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assembly-forming domains of different compositions, 
sizes, and dynamics that are essential for the functionality 
of the membrane ( 1 ). Particularly important are lipid 
rafts, which are small (10–200 nm), heterogeneous, and 
highly dynamic sterol- and sphingolipid-enriched domains 
that compartmentalize cellular processes. Small rafts can 
sometimes be stabilized to form larger platforms through 
protein–protein and protein–lipid interactions ( 2, 3 ). Recent 
works have demonstrated that these assemblies play key 
roles in processes such as signaling in immunological 
synapses ( 4, 5 ), membrane traffi cking ( 6, 7 ), and viral 
infection cycles ( 8–10 ). 

 To understand the physical basis of cell membrane or-
ganization and its relation to functionality, several arti-
fi cial systems, such as small unilamellar vesicles (SUVs) and 
large unilamellar vesicles, with mean diameters of 30 nm 
and 120 nm, respectively ( 11 ), multilamellar vesicles ( 12 ), 
supported bilayers ( 13, 14 ), and giant unilamellar vesicles 
(GUVs) ( 15 ) have been used. GUV sizes range between 
10 and 50 µm, and thus their curvatures are very similar 
to those of cells. Moreover, they can be easily imaged in 
microscopes, allowing their study as individual liposomes 
( 16 ). The advantage of these model systems is that their 
composition can be manipulated and thus it is possible to 
characterize their properties, including the potential for-
mation of phases with different physical properties. 

 One of the key tools widely used for studying the 
fluidity of lipid membranes is the fluorescent probe 
2-dimethylamino-6-lauroylnaphthalene (laurdan). This 

       Abstract   Lateral organization of biological membranes is 
frequently studied using fl uorescence microscopy. One of the 
most widely used probes for these studies is 2-dimethylamino-
6-lauroylnaphthalene (laurdan). The fl uorescence of this 
probe is sensitive to the environment polarity, and thus laur-
dan reports the local penetration of water when inserted 
in membranes. Unfortunately, this probe can only be used 
under two-photon excitation due to its low photostability. 
This is a very important limitation, because there are not too 
many laboratories with capability for two-photon micros-
copy. In this work, we explored the performance of 6-dode-
canoyl-2-[ N -methyl- N -(carboxymethyl)amino]naphthalene 
(C-laurdan), a carboxyl-modifi ed version of laurdan, for im-
aging biological membranes using a conventional confocal 
micros copy setup. We acquired generalized polarization 
(GP) images of C-laurdan inserted in giant unillamelar ves-
icles composed of binary mixtures of lipids and verifi ed 
that the probe allows observing the coexistence of different 
phases. We also tested the performance of the probe for 
measurement with living cells and registered GP images of 
melanophore cells labeled with C-laurdan in which we could 
observe highly ordered regions such as fi lopodia.   These 
fi ndings show that C-laurdan can be successfully employed 
for studies of membrane lateral organization using a con-
ventional confocal microscope and can open the possibility 
of studying a wide variety of membrane-related processes.—  -
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 Our knowledge of the organization and function of bio-
logical membranes has changed from the original model 
of Singer and Nicholson. It is now well accepted that mem-
brane components are not randomly organized but are 
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Lissamine rhodamine B 1,2-dipalmitoyl- sn -glycero-3-phosphoeth-
anolamine (Rho-DPPE) and laurdan were purchased from 
Molecular Probes (Eugene, OR). Methyl- � -cyclodextrin (MbCD) 
was kindly provided by Dr. Alejandra Tricerri (INIBIOLP; 
La Plata University, Argentina) and C-laurdan was kindly sup-
plied by Prof. Bong Rae Cho (Department of Chemistry, Korea 
University; Korea). 

 Small unilamellar vesicles preparation 
 Small unilamellar vesicles (SUVs) were prepared as described 

previously ( 24 ) with some modifi cations. Briefl y, DPPC was dis-
solved in CH 2 Cl 2 , dried under a stream of N 2  and then resus-
pended in PBS buffer (pH 7.4). This preparation was heated 
above the transition temperature of the lipid (41.3°C) ( 25 ) and 
then sonicated for 15 min. 

 Fluorescence spectroscopy measurements 
 Steady-state emission spectra were acquired in a Jasco FP-6500 

spectrofl uorimeter (Jasco; Tokyo, Japan) equipped with a Jasco 
ETC-273T peltier temperature controller (Tokyo, Japan). Excita-
tion and emission slits were set to 3 nm. Samples were heated in 
0.2°C intervals and were allowed to equilibrate for 90 s at each 
temperature before acquiring the spectra. The excitation wave-
lengths were 356 nm (laurdan) and 405 nm (C-laurdan). 

