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Abstract: Biodegradation of pyridine pollutant by microorganisms is one of the economical and
effective methods to solve the environmental pollution of pyridine under high salinity
conditions. To this end, screening of microorganisms with pyridine degradation capability and
high salinity tolerance is an important prerequisite. In this paper, a salt-resistant pyridine
degradation bacterium was isolated from the activated sludge of Shanxi coking wastewater
treatment plant, and identified as a bacterium belonging to Rhodococcus on the basis of colony
morphology and 16S rDNA gene phylogenetic analysis. Salt tolerance experiment showed that
strain LV4 could grow and degrade pyridine with the initial concentration of 500 mg/L
completely in 0%—6% saline environment. However, when the salinity was higher than 4%,
strain LV4 grew slowly and the degradation time of pyridine by strain LV4 was significantly
prolonged. Scanning electron microscopy showed that the cell division of strain LV4 became
slower, and more granular extracellular polymeric substance (EPS) was induced to secrete in
high salinity environment. When the salinity was not higher than 4%, strain LV4 responded to
the high salinity environment mainly through increasing the protein content in EPS. The
optimum conditions for pyridine degradation by strain LV4 at 4% salinity were 30 °C, pH 7.0
and 120 r/min (DO 10.30 mg/L). Under these optimal conditions, strain LV4 could completely
degrade pyridine with an initial concentration of 500 mg/L at a maximum rate of
(29.10+0.18) mg/(L-h) after 12 h adaptation period, and the total organic carbon (TOC) removal
efficiency reached 88.36%, indicating that stain LV4 has a good mineralization effect on
pyridine. By analyzing the intermediate products in pyridine degradation process, it was
speculated that strain LV4 achieved pyridine ring opening and degradation mainly through two
metabolic pathways: pyridine-ring hydroxylation and pyridine-ring hydrogenation. The rapid
degradation of pyridine by strain LV4 in high salinity environment indicates its application
potential in the pollution control of high salinity pyridine environment.

Keywords: Rhodococcus sp.; hypersaline wastewater; pyridine; biodegradation
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B RIER T (Paracoccus pantotrophus) B21-3, i#id
A B R ML E W) 4R Tk BE XS TR PR B21-3 AT 3I4E,
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WA K Ji5 A 2 b P B

IS ZA-FT L4356 B TH(TU-1810,
Pri@fl); TOC 73 #r{(TOC-LCPN, &5¥t); pH
W 7€ 1¢ (Seven2Go pro, M4 #-FCHI£); FEIK
(DHZ-CA, KA2); 8.0 B HLHC-3018, Hfk
HER) ; R K R (YXQ-LS- 75811, | i iR se
WARRAF]); AAAEFRHE(BIPX-300-11, 1R,
W F B FAX (1290UPLC-QTOF6550, Z24#1£).

LB #igihk: AR 10 gL, BEEEE 5 g/L.
NaCl 10 g/L., pH 7.0,

THLER B R 5 . K,HPO,-3H,0 0.30 g/L .
NaH,PO,-2H,0 0.20 g/L, MnSO,-4H,0 0.01 g/L .
MgSO,-7H,0 0.05 g/L. FeSO, 7H,0 0.01 g/L .
NaCl 40.00 g/L, pH 7.0, Fr A AL 5362 i 22
BKECE, T TR RZERK R 121 °CKIE
20 min Ji5 #8571, MAE 5 37 B N 7R JCHILER By o5 ik
KDV H S BN ACKH IR BE A IERE o AE TR
PRRE SR SERE EANA 1.8%IK B A i 4% 1
(USTE .

1.2 WMIEEMRENESE. IIHETEEE

T ¥ U8 BB L P A 2k 2 v AR AR R K
AR FR) T AR, BRI S g TSRS YR BT 100 mL
1) LB ARG SR 56, A 30 °C. 120 t/min Y
PR 1 d FEEFER . S5 mL FiRH
BRI A 100 mL A AR I IE VR B R 500 me/L (1
RTAHLER B FR 2R, 30 °C. 120 r/min 5555 1
J , AREEHE A1 IR ML IE VARG SR B AR [R5 7 4
PETFIMEE TR 5 WK BUIMEES 5 YA B B IR TE TG
LB [WAIGFREE F iAo B LR A, BT
30 CCHYEFRAE NI TIAL , Ki g% 1-3 d IR AT e
M I R AT D B4 TR 7% o BRI S AN [ Y TR
AT AR FRIE R L A b (L B E R 3 1K),
AR SERR I 4 BROIE SRR TR AR , K
B BRI ARG R EE N 500 mg/L B TCHL
LR IR I P IR A HOEEAN [ TR AR ] ) e B o
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fFEBE , 5 230 ML IE 3% A 1 BB e 7 Y T ik LV4
Sy BV R TR 2232 B9 . TR Ak LV4 1Y 16S
rDNA  JE R34 Sl 77 AH O¢ TAEZRHE2E TEY
TR B A BR A AT .
1.3 MEEH Lv4 RS EL

