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Abstract

Many glycosyltransferase inhibitors in the literatare structurally derived from the donor or
acceptor substrate of the respective enzyme. Aeseptative example is 2-naphti/b-
GIcNAc, a synthetic GIcNAc glycoside that has beeported as a galactosyltransferase
inhibitor. This GIcNAc derivative is attractive aschemical tool compound for biological
and biochemical studies because of its reportednggtas an inhibitor, and its short and
straightforward synthesis from readily availablarshg materials. We report that in our
hands, 2-naphthyB-D-GIcNAc behaved, unexpectedly, as an acceptor ubsbf the
inverting 3-1,4-galactosyltransferas@-(,4-GalT) from bovine milk. This substrate actvit
has not previously been described. We found thaaghthyl-D-GIcNAc can be an acceptor
substrate both for recombinantly expresfetl,4-GalT, and for a commercial batch of the
same enzyme, and both in the presence and absémmwine serum albumin (BSA). As
expected for a full acceptor substrate, this sabestactivity was time- and concentration-
dependent. Additional experiments show that theexMesl inhibitor/substrate switch is
facilitated by a phosphatase that is an essentamhponent of our enzyme-coupled
glycosyltransferase assay. These findings sugdmdt the behaviour of 2-naphthftD-
GIcNAc and related acceptor-based glycosyltranséeiahibitors is strongly dependent on
the individual assay conditions. Our results themehave important implications for the use
of 2-naphthylB-D-GlcNAc and related glycosides as tool compoundglytobiology and

glycobiochemistry.



Introduction

Glycosyltransferases (GTs) are key enzymes foraglybiosynthesis, which catalyse the
transfer of a sugar from a glycosyl donor, e.gugas-nucleotide, to a suitable acceptor [1].
GTs are involved in many fundamental biologicalgesses contingent on glycan epitopes,
such as cell adhesion and cancer metastasis (Z]3inhibitors are therefore sought after as

chemical tools for glycobiology and as potenti@deompounds for drug discovery [4].

An important member of the GT family is the invedigalactosyltransferage1,4-GalT,
which catalyses the transfer mfgalactose from a UDR-D-galactose (UDP-Gal) donor i
acetylglucosamine (GIcNAc)-containing acceptors [Bje resulting G@F1,4-GIcNAc units
are found in many different glycoconjugates, andsaform off-1,4-GalT has recently been
identified as a major control point for glycan brhmg in N-linked glycosylation [6]3-1,4-
GalT has been used extensively as a model targehé development of GT inhibitors,
including substrate analogues based on either d@mjror acceptor [9]. Amongst the most
potent acceptor-basgidl1,4-GalT inhibitors are hydrophobic GIcNAc glyadss such as 2-
naphthyl B-bD-GIcNAc 1 (Fig. 1), for which low micromolar inhibitory acity has been
reported by Wong and co-workers [10]. Due to thespnce of the 4-OH group, in principle,
1 could still behave as a substrate towdes4-GalT. However, two independent studies
have described as practically devoid of acceptor substrate agtipio,11]. Similar profiles

towards GalTs have also been reported for othextvyl glycosides (Fig. 1) [12,13].

For an ongoing programme on the discovery of newribitor chemotypes, we required an
establishedB-1,4-GalT inhibitor as a positive control. In thbsance of a commercially
availablep-1,4-GalT inhibitor, we selected 2-naphtlffyb-GIcNAc 1 because of its potency
[10] and simple, two-step synthesis [14]. The ostiyctural difference betweehand the

naturalp-1,4-GalT acceptor substrate GIcNAc is the presafithe naphthyl aglycon. It has



been reported that the presence of this substitsesufficient to turnl from ap-1,4-GalT
substrate into an inhibitor [11]. The inhibitoryti®gy of 1 and several related GIcNAc
derivatives has been attributed in particular te kipophilicity of this substituent in the

anomeric position [11].

