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Sialic acid and sialyl-lactose glyco-conjugates:
design, synthesis and binding assays to lectins
and swine influenza H1N1 virus
Stella Zevgiti,a* Juliana Gonzalez Zabala,b Ayub Darji,b,c Ursula Dietrich,d

Eugenia Panou-Pomonisa and Maria Sakarellos-Daitsiotisa
The terminal parts of the influenza hemagglutinin (HA) receptors a2,6- and a2,3-sialyllactoses were conjugated to an artificial
carrier, named sequential oligopeptide carrier (SOC4), to formulate human and avian receptor mimics, respectively. SOC4,
formed by the tripeptide unit Lys-Aib-Gly, adopts a rigid helicoids-type conformation, which enables the conjugation of
biomolecules to the Lys-N«H2 groups. By doing so, it preserves their initial conformations and functionalities of the epitopes.
We report that SOC4-glyco-conjugate bearing two copies of the a2,6-sialyllactose is specifically recognized by the biotinylated
Sambucus nigra (elderberry) bark lectin, which binds preferentially to sialic acid in an a2,6-linkage. SOC4-glyco-conjugate
bearing two copies of the a2,3-sialyllactose was not recognized by the biotinylated Maackia amurensis lectin, despite its
well-known a2,3-sialyl bond specificity. However, preliminary immune blot assays showed that H1N1 virus binds to both
the SOC4-glyco-conjugates immobilized onto nitrocellulose membrane. It is concluded that Ac-SOC4[(Ac)2,(3′SL-Aoa)2]-NH2 5
and Ac-SOC4[(Ac)2,(6′SL-Aoa)2]-NH2 6 mimic the HA receptors. These findings could be useful for easy screening of binding
and inhibition assays of virus–receptor interactions. Copyright © 2011 European Peptide Society and John Wiley & Sons, Ltd.
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Introduction

The possibility of an outbreak of H5N1 avian influenza virus is not
considered a remote possibility if uncontrolled. Therefore, there
is a great deal of interest in examining the various factors
important for entry of the virus into host cells, the interspecies
transmission and the host restrictions of influenza virus [1].
Human and avian influenza A viruses differ in their recognition

of host cell receptors: the former preferentially recognize recep-
tors with saccharides terminating in sialic acid-a2,6-galactose
(SAa2,6Gal), whereas the latter prefer those ending in SAa2,3Gal.
It is the receptor-binding site of hemagglutinin (HA) protein that
recognizes SAa2,3Gal or SAa2,6Gal on the host cell surface and
initiates the virus attachment. A conversion from SAa2,3Gal to
SAa2,6Gal recognition is thought to be one of the changes that
must occur before avian influenza viruses can replicate efficiently
in humans and acquire the potential to cause a pandemic [2–4].
Computational studies based on the crystal structure of H5N1

HA showed that SAa2,3Gal has multiple strong hydrophobic
and hydrogen bond interactions in its trans conformation with
HA, whereas the SAa2,6Gal only shows weak interactions in a
cis-type conformation [5]. In an another study, it was shown that
a characteristic structural topology – and not the a2,6-linkage
itself – enables specific binding of HA to a2,6-sialylated glycans
and that recognition of this topology may be critical for adapta-
tion of HA to bind glycans in the upper respiratory tract of
humans [6]. In agreement with this study, it was suggested that
the distribution and detection of SAa2,3Gal and SAa2,6Gal-linked
receptors within the respiratory tract might not be as clear-cut as
has been reported [7,8].
J. Pept. Sci. 2012; 18: 52–58
Carbohydrate recognition is crucial in numerous biological
properties such as stability, activity, binding, affinity and specific-
ity for other biomolecules [9]. The importance of HA binding to
the host receptor at the sialyl-saccharide termination has led to
an ongoing interest in the formation of N-linked glycopeptides.
Several approaches to the chemical synthesis of glycopeptides
have been reported. For example, peptides have been glycosy-
lated with synthetic or naturally isolated oligosaccharides, and
glycosylated amino acids have been isolated from naturally
occurring glycoproteins and used in chemical conjugation of
polypeptides. The hydroxyl groups of the carbohydrate moiety
have been protected or left unprotected. After removal of the
C-terminal protection, the glycosyl amino acids have been used
as active esters or with the use of in situ coupling reagents.
Recent developments in the ligation of unprotected peptide frag-
ments by chemoselective methods have opened new routes to
Copyright © 2011 European Peptide Society and John Wiley & Sons, Ltd.
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the synthesis of glycopeptides. However, the regiospecific chem-
ical synthesis of glycopeptides remains a difficult task because of
the chemical lability of the glycosidic linkage [9–11].

