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Abstract: One-carbon compounds are liquid or gaseous substances that can be naturally occurring or produced in

WS EER: 2024-02-04 {£EHER: 2024-05-08

HEeWME: ERESFAITL (2023YFA0914400); ERBARFESE LB (32370039); FERERMAIEMHASEHEEIN (C2) (XDC0110302)

SIFAN: &, Z=RIN, (4IF, 28, T1+%, K2, Xz, ZHEF, XIS . £V EYRNT=HIE SR MERMRIRE[J]. SmEYS, 2024, 5(6):1300-1318
Citation: ZHAO Liang, LI Zhenshuai, FU Liping, LYU Ming, WANG Shi’an, ZHANG Quan, LIU Licheng, LI Fuli, LIU Ziyong. Progress in biomanufacturing of
lipids and single cell protein from one-carbon compounds[J]. Synthetic Biology Journal, 2024, 5(6): 1300-1318




%£5% www.synbioj.com 1301

industrial processes, offering the advantages of being abundant, cost-effective, and sustainable to produce. They are
anticipated to serve as fundamental raw materials for the next phase of bio-manufacturing, encompassing easily
transportable and storable liquid methanol, formic acid, and gaseous CO,, CO, and CH,. China is currently focusing on
reducing carbon emissions and aims to progressively achieve the targets of carbon peak and carbon neutrality through
diverse approaches. Amidst the flourishing landscape of bio-manufacturing, microorganisms are being genetically
manipulated using synthetic biology techniques to efficiently harness one-carbon compounds for the creation of high-
value products like lipids and single-cell protein. This initiative aims to reduce dependence on imported food and fossil
resources, serving as a strategic measure to alleviate food and energy crises. This review presents a comprehensive
overview of the most recent advancements in converting one-carbon compounds into valuable oils and single-cell
proteins through the utilization of metabolic pathways, chassis genetic modification, and other methodologies involving
methylotrophic microorganisms, acetogenic bacteria, yeast, and other microorganisms. It discusses pertinent studies on
enhancing molecularly engineered strains through the fermentation process using one-carbon compounds and includes
research cases focusing on the production of ultra-long-chain fatty acids. Furthermore, it collates industrial instances
related to the conversion of one-carbon compounds from research institutions or companies. Lastly, by addressing the
constraints in metabolic pathway design and genetic tools for utilizing one-carbon compound strains, as well as the
energy conversion challenges between acetogenic bacteria and lipids-producing microorganisms, it offers foresight into
the future opportunities and obstacles encountered in the bio-manufacturing of lipids and single-cell proteins. It
suggests advancing inter-disciplinary, efficient systematic integration for fermentation within complex systemic bio-
manufacturing processes, driving exploration on the biological conversion of one-carbon compounds, proposing novel

solutions to current theoretical and practical challenges, and providing guidance for practical applications and industrial

advancements.
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Table 1 Microorganisms capable of utilizing one-carbon compounds to synthesize fatty acids and single-cell proteins
M;ﬁ T e fRitizte R o 2 2 i;
KRIRH P. pastoris F XuMP &% — EH80.6 gL JENEE23.4 /L JEWIEE,  [12-14]
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A kb
[iah Y. lipolytica HEE  RuMP.XuMP &4t FIE 4 RuMP — AN [26]
XuMP i& 14 3 Al ,
I P V5 Y R i
PN} E. coli W, EEMEHERES. ORI R AR (2.8 +0.8) g & /mol Hig BN [27-28]
B HE. CBBIEH WARE T T Al
Co, AR
RIRH P. communis R ARG ILLI% i — 1.7 g/L HYIME T [29-30]
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Fig. 1 Metabolic pathways of microorganisms utilizing liquid carbon material substrates

(The dashed line represents a multi-step reaction)

