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Abstract approved:

The ionotropic glutamate receptors are ligand-gated ion channels that mediate the

majority of excitatory neurotransmission in the brain. The three classes of ionotropic

glutamate receptors are alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid

(AMPA), N-methyl-D-aspartate (NMDA), and kainite. These three classes have unique

subunits. NMDA receptors play important roles in development, forms of synaptic

plasticity, which is involved in higher order processes such as learning and memory.

NMDA and AMPA receptors associate with lipid rafts. Lipid rafts are cholesterol

rich membrane microdomains important for protein sorting, signal transduction, and

endocytosis. Myosin II co-fractionates with NMDA receptors in the lipid raft fractions.
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Introduction

Importance of glutamate in central nervous system

The ionotropic glutamate receptors are major excitatory receptors in the central

nervous system (CNS). The neurotransmitter activates three distinct receptors: N-

methyl-D-aspartate (NMDA), alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic

acid (AMPA), and kainite (Dingledine et al., 1999). These receptors have distinct

subunits.

Table 1: Glutamate receptor types and their subunits

Group Receptor
type

Subunit

1 AMPA G1uR1
1 AMPA GluR2
1 AMPA GluR3
1 AMPA GluR4
2 Kainate GluR5
2 Kainate G1uR6
2 Kainate GluR7
3 Kainate KA-1
3 Kainate KA-2
4 NMDA NR1
5 NMDA NR2A
5 NMDA NR2B
5 NMDA NR2C
5 NMDA NR2D
6 NMDA NR3A

Glutamate influences memory and learning through synaptic plasticity pathways

(Johnston et al., 2003). NMDA receptors are important in hippocampal long term

potentiation (LTP) because of the channel opening after pre and postsynaptic neuron

firing (Johnston et al., 2003). Activated glutamate receptors become permeable to ions

and large amounts of Ca2+ enter through its channel, which activates calcium/calmodulin-

dependent protein kinase II (CaMKII). After CaMKII is activated, it phosphorylates

AMPA receptors, which increase their number in the postsynaptic membrane (Johnston et
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al., 2003). Up and down-regulation of synaptic functions of LTP is dependent on number

and activity of AMPA receptors in the synapse (Johnston et al., 2003). CaMKII serves as

local storage of memory in individual synapses and is therefore required for LTP

(Johnston et al., 2003).

Through excessive activation, glutamate is also in part responsible for some

neurological damage in ischemic stroke. Glutamate was first recognized as a neurotoxin

after an oral ingestion by immature animals caused acute neurodegeneration in the

hypothalamus (Olney et al., 1970). Much like LTP pathway, ischemic insult is partly

caused by AMPA receptor activation with associated NMDA receptor and Ca2+ influx

(Siegel., 1999). During a stroke, oxygen depravation depletes the energy stores inside

neuronal and glial cell compartments, which affects the cell's ability to maintain resting

membrane potential (Siegel., 1999). Activation of AMPA and NMDA receptors in the

postsynaptic membrane are caused by cell depolarization (Siegel., 1999). Ca2+ entry

through the glutamate receptor increases the intracellular concentration of Ca2+, which in

turn causes a cascade of second-messenger systems, which stay activated for long periods

of time (Siegel., 1999). This inability to maintain a resting potential by a cell leads to

neuronal cell injury or cell death (Siegel., 1999).

Neurotoxicity is mediated by coupling of glutamate receptors to the second

messengers in the postsynaptic density (PSD) (Aarts et al., 2003). Excitotoxicity is the

process by which neurons are damaged resulting from overactivation of the receptor for

the excitatory neurotransmitter, such as glutamate. Therefore, excitotoxicity is one of the

primary reasons for cell death in neurodegenerative diseases and stroke. Work by Olney's



3

laboratory shows evidence of glutamate toxicity causing dendrosomal swelling, thereby

producing degeneration (Olney et al., 1970).

Metabotropic (mGluR) and ionotropic (iGluR) glutamate receptors mediate

postsynaptic responses to glutamate. mGluRs play a role in mediating neuronal plasticity

and neurodegeneration by down-regulating KK channels (Aarts et al., 2003).

Excitatory synapses

Excitatory synapses are abundant in the CNS and contain specialized PSD

structures. Located underneath the postsynaptic membrane, the PSD contains several

scaffolding and cytoskeletal proteins as well as some modulatory enzymes (Kennedy et

al., 1997). Functions of PSD include cell-to-cell adhesion, regulating receptor clustering,

and modulatory receptor functions (Aarts et al., 2003). The PSD is enriched with cell

junction proteins, such as densin-180, that play a major role of PSD co-localization with

the correct presynaptic region (Irie et al., 1997). Even though mGluRs play an important

role in association with PSD, iGluRs are considered to be the most abundant and most

important membrane proteins found within the PSD. NMDA and AMPA receptors gather

within the PSD where they transduce their signals (Baude et al., 1995). CaMKII

phosphorylates iGluRs which causes receptor clustering, and potentiation of receptor

activity. NR1 and NR2B subunits need to interact with alpha-actin and actin

cytoskeleton in order for NMDA clustering at the synapse to take place (Sprengel et al.,

1998). At synapses, postsynaptic density protein of 95 kD (PSD-95) associates with

receptors and cytoskeletal elements (El-Husseini et al., 2000). NR2 subunit contains

motifs that permit binding to PSD-95 and other scaffolding proteins. Sequentially, PSD-



4

95 binds proteins that promote binding of NMDARs to signaling molecules, regulatory

enzymes and adaptor proteins (Kornau et al., 1995). NMDA receptors contain

intracellular C-terminal tail that is crucial in interaction with postsynaptic signal

transduction cascades and control of the receptor activity (Sprengel et al., 1998).

