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ABSTRACT
The recognition of the Lex antigen by the anti-Lex monoclonal antibody (mAb) SH1 was
studied by ELISA using a panel of 4”-modified Lex analogues. We confirmed that these
analogues maintained the stacked conformation adopted by natural Lex antigen using 1D ROESY
experiments and measuring intramolecular distances. Our binding studies show that the 4-OH”
of galactose behaves as an H-bond donor to an electronegative amino acid side chain in the SH1
binding site. While removal of this H-bond leads to reduced inhibition, disturbing the
hydrophobic α face of the β-galactosyl residue leads to complete loss of binding to SH1. We
compared our results to the crystal structure of the Fab fragment of anti-Lex mAb 291-2G3-A
complexed with Lex (PDB entry code 1UZ8). While no H-bond involving the 4-OH” was
described hydrophobic interactions between a tryptophan residue and the β-galactoside α face are
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observed. We conclude that the hydrophobic α face that is uniquely displayed by β-galactosyl
residues is essential to the recognition of the Lex antigen by anti-Lex antibodies.
INTRODUCTION
A large body of clinical and pre-clinical research has shown that antibodies raised in response
to tumor-associated carbohydrate antigens (TACAs) can eliminate circulating tumor cells and
micro-metastases.1 Interestingly, fucose-containing glycosphingolipids were found to accumulate
in gastric, colonic and lung adenocarcinomas while being virtually undetectable on normal
gastric and colonic mucosa.2 One such TACA is the hexasaccharide dimeric Lex (dimLex, 1)
which accumulates in colonic and liver
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FH2, FH3, SSEA1 and others were shown to
react strongly with human adenocarcinoma.2
However, since Lex is also present on the
surface of most normal epithelia cells these Abs
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also reacted strongly with normal granulocytes
and kidney epithelia, and moderately with areas
of the gastrointestinal epithelia.4 A few selected

mAbs, such as the IgG3 FH4, were found to recognize specifically polymeric-Lex structures over
monormeric Lex.3b Following the discovery of FH4, two murine mAbs (IgG3) SH1 and SH2
were raised against the purified Lex ceramide pentasaccharide LNFPIII (2) and the purified
dimLex glycolipid (1), respectively.3f While anti-Lex mAb SH1 was found to react strongly with
the Lex antigen, regardless of chain length; the anti-dimLex mAb SH2 only reacted strongly with
dimLex and trimLex structures.3f Interestingly, anti-dimLex mAbs FH4 and SH2 have been shown
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to selectively immunostain adenocarcinoma cells while they showed very limited staining of
normal adult cells.3b In this context, we are attempting to design an anticancer vaccine based on
the dimLex hexasaccharide 1. An important factor to consider is that a vaccine composed of the
native dimLex antigen would also elicit an immune response against the Lex determinant (SH1like antibodies), which would ultimately lead to the destruction of healthy cells. Thus our
primary goal has been to discover dimLex analogues that retain the internal epitope recognized
by anti-dimLex SH2-like antibodies but do not display the epitope recognized by anti-Lex SH1like antibodies. We have synthesized various LexOMe analogues in which L-fucose was replaced
by L-rhamnose and D-galactose and N-acetylglucosamine were replaced by D-glucose.5
Stochastic searches and NMR experiments6 confirmed that such analogues adopted the preferred
stacked conformation that has been identified for the natural Lex trisaccharide6-7 and the binding
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affinity of these analogues for the antiLex mAb SH1 was examined by
competitive ELISA.6 We discovered
that the analogue in which the galactose
unit was replaced by a glucose (3)
residue displayed no binding to the SH1
mAb, even at high concentrations.
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Based on what is known about proteincarbohydrate recognition,8 the loss of
binding between SH1 and GlcLex (3)

