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Adjusting the Glucose Transport System to Increase L—Threonine
Production in Escherichia coli

ZHU Lifei'*, WANG Xiaoyuan™*
(1. State Key Laboratory of Food Science and Technology, Jiangnan University, Wuxi 214122, China; 2.
International Joint Laboratory on Food Safety, Jiangnan University, Wuxi 214122, China; 3. Key Laboratory of
Industrial Biotechnology, Ministry of Education, Jiangnan University, Wuxi 214122, China)

Abstract: In this study, the improvement of L-threonine synthesis in E. coli was achieved by
optimizing transport of glucose. The CRISPR gene-editing method was used to delete the key genes
ptsH and ptsG in the PTS system. The flask fermentation was carried out under 30 g/L glucose.
Compared with the control strain TWFO001, the productivity of L-threonine synthesis was
significantly improved in either TWF001ApisH or TWF001ApisG, and the L-threonine yield of
TWF001AptsH increased 38.02% . The strains TWF001ApisH, Pirc::PgalP were successfully
constructed via the enhancement of ga/P expression though adding the trc promoter in
TWFO001ApisH genome.Three mutant strains were grown by flask fermentation under 40, 50 or 60
g/L glucose, respectively. The fermentation yield of L-threonine in TWF001AptsH, Pirc::PgalP after
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36 h increased by 42.12%, which was 26.16 g/L with a sugar acid conversion rate of 0.65 g/g. The
modification of glucose transport was confirmed to effectively improve L-threonine synthesis in E.

coli.
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PLMG1655 5 240 S B, UL 519 pisHEL/
ptsHrl ¥ 34 1 pesH FE A B3 BB pesH-U, LL514¥)
ptsHE2/ ptsHr2 9784 1 pesH FE P 1 i Bt ptsH-D,
i ot & PCR 8 iy Br & 3 — 115 3
ptsH [ EER 7 B ptsH-UD,, LA pTargetF 4 , LA

F 1 AR A E R0 R
Table 1 Strains and plasmids used in the study

Tk JM109 Wild—type E.coli NEB
L-threonine—producing E.coli CCTCC no.
i IR strain M2017730
FE TWFO01AptsH TWEFOO1 i bk pesH 3 Al ASHIF TR 2
Bk TWF001AptsG  TWFO001 5% prsG 3 [ A A
LS TWFO001 % % ptsH HE P, Jf:
TWF001AptsH, Prre:: i tre J& 8 T & e galP H9JE  ZRBFSEAE 1
PgalP NS
Ji kL pTargetl pMB1 aadA sgRNA [16]
repA101 (Ts) kan Pcas—cas9
JiU KL pCas ParaB —Red laclq Pire - [16]
sgRNA-pMB1
JHL pTargetF—ptsH pMB1 aadA seRNA—pisH BN g
JiU AL pTargetF—ptsG  pMBI1 aadA sgRNA-pisG ARG A
JB AL pTargetF—galP  pMB1 aadA sgRNA-galP A B4 A

51 ¥ sgRNA —pisH —F/T —sgRNA —R §" 14 14 #4 2
pTargetF—ptsH W 7 Be, F B4 id Dpnl B i 1k , T4
Pnk % i &5 B2 1k , T4 DNA & £ B 3% % )5 1k 5% 3
IM109 Az 45 K g g 3 JBOkL , 78 % 50 mg/L
MEZMN LB FH EAK 10h 5, H5IHY Y-psH-
F/T-sgRNA-R i % 18 (19 5% Ak, 15 5 f B ks
pTargetF—ptsH, 100 ng i Bf UKL pTargetF—ptsH Fl
500 ng it 55 B BE pisH-UD [A] i} 2 5% A 80 ull 1
TWFO001/pCas HL¥% 3225, 78 30 °C 100 r/min 12
FEE TR 2 b, RAER 50 mg/L MWL 2 AR AR E £ 1
LB ¥4 ,30 CHE7#% 48 h Ji 5149 prsHF1/ ptsHr2 K
TIE, 75 31 1F 6 #2BR 1 B A T IE B O B AL R
50 mg/L RABEEE A 0.5 mmol/L 5 PN FEAR AL 21 2L bk
H (IPTG) 1Y LB i 8 175 5 15 5% 25 bR pTargetF—pisH
5T oRL 42 °C i " KG9 L BR pCas BTk, & BR
pTargetF—ptsH Fl pCas JBTRL 5 43 59l 76 & HOUL 25 25 Fi
R RN LB P b A7 R0, 80 2 5 5 bR
KLy , Foe 5 A5 B0 AN & TORL Y IE 5 AR pesH SE R 11
225 TWF001AptsH

