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Mechanism of intracellular persistence of Staphylococcus aureus by novel function of
toxic shock syndrome toxin-1
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Effect of toxic shock syndrome toxin-1 (TSST-1) on Staphylococcus aureus infection
in the epithelial cells was investigated. TSST-1 did not alter the adhesion and invasion into the epithel
ial cells, HelLa 229, HEK293 and 407. However, TSST-1 reduced the accumulation of autophagosomes in nutrien
t starved cells or rapamycin-treated cells, suggesting that TSST-1 suppresses autophagy. In addition, this
suppression did not require superantigenic activity and might be involved in the autophagosome formation
process rather than autophagosome degradation. From day 5 after infection, intracellular bacterial number
and cytotoxicity of TSST-1-producing S. aureus were deceased in comparison to non-producing strain, sugges

ting that TSST-1 may promote intracellular persistence of S. aureus in the epithelial cells.
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Figure 1. TSST-1 does not promote adhesion of
S. aureus to the epithelial cells. (A) HelLa 229,
(B) HEK293 and (C) 407 cells were seeded in
24-well plates with 2 x 10° cells/well and
incubated with S. aureus WT or A tst at MOl of
10 or 100 supplemented with or without 10

p g/ml rTSST-1. After incubation for 15 min,
non-adherent bacterial cells were removed by
washing with PBS. The bacterial cells were
collected in PBS containing 0.5% CHAPS and
enumerated by plate counts on TSA plates.

>

HelLa 229

e

Log bacterial number
(CFUIZx10° cells)
£

wT Atst

w

HEK293

.

Log bacterial number
(CFUZ=10° cells)

[

WwT Atst

o

51 407

00 pa/ml rTSST-1
B 10 pg/ml rTSST-1

Log bacterial number
(CFUI2x10% cells)

WT Atst

Figure 2. TSST-1 does not promote invasion of
S. aureus into the epithelial cells. (A) HelLa
229, (B) HEK293 and (C) 407 cells were seeded
on 24-well plates with 2 x 10° cells/well and
incubated with S. aureus WT or A tst at MOl of
100 with or without 10 p g/ml rTSST-1. After
incubation for 45 min, the extracellular
bacteria were eliminated with 100 p g/ml
lysostaphin and the number of intracellular
bacteria was determined at 0 h of infection. The
bacterial cells were collected 1in PBS
containing 0.5% CHAPS and enumerated by plate
counts on TSA plates.
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Figure 3. rTSST-1 suppresses autophagy in
nutrient-starved HelLa 229 cells. (A-B) HelLa 229
cells were transfected with pEGFP-hLC3 or
PEGFP-C2 (Mock control). Effect of TSST-1 was
observed in nutrient-rich  (MEM) and
nutrient-starvation (KRB) condition by
addition of 10 p g/ml rTSST-1. At 6 h, GFP-LC3
puncta were observed under confocal microscope
(A) . GFP-LC3 puncta were counted from 100 cells
of 3 independent-experiments (B). (C-D)
Suppression of autophagy by rTSST-1 is observed
by immunostaining and electron microscopy.
Autophagy in HelLa 229 cells was observed in
nutrient-rich (MEM) or nutrient-starvation
(KRB) condition containing lysosomal protease
inhibitors with or without the addition of 10
p g/ml rTSST-1. At 4 h, the cells were fixed and
washed. (C) Autophagosomes were stained with
anti-LC3 antibody and rhodamine-conjugated
anti-rabbit 1gG, and then observed under
confocal microscope. (D) LC3 puncta were
counted from 100 cells of 3
independent-experiments. (E) Autophagosomes
was observed under electron microscope. AP
indicates autophagosome-like vacuole.
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Figure 4. TSST-1 suppresses autophagosome
formation rather than enahnces autophagosome
degradation. HelLa 229 cells were transfected
with pEGFP/hLC3 and autophagy was induced under
nutrient-starvation with or without the
addition of 10 p g/ml rTSST-1. (A-B).
Lysosomal protease inhibitors were added to the
reaction mixtures. At the indicating time, the
autophagosomal accumulation in the cells was
observed by GFP puncta under confocal
microscope (A). GFP-LC3 puncta at 4 h were
counted from 100 cells of 2
independent-experiments (B). Lysosomal
protease inhibitors failed to restore
autophagosomes in TSST-1-treated cell. (C-D)
At indicating  tinme, lysosomes  were
immunostained with LAMP1, lysosomes and
GFP-LC3 puncta were observed under confocal
microscope (A). GFP-LC3 puncta and overlapping
between GFP-LC3 and lysosomes were counted from
100 cells of 2 independent-experiments (B).
rTSST-1 does not enhance autophagosome and
lysosome fusion.
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Figure 5. Suppression of autophagy by TSST-1
does not depend on superantigenic activity.
Autophagy in HeLa 229 cells was induced by
nutrient-starvation (KRB) (A, D and E) or
rapamycin (B and C) with or without the addition
of lysosomal protease inhibitors and rTSST-1,
mTSST-1, SEA, SEB or SEC. Cells in MEM or DMSO
were used as controls. At 4 h of induction,
LC3-11 was detected by Western blotting (A, B
and D). (C and E) The intensity of LC3-11 band
was quantified by normalizing with the
intensity of ( -tubulin band. The amount of
LC3-11 was calculated relatively to that from
autophagic induction condition with lysosomal
protease inhibitors, which set to 1.
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Figure 6. TSST-1 reduces autophagosomes,
intracellular S. aureus  number  and
cytotoxicity of S. aureus-infected cells. HelLa
229 cells were transfected with pEGFP-hLC3
plasmid and infected with WT or A tst. (A-C) At
6 h of infection, S. aureus cells were
immunostained. (A) GFP-LC3 and S. aureus cells
were observed under confocal microscope. (B)
GFP-LC3 puncta and (C) colocalization of S.
aureus with GFP-LC3 were analyzed from at least
100 cells of 3 independent-experiments. (D)
Bacterial number of S. aureus in the HelLa 229
cells. (E) Viability of S. aureus- infected
HeLa 229 cells on day 4 after infection.
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Figure 7. TSST-1 has no effect on bacterial
numbers in the organs of S. aureus-infected
mice. Mice were infected with 5x 10’ CFU of S.
aureus WT or A tst intravenously. (A) Survival
of mice was observed and (B) bacterial numbers
in the organs were determined on day 1, and 5
after infection.

