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Figure 2.

Anaerobic degradation pathway of aryl halides in microorganisms. A: Benzene halide; B: Polyhalide

biphenyls. X: F, Cl, Br; m>n; m, n: number of halogen atoms.
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Figure 3. Aerobic degradation pathway of polyhalide biphenyls in microorganisms. X: F, Cl, Br; *: Toxic
metabolities (bottleneck effect).
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Table 1. Aerobic and anaerobic microbial strains capable of degrading POPs
Degrading bacteria (Genus) Aerobic/Anaerobic POPs
Sphingomonas®™ " Pseudomonas'™V,  Trametes',  Rhodococcus™’, Aecrobic Poly  brominated  diphenyl
Burkholderia™®, Lysinibacillus™, Bacillus™*®, Cunninghamella™*® ethers (PBDEs)
Sulfurospirillum®®®,  Cyprinus®”,  Dehalococcoides*®,  Dehalobacter™®, Anaerobic PBDEs
Desulfitobacterium™®, Clostridium™, Nitrosomonas®™", Enterococcus®™"
Beijerinckia™, Terrabacter’™, Alcaligenes™, Burkholderia®, Bacillus®®, Aerobic Polychlorinated

Sphingomonas®’), Rhodococus[sx], Comamonas®™®,  Acinetobacter’™, dibenzo-p-dioxins

Achromobacter™, Pseudomonas®®, Flavobacterium™® (PCDD)/Polychlorinated
dibenzofuran (PCDF)

Dehalococcoides™ % Anaerobic PCDD/PCDF, OCPs

Alcaligenes[és], Rhodanobacter™  Flavobacterium'®,  Pseudomonas'®, Aerobic OCPs

Pandoraed™®”, Sphingobium'®®, Sphingomonas'®, Kocuria™,

Burkholderia", Arthrobacter'®, Rhodococcus™, Streptomyces[73 !

Mycobacterium[74], Bacillus", Penicillium!™, Brevunmdimonas'®),

Sphingobacteriumt’™, Microbacterium!™, Staphylococcus”,

Ochrobactrum™, Stenotrophomonas®™", Chryseobacterium'™®

Pseudomonas™, Leptothrix®®™, Novosphingobium™!, Comamonadaceae™, Aerobic PAHs

Rhodococcus™, Sphingomonas[84], Bacillus®,  Flavobacterium™®" 38,

Burkholderia® =", Aeromonas®?, Fusarium®, Nitrobacter®", Delftia[gs],

Alcaligenes®, Exiguobacterium®® Methylobacterium®", Bradyrhizobium®",

Chryseobacterium[97], Arthrobacter™), Paracoccus®®, Gordonia®”,

Phyllobacterium[97’loo], Kocuria®), Stenotrophomonas[gs’lm],

Acinetobacter® | Microbacterium®”, Zoogloea[84], Achromobacter'®,

Cycloclasticus[103], Mycobacterium[104], Klebsiella®,  Enterobacter™,

Streptomycest®® Terrabacter'®!

Dehalococcoides™ ™, Marinobacter'**1%! Anaerobic PAHs

actamicro@im.ac.cn



BT BESE | T 24, 2020, 60(12)

2769

v-HCH AR ff i e RihRee . Rz
D Fh 3 S 5 S LinD L #8519 LinR | &AUKT
KW 1,2 WUIM4AES LinE FUA 5 LinF 2 55
B, kR UT26 (1 lind F: K/ R 471 bp,
B Bk BOOA MM SAIEIN Y lindl A linA2 W4 40
W, (HWENEEZRA, 1ind™' . Sphingobium sp.
BHC-A X 8-HCH W FEA#IE 1 lind F1 linB2 1k K g
PRI HEAL Y, RDRE B-HCH FEf%y - I C
WL, SRR B-2,3,5,6-DU5H-1,4-FF 0 i 2]
TERIF G POPs IBEFEHh &S, ~Faii B g (—Fh
Z W A AR ) 1 o & T Y IS , %F HCH
A AR