TWF001AptsG 19 # # o # W b &
TWF0O1AptsH g &, Ir sl Sk 2 i
ptsGf1/pisGrl ptsGf1/ptsGrl .sgRNA —pisG —F/T -
sgRNA-R | Y-ptsG-F/T-sgRNA-R,

TWF001ApisH, Pirc ; :PgalP 1) ¥ % & LU
MG1655 3Kl J it , LLG1Y) galPfl/galPrl 473
H galP 3K i B galP-U, LS| ¥ galPf2/galPr2
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R2 AHAREERMNMEKRETASY
Table 2 Primers usedused to construct plasmids andstrains
in this study
T-sgRNA-R  ACTAGTATTATACCTAGGACTGAGC

AGGCGAAGACGAGCAGAAAGGTTTTAGAGC
TAGAAATAGC

Y-ptsH-F AGGCGAAGACGAGCAGAAAG
ptsHf1 CATCATCGGGTGAGCGTTAT
CGAGTTCCGCCATCAGTTTCGTTCGGAGCGG

sgRNA—pisH-F

pisHrl TAATGGT
D ACCATTACCGCTCCGAACGAAACTGATGGCG
pis GAACTCG

ptsHr2 TACGGCATCCAGAATCAGATAGTC

CATAACATGCGATACAACGGGTTTTAGAGCT
AGAAATAGC

Y-ptsG-F  CATAACATGCGATACAACGG
ptsGf1 GCAGAAGAGGGTGTTGTAGC

AACCACTACGCCCGCTCATCAGCGATTTACC
GACC

GGTCGGTAAATCGCTGATGAGCGGGCGTAGT
GGTT

ptsGr2 TAAAGCGGTGGATGGGAC
TTACAAATCTTTGTCTGTTGGTTTTAGAGCTA

sgRNA—ptsG-F

ptsGrl

ptsG2

sgRNA—galP-F

GAAATAGC
Y—galP-F  TTACAAATCTTTGTCTGTTG
galPf1 CTACGCAGCACGTTATGTC
o GCCGGATGATTAATTGTCAATGGTGTAATCG
E GTTTCAGT
o TTTCACACAGGAAACAGACCATAACCATATT
o GGAGGGCAT

galPr2 GAGGATAGAGCGAAGAAAAG

TTGACAATTAATCATCCGGCTCGTATAATGTG
Tre-F TGGAATTGTGAGCGGATAACAATTTCACACA
GGAAACAGACC

GGTCTGTTTCCTGTGTGAAATTGTTATCCGCT
Tre-R CACAATTCCACACATTATACGAGCCGGATGA
TTAATTGTCAA

Py galP FEH LB galP-D, 5% Tre—F/Tre-R
95 CAEE 4 CiR kI tre J32h T Fr B, 38 1 T
B PCR 48 _L1iF tre Jo sh M F i i B & 5] — i
193 galP WA R Bt tre—galP, L pTargetF AR,
PL 51 % sgRNA —galP —F/T -sgRNA -R " 34 H} ¥y
pTargetF—galP ) i B, F Bt 230 Dpnl i 6 1k, T4
Pk % B % B2 1k , T4 DNA 3% £ {3 #% )5 1k 5% 2
IM109 Bz 285 K @ g 1 Bk, 78 % 50 mg/L ot
ME R K LB P EAEK 10 h 5, 519 Y-galP -

