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Introduction 

Protein- carbohydrate interactions control important biological 
processes and are often multivalent in nature.llI Making strate­
gic use of protein-carbohydrate interactions or interfering with 
them can potentially lead to therapeuticsl21 to treat inflamma­
tionP) bacterial toxins,14) bacterial infections,lS) cancer/6) flu,17I 

and AIDS.IB) Because multivalency is an important aspect that 
can increase the potency of the relatively weak protein-carbo­
hydrate interaction to biologically relevant levels, a natural 
strategy of interference is to produce multivalent inhibitors. 
Many cases of potent multivalency effects have been reported 
that involve multivalent carbohydrates. To obtain enhanced 
potencies, many activities have centered on glycodendri­
mers,l1b) but also polymers, and nanoparticles were used/Ie) 

and combinatorial approaches have also been described.19) 
When strong effects are observed with carbohydrates of rela­
tively low valency, chelation is the likely cause.llI This involves 
the simultaneous binding of mUltiple carbohydrate (sub)li ­
gands of a multivalent carbohydrate to mUltiple binding sites; 
this benefits from reduced entropic barriers in the binding of 
the second and additional (sub)ligands. Very strong multivalen­
cy effects of up to factors of 106 have been measured with 
bacterial toxins and other multisite lectins.l1o, IB, 19) Recently we 

took a step to study multivalency effects more efficiently by 
using a microarray. Microarrays are increasingly being explored 
in the study of protein- carbohydrate interactions.II1 .12) In order 
to specifically study multivalency effects, glycodendrimers 
were used and attached to porous aluminum oxide flow­
through microarray chipsl13) that had been used successfully 

for recognition studies of the other major classes of biomole­
cules.114) Although this was only done for mannose-containing 
dendrimers, it was shown that in a single experiment, an eval­
uation could be performed that provided information about 
the magnitude of multivalency effects for dendrimers ranging 
in valencies of up to eight. Interestingly, the binding could be 
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observed in real time in much the same way as common for 
surface plasmon resonance detection. The porous nature of 
the chip material increases the surface area SOO-fold in com­
parison with a 2D surface, thus favoring the observation of 
weak protein- carbohydrate interactions. The use of a 3D dis­
play of carbohydrate ligands has also been noted by others to 
increase the detection sensitivity. liS) In our case, the long pores 

of the chip material also seemed to further enhance the bind­
ing phenomena due to the increased rebinding possibilities.I13) 
Multivalency effects for concanavalin A and the GNA lectin 
from snowdrop with the porous aluminum oxide displayed 
mannosides were small and large, respectively. This correlated 
with their potential to allow chelation, as estimated by the 
inter-binding-site distance, which is only possible for GNA. The 
study of multivalency effects by using this method is possible 
because, on average, individual molecules are relatively far 
apart due to the large surface area. Therefore, interactions only 
take place between individual lectins and individual glycoden­

drimers. Unwanted intermolecular chelation of monovalent 
ligands was not observed. 
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We here present our data for a new multivalent carbohy­
drate microarray that contains five carbohydrate structures as 
one dimension of variation and valencies ranging from one to 
eight as the other dimension (Figure 1). A sizeable series of lec-

This correction means that in the subsequent binding studies 
we compared spots made from, for example, a 1000 11M spot­
ting solution of monovalent 1 e to those made from a 125 11M 
(1000 :8) spotting solution of octavalent 4 e. As such these 

spots contain an equal amount 

Sugar , 

sequences/ 1 
/ / -

y -'J-~ __ ~4; 
-!- -l~l~· 
- - - ... : .. ..ll... .......... HO~~ GlcNAc 

of sugars, because the correla­
tion between effective immobili­
zation and spotting solution 
concentration is essentially linear 
for the porous chip material 
with the very large surface area 
and the concentrations used 
(see also Supporting Informa­
tion). GIcNAc dendrimers 10-
13 b were also prepared by fol­
lowing a similar click chemistry 
route as shown in Scheme 2. 
These compounds cannot be at­
tached to a microarray surface 
but served as inhibitors in solu­
tion by using a conventional 
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Figure 1. Schematic display of the glycodendrimer microarrays on the chip. 

tins was evaluated, each with its own ligand specificity. It was 
found that the specificity of the lectin for monovalent ligands 
is maintained at higher valency. Furthermore, multivalency ef­
fects were also clearly observed in selected cases but were 
absent in others, thus providing additional insights into multi­
valent binding. Again, no indication of intermolecular chelation 
of monovalent ligands was observed (Supporting Information). 
The identification of potent ligands by the assay was validated 
by an inhibition assay of the tetravalent galactoside that effec­
tively blocked the P. aeruginosa lectin lecA. 

