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Introduction

Carbohydrate recognition is increasingly believed to be a cru-
cial event in many biological processes, including the develop-
ment of diseases such as (avian) flu,[1] AIDS,[2] and cancer.[3]

ACHTUNGTRENNUNGIncreasing the understanding of the language of the carbohy-
drate-mediated communication between cells and its prevent-
ing pathological consequences are important goals in sci-
ence.[4] For DNA[5] and peptide/protein[6] recognition studies,
biochips have been developed that have greatly increased the
efficiency of these investigations due to miniaturization and
the high-throughput characteristics of such microarrays. To
apply such biochips to studies in carbohydrate recognition is a
logical progression, and increasingly papers are appearing that
report the development and/or application of carbohydrate
microarrays.[7] Reports describe the selective detection of car-
bohydrate-binding proteins, mostly lectins, on chips of various
designs.[8] In general, carbohydrates bind only weakly to their
complementary proteins. To achieve biologically relevant bind-
ing, multivalency is often involved in natural carbohydrate rec-
ognition processes.[9] To effectively interfere with multivalent
protein–carbohydrate interactions it was found that multiva-
lent inhibitors can be much more potent than their monova-
lent counterparts. A multivalent display of synthetic carbohy-
drate ligands has proven to be an effective inhibitor design for
blocking for example, lectins,[10] AB5 toxins,[11] and bacteria.[12]

In these cases a chelation type of mechanism is the likely
cause of the enhancements, which can be very large and
exceed a factor of 104–105. Examples in which chelation cannot
play a role for geometric reasons typically show more moder-
ate enhancements of below a factor of 100, except when large
extended arrays are used.[13] Despite successes, many features
of multivalent carbohydrate binding require further study, such
as the degree to which multivalency effects vary with the ar-
chitecture of the protein (complex) and that of the multivalent
ligand.[14] We here take a step in that direction by adding the
efficiency of microarrays to the study of multivalent interac-

tions. The present system enables the systematic screening of
carbohydrate-binding proteins and can rapidly determine if
they favor a multivalent carbohydrate display and also to what
extent. Furthermore, selected binding parameters, including ki-
netic rate constants, can be deduced from the obtained data
due the ability to monitor the binding in real time.

In order to do so, a flow-through microarray technology was
used that had multivalent ligands spotted onto aluminium
oxide[15] porous chips.[16] The use of porous chips has several
advantages. It allows the analyte solution to be pumped up
and down in the chip material to avoid diffusion limitations.
Furthermore the binding process of the fluorescent protein to
the chip can be monitored in real time. This is in contrast to
the use of conventional chips in which only an end-point de-
termination is possible after all nonbound fluorescent material
has been washed away. The real-time monitoring is possible
because the liquid that contains the fluorescent components is
pumped up and down through the microchannels, which are
unique to this chip material, which is controlled by the air
pressure below the chip. Periodic pictures are taken by a CCD
camera when the fluid with the nonbound fluorescent compo-
nents is temporarily positioned below the chip where it will
not be pictured by the camera. In this way, only fluorescence
that results from binding is detected. Another advantage of
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mannose as the inhibitor.
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the three-dimensional porous material is that its in-
ternal surface to which ligands can be attached is
approximately 500-fold larger than for two-dimen-
sional spots on a glass surface. This high loading ca-
pacity has advantages for detecting weak binding
processes. Additionally it is advantageous for our
purpose because it allows us to place the ligands far
apart to avoid undesirable multivalency effects due
to proteins that bridge between ligands, which
would mask the intended multivalency effects in the
binding to glycodendrimers. In our studies we cou-
pled mono- to octavalent mannose ligands to the
chip surface, and we observed binding of the fluo-
rescently labeled lectins concanavalin A (ConA) from
the Jack bean seeds and the Galanthus nivalis agglu-
tinin (GNA) from the snowdrop bulb. Distinct multi-
valent binding of the higher generation mannose
dendrimers towards the GNA lectin was observed.

Results

In order to prepare the glycodendrimer chips, first
dendrimers were prepared based on the 3,5-di-(2-
aminoethoxy)-benzoic acid repeating unit.[17] To
attach the dendrimers to the chip surface, its core
carboxylate was used for the attachment of a spacer.
The spacer terminated in an amine; this allowed for
conjugation at pH 9 to the chip-displayed maleimide
function. The carbohydrates were attached to the
dendrimer arm by “click” chemistry prior to attach-
ment of the whole construct to the chip.[18]

Synthesis of mannose dendrimers and attachment
to the chip

Mannose azide building block 1[19] and alkyne-functionalized
dendrimers 2a–5a[20] were prepared as previously reported
(Scheme 1). Dendrimers 2a–5a were treated with Tesser’s
base,[21] followed by coupling to amine 6 with benzotriazole-1-
yl-oxy-tris-(dimethylamino)-phosphonium hexafluorophosphate
(BOP) as the coupling reagent. Decoration of the dendrimers
with mannose moieties was achieved by using “click” chemis-
try under microwave irradiation, with copper(II) sulfate/sodium
ascorbate as the copper(I) source.[22] To this end, dendrimers
2b–5b were treated with 1. The obtained glycodendrimers
were deacetylated by sodium methoxide, after which the tert-
butoxycarbonyl (Boc) group was removed with trifluoroacetic
acid (TFA). The pure 2c–5c were obtained after preparative
HPLC purification and were satisfactorily characterized by NMR
spectroscopy and MS analysis.

Initial experiments on the chip were performed with den-
drimers 2c–5c, which reacted with the maleimide-functional-
ized chip surface at pH 9. The composition of the spotting sol-
utions was chosen to have an equal mannose concentration in
all solutions, despite the valency differences, that is, the den-
drimer concentrations were corrected for their valency. We
compared, for example, spots made from a 100 mm spotting

solution of monovalent 2c to those made from a 12.5 mm spot-
ting solution of octavalent 5c, to yield chip surfaces as sche-
matically shown in Figure 1. In a separate preparation we also
corrected for the difference in amine concentrations of the
spotting solutions by adding the nonsugar amine 7, however
this did not make a significant difference in the binding studies
(see the Supporting Information) and was therefore not ap-
plied for the studies that are described below.

