J
Eh 50 TN A 5543 B L0 2024 4F 1]

Eco-Environmental ENVIRONMENTAL CHEMISTRY Vol.43,No. 1  January 2024
Knowledge Web

DOI1:10.7524/j.issn.0254-6108.2022081101

BRI, FRBLBE, MG, 55, L TR TR G Y E PRI R SRS (1] FREEIEY, 2024, 43(1): 14-26.

GONG Zhaobo, GUO Yingying, ZHANG Yanping, et al. The application of genetically engineered bacteria in petroleum hydrocarbon
pollution remediation: Progress and challenges[J]. Environmental Chemistry, 2024, 43 (1): 14-26.

ERTITREEAEQRSREETHHRERSHISR"

TR FRBEBE KA BARE R wp
£ R B & MRt RRF
L o E BTN A R SCR BB, SR, 8340005 2 AR TE/R 11 I A ISR R TRBIA L, e

JhiK, 834000; 3. ERFE B AR S IFEEAFIT PO IREE AR E AR S HEAUN LA, JEET, 1000855 4. H LA BT I H 42 F
B LAY, FERIISR, 834000 )

B E MEILKE TR ( genetically engineered microorganisms, GEMs ) J& A MG AEYEE T E L
JEJr. BT, B g SR IA AE 0 A T B U W TS e Y R AR R R A, T
VAR 25 ol A= W 19 PR A5E385 L 8 0 RS e W R e 1, T A il s 400 1% A 0 e e AR a0 A SCRBESR T A
V5 YR SR R TR D ) R A R, R RIS e A L WO S A TS e G R A A
WP TF R IR P4 0 AT SR RR R R AR TR Y [ SRR Ak, PR R A T A s e
WHEE . WEEW T RHE Z AN - YIS 1E 5. W RE Y S AG A Y = A Y P
FE R T AR R A IS B b R B R 4 (R B 5 L P i 5

KEWR AT, R TRE, MAEEE, SREYY:, B

The application of genetically engineered bacteria in petroleum
hydrocarbon pollution remediation: Progress and challenges

GONG Zhaobo'? GUO Yingying ZHANG Yanping® YANG Yongxia' ZHAO Zengyi'

LIU Yanwei® ™ SHI Bin® BI Lei’ YIN Yongguang’ SONG Maoyong’
(1. Research Institute of Experiment and Detection, PetroChina Xinjiang Oilfield Company, Karamay, 834000, China;

2. Xinjiang Energy Conservation and Environmental Protection Engineering Research Center of Oil and Gas Field, Karamay,
834000, China; 3. Laboratory of Environmental Nanotechnology and Health, Research Center for Eco-Environmental Sciences,
Chinese Academy of Sciences, Beijing, 100085, China; 4. Quality, Safety and Environmental Protection Department, PetroChina
Xinjiang Oilfield Company, Karamay, 834000, China)

Abstract The construction of genetically engineered microorganisms (GEMs) is an important
bioremediation strategy of petroleum hydrocarbon pollutants. To improve the environmental
adaptability and degradation ability of microorganisms, gene editing, overexpression, directed
evolution and other techniques have been applied to modify the microbial degradation pathways and
regulation pathways involved in petroleum hydrocarbon degradation. Therefore, GEMs used for
biodegradation and monitoring of petroleum hydrocarbons have been developed. In this study, the
main construction strategies of GEMs used for the degradation of petroleum hydrocarbon pollutants

were summarized, including the selection and modification of chassis organisms, the modification
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and optimization of key enzymes and metabolic pathways, the development of microbial biosensors
and the construction of conditional-suicide containment system. GEMs also play a role in the
remediation of petroleum hydrocarbon pollutants using pure enzymes, microbial consortium and
plant-microbe remediation. With the application of system biology and synthetic biology in
microorganisms for bioremediation, GEMs exhibit promising research and application prospects in
the remediation of petroleum hydrocarbons.