H6P—Hexulose-6-phosphate;  RuSP—Ribulose-5-phosphate; ~ FOP—Fructose-6-phosphate;  DHA—Dihydroxyacetone;  Xu5P—Ribulose-5-

phosphate; DHAP—Dihydroxyacetone phosphate; G3P—Glyceraldehyde-3-phosphate; Pyr—Pyruvate; GCS—Glycine cleavage system; 2GPA—

Glycerate 2P; OAA—Oxaloacetic acid
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A R R 5 B A v B IE B AR . TR
TIEEX—HM, TEEIAE TRES&RAED
7 A AN ) 2 A R B I R R SR

21 R IESERAT SBE—KSAFI FHLE

E— AR R S, B E1Es T
MW TR G R ED Y RE, HELRE
VFA/C, P2 [ 77 % . Moon %5 1 38 1 AQ i TR ik
& o b 7R S IR S R A (Acetobacterium
woodii) WFAZE, A. woodii 7] UL $k — E AL Bk I
W AN QR Hy, TSR A MU — B IR %
LR R I EAA, A, woodii i) AhydBA/hdcr 5748
R A, SR O e TR, B EN
R CORE AR, HH BB E/ LRz
Fe 1,13, 1 4 MIBR letBCD Ja, HAEFN CO 15 1k 4=
M FLER - Benito-Vaquerizo %5 ' Fi B AR AR 24 ¥ 11
TR S R R R IR 0 v, it

B R DN LBV BB J7 4, R BRI
(Clostridium autoethanogenum) Fl F& [K 12
(Clostridium beijerinckii) 1t CO,/H, LA J LR
s FR AL IR, B ZRR E A CO/H, A
i1 200 mmol/L 11 LR, C. beijerinckii F| I r= 4
MR, THFESEFREP AR, A% 50 mmol/L
TR . M K™ G W ¢ H i T H =
X #, Poulalier-Delavelle 5 ' ¥ X 1€ 7= 2 &
A.woodii M1 C.autoethanogenum * 5| X\ P} Ji CRISPR/
Cas &%i, WH T CIRENEERNApmE. &EH
%71 T C.autoethanogenum 1 1 -B 84 CRISPR/
Cas &4t, B LL100% BB R pyrE (561 bp),
R GRS AR A T B IF R AR AL 18 2% .

2.2 RPIESESREAMENZERIELHIERE

RE W BR 1 & BGEEG T Ol A, — s &
FSCHIT 75 ) 0Tt S i A R EH T 260 B 22 7 0 I A A
FR) PN T R e AT ke, T AE AR U AE R, T DA
H IR B4k 24 B A & i, THFEL 9T
ATP LR LA A, TR 7 — S B 3 AL
OB A B, WE 3R, BTk, B
FA A B o i — P A B s AR E R, W] L
AFEE L. R .

G IR G DT R & gt ik, B e ik
1T 7T RESLE, FIH PR 5 6 Sl 8% 15 197 18 F1
Ak 4 77 . Samranrit 25 © {# H — #k 77 ol B B
Pseudozyma parantarctica CHC28, Uil g/L 4%
AR PR B 0 30.7% . BN LR, B2
BRI o 5 87.8% 1 C, I C JIRIIR . LRI I
fisk 5 24 R PN 9 (%) 7 AR I T TR bR CHC28 1) 1 BF
g 7= A FUE Y [ 4L . Huang 55 ' 7E Y. lipolytica H1
W RIE BB (AckA) B R 2 Bk % % i
(PTA) JE[H, J8Id P28 NN | LR AR Bl £ Tk
A AR, HRERS BT AckA-PTA B 124 7= 1
Z MR W EE . b B R B R YIS 2 R B A B T
PEIBA 44 8. cerevisiae FP TR N K BE i B Tk 2 4
fif A& UM (Faal. Faad) FEDNmgRR, ik T8
A BRIk B R AT B %) P 5t B e A res A, S TRE B
BAEMPMEN, J58:4k 8@ 5 1 N8B 4 i A
AALEE (Pox1) [N, I RIE T & RN RIE
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Acetate
R e HHHER MR B TR
G-6P 6P-Gluconate ATP
= l NADPH NADPH Acetyl-CoA
_ r’ synthetase
F-6P * ppppathway  Ribulose-5P ADP
F-1,6-2P I ADP
I Ribose-5p 3¢
G-3P . AC Cit T Acetyl-CoA TAG 3
l \‘}P Aco t
NADPH i
PLP Mal Oaa EG—BP
]
l leit }
Pyr “—— Acetyl-CoA TCA eycle 4 :
Malonyl-CoA ===== sAcyl-CoA
— ¥ ¢ NADH o~
e , > s ER
NADH ) GTPe, ? Extension
8 al TADEL L NADH ] ’
:..: e - Fatty acids ¥
i ' " S— - " - pron _— i S———— SERR——— .
f LT A PPN RO S RIS S

