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Isolation, Identification and Biodegradation Characteristics of A Bacterial Strain

Able to Degrade Nonylphenol

LI Xu-chun; LIU Gui-fang, MA Jun, SHAO Xiao-ling

(School of Municipal and Environmental Engineering, Harbin Institute of Technology, Harbin 150090, China)

Abstract: A bacteria strain F-10 was isolated from activated carbon, which was processed with sand filtered water from Songhua River for a long
time, pre-oxidized with ozone, PPC and ferrate. The bacterial strain was capable of utilizing nonylphenol (NP) as sole carbon source and
identified as Rhodococcus erythropolis with the Sherlock Microbial Identification System (MIS) from the MIDI Corporation. The optimal
conditions for NP biodegradation in the shaking flasks were at 30°C and pH 6.0. Under those conditions, NP at concentration of 1 mg/L was
biodegraded by 62% with 2% of inoculum amount. The biodegradation reaction fitted well with first-order kinetic model, with a degradation
rate constants (k) of 0.0865 d™' and half-lives (£,,) of 8.0 d. Aerobic degradation rate for NP was enhanced by increased level of NH;'
Fe’*, and

phosphate, while no apparent effect of original NP concentration was observed. The combination of F-10 with other 27 bacterial strains which

Mn** , Mg, and NaCl, and by addition of glucose, NaAc, and yeast extract as well as by reduced level of Ca®*, Cu’*,

were also isolated from activated carbon expressed better biodegradation effectiveness.
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1.1.1  FEZR5

-5 NPCSigma 2 F], 215 96% ) ; FEE(Dikma
A, A% 4D ; Milli-Q 7K (Millipore 23 ], HL B %
18.2 MQ*em); TSB- Bl 1 BBL 2w s HoABIEHL 45
SSpSE T
1.1.2 FERB RS

Waters 1= 208 AH € 3% CRC H S 3EFE 85 ), A K
KOO 2%, C18 W AH €4 1% 415 Agilient "< AH 1 1% 6890
(GC/6890); i 78 ¥4 V5 25 0 HL CTGL-20M )5 1 ¥ 25 /<,
VBT PR OIS RV 2R 156 HL 17 )5 Finnpipett 7)1 8% W %
(0.5~ 50 pl~20 ~ 200 pls 100 ~ 1000 pL)s 70 7K
TG UEAS s R pH U B WS
1.2 A E S e IR

MHFAEIL IR A 23 0 H A s R £ 2 5
YA R R A AL SR YT K KIS AT 1 4 MR Sk
W RAE EEHUR 5 g IR, 25 BN 45 mlL
TR K I A e 18 = fa i, AEE B ks B
P30 min, REATEPE IR AH B 43 R KAE L
PR B A 21550 KB 10 7 PR R A IR R
F30°C, 140 v/min”S AR 4 H B 9%, & 24 h
PRl 1 IR, B5 3R 3 d ZJE 4% 109 W BN 2558 K
TR AT J5T 3 v T IR R (MSMD H, T 30°C, 140
r/min” A TEIR A R TP BT 55 5, NP R BEcf i 4%
I, AR 100+ 300+ 500+ 1 000F12 000 prg/L, 5 X I
WREFE 15 d. o S BRI o B ik, 34
BN AL TR 5 AR NP I B SOR, e 2%
= I I 7 SN S T LN R T P T T e
4°CUKFE W ARAE .

R R ARSI B RE 3.0 g A
10.0 g; NaCl 5.0 g; Milli-Q 7K 1000 mL; pH {H 7.4 ~
7.6.

A PR R R ] RS TR AR 3.0 g B
J# 10.0 g: NaCl 5.0 g; Bl 20.0 g: Milli-Q 7K 1 000
mL; pH {H 7.4 ~7.6.