 The generalized polarization (GP) of laurdan and C-laurdan 
was calculated as, 

   440 490

440 490

I I
GP

I I
  ( Eq. 1 ) 

 where I 440  and I 490  are the emission intensities at 440 and 490 
nm, respectively. 

 Generation of GUVs 
 GUVs were generated by the electroformation method ( 26 ) in 

a specially designed chamber ( 16 ). Briefl y, 10 µl of a solution of 
the selected lipids (0.3 mg/ml) in CH 2 Cl 2  was spread over the Pt   
electrodes and dried for 1 h under vacuum. The observation 
chamber was fi lled with bidistilled water previously heated above 
the highest transition temperature of the lipid species present in 
the sample. A sine function (3V, 10 Hz) was applied to the elec-
trodes for 30 min to generate the GUVs. C-laurdan was added 
after GUV formation prediluted in DMSO (100  � M) to yield 
a probe-lipid ratio of 1:300. Rho-DPPE was premixed with the 
lipids at a ratio of 1:800 before GUV electroformation. 

 Confocal microscopy measurements and GP 
determinations 

 GUV observations were done in an Olympus FV-1000 confocal 
microscope. The excitation source was a solid diode laser at 
405 nm (average power at the sample, 5  � W). The laser light was 
refl ected by a dichroic mirror (DM405/473) and focused through 
an Olympus UPlanSApo 60× oil immersion objective (Numerical 
Aperture   = 1.35) onto the sample. Fluorescence of C-laurdan was 
collected by the same objective, passed through the pinhole, and 
split with a dichroic mirror into two independent spectral de-
tectors set to simultaneously collect fl uorescence in the range 
415–455 nm and 490–530 nm (channels 1 and 2, respectively). 

 For three-channel measurements of C-laurdan and Rho-DPPE, 
the excitation sources were the 405 nm and 559 nm lasers, and the 
corresponding dichroic mirror (DM405/473/559) was used. Fluor-
escence was collected in the spectral detectors 1 and 2 as mentioned 
above, and the third channel of the confocal microscope was set to 
simultaneously collect fl uorescence in the range 575–675 nm. The 
photomultipliers were set in the photon-counting detection mode. 

fl uorescent molecule has exquisite photophysical proper-
ties that make it an almost ideal probe to sense changes in 
the lipid organization under different conditions ( 17, 18 ). 
Laurdan shows spectral sensitivity to the polarity of its 
environment, presenting an  � 50 nm red shift of its emis-
sion spectra in polar solvents ( 18 ). Because loosely packed 
membranes present a higher penetration of water mole-
cules, the emission spectra of laurdan in these membranes 
is red-shifted with respect to that observed in ordered 
membranes. Indeed, several studies have shown that 
laurdan spectroscopic properties refl ect local water 
penetration in the bilayer ( 18, 19 ). For these reasons, this 
probe has been extensively used for the characterization 
of lipid domains in artifi cial systems and is now increas-
ingly used to study membrane heterogeneity in living 
cells (see Ref.  20 ). 

 One of the main drawbacks of laurdan is that it rapidly 
photobleaches under one-photon excitation conditions, 
determining that it can only be used in two-photon excita-
tion microscopy ( 21 ). This is a very important limitation, 
because there are not too many laboratories with capabil-
ity for two-photon microscopy, given the elevated cost of 
these microscopes. 

 Recently Kim et al. ( 22 ) have synthesized a new fl uores-
cent probe, 6-dodecanoyl-2-[ N -methyl- N -(carboxymethyl)
amino]naphthalene (C-laurdan), designed for imaging 
and sensing lipid organization in membranes. 

 C-laurdan fl uorescence is very sensitive to its environ-
ment, showing a gradual bathocromic shift with the polar-
ity of the solvent. This behavior is similar to that observed 
for laurdan, with the exception that the fl uorescence spec-
trum of the latter probe in water is more shifted to the 
blue than expected if only considering the solvent polarity 
( 22 ). Also, C-laurdan presents enhanced photostability 
under two-photon excitation and higher water solubility 
than laurdan due to the fact that one of the methyl 
groups of the dimethylamine moiety of laurdan was re-
placed by a carboxylic group in C-laurdan ( 22 ). These 
properties make C-laurdan an extremely useful probe for 
studying lipid membrane properties, and thus it is starting 
to be used in studies of membrane organization in living 
cells ( 22, 23 ). 

