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Abstract: With the continuous growth of the world population, the demand for high-protein foods such as meat and dairy
products is increasing greatly, which brings great challenges to the supply of food proteins in China. Some microbes can
utilize carbon dioxide, methane, methanol and other single carbon compounds to produce high-quality single cell proteins
(SCP), which can be applied in the food industry. Establishing a green microbial system for the production of SCP is
important to ensure the security of the food protein supply in China. In addition, microbial transformation of single carbon
compounds to SCP can reduce carbon emissions, alleviate the greenhouse effect, and achieve sustainable development. In
this article, we review the application of microbial SCP in the food industry and recent advances in the microbial production
of SCP from single carbon compounds, and we describe the metabolic network mechanisms of microorganisms utilizing
natural single carbon compounds and speculate on the prospects for the modification of these microorganisms. Finally, we
discuss the future prospects for the use of synthetic biology to modify microorganisms to produce SCP from single carbon
substrates. With this review, we hope to provide ideas for the commercial production of microbial SCP.
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Fig.1  Flow chart for the microbial production of SCPs from single carbon substrates
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Fig.2  Pathways for the utilization of natural single carbon compounds based on pentose phosphate pathway



X TR 6l = 2023, Vol.44, No.03 7
33 LRGN P 4 88 R4 AEIE R /7. Wood-Ljungdahlig 1% [#
R e S B S5 VF 22 LS R R R) DL O 22 SRR JE1 73 FCOL T E W61 73 FATPHI2 4> FNADPH,

AR F e, FlE. FEMFR. WE3AR
AN, WRRIE I 2 A R Ak SRR S AR R Y b TR AR ——
5,10-0 FE-PUS MR, 7E 2% R 2 H L E A58 (serine
hydroxymethyltransferase, SHMT) HIJ{EH T, 5,10-1F
FH - DY S0 R e — Bk BR T e A% 2 T R AT AR ik 22
AR, IFRFE:Z PN IR K EACHHERR . 5% o
B SFERRAEE A AR, SRR 5 e A S B AR R
ERBEHBEEA, P — P AR CERA CBEEA, &
Pk A il AR Oy B S ) o AR P AT HE N S AR AR
o ZERIGHER T LELEERE ARV J:ﬁﬁg/ﬁﬁ
2 43 FATPFHI3 43 FNADPH, & J5 JJFIATPIHFE R . 4
RRMEHEH OmAER AR ES, KA LI
I REAT N o0 I 75 2% 8 e 92D o 0o A6 3 2% 1) T
P, rYu Hong 5 Wi 1 5] N\ 22 G R i 7K il S5 B0 22 24
B — B ER , S0&E T R L ARRIEI . B2
TG SN BRED, IF HIEBR T 52 m F R A FH Ak
R o
3.4 Wood-Ljungdahli&f%

Wood-Ljungdahli&f® (HFRIE G L B BT AR R
AR CO, R H R % 4k 2 & 19 4 g A 28 N 0 B AR,
ZBAREGRE THRALEANS S, &R OB
HBFARA M M AR — AL AR . H IR I
RHTY. R R Ik g 0 S, 3K 6 O B i 0T SRR, B R R
PR E TR B FRIREMED T, BRI (g
KRB (Clostridium ljungdahlii) ) F1p= ",
e O B H, BN ADPHAR BEIE JR g, 1™ Y e T

e —PhER VR R R . AR B — RO
1 (E3B) o PR IZ &R O B Y R Ik T B R
WA & BCR4H IR R B R0 . StraubZ5 78 IREE BR AT
[t (Acetobacterium woodii) HiEFMEILFRIE T Wood-
Ljungdahlig 4% Hr4 AN SCHE I 14 35 KR 5 ATPAE FAH 56 1) 1
ANER, HRE T BRI A K R
3.5 S8 LA S8 AR BT A L — B AR
LR =8 (reductive tricarboxylic acid,
rTCA) 3. FRR/4-3 A TR (dicarboxylate/4-
hydroxybutyrate, DC/HB) g, 3-J2FENIR/4-F2 5 T IR
(3-hydroxypropionate/4-hydroxybutyrate, HP/HB) G4l
3-$43L K2 (3-hydroxypropionate, 3-HPA) &2 Hl5¢
PR DL R A A T il AR 5 3D 1S5 4 il A A T K
F HAAMEI G ZAL R 5 — MBI A B,
rTCATE I 8L 1 i = BRI A [ 5E 12 431 CO,,
CEEREHFETERE. SmaEAKAEME . rTCA
PEIAF] gk S8 2R A AINADPHAE N 1 T HA, 834
1 5T OB REA T L FE2 0 FATP, FEAEEDEY,
rTCATEI IR G T 20 B A7 A5 IR 1 ilk RS £ Tt il AR 5 1
L. —HEUCRINHN, AT R4 il 53 B A] i (1 ATP
MR B R 24 &8 (adenosine triphosphate dependent
citrate lyase, ACL) fEALERE HATHR B BEA G B AT
5% Tt i il AR AR g R A O T 0 I BERAR RS, ELBI20184F A4
12 LR RAT B ORI T BA TS MEAT IR IR G, 1%
BEAMN B (A AR ARSI O R AE TR, 3B nT LA
AR AR, NIZRRMIRAIRAE T i BT,

A
LTRAHEEA
HigkmEA+H
NAD*  ATP-+iifiyA A
NADH-+H" 3 3y BLES_ (. ADP+Pi
FifE LR SR B EEA
HCO; \_%.Pi . IhlEA ) 5- TRk B
Y 2 -
T8 T s e = P T PR LR BRI - H
HzO\( 5-@%-@%”"’@
/ 17l
o +
z.@é@owaﬁz HER i b
5, R
ADP+H+ SHMW NAD(P)*
ATPJBL/EH@& 245 i AR NAD(P)H
oo 8 5,10- /Aﬁﬂ% VY 2R
N/I;T]/)\(II))EI;I)+H+ ﬁ@n@k 0O Fdo.+H,O
Ht Fdut2H*
10- g - 0 SR
ML A
0,+2H*+2e~ H,O PQQ+NAD* NADH NAD* NADH NAD* NADH
7 ChcHo ) ——> ——( co,

O,+H"+NADH H,O-+NAD* NADP* NADPH

Y RGN B. Wood-Ljungdahlif%; Fd,, BAEANIEFIE [; Fd, . 8RS EANIERE M.
P33 15,10- M W IE- U S ] Al K88 — BRI i 4

Fig.3  Pathways for the utilization of natural single carbon compounds based on 5,10-methylenetetrahydrofolate assimilation
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