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Metabolic engineering of Escherichia coli for L-homoserine
production

Bo Zhang, Zhenhao Yao, Zhigiang Liu, and Yuguo Zheng

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

Abstract: L-Homoserine is a non-essential amino acid that is often used as an important platform compound and additive in
industrial production. To improve the production efficiency, a previously constructed L-homoserine producing strain E. coli
HO-0 was used as a chassis for further metabolic modification. Firstly, the ppc and pyc,"**®® genes were overexpressed to
optimize the Kreb’s cycle. Subsequently, thrA®*%**T and lysC.,°***" were overexpressed to improve the product synthesis,
followed by inactivation of icIR gene to reduce the accumulation of by-products. The introduction of three sucrose metabolism
genes, scrA, scrB and scrK, enabled E. coli to ferment sucrose. The titer of L-homoserine increased from 3.2 g/L to 11.1 g/L.

Keywords: L-homoserine, platform compound, Kreb’s cycle, overexpressing, by-products, sucrose
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Fig. 1
glucose-6-phosphate;

FRU: fructose; F6P:

L-homoserine biosynthetic pathway in L-homoserine-producing strain. S6P: sucrose-6-phosphate; G6P:
fructose-6-phosphate;

F1,6P: fructose-1,6-diphosphate; GA3P:

3-phosphoglyceraldehyde; PEP: phosphoenolpyruvate; PYR: pyruvate; Ac-CoA: acetyl-CoA; ACE: acetic acid; OAA:
oxalacetic acid; CIT: citric acid; ICL: isocitric acid; a-KG: a-ketoglutaric acid; SUCC: succinyl-CoA; SUC: succinic acid;
MAL.: L-malate; Asp: L-aspartic acid; Asp-P: aspartyl-phosphate; Asp-SA: L-aspartate-4-semialdehyde; Glu: glutamic acid;
Hom: homoserine; Met: methionine; Lys: lysine; Thr: threonine; scrA: sucrose-specific transporter subunit IIABC; scrB:
sucrose-6-phosphate hydrolase; scrK: fructokinase; ppc: phosphoenolpyruvate carboxylase; pyc*: mutated pyruvate
carboxylase, P458S; icIR: DNA-binding transcriptional repressor; aceA: isocitrate lyase; aceB: malate synthase A; aceK:
isocitrate dehydrogenase phosphatase; thrA*: mutated aspartokinase I and homoserine dehydrogenase 1, C1034T;
lysC*: mutated aspartokinase III, C932T; IDH: isocitrate dehydrogenase; IDHP: isocitrate dehydrogenase (phosphorylated).
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AL NEBE RS SRR 2 ARG . BETE
REATREARHEF T A RA AR . REER
TERAZ G PRILEG (1 thrA. metL, lysC 4ifid). K&
ARV AR (fh asd 4ifi%). HLZERR S N
(1 thrA | metL Zif3) 7EF T AL R Lz m i,

L- 5 22 B B A P LB TR i s S AL R T
TERT TR, A= FH] CRISPR-Cas9 J: 4
9 1B AR T 55 BEAC U P AE DGR R (metB |
thrB. metA. lysA) FIETT R (metd), K+ metl
FEHEM KRR G T4k Tre Jash+, IfHakbk
¥ ic LR metl FEEARH T 7 B Pk E. coli HO-0,
ZW bR 48 h AR R B ERERR R 3.2 g/L ™
Yy, [ AR E R o-f K R . XN
FEAGE BRAE I ™ 1) G B2 A T T 32

AHIFFT LUK G AT i Escherichia coli HO-0 Ay JiE
FEHRE, i CRISPR-Cas9 H [l 4 4 il 5k i
RIBFARXATERIGIS . WA . LERIE
IFFEREACHIX 4 DB T T okl . B 5eH
ppc FE A (% Bt ol 1 s 1t =X VR0 T R R AL Il ) 1) R
RIS B TR N Tre JR 204, SO i Bk
TR T RAIEE pyce™ ™ (pye®)™, HE ppe
A pyc* g3 i) Gn A i3t 18 A e =X PN B 72 PR A Tl AR I
P R AR AL T, X R AR AT LA /D 2 IR A R
L, WA B IEER R B AL kR i
235 thrATP*T (thrA") T lysCoy 2T (lysC™) FEIA,
thrA” 2 A 4T 52 5 100 il g R 4 S R LA 55 22 R
R U 1 Al B, lysCoEm AP 3 il A %

