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Glycosphingolipids interact at the cell surface with toxins, viruses and bacteria, as well as with re-
ceptors and enzymes17 and are involved in cell-type–speci� c adhesion processes.16 Gangliosides 
modulate the trophic factor–stimulated dimerization, tyrosine phosphorylation and subsequent 
signal transduction events of several tyrosine kinase receptors.17 Ganglioside GM1 has anti-neu-
rotoxic, neuroprotective and neurorestorative e� ects on various central neurotransmitter sys-
tems.18 Gangliosides, including ganglioside GM1, partition into lipid ra� s—detergent-insoluble, 
sphingolipid- and cholesterol-rich membrane microdomains that form lateral assemblies in the 
plasma membrane.19–25 We o� er Vybrant® Lipid Ra� Labeling Kits (V34403, V34404, V34405), 
as well as Alexa Fluor® dye conjugates of subunit B of cholera toxin (Section 7.7), a protein that 
selectively binds to ganglioside GM1 in lipid ra� s.

BODIPY® Sphingolipids
Ceramides (N-acylsphingosines), like diacylglycerols, are lipid second messengers that func-

tion in signal transduction processes.26–28 � e concentration-dependent spectral properties of 
BODIPY® FL C5-ceramide (D3521, B22650; Figure 13.3.4), BODIPY® FL C5-sphingomyelin29–31 
(D3522, Figure 13.3.5) and BODIPY® FL C12-sphingomyelin32 (D7711) make them particularly 
suitable for investigating sphingolipid transport, metabolism and microdomains,31,33–37 in ad-
dition to their well-documented use as structural markers for the Golgi complex38 (Section 
12.4, Figure 13.3.6). BODIPY® FL C5-ceramide can be visualized by �uorescence microscopy39,40 
(Figure 13.3.7, Figure 13.3.8) or by electron microscopy following diaminobenzidine (DAB) 
photoconversion to an electron-dense product41 (Fluorescent Probes for Photoconversion of 
Diaminobenzidine Reagents—Note 14.2).

Our range of BODIPY® sphingolipids also includes the long-wavelength light–excitable 
BODIPY® TR ceramide42,43 (D7540, Figure 13.3.9), as well as BODIPY® FL C5-lactosylceramide44–49 
(D13951), BODIPY® FL C5-ganglioside GM1

50 (B13950, Figure 13.3.3) and BODIPY® FL C12-
galactocerebroside51 (D7519). All Molecular Probes® sphingolipids are prepared from D-erythro-
sphingosine and therefore have the same stereochemical conformation as natural biologically 
active sphingolipids.52

Complexing � uorescent lipids with bovine serum albumin (BSA) facilitates cell labeling by 
eliminating the need for organic solvents to dissolve the lipophilic probe—the BSA-complexed 
probe can be directly dissolved in water. We o� er four BODIPY® sphingolipid–BSA complexes 
for the study of lipid metabolism and tra� cking, including BODIPY® FL C5-ceramide, BODIPY® 
TR ceramide, BODIPY® FL C5-ganglioside GM1 and BODIPY® FL C5-lactosylceramide, each com-
plexed with defatted BSA (B22650, B34400, B34401, B34402, respectively).

BODIPY® FL C5-ceramide has been used to investigate the linkage of sphingolipid metabolism 
to protein secretory pathways53–56 and neuronal growth.47,57 Internalization of BODIPY® FL C5-
sphingomyelin from the plasma membrane of human skin �broblasts results in a mixed popula-
tion of labeled endosomes that can be distinguished based on the concentration-dependent green 

Figure 13.3.4 N-(4,4-di�uoro-5,7-dimethyl-4-bora-3a,4a-
diaza-s-indacene-3-pentanoyl)sphingosine (BODIPY® FL 
C5-ceramide, D3521).

Figure 13.3.5 N-(4,4-di�uoro-5,7-dimethyl-4-bora-3a,4a-
diaza-s-indacene-3-pentanoyl)sphingosyl phosphocholine 
(BODIPY® FL C5-sphingomyelin, D3522).

Figure 13.3.6 Selective staining of the Golgi apparatus 
using the green-�uorescent BODIPY® FL C5-ceramide 
(D3521) (top). At high concentrations, the BODIPY® FL 
�uorophore forms excimers that can be visualized using 
a red longpass optical �lter (bottom). The BODIPY® FL 
C5-ceramide accumulation in the trans-Golgi is su�cient 
for excimer formation (J Cell Biol (1991) 113:1267). Images 
contributed by Richard Pagano, Mayo Foundation.

Figure 13.3.7 Cells in the notochord rudiment of a zebra-
�sh embryo undergoing mediolateral intercalation to 
lengthen the forming notochord. BODIPY® FL C5-ceramide 
(D3521) localizes in the interstitial �uid of the zebra�sh 
embryo and freely di�uses between cells, illuminating 
cell boundaries. This confocal image was obtained using a 
Bio-Rad® MRC-600 microscope. Image contributed by Mark 
Cooper, University of Washington.

Figure 13.3.8 Nucleus and Golgi apparatus of a bovine 
pulmonary artery endothelial cell (BPAEC) labeled 
with Hoechst 33342 (H1399, H3569, H21492) and 
the BSA complex of BODIPY® FL C5-ceramide (D3521, 
B22650), respectively.

Figure 13.3.9 BODIPY® TR ceramide (N-((4-(4,4-di�uoro-
5-(2-thienyl)-4-bora-3a,4a-diaza-s-indacene-3-yl)phenoxy)
acetyl)sphingosine; D7540).
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(~515 nm) or red (~620 nm) emission of the probe31 (Figure 13.3.6). BODIPY® C5-sphingomyelin 
has also been used to assess sphingomyelinase gene transfer and expression in hematopoietic stem 
and progenitor cells.4 Studies by Martin and Pagano have shown that the internalization routes 
for BODIPY® FL C5-glucocerebroside follow both endocytic and nonendocytic pathways and are 
quite di�erent from those for BODIPY® FL C5-sphingomyelin.58

BODIPY® FL C5-lactosylceramide, BODIPY® FL C5-ganglioside GM1 and BODIPY® FL 
cerebrosides are useful tools for the study of glycosphingolipid transport and signaling path-
ways in cells59,60 and for diagnosis of lipid-storage disorders such as Niemann–Pick disease,61 
Gaucher disease, GM1 gangliosidosis, Morquio syndrome and type IV mucolipidosis6,49,62–67 (ML-
IV). Addition of BODIPY® FL C5-lactosylceramide to the culture medium of cells from patients 
with sphingolipid-storage diseases (sphingolipidosis) results in �uorescent product accumula-
tion in lysosomes, whereas this probe accumulates in the Golgi apparatus of normal cells and 
cells from patients with other storage diseases.46,48 BODIPY® FL C5-ganglioside GM1 has been 
shown to form cholesterol-enhanced clusters in membrane complexes with amyloid β-protein 
in a model of Alzheimer disease amyolid �brils.68 As observed by �uorescence microscopy, the 
colocalization of BODIPY® FL C5-ganglioside GM1 and �uorescent cholera toxin B conjugates 
(Section 7.7) provides a direct indication of the association of these molecules in lipid ra�s50 
(Figure 13.3.10).

NBD Sphingolipids
NBD C6-ceramide (N1154, Figure 13.3.11) and NBD C6-sphingomyelin (N3524) analogs 

predate their BODIPY® counterparts and have been extensively used for following sphingolipid 
metabolism in cells9,59,69,70 and in multicellular organisms.71 As with BODIPY® FL C5-ceramide, 
we also o�er NBD C6-ceramide complexed with defatted BSA (N22651) to facilitate cell loading 
without the use of organic solvents to dissolve the probe. Koval and Pagano have prepared NBD 
analogs of both the naturally occurring D-erythro and the nonnatural L-threo stereoisomers of 
sphingomyelin and have compared their intracellular transport behavior in Chinese hamster 
ovary (CHO) �broblasts.72

NBD C6-ceramide lacks the useful concentration-dependent optical properties of the 
BODIPY® FL analog and is less photostable; however, the �uorescence of NBD C6-ceramide is 
apparently sensitive to the cholesterol content of the Golgi apparatus, a phenomenon that is not 
observed with BODIPY® FL C5-ceramide. If NBD C6-ceramide–containing cells are starved for 
cholesterol, the NBD C6-ceramide that accumulates within the Golgi apparatus appears to be 
severely photolabile but this NBD photobleaching can be reduced by stimulation of cholesterol 
synthesis. �us, NBD C6-ceramide may be useful in monitoring the cholesterol content of the 
Golgi apparatus in live cells.73

Vybrant® Lipid Raft Labeling Kits
�e Vybrant® Lipid Ra� Labeling Kits (V34403, V34404, V34405) are designed to provide 

convenient, reliable and extremely bright �uorescent labeling of lipid ra�s in live cells. Lipid ra�s 
are detergent-insoluble, sphingolipid- and cholesterol-rich membrane microdomains that form 
lateral assemblies in the plasma membrane.19–25 Lipid ra�s also sequester glycophosphatidylino-
sitol (GPI)-linked proteins and other signaling proteins and receptors, which may be regulated by 
their selective interactions with these membrane microdomains.50,74–78 Lipid ra�s play a role in a 
variety of cellular processes—including the compartmentalization of cell-signaling events,79–86 
the regulation of apoptosis87–89 and the intracellular tra�cking of certain membrane proteins 
and lipids90–92—as well as in the infectious cycles of several viruses and bacterial pathogens.93–98 
Examining the formation and regulation of lipid ra�s is a critical step in understanding these 
aspects of eukaryotic cell function.

�e Vybrant® Lipid Ra� Labeling Kits provide the key reagents for �uorescently labeling lipid 
ra�s in vivo with our bright and extremely photostable Alexa Fluor® dyes (Figure 13.3.10). Live 
cells are �rst labeled with the green-�uorescent Alexa Fluor® 488, orange-�uorescent Alexa Fluor® 
555 or red-�uorescent Alexa Fluor® 594 conjugate of cholera toxin subunit B (CT-B). �is CT-B 
conjugate binds to the pentasaccharide chain of plasma membrane ganglioside GM1, which selec-
tively partitions into lipid ra�s.50,99,100 All Molecular Probes® CT-B conjugates are prepared from 
recombinant CT-B and are completely free of the toxic subunit A, thus eliminating any concern 
for toxicity or ADP-ribosylating activity. An antibody that speci�cally recognizes CT-B is then 

Figure 13.3.10 A J774 mouse macrophage cell sequen-
tially stained with BODIPY® FL ganglioside GM1 (B13950) 
and then with Alexa Fluor® 555 dye–labeled cholera toxin 
subunit B (C22843, C34776; also available as a component 
of V34404). The cell was then treated with an anti–CT-B anti-
body (a component of V34404) to induce crosslinking. Alexa 
Fluor® 555 dye �uorescence (top panel, red) and BODIPY® FL 
dye �uorescence (middle panel, green) were imaged sepa-
rately and overlaid to emphasize the coincident staining 
(bottom panel, yellow). Nuclei were stained with blue-�uo-
rescent Hoechst 33342 (H1399, H3570, H21492).

Figure 13.3.11 NBD C6-ceramide (6-((N-(7-nitrobenz-2-oxa-
1,3-diazol-4-yl)amino)hexanoyl)sphingosine, N1154).
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used to crosslink the CT-B–labeled lipid ra�s into distinct patches 
on the plasma membrane, which are easily visualized by �uorescence 
microscopy.101,102

Each Vybrant® Lipid Ra� Labeling Kit contains su�cient reagents 
to label 50 live-cell samples in a 2 mL assay, including:

• Recombinant cholera toxin subunit B (CT-B) labeled with the Alexa 
Fluor® 488 (in Kit V34403), Alexa Fluor® 555 (in Kit V34404) or 
Alexa Fluor® 594 (in Kit V34405) dye

• Anti–cholera toxin subunit B antibody (anti–CT-B)
• Concentrated phosphate-bu�ered saline (PBS)
• Detailed labeling protocols

Because they are compatible with various multilabeling schemes, 
the Vybrant® Lipid Ra� Labeling Kits can also serve as important tools 
for identifying physiologically signi�cant membrane proteins that as-
sociate with lipid ra�s. Cells can be labeled with other live-cell probes 
during the lipid ra� labeling protocol or immediately following the 
antibody crosslinking step, depending on the speci�c labeling require-
ments of the other probes. Alternatively, once the lipid ra�s have been 
labeled and crosslinked, the cells can be �xed for long-term storage 
or �xed and permeabilized for subsequent labeling with antibodies or 
other probes that are impermeant to live cells.

