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1. ARXETHBERFRAL
Table 1. Strains and plasmids used in this study

Plasmids or strains Description Sources
Plasmids
pKD46 Red recombinase system under an arabinose-inducible promoter; Ap® Lab collection
pKD3 Template plasmid containing the Cm cassette for A Red recombination; Cm® Lab collection
pKD4 Template plasmid containing the Km cassette for A Red recombination; Km® Lab collection
pCP20 A temperature-sensitive replicon expressing the FLP gene to remove Lab collection
antibiotic resistance of mutant strains; Ap®
pWSK129 Low-copy-number expression vector; Km® Lab collection
pWSK 3xFLAG pWSK 129 carrying 3xFLAG sequence and Cm cassette; Cm®, Km" Lab construction
p3514 pWSK 129 carrying the 14028 STM14_3514 gene; Km® This study
pHilC pWSK 129 carrying the 14028 4ilC gene; Km® This study
Strains
14028 Wild-type S. Typhimurium strain Lab collection
14028 pKD46 14028 contain plasmid pKD46; Ap® Lab construction
ASTM14 3514 14028 STM14_3514 gene deleted This study
AHilC 14028 hilC gene deleted This study
ASTM14 3514 AHiIC 14028 STM14_3514 and hilC gene deleted This study
ASTM14_3514+ p3514 ASTM14_3514 complemented by plasmid p3514; Km® This study
ASTM14 3514AHilC+p3514 ASTM14_3514 AHiIC complemented by plasmid p3514; Km® This study
ASTM14 3514AHilC+pHilC ASTM14 3514 AHiIC complemented by plasmid pHilC; Km"® This study
14028 hilA-3xFLAG 14028 hilA gene added with 3xFLAG tag; Cm® This study
ASTM14 3514 hilA-3xFLAG ASTM14 3514 hilA gene added with 3xFLAG tag; Cm"® This study
ASTM14 _3514+p3514 hilA-3xFLAG ASTMI14 3514+p3514 hild gene added with 3XFLAG tag; Cm®, Km"® This study

Ap®: ampicillin resistance; Km®: kanamycin resistance; Cm": chloramphenicol resistance.
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ATCC 14028
pCP20

pKD3 pKD4 pKD46

ATCC 14028 LB

(Ap) 100 pg/mL

(Km) 50 pg/mL (Cm) 10 pg/mL

(Gm) 10 100 pug/mL HeLa
RAW264.7
RPMI-1640 10%
75 em’ 5% CO,
24
24-48 h
1.1.2 Taq dNTPs
T4 cDNA SYBR Green
Mix TaKaRa RPMI-1640
Gibco 24
Corning Trizol Invitrogen RNA
QIAGEN DL2000 DNA
Marker DNA
FLAG Sigma
1.2
A Red
[12]
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F2. AXFTA3IYFS
Table 2. Primers used in this study

Target genes

Primer sequences (5'—3")

Construction of mutants and hild 3xFLAG-tagged strain "

F
STM14 3514
- R
F
hilC
R
F
hild
R

TTGACAGTAAAGGAGCTCGCCATGCTCAATTTGCAGCG GTGTAGGCTGGAGCTGCTTCG
CTACGATGATGGGGCGTGCTCCCCGCAATCCCATTGCG CATATGAATATCCTCCTTAG
ATGGTATTGCCTTCAATGAATAAATCAGTTGAGGCCAT GTGTAGGCTGGAGCTGCTTCG
TCAATGGTTCATTGTACGCATAAAGCTAAGCGGTGTAA CATATGAATATCCTCCTTAG
AAAGATGGAAACAGGATCCCCGCTTGATTAAATTACGG GACTACAAAGACCATGACGGTG
CGATGATAAAAAAATAATGCATATCTCCTCTCTCAGATT TTACGCCCCGCCCTGCCACTCA

Identification of the mutants and hil4 3xFLAG-tagged strain

STM14 3514
- R
F
hilC
R
F
hilA4
R

Construction of complementation strain

STM14_3514

F
R
qRT-PCR primers

hilC

16S rRNA
R
F
STM14 3514
R
F
hild
R
F
hilC
R
F
hilD
R
F
hilE
R
F
rtsA
R
. A F
i
& R
0 F
spa
P R
F
invl
R

AAACCACTGCCACTTTACTGC
CGTTACTGCCGATTGTTGTT
TGGTGTAGCGATACTGAAAT
GTGCATAAAGTTTGTAAGGGTA
TTCTGGAAAGTGAACAGCGT
TGGGCGATAGCGTAAAGTAG

#

CG GGATCC GTATGCAGATCCACGGAC
G GAATTC CTACGATGATGGGGCGTG
CG GGATCC ATTAATATTGTAAGCTTTCAT
G GAATTC TCAATGGTTCATTGTACGC

GAAAGCGTGGGGAGCAAAC
ACATGCTCCACCGCTTGTG
ATTACCACTACGCCCGAGTTT
AACGACTCCAGCGACGACA
CGCTGGCAGAATGCTACCTC
TGTTTGAATAGCAAACTCCCGA
TTTTCATGCGGACTTGTTGC
CTCAGCCTGTGACCATTTGC
GCTTTCGGAGCGGTAAACTG
CCAAGTCGTTGCGTCGGTAT
GCTTACAACCACAACCCGAC
CAGCACGCCTTCTTTCACC
TATTACGGCATCAGGGCCA
ACTCTTGCTACGCCTGTTTCTA
CTGCCAGAAACAAAGAAAGCG
CTTTGTCAACAAGGTGCGTAAG
GGTAGGGTTATTCCAGACGGT
ACTTCGCCATACCAGCCAGA
GAGGCGATCCTTGAACAAATAG
GCGAACAATAGACTGCTTACGT

* Primers were designed carry extensions homologous to 38-40 bp (underlined) of the target gene; * Restriction enzyme cutting site

were marked in italics,

EcoR 1 : GAATTC, BamH 1 : GGATCC. F: forward; R: reverse.
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Figure 1.

