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Abstract: Against the backdrop of global climate change and energy security, developing efficient
carbon dioxide utilization technologies has become a strategic core for achieving the “dual carbon”
goals. Photosynthetic biomanufacturing, which uses photoautotrophic organisms as chassis to
directly convert solar energy and carbon dioxide into biofuels and bio-based chemicals, enables
simultaneous carbon fixation, emission reduction, and green synthesis. It stands as a pivotal
technology for advancing carbon neutrality. Cyanobacteriota, with their efficient photosynthetic
capacity, well-defined genetic background, and mature operational systems, have emerged as
highly promising photosynthetic cell chassis. To advance their large-scale application, there is an
urgent need to develop highly efficient cyanobacteria-driven photosynthetic carbon fixation cell
factories. This review systematically summarizes recent research progress from two dimensions:
enhancing photosynthetic carbon fixation efficiency and achieving precise carbon flux direction
toward target products. In terms of photosynthetic carbon fixation, this review mainly focuses on
strategies such as endogenous pathway optimization, external material-enabled enhancement, and
chassis exploration and reshaping for constructing efficient and stable photosynthetic carbon
fixation systems. Regarding carbon flux direction and product synthesis, this review analyzes the
implementation pathways for precise carbon resource orientation and efficient synthesis of complex
products, centered on single-strain metabolic engineering and multi-strain modular collaboration.
Finally, this review outlines future development directions in this field. The review aims to provide
theoretical references and technical pathways for the systematic construction of cyanobacteria-
driven photosynthetic carbon fixation cell factories, thereby contributing to the achievement of
carbon neutrality.

Keywords: cyanobacteria; light-driven carbon fixation; cell factory; material-biological hybrid,
modular co-cultivation
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TREEMEN L. ESEET. M
W B A HILI R S P aa B 32 P . #1140, Mendafia
AP S elongatus PCC 7942 SNt 4:, @it K]
FAL LR (G, mil . R CO,, 1200 fR)3K 7S
TARKHECREET 600% HYTERE C11, B ZH 5047
KIFAERAY . sasA FEFEAEREIR T B 1 A
VYL, arok JA 3 FRAS FECHT RIE, XL
A TR S A, R TR ERE R
I e, (HAE B T PR B A N A, X R
I 11 i 2R G0 Y 9 728 2 SR 5 1 4 T DA 5 Y7
PEGEAL B T EAHLH . Dann 5@ ALE, 454
B PAR 5RO R E, BERTE T
PCC 6803 =G 2P, 345 1 REAE M s i Ot
KB E R SRR R S E HlE 100 S
KIEARIE . B ERSEIREM R, BN
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N5 A BAERUTFAEE B EAE, 2 MR
ZEAE LA [RI ML 43 0 38 st o i 52 1k, A A
YA A AR PR TR M . %48 ALE 3K
BEFEM LI, AL RETT 1M J2 4 ALE 59878
RGNS G H A H# DNA &5 LTS (an
LB RGRTR) M MR I AL IR, W LATE
AR I R v R 8 T 5 PR 4L A 2 AR A%, DT
e SRS IS ] A O G HE EARR AL . X iy << ]
HEAL 5 97 4 8 1 SRS AT BRI X 22 55
P 2 2P R AL ERE . Sun 512)iE i)
IR S. elongatus PCC 7942 H DNA PR E AL
HIF G A mot R R MHE R TR RS,
RARRYE i 3 NEUE S FIHIZ RS, 2 AN
TE N 32 m DGR A S8 Bk, A AR G )
X2 i ZE R 20k, T 9005 B
AR P28, E5mIN 32 1 o 1% SR Mg e 4R A e vh
WIS UEARL

