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FEHR S22 T AR 5 ).

1 MCFAsEK%IE

IS T T2 1) 5 SR 3 e % A A R e % e 25 40 o 0
KIGAT B H R AR i 5 S0 (e 5 A2 T T B T 2 1 v i
Y. RS 38 A PR e B A A AR 25K SEEEMCFAs
AR BREEE A RS FEFABR /S FIRBO A,
1.1 RARNRIGER & ik 12

KT v 1 IR 1 % 5 i(fatty acid synthase,
FAS)HATHREE IEAH, TP BARME- B34 H (acyl car-
rier protein, ACP). KIFFF A FABEARHL LA T AR fitiA
LT-CoA, ZEE-CoARILHEFACC)THFEATPER L& -
CoATE LN —E-CoA, T ME-CoAMH N —fit-CoA:
ACPH; T 3 il (FabD) A0 % I 36 A= BN —E-ACP.  Fifi
Je i 2 3-F i BE- ACP A il (FabH) 9 45 & TE i £ Bt £,
fE-ACP, 2:3-JifIg k- ACPIE R (FabG )ik J5 i 3- 74 5
TRBE-ACP, 4:3-32RWE-ACPBi /KB (FabAFabZ) i
bR 2- T ¥ ME-ACP, 247 BRE-ACPi& JF it (Fabl ) fk
9T HEME-ACP, T HSEE-ACP 5N - ACPH-R 44 H
Mt AT —5EER . 3-FifiE - ACPA Wi (FabBak
FabF). 3-Mif5ME-ACPiL 5 i (FabG). 3-¥25MH:-ACP
JIit 7K i (FabA B{ FabZ) 4 [l 1 - ACP L it il (Fabl) fi 4L
BT R A e e rp D25 . B — IR I A
— /NN ZWE-ACPA+, AR ME- ACPHR I % H 35 hn

CoA  ACP
R _®;-ACP
FabD
(@) CO, /FabH
FabB
B-HIRSE-ACP FabF

SH;-ACP > BSEhls
NADPH \{ = thisEs
FabG

Fabl
B-72A5HE-ACP

FabA
\WJB-%EEM-ACP

NAD(P)H

R _&:-CoA

2(E 1(a)).

HE A R G- AC PR, i Bl /K i, M i AH . 4 g
Rt i e, TR RUiE R BRIRR (K11 (a)). IRAMRAESLEG %
B, KW T e N U5 AR TG B (TesA . TesB. YciA.
FadM. YdilF1YbgC)m) kit & JIE Pt 3-Co Al BE 1
FE 0 88 g s i UYL S e BRE G TE S K G
(C16~C18)tHE-ACP/G 15 11", BEWE-ACPHEANE A
TR, R T AR Y RRT A0 R R AR IR R A At
SRR R A TR ek P - ACPR R Y
it P 6 i, 5 BB B 11 o TR s R A T A D A
He- ACPHSFYERINRRG, 7T SCBIMCFAsA R (& 1).
1.2 FnpEILEE

AT A FH B4R AL B A2 K T Il %) g 5 12 o fee oA
JT-CoA, HLA By B ALAG IR A 2L Bt A s 1 40 A2 T
W, BXOMFERBOMAE LA BRI EREE AL T 1l B,
Ramon Gonzalezift i34l ™2 i vk #2 I RBOI A2, it
A% ol g Bk o i AC I BB ) Crp s & R I/ 15 A 1
ArcA. LT FRACHE T 8 1 AtoCFIAR 7 R A G it
I A FadRIGASIEH, B H X BAELfh B AR il 1) R 4%,
SEIRBAA A AR A L BT 63K, -l i —FERBOTEIA
AT BE-CoAZEIT A JF M IE TEE. %34, Ramon Gon-
zalezifo 20 5@ o B A a4k S AR SN FAE SR T
RBOBAZ I DI RE B TTHA B T ZFCARTR.