Amplex® Red Sphingomyelinase Assay Kit
�e Amplex® Red Sphingomyelinase Assay Kit (A12220) is de-

signed for measuring sphingomyelinase activity in solution using a 
�uorescence microplate reader or �uorometer103 (Figure 13.3.12). �is 
assay should be useful for screening sphingomyelinase activators or 
inhibitors or for detecting sphingomyelinase activity in cell and tissue 
extracts. �e assay, which uses natural sphingomyelin as the princi-
pal substrate, employs an enzyme-coupled detection scheme in which 
phosphocholine liberated by the action of sphingomyelinase is cleaved 
by alkaline phosphatase to generate choline. Choline is, in turn, oxi-
dized by choline oxidase, generating H2O2, which drives the conversion 
of the Amplex® Red reagent (A12222, A22177; Section 10.5) to red-�uo-
rescent resoru�n. �is sensitive assay technique has been employed to 
detect activation of acid sphingomyelinase associated with ultraviolet 

Figure 13.3.12 Measurement of sphingomyelinase activity using the Amplex® Red Sphingo-
myelinase Assay Kit (A12220). Each reaction contained 50 µM Amplex® Red reagent, 1 U/mL 
horseradish peroxidase (HRP), 0.1 U/mL choline oxidase, 4 U/mL of alkaline phosphatase, 
0.25 mM sphingomyelin and the indicated amount of Staphylococcus aureus sphingomye-
linase in 1X reaction bu�er. Reactions were incubated at 37°C for one hour. Fluorescence was 
measured with a �uorescence microplate reader using excitation at 530 ± 12.5 nm and �uores-
cence detection at 590 ± 17.5 nm.
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Figure 13.3.13 Cholesteryl BODIPY® FL C12 (cholesteryl 4,4-di�uoro-5,7-dimethyl-4-bora-
3a,4a-diaza-s-indacene-3-dodecanoate; C3927MP).

radiation–induced apoptosis104 and to characterize an insecticidal 
sphingomyelinase C produced by Bacillus cereus.105

�e Amplex® Red Sphingomyelinase Assay Kit contains:

• Amplex® Red reagent
• Dimethylsulfoxide (DMSO)
• Horseradish peroxidase (HRP)
• H2O2 for use as a positive control
• Concentrated reaction bu�er
• Choline oxidase from Alcaligenes sp.
• Alkaline phosphatase from calf intestine
• Sphingomyelin
• Triton X-100
• Sphingomyelinase from Bacillus sp.
• Detailed protocols

Each kit provides su�cient reagents for approximately 500 assays 
using a �uorescence microplate reader and a reaction volume of 200 µL 
per assay.

Steroids
Most steroids are neutral lipids and, as such, localize primar-

ily within the cell’s membranes, in lipid vacuoles and bound to cer-
tain lipoproteins. Fluorescent analogs of these biomolecules, most of 
which are derived from BODIPY® and NBD dyes, are highly lipophilic 
probes. One application of these probes is to detect enzymatic activ-
ity—either in vitro or in vivo—through hydrolysis of the fatty acid 
esters to �uorescent fatty acids.106 Although the substrates and prod-
ucts in these enzyme assays typically have similar �uorescence proper-
ties, they are readily extracted by an organic solvent and separated by 
chromatography.

We have also developed sensitive �uorometric assays for choles-
terol, cholesteryl esters and enzymes that metabolize natural choles-
terol derivatives; the assay reagents and protocols are available in our 
Amplex® Red Cholesterol Assay Kit (A12216) described below. A review 
of the cellular organization, functions and transport of cholesterol has 
recently been published.107

BODIPY® Cholesteryl Esters
Cholesteryl esters consist of a fatty acid esteri�ed to the 3β-hydroxyl 

group of cholesterol (Figure 13.3.13). �ese very nonpolar species are 
the predominant lipid components of atherosclerotic plaque and low- 
and high-density lipoprotein (LDL and HDL) cores. We o�er choles-
teryl esters of three of our BODIPY® fatty acids—BODIPY® FL C12 
(C3927MP), BODIPY® 542/563 C11 (C12680) and BODIPY® 576/589 C11 
(C12681)—all of which have long-wavelength visible emission. BODIPY® 
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FL cholesteryl ester can be used as a tracer of cholesterol transport and 
receptor-mediated endocytosis of lipoproteins by �uorescence micros-
copy108–110 (Figure 13.3.14) and as a general nonexchangeable membrane 
marker. Addition of methyl β-cyclodextrin to BODIPY® FL cholesteryl 
ester is reported to facilitate its uptake by cells and tissues.111 Researchers 
have extensively used BODIPY® FL cholesteryl ester to measure cho-
lesteryl ester–transfer protein (CETP) activity using �uorescence mi-
croplate readers.112–115 �e longer-wavelength BODIPY® 542/563 and 
BODIPY® 576/589 cholesteryl esters likely have similar applications.

Side Chain–Modi�ed Cholesterol Analog
We o�er an NBD-labeled cholesterol analog in which the �uo-

rophore replaces the terminal segment of cholesterol’s �exible alkyl 
tail. �e environment-sensitive NBD �uorophore of the NBD choles-
terol analog (N1148) localizes in the membrane’s interior, unlike the 
anomalous positioning of NBD-labeled phospholipid acyl chains.116 As 
with other NBD lipid analogs, this probe is useful for investigating lipid 
transport processes117,118 and lipid–protein interactions.119,120 NBD cho-
lesterol is selectively taken up by high-density lipoproteins via the scav-
enger receptor B1.117 A lipid droplet–speci�c protein binds unesteri�ed 
NBD cholesterol with extremely high a�nity117 (Kd = 2 nM).

Amplex® Red Cholesterol Assay Kit
�e Amplex® Red Cholesterol Assay Kit (A12216) provides an ex-

ceptionally sensitive assay for both cholesterol and cholesteryl esters 
in complex mixtures and is suitable for use with either �uorescence 
microplate readers or �uorometers. �e assay provided in this kit is 
designed to detect as little as 5 ng/mL (5 × 10–4 mg/dL) cholesterol 
(Figure 13.3.15) and to accurately measure the cholesterol or cholesteryl 
ester content in the equivalent of 0.01 µL of human serum.121 �e assay 
uses an enzyme-coupled reaction scheme in which cholesteryl esters 
are hydrolyzed by cholesterol esterase into cholesterol, which is then 
oxidized by cholesterol oxidase to yield H2O2 and the corresponding 
ketone steroidal product (Figure 13.3.16). �e H2O2 is then detected 
using the Amplex® Red reagent in combination with horseradish per-
oxidase (HRP).

Figure 13.3.14 Selective uptake of cholesteryl esters (CE) in rat ovarian granulosa cells as moni-
tored with cholesteryl BODIPY® FL C12 (C3927MP). The hormone-stimulated cells internalized and 
stored CEs derived from reconstituted high-density lipoprotein (HDL)–BODIPY® CE complexes (J 
Biol Chem (1996) 271:16208). A low-light (<100 µW beam power) computerized imaging system 
minimized any photobleaching of the �uorophore. This pseudocolored image uses yellow-green 
to illustrate the low-level �uorescence of the cytoplasmic membranes, yellow to illustrate the 
medium-level �uorescence of the Golgi, and red to illustrate the high-level �uorescence of the 
lipid droplets. Image contributed by Eve Reaven, VA Medical Center, Palo Alto, California.

Figure 13.3.15 Detection of cholesterol using the Amplex® Red Cholesterol Assay Kit 
(A12220). Each reaction contained 150 µM Amplex® Red reagent, 1 U/mL horseradish 
peroxidase (HRP), 1 U/mL cholesterol oxidase, 1 U/mL cholesterol esterase and the indi-
cated amount of cholesterol in 1X reaction bu�er. Reactions were incubated at 37°C for 
30 minutes. Fluorescence was measured with a �uorescence microplate reader using excita-
tion at 560 ± 10 nm and �uorescence detection at 590 ± 10 nm. The insert above shows the 
high sensitivity and excellent linearity of the assay at low cholesterol levels (0–10 ng/mL).
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Figure 13.3.16 Enzyme-coupled Amplex® Red assays. Enzyme reactions that produce H2O2 can be made into Amplex® Red assays. The Amplex® Red Choles-
terol Assay Kit (A12216) uses cholesterol oxidase to produce H2O2, which is then detected by the Amplex® Red reagent in the presence of horseradish peroxidase 
(HRP). Similarly, the Amplex® Red Acetylcholine/Acetylcholinesterase Assay Kit (A12217) uses choline oxidase to produce H2O2.
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Figure 13.3.18 Excimer formation by pyrene in ethanol. Spectra are normalized to the 
371.5 nm peak of the monomer. All spectra are essentially identical below 400 nm after normal-
ization. Spectra are as follows: 1) 2 mM pyrene, purged with argon to remove oxygen; 2) 
2 mM pyrene, air-equilibrated; 3) 0.5 mM pyrene (argon-purged); and 4) 2 µM pyrene (argon-
purged). The monomer-to-excimer ratio (371.5 nm/470 nm) is dependent on both pyrene 
concentration and the excited-state lifetime, which is variable because of quenching by oxygen.
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Figure 13.3.17 1,2-Dioleoyl-3-(1-pyrenedodecanoyl)-rac-glycerol (D6562).

Figure 13.3.19 Flow cytometry analysis of blood using an Alexa Fluor® 488 lipopolysac-
charide (LPS). Human blood was incubated with Alexa Fluor® 488 LPS from Escherichia coli 
(L23351) and anti-CD14 antibody on ice for 20 minutes. The red blood cells were lysed and 
the sample was analyzed on a �ow cytometer equipped with a 488 nm Ar-Kr excitation 
source and a 525 ± 12 nm bandpass emission �lter. Monocytes were identi�ed based on their 
light scatter and CD14 expression.

100 101 102 103 104
0

64

Alexa Fluor® 488 LPS �uorescence

E
ve

nt
s Unlabeled cells

Labeled cells

�e Amplex® Red cholesterol assay is continuous and requires no 
separation or wash steps. �ese characteristics make the assay particu-
larly well suited for the rapid and direct analysis of cholesterol in blood 
and food samples using automated instruments. By performing two 
separate measurements in the presence and absence of cholesterol es-
terase, this assay is also potentially useful for determining the fraction 
of cholesterol that is in the form of cholesteryl esters within a sample. In 
addition, by adding an excess of cholesterol to the reaction, this assay 
can be used to sensitively detect the activity of cholesterol oxidase. �e 
Amplex® Red Cholesterol Assay Kit contains:

• Amplex® Red reagent
• Dimethylsulfoxide (DMSO)
• Horseradish peroxidase (HRP)
• H2O2 for use as a positive control
• Concentrated reaction bu�er
• Cholesterol oxidase from Streptomyces
• Cholesterol esterase from Pseudomonas
• Cholesterol for preparation of a standard curve
• Detailed protocols

Each kit provides su�cient reagents for approximately 500 assays 
using a �uorescence microplate reader and a reaction volume of 100 µL 
per assay.

Fluorescent Triacylglycerol
�e �uorescent triacylglycerol 1,2-dioleoyl-3-(1-pyrenedodecanoyl)-

rac-glycerol (D6562) has a pyrene fatty acid ester replacing one 
of the three fatty acyl residues of a natural triacylglycerol (Figure 
13.3.17). Pyrene has the important spectral property of forming ex-
cimers (Figure 13.3.18) when two �uorophores are in close proximity 
during the excited state. Pyrene triacylglycerols are useful for measur-
ing cholesteryl ester transfer protein–mediated triacylglycerol transport 
between plasma lipoproteins.122 �ey are also excellent substrates for 
lipoprotein lipase and hepatic triacylglycerol lipase.123

Lipopolysaccharides
Fluorescent Lipopolysaccharides

We o�er �uorescent conjugates of lipopolysaccharides (LPS) from 
Escherichia coli and Salmonella minnesota (Section 16.1, Table 16.1), 
including:

• Alexa Fluor® 488 LPS from E. coli serotype 055:B5 (L23351)
• Alexa Fluor® 488 LPS from S. minnesota (L23356)
• Alexa Fluor® 568 LPS from E. coli serotype 055:B5 (L23352)
• Alexa Fluor® 594 LPS from E. coli serotype 055:B5 (L23353)
• BODIPY® FL LPS from E. coli serotype 055:B5 (L23350)

LPS, also known as endotoxins, are a family of complex glycolipid 
molecules located on the surface of gram-negative bacteria. LPS play a 
large role in protecting the bacterium from host defense mechanisms 
and antibiotics. Binding of LPS to the CD14 cell-surface receptor of 
phagocytes (Figure 13.3.19) is the key initiation step in the mammalian 
immune response to infection by gram-negative bacteria. �e structural 
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core of LPS, and the primary determinant of its biological activity, is an N-acetylglucosamine 
derivative, lipid A (Figure 13.3.20). Two plasma proteins, LPS-binding protein (LBP) and soluble 
CD14 (sCD14), play primary roles in transporting LPS and mediating cellular responses.124–129 If 
the fatty acid residues are removed from the lipid A component, the toxicity of the LPS can be re-
duced signi�cantly; however, the mono- or diphosphoryl forms of lipid A are inherently toxic. In 
many gram-negative bacterial infections, LPS are responsible for clinically signi�cant symptoms 
like fever, low blood pressure and tissue edema, which can lead to disseminated intravascular 
coagulation, organ failure and death. Studies also clearly indicate that LPS induce various sig-
nal transduction pathways, including those involving protein kinase C130,131 and protein myri-
stylation,132 and stimulate a variety of immunochemical responses, including B lymphocyte133 
and G-protein activation.134

�e �uorescent BODIPY® FL and Alexa Fluor® LPS conjugates, which are labeled with suc-
cinimidyl esters of these dyes, allow researchers to follow LPS binding, transport and cell inter-
nalization processes. Lipopolysaccharide internalization activates endotoxin-dependent signal 
transduction in cardiomyocytes.135 �e Alexa Fluor® 488 LPS conjugates (L23351, L23356) se-
lectively label microglia in a mixed culture containing oligodendrocyte precursors, astrocytes 
and microglia.136 A biologically active conjugate of galactose oxidase–oxidized S. minnesota LPS 
and our Alexa Fluor® 488 hydrazide (A10436, Section 3.3; A10440) has been used to elucidate 
molecular mechanisms of septic shock.137

�e BODIPY® FL derivative of LPS from E. coli strain LCD25 (L23350) was used to measure 
the transfer rate of LPS from monocytes to high-density lipoprotein138 (HDL). Another study 
utilized a BODIPY® FL derivative of LPS from S. minnesota to demonstrate transport to the Golgi 
apparatus in neutrophils,124,125 although this could have been due to probe metabolism. It has 
been reported that organelles other than the Golgi are labeled by some �uorescent or non�uores-
cent LPS.139,140 Cationic lipids are reported to assist the translocation of �uorescent lipopolysac-
charides into live cells;141 cell surface–bound LPS can be quenched by trypan blue.138 Molecular 
Probes® �uorescent LPS can potentially be combined with other �uorescent indicators, such as 
Ca2+-, pH- or organelle-speci�c stains, for monitoring intracellular localization and real-time 
changes in cellular response to LPS.

