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ABSTRACT: Lipid droplets (LDs) are organelles composed of a lipid core surrounded by a phospholipid monolayer. Lately, LDs
attracted a considerable attention due to recent studies demonstrating their role in a variety of physiological processes as well as
diseases. Herein we synthesized a push-pull molecule named DAF (Dimethyl Aniline Furaldehyde) that possesses a strong positive
solvatochromism in emission of 119 nm from toluene to methanol. Its impressive fluorogenic properties from water to oil (2000-
fold) as well as its high quantum yields (up to 0.97) led us to investigate its ability to sense the distribution of polarity in live cells
by fluorescence ratiometric imaging. When added to live cells and excited at 405 nm, DAF immediately and brightly stain lipid
droplets using a blue channel (410-500 nm) and cytoplasm in a red channel (500-600 nm). DAF also proved to be compatible with
fixation thus allowing 3D imaging of LDs in their cytoplasm environment. Taking advantage of DAF emission in two distinct
channels, ratiometric imaging was successfully performed and led to the polarity mapping of the cell unraveling some heterogeneity
in polarity within LDs of the same cell.

KEYWORDS. Lipid Droplets, Environment Sensitive Fluorescent Probe, Multicolor Fluorescent imaging, Ratiometric Imag-

ing.

Lipid droplets (LDs) are organelles found in almost all organ-
isms from prokaryotes to humans.? 2 They are composed of an
oily core containing metabolic lipids, mainly triglycerides and
cholesterol esters, coated with a phospholipid monolayer
membrane in which proteins are anchored.®* Much more than
simple lipid storages playing a role in metabolism,> % 7 LDs
were recently found to be involved in various physiological
processes including membrane trafficking,® ¢ protein storage'®
and inflammation.'* Additionally, LDs have been shown to
play important role in diseases? such as neurodegeneration,*®
obesity, diabetes and atherosclerosis,** viral replication®® and
cancer.8 118 Although several conserved functions have been
reported in the literature,® recent studies tend to show that
LDs’ number, size and composition can greatly vary.?° 21 22

Therefore, imaging of LDs and studying their dynamic com-
position is of prior importance to understand their involvement
in biological mechanisms. Recently, considerable efforts have
been done to develop efficient molecular fluorescent probes
for bioimaging.2® 2* Among them, fluorogenic probes offers
background free images due to the fact that they only emit
once they reached their target.2> 26 27. 28

Although efficient probes are available in multiple colors for
different organelles,?® LDs probes must be improved as the
most commonly used ones, namely BODIPY 493/503%° and

Nile Red3® showed some limitations in long-term multicolor
imaging due their limited photostability and broad emission
peak respectively.3!

To address this issue continuous effort are being made to de-
velop new efficient LDs probes® based on push-pull® or ag-
gregation induced emission (AIE) fluorophores.3* 35 % We also
recently introduced a family of efficient fluorogenic LD mark-
ers emitting from yellow to near infrared called StatoMerocy-
anines (SMCy) that successfully served in cell and tissue im-
aging using mono- or two-photon excitation imaging.3! In
order to complete the available palette of color, blue emitting
LDs markers have recently been reported.3” 38 3% 40 Although
they showed good selectivity and despite an example where
two-photon excitation was used,* their brightness in imaging
are quite limited due to their UV shifted excitation spectra and
quite low molar absorption coefficients, thus leading to low
excitation efficiency using the common 405 nm laser.

Except one example where a near infrared fluorophores served
to visualize the most viscous LDs,** LDs probes being able to
report their environment such as composition or polarity using
fluorescence imaging have not yet been reported. Solvato-
chromic dyes display different emission wavelengths depend-
ing on their environment’s polarity.*> By means of chemical
modifications certain of these fluorophores like Nile Red,*
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pyrene,* and fluorene* were successfully used to selectively
probe polarity of the plasma membrane and/or intracellular
membranes respectively, using ratiometric imaging.

