 0 30 °C, fiwili pH {HAE 7.0 247 o
120 h PIZE X} NPnEO ff KFEMRRATIA 84.5%,
KT NPnEO MyRE M HLIRAT itk — 20052

(3) P A ORI I 45 S B, P& TH OPQa3
X NPnEO 1Y 3 fiff Dy B A b JBORL A5 1 19 o I 98 2R
il FE K NPnEO P& fiff B 1 — WP 98 B2 T
FERH

2 % X M
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