Lipid Rafts

NMDA, AMPA, and PSD-95 proteins, located at the synapse, are associated with

lipid rafts (Basshoh et al., 2005). This complex is connected to the subsynaptic actin-

based cytoskeleton, which cause the motility of spines (Hering et al., 2003). Lipid rafts

are insoluble in neutral detergents, such as Triton-X 100, at 4°C (Basshoh et al., 2005).

Because of their detergent insolubility lipid rafts are also know as detergent resistant

membranes or DRMs. Lipid rafts are isolated at low density following sucrose gradient

centrifugation (Basshoh et al., 2005).

Lipid rafts are cholesterol and sphingolipid rich membrane microdomains

(Besshoh et al. 2005; Hering et al. 2003) (Fig IA). The particularly ordered lipid

environment found in the rafts is different from the rest of the plasma membrane (Tsui-

Pierchala et al., 2002) (Fig 1B). Lipid rafts are important for protein sorting and

trafficking, secretory and endocytotic pathways, and signal transduction (Basshoh et al.,

2005). Lipid rafts are enriched with signaling molecules, such as transmembrane and

glycosylphosphatidylinositol (GPI)-anchored receptors (Tsui-Pierchala et al., 2002).

Proteins are targeted to raft regions via GPI anchors, which add lipids with saturated fatty

chains, therefore providing an environment for close packing of proteins required for

lipid raft localization (Tsui-Pierchala et al., 2002). By interaction with submembraneous
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actin cytoskeleton, lipid rafts are also implicated in mechanisms of cell migration, cell

polarity, and membrane motility (Hering et al., 2003).

Figure 1 A&B: Organization of the lipid rafts in the plasma membrane
Cholesterol association with glico and sphinogolipids forms a tightly packed microdomain. When Triton-X
detergent is added to the cell, the fluid membrane associates with the detergent whereas lipid raft region
stays intact. Therefore, lipid rafts are also know as detergent resistant membranes (DRMs).

Mass spectrometry

Bands from our lipid raft fraction were submitted for mass spectrometry (MS)

analysis. After protein purification, sequence specific protease is used to convert proteins

to a set of peptides (reviewed in Steen 2004). Trypsin is a stable protease, which cleaves

proteins on the c-terminal of arginine and lysine. After the protein digestion, peptides are

injected into a microscale capillary high-performance liquid chromatography column

(HPLC) that is coupled to the mass spectrometer (Steen et al., 2004). Solvent gradient of

increasing organic content is used to elute the peptides in order of their hydrophobicity.

Hydrophilic peptides elute immediately, whereas hydrophobic peptides take much longer,

or do not elute at all (Steen et al., 2004). Once a peptide reaches the end of the column, it

Sphingolipid Cholesterol

Glycoprotein Lipid Raft

If
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flows through a needle where it gets ionized by a strong electric potential. This process is

known as electrospray ionization (Steen et al., 2004).

Inside the mass spectrometer, electrosprayed ions they are guided by electric

fields. Proteomics use three different types of mass spectrometers: quadrupole, time of

flight (TOF), and quadrupole ion traps (Steen et al., 2004). These mass spectrometers can

also be combined, such as quadruple-TOF. Mass spectrum, produced by these

instruments, is a recording of the signal intensity of the ion at mass to size (m/z) ratio

(Steen et al., 2004). (M+2H)2+ where M is the peptide mass and H+ is the proton mass, is

a designation for tryptic peptides after becoming doubly protonated in the electrospray-

ionization (Steen et al., 2004).

After the MS determines the m/z and the peak intensities, it obtains the peptide's

primary structure sequence, this is called tandem MS, because two stages of MS are

being coupled (Steen et al., 2004). In tandem mass, the energy from collisions with inert

gases, such as nitrogen, argon, or helium atoms, break apart the peptide ion that was

isolated. This is how the MS of the resulting fragments is generated. Precursor ions are

the species that are fragmented, and product ions are ions in the tandem MS (Steen et al.,

2004).

Fragmentation at the amide bond of amino acids creates b and y ions. B-ions are

created if the charge is maintained at the amino terminal of the peptide, whereas y-ions

are created if the charge is maintained at the carboxy terminal (Steen et al., 2004).

To determine the amino acid sequence of a particular peptide is to calculate the

mass difference between nearest peaks in a series. In series, peptide fragments differ from

its neighbors by one amino acid (Steen et al., 2004). This MS data can be searched by
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Mascot, Sequest or several other algorithms. In the case of Mascot search, peptide

identifications are reported in terms of a probability score (Steen et al., 2004). High

probability score indicates sufficiency of the peptide to identify a protein, granting that

the data is of high quality, which is a high mass accuracy and signal-to-noise ratio (Steen

et al., 2004). Protein is only identified after all the peptides are identified. Addition of

peptide scores yields protein scores. To achieve a high confidence in peptide

identification other peptides need to identify the same protein. If no other peptides

identify the same protein the confidence in the accuracy of peptide identification is low

(Steen et al., 2004).

Objective

Work by the Ishmael laboratory has shown that a myosin II is a light chain

NMDA receptor interacting protein (Amparan et al., 2005). Myosin II is composed of

two myosin heavy chains (MHC), two essential light chains (ELC), and two regulatory

light chains (RLC). Myosin RLC binds directly to the C-terminal of NMDA receptors

NR1 and NR2, where it may regulate myosin based contractions (Amparan et al., 2005).

