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Isolation and identification of a highly efficient pyrene-degrading Mycobacterium sp. strain
N12. HU Feng-chai'*, SU Zhen-cheng’, SUN Jian®, LI Xu’>, ZHANG Hui-wen’, SUN Jun-de'
(' College of Land and Environment, Shenyang Agricultural University, Shenyang 110161, China;
*Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, China). -Chin. J.
Appl. Ecol. ,2011,22(6) ; 1566-1572.

Abstract; By using selective enrichment method, a highly efficient pyrene-degrading bacterium
strain N12 was isolated from an oil-contaminated soil collected from Shenfu irrigation area of Sheny-
ang. Based on the physiological and biochemical characteristics and the phylogenetic similarity of
16S rDNA gene sequence, the strain N12 was identified as Mycobacterium sp. , which could utilize
phenanthrene, acenaphthene, fluorine, and pyrene, but not anthracene, naphthalene, and benzo
(a)pyrene as the sole carbon and energy source. However, when the strain N12 was cultured with
pyrene and phenanthrene, 79. 0% of benzo(a) pyrene could be co-metabolized within 9 days. The
degradation rate of 100 mg + L™ of pyrene by the strain N12 was 94. 4% within 7 days and 100%
after 14 days, and that of 600 mg - L™' of pyrene was 56. 1% within 7 days and 95. 5% within 14
days. The addition of glucose promoted the degradation of pyrene. It was suggested that the strain
N12 was an efficient PAHs-degrading bacterium, being a potential candidate for the bioremediation
of PAHs-contaminated soils.
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111 BHERE SRS 5 Y RHERESCR AT
V57K HE XU B RS I 43 (41°50755” N, 123°44'56"
E), FEEEHMET AL 23.9 ¢ - kg, &
A 1.94 g - kg™, A A 106.3 mg - kg™, W
0.19¢- kg, i R B 157 mg - kg'', &
3.72 g - kg™, AN 87.2 mg - kg™ ,pH (L : K=
1:5) 7.3, YRR 14% Je70 27% WK 59% |
FrKEE 16% . DR T R R A A ThTG K X 2
— K HATSME O 3 13 PAHs & B H B AR, WHZ
iy DX ) - 398 A 25 2 4 T S R At B s e A 1) J

SRAEAS BN A —EB 0 K5 T Rt 5 o
BT, — 53 BCAE-T70 CUKAE N HESERI 4] DNA $2 U
0T, — BB RAET 4 °C T ik PAHs FEAR 4.
1.2 55333k JoAL £k 3% ml 55 37 3 Wi 43 K 2
(g- L") :MgSO, - 7H,0 0.2, CaCl, - 2H,0 0. 02,
FeSO, - 7H,0 0. 01 ,KH, PO, 0. 4, Na,HPO, 0. 6, Mn-
SO, » H,0 0.02,NH,NO, 1.0. [F{&R: 5 m A
2% AR, tE FH PN R S A% 1000 mg - L' B9HER, 94
pH (A3 75 Y 5800 A 4R pH {8, 121 C 2RV KH
30 min.

