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Functional analysis and pathogenicity of avian pathogenic
Escherichia coli of virulence gene ygeH
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Abstract: [Background] Avian pathogenic Escherichia coli (APEC) can cause avian acute or subacute
infection, E. coli type 111 secretion system 2 (ETT2) is a new type III secretion system found in recent
years. The effect of virulence gene ygeH on APEC pathogenicity in APEC is unclear. [Objective] To
explore the role of ygeH in the pathogenesis of APEC, so as to lay a foundation for further research on
the pathogenesis of ETT2. [Methods] The ygeH deletion strain AygeH and its complementary strain
CAygeH were constructed by Red homologous recombination technology. The effects of ygeH on the
biological function of APEC were analyzed by motility test, biofilm formation ability, stress resistance
tests and serum resistance test. The effect of ygeH on host infection of APEC was investigated by cell
adhesion and invasion test, pathogenicity test and inflammatory factor expression level detected by
fluorescence quantitative PCR. [Results] The deletion strain AygeH and the complementary strain
CAyqgeH were successfully constructed. Compared with the wild APECS81 strain, AygeH strain showed
lower biofilm formation ability and movement ability, lower tolerance to acid, alkali, osmotic pressure
and oxidative shock, lower serum resistance and lower pathogenicity. The adhesion and invasion ability
of AygeH to the epithelial cells of chicken trachea mucosa were significantly decreased. Compared with
wild strain APEC81, the transcription level of inflammatory factors in chicken tracheal epithelial cells
infected by AygeH significantly reduced. [Conclusion] ygeH can regulate biofilm formation, motility,
stress resistance, adhesion and invasion ability, inflammatory factor expression, and serum resistance of
APEC, thereby regulate the pathogenicity of APEC.
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TE 5 AN BETT2 SLHFE 1 APEC40 B Bk H i)
R BORAVERS . B T HEIE ygeH T
APEC 20 i 8 rh ity 383 4 A, ARSI XT 5
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Fom R /R A S )R APEC B ML {1t
RIS IR

1 mRE7T %

1.1 #l
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(NC _002695.2), fifi FH#k /4 Primer Premier 5 i%
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WEIMEE D, s e RE(EE)ABRAF
B
1.2 ERK¥K AygeH R EEE % CAyqeH HY
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yqeH-out-F/R #E47 PCR BGIE, 251 iF )5 1)
SRR 2N AygeH . ¥ yqeH FEIH B 5%
pSTV28 #ifk |-, FLL Tk pSTV28-ygeH HLFE A
AygeH [BZ 4N, @it M13-F/R 5155 .
DU 5 B8k 1 81 52 ik fiw 24 4 CAygeH.
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Table 1 Primers used in the gene deletion and complemented strains
5|4 4 FF Primers name 51474\ Primers sequence (5'—3")
yqeH-in-F CCAAATAATGCCAGAAG

ygeH-in-R TTGCGGTCGCTGACTAA

yqeH-out-F TTTCTATTCCACCTTCG

yqeH-out-R GTGCGTCTGTTGATGAG

yqeH-up-F CAAAACAACACTACAGCAGGT

yqeH-lap-cm-up-R
yqeH-lap-cm-down-F
yqeH-down-R
pkd3-cm-lap-ygeH-F
pkd3-cm-lap-ygeH-R

yqeH Co-F

ygeH Co-R

M13-F CAGGAAACAGCTATGA
M13-R GTTTTCCCAGTCACGA

CCAGCCTACACGACTACAAAGCCCCAT
TATTCATATGGGTCCAACATTGATACT

AATCCTCTTCTCGGCAC
GGAGGTTCTTAACATGGGGCTTTGTAGTCGTGTAGGCTGGAGCTGCT
TGGCAGATTGTTGAGTATCAATGTTGGACCCATATGAATATCCTCCTTAGTT
CCCAAGCTTTTTTCATAATGTGCATTTG
CGCGGATCCTGGCAGATTGTTGAGTATCA
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(ODg0=0.8, FIr]). LI PBS ¥ & B 2 uL
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L
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AN FBS FIHLA R IG SR R Xf B, B TR Ak
#HE 3L, 37 °C AR hHREHE 1 he
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RIGA T IMAETH 1% (RSO KE R E
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W, 2 B SE RN T A 2 6 FLAH
MIBEFEM, 37 °C. 5% CO, A K3, 15 4n Mok
TR I 75 7R3k, FHJCHS PBS PRIk 3-4 1K,
Mo LA MOI=100 /YL XSS A FhIE I e 40 i,
DLAERBUR S FBS FILAE 2R ARG I B4 0 B
HAEMES 3 9L, 37 °C HMRE 40 h k2L ims
H 2 he AR FRM, FTCHE I PBS PR 3 Ik,
PR AR B mRNA, R B S350 foxt
RNA A7 F et . B-actin /E N INERSHE L
2 BESCHR 10136 BGHR 20 R 1k A S B 36 PR,
F 2788 i AR ik K
.11 BUshE