 In this work, we demonstrate that C-laurdan can be 
successfully used for imaging lipid organization in ei-
ther artifi cial or natural membranes using a conven-
tional confocal microscope setup. We believe that the use 
of this probe under one-photon excitation will expand 
the possibilities of studying a wide variety of membrane-
related biological processes. 

 MATERIALS AND METHODS 

 Reagents 
 1,2-Dipalmitoyl- sn -glycero-3-phosphocholine (DPPC) was pur-

chased from Sigma Aldrich (St. Louis, MO), and 1-palmitoyl-
2-oleoyl- sn -glycero-3-phosphocholine (POPC) was obtained from 
Avanti Lipids (Alabaster, AL). Brain sphingomyelin (SPM) and 
1,2-dioleoyl- sn -glycero-3-phosphocholine (DOPC) were kindly 
provided by Dr. Dolores Carrer (INIMEC, Córdoba, Argentina). 
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obtained at high temperatures is red-shifted due to the 
increment of water penetration into the membrane. The 
intensity of the probe also decreased with the tempera-
ture (not shown). 

 To quantitatively analyze this behavior, we calculated the 
GP of C-laurdan ( equation 1 ) as a function of the tempera-
ture. GP is a function widely used to quantify the spectral 
behavior of laurdan in artifi cial and natural membranes, 
because it can be correlated to the local lipid packing and 
membrane fl uidity ( 32, 33 ). High GP values are obtained 
when the probe spectrum is blue-shifted and thus indi-
cates higher order in the bilayer and low water penetra-
tion.  Figure 1  shows that the GP of C-laurdan slowly 
decreased with the temperature until approaching the 
temperature expected for the transition to the liquid 
crystalline phase. At this temperature, GP abruptly de-
creased and continued diminishing with a smaller slope 
once the transition was completed. We calculated Tm from 
the experimental data obtaining a value of 41.7 ± 0.8°C, 
which is not signifi cantly different from that reported 
previously ( 25 ). 

 To compare the sensitivity of C-laurdan and laurdan to 
changes in lipid order, we repeated the study described 
before using laurdan instead of C-laurdan.  Figure 1  shows 
that both probes accurately sensed the phase transition. 
Interestingly, C-laurdan also allowed sensing the charac-
teristic pretransition from gel to rippled phase described 
for this phospholipid at 34.4 ± 2.5°C ( 25 ), which could not 
be observed using laurdan. The temperature determined 
for this pretransition in our experimental conditions was 
32.8°C. Because this transition involves a rearrangement 
of the phospholipid   headgroups ( 25 ), this result suggests 
that the probe preferentially locates near the DPPC head-
groups probably via interaction of the carboxylic moiety of 
C-laurdan with water molecules. In this direction, previous 
works showed that the pretransition can also be sensed 
with the fl uorescent probe Prodan, which has also been 

 To avoid artifacts on GP calculation due to the probe photose-
lection observed when exciting the probe with a linearly polar-
ized laser ( 27, 28 ), we inserted below the objective the Nomarski 
prism included in the differential interference contrast (DIC) 
slot of the confocal microscope that is normally used for DIC 
measurements. This setup generates two laterally shifted and 
partially overlapped excitation volumes with orthogonal polar-
izations ( 29 ). This confi guration slightly decreases the image 
resolution ( 30 ) but removes the photoselection-induced artifacts 
(see supplementary Fig. I) that may affect GP calculation. 

 Image processing 
 GP images were obtained from images collected at the confocal 

microscope, calculating GP for every pixel of the images, 

   415 455 490 530

415 455 490 530

I G I
GP

I G I
  ( Eq. 2 ) 

 where I 415–-455  and I 490–530  correspond to the fl uorescence col-
lected in channels 1 and 2, respectively. 

 The G factor for these measurements was determined using 
a solution 10 µM C-laurdan in DMSO following a procedure simi-
lar to that described previously ( 22 ). 

 GP values at cellular membranes were calculated using a Matlab 
routine that converts a GP image to a binary image according to 
a threshold value that allows discriminating the cells from the 
background. The routine then creates a mask with a width of two 
pixels around the border of the cells in the binary image, which 
is then applied to the original GP image to identify pixels corre-
sponding to the cell membrane and then extract the GP value. 