RBOBAR VA I-CoA M AEMIERTT, SECoAURTHIY

ATP

(_L

ACC

ZBf-CoA

(b) c
oA O CoA

p-HIREEi-CoA 5K
BSEi-CoA ——> pemil
N FrEHS
Ter
B-1285%:-CoA 2H

W)%EE@%-CM

B 1 (MBNOE ) RIAFTEMCFAs & 42, (a) FABE#R. ACC: ZHik-CoAYR1LH; FabD: Y _f-CoA: ACPH;E3L; FabH: 3-HijRE-ACP&
fit}; FabG: 3-FASHE-ACPIA R}, FabA/FabZ: 3-8 HE-ACPIL/KAEE; Fabl: S HE-ACPIA R, FabB/FabF: B-FHASHE-ACPA . (b) RBOMEAZ.
BktB: Bif#l; FadB: 3-20RME-CoAllt S M MR IRTE-CoAZK A E; Ter: ARME-CoAlli SR S x-HiThE-Co AL S5t

Figure 1 (Color online) MCFAs synthetic pathway in E. coli. (a) FAB pathway. ACC: Acetyl-CoA carboxylase; FabD: malonyl-CoA:ACP
transacylase; FabH: B-keto-acyl-ACP synthase III; FabG: B-keto-acyl-ACP reductase; FabA/FabZ: B-hydroxy acyl-ACP dehydratase; Fabl: enoyl-acyl-
ACP reductase; FabB/FabF: B-keto-acyl-ACP synthase I/B-keto-acyl-ACP synthase II. (b) RBO pathway. BktB: Thiolase; FadB: enoyl-CoA hydratase/
3-hydroxyacyl-CoA dehydrogenase; Ter: acyl-CoA dehydrogenase/trans-enoyl-CoA reductase
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1 KRBT HEFABRAZ & BMCFAsH R 3t &

Table 1 The research progress of MCFAs biosynthesis by FAB pathway in E. coli

i Hitk BT T 2930k
LB(H ) MG1655 Umbellularia californica 0.4 g/L(50 mL) [16]
MO E/H ) BL21(DE3) Acinetobacter baylyi #£j1.6 g/L(5L) [15]
LB(H i) MG1655 Escherichia coli 0.35 g/L C12. 0.32 g/L C8(25 mL) [17]
MOPS-1 (% H#) MG1655 Anaerococcus tetradius 0.043 g/L(10 mL) [18]
MO %) MG1655 Acinetobacter baylyi 0.045 g/L(1 mL) [19]
M9%I~}ECaC(1% %t#g? iie K27 Cuphea hookeriana 0.038 gc%o((:;o‘ m(}i.)()l g/L [20]
MOPS-2(17H) RLO8ara Cuphea palustris 1.75 g/L C8(50 mL) [21]
MOPS- 14 Fe B RE Y (RI&IbE) BL21(DE3) Escherichia coli 2.7g/L(5L) [13]

a) LB: [RHlEY . A, NaCl; M9: Na,HPO,. KH,PO,. NH,Cl. NaCl. MgSO,; MOPS-1: MOPS. Na,HPO,. KH,PO,. NH,
Cl. NaCl. MgSO,. CaCl,. Wilt%. MRITE((NH,)sM0;0,,-7H,0+ H;BO;. CoCly6H,0. CuSO,-5H,0. MnCl,-4H,0. ZnSO,; MOPS-2:

