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ABSTRACT: Staining of the plasma membrane (PM) is essential in bio-imaging as it delimits the cell surface and provides various 

information regarding the cell morphology and status. Herein, the lipophilicity of a green-emitting BODIPY fluorophore was tuned 

by gradual functionalization with anchors composed of zwitterionic and aliphatic groups, thus yielding three different amphiphilic 

dyes. We found that BODIPY bearing one or three anchors failed in efficiently staining the PM: derivative with one anchor showed 

low affinity to PM and exhibited strong fluorescence in water due to high solubility, whereas BODIPY with three anchors aggre-

gated strongly in media and precipitated before binding to PM. In sharp contrast, the BODIPY bearing two anchors (B-2AZ, Mem-

Bright-488) formed virtually non-fluorescent soluble aggregates in aqueous medium that quickly de-aggregated in the presence of 

PM leading to bright soluble molecular form (quantum yield of 0.92). This fluorogenic response allowed for efficient probing of the 

PM at low concentration (20 nM) with high signal to background ratio images in mono- as well as two-photon excitation microsco-

py. B-2AZ proved to selectively stain the PM in a more homogeneous manner than the commercially available fluorescently la-

belled lectin WGA. Finally, it was successfully used in 3D-imaging to reveal fine intercellular tunneling nanotubes in KB cells and 

to stain the PM in glioblastoma cells in spheroids. 

Introduction 

Among the components of eukaryotic cells, the plasma 

membrane (PM) plays a prior role, as it is the natural barrier 

between the extracellular environment and the cytoplasm. PM 

is also involved in diverse biological processes including cel-

lular uptake, neurotransmission, muscle contraction, and cell 

trafficking and signalling.1, 2 In addition to delimiting the cell 

surface in bioimaging, visualizing the PM allows to check the 

morphology of the cell that provides information regarding the 

cell status such as its cell division step or the cell death includ-

ing apoptosis and necrosis.3 4 The fast evolution of fluores-

cence imaging techniques led to the development of various 

molecular probes for monitoring cellular events.5 6 7 8 9 Nu-

merous efficient molecular probes have been designed to se-

lectively stain specific cellular structures including mitochon-

dria,10 endoplasmic reticulum,11 12 13 lipid droplets14 or lyso-

somes.15 16 Nevertheless, there is still a demand for efficient 

and bright fluorescent PM markers. Fluorescently labelled 

lectins including wheat germ agglutinin (WGA)17 are among 

the most popular fluorescent probes for PM. Despite their effi-

ciency and ease of use, these probes are expensive and suffer 

from their stability. Additionally, lectins bind glycoproteins’ 

carbohydrates of the extracellular phase of the PM and thus 

are not precisely located in the lipid bilayer. We recently 

showed that fluorescently labeled lectins failed to stain homo-

geneously the PM of highly confluent cells due to a lack of 

accessibility in membrane-membrane contacts.18 Moreover, 

these lectins are not suited for studies of the lateral lipid or-

ganization of biomembranes (lipid rafts),19-20 FRET with 

membrane proteins21 and super-resolution imaging.22, 23 Con-

sequently, small molecular probes constitute a more adapted 

an universal alternative. Although highly hydrophobic fluoro-

phores are efficient markers of model membranes such as lip-

osomes,9 they generally fail in staining the cell PM of live 

cells as they tend to precipitate before reaching the membrane 

or quickly cross the PM to stain intracellular membranes.9, 24 

Recent efforts have been made to develop specific and effi-

cient molecular PM probes 9 25 for cell imaging with various 

fluorophores: including chromone,26-4 red-emitting BODIPY,27 

molecular rotor BODIPY,28 perylene,29 Nile Red,30 push-pull 

fluorene,31 triphenylamine,32 styryl pyridinium,33, 34 NBD,35 

perylene,29 and oligothiophene-based flippers.36, 37, 38, 39 Among 

the fluorescent probes, fluorogenic ones offer background-free 

imaging due to the fact that they only emit once they reached 

their target.40, 41, 42, 43 Recently, we developed a class of bright 

and fluorogenic plasma membrane markers based on 

squaraine44 and cyanines fluorophores called MemBright18 that 

bear two amphiphilic zwitterion moieties which insure the 

anchoring of the marker within the cell PM. These markers 

span their emission wavelengths from 570 to 830 nm, leaving 

a gap to the widely used green channel. Consequently, we 

aimed at developing an efficient green emitting PM probe in 

order to access an arsenal of efficient multicolor PM fluores-

cent markers. To do so, the amphiphilicity of a green emitting 

BODIPY was tuned by incremental addition of amphiphilic 

zwiterionic moieties, which is a systematic approach to reveal 

the relationship between the probe structure and PM staining 

efficiency. The ability of these three fluorophores to selective-



 