B3 DU B 2R AR A s & g At

URENRERZ DB
G-6P—6-T IR %I M ; 6P-Gluconate—6-BE IR #I i HE; Ribulose-5SP—S5-BBRIZEHME; Ribose-SP—5-MIRI%ME; F-6P—6-WiiRHHE: F-1,6-2P—
1,6- R BR B bl s G-3P—3-BMR H % : PEP—WEMRIGEE UM IR : Pyr—NBHIR: Cit—FriIR: Aco— % 3klR; Ieit— AT ER: Akg—
o-BAR R Suc—IRHIEE; Mal—3 YR Oaa—HEEZI1R: ACL—ATP-FFIFIRZAYAES; ER—MNFEM; TAG—Hih =1
Fig. 3 Pathways of lipid synthesis using glucose or acetate as substrate

(The dashed line represents a multi-step reaction)
G-6P—Glucose-6-phosphate; 6P-Gluconate—6-Phosphogluconate; Ribulose-5P—Ribulose-5-phosphate; Ribose-5P—Ribose-5-phosphate; F-6P—
Fructose-6-phosphate; F-1,6-2P—Fructose-1,6-phosphate; G-3P—3-Phosphoglyceraldehyde; PEP—Phosphoenolpyruvate; Pyr—Pyruvate; Cit—

Citrate; Aco—cis: aconitate; Icit—Isocitrate; Akg—2-Oxo-glutarate; Suc—Succinate; Mal—Malate; Oaa—Oxaloacetate; ACL—ATP-citrate lyase;

ER—Endoplasmic reticulum; TAG—Triglyceride

2 F 1 B 2B A AR AL AN S T R A
(ACCI1. FASI1. FAS2) JEI[K, A BEi7 & g iy
Mo B BIR R . 1% BA LA CO, HL B 1 & ik
(1) LR RIEAD , AL 1R 7= IR 7 R oA Ak b A I
iR, & =I5 n ik 448.5 mg/L, M C,E|C, 1
W e W R W] e A . R A S CO, N R
BHAEFMR B AL TH, @3 “mPbfm” BiRm
S

2.3 R IENEREREEFEBIKIERERER

TERG TR W7 b, K EEAR TR (VLCFA)
ETN BEMEERAGTIMNZ, KERST
W, PEME S, SO H AR RS ZEMN. A
# Xt T VLCFA It & A B8 2 34T 7 — & R
%, Hoarnl LLE R AQ TR SOE T B s
VLCFA = 2806 i, R QR 2 — U IR
W v A8 AL & B VLCFA 2 it 1% Sz 1 3830 JE A

