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Table 1 The high-value products produced by algae

2 77 i [ N H] 275 SR
[EE i W31 3%: ( Scenedesmus obliquus) (5 MIEE 5l TH 15 Jig He MR [8-10]
W ( Arthrospira platensis ) . /N Bk 3 ( Chlorella
marina)
U 3- R SRR, TRE.2,3- SRMfa SRRk R b2 2, 11-12]
TR R
A 2RI AL SRR SN R e (1315
Ne W&/ g B MR iER =483 (Phaedactylum tricomutum) | SEBREE 4L IR AEYEREE 110, 16-19]
s . IR (Scenedesmus dimorphus ) M3 EE
PRI IR JNEREE M L B4 SE (Monoraphidium dybowskii) A WS [20]

TR

SRR FE ( Raphidocelis subcapitata) oS [21]
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2 1)
x50 7 Btk A S35 3Tk
Z R TR AR SANIRIE ( Nannochloropsis ) GETE#E BWIRNFE E TR [22]
( Nitzschia ) , % K 3 ( Pavlova salina) | B 5% 3%
( Skeletonema costatum)
oS A W ( Schizochyrium ) . E K B W ¥ EFRME [22-23]
( Crypthecodinium cohnii) | K ¥
pida LAt L BR # ( Porphyridium purpureum ) | £F 40 # 3 EIE AR [24]
(Euglena gracilis) | it % % 4% % ( Parietochloris
incisa)
B WA CESUBE HERIE KR SRR Pophyridiun cruentum) ML [25]
TEM S A ( Chlamydomonas reinhardtii) H ) 2.1 [26-27]
EZi TP WE R (RS HE A ([sochrysis galbana) P24 Aot i [28]
Fop WA= W ER 35 ( Nannochloropsis oceanica) FUERYKRAGE [29]
R/ KRR R B MR e G 8E ( Dunaliella salina) AR B [30-31]
I Rk
W 2 (astaxanthin) | 7 39 F WA 20 BK 35 ( Haematococcus pluvialis ) | fo 3§ 3 PREE 625 | [32-34]
( fucoxanthin ) |, 1§ ¥ 16 &% & (Mallomonas) M2JEEE ( Spirulina platensis) TR
( phycocyanin)
TBER/EAR ORI ER EER . WIR 4 3 (Tisochrysis lutea ) | #0153 ) G BR 3 £ ah AR} [35-36]
Ve ack SRR AR EER) , A% (Nannochloropsis gaditana ) | Ji B ( Tetraselmis ) |
T FE R (P e s ig KA %
R AR AR K HER)
Jik B B I KRB (Pavlova lutheri) B TR HEsE A AWTEMER [37-38]
U4 ( Tetradesmus obliquus ) SRt
HEEN T (Arthrospira) JEHE (Spirulina ) PRAE At [3840]
SRR
FRETCAIL A SRR W3 2o S A S 25 0 TS LA ( Cupriavidus necator ) fg % L& <0 R I8 12 R /R SCHf

A AR B R AR B Tl A PR L R
7 A AT RE , (FNER T 22 R0, 77 A 11 R e LA i
A AR R AT A OR B S A ] B — R
AR T — T T AL BE B 37 W, 3 3 Wood-
Ljungdah (WL) A2 [& 6, &A™ T HE TR . T R4
Tod P i RAF IS B AN i (£ 2) . 4 ol T4

# ( Calvin-Benson-Bassham , CBB) [& & CO, & il E-B-%
TR polyhydrosybutyrate, PHB ) Fi T 7 i fif 1A 7=
C. necator HATHIX U AL ARAE IR R, /T LS| ASL
UG BUBAR A P R A i, IS N B S TR SRR
T AR TR R LT R (R 2) .

