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Multiomics analysis of Escherichia coli Nissle 1917 and
functional validation of microcin

TANG Jiabing, ZHANG Ying, YE Jiawei, ZHANG Xian, RAO Zhiming, XU Meijuan*

Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Biotechnology, Jiangnan
University, Wuxi 214122, Jiangsu, China

Abstract: [Objective] To compare the metabolism and transcription between the probiotic
Escherichia coli Nissle 1917 (EcN) and the model strains, thus providing a reference for the
engineering and promoting the application of the food-safe strain EcN. [Methods] The genome
and transcriptome were compared between EcN and model strains BL21(DE3) and W3110 by
software, and plasmids were constructed to verify the differences. EcN-derived microcin was
expressed in BL21(DE3) and the antibacterial effect of microcin was verified. [Results] A total
of 904 differentially coding genes were identified. The differences in carbon source absorption
and utilization of different strains were verified by experiments with different carbon sources
as substrates. The expression of the promoter Pjic confirmed the differences in transcription
among different strains. The recombinant strain of microcin showed an increase of 30.3% in the
inhibition rate after 12 h of culture. [Conclusion] This study clarifies the metabolic
characteristics of EcN and confirms the differences in transcription between EcN and model
strains. Moreover, this study provides ideas for the development of microcin as a
narrow-spectrum therapeutic drug to inhibit intestinal pathogens and reduce intestinal bacterial
blooms.

Keywords: Escherichia coli; Nissle 1917; multiomics analysis; microcin
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TS, WA EcN T4 k.
S B Tl R AF R kA wW3l10
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Table 1  Strains and plasmids used in this study

JEE AN R T & A iRt . L BL21(DE3) AR
FH B R THA T7 BAEE, RERFSLE A 1T
KBt DNA, AT AE AR A 2R3K 5 T HA L
AW T IX 2 D EA R E R W3110 A1
BL21(DE3), I EA1S EeN #4171 HA

1 #RE5H*E

1.1 ##
1.1.1 AR E

AWEFERTE AR . BORLANER 1 s
SIWE BTN 2 Ui, B IR AR A )
A PR F A

TR BORL FHAE

Strains and plasmids Features

Source

B AR Strains
Escherichia coli BL21(DE3)

E. coli str. B F~ ompT gal decm lon hsdSB(rB™ mB™) A(DE3 [lacl Lab stock

lacUV5-T7p07 ind1 sam7 nin5]) [malB+]

Escherichia coli W3110 F~ A" rph-1 INV (rrD, rmE) Lab stock

Escherichia coli Nissle 1917 Wild type EcN; serotype O6:K5:H1 Lab stock
Jitki Plasmids

pXMI-19 Shuttle vector, His-tag, ChI® Lab stock

p19-Mkate A derivative of pXMJ-19, harboring the mkate gene This study

pl9-mcmlA A derivative of pXMJ-19, harboring the mcmlA gene This study

p19-mchiB A derivative of pXMJ-19, harboring the mchiIB gene This study

x2 AWHRFAAMSEIY
Table 2 Primers used in this study

Primers name Sequences (5'—3")

p19-1 ACATCGATAAAGCTTGGCTGTTTTGGCGGATGAGAGAAGATTTTC
p19-2 CAGAATATTTGCCAGAACCGTTATGATG

p19-Mkate-1 GTTGACGGCGATTGAGCCGAC

p19-Mkate-2 CCTTAGTAAGTATTTTTCAAAAAATGGC

p19-Mkate-3 TTGAAAAATACTTACTAAGGATGCTATCCGAATTGATCAAGGAA
p19-Mkate-4 CAGCCAAGCTTTATCGATGTCCGAGTTTAGACGGCAGATCGCAGT
mchiB-1 ATGAGTTATAAAAAACTGTCCC

mchiB-2 TTAGCTACCGCCACCAGCAGAAGAACTG

mcmlA-1 CTATTTAAAATCCACTGGTGTAACTTTGTAAG

mcml A-2 TTAACTTCCACTCCCCGCAGACGAA
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1.1.2 EgFNiX 7

Dpn I PRl 4% B2 N VI . PrimerSTAR
MAX DNA B4 . 2xTag DNA B4 B0 H
TaKaRa Bio A H](Ki%); R EH . [F)5H 24 v
R L Iz A TR AR X A R T v e
VB A A BR A F] 5 BEIERHEERE DNA [ali
A /v PR AR BRG] & e B iR A
PWTRARAR,; A&R. FIBER . IWER
W HA TAY TR BRGARAR; &A
W FNEERE R YA B OXOID 28wl 5 SAkEN . BEfR
AR 5% W S At R 1 ) 2 4 A Ak R
HIRAH
1.13 EHRE

