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Free oligosaccharides (fOS) are generated as the result of
N-glycoproteins catabolism that occurs in two distinct
principal pathways: the endoplasmic reticulum-associated
degradation (ERAD) of misfolded newly synthesized
N-glycoproteins and thematureN-glycoproteins turnover
pathway. The O-(2-acetamidO-2-deoxy-D-glucopyrano-
sylidene) amino-N-phenylcarbamate (PUGNAc) is a
potent inhibitor of the O-GlcNAcase (OGA) catalysing
the cleavage of b-O-linked 2-acetamido-2-deoxy-b-D-glu-
copyranoside (O-GlcNAc) from serine and threonine resi-
dues of post-translationaly O-GlcNAc modified proteins.
In order to estimate the impact ofO-GlcNAcmodification
on N-glycoproteins catabolism, fOS were analysed by
mass spectrometry (MS). MS analysis revealed the
appearance of an unusual population of fOS after
PUGNAc treatment. The structures representing this
population have been identified as containing
non-reducing end GlcNAc residues resulting from incom-
plete lysosomal fOS degradation. Only observed after
PUGNAc treatment, the NButGt, another OGA inhibi-
tor, did not lead to the appearance of this population.
These abnormal fOS structures have clearly been shown
to accumulate in membrane fractions as the consequence
of lysosomal b-hexosaminidases inhibition by PUGNAc.
As lysosomal storage disorders (LSD) are characterized
by the accumulation of storage material as fOS in lyso-
somes, our study evokes that the use of PUGNAc could
mimic a LSD. This study clearly points out another off
target effects of PUGNAc that need to be taken into
account in the use of this drug.

Keywords: degradation/lysosomes/mass spectrometry/
oligosaccharide.

Abbreviations: CHO, Chinese Hamster Ovaries;
ERAD, endoplasmic reticulum-associated
degradation; fOS, free oligosaccharides; PUGNAc,
O-(2-acetamido-2-deoxy-D-glucopyranosylidene)
amino-N-phenylcarbamate.

N-Glycosylation can be considered as one of the most
important post-translational modification of secreted
and membrane proteins. Starting in the ER lumen by
the transfer of an oligosaccharide Glc3Man9GlcNAc2
from the mature lipid linked oligosaccharide precursor
Glc3Man9GlcNAc2-PP-Dolichol onto proteins, the
N-linked oligosaccharides will then undergo extensive
processing in the ER lumen by a range of glycosidases,
such as glucosidases and mannosidases (1). The
different generated glycan structures will serve as
recognition tags for protein folding, endoplasmic
reticulum-associated degradation (ERAD) and exit of
glycoproteins from the ER (1).

Associated to the N-glycosylation process, soluble-
free oligosaccharides (fOS) can be found in several
types of animal cells. Their origin is still a debate but
two main pathways have clearly been identified. First,
fOS can arise from the ER degradation pathway of
newly synthesized glycoproteins named ERAD. This
pathway leads to the release of cytosolic fOS by the
cytosolic peptide:N-glycanase (PNGase) (2). The re-
sulting fOS bearing the di-N-acetylchitobiose
(fOSGN2) are then subsequently hydrolysed by a cyto-
solic endo-b-N-acetylglucosaminidase (ENGase) to
produce fOS with a single GlcNAc residue (fOSGN1)
(3). The Man9-8GlcNAc1 structures are further
trimmed by the cytosolic mannosidase Man2C1 (4)
to generate a specific linear isomer of Man5GlcNAc1
[Mana1-2Mana1-2 Mana1-3(Mana
1-6)Manb1-4GlcNAc] before being transported to the
lysosomes by an ATP-dependent, high-affinity oligo-
saccharide transporter (5).