R2 BRNEYIENSESSNELFER

Table 2 High-value chemicals produced by engineered autotrophic microorganisms

il 7S JER = b PR R 22 3k
P KB IR MR 1 ( Clostridium ljungdahlii) €0,/CO/H, L 19 /L [43]
B F=EEAR B ( Clostridium autoethanogenum) C0,/CO/H, SN 3 ¢/L/h [44]
F—SALRAR I ( Clostridium carboxidivorans) — CO, .CO I H,  ZEEMI TR Z3 gL, [45]
TH0.35 g/L
LI 1 ( Raistonia eutropha H16) o, Erd - [4647]
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2248 2)
) (LS JEEL 7 b P R E= BTN
AL 1[G BEFT 1 (Acetobacterium woodii) CO, R 330 mmol/L,14 d (48]
0 GBS CO,/H, [N 51 g/L [49]
¥ B ( Clostridium  aceticum 5% Clostridium  CO, FIZEAM 4% LR EE ZR2.11 /L, [50]
carboxidivorans ) (ZV1) Z T 125 mg/L
{1 EG AT 3 FIAR 1 ( Clostridium drakei) €0,/H, FLAR 8.1 g/L [51]
A 7 REAR CO, T 5.56 g/L [52]
TKIEIRR €O, T 4.5 /L [53]
W = B B B M W ( Cirobacter  CO,/H, BEFIR 12 g/L [54]
amalonaticus)
PP RRAT I ( Citrobacter BD11) o0, BEHIMR 15.02 g/L [55]
WAHL IR E ( Pyrococeus furiosus) Co, 3N 60 mg/L. [56]
REWTER WIRE 2T (Bacillus sp. SS105) CO, 5 Jig 17 1% Y T [57]
120 mg/L
AR R ) ST R H16 FR£hF1 CO,  PHB 70% H: 9 5 [58]
B ( Cupriavidus eutrophus B-10646) C0,/H, R AR ®K S0gL [59]
( polyhydroxyalkanoates ,
PHA)
A S B C0,/H, PHB 49.2 ¢/L [60]
Jiii 58,3 8 5 1 ( Ideonella dechloratanus) €0,/H, PHB 5.26 g/L [61]

SFMAE P EIRARELL CO, MERME—BRIEHATA # CO, BRI R 3= M E Y o, BiE. BF
K CO, [E7E YOk SR WUE W B A e B FENBTERAT I (Escherichia coli) H 5| AR /R 3CHE
TR AR BN R A TR 5836, T4 B, R B [ BEAL SRS , B3RS T L CO, D E—fik
RS IR AN CO, FEZFBORBEZME (K 3) . I HEAME—REE LA B IR MEY ™ . RN
T P U A e T RIAMR R A R G SR R T e AR RS ( Pichia pastoris)

ARt A e

(ERLHRAL CO, Ffbig e ™ M
F3 BREMANIRMGEEFSNELES

Table 3 High-value chemicals produced by engineered heterotrophic microorganisms

EE7S TR Jkt 7 PR E= PN

KA s B ORR JK it B ( formate hydrogenlyase, H,  CO, H P - [68]
FHL-1)

KIGFF# FIARIR G S i CO, R 387 mmol/L [64]

K H R IRRACG (pek) FIRIR A% i2 CO, W  73.4 /L [69]
H I (sbtd)

TR i B 423K ¢bbM sPRK ,GroEL & GroES CO,/ KK/ Y - 0.47 ¢ /e ¥, [62]

EE i FFELS g/(L-h™h)

EARIER PN S CO, TR - [52]

( Megasphaera sueciensis)

N as F3k cadA Fl IdhL N CO, KER 2 ¢/L [70]

KIGFF DU RR A R R A A S R G )R HRER AN CO, HaEmm - [71]
% 25 R
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2.2 BREMEE A HE

HARF I AFEZ 5% CO, Mg, e kM1 7
SFRIR CO, [Hzimz™ 433 & CBB, Wood-Ljungdah
(WL) ® 12, — B, B%/4-% T R ( dicarboxylate/4-
hydroxybutyrate , DC/HB) & ¥ \3-3% 3 N BR/4- ¥ 3 T R
( 3-hydroxypropionate/4-hydroxybutyrate cycle, HP/HB )
&S 3-#2 FL A iR ( 3-hydroxypropionic acid, 3-HP ) XU 1§
T R =FR R ( reductive tricarboxylic acid, rTCA ) fi§ ¥
b 5 H & B 1% 14 ( reductive glycine pathway
rGlyP) ™, CBB ¥R 3 7775 , {5 H 3¢ 5§ RuBisCO
BORAGT ™ B3 U MR BT 5 5 WL A TCA
ity ATP 80 BLRES R , (75 252 A S R 55 TCA
fEIAAN DC/HB JEEAHM ] L IEAT 1 A/ SR FABERT R A 75
WEE CO,;3-HP fE#F1 HP/HB fEHK ik iz S 3 711k
P LG A/ BRIABEA A A D3R

