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(1. AR K2EENFREREFESWAT LR, F®Y 518055; 2. A FKEFREMESTREEK,JLFK  100871)

BE ATHELT WS KATERLE RSB | REEANIE HE—K BAFOME BCO26, TRAA A REHE HFRER.AF
EEERMUNERELGHNE, TEMANEEILE LS R IFEK BT 165 (RNA F 5 /M fl Biolog AV EERFLEE . H
EKE M Shinella zo0glocoides . 4 B Xt 2 25 FF iy % % 3L 10 K B3, 7E 30°C (180 o/minfi pH 9 7 M9 RATF , MR E RN 0.1 g/LEY,
BCO26 T 7E 17 h P985 400 mg/LAMBE 52 4 B 8 ; 76 L B 41 16 WK FEE 3 99 ~ 1 806 mg/L TAL £k 3k 3¢ b, BCO26 B BEAR F PR AR IS HE,
B 5 97 4G Y FE S I BE X BCO26 RO 4 K P A — S R L 18 BCO26 75 38 KL )5 Yo IH: BE A9 BE % 2 R AR ; RE MR RS R AE 9 30~ 35°C . B
% pH % 8.BCO26 MM IE RIS BN R I: RME— S RBT A MM 2 & C—N& AR ERAR 8 HE L ZEHR
AR, FRAHAI ZEMAHAK i FMEE 9. 5% H AR .
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Biodegradation of Pyridine by Shinella zoogloeoides BC026

SUN Qing-hua'?, BAI Yao-hui®*, ZHAO Cui*, WEN Dong-hui’, TANG Xiao-yan’

(1.College of Environmental and Urban Science, Shenzhen Graduate School, Peking University, Shenzhen 518055, China; 2.College of
Environmental Sciences and Engineering, Peking University, Beijing 100871, China)

Abstract: A bacterial strain BCO26 capable of utilizing pyridine as its sole source of carbon and nitrogen was isolated from the activated sludge
in a coking wastewater treatment plant. The bacterium featured flocculability and antibiotic resistance to kanamycin, ampicillin and
spectinomycine. It could grow well in Ashby nitrogen free culture medium. The strain was identified as Shinella z00gloeoides according to the
results of 165 rRNA sequence analysis and Biolog microbial identification system. The experiments of pyridine biodegradation by the pure
culture showed that pyridine of 400 mg/L could be degraded completely in 17 h under the condition of inoculum 0.1 g/L, 30°C,, 180 r/min and
pH 7. BC026 could keep high degradative activity in mineral salt medium containing pyridine with a concentration ranging from 99 mg/L to
1806 mg/L. Higher initial concentration of pyridine caused repression on BC026 to a certain extent, however, the degradation rate became
faster after the strain had been accommodated. The optimal conditions for the degradation were 30-35°C and pH 8. The research on metabolic
pathway of pyridine by BCO26 indicated that the first step of pyridine degradation was C—N bonds cleavage, generating NH,; and
glutaraldehyde. Then glutaraldehyde was oxidized into glutaric acid, and finally into CO, and H,0. 59.5% nitrogen from pyridine was
transferred into ammonium in the whole degradation.
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AHRNELREKCERGE R EE | BREK
MBEFE % B Shinella zoogloeoides BCO26, %A%
HEESE, BRTE R ExHZ R ARl s RL,
i DAL L e A Lk WE 60T R B, P 5T O A L RE B9
RS RAR R, B RS WIERE KLY R
AL BRI H B bk R R LA SR

1 M5xHE

1.1 ERSERER

RENEL BHKLEBRE _HbEFREER.
EERABREANAERTHMOBRE  HEEY
E O, BB, E R E LK R g, §
FRAEYSERIEEF R EEESN . RetmA
B E A RGBT RS W, Pk 60 d.

