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Construction of synthetic microbial community and its
application in polyhydroxyalkanoate biosynthesis
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Abstract: Synthetic microbial communities are artificial systems composed of multiple
microorganisms with well-defined genetic backgrounds. They are characterized by low
complexity, high controllability, and strong stability, thus suitable for industrial production,
disease management, and environmental remediation. This review summarizes the design
principles and construction methods of synthetic microbial communities, and highlights their
application in polyhydroxyalkanoate (PHA) biosynthesis. Constructing a synthetic microbial
community represents a core research direction of synthetic ecology and an emerging frontier of
synthetic biology. It requires strategies to design and control microbial interactions, spatial
organization, robustness maintenance, and biocontainment to obtain an efficient, stable, and
controllable synthetic microbial community. In recent years, synthetic microbial communities
have been widely used to synthesize high-value chemicals such as drugs, biofuels, and
biomaterials. As an ideal substitute for oil-based plastics, PHA has received much attention.
Enhancing the capacity and broadening the range of carbon source utilization for PHA
producers have become the research priority in the application of synthetic microbial
communities for PHA biosynthesis, with the aim to reduce PHA production cost.

Keywords: synthetic microbial community; synthetic ecology; synthetic biology; microbial
community construction; biosynthesis; polyhydroxyalkanoate; carbon source utilization
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Table 1 Comparison between microbial monoculture and microbial community
Microbial monoculture Microbial community
Advantage 1. Clear genetic background 1. Better performance and able to carry out complicated tasks

2. Mature molecular technologies
3. Ease of operation and regulation

4. Widely used in research and industry

2. Reducing metabolic burden and stress on each member
3. Stronger adaptability and stability to environment perturbations

4. Better utilization of carbon sources and broader substrate spectrum

Disadvantage 1. Exerting specific and limited function 1. Limited knowledge on microbial interactions and function flexibility

2. Potential feedback inhibition
3. Exclusiveness to foreign genes

4. Huge load and metabolic imbalance

2. Hard to tune the proportion and behavior of diverse subpopulations
3. Difficult to predict long-term behavior and maintain homostasis

4. Lacking efficient tools for genome-editing non-model microbes
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Figure 1

Construction of synthetic microbial communities with positive interactions based on metabolite

exchange. A: Commensalism. B: Mutualism based on cross-feeding. C: Mutualism based on “nutrition
supply-detoxification”. D: Mutualism based on cross-protection.
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Using sucrose (the first generation). B: Using lignocellulose (the second generation). C: Using CO; (the third
generation).
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WAL T, A BUARTTA T B SR HETA
Yy )5t [A]Bs G55 IS4 P Ak PR o ek el s B T 5
M PHA WE0a B, A o Jsopk A1 A0
PHA & B R IS %, R T
HCABAR A B IR AN R 2SR SR G W i N T A
YIAZR . XFARE, BARBRMEE ST, (HAERE
KRITA AR PEFHARANWIR T, HA BB BN
ficls . AR R T % SR FUI IR (Pseudomonas
puti da) F1 i 775 /% £} (Saccharomyces cerevisiae)4f
B LA YIS, IR PHA R R &=
(152.3 mg/L)iti T P. putida 4i%5 33 (7 2
(12.69 mg/L)7¥, Z A ML R IR LB 3K 1 B
ZBERE T, DIRERCREET T 60%, FIA R /D>
20 o 1 S B S REAE . A T2 P B A
PHA HIMIICHEFE, Rodrigues 257 M KAA I
TS5 E F2 P /K- Wil QTR (Cupriavidus necator)
FIEFIHI 3K 5 B4 i 14 (Xanthomonas campestris), &
B PHA TEM R E P55 D7 T A W 8 2
I LA T 2 Al i KR B ey, 5 B T A
FESEIN T 89.7%. ZMFFTHRGE T & MU AR e v
1E PHA FEE U R0 AR Pl R rp g ], 2
ol e AL i ) 2 05 LB AR B A A 2
AR 7 PHA BRI AGEE AR
BRUR F IR T SRR g R | s SR, ML
Rff AR AR A P B okt fR T R s BN
R, 2ob 2 JUAFR PR 2 AR W) o e A6 R v i
Efb i e AR & £ E U0, Wi % PHA
A IS A AT 1 . Rebocho 45182 A3
TR W) R B4R 77 PHA, K3 C. necator FIF
5 {15 PR g 74 (Pseudomonas citronellolis) £ B
BRI YR L, F=& % P. citronellolis 2l 55
FARFIRE T 54.2%. FEEFHFIEH, Qin ™)
BB SR - f HAESC R T E. coli Ml
P. putida 5 B A W iEVE (K 5B). 4K &l Al
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FH 6 A AT I A T B A TR £ e 2K e, il
H 4 PHA 7= F G RTIFIE 48 0 1 135%™,
] LA I A AR ) IS AN (AN 2 SR g
i LT, skt A e, R EETE I
W4, AR R RS IE, DU s
TEVE MR B AR A= 9 5 IS0k A A A SR SE R
[ 45+ PHA 9477 H g
GRS ST PHA YA NS
AR RS CO,. CO% CLILEY . ARRA
TG B SR P RE TR DO R BE 1 [ KA
[ CO,, FHH HELAL Jy PHA 4 BT 5 (IR Y
Ji. Hof, BEEELE CO, [ E F AL 7w BA K
P, HARKERE  EHRFREEIEA R
B, BRI XA Y A T T X
T PHA WG, SRS HBEEAA R,
WP A/ DBURE , W ERE (Nostoc) . T e
(Arthrospira) . 4 ifl # (Synechocystis) 1 2 £k ¢
(Synechoccus), BEMS KRR A AL PHA, HFHRE
A BRI 151%™ K F 2 #GE 1 PHA
oA=&, ik, ARt Eh iRy
AR PHA ANE A& M IR,
R RE A A TER S A VURYI(EI 5C), A
— [ AR PHA AL E 32 250, Rl
TCIK BB AL 1 77 SR M FE e = PHA 7 i L [l
AR R RNy R R H R, B
YA B KR RIERE. B T L CO, Mk
Ui, Do ZEPY% BIR Z1 41 12 I (Rhodospirillum
rubrum)fE S B H2K CO k4 PHA, 1fii Hwang
SO I W B B AR A R R T A P A
Fl CO 277 PHA. RTM#EZE HAl, JhARIREAF
FHA RUUE MIREYE LA CO  JEUR— 24 % PHA
FIBFSE S, UT4ER, Cha ZEVPC WERIE T4
WA DTSRI CO 4 s I AR AL 77 B
AT, SRR T A U A R A R
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