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RESERMERZTES [ BUPRFI-121H R % C5423-5425 HUEE
Bk, 28, 2FR", &Zxa

OB BE MG R T, B EARERE LS, BRI WB/RE 150069
FE: [ B ] 207 562 IR ECR M KA H A T AR 6l -1& 1 (restriction-modification, RM)#& 4t
C5423-5425, It/ R 54 . [ 71 ] FIMH Lambda Red 41 RS M E CFT073 DNA H AL
EERSHGIL R B R AcS424; R AT SCHHM P 434 LAARAS C5424 HILALBIGI O S 5507 RIS
AR RM R GEHUESME DNA B9FEAL ; FI 5 SN P A5t E & RT-PCR %548 C5424 1Y
I AR BUET- Mz shi 4 ) e s s AR BT RE A Ak . [ 2558 ] ARG B i e T
— AN T BURM R G53805 T 5424 (IR R s S5E T C5424 181 (3B 7 51) GTAGNNNNNNNGTCA/TG™AC
NNNNNNNCTC, FHE/R THFIITERE R A 504 ; C5424 KGR LIS DNA BU#EA; 5424
RS S8 25 52 17 LR RGE , T8 18 S CIER motB FBTis AL relR 555 5424 HELK B.3%
S CFT073 W8 3 Ae ) FIPTiR AR RE 1. [ 4518 1 ASCNZ 7l %8 T IR B EUm M R FF I CFTO073
H 1 RM R4 C5423-5425, iXAS RGN HA 2R A IR Lo AR SOGHIF 5 240 11 19 2 U3t 1% 2
HAEZZME.

KRR RSO RIAIT R, DNA WIEFERERE, T Semhy, BRI - iR 5

TEANEEH, FR-& i (restriction-modification,
RM) R G 2 il A7 AR 1Y, W0 e 4 T ot
M R0, HEEALEAMER DNA, JoHE MR
PRI AT R A . RN DI, 17
TR PR DNA YT WAL R g, AT LA
24 DNA, A B3R 00 58 w5 N Y)
YIEIR RO i — 3. MR WA At . R AT
GIFFE . VIEIL R AR EAAH 755K 58, RM R S8

R4 T (W EcoK 1), 11 (W1 EcoR 1), 11T (4N
EcoP15 1)V (41 Mcr 1 Mrr) 4 DA AIP
[ % RM R4 % i HsdS (S W3E), HsdM (M iF
%5). HsdR (R W3E) 3 MR R, TERUAE AL B T
PN DI ) LR IR 11 RoMLSH . o, S
BRI DNA P41, R V3 & 14 B il 1 U B4
YER, M WAL AL R, =Rk M,S 15
i DNA WAL R ity o] LA ST A7 AE o hsdR FlI
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hsdM FEREFEGRST, 10 hsdS WIEEERI AR, S5
FREMEAEL. 1A RM BIRANF A G HE P ER 4T,
B Nsg FEIF, Ll EcoK T B3R FI T 41 R
A"ACNNNNNNGTGC/GC"ACNNNNNNGTT (&
R E L TF ), WS 43 4 B RS R 2 il FE
o ARG S WIESA 2 AL AR
HEERIR(TRD). R 1 BARGF S A TELEN hsdS 3
K, 24> hsdS 0] DAE i [0 5 A P40 Ak i,
SRR AR L, 7 A “FHAE(phase variation)
GO, F4h, TELRRIR A E R T R RM
Rl LI RN EE, w7,

PR & E0 M KT (uropathogenic  Escherichia
coli, UPEC)& FHUR I iy =2 I A 1, Ik
5o RECE R R IR FNIRIE 5 SRR
PR AR RS, UPEC 4wt £ Fhd /1[4
¥, WG SEMAE R E E . TR EMNEZ
ST . TIPS RN R . 7
TR B T AR R DO B R AR
J5 A R B 35 N T PR ER IR IE 2 3R I L
R T A RM RGN Z AR IR )
JAFAE , ASCYEE T UPEC CFT073 FREH A —
AT B RM RGE c5423-¢5424-c5425, NANHINFE
Wik (24 F1 UPEC JiR 2= et T S %

