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Abstract
We report the synthesis of three bioactive pyrene-based fluorescent analogues of Ohmline
which is the most efficient and selective inhibitor of SK3 ion channel. The interaction of these
Ohmline-pyrene (OP1-3) with liposomes of different composition reveals that only OP2 and
OP3 are readily integrated into liposomes. Fluorescence measurements indicate that,
depending on their concentration, OP2 and OP3 exist either as monomer or as a mixture of
monomer and excimers within the liposome bilayer. Among the three Ohmline Pyrene
compounds (OP1-3) only OP2 is able to reduce SK3 currents and is the first efficient
fluorescent modulator of SK3 channel as revealed by patch clamp measurements (- 71.3 ±
13.3 % at 10 µM) and by its inhibition of SK3-dependent cancer cell migration at (-32.5 % ±
4.8 % at 1 µM). We also report the first fluorescence study on living breast cancer cells
(MDA-MB-231) showing that OP2 is rapidly integrated in bio-membranes followed by cell
internalization.
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1. Introduction
The involvement of ion channels in cancer development [1-3], cancer cell migration [4-5] or
cancer chemotherapeutic resistance [6-7] emerged over the last 20 years leading to the
identification of novel targets and possibly new cancer treatments. Moreover, the modification
of the expression of some ion channels is correlated to the aggressiveness of cancers and are
thus studied as potential cancer biomarkers [8-9]. To the best of our knowledge, none of the
ion channel modulators (mostly small molecules) currently on the market (e.g. type II
diabetes, hypertension, pain, anxiety) [10] are used for cancer therapy except for the treatment
of the side effects of chemotherapy (treatment of nausea via an antagonist effect on 5HT3
receptors). In our laboratories, we have previously reported for the first time that amphiphilic
compounds belonging to the class of glyco-glycero ether lipids were able to modulate SK3
channels. SK3 channels (KCa2.3 ; small conductance K+ channel activated by cytosolic
calcium) [11] are overexpressed in some cancer cells (e.g. breast MDA-MB-435s cells) and
are associated to cancer-cell migration [12-13]. Ohmline (Figure 1) is one of the most
efficient compounds [14] that selectively inhibits SK3 (73% of reduction of SK3 current
according to patch clamp measurements at 10 µM) and that reduces SK3-dependent cancercell migration (50% according to a chronic test at 0.3 µM for 24h). These results were
confirmed in vivo with a human cancer cell xenograft model in NMRI/nude mice that
developed bone metastasis after 3 to 9 weeks. The treatment of these mice with Ohmline
abolished the formation of bone metastasis without any visible side effects [15].
Subsequently, other analogues of Ohmline featuring different polar head groups (phosphosaccharide [16], digalactoside [17], other disaccharides [18] or more recently tetrahydropyrine
[19]) were synthesized and were also able to inhibit SK3 ion channels but with a lesser
efficiency or a lower selectivity. Opposite to tetraethylammonium (TEA) [20] or apamin [21]
that inhibit SK3 respectively by a cork effect at the pore channel and via an allosteric
mechanism, Ohmline proceeds differently because it is not able to displace apamin from
SKCa channels [11]. The mechanism of action of Ohmline starts by its integration in
membrane as confirmed by 2H NMR studies in membrane models using deuterated Ohmline
[22]. After integration in membrane, Ohmline reduced the order parameters of rigid
membrane (e.g. rich in cholesterol- 30%; determined by 2H NMR of membranes that include
perdeuterated lipids as probe) whereas it has almost no effect on fluid membrane [22].
According to molecular dynamic studies, the integration of Ohmline in cholesterol-containing
membranes induced a modification of the equilibrium position of cholesterol embedded in the
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membrane [22]. Altogether, our previous studies suggest that Ohmline is able to modify the
bio-physical properties of cholesterol-rich membrane and consequently the function of SK3
ion channels embedded in nanodomains enriched with cholesterol also named lipid rafts. We
have also shown that Ohmline was able to dissociate Orai1-SK3 channel complexes that are
localized in cholesterol-rich domains of plasma membranes of some cancer cells [15] and to
modulate the action anti-EGFR monoclonal antibodies [23]. Altogether, different hypotheses
exist to explain the effect of Ohmline. 1-Ohmline, after its integration in plasma membrane,
could interact directly with SK3 channels and modulate SK3 currents via allosteric
mechanism of action. However, we reported that the chirality at the sn-2 position of the
glycerol has no effect on the efficacy of Ohmline [11]. This observation reduces the
pertinence of this hypothesis since direct protein-antagonist interactions are frequently very
sensitive to the absolute configuration of the antagonist. 2- Ohmline by modifying the fluidity
of rigid membranes could destabilize SK3 channels (functional SK3 channels are constituted
by the assembly - homo or hetero-tetramers- of four SK3 protein and are sensitive to
cholesterol) [23]. 3- We cannot exclude either that the integration of Ohmline in the
membrane could trigger endocytosis processes by acting on membrane curvature [24] or by
other unidentified mechanism that could reduce the expression of SK3 channels at the plasma
membrane. To investigate further the distribution of Ohmline at a cellular scale that could
contribute to better understand its mechanism of action, the preparation of a fluorescent
analogue of Ohmline was required. In this article, we report the synthesis and the fluorescence
properties of three analogues of Ohmline featuring a pyrene moiety attached at the extremity
of a short lipid chain (OP1-3, figure 1). Then, we report their action on SK3 ion channels and
finally the kinetic of distribution of OP2 at a cellular scale.

Fig. 1: Molecular structure of Ohmline and the fluorescent analogues OP1-3
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2. Results and discussion
2.1 Synthesis
The introduction of a fluorescent probe on a bioactive compound presents the risk of
reducing or abolishing its activity. For this reason, the structure of the fluorescent probe and
its location on the molecular structure is of primary importance. In previous studies, we have
shown the importance of the structure of the polar head group of the amphiphilic derivatives
on their ability to modulate SK3 channels. This polar head group can be either a mono/disaccharide unit or a phosphocholine moiety but in the latter case (e.g. Edelfosine) [25] higher
toxicity was revealed. For the saccharide moiety, we have shown with Ohmline that the
stereochemistry of the glycosylated link between the lactose and the glycerol unit was
essential (only the stereoisomer β is active [18]). These results suggest that structural
modifications on the polar head group could impair its capacity to modulate SK3 channels.
Regarding the sn-2 position of the glycerol unit, we have first reported that the configuration
of the carbon atom bearing the methoxy group had no effect on the capacity of Ohmline to
modulate SK3 [11]. The presence of an unsubstituted alcohol in sn-2 position of a compound
possessing a phosphocholine polar head group in sn-3 position produced a compound exempt
of any activity on SK3. Accordingly, we would like to keep unchanged the methoxy group
present on the sn-2 position of glycerol. Regarding the structure of the hydrophobic moiety, a
straight and saturated lipid tail with a minimum of 16 carbon atoms is suitable. We suppose
that this lipid chain acts as an anchor of the molecule in membranes. Altogether, we
hypothesized that the best location for the fluorescent probe could be on the lipid chain.
Previously, the functionalization of the lipid chain of Edelfosine was achieved by a polyene
[26], polyene-yne or BODIPY [27] fluorescent moiety but the stability of some of these
chromophores limited their use. Accordingly, we have selected pyrene, which was largely
employed to label lipids to study membranes and cell biology [28]. Pyrene is a hydrophobic
fluorescent probe that readily forms excimers featuring an intense fluorescence (emission at
470 nm) [29]. To determine the best position of the pyrene moiety in the structure of the lipid
chain, we considered that its introduction as a ramification of a straight lipid chain could
induced important modification of the supramolecular interactions as previously observed
with branched amphiphiles [30]. On the other hand, the proximity of the pyrene group to the
glycerol would require a di-substituted pyrene (one to connect pyrene to glyceryl and a
second to place a lipid chain) which is a more difficult option from a synthesis point of view
4

[31]. Hence, we have selected to place the pyrene moiety at the extremity of the lipid chain.
First, we used pyrene methanol as commercial precursor because it was previously used to
prepare pyrene conjugates [32-33]. Accordingly (Figure S1-1), solketal was alkylated with
11-Bromoundecanol to produce the lipid alcohol 1 which was converted in bromo derivative 2
by using Appel’s reaction. Pyrene methanol was then used as nucleophile to produce the
pyrene-lipid intermediate 3. However, the deprotection of the acetal function of 3 with either
HCl/methanol or acetic acid (80%) produced a mixture of compound likely due to the reactive
ether position close to the pyrene moiety. The cleavage of part of this ether position is likely
due to its benzylic position that after protonation promotes its cleavage. In consequence, we
modified the synthesis scheme to avoid the incorporation of heteroatom in the hydrophobic
moiety. As shown in Figure 2, we first prepared the pyrene derivatives 4a-c that feature a
straight alkyl chain separating the pyrene moiety to the bromine atom.
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Fig. 2: Synthesis of the fluorescent Ohmline-Pyrene OP1-3

The constitution of this alkyl chain, that can influence the modulation effect on SK3,
contains either 4, 11 or 16 methylene units. 4a was prepared from pyrene-butanol as
previously reported [34] and 4b-c were prepared by adapting reported procedures [35] using
pyrene as substrate (Figure S2-1). Then, solketal (racemic) was deprotonated by NaH in
toluene and reacted with 4a-c in presence of NaI to produce 5a-c. The deprotection of the
acetal 5b in presence of 12M HCl (procedure used for the preparation of Ohmline) failed in
the present case. Accordingly, we used acetic acid to produce 6a-c in excellent yield. Then,
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the protection of the primary alcohol was attempted with trityl protecting group but we faced
low and unreproducible yields. Accordingly, we used t-butyldimethylchlorosilane and
imidazole in dichloromethane [36] to protect the more reactive alcohol to produce 7a-c in
nearly quantitative yield without any trace of migration of silyl group at the sn-2 position as it
was previously reported in different reaction conditions [37]. Of note, a second protocol was
developed for the preparation of 7a by reaction of pyrenebutanol (Figure S3-1) with silylated
glycidol but the yield was low (21%). Then, we applied a methylation with silver oxide and
iodomethane [38] that produced 8a-c in nearly quantitative yields. The methylation protocol
used for the synthesis of Ohmline (NaH, THF and then methyliodide) was not efficient. The
deprotection of the primary alcohol in presence of n-tetrabutylammonium fluoride (TBAF)
produced 9a-c in 51 to 93% yield. The glycosylation of 9a-c was achieved with the same
condition than for Ohmline (trichloroacetimidate derivative of per-acetylated lactose in
presence of BF3) produced 10a-c in 42 to 58 % yield. Finally, the deprotection of the
hydroxyl groups present on the lactose unit was achieved with a catalytic amount of
potassium carbonate in methanol. After neutralization with Amberlite IR120H acid resin
Ohmline-Pyrene 1-3 (OP1-3) were isolated in 71 to 93% yield. As previously reported for
the glycosylation reactions involving per-acetylated lactose, only the β-stereoisomer was
formed likely due to the assistance of the adjacent acetyl group [39]. This stereochemistry was
determined on OP1-3 by
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C-1H NMR or “gated decoupling” experiment. The value of 160

Hz for the 1JC1-H1 coupling constant indicates an axial proton i.e the β-stereoisomer.
Moreover, the chemical shifts (13C NMR) of the anomeric carbons are between 103.8 and
102.9 ppm for OP-1, OP-2 and OP-3, which are characteristics of β-linkage whereas
chemical shift between 99 and 101 ppm is an indication of an α-linkage [40]. All the NMR
spectra of compounds 5b-10b and final compounds are presented in figures S4.

