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Abstract: With the socioeconomic development, the dependence of human beings on fossil fuels has led to their
shortage and climate change. This has created an urgent need for alternatives that are renewable and environmentally

friendly, and biofuels are one of them. Nowadays, widely recognized biofuels like fuel ethanol and biodiesel face
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challenges in terms of their production capacity due to limitation on raw materials such as grains and edible oils and high
cost as well. Hence, the integration of metabolic engineering and synthetic biology has opened avenues for utilizing
diverse substrates from other renewable sources, such as solar energy, light energy, electric energy, and waste biomass.
Microbial cell factories, including microalgae, bacteria, and yeast, play a crucial role in synthesizing biofuels. The
review comments on the evolution of the four generations of biofuels, encompassing fuel ethanol, biodiesel, bio-
gasoline, jet and aviation fuels. We also discuss how microorganisms can be explored for producing the third- and fourth-
generation biofuels from a variety of unconventional substrates such as carbon dioxide, methanol, and methane, multi-
energy coupling to synthesize biofuels from lignocellulose by bacterial or yeast, CO, conversion by microalgae or
electrochemical-biological systems, the conversion of methanol and methane by methyltrophic microbes, and the
application of synthetic biology. Furthermore, we overview biosynthetic pathways and engineering strategies for
optimizing biofuels production. These strategies can convert raw materials to various fuel products, including fatty acids
and esters, advanced alcohols and esters, isoprenoids, and polyketides. Finally, we highlight some challenges in biofuels
production, including raw material supply and cost issue, low production yield, and limited product variety. Meanwhile,
to address these challenges, we propose corresponding solutions. For example, by optimizing carbon fixation pathways,
and converting carbon dioxide into low-carbon substrates like methanol, autotrophic microorganisms, methylotrophic
microorganisms, and other cell factories can utilize carbon dioxide as the major raw material to synthesize various

biofuels, which can benefit the application of biofuels and further promote their industrial production.
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HMG-CoA &5 FHMGCR),
Y2 IR WO (MO | B85 1%
2 IR R I (PMIKO , F %
R R — 5 R i R B (PMD)
SR M W R M
(IDD) , ¥4 W 3 — 8 1R & T
(ISPA)
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gk
iﬁ i x ;i f;z R i;i B S 1 R st 2;;
5 Kl AERE ToHLER R SR KRIL  REMVARR: LW [65]
B KRk [(587+47) mg/L] T A ABRREE(MVAE) , A K
#BE BEMVAS), B MVKD ,
% H R R R B (PMKO
COWETR PR KRR B R B
(MVAD) , 5% [ Ji & — B R
SHIMEADD , 7% 0 A il
(ISPS)
5 ) i KWy %%k EZ-Rich Fri(435mg/L)  HKFRK ORBIFHEREFDLS,  MVARERER  [66]
FFed T AU E P4SO
B @QFZMVARE: 28
CoA I % %% #% i (ATOB) ,
HMG-CoA 4 il (HMGCS),
HMG-CoA & JFEF(HMGCR),
% I R TG (MK, B R
2 IR R I (PMIKO , FH %
TR IR R R G (PMD)
@ 7 3k AL IR £
(GPPS)
5 254 J5 BRI EERE, AL BRMEC(130 gL FHIL OREBRHEIIEXPK, OWERIEMEEE [67]
Jig B HENE a3t T BRIEEEEREE(PTA), LB th RS IR
#1%  4ABEADA) ,HMG-CoAILJH ~ @7 % : 17.3% g/g
fiff (HMGCR) , VLW I 25 i 71 % b
(FS)
@ dacs2, Aacsl, Aacs6,
Ahr2
i ) )5 fRAGER &b YP B-ikWeHE (228 g/L) KRR OFRZEMVARRZ:HMG- OLMVARRZEN [68]
I ) T CoARJEEE(HMGCR) ,vAWE e fih
(Yarrowia BF R G REY (ERG20), @2 LAY RN 8
lipolytica) TR A £ G (FS)
@ADGAI, ADGA2
(B2 fRFaHS YP o-VEWIE (2555 /L) KFIL  OXRIEMVARR: 48 OUUMVARREA [69]
IR BF T CoA Mk ik % #% i (ATOB) , JEfi
(Yarrowia &% HMG-CoARJEEE(HMGCR) @1 LAEW) I %%
lipolytica) @1 e B — B IR A K Tl
(ERG20) , 7% W I & Jil i
(FS)
i 17 12 e PN il LR R Ui 25 0 017 1R — ihfAL™ -aidB” - ryfAM™-  (OF|F CRISPRi & [70]
sty FFed IRk, 1 (30 g/L) gadAH" T U 2 2 4y
BESZIY) BT 7048 i iR 0y 1 7=
A
@5 LAY N 8%
i i i % G K AERE ToHLER R g U 2 7 PR T MEMilR  ORIAFHE CoA-BEHF  WREIBEMARN [71]
i e Wk, % (203.4 mg/L) & B B (ATOB) , Z Bt £ Bt BREHOFILFIE
Fha AL 1,1 CoA ¥4 ¥ i (ATOAD) , &
BAEAL it ZIEII A (ADC) , L
&1t hiEBS(ADHD

