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Protein glycosylation is one of the most abundant posttransla- oH HO OH 0
tional modifications and plays a fundamental role in the control of HO~A-0 G HoNA o0 o
biological systems. For example, carbohydrate modifications are Actil 1 o Acti
important for hostpathogen interactions, inflammation, develop- HO _OH °
ment, and malignancyAs part of a broader program to understand HO ELNH il
the role of protein glycosylation in neuronal communication, we o={ %pOp Lo oy .o
are investigatingd-GIcNAc glycosylation, which is the covalent q‘bo_m 'fN‘\Q'"~HU~ur-z
modification of serine and threonine residuesfi-acetylgluco- 1 M
samine? The O-GIcNAc modification is found in all higher eu- streptavidin- i Ho _OH "
karyotic organisms fron€. elegango man and has been shown to R 'g”" NH o o o
be ubiquitous, inducible, and highly dynamic, suggesting a regula- 23-';} d FLNJJ\,oW_ HoATR D
tory role analogous to phosphorylation. However, the regulatory /\/\B, H

nature of the modification (i.e., dynamic, low cellular abundance) Figure 1. Strategy for the detection @-GIcNAc glycosylated proteins.
also represents a central challenge in its detection and study. Scheme 1 4
A common method to observ®-GIcNAc involves labeling
proteins with-1,4-galactosyltransferase (GalT), an enzyme that Ao QR Ao QR
catalyzes the transfer of{l]galactose from UDP3H]galactose to AcO OAc 2P aco ode
terminal GIcNAc group8.Unfortunately, this approach is expensive, o o OPO(0BN),
involves handling of radioactive material, and requires exposure 2 3

times of days to months. Antibodie=and lectind offer alternative aConditions: (a) MeNH, THF (53%); (b) (BnO}PNiPr,, then mCPBA
means of detection, but they can suffer from weak binding affinity (54%); (c) Pd/C, H, tri-n-octylamine; (d) UMP-morpholidate Hktetrazole,
and limited specificity. pyr; (€) TEA, HO/MeOH (45%, three steps).

In this Communication, we report a new strategy for the rapid
and sensitive detection @-GIcNAc glycosylated proteins. Our
approach capitalizes on the substrate tolerance of GalT, which
allows for chemoselective installation of an unnatural ketone
functionality toO-GIcNAc modified proteins (Figure 1). The ketone
moiety has been well-characterized in cellular systems as a neutral
yet versatile, chemical handie-lere, it serves as a unique marker
to “tag” O-GIcNAc glycosylated proteins with biotin. Once
biotinylated, the glycoconjugates can be readily detected by
chemiluminescence using streptavidin conjugated to horseradish
peroxidase (HRP).

We designed UDP analogdeon the basis of previous biochemi-
cal and structural studies of GalT (Figure 1). We chose to append
the ketone functionality at the C-2 position of the galactose ring
because GalT has been shown to tolerate unnatural substrate
containing minor substitutions at the C-2 position, includ-
ing 2-deoxy, 2-amino, and R-acetyl substituentsMoreover, 2-
deoxy-Gal was transferred at rates comparable to Gal, whereas 3-
4-, and 6-deoxy-Gal were transferred at reduced ratésialysis
of the crystal structures of GalT complexed with UDP-GalNAc re-
vealed that the C-Rl-acetyl moiety is accommodated in a shallow
pocket within the active sitéImportantly, the single Y289L mu-

tation enlarges the binding pocket and enhances the catalytic activity
toward GalNAc substrates without compromising specifigity.

Analoguel was synthesized from the previously reported ketone
210 as shown in Scheme 1. Selective anomeric deacetylation
followed by treatment with (BnQIPNiPr,!! afforded the phosphite,
which was directly oxidized with mCPBR& to produce dibenzyl
phosphat&. Hydrogenolytic debenzylation yielded the unprotected
phosphate as the trioctylammonium salt, which was coupled with
UMP-morpholidate in pyridin® to provide the target molecute
upon deacetylation with TEA.

