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Glycoconjugates are the molecules in which glycan units are covalently linked to noncarbohydrate entities by a
process called glycosylation. Glycoconjugates include many different types of compounds such as glycoproteins,
glycopeptides, peptidoglycans, glycolipids and lipopolysaccharides. Here we analyzed two types of glycoconjugates: (1)
N-glycoproteins and (2) C-mannosyl tryptophan (CMW), which are basically related to two different types of protein

glycosylation namely N-glycosylation and C-mannosylation respectively.

Study-1: Analysis of the fate of Man,GlcNAc, in Saccharomyces cerevisiae

N-Glycosylation is a fundamental and evolutionarily conserved co- or post-translational protein modification that
occurs in all domains of life. The biosynthetic pathways for N-glycosylation in mammalian cells or yeast are well
clarified, while the molecular details of the catabolic pathways of the glycan parts of N-glycoproteins are less well
understood. During N-glycosylation, oligosaccharyltransferase (OST) catalyzes the transfer of the fully assembled
glycan, Glc;Man,GlcNAc,, from its dolichylpyrophosphate-linked precursor to the target asparagine residue of
polypeptide chains, thus forming the N-glycoproteins in the endoplasmic reticulum (ER). While catalyzing the
N-glycosylation reaction, OST also liberates glycan chains in the ER lumen (referred to as free N-glycans or FNGs).
Both the protein bound and the free N-glycans are processed by a series of glycosidases in the ER. First, the ER-
resident de-glucosylating enzymes, glucosidase 1 (Gls1) and glucosidase I (Gls2) rapidly removes all of the glucose
molecules from the glycans followed by ER mannosidase 1 (Mns1) which further removes one mannose to produce
MangGlcNAc,. The correctly folded glycoproteins are then transported out of the ER to their respective destinations. On
the other hand, the glycoproteins which fail to fold properly undergo additional processing by another ER mannosidase
called Htm1 which removes one more mannose molecule from the glycans on the misfolded glycoproteins. The
misfolded glycoproteins and the FNGs in the ER lumen are then transported to the cytosol by unclarified mechanisms.

In the cytosol of Saccharomyces cerevisiae, the enzyme peptide:N-glycanse (Pngl) removes the N-glycans from the



misfolded glycoproteins, producing additional FNGs. The FNGs in the cytosol are finally processed by a cytosol/
vacuole a-mannosidase, Ams1, which removes a-mannose molecules from the FNGs to eventually form a trisaccharide
Man,GlcNAc,. This trisaccharide is believed to be the end product of FNG catabolism in S. cerevisiae, since no
[-mannosidase or f-hexosaminidase to break down Man,GIcNAc, is known to be produced by this yeast. In this study,
we attempted to determine the fate of Man,GIcNAc, in S. cerevisiae to clarify if it is really the final FNG or whether it
is metabolized further by enzymatic reactions. To this end, we analysed the structures and amounts of the FNGs in the
log phase (4 hour culture), post-diauxic phase (day-1 and day-3 cultures) and stationary phase (day-7 culture) in yeast
cells. In the log phase, the major FNG structures detected were Man, ,GlcNAc, whereas no Man,GIcNAc, was found,
indicating that this trisaccharide is not normally produced by the log phase cells. In the post-diauxic phase, in addition
to the Man, (GlcNAc,, smaller FNGs corresponding to Man, sGlcNAc, were also detected. These FNGs (Man, (GlcNAc,),
however, were barely detected in the stationary phase. Only two FNG structures were detected in the stationary phase,
Man,GIcNAc, and Man,GlcNAc,, the former however representing only 6.2 % of the total. Quantitation of total
FNGs showed a steady increase from the log phase to day-7 culture. There was also a rapid increase in the amount of
Man,GlcNAc,, which represented ~94% of the total FNGs at day-7. Taken all these results, it can be concluded that
Man,GIcNAc, is not enzymatically catabolised during the post-diauxic/stationary phases. Chantret ez al. (J. Biol. Chem.,
286(48), 41786-41800) reported, however, that Man,GlcNAc, levels decline when stationary cells are re-incubated in
fresh medium to resume logarithmic (log) phase, raising the possibility that there might be a log phase-specific catabolic
pathway for Man,GlcNAc,. To better understand the catabolic pathway of Man,GlcNAc, in log phase cells, stationary
phase yeast cells, which contain relatively large amounts of Man,GIcNAc,, were transferred to fresh medium and the
Man,GlcNAc, levels were closely monitored at various time points. The results showed that, as the cells started to
divide, the levels of Man,GlcNAc, gradually decreased. This reduction, however, can be attributed solely to a dilution
effect by the cell division, rather than by enzymatic catabolism of this trisaccharide. Our results thus imply that S.
cerevisiae does not produce a catabolic enzyme that acts on Man,GIcNAc, and that this trisaccharide appears to be the

end product of the enzymatic catabolic pathway for FNGs in this yeast.

