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Abstract: CO, is both the primary greenhouse gas and an abundant carbon resource. Highly efficient CO, utilization
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for getting the goal of “carbon peak and neutrality”. Photoautotrophic cyanobacteria can directly convert CO, into
organic compounds only using solar energy. It is the main microbial chassis for developing light-driven cell factories
that can produce useful compounds by capturing CO,. As a typical representative of cyanobacteria, Synechococcus
possesses many advantages: fast growth rate, clear genetic background, and low nutritional requirements. It is currently
a hotspot of cyanobacterial synthetic biology. In the context of “carbon peak and neutrality,” research of
Synechococcus chassis is ushering unprecedented opportunities. This review discusses the rationality and opportunities
in developing cyanobacterial chassis from the perspectives of natural evolution, historical geologic limitations, climate
dependence, and energy conversion efficiency. The application potentials in energy production, chemical
manufacturing, and carbon sequestration are proposed and discussed. The metabolic potential of cyanobacteria is also
discussed for their carbon fixation, light utilization, and biodiversity. Then, we systematically review the significant
research advances in cyanobacterial chassis development and application. First, we describe the recently developed
gene-editing methods of cyanobacteria, which are very important for constructing and remodeling cyanobacteria
chassis. The feasibility of developing base editing technology that can facilitate multiplex editing in cyanobacteria is
discussed. The CRISPRIi technology for Synechococcus is also summarized. Second, we review the adaptive evolution
in cyanobacteria. Researches on direct chassis evolution based on continuous cultivation and genetic element evolution
based on phage and error-prone PCR are summarized. We also discuss the potential of adaptive evolution in
cyanobacteria. Third, we review the stress tolerance of Synechococcus, especially the resistance to multiple stresses.
The reported genetic elements responsible for stress factors, such as intense light, alkali, low pH, high temperature, and
high salinity, are described. Some newly identified chassis are discussed on their unique characteristics. We propose
some strategies for the directed engineering, which are practible for enhancing the stress tolerance of Synechococcus.
Fourth, we review the progress of cyanobacterial cell factories and describe the recent production of various compounds by
cyanobacteria, including bulk chemicals and fine chemicals. Moreover, we review new methods for developing
cyanobacterial cell factories. The coculture method is discussed on its advantages and applications. The nanoparticle-
mediated NADP regeneration is also reviewed for its application in enhancing the efficiency of the cyanobacterial cell
factories. The existing problems and challenges are also listed with corresponding proposed solutions and coping strategies.
We believe that the in-depth exploration of these problems and challenges will promote the advancement of cyanobacterial
synthetic biology. It is expected that breakthroughs will soon be made in light energy capture, carbon fixation, stress
resistance, and metabolic reprogramming. It is also expected that we can eventually design and build an efficient
photosynthetic chassis surpassing natural evolution, based on which next-generation light-driven microbial factories can be
constructed. This will significantly propel the realization of “carbon neutrality”.
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JE A ) R OK A 38 N B I AR S TR e 1, IR
il N PN VA P A SN R /I
PR, BEERIEAGE ML AE B TR E T AR RAE & A A
[FIIAEE N AT RE e fda, MBS B3R, XA
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73 T BT FE R T M BB A P ) WF TR U B AR
F IR OME . 53 Ah— RUE A RTE 2 RER R A
AARH A AT, X BT R mOESE
PG T LR AT AR L) I R R AR B AR . T R
TR DA B SRR 3 I 22 PR 38 A BOR AR SR BB
S A DN MR AR T IR F T L At 1 4
WA EAE L . AMEE N, ZRa kU RN
B FE AT 5 B A A W TR A B AN L T 7 AR
RN DAL

3 RERES LGB AR
3.1 ERfwE

IR AR TR R G TT R R BRI R A Y
HEANAE . AT R B AT 5 v RORT S A
AR AEROR o FEBR I JE DR 20 10 v R0 ek it N 9 4
& R SRR EEAR AR P 45 L B v A e Y
REEEREBOR . A% Gt 1) TR Bk 5L DX A1 2 4 U7 0 2
BT B R PR AT ) [FUR R B S G AR R A
MUFEJR AL, I B A 30 2 DR 45 0 ok A i
BEAT O, ECASEBUC R M. Kk, T — %W
BN AL TR bR i, PR T SRR EE Y
Regtus. whh, BT REKEEERAZHE
DR getathk, UL 2 2R HTA R4,
AR LAAG B 4l e TR R R AR 4 77, CRISPR/Cas
(clustered regularly interspaced short palindromic
repeats/CRISPR-associated protein) HR 4t L) 72 M.
F T2 Fh B AZ AN A% A 0 0 ik TR A i i T i B
CRISPR/Cas % 4t 11 4y % {3 A1 55 2 DNA VI 31 g
71, AR SN DNA iR 5 Je t /K DNA (17
VREANE, W FERHgmEERERE, WS
MR L s (K 2@ ],

20164, Hu Yu-Chen [#]BAf1 Himadri B. Pakrasi
T\ 73 791 £ P PR AR X SR BRI S. elongatus PCC 7942
HIS. elongatus UTEX 2973 W ¥ K 1 Jk T TRk 4 BK
(Streptococcus pyogenes) [I] CRISPR/Cas9 & 4t
MERNARmEFA (1. S elongatus PCC 7942
(¥] CRISPR/Cas9 2 [A 41 4 8 2 + XU bL R 48, 11
— AN Ji KL R 1A Cas9 fil 5] 5 RNA  (guide RNA,
gRNA), 75— FURL I (i 2 48 P 5 1) [ 95 2 20 Fr

