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Streptococcus suis (S. suis) serotype 2 is an important pathogen of pigs causing
various diseases, including meningitis, and how the pathogen cross the blood-brain
barrier (BBB) is unclear. As an important virulence factor of S. suis, suilysin is shown to
be helpful for the S. suis crossing the BBB. The aim of this study was to investigate the
ability of suilysin produced by S. suis serotype 2 strain CVCC606 to induce the release of
pro-inflammatory cytokine by rat brain microvascular endothelial cells (RBMVECs),
first suilysin was purified by using different filtration steps, fractional precipitation
with ammonium sulfate and Sephadex G-100 column chromatography. Then RBMVECs
were exposed to suilysin, intracellular lactate dehydrogenase (LDH) and interleukin (IL)-
6 release assays were employed, a time- and dose-dependent cytotoxicity of suilysin to
RBMVECs was observed, and high levels of IL-6 production by RBMVECs could be induced
with suilysin. Our findings suggest that cell injury and pro-inflammatory cytokine release
of RBMVECs induced with suilysin is contribute to increase BBB permeability, and suilysin
may be involved in the pathogenesis of meningitis caused by S. suis.
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Streptococcus suis (S.suis) serotype 2 is
an important pathogen of pigs responsible for
arthritis, encephalitis, pneumonia, endocarditis,
polyserositis, septicemia, miscarriage and
meningitis 3. 35 serotypes have been identified*®
and the serotype 2 is the most commonly
associated with diseases in pigs and humans, and
also the most frequently isolated strain from
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diseased pigs. Suilysin (SLY) was first
characterized as a hemolysin in 1994 7, and is
considered as an important virulence factor of the
pathogenesisof S.suisinfection®. Suilysin, secreted
by S suis’, which belongsto afamily of cholesterol-
binding cytolytic toxins®, produced by some gram-
positive bacteria °. The member of this family
usually has been implicated as major virulence of
several bacterial infection’.

As a selective and hyposmotic barrier,
blood-brain barrier (BBB) could restricted
the free movement of most polar molecules and
proteins ', to protect the brain from most invasive
pathogens. However, meningitisisstill caused by
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somestrainsof S. suis, adheringto RBMVECsand
easily invading the BBB, to enter the blood
circulation asthe permeability of BBB increased 2.
The breakdown of the BBB was always considered
to be the consequence of the invasion of
leukocytes releasing cytokines, reactive oxygen
species and proteases, leading to an increase in
cerebral microvascular permeability 2. However,
the mechanism of the pathogen crossing the BBB
isstill unclear. Asan important component of BBB,
specialized layer of brain microvascular endothelial
cells (BMVECs) play a key role in many
physiological and pathological processes of the
BBB. Studies showed that most of the strainswhich
cause damage to epithelial and endothelia cells,
and macrophages were the SLY-positive
S wislo,lél,ls.

It ishypothesized that suilysin can affect
the barrier function of BMVECs, resulting in the
increase of BBB permeability , whichiscontribute
to theinvasion of S. suisto BMVECsin bacteria
meningitis (BM). Therefore, we first purified the
suilysin by using different filtration steps,
fractional precipitation with ammonium sulfateand
Sephadex G-100 column chromatography. Thenthe
cytotoxicity of suilysin to RBMVECs was
investigated using the method of lactate
dehydrogenase (LDH) release assay. Afterwards,
the pro-inflammatory cytokine release was
measured by BMV ECs induced with suilysin by
ELISA. Finaly, theimplication of therolesuilysin
playing in meningitis induced with S. suis was
discussed.

MATERIALSANDMETHODS

Cell culture

All experimental procedures were
performed according to the guidelines approved
by the Ingtitutional Animal Care and Use Committee
of JilinUniversity.

Brain microvascular fragments were
isolated, and endothelial cells cultured, using a
modified method introduced by Diglio CA 16,
Gordon EL ¥ and Hee-Sang L ee 8, Bri€fly, cerebral
cortices of Sprague-Dawley (SD) rats (3-weeks-
old) were used for the mircovesselsisolation. After
digestion with dispase Il (Sigma), the homogenate
was treated in the method of density gradient
centrifugation using dextran (Sigma) and percoll

J PURE APPL MICROBIO, 8(2), APRIL 2014.