Our objective here is to design, synthesize and use models of
the terminal segment of the receptor to validate their binding to
different lectins as well as to appropriate influenza viruses. For this
purpose, sialic acid (SA), 3′-sialyllactose (3′SL) and 6′-sialyllactose
(6′SL) were linked independently, in two and four copies, to
SOC4, a synthetic carrier developed in our laboratory, which is
formed by having three repeats of the tripeptide unit Lys-Aib-Gly
in tandem. The saccharides were conjugated to the Lys-NeΗ2

groups of the carrier via a chemoselective ligation approach, which
generates an oxime bond between the H2N-O-groups of the
modified lysine residues and the reducing end of each saccharide.
1H NMR, computational and CD studies have shown that the carrier
adopts a helical conformation, which is retained even after the
attachment of various biomolecules to the Lys-NeH2 groups of
SOC4. Moreover, it was found that the attached biomolecules do
not interact with the carrier or with each other and preserve their
conformation and initial bioactivity [12–14].

The SOC4 carriers, H-SOC4(Aoa)4-NH2 1 and Ac-SOC4[(Ac)2,
(Aoa)2]-NH2 2 [15], bearing four or two amino-oxyacetyl (Aoa)
groups, respectively, were synthesized. The following SOC4-
glyco-conjugates: H-SOC4(SA-Aoa)4-NH2 3, Ac-SOC4[(Ac)2,
(SA-Aoa)2]-NH2 4, Ac-SOC4[(Ac)2,(3′SL-Aoa)2]-NH2 5 and Ac-SOC4
[(Ac)2,(6′SL-Aoa)2]-NH2 6 were also prepared. Their conforma-
tional properties were studied by CD, and their ability to recognize
lectins was tested in amicrotiter plate binding assay. Because of their
specificity to different carbohydrates, lectins are often used as tools
for the structural and functional study of glycans [16].

Our study pointed out that Ac-SOC4[(Ac)2,(6′SL-Aoa)2]-NH2 6,
bearing two copies of the 6′-sialyllactose, is specifically recog-
nized by the biotinylated Sambucus nigra (SNA) lectin, which
binds preferentially to sialic acid attached to a2,6Gal – the termi-
nal part of the human HA receptor. However, SOC4[(Ac)2,(3′SL-
Aoa)2]-NH2 5 is not recognized by Maackia amurensis (MAL II)
biotinylated lectin, although its known specificity to the a2,
3-sialyl bond. However, both compounds bind to H1N1 virus in
an immune blot experiment.

Materials and Methods

Chemicals

Na-Fmoc protected amino acids, 2-(1H-benzotriazole-1-yl)-
1,1,3,3,-tetramethyluronium hexafluorophospate (HBTU), HOBt
Table 1. Parameters of the synthesis, purification and characterization of

