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Abstract Membrane rafts are rich in cholesterol and sphin-
golipids and have specific proteins associated with them.
Due to their small size, their identification and isolation
have proved to be problematic. Their insolubility in non-
ionic detergents, such as Triton-X 100, at 4°C has been the
most common means of isolation. However, detergent pres-
ence can produce artifacts or interfere with ganglioside
distribution. The direction is therefore toward the use of
detergent-free protocols. We report an optimized method of
raft isolation from lipid-rich brain tissue using a detergent-
free method. We compared this to Triton-X 100-based iso-
lation along sucrose or Optiprep™ gradients using the
following endpoints: low protein content, high cholesterol
content, presence of Flotillin 1 (Flot1), and absence of trans-
ferrin receptor (TfR) proteins. These criteria were met in
raft fractions isolated in a detergent-free buffer along a su-
crose gradient of 5%/35%/42.5%. The use of optiprep gave
less consistent results with respect to protein distribution.
We demonstrate that clean raft fractions with minimal mye-
lin contamination can be reproducibly obtained in the top
three low-density fractions along a sucrose step gradient.—
Persaud-Sawin, D-A., S. Lightcap, and G. J. Harry. Isolation
of rafts from mouse brain tissue by a detergent-free method.
J. Lipid Res. 2009. 50: 759–767.
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Eukaryotic cell membranes consist of liquid-ordered
states surrounded by liquid-disordered phases. This ar-
rangement allows for the existence of small, organized
membrane microdomains called rafts (1–5) that orches-
trate and regulate a number of signaling processes (6–13).
In order to elucidate mechanisms involved in these pro-
cesses, it is crucial to understand raft biology. A major
obstacle, however, has been that their isolation and charac-
terization have been problematic. Lipid rafts are typically
obtained by flotation through continuous or discontinuous

gradients. Their insolubility in nonionic detergents, such
as Triton-X 100, Brij 96, Lubrol series, and Nonidet P40,
at 4°C has enabled the isolation of raft-like structures
termed detergent resistant membranes (DRMs) that have
low buoyant densities and the ability to float on sucrose gra-
dients. DRMS, like rafts, float away from detergent-soluble
proteins and cytoskeletal proteins. The introduction of
Iodixanol (OptiPrep™) provided researchers with an al-
ternative to sucrose as a density gradient medium that is
iso-osmotic up to a density of 1.32 g/ml (14).

Many studies have shown that some nonionic detergents
fail to release DRMs at physiologically relevant tempera-
tures (15, 16). This led to the main controversy in the raft
field: that DRMs, and therefore rafts, may be artifacts of
preparation (17). However, the data supporting the exis-
tence of rafts are steadily growing. For instance, it has re-
cently been shown that DRMs can be isolated at 37°C with
nonionic detergents (18). Despite this there are caveats.
Different detergents can yield varying subsets of DRMs,
each with unique properties (19–24); introduce artifacts
not representative of membranes (25); cause abnormal re-
distribution of gangliosides; or alter raft properties (20).
The presence of detergents can also interfere with or-
ganelle and raft integrity (26), and may even produce
anomalous or false-positive results, such as the unnatural
oligomerization of amyloid-b (27). Therefore, the general
consensus is toward the use of detergent-free protocols.
Such methods would provide the investigator not only with
the option to use the isolated fractions for analyses where
detergent presence would be detrimental, such as in pro-
teomic or lipid analyses and screening (21), but would also
allow additional characterization of rafts.