B200 mL ML F BT =AM P.MA 2 55
0.01% iy £ 5% B2 94 B %04 35 38 S 2k, 7E 30°C, 180
r/minf #E PR *F % % 30 min, FEHE ST, {8 4 M A8,
RIEEL BHEEBE 100 mL 5 0L LE 500 mg/LEY
THLER B2 (4 L & Na,HPO, 1.42 g KH, PO,
1.36 g.MgSO, * 7H,0 0.216 g.CaCl, 0.006 g.MnSO, -
H,0 1.69 g.CoCl, *6H,0 0.000 24 g,H,B0,0.001 16
g .Na, MoO, * 2H,0 0.000 024 g, FeSO, - 7H,0 0.002 78
g.ZnS0, * 7H,0 0.001 15 g #i CuSO, * 5H,0 0.000 38
g) WEHRAAIAE , WS mL ERAELI L RS
EEFIR WE ARKEEEFKEERBRE 107
~1074%5, & 0.1 mL BRI T AL EL B K45 55 %
(2% BRRE) M PRAT B, 30CHF KIEHEHE
BE BRAEREENLEE, WL B L. 183
MERES AR ERHREE 500 m /LI BE R EHL L
BraR P AR A0 B X O U A9 Tt A R I R A R
Tk R

M BRI 57 5% 0 7 250 mL 8B MR A ImA
100 mL 3% 37 %, LA 500 mg/LHk BE 15 4 M — B 3% L K
WA KRR 30°C, 180 o/min. LB 35 35 %" s oy A
500 mg/LPLBE, (R IFMBEREMEIE S BFILZFHRA.
M B R K, B O S 94 000 t/min, 10 min.
1.2 EHEBRELEETR

i ERDE SR RS 1 KRB R
B BCO26, M H#TE LR PP HBHFEMN %
RMEVHRAMBAALSHTRELE . B4 E
LB ¥ EFHFE(0.5% B+, HAFHEMES
PiREERMESHE ST A7 LB B kg%
(1.8% HER)FHFINEMRER - AFHFBEL @

mg/L.RAEE SO0 mg L. AEE 170 mg/L . IIFE 40
mg/L 3k 100 mg/L At WE & 100 mg/L, % % BC026
ML TE , SC 98 1 BA 4 5 PH M X BB ; 76 BT 40 D0 R4 5%
E? i BC026, BEER T HHEFEEE.

1.3 BHEE

FELRERA 16S (RNA BFIMT, HEAEH
A PR A AL R 3 4 o MR AT %5 E L LA TIANGEN %
H4H DNA 2R A SR E M 2 H 4 DNA /B
PCR % B B9 #E4R , % t51 4™ #£47 PCR. £ F ¢ 3
MR 5 4 R K. 27F: 5'AGAGTTTGATCATGGC
TCAG3'; 1492R: 5’ TACGGTTACCTTGTTACGACTT3’.
PCR =¥ FH 0.8% B B S W B8 J 4 55, 4h 4k 5 [=1 i
JG % TIANGEN 2\ &)l & . Ul FF 2 £ 7E GenBank 5
E RS ST RME T I, R T HE— S HRIAE
BREHNEEANER, ZRIERERHREDHR
B 1T Biolog MAEME ERAFITLEE.

1.4 FRFELE

Z AL M IEY FE ¥ R 400 mg/L,30°C,pH 2K 7
B}, BCO26 XF Rk BE i [ R 454 EC EEBE B, — &
B ML e ) 4R ok 35 57 IR B R 3% 57 W pH (B %
BCO26 FEMRIFMERI LW . LIV R IR/ 4 B
H 99,473 .932 11 806 mg/L; 3 3 i B 1% K 20.25 .30
M 35C;pH AN 4.5.6.7.8.9 i 10.

B(2 mL BC026 Y LB 3537 ¥ , SR B IR UL € ,
FE 200 mL XV FE S EFEFEY. B O
BB B EEAENEEREER BL3RUE
BRAERERMOER BB RN KE
B EERER HERERR ENRELE
FIHE R . 7E 100 mL JCHLEE 85 9% 2 b 4 0K i AL RIE B
MBEHR, UHOBEEH  BEREATEFR. AR —E
it A BUHE 0.4 mL, W E @ HE Dy B B 0.45 pym
TE Rt B S BB B IS SR AL, T R R VR
1.5 RERZRELE

FEAMLOE 500 mg/ LY TN I TR EFEMH—F
B BCO26 B, J0OCHBRFGER, GHEFK 2~
3ShEUE,£0.22 pum WY IERE L E, W E pH (E M
WA E A R AT AIFE 3~ 4 h BUBE, £ 0.22 pm
BT —RPRSFRAER, FUR AR THE
KRBT 38, LA GC/MS 47 i s fal P= 4y .

1.6 AWFE

BEREMBRMNEUTEENE, USSR
UV2401 B %5071 e 4 B 3 E B E B
Bt 602 nm HIRERE BN E D, SHEEM
HXL.
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pH {E 1| 22 {# A Thermo Orion 868 pH .