MOPS. JRE R, BEAEY . ZIRE5. Na,HPO,

TRBEAEMERAS, UG, B, KE. BRI
N (b)), TEAEE—25 Rt i B AE AL R E-Co A (B —
MG N LBE-CoA) 5 LTk-CoAZS & It — 7 F
CoA. —#A M B-HiAgEE-CoA Hi3-F2 IR mE-Co AT
SIA Rk [ B-FRHR IE-CoA; A IRTE-CoATK A B
b K B-FR R IE-Co AN K Ak kS X -Js R IE-CoA;
- BB IE-Co AT Hi AR IE-Co AN SR/ [ =U- Mk -CoA
A SN BRI -CoA, k2 B3 hn2. &, JE
FIGRIE-CoA L B FR A i AL TE AR TR, 3-F2ARME-CoA
JE SR 5 R - C o AK A il 38 5 (55 K B T 1)
FadB, & HMIEHE-CoAN AR/ i M IR HE-Co AL i
iti J>k 1 £F A5 (Euglena  gracilis)iEgTer™ . {1k
RS 3 IS I P P ol AR 42 T e 225 5 07 1) B i il /2= RB O i
P B G . R AT T PN U A A A I B AR
AtoB. YqeF. FadAFIFadl, H 1 AtoBX} it I HE-CoA

* 2 KA ERBOMAZ & BMCFASH L2t R

BA R M, Fad AR FPEER ARBE-CoAZEFEMEAIR,
X Z.BE-CoARRAR" . FIRGHFSE Hh i FH BB et
AT T 1) AtoB/Fad AER % /K il [C R (Ralstonia  eutro-
pha)iJReBktB, ARSI C4FICoRE < (1) i 1k -
CoA™), KM THEMEME, |12 01 e ol TR 00 Bt
JEHF REMCFAs S L1 71 1 CHE T Br(322). JL, Ramon
Gonzalezif 41 " Bt 4 17 FH AtoB HIFad AT AR [ 55 K

PR BLARERG, SCIBALIEI 2R, A R
CI2/iR i,

1.3 FABI%125RBORAIRNLLER

R T EAACKIGHT 1 A BEA BIMCFAs, f5HELERE
RIS I A B AL & B L 2, X 3 T X FAB
AL MRBOKAL Z M) 22 H A FE 0 B, FABREAR AN
RBOAE R I REB 5 AN, A5 P IASFE Y R

Table 2 The research progress of MCFAs biosynthesis by RBO pathway in E. coli

b AR Tl MCFAs/™ fit %%f_-%
Bifii BN oAb (KRFIRR) ik

MG1655 FadA YqeF. TesA. TesB FadB 0.1~0.5 g/L(20 mL) [22]
MG1655 AtoB TesA FadB. Ter #J3.3 g/L(20 mL) [11]
MG1655 BkiB Ydil. TesB FadB. Ter #J1.1 g/L(20 mL) [24]
MG1655 BkiB "TesA FadB. Ter #91.3 g/L(15 mL) [14]
MG1655 BkiB FadM FadB. Ter 0.9 g/L(15 mL) [25]
BL21(DE3) BktB Ydil FadB. Ter 3.8 g/L(50 mL) [26]
BL21(DE3) BkiB Ydil FadB. Ter 4.7 g/L(50 mL) [27]
BL21(DE3) BkiB Ydil FadB. Ter 15.7 g/L(3 L) [23]
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SN B HE SR ) A M 5 SR 7 T #5 A R AL BT 5, RBOM
LA LI -CoA W IEAHIATT, TFABRSAE LA —BE-ACP
REEMEATE, TP LB -CoARIL G 55BN — 20 T
T BE-ACP, g BN FEATPIF I — 4> T S8 LAk,
J5 SERREE SEMF L AR T, B-M AR - ACPA U A A fk i
RSP — 0 T Ak, FTll, RBOFEALHFABRSIZ
A E R RE A R, IR, FABRSZFIRBOMSAZ
()RR AL BRI M B — 20 BN, 430 R ATPHM: 7 £
P -Co AFR A N IR ) 24 AN 13- g IE-Co A B
I (AG=+29 kJ/mol). # 1t HE-Fir e m ok gh A JE T B
N i 85 P 825 R ) 42 o e s R AT B 5 BB I 7R 1Y)
HHTEPY. 5, FABRRZREENIHA T ANADPH/
NADH, RBOB&F:MFN] LINADH/FAD M 1. Dt
ST AN B AR T 04 4 R P 75 SR A TR e Bl R AR e
TR B AR I BB B