2.2 Fluorescence and interaction with liposomes
Then, we have recorded the fluorescence (Figure 3; gain of the detector either 600 or 800) of
compounds OP1-3 (excitation at 331 nm) in water at different concentration (0.1, 0.2 and 0.4
µM). It is observed that the fluorescence of the monomers is characterized by emission
ranging from 360-440 nm whereas the excimer emission is characterized by a broad band
from 425 to 600 nm [41-43]. It is clearly observed that OP1, which features the shortest alkyl
spacer (4 methylene units), only exists as monomer at these concentrations. The fluorescence
of OP2 features only the signature of the monomer at 0.1 µM but at higher concentration,
7

both monomer and excimer are detected. The presence of the excimer is attributed to its
higher hydrophobicity (the spacer contains 11 methylene units) that promotes its selfassembly in water. For OP3, which possesses the longest spacer (16 methylene units), the
excimer is predominant even at the lowest concentration suggesting that at 0.1 µM this
compound forms aggregates [35].

Fig. 3. Fluorescence spectra of compounds OP1-3 after excitation at 331 nm and at different
concentrations in water: 0.1 µM (solid line), 0.2 µM (dashed line) 0.4 µM (dotted line) mol.L1 A) OP1 (gain of the detector 600); B) OP2 (gain of the detector 800); C) OP3 (gain of the
detector 800).

Then, we investigated the fluorescent properties of compounds OP1-3 placed in a lipid
environment. For that study, we used liposomes of different compositions as a model of
plasma membrane and we used two strategies to incorporate OP1-3 in the liposomes. A first
protocol (pre-insertion) involved to mix one of the OP compound with the other lipids (e.g.
DOPC, DOPC/Cholesterol -70/30 mol % or Egg-PC) before the formation of the liposomes.
8

The second protocol involved to add one of the OP compounds on the liposomes already
formed (post-insertion). According to the first protocol, one of the compound OP1-3 was
mixed with either DOPC, DOPC/Cholesterol (70/30 mol %), Egg-PC or Egg-PC/Cholesterol
(70/30 mol %) to form a lipid film that produced liposomal solutions after hydration and
sonication. In these formulations, the final concentration of OP compounds was 0.2 µM and
the concentration of lipid either 8 µM, 24 µM and 40 µM. Accordingly, the lipid/OP molar
ratios are 40, 120 and 200. For the second protocol (post-insertion) one of the OP compound,
dissolved in a few µL of methanol, is added on liposomal solution (3 mL) at the same
composition and concentration than those used for the pre-insertion protocol. The preinsertion protocol aims to mimic the homogeneous distribution of OP compounds in the
liposomes whereas the post-insertion protocol allows taking into account the migration
process of OP1-3 compounds from the solution to the liposomes.

9

Fig. 4: fluorescence spectra (excitation at 331 nm) of OP1-3 (0.2 µM) integrated in egg-PCbased liposomes at two concentrations 8 µM and 40 µM producing final ratios egg-PC/OP =
40 (solid line) and 200 (dashed line); gain of the detector: 750. Two protocols were used: preinsertion (left column) and post-insertion (right column) A) OP1 , B) OP2, C) OP3.
For the pre-insertion procedure (figure 4, left column, gain of the detector 750) with
compounds OP2 and OP3 the fluorescence intensity of the monomer increases when the
lipid/OP ratios increase from 40 to 200 whereas the fluorescence of the excimer decreases.
This shows that both compounds, whose fluorescence in water are very low (figure 3), are
inserted in the liposomes and that they only exist as monomer for highest dilution (high
lipid/OP ratio of 200). When the lipid/OP ratio decreases the fluorescence of both monomers
and excimers are observed in the liposomes suggesting some proximity of the pyrene-based
compounds.
For OP1 the result is completely different. Only the fluorescence of the monomer is observed
irrespective of the two lipid/OP1 ratios and the intensity of fluorescence is almost identical in
both cases. These results suggest that either OP1 is integrated in the liposomes but it is fully
disperse thus rendering the proximity of the pyrene probe unlikely and the excimer absent or,
more likely, OP1 is, at this concentration (0.2 µM), fully soluble in water. Therefore, OP1
escapes from the liposomes to be present in water.
For the post-inserted procedure (Figure 4, right column), the fluorescence intensity of the
monomer is, lower than for the pre-inserted procedure (for the ratio egg-PC/OP 200) for OP2
and OP3. This expected result is explained by the fact that according to the post-insertion
protocol, a full distribution within the two leaflets requires flip-flop processes that likely
require a longer time. It represents almost 65% of the signal obtained for the pre-insertion
method for OP2 and 35% for OP3. Since the fluorescent intensity of the monomer of OP2
and OP3 in water is very low (Figure 3B-C), this result suggests that OP2-3 compounds are
integrated, at least partly, in the liposome bilayer. The evolution of the ratio of OP2 or OP3
existing as monomer or excimer in liposomes can be evaluated by measuring the ratio of
intensity I376/I484. For lipid/OP ratio equal to 200 (highest dilution), the ratio of intensity
I376/I484 is equal to 21 for the pre-insertion procedure for both compounds and to 8.5 for OP2
and 4 for OP3 for the post-insertion protocol. This result indicates that: 1- the post-insertion
protocol produces a more heterogeneous distribution of OP2 and OP3 within the lipid bilayer
since the signal of the excimer is more intense when compared to the pre-insertion protocol
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that promotes homogeneous distribution of the OP compounds within the liposome bilayer. 2The relative intensity of fluorescence (monomer + excimer) after post-insertion of OP2 versus
OP3 suggests that OP2 integrates the lipid bilayer more efficiently than OP3. 2- The more
hydrophobic nature of OP3 suggests that in water OP3 is more aggregated and consequently
could integrate the liposomes with a higher aggregation state or feature lower mobility within
the bilayer thus producing a relative lower value for the ratio I376/I484 when compared to OP2.
To evaluate this second hypothesis, we recorded the size of the nano-objects by dynamic light
scattering (DLS) for the three samples OP1-3 in water at 4 different concentrations (40 µM,
10µM and 1µM ; Table S1). We found that only OP2 and OP3, at the concentration of 40 µM
and 10 µM, produced nano-objects with a repeatable size (Table S1). We observed that at
these two concentrations OP2 produced nano-objects featuring a size close to 50 nm whereas
OP3 produced larger nano-objects (close to 160 nm). These results are therefore consistent
with the interpretation of the fluorescence data.
For OP1, the post-insertion procedure produced similar fluorescence spectra than with the
pre-insertion procedure. In that case also, the lipid/OP1 ratio has no effect on the fluorescence
spectra. These results suggest that OP1 is likely not integrated in the liposomes and the
absence of excimer suggests that at this concentration (0.2 µM) OP1 is not aggregated in
water.
Similar experiments were carried out with different liposomal formulations. For OP1, which
seems to be mainly localized in water (figure 4A), the same conclusions were obtained with
Egg-PC/cholesterol (70/30 mol ratio) liposomal solution. Only the signature of the monomer
was detected and the intensity ratio were identical when using the pre-insertion or postinsertion protocols (Figure S5-1). For OP2 and OP3, we tested EggPC/Cholesterol (70/30),
DOPC and DOPC/Cholesterol 70/30 (Figure S6-1 and Figure S7-1). Similar trends than those
reported in Figure 4B and 4C were observed suggesting that the composition of the liposomal
formulation has a weak effect on the incorporation of these amphiphiles irrespective the
protocol used (pre or post insertion). Altogether, the fluorescence analysis of OP1-3 in
different liposomal compositions indicates that OP1 is likely not integrated in the liposomes.
On the contrary, OP2 and OP3 are able to integrate in the liposomes irrespective to both the
protocol used (pre or post-insertion) and the composition of the liposomes. However, the
integration rates of OP2 and OP3 are slightly higher with the pre-insertion protocol.
2.3 Effect of OP1-3 on SK3
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Then, compounds OP1-3 were evaluated for their capacity to modulate the activity of SK3
channels using the whole cell configuration of the patch clamp technique. Using this
technique HEK293 cells (cells that overexpressed SK3 channel) were placed under acute
condition (high concentration of OP2 10 µM, and 1 min. until the steady state reached).
Figure 5A shows typical currents recorded at membrane potentials varying from -100 to +100
mV for 500 ms in control condition, after application of OP2 compounds, and after
application of apamin at the end of experiment. Apamin was used to inhibit SK3 residual
current which was not sensitive to OP2. As illustrated OP2 reduced most of the amplitude of
SK3 currents but not totally as shown by the additional inhibition of residual SK3 currents by
apamin. Figure 5B shows that OP2 (10 µM) reduced SK3 currents by -71.3% (± 13.3%; N=6)
and with a maximal effect of OP2 compound attempted in one minute. In contrast to OP2,
OP1 and OP3 had no effect on SK3 currents (Figure S8). These results emphasize the
importance of the length of the linker between the pyrene moiety and the glycerol backbone
since only OP2, featuring 11 methylene units in the spacer, is efficient. The importance of the
aliphatic chain length between the pyrene and the glycerol unit on the modulation of SK3
could be explained as follow : 1- in the case of a short aliphatic chain (OP1), the hydrophobic
domain is too short to localized OP1 in the bilayer as demonstrated by fluorescence.
Accordingly, OP1 do not modify the lipid-bilayer biophysics and therefore has no effect on
SK3 function. 2- in the case of a long aliphatic chain (OP3), it is likely that the hydrophobic
domain length (aliphatic chain and pyrene) is longer than the average of the lipid chain of
phospholipid or sphingosine derivatives present in bio-membranes. In consequence, the
hydrophobic chain of OP3 must adopt either a U-shape conformation to keep its hydrophobic
chain within one leaflet or has a hydrophobic domain that cross over the inter-leaflet area; in
both cases the effect on bio-membrane biophysics will be different to OP2, which has a
hydrophobic chain length almost similar to those of the phospholipid present in the
membrane.
Then, we studied the effect of OP2 on the migration of MDA-MB-435s that expressed
(SK3+) or not SK3 channel (SK3-) (Figure 5C). OP2 significantly reduces the migration of
SK3+ cells at 1 µM (-32.5 % ± 4.8 %) but not at 0.3 µM in contrast to Ohmline, which is
effective at 0.3 µM. Interestingly, OP2 has no effect on the migration of SK3- cells
demonstrating that this compounds inhibits SK3-dependent cancer cell migration as already
observed with Ohmline [14]. In addition, the non-toxicity of the compounds OP1-3 was
confirmed at 1 µM by MTT assays (Figure S9). Altogether, these results show that although
12

having a slightly decrease efficiency in SK3 currents and SK3-dependent cancer cell
migration compare to Ohmline, OP2 is a molecule that opens major opportunities to
investigate the cellular distribution of Ohmline and is the first fluorescent analogue of
Ohmline reported so far.

