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(diguanylate cyclase, DGC){f: /) GGDEF 45445
& LL & 5 A B 2 I B (phosphodiesterases ,
PDE){& 1) EAL 1, HD-GYP 454382 435 1
7 c-di-GMP 4 S5 RS,

Yeal ~NH4& DGC = PDE &k, [AIHLAEHS
W PSS c-di-GMP i & $5 F EJE R
FOL, L4 i g GGDEF (% EAL 45kt
KITE 61 PRECHPE | AR M AN 25 A= Mk KT 3 A
AR ATE L, KB yeal FEIX LK AT il bl
TSt e EE AR ST U, BFgE R, yeal X 4NTH H
AEZEPEEAER, A0 PR & 0w 1 K A
CFTO073 Hh, yeal REfS(E i H A I ), 78
KIGFFE K-12 BEbEH, yeal REAS (L HA: Y4 i
T8 BUFN 4 s g Bk o B B R R WX 354 T
KIGHTE yeal HyEINRENISE, Kk, TR
IR yeal BAEYFReMEDTSE, W]yl K
M5 R TI4FURR DR S

1 AR

11 R

/NEELIR b B2 0B (EpH4-Ev) I FH 38 [F S A K
W55 0> (American Type Culture Collection,
ATCC). Wi IR RIAHFE NIL17 T 2017 4E TS
AFLIR AR AL a3 B, PCR A3 RE%E H
B MM SRR 1 (EPEC), AR ERLT
NP5 FRARSCHER W A 221 Corning 24w ; 411l 2
fi# W T (Trypsin-EDTA solution) . iR £h 2% thik
(PBS) . 1 ¥ DMEM Iy H Gibco 2 A ;
PrimeSTAR®Max DNA Polymerase . Premix Taq™ .
DNA Marker ¥l H TaKaRa 4= ¥13 ARA BR A 7 (H
[ 3% ) ; TIANprep PR i 8 SRzl & 18 B AR
Y AREBRA ] s GenedET ¥ HE BRI £t

H 3R R R B A vl () s 250 R 1
HECH RW 2w BERR . EE R . Bile kil
HE[E Oxoid Aw]; & NIUMEN, HWER. R
BR. FOWHE . NIRL, wans. Sy
W H A T AR TAR (i) By A BR A F] 5 MgSO,
T B 3EE Amresco Al Jo4EAE R ISR 1 2 AR
4 H 3£ BD A,
1.2 PR RBAFE NIL7 SR Bk & E E AR
if=:3

F 4 KA T o 2 R 41 )7 41) (NC_000913.3), iz
H Primer Premier 5 #k {4, #&it3 1 59T NJ17
(1) yeal i [R5 S Ak A0 ] A2 Ak P ) 3 6 5

Z: B SCHRA R 1 05 RO A ke sl o S A R
P pKDAG TR (1 AR 5230 28 PG ) Y NJLT7 45 22
WK LB 153535, 45 NI17 s B bz S 4.

iz 5149 yeal-UF/yeal-UR #1 yeal-DF/yeal-
DR 2l 14 yeal 9 1. FHERIUEE, 519
yeal-CF/yeal-CR ¥ ¥ S B R Pk A cat, DL ik
[l 4iAk i PCR ™4 itk , FIHE & PCR
S yeal LiEfFsl. AER N yeal TiF/T4l
3 AR BB R THE i Be (/N 2683 bp). #4”
WAL T B Ber Ak (1 mm AR, 1.8 KV,
Jikp 25 pF, HLBH 200 Q)% NJ17 &z A, s
5|%) yeal-UF/yeal-CR it . % & ARk
A cat 19 yeal SR, WBERDhER yeal I+ A
AR RPUER AT 4 4 NJ17Ayeal-Cm.