F/T-sgRNA-R i %6 1 19 5% Ak, 45 30 &R Jo A
pTargetF—galP, 100 ng @ % 51 ki pTargetF —galP Fl
500 ng @ B& A Bt tre —galP [F) B HL %% A 80 ul. 11
TWFO001AptsHipCas FLEZIESZ 25 7 30 °C 100 vmin
PEFEE TN 2 h IR AE S 50 me/L o WE AR ARE &
(%) LB “F-42,30 CH 5% 48 h J5 F 51 %) Tre—F/galPr2
LioaT G = ISR N E 8 A R SR i DR S A A R £
50 mg/L RAREEZE AN 0.5 mmol/L 5P FELAR A2 FL
BEH (IPTG) 1Y LB 1048155 3 55 9% 2 BR pTargetF—galP
JitKL 42 Cad B EE IR & BR pCas JROKL , % BR
pTargetF—galP Fl pCas JBURL 5 73 55l 1 & H: WL 5 2 AN
FIBE R LB VA b BEAT S0, W 2 L PR
KOS, o Jm A BN B BORE I TE B B tre —galP 3
A TWFO01AptsH, Prrc ; ; PgalP .,
* 3 AR RT-PCRETASI#
Table 3 Primers used for RT-PCR in this study

RT-16sRNA-F TCGGGAACCGTGAGACAGG
RT-16sRNA-R  CCGCTGGCAACAAAGGATAAG

RT-thrA-F ~ TTCCTACTTCGGCGCTAAAG

RT-thrA-R TTGCCATGTTATTCAGATTG

RT-thrB-F  GCTGAACCCTACCGTGAACG

RT-thrB-R~ ATATGAACAAAACCTTCCTG

RT-thrC-F ~ CGCTGGCATTTAAAGATTTC

RT-thrC-R~ TTGCCGCCCAATGTACAGAAC

RT-pfkA-F  GTTCTGGGACTGGGTTGGCG

RT-pfkA-R GCGTGGTGGAGAAATGCTTG

RT-eno-F  GCTCCGTCAGGTGCTTCTA

RT-eno-R  TCTTGTCAATGCCAGCCT

RT-pykA-F  CGACAATGTGGAAGAAGC

RT-pykA-R  TGGTGATGATCGCCGTAA

RT-gltA-F  GCGACCGATTCTAACTACC

RT-gltA-R~ CCACACATGACTGCCATTG

RT-aspC-F  ACCGCATATACGCCAAACTC

RT-aspC-R  GTTGCCACCATCCTGAGC

RT-gdhA-F  GGTAGACTCGGCTCAGGAT

RT-gdhA-R  TGGTATTGAAGCGGGTAG

1.3 ZBIRESHNE

131 AHzaynlE AKLE LB HFEEPWFT

WY ODey A A2 - B 1 mL BV, P 25 88 F K FR

FEAH N RS BT AR AT, SR AN o ot B il

600 nm AW B, T3 LURH I A5 25005 21 i J5 6
A KA T 5 37 56 R 1 TR Y ODgo 190 5
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BT mL BRI RS, 2 1 mol/L (97 £5 FR
BRI A A7 K, 55 A0 0 D1 6 B 0 s A K R
600 nm T AW GIE , 143 LUAH AR B0 21 fg ) fEL

ptsG ptsH galP

TWF001 = e D
tsG alP
TWE001ApisH 22  cd
ptsH galP
TWF001AptsG —
e |
ptsG galP

TWFO001AptsH, Ptrc; Pgatt
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2 EHRMBERENRAE

Fig. 2 Construction process of mutant strains and the

map of plasmids
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14 Jo e R
133 ALBmATHMNZ

1) FESTIALEE AR 12 000 r/min #5.0> , B
500 pL _EiERINAE] 500 pl B 10%H =5 LR %
W, LIRS ,4 CiE 4 h LI b, 12 000 1/min &
> 15 min, FH0.22 pm (7K A4 2038 B3 08 1V
TR R E AR EUSE FH HPLC I AR 7

