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Metabolic engineering of Escherichia coli for the biosynthesis of
O-acetyl-L-homoserine

HUANG Lianggang, GAO Feng, XU Nuoran, ZHOU Junping, NIU Kun, ZHANG Bo,
LIU Zhigiang, ZHENG Yuguo

College of Biotechnology and Bioengineering, Zhejiang University of Technology, Hangzhou 310014,
Zhejiang, China

Abstract: O-acetyl-L-homoserine (OAH) is a promising platform compound for the production
of L-methionine and other valuable compounds, while its low yield and low conversion rate
limit the industrial application. To solve these problems, we constructed a strain for high OAH
production with the previously constructed L-homoserine producer Escherichia coli HS33 as the
chassis by systematic metabolic engineering. Firstly, PEP accumulation, pyruvate utilization,
and OAH synthesis pathway (overexpressing aspB, aspA, and thrA“'®*") were enhanced to
obtain an initial strain accumulating 13.37 g/L OAH. Subsequently, the co-factor synthesis
genes were integrated to supply reducing power and energy, which increased the yield to
15.79 g/L. The OAH yield of the engineered strain OAH28 was further increased to 17.49 g/L
by strengthening the acetic acid reuse pathway, improving the supply of acetyl-CoA, and
regulating the expression of MetX from different sources. Finally, in a 5 L fermenter, OAH28
achieved an OAH titer of 47.12 g/L, with a glucose conversion rate of 32% and productivity of
0.59 g/(L-h). The results lay a foundation for increasing the OAH production by metabolic
engineering and give insights into the industrial production of OAH.

Keywords: Escherichia coli; O-acetyl-L-homoserine; metabolic engineering; acetic acid reuse;
co-factor engineering
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2 (pyruvic acid, PYR) ., ¥t 2 % (oxaloacetic acid,
OAA)FI KA Z IR (aspartic acid, ASP)7T3 5 1Y
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1 O-ZE-L-B4E8HRNARERRKERE ACE: 4M; ASP:

REAGEIMR; Asp-P: RAHMR

WEMR; Asp-Sa: KA ; ARG: MEFR; CIT: FHR; MET: L-FH&MR; FOR: Hi; FUM:
DM G-6-P: HEIME-6-UEMR; LAC: FLMR; L-HS: L-FZ&EM; LYS: L-Bi%M; MAL: SFRM;
OAH: O-ZW 2 &R ; OAA: HifE LR ; OSH: O-BEHIME S 2222 ; PEP: BEMRIGEZ WAL ; PYR:
NEIMR; TCA: —JRMIEH; THR: &R

Figure 1 Synthesis pathway of O-acetyl-L-homoserine and modification strategies in this study. ACE:
Acetic acid; ASP: Aspartic acid; Asp-P: Aspartic acid phosphate; Asp-Sa: Aspartic acid semialdehyde; ARG:
Arginine; CIT: Citric acid; MET: L-methionine; FOR: Formic acid; FUM: Fumaric acid; G-6-P:
Glucose-6-phosphate; LAC: Lactic acid; L-HS: L-homoserine; LYS: L-lysine; MAL: Malic acid; OAH:
O-acetyl-L-homoserine; OAA: Oxaloacetic acid; OSH: O-succinyl-homoserine; PEP: Phosphoenolpyruvate;
PYR: Pyruvic acid; TCA: Tricarboxylic acid cycle; THR: L-threonine.

