,:g_ETﬁEﬁETMEEF

PAH - degrading microorganisms in marine evnironment

055

polycyclic aromatic hydrocarbons PAHs

121

80

/2004

361005)

1000 - 3096 2004 09 - 0050 - 06

l6]

[7.81 Herbeslgl

3 000
Vecchioli
[10]
22%
1.1
( 2-~3
) ( 4 4
)
6111
2002-12-16 2003 - 05 - 20
30070157
1967 -
0592 - 2184866
28/ 9



RTEWSI@

2
- 16SrDNA
2 16S5rDNA

1 Cyclo-

clasticus  Vibrio Pseudalteromonas Neptunomonas
2
Ochrobacirum sp.

Pandoraea sp.

Sphingomonas
Shiaris Bl
Burkholderia Comanonas
1 PAHs
3-15p_ yestosteron °  Pseudalteromonas '

Pseudomonas putida PpN1 "> Pseudomonas stutzeri strains
19 20

6 Sphingomonas aromaticivorans ¥199 18 Cycloclasticus sp.

Marinobacter sp. 16 Moraxella sp- 7

Neptunomonsa naphthovorans 2 Capitella capitata 2 QOscillatoria sp. strain JCM 2

Cycloclasticus sp. 19 Neptunomonsa naphthovorans 2

4 223 Vibrio cyclotrophicus 2 Vibrio parahaemolyticus 2% Vibrio

19

Flavobacterium

% Nocardioides sp. KP7 % Mytilus edulis *®  Cycloclasticus strains

Pseudomonas sp. 2
Sfluvialis * Vibrio sp. Enter-
obacteriaceae *°  Agmenellum quadruplicatum PR - 6 ¥ Oscillatoria sp. strain JCM ®  Candida kru-

sei 0 C. zeylanoides 0 Trichosporon penicillatum 30 Torulopsis glabrata 3 Rhodotorula rubra *

32

Cycloclasticus sp. 20 Acinetobacter calcoaceticus ' Cycloclasticus pugetii

Cyclo-
clasticus pugetii ™' Marinobacter hydrocarbonoclasticus "'
Vibrio sp™'  Neptunomonas naphthovorans )
1.2

Trichosporon penicillatum el
[28.34.351 Trichosporon
Trichosporon
2.1
10°~10* /g Macgillivray ~ #°'1993
13
120h 0.15~8.15 rmol/g
8.04 x 10 "~ 10.80 x 10 ~'* rmol 1 Menally
Beijerinckia sp.strain B1 Keweenaw Trenton
[3.6x 107" prmol/ ] PAHs
Keweenaw

Marine Sciences/Vol.28,No.9/2004

28]

68

60



weenaw

Trenton

PAH - MPN

85%

[39]

[42]

(431

2.2

DGGE

3

le@

[411]

Trenton 57 Ke-
18 PAHs PCR - DGGE
Geiselbrecht ™! DNA 16SrDNA
Puget Sound PCR PCR
Puget Sound denaturing — gradient gel electrophoresis
DGGE PCR - DGGE
107 /g DNA
10° /g
Murray ™! San
Francisco Tomales
PCR - DGGE
[401
1451
PCR - RFLP PA-
PD
Robert !
PAHs
3
Bioremediation
Lux
Pseudomonas fluosencens
CO,
45%107°
[471] 80 90
Exxon Vadez
PCR - DGGE
6%

/2004 /7 28 / 9



3.1

(48]

’

RTEWSI@

GEMs

[511]

1989 Exxon

“ ”

Gene Engineering Microorganisms, GEMs

[49 501

3.2

( Escherichia Coli)

?

DNA

[19 33]

pH

[1] Baird C. Environmental Chemistry

521

[541

[Mm]

[531

. New York:

W.H. Freeman and Company Press, 1995. 276 — 278.