Pro-Q® Emerald 300 Lipopolysaccharide Gel Stain Kit
�e Pro-Q® Emerald 300 Lipopolysaccharide Gel Stain Kit (P20495) provides a simple, rapid 

and highly sensitive method for staining lipopolysaccharides (LPS) in gels (Figure 13.3.21, Figure 
13.3.22, Figure 13.3.23). �e structure of this important class of molecules can be analyzed by 
SDS-polyacrylamide gel electrophoresis, during which the heterogeneous mixture of polymers 
separates into a characteristic ladder pattern. �is ladder has conventionally been detected using 
silver staining.142–144 However, despite the long and complex procedures required, silver staining 
provides poor sensitivity and cannot di�erentiate LPS from proteins in the sample. An alternative 

Figure 13.3.20 Structure of the lipid A component of 
Salmonella minnesota lipopolysaccharide.
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Figure 13.3.21 Lipopolysaccharide staining with the 
Pro-Q® Emerald 300 Lipopolysaccharide Gel Stain Kit. Lipo-
polysaccharides (LPS) were electrophoresed through a 13% 
acrylamide gel and stained using the Pro-Q® Emerald 300 
Lipopolysaccharide Gel Stain Kit (P20495). From left to right, 
the lanes contain: CandyCane™ glycoprotein molecular 
weight standards (~250 ng/band), blank, 4, 1 and 0.25 µg 
of LPS from Escherichia coli smooth serotype 055:B5 and 
4, 1 and 0.25 µg of LPS from E. coli rough mutant EH100 
(Ra mutant).

Figure 13.3.22 Characterization of lipopolysaccharides.
Lipopolysaccharides (LPS) from Escherichia coli smooth 
serotype 055:B5 were loaded onto a 13% polyacrylamide 
gel. Following electrophoresis, the gel was stained using 
the Pro-Q® Emerald 300 Lipopolysaccharide Gel Stain Kit 
(P20495), and the �uorescence was measured for the lane. A 
plot of �uorescence signal versus the relative distance from 
the dye front shows a characteristic laddering pro�le for 
smooth-type LPS.
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Figure 13.3.23 Linearity of the Pro-Q® Emerald 300 stain for 
lipopolysaccharide (LPS) detection. A dilution series of lipo-
polysaccharides from Escherichia coli smooth serotype 055:B5 
was loaded onto a 13% polyacrylamide gel. Following elec-
trophoresis, the gel was stained using the Pro-Q® Emerald 
300 Lipopolysaccharide Gel Stain Kit (P20495) and the same 
band from each lane was quantitated using a CCD camera. A 
plot of the �uorescence intensity versus the mass of LPS 
loaded shows a linear range over two orders of magnitude.
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staining method that makes use of the reaction of the carbohydrates 
with detectable hydrazides obtains higher sensitivity, but requires blot-
ting to a membrane and time- and labor-intensive procedures.145–149

By comparison, the staining technology used in the Pro-Q® Emerald 
300 Lipopolysaccharide Gel Stain Kit vastly simpli�es detection of LPS 
in SDS-polyacrylamide gels. �e key to this novel methodology is our 
bright green-�uorescent Pro-Q® Emerald 300 dye, which covalently 
binds to periodate-oxidized carbohydrates of LPS. �is dye allows the 
detection of as little as 200 pg of LPS in just a few hours using a simple 
UV transilluminator. �e sensitivity is at least 50–100 times that of silver 
staining and requires much less hands-on time. �is dye is also used 
in our Pro-Q® Emerald 300 and Multiplexed Proteomics® Glycoprotein 

Stain Kits (P21855, P21857, M33307; Section 9.4) and may be useful for 
detection of other molecules containing carbohydrates or aldehydes.

�e Pro-Q® Emerald 300 Lipopolysaccharide Gel Stain Kit contains:

• Pro-Q® Emerald 300 reagent
• Pro-Q® Emerald 300 staining bu�er
• Oxidizing reagent (periodic acid)
• Smooth LPS standard from Escherichia coli serotype 055-B5
• Detailed protocols

Su�cient materials are supplied to stain ten 8 cm × 10 cm gels, 
0.5–0.75 mm thick.

DATA TABLE 13.3 SPHINGOLIPIDS, STEROIDS, LIPOPOLYSACCHARIDES AND RELATED PROBES
Cat. No. MW Storage Soluble Abs EC Em Solvent Notes
B13950 1582.50 F,D,L DMSO, EtOH 505 80,000 512 MeOH 1
B22650 ~66,000 F,D,L H2O 505 91,000 511 MeOH 1, 2
B34400 ~66,000 F,D,L H2O 589 65,000 616 MeOH 2
B34401 ~66,000 F,D,L H2O 505 80,000 512 MeOH 1, 2
B34402 ~66,000 F,D,L H2O 505 80,000 511 MeOH 1, 2
C3927MP 786.98 F,D,L CHCl3 505 86,000 511 MeOH 3
C12680 851.02 F,D,L CHCl3 543 57,000 563 MeOH 3
C12681 809.97 F,D,L CHCl3 579 98,000 590 MeOH 3
D3521 601.63 FF,D,L CHCl3, DMSO 505 91,000 511 MeOH 1
D3522 766.75 FF,D,L see Notes 505 77,000 512 MeOH 1, 4
D6562 1003.54 FF,D,L,A CHCl3 341 40,000 376 MeOH 5, 6
D7519 861.96 FF,D,L DMSO, EtOH 505 85,000 511 MeOH 1
D7540 705.71 FF,D,L CHCl3, DMSO 589 65,000 616 MeOH

continued on next page
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PRODUCT LIST 13.3 SPHINGOLIPIDS, STEROIDS, LIPOPOLYSACCHARIDES AND RELATED PROBES
Cat. No. Product Quantity
A12216 Amplex® Red Cholesterol Assay Kit *500 assays* 1 kit

A12220 Amplex® Red Sphingomyelinase Assay Kit *500 assays* 1 kit

B22650 BODIPY® FL C5-ceramide complexed to BSA 5 mg

B13950 BODIPY® FL C5-ganglioside GM1 25 µg

B34401 BODIPY® FL C5-ganglioside GM1 complexed to BSA 1 mg

B34402 BODIPY® FL C5-lactosylceramide complexed to BSA 1 mg

D7540 BODIPY® TR ceramide (N-((4-(4,4-di�uoro-5-(2-thienyl)-4-bora-3a,4a-diaza-s-indacene-3-yl)phenoxy)acetyl)sphingosine) 250 µg

B34400 BODIPY® TR ceramide complexed to BSA 5 mg

C12680 cholesteryl BODIPY® 542/563 C11 (cholesteryl 4,4-di�uoro-5-(4-methoxyphenyl)-4-bora-3a,4a-diaza-s-indacene-3-undecanoate) 1 mg

C12681 cholesteryl BODIPY® 576/589 C11 (cholesteryl 4,4-di�uoro-5-(2-pyrrolyl)-4-bora-3a,4a-diaza-s-indacene-3-undecanoate) 1 mg

C3927MP cholesteryl BODIPY® FL C12 (cholesteryl 4,4-di�uoro-5,7-dimethyl-4-bora-3a,4a-diaza-s-indacene-3-dodecanoate) 1 mg

D7519 N-(4,4-di�uoro-5,7-dimethyl-4-bora-3a,4a-diaza-s-indacene-3-dodecanoyl)sphingosyl 1-β-D-galactopyranoside (BODIPY® FL C12-galactocerebroside) 25 µg

D7711 N-(4,4-di�uoro-5,7-dimethyl-4-bora-3a,4a-diaza-s-indacene-3-dodecanoyl)sphingosyl phosphocholine (BODIPY® FL C12-sphingomyelin) *1 mg/mL in DMSO* 250 µL

D3521 N-(4,4-di�uoro-5,7-dimethyl-4-bora-3a,4a-diaza-s-indacene-3-pentanoyl)sphingosine (BODIPY® FL C5-ceramide) 250 µg

D13951 N-(4,4-di�uoro-5,7-dimethyl-4-bora-3a,4a-diaza-s-indacene-3-pentanoyl)sphingosyl 1-β-D-lactoside (BODIPY® FL C5-lactosylceramide) 25 µg

D3522 N-(4,4-di�uoro-5,7-dimethyl-4-bora-3a,4a-diaza-s-indacene-3-pentanoyl)sphingosyl phosphocholine (BODIPY® FL C5-sphingomyelin) 250 µg

D6562 1,2-dioleoyl-3-(1-pyrenedodecanoyl)-rac-glycerol 1 mg

L23351 lipopolysaccharides from Escherichia coli serotype 055:B5, Alexa Fluor® 488 conjugate 100 µg

L23352 lipopolysaccharides from Escherichia coli serotype 055:B5, Alexa Fluor® 568 conjugate 100 µg

L23353 lipopolysaccharides from Escherichia coli serotype 055:B5, Alexa Fluor® 594 conjugate 100 µg

L23350 lipopolysaccharides from Escherichia coli serotype 055:B5, BODIPY® FL conjugate 100 µg

L23356 lipopolysaccharides from Salmonella minnesota, Alexa Fluor® 488 conjugate 100 µg

N1154 NBD C6-ceramide (6-((N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)amino)hexanoyl)sphingosine) 1 mg

N22651 NBD C6-ceramide complexed to BSA 5 mg

N3524 NBD C6-sphingomyelin (6-((N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)amino)hexanoyl)sphingosyl phosphocholine) 1 mg

N1148 NBD cholesterol (22-(N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)amino)-23,24-bisnor-5-cholen-3β-ol) 10 mg

P20495 Pro-Q® Emerald 300 Lipopolysaccharide Gel Stain Kit *10 minigels* 1 kit

V34403 Vybrant® Alexa Fluor® 488 Lipid Raft Labeling Kit *50 labelings* 1 kit

V34404 Vybrant® Alexa Fluor® 555 Lipid Raft Labeling Kit *50 labelings* 1 kit

V34405 Vybrant® Alexa Fluor® 594 Lipid Raft Labeling Kit *50 labelings* 1 kit

DATA TABLE 13.3 SPHINGOLIPIDS, STEROIDS, LIPOPOLYSACCHARIDES AND RELATED PROBES—continued
Cat. No. MW Storage Soluble Abs EC Em Solvent Notes
D7711 864.94 FF,D,L DMSO 505 75,000 513 MeOH 1, 7
D13951 925.91 FF,D,L DMSO, EtOH 505 80,000 511 MeOH 1
N1148 494.63 L CHCl3, MeCN 469 21,000 537 MeOH 8
N1154 575.75 FF,D,L CHCl3, DMSO 466 22,000 536 MeOH 8
N3524 740.88 FF,D,L see Notes 466 22,000 536 MeOH 4, 8
N22651 ~66,000 F,D,L H2O 466 22,000 536 MeOH 2, 8
For de�nitions of the contents of this data table, see “Using The Molecular Probes® Handbook” in the introductory pages.
Notes

1. Em for BODIPY® FL sphingolipids shifts to ~620 nm when high concentrations of the probe (>5 mol %) are incorporated in lipid mixtures. (J Cell Biol (1991) 113:1267)
2. This product is a lipid complexed with bovine serum albumin (BSA). Spectroscopic data are for the free lipid in MeOH.
3. The absorption and �uorescence spectra of BODIPY® derivatives are relatively insensitive to the solvent.
4. Chloroform is the most generally useful solvent for preparing stock solutions of phospholipids (including sphingomyelins). Glycerophosphocholines are usually freely soluble in ethanol. Most 

other glycerophospholipids (phosphoethanolamines, phosphatidic acids and phosphoglycerols) are less soluble in ethanol, but solutions up to 1–2 mg/mL should be obtainable, using sonica-
tion to aid dispersion if necessary. Labeling of cells with �uorescent phospholipids can be enhanced by addition of cyclodextrins during incubation. (J Biol Chem (1999) 274:35359)

5. Alkylpyrene �uorescence lifetimes are up to 110 nanoseconds and are very sensitive to oxygen.
6. Pyrene derivatives exhibit structured spectra. The absorption maximum is usually about 340 nm with a subsidiary peak at about 325 nm. There are also strong absorption peaks below 

300 nm. The emission maximum is usually about 376 nm with a subsidiary peak at 396 nm. Excimer emission at about 470 nm may be observed at high concentrations.
7. This product is supplied as a ready-made solution in the solvent indicated under "Soluble."
8. Fluorescence of NBD and its derivatives in water is relatively weak. QY and τ increase and Em decreases in aprotic solvents and other nonpolar environments relative to water. (Biochemistry 

(1977) 16:5150, Photochem Photobiol (1991) 54:361)
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13.4 Dialkylcarbocyanine and Dialkylaminostyryl Probes

Figure 13.4.1 'DiI'; DiIC18(3) (1,1'-dioctadecyl-3,3,3',3'-
tetramethylindocarbocyanine perchlorate; D282).

Figure 13.4.2 'DiO'; DiOC18(3) (3,3'-dioctadecyloxacar-
bocyanine perchlorate; D275).

