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Construction of narX and narP mutants and their effect
on adhesion and A/E lesion in E. coli 0157 : H7
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ABSTRACT: E. coli O157 : H7 is one of the most important serotypes of EHEC causing diseases in human. To obtain
narX and narP mutants and investigate their effect on adhesion and A/E lesion in E. coli O157, narX and narP mutants were
constructed by A-Red recombineering technology promoted by Bet and Exo proteins using PCR products. By using bacterial in-
fection assays and immunofluorescence microscopy, it was found that the adhesion ability were decreased both in narX and
narP mutant. In addition, the A/E lesion formation was only down-regulated in narX mutant. In conclusion, narX and narP
gene might impact the adhesion and narX could influence A/E lesion formation.
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narGHJ I #:9\ T NarL %2 #4511 % NarP &
WA SN M52 WAE R L 5 5 1Y fdnGHT #2907 B
T F ¥ Narl 09 2 4b, 52 8] NarP 194 2,
EHEC O157 = H7 J&4x it 53 Fl P 82 i SO o4 K
A g B 2 — . IR 91 B XS 23 B m] DL Y
B0 M KM A R4 A DR 9 5 1 5 R T R AR S
Ay, T BOWR M7 71 5 (locus of enterocyte efface-
ment, LEE) #J& X 28 3 K rp 9 8 2 i 51 2 —.
LEE Ar 2% 5 %) [l % 43 i &R 4 (type III secretion
system, T3SS) Al 5| 2 7 i 40 i 19 A/E $if55. A 0F
REEMHE narX 5 narP §HR I WG H R G
X5 A ARG RS A/ E 50 1952

1 MRE5RHE

11 Mok B B AR TR 51 R 7R 3 AR A
ST E R BRI 5 T 3% 1. #MEEERER
LB W78 Minimal Essential Medium (MEM) ,
MEM $ 5% 56 f i 2 Bl A &k B2l 0. 2%, BT AY
PAERLAWE N AR (CAM)20 pg/mL, &ZFH
A £ (AMP)100 pg/mL,

1.2 7k RAARed BAHA AT S H
I PR ELAS [R5 M i PCR 724,38 i Bet il Exo & 1
R R A8 4 (4 T 1% s SR He) i 5 55 W R 3R 456 8 4 1)
narX Ml narP ZEA5KE

1.2.1 BRRBRIIHE  #Ea pKM201 kL 1 Jk 52
BEHEE 2 F pKM201 Hi 5 A 75 550 2 5 2k 1
Bk, ®F 30 °C LBAMP i M &E . )5k
PR IREE VR LB A 30 Clpidss.552d 1 ¢
100 Fi ke 5597 2= ODsoo €8 0. 3 Zifa - IMA LW JE
4 mmol/L i) IPTG, 4k 22 15 3% — /i, 42 “CHE
F 15 min, 37 BPE VK 10 min, 4 C 4 000 g &.0»
JEEETET 20 X HR, —70 CR TR

1.2.2 PCR =Y NESZ S WE 2 1 5l ny 5]
¥ 5-KO-NarX fl 3-KO-NarX, 5-KO-NarP Hl 3-
KO-NarP 535 H TP 134 narX M narP F N B,
PCR KMy ZAP198 Fitk. 0.05-1 pg i DNA &5
90 pL BYRAZ A IR A VK 10 min, K FL AR AR
TR T 5 . DL 2 200 V0. 005 s (S5l d. A
SOC WEHE 2 h, 1 J5 7EA [\ & BE (10 ~50 pg/ml) Y
CAM - H - i il 2% o ¢

1.2.3 ARG S M e oot e R ] EBL
YHMLZ L SCIHT 1 d o 5 X 10" By ZE ML Rl 8 FLBE A
Rigeplivh . AN B9 R 1 h, WA MEM B 3%
FEVE UM UL L BRBTAE R . BRI 2 X 10°
CFU Wy 40,37 CH: 3% 3 h, I PBS ¥k 2 WK, T J&

M 2.5% PFA PBS [# % 20 min,PBS %t 3 % .,0. 1%
Triton X-100 fEfH] 5 min, PBS %t 3 W, A 1 : 50
s B B BT K I AT B O157 $i ik (MAST ASSURE)
fEH 35 min, H PBS i ¥E 3 ¥k, 1 = 1 000 Hi B A9
Alexa 568 IgG (Molecular Probes) fE A 30 min.,
PBS ¥k 3 .M MA 1 pg/mL ) TRITC-Phalloi-
din (Sigma)EH 30 min, PBS i ¥t 2 ¥k, [ & W [H
5E (Invitrogen) . ¢ ) i i g5 WL %, Bl L0 L 20 A4~
PLET GE T A TR A1 actin By (8 (1% J7 15 T 50 20 fi kG B %
I IS BT A 2