Wt i Ak SRS 1) HAR AR Lv4 % 2=
TR P TR P (R A 3 2 1 2 3 s A ) vh o
T (IR 458 CGMCC NO. 25045)., itk
LV4 785250 % 3o 4 i 32 2R B H MR VR O A
PR T =70 CCRAR TR VKA b o B 30 2 O 1Y) Tif
ERPERE LV4 #:AVE 0 LB Ki 3, T 30 °C.
120 r/min B3R5 AT —KIG L. REERE
A 24 h JERHAE R SIRILRE R BE R 500 mg/L
PICHLER SR, T 30 °C. 120 r/min 3557 5%
PR EIE, FEMERETCHIER R SR 3 Ik
J& B 3 RIS L3S SR (ODeoo=0.4)VE S 1
AR T IR 22505 .
1.4 MEEE LV4 TE M54

BEELRE N 0%, 1%, 2%. 3%. 4%. 5%
1 6% MMM R 500 mg/L AR IE JCHLER
AR, ISR TR A LA 5% (R4 801
FEFP L (ODg00=0.4) 82 AJCIR A 100 mL AERE TCAL
RPN, 30 °C. 120 r/min 5535 72 h, 4]
B 12 h BURE, 43 BI00E TR AR LV4 7E R [R1EE KR
FREEFHIE R (FH ODgoo 7R) MEREFLEA HLAR
(total organic carbon, TOC)AY [ IE I .
1.5 AEIFEXE LV4 @M SR
=AU

BRI LV4 TR AR Z RN
0% 4%FIRI G E K 500 mg/L MEBE CHLER 1
FRHEp, F30°C, 120 r/min EEIRNES SR, H
B MR LE K B B0 (0De00=0.4) o UM B WA
S HAREAW, 8 000 r/min #5.0> 10 min, 5+ 5,
A 2.5%IC T BE W T 4 °CHEl5E 12 h, {84
It 5 W FH PBS 22 vhifi (pH 7.0)7F YEAE AL 3 1K,
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FRHRLL 8 000 r/min Z5.0> 15 min Ji5 E1H F 5K .
HoR, FHMEERREE R 30%. 50%. 70%. 90%F
100% 1) T K £, BEHE A7 15 7K A 3 (g Yk o8 ot i
15 min 7£ 8 000 r/min F&.0 5 min)/a, A
—20 *CHIVKFRVR R o B Jm A T8 R TR 2k
K, B AR [ AL & b, W4 B AR
TR B ER
1.6 AREEXE LV4 fRINEBE 5
P

PR LV4 DL 5% (B 80 iy 48 43 5l
BERMTERE R 0%, 1%, 2%. 3%AH 4%M9)hG
WeRE R 500 mg/L WYNLRETCHLER SR IR0, IFTE4
B A TR SR THURE | SR B A3 i s i
XTI HAT EPS USRI, HOMECIAE Sy 30 mL
FEL.OEHN, 5000 r/min .0 15 min, #5 FiG
T, 8 PR R Al AR s B 38 1 4 i s 2 DR 1 R
T FH A A 78 PH B S B AR (732 T 7E 8%
() NaCl IF R HI2 5 h, F4F 30 mL (U EEH
WS R 1:30 BB LIRS, TR
PEFEes B EEBEFE 4 h, #0E 5 min, K EIRTE
4 °C, 10 000 r/min 2514 F #.L> 10 min, B ik
W25 0.22 pm AYPERELT 815 5] EPS Wi
1.7 SEFHTIMEREFIEMK LV4 IEIE
PR M BERY RN