BN I BEIE K] . Cas9 T gRNA (1) 3 15 4115 H
S. pyogenes CRISPR/Cas9 R4 KRR B EF, 1ES.
elongatus PCC 7942 v] SEHLAH B B ik o AFE K
T i glge BRI RN ppe F gltA, W& = 1 Ak
il 5E CO, & IR FHIR (I fE ), X &t 3Rt A &= 1
6 ) 50 BEREAT IR AIE PR 4 A R IA B 100%
S. elongatus UTEX 2973 [f] CRISPR/Cas9 T. K Jii i
pSL2546 1 & H % %
CRISPR/Cas9 Jii ¥ii pCRISPomyces, H — > Jii ¥i %
ik Cas9 F1 gRNA, [A] I 45 47 g $E A AR o o T %
A 8 F PrpsL (XC) Fl Pgapdhp (EL) 1E
S. elongatus UTEX 2973 W R Uiag, 7l H T
Cas9 fll gRNA T AH R IE . fEE R I R &R
iR nblA BEAT T iBR, A 5 B g 4 0 40
172 MPUE R T IEAEA,  BI AT S2I 100% 1) 2 4
R

7E 4 78 5% BR ¥ [¥) CRISPR/Cas9 R 4L WL,
Bf 51 # < I CRISPR/Cas9 % Gt % 5 BR #E (¥ 75 1 42
K, SETHBREAAEAE . SHEE, —J
i, Cas9 & HAREMMEN, FEHMBMEY
WA RIS 07, ERRET Cas9
() ikl w8 FHAH AL E B 1, A 32 B PR E )
i, ik 7 HEE . Himadri B. Pakrasi ] BA7E 2
PR 40 5 A Wk T R B Francisella novicida 1
CRISPR/Cas12a (Cpfl) F&, KA IEEL
/N, [N A e Rk AR AR SR BRI S, elongatus PCC
7942 A1 S. elongatus UTEX 2973 v 52 Bl 3 [K] 4 %
S X RGH — AN TR R 1A Cas12a il gRNA,
R 5 AR, TPTG 5 52 5 B 1 Plac R R
B R85 PI23119 73 7 H1 - Cas12a Fl gRNA array ]
FIETE. VEHNRT pshA R ERAT . eyfp WIS
NFA nblA bR, I 220 3~4 A4 AE R IRE
SEREHEATIRAE, AL 60%~90% .

(Streptomyces) ]

3.2 THERE

{4 I I &% ) CRISPR/Cas9 Fl CRISPR/Cas12a %
Gu, AITESREREEH IR AR R R . mNEE
Bife. (B2, ZEEET FUORLHE A1) dr AR AR 5 g
A DNA BI[RIJRE 41, DL J CRISPR/Cas & 4% A&
R A T R 2H A B P R . 52 PRT SRR 1Y
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Editing target

Plasmid-borne
editing template :
| S
1

or :
(W |
Plasmid-borne \
editing template
—— /)
N ——
or !
plasmid-borne
editing template
—

(a) £ FHCRISPR/Cas98l CRISPR/Cas12a 41, LR Ay E AR A X S8 ak Huath A7 B Rl Mi B/ W N/ 8 R . g 8 8

(a) Gene deletion/insertion/replacement or introduction of point mutation in Synechococcus using
CRISPR/Cas9 or CRISPR/Cas12a systems with plasmid-borne editing templates

Nucleobase
deaminase

Editing target

Base conversion

< ! A} Nucleobase

deaminase

(b) T & R B R B A S B
(b) Base editing technologies expected to be developed for Synechococcus

B2 i 1] CRISPR JZfiT A Bl AR AT 5 B ik K] 241 4
Fig. 2 Genome editing in Synechococcus using CRISPR and CRISPR-derived technologies

DNA ¥Ab 2R YRR AR, e DASEEl 2 AN #E
W R g . BB Zm e (base editing) 7 AR ¥ H
Ik K2 11 David R. Liu FBAFI R P K 24 (1) Akihiko
Kondo A BA ML TF &, H 454 T CRISPR/Cas & 4t
{14 58 AL Tl e AN I e 22 0 B 2 D e, FEAR P2 AR AL
B DNA V)E|, A AIME DNABR 141, 78
Yo R 8 AL 2B C— T BRI F6 e B, 2 ),
W ST R 7S A—G i #. C—>AFIC
—G B (TR G R R B B g ] iR

T NIRRT 1T, 380 SR T 1A P ) s
HomiEd, Hui AR E (Escherichia coli)
BBIRVEF B (Corynebacterium glutamicum) «
FSEA B (Bacillus subtilis) 58X 15
BRI PV BT AR ERAINE R DNA SR, A
AU EE DNA W 2880 [R] Y S4B 52, B2k 2 4 vT
T A b 2 8 51 BN 96 8, JF A 12
Biofoundry *F & S I A AR K [ Bl A6 gl 2.
A, Bk G TR A PR ) 2% 0 A 45 T AR 3R AT e
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R T CRISPR (14 5% 2R 5E 5E [R] 2 o 8 A
Tab.1 CRISPR-based genome editing technologies for Synechococcus

Strain Type Engineered CRISPR system

Application Ref.

