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Effect of inactivating MetD transporter system of Escherichia coli
W3110 on L-methionine production
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Abstract: [Objective] To study the effect of inactivating MetD transporter system of Escherichia coli
W3110 on the production of L-methionine. [Methods] We compared the metNIQ genes’ expression
ratio of wild type E. coli W3110 and the deregulation of MetJ] repression strains by Quantitative
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real-time PCR (RT-qPCR). The methionine uptake capacity of E. coli W3110 and Me05 were analyzed.
To construct the inactivation of MetD transporter system mutants, metNIQ genes cluster, metN, metl,
and metQ were deleted by Red recombinase system respectively. We analyzed their effects on the
uptake capacity and methionine production of these mutants. [Results] The metNIQ genes expression
ratio and the uptake capacity of methionine were significantly increased by the deregulation of Met]J
repression. By deleting the metNIQ genes cluster of E. coli W3110 and Me05, the MetD transport
capacity were inactivated which resulted in the reduced uptake capacity of methionine. Besides, we
deleted the metNIQ genes cluster, metN, metl, and metQ of methionine-producing chassis strain Me06.
Growth curves and flask batch fermentation showed that, the growth and production of methionine
were improved by the deletion of metl. The methionine production improved from 0.39 g/L to 0.45 g/L,
increased by 15.4%. The methionine yield on biomass improved from 0.14 to 0.15 g/g DCW.
[Conclusion] Inactivation of the function of MetD transport system in E. coli could lead to the decreased

uptake capacity of methionine. Deletion of the met/ can improve the methionine-producing capacity of
recombination E. coli strain.

Keywords: Escherichia coli W3110, MetJ repressor, MetD transporter, L-methionine, Gene knockout
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A metNp <T
metQ metl metN Met-box
B Met-box1 Met-box2
5"-aaagtgctcttegeataaacct GATTG[AT ttagacgtctggatlf CCTTA A datecatttcAttgacggegttgeeegtite-3’
-35 -10 +1

B 1 metNIQ 3T EFE H L EH(A)FN B 3 FIFIEF 5 454(B)

Figure 1 The structure and composition of metNIQ operon (A) and the structure and regulation sequence of metNIQ

promoter (B)
MetD 1.3 FERFFNEE
L-
Sigma 2xTaq PCR Master Mix
Me06  metNIQ metN metl  metQ RNA
MetD One Step SYBR® PrimeScript™ PLUS
1 R 5HE RT-PCR Kit TaKaRa
1.1 ERFABRL OXOID
1
1.2 2| PCR Bio-Rad CFX Manager Real-Time PCR
Bio-Rad Eppendorf
2 Eppendorf UNICO
x1 AHRPEZRIERFR
Table 1 Main strains and plasmids used in this study
Strain/Plasmid Description Reference/Source
Strains
E. coli W3110 F Xrph-1 INV (rrnD, rrnE) CGSC
Me05 W3110 Alacl, AmetJ, AthrC, AlysA
Me06 W3110 Alacl, AmetJ, AthrC, AlysA, meth'lSOAHG:: metKp
Me07 W3110 dmetNIQ
Me08 W3110 Alacl, AmetJ, AthrC, AlysA, AmetNIQ
Me09 Me06, AmetNIQ
Mel0 Me06, AmetN
Mell Me06, Ametl
Mel2 Me06, AmetQ
Plasmids
pKD46 Ap~, A Red recombinase expression plasmid, ara-inducible expression, temperature [17]
sensitive replication
pKD13 Cm®, Ap", oriR plasmid containing an FRT-Km-FRT cassette [17]
pCP20 Ap~, Cm", repA (Ts), pSC101 based vector expressing the yeast Flp recombinase [17]
pETMA™-B-Y Km®, pN25 metA™, metB, malY
CGSC Coli Genetic Stock Center Ap Cm Km R Fbr

Note: CGSC: Coli Genetic Stock Center; Ap: Ampicillin; Cm: Chloramphenicol; Km: Kanamycin; R: Resistance; Fbr: Feedback inhibition
resistance.
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F2 ALWFAASY
Table 2 Oligonucleotides used in this study

