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Fluorescent BODIPY-Labeled
Ganglioside GM1
Understanding ganglioside metabolism and biological function has been
made possible in part by using labeled derivatives that can be incorporated
into cultured cells and artificial membranes. This includes studies of their
distribution in membranes and interactions with neighboring cells as well
as investigation of their metabolic fate and intracellular trafficking. As a
class of glycosphingolipids that bear sialic acid residues, gangliosides
are expressed in all types of cells but are especially abundant in neurons
where they were first discovered in ganglion cells. They are anchored
to the plasma membrane by fatty acyl chains of the ceramide base, and
variations of sialooligosaccharide branches extend from there into the
extracellular space, enabling interactions with nearby cells. They also
interact within their resident cell’s membrane to regulate responses to
signaling proteins.
GM1 is the prototypic ganglioside for all other members of this lipid class.
It has roles in neuronal plasticity and repair mechanisms, as well as in the
release of neurotrophins in the brain.1 GM1 stimulates neuronal sprouting
and enhances the action of nerve growth factor (NGF) by directly and
tightly associating with Trk, the high-affinity tyrosine kinase-type receptor
for NGF. GM1 also acts as the site of binding for both cholera toxin and E. coli
heat-labile enterotoxin.2 Investigation of these functions requires the
detection of GM1 in its natural environment within membranes.
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Ganglioside derivatives can contain radioactive, paramagnetic, photoreactive, or fluorescent tags for this purpose.3 The
type of probe that is chosen is determined by what function it needs to perform in an experiment and which pathway
will be investigated. Fluorescent probes are typically used because they require low concentrations for detection and
are well-suited for real-time monitoring at high resolution. The fluorescent tag can be attached to either the
sialooligosaccharide (polar group) or ceramide (nonpolar group) portion and designed with features that resemble
those of natural gangliosides so not to alter the integrity of the lipid.
Matreya chemists have synthesized N-propanoyl-BODIPY-monosialoganglioside GM1 (C3:0-BODIPY-GM1) wherein a
boron-dipyrromethene (BODIPY) tricyclic ring system replaces an acyl group at the amine of the ceramide creating a
probe with excitation/emission maxima of 503/512 nm. GM1 labeled with BODIPY in the ceramide is a valuable tool that
can be used to probe the spatial distribution and dynamics in lipid membrane systems and to study their metabolism,
trafficking in cells, and specific interactions with proteins at the cell surface.4
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the wide bandwidth of the excitation source. If used at
HO
high concentrations, these probes are also highly sensitive
C3:0-BODIPY-GM1 contains a fluorophore at the nonpolar ceramide of
to dye-dye quenching effects during energy transfer
the ganglioside molecule.
from an excited-state fluorophore to a ground-state
fluorophore, making them useful for assays that measure fluorescence resonance energy transfer, fluorescence
polarization, or fluorescence intensity. The low polarity of this BODIPY probe also makes it an excellent analog of
natural gangliosides.

View article references on page 3

PROTOCOL

Staining SH-SY5Y Cells with C3:0-BODIPY-GM1
1

Dissolve C3:0-BODIPY-GM1 (100 μg) in 64 μl DMSO:methanol:water
(2:1:0.2) and aliquot. Store aliquots at -20°C until use.

2

Plate cells at density of 10,000/well in a 96-well plate in media
with 10% FBS and allow to attach overnight.

3

The following day, remove media and replace with 2.5-10 μM
C3:0-BODIPY-GM1 in phenol red-free media. Return cells to
incubator for 30 minutes.

4

Remove media and replace with fresh phenol red-free media.
Image using a fluorescence microscope with a FITC/GFP laser.

Note that complexing fluorescent lipids with bovine serum albumin (BSA) facilitates cell
labeling by eliminating the need for organic solvents to dissolve the lipophilic probe.
A BSA-complexed probe can be directly dissolved in water. However, gangliosides
are unique lipids that are soluble in aqueous systems.

SH-SY5Y neuroblastoma cells stained with 10 μM
C3:0-BODIPY-GM1.

Read on to page 4 to learn more about what solvents are best to use for sphingolipids, especially in live-cell studies.

BODIPY Probe Used in This Application
Catalog No.

