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Abstract: The construction and optimization of microbial cell factories are crucial steps and
key technologies in achieving green biomanufacturing. As concern has been aroused regarding
the excessive carbon dioxide (CO;) emissions and food security, a new and promising research
field, microbial conversion of CO; into food compounds, has emerged. The research in this field
not only holds significant implications for achieving the carbon peaking and carbon neutrality
goals but also plays a role in maintaining food security. This paper provides a comprehensive
review and outlook of the research on utilizing CO, and its derived low-carbon chemicals for
the production of food compounds, focusing on the production of glucose, sugar derivatives,
and single-cell proteins and the development of artificial CO, fixation pathways.
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(gluconeogenesis) . ¥ RTEI (citric acid cycle,
CCC) Ml B & I B¥ i& 12 (pentose phosphate
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Antoniewicz A1\ U AT 1R PR A AR
ERURIAWE , B EER E. coli H AR AR N
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protein phosphatase Glc7p, Regl)Z% fif 4 25 i 1)
HIVER, M- aitmE 1 Y,
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Table 1 The list of glucose production by microbial cell factories from low-carbon chemicals
Host Substrates Glucose production References
Escherichia coli Xylose (1.8+0.1) mmol/ODggq [17]
Saccharomyces Acetic acid, ethanol 1.8 g/L from acetic acid; 2.3 g/L from ethanol [18]
cerevisiae
Pichia pastoris Methanol, glycerol Methanol as carbon source: 1.3 g/L in flask; 13.4 g/L in [19]

1 L bioreactor

Glycerol as carbon source: 13.8 g/L in 1 L bioreactor
S cerevisiae Ethanol 4.3 g/L in flask; 18.2 g/L in 1 L bioreactor; [19]
Synechococcus CO, 2.0 g/L in flask; 5.0 g/L under fed-batch fermentation [20]

elongatus PCC 7942
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FEME . Ducat 55 YOk KA FE R IR 1 S iz
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Wl 6-WIR , il oSl T %4 6- W 1R
G B ESETER AR TE RS, o EEETE R A
2| 1.64 g/L, ZEEVER T HLIAF] 1.28 g/L.

AR R R T L A, R HA
7 BERCFN A 7 S FE AR XA, HR LA Tl i
AR AT B | I B 70 B R o 4 S A
FEARARA AL U AT 35 . Tang 25058 13
FERRP I RE S | A TR ER IR o- 1 R BEIR 1L
fiff (0-glucan phosphorylase, PGP), [A] A} @ B b
JEA MR E KL Glgl, Glg2. Gle3. Gsyl
M Gsy2, FELAZEERME—RRIEI R TR T,
TERRI B Ve R /LA 2 1 343.84 mg/L. 7
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*2 LUREBRERA R B R RS RO R ITE YR TR

Table 2 Biosynthesis of carbohydrate from low carbon source

Product Host Titer Carbon source References
Glucosamine E. coli 179.70 g/L Glucose and glycerol [24]
S cerevisiae 37.04 mg/L Ethanol [19]
41.69 mg/L Glycerol
P. pastoris 29.08 mg/L Methanol [19]
Myo-inositol Synechocystis 12.72 mg/L CO, [33]
E. coli 76.00 g/L [31]
Glucose and glycerol
106.30 g/L [32]
S cerevisiae 228.71 mg/L Ethanol
40.00 mg/L Glycerol [19]
P. pastoris 129.67 mg/L Methanol
Xylitol S cerevisae 4.30 mg/L Ethanol [19]
Sucrose Synechocystis 2.70 g/L [37]
3.50 g/L CO, [38]
577.80 mg/L [39]
S cerevisiae 1.17 g/L Ethanol
2.35g/L Glycerol [19]
0.38 g/L Isopropanol
P. pastoris 0.41 g/L Methanol [19]
Amylose Cell free system 1.64 g/L CO, [45]
S cerevisiae 343.84 mg/L Ethanol [19]
P. pastoris 117.74 mg/L Methanol [19]
Amylopectin Cell free system 1.28 g/L CO, [45]

RRMEES o SIEGMEYE AL,

3 WREAEME KL EE

E AR K T T 8 IR 5, 7E
RN EFEE HEMIMEN . 2019-2021 4E[], 2k
S R TR EA R 3.276 83 A2 t, T
2025 4F, Hiipiaks 7.3 me3Ea.
F] 2050 4, AT EAE P 12.5 {22
W b L A BB AL S HTT KT T B s TR
PR AT RW, SR, B TR A
JEFNZL ] A (R 5CR AR 30 A 3 PR R L
P LT JO T T 350 i A S R K 10 2 1 R
ko

