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AT PEARALIE AY £ B BIBKE B21-3 BYIHIE 4 E R & MRFFE
BB KM IER AER

1 bR dnRlefszBe Widk PR 071002
2 WAL E MY 2R R 5SS WA SR 071002

o OE: [H R WA h —F g A T EDEm G TR, Hob, KERH 25Tk R
Ko, AP RAE . [B 6] SEERF RGOAIIT LYo, HaSaEmEa. [H%] &
g EI AR, VAR R TAKKIL T 6 T R A AR AT TR 6 Rk, Bt A
HAE. A AR, (GHCO)mol% M Z & 16S RNA L E 55| & % & F m 4t i ik 2| 64 IR i h 4T %
., For Eatebie e A b, (4R 55 ik 2] —AR AL Ao 2 o — 8K R e RUR A R AR 89 5
fEH B21-3, 25T iZAMA LR S 3KE (Paracoccus pantotrophus). ##k B21-3 3 othue 49 5 iE S fF
MIEA 32 °C, RIEMME pH # 7.0, e RE A 100 mg/L B g & A 48.50%+0.02%; @itik F4R
2 PP A 4G R AT A AREAT I, DI AR T ot 4% & iR L otk Bt R 5 B 2 3 A, bR
JE % 100 mg/L B BIAL & H Ak B21-3 2ot 4914 f% 5 4 90.26%£1.70%. HML/E B AR Aotk o AL E
P EAERIESR 15 KRG, ke a9 R A 89.39%+2.03%. [4546] Btk B21-3 A R ey ooz s
A6 ) BIERGAE M, Z AT AR A 25 FRAR A 15 T e B TR

KB e, AU, 2R&IRE

Screening, identification and characterization of a pyridine
degrading bacterium Paracoccus pantotrophus B21-3
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Abstract: [Background] As a refractory organic pollutant, pyridine is commonly found in wastewater
from coking, refining, leather and pharmaceutical industries, causing harm to the environment.
[Objective] To treat pyridine contaminated wastewater, bacteria capable of degrading pyridine were
screened. [Methods] Pyridine degrading bacteria were isolated from the activated sludge of a wastewater
plant in Shijiazhuang by enrichment and selective medium. Bacterium B21-3 was identified by
morphological, physiological and biochemical characteristics, (G+C)mol% assay, and 16S rRNA gene
phylogenic analysis. The pyridine degradation characteristics were analyzed. [Results] A bacterial strain
B21-3 that used pyridine as the sole carbon and energy source was isolated and identified as Paracoccus
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pantotrophus. The optimal pH and temperature for pyridine degradation were 7.0 and 32 °C, respectively.
When the initial concentration of pyridine was 100 mg/L, the degradation percentage of pyridine was
48.50%+0.02%. After acclimation by increasing the initial concentration of pyridine, strain B21-3
tolerated higher concentrations of pyridine and the degradation of pyridine increased significantly. Under
the pyridine concentration of 100 mg/L, the degradation percentage of pyridine by domesticated strain
B21-3 was 90.26%=1.70%. After the acclimatized strain B21-3 was subcultured on mineral salt plates

supplemented with pyridine for

15 generations,

the degradation percentage of pyridine was

89.39%+2.03%. [Conclusion] Strain B21-3 had strong pyridine degradation ability with potential for

bioremediation of pyridine contaminated wastewater.

Keywords: Pyridine, Biodegradation, Paracoccus pantotrophus

A X R A HIL TS e O A8 R TR ) o
Aoy RS | R A AN U0 I I A L S — e AR )
U, IEE (Pyridine) J 7 A — AN RS T TG
WG, 9 TR RGOk
BT EREAYY, R iEE . MR
R el e R A TR SR,
F 2GS b i gk B, 3 HARZR 5 il 18 B
PRI AT KRS, 51K TS Y, R,
XoF o I E P TV 2 7K R AT AT R b PR AT
EEE X

