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6) T. Schwander, L. Schada von Borzyskowski, S. Burgener, N. S. Cortina, T. J. Erb, A synthetic
pathway for the fixation of carbon dioxide in vitro. Science 354, 900-904 (2016).

7) T. J. Erb, J. Zarzycki, A short history of RubisCO: The rise and fall of Nature’s predominant
CO, fixing enzyme. Curr. Opin. Biotechnol. 49, 100-107 (2018).

8) S. Santos Correa, J. Schultz, K. J. Lauersen, A. Soares Rosado, Natural carbon fixation and
advances in synthetic engineering for redesigning and creating new fixation pathways. J. Adv.
Res. 47, 75-92 (2023).
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9) David Baker et al, Computational protein design enables a novel one-carbon assimilation
pathway. PNAS 112, 3704-3709 (2015).
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10) Cai et al, Cell-free chemoenzymatic starch synthesis from carbon dioxide. Science 373,
1523-1527 (2021).

11) Tobias J. Erb et al, A synthetic pathway for the fixation of carbon dioxide in vitro. Science
354, 900-904 (2016).
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Desulfurococcales ANAD(P)H Y
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. Natural anaerolimiDesulfovibrio P NAD(P)H Pyruvate dehydrogenase
Glycine .
desulfuricans
. . 2C0,, 2ATP, CoA-dependent
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CETCH Synthetic Theoretical 3NAD(P)H Glyoxylate carboxylase No
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SACA Synthetic Demonstrated in E.coli 3 CO, Acetyl—CoA NAD-independent formate No 99)
as host dehydrogenase
Formolas | Synthetic | Theoretical - 2_?; NADH, ?;hhyéjsrsﬁﬁgetone ZleAkli/:jlrnodgeeaeansiem formate No 23)

14) Berg IA et al. Ecological aspects of the distribution of different autotrophic CO, fixation pathways. Appl and Envir Micro 77, 1925-1936 (2011).

15) Evans MC et al, A new ferredoxin-dependent carbon reduction cycle in a photosynthetic bacterium. Proce. of the Nat Aca of Scien of the Unit Sta
of Amer 55, 928 (1996).

16) Ljungdhal LG et al, The autotrophic pathway of acetate synthesis in acetogenic bacteria. Ann Rev of Microb 40, 415-450 (1986).

17) Holo H. Chloroflexus aurantiacus secretes 3-hydroxypropionate, a possible intermediate in the assimilation of CO; and acetate. Arch of Micro 151,
252-256 (1989).

18) Berg IA et al, A 3-hydroxypropionate/4-hydroxybutyrate autotrophic carbon dioxide assimilation pathway in Archaea. Scien 318, 1782-1786 (2007).

19) Huber H et al, A dicarboxylate/4-hydroxybutyrate autotrophic carbon assimilation cycle in the hyperthermophilic Archaeum Ignicoccus hospitalis.
Proc of the Nat Acad of Scien 105, 7851-7856 (2008).

20) Figueroa IA et al,Metagenomics-guided analysis of microbial chemolithoautotrophic phosphite oxidation yields evidence of a seventh natural CO,
fixation pathway. Proc of the Nat Acad of Scien 115, 92-101 (2018).

21) Tobias J. Erb et al, A synthetic pathway for the fixation of carbon dioxide in vitro. Science 354, 900-904 (2016).

22) Lu X, et al, Constructing a synthetic pathway for acetyl-coenzyme A from one-carbon through enzyme design. Natu Comm 10, 1-10 (2019).

23) David Baker et al, Computational protein design enables a novel one-carbon assimilation pathway. PNAS 112, 3704-3709 (2015).
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25) Liu et al, Water splitting biosynthetic system with CO, reduction efficiencies exceeding
photosynthesis. Science 352, 1210 (2016).

26) Guo et al, Light-driven fine chemical production in yeast biohybrids. Science 362, 813 (2018).
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28) https://arpa-e.energy.gov/technologies/programs/electrofuels

29) https://arpa-e-foa.energy.gov/Default.aspx?Search=ECOSynBio&SearchType=
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30) Martin Kénneke et al, Ammonia-oxidizing archaea use the most energy-efficient aerobic
pathway for CO, fixation. PNAS 111, 8239 (2014).

31) Zhuging Mao et al, Anaerobic dissimilatory phosphite oxidation, an extremely efficient concept
of microbial electron economy. Environ. Microbiol. 25, 2068-2074 (2023).

32) Thomas Haas et al, Technical photosynthesis involving CO, electrolysis and fermentation.
Nature Catalysis 1, 32 (2018).

_’IO_



o

T

ol
>

BrE AR i 2=ALY AV SAFUS. kA, A dTF=
100% +Eo = 559 o|A4sdALE AR Adgolr, F7|d EFH ol4t
3} ek 4(400~420ppm) = %P%ff} ] YeiAAE ZRHEFH& 20 kl/mol o)) & 2
Fo B8% A HE&S FUIE P oF FyTh

ojfbstetAaet E, Ida, A AVIE ol&st wHAE  (Ralstonia
eutropha)&  E33t= 3stUe]  HEg7]oA C3~C5 <323 PHB
(Polyhydroxybutyrat) & Alxsl= A5 237 SEFHJASFSUT3IM Fo A
N8BS AFH oA F4 EAE dUA AGA R AFESHe], o]ih3tEkA
7} mA&E Calvin Cycles &3 nAsIgUT. A4 89 ZAFo|AN
400ppm Fx9 7] F oA HAE AMRT Ao EA Ao, wjf E
Electrolysis Current Density(~1 mA/cm? %A S8 & £3) IOOHH o] A AJAk
£EE FHajof H4HA e HAES F+ AS 7

Fld

F-l

J

F

¢

STeE ASR o gyt
ol olitstgird] A AUAE QUVIStY EdstH %@g A3 T
ol FA= Mests HYI A" A=

A Adsts THI Az"HS 44 553 A AE 7}%‘41/1@. 49

& Azl glojA #rsstd oz COE Fdstd 2 T84 ved,
LA A(CO), EE 5o FIAHHE FHAE WS 5 2, o] =2=
= "AEe] Bdt=R dasHu FUrH A AR} CuUATE 28
StER HA Alx"l G&o] wobd &+ stk §2, F7F ouArt 28
e $2 oduA 99 H22EY A8 Ax V& HHE Blojur] o
He  dedt Ad=Ee] gt A7ty fd dege BF o8
T e AL ofyn, COE #dstr] A w2 oA wlg®e ofy
vl de A ALY AR 2 7€ oYUt

@)
= 3 HY 0= =
T Y= Y2=EF Carbohydrate %APOH vaﬂut} A uk o] WFAl S m|AY
=3 A71ske A" o] deag HHg, A5 2, vdee] 443 o
o]

ARz B8 FAIBHEA COt AU AE Pl AEsfofF st=

33) J. P. Torella et al, Efficient solar-to-fuels production from a hybrid microbial-water-splitting
catalyst system. PNAS 112, 2337-2342 (2015).

34) Chong Liu et al, Water splitting—biosynthetic system with CO, reduction efficiencies exceeding
photosynthesis. Science 352, 1210-1213 (2016).
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