@ 1 i B (TESA) , JIg Bk
i A & L (FADD), M
F#: B (DGAT)
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&gk
;K it ;i ;f% FEY R ;i 0 SR S AH G HE A #IE i;
Jig 0 % PN/ Hiah o JEHLEE S Jig 17 R R B T ffiz O R & W KR OMRBEERE [72]
i) i BhIRAE (1 g/L) 7,50 (AROL1O), ZEE S ADHD,  HEEE, g L & Lg%
REFEEL MR IRFSEIEE( DGAT) AL 2 CoA, B R TS
b2 @ F IE T G B (TESA) ,  ALTERE )
ek A & M (FADD) @6 L A4 b 2%
@ AfadE
Jig 17 1 e K Hil TEHL R R JIg 107 % < I feWiEE  RIABEEGEEA: W SLAEMRNE [73]
fitED B P (813 mg/L) AR H B RE R (ATFA)
BESRE b
R 11
JIg g 1R e BT R YP C,,~C Mg HEWGR O Ahfdl, Aadh6, Agdhl,  OAKRJRLFLERIEN [74]
i Fi# BE (6 g/L) AW Adgal A R}
b @ KB IE R B @ R
(FAR, Mus musculus) , 2.1 KILE AL R 1 20%
CoA R ALEE (ACCD , lERT @2 LAY M3
W% & Bl (FAS) , I i i 2%
YA COLED
JIg 17 12 e BRI AT, oML Eh AL BB IR TR felife  OFRAIEIIER S REE(FAS)  OC,, IR &Rl [75]
R BERE cRFLBE BRIk (83.5 mg/L) e @4El03,Agall fig o+
&t @FILFNTREFEEFAR) @A [ BE KI5 i e
@ K Ik 21 CoA AL Bl RIEAIR MK
(ACCD, ZEKFAHELO1,ELO2)
Jig i % BRVG  EERE CHUREERL  BEMIRR(33.4 g/ RN OB ZBECoA iR % OEA WL [76]
R [izaN: Bradt AR IAHER BB (PYCD, 2 BiH R
B B CoA RALEE(ACCD) , 28 @1 LAY RN A
LA T R R 2 A (MPCO L AT @F2 4 33k 1 G
B i (CITD AT R AR Rl i = i) TA%
ZLREE CACL) , M Jot k745 St , 1 B = A Lo
1% it 2L B (IDP2) , A7 15 12 %2
M ER 11 (YHM2)
@ M3 PPP 345 , P AIK
] FE IR 5 A I (PGILD
@ B AR 57 47 15 1R I 2
1(IDH1)
@ Apdc R TR I Fi7 2 8 D
Gpyk 535
Jig 17 12 e BRE AR oL AL Hh g 17 2 femime OTLREAMERGRE ORKER 771
(e Bkt Hiordk [C,~C): R B (FAS) @F=5:18.9%+0.6%
(1.39+0.05) g/L] #A% @4hfdl
@ 2 ® A (TOPD 5
5 PCR 45 45 JEAL I 1t

@ bRt gt A AT E 2
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) . T R TR,
Pkl [ o v FEYIRN P

a3 %
& TR KB A
B P it SR B A R A #E i

WU BN WA GBI
e L) BRI

B R B
it

Wik HiERE, oL Eh LAl
BEMERE AW R gRdk
(Lipomyces

Ji Wy

starkeyr) ,
ik Fig HIS £
BB
(Yarrowiali

polytica)