Study-2: Analysis of FNGs in the Saccharomyces cerevisiae glucosidase mutants: Looking for novel glucosidase in
yeast.

The two a-glucosidases in the endoplasmic reticulum, Glucosidase 1 (Gls1) and Glucosidase 2 (Gls2/Gtbl), are
responsible for the removal of all the glucose molecules from the N-glycans (Gle;Man,GlcNAc,) of glycoproteins.
Removal of the glucose molecules is known to be critical for the efficient catabolism of the FNGs so that Ams1 gets
access to all the a-mannose molecules on the N-glycans leading to the formation of Man,GlcNAc,. Interestingly,
however, Chantret ef al. . (J. Biol. Chem., 286(48), 41786-41800) previously detected Man,GlcNAc, in the glucosidase
deletion mutants of S. cerevisiae. This observation may imply that one or more additional catabolic a-glucosidases
working on the N-glycans may exist in this yeast. Therefore, in the second study, in order to investigate the occurrence
of any novel a-glucosidases in S. cerevisiae, we carried out precise structure analysis of the FNGs at different
growth stages in three glucosidase deletion mutants of this yeast, i.e., gls/4, gls24, and glslAgls24. We found the
FNGs Gle;Man, (GIcNAc, and Glc;Mang ,GlcNAc, in the log and stationary phases respectively in the gls/4and
glsiAgls2Acells. Whereas corresponding two-glucose containing FNGs were detected in the gls24cells. All the major
structural isomers of the FNGs along with their respective quantities have also been determined. To our surprise,

however, no Man,GlcNAc, or other deglucosylation products of the FNGs were detected in any of these cells under the



all conditions examined. Our results thus indicate that no additional catabolic a-glucosidase acting on the N-glycans

exist in S. cerevisiae.

Study-3: Study on the degradation of C-mannosyl tryptophan (CMW) by bacteria.

C-mannosylation is a unique type of protein glycosylation that involves attachment of single mannose molecule
to selected tryptophan residues in proteins, catalyzed by C-mannosyl transferase. This type of protein modification
was reported to be present in C. elegans, amphibians, birds, and mammals, but not in plants, yeasts, and E. coli. So
far twenty three proteins are known to receive C-mannosylation. Previously, isolation of C-mannosyl tryptophan
(CMW) as free amino acid from human and rat urine has been reported. This indicates that C-mannosyl proteins in the
body undergo proteolytic degradation to produce CMW which is then released outside with urine. Despite its regular
excretion into the environment, however, CMW has not been reported to be accumulated in the environment suggesting
that at least microbes can degrade this compound. In this study, we aim to find out if there are any bacteria which can
degrade CMW and to clarify the degradation mechanism. To this end, we searched for the microbes in soil and could
successfully isolate a mixed bacterial culture which can grow in a minimal media containing CMW as the only carbon
source. Utilization of CMW was confirmed by HPLC which showed much reduction of CMW in the media after two
days of incubation. We then attempted to isolate pure culture, i.e., the single species of bacteria degrading CMW.
Because the amount of CMW was limited, we used rich media, e.g., LB to get the single colony isolates. First, single
colonies from the CMW plate were streaked on LB plate and after repeated sub-culturing, a few single colonies were
isolated. But these colonies isolated from the LB plate did not grow on CMW anymore, though originally the bacteria
came from the CMW plate. By 16S rRNA gene sequence analysis, we found that the single colony on the CMW plate
actually contained several different bacterial species. So it was possible that when the colony was transferred from the
CMW plate to LB, the CMW-degrading bacteria are either not growing or growing poorly on LB, thereby outgrown
by other bacteria. We then attempted to isolate each of the different bacteria present in the single but mixed colony by
using rich media. We used different conditions and isolated 73 colonies of bacteria which belong to six different genera
of, or similar to, Microbacterium, Ochrobactrum, Achromobacter, Shinella, Bacterium DP-2, and Uncultured clone H-2-
16. But none of these six bacteria grew in CMW media indicating that the one degrading CMW could not be isolated.
To determine which bacteria are actually involved in the catabolism of CMW, we performed next generation sequencing
analysis which revealed that abundance of one bacterial species from the Sphingomonadaceae family increased
concomitant with the decrease in the amount of CMW in the media whereas the abundance of the other bacteria
remained more or less constant regardless of the amount of CMW in the media, implying that the Sphingomonadaceae

bacterium might be the one responsible for utilizing CMW.
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