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Abstract: Co-culture systems consisted of photosynthetic microorganisms and others heterotrophic microbes have attracted
great attention in recent years. These systems show many advantages when compared with single culture grown under
autotrophic conditions, such as less vulnerable to pollution and more stability, thus have been applied to wastewater treatment,
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soil remediation, biodegradable harmful substances, and production of high value-added products. In order to explore basic
theory and further applications, we summarize here recent progresses in artificial co-culture systems of using photosynthetic
microorganisms, to provide a current scientific understanding for the rational design of the co-culture system based on

photosynthetic microorganisms using synthetic biology.
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Table 1  The application of photosynthetic microbial co-culture systems
Application Co-culture system Highlight Reference

In environment Surface sewage Cladophora, Klebsormidium, and Efficient, clean, low cost, and thorough [39-41]
engineering treatment Bacillus, Pseudomonas treatment

Soil remediation Providencia sp., Anabaena sp. and Avoiding the reduction of soil fertility and [18,43]

Calothrix sp can also act on deep soil '

Biodegradation S. obliquus GH2 and four heterotrophics Simultaneously degrade various pollutants  [57-60]
Microorganism  Lipid Strains in activated sludge Achieve continuous production and save [66]
cell factory costs

Polysaccharide S. platensis, C. vulgaris and four fungi  For the production of new polysaccharides [10]

Hydrogen C. reinhardtii MGA 161 and Increasing hydrogen yield [33,69-72]
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Fig. 1 Schematic representation of symbiotic system of photosynthetic microorganisms. (A) The formation process of
symbiotic system in sewage treatment. (B) The process of sewage treatment by symbiotic system. (C) The process of soil
remediation by symbiotic system. (D) Schematic representation of artificial symbiotic system.
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Table 2 Mechanism analysis of photosynthetic microbial co-culture systems

Microorganisms Mechanism Reference
S. elongatus PCC 7002, Mesorhizobium sp. TAIHU and . [73-74]
P stutzeri TAIHU Compensate for metabolic defects
Synechococcus and Roseobacter Compensate for metabolic defects [75]
S. elongatus PCC 7002 and S. putrefaciens W3-18-1 Removing environmental nutrition restrictions [76]
T. elongatus BP-1 and M. ruber A Removing environmental nutrition restrictions [77]
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T B ABR A, Ducat Z£PM 4 1 E. coli W
(—Fh AT SRR A R K IAAT ) 79 cseB 2
S A S. elongatus PCC 7942, B RSCHL T 5 4114
JL PN TRE R O B D 0 b o 1207 U RS T AN
FEWES ICRE T B, WIS 2 N T EE AU
A WNR R R B8 T Rl

42 AILAEMEMEREFEKAEWELS
[z A

IR 20 TR G A LR R L 25 5 % TR Y AR
K, & HETE N TOGA A PR w5 SRR R
FW 1. Ducat 252 1+ f #5778 S. elongatus
PCC 7942 {Rk & Hh /b S. cerevisiae, & B F:4
W AE AR 28 P R] DAAR S 5 A A7, IR T
N T ESCE AR ER RN AT T, Dtk
Hefth, Ducat %PAREARZR T 3 Fhaduny TR
(KW FE T . Rl 5 25 00 FF D A0 2 BF 18 ) 5 7
S. elongatus PCC 7942 fy3tE 2R 0L . %5
N, KA R IR B TR 0 20 TR Y TR TR A R R
LI yaek: e sy O k4 O NS D I T S R 4T
WEE W B (FE MR L) B, ik
R I T AR 8 0 I e 6% 52 I — 2 Y = B
B 5 A R, IR EE T RREE PHB FIVE #)
MiE. BJm, Ducat %A & LS m o A T4
BUTR AR R SEAT T 04k, (0 P T 5 e 4k o) )
S. elongatus PCC 7942 yf7 AL [ Ak, XA
EARAL B Ty X T 8 3 Aok S 0 ST 98 A L ) A
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A5 PERERZ AN, FLRT LA 50 B ) 41 i 45 i
PSR, A A A T FE AR 5 AT D B A 3L
oG RS B RERR A= 7 i . SRR LIRS A i
11 T AR E AL P~ 4 S. elongatus PCC 7942 7=
PERCREE S T 3 R e o B L S 3R 4 v R F
Halomonas boliviensis (K#& ) PHB 4 7= %) #F
I, AN LA AR EAA R0 g5 Kk
5 A MEEFEETE], I H AR SR AR v i A gk iy
4 H. boliviensis #E ¥ & F85E 5 PHB ™ & i) Fp22 4
Ko RIFER, AR W 5 5 AR E Y
15 YRR S SRR ), AT R
Shas b A Z AR FH DL 4ERrR R 0E . A,
Ducat Z5i81E52, B H. boliviensis Z4b, b a3t
REFREMRA R AT T PHB A= KT, X
FOTRW TN LA BIRFERR RGN 5 &
HELBA WIS, A IR o A R i r A 3
) 5 % B L0 EL 2 R R R FHBR 07, TP 2 597
R TG R SRR IR e VR o DR I 5 X S
TAE DA T RT e A AR A ki . 25T, Lowe
SNk 1 R AR T A BER 9 E. coli W AR
cscA-cscB R4 3 AL R AR LT Pseudomonas
putida, L cscA JEREMIK ARG, T4 RERK 7
PR S A, cseB AT g pREE R A
FMIN, XAE P. putida SEHHAE T RERERI FBE
e TR LA T PHA A AR IR SR
B