HEKERRER L. Gao% " Xt Y lipolytica it
TR TR MSUE, A VLCFA. @il i ik 7
TR AEK B, RIH 2 A8 B E B 1 RIE ) AKCS
Tk R Btk . PEX10 3 IR (9 i b BEL 1B T i M ik
HEEA MR, K Cy~C, BRI T 315, 5
AN MaELO3 LK, H 2 (1) & % VLCFA. 534h, &
1T AN CBE B A A RRE R N B R A
(PDH). ZERiAEE (ALDH), ¥ VLCFA [ ¥
FTHEI280 mg/L, T 1715,
EBKBERERY, AR (nervonic acid,
NA) RAFTE T 4 4 21 K% fa3h Hh ( —Ff 8 24 Ak
JEF- R0 1A BUEE P AL RD i D R, I R AR R B I
R R AL S TR, MUE I AW A R 4 R B T K
FAT R o Zhao 55 Y R G B AE W2 1) 7 AE
Y. lipolytica PRI T AR I MK & g E, i
AR TAREAUR B A — P i T AR .
K B AN [ A WA 1) S 58 AP K Il R 2 VR g 48 8 2
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Rk, HVHE T ENTE Y. lipolytica = E M & TR I
. R RIE T2 5EARIER, g
W P v 3 111.6 mg/L. Su 2k ™) 75 [ 41 & i %
(Rhodosporidium toruloides) Y R I T TR FHE Pk
R e 22 R 5 il 3 428 v I U7 TR S e A B ) 5 B PR 1)
M (3-ketoacyl-CoA reductase, 3-hydroxyacyl-CoA
dehydrogenase, trans-2,3-enoyl-CoA reductase) ,
Xf H AT I RA 5 WG T NA S8 A . B
Ja, R T IR, 29 200 AR R H BOsos
J& 3 F PLDP1, Jf X 8k K CgKCS R IE AT
SRAL, RERFESEIN T NA S B E. #%5, Wi
GV RN 1 T A5 C,, AT A C,, 0 SIS
NA ZEAHE. Ji% " g T IEMEYAAEE
WA AR & BOSE . MRSk R b % ) MoLPAAT
xR iR OB A Ry e MR,k kb oRE g it R R,
Y. lipolytica W] 4577 57.84 o/L ()i fig, LA &8
¥ B AT IA B 13.56 g/L. (EARE R & 80 A O TH
A BIBNFEIFEREAT T RS TAEYY, @it KA T
FEAE Y. lipolytica H 18 1 8 55 R 1k CgKCS. g i TR
i K g Bk K] GELOVL6 125 1 R ifg & [l MAOLE?2,
RERE THARK T E. B, EABMN TR
325 B0 V-3 -0 T e I A Il R e R R
Tl it — DRk T AR A G . IR R I
{149 DA J5 1Y) 45 g 1 1 B R YIINO 2 (3 3 mT DL Jlig
97 77 B HG N 39.3%..  FH BT i — R VU (1 S/T R
PR R SNFT G, PR/ VY Je BR 1 e 451 18
MY 61.6%. 1M YLNAY Bk ) vk k1 il i i 2
N 96.7 g/L, MR EN173 g/L (A RN
1 17.9%), +& H |l Y. lipolytica 7= # 212 38 L (1)
IR T

FAT, BFFELENR TR & BT P A e
AU A% 5 DA st A% T B A 5 46 J7 Th i LA X
R T A H TR JE3EAE b, A= IR Tl
AL 8, ST R AR B IR TR 1Y 5
WS P AGHE, EIER X" BARKIE
I, JACKET IR BrEd R RIR A T EE AR

2.4 RBIEMERA—RSHELCERRKED

A R BT LR B, HRA T IZ MR,
AL Gevekn . &) B SE B OK L &2 4k, e A

HEE . AMERSREUEL R, Ol
AR COMH, RS 77 — BRI Ak
T EAREFASA MY (hydrogen-oxidizing
bacteria, HOB). HJE% 1L (proteobacteria) Fl
F= PR -