Most reports document the isolation of rafts from cul-
tured cells (1, 15, 28, 29). Although studying rafts in cell
lines allows the investigator to examine the raft contribu-
tion from a single cell type, using tissue enables the exami-
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nation of raft dynamics and proteolipid interaction within
the organ system as a whole. The dynamic functions of
lipid rafts have been reflected in the recent implication
that they may be involved in the pathogenesis of many
neurodegenerative conditions (30–34). These studies, as
well as raft interactions for signal transduction, membrane
trafficking, and endocytosis, emphasize the value of exam-
ining whole tissue in the hope of determining regional
brain, genetic, or age-specific effects. The brain represents
one target tissue for which the role of membrane rafts in
various disease conditions has more recently become of in-
terest (10, 31, 33, 35–37), and is therefore, the focus of this
protocol. The majority of the work examining the role of
rafts in the nervous system has relied on either primary cell
cultures or isolated cellular preparations, such as from
synaptosomes (38) and microvessicles (39). This is due
substantially to the large amount of lipid present in brain
white matter in the form of myelin, which increases with
age. For instance, at 6 months of age, 60 mg of myelin
can be isolated from the rat brain, compared with only
4 mg at postnatal day (PND) 15 (40). Thus, there should
be a lower probability of myelin contamination of rafts
isolated from PND 21 animals than from adult or older
animals. By PND 21, myelin basic protein (MBP), a major
myelin protein, has already been laid down in its mature
form and is associated with raft fractions (41). MBP is in-
volved in the maintenance of myelin and axonal integrity
and may be associated with delayed-onset neurodegenera-
tion (42). It has also been used as an indicator of raft struc-
tural integrity (43). Additionally, there is an age-dependent
accumulation of ubiquinated 2ʼ,3′-cyclic nucleotide 3′-
phosphodiesterase (CNP) in isolated myelin rafts (34),
which may alter their steady-state. We therefore chose to
use PND21 mice as our model in this study, in lieu of
adult mice.

Regarding tissue protocols, raft-structures have been
primarily isolated via detergent methods (19, 23, 44). Al-
though some use with nondetergent methods have been
employed for brain cellular structures, these studies have
used purified preparations (38, 39, 45) and are not truly
representative of brain tissue. Additionally, previously used
protocols have multiple, long centrifugation and sonica-
tion steps that can result in the over-abundance of proteins
not normally present within rafts and produce low yields.
Another problem is the use of postnuclear supernatant
(PNS) sources where both the source type and gradient
can contain some form of detergent. MacDonald and Pike
(48) recently adapted detergent-free protocols from Song
et al. (46) and Smart et al. (47) into a time-efficient method
of raft isolation from cell line-derived PNS sources. Their
protocol involves isolation of purified rafts by shearing cells
in an isotonic buffer with cations, followed by separation
along a 0% to 20% continuous OptiPrep™ gradient. This
procedure has recently been used to isolate rafts from puri-
fied preparations of rat cerebral microvessels (39). Other
detergent-free methods have used sodium carbonate and
OptiPrep™; magnetic bead; or silica-based isolations using
raft/caveolar proteins as markers or the use of cationic
buffers, which may stabilize raft-associated proteins (47–50).

While these methods are useful for isolating rafts from iso-
lated cells or cell structures, they have not been applied to
whole tissue. Here, we employ the original MacDonald and
Pike protocol (48) as a starting point, and our optimization
of this method for use on unprocessed brain tissue in the con-
text of raft integrity.

EXPERIMENTAL PROCEDURES

Materials
Calcium chloride, magnesium chloride, sucrose, sodium fluo-

ride, sodium orthovanadate, phenylmethanesulphonylfluoride
(PMSF), and protein inhibitor cocktail were obtained from
Sigma-Aldrich (St. Louis, MO). SW60 ultracentrifuge tubes
(#328874) were obtained from Beckman (Palo Alto, CA). BCA
protein assay (#23227) and SuperSignal West Pico Chemilu-
minescent substrate were obtained from Pierce (Rockford, IL).
Flotillin1 antibody (cat# 610821, BD Biosciences, Franklin Lakes,
NJ), transferrin receptor antibody (TfR; cat# 13-6800, Zymed,
San Francisco, CA), MBP antibody (cat# NBA-116, Assay De-
signs, Ann Arbor, MI), and Golgi reassembly and stacking pro-
tein 65 (GRASP65) antibody (cat# ab30315, Abcam, Cambridge,
MA) were used for Western blots. Invitrogen (Carlsbad, CA) West-
ern Breeze Chemiluminescent kits were used for Western blot
protein detection. Optiprep™ was obtained from Axis-Shield
(Norton, MA). The Cholesterol Assay Kit (#10007640) was ob-
tained from Cayman Chemicals (Ann Arbor, MI). DMEM media,
horse serum and FBS (entodoxin level , 0.1 EU/ml) were ob-
tained from Invitrogen.