PR K BeRs R 3 (g/L): — /KB HENE 40, 5L ERBERE IR R (g/L): —/KE/I%IHE 15,
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Table 1  Strains used in this study

Strains Description Sources
Escherichia General cloning host Lab store
coli DH5a
E. coli W3110  Wild type, F-, A-, IN (rrnD-rrnE)1, rph-1 Escherichia coli Genetic Stock Center
HS33 E. coli AIJB* Trc-metLAlysA Alacl::Trc-rhtA Trc-rhtA Tre-eamA [5]

AiclR AptsG AgalR Tre-glk Tre-gltB
HS34 HS33, metl™ This study
OAH1 HS34, pTrc99a(K)-metXcg This study
OAH2 OAHI, ApykA/pTrc99a(K)-metXcg This study
OAH3 OAH1, pTrc99a(K)-metXcg-pyc This study
OAH4 OAHI1, pTrc99a(K)-metXcg-aspB-aspA This study
OAH5 OAHI, AygaY:: Tre-thr A% *T_metXcg This study
OAH6 OAH2, AygaY::Tre-thr A% ®*T_aspB-aspA-pyc/pTre99a(K)-metXcg This study
OAH7 OAH6, AsthA/pTrc99a(K)-metXcg This study
OAHS OAHG6, AsthA::pntA-pntB/pTrc99a(K)-metXcg This study
OAH9 OAH6, AyahK::nadK/pTrc99a(K)-metXcg This study
OAH10 OAH6, AyqjH::ppnK/pTrc99a(K)-metXcg This study
OAHI11 OAHS, AartP/pTrc99a(K)-metXcy This study
OAHI12 OAH6, AmgtA/pTrc99a(K)-metXcg This study
OAHI13 OAH6, AfecE/pTrc99a(K)-metXcg This study
OAH14 OAHS, AyahK::nadK/pTrc99a(K)-metXcg This study
OAHIS5 OAH14, AyqjH::ppnK/pTrc99a(K)-metXcg This study
OAH16 OAH15, AartP/pTrc99a(K)-metXcg This study
OAH17 OAH16, AmgtA/pTrc99a(K)-metXcg This study
OAH18 OHA17, AfecE/pTrc99a(K)-metXcg This study
OAHI19 OAHI18, ApatZ/pTrc99a(K)-metXcg This study
OAH20 OAH19, AcspC/pTre99a(K)-metXcg This study
OAH21 OAH20, Trc-acs/pTrc99a(K)-metXcg This study
OAH22 OAH21/pTrc99a(K)-metXim This study
OAH23 OAH21/pTrc99a(K)-metXlsp This study
OAH24 OAH21/pTrc99a(K)-metXisa This study
OAH25 OAH21/pTrc99a(K)-metXce This study
OAH26 OAH21/pTrc99a(K)-metXch This study
OAH27 OAH21/pTrc99a(K)-metXlb This study
OAH28 OAH21/pTrc99a(K)-metXcg-metXim This study

M 2, LAKEMmITL 0015, L/AKEHMRE 30 min,

0.025, —/KFITIEREE 0.005, L-J MR (L-threonine, 1.3 OAH LIZBEHREI R EEIE 7 &H
L-Thr) 4, L-H %% 2 (L-methionine, L-Met) 0.5, 1.3.1 MFiREFR

L-#i 2 % (L-lysine, L-Lys) 1, K 514 115 °C . — W PREL LB SEAR b R BR VR

http://journals.im.ac.cn/cjben
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Fh 25T 3 mL WK LB 353 5L 45, JFm
AAHR P AE R AT EEFAE N — R Pl —
G FIRA B FE 45 F A 37 °C L 180 r/min 4R ¥ 15
3 10-12 h,

YRR T FE PR 2% (IR B ) S Rl —
K P FIAER T8 200 mL LB Y 500 mL FE)f
o, RIET EERR T INA W R 50 mg/L
KIREE R, 7€ 37°C. 180 r/min 514 F H B A1
FREXEIN, 29 8h,
1.3.2 KEHEF

PR R WE . WK 2.5 mL — AP T B A
50 mL 2 A BEE SR L0 500 mL I, SR )5
A 0.75 g JoRA BRI S A, AR4E T AR
IR INA WS 50 mg/L FIRE %, HHIEE
3AFAT AN BIFEE T 30 °C 150 r/min
MIFE IR iR 5 55 97 72 ho