A0 25 [ (single cell protein, SCP), L4
BRI, W R YR . B
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PR A A PR | R XA
M/ SR TS RN A S R G A,
REAS MR 3 BE 3G R A SR R fE AL, I
{6 AL T i X g T 2R A Y
A NELTH MR . R YR, J
A RIFRESROE. L, PAEE A AT
Ve Sy R, L3 BT i A A S
I 2RI G2,

UTSEAE, R CO, B AT AR AR L& Wi
G RN EI 1Y ok: QERINE s o SE T PN
I, HAMREWS et —a M A, b REfe it
BT RR S R, BT, A 2R e
A F I — W ERHE T SCP A7
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3.0 HBEAEREFRAMES

S — Pl T AR IR, 1M AR AIRRR . SRR
FER M JER, BTz T AN A i
200 e B 1 o R I D R K R A Kl SCP
HEE R WAL AT E (Methyl obacterium
organophilum) i 4 it 5 53 73 A 2 s Hob 2 7
IR, JFAEA A LTHERLR, Hit, XA
A B A A e A 7 B 1 A o AT R
DAREAT ML ST AR IS BEAN N, 2S00 1h P ik B
h12.0 g/L B, AT IR B R s 1 20 T E(29 5.0 g/L),
FI LA %k 0.42 ¢ DCW/gPY, LIPS mHFi
(Enterobacter aerogenes) NS X4, 4k B
BHE 0.5%H BERE, 774 1.2 ¢ 1 SCP (31%AY%%4 4k
Ry, HPHEASEN 71.6%, dEATERN
58.0%. ULAL, WIRZEMENAIEA RIS
FER AR,

B 2 ot AL BRAVE R R H 25 A, IR AR
AT D e A TR ) O e e B B T A
7o L SR R HE AR I B R LR AR 1 R L]
FRRE T R LA R J5REG i SCP i AR i
F, 5K&. fa. W, 2RFDELEEE M
Eb, MEEIREEEEHR RIS SCP A B Ll
. Meng 250011 Sl 1038 J 1 S 56 = 1L
(adaptive laboratory evolution, ALE)$2 5 T 52k
B T FHY e %) R R 2803 6 33 °C iy Tk A i 52
P, [FIRT SR R B TS P T 10%;  JEiiE
TR A A G R W & EE . GLND) A
513 41 e A B (R BR PAS 0305, — -5 FA s figy
0T 2N L RE JEL R AR DG R IA), E—2E
TR A s R, K TR ARSI T
FEH IR 33 eCHMEN -t 5 b DL By [k
A RKAE ) SCP, A=) 63.37 g DCWI/L,
FE L%l 043 ¢ DCW/g, EARGEN
0.506 g/g DCW., B34, WA Bk B RAbR
PAS 0305 ‘T3 1 40l NV SE bl g AR 22, A ifLiE

&: 010-64807509

PR IEAS RS, S AR E YL 3 I, I
B 05 = B B JE H il (high-osmolarity - glycerol,
HOG) & 12 1 2 ifd B 58 2 1 (cell wall integrity,
CWDiERME 5%, BT CWLRRREIE,
R PAS 0305 Y B HRIE LG AN B-1,3-%1 R ME 5
SRR LT 03/ H 5 W 5 S 0 40 o B T A
W T HIE R Z M. IkAh, PAS 0305 [k
AT DA A 1) S A AR A2 A e 1, AT A Al
Wioe, B R R BB e P, I,
PAS 0305 FlbR B AR HAT B e AR 1™ 0 el
RIS R, KA ™ R B A 53 )
M 67.2%F01 0.46 g DCW/gP"
32 CO, AMERIEFRMMER
FFRARE T CO, [ RE I H B R iR is &

LI CO, W5k SCP (IS dffl. Horp, 1%
BE— LN R S R AR B 1 B 1 SR A R
SCP, JEfEWE A M —FhEZRWEPY . fle
ARKERE, EREREDEE, BARE NN
FAVE 1o ORI A i, AT &
FOCEVEM, MBIYEE A T 3REEER . A
AT A & 2682 th T e = & =
, WEHEANET, RRBE ISR AR, LA
TR B 2 AE RN AE MV P, &
AT 55 e 1 2 11 5% £ (30.0%-80.0%) , 24 5k
MRSV, deA28 . 0. A P EME
A AR DR B R AP 3 oK B
(Chlamydomonasreinhardtii) J& & [ & ¢ 114 fi
2 B 25 AL HE G 36 Rl & i R 2 —100,
EELGEERE SR . RS SR ORIE SR . TR
FLAN, HEEERNSEAR S ES
30.0%. HIZWEET 10.0%, A, WMEEEA
PR, BLE . PUEf. BEIE . BURSEZ A
Wrig bk, 1B IR 258U 2 AW 5] A1, Sk
B AR R SR BRI R BRI, R4 B 4R
A R H SR BE IR ELA DL H, (H LR AR5 24 i
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KR ek, RS AR —Fh ] 47 07
%, AaBERINRA .