*1 AWMRETABRK
Table 1 Plasmids used in this study

KRR TR, thrA™ I lysC iy ot k¥4 s
FEPIR A GE R, BRICD EEE LR . TR S
RI= o R R BlS AR £ I R I 12 i s R
HFJEEA iclR Sksgfk O BERRIGIR, M ks fk
WX WG A BRI EE N BE, N T
15 TR Bk BB A = 805 A5 I RERE AT R I, AR
ST HEREAR I R 8

1 MRE7E

1.1 #sl
1.1.1 KRS RAL

AR BT F B RS R AN R 1 RN 2 FITOR .
112 FERA

IR ZE (IAEMRES 50 mg/mL). A& Z (1
YEWRE 25 mg/mL) HOWEE R (LAFEWEE 50 pg/mL)
W H A T TR () B A R
TransStart Fast Pfu DNA R4 A B W5 5
H R AT RS 7] 5 Clone Express™ 11— s
R & C112 Fi1 C113 I [ R WA e A= MR A
BRA W . Bk PO U F & . 2xTag PCR
MasterMix. DNA Marker 1t [ 4t 57 5 it 40 4=
YR A B A W 5 L 22 2 R b v i 8 BTz T
A (RE) ARRA A HAh R Y 4
Mrai,
1.1.3 EBHRE

LB #553 (g/L): BRER AR 10, BEREM 5,
SAbah 5 (WARREFEIIMA 2% 5 #) -

Plasmids Relative characteristics Sources
pCas repA101(Ts) kan Pcas-cas9 ParaB-Red lacl? Ptrc-sgRNA-pMB1 Lab collection
pTarget pMB1 aadA sgRNA Lab collection
pTrc99a Trc-promo, kan, lacl, ori Lab collection
pACYC* Trc-promo, lac operator, p15A ori, cmr, lacl Lab collection
ppyc* cmr, p15A ori, trc-pyc*, lacl This study
pSCR trc-scrA, scrB, scrK, lacl, kan This study
pACP p15A ori trc-thrA*lysC*pyc*, lacl This study
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. cjb@im.ac.cn



1290 ISSN 1000-3061 CN 11-1998/Q :# 1.#22%#k ChinJ Biotech

®2 AWMRETABEK
Table 2  Strains used in this study

Strains Relative characteristics Sources
E. coli DH5a F~, endA, endAl, ginV44, thi-1, recA, relAl, gyra96, deoR, nupG, purB20, Beijing TransGen
¢80dlacz, AM15, A(lacZYA-argF) U169, hsdR17(rK mK™), A~
E. coli HO-0 E. coli W3110 derivative Ametl, AmetJ, AthrB, AmetB, AmetA, AlysA, Trc-metL Lab collection
E. coli H1-0 E. coli H-0 derivative, Trc-ppc This study
E. coli H2-0 E. coli HO-0 derivative, Trc-ppc harboring ppyc* This study
E. coli H3-0 E. coli HO-0 derivative, Trc-ppc harboring pACP This study
E. coli H4-0 E. coli HO-0 derivative, Trc-ppc, AiclR harboring pACP This study
E. coli H5-0 E. coli HO-0 derivative, Trc-ppc, AiclR harboring pACP and pSCR This study
E. coli HO-5 E. coli HO-0 harboring pSCR This study
E. coli HO-2 E. coli HO-0 harboring ppyc* This study
E. coli HO-4 E. coli HO-0 derivative, AiclR This study
E. coli H3-1 E. coli HO-0 harboring pACP This study
E. coli H4-3 E. coli HO-0 derivative, Trc-ppc, AiclR harboring ppyc* This study
E. coli H4-23 E. coli HO-0 derivative, Trc-ppc, AiclR This study

FEM A R MS B3R (g/L): wi%m
40, KH,PO4 4, MgSO47H,0 2, BEREH) 4, CaCO;
15, ffiEIcE (mg/L) {34 : CaCl,40, FeSO, 40,
MnS0, 20, CoCl, 8, ZnSO, 4, CuCl, 2, H3BO5 1,