Herein, we report that in our hands,acted not as an inhibitor but, unexpectedly, as an
acceptor substrate ¢¥1,4-GalT. These results are in contrast to thevipusly reported
inhibitory activity of this GIcNAc derivative towds B-1,4-GalT [10,11]. This substrate
activity of 1 was observed both with a batch of bovihé,4-GalT recombinantly expressed
in our own laboratory, and a commercial batch efgame enzyme, and both in the presence
and absence of bovine serum albumin (BSA). Furtigperiments revealed that this
unexpected substrate activity is promoted by a jpasse, which is an essential component
of our GT assay mixture. Galactosylationlofvas observed by LC/MS both in the presence
and absence of phosphatase. This profile suggeatsttiis secondary enzyme reveals the
latent acceptor substrate activity @f by altering the equilibrium position of several
interconnected enzymatic reactions in the assaig. dibservation has important implications

for the use ofl and related glycosides as a tool compounds irogiptogy.

Results

2-NaphthylB-p-GIcNAc 1 was synthesized in two steps according to theatiiee procedure
[14]. Nucleophilic substitution of commercial 2-sammido-3,4,6-triO-acetyl-2-deoxye-D-
glucopyranosyl chlorid@ with 2-naphthol gave the fully acetylated derivat8, which was
deprotected with 0.05M sodium methoxide to affdre tlesired 1-(2-naphthyl) 2-acetamido-
2-deoxy$-D-glucopyranosidd (Scheme 1). Results from the analytical charasagadn ofl

by 'H- and **C- NMR and mass spectrometry were consistent witta deported in the



literature [14]. In particular, thB-configuration at the anomeric position was unamoigly
established based on the coupling constant betiWekiand H-2 J = 8.4 Hz). This] value is
indicative of thetrans orientation of H-1 and H-2, and hence theonfiguration of the

aglycon at the anomeric position bf

Although1 has been reported ag-d,4-GalT inhibitor, this monosaccharide can, imgiple,
also behave as a substrate towards that enzymb.Stfficient quantities of compouridin
hand, we therefore decided to first test the pakstbstrate activity of towards bovings-
1,4-GalT. For these experiments, we used a recemtfveloped biochemical
glycosyltransferase assay [15,16]. In this coupksbay, a phosphatase is used to
guantitatively release two equivalents of inorgaplhmsphate from each molecule of UDP,
the secondary product of thfel,4-GalT reaction. The free phosphate is then tifiech
colorimetrically with a malachite green reagent,|H. For the substrate experiments, we
usedl in place of the standard acceptor substrate GIcNAcinitial experiments, we
evaluated the effects of acceptor concentrationiaadbation time org-1,4-GalT activity
with either 1 or GIcNAc as the acceptor substrate. Experimentks wither the standard
acceptor substrate GICNAc or the putative inhibitavere conducted in parallel on the same
microplate. To account for the potential non-speckiydrolysis of the UDP-Gal donor
substrate, we also included relevant control welts each microplate (no acceptor, but
otherwise identical conditions). We also carried separate control experiments to identify
potential interference ofl with the colorimetric readout of our assay (no yene, but

otherwise identical conditions).

Significant B-1,4-GalT activity was observed in both cases, ieiGIcNAc or GIcNAc
derivativel was present as potential acceptor substrate 2Ap. The observed-1,4-GalT
activity was dependent on the concentration ofréspective acceptor. GIcNAc derivatite

itself does not interfere with the colorimetric deat of our assay, as evidenced by the lack of



signal in the control experiment with increasing@entrations ofl but without enzyme (Fig.
2C). Interestingly, from these experiments a shghiwer K, value can be determined for
GIcNAc derivativel than for GIcNAc (0.2iM vs 1uM), suggesting that may actually be a
better acceptor substrate than GIcNAc. To investighe time dependency of tlfiel,4-
GalTs reaction under these conditions, we next bated the reaction with a single
concentration of GIcNAc (5 mM) ot (1 mM) for 5-40 min. A clear time-dependency of
turnover was observed with both acceptors (Fig. 2ijh increasing incubation time, UDP
formation increased in the presence of both GlcldAd1, with a maximal turnover after 30
min. Taken together, these results suggest strotigdy, just like its parent compound

GIcNACc, GIcNAc derivativel is recognised as an acceptor substrate by b@viné-GalT.

