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Abstract: Phosphoenolpyruvate, the precursor of L-threonine synthesis, is consumed by the nitrogen
phosphotransferase system (PTS™) of Escherichia coli, so the deletion of genes related to PTS™ may
affect the synthesis of L-threonine. In this study, pisP, ptsO and pisN genes encoding the component
proteins of PTS™ in E.coli MG1655 were deleted using CRISPR-Cas9 system, and the corresponding
mutants MZ001, MZ002 and MZ003 were constructed. The results showed that the single deletion of
ptsP ptsO or ptsN led to slower growth in the early stage and longer lag period. The mutant strains
grew fast in the later stable stage and their biomass accumulation was greater than that of the original
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strain. Then, the expression plasmid pFWO01-thrA *BC-rhtC, which contained thrA * .thrB and thrC
encoding threonine synthesis as well as rhtC encoding threonine transporter, was introduced into the
original and mutant strains. In comparison with MG1655/pFWO01-thrA *BC-rhiC, the L-threonine titer
of MZ001/pFWO01-thrA *BC-rhiC, MZ002/pFWO01-thrA *BC-rhtC and MZ003/pFWO01-thrA *BC-rhiC
significantly increased by 3.805 g/L, 1.722 g/L and 3.091 g/L, respectively. The results showed that
the deletion of genes related to PTS™ of E. coli promoted the synthesis of L-threonine.

Keywords: Escherichia coli, L-threonine, nitrogen phosphotransferase system
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Table 1 Strains and plasmids used and reconstructed in this study
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B BE IM109 Wild-type E. coli NEB
T H MG1655 Wild-type E. coli K-12 CGSC 6300
ik MZ001 MG1655 w5 A pesP A I A 2
%k MZ002 MG1655 il b 5 ptsO AT 5% A 3
B bk MZ003 MG1655 m bk H pisN BTN
Hik MG1655/pFW01 MG1655 #5475k pFWol A58
Hi ¥k MZ001/pFWO1 MZ001 #57 JBki pFWo1 AT
Ik MZ002/pFW01 MZ002 #iF FUkL pFWO01 AT AL
Tk MZ003/pFW01 MZ003 #5i# FkL pFWo1 AT A A
Bk MG1655/ pFWO1-thrA *BC—rhtC MG1655 #547 F i pFWO1-thrA *BC—rhtC A5 A
i £k MZ001/ pFWO1-thrA *BC—rhtC MZ001 #4 ik pFWO1-thrA *BC—rhtC AT A
i Bk MZ002/ pFWO1-thrA *BC—rhtC MZ002 #:4 Fiki pFWO1—thrA *BC—rhtC A I A 2
Hi %k MZ003/ pFWO1—-thrA *BC~rhitC MZ003 #45 ffid pFWO1-thrA *BC-rhtC A 5T A 2

JTkL pCas repA101(Ts) kan Peas—cas9 ParaB—Red laclq Pirc—sgRNA-pMB1 [16]

JBikL pTargetF pMBI aadA sgRNA [16]
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JE A pFWO1 pF2 Kk Bk il AR 2 F PI,H fabV &4 mfabl [4]
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LRSS LR ASIL 2023 FE 425821



RESEARCH ARTICLE

ZHANG Shuyan,et al: Effects of Deleting Genes Related to PTS™ on L—

threonine Synthesis in Escherichia coli

MO FEARREFRIL . B SR H] MO B, Na,HPO, -
12H,0 17.1 g/L,KH,PO, 3 g/L.,NaCl 0.5 g/L,NH,Cl
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NaCl 10 g/L; [E{A& LB 357 5E 75 40 2h %5 I 5t 5 73 41
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Table 2 Primers used in this study

51145

T-ptsN-F
sgRNA—-ptsN-F
pisNfI
ptsNrl
ptsNf2
pisNr2
T—pts P-F
sgRNA—pts P-F
ptsPf1
ptsPrl
ptsbf2
ptsPr2
T—ptsO-F
sgRNA-pisO-F
ptsOf1
ptsOrl
ptsOf2
ptsOr2
T-sgRNA-R
PTFB-F(+)
PJFY1
PJFY2