Herein we developed a push-pull fluorophore, Dimethyl Ani-
line Furaldehyde (DAF) that displayed positive solvato-
chromic properties in emission. In live or fixed cells imaging,
DAF is efficiently excited with the widely used 405 nm laser
and stained LDs leading to background free images due to its
impressive fluorogenic effect from water to oil. Although
DAF showed a lower photostability compared to BODIPY
493/503 and thus was not suitable for long-term live imaging,
it was successfully used in multicolor imaging with no cross-
talk as it is only excited by the 405 nm laser. Taking ad-
vantage of its solvatochromism, ratiometric imaging has been
performed unraveling differences of polarity in the LDs popu-
lation.

Experimental section

Synthesis. All starting materials for synthesis were purchased
from Alfa Aesar, Sigma Aldrich or TCI Europe and used as
received unless stated otherwise. NMR spectra were recorded
on a Bruker Avance Ill 400 MHz spectrometer. Mass spectra
were obtained using an Agilent Q-TOF 6520 mass spectrome-
ter. Synthesis and characterization of DAF is described in sup-
porting information.

Spectroscopy. The water used for spectroscopy was Milli-Q
water (Millipore), all the solvents were spectroscopic grade.
Labrafac® (Labrafac Lipophile WL 1349) is composed of
medium chains tiglycerides, caprylic/capric triglyceride and
was obtained from Gattefossé (Saint Priest, France). Absorp-
tion and emission spectra were recorded on a Cary 400 Scan
ultraviolet—visible spectrophotometer (Varian) and a Fluoro-
Max-4 spectrofluorometer (Horiba Jobin Yvon) equipped with
a thermostated cell compartment, respectively. For standard
recording of fluorescence spectra, the emission was collected
10 nm after the excitation wavelength. All the spectra were
corrected from wavelength-dependent response of the detec-
tor. Quantum yields were determined by comparison with
coumarine 7-(diethylamino) 3-carboxylic acid in water (¢=
0.03) as a reference.*® Time-resolved fluorescence measure-
ments were performed with the time-correlated, single-photon
counting technique using the excitation pulses at 405 nm pro-
vided by a pulse-picked supercontinuum laser (EXR-20, NKT
Photonics) equipped with an UV extension (SuperK
EXTEND-UV). The emission was collected through a polariz-
er set at the magic angle and an 8 nm band-pass monochroma-
tor (H10, Jobin-Yvon) at the maximum of fluorophore emis-
sion. The instrumental response function was recorded with a
polished aluminium reflector, and its full-width at half-
maximum was 50 ps. Time-resolved intensity data were treat-
ed with an analysis using a Matlab home-made software based
of Tespcfit*” and the Maximum Entropy Method (MEM).* In
all cases, the x? values were close to 1, and the weighted resid-
uals as well as the autocorrelation of the residuals were dis-
tributed randomly around 0, indicating an optimal fit.

Cytotoxicity. Cytotoxicity of the DAF was evaluated by MTT
assay  (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide). A total of 1x104 KB cells/well were seeded in a 96-
well plate 18 h prior to the experiment in Dulbecco’s Modified
Eagle Medium (Gibco Lifetechnologies -DMEM) comple-
mented with 10% fetal bovine serum, Gentamicin (100
pg/mL), L-Glutamine (2 mM), non-essential amino acids (1

mM), MEM vitamin solution (1%) and were incubated in a
5% CO2 incubator at 37°C. After medium removal, an amount
of 100 uL DMEM containing 20 uM, 5 pM, 1 uM or 0.2 uM
of DAF was added to the KB cells and incubated for 1 h at
37°C (5% CO,). As control, the cells were incubated with
DMEM containing the same percentage of DMSO (0.5% v/v)
as the solution of DAF or with triton 0.1% as a positive con-
trol of cytotoxicity. After 1h of dye incubation, the medium
was replaced by 100 pL of MTT solution in DMEM and the
cells were incubated for 3 h at 37°C. Then, 75 pL of the solu-
tion was replaced by 50 pL of DMSO (100%) and gently
shaken for 15 min at room temperature. The absorbance at 540
nm was measured. 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 as 0 uM of DAF.

