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Progress in biodegradation of low molecular weight polycyclic
aromatic hydrocarbons
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1 State Key Laboratory of Microbial Metabolism, and School of Life Sciences & Biotechnology, Shanghai Jiao Tong University,
Shanghai 200240, China
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Abstract: Polycyclic aromatic hydrocarbons (PAHs) cause enormous environmental hazards that threaten human health.
Bacterial degradation of PAHSs has been extensively studied. Bacteria enhanced their biodegradability through multiple levels
of regulatory analysis and adaptive evolution to produce diverse catabolic pathways. Based on recent developments, we
address here the research progress in bioremediation technology to degrade low molecular weight polycyclic aromatic

hydrocarbons.
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F1 EEWMRFBIAER 16 #LE PAHs L EH
Table 1 The 16 priority PAH compounds identified by the US EPA

English Relative Solubility Bioconcentration Strutural
AT abbreviation CAS molecular mass  (mg/L, 25 C) factor formula
Prs NAP 91-20-3 128 315 0.2
I ACY 83-32-9 152 16.1 0.3 [
O
RER ACE 208-96-8 154 3.9 0.3 v
O
il FLR 86-73-7 166 1.9 1.0 0
3E PHE 85-1-8 178 1.2 1.5 O
0
e ANT 120-12-7 178 0.05 1.5
B FLN 206-44-0 202 0.26 3.4 O
O‘O
it PYR 129-00-0 202 0.13 3.4 (10
0
S F[a]& BaA 56-55-3 228 9.4x107° 12 ®
3 see
& CHR 218-01-9 228 2.0x10" 12 9
S [b] BbF 205-99-2 252 1.5x107° 27 @
O‘OO
S I K] BKF 207-09-9 252 0.8x107° 39 ®
3 Seas
F I [a]ik BaP 5-32-8 252 1.6x10 27
0
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0
3 @
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Fig. 1 Upper catabolic pathways of naphthalene (A), phenanthrene (B) and anthracene (C).
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Initial oxidation of naphthalene to cis-1,2-dihydroxy-1,2-dihydronaphthalene by naphthalene dioxygenase.
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Fig. 3 Lower pathways of naphthalene degradation via catechol (A) and gentisic acid (B).
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Fig. 4 Lower pathways of phenanthrene degradation via
1,2-dihydroxynaphthalene (A) and phthalate (B).

http://journals.im.ac.cn/cjbcn

i 12- R R R EAT, R 2-FR k-3
ZHER (K 1C, LAY C-VII), 2-F63-3-25 H R fig
B 2,3- R, it — Rk
PR ER FER 2R — % .
HWEHW, CamRiErNTREmEE . B, JE
FIAN R 200 A, FAE 60 AR, 25
Bl e I B e R BUAR A28 . B, JEm3
R, a4 £ A i i Pseduomonas aeruginosa
PaK1 H1 4 pah FE R, 8 SLE LI P. putida G7
FFH’J nah J #2428 pseduomonas sp. C18 11 dox
A SE- I W | 4 P/ (P 57 s < 1]
I‘%ﬁ’q’:ﬁﬁﬁh1 T SO SE E E
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%, nahAaAbAcAd Z4ifhzs. 1. JEWILRA L
1’EFHE@XX?JH’§L@§E‘JTST’%%M? nahBCDEF /Il 4 5 14
'?IJ%I%EI’]% £ dox 7%, doxABD S 4
Z0OE FERIG AR B U R R I R T
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Table 2 Naphthalene, anthracene and phenanthrene
upper-degradation gene cluster in Pseudomonas strains

Function of gene product PaKI G7 Cl8
Ferredoxin reductase pahAl nahAa ND
Ferredoxin pahA2 nahAb doxA
ISPa pahA3 nahAc doxB
ISPB pahA4 nahAd doxD
Dehydrogenase pahB nahB doxE
SAL dehydrogenase pahF nahF doxF
Dioxygenase pahC nahC doxG
Hydroatase-aldolase pahE nahE doxl
Isomerase pahD nahD doxJ

ND: indicates that the gene encoding the enzyme has not been
detected.
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%3 PAHs EBAREMNEREEM. EKEVHFFEMNBRYSTSYE

Table 3
PAH-degrading bacteria

Gene location, growth substrates, and enzyme substrate specificity of genetically characterized

Bacterial strain® Gene e Location? Growth substrates®  Enzyme substrates®
name Nap/Phe/Ant Nap/Phe/Ant

Pseudomonas putida G7{242°! nah  nah(G7) NAH7 +/n/n +H++
P. putida NCIB9816-41*% nah  nah(G7) pDTG1 +/n/n (DI
P. putida NCIB9816" nah  nah(G7) PWW60-1 +/+/n +/+/n
Pseudomonas sp. C18%%8! dox nah(G7) Plasmid +/n/n +/+/n
P. putida OUS82E93 pah  nah(G7) Chromosome ++/- +++
P. aeruginosa PaK1®Y pah  nah(G7) Chromosome +-/- +++
P. stutzeri AN10F2 nah  nah(G7) Chromosome +/n/n n/n/n
P. putida BS202 nah  nah(G7) NPL-1 +/n/n n/n/n
Comamonas testosteroni GZ39*%! phd  phd(GZ39) n ++/- (HI(*H)/n
C. testosteroni GZ4233 nah  nag(U2) n ++/- n/n/n
C. testosteroni H®¢-%7] pah  nag(U2) n +/+/n n/(+)/n
Ralstonia sp. U213 nag  nag(U2) Plasmid +In/n n/n/n
Burkholderia sp. RP0071% phn  phn(RP007) n +H++ (HI(*H)/n
Alcaligenes faecalis AFK 2! phn  phn(AFK2) Plasmid -I+/n n/n/n
Rhodococcus sp. NCIMB12038 nar  nar(NCIMB12038) n +/n/n n/n/n

a. Listed PAH-degrading bacteria; b. “n” means “not yet reported”; c. Nap, Phe and Ant represent naphthalene, phenanthrene and
anthracene, respectively; “+” and “-” mean “growth” and “non-growth”, respectively; d. “+” means that a clone carrying a

metabolic pathway enzyme-encoding gene can convert

naphthalene to

salicylic acid, convert phenanthrene to

1-hydroxy-2-naphthoic acid, or convert hydrazine to 2-hydroxy-3-naphthoic acid. “(+)” means that at least the initial double

oxidative decomposition of each PAH compound was observed.
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