2 BKUL B AR KR
S

TEIG A I e 2 90 5 R s 280 47 1 25l L
R 18 7 B0 e B EORS M L e A ) F AR
SEEIDLE AW LT i AT IER ARG o T,
RN 2 AR e — T, Gl
TR — G R AT IR A B TR S
A BRI, RSO TR B E 1] S A
ARy oy —J7 W, X 2R G R A ald
PR AT SE PR AR, M 2 AR T IME R & Ak
REVRIR R, Tl I T AE E A5 AL A bp [R] 5 3 B
AR R A BRI 0] S A . AR
K, WFFEIEIEZE A MR AR — T bk < 2 N
WAL, 1) S H R G A Jay P A < Bk i 1]
HME I, 5 R AR B PR R A
B2, $7 38 M AR 2] H bR = 0 e e A
AR o AT DA B BRI R AR E R 1) 5 22 TR AR
BALHRE] 2 AR, ARG A 2 A E S AR R
RCE 1] (%L s S5 T T JRR (15 2)
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Blocking competitive flux diversion
CO,! —) =
Enhancement of synthetic pathways

Yield improvement of the
target product

Enhancement of synthetic pathways and blocking
competitive flux diversion

Selective pressure Random mutagene31s

5% &

Efﬁc1ent chassis strain

Evolutionary screening of chassis and
enhancement of targeted pathways Process
optimization

?Déw '

Regulation of light intensity and carbon allocation
Optimization of cultivation process and regulation of
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E2 BRREEERENSHERTIE B0 R
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Schematic diagram of the co-culture system
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s
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Figure 2 Core strategies for precise carbon flux orientation driving high efficiency target product synthesis. A:

Single-strain modification and regulation; B: Multi-strain co-culture systems.

21 ETRERIES IR
(RO it gtk B U R e 1B g

i AAE A A BE R, AR L 2R PR
SrBC MFREGE N 3 AN Z AT R gk, 2

SRR A T 1] . BT A B B S
PESRWG . X —FRARRLG T BV T Ak iy e ik
b, BTN ERA AL R BB L
ROZ%, oA B Sl Y A 4 il 3 B A T i 4G
e
2.1.1 BUERBERSHEETES SR
“om AL B OE B, BRI SE o0 e S LA
Tl B b & R0 4 . RO ) R
g MR CAR RS . HAZ O ARG 5 H AR
PG SR T, [ N S e ﬁiff:ﬁ\ AE 2 Al
sy AR B AR IR AR R TE S, AT R K
(R ZUVEESSTE /LG E Sy S o e

BT R T 22 R 9 A8 7 W (SR b

B HD A R R O, T%#ﬁ%ﬁifﬁ Sun
SEND) S, elongatus PCC 7942 SNJEAL, i fil%
AT 5% SR TR T 5 DR L DT SR 1) Pl 2 1 A I
FE, FFBIAMH PCC 6803 fySFIR . ALEhMMa MK
s 75 TR AR -6- 1% IR 5 /% R ¥ (sucrose-phosphate
synthase and sucrose-phosphate phosphatase, Sps-
Spp). FHEAHH S ER S SRS AL S R s TR
WA b, oo e IR A RERE K A 1) v P 5 AL il
(neutral invertase, NI) invA, i == T2
3.9 g/L. & H W&t — 2 W H T il R Bk B
(Synechococcus sp.) PCC 7002 i}, Hp =it —
HRE R 63 g/L, JER Tz LRI AEA
[Fi) % 248 PG 8% o ) P S 0 0 Ty o TR A
WA B, Zhang ZESIEIRELL S, elongatus PCC
7942 Y NEAL, I RER 2 A PN U A W TR
(glkl F1 gtk 2) 1) BELWT 1 260 Ak 1) - 08 R AL T
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FEIRAR, EREAUE S T A MR N AR R
A A T — A HG5R ST MARE 1 1 A R R R
RAT (synpee7942_1161-G2744); g ik Ak 4 18
i, WPt Rk T RS s Tt £
A OGN R B, B R R -1, 6- W T
(fructose-1,6-bisphosphatase I, FBPase 1), T iR 75
% W A% {7 14§ (phosphoglucomutase, Pgm) Fll 4 %j
T -6- 15 R 57 44 1§ (glucose-6-phosphate isomerase,
Pgi), AT ZR GE 3G 5 1 DT 14 380 e b (e 20 40 114
BEAETTAR) B A o i A BH T I FE -5 1
B A ARSI SRR T A, TR
PR 2SI T 5 /L MR R, ek
HIRF] 70%. FEH A B, Li O sk AR
K1Y S. elongatus UTEX 2973 RS H 1T %K
W, B I 1Y) 5 Ak I g | AR R R Y
S U5 H I 3-8 1R I =L (NADH-dependent cytosolic
glycerol-3-phosphate dehydrogenase, SceGpdl) #ll
il B2 AL AT B T -3- B R G il [NAD(P)H-
dependent glycerol-3-phosphate  dehydrogenase,
BsuGpsA] VML AL AL AL TR, Ik 23k YU i
LD glgC AR IG5 TR AR TE = GIHE R BT 32
P A EF, 38 A% S CRISPR 45 (CRISPR
interference, CRISPRi) £ G A 141 il Bl g A ol 3t
N pls YT LLysi/ i ) SRR 69 i, I F 4l H- i
it SR [N gdhl R gdh2 LLBHIBTEL A 8 H 3 B9
SEACTHAE, X Mream A G l-BE 3 i B Ia] T
FEAME , 458 J5 2L E Y OB s T 204k
Tl TR RS T 14.53 /L A H =4k
212 JREFHNIFIE SRR