Confocal imaging. KB cells (ATCC® CCL-17) were grown
in minimum essential medium (MEM, Gibco-Invitrogen) with
10% fetal bovine serum (FBS, Lonza), 1% non-essential ami-
no acids (Gibco-Invitrogen), 1% MEM vitamin solution (Gib-
co-Invitrogen), 1% L-Glutamine (Sigma Aldrich) and 0.1%
antibiotic solution (gentamicin, Sigma-Aldrich) at 37° C in
humidified atmosphere containing 5% CO.. Cells were seeded
onto a chambered coverglass (IBiDi®) at a density of 5x10*
cells/well 24 h before the microscopy measurement. For imag-
ing, the culture medium was removed and the attached cells
were washed with Opti-MEM (Gibco-Invitrogen). The live
cells were stained with DAF (2 pum) prior to imaging and were
imaged without any washing steps. Fixed cells were fixed with
PFA (4%) and were washed three times with HBSS and visu-
alized in HBSS. The images were processed with Icy soft-
ware.*® The plasma membrane was stained with dSQ12S (200
nM) prior to imaging.>® Mitotracker Green FM was purchased
from ThermoFisher scientific.?® The correlation studies were
performed on several cells from different acquisitions. Lipid
droplet were segmented with spot detector plugin (scale 2,
sensitivity 40). Colocalization analysis was performed using
Icy SODA plugin (Standard Object Distance Analysis)>! that
gives both coupling proportion, colocalization map and LD
size. Ratiometric images were obtained using Intensity Color
Version 2.5 plugin in ImageJ software.

Results and discussion
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b @A
o
[o]
o Pd(dppf)Cl, N & Non-polar
2(;03 -/ environment
@ JJ\E)— Dloxane Water ¢ DAF 0
®ON= — O~Z7"H Polar

— environment

Scheme 1. Synthesis of DAF

As a push-pull molecule, DAF was designed as a donor-n-
acceptor system where the aniline’s nitrogen is the electron
donor moiety, the aniline and furan constitute the n-conjugated
system and the aldehyde acts as an electron acceptor (Scheme
1). DAF was synthesized in one step by Suzuki coupling be-
tween 4-bromo-diethylaniline and furaldehyde boronic acid
and was fully characterized by H and **C NMR as well as
high-resolution mass spectroscopy (Supplementary Infor-
mation).
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Spectroscopic studies

The photo-physical properties of DAF were then studied in
various organic solvents with increasing polarity. When excit-
ed by a UV lamp (365 nm) the solutions of DAF emitted light
in the visible range from deep blue to yellow (Figure 1A).
Although absorption spectra showed only a slight batho-
chromic shift (Figure 1B), emission spectra displayed an
strong positive solvatochromism from toluene (439 nm) to
methanol (558 nm) representing a 119 nm bathochromic shift
(Figure 1C) which is in accordance with structurally close
reported fluorophores.> 53 Additionally, DAF showed a linear
relationship between its maximum emission wavelength and
the solvent polarity with a slope of 5.7 nm per E1(30) unit
(Figure 2A). Interestingly, whereas DAF is efficiently excited
by the commonly used 405 nm laser (lowest: 70% efficiency),
it is virtually non-excitable by common light sources dedicated
to the green channels, typically 488 nm. These features are
important as regardless its environment, DAF will only emit
when excited with a short wavelength laser thus avoiding
cross talk phenomenon in multicolor imaging. Importantly,
DAF possesses quite high molar absorption coefficients
(~40,000 Mt.cm™) and can reach impressive quantum vyields
up to 0.97 (Table 1), making it a relatively bright blue LDs
probe.® When solubilized in PBS, DAF displays a broader
spectrum than in organic solvents (Figure 1D) with a signifi-
cantly reduced molar absorption coefficient (See table 1).

Table 1. Photo-physical properties of DAF (1 pM) in vari-
ous solvents.

