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Abstract: [Objective] To study the effect of histidine kinase gene envZ in two-component system ompR/envZ
on biofilm formation ability of avian pathogenic Escherichia coli (APEC), understand the regulation mechanism
of the two-component system on biofilm of APEC, and provide a reference for investigating the ways of
biofilms affecting APEC antibiotic resistance. [ Method] The red homologous recombination method was used
to construct the envZ-gene-deleted strain, and the differences in growth characteristics and biofilm formation
abilities between wild strain and the envZ-gene-deleted strain were compared. The mechanism of envZ regulating
biofilm formation related genes in transcriptional regulatory network was analyzed by transcriptomics.

[Result] The envZ-gene-deleted strain AE17AenvZ was successfully constructed. The envZ gene deletion had
no significant effect on growth rate of APEC, but weakened the APEC biofilm formation ability. Compared with
wild strain AE17, AE17AenvZ had 711 differentially expressed genes, and the genes related to biofilm formation
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were significant down regulation. [ Conclusion] In addition to responding to environmental osmotic pressure,

envZ gene is also involved in regulating the formation of APEC biofilm.
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Table 1 Primers used for construction and identification of envZ gene deletion

5|4 Primer ¥ %1(5'—3") Sequence P K /Mbp Product size
envZ-U-F GCGGGCCACGCAACGAAAGTTAT 810
envZ-U-R CCAGCCTACAACCATTAGCGGCACGGGATTAGGGC

envZ-cm-F CGCTAATGGTTGTAGGCTGGAGCTGCTT 1013
envZ-cm-R TGAACTTCGCCATATGAATATCCTCCTTAG

envZ-D-F TATTCATATGGCGAAGTTCAGCACCACCAGATA 736
envZ-D-R CGAAGCGTCGCTAATGCAGAACA

envZ-out-F ATCAAACCCAGTACCACTTCCTCT 2102
envZ-out-R GCTCTCCCGCGATAAGCT

envZ-in-F TCCCGCTCATAGCCACTT 499
envZ-in-R TTCATCAGGGCGATTTCTC

pKD46-F GATACCGTCCGTTCTTTCCTT 888
pKD46-R TGATGATACCGCTGCCTTACT

pCP20-F TTAGTGGTTGTAAAAACACCTGACC 409

pCP20-R

GTTAGCGTTGAAGAATTTAGCCC
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Table 2 Primers used in real time fluorogenic quantitative

PCR
5|%) Primer JF%1(5'—3") Sequence
dnaERT-F GATTGAGCGTTATGTCGGAGGC
dnaERT-R GCCCCGCAGCCGTGAT
fhIART-F GAAGTGGTGGTCGTTGCCGATAAA
fhIART-R GCTGGAGTTGAAGATAATGGGGG
fIhDRT-F AGAGTAATCGTCTGGTGGCTGTC
fIhDRT-R CGACAACATTAGCGGCACTG
fIhCRT-F GGCTGGTGAGCGTGGGTAATA
fIhCRT-R AGTGCCCGCAAGCAGAAGAAG
fimDRT-F CACCTTTGTCATCTGCCGAACTCTA
fimDRT-R GTCCCTGGCGGTAATTCTTGC
fimHRT-F GCTATCCATTTCCGACCACCA
fimHRT-R GCACTGCTCACAGGCGTCAAA
mlrART-F TTAGTTCACCGTTACGAATCGC
mirART-R AAACAACAGCCTCCACCAGC
mcbRRT-F CTGTTGAAAACCTCACCCCG
mcbRRT-R TTAATGATTTGTTCCATGTCGCC
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M: DL2000 DNA marker, 1: 2% X} (envZ-in-F/R), 2: AE17AenvZ 1
M (envZ-in-F/R), 3: AE17 W (envZ-in-F/R), 4: & (A XF & (envZ-out-
F/R), 5: AE17AenvZ M| (envZ-out-F/R), 6: AE17 #MIl| (envZ-out-F/R)

M: DL2000 DNA marker, 1: Blank control (envZ-in-F/R), 2: AE17AenvZ
inside (envZ-in-F/R), 3: AE17 inside (envZ-in-F/R), 4: Blank control (envZ-
out-F/R), 5: AE17AenvZ outside (envZ-out-F/R), 6: AE17 outside (envZ-
out-F/R)

B 1 envZ EEKFK AE17AenvZ BIEE
Fig. 1 Identification of envZ deletion strain AE17AenvZ
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Fig. 2 Growth curves of AE17 and AE17AenvZ
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Fig. 3 Biofilm formation abilities of AE17 and AE17AenvZ
detected by microplate reader
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Fig. 4 Biofilm formation amounts of AE17 1 AE17AenvZ
observed by crystal violet staining after 48 hours’
cultivation
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AE17AenvZ

B 5 FAEHENE AE17 # AE17AenvZ & P35 5
Fig.5 Biofilms of AE17 and AE17AenvZ observed by scanning electron microscope
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Fig. 6 Volcano map of AE17AenvZ differentially expressed genes
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Fig. 7 GO functional classification of differentially expressed genes
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Table 3 Differentially expressed genes associated with biofilm
LA 2SR
o log,F
Gene Gene description
tabA il S DUF386 45 IS 1B R P8 & AW H I 2L 1 Encoding toxin-antitox biofilm protein that contains —7.086 6
DUF386 domain
IsrR K122 45 T R A BB ) 3 9 15 2§ Main regulator of Escherichia coli quorum sensing -5.905 8
mcbR  mhSGntRF G 5 3% 1577 Encoding GntR family transcription regulator -4.944 8
bdcA Ymtc-di-GMPZE A A M SR B/ i Encoding c-di-GMP binding biofilm dispersion medium —4.598 6
mird iIMerRF MEFEEF WA, csgheRBUER], iEcsgDRFRIE, REMBBIL RSN ET  -3.5871
Encoding MerR family transcription regulator, csg gene activator, regulating csgD gene expression,
a key regulator of biofilm formation
SfIhD ISR BT, SARCT L RMiE ) 2 & WIFINDAC2, JREA 22 shit 2 ARz s) -1.9009
Encoding a type of promoter, forming transcriptional activator complex FIhD4C2 with fIhC,
determining bacterium moving or not
SIhC IS 1RIEBN T, SARDIE B EE Y E G YIFINDAC2,  YiE Al e ie ahid 2 Fiz 3l -1.3130
Encoding a type of promoter, forming transcriptional activator complex FIhD4C2 with fIhD,
determining bacterium moving or not
Aid HEEHS AV ok T (028), MTTTA3RRE THIMIE, 3REA TR RML. EshEAMUL -1.1971
BlE A EARE
A flagella-specific transcription ¢ factor (628), responsible for the activation of all three types of promoters
which control the protein expression of filaments, motor proteins and chemotactic proteins
fliz P i B B IR A5 AR IA T b 75 Necessary for effective expression of all flagellar genes -1.274 4
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A H BAC i Glutathione metabolism 7

T H&HE1C 1 Butanoate metabolism 10
AR AN — 3R TR TR A 13
Glymﬁ(}late and dicarbox late metabolisms

MEIR . A TR R A R I B 6
Valine, leucine and lsoleucme degradations

R R R ﬁiﬁi Arginine and proline metabolisms 14

HE W T B Biofilm formation 6
XL 4) & 5; Two-component system 12
LWL p-lactam resistance 9
HEE2H % Flagellar assembly preermemm= 3
Z AR Nitrogen metabolism . == 1]

0 5 10
ARSI R

Differentially expressed gene number
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Fig. 8 KEGG functional classification of differentially expressed genes
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Fig. 9 Verification of differentially expressed genes
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