Figure 13.4.3 DiIC12(3) (1,1'-didodecyl-3,3,3',3'-tetramethyl-
indocarbocyanine perchlorate; D383)

Figure 13.4.4 'DiD'; DiIC18(5) (1,1’-dioctadecyl-3,3,3’,3’-tetra-
methylindodicarbocyanine perchlorate; D307).

Figure 13.4.5 'DiR'; DiIC18(7) (1,1’-dioctadecyl-3,3,3’,3’-tetra-
methylindotricarbocyanine iodide; D12731)

�e dyes in this section are all amphiphilic probes—molecules that comprise a charged 
�uorophore that localizes the probe at the membrane’s surface and lipophilic aliphatic "tails" 
that insert into the membrane and thus anchor the probe to the membrane. In addition to label-
ing model membranes, most of these probes are very useful for cell tracing applications (Section 
14.4). Table 14.3 lists all of our lipophilic carbocyanine and aminostyryl tracers and compares 
their properties and uses. Our FM® dyes, which are also amphiphilic styryl dyes but with less 
lipophilic character than the dyes in this section, are particularly useful for labeling membranes 
of live cells and for following synaptosome recycling (Section 16.1).

Dialkylcarbocyanine Probes
Carbocyanines are among the most strongly light-absorbing dyes known and have proven 

to be useful tools in several di�erent areas of research. Carbocyanines with short alkyl tails 
attached to the imine nitrogens are employed both as membrane-potential sensors (Section 
22.3) and as organelle stains for mitochondria and the endoplasmic reticulum (Section 12.2, 
Section 12.4). �ose with longer alkyl tails (≥12 carbons) have an overall lipophilic character 
that makes them useful for neuronal tracing1 and long-term labeling of cells in culture2,3 (Section 
14.4), as well as for noncovalent labeling of lipoproteins (Section 16.1). �is section describes the 
use and properties of dialkylcarbocyanines as general-purpose probes of membrane structure 
and dynamics.

DiI, DiO, DiD, DiR and Analogs
�e most widely used carbocyanine membrane probes have been the octadecyl (C18) indo-

carbocyanines (D282, D3911; Figure 13.4.1) and oxacarbocyanines (D275, Figure 13.4.2) o�en 
referred to by the generic acronyms DiI and DiO, or more speci�cally as DiIC18(3) and DiOC18(3), 
where the subscript is the number of carbon atoms in each alkyl tail and the bracketed numeral is 
the number of carbon atoms in the bridge between the indoline or benzoxazole ring systems. We 
also o�er several variations on these basic structures (Section 14.4, Table 14.3):

• DiI and DiO analogs with unsaturated alkyl tails (Δ9-DiI, D3886; FAST DiO™, D3898; FAST 
DiI™, D3899, D7756)

• DiI and DiO analogs with shorter alkyl tails (DiIC12(3), D383; Figure 13.4.3; DiIC16(3), D384; 
DiOC16(3), D1125)

• Long-wavelength light–excitable carbocyanines (DiD, D307, D7757; Figure 13.4.4)
• Infrared light–excitable carbocyanine (DiR, D12731; Figure 13.4.5)
• Chloromethylbenzamido DiI and sulfonated DiI and DiO derivatives 

Spectral Properties of Dialkylcarbocyanines
�e spectral properties of dialkylcarbocyanines are largely independent of the lengths of the 

alkyl chains, and are instead determined by the heteroatoms in the terminal ring systems and the 
length of the connecting bridge. �e DiICn(3) probes have absorption and �uorescence spectra 
compatible with rhodamine (TRITC) optical �lter sets (Figure 13.4.6), whereas DiOCn(3) analogs 
can be used with �uorescein (FITC) optical �lter sets (Figure 13.4.7). �e emission maxima of 

Figure 13.4.6 Absorption and �uorescence emission spectra 
of DiIC18(3) ("DiI") bound to phospholipid bilayer membranes.

Figure 13.4.7 Absorption and �uorescence emission spectra 
of DiOC18(3) ("DiO") bound to phospholipid bilayer membranes.
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Section 13.4  Dialkylcarbocyanine and Dialkylaminostyryl Probes

DiIC18(3) and DiOC18(3) incorporated in dioctadecenoylphosphocholine (dioleoyl PC or DOPC) 
liposomes (Figure 13.4.8) are similar to those of the dyes in methanol.

�e very large molar extinction coe�cients of carbocyanine �uorophores are their most out-
standing spectral property. �eir �uorescence quantum yields are only modest—about 0.07 for 
DiI in methanol and about three-times greater in amphiphilic solvents such as octanol.4,5 �eir 
�uorescence in water is quite weak.6 �e excited-state lifetimes of carbocyanine �uorophores in 
lipid environments are short (~1 nanosecond), which is an advantage for �ow cytometry applica-
tions because it allows more excitation/de-excitation cycles during �ow transit; the overall decay 
is multi-exponential.7 Dialkylcarbocyanines are also exceptionally photostable.8

�e red He-Ne laser–excitable indodicarbocyanines such as DiD (DiIC18(5); D307, D7757) 
have long-wavelength absorption and red emission (Figure 13.4.8, Figure 13.4.9). �eir extinc-
tion coe�cients are somewhat larger and �uorescence quantum yields much larger than those 
of carbocyanines such as DiI.5 Moreover, photoexcitation of DiD seems to cause less collateral 
damage than photoexcitation of DiI in live cells.9 �e DiIC18(7) tricarbocyanine probe (DiR, 
D12731) has excitation and emission in the infrared (Figure 13.4.10), which may make the dye 
useful as an in vivo tracer for labeled cells and liposomes in live organisms.4,10

Substituted DiI and DiO Derivatives
We have synthesized various derivatives of DiI, DiO and DiD. All of these derivatives have 

octadecyl (C18) tails identical to those of DiI (D282, D3911) and DiO (D275), thereby preserving 
the excellent membrane retention characteristics of the parent molecules. A variety of substitu-
tions have been made on the indoline or benzoxazole ring systems:

• Chloromethylbenzamido DiI derivatives (CellTracker™ CM-DiI; C7000, C7001; Figure 13.4.11)
• Anionic sulfophenyl derivatives11 of DiI and DiO (SP-DiIC18(3), D7777, Figure 13.4.12; SP-

DiOC18(3), D7778, Figure 13.4.13)
• Sulfonate derivatives of DiI and DiD (DiIC18(3)-DS, D7776, Figure 13.4.14; DiIC18(5)-DS, 

D12730, Figure 13.4.15)

Although these derivatives have primarily been developed to provide improved �xation and 
labeling in long-term cell tracing applications (Section 14.4), they also o�er several features that 
can potentially be exploited for investigating membrane structure and dynamics. For research-
ers wishing to carry out comparative evaluations, our Lipophilic Tracer Sampler Kit (L7781) 
provides 1 mg samples of each of nine di�erent carbocyanine derivatives, including several of 
the newer substituted derivatives:

Figure 13.4.8 Normalized �uorescence emission spectra of 
DiO (D275), DiI (D282), DiD (D307) and DiR (D12731) bound 
to phospholipid bilayer membranes.
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Figure 13.4.9 Absorption and �uorescence emission spectra 
of DiIC18(5) ("DiD") bound to phospholipid bilayer membranes.

Figure 13.4.10 Fluorescence excitation and emission spectra 
of DiIC18(7) ("DiR") bound to phospholipid bilayer membranes.

Figure 13.4.11 CellTracker™ CM-DiI (C7000).

• DiI (DiIC18(3))
• DiD (DiIC18(5))
• DiR (DiIC18(7))

• DiO (DiOC18(3))
• DiA (4-Di-16-ASP)
• DiIC18(3)-DS

• SP-DiIC18(3)
• SP-DiOC18(3)
• 5,5ʹ-Ph2-DiIC18(3)

�e �uorescence quantum yields of the sulfophenyl and phenyl derivatives (measured in meth-
anol) are generally 2- to 3-fold greater than those of DiI and DiO. In particular, we have found that 
the sulfophenyl derivatives (SP-DiIC18(3), D7777; SP-DiOC18(3), D7778) bound to phospholipid 
model membranes have approximately 5-fold higher quantum yields than DiI and DiO. DiIC18(5)-
DS (D12730) has been used in combination with an NBD-labeled glycerophosphoserine probe 
in a novel resonance energy transfer assay that detects inner monolayer membrane hemifusion, 
avoiding erroneous indications of membrane fusion due to lipid mixing and other environmental 
e�ects in the outer monolayer.12 �e negative charge and greater water solubility of the sulfonated 
carbocyanines results in modi�ed lateral and transverse distributions of these probes in lipid bilay-
ers relative to those of DiI and DiO. �is characteristic has been exploited to identify plasma mem-
brane lipid domains that are responsive to electrical stimulation of outer hair cells in the inner ear.13
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Section 13.4  Dialkylcarbocyanine and Dialkylaminostyryl Probes

Figure 13.4.12 1,1’-Dioctadecyl-6,6’-di(4-sulfophenyl)-3,3,3’,3’-tetramethylindocarbocyanine 
(SP-DiIC18(3), D7777).
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Figure 13.4.13 3,3’-Dioctadecyl-5,5’-di(4-sulfophenyl)oxacarbocyanine, sodium salt 
(SP-DiOC18(3), D7778).
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Figure 13.4.14 DiIC18(3)-DS (1,1’-dioctadecyl-3,3,3’,3’-tetramethylindocarbocyanine-5,5’-di-
sulfonic acid; D7776).
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Figure 13.4.15 DiIC18(5)-DS (1,1’-dioctadecyl-3,3,3’,3’-tetramethylindodicarbocyanine-5,5’-
disulfonic acid; D12730).
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Figure 13.4.16 4-(4-(Didecylamino)styryl)-N-methylpyridinium iodide (4-Di-10-ASP, D291).

CH3N CH CH N�(CH2)�CH3�2

�

Figure 13.4.17 DiA; 4-Di-16-ASP (4-(4-(dihexadecylamino)styryl)-N-methylpyridinium 
iodide; D3883).

Figure 13.4.18 4-(4-(Dilinoleylamino) styryl)-N-methylpyridinium 4-chlorobenzenesulfo-
nate (FAST DiA™ solid; DiΔ9,12-C18ASP, CBS; D7758).

CH3N CH CH N�(CH2)�CH CH CH2 CH CH(CH2)�CH3�2
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DiI and DiO as Probes of Membrane Structure
�e orientation of DiIC18(3) in membranes has been determined by 

�uorescence polarization microscopy.14 �e long axis of the �uorophore 
is parallel to the membrane surface, and the two alkyl chains protrude 
perpendicularly into the lipid interior. �ere are con�icting reports in 
the literature regarding the ease of transbilayer migration ("�ip-�op") 
of lipophilic indocarbocyanines.15–17 �e lateral partitioning behavior of 
dialkylindocarbocyanines in membranes has been investigated by �uo-
rescence recovery a�er photobleaching (FRAP),18 calorimetry,19 lifetime 
measurements8 and �uorescence resonance energy transfer techniques20 
(Fluorescence Resonance Energy Transfer (FRET)—Note 1.2). �ese 
studies demonstrate that the probe distribution between coexisting �uid 
and gel phases depends on the similarity of the alkyl chain lengths of the 
probe and the lipid. In general, the more dissimilar the lengths, the great-
er the preference for �uid-phase over gel-phase lipids. For example, the 
shorter-chain DiIC12(3) has a substantial preference for the �uid phase 
(~6:1) in DOPC, whereas DiIC18(3) is predominantly distributed in the 
gel phase21 (~1:10). Consequently, long-chain dialkylcarbocyanines are 
among the best probes for detecting particularly rigid gel phases.

Lipophilic carbocyanines have been used to visualize membrane 
fusion and cell permeabilization that occurs in response to elec-
tric �elds,22–24 as well as fusion of liposomes with planar bilayers.25 
Membrane fusion can also be measured by �uorescence resonance 
energy transfer to DiIC18(3) from dansyl- or NBD-labeled phospho-
lipid donors26 or by direct imaging.27 In Langmuir–Blodgett �lms, 
excited-state energy transfer from DiIC18(3) to DiIC18(5) is exception-
ally e�cient because of the favorable orientations of the �uorophores.28 
Energy transfer from DiIC18(5) to DiIC18(7) should be similarly e�ec-
tive. Lipophilic carbocyanines have also been used to elicit photosensi-
tized destabilization of liposomes,29 to sensitize photoa�nity labeling 
of the viral glycoprotein hemagglutinin,30 to image membrane domains 
in lipid monolayers31 and to develop a �ber-optic potassium sensor.32

DiI and DiO as Probes of Membrane Dynamics
Despite their reasonably good photostability, dialkylcarbocyanines 

are widely employed to measure lateral di�usion processes using �uo-
rescence recovery a�er photobleaching (FRAP) techniques.33–36 �eir 
lateral di�usion coe�cients in isolated �uid- and gel-phase bilayers are 
independent of the carbocyanine alkyl chain length.18 Phase-separated 
populations of lipophilic carbocyanine dyes can be distinguished by 
their di�usion rates and can therefore be used to de�ne lateral domains 
in cell membranes.37,38 Combined lateral di�usion measurements of la-
beled proteins and lipids have demonstrated that transformed39 and 
permeabilized40 cells show marked changes in protein di�usion, where-
as lipid di�usion rates remain unchanged. In other cases, coupling of 
lipid and protein mobility has been identi�ed in the form of relatively 
immobilized lipid domains in yeast plasma membranes41 and around 
IgE receptor complexes.42 A di�erent photobleaching technique, which 
depends on the absence of di�usional �uorescence recovery, was em-
ployed to determine lipid �ow direction in locomoting cells by follow-
ing the movement of a photobleached stripe of DiIC16(3)43 (D384).