FEPANEOLT , 2K B A(CoA) iR 2R
SRR R H i POPs 1Y R k22—, H
R R CoA JEHE . A0 T30 D ity A0 5 2 ity
Je2 5 PAHSs IREMEAR I T2 220 76 6 IR AR A J5 4%
T, BRAC R B hy 25805 18 A )
MR BR, MIEZEM AW rh, BRIk R iR
B, s, Ak, EEBRRE . R AR &
JEE . BRI A L. HIRELE . ORI SE . R
TR B S SN MR 9T R IR IR A e Al At
A RE K AE AR AR B

3 POPs A 4iEMat X HEKF
B 5 #or
3.1 FHEEBWFEAREMEYEREE POPs BF
TR

B R W ¥ 4% A (High-throughput
sequencing , X Ff “Next-generation” sequencing
technology) & H B b i fie) 12 B P HeR 2 —, 4
15 16S/18S/ITS ¥ 8T 7 . ALy | %

SRy . A 2 4k, SRR POPs
15 G PR Y A 0 R R AT S SR LR SR o
i N ANFE] POPs 15 QL BRES, VT 2 BE R AR XT L
POPs HYTAEYI B AR E 5. Zafra R IIRG
B AT AR R P A+ 8 b PAHS B 7, 3 ] fE 2
H TR E LA S BOLRE R RE 1 5R . BER iz
FH % DRI 2H S 36 53 A S, 422l PAHs [3Aid 1 (1) 4k
PRFE G2 XF 22 PAHs 15949 - 80 W 2 k1
AR RISE I, 58 AR A eV e 78 Ry e R
A FEARRE TR DA RE . 2L A B h R 5 R R
PAHs [ fift A F ) AR I VER Bk 10 i A
Zhang E4575 TTEEIA T , W2 HEE SOt =
JEHA BE TR, SaRERA T TREH T
Z R AR IR Y 0 SE R - 78 T A B R
(IRE, b AR T o A0 R B R 1 A
SR, AR AR TR AL S8 B A et LE W R AL, 5
HE— 2 3RAG B 22 () E A R R A IR A S A A B
FANFEE R LE PR L Y AR A RS e A
(R AREE” C TI  t SE L o 1| ) | AN 1 <
Pseudochrobactrum sp. BSQ1 #F1 Massilia sp.
BLMI18, &I H WG 15 Y eI + S W e vk
G S ZAREPER E R, D A TR G L
A WIREVE S A AR, T A B KPR
PF AR A SR, oMt EmEy
b 11| PR o o A 2 &5 = My AL/ SR 2 2P 4 R
T3 1 JiE i Rl (rdhA) . Mikihiko 285 35 % H 45 F %]
FHF 5 €001 7 8 5 AN IR BERF i 1) 22 S R 21
30T, WHE T rdhA [RIEY)E) ZREE R . B
BoR, MBI% rdhA [FIEIEHE A RTEEF PCR 4714
5 S (R ol 24

%% B[R 2H % (meta-omics) F) B¢ A AT X &2 2= 6k
ARV IR Z I B DG R AT IO . A TR

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



2770

Zhepu Ruan et al. | Acta Microbiologica Sinica, 2020, 60(12)

SR VR P OO T )4 5% 2R 9 A2 B e M AR
Yu SRR R R U A AL, SR
7% 35 DR 2~ 01 9 o AP PP 2 S A 0 ) D RE T
RE, BEJS 2% % s 4~ o A R I 30 32 2 4 TR
F18 2 IR T I I AL AN [R] [ B A A i e
fe e P RO 2 2 R £ R S BT A ARl =4,
HLR G =M 2 A S R IO AS [ i B v 1) 4 4
J A2 8 o ) FH ved B P BoAR #5718 POPs 75 4 -3
WEEYIR AT Z RN . IR LRSS . A
IR . AR LR, BEDY POPs 55436
Fn R B M ERLRR. B 4 R T -850
M Z 4RI IR R 7 POPs [EAR I o
AR RE Sy - AHELAE S im0 1
3.2 ARAEYETERIE POPs AR AR KN