Synechococcus Cas9  One plasmid pCas9-NSI expresses Streptococcus pyogenes — Simultaneous glge knock-out and gltd/ppe knock-in with [80]

elongatus PCC
7942 One plasmid harbors the editing template

Cas9, tracrRNA and crRNA under the native promoter

a 100% efficiency after 3 passages of antibiotic selection

Casl2a  QOpe plasmid pSL2680 expresses Francisella novicida P44, aipA, and ppnK point mutations, no efficiency [81]

Casl12a under a lac promoter and an endogenous CRISPR data were provided

array under a J23119 promoter

Cas9  One plasmid pSL2546 expresses S. pyogenes Cas9 nblA deletion with a 100% efficiency in the first patch ~ [82]
under a rpsL(XC) promoter and tracrRNA and sgRNA
under a gapdhp(EL) promoter and harbors the editing

Synechococcus
elongatus

UTEX 2973
template

Casl2a  Ope plasmid pSL2680 expresses F. novicida Casl2a  psbA S264A point mutation with 75% efficiency, eyfp ~ [83]

under a /ac promoter and an endogenous CRISPR array knock-in with a 60% efficiency, and nb/4 deletion with a

under a J23119 promoter

90% efficiency after 3~4 passages of antibiotic selection

B, AT SEIN 2 2= 10 A JE PR B 2R A TR AR
R AT RN S, e EER A A
YRR AR P R, A B ROE T R Bk
TS R T PR B S R R, SN 2 B R [ I
O, 0 IR BRI 1 28 A% o A T A Rk R 4 2 T
FLE 2(a) 1,

3.3 SERFE

CRISPR/Cas R4t MU FH T 2L K H i 4, &
ik O I RT3 DR SR A Y AR, S IR R DT ER R
PO 7. 2016 4E Hu Yu-Chen [ B\ & 4 F1] FH W 5%
DNA V) #| I 58 k76 1 dCas9 M) & T S. elongatus PCC
7942 ) CRISPR T #t & 4t (CRISPR interference,
CRISPR1), I i3 JL R R 3K 7K~ 90% LA 1) 55
1k 1. CRISPR/Cas12a % 4t AN {6 58 BR ¥ (1) 40 i
FMERAL, H T Casl2a [A I B A RNA 1) #11))
A&, FIIN T gRNA array % S B R) gRNA, 5
5 A I #E Ry 2 AN R . 2020 4E,  RIBITE K2R
Han Min Woo [ P\ F £ &% %5 K %~ 1) Himadri B.
Pakrasi [4] BA 73 il 7€ P Pk A5 X 58 BR3E S. elongatus
PCC 7942 F1 8. elongatus UTEX 2973 H F] ] XU 5%
DNA 1) I Th i 2 % ) dCas12a £ 57 T CRISPRi
AR, TSR E )T dCas12a Rk, 5k
LT 4. M2 EEREFHL . B
CRISPRi %, CRISPR # 7% (CRISPR activation,
CRISPRa) RGC ALY T E. coli #1771 5 &
A (Klebsiella oxytoca) 540+ ", HZE,

H 17 &1 %+ 28 Bk 3% ) CRISPRa & 48 it A £5 IF & -
CRISPRi 1 CRISPRa % A H. A5 gRNA ) 0] 18 Ex %,
T I T gRNA SCPE, AT ) 4 5 DR 2H BB (1 25 [
FIXPLBN SCHEE, vl M AT ThRE 2 R A 2
My 24 . HArC B & X &£ K
Synechocystis sp. PCC 6803 [1] 4= & [K 24 i 4%
CRISPRi 3L, JfH T FLERTH 52 FH & 77 AH 2 3 1R (1)
U8 07 Dk, A0 BT B Bk T A S A
FH () CRISPRi Al CRISPRa X, 1 4= 3L R 41 #1
LT 5 B DR Y 5 a2 ) ORI

4 RERESEM
41 R

S 36y 2 kA X SR BRR EAT E ) & ) ) —
TR A RE RO, 7T DL ELIRAR I T 7C & 75 2 2
RE B U i e SR, B A AR X A 5C Te 1 A9 A FH AL 1)
B AT VRTINS LN, JE R L
G FRBFTEHRERENR . REREPHMED
i Nk BE A f (T IR R AE R IR R T T
P G AEVDE ALK IR, B RAEYRAN E &£
IRAF BENE I8 NI 18 2% PF AR 2 . H AT IR DR
BRI 9 0 AT 3 N HEAL B BT IR L ALA TR
75 18 ) 3R Bk 5 AN B 1 5 A A AT R 2 IR R
fufiist, HoFZRAMREZMELA ", Fikg
I T R L A B A ) T SR BRI A S T B A
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AR 58 (A S 7 S o SR BRI O A 9 100 B P A
FERN T IRE NS R LT AEDE
FS I i o AT e 38 1 Bl 2% A T 52 RE D

