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Discovery of the catalytic chemical function of the many putative glycosidases coded in genomes currently relies on individual testing of
possible substrates, usually as their p-nitrophenol conjugate. Herein, we present an alternative chemical proteomics approach using a synthetic
mass-differentiated heat-stable substrate library with mass spectrometry readout. Library components do not serve as reaction inhibitors and

both primary and secondary enzyme substrates can be delineated.

Experimental evidence of the chemical function of new approach with mass spectrometry readout to delineate the

proteins with appropriate ligands—chemical proteorics

is of particular importance for the large numbers of proteins

catalytic chemical function of putative glycosidases.
Carbohydrate utilization is believed to be the oldest

that bind and catalyze reactions involving carbohydrates. Themetabolic pathway of life; moreover, carbohydrates are the
human genome has 106 genes tentatively assigned functionsuilding blocks for an incredible variety of structures key
as glycosidases and transglycosidases, enzymes that cleaus the physical strength, intracellular recognition, and natural
carbohydrate linkages; the first plant genome sequence ofdefenses of organism©ur understanding of this complexity

Arabidopsis thalianacontains 381 such gené<urrently,

is in its infancy. For example, alteration of only four of 354

the only method to delineate the chemical function of one amino acids entirely changes the carbohydrate recognition
of these gene products is by individually testing the new properties of the two glycosyltransferases responsible for the

protein with every possible substrate, usually as pts

A versus B blood group antigen determinahtslence,

nitrophenol adduct—a time and material intensive process. analysis of primary sequence information of putative car-
Herein, we present an alternative chemical proteomics bohydrate-recognizing enzymes alone does not reveal func-
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is crucial to categorize these enzymes, however; glycosidase | | N N N

and glycosyltransferases are named according to the sugar

whose glycosidic linkage is cleaved or joined. OH HO OH HO—, on
The basic strategy of a chemical proteomics approach Hﬁoé&oms HOQ&O Hﬁg&l&/o
(Figure 1) relies on the differentiation of all possible HO HO ] j
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protein products of genes putatively assigned functions as glycosi- giycosamine 7 galactosamine 8 mannosamine 9

dases relies on incubation of the new protein with libraries of ) ) )
possible substrates that are inert to high background hydrolysis ratesFigure 2. -Linked saccharides that are common known glycosi-
dase substrates were synthesized with various linkers to avoid any

mass redundancy. A similar library oflinked substrates was also

. . made. (See the Supporting Information.)
substrates for a given glycosidase by mass rather than by an

ultraviolet, radioactive, or fluorescent tag, which would be

difficult to distinguish in one reaction vial. In contrast to  ,.iqe provided the desired compounds. The remaining
peptides that have established sequencing protocols, MON0Sag |inked substrates were synthesized under Koenigs—Knorr

c_harides are more difficqlt to identify as many structgres conditions from acylated precursors; neighboring group
differ only by stereochemistry and not by molecular weight participation assured high yields of the desired andmer.

or ;“rr‘]"téonf' gr".?h‘f" To break th'sd_frpasst_rfdgnl‘?'ali‘cy' With small libraries of both- andf-linked carbohydrates
carbohydrates with various mass-aifierentiated linkages ;. hand, we needed to discover conditions amenable to both

WIOUId _(kj)e ner:edeig. U?“tl;@'mtmphf;d tanﬁ_loguss, kthesedbuffered enzymatic reactions as well as compound ionization
glycosides should not beé susceptible 1o high background, ;, electrospray for identification. Unfortunately, neutral

?ydrollyss rattest., even tat. th? elevr?ted :ﬁmpera:]glres requlreac/arbohydrates are difficult to ioniZélhe analysis of reaction
Igar:;a ytzﬁ pl.uba Ve pro e|tns r?”.‘ yper ﬁ.g.rtmp ! |fc slourcgs. aliquots diluted in aqueous trifluoroacetic acid was feasible
inafly, the fibrary cannot contain any Inhibitors ot glycosi-, positive-ion mode; however, thdl-acetylated sugars