Name Sequence (5'—3")

TTACCAGCCTTTAACAGCTCCGCCGTTAAACACTTTGTTTGCTGCTTCGTAAACTTCGGTAGGCTGGAGCTGC

In MetQFW TTCG

In MetQRV  ATGGCGTTCAAATTCAAAACCTTTGCGGCAGTGGGAGCCCTGATCGGATCACTGGCACTCCGGGGATCCGTCG

T g/;géTGCGAGTGACAGCCCGGACGATGCGGTCGCCTGCGAACTGAATTAAATAAACCGTAGGCTGGAGCTG

nMetiRy  ATGTCTGAGCCGATGATGTGGCTGCTGGTTCGTGGCGTATGGGAAACGCT
GGCAATGATCCGGGGATCCGTCG

In MeNFw  CAGTACCTCTACTTTTACATGGTGTTCCTGCAGCCAGGCAATGGCGGCTTGCGTATCTTGGTAGGCTGGAGCT
GCTTCG

In MetNRV ~ ATGATAAAACTTTCGAATATCACCAAAGTGTTCCACCAGGGCACCCGCACCATCCAGGTCCGGGGATCCGTCG

V MetQFW  GGTGCAGTGCTTTGAACGGGT

V MetQRV ~ ACCGTTTCTGCGATTGTGA

VMetlFW  TGGCACGGCAACCTGCGAAC

V MetIRV TGCGTCTGGAGTTTACCGGT

V MetNFW  TAACGGAACAATCGCTGCC

V MetNRV ~ GTTACTACCACCAGCGCAAA

K1 AGGCTATTCGGCTATGACTG!®!

K2 GGACAGGTCGGTCTTGACAA!®

Q MetNF CACGCTGTCAGAATCCGAGT

Q MetNR ATCATGCTTATCGCCAAGACCA

Q MetIF TACCGTTTCTGCGATTGTGA

Q MetIR CACCTTACGGACGATCTGC

Q MetQF ACAAATATGGCCTGGACGTT

Q MetQR CGACCAGTTTGTAGCCACGA

Pf 16S CACACTGGAACTGAGACACG ™

Pr 16S TGCTTCTTCTGCGGGTAACG ™

In gene pKD13 V gene Q gene

PCR (RT-qPCR)

Note: Primers of “In gene” contained homology extensions, used for gene knockout; Primers bond with pKD13 are underlined; “V gene” are
used for verifying inactivation of target genes; The Qmet oligonucleotides are used for RT-qPCR.

HPLC Agilent 1260 Agilent Cis 0.2 uL  2xPCR Master Mix 10 pL 25 umol/L
(ODS 5 pm 250 mmx4.6 mm) Waters 0.2 uL ddH,O 9.4 uL (2)
500 uL PCR 0.8%
14 ERBRAZE
Datsenko Red 2 1/50 5 mol/L NaCl
7 pKD13 In ~70 °C 20 min 4 °C 12 000 r/min
metQFW/In metNRV  In metNFW/In metNRV  In 10 min 400 pL 70%
metlIFW/In metIRV ~ In metQFW/In metQRV 4 °C 12 000 r/min 10 min 55°C
2xTaq PCR 50 pL ddH,O
metNIQ metN 700 mg/L  (3)
metl metQ 1.4kb PCR pKD46 E. coli SOB
95°C5min 94°C30s 55°C30s 72°C90s pKD46 30°C 200 r/min
30 72 °C5min PCR (20 uL) 4-5h  ODgyo 0.5-0.6 10% 3
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500 uL 10%

3ulL 1800V
1 mL SOB 37 °C 3h

SOB PCR

(4) PCR [18] E. coli W3110
metQFW/V metNRV  V metNFW/K1 K2/V metNRV
PCR metNIQ v
metNFW/V metNRV  V metNFW/K1 K2/V metNRV
PCR metN V metlFW/V
metIRV  V metlFW/K1 K2/V metIRV PCR
metl V metQFW/V metQRV V
metQFW/K1 K2/V metQRV PCR metQ
PCR 95°C5min 94°C30s 55°C
30s 72°C120s 30 72 °C 5 min PCR
(20 pL) 2xPCR Master
Mix 10 pL. 25 pmol/L ddH,0O

