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Abstract: In recent years, the construction of artificial bacterial communities, usually referred to “synthetic” or
“engineered” microbiomes, with better attributes and stability, has been a hot topic. The archetype synthetic
community integrates different strains by balancing their nutrition, which occurs when strains produce and consume
essential nutrients in a complementary fashion. Other key features of synthetic communities include: reciprocal
interactions of metabolic pathways. On the one hand, complete metabolic pathways may develop only at the
population level, and the metabolic burden on any single strain can reduce. On the other hand, growth inhibition can

relief, since metabolites of one strain promote the growth of another, and reduction of the mutation rate guarantees a
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stable community. When combined, these features ensure intercellular interactions, spatiotemporal organization,
community robustness, and biocontainment of synthetic communities. There are two general approaches for
engineering microbiomes. One is "bottom-up", through which genetic circuits involving different strains are
designed artificially. This approach can be more controllable, but the precise knowledge of metabolic pathway
details is needed. Another approach, known as "top-down", involves the careful optimization of a core consortium
from a group of natural microbiomes which can be easier to carry out, but is less designable. Synthetic microbiomes
can be expected to handle complex tasks more efficiently, stably, and safely, which show a series of special
characters compared with one single strain, such as apparent metabolic burden reduction and offering a platform
with excellent compatibility for the expression of diverse genes. By now, the synthetic microbiome approach has
already been applied to industrial production and environmental remediation, such as the biosynthesis of biofuels,
chemical products, and biomedicines, and for the bioremediation of petroleum contamination and residues of
petroleum derivatives and pesticides. Synthetic microbiomes open a new direction for applications of microbial
technology with improved stability and compatibility. This approach could be used to enhance the roles of
particularly valuable strains, helping to extend their applications to more complicated tasks in extreme environments.
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Fig. 1 Steps and methods for constructing synthetic microbial consortia
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Tab.1 Applications of synthetic microbial consortia in biosynthesis

Field Application Strains Ref.
Bioenergy Hydrogen Bacillus cereus Al [48]
Brevundimonas naejangsanensis B1
Clostridium butyricum CWBI1009 [80]
C. pasteurianum DSM525
C. beijerinckii DSM1820
C. felsineum DSM749
Electricity Bacillus subtilis [49]
Shewanella oneidensis
S. oneidensis MR-1 [56]
B. subtilis RH33
Methane Neocallimastix californiae [68]

Chemical products Isopropanol

Isobutanol
Biomedicine

Oxygenated taxanes

2-Keto-gulonic acid

Anaeromyces robustus

Methanobacterium bryantii

E. coli [50]
Trichoderma reesei [54]
E. coli
Saccharomyces cerevisiae [55]
E. coli
Ketogulonicigenium vulgare [81]

Bacillus megaterium
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Tab. 2 Applications of synthetic microbial consortia in bioremediation

Fields Applications Strains Ref.
Petroleum and petroleum derivatives Petroleum Achromobacter sp. P3 [86]
Sphingobium sp. P10

Rhizobium sp. P14

BTEX P. putida F1 [87]
P. stutzeri OX1

Aniline D. anilini [58]

T roseopersicina
2,4,6-Tribromophenol Dehalobacter sp. FTH1 [53]

Low-density polyethylene

Pesticides

Parathion

Linuron

Clostridium sp. Mal3
Desulfatiglans parachlorophenolica DS
Enterobacter spp. [88]
Pantoea spp.
Variovorax sp. WDL1 [89]
Delftia acidovorans WDL34
Pseudomonas sp. WDL5
Hyphomicrobium sulfonivorans WDL6
C. testosteroni WDL7
E. coli SD2 [57]
P. putida KT2440 pSB337
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K TAR KB P Rak, HREERZAGH L EZMLEM,