BEXS S IR BAE )& R R AR .
P LG AN TG I BRI XE S A, R AR
PR ) S = JEAL S i G, R R RS
P AR IS B 40 B R R T ORI AS Tl 2
(LNIURI@ R WY W TPS (i u i) 1brit s YA A N
B LS AR B A LA, S8 i rh i i ) B
A BARREL Yy m e . W s2) 10 R
PR, PRI B D A 2 o A s o AL . TR
N R (Phe) & BT SE H, Deshpande %5671
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PR A KB S. elongatus PCC 11801 M)k #k, il
T it N 2R T A R 2L 4) [ 3-(2-thienyl)-DL-alanine]
MR EEME TR ), JF 456 WA R P IR A 58 bk i
BEDLUEZE , LIt 22 R N R e 7 9878
Bk, HhRMER M14.2 78 3 d B9t 35 s
M 1.24 g/L ZRNEATR " i, TEAMEH SR
W—RTEL 3 g/L, LR AT MR
Hm AL T 2 A OB oA . TSR I K il
(PheA/PD) 1) G221W ZEAF gt bR T 27 Wy (1) ) 15t
Mk, SMHEFE A TolC Y LS31W A5 58 T
FEYIANERE T AL, RINETR R R IL B2
FTFTOUE RS WA Lt 715 1 Fa [#
FERES), TEm GRS N AR [ E 5 i 70%.
Kukil Z®*I7E PCC 6803 i -3 jifi il Phe (£ K
M g T S Ak, TRIEARAS T RERE iR
B S M Y [ & P Phe PLbE AR bR, KN
AP o3 I, FIrAT RAE MR L 3-JB 4 -D-Fi]
P AR BE WA OWE B2 -7- 8% R & B (3-deoxy-D-
arabinoheptulosonate-7-phosphate synthase,
DAHPS)Zifi 3L cemA 2878, BRI &
T LR G I A DB A S BB, T L
=77 Phe IEEALIR B Horb, S fLIK £ PRMS
TER %R 4 d WATSEEE 0.61 g/L 1Y Phe 7=
o ETIZIREL, WFRHE N 2Pt 5] AR
N & MR % % [ (Phenylalanine ammonia-lyase,
PAL) 5§, 1% 2 IR fi# %2 it (Tyrosine ammonia-lyase,
TAL)Rf i it B R 10 07 7 i 22 B iy 1S v A5 e Ak
v B E R AR N e &, sl TR
B RN A TR AN s S R R Y 7 R T =
1.1 gL Db X—FRIIGEREEL T b i ok
OISR (A BB R i P B ) 2878
PR RE ) TR [ FIEEE” (I AR S Pl e
G BURAR) RS B 10 SR 70 W 40 T 5 A 28 AR
PRI R ROR R R I AT
) ROT At
213 MiERTZ5EERSE

