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Photoreactivable 5-[3-(p-iodoazidosalicylamide)allylUDP-GleNAc (5-IASA-UDP-
-GleNAc) was synthesized by a four-step procedure and used for photoaffinity
labeling of UDP-GlcNAc-dependent enzymes. Upon iodination with 151, the
compound was successfully applied to probe a purified UDP-GIcNAc pyrophos-
phorylase from pig liver. The enzyme was photoinactivated by the probe in the
concentration-dependent manner, and was protected by UDP-GlcNAc and, to a lesser

extent, by UTP and UDP-GlcCOOH.

Azido-substituted nucleotide photoaffinity
analogues have been found to be very effective
tools in biochemical studies on nucleotide
binding and /or utilizing enzymes [1]. Two as-
pects of the application of these compounds are
worth emphasise: 1, as an aid in purification
and identification of “difficult” enzymes
(examples are labile membrane associated gly-
cosyltransferases), and 2, for mapping of active
sites of the nucleotide binding enzymes. Sev-
eral phntuachvable compounds with the incor-
porated >?P label have been synthesized and
successfully tested, such as: 5-N3UTP [2], 5-
N3UTP-glucose [3], 5-N3UTP-glucuronate [4],
UDP-pyridoxal [5] or 8-N3ATP [6]. In others,
e.g. &IASAwUDFbglumse [7] or GDP-hexanol-
aminyl-4-IASA 81! 5[ Jabel for a longer pres-
ervation has been inserted. In this report, we
have described a protocol for the synthesis of a
photosensitive  5-[3-(p-iodoazidosalicyl-

amide)allyl]-UDP-Gle-NAc (5-IASA-UDP-
GlcNAc) to be used for photoaffinity labeling
of various GlcN Ac transferases engaged in gly-
coprotein biosynthesis. The compound has
been found to react with UDP-GlcNAc pyro-
phosphorylase from pig liver extracts [9].

MATERIALS AND METHODS

Materials. Reagents were from the following
sources; Na'?®I, Amersham (England); UDP-
[2-HIGIcNAc (6.1 Ci/mmol), ICN (US.A.);
UDP-GleNAc and other nucleotides, Sigma
Chemical Co. (U.5.A.); allylamine and
KoPdCly, Aldrich Chemical Co. (U.S.A.); N-hy-
droxysuccinimidyl-4-azidosalicylic acid
(NHS-ASA), Pierce Chemical Co. (U.S.A.); PEI
cellulose plates, EM Science (U.S5.A.); cellulose

1 Abbreviations: AL, aminoallyl; GleNAc, N-acetylglucosamine; IASA, iodoazidosalicylamide; NHS-ASA,
N-hydroxysuccinimidyl-4-azidosalicylic acid; t.1.c., thin-layer chromatography.




56 H. Szumito and others

1995

plates, Kodak (U.S.A.); silica gel plates, Merck
(Germany); PAGE reagents, Bio-Rad (U.S.A.).
Enzyme preparations. UDP-GlcNAc pyro-
phosphorylase preparations were isolated
from pig liver as described previously [9].
Enzyme assay. The enzyme activity was
measured in reverse direction as described by
Szumito et al. [10]. The incubation mixture con-
tained in 50 p,tl 5 mM sodium pyrophosphate,
250 UM UDP- [ HIGleNAc (2.2 Ci/mmol), 100
mM Tris/HCI, pH 8.0, 2 mM MgCl; and
enzyme. Occasionally, the appearance of UTP
was measured spectrophotometrically [10].
Photoaffinity labeling. Eppendorf tubes (1.5
ml) contained a reaction mixture (50 ﬁl]:! with
the following constituents: 25 uM 5-[' ] ASA-
UDP-GlcNAc, 1 mM MgCl,, 50 mM Tris/HCI,
pH 7.5, and enzyme. The reaction was initiated
by adding the probe and the reaction mixture
was maintained at room temperature for 30 s,
followed by 2 min irradiation with a hand-held
UV-lamp (Mineral Light UVSL-58, San Gabriel,
U.5.A.) at 365 nm from a distance of 1 em. Then,
0.2 ml of 10% trichloroacetic acid was added
and the mixture was centrifuged. The proteins
were solubilized with the SDS-PAGE sample
buffer for 10 min at 80°C. The acid treatment
was omitted when homogeneous enzyme was
labeled. The SDS-PAGE on 12% gels was per-
formed according to Laemmli [11]. The gels
were developed with Coomassie R-250, de-
stained, dried and radioactive polypeptides
were detected by autoradiography (Kodak X-
Omat film with a Cronex intensifier screen).
Photoinactivation. The mixture (50 pl) con-
taining 1 mM MgCl,, 20 mM Tris/HCl, pH 7.5,
various amounts of the probe and enzyme, was
placed in a quartz cuvette, incubated in the
dark for 3 min, irradiated with the UV-lamp
(365 nm) for the next 3 min and the remaining
enzyme activity was determined. In protection
experiments, the mixture was supplemented
with UDP-GlcNAc.