BT v W 9% 25 (MSMD™: K, HPO, 4.0 g
NaH, PO, 4.0 g: (NH, ),S0, 2.0 g; MgSO, *7H,0 0.5 g;
CaCl, *2H,0 0.01 g; FeSO,*7H,0 0.01 g: MnSO, *2H, 0
0.01 g5 Milli-Q 7K 1000 mL; pH 7.0.

TSBA K % 2 (IR A6 I 8 11 K W KE 957 8-
Trypticase Soy Broth (TSB, ¥ | BBL 22 #]) 30 g; 3/l
(I H BBL A7) 15 g5 1 L 751K .

EAARF AL B CACS FRHE) 45 g5 HIRE ({1
WAl 150 mLs B 7K 150 mL.

IR : 2212 6.00 mol/L 325 mL; HEE ({7
WAl 275 mL.

AEUF: IFE O R (a4l 200 mLs LT
FE M MTBEC A 3546) 200 mL.

s A A CACS FRED 10.8 g3 25
7K 900 mL.

KIF 442 0.1 MPas 121°C> 20 min 1 s 28730
K H
1.3 FEHREE

9 TR % e R M 55 B MIDI 2 ] 1) Sherlock
microbial identity system (MIS) ¥ R G0 K 747 o8 1x
IRk LAl B I7 1) B 1% I MIDI 2 =) (1 45 4 B3 22 5Kk
HEAT g W R FI B BN 73 47 5 Sherlock MIS K AF R Gt 2%
H 3 R A i 5 3, e M CRP 2RO R B CH D i
G3 BT AR D) 1R I I 1R 4 I A ke — A IR 07 1R S 3
I FH 12 P R0 504 R C Library ) JEAT HE T, %552 R A0
BRI, 127 3% T A R S
1.4 BRI 2% B0 A% 0 B AR 4 1R SR

FHAZ Tl R AN 4°C OR A7 04 R T b B B — 34 40 1R
F-10, #2236 4T 50 mL 25 AE B 1 R R
= AN, T 30°C, 140 o/minfEIRRE 7 24 h XL
AR R4 000 r/mini Ly 10 min, 18] 25 B35 W I
AT B 7K (MSMD PR 5SS F54 000 r/min 550> 10 min, 151
22 LVEWL B U 3 IR KRS S 10 TR T B K
(MSMDHiEE 42 600nm WG E Ay 0 A 1.0, il B
B I H% 29 BB L CHR 23 30 B0 2 K B 1)
MSM %5 ¥, NP W45 W BE (1.0 + 0.05) mg/L, ¥ 4
pH 6.0CLL_EERAE LR TR B 4 A1 N kT, I T 30°C,
140 v/min®% REEFE 10 d, BF 1 d 18] B EUCREAS W NP 1)
W
1.5 T3 NP e Al

THEEM) NP € AR Waters 5 B0BAH (1%
(HPLC), ta % 4124 Waters C18 #1, Waters 2478 XL
Tl 2% , Waters 1525 ZR 355, Waters 717 Plus H 3l f
FEAS A4 2F: A I3 4 280 nms FEEL 30°C ;s T 8))
AHHEE /KR 921, Y& 1 mL/min; A& 100 pl, 7
>0.999.

FES AR EE B A 2 0.22 pom BRI B8 IS , b
BOBAH AT I, > 0.99.

2 SRS

=1

2.1 HMEE
2.1.1 HE MR FREHE
T Y GHLE, $545 T 1 BRAELL NP g ME— B IR
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AT, iy 44 N 1A F-10. 1% B8 8 KT B, CHEE, 76
ERE S e e S o 354 2 P AT T (P Uk &7
HEWE, AR, B, B W] H S Pk, B2
PO R B, RSFZ524: (1,77 x 0.64)pum (K] 1D

400.0 nm

1 BF10MEFHIRMERRA
Fig.1 AFM photo of strain F-10

2.1.2 HMwEE

5 Sherlock MIS A RGEXT B F-10 5 i 1R &
PRI 58 510 50 B A8 B G 107 2 L%, X LG Library %4
PR, W10 %58 A F-10 b £0 K 1A J& o (1) 41 H 40 3K
, FHABLFE L SI Csimilarity index) 4 0.899.
2.2 F-10 FEfE NP RCR 8 12753 i