HAEM B A B DL N sl R a5 IE
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N 5 I P APt D08 A2 TP 1) P2 0 AN N, O- - P B 2 i
(N, O-dimethylhydroxylamine, N, O-DMHA) #13,4-
TR K RE (3, 4-dichloroaniline, 3,4-DCA) )55 7
Yo 3oy B 2 A Ak, 8 IR AT I WDL6
(Hyphomicrobium sulfonivorans WDL6) F1 52 S, i
MEH I WDL7 (Comamonas testosteroni WDLT)
FEIRX AT, A Variovorax sp. WDL1 BE%FI H
PG FEAE AME— I BEEKIR, Variovorax sp. WDL1 B
Sk R4 REH AN 3,4-DCA,  [FII=4: N, O-DMHA.
D. acidovorans WDL34 Fl C. testosteroni WDL7 1E [%
fi#t3,4-DCA HI[FEIRF, £RYF Variovorax sp. WDL1 %%
3,4-DCA M R R AL #EME . N, O-DMHA
0] LI H. sulfonivorans WDL6 A R0 U

FE 7% BRS QB BT ST 1, Gilbert 55 7
T-2003 FFE AR T P A TR A A 0 A R AR A
AL, 0 LI R IR R R 7R R B B AT AR R A
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Tl A Sy o) A R A Iy, AR T X Y 2 R I I A R 2
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SN B Gt i 2 2K By AL R (9 Bk P putida
KT2440 pSB337 KB AR R [P0 i S 2K 1y, Pl sk
TG Tl 1) 56 24K

6 REiHREE

S5 —REYLL, &R ARI T
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N TR B N A 3 1 22 PR A 2 S 2 0 O 858
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BRI PR, 108 IR A T PR 7R AR L AR SE 1 BB
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AHL—N-Fi & m 22 Z RN R (N-acyl homoserine
lactones)
3,4-DCA—3,4- S # % (3,4-dichloroaniline)
N, O-DMHA—N, O- =32 % (N, O-dimethylhydroxylamine)
IPTG— 53 N 2-4-D-1-Bi A FLBE 1
(isopropyl-f-D-thiogalactopyranoside)
2-KGA—2-id 1 1% Wk 2 (2-keto-gulonic acid)
LDPE—R%EJE R 2.)% (low-density polyethylene)
MTCC—EW R 0> (Microbial Type Culture

Collection)

ROS— = Wi i3 (reactive oxygen stress)
5 £ X

[1] CAMERON D E, BASHOR C J, COLLINS J J. A brief history



190

BREDF

£2%5

(6]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

of synthetic biology[J]. Nature Reviews Microbiology, 2014,
12(5): 381-390.

EEEY, RS, R, AE SR TR S R R
RS, hE R RS, 2018, 32(5): 99-105.

WANG PY, TANG H Z, WU Z Z, et al. Frontiers and trends in
synthetic biology[J]. Bulletin of National Natural Science
Foundation of China, 2018, 32(5): 99-105.

SHONG J, JIMENEZ DIAZ M R, COLLINS C H. Towards
synthetic microbial consortia for bioprocessing[J]. Current
Opinion in Biotechnology, 2012, 23(5): 798-802.

KEHE J, KULESA A, ORTIZ A, et al. Massively parallel
screening of synthetic microbial communities[J]. Proceedings
of the National Academy of Sciences of the United States of
America, 2019, 116(26): 12804-12809.

BITTIHN P, DIN M O, TSIMRING L S, et al. Rational engi-
neering of synthetic microbial systems: from single cells to
consortia[J]. Current Opinion in Microbiology, 2018, 45:
92-99.

TSOI R, DAI Z, YOU L. Emerging strategies for engineering
microbial communities[J]. Biotechnology Advances, 2019, 37
(6): €107372.

VILLARREAL F, CONTRERAS-LLANO L E, CHAVEZ M,
et al. Synthetic microbial consortia enable rapid assembly of
pure translation machinery[J]. Nature Chemical Biology, 2018,
14(1): 29-35.

GROSSKOPF T, SOYER O S. Synthetic microbial communi-
ties[J]. Current Opinion in Microbiology, 2014, 18: 72-77.
SHETH R U, CABRAL V, CHEN S P, et al. Manipulating bac-
terial communities by in situ microbiome engineering[J].
Trends in Genetics, 2016, 32(4): 189-200.

TEAGUE B P, WEISS R. Synthetic communities, the sum of
parts[J]. Science, 2015, 349(6251): 924-925.

PHAM H L, HO C L, WONG A, et al. Applying the design-
build-test paradigm in microbiome engineering[J]. Current
Opinion in Biotechnology, 2017, 48: 85-93.

