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Studies on the pathogenic mechanisms of Streptococcus intermedius
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Streptococcus intermedius belongs to the Anginosus group of streptococci (AGS) and is a
human specific opportunistic pathogen. This pathogen causes purulent infections, including
brain and liver abscesses. S. intermedius secretes a human-specific cytolysin, intermedilysin
(ILY), which can bind specifically to the glycosylphosphatidylinositol-linked membrane
protein, human CD59: a regulator of the terminal pathway of complement in humans. It is
believed that ILY is a crucial virulence factor of this pathogen. Therefore, it is important to
know the expressional control mechanisms of ily in order to understand the pathogenic
mechanisms. To this end, we analyzed the nucleotide sequence of the ily promoter region and
found a region that is highly homologous to the catabolite-repressible element (cre), a
binding region for catabolite control protein A (CcpA). In addition, a considerable decrease
of secreted ILY was observed when cells were grown in a culture medium containing high
concentrations of glucose, one of utilizable carbohydrates. These data strongly suggested that
CcpA could control the expression level of ily. Therefore, we disrupted the ccpd gene using
an erythromycin cassette and found that this the cecpd-knockout strain did not induce
catabolite repression of j/y by utilizable carbohydrates. The strain also showed a prolonged
lag phase and slower doubling time. In cre mutants, catabolite repression of i/y was partially
restored, and purified recombinant CcpA could bind to an oligo-DNA fragment containing the
ere consensus sequence in the {/y promoter region. We conclude from these data that S.
intermedius can modulate ily expression through CcpA-mediated monitoring of the
extracellular utilizable carbohydrate concentration.

It was reported that highly pathogenic strains could secret higher levels of ILY, although
CcpA and cre mutations could not account for the difference between constitutively high
ILY -producing strains and low ILY-producing (low pathogenic) strains, Therefore, we
screened for a repressor of ily expression by using random gene disruption in a low
ILY-producing strain (PC574), and succeeded in isolating three independent high
ILY-producing colonies. These colonies had a plasmid insertion within a gene that has high
homology to lacR. Validation of these observations was carried out by disruption of /acR in
strain PC574 with an erythromycin-cassette. This led to higher hemolytic activity by
increasing transcription of [/y and higher cytotoxicity against the human liver hepatocellular
carcinoma cell line (HepG2) cells compared to PC374. Adding lactose or galactose to the
medium as a carbon source increased the amount of ILY secreted into the culture supernatant
by PC574 cells. Furthermore, we examined /aeR nucleotide sequences and the hemolytic
activity of 30 strains isolated from clinical infections and 7 strains isolated from dental
plaque. Of the 50 strains isolated from infections, 13 showed high ILY production, and [1 of
these 13 strains had one or more amino acid exchange mutations and/or an insertion mutation




in LacR. Almost all mutations were associated with a marked decline in LacR function. These
results strongly suggest that mutation of /acR is required for the overproduction of ILY,
which is associated with an increase in the pathogenicity of §. intermedius.

Our observations strongly indicate that the amount and the type of sugar structures in the
environment of the bacterial cell are important factors in the pathogenicity of S. intermedius.
Interestingly, only S. intermedius could produce many glycosidase activities among the AGS
strains. This strain shows [p-D-galactosidase (p-Gal), p-D-fucosidase (B-Fuc),
N-acetyl-B-D-glucosaminidase (B-GlicNAcase), N-acetyl-B-D-galactosaminidase
{f-GalNAcase), and sialidase {(NanA) activities. However, except for NanA, the enzyme(s)
1'espohsible for these glycosidase activities have not been identified yet, Therefore, we
searched for the gene of each enzyme and found out a gene encoding a glycosidase in the S.
intermedius chromosome with a large open reading frame (6.7 Kbp) in the lac operon,
Bioinformatic analysis suggested that this gene encodes a novel glycosidase that has two
domains (LacZ and GH20) and can exhibit f-Gal and N-acetyl-f-b-hexosaminidase activities,
respectively. Therefore, we named this protein “multi-substrate glycosidase A” (MsgA). To
test whether MsgA has these glycosidase activities, msgd in PC374 was disrupted with a
spectinomycin-cassette. Interestingly, this mutant no longer showed cell- and
supernatant-associated [B-Gal, B-Fuc, B-GicNAcase, and B-GalNAcase activities, and all
phenotypes were complemented /n trans with a plasmid carrying msgd. Purified MsgA had all
of, these four glycosidase activities and  exhibited the lowest K, with
4-methylumbelliferyl(4-MU}-linked  N-acetyl-B-D-glucosaminide  (the  substrate for
p-GlecNAcase) and the highest key with 4-MU-linked B-D-galactopyranoside (the substrate for
p-Gal). In addition, the purified LacZ domain of MsgA had B-Gal and B-Fuc activities and the
GH20 domain exhibited both B-GlcNAcase and -GalNAcase activities. The f-Gal and B-Fuc
activities of MsgA are thermolabile, and the optimal temperature of the reaction was 40°C.
Almost all enzymatic activities disappeared at 49°C. In contrast, B-GlcNAcase and
f-GalNAcase activities were thermostable and the optimal temperatures were 58°C and 55°C,
respectively. In addition we analyzed whether MsgA could remove the N-glycosylated sugar
chains of human a,-antitrypsin. Because removal of the sialic acid residues from the glycan|
branch end by NanA-treatment was necessary for degradation of glycan by MsgA on human
o -antitrypsin, MsgA seems to have exoglycosidase activities.

Overall our results suggest that S. intermedius could obtain monosaccharides by MsgA and
NanA from oligosaccharides, such as glycans as a nutrient for survival in a normal habitat. In
addition, metabolic products of monosaccharides might regulate the expression level of ily,
which through interactions with CcpA or LacR could control the pathogenicity of this
pathogen. '