No. Compound Yield (%)a HPLC gradient el

1 H-SOC4(Aoa)4-NH2 45 5–70

2 Ac-SOC4[(Ac)2,(Aoa)2]-NH2
c 38 10–50

3 H-SOC4(SA-Aoa)4-NH2 25 5–70

4 Ac-SOC4[(Ac)2,(SA-Aoa)2]-NH2 56 10–50

5 Ac-SOC4[(Ac)2,(3′SL-Aoa)2]-NH2 18 10–50

6 Ac-SOC4[(Ac)2,(6′SL-Aoa)2]-NH2 29 10–50

aThe purity of the final products was analyzed according to HPLC peak int
bEluent B: CH3CN/0.1% TFA; eluent A: H2O/0.1% TFA.
cReference [15].
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and Rink Amide AM resin were purchased from GL Biochem
(Shanghai, China). DIEA was from Merck-Schuchardt (Munich
Germany). Triisopropylsilane (TIS) was obtained from Sigma
(St. Louis, MO, USA), whereas HPLC-grade acetonitrile, DCM
and DMF were from LABSCAN (Dublin, Ireland). Piperidine,
DIC, Boc-amino-oxyacetic acid (Boc-Aoa), TFA, TFE and sialic
acid (N-acetyl-neuraminic acid, Neu5Ac) were from Fluka
(Buchs, Switzerland). 6′-sialyllactose (6′-N-acetyl-neuraminyl-lactose,
Neu5Aca2,6Galb1,4Glc) and 3′-sialyllactose (3′-N-acetyl-neuraminyl-
lactose, Neu5Aca2,3Galb1,4Glc) ammonium salts were obtained
from IsoSep (Tullinge, Sweden). Biotinylated lectins Maackia
amurensis Lectin II (MAL II) and SNA were purchased from Vector
Laboratories (Burlingame, CA, USA). Microtiter plates (NUNC
Immuno Plates) were from NUNC A/S (Roskilde, Denmark)
(Denmark), whereas ExtrAvidin/alkaline phosphatase solution
and p-nitrophenyl phosphate were from Sigma.
Peptide Synthesis

Solid phase peptide synthesis [17,18] was carried out manually
following the Fmoc/tBu methodology on a Rink Amide AM resin
(0.67mmol/g). Fmoc groups were removed using 20% piperidine/
DMF. The protected fragment of the SOC4 carrier, where SOC4 is
(K-Aib-G)4, was synthesized by coupling each Fmoc-amino acid
(3mol equiv.) in the presence of HBTU/HOBt/DIEA (2.9 : 3 : 6 molar
ratio) in a DMF/DCMmixture. Completion of couplings and depro-
tection reactions were monitored using the Kaiser ninhydrin test.
The synthesized compounds are shown in Table 1.

For the synthesis of compound 1, lysines were introduced as
Fmoc-Lys(Mtt)-OH. The Mtt groups were removed by 1.8% TFA/
DCM, whereas Boc-amino-oxyacetic acid was coupled to the
Lys-NeH2 groups using DIC and HOBt (three molar excess).
Deprotection of the N-terminal Lys of the carrier (Fmoc removal)
was also performed. Compound 2 was synthesized as previously
reported [15]. Briefly, lysines at the fourth and tenth positions
were introduced as Fmoc-Lys(Ac)-OH, whereas lysines at the
first and seventh positions were introduced as Fmoc-Lys(Mtt)-
OH. The N-terminal group of the carrier was acetylated using
acetic anhydride in pyridine.

The side chain deprotection and the resin cleavage were
achieved by treatment of each peptidyl resin with TFA/TIS/H2O
(95/2.5/2.5, v/v/v, 4 h). The resin was removed by filtration, the
filtrate was evaporated under reduced pressure and the product
was precipitated with cold diethyl ether. The precipitate was
the synthesized compounds 1–6

ution (% B)b tR (min) ESI-MS

Molecular ion Calculated Found

13 [M+H]+ 1391.6 1392.3

13 [M+H]+ 1371.6 1372.4

11.5 [M-2H]-2 1276.8 1276.9

11 [M+2H]+2 977.6 978.1

15 [M+2H]+2 1301.8 1302.2

15 [M+2H]+2 1301.8 1302.3

egrals at 214 nm on analytical HPLC and was estimated >95%.

nd John Wiley & Sons, Ltd. wileyonlinelibrary.com/journal/jpepsci
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filtered, dissolved in 2N aqueous acetic acid and lyophilized to
obtain the crude peptide.
Crude peptides were purified by semipreparative HPLC. Aceto-

nitrile was evaporated, and the fractions were lyophilized to
obtain the pure peptide. The purity of the peptides was checked
using analytical HPLC and characterized using ESI-MS. The
calculated molecular mass-to-charge ratios were in agreement
with those found using ESI-MS (Table 1).