MEEREUBRRAHGENE, NBRERS
B LCIOAD,,, SPDI0A,, UV-Vis Detector; f& i& t X
Diamonsil C18 K A4 .5 pum x 250 mm x 4.6 mm; i 3
AR K =41, %R 1.0 mL/min; I HE KN
254 nm; B WK BEMLRE SERE AR BN 5 oL, 1K VR FE 0t 0E HF
BN 10 L.

nerERE R AR (R R)RE UK R-KA
B ER Y6 B 5 (GB 7481-87) il i .

e BE 4 AR B0 A ML 18 7= g DA ASOAR i/ R i B
AT ERESIT, (LB RS K Agilent 6890N GC/
5973 MSD; £ 4 & H & DB-5MS,30 m x 0.25 mm x
0.25 ym; BB FHEBRF N VR RE X 40C, RiF
2 min, Pk 6 C/min® % & 7+ & £ 280C, £ FF 3 min;
BTRERE N 250C, B THER N 70 V.

2 ZR5iH

2.1 HEHRIBRAML

EREBRA FRUKSESALE, B2 764
FAES MM TN AR RE A KO E%.
H—B B HKEREIEFEPHEKFER K toE
NMEF BT R, NPkl | BREEBEESD
BIRBRELIMIE A —k BERERHFATERD
BbBCO26. ERAAXKKEREEREFTRA
HEEWIEE, EEEHETH 60%, XFHHHERF
BTFHREGKLBREDE BB KA, HBR4EWL
BREEH T,
2.2 EHRAEEEASE

BCO26 BREXKMAMTE, FE, Atk &
BhEFEDPERBE RAXENEE/NEEE
BREFRBTEALREAR MEATXEEER FHE
R AUAREEANHE MEER WHAE LAHR.
B 1 BCO26 A FEH A .
23 HEMEE4ER

¥ BC026 #) 16S rRNA #j /¥ 45 R 5 A GenBank
FHTRBEEE, EREBEE Crabireedla
saccharophila . Zoogloea ramigera . Mycoplana sp . B [f] I
¥R 0% FEBEREEEYH RIS HEL
Biolog MAEME T RAEHITEEMLE RN Shinella
2ogloeoides , FIF # & R Crabtreella saccharophila F14
2 31 B2 3 ( Zoogloea ramigera) ,2006 5 E Hi 22 285 fy
%K Shinella zoogloeoides[u] EEYIOEL B, A
WREADLBEEN Shinella zoogloeoides BCO26 , B
EXFEREYERRRERZERASEEMEY P

LR, BIE S CCMCC No.2224.

B 1 BCo2 HHEEMARK
Fig.1 Image of Shinella zoogloeoides BC026 by SEM

2.4 BCO26 Xttt BE 44 4 Y1 PR 1

FE LA IE Ao —Bk BIRM R4 T, % & BC026
SHUMBERPE AL AEEMERN 0.1l gL. RS
RILE 2.
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Fig.2 Biodegradation of pyridine by the strain BC026

HE AR FEEMERERER T E
K.YmeEHET2F AEERETER. XKW
BC026 % AMLAE Ao —B% IR, 3 B W AR R AR
M MIEZ2PEM A4 h ERENERER L
FEEm 2 h R, XRENHERA WM EM,BCO26
BB AL TS | 3L B IR B 4 BT , 8 W 0 U
BEFHE 4 h RERK. et B F BCO26 B E B
AERFHEMFHERKTE, BT E O KA
AhiERZE,EDTHEREREAER £4-6
h PR, EHEMKERT G R, X8 BCO26 B &
HWOERL T A KRS, FFHARERILIE .6 h Z /5 M %
BUXT B KA, B 0 bk O Y 3 BE AR . ZE 15.5 b, 0
BEERRE IR D] 98.7% , B 1E A Bk L B IR K9 0 BE Gk
ZHMERBABNEGMERMAT, AL EFEER
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ETR B THEMRELR 4.3:1, BN TFHRAE
K BERRR (20 ~30) : 1, A7 LASE I, Bt 6526 41 84
RE-AESHRImEFTXL, X —HUERAHLIR
18 BEL .
2.5 BC026 MM HEMEWEE
2.5.1 MERER) IRV B

FLRIHEEN 0.06 ¢/L,7E1 896 mg/LEJIKE T
RETHMEB . ERILAE3.