Animals
PND 21 and adult (3 months old) C57BL/6 mice (Charles

River Labs, Raleigh, NC) were anesthetized with CO2, decapi-
tated, and brains excised. Cortical tissue from both hemispheres
was dissected to obtain the cortex and underlying corpus callo-
sum. The brainstem was also removed. One hundred milligram
samples were immediately frozen on dry ice in microfuge tubes
and stored at 280°C. Samples could be stored for a maximum of
1 year. All procedures were conducted according to an NIEHS
Animal and Care Use Committee approved protocol.

Isolation procedures
Detergent-free method. TISSUE HOMOGENIZATION. Frozen brain tis-

sue samples were thawed on ice and homogenized in 500 ml of
detergent-free lysis buffer [13 TBS (pH 8), 1% proteinase inhibi-
tor cocktail, 1 mM PMSF, 5 mM NaF, 1 mM Na Orthovanadate]
with the addition of 1 mM CaCl2, and 1 mM MgCl2 to render
rafts more stable (23). The homogenate was sheared through a
23-gauge needle with 20 complete passes then centrifuged at
1,000 g for 10 min at 4°C and the PNS removed and maintained
on ice. The process was repeated on the pellet. The final pellet
was discarded unless required for comparison between cortex
and brainstem tissues. The supernatants from both shearing steps
were pooled and stored at 280°C for use later or immediately
subjected to density gradient ultracentrifugation along sucrose
or OptiPrep™ step density gradients.

SUCROSE STEP DENSITY GRADIENT. All steps were performed
on ice and all reagents precooled to <4°C. Two hundred
twenty-five microliters of the pooled supernatant was placed in
pre-cooled SW60 ultracentrifuge tubes on ice and 225 ml of
85% sucrose/TBS mixed with gentle pipeting to prevent the
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formation of bubbles. To this, 3.0 mls of 35% sucrose/TBS was
overlaid, followed by 675 ml 5% sucrose/TBS. This 5%/35%/
42.5% gradient was compared with a 5%/20%/30% sucrose
gradient. The tubes were centrifuged at 38,500 rpm (200,000 g)
for 18 h at 4°C and compared with a 4 h spin time. Acceleration
and deceleration rates were set to zero. After centrifugation, the
mixture was clear except for a distinct, cloudy band at the inter-
face between the 5% and 35% sucrose. Fifteen sequential frac-
tions of 260 ml each were gently removed from the top of the
tube and individually aliquoted. High-density fractions 14 and
15 were pooled as they are not normally considered as raft frac-
tions (1, 10, 28). The fractions were stored at 280°C for a maxi-
mum of 6 months.

OPTIPREP™ STEP DENSITY GRADIENT. To SW60 ultracentrifuge
tubes, 225 ml of the pooled supernatant was added and mixed
with 225 ml of 50% Optiprep™. To this, 3.0 mls of 20%
Optiprep™ was overlaid, followed by 675 ml 10% Optiprep™.
The tubes were centrifuged at 38,500 rpm (200,000 g) for 18 h
at 4°C. Acceleration and deceleration rates were set to zero. Fif-
teen fractions of 260 ml each were gently removed from the top
of the tube and individually aliquoted. High-density fractions 14
and 15 were pooled. The fractions were stored at 280°C for up to
6 months.

Detergent method. While recent data identified confounding ef-
fects with detergent use, a significant amount of previous data on
membrane rafts is based on the use of detergent-based isolation.
We therefore compared isolation of rafts to the Triton-X 100 de-
tergent method of preparing DRMs.

All steps of the procedure were carried out with the tissue
maintained on ice. Tissue was thawed on ice and homogenized in
500 ml of lysis buffer with detergent [13 TBS (pH 8), 1% Triton-X
100, 1% proteinase inhibitor cocktail, 1 mM PMSF, 5 mM NaF,
1 mM Na orthovanadate] and incubated on ice for 30 min. The
homogenate was centrifuged at 1,000 g for 10 min at 4°C and
the PNS removed and maintained on ice prior to loading on gra-
dient within 10 min of removal. Total protein concentration was
measured (below). From the supernatant, a 225 ml aliquot was
subjected to ultracentrifugation for fractionation as described
above using either (5%/35%/42.5) sucrose or OptiPrep™ as
the gradient. The fractions were stored at 280°C for a maximum
of 6 months.

