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Abstract

As a part of ongoing activities towards the desijrigands against pathogenic lectins, a
synthesis of originab-C-galactod-C-mannoé-C-fucopyranosyl glycomimetics based on a
calix[4]arene scaffold and their binding evaluatin described. The interactions of the
glycomimetics with seven lectins of various origwere carried out using agglutination
inhibition assays. The 1@&ternate tetraC-fucosylated ligand and its derivative having a
tertBu group at the upper rim of the calix[4]arene &idfwere the most potent towards the
AAL lectin family (RSL, AFL, AAL, AOL) and BC2L-C As AFL and RSL originate from
important humanAspergillus fumigatysand plant Ralstonia solanacearunpathogens, the
inhibition potency of both leading structures wasessed by surface plasmon resonance.
With AFL, both structures exhibited an approximgatidree orders of magnitude increase in
affinity compared to the referencefucose. The role afertBu groups as “aglycon-assisted”
events was illustrated by NMR. Furthermore, botmpounds showed significant increased
ability to inhibit BC2L-C (from human pathogemurkholderia cenocepacdja cell
agglutination and were able to cross-link whBlecenocepaciaells. Although the ligands
failed to significantly inhibit the agglutinatiorctavity of LecA and LecB fronPseudomonas
aeruginosa tetraC-galactosylated calix[4]arene witertBu groups at the upper rim of the
1,3-alternate conformation inhibitedP. aeruginosabiofilm formation efficiently. This
systematic and comprehensive study highlights #loé that hydrolytically stable polyvalent
C-glycomimetics should be regarded as potent anected ligands capable of acting as

antiadhesive agents

Keywords glycomimetics; lectinC-glycosides; polyvalency; calix[4]arene.



1. Introduction
To date, considerable evidence has been accumwdhtedng that the recognition at the cell
level is accomplished by the interaction of carlaraye-binding proteins, e.g. lectins, on the
surface of one type of cell with complementary ssgacorporated into glycoconjugates
present on the surface of another cell. Lectingnfrthe pathogens could be important
virulence factors and therefore they are also #abll@ therapeutic target [1]. Lectins are
multivalent proteins frequently displaying an atydieffect, resulting in significantly
increased affinity towards their ligands. Consedyenthe synthesis of multivalent
glycosylated constructs and their affinity to lasthave been extensively studied over the past
decade [2].
In the synthesis of complex glycomolecules withtoolfed topology and valency, one of the
major considerations is the choice of appropriataffslds. Recently, there has been a
noticeable growth in interest in using calix[n]agestaffolds [3]. It appears clear that the easy
availability in particular of calix[4]arene, the s®bility of controlling their conformational
properties as well as topological presentation loé epitope, and the possibility of
modifications at the lower and/or upper rim makenthattractive candidates for polyvalent
neoglycoconjugate synthesis. Moreover, calix[4]asrare non-toxic and exhibit good
stability. The only limitation is the low solubyitof some glycosylated calix[n]arenes in water
that can be dependent on their conformation [3dje NMR study of tetragalactosyl
calix[4]arene in acone conformation indicated a tendency for the aggiegabf these
amphiphilic substances in water [4]. Another impatt consideration in the synthesis of
polyvalent structures is an appropriate selectiba déinker between the sugar moiety and
calixarene scaffold, as the simultaneous interastaf a multivalent ligand to several binding

sites of a multivalent receptor has been provemaee a strong impact. Even when the



topology and the distance between the binding sitesknown, the design of a matching
multivalent ligand does not always meet expectatifs]. The flexibility of a polyvalent
structure can be also influenced by the synthgifr@ach used for the ligation of the sugar
units. In this respect, a Huisgen cycloadditionctiea, later introduced as Cu(l) catalyzed
azide—alkyne cycloaddition (CUAAC) by Sharpless Meldal [6], seems to occupy a central
position [7].

The affinity of neoglycoconjugates based on a ¢&atene scaffold can be illustrated by
several examples from the literature. Isomeric gakyl calix[4]arenes were designed as
potential antiadhesive drugs of the bacteri@seudomonas aerugino§d|. The 1,3alternate
tetravalent glycocluster was identified as the lasibitor of the LecA (PA-IL) lectin with a
800-fold increase in affinity compared to a monewlgalactoside as assessed by isothermal
titration calorimetry (ITC). Subsequently, an aggreve chelate binding mode was evidenced
using atomic force microscopy [9]. The use of theseglycoconjugates for pharmaceutical
compositions was patented [10]. Calix[4]arene-baggdoclusters with four termingl-D-
galactopyranosyl units were further examined aankty for LecA using surface plasmon
resonance (SPR). The best affinity in terms af Mas found in the range 0.5 - 1.2 uM for
the 1,3alternateconformation depending on a linker [11].

The overwhelming majority of polyvalent ligands desed so far are based on the
connection of sugar units with a linker througl®alycosidic bond [2,3]. Generally, the-
glycosidic bonds are unstable to mild acid andlyoagidase enzymes vivo, thus this fact
can seriously limit their biomedical applicatiol@sglycosides are attractive mimetics due to
their potential stability towards acids and hydtialyenzymes. Although the first C-glycosyl
clustering on a calix[4]arene scaffold was reporte®002 [12] and a 1,2,3-triazole linker
was introduced in 2006 [13], the synthesis and/miobgical assessment of any other

polyvalent C-glycopyranosyl constructs has rarely been publisse far. A series of



multivalent 3-C-galactopyranosyl mimetics was synthesized anckdesiwards LecA [14].
The most potent nonavalent construct exhibited ogdission constants below 500 nM,
corresponding to a 400-fold increase in affinity mpared to the methylp-D-
galactopyranoside using ITC.

Based on the results from the literature [14] and @vn findings [15], we introduce here
original polyvalent calix[4]arene-base@-glycomimetics with different three-dimensional
shapes. The readily prepared alkyne functionalzak[4]arenes, being tuneable platforms,
were coupled with 2ethexopyranosyl)ethylazide witlp-manng D-galactg and L-fuco
configurations via CuUAAC cycloaddition. To explomether these constructs are adequate
candidates for the interaction with lectins, weided to perform a broad initial screening
using an agglutination inhibition test. The collent of lectins consisted of BC2L-C
(Burkholderia cenocepacdja LecA (PA-IL) and LecB (PA-IIL) P. aeruginosp RSL
(Ralstonia solanacearumAFL (Aspergillus fumigatys AOL (Aspergillus oryzag and AAL
(Aleuria aurantig. The most promising constructs were subjectedsudace plasmon
resonance evaluatiom vivo cross-linking tests with whole cells, and theiiligbto inhibit
biofilm formation was assessed. This approach atbws to obtain a deep insight into the
selectivity between lectins and to simultaneoudntify promising structures for follow-up

optimization.

2. Resultsand Discussion

2.1. Synthesis of calix[4]arene polyvalent glycomimetics
The title glycomimetics were synthesized by a higtfficient copper-catalyzed azide-alkyne
cycloaddition (CuAAC) protocol developed previoudl¥5]. Our strategy required the
preparation of alkynyl calix[4]arend, 11, Ill, and IV (Scheme 1) and 2-G-D-

galactopyranosyl)ethylazide A}, 2-(a-D-mannopyranosyl)ethylazide BY, and 2-§-L-



fucopyranosyl)ethylazideQ). The synthesis of calix[4]arenésll, andlV was carried out
using a modified version of reported proceduresusfhthe slow addition of propargyl
bromide (3.5 eq.) to a stirred solution of startiag-butylcalix[4]arenel (1 eq.) and KCOs
(2.4 eq.) in acetone at room temperature, and gubse reflux of the reaction mixture
overnight gave disubstituted compouinth an 80% yield [16]. Tetrapropargyl derivatilie
was obtained by the alkylation bfwith propargyl bromide (3.5 eq.) in acetone unediux,
this time using G£0; (3 eq.) as a base. Under these conditions, thesponding 1,3-
alternate conformerll was obtained in a 60% yield [17]. Analogous cadodg (excess of
propargyl bromide (16 eq.) and £; (20 eq.) in refluxing acetone) were used for the
preparation of derivativeV starting from calix[4]aren2. The mixture of theartial coneand
1,3-alternateconformations was separated using column chromepbg on silica gel to give
compoundV in a 28% yield, and the correspondipaytial coneanalogué/ in a 41% yield
[18]. The synthesis of theoneconformerlll bearing four acetylene units on the upper rim
started with the alkylation of basic calix[4]areh&vith an excess of n-propyl iodide in DMF
in the presence of sodium hydrid&clieme 1) [19]. Due to the template effect of the sodium
cation, theconeproductVI was obtained in an excellent yield (95%) aftercpiation with
methanol. Refluxing/I with hexamethylenetetramine in trifluoroaceticda{Duff reaction)
gave tetraformyl derivativ€ |l in a good yield of 59% after precipitation from tfmenol [20].
This compound could be transformed into derivatWilél using the so-called Corey-Fuchs
procedure. The reaction with 3 equiv. of dibromdmykgne triphenylphosphorane, generated
in situ from Zn, CBy and PP led to compoun® Il in a 71% yield. The reaction could be
scaled up to 2.0 g of starting compound, as nonshtographic separation was necessary for
the isolation of product/Ill, which was simply obtained by recrystallizatiororfr a