5L R BERESTHEAMEE A B - DL 10% 1 #2505
PR PR BN 2 LY S L kR
WEH, WIGRIE SRR R 31 °C, AN
2 vvm GHA R4S, #3300 r/min, pH 6.80,
KWL 50% 2 K45 pH o 15 B A S48 Mk B2
FEZ 10%] )i shiss b sh i, 7 Sk s
BOEN 5%, BIME A m T 15%0 TR iR AR, 55
FESEFEP IR E A 50 mg/L B RIBEE .
S I TURE A 0 TR 4 A A7 L RN SR B . A HILFR
OAH %5 &,
1.4 E[HiwiE

K H CRISPR-Cas9 F Gt %) KW #T 1w i 47 2
D] B 53 R R A o AR B L B 371 9 31l 52 1 20 bp
ISP A HAR R 2 PR AT 500 bp [F]UE
B M3 pCas Fl pTarget {ii FH i B2 2Lk 4745 i
TEERAE
1.5 FJHRMNEEE

MR IE R T 5], i i3 3G 2t 1k
pTarget 5 H LA 151 Y% : LE/LR #1 TF/TR,

&: 010-64807509

DL J5KE R 20 B 3 D 41 DNA AR, 43 59 14 2%
PEAC TR A H B FE R o Zad B W e 1 i Pk K
I PCR ¥4 /=W, RIS HM R BE, P 1™
YA 1 pL AYRR I VIS Dpn 1, 5 uL AYRR
i PE IR Dpn I buffer, T 37 °Ci4L 60 min,
BUH AL B9 7 Beab 4T DNA glifb i, I
NanoDrop™ One Il & F Befe BE fnali g . 45 B Y
SN 5 &M A TR AR R T — P, HRC L
AR LV BOR A (pg)=7 F1 K x
0.02 (ng); DNA J Bt (ng)=FF1K % x0.04 (ng).
MR [N ok BT T ali A 5 20k 5 R B i i
VL, V2, —BREAMAA: 37 °C 30 min,
B J5 4 — 2P v B W AL B A 48 B coli
DH5a B8, Pl mEiEE, ##17
P75 PCR AN P 3TE . I )7 45 S 1 8 )5 Pk
ERR R BB Y5 A T 10 mL LB X451, 37 °C.
180 r/min it 15 % , AR Bk 4 BT 4 i
2 TR A 5T BT R 2 0 ok UL 3% 2 51 B
C 82 A2 & E RZWMAE YRR B th ol (B %5
NMDCX0000285).,
1.6 SthEE

Xof S BV AT B O A B, 3505 Sk ) 2
FeL % B, Y VR A e A A L R AT
HUBR e & . A= %) 18 (ODgoo) i Ultrospec 3100
Sy CRETHRIN A 2 A o 00 S SR FH A 2
R & (i3 = KA ARG BR AR A
FE PR e 5 I 5 R ] SykamS-433D & HE R 43 At
A A LR R R R B (o ) A R A ]
B M A A 2 s i AN Aminex®
HPX-87H {4,3%4£(300 mm=7.8 mm, 0.25 um),
(DEMERRIT « S AMRRI 5 A 8 K 200 nm, #EAE
i 20 ulL, FEIE 60 °C, i 0.6 mL/min, iz
#H 8 mmol/L H,SO4). 43 512% H§ NADP'/NADPH
R R ) & (2R = R AR ARG B | A
ATP A5 350 & (B8 38 = KA H AR BRA
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# (mean+SD)#E /R, KM Origin 2018 #47E