Keywords  petroleum hydrocarbons, genetically engineered microorganisms, microbial

remediation, synthetic biology, degradation.
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Fig.1 The major microbial degradation pathways for petroleum pollutants
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Modification and optimization of petroleum pollutant degradation pathways
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Fig.2 Major genetic modification strategies of petroleum pollutant degradation in microorganisms
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Table 1 Genetically engineered microorganisms (GEMs) designed for the degradation of petroleum pollutants
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Pseudomonas putida KT2440 1722 J7 T 694 TR B, 8 HAE DL 2B MBI 544 T, P K
34- TR IR TAEE eI & T HA AR KA 5 BE 20 8 R 3+, T T il 38 B 1y 6385 H:
U, R F R Bl | 25 R 07 1) 11 DR L s i AR 1 DA R el /D i A T A A SR W (R i 3,4- TR
AR = SR G, HE— 25k s ) 3 PR TORE R BR 0. 3% T AR LA PAHS s U 104 2k 4 i ARt
AR AL T A5 K

T3 Ah, BEARIERON, S8R TN S S A T TS Gl ) I S 0 B R A K. 7E e B A AR £ BRI T
CGMCC1 TR KR BERIBR, rhl SEB 5, C230 M TG F1 41 B 4 07 B IR I BB ) B 38 e, 4wt C230 il
(1) 3% K nahH 1% 5635 A6 nahR W % 55 K- A2 52 ), 1 3240 i VB B 78 85 n N-"T7 56 [R198 9 158 (rhl
QS ARG WIME 50 F) 5 A T & i . IR AP BHAY Croceicoccus naphthovorans PQ-2 W BEIR RN R 48 5
PAHs [ 5E [H (ahdAle, xyIE Al xylG) FETE LN ardR BEIEA C, Xt NCBI %6 [ 86 EE AT R, &
PR L 11% WA (78 B [R] Bk HLAT A8 38 A0 U 420l AR (A SR R 48 AHL/AL 5 55 5316 i 1
FER, IF N Z R BT b e 6 b 2 B TR AN 4 FARIE T, AT TS G P R A A 4 AR el
PRAE T SCHF.

3 FEKETEMATHAEYE B MEYE B E A M5 4 (Application of GEMs for microbial
consortium and plant—microbe remediation of petroleum hydrocarbon pollution)

A7 G ) A i DR TR T ) A 22 SR P B AR T R, (ELJ: B — TR R 7 S PRI o LA GA 31 R
U SO, S A, AR — TR PR bk e R R b A% B R 253 i 4 B4 Qs S HR, Bk By e g R AR
S P 2 B W R A S8R 1) T B PR R L A T B — AR B &, T WY R S A ) - Bk 5 1
ST LR T Ay ng A A, B nl F R Y288, 4R e (el Wy R BB 0 B T A2 8 0, i ik
TUCEE W R RE 2548 LA A ) RN E P RS T, 7T LASRAS B A AS B, AR 5 Gl 2 ) 2 455 345 )V
TS YW R A R 31 oL PRI, W R D AR R 45 T W R L A - R Ik 18 S H R S A i s
1652 1 LR e U7 1)
3.0 R RERAE S A TG G

THCEE Oy AT R KT P55 119 38 1 18 ) TSR, 7 52 2% A TS e 1 26 W I A v S ELY O A IR AR
BV 5 B G % LiP A1 MnP #5E PR 535 76 S ith B vh 3Rk IR 1 A RE DR AR A, R S DA SR T G
g AR B 4 R S R AN — T T R A, X AR LiP, MoP, B o L
FIRUI SR 7. FEHERN WA 5, L EERIORTIE [o] BE (W1 AR R EE 2 333 mg-kg™) A i 5y
92%. 64% Fll 65%, PR E TR N GEMs 1Y T A R 28 4 08 1Y AR G2 W TR ECT. 4% Mycobacterium
vanbaalenii PYR-1 Zit5 3E RN i 19 3% K (nidd F1 nidB) Fl Alcanivorax borkumensis SK2 H, T 1515 4% 40
FNAFEH (fdr FN fe) FER AT R TP 2235, 15 B AL AR HY 1; ¥ Pseudomonas aeruginosa PH1 4t B
T 1, 2- 00 A ) PR 2 T A 38 T 2 BRI R PH2. 3 R R TR A I A R AR RE ) S O A R R
PR PH1Y. A WF 5044 07 R840 . /KR G ORI &R 28 — B AR 4240 51l 5 | A B KB AT BL21 T bk, 15
) H 2 B AR M1, M2 FT M3, R HE R B ] 2 5 TR R R, 21 d B R ROR IR B 90.66% () bR ik B
100 mg-L™") %,