AL BUE TR R pCP20 (R F BB Rtk
% NJ17Ayeal-Cm J5, A cat-IF/cat-IR 735 %%E
NJ17Ayeal-Cm FIIHER cat JER BRIk, KA S
LA EPMER yeal Bk tRfr 4 NJ17Ayeal .,
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Table 1.  Primers used in this study
Primers  Oligonucleotide sequence (5'—3’) Description Product size/bp
yeal-UF  AGAACGTATAAGAACGTGGAAGTCG The upstream sequence of yeal 880
yeal-UR AACAAAGCCACAACAACCATCAG
yeal-CF* TGGCTTTGTTTGTAGGCTGGAGCTGCTT  Chloramphenicol resistance cassette (cat) 1015
yeal-CR* ACACCTCACCCATATGAATATCCTCCTTAG
yeal-DF  GGTGAGGTGTTTGGCTTGCT The downstream sequence of yeal 788
yeal-DR TCAGTGGATGCGGTTTGTAGTG
cat-IF ATTGGGATAAGTTAGAGC Partial sequence of cat 257
cat-IR GTAATAATGGGTAGAAGG
yeal-IF  CATGTTAATGAAATATTTC Partial sequence of yeal 213
yeal-IR  AGCGCCAGCGAGGTTAAACA
yeal-OF  GGAACGTCTGCGCAAAGAAAT Exogenous identification primer of yeal 2604

yeal-OR  GGAGTCTGCTTTCTGCACGAT

C-yeal-F® CCGGAATTCAAATTATCTCATTTATTACATA Used for constructing yeal complementary plasmid 1575

C-yeal-R® ACGCGTCGACTTAAATATGATGAATAATCA
M13-F TGTAAAACGACGGCCAGT
M13-R CAGGAAACAGCTATGACC

Used for identifying complementary plasmids 1675

& Chloramphenicol resistance gene cat was amplified by primers yeal-CF/yeal-CR and the underlined sequence at the 5’ end is
homologous to the sequences on both sides of the yeal gene; ®: The restriction sites EcoR | and Sal | were respectively introduced into

the upstream and downstream of primers C-yeal-F/C-yeal-R.

OB, WEFE R pSTV28 # ik, iz 5
M13-F/M13-R ik . 485 715 ok pSTV-yeal, Jf
b=/ B 1L 5 N 31 D5 2o S SR SR IR W ig v 2
2 NJl7Ayeal #t K Wtk b, 2 H 51 ¥
yeal-IF/yeal-IR F1 M13-F/M13-R ik . % 5& m4E
Fikk cNJ17Ayeal .,

1.3 ARKi&R&EYBIE

¥ NJ17. NJL17Ayeal fil cNJ17Ayeal 7 LB Hi
B3t BREOh IR, LU 11 100 (VIV)EY L l5ERD 2=
100 mL LB AKSEFRERHIE S, BeE T
37 °C. 200 r/min $ERIRZHE TR, & 1 h BRI &
LR, SLREE 3K, LllEkmA K.

A= IR I 5 vk S BEOSCER (10138617, %
R 3RRIATE LB IR KRG SR A h i B B R S
BOWERK, LB REEMBEHER
ODe0o=0.1, ¢ = Fh A AK B 200 pL iz 96 LAk ,
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37°C¥H 36 h &, PBS ¥k 3 ¥k, H 0.1%F0 4,
Fl AR IR R Y4 30 min, PBS #hik 3 W,
A 100 pl 95% . st i 45 i 4%, foft PRt s £ S0 7
595 nm Ab 4 25 fi $8 V5 TR O %% JiE (ODsgs) , Bk 4R i
HE 6K,
14 FEHEEWNEAEEE. HEES

J T yeal XF NJL7 #iE . HEE
BLRRE , 2 BOSCER[11] 5 8% NJL7 . NJ17Ayeal
F1 cNJL7Ayeal FEAh 2= WA LB h 37 °C #E 17
% ODgpo=1.0, 1 0.22 pm /K RIEARTIE WK, &t
IEZ J5 1 PBS kR, BRI IR A&,
A 5 mL #0048, S IERR SR PBS
H TR IR AR b v ok o o b A B 1 TR A
W, 5 Y R4 L BITR A T AE 2-3 mm 4
W R Z AWK, FRSTRRIBET, JF B S R B
(Tecnai 12, "WHIHT, PFATURHTHRRFE, fof =)L
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1.5 45 rdar JEAS AL