ERE QM

2.1 OAH A¥ERMEENMESEL
DAL = ar s i) HS33 b A E kK,
B metl JE A I, K 2 L-HAR & R N2 RE T,

BRI A, 3RAS HS34 Wbk, 7EIZERT

Rzl

&2 AARFARE R

Table 2 Plasmids used in this study

Plasmids Genotype Sources

pTrc99a(K) pTrc99a (replace Amp® with Kan®) Lab store

pTrc99a-D(bs)AB(cg)C(cg) pTrc99a(K)-D(bs)AB(bs), contains gene panD from B. subtilis, contains genes Lab store
pyc, aspB from C. glutamicum, contains gene aspA from E. coli

pTrc99a(K)-metXcg pTrc99a(K), Kan®, contains metX from C. glutamicum ATCC 13032 This study

pTrc-metXcg-pykA pTrc99a(K)-metXcg contains gene pykA from E. coli This study

pTrc-metXcg-pyc pTrc99a(K)-metXcg contains gene pyc from C. glutamicum ATCC 13032 This study

pTrc-metXcg-aspB-aspA pTrc99a(K)-metXcg contains genes aspB, aspA from This study
pTrc99a-D(bs)AB(cg)C(cg)

pTrc-metXcg-aspB-aspA-pyc pTrc99a(K)-metXcg contains genes aspB, aspA, pyc from This study
pTrc99a-D(bs)AB(cg)C(cg)

pTarget-AygaY:: Tre-thrA2%T  pMB1laadAsgRNA-ygaY:: Tre-thrAC'%4T gD’ This study

pTarget-AygaY:: Tre-thrAC'%4T_ pMB1aadAsgRNA-ygaY:: Tre-thr AC'***T_aspB-aspA-pyc, SD} This study

aspB-aspA-pyc

pTarget-AartP pMBlaadAsgRNA-artP, SD® This study

pTarget-AfecE pMB1laadAsgRNA-fecE, SD® This study

pTarget-AmgtA pMBlaadAsgRNA-mgtA, SD} This study

pTarget-AyqjH pMBlaadAsgRNA-ygjH, SD® This study

pTarget-AyahK pMBlaadAsgRNA-yahK, SD} This study

pTarget-AsthA pMBlaadAsgRNA-sthA, SD® This study

pTarget-AyqjH::Trc-ppnK pMBlaadAsgRNA-yqjH:: Trc-ppnK, SD® This study

pTarget-AyahK::Trc-nadK pMBlaadAsgRNA-yahK::Trc-nadK, SD® This study

pTarget-AsthA:: Trc-pntAB pMBlaadAsgRNA-sthA:: Trc-pntAB, SD® This study

pTarget-ApatZ pMBlaadAsgRNA-patZ, SD® This study

pTarget-AcspC pMB1laadAsgRNA-cspC, SD® This study

pTrc99a(K)-metXIm pTrc99a(K), Kan®, contains metX from Leptospira meyeri This study

pTrc99a(K)-metXlIsp pTrc99a(K), Kan®, contains metX from Leptospira sp. This study

pTrc99a(K)-metXlsa pTrc99a(K), Kan®, contains metX from Leptospira santarosai This study

pTrc99a(K)-metXce pTrc99a(K), Kan®, contains metX from Corynebacterium efficiens YS-314 This study

pTrc99a(K)-metXch pTrc99a(K), Kan®, contains metX from Corynebacterium humireducens NBRC  This study
106098=DSM 45392

pTrc99a(K)-metXIb pTrc99a(K), Kan®, contains metX from Leptospira interrogans serovar This study
Bataviae str. HAI135

pTrc99a(K)-metXcg-metXim pTrc99a(K), Kan®, contains metX from C. glutamicum ATCC 13032 and L. This study