DCM/MeOH mixture. The bromoalkenélll was further treated with n-BuLi (8 equiv.) to



give the ethynyl-substituted calix[4]arehld [21] in the cone conformation in a 53% vyield

after precipitation from methandb¢heme 1).
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Scheme 1. Synthesis of propargyl calix[4]arene scaffolds
The conformation of calix[4]arenes was establishgidg the'H NMR spectra of compounds.
Starting compounds 1l and IV immobilised in tlig3-alternateconformation possessed a

typical singlet of methylene bridges at around 350 3.70 ppm. The



correspondingoneconformer Il exhibited typical doublets of the-&H,-Ar moiety at 4.37
ppm @xial) and 3.10 ppmeuatoria) with a geminal interaction constant 13.5 Hz.

The preparation of pyranosyl azidds B and C has already been described. Briefly,
galactosyl azid& [22] and mannosyl azidB [15] were prepared from the respectivE-
allyl glycoside [23] by one-pot ozonolysis and retion [24] followed by azidation with
phosphoryl azide [22] in an overall yield of 45%ucBpyranosyl azid€ was synthesized
from L-fucose by a sequence of acetylati@rallylation, ozonolysis and reduction in a one-
pot arrangement, azidation and deacetylation iovanall yield of 23% [15].

The synthesis of all title glycomimetics followed aptimized procedure using Cul as the
catalyst,N,N-diisopropylethylamine (DIPEA) as the base &hN-dimethylformamide (DMF)

as the solvent. Microwave irradiation was applieddcelerate the reaction ragelfeme 2).
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Scheme 2. Synthesis of glycomimetids-c, Il1a-c, [11a-c andlVc

All final compounds were purified by preparative I{P and characterized by mass
spectrometry, optical rotatiotH and**C NMR spectrometry. The isolated yields varied from
46 to 77%. Interestingly, botftH and **C NMR spectra revealed a doubling of certain
resonances as the result of the diastereotopdity to the presence of chiral sugar moieties at

the linker. The fact that the diastereotopicity haen observed not only on methylene protons



but also on other protons and carbons of the mideg@ug. cavity aromatic protons H3 and
carbons C2 and C3 and bridge carbons) is unique.

Besides the glycomimetics depictestlijeme 2), the synthesis of tetravalent glycomimetics
with tetrapropargyloxy calix[4]arene in the IJalernateandconeconformation derivatized at
the lower rim was tried, but all attempts failednlDinseparable mixtures of partiallg-
glycosylated calix[4]arene were obtained. Suchufailis known from the literature and is
attributed to the high density of alkyne which paies the side reaction, the homocoupling of
scaffolded alkynes [25]. Because the preliminarglaination test indicated thatfucosyl
glycomimeticllc could be a promising ligand, a pool of structungs completed with the

additional ligand Vc.

2.2. Lectins
We chose a pool of economically and/or medicallpantant lectins from bacteria and fungi
that are selective far-fucose oib-mannose ob-galactose.
The Gram-negative bacteriuRseudomonas aeruginogaan opportunistic pathogen causing
lethal airway infections in cystic fibrosis and imnosuppressed patients [2B]. aeruginosa
produces two soluble lectins, LecA (PA-IL) and Le@BA-IIL), specific forb-galactose and
L-fucose, respectively [27]. The crystallographicustures of both lectins revealed a
tetrameric arrangement with a requirement for cafcin the carbohydrate binding site [28].
It has been found that LecB exhibits a clear pesfee for thea-anomer; methylo-L-
fucopyranoside was 770 times more potent a ligéwash thep-anomer [29]. Furthermore,
LecB is considered to hefucose-specific but it can also bimdmannose with high affinity

[28¢] .
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Burkholderia cenocepacias a Gram-negative bacterium and belongs to Bheepacia
complex containing at least 18 species [3B]. cenocepaciacauses lung infections in
immunosuppressed patients, especially those sugférom cystic fibrosis [31]. Both of the
above-mentioned pathogens often infect patientsulsameously [32].Looking at B.
cenocepaciathree soluble lectins were identified and desigagdBC2L-A, -B, and -C. Each
of them contains at least one domain with a streeguence similarity to LecB frorR.
aeruginosa[27b]. Lectin BC2L-C has two distinct domains withique selectivity [33]. The
N-terminal domain is a novel TNé-ike L-fucose binding domain, while ti&terminal part
exhibits selectivity foro-mannose and-glycerob-manneheptose in a calcium-dependent
manner.

Another opportunistic human pathogen associatech veystic fibrosis is Aspergillus
fumigatus which is also responsible for invasive pulmonaspergillosis in immunodeficient
patients [34]. It produces a solublefucose-specific lectin AFL, which crystallizes as
homodimer and contains six non-equivalent binditesger monomer [35].

Aspergillus oryzadas a fungus widely used in the fermentation indusind itsL-fucose-
specific lectin AOL might be involved iA. oryzaeinduced allergic responses [36]. The
crystal structure of AOL was recently solved inanplex with selenar- and B-fucosides
[37]. There are six-fucose-binding sites in the monomer of AOL, andheaf them has a
different carbohydrate binding affinity.

Ralstonia solanacearunms one of the most destructive phytopathogeniddreg causing
great agricultural and economic losses in potatd @#mato production [38]. Its-fucose
binding lectin RSL is believed to be responsibletfe infection, although its function was
not yet elucidated. However, it could be involvadhe adhesion, possibly via binding to the

terminal fucosides of xyloglucans [39]. RSL is an&r with two almost identical sugar-
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binding sites on each monomer [39]. RSL was founthteract with both the- and thep-
anomer of-fucose as well as-arabinose and-galactose in the NMR study [40].

The orange peel fungusleuria aurantiapossesses anfucose-specific lectin AAL that is
widely used as a specific probe foiffucose [41]. AAL has been described as a dimer in
solution [42] and also in its crystal structure J[43he crystal structure of the complex
between AAL and -fucose revealed five-fucose residues bound per monomer [43a], while a
crystal with a different space group contained dahieelL-fucose molecules per monomer

[43b].

2.3. Agglutination tests
The conecalix[4]arene ligand$ displaying only two sugar units at the lower rinerey not
soluble enough in water. Even their solution in 5@%ethyl sulfoxide (DMSO) in water had
a tendency to precipitate. Glycomimetid$ were soluble in 50% DMSO, while the 1,3-
alternatebased glycomimetics$l exhibited a higher water solubility and no aggtega
activity. GlycomimeticlVc was fully soluble in water. The low solubility oflix[4]arene-
based glycoclusters, in particular those in a comeformation, was already cited in the
literature [8,11,44].
Our initial screening was based purely on a singpld robust agglutination inhibition test,
using red blood cells or yeast if the solubilityligands was insufficient and DMSO had to be
added. Microscopy was utilised as the detectiorhoteias described previously [45]. This
method is quick and the consumption of lectins iaheitors is significantly lower compared
to classical hemagglutination in a microtiter plakbe lowest concentration of inhibitor able
to completely inhibit hemagglutination/yeast agglation was determined, and the potency

of the inhibitors was calculated via comparisorhvatstandard monosaccharide.
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The inhibition potency of tetragalactosgicalix[4]arenella towards lectin LecA was 16-
times higher than that ab-galactose (Table 1), only a two times increasanhmbition
potency of tetrafucosyG-calix[4]arenellc towards LecB was observed. However, even the
monovalent compoundC showed twice higher MIC compared tofucose (Table 1)
suggesting additional interactions with the leatitomparison to free fucose. FmMmannose
and LecB, inhibitory effect oB also increased two times. Unfortunately, tgamannosyl
ligand IIb was not completely soluble in the buffer at the@aamtration necessary for the
inhibition of LecB and precipitated. Compourdib andl11c were not directly soluble in the
working buffer. To test the inhibitory potential otir ligands against the LecB lectin, they
were dissolved in DMSO and MIC was determined @aasy agglutination in the buffer and in
a 50% DMSO environment (Table 2). The correspondingtrol values were routinely
determined under identical conditions so that st $ystem was able to answer the question
of whether the sugar moieties in the calix[n]areaes capable of acting as lectin inhibitors.
As the concentration of inhibitors necessary f@ ykeast agglutination was lower than in the
hemagglutination experiment, the affinity of ligaHtb was also evaluated in the buffer. The

results revealed a low inhibition potency of ak tlested compounds for LecB.
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Table 1. Minimal inhibitory concentration (MIC) for inhibon of hemagglutination caused
by LecA and LecB lectinsR. aeruginosg and BC2L-C B. cenocepaciaand potency of

tested ligands (MIC of standard/MIC of ligand)