Solvent E,(30)° Anbsanax Acmanax € b FWHM*®

Hnm) Anm) gM*.cm?) Hnm)
Toluene 339 392 439 36,000 0.79 62
oil’ N/A 390 450 43,000 0.74 72
Dioxane 36 388 452 40,000 0.19 71
EtOAC 38.1 386 465 44,000 0.17 67
CHCl, 39.1 403 491 40,500 0.85 66
Acetone 42.2 389 493 40,000 0.64 75
ACN 45.6 392 511 39,500 0.75 79
DMSO 45.1 403 520 34,500 0.97 79
Isopropanol 48.4 398 530 37,500 0.57 80
EtOH 51.9 398 545 39,000 0.26 87
MeOH 55.4 400 558 37,500 0.06 94
PBS 63.1 411 N/A 19,500 N/A N/A

3 E1(30) is the molar transition energy expressed in kcal.mol?
and is a solvent polarity parameter.4?

b Quantum vyields were measured using coumarin 7-
(diethylamino)-3-carboxylic Acid in water (¢= 0.03) as a refer-
ence.*

¢ Full width at half maximum emission spectrum
d Labrafac™ was used (medium chain triglycerides)

Consequently DAF was found to be non-emissive in water
(Figure 1A and E). As lipid droplets are mainly composed of
triglyceride we studied the behavior of DAF in labrafac™, oil
composed of medium chain triglycerides. In this oil DAF effi-
ciently absorbs light at 390 nm (e= 43,000 Mt.cm™) and emits
in the blue region at 450 nm with a good quantum yield (0.74),
thus representing a 2000-fold fluorescence enhancement from
PBS to oil. In order to illustrate the environment sensitivity of
DAF, it was placed in various EtOAc/MeOH ratios. From

EtOAc to MeOH, emission spectra quickly shift to the red
(Figure 2B) with an exponential decay of fluorescence intensi-
ty (Figure 2C). It is noteworthy that only 10% of MeOH was
sufficient to decrease its maximum fluorescence intensity by
half (Figure 2C). As lipid media contained in the LDs can be
highly viscous,* the influence of this parameter on DAF was
assessed using methanol-glycerol mixtures with increasing
viscosity (Figure S1). From low viscosity value (0.6 mPa.s) to
high one (1317 mPa.s), the fluorescence enhancement was
only 1.6-fold showing a rather low sensitivity of DAF towards
the viscosity. Altogether these results show that, in addition to
typical twisted intramolecular charge transfer (TICT) observed
for push pull fluorophores,> DAF could be quenched in polar
protic media by other mechanisms, such as electron transfer
and H-bonding with the solvent.® Lifetime measurements
were in line with these hypotheses as the obtained values
ranged from 1.71 ns to 3.02 ns in aprotic solvents with in-
creasing polarity whereas in ethanol a lower value of 1.29 ns
was obtained (Figure S2). Overall, efficient fluorogenic prop-
erties displaying an impressive fluorescence enhancement
from PBS to oil combined with a high environment sensitivity,
makes DAF a promising candidate as blue fluorescent LDs
probe for multicolor imaging and for sensing LDs polarity.
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Figure 1. (A) Picture of DAF solutions in various solvents under
UV lamp excitation (365 nm): Toluene (1), dioxane (2), EtOAc
(3), CHCIs (4), acetone (5), ACN (6), DMSO (7), isopropanol (8),
EtOH (9), MeOH (10) and PBS (11). Normalized absorbance (B)
and emission spectra (C) of DAF in various organic solvents with
increasing polarity. Normalized absorption (D) and emission
spectra (E) of DAF in PBS buffer and in oil (labrafac) showing
the impressive fluorogenic effect. Dashed Concentration of DAF
was 1 uM. Excitation wavelength was 380 nm.
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Figure 2. Solvatochromic and fluorogenic properties of DAF. Linear relationship between the maximum emission wavelength and the

solvent’s polarity (A). Chloroform was excluded from the fit as other parameters might interfere.”® Emission spectra of DAF in various
EtOAc/MeOH ratios (B) and its exponential decay of fluorescence intensity denoting fluorogenic properties (C). Concentration of DAF

was 1 uM. Excitation wavelength was 380 nm.