XoF T 0 M Y S e S 3, A8 ) A Mk
WeEERRRE K 100, 300, 500, 700 FI 900 mg/L,
F 30 °C. 120 r/min, pH 7.0 £&F FH53% 36 he
XTI B g, WOE R SRIREE 25. 30,
35 Fi1 40 °C, 120 r/min, pH 7.0 #5%% 24 h, XfF
WIhh pH 356, #E pHIEEI M 4, 5. 6. 7. 8.
9 #1110, 30 °C. 120 r/min 3555 24 h, X T
ST, S I A U T R AT R R AR A
(dissolved oxygen, DO RE , WAEREH A 40,
80. 120, 160 #1200 r/min, 30°C. pH 7.0 /%
TREFE 36 ho A sg i B R0 T S IO AL AT 1)
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IR LA 5% (RFR B0 BN & e dh T3 3
4% IR BE 500 mg/L AL IE TCHLER 1 %
J TP () 2 M R S T S B BR A1), AE R S
Sl 10 P B — 5t 1) RO I 22 ODgoo ML RE I
TOC i .
1.8 E#k LV4 MU EH TS EMERE
R M8

TR LV4 DL 5% (RF5 850 HeFf e b
BRI 4%MIRIIRNEIE B 500 mg/L AYILIE
TeHLER B FRET, £E 30 °C, 120 t/min, pH 7.0 )
ARG 5 R 1555 72 h, [aIB& 12 h BUREF T
5E ODgoo» TOC, MHEBE . NH, -N HeJE LA K2 pH 78
k.
1.9 E#k LV4 55 50 TILIEPE#R (8]
P9 A

F kR LV4 DL 5% (IRFRA 80 r e Fh i 42D
BEEN 4%MIPILRIERE R FEE R 500 mg/L itk
e JCHLERREFE I, 7E 30 °C. 120 r/min ., pH 7.0
DA IR 460 R R SR 72 h, 0 IE R RRAE K1)
STBO LA K R e A EURE , 8 000 t/min 50> 10 min,
BB S WO 0.22 pmol/L 38 et 38 i BRI 3 VR
FHWBTI FRA A3 HT T bR LV4 B AL i) v i
o AERSEARM N TSN 0.1%H BRIk
W EEW=3:7), WAHBTiERE 3 ul, W EhAH
K 0.3 mL/min, 1F 0 H 5855 B B 0BT m/z
30-300 Da 494 . #AE S A SRR EE N
350 °C; SAAUWH A 12 L/min; BESI'#E: HIE
4000 V; ESI#=: HE 3200V,
1.10 WX EHIBESHEE

K A0 WA OB BT T K 254 nm
AR K R E 5 s SR TOC ME )UK IR A
FIRBE 2 75 Bk H TOC Fr i Bfk Lv4 4
KA R ODgoo [HLFEAE, RIEEANAT T4 e it
TEPAS 600 nm AL OGREME ;RN FRain] o
S BE VLI 5 K P 2 A it o SR AR AR 0
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Jf14hEE H (protein, PN), R JHIZR M- AR 1A 2
JItd b £ B (extracellular polysaccharide, PS), P&k
LV4 AT EQ) S ODso (x)ZIHIH R LA
X, KRERRN y=1254.2x+41.547 (R*=0.997), Ff
AW ER 3K, LIETIR F LA bR i
ZWE RN, [FIEHE A SPSS 17.0 B A4EXT AR
B N RUILIEFE R . TOC [l ATtk
Lv4 A4 K & 47 3 R 7 2 5 A (one-way
analysis of variance, one-way ANOVA), J:H g 7
2R SRR /N 25 25 559 (least significant
difference, LSD)u},# Tamhane’s T2 2 £ 5 HLi 7
%, VL P<0.05 /0 BAT B B V22 53 ARt .

2 BER540

2.1 THERAHIEFERRER LV4 T ESEE
MEEA TG e 225 4 IR 4 85— Rk
WEREMRT, 40 LV4, FIMH 16S rRNA J:PA i
BN ER LV4 SLR A Sy s K
2541 500 bp 1) HFx DNA HBe(1& 1), I fr
3 16S rRNA JEH P4 2 #2358 2 GenBank (5%
5ok OM108125). i 1 16S rDNA [ 741 [F] 5
P KB, ERRS Rhodococcus sp. YC-JH2 J¥
H R B IR 100%, FIHED G RE LV4 S 20ER TR

R . B 2 REKFEWMEEREY], Wk Lv4
SJETERTA R B A e R AR R — 03 3 b, e — 2D
E T HEAE LV4 18 T 20 BR i JE (Rhodococcus
sp.)o XA B ORI FE MR . ILIE S A AR ER K
A T LA R R A
ST MLRE R R R IR A RS, K,
WG M T RIRE LV4 16 =3k 55T it
WE R PERE .