15 pH AE N 6.0 AT T Eh s il i I v, BL 2%
P L2 N T F-10 11 BB, NP WIGR K N 1.0
mg/L, T 30°C, 140 r/min¥& K 5595, 4 1 d WK 1
U RS AR A3, v N HPLC BT RSO . 18 F-10 X
NP 19 8 i It BF 5] P A2 Ak 17 250 L 1] 2 AAE 2Cad
DL P& F-10 %] NP F AT BAF ( BEAROR 10 d )
NP 268 59%: 15 d o, ZBRFIXE T 2%, A
TR, I NP ) ALY 405 pg/LL.
F-10A R NP 4> 8 B fif, — 77 10 n] B8 2 % i NP
Tl 3 TR B ARG, AN B8k B PR s 3 4b, B At ok A v
PR AT B B X B AR 11 v ) 7 A2 R RE o B
F-10 X NP P FEARIEYE O T % B F-10 X NP 1 B fig
174, BE T R — 44 8y 0 2 A R0 52 36 0040 2R AT
LTS 2d By SR R LA K CDRNC), Bl &
SR E 2(b) .

s 1 TR -
Inc, = - kt + In¢, (D
B fifp <.«
n=1-¢lc, =1- e " 2)

X eon e, AWIEEFT ¢ B 20859 P 1 NP W B2
pg/Ls k 9 NP FEMEECR B 122 % 8 a7 0 B
INfA], d.

M 2Ch) Ha] LU Y 52 50 25000 (1 0 & &5 AR
U, MR ARE P =0.950 5, BV R F-10 %F NP [ B#fi it
FEEEAH A — W8 ) 2R Sl v A R F-10
X NP I i 2 5 50 0.086 5 d7 Ay,
29 °8.0 d, 5 Chang 22 3 () NP F# Ml T8 11038 3 (e
$50.010~0.015 d™ ' 1,, 0 46.2 ~ 62.3 D PRI 8
%, AT LB F-10 42 1 R NP i a3 A 1R

0.09
0.08
0.07
0.06
0.05 €
£ 0.04 &
$0.03 ™
0.02
L 0.01
0 1 1 1 1 | 1 1 | | | 0
0 1 2 3 4 5 6 7 8 9 10 15
t/d
72 o
7.0 ¢
6.8 y=-0.086 5x + 6.984 4
& R2=0.9505
$6.6 |-
6.4 -
62 -
60 1 1 1 1 1 1 1 |

co=1.0mg*L™", 2% W#H &, pH = 6.0, MfiEH 30°C
2 B F-10 FEBYER R NZD N
Fig.2 Effect and kinetic process of biodegradation of NP by strain F-10

2.3 ELEEXT NP B 0

T FSE X B D T P 5 T AR K, T R T R 11
fi B A pH A 6.0 BIW TR i 55 95 v, 4%
29 B B4 N B F-10 1B B, NP W) UG W B N
(1.0£0.05) mg/L, T AN E T, 140 v/min % PR 1
78,10 d JEHURE, FE & 1 A28, vE N HPLC #EAT A
W, 255K W 3. K 3 H AT LU HIAE 20 ~ 40°C Y6
W B F-10 X NP #B B AT BT 1) B Al 25 8L, NP 1) 2%

70

60 ././'\‘\<
X
£ 50
i
& 40 |

30 |-

20 | | !