Results and Discussion 

Glycodendrimer synthesis and microarray preparation 

The glycodendrimers were synthesized according to Scheme 1. 
Compounds 1- 4a,I131 which are alkynes ranging in valency 

from 1 to 8, were conjugated to the azide-containing sugars 
5- 9 by CuAAC click chemistry according to our previously re­
ported conditions.11 61 The obtained products were subsequent­
ly treated with NaOMe to liberate the protected hydroxyl 
groups then treated with trifluoroacetic acid (TFA) to deprotect 
the amine function in the core of the structures for coupling 
to the chip surface. As such, compounds 1- 4 b- f (with the ex­
ception of 2 f, 4 d and 4 f, 1 f was prepared from pentynoic 

acid by using the same procedure) were purified by prepara­
tive HPLC and characterized by NMR spectroscopy and MS 
analysis. They were subsequently immobilized onto the malei­
mide-functionalized aluminum oxide microarray slides surface 
by using piezoelectric spotting of 330 pL per spot at pH 9. The 
sugar concentration of the spotting was varied from 0.5 to 
5 mM, and as before,!1 31 a correction was made for the valency. 

enzyme-linked lectin assay 
(ELLA), to be compared to the 
microarray assay. 

Binding experiments with WGA 

The glycodendrimer microarrays were treated with various lec­
tins outfitted with fluorescein moieties for signal generation. 
BSA was used for blocking the non-functionalized areas. A con­
centration range of FITC-Iabeled lectins was applied to the 
chips, and the fluorescent signal was periodically recorded for 
2 h, quantified and averaged for the duplicate spots, and con­
verted to progress curves. This periodic monitoring of the 
binding process is possible because of the use of porous chips, 
which allow the analyte solution with the fluorescent protein 
to be pumped up and down (to avoid diffusion limitations) 
through the microchannels. This process occurs because of air 
pressure control below the chip. Pictures were taken periodi­
cally with a CCD camera when the unbound fluorescent com­
ponent was temporarily below the chip and therefore out of 
the frame. In this way only fluorescence resulting from binding 
is detected. In addition to the progress curves, a histogram of 
end values was also made for each lectin at the lowest spot­
ting concentration that gave an adequate signal to see the 
binding selectivity and multivalency effects at a glance. Of a 
series of nine lectins we started with wheat germ agglutinin 
(WGA). WGA is a dimeric protein with eight binding sites for 
GlcNAc that are separated by distances varying from approxi­
mately 14 to 53 A.lll,181 The picture that emerged from the 

binding experiment is shown in Figure 2A. Of the five carbohy­
drate sequences on the array, only the GlcNAc-presenting 
spots, that is, those displaying compounds 1-4 c showed sig­
nificant fluorescence. Because all the other spots remained 
dark, it Gin be concluded that the inherent GlcNAc specificity 
is faithfully maintained for systems of higher valencies. The 
higher-valent ligands of the "wrong" type are not able to over-
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Scheme 1. Synthesis of glycodendrimers for attachment to a microarray surface. Reagents and conditions: a) 5- 9, (uSO" sodium ascorbate, DMF/H,o, 80°(, 
20 min, 65-80%; b) i : NaOMe, MeOH; ii : TFA, H,o, quantitative. 