T4, FABREAE3Z B 40 M ™4 B MEAE, TTHERT 53
/P (H A B W EREE X FABIR A2 LA IR 1k, Un
WFFEHEH, FEARER AL R ORI 2R 15 EFAB, 1A
JERBOP". RBOBK AT ARAMEFERE =, {H iy T H 4
A, 255 R B R al PR, X bR R R A R AR R
MEH A TA MR E R, ok, 24
RBOJE#ZR 5 MCFAs ) [R] -t 2 P B B A 17 1R e 2

WP KT I B R FAB FIRBO B 42 4 1R
MCFAsHR5E4e>. Bin, FAKBITHRBOME S

WMCFAsHIM 5T o, FABHIRBOPIFP {12 47T
Y, (HREFABIAH TIEH A KK, WA
B MCFAs. 1R 2058 FI IR iR R H:HFABHIRBO
PIRR AR MCFAS® Y [, i (e PR v 4 Ak
R4 %, FABHIRBOIEAZLHI S 55440156 (waste

(b)

02 4

g
S
9

activated sludge, WAS)BliI: & B Al £ B2 4 P MCFAs
R LA, R TR A B 4 B VAl 1
rIFHATIAL.
2 gERKAR
FHIFABELR BOFK 12 28 22 RO BicHlE SiE (1 1L 1) 7= )
TP R A, R, SR GRS MCFASHY)
K, AMUBBHR S s, RRSGE A, Ht
f/METF U B AT, K 3 A AR
R AR A FNZE b 7K fiff A5 B v A DG 28 11 A IS A R S P e
FE . LT ISR ) A A AR S T 4 R B
PIREE (1B VRS Pk, T SEBIMCFAs RS R4 i,

2.1 HERTERIBLE

R A 1 AH DG 19 B 1A FE FAB I A28 B-TH g 7k -
ACPH W FIACP. RBOMAS R f . a2 bk
fEAIBLERAE. AT 2l SRR X R A S
T ZIERR AP W B R AN iR gt M e 4 4 T (R L
il A A I P P A A S e R P K 1) E R A
R, SR BE R P HIALH] NI, T g s A
3R BB (E12).

K AT B8 B T B T(TAP) -5 I 4 45 5 L 1 Y i 7K A
HAEF 32 SRS K A, T SE M TAPAA 4 R A
b tE. TAPH RIS A 22 b W M 32 22 R i /K ok e 4
%, EfELeul IMProl 10M 1~ B BT KFE, TETAPS
TR ST TAP-OCAE S W&, FRM
C3~CAJRT LUK C5~C8JF T4 5 5 Leul 1 MIPro1108i 7K
AR B LA, TERELLRK R, 155K TAPHIS
Ak HR, FEEREECY K 5 EMBUK LS 5, B

(c)

Bl 2 (MR 6)MCFASEE R HIFIOCER . (2) BRFEHEL (b) B-RRARME-ACPE 1UEE; (o) BEEEZRIAE F(ACP)
Figure 2 (Color online) The proteins controlling MCFAs chain-length. (a) Thioesterase I; (b) B-keto-acyl-ACP synthase; (c) acyl carrier protein,

(ACP)
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IKPHEARE AR IS, NEER & TAPHI S AL (K12(a)).

B- 1 Jig I - AC P& il A Tk I k- ACP 5 179 — Ik -
ACPRAL MG I AR TR -ACP,  H: 3= 22
B K E AR EE B NS EE-ACPIEY). Alal93%7% Jy 5T
KA Met 2l iZm K P 1A /N, DA T BR il 1< 4 i -
ACPJEMIIILE G, 1ZRABIRITCONSmE-ACPRY LT 1
HIN25%~30%, XFC8 M B K AkHE N - ACP A AEfL 6 P
REAR 12485 A BRI 2(b)).