LV4 + = M bp

4 500

3000
2250

1 500

1 000
750

500
250

1 E#k LV4 9 16S rRNA £F PCR =575
PEEEREIKE  M: s TEbRdE; +: BHMEXS A
—: BAPEXTHRE; LV4: 16S rRNA JE[H PCR =4

Figure I Agarose gel electrophoresis map of the 16S
rRNA gene PCR product of strain LV4. M: Molecular

weight standard; +: Positive control; — Negative
control; LV4: The 16S rRNA gene PCR product.

Rhodococcus pyridinivorans strain S5-TSA-30 (MN179918.1)

100

LV4

100

100

0.1

2 EHLV4 ARG LZER

Figure 2 Phylogenetic tree constructed for strain LV4.
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98
98 _‘: Rhodococcus sp. strain HS-D2 (KX500189.1)

9 L Rhodococcus pyridinivorans strain S5-TSA-30 (MN179918.1)
99 Rhodococcus sp. strain CNS16 (MH879823.1)
92 Rhodococcus sp. strain ASDC1 (MG940979.1)

Rhodococcus sp. YH2 (EF467881.1)

Rhodococcus sp. LE2 (EF683121.1)
Rhodococcus rhodochrous strain APBSDSB41 (MG705587.1)

Rhodococcus sp. 2G (KP120890.1)

Rhodococcus sp. adx-2 (FJ169467.1)
96
W: Rhodococcus sp. N1355 (DQ157922.1)

Rhodococcus pyridinivorans strain 1SJ30 (MK990024.1)
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2.2 Bk LV4 £ [E & R ALE & 7k A RO %
AR MEBE

R K — AR B R R A BONMIE T 1%
MK, —Rmi s, fEEREm 2N, ey
IR BN SRTNEE=gi0r 3795 3 akd i) oA fh ) Ve
5, VA A BB RRACET LA N R R i AR . — B
AT b b M L A W i 2 R, 2 i
A A ARG Bl {87 S0 i 1) P32 7K A 3
BTk, HEEpmUY, HIE AN R £
FEXTTRRR LV4 (20 A 1 S ne B e Re i 52
e, il 3A Frn, MERERNE T 4%0F, bk
LV4 {4550 12 h P SE A A 5 F AP A= K Al %t
BOW, = 48 h BFEPE LV4 FEERE N 0%, 1%,
2%, 3% 4% ODegoo THIFIEFNRIK, 439N
0.56+0.02., 0.53+0.01, 0.50£0.01. 0.50+0.01 F
0.49+0.01, T 4EREARLE TR 2 5% 6%KHT,
HPE Lv4 B8 E R R ARG, 254 KT
HAXT R R ODgoo 1H A BARTF TCER IR (ELEE R 0%)
N 1%-4%ER FETLEI Y ODgoo 16, ZE 557 72 h
F1 84 h WA KR LV4 1) ODgoo (HIAFIT K, 4351
4 0.37+0.00 F1 0.35+0.01.

RIRER RS B RE LV4 Xt uH i (0 R R 4
Kl 3B s, 25 L R BINLIE B S bk LV4 A K
A FEBYIA G . MR EA R T 4%I ik Lv4 7]

TE 36 h WIERFEMERIGRH A 500 mg/L Hynik
WE, TIFEFRE N S%ETTAR LV4 T5% 72 h Afg
SEA AR IR Jy 500 me/L BynkiE, 4ERRE
PR TR 2 6% T, X R ARFEAE 500 mg/L AYILLIE
W5 2L 84 h B[] o 3 AN S 56 3 B v R 2 B R LV4
B25 JXT IR LA ODegoo 38K B i e [ i
(B A B 7R) o 27 IR, B IE FR R A7 -5 TR ik LV 4
FE R SR A AR K DA, K AR B = T
4%, TR LV4 YA R O i i B2 £ 1] dnd A
ARG PICIRATEE R 4% T/ S mdh
M R i RE A 9T