Myosin II isoforms are found in the cell bodies and growth cones of neurons (Rochlin et

al., 1995), are important part of early neuronal development (Lin et al., 1996).

The objective of our studies were to isolate a lipid raft fraction from mouse brain

and determine which members of the myosin superfamily are present as components of

the submembrane cytoskeleton.
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Materials and Methods

Preparation of brain lysate

0.59 g of cerebellum, 1.19 g of cortex and some hippocampus in the first brain and 0.34 g

of cerebellum, 1.21 g of cortex and 0.16 g of hippocampus in the second brain were

homogenized in 7 ml of 50 mM Tris pH 9.0, 1% sodium deoxycholate (DOC), 50 mM

sodium fluoride, 20 µM zinc chloride, 1mM sodium orthovanadate, with 5 mM EDTA, 5

mM EGTA, 0.1 mM phenylmethylsulfonyl fluoride (PMSF), 5 gg/ml of aprotinin, 10

gg/ml of leupeptin and 10 µg/ml pepstatin using a glass/glass dounce. After incubation

for 30 minutes on ice, samples were briefly sonicated and hippocampus was centrifuged

at 13000 rpm for 5 minutes, and cortex and cerebellum were centrifuged at 11000 rpm for

10 minutes.

Protein concentration was determined with the BCA Protein Assay Kit using the

Bovine Serum Albumin (BSA) standards (Pierce). Assay was performed following

manufacturers instructions.

Brain samples were normalized to 50 gg total protein and separated by SDS-

PAGE, transferred to strips of nitrocellulose paper, incubated over night and

immunoblotted using antibodies specific for NRI (PharMingen, San Diego, California),

MRLC (Bethyl Laboratories Inc. Montgomery, Texas), ELC (Abcam, Cambridge,

Massachusetts), MHCA (Covance, Richmond, California), MHCB (Convance, Richmond,

California), and Tubulin (Upstate, Lake Placid, New York). Primary antibody

concentration was 1:1000 for MRLC (rabbit anti MRLC) and 1:2000 for all others

(mouse anti NR1, anti ELC, anti Tubulin, and rabbit anti MHCA and anti MHCB).

Secondary antibody concentration was 1:2000 using goat anti rabbit HRP and goat anti

mouse HRP.

Preparation of detergent resistant embranes

Two mouse forebrains were homogenized in glass/glass dounce in cold homogenization

buffer (HB; 320 mM sucrose, 25 mM HEPES, 2 mM sodium orthovanadate, 1 mM

sodium fluoride, pH 7.4, plus 1 gg/ml aprotinin, 5 gg/ml leupeptin, 0.4 mM pefabloc, and

pepstatin. The sample was centrifuged at 800 x g for 10 minutes at 4°C to pellet nuclei.

The resulting supernatant was centrifuged at 9200 x g for 15 minutes at 4°C. The
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resulting pellet was re-suspended in a lysis buffer (25mM HEPES, 1mM EDTA, 1%

Triton X, pH 7.4) and rotated for one hour at 4°C. The brain extract was transferred to a

centrifuge tube, mixed with an equal volume of 90% sucrose, and overlaid with 35%,

25%, 15%, and 5% sucrose. After centrifuging at 230,000 x g for 24 hours at 4°C, 1 ml

fractions were collected from the top of the tube. Equal volumes of each fraction were

analyzed by immunobolot and assayed for cholesterol (Amplex red cholesterol assay kit;

Molecular Probes), and protein content was determined by Bradford protein assay kit

(Bio-Rad).

Gel was stained with BioSafe Coomassie (Bio-Rad) stain and bands excised for

mass spectrometry.

Maximum volume of fraction four was separated by 4-12% Criterion pre-cast gel

(Bio-Rad), transferred to strips of nitrocellulose paper, incubated over night and

immunoblotted using antibodies specific for adaptin a (AP-2; Transduction Laboratories,

Newington, NH, USA), NMDA-2A (Upstate Biotechnology), PSD-95 (Affinity

Bioreagents Inc., Golden, CO, USA), and PAN (Covance, Berkeley, CA, USA). Primary

antibody concentration was 1:4000 for PAN (IgM anti PAN), 1:5000 for AP-2 (mouse

anti AP-2), 1:2000 for NMDA-2A (rabbit anti NMDA-2A), and 1:2000 for PSD-95

(mouse anti PSD-95). Secondary antibody concentration was 1:2000 using goat anti

rabbit HRP and goat anti mouse HRP.

Coomassie Blue staining

4-12% Criterion pre cast gel was used form Coomassie staining. After electrophoresis,

the gel slab was washed three times for 5 minutes in DI water. It was then incubated for 1

hour at room temperature in sufficient volume of Bio-Safe Coomassie Stain (Bio-Rad).

The gel was rinsed and stored in DI water.