ACPEAN I P & & R/ NRIEER A T, 78I
RIVEAR, 155 BEARSE, ACPHI/K LA R/ e 45
BIRYEER DS ACPH 4 alBE, FIGEL. IV
FHEPAT, ALFEE AT LSS5 ISR K 4%, mEIEEE
DI Serid 2 2 4-BEIRIZ £ M5, HEAIZBETRIIT [6]
AIBTK 148, A COARMEIEEE T LUSE 28 &7 148,
W A8 N LR AR S R R R, T ARG N
Tt A (42 2B, 1508 Wi v K2 T (B2 ).

2.2 REEEAME SE0E

FI AR TR T Bk 338 5 S0 4 TR B AR W) K 5 1
BER PRI AT A IMCFAsH R G . M S
2 R A 05 P T LA B R I I AR S, I A
(Umbellularia californica). *4#4E(Cuphea hookeri-
ana) AR A BRI 3 551 AT 1) T LAC 12 I C8 R TBE-ACP
KW, EARMIGE RS WAL, BRI G R IR A B
it il R e BktB AT B P J5URRG i i A to B BEL AW 1] T4
RC6~CLOMGHIIR"Y, Ik I MReBktB. i Hk-
CoAR B fEgTer L B KA JRIE-CoARBREFFadM, T
PRI 2SR 1R 2.1 /L),

XK IR B 1 A T AR B R O L R S Ry
FEMCFAsI G . RIGAT R TesAIRYI 25 & 1H 4%
rh R IR AR IE AR K PR SRR (R I, T LIRS
FiEXT C8ARME-ACPRYEREYE, 7E MR PR fL AR 1 JE A
it RIRIZ G AR R R e LT AR B 2 1015, T
5 LRBEREBEAT AN ML R e, R B k2.7 g/
B A6 UR A B R B ChFatB2 I M 45 4 1148191198
FRILA THEAIG MR PO B, T198ERAR RIS
ACPIE MK AR BEAE AR, & 0= Wb 25 R L
BRI ZE57.6%, P UL . R IREREE (Syne-
chococcus  elongatus) KR ACPHEE /N B K ) e 7k 3
(dnTles{ Leu) B4 A K 12 BEFR (AnPhe Met. Tyraf
Trp), HAI7SWAHITTSY S AR MR b KA, 18
T RN NN A B R il ) L Lo SRR X AN ACP SR

3018

AR, TARK AR C L2 R 1P~ i m 2 6fis, 1k
140 mg/L"*.

3 BRI
K FT A FIFABES 2 B RBOIE 42 &5 M CFAs %
S0 A% P4, S EUMCFAsF= AR, AT i

A OB 3SR A D s A LR X s A AT
“HERE, IR A A AR,

3.1 FABRARAYHE-R 0%

FABIZE ) 2 T REEIR TR & 1k, e r-
I TR AT IR 2. E-Co AR AL R (<HE™) . R
AR, X LRI ARLIE H TMCFAs & Rl FRitbz
Ah, FIFHFABREEAR 50 A BUMCFAs ) B TE T R4 87
T A0 Rk (R0, R RN 20 B ot e FH TR FAS R 5t
AR ITR, Horh Z R EA T EE IR - ACPR: S BB
BERGCL ) Z T RIBATEA MCFAs. 76 KIGAT i
RIAERE(Cinnamomum camphora) KR AJCcFatB1,
MCFAs/= ik 512144 mg/LP. 1ERlI P S 14 1 3L
fith bt BN A HORIE R BERSBTE, MCFAs/= &
BN 7RE, PR R LIC12 o Y S kR A ok
TR B ChFatB2, A BE24 hR RZ50 mg/LAY
MCFAs, FoPIEEK IC8 120 R R it 3k
I ECANBIFT I (Acinetobacter  baylyi)HIBRBEEFAcTesA,
NERHIR B 2R K501.2 mg/L, 5 LA BERESEAT MR ML
KT, MCFAsP= i Alik1.6 g/LI"™. 104h, KB MR
TlEmGZ: TR UGS W RE T8 MCFAs. KIGFF N
V5B i TesAZS A5 (K Tes ARP X C8 IS Tt -ACP LA &5
Pk, G RIA IR AR R TR AR TS LA BEREIES T
MMM K B 2.7 g/ LR