94 uL (5 pCP20
E. coli SOB
(7 PCR DNA

«C )
1.5 RHAEE PCR (RT-qPCR)
RNA

97 uL

0.2 uL
0.2 uL

TPM1
2.0-3.0
RNA

ODgoo

RNA
280 nm RNA
RT-qPCR Bio-Rad CFX
Manager Real-Time PCR PCR
RT-gPCR 2
gPCR  Cr

Pf 16S  Pr_16S
7 AAC;

260 nm

16S rRNA
Nakashima
16S tRNA (19
[20]
1.6 EFESEFEN
pKD46 pCP20 E. coli SOB
2130 °C 200 r/min
SOB (g/L) 5.0 20.0

NaCl 0.5 KC10.186 MgCl,0.95 SOB

1.5% ( ) pKD46

SOB 7.5 g/L
L- pETMA™-B-Y
50 mL SOB 250 mL
37°C 200 r/min 12-16 h
500 mL

70 mL TPM1 (8] 2%
( ) 31°C 250 r/min 48 h
TPMI (g/L) 20.0 4.0
MgSO,7H,0 2.0 KH,PO, 4.0 (NH4),SO, 14.0
L-lysine 0.164 L-threonine 0.238 0.01 PLP
0.01 B120.01 5mL CaCO;
10.0 (g/L) FeSO,7H,0 10.0 CaCl,

1.35 ZnSO,7H,0 2.25 MnSO44H,0 0.5 CuSO45H,0
1.0 (NH4)6M070244H20 0.106 N32B40710H20 0.23

35% HCI 10 mL 4 mol/L NaOH pH 7.0
0.5 g/L SOB 12 h
0.9%NaCl 3
ODso 2.0

40.0 FeSO440.0 MnSO420.0 CoCl,8.0 ZnS0O44.0

(NH4);Mo0,07 2.8 CuCl; 2.0 0.5 H;BO;
I mg pH6.7
100 mg/L
35 mg/L 35 mg/L
1.7 A%
600 nm
(ODsoo)
(DCW) DCW=0Dgx0.380 9—0.004 8%
48 h 10h
1 mL 12 000 r/min 2 min
200 pL 10% 4°C
3h 12000 r/min 20 min
HPLC (OPA)
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Cis metB  malY pETMA™-B-Y  Me06
40 °C (pETMA™-B-Y)
338 nm 500 mL 31°C 250 r/min 48 h
3 3 0.39 g/L ( )
SPSS RT-qPCR Me05 Me06
(¢ 0=0.05 E. coli W3110 3
t 0>0.05 t 4 E. coli W3110
0<0.05 ) Me05  metN metQ  metl
2 EREAH 129 9.18 7.83 Me06  metN metQ  metl
i . . 538 10.19 7.62
2.1 FERR MetJ FHIEE B 51812 X) MetD iz & . NIQ
. me me
FEF ;
Met] E coli metN met metQ
(metA metB metF metC metE metF metK E. coli W3110 Met]
metR  metNIQ) Met-box [1e] Me03
MetJ Met-box
E. coli
met.J Me05 0.5 gL
Me05 ODgypy 2.0 Oh 10h
Me05 metK ~150A—G 3 10h
Me06 E. coli [mg/(L-h)]
metd"™" [mg/(L-h-g DCW)] 5 10h
_ E. coli W3110 83.2 mg Me05
&3 HPLC HiERBRMERERF 142 1
Table 3 The program of gradient elution for analysis -+ mg
L-methionine by HPLC 10.88  18.67 mg/(L-h-g DCW) E. coli W3110
A B MetJ Me05
Time Mobile phase A Mobile phase B Flow rate
(min) (%) (%) (mL/min) 1.71 RT-gPCR
0.00 90.0 10.0 1.00 Met) metNIQ
16.00 44.0 56.0 1.00
20.50 0.0 100.0 1.20 MetD
23.00 0.0 100.0 1.20
24.00 90.0 10.0 1.00 F 4 FEER Metd 50IE1E metN. metQ F0 metl 235 ELER
27.00 90.0 10.0 1.00 Table 4 Expression ratios of metN, metQ, metl relevant
A 0.2 mL S5g 5mL to deregulation of MetJ repression
ddH,O 1L pH 72 B 5g ddH,0 200 mL Genes Me05/W3110 Me06/W3110
Note: Eluent A: Triethylamine 0.2 mL, Sodium acetate anhydrous metQ 9-1820.141 10.19=0.854
5 g, Tetrahydrofuran 5 mL, Double distilled water 1 L, pH 7.2; metl 3 7.83+0.136 Z'62i0'052
+ s.