In gel digestion of Coomassie stained proteins for mass spectrometry

Gel bands were excised from the gel and washed twice with sufficient volume of DI

water for 15 minutes. Then, it was washed twice with sufficient volume of 50%/50%

solution of acetonitrile/50mM ammonium bicarbonate. After the gel pieces were shrunk

by dehydration in acetonitrile, which was then removed, they were dried in a vacuum
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centrifuge. Stock trypsin (Promega) was prepared by dissolving 20 gg in 40 gl of I%

acetic acid. Working trypsin solution was prepared by diluting stock solution 1 to 40 with

25 mM ammonium bicarbonate to give the final concentration of 12.5 ng/gl. After the gel

pieces were rehydrated with trypsin solution for 45 minutes on ice, trypsin was removed

and 25mM ammonium bicarbonate was added to the vial to ensure proper hydration

during overnight digestion at 37°C. Digestion solution was recovered and gel pieces

were extracted two times for 15 minutes with 50%/50% acetonitrile/50 mM ammonium

bicarbonate to recover additional peptides. The gel pieces were further extracted with

100% acetonitrile. This was added to the previous extracts and concentrated to dryness

in a vacuum centrifuge.
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Results

1. NMDAR and myosin II light chain are expressed in brain

Brain samples were normalized to 50 µg total protein and separated by SDS-

PAGE, transferred to strips of nitrocellulose paper, incubated over night and

immunoblotted using antibodies specific for NRI and myosin RLC. Pre-cast Criterion gel

was used for the isolation of the NMDA and NMDAR interacting proteins.

Figure 2 reveals the high enrichment of NRI and myosin RLC in cortex and

hippocampus. In cerebellum, NR1 was diminished and myosin RLC was not detected.

Both NMDA receptor I and myosin RLC were present in the forebrain, indicating that

this brain region is suitable for future study.

Figure 2: Immunoblot of NMDA receptor subunit 1 and myosin RLC in different brain regions
Equal amounts of brain samples were separated by SDS-PAGE. After blotting to nitrocellulose membranes,
the proteins were visualized using antibodies against for NRI and myosin RLC
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II. Characterization of a lipid raft fraction from forebrain

We isolated detergent resistant membranes (DRM) from mouse forebrain on the

basis of their insolubility to Triton X- 100 at 4°C and their low density in sucrose

gradients. Lipid raft fraction was tracked by its characteristic of relatively low protein

(Fig. 3), and high cholesterol (Fig. 4). After the sucrose gradient, fraction 4 had

relatively low protein and high cholesterol, therefore we identified it as a lipid raft.

NMDAR2A showed high enrichment in fraction 4 and complete absence in fraction 1

(Fig.5). We also tested synaptic protein PSD-95 and adapter protein AP-2 for association

with lipid rafts. Both, PSD-95, the major protein in postsynaptic density, as well as AP-2,

which is the major anchoring protein, were present in the lipid raft fraction. PSD-95 and

AP-2 co-fractionate with NMDA receptors in the lipid rafts (Fig. 5).

Relatively low protein, high cholesterol, as well as presence of NMDA receptor

2A, and NMDA receptor interacting proteins PSD-95 and AP-2, suggests that fraction 4

is a lipid raft fraction.

III. Mass spectrometry of Trypsin-digested protein bands form one-dimensional gel

To determine which myosins were abundant in the lipid raft fraction we used one-

dimensional gel electrophoresis in conjunction with MALDI tandem mass spectrometry.

Fraction 1 (control) and fraction 4 (lipid raft fraction) were separated by SDS gel and

stained with Coomassie Blue stain. Abundant bands from fraction 4 were excised and

digested with Trypsin. To compensate for lower sensitivity of Coomassie Blue than silver

staining, we loaded the maximum amounts of the fractions. Although, many bands were
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visible, we excised 8 major ones, including a region predicted to contain myosin heavy

chains (Fig. 6). All together these bands yielded 108 proteins (Table 2).
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Figure 3: Protein content of a representative sample
After a sucrose gradient, eleven 1 ml fractions were collected from top of the centrifuge tube and assayed
for protein content. Fraction 4 contains little protein relative to the bottom of the tube. Therefore, fraction 4
was determined to be a lipid raft.
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Figure 4: Cholesterol content of a representative sample
Collected fractions from the sucrose gradient were assayed for cholesterol content. After comparing to
protein peaks in figure 2, fraction 4 was determined to be a lipid raft.
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Figure 5: Immunoblot of NMDA2A, PSD-95, and AP-2 in lipid raft and non-lipid raft fraction
Samples 1 and 4 (see fig. 3 and 4) were separated by SDS-PAGE, transferred to strips of nitrocellulose
paper, incubated over night and immunoblotted using antibodies specific for PSD-95, NMDA2A, Caveolin,
PAN, and AP-2.
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Figure 6: PAGE of fractions 1 and 4
Fraction 4 (lipid raft) and fraction 1 (control) were separated by one-dimentional gel electrophoresis and
stained with Coomassie Blue stain. Marked bands were excised and digested with trypsin in preparation for
mass spectrometry.
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Table 2: Mass spectrometric characterization of the lipid raft fraction by one-dimensional gel
electrophoresis
The region numbers correspond to the protein band (region) number indicated in Fig. 6. Mass spectra were
searched using mascot software from Matrix Science

Region Protein Identified Acc. No. No. of
peptides

sequenced

1 A. Spectrin alpha chain, brain (Spectrin, non-erythroid alpha P16546 28
chain)
B. Spectrin beta chain, brain 1 Q62261 26
C. Microtubule-associated protein 2* P20357 2
D. Contactin-1 precursor * P12960 2

2 A. Contactin-1 precursor (Neural cell surface protein F3) P12960 10

B. Myosin-10 (Myosin heavy chain, nonmuscle IIb) Q61879 7
C. Tubulin beta-5 chain P99024 6
D. Tubulin alpha-1 chain* P68369 2