1.2.4 B srbr AR RI09 5SS T F R g,
R FRe9e P AE KT 0. 05 WIHEAT BUREAS 45 7 25 ik
M) ¢ K95 s 27 F K %9 P AR/ T 0. 05 D) 47 XA A
SRR K. KR IR A P BN T 0,05 TA
R2ERA BEME, A RPRBN PAEY R K
LRt IS

2 # R

2.1 narX FlnarP S§URBRMRE AWK
B A Red 4 K. £ K& O157: H7
ZAP198 AR TR T narX Fl narP 2 ¥k,
i #f PCR 53 9UF narX Fl narP 4y 5 2 8% & B, 1
CAM F BB F 3 N 4] 1 A9 IE # 7 & (& 1D-E).,
1A 1 1B 2 5 878 narX Fl narP 723K 2H | E
2% R R 5190 4 90 A 5-NarX il 3-NarX, 5-
NarP 1 3-NarP, K 1C B EILHNAH FFETE
CAM F Bt It i 519 43 %1 2 5-KO-NarX il 3-
KO-NarX,5-KO-NarP Fl 3-KO-NarP, [ 1D A
1E BoRi0& CAM R B e 64l i &, R Y
5191 45 5 J& 5-up-NarX #1 3-down-NarX, 5-up-
NarP Fl 3-down-NarP, Dk F PCR 458 4FE0 T #k
% narX Fl narP 3PP [R5 634 2 58 B

2.2 ZAP198 Flik % bk 09 40 MRS B BFSE Gy
1.3 o r iR 482 [ AT O157 Sk e )5 . 1 1l
i T VLSS A A YRS B EC B BIL SR B 20 S L 1]
S5 DL EBL 400 T SF- S5 B % 48 18 %3k ok (1A
2). &3 FRIA T 855007, 45 8 WK narX
SRR AE B A 4 L ARG B R SN T BT A bk (P <<
0.01), T narP 5 Hk B9 RL M Bt G B B F P
<0.05),

2.3 ZAP198 MKW A/E Bi0F5E Wz
1. 2.3 i i, 3k [ 5 bt O157 ik g 4 F1 Phal-
loidin G €8 J5 . b GUBE T W5 4H B 7 K BT 45, Bil B SR
B 20 ASALET, P v 45 5 DL A4 EBL 41 1S4 JE
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Tab. 1 Strains, plasmids and primers in this study
Specific description Source
Strain ZAP198 E. coli O157 + H7 was negative for Nalidixic acid-resistant and Shiga toxin [10]
ZAPnarX In the strain of ZAP198. narX gene was instead of CAM fragments This study
ZAPnarP In the strain of ZAP198. narP gene was instead of CAM fragments This study
Plasmids pKM201 Red-gam expressed temperature-sensitive plasmid [11]

Primer 5-KO-NarX

3-KO-NarX

5-KO-NarP

3-KO-NarP

5-NarX
3-NarX
5-up-NarX
3-down-NarX
5-NarP
3-NarP
5-up-NarP
3-down-NarP

cacattcattaaggttattgctcatttaaagectgaaggaagaggtttac
GCGGCCGCATGAGACGTTGAT
ttcgecagcategggtgategtcaatcagecaggatagtageecggttectga
GCGGCCGCTTTCGAATTTCTGC
caacgctacgctcaaacataatgattctaataaaacctcaggagactact
GCGGCCGCATGAGACGTTGAT
gcaggagagtaaataaaaagaggcccgatggtgatgccategggcetattt
GCGGCCGCTTTCGAATTTCTGC
cgttgtctetctecgcetecace

gggtatctecettggacgtetg

ccgggtatgggtatacttcag

gttcatgcecgggcatattgag

cctgaagcaacgcecttttcag

gegcagtagattgegaatatg

gatgccaaagcegaacgacaa

cctttgagcagcagcegatttg

This study

This study

This study

This study

This study
This study
This study
This study
This study
This study
This study
This study

L2 _10. okb~

1 BEE GR 5 4k B BRIk

Fig.1 PCR screening of colonies for replacement of narX with a CAM cassette

A. Screening for narX deletion, sample has no amplified product indicating loss of narX (1 797 bp).

1: marker; 2: ZAP198; 3: narX mutant.

B. Screening for narP, sample did not generate a product of the expected size of 648 bp.
1: marker; 2. ZAP198; 3: narP mutant.