20 25 30 35 40

R/ C

co=(1.0£0.09mg* L1, 2% B &, pH=6.0,1 =10 d
3 REXME F-10 BERE NP B9S2
Fig.3 Effect of temperature on NP degradation by strain F-10
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BREIILE 50% LA b, 75 30°C B B X NP (1) B A 0 %
I, BT 66% , X ULWI B F-10 75 30°C I NP F%
fifp S kg v . HRT, A D BN S I iR T A B
B fift NP HISEI , Ana S50 HAIESZ: 10 ~ 28°C 46 1F T s
NP 11 A2 49 B fifp 200256 ot 4 P o T A P Sl M 2 vy
2.4 pH {EXT NP BRI 520

R AA S 1Y) pH T 2 5% W A 1T (1) B s 1k, Ay
T pH X F-10 BEAAR NP =22 152, KR i f
() pH BEMRSAT W9 5L T pH 4.0 ~ 10.0 B F-
10 X5 NP (1) B AR D0 . 43 0K 107 o 25 v i 3% 7 B 1)
pHE W2 4.0, 5.0~ 6.0~ 7.0~ 8.0~ 9.0+ 10.0, LA
2% W B BN TR F-10 1B &8, NP W 4RI BECL.0
+0.05)mg/L, T 30°C, 140 r/min¥BRIEFE, & 1 d W
1 KA, AR Rt AL B, v N HPLC MEAT ARSI, 25 5 L
1.

M 1 AT LLE S B F-10 76 pH 4.0 ~ 10.0 78
BBl A 5 A e 1) R A 801 7 pH = 6.0 I S8R IR 4f
7 pH=9.0 I, R e 22, H NP BRid #2404 pH =
6.0 I I 174, L W] pH W 2 b 52 W T8 F-10 XF NP 2%
B, 1K A HESE R T F-10 (1) NP B 7 55 1R 14 4%
PE U VSR i B T BB NP AERR TS5 R 2 )
DA NP 73 TE & A7 16, 10 G PE 4 41 1 36 2 (1 DL ES
TEASAEAE, F AT 57 B IR 40 B 58 25 ) 1) IR Pk 4% A4
T T A NP IS Yuan S50 5B AIE 52, AT JEC A 6
gy B H B I B, 7 pH 6.0 I BEAR NP [ 80%
i
#1 F-10 ZERE] pH E &4 T3 NP BB h F S E(30°C)

Table I NP degradation rate constants (k) and half-lives
Ctyp) at various pH value (30°C)

pH fE k/d~! tip/d r
4.0 0.049 14.2 0.95
5.0 0.061 11.4 0.94
6.0 0.085 8.2 0.92
7.0 0.068 10.2 0.95
8.0 0.029 24.0 0.93
9.0 0.023 30.8 0.90
10.0 0.024 28.4 0.98

2.5 NP FIUR A B R0 TR HT U $5 15 0T 4 i 1) 52 1)

7E pH {H A 6.0 A R s IR 56, 70 il #8
TNAS TR B2 141 NP A $E 3, 30°C 5 140 o/ min® R K5
7%, 8 1 d B 1 IRFE, FES &I AR BE, VN HPLC 2HT
R, g5 B W3R 2 AR 2 T LUF Y, 18 F-10 XF NP (1)
o At o 22 B B 0] s A FEE ) 4 o v AR A Bk, AR
A AN 23 B 2, U0 B B R 65T N 3R S NP IR
PR B, AT o L AR BT NP 25 1 A1 B A NP 1) g

77 [FIE, NP [ % fift 3 2 Bl A AT 43 4 1) 184 iy 2 ik
LY
2 TFENP#AREME F-10 1R 2HEEN HFSE GO
Table 2 NP degradation rate constants (%) and half-lives Cz,,,)

at various NP concentrations and inoculum amount (30°C )

NP #fE fmge L7 BIHR/ % k/d-! tip/d 2
1.0" 2 0.078 8.9 0.96
2.0 2 0.094 7.4 0.95
4.0 2 0.097 7.1 0.93
1.0 1 0.066 10.5 0.99
1.0 5 0.115 6.0 0.94
1)k 5

