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Contribution of seven genomic islands of unknown functions to
Salmonella Typhimurium pathogenicity
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Abstract: [Objective] To investigate the role of Salmonella genomic islands of unknown functions
for pathogenicity and also to identify new islands associated with Salmonella virulence. [Methods]
Using Salmonella enteric serovar Typhimurium (S. Typhimurium) ATCC 14028 as wild-type strain,
we constructed mutants for seven islands of unknown functions (STM14 0667—0673, 2682—2687,
2885-2891, 3721-3728, 4247-4253, 4823-4828, 5331-5341) by employing the A Red recombinase
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method. Through invasion assays, macrophage replication assays, and mice experiment, we
compared the virulence of the mutant strains to that of the wild-type 14028. [Results] Compared
with wild-type strain, A2682—2687 and A5331—-5341 significantly decreased their invasion ability to
epithelial cells (P<0.01); A2682—2687, A2885-2891 and A5331-5341 significantly decreased their
replication ability in macrophages, and also showed decreased virulence to mice, with the bacterial
counts of mutants in intestine, liver and spleen were less abundant than that of the wild-type strain
(P<0.05). No significant differences in invasion ability, replication ability, and virulent to mice were
observed between wild-type strain and the other four mutant strains (A0667—0673, A3721-3728,
A4247-4253 and A4823—4828). [Conclusions] This study found three islands of unknown functions
contributing to S. Typhimurium pathogenicity, and provided powerful tools for the further research
on the regulatory systems and functions of these islands.

Keywords: Salmonella Typhimurium, Islands of unknown functions, Pathogenicity
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HeLa ZHfiiZ . Caco-2 4l Z Al/)N LB W4 g
F RAW264.7 W4 H i ERERE AR . 4%
F2H RPMI-1640 ZHjEEEFR3E, #h7E 10%M G4 I
i, T 75 e LS SEH . 5% CO, 1HIR G FRA %
RIEEFR . 20N R R T AL 5 R T 24 FLANMS -4
W, YRSEFE 2 24-48 h, FRANIRANTEG AL
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Table 1 Primers used in this study

I
Fl 3559 SRS el
Target gene Primers for construction of the mutants (5'—3")" Primers for identification of the
mutants (5'—3")
0667—-0673 F  ATGAATAAAGAGTCCATATTTCGTCAGTTGGAGCTACGGTGTAGGC TGTGGGTGAAGCCTGTG
TGGAGCTGCTTCG
R  GATTGCCGCACTGGGCATTCTTGACGGGCGTTTACTCGGCATATGA TGCCGCTTGAAACCACA
ATATCCTCCTTAG
2682-2687 F TCAACGCGGCTCAAGACAGTTATCTTCTTTCCAGCCGTGTGTAGGC TAATCATTCACTTCGGTCAG
TGGAGCTGCTTCG
R CTAAACCTGGGCTAAAAAATACAAAAAGCGACTCAGGGCCATATG  AGCCCTTGATGAGATGGAT
AATATCCTCCTTAG
2885-2891 F TTAAAGCAGTGATTTCGCGGCTTCTACAATCGCTTCGGGTGTAGGC AGTTTGGCGATGGCTTC
TGGAGCTGCTTCG
R TTAGCAGCTTTCCCGCATACATAAACTGGAGGCGATGGACATATGA  TACGCCAGATTCGCTCA
ATATCCTCCTTAG
3721-3728 F TTAAGAGGCCTTAGGGATTTGCCGCTGTAAAAACTCAAGTGTAGG  GACAGACCGCATTATTGAA
CTGGAGCTGCTTCG
R ATGAGCAAATTTAAATTTAATGCCGTCATTGTTGGCTTGCATATGAA CTCGGCTTCTTTATGGTC
TATCCTCCTTAG
42474253 F TCACTCGCCGGGTTTTGTACAGCCGGGCATATGATTAGGTGTAGGC GCGGCGTATGTTGAGAA
TGGAGCTGCTTCG
R ATGAAAAAGATTACGACATCTATTCCGGCTCTCGATAAACATATGA  GTTAGCGGCACTTGGTCT
ATATCCTCCTTAG
48234828 F  TTATTCACGTTGAGAAAGGGATAAGGTTGCCAAAAAATGTGTAGG  ACCGTGGTCAGAAAGAAGA
CTGGAGCTGCTTCG
R ATGAATAAGCGATTTAATATTGATTGGGACAATGAATTACATATGAA  AGCGGGTAGTTGTTCTGC
TATCCTCCTTAG
5331-5341 F  GTGAGACGCGTGGATAACGGAGCAGTAAAACACGATGCGTGTAG TATTCGGTTCGGCTGTTT
GCTGGAGCTGCTTCG
R CTAAAGCCGTTTGTTTGCATCGTGATAGACGGCTGAATGCATATGA  TCAACGCCGCACAGAT

ATATCCTCCTTAG

e T IS B SE N A AT PG RED 3840 bp [WIIEITA, LR RILARR.