Dann %5 " Fi| F fk 27 175 742 57 B A R i MMIS
MRAINEFEAMGE S, ELAREFRERE T 6
% i 52 88 H AR A R B b g K BH OGOk 5 E
[3000 umol/(m™s) ] (1] £ il # PCC 6803, MR
PR 35 D] 2 Hp s T 38 0 R AR A SRR R A L
HAER . 20 M AR 45 2 PR 8] ) g 4 R 2 A .
Yoshikawa 5 "7 JU| B 4% F A2 i 3% PCC 6803 H %A
RABMRE, EREBEAN T ESEREREE
SRAF T T 52 5 FE % ] 7000~9000 pmol/(m*+s) [
KA, G0 F RIS B R G 52 1 5 £ BT
T hik26 M slr1916 BN HH &, 5 AT A 7T R
F AL LG FTANFE L

Srivastava 25 U 3E {0 BEBR ¥ PCC 11801 g H: %
TREANT B R S R = B FOKSE R 2 4, =
v T RN 2 AR IR RS T X L RE T A2 . BE AR 3R
3 1) T PR 1) 987 2 LA T A o 87 ) 3 R A 4 TR
R4 AR R O P Bl S g R R TR b . 7 At R
K EME B IR T — b TR, e RERE
FHEE R A % . Wang 25 U 3R 1k 4E g 75 PCC 6803
o T RE RN 52 iR A 2.5 1%, FERI AR T4
5T V56 AL A R By BB P AR IR S8 AR R AT T O
M, RILW3-BEER H R . NADPH A fa e AR
WrCA RH i B R A A AR TR AL R R
2 JA A FE . Xu &6 M HEALSE 5 PCC 6803 fi
FOXHR B T I SZ R SR m B R R I 24, HAZR
A ok ot Al A5 TR 4 R B T DR R O BRIV T A2 R
JIB R T B X 3 DR AR (9 43 A R I g
i 1F &7k 2V RGN R sir0454 5 578
(14 B9 11 52 fe 0 LA G . Tillich 25 7 JE 463K
157 P 32k ) 45 I 3 PCC 6803 RAS bR, FFimid
RAZM T 53 Wi € T — R 55 8RR AR i #4
RANPIER . Hu % " 18 3% SN IRk 26 1 K
L T 4 B BE PCC 6803 X i SRk B TR 52 14, FF
X RAFRAEAT TV AR S S b, |on T A
IF) 5% AR MR AE 1 £ 38 2% A R AR 4L A DA R TR
FIBE ORI, AT S e 7 7 A e Eh i 52 R
B ARFEHLEL . Uchiyama 25 " MI3E4L 7 45 i 3
XFRR TN 52 M, SRS RERETE pH S.S IS 1F FAEK

(K RAZ R o

4.2 it

DL B R i s AR R 0, B
K2 M T 5 Bk R 5 5 41 A A AR o B R AR
)R RS I R, Eh T W A R ) AR
WK, AE AR R R e K,
W A P B AN A R TR R
HEARANE 0 Rk AT 58 A OG22 Ak, — SO
JCA AR ] DL e 36k K] A B B 31 A AR K TR R HL
A B I A A U A AR B AT AR A

OV Bt 738 3 72 K W A 1R 8y B A R R X
PEIA, LT KW B A K 5 AR %0 24 i %
AR OB AZ B OWE -1, 5- B R R Ak BN AR
(RuBisCO) [ EEAL R 28 22 1] (1) O B o 38 33X A 1Y)
Mg, ] L7 4 R K W A B AR G ik DR 4 AR A
IPLEA, R H 2 PCR I 7 20 SR U T~ 28 BREE (1)
RuBisCO HEAT# 34 PRI @ L RASFE,  #e 4k )5 i i
HAT AT H5 1 1 Bk AT SR A A 1 e 15 31 20
[ FRAR AR O RO W R R 2 A, BRI BE
A AN D7 TR 5k B AL A AR AR T DUPE N R, BT
BE Ak R IR T 5 BR #E PCC 6301 ¥ iR i 1R 2 1 AN
filg 1, DL AR AT AR E i — e i SOk R AR
WA A TR oA 1 D R 5 e R DR i A R R T 7
RERJAERE L OCHE, AT ARG JE 1 7 5 (19 977 16 S s,
PR X 9 FhoBsE AR ) SR DR AR S 3, S
I DL E 41 B A B 9 i Bt Ak DLk B P adi 4k . i
PSR AE R W W B S5 A58 2 AR 4 v 1) 3 8 5 m) Ak
ARG CH TR RE. b, TR AR A B 2k
6 & 4t (phage-assisted continuous evolution,
PACE) i & S ARp kAL 2 W 43 1 1 D e 55 I 1A
1R GLRE ) Z 1AV G BK, TRl B e 21 1 77 6 B R Sk
WLOE h MGG L, X B E S E W
(B3 M iz RG22 B T RNA 48
AN (RNA & 5%l Cas 81 1 Bl JE g 48 2% 55 B 2L
AV THEBEE, DLRPUEZRA BUE R L
BhAh, AHEHE T CRISPR/Cas £ 4t %5 3 [F 4 i T. A
AT B ER TEWAEANBIEI, BB A3k
501 & &5 T AT DU A5 38 R g Ak R A B R s
EAY . R X SIS RGRISE S, A KRN
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Inflow Outflow

@O | ! P o
% 1—\ N -

CY LN

Host cells with o=\ i Host cell
MP and AP Functional POI: Non-functional / [ ' m

pH prol:luction, FOL no plll [ - POI ﬁmcﬁon—d&penden{gm

L‘ peuin | expression

oo L .. S
SP infection and continuous fars =il
mutagenesis
(a) HEALIT TR A i (b) SP5TE X i e ot

