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Research progress on synthetic microbiome-based
bioremediation of emerging contaminants in soil

CHEN Xuwen " ,LIU Mengjiao,ZHANG Shuwang, DING Heng, LI Wenjie, GAO Yanzheng

(Institute of Organic Contaminant Control and Soil Remediation, Nanjing Agricultural University , Nanjing 211800, China)

Abstract : Soil serves as an important sink for emerging contaminants in the environment. Emerging contaminants , including persistent
organic pollutants, endocrine-disrupting chemicals, antibiotics, antibiotic resistance genes, and microplastics, can enter soil
environments through various pathways,such as wastewater irrigation, sludge and organic fertilizer application, agricultural pesticide
and fertilizer inputs,and atmospheric deposition, thereby posing threats to soil ecological functions and agricultural product safety.
Traditional bioremediation approaches are limited by the restricted metabolic capabilities of individual strains,unstable colonization of
introduced microorganisms ,and accumulation of intermediate metabolites. Synthetic microbiome-based remediation technologies can
select functional microorganisms according to pollutant types and degradation processes and construct synthetic consortia with
complementary functions. Meanwhile, integration with multi-omics analyses and model-assisted design technologies enables more
targeted bioremediation of emerging contaminants. This review focuses on functional microorganism screening, synthetic consortium
construction , multi-omics characterization,and model-assisted design,and summarizes the advances of synthetic microbiomes in the
bioremediation of emerging contaminants in soil. Based on representative cases,the remediation performance of synthetic microbiomes
toward priority emerging contaminants is discussed, and the major mechanisms, including metabolic division of labor, further
transformation of intermediate metabolites, nutrient complementation, and enhanced substrate accessibility, are summarized.
Currently, existing studies have mainly focused on synthetic microbiome construction strategies and their general environmental

applications ; however, comprehensive summaries of microbial consortium design, pollutant degradation mechanisms, and ecological
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application risks during soil emerging contaminant remediation remain insufficient. Therefore, this review systematically summarizes
the construction strategies, technical support, and application progress of synthetic microbiomes for soil emerging contaminant
remediation. In particular, the applications of functional microorganism discovery, synthetic consortium design, multi-omics
technologies ,and model-assisted optimization in the removal of typical emerging contaminants, including antibiotics, microplastics,
phthalate esters, and herbicides, are highlighted. The key functional roles, underlying mechanisms, and ecological limitations
associated with these applications are also summarized. Future research should further optimize consortium composition, strengthen
investigations of plant-rhizosphere microbiome interactions under realistic soil conditions,and incorporate assessments of degradation
product risks, alterations in indigenous microbial communities, and changes in soil ecological functions, thereby promoting the
practical application of synthetic microbiomes in soil pollution remediation.

Keywords : synthetic microbiome ;soil ; emerging contaminants ; bioremediation ; synthetic microbial consortia
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Fig. 1 Application of synthetic microbiomes in the remediation of emerging contaminants in soil
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Table 1 Applications of synthetic microbiome-related technologies in the bioremediation of emerging contaminants in soil
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165 rRNA JEH FIEEBR B IR SynCom ,48 h PIXT Z R HE7 S B 60% L) L B i 5
r Z TR + e WA B w35 d BRSURIE 60% ~99% , It AEFF R BEEJEAE 10 [43]