GUO et d.: PURIFIED SUILYSIN SECRETED BY Streptococcus suis

(Pharmacia) respectively, between two operations
of centrifugation, the sample was digested by
collegnase/dispase (Roche). After washing and
centrifuging twice, the microvessel fragmentswere
suspended in DMEM culture medium (Gibco),
supplemented with 20% heat-inactivated fetal
bovine serum (FBS; Hyclone), 2 mM L-
glutamine100 IU/ml penicillin (Sigma), 100ug/ml
streptomycin(Sigma), 2.5ug/ml amphotericin B
(Amresco) and 100pg/ml heparin(Sigma). 12-well
tissue culture plates (Corning) were precoated with
fibronectin (2 pg/cm?, Roche) to support the cells.
Cells were incubated at 37°C with 5% CO, in a
humid atmosphere. Preparing for assay, RBMVECs
weretrypsinized by adding a0.125% trypsin-0.02%
EDTA solution (Sigma) and diluted in culture
medium at 8x10% and the cell suspension was
distributed in tissue culture plates and incubated
until confluence was reached. Before the
experiment, the medium was removed from the
plates and was replaced by medium without
antibiotics.
Bacterial strainsand culture

S. suis serotype 2 strain CVCC606 was
purchased from Chinalnstitute of Veterinary Drugs
Control, which was isolated from a pig with
meningitis in Shanghai, and the phenotype was
MRP+EF+SLY +. 200pL of Todd-Hewitt broth (THB)
was added into lyophilized powder of the bacteria
to form a suspension, and 50 pl of the bacterial
suspension was cultured on 7% sheep blood agar
platesin a’5% CO, air incubator at 37°C for 18h.
The isolated colonies were used as inocula for
THB, which wereincubated in the same condition
described above. Working cultures of purified
suilysin were produced by inoculating 400ml of
these culturesin 20L of THB inafermentor at 37°C
for growth to mid-log phase to an optical density
at 600 nm (OD600) of 0.4 (~108 CFU/m).
Purification of suilysin

Suilysin was purified as described by
Jacobs’ and Gottchal k® with some modification. The
culture supernatants (centrifuged at 15,000xg at
4°Cfor 30min) of S suiswerefiltered (0.22 um pore
sizefilters; Millipore, U.S.A.) for sterilization and
precipitated with 40% of ammonium sulfate. The
suspensions were centrifuged at 15,000xg at 4°C
for 10 min. The supernatantswere precipitated with
45% of ammonium sulfate and then centrifuged as
described above. Pellets were resuspended with 5
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ml 0.01 mM PB and centrifuged again, and the
pellets were discarded. Supernatants were
considered as crude purified suilysin, and marked
as E1. In addition to sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE),
the hemolytic activity and the protein
concentration of Elwere measured *°. Thenthe E1
was subjected to molecular sieve chromatography
using a Sephadex G-100 column (Pharmacia,
U.S.A)), carefully transferring the buffer solution
of 10 mM PB (pH 7.2) into the column. Linear
gradient elution was achieved at aflow rate of 0.5
ml/min. Fractions were collected every 5 ml, and
the wavelength of detection was 280 nm. After
collection, the samples were subjected to SDS-
PAGE. The protein concentration and the hemolytic
activity of each sample were measured, and the
hemolytic specific activity was calculated. The
fraction with the highest hemolytic specific activity
was considered as purified suilysin and marked as
E2
M easurement of hemolyticactivity
Thehemolytic activity of the sampleswas
measured using amodified method introduced by
Jacobs’, Gottchalk® and Kanclerski'®. Briefly,
twofold dilutions (99 ul) of test samples were
prepared in polystyrene deep-well titer plates
(Beckman, U.S.A.) with 10 mM PB (pH 7.4) asthe
diluent. We then added 2 pl of 0.5M dithiothreitol
(DTT) to each well to restorethe hemolytic activity
of the samples that was reduced by exposing to
atmospheric oxygen'. Subsequently, 99 ul of 1%
porcine erythrocyte suspensionin 10 mM PB was
added to each well. The reference value for 50%
lysis was obtained by mixing 50 ul of 1%
erythrocyte suspension with 150 pl of diluting
buffer. Controlsincluded 200 ul of diluting buffer
and 100 pl of diluting buffer mixed with 100 pl of
1% erythrocyte suspension, and 100 pl of deionized
water mixed with 100 ul of 1% erythrocyte
suspension. After the wellswere seal ed, the plates
were incubated on a Coulter mixer for 30min at
37°C.The density of the remaining cells was
measured in a vertical spectrophotometer at 620
nm. A hemolytic unit (HU) was defined as the
amount of active hemolysin present in thedilution
that resulted in lysis of 50% of the erythrocytes's,
HU was calculated in the method of two-point
interpolation, using theformulaTiter (HU/ml) =2*X
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A50) - A(n)
A(n+1) - A(n)