Lectin Inhibitor MIC  Potency| Lectin Inhibitor MIC  Potency
(mM) (mM)
LecA D-galactosg 6.25 1 LecB D-mannosé 50 1
A 3.125 2 B 25 2
Ila 0.391 16 L-fucosé 0.781 1
BC2L-C  L-fucosé 50 1 C 0.391 2
C 25 2 llc 0.391 2
llc 0.195 256 IVc 0.391 2
IVc 1.563 32
4Standard

Table 2. MIC (minimal inhibitory concentration) values famhibition of yeast agglutination
caused by LecB and potency of tested ligands (MI§tandard/MIC of ligand)

Buffer 50% DMSO

Inhibitor MIC (mM) Potency MIC (mM) Potency

D-mannose 6.25 1 0.391 1
(0.195§

B 3.125 0.391 1

b 1.5625 4 0.391 1
(1.5625¥ (0.25¥

L-fucos@ 0.195 1 0.09766 1

C 0.09766 2 0.09766 1

llc 0.195 1 0.195 0.5

[llc n.d. n.d. 0.391 0.25

®Experiments were performed in the buffer (20 mMs/HICI, 150 mM NaCl, 5 mM Cagl
Pptandard.°MIC was not clearly
distinguishableMIC not detected due to solubility probleni®@bserved agglutination was
weak until concentration dfilb dropped to 0.781 mM. The inhibitory effect at thigher
concentration was therefore significant, but MICswat clearly determined.

pH 7.5) and in the mixture buffer :

DMSO (1 :
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Based on the results, we focused exclusively onaffieity of fucopyranosyl calix[4]arene
constructslIc and1Vc. Four homologous representatives of the fucoseHsp@AL lectin
family (AFL, RSL, AAL and AOL) were subjected to thagglutination tests (Table 3). The
constructl I ¢ exhibited a sizeable affinity to all these fucteding lectins and was the best
ligand for RSL compared to the standard. Moreothes,relative potency dfi c decreased in
the order RSL>AFL~AAL>AOL. The affinity of Vc was very similar to that di c, giving a
relative potency in the order RSL~AAL>AOL>AFL.

Table 3. MIC (minimal inhibitory concentration) values fomhibition of hemagglutination
caused by AFL, RSL, AAL, and AOL lectins and poteriMIC of standard/MIC of ligand)

of tested ligandslc andlVc

Inhibitor MIC (mM) Potency MIC (mM) Potency
Lectin AFL Lectin RSL
L-fucosé 12.5 1 1.5625 1
C 6.25 2 1.5625 1
L-fucosé* 25 1 3.125 1
llc 0.781 32 0.04883 64
L-fucosé”* 12.5 1 0.781 1
IVc 0.781 16 0.0122 64
Lectin AAL Lectin AOL
L-fucosé 25 1 12.5 1
C 6.25 4 6.25 2
Ilc 0.781 32 0.781 16
Ve 0.391 64 0.391 32

aStandard”New batch of lectins was used.
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Finally, the affinity ofllc andIVc towards the lectin BC2L-CB( cenocepaciawas also
established in the hemagglutination test. An MIQueaof 50 mM was determined far
fucose, whilst 0.195 mM was the value found Ifiay, resulting in a 256-fold affinity increase
in inhibitory potency. An MIC value of 1.563 mM wésund forlVc, which corresponds to a

32-fold increase in inhibitory potency.

2.4, Surface plasmon resonance
As AFL and RSL originate from important humak fumigatu$ and plantR. solanacearuin
pathogens, their interactions with calix[4]arentatealent glycomimeticslc and1Vc were
further examined in detail by SPR inhibition asseyng immobilizeda-L-fucopyranoside
(Figure 1, Table 4). The SPR inhibition assay camdnsidered to be a better model for lectin
binding than agglutination tests, due to the faat the binding to a complex glycan surface in
the flow-through arrangement mimics interactionghwiost tissues. The binding potency of
llc andIVc for AFL was approximately three orders of magngudgher than that of-
fucose. With RSL, the increase in the potency wasmiower. This observation could reflect
possible differences in the affinity of native ligls and particular functions of lectins in host-
pathogen interactions. These data correspond hatlaffinities of both lectins, when AFL has
a lower affinity to monosaccharides than RSL, alsth guggest that AFL exhibits a higher
avidity (or multivalency) effect than RSL [39,46[herefore, compounddc andIVc are
suitable candidate inhibitors of AFL, which may &lele to compete with natural complex

ligands on host cells.

Table 4. ICso and potency (16 standard/IG inhibitor) for fucosyl azideC and construcklc
andl Vc for inhibition of binding of AFL and RSL to immdiaed a-L-fucopyranoside

16



Inhibitor Lectin AFL Lectin RSL
ICs0 (LM) Potency 1Go (M) Potency
L-fucosé 3,110 1 12.3 1
C 716 4 16.1 0.8
lc 3.0 1,037 3.6 3.4
IVc 3.4 915 2.5 4.9
aStandard.
A) ——L-Fuc RSL
100% 4
80% -
c
o 60% 4
=
e 40% 4
-E 20% -
0% 1 y ;
1 10 100
Inhibitor concentration (uM)
B) —~—L-Fuc AFL
100% -
§ 80% -
= 60% A
-]
< 40% 4
£

20% A

0%

1 10 100

1000 10000

Inhibitor concentration (LM)

Figure 1. Inhibitory effects of monosaccharides and compsuhclandlVc on RSL (A) and
AFL (B) binding to immobilizedu-L-fucopyranoside assessed by SPR. The monosaccharide
D-galactose, which is not specifically recognizeddntins, was used as a negative control.

17



2.5 STD NMR
To obtain a deeper insight into the interactionbathllc andlVc with lectins AFL and RSL,
an STD NMR experiment was performed. STD experisieavealed the interaction of the
nonpolar fucosyl C5-methyl group of both calix[4ae glycomimeticsl c andlVc with both
types of lectins AFL and RSL, which correspondswaitiblished crystal structures [39,46]. In
addition, thetert-Bu group inllc behaves as an “aglycon-assisted” moiety, and this
interaction with both lectins is even stronger ttiad interaction of the fucopyranosyl methyl
group. This was documented by the binding experiroéhl c with RSL, where the ratio of
integral intensities of the C5-methyl group aedt-Bu groups in the STD experiment was
3:18, while in the'H NMR spectrum it was 3:9F{gure 2). A slightly weaker STD effect
(3:12) was observed fdic interacting with AFL. Furthermore, it was foundatithe methyl
group ofL-fucopyranose of both ¢ andlVc interact similarly with both lectins. On the other

hand, no interaction with the aromatic protonshef talix[4]arene scaffold was detected.
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Figure 2. STD NMR screening of ligandslc and IVc (500 uM) and UM RSL; a)
ReferencéH NMR spectrum oflc; b) STD spectrum ofl ¢ with RSL selectively saturated
at 0 Hz; c) ReferencéH NMR spectrum oflVc; d) STD spectrum ofVc with RSL

selectively saturated at O Hz.