Chemoselective Ligation with Sialic Acid, 3′-sialyllactose and
6′-sialyllactose

SOC4-glyco-conjugates 3–6 (Table 1) were synthesized in the
liquid phase using the chemoselective ligation approach
[10,19,20], which leads to the formation of an oxime bond
between each aminooxy group of the SOC4 carrier (1 and 2)
and the corresponding saccharide moiety (Figure 1).
For compound 3, sialic acid (10mmol) was added to the stirred

compound 1 solution (20mM in 0.1M acetate buffer pH 4.0), and
the reaction was allowed to proceed at 35–40 �C for 27h. For
compounds 4–6, a solution of each carbohydrate (50mM in 0.1M ac-
etate buffer pH 4.0) was added dropwise to the stirred compound 2
solution (10mM in the previous buffer), and the reaction was allowed
to proceed at 35–40 �C for 24, 72 and 48h, respectively (Figure 1).
The glyco-conjugates 3–6 were purified by semipreparative

HPLC, acetonitrile was evaporated and the fractions were lyophi-
lized to obtain the pure product. Purity was checked by analytical
HPLC and characterization was performed by ESI-MS (Figure 2).
The calculated molecular mass-to-charge ratios were in agree-
ment with those found using ESI-MS (Table 1).

Analytical HPLC

Analytical HPLC of the synthesized compounds 1–6 (Table 1) was
performed using a Supelco (Sigma Aldrich, Bellefonte, USA) Dis-
covery C18 (25 cm� 4.6mm, 5mm) reverse phase column with a
Figure 1. Coupling reaction of 6′-sialyllactose to Ac-SOC4[(Ac)2,(Aoa)2]-NH2

Copyright © 2011 European Pwileyonlinelibrary.com/journal/jpepsci
Waters (Milford, USA) instrument equipped with a Waters 616
pump and a Waters 2487 dual l absorbance detector. Eluent A
was 0.1% TFA in water, and eluent B was 0.1% TFA in acetonitrile.
A linear gradient for compounds 1 and 3 was 5%–70% B at a flow
rate of 1ml/min for 30min and for compounds 2, 4, 5 and 6 was
10%–50% B at a flow rate of 1ml/min for 30min.

Semipreparative HPLC

Semipreparative HPLC purification was carried out on a SHIMADZU
(Shimadzu Corporation, Tokyo, Japan) semipreparative instrument
equipped with a SHIMADZU LC-10AD VP pump and a SHIMADZU
SPD-10A VP UV-VIS detector, using a Supelco Discovery C18 (25 cm
10mm, 5mm) reverse phase column, with the same linear gradient
as for analytical HPLC at a flow rate of 4.7ml/min. Detection was
carried out at l=214nm.

Mass Spectrometry

Positive or negative ion ESI-MS analyses of synthesized compounds
1–6were performed on a Micromass Platform (Waters Corporation,
Milford, USA) Quandrupole LC-MS. Capillary and cone voltages
were set to 3 kV and 35–75V, respectively. Samples were dissolved
in water/acetonitrile/trifluoroacetic acid (1/1/0.05 v/v/v).

Circular Dichroism

The CD spectra were recorded at 25 �C on a Jasco (Jasco Corpo-
ration, Japan) J-815 spectropolarimeter equipped with a thermo-
electric temperature controller. Spectra were obtained using a
quartz cell of 1mm path length, and the concentration of the
tested compounds was 10�4

M. Experiments were performed in
TFE/H2O mixtures (0%, 50% and 100%). Spectra were obtained
with a 1 nm bandwidth, a scan speed of 50 nm/min and a response
of 1 s. The signal-to-noise ratio was improved by accumulating
three scans. All CD spectra are reported in terms of mean residue
2. R = SAa2,6Gal.