bl i

CFU-g "L I

AR EERAE™ ) LA RIR R R AL T ng- g K, AR IX | A ORI 7 S B X R 25 5
K Bk 2 683 ng-g ' AHECTHIAE IR B, ARG HA o i RS be AL 3G A8 ), it FH 3SR S +
Herfr ARG 24X FBE AT 5 10°~ 10" copies-g ", W1 & TORMEIENE 13 PR, PRI 5 ARG f92:
B, 2 LTS e A B B R B . AEPUE R R ERIZ T, 5 U W A SR AT AL TR AR B B
Wu 2510 I PUIR 5 Y +- 3 7 B SHARE B, M T i1 Raouldtella sp. XY-1 Fl Pandoraea sp. XY-2 41
VUPR R B PR . IR REAE R R D 12 d AT REAR 81.72% MO VUIR 3R 5 T 9080 % LB A 7E 30 C |
PG VU PR R B2 35 mg-kg™ BRI ,65 d N PUPRZR U FE TR 43.72% , (i@l wos, A LR
A Raoultella sp. XY-1 I35 , Pandoraea sp. XY-2 AR Ui BA A T 40 & B BEAE 35 H (04 e 5 AT B
FIVERAATGE . AL THUAE R IR, ARG B HOC RYTMEAL B IR . B AT, 7] I 18 [9] i 2E 2K B A 71
ARG 45 1) T35 MU AT ST 0 I S04 s o S PP Al TRRE (0 38 FELRE ) DD RERRUE ME AR 2 2 4
P, ARG BHOCRIEEHUMEIXUR: , & Ui A Wi /e LB 5 i iR s s 7 B2 e, AR e
Tty 1 of TR AL (] B o 1) SC o 52 1 81 S AR DG 3 R 48 ( CRISPR-Cas ) 48T 4 2 R L T ARG 1952
[ RR . Li %1/ 3EF CRISPR-Cas Sl # € T VADER JREE, o Hi bk 3L 10 5 i) ) w42 it 17 4 ik
Yroe TR 0TS0 AN 2 R (0 22 TR G LR 5 5001, (B RT 5 AR W 2018 52 2 v B P AU
RS
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2.2 EBRFHBR

H T, A AR P A e &2 v i 8 /D AT X AR R R B SRR IS A PR B
WA AL M B JE Muangchinda L0V N T4 A BE GAM , Z W FEH Gordonia sihwensis LS1 .
Amycolatopsis thermoflava 3B14 F Mesorhizobium sp. 1B3 0%, B LDPE [&fi A=W IR i re A= A= ) 3%
G R EDIRE . SRR, GAM B #FR I H 35 1% LDPE FEA#H3(0.000 7 d7) , i THREKE R
(0.000 5~0.000 6 d™") , 7EFIEM T, GAM 4b3H 60 d J5 , LDPE i3 855 5.70% ~7.88% , W] 1.
1o T AR XS R (1.66% ~2.37% ) , H LDPE F 3£ M 1 731~2 482 d i & 504 ~705 d, X Ui W DI RE H AR )
B R R BRI — B P DA T 5rh LDPE A REMR , (HHAE B2 + b i e AR 8 Tk 0 BAE C R A
K IR AT T B — 2L 0 F
2.3 HBRIFAMENIT LY RFKEEEEEIIT R

LA, A U 4L A - 1R POPs W Jr 1 U i 2k e, e R A T I RE B F . Wu
250 top-down 425 bottom-up FAL B 15, M E A U AR W B BE TR T T G TBBPA B [ fiff 5k
A, ESETTRIAE Sl rh s 43K 75 21> TBBPA iAW, Jorh M3 21 3R 30 H 50 s B e i 1, M3-3 1
AWK TBBPA FY R fift %t i, FTGA 91.6%, Bl J5 3 T ¢ B D) 6 A M HL 0 ¢ R AL 3L 3049 & v B
SynConl ,SynCon2 %, BIF5E & 3., L BRI 1A% 72 6 1A [ At 6 0 A RIS, 76 0 56 19 25 Bk BRI P A 7 BRI — &2
TBBPA [EfRRE ), HZ2BUIERFILT 10%, M2 T, AR E L-IN &R 5T, SynCon2 7F 36 h N X
TBBPA IR 20 90% , W1 i 25 T-2ATE  SynConl D) K 4 At B 1O T BA2H 4 I i a2 1
M A B SynCon2 Ji7, KB+ TBBPA 7E 7 d B I REARR A 6% i1 & 20% AL, AE K B+ ] ik
40% , BN T A AL A AL A BB R AT 76 B3R b 82 55 TBBPA 19 RBRAICR . 2R, A BF5E A
FE T ML R EURTEE B i D BB 1 & B R, IR L T U5 g B 5T, W9 R B AR R BE A [R] IR E v
(pyrene) Z2BR S AHSC T REIL R & 45 A HE T H AR IRAR | B R 80 & A W BE 5 (SynCom ) 76 2 28 3 1
D EE w1 EE R S B A DI, b 203 rh e A R 41.8% 42 155 2 50.0% , K T H1 79.2% 4 =i &
84.9% , 7% W [ R4 B F T AE— R FR T LR ik 3 P B R, O [ A0 3 o R AR DG T e
2.4 HAiSRAIHIBERR