LAk A
1.1 #8

1.1.1  BEHRFAFRL: UPEC CFT073, Lambda Red
65 540 R 45 ik pkKD46 . pKD3 ., pKD4 . pCP20
1 pCI112 ¥ A S5 % R AT

1.1.2 FEEHFLES : LB BRI AR IR 5L
W A e EE SRR A BR A ] 5 A Y PCR X
B B 5 AR ) TR (ORGE ) A IR Al (TaKaRa) ;
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BEL il 1 P DDt ) R R B (R DA R A
F); A RNA 2GR 5 £ (Promega Eastep™ Super
Total RNA Extraction Kit)ilg B Jb 50 A= P8l
FATIRA A 5 A P 4 5 R 21 S G0 50 AR
EHUR YA ABRA A 2N HH R (Amp)FIR
AR HE 2 (Kan)l B 235 = RAEHEARARAF.
1.2 MEEEFRAH
1.2.1 BERF: HEMERMT LB WAR IR
B TR S IR T 37 °C BHE SR 120, R,
1:100 ¥R LB WAAR AL, 37 °C #E
K% 6 h ZREI ODgoo™1 .
122 HRGIEF: HIEPGERLE LB [ A
Bk I, IR IEFRAA T 37 °C BIE 557 12 h,
IR 5 HF 3 LB WS SR kb, 37 °C,
180 r/min 5537 3 h EREW ODgoo=1-
1.3 5¥iit 568

s GenBank F/3 A1) UPEC CFTO073 fy4 ik
K41, R Clonemanager B FITA A5 b
FEIRRE RS 1R 1), sk A B R (c5424)
AR RS 1) MT54-F Fll MT54-R i P 3R44
B, 51 5'SERT 55 bp A FIGAE H B (c5424)
PIINFIRRY , JEi 3R srse L pKD4 Jgfbitl ve
FIREE R LR R k5 1Y) . 9EtE it RT-PCR 5|
WyXE {35 (https://sg.idtdna.com/Primerquest/) i 1
DL R 85 R s MRS AR A FR A ) B
14 HEYIEEENT

Ml GenBank &%/ CFT073 S 51,
FF Rebase ¥ J& (http://rebase.neb.com/rebase/
rebase.htm) 7T 3E R 414 RM RG R0 fE &,
5 KR K12, UTI89, EC958 il 0157 4§
FHE RM RGER A B LR A HT, 20 I I iR
[ % RM R%i4E UPEC b4 AL,
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x1. AARFRAZIREIY

Table 1.

Primers used in this study

Primers Sequences (5'—3") Target genes
MT54-F TGTGCCTTCTGCAACCATCATGTTGCAGAAGGCCTTGTTTTTCATGGAATACAA
CGTGTAGGCTGGAGCTGCTTCGA
MT54-R TGCAACGCCGAGGTCCAGGTTTCCATATGATCAACGATCAGCTTTTCCACACTC
ACATATGAATATCCTCCTTAG
Check-F TATGGTCAGCCGCCGTTAAC
Check-R ATTTCCGCAATTCTAGTTAGC
Kan-R CCTCGTCCTGCAGTTCATTC
Kan-F GCTTGCCGAATATCATGGTG
4cut-F CGCGCCCGGTACCAGCATGCTGACAATTGCGCTCGAATTCTGGTACACCTGCTG
TGTC
4cut-R TAGCTGTTTCCTGTCAGTCATGACCTAGTTACTCTCTAGAAACCTGCCTTATCAT
CAAAG
qRT-PCR
c0418-F CCATCAGCCCACCCAATAAA c0418 (forward)
c0418-R AGCATGGCAAACGGCTAATA c0418 (reverse)
c0421-F CCACAAGGAACGATCGATAAGA c0421 (forward)
c0421-R AACGCATGCCAACGAATAAC c0421 (reverse)
c2304-F GAGGCTAATTCGGTTGGGAATA c2304 (forward)
c2304-R CAGAATCGCCCGATGTTTAGA c2304 (reverse)
c5423-F CTGCACCTGCCTTTGTTTAC c5423 (forward)
c5423-R CAAAGTGATGGAAGGCTGTATTG c5423 (reverse)
c4327-F AGGATACTGCAACTCGCTTAAT c4327 (forward)
c4327-R CGCGAAGAAGGTACGTCATATT c4327 (reverse)
rpoB-F GCATCATCCCTTACCGTGGTTC rpoB (forward)
rpoB-R GGATCTGCTCTGTGGTGTAGTTCA rpoB (reverse)