may result from either a) the presence of the Glc 4-OH within the α face of what used to be an
exposed hydrophobic patch in the β-galactosyl residue;8b b) a difference in solvation of the
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analogue vs. that of Lex; or c) the loss of a strong H-bond involving the axial 4”-OH group in
Lex. In this paper, we attempt to shed light on the involvement of the 4”-OH group in LexOMe
(4) to the binding of this antigen with mAb SH1. To this end, we used four described9 LexOMe
analogues (5–8) in which the 4”-OH was replaced with a methoxy (5, 4”-methoxy LexOMe), a
hydrogen (6, 4”-deoxy LexOMe), a chlorine (7, 4”-deoxychloro LexOMe) or a fluorine (8, 4”deoxyfluoro LexOMe). We also measured the binding affinity of SH1 for tetrasaccharide 9
(LexGal) provided by Samain et al.10 To ensure that any conclusion drawn from the binding
experiments did not result from a change of conformational behavior of the Lex analogues, we
also assessed the conformation of analogue 5–8 by NMR.
RESULTS AND DISCUSSION
Conformational Study of analogues 5–8 by NMR. It has been well-established that the Lex
trisaccharide was a rather rigid structure which adopted the so-called “stacked conformation”6-7
shown on Figure 1.

Figure 1: Close contacts in the global minimum conformation known6,7d,e for the Lex
trisaccharide.
This conformation is characterized by NOE contacts between the fucosyl H-1’ and GlcNAc
H-3, the galactosyl H-1” and GlcNAc H-4, H-6a and H-6b, and most importantly between the
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Table 1 Proton chemical shifts (ppm) at 600
MHz (300 K) in D2O.

fucosyl H-5’ and the galactosyl H-2”.

6,7d,e

To assess whether analogues 5–89 maintained

5

6

7

8

this stacked conformation despite being

H-1

4.48

4.48

4.48

4.48

modified at C-4 of galactose, we measured

H-2

3.90

3.91

3.92

3.90

inter-proton

H-3

3.85

3.87

3.89

3.87

distances using 1D ROESY experiments. The

H-4

3.89

3.91

3.92

3.93

1

H-5

3.59

3.60

3.60

3.60

H-6a

4.00

4.02

4.02

4.01

H-6b

3.85

3.89

3.88

3.87

H-1’

5.09

5.11

5.12

5.10

H-2’

3.69

3.70

3.71

3.69

H-3’

3.90

3.90

3.88

3.87

three sugar units supported, as expected, an

H-4’

3.76

3.78

3.86

3.73

average 4C1 conformation for the 4-OMe, 4-

H-5’

4.82

4.82

4.77

4.80

deoxy, 4-deoxychloro and 4-deoxyfluoro

H-6’(3H)

1.18

1.20

1.20

1.17

galactose rings as well as for the N-

H-1”

4.42

4.45

4.52

4.54

H-2”

3.44

3.12

3.51

3.50

H-3”

3.67

3.76

3.97

3.79

H-4”

3.54

(ax) 1.25

4.60

4.82

H chemical shifts were first assigned for

trisaccharides 5–8 using a combination of 1H,
COSY,

HSQC,

and

TOCSY

experiments and are reported in Table 1. The
vicinal coupling constants measured for the

acetylglucosamine

residue.

The

1

C4

conformation of the fucosyl rings in all
analogues was also supported by the vicinal
coupling

(eq) 2.00

JMOD

constants.

evaluated

at

NOE

H-5”

3.61

3.65

3.91

3.74

interactions

H-6a”

3.76

3.62

3.81

3.75

selectively irradiating H-1’, H-1” and H-5’

H-6b”

3.76

3.56

3.72

3.75

for each analogue. We show in Figure 2 the

1

were

Inter-residue

300 K

H NMR spectrum and the 1H, 1H ROESY spectra (mixing time 100 ms) acquired at 600 MHz
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on a cryoprobe-equipped spectrometer for analogues 5–8. For all analogues, the expected interresidue cross-relaxation signals were evident.