2.6. Cross-linking tests
As the lectin BC2L-C was confirmed to be immunogeamd located on the bacterial surface
[33], inhibitors Ilc and 1Vc, which showed increased inhibitory potency, weuethier
investigated directly via cross-linking of whol cenocepaciaells to determine whether
they could interact with BC2L-C at the cell lev€bompound Ic at a concentration of 10 mM

was able to aggregate 5% (w/B) cenocepaciaells grown in LB medium. Significantly
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better results were obtained with cells cultivaii@dninimal M9 medium. Both compounds
Ilc andlVc were able to cross-linR. cenocepaciaells in a concentration-dependent manner
with I'1c (Figure 3), resulting in an apparently higher aggregatida thanl Vc. Cross-linking
and aggregation was not observed using simple nabeotL-fucose even at a concentration
of 1M. These results are in agreement with the lyghénation inhibitory assay, where

compoundIcis a 256-fold better inhibitor thanfucose, wheread/c is only 32-fold better.

w
*
Control
1 M -fucose
0.625 mM lic
1.25 mM lic i i Fr ’
or, 3 s
“w Y tc . s 1“ :
L4 g G ¥, . S VAL |
1
¥ R R AN ‘ . i RE BN - 3 Y
2.5mMlic W& A 55 et TR ol s -
b e LT SR e Y
e o . 5
s ;’ Py .! 4
i 5 ¥ x LT “ ) ¥ * 5
R pa e o P e
"4 PO RN Yy . ;
g ey T ARt
g T R S
; § ot S Vi
o P PRI R R ¢
5mM lic F AL SRN L IO N I s
R LA SRR 4 Ry
A “"f & 5 < ;‘ &R
: . Mty i
S 3 s R e Ry

Figure 3. Cross-linking of Burkholderia cenocepaciacells with compoundlic. B.
cenocepaciacells alone and in presence 6fucose were used as a control. Cells were
cultivated in minimal M9 medium. Magnification 100aright field, background subtraction

in GIMP, triplicates.

2.7. Biofilm inhibition
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The ability of the ligand$la, Il1c, andlVc to inhibit the biofilm formation of the reference
strain P. aeruginosaATCC 10145 was investigated by Microtiter Dish #ra Formation

Assay [47].
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Figure 4. P. aeruginosaiofilm formation in the presence of compountis andllc (control
1, cells in medium without inhibitor; control 2,lisein medium with 5% DMSO without
inhibitor)

The data showed that both substaritesandllc (Figure 4) were able to inhibit the biofilm
formation ofP. aeruginosan a dose-dependent manner. Over the concentrediaye 0.05—
0.78 mM, the percentage of biofilm inhibition inased from 9% to 88% for the
galactopyranosyl ligantlla. Fucopyranosyl ligandlic also inhibited the biofilm formation,
but to a lesser degree — the inhibition was fromP26 70 % over the same concentration
range. In contrast, fucopyranosyl ligandc was only a weak inhibitor of biofilm formation.
50% inhibition was achieved with a concentration6d4 mM. Therefore, although only a
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weak inhibitory activity of calix[4]arene glycomirties was observed during agglutination
inhibition assay for LecA and LecB, these compouoaisld inhibit biofilm formation. The
higher efficiency of galactosylated inhibitors caangd to fucosylated suggests that LecA is a

more suitable target for inhibition of biofilm foation than LecB.

3. Conclusions
This article addresses one limitation that candaad in the literature published so far: the
selectivity of ligand-lectin interactions. To adslsethis issue, we synthesized ten new
polyvalent glycomimetics built on calix[4]arene Ho&ls using a CuAAC procedure-
Galactosep-mannose and-fucose, being frequently occurring sugar epitopese attached
through potentially stabl€-glycosidic bonds. Their affinity towards a pools#ven different
lectins was assessed by agglutination inhibitietsteand the most promising candidates were
subjected to SPR. The biological evaluation was pietad with tests at the cell level. We
discovered three promising tetravalent glycominsebased on calix[4]arene (1aBernate:
Ila against LecAR. aeruginosg |l c against BC2L-CHB. cenocepacigand bothlc andlVc
against AFL A. fumigatuy as well as RSLK. solanacearuijnlectins. Work is currently in
progress on modulating the structural parameterggahdsllia, IIc and1Vc, which could
lead to even more potent candidates for furthezareh, especially at the cell level aimd

Vivo.

4. Experimental

4.1. General Methods
Optical rotations were measured with a Autopol Rudolph Research Analytical, USA)
digital polarimeter in appropriate solvents, at pemature 25 °C and 589 nm sodium line, in 1

dm cuvette and are given at™16eg.cm2.g. Concentrationsc} are given in g/100 mf*H,
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3¢, CcOSY, HMQC and HMBC spectra were measured omruke® DPX-300, DRX-400,
DRX-500, or Bruker Advance Il 600 (Bruker Corpoost, Germany) spectrometer. All
spectra were acquired at 298 K. Chemical shiftgaren ind-units (ppm) and are referenced
to TMS. Coupling constants (J) are reported in He ESI high resolution mass spectra were
measured with a LTQ Velos Orbitrap XL (Thermo Fistgcientific, UK) instrument
equipped with LockSpray in E&ind ESmodes with methanol as a mobile phase at flow rate
150 pL.min*. Nominal and exacthvz values are reported in Daltons and were locked at
palmitic acid (255.2329) and diisooctyl phthalatass (413.2662) for Eand ES modes,
respectively. For preparative HPLC, a chromatogréydiers 600 equipped with UV/VIS
detector was used. The instrument was connectedcmlumn (250 x 25 mm) packed with
LiChrosorb RP-18 (5 um; Merck, Germany).

4.2. General procedurefor the CUAAC reaction
In the optimized procedure, the free azide deneat(1.1 eq. per alkyne), alkynyl
calix[4]arene (1 eq.), Cul (0.5 eq.) were dissolvad DMF. SubsequentlyN,N-
diisopropylethylamine (DIPEA) (5 eq.) was addeda&mn mixture was heated at 110 °C for
30 min under microwave irradiation. Then the migtwas concentrated and a residue
purified on column chromatography (SI@CHCL : CH;OH = 4:1) followed by a preparative
HPLC (C18, CHOH : HO = 7:3) unless otherwise stated. Numbering of eiudr NMR

assignment of pseudoglycoconjugates is depict&igure 5.
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Figure 5. Numbering of nuclei for NMR shift assignment inynthesised
pseudoglycoconjugates.

421 25,27-Bis-{1N-[2-(a-D-galactopyr anosyl)ethyl]-triazol-4-yl}-methoxy-26,28-
dihydroxy-5,11,17,23-tetr a-tertbutyl-calix[4]ar ene (cone) (1 a)
Starting from 2-azidoe(-D-galactopyranosyl)ethane AY (110 mg, 0.47 mmol)

pseudoglycoconjugate (131 mg, 53 %) was isolated as a glassy produ*]21.7 € 1.9,
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MeOH); *H NMR (CDsOD): 5 8.30 (s, 2H, triazolyl-H), 7.15 (s, 4H;aFB), 7.00 (s, 4H; B
3), 5.17 (s, 4H; O-C}), 4.70-4.60 (m, 4H; H-2"), 4.28 (2 x d, J 13.0 M#; H bridge ax),
4.10 (ddd, J, 5.2 Hz, d1- 10.9 Hz, J1- 4.3 Hz, 2H; H-1), 3.96 (dd, 4H3 J= 4 52.8 Hz, 2H;
H-4), 3.92 (dd, J,5.2 Hz, 33 8.5 Hz, 2H; H-2), 3.88 (ddgd 11.5 Hz, d¢ 7.6 Hz, 2H; H-6),
3.83-3.81 (m, 2H; H-5), 3.73-3.69 (m, 4H; H-3, H-8)36-3.31 (m, 4H; H bridge eq), 2.40-
2.33 (m, 2H; H-1"), 2.31-2.25 (m, 2H; H-1), 1.32 (8H;tertBu-A), 1.07 (s, 18HtertBu-
B):*C NMR (CD:OD), & (ppm): 149.68 (C1-A) 149.44 (C1-B), 147.70 (C4-B}3.10
(Cuiazo) @nd 142.04 (C4-A), 133.19 (C2-B), 128.15 (C2-835.56 (C3-B), 125.23 (Ghzo),
124.82 (C3-A), 73.47 (C-5), 70.98 (C-1), 70.62 (€8.80 (C-2), 68.72 (CHO) 68.66 (C-
4), 60.82 (C-6), 47.19 (C-2°), 33.61, 33.3%(CHs)s), 31.14, 31.12 (Giugd, 30.72, 30.22
(C(CHa)3), 26.51 (C-1"); HRMS/ESI (positive modeaji/z Calcd. for GeHgiNegO14 (M+H"):
1191.6588; Found: 1191.6604; Calcd. fogsiaoNsNaO, (M+Na'): 1213.6407; Found:
1213.6418; Calcd. for ggHaoKNeO14 (M+K™): 1229.6147; Found: 1229.6082.
4.2.2. 25,27-Bis-{1N-[2-(a-D-mannopyranosyl)ethyl]-triazol-4-yl}-methoxy-26,28-
dihydroxy-5,11,17,23-tetr a-tertbutyl-calix[4] ar ene (cone) (I1b)
Starting from  2-azidoe(-D-mannopyranosyl)ethane BY (76 mg, 0.32 mmol)
pseudoglycoconjugatd (57 mg, 56 %) was isolated as a glassy produfs] 13.4 € 1.2,
MeOH); *H NMR (CDsOD): & 8.35 (s, 2H, triazolyl-H), 7.13 (s, 4Hk8), 7.05 (s, 4H, b
3), 5.21 (s, 4H, O-Ch), 4.71 (dd, 4H, J 6.0 Hz, J 7.8 Hz, H-2"), 4.2 425 (2 x d, J 12.9
Hz, 4H, H bridge ax), 3.88-3.86 (m, 2H, H-1), 3@, Js s 11.9 Hz, d¢ 6.8 Hz, 2H, H-6),
3.79 (dd, d611.9 Hz, 3 2.8 Hz, 2H, H-6) 3.77-3.74 (m, 4H, H-2, H-3), 368, 3, 7.3 Hz,
2H, H-4), 3.66-3.60 (m, 2H, H-5), 3.35-3.30 (m, 4t bridge eq), 2.42-2.36 (m, 2H, H-1),
2.28-2.22 (m, 2H, H-1), 1.25 (s, 18HertBu-A), 1.08 (s, 18H,tertBu-B); °C NMR
(CDsOD): & 149.63 (C1-A) 149.41 (C1-B), 147.79 (C4-B), 143(Thiazo), 142.09 (C4-A),