In order to understand this discrepancy with presiliterature reports [10,11], we carried out
additional experiments. In the main literature pdant,p-1,4-GalT from bovine milk was
obtained commercially, and the assay was carrie¢dnothe presence of 12.5 mg/mL BSA
[11]. While BSA is frequently added to assay migtito generically reduce protein adhesion
to the reaction container, in the case of GTs, racdiinfluence of BSA on substrate
specificity, as well as the kinetic parameters loé tenzymatic reaction, has also been
observed [17]. To assess the effect of BSA on #teabiour of GICNAc derivative, we
repeated the substrate activity assay in the pcesehBSA (12.5 mg/mL). Assay mixtures
were incubated for 20 min and absorbance was redoatl 620 nm. When the formation of
UDP was plotted over the concentration of accef@cNAcC or 1), once again very similar
reaction profiles were observed for both GIcNAc &@ldNAc derivativel (Fig. 2B). The
absence of BSA from our initial experiments coubgrefore be ruled out as a potential
explanation for the observed discrepancy with thevipus literature results. Interestingly,

the turnover rates for both GIcNAc addwere higher in the presence of BSA than in its



absence (Fig. 2B). This effect of BSA is in keepingth observations for another

glycosyltransferase [17].

While our initial experiments were all carried owith a batch of bovine3-1,4-GalT
recombinantly expressed in our own laboratory, jonesly reported results fot were
obtained with a commercially available enzyme [1The information provided by the
supplier about thig-1,4-GalT is limited, and it was therefore not aertif it was identical to
our own recombinant batch. We therefore decidegpeat our experiments with a batch of
commercialp-1,4-GalT from the same supplier. First, we deteedi the activity of the
commercialp-1,4-GalT as 12.7 mU/mL (ESI). Then, we repeatexl dhbstrate assays with
either GIcNAc orl as acceptor, in the absence or presence of BSA.ré&bults were
practically identical to those obtained previouslhith recombinantly expressed enzyme.
GIcNACc derivativel once again acted as a substrate towgytigl-GalT, both in the absence
and presence of BSA (Fig. S1). In the presence B8® Bturnover rates increased
approximately 2-fold, for both GIcNAc arld TheK,, value of each substrate also increased,
by approximately 4-fold (GIcNAc: 0.4M without BSA, 1.5 uM with BSA; 1: 0.08 uM
without BSA, 0.3uM with BSA). Most importantly, both trends (increased turnowemeased
Km) are practically identical for both GIcNAc and ®isc derivativel. This provides further
evidence that both monosaccharides can serve, itkeatical manner, as acceptor substrates

for B-1,4-GalT.

Our standard assay does not detect the primaryptad the GalT reaction, in contrast to the
radiochemical GT assay used in the original repafrisas aB-1,4-GalT inhibitor [10,11]. In
order to directly detect the putative galactosglatproduct ofl, we therefore carried out
LC/MS experimentsl (500uM), recombinang-1,4-GalT (200uL) and UDP-Gal (50QuM)

were incubated for 1h at 3t in HEPES buffer (pH 7.0, 50 mM KCI). Analysis thfe



reaction by LC/MS showed the appearance of a nak pethe chromatogram, at a slightly
shorter retention time than the peak corresponttirig(Fig. S2). While the separation of the
two peaks is not complete, the mass spectra cosdirthe formation of a species with a
molecular ion of 532, which corresponds to the wadadduct of mono-galactosylatég
Gal-1. This result provides direct evidence thhatan indeed act as an acceptor substrate for
B-1,4-GalT. The formation of Gdl-was strongly dependent on the amounf-df,4-GalT
present, and significant levels of the galactoggatpecies were only observed at the highest
enzyme concentration tested (Fig. 33C). Interestingly, however, if phosphatase (20

was present in the reaction mixture, similar lewdl&al-1 were observed even at a lower
1,4-GalT concentration (Fig. SB). The conditions used for this last experimentideatical

to the ones used in our standard assay protocaserlhesults therefore suggest that the
enzymatic profiles which we observed in our biocloainassays were indeed due to the

behaviour ofl as an acceptor substrateet,4-GalT.