Synthesis of 5-IASA-UDP-GlcNAc

Synthesis of 5-Hg-UDP-GIcNAc. Mercuric
acetate (500 mg, 3.75 mmol), UDP-GlcNAc (500
0.77 mmol) and 25 puCi of UDP-

[ H]GICNA-: (a tracer) were dissolved in 75 ml
of 0.5 M acetate buffer, pH 7.0, and the solution
was incubated at 50°C for 5 h. The chilled sol-
ution was treated with LiCl and ethyl acetate to
remove Hg™" ions and the synthesized com-

pound was precipitated with ethanol [7, 12].
The extent of mercuration was monitored by
t.l.c. as described in a following section (t.l.c.
system). The yield was 78%. The analysis of
UV-spectrum showed a shift of the maximum
from 260 nm to 267 nm. The compound can be
purified on a DEAE-cellulose column as de-
scribed in the next section, or can be used di-
rectly for further studies.

Synthesis of 5-(3-aminoallyl)UDP-GIcNAc
(5-AL-UDP-GlcNAc). Hg-UDP-GlcNAc solu-
tion (15 ml, 0.3 mmol) was mixed with allyl-
amine acetate solution (0.2 M, pH 6.0, 1.8 ml)
and K,PdCly (99 mg, 0.3 mmol) and the mixture
incubated at room temperature for 16 h. The
filtered yellow solution was diluted with 10
vol. of water and purified on a DEAE-cellulose
column (2.3 cm x 23 cm), previously equili-
brated with 10 mM NH4HCO;. AL-UDP-
GlcNAc was eluted with 50 mM NH4HCO3
and the contaminating UDP-GlcNAc and Hg-
UDP-GleNAc, with 300 mM NH4HCO;. The
yield was 53%. The compound showed maxi-
ma at 241 nm and 280 nm and a minimum at
263 nm (Fig. 1A), it reacted with ninhydrin and
migrated slowly on PEI cellulose.

Synthesis of 5-ASA-UDP-GIcNAc. 5-AL-
UDP-GleNAc (110 mg, 0.16 mmol) and NHS-
ASA (54 mg, 0.2 mmol) was dissolved in 2 ml
of dimethylformamide and incubated with stir-
ring in the dark for 2 days. The product was
purified on DEAE-cellulose, using a linear gra-
dient of NH4HCO5 (1000 ml) from 50 to 1000
mM. The last peak (273 nm) was collected, con-
centrated, desalted with triethylamine and
stored in 70% methanol in the dark. The yield
was 56%. The UV-spectrum showed maxima at
223 nm and 273 nm and a minimum at 255 nm.
The compound was photoreactivable as shown
in Fig. 1B.

Synthesis of 5-IASA-UDP-GIcNAe. A solu-
tion of 5-ASA-UDP-GleNAc (20 pmol) and Nal
(40 pmol) in 0.2 ml of 0.5 M phosphate buffer,
pH 7.4, was mixed with 0.1 ml chloramine T (40
umol) in the buffer. After 2 min, the reaction
was quenched with 0.1 ml of 5% sodium
metabisulfite. Further purification of the pro-
duct was performed according to Meikle et al.
[7]. The yield was 60%. The spectrum of the
photoreactivable compound is shown on Fig,.
1C. The radioiodinated product was obtained
in the same way, except that 0.5 |.|.mo[ of 5-ASA-
UDP-GIcNAc and 1 mCi of Na'®I were used
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in a volume of 100 pul. The radioactive com-
pound was purified by tlLc. on PEI cellulose
plates in solvent B (t.1.c. system). Specific activ-
ity of a 25 uM probe solution was 1.5 mCi/pmol
(0.1 pCi/pl).

NMR analysis. 'H NMR spectra of UDP-
GlcNAc (A), 5-AL-UDP-GleNAc (B) and 5-
ASA-UDP-GleNAc (C) were obtained in H20
at 300.520 MHz on a General Electric GN-
300WB FT-NMR spectrometer using sodium
3-trimethylsilylpropionate-2,2,3,3-d4 as inter-

nal shift reference (& = 0.000 ppm). The uridyl
H-6 doublet (7.97 ppm, | = 8 Hz) in A collapsed
to a singlet in C (7.92 ppm), and the H-5 doublet
(5.97 ppm, | = 8 Hz) was replaced by a pair of
coupled frans (] = 16 Hz) vinyl proton signals
(d, 6.39 ppm and dt, 6.57 ppm). Homonuclear
decoupling experiments confirmed that the lat-
ter vinyl proton was also coupled to an amido
methylene group (d, 4.12 ppm, | =5 Hz), which
was shifted by 0.4 ppm downfield relative to
the N-methylene signal (d, 3.73 ppm, | =5 Hz)

A B

Absorbance (%)