TR DR A TR A R AR i, 1y S
(g« L) AR 3,8 H M 10,NaCl 5, il 20, 74
% pH 7.0 ~ 7.2, Hoom ABE, 2k
50 mg - L7".
113 SRR E Y wERSRRA 3 My
2o ORI R A (1 g 14499 mL JoHLER S
FRHL) I E HT (25 ¢ H3E+75 mL LHEK) ;75
Yot R AR (T5 Y 195 100 g). 48 ) R 3 A
HER Y RGN, R B 1~ 4
40 mg - kg™ ;555 ~8 JH 80 mg « kg™ ;55 9 ~ 12 JH
120 mg - ke™'. TCHLER G 35 3 E R AR K & L ik
TSI A 9 O« B — 2 £ 17 B TN R T, A B
250 mL =S, R N TR & 5658, VS R & 1Y TS
PLER RS FR BB K ; TR RN eE vy  GEE N
PR 25 VR 34 A W it 3] 3 v PRI 5T R PO R 45 K o
Be LA 250 mL = . #E 28 Cat A N it
LIk 12 5, I TEHLEL 15 37 3 & 42 55 37 4 P B
| mL& SEREFRM B0 BTG BE 5 U T AL ER 35 7 5 Al
FEIEE R o B HCE S YK 1 mL 131 g BN
BEEINA 99 mL JEHLER R FR %, IEE (100 mg - L")
HME—BRIE 28 °C 200 r - min ' ¥5 37 1 J&, F50 01 HL
1 mL B3R 5 99 mL 7 6f 1 o8 T AL ER 85 35 3
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1.2.2 16S rDNA () PCR §" 1 5% PCR 4"
HETERR N12 B9 16S vDNA 731 JE 17 Fb X, 3 48 s jif
% ) AT 51 4 27F (5'-AGAGTTTGATCMTGGCT-
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CAG-3") )5 51 ¥ 1492R (5'-TACGGHTACCTTGT-
TACGACTT-3") , 435l K U5 F KM FF 1% 16S rDNA [
8 ~27 F1 1492 ~ 1513 JEH B I AP F
1E 96 °CFiZAFE 10 min,95 °C7Z8¥E 1 min,55 CiBk
1 min,72 CZEf 1.5 min,35 MER, &5 72 C 4t
H10 min. SN =0 1% 19 B B 6 I H ik A
LY e ali b % A KL A JI 7. )7 51 5 Bl Gene-
Bank #17 blast 2347, H 0 B AF 1 N12 #9751 F1 T
2311 16S tDNA 31T clustalX #4700 Wr )5,
IV MEGA4. 0 /% & H] Neighbor-Joining J7 i il
Jukes-Cantor B H R G L B
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LT PAHs 1958 B 500 a2 O v S BRSO
T RE R AN A M . IR A PAHs SR
SR FH O ROROR 2 1 T s 0
1.4 TR N12 BRI
1. 4.1 EEEXT N12 (K 5k milsn i)
B3 6 d BB, 0.01 mol - L™ BYBERREE 2% vhilk
(pH 4 7. 0) B4 i Uk 3 ¥k, )i FA SR UG 1 /K
BRI 1 mL BT 50 mL 22, 4000 T
15.20.,25 .30 135 C F 1557 10 d, & H I E vk
(ODgyo ) - AARIZ BB AR SR FR XTI 3 I E .
1. 4.2 ARl R GA e B tE R Al B B (O
A 1) 1 mL $ ABEVREE 5391124 200,400,600 ,800
1000 mg - L' Ay JC HL #h &% % &, 30
150 v - min” ' $EAREEE 14 d, AW BE A US55
TR B I EE I EE AR BA A 0 LR R LUK HE
HESE IR R IR 3 A
1. 4. 3 AS[v] e 55 ) 4 B8 6 B B A 2 iR 5 4%
2% (WA B 45 T A W UR B2 43 0 0,10,50
100,500 ,1000 £ 5000 mg - L™ [ £ JCHLER 144 5
FeHd 30 °C 150 r - min~ @O FE. RN LA
Tl 2% 1Y K B ALK Y 1 R T IR 3 IR A
1. 4.4 73F (o) EERSARIBE AR IS KR EERIR
It (o) EERRA WIS N TCALER 55 3= 3 b, We B2 4y
H°8 100 mg - L_I\IOO mg - L' 1 50 mg - L_l,
150 r - min " BEIRKGF£ 9 d, M 2 5% B 1) 3 FF PAHs
Frad, A R DUR IR 1) LR AR b 7
FAXFIE 3 IREE.

1.5 PR N12 B P i o3 A

Nid FI Pdo2 J& /M 0AT 1 4% PAHs AP0 G
Rt Tt , AR Pagnout 2521 35110 51 4 X6 H: 4 At ik
RIEAT ™ 34 F0 ¥ 5 43 B, 51907 51 R nidA-F (5'-
TGATGTCAGCGAACTGGAAG-3') #l nidA-R ( 5'-

AGTCCATGCCCATTTCGTAG-3") , pdoA2-F ( 5'-ACG-
CAGACTCCACAAGCTC-3") Fl pdoA2-R ( 5'-ACTTC-
CATCGTCGTGTGA-3"). PCR I F2J¥ : 94 °C FilAE ¥k
5 min J5 347 35 PDEFF .94 C AN 1 min, 55 CiE
k305,72 CHEMH 45 s, Fe 7 72 C LEAHS min; 33
SEHUR IS L AR 1% W BERE BEEE S 1 it
ATHLIK.
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18,2830 CHiFR 7 d A REIE JLIE AT UL 1) TR 7.
AP AL SR AE SRR i e R AR IR ER | £ T P
HIEE  HEZT (ML R. ) FEA IS0 24 S B, 7 4
TR R I 5t it S U Tl ™ i A I B A 2 PH
BB VISR HREME 2 20 hE | R 2 AR TR
A R ME— BRI AR A AN BE LAACKE | 1L A48 | B fiz 4]
MR ME— BRI AE