7 A IR S AT T (AN R AT 1) 2 L2 R
2115353 (Congo Red, CR) FIE MLl (f . TRl
BE 0 P& TE 24 (rdar JEZ, red, dry and rough)t?,
¥ NJ17. NJ17Ayeal 1 cNJ17Ayeal 43 5I4EFR LB
WAARE IR, 37 °C WHERI LK, 4 °C,
3000 r/min 5.0 10 min J5 UK, PBS HEEJf
JA#E % ODego=3.0, & HRSCHR[13]0Y i, Mo e
fitf () 200 mL CR 1557 5£(200 mL: F*R41 0.008 g,
F s 0.004 g, HME 2.000 g, BEEER
1.000 g, BifEHr 1.600 g), 7EEEKF SR CR
PR3 FR L P J A 0.5 pl FifAk, 28 °C 4555 48 h
JEAIEMER
16 B3t

# NJL7 ., NJ17Ayeal 1 cNJ17Ayeal 435! &
B 7% 2 ODgo=1.0J7 , 4 °C 3000 r/min #.C» 10 min,
AT, PBS Vi, HAJIE ODgg=3.0. AL
200 mL iz shPEREFR 5 (200 mL: 2.0 g ZE Ik,
1.0 g S Ak#h, 1.6 g BIAIWER 0.5 g BEAEAN, &
FEREEEIAIL, FRREEFER S AINA 2 pl
B, 28°C 153% 24 h J54AME | .
1.7 SR 2E

J T P veal X NJL7 Tif 2450t i s, 2: B8
NCCLS (National Committee for Clinical
Laboratory Standards)tnfE, “KF K-B 4K EiIgY"

Bk, BEFE 16 FipiAEE X NJ17. NJ17Ayeal Al
cNJ17Ayeal T 25 ML TGN . K Rk BRI PRI &)
AT LB A, W F2Gfath, 37 °C Kige
18 h j&m, M5t mEE e, DIZK
T, HE R A TR T A 24 ) R - UK
(Susceptible,, S). ' (Intermediate , 1) Fl fiif 24
(Resistance, R), SZgashir &R 3 K.

1.8 ZHPEFLRHAT

2 BESCHR 3] 2 BP A= bk NJL7 X /N BRELAR |
B2 A EpHa-Ev FIZERTREJT . ¥4 EpH4-Ev £ 3|
24 fLAR, FF7E 10%44- M35 DMEM B3 3Erh
B AN N 3x10°. RS [R) Ik e B Bkt
(MOI=400, 200, 100, 50, 25 #il 12.5)&%3x 24 fL
MR R4, FE7E 37 °C. 5% CO, 41 E; 746
& 2 hPBS (pH=7.4)1 % )5 , ¥ EpH,-Ev i 0.2%
Triton X-100 241 , ZfE B FES UR AT 22 LB ~FAl,
B3t 12 h R T AN v R, TR AN R
1.9 IMMERELE

S IESCHR[OIW i, BU SRR, 4
B 10100 (VIV)EET 5 mL BB LB Wik 5
Jerh, 37°C. 200 r/min #1535 25h 5, 4°C,
3000 r/min &.0> 10 min, UC4ERA, PBS (pH=7.2)
Vel 3 YRR, Y 2R 10° CFUmL,
5 pl AU TR PRI S N2 95 pb AN Rk B A
(100% ., 50% . 20%7F1 10%) K R ILIEH , LA 60 °C
K i 30 min (1)K BRI I (L8 vk B2 A 100%) 154 [
PEXTHR . KRS WITE 37 °C T HE 1 h e, #W
IRAYRELRRE 10 £, B2 GIEWEM SR
FERR PO A T A B T4, SCIRE R 31K,
1.10 HEEAECEFEEE KR

ZIROCHR[15-16], 1E#E 5 AR5 Az
A MIFE motB | filG Al filM, LI dnaE NS
B B E I 2), PR ER PCR
frill, BF5E yeal JERIGRXT NIL7 HHE B LR 5%
SEACE IR B NJ17  NJ17Ayeal 2 cNJ17Ayeal
F 37 °C #E 3R 2 ODgoo=1.0, 75 4 mL &
WAHEEL mRNA J5 % 5% 5 cDNA,
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% 2. EHER PCR N34
Table 2. Real time quantitative PCR detection primers