HSA =HU/mg

where

HU = hemolytic units

mg = total protein concentration

n=thelast dilution number that resulted in lysis of
less than 50%

A(50) = 50% lysis reference absorbance value
A(n) = absorbance value of the dilution number n
A(n + 1) = absorbance value of the dilution
number n+ 1

HSA = hemolytic specific activity

The activity of a hemolysin preparation
was then obtained through multiplication by the
predilution factor.

L DH releaseassay for cytotoxicity

The RBMVECs monolayer model for
cytotoxicity was exposed to purified suilysin by
monitoring therelease of LDH. The LDH activity
in supernatants of RBMVECs was tested using
the CytoTox 96 kit (Promega, U.S.A.), according to
the manufacturer’s instructions.

The confluent RBMVECsmonolayersin
96-well platesand empty wells (containing 10 pl of
0.8% Triton X-100) weretreated with 100 pl of the
suilysin preparation in different concentrations (2,
4,8,16, 32, 64 pg/ml) andincubated for 2h, 4 h, 8 h,
12hor24h(37°C, 5% CO,). Untreated cells, and
suilysinin DMEM medium without cellswere used
as negative controls, whereas cells exposed to
0.8% Triton X-100 solution (added to the cells 45
min before termination of the incubation) served
as a positive control (100% toxicity) After
incubation, the plateswere centrifuged at 250g for
4 min, 50 pl supernatants of the samples were
transferred into an enzymatic assay plate. 50 pl of
the reconstituted substrate mix was added to each
well of the plate, and incubated at room temperature
for 30 minutes, protected from light. Finally, 50 pl
stop solution was added to each well, and the
absorbance was measured at 492 nm (Thermo
Multiskan Ascent, U.S.A).

Stimulation of cells

Subcultured RBMVECsmonolayersin 48-
well plates were used for stimulation assays. At
confluence, 250 pl of the suilysin preparation (32
pg/ml in DMEM) was added in to replace the
original medium. Cellsincubated in medium alone
served as controls for spontaneous cytokine

=n+
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release. Plateswereincubated at 37°C, 5% CO, ina
humid atmosphere. At different time intervals
(2h,4h,8h,12h,24h), culture supernatants were
harvested from individual wells, and the
supernatants aliquoted and frozen at -20 °C until
cytokine determinations were performed. At the
same time, measurement of cytokines release by
RBMVECs induced with different concentration
of suilysinwasalso carried out. Theoriginal culture
medium was replaced with different concentrations
(2,4,8,16, 32, and 64 ug/ml) of suilysin, the blank
control was as same as above. After incubated for
8h, culture supernatantswere harvested and frozen
for the cytokine determinations subsequently.
Each test of RBMV ECs stimulation was repeated
at least threetimes.
Enzyme-linked immunosor bent assays(EL | SA)
for IL-6release

IL-6 was measured by ELISA using rat-
specific and pair-matched antibodies from R&D
systems, U.S.A., according to the manufacturer’s
instructions. Twofold dilutions of recombinant rat
IL-6 (4000-62.5 pg/ml) was used to generate
standard curves. Standard and sample dilutions
wereadded in duplicatewellsto each ELISA plate,
and al analysiswere performed at | east threetimes
for each individual stimulation assay. 50 pl of
standard, control, or sample were added to each
well after 50 ul of assay diluent was added. The
plate was covered with adhesive strip provided
and incubated for 2h at room temperature. The
solution in each well was aspirated and the wells
were washed for 5 times with wash buffer. After
the last wash, any remaining wash buffer must be
removed for the accuracy of the results. 100 pl of
IL-6 conjugate was added to each well, and then
the plate were covered and incubated for 2h at
room temperature. After washing each well for 5
timesagain, 100 ul of substrate solution was added
to each well and then the plate was kept from light
for incubation for 30min.The absorbance was
measured at 450 nm (with wavelength correction
of 540nm) following by 100 pl of stop solution was
added. Resultswere derived from linear regression
calculations and expressed in pg/ml of cytokine.
Statistical analysis

Statistical analysiswas performed using
the unpaired Student’s t-test with P<0.05
considered significant. The SPSS 18.0 softwarewas
used for calculations. Results were obtained as
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means+S.E.M (n= 3trials) intriplicates per group
per trial, with the exception of the CE quantitation
(n=1).