ly stain the PM was evaluated on cancer cells and the results 

showed a clear difference of behavior and efficiency. Among 

these dyes, B-2AZ emerged as a very bright (QY = 0.92, 

~80,000 M-1.cm-1) and efficient fluorogenic PM probe. In 

addition, B-2AZ was shown to stain the PM in more homoge-

neous manner compared to fluorescently labeled lectins, thus 

revealing fine protrusions of the PM like filopodia and tunnel-

ing nanotubes. In 3D cells (spheroids), B-2AZ displayed deep-

er staining and conserved an excellent PM staining over time.   

 

Scheme 1. Synthesis of the three amphiphilic BODIPYs. i. HATU, DIEA, DMF. ii. N3-AZ, CuSO4∙5H2O, AscNa, DMF, water, 60°C.

Results & discussion 

 

Design & synthesis 

Among the green emitting fluorophores, BODIPYs present 

undeniable advantages for bio-imaging including high molecu-

lar extinction coefficients and elevated quantum yield which 

ensures high brightness as well as narrow absorption and 

emission bands that enable high compatibility in multicolour 

imaging.45, 46 Moreover, they are efficiently excited with the 

widespread 488 nm laser as their maxima excitation wave-

length is close to 500 nm. In 2014, a PM sensor, based on a 

BODIPY molecular rotor was introduced.28 Although this 

sensor proved to be efficient in FLIM imaging for mapping the 

viscosity in live-cell plasma membranes, its brightness is in-

trinsically limited because of rational quenching, making it 

less adapted in more conventional fluorescence imaging like 

confocal microscopy. Moreover, the reported concentration 

that was used (~9 M) could lead to detrimental effects. 

Therefore, we aimed at developing a fluorogenic PM probe 

that would be efficient regardless the viscosity of the envi-

ronment and displaying a virtually non-emissive form in the 

medium combined with high brightness when incorporated in 

the PM. To this end, the amphiphilic nature of a BODIPY 

fluorophore was tuned by increasing combination of an am-

phiphilic zwitterion moiety. Although several efficient mem-

brane probes from our group have been successfully designed 

with only one amphiphilic zwitterion unit combined to the 

fluorophore such as 3-methoxychromone (F2N12SM and 

FC12SM),26 environment sensitive Nile Red (NR12S)30 and 3-

hydroxychromone,47 in the case of squaraine dye, we proved 

that two amphiphilic zwitterions units were required to insure 

the selective staining of the plasma membrane and to avoid 

cell-penetration by crossing the PM.44 Squaraines and cya-

nines, due to their readily accessible symmetrical structures, 

are easily bi-functionalizable. Herein, we derivatized the acid 

BODIPY 1 with one to three acetylene groups (2a-2c) de-

signed to click different numbers of amphiphilic zwitterion 

units leading to three BODIPYs with increasing hydrophobi-

city (scheme 1). 1 was synthesised in one step from glutaric 

anhydride and 2,4 dimethyl pyrrole via a custom and greener 

method than earlier reported,48 limiting the quantity of boron 

trifluoride to 1.5 equivalent and without any base (see SI). To 

this acid were coupled propargylamine, dipropargylamine and 

a newly designed tripod bearing 3 acetylene groups (for syn-

thesis, see SI), respectively leading to 2a, 2b and 2c. These 

intermediates were reacted with a clickable amphiphilic zwit-

terion, giving rise to the three amphiphilic BODIPYs (scheme 

1). 