R AT ML e 0 A W R A v 02 B i
) AR IR, BN AT 43 Y AT R A
ML E 2N T, 32250 J& T R ER 1 s (Paracoccus)”
N Zh AF 1 J@ (Acinetobacter)!® | 1 [T K B &
(Shinella)®!, 215k J& (Rhodococcus)'™ | {1 2 it
J& (Pseudomonas)™ | JC (44T 1 J& (Achromobacter)™ |
IR 14 J8 (Rhizobium)!' | 54T 1% & (Arthrobacter)!'
S o H RO AT [ AR I TR AR %) I 9 3 AR TR FE TR AR
R e e B A QiR AR ™ A R
R 7S AR AR H I 0 JEE DR A AE T kP4 i &
BRARRIORL 7 0% | W o A e 1 25 S5 (), 1
L R e v R AR I, PR R A 0 kA
SR e, HIL, TR IR IE, TG
T 2 fif ML I T PR P o R R A S B 2 R R RE T
R R R OE M . AR SONTE TS e 4y
20— Bk AT e E Y 4 & R BR 1F (Paracoccus
pantotrophus), Ff X H R Mgt fa e YA T
T

1 #B5FE
1.1 #R
1.1.1  #HmEKiR

2014 4F 3 I REEA FIEFT5 KA o
HK TS U8 , 288 A TG B s ] 5256 % FH P ik ne
KRS
1.1.2 FERFIFNEE

MEBEEL R L, fharal, & E>98%, Kt
RS TWFSE T . AN LT, RilgsEikis
A PR ] 5 sl iR 0L, FIRERSEA AN
ks TREARAH .,
1.1.3 EFE

LB #5735 (g/L): &M 10.0, BEREK 5.0,
NaCl 10.0, pH 7.0, BEAEEFRILH A 2% (B4
)P 3AR o

ML IE TCHLER 35 75 3 (/L)) NaH,PO, 1.42,
KH,PO,4 1.36, MgSO4-7H,0 0.216, CaCl, 0.006;
AR SR AP 2% (BT AR )R BE s e
JEE(g/L): MnSO4H,0 1.69, CoCly,-6H,0 0.24,
H3B;0 1.16, Na,MoO4-2H,0 0.024, FeSO4 7H,0
2.78, ZnSO47H,0 1.15, CuSO45H,0 0.38, WZHL
1 mL ffs e Em A e AL R B 2 5w, pH
7.0-7.2, 1x10° Pa & JEZEV KA 30 min £ . it
Mg R R B USRI U, DA 25 B /K T o b e
TN 10 g/L IR, A PLIERL0.22 pm)idjE
BRI A H e Bl .
1.2 RT3k
1.2.1 HRNEESEMYITG

B 10 g LRI S A IE e A 100 mg/L 1)
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TeALER R FRHL R, 30 °C, 180 r/min JR I FE 5 d
Je . LA 5% b S A 1 20T I AH )R B2 g nik e g
PLERRS R 3L, L2 3 K. SRIE AR B K &
AR5 B SRR TR BE RS, TR AT T RE JCHLER [
KRG FRHE , HEAT BRI 73 B L , 30 °C 555 72 h,
PRI 0, . I /INAS ] ) B T Ve R 2 ali Ak I 3 1
LB KiFR SRR, 4 °C (/A7
1.2.2 MEEFEMREN S T

BEWITRAF BRI IR E R 100 mg/L
M ICHLER AR IR A, 30 °C. 180 r/min k7 4%
7% 3 do W HL 5 mL B & 10 000 r/min 5.0 8 min,
WG B 37 AR T IR 5 P e o R SR Ao
JEIE T 256 nm PR T g U AR R
EETH AR, T BRSO

ok itk 2= O RE OB i MR O )% BRI ST
{1%100%.
123 HEHHEE

(1) 16S rRNA J:[H FF51 50 #r

K40 168 RNA FEP@E 514 2767
(5'-AGAGTTTGATCCTGGCTCAG-3') #1  1492r!'™
(5'-GGTTACCTTGTTACGACTT-3")il4 7 PCR ¥ 1,
PCR [ WK% : 10xPCR ZEwh# 5 puL, dNTPs
(2.5 mmol/L) 4 uL, 5[#1(10 pmol/L)% 2 uL, DNA
KA MHS U/uL) 0.6 uL, 8z DNA (20 ng/uL) 2 pL,
KE#HAiKENE 50 pL, PCR JZ W24 94 °C
5min; 94°C 1 min, 54°C45s, 72°C45s, 30 Mg
5 72 °C 7 min, PCR ¥ ) M5 tdb a8
B3 AW EOR A R EID T, A R R A
EzTaxon %04 % (http://www.ezbiocloud.net/eztaxon/
identify) A7 40 LU, e EOURBL A 44 v 19 P 91
Neighbor-Joining 1474047, %A MEGA 7.0
WERGE KB .

