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Abstract: Given the rapid development of technologies in biochemical engineering and genetic

engineering, biological capture, conversion and utilization of greenhouse gases (carbon dioxide and

methane) into value-added products have been progressed rapidly. The efficiency of electron transfer

and energy supply are essential for microbial carbon fixation. In this review, the concepts of direct and

indirect electron transfer chains in methanotrophic and chemoautotrophic microbes were introduced

firstly. Subsequently, the strategies of supplying light and electrical energy as well as their effects on

metabolic flux, synthetic pathway and energy supply efficiency during microbial carbon fixation were

discussed. Finally, solutions and application prospects to address the key technical challenges of

microbial carbon fixation were discussed.
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Table 1  Electron acceptors and energy production in different electron transport chains

Electron transfer chain Final electron acceptors NAD(P)H Net ATP
Intracellular Aerobic respiration 0, 0 3811
respiration ) o o 2
Anaerobic respiration Oxidized compound 2 2029
Fermentation Intermediates not completely oxidized 0-6 0-2%
Extracellular Fe/Mn respiration Insoluble Fe/Mn oxide 0 0
respiration o ) )
Humus respiration High molecular quinone polymer 0 0
Electricigenic respiration Anode 0 0

// Aerobic
J respiration 2
¥ Substrate ATP ATPase
Intracellular .
. Fe*Mnt oxidoreductase H
. gumiic substances Anaerobic ADP+Pi
node respiration
E ] . .
*  Inorganic oxides Substrate
Extralcell'ulal' LRF organic wmpmmd.\ C i <
respiration red
pire P O Q)(\r\nduum:
\]LLILL!])—&( )

1 HMEMEE CO, HXMMAINE FIEiE R

Figure 1 Microbial CO, fixation related intracellular and extracellular electron transport system. The blue
part is aerobic respiration, the green part is anaerobic respiration, and the red part is extracellular respiration.
The solid arrow indicates the biochemical reaction and the dotted arrow indicates the electron transfer path.
Nicotinamide adenine dinucleotide: NADH; riboflavin: RF; oxidized riboflavin: RF,; reduced riboflavin:
RF..q; ubiquinone: CoQ; adenosine triphosphate: ATP; adenosine diphosphate: ADP; phosphate ion: Pi;
NADH dehydrogenase: I; succinate dehydrogenase: II; ubiquinone cytochrome c oxidoreductase: III;
cytochrome c oxidase: I'V; cytochrome c: Cyt ¢; metal reducing complex CAB: MtrCAB.
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i M B - ORL RS B GE BN 4B (particulate W, RRAAE 1 BRI BERR L 2 BEJRHL T 2 BE
methane monooxygenase, pMMO) AJ [d] it £ 5 IRIETFME5, RiEgRLw Ay A
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Figure 2 CH,4 utilization related electron transport system in aerobic methanotrophic bacteria (modified
from[26]). The solid arrow indicates the biochemical reaction and the dotted arrow indicates the electron
transfer path. The orange arrow is redox arm (ubiquinol generated from NADH drives methane oxidation).
The red arrow is direct coupling (electrons from methanol oxidation transfer directly to pMMO). The purple
arrow is uphill electron transfer (electrons from methanol dehydrogenase feed back into the ubiquinol pool
and partially support methane oxidation). UQ/UQH; pool: ubiquinol pool; MDH: methanol dehydrogenase.
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Table 2 Reductants and energy consumption for CO, fixation pathway'®

Pathways Reductants ATP/C (mol/mol) NAD(P)H/C (mol/mol)
CBB cycle NAD(P)H 3.00 2.00
3-HP pathway NAD(P)H 1.67 1.67
3-HP-4-HB cycle NAD(P)H 2.00 2.00
rTCA cycle NAD(P)H, ferredoxin 1.00 2.00
Reductive acetyl-CoA pathway Ferredoxin 0.50 2.00
DC/4HB cycle NAD(P)H, ferredoxin 1.50 2.00

http://journals.im.ac.cn/cjben



EFH FAMEYERIIBFHRARBRITHRE 2401

A AERE I L OR AR 1Y [ R E
AR T i P AR 7 [ e Pl R 2 SR s A
RN LR A —E W, (HIHEE &
RESE R TR T A R, 28 Bnk, Y
I i 3 7 P A H A 1 R e I 25 UK 2 R
il 29 A= Py T B R B BN 2R . e
PRI 10 255 e 108k A = U B AR, WFSE
NG R T ZRETO0RE . AR B Ttk
F NS, AT S 1 32 A e A ik i
JIHFIBER AN LAY )L

2 BAEMBEBRMA TS T4 R

2.1 ETHEERB TGRS
2.1.1 WEYMSAYFNBESKA

SRS RE % 160G BT W5 & LA 0 5 OB
BEHL -5 7O, TR RS MR Y RS L T
DA HE A b i S AR SR R ™, )
A 4G T SO R RS DL OGN S
AL 4G (% 3).