Dialkylaminostyryl Probes
�e lipophilic aminostyryl probes 4-Di-10-ASP (D291, Figure 

13.4.16), DiA (4-Di-16-ASP, D3883; Figure 13.4.17) and FAST DiA™ 
(D7758, Figure 13.4.18) insert in membranes with their two alkyl 
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Section 13.4  Dialkylcarbocyanine and Dialkylaminostyryl Probes

tails and their �uorophore oriented parallel to the phospholipid acyl 
chains.44 When these dialkylaminostyryl probes bind to membranes, 
they exhibit a strong �uorescence enhancement; their �uorescence 
in water is minimal. �e interfacial solvation of the aminostyryl �u-
orophore causes a large blue shi� of the absorption spectrum of the 
membrane-bound probe.44 For example, the absorption maximum of 
DiA is 456 nm when incorporated into DOPC liposomes and 490 nm 
when in methanol. �e �uorescence emission maximum of DiA in the 
membrane environment is 590 nm, which is quite close to that observed 
for probes with shorter alkyl tails such as 4-Di-10-ASP;44 however, the 
�uorescence spectrum of DiA is very broad, with appreciable intensity 
from about 510 nm to 690 nm (Figure 13.4.19). Consequently, DiA can 
be detected as green, orange or even red �uorescence, depending on the 
optical �lter employed. Like the lipophilic carbocyanines, DiA is com-
monly used for neuronal membrane tracing (Section 14.4). FAST DiA™ 
(D7758), the diunsaturated analog of DiA, is intended to facilitate these 
studies by accelerating dye di�usion within the membrane.

�e FM® 1-43 (Figure 13.4.20), FM® 1-43FX, FM® 4-64 and FM® 5-95 
dyes, which are discussed in detail in Section 16.1, are styryl dyes that 
also exhibit high Stokes shi�s and broad �uorescence emission but have 
less lipophilic character than the 4-Di-10-ASP and DiA probes. �e 
FM® dyes are commonly used to de�ne the outer membranes of lipo-
somes and live cells and to detect synaptosome recycling.

DATA TABLE 13.4 DIALKYLCARBOCYANINE AND DIALKYLAMINOSTYRYL PROBES
Cat. No. MW Storage Soluble Abs EC Em Solvent Notes
C7000 1051.50 F,D,L DMSO, EtOH 553 134,000 570 MeOH
C7001 1051.50 F,D,L DMSO, EtOH 553 134,000 570 MeOH
D275 881.72 L DMSO, DMF 484 154,000 501 MeOH
D282 933.88 L DMSO, EtOH 549 148,000 565 MeOH
D291 618.73 L DMSO, EtOH 492 53,000 612 MeOH 1
D307 959.92 L DMSO, EtOH 644 260,000 665 MeOH 2
D383 765.56 L DMSO, EtOH 549 144,000 565 MeOH 3
D384 877.77 L DMSO, EtOH 549 148,000 565 MeOH
D1125 825.61 L DMSO, DMF 484 156,000 501 MeOH
D3883 787.05 L DMSO, EtOH 491 52,000 613 MeOH 1
D3886 925.49 F,L,AA DMSO, EtOH 549 144,000 564 MeOH 2
D3898 873.65 F,L,AA DMSO, DMF 484 138,000 499 MeOH
D3899 925.82 F,L,AA DMSO, EtOH 549 143,000 564 MeOH 2
D3911 933.88 L DMSO, EtOH 549 148,000 565 MeOH
D7756 1017.97 F,L,AA DMSO, EtOH 549 148,000 564 MeOH
D7757 1052.08 L DMSO, EtOH 644 193,000 663 MeOH
D7758 899.80 F,L,AA DMSO, EtOH 492 41,000 612 MeOH 1
D7776 993.54 L DMSO, EtOH 555 144,000 570 MeOH
D7777 1145.73 L DMSO, EtOH 556 164,000 573 MeOH
D7778 1115.55 L DMSO, EtOH 497 175,000 513 MeOH
D12730 1019.58 L DMSO, EtOH 650 247,000 670 MeOH
D12731 1013.41 L DMSO, EtOH 748 270,000 780 MeOH
For de�nitions of the contents of this data table, see “Using The Molecular Probes® Handbook” in the introductory pages.
Notes

1. Abs and Em of styryl dyes are at shorter wavelengths in membrane environments than in reference solvents such as methanol. The di�erence is typically 20 nm for absorption and 80 nm for 
emission, but varies considerably from one dye to another. Styryl dyes are generally non�uorescent in water.

2. This product is intrinsically a liquid or an oil at room temperature.
3. This product is intrinsically a sticky gum at room temperature.

Figure 13.4.19 Fluorescence excitation and emission spectra of DiA bound to phospholipid 
bilayer membranes.

Figure 13.4.20 N-(3-triethylammoniumpropyl)-4-(4-(dibutylamino)styryl)pyridinium dibro-
mide (FM® 1-43, T3163).
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Section 13.5  Other Nonpolar and Amphiphilic Probes

PRODUCT LIST 13.4 DIALKYLCARBOCYANINE AND DIALKYLAMINOSTYRYL PROBES
Cat. No. Product Quantity
C7001 CellTracker™ CM-DiI 1 mg

C7000 CellTracker™ CM-DiI *special packaging* 20 x 50 µg

D291 4-(4-(didecylamino)styryl)-N-methylpyridinium iodide (4-Di-10-ASP) 25 mg

D383 1,1’-didodecyl-3,3,3’,3’-tetramethylindocarbocyanine perchlorate (DiIC12(3)) 100 mg

D3883 4-(4-(dihexadecylamino)styryl)-N-methylpyridinium iodide (DiA; 4-Di-16-ASP) 25 mg

D1125 3,3’-dihexadecyloxacarbocyanine perchlorate (DiOC16(3)) 25 mg

D384 1,1’-dihexadecyl-3,3,3’,3’-tetramethylindocarbocyanine perchlorate (DiIC16(3)) 100 mg

D7758 4-(4-(dilinoleylamino)styryl)-N-methylpyridinium 4-chlorobenzenesulfonate (FAST DiA™ solid; DiΔ9,12-C18ASP, CBS) 5 mg

D3898 3,3’-dilinoleyloxacarbocyanine perchlorate (FAST DiO™ solid; DiOΔ9,12-C18(3), ClO4) 5 mg

D7756 1,1’-dilinoleyl-3,3,3’,3’-tetramethylindocarbocyanine, 4-chlorobenzenesulfonate (FAST DiI™ solid; DiIΔ9,12-C18(3), CBS) 5 mg

D3899 1,1’-dilinoleyl-3,3,3’,3’-tetramethylindocarbocyanine perchlorate (FAST DiI™ oil; DiIΔ9,12-C18(3), ClO4) 5 mg

D7778 3,3’-dioctadecyl-5,5’-di(4-sulfophenyl)oxacarbocyanine, sodium salt (SP-DiOC18(3)) 5 mg

D7777 1,1’-dioctadecyl-6,6’-di(4-sulfophenyl)-3,3,3’,3’-tetramethylindocarbocyanine (SP-DiIC18(3)) 5 mg

D275 3,3’-dioctadecyloxacarbocyanine perchlorate (‘DiO’; DiOC18(3)) 100 mg

D7776 1,1’-dioctadecyl-3,3,3’,3’-tetramethylindocarbocyanine-5,5’-disulfonic acid (DiIC18(3)-DS) 5 mg

D282 1,1’-dioctadecyl-3,3,3’,3’-tetramethylindocarbocyanine perchlorate (‘DiI’; DiIC18(3)) 100 mg

D3911 1,1’-dioctadecyl-3,3,3’,3’-tetramethylindocarbocyanine perchlorate *crystalline* (‘DiI’; DiIC18(3)) 25 mg

D7757 1,1’-dioctadecyl-3,3,3’,3’-tetramethylindodicarbocyanine, 4-chlorobenzenesulfonate salt (‘DiD’ solid; DiIC18(5) solid) 10 mg

D12730 1,1’-dioctadecyl-3,3,3’,3’-tetramethylindodicarbocyanine-5,5’-disulfonic acid (DiIC18(5)-DS) 5 mg

D307 1,1’-dioctadecyl-3,3,3’,3’-tetramethylindodicarbocyanine perchlorate (‘DiD’ oil; DiIC18(5) oil) 25 mg

D12731 1,1’-dioctadecyl-3,3,3’,3’-tetramethylindotricarbocyanine iodide (‘DiR’; DiIC18(7)) 10 mg

D3886 1,1’-dioleyl-3,3,3’,3’-tetramethylindocarbocyanine methanesulfonate (Δ9-DiI) 25 mg

L7781 Lipophilic Tracer Sampler Kit 1 kit

13.5 Other Nonpolar and Amphiphilic Probes

Amphiphilic Rhodamine, Fluorescein 
and Coumarin Derivatives

Each of our amphiphilic probes comprises a moderately polar �uorescent dye with a lipo-
philic "tail." When used to stain membranes, including liposomes, the lipophilic portion of the 
probe tends to insert in the membrane and the polar �uorophore resides on the surface, where 
it senses the membrane’s surface environment and the surrounding medium.1 Our lipophilic 
carbocyanines and styryl dyes (Section 13.4) are also amphiphilic molecules with a similar bind-
ing mode.

�is section includes the classic membrane probes DPH, TMA-DPH, ANS, bis-ANS, TNS, 
prodan, laurdan and nile red, and also some lipophilic BODIPY® and Dapoxyl® dyes developed in 
our laboratories. Although they bear little resemblance to natural products, these probes tend to lo-
calize within cell membranes or liposomes or at their aqueous interfaces, where they are o�en used 
to report on characteristics of their local environment, such as viscosity, polarity and lipid order.

Octadecyl Rhodamine B
�e relief of the �uorescence self-quenching of octadecyl rhodamine B (O246, Figure 13.5.1) 

can be used to monitor membrane fusion 2–7—one of several experimental approaches developed 
for this application (Lipid-Mixing Assays of Membrane Fusion—Note 13.1). Octadecyl rhoda-
mine B has been reported to undergo a potential-dependent "�ip-�op" from one monolayer of 
a �uid-state phospholipid bilayer membrane to the other, with partial relief of its �uorescence 
quenching.8,9 Investigators have used octadecyl rhodamine B in conjunction with video micros-
copy 10–12 or digital imaging techniques 13 to monitor viral fusion processes. Membrane fusion can 

Figure 13.5.1 Octadecyl rhodamine B chloride (O246).
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Section 13.5  Other Nonpolar and Amphiphilic Probes

also be followed by monitoring �uorescence resonance energy transfer to octadecyl rhodamine 
B from an acylamino�uorescein donor such as 5-hexadecanoylamino�uorescein 5,7,14,15 (H110, 
Figure 13.5.2).

Fluorescence resonance energy transfer from �uorescein or dansyl labels to octadecyl rho-
damine B has been used for structural studies of the blood coagulation factor IXa, EGF receptor 
and receptor-bound IgE.16–18 Octadecyl rhodamine B has also been used to stain kinesin-gen-
erated membrane tubules,19 to characterize detergent micelles,20 to assay for lysosomal degra-
dation of lipoproteins 21 and to investigate the in�uence of proteins on lipid dynamics using 
time-resolved �uorescence anisotropy.22

Amphiphilic Fluoresceins
�e amphiphilic �uorescein probes bind to membranes with the �uorophore at the aqueous 

interface and the alkyl tail protruding into the lipid interior. 5-Dodecanoylamino�uorescein 
(D109) is the hydrolysis product of our ImaGene Green™ C12-FDG β-galactosidase substrate 
(D2893, Section 10.2). We also o�er the homologous membrane probe 5-hexadecanoylami-
no�uorescein 1,15,23 (H110, Figure 13.5.2) and the octadecyl ester of �uorescein 24,25 (F3857, 
Figure 13.5.3).

Amphiphilic �uorescein probes are commonly used for �uorescence recovery a�er photo-
bleaching (FRAP) measurements of lipid lateral di�usion.26 Some researchers have reported that 
5-hexadecanoylamino�uorescein stays predominantly in the outer membrane lea�et of epithelia 
and does not pass through tight junctions, whereas the dodecanoyl derivative can "�ip-�op" 
to the inner lea�et at 20°C (but not at <10°C) and may also pass through tight junctions.27,28 
More recent studies have indicated that the lack of tight junction penetration of 5-hexadec-
anoylamino�uorescein is due to probe aggregation rather than a signi�cant di�erence in its 
transport properties.29

Amphiphilic Coumarin
4-Heptadecyl-7-hydroxycoumarin (H22730, Figure 13.5.4) is an alkyl derivative of the 

pH-sensitive blue-�uorescent 7-hydroxycoumarin (umbelliferone) �uorophore. As with other 
amphiphilic coumarins,30 4-heptadecyl-7-hydroxycoumarin is primarily useful as a probe of 
membrane surfaces. Deprotonation of the 7-hydroxyl group is expected to be strongly dependent 
on membrane-surface electrostatic potential. �e pKa of 4-heptadecyl-7-hydroxycoumarin var-
ies from 6.35 in the cationic detergent CTAB to 11.15 in the anionic detergent sodium dodecyl 
sulfate (SDS), as measured by its �uorescence response.31 However, its pKa in lipid assemblies is 
strongly dependent on the ionic composition of the membrane surface,31,32 making it a sensitive 
probe of membrane-surface electrostatic potential.33 4-Heptadecyl-7-hydroxycoumarin has been 
used to measure pH di�erences at membrane interfaces in isolated plasma membranes of normal 
and multidrug-resistant murine leukemia cells.34,35 4-Heptadecyl-7-hydroxycoumarin has also 
been employed as a structural probe for the head-group region of phospholipid bilayers.36

DPH and DPH Derivatives
Diphenylhexatriene (DPH)

1,6-Diphenyl-1,3,5-hexatriene (DPH, D202; Figure 13.5.5) continues to be a popular �uores-
cent probe of membrane interiors. We also o�er the cationic DPH derivative TMA-DPH, as well 
as the phospholipid analog (D476, Section 13.2). �e orientation of DPH within lipid bilayers is 
loosely constrained. It is generally assumed to be oriented parallel to the lipid acyl chain axis, 
but it can also reside in the center of the lipid bilayer parallel to the surface, as demonstrated 
by time-resolved �uorescence anisotropy and polarized �uorescence measurements of oriented 
samples.37–40 DPH shows no partition preference between coexisting gel- and �uid-phase phos-
pholipids.41 Intercalation of DPH and its derivatives into membranes is accompanied by strong 
enhancement of their �uorescence; their �uorescence is practically negligible in water. �e �uo-
rescence decay of DPH in lipid bilayers is complex.42–44 Fluorescence decay data are o�en ana-
lyzed in terms of continuous lifetime distributions,45–48 which are in turn interpreted as being 
indicative of lipid environment heterogeneity.