come their inherently weaker binding by a multivalent presen· 
tation. The outcome of the experiment is also displayed in the 
graph of Figure 2 B, which directly shows the selectivity. It is 
also clear that the binding to the monovalent GIcNAc 1 c is 
very weak in comparison to the binding to the di-, tetra-, and 
octavalent 2-4c. The multivalency effect can also clearly be 
observed in the real-time monitoring of the binding of fluores­
cent WGA to GIcNAc displaying spots of the microarray. 
Figure 3 shows the progress of the binding events as deter­
mined from the periodic fluorescent images. Besides the clear 
binding differences between the binding to the monovalent 
1 c and the others, it can also be seen that the WGA binding 
to the monovalent 1 c reaches equilibrium significantly faster 
than the binding to compounds of higher valency. 
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The binding of the WGA typically seems to benefit a great 
deal from multivalency effects of the chelation type.lle.181 On 

the microarray it is conceptually possible that the monovalent 
GIcNAc moieties of 1 c are displayed in such a dense format 
that they would be brought within chelation distance (about 
54 A is the longest distance between WGA binding sitesI17.181) 

and would bind through intermolecular chelation. Judging 

from Figure 2 and 3, this is not the case, because the binding 
to the monovalent 1 c is far behind that of the higher-valent 
sugars 2- 4 c. Furthermore, the signal of binding to 1 c versus 
the spotting concentration is a straight line and does not 
curve upward (see the Supporting Information). This can be at· 
tributed to the SOO·fold larger surface area of the three-dimen­
sional porous aluminum oxide chip material, in comparison to 
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Figure 3. Real-time monitoring of the binding of WGA (2 !1g mL - ') to the 
GIcNAc displaying spots 1- 4 c. 

a two dimensional surface. This places the individual com­
pounds far from each other and is also substantiated by a cal· 
culation (Supporting Information). 

To validate the results with WGA, a more conventional assay 
(ELLA) was used to compare the microarray data. To this end, 
inhibition of horseradish-peroxidase (HRP)-Iabeled WGA bind­
ing to an immobilized GlcNAc ligand was determined as previ­
ously described.119) The results are shown in Table 1. The free 
sugar GIcNAc inhibited the WGA binding with an I(so of 
30 mM. The conjugated monovalent inhibitor 10 b improved 
the inhibitory potency by a factor of 10. However, a major 
jump was observed in the inhibitory potency of the divalent 

11 b, which increased by a factor of 42 (21 per sugar 
residue) in comparison with 10 b. Further increase of 
the valency led to additional potency increases with 
the I(so of the tetravalent 12 b being in the same 
range as a previously reported tetravalent GlcNAc de­
rivative tested in the same assayl19) and also in a he­
magglutination assayl20) and an SPR assay. li Se) The oc· 

tavalent 13 b was even more potent; in fact, conjuga­
tion and multivalent presentation taken together led 
to a potency increase over GIcNAc of close to 5000-
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fold. When comparing these ELLA results with the 
microarray images it is clear in both cases that multi­
valency plays an important role in the binding. In the 
microarray the WGA binds only weakly to monova-
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lent 1 c and much more strongly to the higher valent 
2-4c. In the ELLA, the jump in inhibitory potency is 
the strongest between the monovalent 10 b and the 
divalent 11 b. The higher-valent 12- 13 b are more 
potent inhibitors than the divalent 11 b in the ELLA, 
a result that is not mirrored in the microarray images. 
The assays are actually significantly different for ex­
ample, with respect to mobility of the ligands. It is 
possible that aggregation plays an additional benefi­
cial role above the chelation in the ELLA, a phenom-

10·13a 
HO~°11.~r" 

10.13b NHAc 3 " 

enon that we previously observed for cholera toxin 
inhibitionY1l Nevertheless the microarray provided a 

rapid evaluation to identify both the ligand specificity 
and the multivalency effects in the lectin binding. As 
mentioned, considering the short interbinding site 
distance of about 14 A in WGA,11 7.18) the chelation 

Scheme 2. Synthesis of glycodendrimers as soluble WGA inhibitors. Reagents and condi ­
tions: a) 6, (USO" sodium ascorbate, DMF, BO O

(, 20 min, b) NaOMe, MeOH, (32-69%, 
two steps). 
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Table 1. Inhibition of binding of HRP-Iabeled WGA~J to a covalently 1m, 
gave stronger binding than the ~-galactose dendrimers, in ac­
cordance to the known preference for a-linked Gal. There was 
no major preference for the tetravalent galabioside 3 f over 
the monovalent 1 f. The crystal structure of the B4 tetra mer 
shows that the shortest interbinding site distance is about 
51 A (PDB ID : 1HQLI23C]), which is too long for effective chela­
tion. 

mobilized GIcNAc derivative (ELLA) by compounds 10- 13 b. 