LIU F, MAO J, KONG W, et al. Interaction variability shapes
succession of synthetic microbial ecosystems[J]. Nature Com-
munications, 2020, 11(1): e309.

BALAGADDE F K, SONG H, OZAKI J, et al. A synthetic
Escherichia coli predator-prey ecosystem[J]. Molecular Sys-
tems Biology, 2008, 4: ¢187.

FOO J L, LING H, LEE Y S, et al. Microbiome engineering:
current applications and its future[J]. Biotechnology Journal,
2017, 12(3): €1600099.

XAVIER J B. Social interaction in synthetic and natural micro-
bial communities[J]. Molecular Systems Biology, 2011, 7:
e483.

GUO L H, HE X S, SHI W Y. Intercellular communications in

multispecies oral microbial communities[J]. Frontiers in Micro-

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

(25]

[26]

(27]

(28]

[29]

[30]

[31]

[32]

biology, 2014, 5: ¢00328.

ABISADO R G, BENOMAR S, KLAUS J R, et al. Bacterial
quorum sensing and microbial community interactions[J].
mBio, 2018, 9(3): €02331-17.

MCCARTY N S, LEDESMA-AMARO R. Synthetic biology
tools to engineer microbial communities for biotechnology[J].
Trends in Biotechnology, 2019, 37(2): 181-197.

CAVALIERE M, FENG S, SOYER O S, et al. Cooperation in mi-
crobial communities and their biotechnological applications[J].
Environmental Microbiology, 2017, 19(8): 2949-2963.
JAGMANN N, PHILIPP B. Reprint of design of synthetic micro-
bial communities for biotechnological production processes[J].
Journal of Biotechnology, 2014, 192: 293-301.

ZENGLER K, ZARAMELA L S. The social network of micro-
organisms—how auxotrophies shape complex communities[J].
Nature Reviews Microbiology, 2018, 16(6): 383-390.

AMOR D R, MONTANEZ R, DURAN-NEBREDA §, et al.
Spatial dynamics of synthetic microbial mutualists and their para-
sites[J]. PLoS Computational Biology, 2017, 13(8): ¢1005689.

DI S H, YANG A D. Analysis of productivity and stability of
synthetic microbial communities[J]. Journal of the Royal Soci-
ety Interface, 2019, 16(150): €20180859.

STENUIT B, AGATHOS S N. Deciphering microbial commu-
nity robustness through synthetic ecology and molecular sys-
tems synecology[J]. Current Opinion in Biotechnology, 2015,
33:305-317.

LIU F, MAO J W, LU T, et al. Synthetic, context-dependent mi-
crobial consortium of predator and prey[J]. ACS Synthetic Bi-
ology, 2019, 8(8): 1713-1722.

ALNAHHAS R N, WINKLE J J, HIRNING A J, et al. Spatio-
temporal dynamics of synthetic microbial consortia in micro-
fluidic devices[J]. ACS Synthetic Biology, 2019, 8(9): 2051-
2058.

JJAHY, FAN Y S, FENG X D, et al. Enhancing stress-resis-
tance for efficient microbial biotransformations by synthetic bi-
ology[J]. Frontiers in Bioengineering and Biotechnology, 2014,
2:¢00044.

ENG A, BORENSTEIN E. Taxa-function robustness in micro-
bial communities[J]. Microbiome, 2018, 6: e45.

SHADE A, PETER H, ALLISON S D, et al. Fundamentals of
microbial community resistance and resilience[J]. Frontiers in
Microbiology, 2012, 3: e417.

ALNAHHAS R N, SADEGHPOUR M, CHENY, et al. Majori-
ty sensing in synthetic microbial consortia[J]. Nature Commu-
nications, 2020, 11(1): €3659.

JOHNS N I, BLAZEJEWSKI T, GOMES A L C, et al. Princi-
ples for designing synthetic microbial communities[J]. Current
Opinion in Microbiology, 2016, 31: 146-153.

MIMEE M, CITORIK R J, LU T K. Microbiome therapeutics—



%2%  www.synbioj.com 191

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[45]

[46]

advances and challenges[J]. Advanced Drug Delivery Reviews,
2016, 105: 44-54.

