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Screening for Phenanthrene Degrading Bacteria and Its Characteristics
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Abstract : One bacterial strain, designated as Phxl , was isolated from Daqing oil-field with the method of sublimate- plate and determi-
nation of dioxygenase activity . Phxl can degrade phenanthrene (100pg/ mL, in LB media) completely in 24 h. Compared to MSM,
LBand broth media can accelerate the phenanthrene degradation, promote the degradation of intermediates especially. With the
method of plasmid elimination, it was proved that the genes encoding for degradation of phenanthrene locate on the larger one of the
two plasmids . According to morphological and physio bioche mical characteristics , Phxl was identified as Agrobacterium sp . and was
probably a new species of the genus Agrobacterium due to its 16S rDNA sequence which has the similarities of 97 .8 % and 96. 6 % to
Agrobacterium tume faciens UP-3 and Agrobacterium alberti magni respectively .

Key words :phenanthrene ; PAHs ; biodegradation ; dioxygenase

( PAHs) , (NH4),S0, 0.5g,NaNO; 0.5¢,CaCl, 0.0l g, FeSO,
, , ,0.02 % ,pH 7.2 ~7.4, 1 000
. mL.
[r.2] (3.4] .PAHSs MS +1 % , NR.
, , MS .LB , NR

s 1.3 PAHs

1 % ,
Phxl1 , 1201/ min .37 C ,7d ., 1mL
s PAHs . s s
7d, )
1 [6]
1.1 10°* 10°° ,
4 . 500mL s ,
1.2
(NR) ,LB
:2004-04-07 ; :2004-08-12
( MS) (3] , : ( G1999045709)
(1978 ~), , ,

K,HPO,*3H,01g,KH,PO, 1g,MgSO,*7H,00. 2g, -



160 26
s s ,  Tris s s
s 5 min s 70pL ., 0.7%
37 C 3d, 20uL, 15V 20 ~
30 min, , 50
1.4 L7 ~70V, 8 ~12h.
10 mg 1 mL 75 % , (2)SDS s, 5mL
LB , 10% SDS, 0.02 % .
0.2 %, ,120 1/ min 37 C 3d, 0.04% , 0.10%,37C 24h,
1.5 SDS , ,
R 25mg/ mL , >
25mL ( NR.MS .LB) ,
150mL , 100pg/ mL.
( MS ) ,120
r/ min 37 C 9d. ,
, 10 min( ), 2.1 Phxl
Waters s 2 s
Supelcosil LC ¢~ DB, - ( 1: 4), , ,
:0.8mL/ min, 20uL, s
254nm!®7 .
1.6 Phxl , 36h 1.
MS ,
Barnsley(1983)[°! ,
(101~ BSA
1.7
(1)
[11]
(2) 16S IDNA  PCR . .
BSF8/20:5- AGAGT TTGAT
CCTGG CTCAG?3 ; BSRI1541/20: 1 Phxl
5/_ AAGGA GGTGA TCCAG CCGCA‘3/ ;PCR Fig.1  Clearing zones around colonies of Phxl on the LB
plate with phenanthrene
95 C 5min,94 C 1 min,55 C
1 min,72 C 2 min, 30 , 9.9
72 C 7 mint'?) . s
[7.16.,17]
(3)16S rDNA ’
16S rDNA GenBank ’
, 19 16S ’ ’
rDNA clustalxl. 8 (71 Phxl
, Phylip 3. 6a3
Treeview 1.6.6 s , ’
1.8 Phx] LB ( 48h)
(1) [13,14] Phxl ’
LB 200pL

Phxl



161

2.3 Phxl
HPLC
Phx1 NR.LB.MS 3

, ,  24h

100pg/ mL s
[3.17.18]
Phxl 3 24h
2 3 6h

, 8h ~ 22h ,

MS M : 3
Phxl  MSM ( )
NR LB

90
80
70
60
50

3E /ug-mL-!

40 —e— Ms
—4— NR
20 |- —o— XM
10 -

0

I R Y N N R B
0 2 4 6 8 10 12 14 16 18 20 22 24 26
t/h

2 24h
Fig .2  Effect of different media on the efficiency of

phenanthrene- degrading by Phxl in 24h

100

FEEEE/pgml!

t/h

3 24h
Fig .3  Effect of different media on Phxl growth in 24h

HPLC , Phxl  MS
NR.LB
, . MS
4(a) ,

NR .LB

.85

, 3d 9d , >

MS

1000

500

1000

500

1000

500

1000

500

1000

IEE /mV

500

1000

500

1000

500

1000

500

t=1.87
, t=1.87
NR
, 4(b),

t=2.12
NR 254nm
1d ,

t=1.97

T

" L " " L 1 |

/ min
a: MS b: NR
4 HPLC

Fig.4 HPLC chromatogram of phenanthrene- degrading behavior by

Phx! in different media



162

LB
NR . Phx1
2.4 Phxl
2.4.1 Phxl
Phx1 s 1 ~3mm
, (0.36 ~0.54)um x (1.33 ~3.57)
l,lm s B ) A
s 3- 2 %
NaCl , , 37°C
2.4.2 16S rDNA
Phx1 16srDNA VECTOR
NTI 8.0 s NCBI BLAST
s Agrobacterium tu mefaciens
UP-3 A . albertimagni
97.8% 96.6 %,
, 5.