R 1 TEE L 2 1000 A0 i ) AT EE B R
PRPEBGESS, MR T 2SR T RGN £
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PR 25 0 I ) Ak 2 i R A A = e L Sk
AR A K S HAR Y& B Bl g i
M) 5 — QAR B o 3R AL 5% SR AN O A bR
(RO RE D RY T T A A R R L R K
1$2H&(C02\ 0,). BRI | pH SEREE A
T, MIE{R 1 5 SR A0 1 A LR S S AR R 45
MRS, Fldn, 78 PCC 6803 A== #r
SERR A ST TR FHSE B0 BT ik, XAl Bk
JE . CO, i KOG IR (F 65 W) & S 4t
T2 W EZhEA, W weE g, &
BRE T SRR HEAEM, IF & LA M il
AR FMS BT YA R 2
T, #ar Teded R RAETR) 2 B BUEER
W, FER AR AR S5 AR TR 4R 8% 1 CO,. Ot
AT %5 B N 400 pmol photons/(m?+s) G
5H%. 0.076 mmol/L #fiR4k }2 52.8 mmol/L fif§
fRth, fEZT2F, MR EIE 2 L A
iK% 6.35 g/L, PRI 23 4%, HR e & A4E
WAPETEA, Eik 84.3% MY I G Bk 4 i 1) 2= 77
Y& R, e, ZEFIH PCC 6803 A EFLAR Y
e, SRAEARKXLE BT L-2LER & st
T R G T Ak, o il o e R i BE 15
TIXI R . RIR AR MR | HIRER MR | BEIRLR
WeRE . HIMR I KOG RAE 6 NS Eu T £
DA, AP D e 0> — 3 1] ) A8 7R3 531 13 O
SR L R R R S s LR e i 5 15
RGN T 7R IERE EUEATES A A AN
AR AL, e & e e 2 7= 45 12 h R Y
12 h BEE K S6 G B 5 . 100 mmol/L H i s in A
300 pumol photons/(m*+s) {3k, 7E 50 mL &} 4]
Bigrik g, FLERr R AR R T 6.3 5 M
7.4 f5U0 ) FESR R TR PR R, Janssen 5014k
BB (2P D SR T A IR 5 N a4
Tk, HERRE ST 2 B BR R (30 °C4k:
K, 40 °CA ) Il AR HE S £ 2 L/min, fix
2l TREAEMIEETE 2 L YGAEW ROR # Hh SE BRI (E
J7# 6.2 mg/(L-h), Fit/”a 083 g/L, AT
YT G B T R L Sk . LIRS R

W, g RS L 1Y T 2 S E [E AR AT A R
WOCE A T P PERRIR ST, Ak A ™ 4
HET AR R T3
22 ETHIEFRAFRMARZIZITERK

TE B — 20 I N A 52 2 e R R AR o R
TR R R s AL AT e SR R R 2
HECR G P e, XX —PhhR, Bilfpdt
iR TARAE N —FloR RS, K 8 8 G il
WA AR, IR H i 2 B B AR
FRBHRRE TR A, W THMER &
RUCAEIRES , IIMSEE T a2 B R4
DA, 25 s ANtk 35 R i 1 B — 1 AR
WEJT . BR T REtE, BT T AR
G50 e AT B S R Ak A R U R
LG FEAZ OO BAE T H AR 8 S BT fig 43 1 .
U AN S RGeS 0 PRI g5, U HE
TR WG A AR R K&
Yy i e f2t /4l R 00 2 55 A2 2 A W il s
T SCR A N B TR A 5 3 /) e A
2 FhasRIZHEUES, RGEHARIZR I b5 it e
Hiitg,
221 BHEAEMERER

F IR A B 2L 55 F7 K R AN O ) B PR 2
Wi TE 5 5 R A W AR [R)— VR 3R R AR
HHACH o i Z 0 A B2l G A T30 b A
A HERD RS | BRI SR AL SR Wy a] AR
TR AR, SEEURRE AR S A 5
AR A 7], 140, Zhang YT B
T4k S. elongatus UTEX 2973 5 K p AT 58 4 ¥,
PN TIARZR,  TRE W 40 o 3 3 3 58 TR 178
B 3L cseB TEERIME T 400 RERE ; TR
PR BT 7 MR R e 5 T I
A ) 3-72 FE N 2 (3-hydroxypropionic acid, 3-HP)
G GRS, DR IR AL Z 30 °CLAPh
PR AR SRR R, KR LI T M CO,
F| 3-HP W — 54k, 7 mik 68.29 mg/L
(£90.068 g/L), JFAT4eRpMiat 7 d Bk L4
gt — 20 B, KA A Al R o b i 4
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A Sl A5 3 DR 2 R 5 B I 9 0 A TR DA VR
HE R 15 P 4 (reactive oxygen species, ROS), MMl
GefiIn F A AR IR AR, R Tt
5% v R B R IR R 25 B T AR A 25 BAEALE . i
4, Chen VMg H IR A IR RIK R R 215
TN 5 Tl ek, ZAFFEXT PCC 7002 #E47
R TR RS, (LA ER W0 T & 8053 W b
(7 ik 4.0 g/L), K35 g B HE TG RE
(Yarrowia lipolytica) (253 J& v | FH 7 40 I & R
B-LiAT AT IR, IR ULAERVE (100 mmol/L
NaCl) AR, AT 14.1 mg/L
1) B-AAT M i .

