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INTERACTION BETWEEN STAPHYLOCOCCUS AUREUS
AND HOST CELLS

Keiko SEKI
Department of Microbiology (II), The Jikei University School of Medicine

Staphylococcus aureus (S. aureus) is known as the causative agent of purulent inflammation
or food poisoning, while it is known as one of the indigenous microorganisms on face or mucosa
of nasal cavity. The purpose of present study is to demonstrate the substances involved in the
bacterial adherence, and also to consider whether apoptosis of bacteria-infected cell would be
important for the host animal or not.

Two clinical isolates of S. aureus, OK1 and OK11, and 1.929 fibroblast were used. In an
in vivo experiment with mice, OK11 showed higher virulent than OK1. 1929 cells ingested
more numbers of OK11 than OKI1 during the 6-hr incubation. Morphological verifications
using inhibitors of actin-polymerization revealed that intracellular F-actin bundle plays an
important role on the ingestion of S. aureus. Apoptosis was induced into the cells infected with
either OK1 or OK1l. The tumor-necrosis-factor-alpha (TNF-«) content in the medium
increased as the incubation time. TNF-a released by the infected cell might play a role as the
extrinsic inducer of apoptosis for that cell. Chromatin condensation, one of the morphological
criteria of apoptosis, was greatly different between OK1- and OK11-infected cells. Chromatin
within a nucleus heavily condensed to form large clumps and the nuclear membrane was not
found in an OK1-infected cell, while some smaller condensed clumps of chromatin were beneath
the nuclear membrane and many dense spots were observed in the nucleoplasm of an OK11-
infected cell. All above events including the ingestion of bacteria were strongly presented in
case of OK11.

By these results, the bacterial strain with higher virulence appeared to be ingested by and
induce apoptosis to the fibroblast. From the viewpoint of the host defense mechanism, the
cells which were invaded by or actively incorporated many bacteria need to be apoptotic to
prevent the further expansion of the infectious foci.

(Tokyo Jikeikai Medical Journal 2007 ; 122: 123-35)
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Table 1. Characterization of two staphylococcal strains, OK1 and OK11
coagulase . B . V- . exfoliative LD,
type a-toxin  y-hemolysin leukocidin enterotoxin toxin (CFU/head)
OK1 I + + — D — 2.7%107
OK11 A% + + — — - 4.8%X10°




wmET7 P URELE MR E OB D IcDOWT 125

-

S S
: & .';:.i-’:'" i

g in}
1
A |

Fig. 1. Phagocytosis of human polymorphonuclear cells. Phagocytosis of polymorphonuclear cell
(PMN) was observed using phagocytic plaque method®?. After a PMN (a black granule, arrow)
ingested a lot of staphylococci, white part (phagocytic plaque, *) was formed around the PMN.
Background is a staphylococcal thin-layer formed on a plastic dish. A, S. aureus; B, S. epider-

midis.
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Table 2. Ingestion of Staphylococcus
aureus cells by 1929 fibro-

blasts
OK1 OK11
(CFU/well) (CFU/well)
(1.4£1.9) x10° (6.1£1.3) X107

S. aureus and 1929 cells were incubat-
ed in a 24-well culture plate for 1 h.
1929 cells were lysed with sterile
water after the removal of the
extracellular bacteria with lyso-
staphin. Then, bacterial suspension
was diluted and plated onto the nor-
mal agar plates, and the number of
colony was counted on the next day.
Values are expressed as mean=®SD.
Difference between two values is sig-
nificant (p <0.001).
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Fig. 2. Effects of extracellular matrices on ingestion of staphylococci. L1929 and staphylococcal cells

were incubated with (A) anti-fibronectin, (B) anti-vitronectin, (C) anti-laminin, and (D) fi-
bronectin, respectively, at 37°C for 1 h. ‘Control’ in each graph is the result obtained from a

reaction mixture without each additive.