1.5 Dlumina &5 8507 S0 (SMRT)MU 7
FHEE RN, AR 20,
ffi . DNA $2 HUial 7] & (TaKaRa) 42 B ¥ A= #k
CFTO073 FIZE7A5 0k Ac5424 WAL, BrEAG
FEAEJC RNA i) ddH,0 . B MEEAE A
%, B2 100 ng 194 FE R ZH AL BE AN F 500 bp 1)
FrBeo iR G 5 R Bl TR e A, 1k
BAEE I R BL el R, BT PS Rl
P7 51¥iE4T PCR 9714, PCR 7*# ] Agilent 2100
A A AT 3 A, I BT Qubit 3.0 2561t
PEATE . WIS, AR DNA SCHEn#k 3|

Mlumina HiSeq {¥#% I, M5 RH 2x150 X(PE)
W, ffFH HiSeq 45l %X {:(HCS)+OLB+gapipine-
1.6 (Illumina)X} HiSeq ¥4 7 EIUL /A Fig I 8 FH .
XFF SMRT Wi, 85 Y) 4K 20 DNA 29 10 pg,
SRIGIERR 10 kb HOXUEE DNA B, FHEH & Jedesk
X DNA R BafffmRumie s o ARG ESRIMERSU%E,
JEELE PacBio Sequel {3#% FEA T, JE£a 740
N B MER AR B vl e i, Bdis e B2
FE A AR s O (NMDC10017678)
L6 FEGURBRAIME
K] Lambda Red [A]¥5 B 41 3L H 5848

http://journals.im.ac.cn/actamicrocn
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FREIAEE, 7RI MTS54-F 1 MT54-R 5149,
LI pKD4 it sl A B B R I8 ) Kan
FH(Kan®)H B, PCR 7 ¥14eid 1.5%Bi g e i
VKR IS (B, Fr BefRAFAE—20 °C Hro
B AT pKD46 (1) CETO073 HFMERTA Amp

LRy LB WiARR: F 2, 30 °C. 180 r/min #R3%
538 ODgoo 155 0.2, A 1%AY L-FaIH7 {FRHA R,
REEE IR HFNEI ODeoo 15F 0.6-0.8 K 14 W i
B LR SZ S ML, F 2 Ak 2 TR Al [
PRSI B, WAL R SR 247 Kan
FEHEBUER LB AR5 |37 °C BIEESR 12 h,
R H AR AT WL PR 7% , {8 ] Check-F \Kan-R
#1 Check-R. Kan-F %7 H #E A B 2B
e A AT BUE RS Ac5424::Kan® PP T, K
FL R L S A 2 A5 A L, pCP20 Tk Ha e 1k
7| Ac5424:Kan® JEZ B4, 37 °C Higr L
Kan® fll pCP20 JFiki, 345 UPEC H M3 [H 275k
Ac5424.
1.7 AKfgnE