Figure 2: 1H NMR spectra (600 MHz, 300 K) and 1H, 1H ROESY spectra (mixing time 100 ms)
a) trisaccharide 5: selective excitations of proton H-1’ and H-5’ and H-1”; b) trisaccharide 6:
selective excitations of proton H-1’, H-5’ and H-1”; c) trisaccharide 7: selective excitation of
proton H-1’ and H-1”, combined excitation of H-5’ and the residual solvent signal; d)
trisaccharide 8: selective excitations of proton H-1’, H-1” and H-5’.
For analogue 7 the H-5’ signal was found to overlap with the residual HDO signal, thus these
signals were irradiated together and gave the expected cross relaxation signal to H-2” galactose.
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Cross-relaxation buildup curves for those well-resolved signals were obtained acquiring
experiments over 7 mixing times ranging from 40 ms to 200 ms with 4 mixing times below
100 ms to ensure accurate fit of the double exponential equations at low mixing times (Figure 3).

Figure 3: 1H, 1H ROESY buildup curves a) trisaccharide 5: selective excitations of H-1’, H-1”
and H-5’; b) trisaccharide 6: selective excitations of H-1” and H-5’; c) trisaccharide 7: selective
excitation of H-1”, combined excitation of H-5’ and residual solvent signal (HDO); d)
trisaccharide 8: selective excitations of H-1” and H-5’.
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The normalized buildup curves were fitted to double exponential equations [f(m) = A[exp(Bm )
 exp(Cm)]. The initial slopes at 0 ms mixing times were then calculated from the first
derivatives [f’(0) = A(B-C)] and used to evaluate inter-proton distances using the isolated spin
pair approximation.11 In two instances (irradiations of H-5’ in the 4”-deoxychloro analogue 7 and
H-1” in the 4”-deoxyfluoro analogue 8) the reference signals used for distance calculations
resulted from the combination of overlapping contributions from two known short distances and
were treated as such. In all cases the R2 values for the exponential fits were at least 0.97. The
measured inter-proton distances for the glycosidic linkages (H-1 to H-3, H-1” to H-4) and
between H-2’ to H-5”, as well as the distances measured from H-1” to H-6a and H-6b are given
in Table 2. We also list in Table 2 the distances that we have reported for the LexOMe (4)
trisaccharide and that are supporting the stacked conformation for this branched trisaccharide.6
As can be seen in this table, the distances measured for the 4”-modified analogues 5–8 are in
good agreement with that measured for the Lex methyl glycoside 4.
Table

2:

Measureda

distances

(Å)

for In

LexOMe6 (4) and analogues 5–8.

particular

the

inter-residue

distances

measured between the fucosyl H-5’ and the
galactosyl H-2” are consistent throughout the

4b

5

6

7

8

H-1’/H-3

_c

2.54

_c

_c

_c

H-5’/H-2”

2.66

2.62

2.73 2.58 2.60

indicates that analogues 5–8 also adopt the

H-1”/H-4

2.44

_c

_c

stacked conformation known for the Lex

2.71

2.62 2.75 2.68

H-1”/H-6a 2.69
H-1”/H-6b 2.49
a

c

2.50
1/6

_
b

_c

2.45

c

_

2.47

rij = rref (Sref/Sij) . Reported.
overlap precluded measurement.

6 c

Signal

series of analogues. Thus, this NMR data

antigen.
As mentioned above, the fucosyl H-5’ signal
overlapped with the HDO signal in analogue 7