Fig.3. Fibronectin-network formed on L1929 cells.
FITC-labeled anti-mouse cellular fi-
bronectin was used.
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Fig. 4. Scanning electron micrographs of 1929 cells.

Fibroblasts were fixed (A) 15 and (B) 60 minutes

g 53 2
LS pe Ao

after the infection. In earlier time (A), plasma membrane was dented (arrowheads) by attach-
ment of bacteria (*). Then, plasma membrane swelled up to form pseudopodia (arrows)

around the bacteria (B). Bar=1 um.

Fig.5. Freeze fracture replica images.
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%, S. aureus ; T, cell membrane; A, phagosomal membrane.
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Fig. 6. Transmission electron micrographs of L

929 cells. Cells were fixed with high pressure rapid

freezing method. Bundles of actin filaments (arrows) are recognized under the cell membrane
beneath a bacterium as well as around a bacterium ingested by 1.929 cell. %, S. aureus.
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Fig. 7. Effect of F-actin-depolymerizing agents on the ingestion of S. aureus. 1929 and staphylococcal
cells were incubated in the presence of the inhibitor, cytochalasin D (CytD) or latrunculin A

(LTA). = ; significant (»<0.0001).
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Fig.8. Actin filaments of 1929 cells with or without latrunculin A-treatment. Well-developed stress

fibers are recognized within fibroblasts (A).

Stress fibers are not recognized in the latrunculin A-

treated fibroblasts (B). ‘B’is an image using Nomarski optics merged with the fluorescent filter.
In the S. aureus-infected cells (C), actin fiber-assemblages are near the rim of the cell, and the
ingested bacteria (arrows) are at the end of the fiber.

time after the infection (h)

OK1

OK11

Fig. 9. Alteration of the cell shape after bacterial infection.
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Fig.10. Transmission electron micrographs of S. aureus-infected L929 cells. A, OKl-infected cell; B,

OKl11-infected cell. Bar=2 gm.
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Fig.11. Western blot analysis of caspase 3 in
OK11-infected L1929 cells. Caspase 3 with
the molecular weight of 35 kD was obvi-
ously detected only when 3 h-cultured
bacteria were used.
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Fig. 12. Phagocytosis of bacteria cultured for dif-
ferent hours by polymorphonuclear cells.
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Fig. 13.

Variation of nuclear shape in S. aureus-ingesting polymorphonuclear cells.

Legend

OFd =

PMNSs were classi-

fied into three groups due to the nuclear shape, and the results were translated in a pie chart. As
illustrated in the legend box, the ratio of the cell with normal nucleus is shown as dark area, the
cell with condensed chromatin as hatched area, and the cell with nucleus damaged and dyed in
pale blue or pink with Giemsa’s solution as white area.



132

ZEREDFERBE SN2, A4 b A A v Ot
2V TiE, TNF-a, IL-18, IL-8 DWW h b 5tk
B OE L D I OB TRE S h 3 E2%
<, Bz OK1l TIRZH W I EBAD STz, HE:
#=EETO—EEBCYE 2D O A MEREGEEM: &R
MERAIIEME I W3 b BE 6~9 RF% IRk
LAY, 2o k0 M EY T 570, %
B O R 2 w7 BE i sh a4 b
A U ENPD I I BAREMENE 2 5 vz,

VI. & H V) |IC

ke~ rsa 7y —Y0 ko7 a7y
YaFVEEEHRE 3R, SRS 2

blank OK1 OK11

3h 18h 3h 18h

bp

500-
400-

300-
200~

100=

Fig.14. DNA laddering of S.
polymorphonuclear cells.
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Fig. 15.
OK11 in a logarithmic phase (A and B).

hand, PMNs were incubated in culture supernatant of OK11 (C).

Transmission electron micrographs of polymorphonuclear cells.

PMNs phagocytosed lots of
Condensed chromatin are recognized. On the other
*, S. aurers.
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