RESULTS

Purificatin of suilysin and the measurement of
hemolyticactivity

After precipitation with 45% ammonium
sulfate, the sampleswere subjected to SDS-PAGE.
Three protein bandswere observed following SDS-
PAGE (Fig.1). Thesuilysin required purifying was
located within these bands. The product was
considered as crude purified suilysin and marked
as E1.Theprotein concentration and the hemolytic
activity of E1 were measured, and the hemolytic
specific activity was calculated.

1 2 3

116.0 kDa

66.2 kDa

45.0 kDa

35.0 kDa

25.0 kDa

Fig. 1. SDS-PAGE of crude purified suilysin produced
by S. suis serotype 2 strain CV CC606 using fractional
precipitation with 45% of ammonium sulfate. Low-
molecular-mass markers (Lane 1, sizes shown on the
left); Blank lane(Lane 2); Crude purified suilysin (Lane
3, three protein bands were observed on SDS-PAGE in
the position of the frame). The gel was stained with
Coomassie brilliant blue.

The sample E1 was subjected to molecular
sieve chromatography, fractionswere collected and
analyzed by SDS-PAGE, the result of gel
electrophoresis showed that asingle protein band
at about 54kDa displayed from fractions 3 to 30
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(Fig. 2A-2D). Most contaminants, including
molecul es with apparent molecular masses much
smaller than 54kDa, eluted in fractions 18 to 40
(Fig. 2C-2E). The calculation of the hemolytic
specific activity of each fraction showed that two
peak of hemolytic specific activity eluted in
fractions from 14 to 16, and from 20 to 21,
interestingly, avalley of hemolytic specific activity
was observed between two peaks from17 to 19

L 2 i 4 ] G 7 2 E

11E.D kDA
b6.2 ki
45,0 kDra

5.0 kDxs

P
(a)

L1G.0kDa

G6.2 kD

45.0 kDa
35.0 kDa

25.0 kDo

(c)
1160 kla

66,2 kDa
45.0 kDa

15.0 kba

25,0 kDa
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(Fig. 3A). In addition, a time-dependent total
protein concentration of the fractionswas observed
(Fig. 3B). Based on the results of SDS-PAGE and
the hemolytic specific activity, eluted fraction 21
wasrecognized asthe purified suilysin. The pattern
of SDS-PAGE indicated that asingle protein band
at about 54kDa represented the purified suilysin

(Fig. 4).

11k kiZa
@62 kDa
45.0 kia

AE.0 kDa

2.0 kDy

(b)

116.0 kDa

E6.2 hDa
A0 kla

5.0 kM

5.0 kDa

(d)

Fig. 2. SDS-PAGE of fractionseluted from Sephadex G-100 column chromatography. L ow-molecular-mass markers
(Lane 1 of A, B and D, Lane 2 of C and E, sizes shown on the left); Fractions 1-8(Lane 2-9 of A); Fractions 9-
16(Lane 2-9 of B); Fractions 17-24(Lane 1 and Lane 3-9 of C); Fractions 25-32(Lane 2-9 of D); Fractions 33-
40(Lane 1 and Lane 3-9 of E). A single protein band at about 54kDadisplayed from fractions 3 to 30. Contaminants,
whose mol ecular masses are much smaller than 54kDa, were eluted in fractions 18 to 40. The gel was stained with

Coomassie brilliant blue

J PURE APPL MICROBIO, 8(2), APRIL 2014.