(see Figure 2c) and a combined excitation of both signal showed the expected cross-relaxation
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signals to H-3’ and H-4’ as well as to H-2”. When looking at the corresponding buildup curves
(Figure 3c, ▲ and ▼), one observes that only up to 0.2% and up to 0.6% signal were obtained at
the longer mixing times. We assumed that this apparent low cross relaxation resulted from the
combined irradiation of H-5’ with HDO and the normalization against these combined signals.
To support this hypothesis, 1D ROESY experiments were acquired at 307 K to shift the HDO
signal upfield thus allowing the selective irradiation of H-5’ (Figure 4). Indeed, as can be seen on
Figure 4b, with a mixing time of 150 ms cross relaxation was greater than 1% between H-5’ and
H-2” while cross relaxation from H-5’ to H-3’ and H-4’ combined was more than 3%. Data was
acquired over 5 mixing times and the slopes at initial buildup were used to measure the distance
between H-5’ and H-2” at 307 K. Even though this distance of 2.70 Å appeared to be slightly
longer than that measured at 300 K (Table 2) it is still in excellent agreement with the 4”deoxychloro analogue 7 adopting preferentially the stacked conformation at 307 K.
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Figure 4: a) Trisaccharide 7, 1H NMR spectra and 1H, 1H ROESY spectra at 307 K (600 MHz)
upon selective excitation of H-5’ (100 ms); b) cross relaxation buildup curves.
Having established that all analogues maintained a similar conformational behavior to that of
the natural Lex trisaccharide, we carried out binding experiment with the mAb SH1 to assess if
the modification at C-4” had an impact on recognition by this antibody.
Binding Studies with analogues 4–9 and mAb SH1. The affinity of the anti-Lex monoclonal
antibody SH13f for Lex (4)5b was compared to its affinity for the analogues 5–89 by competitive
ELISA experiments using Lex trisaccharide-BSA6 10 as the immobilized competing ligand.12
We also measured the binding affinity of
SH1 for Lex-Gal 9 provided by Samain et
al.10 Tetrasaccharide 9 was then used as
internal standard on all ELISA experiments
performed with analogues 5–8. The average IC50 measured for analogue 9 over all experiments
was 256 μM with a standard deviation of ± 5 μM which confirmed the reliability of the
experiments. Percent inhibition was plotted against inhibitor concentration and fitted to a 4
parameter logistics sigmoidal equation (Figure 5) and we determined the concentration of each
analogue required for 50% inhibition (IC50) of the Lex-SH1 binding. The measured IC50 and
corresponding calculated Δ(ΔG) using LexOMe as a reference are given in Table 3.
Tetrasaccharide LexGal had a slightly higher affinity for the antibody than the LexOMe
trisaccharide indicating that the galactose residue at the reducing end of Lex interacts favorably
with the periphery of the antibody binding site. The 4”-methoxy Lex analogue 5 showed no
inhibition of the Lex binding to SH1, even at high concentrations (››18 mM) suggesting that the
methyl group led to unfavorable steric interactions within the binding site. Removal of the
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hydroxyl group in 4”-deoxy analogue 6 resulted in a loss in binding of 1.3 kcal.mol-1 that is
consistent with the loss of a hydrogen bond between the ligand and the combining site.8a,13

Figure 5. Inhibition curves for MAb SH1 using Lex-BSA6 as immobilized antigen and analogues
4–9 as soluble competitive inhibitors: 4 (●), 5 (), 6 (), 7 (), 8 (○), 9 ().
The inhibition results obtained with the 4”-deoxyhalo analogues 7 and 8 allow us to speculate
whether the axial 4”-OH on Lex behaves as a hydrogen donor or acceptor in the formation of an
H-bond in the SH1 binding site.8a,14 The 4”-deoxychloro analogue 7 was a much weaker
competitor than the native Lex antigen (Δ(ΔG) of 1.6 kcal mol-1) suggesting that the axial 4”-OH
in Lex donates a hydrogen to the formation of an H-bond with an amino acid side chain in the
binding site. The 4”-deoxyfluoro analogue 8 led to a much greater loss in binding than the chloro
analogue 7 (Table 3 compare entries 5 and 6). This result is consistent with the observation made
by Vermersch et al.15 that replacement of a H-bond donor hydroxyl group by a fluorine atom
may lead to destabilization of the complex through electrostatic repulsion between the
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electronegative H-bond acceptor amino acid side chain and the very electronegative fluorine
atom.
The results obtained for the 4”-deoxy Lex analogue 6 together with that obtained with the
chloro and fluoro analogues 7 and 8 indicate that the 4”-OH in Lex is donating a hydrogen to the
formation of an H-bond with an electronegative amino acid side chain in the binding site.
However, the replacement of the galactose residue in Lex with a glucose unit (3) resulted in no
Table 3: Inhibition data for MAb SH1with analogues

inhibition of Lex binding to the SH1
antibody6 which cannot be explained

4–9.

by only the loss of a H-bond.