RELERET 4% Hkk Lv4 B 1E
36 h WIERFEMILIE, {H&BHBXTIH ODeoo
EILT-HMR T RER A FRE LV4 4K ODgoo
(B, SXUEHAEE EE 22 i AR A M P A, JLHDE:
AR B R T 4% 0 R R FREE X R AR LV4 1 52 1) 00
2 WAE A K ARG e i A A | HEE 40
Z R B R R, A8 o
S IBEIES T ER B N 4% S Eh A8 X i bk Lv4
AN TR R, 45 SRR 4 B o FEJGER BE X}
HELL (& 4A-4B)H, PR LV4 [ IARZ0HE 24P
FiomsllE, BAHES B R H B
B, KARAL T A > 24 W, WA JCER Xf iE
R RN A K A . TAEERE N 4% 3256040

ow}

Pyridine (mg/L)

I 1 1 1 1 1 1

0 12 24 36 48 o0 72 84
Time (h)

3 FEREXERK LV4 BZEME KA)SILIE M (B)RI R
Figure 3 Growth (A) and pyridine degradation (B) of strain LV4 at different salinities.
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Figure 4 Effects of salinity on cellular morphology
of strain LV4 using scanning electron microscope.

A-B: Control group (without salinity). C-D:
Experiment group (with 4% of salinity).

(Kl 4C-4D), IR EA B4R, Ko
S L 200 L 53 L0 5 TR AR R 3R TR 8 T, X
5 Gui SEWFFE A E R BN A TR AR A0 MR AR
PESEAHF, T RE R th R AR B R B E R T
o 1T 3 2R AR K i 3k, A, 50 R 2H A A
Eb, i 3 S50 2 P BT (AR A4 2% T R P
RIS AT B3, #3290 S5 Ay 240 0 P L A SR
A9 EPSUCL eI ke, E— 5 T
ANFIER BEXS TR R LV4 43U EPS Rk s, anial
5 Fn, SIS RER LV4 QUM 2
) EPS SRILPUREIREM RS, Hosb2hE PS
OB A e A g, BAR AN I
(P>0.05) 1fif EPS H1 PN 5 S A1 fifih B A3 s\
ETHR(P<0.05), BIMEREE M 0%t 2l 4%HT, PN
S 135.54 mg/(g cell dry weight, g CDW) |- T}
F] 205.45 mg/(g CDW).
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Figure 5 Effects of salinity on PN and PS in EPS of
strain LV4. Symbols for significant differences are
indicated as the lowercase letters: the same letter

means no significant difference (P>0.05), the different
letters indicate significant differences (P<0.05).
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JE AR Y IE IR FMIERK 2 72 h B, APk Lv4
ALK 700 F1 900 mg/L HIMERESE4FfR , %I TOC
ERRFBIIHIH 85.45%F1 78.09% (L Rk R
), BEHISEZIG G N TR R LV4 AT S Eh i b i st
PR R BEMLE A R . 25575 JEIERE 5 TOC
REfpdE i . Hkk Lv4 AR KR eseig m ), ke
500 mg/L A J5 &5 i R ML RE B A S B0 R R R
232 BE

BE SRR R W AR A K T T A ol
S e ik AbA5 0 n Lk E F 56 i E ) 14) 32 5% g [
K2 e 6B FR, FEFREE R 4% LR
AR LV4 AR IRESE N TSR, nT7E
25-40 °C I3 3 B P LA itk B Shy il — i L U
fre ke, Hd S A 30 °CRf, FRE Lv4 14
KA, HEETEREREfRERE R 49.16%, WS T
FoA IR T AR BERE AR 38 (P<0.05), RUIE IR
HLE R BPE LV4 XTI RERE AR BE I A 7E B 3 M2
So TR 72 h KRR, BRI A
TLBEESRERL Bk LV4 2RI BA BT
WALRCR , MR RIS 30 °CHf TOC A BR#EA]
ik 88% (B &5 A WR). 4 FATA, Witk Lv4
FE 25-40 °CI il 3 PRl P XT i e B2 7K A
FR AR AT, EARE R 30 °C,
2.3.3 1% pH