Although the above outlined scheme is well
accepted, fOS can also arise as digestion intermediates
during the lysosomal degradation of mature N-glyco-
proteins. This catabolism is part of the normal
turnover of mature N-glycoproteins and contributes
to the cellular homeostasis of glycosylation by recy-
cling amino acids as well as monosaccharides. The
pathway for their breakdown involves the concerted
action of about 20 hydrolytic enzymes and occurs
bidirectionally with the sequential release of monosac-
charides by exoglycosidases from the non-reducing end
of the oligosaccharide chains. Concomitantly, a set of
hydrolytic events then digests the polypeptide chain
and the protein�carbohydrate linkage region by a
glycosyl asparaginase that first requires the removal
of fucose residue by a-L-fucosidase (6). The release of
the N-acetylglucosamine residue of the chitobiose and
the hydrolysis of Manb1-4GlcNAc linkage at the
reducing end is, respectively, achieved by an endo-b-
N-acetylglucosaminidase or lysosomal di-N-chitobio-
biase present both in humans and rodents, and
b-mannosidase (6). The breakdown of the
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oligosaccharide from the non-reducing end requires
the action of N-acetyl-b-D-hexosaminidases (lysosomal
b-hexosaminidases) that catalyses the removal of
N-acetylglucosamine residues. Other specific exoglyco-
sidases will also be required such as a-neuraminidase,
b-galactosidase and a-mannosidase (6).

Besides the N-glycosylation process, a large number
of cytoplasmic and nuclear proteins have been reported
to be post-translationally modified by N-acetylglucosa-
mine (O-GlcNAc) on specific serine/threonine residues.
This highly dynamic modification is catalysed by an
O-GlcNAc transferase enzyme (OGT), and removed
by the antagonistic enzyme b-N-acetylglucosaminidase
(O-GlcNAcase, OGA) (7). For the past decade,
O-(2-acetamido-2-deoxy-D-glucopyranosylidene) am
ino-N-phenylcarbamate (PUGNAc), human O-GlcNA
case inhibitor, has been widely used to increase cellular
O-GlcNAc levels and to evaluate the cellular function(s)
played by the post-translational modification O-Glc
NAc (8). It later became apparent that PUGNAc
shows weak selectivity for OGA while the N-butyl
thiazoline (NbutGT) and very likely other inhibitors
have greater selectivity for OGA (9).

In our current study, we looked for evidences impli-
cating O-GlcNAc modification in the N-glycoproteins’
degradation pathways. In order to tackle this relation-
ship, we have explored the quality and quantity of fOS
in PUGNAc CHO-treated cells. Mass spectrometry
(MS) analysis revealed the appearance of an unusual
population of fOS after PUGNAc treatment. The
structures represented in this population have been
identified as containing non-reducing end GlcNAc
residues resulting from incomplete lysosomal fOS deg-
radation in CHO cells. These structures clearly
accumulate in membrane fractions as the consequence
of lysosomal b-hexosaminidases inhibition.

Materials and Methods

Cell culture
Pro-5 CHO cell line was cultured in a-minimal essential medium
(Gibco) supplemented with 10% (v/v) fetal bovine serum and
2.5mM L-glutamine at 37�C under 5% CO2 and plated in 175 cm2

dishes. CHO cells, grown until confluence, were incubated or not,
before analysis, with 100mM of PUGNAc (Sigma Aldrich,
St Quentin Fallavier) or with NbutGT inhibitor (100 mM) that was
kindly provided by Dr David J. Vocadlo.

Immunoblotting
An amount of 20 mg of proteins were analysed by SDS�PAGE and
immunoblotted with Anti-O-GlcNAc (RL2) (1:10000) and
anti-a-tubulin obtained both from Sigma-Aldrich Co. (St Louis,
MO, USA). Cells were washed twice on ice (Santa Cruz
Biotechnology) with cold PBS (phosphate-buffered saline) and
then lysed for 5min on ice in cell lysis buffer (25mM Tris�HCL,
150mM NaCl, pH 7.6, supplemented with 1% Triton X-100, 1%
sodium deoxycholate and 0.1% SDS). Proteins were quantified by
using the Micro BSA Protein Assay Kit (Thermo Fisher Scientific,
Brebieres, France). Signals were detected using the ECL plus detec-
tion Kit (Amersham Biosciences, UK) according to the manufac-
turer’s instructions.