Primers Oligonucleotide sequence (5'—3’) Description Product size/bp
motB-F CGGCTGCTTATTCACTTCCC Partial sequence of motB 159

motB-R ATCTCCAGCCCAAAAGAGCT

fliG-F CAACTTTATGGAGCCACAGAGCG Partial sequence of fliG 225

fliG-R CCGTCGAGCAAGCCATTCAGTAC

fliM-F GGCACTGGGCTGGTGGTGTTCTC Partial sequence of fliM 260

fliM-R ATGTCGTTCGGCGAGGTGGTGAT

dnak-F GATTGAGCGTTATGTCGGAGGC Partial sequence of dnakE 80

dnaE-R GCCCCGCAGCCGTGAT

DL cDNA gt , SEifE  PCRAGTIIMA Ry tR 334, P<0.05 A h 2281k % .
20 uL: SYBR Green PCR Master Mix 10 uL, T
W3190% 0.8 uL, cDNA Bl 2l (25ng). i 2 ZERFGAT
JH Applied Biosystems® QuantStudio® 5 ¢t &E &
PCR Y, FFBLE NS4 95 °C HEHE 2 min;
PCR JZ v [ Bk : 95 °C 15's; 60 °C 30 s, 40 MG

2.1 yeal SRIHR I RIS bRIFS L

yeal 45 25, yeal i ORF K/INAy 1476 bp,
it 491 NE KRR c-di-GMP &l . iz 1] yeal
I AL IBTEL: 95 °C 155 60°CIming 95°C b wneersea by veal-IFiyeal-IR A1 BT/ bk
15 s fifi F 27 TR BRI B SR K E 22 5% NJL7 346 213 bp B9 M 1-A: KK 1),
111 S-S54 MABRIAR NIL7-Ayeal KP4 H 5k (K] 1-A: JkiE

fifi Fil SPSS 19.0 BPEXT R AT S0, 2-4). B JHSMISIES W) yeal-OF/yeal-OR, MIET
Bl IR bR ME 2% (MeansSEMYE R FER . HEAT ZERIBRD 34T 2604 bp (979 (B 1-A: JKiK 5),

(A) B)
bp M 1 2 3 4 5 3 7 8 bp M 1 2 3 4
5000
3000 2000
2000
1500 1000
1000 750
750 500
500 250
250
100
100

Bl 1. PCR ¥ NJ17 BY yeal ZRFE TREHK K [E &4k
Figure 1. Identification of the NJ17Ayeal and cNJ17Ayeal by PCR. A: Identification of yeal deletion strain by PCR.
M: DL5000; lane 1: PCR identification of wild strain by primers yeal-IF/yeal-IR ; lanes 2-4: PCR identification of
strain  NJ17Ayeal by primers yeal-IF/yeal-IR; lane 5: PCR identification of strain NJ17 by primers
yeal-OF/yeal-OR; lanes 6-8: PCR identification of strain NJ17Ayeal by primers yeal-OF/yeal-OR. B: PCR
identification of yeal complementary strain by PCR. M: DL2000; lanes 1-3: PCR identification of strain NJ17,
NJ17Ayeal and cNJ17Ayeal by primers yeal-I1F/yeal-IR.
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Mg kk NJ17Ayeal §34H 1682 bp =4 (&
1-A: JkiB 6-8); iz H151%) yeal-IF/yeal-IR X} NJ17
N H yeal FEPRI B bR AN 8] K bR A T PCR %€ , 45
R, BFAEBRR R R AT DAY S 213 bp 145
(B 1-B: PkiE 1. 3), Mk bRABED 1S 2AHH 1Y
k(B 1-B: JKif 2), bk PCR A4, F %0,
NJL7 1) yeal BF A= HRAN 15 MRAG RS , 943 5l
%} NJ17Ayeal F1 cNJ17Ayeal .

2.2 HEMAKTZL

HYAE MR . SRR PR EAMR A AE R TR
Besk yeal NS NJL7 B 4= K451 (P>0.05) (] 2).
2.3 yeal BREXT NJI17 A=Y w AT R BE 1 2 TR

X yeal fif 2k 4 A ) 1 IR FSCRE ) 4G 25
R, SEPARE NJ17 (ODses=0.70)FH L, B4tk
NJ17Ayeal (ODsos=0.44)4= ¥4k T i RE /1 8%~
[%(P<0.05), 1M H.#Mk ¢ NJ17Ayeal (ODsgs=0.61)
() LE W) JSURE A B A (18 3).