B 2 W S5 A 0 2 T 9 e R0 T 2 o s K M A s e ) A R TR 7. SR R Gl AR 0 SR R
Az 2 TV M R R B R T g W A W R R R AR TR I R AR B — A U i . Pseudomonas
aeruginosa a pEA: BB, (W B — & B BURYE, ¥ ga i BRZERERE & B rhIABRI FE R4 A5
BUWPER Pseudomonas putida KT2440 (1) 44 t6 (4 i 7] 15 21 55 21 18] KT2440-rhIABRI, % SR A1 [ i
L, (EJE AT AR KSR L A3, 30 d Ji5 o FL TR A TR VR O 2L 26 Y R 583 200 A 79% 1 43%, IV
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PR A 1 BRI R  T EE DA, 2R IR A AR A W) B Y B TR PR Y. D3 Ak, K B
JIg B Pseudomonas putida F1 I 34 K [ ¥ 0 B 241 0 R (M1, M2 F1 M3 ) 21 B8 9% e o8 A, SIF (0 i v B2
100 mg-L™") ) 7 d &SR 61.15% $ 15 5] 73.86%!°% ™,
3.2 ZHIE SHYIBCG B E T A iS Y A R

PR AR ) A A 00 A0 AT LA AR 00 A A | S SR AE A T 52 3 1) B T O e T e 1 A ) T A
FHPE, R PR Bt AR o BRI ) 9 A T8 2 T il 75 A8 S A 5 0. 0 28000 S TR T G4 114 FH R R fidk Joa
KL pTOM 51 AP F 52N A2 T L.S.2.4 13- 2 52 241 1R dk VMI1330, 7EAR PR as i 1 41 il DS S i fr 4
D, i v PP A 0 e At i, O AU Y 4R 190 2 I 2 Tl 8 P R AR A ) 2 T VR 2L 3 40, e e 411 e G
P BU61 H H 2K B A AH 5 1) pTOM-TCE Ji A % A B AR PR Burkholderia sp. HUOOT FIAR P A B
Pseudomonas sp. HU002, A LAfE #EAE AR M 3850 1 A= i, b 3 BRI A R ) R4 2, JF B2 )
B X Cd 1) W UL K Pseudomonas putida G7 B pNAH Ji k7 5% A K W) AR 2 2H 20 FAR Br i% 36 4
Pseudomonas putida VM1441 Hv, LR H 2 05, AP R E 2 TR 0T 258 1) A figp 20038 LU BRBAE ) 18 52 B 1
40%, Jf- AT 4 AT 2 AR FIAE W) Z8 0 1 T, /0 200 R 1 B VR O

4 HEY LML TN A M S 34 Y (Application of microbial whole—cell sensors for
monitoring petroleum hydrocarbon pollution)

T ) 2 0 A2 SRR S — P T SRR 28 5 (A R I 7 B2, T DA T S 1 26 1 vl R R, O s 4 R
TEPEFNIREE TS e Btk — Pk ) 4 20 i A JERas 2R 15 i Bl . R4 DR AR i 2 5 B ) o e A3
5 E TR, I — PR R 5 DR Rl A 2 g TR A DR A v A R A L i Rk il A e AR
BRIUSL PR 15 P IAAAE T, e e R AR U0 T R4 T e et 2R R S5, A5 5 s
Yy 0 FEAFAE AR SC OC 2R, AT FH 115 B 0 0 A D R 5 43 A U0, i 5 i R 32 8 2 A T 26 D 3% T 1A
(lux) . LB I (gfp) 17 K R R BRI (Tuc).