Binding experiments

The dendrimer solutions with varying concentrations and va-
lencies were printed onto the microarray slides by using piezo-
electric spotting of 330 pL per spot. A concentration range was
applied from 0.1 to 5 mm mannose, and was corrected for the
valency of the dendrimers, as mentioned before. Each array
slide contained spots in quadruplicate. The experimental bind-
ing protocol started with the blocking of the nonfunctionalized
area with BSA. A concentration range of FITC-labeled ConA
was applied to the chips and the fluorescent signal was peri-
odically recorded for 2 h (Figure 2), the fluorescent signal was
quantified, averaged for the same spots, and converted to

Scheme 1. Synthesis of dendrimers; reagents and conditions: a) i. NaOH, dioxane, MeOH,
H2O; ii. 6, BOP, iPr2EtN, CH2Cl2/DMF, 40–95%; b) 1, CuSO4, sodium ascorbate, DMF, 80 8C,
20 min, 65–80%; c) i. NaOMe, MeOH, ii. TFA, H2O, quantitative.
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progress curves. As a negative control, fluorescently labeled
BS-I (Bandeiraea simplicifolia agglutinin) was used, which is
specific for b-d-galactose residues. We did not observe any
binding of this lectin towards the array surface. From the ConA
results, we can clearly see the binding event of the lectin to
the dendrimers as a function of time. It is also clear that the
signal increases with the sugar density on the chip, which is a
consequence of the more concentrated spotting solutions
(Figure 3). A linear correlation between the spotting concentra-
tion and the observed equilibrium signal due to ConA binding
was observed up to a 1 mm concentration of mannose resi-
dues (Supporting Information). This indicated that the concen-
trations of dendrimer-linked amine that were used were not
enough to occupy all the maleimide sites. Furthermore, with
the spotting concentration of 0.5 mm in mannose residues, as
was used in the evaluations below, the calculated minimal in-
termolecular distance of the surface-bound ligands indicates
that this is nonbridgeable by ConA.[23] The multivalency effect
that was observed for ConA was relatively small. The final equi-
librium signals only varied by a factor of two, and favored the

octavalent presentation. Furthermore, the binding kinetics
were similar for all compounds. By fitting the progress curves
to a simple receptor–ligand interaction model, that is, a one-
phase exponential association model, the observed rate con-
stants of binding kobs were obtained.[24] These were all within
the 0.20–0.23 min�1 range for the mono- to octavalent glyco-
dendrimer-functionalized surfaces. Subsequently globally fit-
ting the progress curves that were obtained from several ConA
concentrations in the 0.2–1.0 mm range yielded the kinetic
binding parameters kon and koff and the related kinetically de-
termined dissociation constant Kd (Table 1) for each of the four

valencies. To see if reasonable numbers were obtained, the Kd’s
were also determined by using equilibrium end values and a
Langmuir binding isotherm. As can be seen in the table, the Kd

values that were determined by these two methods were in
the same range. The Kd for the octavalent 5c-covered surface
is the lowest, followed by tetra- and divalent 3c and 4c, which
are very similar; the monovalent 2c-covered surface interacted
the weakest. The same trend can be seen from the progress
curves in Figure 2; this illustrates the value of the technology
as a rapid screening method to evaluate multivalency effects.

Subsequently, a higher-valency lectin, the Galanthus nivalis
agglutinin (GNA) was studied. This lectin is tetrameric and has
three binding sites per subunit, so twelve in total, and several
of them are spaced closely together. The close spacing should
allow chelation by the multivalent ligands, and thus strong

Figure 1. Microarray surfaces with identical mannose contents, but different
valencies.

Figure 2. Progress curves for the microarray experiment with attached
mono- to octavalent compounds 2c–5c (spotting concentrations 0.5 mm in
mannose) with a ConA (monomer concentration 98 nm).

Figure 3. FITC-labeled ConA binds to the chip surface. In each of the four
identical blocks the spotting concentration increases from top to bottom
whereas the valency increases from left (mono 2c) to right (octa 5c).

Table 1. Kinetic and thermodynamic parameters deduced from chip ex-
periments for the association of ConA to the four different surfaces.

Compound koff kon Kd [nm] from
on surface [m�1min�1][a] ACHTUNGTRENNUNG[min�1][a] binding equilibrium

kinetics[b] values[c]

mono 2c 0.12 1.26L105 950 960
di 3c 0.08 1.76L105 450 510
tetra 4c 0.07 1.76L105 400 540
octa 5c 0.04 1.93L105 210 440

[a] Derived from global fitting of progress curves for multiple conA con-
centrations. [b] Kd=koff/kon. [c] Derived from fitting end values by using
different ConA concentrations to a Langmuir binding isotherm.
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binding enhancement due to multivalency was expected. The
monovalent affinity for mannose derivatives, however, is much
lower: the Kd of a-methyl mannose for ConA is about
100 mm,

[25] and for GNA this value is 24 mm.[26] Despite the low
affinity for mannose, binding was observable and indeed a
strong preference for the higher-valency mannose dendrimers
was observed (Figure 4). Furthermore the binding kinetics

were significantly faster than for the ConA experiment. It also
appears that GNA binds slightly slower to the higher-valency
compounds on the chip. The progress curves could not be
fitted adequately to a one-phase exponential association
model to obtain the kobs. The use of a two-phase model was
necessary, which yielded a low kobs1 in the 0.03–0.08 min�1

range for all valencies, and also a faster kobs2, which varied
steadily with valency between 1.8 min�1 for the monovalent
surface to 1.0 min�1 for the tetra- and octavalent compounds
on the chip.

Inhibition experiment

The carbohydrate microarray system was also used for the
evaluation of an inhibition experiment that was similar to
those that were reported for other microarray systems.[8b,27] To
this end, the FITC-labeled ConA was incubated with the solu-
ble inhibitor a-methyl mannose under several concentrations,
and was added to spots of monovalent 2c. A clear inhibition
was observed that was used to determine an IC50 value of 400-
ACHTUNGTRENNUNG(�100) mm (Figure 5).

Discussion and Conclusion

Multivalent mannose dendrimers were prepared from alkyne
dendrimers. The dendrimers were synthesized with an amine
functional group linked to the dendrimeric core that allowed
attachment to surfaces. The dendrimers that were based on
the 3,5-di-(2-aminoethoxy)benzoic acid repeating unit were
first equipped with a mono-Boc-protected diamino spacer