(a) Overview of the evolution process {b) Key elements in SP and the host bacterial cell
B3 R ARG IEL L (PACE) REURE
MP—EAR KL, AP—HfiBIFTRL;  SP—i it Mk b A B N i A B K 4 POI—AF b ALY H AR R A1
Fig.3 Schematic design of phage-assisted continuous evolution (PACE)
MP—mutagenesis plasmid; AP—accessory plasmid; SP—selection phage or its genome inside the infected host cell;

POI—protein of interest to be evolved

IR BRI B T R A o 3 I W AR T T ) o)
) T AR 5 AR A 21 2 A B B 12 i (1 TR TR PR
R Aol L P HE A A 25 A BT T 07 2, AT DU T
PRI TERE UG S L i te, R AT B R
FH 0% T B4 B 2 DN T e S AR 9 B Hdfe

5 RHREMNZehls
TR BRI BEAE MUK TR b, T K 36 5
(HhFE. pH. EE&JE. BEROLIYS M2 H L

Yolpaa, b, #%E. AT ARG BRI,
LR P PERE, JUIH R X 2 R 1 1R BT

High Light

Ngh Temperature

 Seawater
cultivation
~3.5% NaCl)

Robust chassis

© stresses

' . Bioinformatics-directed
o 4 combinations of the

Wk AL R 7> e B (B 4).

5.1 REEERIEIMNERERIEE

SRERBE PCC 7942 1F Ny M |2 A8 F i) B R
R A2 —, Hooe 8L DR 21 3 % L 7E 2005 4E
Cye i, O T A RIE TR ™. 5Tl M,
FLEE Y HE 2R, LT R ERE PCC 7942 1)
PRI, 2014 4F, Billis & " F) H
FLi e s 1 % R G0 F0 1 SR BRI PCC 7942 43 il 42
TEMLBI IR EREESEI0 . pH 38 0 AN HE 8> 1
B2 T 24 hJS 20 M R R R A e B . AR 3 I8
SINTHE IR T 2 5 A 2 3 e N (1) 0% Bk R S T

" 8. elongatus UTEX 2973

] ™ . Synechococcus sp. PCC
11901...

S. elongatus PCC 11801

high light &
temperature

high light & metals &
salts...

siress responsive genes

B4 SRERGEAE AR L5 5% 6 PO A6 2 85 7 P A DR SRS

Fig. 4 Stress and potential solutions in large-scale culture of Synechococcus sp
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TRIIBEEAS AR R Z I RE, N —
Ui R AN B e ) B RE ) B T R
A, 2017 £, Kobayashi 28 "2 B 57 T 5 BR
PCC 7942 1 XU 21 43 % %t RpaB Al Rrel 75 #G iy i
HR IR e N, 3 T 8 T i R R T AR B o BT
S 5 5E W Reel [ — R 455 A 5, iE 58 Hik34-
Rrel A& JEBRE PCC 7942 H s F4 8 m 197 1) 5 B 45
SR, EIERE F, Yasuda 25U XAFESE T
RpaB [ fit) 2 2 5 Mg 26 L ROk sR 200 T
() s 45, 0T A IR v e e B[R A B B
fEH, XRPNHA» RGEZ nhidibBa5Y,
A B8 RN A SR TR S008I0 A5 . 2 A F 7L AT 4
WA B — P, TR R A R G R R, T
[FEA 7 SERNSYi R -3 A ve U8 40 | VA 1w S
I, 2020 4, Guyet & " DL R BR# WH
7803 AXT R, WEFE T HROGIE . IR R R A A
R A AT (ORI . R (K6
. mEEAN . EORIER . R EED i R
MUls WEFRIL, H— a5 0 6 R Gt a4
T 25 A1 138 3 B ) 45495 G 9 = B sl i B R e ok
P, % BT — RYITEH A W E T R 500 5
FE L, ) AR AR = e E i S R
DNA 45 & E A iS5 dpsd. 2 R4 & WA T 9
it 38 FH folp 3 0] 92 B ) 3 R wsp G 5, 3 B R R 1)
SRR KM Z U U R AT N T Bl

5.2 HBIRIKEREEERER

AR, BEEFRIIRN, AWE B R
BRIEIR AL S8, — 7 THIX B T AR A o B i 4 T
RE T ELAC A, 57— 7 T o 3% S Je 48 P A AT A 4 1
ROt T EE M s ot R R R A . Rk
UTEX 2973 52 2015 -4 & (1) 1 Fp B A& Pk A= K R
71 B it 52 =i (42 °C) wmiot [2000 pmol/(m’s) ]
RS A B R A, L5 ZR BRI PCC 7942 = R 2H AR AL
JE A 98% LA B B, BR BRI UTEX 2973 5 3 I ]
B ATIA 1.5 h, BRI BT B8 BCH S A N AT S
WA AL " g TR e A S5 E . AR
U B 2 e e SR 2H A SR AT T SR BRI UTEX 2973
HERBRPEEPCC 7942 (A £ 7, KILEEKE UTEX
2973 E ARG T RN T 1.64%, MR bS