LB WA (g/L): BERHEEY) 5.0, JR
FEFE 10.0, SILHY 10.0, 121 °CK 15 min.
LB [EARG IR A LB WK S L n 5Lat |, &0
SNASINIEBEAE # 2.0 g/Ls

HEAREFEH (e/L): MgSO,4 1.5, CaCl, 2.2, 5xM9
R 12.8, KH,PO, 3.0, NaCl0.5, NH,C11.0,
1.2 EEHEDHELR

{fiFl EzBioCloud" {314 V-5 A R lr] —
4 (average nucleotide identity, ANI), OrthoANlu {E
FIEER 2H 78 758 iy JSpeciesWS! P44, 2 BL R 4H
X923 8K Geneious Prime Mauve i Jt:[K
2H i (genome islands, GIs)fi FAZEL T 247 IEH
5 A0 & {5 B Y 100 (http://www.pathogenomics.
sfu.ca/islandviewer/)!'", CRISPR-Cas % 4t A Tl
I %52 # F CRISPR CasFinder (https://crisprcas.i2bce.
paris-saclay.fr/CrisprCasFinder/)!" 17 .
1.3 HRBEIEIRE

PRI AV, HeAP 2 10 mL FEAR KGRI,
37°C. 150 r/min }55% 8-12 h, #4% 50 mL K55

x3 ZMERMNERBAEEIR

J, 37°C, 150 /min ¥53: 2. 6. 12 h, 4 °C.
7000 r/min &5.0> 5 min WAEEK, £ FiFREE
B, WERARR, R2EWR AR A RA R
7 AR B G 254 o
1.4 BHRNUREHAXFTELE

) P[] 058 2 21 a6, S i BN B ik
FELE 2:1, FUEBA 45 55 °CH¥E 20—-40 min; 10 uL
FRIRAEYITINE 100 uL Lz 85F, BE
157, UK 10-30 min, 42 °CHE 90 s, i [El vk
I 5 min, #0800 pL & ARKEFRIE, HUE 37 °C
PEIRE 75 1.2 h 47,4 °C .8 000 r/min 0> 5 min
WARREFRIL R, PCR BE; Pk EfnE b+,
TR I A3 R R) S SR Uk, 25 4
AR TR ) e A R vl ATy Bk .
1.5 SRAREGN

ODgo i B 22 1 M B (AR T, B
BAEA 0-1 LA, BEbn 3R] Bsp A 2 Sni B il
ODggo, TG 588 nm, K SFHEHK A 635 nm,
D& IR FE A R ()5 6 H/ODgoo o
1.6 EHHEHIFSRIE

TE 37°CHM N AT AR LI Rl i, Pk
BRI YR, BN 10 mL JEA K FR3E, 37 °C,
150 r/min }55% 8—12 h, #43% % 50 mL LB ¥ {AK%
FEHE, 37 °C . 150 r/min £53% 2 h, %1 0.01 mol/L
IPTG, 16 °C. 150 r/min 5535 12—14 h, PRI,
1.7 F|HEFERHEFENIIERER

RT3 0225 S0k 16].

2 BER54

2.1 EcN EFHBI—RRFFE
e 3 FR, LA T 3 PR RRAY LR 4 A
AU ERIERFES LA 1, B NCBI F#kgk

Table 3 Comparation of genomic information among three strains

Strains Total length (bp) A G T G+C content (%)
Escherichia coli BL21(DE3) 4 529 413 1115131 1152123 1148922 1113237 50.80
E. coli W3110 4 625 146 1138 672 1173216 1175969 1137289 50.79
E. coli Nissle 1917 5441121 1 346 867 1379 070 1372973 1342211 50.58
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Figure 1 Gene island prediction and genomic alignment of Escherichia coli BL21(DE3), W3110 and Nissle
1917 with Mauve. A: Gene island prediction. B: Genomic alignment.
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PR Z R R XA B . BioR T 2 DR
Z [B] T [R5 AE 1 3 G i S PR EAZ T IR K- Y
AR, FIF EzBioCloud #f4, ABF5THA T 3 Fh
IR GHC &, JFH5 T ANIE, W5k 4 Fos.,