2.4 yeal BRI NI17 06 E XHEEBHIE R

B LS R WoR R, SEFAERR NJ17 AL,
NJ17Ayeal BN Z, (H#EEK B Lo mb
(E 4), KGRI yeal 500 5 B K HEE ITE AL
[ NI17

- =+ NJ17Ayeal
|+ cNJ17Ayeal

ODy,
S = N W ke N ®
T T T T T
}

02 4 6 8101214161820 22242628
t/h
B2 TEKEKBENESR
Figure 2. The growth curves of NJ17, NJ17Ayeal
and cNJ17Ayeal.

(A)

NI17 PV
NI17Ayeal

cNI17Ayeal :

(B)

ODy,
Lo~
o—NwrLONXOD

3. yeal T4 BUFNER KR E M AR L B RE 42
Figure 3. Biofilm formation of NJ17, NJ17Ayeal and
cNJ17Ayeal. *: P<0.05.

2.5 yeal XF NJ17 i rdar JEZS B0

FE CR VA I, BFA:fk NJL17 WIS TE S 2T
o, MR EEAS (dar TER). SE AL,
NJ17Ayeal FVEEERLIE L, 1 cNIL7Ayeal K
PR 68 S BT i A2 AL (K 5).

600 nm L

NI17 NI17Ayeal

4. yeal B4 BIFIGRKHKIE S B IEEI N ER
Figure 4. Transmission electron micrographs of NJ17
and NJ17Ayeal.

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



2368 Xudong Wang et al. | Acta Microbiologica Sinica, 2020, 60(10)

28°C,48h

NJ17 NI17Ayeal cNI17Ayeal

5 FFEHK. REWRKREEN rdar SN
Figure 5.  Rdar morphotype of NJ17, NJ17Ayeal and cNJ17Ayeal.

2.6 yeal EHEERIEH NI17 WiEshE (A)
NP A A BB AR AT [ AR A 328 Bl P AS

SERFW, H5HFAERE NJL17 RIEIEFE cNJ17Ayeal

I, NJ17Ayeal 38 3h1k 258 i (P<0.05) (& 6), NJ17 NJ17Ayeal  ENI17Ayeal

%W yeal k& B E R B Ak B  4r * *

2.7 yeal B[R BRA X RIAHT B NJIL7 Tt 25 1 ET 2

45 NCCLS HIrEbnife , kAt M st i T B
P A% < 13 mm AT 25(R) . 14-20 mm A H (1)
=21 mm (S) MU dE A 3 YL, MIAT NJ17 .
NJ17Ayeal 1 cNJ17Ayeal 1 E& 8 ELAZ K /N33 H &
(25.86:+0.64) mm . (18.46+1.04) mm F1(24.75+0.32) mm ~ @@ @\Wﬂ

3), #kH | S A 33 NiolESEES ©
G })Esf i vea };ﬁ% Eﬁfﬁﬂm I me smmaannzas
FRURZE Ay T S, ITHAB DA 5 G Tt 245400 Figure 6. Bacterial motility of NJ17, NJ17Ayeal and
BEAZLL cNJ17Ayeal. *: P<0.05.

3. BEMRIEIEMENE
Table 3. Determination of antibacterial activity of each strain
Antibacterial activity (inhibition zone diameter /cm)

Motion radius/cm

Antibacterial drugs

NJ17 NJ17Ayeal cNJ17Ayeal

Ceftriaxone S | S
Rifampin R R R
Kanamycin | | |

Neomycin | | |

Enrofloxacin S S S
Ampicillin | | |

Ciprofloxacin S S S
Amoxicillin | | |

Cefradine R R R
Tetracycline R R R
Azithromycin R R R
Erythromycin R R R
Clindamycin R R R
Cefotaxime R R R
Florfenicol S S S
Spectamycin R R R

R: resistence; I: intermediate; S: sensitivity.

actamicro@im.ac.cn
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2.8 yeal HRAXT EpH,-Ev FIRi N BE ST IR

WA IR KA R NJL7 7E MOI=400,200.,100,
50, 25 Fl 12.5 B}X} EpHs.-Ev FOZEEH 451K
0.59%. 1.22%. 3.11%. 4.60%. 3.73%7 3.66%,
ZERFH] MOI=50 i, NJ17 % EpH,-Ev H9%h 3
e, NEGERGER(E T-A),