Compound Ligand IC50 Relative potency 
valency [fLMJ (per sugar) 

GIcNAc 1 30000 1 (1) 

lOb 1 3000 10 (10) 
llb 2 72 417 (208) 

The results for the lectin from lentils, Lens culinaris (LCA)126] 

are shown in Figure 4 C. LCA is a homodimeric lectin in which 
each monomer consists of an a and a ~ chain. Its reported 
specificity is for a-linked Glc and Man. In accordance, only 
binding to the a-linked Man derivatives 1- 4e was observed. In 
this case the multivalency effect observed is rather small, be­
cause the distance between the binding sites is around 70 A 
(X-ray structure 1 LESI26C]) and too large to allow chelation. 

12b 4 9 3333 (833) 
13b 8 0.8 37500 (4688) 

[aJ [WGA-HRPJ: 1 f19 mL - I . 

mechanism seems likely for the binding of WGA to the type of 
glycodendrimers used here. 

Binding experiments with a series of lectins 

Experiments were continued with the following lectins : conca­
navalin A (ConA), [22J Griffonia simplicifolia (GS-1 )}23J cholera 
toxin (CT),[24J Datura stramonium (DSA)PSJ Lens culinaris 

(LCA)}26J Pseudomonas aeruginosa (PA-IL or LecA)}27J 

PSA, the lectin of Pisum sativum (pea), is a very similar lectin 
to LCA.128] The binding profile of the chip is also very similar 
(Figure 4 D). Only binding to a-linked Man derivatives 1- 4 e 
was observed and with little multivalency effect. The latter ob­
servation is in agreement with the long distance between the 
binding sites of about 68 A (X-ray structure 1 BQpI28b]). 

Pisum sativum (PSA)}28J and the peanut agglutin in 
(PNA).[29] The end values of the array experiments are 

displayed in Figure 4 for each of the lectins. Notable 
selectivity patterns can be observed. In each case 
several protein concentrations were tested in order 
to find the lowest concentration that still provided a 
reasonable signal. 

The results for concanavalin A (Figure 4A), show an 

absolute preference for the a-linked mannosides 1-
4e. Within the series of a-linked mannose com­
pounds a moderate preference for the higher-valent 
systems is observed. ConA is a tetrameric plant lectin 
from the jack ' bean with a binding specificity for a­
linked mannosides and glucosides. The protein is a 
tetramer at neutral pH with four subunits in a tetra­
hedral orientation, which leads to a separation be­
tween the binding sites of about 72 A (PDB ID : 
1 VAMI30]); this is too long to be effectively spanned 
by the dendrimers on the chip and explains the mod­
erate multivalency effect. The picture is very similar 
to that obtained with our previous microarray that 
only contained mannosides.I13

] Furthermore, the rela­
tive intensities of the different valencies is the same 
with FITC-Iabeled ConA of different commercia l sour­
ces, further supporting the reproducibility of the ex­
periments. 

GS-1 is a lectin isolated from the seeds of the Afri­
can leguminous shrub Griffonia simplicifoliaY3] The 
lectin consists of a mixture of five tetrameric isolec­
tins that vary in their content of A and B subunits. 
The A subunit was found to bind strongly to both a­
linked GalNAc and Gal residues while the B subunit 
has a strong preference for a-linked Gal. As shown in 
Figure 4 B, the strongest binding was observed to the 
galabiose dendrimers displaying Gala1,4Gal, which 
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The seeds of Datura stramonium Uimson weed or thorn 
apple) contain the p-GlcNAc-specific DSA lectin.12SJ The lectin 
was shown to only bind to the p-linked GIcNAc derivatives 1-
4 c (Figure 4 E). Furthermore, whereas strong binding was seen 
for the di- to octavalent 2-4c, the lectin binds very weakly to 
monovalent 1 c; this suggests that lectin binding greatly bene­
fits from chelation. Although no crystal structure of the lectin 
is available, solution inhibition data confirm the preference of 
at least a divalent saccharide. A divalent sugar was shown to 
bind 240-fold more strongly than its monovalent counter­
part.12SbJ 