Cellular imaging

As a first experiment we checked the cytotoxicity of DAF and
showed that it did not affect the cell viability after 1h incuba-
tion at concentrations up to 20 uM (Figure S3). DAF was then
added to live KB cells (HeLa cells derivatives) at a concentra-
tion of 2 uM. Laser scanning confocal imaging revealed that
DAF immediately and brightly stained LDs (Figure 3A) using
a 405 nm laser source and collecting the emission in a “blue
channel” (415-480 nm). Additionally, using the same excita-
tion source and collecting the emitted light in a second “red
channel” (500-600 nm), DAF stained the cytoplasm (Figure
3B). These experiments showed that DAF possesses both ad-
vantages of BODIPY 493/503 and Nile Red without their
drawbacks. Indeed similarly to BODIPY 493/503, DAF im-
mediately penetrates the cells and stains LDs. However we
recently showed that BODIPY 493/503 has a quantitative
quantum vyield in water3* whereas DAF is non-emissive (Fig-
ure 1E) thus leading to images with significantly reduced
background noise compared to BODIPY 493/503. As solvato-
chromic dyes DAF and Nile Red can both report LDs and
cytoplasmic membranes using two emission channels (Figure
3C). However, due to its blue shifted excitation, DAF is only
excitable with the 405 nm laser whereas Nile Red, due to its
red shifted and broad absorption and emission spectra is prone
to cross-talk.3! In situ emission spectra of DAF in various re-
gion of the cells were then performed and showed that two
main peaks could be observed (Figure S4). In LDs, DAF emits
at 440 nm with a quite sharp band (FWHM = 56 nm), showing
that it is in very low polar environment (polarity similar to
toluene, see table 1). In the cytoplasm, DAF emit in a broader
manner with a peak at 510 nm. In order to assign this peak
more precisely, we placed DAF in an aqueous solution of a
protein (BSA). The results showed that DAF interacts with
BSA and emits at 518 nm, a value close to the one measured
in situ in the cytoplasm (Figure S5). This similarity led us to

think that DAF might interact with the hydrophobic sites of
proteins of the cytoplasm. Interestingly, when cells were im-
aged at different times of incubation, it was noteworthy that
whereas the LDs could be detected with no apparent lost of
signal, the staining of the cytoplasm in the red channel de-
creased over the time probably denoting a slow accumulation
of the dye from the cytoplasm to the LDs (Figure S6).

At this point, after verifying that cross-talk did not occurred
(Figure S7), we checked whether DAF colocalized with
BODIPY 493/503 (Figure 4). First, it was noteworthy that
DAF and BODIPY 493/503 displayed significant difference in
their intensity within the LDs (Figure 4C). Conventional Pear-
son coefficient analysis gave a value of 0.6995 + 0.0154 indi-
cating rather good, though not complete correlation between
DAF and BDP intensity (Figure S8). In order to further study
this observation, we used a recently developed colocalization
technique based on mass center colocalization (see details in
the SI).5? 59% of DAF positive LDs (n= 755) were found to be
associated with BODIPY 493/503, and conversely 62% of
BODIPY 493/503 positive LD (n=729) were associated to
DAF. This association was statistically highly significant (p
value 102'6) and is depicted as yellow spots on figure 4D.
Very interestingly, this study showed that DAF stained LDs
that BODIPY 493/503 could not detect and vice versa (Figure
4D, green and red spots). These data tend to show that DAF
and BODIPY 493/503 are complementary LDs markers and
might be used in combination in order to unravel a larger pop-
ulation of LDs. Moreover we showed that LDs only positive
for DAF or BODIPY have the same pixel size distribution
(Figure S9), whereas LDs positive for both markers (DAF and
BODIPY) are bigger (p<0,0001) than those labeled with only
one marker (See figure S9). These results question the univer-
sality of BODIPY 493/503 as a LDs marker and provides new
evidences of LDs’ heterogeneity.>” %8



Figure 3. Laser scanning confocal images of live KB cells stained with DAF (2 uM). (A) Blue channel: AEx= 405 nm, Em: 415-480 nm.
(B) Red channel: AEx= 405 nm, Em: 500-600 nm. (C) is the merge of the blue and red channels. DAF was added prior to imaging. No

washing steps were performed. Scale bar is 20 pum.