Fig. 1. UV-spectra
of 5-AL-UDP-
GleNAc (A), 5-
ASA-UDP-GlcNAc
(B) and 5-1ASA-
UDP-GleNAc (C)
in 50 mM TrisfHCI,
pH7.5.
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Fig. 2. Proposed structures of 5-ASA-UDP-GIcNAc and 5-IASA-UDP-GlcNAc.
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in B. The p-azidosalicyloyl H-3, H-5 and H-6
signals were found at6.64 (d, [ = 2Hz), 6.72 (dd,
] =29 Hz) and 7.78 (d, | = 9 Hz) ppm, respec-
tively. Other assignments for C include the ri-
bosyl H-1 {(d, 5.98 ppm, ] = 5 Hz), glucosyl H-1
(dd, 5.50 ppm, | = 3.7 Hz) and 2-NCOCHs; (s,
2.04 ppm) and other glucosyl protons (3.64.4
ppm). Thus, the structure of C proved to be as
shown in Fig. 2.

T.Lc. systems, A) PEI cellulose, 0.2 M LiCl as
solvent; B) PEI cellulose, 0.4 M LiCl; C) cellu-
lose, ethanol:1 M ammonium acetate, pH 7.3
(6:4, v/v); D) silica gel, ethanol:1 M ammonium
acetate, pH 5.0 (6:4, v/v). Rg values of particu-
lar compounds in respeclive systems were as
follows. UDP-GlcNAc: 0.57, 0.79, 0.52, 0.74; 5-
Hg-UDP-GlcNAc: 0.10, 0.32, 0.17, 0.37; 5-AL-
UDP-GlcNAc: 0.74, 0.87, 0.39, 0.67; 5-ASA-UD-
P-GlcNAe: 0.15, 0.36, 0.79, 0.88; 5-1ASA-UDP-
GlcNAc: 0.03, 0.09, 0.83, 0.90.

RESULTS AND DISCUSSION

To facilitate photoaffinity labeling of enzymes
dependent on UDP-GlcNAg, its zghntﬂrl:activ-
able radioiodinated analogue [ [JASA-UDP-
GleMAc has been synthesized with the aid of
heterobifunctional NHS-ASA originally de-
veloped by Ji & Ji [13] as well as taking advant-
age of the previously described methods [7, 12,
14, 15]. The suggested structure of the basic
compound, 5-ASA-UDP-GlcNAc, shown in
Fig. 2, has been confirmed by UV-spectra (Fig.
1) and 'H-NMR analysis. Upon irradiation at
365 nm, the compound was able to inactivate
UDP-GleNAc pyrophosphorylase in a concen-
tration-dependent manner (Fig. 3A). The activ-
ity dropped by 60% at about 30 pM concen-
tration of the probe. If the enzyme was not

exposed to the irradiation, the activity rema-
ined unchanged. UDP-GlcNAc protected the
enzyme against photoinactivation (Fig. 3B).
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Fig. 3. Inactivation of UDP-GlcNAc pyrophospho-
rylase by 5-ASA-UDP-GIcNAc (A) and its protec-
tion (B).

A. Inactivation. The reaction mixtures contained 1 mM
MgCly, 20 mM Tris/HCl, pH 7.5, enzyme (5 pg protein)
and the indicated final concentrations of 5-ASA-UDP-
GleMAc in a total volume of 50 pl. After pre-incubation in
the dark for 3 min, the samples were irradiated at 365 nm
for 3 min from a distance of 1 cm and remaining activity
was determined as described in Methods (@). Duplicate
samples were not irradiated {3). B. Protection. The reac-
tion mixtures contained 1 mM MgCls, 20 mM Tris/HCI,
pH 7.5, 0.1 mM 5-ASA-UDP-GleNAc, enzyme (5 pg pro-
tein) and the indicated final concentrations of UDP-
GlcNAc. The other conditions of the enzyme inactivation

as shown above,

11 12
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Fig. 4. SDS-PAGE of the [ 12511ASA-UDP-GlcNAc photolabeled UDP-GIcNAc pyrophosphorylase and

effect of protection.

1, Mo protection; + UDP-GleNAg: 2, 0.01 mM; 3, 0.1 mM; 4, 1.0mM; + UDP-GalNAe: 5, 0.1 mM; 6, 1.0 mM; + UDP-Gle:
7,01 mM; 8, 1.0 mM; + UTT: 9, 0.1 maM; 10, 1.0 mM; 11, + 1.0 mM UDP-Gal; 12, + 1.0 mM UDP-GlcCOOH.
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Both subunits of the purified pyrophosphory-
lase (64 and 55 kDa) underwent affinity labe-
ling (Fig. 4). The labeling could be partially
prevented in the presence of 0.1 mM UDP-
GlcNAc, and completely abolished by 1 mM
concentration of this nucleotide. However,
UDP-Gal, UDP-Gle and UDP-GalNAc had no
effect (Fig. 4). These observation confirm that
['*IJASA-UDP-GIcNAc can function as the ac-
tive site-directed photoaffinity analogue of
UDP-GlecNAc.
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