J. Pept. Sci. 2012; 18: 52–58eptide Society and John Wiley & Sons, Ltd.



Figure 2. ESI-MS mass spectrum and analytical HPLC of the purified Ac-SOC4[(Ac)2,(6′SL-Aoa)2]-NH2 6.
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molar ellipticity [Y]R in degrees cm2/dmol-1residue-1. The percent-
age helical content was estimated on the basis of the [Y]222 nm
values, in different environments, as described by Chen et al. [21].

Microtiter Plate Binding Assay of Lectins to SOC4-
glyco-conjugates

The 96-well polystyrene plates were coated overnight at 4 �C
with 5mg/ml of each compound in carbonate buffer, pH 9.6 (50
ml/well). After washing of the plates with Tris Buffered Saline
(TBS) (0.05 M Tris-HCl buffer/0.15 M NaCl, pH 7.4) containing
0.05% Tween 20 (TBS-T), biotinylated lectins (MAL II and SNA)
were added and incubated at room temperature for 30min (50
ml/well). The plates were washed, and the ExtrAvidin/alkaline
phosphatase solution (diluted 1 : 10 000 in TBS-T) was added (50
ml/well). After 1 h at room temperature, the plates were exten-
sively washed and incubated with p-nitrophenyl phosphate in
carbonate buffer, pH 9.6, containing 1mM MgCl2 (1mg/ml, 50
ml/well). The absorbance was read at 405 nm in a microtiter plate
reader after 30min incubation with the substrate at 37 �C [22,23].

Binding Assay of H1N1 Virus to Immobilized SOC4-glyco-
conjugates

The attachment of virus to SOC4-glyco-conjugates 5 and 6 was
performed using immune blot assay as previously described with
some modifications [24]. Briefly, nitrocellulose membrane was
washed, and SOC4-glyco-conjugates 5 and 6 as well as acetylated
SOC4 carrier (control) were immobilized by adding 2ml of the solution
containing 100mg/ml of each compound for 15min and blocked
with 1% blocking buffer (BSA in Phosphate Buffered Saline (PBS))
for 1h at 37 �C. After several washes with PBS-Tween20, 0.1% mem-
brane was further incubated with 1 : 100 dilutions of the H1N1 virus
for 1h at 37 �C, washed and incubated with swine influenza H1N1-
positive serum (dilution 1 : 50) for 2h at 37 �C. Peroxidase conjugated
secondary anti-pig antibody (1 : 20000) was used in chemilumine-
sence ECL system (GE Healthcare Munich, Germany) to detect the
binding of virus to SOC4-glyco-conjugates.
J. Pept. Sci. 2012; 18: 52–58 Copyright © 2011 European Peptide Society a
Results

Sequential oligopeptide carriers (SOCn, n=2–7), a novel foldamer
class of artificial carriers, was introduced by our laboratory as a
tool for the construction of reconstituted protein mimics with
various functionalities [25–28]. Here, the terminal parts, sialic acid
and sialyllactose, of the HA receptor, critical for the recognition of
the influenza virus, were linked independently to SOC4 to recon-
stitute mimics of the receptor. The SOC4-glyco-conjugates were
synthesized in two steps: (i) solid phase synthesis of the SOC4 car-
rier bearing two or four amino-oxy-acetyl (H2N-O-CH2CO-) groups
and (ii) chemoselective ligation of the saccharide through the for-
mation of an oxime bond. Derivatization reactions were carried
out in acetate buffer (0.1 M) at pH 4.0 and in excess of the carbo-
hydrate. All final products were obtained in sufficient yields and
high purity as confirmed by HPLC and ESI-MS (Table 1).

