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Introduction

The Tn antigen,[1] a carbohydrate epitope composed of a
GalNAc a-linked to a serine or threonine residue of a polypep-
tide, was first reported as a tumor-associated antigen about 30
years ago by Springer and has since been investigated exten-
sively.[2, 3] In addition to a broad range of carcinomas,[3,4] Tn ex-
pression has been reported during development/embryogene-
sis,[5–7] in pathogenic parasites,[8, 9] on HIV-1,[10] and in a variety
of rare human diseases such as Tn syndrome,[11] IgA Nephrop-
athy,[12] Henoch–Schonlein purpura,[13] and Schindler–Kanzaki
disease.[14,15] However, expression in normal adult tissue is rare.
As a result, there has been significant interest in monitoring
expression of the Tn antigen for diagnostic purposes as well as
developing Tn-based vaccines for cancer and HIV.[3,4,16–18] In ad-
dition, a considerable effort has been made to understand the
biological effects of Tn expression and its molecular mecha-
nisms of action. Unfortunately, after decades of research and
development, little is known about the biological roles of the
Tn antigen.

Accurate detection of the Tn antigen is essential for both
basic and applied research. However, monitoring the expres-
sion of carbohydrate antigens is not trivial. Few methods are
available and most are extremely labor intensive. Therefore, ex-
pression is almost always monitored indirectly by measuring
the binding of anti-carbohydrate antibodies and lectins. Detec-
tion of the Tn antigen is no exception. Of course, specific rec-
ognition is critical for detecting carbohydrate antigens with an-
tibodies and lectins. If Tn receptors lack specificity, then other
carbohydrate epitopes could be mistaken for the Tn antigen.

While this potential problem could have enormous effects on
basic science and medical applications, anti-Tn antibodies and
lectins such as HBTn1, Bric111, and VVL-B4 have been used for
years to monitor expression of the Tn antigen and were
thought to be selective. For example, the VVL-B4 lectin readily
distinguishes between the Tn antigen and the structurally re-
lated blood group A antigen and selectively binds carcinoma
tissues over most normal adult tissues.[19,20] As a result of this
perception, antibody and lectin binding has been taken as a
reliable measure of Tn expression.

Although Tn receptors are regarded as standard tools, con-
fusing and conflicting results are not uncommon. For example,
Itzkowitz et al.[21] and Ching et al.[22] reported that the Tn anti-
gen was expressed in normal pancreatic acinar cells, while Cao
et al. found that it was not.[23] In addition, a number of studies
indicated that the Tn antigen is expressed at an early stage of
cancer progression,[24–27] while others concluded that it is
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The Tn antigen is a carbohydrate antigen expressed in most car-
cinomas, during embryogenesis, on pathogenic parasites, and on
HIV. It has been evaluated extensively as a potential diagnostic
marker and several Tn-based vaccines are in clinical trials. Based
on discrepancies in the literature regarding Tn expression, we
began to question whether antibodies and lectins used routinely
to detect the Tn antigen were providing accurate information. To
investigate this possibility, a carbohydrate microarray and a
highly sensitive assay were developed and three frequently used

Tn receptors (HBTn1, Bric111, and VVL-B4) were evaluated. Carbo-
hydrate-array analysis revealed unexpected cross-reactivity with
other human carbohydrate epitopes. VVL-B4 bound the Tn anti-
gen, GalNAca1-6Gal, and GalNAca1-3Gal. Bric111 bound the Tn
antigen, blood group A, GalNAca1-6Gal, and GalNAca1-3Gal.
HBTn1 showed the best selectivity, but still displayed moderate
binding to blood group A. Implications for the development of
Tn-based diagnostics and vaccines are discussed.
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expressed at a late stage.[28–31] Some reports concluded that Tn
expression is correlated with a poor prognosis,[28,32,33] while
others found no correlation between Tn expression and prog-
nosis.[34, 35]

Although a variety of factors could contribute to these dis-
crepancies, the inconsistent expression results led us to ques-
tion whether binding studies with anti-Tn antibodies and lec-
tins were providing accurate and reliable information. To test
this, we needed to evaluate binding to a wide range of carbo-
hydrate epitopes. Carbohydrate arrays have recently emerged
as valuable tools for rapid and comprehensive analysis of car-
bohydrate–protein interactions.[36–44] Like the related DNA and
protein microarrays, carbohydrate arrays possess many carbo-
hydrate epitopes spotted onto a solid support, such as a glass
slide. With a spot size of 100–300 mm, thousands of carbohy-
drates can be printed on each slide and only a minimal
amount of sample is required. In addition, the microarray
format facilitates high-throughput as well as thorough and
direct comparisons of binding. As a result, carbohydrate arrays
are ideal tools for probing the specificity of carbohydrate-bind-
ing proteins, identifying new carbohydrate-binding proteins,
and developing diagnostic and therapeutic agents.

In this paper, the development of a carbohydrate microarray
and the evaluation of three frequently used anti-Tn antibodies
and lectins are described. The development of the array re-
quired selecting an appropriate format, synthesizing a variety
of homogenous, structurally defined carbohydrate epitopes,
and developing a highly sensitive assay to detect binding. The
first-generation array contains 29 neoglycoconjugates and gly-
coproteins with a complete array printed in each well of a 16-
well slide. The unique format permits analysis of many samples
(e.g. dilution series, patient serum samples) in an economical
manner and should prove especially useful for the develop-
ment of diagnostics and vaccines. Carbohydrate array analysis
of HBTn1, Bric111, and VVL-B4 revealed significant differences
in specificity as well as cross-reactivity with some structurally
related human carbohydrate epitopes. The results provide a
reasonable explanation for the conflicting reports on Tn ex-
pression. Implications for the development of Tn-based diag-
nostics and vaccines are also discussed.

Results

Development of the carbohydrate array

Our initial objective was to determine if other carbohydrate
epitopes could be mistaken for the Tn antigen. However, our
group is also interested in using carbohydrate arrays for the
development of cancer diagnostics, vaccines, and therapeutic
agents. Since many of these objectives require evaluating large
numbers of samples (e.g. patient serum samples) and/or condi-
tions (e.g. series of dilutions), we wanted an array format that
would permit the analysis of hundreds to thousands of sam-
ples in an economical fashion. Therefore, a slide containing 16
wells was chosen for the array. An entire array would be print-
ed in each well, thus allowing 16 different samples or condi-
tions to be examined on each slide. The spacing of the wells is

comparable to two columns of a 96-well plate and is compati-
ble with standard multichannel pipettors. While subdividing a
slide into 16 sections reduces the total number of features that
can be printed in each array, a significant amount of diversity
can still be represented.

The nature of the carbohydrate epitopes was also an impor-
tant consideration. Numerous papers have been published on
printing proteins on glass microscope slides, and reliable pro-
cedures and conditions are known.[45] In addition, a variety of
slides for printing proteins are commercially available. There-
fore, we chose to print neoglycoconjugates and glycoproteins
with the hope that existing slides, surface chemistry, and print-
ing conditions would be suitable for printing carbohydrate-
modified proteins. In addition to facilitating printing, neoglyco-
conjugates and glycoproteins display multiple copies of each
epitope. Polyvalent presentation of the epitopes is critical,
since most carbohydrate-binding antibodies and lectins ach-
ieve tight binding through polyvalent interactions (i.e. simulta-
neously binding two or more antigens at two or more binding
sites). Moreover, specificity towards monovalent carbohydrates
can be substantially different from the specificity for polyvalent
carbohydrate ligands.[46,47] Since most biologically interesting
recognition events and biochemical assays require high-affinity
polyvalent binding, specificity should also be evaluated in the
context of polyvalent binding. Whether or not the carbohy-
drate moieties would be accessible for binding under these
conditions was of primary concern.

The next step involved choosing and obtaining carbohydrate
epitopes for the array. The objective was to include a broad
range of epitopes, with a subset being structurally related to
the Tn antigen. Unfortunately, natural sources of carbohy-
drates—such as tissue samples, cells, and glycoproteins—dis-
play heterogeneous mixtures of carbohydrates, thus making anal-
ysis of the specificity complicated. Moreover, natural sources of
specific carbohydrate epitopes of interest are frequently inac-
cessible. Therefore, chemical synthesis has become an important
tool for obtaining structurally defined, homogeneous epitopes.

The specific glycoconjugates and glycoproteins used for the
array are listed in Table 1. Two different sources of the Tn anti-
gen were included: asialo-bovine submaxillary mucin (BSM)
and Tn–bovine serum albumin (BSA). Asialo-BSM is a mucin
obtained by desialylation of BSM. BSM and asialo-BSM predom-
inantly express STn and Tn, respectively, in a natural context
and have frequently been used to evaluate anti-Tn antibodies
and lectins.[48] The synthesis of Tn–BSA, a neoglycoconjugate
containing homogeneous, structurally defined Tn epitopes, is
shown in Scheme 1. Acid 30 was coupled with linker 31. After
deprotection of the Fmoc group and acetylation of the N-ter-
minal amine, the esters were hydrolyzed to produce fully de-
protected acid 34. Conjugation to BSA was effected by con-
verting the acid to an N-hydroxysuccinimide (NHS) ester and
then coupling with lysine residues on BSA to produce 11. With
a ratio of acid to BSA of 45:1, the resulting neoglycoconjugate
possessed an average of 21 Tn epitopes per BSA, as deter-
mined by MALDI-MS.

In addition to the Tn antigen, a variety of Tn-related epi-
topes were included on the microarray. To identify epitopes
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that might be mistaken for the Tn antigen, a database of over
7000 carbohydrates was searched by using three criteria.[49]

First, only epitopes that are known to be expressed in humans
were selected, since these have the potential to be present in
samples of interest. Second, only epitopes that are found at
the nonreducing terminus of oligosaccharide chains were chosen,
since they are more likely to be accessible for binding. Third,
epitopes with a high degree of structural similarity to the Tn
antigen were given highest priority. Since the Tn antigen con-
tains a terminal GalNAc a-linked to an amino acid, epitopes
containing a terminal GalNAc with an a linkage were given
highest priority; epitopes with a terminal GlcNAc with an a

linkage or a terminal GalNAc with a b linkage were also consid-

ered. From this list, only the blood group A antigen was readily
accessible in homogeneous form. Chemical synthesis was uti-
lized to obtain additional Tn-like epitopes, such as 12–14.

