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(EX):
Group A streptococcus (GAS), also known as Streptococcus pyogenes, is a gram-positive, B-hemolytic bacterium that
is also a fermentative and facultative anaerobe. GAS causes a variety of diseases in humans, including acute
infections (i.e., pharyngitis, pyogenic skin infections, toxic shock syndrome, and severe necrotizing fasciitis) and
post-infectious sequelae (glomerulonephritis and rheumatic fever). Moreover, GAS is one of the most highly
prevalent bacterial pathogens and has a global distribution. The relative incidence of GAS disease varies with both

locale and season.
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S. pyogenes possesses clustered regularly interspaced short palindromic repeats (CRISPR)/Cas systems
that can restrict horizontal gene transfer (HGT) including phage insertion. Therefore, it was of interest to
examine the relationship between CRISPR and acquisition of prophages in S. pyogenes. Although two
distinct CRISPR loci were found in S. pyogenes, some strains lacked CRISPR and these strains possess
significantly more prophages than CRISPR harboring strains. We also found that the number of spacers
of S. pyogenes CRISPR was less than for other streptococci. The demonstrated spacer contents, however,
suggested that the CRISPR appear to limit phage insertions. In addition, we found a significant inverse
correlation between the number of spacers and prophages in S. pyogenes. It was therefore suggested that S.
pyogenes CRISPR have permitted phage insertion by lacking its own spacers. Interestingly, in two closely
related S. pyogenes strains (SSI-1 and MGAS315), CRISPR activity appeared to be impaired following
the insertion of phage genomes into the repeat sequences. Detailed analysis of this prophage insertion site
suggested that MGAS315 is the ancestral strain of SSI-1. As a result of analysis of 35 additional
streptococcal genomes, it was suggested that the influences of the CRISPR on the phage insertion vary
among species even within the same genus. Our results suggested that limitations in CRISPR content
could explain the characteristic acquisition of prophages and might contribute to strain-specific
pathogenesis in S. pyogenes.

Autophagy mediates the degradation of cytoplasmic contents in the lysosome and plays a significant role in immunity.
We identified the small GTPases Rab9A and Rab23 as novel autophagy regulators during Group A streptococcus
(GAS) infection. Rab9A was recruited to GAS-containing autophagosome-like vacuoles (GcAVs) after
autophagosomal maturation and its activity was required for GcAV enlargement and eventual lysosomal fusion.
GcAV enlargement appeared to be related to homotypic fusion of GcAVs with Rab9A. Rab23 was recruited to
GAS-capturing forming autophagosomes. Knockdown of Rab23 expression decreased both LC3- and Atg5-positive
GAS formation and caused the accumulation of LC3-positive structures that did not associate with intracellular GAS.
It was suggested, therefore, that Rab23 is required for GcAV formation and is involved in GAS targeting of
autophagic vacuoles. Furthermore, knockdown of Rab9A or Rab23 expression impaired the degradation of
intracellular GAS. Therefore, our data reveal that the Rab9A and Rab23 GTPases play crucial roles in autophagy of
GAS. However, neither Rab9A nor Rab23 were localized to starvation-induced autophagosomes. Not only Rab9A
but also Rab23 was dispensable for starvation-induced autophagosome formation. These findings demonstrate that

specific Rab proteins function at distinct steps during autophagy in response to GAS infection.
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