E.Neurofilament triplet M protein * P08553 2

F. Calcium/calmodulin-dependent protein kinase type II alpha P11798 2

chain*
G. Guanine nucleotide-binding protein G(o), alpha subunit 1 * P18872 1

H. Myosin-5A Q99104
1. Tenascin-R precursor* Q8BYI9 2

J. Neurocan core protein precursor* P55066 1

K. Myelin proteolipid protein* P60202 1

L. ADP/ATP translocase 1 * P48962 2
M. Neural cell adhesion molecule 1* P13595 1

N. Sodium/potassium-transporting ATPase alpha-1 chain Q8VDN2 1

precursor* 1

0. Dual specificity testis-specific protein kinase 1 * 070146 1

3 A. Contactin-1 precursor (Neural cell surface protein F3) P12960 43
B. Neurofilament triplet M protein P08553 23
C. Dihydropyridine-sensitive L-type, calcium channel alpha- 008532 12
2/delta subunits precursor
D. Contactin-2 precursor (Axonal glycoprotein TAG-1) Q61330 9
E. Tubulin beta-2C chain P68372 3

F. Aipha-internexin P46660 3

G. Unc-13 homolog B Q9Z1N9 3

H. Calmegin precursor* P52194 2
1. Angiomotin-like protein 2 Q8K371 3

J. RAB6-interacting protein 2* Q99MI1 2
K. Dynamin-2* P39054 2
L. mRNA capping enzyme (Includes: Polynucleotide 5'- 055236 2
triphosphatase)*
M. Phosphatidylinositol 3-kinase regulatory alpha subunit* P26450 2
N. Cullin-3 Q9JLV5 2
0. Myotubularin-related protein 9 Q9Z2DO 3

P. Laminin alpha-3 chain precursor (Nicein alpha subunit) Q61789 4

4 A. Neurofilament triplet L protein P08551 25
B. Vacuolar ATP synthase catalytic subunit A, ubiquitous isoform P50516 21

C. Limbic system-associated membrane protein precursor Q8BLK3 4
D. Calcium-binding mitochondrial carrier protein Aralarl Q8BH59 3
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E. Tubulin alpha-1 chain* P68369 1

F. Syntaxin-binding protein 1* 008599 1

G. Heat shock cognate 71 kDa protein* P63017 1

H. Synapsin-2* Q64332 2
I. Succinate dehydrogenase [ubiquinone] flavoprotein subunit, Q8K2B3 1

mitochondrial precursor*
J. 5'-nucleotidase precursor* Q61503 1

K. F-box only protein 44* Q8BK26 1

L. Thy-I membrane glycoprotein precursor (Thy-1 antigen) P01831 1

(CD90 antigen)*
M. Tubulin beta-2C chain* P68372 1

5 A. Alpha-internexin P46660 21

B. Limbic system-associated membrane protein precursor Q8BLK3 9

C. Calcium/calmodulin-dependent protein kinase type II beta P28652 7

chain
D. Neurofilament triplet L protein P08551 5

E. Synapsin-2 Q64332 4
F. Synaptotagmin-1 P46096 4
G. Brain acid soluble protein 1 * Q91XV3 2

H. Vacuolar ATP synthase subunit B, brain isoform* P62814 2

1. Myristoylated alanine-rich C-kinase substrate* P26645 2

J. Tubulin alpha-1 chain* P68369 2
K. Excitatory amino acid transporter 2* P43006 1

L. Neuronal proto-oncogene tyrosine-protein kinase Src* P05480 2
M. Paralemmin* Q9ZOP4 1

N. Ciliary neurotrophic factor receptor alpha precursor* 088507 1

0. Neurotrimin precursor* Q99PJ0 1

P. Tubulin beta-2C chain* P68372 1

R. Myelin proteolipid protein* P60202 1

6 A. Tubulin beta chain P04691 14

B. Tubulin beta-? Chain P68372 13

C. Brain acid soluble proteinl Q91XV3 8

D. Tubulin beta-3 chain Q9ERD7 11

E. Tubulin beta-4 chain Q9D6F9 11

F. Tubulin beta-1 chain P69893 10
G. Tubulin beta-6 chain Q9922F4 9

H. Tubulin alpha-1 chain P68369 7

I. Calcium/calmodulin-dependent protein kinase P11275 5

J. Tubulin alpha-4 chain P68368 4
K. Neuronal growth regulator 1 precursor* Q80Z24 1

L. Opoid-binding protein/cell adhesion molecule* P32736 1

M. Neurotrimin precursor* Q99PJ0 1

N. MAK16-like protein RBM13* Q8BGSO 1

J A. Actin, cytoplasmic 1 P60710 16

B. Neuromodulin P06837 8

C. Actin, alpha cardiac P68033 8

D. Septin-5 Q9Z2Q6 4
E. Homer protein homolog 1 Q9Z2Y3 3

F. 2',3'-cyclic-nucleotide 3'-phosphodiesterase* P16330 2
G. Alpha-centractin* P61164 1

H. Pyruvate dehydrogenase El component alpha subunit, somatic P35486 1

form, mitochondrial precursor*
I. Limbic system-associated membrane protein precursor* Q8BLK3 1

J. Alpha-internexin* P46660 1

K. Neurofilament triplet H protein* P19246 1

L. Leukocyte surface antigen CD47 precursor* Q61735 1
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M. Neuronal growth regulator 1 precursor*
N. Thy-1 membrane glycoprotein precursor*
0. Creatine kinase B-type*
P. Thyroid hormone receptor alpha*
R. Long-chain fatty acid transport protein 1 *

Q80Z24
P01831
Q04447
P63058
Q60714

1

1

1

1

1

8 A. Guanine nucleotide-binding protein G(o), alpha subunit 1 P18872 18

B. Guanine nucleotide-binding protein G(z), alpha subunit 070443 7
C. Guanine nucleotide-binding protein G(i), alpha-2 subunit P08752 3