Epitopes 12–14 were assembled by using a common strat-
egy (see Scheme 2). The key step for each was the formation
of the glycosidic linkage. While the couplings of 35 with 36
and 47 with 48 proceeded stereoselectively under Koenigs–
Knorr conditions, glycosylation of 42 with chloride 47 pro-
duced a 1:2 a/b mixture of disaccharides (43). After some ex-
perimentation, the stereoselectivity was improved to 10:1 a/b
by using imidate 41 as the glycosyl donor. Next, a nine-atom
flexible linker was installed by treating the thioglycosides with
IBr[50] to produce the corresponding glycosyl bromides fol-
lowed by addition of linker 53 under biphasic conditions to
produce 38, 44, and 50.[51] Following addition of the linker, the
azide groups were reduced to amines by the Staudinger reac-
tion and then acetylated to produce 39, 45, and 51. Finally, hy-
drolysis of the ester protecting groups produced disaccharides
40, 46, and 52. The corresponding acids were activated as NHS
esters and then coupled to BSA to produce 12–14. Each of the
conjugates possessed approximately 20 carbohydrate epitopes
per BSA.

To enhance diversity, a variety of other monosaccharide (see
Supporting Information) and oligosaccharide conjugates such
as blood groups A, B, and H, Lex, Lea, Leb, and Ley were includ-
ed on the array (see Table 1). Overall, a total of 29 different
components were utilized: two positive controls (Cy3– and
Cy5–BSA), one negative control (BSA), five monosaccharide
conjugates, seven disaccharide conjugates, ten trisaccharide or
larger conjugates, and four glycoproteins.

The next step in the development of the array involved
printing the samples on the slides. Samples were printed from
stock solutions at a concentration of 0.5 mgmL�1 in PBS con-
taining 5% glycerol. A complete array was printed in each well
of the Nunc ArrayCote16 glass slides by using a robotic arrayer
fitted with quill pins. Each array contained a total of 93 fea-
tures: each of the 29 samples printed in triplicate, along with
an additional three spots each of Cy3- and Cy5-labeled BSA (31
sets of three spots, see Table 1). Spots were approximately
180 mm in size and highly reproducible under these conditions.
As with protein and DNA arrays, the humidity was controlled
to produce consistent spots and minimize evaporation of the
stock solutions.

Evaluation of binding with the array

The next objective was to develop a highly sensitive, robust,
and reproducible assay for evaluating lectin and antibody
binding to the microarray. An ELISA/ELLA assay was adapted
for the microarray format, and conditions were initially opti-
mized for binding VVL-B4 to Tn–BSA. Binding could be detect-
ed under a variety of conditions, thus indicating that the car-
bohydrate epitopes are accessible under our printing condi-
tions. To obtain high signal-to-noise ratios and minimal varia-
tion, however, a number of parameters, such as the blocking
agent, the streptavidin–horseradish peroxidase (HRP) concen-
tration, and the tyramide substrate concentration, were varied.

Table 1. Glycoconjugates and glycoproteins used in the array. Glyco-
conjugates and glycoproteins were printed in triplicate in each well. The
location of each component is defined in the diagram.

Spot Name Spot Name
no. (carbohydrate no. (carbohydrate

structures) structures)

1, 28 Cy3–BSA 16 LacNAc–BSA (Galb1-
4GlcNAc-)

2 BSA 17 TF-HAS (Galb1-3GalNAc-)
3, 31 Cy5–BSA 18 mannotriose–BSA

[Mana1-6[Mana1-3]Mana -]
4 KLH 19 3’Sialyl-LacNAc–BSA

(Sialyla2-3Galb1-4GlcNAc-)
5 oxKLH 20 Blood Group A–BSA

[GalNAca1-3(Fuca1-2)Galb]
6 Glcb–BSA 21 blood group B–BSA

[Gala1-3(Fuca1-2)Galb]
7 GalNAca–BSA 22 blood group H–BSA

[Fuca1-2Galb]
8 Glca–BSA 23 Lex–BSA

[Galb1-4[Fuca1-3)GlcNAc]
9 Mana–BSA 24 Lea–BSA

[Galb1-3[Fuca1-4)GlcNAc]
10 GlcNAcb–BSA 25 Leb–BSA [Fuca1-2Gal b 1-3-

[Fuca1-4)GlcNAc]
11 Tn–BSA

(GalNAca1-Thr-)
26 SLex–BSA [Siaa2-3Galb1-4-

[Fuca1-3)GlcNAc]
12 a1-6–BSA

(GalNAca1-6Galb-)
27 Ley-HAS [Fuca1-2Gal b1-4-

(Fuca1-3)GlcNAc]
13 Adi–BSA

(GalNAca1-3Galb-)
28 BSM (STn, STF, Sia-

GlcNAcb1-3GalNAc)
14 GlcNAca1-4Galb–BSA 29 aBSM

(Tn, TF, GlcNAcb1-3GalNAc)
15 Bdi–BSA

Gala1-3Gal–BSA
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The optimal conditions were as follows. First, wells were incu-
bated with 3% BSA to block nonspecific binding.[52] Next, wells
were incubated with biotinylated-VVL-B4 at concentrations
ranging from 3 to 2800 pM. Wells were washed with PBS and
then incubated with 80 ngmL�1 of streptavidin-HRP for 1 h. To

visualize binding and maximize sensitivity, the tyramide signal-
amplification system was utilized.[53] Wells were incubated with
1 ngmL�1 of Cy5-labeled tyramide substrate (similar results
were obtained with Cy3-labeled tyramide, data not shown) for
5 min, washed, and then dried. Slides were scanned by using a

Scheme 1. Synthesis of Tn–BSA (11). Reaction conditions: a) PyBop, N-methylmorpholine, DMF (96%); b) pyrollidine, CH2Cl2, then Ac2O, pyridine (76%);
c) NaOH, MeOH (58%); d) EDC, NHS, then BSA.

Scheme 2. Synthesis of epitopes 12–14. Reaction conditions: a) AgOTf, CH2Cl2, 2,6-di-tert-butyl-4-methylpyridine, �78 8C (72–86%); b) i. IBr, CH2Cl2, 0 8C (60–
85%); ii. Bu4NHSO4, Na2CO3, 53, EtOAc, H2O (46–70%); c) Ph3P, H2O, THF, 50 8C, then Ac2O, Et3N, CH2Cl2 (67–76%); d) NaOH, MeOH (30–58%); e) TMS-OTf, Et2O,
20 8C (76%); f) EDC, NHS, then BSA.
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GenePix microarray slide reader and analyzed by using GenePix
Pro software to obtain relative fluorescent values (mean minus
background) for each spot. An image of a representative well
is shown in Figure 1. To detect antibody binding, goat anti-
mouse Ig-HRP (2 mgmL�1) was substituted for streptavidin-HRP.

The results from our array and assay compare favorably with
other arrays. One of the key issues is sensitivity. By using the
above conditions, signal-to-noise ratios greater than 100 could
be consistently obtained with high concentrations of lectin,
and binding could easily be detected (signal-to-noise>5) with
lectin concentrations as low as 15 pM. A second important con-
sideration is reproducibility. Variation can arise from both the
printing process and the assay. Under our conditions, spot-to-
spot variation within a well and variation from well to well
were both approximately 10%. With this level of consistency,
twofold differences in binding can easily be detected. A third
consideration is generality. We have successfully probed a
wide range of lectins using this system (unpublished results).
Given the price of slides and the wide range of conditions sur-
veyed, printing and assay development would have been con-
siderably more expensive with a single array per slide format.

Carbohydrate array analysis of VVL-B4, Bric111, and HBTn1

The first receptor to be evaluated was VVL-B4, a plant lectin
isolated and characterized by Tollefsen.[19] It has been used for
over 20 years to monitor the expression of the Tn anti-
gen.[12,13,20, 54–57] Based on 1) selective staining of carcinoma tis-
sues, 2) excellent discrimination between the Tn antigen and
the blood group A antigen, 3) a crystal structure, and 4) specif-
icity studies with a limited number of glycopeptides and mon-
osaccharides, VVL-B4 was thought to be highly selective for

the Tn antigen.[19,58–62] Binding to carbohydrates on the array
was evaluated by using the optimized conditions described
above. The concentration of VVL-B4 was varied by carrying out
a series of twofold dilutions. Graphs of the binding data are
shown in Figure 2, and the minimum amount of VVL-B4 re-
quired to obtain a signal-to-noise ratio of at least 5 are listed
in Table 2. In agreement with previous reports, VVL-B4 bound
well to the Tn antigen (Tn–BSA and asialo-BSM) but not to
blood group A.[63] However, strong signals were also observed
for GalNAca1-6Gal–BSA and GalNAca1-3Gal–BSA; this demon-
strates that the lectin does recognize other epitopes.

The next Tn receptor analyzed was Bric111, a monoclonal
mouse IgG antibody raised against Tn erythrocytes in 1991.[64]

Like VVL-B4, Bric111 selectively stains carcinoma tissues and is
thought to be specific for the Tn antigen.[65–68] Binding to epit-
opes on the carbohydrate array was evaluated in a similar
manner to that used for VVL-B4 (see Figure 2 and Table 2).
However, goat anti-Ig-HRP was used as the secondary reagent
rather than streptavidin-HRP. A wide range of epitopes such
as Tn–BSA, GalNAca1-6Gal–BSA, GalNAca1-3Gal–BSA, blood
group A, BSM, and asialo-BSM were all bound with similar af-
finity. The inability to discriminate between BSM and asialo-
BSM is notable and consistent with previous reports that
showed little difference between binding to glycophorin A and
asialo-glycophorin A.[64] Based on this information, Bric111 does
not appear to be a selective Tn receptor.

The third receptor analyzed was HBTn1, a monoclonal
mouse IgM antibody raised against asialo-ovine submaxillary
mucin (aOSM).[69] HBTn1 has been used extensively over the
last ten years to monitor expression of the Tn anti-
gen.[14,15,28, 34,70–74] HBTn1 clearly demonstrated the best selectiv-
ity within our carbohydrate array (see Figure 2 and Table 2).
Good binding to asialo-BSM was observed along with moder-
ate binding to Tn–BSA. Unlike VVL-B4 and Bric111, little or no
binding was observed to BSM.

Confirmation of the array results by ELISA/ELLA and SDS-
PAGE

In cases in which positive signals were observed with the array,
binding was also evaluated by standard ELISA/ELLA in a 96-
well plate. Results were comparable (data not shown), but the
array proved to be more sensitive. With biotinylated lectins,
the array assay was approximately 10–20 times more sensitive;
for antibodies, the array assay was about 2–4 times more sensi-
tive. While giving similar results to an ELISA/ELLA, the array
provided direct comparisons of binding to all carbohydrates
under identical conditions and used significantly smaller
amounts of carbohydrate samples and antibodies/lectins.

