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Peptidoglycan (PGN) is a major component of bacterial cell wall, consisting of glycans and peptide
chains that form a three—dimensional mesh-like structure outside the plasma membrane. The glycan
component consists of alternating residues of B (1—4) linked M-acetylglucosamine and
N—acétylmuramic acid residues, and are connected each other with peptide-linkages. Specific
microbial molecules including PGN are known as the stimulating components of innate immune system,
activating sensor proteins called pathogen-recognition receptors (PRRs). PGN is also known as the
target of antibiotics, and also other enzymes and lectins.

Recent studies revealed that several protein families recognize distinct PGN partial structures
at various different positions. There was a great deal of effort for the chemical synthesis of PGN
fragments in the last decade in order to obtain the pure and discrete species for precise structural
and biochemical studies. In the previous work of our group, nucleotide-binding oligomerization
domain protein 1 (Nodl) and 2 (Nod2) were identified as the innate immune receptors of PGN. However,
the comprehensive analysis of the substrate structures recognized by PGN receptors and other PGN
recognition proteins using complex PGN fragments has not been well-conducted. In order to understand
the recognition and functions of bacterial peptidoglyan with host multi-cellular organisms and also
in the bacteria themselves, the library of PGN fragments was synthesized in this study. The library
included two kinds of sequences of alternating glycans (G1lecNAc/MurNAc), with various length of

glycan chains. The targets covered the compounds having disaccharide, tetrasaccharide and

octasaccharide.
o %&VHO R= L-Ala-D-isoGln 1
NG MHO L-Ala-D-isoGIn-L-Lys 1%
C AcNH e OR' L-Ala-D-isoGIn-L-Lys-D-Ala 1c
CHgCHCOR L-Ala-D-isoGIn-L-Lys-D-Ala-D-Ala  1d

CH3CHCOR




—80T—

= L-Ala-D-isoGIn
H%%&{%MHM}%}&&N " L-Ala-D-isoGIn-L-Lys §2§§5
| AcNH AcNH™ O (o] OR' L-Ala-D-isoGIn-L-Lys-D-Ala 2e/2f
CH,CHCOR \  AcNH/n  AcNH L-Ala-D-isoGIn-L-Lys-D-Ala-D-Ala 20
CH3CHCOR _
R =Horpropyl, n=0o0r1
Peptidoglycan fragments structures.

The synthetic targets 2b—h (Figure 1), which are the fragments expected to be produced by bacterial
enzymes releasing to the environment, have not been chemically synthesized. The previously
synthesized fragments la-d (in our group), which are considered to be cleaved by the enzymes in
animals were also prepared for comparison in this research. The Nod2 stimulating activity of each
synthetic peptidoglycan fragment was then evaluated.

Construction of PGN arrays was then performed by attaching synthesized PGN fragments on a solid
surface of the array platforms. In order to introduce the PGN fragments to the array, several linkage
structures were examined, and finally a linker with terminal amine was successfully attached to
the PGN fragments. The arrays could be used to detect the PGN’ s receptors and recognition proteins
(eg. peptidoglycan recognition proteins (PGRP), enzymes and lectins) and measure the binding
properties of these proteins.

Many proteins containing PGN recognition domain, such as LysM, recognize relatively longer glycan
chains. For the analysis of the detailed recognition of LysM domain, especially with LysM containing
enzyme At1B and At1C from Enterococcus faecalis, the tetrasaccharide and octasaccharide containing
PGN structures were synthesized. In order to prepare various fragment structures having longer
glycan chains, anew efficient synthetic pathway was investigated. Appropriately protected 4-0-Fmoc
protected disaccharide was thus used as the key intermediate in this route. Synthesis of
tetrasaccharide as well as the octasaccharide with heptapeptide was successfully achieved.

In this thesis, I succeeded in developing the synthetic methods for PGN having relative longer
glycans. The newly developed synthesis of PGN also enabled me to build the PGN fragment library,
to form array of the library compounds, and also to investigate further study on the PGN functions
including the recognition of LysM domain. This detailed chemical and structural study would
contribute for understanding of bacterial immune stimulation and also for application to prevent

the bacterial infection, with recognizing PGN structures.
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