C. Screening for the CAM cassette.

: marker; 2; positive control, the expected size is 900 bp; 3: negative control; 4: narX mutant; 5;

. Screening across the narX region.

. Screening of colonies for outside of narP.

1
D,
1: marker; 2: ZAP198; 3: narX mutant, the PCR product was 897 bp smaller than ZAP198.
E
1

narP mutant.

: marker; 2: ZAP198; 3: narP mutant, the PCR product was increased for 252 bp compared with ZAP198.

W A/E S5k (K 3, &3 FREM T 1

BRI M L 45 SR B R nar X B2k MR A BEAS 40 L
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A M BEFE.RHAFE O157 2 H7 narX 5 narP #: % #h 9 M2 A L st m e 05 A/E $i4h 69 LK 333

C TSN
6 AR 41 RS B 1 40 B AL
5 T Adhered bacteria number on each cell
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2 EFEMIANGT O157 kL&

Fig. 2 Cell binding assay
Following three hours incubation with EBL cells,
bacteria was fixed and examined by microscope. A
shows EBL cells with B for anti-O157 staining. Cell
biding ability was decreased in both narX and narP
mutant compared with wild type(C).

3 3 #

AR5 A Red A AR RN E T narX
M narP SR #k . M7k R T PCR =4 F 4
A A2 FE [R5 22 4 19 Red-gam 1 50 Az Bl AT 552 9 e 2
R AL 2, FL PG 5 S S AR AT 5 L e I e, (R AfF
FERMII T AP AE 28R BOK U o e 2k R 1) e 6, R )
TS bR A F & . T ARk AT A PCR =
Y- R A Red 55 20 4 AR St 4 A i O bR 9 i A
F 5% 72 B D) #1722 R R e
I MR ) 41 MRS B AN A/E S50 45 64T T RIFSR

L3t B S5 R I narX Fl narP K J5 XE
KA — &S24 ARG B 7 S A 7E T R a3
W A/E 805 1 B8 J11E narX Bk bkh Ay 535
TWe. KW AF @ EHEC 40 Mg 09 ks B A JE R S5
T3SS, B 6 FN 45 Bl RS B 725 V0 A OG . 76 40 78 3F
AW T8 )3 ¥R 1) 3R AR R L T Y — ELZ R B
F il L ¥ B i #5551 B, T3SS B2 1 4
W. T A/E BT U S T3SS J i 8% 07 8 (A #E A
i FAMZE R . LEE fr i T3SS J2 KAt i
F — A 43 W6 R i 2R 6 o AR BRE IS AT LAY A T A3
1R R R P i A B A A0 PN DT 5 ] A i 3 4

’ LA A/ EA 1K
4 A/E lesion number on each cell
3

2

1

ZAP198

E 3 EBLAMAHH A/EHHEE

ZAP198 narX-

ZAP198 narP-

Fig.3 A/E lesion formation by ZAP198 and defined respiration-associated mutants
After three hours incubation with EBL cells, bacteria was fixed, stained with anti-O157 antibody and TRITC-Phalloidin

and examined by microscope. A shows EBL cells with B for anti-O157 staining. C shows TRITC-Phalloidin staining.

A/E formation in narX mutant was decreased significantly compared with the wild type.
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) A/E #1475, LEE JWEpLHHE S & 5%, Z 3G £
PR T A RABEH T m . h LEE 4465 i1
A (Ler) & LEE (955 — AL K, 0] DU Bk HNS
FE A B0 AR D, L JE 4 T3SS ks UYL i
ler R B {323k 32 grlA (R 1F 1) W 5 F0 grlR Y30
HFEH . GrlA F1 GrlR ¥ 1 LEE 465 ™, 5 4b,
T3SS A% #4 %K AdE LEE X B A Ye (oA |- 3L
B R4 . Fen PerC 25 FH R . peh A1 JE PR 2 X 35,
M QseA EFEEH . AW H PR narX FlnarP
FEDI TN s R T T ler BHELE A B 1A HE 0
Ler (7 3 T3SS 1 J 5% i o DA T 5 Z507E 40 ff v 11y
A/E 85 A8 k. AR AR IR T narX Hl
narP SRR JG X i 2 A AE 20 A T 4 RS B B O B
A/E 5 BE JIAE T 91 200150, LA 4% 3] — 2L LX)
FORPER M R R B — kR, HEIE— R4
VIR T 8 B RR S  HE — 2B UE S TR AR I BIL
W T LAk — 25 [ SR 56

S 23k

[1]Stewart V. Nitrate regulation of anaerobic respiratory gene ex-
pression in Escherichia coli []]. Mol Microbiol. 1993, 9. 425-
434. DOI: 10.1111/j.1365-2958. 1993. th01704. x