In samples of interest, such as patient tissue samples, Tn
expression is typically detected by histochemical staining or
staining of glycoprotein bands on a polyacrylamide gel. In
these cases, one simply observes the presence or absence of
staining and the intensity of staining. Therefore, the key issue
is whether other epitopes bind well enough to produce a posi-
tive signal in the assay (e.g. withstand extensive washing). To
examine this possibility, BSA conjugates were resolved by SDS-

Figure 1. Assay results for a single well. An array containing 31 samples
each spotted in triplicate was tested for VVL-B4 binding. First, the well was
blocked with 3% BSA and then incubated with VVL-B4 (50 mL, 50 ngmL�1)
for 1 h. After being washed with PBS, the well was incubated with streptavi-
din-HRP (50 mL, 80 ngmL�1) for 1 h. After being washed again with PBS, the
well was incubated with Cy5-tyramide substrate (50 mL, 1 ngmL�1) for 5 min.
The well was washed with PBS, dried, and scanned by using a GenePix Mi-
croarray Scanner. A dashed line defines the borders of the printed area with-
in the well. See Table 1 for array layout and abbreviations.
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PAGE, transferred to polyvinylidene difluoride (PVDF) mem-
branes, and then probed with Tn receptors (see Figure 3). With
VVL-B4, strong positive signals/bands were observed for Gal-
NAca1-6Gal–BSA and GalNAca1-3Gal–BSA. With Bric111, posi-
tive signals could be detected for blood group A, GalNAca1-
6Gal–BSA, and GalNAca1-3Gal–BSA. Even HBTn1, which
showed the best selectivity within our panel of carbohydrate
epitopes, could produce a weak positive signal with blood
group A. These results are consistent with the results of the
carbohydrate-array assay. Moreover, the results show that a
positive signal with these receptors is not a reliable measure of
Tn expression; the signal could be due to expression of the Tn
antigen, expression of a cross-reacting epitope, or expression
of a combination of epitopes.[75]

Discussion

The Tn antigen is a tumor-associated carbohydrate antigen
that has been studied extensively over the last 40 years. In ad-
dition to understanding the biological role(s) of Tn, there has
been considerable effort to develop Tn-based diagnostics and
vaccines for cancer. Naturally, accurate and reliable information
on the expression of the Tn antigen is critical for these studies.
The vast majority of expression information has been obtained
by probing the binding of anti-Tn antibodies and lectins. Since
this approach is an indirect measure of Tn expression, selective
recognition is crucial. However, selective recognition of carbo-
hydrate epitopes is challenging, especially for small epitopes
such as the Tn antigen. Moreover, conflicting reports regarding
Tn expression are not uncommon. Therefore, we began to
question whether anti-Tn antibodies and lectins were provid-
ing accurate information.

The primary concern was whether other carbohydrate epi-
topes could be recognized and mistaken for the Tn antigen by
antibodies and lectins. Unfortunately, this possibility could not
be ruled out based on existing information on specificity. The
anti-Tn antibodies and lectins that have become standard
tools were chosen primarily for their ability to selectively rec-
ognize cancer cells/tissue over normal cells/tissues. Cells and
tissues, however, express large mixtures of carbohydrate epito-
pes. Moreover, many epitopes have not yet been characterized.
Therefore, it can be extremely difficult to determine which car-

Figure 2. Carbohydrate-array binding profiles. For clarity, the epitopes are
ordered from best (left) to worst (right). The fluorescence intensity was nor-
malized by setting the saturation fluorescence at 100. The values at different
dilutions were then taken as a percentage of saturation fluorescence. Nor-
malized fluorescence intensities for each of the epitopes in the array for a
series of dilutions of A) VVL, B) Bric111, and C) HBTn. Color codes for epito-
pes discussed in the text: red=aBSM, olive=Tn–BSA, green=a1-6–BSA,
orange=Adi–BSA, and wine=blood group A, purple=BSM.

Table 2. Binding profiles for VVL-B4, Bric111, and HBTn1.

Detection limit [pM][a]

Glycoconjugates [VVL] [HBTn] [Bric111]

GalNAc-a–BSA 120 6000 NB[b]

Tn–BSA 29 810 3000
a1-6–BSA 120 6000 2000
Adi–BSA 120 3000 3000
blood group A–BSA NB[b] 3000 2000
BSM 230 NB[b] 2000
aBSM 15 8.1 830

[a] The lowest receptor concentration to give a signal to noise ratio of at
least 5:1. [b] no binding at the highest concentration tested: VVL=3 nM

(0.4 mgmL�1), HBTn=6 nM (1:50 dilution), and Bric111=13 nM (1:50 dilu-
tion).
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bohydrate structure or structures are responsible for a positive
signal. In addition to tissue staining, homogeneous glycopep-
tides, monosaccharides, and/or oligosaccharides have also
been examined. While this approach provides information on
specific structures, there an enormous number of carbohydrate
epitopes are expressed in humans. However, only a tiny frac-
tion of them have ever been tested for binding, primarily due
to difficulties in obtaining homogeneous carbohydrates. More-
over, the specific epitopes examined were generally chosen
because they were accessible rather than for more relevant
reasons such as structural similarity.

The design and development of a carbohydrate microarray
and assay are described in this paper. The array contained a va-
riety of carbohydrates, such as tumor antigens, blood group
antigens, and Lewis antigens, as well as a number of Tn-related
epitopes. Results from the array were consistent with other
biochemical assays such as ELISA/ELLA and SDS-PAGE, thus
indicating that the carbohydrate epitopes are accessible for
binding and presented in a comparable manner. Due to the
high sensitivity of the assay and microarray format, only tiny
amounts of each carbohydrate epitope and the lectin/anti-
body-containing samples were required.

The array was utilized to determine if widely used Tn recep-
tors, such as HBTn1, Bric111, and VVL-B4, can bind other carbo-
hydrate epitopes. Consistent with previous results, all three
showed excellent selectivity for the Tn antigen over epitopes
that do not contain a terminal GalNAc. However, carbohydrate
array analysis as well as ELISA and Western blot analysis, did
reveal cross-reactivity with several other carbohydrate epi-
topes, such as GalNAca1-3Gal, GalNAca1-6Gal, and blood
group A. Like the Tn antigen, each of these epitopes has a ter-
minal GalNAc residue with an a linkage. However, these pro-
teins cannot simply be described as GalNAc-binding receptors.
For example, VVL-B4 did not bind at all to the blood group A
antigen. It is important to note that each of the cross-reactive
carbohydrate epitopes has been isolated from human sources.
The blood group A antigen is expressed in many locations in
individuals with blood type A. GalNAca1-3Gal and GalNAca1-
6Gal are expressed on mucins of the human colon,[76] but very
little is known about these epitopes. Since all three epitopes
are expressed in humans, each could contribute to the overall
signal in a histochemical stain or blot for a tissue sample of in-

terest. In fact, a strong positive signal could be pro-
duced in the complete absence of Tn expression. There-
fore, conclusions based on binding data alone may
be entirely inaccurate. Promiscuous binding might be
an especially important consideration when weak-to-
moderate signals are observed.

Differences in specificity and “off target” binding
revealed by carbohydrate-array analysis can provide
reasonable explanations for inconsistent information
on Tn expression in the literature. For example, previ-
ous reports that the Tn antigen is expressed in
normal pancreatic acinar cells utilized the VVL-B4
lectin to detect Tn expression.[21,22] Alternatively, evi-
dence that the Tn antigen is not expressed in normal
pancreatic acinar cells was obtained by using two

monoclonal antibodies (TEC-02 and 12A8-C7-F5) to detect Tn
expression.[23] Promiscuous binding by VVL-B4 could account
for the discrepancy. If, for example, the GalNAca1-6Gal epitope
were expressed on these cells, the VVL-B4 lectin could stain
positive while the antibodies stain negative.

The results with the carbohydrate array also have important
implications for developing Tn-based diagnostics and vaccines.
Correlations between Tn expression and cancer stage, aggres-
siveness, and prognosis are frequently studied. Due to conflict-
ing reports, it is not clear whether the Tn antigen is expressed
at an early or late stage of disease development. However, this
information is vital for diagnostic development. Interestingly,
many of the reports that concluded that the Tn antigen is ex-
pressed at an early stage utilized the VVL-B4 lectin for Tn de-
tection; none used HBTn1. In contrast, reports that the Tn anti-
gen is expressed at a late stage primarily used HBTn1. There-
fore, differences in specificity could provide a reasonable ex-
planation for these inconsistencies. Moreover, the correlation
suggests that a cross-reactive epitope, rather than the Tn anti-
gen, is being detected by VVL-B4 at an early stage of disease
development. If so, the cross-reactive epitope(s) might prove
more useful for early detection and diagnosis of cancer. In any
event, differences in specificity and off-target binding should
be considered when developing diagnostics. Accurate informa-
tion is also critical for the proper implementation of Tn-based
vaccines, since they are likely to be more effective in patients
with Tn-positive tumors.

Finally, the carbohydrate microarray described in this paper
could be useful for a wide range of other applications. The
high sensitivity of the assay should permit detection of even
trace amounts of carbohydrate-binding toxins, pathogens, and
proteins. In addition, the unique multiwell format is well-suited
to analysis of hundreds to thousands of clinical samples in an
economical fashion. As such, the array should be especially ad-
vantageous for the development of diagnostics and vaccines.

Experimental Section

Neoglycoconjugates and glycoproteins for the array: Blood
group A–BSA, blood group B–BSA, blood group H–BSA, Lex–BSA,
Lea–BSA, Leb–BSA, Ley–HSA, SLex–BSA, Galb1-4GlcNAc–BSA, Gala1-
3Gal–BSA, mannotriose–BSA, and Siaa2-3Galb1-4GlcNAc–BSA were

Figure 3. SDS-PAGE/blot binding analysis. SDS-PAGE was carried out in 10% TG polyacryl-
amide gels. For VVL-B4, 50 ng of BSA conjugate were loaded into each lane; for Bric111
and HBTn1, 500 ng of BSA-conjugate were loaded into each lane. Proteins were electro-
phoretically transferred to PVDF membranes, blocked with 5% BSA/PBS, and then incu-
bated with biotinylated VVL-B4 (2 mgmL�1), Bric111 (diluted 1:500, 2 mgmL�1), or HBTn1
(diluted 1:500, 1 mgmL�1) in 3% BSA/PBS followed by streptavidin–alkaline phosphatase
(diluted 1:2000, for blots with VVL-B4) or goat anti-mouse Ig–alkaline phosphatase (di-
luted 1:1000, for blots with Bric111 or HBTn1) in 3% BSA/PBS for 1 h. Blots were washed
and then incubated with BCIP/NBT (1 mgmL�1) for 20 min. See Table 1 for abbreviations.
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purchased from Dextra Labs (Reading, UK). Galb1-3GalNAc-HAS
was purchased from Isosep (Tullinge, Sweden). KLH (keyhole
limpet hemocyanin), BSA, and BSM were purchased from Sigma.
Cy3- and Cy5-labeled BSA were used as positive controls, while un-
modified BSA was used as the negative control.