2) ERORAHETE R AR B AR R AT AR
P AR A Agilent 1200 8 = R (654X, €4
W% # N Thermo ODS -2HYPERSIL C18 column
(250 mmx4.0 mm,USA), 3hAH (/KAH):3.01 ¢ &
K CTRENEE i T2k b ;200 WL = &% ,5 mL P4
A A K ERT 1L, ZRIME pH 7.2, WM
A ML) :3.01 g To/K LTRENVE T 200 mlL B4
Kb 5%ME R A 2 pH 7.2, T 400 mL ) HPLC
4 /B2 A1 400 mL i HPLC 2% 20 .
14 XHBRHXEE PCR S

AH G KL PR SR 7K P38 3 StepOnePlus 52 B 295

E = AL (FEE Applied Biosystems 2~ 7] )&z, fir FH 51
Py UL 3R 2 T %o 25 T 30 %) e TR AL, AP 2 0 B
VWA BR KW Y CaCO5, 12 000 r/min #2508
WA RNA 142 BUE B8 (cDNA 19 52 5% 5 A i
K RT-qPCR T 240 20 BR X 2 80 43 5l 4% B Bioflux
RNA $2 it 77 & 5 B 45 Fermentas 28 7] J2 §% 5%
cDNA i 7] & A i MEBE A= %) ChamQTM Universal
SYBR qPCR Master Mix 36045 , 5048 ) 43 #7218 3¢
HR[19].

LSRN

21 R T HE TWF001AptsH TWF001AptsG  F0
TWF001AptsH, Ptrc : : PgalP #J%4 22 38 1iF

3 W8 T AL A Y P DK S IR 2 SR DL RT3, X IR
# TWF001 514 ptsHf1/ptsHr2 ¥E4T PCR B3, ™
Ky 1500 bp Z247 R/ANEY 2544, G 1 VKA TR, K
/NIEH ;R4 H TWF001ApesH FI 514 ptsHE 1 /ptsHr2
PHEM T 1200 bp 24 K/ANBYSRAT, A0 2 PKGE BT
AN, R/INIEWR UK S SR R R T A RN SR
i prsH K& PR R BR )

bp M1 2 bp
3000
1500 _ 1500
1000

3 TWF001AptsH, TWF001AptsG #1 TWF001AptsH,
Ptrc: . PgalP ¥ 18 1E
Fig. 3 Verification of TWF001AptsH, TWF001AptsG and
TWF001AptsH, Ptrc ; : PgalP by PCR

R AR TWF001AptsG H 51 ¥ ptsGfl/ptsGr2
PCR $63F , §7 34 i 1 500 bp Z2 47 K/NRY &4, 40 3
VKB PR, KR/NIES; 1% & TWF00T FH 519
ptsGf1/ptsGr22 ¥ 34 i i1 7 Be K/l 3 000 bp 72
A, 4 FGE TR, R/ANIERS, HL KA R R R R T
IERf R/ AT prsG FE DR BB i)

X RE B TWF001 283 3k B 21 I 7 8 7 WA o8
W) galP I, RAFTE galP &G T ILABEIE W F
B, B H e RE R ST E, B4 AN A B
45— Bt galP 07 B 1A LU RIR R B re I BT
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1 galP K, K/NA 2 048 bp, RAEH TWF001AptsH,
Prirc ; :PgalP H 5% galPf1/galPr2 PCR S0F , 97 3
2 000 bp Zidq R/ANIIA&AE, W05 VKB TR, K/NE
5 1 TWFO01AptsH JE R4 1A 514 galPr2 45
GO, TP AW &4, 6 Uk TR .
TWF001 3 K 25 ¥4 F5 5K , galP FE A B 1 395 bp,
TERHA FAGA tre Ja 3 Fid K38 galP FEH By
MERERCK . PCR B0k (E 8 (e 4k 7 JR OGR4 &
PR ECEGY 340 A R B, xR B b AT 00y K 5 o8 4
E S A R BIF B 58 78 1Y R B ¢ OE il 52
ARk
2.2 TWF001AptsH EARBEERREREERE
FREMEZBEERSH