UYL E R MOL Sy 50 BF, SEFARRA L,
yeal SEPRIBR 2R J5 %t /N BRLZLAR 1 F 4 Ff A 285 B 230

A ¢~ EpH,-Ev

o

Adhesion/%
~

N
T

7.
Figure 7.

50

20

10

Survival bacterial/(x10* CFU)

8.
Figure 8.

FERMAR M

L E R (P>0.05) (K 7-B).
2.9 vyeal HrEXt NJI17 LI R EEF B

M AR F SR E B NJL7. NJ17Ayeal #1
cNJ17Ayeal 7E Kid K BUMLIE H 047 1 BE 1 0 I8
F 2% 5 (P>0.05) . {HTEWKEE Ky 100% Y K K I
By K B 3 R, yeal IR Bk 2k B3 B N
NJL17Ayeal B3PI TE A& B BE 77 (P<0.05) (&l 8).
cNJ17Ayeal 5 NJ17 I NJ17Ayeal #H L, HAEAR

EpH,-Ev

Adhesion/%

ZHE X EpH,-Ev FhM R BN E L5 R
Determination of the adhesion rates of NJ17, NJ17Ayeal and cNJ17Ayeal to EpH,-Ev.

50%

BRERENHMELSR
Determination of anti-rat serum bactericidal ability of NJ17, NJ17Ayeal and cNJ17Ayeal. *: P<0.05.
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[F) e J8 R BRI ¥ R A 3 A0 T B R R
(P<0.05),

2.10 yeal ZENBKFNTHEB I N FKF
e A% 55 20 TR HE B 5 ORI B Bl AR S Y 2

motB. filG 1 filM, #17 Real-time PCR &, %%
KW, yeal FEF G R ELR S NIL7 1) motB Fl
filG AY%E /K F-(P<0.05), e yeal fk-e5 mi H i
E LS St SE R 5% (B 9).

(A5 (B) = (C)g
215 2 4r ‘% 1.5
3 R |l e g
6 o Z3r 1 5 T
< 10} 2 210
Z
z 22 Z
Eg 0.5+ @l S 0.5
L] (] (5]
= = =
£ 00 : 20 £ 00
& \\’\ «o}’"\ ﬂ_o}}\ & \\’\ -.o}}\ .‘o}}\ & \<\ ~.@°\ o
<~ W < <~ < = ~ < W
x\’\ \\(\ \\(\ A \\/\ \\(\
< ol = ol > ol

9. ¥EEEME motB. filG # filM BY%E R IK RN E

Figure 9.
NJ17Ayeal and cNJ17Ayeal. *: P<0.05.

3 itib

SRR A FLIR A B KA AT TR B Je A |
IEEVE R I AT AL, 38446 I BOw P K FF &
(EPEC)&:2 MM 4k ETEC Bl M TE R EORHL
HE MRz o, (EIHAE U4 2L R 5K
P R PR SR LR BN EE A I . yeal B 5L IRIR
WMEEF(DGC), = 5IRE KT MMz st . 49
Pl 2 H yeal ZEWSAR IR KIGAT
RAERPRIPEAE AT

ARWFFELE R FH , yeal Bt NJL7 B4 KAk
PEFIBT ARG VETC & 520, (H520 NJ17Ayeal )
rdar JE 25 . rdar JE&E 48 TE A YRk BE R A FT 1
FERIRLL(CR)BUMR R 773k b= b 2rfa . T
BERTE A . BFSE R, curli ¥ FHPE R K IBAT &
7E CR BUIERFRIE b BRI MELL (o, KRR . &
HTREERIEA, A4 curli B ERH KRBT E
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Determination of the transcription levels of flagella-related genes motB, filG and filM in NJ17,

EHEA . RS AN, ARFra R R,
NJIL7 ZEMISRLISEAR F S BRLL . TR AR AT
A, HEN NJL7 J&F curli B EBHMEKRBTHE. b
4h, yeal B, 76 CR B9 5: FH53% 48 hJnTd
e AR e P AN A Ea S IR0 S 1) 01
c-di-GMP By 2 2 4E 22 195 h, R e 4l
yeal LK L 4 NJL7 2N c-di-GMP K, i
20 NJ17Ayeal 4 rdar T2