after which, the mannose residues were introduced at the pe-
riphery by the copper-catalyzed “click” reaction, and the com-
pounds were fully deprotected. The mannose dendrimers were
spotted onto a maleimide-functionalized porous aluminum
oxide surface and binding of FITC-labeled lectins to the func-
tionalized surfaces was clearly observed in real-time by using
flow-through microarray technology. The flow-through micro-
array setup has several advantages over ordinary microarray
technologies. Monitoring of progression of protein binding is
important; not only endpoints, but also the binding kinetics
were obtained. We demonstrated this technology for the bind-
ing of ConA and GNA towards multivalent compounds. Clear
differences were seen in the responses of these proteins. ConA
is a tetramer with binding sites that are separated by over
65 M, and are therefore too far apart to allow bridging by our
dendrimers. No major multivalency effects were expected by
our compounds, and indeed, they were not observed. In stud-
ies of related compounds, multivalency effects were limited to
a factor of up to ~6.[28] Kinetic data were obtained from the
chip experiments due to the possibility of real-time monitor-
ing. By fitting a series of progress curves that were measured
at different ConA concentrations, kon and koff values were ob-
tained as well as the related kinetically determined dissociation
constant Kd. The Kd was also determined by using the end
points, and the numbers are of the same order of magnitude.
The relative magnitude of the Kd values correlate well with the
progress curves of the single experiment that is shown in
Figure 2. This underscores the value of the present methodolo-
gy as a screening tool that can rapidly identify multivalency ef-
fects, even in a single experimental run (and therefore well
controlled). The magnitude of the Kd values was low (200–
900 nm) in comparison to the reported Kd values of monova-
lent mannose derivatives that bind to conA, which are around
100 mm.[25, 29] We speculate that the very long and very narrow
pores of the aluminum oxide (0.2 mm diameter, 60 mm height)
are the cause. After dissociation, a rapid rebinding event is
likely, which results in a net slow koff. The determined koff rate
was seven-fold lower than that which was derived from using
SPR methodology with immobilized yeast mannan,[30] which is
a system where koff rates are likely already lowered due to the
operative multivalency effects with the polymeric yeast
mannan.

Figure 4. Progress curves for the microarray experiment with GNA (mono-
mer concentration: 2 mm). A clear preference for the higher-valency manno-
sides was observed.

Figure 5. Inhibition data points and fitted curve of the binding of ConA to a
chip of 2c with increasing concentrations of a-methyl mannose in solution.
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The phenomenon of enhanced binding due to the porous
three-dimensional nature of the chip material is a bonus for
the application of the technology as a screening tool for car-
bohydrate–protein interactions, which are typically weak. The
combination that was used in this study of multivalency en-
hancement and the long pores make it possible to convenient-
ly detect GNA binding, whose monovalent mannoside Kd is
about 24 mm, by using only 2 mm of the protein (Figure 4).
This results in low detection limits of weakly binding proteins.
Whereas this study was not optimized for a low detection
limit, by using a moderately dense substituted surface (spot-
ting concentrations 0.5 mm in mannose) and an average shut-
ter time of the CCD camera, ConA was detectable down to
about 10 nm or 0.26 mgmL�1. For comparison, the detection
limit of an SPR-based system with immobilized yeast mannan
was reported with a detection limit of 0.5 mgmL�1 for ConA.[30]

For GNA the effect of the multivalency was markedly differ-
ent than for ConA. A strong signal for the immobilized octava-
lent compound 5c was observed, and hardly any observable
signal was seen for the mono- and divalent compounds (2c–
3c) under the same conditions. This behavior is in-line with
the high-valency architecture of the tetramer that is comprised
of twelve binding sites in total with relatively closely spaced
binding sites that start at around 20 M, and the weak monova-
lent binding affinities in the millimolar range. Similar effects
were also seen with the WGA lectin with eight binding sites
and its binding to densely functionalized SPR chips.[31] Based
on our recent experiences with multivalent binding to cholera
toxin, the spacers that were used here are too short for opti-
mal multivalent binding.[11f,32] Nevertheless strong multivalency
was clearly observed.

The spotting concentrations that were used for the analysis
of the ConA-binding parameters were in the range where the
fluorescent signal still increases linearly with the spotting con-
centrations, that is, �1 mm in mannosides. For the GNA stud-
ies, a higher spotting concentration of 5.0 mm in mannosides
was needed to get a strong enough signal, due to the weak in-
herent mannose affinity of this lectin. We cannot exclude that
at this concentration the packing of the monovalent 2c is suffi-
ciently dense to allow bridging by GNA molecules, however
considering the low signal of this binding event versus the
GNA binding to the octavalent 5c, which was spotted at only
0.625 mm, it seems highly unlikely.

In conclusion, the real-time evaluation of a multivalent car-
bohydrate chip as described here is a useful rapid screening
method to evaluate multivalency effects in a single experi-
ment. Extension of this study will be undertaken in the direc-
tion of other carbohydrates, other spacers, and other carbohy-
drate-binding proteins. Furthermore it is also clear that inhibi-
tion studies are also possible that provide additional potential
for applications.

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 dedicated micro-
wave oven, that is, the Biotage Initiator (Uppsala, Sweden). The
ACHTUNGTRENNUNGmicrowave power was limited by temperature control once the
ACHTUNGTRENNUNGdesired temperature was reached. A sealed vessel of 2–5 mL was
used. Analytical HPLC runs were performed on a Shimadzu auto-
mated HPLC system with a reversed-phase column (Alltech, Adsor-
bosphere C8, 90 M, 5 mm, 250L4.6 mm, Deerfield, IL, USA) that was
equipped with an evaporative light-scattering detector (PL-
ELS 1000, Polymer Laboratories, Amherst, MA, USA) and a UV/Vis
detector that was operating at 220 and 254 nm. Preparative HPLC
runs were performed on a Applied Biosystems workstation. Elution
was effected by using a linear gradient of 5% MeCN/0.1% TFA in
H2O to 5% H2O/0.1% TFA in MeCN. 1H NMR (300 MHz) and
13C NMR (75.5 MHz) were performed on a Varian G-300 spectrome-
ter.

Monovalent alkyne dendrimer (2b): A solution of 2a (1.43 g,
7.5 mmol) was stirred in Tesser’s base (50 mL) for 20 h. The mixture
was acidified with aq KHSO4 (1m) to pH 2 and concentrated in
vacuo. Crude product was taken up in EtOAc (100 mL) and washed
twice with H2O (50 mL) and with brine (50 mL). The organic phase
was dried over Na2SO4, filtered and concentrated to give the free
carboxylic acid (1.30 g, 98%). iPr2EtN (0.99 mL, 6.0 mmol) was
added to a solution of the acid (352 mg, 2.0 mmol), spacer 6
(0.96 g, 3.0 mmol), and BOP (1.33 g, 3.0 mmol) in CH2Cl2 (30 mL),
and the reaction was stirred for 18 h. TLC (EtOAc) showed the for-
mation of 2b. The mixture was diluted with CH2Cl2 (100 mL),
washed with 1m KHSO4 (50 mL), 5% NaHCO3 (50 mL), and brine.
The organic phase was dried over Na2SO4, filtered and concentrat-
ed. Silica column chromatography (EtOAc) afforded 2b (775 mg,
81%). 1H NMR (300 MHz, CDCl3): d=7.45–7.29 (m, 3H; CHar2,5,6),
7.22 (br s, 1H; C(O)NH), 7.13 (br s, 1H; C(O)NH), 7.09 (dd, 1H;
CHar4), 4.98 (br s, 1H; NHBoc), 4.73 (d, J=2.4 Hz, 2H; OCH2CCH),
3.66–3.45 (m, 14H; CH2O, CH2NHC(O)), 3.18 (q, 2H; CH2NHBoc),
2.55 (t, J=2.4 Hz, 1H; OCH2CCH), 1.93–1.85 (m, 2H;
OCH2CH2CH2NH), 1.76–1.68 (m, 2H; OCH2CH2CH2NH), 1.42 (s, 9H;
NHC(O)OCACHTUNGTRENNUNG(CH3)3) ;