D. Vacuolar ATP synthase subunit d P51863 3

E. Actin, aortic smooth muscle* P62737 1

F. Alpha-intemexin* P46660 1

G. Leukocyte surface antigen CD47 precursor* Q61735 1

H. Myelin roteoli id protein* P60202 1

9 A. Thy-1 membrane glycoprotein precursor P01831 4
B. Synaptosomal-associated protein 25A* P36977 1

C. Probable terminase, ATPase subunit* P51718 1

*Protein identification below confidence level

IV. Myosin II B and VA by mass spectrometry

The mass spectrometry results identified peptides corresponding to Myosin II B

and V A. Figure 7 (a) shows total ion chromatogram for the proteins that co-fractionated

with Myosin II B. Fig 7 (b) shows selected ion chromatogram. Fig 7 (c) shows elution

time. Fig. 7 (d) shows tandem mass spectrum of the m/z 652.8.

Myosin II B was identified as a high confidence protein (Fig. 8). The database

search identified a total of eight peptides at high confidence levels that correspond to

peptide sequence of Myosin II B (Table 3), and two peptides that correspond to myosin V

A (Appendix 1). These data show that myosins are indeed present in the lipid raft and

that myosin peptides are identified by mass spectrometry with high confidence. Fig. 9

shows the complete view of the myosin II B protein. Our sequence coverage for myosin

II B was 5 percent.
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Figure 7: Identification of myosin II B peptides by mass spectrometry.
(a)Total ion chromatogram of region 2 from the gel in Fig. 5. (b) Selected ion chromatogram. Peak marked
with an arrow was sequenced and used for a database search. (c) Mass spectrum at 19.6 min elution time.
(d) Tandem mass spectrum of m/z 652.8

Total protein Score 380
for MYH10-Mouse

Based Mowse

High confident protein IDs

Figure 8: Probability based mowse score
After contactin, myosin II B had the highest score



S

I 'I
a+6

IC

jI

II

2.

r

F
F
F
Pr

F
F
F
F

Table 3: Peptide summary report
Eight unique peptides were identified in myosin II B

(061879) Myosin-10 (Myosin heavy chain, nonmuscle Ilb) (Nonmuscle myosin heavy chain Ilb) (NMMHC II

Check to include this hit in error tolerant search or archive report

MYH10 MOUSE Mass: 228855 Score: 398 Queries matched: 8

Observe

Query d Mr(expt)

602.33 1202.65

652.81 1303.61

659.88 1317.75

757.89 1513.76

824.92 1647.82

871.99 1741.97

646.65 1936.93

691.72 2072.15

25

35

37

59

72

76

84

93

Miss Score Expect

0 18 0.9

0 75 1.8e-006

0 65 1.5e-005

0 79 7e-007

0 34 0.026

0 58 8.3e-005

0 41 0.005

1 31 0.035

Rank Peptide

1 R.ALELDPNLYR.I

I R.QLEEAEEEATR.A

1 K.LDPHLVLDQLR.C

1 K.IGQLEEQLEQEAK.E

I R.AVIYNPATQADWTAK.K

1 R.QLLQANPILESFGNAK.T

1 R.LQQELDDLWDLDHQR.Q

1 K.LQNELDNVSTLLEEAEKK.G

1 NRUKLI,LGUt' tKILYV

51 KEERGDEVMV ELAENGKKAM VNKDDIQKMN
101 VLHNLKDRYY SGLIYTYSGL FCVVINPYKN
151 PPHIYAISES AYRCMLQDRE DQSILCTGES
201 SHKGRKDHNI PGELE
251 DVTGYIVGAN IETYLLEKSR AVRQAKDERT
301 LEGFNNYRFL SNGYIPIPGQ QDKDNFQETM
351 SSVLQFGNIS FKKERNTDQA SMPENTVAQK
401 IKVGRDYVQK AQTKEQADFA VEALAKATYE
451 GASFIGILDI AGFEIFELNS FEQLCINYTN
501 REGIEWNFID FGLDLQPCID LIERPANPPG
551 EKLVQEQGSH SKFQKPRQLK DKADFCIIHY
601 DNVATLLHQS SDRFVAELWK DVDRIVGLDQ
651 RTVGQLYKES LTKLMATLRN TNPNFVRCII
701 CNGVLEGIRI

751 I

801 LARKAFAKKQ
851 EEELQAKDEE
901 ELFAEAEEMR
951 HIQDLEEQLD
L001 KKLMEDRIAE

L051 QELEKAKRKL
L101 DETLHKNNAL

L151 LKTELEDTLD
L201 HATALEELSE

L251 EHKRKKLDAQ
L301 GIKFAKDA
L351 QQEEEEEARK
L401 VEALSQRLEE

L451 KKFDQLLAEE
L501 EFERQNKQLR

L551 LEDELQATED
L601 LEAELEDERK
L651 QAQMKDYQRE

L701 RARRHAEQER
L751 NMELLNDRFR
IRnl rnrrrrfVkc

CRQGFPNRIV FQEFRQRYEI
IGQSKIFF RAGVLAHLEE

QQLSALKVLQ RNCAAYLKLR
LLKVKEKQTK VEGELEEMER
ARLAAKKQEL EEILHDLESR
EEEGARQKLQ LEKVTAEAKI
CSSQLAEEEE KAKNLAKIRN
DGETTDLQDQ IAELQAQVDE
KVARELQAQI AELQEDFESE
TTAAQQELRT KREQEVAELK