1498 GUO et a.: PURIFIED SUILY SIN SECRETED BY Streptococcus suis

e P
[
= =TT
5 o
g =eo
i
% xro
xro
PP S
(@) . L4
13323871 FENUUHEETINEIOIIN S ErIACIONKOET ORT
famice Mo
o 4
I i wra e o e 2 I
4o
Ao
?J::
E
=
T oamx
=
r}
]
a 1TT
I
#im
E
.
1
Er
e *
11043 ETI8IINTNNIEITIIFEIIINNE BITIIINIDITITIN 130517 B BAD
(b] Fracdan Ma.

Fig. 3. Hemolytic specific activity of the fractions eluted from Sephadex G-100 column chromatography. Two
peak of hemolytic specific activity eluted in fractions from 14 to 16, and from 20 to 21(A); interestingly, avalley
of hemolytic specific activity was observed between the two peaks from17 to 19(A). A time-dependent protein
concentration of the fractions was oh<served (R)

12 3
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25.0 kDa =

Fig. 4. SDS-PAGE of purified suilysin produced by S. suis serotype 2 strain CV CC606. Blank lane(Lane 1); Low-
molecular-mass markers (Lane 2, sizes shown on the | eft); Purified suilysin (Lane 3, position that the arrow point
to). The gel was stained with Coomassie brilliant blue

J PURE APPL MICROBIO, 8(2), APRIL 2014.



GUO et d.: PURIFIED SUILYSIN SECRETED BY Streptococcus suis

% LD Hr il s

1499

F]

H i s

T=aziaxzoxa =)

Fig. 5. Assessments of suilysin-induced L DH release by RBMVECs-. Exposure of RBMVECsto suilysinincreased
lactate dehydrogenase (LDH) release from the cells into the medium. A dose- and time-dependent cytotoxicity
of suilysin to RBMVECs was observed. All data are expressed as means + SD of three independent experiments
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Fig. 6. Measurement of IL-6 release by RBMVECs with suilysin.. A time-dependent of I1L-6 release by RBMVECs
induced with suilysin was observed (A), suilysin showed avery significantly higher ability to induce the expression of IL-
6 compared with spontaneous at each time point ** (P < 0.01); A dose-dependent of 1L-6 release by RBMVECs induced
with suilysin was observed, The level of IL-6 release induced with suilysin was very significantly
higher than blank control group in all concentration (B) **(P < 0.01). Datarepresent the means + SD (in pg/ml)

Culture supernatants of S. suis serotype
2 strain CVCC606, product of fractional
precipitation with 45% of ammonium sulfate, and
suilysin obtained by means of molecular sieve
chromatography were collected respectively. The
parameters (such asvolume, protein concentration,
hemolytic activity, and so on) of these samples
were measured and cal culated, theresultslistedin
Table 1. Resultsindicated that values of hemolytic
specific activity of crude suilysin (E1) and purified
suilysin (E2) wereall significantly higher compared
with the culture supernatants (P< 0.01). Val ues of
E2 were significantly higher than that of E1 (P <
0.01), but the hemolytic activity of E2 was
significantly lower than that of E1 (P < 0.01). The

relatively low coefficient of recovery, and lossof a
large amount of suilysin during molecular sieve
chromatography might be responsible for the
significant difference.
Cytotoxicity of suilysntoRBMVECs

To examine the cytotoxicity of suilysin,
RBMVECs were exposed to different
concentrations of suilysin solution for different
timeintervalsand thelevelsof LDH in supernatants
of RBMVECs were measured. A dose- and time-
dependent cell lysis caused by suilysin was
observed (Fig. 5). Thecell lysis caused by 64, 32,
16, 8, and 4 pg/ml of suilysin reached plateau after
8h of exposure, which was significantly higher
compared with 2 ug/ml of suilysin, respectively (P

J PURE APPL MICROBIO, 8(2), APRIL 2014.
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fold of
purification

Recovery
rate
(%)

(HU*ml/mg)

specific activity

activity

Hemolytic specific Total hemolytic
(HU/mg)

activity
(HU/ml)

content
(mg)

Table 1. Purification of suilysin of S. suis serotype 2 strain CVCC606
Total protein Hemolytic

Protein
concentration
(mg/ml)

Sample
volume
(ml)

:

c

Product
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11.07
761.99

100

84.45

391244.89
330400.47

6.17
68.29°
4701.46°8

24.29

212.69b

63400
4838

317
96.76

20000
50

Iture supernatants

=
ouw

2.88

11283.51

242 211.14bB

0.48

Note: 3P <0.05,AP <0.01, vs. supernatants group; °P<0.05,%P <0.01, vs. fractional precipitation group.