=R i I L e =R (S L R R N
8 3 2 [\ = 3R BR 1 4 5 Calvin-Benson-Bassham fff
IR — A B . IR AU S 4 B ad ik WL [
TR EL— A AR, IR AR B B F )
LIRS, MA LR MESR. LA N
W N A= SCPWAE A T Bk 7%, B 5t
RAZ AN Ak R R L, 1R
AR N IE TR — B B B e g e AR e Y,
KT M4~ 1) “P B SHng .

e S8 A0 T R R e B o I, AR el
Tl 2 Aok T R B 22 B R s A e — D AR Y (4.
FH e S84 B AT DAASE YRR e R Dy JHG E — 1 B A e
RIE, A B IR A 5 R R A T R A
FIRAHEAN S SCP A ML &, @i i N K i
IEMEBEEREE, BAEHRIKREE, FiiEai
AL $) 0.76 g/g 7

C. autoethanogenum & — P & == [C BH 1 40 74 ,
PEREIRE ALK, FtEtkre B IR, BB TR0 M
Wbk, HEARKFIAE80% L L, HREREREF
i, HUFHARERARS @M, &EEk
FMXN B, METRSEFE, LHERKET.
C. autoethanogenum £ 5 — B S AK 4= 1) % 40 1
A ), WE S A CRISPR/Cas9 X C.
autoethanogenum "] C, [ & J& PR % Jo 5 % 1% 41
BRI AT MBS, PR T ClFEA IR E R RIS,
IS TR 3h A0 B 1 77 B, B 22 1) ik 3 S 1)
AU AR, SEEL A RCRCAE P G B R R RR AR
KT, Hk, HAlC. autoethanogenum &5 1 C
I N KPR fE “Bp 7 KRIREET,
C. autoethanogenum [P 2 7= A 0] LR AL K & 4R i
wE, T HBOCRE R T T RS HEA
L TF R R R . W W& R L Wik, W
Wi B ZE MM B (Bacillus subtilis) « Hi A 2F 6 4T 14
(Bacillus licheniformis), 1ZFRME 5 THi7w. £K
HARP M2 TS, HIREZ,
B A 2 P an A8 Ty R 4 11 A1 Ak EE B i R A e
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Fig.4 The biochemical synthesis pathway of single cell proteins in methanotroph

(The dashed line represents a step with multiple reactions)

CFE R A TRE. AW RE L S5 S5 38 D il A 25
R Ek g iz R T

7K I8 /R B (Clostridium ljungdahlii) 8 1L
WLP (JLE D, A CO M CO, 540N LW LR
BE ERGH R A S R IE " e 1E C. ljungdahlii
H, n] DURI A & AR OBk (PLA) Al ¢
B LTk E. CBWE OB RS 8T
WS AR LRFH RIS NE Pta Al Adhel f3
PERT LAY 4B A ol g 7 IEAR R SRR S
HES IR IR P G T A8 B o 4 E A R R
BEAE H, HE S 3G 0, L BEFL CO, () ik 18 & 45 ) i
G IANGR A, R A A BCRUR R DT
R E ARt HR T .

3 kLS ki

LRI — 85 A 0 e BRI AR 7 it A 2 B DAY
Beaskng v E, w3 pos, Rk E e
LRE B TR R A VAL O IR 5 VA, P A T I
B4 B A )M 2R B Ak D v MY A S A .
Detsios 55 " $i th 7 Ak 2 - 2L W) A 22 8 AR W R
B A L2 L MR 8 42 . K IR IT I A o
HBRAIR S 4 (DFBG) TERCE S, T8I RE