RAMACHANDRAN G, BIKARD D. Editing the microbiome
the CRISPR way[J]. Philosophical Transactions of the Royal
Society B Biological Sciences, 2019, 374(1772): ¢20180103.
LV Y K, QIAN S, DU G C, et al. Coupling feedback genetic
circuits with growth phenotype for dynamic population control
and intelligent bioproduction[J]. Metabolic Engineering, 2019,
54:109-116.

PAPENFORT K, BASSLER B L. Quorum sensing signal-re-
sponse systems in Gram-negative bacteria[J]. Nature Reviews
Microbiology, 2016, 14(9): 576-588.

JAGMANN N, PHILIPP B. Design of synthetic microbial com-
munities for biotechnological production processes[J]. Journal
of Biotechnology, 2014, 184: 209-218.

ENKE T N, DATTA M S, SCHWARTZMAN J, et al. Modular
assembly of polysaccharide-degrading marine microbial com-
munities[J]. Current Biology, 2019, 29(9): 1528-1535.

LOSOI P S, SANTALA V P, SANTALA S M. Enhanced popu-
lation control in a synthetic bacterial consortium by intercon-
nected carbon cross-feeding[J]. ACS Synthetic Biology, 2019, 8
(12): 2642-2650.

GOLDSCHMIDT F, REGOES R R, JOHNSON D R. Metabo-
lite toxicity slows local diversity loss during expansion of a mi-
crobial cross-feeding community[J]. The ISME Journal, 2018,
12(1): 136-144.

SCHEPENS D, CARLSON R P, HEYS J, et al. Role of re-
source allocation and transport in emergence of cross-feeding
in microbial consortia[J]. Journal of Theoretical Biology, 2019,
467: 150-163.

KERNER A, PARK J, WILLIAMS A, et al. A programmable
Escherichia coli consortium via tunable symbiosis[J]. PLoS
One, 2012, 7(3): €34032.

WINTERMUTE E H, SILVER P A. Emergent cooperation in
microbial metabolism[J]. Molecular Systems Biology, 2010, 6:
e407.

PANDE S, MERKER H, BOHL K, et al. Fitness and stability
of obligate cross-feeding interactions that emerge upon gene
loss in bacteria[J]. The ISME Journal, 2014, 8(5): 953-962.
CHAN S H J, SIMONS M N, MARANAS C D. SteadyCom:
predicting microbial abundances while ensuring community sta-
bility[J]. PLoS Computational Biology, 2017, 13(5): €1005539.
MEE M T, COLLINS J J, CHURCH G M, et al. Syntrophic ex-
change in synthetic microbial communities[J]. Proceedings of
the National Academy of Sciences of the United States of
America, 2014, 111(20): e2149-e2156.

STUMP S M, JOHNSON E C, KLAUSMEIER C A. How leak-
ing and overproducing resources affect the evolutionary robust-

ness of cooperative cross-feeding[J]. Journal of Theoretical Bi-

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

ology, 2018, 454: 278-291.

SHOU W Y, RAM S, VILAR J M G. Synthetic cooperation in
engineered yeast populations[J]. Proceedings of the National
Academy of Sciences of the United States of America, 2007,
104(6): 1877-1882.

WANG S J, TANG H Z, PENG F, et al. Metabolite-based mutu-
alism enhances hydrogen production in a two-species microbi-
al consortium[J]. Communications Biology, 2019, 2: e82.

LIU Y, DING M Z, LING W, et al. A three-species microbial
consortium for power generation[J]. Energy & Environmental
Science, 2017, 10(7): 1600-1609.

HONIJO H, IWASAKI K, SOMA'Y, et al. Synthetic microbial
consortium with specific roles designated by genetic circuits
for cooperative chemical production[J]. Metabolic Engineer-
ing, 2019, 55: 268-275.

CAO XY, HAMILTON J J, VENTURELLI O S. Understand-
ing and engineering distributed biochemical pathways in micro-
bial communities[J]. Biochemistry, 2019, 58(2): 94-107.
MAURI M, GOUZE J L, DE JONG H, et al. Enhanced produc-
tion of heterologous proteins by a synthetic microbial commu-
nity: conditions and trade-offs[J]. PLoS Computational Biolo-
gy, 2020, 16(4): e1007795.