Marine Sciences/Vol.28,No.9/2004

(63N



[3]

[4]

[5]

(6]

(8]

[91

[10]

[11]

[12]

[13]

[14]

le@

Stegeman J J, Lech J J. Cytochrome p — 450 monooxyge —
nase system in aquatic species: Carcinogen metabolism and
biomarkers for carcinogen and pollutant exposure[J]. En -
vironmental Health Perspectives, 1991, 90: 101 - 109.
Varanas U. Metabolism of Polycyclic Aromatic Hydrocar —
bons in the Aquatic Environment[M]. Boca Raton, FL,
USA:CRC Press Inc, 1989. 26 - 32.

Gibson D T, Mahadevan V, Jerina R M, et al . Oxidation of
the carcinogens benzo[alpyrene and dibenzla,h]an -
thracene to dihydrodiols by a bacterium[J]. Science,
1975,189: 295 -297.

Cerniglia C E. Biodegradation of polycyclic aromatic hy —
drocarbon: a review[J|. Biodegradation, 1992, 3:

351 - 368.

Harayama S. Polycyclic aromatic hydrocarbon bioremedia —
tion design[J]. Current Opinion in Biotech, 1997 8
268 - 273.

Bauer J E, Capone D G. Effects of co — occuring aromatic
hydrocarbons on degradation of individual polyeyclic aro —
matic hydrocarbons in marine sediment slurries[J ] .Appl
Environ Microb, 1988, 54:1649 - 1655.

Thomas J M. Microbial ecology of the subsurface at an
abandoned creosote waste site[J]. Journal of Industrial
Microbiology, 1989,4: 109 - 120.

Herbes S E, Schwall L R. Microbial transformation of
polycyclic aromatic hydrocarbons in pristine and petro —
leumcontaminated sediments[J]. Appl Environ Microb,
1978,35:306 - 316.

Vecchioli G I. Use of selected autochthonous soil bacteria to
enhance degradation of hydrocarbons in soil[ J] . Environ —
mental Pollution, 1990,67: 249 - 258.

Wilson S C, Jones K C. Bioremediation of soils contami —
nated with polynuclear aromatic hydrocarbons (PAHs) : a
review[J]. Environmental Pollutant, 1993, 81: 229 —
249.

Ferrer C, Cozar E, Garcia— Valdes E , et al . Incp -7
naphthalene — degradative plasmids from Pseudomonas
Putida[J]. FEMS Microbiology Letters, 1986,36:21 —
25.

Garcia — Valdes E, Cozar E, Lalucat J, et al . Molecular
cloning of aromatic degradative genes from Pseudomonas
stutzeri[J]. FEMS Microbiology Letters, 1989,61:
301 - 306.

Bosch R, Garcia — Valdes E, Moore E R B. Complete
nucleotide sequence and evolutionary significance of a
chromosomally encoded naphthalene — degradation lower
pathway from Pseudomonas stutzeri AN 10[J]. Gene,
2000,245:65 - 74.

Garcia — Valdes E, Cozar E, Rotger R ,et al . New
Naphthalene — degrading marine Pseudomonas strains[J] .

Appl Environ Microb, 1988,54(10) :2 478 - 2 485.

/2004

[16]

[17]

[18]

[19]

[20]

[23]

[24]

[25]

[26]

[271]

28

Gauthier M J, Lafay B, Christen R, et al. Marinobacter
hydrocarbonoclasticus gen.nov., sp.nov., a new, ex —
tremely halotolerant, hydrocarbon — degrading marine
bacterium[J]. Int J Syst Bacteriol, 1992,43: 568 - 576.
Tagger S, Truffaunt N, Petit J L. Preliminary study on
relationships among strains forming a bacterial community
selected on naphthalene from a marine sediment[J]. Can
J Microbiol, 1990, 36:676 — 681.

Romine M F, Stillwell L. C, Wong K K, et al . Complete
sequence of a 184 — kilobase catabolic plasmid from
Sphingomonas aromaticivorans F199(J] . Journalof
Bacteriology , 1999, 181(5) : 1 585 - 1 602.

Geiselbrecht A D, Hedcund B P, Tichi M A, et al .
Isolation of marine polycyclic aromatic hydrocarbon(PAH) —
degrading Cycloclasticus strains from the gulf of mexico
and comparison of their PAH degradation ability with that
of Puget Sound Cycloclasticus strains. Appl Environ
Microb, 1998,64(12) :4 703 - 4 710.