 Melanophores cell culture and imaging 
 Immortalized  Xenopus laevis  melanophores were cultured as 

described ( 31 ). For microscopy measurements, cells were grown 
for 2 days on 25 mm round coverslips and incubated with 5 µM 
laurdan or C-laurdan for 30 min. Before observation, the coverslips 
were washed with PBS and mounted in a custom-made chamber. 
Confocal imaging of cells labeled with C-laurdan or laurdan was 
performed as described before using an average laser power at 
the sample of 2 µW. 

 RESULTS 

 Spectroscopic observation of phase transitions of lipids 
using C-laurdan 

 To explore the response of C-laurdan to changes in lipid 
packing, we used the probe to follow the thermotropic 
behavior of SUVs of DPPC. The temperature-induced 
phase transitions of this phospholipid have been well 
characterized using different techniques ( 25 ), and thus 
this assay allows us to explore the performance of C-laurdan 
in known conditions. 

 C-laurdan was incorporated into liposomes up to a probe-
lipid ratio of  � 1:800 (0.4 mM phospholipids and 0.5 µM 
probe) and incubated for 1 h to ensure complete parti-
tioning of the probe to the vesicles. The emission spectra 
of the probe were acquired and analyzed as described in 
MATERIALS AND METHODS. 

 The inset in    Fig. 1   shows the fl uorescence spectrum of 
C-laurdan at temperatures below and above the charac-
teristic temperature of transition to the liquid crystalline 
phase (Tm = 41.3 ± 2.5°C) ( 25 ). As expected, the spectrum 

  Fig.   1.  Thermotropic behavior of DPPC vesicles studied by laur-
dan (fi lled circles) and C-laurdan (open circles) generalized polar-
ization. The samples were heated in intervals of 0.2°C and allowed 
to equilibrate for 90 s at each temperature before acquiring the 
fl uorescence spectrum. The generalized polarization at each tem-
perature was calculated using equation 1. The dashed line shows 
approximately the temperature for DPPC pretransition (gel to 
ripple). Inset: Fluorescence spectrum of C-laurdan at 30°C and 
60°C (black and gray lines, respectively).   
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GP images from these measurements.  Figure 2C, D  shows that 
GP values along the vesicle are homogenous above the Tm 
(33.7 ± 0.2°C, see supplementary Fig. III). In contrast, GP im-
ages of GUVs at temperatures near Tm clearly show the coex-
istence of lipid domains with different average GP values. 

 To correlate the GP measurements of C-laurdan with 
the properties of the lipid phases, we generated GUVs of 
DPPC-POPC 1:1 including in the preparation both C-laurdan 
and Rho-DPPE. This last probe has been extensively used 
in fl uorescence microscopy studies to image lipid domains 
( 34–36 ) and has been shown to preferentially partition 
into the fl uid phase in a very similar binary system com-
posed of DPPC-DOPC 1:1 ( 37 ). 

   Figure 3    shows that Rho-DPPE is clearly excluded from 
those domains presenting high GP values of C-laurdan, sup-
porting that these regions probably correspond to gel-like 
domains. In agreement with this hypothesis, Shoemaker 
and Vanderlick ( 38 ) showed that the mechanical properties 
of nonfl uorescent domains ob tained in GUVs composed of 
DPPC-POPC 6:4 and labeled with lissamine rhodamine B 
1,2-dioleoyl- sn -glycero-3-phosphocholine (Rho-DOPE) are 
those expected for gel domains. 

 To assay whether C-laurdan allows detecting phase sepa-
ration in GUVs of “raft-forming” lipid mixtures, we gener-
ated GUVs composed of DOPC-SPM-Chol 2:2:1 and labeled 
them with C-laurdan and Rho-DPPE. Supplementary 
Fig. IV shows that Rho-DPPE colocalized with low GP do-
mains, showing that C-laurdan GP effi ciently senses liquid-
ordered phases coexisting with liquid-disordered domains. 
Importantly, the probe Rho-DPPE used in our study be-
haves as Rho-DOPE and partitions   into the liquid-disordered 
phase ( 39 ). 

 Imaging lipid order in cells with C-laurdan 
 To further explore the potential uses of C-laurdan for 

studies of lipid order in biological membranes and compare 

proposed to locate at the interface ( 18 ). This hypothesis 
agrees with Kim et al. ( 22 ), who suggested that the inter-
action between the carboxyl group of C-laurdan and water 
molecules at the bilayer interface also decreases the de-
gree of freedom of the fl uorescent probe. 