2.6 EJEET KRR 5 ILAURDIXT NP BEAR 1)
Al
W — e BB T, O AR A E B A
KT E, R AL 7 4 8 & 7 S i A= 0
AR IF BRI AR Y IR B8 T . A 75 424 Ja 2 1 A
BRI ER XTI F-10 BEAR NP HISEIE , 75 pH (N 6.0 HY
W 3 W 15 7% 36 R, 2l B0 N K, HPO, 4.0
¢/L; NaH,PO, 4.0 g/L; (NH, ),S0, 2.0 g/L:
MgS0,*7H,0 0.5 g/L; CaCl, * 2H,0 0.01 g/L;
FeSO,*7H,0 0.01 g/Ls MnSO, *2H,0 0.01 g/L; NaCl 1
g/L; CuCl, 0.01 g/L, Bl AN [F) 75 3h i 1) B 97 2 3t
AR TR A0 R A B I R R I R, B A
50 mg/L, B 2% » NP HI4HHSEC(1.0 +0.05)mg/L,
Wit pH 4 6.0, T 30°C, 140 v/minf® K%, B 1 d
W1 IRFE, FE &0 A B, 3 N HPLC R, &5 3 W
%3,
#3 SEBETRBBRESHRBEY
3t NP P& RIS 00 K& 31 71 52 8(30°C)
Table 3 Effects of minerals; phosphate and cometabolism substrate on

biodegradation rate constants (k) and half-lives (2, )(30°C)

Wi k/d! typ/d r
Z R 0.080 8.7 0.93
(NH,),S0, 0.104 6.7 0.96
MnSO, 0.145 4.8 0.94
CaCl, 0.063 11.0 0.97
CuCl, 0.069 10.0 0.99
FeSO, 0.077 9.0 0.96
MgS0, 0.119 5.8 0.94
NaCl 0.085 8.1 0.97
A &N 0.073 9.5 0.97
i 25 0.152 4.6 0.97
it P2k 0.135 5.1 0.97
P BEE 0.131 5.3 0.95

M3 T DL Y <2 1 5 IR R X TR
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F-10 F#f# NP A LU W 5 00 . NH, - Mn®* « Mg
FT NaCl A HEERT, FEA & Mo®* 25 7, 48 T
F-10 1T 1 % BB fFEFE s 1 Ca®* Q" Fe ™ AR IR
AR ZRIAFHIVE ] X AT BE AL BN NH; B8N T F-
10 $EAEEUE, 1 Mo W Mg>* F1 NaCl ] g2 NP B i
EF PR A RS 73 B A NP IR At 8 D 9800 77, R b o
RGN ICUR BE R NP Bl e 00 3R s TR R
FE) Ca®* ~Cu** “Fe* IR £ NP P& Mt g vl fig
20, DR JL Uk B O 4 4 NP BE A
)

FH T~ NP o — G o il 5 R0 o T v e 1 e e At
AL 25CHE, FERFEEE (4.9 £0.4)mg/Ls 19Ky =
4.48 124, MILARI #A FE SR R NP PR R R R N
— AT IEAT, N, 8 AR — e A Sk A B R
IR R AME LA K, R e R S
() NP [t i, a2k 42 2F 2L 0) NP IR B N 3 h
AT DU HY A 26 0 IS Rl AR 1 B 4 L LR 1
PRI H, I rb A 28 B 8 S a0 B 8, TT BB 1T F-10
TS5 R A2 B R SR A B R A e =, U AR TR 2
(1) NP P fig ity , 2E T 2w 7 H PR NP (I8 2 . Yuan
A5 A IR ST A ZR v A WL R Cln i RE D B I
REfE W] 12 3R = NP ) FEARRICR
2.7 RGN NP B 5

T R VR O TR AR R IR AL R T A T T R
4, T S IE NI ET LTk, AP L %8R TR
BRIE RN NP A=) B i ROR K id ok b
H ) 28 R CELEE B F-10) 20 A 78 24 A B 8% 1 R 8%
FrHE P R IR A K, AR 54000 r/min B0, I
FATETE K (MSMD [ PR 3 U0, T AR RE A2 A g
=1.0£0.05 &, FFEEARBIR S 14, T B & 1w &
WA pHAEA 6.0 IH 5T £ i 35 72 2, Lh 29
R TR e N VRS TR R NP TR 1.0 mg/Ls
T30°C, 140 r/minfF ARG TR, B 1 d B 1 KFE, AR A
AR BE, VN HPLC dEAT AR, 45 R WL 4.