BRATIA JLISTE Yo, A B 20 e Hopb g 2405 e A B A 1, H RTER 22 8 P e 40 2 T R g
SEIEIEF) K DR . B AR R, 5 I R R A B AR AR RS, ABTE H R
Bs2875 Yy 4 iR 2% AR ] P2 14 %2 3 Al ad T RE B AN A B BRI ) B A, Liu 250 R T R
Al B AN PR AL LAY & BN P R, SEBR T 6 RO Jedas il 4828 — H IR G 2475 Y ) ( PAE) 76 JCHLER K5 37 FL F1
3R R A TR — R R (L AR5 PAE [RARBE T, e EAMY R B RE S S E 2
PAE BEffDYR, NI SE I Z Rl PAE (R0 LBk, 654 6 PR G PAE MREFRIEh & AU REAE 48 h N5
SFEAR T 4 FIEEE PAE, IE7E 72 h INFEM# T DEHP (100% ) F14B 2K — H iR — 1F 3% i ( dioctyl phthalate,
DOP) (62.5%) ., TE& A 6 P& PAE M+ 3Eh, &l BETE 6 d N 58 2 FEff T 4828 — R — W g
( dimethyl phthalate, DMP) 487 — H 8 . Z.[ig ( diethyl phthalate, DEP) (487K — B iR T 2L HE ( benzyl butyl
phthalate, BBP) il DBP , J-#£ 2 J& P4ffi DEHP F11 DOP A 443 5 15 5] 70.84% Fl 66.24% , T Hi A 1A
BETEIR A PAE 59 LB B R Ry R VS 1y, 7Eb3Eal b Lo 22— b8 T 5 k2 i 4l 0 & 8
#f SC-5,7F 200 mg- L™ 45 FHARIEFRFE X DBP Ml DEHP 1925 FR 355 98.1% ~ 100% , E KRR PR + 1
1 DEHP LFRFLEL 50 KATiE 92% , =5 T ARIEFRPR 145 (82% ) A5 JEAR PR 13- (76%) , UESEIX A
T AE % B8 8 7l TORARPR , T 2 2 (R EAR b £ 38 h DEHP 55, Wei 2 359 SynCom-4 NI 1 —
R R PRIABE BRSO A R BE B EA/E R Z IR R T 58 DEHP [, F4E 50 d 19+ 3505 rh (AR
PR DEHP A2 71.7%42 53] 78.0% , AEARBR T 65.2% 48 53] 68.7% . X L5 R W], & BUA #F7E
PAEs V54 + 38, L HOEAR PR LB h B —se

BEAT , A A P 2i A - e B 500 AR A 7 R AR R A O N A HRIE . W Zhang 45 R EE T
SynCom , & BIAE + T 57 h R B BRI VS 1, IR R AE 48 h N RIXS 2 Rl R R SE 8 60% LA -
fift , 76 BT IR T, 35 d I BRI A AR SR R IR 99% , HRENE TR F B RRUE 4EHRFAE 10° CFU-¢ ' LU
b BARKE A ME AT PAEs RIS 25 5% B 18 5 i B8 S WTRA 1Y R AR T 9T S HE (R SRR 4T
TR PR E NI AR e R B A 2 e rp KRR A — e B
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3 ERMEWEEE T ERTEWAIERNE

