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ABSTRACT

Melanin concentrating hormone (MCH) binds and activates two G protein-coupled
receptors involved in the control of appetite and energy expenditure in mammals.
MCH receptor-1 interacts with two cytoskeleton-binding proteins in vitro. One of
these proteins, periplakin, has been shown to contribute to the desensitization of
MCH signaling events by displacing the interacting G protein. While periplakin is an
actin- and intermediate filament-binding protein, MCH is not known to signal
cytoskeletal rearrangements. These studies ask whether MCH receptors mediate actin
cytoskeletal rearrangements in response to hormone binding. 313-L1 pre-adipocytes,
endogenously expressing MCH receptors, were treated with MCH for varying times,
fixed, and actin fibers were stained with Alexa Fluor phalloidin. Using fluorescence
microscopy, cells were categorized as 1) having prominent actin stress fibers, 2)
being round with many plasma membrane extensions, or 3) being small and round in
blinded experiments. Pharmacological agents were used to dissect the contributions
of two downstream effectors of Gq, phospholipase C and ADP-ribosylation factor 6,
as well as the relative contributions of MCHR 1 versus MCHR2 on MCH-mediated
actin rearrangements. A small, but statistically significant change in actin morphology
was observed after exposure to MCH for a little as 2 minutes showing that MCH does
indeed signal to the cytoskeleton in this cell line. Phospholipase C activators mimic
this response on a similar time course suggesting it is a major participant in this signal

transduction pathway.



INTRODUCTION
Obesity

The Journal of the American Medical Association reported in 2008 that 34%
of Americans are obese. Obesity is defined as having an excess of adipose tissue
usually due to a sedentary lifestyle and increased caloric intake (Flegal, 2010).
Obesity is measured by the body mass index (BMI), which is calculated from an
individual’s height and weight. An individual with a BMI of >30 is considered to be
Class 1 (Obesity). Class 2 (morbid obesity) and Class 3 (super obese) follow Class |
with a BMI of 35-40 and >40 respectively. Obesity is associated with high risk
factors for chronic conditions such as diabetes, hypertension, dyslipidemia, high
cholesterol, asthma, stroke, heart disease, certain cancers, and arthritis (Malnick,
2006). Higher classes of obesity are associated with reduced life expectancy,
primarily from cardiovascuiar disease including heart failure, coronary artery disease
and atrial fibrillation (Flegal, 2010).

As obesity in America increases, the subsequent healthcare costs also rise.
According to Marsha et al., who studied the healthcare costs of 539 obese and 1225
non-obese individuals for one year, the median total cost for obese individuals is
$585.44 compared to $333.24 for non-obese individuals (Marsha et al., 2004).
Finkelstein et al estimate the overall healthcare costs for obesity has reached an
astounding $147 billion in 2008, up from $78.5 billion in 1998 (Finkelstein, 1998).
Associated health risks and rising costs for obesity stress a need for the prevention

and treatment of obesity on a population basis.



Appetite Hormones and G Protein-coupled Receptors

The hypothalamus is part of the central nervous system and is the central
feeding organ that mediates the regulation of short-term and long-term dictary intake
via synthesis of various appetite stimulating or suppressing neuropeptides. Recently,
peripheral neuropeptides such as cholecystokinin, Peptide Y'Y, amylin, ghrelin, and
bombesin were found in the gastrointestinal region regulate complex appetite
regulation mechanisms. These peripheral neuropeptides participate in the regulation
of molecular appetite mechanisms involving interactions with both neural and
hormonal signals that feedback to the central nervous system. Peripheral tissues drive
an individual’s appetite by sending signals to the hypothalamus. The hypothalamus
responds by releasing hormones that prompt hunger. Peripheral tissues are then
responsible for informing the hypothalamus that an individual is satiated (Arora,
2006).

Hypothalamic peptides such as melanocortins, melanin-concentrating

hormone (MCH),
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(GPCRs) to stimulate intracellular and systemic responses (Arora, 2006). GPCRs are
integral membrane proteins that possess seven membrane-spanning domains or
transmembrane helices. GPCR’s are activated by an external ligand and illicit an
intracellular response by association with guanosine nucleotide-binding proteins or G
proteins, that act as a secondary messengers. These heterotrimeric G proteins are

comprised of three subunits: Alpha, Beta, and Gamma. Although the transduction



through the membrane by the receptor is not completely understood, signal
transduction via GPCRs begins with an inactive G protein coupled to a membrane
receptor. The alpha subunit of the G protein is bound to guanosinse diphosphate
(GDP) in the inactive form. Upon ligand recognition and binding to the receptor
(light, hormones, or other stimuli), the receptor undergoes a conformational change to
activate the G protein. The alpha subunit receives the molecular signal, loses affinity
for the bound GDP, and binds a molecule of guanosine triphosphate (GTP). This
switch from GDP to G'TP causes the G protein to become activated, resulting in the
dissociation of the obligate dimer, Beta and Gamma G-protein . The dissociation of
the Beta and Gamma dimer from the alpha subunit allows for potential binding sites
for downstream molecules to bind (Alberts, 1998).

