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Abstract: Microorganisms play an important role in the natural attenuation process of petroleum
hydrocarbons removal from the environment. Microorganisms can produce a series of enzymes to utilize
and degrade these organic contaminants. The genes encoding the key enzymes in the hydrocarbon
biodegradation pathway are called as function genes. Therefore, studying the function genes for petroleum
hydrocarbon degradation is an important basis for analyzing the diversity of indigenous microbial
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communities, evaluating the natural decaying potential and constructing the genetic modified strains. This
review introduces the aerobic and anaerobic microorganism for biodegradation of alkanes and aromatic
compounds. The major function genes for the degradation are summarized, including genes encoding

monooxygenases and dioxygenases.

Keywords: Petroleum hydrocarbon, Natural attenuation, Microbial degradation, Degradation mechanism,
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Table 2 Function genes in the hydrocarbon degradation of microorganisms

Wk fige L [ 55 7] SE R GERFH5) BRI S22 3CHk

Degrading genes Substrates Reference strains (GenBank accession number) Sources References

alkB Cs—C); alkane Pseudomonas putida GPol (CAB54064) Machine shop cutting oil [22]

almA C0—Cy alkane Acinetobacter sp. DSM 17874 (ABQ18224) Unsterilized oil [23]

ladA C,5—Cs6 alkane Geobacillus thermodenitrificans NG80-2 Deep oil reservoir [24]

(ABO68832)

alkM Ci,—Cj3 alkane Acinetobacter sp. ADP1 (CAA05333) Soil [25]

Methane C,—Cs alkane, alkene, Methylocapsa spp. Forest soil, acid sphagnum [26]

monooxygenase, halogenated hydrocarbon, peat bog, etc

MMOs cycloalkane

Cytochrome P450 Alkane, cycloalkane, Dietzia sp. DQ12-45-1b (AFY63004) Oil production water of a deep [27]

family, CYP153 aromatic hydrocarbon subterranean oil reservoir

assA Cy3—C; alkane, Desulfatibacillum alkenivorans AK-01 Oil-contaminated site [28]
pentadecene, hexadecene  (ABH11461)

masD Cs—Cs alkane, alkylbenzene Aromatoleum sp. HxN1 (CAO03074) Sediment samples from ditches [29]

akbD Benzene, toluene, ortho- Rhodococcus sp. DK17 (AAR90134) Oil-contaminated site [30]
xylene, ethylbenzene, phenol

xylM Toluene P. putida mt-2 (CAC86827) Field soil [31]

todE Toluene P. putida F1 (AAA26010) Soil [32-33]

tmoA Toluene Pseudomonas mendocina KR1 (AAA25999) Algal-bacterial mat [34]

thuC Toluene Ralstonia pickettii PKO1 (AAB09623) Benzene-, toluene-, [35]

ethylbenzene- and xylene(s)-
contaminated aquifer

dmpL Phenol P. putida CF600 (AAA25940) Unknown [36-37]
bnzAl Benzene Rhodococcus opacus B4 (BAD95523) Gasoline-contaminated soil ~ [38]
nahAc Naphthalene P. putida G7 (BAE92156) Soil [39-40]
narAa Naphthalene Rhodococcus sp. NCIMB12038 (AAD28100)  Garden soil with carbaryl [41-42]
ndoB Naphthalene P. putida NCIB9816 (POA110) Garden soil [43]
doxB Naphthalene Pseudomonas sp. C18 (POA111) Soil [44]
nagAc Naphthalene Ralstonia sp. U2 (AAD12610) Oil-contaminated soil [45-46]
pahC Naphthalene, phenanthrene P. putida OUS82 (BAA20395) PAH-contaminated soil [47]
phnAc Naphthalene, phenanthrene, Burkholderia sp. RP007 (AAD09872) PAH-contaminated site [48]
anthracene
phdA Naphthalene, phenanthrene Nocardioides sp. KP7 (BAA84712) Ocean [49]
nidA Toluene, meta-xylene, Mycobacterium vanbaalenii PYR-1 Oil-contaminated sediment ~ [50-51]
naphthalene, (AAT51751)
benzo[a]anthracene,
benzo[a]pyrene
C230 Catechol P. putida ND6 (AAP44220) Industrial wastewater [52]
catA/C120 Catechol P. putida ND6 (AAP44248) Industrial wastewater [52]
benA Benzoate Halomonas organivorans (CBR26855) Saline environments [53]
bssA Benzene, toluene, Thauera aromatica K172 (CAA05052) Activated sludge [54]
ethylbenzene, xylene
nmsA Naphthalene Deltaproteobacteria sp. NaphS2 (CAO72219) Marine sediment [55]
bclA Benzoyl-CoA Magnetospirillum sp. LM-5 (CAA7611436) Activated sludge [56]
badA Benzoyl-CoA Rhodopseudomonas palustris (CAJ18317) Waste water [56]
bzdA Benzoyl-CoA Azoarcus sp. CIB (AAQ08820) Diesel fuel-contaminated aquifer[56]
bamY Benzoyl-CoA Geobacter metallireducen GS-15 (ABB32372) Freshwater sediment [56]
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Figure 1 Aerobic degradation pathways of methylbenzene and naphthalene
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Figure 2 Anaerobic degradation pathways of alkane, benzene, toluene, naphthalene and 1-methylnaphthalene
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K R A I ) iR BT 5 4 e R BB D RE R TR A 2
SERRT R 2R o A — S i AR R A L B TR
B, AH o AR B R 2 RS A A, TR A
DA B 50 5 5B B B 2 i TR 02
W5 R UE YRR AN TE AL, HOC R Y 48
EAVREEZ , DIREEE N TS B GE , 75— &R
JE BRI T 1375 G i U W R AT 5T PR
S ERRE . DR, T SIS I T R O s fie PR 3 il
AT REWE ST S BT AR AR 1 BB , ik — 25 F s 58
2 T RESE A A B I