1990 4F, 55 — A I T A6 0 2% 1) G A= 00 4 200 JHO A% JR i 4 il E A 2 U770, 2 S AR BR L 147 ( Pseudomonas
Sluorescens) SR J& I N Tl ST R85 v 43 65 1 9 TR bk, L rh B i 2R I R X062 T pKAL KL, H 5
NAH7 kA [F] I B3 3% RO (vibrio fischeri) B lux FE R A B0k #% A 3] P. fluorescens SR, i i
I FEAE T, 19 BN S A hux JEPR Y ZR AR BURE pUTK21. SR 5, 75 & A 28 BUK A% IR BR 58 v i 16 25
AR SRL AR, X R AT BBUK IR EANGE 78 20 1028, R lux 78 T dn i 7K 47 1R 72 AL 1
nahG F& K WAL E 5 FE, B pUTK21 38 i 45 & 7 X% 8 3] Pseudomonas fluorescens HK9 315 HK44 T
TRRR, TR ARAS BE 5 A 25 E2 W] LARE R /K A R . 120 AT LA R Bz (15 min) 2828 58, I I MR ZS VR B2 1Y
BN ASAEAR, TP TS I M0 R A AR A 0 U G T R R T O A 3 [ S B A Y R TR AR Y. H
HII, ©FF& 10 A3 TR CAn R AT 1) e e K3 A B (A 1 B0 580 FAS Sl 581 ) AR F 2 1) 4 40 e
1 IS T B A 0 U 790, 51 G, e 8 97 e s o e it 5 R 2R3k ) IR A TR alkS | i B Py FIRG 4 LK
IR (Vibrio harveyi) W) luxAB F& R W) Bl 2% 38 UKL 5% A KB AT 5 DHSa, 12 A% 848 1] DU T e ke Aa iy,
AELAS ) 37 Ao A R 5 0, H rh o Je 1 B TR HH VR BE R 24.5 nmol- L' 72 BT, A 7H1T5 G 0 1) 4 20 Jp A ek
fir 22 K FH AL T BURL I M i R G0, AFTEHE PRI 7% 00 XURS: . oA BIFSE 7EAS ST T & 119 ADP1 B A 1) 4
AR b5 AT KA R 4 S 1 5 5 B i 5L ) luxCDABE, 3R4% B9 TE 41 IR K Acinetobacter ADPWH_lux
AT LA IR ZE 0.5—1 pmol L™ /KA IR ™. H1 T 7K A% IR 42 2% 1 S SR 7 ), 4 2R B A i B K] mahAD 71
NZHEA R, 7] DMEZE A SR 2R, I T T PR R ) e SRk AR 43 v g 2800,

XA T5 g, BETC 2T & T 2R i 94 40 i A% 8as T AN [R15 G 9y 0% [w] B oe) )3z . 40
TE Pseudomonas putida 5| A\ phnS-luxCDABE F1 merR-egfp, 1l [a] B i 17 JE (0—60 mg-kg™") A7k (0—
0.24 mg-kg") ¥ B F Pseudomonas putida N1 1 3E 4= ¥ 1% & 4% BMB-PL( % nah-luxCDABE 1] pCM-
PL it ki) RIS T Escherichia coli 7K 4= W) 1% j8% 4% BMB-ME1( & merR-pmerT-egfp 1] pGEX-ME Jii ki),
AP T[] 0 A 5 v 2R g R] R A SE R OR & L 55 Ah, A 0 K 1% AT 7 DHSa 2296-gfp (%
pPROBE-Tbut-RBS-gfp-npt JF %i. ) 1 DH5a 2301-cfp( & pPROBE-phn-RBS-cfp-npt 5 KL ) Al LL 43 5] Wi 37
BTEX #il PAHs, ] J T2 fit 1—100 pmol-L™" ¥k By [l R R A Z A 0518, 15 08 [E] 24 30 min . J)
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Gk, 3T Acinetobacter baylyi ADP1 BRI & 11 A= ) A% 8 B 1) B A6z 0 o 48 RN ot e 1 v 1] =49, W I F
MW R SRSt Je P18 i A NI e R B A 0 et R ),

5 WEBESEFE/DESATERER A S X (Construction of conditional-suicide containment
systems to reduce ecological risks from engineered microorganisms)

VE R PR G, Wt v ] BB 3 TR S 2, T S 00 2 25 2R 0 VA 5 % ik T P 6 A1 A T B 2 A 7K
VRS, i S P . TR, Rl T IR BB 5 A2 B R 2 ), — S8t DA (1 P TR el AR
HERA T AV RAEE . BT, F TR B R IE XUR: 9 1 it (2 45 B ] . A SBas i | o Rk i
) RV SO I T .y B 1 ) R e PR TR A e DAY B A A ) S A AR AT A A — i XU 5
P 5538 il 300 R A RSP R R B 5 ) AR TRE R, AR A2 S A T AT A R )
Fak; B AR A 0 S PR e PR R 5 SR B B TR R, A R AR T A TR B 2 BB SR B A s T X
P ) 8 A B R AL IR | B B SR G Al A5 R B 1k TR R R R SR T R ] 7382 £ £ R A =,