KKLVWIES r;hmuft AS1
PPKFSKVEDM AELTCLNEAS
LPIYSENIIE MYRGKKRHEM
GAGKTENTKK VIQYLAHVAS

TVKNDNSS RFGKFIRINF
FHI FYQLLSG AGEHLKSDLL

EAMHIMGFSH EEILSMLKVV
LCHLLGMNVM EFTRAILTPR
RLFRWLVHRI NKALDRTKRQ
EKLQQLFNHT MFILEQEEYQ
VLALLDEECW FPKATDKTFV
AGKVDYKADE WLMKNMDPLN
VTGMTETAFG SAYKTKKGMF
PNHEKRAG
LTPNAIPKGF MDGKQACERM
ERDLKITDII IFFQAVCRGY
HWQWWRVFTK VKPLLQVTRQ
KHQQLLEEKN ILAEQLQAET
VEEEEERNQI LQNEKKHMQA
KKMEEEVLLL EDQNSKFIKE
KQEVMISDLE ERLKKEEKTR
LKVQLTKKEE
KASRNKAEKQ

KALEDETKNH

ELQGALARGC

KRDLSEELEA
EAQIQDMRQR

QLEQAKRFKA NLEKNKQGLE TDNKELACEV KVLQQVKAES
VQELHAKVSE GDRLRVELAE KAN
AGLESQLQDT QELLQEETRQ KLNLSSRIRQ LEEEKNSLQE
NLEKQVLALQ SQLADTKKKV DDDLGTIESL EEAKKKLLKE
KVLAYDKLEK TKN QIVSNLEKKQ
KGISARYAEE RDRAEAEARE KETKALSLAR ALEEALEAKE
ADMEDLMSSK DDVGKNVHEL EKSKRALEQQ VEEMRTQLEE
AKLRLEVNMQ AMKAQFERDL QTRDEQNEEK KRLLLKQVRE
QRALAVASKK KMEIDLKDLE AQIEAANKAR DEVIKQLRKL
LEEARASRDE IFAQSKESEK KLKSLEAEIL QLQEELASSE
DELADEIANS ASGKSALLDE KRRLEARIAQ LEEELEEEQS
KTTLQVDTLN TELAAERSAA QKSDNARQQL ERQNKELKAH
rcrrcamlcalr arc canna wrcr vavmrrra

DRAY IYNPATQADW TA

RALELDPNL YR

KK

RQLLQ ANPILESFGN AK

M DPHLVLDQLR

RI.QNELD NVSTLLEEAE

RLQQELD DLTVDLDHQR

IGQLEEQL EQEAR

Match to Score: 398

(061879) Myosin-10

(Myosin heavy chain, nonmusde Ilb)

(Nonmuscle myosin heavy chain llb) (NMMHC II

Found in search of F:IPLGSPKLIMarO61Mh6Masha_M pkl

Nominal mass (Mr): 228855; Calculated pl value: 5.43

NCBI BLAST search of MYH1O MOUSE against nr

Unformatted sequence string for pasting into other applications

Taxonomy: Mus musculus

Variable modifications: Oxidation (M),Oxidahon (HW),Propionamide (C),

Pyro-glu (N-term E),Pyro-glu (N-term 0)

Cleavage by Trypsin'P: cuts C-term side of KR

Matched peptides shown in Bold Red

MYH10 MOUSE

Sequence Coverage: 5%

1851 1,L LIt MUVGU ERRHADQYKE UML RAN \ QLKR
1901 RKLQRELDDA TEANEGLSRE VSTLKNRLRR GGPI
1951 ASLELSDDDT ESKTSDVNDT QPPQSE Peptide 652.8 (2+)

Figure 9: Protein view
The matching peptides cover 108 of 1976 amino acids, or 5% of the myosin IIB sequence.

QLEEAE E
SFSSSR S
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Discussion

Analysis of the lipid raft fraction from mouse forebrain rendered the presence of

two myosin heavy chains II B and V A. Myosins are a large group of structurally

different molecular motor proteins. Currently, there are over fifteen different classes of

myosin heavy chains (Togo et al., 2004). Non muscle myosin II contains three distinct

isoforms IIA, IIB, and IIC which localize differently in individual cells, implying

functional differences between them (Togo et al., 2004). In non muscle cells, myosin II

plays a role in cytoplasmic contractility, cytokinesis, capping of cell-surface components,

polarization of cell locomotion, membrane trafficking within the cell, and neurite

outgrowth (Togo et al., 2004). It has been proposed that myosin V is important for vesicle

transport (Togo et al., 2004).

Myosin II B heavy chain has previously been classified as a component of

NMDA receptor multiprotein complex (Husi et al., 2000). These authors provide several

types of proteins this complex is composed of, such as: cell-adhesion, adapters, second

messengers and cytoskeletal (Husi et al., 2000). Organized together, these proteins

comprise a signaling pathway (Husi et al., 2000).

Myosin V (also know as dilute myosin) is involved in vesicle trafficking and it

co-localizes with PSD-95 at synapses, cell bodies, dendrites and axons (Walikonis et al.,

2000). Myosin V A has also been identified as an abundant constituent of the PSD

fraction (Walikonis et al., 2000). PSD contains proteins that are important in signaling

systems assisting in forming models for synaptic structure, signaling systems, and

plasticity (Walikonis et al., 2000). Myosin V A, alpha-actin-1, and contactin are

identified as components of the PSD fraction (Walikonis et al., 2000).
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Research indicates myosin VA is used to transport membrane vesicles along actin

filaments, such as transport of vesicles from endoplasmic reticulum (Walikonis et al.,

2000). In the presynaptic terminal, myosin VA plays a role in docking or tansporting

synaptic vesicles (Walikonis et al., 2000).