43 5 B A Bk CFT073 FIZRAERR Ac5424 $ERh
| LB W iA¥E g5k, 37 °C. 180 r/min 53R 1% ,
SR IB R LB B3R 5B M ODeoo i FE 3]
0.05 , Z J5 4 i R Lo 1) R AR W] ) T AR TR] A 2540 T
Bi 5%, B 0.5 h MR — KA ODgoo H.» 1554
el A Kk, LB AE MR CFT073 FIZe A8tk
Ac5424 K EER 2257 .
1.8 HABEER

FEARRCRIR I S % k(8] A A IR
FI5 4 dcut-F/R ¥ 34 pdeH FE[H, I C112 57 &
B DNA FrBerafie 2 pCI112 ki, JE A p4cut,
A TR AL IRZ A0, EASA 5x10°
AN I E AR (2.5 KV)KF 0.3 pg STk i A BT
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A RN A R AZ A A b, AR B TR
B30y Wi gy, Y51 ALE Kan STk FIJCHit: i)
LB FH |, 37 °C Higr, GitKpmvas, %
b8 % %=Kan® 1% fLF CFU/JCHitE LB 1)
CFU%100%.

1.9 FERAWF(RNA-seq)

KAEER R, B ERR CFTO73 FI
RAFKR Ac5424 FiFEE ODgo=1, fHFHE RNA 2
HOR ) S P HUR RNA JEF 755 S 41 B st
7l A MER AV HRA R A A e, BdRe g
2 [ Z WA YR B s .0 (NMDC10017678)
1.10 ®YEEE RT-PCR(qRT-PCR)

B R AE R CFT073 FIZRASRRACS424,
FEHCE RNA , i 11 qRT-PCR B iF 4% s 40 I 5 45 5
VIFER rpoB HINS IR, 51003 1,

111 s st

ATIZ SR, SR FE R RN
BB Ak CFTO73. RAERR Ac5424 53R 2R
ODeoo=1, FITCHA 2 i BV IE B A i LB ~F [
IREEFR I, (RN S REER, 37 °C #frE Ko
12 h, ISk 440 A A 7 A A T ol DI ELAR RN,
ARG EL 3 R, TR IR BT
EI T
112 ZEH AR

AP ARG, SRR B Ry 2,
PSR, 1:100 FH: 205 LB s sk,
FIRERI S, R R AN 5 ODeoo~0.4-0.6 5L 1 mL
B, 4°C. 5000 r/min &5.0> 10 min, WAL,
TR PBS 2 Ml i BERE 1A 2 ¥k, (SRR
i PBS EmEREMK, AE 1:5 MBEKkR
ODgpp=0.1. F 96 fLAH, 100 uL M 100 uL
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2 (TN (200 umol/L) WK SRV TR & (Gt
BURp R 2k g, Wdit-e, mEdEA 0 min),
37 °C #EYEREFE 20 min, JIAZLIYKE 9 mmol/L 1Y
iz BRI 2 ROV, S i PBS i
TR, TR AATE RS A 2R - A5 Z8=(CF U min/
CFU( min )x100%

2 ERFAM

21 AYFEEFESITEE CFT073 11 [ & RM
ARG

FTF RM R%:H DNA H AL 5L AL B O T 1
55 (DPPY 1 FxGxG) I R A4 s 7510 1) UPEC
CFTO73 B & A — MW 1 3 RM R &
(c5423-¢5424-¢5425), 53 5 4 A 4 S 1k U1 & 1
(HsdS) . H 3 16 % %% g (HsdM) 1 ¥ 2 N U] i
(HsdR)(I& 1-A) X} c5424 847 BLASTp 4371 & FH »

(A)

EAESEURGTE KA MG1655 Hikkd, AAEAE
c5424 AR E N ; 7548 UPEC #l EHEC
WM AEALE 5424 WERFEEN . A5 —320
&, BARTE MG1655 il UPEC e 4 20 B £k UTIS9
HAAELE c5424 IWHERFREN, (7R ok
AHFENE, fFESRIN—E TR RM RS, 3
AFERFI AL, 4351 UTI89 C5050, UTI8Y C5051
1 UTI8Y9_C5053 (K 1-B).
2.2 5424 FERGRRBRAER K A KRR E