FIHT, Fd BAT A A 2 2 B A A6 D T TR e e AR A ik v P 5 XU 1) 8 I DT Rk 7). 2 R 0 #y 2t
TR AR R TS A Y B A R G, A AN TR AR DS ke TS G Wk AR R shAn i B AR FRT, BLs b Ah iR
PR REE XU 0 FEIZ R GE T, ¥ xylS. lacl F1 Py, JA 8 F Rl G 3235, 75 75 18 SO A= W R A 7= A= i 4%
PR S5 e ) 77 1 m] AR S XylS 8 R RO 3R 5T Py, 3 8 T FU R WF Lacl & 9 33k, 1E 1M A
Lacl 5 157, T Lacl 2 FU i H AR BEDNAY3R 55 23X 2675 Qe JE A IR LIS Py, AT ilF Lacl K1Y,
IS JE PR I A AN A2 4, PRI B4 B e 1=, BT, 1% R G0 R Y B A J PR AL 4 KW AT T8 i ) 2 1
Z R LR gef™ %) X174 Wi P 1A Gt AL S 4% 25 11 E ) 56 D190 R 53 R 258 4 4 TR S ) 4 5 2 R 3R ) 6 1
stV G381, K XylS B4y XylSthrd5 W] LSS ROW - 1Y R S AR A, DT ) 3 58 2205 Ge W) e A
TR A A O R, X S L PR TR TR AE R AR T R AT S, HAE R A S B ST R A . E
TREEPIIAZA HARGE, RV ik 22 F0 0 R R 5 58 B E— 20 BRI TR R A BR B XURS . g, B
T gef AR RGETIARLAMR-B-1 FE AL asd B 12848 B dk b, JR7E QL (A bRl 5k
P, R B asd BEIH, SR FXUEE A B AH 28 GE P40 B A0 1580 32 ol 98 A 1A i 36,

6 %585 RB¥E (Conclusion and prospect)

A E 52— PP AP AT A A i T5 GeAB 52 T B, (E SI2 06 5 0 1 TR 16 1) v R e it TR R A S0 B3R
B8 v AT 3R B AR AR AN S . T L, TR X ke o A 23 ) B 7 e [, 2k e AR R
T P 3 fifp i A LA FE RGBT 0K . DRI, ik 25 o 5 PR TR SR W R S T A= 9, T B R R )
(Y5 S YR A e ) FIERBEIE N RE 7, I R AR08 S SR (MG 28 i e SEURG . E T, R PR TR R E PR v /)
FHAEEA R, LT L7 T AR 09 T R i 2l i T AR B B e 8 52 v i

(1) 2 i ik VAT 00 3% i I 3 B 58085 17 RE ) 2 = M 52 A S BE, L B SE 0 1 8 75 e Wy o fie
S O R R A T A, O 4 200 L 8 A I 28 A3 5 I k. AROR R ST 5 G SR Ao B B
A EAABH 2 P BOR, ARSE R BRI RE AL DY | [ DG BEE e | W42 £ RN A R A, SHRAT & B
UF B BRAE TR, R0 R G AR5 05 1A W2 R DR e 5 . AR e+ A Rt O £k 45 5 T X g
iR A ) A T AR R

(2) 7 PR AR TR 1Y S s P v i PR TR ) B 05 2 e M e e 52 AATTOR TR ). H AT, e 3ot 7
R T A 0 b g | AR B T RR A S A2 R A 0 e PR T B 0 A3 R L R e 0 ) R R, i 2 B
SBORE P M A TR T A i BB A D SR R KB RS . ROk, Wi g G B2 Y BRI IE ] . A Boa H] | E
SVt )R SOV i ) A5 T B e A ik DR TR T 14 P A B XU

(3) Fy i L PR T2 P ] T o3 e il R A4 ) 3 T 5 P 500 R RS A 7, R AR S (W E B A SR Ty ).
TS G 0 A R A 52 R T T G W 1 A= 0w R P R T P R I A PR R AR R T A
FR AT g A7 3 75 G W i A ] R R e, A 52 U 7 B A pHL iR Y LT (R T T A T R A
R, ZH IR IR PR H PRI A M AR E A 7 v T e e A IR A 40 2 TR R ) B A TR DR
AT G Y PRI 8 5 S AT SR s
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AT SEAR, i DX T A B4R 2 0 DA B DR 2 A e DAy o R A ol £ e DR 2L e 2 A 1 45 )
it (HIE, A AR AR IR ST T A AL TR B BE, BEFR & AR WA PN R G ) A A A 30
B h T R, DL R B 2 A AR B KUK DA AR I, B AR RSB A b e I R
L S HIVE .
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