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Summary

Recent studies show that bioactive lipids are important regulators for stem cell survival and
differentiation. The sphingolipid ceramide and its derivative, sphingosine-1-phosphate (S1P), can
act synergistically on embryonic stem (ES) cell differentiation. We show here simple methods to
analyze sphingolipids in differentiating ES cells and to use ceramide and S1P analogs for the
guided differentiation of mouse ES cells toward neuronal and glial lineage.
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1. Introduction

The use of differentiating stem cells, regardless of being derived from embryonic stem (ES)
cells or induced pluripotent stem (iPS) cells is hampered by the persistence of residual
pluripotent stem (rPS) cells in the culture of differentiating stem cells. Even though, these
cells can be present in very low abundance (<1:10%) they may impose a significant risk of
teratoma formation when used for transplantation. Previous studies showed that stem cell
transplantation can lead to the formation of teratomas even if similar protocols were used for
the differentiation and transplantation of ES cells (1-19). Teratomas are stem cell-derived
tumors that are fatal if they occur in the brain or heart. The potential for teratoma formation
is thus a major safety concern when using larger numbers of ES or iPS cell-derived cells
(16). We have introduced for the first time a novel strategy to get rid of residual pluripotent
stem (rPS) cells that could form teratomas from stem cells grafts (1, 20). This strategy is
based on the use of sphingolipids for guided stem cell differentiation, which promotes
different lineage specification depending on the combination of lipid effectors used.

Our studies have shown that rPS cells co-express the pluripotency transcription factor Oct-4
and prostate apoptosis response 4 (PAR-4), a protein that makes rPS cells sensitive toward
ceramide and its analogs (1). PAR-4 is an endogenous inhibitor of atypical PKC (aPKC)
when associated with ceramide or the novel ceramide analog N-oleoyl serinol (S18, Fig. 1).
S18 was for the first time synthesized and its association with aPKC analyzed in our
laboratory (1, 20-25). If PAR-4 expression is low S18 or ceramide bind and activate aPKC.
Recently, aPKC activation and downstream activation of NF-xB has been found to be
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critical for neural differentiation of ES cells (26). Therefore, ceramide or S18 can promote
neural differentiation via activation of aPKC and its target protein NF-xB (21, 25).
However, if PAR-4 expression is high ceramide or S18-associated aPKC binds to PAR-4,
which inhibits the enzyme and down-regulates NF-xB-dependent stem cell survival.

We have shown that this mechanism leads to ceramide or S18-induced apoptosis in PAR-4
expressing rPS cells while it promotes neuronal differentiation of PAR-4 (-/low) NPs (1, 25,
27, 28). We have also shown that the ceramide derivative S1P and its pro-drug analog
FTY720 promote cell survival and differentiation of NPs toward oligodendroglial lineage
because these cells express the S1P receptor S1P1 (20, 29). In particular useful is the
combined administration of ceramide/S18 and S1P/FTY720 to /n vitro differentiating ES
cells (Fig. 1). Since rPS cells express PAR-4 (but not S1P1) and NPs express S1P1 (but not
PAR-4) ceramide/S18 eliminates rPS cells and S1IP/FTY720 promotes oligodendroglial
differentiation of the surviving NPs. Following protocols using sphingolipids and their
analogs, ES cells can be differentiated to neuronal or oligodendroglial lineage providing
cells for /n vitroand in vivo studies.

2. Materials

2.1. Media for the cultivation and differentiation of mouse ES cells (calculated for 100 ml of

medium)

FM 10 (Feeder cell medium)

89 ml of DMEM (with L-glutamine and sodium pyruvate)
10 ml of heat-inactivated FBS

1 ml 100X stock of penicillin/streptomycin/amphotericin B (fungizone)
(see Note 1)

K SR15 (ES cell medium for cells grown on feeders)

81 ml of Knockout-DMEM

15 ml of Knockout Serum Replacement (KSR)

1 ml of 100x L-glutamine (200 mM)

1 ml of 100x Non-essential amino acids

1 ml of 100x penicillin/streptomycin/amphotericin B

100 pl of ESGRO (LIF)

180 pl of 2-mercaptoethanol

ES15 (ES cell medium for cells grown feeder-free)

81 ml of Knockout-DMEM

15 ml of heat-inactivated ES qualified FBS

Lif L-glutamine or sodium pyruvate are not included in the medium they have to added separately to a final concentration of 2 mM or
1 mM, respectively.
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1 ml of 100x L-glutamine (200 mM)