Geiselbrecht A D, Herwig R P, Deming J W, et al .
Enumeration and Phylogenctic analysis of Polycyclic aro —
matic hydrocarbon — degrading marine bacteria from Puget
sound sediments[J]. Appl Environ Microbl, 1996,62
(9): 3344-3349.

Hedlund B P, Geiselbrecht A D, Bair T J, et al. Poly —
cyclic aromatic hydrocarbon degradation by a new marine
bacterium, Neptunomonas naphthovorans gen.nov .,sp .nov
[J1. Appl Environ Microbl, 1999,65(1) :251 — 259.
Bauer J E, Kerr R P, Bautista M F, et al. Effects of

co — occuring aromatic hydrocarbons on degradation of in —
dividual polycyclic aromatic hydrocarbons in marine sedi -
ment slurries[J]. Appl Environ Microbiol Mar
Environ Res, 1988, 25:63 - 84.

Cerniglia C E, Baalen C V, Gibson D T. J Metabolism of
naphthalene by the cyanobacterium Oscillatoria sp . strain
JCM[J]. Microbiol, 1980, 116:485 - 494.

Shiaris M P, Cooney J J. Replica plating method for es —
timating phenanthrene — utilizing and phenanthrene —
cometabolizing microorganisms|J]. Appl Environ
Microb, 1983,45: 706 - 710.

Okpokwasili G C, Somerville C C, Grimes D J, et al.
Plasmid — associated phenanthrene degradation by Chesa —
peake Bay sediment bacterial J]. Colloq Inst Francaise
Rech Exploit, 1984,3: 601 - 610.

West P A, Okpokwasili G C, Brayton P R, et al.
Numerical taxonomy of phenanthrene — degrading bacteria
isolated from the Chesapeake Bay[J]. Appl Environ
Microl,, 1984, 48(5) :988 - 993.

Saito A, Iwabuchi T, Harayama S. Characterization of
genes for enzymes involved in the phenanthrene degrada —
tion in Nocardioides sp.KP7[J] . Chemosphere, 1999,
38(6):1331-1337.



[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

RTEWSI@

Pipe R K, Moore M N. Arylsulphatase activity associated
with phenanthrene induced digestive cell deletion in the
marine mussel Mytilus edulis[]]. Histochem J, 1986,
18:557 - 564.

Martha L N, Carl E C,Chase V B, et al. Metabolism of
phenanthrene by the marine Cyanobacterium Agmenellum
quadruplicatum PR - 6[]J]. Appl Environ Microb,
1992,58(4):1 351 - 1 359.

Macgillivray A R, Shiaris M P. Biotransformation of
polyeyclic aromatic hydrocarbons by yeasts isolated from
coastal sediments[J]. Appl Environ Microbiol, 1993,
59(5):1613 - 1618.

Lal B, Khanna S. Acinetobacter calcoaceticus and Alcali —
genes odorans[J]. Journal of Applied Bacteriology,
1996, 81: 355-362.
Dyksterhouse S E, Gray J P, Herwig R P, et al . Cyclo -
clasticus pugetii gen. nov., sp., nov., an aromatic hy —
drocarbon — degrading bacterium from marine sediment
[J].International Journal of Systematic Bacteriology ,
1995, 45: 116 - 123.
Shiaris M P. Phenanthrene mineralization along a natural
salinity gradient in an urban estuary, Boston Harbor,
Massachustts. Microb Ecol, 1989, 18:135 - 146.
Fedorak P M. Oil — degranding capabilities of yeast and
fungi isolated from coastal marine environments[J]. Can
J Microbiol, 1984, 30:565 - 571.
Kirk P W, Gordon A S. Hydrocarbon degradation by fil —
amentous marine higher fungi[J]. Mycologia, 1988,
80:776 - 782.
Bogardt A H. Enumeration of Phenanthrene — degrading
bacteria by an overlayer technique and its use in evalua —
tion of petrolirm — contaminated sites[J]. Appl Environ
Microb, 1992, 58: 2 579 -2 582.