Product Name

Synonym

Ex./Em. Max

2060

N-Propanoyl-BODIPY-monosialoganglioside GM1 (NH4+ salt)

C3:0-BODIPY-GM1

503/512 nm

If you’re looking for a particular labeled ganglioside of interest, please contact us for a custom synthesis estimate
at rdcustomsynthesis@matreya.com
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Fluorescent Sphingolipids
Matreya has developed fluorescent standards that can be detected in cultures and in biological systems, making
them ideal for studies involving the metabolism of sphingolipids. These lipid analogs are useful for determining the
localization of various sphingolipids in membranes and organelles. The NBD fluorescent group attached to hexanoic
acid has been shown to be readily taken up by cells and used in the biosynthesis of more complex sphingolipids.
Catalog No.

Product Name

Synonym

1631

N-Dodecanoyl-NBD-ceramide trihexoside

N-C12:0-NBD-CTH

1633

N-Dodecanoyl-NBD-galactosylceramide

N-C12:0-NBD-Cerebroside

2204

Lissamine-rhodamine B-dodecanoyl-galactosylceramide

Sulforhodamine B-C12:0 Cerebroside

1621

N-Hexanoyl-NBD-galactosylceramide

N-C6:0-NBD-Cerebroside

1630

N-Dodecanoyl-NBD-lactosylceramide

N-C12:0-NBD-Lactosylceramide

1629

N-Hexanoyl-NBD-lactosylceramide

N-C6:0-NBD-Lactosylceramide

1619

N-Dodecanoyl-NBD-sphingosylphosphorylcholine (mixture of D-erythro and L-threo isomers)

N-C12:0-NBD-Sphingomyelin

1912

N-Hexanoyl-NBD-sphingosylphosphorylcholine (mixture of D-erythro and L-threo isomers)

N-C6:0-NBD-Sphingomyelin

1632

N-Dodecanoyl-NBD-sulfatide

N-C12:0-NBD-Sulfatide

1622

N-Hexanoyl-NBD-glucosylceramide

N-C6:0-NBD-Glucosylceramide

Ganglioside Precursors
Lactosylceramides, GM3, GD3, and GT3 can serve as precursors to more complex gangliosides containing 1-3 sialic
acid residue(s) linked to the inner galactose residue and/or the inner N-acetylgalactosamine residue. The elaboration of
these simple gangliosides is catalyzed by specific glycosyltransferases through various metabolic pathways to create
complex gangliosides such as GM1, GD1a, GD1b, GT1b, and GP1c. Matreya’s ganglioside precursors can be used to study
these biosynthetic pathways.
Catalog No.

Product Name

Formula Weight

Purity

1507

Lactosylceramides, bovine buttermilk

960 (tricosanoyl)

98+%

1500

Lactosylceramides, porcine RBC

890 (stearoyl)

98+%

1517

lyso-Lactosylceramide

623

98+%

1538

N-Heptadecanoyl-lactosylceramide

876

98+%

1503

Monosialoganglioside GM3 (NH4+ salt)

1252 + NH3 (tricosanoyl)

98+%

1504

Disialoganglioside GD3 (NH4+ salt)

1543 + 2NH3 (tricosanoyl)

98+%
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Q: What solvents are best to use for sphingolipids?

FAQ

Some lipids, such as sphingolipids, have limited or very poor solubility in many common solvents.
To overcome this insolubility problem, various solvent mixtures have been developed. One of the most
universal sphingolipid solvents is a mixture of chloroform/methanol/water. However, while this solvent
system is very useful for analytical testing, it is very toxic towards cells and cannot be used in live cell cultures
or other in vivo applications. Several alternative methods have been developed to provide sphingolipid
solutions suitable for live-cell studies. Although these methods were primarily developed for ceramides and
glucosylceramides, they may be adapted for use with other lipids. Applicable solubility systems include:

A:

Biological Applications
Method A: BSA-Lipid Complexes
Prepare ~1 mM lipid stock solution in chloroform/methanol (19:1, v/v). Dispense 50 μl of the lipid stock solution
into a glass test tube and dry, first under a stream of nitrogen and then in vacuo for at least 1 hour. Redissolve
the dried lipid in 200 μl ethanol. Mix 10 ml of buffer (100 mM NaH2PO4/Na2HPO4, pH 7.4) with 3.4 mg (0.34 mg/ml)
of fatty acid-free BSA into a 50 ml plastic centrifuge tube.1,2 Agitate on a vortex mixer. Inject the 200 μl lipid
solution into the BSA solution while vortexing. Store the resulting solution (5 μM lipid + 5 μM BSA) in a plastic
tube at -20°C.
Method B: Solubilization Using Zwitterionic Detergent CHAPS
Evaporate a solution containing 15 nmol of lipid under a stream of nitrogen in a 1.5 ml test tube. Add a solution
of 1.1 mg of CHAPS (3-[(3-cholamidopropyl)dimethylammonio]-1-propanesulfonate) in 10 μl of phosphate
buffer (100 mM NaH2PO4/Na2HPO4, pH 7.4). Thoroughly mix and sonicate for 3 minutes.2
Method C: Solubilization Using Ethanol/Dodecane (98:2, v/v) for Use with Tissue Homogenates
Evaporate a solution containing 15 nmol of lipid under a stream of nitrogen in a 1.5 ml test tube. After dissolving
in ethanol/dodecane (98:2, v/v; 1% final concentration), add phosphate buffer (100 mM NaH2PO4/Na2HPO4, pH 7.4)
and sonicate the solution for 3 minutes.2
Method D: Solubilization Using Ethanol/Dodecane (98:2, v/v) for Use in Cell Cultures
Dissolve ceramide (from bovine brain sphingomyelin or cerebroside), C2-ceramide, DAG, or sphingosine in
ethanol/dodecane (98:2, v/v). Add this solution to DMEM and Ham's F12 medium in a tube and mix well with the
medium using agitation.3 Transfer to culture dishes.

Mass Spectrometry/Organic Chemistry Applications
Method E: Hexane/Propanol
Dissolve the lipid in hexane/2-propanol (3:2, v/v). Can add 5.5% water. Can also add 0.01% BHT to limit oxidation.4
This method is best reserved for gas chromatography applications.
Universal Sphingolipid Solvent (this system will work for most sphingolipids)
Dissolve in chloroform/methanol (2:1, v/v) at a concentration of 10 mg lipid/ml solvent. If the lipid is still not
soluble, add water up to 10% of the solvent volume. Sonication or mild heating (up to 40°C) can help to dissolve
the lipid faster. A revised version of this solvent using 1:1 butanol/methanol may also be used.
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Lipid

Applicable Solubility Systems*

· Sphingosines
· Dihydrosphingosines
· Phytosphingosines
· Ceramides
· Dihydroceramides

· Universal sphingolipid solvent
· Methods A-E
· Most are soluble in DMF and DMSO

· Phytoceramides
· Sphingomyelins
· Sphingosylphosphorylcholines

· Universal sphingolipid solvent
· These lipids are very challenging to solubilize
· Chloroform plus a few drops of trifluoroacetic acid

· Sphingosine-1-phosphate

· Chloroform/methanol/40% dimethylamine (5:15:3)

· Ceramide-1-phosphate

· Chloroform/methanol/acetic acid (60:15:25)
· Chloroform/methanol/7.5 M ammonium hydroxide (80:20:4)
· Method A

· Glycosphingolipids:
- Galactosylceramides
- Glucosylceramides
- Sulfatides
- Lactosylceramides
- Ceramide Trihexosides

· Universal sphingolipid solvent
· Methods A-E
· Lyso-lactosylceramide and lyso-globotriaosylceramide are soluble in water
· Most are soluble in DMF and DMSO

- Globosides
· Universal sphingolipid solvent
· Gangliosides

· Water; gangliosides are unique lipids that are soluble in aqueous systems
· Various aqueous buffers; each buffer system has its own physical properties and must be tested to ensure
that it will work. However, gangliosides are expected to be soluble in most aqueous buffers.

*Please visit individual product pages to see specific solvents that we have tested with that particular product.
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HAVE A QUESTION FOR OUR TECHNICAL SUPPORT TEAM?
Our technical support scientists are ready to help you with any questions you may have about products, applications,
and protocols as well as to troubleshoot if you are experiencing issues at any step of your research.
Contact our technical support team at (814) 355-1030 or techservice@matreya.com
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