S 24 R A R 7] — 1t (ANT) S — F A 400 ke 5
Diffie-Hellman (decisional Diffie-Hellman, DDH)
Ry fai By, R ANT #5772 F T 202 FiH )
s, {55 DDH —#f, WREBGHER, 2 4
FEAFEA) 2 18] () ANT {8 AT GEAR I AR, FEHE
SE SR 3 1%, OrthoANTPHIT R 5o fik T 5
ANI B SC) ANT B AAAE B R 22 5 0 n)
M, A, OrthoANIu T Hf#i i ARCH ffii A2
BLAST #£47 OrthoANI 3158, i 34 fin 1 LAY
BB, IR T E], 4t T —Ff
RS PR A TR 2R B B R
AR 25, FIFH ISpeciesWS 118 T OrthoANIu
(MBI E R, 5 ANLEEAA L, OrthoANIu
ML RR I = A X 43 . #RIA] OrthoANIu fH
MR, PRIMDES OGRS . iR 5 Por, REE
W3110 F BL21(DE3) 354 < R BT,

WmE 1 FR, ARFIE 3R 5 Y(Gls)
DA T 3 FhERPR LR S A OG5 B, T
A} Geneious Prime Mauve %3 #r T EcN .
BL21(DE3)#1 W3110 JER 41 A4 A0 . anf&l 1

F 4 =MEKRBEHZREERR—TANDE

Fii7R, EcN #H# T BL21(DE3)Hl W3110 £:[H4H
T DR 20 R AR (R 20 5 AR R I T i 2 AN
EcN MYFERZH B, 405 B 2 ke p S T 41X
B[R] R A O B4 0 B DR R I g B A
By——W S BRI R 1 L R L ABC
in B MBI RIS 2 J7 T . Ak, EcN
FA 2 LA L& 2R T R i SE D L HE,
X2 P HOM R PR A [R] B ik rh Rk K F 25 57
2.2 HEFBHRZFFTRUBIELREETES
4 R 2] & [A)JR L [F 7% (orthologous
clusters) ) 7 & FL B S IR 4 A i X i FE 2240
BR | S50 H AR IR =2 ) 1) 3R 28 B A T I 4% AT LA
HS B A R B Z2 AW B0 i AR 1 5T Y D RE N AR OG
FRo F—RYRh IRz FEE Ak 3 K
4, AR O HE R 2H (core genome) . [ JE R ZH
(accessory genome) LA S FiA5 JE K] (specific genes).
1200 B DR 2 BV Pl A AR A 10 DR s R R 4
W J B R AR A AE TR A I BRI KR, 5
SR A = 1 SO v K A Nk W R S S B S
RAEAE T o — AR, s 5z MR il gy
FAVAHIG, Qo PREE Y 38 07 1k SO s Y 3
PESERH HE A AT H 2 Rl G B R RIR AR R
TR A L PRkl . PREEIE AL
SR THRGE . AWFFREFIHZAF: OrthoVenn

Table 4 Calculation of average nucleotide identity values among three strains

ANI (aligned nucleotides) E. coli Nissle 1917

E. coli BL21(DE3) E. coli W3110

Escherichia coli Nissle 1917
E. coli BL21(DE3)
E. coli W3110

97.22 (88.05)
97.21 (86.31)

97.22 (77.51) 97.21 (78.16)
99.15 (94.60)

99.15 (92.42)

£S5 Z=#EHAE OrthoANIu EFEFEBER

Table 5 Calculation of OrthoANIu values and genome coverage among three strains

OrthoANIu value (genome coverage) E. coli Nissle 1917 E. coli BL21(DE3) E. coli W3110
Escherichia coli Nissle 1917 97.08 (64.10) 97.00 (63.65)
E. coli BL21(DE3) 97.08 (53.35) 99.07 (68.04)

E. coli W3110 97.00 (54.11)

99.07 (69.48)
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PEAT 3 AR NARER N LR, FIH FEEZARF KT R TR0, M
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,, EEGO: 0042597
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Figure 2 Enrichment analysis of differential proteins in Escherichia coli BL21(DE3), W3110 and EcN. A:
Quantity analysis of differential proteins. B: Protein cluster analysis lacking in EcN.
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PRATE 3-RFLNIR . IRIENE | JRIITR . AIRSEZA>
RIS P AAEA R B G o FE/G2EL) EcN
RS LA T AU O A R, TR SR ik
G A DL PR ol 2 3 B8 520
2.3 EcNRIRFIRES

