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Carbohydrate microarrays have been used recently for the rapid analysis of glycan —protein or glycan —cell interactions and for the detection
of pathogens. As a demonstration of its significance and versatility, the microarray technology has been applied in this effort to assay
glycosyltransferase activities. In addition, carbohydrate microarray based methods have been employed to quantitatively determine binding
affinities between lectins and carbohydrates.

Detection using
a specific lectin

Glycans in living organisms play a critical role in both simultaneously analyzed by using a small amount of
normal physiological and detrimental disease processescarbohydrate samples. In addition, glycans attached to
through their interactions with proteifisOwing to their surfaces resemble those on cell surfaces, and consequently,
significance in biological research and biomedical applica- they may interact with proteins in a similar way to when
tions, the development of rapid and sensitive methods tothey are located on cell surfaces. Furthermore, glycans
elucidate the nature and consequence of glycan—proteinimmobilized on solid surfaces in a properly spaced and
interactions has become the target of a number of recentoriented manner display a cluster effect promoted multiva-
investigations. In 2002, we and others reported a novel, lency which leads to enhancement in their interactions with
carbohydrate microarray based technology for this purpose. proteins. These unique properties allow carbohydrate mi-
An important advantage over other conventional methods is croarrays to be ideally applied in glycomics research for the
that a large number of glycatprotein interactions can be rapid assessment of glycan—protein interactiths.
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cols in which they can be applied. A potentially important ||| | A I

application of these microarrays is to assay glycosyltrans-

ferase activities. To date, only a few examples of enzymatic P DAy

reactions taking place on the carbohydrate microarrays have ’

been reporteé“2However, this microarray technology has . /12 Pd/C, MaOH

been rarely used in assaying glycosyltransferase activities. (HO A O~y + ”O\rr“’“"" 0-0
Herein, we describe the results of our recent studies which 1.so:Hoat. N;’M Wang resin
show that carbohydrate microarrays can play an important 2. TES, TFA

role in methods for assaying galactosyltransferase activity. o oH -
The approach requires only a tiny amount of immobilized ﬁ‘j W éﬁ HO‘X&;&
acceptor substrates (picomoles), and enzymatic catalytic &g+ AcHNG, .
activities are readily assessed by measuring the amount of a  *Fue( '”“"‘21 o Gal ‘31 P-Gal (4) orGalNAc (5)
product formed in a time-dependent manner. The level of %__‘ HQ?& Hoho H°"§ o
time-dependent product conversion is determined by using ™ ACHN G, AcHN Y
fluorescence detection of lectin recognition of carbohydrate @Glc :a} B-Glc (7) «GleNAG (&) B-GIeNAC(8)  acMan (10)
products.

In recent studies, we developed a novel, efficient, chemose- lvﬂ W %ﬁf '%F\_
lective immobilization method for the fabrication of chemical ux,,m, M,.m, M,“m}
microarrays which relies on the reaction of hydrazide-

Ho JOH
conjugated compounds with epoxides derivatized on solid RS ﬁ &ﬁ &4, ’&‘L
HOC

surfaceg? In the current effort, we employed this im-

mobilization strategy to prepare carbohydrate microarrays. f”-““‘! Wa'ﬂsl ya AR
Twenty hydrazide-conjugated carbohydrate probes were — H%ﬁil
prepared by first reacting 2-aminoethyl glycosides with 5 ox HO HO =0 e

. , 2 . M Ho Ho-L To
carboxylic acids on resins in the presence of coupling 5 o OH O 76 o
reagents and subsequently releasing the products with 1% HOH%& HOR,. o] o OH
triethylsilane (TES) in TFA (Figure 1). Carbohydrate mi- o <° £ ”%ﬁA
croarrays (spot size, ca. 1200 diameter), composed of 20 RO

k . GalpMane (17) GlcpManc (18) MangMane (19) ManaManaMane (20]
carbohydrate probes, were prepared by duplicate printing of 5 5
solutions of hydrazide-linked glycaris-20 (1 nL, 1 mM o i - i,