TR TWF001 () L-7R &R & 2, 78
TWF001 ™ @t Br pesH JE P, 15 %] %€ 48 fk
TWF001ApesH , 5 726 b 7 5 4 4l 07 £V B2 o 30 /L
14 55 % B AT RO R T, D A K OD g ] 25 M
[T BV B A =R = BRI P i, O T HRTE L- T &R
7 R AL 3R B A I B A 2 W T VR R Y T e
— BT, XA BIAE 5 40,50 .60 /L 5 % B o B vk
JEE 1 B 5 B v HEAT R R I

& X BE B TWEFO0T 128 45 B TWF001AptsH
FE 75 30,40 .50 .60 of L i 25 4% (14 15 75 Fe v i R R
FELE UL 4,

i 4 (a) AT 1, TWF001ApesH 7 45 4> 4 %5 B
Jo VR TP ) A KR L TWF0O1 18, A K 22 1 1
AR 0 AR BT iR R 30 g/L I, TWFO001
15 K ODeo 4 15.59, >4 7] 47 Jot £ Vi £ 4k 2 T 12 2]
40,50 o/L B, I 5 ) 858 o1 vk B A IR, TWFO01
B AR B GF 60 ofL 15 26 15 558 JF s 490 o) B 4R 1) 2
Ko TWF001AptsH 7E 30 g/L 3 %5 8 7 (1) 5 K ODgoy
R 12.03 , Fifi 45 7 2 0 o et vk B2 T = 21 40,50 .60 ¢/LL
B, BR ODgo 28R T (HJ2 R BRI 18 h P, A 1A
ARKAEE 8 RNFIF R BEA L L- TR 2R

WK 4(b) 7R , TWF001 1 30 o/L i % 4 i &
WS R TN , T 24 h FE SR 4 W 5 Bl 25 R 4 B I
HIRENT R, K36 h fr ZEEFER 50 ¢/ AY
B TWFOO1 ApesH 78 30 /L 7 25 B o it vk )3 2 T
IF, AT 30 h 6 7 W | Bl A 7 1 5T U R 1Y)
T FERE B WM, & I 36 h i Z REFES 40 g/L
B, JF B4R A R A TR R T 40 /L
B, 22 P HT 18 /NS JLAF- AN i 6 4 760 W, 5 260 B 15 B

3 M

—0— 830 gL—O0——e—40g/L
A —a—50 g/l T 60gL

OD(.UI)

0 6 12 18 24 30 36
i fa) /h
(2)

—O——8-30gL —O— —e—40gL
—A— —A—50 g/L v 60 g/L

0 6 12 18 24 30 36

5 [H) /h
(b)
[ TwFoo1
B TWE001 A pisH
=)
E)
i
N
%
®
R
A

24 36, 12 24 306
IR /h
] L

40 50
ﬁﬁ*ﬁﬁ?ﬁ’gﬁﬂz@(g/m
C

250 B . TWEFOO01; 520 [ 4 . TWFO01 ApesH
4 TWFO001 70 TWF001AptsH E BB ERERE A 30,
40.50.60 g/L My HEREMEE
Fig. 4 Flask fermentation of TWF001 and TWF001AptsH
in medium with 30,40,50,60 g/L glucose

Bl AR A 0T VA R T A AR AR T RE S L xR
[f

WE 4(c) iR, TWF001 7 30 g/L % % ¥ i it
kB R eI L- 5 AR i o 12.97 o/, BERRE1E
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R R0.43 ofg; Bl % E BT vk B T s E) 40 g/L
W LR &R N 18.41 o/L, LItk ) & K541k
3 0.46 gfg; bifi 7 i 2500 0T VR B v B 50 o/L I
LI & R 7™ 1k B de K1Y 22.56 ofL, 55405 T [ 5
0.45 g/g; 4 % % B T 5 W 2 60 o/ L I, 75 2 R ™
M B TWE001 Apts H 7F 30 o/ L 5 % 4l A e it
L-7R &R 7 4 17.90 g/L, HXF R TWF001 $2 7%
38.01% , X B #5465 0.60 ofg ; ) 45 4 o1 & ik J3E
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