P SCER A TRBTEE SR K], EcN AUW T

*6 EcNHBEFAESER

o-3 JEHTERT TR PR 5-E B 2 mEN IR A=
77, EcN SRR A AR v R b B o B2 Tall
KRS IR B FE NSy, RS B H AR Y
IR . KRIGHFF TR Z RO i, Br T
IR B U5 2 B R R IR, AR TR
TR R, FIHARE . Tl AT & e 2 8 ok
oo Wk 6 P, BRI Y LEXTES SRR EcN
TERIEINE . ARE . HHm SR A B4 A T AR
PRIMRHERAEAE 225 5555 IR, AT e 0T 4 {2 () Al i
WSO P A B s RS R ) 2 il AS B9 0 AT E 2
T3 BREE G DAACRE | H i R AR R e
ARG, S5RME 3 PR,

FERHZE R PR, BeN ke XylE & [ gmtt
SR R AT o W e s AR AT 2 B 3220 K
ook YT xyIFGH 4w 5 4% W 1Y
ABC-transporter iz ; i xylE JE K gahid i
PRI E . AR T/ ARBEER M XylE
(Kn N 63-169 umol/L) Xt A B 35 F1 J7 B F
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Table 6 The list of unique protein in carbon source utilization in EcN

GO Name

Protein

GO: 0009401  Phosphoenolpyruvate-dependent

Glycosphosphotransferase system

PTS 2-O-a-mannosyl-D-glycerate transporter subunit IIABC
PTS cellobiose transporter subunit IIBC

PTS fructose transporter subunit ITA

GO: 0005975  Carbohydrate metabolism
GO: 0008643  Carbohydrate transport

GO: 0006071  Glycerol metabolic processes
GO: 0006006  Glucose metabolism processes

Inactive 6-phospho-alpha-glucosidase
D-xylose transporter XylE
Fructose 1,6-bisphosphatase YggF

RHS element protein

Glutathione S-transferase

Type IV secretion protein Rhs

RHS element protein

Aldose-1-epimerase
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Figure 3 Growth of Escherichia coli BL21(DE3), W3110 and EcN. A: Growth curves-with xylose as carbon
source. B: Growth curves-with glucose as carbon source. C: Growth curves-with glycerol as carbon source. D:
Consumption rate of xylose. E: Transcription level of genes about xylose absorption.
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FRIHE PEAKEARES T W3110 fif, mIRER S5
HAR AT W3110 BRI
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Table 7 The list of genes with missing transcriptional regulation in EcN

GO Name Protein
GO: 0045893 Positive regulation of transcription, DNA DNA-binding transcriptional dual regulator HcaR
templating DNA-binding transcriptional activator FeaR
GO: 0006355 Transcriptional regulation, DNA templating Antitoxin of the MqsRA toxin-antitoxin
system/DNA-binding transcriptional repressor MqsA
DNA-binding transcriptional dual regulator IdnR
Putative LuxR family transcriptional regulator FimZ
Protein YiiF
Putative LuxR family transcriptional regulator YqeH
GO: 0045892 Transcriptional negative regulation, DNA Putative transcriptional regulator BdcR
templating DNA-binding transcriptional activator MhpR
GO: 0006351 Transcription, DNA templates DNA-binding transcriptional regulator FrIR

DNA-binding transcriptional repressor AscG

Putative DNA-binding transcriptional regulator YiaU
DNA-binding transcriptional repressor PuuR
DNA-binding transcriptional dual regulator DicA
DNA-binding transcriptional regulator DmIR

Putative DNA-binding transcriptional regulator YcaN
Putative DNA-binding transcriptional regulator FrvR
Antitoxin/DNA-binding transcriptional repressor DinJ

DNA-binding transcriptional repressor ArsR
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Figure 4 Validation through fluorescent protein. A: Gene cluster of flagellar and microcin. B: Curves of
fluorescence intensity. C: Transcription levels of fliC. D: Transcription levels of microcin in basic medium and
iron-rich medium. E: Transcription levels of microcin at different growth stages.
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Figure 5 Verification of antibacterial effect of recombinant bacteria. A: Schematic diagram of plasmids
construction. B: Growth curves of co-cultured indicator strains. C: Growth curves of co-cultured indicator

strains.
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Table 8 The list of different GO of iron absorption and transport in EcN

GO Name P-value
GO: 0055072 Iron ion homeostasis 6.79E-58
GO: 0006826 Iron ion transport 7.56E—14
GO: 0015891 Siderophore transport 1.63E—-12
GO: 0033214 Iron assimilation by chelation and transport 0.001 3
GO: 0046872 Metal ions are combined 0.000 0
GO: 0008237 Metallopeptidase activity 4.16E-36
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