The CD spectra of the amino-oxy-acetyl SOC4 carrier, Ac-SOC4
[(Ac)2,(Aoa)2]-NH2 2, in TFE/H2O (50/50 v/v) and 100% TFE, exhib-
ited a positive band at 192 nm and two negative bands at 205
and 222 nm typical of helical structure. The helical content of
the carrier, estimated on the basis of the [Y]222 value, was found
12% and 10% at 50% and 100% TFE, respectively [20]. These
helical features, in agreement with our previous studies, were
conserved even after the attachment of the saccharides to
the carrier. For example, Ac-SOC4[(Ac)2,(SA-Aoa)2]-NH2 4 and
Ac-SOC4[(Ac)2,(6′SL-Aoa)2]-NH2 6 exhibited 15% and 17% helical
conformation at 50% TFE and 21% and 16% at 100% TFE,
respectively, confirming the persistence of the helical structure
of the carrier in its conjugated form (Figure 3).

The binding of lectins to SOC4-glyco-conjugates was tested in
a biotin/avidin-mediated binding assay. SNA lectin binds prefer-
entially to sialic acid attached to terminal a2,6Gal, whereas MAL
II lectin appears to bind sialic acid in an a2,3Gal linkage. Lectins
were used to differentiate the functional properties of SOC4-
glyco-conjugates because of their carbohydrate specificity.
Figure 4 represents the binding of lectins to microtiter plates
coated with sialic acid conjugates and sialyllactose conjugates.
nd John Wiley & Sons, Ltd. wileyonlinelibrary.com/journal/jpepsci



Figure 3. CD spectra of Ac-SOC4[(Ac)2,(Aoa)2]-NH2 2, Ac-SOC4[(Ac)2,
(SA-Aoa)2]-NH2 4 and Ac-SOC4[(Ac)2,(6′SL-Aoa)2]-NH2 6 in 50% TFE/H2O.
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SOC4-conjugates bearing four and two copies of sialic acid (3 and
4) were not recognized by the lectins. The same is true for SOC4-
conjugate 5 with two copies of 3′-sialyllactose. On the contrary,
compound Ac-SOC4[(Ac)2,(6′SL-Aoa)2]-NH2 6, which incorporates
two copies of 6′-sialyllactose, was well recognized by SNA lectin
Figure 4. (A) Binding of H-SOC4(SA-Aoa)4-NH2 3, Ac-SOC4[(Ac)2,(SA-Aoa)
2]-NH2 4, Ac-SOC4[(Ac)2,(3′SL-Aoa)2]-NH2 5 and Ac-SOC4[(Ac)2,(6′SL-Aoa)2]-
NH2 6 to biotinylated SNA and MAL II lectins (10 mg/ml). (B) Binding of
serially diluted biotinylated SNA lectin to Ac-SOC4[(Ac)2,(6′SL-Aoa)2]-NH2

6. Concentration of substrates: 5mg/ml. Control: acetylated SOC4 carrier.

Copyright © 2011 European Pwileyonlinelibrary.com/journal/jpepsci
that is specific for a2,6Gal. More important, the binding of SNA
lectin to compound 6 is dose-dependent (10, 100, and 200mg/
well of lectin) indicating the specificity of the synthesized glyco-
conjugate. A similar pattern was obtained when microtiter plates
were coated with different concentrations of glyco-conjugate 6
ranging from 1 to 10 mg/ml.

Preliminary immune blot assays showed that the SOC4-glyco-
conjugates 5 and 6 are both well recognized by H1N1 virus onto
nitrocellulose membrane, whereas the acetylated SOC4 carrier is
not recognized (Figure 5). These findings indicate that the virus
binds both a2,6 and a2,3Gal bonds contrary to lectins.
Discussion

Sequential oligopeptide carrier, SOC4, is an artificial carrier intro-
duced by our laboratory with the aim of optimizing the
Figure 5. Immune blot with immobilized SOC4-glyco-conjugates 5 and 6
showing binding with H1N1 virus (A) and without H1N1 virus (B) onto
nitrocellulose membrane. Concentration of substrates: 100mg/ml. Acetylated
SOC4 carrier with and without the H1N1 virus are indicated as control.