ASTM14 3514 are more virulent to BABL/C mice than wild-type S. Typhimurium 14028. A: survival

plots of mice intragastriclly inoculated with 5x10” CFUs S. Typhimurium 14028 or ASTM14 3514 strains. Data are
representative of at least two independent experiments. B-D: bacterial counts recovered from ileum and systemic
organs. Mice were intragastrically inoculated with 5x10° CFUs S. Typhimurium 14028 or ASTM14 3514 strain.
Five hours post-infection ileum were harvested and homogenized for colony enumeration; five days post-infection

liver and spleen were harvested and homogenized for colony enumeration. Data are representative of three
independent experiments. Bars represent mean CFUs of all mice, with data significance determined by student’s ¢

test.
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2. STM14_3514 RETIEBERGEIDITEN LRMAMMNRESN, MHMEERMEAEH DEZIIFAEE
Figure 2. STMI14 3514 mutant increased bacterial invasion ability to epithelial cells, while did not significantly
affect attachment ability and replication ability in macrophages. The growth assay for 24 h time frame in LB (A)
and RPMI-1640 (B) mediums were determined for the strains used. For cell attachment (C) and invasion assays (D),
HeLa cells were infected with bacteria strains at the multiplicity of infection (MOI) of 10. Attachment
ability=attached bacteria/input bacteria x100; invasion ability= intracellular bacteria at 1 h post-infection/attached
bacteria x100. For the intracellular replication assays (E), bacteria were added to RAW264.7 macrophages at the
MOI of 10. Bacterial replication was determined by the ratio of the number of intracellular bacteria at 16 h
post-infection to the initial number of bacteria at time 2 h. Data from each graph represent the average of three

independent experiments. Error bars indicate standard deviations of the mean, with data significance determined by
student’s ¢ test. *P<0.05.
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Figure 3. Expression levels of hil4 gene and other

SPI-1 genes are significantly repressed by the mutation
of STMIi14 3514. A: hilA and other SPI-1 genes
transcript in 14028, ASTM14 3514 andASTM14 3514
+p3514. RNA was harvested from bacteria at the
B: hilA and STMI14 3514 genes
14028 wild-type
RNA was
intracellular bacteria at 0 h, 2 h and 6 h post-infection
of HeLa cells. RNA extracted from bacteria in the cell
suspension was used as in vitro control. For A and B,

invasion stage.
transcript in strain during the

infection course. extracted from the

the expression was normalized using the 16S rRNA
gene as the internal control. The data represents the
average of three independent experiments. Error bars
indicate standard deviations of the mean. Student’s #-test
was used to calculate P value. * P<0.05, **P<0.01. C:
Western blot result of the HilA protein in different
strains. Bacteria proteins were extracted from strain
14028 hilA-3xFLAG, ASTM14 3514 hilA-3xFLAG
and ASTMI14 3514+p3514 hilA-3xFLAG at the
invasion stage, respectively.
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Figure 4. The repression of hilA by STMI14 3514
gene is mediated by HilC. A: The transcript levels of
hilA regulators (hilC, hilD, hilE, and rts4) in 14028,
ASTM14 3514 and ASTM14 3514+p3514. RNA was
harvested from bacteria at the invasion stage. B: /ilA4
transcript in different strain at the invasion stage. The
expression was normalized using the /6S rRNA gene as
the internal control. The data represents the average of
three independent experiments. Error bars indicate
standard deviations of the mean. Student’s #-test was
used to calculate P value. * P<0.05, **P<0.01.
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Putative regulatory protein STM14 3514 decreases Salmonella
Typhimurium invasion of epithelial cells

Lingyan Jiang"**", Qixing Zhou', Peisheng Wang™ >, Xiaohan Jiang” >, Lu Feng™’

' College of Environmental Science and Engineering, Nankai University, Tianjin 300350, China
> TEDA Institute of Biological Sciences and Biotechnology, Nankai University, Tianjin 300457, China
? Tianjin Key Laboratory of Microbial Functional Genomics, Tianjin 300457, China

Abstract: [Objective] To study the function and mechanism of STM14 3514 gene that encoded in Salmonella
pathogenicity island (SPI)-1 of Salmonella enterica serovar Typhimurium strain ATCC 14028. [Methods] We
constructed STM14 3514 mutant strain and a complemented strain of the mutant. Through mice experiment,
attachment assays, invasion assays, macrophage replication assays, Western blot, and Quantitative real-time PCR
analysis (gqRT-PCR), we compared the virulence of the mutant strain to that of the wild-type 14028. [Results]
STM14 3514 mutant shows increased virulence to mice, and the bacterial number of STM14 3514 mutant in liver,
spleen, and ileum was more abundant than that of the wild-type strain. The increased virulence of STM14 3514
mutant is caused by its elevated invasion ability to epithelial cells (>2-fold and P<0.05). gRT-PCR and Western
blot results show that STM14 3514 reduced the expression of HilA and another SPI-1linvasion locus. Moreover, the
repression of HilA by STM14 3514 is mediated by HilC. [Conclusion] STM14 3514 is a negative regulator in
SPI-1, which can repress HilA and SPI-linvasion locus through HilC, and possibly contribute to the repression on

SPI-1 after bacterial invasion.

Keywords: Sa/monella Typhimurium, STM14 3514, invasion ability, HilA, HilC
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