B CE— - 1A

HEBT—< : NAF T 7 A IN—H 5 R O

W —<
15-2-14 : MEEES Bk - B8 - AR OBTFE

ABSTRACT

Modification of peptidoglycan is important in various bacteria. Especially, Bacillus subtilis
produces spore under the starvation conditions. We investigated the modification of spore
peptidoglycan called cortex with the use of the polysaccharide deacetylase gene (pdaA) of B. subtilis.
PdaA-deficient spore did not lead to germination and this mutant completely lacked
muramic-delta-lactam which is essential to germination. In-vitro experiments indicated that PdaA did
not catalyze deacetylation reaction when the native polysaccharide was used as a substrate, but
catalyzed deacetylation when the amidase-digested polysaccharide was used as a substrate. These
results indicate Pdad plays a key role in cortex biosynthesis.

Biosynthesis, modification and degradation of cell wall in bacteria are stringently controlled during
vegetative growth. Here we characterized three vegetative cell wall hydrolases, CwlO, YcdD, and
CwlS. First, we found that a novel yvcE (cwlO) gene encodes a vegetative cell wall hydrolase
classified into the DL-endopeptidase family. The C-terminal truncated protein, C-CwlO-6His, retained
cell wall hydrolase activity and the substrate bond specificity indicated that it is a DL-endopeptidase
in vitro. CwlO was secreted in culture medium during the vegetative growth phase. Second, we defined
that a ycdD gene product also retains a cell wall hydrolase activity. The amino acid sequence of YcdD
exhibited high similarity with some predicted LD-endopeptidases and was very similar to some
bacteriophage lysins. The ycdD gene was transcribed during the vegetative growth phase.
Localization analysis indicated that the YcdD-3xFLAG fusion protein was secreted into culture
medium but not on cell surface. The RP-HPLC and mass spectrometry showed that 6xHis-tag-fused
YcdD (h-YedD) protein only cleaves the linkage between L-Ala and D-Glu, which indicated that YcdD
is an LD-endopeptidase. This is the first example of the LD-endopeptidase characterized in B. subtilis.
Finally, a new peptidoglycan hydrolase, CwiS (YojL), exhibits high amino acid sequence similarity to
LytE (CwIF) and LytF (CwlE), which are associated with cell separation. The N-terminal region of
CwliS has four tandem repeat regions (LysM repeats) predicted to be a peptidoglycan-binding module.
The C-terminal region exhibits high similarity to the cell wall hydrolase domains of LytE and LytF at
their C-terminal ends. The C-terminal region of CwlS could hydrolyze the linkage of
D-y-glutamyl-meso-diaminopimelic acid in the cell wall of B. subtilis, suggesting that CwlS is a
DL-endopeptidase. [-Galactosidase fusion experiments and Northern hybridization analysis suggested
that the cwlS gene is transcribed during the late vegetative and early stationary phases. A cwlS mutant
exhibited a cell shape similar to that of the wild type; however, a IytE IytF cwliS triple mutant exhibited
aggregated microfiber formation. Moreover, immunofluorescence microscopy showed that
FLAG-tagged CwlS was localized at cell separation sites and cell poles during the late vegetative
phase. The localization sites are similar to those of LytF and LytE, indicating that CwlS is involved in
cell separation with LytF and LytE.

Next we investigated that the LysM domain of LytF specifically recognized naked peptidoglycan in
cell wall. In addition, immunofluorescence microscopy of CwlE-6xFLAG with several mutants in the
teichoic acid biosynthesis pathway indicated that the CwlE-6xFLAG localized upon not only cell
separation sites and poles but also cylindrical part of the rod-shaped cells in a helical manner. These
results strongly suggested that peptidoglycan modification by major and minor wall teichoic acids
might mainly occur in the cylindrical part of a rod-shaped cell. Moreover, very similar helical patterns
upon the lateral cell surface were observed in the essential MreB cytoskeleton-depleted cells. These
results strongly suggested that cell wall modification by major and minor wall teichoic acids might
mainly occur in an MreB-dependent manner upon the lateral cell surface.
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