A A AL 7 (hydrogen oxidizing bacteria, HOB)
FERMAEAFAEY, HHTCHLE T (H) A
(CORAERIFE YT, FARE CO,HER T
R AL T — A T, DA o R . K
HOB HFA =k, &kt y Ak
KAEW A T e HLAR R (BB A R AR
Z— JERE RN A, HOB BB SL BL4AF kgH,
Ak 2.4 kg TAYIR, HOB A4 LU= AE50H
iAot . 2017 487 25 242 9141 /A | Solar
Foods #|f HOB 4:7% Solein HJEAAHET, H
RUEAETT e BB S EAE Hy. O, Fl CO,
AL, EHEATEN 65.0%-75.0%1)
SCP, JfH. CO, By#51b% K 0.40 g DCW/g!®,

BRI —F IR A ALRE A 3R, BRI
i CO 5 CO, E M, ilit Wood-Ljungdahl
Wi, LA HoAE NI RG], AR RR O i
WEAERENEAS . CERENEAS

*3 FRAFRRKRERLE-RMERERTR

WL AR AL, T
PUB R FAETE, BWHE—RIRA Yk
BT AR AE Y 2 — o AU E SRR A R
7w TR E O B2 Bt e R 5 T R R
WEN T2, DOBRE N REERM, DIk
TS E RS P ES)P R Co hF
Sk, DLEK R AR, IF 5 HAL RS TR — i
HMIEFREL, A ORI T AR IR S T AR
CHLE A& T 80.0%), ZAURE S2M Tl
fb, TolkA = g8 1k 8] T AW A K AR T &
FIAEF= T mige ) (3% 3).

4 ATLmEERFHTFRKNA

CO, N LA T Al 73 A Wikl . HA%
CO, M HAIE % CO, MK 1), B CO, HIH]
FEREFAREEE COo, ik AR, Z)5E
i [ERAEIE AL RAR=Y) . Bk CO, MR
REERIRAENE, CARIMRILEEA 78, Q5
W4 BRI PR AL . ATP AR AR I . AfL

Table 3 Research on the production of single-cell proteins using different low-carbon raw materials

Strain Carbon source Strategy

Conversion rate (g/g) Protein content (%) References

Methyl obacterium Methanol Optimize C:N ratio 0.42 / [54]

organophilum

Enterobacter aerogenes Methanol Carbon source optimization, 0.31 71.6% [55]
increasing temperature

P. pastoris Methanol ALE, enhance nitrogen 0.43 50.6% [56]
metabolism and damage 0.46 67.2% [57]
cell wall synthesis

Methyl obacterium extorquens Methanol Express heterologous 0.30 / [64]

ATCC 55366 proteins

Methylococcus capsulatus ~ Methane Continuous fermentation,  0.70 58.8% [65]
optimized conditions

Methylomonas and Biogas Mixed bacteria 0.66 41.0% [66]

Methylophilus spp. fermentation 0.87 / [67]

Microalgae CO, Light / 30.0%—-80.0% [51]

H,-oxidizing CO,, H, / 0.40 65.0%—75.0% [62]

bacteria

Clostridium autoethanogenu CO, H, / / 80.0% [63]

http://journals.im.ac.cn/cjben
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W AR MR LG | PSRN | B = —
f#% B2 (thiamine diphosphate, ThDP)4{ i ¥4 #& 1k,
it | 22 Wt 52 5 R A R AL T A S I s A i R B
¥ 14 (prenylation flavin mononucleotide, prFMN)
AR . HEr, KR Rk 12 2 Hh ek
A= Wy Tk 14 e 2205 = (H A iR AR K i 42
B HAFAED AR A2 I, 30 COL FEAL BRI,
NI A KRR T e g 2700, R, A
BN LA [ 5 AR 32 3 1) KB TR &3 9F

FET RN, N TR A HUS
HEGERE, 2016 4, Erb L5058 i oo [ Mt
Ml A I IASEE T CETC (crotonyl-coenzyme
A (CoA)/ethylmalonyl-CoA/hydroxybutyryl-CoA)
TEIR, SEBLT CO, mEe il QMR , Hiki
FRRR R AR R R 5 501, 2022 45, 2=
LI E DI SR A BRILEE A, Mt T H
Al fc R B [E R ER POAP (pyruvate carboxylase/

oxaloacetate acetylhydrolase/acetate-CoA ligase/
pyruvate synthase)fi¥, 17 4 AE¥ CO, ¥4k
HEFRTY, 2018 4F, Liao 5256 % ) FH M RS
KNI R R & T MCG (malyl-CoA-
glycerate)i& 12, FEVRHNAIMNIUESE T iRAZ AT 1T