(2) A ALY

B RMER TR LB 5355, 30 °C i3t
24 h JEHEATHER YL A L R ge Y, 48 hJE M
ERVEILA . WG CF AN % E T ) PO
AT T E AR . el . VP ke,

2 . AR )G 5, [FATiETT Biolog it
5 0 R AR VR R A

(3) (G+C)mol %y Il &

K HPLC 32 TR R 4L A9(G+C)mol %.
1.2.4 BERFERBRIF AR

PR nE R B21-3 3:F0 T LB AR 3L,
30 °C. 180 r/min 357 48 h, 5572 AE 10 000 r/min
WU ELD Smin, FE R, HEKFEMIHL
IR SRR IR 2-3 Wa, HIOHLER AR 77
TRV S W TR AR E B IF % ODgoo 2 2.0, 1351
Pl 73

T WG pH X AR AR 052 - b iR B21-3
DL 2% AT 100 me/L MERERYICHLER R R0
W, TEARFRIIAIREE(15, 20, 25, 32, 37 #142°C)
s #IG pH (5.0, 6.0, 7.0, 8.0, 9.0)%5F T 180 r/min
Ki g% 72 h, B 12 h HURE— UK, [R] B 2 TRT VK 5 ODgoo
FIEBEFR AR B, THARRARR

PRRR DAL Ry 3 v TR X 5 G 0 1 T 37 g
1, XEARBE G B21-3 HEATEIE . B TR RRIEA
ML BEW) BA e B 100 mg/L B ICHLER B g sk,
32°C. 180 t/min 251 FHR B FE 72 h fa AT 4%
FE, MEBEMREE RGO 100 me/L, YnHIESk R
£ 900 mg/L B 5EINML. FFEEFREAE 10 000 r/min
e L Smin, A FIEWR, HE KEMIL
PLER S FR LR 2-3 WK, LUABR &% mbne i 55
FRFM Sy, i A& L (4 JC AL SR WA 85 7
IR E S, A MREW B 100, 200, 300,
500, 700, 900 mg/L { TLHLERFEFRILH, 32 °C,
180 r/min $& PR KEE T 96 h, 58 B AR XeF I 110 5% it
A&7, TR DA DIk 1) B ik Sy Xof B

DA ARS8 3 IREE A, AN HENLBE R A
BRI P Ah FRAE SRy 2 o R
1.2.5 BRPEREALIEAVFRE

YIS BRRFEMLIE 2 £ 100 mg/L B9 TCHLER
RS IR I AT 15 WAERUG, $E AMEREHR N
100 mg/L [TCHLER B AARSSE =56, DU B AR XTIt
WE R R A BE T
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2 HR54H
2.1 MRBEENFESEE

i AR SR A AT 2] 198 BRBELANLRE N
ME— B R AN /IR AR K AN . E RIS 76 HRANTE
A0S A I R AR A, 1T KR AN R R R R AT
40%-50%, 34 FRANR RN T 20%-40%, 25tk
M MRFERIET 20%, HAPEbk B21-3 BR%A#
R o

PR B21-3 19 16S rRNA JEHFEFI4R A2
GenBank $#ifE, A& RS H KT715779, 5
EzTaxon ¥4 22w (1) 3 51 64 T HU X A i R e &
W 1), E 1R, B B21-3 548 REEk
J#i (Paracoccus pantotrophus ATCC35512")7E 7] —
A2, FFAIMRIEN 99.49%, HRHEILES T
WIS E TR B21-3 H)E TRIBKEE .

WPk B21-3 7E LB 3537 5 P-4 b 7% 22 1Rk f
o, KWK, HEEFT, HPE. dEEEN
BROY 8 2= [RGB A ™ 246, JCHEE o Biolog
WME LS RSN, FHk B21-3 AT F) Y Bl 445
D-Z ZEHE . D-I S bE . R . D-#A M. o-D-
HWiEBE . D-HEEbE . D-SLbE . D-2FFLBE . LR bE
FERY TG D-ILALEE . D-BIRAmEE . LR
AR AR R R L-RAEmR . L-54A