Peanut agglutinin (PNA)129J is a galactose-specific tetrameric 
lectin with identical subunits and an asymmetric structure. The 
interbinding site distances are betwe.en 54 and 74 A, based on 
a crystal structure (1 QF3129J). The lectin showed the strongest 
binding to the p-linked Gal compounds 1- 3 d, for which a 
modest multivalency effect was noted (Figure 4 F). Binding to 
the GalalAGal-containing compound 4 f was also observed 
but not to the monovalent 1 f; this might indicate a larger 
multivalency effect. Generally multivalency effects with small 
multivalent sugars binding to PNA have been small,13l] but in 
selected cases, effects of around one order of magnitude have 
been reported.132J 

(holera toxin ((T)124J is a member of the ABs toxins that con­

tain a disease-causing A-subunit surrounded by five' carbohy­
drate-binding B-subunits. These B-subunits attach the toxins to 
cell surfaces as a first step towards disease. Although the natu­
ral target ligand is GM1, binding to the terminal p-linked Gal 
by the B-subunit ((TBs) is well-known.133J Figure 4G shows that 
only binding to the p-linked Gal was observed. Furthermore, a 
preference for the di- and tetravalent 2,3 d and considerably 
weaker binding to the monovalent 1 d was observed. Whereas 
large multivalency effects to dendrimers of this type have pre­
viously been ShOWn,lloe.34J longer spacer arms are likely needed 
for optimal multivalency effects,13SJ This is due to the relatively 

large distance between the binding sites of about 30 A (crystal 
structure 3(HBI24bJ). 

Fina lly, PA-IL or LecA is a galactose-binding tetrameric pro­
tein from Pseudomonas aeruginosa that is associated with viru­
lence.127J The closest distance between two of its binding sites 
is 26 A (X-ray structure 10KO).136J Figure 4 H shows that the 

lectin binds both to p-linked Gal and the Gala 1 AGal linked 
compounds. Strong binding was observed to the galabiose 
compounds, which were previously noted to be strong mono­
valent ligands.137J Strikingly in the galactose case, strong bind­
ing was only detected to the di- and tetravalent conjugates 
but not to the monovalent. This is in agreement with the inter­
binding site distance of this lectin. A sensitivity of this lectin to 
the display of multivalent carbohydrates was recently noted,13BJ 
but otherwise our microarray result provides valuable input for 

further inhibitor design of this medically important lectin, 
which is a key virulence factor of Pseudomonas aeruginosa.139

] 

To validate the discovery that the tetravalent galactoside is a 
potent inhibitor, an inhibition assay was performed. To this 
end the LecA protein was applied to the chip in various wells 
in the presence of a concentration range of the tetravalent 3 d 
and the monovalent 1 d in solution. The obtained 1(50 value for 

the tetravalent 3 d was 2.6 fl.M and for the monovalent 1 d this 
number was 163 fl.M, that is, that tetravalent was 53-fold more 
potent (or 16-fold per sugar). This indicates that the on-chip 
screening correctly identifies the potent multivalent inhibitor 
and is another indication, along with the mentioned WGA in­
hibition assay, that the results translate well to the solution­
phase inhibitory properties. 

Conclusions 

A microarray of glycodendrimers was constructed and evaluat­
ed for binding to a series of lectins. These lectins all contained 
mUltiple carbohydrate binding sites spaced at different distan­
ces. The results showed that WGA, a lectin containing at least 
two closely spaced binding sites, showed a strong multivalen­
cy effect on the chip, a result that correlated well with inhibi­
tion results of ELLA experiments in which the related glyco­
dendrimers were used as inhibitors, that is, in solution. Besides 
the multivalency effect, it was also clear that the carbohydrate 
specificity was maintained at high valency. Binding was only 
seen to the GIcNAc-displaying compounds and not to the 
other monosaccharides, even at high valency. This observation 
extended to all the members of a series of eight additional lec­
tins that were evaluated on the microarray. In all cases only 
binding was seen that was in line with the known lectin specif­
icity; this is an encouraging observation for the design and ap­
plication of multivalent carbohydrate ligands. Multivalency ef­
fects were observed in a few cases that correlated to the 
known inter-binding-site distances (smaller than about 30 A, 
LecA, (TBs, WGA) or with previous experimental results (OSA). 
Only moderate effects were seen in cases in which inter-bind­
ing-site distances were large (Le., larger than about 50 AJ. 
These observations are in line with those obtained with con­
ventional assays for all kinds of carbohydrate-binding pro­
teins.(1 eJ Statistical rebinding effects of systems in which chela­
tion is not possible tend to be much smaller for systems of 
this size, with a relatively small number of attached ligands}1eJ 

than for those derived from chelation. In this assay method 
those effects are clearly smaller, though not completely absent, 
as can be seen in the case of (onA and L(A. 