SODA Colocalisation map

Figure 4. Colocalization experiments. KB cells were stained with
DAF (2 uM) Lex= 405 nm, Em: 415-480 nm (A) and BODIPY
493/503 (200 nM) Aex= 488 nm, Em: 495-550 nm (B). (C) is the
merge of A and B. (D) is the composite picture of the segmented
fluorescent spots identified with Icy SODA colocalization analy-
sis plugin. Localization of DAF spots was analyzed in respect
with BODIPY staining. Green spots are the DAF isolated spots
found without BODIPY, yellow spots are the DAF spots associat-
ed with BODIPY staining, red ones are the BODIPY spots found
alone. Scale bar is 10 pm.

Taking advantage of these features, DAF was first involved in
multicolor cellular imaging (Figure 5). LDs were stained with
DAF, excited at 405 nm and the emission was only collected
in the blue channel. Mitochondria were stained with Mito-
tracker green FM using 488-nm excitation and displayed no
cross-talk with DAF as the latter is not excitable at this wave-
length (see figure 1B). Finally, the plasma membrane was
stained with dSQ12S% using 635 nm excitation. While these
imaging experiments were performed without any washing
step, the different organelles were distinctly revealed by its

corresponding color with virtually no background signal (Fig-
ure 5D).

DAF was then challenged in fixed cells. KB cells were stained
with DAF and subsequently fixed. The cells were then imaged
by laser scanning confocal microscopy and images were ac-
quired at increasing heights (Z-Stack experiment) using 405
nm laser as single excitation source and collecting the fluores-
cence signals in the two distinct channels (blue: 415-480 nm
and red: 500-600 nm). Although the photostability of DAF
was found to be lower compared to BODPY 493/503 (Figure
S10) and fixation seemed to lower the brightness of DAF
compared to live cell imaging, it was shown to be sufficiently
bright and photostable over the required 67 successive acquisi-
tions to provide good quality images (Figure S11). Conse-
quently, maximum projection of the obtained images as well a
3D reconstruction unraveled LDs in their cytoplasmic envi-
ronment (Figure S12). These results showed that, owing to its
solvatochromism, DAF enables imaging LDs and the cyto-
plasm with only one excitation source without blocking the
remaining channels that use other excitation sources such as
488 nm, 530, 560 and 630 nm.



Figure 5. Multicolor imaging of live KB cells using DAF as a
blue emitting LDs marker. A is blue channel: DAF (2 uM), AEx=
405 nm, Em: 415-480 nm. B is green channel: Mito tracker Green
FM (200 nM), AEx= 488 nm, Em: 495-550 nm. C is red channel
dSQ12S (200 nM), AEx= 635 nm Em: 645-750 nm. D is the
merge of the 3 channels. Unlike Mito tracker, which was incubat-
ed for 1 h, DAF and dSQ12S were added just before imaging. No
washing steps were performed. Scale bar is 20 um.

Finally, taking advantage of the solvatochromism properties of
DAF, we investigated its ability to probe the difference in