FIFH Lambda Red T2 RGHHA THR AR
PAFHA Kan PR ¢5424 BB Jbk Ac5424::kan®,
HE— R A A B ALY pCP20 Joidy, idst
Kan HUtEIER, BZAR1T Ac5424 Ttk

1 0 R B A Mk CFTO073 RIS 78k Ac5424 1E
LB WA A ARG, KM,
B2 AIAL, c5424 FEPIX AR A K TCHT B 5

yjiw
yfel M 5421 ] 5423 U hsaM [ 5425 5426
5162000 5164000 5166000 5168000 5170000 5172000
(B) P
&SH S
y bt e . CFTO73
Pl vy ey oy e e R - i UTIBY
Q ‘ 100%
%ch ch‘)\ ch‘;) | ()
— SN
1 kb 9/ O
AP 99%
S °
1. ¢5423-c5425 BEEMNEFEESRIE L

Figure 1.

Genetic organization and sequence comparison of ¢5423-c5425 genes. A: genetic organization of the

type I RM system genes in UPEC CFT073 genome; B: sequence comparison of the RM systems and their adjacent
genes between the UPEC CFT073 and UTI89 strains. The grey scale indicates the homology between two DNA

molecules.
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Figure 2. Growth curve of the Ac5424 mutant.

2.3 DNA HRAVEERE c5424 BIEF L E

HTEE C5424 WIALBMI LT,
SMRT 553~ 52 I 7 % 87 A= #k CFT073 M 5424
BR R HEAT A L AL, [ A A [lumina
Hiseq TP AIREHE, MRIFIRILH 1IPD fH, @it
SMRTlink X fF53HT, S RIE R A J3 iy
SERFHE AR ILIE] 3 Rl meA 1) F LAk

C5424 115t G"AGNNNNNNNGTCA 37 Ff 3%
fbo EPE—H, TR 427 DIEFET ELL, 2
HRIE SCAE/ s SCRE « kDR i i DX/ 6 1R 1] [X 4 2 85k
FHEA , DURRILP IO B AR 3). tedn, 7
3700-3800 kb AUV HE, FEFPA ] 434 46 1E LB
5 7E 300-400 kb MYNE, FESp ] T 434 7S
PRIE DX, X FP R e SE R ] XA B, AT RES
HEEME,
24 RM REXFHABERNZ W

KT WG RM R GE(C5423-5425) 2% S5k
MHAMK DNA, FATHE Setby e 17 Rl R 1Y 5
B pdeut; B pdcut BRI R HLZEFL oI i Ak 2 Y
¥k CFT073 FIZRAEKRACS424 . RIS kERE
52 Z s T (F 4-A); SEFERREL, H1k
MAEREZA 30 H (8 4-B), Wl RM R
(C5423-5425)Z 5HUHANEN DNAL FEMXTRE,
FATTEBF L MR A lacZ KR 28 78 bk v ] inF 5 4k

J¥, 10 c5424 F7ERRIUAT 2 FIEIT (3R 2), W] pdout BUKRL, FeAbCRIC R & 225 (AR AR

2. BHOFEMNESHT CFT073 F1 Ac5424 1) m6A FRE LR

Table 2. The single molecule real time sequencing analysis of m6A methylation in CFT073 and A ¢5424

MS CP MT fraction nD nG GT MIR
Motif detected in WT

GATC 2 moA 0.998 41465 41538 GATC 5.71
CACAG 4 moA 1 8010 8010 CACAG 5.97
GAGNNNNNNNGTCA 2 mo6A 0.81 355 427 gﬁsggggggggTCA/TGA 4.49

GAGNNNNNNNGTCA/TGA

TGACNNNNNNNCTC 3 mo6A 0.791 341 427 CNNNNNNNCTC 3.73
Motif detected in mutant

GATC 2 moA 0.998 41465 41538 GATC 5.71
CACAG 4 moA 1 8010 8010 CACAG 5.97

MS (motif string): motif sequence; CP (center position): the location of modification base in motif; MT: modification type; fraction:
percentage of detected modified motif relative to the amount of all motif sequences in the genome; nD (ndetected): number of
modified motif sequences detected; nG (ngenome): number of motif sequences in the genome; GT (group tag): the presence of
bipartite motif; MIR (mean Ipd ratio): the average value of IPD.

actamicro@im.ac.cn
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Figure 3.