SRR —RE, pH 2 MY A K
it 155 1 DA S 4% s e W R f PR RE I E IR R 2
— 221 A BT M LG pH X R RR LV4 7E
AR S T R R RE T RE A, 5 SR A 6C
Jin o TEFRIE R 4% RIS T, BBk Lv4 1]
£ pH 4—10 75 Rl P DL i Sk ME— B U TR0 7 A=
Koo M FERR LV4 K555 24 h B G bk e Fe i R ok
P85t ot SRFHEWIG pH K0T Wik
LV4 Xif I BE R BE ) A7 A8 5k 25 5, b ) i
pH h 7 B, Bk LV4 Y00 R 80 R B 4
(P<0.05), RHEBEREMEAR N 42.63% AXERBL,
Bk LV4 ZERI IR pH A 4 5% 10 BHRERS LAIRE Ky

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

ME—f BT A 53R 2 72 h ) ODgoo 5391
9 0.42 A1 0.29, XiF L7 A R 2431 R 100%F11
15.77% (B TR &5 oKk R ), 2% BH TRRR 7T 76 5 iR 5%
SR P AR v AR A IR A L I | TR P b A
SRXT IR LV4 A RHNSIPEEOR . DL R SR g iR
FWA R LV4 W 7E pH 4-10 MOFEENFERE, IF
H.24 pH A 7 I i B B A SR e 0T o
234 BREE(MDO)

B AR A YRR - EES
B, KSR A S T L R R R R R
sz, il 6D FiR, TEEREER 4%
WEEh, Bbk Lv4 fE K | ke )2 TOC R#figR
FET it A e T T o T 40 T K, Z 5% 3 R 120 t/min
B R AR K 42 (0Dg0p=0.57), LTI IE 5 TOC
Fef ik B, 2000 100%F1 84.78%. 5%
T 120 r/min A HE, #5338 160 r/min B Ak LV4
HI 20 L A2 4 (OD09=0.59) . IEIES TOC R fif R 2=
BRI, SLETIEEES TOC FEMEE 51N
97.38%F1 78.70% ., FE#H AkLE Tt & 200 r/min i}
PR LV4 [IIEE S TOC FEffRA T TR, 439l
4 90.36%7F1 78.61% , X AT GES& R Rl KSR
JE AT B A 5 SRS 2 TR AN 7050 T 5 | A i i
FEMACR T 28 DT, 38 448 PR s vl
fRFFAIMIA R S e AR, HIBRLIE S TOC
R DR bR LV4 A K i, #65E 120 t/min (9]
f DO A 10.30 mg/L) N8 ARG M TR 225050
24 BMEHTERK LV4 RIS ENIERE ARt

T S G TP IR AR I T AN (R IR 5% R - X
PRI AR LV4 7E i $h P ) nH i [ et BB 52
1S TRRR LV4 16 = Eh I8 T Sttt e B A 4514
A UA A REHR EE R 500 mg/L 35 SRR N 30 °C,
¥ith pH R 7. 553k 120 r/min, JE2EFRATHAE
FIREIAME T REMR R LV4 /& R eE
FefitERE. & 7A Fis, AR LV4 7ERT 12 h
P ALh = B 0 1T 4 A A R0 K e B
= W) 1R (502.33+6.54) mg/L & W % K K
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(424.56+4.90) mg/L. ZJG Pk LV4 JE AP
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T A 36 h IR 0.57+0.02; SRR N
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T FE R, I I RE V- X K BR i

oM (17.69+0.35) mg/(L-h), 3% B nHkIE it 4 i

A K S YA, K TOC k-5 e R
R AR —3, B 72 h BELRETRE
(42.80£1.05) mg/L A 47, ILHS TOC PN
88.36%, HF—LULBIRPE LV4 XTufkiE b
AT (I TA) o A I E AT PR , /K NH, N
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Figure 6 Effects of initial pyridine concentration (A), temperature (B), initial pH (C) and dissolved oxygen (D)

on pyridine degradation by strain LV4 under high salinity condition. Symbols for significant differences are
indicated as the lowercase letters: the same letter means no significant difference (P>0.05), the different