43 AL AEWMEMEEERRZNARSNIE
AR

J T A T IR N A BUR T RS
109, Smith 2505 YA €5 [ &5 Azotobacter
vinelandii 5 7=#¥# S. elongatus PCC 7942 #4 &R i
R, BT —fmEE I R % KRS
HOWEEEh AL vinelandii 42 L REE AR R B VR
A. vinelandii i F]DLH SR AL AU, AT L
WERA T 2rtif, TTHR SN A
BLACIE 5 B 5 BV AT 267 7 v BB ™ 0 08 5 B . E
BB B R o b, TR R R R T SR M A
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58 A MR T 0 40 T T 0 DA A R, (EA R Y
2, SREMAEY bR EREM AR, B 1D
NN T A BR A R Ak . Ducat 22
FHOELUESE, RS T 522 T T 8 0 40 Pl
BRI R 2-3 4%, EA XA e 2 Y
FARPLIERAAL FAF 5T B B . W BT B E A
Gy TR, HAERE SR A b R R B S
WA K, Li BUZEFSE 7 0E S. elongatus PCC
7942 F1%5£1 BBk Rhodotorula glutinis 41819 A T.
TREK R LB R, glutinis BTFLE ] A R0H R IA
F N 3 T AR SO DT ik 53 1 3 1) A T o

5 R&EHRE

JeE MY R Bk B BRI G, s
ROEA iR T o AR AR A T3 20% 1A HL
B AWFTEIERM, SeEMEE MR . Fribk
JERE S5, HEAT B SR Sh B I HhRERA. N
I, AR S OGS AR YA S SR 4 TR A
AAMERCE . Zd BACF AL, MEFRAAr 2%
A& MR R R I0A A B e i o3 5 e
Ao SRl AT B R R AR TR AR R AE TS K AL B
M EP A P A L 22 B TR S8 R AR IR AR
REIE RAAME . (), XL RIRB AR L
RSB E—E R R AE . Fo—, iy e B 1 A=
Yy TR RR AR . BRI P AT AT AL
FRTR TR SR A A, o] BEHINAT 2537 T S R T 5 AR A
) H AR SRR TRATIE D) S P R LA
T KAL), H AT PR TR GE s EARYE A
[e] 14 T A X 75 7K Hp AN T 8 1 ) b B RE g AT O
B, R AR A CRARIHAR R, D, B
AR TER IR VA, R H po A R R
I ER R . =, e ik — 2D 42 S TR
RRBITENE . RINRE M0 7 2 TE A RZME T
S RIS FI AR R, X FR R AR &
HAARR S R e vk, S REvEE %,
X R A TR WA R R E R M T — A R 4F
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B SR U T 5 . RS IERE SR LR RS
F R SE 1 AR B 6 T AR BRI AT YAk, SR
N TS AR T A 22 L5 50 i Tt 1 )

RECEL R — A e LA BRI, A B R AT X
TR TR 22 22 () A9 A EL A FDLBR RS T IR A R LA
HETAIWFR O EsE, — 20 3718 ] DU o o 28
A U WA K R85 v 8 R W) TSN 1
SRR BE R A MUE DR R Rk, (B, 3K
A7 R AN [ o 76 () A A F %) BRI TR 17 B i
MR, AR, WREAE . K
PR L WA NP . R B 2R P S LR 1 4 A
ES ALE ISR TR SUE SN GESIN G (YN 7/
FFEF, Gupta 2578 2 s o Al RN, 2R 45
R F TR KT B e, o B 3 T B AR
il 7 o, QLR B pl 0.23 g/L $E iR & 1.28 g/L.
AR BRI RE I E)>0.8 mg/L . 28 BRI A
ARG E|>100 mg/L. B4, Christie-Oleza 2™
XoF VA T K SR AT AE (R SR R - BB AT 1 " S AR A R
HEATRENTES R BB, G A 5 R AR e
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TR R B 22 I RUER B B R REAE 10 0 1 A2
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R TR 0L 2 A7 70 2 SR LE AR RN R 58, TF
LSRR IR 2R 45 % UL A 22 T A L e %
TR FH o R 30 S ] S8 194 e e ] L TS I A 2R
FAF 72 400, ) sh X B 1 AR A A AL
HtA EHEEA .
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LA E R AFEUROR, IRA SR
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