Lectins are also increasingly used as reagents to identify the 
presence of glycoproteins as, for example, biomarkers.140J For 
such studies, it is important to know the preferences of the 
lectins, not only for their carbohydrate sequence but also for 
the valencies before drawing conclusions. As a lack of signal 
could mean the presence of a monovalent carbohydrate while 
the lectin strongly prefers a biantennary version. 

Real-time evaluation of a multivalent carbohydrate chip as 
described here is a useful, rapid, and selective screening 
method to evaluate multivalency effects in a single experi­
ment. This study will be extended in the direction of other 
more medically interesting carbohydrate-binding proteins. The 
arrays can be screened with a range of lectins in parallel in a 
single experiment, in a short time, and with very small analyte 
(lectin) consumption. Furthermore, by using judiciously chosen 
protecting-group chemistry on the dendrimers, heterogly­
coclusters could also be made to gain further information 
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about the heterocluster effect.141l Given the expanded carbohy­

drate repertoires currently available, these microarrays have 

the potential to faci litate and accelerate various aspects of gly­

comics and proteomics and particu larly further identify the 

beneficial role of multiva lency in inhibitor design. 

Experimental Section 

General: Unless stated otherwise, chemicals were obtained from 
commercial sources and were used without further purification. 
Solvents were purchased from Biosolve (Valkenswaard, The Nether­
lands). Microwave reactions were carried out in a Biotage micro­
wave Initiator (Uppsala, Sweden). The microwave power was limit­
ed by temperature control once the desired temperature was 
reached. A sealed vessel of 2-5 mL was used. Analytical HPLC runs 
were performed on a Shimadzu automated HPLC system with a re­
versed-phase column (Alltech, Adsorbosphere C8, 90 M, 5 mm, 250 
L4.6 mm, Deerfield, IL, USA) that was equipped with an evaporative 
light-scattering detector (PLELS 1000, Polymer Laboratories, Am­
herst, MA, USA) and a UVNis detector operating at 220 and 
254 nm. Preparative HPLC runs were performed on an Applied Bio­
systems workstation. Elution was effected by using a linear gradi­
ent of 5% MeCN/O.l % TFA in HP to 5% HP/O.l % TFA in MeCN 
or by a gradient of 5% MeOH/O.l % TFA in H20 to 5% HP/O.l % 
TFA in MeOH. IH NMR (300 MHz) and 13C NMR (75.5 MHz) were per­
formed on a Varian G-300 spectrometer. HSQC NMR (500 MHz) 
were performed with a VARIAN INOVA-500 spectrometer. Electro­
spray Mass experiments were performed in a Shimadzu LCMS QP-
8000. MALDI-TOF experiments were run in MALDI-TOF Kratos Shi­
madzu Axima-CFR by using a-Cyano-4-hydroxycinnamic acid for 
calibration. The FITC-Iabeled lectins WGA, ConA, LCA, PSA, and 
PNA were obtained from Sigma- Aldrich, and the lectin DSA was 
obtained from E.Y. Laboratories, Inc. (San Mateo, CA. USA). The 
toxin CTBs was obtained from Sigma-Aldrich and the lectins LecA 
and GS-l (obtained from Sigma- Aldrich) were FITC labeled accord­
ing to the procedure of Sigma- Aldrich.1421 

General click chemistry conditions: Alkyne dendrimer, sugar azide 
(1 .5 equiv per alkyne), CuS04 (0.15 equiv/alkyne) and sodium ascor­
bate (0.3 equ iv/alkyne) were dissolved in an appropriate volume of 
1 % HP in DMF. The mixture was heated under microwave irradia­
tion to 80 °C for 20 min. The mixture was concentrated in vacuo, 
and the product was isolated by silica gel chromatography. 