Eluent B: Sodium acetate anhydrous 5 g, Double distilled water
200 mL, Methyl alcohol 400 mL, Acetonitrile 400 mL, pH 7.2.

Note: Alltindicate s, n=3.
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#x5 L-ZSEBRRBURERST Me07 Me08  Me09
Table 5 L-methionine uptake assay.of MetD modified metN Me06(pKD46)
transport system strains
L L- PCR 205 1.17
. /DCW .
o ODgo L-mtetlinonine L-methionine uptake 0.99 kb E. coli W3110 PCR
rains up a/ i r}z: e cate/ DCW 1.56 kb 3B
mg/(L-h) (mg/(L-h-g DCW))
E.coli W3110 2.0240.06  8.32+0.16 10.88+0.20 Frp-Km-Frp
Me05 2.01£0.08 14212026 18.67+0.34 PCR 0.85 kb
Me07 2.01£0.04  7.14+0.21 9.38+0.28
Me08 2.04+0.03 7.36+0.18 9.57+0.23 metN
3 + 3 metN Mel0
S.
Note: Alltindicate s, n=3. metl Me06(pKD46)
PCR 2.08 1.42
— p Sy
2.2 MetD 4 R4 RE B IR AR 0.74 kb E. coliW3ll0  PCR
MetD 132 kb 3C
MetD
Frp-Km-Frp
Me0O8 Me09 Mel0 Mell Mel2 v FW/V IRV
met met
1 2
PCR 0.88 kb tl
metNIQ E. coli W3110(pKD46) e
Me05(pKD46)  Me06(pKD46) metl
PCR 218 1.09 099 kb Mell
E. coli W3110  PCR  3.09 kb metQ Me06(pKD46)
A Frp-Km-Frp PCR 215 1.09
1.17 kb E. coli W3110 PCR
PCR 0.75 kb 1.65 kb 3D
metNIQ metNIQ Frp-Km-Frp

E. coli W3110 (F-Atph-1 INV(rmD, rmE))

N\

Me05
(W3110 Alacl, AmetJ, AthrC, AlysA)

NN

(W3110 AmetNIQ) Me08
(Me08 AmetNIO) Me06 (Me05 metKp™>"~5:: metKp)

Me09 Mel0 Mell Mel2
(Me06 AmetNIQ) (Me06 AmetN) (Me06 Ametl) (Me06 AmetQ)

2 E. coli W3110 1 MetD R ERKHHkIE R [E
Figure 2 Pedigree chart of E. coli W3110 and inactivating MetD transporter mutants
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El 3 metNIQ (A). metN (B). metl (C)F1 metQ (D)ZEIH LT /Y PCR £ B K EIL
Figure 3 PCR identification of metNIQ (A), metN (B), metl (C), metQ (D) gene mutants

M DL1.5 kb marker 1
PCR 4 5 Vgene FW+K1 V gene RV+K2 PCR

metNIQ  metN  met] metQ PCR 2 E.coliW3110 3

Frp-Km-Frp

Note: M: DL1.5 kb marker; 1: Verification of metNIQ, metN, metl, metQ by PCR after genes knockout; 2: E. coli W3110 were used for
control; 3: Verification of Frp-Km-Frp mutation cassette by PCR after integration; 4, 5: PCR verification by V gene FW+K1 and V gene RV+