1 ml of 100x penicillin/streptomycin/amphotericin B
1 ml of 100x Non-essential amino acids

100 pl of ESGRO (LIF)

180 pl of 2-mercaptoethanol

EB1 (Suspension EB medium)

87 ml of Knockout-DMEM

10 ml of heat-inactivated ES-qualified FBS

1 ml of 100x penicillin/streptomycin/amphotericin B
1 ml of 100x L-glutamine (200 mM)

1 ml of 100x Non-essential amino acids

EB2 (Attached EB medium)

96 ml of DMEM/F12 50/50

1 ml of 100x penicillin/streptomycin/amphotericin B
1 ml of 100x L-glutamine (200 mM)

1 ml of 100x Non-essential amino acids

1 ml of N-2 supplement (100x)

NP (NP medium)

95.5 ml of DMEM/F12 50/50

1 ml of 100x penicillin/streptomycin/amphotericin B
1 ml of 100x L-glutamine (200 mM)

1 ml of 100x Non-essential amino acids

1 ml of N-2 supplement (100x)

500 pl of basic fibroblast growth factor (FGF-2) stock (see Note 2)

Differentiation medium—91.75 ml Neurobasal medium

5 ml of heat-inactivated ES-qualified FBS

1 ml of 100x penicillin/streptomycin/amphotericin B

Page 3

2Dissolve 10 ug FGF-2 in 100 pl sterile PBS, then add 10 pl of this solution to 500 pl of 0.1% BSA to generate aliquots that can be

kept at =20 °C.
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250 pl of L-glutamine (200 mM stock)
2 ml of 50x B27 supplement

(see Note 3)
Trypsinization—0.25% trypsin/0.2% EDTA in PBS (see Note 4)

Freeze medium—Knockout DMEM with 20% heat-inactivated ES cell-qualified FBS and
10% DMSO

Gelatin coating solution—Dissolve 2 g of gelatin, 300 Bloom in 100 ml of deionized
water and autoclave. Gelatin should be completely dissolved after being autoclaved. The 2%
gelatin stock solution can be kept refrigerated until further use. For gelatin coating dilute
stock solution 1:20 in sterile water and incubate tissue culture dishes for 2 h at room
temperature. Then, remove solution and let dishes dry in the hood for 2 h.

3.2. Solutions and reagents for lipid analysis

(Important: see Note 5 for precautionary measuresto avoid toxic or hazardous
conditions)

Reagents for Folch extraction of lipids—CHCI3/CH30H (2:1, vol:vol)
Running solvent for TLC—CHCI3/CH30H (95:1, vol:vol)

Staining solution for lipid detection on TLC—3% cupric acetate in 5% phosphoric
acid

3. Methods

3.1. Propagation and differentiation of mouse embryonic stem cells

Overview—In vitro neuronal differentiation of mouse ES cells (ES-J1, ES-D3) followed a
serum deprivation protocol as described previously (27, 28, 30-33).

1. Coata 100 mm tissue culture dish with 0.1% sterile gelatin solution (freshly
prepared from 2% stock) by incubation for 2 h at room temperature. Remove the
solution and dry for 2 h in hood with lid only partially covering the dish. Rinse
once with FM10 medium.

2. Seed the dish with 3 x 10% irradiated mouse embryonic feeder fibroblasts (MEFsS).
Alternatively, feeder fibroblasts mitotically inactivated with mitomycin ¢ can also
be used. Cultivate the fibroblasts for 2 days in 10 ml FM10 medium. Mitotically
inactivated MEFs are available from commercial sources.

3To eliminate astrocytes differentiation medium can be supplemented with 20 uM Ara C.

It is recommended to be diluted 1:5 when using for plating of EBCs or NPs; alternatively, non-enzymatic dissociation solution can be
used instead of trypsin.
SCAUTION: Lipid extraction and analysis requires the use of organic solvents that are toxic for the liver and the nervous system.
Therefore, all procedures involving organic solvents must be carried out in a chemical fume hood. The use of organic solvents
produces waste that has to be properly disposed of following institutionally enforced regulations and protocols. When handling
organic solvents, glass pipettes and glass containers have to be used. The reagent for staining of lipids on TLC contains caustic and
acidic components. Therefore, extra care and protection is required such as double gloves and face shield. Do not inhale the spraying
reagent or organic vapors. The staining reaction uses a heater in the chemical fume hood which requires that organic solvents are
placed in safe distance from the heating device to avoid a fire hazard. It is also recommended to handle the hot TLC plate with heat-
resistant gloves or tools to avoid burns.
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3.2. Propagation of undifferentiated ES cells on feeder fibroblasts

1

Thaw frozen ES cells and suspend cells in 10 ml freshly prepared KSR15 medium.
Spin cells down at 200xg for 5 min. Resuspend cells in 20 ml of KSR15 and plate
them on top of the feeder fibroblasts. Do not completely remove supernatant after
centrifugation to minimize loss of cells.