1. Asano K, Yoshimura S, Nakane A.
Alteration of intestinal microbiota in
mice orally administered with salmon
cartilage proteoglycan, a prophylactic
agent. PLoS ONE. 8: e75008, 2013.

doi: 10.1371/journal .pone.0075008.

2. Osanai A, Li SJ, Asano K, Sashinami H,
Hu DL, Nakane A. Fibronectin-binding
protein, FbpA, is the adhesin responsible
for pathogenesis of Listeria
monocytogenes infection. Microbiol
Immunol. 57: 253-262, 2013.

doi: 10.1111/1348-0421.12030.

3. Sashinami H, Asano K, Yoshimura S, Mori
F, Wakabayashi K, Nakane A. Salmon
proteoglycan suppresses progression of
mouse experimental autoimmune

encephalomyelitis via regulation of Thl7
and Foxp3(+) regulatory T cells. Life Sci.
91: 1263-1269, 2012.

doi: 10.1016/j.1fs.2012.09.022.

4. Maina EK, Hu DL, Asano K, Nakane A.
Inhibition of emetic and superantigenic
activities of staphylococcal enterotoxin
A by synthetic peptides. Peptides. 38: 1-7,
2012.

doi: 10.1016/j.peptides.2012.08.013.

4

1. Asano K and Nakane A. A novel function
of Toxic Shock Syndrome Toxin-1 in
suppression of autophagy. 86

25 3 26-28

2. Asano K and Nakane A. Autophagic
suppressing activity of staphylococcal
Toxic Shock Syndrome Toxin-1. 67

25 8
30-31

3. Asano K and Nakane A.
Superantigenic-independent activity of

Toxic  Shock  Syndrome  Toxin-1 in
suppression of autophagy. 42

25 12 11 -12
13
4. Asano K and Nakane A. Autophagy
suppression by Toxic Shock Syndrome
Toxin-1 in superantigenic
acitivity-independent manner. 87

26 3 26 28

http://ww_bact.hirosaki-u.ac.jp/

o
ASANO KRISANA