Fig. 5: Effects of OP2 in SK3 currents and in SK3-dependent cancer cell migration. A)
Representative whole-cell SK3 currents recorded at membrane potentials varying from +100
mV to -100 mV for 500 msec from a constant holding potential of 0 mV at pCa 6, before and
13

after application of 10 µM OP2, then with the addition of 0.1 µM apamin (SK3 peptide
blocker) in HEK293T cells expressing recombinant rat SK3. B) Analyses of OP2 effect on
SK3 currents at 0 mV at 10 µM, a membrane potential where the current is only carried by
SK3 channels. Left, graphs showing a representative time course of inhibitory effect of OP2
on SK3 currents at 0 mV. Right, histograms showing the % of SK3 currents block by OP2
when the steady-state inhibition was reached at I=0 mV. Lines indicate the median, each point
represents the % of SK3 currents sensitive to OP2 of each cell analyzed (N=6, ** p <0.01,
Wilcoxon signed rank test). C) Effect of OP2 in SK3-dependent cell migration. Results are
relative to control condition and are expressed as mean ± S.E.M. Left, histogram showing the
effect of OP2 and Ohmline in the cell migration of MDA-MB-435s expressing endogenous
SK3 channels (SK3+). N=3, n=6 (CTL vs Ohmline 0.3 µM ** p < 0.01, CTL vs OP2 1 µM *
p< 0.05, Dunn’s multiple comparison test). Right, histogram showing no effect of OP2 in the
cell migration of MDA-MB-435s not expressing SK3 channel (SK3-). N=3, n=9 (p > 0.05,
Mann-Whitney test).
2.4 In vitro fluorescence imaging.
To further understand OP2 effects on cells, we imaged OP2 excimers in breast cancer cells
(MDA-MB-231) that had been treated with OP2. Two types of experiments were performed:
(1) cells were imaged following addition of OP2 to the medium and, (2) cells were left in an
OP2-containing medium for 24h before imaging. In the former case, the serum supplemented
medium used for cell culture was replaced with serum-free medium for OP2 treatment (1 µM
OP2 total concentration); in the latter, OP2 was added in serum supplemented medium and
cells were incubated for a further 24h to test cellular viability (10 µM OP2 total
concentration). OP2 incorporated into the cells within 45 min following treatment (figure 6a)
and with an abundant distribution in the plasma membrane. At that time, background
fluorescence could still be detected in the medium, indicating that OP2 uptake was not yet
complete. 24h after OP2 treatment cells (Figure 6b; OP2 at 10 µM) the population of
fluorescent cells had increased, indicating cells were healthy and viable, and no fluorescence
background emission from the excimers could be observed from the medium. We note that
the concurrent presence of OP2 excimers and monomers in solution was already observed at a
concentration 25 times lower (0.4 µM, Fig 3b, dotted line) and that the proportion of excimers
to monomers increases with compound concentration. This, together with the large excimers
background observed at short times after addition of OP2 at 10 µM, strongly suggests that
most of the compound is in excimers form at this concentration.
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Fig. 6. OP2 cellular uptake. OP2 is internalized in MDA-MB-231 cells following its addition
to the culture medium. (a) 45 min after addition of OP2 at 1 µM (total concentration): Upon
internalization, OP2 distributes in the plasma membrane and in the cytoplasm, but it is not
internalized in the cell nucleus. (b) Cells imaged 24h after treatment with OP2 (10 µM),
confirming cellular viability. (c-j) Cells were imaged every 15 minutes starting at (c) t0=60
min following addition of OP2 (1 µM total concentration), and finishing at (j) tf=165 min
after treatment. OP2 accumulates in patches around the nucleus that start developing 2h after
treatment (g, yellow arrows). (a-k) scale bar is 50 µm. Fluorescence excitation at 340 nm and
emission recorded from 468 to 552 nm.
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To further understand the dynamics of OP2 cellular uptake, we imaged the same region of the
culture dish every 15 min, starting 1 hour after treatment (Figure 6c-k). Background excimers
emission was negligible 1.5h after treatment (Figure 6e), suggesting complete incorporation
into the cells. OP2 accumulation at the periphery of the nucleus was visible 2h after treatment
(Figure 6g, yellow arrows) while the nuclei were not fluorescent. This accumulation was still
observed 24h after treatment (Figure 6b, yellow arrows). Altogether, this study shows that
OP2 is rapidly incorporated in the lipid bilayer, since we clearly observed cell internalization
within 45 minutes after addition of OP2 even at the lowest concentration (1 µM). This rapid
integration of OP2 in the plasma membrane is consistent with the patch clamp measurements.
The second point is that OP2, after a first location at the plasma membranes that occur in the
first 2 hours, is then internalized close to the nucleus. However, it is difficult to accurately
identify the cellular region where OP2 accumulates. In a previous study focused on
fluorescent analogues of Edelfosine, Mollinedo et al. reported that these fluorescent analogues
of Edelfosine localized in mitochondria and that the internalization was mediated by lipid
rafts [27]. In the case of Ohmline and OP2, further studies will be needed to established their
exact location within the cell, but the fact that SK3 has been recently identified in
mitochondria [44], the development of drugs that could modulate intracellular target
represents a great potential.
In order to test if the decrease of the activity of SK3 channel by OP2 may be due to a
decrease in the expression of SK3 protein at the plasma membrane, we used the cell-surface
protein expression with proteinase K cleavage assay as we described previously [25]. In the
absence of proteinase K, SK3 ran at a molecular mass of 75 kDa, consistent with the fulllength SK3 protein (Figure S10). The presence of proteinase K lead to a cleavage of SK3
protein located at the plasma membrane resulting to an apparent molecular mass of 55 KDa.
Ohmline and OP2 treatments both revealed a 55 KDa cleaved SK3 band in the presence of
proteinase K demonstrating that these compounds did not change the expression of SK3
protein at the plasma membrane.
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3. Conclusion
Ohmline is a neutral amphiphilic compound belonging to ether-lipids, which was found, at a
non-toxic concentration, to inhibit SK3 channel and consequently to reduce cancer cell
mobility. Previous studies have shown that this compound was integrated in membranes and
increased the fluidity of rigid membranes. To get further information relative to the
distribution of this compound at a cellular scale, we report herein the synthesis of fluorescent
analogues of Ohmline and also propose a general synthesis scheme for the design of
amphiphiles labelled with a pyrene moiety. To this goal, we have incorporated a pyrene
moiety at the ω-position of the lipid chain bonded via an ether linkage to glycerol. The
number of methylene units separating glycerol from the pyrene moiety was either 4, 11 or 16
leading respectively, after a seven-steps sequence, to the compounds Ohmline-Pyrene 1-3
(OP1-3). Then, we report the interaction of these compounds with liposomes as a mimic of
plasma membrane. Thanks to the singular fluorescent properties of pyrene derivatives that
informed on its aggregation state (isolated species versus excimers) and based on two types of
protocols for the incorporation of the fluorescent compounds in the liposomes (pre or postinsertion), we found that OP1 (compound with the shortest lipid chain) is not integrated in the
liposome. On the opposite, OP2 and OP3, following the post-insertion protocol, integrate
within liposomes with some aggregation. We also found that OP2 integrates in the liposomes
more efficiently thus emphasizing the effect of the length of the tether between the glycerol
and the pyrene moiety on the supramolecular properties of this series of compounds. The
three compounds OP1-3 were tested as modulators of SK3. We found that only OP2
(possessing 11 methylene units) is able to modulate SK3 (-71.3 % ± 13.3 at 10 µM) and to
reduce SK3 dependent cancer cell migration (-32.5 % ± 4.8 % at 1 µM). OP2 is therefore the
first fluorescent analogue of Ohmline, which is able to modulate SK3 channel. In the last part
of this study, we used fluorescent microscopy to track OP2 over time. We found that, in
agreement with patch clamp measurements, OP2 is readily integrated in the plasma
membranes and, after 2h, cell internalization occurred. The exact location of OP2 into the cell
will need further study but opens a new perspective for the modulation the SK3 channels
localized in intercellular compartments.
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4. Experimental protocols
4.1 Chemistry
4.1.1 General experimental protocols
Solvents were dried with a solvent purification system MBraun-SPS (toluene, CH2Cl2, THF)
or freshly distilled on appropriate driers. All compounds were fully characterized by 1H
(500.133, 399.922 or 300.131 MHz) and
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C NMR (125.803 or 75.474 MHz) NMR

spectroscopy (Bruker AMX-3 300, Avance 400, Avance 500 and DRX 500 Spectrometers).
Chemical shifts δ are given in ppm. Coupling constants J are given in hertz. The following
abbreviations were used: s for singlet, d doublet, t triplet, q quadruplet, qt quintuplet, m
multiplet, dd doublet of doublet, dt doublet of triplets. When needed,
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C Heteronuclear

HMQC and HMBC were used to unambiguously establish molecular structures. Mass
spectrometry analyses were performed by Bruker Autoflex MALDI TOF-TOF (Brest
University) Matrix used UTL HCCA. The size of the nano-objects were determined at 25°C
in water by DLS with a NanoZS equipment (Malvern). The melting points were measured by
a kofler bench. Molecular sieve (5Å) was used when indicated; Lactose trichloroacetimidate
was prepared following reported procedure [45]. The pyrene derivatives 4a was prepared
following a reported procedure [35].