PR RERE L MS B53R 2k (g/L): REME 70,
KH,PO, 4, MgSO47H,0 2, %4} 4, CaCO; 15,
flti e ®E (mg/L)fi$E: CaCl, 40, FeSO, 40,
MnS0O, 20, CoCl, 8, ZnS0, 4, CuCl, 2, H3BO5 1,

MR (o/L) 45 HZAR 0.2, R 0.2,
i %2 0.02,
1.2 FH&
121 ¥FEhE

PR WA L-im 23R . PRBCR RV B A
5mL LB g4, 37 "C. 200 r/min 53% 12 h,
B 200 pL 4£Fh3] 10 mL MS $53:3Ed, 30 C .
200 r/min }53% 24 h 8% 48 h 8¢ 72 h, FEEEE
It ] f JORE DN %€ ODgoo LA BATHRIR oAl I —
e, LR, HWECRRA - 22 R
1.2.2  ARET-YAeE R R

I FH 2 2 43 BT ASOR ARG 2 TR P 1Y) L3 24
RIRG A IFETR R, DA = SORORE il o & T
HR /N PR B UK B 1 mL F 12 000 r/min
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1% £ B it T AR TR VR T2 AR HE R 4%
1.2.3 FERAREEE RS BE R

£ NCBI M FARTG T ok B 28 65 5k =
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FE5 . DLSCEG 2 (R A2 pTre99a ik Mt ,
514 pTrc99a-F Fl pTrc99a-F JEA7 M3k 15 £k i1k
) pTrc99a JFitki i Bt (Bl 2). #lifk)s H—4 ks
K74 Clone Express' ™I ) C113 Z 517 b #k4T
Z R Bk E, BRI YRALRI AT E. coli
DH5a J&i , 514 p99a-F #il p99a-R #4777 PCR
PP 4 A 95 I 36 U S5 345 FE 4 SR pSCR
1.2.4 SRABRFFERBARRMHE

DA AR FF B S R AL A, 4 A 5 19
pyc-F F1 pyc-R. lysC-F FI lysC-R #4754 14 1k I
4lifbJ53R1S pyceg. lysCeg FER FBE (35 3). IKIGFT
& E. coli W3110 JENA M5t , HI514 thrA-F F
thrA-R JE1 79 8 AL HR2liAb 5 255 thrA LR B

RAFFELL pyc A B AELL pyc FE A
Bl F 5 149 pyc™-1 #il pyc*-2, pyc*-3 il pyc*-4

plSAori

Lac operator
Trc promoter

B 2 3CH P A BRI RY

Fig. 2 Diagram of recombinant plasmids used in this study.
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F BT SR TR R A
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Table 3 Primers used in this study