Protein assay
The total protein present in each lysate or per fraction was

measured by a BCA protein assay (Pierce) using the microplate
procedure as directed by the manufacturer. A 10 ml aliquot
of each fraction was used for the protein assay. Sample absor-
bance was read at 540 nm. Protein concentrations ranged from
2–3 mg/ml.

Cholesterol assay
Fractions were thawed on ice and 50 ml of each fraction used

to determine the amount of cholesterol according to manufac-
turer instructions (Cayman Chemicals). Total cholesterol was
quantified as a fluorescent resorufin product measured at an
emission wavelength of 590 nmusing amicroplate reader (Molecular
Devices, Sunnyvale, CA). The Softmax Pro 4.3LS software was
used for data collection (Molecular Devices).

Western blot analyses
Lysate fractions were thawed on ice. High-density fractions

(fractions 14 and 15) were pooled. As protein concentration does

not provide a true baseline parameter for comparison across frac-
tions, equal sample volume loading was used for the Western blot,
as previously described (10, 19). This loading method accounts
for differential separation of proteins into specific fractions fol-
lowing density ultracentrifugation. From each fraction, an equal
sample volume (15 ml) was loaded onto 4–12% SDS polyacrylamide
gels and run at 125V for 1.5 h. Protein was transferred onto PVDF
membranes (Invitrogen) at 30V for 1.5 h. Membranes were incu-
bated with 1:1,000 dilution of an antibody to flotillin 1 (Flot1) to
identify the low-density raft fractions. Invitrogen Western Breeze
Chemiluminescent kits were used for protein detection and den-
sitometric analysis of identified protein bands was conducted
using a Kodak Digital Imaging system Model 440CF (Eastman
Kodak, Rochester, NY). Membranes were stripped and reprobed
with a 1:500 dilution of an antibody to TfR to identify nonraft frac-
tions. Membranes were additionally probed separately with a
1:500-1:1,000 dilution of the MBP antibody and 1:333 dilution of
the GRASP65 antibody. GRASP65 (Golgi reassembly and stacking
protein, 65 kDa) is an important structural component required
for maintenance of Golgi apparatus integrity and as such serves
as a structural marker. For 3-month-old brains, blots probed with
MBP were exposed up to 1 h and SuperSignal West Pico Chemi-
luminescent substrate was used to obtain the brightest possi-
ble band.

RESULTS

To determine which fractions best reflected a “raft-like”
nature, we used the following criteria: (1) low protein con-
tent, (2) high cholesterol content, (3) Flot1 presence, and
TfR absence (48).

Protein concentration across fractions
Raft fractions have a low protein content: less than 50 mg

per fraction (48). In fact, less than 10–30 separate proteins
may reside in any given raft compartment at one time
(51). Therefore, we measured the protein content of each
fraction. Isolation with detergent-free buffer followed by
fractionation along a sucrose gradient yielded the lowest
protein content in the lightest density fractions 1–5, be-
tween 25 to 225 mg/ml (Fig. 1A). The levels were higher in
nonraft fractions. These results suggest that rafts are pres-
ent within the first 5 low-density fractions. With OptiPrep™
as the gradient, protein levels were lowest in fraction 1 at
100 mg/ml (Fig. 1B), peaked in fraction 2 (?500 mg/ml)
and remained elevated in fractions 3–5. This pattern sug-
gests that with OptiPrep™, only fraction 1 is consistent with
raft criteria.

When we compared fractions obtained using our deter-
gent lysis buffer with the sucrose gradient, we found that
the detergent method yielded the lowest protein levels
in potential DRM fractions 1–3 (Fig. 1C). In contrast,
the OptiPrep™ gradient yielded high protein concentra-
tions across the top fractions. This was inconsistent with
them being raft fractions (Fig. 1D).

Cholesterol content across fractions
Fractionation along a sucrose gradient yielded the most

consistent distribution pattern for cholesterol content
across fractions. Total cholesterols levels were highest in
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fractions 1–3 with a peak level of 0.32 mM detected in frac-
tion 3 (Fig. 2A), suggesting that these were raft fractions.
With OptiPrep™ as the gradient, cholesterol levels in frac-
tions 1–3 were similar to that seen with the sucrose gradient
(Fig. 2B); however, a more gradual decline in cholesterol
content was observed across fractions 3–9.