4.1.2. General procedure for the insertion of the 2,2-Dimethyl-1,3-dioxolane (Compounds 5ac):
NaH (5.5 eq.) was placed under nitrogen in a three-neck-round bottom flask fitted with a
reflux condenser and an additional funnel. 10 mL of toluene were added. Solketal (5 eq.) was
added and the mixture was refluxed for 1 h. At room temperature, 4a-c (1eq.) was slowly
added without solvent. NaI was equally added without solvent (1 eq.) and the mixture was
then refluxed for 1 days. The reaction was quenched by few mL of MeOH and the solution
was extracted with Et2O. The organic phase was washed with water, dried over MgSO4,
filtered and concentrated to give the crude compounds 5a-c. The product was purified by
chromatography on silica gel (Eluent: toluene/ Et2O (9:1)) to give the pure compounds 5a-c
between 32% and 88% yield as a yellow oil.
4.1.2.1

2,2-Dimethyl-4-(((4-(pyren-1-yl)butyl)oxy)methyl)-1,3-dioxolane (5a)
18

Using the aforementioned general procedure, the compound 5a was prepared in 32% yield
(480mg). Rf (Eluent : toluene / Et2O (95/5)) : 0.47; 1H NMR (CDCl3, 300.131 MHz): 8.278.25 (d, 1H, Har, JHH=8 Hz); 8.16-7.96 (m, 7H, Har); 7.86-7.84 (d, 1H, Har, JHH=8 Hz); 4.274.21 (qt, 1H, JHH= 12 Hz, JHH2= 6 Hz, CH sn-2); 4.04-4.01 (dd, 1H, JHH= 6 Hz, JHH= 8 Hz, Ha
CH2 sn-3); 3.71-3.68 (dd, 1H, JHH= 6 Hz, JHH= 8 Hz, Hb CH2 sn-3); 3.57-3.38 (m, 4H, CH2
sn-1 + CH2 α-solketal); 3.35 (t, 2H, JHH= 7.7 Hz, CH2 α pyrene); 1.96-1.88 (m, 2H, CH2 fatty
chain); 1.79-1.72 (m, 2H, CH2 fatty chain); 1.40 (s, 3H, CH3 solketal); 1.34 (s, 3H, CH3
solketal); 13C NMR (CDCl3, 75.474 MHz): 136.9 (Cq); 131.60 (Cq); 131.09 (Cq); 129.92 (Cq);
128.78 (Cq); 127.67-125.94 (CH pyrene); 125.25 (Cq); 124.98-123.58 (CH pyrene); 109.52
(Cq solketal); 74.89 (CH sn-2); 72.09 (CH2 sn-1); 71.73 (CH2 α O); 67.04 (CH2 sn-3); 33.44
(CH2 α pyrene); 29.75 (CH2 β pyrene); 28.48 (CH2 fatty chain); 26.93 (CH3 acetal); 25.57
(CH3 acetal); MALDI TOF m/z calculated 388.499 found M+• 388.313.
4.1.2.2

2,2-Dimethyl-4-(((11-(pyren-1-yl)undecyl)oxy)methyl)-1,3-dioxolane (5b)

Using the aforementioned general procedure, the compound 5b was prepared in 88% yield
(5.2g). Rf (Eluent : toluene / Et2O (9/1)) : 0.37; 1H NMR (CDCl3, 399.922 MHz): 8.3 (d, 1H,
Har, JHH= 9.2 Hz); 8.17-7.86 5 (m, 8H, Har); 4.28 (qt, 1H, JHH= 6.4 Hz, CH sn-2); 4.07 (dd,
1H, JHH= 6.4Hz, JHH= 8.4 Hz, Ha CH2 sn-3); 3.74 (dd, 1H, JHH= 6.4 Hz, JHH= 8.4 Hz, Hb CH2
sn-3); 3.65 (t, 2H, JHH= 6.8 Hz, CH2 α-OH); 3.53-3.39 (m, 4H, CH2 sn-1 + CH2 α-solketal);
3.34 (t, 2H, JHH= 7.6 Hz, CH2 α pyrene); 1.85 (m, 2H, CH2 fatty chain); 1.6 (m, 2H, CH2 fatty
chain); 1.5 (m, 2H, CH2 fatty chain); 1.45 (s, 3H, CH3 solketal); 1.39 (s, 3H, CH3 solketal);
1.29 (m, 14H, CH2 fatty chain);
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C NMR (CDCl3, 75.474 MHz): 137.3 (Cq); 131.38 (Cq);

130.9 (Cq); 129.63 (Cq); 127.56 (Cq); 127.49-124.69 (CH pyrene); 125.03 (Cq); 124.55-123.48
(CH pyrene); 109.31 (Cq solketal); 74.73 (CH sn-2); 71.8 (CH2 sn-1); 71.77 (CH2 α O); 66.90
(CH2 sn-3); 32.57 (CH2 α pyrene); 31.91 (CH2 β pyrene); 29.79-29.41 (CH2 fatty chain);
26.75 (CH3 acetal); 26.01 (CH2 fatty chain); 25.40 (CH3 acetal); MALDI TOF m/z calculated
486.313 found [M+H]+ 487.350.
4.1.2.3

2,2-Dimethyl-4-(((16-(pyren-1-yl)hexadecyl)oxy)methyl)-1,3-dioxolane (5c)

Using the aforementioned general procedure, the compound 5c was prepared in 89% yield
(5g). Rf (Eluent: toluene / Et2O (95/5)): 0.53; 1H NMR (CDCl3, 300.131 MHz): 8.3 (d, 1H,
Har, JHH=12 Hz); 8.17-7.86 (m, 8H, Har); 4.25 (qt, 1H, JHH= 7 Hz, CH sn-2); 4.07 (dd, 1H,
JHH= 6.4 Hz, JHH= 8.4 Hz, Ha CH2 sn-3); 3.74 (dd, 1H, JHH= 6.4 Hz, JHH= 8.4 Hz, Hb CH2 sn19

3); 3.53-3.39 (m, 4H, CH2 sn-1 + CH2 α-solketal); 3.34 (t, 2H, JHH= 7.6 Hz, CH2 α pyrene);
1.86 (m, 2H, CH2 fatty chain); 1.6 (m, 2H, CH2 fatty chain); 1.5 (m, 2H, CH2 fatty chain);
1.45 (s, 3H, CH3 solketal); 1.39 (s, 3H, CH3 solketal); 1.26 (s, 21H, CH2 fatty chain);
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C

NMR (CDCl3, 75.474 MHz): 137.5 (Cq); 131.61 (Cq); 131.07 (Cq); 129.83 (Cq); 128.80(Cq);
127.65-125.85 (CH pyrene); 125.28 (Cq); 124.87-123.65 (CH pyrene); 109.47 (Cq solketal);
74.88 (CH sn-2); 72.01 (CH2 sn-1); 71.94 (CH2 α O); 67.06 (CH2 sn-3); 33.75 (CH2 α
pyrene); 32.08 (CH2 β pyrene); 29.96-29.59 (CH2 fatty chain); 26.90 (CH3 acetal); 26.18 (CH2
fatty chain); 25.56 (CH3 acetal); MALDI TOF m/z calculated 556.392 found M+• 556.559.
4.1.3 General procedure for the acetal function deprotection (Compounds 6a-c)
Acetic acid 80% (60 mL) and 15 mL of H2O were added to 5a-c (1 eq.). The mixture was
stirred for 3 hours at 50°C. Acetic acid and water were distilled under vacuum to produce
compounds 6a-c between 88 and 100% yield as yellow solid. These compounds were used in
the next step without further purification.
4.1.3.1

3-((4-(Pyren-1-yl)butyl)oxy)propane-1,2-diol (6a)

Using the aforementioned general procedure, the compound 6a was prepared in 88% yield
(0.380g). Rf TLC (Eluent: toluene / Et2O (3/7)) : 0.2; 1H NMR (CDCl3, 399.922 MHz):
8.27.8.25 (d, 1H, Har, JHH= 9.0 Hz); 8.18-7.97 (m, 7H, Har); 7.86-7.84 (d, 1H, JHH= 7.7 Hz,
Har); 3.88-3.83 (qt, 1H, JHH= 5.6 Hz, CH sn-2); 3.71-3.32 (m, 8H, CH2 sn-3 +CH2 sn-1 + CH2
α-solketal + CH2 α pyrene); 2.09 (s, 2H, OH); 1.94-1.87 (m, 2H, CH2 fatty chain); 1.77-1.71
(m, 2H, CH2 fatty chain);
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C NMR (CDCl3, 75.474MHz): 136.63 (Cq); 131.50 (Cq); 130.96

(Cq); 129.89 (Cq); 128.67 (Cq); 127.58 - 125.88 (CH pyrene); 125.15 (Cq); 124.94 – 123.40
(CH pyrene); 72.39 (CH2 sn-1); 72.39 (CH2 α O); 71.56 (CH2 α solketal); 70.68 (CH sn-2);
64.14 (CH2 sn-3); 33.27 (CH2 α pyrene); 29.59 (CH2 β pyrene); 28.28 (CH2 fatty chain);
4.1.3.2

3-((11-(Pyren-1-yl)undecyl)oxy)propane-1,2-diol (6b)

Using the aforementioned general procedure, the compound 6b was prepared in quantitative
yield (5.5g). Rf TLC (Eluent: toluene / Et2O (1/1)): 0.15; Melting point : 56°C; 1H
NMR (CDCl3, 399.922 MHz): 8.3 (d, 1H, Har, JHH= 9.2 Hz); 8.17-7.97 (m, 7H, Har); 7.87 (d,
1H, JHH= 7.6 Hz, Har); 3.86 (m, 1H, CH sn-2); 4.07 (m, 2H, CH2 sn-3); 3.50-3.41 (m, 5H, CH2
sn-1 + CH2 α-solketal); 3.34 (t, 2H, JHH= 8 Hz, CH2 α pyrene); 2.32 (s, 2H, OH); 1.85 (m, 2H,
CH2 β Solketal); 1.5 (m, 2H, CH2 β pyrene); 1.45 (m, 2H, CH2

Solketal); 1.38-1.29 (m,
20

12H, CH2 fatty chain);
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C NMR (CDCl3, 75.474 MHz): 137.18 (Cq); 131.31 (Cq); 130.80

(Cq); 129.54 (Cq); 129.33 (Cq); 128.91-125.18 (CH pyrene); 124.94 (Cq); 124.60-123.35 (CH
pyrene); 72.24 (CH2 sn-1); 71.68 (CH2 α solketal); 70.41 (CH sn-2); 64.08(CH2 sn-3); 33.47
(CH2 α pyrene); 31.81 (CH2 β pyrene); 29.69-29.31 (CH2 fatty chain) ; 25.92 (CH2 fatty
chain); MALDI TOF m/z calculated 446.282 found M+● 446.454.
4.1.3.3

3-((16-(Pyren-1-yl)hexadecyl)oxy)propane-1,2-diol (6c)