We

b

En
try

Inhibitor

IC50a (μM)

Δ(ΔG)
(kcal mol–1)

conclude that not only a hydrogen

1

4 (LexOMe)

337

0

bond contact with SH1 is destroyed,

2

9 (LexGal)

256 ± 5

-0.2 ± 2%

but that the equatorial hydroxyl group

3

5 (4”-methoxy)

››18000

_c

4

6 (4”-deoxy)

2933

1.3

5

7 (4”-deoxychloro)

4838

1.6

6

8 (4”-deoxyfluoro)

11685

2.1

a

Concentration of inhibitor required for 50%
inhibition using solid phase glycoconjugate 10 as
immobilized antigen. b Values determined from the
expression Δ(ΔG) = RT ln([I1]/[I2] where [I2] is the
IC50 measured for the reference inhibitor LexOMe 4
and [I1] the IC50 measured for each analogue 5–9 with
R = 1.98 cal.K–1and T = 296 K. c No inhibition
observed at 18 mM.

in

GlcLex

electrostatic

3

creates

interactions

unfavorable
with

the

antibody binding pocket by pointing
within the hydrophobic galactosyl α
face that is normally present in the
natural Lex antigen.6
Comparison with anti-Lex mAbs
IG5F6 and 291-2G3-A. To gain

understanding on the interaction between anti-Lex antibodies and the Lex antigen when the
trisaccharide epitope is displayed at the reducing end of polymeric Lex oligosaccharides, it is
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useful to review the recent contributions by Altman et al.16 on Helicobacter pylori
lipopolysaccharides (LPSs) and those of van Roon et al. 17 on parasitic schistosomes.
It is known that O-chains of H. pylori LPSs from a variety of different isolates express the Lex
antigen18 and that H. pylori-induced antibodies cross-react with gastric mucosa of both humans
and mice causing atrophic gastritis and adverse autoimmune reactions.19 In a recent study,
Altman et al. infected mice with H. pylori strain O:3.16 and cloned mAb IG5F6 (IgG3) which
was found to be specific for the Lex antigen. The dissociation constants for oligosaccharides
LNFPIII, dimLex and trimLex binding to immobilized IG5F6 were measured by SPR to be
55 μM, 42 μM and 28 μM, respectively. Thus, mAb IG5F6 shows higher affinity for polymeric
Lex structures, suggesting that polymeric Lex oligosaccharides are immunodominant over the
terminal non-reducing end Lex trisaccharide in this H. pylori LPS.
Parasitic schistosomes are also known to express Lex on glycolipids and glycoproteins, both in
its monomeric and polymeric form.20 In their study, van Roon et al. infected mice with
Schistosoma mansoni cercariae and showed that the sera of infected mice presented detectable
antibody responses against LNFPIII, dimLex and trimLex from 2 weeks onwards.17c Here again,
the binding to oligomeric Lex was greater than that against LNFPIII suggesting that epitopes
presented within polymeric Lex structures were immunodominant. MAb 291-2G3-A (IgG3) was
shown to recognized both Lex and polymeric Lex (ref.17a) and the X ray structure of its Fab
fragment with the Lex trisaccharide was solved (PDB entry code 1UZ8).17a,b In this particular
complex, no H-bond involving the 4-OH” of galactose was observed but a tryptophan residue
(Trp 33) is seen to form favorable aromatic stacking interactions;8b,17b with the hydrophobic
patch of the galactosyl α face (Figure 6).
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These results taken collectively clearly illustrate that different groups of antibodies are evoked
depending on the presentation of Lex to the immune system. While mAbs 1G5F6 and 291-2G3-A
do recognize the LNFPIII pentasaccharide that displays monomeric Lex, their binding affinities
for dimLex was somewhat higher.16,17b We conclude that mAb 1G5F6 and 291-2G3-A were
raised predominantly against epitopes displayed by polymeric Lex structures. These mAb in turn
recognize epitopes that are somewhat extended from the terminal Lex trisaccharide, rather than
epitopes strictly localized on the non-reducing end trisaccharide. In contrast, since SH1 was
raised against the monomeric Lex pentasaccharide (LNFPIII, 2) it recognizes an epitope more
localized to the trisaccharide and that only moderately extends towards the lactosamine residue
as supported by it slightly higher affinity for tetrasaccharide 9.