FEAMERS — 20902, 7R H I /E R ik
TR/ A IR A LR R E, Li 20 TR
TR m R ST R, T T i
= H I TR S, elongatus UTEX 2973 (Gly-
Strain22) 5 AR AL TR A B IR R 5
AR L], IZ AN T 280 C3 fh24 i
RACE R (1) 1,3-78 f, S HEmwsS
TRAE 1,3-TH A 7= # (PDO-Straind) L) 6:4 (1)
Fe ISRy, HAEE COL AR SEBLT 6.74 g/L
M) 1,3-T8 B i d#F— 0 RIS EG 5 T
2, L3- RN A R S 6.02 g/(L-d),
XoT IV B [ Bk 26y 3.43 kg CO, eq/kg, SZIR T
e, (2) 3R, ERMIW A MRS
EE BT, RRTIMT 8.01 g/L /Y 3-F85E
W= 5. Q) NI, B HMmA w5k
SR e AR AR H I i AL AT BE AT TR (Gluconobacter
oxydans) AT P IEER RO R HI, FIEA
REARTE), WIS T 13.52 g/L i R KL N A
FEOO TR A AR R B AR e
PO HARBEVE RS . B F L 20Rme . &
M, HARE s T min AR gl g K . TR
oy B RSP . Rk, 25 A REARIER N . 1R
WO B T AR A S AR S, AR
FHZ R R e STt
222 YPBESE/ATRBIHEEFRAR

7Bk e L STRUE /By y S xR U]
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P B, MR S R AR A B A AN
FHDC, R RV F A, R SIARE
AT IR R A BOR e . HAZ O e R R AR
LHPFHE T, JUACF ] EAE . R RS R E
PEIF M4 T UiE 53 88 . FEZOR MG, Vg PR AR
(alginate) 7K % I ) %< & B B AURME R HAR S
Weiss EPR e 8 T S. elongatus PCC 7942
(TR R IR FEME L 12 85 11 CseB) 5 B A 4k 7 25
Y1 B (Halomonas boliviensis)2H {1 Y6 & - 5 557
IR FIR R, AT IE o T R h 2 W A T
AL, ASOOREHRERE 7 WA R AE 66 h INEETH T
2y 2 f5[~290 mg/(L+d* OD7sp)], i 8 T {4
FRENE; TEISEFRIARY, H. boliviensis 7]
FIHIEE A PRS- RS B A M)A TR SRR T
fRMiE(polyhydroxybutyrate, PHB), Hj & n] A4
THER 31%, A%k F] 28.3 mg PHB/(L-d),
ALY o I Ra - vt e I A AN NI = Vich = B iU
SAA, BRI TIERAEENE. B, Ma 50
g T VA R A K B T T TR R K
S. elongatus PCC 7942 (F&AL R A 2 =X R A 11R)
5 T B A & R % M W (Corynebacterium
glutamicum) ATCC 13032 (& & © — & 1 1&
ceMAYH AR AR R, s = A =i
TR TR A A T, E AT B B R
FEARA BB R LR AR, R R A R
ccMA 7= 53k 8.61 mg/L, FFEP T -15.10 kg
COzeq/kg 77 i B /D % B T B S
TER TR « B G AR R A 1. 231l
B 5 SR 1 A O A T B O3 B L AR Y
Wit BAR R B AR B R nYAE A A
PR ATEE A . MU E T T DR AR .
MR, KEERE AT I AL BT RR A . N ER A
Pk BE LA R R AR ] 45 28— P S k. Aok,
T & LA e 07 T Gt e O Aok PN T
(R e dab 2 b Rl AT B S A i 5 e 5 A A 7
KRS A HE S, T — 20 I R G 7R
B AOCE AWl N 5
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3 RE5RE