R iR (20 g/L)

f&WiEe @ Apgi, dpdcl, Apde5,  OFHEGRIIGERESR [78]
G Apdc6 G0 E TCA #H4T R =
by @ 3 I i J5i NADH: & {57, F-T e iR Ak nk

KA AR B A B (GDHIL, @7/ %:0.134 g/g #
GDH2) B, 40% BI77 RN
@RIEPEIG L RIS JHIE R B
FiE B R IR (FUMD) , 3¢ 1
R A (tMDH3) , 7R B R #2 4k
fitf (PYC2) , & T % ik i iy
(FDR1)
@R i PFK 1, Apfk2
® 1 3 L 57t NADH 3# A
I W 4 - % 7k NADH Jit &
filf (NDE1,NDE2)
@ RIENRWIR G &AL
6 5 B2 & BB (FAS) , T B
i (TESA), . Tt CoA # 1k
filt(ACC1)
@DAfaal , Afaad , Apox1
® it F ik PPP i 4% 6-1
TR R SR ZWEF D, B
TR Z B (GND D, #%
FREECTKLD , FEEEF(TALD
@F A A J5 8l 1 ik
A T] SR U A SR B 1, 6- 1
% (FBP)
(0 %35 NOG & 1% « B
% R g (XFPKO , B Jli 1 4
FHE(PTA)

R RIABE B AL OFNEEB(C,.,) [79]
G JE B (FAR, Marinobactor F1-1 )\B(C . )& F
&% aquaeolei VT8) ST

QA F R AT
JIg 17 Bt 7 e AN [

KT EYE RN R, b ZRE
Wy e] R FH A T REAE D9 A, ik R IR ik A B B
ANBEAERTEE. 7T RS MR 27,
Br 7w MBI CAY, Bl BB ST AROE TR A e
&M Clostridium acetobutylicum K} 73 b & 19 5
Al P2 18.9 o/L T EE, H#750.71 mol T E#/mol
R HE S TR A BRI R BT, AR D
P BE R L R AR B 7= W R T A 2 T oA 2
Pl iR Je HAT B, 4 o-3 2 AW AR

DHA/EPA, A=) 4% i 1) 41 1% i 43 i W B2 P g/ i i
iz o 8 ) P TR G T R AR 7R IR T IR P 9t AR
TYZBERE: 2016 4F Nielsen 2565 ™) 7E B Rt 4
A Bl A v 28 R T R A U 1%, BE BRAR T
e R AR AR R, R LS R AT AR 1Y
NEWTEE e A 2 1 = B4R = 218 700%, Bl J5
Wit A AR R R R, T RLE— DR T
B 2018 SERIBFALIGE T AR AL SO S R I
BEF)FH 26 2 8 0T DA~ 42 33.4 /L I BERG IR, g4
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IEARR AR i B BE R S e M R 7 B 5 202248
HImt TR A R R R A TR E S RS
JRIhBET: T A B BAR W R ) R AR, R AR A E
40% " AHEL T RTPIRIIIT, A MR B T
XD, A EAR, PYRMRBRD, K
LALLM TRWRIE L L0 20 R e R
W e B TR A E RV A BRIR AL, R ST
8 7 ATFN GBI 5 AASFRIR w0 & g,
URAE R e B mh ORI P R S 6 £ P VR D SRR A=
PRLLIR PR e Rk, FIRIRBUET 4R . —
B o7 S5 FT AR REVRAE N EURE, MU & A 2
FEE D UGERMAEY, £ R BRI A 1
DRIy, FEB R R R I E BT T

2 B R S e

HEVUARB A AR R, R R A YRkl 48
MR LR N 2 e B AE BBV, WOKEHAE. HIRE.
WEE EMFRESE, # CO,. CH, %% Uik, &
I A ZE P e A D 22 R A E R . AR TT 2R
REEAI AT, KRBT 83 . OKFHAE
&Y RE: HEYAE B, TOBCK B REANE
A, FMONARF4ER CEPRE), LR NI
B B YRR B RE I RCEY, EROK
fEIF R, BETA CO, & AR @KFHRE
MaIeee: Jea HFRMMAEY, WiEE, fwE
FA A8 CO, AT A A . @ AL
B: CO, 1 [t 5 il b LA 7 7 A A L RE AT
TRMAEYIAR B I B Be 1, B RAE 7 A 2 T
ol g, AT T AR RR RO TE B, SRR
H, " @3 sa A AL S R SH R ) 45 22 5
PRAAUTH A AT T il e B R I, R T R R R RE
Be HORESE BRI O R BT R
—BRA I, EW L A 1 [ B e 0 AN AL
WA AR R AR . O 1R AR M OREAE 7 I TR
BERRAS, - AR A AL R, 5 B A
F G 130 A 0 2 1 B Bl A Dt AT TR A U
UR P i B BRSO . ISRAT 4R R PEARRE ). T
R =& oS5 . B, AT E 2R
AREE DD B BN E B8 A W 7 A e W0 R FH A 72 )
RS RETRR A, SRR & RERE.