DPH and its derivatives are cylindrically shaped molecules with absorption and �uo-
rescence emission transition dipoles aligned approximately parallel to their long molecular 

Figure 13.5.4 4-Heptadecyl-7-hydroxycoumarin (H22730).

Figure 13.5.5 DPH (1,6-diphenyl-1,3,5-hexatriene; D202).

Figure 13.5.6 TMA-DPH (1-(4-trimethyl ammoniumphenyl)-
6-phenyl-1,3,5-hexatriene p-toluenesulfonate; T204).

Figure 13.5.7 4,4-Di�uoro-1,3,5,7,8-pentamethyl-4-bora-
3a,4a-diaza-s-indacene (BODIPY® 493/503, D3922).

Figure 13.5.3 Fluorescein octadecyl ester (F3857).
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Section 13.5  Other Nonpolar and Amphiphilic Probes

axis. Consequently, their �uorescence polarization is high in the ab-
sence of rotational motion and is very sensitive to reorientation of the 
long axis resulting from interactions with surrounding lipids. �ese 
properties have led to their extensive use for membrane �uidity mea-
surements.49 �e exact physical interpretation of these measurements 
has some contentious aspects. For instance, the probes are largely sen-
sitive to only the angular reorientation of lipid acyl chains—a motion 
that does not necessarily correlate with other dynamic processes such 
as lateral di�usion.50 Reviews on this subject 39,49,51,52 should be con-
sulted for further discussion. Time-resolved �uorescence polarization 
measurements of lipid order are more physically rigorous because they 
allow the angular range of acyl chain reorientation ("lipid order") to be 
resolved from its rate, and considerable research has been devoted to 
the interpretation of these measurements.37,45,53,54

TMA-DPH
Designed to improve the localization of DPH in the membrane, 

TMA-DPH (T204, Figure 13.5.6) contains a cationic trimethylammo-
nium substituent that acts as a surface anchor.55–57 Like DPH, this de-
rivative readily partitions from aqueous dispersions into membranes 
and other lipid assemblies, accompanied by strong �uorescence en-
hancement. �e lipid–water partition coe�cient (Kp) for TMA-DPH 
(Kp = 2.4 × 105) is lower than for DPH (Kp = 1.3 × 106), re�ecting the 
increased water solubility caused by the polar substituents.58 �e �uo-
rescence decay lifetime of TMA-DPH is more sensitive to changes in 
lipid composition and temperature than is the �uorescence decay life-
time of DPH.59–61

Staining of cell membranes by TMA-DPH is much more rapid than 
staining by DPH; however, the duration of plasma membrane surface 
staining by TMA-DPH before internalization into the cytoplasm is 
quite prolonged.62,63 As a consequence, TMA-DPH introduced into 
Madin–Darby canine kidney (MDCK) cell plasma membranes does 
not di�use through tight junctions and remains in the apical domain, 
whereas the anionic DPH propionic acid accumulates rapidly in intra-
cellular membranes.64 TMA-DPH residing in the plasma membrane 
can be extracted by washing with medium, thus providing a method 
for isolating internalized probe and monitoring endocytosis 65 (Section 
16.1). Furthermore, because TMA-DPH is virtually non�uorescent in 
water and binds in proportion to the available membrane surface,66 
its �uorescence intensity is sensitive to increases in plasma membrane 
surface area resulting from exocytosis.65,67,68

TMA-DPH �uorescence polarization measurements can be com-
bined with video microscopy to provide spatially resolved images of 
phospholipid order in large liposomes and single cells.69–72 Information 
regarding lipid order heterogeneity among cell populations can be ob-
tained in a similar way using �ow cytometry.73–75

Nonpolar BODIPY® Probes
BODIPY® Fluorophores

BODIPY® �uorophore derivatives o�er an unusual combination of 
nonpolar structure (Figure 13.5.7) and long-wavelength absorption and 
�uorescence.76 BODIPY® dyes have small �uorescence Stokes shi�s, ex-
tinction coe�cients that are typically greater than 80,000 cm–1M–1 and 
high �uorescence quantum yields that are not diminished in water.77 
�ese dyes have applications as stains for neutral lipids and as tracers 

for oils and other nonpolar liquids. In addition, their photostability 
is generally high; this, together with other favorable characteristics 
(very low triplet–triplet absorption), make the BODIPY® 493/503 and 
BODIPY® 505/515 �uorophores excellent choices for �ashlamp-pumped 
laser dyes.78,79

Staining with the BODIPY® 493/503 dye (D3922, Figure 13.5.7) 
has been shown by �ow cytometry to be more speci�c for cellular lip-
id droplets than staining with nile red 80 (N1142). �e low molecular 
weight of the BODIPY® 493/503 dye (262 daltons) results in the probe 
having a relatively fast di�usion rate in membranes.81 �e BODIPY® 
493/503 dye has also been used to detect neutral compounds in a mi-
crochip channel separation device.82

BODIPY® 505/515 (D3921, Figure 13.5.8) rapidly permeates cell 
membranes of live zebra�sh embryos,83,84 selectively staining cytoplas-
mic yolk platelets. �is staining provides dramatic contrast enhance-
ment of cytoplasm relative to nucleoplasm and interstitial spaces, al-
lowing individual cell boundaries and cell nuclei to be imaged clearly 
with a confocal laser-scanning microscope (Figure 13.5.9).

�e very long–wavelength BODIPY® 665/676 dye (B3932, Figure 
13.5.10) has �uorescence that is not visible to the human eye; however, 
it has found use as a probe for reactive oxygen species 85 (Section 18.2).

Figure 13.5.10 (E,E)-3,5-bis-(4-phenyl-1,3-butadienyl)-4,4-di�uoro-4-bora-3a,4a-diaza-s-inda-
cene (BODIPY® 665/676, B3932).
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Figure 13.5.9 Dorsal view of the midbrain/hindbrain region of a 15-somite stage zebra�sh 
embryo labeled with BODIPY® 505/515 (D3921). BODIPY® 505/515 localizes in lipidic yolk 
platelets, producing selective cytoplasmic staining. This pseudocolored confocal image was 
obtained using a Bio-Rad® MRC-600 microscope. Image contributed by Mark Cooper, Univer-
sity of Washington.

Figure 13.5.8 4,4-Di�uoro-1,3,5,7-tetramethyl-4-bora-3a,4a-diaza-s-indacene (BODIPY® 
505/515, D3921).
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BODIPY® FL C5-Ceramide
BODIPY® FL C5-ceramide (D3521, B22650; Section 13.3) stains the plasma membrane, 

Golgi apparatus and cytoplasmic particles within the super�cial enveloping layer (EVL) of em-
bryos. Once the �uorescent lipid percolates through the EVL epithelium, however, it remains 
localized within the interstitial �uid of the embryo and freely di�uses between cells (Figure 
13.5.11). Vital staining with BODIPY® FL C5-ceramide thus allows hundreds of cells to be imaged 
en masse during morphogenetic movements.83,86

CellTrace™ BODIPY® TR Methyl Ester
Many research and biotechnological applications require detailed three- and four-dimensional 

visualization of embryonic cells labeled with Green Fluorescent Protein (GFP) within their native 
tissue environments. Fluorescent counterstains that label all the cells in a living embryo provide a 
histological context for the GFP-expressing cells in the specimen. �e red-�uorescent CellTrace™ 
BODIPY® TR methyl ester (C34556, Figure 13.5.12) is an excellent counterstain for cells and tissues 
that are expressing GFP.87 �is dye readily permeates cell membranes and selectively stains mito-
chondria and endomembranous organelles such as endoplasmic reticulum and the Golgi apparatus, 
but does not appear to localize in the plasma membrane. �ese localization properties make the dye 
an ideal vital stain that can be used to reveal: (1) the location and shapes of cell nuclei, (2) the shapes 
of cells within embryonic tissues and (3) the boundaries of organ-forming tissues within the whole 
embryo.87 Furthermore, CellTrace™ BODIPY® TR methyl ester staining is retained a�er formalde-
hyde �xation and permeabilization with Triton X-100, and the dye does not appear to produce any 
teratogenic e�ects on embryonic development. �e emission spectra of enhanced GFP (EGFP) and 
CellTrace™ BODIPY® TR methyl ester are well separated, with peaks at 508 nm and 625 nm, respec-
tively (Figure 13.5.13), allowing simultaneous dual-channel confocal imaging without signi�cant 
overspill of GFP �uorescence into the CellTrace™ BODIPY® TR methyl ester detection channel.

�e Image-iT® LIVE Intracellular Membrane and Nuclear Labeling Kit (I34407, Section 14.4) 
provides the red-�uorescent CellTrace™ BODIPY® TR methyl ester along with the blue-�uorescent 
Hoechst 33342 dye for highly selective staining of the intracellular membranes and nuclei, respec-
tively, of live or �xed cells or tissues (Figure 13.5.14). �ese two �uorescent stains were especially 
chosen for their compatibility with live GFP-expressing cells, and they can be combined into 
one staining solution to save labeling time and wash steps while still providing optimal staining.

Pyrene, Nile Red and Bimane Probes
Nonpolar Pyrene Probe

1,3-Bis-(1-pyrene)propane (B311, Figure 13.5.15) has two pyrene moieties linked by a three-
carbon alkylene spacer. �is probe is somewhat analogous to the bis-pyrenyl phospholipids 
(Section 13.2) in that excimer formation (and, consequently, the �uorescence emission wave-
length) is controlled by intramolecular rather than bimolecular interactions. �us, this probe is 
highly sensitive to constraints imposed by its environment, and can therefore be used as a viscos-
ity sensor for interior regions of lipoproteins, membranes, micelles, liquid crystals and synthetic 
polymers.88 Because excimer formation results in a spectral shi� (Figure 13.5.16), the probe may 
be useful for ratio imaging of molecular mobility.89 However, pyrene fatty acids (Section 13.2) 
appear to be preferable for this purpose because the uptake of 1,3-bis-(1-pyrene)propane by cells 
is limited.

Nile Red
�e phenoxazine dye nile red (N1142, Figure 13.5.17) is used to localize and quantitate lip-

ids, particularly neutral lipid droplets within cells.80,90–92 It is selective for neutral lipids such as 
cholesteryl esters 93,94 (and also, therefore, for lipoproteins) and is suitable for staining lysosomal 
phospholipid inclusions.95 Nile red is almost non�uorescent in water and other polar solvents but 
undergoes �uorescence enhancement and large absorption and emission blue shi�s in nonpolar 
environments.96,97 Its �uorescence enhancement upon binding to proteins is weaker than that 
produced by its association with lipids 97 (Figure 13.5.18). Ligand-binding studies on tubulin 
and tryptophan synthase 98 have exploited the environmental sensitivity of nile red’s �uores-
cence. Nile red has also been used to detect sphingolipids on thin-layer chromatograms 99 and to 
stain proteins a�er SDS-polyacrylamide gel electrophoresis.100

Figure 13.5.11 Cells in the notochord rudiment of a zebrafish 
embryo undergoing mediolateral intercalation to lengthen the 
forming notochord. BODIPY® FL C5-ceramide (D3521) localizes 
in the interstitial fluid of the zebrafish embryo and freely diffuses 
between cells, illuminating cell boundaries. This confocal image was 
obtained using a Bio-Rad® MRC-600 microscope. Image contrib-
uted by Mark Cooper, University of Washington.

Figure 13.5.13 Normalized absorption (—) and �uores-
cence emission (– – –) spectra of enhanced Green Fluores-
cent Protein (EGFP) and CellTrace™ BODIPY® TR methyl ester 
(C34556).
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Figure 13.5.12 CellTrace™ BODIPY® TR methyl ester (C34556).
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Figure 13.5.14 Live HeLa cells were transfected using 
pShooter™ vector pCMV/myc/mito/GFP and Lipofectamine® 
2000 transfection reagent and stained with the reagents 
in the Image-iT® LIVE Intracellular Membrane and Nuclear 
Labeling Kit (I34407). Intracellular membranes were stained 
with CellTrace™ BODIPY® TR methyl ester, and nuclei were 
stained with Hoechst 33342. Cells were visualized using 
epi�uorescence microscopy.
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Bimane Azide
Bimane azide (B30600, Figure 13.5.19) is a small blue-�uorescent photoreactive alkyl azide 

(excitation/emission maxima ~375/458 nm) for photoa�nity labeling of proteins, potentially 
including membrane proteins from within the cell membrane. �is reactive �uorophore’s small 
size may reduce the likelihood that the label will interfere with the function of the biomolecule, 
an important advantage for site-selective probes.