 

Spectroscopic studies 

Spectroscopic properties of the amphiphilic BODIPYs were 

then evaluated in various solvents (table 1, figure S1-S3). As 

expected, they all displayed a bright green fluorescence in 

organic solvents such as methanol and DMSO with molar 

extinction coefficient ranging from 70,000 to 83,000 M-1.cm-1 

and quantum yield ranging from 0.73 to 0.99. We then 

checked whether the dyes were sensitive to a viscous envi-

ronment as membranes can display heterogeneous viscous 

domains. The results showed that they are poorly sensitive to 

high viscosity as their quantum yields in glycerol are slightly 

decreased compared to organic solvents. In aqueous media, B-

1AZ bearing only one lipid anchor group, differed from its 

homologues as it displayed bright fluorescence in water and 



 

phosphate buffer with quantum yields up to 0.77 compared to 

0.02 to 0.03 for B-2AZ and B-3AZ respectively. Moreover, B-

1AZ displayed a much less broadened absorption spectrum 

compared to B-2AZ and B-3AZ (Figure 1 A) thus showing 

that it is actually solubilized as a highly emissive molecular 

form. 

 

Table 1. Spectroscopic properties of amphiphilic BODIPYs 

in various solvents and environments. 

 

1 20 mM pH 7.4 

2 DOPC: Dioleoylphosphatidylcholine 200 M (lipid concen-

tration) in phosphate buffer 20 mM pH 7.4. 

3 Quantum yields were calculated with fluorescein as a refer-

ence in NaOH 0.1 M (QY= 0.95)49  

On the other hand, broadening of the absorption spectra and 

the increase of their blue-shifted shoulder (~475 nm) in case 

of B-2AZ and B-3AZ (Figure 1A, dashed lines), bearing addi-

tional anchor groups, suggested the formation of non-emissive 

aggregated species.50 In order to confirm the formation of ag-

gregates, DLS (dynamic light scattering) measurements were 

performed on aqueous solutions of the amphiphilic BODIPYs. 

The results showed that, unlike B-1AZ present as the molecu-

lar form in water (size <1 nm), B-2AZ and B-3AZ formed 

23.8 nm and 42.3 nm size nanoparticles respectively (Figure 

S4).  

In a second step, we evaluated the behaviour of the dyes in 

the presence of DOPC vesicles as a model of cell PM. In all 

cases, the absorption spectra sharpened (Figure 1A, solid 

lines), especially for B-2AZ and B-3AZ depicting a de-

aggregation process of the dyes in the vesicles leading to an 

increase in fluorescence (Figure 1 B). Moreover, the three 

dyes reached high quantum yields values once partitioned into 

the vesicles (0.84 to 0.95). Due to its good water solubility 

and, therefore, bright fluorescence in aqueous media B-1AZ 

displayed a weak fluorescence enhancement between phos-

phate buffer and DOPC vesicles. By contrast, B-2AZ and B-

3AZ enhanced their quantum yields more than 40-fold (Figure 

1 D). In order to determine how fast the dye de-aggregates in 

the presence of membrane models, kinetics studies were per-

formed in the presence of DOPC vesicles where the fluores-

cence was monitored over the time (Figure 1 C). As expected 

for B-1AZ the fluorescence intensity reached its maximum 

instantaneously as the dye is free in solution and does not need 

time to de-aggregate. Conversely, B-2AZ and B-3AZ, which 

are aggregated in aqueous media, require more time to reach 

their plateau of maximum fluorescence. B-3AZ displayed the 

slowest membrane binding kinetics, probably because three 

amphiphilic anchor groups lead to a more hydrophobic mole-

cule, thus slowing down the de-aggregation process. In the 

light of these results, B-2AZ and B-3AZ appeared to be the 

best candidates as potent fluorogenic fluorescent plasma 

membrane probes since their background fluorescence in 

aqueous media is low and once inserted in membranes they 

turn on their fluorescence to reach high quantum yields.  

 

Figure 1. Normalized absorption (A) and emission (B) spectra of 

the 3 amphiphilic BODIPYs (1 M) in phosphate buffer alone (20 

mM pH 7.4, dashed lines) and in the presence of DOPC vesicles 

(200 M, spectra measured after 1h, solid lines). The arrows de-

pict the de-aggregation effects namely: decrease of the shoulder, 

sharpening of the peak and fluorescence enhancement. Absorption 

spectra in the presence of vesicles were corrected from scattering. 