LI Z L, YOSHIDA N, WANG A J, et al. Anaerobic mineraliza-
tion of 2,4, 6-tribromophenol to CO, by a synthetic microbial
community comprising Clostridium, Dehalobacter, and Desul-
fatiglans[J]. Bioresource Technology, 2015, 176: 225-232.
MINTY J J, SINGER M E, SCHOLZ S A, et al. Design and
characterization of synthetic fungal-bacterial consortia for di-
rect production of isobutanol from cellulosic biomass[J]. Pro-
ceedings of the National Academy of Sciences of the United
States of America, 2013, 110(36): 14592-14597.

ZHOU K, QIAO K J, EDGAR S, et al. Distributing a metabol-
ic pathway among a microbial consortium enhances production
of natural products[J]. Nature Biotechnology, 2015, 33(4):
377-383.

LIUT, YU Y Y, CHEN T, et al. A synthetic microbial consor-
tium of Shewanella and Bacillus for enhanced generation of
bioelectricity[J]. Biotechnology and Bioengineering, 2017, 114
(3): 526-532.

GILBERT E S, WALKER A W, KEASLING J D. A construct-
ed microbial consortium for biodegradation of the organophos-
phorus insecticide parathion[J]. Applied Microbiology and Bio-
technology, 2003, 61(1): 77-81.

XIE X M, MULLER N. Enhanced aniline degradation by De-
sulfatiglans anilini in a synthetic microbial community with
the phototrophic purple sulfur bacterium Thiocapsa roseoper-
sicina[J]. Systematic and Applied Microbiology, 2019, 42(5):
€125998.

PAWELCZYK S, ABRAHAM W R, HARMS H, et al. Com-



192

BREDF

£2%5

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(71]

[72]

munity-based degradation of 4-chorosalicylate tracked on the
single cell level[J]. Journal of Microbiological Methods, 2008,
75(1): 117-126.

KIM J K, CHEN Y, HIRNING A J, et al. Long-range temporal
coordination of gene expression in synthetic microbial consor-
tia[J]. Nature Chemical Biology, 2019, 15(11): 1102-1109.
SLEIGHT S C, BARTLEY B A, LIEVIANT J A, et al. Design-
ing and engineering evolutionary robust genetic circuits[J].
Journal of Biological Engineering, 2010, 4: e12.

LAWSON C E, HARCOMBE W R, HATZENPICHLER R, et
al. Common principles and best practices for engineering mi-
crobiomes[J]. Nature Reviews Microbiology, 2019, 17(12):
725-741.

CARLSTROM C I, FIELD C M, BORTFELD-MILLER M, et
al. Synthetic microbiota reveal priority effects and keystone
strains in the Arabidopsis phyllosphere[J]. Nature Ecology &
Evolution, 2019, 3(10): 1445-1454.

VRIEZE J, CHRISTIAENS M E R, VERSTRAETE W. The
microbiome as engineering tool: Manufacturing and trading be-
tween microorganisms[J]. 2017, 39:
206-214.

NIKEL P I, LORENZO V D. Engineering an anaerobic meta-

New Biotechnology,

bolic regime in Pseudomonas putida KT2440 for the anoxic
biodegradation of 1, 3-dichloroprop-1-ene[J]. Metabolic Engi-
neering, 2013, 15: 98-112.

DVORAK P, BIDMANOVA S, DAMBORSKY J, et al. Immo-
bilized synthetic pathway for biodegradation of toxic recalci-
trant pollutant 1,2, 3-trichloropropane[J]. Environmental Sci-
ence & Technology, 2014, 48(12): 6859-6866.

FESTA S, COPPOTELLI B M, MADUENO L, et al. Assigning
ecological roles to the populations belonging to a phenanthrene-
degrading bacterial consortium using omic approaches[J]. PLoS
One, 2017, 12(9): €0184505.

GILMORE S P, LANKIEWICZ T S, WILKEN S E, et al. Top-
down enrichment guides in formation of synthetic microbial
consortia for biomass degradation[J]. ACS Synthetic Biology,
2019, 8(9): 2174-2185.