letters indicate significant differences (P<0.05).
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Figure 7 Growth and pyridine degradation characteristics of strain LV4 under optimum conditions.
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SRAMTE, E53E 48 h EA S B XK
=, 290 73 mg/L, ZJ5 WA PRI 4ERFFE 70 mg/L
£eA5 (Bl 7B), KRl aa g i3 N et
BAHZI R 77 mg/L, BB T LREFF 35 1 N fEA7E
A Z DL NH,-N IR AL o 7R3N S0
R FK pH I SERERS T AR b
(1 7B), HiTHA pH A BT BE K T B 2 ik B R A o A
S AR TR SR I S, T B A I RE T PR
PR NH,'-N &3 imm s K o pH {E5 4
Tt
2.5 EFk LV4 RORLDE S S [E =95 4
CIERTR IR TR LV4 TE = Eh 41 T A nt i %
f s A, A HPLC/MS 5 iz 17 6 43
S A, I e A ) o A o) A v S R
AR E SR 1 R, Pk M1 ) miz Ry
79.10 5EIE(CsHSN, 79.18) A X431 i 1 A
5, AIE NIRE, M2 B m/z 4 95.09 5k
3 CsHyNO (95.10) Y AHXT 43 F S AHAT , 2N heE
A C2 P FRIEIB I =) 2- e ),
M3 1 m/z J 111.12 5 2,6- —FFFEmIE(CsHsNO,,
111 10) A ARXS 73 F Br it AHAT , FIINE N 2,6- 5%

R 1 EHK LV4 FEMUE S MR RR R R R a9 hElf

SR, JEAE 2-FRIEAMLIE R TR R
SAR RN 720 M4 19 miz R 129.16 54k
2230 CsHoNO; (129.12) AN 201 R AHAT, 2
2,6- FR BEMEBE K A AL IS A L ) 3- G JA IR
PATHRRERY M5a 1 m/z h 116.07 S T #
(C4H404, 116.07)HIAHXS 2 B L AHAT , /2 3-I00s
i BT e T 3 5 1 = BT, O R AR AR 56 S A
VR R =2 = RG] = L T
I R (MSb)P,

HE = M6 ) m/z g 97.10 S54kER
CsH;NO PyAHXT 43 F i AHVE L . M6 HA I A
[F) () ST A AR 2= 2R, 300 Ry L E A 1) 2 B Ak v ]
AR 1,2- SN BE-2-E (M6a) Fl 2,3- — (ML IE -2-
(M6b), R Al dE—5 3R Ik A B =) 2,6-
TRIEMERER, 5 MR S S A Y AR
B =T, R M7 1 m/z 5 101.13
Eifk22 CsH NO (101.15) A9 AH X 4375 1 A X
N, 2% 8 A URRE-2-F, FLRTRERE M 1,2- 4k
W -2 A A B, R M8 1 miz A
131.15, H56&E A CsHNO; (131.13)FH VLR,
AT E R 4-HI WG TR, 7T BB Fh IR i -2

Table 1 Intermediates of strain LV4 in pyridine biodegradation systems

Metabolites ~Compounds Formula Calculated mass Observed mass Proposed structure
M1 Pyridine CsHsN 79.18 79.10 0O
M2 2-hydropyridine CsHsNO 95.10 95.09 QL
M3 2,6-dihydroxypyridine CsHsNO, 111.10 111.12 L
M4 3-pentenoic acid monoamide CsH7NO; 129.12 129.16 L.
MS5a Maleic acid C,4H,0, 116.07 116.07 C
MS5b Fumaric acid C4H;0,4 116.07 116.07 x
Mé6a 1,2-dihydropyridin-2-ol CsH,NO 97.12 97.10 o
Mo6b 2,3-dihydropyridin-2-ol CsH,NO 97.12 97.10 QL
M7 Piperidin-2-ol CsH;)NO 101.15 101.13 QL
M8 4-formamidobutanoic acid CsHgNO; 131.13 131.15 C
M9 Dihydro-2(3H)-furanone C4HcO, 86.09 86.10 [}z
M10 Succinic semialdehyde C4HgO5 102.09 102.11 C
Ml11 Succinic acid C4HgOy4 118.09 118.15 C.

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



IE S—HOKRERAE Lv4 TSR T AT EESE 1213

AALIEA MY, Pk M AT M10 (4 m/z
39k 86.10 F1 102.11, 43554k C4H0,
(86.09)F1 C4HeO; (102.09) A4 AH XT3 Ji £ AH X
I, AT 43 Sl 4 A A -2 (3 H)- Wk el T 5 P R
s, ARBHTEY M1 B miz R 118.15, 53EIA
PR 1 (C4HgO4, 118.09)FAH XS 73— B it A XS 1, /]
BEIAE N IEHIR