Two other proteins found within the PSD fraction were CaMKII and alpha-actin-2,

which directly interact NMDA receptors (Walikonis et al., 2000). CaKII binds to the tail

of the NR1 region (Akyol et al., 2004).

Our lipid raft data shows a different approach in understanding signaling, protein

transport, cell movement and other cellular functions. The PSD is found deeper within

the cell, adjacent to the plasma membrane, whereas we found lipid with the membrane.

This gives us a different view of proteins involved in these processes. Our results show

the presence of myosin IIB, myosin VA, alpha-actin, and CaMKII as part of the lipid raft

fraction. We have also identified Thy-1, which is a known membrane protein marker of

lipid rafts (Wong et al., 2004). Identification of these proteins in the lipid raft is useful to

understand the lipid raft's involvement in membrane trafficking. The aim of this study

was to determine which proteins are close to the cell membrane. The results of the

present study indicate that at least two myosins are present in the lipid raft fraction.
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Appendix 1

Identified proteins from region 2 (fig. 6)

Significant Hits
(P12960) Contactin-1 precursor (Neural cell surface protein F3)
(Q61879) Myosin-10 (Myosin heavy chain, nonmuscle IIb) (Nonmuscle myosin
heavy chain IIb)
(P99024) Tubulin beta-5 chain
(P68369) Tubulin alpha-1 chain (Alpha-tubulin 1) (Alpha-tubulin isotype M-alpha-1)
(P08553) Neurofilament triplet M protein (160 kDa neurofilament protein)
(Pl 1798) Calcium/calmodulin-dependent protein kinase type II alpha chain
(Q99104) Myosin-5A (Myosin Va) (Dilute myosin heavy chain, non-muscle)

Contactin-1 precursor
(Neural cell surface

protein F3)

Mass:
113317

Score: 722 Queries matched: 10

Observed Mr(calc) Score Peptide
524.31 1046.59 48 K.HSIEVPIPR.D
634.31 1266.62 81 R.VQVTSQEYSAR.L
678.33 1354.65 35 R.AHSDGGDGVVSQVK.I
690.31 1378.58 57 R.MNNGDVDLTNDR.Y + Oxidation (M)
804.4 1606.81 46 K.ILALAPTFEMNPMK.K + 2 Oxidation (M)

818.91 1635.79 85 R.YSMVGGNLVINNPDK.Q + Oxidation
(M)

906.99 1811.94 114 R.VVATNTLGTGEPSIPSNR.I
935.44 1868.86 87 K.TDGAAPNVAPSDVGGGGGTNR.E
973.47 1945.01 92 K.VLEPMPSTAEISTSGAVLK.I + Oxidation
924.48 2770.37 76 K.GDGPYSLVAVINSAQDAPSEAPTEV

GVK.V

Myosin-10 (Myosin heavy
chain, nonmuscle IIb)

(Nonmuscle myosin heavy
chain IIb)

Mass:
228855

Score: 380 Queries matched: 7

Observed Mr(calc) Score Peptide
652.81 1303.59 75 R.QLEEAEEEATR.A
659.88 1317.74 65 K.LDPHLVLDQLR.C
757.89 1513.76 79 K.IGQLEEQLEQEAK.E
824.92 1647.83 34 R.AVIYNPATQADWTAK.K
871.99 1741.94 58 R.QLLQANPILESFGNAK.T
646.65 1936.95 41 R.LQQELDDLTVDLDHQR.Q
691.72 2072.06 31 K.LQNELDNVSTLLEEAEKK.G



Tubulin beta-5 chain Mass: 49639 Score: 277 Queries matched: 6
Observed Mr(calc) Score Peptide

539.27 1076.52 31 K.IREEYPDR.I
565.81 1129.6 52 R.FPGQLNADLR.K
668.36 1334.71 60 R.IMNTFSVVPSPK.V + Oxidation (M)
731.85 1461.69 34 K.EVDEQMLNVQNK.N + Oxidation

(M)
816.41 1630.82 55 R.AILVDLEPGTMDSVR.S +

Oxidation (M)
848.94 1695.86 46 K.NSSYFVEWIPNNVK.T

Tubulin alpha-1 chain Mass: 50104 Score: 162 Queries matched: 2
(Alpha-tubulin 1)

(Alpha-tubulin isotype
M-alpha-1)

Observed Mr(calc) Score Peptide
912.99 1823.98 38 K.VGINYQPPTVVPGGDLAK.V
1004.46 2006.89 124 K.TIGGGDDSFNTFFSETGAGK.H

Neurofilament triplet M
protein (160 kDa

neurofdament protein)

Mass: 95853 Score: 146 Queries matched:
2

Observed Mr(calc) Score Pep-tai de

20 1158.59 49 R.LRDDTEAAIR.A
48 1403.74 97 K.VQSLQDEVAFLR.R

Calcium/calmodulin-
dependent protein kinase

type II alpha chain

Mass: 54291 Score: 138 Queries matched: 2

Observed Mr(calc) Score Peptide
652.35 1302.69 79 R.ITQYLDAGGIPR.T
670.88 1339.74 59 R.DLKPENLLLASK.L

Myosin-5A (Myosin Va) Mass: 215459 Score: 104 Queries matched: 2
(Dilute myosin heavy
chain, non-muscle)

Observed Mr(calc) Score Peptide
780.42 1558.80 49 K.VLASNPIMESIGNAK.T +

Oxidation (M)
798.9 1595.77 56 K.LTNLEGVYNSETEK.L