133.25 (C2-B), 128.15 and 128.13 (C2-A), 125.61 488.58 (C3-B), 125.28 (Giso),
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124.79 (C3-A), 75.85 (C-5), 72.53 (C-1), 71.20 (C4D.77 (C-3), 68.67 (CHO), 68.34 (C-
4), 61.18 (C-6), 46.87 (C-27), 33.6&(CHs)s-B), 33.33 C(CH3)s-A), 31.15 and 31.14
(Chridgd, 30.66 (CCHs)s-A), 30.20 (CCH3)3-B), 29.68 (C-17); HRMS/ESI (positive mode):
m/zCalcd. for GeHgoNeNaOr4 (M+Na'): 1213.6407; Found: 1213.6409.
4.2.3. 25,27-Bis-{1N-[2-(a-L-fucopyranosyl)ethyl]-triazol-4-yl}-methoxy-26,28-
dihydroxy-5,11,17,23-tetr a-tertbutyl-calix[4]ar ene (cone) (I ¢)
Starting from  2-azidoe(-L-fucopyranosyl)ethane C) (66 mg, 0.30 mmol)
pseudoglycoconjugate (107 mg, 67 %) was isolated as a glassy produli*T-21.6 € 1.2,
MeOH); *H NMR (CD;OD): § 8.24 (s, 2H, triazolyl-H), 7.13 (d, J 2.3 Hz, 2h-3), 7.11 (d,
J 2.3 Hz, 2H, KW-3), 7.03 (d, 2.2 Hz, 2H, H-3), 7.02 (d, J 2.2 Hz, 2H,d-B), 5.19 (d, Ja s
11.8 Hz, 2H, O-ElaHb), 5.15 (d, Jarp 11.8 Hz, 2H, O-CH4b), 4.52 — 4.65 (m, 4H, H-2"),
4.29 and 4.27 (2 X dusHeq12.9 Hz, 4H, H bridge ax), 3.99-3.92 (m, 2H, H3.95-3.90 (m,
2H, H-2), 3.88-3.83 (m, 2H, H-5) 3.71-3.60 (m, 443, H-4), 3.35-3.30 (2x overlapped by
MeOH, 4H, H bridge eq), 2.38-2.35 (m, 2H, H-1)3122.29 (m, 2H, H-1"), 1.27 (s, 18H,
tertBu-A), 1.16 (d, ds 6.3 Hz, 6H, H-6), 1.06 (s, 18HertBu-B); *C NMR (CD;OD): &
149.70 (C1-A), 149.44 (C1-B), 147.70 (C4-B), 143(@Giaz), 142.01 (C4-A), 133.18 (C2-
B), 128.10 and 128.09 (C2-A), 125.59 and 125.53-B§;3124.99 (Chiazo), 124.83 and
124.81 (C3-A), 72.23 (C-1), 71.14 (C-3), 70.84 (C€B.79 (CH-0O), 68.26 (C-2), 67.81 (C-
5), 47.18 (C-2") 33.61 and 33.38(CHs)s), 31.13 and 31.10 (fugd, 30.71 (CCH3)3-A),
30.20 (CCH3)3-B), 25.96 (C-17), 15.32 (C-6); HRMS/ESI (positimeode): m/z Calcd. for
CsHo1NO12 (M+H™): 1159.6690; Found: 1159.6710 Calcd. fageioNeNaO (M+Na'):
1181.6509; Found: 1181.6525.
4.2.4. 25,26,27,28-T etr akis-{ LIN-[ 2-(a-D-gal actopyr anosy|)ethyl]-triazol-4-y1}-

methoxy-5,11,17,23-tetr a-tertbutyl-calix[4]arene (1,3-alternate) (l1a)
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Starting from 2-azidoe(-D-galactopyranosyl)ethane AY (133 mg, 0.57 mmol)
pseudoglycoconjugatéa (115 mg, 47 %) was isolated as a glassy produgtadlient elution
was used for a column chromatography (SIOHCk : CH;OH 4:1-2:1): [o]p> 64.4 € 0.8,
MeOH); *H NMR (CD;OD): § 7.36 (s, 4H, triazolyl-H), 6.96 (d, J 2.6 Hz, 4t4-3), 6.94 (d,
J 2.6 Hz, 4H, KW-3), 4.67 (s, 8H, O-C}), 4.58-4.50 (m, 8H, H-2"), 3.99-3.97 (m, 8H, HH4,
1), 3.92- 3.87(m, 8H, H-6, H-2) 3.83-3.68 (m, 4H5H 3.72-3.67 (m, 8H, H-3, H-6), 3.61
and 3.51 (2 x s, 8H, H bridge), 2.37-2.28 (m, 4H1'){ 2.18-2.11 (m, 4H, H-1"), 1.08 (s,
36H, tertBu); *C NMR (CD;OD), & (ppm): 153.28 (C-1A), 144.61 (C-4A), 144.364{G),
133.46 and 133.18 (C-2A), 126.41 and 126.31 (C-38%.47 (Chliazo), 73.86 (C-5), 70.71
(C-3), 70.11 (C-1), 69.06 (C-2), 68.27 (C-4), 63(BCH,), 60.38 (C-6), 46.99 (C-27), 37.66
and 37.60 (Gidgd, 33.35 C(CHg)3), 30.73 (CCHa)3), 27.13 (C-17); HRMS/ESI (negative
mode): m/z Calcd. for GgH12N1,004 (M-2HY): 865.4353; Found: 865.4345; Calcd. for
CaggH12N12024(M-H™): 1731.8779; Found: 1731.8774.
4.2.5. 25,26,27,28-T etr akis-{ 1N-[ 2-(a-D-mannopyr anosyl)ethyl]-triazol-4-yl}-
methoxy-5,11,17,23-tetr a-tertbutyl-calix[4]arene (1,3-alternate) (11b)
Starting from 2-azidoe(-D-mannopyranosyl)ethane BY (117 mg, 0.50 mmol)
pseudoglycoconjugatélb (166 mg, 77 %) was isolated as a glassy producgra&ient
elution was used for a column chromatography §SEHCL : CHsOH 4:1-2:1): [a]p® 21.2
(c 1.7, MeOH);*H NMR (CD;0D), & (ppm): 7.39 (s, 4H, triazolyl-H), 6.95 (d2.4 Hz, 4H,
Ha-3), 6.94 (d,J 2.4 Hz, 4H, H-3), 4.66 (d, Janp 12.2 Hz, 4H, O-ElaHb), 4.62 (d, JaHb
12.2 Hz, 4H, O-CHab), 4.60-4.50 (m, 8H, H-27), 3.87-3.82 (m, 8H, HH-6,), 3.78 (dd,
4H, %62 2.8 Hz, daep11.9 Hz, H-§), 3.75-3.72 (m, 8H, H-2, H-3), 3.67 (dd,sJ.3 Hz, J5
7.3 Hz, 4H, H-4), 3.61 (s, 4H, H bridge), 3.62-3(6% 4H, H-5), 3.54 (s, 4H, H bridge), 2.40-
2.30 (m, 4H, H-17), 2.18-2.11 (m, 4H, H-1"), 1.1P4 (s, 36HtertBu); **C NMR (CD;OD):