meyeri

http://journals.im.ac.cn/cjben
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JH pTre99a ki AL Z B2 AT R IR Y metX
(OAH1), H#HH OAH F ik 9.81 g/L (K 2),
UL H A B IF ) OAH B2 EE. OAH &
o, L-HS R CBER RS A PASHT KA 58 4 1
A PIERAER ,  EL N R R AL — 25 R g B AT & 1
SN A, B SRUWhish )1, lBE S8k
T AT BCAS AT, PR R X P B R ) R R A 755
1k o W 2 J B = Y B R (phosphoenolpyruvate,
PEP)i =t P4 i R 3 1 (pykA 11 pykF i) fiEfb 15
A B R (pyruvic acid, PYR). Li 25 ERER LA
PyKA J5 OAH FLZRiAF] 8.29 g/L, TEML IR [t
— LR pykF, BRI w FREE 6.43 g/L,
UL 58 2 BHWT PYR & BUEFEAF] T OAH R R,
HLAE OAHI LAl @ik pykA, OAH =ik
F] 11.25 g/L (OAH2), HXFIRAIRTTT 14.7%,
RSN 3.68 o/L AR 2 2.91 g/L (& 2),
ULHTHI 55 PYR A AT LLg A 2R AL R, [ s
3, 7] F /0B PYR/PEP 5 &5 Al i &, M i )
T OAH 4 Mo

mm Cell growth (OD,,,)

B Titer of OAH
1 Titer of OAA 15.0
14 + 1 Titer of ACE ]
4.5
12 1 14.0
~~ e~ T [ —_~—
g {35 4
S 210l i1 B
% E 0 L , li. 13.0 ::: 8
e I 125 g <
O S G S
5 S 6f {206 ¢
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Figure 2  Effects of main synthetic pathway
enhancement on OAH production and organic acid
accumulation of the engineered strains.

O
’YQPI
1

“ |

D
o

o
o
0 Y.'

o

O

o

&: 010-64807509

OAA EH TCA FE¥FH (a4, J& ASP &
B BRI o T 5 3% WD A 2l A AT T R U 1Y)
IR R 2 ALEE PYC BERSHE 1 70T PYR #%4kN
OAA, [FBIAI[EE 1 73+ CO,, HAJRFL&T
P, Hbid %Rk pyc M BIR K OAH3, %k
OAH /=& X F(OAHDRTH T 9.8%, k%
10.77 g/L.ILAM , OAA 1 & 3 T+ 22 3.42 g/L,
LR ERER R 3.26 g/L (K 2), HiZ THAHE
R B KA ODgoo 22 7.96, TIHESE PEP #
TP T A OAA FE(K T PYR BYMENE, AT
SRR T RS, 20 T iRk ASP
BB OAH BRI, %&£ 7T 4 3 i
AspC Fil/of, AspA 2511, @it OAHI H4l
HERBNAMRPBEFTRERIER aspB (aspC [A]JEHE
K1) 5 i aspA R (AR AR OAH4 77 it LEXf
HRTET 26.4%, iK% 12.40 g/L. H1T OAA F|
ASP & BUER IR, AR OAH4 1) OAA &
HIEKE 1.96 g/L (K 2), R &RWik—3E
DT 1.46 g/L, UtH K ik aspB Fil aspA HE5E T
OAH EACHHER, W H Z i bm B x4
B, T R AR AR K A B AR X D, B
OAH4 TR A 1 LU X BT [ 10.0%. ASP & A L-HS
T BER AR TRV, AR Y 1 T i A s
2FZRMEARS S, Hi i thrA Frgaid il K4
FIRMTHAE I R L-HS A Bk 172 i G Fl R
W NE— RN ASP il L-HS, K
Puc R Bl 4l B RS A 1Y) thr ACTO4T g 5 58
OAH1 WIS ygay I, M T Bk
OAHS . % kY K BE4h B on, iRk
thrAC' 0 OAH P~ T+ % 11.72 g/L, T+ T
19.5%, I H B RE 0 A= Py e AH X T %0 B B AR AT
TR T

PR AR i (aspB, aspA, pyc, thrAZ1%4T
DL Puc 3 B UK I EKRE G 2 OAH2 {2
£ 5 ygaY I, 343 OAHG6 Wbk, & Besh B Wos

