afX £

Synthetic Biology Journal 222.3(s).833-846 2022 4 % 3% % 5.8 | www.synbioi.com

S N B DOI: 10.12211/2096-8280.2022-042
R TR IR

H:PpEm . BRI BT A

H¥": =&
C FERFRMEDHARE FTERAFRUEDEBEERW IBEELALRE MAVNKEWHFRXEREALRE,
L7 100101; * FEBFREINEHABZAF R EREDFFHRH, | %, R 518055

WE: EFk, KT TEMRKE LA SR TUEENSF—FIMEER, ‘&P AsERRBIRZ—.
LUK, EREERT ST "AMWKREIE Mk, FAEFRENEMNERE . B -8AREEIAZETLL

FERABFRSRIBIENA TERERAINRITER . BT _SURPIREFLTRSEMAE, “8HWBIRERRE
BIRERERA, MAUBMANLRERNTEERAEENEBRIENXRRER . AL 7T IHFERKARRKRRE
Mg, ATERFERITERSEESHHE, MRXABREEINALEHREREHT RS, HFESTET
ATEYEEIIEFIREHFIEEMANITR, BIFERRD . ATPEWFEE. KBS, &5, NERTE
SEWHFES T 7 EYEHREIGNORIIARED, FHRIRE T —LalserRRE .,

X £EK, RABRRR, ALBWER; B8, KED

PESES: Q81  NEktFERE: A
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Abstract: In recent years, the increase in the atmospheric concentration of CO, has caused serious environmental
problems such as climate change, and carbon neutrality is presently a topic of global interest. Achieving carbon
neutrality means to convert the atmospheric CO, into carbon-based compounds. Converting CO, into organics that can
be used by humans is one of the effective ways to utilize CO,. Among them, biological carbon fixation has received
great interest. In nature, plants and microbes can fix CO, through carbon fixation pathways. Researchers have also
designed several novel artificial carbon fixation pathways for CO, fixation. Research on biological carbon fixation has
mainly focused on the modification of natural carbon fixation pathways and the design and synthesis of artificial

carbon fixation pathways. Since the carbon atom in the CO, is in the highest oxidation state and the reduction of CO,
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into organics requires energy input, the input of reducing power and energy is one of the key factors determining the

efficiency of carbon biofixation. This review summarizes the advances achieved in recent years in the engineering of

natural carbon fixation pathways and the design and construction of artificial carbon fixation pathways. The

efficiencies of the artificial carbon fixation pathways, including the utilization of CO,-derived one carbon compounds,

and the natural carbon fixation pathways are compared. Subsequently, we highlight the importance of reducing power

and energy supply in the process of artificial biological carbon fixation, including chemical energy such as ATP and

reducing power, light energy and electric energy. Finally, we analyze the challenges and trends of biological carbon

fixation in terms of pathways and energy, and propose strategies for future research on biological carbon fixation.

-
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WAL, 4Rl RIRSCPERR (Calvin-Benson-Bassham
cycle) . & J5 1% TCA 753 (reductive tricarboxylic
acid cycle). WL &4 (Wood-Ljungdahl pathway) .
3-FRFERAUIEIA  (3-hydroxypropionate bi-cycle) «
3-FR I N TR /4-F2 3L T BRI 3A  (3-hydroxypropionate/
4-hydroxybutyrate cycle) Tl "R g/4-F2 5 T IR
(dicarboxylate/4-hydroxybutyrate cycle) ',
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e T R 2 AR E B IE S . ROR IR 2
H AR S 2 S @ 2, ik BT 90% 1
Tk ] 5 A2 B~ R ST PR 58 it e 2016 4R,
Antonovsky 5544 A< /K SCE A H I 1, 5- 7 185 IR 1% B
BE R AL BN AR (Rubisco)  F1 % B2 % B HE % g
(PRK) [E SN RIAF B, SGB T -RIRSCHE
HAE IR A R A T AT AR R R A
WHI N BRI Z o B R IR SCIE A T ) Rubisco
Sl ANKIE . BEERFE S, k>