dase activity for the success of this one-pot approach. . inated the mass spectra. Addition of 3-aminophenyl-
To test the feasibil_ity of this strategy,_small I_ibraries of  horonic acid (3-APBA), which forms complexes with neutral
substrates were designed and synthesized (Figure 2). Algqars at low pH, to the quench solution prior to analysis
though glycosidases are commonly assayed with bulky jnroved the spectral readout of the sugar library dissolved
phenols as leaving groups, smaller anomeric leaving groups, \water as previously reportedut worked poorly when
were desirable to avoid possible steric conflicts in the many ho substrates were in typical enzyme reaction buffers.
potential active sites. Common sugars that would target the poqgition of ammonium sulfate to the 3-APBA quench

bulk of known glycosidases were chosen for an initial library 5 owed both the amine-containing and neutral sugars to
and linkers were chosen for their stability as well as ease of jjhize at comparable magnitudes in positive-ion mode. In

synthesis. To this end, monosaccharides were heated with 3¢ ajtering the concentration of ammonium sulfate changed
variety of alcohols under acidic Fischatelferich conditions the relative ratios of amine-containing to neutral sugars in
to produce theo-anomers. In several cases, both the e gpectra. Peaks for sugars lacking a primary hydroxyl
o-linked andp-linked anomers were produced and were group such as xylose4) and fucose %) and negatively
separated after acetylation. Deacylation with sodium meth- charged sugars such as glucuronic aéiignize to a lesser
degree as expected, but were still in the range of the other
sugars for easy analysis.
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known glycosidases to probe four scenarios: (1) glycosidasesSupporting Information also). More surprisingly, contaminat-
with one known substratgd{galactosidase frorAspergillus ing glycosidase activities easily could be identified from a
oryzae,o-glucosidase from ricex-mannosidase from jack  crude protein mixture of #-glucosidase, thereby providing
beans); (2) glycosidases with multiple known substrates or a one-shot assessment of protein purity. Also, in contrast to
secondary activitiesstN-acetyl glucosaminidase from jack p-nitrophenol-linked sugar substrates, the libraries were stable
beans and the enzymes used in subsequent scenarios); (3)far hours at 80C to measure glycosidase activity of proteins
glycosidase from crude versus pure sourgegl(cosidase  from hyperthermophiles.
from almond meal and chromatographically pure); and (4) A chemical proteomics approach can clearly help identify
a glycosidase from high-temperature sourg¢egl(icosidase  small molecule substrates for the large class of enzymes that
from Pyroccocus furious). In each case, substrates for thecleaves glycosidic linkages and thereby identify and name
enzymes significantly diminished after several hours of these newly sequenced proteins. In addition, these libraries
incubation with the libraries when compared to control are relatively stable even at elevated temperatures for several
reactions containing either no enzyme or heat-denaturedhours to allow chemical function identification without
enzyme. At longer reaction times, secondary activities of the requiring the optimal full-length substrate or buffer conditions
enzymes could be distinguished. Although not diagnostic, of a glycosidase and to allow identification of functions of
the cleaved sugar product could also be identified as bothproteins from hyperthermophilic sources, too. Obviously,
the mono- and diadduct of 3-APBA (Figure 3; see the once the cleaved glycosidic linkage is discovered for a
particular enzyme, libraries containing that sugar linked to
_ a wide variety of compounds can be used to further narrow

down the substrate specificity of the protein if desired.

1007 (@) 2 | 9 Protgi_n mutants could also be scrgeneq for alter.ed substrate
> 751 2;6 3:9 387 specificities. Although the cur_rent libraries contqm many of
2 the sugars commonly found in mammals, the libraries can
g 50~ 3 be expanded to include common plant and bacterial sugars.
5 5 6 3 7 This competition library approach also can dissect glycosi-
T 4 310 373 dase activity from crude extracts. Because four bacterial
266 ‘ | strains previously have been differentiated solely by their
0 L, ability to cleave three different protease substrétfarger
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library of glycosidase substrates promises a mechanism to

rapidly diagnose various cell types based on their differential

100 (b) Product —> |38 ability to cleave carbohydrates. In addition, a mass-differenti-
ated library approach should also be applicable to the study

‘§ ™ of a wide range of other enzyme classes.
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Figure 3. ESI-MS spectra in selected ion-monitoring positive-ion ~ Supporting Information Available: Experimental pro-
mode of reaction afte8 h at 80°C of a glucosidase frorR. furiosus cedures and copies of mass spectra. This material is available
with library from Figure 1 after quenching with 3-APBA: (a) free of charge via the Internet at http://pubs.acs.org.
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