Preparation of cytosolic and membrane fractions
CHO cells treated or not with PUGNAc, were cultured in 175 cm2

dishes. Once confluent (�20�106 cells), cells were washed twice on
ice (Santa Cruz Biotechnology) with cold PBS (phosphate-buffered
saline) and then scraped in 300 ml of KMH buffer (110mM

potassium acetate, 2mM magnesium acetate, 20mM HEPES, pH
7.2) containing protease inhibitor cocktail (cOmplete; Roche
Diagnostics). After homogenization by using a ball-bearing-type
homogenizer, cells were centrifuged for 1 h at 105,000�g. The
resulting supernatant is referred as the cytosolic fraction and the
pellet as the membrane fraction. Both fractions were then submitted
to lipid extraction by addition of 3ml of CHCl3/MeOH/H2O (3/2/1,
v/v/v). The aqueous phases resulting from the lipid extraction were
then lyophilized. The remaining glycoproteins pellet was dried in a
vacuum centrifuge.

Release of the N-linked oligosaccharides and clean-up
procedure of the PNGase F-released N-glycans
The dried protein pellet was dissolved in 200 ml of 50mM ammonium
bicarbonate containing 0.25% w/v SDS and 0.25% v/v
b-mercaptoethanol and subsequently heated for 20min at 100�C.
After adding 200ml of 50mM ammonium bicarbonate in the
cooled samples, 20 ml of 10% v/v Nonidet P40 and 3U of PNGase
F were successively added and the deglycosylation was incubated at
37�C for 18 h. The PNGase F digestion was terminated by drying
in vacuo. The N-glycans were desalted on a column of 150mg of
non-porous graphitized carbon (Alltech, Deerfield, IL, USA). The
column was sequentially washed with 5ml methanol and 10ml 0.1%
v/v TFA. The N-glycans were dissolved in 1ml of 0.1% v/v TFA,
applied to the column and washed with 3�5ml of 0.1% v/v TFA.
The elution of N-glycans was conducted with the application of 5ml
of 25% v/v ACN in water containing 0.1% v/v TFA. The fraction
was freeze-dried. b-Hexosaminidase digestion was carried out at
37�C for 48 h with 50U/ml in 50mM ammonium formate pH 4.6.
The samples were lyophilized and then permethylated before
MALDI�MS analysis.

Permethylation of the glycans
Permethylation of the freeze-dried PNGase F-released N-glycans
and soluble oligosaccharides was performed according to the pro-
cedure developed by Ciucanu and Kerek (10) .The reaction was
stopped by adding 1ml of cold 5% v/v acetic acid followed by
three extractions with 500ml of chloroform. The pooled chloroform
phases (1.5ml) were then washed eight times with ultra-pure water.
The methylated derivatives-containing chloroform phase was finally
dried under a stream of nitrogen and the extracted products were
further purified on a C18 Sep-Pak. The C18 Sep-Pack was sequen-
tially conditioned with methanol (5ml), and water (2�5ml). The
derivatized glycans dissolved in methanol were applied on the cart-
ridge, washed with 3�5ml water, 2ml of 10% v/v ACN in water
and eluted with 3ml of 80% v/v ACN in water. ACN was evapo-
rated under a stream of nitrogen and the samples were freeze-dried.

MALDI -MS analysis of permethylated glycans
MALDI�MS experiments were carried out on voyager Elite
DE-STR Pro instrument (PersSeptive Biosystem, Fanmingham,
MA, USA) equipped with a pulsed nitrogen laser (337 nm) and a
gridless delayed extraction ion source. The spectrometer was oper-
ated in positive reflectron mode by delayed extraction with an accel-
erating voltage of 20 kV and a pulse time of 200 ns and grid voltage
of 66%. All the spectra shown represent accumulated spectra
obtained by 400�500 laser shots. Sample was prepared by mixing
a 1ml aliquot (5�10 pmol) with 1 ml of matrix solution, on the
MALDI sample plate. The matrix solution was prepared by saturat-
ing a methanol�water (1:1) with DHB (10mg/ml).