After one day of cultivation, replace medium with 20 ml of fresh KSR15. At this
stage, the ES cells have attached to the feeder cells, although they may not be
clearly visible (small rounded cells on flat fibroblasts).

After another day of cultivation (day 3 after seeding of the ES cells), replace
medium again with 20 ml of fresh KSR15.

On the fourth day after seeding on the fibroblasts, colonies of ES cells should be
clearly visible (Fig. 2). If not change medium again and cultivate for another day.
When colonies reach a size as shown in Fig. 2 proceed to feeder-free culture.

3.3. Removal of feeder fibroblasts and propagation of ES cells in feeder-free culture

1

2
3.
4

ol

Prepare four gelatin-coated 100 mm tissue culture dishes without feeder cells.
Rinse the ES cells on the feeders with 10 ml sterile PBS.
Add 4 ml of 0.25% trypsin/EDTA and incubate cells for 5 min at 37 °C.

Immediately add 10 ml of pre-warmed KSR15 and pipette up and down 3 times.
Try to rid the ES cell suspension of most of feeder cell patches.

Pellet the cells by centrifugation at 200xg for 5 min.

Resuspend cells in 20 ml of KSR15 and plate them onto a tissue culture dish NOT
coated with gelatin. Incubate for 2 h at 37 °C. The feeders will attach while most of
the ES cells will stay in suspension.

Take the medium with the ES cells off the plate and transfer it to a gelatin-coated
tissue culture dish.

On the next day, change medium to 20 ml of ES15 medium. Change medium every
day for another two days. DO NOT let the ES cell colonies exceed 50-70% of the
dish surface (Fig. 2). Once cells become too dense, the edges of the colonies start to
look ragged. If this happens cells become prematurely differentiated, which will
compromise their pluripotency.

3.4. Preparation of suspension embryoid bodies (EBs)

1

Trypsinize and freeze cells that are not wanted for the preparation of EBs (see
freeze medium).

Trypsinize the residual dishes with 0.25% trypsin/EDTA for 2 min. Cells should
detach, but still form aggregates. Immediately add 10 ml of EB1 medium to
neutralize the trypsin. Then transfer cell aggregates to a 50 ml plastic tube using a
25 ml pipette. Rinse dish with another 10 ml of EB1 medium and combine cell
suspensions. Centrifuge for 5 min at 50-100xg or let the cell aggregates settle
without centrifugation. Remove medium supernatant and gently wash cell
aggregates with 10 ml fresh EB1 medium. Resuspend cell aggregates in 30 ml of
EB1 medium and seed them on bacterial dishes. It is important not to use tissue
culture dishes to avoid premature attachment of suspension EBs.

Change medium and inspect the cell aggregates every day for the next 3-5 days.
The cell aggregates should round up and first form a clearly distinguishable
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epithelial outer cell layer (primitive endoderm), followed by the formation of basal
lamina and an inner cell layer (primitive ectoderm) surrounding a cavity (Fig. 2).
This cavity is developmentally equivalent to the pro-amniotic cavity of mammalian
embryos. To minimize loss of EBs during medium change tilt the dish and collect
the EBs at one side of the dish. DO NOT attempt to completely remove the old
medium, but leave some medium behind to maintain the EB suspension.

3.5. Preparation of attached EBs and cultivation of EB-derived cells (EBCs)

1

Transfer the suspension EBs to tissue culture dishes. Coating is not necessary.
Typically, the suspension EBs from one bacterial dish are sufficient to yield one
tissue culture dish with attached EBs. Let the EBs attach overnight (Fig. 2).

Change medium to EB2 medium. Keep replacing media daily for 5-7 days. Cells
will migrate out of the attached EB. These cells are termed EB-derived cells or
EBCs. After sufficient EBCs have been migrated out of the attached EBs, cells can
be treated with ceramide analogs or S1P/S1P analogs (see section 3.8). Cells can
also be used to generate neuroprogenitors (NPs) prior to drug treatment (see section
3.8).