We then compared cholesterol levels in fractions ob-
tained using the detergent lysis buffer. We found that both
gradient methods yielded different distribution patterns
across fractions, compared with that seen with the non-
detergent method. In general, the cholesterol levels were
high in fractions 2 and 3 with sucrose (Fig. 2C) and frac-
tion 1 with OptiPrep™ (Fig. 2D), but fluctuated through-
out raft and nonraft fractions.

Distribution of Flot1 and TfR across fractions
Next, we examined the distribution pattern across frac-

tions for Flot1, as a marker for raft fractions, and TfR, as a
marker for nonraft fractions, after detergent-free isolation.
The sucrose density gradient yielded the best resolution of
Flot1 in raft fractions (Fig. 3). Dense staining for Flot1 was
present in fractions 1–5 with the highest levels in fractions
2–4 (Fig. 3A). In addition, TfR was not detected in frac-
tions 1–3, but was present at peak levels in fractions 6–7
and then declined with increasing fraction density (Fig. 3A).
This pattern identifies fractions 1–3 as “true raft” fractions
and is consistent with the literature (48). With OptiPrep™
as the gradient medium, Flot1 was maximally present in

fractions 1–5, and declined with increasing fraction num-
ber (Fig. 3B). TfR was absent from fractions 1–2, highest
in fractions 3–5, and declined over the remaining higher
density fractions (Fig. 3B). This method suggests that frac-
tions 1 and 2 are the raft fractions.

In comparison to isolation using the detergent lysis buffer,
the distribution of marker proteins along the detergent-
derived gradient did not clearly indicate raft vs. nonraft
fractions. Flot1 was absent from fractions 1 and 2, while
present in fractions 3–14/15 (Fig. 4A). The highest in-
tensity occurred in fractions 4–7 representing a 2-fraction
shift toward the higher densities, as compared with the
nondetergent method. TfR was observed in all fractions
(Fig. 4A). Using the OptiPrep™ gradient, Flot1 was ab-
sent from fraction 1, but present in fractions 2–14/15, with
the highest intensity occurring in fractions 3–5 (Fig. 4B).
TfR was absent in fractions 1–2, highest in fractions 4–7,
and declined over the remaining higher density fractions
(Fig. 4B).

Methodological controls
Centrifugation time. Using the nondetergent method, we

examined centrifugation times to determine if a shorter
spin time of 4 h would decrease possible diffusion effects
through the sucrose gradient and therefore result in better
resolution of protein markers. While the distribution of
TfR into the mid to lower fractions was similar to that seen
with the longer centrifugation period, the distinct resolution

Fig. 1. Total protein content in fractions isolated with sucrose and Optiprep™ gradients. A: Total protein
content of each fraction following lysis with detergent-free buffer and separation along a sucrose gradient. B:
Total protein content of each fraction following lysis with detergent-free buffer and separation along an
Optiprep™ gradient. C: Total protein content of each fraction following lysis with 1% Triton-X 100 buffer
and separation along a sucrose gradient. D: Total protein content of each fraction following lysis with 1%
Triton-X 100 buffer and separation along an Optiprep™ gradient. Values represent total protein in mg/ml.
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of Flot1 within fractions was not observed after a 4 h spin
time (Fig. 5A).

Step gradient. Given the possible confounder that brain
tissue is extremely lipid rich, we investigated whether the
use of a tighter step gradient might result in better reso-
lution. The raft lysate was subjected to a 5%/20%/30%

sucrose gradient. Under these conditions, the resolution
of Flot1 was extremely poor (Fig. 5B). In low-density frac-
tions, Flot1 was not detectable in fractions 1–3, was barely
detectable across the midlevel fractions, and was present
predominantly in fraction 14/15. Following centrifuga-
tion, the liquid was clear with no apparent diffuseness,
making it difficult to identify any clear demarcations or

Fig. 3. Isolation of rafts with sucrose and Optiprep™ gradients.
Top panels show flotillin 1 (Flot1) and bottom panels are transfer-
rin receptor (TfR). A: Raft isolation using a detergent-free buffer
along a sucrose gradient. Flot1 is maximally present in fractions
1–5. TfR is absent from fractions 1–3. B: Raft isolation using a
detergent-free buffer along an Optiprep™ gradient. Flot1 is maxi-
mally present in fractions 2–5; TfR is absent from fractions 1 and 2.
Blots are representative of three individual experiments. Black bold
rectangles designate raft fractions.