B<: cjb@im.ac.cn

263




264

ISSN 1000-3061 CN 11-1998/Q =4 T #2*44 Chin J Biotech

XS A AR AT OAH e A ZE fKE 0.25 umol/L, 1M NADPH ¥ & JC i & 25 1k ;
13.37 /L, SXIHAM, REMBERKKA  OAHS HAY NADPH ¥ M 0.16 pmol/L $2 7+ %
TR, {H OAH YF=&3IN T 36.3%. AHLER S 0.20 pmol/L, [AIH} NADH/NADPH K {H [ A%
R, THREHKR OAH6 1Y OAA SHFE  52.9%. DI EZSRBIE THAMASL B A
= 1.59 g/L, ZRMEA 1.70 g/L (81 2), KPR THHN NADPH &4, N4 E OAH
[Fi) Fsf 2 i Ak 4517 A Tuﬁfiﬂz%‘zz‘ﬁﬂﬁiﬁiﬁﬁﬁ, PEAEIE M 3K 8 97 o A ik — 2 s B P 8 DR it

WD R A R B A G, AT RSP N, $X%F NADPH #EAT IR i . BFoE R,
1 OAH H & TR Pk KIGFF SR A AEAE 80 N4l 48 NADPH
2.2 NADPH 5 ATP thEIMNECERE Ao LA, H 45 5 D 1 B % A8 2 52 00 40 i
E& K OAH AU, yahK, ygiH. AN, KT

7E OAH & HUUlR e, REATA L-HS iy nadK B K 4510 NAD 8 2 it i i —
HIA BT NADPH M1 ATP YRR FIZE  —Fhaefs FI ATP 1E N BERR LA NAD B
NADPH )i, 75 OAH6 Wtk 7l d [k NADP'(UREG; S EMBEFEN ppnK 5
T sthA BRI R TEZAL S A 1 P B3I TIK nadk A AMHFEVEN . L, 76 OAH6 B 3LHt
Y pntAB JE A R OAH7 F1 OAHS; &% , S SITE yahK 5 ygjH PR 5 8% 4 nadK
Z5R WK, 5 OAH6 /L, OAHT W™ 42Tt 1 'E,,‘ ppnK, FK15H OAH9 Fil OAH10 7= & 434
5.8%, iKF| 14.15 g/L, 1 OAHS8 W/ H4RTHE 7} % 14.37 g/L Ml 14.46 g/L, {H40 A K %t
N, N 14.50 g/Ls XHMAREETIHET R E K OAH6 SRR T 5.2%5 5.0%
K, OAH7 B NADH #EEM 0.29 pmol/L ¥ (& 3A. 3B).

>
w
@]

Cell growth (OD;,)

[ =3 Titer of OAH 118 - EMNADPH -0.4

CINADH ] 0.6 ¢

12
=
L

._.

o

T
&
io

Cell growth (ODyy,)
Titer of OAH (g/L)

(= -]

SRR SRR QRN . RPN
$0V or o Vg S5 ng‘ ??o‘?’ o P o ng”o@’

NADPH (umol/L)
o
=) =)
— [§]
NADH (umol/L)
Titer of ATP (umol/L)
S 2o 2o 2o 2 «
S = N W K
[
K —

% 3 H NADPH 71 ATP JH#/#t M EEfFIE  A: NADPH Fl ATP W FE/HER; JE P BFR s 33k 3¢ T
PR AR A K ANAE P2 1520 3 B: TR MMk NADPH/NADH & &40 ; C. TREAMRMIA ATP & &
il

Figure 3 Screening of intracellular NADPH and ATP depletion/supply genes. A: Effects of enhancing
NADPH and ATP supply on the growth and production of the engineered strains; B: Detection of the

intracellular NADPH/NADH content of the engineered strains; C: Detection of intracellular ATP level of the
engineered strain.