3.6. Induction of neural differentiation and cultivation of neuroprogenitors (NPs)

1

Coat tissue culture dishes with p-ornithin laminin from commercially available
stock solutions (200 ul p-ornithin or 100 pl laminin in 100 ml of sterile water) by
first incubating with p-ornithin and then laminin each for one hour at 37 C. In
between and after the two coating steps rinse with sterile water, then store the
coated dishes in PBS until use (DO NOT extend storage for more than one day).

Dissociate EBCs with 2 ml of 0.05-0.25% trypsin/EDTA for 5 min at 37 °C.
Immediately neutralize the trypsin with 10 ml of EB1 medium then harvest cells by
centrifugation at 200xg for 5 min. The dissociation of attached EBs is a critical step
that determines the yield of viable NPs (Fig. 2). Harvest cells by centrifugation,
resuspend again in NP medium and seed cells on p-ornithin laminin-coated tissue
culture dishes or coated cover slips if immunocytochemistry is to be performed (see
Note 6).

Cultivate cells for 3—-6 days in NP medium, change medium every day. NPs will
form rosettes. After 24-48 h in NP medium, cells can be treated with ceramide or
S1P analogs as described in section 2. (see Note 7).

Harvest cells by trypsinization with 0.05% trypsin/EDTA. Neutralize trypsin with
soybean trypsin inhibitor. Cells can now be either re-plated onto fresh p-ornithin
laminin-coated dishes and differentiated or used for transplantation.

3.7. Terminal differentiation to neurons and glia

1

Incubate replated NPs (treated or not treated with ceramide or S1P analogs) with
differentiation medium for up to 10 days.

Assess differentiation lineage by using the respective markers for neuronal,
astrocytic, and oligodendroglial differentiation (see section 3.10. for
immunocytochemistry protocol).

6Prolonged exposure to trypsin can damage the cells and dramatically reduce survival of EBCs after re-plating. Therefore, milder
methods of dissociation such as non-enzymatic dissociation solutions should be tested. It is also critical to add EB1 as soon as
dissociation is visible. However, DO NOT keep cells for extended time in EB1 medium because it will induce premature
differentiation otherwise. Remove medium and wash cells with NP medium.

If the initial survival of EBCs or NPs is low double or triple the concentration of FGF-2 in NP medium.

Methods Mol Biol. Author manuscript; available in PMC 2013 July 26.
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3.8. Treatment with ceramide and S1P analogs

1. Treatment of attached EBs—1. Two to three days after attachment of suspension
EBs to the tissue culture dish, the culture can be incubated with ceramide, S1P, ceramide or
S1P analogs, or a combination of these compounds (Figs. 1 and 2). Typically, the following
concentrations are useful to eliminate residual pluripotent cells or to direct lineage
specification of differentiating cells in the EBs (see Note 8):

N-acetyl sphingosine (C2 ceramide): 5-20 pM*
N-palmitoyl sphingosine (C16 ceramide): 0.5-2.0 uM**
N-oleoyl serinol (S18): 50-100 pM
Sphingosine-1-phosphate (S1P): 0.2-1.0 uM***
FTY720: 0.1-0.5 pM=***=*

* C2 ceramide is water-soluble in the given concentration range, however, may have non-
specific and lytic effects. If possible the use of C16 ceramide or S18 is preferred.

** C16 ceramide is not water-soluble in the given concentration range, unless prepared as a
1000x stock solution in ethanol supplemented with 2% dodecane. When using a 1:1000
dilution of this stock, controls with respective final concentration of ethanol and dodecane
have to be prepared. If possible the use of the water-soluble S18 is preferred.

*** S1P is only partially water-soluble and is to be prepared as 1000x stock in 1 mg/ml
bovine serum albumin/PBS.

**** ETY720 is water-soluble in the given concentration range, however, prolonged
exposure at higher concentration may down-regulate S1P1 receptor expression. At 300 nM
for 48 h, S1P1 expression was clearly detectable in OPCs (29).

2. After treatment, EBs and EBCs can be dissociated by trypsinization and re-plated to
generate NPs or used for transplantation.

2. Treatment of EBCs and NPs

1. Dissociate cells from attached EBs by trypsinization and re-plate as described in
section 3.6. These cells may have been treated with the above-mentioned
compounds or not. However, DO NOT continue or start treatment in the first 24 hrs
after seeding of the cells. Typically, EBCs will first attached and recover before
treatment starts. Treatment is performed with compounds and dosages given in
section 3.8.

2. After 2-3 days of drug treatment, NPs can be used for transplantation or further
differentiated as described in section 3.7.