S5RBTE K-12 MRS, NI17 1 yeal J[H
B R JE o o A TR s Sk, AT
Real-time PCR il 45 5%, yeal JE Il #EE
FEHA motB il filG AL sk, HEM yeal 7] fg
PR 5 B B A DG A HE R A 1 R IE T L
AR IE S . HAMK S B AR R R R AT Lz s
WEREL, vIReem T EAMEMR R pSTV28
JokL AR YE DUsos, 5B AR TR ARAH L, EAN A
PRIV yeal FRik KV & s, EARA R E— 2ot
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5. TERIFFH CFTO73(UPEC)H yeal JE[A sk
23 1 FRARAE LB Joh BE SR A MO T 15 32 5k
IR B, (B E IR s shEP, R,
yeal TEA[RIZEAY A KM HT T b Al BE & F5E 46 AN R i)

YEF . ILAh, ARWF5T 45 R, 181 i B A NJL17
Bk yeal J5, HEFBME B ZE M, T

I TE B 2 52 0 240 D A ) R BT i B B R 2

o WA, ELEE c-di-GMP ., BEIARERN (S 57
LPS S5X5 20 B A= Y9l BT il BA7 B 2845 E
IR c-di-GMP ik BE X AE W Rt T A
HEOREAEN, TEAS Y yeal it c-di-GMP
A UEE, HED yeal BRIRJE, AT L5 A A
c-di-GMP KF-,  H I el 42 4 B 114 A6 0 e BT
HARBLET A R i — 20058

LI HEHTRE T & KM AT B A B AL 2 —
AW, YR EUAIEE S 100%00 , yeal Bk
2 W BT NJL7 YIS HCH )T, HEW yeal Btk
AIREIE L RZ M NJL7 TR 2 57 DTN 5 B it v
T AMATR IS RREL, AN, SEFERRML, T
DDA RRAE LT H 00 A7 05 B 7 S 5 R, 0 e
PR ) et AR Air ] pSTV28 ok ks
DBk, 78 cNJ17Ayeal ' yeal My KAKFm T
NJL17 fIrsk.

AT AGFTT T yeal X W54 P58 K b1 14
NIL7 AR s, vl ok J 82T g K FF
W5 R FLIR R PR RS %
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Effect of yeal gene on biological characteristics of Escherichia
coli of cattle origin

Xudong Wang!, Xinguang Lin*, Jiakun Zuo?, Yuanyuan Xu', Zhihao Wang?,
Zhaoguo Chen?, Xiangan Han®", Jinfeng Miao""

! College of Veterinary Medicine, Nanjing Agricultural University, Nanjing 210095, Jiangsu Province, China
2 Shanghai Veterinary Research Institure, Chinese Academy of Agricultural Sciences (CAAS), Shanghai 200241, China

Abstract: c-di-GMP is a widespread second messenger in bacteria and regulates many important bacterial
biological characteristics (such as biofilm, motility and virulence) by binding effector proteins. Yeal protein
containing EGEVF motifs can bind c-di-GMP and may regulate bacterial performance. [Objective] To study the
roles of yeal in Escherichia coli NJ17 strain. [Methods] The yeal mutant (NJ17Ayeal) and complementary strain
(cNJ17Ayeal) were constructed. Growth characteristics, biofilm formation ability, adhesion and other biological
characteristics were analyzed in NJ17, NJ17Ayeal and cNJ17Ayeal. [Results] We successfully constructed
NJ17Ayeal and cNJ17Ayeal. Compared with NJ17, there was no significant changes in growth characteristics and
drug resistance of NJ17Ayeal (P>0.05). However, biofilm formation ability of NJ17Ayeal significantly decreased
and motility of NJ17Ayeal significantly improved (P<0.05). Transmission electron micrographs shows that yeal
deletion affected the formation of NJ17 fimbriae and flagella. qPCR results also showthat the yeal gene
significantly inhibited the transcription level of the flagella-related genes motB and filG in NJ17. Furthermore,
serum survival experiments results show that deletion of yeal significantly enhanced survival abilities of NJ17 in
rat serum (P<0.05). However, compared with NJ17, there was no significant change in adhesion rate of yeal mutant
to EpH4-Ev (P<0.05). [Conclusion] The yeal plays an important role in regulating the biological characteristics of
E. coli of cattle origin.
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