Fig. 4. Isolation of detergent resistant membranes (DRMs) with
sucrose and Optiprep™ gradients. Top panels show Flot1 and bot-
tom panels are TfR. A: DRM isolation using a 1% Triton-X 100
buffer along a sucrose gradient. Flot1 is maximally present in frac-
tions 3–7. TfR is present in all fractions. B: DRM isolation using a
1% Triton-X 100 buffer along an Optiprep™ gradient. Flot1 is
maximally present in fractions 3–5, TfR is absent from fractions
1–3. Black bold rectangles designate DRM fractions. Blots are rep-
resentative of three individual experiments.

Fig. 2. Total cholesterol content in fractions isolated with sucrose and Optiprep™ gradients. A: Total cho-
lesterol content of each fraction following lysis with detergent-free buffer and separation along a sucrose
gradient. High cholesterol is present in fractions 1–3, suggesting that these fractions are consistent with raft
criteria. B: Total cholesterol content of each fraction following lysis with detergent-free buffer and separation
along an Optiprep™ gradient. Cholesterol was high in the low (1–3) and mid-density (4–7) fractions. This
suggests that it is difficult to determine which are true raft fractions using this method. C: Total cholesterol
content of each fraction following separation along a sucrose gradient with 1% Triton-X 100 as the buffer.
High cholesterol in fractions 1 and 2 suggest that these may contain DRMs, but high cholesterol in higher
density fractions makes this assertion difficult. D: Total cholesterol content of each fraction following separa-
tion along an Optiprep™ gradient with 1% Triton-X 100 as the buffer. High cholesterol in fraction 1 suggests
the presence of rafts, but higher cholesterol content of high density fractions, again makes this assertion
difficult. Total cholesterol is represented in mM concentrations.
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bands along the gradient. Because the observed Flot1 dis-
tribution was indicative of a nonideal preparation of rafts,
we did not probe for TfR.

Myelin contribution. Myelin content of raft fractions may
lead to aberrant shifts by affecting buoyant densities.
Therefore, we assessed the integrity of raft fractions fur-
ther, by testing for the presence of MBP. Two isoforms of
mouse MBP were identified, one at 14 kDa and another at
21.5 kDa. The 14 kDa protein was the predominant iso-

form. Since the total amount of MBP in the forebrain ac-
cumulates with age, we examined MBP distribution across
fractions from PND 21 to 3 months of age using the non-
detergent, sucrose gradient method. At PND 21, MBP as-
sociates with fraction 3 (Fig. 6A). In 3-month-old mice,
MBP was evident in fractions 3 and 4 (Fig. 6B); however,
less than what was seen at the early age. The protein was
not detected in any other fraction. PND 21 and 3-month-
old animal membranes were exposed for 15 and 30 min,
respectively. Additional use of the SuperSignal West Pico
chemiluminescent substrate did not enhance the signal
further. Together these indicate a very low amount of MBP.
As a control we compared the distribution of MBP in the
cortex with the brainstem, the latter having higher myelin
content (Fig. 6C). In both cortex and brainstem, we deter-
mined that MBP was present mostly in the pelleted portion
of the lysate (Fig. 6C). The PNS portion of the lysate con-
tained very little MBP, and, what was present, associated
with raft fractions (Fig. 6C).

Golgi association with raft fractions. As a structural marker
for the Golgi apparatus, we examined the distribution of
GRASP65 across fractions. In the PND21 mouse cortex,
GRASP65 was detected in fractions 3–6 (Fig. 6A). In the
cortex of 3-month-old mice, GRASP65 could be clearly

Fig. 5. A: Flot1 (top panel) and TfR (bottom panel) distribution
following a 4 h centrifugation time. Amount of Flot1 isolated in
rafts was less compared with an 18 h spin time. Exposure time for
Flot1 was 15 min and 5 min for TfR. B: Distribution of Flot1 fol-
lowing isolation along a 5%/20%/25% sucrose gradient. Isolation
and resolution of Flot1 was very poor. Blot shown was exposed for
15 min. Black bold rectangles designate raft fractions.