LipidTOX™ Neutral Lipid Stains
Steatosis, the intracellular accumulation of neutral lipids as lipid droplets or globules, is o�en 

triggered by drugs that a�ect the metabolism of fatty acids or neutral lipids. LipidTOX™ neutral 
lipid stains were developed to characterize the e�ects of drugs and other compounds on lipid 
metabolism in mammalian cell lines. LipidTOX™ neutral lipid stains have an extremely high 
a�nity for neutral lipid droplets. �ese reagents are added a�er cell �xation and do not require 
subsequent wash steps a�er incubation with the sample. Key advantages of this series of neutral 
lipid stains over conventional stains such as nile red include their ready-to-use formulations, 
their �exibility for multiplexing protocols and their compatibility with LipidTOX™ phospholipid 
stains (H34350, H34351; Section 13.2).

LipidTOX™ neutral lipid stains are available with green, red and deep red �uorescence 
emission:

• HCS LipidTOX™ Green neutral lipid stain (H34475), with excitation/emission maxima 
~495/505 nm (Figure 13.5.20)

• HCS LipidTOX™ Red neutral lipid stain (H34476), with excitation/emission maxima 
~577/609 nm

• HCS LipidTOX™ Deep Red neutral lipid stain (H34477), with excitation/emission maxima 
~637/655 nm

Figure 13.5.16 Excimer formation by pyrene in 
ethanol. Spectra are normalized to the 371.5 nm peak of the 
monomer. All spectra are essentially identical below 400 nm 
after normalization. Spectra are as follows: 1) 2 mM pyrene, 
purged with argon to remove oxygen; 2) 2 mM pyrene, air-
equilibrated; 3) 0.5 mM pyrene (argon-purged); and 4) 2 µM 
pyrene (argon-purged). The monomer-to-excimer ratio 
(371.5 nm/470 nm) is dependent on both pyrene concentra-
tion and the excited-state lifetime, which is variable because 
of quenching by oxygen.
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Figure 13.5.17 Nile red (N1142).

Figure 13.5.19 Bimane azide (B30600).
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Figure 13.5.15 1,3-Bis-(1-pyrenyl)propane (B311).
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Figure 13.5.18 Fluorescence emission spectra of A) 1,8-ANS (A47) and B) nile red (N1142) bound to protein and phospholipid 
vesicles. Samples comprised 1 µM dye added to 20 µM bovine serum albumin (BSA) or 100 µM dioctadecenoylglycerophos-
phocholine (DOPC).
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Figure 13.5.20    FABP4 antibody labeling in adipo-
cytes. Adipocytes di�erentiated from 3T3-L1 mouse �bro-
blasts were �xed with formaldehyde and permeabilized 
with saponin before labeling with rabbit anti–fatty acid 
binding protein (FABP4) IgG (red). These cells were then 
stained with LipidTOX™ Green neutral lipid stain (H34475, 
green), counterstained with DAPI (D1306, D21490; blue) and 
mounted in ProLong® Gold antifade reagent (P36930).
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Figure 13.5.21 Prodan (6-propionyl-2-dimethylaminon-
aphthalene; P248).

Figure 13.5.22 Normalized emission spectra of prodan 
(P248) excited at 345 nm in 1) cyclohexane, 2) dimethylfor-
mamide, 3) ethanol and 4) water.

Figure 13.5.23 6-Dodecanoyl-2-dimethylaminonaphtha-
lene (laurdan, D250).

�ese HCS LipidTOX™ neutral lipid stains have been used to image intracellular lipid accu-
mulation in rat cortical neurons, COS-7 cells and hepatitis C virus (HCV)–infected FT3-7 human 
hepatoma cells.101–103 HCS LipidTOX™ Red neutral lipid stain was used to detect RNAi knockdown 
of acyl-coenzyme A:cholesterol acyl transferase, isoform 1 (ACAT-1), an endoplasmic reticulum 
enzyme that regulates the equilibrium between free cholesterol and cholesteryl esters in cells.104

LipidTOX™ Green neutral lipid stain is also a component of the HCS LipidTOX™ 
Phospholipidosis and Steatosis Detection Kit (H34157, H34158; Section 13.2), which provides a 
complete set of reagents for performing high-content screening (HCS) assays to detect and dis-
tinguish the intracellular accumulation of phospholipids (phospholipidosis) and of neutral lipids 
(steatosis) in mammalian cell lines a�er exposure to test compounds. In addition, HCS LipidTOX™ 
neutral lipid stains can be used to monitor the formation and di�erentiation of adipocytes, a pro-
cess called adipogenesis. Adipogenesis is of acute interest to the biomedical and drug discovery 
community as it plays an important role in diseases such as obesity, diabetes and atherosclerosis.

HCS LipidTOX™ neutral lipid stains are designed for �xed–end point work�ows in which 
formaldehyde-�xed cells in microplates are processed, imaged and analyzed. �ese stains can eas-
ily be detected with �uorescence microscopes or HCS readers equipped with standard �lter sets.

Membrane Probes with Environment-Sensitive Spectral 
Shifts

Prodan and Laurdan
Prodan (P248, Figure 13.5.21), introduced by Weber and Farris in 1979, has both electron-

donor and electron-acceptor substituent, resulting in a large excited-state dipole moment and 
extensive solvent polarity–dependent �uorescence shi�s 105 (Figure 13.5.22). Several variants of the 
original probe have since been prepared, including the lipophilic derivative laurdan (D250, Figure 
13.5.23) and thiol-reactive derivatives acrylodan and badan (A433, B6057; Section 2.3), which 
can be used to confer the environment-sensitive properties of this �uorophore on bioconjugates.

When prodan or its derivatives are incorporated into membranes, their �uorescence spectra 
are sensitive to the physical state of the surrounding phospholipids.106 In membranes, prodan 
appears to localize at the surface,107 although Fourier transform infrared (FTIR) measurements 
indicate some degree of penetration into the lipid interior.108 Excited-state relaxation of prodan is 
sensitive to the nature of the linkage (ester or ether) between phospholipid hydrocarbon tails and 
the glycerol backbone.109 In contrast, laurdan’s excited-state relaxation is independent of head-
group type, and is instead determined by water penetration into the lipid bilayer.110,111 Two-photon 
infrared excitation techniques have been successfully applied to both prodan and laurdan, al-
though both probes nominally require ultraviolet excitation 112–115 (~360 nm).

Much experimental work using these probes has sought to characterize coexisting lipid do-
mains based on their distinctive �uorescence spectra,113,116–120 an approach that is intrinsically 
amenable to dual-wavelength ratio measurements.111,121 Other applications include detecting non-
bilayer lipid phases,122,123 mapping changes in membrane structure induced by cholesterol and 
alcohols 124–127 and assessing the polarity of lipid/water interfaces.128,129 Like ANS, prodan is also 
useful as a noncovalently interacting probe for proteins.130–133

Dapoxyl® Derivative
We have developed a variety of probes based on our Dapoxyl® �uorophore.134 Dapoxyl® sul-

fonamide derivatives exhibit UV absorption with maxima near 370 nm, extinction coe�cients 
>24,000 cm–1M–1 and Stokes shi�s in excess of 200 nm (Figure 13.5.24). Dapoxyl® sulfonic acid 
(D12800, Figure 13.5.25) is an amphiphilic Dapoxyl® derivative with generally similar properties 
and applications to anilinonaphthalene sulfonate (ANS) (Monitoring Protein-Folding Processes 
with Environment-Sensitive Dyes—Note 9.1). Both ANS and Dapoxyl® sulfonic acid have been 
used in a drug-discovery assay based on the detection of protein thermal denaturation shi�s.135 
Reactive versions of the Dapoxyl® �uorophore are described in Section 1.7 and Section 3.4.

Anilinonaphthalenesulfonate (ANS) and Related Derivatives
�e use of anilinonaphthalene sulfonates (ANS) as �uorescent probes dates back to the pioneer-

ing work of Weber in the 1950s, and this class of probes remains valuable for studying both membrane 

Figure 13.5.24 Absorption and �uorescence emission 
spectra of Dapoxyl® (2-aminoethyl)sulfonamide in methanol.

Figure 13.5.25 Dapoxyl® sulfonic acid, sodium salt (D12800).
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Section 13.5  Other Nonpolar and Amphiphilic Probes

surfaces and proteins. Slavik’s 1982 review of its properties is recommended reading, 
especially for the extensive compilation of spectral data.136 �e primary member of this 
class, 1,8-ANS (A47, Figure 13.5.26), and its analogs 2,6-ANS (A50) and 2,6-TNS (T53) 
are all essentially non�uorescent in water, only becoming appreciably �uorescent when 
bound to membranes (quantum yields ~0.25) or proteins (quantum yields ~0.7)136–138 
(Figure 13.5.18). �is property makes them sensitive indicators of protein folding, con-
formational changes 139–142 and other processes that modify the exposure of the probe to 
water (Monitoring Protein-Folding Processes with Environment-Sensitive Dyes—Note 
9.1). Fluorescence of 2,6-ANS is also enhanced by cyclodextrins, permitting a sensitive 
method for separating and analyzing cyclodextrins with capillary electrophoresis.143

Bis-ANS
Bis-ANS (B153, Figure 13.5.27) is superior to 1,8-ANS as a probe for nonpolar 

cavities in proteins, o�en binding with an a�nity that is orders-of-magnitude high-
er.144–147 Bis-ANS has particularly high a�nity for nucleotide-binding sites of some 
proteins.148–150 It is also useful as a structural probe for tubulin 151,152 and as an in-
hibitor of microtubule assembly.153–155 Covalent photoincorporation of bis-ANS into 
proteins has been reported.156

DCVJ
�e styrene derivative DCVJ (D3923, Figure 13.5.28) is a sensitive indicator of 

tubulin assembly and actin polymerization.157,158 �e �uorescence quantum yield of 
DCVJ is strongly dependent on environmental rigidity, resulting in large �uorescence 
increases when the dye binds to antibodies 159 and when it is compressed in synthetic 
polymers or phospholipid membrane interiors.160,161 DCVJ has been used for micro-
viscosity measurements of phospholipid bilayers.161

Figure 13.5.26 1,8-ANS (1-anilinonaphthalene-8-sulfonic 
acid, A47).

Figure 13.5.27 bis-ANS (4,4’-dianilino-1,1’-binaphthyl-5,5’-
disulfonic acid, dipotassium salt; B153).

Figure 13.5.28 DCVJ (4-(dicyanovinyl)julolidine, D3923).

CH

N

C(CN)2

REFERENCES
1. Biochim Biophys Acta (1998) 1374:63; 2. Biophys J (1999) 77:943; 3. Photochem 
Photobiol (1994) 60:563; 4. Biophys Chem (1989) 34:283; 5. Chem Phys Lipids (2002) 
116:39; 6. Biochemistry (1984) 23:5675; 7. J Cell Sci (1977) 28:167; 8. Biophys J (1996) 
71:2680; 9. Biochim Biophys Acta (1995) 1237:121; 10. Biophys J (1992) 63:710; 11. J Gen 
Physiol (1991) 97:1101; 12. Proc Natl Acad Sci U S A (1990) 87:1850; 13. FEBS Lett 
(1989) 250:487; 14. Biophys J (1999) 76:1812; 15. Biochim Biophys Acta (1994) 1189:175; 
16. J Biol Chem (1992) 267:17012; 17. Biochemistry (1991) 30:9125; 18. Biochemistry 
(1990) 29:8741; 19. J Cell Biol (1988) 107:2233; 20. Langmuir (1994) 10:658; 21. Eur 
J Cell Biol (1992) 59:116; 22. Eur Biophys J (1990) 18:277; 23. FEBS Lett (1989) 257:10; 
24. Cytometry (1996) 24:368; 25. Biophys J (1996) 70:988; 26. J Cell Sci (1991) 100:473; 
27. Exp Cell Res (1989) 181:375; 28. Nature (1981) 294:718; 29. Biochem Biophys Res 
Commun (1992) 184:160; 30. Biochim Biophys Acta (1996) 1284:191; 31. J Phys Chem 
(1977) 81:1755; 32. Biochim Biophys Acta (1973) 323:326; 33. Methods Enzymol (1989) 
171:376; 34. Biochemistry (1990) 29:7275; 35. Biochim Biophys Acta (1983) 729:185; 
36. Biochemistry (1985) 24:573; 37. Biochemistry (1991) 30:5565; 38. Chem Phys Lipids 
(1991) 57:39; 39. Biochimie (1989) 71:23; 40. Biochim Biophys Acta (1986) 859:209; 
41. Biochim Biophys Acta (1988) 941:102; 42. Biophys Chem (1993) 48:205; 43. Biophys 
J (1991) 59:466; 44. Biophys J (1989) 56:723; 45. Biophys Chem (1994) 48:337; 46. Biochim 
Biophys Acta (1992) 1104:273; 47. Biochemistry (1990) 29:3248; 48. Chem Phys Lipids 
(1989) 50:1; 49. Chem Phys Lipids (1993) 64:99; 50. Biochim Biophys Acta (1981) 649:471; 
51. Chem Phys Lipids (1993) 64:117; 52. Biochim Biophys Acta (1986) 854:38; 53. Chem 
Phys (1994) 185:393; 54. Chem Phys Lett (1993) 216:559; 55. Biochemistry (1998) 37:8180; 
56. Biochemistry (1988) 27:7723; 57. Biochemistry (1981) 20:7333; 58. Biochem Biophys 
Res Commun (1991) 181:166; 59. Chem Phys Lipids (1990) 55:29; 60. Biochemistry 
(1987) 26:5121; 61. Biochemistry (1987) 26:5113; 62. Biochim Biophys Acta (1985) 
845:60; 63. Cell Biophys (1983) 5:129; 64. Am J Physiol (1988) 255:F22; 65. Biochim 
Biophys Acta (1995); 66. Biochemistry (1986) 25:2149; 67. J Cell Biol (1996) 135:1741; 
68. Biochim Biophys Acta (1993) 1147:194; 69. Fluorescent and Luminescent Probes 
for Biological Activity, Mason WT, Ed. (1993) p. 420; 70. Am J Physiol (1991) 260:C1; 
71. FASEB J (1991) 5:2078; 72. Biophys J (1990) 57:1199; 73. Cytometry (2000) 39:151; 
74. Biochim Biophys Acta (1991) 1067:71; 75. Plant Physiol (1990) 94:729; 76. J Photochem 
Photobiol A (1999) 121:177; 77. Anal Biochem (1991) 198:228; 78. Heteroatomic Chem 
(1990) 1:389; 79. Optics Comm (1989) 70:425; 80. Cytometry (1994) 17:151; 81. Biophys 