Discussion

Building on the seminal work by Lemieux [18], Paldias previously shown that GICNAc
glycosides with a hydrophobic aglycon, such as #&me/carbonyloctyl GIcNAc and 4-
methylumbelliferyl GIcNAc (Fig. 1), are highly effeve acceptor substrates fignl,4-GalT
[19]. Intriguingly, the closely related GIcNAc deative 1 has been reported in two separate
studies as an inhibitor, but not a substrate}-@f4-GalT [10,11]. In our hands, howevér,
did behave as an acceptor substrate towards thysren with a similar profile as the natural
GIcNAc acceptor. This discrepancy is not due toasecof “mistaken identity” ofL.

Spectroscopic characterisation of our batcil @ind careful comparison with literature data



[14] confirms that the compound used in this stiglydentical to the one that had been

reported previously.

Our results suggest that the behavioul ¢dwardsp-1,4-GalT is strongly dependent on the
assay conditions. In the literature precedent, @lkcherivativel and its analogues were
tested in a radiochemical GT assay, which direddfects the galactosylated reaction product
[11]. The enzyme-coupled assay used in the presemty requires a phosphatase, in
conjunction with a colorimetric read-out, to measthe formation of UDP, the secondary
product of thep-1,4-GalT reaction [16]. We have eliminated potainfalse positives that
would specifically affect our assay protocol, &@m non-specific hydrolysis of UDP, by
including the requisite control experiments. We énalso investigated the role of specific
assay components used in the original assay, UBISA, and the source of thel,4-GalT.
We found that these parameters do not fundameratkéy the outcome of the reaction. These
results demonstrate that despite the different yademmats, the results from the
radiochemical assay used in the previous study frama our own colorimetric assay are, in

principle, comparable.

Despite the seeming contradiction, our findings ao¢ irreconcilable with the previous
results. We have observed substrate activity ffdsoth in the presence and absence of
phosphatase. This suggests that while the presd#ribe phosphatase in our assay facilitates
the utilisation ofl as af-1,4-GalT acceptor substrate, it is not esseniiak addition of
phosphatase or NDP-cycling enzymes is a well-astadd approach in chemo-enzymatic
applications of GTs, to drive the GT reaction tonpdetion and to improve the efficiency of
the overall synthetic process [20]. It is likelatlthe presence of the phosphatase in our assay
affects the equilibrium between different speciks@ thep-1,4-GalT kinetic pathway in a

similar fashion.



We propose the following model, which is consistenth both our own data and the
previous findings (Fig. 3): because of its closeitural similarity to the natural acceptor
GIcNAc, 1 can indeed be recognised as an acceptor subisyréité,4-GalT, which converts

it into the corresponding disaccharide GalThis disaccharide may form a stable, non-
covalent complex with the enzyme, acting effecinat a feedback inhibitor. This would be
consistent with the previous finding that a hydmpls aglycone such as 2-napthyl is crucial
for strong substrate binding in this series [11jisTinhibitory effect can be overcome either
by increasing the concentration pf1,4-GalT, or by including phosphatase in the assay
mixture. The irreversible, phosphatase-catalysedrdiysis of UDP will shift the overall
equilibrium towards the reaction products, thuseedng the latent substrate activity bf
even at lowp-1,4-GalT concentrations (Fig. 3). It has to be bagised that at present, this
model is hypothetical. Its definitive test will néice the synthesis and testing of the Gal-
disaccharide. While disaccharide product inhibitminglycosyltransferases is perhaps less
common than inhibition by the NDP reaction prodticére is precedent for the inhibition of

B-1,4-GalT by disaccharide acceptor analogues [21].