PATOWARY K, PATOWARY R, KALITA M C, et al. Develop-
ment of an efficient bacterial consortium for the potential reme-
diation of hydrocarbons from contaminated sites[J]. Frontiers
in Microbiology, 2016, 7: €1092.

ENG A, BORENSTEIN E. Microbial community design: meth-
ods, applications, and opportunities[J]. Current Opinion in Bio-
technology, 2019, 58: 117-128.

NOACK S, BAUMGART M. Communities of niche-optimized
strains: small-genome organism consortia in bioproduction[J].
Trends in Biotechnology, 2019, 37(2): 126-139.
PUENTES-TELLEZ P E, SALLES J F. Construction of effec-

tive minimal active microbial consortia for lignocellulose deg-

[73]

[74]

[75]

[76]

[77]

(78]

[79]

[80]

[81]

(82]

[83]

[84]

[85]

radation[J]. Microbial Ecology, 2018, 76(2): 419-429.

CHE S, MEN Y J. Synthetic microbial consortia for biosynthe-
sis and biodegradation: promises and challenges[J]. The Journal
of Industrial Microbiology and Biotechnology, 2019, 46(9/10):
1343-1358.

ROY K, MARZORATI M, VAN DEN ABBEELE P, et al. Syn-
thetic microbial ecosystems: an exciting tool to understand and
apply microbial communities[J]. Environmental Microbiology,
2014, 16(6): 1472-1481.

QIAN X J, CHEN L, SULY, et al. Biotechnological potential
and applications of microbial consortia[J]. Biotechnology Ad-
vances, 2020, 40: e107500.

SHAHAB R L, LUTERBACHER J S, BRETHAUER 8§, et al.
Consolidated bioprocessing of lignocellulosic biomass to lactic
acid by a synthetic fungal-bacterial consortium[J]. Biotechnolo-
gy and Bioengineering, 2018, 115(5): 1207-1215.

WANG E X, DING M Z, MA Q, et al. Reorganization of a syn-
thetic microbial consortium for one-step vitamin C fermenta-
tion[J]. Microbial Cell Factories, 2016, 15: e21.

ILGRANDE C, DEFOIRDT T, VLAEMINCK S E, et al. Me-
dia optimization, strain compatibility, and low-shear modeled
microgravity exposure of synthetic microbial communities for
urine nitrification in regenerative life-support systems[J]. As-
trobiology, 2019, 19(11): 1353-1362.

SCHOLZ S A, GRAVES I, MINTY J J, et al. Production of cel-
lulosic organic acids via synthetic fungal consortia[J]. Biotech-
nology and Bioengineering, 2018, 115(4): 1096-1100.
MASSET J, CALUSINSKA M, HAMILTON C, et al. Fermen-
tative hydrogen production from glucose and starch using pure
strains and artificial co-cultures of Clostridium spp. [J]. Bio-
technology for Biofuels, 2012, 5: €35.

MA Q, ZHOU J, ZHANG W W, et al. Integrated proteomic
and metabolomic analysis of an artificial microbial community
for two-step production of vitamin C[J]. PLoS One, 2011, 6
(10): €26108.

LEE J Y, RAHMAN A, BEHRENS J, et al. Nutrient removal
from hydroponic wastewater by a microbial consortium and a
culture of Paracercomonas saepenatans[J]. New Biotechnolo-
gy, 2018, 41: 15-24.

KHATUN M A, HOQUE M A, ZHANG Y, et al. Bacterial con-
sortium-based sensing system for detecting organophosphorus
pesticides[J]. Analytical Chemistry, 2018, 90(17): 10577-
10584.

VARGAS-SUAREZ M, FERNANDEZ-CRUZ V, LOZA-TAV-
ERA H. Biodegradation of polyacrylic and polyester polyure-
thane coatings by enriched microbial communities[J]. Applied
Microbiology and Biotechnology, 2019, 103(7): 3225-3236.
MARTINEZ I, MOHAMED M E S, ROZAS D, et al. Engi-

neering synthetic bacterial consortia for enhanced desulfuriza-



%£2% www.synbioj.com

193

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

tion and revalorization of oil sulfur compounds[J]. Metabolic
Engineering, 2016, 35: 46-54.