Fig. 6. A: Western Blots for myelin basic protein (MBP) and Golgi reassembly and stacking protein 65
(GRASP65) in postnatal day (PND) 21 mouse brain. B: Western blots for Flot1 and TfR in fractions isolated
from a 3-month-old C57BL/6 mouse brain. C: Western Blots for MBP and GRASP65 distribution in fractions
isolated from a 3-month-old C57BL/6 mouse brain. GRASP65 (46 kDa) was observed in the same raft frac-
tions. D: Western Blots for MBP in the total PNS supernatant versus the pellet isolated from a 3-month-old
C57BL/6 mouse brain. Black bold rectangles designate raft fractions. Blots are representative of four indi-
vidual experiments.
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detected in fractions 3–6 (Fig. 6B). At neither age was
GRASP65 detected in the lighter fractions, 1–2.

DISCUSSION

The literature base for raft isolation underscores the
highly variable nature of reported procedures. Therefore,
a significant level of interest exists in identifying the most
accurate isolation technique for each cell or tissue type.
Our data add to the growing repertoire supporting the
use of detergent-free buffers for rafts preparation and pro-
vide a method for isolation of lipid-rich brain tissue. Using
the following accepted criteria: 1) low protein content, 2)
high cholesterol content, and 3) the presence of Flot1 and
absence of TfR, we compared isolated raft fractions in the
low-density fractions. Additionally, we looked at the distri-
bution of GRASP65 across the isolated fractions as another
control indicator for our protocol. Because we used whole
brain tissue, we expected that myelin would be present.
Therefore, we also examined the distribution of MBP in
the isolated fractions.

Regarding the first criterion, previous work demon-
strated that the presence of detergent can influence the
partitioning of proteins into rafts and hence can lead to
aberrant interpretation of data. Our data were consistent
with these reports in that overall higher levels of protein
were evident across fractions obtained from a detergent-
based isolation, as compared with the nondetergent method.
This suggested detergent use could significantly influence
data interpretation by affecting the protein distribution
across fractions. Direct interference with the BCA protein
assay was not expected as this procedure is compatible with
up to 5% Triton-X 100. Thus, the nondetergent method
provided a cleaner distribution of protein across fractions
that met the criteria for identifying raft fractions.

Previous studies utilized sucrose buffers in the isolation
of phosphoproteins and lipid rich myelin from brain tissue
(26) in order to preserve organelle and membrane integ-
rity. In this study, we compared the use of sucrose versus
the commercially available sucrose-based gradient me-
dium, OptiPrep™ that has been used for raft isolation
(52). While OptiPrep™ provides an iso-osmotic environ-
ment (52) through the addition of sucrose, we found that
isolation along a solely sucrose gradient yielded more con-
sistent results. Typically, the fractions pulled off the gra-
dient should range in density from 1.03 g/ml at the top
of the gradient, where the raft fractions are present, to
1.165 g/ml at the bottom (39). The use of a sucrose gra-
dient, in combination with the detergent-free buffer, pro-
duced a distribution profile of protein content consistent
with raft identification with low protein amounts in the
low-density, upper 3 fractions. When this feature was exam-
ined with an OptiPrep™ gradient, it resulted in high pro-
tein concentrations in upper fractions, a condition that
is not consistent with these fractions being low density
or representative of rafts. This sucrose gradient pattern
more closely matched that generated in cultured cells by
Macdonald and Pike (48), and supports it as the choice of

gradient for raft isolation from brain tissue. In addition to
the protein distribution, an inverse pattern was demonstrated
for cholesterol content. Consistent with the Macdonald
and Pike (48) method, cholesterol content was higher in
the low-density fractions. This pattern was not as clear with
the OptiPrep™ gradient and was highly variable when a
detergent-lysis buffer was used.

