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Abstract: [Objective] To investigate the role of WekM, the O-antigen glycosyltransferase of
avian pathogenic Escherichia coli (APEC) O,;, in lipopolysaccharide biosynthesis and
environmental adaptation. [Methods] The wekM-deleted strain AwekM of APEC O; was
constructed by Red homologous recombination, and then the complementary strain CAwekM
was constructed. The impacts of wekM on bacterial growth and motility were examined. The
lipopolysaccharide (LPS) profile and reactivity with rabbit anti-O; serum of each strain were
identified by silver staining and Western blotting. Real-time fluorescence quantitative PCR was
conducted to determine the transcriptional levels of flagellum-related genes, and ethidium
bromide was used to measure the bacterial cell membrane permeability. Finally, the drug
sensitivity test was carried out to identify the bacterial susceptibility to antibiotics such as
ciprofloxacin. [Results] The constructed AwekM and CAwekM were verified by PCR
amplification and DNA sequencing. Compared with the wild type, AwekM showed incomplete
LPS profile and absence of some O-antigen bands. Western blotting results showed that AwekM
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did not react with the anti-O; serum, suggesting that the loss of WekM impaired the LPS
production. The deletion of wekM reduced the swimming motility and did not impact the
bacterial growth rate compared with the wild type. The transcription levels of flagellum-related
genes such as flgC were down-regulated in AwekM. The results implied that the reduced
motility of AwekM was caused by the decrease in flagellar production. In addition, AwekM
demonstrated increased cell membrane permeability compared with the wild type (P<0.01), and
AwekM improved bacterial sensitivity to 7 antibiotics including polymyxin. This result
suggested that the adaptability of AwekM to the environment was inhibited due to the increased
cell membrane permeability. [Conclusion] The deletion of wekM in APEC results in
diminished swimming motility, increased antibiotic resistance, improved cell membrane
permeability, and damaged LPS integrity. The findings lay a foundation for mining the role of

wekM and enrich our understanding of the stress resistance mechanism of APEC.

Keywords: avian pathogenic

glycosyltransferase; environmental adaptation
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Figure 1

x1 KHRFAAE4
Table 1 Primers used in this study

The O-antigen gene cluster and unit of Escherichia coli O;.

Primer name Sequence (5'—3")

wekM-outF GCTATGCGCAATTGAGTCAT

wekM-outR CCGGTGCATCTTAATCCCAATG

wekM-inF CTGGAACGACACCACACTCT

wekM-inR GGTCAATAGTGCTCCCGA

wekM-UF GACTGCAATTGCTATGCGCA

wekM-UR CAGCCGTTAATCAATACATTACTACAGAGGAAATG
wekM-CF AATGTATTGATTAACGGCTGACATGGGAAT
wekM-CR AATAGTTCCTGTGTAGGCTGGAGCTGCTTC
wekM-DF CAGCCTACACAGGAACTATTTGAGCGAACTAGATG
wekM-DR CCGGTGCATCTTAATCCCAATG

PO;-Kpn I-FN CGGGGTACCTCGTTGTTATTCTGATTGTT
PwekM-RN TTAATAACATTGAAAATCTGACCGGATGT

wekM-FN 1 CATCCGGTCAGATTTTCAATGTTATTAATTATTGCTG

wekM-BamH I-R

CGCGGATCCTCAGCACAGTTGAGCAATAAG
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MAHRE 10 mL PR RS PRAATTUE J K A T Ak 2
PE4E 2 ODgoo & 0.4, HL2 mL ODgyo ly 0.4 B
W, A 37 CCHEEFRAEFE SRR 1 h, FEE A
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1.7 RAEEERMTH

39 APEC O,. AwekM Fil CAwekM 7£ LB
BRI XECERIN, T TRIzol HHAH
& RNA, i AR — Z[fF(diethyl pyrocarbonate,
DEPC)ZMEA/K AR RNA JEHI RNA kB FI4E
JE Wi RNA Sk A cDNA J 8180 °CA5 1.

i FH ¢ 6 E - PCR Y (Agilent 2 w) )6 I #ff
BAHKREE R S AT B 5 13 N A R AR
WIRH A FRA A A (R 2).

%2 qRT-PCR fiF3|4)
Table 2 The primer sequences for qRT-PCR

Primer name Sequence (5'—3)