3. Treatment of other stages of ES cell differentiation—Various stages of ES cell
differentiation, including undifferentiated ES cells on feeders, feeder-free ES cells, and
suspension EBs have been treated with ceramide or ceramide analogs. The outcomes are not
as defined with respect to lineage specification as achievable when later stages of ES cell
differentiation are used for treatment. Therefore, treatments of earlier differentiation stages

8Incubation with ceramide or ceramide analogs will eliminate rPS cells and enhance neuronal lineage specification, while the addition
of S1P or S1P analogs will direct differentiation toward oligodendroglial lineage.
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are not included in this protocol. However, a brief summary of treatment outcomes will be
discussed to provide the opportunity of using protocols published in other studies. For
example, Salli et al. (2009) describe the use of nano-liposomal C6 ceramide for the
cultivation of undifferentiated ES cells in feeder-free culture (34). Krishnamurthy et al.
(2007) describe the use of C16 ceramide or S18 for the restoration of primitive ectoderm in
suspension EBs (35).

3.9. Determination of ceramide and S1P using sphingolipid analysis

(Important: see Note 5 for precautionary measuresto avoid toxic or hazardous
conditions)

1. Sphingolipid extraction

1

Resuspend EBCs or NPs in 500 pl PBS and add 2.5 ml of CHCI3/CH30H (2:1, vol/
vol) in a Pyrex glass tube capped with Teflon liner. VVortex for 30 seconds, then
sonicate for 30 min in an ultrasonication bath (e.g., Branson) or shake for 1 h at
room temperature (see Notes 5 and 9)

Centrifuge tube at low speed for 20 min. Two phases and the interphase should be
clearly visible. The upper phase contains (partially) water-soluble lipids such as
gangliosides and a major portion of phospholipids including S1P. If a
comprehensive analysis is desired the upper phase should be removed and kept
separately. The lower phase contains ceramide and neutral lipids and should be
carefully recovered without disturbing the interphase. The interphase contains
denatured protein which should be kept and air dried. After solubilization in SDS
sample buffer, this protein fraction can be used for protein quantification, SDS-
PAGE, or other methods of protein analysis.

Evaporate the organic solvent from the lower phase with a stream of nitrogen gas.
Alternatively, organic solvent can be removed using a rotation evaporator.

Dissolve the lipid residue in CHCI3/CH30H (1:1, vol/vol) and store at —20 °C until
further analysis. Typically, lipids extracted from 10-50 mg cells are re-dissolved in
100-500 ul organic solvent to allow for analysis by TLC.

2. Sphingolipid analysis by thin layer chromatography (TLC)

1

Prepare chromatography chamber (alternatively, a glass beaker can be used) and
fill it to about 1/2 inch (1 cm) with the running solvent CHCI3/CH30H (95:5, vol/
vol). For equilibration of the chamber atmosphere with organic solvent a filter
paper is placed at the wall of the chamber and saturated with organic solvent all the
way up to the rim of the chamber (Fig. 3). To avoid loss of organic solvent the
chamber has to be covered with a thick glass plate and a weight placed on top of
the plate. Alternatively, aluminum foil can be used to cover the chamber or beaker
and secured with a wrapped-around rubber band.

Cut a TLC plate using a glass cutter to fit into the chromatography chamber
(alternatively, pre-cut plates are commercially available). Draw spotting lines on
the silica gel coat of the plate at about 1 inch (2 cm) from the bottom edge of the
plate using a soft pencil as shown in Fig. 3. Each line should be about 1/8-1/4 inch
(2-6 mm) in width and 1/4 (5-6 mm) apart from each other. Be careful not to hurt
the surface of the silica gel.

9The use of pipette tips should be avoided and glass pipettes used instead. However, if glass pipettes for small volumes are not
available pipette tips (NOT plastic pipettes) can be of short term use. In this case, it is advisable to equilibrate the atmosphere within
the tip and the pipettor by repeatedly pipetting up and down organic solvent before using it with the sample.
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3. Apply the sample (lipids in organic solvent) and lipid standards with a Hamilton
syringe or glass tube. The application should be steady and repeatedly on top of the
spotting line. Alternatively, pipette tips can be used, although they tend to form
drops that hamper a steady application. Be careful not to directly touch the silica
gel surface. The amount of lipid to be applied depends on the normalization
method. Typically, a lipid amount equivalent to equal amounts of protein or lipid
phosphate is applied to each lane on the plate (see Note 10).