B Bk N12 19 168 tDNA J¥ 51| (1406 bp) 5
GeneBank H1 & 17 51 A7 LexF, 25 R, H 5
Mycobacterium gilvum isolate VMO0442 %) 5 1) A LI
A 100% , 5 Mycobacterium sp. TA27 LETR BRI E A
FARIME T 98% ~99% . T #k N12 551X 48 F bR 19 5
Gt KB KR ILE2. WHRNI2#16S tDNAJT 51 7E

1 Bk NI2 MR H0ES
Fig.1 The micro-morphology of strain N12.
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64 Mycobacterium sp. TA27 (AB028482)
4"’9(‘——114‘ sp. RF002 (U90876)
94 M. sp. K228YA (AY945803)
N12
100 | M. gitvum isolate VM0442 (AF544636)

51 M. farcinogenes strain NCTC 10955T (AY457084)
_|_— M. mucogenicum strain D3 (DQ068744)
50 M. septicum strain ATCC 700731 (AY457070)

—93|—_M.fortuitum strain ATCC 49404 (AF480581)

M. fluoranthenivorans strain FA-4 (AJ617741)

54 M. mageritense strain CIP 104973T (AY457076)
4i1 00 EM. wolinskyi strain ATCC 700010 (AY457083)
51— M. peregrinum (AF058712)

0.002

B2 ARAIAHIE RS IR N12 RE L T P
Fig.2 Phylogenetic tree based on the 16S rDNA sequences of
N12 conducted by Neibour-joining method.
533 L HBCFH Bootstrap iR K 500 4B R 1 A (1L /% %
FERE T 50% 1), WIRhEUIA 44 )5 51 T GeneBank % 3¢5 Bootstrap
values above 50 were shown representing the percentage support for the
cluster out of 500. Species or strain names were preceded by GeneBank
accession numbers.
GeneBank #3558 DQ512892. 25 &L &% A #i4
FEEFAE RN 16S rRNA HEXTEE w020 %2 B kR N12 4
SRR
2.3 BRRE N12 B dpe A 4 R R RN o R Ao T
PR N12 H2R0 B TohLEh 3G 5 2 400 HE 15,
20.25 30,35 C F#57%. INE 3 o LIFE M, LE 15 C
T, B S BERT R TG 2 | A 4 MR
TIE XA B A T 4 S 7R
25 CHI30 CHMFF, Wbk N12 7EA K 6 d B4
IR F B 111 20 CHI35 C RBIAES d fd d ik
Bl iR 30 °C N B R Y R A BB A e A ELERTT 7
30 °C MY EE S5 il A T bR N12 AR K.
R T IR A A I A 1 o I R R S — 2,
— M E TR N12 FEAS[R) R BT Y R A 232 4 7 ik
FERD B VR T K 100 mg - L I TCHLER S 3R 3k 4%
B AELS 20 25 30135 C F R 37, 7EH10 K&
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Fig.3 Effect of temperature on the growth of N12.

EE AR R i 19 204 IR BE R R, EERE R AE
15 C F A%, AN 40. 0% , Bifi 5 IR () T, B
PR ERGE A KRR 30 °C FiAE i (98.8% ).
T FE AR ST | R e 2 BRI, 78 35 °C T By B fi
F(62.8%) HEMKTF 20 °C (76.1% ) 1 25 C
(89.3% ).
2.4 BAEBR N12 XFEE R R Bl ) 2 B LR i

PETERE N12 2R 2] 51 (100 mg « L) IR
AR (4 WA TRARESCEE P3SN, 26 A B fif o
WBBE K, AEE TR 25 6 KA, RS 5 3 i
K, T EE PR R R AT 22 18 38 0, (E 2 3 S8 0 f T e
X AT BEATE X A8 AR RT3 B A A B AR A TR R Y
BRI B ER T A B A W, M R A R R
K, Bl B[R] A K 32 A e A3, e i 3 SO i v
. 5535710 d JE REfRI8 5 98. 8% , A TE #E N12
ELAT 558 A R A R