B A A 5 15 5 A 18 2R L L 5 32 TR IR A SR AT e R B E) Bk, X TR A0 3R
B2 A5G R Y0 S Y, S WRARTE R ME LA IR B 58 B B A AL G 0 A A die o [ 7= i Ak 282
i, VT G TR AR P ok A ] B 7 =2 (D AR 43 T A7 e s At R T I a4 2, X — i AR R T 1 Py
“CFEAERIPLE . HLEITE TBBPA F PAE FEfE TP A R, 78 TBBPA R R, BIRE CHD IR
—, [ e ] =y 43 A R W HLPT RE 80k SR Ak B - RN Ak B—Wr 245 48 R AR % Ak, 1T SynCon2 HAS [ TR
BRAEH A R0 95 e Ak A W R AR DG SE I, nT L[R2 5 TBBPA K R i35 & IR M i 44k, L- 2B
AR A AR YR X — i A . X ULRH X T TBBPA AR HLH i A € 2755 1075 YL , A 0 Bk i 4
AU B v B A 6, 3 3 1 AN ) P A TR A5 M 2 PR TR 7R 2R R T R iR PAE B4 B AR
TR FRETT 22 A SOW AP 3R . DBP \DEHP S5 S5 a7k fige F0 P A0 T AR 1 530 , O — 2D 56 A 48
R HR KA PAE BT B-E AL i 5E PAE (L&, Bl , 4828 — H R W 4R 2Lk A s LS
FRiEAR , SRR LBy & v Bl =itk — 2R  Horb 34y AR AN Glutamicibacter sp. ZJUTW F L[
K PAE , 55— 41 Cupriavidus sp. LH1 DB A FHAR 2K — B R A1 IR LASBR 55 v (] r= 4, s /D vh i)
PR R AR A S, SC-5 G R BFIE LR B AR [E S5 XS BEA PAE | Hb ] 7= ) A4 7 )
MR FHREIAFAEZE 5, PAE LR EE = JF A HUR ok A IS — S s &0 ik, 1720k A T AR 22 1) 1 b [
PR AR A A R T S R PR A T AR S U BRAAR TS e Ak | v ] 7 A A S A
RZW L, PAE 1 TBBPA f) HiL 7 P [a] [ A o e 8] 2 iz

2 R Oy OH

(0]
, COOH , . . .
o ki Q(CSOH @ UL I, () s SR
) — J : )
O\R‘ = CJKOR ool o '\; . CO+H,0
Glutamicibacter sp. 0 A IR A5 TR OH TCATiF
pever SRR RREEE  ABE IR
ZJUTW+Gordonia sp. A s " (PA) JRLESRR

GZ-YCT+
,:‘, [} Cupriavidus sp. LH1

LA

Oy OH
Br Br - AR SO TR
— Jitist i LA B-FC, ‘ ‘
HO O O OH Ho ‘QEH.QOH HO — P B O—’ L
Br Br

SynCon2 ‘ OH TCATEH
A LA B HAl

PUPRALERA
(BPA) P e

(TBBPA)

’I.l\ﬂL ......

2 AHBEMBEERS RIS
Fig. 2 Emerging contaminant degradation mechanisms by synthetic microbiomes

Xt FEE 4 Z IR TFHE (polyeyclic aromatic hydrocarbons, PAH) |, & 1l B FE A9 VR FH A 5 8 FR IR il i 2 it A5
Ko PAH V5 3y A B rb i AR AR B IR 3k 700 10 ZCIRAS A2 1 T 0, GBI o 2 400 i e sk 7 1) 26 R RS P, DA
Azotobacter chroococcum HN I Paracoccus aminovorans HPD-2 ¥4 it & Wi A Wy 244 22 Ry 1] o1 2 m i k-
(B AR o) B2 R A T S I U0, T 2 D NH, ™ DA B R IR SIS 55 5 U o 4 T8 2 i U PR A [) e Xy
AT S e AR T U D IR A T A SO SR AR AR AR T AR R TR SR L XA
BRI R S e e TR i 5 A R B PIThRB G . dlor ek B JE e 2k
£, A. chroococcum HN H % [ 72 . 75 AL G Y B AR R A R =R R G 2R (TCA ) %5 o 72 14 5%
P. aminovorans HPD-2 AN 55 FAL S WA ATP 4546 & (ABC) ¥4 R S5 i Bt om | 1 Iz Ik &2
AFE I FUE B Al R iy S A se e AR I S i M RE B AR, PRI 8 3R B AN A2 SUA IR B
IS AR B PAH SEXERE A LTS G 22 bR i E AL, JUHGE H TR B2 I/ SR A5 T &
AR E BRI 4 m