<0.01). Different developments of the curves of
cytotoxicity percentage were observed in different
timeintervals. Before4h, the cytotoxicity of suilysin
increased slowly, but the percentage of cytotoxicity
entered log phasefrom 4h to 8h, and at 8h-24h, the
growth rate of cytotoxicity markedly slowed down
and reached aplateau (Fig. 5). At 8h, the percentage
of cytotoxicity at 64, 32, 16, and 8 ug/ml of suilysin
was significantly higher compared with 2 pg/ml,
respectively (P < 0.01), but at 4h, only 64 pg/ml
was still significantly higher compared with 2 g/
ml of suilysin (P< 0.01).
Suilysininducehigh levelsof | L-6 production
The stimulation of RBMVECs with
suilysinin time- dependent made the IL-6 release
reach a plateau after 24h of exposure (Fig 6A).
Compared with spontaneous cytokine release at
the sametimepoint, suilysin showed significantly
higher ability to induce the expression of IL-6 by
RBMVECs (P<0.01). Theeffect of suilysin doses
on cytokine production was also measured, the
results showed that cytokine induction varied
directly with toxin doses, and a dose-dependent
relationship was observed, which reached aplateau
at 64 pg/ml (Fig 6B). Thelevel of IL-6 release by
RBMYV ECsinduced with suilysinwas significantly
higher than spontaneous (P < 0.01) in each dose.

DISCUSSION

Suilysin, produced and secreted
extracellularly by S. suis, which isonly presented
in culture supernatants. According to these
features, we purified the suilysin from the culture
supernatant by using different filtration steps,
including sel ective ammonium sulfate precipitation
and Sephadex G-100 chromatography. During the
procedure of purification, culture of S. suis,
products of ammonium sulfate precipitation, and
fractions that eluted from chromatography were
all collected and analyzed by SDS-PAGE, thenthe
parameters (such asvolume, protein concentration,
hemolytic activity, and so on) of these collections
were measured and calculated, respectively. The
result indicated that aprotein with molecular mass
of 54kDawasthe purified suilysin that secreted by
S suisserotype 2 strain CV CC606, which exhibited
aspecificactivity of 4.7x10* HU/mg.

Currently, two kinds of themolecular mass
of suilysin,54kDa’ and 65kDa?, have been reported
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respectively. The diversity of the molecular mass
of suilysin,may beresponsiblefor the purification
method and berelated to the different characteristic
of the suilysin produced by different strain of S.
suis. In this study, a simple two-step method was
used and resulted in a high fold of purification
(761.99).

Reports indicated that suilysin belongs
toafamily of cholesterol-binding cytolytic toxins
with amulti-hit mechanism of action®. Thisfamily
includes several hemolysins, such as
pneumolysin, perfringolysin, listeriolysin O, and
steptolysin O, which produced by Streptococcus
pneumoniae , Clostridium perfringens, Listeria
monocytogenes, and Streptococcus pyogenes,
respectively 2°. These hemolysins have been
involved in the pathogenesis of the diseases
caused by each pathogen %24, Besides serotype
2, Serotypes 1, 1/2, 4,5, 14, 15,17,19,and 20 of S.
suis also represented hemolytic activity 2. The
hemolytic activity of suilysin was lost upon
oxidation but restored after addition of reducing
agents’. In vitro studies showed that suilysin also
exhibits toxicity to various cells, including
macrophages'>?, epithelial cells'®, and BMVECS'.
The cells mentioned above could be adhered or
evenlysed by SLY-positivestrain of S. suis, similar
to purified suilysin'* or supernatants of SLY-
positive strain of S. suis'®*>2?7, which indicated that
suilysin might beinvolved in the pathogenicity of
S suis.