W E S R N R, FE I Y lipolytica F1E
T 5 il i 7 (Cutaneotrichosporon oleaginosus)
S REEAT T ORI LR AL D H I =
(TAG), )it TAG BEAT il A0 Jin S Ak 2245 2
RV IR EL . Robles-Iglesias 25 ™ [A] A3 i 1 Bt XK
BESRME, 57 QR W A U A ) R
R —#k TREAL Y. lipolytica )R B 77 B-tHES N Al
R, IR B i SR T 32K B2 9 20 g/L,
Az B SR AR ) Bl pH 09 6.0, 5K AF T
R GE BT A2 7 B B R AT 22%, TR R R E
M E RS Cyyr 29105 50%. [RI, i E]BA
P B UG, K™ SRR & R B A 7
1) CTRBELE R. toruloides ], BEW A 25t 2K —
BB AR R R IR . B OTRIREE Y 11 g/L
B, MBS =N 39.5% g/g. LBRIMIVIURIR B = T
18 g/L B X% R. toruloides A il 4F FH o B = i i &l
BERIT N : Clp>Cle>Clen>Crg > 3A

TE W B USSR 18O Td
T2, OB BOr A e, BLUER
THEARFALCR

31 REIZHEREA—BRSEEREIER

FE— AR LR & B, AR R IE 2
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NN TR bl ™, He
QA Y BN/ B R i SO Y SN
e 7 ORISR . TR A S B B8
—BRASARAFEAE A AL TR, TR P AR 1 1)
/8. Heffernan 55 " 15 /= L B0 B R R IR SR 1) —
AR, WA SMRN T SWBAE R, AR
RRWAEKERET T 2@ A4, REE” 08
(3.9+0.1) g/L. Puiman%§ " 76 & A K BE” R
B, RILEEX T SAE TR iR, 15 R B
HEIN0~5 g/L LM e, LR 2% (Ko M
ELF oK B B8N 7 2~4f%, BB SGE S R .
FIE, Z A P 3d 3 oK B A IR ST 2R B 2R
AR 1% (CFD) #28, 5 Rl 5o i 47 504
RIR B H) CBE o2 i SR B s, T 3 5L
BN ARG I A . X R UIAE Tl &
SRS, 25 - KRG8 3] 1) 38 A% i IR
il T AR B 2 A o

NTIRTFREERCR, H R EE S — A
AL ORI TR B AW I N A B R T .
Kiigiikaga [1BA > FF & T — o7 24 (1) i 5 AR P gy
BUR B #5 (CBSR), SR EUBHAE MR & 55 77 1) 7 1%
REEH/CO,, M KHBARKAEMESR (0.1dD
i, ZERFFREANS2 g/L, BGE T RAH BE i () )
M, R T AV A K. BRI A, LT
TR T — Bl B0 A= M i S 70 16 SN 2, {8
It B AT B 7E e B 7 P R B, TT 343 VFA. Perret
& IEH C. ljungdahlii AT & RO A T H HL
FRES, R T AR RS0, 7T LSk B 44
PREEROR, U FEHE 160% LA L. Velvizhi %5 ©4
K HOR B 77, Wit T DU RS [F) 1) R B A A
2 BT e o f BA A% L A HH 6 T Ag/AgClLoN-0.8 VI,
RASEILT CO, M FENE MR (SCFA) B AL 11 i
e E (2050 mg/L) .

FA, AR ORI, B
BE PR 35 T DARZ IR SR AE PR R . Kim 55 P 4G G
SRS BB (ED) RGLE4K, BN
WA MEITCR, B OB R =R 24%,
M ED #%4t, L1 ZEIT 99.8%. 5k,
B BA B 97 A v AN B T A R R0 T A K
R, JFWA T COHE . AW KB pH [F A
SRR G OCEER R, Marién & P 07

LR M H, F1 CO, H1 A2 7% VFA AT B 78, R H:
TEBME R EF AR, BRI 5,
JE pH A2 P Hil AT & 7 [ O 2 8. fEh 1% pH
(>55) F, WM AR RAY): S9RIE
pH (<55 H¥T M=k . Katakojwala 55 “7
£ CO, [0 C,~C RN = e it s b, s 4k
R U5 BRI Rl AR B 8D, X g il i < A4k
K (GF) RGUEATHA, KRILT A 5% 5 4
Kb i) LR AT TR AN 35 (M5, 17 pH 8.5
13 CO, i e bJF, IFA S & VFA (3.7 g/L)
A, HR R (3.0g/L) MTER (0.7 ¢g/L) AE
a8