General synthetic methods. Dimethylformamide (DMF), N-(3-dime-
thylaminopropyl)-N’-ethyl-carbodiimide hydrochloride (EDC), and
NHS were purchased from Aldrich. PyBOP was purchased from
EMD Bioscience (San Diego, CA, USA). NMR spectra were recorded
on a Unity Inova 400 Fourier transform NMR spectrometer. Proton
chemical shifts are reported in parts per million downfield from
tetramethylsilane (TMS) unless otherwise noted. Carbon chemical
shifts are reported in parts per million downfield from TMS with
CDCl3 as an internal reference unless otherwise noted.

Synthesis of the Tn antigen (11). Compound 30 (100 mg,
0.149 mmol)[77,78] was dissolved in DMF (1 mL), and N-methylmor-
pholine (50 mL, 0.448 mmol) and PyBOP (94 mg, 0.180 mmol) were
added. After 5 min, linker 31 (35 mg, 0.173)[79] was dissolved in
DMF (0.5 mL) and then added to the reaction mixture. The solution
was stirred for about 3 h, then diluted in H2O and extracted with
ethyl acetate. The organic phase was then washed with HCl (1M),
sat. NaHCO3, and brine. The aqueous phases were re-extracted
with ethyl acetate. The organic phases were combined, dried over
Na2SO4, decanted, and concentrated in vacuo. The product was pu-
rified by flash chromatography (50% acetone/dichloromethane) to
afford 32 (125 mg, 96% yield). Rf=0.30 (50% acetone/dichlorome-
thane); 1H NMR (CD3OD, 400 MHz): d=7.80 (d, J=7.6 Hz, 2H), 7.68
(m, 2H), 7.40 (app t, J=7.4 Hz, 2H), 7.32 (m, 2H), 5.41 (d, J=
2.8 Hz, 1H; GalNAc H4), 5.12 (dd, J=2.8, 11.4 Hz, 1H; GalNAc H3),
5.00 (d, J=3.6 Hz, 1H; GalNAc H1), 4.63 (dd, J=6.3, 10.6 Hz, 1H),
4.44 (dd, J=6.3, 10.6 Hz, 1H), 4.39 (dd, J=3.6, 11.4 Hz, 1H; GalNAc
H2), 4.33 (app t, J=6.5 Hz, 2H), 4.24 (m, 2H), 4.10 (m, 2H), 3.89 (d,
J=16.4 Hz, 1H; Gly), 3.79 (d, J=16.4 Hz, 1H; Gly), 3.15 (m, 2H),
2.28 (t, J=7.4 Hz, 2H), 2.13 (s, 3H), 2.05 (s, 3H), 1.94 (s, 3H), 1.91 (s,
3H), 1.58 (m, 2H), 1.46 (m, 2H), 1.30 (m, 2H), 1.23 (d, J=6.3 Hz,
3H); 13C NMR (CD3OD, 100 MHz): d=175.8, 173.6, 172.8, 172.2,
172.1, 172.0, 171.1, 159.1, 145.4, 145.2, 142.8, 128.9, 128.3, 126.3,
126.1, 121.3, 121.1, 100.7, 78.0, 70.1, 68.9, 68.4, 67.9, 63.3, 60.7,
52.1, 49.0, 43.2, 40.3, 34.7, 30.0, 27.5, 25.7, 23.0, 20.8, 20.7, 20.6,
18.9; HRFAB-MS calcd for C42H55N4O15: 855.3664 [M+H]+ ; found
855.3679.

The Fmoc group was removed, and the free amine was acetylated.
Briefly, 32 (125 mg, 0.146) was dissolved in dichloromethane
(3 mL), and pyrollidine (200 mL) was added. After 2 h, toluene
(10 mL) was added, and the solvent was removed in vacuo. The
crude amine was dissolved in dichloromethane (3 mL), and pyri-
dine (71 mL, 0.88 mmol) and acetic anhydride (41 mL, 0.44 mmol)
were added. After 2 h, toluene (10 mL) was added, and the solvent
was removed in vacuo. The product was purified by flash chroma-
tography (75% acetone/dichloromethane + 0.5% acetic acid) to
afford 33 (75 mg, 76% yield). Rf=0.35 (75% acetone/dichlorome-
thane + 0.5% acetic acid); 1H NMR (CD3OD, 400 MHz): d=5.41
(brd, J=2.0 Hz, 1H; GalNAc H4), 5.18 (dd, J=3.3, 11.3 Hz, 1H;
GalNAc H3), 5.05 (d, J=3.7 Hz, 1H; GalNAc H1), 4.56 (d, J=2.5 Hz,
1H), 4.38 (m, 3H), 4.10 (m, 2H; GalNAc H6R+S), 3.88 (d, J=
16.7 Hz, 1H; Gly), 3.82 (d, J=16.7 Hz, 1H; Gly), 3.65 (s, 3H), 3.17 (t,
J=7.2 Hz, 2H), 2.34 (t, J=7.4 Hz, 2H), 2.15 (s, 3H), 2.11 (s, 3H), 2.02
(s, 3H), 1.96 (s, 3H), 1.94 (s, 3H), 1.63 (m, 2H), 1.50 (m, 2H), 1.35
(m, 2H), 1.29 (d, J=6.5 Hz, 3H); HRFAB-MS calcd for C29H47N4O14:
675.3089 [M+H]+ ; found 675.3100.

Next, the O-acetyl groups and methyl ester were deprotected.
Briefly, 33 (24 mg, 0.036 mmol) was dissolved in methanol (0.5 mL),

and NaOH (aq) (1M, 200 mL) was added. After 2 h, Amberlyst acidic
resin was added to neutralize the reaction, the reaction mixture
was filtered, and the filtrate was concentrated in vacuo. The prod-
uct was purified by flash chromatography (10%, then 15%, then
20% methanol/dichloromethane + 0.5% acetic acid) on diol-deriv-
atized silica (Silicycle) to afford 34 (11 mg, 58% yield). Rf=0.20
(30% methanol/dichloromethane + 0.5% acetic acid, TLC on silica
plates); 1H NMR (CD3OD, 400 MHz): d=4.89 (d, J=3.9 Hz, 1H;
GalNAc H1), 4.48 (d, J=2.7 Hz, 1H; Thr Ha), 4.24 (dq, J=2.7,
6.3 Hz, 1H; Thr Hb), 4.19 (dd, J=3.9, 11.0 Hz, 1, 1H; GalNAc H2),
3.88 (brdd, J=5.9, 6.3 Hz, 1H; GalNAc H5), 3.84 (brd, J=3.2 Hz,
1H; GalNAc H4), 3.82 (s, 2H; Gly Ha), 3.74 (dd, J=3.2, 11.0 Hz, 1H;
GalNAc H3), 3.67 (m, 2H; GalNAc H6); 3.16 (m, 2H), 2.25 (t, J=
7.3 Hz, 2H), 2.06 (s, 3H), 1.98 (s, 3H), 1.58 (tt, J=7.3, 7.5 Hz, 2H),
1.49 (tt, J=7.3, 7.5 Hz, 2H), 1.33 (m, 3H), 1.25 (d, J=6.3 Hz, 3H;
Thr Hg) ; 13C NMR (CD3OD, 100 MHz): d=174.3, 174.0, 172.8, 171.2,
100.7, 77.1, 73.0, 70.4, 70.3, 62.8, 58.8, 51.7, 43.4, 40.4, 35.1, 30.1,
27.5, 25.8, 23.1, 22.6, 19.0; HRFAB-MS calcd for C22H39N4O11:
535.2615 [M+H]+ ; found 535.2610.

Finally, compound 34 was coupled to BSA. Briefly, 34 was dissolved
in DMF/H2O (50:50) to a final concentration of 150 mM. EDC was
dissolved in DMF/H2O (50:50) to a final concentration of 300 mM.
NHS was dissolved in DMF to a final concentration of 300 mM. The
NHS ester was preformed by combining the carbohydrate, EDC,
and NHS in an Eppendorf tube at a ratio of 2:1:1 and allowing the
mixture to stand at room temperature with occasional gentle
mixing. After 50 min, the reaction mixture was added to a solution
of BSA in aqueous borate buffer (10 mM sodium borate, 90 mM

NaCl, pH 8.0) that had been precooled to 4 8C to give a final carbo-
hydrate/BSA ratio of approximately 45:1. After 15 min, the solution
was warmed to room temperature, then allowed to stand for 1 h.
BSA-conjugate 11 was then dialyzed extensively against water
(SpectraPor 7, MWCO=10000). Analysis by MALDI-TOF MS gave an
average mass for BSA of 66431 and an average mass for Tn–BSA
(11) of 77365; these correspond to an average of 21 epitopes per
BSA (each epitope adds 516 to the molecular weight).

Synthesis of GlcNAca1–4Gal–BSA (14). Phenyl 2,3-di-O-acetyl-4,6-
O-benzylidene-1-thio-b-D-galactopyranoside (2.39 g, 5.3 mmol)[80]

was dissolved in acetic acid (80%), and the mixture was heated at
70 8C for 3 h. The solvent was evaporated, and the residue was
azeotroped with toluene. The residue was then dissolved in di-
chloromethane (50 mL) and cooled to �20 8C. Triethylamine (5 mL)
was added followed by benzoyl chloride (600 mL, 1 equiv). The so-
lution was kept at �20 8C for 1.5 h, then diluted with dichlorome-
thane. The solution was washed with 1N HCl, sat. NaHCO3, and
brine, then dried over anhydrous Na2SO4. The solvent was evapo-
rated, and the residue was purified by column chromatography
(ethyl acetate/hexanes 1:1) to give phenyl 2,3-di-O-acetyl-6-O-ben-
zoyl-1-thio-b-D-galactopyranoside 36 as white powder (1.77 g, 72%
yield). Rf=0.2 (50% ethyl acetate/hexanes); 1H NMR (CDCl3,
400 MHz): d=8.04–8.02 (m, 2H), 7.62–7.58 (m, 1H), 7.51–7.44 (m,
4H), 7.26–7.16 (m, 3H), 5.32 (t, J=10.0 Hz, 1H), 5.04 (dd, J=10.0,
3.2 Hz, 1H), 4.74 (d, J=10.0 Hz, 1H), 4.65–4.53 (m, 2H), 4.16 (d, J=
3.2 Hz, 1H), 3.98–3.95 (m, 1H), 2.098 (s, 3H), 2.096 (s, 3H); 13C NMR
(CDCl3, 100 MHz): d=170.2, 169.8, 166.5, 133.6, 132.9, 132.4, 130.0,
129.7, 129.1, 128.7, 128.2, 86.8, 76.3, 74.4, 67.73, 67.70, 63.3, 21.04,
21.02.