(C) Kinetic of de-aggregation of the amphiphilic dyes (1 M) in 

the presence of DOPC vesicles (200 M), the fluorophores were 

added after 90 seconds and the fluorescence was monitored at 505 

nm (ex= 460 nm). (D) Fluorescence enhancement (FI/FI0) of the 

dye (1 M) in glycerol and in the presence of DOPC vesicles (F0 

is the fluorescence intensity in phosphate buffer).  

 

Cellular imaging 

Next, we investigated the potential of these amphiphilic 

BODIPYs as PM probes in live cell experiments. To this re-

gard, freshly diluted solutions of probes in HBSS (20 nM) 

were added to KB cells (HeLa cells derivatives) without wash-

ing step. WGA-647, a PM marker based on a far-red fluoro-

phore labelled lectin, was added to the medium prior to imag-

ing as a control. The results showed significant differences in 

staining efficiency (Figure 2). Interestingly, B-2AZ rapidly 

and efficiently stained the PM with high signal to background 

ratio and clearly co-localised with WGA-647. Using the same 

parameters of acquisition and processing, B-1AZ failed in 

staining the PM. Further process of the obtained images re-

vealed that the PM was only weakly stained by B-1AZ with 

very low signal to background ratio thus providing images of 

poor quality (Figure S5). This observation is in line with the 

spectroscopic studies that revealed the non-fluorogenic nature 

of B-1AZ. Although B-3AZ localized in the PM, it displayed 

relatively weak fluorescence signal. This inefficient staining is 

attributed to the slow de-aggregation of B-3AZ that finally 

ends up on the glass surface in form of aggregates (Figure S6). 

Probe Solvent
lAbs max

(nm)

e

 (M -1.cm-1)

lEm  max

(nm)
f3

B-1AZ Water 497 57000 504 0.77

buffer1 497 53000 504 0.67

Glycerol 500 74500 506 0.56

MeOH 497 70000 504 0.75

DMSO 499 68000 507 0.81

DOPC vesicles2 499 70000 505 0.95

B-2AZ Water 500 47000 505 0.03

buffer1 500 50000 506 0.02

Glycerol 501 65000 506 0.43

MeOH 497 81000 504 0.73

DMSO 499 83000 507 0.88

DOPC vesicles2 500 71000 506 0.92

B-3AZ Water 500 48000 512 0.02

buffer1 501 52000 508 0.02

Glycerol 501 59000 506 0.60

MeOH 497 72000 504 0.79

DMSO 499 73000 506 0.99

DOPC vesicles2 499 65000 505 0.84
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Images taken 90 min after the staining showed nearly the same 

profile for each dye, proving the capacity of B-2AZ to stain 

rapidly and efficiently the cell PM, even for long term incuba-

tion (Figure S7). Remarkably, when cells were incubated with 

B-2AZ for 3 h and 6 h, the PM staining remained excellent, 

whereas B-3AZ failed to stain efficiently PM (Figure S8). 

Before going further with B-2AZ, cell viability test (MTT) 

was performed and the results showed that it was not cytotoxic 

in all tested concentrations up to 1 M (Figure S9). 

 

 

Figure 2. Laser scanning confocal microscopy images of KB cells 

stained with the amphiphilic BODIPYs (20 nM) without any 

washing step. Images were taken 10 minutes after addition of the 

dyes. WGA-647 (2 g/mL) is a far red emitting labelled lectin 

used to co-localize the plasma membrane. The nucleus was 

stained with Hoechst prior to imaging (5 g/mL). Images were 

acquired and processed with the same parameters. Scale bar is 15 

m.  

In order to assess the specificity of the PM labelling with B-

2AZ, Z-stack of 20 m height was performed on live and fixed 

(4% PFA) KB cells using laser scanning confocal imaging. 