TR R AL 7 B AR 22 S 9 €O, M
YRR A . B, 18K W b R e & Rk
IR CAEFR ) Rubisco A1 PRK NN, 0 %5 & V4
FE 1 mol BiT 72471 B 75 H 19 CO, M 0.731 mol Jik 2> &
0.621 mol "' Tfij 7E BR VS 9 Bf 1 SR 1A R IR SCHE A
(1] Rubisco £ PRK, W w] A/ &I =4 i) 72 48, 44
LI B 10% N7

X R OR SO A 1) 2, = 2 4E i 78 X Rubisco
(i 1Y, Rubisco f& — MU AERE, 2 A
LIS RuBP 5 CO, 1 O, 4393 K A 4k S b ATAR AL
RRBL, T 0,2 5 F B rE R O, T MR
] B v 1 1. A T $2  Rubisco MR ALIE 1, A
WHFCLAAT AT R T — P e T KA 181 1 3% 1 5 ) 7
kARG, KA E A K S Rubisco FIFRALIE P
KEEE K. FIHZ RGN EEKE (Synechococcus
sp.) PCC7002 [f] Rubisco AT & [k fk, 159 215
AR KT CO, (1) LBV $2 15 T 85% 2o AN IR IR
Rubisco 7E g 2= P i 2 73 K. 14  Rubisco [
WA &, BXE COL/0, R FRMEAR s i CAEY)
Rubisco & % &% 2 AL, {H X CO,/0, i ik £
= U FE— SRR, N T R Rubisco [ /N E 3 X
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Tab.1 Comparison of six natural carbon fixation pathways

A ATP/CO, NAD(P)H/CO
B ZS‘ET P o e /(mol/moi) /(m(ol;mol) 2
FIRSLAFIARS e 1 3-PGA Rubisco 3 2
I JF M TCA fE 3 R 9  LWiHEEFA  2-oxoglutarate synthase and isocitrate dehydrogenase 1 2
WL i 42! KA 8 LBHHIEG A Formate dehydrogenase and CO dehydrogenate/ 0.5 2
Acetyl-CoA synthase
355 5L R R A s 16 A B R Acetyl-CoA carboxylase and propionyl-CoA 1.67 1.67
carboxylase
3-FRIENIR/A-FAEE T IRIG AN IF % 16 ZBEHiE A Acetyl-CoA carboxylase and propionyl-CoA 2 2
carboxylase
TRIR/A-FRIE T RGN RE 14 ZBE4HNE A Pyruvate synthase and Phosphoenolpyruvate 1.5 2

carboxylase
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Tab. 2 Production of chemicals from syngas fermentation using microorganisms equipped with the WL pathway

Strain Fermentation time Fermentation mode Product Titer c.)r. Ref
productivity
Clostridium ljungdahlii 560 h Cell recycle in the CSTR Ethanol 48 g/L [33]
Acetobacterium woodii 11d A batch-operated stirred-tank bioreactor Acetate 44 g/L [34]
Acetobacterium woodii - Continuous fermentation Acetone 26.4 mg/(L-h) [35]
Clostridium sp. MTButOH365 6d Single-stage continuous fermentation Butanol 21.98 g/L [36]
Clostridium sp. MAceT113 5d Single-stage continuous fermentation Acetone 104 g/L [32]
Clostridium sp. MT1802 25d Single-stage continuous fermentation 2,3-butanediol 9.18 g/L [37]
Clostridium sp. MT1424 25d Single-stage continuous fermentation Methanol 70.4 g/L [38]
Clostridium sp. MT1424 25d Single-stage continuous fermentation Formate 43 ¢/L [38]
Clostridium sp. MT1243 25d Single-stage continuous fermentation Mevalonate 97 mmol/L [39]
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Fig.1 Representative synthetic carbon fixation pathways
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Tab.3 Comparison of artificial carbon fixation pathways

we RLREL e e MRS ATP/CO, N%gm
o H /[nmol C/(min-mg &L & )] /(mol/mol)
/(mol/mol)
MCGi#&f: RN 8 CO,. LA A Phosphoenolpyruvate — 3 3
PEP carboxylase
CETCH1E# R4 12 co, LR Enoyl-CoA carboxylases/ 3.87 1 1
reductases [5 nmol C/(min-mg % 02 )]
SACA I R4 3 HE M A — — — —
POAPTEIL &4 4 Co, TR Pyruvate synthase and 6.8 1 0.5
pyruvate carboxylase
ASAPIEAE RS 11 co, VER Formolase 17.2 0.5 2
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