60

fg. L-Zife. L-24R; CHmRAaFEEK . D-
LFUBEERR . D-HIBEIR . & TR RIR MR g
U B8 A 45 TN R R FP G . D-FLBRFP R . L-7LPER . L-
SR, W-T R, y-EJEE-TR] . B-2E-DL
T, 4. WK, R, Wi, 7E pH 6.0
) 1%. 4% NaCl &4 F A K. BRiEF
HAL . FIRER SV, MEHE . Mm%
B pUmRgE | pUmMEEE | ZEREMIRR . SRR . TR
B S B . 22008 B AR B21-3 [9(G+C)mol% 1%
N 69.2 mol%. MRITEAFHE . AL AALFFE |
(G+C)mol% 5 K2 16S rRNA H:[H RS R &0,
R B21-3 8 % b 4 & Rl BR & (Paracoccus
pantotrophus).
2.2 Btk B21-3 BIFERRERE AR
2.2.1 MEAERORERR

PR B21-3 8 LAMIE by ok — Bk 5 AN AL A 4K
Kl 2 B8 T itk B21-3 7€ 32 °C., pH 7.0, MERETC
BILER 15 77 3 v 1) A K 288 AR B 11 AR A 155 000 7T D,
L I P o2 e AR R e 749 A BRI A G, TR B % R i
48 h A bR AR K BE, IS B 35 L v ) A i i ke
TR, RIVIAE B PR R B i . BE 48 h e
PRI AR A AR 1T, AR e vk B2 1) Rt i T
T2,

99 — B21-3 (KT715779)
89 1 paracoccus pantotrophus ATCC 35512T (Y 16933)
ol Paracoccus bengalensis 1JJT (AJ864469)

Paracoccus methylutens (AF250334)

49 Paracoccus halophilus HN-182 (DQ423482)

—ij Paracoccus thiocyanatus THI 011 (D32242)
77 Paracoccus huijuniae FLN-7 (EU725799)
Paracoccus communis (KC243677)

58 Paracoccus kondratievae (AF250332)
Paracoccus limosus NB88 (HQ336256)

—
0.005

Rhodobacter capsulatus ATCC 11166 (D16428)

1 SPECRMEE B21-3 REMEXE 16S rRNA BRI RF L BH
Figure 1 Phylogenetic tree based on the 16S rRNA gene sequences of strain B21-3 and related strains by Neighbor-Joining

method

e B S NEUF N GenBank 555 2 EER R 1 000 YK Bootstrap BLHAEE BT 0 27 E 40 e s B 0.005 i fL i Es.
Note: The number in parentheses is the GenBank accession number; The number of branches indicates the percentage of support for
1 000 Bootstrap resampling analysis; The legend 0.005 is the genetic distance.
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Figure 2 The growth curve of the strain and degradation
for pyridine

2.2.2 RENTEK B21-3 £ K FNMLLEFEARAD LN
ME 3 ATLAE Y, REETE B21-3 WHELEE AL TE

IERITERE, 76 20-42 °C ZAAK R, o

32 °C WA KA, RS e il 22 Bt g

A
026+ —e—15°C
—0—20°C
—A—25°C
0241 2730
i —m—37°C
2022} —o—42°C
Q
)
0.20 -
0.18 +
0.16 . . . . . .
0 12 24 36 48 60 72

¢ (h)

3 EEXERE B21-3 £ (A)FIALIERE AR (B)RY RN

iRk B21-3 £ 32 °C 4K 72 h )5, FIANLIESR N
47.30+1.70 mg/L, FEffFIEF] 46.80%+1.91%,
2.2.3  pH XtE#R B21-3 & <AL IE FE AR H 2200

A 4 AT H, Rk B21-3 REXE pH 6.0-8.0
LN AE K, 76 pH 7.0 BIE1F T A Kty itk
I PR R X)WL E 1) B4R i O R fe i . RTRR B21-3 7E
32°C. pH 7.0 A FAK 72 h I, FlARniesk i
h 42.0042.42 mg/L, FEfFERIKRE] 48.50%2.97%.
2.2.4 YL/ E#R B21-3 XTILAEAOPEARER

Ik 5 M RERfR T B21-3 KFAS[R]RE i BE 11
fRRE ISR B E R, iR 5 R, IRk EE A 100,
300, 500, 700 F1900 mg/L 55 F, 96 h i ARGk
FAPR B21-3 XFLBE AR50 58.95%+5.40%
33.86%+3.10% . 30.10%+4.50% . 26.10%+3.40%
1 22.40%+2.05%, YIMLJ5 PR B21-3 X 0LAE AR
R AR 90.62%+1.70% . 75.00%+5.40% .