3.2 RBOFARI“HE-H Hem%

KIGFFE A B A RBOMAE, RBOMBAE YRR A
BIELL L BE-Co AN Y & W B-B R BE-Co A1 2.
e, TEF RS A M CFEASH, 5 T 2% 05 7k i il
(“hrr), TR Fh A A Sl E AR R = 250
B, QFGTHE SRS, B SR R R R,
TR 2. -CoA ST (“HE”) 25 Ramon Gonzalez
A 405 1) 2 35 B i BB AN B S Y diTSE B B- AL
B Ziewif, TRRITFEERE 1.1 g/L
MCFAs, S J it B ik P9 V5 A i S IR ) R T i Tes A,
C6~CIOfBR = i £1.3 g/L. id R Kk LEE-CoAS



T IVRL A Bt B8 £ BE-Co AL 5544k, [R]As A1
CRISPRifl il Z F-CoA %y mﬂ%ﬁ, TR
3.8 g/L MCFAs, =K LAC6~C100 3. 7ERBOFETE
SR R TR R MR RCRIN R R 2 —, 15k
KK £ BE-CoA & T BERER(Candida  boi-
dinit) RVF R EUR, LIE5E 2 -CoAFINADHAY
B, TR KT B AR IMCFAs = 14 54.7 o/LP7.

4 isErEOE

MCFAs £ MR PE PR 38 A An st 45, 520
A RN, SEI R 2SR B, SR AN A X
MCFAsHTi 32242 i TR KT RMCFAs & W RE
M ETFB. B SR b R T DA it 32 1 el et S w32
BRI T RE O 7 R R A 4 A PR A

4.1 oLl

LI FRY, A RMCFAs 2 7= A 2 5 1) 4]
MadErE. AMREZR 40 mmol/LE R, FHREE20 mmol/L
SRS BB KT E K. BARTE R, N
4 H0.3 g/L C8~C14fE IR LLAMEER 0.5 g/L C125 i
FR A R AT R 20 M B2 i PE TR T 22, %o &t 4ot 477
FEE L H AT MCFASZR ARG HLE 1 IF TS 20 K
PN JT T MCFASHIAETE SRR IE M pH™, MCFAs2:
WA 4 #1513 ().

I N pHIY T BB IR IR RS A, DA T 52 i 40 L 114
IEE AR KOG, YR ZMCFAsRY, ff 25 1Y
R-COO FIH 240, 5 K B T HER,  BRan
MUIEH BB IR, AT 1 M 2 K OIEAMIES 2R LR,
T A R o AR, BHAS I pHI KR, FE 5
AR A K AN, PR BT L AR T
FEATAMIATP, 1 I3 40 B i 2 7R ™, ok,
ZHGE ARAERR AR th & IR & AR TESE )
R, SRR I RE A, I R 4

LI AT LAAE A o B 20 B 5 A MRS IR AN %i\iﬂz
B TF, B0 ml Rt P 1 vl 72 2 i ) e A
BV VSRR, PETTR AN B Az,
Ji7 T T 200 R S i 4 =B B JE C12~C 18I K B AR,
I A P MCFAs TR R, B0 FMCFAs 2 422- i
FETHIMBEIR £ BERE e L5 75 B/ EREACP & LB AastiE
I AR, FEANM AR AR A 45

AAFERY, WA N AN PS5 A, B
IRNFRIERAZS, MR AR A i i 1t %),

4.2 PR

X 290 S S ) 2 AR T SR A 5 5 TR
HETETTIE. KT B 52 MCFAs [l TR 2o 3
SR E AN M PR AR Sk A8 L AR R A RSN
1 FRIABENRE 22 R & W PssATT LIS NSRSk AR AR

BRMIARNE

K 4

BRERTRE

LCFAs —l

(b)