Conclusion

In conclusion, we have found that 2-naphtByb-GIcNAc 1 can behave as an acceptor
substrate towardg-1,4-GalTs from bovine milk. This substrate acyvitas not previously
been described. Its discovery was facilitated leypgtesence of a phosphatase in our enzyme-
coupled GT assay, which affects the reaction dayialialong the-1,4-GalT kinetic pathway.
The finding thatl can behave asf®&1,4-GalT substrate has implications both for tesign

and the application of acceptor-based GT inhibitorprinciple,1 and related GT inhibitors

are attractive chemical tools to study glycosylatio cells. Our results suggest that such
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applications in cells may be complicated by thespnee of phosphatases, which will very
likely modulate the inhibitor/substrate behaviodr smch acceptor analogues. Following
conversion oflL into the corresponding disaccharide, it may be thisaccharide that acts as
the actual inhibitory species through a feedbadkbition mechanism. In this case, the
substrate activity ofl would be a prerequisite for its inhibitory actwitGiven the

considerable number of acceptor-based GT inhibitotise literature, these questions warrant

further investigation. The present study providesaating point for such investigations.
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Experimental section

General. All reagents were obtained commercially and usedrexeived unless stated
otherwise. GIcNAc derivativé was synthesized as previously reported and cleaiset by
'H- and "*C-NMR spectroscopy and mass spectrometry [14]. -Tyer chromatography
(TLC) was performed on pre-coated aluminium plaiggica Gel 60 bss, Merck) and
compounds were visualised by exposure to UV lighs4( and 280nm). Preparative
chromatography was carried out on silica gel 60dpgize 60A, 230-400 mesh, Sigma-
Aldrich) at normal pressure. NMR spectra were réedrat 298K on a Bruker Avance DRX
400 spectrometer (400 MHz fdH, 100 MHz for*3C). Chemical shiftsd) are reported in

ppm (parts per million). Coupling constani} dére reported in Hz.

2-Naphthyl 3,4,6-tri-O-acetyl 2-acetamido-2-deoxy-f-D-glucopyranoside (3) [14]. To an
agueous solution of sodium hydroxide (1M, 2 mLyodution of 3,4,6-tri©-acetyl-2-deoxy-
a-D-glucopyranosyl chlorid@ (400 mg, 1 equiv.), 2-naphthol (319 mg, 2 equawngl tetran-
butylammonium bromide (354 mg, 1 equiv.) in methgechloride (2 mL) was added. The
resulting two-phase system was stirred for 2h. dtheé mixture was diluted with ethyl acetate
and the organic phase washed sequentially witlgaaaus solution of 1M sodium hydroxide
and water, then dried. The organic extract was fhimed, and the filtrate concentrated to
yield a crude solid which was purified by chromatgahy (DCM/MeOH 20:1), to yield 389
mg of a white powder (75 %JH-NMR (400 MHz, CDC}): 67.81 (d, 2HJ = 9.0 Hz, H-4
and H-9 of naphthyl), 7.77 (d, 1H, = 8.0 Hz, H-6 of naphthyl), 7.47 (m, 1H, H-7 of
naphthyl), 7.44 (d, 1H) = 2.5 Hz, H-1 of naphthyl), 7.38 (m, 2H, H-8, He5 naphthyl),
7.22 (dd, 1H,J = 2.5, 9.0 Hz, H-3 of naphthyl), 5.46 (d, 1Hs 8.0 Hz, H-1), 5.39 (dd, 1H,

= 10.5, 10.5 Hz, H-3), 5.11 (dd, 1B~ 10.5, 10.5 Hz, H-4), 4.36 (dd, 1Bi= 5.5, 12.5 Hz,

H-6), 4.16 (M, 2H, H-2 and H-6), 4.11 (m, 1H, H-B)07, 2.06, 2.04 (3 x s, 9H, acetyl), 1.96

12



(s, 3H, acetamido):>C-NMR (100 MHz, CDGJ): § 20.8, 20.9, 20.9, 23.3, 59.0, 61.9, 71.0,
74.6, 78.0, 82.3, 121.0, 126.1, 126.5, 127.9, 121830.3, 137.4, 128.5, 148.1, 156.9, 170.4,

171.4,171.8,172.5.