12

(a)

—— 99 mg/L
10— 473mgL
—— 932 mg/L
—— 1806 mg/L

10 20 30 40 50 60
th

B3 BC026 B X7 ) R A Mt 02 &) & R 1M
Fig.3 Effect of initial pyridine concentration on the

degradation by the strain BC026

g 3(b)TLAE ), 7E 99 ~ 1 806 mg/LAY K &
F, BCO26 #B BT F A% 0t 5% , 8 30 ) 33 49 4 42 #0 B %
ARG . W E R 99 mg/LEY ML IE 7 K K 1K, BCO26
BESEMEKTE, BRLFRERA BN,
MBERE ER T M. FEMERHREN TR, I H
S et 8125 4, 16 B bk E o EE AR R, 4 A B G L H
B— Bk AR, ol 0 40 B 0% B 785 A B 3R WP 1R
YRR, AR R EXERK, X ZE I
HBEHE AHCER BN TARAE KEH
B APEREERENERYRNEERES
FABER MAABBHEKE, FTEHR. ARR
% A RERERMENRE, —EMERE.

LRFARMEAFENTL. AB 3 ALUE

WANKET HESHEELEABRRTAE. £
9 mg/ LA MLIEAR T AEEMABREINEE
5,58 3(b) %t B & BILTE it O ¥ F% B 20 mg/LAT,
MAAMERI ORI AELERNREER BE
Fris T B N H0 54 T B 9 1 806 mg/LAY B % 0] LIE
- S I8 A A0 T A K B S, I B R R R
HB 18, (HFE & L RE 9 RR R, B o BE ML DX AR R AE K
4 00 50 42 28 B8 O 59 5 4 L B R E BE O 400 mg/LEE
A HEEKFEAMBN BERAEH K. ERE
RIBERE T A BB AR EEE TR ETE
BEAHMR,4 ZBEF BREFENHH:0.217,
0.623.0.857 1 1.375 ¢/L, B & BT (8] 4 B K :15.5.
17.5.27.5 f156.5 h. FEE VI IS ML IE W R FH &, 35
FHEHR BAEMEBTR BRAFE R HEX
MK FAARER, XEH AENEKORHEE
AMUEERYEMENEE, CARXEHAR™,
B SRBFEYHERURBHAMNERS AT S
Hx.
2.5.2 BE
RERE™ , HRENREEKBRE N 28 ~
30°C, IR #E HLH, BCO26 % 37.5CILFER LK, K
RS B EASE N 20.25.30 f135C. LR\
HERO.M4 yL.HARERS, MEZERBR, T
PIZE BSCHAGTRESAMNB LRERLAE 4.

500

400 |- 20T
—— 25T
~ 300 - ——30C
ol ——35C
] 200 - —-— A
100 |
o L 1 1 1

0 10 20 30 40 50

M4 FRBETHENERSERAR
Fig.4 Effect of temperature on pyridine degradation
by the strain BC026

HTFLRMATHRER BRAERERAEAX
WM. NE 4 B 20CH B ERESE,25C
AR, I0CH ISCHPEFRELERS. B
%E,OCEISCTHERENHERMERLE
ARMERILF Rt AT 85% .3 i B 40 8 BiE
Bk BERELT0-~35C2H, E4REY,
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B #® % 29 %

BC026 BHIEFBEERZE NC.BESEWMHEEY
R GEH BREARNARSENE, PR
B AES . TE20~35C2 A EEEFBE
F+ 7, BC0O26 A9 [ R FIRE T P4 R A AL RO
RAEKEBRERRE; SEES#LART 37C,
S AR P R R P R IR S BUR R B, &
MIEHZRIMH .
2.5.3 pHfH

WitELRH pHEE4~ 10206, LRBHERN
0.3 gLREBELRERNES.

600

500

400L

—— pH=4
300 - P

—=— pH=5

cimgL™!