[2]Chiang RC, Cavicchioli R, Gunsalus RP. Identification and char-
acterisation of narQ, a second nitrate sensor for nitrate-depend-
ent gene regulation in Escherichia coli[]]. Mol Microbiol, 1992,
6: 1913-1923. DOI. 10.1111/j. 1365-2958. 1992. th01364. x

[3]Gunsalus RP, Kalman LV, Stewart RS. Nucleotide sequence of
the narL gene that is involved in global regulation of nitrate con-
trolled respiratory genes of Escherichia coli[]]. Nucleic Acids
Res, 1989, 17: 1965-1975. DOI: 10.1093/nar/17.5. 1965

[4]Li J, Kustu S, Stewart V. In vitro interaction of nitrate-respon-
sive regulatory protein NarlL with DNA target sequences in the
fdnG, narG, narK and frdA operon control regions of Esche-
richia coli K-12[]7. Mol Biol, 1994, 241: 150-165. DOI. 10.
1006 /jmbi. 1994. 1485

[5]Rabin RS, Stewart V. Either of two functionally redundant sen-
sor proteins, NarX and NarQ, is sufficient for nitrate regulation
in Escherichia coli K-12[J]. Proc Natl Acad Sci, 1992, 89:
8419-8423. DOI: 10.1073/pnas. 89. 18. 8419

[6] Rabin RS, Stewart V. Dual response regulators ( Narl. and

NarP) interact with dual sensors (NarX and NarQ) to control ni-
trate- and nitrite-regulated gene expression in Escherichia coli K-
12[]]. Bacteriol, 1993, 175, 3259-3268.

[7]Schroder I, Wolin CD, Cavicchioli RC, et al. Phosphorylation
and dephosphorylation of the NarQ, NarX, and NarL proteins of
the nitrate-dependent two-component regulatory system of Esch-
erichia coli[]]. Bacteriol, 1994, 176 4985-4992.

[8]Stewart V, Parales J, Merkel SM. Structure of genes narL and
narX of the nar (nitrate reductase) locus in Escherichia coli K-
12[J]. Bacteriol, 1989, 171 2229-2234.

[9]Walker MS, DeMoss JA. Role of alternative promoter ele-ments
in transcription from the nar promoter of Escherichia coli[]].
Bacteriol, 1992, 174, 1119-1123.

[10]Naylor SW, Low JC, Besser TE, et al. Lymphoid follicle-dense
mucosa at the terminal rectum is the principal site of coloniza-
tion of enterohemorrhagic Escherichia coli 0157 + H7 in the bo-
vine host[J]. Infect Immun, 2003, 71: 1505-1512. DOI; 10.
1128/TAL 71. 3. 1505-1512. 2003

[11]Murphy KC, Campellone KG. Lambda Red-mediated recombi-
nogenic engineering of enterohemorrhagic and enteropathogenic
E. coli[J]. BMC Mol Biol, 2003, 4. 11. DOI: 10.1186/1471-
2199-4-11

[12]Pan H. Zhu SY, Cheng DR, et al, Knockout of the gene coding
for Stx2e of Shiga toxin-producing Escherichia coli[]]. ] Yang-
zhou Univ (Agri Life Sci Ed), 2012, 33(1):1-5. (in Chinese)
T R TT ORI A5 7 R EE R R A 1 2R R AR T
BRLT L 300 K2 23R Rl 5 A= dn B2 W0 . 2012, 33(1) 2 1-5.

[13]Bai GX, Sun ZW, Huang Y. et al. Deletion of clpP in Chromo-
some of E. coli by Red recombination[ J]. Chin J Biocheim Mol
Biol, 2005, 21(1):35-38. (in Chinese)

P62 P 3558 5. R ] Red & 41 & 66 K AT B ClpP
SER B EBRLT . PR S 0 T A E i, 2005, 21(1) .
35-38.

[14]Bustamante VH, Santana FJ, Calva E, et al. Transcriptional
regulation of type III secretion genes in enteropathogenic Esche-
richia coli: Ler antagonizes H-NS-dependent repression[ J].
Mol Microbiol, 2001, 39. 664-678. DOI. 10. 1046/j. 1365-
2958.2001. 02209. x

[15]Deng W, Puente JL, Gruenheid S, et al. Dissecting virulence:
systematic and functional analyses of a pathogenicity island[ ] ].
Proc Natl Acad Sci, 2004, 101:. 3597-3602. DOI. 10. 1073/
pnas. 0400326101

W Hs HE:2012-10-26 ;& [E H#3 :2013-01-20