TGCCATCGACAACCAACCGG

TGCCATCGACAACCAACCGGGTTTTAGAGCTAGAAATAGC

TGCAGCTCAACATTACCG

CTCTTCATCGCTCTGGGCTGCTCTGACAGTGGACGC
GCGTCCACTGTCAGAGCAGCCCAGAGCGATGAAGAG

GGAAGGTTATCCACGCAGTA
CGGTGCACAAAAAGAAACGG

CGGTGCACAAAAAGAAACGGGTTTTAGAGCTAGAAATAGC

AAACCAGCAGTACACCAGAG

GACGCTCCATAAAGGCTGCAGATGTCGGTAACCAGAATA
TATTCTGGTTACCGACATCTGCAGCCTTTATGGAGCGTC

TCCTATTGAGAAAATGACCG
ACGTAATGACGAAGGCACCG

ACGTAATGACGAAGGCACCGGTTTTAGAGCTAGAAATAGC

GGAAACCAACAACCGTAGC

GTGCTTCCTCTTCCTGTGGAGCACTTCAGCGTCAAAAC
GTTTTGACGCTGAAGTGCTCCACAGGAAGAGGAAGCAC

GGGAGTTTGAAGGGAGTTG

ACTAGTATTATACCTAGGACTGAGC

GGATAACGCAGGAAAGAACA
AGGCACCCCAGGCTTTACAG
CCAGGGTTTTCCCAGTCACG
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P ERE 4 h LA 7E 12 000 /min B0 15 min, B
T A RO R 2 KR R A AR, PR 0.22 pm
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ptsOf1/ptsOr2 $E4T PCR Bk, 734 19 %A K R
361 bp, WLIKIE 3; DLl & AR MG1655 (12K 41
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Fig. 2 Verification of MZ001,.MZ002 and MZ003 by
PCR
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Ry MO BEAC B 3R Ak, &l 3 s, €78 bk
MZ001 ,MZ002 1 MZ003 5 i % Btk MG1655 7¢
MO 35 77 3 b i A AR B AH 25 8K MG 1655 7R3 57
BIHT 3 h A K418 | 3~12 h ODgg 1 K P HL 3 R
12 ,12~24 h ODgy B Wi, % ODgo A 1.306,
MZ001 Fl MZ002 #E 5 720905 6 h A K AEH 2218 ,6~
15 h PR A K 15 h Z )5 A KBS, 0Dy BT
PR, B ODgy 470 o 233 #1 2.01, KT
MG1655 2 ODgy, MZ003 TEREFEIURET 9 h A K
EH B8 ,9~15 h PR A K 15 h 2 )5 42 Kl B2 s,
1 0D ¥ TVF, 2 ODgy N 1.8, X LLL5 IR
BH 550 BECBR R AH HE , 7E AR 25 3L MO | Bl
BRILH prsP ptsO B prsN 11 5 725 A FiE 3 A 4K ol i 48
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Fig. 3 Growth curve of MG1655, MZ001, MZ002 and
MZ003 in M9 Medium

2.3 KB E PTS™ 10 X & & ptsP ptsO # ptsN
BB ER KX L-75 EER I & R BE 771 H 2 T

R WK G AT 3 PTS™ AH O HE K] pesP ptsO F
ptsN (BRI XS H LT3 R & N RE T Y 5 i), 4 B
4 5 ki pFWO1 —thrA *BC —rhiC 5% F A MG1655
MZ001 ,MZ002 F1 MZ003, #4 #1155 4 ¥k & 41 B ik
MG1655/pFWO01 —thrA *BC —rhtC MZ001/pFW01 -
thrA*BC —rhtC MZ002/pFWO1 —thrA *BC —rhtC  Fil
MZ003/pFWO1-thrA *BC—rhtC .} T % 5848 % A # 3k
thrA* thrB thrC Uk} rheC W45 5L R 23 500 # B pesP .
ptsO F1 pesN X I3 SRR T BRI 52 | 4425 438 3K Tk
pFWO1 % % A MG1655 ,MZ001 ,MZ002 A1 MZ003,
A AT B 5y A 4 Bk 4tk MGL655/pFWOL |
MZ001/pFWO01 ,MZ002/pFWO01 1 MZ003/pFWO01 , %}
X 8 Wk H A B AT R R T LA RS R 4,

% 20 T R R R S AR b Ry A N DL WL R 4
(a), XHIETEFE MG1655/pFWO1-thrA *BC—rhtC % 8%
12 h B ODgp B35 30.7, J& 4= 4 & 3 K AR /s
MZ001/pFWO1—-thrA *BC—-rhiC MZ002/pFWO1 —thrA *
BC—rhtC 1 MZ003/pFWO1~thrA *BC—rhtC 1 ¥ 4
R R RS, X AR KRR R,
T ¥k MZ003/pFWO1—thrA *BC—-rhitC % [ 12~24 h
A= 4 3 K B 22, 0D, A 23.88 3 K | 46.28
KW 24~36 h, HAREKMAEYEILF AL,
MG1655/pFWO01 —thrA*BC —rhtC MZ001/pFW01 -
thrA*BC —rhtC MZ002/pFWO1 —thrA *BC —rhtC  #il
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