With analoguel in hand, we examined the ability of GalT to
label the peptide TAPTS&-GICNAC)TIAPG, which encompasses
an O-GIcNAc modification site within the protein CREB.Using
wild-type GalT, only partial transfer of the keto-sugar was observed
%y LC-MS (~1.5%). As anticipated, however, the Y289L mutant
showed greater activity and afforded complete conversion after 6
h at 4°C (Figure 2). Subsequent reaction of the ketone-labeled
peptide with the aminooxy biotin derivativBl-(aminooxyacetyl)-
N'-(p-biotinoyl) hydrazine, under mild conditions (pH 6.7 buffer,

8 h, 25°C) gave complete formation of the correspond®alky!
oxime.

Having demonstrated the labeling of a peptide, we applied our
strategy to th@-GIcNAc glycosylated protein CREB. Recombinant

Igzlli(f:ci?rigdlgrsigt%ec?f Technology. CREB from Sf9 cell§* was incubated with and Y289L GalT for
8 CCR, NCI, Frederick, MD. 12 h at 4°C. Following reaction with aminooxy biotin, the mixture
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Figure 2. Labeling of the peptide TAPTSXGIcNAC)TIAPG. LC-MS

traces monitoring the reaction progress at (A) time 0), €Bnh after the
addition of1 and Y289L GalT, and (L8 h after biotin addition. A and B
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proach and is distinct in several key respects. First, the use of an
engineered GalT and enables near stoichiometric labeling,
resulting in higher sensitivity. Enhanced sensitivity is crucial in
studying O-GIcNAc as the regulatory nature of the modification
means that it is often present only in low cellular abundance.
Second, the use of an engineered GalT rather than the native
O-GIcNAc glycosyltransferase allows one to capture the glycosy-
lated species directly and avoid perturbation of metabolic pathways.
Thus, our approach should permit the observatio®aBIcNAC
signaling pathways after cellular stimulation, an important frontier
in the field.

In conclusion, we have developed a novel chemoenzymatic
strategy that detect®-GIcNAc modifications with an efficiency
and sensitivity that is unrivaled by existing methods. Given the
chemical versatility of the ketone handle, we can envision a variety
of applications, including direct fluorescence detection, affinity
enrichment, and isotopic labeling for comparative proteomics.

represent base peak chromatograms, and C is the extracted ion chromatolMoreover, the study of other enzymes (e.g., farnesyltransferases

gram within 1319.6-1321.0 and 1633:01635.5m/z. The peak at 8 min in
C is a biotin impurity. See Supporting Information for details.
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Figure 3. Selective labeling of glycosylated CREB. CREB from Sf9 cells
(lanes +-3) or E. coli (lane 4) was tested.
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Figure 4. Labeling ofa-crystallin, and comparison with several existing
detection methods. For the ketone and tritium labeling studies, @) &5
protein was used; for the lectin and antibodieg,gbof protein was used.
See Supporting Information for conditions and full experimental controls.

was resolved by SDS-PAGE, transferred to nitrocellulose, and
probed with streptavidin-HRP. Strong labeling of CREB was
observed by chemiluminescence within seconds of exposure to film
(Figure 3). In contrast, no signal was observed over the same time
period for unglycosylated CREB (froffa. coli) or when reactions
were performed in the absence of either enzyme, demonstrating
the selectivity of the transfer.

We next explored the sensitivity of the approach using the
challenging targety-crystallin. Detection of th©-GIcNAc moiety
on a-crystallin has been reported to be particularly difficult due to
its low stoichiometry of glycosylation~10%) and the presence
of only one major modification sit®.Indeed, we found that existing
methods such as wheat-germ agglutinin (WGA) Iéctind the
O-GlIcNAc-specific antibodies RL#and CTD110.8failed to detect
any O-GIcNAc modification ona-crystallin, even when 10g of
o-crystallin was used (Figure 4 and Supporting Information). In
contrast, our approach enabled detection of@h&IcNAc modi-
fication within minutes using 0.7xg of o-crystallin. For com-
parison, tritium labeling with wild-type GalT required 8 days of

and other glycosyltransferases) may also benefit from this approach.
Current efforts in our laboratory are focused on the extension of
the approach to novel glycosylated proteins and to the dynamic
regulation of the modification in cells.
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