 To test this hypothesis, we analyzed the behavior of 
C-laurdan inserted into DPPC liposomes in a buffer at pH 
5.6, a pH value signifi cantly lower than the pKa expected   
for the carboxylic group of this probe (pKa = 6.4) ( 22 ). We 
verifi ed that while the probe could successfully sense the 
main transition to the liquid crystalline phase, the pretransi-
tion could not be observed at this pH (see supplementary 
Fig. II). It is important to mention that it has been re-
ported that the thermotropic behavior of DPPC is not 
affected in this pH range ( 25 ). This result suggests that the 
protonated carboxylic group loosely interacts with water 
molecules at the interface. Moreover the GP value of 
C-laurdan below Tm was higher at pH 5.6 than at pH 7.4, 
also suggesting that the probe is probably inserted deeper 
into the membrane at the acidic pH. 

 C-laurdan GP measurements in GUVs 
 Kim et al. ( 22 ) showed that C-laurdan presents a higher 

absorption cross-section with respect to laurdan, in addition 
to a higher photostability. Both enhanced properties made 
us hypothesize that C-laurdan could be also brighter and 
more photostable under one-photon excitation conditions. 

 To asses this hypothesis, we generated by electroforma-
tion GUVs of DPPC:POPC 1:1 including C-laurdan at a 
1:300 probe-lipid ratio and observed them at different 
temperatures in a confocal microscope. 

   Figure 2    shows that the fl uorescence of the probe incorpo-
rated in GUVs is clearly detected under regular imaging con-
ditions. We registered simultaneous images of the GUVs 
using two spectral detectors set in the range 415–455 nm and 
490–530 nm (channels 1 and 2, respectively) and calculated 

  Fig.   2.  Observing phase transitions in GUVs with C-laurdan in a confocal microscope. GUVs of DPPC-
POPC 1:1 were electroformed at 55°C in the presence of C-laurdan and slowly cooled. GUVs were imaged 
under the conditions described in MATERIALS AND METHODS at 51.3°C (A–D) and 35.7°C (E–H), regis-
tering the fl uorescence of the probe at channels 1 (A, E) and 2 (B, F) of the microscope. GP images were 
obtained from these images using equation 2 (C–G) and were used to calculate the GP distribution of the 
whole GUV (D) or of regions of the vesicle corresponding to the gel and fl uid phases, which are marked with 
rectangles (H). Bar = 10 µm.   
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lipid order. On the other hand, we also observed micrometer-
sized domains of high GP values in regions of the basal 
membranes of cells that are in direct contact with the 
glass substratum. These domains could be focal adhe-
sions, because these regions present high GPs, as was 
recently demonstrated ( 41 ). 

 Importantly, we measured the intensity of the sample 
after the acquisition of the z-stack and observed that the 
average intensity was  � 92% of the initial value, showing 
that the photostability of C-laurdan is adequate for studies 
requiring repetitive imaging of the sample. 

 To assay whether C-laurdan can sense changes in the 
fl uidity of the cellular membrane, we studied the effects 
of MbCD on the membrane properties of  X. laevis  melano-
phores by measuring C-laurdan GP. Cyclodextrins are 
extensively used to remove cholesterol from artifi cial 
and natural membranes (see Ref.  42 ), and their effects on 
membrane properties have been explored using laur-
dan GP analysis. It has been shown that MbCD increases 
the fl uidity of biological membranes as assessed by a sig-
nifi cant reduction of laurdan GP ( 43 ). 

its performance with that of laurdan, we acquired images 
of  X. laevis  melanophore cells labeled with laurdan or 
C-laurdan as described in MATERIALS AND METHODS. 
  Figure 4    shows that the fl uorescence intensity obtained for 
C-laurdan-labeled cells is signifi cantly higher than that 
obtained for laurdan-stained cells, which fl uorescence was 
similar to the autofl uorescence (not shown). 

   Figure 5    shows different slices of a z-scan of GP im-
ages and the 3-dimensional reconstruction of the cellu-
lar GP obtained for a representative live melanophore 
cell labeled with C-laurdan. The cell presents regions 
with signifi cantly different GP values and therefore with 
different lipid fl uidity, as was also verifi ed in a wide variety 
of cell lines labeled with laurdan and imaged with two-
photon excitation microscopes ( 40 ). Although C-laurdan 
labeling membranes within the cell interior presents GP 
values in the range  � 0.15–0, the average GP at the 
plasma membrane was 0.16. Moreover, the fi lopodia 
clearly seen in the images present high GP values of  � 0.26, 
which agree well with the observation of Gaus et al. 
( 40 ), suggesting that these cellular regions present high 