SHRSCHR[11T5 s, K 7 HIS AR IEE R HL
Iy4H, FE4H 8 H o X APECSI1 . AygeH Hl CAygeH
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FEMERIN . e R BN, FHEMRY 18 R Bk
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/NGFRIR 1623 bp. TP kAT, WY
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AygeH ., [A15ZFk CAygeH 7t LB FifRFEH ALK
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2.3 APECS1. AygeH 1 CAyqeH iZHGE N
oLl

I PERTIN S R R AygeH Wiz shiE T i
FARTHP 4= Bk APECS1 (P<0.01), |15 #kiz 3k
NRWE, W 3,
2.4  yqeH EFE TR K300 % Y IR I A

AR RETE R A I 25 R, AygeH
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(P<0.01), [I5Z#kA:= Pk TR i i ) S AR &2
W 4,

2000

1 000
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E1 EEHRERA)FEERMB)A PCREE A: M: Trans 5k DNA Marker I; 1. 3: APEC81 4

PRILRY 3, 2 4. Btk ILEP %, B: M: Trans 2k DNA Ladder; 1:

[ g fe i PRI 7 3
Figure 1

pSTV28 7z R JE P 4 2.

Identification of gene deletion strain (A) and complementary strain (B) by PCR. A: M: Trans 5k

DNA Marker [; 1, 3: Amplification of ygeH genes of APECS81 wild strain, 2, 4: Amplification of APECS81
deletion strain. B: M: Trans 2k DNA Ladder; 1: Amplification of pSTV28 empty plasmid, 2: Amplification of

yqeH genes of APEC81 complement strain.
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157 o APECSI 2.5 APECS1. AyqeH iz R0 4 ¥ 45 BE4H
= AygeH KEFWRKAEEEN
IO e iz P RAE ) 0 IR G 3 TR 1 26 Ol o i 4
S RAUNE 5 TR, AygeH % APECS1 25 AR X 5t
0.5F DR R E T AH OGO [ B SROK R B E N [E
(P<0.001).
00T 53 45 ¢ 7 891011121312 2.6 APECS1. AygeH #0 CAygeH i % #Y
f@ ol
E2 FEEHGE K WKl 6A 6B U, 5¥FE R APEC81 AL,
Figure 2 Bacterial growth kinetics of each strain. AygeH TEFR . B35 FENLARAE N AE 1 20k 2%
D 8
sk
Bl
5 40
g T
Aol
P @
?3@ W Qv“*

& 3 APECS1. AyqeH A CAyqeH EHBENBIME  A: APECS1 25 ; B: AygeH 123/l ; C: CAygeH
iZZfE; D: APECS1. AygeH Fl CAyqeH iz EAZMIE, **. P<0.01
Figure 3 Analysis of motility of APEC81, AygeH and CAygeH strains. A: APEC81 movement circle; B:

AygeH movement circle; C: CAygeH movement circle; D: APEC81, AygeH and CAygeH movement circle
diameter measurement. **: P<0.01.
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Figure 4 Determination of biofilm formation ability of APEC81, AygeH and CAyqeH strains. A: Biofilm
formation; B: Biofilm measurement. **: P<0.01.
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Figure 5 Transcription level of genes related to
motor and biofilm formation ability. ***: P<0.001.
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Figure 6 The survival rates of each strain in different environment. A: Acid-shock; B: Osmotic-shock; C:
Oxidative-shock; D: Alkali-shock. *: P<0.05; **: P<0.01; ***: P<0.001.
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30% s} 8] S ARBT I 35 A T RE 1A k&2, LI 7
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M ARIEL AL 2 h J5, RYEAIIEE T IFN-y,
TNF-a., IL-1B., TL-8 FA%% K- R
2.10 YqeH 9% 5189 E

7 HIRAHENS Y 3 MG, Bkl
BRI LR, H2RHET-2H, 53, 4K
BAT 1, 55 5 RIFURTCIET 5 IRk R4l
B1RIOAETS, 2. 3RFBHT 1L H, 44K
TR ICAET s SR RIRRASE 1 RIET: 2 K,
W23, 4 RKT 1 H, 85 RIFIRTICIET
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Figure 7 Resistance to bactericida activities of
serum. *: P<0.05; **: P<0.01; ***: P<(0.001; ns: No
statistical significance.
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Figure 8 Results of adhesion (A) and invasion (B)

of AygeH to chicken tracheal epithelial cells. ***:
P<0.001.
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Figure 9 Effects of APEC81, AygeH and CAygeH
infection on transcription levels of inflammatory

cytokines. *: P<0.05; **: P<0.01; ns: No statistical
significance.
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Figure 10 Survival rate of APECS81, AygeH and
CAygeH after infection in chicks.
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A-D: APEC81. AygeH. CAygeH J X&) EHA VI A
E-H: APECS1. AygeH. CAyqeH J} &R HFAEH L)

Tissue slice of the host infected by each strain (200x). A-D: Trachea tissue slice of APECS81,

AyqgeH, CAygeH and the control; E-H: Liver tissue slice of APECS81, AygeH, CAygeH and the control.
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BNV — B R BRI R 5, B &1
LR R R 2, B AE APEC X 3=
AR EORT  R rP R HE B T RE AR IR O AR Y
TEHC ETT2 # 7 5 vh i 17 78 1Y % s 978 - i
yqeH #HATHE5Y, R ETT2 FEEUR A FEH Y
TEH .