SCFAs

m ADPzz i JONWL AcrAB/UU )U\)Kﬂ
R-COO" | o ATP W 1()()( Fa‘“)ﬂ(](lﬁ(l()(ﬂ)? W:E L 43-Tere L (XVW
TeEmnL — W1 |

y He = e MCFAs PssA
MCFAs - s .
MBS FTHES | AR B
RS — W MCF:\
| ' - W
AN ” ”M | ’ @ it
i 1 M S R e
5 P
2’ i Sk =

Bl 3 (MR 5)MCFASHHB AL AT 52 560 (2) BAUGHLAH; (b) 52 Sfems

Figure 3 (Color online) The injury mechanisms of MCFAs and the tolerance strategies. (a) The injury mechanisms; (b) the tolerance strategies
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Medium-chain fatty acids (MCFAs), straight-chain fatty acids with 6—12 carbons, can be transformed into aliphatic
hydrocarbons, triglycerides, and other oleochemicals. MCFAs and their derivatives show strong potential as useful
materials in the energy, medicine, food and chemical industries. Compared with the conventional extraction methods based
on petroleum or plant biomass, microbial fermentation is a green and sustainable alternative for MCFA production.
Escherichia coli are frequently used as model microorganism for the analyses of metabolic mechanisms and industrial
processes owing to the factors: rapid replication, clear genetics, ease of rearing in the laboratory, simple process for
amplification and abundance of gene manipulation tools. In E. coli, MCFAs can be synthesised through the fatty acid
biosynthesis (FAB) pathway and the reverse B-oxidation (RBO) pathway. However, there are still many challenges that
severely limit MCFAs biosynthesis in E. coli, such as chain-length control, synthesis efficiency and cytotoxicity. With the
development and improvement of metabolic engineering, synthetic biology and high-throughput sequencing technology,
great progress has been made in recent years in the engineering of E. coli for MCFAs overproduction.

In this review, we first introduce the MCFAs synthetic pathways in E. coli, including the FAB and RBO pathways, and
compare these two pathways in terms of extension unit, rate-limiting step and cofactors. We then summarise the challenges,
advances and representative studies in MCFAS production, with a focus on three aspects: chain-length control, synthetic
pathway optimisation and tolerance improvement. Chain-length control is the key to the directed synthesis of MCFAs, as
multiple rounds of cycles in the synthetic pathway tend to generate mixtures of various chain lengths. We discuss the
catalysis mechanism of functional protein in the synthetic pathways to achieving chain-length control, including
thioesterase, thiolase, and ketoacyl synthase. Protein and metabolic engineering of these key enzymes for targeted synthesis
of MCFAs are also summarised in this review. Furthermore, synthetic pathway optimisation is an effective strategy for the
enhancement of MCFAs biosynthesis. The “Pull-Push” of the FAB and RBO pathways, a process frequently used to
increase precursor supply and improve product release, is reviewed here. Tolerance engineering is extremely critical for
MCFAs overproduction, owing to the cell toxicity of MCFAs. We discuss in this review the injury mechanisms associated
with MCFAs production and the strategies for improving cellular tolerance. Specifically, MCFAs production reduces
intracellular pH and changes the composition of the cell membrane, leading to disruption of cytoplasmic homeostasis and
destruction of membrane structure and properties. Membrane engineering, stress response regulation and adaptive
evolution are generally employed for improving cellular tolerance of MCFAs.

In summary, we cover in this review the recent advancements in the bio-engineering of E. coli for MCFAs production,
based on the FAB and RBO biosynthetic pathways. Protein, metabolic and membrane engineering are generally applied to
control the chain length, optimise the synthetic pathway and improve cellular tolerance. We also provide some perspectives
for further strengthening MCFAs biosynthesis, including improvement of computer technology for protein assessment, in-
depth and full perspective analysis of MCFCs toxicity and tolerance mechanisms and the mining of useful targets from
exogenous and endogenous species using high-throughput screening.

Escherichia coli, medium-chain fatty acids, metabolic engineering, chain-length, tolerance
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