Target gene  Primer name Sequence (5'-3) Size (bp)
ppc pTDppc-F CCGAAGTGGTGAACTACTGTACCGAAGCGCCGTTTATTC 39
pTDppc-R CGGTATCGTTTGATAGCCCTGTAATTATACCTAGGAC 37
pTppc-1 CTTTTTTTGAATTCTCTAGACCGAAGTGGTGAACTACTGTACCGAAGCG 49
pTppc-2 GCCGGATGATTAATTGTCAAAAGCCACGTAAAAGCGGTGACGTCA 45
pTppc-3 ATCATCCGGCTCGTATAATGCAGGGCTATCAAACGATAAGATGGG 45
pTppc-4 GGTAATAGATCTAAGCTTCTGCAGGCTGGTTGTGTTCGTAGTCAGC 46
T-ppc-F GTTTGCTCAACGATGCATTGGC 22
T-ppc-R CTTCCAGCCATGCCTGTGTC 20
lysCcg lysC-F GTGGCCCTGGTCGTAC 16
lysC-R TTAGCGTCCGGTGCC 15
thrA thrA-F ATGCGAGTGTTGAAGTTCG 19
thrA-R TCAGACTCCTAACTTCCATGAG 22
lysCcg* lysCcg*-1 GTTAGGAGTCTGAAGGAAGGAGATATACGTGGCCCTGGTCGTAC 44
lysCcg*-2 GAAGGTGATGTCGGTGGTG 19
lysCcg*-3 CATCACCTTCACCTGCC 17
lysCcg*-4 GTGAGTCGACACGTATATCTCCTTCCTTTAGCGTCCGGTGCC 42
thrA* thrA*-1 CACAGGAAACAGACCATGCGAGTGTTGAAGTTCGGCGG 38
thrA*-2 CCACGGAAATACGGGCGCGTG 21
thrA*-3 GTATTTCCGTGGTGCTGATTACGCAATCATCTTC 34
thrA*-4 CATAGAGCCGGCAATGTATATCTCCTTCCTTCAGACTCCTAACTTCCATGAG 52
iclR pTDiclR-F CCGAAGTGGTGAACTACTGTACCGAAGCGCCGTTTATTC 39
pTDiclR-R CGGTATCGTTTGATAGCCCTGTAATTATACCTAGGAC 37
pTiclR-1 CTTTTTTTGAATTCTCTAGACCGAAGTGGTGAACTACTGTACCGAAGCG 49
pTiclR-2 GCCGGATGATTAATTGTCAAAAGCCACGTAAAAGCGGTGACGTCA 45
pTiclR-3 ATCATCCGGCTCGTATAATGCAGGGCTATCAAACGATAAGATGGG 45
iclR pTiclR-4 GGTAATAGATCTAAGCTTCTGCAGGCTGGTTGTGTTCGTAGTCAGC 46
T-icIR-F GTTTGCTCAACGATGCATTGGC 22
T-icIR-R CTTCCAGCCATGCCTGTGTC 20
pyc pyc-F GTGTCGACTCACACATCTTC 20
pyc-R TTAGGAAACGACGACGATCAAG 22
pyc* pyc*-1 GTGTCGACTCACACATCTTCAACG 24
pyc*-2 AGTGATCGGCAATGAATCCGGT 22
pyc*-3 GTGCGAGTGATCGGCAATG 19
pyc*-4 CAGCCAAGCTTTTAGGAAACGACGACGATC 30
ppyc*-F GAAACAGACCGTGTCGACTCACACATCTTC 30
pT-seq-F GGCCTTTTGCTCACATGTTC 20
pT-seq-R TAGCACGATCAACGGCACTG 20
Target-C-F CTGCAGAAGCTTAGATCTATTACCC 25
Target-C-R TCTAGAGAATTCAAAAAAAGCACCG 25
T-Trc-R CGAGCCGGATGATTAATTGTC 21

pACYC184*-seq-F
pACYC184*-seq-R

pACYC*P-F

pACYC*P-R

pTrc99a-F
pTrc99a-R

pACYC184*-F
pACYC184*-R

GCACTCCCGTTCTGGATAAT
GGCGGATTTGTCCTACTCAG
GTGTCGACTCACACATCTTCAAC
GGTCTGTTTCCTGTGTGAAATTGTTATC
AATTCGAGCTCGGTACCCGGGG
CAATTTCACACAGGAAACAGACC
AATTCGAGCTCGGTACCCGGGGATC
GGTCTGTTTCCTGTGTGAAATTGTTATC

20
20
23
28
22
23
25
28
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AR R AT E. coli DH5a 5, H
5% pACYC184*-F #l pACYC184*-R #EAT 7%
PCR, M4k ™4 4% 1 B BRI BH 1 17 % 326 ) 36 ik
J& B AS H A BTk pACP Fll ppyc*.
1.2.5 FEREmBERFG 3Tk

#£ E. coli HO-0 % & ¥k if CRISPR-Cas9
ARG 44E ppe. icIR EF . DL Tre Ji 818 e 5L K]
ppc WA JS 37, miBE iclR JEH . #R/E R AL i
RESCHR[191 iR . 514 pTppe-1 Fl T-Tre-R,
pTiclR-1 1 pTiclR-4 #E1 7 PCR Kk, =4 2547
S PRI BE P B 7 0y 0 s AR A SR I ) BT o

2 ER5AW

2.1 MIERBEIRRMRIL

L-7h 22 B R ¥ 7~ T E. coli HO-0 & %3 4 rp Al
PP ZAE SN E 3 FiR . HR LR o~
MRk FERR" Y, LR 9.8 /L, o-fll
FRTRER 4.0 g/L, FRELRIE 0.2 g/L,