flgB-RT-F AACAAGAGGTGCTCAATC
flgB-RT-R AGTTCTGCGGTAGGAGGC
flgC-RT-F CGTAAAGGTTGCCGATGT
flgC-RT-R GTATTGACCGAGCGTAAGG
flgD-RT-F ACCACCGATCCGACAAATACCG
flgD-RT-R CGCCACCAACAAAGTCAGAAA
flgE-RT-F CTTTACCGATGGCACGAC
flgE-RT-R TATTCACCAGGTTACGATTT
fimA-RT-F TGCTGTCGGTTTTAACATTC
fimA-RT-R ~ ACCAACGTTTGTTGCGCTAC
fliC-RT-F CCTGAACAACACCACTACCA
fliC-RT-R TGCTGGATAATCTGCGCTTT
fliF-RT-F GGTGGATCAGGGCGGACA
fliF-RT-R CGTTACCAACAATAGGCGACAG
fliM-RT-F CCTGAACCTTATCCATCTAAAACCG
fliM-RT-R TCCATCGCCGCCAAACA
fliY-RT-F AGCACCAAACCATTTTTCGGA
fliY-RT-R GCTGCGTAAAGGAAATGAAGACC
flIhC-RT-F GGCTGGTGAGCGTGGGTAATA
flInC-RT-R AGTGCCCGCAAGCAGAAGAAG
MOtA-RT-F GGCAATAATGGCAAAGCGAT
MotA-RT-R ~ CAGCGAAAACATCCCCATCT

16S rRNA-F  TTTGAGTTCCCGGCC
16S rRNA-R CGGCCGCAAGGTTAA
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3A), O-PLJEHEHL . XKW wekM Bk FE

bp

1 500

1 000
750
500

399 bp

250

100

2 ERKHKFNIEIAMEK PCR EELER  A: HHAMUG 5T wekM-outF/wekM-outR %72 B ik, B: i
FHNAM G 4 %F wekM-inF/wekM-inR 4 % Sk e A% Al Bl &gk, KB M, 1., 2 F1 3 435124 DL2000 DNA Marker

APEC O,. AwekM FI CAwekM
Figure 2

Identification of the mutant strain and complementation strain with PCR. A: Identification of AwekM

mutant strain with wekM-outF/wekM-outR primer pair. B: Identification of AwekM and CAwekM strain with
wekM-inF/wekM-inR primer pair. Lane M: DL2000 DNA Marker; Lane 1: APEC O,; Lane 2: AwekM; Lane 3:

CAwekM.
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Figure 3 Silver staining (A) and Western blotting
(B) identification of LPS profiles. Lane M: 180 kDa
Protein Marker; Lane 1: APEC Oq; Lane 2: AwekM;
Lane 3: CAwekM.
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wekM 2K J5 Al I 12 Bl RE 132k o
24 MEFHFIKFRFIEFREN

SR G E i PCR 5 /R, AwekM 5
A RRHEE ARG HE M (flgB. flgC. figD . flgE. fimA,
flic. fliF. fliM. fliY. flnC F1 motA)#: /K T
P 32 5L (8 5A), S5 REH] wekM Gl 2540
] 2L 26 5 S 1R R DG R IR B i o i S HL B 4
SR, AR R R TR A R A MR,
AwekM (1) TA A Ji [ OR WL HEE (& 5B), KRB
AwekM BT AR R IR TR 152 BH

20 - APEC O AwekM CAwekM = 60 mm APEC O, kol
-»-APEC O, Tns E s AwekM
15| = AwekM = un = CAwekM
G = kakdk
- - CAwekM g
¥ 1.0 8
S 2,20
0.5 Té
T = oM .
: 5h 10h

El 4 APEC O;. AwekM F1 CAwekM E#k4E K (A)FIEE(B F1 C)RE S48
Ferp AR 12 h A K HRZE. B: APEC B FRTE N BIASAGE: FR 3R 2 shgE 1 AE. C: YKz

NSO, FF# R P<0.0015 ns s P>0.05

A: APEC EHRTE LB £ 5%
s HAE K

Figure 4 Determination of bacterial growth curves (A) and swimming motility (B, C) of APEC O;, AwekM,
and CAwekM. A: Growth curve of APEC strains grown in LB medium for 12 h. B: Determination of
swimming motility of APEC strains in semi-solid agar plate. C: Analysis of the difference in size of bacterial
swimming motility circle diameter. ***: P<0.001; ns: P>0.05.
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Figure 5 Transcription levels of flagella-related genes (A) and transmission electron micrographs of flagellum

of APEC O, AwekM, and CAwekM (B).
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Figure 6 Cell membrane permeability detection for APEC O, AwekM, and CAwekM. **: P<0.01.
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*3 wekM EREXHUEZM LRI

Table 3 Effect of wekM gene on antibiotic resistance

Agent MIC (pg/mL)

APEC O, AwekM CAwekM
Ciprofloxacin  0.2120.07 0.06+0.00"  0.21+0.07
Clindamycin ~ 26.67+9.24 6.67+2.317  18.67+12.22
Polymyxin  0.06+0.00 0.02+0.01""  0.03+0.00
Fosfomycin  16.00£0.00  4.00+0.00”"  16.00:£0.00
Vancomycin  16.00+0.00 4.00+0.00™  16.00+0.00
Doxycycline  10.67+4.62 533+2.317  8.00+6.93
Amoxicillin ~ 53.33£18.48  8.00£0.00  32.00:0.00
Cefotaxime ~ 256.0040.00  256.00+0.00 256.00+0.00
Cefoxitin 256.00£0.00  256.00+0.00 256.00+0.00

L AEPC Ol tb#%, **3/R P<0.01
Comparison with AEPC O1, ** indicates P<0.01.
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