FRWMT IS5/, HAERSENINT 244,
315 R R L 2 BE AR e B R L Bk g B e &R
BRiE UTEX 2973 B4R 5 B BRI PCC 7942 & FE [
P, AHRE R T RARCAMIE DNA ¥ 6E 77 M B il
THRNEEREEE. 5, 5 EREEAENR
YHAHALLBE 3% 83% ) 53— IR Ai —— S BR ¥ PCC 11801
B % 52 RO AR AT . SR BRI PCC 11801 W] i 52 ik
38 °CI{y R K it 400 umol/(m*s) [ IR, 7 1%
CO,. 1000 pmol/(m’-s) Z& A T fis 34 B[] T 14 2.8 h,
BEOE B, HOCER T A A K T LA
CO, Fl il 26 N AR FE R AR, DR A Pl BB R
FA K 37 R0 B 26 N T 2R 0 M o A IR 51 7 DS
BT 0T W A TR AL B R A B R B K
PRI, KRR EE IR T 2K B, R R R
e 38 WA A0 R R A A L B . ZRERTEE PCC 11901
A& 2020 P HE [ 1 ARBT AU PRI A R, JLAE
41 °C. 500 pmol/(m’*-s) J 1% CO, Z& 4 T £ 184 B[]
N2h, FHTEEIE3I gL, [FEEEBCAH MK
WA R A . H AT S8 R Bk PCC 11801 K& &
BREPCC 11901 BIfEMT TAEF D, RIS HAR
S X R DR A 1) R AR K A BT R AN 52
T o B v A IR H A T e Al 5K Bk
AL

5.3 ERKERSNERDIECLE

R EREE UTEX 2973 © H % iy il =1 06 1 i 52 G
71, AR ER AR RE A XA . S TR R A i
EhBE 77, Cui%5se a4 B BRI UTEX 2973 il it 5]
NHMIR G 18 B 1 S5 335 A0 T VR 1) 3 i gk AT R
Z: ISR HIERIA 21 AN AMIE Na/H FH 6 1) % 12 B
IR SR IE N T IR, R3S Mrp il [ 5 ia
w O ER S B R, Ko KBk PCC
7002 SR Y5 1) Mrp 25 H AT 2R BR 5 UTEX 2973 $i 2k
PESE 1 57.7% 1Yl 7E S BRI UTEX 2973 5]
NVB I ARV T o H T AR A R AR, R
PR PEREIRTF T 62% M, X s T AR IR AL TE B
N I I SRR I BT R A . R B R ER
# UTEX 2973 5 £k 5 PCC 7942 [8] () & B [F] J&
PE, R A AT E R A O JE A AT s S R )
FVE . (EMENT R BRE UTEX 2973 3 [R 41 2% 53 ) 3%
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fith I, Lou %% ™9 KA 7E BRI PCC 7942 1 5] N
BRI UTEX 2973 wh () 22 e FE DN IF i 1) %6 7€ B )5 &
H) ATP &l 3 (AtpA) R 9878 & it i — & %t
Ot EIR A E RN R EERER, @IEER
BRI PCC 7942 1 5] N RAL )5 1) atpA W] 8. 2% 7+ H
1 L G TE 5Z2 88 7. B JS Ungerer 25 Y Fi) F 3 [A]
Y B 1) WS B D TR R BRE PCC 7942 5| N5 &
BRI UTEX 2973 [ 2 Ak, ARG 3 MG —
TR RIS R . B R TR B D B TR A DA s R
B PR ) 4 JR M AR Ak, T 3 I 3 T8 3 A Wi 184 o
WSy, TIEERFIRA, STHUH R AR 4 )
MM A AP BE 15 BIFe e 187t . R T
fEr, Srivastava ZE " BT 100 E LB L, ¥
REREEPCC 11801 XFIET M. 2,3-T “HRE N LEEH)
i 52 fE 7150 BT A2 5 g/l 30 g/L }2 32 g/L, K
BT 35 7 5% i 5 AR FE DR 4B G 2 R 380 3 AT 46 TR
I8 H rpoB J& ABC %51 8 [ g i FE (A 55, IX L8k
PRI A R AR AT FH T LA 5 BRI A 1 P IS 0 o

HAEl, H&Zohuilige /i R ek R &5 10
B, WS E . ARAT R 5 2 e P B R
i, ATABUF LA AT (4.

(D FBREBIRIE S fFT FEEREEPCCT942,
R BRPEE PCC7002 FIAE g 78 PCC6803 1E N 4 i (1)
YN A T A R I, SRR N T
MV R AL EAT B A S AT A B Rk, H R TR AR
1) 3T 24 06 4 B T AR S O R T AL HE R Bk
UTEX 2973. HEERTE PCC 11801 [ BBk PCC 11901
S BRI AL, A S 0 0 TR 1 A A B
s Ak, %5 2 1R AR AT HLEE AT RS
BTG SUE, FRIF B RS T
VB T B A B o B e A (R T R RS

() Z4ewE Mgt Em ki BAR TR EERK
IR, AR SRS MR B A T e —,
AT 0 SR BRI 10 2 gk Ak TAE A X b, SRR
A B S [ Ge A [R] oy 3 S 5 Rk 3t 47 5 ) gk AR 3R A5
i 52 PR AL, B J5 7R 3R A 5 — bl 2 T 52 i 28 (1 it
fitth I 4% 8233047 2 4E AL AT 3RAS 2 e hd i it