1-(2-Naphthyl) 2-acetamido-2-deoxy-p-D-glucopyranoside (1) [14]. To a solution of3
(200 mg) in methanol-toluene (1:1) was added dytatamount of 0.5M sodium methoxide
in methanol. The reaction mixture was stirred amaemperature for 0.5h and the progress
of the reaction was monitored by TLC (DCM/MeOH 4:Wpon completion of the reaction,
the organic solution was concentrated, and thedueswas purified by chromatography
(DCM/MeOH 4:1), to yield 92 mg of a white powdei83¢8). *H-NMR (400 MHz, MeOD):
07.76 (m, 3H, H-4, H-9, H-6 of naphthyl), 7.42 (m, 2H, HH-1 of naphthyl), 7.34 (m, 1H,
H-8 of naphthyl), 7.18 (dd, 1H,= 2.4, 9.2 Hz, H-3 of naphthyl), 5.19 (d, 1Hs 8.4 Hz, H-

1), 4.00 (dd, 1H,) = 8.4, 10.4Hz, H-2), 3.98 (dd, 18= 2.4, 12Hz, H-6), 3.77 (1H, dd,=
5.6, 12Hz, H-6), 3.63 (dd, 1H,= 8.4, 10Hz, H-3), 3.58 (m, 1H, H-5), 3.48 (dd, TH: 8.8,
9.6Hz, H-4), 1.99 (s, 3H, NHGH *C-NMR (100 MHz, MeOD): 23.0, 57.4, 62.6, 71.9,
75.9, 78.4, 101.0, 111.9, 119.8, 125.3, 127.4,2288.6, 130.4, 131.3, 135.9, 156.9, 174.0.

m/z (ESI) 371.1199 [M+H+N4], CigH--NNaQs requires 371.1345.

Enzymology. The plasmid for3-1,4-GalT from bovine milk was a generous gift frdn
Christelle Breton (Grenoble). Bovirfel,4-GalT was either expressed in our own laboyator
as previously reported [7] or obtained commercigigma). For the biochemical assays, we
used a recently reported colorimetric protocol [1] assays were carried out in Nunc clear,
flat-bottom 96-well polystyrene microplates. Assaglls typically contained MnG] calf-
intestinal phosphatase (CIP), chicken egg-whitedyme (CEL), UDP-Gal donor and either

GIcNAc or 1 as acceptor (for details of the assay protocol B88. To quantify the

13



concentration of inorganic phosphateg),(Pnalachite green reagents were added, and the

absorbance was recorded at 620 nm on a BMG LaBt@tARstar Optima multiplate reader.

Data collection and analysis. A calibration curve (0-12.%M UDP, corresponding to 0-25
MM P;) was constructed for each microplate by linearesgjon. The calibration curve was
used to convert absorbance measurements at 620 samiple and control wells to [UDP]
(uM). For each sample and control well, a correspugpdbackground well (containing
identical components but no acceptor) was incluttedccount for non-specific hydrolysis of
donor. Corrected absorbance values for each wele wabtained by subtracting the
corresponding background reading from the absosbanhdthe respective sample or control
well. The calculated concentration of UDP was gldtagainst concentration of acceptor (for
substrate assay or control assay) or incubatioe f{iior time-dependent assays). Averages

and standard deviations were calculated in MictasSrtel.

14



LC/MS experiments.

Standard assay mixtures for investigating the d@ocgpoperties of compount towardsf-
1,4-GalT contained UDP-Gal (5QfM), compoundl (500 uM), B-1,4-GalT (20, 50 or 200
pL, Fig. S3), calf intestinal phosphatase (@0, assay D only, Fig. S3), 13 mM HEPES
buffer (pH 7.0, 50 mM KCI). Mixtures were incubatéar 1h at 30°C in a water bath.
Reactions were stopped by the addition of the sashene of methanol. The mixtures were
centrifuged for 15 min at 1000 rpm. The supernatardre used for LC/MS analysis directly.
LC/MS analysis was carried out on an HPLC revefsasp column (Agilent Eclipse XDB-
C8 4.6x150 mm) with water (0.1 % formic acid) agaimethanol as the mobile phase. The
gradient is shown in Table 1. The HPLC was coupiedan Advion Compact Mass

Spectrometer (CMS) for mass detection.
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Fig. 1 GalT acceptor analogues discussed in the texhtna been reported as inhibitors (A)
or substrates (B).