K2 primers.
pCP20 V metQFW/V
metQRV PCR
0.95 kb metQ
metQ Mel2

2.3 MetD @i RS HR 5 X B BRI IR B 220
E. coli W3110  Me05  metNIQ
Me07(E. coli W3110 AmetNIQ)

Me08(Me05 AmetNIQ)

5 10h Me07 71.4 mg
9.38 mg/(L-h-g DCW) E. coli W3110
MetD
MetD
MetD E. coli
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Me06 Me09 Mel0 Mell Mel2

Kadner [1o-11] 10h  Me08
73.6 mg 9.57 mg/(L-h) Met]
E. coli W3110  Me05
Me05 OPA
1.95 pETMA™-B-Y Me06
metNIQ MetJ Me09 Mel0 Mell  Mel2
Me06(pETMA™-B-Y) Me09(pETMA™-B-Y)
MelO(pETMA™-B-Y)  Mell(pETMA™-B-Y)
Mel2(pETMAM-B-Y) TPM1
500 mL 48 h 6
2.4 MetD A FREN ERERERIFMN SPSS Me06 Me09
Mel0 Mell o 0.05
Me06 MetD Me06
Me06 Me06 Mel2  o>0.05
metNIQ metN  metl metQ metNIQ metN
MetD Me09 Mel0 Mell Mel2 metQ  Mel2
TPMI 2h (PETMA™-B-Y)
3 metl Mell(pETMA™-B-Y)
4 4 14h 0.39 g/L 0.45 g/L 15.4%
Me06 0.14 g/g DCW 0.15 g/g DCW
0.37 g/(L-h)
2.88 g/ SPSS Me06 Me09 10 [ - Mets
Mel0 Mell Mel2 t g | —Mel0
p 0.05 Dt
Me06 metNIQ g i
metQ  Me09 Mel2 8 4t
033 032 g/(Lh) 2.54
2.66 g/l Me06 metN — metl 20
Mel0 Mell 0.38 0, : T 3 50 55
0.39 g/(L-h) 3.15 3.03 gL ¢ (h)
Meo metNIg metQ 4 EHKFHTE Me06. Me09. Mel0. Mell 71 Mel2
Me06 metN- metQ AR B AR
Me06 Figure 4 The growth curve of recombinant strains E. coli
pETM AP Ry Me06, Me09, Me;lO, Mell and Mel2 mutants \
s.
v- B- Note: All error bars indicate + 5, n=3.
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* 6 F|HES0mL BERABRERRER

Table 6 The methionine production of recombinant strains in 500 mL shake-flask experiments

/g DCW
Strains g Methionine production (g/L) Methionine production/gg DCW (g/g DCW)
Me06(pETMA™-B-Y) 7.3340.18 0.390£0.01 0.14+0.001
Me09(pETMA™-B-Y) 6.56+0.08 0.120+0.02 0.05+0.002
MelO(pETMA™-B-Y) 7.14+0.14 0.0790.07 0.030.002
Mell(pETMA™-B-Y) 7.64+0.10 0.450+0.01 0.15+0.004
Mel2(pETMA™-B-Y) 7.1240.11 0.380+0.04 0.14+0.001
(g/g DCW) 3 + 3 .
Note: Methionine yield on dry cell weight (g/g DCW). All + indicate s, n=3.
3 Zi5itis 15.4% metNIQ metN
E. coli W3110 MetJ
metNIQ metQ
metNIQ  MetD metNIQ metN metQ MetD
E. coli W3110  Me05
Me06
metNIQ metN metl  metQ TdeC  SstT  LIV-1
metl tdeC  sstT
15.4% 172.5% tdcC sstT  [livJ
0.39¢g/LL  0.14 g/g DCW
0.45g/L  0.15 g/g DCW 42.2%
E. coli
Lee E. coli
tdcC 15.6%""
Okamoto
100 g/L® Liu E.coli  aroP
(Futile cycle)
12.6%*" E. coli (Robustness)
metNIQ metN metl  metQ MetD E. coli
MetD [12-13] E. coli
metl E. coli
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