  Fig.   3.  Characterization of lipid phases with C-laur-
dan-generalized polarization. GUVs of DPPC-POPC 
1:1 were electroformed at 55°C in the presence of 
C-laurdan and Rho-DPPE. GUVs were observed in the 
confocal microscope at 27°C, registering simultane-
ously the fl uorescence of C-laurdan (A, composite im-
age channels 1 and 2 are shown in red and green, 
respectively) and of Rho-DPPE (B), and GP images 
were calculated from the C-laurdan images (C). The 
arrows show a region of the GUV corresponding to a 
high-GP domain and low Rho-DPPE fl uorescence. 
Bar = 10 µm.   

  Fig.   4.  Performance of C-laurdan and laurdan in 
confocal microscopy. Images of melanophore cells la-
beled under identical conditions with either C-laurdan 
(A, B) or laurdan (C, D) were acquired in the confo-
cal microscope, registering simultaneously the trans-
mitted light (A–C) and the fl uorescence intensity in 
channel 1 (B–D). The look-up table used in B and D 
was the same. Bar = 10 µm.   
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Kim et al. ( 22 ) verifi ed that C-laurdan GP values measured 
in A431 cells signifi cantly decreased after treatment with 
MbCD using two-photon excitation conditions. 

 These results show that C-laurdan allows a clear evalua-
tion of regions with different fl uidity properties in biologi-
cal membranes, and thus it can be successfully used to 
study membrane organization in living cells. 

 FINAL REMARKS 

 Laurdan is one of the fl uorescent probes most widely 
used to study lateral organization of membranes in either 

 Supplementary Fig. V shows C-laurdan GP images of con-
trol and MbCD-treated  X. laevis  melanophores at middle 
planes of the cells obtained with the confocal microscope. 
We used a Matlab routine to distinguish the cell membrane 
from the cytoplasm and calculated histograms of GP at the 
cell membrane before and after the addition of MbCD. The 
fi gure illustrates that C-laurdan GP signifi cantly decreases 
after treatment with MbCD, showing that this probe can 
effi ciently sense changes in membrane fl uidity. The average 
GP values obtained at the cellular membrane were 0.18 ± 
0.05 (N cells = 12) and  � 0.06 ± 0.08 (N cells = 13) before and 
after the treatment, respectively. Agreeing with our data, 

  Fig.   5.  Observation of lipid order in cellular mem-
branes with C-laurdan. GP images of living cells were 
obtained as described previously at the basal mem-
brane of the cell (A) and 2.8  � m above the glass sup-
port (C). The global distribution of GP at the two 
planes (B and D, respectively) was fi tted with the sum 
of two Gaussian functions, obtaining the following val-
ues for the parameters: GP 1  =  � 0.028 ± 0.009;  �  1  = 
0.107 ± 0.008; GP 2  = 0.260 ± 0.009;  �  2  = 0.109 ± 0.008 
(B), and GP 1  =  � 0.157 ± 0.002;  �  1  = 0.072 ± 0.002; 
GP 2  = 0.161 ± 0.009;  �  2  = 0.158 ± 0.009 (D). Bar = 10 µm. 
Three-dimensional reconstruction of the central cell 
obtained from a stack composed of 21 images acquired 
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artifi cial or natural systems. Despite its exquisite ability to 
sense the polarity of the environment, its low photostabil-
ity has limited enormously the applications of the probe in 
biological studies. The probe can only be used for imaging 
under two-photon excitation conditions and the actual 
high cost of two-photon microscopes is a main limitation 
for most research groups that may want to include laurdan 
in their studies. 

 In this work, we studied the performance of the fl uores-
cent probe C-laurdan for imaging natural and artifi cial 
lipid systems under one-photon excitation conditions in a 
conventional confocal microscope. Surprisingly, we found 
that the fl uorescent probe allows the imaging of biological 
membranes under typical imaging conditions and low 
probe concentrations. Moreover, we found that the batho-
cromic shift of the probe can be easily evaluated under 
these conditions by using the GP function, thus allowing 
the study of the lateral organization of membranes with-
out the need of the very expensive two-photon excitation 
microscope required for laurdan GP measurements. Also, 
we verifi ed that the photobleaching of the probe was not a 
limitation for imaging under our experimental conditions. 

 Because this fl uorescence probe can be used with a con-
ventional confocal microscope setup, we believe that the 
use of this probe will expand the possibility of performing 
studies of membrane organization and dynamics to re-
search groups all over the world.  
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