Relative quantification
Relative quantification analysis of permethylated fOS was performed
as previously described (11). Oligosaccharides were first released and
peremethylated from a fixed amount of cells (20�106). For the
internal standard, 30 mg of dried Galb1-4GlcNAc were suspended
in dimethyl sulphoxide (DMSO) (0.1ml) and NaOH (20mg in
0.1ml of dry DMSO) was added. After strong mixing, 0.1ml
of 13C-labelled methyl iodide (Aldrich, St Louis, MO, USA) was
added. The 13C-labelled methylated oligosaccharide has been
purified according to Alvarez-Manilla and collaborators (11) and
dissolved in 50% methanol at the final concentration of 10 mg/ml.

The MALDI�MS matrix was then prepared by saturating a
methanol�water (1:1) with DHB (10mg/ml). Then, 0.5ml of methy-
lated glycan sample was mixed with 0.5ml of matrix solution and
0.5ml of 13C-labelled methylated oligosaccharide. The spectrometer
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was operated in positive reflectron mode by delayed extraction with
an accelerating voltage of 20 kV and a pulse time of 200 ns and grid
voltage of 66%. All the spectra shown represent accumulated spectra
obtained by 400�500 laser shots. For each condition, three samples
were spotted and the amount of each oligosaccharide was relatively
quantified and estimated by calculating the ratio between the relative
amount of these oligosaccharides and the internal standard in the
MALDI�MS spectra.

Results

PUGNAc inhibitor causes an increase of O-GlcNAc
modified proteins level and the appearance of an
unusual fOS population in CHO cells
PUGNAc and NButGT are well-known potent OGA
(O-GlcNAcase) inhibitors. In order to assess the
inhibitory efficacy of these two inhibitors towards
OGA, the O-GlcNAc modified proteins level was
assessed by western blot (Fig. 1). In contrast to un-
treated CHO cells, cells treated either with PUGNAc
or NbutGT showed a marked increase of O-GlcNAc
modified proteins level stemming from the continuing
action of OGT while O-GlcNAcase functions are hin-
dered (Fig. 1).

In order to determine the impact of O-GlcNAc-
modified proteins on the catabolic pathways of
N-glycoproteins, fOS have been analysed by MS in
CHO control cells and CHO cells treated with
PUGNAc and NbutGT, respectively. MS profiling of
permethylated fOS representing the total soluble oligo-
saccharides isolated from CHO control cells (A) and
from CHO treated separately with PUGNAc (B) and
NbutGT (C) was shown in Fig. 2. The structures
shown in the annotations were assigned from

compositional information provided by the MAL
DI�MS data. The representative MS profile of total
fOS from CHO control cells in Fig. 2A shows a popula-
tion of Hex1-5HexNAc1 type oligosaccharides with one
singleHexNAc residue atm/z 518 (Hex1HexNAc1),m/z
722(Hex2HexNAc1), m/z 926(Hex3HexNAc1), m/z
1130 (Hex4HexNAc1), m/z 1334(Hex5HexNAc1) and
m/z 1538 (Hex6HexNAc1), the major ion was observed
at m/z 518. Surprisingly, the MALDI�MS profile of
total fOS from CHO�PUGNAc-treated cells (Fig. 2B)
consisted in a heterogeneous population of fOS
compared with the one obtained from CHO control
cells. The most notable features of the data indicate
the appearance of an unusual fOS population in CHO
cells bearing 2�5 HexNAc residues observed atm/z 967
(Hex2HexNAc2), m/z 1170 (Hex3HexNAc2), m/z 1416
(Hex3HexNAc3), m/z 1662 (Hex3HexNAc4) and m/z
1907 (Hex3HexNAc5) in addition to the fOSpopulation
possessing only one single HexNAc residue to their
reducing end and observed in CHO control cells. At
the opposite, the MALDI�MS profile of the total fOS
obtained fromNbutGT CHO treated cells (Fig. 2C) did
not reveal the presence of this fOS population bearing
2�5 HexNAc residues. Hence, these data indicate that
the appearance of the unusual fOS population bearing
2�5 HexNAc residues observed after PUGNAc treat-
ment is not due to a selective OGA inhibition.

