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Summary of thesis contents

Glycosylation of proteins is one of the major posttranslational modifications.
N-glycans harbored on membrane proteins profoundly affect the character of proteins
by altering their structure or capacity to bind to other molecules. Various types of
N-glycans are synthesized in endoplasmic reticulum and Golgi apparatus. Proper
N-glycosylation of proteins is important for normal brain development and multiple
functions of nervous system.

Sialic acid is an acidic monosaccharide present at the non-reducing terminal of
sugar residues attached through a2,3-, a2,6- or a2,8-linkage. Sialylated A2G’2F
(Figure 1) is one of the major N-glycans, most of which contains “6-sialyl-LewisC
(6SLeC)” [Galp(1-3)iINeuAca(2-6)}GlcNAc-] moiety. The level of sialylated A2G’2F
increased during development. These observations suggest that 6SLeC-containing
sialylated A2G’2F plays a role in the development and/or maintenance of the mouse
brain.

I analyzed sialylated N-glycans contained in 12-week-old mouse brain by high
performance liquid chromatography (HPLC), and I detected non-, mono-, di-, tri,
tetra-sialylated A2G’2F in addition to our previous report. Biosynthetic pathway of
6SLeC-containing sialylated A2G’2F was deduced from these results. I also analyzed
N-glycans contained in subcellular fractionated proteins from 12-week-old mouse
brain. Sialylated A2G’2F accumulated in membrane and synaptosomal fraction. These
data suggest sialylated A2G’2F mainly localized on plasma membrane and
synaptosome.

Sialic acid binding Ig-like lectins (Siglec) distinguish linkage types of sialic
acids. Some of the siglecs are crucial for exerting brain function. I predicted that
6SLeC plays a role in adult mouse brain through 6SLeC-siglec interactions. To
demonstrate this hypothesis, determination of sialylated A2G’2F-carrier proteins and
6SLeC-recognizing proteins are required.

First I tried to identify sialylated A2G’2F-carrier proteins. We previously
improved the method for analyzing N-glycan on glycoproteins in the sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) gel. Using this method, we
achieved high N-glycan recovery rate; we detected N-glycans from 0.5 pg of a
glycoprotein separated by SDS-PAGE. I homogenized 12-week-old mouse brain and
subjected them on a SDS-PAGE. The gel was cut into 20 pieces and N-glycans
contained in each gel pieces were analyzed by HPLCs. Sialylated A2G’F was detected
in particular gel pieces with molecular mass of 50-70 kDa. I applied this method not
only for SDS-PAGE gel but also for two-dimensional polyacrylamide gel
electrophoresis (2D-PAGE) gel. Synaptosomal fraction was separated by 2D-PAGE
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and gel containing 50-70 kDa proteins was cut into 10 pieces. N-glycans in these gel
pieces were analyzed. I revealed that restricted number of acidic proteins with
molecular mass of 50-70 kDa mainly carry A2G’2F in the synaptosomal fraction of
mouse brain. Furthermore, I revealed that A2G’2F was mainly accumulated in Triton
X-100-soluble component but not in postsynaptic density of the synaptosomal fraction.
I also analyzed proteins in the same gels by liquid chromatography-mass
spectrometry, and neurotrimin (NTM) and calreticulin (CRT) were detected. It has
been reported that there is a N-glycan whose structure is consistent with A2G’2F on
NTM. Thus NTM is a strong candidate for the A2G’2F-carrier. Another candidate was
CRT, which is expressed on endoplasmic reticulum and the cell surface, but
localization in mouse brain was not reported. I performed Western blot analysis of
subcellular fractionated proteins and showed that CRT is not only expressed in
endoplasmic reticulum but also in triton-soluble component of synaptosomal fraction.
I observed that CRT is strongly expressed in cultured cortical neurons and CRT
signals were apposed to PSD95 signals in some of the mature spines. This is the first
report that CRT exists in synapses.

Next, I tried to identify 6SLeC-recognizing siglec. Since ligand glycan for
siglec-H is unknown, I chose this siglec for my study. I used Biacore assay to
investigate 6SLeC-Siglec-H interaction and applied sugar chain cluster technology to
increase the binding affinity of sugar chains against receptor proteins by forming
sugar chain cluster on polylysine residue. This approach was successful and I found
that 6SLeC interacted with siglec-H. Siglec-H is expressed in microglia and is
reported to activate microglial phagocytosis toward glioma cells.

In summary, I found 6SLeC-containing sialylated A2G’2F is harbored on
proteins present in the Triton X-100-soluble component of the synaptosomal fraction
and can be recognized by microglia expressing siglec-H. This interaction may
contribute to the functions of microglia, such as clearance of apoptotic neuron,

synapse pruning, and neuroprotection in the mouse brain.

6-sialyl-LewisC
(6SLeC)
NeuAca?2
i 6 | I
il Galp1 — 3GIcNACB1 4 2 Manat Fuca !
i g 6 i
i Manp1- 4GIcNAcB1 — 4GIcNAc + Asn
i 3 |
H / i
I Galp1 - 3GIcNAcp1 —2Mana i
i 6 i
(S t---- i e e e e 2

NeuAco?2 A2G'2F



(GBIARAE = 2)

(Separate Form 2)

Figure 1. Structure of di-sialylated A2G’2F. Sialic acid (NeuAc) is transferred to a
GlcNAc residue of [Galp(1-3)GlecNAc-] moiety of desialylated A2G’2F (dotted line box),
and 6SLeC (line box) is synthesized.
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