B0 R AR [T B A, SN e AR N T T i A
AW ok (2 4) o PR 50y - 38 B v i st

AW ITRAE T R A/ RN TR AR T
JLHE A ( crotonyl-CoA/ ethylmalonyl-CoA/hydroxybutyryl-
CoA, CETCH) i 34 — S L% Ay SR ™ 5 vl [
BB R Ll AW AR BT et 1T A A A
VEH ) ASAP (artificial starch anabolic pathway) ezl
A ALK 5 Ak © B ACSP (artificial CO,-to-sugars
pathway ) 3% 7457 ; b EREA% e 0 W BT 98 T Q0 2 e/
b N\ T [# ik POAP ( pyruvate carboxylase, oxaloacetate
acetylhydrolase ,
synthase ) I ¥, 18 it 10 25 S 7 4 — 460 Ak Bk % A6 O B2
e PR AR A T A A 5 A Ak (IR ) A
ML & 1Y [# Bk 345 42 (integrated chemoenzymatic CO, to
amino-acid pathway, ICE-CAP) ) R LR B ATP il
NAD(P)H, [l #8348 )5 a] L /N334 D7)
TR ARTBERE ( dithiothreitol, DTT) 42 {1, SRTT, H AR
RN T B R AR AT AR SN BA T 1

acetate-CoA  ligase, and pyruvate

R4 XAMAILEHREE

Table 4 Natural and artificial carbon sequestration pathways

-— St E—— -y ATP/CO, NAD(P)H/CO, %%
(mol/mol) (mol/mol) ik
CBB {3 HE 11 GA-3P 3 2 [79]
3B LN G R BH 16 IR 1.67 1.67 [79]
WL i R 8 LB a 0.5 2 [70]
rTCA G RA 9 LA a 1 2 [79]
DC/HB fE¥F R 14 LAl a 1.5 2 [79]
HP/HB J§FF HE 16 LTI a 2 2 [79]
CETCH ¥ H4A 12 &R 1 4 [76]
rGPS-MCG #4¢ BE/IRA 15 SR A DR R AR R 2.5 2.5 [81]
ASAP 4% HH 11 R 0.5 2 [77]
ACSP %43 HA 8 A 1/6 0 [78]
POAP i 5f R0 4 A 1 0.5 [79]
ICE-CAP i3 K&, 8 RER A PR 0 0 [80]
NG S 7E O 6k
3 TRMOE RS 3 CEUBAEME AT b

WA M 2N E S NP, 235 5 B DR R PR 1)
REST A B AR TR 2 ST TR A A 92 TR
THERE , (EAFFIHT CO, A2 7™ 25 Fh im0 (B A My ™ it R
AIRE. MRTC 2L BN — BRI 2B 1 40 TR Y
AR AL B A IURE A HLER IR TR AR |
Wi R RS BRAN EE F5 A S A R R A 5 R 2 Y
(K S5), IARERA YA TR AR 1 B SR BORIER,

IR AR AR W AL T 5T B 2 UGB 2 R,
(VAR IB AL T2 A2 B BE, AS WA BT G Al A ZE IS
FIRTRTE A A AR W AR 8 m) B2 G =2k W
e fFC B Y 4 1 B Al T Sk AR A JR) B B 26 A W ol
o A AL TE TR Y B AR BT Bl



134 FE4 Y TFEZE China Biotechnology

Vol. 44 No. 1 2024

RS ZEABREVMRUKRESNELEZRRETEK

Table 5 Representative high-value chemicals and production strains for carbon dioxide bioconversion

532K EE A A7 B E=B TN

Cl e | PR | YRR 5 1 ( Methanosaeta concilii) \BL{H W& PR A B [82-85]

2 B2 PR e B Sk BE ( Cyanobacteria) (1 FRHEFTF B [86-88]

C3 N FLER 3-FREENER S NEELL, 3- ZFEEMRTE NEREE( Chlorella sp. GD) T4k HEMIHE (I [44, 89-93]
WEE Hh BEAT R Bk

C4  IETEEFTEE2, 3-T R 3-RET  TRFLLR M B ( Rhodopseudomonas palustris) | 5 W e FF 5 [9499]
R T ( Eubacterium limosum) FEFT-T ( acetogenic bacteria)

