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Synthetic studies on glycan-based molecular probes for measurement of

endo-f-N-acetylglucosaminidase activity

Nozomi Ishii

This thesis entitled as “Synthetic studies on glycan-based molecular probes for measurement of
endo-f-N-acetylglucosaminidase activity” describes mainly two subjects. One is the specificity of
donor structures for endo-B-N-acetylglucosaminidase (ENGase) catalyzed transglycosylation
reactions. The other is the development of a fluorescence-quenching-based assay system to

determine the hydrolysis activity of ENGases.

In Chapter I, the background, purpose and value of this study are described. ENGase (EC
3.2.1.96) hydrolyzes the N,N’-diacetylchitobiose core of the asparagine-linked oligosaccharides
(N-glycan) of glycoproteins. According to amino acid sequence similarity, this enzyme belongs to
the glycoside hydrolase families GH18 and GH85. Several ENGases have been known to exhibit
transglycosylation activity, and this characteristic makes them a potential tool for bioengineering of
glycoproteins such as therapeutic antibodies. In addition, cytosolic ENGases have been reported to
be associated with N-glycanase 1 (NGLY1) deficiency, and ENGase inhibitors are promising drug
candidates for the treatment of NGLY1-deficiency. However, current assays for ENGase activity
involve the laborious separation and quantification of hydrolysis products by either
high-performance liquid chromatography (HPLC) or sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) analysis. In order to screen for novel ENGases with high
glycosyltransferase activity, or inhibitors of ENGase, it is necessary to establish a simple assay
method for the both of transglycosylation activity and hydrolysis activity. Thus, for this study has
carried out the construction of a new assay system for the measurement of ENGase activity based

on the fluorescence-quenching system was carried out.

In Chapter II, in order to clarify the structural specificity of the glycosyl donor for the
transglycosylation reaction by using ENGase from Mucor hiemalis (Endo-M), the focus was on the
branching point of the sugar residue with different hydroxy group configurations and for this
purpose a series of tetrasaccharide donors were synthesized. Using these oligosaccharides, the
precise structure—activity relationship was demonstrated for Endo- M and its mutants. The results
showed that the C-4 position of the B-mannose residue was suitable for chemical modification. The
transglycosylation reaction of Endo-M NI175Q was investigated by using donors chemically
modified at the C-4 position of the B-mannose residue, and the transglycosylation products were

successfully formed.



In Chapter III, in to develop an assay system for detecting the transglycosylation activity of
ENGase based on Forster resonance energy transfer (FRET), the fluorescence
(tetramethylrhodamine: TAMRA group) labeled tetrasaccharide derivative and the GIcNAc
derivative having a fluorescein (FAM) group were synthesized, and the measurement of the
transglycosylation reaction by the Endo-M N175Q mutant was examined. As a result, the
transglycosylation activity of ENGase was detected by increasing the fluorescence intensity of
TAMRA caused by FRET from FAM to TAMRA. Further, the transglycosylation activity of
ENGase was detected by measuring the decrease in fluorescence intensity of FAM. Based on the
FRET quenching system, substrates having FRET pairs of N-methylanthraniloyl (Nma) group and
2,4-dinitrophenyl (Dnp) group were also synthesized. This assay system provided a real-time

monitoring of transglycosylation activity of ENGase by decreasing the fluorescence signal.

In Chapter IV, in order to develop a fluorescence-quenching-based assay system to determine the
hydrolysis activity of ENGases, the pentasaccharide derivative was labeled with an Nma group as a
reporter dye at the non-reducing end and a Dnp group as a quencher molecule at the reducing end.
This derivative was hydrolyzed by ENGase, resulting in an increase in fluorescence intensity. Thus,
the fluorescence signal is directly proportional to the amount of the tetrasaccharide derivative,
allowing ENGase activity to be evaluated easily and quantitatively. Using this dual-labeled

pentasaccharide FRET probe, we succeeded in measuring the hydrolysis activities of ENGases.

In Chapter V, the results of the screening of ENGase inhibitors applied to the pentasaccharide
probe are described. In order to evaluate the inhibitory activity by the hydrolysis assay system,
known inhibitors were synthesized. Using this system, measurement of the inhibitory activities of
known inhibitors was shown to be possible. As a result of optimizing the reaction conditions, it was
confirmed that this assay system is suitable for high-throughput screening for potential inhibitors of
ENGase.

In conclusion, analysis of the substrate specificity of ENGases by using the synthetic substrates,
and revealed the C-4 position of the B-mannose residue to be suitable for chemical modification.
Based on these results, new assay systems were established for monitoring of transglycosylation
activity and hydrolysis activity for ENGases using fluorescent modified sugar chain molecular
probe, respectively. This assay system is suitable for the screening of novel ENGases from natural
sources and also for screening potential inhibitors of human ENGase, which could serve as

therapeutic agents in the treatment of NGLY1-deficiency.