fOS structures accumulating in PUGNAc-treated CHO
cells are located in the membrane fraction and bear
only one GlcNAc residue at their reducing end
In order to evaluate the subcellular distributionof fOS in
PUGNAc CHO-treated cells, cytosolic fOS and fOS
located in the membrane fractions were separated by
ultracentrifugation (Fig. 3). MALDI�MS analysis of
permethylated cytosolic and membrane fOS fraction
derived from control and PUGNAc-treated CHO cells
were performed. The MALDI�MS profiles of per-
methylated cytosolic oligosaccharides from CHO con-
trol and from PUGNAc CHO-treated cells were
depicted, respectively, in Fig. 3A and C. The cytosolic
fOS of CHO cells treated with PUGNAc or not treated
remain unchanged and appear to have the same
MALDI�MS profiles. As was the case for the total
fOS derived from control cells in Fig. 1A, the
MALDI�MS profiles of cytosolic fOS fraction with or
without PUGNAc treatment show the same molecular
ions corresponding to the population of
Hex1-5HexNAc1. The MALDI�MS profiles of mem-
brane fOS fraction derived from control and from
PUGNAc CHO-treated cells were shown, respectively,
in Fig. 3B andD. TheMALDI�MSprofiles of cytosolic
and membrane fOS fractions in CHO cells show the
same profiles. In contrast, comparison of MS profiles
of cytosolic and membrane fOS after PUGNAc treat-
ment revealed the presence of Hex2HexNAc2,
Hex3HexNAc2, Hex3HexNAc3, Hex3HexNAc4 and
Hex3HexNAc5 species in membrane fraction. These
findings clearly demonstrate that PUGNAc has no
effect on the cytosolic fOS structures but strongly
affects the fOS structures located in the membrane frac-
tion. To determine whether these oligosaccharides are
containing one or two intact GlcNAc residues at their
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Anti-O-GlcNAc [RL2]
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Fig. 1 O-GlcNAc protein levels in Pro-5 CHO cells treated or not

with PUGNAc or NButGT. Pro-5 CHO cells were treated over night
with 100 mM of PUGNAc and 100mM of NButGT, respectively.
O-GlcNAc modified protein levels were analysed by western blot
(upper panel). Western blot analysis of cellular a-tubulin levels
shows equal loading for the three lanes (lower panel).
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reducing end, fOS population followed PUGNAc treat-
ment was characterized structurally using b-hexosami-
nidase activity. After b-hexosaminidase treatment
(Fig. 4B), the [MþNa]þ ions at m/z 967 (Hex2Hex
NAc2), m/z 1170 (Hex3HexNAc2), m/z 1416 (Hex3
HexNAc3), m/z 1661 (Hex3HexNAc4) and m/z 1906
(Hex3HexNAc5) disappeared, concomitantly, with the
appearance of a major ion at m/z 926 (Hex3HexNAc1).
These data indicate that, as expected, non-reducing
GlcNAc residues were fully trimmed to form the
Hex3HexNAc1 structure possessing an intact single
GlcNAc residue at the reducing end.