Using the aforementioned general procedure, the compound 6c was prepared in 95% yield
(4.4 g). Rf TLC (Eluent: toluene / Et2O (3/7)): 0.4; Melting point : 90°C; 1H NMR (CDCl3,
300.131 MHz): 8.3 (d, 1H, Har, JHH= 9.0 Hz); 8.17-7.97 (m, 7H, Har); 7.87 (d, 1H, JHH= 7.6
Hz, Har); 3.87 (m, 1H, CH sn-2); 3.85-3.61 (m, 2H, CH2 sn-3); 3.54-3.43 (m, 4H, CH2 sn-1 +
CH2 α-solketal); 3.33 (t, 2H, JHH= 8 Hz, CH2 α pyrene); 2.09 (s, 2H, OH); 1.87 (m, 2H, CH2
fatty chain); 1.56 (m, 2H, CH2 fatty chain); 1.47 (m, 2H, CH2 fatty chain); 1.29 (m, 21H, CH2
fatty chain); 13C NMR (CDCl3, 75.474 MHz): 137.40 (Cq); 131.52 (Cq); 131.01 (Cq); 129.73
(Cq); 128.66 (Cq); 127.59-125.79 (CH pyrene); 125.14 (Cq); 124.82-123.58 (CH pyrene);
72.41 (CH2 sn-1); 71.90 (CH2 α solketal); 70.64 (CH sn-2); 64.24 (CH2 sn-3); 33.68 (CH2 α
pyrene); 32.02 (CH2 β pyrene); 29.92-29.56 (CH2 fatty chain); 26.13 (CH2 fatty chain);
MALDI TOF m/z calculated 516.360 found M+● 516.476.
4.1.4 General procedure for the primary alcohol protection with tert-Butyldimethylsilyle
chloride (compounds 7a, b and c)
A solution of tert-Butyl(chloro)dimethylsilane (1.3 eq.) and imidazole (2.5 eq.) previously
mixed in anhydrous CH2Cl2 (20 mL) were added in solution of 6a-c (1eq.) in CH2Cl2 (20
mL). The mixture was stirred for 2 hours at 40°C. The mixture was poured into water (300
mL) and extracted with Et2O. The combined ether extracts were washed with brine, dried over
Na2SO4, filtered and concentrated to give the crude compounds 7a-c as yellow wax between
96% and quantitative yield. These compounds were used in the next step without further
purification.
4.1.4.1

1-((tert-Butyldimethylsilyl)oxy)-3-((4-(pyren-1-yl)butyl)oxy)propan-2-ol (7a)

Using the aforementioned general procedure, the compound 7a was prepared in 96% yield
(0.480g). Rf TLC (Eluent: toluene/ ethyl acetate (4/1)): 0.6; 1H NMR (CDCl3, 399.922 MHz):
8.28 - 8.26 (d, 1H, Har, JHH= 9.2 Hz); 8.16-7.96 (m, 7H, Har); 7.87-7.84 (d, 1H, JHH= 7.8 Hz,
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Har); 3.83 - 3.78 (qt, 1H, , JHH=10.9 Hz , JHH=5.3 Hz, CH sn-2); 3.68 – 3.41 (m, 6H, CH2 sn-3
+ CH2 sn-1 + CH2 α-solketal); 3.36 (t, 2H, JHH= 7.8 Hz, CH2 α pyrene); 1.96 - 7.88 (m, 2H,
CH2 β pyrene); 1.79 – 1.73 (m, 2H, CH2 β solketal); 0.87 (m, 9H, CH3 Si-t-Bu); 0.04 (m, 6H,
CH3 Si); 13C NMR (CDCl3, 75.474 MHz): 136.72 (Cq); 131.45 (Cq); 130.93 (Cq); 129.81 (Cq);
128.62 (Cq); 127.56-125.83 (CH pyrene); 125.11 (Cq); 124.85-123.41 (CH pyrene); 71.64
(CH2 sn-1); 71.39 (CH2 α solketal); 70.73 (CH sn-2); 64.13 (CH2 sn-3); 33.28 (CH2 α pyrene);
29.69 (CH2 fatty chain); 28.34 (CH2 fatty chain); 25.93 (CH3 Si-t-Bu); -5.36 (CH3 Si) ;
MALDI TOF m/z calculated 462.259 found M+● 462.344 and [M+Na]+ 485.335, theoretical
value for [M+Na]+ 485.248.
4.1.4.2

1-((tert-Butyldimethylsilyl)oxy)-3-((11-(pyren-1-yl)undecyl)oxy)propan-2-ol (7b)

Using the aforementioned general procedure, the compound 7b was prepared in 99% yield
(4.5g). Rf TLC (Eluent: toluene / ethyl acetate (4/1)) : 0.57; 1H NMR (CDCl3, 399.922 MHz):
8.3 (d, 1H, Har, JHH= 9.2 Hz); 8.17-7.97 (m, 7H, Har); 7.87 (d, 1H, JHH= 7.6 Hz, Har); 3.81 (m,
1H, CH sn-2); 3.64 (m, 2H, CH2 sn-3); 3.46-3.42 (m, 4H, CH2 sn-1 + CH2 α-solketal); 3.34 (t,
2H, JHH= 8 Hz, CH2 α pyrene); 2.36 (s, 2H, OH); 1.85 (m, 2H, CH2 β pyrene); 1.56 (m, 2H,
CH2 β solketal); 1.54 (m, 2H, CH2

solketal); 1.36 (m, 14H, CH2 fatty chain); 0.89 (m, 9H,

CH3 Si-t-Bu); 0.069 (m, 6H, CH3 Si); 13C NMR (CDCl3, 75.474 MHz): 136.97 (Cq); 131.25
(Cq); 130.74 (Cq); 129.48 (Cq); 128.85 (Cq); 128.38-125.46 (CH pyrene); 125.14 (Cq); 124.89123.23 (CH pyrene); 71.41 (CH2 sn-1); 71.31 (CH2 α solketal); 70.52 (CH sn-2); 63.97(CH2
sn-3); 33.37 (CH2 α pyrene); 31.71 (CH2 β pyrene); 29.66-29.34 (CH2 fatty chain) ; 25.97
(CH2 fatty chain); 25.77 (CH3 Si-t-Bu); -5.55 (CH3 Si); MALDI TOF m/z calculated 560.369
found [M+Na]+ 583.515, Theoretical value for [M+Na]+ 583.358.
4.1.4.3

1-((tert-Butyldimethylsilyl)oxy)-3-((16-(pyren-1-yl)hexadecyl)oxy)propan-2-ol

(7c)
Using the aforementioned general procedure, the compound 7c was prepared in quantitative
yield (5.2g). Rf TLC (Eluent: toluene/ Et2O (9:1)): 0.52; 1H NMR (CDCl3, 300.131 MHz):
8.31 (d, 1H, Har, JHH= 9.2 Hz); 8.2-7.96 (m, 7H, Har); 7.88 (d, 1H, JHH= 7.6 Hz, Har); 3.84 (m,
1H, CH sn-2); 3.67 (m, 2H, CH2 sn-3); 3.52-3.44 (m, 4H, CH2 sn-1 + CH2 α-solketal); 3.34 (t,
2H, JHH= 8 Hz, CH2 α pyrene); 2.17 (s, 1H, OH); 1.87 (m, 2H, CH2 β pyrene); 1.59 (m, 2H,
CH2 β solketal); 1.50 (m, 2H, CH2 α solketal); 1.28 (m, 22H, CH2 fatty chain); 0.94 (m, 9H,
CH3 Si-t-Bu); 0.10 (m, 6H, CH3 Si);
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C NMR (CDCl3, 75.474 MHz): 137.45 (Cq); 131.55
22

(Cq); 131.05 (Cq); 129.77 (Cq); 128.70 (Cq); 127.63-125.82 (CH pyrene); 125.18 (Cq); 124.85123.62 (CH pyrene); 71.76 (CH2 sn-1); 71.52 (CH2 α solketal); 70.76 (CH sn-2); 64.18 (CH2
sn-3); 33.72 (CH2 α pyrene); 32.06 (CH2 β pyrene); 29.95-29.60 (CH2 fatty chain) ; 26.23
(CH2 fatty chain); 25.99 (CH3 Si-t-Bu); -5.30 (CH3 Si) ; MALDI TOF m/z calculated 630.447
found [M+Na]+ 653.592, Theoretical value for [M+Na]+ 653.436.
4.1.5 General procedure for the methylation reaction (compounds 8a, b and c)
To a stirred solution of 7a-c (1eq.) previously diluted in anhydrous CH2Cl2 (20 mL) and
placed under nitrogen atmosphere, were added silver oxide (5 eq.) and molecular sieves (~ 2
g). Iodomethane (10 eq.) was added dropwise. The mixture was refluxed for 2 days and
filtered on Celite. The celite pad was washed with dichloromethane. The filtrate was
concentrated to produce 8a-c as a dark yellow wax in quantitative yield. These compounds
were used in the next step without further purification.
4.1.5.1

tert-Butyl(2-methoxy-3-((4-(pyren-1-yl)butyl)oxy)propoxy)dimethylsilane (8a)

Using the aforementioned general procedure, the compound 8a was prepared in quantitative
yield (470mg). Rf TLC (Eluent: toluene / ethyl acetate (4/1)): 0.4; 1H NMR (CDCl3, 399.922
MHz): 8.17 (d, 1H, Har, JHH= 7.6 Hz); 8.15-7.98 (m, 7H, Har); 7.87 (d, 1H, JHH= 7.6 Hz, Har);
3.72(m, 2H, CH sn-2 + CHa sn-3); 3.61-3.42 (m, 8H, CHb sn-3 + CH3 –OMe + CH2 sn-1 +
CH2 α-solketal); 3.38 (t, 2H, JHH= 8 Hz, CH2 α pyrene); 1.98-1.92 (m, 2H, CH2 β pyrene);
1.88-1.78 (m, 2H, CH2 β solketal); 0.94 (m, 9H, CH3 Si-t-Bu); 0.10 (m, 6H, CH3 Si);
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NMR (CDCl3, 75.474 MHz): 136.89 (Cq); 131.50 (Cq); 130.98 (Cq); 129.82 (Cq); 128.68 (Cq);
127.57-126.57 (CH pyrene); 125.80 (Cq); 125.14-123.65 (CH pyrene); 81.17 (CH sn-2); 71.49
(CH2 sn-1); 70.38 (CH2 α solketal); 62.56 (CH2 sn-3); 58.19 (CH3 –OMe); 33.35 (CH2 α
pyrene); 29.77 + 28.45 (CH2 fatty chain); 25.98 (CH3 Si-t-Bu); -5.30 (CH3 Si); MALDI TOF
m/z calculated 476.275 found [M+Na]+ 499.366; Theoretical value for [M+Na]+ 499.264.
4.1.5.2

tert-Butyl(2-methoxy-3-((11-(pyren-1-yl)undecyl)oxy)propoxy)dimethylsilane (8b)

Using the aforementioned general procedure, the compound 8b was prepared in quantitative
yield (2g). Rf TLC (Eluent: toluene / Et2O (9/1)) : 0.21; 1H NMR (CDCl3, 500.133 MHz): 8.3
(d, 1H, Har, JHH=9.0 Hz); 8.17-7.96 (m, 7H, Har); 7.87 (d, 1H, JHH= 7.5 Hz, Har); 3.67 (m, 2H,
CH sn-2 + CHa sn-3); 3.55 (m, 1H, CHb sn-3); 3.44 (s, 3H, CH3 –OMe); 3.43-3.36 (m, 4H,
CH2 sn-1 + CH2 α-solketal); 3.34 (t, 2H, JHH= 8 Hz, CH2 α pyrene); 1.85 (m, 2H, CH2 β
23

pyrene); 1.48 (m, 2H, CH2 β solketal); 1.37 (m, 2H, CH2 γ Solketal); 1.27 (m, 10H, CH2 fatty
chain); 0.89 (m, 9H, CH3 Si-t-Bu); 0.071 (m, 6H, CH3 Si);