The pathogenesis of S. suis infection is
not fully cleared, especially the meningitis caused
by S. suis. Asknownto us, BM isaninflammatory
disease of the central nervous system (CNS) which
occurs when bacteria gain entry to the
subarachnoid space #. In order to reach the CNS
and cause meningitis, circulating S. suis has to
cross the BBB, and this is the key step in the
pathogenesis of meningitis®. The BBB is
responsi blefor maintaining the homeostasiswithin
the CNSand ischaracterized by tight intercellular
junctions that regulate the movement of cells,
solutes, and macromolecules across the BBB #.
Asanimportant component of the BBB, BMVECs
play akey rolein many of the functions mentioned
above. Reports showed that pneumolysin and
beta-hemolysin, secreted by streptococcus
pneumonia and Group B Streptococci,
respectively, aslo could induce cell injury of
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BMVECs %, and that damageto BMVECsfrom
the effects of the hemolysin mentioned above could
contribute to increasing the permeability of the
BBB, and it isworth noting that pneumolysin was
atoxinwith strong sequence homology to suilysin’.

It may be hypothesized that, after
adherence of S suisto BMVECs, toxic factorswere
secreted by bacteriacould affecting the endothelial
cells and lead to cell lysis, which could increase
the BBB permeability and cause the development
of cerebral oedema, increase intracranial pressure
and cause cerebral blood flow blockage ,which are
all the characteristics of bacterial meningitist.
Reports confirmed this assumptions, unlike other
pathogens, S. suis serotype 2 only adhered to but
not invaded Human BMVECs(HBMVECs), and it
was shown that damage to BMVECs by suilysin
of S. suisserotype 2 contributed to increased BBB
permeability’, eventually leading to the breakdown
of BBB and meningitisby S suis. Oneof thefactors
that cause cell injury is cytotoxicity of some
pathogensor toxins, and the cell injury of BMVECs
could lead to BBB permeability. In this study, the
cytotoxicity of suilysin secreted by S. suisserotype
2 strain CV CC606 to RBMV ECs were measured
using LDH release assay, which is an accepted
method to evaluate the viahility, growth state, and
cellular injury, especially used to test theintegrity
of cells, and evaluate invasion and lysis®. LDH
wasamarker enzyme presented in cytoplasm with
stable chemical and biological properties. Generally,
theintracellular leakageof LDH israre,and LDH is
released in case of increased permeability making
damageto the cell membrane. Therefore, therelease
of LDH is an important enzymatic indicator of
cellular injury. In this study, a dose- and time-
dependent cytotoxicity of suilysin to RBMVECs
was observed after determination of suilysin-
induced LDH release. These data suggested that
suilysin caused cell lysis, leading to LDH release,
and dose- and time-dependent damage to
RBMVECs. BMVECswasanimportant component
of BBB. Since the suilysin synthesized by the
bacteria triggered meningitis in SD rats (data
unpublished), suilysin-induced BBB permeability
might be an important pathogenic factor.

In addition to cytotoxicity to BMVECs,
up-regulated expression of pro-inflammatory
mediators and leukocyte trafficking may also
contribute to increasing BBB permeability®?, and
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inflammation to CNS seemsto play acritical rolein
the pathogenesis of S. suis infection. IL-6, a
multifunctional cytokine, which displaysseverd pro-
inflammatory properties, such as regulation of
inflammation including the induction of the acute
phase reaction, immune response and cellular
differentiation, and so on®. It has been shown that
several toxins can stimulate or modulate the
inflammatory mediator cascade®. Interestingly,
cholesteral-binding cytolysins, such as listeriolysin,
pneumoalysin, and streptolysin O, were recognized to
gimulateinflammatory response™. Inthe present study
of cytokinereleaseassay, | L-6 productionwasstrongly
induced with suilysin by RBMVECs in adose- and
time-dependent manner, whichwassignificantly higher
than spontaneous cytokine release in each time point
(P<0.01) (Fig.6A). Thisresult indicated that suilysin
was contribute to the cytokine overproduction by
endothelid cdls after stimulation with S. suis, and
suilysin might be involved in inflammation after
adherenceof S suistoBMVECs, whichmight beresult
intheincrease of theBBB permeshility.

CONCLUSIONS

In summary, we successful obtained
suilysin secreted by S. suis serotype 2 strain
CVCC606 using a simple two-step method of
purification, and assayed the cytotoxicity of suilysin
to RBMVECs. Our findings indicate that suilysin
inducecdllular injury and pro-inflammeatory cytokine
responsein RBMVECs, which lead to theincrease
of theBBB permesbility. Therefore, suilysin may be
involved in (or even play a key role in) the
pathogenesis of meningitis caused by S. suis.
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