R LA SUE s & . Hor, BR T B
S B 0 WA, AT T BN T AR RE
CO,~ g B YR AR D9 R 4032 4T A= M MR & A8
PP EAEEY) OB YRR CEMTOHD . JE
TR K AT RS- . SRR K i 2R )
iU (R ERRL &, XM HR 2 AL MR
R AR o

2.1 IEREERENSRIEY

2.1.1 MM ARG gL

VR R B LB R IR R A4 R, £ b
S REW OGN, DA H TR
YR, AOORE 2 (REFFAREZEER R+
AT AR EE, AHEG T AR, BRI
THTHER ) CO, B /A M 2R AR, 2 XUk H A5 T 1)
HAR R E M KL AR AT 4 R &0 AL 3 5 2 i
REFS, IR T g, AR, &R
S BNRRAR . Hr, PRz AT
TAREY GRS BRSO A T A
BRBHI AR = B SR T 4 AR A 5T 24 4 1) ROR)
2R, TR BRI CLFE R T ) Y

O =Y E E Co, = ALV IR 11, M
SN A 52T 4 A A D TR R A A . A
3 T Do I s s R AL R A SR O
RS, fEEEEREALTT, WL RSN
WO R 2 )RS AT R b i SR AR ) e i 42, A Bh T
PR R A R P R R e 2 AR AR Y 5
N FGIF IR 55 8%, FERLY) A 51 N8 A R0 6 IR %
%, [FIRHMEIRRIER, AR EREOLA M
BIRAEME; ERBKMAET, B R
WS R NAEY 0 2, ] 2 BERR 1) 5 AR i
15 [ % N T AR BB e 0

QMR A AU R PAFER. KE
(B AR e 0 o R TR AR E O = S Y 429
HAFEEHREENMED 2 RAGHE R M
(1 Z FHALEL D I R REAE R OB AN SR (1
AR 2, DT 4 v o A 4 o) T Ad 348 A= 0 I 11
Vefe 71, FRARAEDIIREN AP i . Hdr, 4
o A T R M IR B AR AT A 3R — o U7 X
FERMAEMEZ AR EFIERN: F4K
U, ZHEAYHEENREMEY L, H5H
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HeageRmasE, RES T W FRAEH UK gL
Y. BEAh, RRE R 2 1) 1A BV A AT A 3R
V2 KRR, MRS fRET ez Vs M, £ Fb
TR 1R W [7] B2 2048 05 1 A 0 A 5 45 4k 4E N R
YE BAEPR B R AT M, R AR R A
BT B FURGE, AT £ 4 2 B EORE S
G, MM EPRAEHTHERBARG O
BE P> 0, N TR E O R, KR A AR R
RN e B . O R . SRS O NEERE Y
A 2L A Ak T B A R R R AT 4 A AR
LTEYT, 2010 4E, Keasling ] BA P 528 T K
FF TR R 2 27 4 25 26 7 B W e . T 45 25 1 5 3 1
M . 2020 B FARIE T /E— AN SR EAED
BT YR A R B A PR AL
B, S TAE M KRR R A KB, 48 h
WIRTE T @ik 459 /LI L ™. J8 ki Ak )
T 1A B A AT LAy ORI R R 4F 4 3R A7 4
BE. TEESSAEMBEL D™, CHEWRIRE T A
A E LR R R G, H KRR A 4 &
F=A 7~ 11 mmol/L 14 %5 4 FI A, B i IR 45 48