Figure 6. Crystal structure (PDB entry code 1UZ8): binding site of Fab fragment of mAb 2912G3-A with Lex,17a,b showing Trp 33 (blue) forming favorable stacking interactions with the Lex
galactosyl hydrophobic α face.
CONCLUSION
In conclusion, the binding strength of anti-Lex mAb SH1 to the 4”-manipulated LexOMe
analogues 5–8 follows the order 4”-deoxy > 4”-deoxychloro > 4”-deoxyfluoro > 4”-methoxy.
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Changes in free energy of binding compared to the native Lex antigen allowed us to conclude
that the lack of recognition of mAb SH1 for analogue 3 (GlcLexOMe) results from the abolition
of a hydrogen bond involving the 4-OH” as well as unfavorable electrostatic interactions in the
antibody binding pocket as the equatorial OH group disturbs what used to be the hydrophobic
patch of the β-galactosyl α face. Since no H-bond involving 4”-OH is seen in the crystal structure
of the complex Lex/mAb 291-2G3-A Fab fragment, we also conclude that SH1 binds Lex in a
different manner than anti-Lex mAb 291-2G3-A. However, favorable aromatic stacking
interactions between a tryptophan residue (Trp 33) and the hydrophobic patch of the galactosyl
residue α face (Figure 6) suggest that the GlcLexOMe analogue 3 would not bind to this mAb
either. Thus the β-galactoside in Lex is shown here to be a key residue for recognition of the Lex
antigen by anti-Lex antibodies. More specifically, the presence of an axial hydroxyl group at C4” able to donate an hydrogen to H-bond formation and most importantly the presence of the
characteristic galactosyl α face hydrophobic patch are the main features that drive the specific
binding and anti-Lex antibodies to Lex. Since analogues of Lex in which the galactose residue is
replaced by glucose do not display these essential features not only binding to anti-Lex antibodies
is abolished but we propose that such analogues will not either trigger the production of
antibodies that are able to bind to the Lex natural antigen. Immunizations studies with a
synthetic21 analogue of dimLex in which the non-reducing end galactose residue is replaced by a
glucose unit are on-going in our laboratory. Given that the analogue does not display the
hydrophobic α patch nor the axial hydroxyl group typical of the β-galactosyl residue, we expect
that it will not trigger the production of SH1- or 291-2G3-A-like antibodies and hope that, in
contrast, it will trigger the production of FH4- or SH2- like antibodies that specifically recognize
internal epitopes displayed by polymeric Lex at the surface of cancer cells.
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EXPERIMENTAL SECTION
General Section. The syntheses of the LexOMe (4) and analogues 5–9 used in this study were
previously reported.5b,9,10 All compounds were purified by gel permeation chromatography on
Biogel P2 and characterized by NMR and ESIMS. Their purity was estimated to be >95% in all
cases. Preparation of glycoconjugate 10 was also reported6 the degree of incorporation of Lex
was assessed by the Dubois colorimetric assay.22
NMR Experiments. The trisaccharides 5–8 (4–7 mg) were lyophilized from D2O (99%, 3 mL)
and dissolved in 0.7 mL of D2O (99.96%). The solutions were immediately transferred to 5 mm
NMR tubes which were carefully sealed with parafilm. One-dimensional selective gradient
ROESY experiments were acquired at 300 K using a 600 MHz spectrometer equipped with a
cryoprobe following selective excitations of protons: H-1’, H-1” and H-5” and applying a 5 s
relaxation delay between scans. For analogue 7, additional experiments were carried out at 307
K, with selective irradiation of H-5’ and H-1”. The optimum irradiation range for each signal
was used to determine the best length of the soft pulse applied. This value was automatically