M 4 T LUE H, TFUR 10 d A B NP R 7
FACT W F-10, BATE B NP 4P 0 R LA,
A S W 5 B F-10 A7 A5 B R A P/ P, 5)
FILE R AR R NP ARASB S, HEMT S T B F-10
(1) Rt e AN 4Ch) R AT BAFS H, TR A T X NP 1)
B R A2 BN k=0.064 d XN E BN ¢,
=10.8 d, Tt B A B 1 B 3R AT 110 18, X n)
RESE B TR A F-10 B &= /D (10 R I 8 (H 5 3R
2 FFEIN 1 9% B (R AR AR EE , VR T AR o R AR

@ —&— F-108
100 —_—
80
©
o 60
ofs
40
20
0 1 L I 1 !
0 5 10 25 20 25 30
t/d
[ ] ® =-0.0718x +6.9538
- y=-0 : AF-108
R2=0.8727 BRAHE
A ]
< A L]
]
- A a
y=-0.0865x+6.9843
R2=0.9505 a
! 1 I I !
2 4 6 8 10 12

t/d

co=1.0mg*L™", 2% W H &, pH = 6.0, WK 30°C
4 REESHE F10 BRER LR
Fig.4 Comparison between mixed strains and strain F-10

on NP biodegradation effectiveness

FIE o W ILAR TR 5 F-10 B AT 880 1R P [R) B A A
F .10 d J5HU1R F-10 X NP FEASAS FBefid, VR & b
AT LLRRfR, 25 d J5 Bl 2R IA 2 75% , = T 5 1
65% » 1X T BE A& R A B F-10 75 B Al NP ik 2 v = A=
TS AR et 2 L1-4 %, 3.
FEHE 11, 4 T BE (2-L 15 1, 5-trimethylhexyl J-1, 4-
benzenediol ) ~4-[ (1, 1, 5-= 1 3£ O b2 50 35D 1A 3 (4-
L (1,1, 5-trimethylhexyl ) oxy Jphenol ), #1fil T 18 F-10 ]
TP S TV 5 T 00 R 08 AR At G 7 A (1 o 8] 40, 2
TREFB F-10 IO0E 1. T WIR G A RTE AR T3
F-10%F NP [ B AR . i o T G 181 A4 5% v EL A4 IR 26 i b
EH F-10 AEAE B AR AR R AR - BLEE, I3 5 i
A AR AL R T VR SR NP 1) B AR B KS A Lh A
A S Y

3 it

(DR NP 94k A BURL 5 4 7k | 53 85 43 21 1) 40
P e 2O I 1 AR NP AR B R R F-10, JF IR I
Sherlock MIS % & A 21 BK 17 J& H (R 21 21 35K e

(AR JE 30°C, pH 6.0 51 F, B F-10 X NP
RIS B a7 I B A 68 ), LB A o R0 2 — sl
SRR R R ) N0.0865 d L R, )N
8.0 d.

(3D F-10 X NP ¥ #8255 NP (4] 4R e
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% 29 &

TRFANK, 1M 5 TR B 5 I AH G 386 g NHY
Mn®* Mg Na* 2519 & B0OI N 6 25 6 | Tt 12 44 A
P REE S5 A0 1R e NP B R IEE R, 1T Ca®*
Cu’* Fe* FNBERR #h (1 F WAH S5 R, VR4 B A
FIM NP B e 200 T4l
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