13C NMR (75.5 MHz, CDCl3): d=167.0 (C(O)NH),
157.6 (NHC(O)CACHTUNGTRENNUNG(CH3)3), 157.6 (Car3), 136.2 (Car1), 129.4 (Car5), 119.8
(Car6), 118.1 (Car4), 113.5 (Car2), 79.0 (OCH2CCH), 78.2 (NHC(O)C-
ACHTUNGTRENNUNG(CH3)3), 75.8 (OCH2CCH), 70.2, 70.1, 70.0, 69.8, 69.2 (OCH2), 55.9
(OCH2CCH), 38.4 (CH2NHBoc), 29.6, 28.8 (OCH2CH2CH2NH), 28.3
(NHC(O)OCACHTUNGTRENNUNG(CH3)3) ; HRMS calcd for C25H38N2O7 (478.2679): 501.262
[M+Na]+ ; found 501.240.

Divalent alkyne dendrimer (3b): A solution of 3a (1.35 g,
5.53 mmol) was stirred in Tesser’s base (75 mL) for 16 h. The mix-
ture was acidified with aq 1m KHSO4 to pH 2 and concentrated in
vacuo. Crude product was taken up in EtOAc (100 mL) and washed
with 1m KHSO4 (50 mL), brine (50 mL) and H2O (50 mL). The organ-
ic phase was dried over Na2SO4, filtered, and concentrated to give
the free carboxylic acid (1.27 g, quantitative). iPr2EtN (0.99 mL,
6.0 mmol) was added to a solution of the acid (460 mg, 2.0 mmol),
spacer 6 (960 mg, 3.0 mmol), and BOP (1.33 g, 3.0 mmol) in CH2Cl2
(25 mL), and the solution was stirred for 2 h. TLC (CH2Cl2/MeOH,
19:1) showed full conversion. The mixture was diluted with CH2Cl2
(100 mL), washed with 1m KHSO4 (50 mL), 5% NaHCO3 (50 mL),
and brine (50 mL). The organic phase was dried over Na2SO4, fil-
tered, and concentrated. Compound 3b (1.10 g, quantitative) was
isolated by silica column chromatography (CH2Cl2/MeOH, 19:1).
1H NMR (300 MHz, CDCl3): d=7.03 (br s, 3H; CHar2,6, NHC(O)), 6.73
(t, 1H; CHar4), 4.71 (d, 4H; 2OCH2CCH, J=2.2 Hz), 3.67–3.46 (m,
14H; CH2O, CH2NHC(O)), 3.18 (q, 2H; CH2NHBoc), 2.55 (t, J=2.2 Hz,
2H; OCH2CCH), 1.93–1.85 (m, 2H; OCH2CH2CH2NH), 1.76–1.68 (m,
2H; OCH2CH2CH2NH), 1.41 (s, 9H; NHC(O)OCACHTUNGTRENNUNG(CH3)3) ;

13C NMR
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(75.5 MHz, CDCl3): d=166.8 (C(O)NH), 156.2 (NHC(O)OC ACHTUNGTRENNUNG(CH3)3),
158.6 (Car3,5), 137.0 (Car1), 106.7 (Car2,6), 105.2 (Car4), 79.2
(OCH2CCH), 78.1 (NHC(O)OCACHTUNGTRENNUNG(CH3)3), 75.9 (OCH2CCH), 70.2, 70.0,
69.9, 69.2 (OCH2), 56.1 (OCH2CCH), 38.5 (CH2NHBoc), 29.6, 28.8
(OCH2CH2CH2NH), 28.4 (NH(CO)OCACHTUNGTRENNUNG(CH3)3) ; HRMS calcd for
C28H40N2O8 533.286 [M+H]+ ; found: 533.108.

Tetravalent alkyne dendrimer (4b): A solution of 4a (680 mg,
1.0 mmol) was stirred in Tesser’s base (30 mL) for 3 h. The mixture
was acidified with aq 1m KHSO4 to pH 2 and concentrated in
vacuo. Crude product was taken up in EtOAc (100 mL, with 10 mL
of DMF) and washed twice with H2O (50 mL) and brine (50 mL).
The organic phase was dried over Na2SO4, filtered, and concentrat-
ed to give the free carboxylic acid (682 mg, quantitative). iPr2EtN
(0.50 mL, 3.0 mmol) was added to a solution of the acid (680 mg,
1.0 mmol), spacer 6 (480 mg, 1.5 mmol) and BOP (660 mg,
1.5 mmol) in DMF (40 mL), and the solution was stirred for 3 h. The
mixture was concentrated in vacuo at 60 8C, and pure product was
obtained after silica column chromatography (EtOAc/MeOH, 1:0!
19:1) as a white foam (385 mg, 40%). 1H NMR (300 MHz, DMSO):
d=8.66 (t, 2H; C(O)NH), 8.41 (t, 1H; C(O)NH), 7.12 (s, 4H; CHar2’,6’),
7.04 (s, 2H; CHar2,6), 6.78 (s, 2H; CHar4’), 6.73 (br s, 1H; NHBoc),
6.70 (s, 1H; CHar4), 4.83 (d, J=2.4 Hz, 8H; OCH2CCH), 4.15 (t, 4H;
OCH2CH2N), 3.63 (q, 4H; OCH2CH2N), 3.57 (t, 2H; CH2NHC(O)), 3.50–
3.27 (m, 16H; CH2O, CH2NHC(O)), 2.93 (q, 2H; CH2NHBoc), 2.50 (t,
J=1.8 Hz, 4H; OCH2CCH), 1.78–170 (m, 2H; OCH2CH2CH2NH), 1.62–
1.54 (m, 2H; OCH2CH2CH2NH), 1.36 (s, 9H; NHC(O)OCACHTUNGTRENNUNG(CH3)3) ;
13C NMR (75.5 MHz, DMSO): d=165.7, 165.5 (C(O)NH), 159.4 (Car3,5),
158.1 (Car3’,5’), 155.5 (NHC(O)OC ACHTUNGTRENNUNG(CH3)3), 136.7 (Car1), 36.3 (Car1’),
106.7ACHTUNGTRENNUNG(Car2’,6’), 105.9 (Car2,6), 105.0 (Car4’), 103.8 (Car4), 78.9
(OCH2CCH), 78.4 (OCH2CCH), 77.4 (NHC(O)OC ACHTUNGTRENNUNG(CH3)3), 69.7, 69.5,
69.5, 68.2, 68.0, 66.2 (OCH2), 55.8 (OCH2CCH), 37.2 (CH2NHC(O)),
36.6 (CH2NHBoc), 29.7, 29.3 (OCH2CH2CH2NH), 28.2 (NHC(O)OC-
ACHTUNGTRENNUNG(CH3)3) ; HRMS calcd for C52H62N4O14: 967.434 [M+H]+ ; found
967.096.

