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Abstract: To promote the development of green bio-economy, low-carbon biosynthesis technologies based on
biological entities such as industrial microorganisms or enzymes have demonstrated significant application potential in
the utilization of low-carbon substrates. One-carbon raw feedstocks such as carbon dioxide and methane can be used as
substrates for biosynthesis, which can effectively avoid the use of food-based raw materials such as sugar in the

biomanufacturing process and slow greenhouse gas emissions, thus achieving carbon peaking and carbon neutrality
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goals. Currently, the bioconversion process of low-carbon substrates still faces issues including low energy utilization
efficiency and conversion rate, which have emerged as some of the main bottlenecks restricting its wide application. A
biological-material hybrid system can harness renewable energy such as light energy or electricity to facilitate
biocatalytic reactions and the synthesis of target products, thereby offering novel opportunities for low-carbon
biomanufacturing development. Research on biocompatible photosensitive materials such as semiconductor materials,
dyes, and polymer materials, as well as the construction of microbial electrochemical systems, enable low-carbon
bioconversion technology to break through the limitation of insufficient energy supply in endogenous metabolic
processes, therefore they have wide application prospect and development potential. Based on the emerging technology
of renewable energy-driven biological conversion of low-carbon substrates, this review first explores the relevant
technologies and methods for capturing energy from sustainable energy through photocatalytic materials or electrode
materials. Furthermore, combined with the application examples of light/electricity-driven biological entity-material
hybrid systems in the synthesis of various chemicals under different materials and electron transfer mechanisms, the
effects and latest research progress of hybrid systems on cellular energy supply, substrate conversion efficiency, and
synthesis of energy-consuming products were deeply analyzed. Finally, the challenges faced by hybrid systems in the
synthesis of low-carbon footprint chemicals, such as photogenerated electron-hole recombination and low electron
transfer efficiency at the biological solid-material interface, are outlined, and feasible solutions and application

prospects are proposed.
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Fig. 1 Electron transport mechanism in light-driven material-
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Tab.1 Chemicals synthesized by light-driven material-microbial hybrid system

7 - - e e G 20
K JEOBE et B T A T i A ik
CdS NPs Moorella thermoacetica 0.1 mM/h 2.44+£0.62% [25]
CdS NPs Clostridium autoethanogenum 12.1 mM [37]
co, 2.8 AuNCs Moorella thermoacetica 6.0 Mm/g/week  2.86+0.38% [28]
PFP/PDI Moorella thermoacetica 0.6 mM 1.6% [33]
AHLEE
MOF Moorella thermoacetica [38]
CdS NPs Sporomusa ovata 40.0 mM 16.8 £ 9% [39]
CO, L3 R iR CdS NPs Escherichia coli 1.5 mol/mol [40]
kL FEER InP NPs Saccharomyces cerevisiae 48.5mg/L [41]
poly(allylamine hydrochloride) % /I 20 | FH I JIE S0 B BERE I &0 60.39 uM [42]
artificial thylakoid PR IO S P O S T R SRS 99 Mim/h 0.66+0.13% [43]
Clostridium ljungdahlii
co, i Acetobacterium
A=z woodii
CAS-NPs Moorella thermoacetica 04 gL i 441
Pseudomonas
aeruginosa
CH, i BM-TiO, Methylosinus trichosporium 15761.0 umol/g/h - [4]
TY }E9R4: ek meso-Al0, Escherichia coli 1816.0 mg/L - [30]
CO,/Fi % bE KHH% b3 Au NPs Chlorella zofingiensis 10.7 mg/L - [45]
o CO,/ . H PHB g-CN, Ralstonia eutropha 9.1¢g/L 29.72% + 5.53% [36]
CO,/ A H PHB CdS NPs Cupriavidus necator 0.6 mg/L - [46]

L8 SR TG B TiO, I R A R S I T Ak
PG TS REBE R RS, JRE RS CO, MRS
KARGEE YA 24 . Sheng ) 25 A 7E L FEAl E o
N F T B, 1) JEC A4t AU o R S B PR I 1)
RrlFA, AT iR R — R, AE
T AR PR SR TR RE I . BRAKOS T BB 1) CO,
il g LLAN, BT A 2R A ik R WO K T
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Fig. 3 Enzyme-electrode hybrid forms and corresponding
electron transport mechanisms in electrically driven material-
microbial hybrid system. (a) Direct electron transfer between
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and electrode. (M, : oxidized mediator, M_;: reduced mediator)
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