4. After application of the samples and standards, the plate is placed into the
chromatography chamber without letting the running solvent get in immediate
contact with the applied lipids (Fig. 3). Also ensure that the application lines are
dry before placing the plate into the chamber. The running solvent will be soaked
into the silica gel and migrate from the bottom to the top (arrow in Fig. 3). The
lipids will dissolve into the migrating solvent and co-migrate according to their
solubility in organic solvents. More apolar lipids will migrate faster leading to a
separation of the lipid mixture into individual lipid species. After the running
solvent has reached the top of the plate, the TLC is complete and the plate will be
taken out of the chamber for air drying and subsequent staining of the lipids.

5. Staining of lipid species on TLC plate. (important: see Note 5 for precautionary
measures). Spray TLC staining reagent on the surface of the plate until it is wet. Be
careful not to inhale the vapors of the spraying reagent. Alternatively, the plate can
be briefly dipped into a bath with staining reagent and the back of the glass plate
wiped down with a tissue before heating the plate. The plate will be heated (silica
gel surface up!) for 5-15 min at 150-180 °C until the charring reaction leads to the
appearance of dark bands. Once standards and sample lipids are visible, the plate is
removed from the heater for cooling at room temperature. The plate should be
scanned immediately because bands will fade over time. For short term storage
wrap the plate into aluminum foil and store it at a secure and dark place.

(see Note 11 for limitations of the staining reaction)

3.10. Immunocytochemistry for lipids and lipid receptors
(see cautionary note 12 for fixation reagents and note 5 for other precautionary measures)

1. Fix cells or sections with freshly prepared 4% p-formadehyde in PBS for 20 min at
room temperature. Wash twice with PBS.

2. If only surface staining is desired cells or sections do not need to be permeabilized.
However, if immunocytochemistry for lipids or proteins inside of cells is desired
permebilization can be helpful. For example, a mild permeabilization with 0.2%
Triton X-100 in PBS for 5 min at room temperature has not been shown to
significantly remove lipids from the sample, but it may alter the distribution of
particular lipids in cellular membranes (36). (see Note 13)

1070 detect ceramide lipid equivalent to 200-300 pg protein (2-3 mg or 3-5x108 cells) will yield a detectable band using the staining
method described in this protocol. Application of an amount of 0.5-1 pg of lipid standard is recommended.

The methods described in this protocol are not suitable for staining of low abundance lipids such as S1P. Further, these methods
have to be modified if lipids with a different range of polarity (e.g., phospholipids) are to be analyzed. Many of these modified
methods will use radioactive labeling of lipid precursors, which will impose additional hazards. For a more comprehensive lipid
analysis it is recommended to use the commercially available service of sphingolipidomics core facilities. In this case, it is also
recommended to contact the core facility prior to sample preparation to receive the proper protocol to be used for the sample analysis.
12The following methods are only applicable to cultivated cells or cryofixed tissue sections. Paraffin sections cannot be used for
immunocytochemistry because organic solvents will dissolve and remove the lipids from the sample. Therefore, it is also not possible
to use organic solvents such as methanol or acetone for fixation. The recommended fixation reagent is 4% p-formaldehyde in PBS,
which should be prepared fresh. However, frozen stock can also be used for a short period of time. Formaldehyde is a toxic reagent
and any steps of the fixation procedure handling open containers should be performed in a chemical fume hood.
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3. Block binding to non-specific antigens by incubation of the sample with 3%
ovalbumin/5% donkey serum (secondary antibodies raised in donkey are used) in
PBS for 60 min at room temperature or 37 °C. Wash once with PBS.

4. Incubate with primary antibody diluted in 0.1% ovalbumin/PBS. The proper
dilution will need to be tested. Typically, final antibody concentrations of 5 pg/ml
will yield excellent results. The antibody reaction can be performed for 2 h at 37
°C, 4 h at room temperature, or overnight at 4 °C (recommended).

5.  Wash sample three times for 10 min with PBS.

6. Incubate with secondary antibody as described for the first antibody. However,
shorten incubation time at room temperature to 2 h and avoid overnight incubation
with the secondary antibody. Then wash sample three times for 10 min with PBS.
Embed in mounting medium. Note that additional staining for nuclei with Hoechst
33258 dye (1 pg/ml) can be included into the first washing step. After drying, the
sample is ready for fluorescence microscopy.

7. Additional staining reactions such as TUNEL or BrdU assays can be included prior
to antibody staining following protocols provided by the manufacturers.
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Figurel.
Structure of the sphingolipids and sphingolipid analogs used for stem cell differentiation
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Different stages of mouse ES cell differentiation
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