S TR A= 0 0 R M A 20 L o DA ER A
DNA 2 A R ARSI AE P S R S ik, 3
BE 1 50 20 BRTAIR L1 2 G 2R 8 S A AR 3185 v
AAFBIRE ST, PR R RS AN AR IR B B,
AWFEH, ygeH FERERK TG mird . IpxA S5
B BT B O 1Y 3 N K R R, S B
APECS81 =YY iR 1 8.2 T K, [RIRS 7] g
FAE Y > S BOLTERR IR T B8 AR T
B 17 S5 i 2 AT, A SR AR R e RN AR v b 1
IR AR T e BLAh, AHFIE 450
BN, ygeH FERGRR JEH85 4 B4 bk R 5 5%
KRB AL, X f# B T APECS1 iz 8lifig J1 i &
FEARIX —IS . i, ygeH W 8 4 Uy at
FEETE 1l 35 DX R 6 & B TR ) 7/ 52 i) APEC
AT B RS 1 a2 shRE S, T A B T 4 iR
SERUE CISES TR

B HORPE K AT B 5 ) 308 o P T SR R
&, I, XSS R L R 40 A 4 B B AR 28
JE AN TR LR AT KB, eivd (ECs3732)
AR JFUA AR K12-EC10 Al EG , HON 4 i
MNRFTF [ 50%, KB ETT2 % /1 B 1E KB
K12 518 £ 0 L EE EEMBORERY, &
WA R BN ygeH LR HLK J5 APECS1 XX/,
RN b R A0 A B I R R ZR RE ) B R, OF
HXTE EME0REEIBAL, 5 HE L @si L
B o B JG , PBNRMFF BR 55 A 2% ER E
Ml LPS iz A& TLR4 HAPKIE, It
PG B8 o fil kA5 e Sl B (NF-x B % il
TLRs i #)"2%, BSR4 HE T IL-8 .

TNF-a, IL-1B. IFN-y ZE({)3EH10mEN ) A
HEW, 25 MM AR A F BV AR BB T 5%
i 2 P2, i B0 T K AT 1 (enteropathogenic
Escherichia coli)y #1 B th 1l ¥ K B # &
(enterohemorrhagic Escherichia coli)¥ 45 32 Y/
YU 1T B 73 W RS 800)0% F Map .EspM il EspT
Em 500, EspT FEARN &30S Racl, 25 EspT
P IL-8 Ml IL-1B AYRiE, JFHIR AR AR
R AR TR, SRR AU T R P TE
i AR K R RE ) OGRS, QN ARBCA S 0E
AR, P01 PR TR X PR OV AR A 0 5 1
FRM ORI R BN, ygeH FERBRRRHREL
Wf 4 #k APECS81 Jg& Ye X /<% B e b Rz 41 i
IL-1B. IL-8. TNF-a. IFN-y A% #E 5K F %,
XHER APEC H yqeH T GE o P8 43 5L L6 5 b X
R SR KPSk g i HEX A 3 0 ) R R AR
hie, IS RYEE RIS APEC
AL FNETE, AR T 3 B IR
PO APEC T 1A ZF S8, Xt i i
PR JE o B, AT HCT I AMA R G4
P P2 AR 18 U N A7 8 B R 3 B0 1 A ik
P ARFTREERBR, AygeH ¥ APEC81 £
B v 4 ML BB | R A K3 LY Hh X R %
P22 F K KR LG XS APEC 7 A1 3 H 7 4
FEIRIVER , Hrh BRI, TR IO IS
HAUAFTE X S IR e, AP TEAMASE— R
G RIRGIETEPE YT, X SE TR ARG IR 74 Af=
8 F ML TR R AL . X3RN ygeH T] REIE
a4 I I 37 0 B DR A 2R A SR KBTS IS
HAMASE R AR S R W AR T, X% APEC
TEAE RN RIS FIy BOR A 2 B EH]
T LRGSR, ARV LR T
ygeH XT APEC TEEp M AR OC 1) A= ) 2 3R U S 4
B e B AR, IR A T S BoR T
RIFE R BORPLH A T ISR SR 1T ygeH
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TE APEC B0t H (1 2 AE T, LA S AERR I 247K
SR SR B BAEKOE b H AR R R T
PR , JF3E R A RV FBL ] A B ™ 2k, A5
FEVE 2 5EIN), T2 E ZIRA MR R .
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