Allison D. Enumeration and phylogenetic analysis of
polycyclic aromatic hydrocarbon — degrading marine
bacteria from Puget Sound Sediments[J]. Appl Environ
Microb, 1996, 62(9):3 344 -3 349.

Menally D L, Michelcic J R, Lueking D R. Polycyclic
aromatic hydrocarbon degradation microorganisms in Great
Lakes sediments|J]. Journal of Great Lakes Research,
1998.24:392 - 403.

Yuan SY, Wei S H, Chang B V. Biodegradation of
polyeyclic aromatic hydrocarbons by a mixed culture[J] .
Chemosphere, 2000, 41: 1 463 -1 468.

Mills A L, Breuil C , Colwell R R. Enumeration id
petroleum — degrading marine and estuarine microorga —
nisms by the most probable number method[J]. Can J
Microbiol, 1978, 24:552 - 557.

Kistner M, Mahro B. Enumeration and characterization of
the soil microflora from hydrocarbon — contaminated soil

sites able to mineralize polycyclic aromatic hydrocarbons

Marine Sciences/Vol.28,No.9/2004

[42]

[43]

[44]

[45]

[46]

[49]

[50]

[51]

[52]

[53]

[54]

[J1. Appl Microbiol Biotechnol, 1994, 41:257 - 273.
Shen Y, Stehmeier L. G, Voordouw G. Identification of
hydrocarbon — degrading bacteria in soil by reverse sample
genome probing[J]. Appl Environ Microbiol, 1998,
64:637 - 645.

Goyal A K, Zylstra G J. Molecular cloning of novel genes
for polycyclic aromatic hydrocarbon degradation from
Comamonas testosteroni GE39[J]. Appl Environ
Microbiol , 1996,62: 230 — 236.

Murray A E, Hollibaugh J T, Orrego C. Phylogenetic
compositions of bacterioplankton from two California es —
tuaries compared by denaturing gradient gel elec —
trophoresis of 16StDNA fragments[J]. Appl Environ
Microbiol, 1996,62(7) :2 676 - 2 680.

Bossio D A, Scow K M. Impacts of carbon and flooding on
soil microbial communities: phospholipid fatty acid profiles
and substrate utilization| ]| . Microb Ecol, 1998 35:265 —
278.

Robert A K. Richard B, Kazuya W, et al . Rapid miner —
alization of Benzo(a)pyrene by a microbial consortium
growing on diesel fuel[J]. Appl Environ Microbiol,
2000, 66:4 205-4 211.

Head L. M. Bioremediation: towards a credibles technology
[J]. Microbiology, 1998, 144:599 — 608.

Vecchioli G I. Use of selected autochthonous soil bacteria
to enhance degradation of hydrocarbons in soil[J].
Environmental Pollution, 1990, 67: 249 — 258.
Coschigano P W, Haggblom M M, Young L Y.
Metabolism of both 4 — chlorobenzoate and toluene under
denitrifying conditions by a constructed bacterial strain
[J]1. Appl Environ Microbiol, 1994, 60: 989 — 995.
Erb R W, Eichner C A, Wagner — Dobler I, et al . Bio—
protection of microbial communities from toxic phenol
mixtures by a genetically designed pseudomonad[J]. Nat
Biotechnol, 1997, 15: 378 — 382.

Atlas R M. Petroleum biodegradation and oil spill biore —
mediation[J] . Marine Pollution Bulletin, 1995, 31:

178 - 182.

Pritchard P H. EPA’s Alaska oil spill bioremediation
project[J]. Environ Sci Technol, 1991, 25:372 - 379.
Lessard R R, Wilkinson J B, Prince R C, et al. Biore —
mediation application in the 1989 Alaska oil spill[A].
Schepart B S . Bioremediation of pollutants in soil and
water[ C] . Philadelphia USA: ASTM, 1995. 207 - 225.
Head L. M, Swannell R P J. Bioremediation of petroleum
hydrocarbon contaminants in marine habitats[J] . Current
Opinion in Biotechnology, 1999, 10: 234 — 239.