3 WibE4£&#®

LA 255 ML P I i A1 7 08 0 15 Ay it 1) A= )
53 Ak A B AR S — il R nbk BE ¥ Y PR BE Y 22 T
ARGEAR ., R, FEARIK . ERLIEK | 2%
KA Tl K AN G I BE ) 5, ] s 5
R EE YRy, TE T R R BE K o %2R K
AR, SR ) ) A R RS A P g,
Tl A Y B A K B HE , TR 29 1T K Y
A=A FRANCR, o I SCHRHIE I BE R I A )
RARSEAETC AR SARFR BT h EA ™), T
Rk PRI R ) M E R A A i O,
I, FF R HAG ik iE R Ak B HL BB IS TN 37 =5 38 70 1Y
TR, X T S B i i R /KA A PR A5 T
HEE,

AHIEGE LA E Ay i — R AUUA , R AEAR R K Ak
MRS R T E AR, Sal . dlife
U, B AT B B L BE AY R R BR
Rhodococcus sp. LV4, REIFFE &% H & 4
TR X M OB | M 4 R R AL G W) B — 8 B A
RN, H O F AR R AR A T ki R A P R
PIBIFFEEL D o R, AR E R ST T ik LV4
TE = Eh 25 M BE AR B, 25 SR R B S W LR ik
WEWRE N 500 mg/L I, Btk LV4 RESTETCE 1
BEFN 1%—6%3 BE 0 Bl N A2 K58 MR IE
HYER R T 4%0T, MERE g R AR Lv4 A K
RS . F GRS R TN, SRR S0
WP LV4 BB N 53 2R 18 | R I 4
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FUEE X AT RE AR BORARAE (= BR A A K AR SR A
WK A RN . g EPS /MK
I UESEE AR R T 4%, RN AA S bk
LV4 73 21 EPS, I EEARFEE & E iy
TSt w7 £ B AR AU S200, 33 S8 R Ak 6 2 P ANY
TE R SR T e R B B 1, i8S 5 AN Y
Fai s G . iR Z BRI A, DRIEAH M IE
A A PTG LR
PR LVA XTIHIE ) B35 i 5 A= R B UTAE oG
DR b e A A K A5 1 DL A i 08 3 A IR b £
AR A TR IR XS B AR TS5 Y (R At o DR R 5
B4k SRR AR LV4 1 4% Sh R8s il e f 45
MR 30 °C ., pH 7.0, #3120 r/min (W) 4h
DO 10.30 mg/L). TERMLEAE T, Bkk LV4 X4
AU R 500 mg/L AMERE, FEZ83d 12 h iGN
WIS, BELL(29.1040.18) mg/(L-h)AY i Kk 40K
HEEfE e, AT, Wk LV47E36 h N
R 2k 13.88 mg/(L-h), JRZehfssd &3
LA N RPR LV4 IHE 72 h N2 2P0 I
WEEA 1300 mg/L AYNERE, XTRE 72 h PR REfR
WK A 18.06 mg/(L-h), X5 ERIE MiH L R
(R 2), Witk LV4 FEERFE N 4% i R R 5%
S ELAT S R L, 33X o A= s Al A 28 v
JB K ) S BRI FH B AL T — ol v 255 R A 1
WL AT AR LV4 FEMERE Rt F g
)74, HEM SR LV4 T REAETE IR R AL 5 3R
IR R R AR (8] 8). 45— bR Ae A
FATF i A R AL W, IR A 2
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2,3,6- —FR LML E R IE LT, 55 IR YN AR
@B AN, 2,5- RN [FRE S R R SR
Sk bR R EAEASFIE R P FE R Lv4

X: cjb@im.ac.cn



1214 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

2 TEIEBRXILE S YIPERFRIEL R
Table 2 Comparison of pyridine biodegradation by different strains

Bacterial strains Initial pyridine Degradation Degradation rate Degradation speed  Salinity References
(mg/L) time (h) (%) (mg/(L-h)) (%)

Pseudomonas sp. ZX08 500 168 100 2.98 0 [32]

Paracoccus 500 96 71.50+3.00 3.72 0 [5]

pantotrophus B21-3

Paracoccus sp. 500 54 100 9.26 0 [4]

NJUST30

Gemmobacter sp. ZP-12 500 36 100 13.72+0.21 0 [6]

Enterobacter sp. BD19 200 72 76.67+1.67 2.13 3 [22]

Bacillus altitudinis H21 1 000 96 70 7.29 3 [10]

Rhodococcus sp. LV4 500 36 100 13.88 4 This study
M2
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Figure 8 Possible pyridine biodegradation pathways of Rhodococcus sp. LV4.
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