CUI J, HUANG L, WANG W W, et al. Maximization of the pe-
troleum biodegradation using a synthetic bacterial consortium
based on minimal value algorithm[J]. International Biodeterio-
ration & Biodegradation, 2020, 150: e104964.

NAGARAIJAN K, LOH K C. Formulation of microbial cock-
tails for BTEX biodegradation[J]. Biodegradation, 2015, 26(1):
51-63.

SKARIYACHAN S, MANJUNATHA V, SULTANA 8, et al.
Novel bacterial consortia isolated from plastic garbage process-
ing areas demonstrated enhanced degradation for low density
polyethylene[J]. Environmental Science and Pollution Re-
search, 2016, 23(18): 18307-18319.

DEJONGHE W, BERTELOOT E, GORIS J, et al. Synergistic
degradation of linuron by a bacterial consortium and isolation
of a single linuron-degrading Variovorax strain[J]. Applied and
Environmental Microbiology, 2003, 69(3): 1532-1541.

HU JJ, XUE Y Y, GUO H C, et al. Design and composition of
synthetic fungal-bacterial microbial consortia that improve lig-
nocellulolytic enzyme activity[J]. Bioresource Technology,
2017, 227: 247-255.

PANDHAL J, NOIREL J. Synthetic microbial ecosystems for
biotechnology[J]. Biotechnology Letters, 2014, 36(6): 1141-
1151.

ROELL G W, ZHA J, CARR R R, et al. Engineering microbial
consortia by division of labor[J]. Microbial Cell Factories,
2019, 18(1): e35.

LINDEMANN S R, BERNSTEIN H C, SONG H S, et al. Engi-
neering microbial consortia for controllable outputs[J]. The
ISME Journal, 2016, 10(9): 2077-2084.

VERHOEVEN M D, VALK S C, DARAN J G, et al. Fermenta-
tion of glucose-xylose-arabinose mixtures by a synthetic con-
sortium of single-sugar-fermenting Saccharomyces cerevisiae
strains[J]. FEMS Yeast Research, 2018, 18(8): foy075.

KIY, il G ECE A G AR 8 e A
27 (7). Bl R, 2019, 64(17): 1791-1798.

ZHU T, WU B. Synthetic microbiome: When “synthetic biolo-

gy” meets “microbiomics”[J]. Chinese Science Bulletin, 2019,

[96]

[97]

(98]

[99]

[100]

[101]

64(17): 1791-1798.

SONG H, DING M Z, JIA X Q, et al. Synthetic microbial con-
sortia: from systematic analysis to construction and applica-
tions[J]. Chemical Society Reviews, 2014, 43(20): 6954-6981.
VRIEZE J, BOON N, VERSTRAETE W. Taking the technical
microbiome into the next decade[J]. Environmental Microbiol-
ogy, 2018, 20(6): 1991-2000.

HAYS S G, PATRICK W G, ZIESACK M, et al. Better togeth-
er: engineering and application of microbial symbioses[J]. Cur-
rent Opinion in Biotechnology, 2015, 36: 40-49.
SANCHEZ-GOROSTIAGA A, BAJIC D, OSBORNE M L, et
al. High-order interactions distort the functional landscape of
microbial PLoS Biology, 2019, 17(12):
€3000550.

DVORAK P, NIKEL P I, DAMBORSKY 1J, et al. Bioremedia-

tion 3.0: Engineering pollutant-removing bacteria in the times

consortia[J].

of systemic biology[J]. Biotechnology Advances, 2017, 35(7):
845-866.

SARIGIANNIS D A, HANSEN U. Considering the cumulative
risk of mixtures of chemicals—a challenge for policy makers[J].
Environmental Health, 2012, 11: eS18.

BIEE: A (1980—), %5, &
20, EERR T UK R 2
WIF R e 5 R o> OB SE s BR
B EM NS & R FAAESR R E L T
MR
E-mail: tanghongzhi@sjtu.edu.cn

E—1EE: RIMHE1996—), 5, 1+
WHoeLE , BRI 7 [0 A A W e 22 B
Ik JRENTS RS> T AL

E-mail: xuzhaoyong@sjtu.edu.cn