Octavalent alkyne dendrimer (5b): A solution of 5a was stirred in
Tesser’s base. The mixture was acidified with aq 1m KHSO4 to pH 2
and concentrated in vacuo. Crude product was taken up in EtOAc
(with 10% of DMF) and washed twice with H2O (50 mL) and brine
(50 mL). The organic phase was dried over Na2SO4, filtered, and
concentrated to give the free carboxylic acid (quantitative). iPr2EtN
(248 mL, 1.5 mmol) was added to a solution of the acid (767 mg,
0.5 mmol), spacer 6 (240 mg, 0.75 mmol) and BOP (332 mg,
0.75 mmol) in DMF (40 mL), and the solution was stirred for 20 h.
The mixture was concentrated in vacuo at 60 8C, then taken up in
EtOAc (100 mL), washed with 1m KHSO4 (50 mL), 5% NaHCO3

(50 mL) and brine. The organic phase was dried over Na2SO4, fil-
tered and concentrated. Silica column chromatography could not
be used for purification because of solubility problems. The prod-
uct was obtained after precipitation and centrifugation from DMF
and EtOAc (1.55 g, 55%). 1H NMR (300 MHz, DMSO): d=8.67 (br t,
6H; C(O)NH), 8.41 (t, 1H; C(O)NH), 7.13 (d, 8H; CHar2’’,6’’), 7.08 (d,
4H; CHar2’,6’), 7.03 (s, 2H; CHar2,6), 6.79 (d, 8H; CHar4’’), 6.72 (s, 2H;
CHar4’), 6.68 (s, 1H; CHar4), 4.83 (d, J=1.9 Hz, 16H; OCH2CCH), 4.14
(t, 12H; OCH2CH2N), 3.64–3.27 (m, 26H; CH2O, CH2NHC(O),
OCH2CH2N), 2.95 (q, 2H; CH2NHBoc), 2.50 (t, J=1.7 Hz, 8H;
OCH2CCH), 1.77–1.69 (m, 2H; OCH2CH2CH2NH), 1.62–1.54 (m, 2H;
OCH2CH2CH2NH), 1.36 (s, 9H; NHC(O)OCACHTUNGTRENNUNG(CH3)3) ;

13C NMR (75.5 MHz,
DMSO): d=165.5, 165.8, 165.9 (C(O)NH), 159.5 (Car3,5), 159.4
(Car3’,5’), 158.2 (Car3’’,5’’), 136.7 (Car1’), 136.3 (Car1’’), 106.8(Car2’’,6’’),
106.0 (Car2’,5’), 105.0 (Car4’’), 104.1 (Car4’), 78.9 (OCH2CCH), 78.4
(OCH2CCH), 69.7, 69.6, 68.2, 68.1, 66.2 (OCH2), 55.8 (OCH2CCH), 36.7

(CH2NHBoc), 29.7, 29.3 (OCH2CH2CH2NH), 28.2 (NHC(O)OC ACHTUNGTRENNUNG(CH3)3) ;
HRMS calcd for C100H106N8O26: 1835.257 [M+H]+ ; found: 1835.730.

General “click” conditions : Alkyne dendrimer, sugar azide
(1.5 equiv/alkyne), CuSO4 (0.15 equiv/alkyne) and sodium ascorbate
(0.3 equiv/alkyne) were dissolved in an appropriate volume of 1%
H2O in DMF. The mixture was heated under microwave irradiation
to 80 8C for 20 min. The mixture was concentrated in vacuo at
60 8C, and the product was isolated by silica gel chromatography.

General deprotection procedure: Dendrimers were dissolved in
MeOH. Catalytic NaOMe was added, and the reaction was stirred
until TLC showed full deacetylation. The mixture was neutralized
with Dowex H+ , filtered, and concentrated in vacuo. The residue
was stirred in 5% H2O in TFA for 1 h. Solvents were evaporated
and the product was purified by preparative HPLC and lyophilized
from H2O/MeCN.

Monovalent mannose dendrimer (2c): “Click” reaction was per-
formed by the general procedure. Protected monovalent mannose
dendrimer was isolated by silica gel chromatography (EtOAc/
MeOH, 1:0!9:1) (147 mg, 81%). 1H NMR (300 MHz, CDCl3): d=7.64
(s, 1H; CHtriazole), 7.21–7.42 (m, 3H; CHar2,5,6), 7.15 (br s, 1H;
C(O)NH), 7.02 (d, 1H; CHar4), 5.17–5.23 (m, 5H; H2, H3, H4,
OCH2Ctriazole), 4.95 (br s, 1H; NHBoc), 4.73 (s, 1H; H1), 4.47–4.41 (m,
2H; CH2Oman), 4.22 (dd, J5,6a=5.2 Hz, J6a,6b=12.1 Hz, 1H; H6a), 4.02
(dd, J5,6b=2.5 Hz, J6a,6b=12.4 Hz, 1H; H6b), 3.93–3.89 (m, 1H; H5),
3.71–3.65 (m, 2H; CH2NH(CO)), 3.59–3.35 (m, 12H; CH2O), 3.14–3.08
(m, 2H; CH2NHBoc), 2.21–2.12 (m, 2H; OCH2CH2CH2Ntriazole), 2.09 (s,
3H; C(O)CH3), 2.01 (s, 3H; C(O)CH3), 1.98 (s, 3H; C(O)CH3), 1.92 (s,
3H; C(O)CH3), 1.86–1.79 (m, 2H; OCH2CH2CH2NH), 1.68–1.60 (m,
2H; OCH2CH2CH2NH), 1.35 (s, 9H; NHC(O)OCACHTUNGTRENNUNG(CH3)3) ;