Orthogonal projections evidenced the efficient and specific 

PM staining with both live and fixed cells as very weak signal 

could have been detected in the cytoplasm (Figure 3A and B 

respectively). These experiments allowed to obtaining good 

quality 3D-images of KB cells displaying their morphology as 

well as their thin PM processes (Figure 3C, see also supple-

mentary movie 1). In bioimaging, the photostability of the 

probes is another important factor as it allows long-term imag-

ing to monitor biological events over the time. To assess its 

photostability, KB cells were stained with B-2AZ and imaged 

upon continuous illumination by laser scanning microscopy 

for 15 minutes. The results showed that B-2AZ displayed a 

good photostability since less than 10% of the fluorescence 

intensity was lost after 680 consecutive scans (Figure S10 and 

supplementary movie 2). Additionally, since green-emitting 

BODIPY fluorophore was already shown to efficiently absorb 

two-photon light at long wavelengths (over 900 nm),51 52 we 

explored the ability of B-2AZ to be used in two-photon excita-

tion (TPE) fluorescence microscopy. To this end, fixed HeLa 

cells were labelled with B-2AZ and subsequently imaged by 

TPE. The obtained imaged and intensity plot profile displayed 

high signal to background ratio (∼20) of the PM using 100 nM 

concentration of B-2AZ and an excitation wavelength of 1000 

nm (Figure S11). The imaging revealed that the staining of the 

filopodia by B-2AZ seemed more effective than that by WGA-

647 (Figure 4A). Filopodia are thin PM protrusions that func-

tion as antennae for cells to probe their environment, thus 

playing an important role in cell migration, neurite outgrowth 

and wound healing.53 Consequently, efficient staining of filo-

podia should not be neglected and is of prior importance for 

the above stated domains. In order to compare this difference 

of efficiencies, the ratio of intensities between B-2AZ and 

WGA-647 in sections of PM was normalized to 1. We then 

measured this ratio on sections of filopodia and found that B-

2AZ stained >3-fold more efficiently the filopodia than WGA-

647 (Figure 4A, B). This could be attributed to the fact that B-

2AZ diffuses within the whole plasma membrane regardless 

the glycoprotein composition of its extracellular layer whereas 

WGA-647 binding depends on the presence of glycoproteins 

and the nature of their glycosylation on the PM. Additionally, 

due to its homogeneous and intense PM staining, B-2AZ was 

able to reveal the presence of intercellular nanotubes (Figure 

4C). The latters, also called tunneling nanotubes, are thin PM 

tubes connecting two individual cells and are involved in cell-

cell communication.52, 55, 56 Further analysis of the obtained 

image gave the tube length of 30 m and the intensity plot 

profile furnished a thickness of 0.36 m (Figure 4D). The 

latter corresponds to the diffraction limited resolution of opti-

cal microscopy,7 indicating that these tubes are probably thin-

ner.
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Figure 3. Laser confocal microscopy images of live (A) and 4% PFA fixed (B) KB cells stained with the B-2AZ (20 nM) and the orthogo-

nal projections in the xz and yz plans. Scale bar is 15 m. (C) 3D-image of fixed 4% PFA fixed KB cells. 

 

 

Figure 4. (A) KB cell labeled with B-2AZ (20 nM, green color) 

and WGA-647 (2 g/mL, red color). Scale bar is 7 m. (B) Rela-

tive distribution of WGA-647 and B-2AZ in the plasma mem-

brane (dotted magenta line in A, the value was normalized to 1) 

and filopodia (solid magenta line in A) 10 minutes after addition 

of the markers. Each measure was performed on 20 different sec-

tions of different cells from different images. (C) Max projection 

intensity of a Z-stack experiment (68 slices of 300 nm thickness-

es, total height of 20.4 m) revealing the presence of an intercel-

lular nanotube between fixed KB cells. Scale bar is 10 m. (D) 

Intensity profile of the ROI (magenta line in C) giving a nanotube 

thickness of 360 nm, FWHM is the half width at half maximum of 

the peak. 

Finally we assessed the ability of B-2AZ to efficiently stain 

the PM in live 3D cell culture (spheroids). To this endeavour, 

live U87 glioblastoma cells in spheroids of ~300 m size57 

were incubated for 3 h in the presence of WGA-488 and B-

2AZ before being imaged by laser scanning confocal micros-

copy at various heights (Figure 5). On the one hand, WGA-

488 showed clear-cut signs of internalization in the cells (Fig-

ure 5B) and did not allow the visualization of individual cells 

at 50 m height (Figure 5C), probably due to inefficient diffu-

sion through tightly packed cells in the spheroid. By contrast, 

B-2AZ conserved a high specificity toward the PM with virtu-

ally no intracellular fluorescence (Figure 5E), thus allowing 

the delimitation of the cells within the spheroids (Figure 5F). 

These results show that B-2AZ is suitable for long term imag-

ing of the PM in thicker samples like spheroids, tissues or 

organoids, presenting clear advantages over fluorescently la-

belled WGA.  