J (1996) 71:2656; 82. Electrophoresis (2003) 24:3253; 83. Methods Mol Biol (1999) 122:185; 
84. Neuron (1998) 20:1081; 85. J Agric Food Chem (2000) 48:1150; 86. Methods Cell Biol 
(1999) 59:179; 87. Dev Dyn (2007)  232:359; 88. Biochim Biophys Acta (1993) 1149:86; 
89. Eur J Cell Biol (1994) 65:172; 90. J Histochem Cytochem (1997) 45:743; 91. J Cell 
Biol (1993) 123:1567; 92. Exp Cell Res (1992) 199:29; 93. J Cell Biol (1989) 108:2201; 
94. J Chromatogr (1987) 421:136; 95. Histochemistry (1992) 97:349; 96. Anal Chem 
(1990) 62:615; 97. Anal Biochem (1987) 167:228; 98. J Biol Chem (1995) 270:6357; 99. Anal 
Biochem (1993) 208:121; 100. Biotechniques (1996) 21:625; 101. J Biol Chem (2009) 
284:3049; 102. J Virol (2008) 82:7624; 103. J Biol Chem (2009) 284:2383; 104. FEBS Lett 
(2007) 581:1688; 105. Photochem Photobiol (1993) 58:499; 106. Photochem Photobiol 
(1999) 70:557; 107. Biochemistry (1988) 27:399; 108. Biochemistry (1989) 28:8358; 
109. Biochemistry (1990) 29:11134; 110. Biophys J (1994) 66:763; 111. Biophys J (1991) 
60:179; 112. Anal Chem (2001) 73:2302; 113. Biophys J (2000) 78:290; 114. Biophys J (1999) 
77:2090; 115. Biophys J (1997) 72:2413; 116. Biophys J (2001) 80:1417; 117. Biophys J (1994) 
66:120; 118. Photochem Photobiol (1993) 57:420; 119. Biophys J (1990) 57:1179; 120. J Biol 
Chem (1990) 265:20044; 121. Photochem Photobiol (1993) 57:403; 122. Biochemistry 
(1992) 31:1550; 123. Biophys J (1990) 57:925; 124. Biochim Biophys Acta (2001) 1511:330; 
125. Biophys J (1995) 68:1895; 126. Biophys J (1993) 65:1404; 127. Biochemistry 
(1992) 31:9473; 128. J Biol Chem (1994) 269:10298; 129. J Biol Chem (1994) 269:7429; 
130. Biochemistry (1998) 37:7167; 131. Biochem J (1993) 290:411; 132. Eur J Biochem 
(1992) 204:127; 133. Nature (1986) 319:70; 134. J Photochem Photobiol A (2000) 131:95; 
135. J Biomol Screen (2001) 6:429; 136. Biochim Biophys Acta (1982) 694:1; 137. Biophys 
J (1998) 74:422; 138. Biochemistry (1968) 7:3381; 139. Biochemistry (1999) 38:2110; 
140. Biochemistry (1998) 37:4621; 141. Biochemistry (1998) 37:13862; 142. Biochemistry 
(1998) 37:16802; 143. J Chromatogr A (1994) 680:233; 144. Arch Biochem Biophys 
(1989) 268:239; 145. Biochemistry (1985) 24:3852; 146. Biochemistry (1985) 24:2034; 
147. Biochemistry (1969) 8:3915; 148. Biochemistry (1992) 31:2982; 149. Biochim Biophys 
Acta (1990) 1040:66; 150. Proc Natl Acad Sci U S A (1977) 74:2334; 151. Biochemistry 
(1998) 37:4687; 152. Biochemistry (1994) 33:11891; 153. Biochemistry (1998) 37:17571; 
154. Biochemistry (1992) 31:6470; 155. J Biol Chem (1984) 259:14647; 156. Biochemistry 
(1995) 34:7443; 157. Anal Biochem (1992) 204:110; 158. Biochemistry (1989) 28:6678; 
159. Biochemistry (1993) 32:7589; 160. Chem Phys (1993) 169:351; 161. Biochemistry 
(1986) 25:6114.

The Molecular Probes™ Handbook: A Guide to Fluorescent Probes and Labeling Technologies

IMPORTANT NOTICE : The products described in this manual are covered by one or more Limited Use Label License(s). Please refer to the Appendix on 
page 971 and Master Product List on page 975. Products are For Research Use Only. Not intended for any animal or human therapeutic or diagnostic use.

thermofisher.com/probes



Chapter 13 — Probes for Lipids and Membranes

586
www.invitrogen.com/probes

The Molecular Probes® Handbook: A Guide to Fluorescent Probes and Labeling Technologies
IMPORTANT NOTICE: The products described in this manual are covered by one or more Limited Use Label License(s). Please refer to the Appendix on 
page 971 and  Master Product List on page 975. Products are For Research Use Only. Not  intended for any animal or human therapeutic or diagnostic use.

Section 13.5  Other Nonpolar and Amphiphilic Probes

DATA TABLE 13.5 OTHER NONPOLAR AND AMPHIPHILIC PROBES
Cat. No. MW Storage Soluble Abs EC Em Solvent Notes
A47 299.34 L pH >6, DMF 372 7800 480 MeOH 1
A50 299.34 L DMF 319 27,000 422 MeOH 1
B153 672.85 L pH >6 395 23,000 500 MeOH 1, 2
B311 444.57 L MeCN, CHCl3 344 80,000 378 MeOH 3
B3932 448.32 F,L DMSO, CHCl3 665 161,000 676 MeOH 4
B30600 233.23 F,D,L DMSO 375 6000 458 MeOH
C34556 438.25 F,D,L DMSO 588 68,000 616 MeOH 5
D109 529.63 L DMSO, EtOH 495 85,000 518 MeOH 6
D202 232.32 L DMF, MeCN 350 88,000 452 MeOH 7, 8
D250 353.55 L DMF, MeCN 364 20,000 497 MeOH 9
D3921 248.08 F,L EtOH, DMSO 502 98,000 510 MeOH 4
D3922 262.11 F,L EtOH, DMSO 493 89,000 504 MeOH 4
D3923 249.31 L DMF, DMSO 456 61,000 493 MeOH
D12800 366.37 L DMSO, H2O 358 25,000 517 MeOH 10
F3857 584.79 L DMSO, EtOH 504 95,000 525 MeOH 6
H110 585.74 L DMSO, EtOH 497 92,000 519 MeOH 6
H22730 400.60 L DMSO, EtOH 366 20,000 453 MeOH 6
H34475 ~300 F,L DMSO 495 94,000 505 MeOH 5, 13
H34476 ~400 F,L DMSO 574 62,000 609 MeOH 5, 13
H34477 ~350 F,L DMSO 626 68,000 648 MeOH 5, 13
N1142 318.37 L DMF, DMSO 552 45,000 636 MeOH 11
O246 731.50 F,DD,L DMSO, EtOH 556 125,000 578 MeOH 12
P248 227.31 L DMF, MeCN 363 19,000 497 MeOH 9
T53 335.35 L DMF 318 26,000 443 MeOH 1
T204 461.62 D,L DMF, DMSO 355 75,000 430 MeOH 7
For de�nitions of the contents of this data table, see “Using The Molecular Probes® Handbook” in the introductory pages.
Notes

1. Fluorescence quantum yields of ANS and its derivatives are environment dependent and are particularly sensitive to the presence of water. QY of A47 is about 0.4 in EtOH, 0.2 in MeOH and 0.004 
in water. Em is also somewhat solvent dependent. (Biochim Biophys Acta (1982) 694:1)

2. B153 is soluble in water at 0.1–1.0 mM after heating.
3. Absorption spectra of bis-pyrenyl alkanes have additional peaks at ~325 nm and <300 nm. Emission spectra include both monomer (~380 nm and ~400 nm) and excimer (~470 nm) peaks.
4. The absorption and �uorescence spectra of BODIPY® derivatives are relatively insensitive to the solvent.
5. This product is supplied as a ready-made solution in the solvent indicated under "Soluble."
6. Spectra of this product are pH dependent. Data listed are for basic solutions prepared in methanol containing a trace of KOH.
7. Diphenylhexatriene (DPH) and its derivatives are essentially non�uorescent in water. Absorption and emission spectra have multiple peaks. The wavelength, resolution and relative intensity of 

these peaks are environment dependent. Abs and Em values are for the most intense peak in the solvent speci�ed.
8. Stock solutions of DPH (D202) are often prepared in in tetrahydrofuran (THF). Long-term storage of THF solutions is not recommended because of possible peroxide formation in that solvent.
9. The emission spectrum of P248 is solvent dependent. Em = 401 nm in cyclohexane, 440 nm in CHCl3, 462 nm in MeCN, 496 nm in EtOH and 531 nm in H2O. (Biochemistry (1979) 18:3075) Abs is 

only slightly solvent dependent. The emission spectra of D250 in these solvents are similar to those of P248.
10. Em = 520 nm when bound to phospholipid bilayer membranes. Fluorescence in H2O is weak (Em ~600 nm).
11. The absorption and �uorescence spectra and �uorescence quantum yield of N1142 are highly solvent dependent. (J Lipid Res (1985) 26:781, Anal Biochem (1987) 167:228)
12. This product is intrinsically a sticky gum at room temperature.
13. Abs/Em in trioctanylglycerol = 498/507 nm, 582/616 nm and 635/652 nm for H34475, H34476 and H34477 respectively.
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Section 13.5  Other Nonpolar and Amphiphilic Probes

PRODUCT LIST 13.5 OTHER NONPOLAR AND AMPHIPHILIC PROBES
Cat. No. Product Quantity
A47 1,8-ANS (1-anilinonaphthalene-8-sulfonic acid) *high purity* 100 mg

A50 2,6-ANS (2-anilinonaphthalene-6-sulfonic acid) 100 mg

B30600 Bimane azide 5 mg

B153 bis-ANS (4,4’-dianilino-1,1’-binaphthyl-5,5’-disulfonic acid, dipotassium salt) 10 mg

B3932 (E,E)-3,5-bis-(4-phenyl-1,3-butadienyl)-4,4-di�uoro-4-bora-3a,4a-diaza-s-indacene (BODIPY® 665/676) 5 mg

B311 1,3-bis-(1-pyrenyl)propane 25 mg

C34556 CellTrace™ BODIPY® TR methyl ester *lipophilic counterstain for GFP* *solution in DMSO* 1 mL

D12800 Dapoxyl® sulfonic acid, sodium salt 10 mg

D3923 DCVJ (4-(dicyanovinyl)julolidine) 25 mg

D3922 4,4-di�uoro-1,3,5,7,8-pentamethyl-4-bora-3a,4a-diaza-s-indacene (BODIPY® 493/503) 10 mg

D3921 4,4-di�uoro-1,3,5,7-tetramethyl-4-bora-3a,4a-diaza-s-indacene (BODIPY® 505/515) 10 mg

D109 5-dodecanoylamino�uorescein 100 mg

D250 6-dodecanoyl-2-dimethylaminonaphthalene (laurdan) 100 mg

D202 DPH (1,6-diphenyl-1,3,5-hexatriene) 100 mg

F3857 Fluorescein octadecyl ester 10 mg

H34477 HCS LipidTOX™ Deep Red neutral lipid stain *solution in DMSO* *for cellular imaging* 125 µL

H34475 HCS LipidTOX™ Green neutral lipid stain *solution in DMSO* *for cellular imaging* 125 µL

H34476 HCS LipidTOX™ Red neutral lipid stain *solution in DMSO* *for cellular imaging* 125 µL

H22730 4-heptadecyl-7-hydroxycoumarin 10 mg

H110 5-hexadecanoylamino�uorescein 100 mg

N1142 Nile red 25 mg

O246 Octadecyl rhodamine B chloride (R18) 10 mg

P248 Prodan (6-propionyl-2-dimethylaminonaphthalene) 100 mg

T204 TMA-DPH (1-(4-trimethylammoniumphenyl)-6-phenyl-1,3,5-hexatriene p-toluenesulfonate) 25 mg

T53 2,6-TNS (2-(p-toluidinyl)naphthalene-6-sulfonic acid, sodium salt) 100 mg
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