13

C NMR (CDCl3, 75.474

MHz): 137.13 (Cq); 131.33 (Cq); 130.82 (Cq); 129.56 (Cq); 128.92 (Cq); 128.47-125.20 (CH
pyrene); 124.97 (Cq); 124.62-123.36 (CH pyrene); 80.99 (CH sn-2); 71.58 (CH2 sn-1); 70.02
(CH2 α solketal); 62.40 (CH2 sn-3); 57.97 (CH3 –OMe); 33.48 (CH2 α pyrene); 31.82 (CH2 β
pyrene); 29.74-29.41 (CH2 fatty chain) ; 26.05 (CH2 fatty chain); 25.83 (CH3 Si-t-Bu); -5.50
(CH3 Si); MALDI TOF m/z calculated 574.384 found [M+Na]+ 597.488; Theoretical value for
[M+Na]+ 597.373.
4.1.5.3

tert-Butyl(2-methoxy-3-((16-(pyren-1-yl)hexadecyl)oxy)propoxy)dimethylsilane

(8c)
Using the aforementioned general procedure, the compound 8c was prepared in quantitative
yield (2g). Rf TLC (Eluent: toluene / ethyl acetate (4/1)) : 0.33; 1H NMR (CDCl3, 300.131
MHz): 8.3 (d, 1H, Har, JHH= 9.0 Hz); 8.17-7.95 (m, 7H, Har); 7.87 (d, 1H, JHH= 7.5 Hz, Har);
3.71 (m, 2H, CH sn-2 + CHa sn-3); 3.55 (m, 1H, CHb sn-3); 3.48-3.38 (m, 7H, CH3 –OMe +
CH2 sn-1 + CH2 α-solketal); 3.33 (t, 2H, JHH= 8 Hz, CH2 α pyrene); 1.86 (m, 2H, CH2 β
pyrene); 1.57 (m, 2H, CH2 β solketal); 1.50 (m, 2H, CH2 γ Solketal); 1.27 (m, 23H, CH2 fatty
chain); 0.93 (m, 9H, CH3 Si-t-Bu); 0.10 (m, 6H, CH3 Si);

13C

NMR (CDCl3, 75.474 MHz):

137.47 (Cq); 131.58 (Cq); 131.07 (Cq); 129.80 (Cq); 128.72 (Cq); 127.66-125.85 (CH pyrene);
125.21 (Cq); 124.88-123.65 (CH pyrene); 81.22 (CH sn-2); 71.85 (CH2 sn-1); 70.27 (CH2 α
solketal); 62.61 (CH2 sn-3); 58.24 (CH3 –OMe); 33.75 (CH2 α pyrene); 32.09 (CH2 β pyrene);
29.98-29.65 (CH2 fatty chain); 26.28 (CH2 fatty chain); 26.05 (CH3 Si-t-Bu); -5.23 (CH3 Si);
MALDI TOF m/z calculated 644.462 found [M+Na]+ 667.619; Theoretical value for [M+Na]+
667.452.
4.1.6 General procedure for the deprotection of the tert-Butyl-dimethylsilyle protecting group
(compound 9a-c): Tetra-n-butylammonium fluoride (5 eq.) was added to a stirred solution of
8a-c (1 eq.) diluted in dry THF (15 mL) previously placed under nitrogen atmosphere. The
reaction was stirred at room temperature overnight. The solution was quenched by addition of
water (10 mL) and extracted with Et2O (3*30 mL). The organic layer was washed with brine,
dried over Na2SO4, filtered and concentrated to give the crude compound 9a-c. The product
was purified by chromatography on silica gel (Eluent: pentane/ ethyl acetate (3/7)) to give the
pure compound 9a-c as a yellow wax or yellow solid between 51% and 93% yield.
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4.1.6.1

2-Methoxy-3-((4-(pyren-1-yl)butyl)oxy)propan-1-ol 9a - Using the aforementioned

general procedure, the compound 9a was prepared in 51% yield (185mg). Rf TLC (Eluent:
pentane / ethyl acetate (3/7)): 0.66; Melting point = 82°C; 1H NMR (CDCl3, 399.922 MHz):
8.28-8.25 (m, 1H, Har); 8.17-7.15 (m, 2H, Har); 8.11-8.08 (m, 2H, Har); 8.05-7.95 (m, 3H,
Har); 7.87-7.84 (m, 1H, Har); 3.76-3.71 (m, 1H, CHa sn-3); 3.65-3.60 (m, 1H, CHb sn-3);
3.57-3.38 (m, 9H, CH sn-2 + CH2 sn-1 + CH2 α-solketal + CH3 –OMe); 3.36 (m, CH2 α
pyrene); 1.96-1.87 (m, 2H, CH2 β pyrene); 1.80-1.72 (m, 3H, CH2 β solketal);

13

C NMR

(CDCl3, 75.474 MHz): 136.72 (Cq); 131.46 (Cq); 130.94 (Cq); 129.82 (Cq); 128.64 (Cq);
127.55-125.81 (CH pyrene); 125.11 (Cq); 124.87-123.42 (CH pyrene); 80.01 (CH sn-2); 71.60
(CH2 α solketal); 70.53 (CH2 sn-1); 62.55 (CH2 sn-3); 57.80 (CH3 –OMe); 33.28 + 29.64 +
28.32 (CH2 pyrene); MALDI TOF m/z calculated 362.188 found M+● 362.287.
4.1.6.2

2-Methoxy-3-((11-(pyren-1-yl)undecyl)oxy)propan-1-ol

9b

Using

-

the

aforementioned general procedure, the compound 9b was prepared in 93% yield (1g). Rf TLC
(Eluent: toluene / ethyl acetate (7/3)): 0.23; 1H NMR (CDCl3, 399.922 MHz): 8.3 (d, 1H, Har,
JHH= 9.2 Hz); 8.17-7.98 (m, 7H, Har); 7.88 (d, 1H, JHH= 7.5 Hz, Har); 3.78-3.74 (m, 1H, CHa
sn-3); 3.67-3.62 (m, 1H, CHb sn-3); 3.57-3.41 (m, 9H, CH sn-2 + CH2 sn-1 + CH2 α-solketal
+ CH3 –OMe); 3.34 (t, 2H, JHH= 8 Hz, CH2 α pyrene); 1.85 (m, 3H, CH2 β pyrene); 1.56 (m,
3H, CH2 β solketal); 1.48 (m, 3H, CH2 γ Solketal); 1.27 (m, 11H, CH2 fatty chain); 13C NMR
(CDCl3, 75.474 MHz): 137.26 (Cq); 131.37 (Cq); 130.86 (Cq); 129.59 (Cq); 128.52 (Cq);
127.46-125.65 (CH pyrene); 125.0 (Cq); 124.69-123.44 (CH pyrene); 79.81 (CH sn-2); 71.82
(CH2 sn-1); 70.50 (CH2 α solketal); 62.57 (CH2 sn-3); 57.67 (CH3 –OMe); 33.53 (CH2 α
pyrene); 31.87 (CH2 β pyrene); 29.75-29.37 (CH2 fatty chain); 25.99 (CH2 fatty chain);
MALDI TOF m/z calculated 460.298 found M+● 460.474.
4.1.6.3

2-Methoxy-3-((16-(pyren-1-yl)hexadecyl)oxy)propan-1-ol

9c

-

Using

the

aforementioned general procedure, the compound 9c was prepared in 51% yield (840 mg). Rf
TLC (Eluent: pentane / ethyl acetate (1/1)): 0.77; 1H NMR (CDCl3, 399.922 MHz): 8.3 (d,
1H, Har, JHH= 9.2 Hz); 8.16-7.95 (m, 7H, Har); 7.87 (d, 1H, JHH= 7.5 Hz, Har); 3.77-3.73 (m,
1H, CHa sn-3); 3.66-3.62 (m, 1H, CHb sn-3); 3.57-3.39 (m, 9H, CH sn-2 + CH2 sn-1 + CH2 αsolketal + CH3 –OMe); 3.33 (t, 2H, JHH= 8 Hz, CH2 α pyrene); 1.85 (m, 3H, CH2 β pyrene);
1.56 (m, 3H, CH2 β solketal); 1.48 (m, 3H, CH2 γ Solketal); 1.27 (m, 22H, CH2 fatty chain);
13

C NMR (CDCl3, 75.474 MHz): 137.43 (Cq); 131.50 (Cq); 130.99 (Cq); 129.71 (Cq); 128.64

(Cq); 127.57-125.77 (CH pyrene); 125.12 (Cq); 124.79-123.58 (CH pyrene); 79.85 (CH sn-2);
71.97 (CH2 sn-1); 70.67 (CH2 α solketal); 62.75 (CH2 sn-3); 57.80 (CH3 –OMe); 33.66 (CH2
25

α pyrene); 32.0 (CH2 β pyrene); 29.88-29.49 (CH2 fatty chain); 26.11 (CH2 fatty chain);
MALDI TOF m/z calculated 530.376 found M+● 530.469.
4.1.7 General procedure for the glycosylation reaction (compounds 10a-c): Peracetylated
lactose trichloroacetimidate (1.2 eq.) solubilized in dry CH2Cl2 (20 mL) was added dropwise
to a solution of 9a-c (1 eq.) in CH2Cl2 (15 mL). The mixture was stirred with molecular sieves
(~ 2 g) during one hour under nitrogen atmosphere. At 0°C, boron trifluoride diethyl etherate
(0.8 eq.) was added dropwise and the mixture was stirred overnight at RT under inert
atmosphere. The mixture was quenched by addition of water (20 mL). The organic layer was
washed with aqueous saturated NaHCO3 solution and brine. The organic layer was dried over
MgSO4, filtered, concentrated to give the crude compounds 10a-c. The product was purified
by chromatography on silica gel (Eluent: pentane/ ethyl acetate (3/2)) to give the pure
compounds 10a-c as white foam between 42% and 58% yield.
4.1.7.1