BRACH > TAE SR BANN & IERERE S 515 YW 8 7 e i, b 2x 2B S HCR . LDPE 254073 € H.
B PR, A P i 52 BR T B RS SR B 5 B2 M. Muangchinda 251 M EE G GAM 4 18 B 1 T bk 1) 72
LDPE F#ff DIRE bR I — g FAMAE , AR W IR A ) 1 T A g B, A= 400 2 T3 P 7)) ik = o 1K 5 i 7K
RSB R A S A F . BRI , G. sthwensis LS1 5B E5YE M ,A. thermoflava 3B14 LR SIAES
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FREY], Mesorhizobium sp. 1B3 W38 i< i fff | A 195 15 55 & #5246 F, SL R 42 i LDPE 2% [ 4= i R 2R & W 4%
WA

A BEAER (QS) W AT 2 S5 RRR Y DI REIREE . 0= W] 3 o 1ot ek vy 22 MR N T ( AHLL) S35 540 1
PEAT AN AIE] SZIAE , 20 81 2 3R A A S PRI 3R A M A 3R 510 7 A AR 00 IS i 03 4 0 T it 7K R 55
T Pseudomonas aeruginosa CGMCC1.860 1, rhl BERIEN 22 58 B BIR S REARTT B R AL & W) e 6E  Fn T 17
JLZRHR 2, 3- XU EBEA L nahH (63K B SRR A B Sphingomonas sp. YKS BUBFsE &
I E 2 Nt = 22 2R N R ( C8-HSL) {5 543+, AHL RGLHK T , bisdA SR ffAH G BRI Rk
TR, XU A FREARRE S Z B Y L RS B AR QS Xof B L) A T R g 1k BB 0 AR A AT R
QS AT A I REARAT A, JF AT BERZ i A W A v R D BE R B, (H HRTOC T QS A S T A (] {5 5 52
TRAETS BB fpad R b VR PTG R Z TRAIESE o JEHIRAE T3S U E W ALAR ZR b, QS AnAAT 5 el AN [] 1
DA ARG R LB B RCRA it — RS

4 BRHMEMAELEFHFSGEDEEFNAE BRESHEK

4.1 BERBEMEETREFTSREMESFHAE

5 T EAMI IR BRI 5 18 87 S R e v AR e Ak ) 1 S 7 S L, B LT E M AL ) P 38 i
SePRBRAE AT ARYE VS Y M e R AT I RE A T, TS R R e VR 25 Y W R RO TS S
B RN SE R, T 5 B B WA PRl = My Ak S e A 5 TR 20 BT 0 R BRI 58 NV 25 22311
B — BRAR A AR XE LA R s R HE X LE D RE 15 B AR ] MR AN [ 1 B ) A RO E AT AL (25 1 B 203 2
SR oniae e rh D A ] B SR AN S B B S A A BN AE PAE AR R, AN TR R R AT 200
o fifp e B BB AR, AR IR A — R UL R A5 o ) 7=y, DT D/ v ) 7= ) B3R 7 o e i
PR ZR T G T e e v B 3t PR P U 2 it S PR 0 A B 2 AR QA PR il . X M2 T 2 e
oy TR T2, fa U RAEAL BRESH S 2% WA 20 JR A 2 sl 2 Bl s ey L A7 (9 SRR AR I HE B iR 12
S HATE X,

B AA B T e AR R A 2 SR P A N, IR — N R R 15 e A
WA R L SE TR A Ky pH (E AR RS K 2252 e D RE B A A3 AP . 5 B LG, 45 K
BRI A3 1 52 SR A LA A PR RIAR P 55 0 U RF i A DG D REAGRE o HL8 BRI AN
R LT AR E , SEPRSCRAT R T bk 2 (8] 5C 2 I8 I SRR BT BE ), DA RO AR 22 32 B 25 Sl A= W)
SEAHE Y R, A UM WA Y A AR S AR A S TN PR BT A L 32 T A 2 A TR D
oy TUA AR A pr AR E

