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Cell-free multi-enzyme machines for CO, capture, utilization and its

associated challenges
LIU Jianming, ZENG Anping
( Center for Synthetic Biology and Biomanufacturing, Westlake University, Hangzhou 310030, Zhejiang, China)

Abstract: Global warming, mainly caused by the emission of carbon dioxide, is becoming a serious problem, and it
is urgent to develop efficient carbon dioxide capture and utilization technologies. The use of biomanufacturing
technology to fix carbon dioxide is an important research direction in synthetic biology. The mining and in vitro
assembly of cell-free multi-enzyme machines have the great potential to facilitate the conversion of carbon dioxide into
high-value products. The advantages associated with cell-free biosynthesis, such as clear background, relatively simple
metabolic regulation, and high-yield production, make it ideal for biomanufacturing. Recently, the team of James C.
Liao designed and developed a novel multi-enzyme molecular machine, and established a reductive glyoxylate-
pyruvate synthesis cycle, which can theoretically realize the conversion of 2 molecules of carbon dioxide (bicarbonate)

to 1 molecule of glyoxylic acid. They also designed and developed a strategy to control the concentration of cofactors
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during the reaction to improve the enzyme stabilities. In this comment, we discuss this work from the perspectives of in

vitro multi-enzyme assembly and cofactor engineering, and point to associated challenges of carbon dioxide utilization

by multi-enzyme machines.

Keywords: CO, fixation; in vitro muti-enzyme machines;

stability
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S [P HE B BRI R 18 2 (reverse glyoxylate shunt,
rGS) " AT S A B A-H R IE A I8 12 (malyl-
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Acrylyl-CoA ATP
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0

Methylsuccinyl-Co.
CETCHi#4%
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B AN T8 SRR [ 5E 2 B 2 7 HLE% rGPS-MCG #1421 CETCH #4412
(H P rGPS-MCG ¥t A4 19 M4, T ZENADPH. NADH. ATP. FAD fll CoA % £ Fififi A F
i CETCH 242 4 17 AMEE4LA, T NADPH. ATP. FAD fl CoA %5 £ Fh R F)
TS—HRFEN MR8 2PG—2-BERR H AR PEP—BERRIG AF X 4 M R
Fig. 1 The artificial CO,-fixation pathways rGPS-MCG and CETCH cycle
(The rGPS-MCG pathway consists of 19 enzymes and its function requires different cofactors, including NADPH, NADH, ATP, FAD and CoA;
The CETCH cycle consists of 17 enzymes and it requires NADPH, ATP, FAD and CoA as cofactors.)
TS—Tartronate semialdehyde; 2PG—2-phospho-D-glycerate; PEP—phosphoenolpyruvate
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Tab. 2 Properties of in vitro carbon-fixation pathways
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ATPiR{Z R
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U5 FDH B 6 % 12 1 4 B % I S0 GOPDH £ 53 ; FAD Wi BAR S Ll Hrp B L i AL BE B 47 57D
Fig. 2 Cofactor monitoring and regulation

(The cofactors in rGPS-MCG pathway, including ATP, NAD(P)H and FAD, are monitored. ATP regulation module, creatine phosphate kinase Cpk is
responsible for ATP regeneration, NAD(P)H regulation module, formate dehydrogenase or glucose-6-phosphate dehydrogenase GOPDH is responsible

for NAD(P)H regeneration; FAD regulation module, horseradish peroxidase Hrp or electrochemical approach is used for FAD regeneration)
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