1-O-Butylpyrene-2-O-methyl-rac-glycer-3-yl-2,3,4,6-tetra-O-acetyl-β-D-

galactopyranosyl-(1-4)-2,3,6-tri-O-acetyl-β-D-glucopyranoside (10a)
Using the aforementioned general procedure, the compound 10a was prepared in 42% yield
(410mg). Rf TLC (Eluent: pentane/ ethyl acetate (3/7)): 0.7; 1H NMR (CDCl3, 500.133 MHz):
8.24 (d, 1H, Har, JHH=9.6 Hz); 8.14-7.85 (m, 7H, Har); 7.84 (d, 1H, JHH= 7.6 Hz, Har); 5.33 (m,
1H, H4’); 5.16-5.13 (m, 1H, H3); 5.10-5.07 (m, 1H, H2’); 4.94-4.84 (m, 2H, H3’ + H2); 4.454.38 (m, 3H, H6a + H1 + H1’); 4.1-3.99 (m, 4H, H6’a + H6’b + H6b + ethyl acetate); 3.88-3.79
(m, 2H, sn-3b + H5’); 3.73-3.68 (m, 1H, H4); 3.59-3.28 (m, 12H, sn-3a + H5 + -OCH3 + CH sn2 + CH2 sn-1 + CH2 α Solketal + CH2 α pyrene); 2.14-1.95 (m, 21H, CH3-OAc Lactose); 1.89
(m, 2H, CH2 β pyrene); 1.77-1.69 (m, 2H, CH2 β solketal); 1.24 (t, 1.5H, ethyl acetate);

13

C

NMR (CDCl3, 125.803 MHz): 171.0 (CO); 170.20 (CO); 170.02 (CO); 169.93 (CO); 169.62
(CO); 169.42 (CO); 168.95 (CO); 136.64 (Cq); 131.28 (Cq); 130.76 (Cq); 129.64 (Cq); 128.46
(Cq); 127.39-125.69 (CH pyrene); 124.92 (Cq); 124.71-123.30 (CH pyrene); 100.91 (C1’);
100.71 + 100.66 (C1 β anomere); 79.19 + 78.83 (Csn-2 – two diastereoisomers); 76.13 (C4);
72.61 (C3); 72.39 (C5); 71.52 (C5’); 71.36 (C α Solketal); 70.85 (C2); 70.50 (C3’); 70.1 (C sn3a - two diastereoisomers); 69.83 + 69.71 (C sn-1 - two diastereoisomers); 68.95 (C2’); 68.54
(C sn-3b - two diastereoisomers); 66.48 (C4’); 61.8 (C6); 60.67 (C6’); 60.38 (ethyl acetate);
58.11 + 57.76 (C –OMe); 33.12 + 29.46 +28.21 (CH2 pyrene); 20.67 + 20.48 + 20.38 (C –
OAc Lactose); 14.05 (ethyl acetate); MALDI TOF m/z calculated 980.368 found [M+Na]+
1003.318, theoretical value for [M+Na]+ 1003.357.
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1-O-Undecylpyrene-2-O-methyl-rac-glycer-3-yl-2,3,4,6-tetra-O-acetyl-β-D-

4.1.7.2

galactopyranosyl-(1-4)-2,3,6-tri-O-acetyl-β-D-glucopyranoside (10b)
Using the aforementioned general procedure, the compound 10b was prepared in 58% yield
(1.0 g). Rf TLC (Eluent: pentane/ ethyl acetate (3/2)): 0.32; 1H NMR (CDCl3, 500.133 MHz):
8.22 (d, 1H, Har, JHH= 9.0 Hz); 8.11-7.91 (m, 7H, Har); 7.81 (d, 1H, JHH= 8.0 Hz, Har); 5.32
(m, 1H, H4’); 5.18-5.14 (m, 1H, H3);5.11-5.07 (m, 1H, H2’); 4.96-4.93 (m, 1H, H3’); 4.91-4.86
(m, 1H, H2); 4.48-4.43 (m, 3H, H6a + H1 + H1’); 4.1-4.02 (m, 3H, H6’a + H6’b + H6b); 3.88-3.79
(m, 2H, sn-3b + H5’);3.75 (t, 1H, H4); 3.58-3.50 (m, 2H, sn-3a + H5); 3.44-3.33 (m, 9H, -OCH3
+ CH sn-2 + CH2 sn-1 + CH2 α Solketal); 3.27 (t, 2H, , JHH= 7.8 Hz, CH2 α pyrene); 2.13-1.95
(m, 21H, CH3-OAc Lactose); 1.82-1.76 (m, 2H, CH2 β pyrene); 1.53-1.49 (m, 2H, CH2 β
solketal); 1.45-1.39 (m, 2H, CH2 γ pyrene); 1.32 (m, 2H, CH2 γ solketal); 1.23 (m, 10H, fatty
chain);

13

C NMR (CDCl3, 125.771 MHz): 170.12 (CO); 170.09 (CO); 169.92 (CO); 169.81

(CO); 169.54 (CO); 169.31 (CO); 168.87 (CO); 137.10 (Cq); 131.21(Cq); 130.70 (Cq); 129.43
(Cq); 128.35 (Cq); 127.32-125.53(CH pyrene); 124.82 (Cq); 124.55-123.30 (CH pyrene);
100.83 (C1’); 100.69 + 100.58 (C1 β anomere); 79.14 + 78.77 (Csn-2 – two diastereoisomers);
76.10 (C4); 72.61 (C3); 72.39 (C5); 71.56 (C α Solketal); 71.49 (C5’); 70.78 (C2); 70.44 (C3’);
70.08 (C sn-3a - two diastereoisomers); 69.72 + 69.62 (C sn-1 - two diastereoisomers); 68.93
(C2’); 68.52 (C sn-3b - two diastereoisomers); 66.47 (C4’); 61.87 (C6); 60.66 (C6’); 58.00 +
57.66 (C –OMe); 33.35 (CH2 α pyrene); 31.70 (CH2 β pyrene); 29.58 + 29.36 + 29.23 (CH2
fatty chain); 25.85 (CH2 fatty chain); 20.60 + 20.40 + 20.29 (C –OAc Lactose); MALDI TOF
m/z calculated 1078.477 found [M+Na]+ 1101.513, theoretical value for [M+Na]+ 1101.467.
4.1.7.3

1-O-Hexadecylpyrene-2-O-methyl-rac-glycer-3-yl-2,3,4,6-tetra-O-acetyl-β-

D-

galactopyranosyl-(1-4)-2,3,6-tri-O-acetyl-β-D-glucopyranoside (10c)
Using the aforementioned general procedure, the compound 10c was prepared in 44% yield
(805mg). Rf TLC (Eluent: pentane/ ethyl acetate (7/3)): 0.14; 1H NMR (CDCl3, 399.922
MHz): 8.24 (d, 1H, Har, JHH=9.6 Hz); 8.11-7.91 (m, 7H, Har); 7.82 (d, 1H, JHH= 7.6 Hz, Har);
5.31 (m, 1H, H4’); 5.19-5.14 (m, 1H, H3);5.10-5.06 (m, 1H, H2’); 4.94-4.90 (m, 1H, H3’); 4.884.84 (m, 1H, H2); 4.49-4.43 (m, 3H, H6a + H1 + H1’); 4.1-4.01 (m, 3H, H6’a + H6’b + H6b);
3.88-3.79 (m, 2H, sn-3b + H5’); 3.75 (t, 1H, JHH= 9.2 Hz, H4); 3.59-3.50 (m, 2H, sn-3a + H5);
3.45-3.38 (m, 9H, -OCH3 + CH sn-2 + CH2 sn-1 + CH2 α Solketal); 3.28 (t, 2H, JHH= 8.0 Hz,
CH2 α pyrene); 2.13-1.93 (m, 21H, CH3-OAc Lactose); 1.82-1.76 (m, 2H, CH2 β pyrene);
1.53-1.49 (m, 2H, CH2 β solketal); 1.45-1.39 (m, 2H, CH2 γ pyrene); 1.32 (m, 2H, CH2 γ
27

solketal); 1.19 (m, 24H, fatty chain);

13

C NMR (CDCl3, 75.474 MHz): 170.36 (CO); 170.16

(CO); 170.06 (CO); 169.78 (CO); 169.56 (CO); 169.10 (CO); 137.37 (Cq); 131.47 (Cq);
130.96 (Cq); 129.69 (Cq); 128.61 (Cq); 127.56-125.77 (CH pyrene); 125.08 (Cq); 124.79123.55 (CH pyrene); 101.09 (C1’); 100.95 + 100.85 (C1 β anomere); 79.14 + 79.03 (Csn-2 –
two diastereoisomers); 76.34 (C4); 72.85 (C3); 72.65 (C5); 71.83(C α Solketal); 71.74 (C5’);
71.03 (C2); 70.70 (C3’); 70.36 (C sn-3a - two diastereoisomers); 69.99 + 69.88 (C sn-1 - two
diastereoisomers); 69.17 (C2’); 68.79 (C sn-3b - two diastereoisomers); 66.68 (C4’); 62.09
(C6); 60.87(C6’); 60.38 (ethyl acetate); 58.27 + 57.93 (C –OMe); 33.62 (CH2 α pyrene); 31.97
(CH2 β pyrene); 29.85 + 29.69 + 29.51 (CH2 fatty chain) ; 26.11 (CH2 fatty chain); 21.04 +
20.84 + 20.64 + 20.53 (C –OAc Lactose); 14.22 (ethyl acetate); MALDI TOF m/z calculated
1148.556 found [M+Na]+ 1171.381 and [M+K]+ 1187.343, theoretical value for
[M+Na]+1171.545, theoretical value for [M+K]+ 1187.519.
4.1.8

General procedure for final deprotection of peracetylated lactose (Compounds

OP1-3):
Potassium carbonate (0.5 eq) was added to a stirred solution of OP1-3 (1 eq.) diluted in
anhydrous MeOH (15 mL). The mixture was stirred for 6 hours at RT. The mixture is
quenched by addition of a little amount of Amberlite (IR120H) (~ 300 mg) and the solution
was stirred for 30 minutes. Then, the solution was filtered on a sintered funnel and the solvent
was evaporated to produce compounds OP1-3 between 71% and 93 % yield as a white
powder.
4.1.8.1

1-O-Butylpyrene-2-O-methyl-rac-glycer-3-yl-β-D-galactopyranosyl-(1-4)-β-D-

glucopyranoside (OP1)
Using the aforementioned general procedure, the compound OP1 was prepared in 73% yield
(102mg). 1H NMR (DMSO, 500.133 MHz): 8.36 (d, 1H, Har, JHH= 9.2 Hz); 8.29-8.21 (m, 4H,
Har); 8.14-8.11 (m, 2H, Har); 8.07-8.05 (m, 1H, Har); 7.96-7.95 (m, 1H, Har); 4.20-4.19 (m,
2H, H1 + H1’); 3.79-3.72 (m, 2H, H6a + CH2 sn-3a); 3.61-3.16 (m, 25H, H3 + H4 + H5 + H6b +
H2’ + H3’ + H4’ + H5’ + H6’a + H6’b + CH3 – OMe (two diastereoisomers) + CH2 α Solketal +
CH2 α pyrene + CH sn-2 + CH2 sn-3b + CH2 sn-1); 3.01 (t, 1H, JHH = 8 Hz, H2); 1.84-1.81 (m,
2H, CH2 β pyrene) ; 1.67-1.65 (m, 2H, CH2 β solketal);