PE, [RIBHIESS T MCG 342 it R4 3505 0% H A1
REIRIEARM 2 57 FEBLIERE |, %SRSk
rGS (reductive glyoxylate synthesis)i&4s . rPS
(reductive pyruvate synthesis)iZf2F1 MCG i&12
AT TH#4A, T rGPS (reductive glyoxylate
and pyruvate synthesis) [, %GR AT LA
E CO A Z RS R Y, AL4E SRR A
SPE R R R T R 27

CO, [3E BT L IHAE R e, 2
ATP #I NADH., HRAHEE CO, Fris iR &
Rzl G ERRE, RroGREE: ALk Aty 19
ATP FI NADH. #Xifi, H A LIE fiR e o
1 A T ¢ 0 46 BB A B 4G 4 S I BE R
k., ATP # NADH ft45 32 DL B IL &Y
W7 B B, e R AT DLE o R
Jid 0B 5L ALy CO,, W I fF NAD™ %% 4k
NADH ; ¥l 1) 22 B B IR RE B 22 SR W IR TR 1=
REEIR A5 R &= ADP, J7/E ATP, AT A
TRz Re At 4s Uy, Erb SUEeE 4R
B SR AR, 7EDCRE &1 T SE 80K ADP
M NAD %4k} ATP Fl NADH, Athfi ] e i
T CETC [EIRRIAEIN, BT CO, ¥tk Hintk
EW, R AR,

Direct CO, utilization

—

@ b ADP
NADP*
3 ‘ ATP
\

" .\ NADPH
/G \ Artificial CO, /
s‘ "“ \ conversions w ,‘f Met‘l}anol etc.
o ! I ™
/ f =
’ T\fttural calbon il o2
’_sequestration cyc]c, 4 Cell EE
4 C5 CBB C3 | e sE
Q
\_,/

Indirect CO, utilization

===== @.

Chemicals

1 EHiE COo,fIAfEE Cco,FBAARX

Figure 1 Schematic diagram of direct CO, utilization and indirect CO, utilization.
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5 BiESRE

Bt <o =AU YRR B S R S i, L
CO, N JFURKBEAT A= W0 5 1A (S FE 88 ik e J5U b1 Bk
AR A )AL, 3 BE A8 A A58 M 0 A il 2 80 o )
A A e S5 ARl DR o 3 AR £ Y 2 2SR L
TEARINE YA A BUE Y R, LIS S8 % T
SR UME R M RIEZRR, M EMT,
LATE A AP (A1 AR W e A o 5 R AL B H
i, SEBTEMR SN EH A R4 E bR ™ b
HA = R MR AL RIS RSN EY 5
PERIRZ U2 22 Wl o3 S HLA RO A, 38 0 ) i
SE M HEAL, AR EE | W LR R Y
P, AT 3% AR il o 590 (6 T A | IR P e Ak
AR BRAL T AR AR AT R A )
FH IR B A B RS
DAL BB R N S5,k LAE 2 4%
TE—RiLrR P E & AT T MM A AU Bk
W)k e M A I Z W N R G, RERE
FE 52 B A P A K i LBt B B A . R
R — T AE R bR A B BTG Y- i 155
A R ) A BRI, (HE AR e
T O ) AR AR TR A U e A
Fu, PUEYIRS T LIPS B AR b 1k
G, DA 1 25 T D it i 790 ) Ak B R 1
s, I Had w] AR S 2% 50, flan Tk
R B s U T AT ARRARARAS . A&
LR T B R A A AR B e O 26
7 i I BE AT BAE

i, W TR GG R A SRR CO,
IR AE ), BT T 40T i ARG [T B i A2, #6
LR CO, YENIRMIR I AT, mLes:, %
T AR SETT IR CO, Btk iy SRR AL
EYIHAT T B R BEE AR AR AL 590 o A
B, EBBUCEY M T BOR, R CO, ¥kl
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B G, CARR) Z M. B
AT, DAMISHRAT T R B URL, 38 R i P A T
RS T — RIS A
FURBKEANE , 7Tl i . IURE | 2 3L 45 0% ,
TR, 2 R LA A TR SR SCP AR,
XL P A ) R 9 IR A TR R B B, L
SRR kAR IR A EAE—E 2500 . — TR A
SEBARR R R FRRCR . B, R0
WHEE, PR, OB, ZIREMEYAL e
R, (R ARRCRATI SRR TR Y ; 2
TRE. SRR MRS A SEHE S AR H A R .
A=, PR RGERS R AANIE 2Z 18] 8
Bo M 22 o S — A E R, 6 A S Rl 2R R
Wtk NESES AT BEs =0y
WAAEIR R, DR G XU M CO, S5k [k
Tl AR =W GY , AR A A A
W) T BEHL i (AR JEORE A4 R ORI 1 A
R, DAk — SRR 2R e AW e
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