WA AR R AKIFAET TR, &k
30 mmol/L "', 2019 4K R WALk IE T TR
() K o FF 18 D FH B KGOS A 77 Bk W M, F 98 AT
TER T — B AT DA 35 K S 9 4 35RD 21 4 2R 7K A0
WA, 54 7 REDAIRR, ST
96.83% M LF 4E R FL A M & %, Bl IS £ KA #
oo Rk IR Y ATP A7 AR TR R A G, 1% B R AE
5 LR PEHE I 48 h Al 7225 4.06 g/L (1) B-vE Ve 4,
BFPIEE ARG I 7242315 DY 2017 4E, R
HATIIE T OK M A R R TAL B S R AR AR T
TEREBHAE ™ R ZF, 78 K48 200~
300 mg/L ',
212 —BEM

—IRIKY) (one-carbon, C,) JEFRHA AR
THCEYD, R —BY AR NIEY & AR,
AR 2 iRk, Hag IR & 772,
AT AR FR A AT R R A R B, 38 ] DAAR oI = <M B
G EETT B, O L AR D IRRE G B I AT R
Mo MET, REHIFTELET CO, W (CHY. H
i (CH,OH) 1ERNIERMIEATHED G (K2,

R2  LREAHEYIFIE— IR & B AL D k)
Table 2 Engineered microbial chassis to synthetic advanced biofuels derived from C, substrates
B E R PRI s B HEHE 1 s %
] BE e e g TR AL BE g
AEREEE, KRR B ORHE AR W RuMP, (D#3E RuMP AH % i O EEHEE [104]
FLBEIR R (4.6 g/L);  WBRAML  @AAdRECFEEM AN , dald (L K # B K B
1- T B W BMA ), ArpidB R W BE R 5 BIkR
(2g/L) L)) OE RSP N
O@FIBMATRIFMLAY i B IR P
@ & 35 N B R % B (PDC) , A1
LT TSl CADHD ® RuMP Al
OFIE T HEA RER WA IERE
SL[A]1F H
Y EARE R, KigkeE W, EERE, L3-H B Rz OREHEMEAR O KL [105]
TR Gl BilE R [(508.3+  [EA¥EIRE  @4frmACTEEBEED R H B AN
FERREE 9.0 mg/l] (RuMP), ORISR T EREAN , IR HREE, TR & M 1, 3-
flRism  1,3-T Rk 5 [Stivs
Qi a1,
HA M 1,
3
Y EARE R, KRigtE O BB EERE, 1] RuMP, D dpgi (6-WE TR H W A, ORFRT [106]
TR MR FERFHRECY (13 mmol/L) ERERIETR Adedd (W B2 %1 %5 W B2 it & B ) . WEIMNERK
ArpidB CR% il 05 18 5 /W) , Afimd ¥4k
IS it 208D @O T H
@35 RuMP Al & i A4 S50 ) 1 e

@ 1E A Bl 4 %1% 12 (Clostridium  JE&A:

acetobutylicum)
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Y] N F R % PR R UG SR S e
##l . T HIE FE
ERY-E1 N PPN 7 aT ] HEE  H&HE,  WEH[45.06  RuMP, O dpgi (6-BE WL A & Wk S H ) . OIS [107]
T BER B FERHEIY) 8.7 mmol/L] FRERIEAE  AfimA CFEE I AED FE [ 2 e
@1k RuMP i& 12 HH K i FIH#
QXL HIRIZHE T M (RPE) . # @K
PR (TKT) I FH R B R
@F ik R RAERESiIG (FBA) ,  TAEH
S R PEHE XL i (GLPXO , B R SR
Bl (PFKO
® £ & W A & A (C
acetobutylicum) Wi fif B (THL) , 4 g
A ¥R (CTFAB) , Tk 2 2 Jii %
fit (ADC)
BT U N T i FEE oML ERFEA s | T 2B ©4AidhA PEMEFE - [108]
JEERRIMIT AT AMI Higrdk (19mgL)  ®,EMC @ % ik 2- B 5 IX & I ¥ g
(Methylobact- B M (Lactococcus lactis) , B i 4
erium BRIBTE  (Lactococcus lactis) , . AL W2
extorquens) (Bacillus subtilis)
IR, B R FEE  TOHL A 1-ThE LEERNE £ KW T W OEE A K JR By OQERNMERE [109]
FBER R IR FFEH AM1 RigRdk (25.5mg/L)  ¥,EMC (Treponema denticola) , . BE L %\l 0 1% TEAF bk
(Methylobact- &%, (Clostridium acetobutylicum) , B2 5. fit 52 T FEiA F|
erium gt R B (Methylobacterium extorquens 0.5%
extorquens) AM1D) Otz
VIR, AERE R oHLERSERL 3-RIENER RuMP Ddhpr4 SLAE X [110]
FIRERYIBT  ATHE AMIL By (0857gL) iR, @R IE CHERERL & R (Bacillus N4
(Methylobact- EMC  methanolicus) , W TR ©. #% 7 4 B
erium &A% (Bacillus methanolicus) , T T F AR
extorquens) (Bacillus methanolicus) ,6- 1 B2 1 %) ¥
Wi & (Bacillus methanolicus) ; @7
= A RS A I R B (Chlorofexus
aurantiacus)
VR, ERPURN CO, ESi T T MfgiEf: ORIK a- LBEALFE A B (ALSS, OHMEML™  [84]
FEERRT IRE H16 ToHL #h Hehil BED Bacillus subtilis) , T B B 38 J5L e /4 Wl A8 R , W IR
iRtk (140 mg/L) (LVO), 7 HE R A FE (ILVD) Z A
@ i B PHB & il 2 [ : AphaB, N5 T B
AphaC 3-HHE-1- T HE
OIVRTE¥ 7y
ST IR A B
AT A
EVEgEE G, ERPURM H,, PS B I FRRIEAE ™= AR R bk O©Z AR [111-
FIHERR M I I 0,, LHLEER  GS5gL B EEY 112]
Re2133 CO,, Firdik AT
(Cupriavidus N, @ KR IE
necator) TR A TR
FH co, A