13

C NMR (DMSO, 125.771 MHz):

136.97 (Cq); 130.88 (Cq); 130.41 (Cq); 129.20 (Cq); 128.05 (Cq); 127.46-124.76 (CH pyrene);
124.21 (Cq); 124.15 (Cq); 123.50 (CH pyrene); 103.85 (C1’); 102.95 + 102.89 (C1 β anomere
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– two diastereoisomers); 80.73 (C4); 78.73 + 78.67 (C sn-2 – two diastereoisomers); 75.50 +
74.97 + 74.84 + 73.22 + 73.10 (C3 + C5 + C2’ + C3’ + C2); 70.52 (C5’); 70.37 (C α Solketal);
69.83 (C sn-1 - two diastereoisomers); 68.63 + 68.41 (C sn-3 - two diastereoisomers); 68.12
(C4’); 60.47 (C6); 60.38 (C6’); 57.11 + 57.02 (C –OMe); 32.34 + 29.09 + 28.18 (CH2 fatty
chain); MALDI TOF m/z calculated 686.294 found [M+Na]+ 709.346, theoretical value for
[M+Na]+ 709.283, found [M+K]+ 725.308, theoretical value for [M+K]+ 725.257.
4.1.8.2

1-O-Undecylpyrene-2-O-methyl-rac-glycer-3-yl-β-D-galactopyranosyl-(1-4)-β-D-

glucopyranoside (OP2)
Using the aforementioned general procedure, the compound OP2 was prepared in 93% yield
(530mg). 1H NMR (DMSO, 500.253 MHz): 8.33 (d, 1H, Har, JHH=9.5 Hz); 8.26-8.02 (m, 7H,
Har); 7.93 (d, 1H, JHH= 8.0 Hz, Har); 5.08 (m, 2H, OH); 4.66-4.52 (m, 5H, OH); 4.20-4.17 (m,
2H, H1 + H1’); 3.77-3.72 (m, 2H, H6a + CH2 sn-3a); 3.60-3.26 (m, 25H, H3 + H4 + H5 + H6b +
H2’ + H3’ + H4’ + H5’ + H6’a + H6’b + CH3 – OMe (two diastereoisomers) + CH2 α Solketal +
CH2 α pyrene + CH sn-2 + CH2 sn-3b + CH2 sn-1); 3.0 (t, 1H, JHH = 7.8 Hz, H2); 1.79-1.73
(m, 2H, CH2 β pyrene); 1.46-1.38 (m, 4H, CH2 β solketal + CH2 γ pyrene); 1.34-1.28 (m, 2H,
CH2 γ Solketal); 0.83 (m, 10H, CH2 fatty chain);

13

C NMR (DMSO, 125.804 MHz): 137.07

(Cq); 130.86 (Cq); 130.38 (Cq); 129.13 (Cq); 127.98 (Cq); 127.42-124.19 (CH pyrene); 124.18
(Cq); 124.14 (Cq); 123.44 (CH pyrene); 103.83 (C1’); 102.92 + 102.85 (C1 β anomere – two
diastereoisomers); 80.73 (C4); 78.73 + 78.71 (C sn-2 – two diastereoisomers); 75.48 + 74.95 +
74.79 + 73.08 (C3 + C5 + C2’ + C3’); 73.2 (C2); 70.54 (C α Solketal); 70.50 (C5’); 69.81 (C sn-1
- two diastereoisomers); 68.66 + 68.41 (C sn-3 - two diastereoisomers); 68.09 (C4’); 60.47
(C6); 60.35 (C6’); 57.10 + 57.01 (C –OMe); 32.60 (CH2 α pyrene); 31.49 (CH2 β pyrene);
29.13 + 28.96 + 28.92 + 28.90 + 28.80 (CH2 fatty chain); 25.58 (CH2 fatty chain); MALDI
TOF m/z calculated 784.403 found [M+Na]+ 807.443, theoretical value for [M+Na]+ 807.393.
4.1.8.3

1-O-Hexadecylpyrene-2-O-methyl-rac-glycer-3-yl-β-D-galactopyranosyl-(1-4)-β-

D-glucopyranoside (OP3)
Using the aforementioned general procedure, the compound OP3 was prepared in 71% yield
(420mg). 1H NMR (DMSO, 500.133 MHz): 8.33 (d, 1H, Har, JHH=9.5 Hz); 8.26-8.04 (m, 7H,
Har); 7.93 (d, 1H, JHH= 8.0 Hz, Har); 5.1-5.07 (m, 2H, OH); 4.77-4.49 (m, 5H, OH); 4.19-4.18
(m, 2H, H1 + H1’); 3.76-3.73 (m, 2H, H6a + CH2 sn-3a); 3.60-3.29 (m, 25H, H3 + H4 + H5 +
H6b + H2’ + H3’ + H4’ + H5’ + H6’a + H6’b + CH3 – OMe (two diastereoisomers) + CH2 α
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Solketal + CH2 α pyrene + CH sn-2 + CH2 sn-3b + CH2 sn-1); 2.99 (t, 1H, JHH = 7.8 Hz, H2);
1.78-1.75 (m, 2H, CH2 β pyrene) ; 1.44-1.41 (m, 4H, CH2 β solketal + CH2 γ pyrene); 1.331.32 (m, 2H, CH2 γ Solketal); 1.19 (m, 20H, CH2 fatty chain);

13

C NMR (DMSO, 125.771

MHz): 137.07 (Cq); 130.88 (Cq); 130.39 (Cq); 129.15 (Cq); 127.99 (Cq); 127.43-123.44 (CH
pyrene); 124.15 (Cq); 123.44 (CH pyrene); 103.84 (C1’); 102.93 + 102.86 (C1 β anomere –
two diastereoisomers); 80.73 (C4); 78.72 + 78.67 (C sn-2 – two diastereoisomers); 75.49 +
74.96 + 74.82 + 73.09 (C3 + C5 + C2’ + C3’); 73.21 (C2); 70.56 (C α Solketal); 70.51 (C5’);
69.84 (C sn-1 - two diastereoisomers); 68.66 + 68.42 (C sn-3 - two diastereoisomers); 68.11
(C4’); 60.48 (C6); 60.36 (C6’); 57.11 + 57.02 (C –OMe); 32.61 (CH2 α pyrene); 31.49 (CH2 β
pyrene); 29.16 + 28.97 + 28.86 + 28.83 (CH2 fatty chain); 25.60 (CH2 fatty chain); MALDI
TOF m/z calculated 854.482 found [M+Na]+ 877.475, theoretical value for [M+Na]+ 877.471,
found [M+K]+ 893.437, theoretical value for [M+K]+ 893.445.
4.2 Fluorescence and liposomal formulations
Fluorescence was recorded on Agilent Cary Eclipse Fluorescence Spectrophotometer.
Samples were excited at 331 nm in quartz cells. Stock solutions of OP compounds were
prepared in methanol at 50 µM. EggPC, DOPC and cholesterol were purchased from SigmaAldrich. EggPC (ref 840051) is a mixture of PC whose molecular weight is 770 g/mol. It
contains mainly C16:0 (32.7%), C18:1 (32%), C18:2 (17.1 %), C18:0 (12.3%), C 20:4 (2.7%), C 16:1
(1.1%). Stock solutions of EggPC, DOPC and cholesterol were prepared in chloroforme at 1
mmol/L. For mixtures of EggPC or DOPC with cholesterol, stock solutions of the mixture
were prepared containing 30% of cholesterol and 70% of either EggPC or DOPC (mol/mol).
An aliquot of these lipids solutions was introduced in a glass tube and solvent was evaporated
under vacuum. After solvent removal, pure water was added and let at 4°C for 5 nights. The
samples were then warmed, vortexed, sonicated for 10 minutes. After 3 hours they were
vortexed again and fluorescence was measured. The final concentration of lipids is either 8
µM

or

40

µM.

For pre-insertion experiments, stock solutions of one of the OP compounds (10 µL) were
added before evaporation of the solvent. For post-insertion they were added after sonication.
The final concentration of OP 1, 2 or 3 was always 0.2 µM (lipid/OP ratios = 40 or 200).
4.3 Cell culture
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MDA-MB-435s and HEK cell line that sur-expressed SK3 channels were cultured as already
described [14]. All cell lines were obtained from the American Type Culture Collection
(ATCC, LGC Promochem, Molsheim, France).
4.4 Cell migration
Cell migration assays were analyzed in 24-well plates receiving 8 µm pore size cell culture
inserts (Becton Dickinson, France), as described [14]. Compounds OP1-3 were solubilized in
DMSO to prepare stock solution at 10 mM.
4.5 Cell viability.
Cell viability assays were determined using MTT assay as already described [14]. Cells were
seeded on 24-well plates and grown for 24 h. Compounds OP1-3 were then added for 48 h at
1 µM.
4.6 Electrophysiology
Whole-cell SK3 currents were captured using 1322-A Digidata converter (Axon Instruments,
USA) and pClamp 8.1 software (Axon Instruments, USA) as described [14]. Compounds
OP1-3 were solubilized in DMSO to prepare stock solution at 10 mM.
4.7 Proteinase K digestion and Western blot
Proteinase K digestion was performed as described previously [25]. Briefly, cells were
incubated with or without 200 µg/ml proteinase K (Sigma-Aldrich, France) at 37°C for 30
min and the digestion was quenched by adding ice-cold PBS containing 6 mM
phenylmethylsulfonyl fluoride and 25 mM EDTA. SK3 bands were revealed using Western
blot experiments as already described [25].
4.8 Cell culture and imaging
100.000 MDA-MB-231 cells were seeded in 35 mm dishes in 1 mL serum-supplemented
DMEM. Cells were treated with OP2 24h after seeding. The stock solution of OP2 was
prepared in DMSO/EtOH (60/40) at 1 mM. This solution was diluted either 1000 or 100 times
for the experiments at 1 to 10 µM. For observation immediately after treatment, the serumcontaining culture medium was replaced with serum-free DMEM before adding OP2 at the
required concentration; for observation 24h after treatment, OP2 was added to the serumsupplemented DMEM.
31

Cells were imaged on a wide-field Leica microscope endowed with an EM-CCD (Andor
DU8285) through an oil immersion 20x microscope objective (HC PL APO 20/0.70 IMM).
OP2 fluorescence was excited at 340 nm and emission was imaged from 468 to 552 nm (the
emission range of pyrene excimer).
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Graphical abstract

Ohmline-pyrene 2 (OP2) is the first fluorescent amphiphilic compound able to modulate SK3
channels. The kinetic of cell internalization indicates a rapid incorporation in the plasma membrane
followed, after 2h, by cell internalization.
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