50.0 +
40.0 +
30.0 +

20.0 +

Degradation rate (%)

10.0 +

Figure 3 Effect of temperature on growth (A) and degradation (B) of strain B21-3

A
0.28 | —e—pH 5.0
—o—pH 6.0
0.26 | —a—pH 7.0 -
024] az pg 38 /
24| —m—pH9. _ 3
g o—
S —3
020 //5 "
T \ /
0.18‘—

0.16
0

48 72
2 (h)

4 pH XE#R B21-3 &K (A) ML ERE R R (B)RI 2N

B

60.0
—e—pH 5.0
. | —o—pH 6.0 R .
2 200 —apHT0 p—i—h
= —A—pH 8.0 / A—"b
2 400} 1 - T |
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Figure 4 Effect of initial pH on growth (A) and degradation (B) of strain B21-3
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100.0 - Il Undomesticated
90.0 1 Domesticated
80.0 -
70.0 -
60.0 |-
50.0H
40.0 H
30.0H
20.0 H
10.0 H

0.0

Degradation rate (%)

100 300 500 700 900
Pyridine concentration (mg/L)

B 5 LI Es B21-3 PEARILIERT 200
Figure S Effect of domesticated on degradation of strain
B21-3

71.50%+3.00% . 67.30%+2.10%F1 63.50%+4.00%,
o I ¥ BE T WA I J T o X B ) i S R A 7
Starion P EY/NT 0.01, SLEHYILRTE H
PR IRE AR A RE ) 22 i B Ik B4 T
PRIRR T I I 1 i A2 4
2.2.5 HEHRERIEFRIERERSIT

YIS R AR bR B21-3 76343 MEBE 19 ToAL
ISR ALAC, 15 UM E R R, 45
T RFALAC R AR A 90.62%+1.70%, 15 U5
HRRIOFR RSN 89.39%+2.03%, B R B21-3
X M 11 28 A LA R 1
3 WE%iw

M A Sy ER 2 A T AR A T3 o8 T A9 RO
X EREE 75 et H 25 7™ 5 o AR W R A A A ke 1
PR T A Z AN HRTE /& 2k
R AR ML I 1 TR R, FL2 DG T AT BRI nE 8 7 1Y
S R BR DA v A LA DG L AT 43 B 0T B A
ML IE B R B21-3, i 16S rRNA JE R F41 401
FARAEALSES, B R A B RIER R . DF5E
BREERIERE A B A PPy R %
RE Sy, I A Er BIBRTE B21-3 11 & TR K kg 1 A= 1)
R bR T B e

TR R DAL FRZG T R K Ry 5 K AbBR T
Y P T U Hh O BE AR B 114, 31X AT BE -5 40 TR X RS A A
Y RAA A O, FE B R AN B TR IS L A SEARBE )

W2 TR AR LS A BRI R, 1
ST EREE Fr Ak R A AE P SRS
N, pH X RH I R A TR AR 1) A K 5 A B 0 118 S i)
HRAEINH ST N5 FEAR AR, 3 2 0 R =
B ST 2 (5 il 1) 0 F- 4544 32 B REIR , BRI 4
FERE ST TR . BEfRRREAR . MLNERSf# R B21-3
TE P B BaPE ST B A e 0 W S 0 T R Pk 254
ZERUAT R | THOR AT TR PR A At M g s oA [l A 2
G, X AT e SR R A M GE 38 A ol 2 v 7 AR R ) o
i pH T RE, AH TR0 Btk
K aE JIBRER B B REEAT AL, gk B8 e
Y BE X BEREE TNt n] s HL R AR RE 1. 94k
Joi TR BR AE M E e FE N 100 mg/L B [ i 2 ik 5
90.62%+1.70%, LHIMbRTHER Tk 1 f%, XAMY
W2 72T K DE B Aap B AR B R 55 2K [l s
PR T TR BRG] i v B nt e et A A2 9k AR
B 7 T 15 VR B HE A7 AE T B AR AR K R R i 2 AT
T R, 33X AT R PR R it e v B 3k R 1 R AR R
ZHE L, BHAS T A A A M H R
- H P A fe T 110 A A e e P A R, A9 T
PR B21-3 1648 15 U5, JLXTnLaE AR iR AR
R, 150 BH I PR AR X I R LA AR R

LE R, A RIBRTE B21-3 1] A3 IR i e
fRATAILTS G, i H BT AR e I, XA R T A
Ry HEIE T Gl K AA L A8 5 RV A B U
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