y gly ( ) R ffﬁik/\gNWO(/\ok\/\ﬁj\/\gN NHa

on epoxide-coated glass slides by using a pin-type microar-

g%{?rhAft?c;. 3 hhlmrr:oblllzzlalgon in a humid ;hgmhbze_r Wl.th i Figure l Ereparation and structures qf carbohydrate probes used
o humidity, the glass slides were trgate wit amino- or faprication of the carbohydrate microarrays (HOBt1-hy-
ethanol to remove the unreacted epoxide groups. droxybenzotriazole, BOR: 1-benzotriazolyloxytris(dimethylamino)-
Before using the microarrays to assay galactosyltransferasephosphonium hexafluorophosphate, NEMN-ethylmorpholine).
activities, their binding preferences for galactose-binding

proteins, such aBseudomonas aeruginoagglutinin-I lectin - gifferent galactose-binding patterns were observed when the
(PA-IL), Bandeiraea simplicifolial (BS-1), and Ricinus  carbohydrate microarrays were probed with three galactose-
communisagglutinin 120 (RCAyq), were examined to select  pinding lectins. The results show that Cy5-PA-IL has a
an appropriate lectin for the detection of galactose moieties pinding preference fan-Gal (3), 5-Gal @), and Gall,8Man
transferred by-1,4-galactosyltransferagé-(,4-GalT). Quite (17), and it rarely binds t@-Lac (14) ands-LacNAc (16)
(Figure 2a). The binding tendency of PA-IL is consistent
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Figure 2. Carbohydrate microarrays probed with (a) Cy5-PA-1L,
(b) Cy5-BS-I, (c) Cy3-RCApq and (d) Cy3-RCAg after enzymatic
reaction with3-1,4-GalT. (e) Quantitative analysis of fluorescence
intensity of a carbohydrate microarray probed with Cy3-R&A
after enzymatic reaction with-1,4-GalT.

To profile 8-1,4-GalT activity, glycan microarrays con-
taining 20 carbohydrates were incubated with 1 i, 4-
GalT (a final concentration of 0.6M) in the presence of
10 mM Mr?t and 1 mM UDP-Gal at 37C. After 3 h
incubation, the slides were washed with a hot SDS solution
(35 mM in PBS buffer) under sonication to reduce back-
ground fluorescence signals after probing with Cy3-R&G#&
Notably, omission of this step results in a high background
fluorescence. Probing the enzyme-treated microarrays with
Cy3-RCA 0 leads to fluorescence patterns that demonstrate
that botha- (8) andj-GIcNAc (9) are converted ta- and
pB-LacNAc by this enzyme (Figure 2d)The fluorescence
intensity at the region gf-GIcNAc is larger than that for
o-GIcNAc (Figure 2d and 2e). In addition, the fluorescence
intensity of f-LacNAc converted fromB-GIcNAc (9) by
B-1,4-GalT is almost the same as that®tacNAc (16),
suggesting thiza 3 hreaction time is sufficient to bring about
complete conversion g#8-GIcNAc to S-LacNAc.

The relative binding affinities ofx- and s-LacNAc for
RCA ;0 were determined. One approach to the synthesis o
a-LacNAc, required for this purpose, involves chemical
glycosylation of protecteda-bromoethyl GIcNAc with

f

several protected galactosyl donors (e.g., galactosyl bromide,

galactosyl! trichloroacetimidate, and thioglycosides) in th
presence of a promoter (BEL, AgOTf, or NIS-TfOH).
Unlike the related process used to prepdreacNAc, the

e

(9) The -1,4-GalT activity was also examined by using carbohydrate
arrays containing 10 carbohydrates (ref 2c). This work showed that although
B-GlcNAc was converted to the corresponding produeGIcNAc is not a
substrate for this enzyme unlike our results. HPLC analysis of enzymatic
products (see Supporting Information) and the present work demonstrate
that botha- and 3-GIcNAc are substrates for this enzyme.
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chemical glycosylations are not successful. Next, we ex-
plored an enzymatic glycosylation route usiftgalactosi-
dase fromBacillus circulans, an enzyme that is known to
catalyze glycosylation reactions of GIcNAc derivatives.
Incubation of unprotected-2-azidoethyl GIcNAc andp-
nitrophenyl galactoside witlB. circulans -galactosidase
for 3 h at 55°C led to the formation of 2-azidoethyl
o-LacNAc in 78% vyield. Hydrazide-conjugated- and
SB-LacNAc were printed on the epoxide-modified glass slides,
and then the resulting microarray was incubated with Cy3-
RCA120 The observation that microspots containimgand
pB-LacNAc show similar fluorescence intensities indicates that
RCA20 has a similar binding affinity for both of these
compounds.