W AN A HLBR B Az L BA RO
F R BE ST B AR Y, AR A ERER- SRR
DR B REENMO, TR T 2R 20%-
30% HRIG A= 7o K W A el T A g G K ] i
AT, SEB AR A 2 e BRE AR Y
HAER AL, RN R R R AR
PZTF B PEBOR B4R o A TG [T R 2%
FRARTHE BRI 1) H AR 7= W AROE 1) 2 4R
RGBTSR AT R S S BT R A
Jea eI, IR IR -S 1  AE- i
AR ey DA UNCIE S N - O i PU e gL e b7/
FBOMCREMZR . Bk [ A K RE - PR L 45
BT R E, BERTT TS R
WTERLRE; FOR-AEMZR G ORI I 4R, 15 BN
KEPRIEDOE ., B R, BT XS &
GERY SN P A KR, R T AR A B e
i I 1 L NI S A it/ =X 7 A i B
PR S R RS AT N T, A
ROCH Wl At TR AL AR B VI . AR
T [ 575 T T, AFSE I s OE AL SE i
B — TR R A I TR 0] < 22 TR RS R AL P ) 3
o —Jim, midmieimil, RS TE
DA SEBE T B L A 5 40 0 DAY S v 3R 32 15 e
Fedes —Jrm, kg [ iR S s B gy
B & A i s, LB T R 2R R AR Y
VIR 5 7> T UM, BRI T RGEH XA
277 W6 AT 55 I B RCA R

UG LRI S A S0 5 ) v R B T A
JCUK R AN T A E ORI Ty, HASEEG = 10
PP AT A AR AT I — 2R 5 T AR PR
oo, JeAEYRON AR TS RO A% O R S
Z— o JCAEH R A RO N - R
RO BV e NG A P B AN, 2 4A 1 Al i
T2 A0 T A 2 20 D) Ak 1O R ARDIR ST,
AT R RGBS | R R A% B S AR BT D45
113 22 T BRSP4 2 S5 7 45 ) 7R 0 114 5 B

FEVS, R, 72 53 5 REAE A L8 U M R %
W A B SRR R B AT AR Y AR R
RAY R, M ER . ZHE w2 IR
Wb e B bR, o B A R A
A A S e, TR R =Y R, JF
55 U TR R AL W S AMIERE Ty, 2RE
B Ui Ak BSCAS | PR T o A 2 B R A EE R
] 7500 A, RASEAR R 3 AR e e T
FEIREY . AR RO R CO MR
IZSR s, UIRIRE . BUESTYIE SS AT
Qe , 2% BT RE bR B9 [ e R 5 5 Il BE
JIRWEFED . B 7 I = SRR A« Tl
GNRAL, TP REET A AW A RBTs eR
W, R BT FR G AR P Y s BT
R TR S R AR K AR
Sl A RIS, i R - TR
— AR, Bl A0 TR DL S I R g
E RS IULE AL H] .

JEEERK, WEAREDOCHRAN I T i A s
EhNEE RGBS S TRAN. Bk, &
i — 25 TRAG N ' BIK - 8] Bk - B BIL ) 4 B
HIT R EHER S AT TR, St s
I8 Bk 5 7 ) AR . RE BRI IR ) LAY
JRERACILAC . o, WHESIR-E YA S A
IR ael . ThRete I Ak R, JF A BA
MR A EE 1 AL D RE AR REAR LT R,
IR GVPAL AR W 22 A kS MUREAR I 0 T
A, H A AR A e A L SR A R
AR, e B B o ] ELAR S AR S e RS
i, MEEARE . SRS R, R,
1o DU S5 2 R A AT 5 2 Oy 2=l
VR AR EESL, SR A REOE A i WA
T3 < BB AR 1] L OE A MU AL B 2k g
b, S B AT A B AR SRR S

& Tk BR

SUHE . IRSCRE MBS, ORISR
KE: ZHSCHE ., hIngsUENG #eE . Z8E
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