W

0
= £ o
= s g
a3 S S

Q1 009¢
a1 005<

c5424 18RRI EFE CFT073 EREF WS H

Distribution of C5424 modified motifs in the CFT073 genome. The five concentric circles represent

(from outside to inside) genomic positions; ORF on the positive and negative strands; C5424 motifs on the positive
and negative strands; C5424 motifs on the CDS regions and intergenic regions; GC content, peaks facing outside

indicate higher GC content than the average genomic GC content, peaks facing inside indicate lower GC content
than the average genomic GC content, the higher the peaks, the bigger the difference.

2.5 EESRAN AT

R THE I 5424 THERIEESE, FRATHLAL
T SRR Ac5424 FIEFAERR CFTO73 AYBERI FRIATE
RESEAIM BRI 5424 520 17 ANIEHFE L
(F3), i), FeAT kit 7 =i 5 EEE 8T qRT-PCR
BOUE, 455 5 SN P A5 R A MR (B 5).

2.6 5424 FMAAWIZBRES]

C5424 52 motB WFIE KT 2 %, i motB
SHEE R K. A TS 5424 B
WA IE sRe Sy, MEIEHE: LB 2 i k:
Frdk B A Pk CFTO073 5 978K Ac5424 W 74 1%
X3RN G 6, WFEARE CFT073 ¥ X3k A

http://journals.im.ac.cn/actamicrocn



2464 Huoming Li et al. | Acta Microbiologica Sinica, 2021, 61(8)

INEER(1.540.3) em, RASPERK Ac5424 HEMIXIE  (P<0.05), L, c5424 X THERR AN Y12 3 e
R/ANBIME(0.940.2) em, MHFEH B EMHEER  REE,

~
oY)
N

(A) WT Ac5424
1000 -

100

1 . L

WT Ac5424
Strain

_|

Transformation efficiency
(x1071%)

4. C5424 U ER N

Figure 4. The effect of C5424 on plasmid transformation efficiency. A: a plate view of transformants after

transformation of p4cut into the wild-type strain CFT073 and mutant strain Ac5424; B: transformation efficiency of
plasmid p4cut in the wild-type strain CFT073 and mutant strain Ac5424.

*3. BRANFSINSHNRER Ac5424 P ERFIEEER
Table 3. RNA-seq analysis revealed differentially expressed genes in the mutant Ac5424 compared to the
wild-type strain

Genes Gene products® Log,(fold change)b (Ac5424 VS CFT073)
gene-c1234 Conserved hypothetical protein -2.57
gene-c0418 Hypothetical protein ykgB -2.35
gene-c3692 Hypothetical protein -2.02
gene-c2304 Chemotaxis motB protein -1.82
gene-c4327 Transcriptional regulator gadX —-1.69
gene-c1233 Hypothetical protein -1.57
gene-c0421 Hypothetical transcriptional regulator ykgD -1.56
gene-c4323 Hypothetical protein yhiE -1.53
gene-c5426 Conserved hypothetical protein -1.44
gene-c5423 Putative restriction modification enzyme S subunit -1.44
gene-c3145 Hypothetical protein ydfK -1.38
gene-c4326 Hypothetical transcriptional regulator yhiWw -1.24
gene-c5395 Chaperone protein fimC precursor -1.23
gene-c1123 Cold shock-like protein cspG -1.21
gene-c3184 Cold shock-like protein cspB -1.18
gene-c2301 Methyl-accepting chemotaxis protein 11 -1.15
gene-c3816 308 ribosomal protein S21 1.24