3.2 REIZMEAZERELHIE

W F8 & B £ B8 1n) 1 i 1 % A R A — L
PR B BE, B W0 Y lipolytica. 7 OIR 42 9 12 B
ik ol s mE
(Lipomyces starkeyi) ' UL} R. toruloides %5 . #H
TR HEE R, LFR%E VEA # AN B4 A J7
XENEE, £ OB A S RSB ER T IHFE L
5y F ATP B 0] ¥ 1 TRl A1, 330 N ot T A
o, HR B E IR VN EEAH OGRS 3B
REAfE DU 2B AR ) AE PR . Pereira 25 VOV fif F — bk
Y. lipolytica NCYC 2904, ¥ 4] 39 5 1 Fi] 4 % b
RFEWEMIGK, BEHIKR. NRNT RS
VFA{E N BIE, v LA E A 7= & . Rerop
U kBT IERE B (Cutaneotrichosporon
oleaginosus), K LFEAVE & b BIA 4 4 %=
K=Y (LCH) R & MR e mE, A== Fgi i
M (SCOY, HFEZNC v Cypn Cpyr A4
JE TR 1 93% . T L BR A SR AT PLEEIE 4R Tolk
T 4R DL SO AR AR IR S S ) TR T 4
B . #R1M Burgstaller & " DL Z B2 A A 82 Ay M — ik
Ui, R A pH B E - M3 ik R T 1Y) S 8% 77 25
2212 R} (Apiotrichum brassicae) V134 Fl ¢ {f B Jfx
W B} (Pichia kudriavzevii) V194, {E 500 L & BRI
BENRG T &AM (36%~43%) . #5r 7r HlR
FilR, 2B (7%~15%) WfE, [F
FESRMS T 8= DCW (31~37 g/L), ok efd A
BB R

(Trichosporon cutaneum) “* |
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R M R A, @ pH. WAL K
MAEEREUREMESHE R -0 XH#.
Moreno %5 " ¥ y5 R HHATIR AN (WO) FH|LLL
BRAA B A F I VFA, R Y. lipolytica 347 K % ,
P pHAE W E N 6.5, 1554 R Y. lipolytica ] IAR
95% 1) LB AN 100% I N IR, 3R1F T 35% + 1% 11
e & B A (0.23 £0.02) g/g MR =%, Hr
PLTHTR (46.4% + 0.4%) 25 FLANH AR 07 B8 N 3= .
Naveira-Pazos %5 "' ffi Fl —#k Y. lipolytica W29 F| ]
VFA BT K%, TEREILIMT BRI W29 X 218 1) TH #E
T TRRACE, SeEiHFEEZENIX0.664 g/(Lh).
FEAE R B A BB B 8 T VFA K BE S W29 4525
i, mRAWFE36.9 g/L I VFA, AT i g A i R |
3V JH R AN AR AE B2 & i ik 80%. Morales-Palomo
&t 0s) fii B — ¥k Y. lipolytica ACA DC 50109, ¥
VFA1E R, 83 A0 A R B4 VEA IR BE R
15g/L HHEF AR - =6 . 1, BxE L N 200K,
e W7 & B i Ak 43.4% (s HD, HRIET
0.33 glg, %= F 2wk DUWE B 5 B 1 72 %
Pereira 25 "' 76 9 By AR B2 T 20 70 R 2 HH 40%~
50% A EUR T IR P R R B O E