C5 - TR S RERPE WL AR R IR T [100-102 ]

Co  HjAIHE 328 [96, 103]

CN  yEH EH s PHA PHB

JINERPEE ( Chlorella sp. AE-10) | 35 Jig 3% . ¢ 3k ¥ ( Chlorococcum

[18, 60, 104-105]

littorale) 4 W30 B

3.1 g IEL

SEFBOR R ) a4 060, K e e ik TE 3k
IEFEBR R SRARAR I 7, AR AT RG22 0 26 7= 7 =X, DAY
D AR . XAk T Al H BT T R
AR ST, R A B 250 R TE S 54 AR
BRI w78 A AR 2B W 7 1 40 Sk BRUAS 1 2 28
(226) . BN, LYy 2575 vl i F i n o 5 24 B —
SAARBIIIE ST PG, A O TERUZE W) R AL 2l — A
TG AL g AR ORE A9 R} s A2 W) B R 2\ \) CHITOSE 45
MATSURI 2l i H F 2023 48 4 580 T —4~
MR 5 AW CHITOSE il g H G, 1HRIFE 2027 4F
K3 100 AW HLEL, 2030 4E5 K F] 2 000 24 b ;2020
A LIPS AT RE TR A A 5 7 A A S VR BB ik vh R
BRI TEFE”  AT L P T B e E AR
RIR, + T B (0 ZE BB A 22 05 =X

) T REZE B AR 5 5 B BOR B Ry S 4 Bk
W HE RS e TR T B AR . A3 2020 4210 A,
2ERAEA 13 A~ BECCS i H . BRH 3 44 1) BECCS il
FI g [ Drax & HLG 10385 19 A4 ) R 5 &2 L, L
R P B AL HAT BEAE 800 J7 I 14 Bk il 45 A B A7 g
J1. £ BECCS i H 32 2 7E 5% 71 1) Arkalon 55
Bonanza Z ), BikEHE 5 8 T4R & J5h R R
2022 4F 1 % 2023 4E 6 f, kAL E A T 20 4
BECCS it i dt i3] (3429 1 500 J5 i CO, 144
FHAERLBD) , W11 3] 2030 4JE A 5 000 J7 i — S Ak ik
Lrae "
3.2 EEEVHIELR

B FAR RS K B A AR . B TR
BEFNZN , B IEAE N B AR D i 3 9 58 = R S

BEA W ) 3 2 A A o AR A AR W e Ak Y £
A, JTSEAR M T A AR AR [ AR B
T 4 L DRV ), A BRARAE T O SR A BIE A, i
BERA Wy ] & 7ol A e 5 Credence #F 58 41k 7, 31
2023 4, BREER TR S 3 000 {4t kK, k7
JR  ERE YIS 2 /] © SR A G AR AL 2
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Table 6 Representative chemical enterprises for carbon dioxide bioconversion
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Current Status and Trends in Global CO, Bioconversion Technology

WU Xiaoyan CHEN Fang
(National Science Library (Chengdu), Chinese Academy of Sciences, Chengdu 610299, China)

Abstract Carbon dioxide (CO,) as the next-generation feedstock for bio-manufacturing holds significant
importance for achieving low-carbon, green, and sustainable development. The development of CO, bioconversion
technology contributes to reducing greenhouse gas emissions, facilitating carbon neutrality goals, and driving
economic growth and industrial innovation, playing a crucial role in building a sustainable future. This study
presents the current development status and research activities of CO, bioconversion technology by systematically
investigating global policy frameworks, scientific advancements, and industrialization efforts. The research reveals
that major countries and regions such as the United States, European Union, United Kingdom, and Japan have
introduced strategies for carbon-negative bio-manufacturing. Key research focuses include strain exploration,
metabolic engineering, scale-up production, product innovation and process improvement. However, the
industrialization of CO, bioconversion faces challenges such as limited product categories and high production
costs. Therefore, this paper suggests that governments and industries implement incentive measures and create an
environment conducive to technological innovation and industrial transformation.
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