(3 BRI BA M RG2S TAEC KM
T2 5 3 ma S AH G R R IR, ] I e O i ik
DR A5 B 5 0 2R TR 88 IO 2 R AT B PR B v 0 R
TEAR R T LA EYE B 2B AT A Y 28 13047

S DR PR RE 5 T B 0 22 JE A R A A 2

6 Ak

H 1979 R BRIE P R BLULSKR, HAEEL, A fk
RARE R TEIFEHIPAT T — RY|EE
R B R AT R SR R R AR ) s HE 2 A CO,
WAHERE V) TR, g iE ek IE AR 4T
Je 5Tt AR SR I R R 0 IR ] ik
ST, fEHR AL RERE CO, B0 v R Bt
T fl, T8 S0 = 1 [R) B B8 B b R A 1 SE
D, AR BRSO

6.1 KRHZEm

2,3- T ZEERWEBHE I EHEY, N
R ER HF 4R, 2,3- T B n] DUd T 2B 7L IR A K
B, LT 7L IR f 7R Bl RN 2 B B 0l ) A B R
S, LT FLIR G R 1R AL A TR R R o) i A
A CBEFLER , ARG £ Tk LR i 32 i i 3L it 2
R CTERE, 5 — 2 QB RANE BN
Wi J5 9 2,3-T 1. Oliver 2 1" 78 R ¥ PCC
7942 RREAT T AEFESESS, 20d 5 2,3-T ZEER S
5238 g/L. Li%s " DLEEEKEE PCC 7942 1)K 4
P g S T W S AR R bR, T8 I R BR B R O AR
V10 71 220 00 - 1 - Tl TR R RS L 52% IR B UL B B
HE A BT T EAYEBOSE, 72 E% 550 mg/L.
Lan 25 1) 7 BRI PCC 7942 ki it 77 3- B i T
BRI FP IR AR, — Bl AR A KBS 1R, 3-
RIRAE TR & i =18 665 mg/L, 53 —Fh B-A
LIRS 12~ E MK, 186 mg/L.

LR — M T a-BRER, AWM REMNED
RUALA, # NPk B, (LT, 45
gL BT el — PP E N T R 2 R
iz R B RO R 3 BRI AR T B
B AR, B0 A R R T R 4T
PR P A T 8 2 A S LR S M A . L6 P sk B IR
0 A AT B ATCC11842 ) D- 3L R i &0 Bl 3t 47 2%
A5, EHEIR T tH NADH ¥ # 5 NADPH, #i% T2
fitg 5] N JEER#E PCC 7942 7, #J# T M CO,%E 1 D-
LR = RO RA, HARPI=ERS T 3.6
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5L . Wang %5 M LLRERTE PCC 7942 v i At ik
FILHh-3-BE R B A R TR YW, H=
215 1.17 g/L, SEHL T A CO, BT C, F &1k
FEEE AR, HAE YW E PR ANE R
1, dE— 20 5] 5 Rk B AR R AR T R R 3- 4
PR Al AL, IEM 7 s R
WAL DAME N % B JEORE . Roh 25 1% 78 i A K 58
BREE UTEX 2973 /5] AR IR T % K il [G R H16
(Cupriavidus necator H16) 1] phaCAB % K ¥ & 7=
B-ZRFRHE T RRA = bk, TAER M=k 420 mg/L.

6.2 BELEY

A T H T AT DU R A 0 1) & R AR R P
TF 15 ) R AP g R TG P P L 3 Ji g ) B N A S B IR
B HORAGE ) R,  TRL I RO AR R AR P A Y
A&, Al I R Ak 2B 2R e 2 55 R
RPEM) (R2). Ni%E™ fEu & A R Bk
PCC 7942 Y IE T I M H R G HCT &, HikH

2 TR R T
Tab. 2 Chemical production using Syrnechococcus

strain as chassis

Z%
| Fra (e ,

SCHR
2,3-T g 238 g/L S. elongatus PCC 7942 [131]
s ] 550 mg/L S. elongatus PCC 7942 [132]
3-FRELNIR 659 mg/L S. elongatus PCC 7942 [133]
D-FL1% 798 mg/L S. elongatus PCC 7942 [18]
Hi 1.24 g/L S. elongatus PCC 7942 [41]
B-RIAE T 420 mg/L S. elongatus UTEX2973 [134]
W 4.7 mg/L S. elongatus PCC 7942 [42]
X ER 1282 mg/L . elongatus PCC 7942 [42]
R 24 B2 6.3 mg/L S. elongatus PCC 7942 [42]
Tt e 4.6 mg/L S. elongatus PCC 7942 [42]
SE 5y 7.1 mg/L S. elongatus PCC 7942 [42]
MEFEHELZEER 41mgl S. elongatus PCC 7942 [42]
SR 60 mg/(L-d) . elongatus PCC 7942 [135]
i I 50 pg/(L-h) Synechococcus sp. [136]

PCC 7002
ARD&43Y 5 7.5 ng/(L-h) Synechococcus sp. [136]
PCC 7002

N 512 pg/(L-OD-h) 8. elongatus PCC 7942 [137]
H R 0.63 g/(L-d) Synechococcus sp. [138]