13C NMR
(75.5 MHz, CDCl3): d=170.5, 170.0, 169.9, 169.6 (C(O)CH3), 166.9
(C(O)NH), 156.0 (NHC(O)C ACHTUNGTRENNUNG(CH3)3), 158.2 (Car3), 143.7 (Ctriazole4), 136.2
(Car1), 129.4 (Car5), 123.1 (Ctriazole5), 119.3 (Car6), 117.8 (Car4), 113.4
(Car2), 97.6 (C1), 70.3, 70.1, 70.0 and 69.3 (OCH2), 69.3, 68.9, 68.6,
65.9, 64.5 (C2, C3, C4, C5, C6), 62.3 (CH2Oman), 61.8 (OCH2Ctriazole),
47.0 (CH2Ntriazole), 38.6 (CH2NHBoc), 29.7 29.5, 28.8, (OCH2CH2CH2NH,
OCH2CH2CH2Ntriazole), 28.3 (NHC(O)OCACHTUNGTRENNUNG(CH3)3), 20.7, 20.6, 20.5
(C(O)CH3); HRMS calcd for C42H63N5O17: 932.4117 [M+Na]+ ; found:
932.3491. The dendrimer was deprotected according to the gener-
al deprotection procedure. Compound 2c was isolated as a clear
oil (54 mg, 88%). 1H NMR (300 MHz, D2O): d=8.10 (s, 1H; CHtriazole),
7.47–7.34 (s, 3H; CHar2,5,6), 7.23 (s, 1H; CHar4), 5.26 (s, 2H;
OCH2Ctriazole), 4.71 (s, 1H; H1), 4.53 (t, 2H; OCH2CH2NH), 3.81–3.40
(m, 24H; H2, H3, H4, H5, H6, OCH2, CH2NH, CH2Ntriazole), 3.08 (t, 2H;
CH2NH3), 2.23–2.15 (m, 2H; CH2CH2OMan), 1.96–1.84 (m, 4H;
OCH2CH2CH2NH, OCH2CH2CH2NH);

13C NMR (75.5 MHz, D2O): d=
170.5 (C(O)NH), 158.2 (Car3), 143.7 (Ctriazole4), 136.0 (Car1), 130.9
(Car5), 125.9 (Ctriazole5), 121.0 (Car6), 119.4 (Car4), 114.6 (Car2), 100.5
(C1), 73.3, 71.2, 70.7, 67.3 (C2, C3, C4, C5), 70.3, 70.2, 70.0, 69.4,
68.9 (OCH2), 65.0 (OCH2Ctriazole), 61.9 (OCH2CH2NH), 61.5 (C6), 48.5
(CH2Ntriazole), 38.3, 38.0 (OCH2CH2NH, OCH2CH2CH2NH), 29.7, 28.9,
27.1 (CH2CH2OMan, OCH2CH2CH2NH); HRMS calcd for C29H47N5O11:
642.7178 [M+H]+ ; found: 642.070.

Divalent mannose dendrimer (3c): “Click” reaction was performed
by the general procedure. Protected divalent mannose dendrimer
was isolated by silica gel chromatography (EtOAc/MeOH, 1:0!9:1)
(210 mg, 75%). 1H NMR (300 MHz, CDCl3): d=7.65 (s, 2H; CHtriazole),
7.10 (br s, 1H; C(O)NH), 6.98 (d, 2H; CHar2,6), 6.69 (t, 1H; CHar4),
5.24–5.13 (m, 6H; H2, H3, H4), 4.99 (br s, 1H; NHBoc), 4.73 (s, 2H;
H1), 4.48–4.39 (m, 4H; CH2Ctriazole), 4.22 (dd, J5,6a=5.2 Hz, J6a,6b=
12.4 Hz, 1H; H6a), 4.02 (dd, J5,6b=2.2 Hz, J6a,6b=12.4 Hz, 1H; H6b),
3.91–3.87 (m, 2H; H5), 3.71–3.66 (m, 2H; CH2NHC(O)), 3.57–3.36 (m,
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12H; CH2O), 3.13–3.07 (m, 2H; CH2NHBoc), 2.20–2.16 (m, 4H;
OCH2CH2CH2Ntriazole), 2.09 (s, 3H; C(O)CH3), 2.01 (s, 3H; C(O)CH3),
1.97(s, 3H; C(O)CH3), 1.93 (s, 3H; C(O)CH3), 1.86–1.78 (m, 2H;
OCH2CH2CH2NH), 1.65–1.61 (m, 2H; OCH2CH2CH2NH), 1.35 (s, 9H;
NHC(O)OCACHTUNGTRENNUNG(CH3)3) ;

13C NMR (75.5 MHz, CDCl3): d=170.5, 169.9,
169.8, 169.6 (C(O)CH3), 166.7 (C(O)NH), 155.9 (NHC(O)CACHTUNGTRENNUNG(CH3)3), 159.3
(Car3,5), 143.5 (Ctriazole4), 137.1 (Car1), 123.1 (Ctriazole5), 106.3 (Car2,6),
104.6 (Car4), 97.6 (C1), 70.3, 70.1, 70.0, 69.3 (OCH2), 69.2, 68.9, 68.6,
65.9, 64.5 (C2, C3, C4, C5, C6), 62.3 (CH2Oman), 61.9 (OCH2Ctriazole),
47.0 (CH2Ntriazole), 38.4 (CH2NHBoc), 29.7, 29.5 and 28.8
(OCH2CH2CH2NH, OCH2CH2CH2Ntriazole), 28.3 (NHC(O)OCACHTUNGTRENNUNG(CH3)3), 20.7,
20.6, 20.5 (C(O)CH3); HRMS calcd for C62H90N8O28: 1417.5763
[M+Na]+ ; found: 1417.7437. The dendrimer was deprotected ac-
cording to the general deprotection procedure. Compound 3c was
isolated as a clear oil (70 mg, 91%). 1H NMR (300 MHz, D2O): d=
8.06 (s, 2H; CHtriazole), 6.96 (s, 2H; CHar2,6), 6.76 (s, 1H; CHar4), 5.16
(s, 4H; OCH2Ctriazole), 4.70 (s, 2H; H1), 4.50 (t, 4H; OCH2CH2NH),
3.80–3.55 (m, 28H; H2, H3, H4, H5, H6, OCH2), 3.50 (br s, 2H;
CH2NH), 3.40 (t, 4H; CH2Ntriazole), 3.07 (t, 2H; CH2NH3), 2.16 (t, 4H;
CH2CH2OMan), 1.94–1.83 (m, 4H; OCH2CH2CH2NH, OCH2CH2CH2NH);
13C NMR (75.5 MHz, D2O): d=169.7 (C(O)NH), 159.5 (Car3,5), 143.6
(Ctriazole), 136.9 (Car1), 125.9 (CHtriazole), 107.8 (Car2,6), 106.4 (Car4),
100.5 (C1), 73.4, 71.3, 70.7, 67.3 (C2, C3, C4, C5), 70.2 (OCH2), 70.1
(OCH2), 69.6 (OCH2), 69.0 (OCH2), 65.0 (OCH2Ctriazole), 62.0 (CH2OMan),
61.5 (C6), 48.5 (CH2Ntriazole), 38.3, 38.0 (OCH2CH2NH,
OCH2CH2CH2NH), 29.8, 29.0, 27.2 (CH2CH2OMan, OCH2CH2CH2NH);
HRMS calcd for C41H66N8O18: 960.0129 [M+H]+ ; found: 959.188.