A mixture of glycosyl chloride 35 (467 mg, 1.33 mmol, 1.2 equiv).[81]

acceptor 36 (520 mg, 1.11 mmol, 1 equiv), and di-tert-butylmethyl-
pyridine (273 mg, 1.33 mmol, 1.2 equiv) was dried under vacuum
for 1 h, then dissolved in dichloromethane. Molecular sieves were
added, and the mixture was stirred and cooled to �78 8C. AgOTf
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(570 mg, 2.22 mmol, 2 equiv) was added to the reaction mixture,
and the mixture was allowed to warm to 0 8C over 2.5 h. The reac-
tion was quenched with NaHCO3, and the mixture was filtered to
remove the molecular sieves. The filtrate was extracted with di-
chloromethane (3N ). The organic layers were combined and
washed with brine. The solvent was removed, and the residue was
purified by column chromatography to give phenyl (3,4,6-tri-O-
acetyl-2-azido-2-deoxy-a-D-glucopyranosyl)-(1!4)-2,3-di-O-acetyl-6-
O-benzoyl-1-thio-b-D-galactopyranoside (37) as a white solid
(750 mg, 86% yield). Rf=0.50 (ethyl acetate/hexanes 1:1); 1H NMR
(CDCl3, 400 MHz): d=8.04 (m, 2H), 7.60 (m, 1H), 7.54 (m, 2H), 7.46
(t, J=8.0 Hz, 2H), 7.32 (m, 1H), 7.24 (m, 1H), 7.17 (m, 1H), 5.34 (dd,
J=10.4, 9.6 Hz, 1H), 5.13 (t, J=10.0 Hz, 1H), 5.06 (dd, J=10.4,
9.2 Hz, 1H), 4.92 (dd, J=10.4, 2.8 Hz, 1H), 4.81 (d, J=3.6 Hz, 1H),
4,74 (dd, J=11.2, 6.4 Hz, 1H), 4.72 (d, J=9.6 Hz, 1H), 4.63 (dd, J=
11.2, 6.4 Hz, 1H), 4.29–4.24 (m, 2H), 4.09 (dd, J=12.8, 2.4 Hz, 1H),
4.05, (t, J=11.6 Hz, 1H), 3.95 (m, 1H), 3.68 (dd, J=10.4, 3.6 Hz, 1H),
2.11 (s, 3H), 2.10 (s, 3H), 2.08 (s, 3H), 2.06 (s, 3H), 2.05 (s, 3H);
13C NMR (CDCl3, 100 MHz): d=170.5, 169.8, 169.7, 169.0, 166.0,
133.4, 133.3, 131.0, 129.6, 129.0, 128.9, 128.5, 128.4, 128.2, 125.3,
99.9, 85.5, 78.0, 76.1, 74.1, 71.9, 68.4, 68.0, 66.7, 62.8, 62.6, 61.0,
21.0, 20.7, 20.7; HRMS, calcd for C35H39N3O15NaS: 796.1994 [M+Na]+

; found: 796.2030.

Disaccharide 37 (391 mg, 0.5 mmol, 1 equiv) was dissolved in di-
chloromethane and cooled to 0 8C. A solution of IBr (1M) in DCM
(0.55 mL, 1.1 equiv) was added to the mixture dropwise. The reac-
tion was kept at 0 8C for 30 min and then quenched with 10%
aqueous Na2S2O3. The crude product was purified by column chro-
matography (30% ethyl acetate in hexanes) to give (3,4,6-tri-O-
acetyl-2-azido-2-deoxy-a-D-glucopyranosyl)-(1!4)-2,3-di-O-acetyl-6-
O-benzoyl-a-D-galactopyranosyl bromide as a white solid (253 mg,
67% yield). Rf=0.6, (ethyl acetate/hexanes 1:1) ; 1H NMR (CDCl3,
400 MHz): d=8.03 (m, 2H), 7.60 (m, 1H), 7.47 (t, J=8.0 Hz, 2H),
6.74 (d, J=4.0 Hz, 1H), 5.47 (dd, J=10.4, 9.2 Hz, 1H), 5.35 (dd, J=
10.8, 2.4 Hz, 1H), 5.16 (dd, J=11.2, 4.0 Hz, 1H), 5.10 (t, J=9.2 Hz,
1H), 4.94 (d, J=4.4 Hz, 1H), 4.71 (m, 1H), 4.56 (m, 2H), 4.41 (d, J=
2.8 Hz, 1H), 4.34–4.26 (m, 2H), 4.10 (m, 1H), 3.65 (dd, J=10.8,
3.6 Hz, 1H), 2.13, 2.12, 2.10, 2.07, 2.06(5 s, 3H each); 13C NMR
(CDCl3, 100 MHz): d=170.5, 170.1, 169.8, 169.7, 169.6, 165.8, 133.6,
129.9, 129.5, 128.7, 99.7, 88.9, 76.6, 72.9, 71.4, 68.7, 68.4, 67.8, 62.2,
61.9, 61.5, 21.2, 20.94, 20.86, 20.82; HRMS calcd for
C29H34N3O15NaBr: 766.1066 [M+Na]+ ; found: 766.1073.

Linker 53 (50 mg, 0.24 mmol, 3 equiv)[82] was dissolved in 10%
aqueous Na2CO3 (0.5 mL), and tetrabutylammonium hydrogensul-
fate (27 mg, 0.08 mmol, 1 equiv) was added. A solution of glycosyl
bromide (60 mg, 0.08 mmol, 1 equiv) in ethyl acetate (0.5 mL) was
added to this mixture. The mixture was stirred at room tempera-
ture until all glycosyl bromide was gone, as judged by TLC. The
mixture was extracted by ethyl acetate, and the crude product was
purified by column chromatography (50% ethyl acetate in hex-
anes) to give methyl N-{2-[(3,4,6-tri-O-acetyl-2-azido-2-deoxy-a-D-
glucopyranosyl)-(1!4)-2,3-di-O-acetyl-6-O-benzoyl-b-D-galactopyra-
nosylsulfanyl]ethyl}glutamate 38 as a white solid (51 mg, 73%
yield). Rf=0.5 (ethyl acetate); 1H NMR (CDCl3, 400 MHz): d=7.99
(m, 2H), 7.58 (m, 1H), 7.45 (t, J=8.0 Hz, 2H), 6.43 (t, J=4.2 Hz, 1H),
5.45 (dd, J=10.4, 9.6 Hz, 1H), 5.34 (t, J=10.0 Hz, 1H), 5.12 (t, J=
9.3 Hz, 1H), 4.79 (dd, J=10.4, 2.8 Hz, 1H), 4.91 (d, J=3.6 Hz, 1H),
4.62–4.65 (m, 2H), 4.50 (d, J=10.0 Hz, 1H), 4.31–4.28 (m, 2H), 4.25
(d, J=2.4 Hz, 1H), 4.14 (m, 1H), 4.01 (t, J=6.4 Hz, 1H), 3.70 (dd, J=
10.4, 3.2 Hz, 1H), 3.64 (s, 3H), 3.62–3.54 (m, 1H), 3.43–3.34 (m, 1H),
2.92–2.84 (m, 1H), 2.80–2.72 (m, 1H), 2.36 (t, J=7.2 Hz, 2H), 2.24 (t,
J=7.2 Hz, 2H), 2.10, 2.08, 2.07, 2.06, 2.05 (5 s, 3H each), 1,94 (pent,
J=7.2 Hz, 2H); 13C NMR (CDCl3, 100 MHz): d=173.8, 172.5, 170.7,

170.5, 170.4, 170.0, 169.8, 166.1, 133.7, 129.8, 129.5, 128.8, 99.8,
83.4, 77.4, 76.4, 73.8, 71.6, 68.9, 68.2, 66.8, 62.6, 62.4, 61.4, 51.7,
39.9, 35.4, 33.4, 29.9, 29.1, 21.2, 21.0, 20.93, 20.86; HRMS calcd for
C37H48N4O18NaS: 891.2577 [M+Na]+ ; found: 891.2576.

A mixture of compound 38 (51 mg, 0.059 mmol, 1 equiv) and Ph3P
(31 mg, 0.12 mmol, 2 equiv) in THF (2 mL, contains water) was
stirred at 50 8C for 7 h. The solvent was then evaporated, and the
residue was azeotroped with toluene. The residue was dissolved in
dichloromethane (1 mL), and acetic anhydride (8 mL, 3 equiv) and
triethyl amine (24 mL, 4 equiv) were added. The mixture was stirred
at room temperature overnight. The reaction was quenched with
1N HCl, and the crude product was purified by column chromatog-
raphy (70% ethyl acetate in hexanes) to give methyl N-{2-[(2-acet-
amido-3,4,6-tri-O-acetyl-2-deoxy-a-D-glucopyranosyl)-(1!4)-2,3-di-
O-acetyl-6-O-benzoyl-b-D-galactopyranosylsulfanyl]ethyl}glutamate
39 as white solid (37 mg, 73%). Rf=0.50 (ethyl acetate); 1H NMR
(CDCl3, 400 MHz): d=7.98 (m, 2H), 7.58 (m, 1H), 7.45 (t, J=8.0 Hz,
2H), 7.09 (d, J=8.4 Hz, 1H), 6.16 (m, 1H), 5.39 (t, J=10.0 Hz, 1H),
5.31 (dd, J=11.2, 9.2 Hz, 1H), 5.19 (t, J=9.6 Hz, 1H), 5.05–5.01 (m,
2H), 4.73 (dd, J=11.2, 6.8 Hz, 1H), 4.50 (d, J=9.6 Hz, 1H), 4.43–
4.37 (m, 1H), 4.32–4.22 (m, 2H), 4.18 (d, J=2.4 Hz, 1H), 4.10 (dd,
J=13.2, 3.2 Hz, 1H), 4.01 (t, J=7.8 Hz, 1H), 3.65 (s, 3H), 3.60–3.48
(m, 2H), 3.10–3.02 (m, 1H), 2.70–2.62 (m, 1H), 2.34 (t, J=7.6 Hz,
2H), 2.25- 2.21 (m, 2H), 2.08 (s, 9H), 2.06 (s, 3H), 2.03 (s, 6H), 1.91
(pent, J=7.2 Hz, 2H); 13C NMR (CDCl3, 100 MHz): d=173.7, 172.5,
171.4, 171.1, 170.9, 170.1, 169.9, 169.7, 166.1, 133.7, 129.9, 129.2,
128.8, 99.9, 83.1, 76.6, 76.2, 73.6, 70.4, 68.5, 68.4, 66.9, 61.9, 61.5,
52.6, 51.8, 40.0, 35.5, 33.2, 28.8, 22.9, 21.2, 20.94, 20.92, 20.87;
HRMS: calcd for C39H52N2O19NaS 907.2777; found: 907.2729.