A W 5 06 ORI Y R G A R 75 S i
HEHE  (methyl viologen, MV) 25 Hi, T4 i,
HAEHMLE S RF A F 3 R G R R
SREL T SRR (& 1) o SO A G 8GR ™ AR
106 A= L K K A Y B AR S A B Ak
I8 RS L A B, JE AT O 20 RO A
AL I T B T D B F o Rowe 2514
LI FLIRE (Shewanella oneidensis) MR-1
Vi Sy 4 40 B AR A 300 04 B2 I 1A 2R s i e kL T
MLIC & W SR AT OB HON , 5IA MV
A6 Hy B A BN SR . TR R LA J2 CO, 1 ib
B, FEAHT TR MV AR bR S R [N 3R
LA Kz MtrCAB &4 W) G I8 I 72, AN [ ik

: 010-64807509

A= W) kAT AT LGB S B 4k 24 A AR it T
M

A 5 O BOR R A5 5t nT LU i AR
b Ak 2E W B AF 7 XS, L CdS AE o 1k
N, fEE CATTE A R I D, A AL
K BR (cysteine, Cys) Mi#i I 76 40 g BE -
T BLIEHL S A CdS 40, A 85 A< T A A
AL B T ARG A A A 2 R T
Moorella thermoacetica WYeHMEN, 1k AE
M. thermoacetica-CdS Z&fb RS | HOEA
THOE & R S WA A R EE CO,, A
TObE MRS T ARG A R G 26 rh 4y
RGBT R RE R R, LA 1 R ) TR Y
BRENESY BN 2.44%+0.62%F 90%. £ Lk R
gir, Cys BEJEG M CdS BRI SR F5 K L T
EEWANDRTITE | I S WA Z R Lo I et 7 =
&R (cystine, CySS), K47 5s 4 A BA L H¢
KRG ICHEA TiO, ALK IF b 7 CySS 11
FEAHFE A, SEBL CySS/Cys S HIA 5 X i 742
R T A Wr-LHOR Z 4k R Ge i 1 s
FrA= 0w AL e AN, SHGR IR T A e
T Tl A My R TR U . Gai 1R
i HL A O A B = AR BRI R A
(perylene diimide derivative, PDI) #13% (%j-3t-
V2K KLY (poly (fluorene-co-phenylene), PFP) ¥
FIE M. thermoacetica 318 3B W 7 Jit 4%
(PFP/PDI), H. PFP/PDI 484k 3 Ji B o7 B 1K (1 21
R AR R AR A AR R OB A
B, BT AR IR Z R A R AR [
E CO, B MR, AR T/ s 3 T
YRR, BRI T CO, BB Wy i 2
F &

X: cjb@im.ac.cn



2402 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

R3 SAYIBSHRAREHMENE~RE

Table 3 Representative microbial production system coupled with photosensitizer

Bio-photosensitizer Methods Quantum References
hybrid system yield/efficiency
Saccharomyces InP nanoparticles were partially functionalized by polyphenol Quantum efficiency:  [50]
cerevisiae-InP complexes, and then coordinated and connected to the surface 1.58%

of engineered yeast
E. coli-CdS The binding protein PbrR was fused and expressed on outer - [51]

membrane protein A (OmpA), selectively adsorbing Cd** and
forming CdS

E. coli-NTA decorated CsgA on the cell membrane was connected with histidine tag ~ — [52]
CdSeS@ZnS (His-Tag), coordinating with NTA decorated CdSeS@ZnS via

NTA-metal-His bond
E. coli-TiO, Fusion expression of binding peptide RS on CsgA - [53]
E. coli-CdS Cysteine desulfurase catalyzed Cys to produce sulfide, resulting Apparent quantum [45]

in biomineralization of CdS on the cell surface under the stress efficiencies: 7.93% at

of Cd in the environment 470 nm and 9.59% at

620 nm

M. thermoacetica-CdS Quantum yield: 2.44% [47]
Idiomarina sp. - [46]
OT37-5b-CdS
M. thermoacetica-Au  The ligand end of AuNC was combined with the lipid head Quantum efficiency: [54]
nanoclusters (AuNC) group through electrostatic interaction, and penetrated into 2.86%

membrane and evenly distributed in the cell
M. PDI: electrostatic interactions between the cationic quaternary Quantum yield: 1.60% [49]
thermoacetica-PFP/PDI ammonium groups of PDI and the negative charged surface of

cell

PFP: insert into bacterial membrane through hydrophobic
interactions followed by electrostatic adsorption on the bacteria

surface
S. oneidensis- Chemical binding affinity between Zn in the shell of Apparent quantum [55]
CulnS,/ZnS CulnS,/ZnS and Fe-S cluster of periplasmic hydrogenases efficiency: 15.02%
Azotobacter vinelandii/ Chemical binding affinity of Zn with either a histidine-tagged Maximum internal [56]
Cupriavidus MoFe nitrogenase or Fe—S clusters in hydrogenases and quantum efficiency:
necator-seven ZnS quinones 13.10%
shell quantum dots
E. coli-TiO, The reduced state of MV penetrated the lipid membrane and Apparent quantum [57]
enters the cell yield: 1.57%
S. oneidensis-dyes or Apparent quantum [44]
inorganic complexes efficiencies: 0.60% for
eosin Y, 0.50% for
Ru(bpy);*’

212 AHFESHHBESRURFRNIL SRR A K PorR 5 K A I AN

BT PRSI REERERREE G5, OmpA B A, ZEAMIBSRA A CdS FF5IA
HAEGOR ORI A S IR B 2 6T OF Tt —AEREERE S, SO RS A4
FENGA RN TREBARFEE A LG XL PR, TP ARIEE 2 0.34 umol/10° 41l
DIREIRBL, JFlid RO MM T 2R YOt BORM R T R BURE R TS R R
oAb RS (R 3). Wei kR AMEEGE A,

AT (Cupriavidus metallidurans) CH34 /) H AN, B9 N O T I RE K B 5 A W R4

a0
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