BEAN, & A DI HA B A ] itk 24 BRI T IR 575 Qe W I A AR DS (DI RESE A
AR FRCEIELG, D D B O 0 AL A AR AR B2 RO SRR B PRI > e S Tk AT B T
7 H RS IR HIE 2 515 B AR AT PR A P s N T3 REA PSR vl 0000 v Bk ] ARG 2R
i ] RERY T BELL &, HLALE F7 A% 1 R R LU f91 , (00 S i BEAT 0 1 R DA i 3842 [l e A2
Yy 2z B G AR THAR R B EOR o A3 — B A 53 A REEAR BE T (AT RE )

42 AHRBEYAELTERSEMEERHERES K

B A YA O SR TS e e R S it TR G R (AR S P R O R T T PR, B, A
SRR TP Y R AR S BELE R A FEUE , 3 L F WUEYI 5a 4 8 SR IR 5 R W BRI S 2 R N R Y
WS ARSI S IR R TS AR  (EAE S PR P ¥ 5 AR U bR TE v A TR
B A9 28 Al I IR] 5 2R 0555 45 1) R, S BU08 S SR AR T T >0 L % 1 R, AR B A T A T
IR AR A U, B RRIZ T T RE R, AR BB RS (O R R R I TN AR
[7] - S 95 Gk A 7 38R iR AR e 1k

O, B BUA ARt 2 A PR 3 A 2 B S I S AL L SR R T AR L A e
G S PME  SEUFA WA Y REE G5 K T RE R A AN AR R 28 B Y RIS Yy e A aod R e A
(¥ e i) = R 26 7, HOIREEA T g R 35 KR 75 HE— 5P A R, 5 eI AN o HOGTE S Yoty 26
BRI R TE R I RENE | B U MR AL AL DD RESE DN 2 B SR B R B, T A 3
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PR, Z2 41 MG B BT B AR B T B2 e D RE TR | D) BE JE DR A0 A6 T B 1) O B 88, (EL 5 SRATD 7
HE—UIE U B R S T A B T TE DI REE T BB S S i R RN ] T S bR R A A
N TR L 27 500 T W 2 T R T) RUBE AN TR Al (s 500 4 R 4 R A e S R M Rk, R R A A —
JEAH = RE PN W R T PR RS ST — E AR AR T a0 7 B4 5 MR I . AU , B Y T 55
LT HT O R AT S AL, AR A S PR A R P R RCR

B, A U YA SR IN FIE 2 B A A 22 2 A ST A5 D R PRI, B BB A A 9
AV 5 R e S s 8 A 5 TR A B ok 1) S b i P8 95 B 7 -k DR e o 45 A 2854 e UG 1] 23T, A
KM A ZORMM R 4 o P, AR T B KI5 Qe AR 30 B B AL ORI LR W5 4 B
VR AR R

5 HRSRE

B A A ORI R AR e AR B TR SRR AR B ARAE SZ TT AR EE, 5 R
AW SRR A 5 T G I R R AR A IR A AR B 22 2 A e B AR R B, R T i AL AL
B LR AR T 0T TG Gy LB b B — R i 0S5 H AT 2 RO T 45 B 1 2 A I R AN - e R &
B, 7052 2% T SRS Hh AR E PE AN IINE E AR R Bt — P Bk, ASRBIETE 7 ) 75 &3« 1) i S B
T IEERIE P ARG UE , PR AN R SR Y G B A Ty 3T F5 2 MBS 5 TR AR A S FELAE T | AR AL
R B HR AR o 2) DUAL R B A B BRI TR D RE 23 T, L4545 15 YAl v ]
YR figp B SR AR PR AN PRSI O 1R 25 DN R v M2 & D RE BRI bR . 3) 45 224 o0 TR 2 3R i Al
PRI E | SRS R R RR KA B 7 S B TS e R A b B 4) SR AR SR e MM T AT AT
ERE VPTG YW RERACR R YR VR S A IR S TR MM B IR AR B AR
A B2 AR AT P
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