J T CTRFR, il SR A B TR
R RL T AW Tl 238 T ppe Ml pyc* LA
W 3 BN, 33 PR 3 DR 2 it 14 Tl 1 s s =X PN
T 22 A Tt AR DAY I 7 2 A It R 4 i) K ol i s P =X TN
Tl 3 R A T R A b A R LR, (R AT R G

HH

Accumulation (g/L)
o

HS ACE a-AK  OAA

B3 KEARKERABIEPSLER. 28K, oK
. ERMCEBIRERFR

Fig. 3 Production of L-homoserine (HS), acetic acid
(ACE), and a-ketoglutaric acid (a-KG) by the chassis
strain in shake flask fermentation at 48 h.
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Yim A o 7E TREE R R AK ppe A pyc* L [H
JE AT 48 h BRI A, KA R WNIAE 4 s,

ppc FE K )2k AR B T AT BRE BF 1 P
A, BRI, RS, BEE BRI
TR 2 1) R e R AT R 3 I, A — R
BT LW A S A PR
E. coli HO-1 /= # 5% 5.5 g/L, Z R8> £ 9.0 /L,
Bk LTRTE 2.9 g/L.

Py [A] 4 JBURL ek 2R 3 RE K 40 43 7N 1 R B b,
REBE LR, (RSP A R PIER R 3 2 WE
fitg A FFCHHE R Z sk, BB T 2R
FZ . FER#EK E. coli HO-2 H, P iiik%] 4.4 gL,
LR R/ E 26 g/L, HEZRRFLE 1.0 g/L.

TER PR E. coli H2-0 H, ¥ ppc F pyc*J& A it
TTrHANERE, CRREMADE 219/L, i
PLE % 5.9 g/L. ppc F pyc* I VE PR T &
i, HP RS2 E) TR

22 SRLFEYIRE K

R TN AT R R A I b BRI Ak Ry
Yy, XF lysC*Hl thrA*SER HEAT T 4 338 DA &5
i B 2 o thrA* G 40 5 3 ] 1) R 44 2
TRE AN = 22 S BRI U 1 RS 2R, lysC gt

12r Bl 0D, 730
B HS
B ACE

T @ B eAK 1%

1 0AA

Accumulation (g/L)
(=)}
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BIF R, ofiX 8. EBCEIARIFER

Fig. 4 Production of L-homoserine and by-products
when ppc and pyc* were overexpressed.
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UM ) R A ARG T, XA EE R A i
RIKGALHE W& 8. 1E ppyc* Bk b %4z lysC*
FIthrA* 5L K] 3575 5k pACP J5 56 A T R wibk e AT
48 h RN L. KEELE R E 5 i .

TEHE PR E. coli HO-0 # E. coli H1-0 #1435
A pACP Jithi)5, I TR, &
MR, FBELMR . ol K TRFLE TR, A HE R
E. coli H3-1 #1 E. coli H3-0 nJ %1, 7 ik lysC*
F1thrA*SL R B, AP B PR 9 i A\ s G, 7
g/ Y R

AR ML E. coli H3-0 Z&4d Kl m = St
% 8.60/L, ZIRMEMIKZE 149/L, o-F 8
FHUEBRLZE 3.0 g/L.

2.3 SR CEEERTRIN

283 DA X R A BR AT B A0 = 6 1 s
ARG T AR, HEEY SR -l
FRAT A PR Z FRARR B o BT LIS icIR 3 Rl m B ok
SRAL ZBERRIEER, $2 0 L AL E MR 2 BRATEE A 1Y
FIFHBEST, [FIRHS A3 0 o-FR % —RRAGER T . 5%
ST M ICLR BEPIHI £ P R 1 B 4H ¢ 5L
aceA. aceB. aceK. iclR Wy&%s%. Hrh BirEm
2L N (ACEA) W] LUK AT IR 2Ly L W TR

12 B 0D, 130
Bl HS
1 ACE
10 _Jf ] a-AK 425
4 [ 0oAA
~ || CIT
) 8t 120
g g
=6 15 o
= 3
£
2 4} 410
[¥]
<
2| {5
HO-0 H3-1 H2-0
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LRBRERITMCR. ol 8. EFRCER. 175K
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Fig. 5 Production of L-homoserine and by-products when
thrA* and lysC* were overexpressed. CIT: citric acid.
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MBEHIR , SRR G L (ACEB) W] LU FH £ ik
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