% according to GenBank annotation; °: values in this column represent the changes in the Ac5424 in comparison to the parental strain,
CFTO073. Transcriptome analysis was carried out with three biological replicates.

actamicro@im.ac.cn
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L5 [ wildtype
o) [ Ac5424
E *% *% ®% * *
g 10}
5]
2
5
g 0.5F
: ﬂ
(0]
o

0.0 - -

c2304  c0418 0421 c4327 5423

5. qRT-PCR ¥iEER S 453K AN FF2 B E FFRIL
£HE
Figure 5. Validation of differentially expressed genes
by qRT-PCR. Transcriptional levels were normalized to
CFTO073 rpoB; data are mean+SD from three biological
replicates (n=3). *: P<0.05; **: P<0.01 (Student’s ¢
test).

WT Ac5424

6. FFHEHE CFT073 0 Ac5424 REEHRTE LB ¥ EK
1EFrE _ERYIZEhRE NI
Bacterial motility of E. coli CFT073 and
Ac5424 in semi-solid agar.

Figure 6.

2.7 5424 RFGERIIRER A
C5424 PEILHA c0421 FRE; HgR I
K& T AraC F s R 70, 5@ Bk A

0 min

o0 e 0 s ¢
Ac5424 Q}{ﬁ

10t 102 10° 10* 10° 10°

MRAGAE S, NTUM c5424 2 5MEHBTIKEA
Mz, HLESEPARR CFTO73 SR8k Ac5424 Bk
FR AN G AT RE T o IR 7, R4t i AR
OREF A BRI B AR, AN B B 2 2005 IKATR
AFRIS , BFAERK CFTO73 FIFETE 5 0.0042%, 5
ARE Ac5424 £EIE R LR 0.0006%, A T F#
B, K 5424 PEIEAN IR R A o

3 itib

R BOREAL . ER AR A, BowtE
KIGFFRB S A BORAL, Qi i sy S
J 5 AU PR B O A . XA 2R — A 2
M F R AT B I AL P 80 350, Ee ook
It VAR RN DR 4 T % Bl T AR R el T K
FRAFE R A R AR I C5424 RS
FEARBORPE R IGFF B T ASAELE T R AEAE T840
UPEC F1 EHEC (YRRARHT, /s H AT AE R ) 5
IKFEEREARAT Y, FOX RS A RRER AR FH
IR, AR IR C5424 5200 motB 3235 DL M 3
P, motB JEMEE 12 2 1 G R 220 MUY 5
i /2 UPEC 1 EHEC 2 2 ARG B A FIARE A
K, JoHZ, e8I TE UPEC MBI B17 2
B AR e i P R AR Y 4 RelR
FE c0421 £ R AT RHCHOE PR fe v & 44
FHEME . RelR J& AraC Bk 05 N+, H

20 min

10 1072 107 10 10°° 10

B 7. FF4Hk CFT073 #1 Ac5424 BT MRIUR S BARE i E

Figure 7.

Hypochlorous acid resistance assay of E. coli CFT073 and A ¢5424.

http://journals.im.ac.cn/actamicrocn
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o RS 1) 2 e 2 T A7t 5 % Ve S R, Y
TR 32 B TE M S A B I 230 RelR DA
TEHU AR, AR RATR L C5424
¥ relR 325 CFTO73 HLBLIR ARG B
20 f R0 g v MR 40 i v A RE A L ) T
(myeloperoxidase), ‘& Al 2 AL H A E B 1441k
KRR, DGRBIRKMAEDERY, B,
C5424 RN HEfifS UPEC 7E#% B Wi 4n i fnng vh
P20 M7 S RS AP ML AE TS . KAk, C5424
WTAPEPIIRIEIN 432770 B E FAEH 53950
5% UPEC M P4 38 R P AH G 1 3 A