A mixture of compound 39 (43 mg, 0.05 mmol, 1 equiv) and
NaOMe (cat. amount) in MeOH (2 mL) was stirred at room temper-
ature for 2 h until TLC showed that all starting materials had been
consumed. The reaction mixture was neutralized by ion-exchange
resin (Amberlite 15), then filtered, and the filtrate was concentrat-
ed. The residue was dissolved in water/MeCN (1:1) and extracted
with hexanes until all methyl benzoate was removed. The aqueous
phase was concentrated, the residue was dissolved in 1M NaOH
(1 mL), and the mixture was stirred at room temperature overnight.
The solution was neutralized by ion-exchange resin (Amberlite 15)
and filtered. The filtrate was concentrated and purified by re-
versed-phase HPLC or reversed-phase column chromatography to
give N-{2-[(2-acetamido-2-deoxy-a-D-glucopyranosyl)-(1!4)-b-D-gal-
actopyranosylsulfanyl]ethyl}glutaric acid 40 as a white powder
(11 mg, 41% yield): 1H NMR (CD3OD, 400 MHz): d=4.92 (d, J=
3.6 Hz, 1H), 4.46–4.40 (m, 1H), 4.21–4.16 (m, 1H), 4.00 (s, 1H), 3.93
(dd, J=10.8, 3.6 Hz, 1H), 3.82 (dd, J=11.6, 2.4 Hz, 1H), 3.76–3.38
(m, 10H), 2.96–2.88 (m, 1H), 2.80–2.72 (m, 1H), 2.35 (t, J=7.6 Hz,
2H), 2.27 (t, J=7.6 Hz, 2H), 2.04 (s, 3H), 1.90 (pent, J=7.6 Hz, 2H);
13C NMR (CD3OD, 100 MHz): d=182.0, 176.2, 173.8, 100.6, 87.9,
80.8, 79.3, 76.1, 74.0, 72.3, 72.2, 71.5, 62.5, 61.4, 55.9, 41.3, 38.3,
37.0, 30.5, 24.1, 22.8; HRMS: calcd for C21H36N2O13NaS 579.1830;
found: 579.1817.

Compound 40 was coupled to BSA (following the procedure for
conjugate 1) to produce GlcNAc a1–4Gal–BSA (14). Analysis by
MALDI-TOF MS gave an average mass of 77171, corresponding to
an average of 20 epitopes per BSA (each epitope adds 536 to the
molecular weight).

GalNAca1–6Gal (12). A mixture of donor 41 (95 mg, 0.2 mmol,
1 equiv)[83] and acceptor 42 (117 mg, 0.2 mmol, 1 equiv)[84] was
dried under vacuum for 1 h and then dissolved in diethyl ether.
Molecular sieves were added, and the solution was cooled to
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�20 8C. TMS-OTf (0.02 mmol, 0.1 equiv) was added, and the mix-
ture was stirred at �20 8C for 0.5 h. The reaction was quenched by
adding NaHCO3. The crude product was purified by column chro-
matography (ethyl acetate/hexanes 1:1) to give phenyl (3,4,6-tri-O-
acetyl-2-azido-2-deoxy-a-D-galactopyranosyl)-(1!6)-2,3,4-tri-O-ben-
zoyl-1-thio-b-D-galactopyranoside 43 as white solid (136 mg, 76%
yield). Rf=0.3 (ethyl acetate/hexane 1:2); 1H NMR (CDCl3, 400 MHz):
d=7.99–7.96 (m, 2H), 7.93–7.90 (m, 2H), 7.76–7.74 (m, 2H), 7.64–
7.60 (m, 1H), 7.56–7.51 (m, 3H), 7.49–7.44 (m, 2H), 7.43–7.37 (m,
6H), 7.22 (t, J=8.4 Hz, 2H), 5.93 (d, J=2.8 Hz, 1H), 5.78 (t, J=
10.0 Hz, 1H), 5.60 (dd, J=8.8, 3.2 Hz, 1H), 5.38 (dd, J=3.2, 0.8 Hz,
1H), 5.35 (dd, J=11.2, 3.6 Hz, 1H), 5.13 (d, J=10.0 Hz, 1H), 4.95 (d,
J=3.2 Hz, 1H), 4.32–4.27 (m, 2H), 4.04 (d, J=7.2 Hz, 2H), 3.95 (dd,
J=10.4, 7.2 Hz, 1H), 3.73 (dd, J=10.4, 4.0 Hz, 1H), 3.67 (dd, J=
11.2, 3.6 Hz, 1H), 2.13, 2.08, 1.95 (3 s, 3H each); 13C NMR (CDCl3,
100 MHz): d=170.3, 170.0, 169.6, 165.4, 165.4, 165.2, 133.6, 133.4,
133.2, 132.9, 131.9, 130.0, 129.8, 129.7, 129.2, 129.0, 128.8, 128.7,
128.6, 128.4, 128.2, 98.1, 85.4, 76.4, 73.0, 68.9, 68.2, 67.8, 67.7, 67.5,
66.9,61.6, 57.5, 20.7, 20.59, 20.58; HRMS: calcd for C45H43N3O15NaS:
920.2307 [M+Na]+ ; found: 920.2294.

Compound 43 was treated with IBr (see conversion of 37 to 38) to
produce (3,4,6-tri-O-acetyl-2-azido-2-deoxy-a-D-galactopyranosyl)-
(1!6)-2,3,4-O-benzoyl-a-D-galactopyranosyl bromide (85% yield):
Rf=0.6, (50% ethyl acetate/hexanes) ; 1H NMR (CDCl3, 400 MHz):
d=8.09–8.06 (m, 2H), 8.02–8.00 (m, 2H), 7.80–7.76 (m, 2H), 7.66–
7.63 (m, 1H), 7.54–7.49 (m, 3H), 7.46–7.38 (m, 3H), 7.27–7.23 (m,
2H), 6.96 (d, J=4.0 Hz, 1H), 6.05–6.01 (m, 2H), 5.68–5.63 (m, 1H),
5.47 (d, J=2.4 Hz, 1H), 5.33 (dd, J=11.2, 3.2 Hz, 1H), 4.95 (d, J=
3.6 Hz, 1H), 4.82–4.79 (m, 1H), 4.28 (t, J=7.2 Hz, 1H), 4.13–4.07 (m,
2H), 3.95–3.90 (m, 1H), 3.82–3.79 (m, 1H), 3.68 (dd, J=11.2, 3.6 Hz,
1H), 2.13, 2.05, 2.01 (3 s, 3H each); 13C NMR (CDCl3, 100 MHz): d=
170.6, 170.2, 169.8, 165.8, 165.5, 165.4, 134.03, 133.97, 133.5, 130.2,
130.1, 129.9, 129.00, 128.96, 128.7, 128.5, 98.4, 88.2, 72.8, 69.1, 68.8,
68.7, 68.4, 67.7, 67.2, 66.9, 61.8, 57.5, 20.83, 20.79; HRMS, calcd for
C39H38N3O15NaBr: 890.1379 [M+Na]+ ; found: 890.1357.

Coupling with linker 53 (see conversion of 37 to 38) produced
methyl N-{2-[(3,4,6-tri-O-acetyl-2-azido-2-deoxy-a-D-galactopyrano-
syl)-(1!6)-2,3,4-tri-O-benzoyl-b-D-galactopyranosylsulfanyl]ethyl}-
glutamate 44 (70% yield). Rf=0.4 (ethyl acetate); 1H NMR (CDCl3,
400 MHz): d=8.07–8.05 (m, 2H), 7.97–7.94 (m, 2H), 7.77–7.74 (m,
2H), 7.65–7.63 (m, 1H), 7.54–7.48 (m, 3H), 7.43–7.37 (m, 3H), 7.27–
7.21 (m, 2H), 6.37–6.34 (m, 1H), 5.92 (d, J=3.2 Hz, 1H), 5.79 (t, J=
9.6 Hz, 1H), 5.62 (dd, J=9.6, 3.2 Hz, 1H), 5.43 (dd, J=3.2, 1.2 Hz,
1H), 5.36 (dd, J=11.2, 3.2 Hz, 1H), 4.99 (d, J=3.6 Hz, 1H), 4.92 (d,
J=10.0 Hz, 1H), 4.33–4.25 (m, 2H), 4.12–4.02 (m, 2H), 3.92 (dd, J=
10.8, 8.0 Hz, 1H), 3.71–3.65 (m, 2H), 3.64 (s, 3H), 3.58–3.48 (m, 2H),
3.04–2.97 (m, 1H), 2.89–2.82 (m, 1H), 2.34 (t, J=7.2 Hz, 2H), 2.21 (t,
J=7.2 Hz, 2H), 2.12, 2.07, 1.92 (3 s, 3H each), 1.94 (pent, J=7.2 Hz,
2H).13C NMR d 173.7, 172.5, 170.6, 170.3, 170.1, 165.7, 165.6, 165.5,
133.9, 133.6, 133.5, 130.1, 129.9, 129.8, 129.1, 129.0, 128.9, 128.8,
128.6, 128.4, 98.2, 84.5, 76.7, 72.7, 69.1, 68.5, 68.3, 67.6, 67.5, 67.2,
67.7, 57.5, 51.6, 39.5, 35.3, 33.3, 30.6, 20.9, 20.8, 20.7, 20.6; HRMS,
calcd for C47H52N4O18NaS: 1015.2890 [M+Na]+ ; found: 1015.2839.