— Blastobacter aggregatus
—— A.tumefaciens C4

A.tumefaciens EBR125
Rhizobium sp.Gim-16
Rhizobium sp.N220
A.radlobacter
A.tumefaclens (LMG196)
Rhizoblum sp.SH1707neu
Rhizoblum sp.GH-2001
Agrobacterium sp. LMG11915
Agrobacterium sp.JS71
Agrobacterium sp. AHL7
Agrobacterium sp. NCPPB1650
Rhizoblum sp.NK-4
Rhizoblum sp.GLS-4

—{Z Sinorhizoblum sp.9705-M4

R.daejeonense

A.tumefaclens UP-3

90
A.albertimagni
B

Phx1

67

5 16S rDNA
Fig .5 Phylogenetic tree based on the 16S rDNA sequence of
Phx1 and the sequences of relating species

bootstrap

Phxl

26
Phx1 s Phx1
, Phxl Agrobacterium tume-
faciens s Phx1
2.5
Phx1
( 6 1.2.3), Phxl1 (
6, 5.6)
( 6,
4), )

6 Phx1

Fig .6  Electrophoresis of Phxl’s plasmid by different curing

Phxl ,

MS
,LB NR

[ 11 MaryJSimon, Timothy D Osslund. Sequences of genes encod-



1 163
ing naphthalene dioxygenase in Pseudomonas putida strains G7 [10] F. , R. s [ M]
and NCIB9816-4[ J]. Gene, 1993, 127 :31 ~37 . , 1998 .332 ~333.
[2] Yen K M, Gunsalus I C. Plasmid gene organization naphtha- [11] s . [ M].
lene/ salicylate oxidation[ J]. Pros. Natl. Acad. Sci. US, 1982, , 2001 . 353 ~387.
79:874 ~ 878 . [12] Devereux R, Willis S G. Amplification of ribosomal RNA se-
[ 3] Guerin W F, Jones G E. Twostage mineralization of phenan- quences . Molecular microbial ecology manual[ M]. Netherland:
threne by estuarine enrichment cultures[ J]. Appl. Environ. Mi- Kluwer Acade mic Publishers, 1995 .
crobiol . ,1988 , 54 : 929 ~936. [13] Echhardt T. A rapid method for the identification of plas mid de-
[ 4] Samanta S K, Chakraborti A K, Jain R K. Degradation of oxyribonucleic acid in bacteria[ J]. Plasmid, 1978 ,1: 584 ~
phenanthrene by different bacteria: evidence for novel transfor- 588 .
mation sequences involving the formation of 1-naphthol[ J]. Ap- [14] Hynes M F, McGregor N F. Two plasmids other than the nodu-
pl. Microbiol . Biotechnol., 1999 ,53: 98 ~107 . lation plas mid are necessary for formation of nitrogemnfixing nod-
[ 5] s N N N s ules by Rhizobium leguminosarum[ J]. Mol. Microbiol .,1999 ,
[17. , 2003, 23 4:567~574.
(2):157~161 . [15] Lou Kai, Ban Rui, Zhao Xue- ming . Curing of the Bacillus sub-
[ 6] Jeremy F Alley, Lewis R Brown. Use of sublimation to prepare tilis plasmid using sodium dodecyl sulfate[ J]. Transactions of
solid microbial media with waterinsoluble substrates[ J]. Appl. Tianjin University , 2002, 8(3) : 149 ~152.
Environ. Microbiol ., 2000 ,66(1) : 439 ~ 442 . [16] Kiyohara H, Nagao K, Yano K. Phenanthrene-degrading phe-
[ 71 Ensley B D, Ratzkin BJ, Osslund T D, Simon M J, Wackett L notype of Alcaligenes faecalis AFK2[ J]. Appl. Environ. Micro-
P, Gibson D T. Expression of naphthalene oxidation genes in biol ., 1982, 43 :458 ~ 461 .
Escherichia coli results in the biosynthesis of indigo [ J]. Sci- [17] Keuth S, Rehm H J. Biodegradation of phenanthrene by
ence ,1983 ,222: 167 ~169. Arthrobacter polychromogenes isolated from a contaminated soil
[ 8] s s [T]. Appl. Microbiol . Biotechnol ., 1991 , 34 :804 ~ 808 .
[J1. , 2000, 18(4): 318 ~ [18] Weir S C, Dupuis S P, Providenti M A, Lee H, Trevors J T.
321 . Nutrient-enhanced survival of phenanthrene mineralization by al-
[ 91 Barnsley E A. Phthalate pathway of phenanthrene metabolism : ginate-encapsulated and free Pseudomonas sp. UGL4Lr cells in

formation of 2’-carboxybenzalpyruvate[ J]. J Bacteriol , 1983,

154 : 113 ~117.

creosote- conta minated soil Microbiol .

Biotechnol ., 1995, 43 : 946 ~ 951 .

slurries [ J ]. Appl.