PCC 7002

= SR CO A N A I . B R . WL HAR
LW ER. HEUMR. MR, FIERR. X6 M RA
B AT DUE — 2P AT AR AR B2 S A B 4B
I RARF=W) o 1Z BN 2 kil il 51N 2-2K 4 BEIs 1%
AT N T ff RO B e, A 1 1 /MR
B, 44 30% DA F i) ik I O ) BRI 2 1 FE B IR
A, MM EERMH CO, & K7 &R RAR
/B

R T E A TR, R e R R
GG BAEIE  BR R A Y. Gao %5 P
HEA R RS 7 I — A 5 il 51 N ZRERPE PCC 7942,
KILERN (Eucalyptus globulus) KIE W] ispS Lt
FL A R Y5 B FE PR AE WA o b P VA RIS B A, B
Ja, ARATTR A B 2 ARSI 2 BT 45 78 MEP &4 1
B, MR R AR /B (IDD A IspS
filA B I = AR T 1-A-D- AR R B 5- T IR A il
R Cdxs) I 4-F k-3 F RL-2- )k — B IR g ik K]
(ispG), FELABEHRTTLATE 21 h A A7 1.26 g/L
I

Davies 2§ " 7 ZE BR i PCC 7002 1 %L T
27 (Mentha spicata) [T G B R B E B4
K% (Abies grandis) W) a-2L 3 2k A BEEE R (bis) ,
730 T LAAT 2] 4 mg/L A7 AR A10.6 mg/L 213 20 .
Takahama %5 "7 7E R Bk PCC 7942 RIA T T &
M (Pseudomonas syringae) 1) £ 0% T 1%
B Cefe), Jof AT 21512 pg/(L-OD-h) ) &
J# . Jacobsen %% MM 7E EKE PCC 7002 FRIA T K
Jo AT T B R H R M SR L K] (melD) R SR
Bk H (Eimeria tenella) W) H #& B 0 B B 2
(mlp), TRATUOGEEF015 g/L HFEEE. ¥HE
JREm@akRkiGE, HEER™E RS
321

6.3 SEIREDABE T #eRES

A ILAAE L T A R G b kA5G B AR
P 52 24 T I AE RS A — BT KB B & A
M, AEAL A B AR A R AR T 7 T MRy
198 7o Smith 55 " B FE T O & H IR B BRI
PCC 7942 5 5 08 7= M A B i L 7= 15 oL, $2
TR HEE (cross-feeding) AR, AT FH [ %0 b4
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MREBREM R T — Mo It R MM R, o
FE TG B 58 Bk 5 1 8 B AT T A . AL IR
T RIE L RREE R T ARAEK, WAEHETLE
ME AE A T E R R BRI LR AR XN
HEAAZLHENHZS . K. BRI, HELSRE
HURH G A 7= T ™ b B g, an A = IR R T IR
(PHB) FIGHEIR2E . Weiss 25 1 Fi FH] b3k 7= i 4
WEAME S 7R (Halomonas bolviensis) +t
Bae, AL E R KA & Y A A T m i E AL
G ABATSEIL T — P A SR T A& PHB B 5 o
AL AT [R] ST UE B 95 R 2 0 2 TR R T 92 v B B Ak
Heg, JRHgaRIL R R E I, R PHB RF&E ]
IEYH T E A 31%, FEEE Ak 28.3 mg/(L-d). X
P L35 5 07 iRk B BUEB I T L AL S TR I A0 B
IR FREOR . HHEER R, XA
R RBRAEMIITE Oy, R YU R B A AL 22 0k
PRGN, nnEsA =i s AN H .

YUK R 5 G A 5 1 45 5 2 OGRS 4 i
TR BR— PR SR ms o XA J7 3 RE 0% 18 1 gl oKk
SR PRI ON XA WS 4 B NADPH AL 4h, Mo Bl st
A ) B ERE . Velmurugan 25 MY L T 4 JE A
T EE ML P QBRI 2, R I 4 B AL
A BRAE LA AEE T 774 NADPH, M 2038 #5
AP B KA OB 7 B X P S S R 3 5 ]
PLUR R T 2l & 4% 1 NADPH AT 3845 P 34 i A
T RH SR AR i A B R E 1) . AR B R AE B AR
ot B3 FE RV I NADP 5 MgO % fF F, w[{E25d
WHER 25100 mg/L, FEXTHEm 2 f5. &Pk
BT & 8 S AL 5 (1) 5 20 B i 4 NADPH 7542
FEHGINA M T P E AT

7 EH

£ “RRIBIE” “HRIATT K COWER” HARK S
IR, PR ER AR SR B R AR 2 2
REEMORIE. EAEME T BT E SR A
PRI G AR RE R AL R . W BRI
T A0 EL A Ry B 0 O BRI 0. AE T
COURR” F 5T, W AH T A R~ 1 I T KB
8, IEAEMORET — IR IR . REREEE N
9N R A L RARER, AR ENE. A KA

UTERE 2k AR AR BR324 5 T AT AR K
AR o ROEREE R AT A B PRl AE - 3 A 7 o
JE AN P I BE T3 AN BE B A2 B ) 75 5K o R R EREE
JRELATIT A, B i R M T IE (A% o 7 R
EOGREM IR . BRI E . KR, B, #ib.
e R E B S5 U5 T B R MUK TR R, LRy
PR TBOR BRI AU BE -

2 £ X W
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