Conversion of the azide to N-acetyl (see conversion of 38 to 39)
produced methyl N-{2-[(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-a-D-
galactopyranosyl)-(1!6)-2,3,4-tri-O -benzoyl-b-D-galactopyranosyl-
sulfanyl]ethyl}glutamate 45 (76% yield). Rf=0.4 (ethyl acetate);
1H NMR (CDCl3, 400 MHz): d=8.05–8.03 (m, 2H), 7.98–7.95 (m, 2H),
7.76–7.73 (m, 2H), 7.67–7.63 (m, 1H), 7.56–7.49 (m, 3H), 7.45–7.38
(m, 3H), 7.24–7.21 (m, 2H), 6.22 (d, J=10.0 Hz, 1H), 6.16 (t, J=
6.0 Hz, 1H), 5.99 (dd, J=3.2, 0.8 Hz, 1H), 5.80 (t, J=10.0 Hz, 1H),
5.68 (dd, J=10.0, 3.6 Hz, 1H), 5.41 (d, J=2.0 Hz, 1H), 5.08 (dd, J=

11.6, 3.2 Hz, 1H), 4.92 (d, J=10.4 Hz, 1H), 4.80 (d, J=3.6 Hz, 1H),
4.65–4.59 (m, 1H), 4.24 (t, J=6.8 Hz, 1H), 4.20 (t, J=7.2 Hz, 1H),
4.13- 4.06 (m, 2H), 3.96 (dd, J=10.0, 6.8 Hz, 1H), 3.69–3.64 (m, 1H),
3.65 (s, 3H), 3.55–3.45 (m, 2H), 3.04–2.98 (m, 1H), 2.89–2.83 (m,
1H), 2.37–2.33 (m, 2H), 2.21–2.17 (m, 2H), 2.15, 2.00, 1.98, 1.97 (4 s,
3H each), 1.92 (pent, J=7.2 Hz, 2H); 13C NMR (CDCl3, 100 MHz):
d=173.6, 172.5, 170.9, 170.8, 170.6, 170.5, 166.0, 165.7, 165.4,
134.1, 133.7, 133.5, 130.0, 129.97, 129.8, 129.1, 129.0, 128.8, 128.7,
128.6, 128.5, 98.2, 84.9, 75.8, 72.5, 68.6, 68.5, 67.3, 67.0, 65.3, 61.9,
51.7, 47.1, 39.5, 35.4, 33.2, 30.8, 23.2, 20.88, 20.85, 20.75. HRMS,
calcd for C49H56N2O19NaS: 1031.3090 [M+Na]+ ; found: 1031.3082.

Global deprotection (following the procedure for conversion of 39
to 40) produced compound 46 (30% yield): 1H NMR (CD3OD,
400 MHz): d=4.39 (d, J=8.8 Hz, 1H; Gal H1), 4.26 (dd, J=8.1,
3.4 Hz, 1H), 3.91–3.73 (m, 8H), 3.62–3.78 (m, 4H), 3.41–3.35 (m,
1H), 2.87–2.72 (m, 2H), 2.31 (t, J=7.6 Hz, 2H), 2.27 (t, J=7.6 Hz,
2H), 2.02 (s, 3H; acetyl H), 1.90 (pent, J=7.6 Hz, 2H). 13C NMR
(CD3OD, 100 MHz): d=176.9, 175.5, 174.1, 99.2, 87.9, 78.6, 76.2,
72.6, 71.5, 70.8, 70.4, 69.8, 68.4, 62.9, 51.6, 41.2, 36.2, 34.2, 30.8,
22.9, 22.3; HRMS, calcd for C21H36N2O13NaS: 579.1830 [M+Na]+ ;
found: 579.1817.

Compound 46 was coupled to BSA (following the procedure for
conjugate 1) to produce GalNAc a1-6Gal–BSA (12). Analysis by
MALDI-TOF MS gave an average mass of 78434, corresponding to
an average of 22 epitopes per BSA (each epitope adds 536 to the
molecular weight).

GalNAca1-3Gal (13). Phenyl 2,6-di-O-benzyol-3,4-O-isopropylidene-
1-thio-b-D-galactopyranoside (700 mg, 1.34 mmol)[85] was dissolved
in 90% acetic acid (6 mL). The mixture was stirred at 90 8C for 3 h.
The solvent was removed, and the residue was azeotroped with
toluene. Dichloromethane (2 mL), trimethyl orthobenzoate
(300 mL), and (1S)-(+ )-10-camphorsulfonic acid (cat. amount) were
added, and the mixture was stirred at room temperature for
30 min to produce the orthoester.[86] The solvent was removed,
and the residue was azeotroped twice with toluene. The residue
was dissolved in 90% acetic acid (4 mL), then stirred at room tem-
perature for 30 min and concentrated. The crude product was puri-
fied by column chromatography (40% ethyl acetate in hexanes) to
give phenyl 2,4,6-tri-O-benzoyl-1-thio-b-D-galactopyranoside 48 as
white solid (650 mg, 83% yield). Rf=0.2 (ethyl acetate/hexanes
1:3) ; 1H NMR (CDCl3, 400 MHz): d=8.12–8.09 (m, 2H), 8.05–8.03 (m,
2H), 7.98–7.96 (m, 2H), 7.65–7.43 (m, 11H), 7.34–7.32 (m, 1H),
7.25–7.21 (m, 2H), 5.79 (d, J=2.8 Hz, 1H), 5.30 (t, J=9.6 Hz, 1H),
4.95 (d, J=9.6 Hz), 4.58 (dd, J=11.6, 7.2 Hz, 1H), 4.47 (dd, J=11.6,
7.2 Hz, 1H), 4.24–4.21 (m, 1H), 4.19–4.14 (m, 1H), 2.74 (d, J=
6.4 Hz, 1H); 13C NMR (CDCl3, 100 MHz): d=167.0, 166.31, 166.26,
134.0, 133.8, 133.5, 131.5, 130.3, 130.2, 130.0, 129.7, 129.5, 129.12,
129.05, 128.8, 128.7, 128.6, 128.5, 85.6, 75.5, 73.2, 71.8, 70.9, 63.1.

Following the procedure used to couple 35 and 36, glycosyl chlo-
ride 47[87] and acceptor 48 were coupled to produce phenyl (3,4,6-
tri-O-acetyl-2-azido-2-deoxy-a-D-galactopyranosyl)-(1!3)-2,4,6-tri-
O-benzoyl-1-thio-b-D-galactopyranoside 49 (72% yield). Rf=0.3
(ethyl acetate/hexane 1:2); 1H NMR (CDCl3, 400 MHz): d=8.13–8.11
(m, 2H), 8.06–8.04 (m, 2H), 7.98–7.96 (m, 2H), 7.62–7.59 (m, 5H),
7.49–7.44 (m, 6H), 7.38–7.34 (m, 1H), 7.28–7.24 (m, 2H), 5.94 (d,
J=2.8 Hz, 1H), 5.59 (t, J=9.6 Hz, 1H), 5.30 (d, J=3.6 Hz, 1H), 4.96
(d, J=9.6 Hz, 1H), 4.90–4.85 (m, 2H), 4.61 (dd, J=11.6, 7.2 Hz, 1H),
4.45 (dd, J=11.6, 7.2 Hz, 1H), 4.25–4.21 (m, 2H), 3.81–3.78 (m, 3H),
3.57 (dd, J=10.4, 3.2 Hz, 1H), 2.03, 1.91, 1.90 (3 s, 3H each);
13C NMR (CDCl3, 100 MHz): d=170.1, 169.9, 169.3, 166.3, 166.0,
164.9, 94.0, 85.7, 75.1, 74.8, 68.8, 68.3, 67.1, 66.9, 65.3, 62.8, 61.3,
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57.1, 20.8, 20.7, 20.6; HRMS: calcd for C45H43N3O15NaS: 920.2307
[M+Na]+ ; found: 920.2349.

Compound 49 was treated with IBr (see conversion of 37 to 38) to
produce (3,4,6-Tri-O-acetyl-2-azido-2-deoxy-a-D-galactopyranosyl)-
(1!3)-2,4,6-O-benzoyl-a-D-galactopyranosyl bromide (78% yield).
Rf=0.6 (ethyl acetate/hexanes 1:1) ; 1H NMR (CDCl3, 400 MHz): d=
8.16–8.13 (m, 2H), 8.10–8.07 (m, 2H), 8.05–8.02 (m, 2H), 7.64–7.56
(m, 3H), 7.51–7.43 (m, 6H), 6.93 (d, J=4.0 Hz, 1H), 6.09 (dd, J=2.4,
1.2 Hz, 1H), 5.57 (dd, J=10.0, 4.0 Hz, 1H), 5.39 (d, J=3.6 Hz, 1H),
4.98 (dd, J=2.8, 1.2 Hz, 1H), 4.89 (dd, J=11.2, 3.6 Hz, 1H), 4.77 (t,
J=6.8 Hz, 1H), 4.69 (dd, J=10.4, 3.6 Hz, 1H), 4.60 (dd, J=11.6,
6.8 Hz, 1H), 4.46 (dd, J=11.2, 5.6 Hz, 1H), 4.18–4.15 (m, 1H), 4.04–
3.94 (m, 2H), 3.65 (dd, J=10.8, 3.6 Hz, 1H), 2.09, 2.08, 1.88 (3 s, 3H
each); 13C NMR (CDCl3, 100 MHz): d=170.5, 170.0, 169.4, 166.2,
166.0, 165.3, 134.2, 133.9, 133.6, 130.2, 130.0, 129.5, 128.96, 128.92,
128.87, 128.82, 128.7, 93.8, 89.4, 72.1, 70.1, 69.1, 68.3, 67.5, 67.4,
65.2, 62.3, 62.0, 57.3, 21.0, 20.7, 20.6; HRMS, calcd for
C39H38N3O15NaBr: 890.1379 [M+Na]+ ; found: 890.1356.

