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Group A Streptococcus translocates across an epithelial barrier
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Group A Streptococcus pyogenes (GAS) is a human pathogen that causes local suppura
tive infections and severe invasive diseases. Systemic dissemination of GAS is initiated by bacterial pene
tration of the epithelial barrier of the pharynx or damaged skin. In this study, culture supernatants of t
ested GAS strains showed proteolytic activity against human occludin and E-cadherin. We identified strepto
coccal pyrogenic exotoxin B (SpeB) as the proteolytic factor that cleaves E-cadherin in the region neighbo
ring the calcium-binding sites within the extracellular domain. Of note, the wild type strain efficiently
translocated across the epithelial monolayer along with cleavage of occludin and E-cadherin, whereas delet
ion of the speB gene compromised those activities. Taken together, our findings indicate that the proteoly
tic efficacy of SpeB in junctional degradation allows GAS to invade deeper into tissues.
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FIGURE 1. Cleavage of E-cadherin by GAS
culture supernatant.

Culture supernatants from several GAS clinical
isolates were incubated with the recombinant
extracellular domain of E-cadherin for 6 h at
37°C. Sample proteins were separated by
SDS-PAGE under a reducing condition and
subjected to immunoblotting using an antibody
against extracellular domain of E-cadherin and
horseradish  peroxidase-conjugated secondary
antibody. The signals were developed with a
peroxidase substrate tetramethylbenzidine. GAS
strains recovered from invasive disease were
underlined.
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FIGURE 2. Cydeine protease contributes to
cleavage of E-cadherin.

Culture supernatants from strain NIH35 were
pretreated with several types of protease
inhibitors for 30 min at room temperature, then
incubated with recombinant E-cadherin for 6 h at
37°C. Sample proteins were separated by
SDS-PAGE under a reducing condition and
subjected to immunoblotting using an antibody
against extracellular domain of E-cadherin and
horseradish  peroxidase-conjugated secondary
antibody. Immunoreactive bands were detected
with a peroxidase substrate tetramethylbenzidine.
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FIGURE 3. SpeB cleaves intercdlular

junctional proteins.

A, Recombinant E-cadherin was treated with
culture supernatants from strain NIH35, an speB
deletion mutant, and a complemented strain for 6
h at 37°C. Cleavage of E-cadherin was detected
by Western blotting. B, SpeB activities present in
the culture supernatants from several GAS
clinical isolates were analyzed using
FITC-labeled casein. For quantitative evaluation,
the casein hydrolysis activity of recombinant
SpeB was used to prepare a standard curve. To
ensure the specificity of SpeB, the cysteine
protease inhibitor E-64 was routinely added to
selected samples. All experiments were
performed six times with three technical repeats.
Data are shown as the mean + SD of six samples
from representative findings obtained in three
independent experiments. C, Recombinant
E-cadherin was incubated with various
concentrations of recombinant SpeB for 6 h at



37°C. Cleavage of E-cadherin was detected by
Western blotting. Five N-terminal residues in the
cleavage fragments of E-cadherin were
determined by peptide sequence analysis.
Schema represents estimated cleavage flagments
of E-cadherin. D, Full-length recombinant
occludin  was  incubated with  various
concentrations of recombinant SpeB for 6 h at
37°C.

(3) A
SpeB
A
SpeB
Caco-2 HaCaT Detroit562
speB

E-
E-

speB (Fig. 4)

g & & @ ’ A° ¢

F &S F&sL “.ﬁf‘*
E<ochern [ —— a — (- | \—-——~\

1| e e | [ | \ P

Bﬁmml———-——-| |—-——u—‘

FIGURE 4. SpeB is rdated to GAS-induced
destabilization of intercdlular junctions.

Caco-2, HaCaT, and Detroit 562 cells were
infected with strain NIH35, an speB deletion
mutant, or a complemented strain at an MOI of
10 for 6 h (Caco-2, Detroit 562) or 8 h (HaCaT).
Cleavage of E-cadherin, occludin, and JAM-1
was detected in whole cell lysates by Western
blot analysis, with B-actin used as a loading
control. The graphs below the representative blot
show fold changes of band intensities of
E-cadherin and occludin normalized to that of
B-actin. Data are shown as the mean + SD of
three independent experiments. *P < 0.05.
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FIGURE 5. SpeB is involved in the process of
GAStrandocation.

Caco-2 cells were grown on Millicell filters, then
infected with GAS strains at an MOI of 10 for 2
h. After removing non-adhered bacteria, the
ability of the GAS strains to translocate across
epithelial cells was assessed by examining
medium samples obtained from the lower
chambers at the indicated time of infection.
Shown are results of translocation rates of strain
NIH35 (A) and clinical isolates (B). Three
experiments were performed and data are
presented as the mean + SD of six samples from
representative  findings obtained in three
independent experiments. *P <0.01.
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