To determine quantitative binding affinities of- and
p-LacNAc for RCAy,, dissociation constant&g) for lectin-
surface-linked LacNAc interactions were measured by using
carbohydrate microarrays. Although carbohydrate microar-
rays have been applied to determingd@alues of soluble
inhibitors2c4dissociation constants associated with pretein
glycan interactions have never yet been measured by using
this technology. To determine dissociation constamtsnd
p-LacNAc (1 mM immobilization concentration) were
printed on the epoxide-derivatized surfaces and the resulting
microarrays were probed with various concentrations (0.12
NM—1 uM) of Cy3-RCAs» !t After 1 h incubation, the
microarrays were thoroughly washed with PBS buffer to
remove unbound lectin. Fluorescence intensities of mi-
crospots were quantitated by using a microarray scanner. As
shown in Figure 3a, thKq values ofo- andj-LacNAc were
determined to be 34 nM and 33 nM, respectively (see
Supporting Information for the method employed to deter-
mine Ky values). Thes&gy values are similar to those (26.3
nM for a-LacNAc and 25.3 nM fofs-LacNAc) obtained by
using a conventional SPR technology (Figure 3b and'3c).
Therefore, the higher fluorescence intensity observed at the
region of 5-GIcNAc after enzymatic reaction as compared
to a-GIcNAc indicates thap-GIcNAc is a better substrate
for p-1,4-GalT.

We then examined time-dependent glycosylation-cind
B-GIcNAc immobilized on the surface bg-1,4-GalT to
determine the relative enzymatic glycosylation rates (Figure
4). In these studies, we measured the initial velocity of
glycosylation of two substrates by an enzyme. Carbohydrate
microarrays containing- andj-GIcNAc (1 mM), along with
o- andg-LacNAc (1 mM) as controls, were fabricated and
then treated with 1 mp-1,4-GalT in the presence of 10
mM Mn?* and 1 mM UDP-Gal at 37C for various time
periods (0—60 min). After washing with a hot SDS solution
under sonication, the enzyme-treated microarrays were
probed with Cy3-RCAyo On the other hand, the fluorescence
intensities of various concentrations (261 mM) of a- and
B-LacNAc immobilized on the surface were measured after
probing with Cy3-RCAy Because fluorescence intensities

(10) Farkas, E.; Thiem, Eur. J. Org. Chem1999, 3073—3077.

(11) Kuno, A.; Uchiyama, N.; Koseki-Kuno, S.; Ebe, Y.; Takashima,
S.; Yamada, M.; Hirabayashi, Blat. Method<2005, 2, 851—856.

(12) Duverger, E.; Frison, N.; Roche, A.-C.; Monsigny, Biochimie
2003,85, 167—179.
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Figure 4. Time-dependent glycosylation of (®) andj-GIcNAc
(m) immobilized on the surface by-1,4-GalT.

ratio of 3- to a-GIcNAc glycosylation rates is determined
to be 10:1 in solution (1 mMx- or S-azidoethyl GIcNAc,

10 mM Mrét, 1 mM UDP-Gal, and 1 m\g-1,4-GalT at 37
°C).22 Therefore, the ratio of enzymatic glycosylation rates
determined by using the carbohydrate microarray method is
similar to that for the corresponding solution reactions.

In conclusion, we have demonstrated the usefulness of
carbohydrate microarrays in assaying glycosyltransferase
activities. Importantly, this technology requires only minute
amounts of glycosyl acceptors. In addition, applications of
these microarrays to determine quantitative binding affinities
between carbohydrates and proteins have been demonstrated.
The findings should open new applications of carbohydrate
microarrays in the field of functional glycomics.
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