Other studies on isolated cells or subcellular fractions
have used buffers containing EDTA (47, 53), which may
prevent the proper isolation of rafts (48). We have elimi-
nated EDTA from our detergent-free buffer, but have
added sodium fluoride and sodium orthovanadate to in-
hibit serine/threonine and tryrosine protein phosphatase
activity. We have kept cations as they can have a stabilizing
effect on rafts, even allowing their isolation at 37°C (18).
In previous efforts to optimize isolation procedures for
rafts, Song et al. (46) subjected sonicated cells to a 16–20 h
ultracentrifugation spin through a discontinuous 5%/
35%/45% sucrose gradient. However, sonication may re-
sult in excessive protein recovery (48) and long centrifuga-
tion times may lead significant contamination with other
membranes. The method we employed for brain tissue
required a short preparation time followed by an 18 h ultra-
centrifugation step at 38,500 rpm (200,000 g). Despite this
lengthy spin step, our data demonstrate that with mouse
brain, the better resolution of marker proteins (e.g., Flot1)
along the gradient occurs with an 18 h spin, compared with
a 4 h one. Regarding to the length of the procedure, the
rapid preparation of the sample makes the 18 h overnight
centrifugation step somewhat optimal for scheduling and
completion of the assay.

In addition to the ultracentrifugation times, we also
examined separation along a slightly different sucrose gra-
dient. We tried a tighter 5%/20%/30% gradient in an
attempt to cater for the large amount of lipid-rich myelin.
However, this gradient did not prove to be optimal for
resolution of raft-associated proteins from brain tissue, as
evidenced by the absence of Flot1 in the low-density frac-
tions. By comparison, the 5%/35%/42.5% sucrose gradient
provided good resolution of Flot1 in the top fractions and
TfR in the heavier fractions from brain tissue.

As additional characterization of our protocol, we exam-
ined the distribution of MBP within raft fractions. Our data
indicate that MBP in PND21 animals is restricted to only
one of the raft fractions, fraction 3. To determine if this
was a technical anomaly or an age-related effect, we exam-
ined tissue from 3-month-old mice and demonstrated that
MBP appears to be distributed at lower levels over 3 frac-
tions (3, 4, and 5). This redistribution in myelin may be
due to increased deposition and/or appearance of heavier
myelin that occurs as a function of age (40). Thus, the
small amount of MBP present in the PNS from the cortex
remains distributed across the raft fractions. This limited
MBP distribution across the fractions suggests that there
is minimal contamination from other lipid membranes.
Although our data demonstrated that MBP-associated rafts
can be isolated from whole brain tissue using this protocol,
it is clear that most of the myelin has been eliminated from
the PNS and was retained within the pellet. This is sup-
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ported by previous studies (41, 54) and indicates that clean
raft fractions with little myelin contamination in the PNS
can be prepared with our protocol. Here we demonstrate
a distinction between the DRMs of isolated myelin, where
all raft-associated fractions contained MBP, and rafts iso-
lated from whole brain tissue by our detergent-free proto-
col. In DRMs isolated from bovine myelin, sucrose density
gradient separation showed an enrichment of MBP in frac-
tions 4–6; in myelin from mice between 2 and 8 months
of age, MBP was observed in the DRM fractions (41). Inter-
estingly, we observed that there seems to be an age-related
developmental shift in Flot1 distribution that occurs around
3 months of age in the mouse. This shift results in fractions 3,
4, and 5 becoming the raft fractions instead of 1–3. This shift
does not appear to be due to the changes in myelin or MBP
distribution, as PND 21mice showMBP presence in fraction 3.
The age factor should therefore be taken into consideration
when choosing tissue sources for raft isolation. Further dis-
cussion of this point is beyond the scope of this paper.

To further characterize our protocol, we examined the
distribution of GRASP65. Golgi fragmentation has been
linked to neurodegenerative pathways, and GRASP65 can
serve as an indicator of cellular disruption (32, 55). GRASP65
was associated with raft fraction 3 and the heavier fractions
4 and 5 at both PND21 and 3 months of age. There are no
previous studies that document GRASP65 association with
rafts; however, our results are in agreement with reports
documenting association of other Golgi markers with rafts
(48, 56). The consistent distribution of GRASP65 in raft
and slightly heavier nonraft fractions at both ages indicates
that our method of lysis and fractionation worked well. The
use of our protocol can, therefore, reproducibly produce
fractions that are highly representative of rafts (i.e., presence
of Flot1 and absence of TfR, high cholesterol and low pro-
tein) from unprocessed, fresh or frozen, brain tissue.

Thank you to Drs Alex Merrick and Xiao-Ping Yang for their
critical reading of this manuscript and helpful suggestions.
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