3.3 —wSHEELERERIILEHE

AR, — B G RO B Tk AR
B, A2 SR ECE, il e
HliEEmREAR, Kb RXKEaoftal. £E
Kiverdi 23 w1 148 ] DLIE ok 1 28 W0 2% R I A F|
F CO¥ HFEA N EE T . 2019 4, Kiverdi fi
FEHAE P MR A A O RS T — K4
A Air Protein [RIA &), 3 THAE 4 LA CO, 56 1 T AR %
B RERMENSMBER ", 2023412 H
19 H, BRHAIF#EFE 2 (BIC) KK 2600 J1FE G,
F F % B 75 2% Solar Foods 2 # 1] HYDROCOW i
H o 0 H B IR R B bk, AN R 2R E R
P S, TS A CO, FIN,, DA K% B AR 7K 72 AR 1
H,, FIHAAEATR % K, AR 9 i B-
FLERE A

— TR A R A [ P[RR B2 B 4 TR
H AT 72 B N #E47 — Bk & B B e A A Ak,
FEOFEAR LA NP Bk E sk

WG Al 2238 75 (Adisseo) F3EEE {4
e 8| (Calysta) £ 5 ¥ Hi 5 PR 1) 18 d 5 DL &
EEEMWAE AT . 2021 4FE8 H29H, K&K
0 1) TN B A R T P S PR JEORE BT R
A5 ol 5 H [ Ol B 2 B wRE O 7L BT SE RS
B, Bid COEMEMEAR (FHTES8%),
CL S I T 2 VA RS, 1000 J5 I 2 BE AR TR
FEAMEMS T 28000 AkE (EASE
30%) 9. AR IR ) e AR T B 4 i AR
(HEEEFET2% L D), HAERRKR T T 20224
JRFFEHIRIBAT, T 2023 4E#77,

HAEr, F|AA R KZ SN TN
O IR E R, ST KT SR TR
“RET” MRS, —mSEERERR, 7T
AR S T7i5, T8 R SCR FH — B IR
Ji = R, G T 2 DRtk R i, YRR
s AR R T R R (IS

4 e

Fh 30 RS 0 15 28V 90 A B (Dt
R M REIUR, B — TG A
PTZ BRI DL BT FLE R, 2
BRI HRR, HFERE T SER XU
I P 8 U 53 LR P — B
EPMSB, B TR T &R
BRI R R SR I T R b
PRI AR, BLR “BIBR” S )
B AT H NTAER NIRRT, WH S, &
W O T R AF BB VPR A, R VR AT,
B SEBRAOSER.

(1 H 54 AT B 06 #4411 5 7 B
FLHER F — Al & ORI B0, P 25
R U B F 0 VR LB i H AR . LA
R BEM R ER S A FEREY R, 0T
A AR T A SRR e 5 SR
PRI 0 RICRS, R AR H P 8 A 5|
BB 2 IR R 0 B 5 A K
P DO R, 4 BORY B 2 B
W eI RENE TR, A AR
R 2 5 0
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Fig.5 Protein manufacturing process using C, gas as substrate

(2) B FRACH IR o A7 7 25 W e B PR Al L 5k
ZRIIMEE, S 4R WA B8 R — R
HETERESEESNYR, HE “WBRNA” &
ThA BEIL B HIE H AR

(3) A 4 5 T V2 3 LA 2 3 21 A W ol 3 1)
HaRRAGMERTR, ®"EHNMHE, Za0L
NI 41 DY a1 s 27 NENI -4 - 7L (3
Y AR, R AR AR AL B ST R R
%%&ﬁ%%ﬁ,ﬁﬂ%%ﬁ~%%%%i%
il i&

— A EMBIRN EE RGN T8
fi8E I 50 M B HE B0 B AR AR AL B 5K i
YR o i S R 8 RN DD 7T i a7 S
TR Hp R AT AU RFHE, K
SR 5 AT I

5 £ X W

EH X Gt . e AR LA E 2023 46 B R4 5 it 2
K& % it 2 W [R/OL]. (2024-02-29) [2024-03-01]. https:/
www.stats.gov.cn/sj/zxfb/202402/t20240228 1947915 .html.
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