PUGNAc has no effect on N-linked glycan structures
In order to check whether the structure of the glycan
moiety on glycoproteins was changed by PUGNAc
treatment, the detailed structural analysis of N-glycans
released from total N-glycoproteins in PUGNAc
CHO-treated cells was performed. MALDI�MS ana-
lysis of permethylated PNGase F released N-glycans

from total cellular extracts of CHO control cells
(Fig. 5A) and PUGNAc CHO-treated cells (Fig. 5B)
has been performed. In both MALDI�MS spectra, as-
signed compositions of N-glycans are consistent with
complex-type glycans (dHex0-1Hex5-9HexNAc2�7).
The same molecular ions were observed in the spectra
of global permethylated PNGase F released N-Glycans
from both untreated and PUGNAc treated CHO
demonstrating that PUGNAc has no effect on
N-linked glycan structures.

Relative quantification of fOS
In order to establish a relative quantitative profiling of
fOS in both control and PUGNAc-treated cells, fOS
were analysed for their relative abundances (Fig. 6). To
achieve this relative quantification, the permethylated
fOS were mixed with a known amount of 13C-labelled
methylated oligosaccharide as an internal standard,
and freeze-dried before MALDI�MS analysis.
The amount of each oligosaccharide was relatively

A

B

C

Fig. 2 fOS structures accumulate in PUGNAc-treated CHO cells. MALDI�MS profiles of permethylated total oligosaccharides from CHO
controls cells (A), CHO treated separately with 100 mM of PUGNAc (B) and with 100mM of NbutGT (C). fOS are derived from the 50% (v/v)
acetonitrile fraction from a C18 Sep-Pak. All molecular ions are [MþNa]þ, and nominal masses of 12C isotope are shown.
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quantified and estimated by calculating the ratio
between the relative amount of these oligosaccharides
and the internal standard observed at m/z 542 in the
MALDI�MS spectra of both control and PUGNAc
CHO treated cells. As observed in Fig. 6, in CHO
cells treated or not with PUGNAc, the
Hex1HexNAc1 structure is the most abundant,

although 4-fold increased after PUGNAc treatment.
Interestingly, the population of oligosaccharides with
2�5 GlcNAc residues only appears in CHO�
PUGNAc-treated cells in which the major oligosac-
charide is the Hex3HexNAc3. Compared with
untreated CHO cells, this population clearly accumu-
lates after PUGNAc treatment.

A C

B D

Fig. 3 Subcellular localisation of the fOS population observed after PUGNAc treatment. Cytosolic fractions from CHO control (A) and from
CHO�PUGNAc-treated cells (B), membrane fractions from CHO control (C) and from CHO�PUGNAc-treated cells of fOS were obtained by
ultracentrifugation. The permethylated fOS of each fraction were analysed by MALDI.

A

B

Fig. 4 Beta-hexosaminidase treatment on fOS population followed PUGNAc treatment. MALDI�MS profiles of permethylated fOS from
CHO�PUGNAc treated cells (A), and after treatment with b-N-acetylhexosaminidase (B). After purification on a non-porous graphitized
carbon SPE cartridge, the fOS were analysed in positive ion reflective mode after on-target exoglycosidase digestion, as [MþNa]þ

pseudomolecular ions.
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Discussion

N- and O-linked b-N-acetylglucosaminylation glycosy-
lations are two major post-translational modifications
occurring for the first one on membrane and secreted
proteins and for the second one, on cytosolic and nu-
clear proteins. In our current study, we looked for evi-
dences implicating O-GlcNAc modification in the
metabolism of N-glycoproteins and more particularly
on its catabolism. Insights into fOS metabolism is a
powerful way to rapidly obtain a complete and
comprehensive source of information highlighting the
N-glycoproteins degradation pathway. The presence of
fOS has been reported in several types of animal cells
either in the cytosol or in lysosomes (12�20). Changes
and/or differences in their structures are generally the
result of differences in their biosynthetic pathways. In
several lysosomal storage disorders (LSDs), the
accumulated fOS have been structurally characterized
and allowed to delineate the defective enzyme(s) or
pathways.