A Blue Channel

Red Channel

polarity within the LDs using ratiometric imaging. To do so,
the signal of the red channel (Figure 6B) was divided by the
signal of the blue channel (Figure 6A) thus providing rati-
ometric image that maps the polarity of the cytoplasm and the
LDs (Figure 6C). These images indicated that the cytoplasm
displayed the highest polarity (ratio value 3.0) with a high
homogeneity. As a comparison a solution of DAF in pure eth-
anol was imaged using the same parameters and provided a
similar ratio color indicating that the labeled cytoplasm exhib-
its rather high polarity that could be assigned to water exposed
binding sites of intracellular proteins (Figure 6D). Conversely,
LDs displayed significantly lower polarities with an increasing
gradient from their core to the surface. Remarkably, the core
composed of triglycerides and cholesterol esters displayed the
lowest polarity (ratio value between 0.6 and 1) comparable to
the one obtained when DAF in pure oil was imaged (Figure
6F). The difference between the core and the surface of LDs
could be explained, on one hand, by polarity gradient within
the LDs, where the water exposed membrane should be much
more polar than the lipid core. On the hand, the size of drop-
lets is close to the diffraction-limited resolution of the confo-
cal microscope. Therefore, we could also explain higher val-
ues of the red/blue ratio at the edges of LDs as a superposition
of signal coming from the lipid core (low ratio values) and the
cytoplasm (high ratio values). Dedicated super resolution mi-
croscopy studies using stimulated emission depletion STED,
structured illumination microscopy SIM® or dSTORM® will
be needed in order to better understand the distribution of po-
larity within the same LD. Moreover, figure 6E revealed a
heterogeneity in polarity observed in the center of LDs as one
displays the ratio value close to the oil of medium-chain tri-
glycerides (Labrafac™, Figure 6F) and for the second one it is
even lower (0.6), probably denoting a difference in the lipid
composition in the core of these LDs.

Ratiometric Image

Ethanol
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Figure 6. Laser scanning confocal images of KB cells in the presence of DAF (2 uM). (A) Image obtained in the blue channel: AEx= 405
nm, Em: 415-480 nm. (B) Image obtained in the red channel: AEx= 405 nm, Em: 500-600 nm. (C) Ratiometric image obtained from the
ratio between the red and the blue channels, mapping the polarity distribution in live cells. The inset in C was zoomed in E showing two
LDs with heterogeneous polarity, D and F are ratiometric images using the same parameters performed with DAF (10 pM) in pure ethanol

and pure oil (Labrafac™) respectively. Scale bar is 20 um.



Conclusion

We herein synthesized and characterized a push-pull fluoro-
phore, DAF that displays a 119 nm positive solvatochromism
in emission. Using a single excitation source, DAF was shown
to immediately stain the LDs in live cells using a blue emis-
sion channel and the cytoplasm using a red emission channel.
Colocalization experiments showed that DAF unraveled LDs
that could not be detected by BODIPY 493/503 and vice ver-
sa, thus showing that DAF is complementary to BODIPY
493/503. Due to its blue shifted excitation spectra, DAF
proved to be compatible with multicolor fluorescence imaging
using green and red fluorescent markers. Additionally, due to
its fluorogenic properties DAF does not require any washing
steps and provided images displaying virtually no background
signal. Taking advantage of its solvatochromism and using a
red-shifted fluorescent channel, DAF provided ratiometric
images leading to the polarity mapping of the cytoplasm and
LDs. DAF also showed some variation in polarity between the
core and the surface of LDs, however a more dedicated study
using super-resolution imaging will be needed to confirm this
observation. This feature might be of importance to study the
variation LDs membrane composition especially during inter-
action with other organelles and fusion. Interestingly, we
demonstrated that, within the LDs population, their lipid core
displayed various polarities probably denoting heterogeneity
in their composition. Studying the composition of metabolic
lipids by imaging might accelerate LDs studies and open the
way to a better comprehension of metabolic disorders associ-
ated diseases such as atherosclerosis,'* but also Alzheimer
disease and epilepsy.® In conclusion, DAF is a blue emitting
LDs marker suitable for multicolor live and fixed cells fluo-
rescence imaging and that can also efficiently probe the heter-
ogeneity in polarity of LDs. This work contributes to a new
field of research namely fluorescent and environment-sensitive
LDs probes that not only consist in staining LDs but in sensing
their environment like their polarity, their composition or their
viscosity.** Further works are ongoing in our laboratory to find
a correlation between the polarity of LDs and their metabolic
lipid composition.
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