calculated by Bruker software (BUTSEL-NMR). 1D ROESY spectra were recorded at 5–7
mixing times from ranging 40 ms to 200 ms. Before Fourier transformation, the FIDs were zerofilled once and multiplied with a 1 Hz line broadening factor. Spectra were phase and baseline
corrected and integrated. The integrals measured for the irradiated signals were plotted against
mixing time and the obtained curves were fitted to a double exponential decaying function:
f(m) = A[exp(Bm ) + exp(Cm)]
where m is the mixing time and A, B and C are adjustable parameters. The values of these
integrals were extrapolated to 0 ms mixing time, and the integrals from cross-relaxation peaks
were normalized through division by these extrapolated values. The normalized cross-relaxation
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integrals were plotted against the mixing times and the buildup curves were fitted to a double
exponential equation of the form
f(m) = A[exp(Bm )  exp(Cm)]
the initial slopes at 0 ms mixing times were determined from the calculated first derivatives11
f’(0) = A(B-C)
Interproton distances were calculated based on the isolated spin pair approximation (ISPA):
rij = rref (Sref/Sij)1/6
where S is the initial slope at m = 0, and r is the proton-proton distance.
The intra-residue cross-peaks used as reference for distance determinations were:
For analogue 5: references H-1’/H-2’ (2.42 Å), H-5’/H-3’ (2.47 Å) and H-1”/H-5” (2.42 Å).
For analogue 6: references H-5’/H-3’ (2.47 Å) and H-1”/H-3” (2.60 Å).
For analogue 7 at both 300 K and 307 K: references combined H-5’/H-3’ (2.47 Å) with H5’/
H-4’ (2.43 Å), and H-1”/H-3” (2.60 Å).
For analogue 8: references H-5’/H-3’ (2.47 Å) and combined H-1”/H-3” (2.60) with H-1”/H5” (2.42 Å).
Competitive ELISA procedures. A NUNC 96-well ELISA microtiter plate was coated with a
dilution of the Lex-BSA glycoconjugate 10 (100 μL per well, 4 μg/mL) in a 0.05 M carbonatebicarbonate buffer at pH 9.6. The plate was covered with Saran wrap and incubated at 4 °C for
16 h. The antigen solution was discarded and the plate was washed (3 x 5 min incubation periods
with buffer) with a PBS buffer at pH 7.4 containing 0.05% Tween 20. The plate was then rinsed
with PBS and blocked with skim milk (DIFCO, 5% in PBS-0.05% Tween 20, 400 μL per well).
After a 1 h incubation at 37 °C, the plate was rinsed (3x) with PBS. Each well received a solution
containing 50 μL of competitor (concentration range from 0.2 μg/mL to 20 mg/mL in 2% skim
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milk in PBS) and 50 μL of a solution of SH1 antibodies (1:125 dilution in 2% skim milk in
PBS). The plate was incubated for 3 h at 23 °C. The plate was subsequently washed (3 x 5 min
incubation periods with buffer) with PBS-0.05% Tween 20 and rinsed with PBS. A dilution of
commercially available alkaline phosphatase-labeled goat anti-mouse antibody (1:1500 in 2%
skim milk in PBS, 100 μL per well) was added to each well. After 1 h of incubation at 37 °C, the
plate was washed (3 x 5 min incubation periods with buffer) with PBS-0.05% Tween 20, and
rinsed with PBS. A solution of the chromogenic substrate p-nitrophenyl phosphate (100 μL per
well) at 1 mg/mL in 0.05 M sodium carbonate buffer pH 9.8 containing 10 mM MgCl2 was
added. After a 14 h incubation period at 23 °C, the absorbance values were read at 405 nm
employing a PowerWave XS plate reader. All samples were prepared in triplicate. The
absorbance values were plotted as the percentage inhibition against an increasing concentration
of competitor, calculated using wells containing no competitor as the reference point. The values
were fitted to a four parameter logistics sigmoidal equation: y = y0 + a/[1 + (x/x0)b using Sigma
Plot 10.0.
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