OH

HO O
AcNH

2-naphthyl g-D-GlcNAc 1

p-1,4-GalT Wongetal.[10] Brockhausen et al. [11]

inhibition 9.5 uM (K)) 72% @ 0.4 mM

s:(l:)t'.;:‘t’rita;e none @ 0.1 mM <1% @ 2 mM

OH HO

”Oé&s 0
HO e}
NH HO
0 o

CsHy

2-naphthyl 2-butanamido 2-deoxy-
1-thio-p-D-glucopyranoside [13]

95% inhibition @ 0.5 mM (84GalT1)

2-naphthyl a-L-arabinopyranoside
[12]

50% inhibition @ 2 mM (B4GalT7)

OH

B =2 on

AcNH
CHj3

N (0]
R= R= M
0 0 7 OMe

4-methylumbelliferyl
B-D-GIcNAc [19]

Ky, 168 uM
V max 0.83 nmol/min

8-methoxycarbonyloctyl
B-D-GIcNAc [19]

Ky 134 uM
V max 1-38 nmol/min
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Fig. 2 Acceptor substrate assays wiltNAc or1, and ecombinang-1,4-GalT?

A B-1,4-GalT-catalysed conversion of UDP-Gal donoo idDP at different concentrations
of GIcNAc (left) orl (right) as the acceptor, in the absence of BSA.
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B p-1,4-GalT-catalysed conversion of UDP-Gal donoo idDP at different concentrations
of GIcNACc (left) orl (right) as the acceptor, in the presence of BSA.
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C Control experiment witholi-1,4-GalT. D Time course.
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%Conditions: All experiments were carried out in triplicatear8 indicate mean values + S.D.
A B-1,4-GalT, GIcNAc (0-5 mM) od (0-1 mM), UDP-Gal donor (28M), MnCl, (5 mM),
chicken egg-white lysozyme (1 mg/mL), calf-inteatiphosphatase (10 U/mL), DMSO (10%)
and buffer (13 mM HEPES, pH 7.0, 50 mM KCI) wereubated in a 96-well plate at 3G
with shaking for 20 min. The reaction was stoppgdhe addition of malachite reagents, and
the absorbance was recorded at 620 nm after 30 Bii@onditions as i\ but with bovine
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serum albumin (1.25 mg/mL)C Conditions as imA with compoundl (0-1 mM) as the
substrate, but withot-1,4-GalT. D Conditions as irA, with GIcNAc (5 mM) orl (1 mM)
as the acceptor, and with incubation times fron®5vin.
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Fig. 3 Hypothetical model for the dual activity @fas either acceptor substrate or inhibitor
along theB-1,4-GalT kinetic pathway (D: donor sugar-nucleefifi: enzyme, A: acceptor, A
galactosylated acceptor, hucleoside diphosphate).

stable complex of primary
products and GalT:

inhibitory activity
predominates
A

D+E === D*E === A*D*E === A*D*E

A*+D*+E irreversible formation of

phosphatase i secondary products:

o substrate activity
uridine + P; predominates
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Scheme 1 Synthesis of 2-naphth@kp-GIcNAc 1 [14].2

OR

OAc Roé&o
HO . RO
AcO 0 (i) 75%
AcNH

Cl

2 3(R=Ac) o oo
1(R=H) :| (i) 88%

®Reagents and conditions: (i) tetrabutylammonium bromide, 1N NaOH, DCM, 2h; (b)
NaOMe, MeOH/toluene (1:1), rt, 0.5h.
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Highlights
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GlcNAc B1-(2-ngphthyl) can behave as an acceptor substrate of p-1,4-
galactosyltransferase from bovine milk

This acceptor substrate activity is unmasked by the presence of a phosphatase in the
assay mixture

A kinetic modd is proposed which reconciles the substrate activity of GICNAc B1-
(2-naphthyl) with its previoudy reported behaviour as a gaactosyltransferase
inhibitor