HAR DNA W EALSERE RN R AT 12
MEEER, (B2 RM REA G 1 EZ IR
4K DNA AR, H ok s pi i . FEst ek
w13 RM RG-S M DNA il i 1k
PEA NS, FRATTAH SMRT W% )5 325 HL 4 P28
Pk CFTO73 FHikIHR Ac5424 WIH JEALA], Wi T
C5424 WHEAVBMRELT , XA 5 o s 91
Fity T R RGAFAED . B PRI T 55
PUMBE P (0 ok . AREIE, C5424 BRI Kt
W 7 Bk DNA 1554k, 3= C5424 RGen] LU
ALK DNA, 1R AT HEE: C5425 /5 T ik
Y UPEC 3l # &5 T, —Hisge TR
B, BT RES R RPN T A AR
KA MVERA>10"g 256> FHik, 5424 &
S/ FHHME DNA DIEI T REA BY F R AT AL
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PRGOS, AWM B 2T SMRT W5 25 SR H 7R
TE CFT073 "FAFfE ALY RM &40, tARIEH
4Pk DNA HIIfE . XA [A] 1) R G AR AT Be A A 7]
PEHI LT, FRACEA R R JE 9 DNA

HiE, C5424 ZRGLAFEREIL R 707 HLdIAT

actamicro@im.ac.cn

JEARMRZ I . DNA HEALE RSB i 5 L7 =X
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T | R AR TR AL A AR A DA R 0 TR A A
(3) DNA H AL 3 R G R A8, it
TS MG PO gk, AT K AL
MG s+ X & AR, AR 5424
LD N T A ) B S ) A A, R B AT
C5424 52§ I PR 2 SRARA ] REJE 8 1 2 —
1N I STE 3 i

5, AWPREE T RIBHFTE CFT073 Ttk
) —& RM R4 C5423-5425. %5E H DNA H
TN C5424 BWELTY s BE T RM REE
AT LUIREEI AR DNA; N4 Jm 21 E LT C5424 1)
PP, XU ARG AT REfeiE T UPEC ik
PN PR B R T o
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Characterization of a type I restriction-modification system
(C5423-5425 in uropathogenic Escherichia coli

Huoming Li, Ying Xia, Ganwu Li’, Wentong Cai’

State Key Laboratory of Veterinary Biotechnology, Harbin Veterinary Research Institute, Chinese Academy of Agricultural
Sciences, Harbin 150069, Heilongjiang Province, China

Abstract: [Objective] To characterize a type I restriction-modification (RM) system C5423-5425 in uropathogenic
Escherichia coli CFT073 and to determine its function and physiological significance. [Methods] Lambda Red
recombination system was used to construct methyltransferase gene deletion mutant Ac5424 in CFT073. The
modification sites and recognition motif of C5424 methyltransferase were obtained by single molecule real-time
sequencing analysis. A transformation efficiency assay was used to test that the RM system C5423-5425 can block
transformation of exogenous DNA. Genes regulated by C5424 were identified by transcriptome sequencing and
real-time quantitative PCR. The physiological function of ¢5424 was studied by soft agar plate motility assay.
[Results] A type I RM system was identified by bioinformatics methods. A c5424 deletion mutant was constructed.
We found that the C5424 recognition motif was G"AGNNNNNNNGTCA/TG"ACNNNNNNNCTC, and its
distribution in the genome was presented. C5424 contributed to reducing transformation of foreign DNA. Deletion
of ¢5424 significantly affected the expression of 17 genes, including motB and rc/R. Lacking c¢5424 significantly
affected bacterial motility and the resistance to hypochlorous acid in CFT(073. [Conclusion] In this paper, the type |
RM system C5423-5425 was characterized in detail, and it is physiologically important for uropathogenic E. coli
CFTO073. Thus, our data provided valuable information for bacterial epigenetics studies.

Keywords: uropathogenic Escherichia coli, DNA methyltransferase, single molecule real-time sequencing,

restriction-modification system
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