2R I BE Bk D5 BIF TS IR AR P R 235 48 L R
IR, TETCE W AR SIS 00 4 22 A R S RE SR I 4 e S
PEY S8 75 T O o — Pl TS G 18 RE R
Z PR IR AR, — Pl A P o] L[] i 3 ik 22 Ao
FHIETS YW . Rojol™ Mg A G M A s 2B 0 o
P2 —NL—RMUEY, 5 —3 ) 1R
A=, I 3 RS [ I i AL R A AR AR 1D S A0 07
Ko Z T BIIFTE R 24 b T BN B Sl A 0 0 B
S RN B — 7 IR (I 7T 5 19 PAHs A%
KW BEFRRFAEDFSE , X 3P R A ol = 1 026
WFFEAR D o BEA s 8 D PP BOR A PRk Jie , JE
5 s AR5 6 1 T RESE IR 48 58 T v © R
FET T A AR T 1 TR R F Bt . Whyte 250112
KIR Pseudomonas sp. BI7T &4 bl F55 B 1L KA
SE, RER) B REAR e ke RO AR R, B U] T
REMEYIAELE . ILIS , T SRR AR T
WF 50 e B B W 2, R RE R
(Mycobacterium) . ZLERTH J& (Rhodococcus) . 5.l
)& (Pseudomonas) . “EIEHF I J& (Firmicutes) 5l
A=Wy, Herb O3 RO R AL R TR s 7R TR B A il b
iR B . Mycobacterium vanbaalenii PYR-1
PR PR R4 NidAB FIXUIN A NidA3B3 25
ZRE RIS, AOEFERR . A TSR 2
FI[al EMZTF[a]tt, I ALHE RN T HE My
xRy IR bk P aeruginosa SJTD-1
A 2 A AIKB BN, 2 4> PASO HUfi 4 Al A

14> AlmA SR EEFE A Cro-Cog Bed! 1 Fil
Z R AT A KR R Mt e, TR, &
LT Ty ek R S8 WA= W0 e gt IV 00 Ik 07 B A5 T
I R A TR A S R

BEXF DR N B0 e e M R B R £, T
A1 R il A A ) I E 5 v o o E S
MBI X o T AR A9 00 25 00 ) e Ak RLH
N2 AR, PR A AR 75 BB 8] IF 5 [ % PR
FESL B INREIE N UEFTY 38 . Kloos & MR belie e
fFIRERE I alkB 141 ¥S, 5 GenBank HELAI
() B8 S8 2 A Tl 2 P 0 e S R A 7 b X, i T R
KR 240 alkB R348, FFX7 3R
DNA HEFTH BT . Lueders 25U FHAES] %
PRI I RE LR (bssA . assA. bamA . bcrd 55)1
JE51Y), Ek PCR P78 ARumBRi 1 Bk 2
ASVYE(T-RFLP) A A 3G, s T — B Hi%
PR SAUAS I A7 i e DR S e T A TR A R A v 0 1)
J7i%. Shahsavari ZF ARS8, i set
FGE T PCR (QPCROX A1 ilike 15 e L h e fig %
W R D ee B R T i . WIS,
TS P Y o R TR R SR 2k, B
AR A R 1P Re o B YR )
RERF A Prsiiie . R, AT 3E 2k e H A 3 2
ZARHEER B 51Y, LA T A R 36
BErt S D REBE R Z2 41
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