MALDI�MS technique was used to characterize the
total fOS structures extracted from untreated and
PUGNAc CHO-treated cells. When CHO cells were
exposed to PUGNAc, a significant amount of an
unusual fOS population was observed in addition to

A

B

Fig. 5 N-linked glycan structures followed PUGNAc treatment. MALDI�MS profiles of PNGase F-released N-glycans from CHO control (A)
and CHO�PUGNAc-treated cells (B). Glycans were released from the resulting peptides/glycoproteins by digestion with PNGase F. PNGase
F-released N-glycans were separated from peptides using a C18 Sep-Pak. The glycans were permethylated and then analysed in positive reflective
mode as [MþNaþ ] pseudomolecular ions.

Fig. 6 Relative quantities of permethylated fOS in untreated and

PUGNAc-treated CHO cells. The amount of each oligosaccharide
was relatively quantified and estimated by calculating the ratio
between the relative amount of these oligosaccharides and a known
quantity of 13C-labelled methylated oligosaccharide as internal
standard in the MALDI�MS profiles.
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the population of Hex(1�7)HexNAc1 already obser-
ved in absence of PUGNAc. To elucidate the
structures of these fOS, specific and targeted exogly-
cosidase digestion was carried out and the products
were monitored with MALDI�MS. Such analysis
demonstrated the presence of structures containing
non-reducing GlcNAc residues with a single GlcNAc
residue at the reducing end. These structures are in
accordance with an incomplete degradation of fOS in
lysosomes due to b-lysosomal hexosaminidases inhib-
ition. In contrast to PUGNAc, we observed that
NbutGT did not lead to such population demonstrat-
ing that this population was not due to a selective
OGA inhibition. As expected, these species were not
found in the cytosol, but in the membrane fraction
where they accumulate. In addition, mass spectromet-
ric N-glycan profiling revealed no significant changes
of the total N-glycan pattern after PUGNAc treatment
demonstrating that the biosynthetic pathway of
N-glycoproteins was not affected by PUGNAc.

PUGNAc has been used in over 50 studies in order
to investigate the effect of increased O-GlcNAc levels
in variety of cell lines, and most particularly to induce
insulin resistance (21�23). The 3T3-L1 adipocytes cells
which are considered as a standard model cell line for
diabetes research, showed an insulin resistance after
PUGNAc treatment associated with an impaired akt
phosphorylation (23). Surprisingly, Vocadlo and col-
laborators (24) showed that the selective O-GlcNAcase
inhibitor NbutGT was unable to reproduce the insulin
resistance effects of PUGNAc on cultured 3T3-L1
adipocyte. Regarding these observations, it has been
suggested that elevated O-GlcNAc levels are not cor-
related with PUGNAc phenotype in these experiments,
so that the lack of selectivity or other potential
off-target effects of PUGNAc should be considered
in studies making use of PUGNAc to reproduce in-
creases in O-GlcNAc levels.

PUGNAc is an inhibitor of both lysosomal
b-hexosaminidase a- and b-subunits that are members
of family 20 of glycosyl hydrolases and OGA. HEXA
and HEXB are localized in lysosomes and hydrolyse
terminal N-acetylglucosamine and N-acetylgalactosa-
mine residues of glycosphingolipids and N-linked
oligosaccharides. Vocadlo and collaborators have
reported that the use of PUGNAc increased accumu-
lation of the glycolipids GM2 (25). Our works demon-
strate that PUGNAc also affects the structure of fOS
resulting from the mature N-glycoproteins turnover
pathway. As certain LSD are also characterized by
the accumulation of storage material as fOS in lyso-
somes, our study evokes that PUGNAc could mimic a
LSD and shows another off target effects that need to
be taken into account in the use of this drug. While
annoying for people working in the field of O-GlcNAc,
this side effect could be used to investigate the quanti-
tative importance of the catabolic turn over pathway
versus ERAD pathway of N-glycoproteins.
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