J. Pept. Sci. 2012; 18: 52–58eptide Society and John Wiley & Sons, Ltd.
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presentation of the anchored biomolecules and help in the re-
constitution of protein mimics. SOC4 is a sterically constrained
scaffold comprising a-aminoisobutyric acid (Aib), a strongly heli-
cogenic Ca-tetrasubstituted amino acid. It was found that the
beneficial structural elements of SOC4 (helical conformation), at-
tributed mainly to the inclusion of Aib, induce a favorable ar-
rangement of the conjugated biomolecules, which retain their
initial ‘active’ conformation and their potential for site-specific
interactions [25–28]. Sialic acid, 3′-sialyllactose and 6′-sialyllac-
tose, which are the terminal and most critical parts of the HA re-
ceptor for its recognition of influenza viruses, were coupled to
SOC4 to formulate simplified reconstituted mimics of the
receptors.

Conformational studies by CD pointed out that the helical
features of the carrier are retained even after the attachment of
the saccharides to the carrier. It is expected that the coupled
terminal parts of HA receptor might preserve, in agreement with
our previous results, their initial topology, which is critical for the
virus recognition.

With the aim to test the potential of SOC4-glyco-conjugates as
simplified models of the human and avian HA receptor, their
binding to lectins was studied. Lectins are very often used as
tools to investigate the carbohydrate specificity. Sialic acid conju-
gates were not recognized by lectins indicating that sialic acid
alone is not sufficient for interacting with lectins. Although
Maackia amurensis (MAL) II lectin is thought to be highly specific
for the a2,3Gal linkage, Ac-SOC4[(Ac)2,(3′SL-Aoa)2]-NH2 5 did not
bind to this lectin. It seems likely that the a2,3Gal linkage is not
sufficient for binding to MAL II lectin and that some other
structural features might be required, as for example hydropho-
bic and hydrogen bond interactions in a trans-type conformation
with lectin. However, in contrast to what is observed for com-
pound 5, SOC4-conjugate that bears two copies of 6′-sialyllactose,
Ac-SOC4[(Ac)2,(6′SL-Aoa)2]-NH2 6, is well recognized by SNA lectin
confirming the carbohydrate specificity of this lectin for the
a2,6Gal bond. Apparently, the predetermined conformation of
compound 6 fulfils the cis-type structural requirements for a
specific interaction with SNA lectin [5,6]. Moreover, these find-
ings indicate that Ac-SOC4[(Ac)2,(6′SL-Aoa)2]-NH2 6 adopts the
appropriate orientation that allows the coupled 6′-sialyllactoses
to obtain a characteristic structural topology that enables the
specific binding to SNA lectin.

The binding of H1N1 virus onto immobilized Ac-SOC4[(Ac)2,(3′
SL-Aoa)2]-NH2 5 suggests a relatively low sensitivity of Maackia
amurensis (MAL II) lectin toward the a2,3Gal bond. However,
H1N1 virus showed a specific binding both to Ac-SOC4[(Ac)2,(6′
SL-Aoa)2]-NH2 6 as well as to Ac-SOC4[(Ac)2,(3′SL-Aoa)2]-NH2 5.
We assume that this discrepancy of virus binding to both the
SOC4-glyco-conjugates could be because of the form of virus
propagation because it was obtained initially from allantoic
cavity of Specific Pathogen Free (SPF) eggs. Virus propagation
in the eggs may have shifted the binding of H1N1 virus also to-
ward Ac-SOC4[(Ac)2,(3′SL-Aoa)2]-NH2 5. Similar observation has
been reported previously [29,30]. Our results indicate a potential
use of Ac-SOC4[(Ac)2,(3′SL-Aoa)2]-NH2 5 and Ac-SOC4[(Ac)2,(6′SL-
Aoa)2]-NH2 6 in easy screening of binding and inhibition assays
of virus–receptor interactions.
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