§ 153.42 (C-1A), 144.55 and 144.45 (C-4Aside), 133.39 and 133.23 (C-2A), 126.37(C-
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3A), 124.39 (Chliazo), 75.75 (C-5), 72.59 (C-1), 71.25 (C-2), 70.843)C68.26 (C-4), 63.72
(OCH,), 61.18 (C-6), 46.62 (C-2"), 37.70 4fagd, 33.35 C(CHs)3), 30.70 (CCH3)3), 29.79
(C-1"); HRMS/ESI (positive mode)n/z Calcd. for GgH124N15NaOs4 (M+2Na'): 889.4318;
Found: 889.9331m/zCalcd. for GgH124N12NaOy4 (M+Na"): 1755.8744; Found: 1755.8731.
4.2.6. 25,26,27,28-T etr akis-{1N-[ 2-(a-L-fucopyranosyl)ethyl]-triazol-4-yl}-
methoxy-5,11,17,23-tetr a-tertbutyl-calix[4]arene (1,3-alternate) (l1c)
Starting from  2-azidoe(-l-fucopyranosyl)ethane Q@) (110 mg; 0.50 mmol)
pseudoglycoconjugatéc (136 mg, 68 %) was isolated as a glassy produgradlient elution
was used for a column chromatography (SIOHCL : CH;OH 4:1—2:1): [0]p*>-50.2 € 1.0,
MeOH); *H NMR (CDs;OD): § 7.26 (s, 4H, triazolyl-H), 6.95 and 6.97-6.91 @#], Ha-3),
4.67 (s, 8H, OCh), 4.52-4.43 (m, 8H, H-2"), 4.02-3.98 (m, 4H, H-3)92 (dd, J- 7.5 Hz,
J38.9 Hz, 4H, H-2), 3.88 (dgsd1.9 Hz, 46 6.5 Hz, 4H, H-5), 3.73 (br dd, 4H, H-4), 3.70
(dd, 338.9 Hz, 4 3.4 Hz, 4H, H-3), 3.60 (s, 4H, H bridge), 3.5448, H bridge), 2.38-2.31
(m, 4H, H-1"), 2.28-2.21 (m, 4H, H-1"), 1.25 (d¢&.5 Hz, 12H, H-6), 1.08 (s, 36kErtBu);
13C NMR (CD;OD): & 153.35 (C-1A), 144.65 and 144.30 (C-4As&%), 133.42 and 133.27
(C-2A), 126.26 and 126.24 (C-3A), 124.19 (Gkb), 71.83 (C-1), 70.93 (C-3, C-4), 68.31
(C-2), 67.93 (C-5), 63.61 (OGH 47.18 (C-27), 37.76 and 37.72fyd, 33.35 C(CHz)s)
30.71 (CCHs)3), 26.26 (C-17), 15.27 (C-6); HRMS/ESI (positive ade). m/z Calcd. for
CgsH124N12Na 020 (M+2Na’): 857.9420; Found: 857.9431; Calcd. fopghdiosNiNaOxy
(M+H™+Na"): 846.9549; Found: 846.9526; Calcd. fagldi24N1,NaOy (M+Na'): 1691.8947;
Found: 1691.8960.
4.2.7. 5,11,17,23-Tetr akis-{1N-[2-(a,D-galactopyranosyl)ethyl]}-triazol-4-yl-
25,26,27,28-tetr apr opoxy-calix[4]arene (cone) (I11a)
Starting from 2-azidoe(-D-galactopyranosyl)ethane AY (114 mg, 0.49 mmol)

pseudoglycoconjugatélla (132 mg, 67 %) was isolated as a glassy producgrailient
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elution for a column chromatography (SJ@HCkL : CH;OH 4:1—-2:1— CH;OH) and mobil
phase CHOH : H,O 1:1 for preparative C18 HPLC separation were ugdg® 44.0 ¢ 1.0,
pyridine/MeOH 2:1);!H NMR (CD;OD): § 7.92 (s, 4H, triazolyl-H), 7.19 (s, 8HkB), 4.60
(d, J 13.1 Hz, 4H, H bridge ax), 4.52-4.45 (8H, H-2.01-3.95 (m, 12H, O48,CH,CHs, H-
1), 3.94-3.83 (m, 12H, H-6, H-4, H-3), 3.81-3.77, @hl, H-5), 3.72-3.68 (M, 8H, H-6, H-2),
3.35-3.30 (overlapped d, 4H, H bridge eq), 2.31B3Z18, 4H, H-1"), 2.22-2.10 (m, 4H, H-1"),
2.06-1.98 (m, 8H, O-C¥CH,CHs), 1.09 (t, J 7.4 Hz, 12H; O-GBH,CHs); *C NMR
(CD30OD): 5 156.82 (C-1A), 147.38 (fazo), 135.31 (C-2A), 125.40 (C-3A); 120.48 (C-4A),
116.03 (Chliazo), 76.74 (OEH,CH,CHs), 73.55 (C-5), 70.57 (C-2, C-3), 68.79 (C-4), 68.5
(C-1), 60.63 (C-6), 46.53 (C-27), 30.73pfgd, 26.28 (C-17), 23.07 (O-Ci&H,CH3), 7.81
(O-CH,CH,CH3); HRMS/ESI (negative mode)m/z Calcd. for GoHiogN12024 (M-2H7):
809.3727; Found: 809.3730; Calcd. faplio/N12024(M-H™): 1619.7527; Found: 1619.7500.
4.2.8. 5,11,17,23-Tetr akis-{1N-[2-(a,D-mannopyr anosyl)ethyl]}-triazol-4-yl -
25,26,27,28-tetr apr opoxy-calix[4]arene (cone) (I11b)
Starting from 2-azidoe(-D-mannopyranosyl)ethane BY (130 mg, 0.55 mmol)
pseudoglycoconjugatd Ib (144 mg, 64 %) was isolated as a glassy producgraient
elution for a column chromatography (SJ@HCkL : CH;OH 4:1—-2:1— CH;OH) and mobil
phase CHOH : H,O 1:1 for preparative C18 HPLC separation were ugdg® 13.1 ¢ 1.0,
pyridine/MeOH 2:1);"H NMR (CD;OD): § 7.95 (s, 4H, triazolyl-H), 7.19 (s, 8HakB), 4.59
(d, J 13.3 Hz, 4H, H bridge ax), 4.49 (t, J 6.2 id, H-2"), 3.98 (t, J 7.4 Hz, 8H, O-
CH,CH,CHs), 3.83 (dd, J5 6.8 Hz, d¢ 11.5 Hz, H-6), 3.80-3.70 (16 H, H-6", H-3, H-2, B;
3.69 (dd, 44 7.3 Hz, 45 7.3 Hz, 4H, H-4), 3.60-3.55 (m, 4H, H-5), 3.353 @verlapped d,
4H, H bridge eq), 2.36-2.26 (m, 4H, H-1"), 2.17@(n,4H, H-1"), 2.05-1.98 (m, 8H, O-
CH,CH,CHs), 1.08 (t, J = 7.4 Hz, 12H, 4 x O-GEH,CHs), *C NMR (CD;OD), § (ppm):