Note: : Primers were designed carry extensions homologous to 38—40 bp (underlined) of the target gene cluster.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FEFHAE: BUIZEUDT T 7 AR KN RE B fE S0 P b A/

1921

122 HKEM&ENE: M LB FH E PR A Al
K I ABRRIBRIRTVE , AP BRI T 20 mL AHR BUE R
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SR B IR R . $i B &2 B (Multiplicity of
infection, MOI)A 10 4 EEEAILTAINAZ 24 fLAHNK
FEFEML, 1 000xg 5.0 5 min, SRJGTE 37 °C., 5% CO,
FEFAR RIS 1| he WA TR, I PBS I RTE 3 1K,
SRIG LA P IMA LR R 100 mg/L K KER T
1640 Fig5dk, AREERT% 1 h, DARIERVEAZNIEAI4H
ARG R ESLAAIA 0.5 mL 0.1% SDS 242 .
ikt SDS XM, Fraifdis, Mkt
TP PRRBI IR, I A0 P A A 5. i
PR 225 Yo) =AML N A0 BBV IR TR AR < 100, K5 B4
FRIRZETIE SR 1, &5 ASRRIMR 22T 134X T 17
ARIRZERT A AT .
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WP P AR R P SRR T SO 1, AR AERR
1452 1 S AR TR AR R R MR B 4
1.2.5 /NS ZMSCHR[13-14]09 7586 1/ R
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SR ENY) . RN BT R, R 80 H
INERBEAL N 8 AN, B2/ RUB e —F R A%
HUNRLZE 101 (FE B)IL 2 5x107 CFU f%F AR Y bk
BUERAS R, BEROMEE 8 A/NRURAET - AE I, 3
WEZ 20 do A TS B B AN R AR,
WYL 43 FUNRBENL /A 8 41, 2/ U
Ye—FP bk . B HU/NRZ Y2y 5x10° CFU (1%
A RITR AR BCE A K, 5 d S AL BERER G /N
SreEslalfg . 5. JHRBHTERSIH R a ik sy
BIGEITSERS PAEECE -

1.2.6 EUESHT: RS SPSS 15.0 BRAEX s 17
Giilorhr. RRSCIAEES 3 W, HHEEIE R
WE2Z o SR S ORI 2550 ik R G LA ¢ A6
PEETGEHF 0, L P<0.05 NESASHFE L.

2 HR546
21 TABHISH

7 ANRHATIRE 5 AL WS R R R LT 1A
R TREX 7 ABAEDT TR E N SN, Eid
NCBI BLAST 4387 T 4% 5 76 & 5 A 7011 7 3L i
HRIPEAATE, M 2 AT, 5 2682-2687.
28852891 F 53315341 FEIr i) i A3 I AL oA
TE; % 0667-0673 FEFRXKIPI T (Salmonella bongori)
FEUGFEYT T (S, Typhimuium)H7E7E, 7EAMGFEYD
I THA(S. Typhi)fl A FUEI5GFEVD T (S. Paratyphi A)H
AIFEAE; 5 3721-3728, 4247-4253 F14823-4828 H
TERGZEYDT T (S, Typhimuium) FAELE.
22 RETEHRHWEEREEKER

7R RASKR I BHPE R T L 42 5 14 PCR 43
Je . YASEIKEE A 1500 bp 24T A BR(A 1B), MF
S5 R B B S R PP S R A Ik O BRI
PRI ALY, X RIS R IR T TR
PIARFTRE S SE N, BN AR TR R T

& SRABRAE LB AR EIAERK RAE, R/
EASHAERML T B 25, 7 LB AR
WA 2R S B A B AR — (B 10), RIS
I ZEAS AN I A A RS A
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Table 2  Distribution of the 7 islands

Genomic island S. Typhimuium S. Typhi S. Paratyphi A Salmonella bongori Escherichia coli
0667-0673 4 = = + —
2682-2687 + + + + -
2885-2891 + - + + -
3721-3728 + — — — —
4247-4253 + — — — —
48234828 + — — — —
5331-5341 A A & + =

e+ TR — DT

Note: +: Present; —: Absent.

A
Q& ¢ & &K Length (b
1 —&- - szb 749g9 =
& S &
2 &&&3_&& 6019
P D RO
3 23” 7254
«\'\' «\'\' (\/ «\'\' /\(\f} /\W‘o qc/b
4 &6’3&&& & & 8122
b?’ @i’ ;.}\ '\i;\' @i;)
C—b‘r n—»-"b«- 8 449
s SEEEEE 552

ALTAA IR SR SIE SR
s@% el R 5”3’ 5 O

7 )»”m—» 8023

LB
bp 25
2000 204
s 15|
1000
750 SETE —— Wild-type
- A2682-2687
500 0.5 -= A2885-2891
00 -=- A5331-5341
250 ’ 4 8 12 16 20 24
100 t(h)

1 THERRREERRTHRE KIS
Figure 1 Construction and identification of the mutants of 7 islands and the in vitro growth curve of the mutants
E: A BRRERUEIEER. B: 28450k PCR 5@ 455H . M: DL2000 marker; 1: A0667-0673; 2: A2682-2687; 3: A2885-2891;
4: A3721-3728; 5: A4247-4253; 6: A4823-4828; 7: A5331-5341.C: 3 ULRIZEARHR K BFA: B A= K k.
Note: A: Length and gene profile of each island. B: PCR identification of mutant strains: M: DL2000 marker; 1: A0667-0673; 2:
A2682-2687; 3: A2885-2891; 4: A3721-3728; 5: A4247-4253; 6: A4823-4828; 7: A5331-5341. C: Growth curve of three representive
mutants and wild-type.
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Figure 2 Invasion ability of wild-type strain and mutant
strains to HeLa cells (A) and Caco-2 cells (B)

Note: *: P<0.05; * P<0.01; ***. P<0.001. The same below.
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Figure 3 Replication ability of wild-type strain and
mutant strains in murine RAW264.7 macrophages
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Figure 4 Virulence to mice of wild-type strain and mutant strains
e A ADRAEIEIZ; B: B, 450 . HRM S 4 sice.
Note: A: Survival plots of mice infected with wild-type strain or mutant strains; B: Bacterial counts recovered from ileum, colon, liver and
spleen after infection of wild-type strain or mutant strains.
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