Conclusion 

In this study, we pointed out the importance of designing 

new PM fluorescent probes by modulating their amphiphilic 

nature. The molecular design we proposed helped to define a 

balance (two amphiphilic C12 moieties) that leads to quenched 

aggregates in aqueous media that are able to efficiently and 

rapidly disassemble in the presence of the PM. The am-

phiphilic moieties act as efficient anchors to the PM without 

affecting the homogeneous spreading within the latter. B-2AZ 

has proved to be an excellent and easy to use fluorogenic PM 

marker at very low concentration and without any washing 

step. Thanks to its narrow emission spectrum and high bright-

ness, and high photostability it is a suitable candidate for mul-

ticolour imaging experiments in both mono- and two-photon 

excitation. Compared to the commercially available fluores-

cently labelled lectin WGA (488 and 647), B-2AZ displayed a 

more homogeneous staining and was able to reveal thin tun-

nelling nanotubes in 3D imaging as well. Additionally, in con-

trast to labelled WGA, B2-AZ showed highly specific staining 

of PM of glioblastoma spheroids and enabled delimiting indi-

vidual cells with significantly better penetration depth. The 

efficacy of B-2AZ led us to adopt it in the MemBright family18 

and rename it as MemBright-488. 
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Figure 5. Laser scanning confocal images of U87 glioblastoma 

spheroids stained with 10 g/mL WGA-488 (A, B, C) and with 

200 nM B-2AZ (D, E, F) at various height. Excitation was at 488 

nm and emission was collected between 495 and 550 nm. 

 

Materials & Methods 

Synthesis 

Synthesis, protocols, characterizations and spectra are de-

scribed in the supporting information. NMR spectra were rec-

orded on a Bruker Avance III 400 MHz spectrometer. Mass 

spectra were obtained using an Agilent Q-TOF 6520 mass 

spectrometer.  

 

Lipid Vesicles 

Dioleoylphosphatidylcholine (DOPC) and cholesterol were 

purchased from Sigma-Aldrich. Large unilamellar vesicles 

(LUVs) were obtained by the extrusion method as previously 

described.58 Briefly, a suspension of multilamellar vesicles 

was extruded by using a Lipex Biomembranes extruder (Van-

couver, Canada). The size of the filters was first 0.2 μm (7 

passages) and thereafter 0.1 μm (10 passages). This generates 

monodisperse LUVs with a mean diameter of 0.11 μm as 

measured with a Malvern Zetasizer Nano ZSP (Malvern, 

U.K.). LUVs were labelled by adding 5 μL of probe stock 

solution in dimethyl sulfoxide to 1-mL solutions of vesicles. A 

20 mM phosphate buffer, pH 7.4, was used in these experi-

ments. Molar ratios of probes to lipids were generally 1 to 

500-1000. 

 

Spectroscopy 

Absorption spectra were recorded on a Cary 4000 spectro-

photometer (Varian) and fluorescence spectra on a Fluoromax 

4 (Jobin Yvon, Horiba) spectrofluorometer. Fluorescence 

emission spectra were systematically recorded at room tem-

perature, unless indicated. All the spectra were corrected from 

wavelength-dependent response of the detector. The fluores-

cence and absorption spectra of the corresponding blank sus-

pension of lipid vesicles without the probe was subtracted 

from these spectra. 

 

DLS measurements 

The sizes of the particles formed by The BODIPY probes in 

water were measured by Dynamic Light Scattering (DLS) 

using a Malvern Zetasizer Nano ZSP (Malvern, U.K.). Con-

centration of the dye was 1 M. Laser wavelength was 633 

nm. 

 