v A Ak

&
®70%~80%

1 CO, M Il
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&gk
A . FE R PRI N I R 1 =
] BE e mes g TR HEIEE BE
EYEAEE,  BEKKRE Co,, — T WER . OFRBFMEF(THLA , BIE TR OMEWT [113]
R BMIR (Clostridium H, (109 mg/L);  FECoAik CoA it & i (HBD) , B2 & & iy LLFIFH CO I
ljungdahlii) [SAic %, 0% (CRD), T HCoA A (BCD), CO, fEHBIE
(393mg/L) B QEIXHTHBEAETH,BE  @CO,MH,
Jii & (ADHE) eVl
@2 L4W
SR
IR REE B, ERDURET CO,,  EHLERELGL RHE  EHRRE REBETAEK @®Co, 7K [85]
T BER ) I KA H,0 W (600 mg/L); R A XN
(Ralstonia ST EE+3-H B ]
eutropha) HE-1-T H,, EFI
(220 mg/L) |SISCEE S
SRR
@O, it 7
SRERIEF] 10%,
I EH AR
R TR B 3 R 7 5 CO,  HLER A il feWitk & Odfaal , Afaad,Apoxl HAEAL A [114]
ety IRk, (500 mg/L) Mg @ FIERFilE T (TESA) , ik CoA RGG G Co,
LR BALBIACCD, fENiRL & B (FAS) ZAEIL AR L
T, VP i B )
F 24 K i
A=/
JIg 17 1 e LViNan: FH I TR Jig 1y 12 feWitet  Odfaal s Afaad, Apoxl OpIHFA [115]
ity Brorsk (234g/L); AR @hnaE FEER SR R E T PR N —
Ji Wi Tk 74 i o 2 2 T (DA'S) B IR A Rk
(2.0 L) @GN Lk CoA BTN 3 % iR
IEEE R F R B (PTAD , WEREEIH @1 LAWY
fii (XFPK) S
@3 NADPH H 4
fig T % EHRDURET H,,  RBE LML Jig i 1 i J TR D4phaC E £S5k [116]
ity Bl CO,; ;IR (12448 mg/g HRIEE QREIUIFR G R FAS Bl EYRNH, H
(Ralstonia o, Fr ek P3P, fiE(TESA), Z Bt CoA FRALIE(ACCD)  J% I I ] CO,
eutroph) (60.64 mg/g B®ACP & il (ACPS) HERUIENER
€O,
e R B DU T B A TR i3 fEWiR S Afaal O B M [117]
i (Ogataeapolym i (15.9gL)  Kigke @05 A AL IS B Al TR T B R A A 7S R R A
orpha) S RIERE-1,6- R EF (FBP) , B 2 K&,
R A% A (RPED , A AR IR 2R SR BT HL ) S
(ACL), AT R A B (ICL D, T LPL1 1
Wl 6- T 2 B AL (ZWF D IZH3 AR5 it
@1 L%
FavAs
JIg 0 e M W co, — JIi i 1% F 1 — Ddaas OAFIHHEE [118]
TTHED) (Synechocystis (120 mg/L) @it RIETBERE (UcFatB1), O-H 1N H 3 {4k,
sp. PCC 6803) AL (DMIHAMT) FIH SAM & %,
@I S-Rptf 7 B 2 B (SAMD I s
2N FIVATE S @TTREFAEE)
fig 107 1 HR e 2