Microarray preparation and analysis : Dendrimer solutions with 
varying concentrations and valencies were printed onto the micro­
array slides by using piezoelectric spotting of 330 pL per spot. A 
concentration range was applied from 0.1 to 5 mM in terms of the 
carbohydrates, corrected for the valency of the dendrimers in a 
spotting buffer of pH 9.0. Each array slide contained spots in dupli­
cate. Microarray experiments were performed by using PamChip 
arrays run on a PamStation12 instrument (Pam-Gene B.V., 's Herto­
genbosch, The Netherlands). Temperature-controlled carbohydrate 
glycodendrimer chips were run in parallel by pumping the sample 
up and down through the 3D porous chip. Data were obtained by 
real-time imaging of the fluorescence signal by a CCD camera. 
Images were analyzed by using BioNavigator software (Pam-Gene). 
The fluorescent intensities were expressed in arbitrary units and 
the relative intensities of the individua l dendrimers were the aver­
age of the two duplicate spots. The specific conditions for the 
binding of the various lectins were as follows : 

ConA: A concentration range of FITC-Iabeled ConA (20-
10 fl9 mL - I) in HEPES/BSA buffer was used that contained Ca2+ 
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and MnH (10 mM HEPES, 1 mM CaCI2, 1 mM MnCI2, 100 mM NaCl, 
0.1 % BSA, pH 7.5). 

LCA: A concentration range of FITC-Iabeled LCA (25- 5 fL9 mL - I) in 
HEPES/BSA buffer was used that contained Ca21 and Mn2+ (10 mM 
HEPES, 1 mM CaCI2, 1 mM MnCI2, 100 mM NaCl, 0.1 % BSA, pH 7.5). 

PEA: A concentration range of FITC-Iabeled PEA (40-5 fL9 mL I) in 
HEPES/BSA buffer was used that contained Ca2+ and Mn2+ (10 mM 
HEPES, 1 mM CaCI2, 1 mM MnCI2, 100 mM NaCl, 0.1 % BSA, pH 7.5) 
was used for binding experiments. 

PNA: A concentration range of FITC-Iabeled PNA (25- 0.5 fl9 mL - I) 
in HEPES/BSA buffer was used that contained Ca2 + and MnH 
(10 mM HEPES, 1 mM CaC!2' 1 mM MnCI2, 100 mM NaC!, 0.1 % BSA, 
pH 7.5). 

WGA: A concentration range of FITC-Iabeled WGA (100- 5 fl9 mL - I) 
in HEPES/BSA buffer was used (10 mM HEPES, 100 mM NaCl, 0.1 % 
BSA, pH 7.5). 

LecA: A concentration range of FITC-Iabeled LecA (40-5 fl9 mL - I) 
in HEPES/BSA buffer was used (1O mM HEPES, 100 mM NaC!, 0.1 % 
BSA, pH 7.5). 

GS-l : A concentration range of FITC-Iabeled GS-l (250- 10 fl9mL- I) 
in HEPES/BSA buffer was used (10 mM HEPES, 100 mM NaC!, 0.1 % 
BSA, pH 7.5). 

CTBs: A concentration range of FITC-Iabeled cholera toxin (25-
0.5 fl9 mL - I) in PBS buffer was used (8 g of NaC!, 0 .2 g of KCI, 
1.44g of Na2HP04·12Hp and 0.24g of KH2P04 were dissolved in 
1 L HP, pH 7.4). 

DSA: A concentration range of FITC-Iabeled DSA (4-0.5 fl9 mL- I) in 
PBS buffer was used (8 g of NaCl, 0.2 g of KCI, 1.44 g of 
Na2HP04·12 H20 and 0.24 g of KH2P04 were dissolved in 1 L H20, 
pH 7.4). 

LecA inhibition assay: Aliquots of a solution of FITC-Iabeled LecA 
(10 fL9 mL - I) in HEPES/BSA buffer (10 mM HEPES, 100 mM NaCl, 
0.1 % BSA, pH 7.5), containing different concentrations of the inhib­
itors 1 d and 3 d at different concentrations were incubated for 1 h 
at 4°C. and subsequently added to the glycodendrimer ch ip. The 
binding process was monitored for 2 h and the end values of the 
fluorescence detection were taken for the determination of the 
ICso by using Prism 5 (Graph pad Software, Inc.). ICso values were 
determined for the binding of LecA to the galactose containing 
1 d, 2 d, and 3 d and results were averaged. 
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