B A ) 2 T AR A ) U ) R A N
FHFIRTSERGE , 2015 4, SE[E B AOR -G A=)

245 SRy R Sk B A ORI 11 7 DR 2 1 A A 5 4R
Z—. BHHET, B& 4w TR E POPs 15444
Wi it R TR F 9 SR B iR . 1P 2 U E AR AR UL
F B AR A v A A — Beal LB Rsha g, Rtk
ANREXT POPs S THIR I A fk , 3 26 5[] 3 J5 A
JS I TR AR AT DA 52 2 PR 45 10 1 A X P il I
POPs [ W& 52 7] o 38 1 A5 R i DA 4 AN [R] POPs
By AEHER . S 5 REAESENELS, X
e . FALRE . iz . BE Ry
T AT N AR, A RIS YA 5 i
A b s B A A D 2% 1) AR R,
STERMERE S POPs (M)A L .

KA A W2 00 T AR A % A0 i b kA
(R, 2 AN 3 i TR A 2 4 e vy S T BR ) 1 L3R
BRI, JCAN ML 1 RA R T — SR
B, RARGREINT G RAEYE M 22, WHET

/Construction of the best\
combination model of
POPs-degrading microbial
communities

\ 4

Identifying the structure of POPs-
degrading microbial communities

Construction and multi-

simulation of microbial
metabolism

and isolating functional strains

Collection and
pretreatment of soil,
atmosphere, and water
samples

Whole genome sequencing and
annotation of functional key strains

v

Construction and ) Constructi q i Constructing the optimal
modification of onstruction and correction POPs-degrading J

Analyzing the community

y
structure of POPs- metabolic model of of metabol Sltc:r ;Ti;(')sdel of multi- microbial commmunity by
contaminated samples by single strain synthetic microbiome

Isolation of degrading

strains from POPs-

contaminated samples high-throughput sequencing 1
1 l

M

\ Constraint based Modular Time-course Experimental
Identification of Predicting keystones by modeling growth mzl;gl‘;fjisclznr%\ggel Sm&i‘ﬁﬂg ?S B validation of
entification o ; ; ; .
functional strains for LEfSe analysis, network simulations of single strain automata predicted models

analysis, random forest

further modeling analysis and other methods

Simulating degradation efficiency under different microbial
communities, nutritional conditions, etc.

El 4. ZUHRAFMAMEMEDRBFHEARELE

Figure 4. Technical roadmap for studying environmental microbial communication by multi-omics technology.
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Recent advances in microbial catabolism of persistent organic
pollutants

Zhepu Ruan, Xihui Xu, Kai Chen, Wenjing Qiao, Jiandong Jiang"

Key Laboratory of Environmental Microbiology for Agriculture, Ministry of Agriculture, College of Life Sciences, Nanjing
Agricultural University, Nanjing 210095, Jiangsu Province, China

Abstract: Persistent Organic Pollutants (POPs) are a class of synthetic pollutants that are continuously produced
along with the development of human agrochemicals and industrial technology. They are characterized by high
toxicity, long-lasting, long migration and high bioaccumulation. The remediation of POPs has always been a
research hotspot in the field of environmental science and technology. Among them, microbial degradation is
considered to have broad application prospects because of no secondary pollution, low-cost, fast and simple. This
review presents an overview of the recent advances in the microbial catabolism of various POPs, including
microbial resources that are capable of catabolizing these POPs and the mechanisms involved in the catabolism.
Furthermore, the potential and application of the computational metabolic modeling, synthetic biology, and
genomics in the biodegradation of POPs have also been discussed. Taken together, these results will provide
valuable theoretical basis for the bioremediation of POPs contaminated sites using highly efficient degrading

microorganisms.
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