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¥ fL § X 4% Structural insights into peptidoglycan hydrolysis mechanism by the
bacterial flagellar rod cap protein FigJ
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The axial structure of the bacterial flagellum consists of three parts: the filament, the hook and the
rod. Construction of the axial structure requires cap complexes attached to its growing end. FigD and FliD
form the cap complex necessary for hook and filament growth, respectively. Since the rod must penetrate
the peptidoglycan (PG) layer, the rod cap is expected to have a PG-hydrolyzing activity. FlgJ is a member
of the GH73 family and a putative rod cap protein. The PG-hydrolyzing activity of FlgJ should be well

controlled both spatially (at the tip of the nascent rod) and temporally (during rod growth) to avoid lysis

and to make a hole of an appropriate size for rod formation.

To elucidate the molecular mechanism of PG-hydrolysis and its regulation, I determined the crystal
structure of the C-terminal PG-hydrolyzing domain of FlgJ at 1.7 A resolution and characterized its
enzymatic activity. I analyzed the domain composition of FlgJ by limited proteolysis and found that a
C-terminal stable fragment, Flgliy0.36, Was suitable for X-ray crystallographic analysis. FlgJiz.316 was
found to consist of an a-helical core domain and a small sub-domain composed of B-strands and loops,
and shows a structural similarity to hen egg white lysozyme. This similarity allowed the assignment of
putative residues involved in the catalytic reaction or the substrate recognition. E184 and E223 were
assigned as catalytic residues, and it was confirmed by mutational analyses. Since the distance between
E184 and E223 (15.5 A) is too large to be involved in the PG-hydrolyzing reaction, the active cleft
between the core and the sub-domain should be closed upon substrate vbinding. Mutations of K207, which
is located on the loop of the sub-domain and is well conserved in the GH-73 family, considerably reduced
the activity and increased K, app, suggesting that K207 triggers the movement of the sub-domain upon
substrate binding.

Surprisingly, the PG-hydrolyzing activity of Flgli0316 showed an unusually high sensitivity to
cation concentration and was almost diminished at a physiological cation concentration, suggesting that an

activation mechanism must be present for rod formation.
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