156.84 (C-1A), 147.39 (fazo), 135.31 (C-2A), 125.43 and 125.38 (C-3A), 124(T54A),
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120.66 (Chiazo), 76.74 (OCH,CH,CHs), 75.81 (C-5), 72.54 (C-1), 71.13 (C-2), 70.753)G-
68.30 (C-4), 61.04 (C-6), 46.66 (C-27), 30.73 g, 29.39 (C-17), 23.07 (O-CiEH,CH),
9.45 (O-CHCH.CH3); HRMS/ESI (positive mode)m/z Calcd. for GoHiogN12NapO24
(M+2Na"): 833.3692; Found: 833.3693; Calcd. fogotTiogN12NaGy (M+NA'): 1644.7525;
Found: 1644.7539.
4.2.9. 5,11,17,23-Tetr akis-{1N-[2-(a,L-fucopyranosyl)ethyl]}-triazol-4-yl-
25,26,27,28-tetr apr opoxy-calix[4]arene (cone) (I11¢)
Starting from  2-azidoe(-L-fucopyranosyl)ethane C) (126 mg, 0.58 mmol)
pseudoglycoconjugatdlIc (144 mg, 64 %) was isolated as a glassy producgraient
elution for a column chromatography (Sj@HCk: CH;OH 4:1-2:1) was used:]p” -48.3
(c 1.0, MeOH);*H NMR (CD;OD): & 7.84 (s, 4H, triazolyl-H), 7.16 (s, 8HFB), 4.59 (d, J
13.2 Hz, 4H, Hbridge ax), 4.47-4.43 (m, 8H, H-B)8 (t, J 7.4 Hz, 8H, O48CH,CHs),
3.94-3.87 (m, 8H, H-2, H-1), 3.83 (dq, J 1.9 H5.9 Hz, 4H, H-5), 3.73-3.69 (m, 4H, H-4),
3.68 (dd, J 3.5 Hz, J 8.7 Hz, 4H, H-3), 3.35-3.80eflapped d, 4H, H bridge eq), 2.38-2.33
(m, 4H, H-1"), 2.23-2.17 (m, 4H, H-1"), 2.06-1.96,(8H, O-CHCH,CHs) 1.18 (d, J = 6.4
Hz, 12H, H-6), 1.08 (t, J = 7.5 Hz, 12H, O-@FH;CHs); **C NMR (CD;OD): 5 156.80 (C-
1A), 147.32 (Giazo), 135.31 (C-2A), 125.41 (C-3A) 124.21 (C-4A), 129.(CHiiazo), 76.74
(O-CH,CH,CHjs), 72.27 (C-1), 71.15 (C-4), 70.77 (C-3), 68.162C67.73 (C-5), 47.18 (C-
27), 30.73 (Gridgd, 25.53 (C-1), 23.07 (O-CG#€H,CHs), 15.29 (C-6), 9.46 (O-CHLH,CH3);
HRMS/ESI (positive mode)n/zCalcd. for GoH1gdN1:NaOy, (M+H™+Na'): 790.3884; Found:
790.3876; Calcd. for §gH10aN12NaO20 (M+2Na'): 801.3794; Found: 801.3792; Calcd. for
CsoH10aN12NaOy (M+Na'): 1580.7729; Found: 1580.7743.
4.2.10. 25,26,27,28-T etr akis-{ IN-[ 2-(a-L-fucopyr anosyl)ethyl]-triazol-4-yl}-

methoxy-calix[4]arene (1,3-alternate) (1Vc)
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Starting form  2-azidoe(-L-fucopyranosyl)ethane C) (150 mg, 0.69 mmol)
pseudoglycoconjugatevVc (115 mg, 46 %) was isolated as a glassy producgralient
elution for a column chromatography (SJI@HCkL : CH;OH 4:1-2:1— CH;OH) and mobil
phase CHOH : H,0 1:1 for preparative C18 HPLC separation were uggdg® -52.5 € 0.8,
MeOH); *H NMR (CD;OD): § 6.88 (d, J 7.6 Hz, 4H, H3), 6.86 (d, J 7.6 Hz, 4H,4B), 6.75
(s, 4H, triazolyl-H), 6.47 (dd,3d 7.6 Hz, 4 7.6 Hz, 4H, H-4), 4.86 (overlapped d, 4H,
Jharb 12.5 Hz, O-GlaHb), 4.82 (d, Janp 12.5 Hz, 4H, O-CHab), 4.51-4.40 (m, 8H, H-2"),
4.00-3.91 (m, 8H, H-1, H-2), 3.89-3.85 (dgs1.9 Hz, 46 6.6 Hz, 4H, H-5), 3.77-3.70 (m, 8
H, H-4, H-3), 3.58 (s, 4H, H bridge), 3.56 (s, 4Hbridge), 2.35-2.16 (m, 8H, H-1"), 1.26 (d,
Js 6 6.5 Hz, 12H, H-6)*C NMR (CD;OD) & (ppm): 154.82 (C-1A), 144.107 {fao), 134.33
(C-2A), 129.06 and 129.00 (C-3A) 124.41 (Gkb), 122.79 (C-4A), 71.45 (C-1), 70.98 and
70.90 (C-4, C-3), 68.37 (C-2), 67.97 (C-5), 47.C1X), 37.06 and 37.04 (feigd), 26.67 (C-
17), 15.20 (C-6); HRMS/ESI (positive modeh/z Calcd. for GyHgsN1,020 (M+2H"):
723.3348; Found: 723.3350; Calcd. fopldssNi NaQ,y (M+H™+Na"): 734.3255; Found:
734.3258; Calcd. for £5HgsKN 1,00 (M+H™+K™): 742.3128; Found: 742.3084; Calcd. for
C7oHosN12020 (M+HT): 1445.6624; Found: 1445.6638n/z Calcd. for GyHgoN12NaOy
(M+Na"): 1467.6443; Found: 1467.6454; Calcd. fopHGKN1:0s (M+K'):1483.6182;
Found: 1483.6191.

4.3. Procedurefor STD NMR
STD spectra were acquired on a Bruker Avance 10 MHz spectrometer at 298 K using
0.57 mL samples of pM AFL or RSL lectin in the presence of a 100-foktess (50Q:M)
of small molecule ligandlic or IVc in PBS buffer, with 2.5 s irradiation alternatibgtween
0.0 ppm (on-resonance) and 20 ppm (off-resonargiey b0 ms Gaussian pulses.

4.4. L ectins production and purification
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The LecB, BC2L-C, RSL, AFL and LecA lectins in redoinant forms were produced and
purified as previously described [29c¢,33,39,46,83iefly, transformedEscherichia colicells
bearing plasmid for the particular lectin were argd in LB broth medium containing an
appropriate antibiotic at 37 °C. When the cultueached an Of, of = 0.5, cells were
induced by isopropyl 1-thi@-D-galactopyranoside (IPTG) added to a final conediain of
0.5 mM. Cells were incubated at 30 °C for 3 hounatvested by centrifugation and re-
suspended in the suitable buffer. Cells were thsintegrated by sonication and the cytosolic
fraction containing soluble lectin was separatedéytrifugation. Lectins were then purified
by affinity chromatography, dialyzed and furtherogessed according to the previously
published procedures. Freeze-dried lectins wereedtat -20 °C. Lectins AAL (Vector
Laboratories) and AOL (TCI) were purchased in feedded form.

4.5, Y east agglutination inhibition assay
Freeze-dried lectin LecB was dissolved in the buf2® mM Tris/HCI, 150 mM NacCl, 5 mM
CaClb, pH 7.5). Carbohydrate inhibitors serially dilutedthe buffer were mixed with the
lectin (2.5 mg.m[*) in a5 uL : 5 pL ratio. 10 uL of 5% commerciadiyailable baker's yeast
(UNIFERM) was then added; the mixture was thoroyghixed and incubated for 10 min at
room temperature. After incubation, the mixture \&gain mixed, transferred to a microscope
slide and examined. The examination was conducsatgiuthe Levenhuk D2L NG Digital
Microscope (Levenhuk). Images were obtained withLevenhuk D2L digital camera
(Levenhuk) using the software ToupView for Windofuevenhuk). The positive (experiment
without inhibitor) and negative control (experimewithout lectin) were prepared and
processed in the same way using the appropriatenebf dissolving buffer instead of the
omitted components. The lowest concentration oibitdr able to inhibit agglutination was
determined, compared with the standardfucose) and potency of the inhibitor was

calculated. Freeze-dried lectin LecB dissolvedha buffer was then mixed in 1:1 ratio with
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100% DMSO. Yeast cells and inhibitors were alssaliged in the buffer/DMSO mixture and
whole experiment was repeated in this 50% DMSO renment, including positive and
negative controls.