Tetravalent mannose dendrimer (4c): “Click” reaction was per-
formed by the general procedure. Protected tetravalent mannose
dendrimer was isolated by silica gel chromatography (CH2Cl2/
MeOH, 9:1!4:1) as a white foam (163 mg, 59%). 1H NMR
(300 MHz, CDCl3): d=7.76 (s, 4H; CHtriazole), 7.45, (s, 2H; C(O)NH),
7.36 (s, 1H; C(O)NH), 7.07 (s, 4H; CHar2’,6’), 6.94 (s, 2H; CHar2,6),
6.72 (s, 2H; CHar4’), 6.59 (s, 1H; CHar4), 5.32–5.15 (m, 12H; H2, H3,
H4), 4.80 (s, 4H; 4H1), 4.54–4.48 (m, 8H; CH2Oman), 4.29 (dd, J5,6a=
5.4 Hz, J6a,6b=12.3 Hz 1H; H6a), 4.08 (dd, J5,6b=2.4 Hz, J6a,6b=
12.3 Hz, 1H; H6b), 3.96–4.00 (m, 4H; H5), 3.80–3.73 (m, 8H;
CH2Ntriazole), 3.60–3.41 (m, 14H; CH2O, CH2NHC(O)), 3.18–3.12 (m,
2H; CH2NHBoc), 2.29–2.19 (m, 8H; OCH2CH2CH2Ntriazole), 2.15 (s, 3H;
C(O)CH3), 2.08 (s, 3H; C(O)CH3), 2.04 (s, 3H; C(O)CH3), 1.99 (s, 3H;
C(O)CH3), 1.90–1.82 (m, 2H; OCH2CH2CH2NH), 1.72–1.64 (m, 2H;
OCH2CH2CH2NH), 1.40 (s, 9H; NHC(O)OCACHTUNGTRENNUNG(CH3)3) ;

13C NMR (75.5 MHz,
CDCl3): d=170.5, 169.9, 169.8, 169.5 (C(O)CH3), 167.1, 166.7
(C(O)NH), 159.5 (Car3,5), 159.2 (Car3’,5’), 155.9 (NHC(O)CACHTUNGTRENNUNG(CH3)3), 143.4
(Ctriazole4), 136.9 (Car1), 136.4 (Car1’), 123.3 (Ctriazole5), 106.3 (Car2’6’),
106.0 (Car2,6), 104.9 (Car4’), 104.1 (Car4), 97.5 (C1), 78.7 (NHC(O)C-
ACHTUNGTRENNUNG(CH3)3), 70.1, 70.0, 69.8, 69.8 (OCH2), 69.2, 68.9, 68.5, 65.8, 64.5 (C2,
C3, C4, C5, C6), 62.2 (CH2Oman), 61.7 (OCH2Ctriazole), 47.1 (CH2Ntriazole),
29.6, 29.4, 28.8 (OCH2CH2CH2NH, OCH2CH2CH2Ntriazole), 28.2
(NHC(O)OCACHTUNGTRENNUNG(CH3)3), 20.7, 20.6, 20.5 (C(O)CH3); HRMS calcd for
C120H162N16O54: 2714.0320 [M+Na]+ ; found 2714.3508. The dendri-
mer was deprotected according to the general deprotection proce-
dure. Compound 4c was isolated as a white powder (59 mg, quan-
titative). 1H NMR (300 MHz, D2O): d=7.91 (s, 4H; CHtriazole), 6.78 (s,
4H; CHar2’,6’), 6.76 (s, 2H; CHar2,6), 6.51 (s, 2H; CHar4’), 6.39 (s, 1H;
CHar4), 4.90 (s, 8H; OCH2Ctriazole), 4.69 (s, 4H; H1), 4.37 (br s, 8H;
OCH2CH2NH), 3.96 (4H; bs, OCH2CH2NH), 3.81–3.46 (48H; m), 3.38–
3.25 (8H; m, CH2Ntriazole), 3.08 (t, 2H; CH2NH3), 2.06 (8H; m,
CH2CH2OMan), 1.91 (q, 2H; OCH2CH2CH2NH), 1.74 (br t, 2H;
OCH2CH2CH2NH);

13C NMR (75.5 MHz, D2O): d=169.1 (C(O)NH),
160.0 (Car3,5), 159.4 (Car3’,5’), 143.5 (Ctriazole4), 136.1 (Car1’), 125.5
(Ctriazole5), 107.2, 105.5 (Car), 100.4 (C1), 73.4, 71.3, 70.7, 67.3 (C2, C3,
C4, C5), 70.1, 69.2, 68.9 (OCH2), 64.8 (OCH2Ctriazole), 61.5 (C6), 48.4

(CH2Ntriazole), 38.3 (OCH2CH2NH), 29.9, 29.1, 27.1 (CH2CH2OMan,
OCH2CH2CH2NH); HRMS calcd for C83H122N16O36 (1918.8208): 959.914
[M+2H]2+ ; found: 960.129