Coupling with the linker 53 (see conversion of 37 to 38) produced
methyl N-{2-[(3,4,6-tri-O-acetyl-2-azido-2-deoxy-a-D-galactopyrano-
syl)-(1!3)-2,4,6-tri-O -benzoyl-b-D-galactopyranosylsulfanyl]ethyl}-
glutamate 50 (59% yield). Rf=0.4 (ethyl acetate); 1H NMR (CDCl3,
400 MHz): d=8.16–8.14 (m, 2H), 8.08–8.06 (m, 2H), 8.03–8.01 (m,
2H), 7.65–7.56 (m, 3H), 7.53–7.43 (m, 6H), 6.12 (t, J=6.0 Hz, 1H),
5.99 (d, J=2.4 Hz, 1H), 5.68 (t, J=10.0 Hz, 1H), 5.31 (d, J=2.7 Hz,
1H), 4.90–4.85 (m, 2H), 4.79 (d, J=10.0 Hz, 1H), 4.63 (dd, J=11.6,
6.8 Hz, 1H), 4.42 (dd, J=11.6, 5.6 Hz, 1H), 4.26–4.21 (m, 2H), 3.89–
3.80 (m, 3H), 3.63 (s, 3H), 3.60 (dd, J=10.4, 3.6 Hz, 1H), 3.57–3.51
(m, 2H), 3.08–3.00 (m, 1H), 2.88–2.81 ( m, 1H), 2.31 (t, J=7.6 Hz,
2H), 2.17 (t, J=7.2 Hz, 2H), 2.03, 1.94, 1.90 (3 s, 3H each), 1.89
(pent, J=7.2 Hz, 2H); 13C NMR (CDCl3, 100 MHz): d=173.7, 172.4,
170.2, 169.9, 169.3, 166.3, 166.1, 165.2, 133.9, 133.8, 133.6, 130.1,
130.0, 129.9, 129.8, 129.5, 129.1, 129.0, 128.8, 128.7, 94.2, 83.9, 75.6,
74.5, 70.8, 68.9, 68.2, 67.0, 66.9, 65.6, 62.7, 61.2, 57.1, 51.7, 39.0,
35.4, 33.2, 30.5, 29.8, 20.9, 20.8, 20.6, 20.5; HRMS, calcd for
C47H52N4O18NaS: 1015.2890 [M+Na]+ ; found: 1015.2898.

Conversion of the azide to N-acetyl (see conversion of 38 to 39)
produced methyl N-{2-[(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-a-D-
galactopyranosyl)-(1!3)-2,4,6-tri-O-benzoyl-b-D-galactopyranosyl-
sulfanyl]ethyl}glutamate 51 (67% yield). Rf=0.4 (ethyl acetate);
1H NMR (CDCl3, 400 MHz): d=8.18–8.16 (m, 2H), 8.05–8.03 (m, 2H),
8.00–7.98 (m, 2H), 7.70–7.66 (m, 1H), 7.63–7.55 (m, 4H), 7.50–7.42
(m, 4H), 6.08–6.03 (m, 2H), 5.85 (d, J=3.2 Hz, 1H), 5.62 (t, J=
10.0 Hz, 1H), 5.14 (d, J=3.6 Hz, 1H), 4.91 (dd, J=3.2, 1.2 Hz, 1H),
4.77–4.73 (m, 2H), 4.66 (dd, J=11.6, 6.8 Hz, 1H), 4.54–4.78 (m, 1H),
4.36 (dd, J=11.2, 6.4 Hz, 1H), 4.24–4.18 (m, 2H), 3.91–3.88 (m, 1H),
3.76 (dd, J=11.2, 8.4 Hz, 1H), 3.63 (s, 3H), 3.62–3.51 (m, 3H), 3.07–
3.00 (m, 1H), 2.87–2.80 (m, 1H), 2.32 (t, J=7.2 Hz, 2H), 2.17 (t, J=
7.2 Hz, 2H), 2.02, 1.93, 1.89, 1.57 (4 s, 3H each), 1.90 (pent, J=
7.2 Hz, 2H); 13C NMR (CDCl3, 100 MHz): d=173.7, 172.4, 170.5,
170.24, 170.22, 170.1, 166.3, 166.1, 165.7, 134.4, 134.0, 133.7, 130.4,
130.0, 129.9, 129.3, 129.14, 129.06, 128.9, 128.69, 128.66, 98.1, 84.1,
77.9, 75.3, 69.4, 67.6, 67.4, 67.3, 66.8, 62.2, 60.7, 51.7, 47.4, 39.1,
35.4, 33.2, 30.5, 22.7, 20.9, 29.77, 20.74; HRMS calcd for
C49H56N2O19NaS: 1031.3090 [M+Na]+ ; found: 1031.3048.

Global deprotection (following the procedure for conversion of 39
to 40) produced compound 52 (50% yield). 1H NMR (D2O,
400 MHz): d=4.98 (d, J=4.0 Hz, 1H; GalNAc H1), 4.43 (d, J=
10.0 Hz, 1H; Gal H1), 4.13–4.07 (m, 2H), 4.03 (d, J=3.2 Hz, 1H),
3.92–3.8 (m, 2H), 3.66–3.52 (m, 7H), 3.35 (t, J=8.1 Hz, 2H), 2.86–
2.80 (m, 1H), 2.77- 2.71 (m, 1H), 2.18–2.10 (m, 4H), 1.93 (s, 3H

acetyl H), 1.72 (pent, J=7.2 Hz, 2H); 13C NMR (CDCl3, 100 MHz): d=
179.4, 176.2, 174.7, 93.8, 85.7, 78.9, 78.0, 70.9, 68.4, 68.2, 67.6, 65.0,
61.2, 60.9, 49.7, 39.4, 35.0, 34.1, 29.4, 22.0, 21.2; HRMS calcd for
C21H36N2O13NaS: 579.1830 [M+Na]+ ; found: 579.1858.

Compound 52 was coupled to BSA by following the procedure for
conjugate 1 to produce GalNAc a1-3Gal–BSA (13). Analysis by
MALDI-TOF MS gave an average mass of 77849, corresponding to
an average of 21 epitopes per BSA (each epitope adds 536 to the
molecular weight).

Mucins : BSM was purchased from Sigma. Asialo-BSM was prepared
by removing sialic acid residues as reported previously.[58] BSM con-
tains approximately 70% carbohydrate by weight (as compared to
about 15% for the BSA conjugates). About 45–50% of the carbo-
hydrate is either NeuAca2-6Tn or NeuGca2–Tn. About 35% of the
carbohydrate is either NeuAca2-6GlcNAcb1–GalNAc or NeuGca2-
6GlcNAcb1-3GalNAc. A number of other minor components such
as Ley, blood group A, Sialyl-TF, and blood group H are also pres-
ent.[88]

Array printing: The array was printed on epoxy Nunc ArrayCote
16-well slides (Nalge Nunc International, Rochester, NY, USA). All
the glycoconjugate samples were printed at a concentration of
0.5 mgmL�1 with 5% glycerol in PBS buffer (1.9 mM NaH2PO4,
8.1 mM Na2HPO4, and 150 mM NaCl, pH 7.2). Samples were dis-
pensed in specially designed polypropylene 384-well plates with
conical well profiles for maximum sample. Arrays were printed
with Virtex Chipwriter TM Pro technology based on super-precision
robotics and microfluidic systems in HEPA filtered clean air and hu-
midity-controlled chambers (Bio-Rad). SMP6B quill pins were used
to obtain ~150–180 mm spots. Due to the large capacity of the
pins and viscous nature of the glycerol-containing samples, the dip
time for sample pick up was set at 55 s. Samples were blotted
twice and then printed in triplicate with a dwell time of 0.2 s. Pins
were washed five times prior to printing the next sample. Once
printed, the slides were air dried for 24 h, then stored at �20 8C
until used.

Evaluation of binding with the array: Each well of the slide was
incubated in blocking buffer (100 mL of 3% BSA in PBS) for an
hour. The wells were then incubated with biotinylated VVL-B4
(Vector Labs, Burlingame, CA, USA), Bric111 (Accurate Chemical,
Westbury, NY, USA), or HBTn1 (Dako Cytomation, Carpenteria, CA,
USA) at a range of concentrations (serial dilutions) in binding
buffer I (50 mL, 0.3% BSA in PBS). After 1 h of incubation with the
receptors, the wells were washed with PBS (3N 100 mL per well).
The wells that were treated with biotinylated VVL-B4 were then in-
cubated with streptavidin-HRP (50 mL at 80 ngmL�1, Southern Bio-
tech, Birmingham, AL, USA) in binding buffer II (3% BSA in PBS) for
1 h. The wells that were treated with HBTn1 or Bric111 were incu-
bated with Goat anti-mouse Ig-HRP conjugate (50 mL at 2 mgmL�1,
Southern Biotech) in binding buffer II. After 1 h of incubation with
the HRP conjugates, the slides were washed with PBS (7N 100 mL
per well). The HRP-bound wells were then incubated with the
Cyanin 5-labeled tyramide substrate (50 mL, 1 ngmL�1, PerkinElmer
Life and Analytical Sciences, Inc.). After 5 min of signal amplifica-
tion, the slides were washed with PBS (3N ), and the 16-well cham-
ber was removed from the slides. The slides were then incubated
in PBS buffer for an additional 5 min, spun in an Eppendorf centri-
fuge 5810R (400g) for 5 min, and dried.

The slides were then scanned by using a GenePix scanner (GenePix
4000B Microarray Scanner, Molecular Devices Corporation, Union
City, CA). The fluorescence was measured at a photomultiplicator
level (PMT) of 600 at the emission wavelength of the fluorophore.
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The fluorescence was quantified by using GenePix Pro 6.0 with a
GenePix Array List (GAL) file. The mean values minus the back-
ground (typically about 200) for each of the three spots of a partic-
ular sample were averaged, and average values greater than 1000
(five times the background) were defined as a positive signal. The
average adjusted fluorescence was normalized to a percentage
scale, with 100 being the saturation fluorescence (65000). The nor-
malized fluorescence was then plotted against the lectin or anti-
body concentration.

Evaluation of binding by SDS-PAGE: SDS-PAGE was carried out in
10% TG polyacrylamide gels. FBSA conjugate was loaded in each
lane (50 ng for blots with VVL-B4, 500 ng for Bric111 and HBTn1).
Proteins were electrophoretically transferred to PVDF membranes.
Membranes were incubated with 5% BSA/PBS for 2 h to block non-
specific binding. Membranes were then incubated with biotinylat-
ed VVL-B4 (2 mgmL�1), Bric111 (diluted 1:500, 2 mgmL�1), or HBTn1
(diluted 1:500, 1 mgmL�1) in 3% BSA/PBS. Blots were washed with
PBS (4N ) and then incubated with streptavidin–alkaline phospha-
tase (diluted 1:2000, for blots with VVL-B4) or goat anti-mouse Ig–
alkaline phosphatase (diluted 1:1000, for blots with antibodies) in
3% BSA/PBS for 1 h. Blots were washed with PBS (10N ) and ddH2O
(1N ), and then incubated with BCIP/NBT (1 mgmL�1) for 10–
20 min. Blots were washed with ddH2O (3N ), dried, and then scan-
ned.
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