Lyt :C . C
C

14:07

160
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A4 . T R % PR EaTon U HEE K e Z%
R} 7] Rk FraE AHIREER ) SRR
JIg 1y 12 e A HB I Co,  EEREEK Jig 1y 2 — OIGaR e R G k- 1 REEY  © 5 3H A [119]
FitED) Ji# B IRk, (10.7 g/L) FHRALE(BC) H €O, g
(Yarrowia 1% BRI @3l N CO, M Mg A% - ik ik b Wil
lipolytica) TR B (CAD @250 mL %
TR e
i 4 I FH 0 R 3 R THUEREERE BRI ZFRME  FIEHMG-CoA &l (Enterococcus @O 7= 2 : [120]
FH AM1 P e (222 g/L)  3K,EMC faecalistiters), HMG-CoA if Ji 28.4 mg/g FPEE
(Methylobact- #1%,95  (Enterococcus faecalistiters) , i & @5 LAY
erium ST BE CoA Wi i B (Ralstonia eutropha) — JX V%%
extorquens) bE e
5 4 HIE CO,,  BEER#h,  o-ZLREME KRR RIL B A S KBS (TPS, dbies  OHEFMR [121]
N st R, [(59.0+ 3K, Wood- grandis) P I
DSM1084 HERESE, 7.9)ug]  Ljungdahl K HFRFAM
(Hydrogenop- ToALEh HE Al BEWL, RF A
haga ] KR 1 R B R, 5
pseudoflava) 1A% AN FAT L
GRS N
WEEAE A BIR
@HAFEAT
F R 2R SCH
HAIWL &,
e AT
MEP &%
5 4 o Cupriavidus ~ CO,,  RBE, LWL o-lERRIG  KRE T RIEMVABRE - EBRZERGK AT [122]
necator H,,0,  #hE:A [(10.842.5)  Mikft W (ERG20),IPP R WG, a-WE BRI HLH FR 90T«
Hiordt mg/g DCW HE(ZSSD LREE IR L
17 mg/g I H COZ%,
DCW] HLH 7R A
MK AR
(e WEHGEE 202 50%  WHERE MIER o-MERRE Rk OFRIB oMERRG S ER(ZSS D PACMEP AT [123]
(Methylomicr-  H i Rk (0.75 mg/g Piiipe e @FiL 1-I A N -5- B 1R & 1
obium (NMS) DCW, (DXS),HMBPP # i (ISPG) , FPP
alcaliphilum) 835 ug/L) & Jl T (ISPAD
®4pgi

@ 4% & NADPH: # ik # 4 By
(PNTAB) , & % ¥§ 6- 1 i it & B
(ZWF) , W R 5 W R it 220l (PG D)
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Fig.1 Synthesis of advanced biofuels based on one-carbon substances

(Pathway: CBB cycle—Calvin-Benson-Bassham cycle; XuMP—xylulose monophosphate pathway; PPP—pentose phosphate pathway; RuMP—
ribulose monophosphate pathway; EMC—ethylmalonyl-CoA; rACoAP—reductive acetyl-CoA pathway, also known as Wood-Ljungdahl pathway;
MVA—mevalonate; MEP—methylerythritol-4-phosphate. Metabolites: G3P—glyceraldehyde-3-phosphate; Ac-CoA—acetyl-CoA; FA—fatty acid)
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Table 3 Comparison of synthetic pathways for the production of advanced biofuels
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Fig. 2 Metabolic pathways for producing advanced biofuels

(Pathway: MVA—mevalonate; MEP—methylerythritol-4-phosphate. Metabolites: G3P—glyceraldehyde-3-phosphate; PYR—pyruvate; Ac-CoA—
acetyl-CoA; FFA—free fatty acid; [PP—isopentenyl pyrophosphate; DMAPP—dimethylallyl pyrophosphate; GPP—geranyl pyrophosphate; FPP—

farnesyl pyrophosphate)
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