M S o L AR N12 AT LITE 14 d PREREE k%
100 mg « L7 B TCHLER BE 35 56 (0 EE R 50 4, Bl
TGV B BN, R R 3 000 T R AIG, 4k Bk ]
1000 mg - LB BEARRAN 27. 4% .
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Fig.4 Pyrene degradation and strain N12 growth curves.
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Fig.5 Effect of concentration of pyrene on degradation rate of

pyrene by N12.
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PR N12 i fig LLE JE | 2 R ME—filk Y5 F BB R M 1 2
K TEHREE YA /100 mg - L7 AOFE JE 25 CHLIER K
IIEFREE TR R R 7 d, B AT 3 )55 2 99. 4% |
71. 8% Fl 45. 3% . Fikk N12 RAELIE 25 I TEN 2000t
ME— R U FTRE IR A 1. 1000bp — |
2.5 HZEBEXTEE MR AR I 5 750bp

T B B A AR 2218 A 3 00 1 LA
BEA AN I IR, XL G X AT RR N12 B A 26 1Y) 52 ).
SEIRFA (R 6) , A0 TT DARA S A2 1 28 1 R i, L
Hr AN 500 mg - LA A BERICR S W1, 50 R
FHEE, A0 500 mg - L7 B AR 37 6 d Y EERE iRt
Z(94.7% ) BN AL 3K 3 X B A0 15 57 8 d 1) % i %
(94.8% ), BEFHEI A 4RHE 2] 25% .

2.6 TEtR N12 XTG4 3 Tl PAHs B F%f#

YRR N12 JEA79E  BE R TIFEE 3 Rl A 235
IR G RIS (3R 1) 45 R 3RWT, A A BE A %
R R IFEETFEMEN S 5T, KM R K T
79.0% .

2.7  ZITFRRREAR I R

A © 2 18 19 70 BCAF W Mycobacterium  sp.
strain SNP11 (4 05U 4 ( Nid A1 Pdo2 ) & it 3 K 15
51T PCR 1S, 1% S5 B WE B 15 L Uk A5 2 ni-
dA(615 bp) Fl pdoA2 (808 bp) BN Bt (K 7).
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Fig.6 Effect of glucose on the degradation of pyrene by N12.
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Table 1 Co-metabolization of three PAHs by strain N12

Ik i A 3R
Phenanthrene  Pyrene Banzo[ o] Total of
pyrene three
substrates
SR B Remain 0.22 0.70 8.49 9.40
concentration (mg + L7!)
F#f#% Degradation 99.7 99.0 79.0 94.8
rate (% )

/
500 bp /

B 7 BBk N12 nidA F pdoA2 FEDH IR HL Tk
Fig.7 Gel electrophoresis of nidA and pdoA2 genes from strain
N12.

755 A GenBank LA Blast #4477 51 [7]
TRbE 8, 45 5 WoR, Wk N12 5 Mycobacterium
vanbaalenii strain PYR-1 Fl1 Mycobacterium gilvum
PYR-GCK 1 nidA [RIEVER 53K 99% , 5 Mycobacte-
rium wvanbaalenii strain  PYR-1, Mycobacterium sp.
strain 6PY1 F1 Mycobacterium sp. strain SNP11
pdoA2 R TRPER E 35 99% . i H bk N12 h BAy 5
DAL G0 A AT T v ) D5 A9 T 4l 22 (. mad A 1
pdoA2 FE Y R G0 & B LK 8a FI[E 8b.

a 35, Mycobacterium sp. S65 (AF546904)
67 M. sp. 6PY1 (AJ494745)
25 M. gitvum strain BB1 (AF548347)
641 M. vanbaalenii PYR-1 (AF249301)
M. sp. KMS (AY330100)
18} A7, gilyum strain czh-101 (DQ537942)

M. sp. HH2 (DQ192654)
N12 nid4

M. sp. CH-2 (DQ157863)

M. sp. ILS (AY330098)

M. sp. MHP-1 (AB179737)

0.005

M. sp. CH-2 (DQ157862)
b M. sp. KMS (CP000518)
89 | M. sp. JLS (CP000580)
M. sp. SNP11 (EF026099)
M. sp. CH-1 (DQ358754)
M. sp. MCS (CP000384)

30

36

N12 pdoA2

M. sp. 6PY1 (AJ494743)

M. gilvum PYR-GCK (CP000656)
M h,

lenii PYR-1 (CP000511)