http://journals.im.ac.cn/cjben



ARRA F | R TIEZERATEE ™ O-ZBt-L-S L 88

e bR pydoE i, —JrmE sl AT
ATP JHAERL LR AR ), 75— 7 OAH &
B AR PR A e R PS & ATP JHAE, N
WA BRI . AR, E RIBFE
HAEFE 400 N mASTHFE ATP BEAYEED, Hi
Hodr 19 ANFER, ATLAXG I 4-5 508 2R iy
B PR APFSY, EE artP, mgtA F
fecE #EATMIFR, K151 OAHIl, OAHI2 5
OAHI13 T A& H Pk OAHG6 A& 7 B4 T+
T 13.5%. 12.7%%5 11.4%, ML/ ATP 7KF M
0.31 pmol/L Z3ilHEF+% 0.51, 0.58 fi10.54 pumol/L
(E1 3A .3C), N #,0AH11 .OAH12 5 OAH13
' OAH W BERS0AE] 1422, 14.17 M
13.98 g/L, LiRZE R UL/ ATP IHFEA B T
MGE TR R MR A KR, TS OAH Y
e ST o

FTF IR R SR ATP RN A5 B i e, 7F
OAHS8 HZ S kBN TR ks 7 o5, 15
FZRY TFEFE B OAH14. OAH15. OAHI6.
OAH17 F1OAHI8, FEA RN s iR G it i,
OAH W& B EWB LB, OAHI8 ik

A
3 Cell growth (ODy,,)

16 1 Titer of OAH f‘é‘
3 116 5
Q {14 &
% ji2z
2 1e S
= 1 [=]
= 16 3
3 14 £

12

0

4 1HEMEN NADPH F1 ATP X E k4 A= M eERY 2200

B RE L ) NADPH/NADH & kil

F7 1579 g/L, [k OAHS 34/ 1.29 g/L, 44V
B A T AR A O 1 5 PR TR ek s (R R
OAH8. OAHI14 F1 OAHI15), #2323
AN, ODeoo 1H T I 4.4%, {HXF OAH fFR
KL ENEZ W, HAWK OAHLIS LK
NADH A &4 w284k, NADPH ¥
FE M 0.20 pmol/L $£F+ 2 0.25 umol/L (& 4),
M2 NAD MR 2 S e 4 ATP,

AL A K, BRI T NAD G 1E
NADP', YFRHIMIN ATP J4#EM, 41 E bk
OAHI16. OAHI17 Hl OAHI8 (kY1552
fif, KBTI 8.5%24.1%, OAHI8 JifY
W H NADPH 7K F4& J+ & 038 upmol/L ,

NADH/NADPH W% & ¥k OAHS FEAIX
9.9% (Kl 4), H NADPH 5 NADH () B EH
WEERTE, ST ATP {0 AR 530 NADPH
IO AT 0 2 TR A . Db 25 SR SR B P [
$&F+ NADPH 5 ATP fit5; iy e+ T/, X T
FERMRAER OAH HAIEW B0 IEmEM,

A DLFEAS 3 A e A= K 9 A4 T 52 % NADPH
AR, TR E H AR 9 89 & 8808 i o

mmNADPH
0.5 CINADH 104

) lo3=2

£ g

= 022

=

3 5

= lo1 2
= 0.1
0.0

ol Al P P
FRFFTFTFES

A TRERERAE R A= VEREM T B: T4

Figure 4 Effect of synergistically supplying NADPH and ATP on the productive performance of the
engineered strains. A: Analysis of growth and production performance of the engineered strains; B: Detection
of the intracellular NADPH/NADH content of the engineered strains.
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Figure 5 Fed-batch fermentation of the engineered strain OAH18 in 5 L bioreactors and its acetic acid reuse
route enhancement. A: Fermentation process parameters of OAH18; B: PYR and ACE contents of OAH18; C:

Effects of knockout of cspC and patZ and overexpression of acs on the production performance and acetic
acid accumulation of the engineered strains.
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Figure 6 Effects of overexpressing MetX from
different species on production performance of the
engineered strains.
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Figure 7 Fed-batch fermentation of the engineered strain OAH28 in 5 L bioreactor. A: Fermentation process
parameters of OAH28; B: Main organic acids and amino acids content of OAH28.
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