~— pH=6
200 | —— pH=T7
~=— pH=8
100 - —— pH=9

—— pH=10
1 1 1

0 5 10 15 20
th

0

M5 7E pH T BC026 M %3 Al 0 43 2= 0 b AR 45 4
Fig.5 Effect of pH on pyridine degradation by the strain BC026

MBE 5 49748t , pH {65 4 # 10 B}, BCO26 X
MeE WA RREER,. XRER:EpH H 4 HIRE
BT AR FREAERITEZREW, B T8
MEERTFHBSE, FAMEYHERD RN T
BROUSTREME. pH R 4B FEP, BRBFE
B OMKEREA/NBB . pH BN 10 8, — 54
OH BFE5RAEPHETERBIRE, BT R
BAR. LRFMEEpHENIMIOMNEHTHE
BESEMEE . EpH B5~9 MRMT  AEARRE LM
M —ME BRAEK, RRERNERAN,
By pH K 8, H AKX K pH 7> pH 6~pH 5
>pH 9.

2.6 RIERBHER

R 7 40 %o ) o 0 R B R i 2 R R R
H B BCO26 MM IE K FEBBER T AL E. AR
MEEFERIEF, R BB R B A B
FRAIMIEF AR RE. TRELRANEREF
BEiEsE BCO26, BiEH Y 1 kB AB RS HEER
e ot A o M bt X R AU R AL, R B 2R R
BENFEY. . LRREEN 0.1 gL.ERER
A 6.

c/mg-L!

M6 BCO26 WHMIEPMBESRAANREEL
Fig.6 Variation of pyridine-N and NH -N concentrations during

the degradation of pyridine

Blo6 G REM ERMERS MoK E T H R
R IR e, S EK B O B A, 50 A bk O P AR Y 5B 1
EREEAE TR FUERMEBABKBBED,
X5, N]REAER. Ytz BERETER
R BIAS AN, 0 B IR A A A o (8] 7= 4 RT LA B
RAETRER, MET 59.5MEHLNER.

EERTRIEPLL GC/MS E5h-7 B
JEBE it & HPLC X /S [R) B [6] B f) B G E AT R0, 1)
BARBMLIEREFEMBILFE=Y, X 53XE(16]8
R RMR,ZBIA e RS R 8
RS BA X MR A Rk (28,20 148 th ik BE
MPRRB AR R, METTEER _BEL
o .26 S5 50 i 72 op MW 75 9K pH {E & B : pH 1H B it
BEFE AR M REAE, YR EEAMEAFHBEFAR, X
B e e AR B e AR B R ) P24, M IE T2 R
B REEFREE XR RS L. B, AR #E
B7 BC026 % it i M1 i& 2Ny : e ZE R &b C—N
BT BRHAEFRERERN BASHEZE
HUAERR B R _BH—-SEUNI_R.BF
ERFBREAERRE™ EAE 2 REYHE
KB AEL, BT LA R FE M BE 43 R RO TR BT, IR R
pHEkEAANSR AR ABEAEEAANT
.

22 EBTR  HEM 2 BCO26 LA P BE i — B LR
ARAMESEME7.

SN HBHETIER, B RAREEEARATL.
BE#—-SHETRERR, YmEREFAm—EnH
B BRERKERERKES XUAERE
FARGT B TFHeE e FrBALG4.3:1) 8K, F
BRATRERAR, ER=YERAIEHEHEHE
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Fig.7 Proposed pathway for pyridine metabolism by the strain BC026

PRI, A0 A AT R AR B S 0 BRRS , R BP T
EasEFA .

3 &

(MBHEABRTSES I hERXERE
BCO26,BELAMLRE e — B RBAEK,  HAFH
RHNNE ZER I EZ KNSR, FE,. 625
W EFFANEREFRELRFEAK MEFEE
EFMRFRERREMREREG . 2 165 (RNA
#5547 Biolog AN EERZEURT = H 4
bR L, B BCO26 24 Shinella zoogloeoides .

(2) 24 ik T %% BE 0 400 mg/L, X & 5 0.1 /L
W, BCO26 RI7E 17 h A ALBE 52 2 FE s b e vk
#1806 mg/L,$ % B X 0.06 /LA, BCO26 AT ZE 46 h
PR HE AL BE 5T 4 P4 8 5 O BE 90 B Uk R A 8 X BCO26 7=
g EEKESENZE BRERER. &
ERRIBERN30~35CEHA,B&E pH 4 8.

(3)BCO26 P f nit i Bt , Ait BE 3F & %578 C—N &2
WiFF,59.5% B RABER; BRRIM AR BEIF
8] 724 , 1B HEWT BCO26 i Atk BE {8 B0 A AL B A = 4
AR _BHMR R, HEEE R BRI,
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