Cellular studies 

KB cells (ATCC® CCL-17) were grown in minimum essen-

tial medium (MEM, Gibco-Invitrogen) with 10% fetal bovine 

serum (FBS, Lonza), 1% non-essential amino acids (Gibco-

Invitrogen), 1% MEM vitamin solution (Gibco-Invitrogen), 

1% L-Glutamine (Sigma Aldrich) and 0.1% antibiotic solution 

(gentamicin, Sigma-Aldrich) at 37 C in humidified atmos-

phere containing 5% CO2. Cells were seeded onto a cham-

bered coverglass (IBiDi®) at a density of 5104 cells/well 24 h 

before the microscopy measurement. HeLa cells (ATCC® 

CCL-2) and U87 cells (ATCC® HTB-14™) were grown in 

Dulbecco’s modified Eagle medium (DMEM, Gibco-

Invitrogen), supplemented with 10% fetal bovine serum (FBS, 

Lonza) and 1% antibiotic solution (penicillin-streptomycin, 

Gibco-Invitrogen) at 37 C in humidified atmosphere contain-

ing 5% CO2. Cells were seeded onto a chambered coverglass 

(IBiDi®) at a density of 1105 cells/well 24h before the mi-

croscopy measurement. For a nuclear staining, the medium 

was replaced by Hoechst 33258 (5 µg/mL) in Opti-MEM 

(Gibco-Invitrogen) and the cells were incubated for 10 

minutes at 37°C. For imaging, the medium was removed and 

the attached cells were washed with HBSS (Gibco-Invitrogen) 

three times. Then, a freshly prepared solution of amphiphilic 

BODIPY in HBSS (20 nM) was quickly added to the cells 

without any washing step. Prior to imaging, PM was co-

stained by addition of wheat germ agglutinin-Alexa-647, 

WGA-AlexaFluor®647 (1 mg/mL in water) at a final concen-

tration of 2 g/mL. Spheroids were obtained with 2-days old 

U87 cells according to a published protocol57 and were incu-

bated for 3 h in serum-free opti-MEM medium in the presence 

of the dyes and were directly images without any washing 

steps. Confocal microscopy experiments were performed by 

using a Leica TCS SPE-II with HXC PL APO 63x/1.40 OIL 

CS objective. The microscope settings were: 405 nm laser for 

excitation of Hoechst 33258, emission was collected between 

420 and 470 nm; 488 nm laser for excitation of amphiphilic 

BODIPY, emission was collected between 500 and 550 nm 

and 632 nm laser for WGA-AlexaFluor®647, emission was 

collected between 640 and 800 nm. The images were pro-

cessed with the ImageJ or Icy software. 

 

Two-photon imaging 

Two-photon laser scanning microscopy was performed with 

a TriM Scope II (LaVision BioTec GmbH, Germany) with a 

20x0.95 NA water immersion objective (Olympus, Japan). For 

2-photon excitation a tunable infrared laser (Insight DS+ with 

Dual Option, Spectra Physics, France) was used and set to 

1000 nm. Fluorescence light was separated from excitation 

light with a SP715 filter, split by dichroic mirrors and detected 

by non-descanned GaAsP photomultiplier tubes (PMTs) 

(H7422-40, Hamamatsu Photonics, Japan).  

 

Cytotoxicity assay 

Cytotoxicity assay of B-2AZ was quantified by the MTT as-

say (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide). A total of 1x104 KB cells/well were seeded in a 96-

well plate 24 h prior to the cytotoxicity assay in Dulbecco’s 

Modified Eagle Medium (Gibco Lifetechnologies -DMEM) 

complemented with 10% fetal bovine serum, Penicilin (100 

UI/mL), Streptomycin (100 µg/mL), L-Glutamine (2 mM) and 

were incubated in a 5% CO2 incubator at 37°C. After medium 

removal, an amount of 100 µL DMEM containing 1000 nM, 

200 nM or 20 nM of B-2AZ was added on the KB cell and 

incubated during 1 h at 37°C (5% CO2). As control, for each 

96-well plate, the cells were incubated with DMEM contain-

ing the same percentage of DMSO (0,5% v/v) as the solution 

with the tested dye or with Triton 1% as a positive control of 

cytotoxicity. After 1h of dye incubation, the medium was re-

placed by 100 µL of a mix containing DMEM + MTT solution 

(diluted in PBS beforehand) and the cells were incubated dur-

ing 4 h at 37°C. Then, 75 µL of the mixture was replaced by 



 

50 µL of DMSO (100%) and gently shaken for 15 min at room 

temperature in order to dissolve the insoluble purple formazan 

reduced in living cells. The absorbance at 540 nm was meas-

ured (absorbance of B-2AZ at 540 nm was taken into ac-

count). Each concentration of dye was tested in sextuplicate in 

3 independent assays. For each concentration, we calculated 

the percentage of cell viability in reference of the control 

DMEM+ 0,5% DMSO. 
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