Octavalent mannose dendrimer (5c): A “click” reaction was per-
formed by the general procedure. Protected octavalent mannose
dendrimer was isolated by silica gel chromatography (CH2Cl2/
MeOH, 1/0!9:1) (185 mg, 65%). 1H NMR (300 MHz, CDCl3): d=
7.79 (br s, 8H; CHtriazole), 7.06 (br s, 8H; CHar2’’,6’’), 6.88 (br s, 6H;
CHar2,6, 2’,6’), 6.67 (bs, 4H; CHar4’’), 6.44 (br s, 3H; CHar4, 4’), 5.29–
5.20 (m, 24H; H2, H3, H4), 4.80 (br s, 8H; H1), 4.50 (br s, 16H;
CH2Oman), 4.29 (brd, 8H; H6a), 4.07 (brd, 8H; H6b), 3.99 (br s, 8H;
H5), 3.74 (br s, 16H; CH2Ntriazole), 3.59–3.47 (m, 14H; CH2O,
CH2NHC(O)), 3.13 (br s, 2H; CH2NHBoc), 2.23 (br s, 16H;
OCH2CH2CH2Ntriazole), 2.15 (s, 24H; C(O)CH3), 2.07 (s, 24H; C(O)CH3),
2.04 (s, 24H; C(O)CH3), 1.99 (s, 24H; C(O)CH3), 1.90–1.82 (m, 2H;
OCH2CH2CH2NH), 1.72–1.64 (m, 2H; OCH2CH2CH2NH), 1.39 (s, 9H;
NHC(O)OCACHTUNGTRENNUNG(CH3)3) ;

13C NMR (75.5 MHz, CDCl3): d=170.3, 169.7,
169.6, 169.4 (C(O)CH3), 167.1 (C(O)NH), 159.4 (Car3,5), 159.2 (Car3’,5’),
158.9 (Car3’’,5’’), 155.8 (NHC(O)CACHTUNGTRENNUNG(CH3)3), 136.2 (Car1’’), 136.7 (Car1’),
106.2 (Car2’’,6’’), 97.4 (C1), 78.5 (NHC(O)CACHTUNGTRENNUNG(CH3)3), 70.2 ACHTUNGTRENNUNG(OCH2), 69.0,
68.8, 68.3, 65.8, 64.5 (C2, C3, C4, C5, C6), 62.2 (CH2Oman), 62.1
(OCH2Ctriazole), 47.8 (CH2Ntriazole), 29.5, 29.3, 28.3 (OCH2CH2CH2NH,
OCH2CH2CH2Ntriazole), 28.1 (NHC(O)OCACHTUNGTRENNUNG(CH3)3), 20.5 (C(O)CH3), 20.4
(C(O)CH3); HRMS calcd for C236H306N32O106 (M, 5283.9538): 2666.543
[M+2Na]2+ ; found: 2666.540. A solution of 30% NaOMe in MeOH
(50 mL) was added to a solution of the dendrimer (60 mg, 12 mmol)
in MeOH (5 mL) and H2O (5 mL) and stirred for 18 h. The reaction
mixture was concentrated and taken up in H2O (5 mL) and TFA
(5 mL) was added. The reaction was stirred for 18 h, concentrated,
and subjected to preparative HPLC purification. After lyophilization
5c was obtained as white foam (40.2 mg, 92%). 1H NMR (300 MHz,
D2O): d=7.88 (br s, 8H; CHtriazole), 6.79 (s, 8H; CHar2’’,6’’), 6.69 (s,
6H; CHar2,6, 2’,6’), 6.51 (s, 2H; CHar4’’), 6.27 (s, 2H; CHar4’), 6.39 (s,
1H; CHar4), 4.87 (s, 16H; OCH2Ctriazole), 4.69 (s, 8H; H1), 4.34 (br s,
16H; OCH2CH2NH), 3.81–3.49 (100H; m), 3.31 (br s, 16H; CH2Ntriazole),
3.08 (t, 2H; CH2NH3), 2.02 (br s, 16H; CH2CH2OMan), 1.95–1.91 (q, 2H;
OCH2CH2CH2NH);

13C NMR (75.5 MHz, D2O): d=168.9 (C(O)NH),
159.9 (Car3’,5’), 159.4 (Car3’’,5’’), 143.4 (Ctriazole4), 136.1 (Car1’’), 125.4
(Ctriazole5), 107.1 (Car), 100.4 (C1), 73.4, 71.3, 70.7, 67.3 (C2, C3, C4,
C5), 70.1 (OCH2), 64.8 (OCH2Ctriazole), 61.5 (C6), 48.3 (CH2Ntriazole), 38.3
(OCH2CH2NH), 30.8 (CH2CH2OMan, OCH2CH2CH2NH). MALDI ToF
HRMS calcd for C167H234N32O72 (M, 3841.8161): 3842.8235 [M+H]+ ;
found: 3842.4735.

Microarray analysis : Microarray experiments were performed by
using PamChipO arrays run on a PamStationO12 instrument (Pam-
Gene B.V. , ’s Hertogenbosch, The Netherlands). Temperature-con-
trolled mannose chips were run in parallel by pumping the sample
up and down through the 3-dimensional porous chip. Data were
captured by real-time imaging of the fluorescence signal by CCD
imaging. Images were analyzed by BioNavigator software (Pam-
Gene B.V., ’s Hertogenbosch, The Netherlands). The fluorescent
ACHTUNGTRENNUNGintensities were expressed as arbitrary units and the relative inten-
sities of individual dendrimers was the average of four spots.

Detection of Dendrimer-ConA binding : A concentration range of
FITC-labeled ConA (25–0.5 mgmL�1) in HEPES/BSA buffer that con-
tained Ca2+ and Mn2+ (10 mm HEPES, 1 mm CaCl2, 1 mm MnCl2,
100 mm NaCl, 0.1% BSA, pH 7.5) was used for binding experiments.
Determination of the observed rate constant kobs was performed
by fitting the data to an exponential association equation, within
GraphPad Prism v. 4/5 the “one-phase exponential association”
model was used. The kinetic parameters kon, koff and the related Kd

were determined by a global fit of multiple binding progress
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curves that were determined by different ConA concentrations,
within GraphPad Prism v. 4/5 the “Association kinetics—two or
more conc. of hot.” model was used, globally sharing the kon, koff
and the Bmax. The Kd that was based on equilibrium end-value was
determined by fitting these values as a function of the ConA con-
centration by using the GraphPad Prism v. 4/5 the “One-site bind-
ing (hyperbola)” model.

Detection of dendrimer-GNA binding : A concentration range of
FITC-labeled GNA (100–5 mgmL�1) in HEPES/BSA buffer (10 mm

HEPES, 100 mm NaCl, 0.1% BSA, pH 7.5) was used for binding
ACHTUNGTRENNUNGexperiments. Determination of the observed rate constant kobs was
performed by fitting the data to an exponential association equa-
tion, within GraphPad Prims v. 4/5 the “Two-phase exponential as-
sociation” model was used.

Negative control : A concentration range of FITC-labeled BS-I (250–
10 mgmL�1) in HEPES/BSA buffer (10 mm HEPES, 100 mm NaCl,
0.1% BSA, pH 7.5) was used for binding experiments.
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