4.6. Hemagglutination inhibition assay
Hemagglutination inhibition assays was performethwectins using human erythrocytes
treated with 0.1% papain according to a method rdest previously [46]. Red blood cells
(RBC) were diluted to 50% with PBS, stabilized witl91% sodium azide and stored at 4 °C.
The desired concentration of RBC suspension waairgat by further dilution with the
appropriate buffer. Freeze-dried lectins AFL, A@AL and RSL were dissolved in the PBS
buffer to the concentration 0.1 mg.fhLLectins were mixed with carbohydrate inhibitors
serially diluted in PBS buffer in a 5 pL : 5 pLimtThe final (working) concentration of the
lectins was therefore 0.05 mg.fhL10 pL of 20% papain-treated, azid-stabilized bégbd
cells 0 in PBS buffer was then added, the mixture wasatinginly mixed and incubated for 5
min at room temperature. After incubation, the mmigtwas again mixed, transferred to a
microscope slide and examined. The examination eeaslucted using the Levenhuk D2L
NG Digital Microscope (Levenhuk). Images were omal with a Levenhuk D2L digital
camera (Levenhuk) using the software ToupView fondgws (Levenhuk). The positive
(experiment without inhibitor) and negative contf@kperiment without lectin) were prepared
and processed in the same way using the appromaiiene of dissolving buffer instead of
the omitted components. The lowest concentration iofiibitor able to inhibit
hemagglutination was determined, compared withsthadard I(-fucose) and potency of the
inhibitor was calculated.
Lectins BC2L-C and LecA were dissolved in the PB¥dy to the concentrations 0.2 mg.mL
Land 0.5 mg.mttand processed in the same way resulting in the ingroncentrations 0.1

mg.mL* and 0.25 mg.mt respectively. As LecA is a galactose-specific lead-galactose
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was used as standard for the calculation of padenaf inhibitors. Considering lectin LecB,
this protein was dissolved in the buffer with cafaiions suitable for the activity of the lectin
(20 mM Tris/HCI, 150 mM NaCl, 5 mM CaglpH 7.5) to the concentration 2.5 mg.fL
Lectin was mixed with carbohydrate inhibitors skyidiluted in the Tris buffer in a 5 pL :5
uL ratio. The final (working) concentration of thetins was therefore 1.25 mg.fL10 pL
of 20% papain-treated, azide-stabilized red blogitb @ in the Tris buffer was then added,
the mixture was thoroughly mixed and incubated Sominutes at room temperature. The
examination was conducted and evaluated as medteinave.

4.7. Surface plasmon resonance
Surface plasmon resonance (SPR) experiments wemgmped on a BlAcore 3000 instrument
(GE Healthcare) at 25 °C, using 10 mM HEPES, 150 Ne\CI, 0.005% TWEEN 20, pH 7.4
as a running buffer. The flow rate waglsmin™. L-Fucose was immobilized onto a HC200M
sensor chip (XanTec) covered with a linear polyoaytate hydrogel matrix. The channels 1
and 2 were first coated with streptavidin usingtandard amine coupling method. The
polycarboxylate  surface was activated with  arN-hydroxysuccinimided-(3-
dimethylaminopropylN'-ethylcarbodiimide  hydrochloride solution (NHS/EDCGE
Healthcare, 100uL) and streptavidin diluted in 10 mM sodium acetapd 5.0 to a
concentration of 50 pg.mMLwas injected onto the chip (1QQ). Unreacted groups were
blocked with 1 M ethanolamine-HCI, pH 8.5 (pD). Biotinylateda-L-fucose (Lectinity) was
then used for the immobilization on channel 2. Toenpound was diluted in the running
buffer to the concentration of 0.25 mM, and 50 fLtlos mixture was injected onto the
channel 2. Channel 1 coated only with streptavegs used as a blank in subsequent
inhibition experiments. The amount of immobilizeéteptavidin was similar on both channels

(<9000 RU).
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Lectins RSL and AFL were dissolved in the PBS buffeéth 0.005% TWEEN to the
concentrations 0.1 mg.riiLand 0.2 mg.mt, respectively. Lectins were mixed with 10x
concentrated inhibitors in a 9:1 ratio. 30 puL aktmixture was injected onto the sensor chip
with immobilizeda-L-fucoside at a flow rate of pL.min™*. PBS with 0.005% TWEEN was
used as running buffer. The sensor chip was wasitbd200 mML-fucose or 10 mM methyl
a-L-fucopyranoside after each injection. The respamséhe blank channel was subtracted
before evaluation. The kg (concentration of inhibitor resulting for a 50%hibition of the
binding) was determined. The potency of a certambitor is the ratio of I of a chosen
standard inhibitor (in this caseL-fucose) and the inhibitor in question. The monokadde
D-galactose was chosen as a negative control.

4.8. Cross-linking of Burkholderia cenocepacia cells
Burkholderia cenocepaci&CM 4899 (LMG 16656, J. Govan J2315, Czech Cablacof
Microorganisms) was cultivated overnight in LuriarBani medium at 37 °C with shaking.
Cells were centrifuged, washed three times withbiléer (20 mM Tris/HCI, 150 mM NacCl,
5 mM CaC}, pH 7.5) and resuspended in the buffer. 10 pLG86 Xw/w) cells was mixed
with 10 pL of compoundlic, incubated for 2 minutes at 25 °C and thoroughiyewch again.
10 pL of the mixture was transferred on the micopscslide and examined by motorized
inverted microscope 1X81 (Olympufurkholderia cenocepacieells mixed with the buffer
were used as a negative control. AlternativBlycenocepaciaells were cultivated at 37 °C
with shaking for four days in M9 minimal medium tvitmicronutrients (see Table 5). Cells
were concentrated in semipermeable dialysis tul{fagakeSkin, cut-off 3.5K MWCO,
ThermoFisher) via solution removal by hygroscopitdsPEG 10000 to the Qjgy 0.7. Cells
were mixed in 9:1 ratio with 10x concentrated coompbl I ¢, incubated for 5 min at 25 °C
and thoroughly mixed again. 10 ul of the mixturesw@ansferred on the microscope slide and

examined by the microscop®. cenocepaciaells withoutllc were used as a negative
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control. Influence of carbohydrates on the cells wested via addition of simplefucose to
the cells to the concentration 1M. Images wereinbthby microscope digital camera DP72
(Olympus) using bright field and phase contraseolstion methods. The images obtained by
bright field method were edited in GIMP. The sta@tution of compoundic was prepared
by dissolving in DMSO. Therefore, DMSO was addedh® negative controls to the same

residual concentrations as resulted from the difuaf compoundlc.

Table 5. The composition of M9 minimal medium with micronaetrts

Nutrient Final concentration Micronutrient Finalno@ntration
NapHPO,.2H,0 42 x 10 M (NH4)sM070,4- 4H,0 3x10° M
KH,PO, 7.3x10°M H3BO3 4x10" M
NaCl 8,5x 10 M CoCh.6H,0 3x10° M
NH,CI 1.8 x 10° M CuSQ.5H,0 1x10° M
D-glucose 0,2% (w/v) MnGl4H,0 8x10° M
MgSOy 10°M ZnSQ,. 7H,0 1x10° M
CaCb 10* M FeSQ.7H,0 1x10° M
4.9. Microtiter dish biofilm formation assay

The biofilm formation ofPseudomonas aeruginogal CC 10145 (American Type Culture
Collection, USA) was observed by microtiter disbfthn assay [47]Biofilm inhibition was
determined as percentage in comparison to cordetls(in LB medium without compounds).
The microbial strain was pre-cultured for 24 h ¢thiave exponential phase of growth in LB
medium (Tryptone 10 g, yeast extract 5 g, NaCl 10 g.r*; 100 mL of medium in
Erlenmeyer flask, 100 rpm, 37 °C). The culture westrifuged and diluted in LB medium to
ODegoonm= 0.6. The inoculum (210L) was pipetted into 96-well microtiter plates ajowith
the predetermined concentration of the compoundu(§0The compounds were diluted in 20
% DMSO in LB medium. The final concentration of DRS5%) in the experiments was

verified not to influence the cell growth and bigfiformation. The plates were covered with
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a plastic lid and incubated at 37 °C for 24 h. Aftes incubation, the plates were washed with
saline three times to remove planktonic cells. @idysiolet solution (0.1%, 20@QL) was
added into each well for the biofilm biomass deteation. The plate was incubated for 20
minutes at room temperature. Afterwards, each wal washed three times with saline to
remove unbound crystal violet. Crystal violet boundhe biofilm biomass was released by
adding 200uL of 96% ethanol and incubating for 10 minutes @nn temperature. The
guantification of biofilm formation was accomplishéy transferring the contents of each
well into new microtiter plate. The absorbance atlesample was measured at 580 nm and a
percentage of biofilm inhibition was calculated cEdiofilm inhibition assay was performed

in 5 replicates.

Funding: This work was supported by the Czech Seidfoundation (15-17572S) and by the
Ministry of Education, Youth and Sports (CIISB rasgh infrastructure LM2015043).
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Original C-a-(p-manno/p-galacto/L-fuco)pyranosyl calix[4]arene-based constructs were
synthesized.

The affinity towards 7 lectins was evaluated using in vitro and in vivo assays.

Synthesised fucopyranosyl calix[4]arenes are able to cross-link B. cenocepacia cells in a
concentration-dependent manner.