0.001

8  NI2 FIZELZ 5 R AT B4 BAT B nidA (a) I pdoA2
(b) FPHI R G R

Fig.8 Phylogenetic trees based on the gene sequences of nidA
(a) and pdoA2 (b) from strain N12 and closely related Myco-

bacterium strains.
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AU AE S BRI, B W R 57%
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AR IR W 17 A 0] F% £ 2R 38 80% ; £ Ramirez
S AT AR A BFE B PYR-1 Y B A N 63%
XS5 TR R0 6 BR B TP ZE I DP2 A EE R
R A A T, HERR Rl 83. 2% & WS AIE
WY 18 A TR A5 TR A 3R A 23 e T BT T, [0 I 1Y
WS ROR W S 0 T30 B T, B 2R AT T 2 5 B
FFIA 9 SR G [ 8 J5 e B R 61. 8% . TELE I
R BT W R R 2 | BRSO
g, an e 4 i 2O G e 21 A9 A BUFT B ML FEEE
VR 100 mg « L7 AT, 16 d AR AR 3T 3k
91. 8% . A0 T 15 2 1 73 BCFF AT N12 7E Rl RE S5 14
T, 14 d IR R 100% , 7T UL N12 B R 1 1 4k
Rz —.

TR W R fifk 22 B0 5 e (R 2 i ke T HLAk 22 45
A 118 52 2y R I e il 1) 35 07 B . AP 9T R B, PAHs
Refir o A PR . — 2 DL 2 3805 8 e — Bk
TEFIBEIR ; 5 —Fh Bl Z 05 18 5 FoAh A BT R4 T
LA X T TR RS RENEY,
A R A S 2 55 —Fh 5 TR T ME R i 1) 4
a4 ALL S T PAHs, fUE Y 2 LIS
Jr T AR

LA B T 15 YT e YR et 7 b= A
()Pl Z A AT b )™= VR 75 T e 2 OC
WA Wi 1) 3R 38, P &AL i T PAHs Y R %, Gott-
fried 55 IERA TR0 v 18] 7= 4 7K A R T 75 5 AR AR
AR R AT o I 4 e v T ELES A
] 7=y %; PAHSs 474k 385 1) £ 2 RO 5 T 3 -3
BRUR O AR B AE AR X 3 R LA Y £
W RRIR A TR A, 45 3 R A AN BB 4 I ik 1)
FIETEAEMEN S 5T, ANMUAREUE B, 7 ELIE
IR 79. 0% . X J& F A, B S 3E RN EE W] g2 TR Pk
N12 FEREATFEE TS IR U N12 AL el A
FEFNEE A 3k B v A] 7 A 2 Bl S A A b )
Yy, oK AR RS | e i R T e R .

Nid FI Pdo2 &7 BeFF A PAHSs i e hke 5C
SR F A AN R AN TR 0 SUIN AUt , R TR nidA I
pdoA2 (515 phdA) Zih. nidA TER) B REN
1] phd H& PR FERE AL R e 1) XU AUl BE R 3k
Stingley 252" "HF 5% Mycobacterium vanbaalenii strain
PYR-1 4 nidA X 95 B AR R AT # b 3R 3k,
o I 3] — L R A A o8 RN E 1 Bl , AT DAKE FE R 2B B
-3 ,4- S HEFI 1-52 H-2-Z8 R, AR B4R R —
P&, phd DX [E) A2 35 77 P K 4B R — W IR B g 3,
4- IR R, Pagnout a2 g 2 Hf) , Pdo2

{2 F phdA 1X., 1% X [B] B8 2 A5 HE -3 , 4-— & i &l
F13,4-ZF2 FEAR R — B IR I R Tl T AL, 3K T [X
[ ) 35 R T RS EL AR Y, oA N12 BELASEFIEE Jy i
— TR AR T 3 Ry T AR [ B A S IE T ORI
EE R IEARIHBILR.

4 & &

AMFFE N IR A 5 e 1 TP ) — iR =
EERERREDA N12, 2B AR AL FT 16S rDNA /AT %0
R KT B ( Mycobacterium ) . SE 55 ZEALIL 20 F
N12 WA R A R AR R EE 42 30 °C,7 d X
100 mg - L' EEMIRERRR A 94. 4% |14 d PR ] ik
100% ,7 d %f 600 mg - L™ 2£ 1 B K 56. 1%
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