The GPCR superfamily is made up of many different receptors such as
adrenergic, neurotransmitter, olfactory, opioid, and chemokine receptors, to name a
few. These receptors have the potential to illicit a wide variety of intracellular signal
cascades via several well-studied G proteins: Gyi G, and Gq proteins. G protein
works by stimulating adenylyl cyclase, causing cyclic AMP (¢cAMP) levels to rise and
subsequent activation of protein kinase A (PKA); while the G; protein works to
inhibit adenylyl cyclase. The G, protein can activate the protein kinase C (PKC)
pathway resulting in the phosphorylation of Ras, ultimately activating the
extracellular signal-regulated kinase 1 and 2 (ERK1/2) / mitogen-activated protein
kinase (MAPK) pathway. Lastly, the G, protein can activate phospholipase C (PLC),

which will generate inositol triphosphate (IP3) and diacylglycerol (DAG) by cleaving



phosphatidylinositol 4.5-bisphosphate (PIP2), and can influence intracetlular calcium
(Ca*?) levels downstream due to inositol trisphosphate (IP3) receptors on the
endoplasmic reticulum. Diacylglycerol and calcium can activate PKC similar to the
G, protein. Most GPCR signal transductions result in an increase or decrease in
transcription to regulate a wide variety of genes (Alberts, 1998).

After repeated exposure to a ligand, a GPCRs may undergo a process called
desensitization to cease an activated signaling pathway. Desensitization begins with
the G protein-coupled receptor kinase (GRK) phosphorylating the receptor on the
intracellular C-terminal tail at the site where the alpha subunit interacts. The
phosphorylated site becomes a binding site for f-arrestin. Upon B-arrestin binding; it
inhibits (G protein association with the receptor, resulting in the immediate
termination of the downstream signal cascade. Desensitization is a common way for
GPCR’s to regulate signal transduction at the cell surface intertace (January, 1997,
Klaassee, 2008).

iPCRs may also undergo internalization or endocytosis of the receptor and

ligand complex. to cease an activated signaling cascade. Receptors on a cell
membrane are removed from the surface of the cell by vesicle formation and
endocytosis. Endocytosis of GPCRs can occur via caveolae, clathrin coated vesicles,
or uncoated vesicles. The internalization process physically removes activated
receptors from the surface of a cell resulting in reduced or altered signal transduction

(Claing, 2002). Internalization for most GPCRs occurs on the order of minutes and

correlates with receptor phosphorylation by the GRK s and subsequent B-arrestin



translocation. Agonist-induced beta adrenergic receptor (3,-AR) internalization can
be inhibited either by mutations to the £,-AR, which inhibit agonist-induced GRK
phosphorylation or by mutations in the B-arrestin proteins (Hausdorff, 1991; Luttrell,
2002).

Caveolae lipid rafts have been hypothesized as an alternative way for GPCR’s
to be internalized. Shumay and colleagues showed that actin cytoskeleton is essential
for the internalization of the Pr-adrenergic receptor (Shumay, 2003). Lipid rafts are
plasma membrane structures composed of proteins, sphingolipids, phospholipids, and
cholesterol. Caveolae lipid rafts have been implicated as potential mediators of
GPCR signal transduction; however, the exact mechanisms are still being investigated
(Insel PA, 2005). The actin cytoskeleton has been shown to regulate lipid raft
/caveolae localization of signaling components at the cell surface (Head, 2006).
Recently, Dr. Laurie Cook’s Lab has reported the localization of a GPCR involved in
appetite regulation, melanin-concentrating hormone receptor 1, co-localizes with
caveolin-1 enriched lipid raft fractions (Cook, 2008).

Following internalization, by either clathrin coated pits or caveolae, receptors

may be either recycled to the cell surface or targeted for lysosomal degradation

{Bohm, 1997).

G Protein-coupled Recepitors and the Actin Cytoskeleton.
G protein-coupled receptors rely on distinct elements of cytoskeleton for

signaling, trafficking, and desensitization. The actin cytoskeleton is most commonly



known as the scaffold of a cell. It is present in eukaryotic cells and homologs MreB
and ParM have been identified in prokaryotic cells (Egelman, 2003). The actin
cytoskeleton functions to maintain shape, protect, and move cells. Actin is found in
two main states; a monomeric 42 kDa globular actin (G-actin), and a filamentous
helical polymer (F-actin). G-actin contains an ATP-binding site which allows for
dynamic polymerization. Two actin filaments rotate 166 degrees around each other
creating a double helix structure (Emil, 2007).

The actin cytoskeleton can regulate GPCR traflicking, signaling, and
desensitization. Actin filaments are important cellular components for receptor
trafficking and organelle movement. Actin contains nucleotide-binding sites and
hydrolyzing activity. The disassembly of the actin filament cytoskeleton, which is
involved in cell adhesion, motility, and endocytosis, can lead to the fusion of the
plasma membrane with intracellular vesicle membranes. Recently, correlations have
been discovered between the cytoskeleton and caveolae-regulated events. The actin

cytoskeleton has been shown to regulate lipid raft /caveolae localization of adenylyl

heterotrimeric G proteins, and second messenger effector molecules all localize to
caveolae. Caveolae invaginations containing a structural protein caveolin, which can
serve as a binding site for actin, can be anchored to the cell surface by actin filaments
(Pelkmans, 2002; Steinberg, 2001).

While actin plays an important role in receptor trafficking, it also has been

shown to participate in regulating receptor signaling. In well-studied GPCRs, such as



the PBr-Adrenergic receptor, when actin cytoskeleton is disrupted via cytochalasin D,
the Br-adrenergic-stimulated adenylyl cyclase production is enhanced significantly
from untreated cells (Head, 2006). The enhanced production observed suggests the
actin cytoskeleton plays a role in downregulating GPCR signaling to adenylyl
cyclase.

G protein-coupled receptors have also been used to study the role of actin
filaments in insulin and f,-adrenergic agonist-induced internalization. Insulin
stimulates the phosphorylation of its receptor and the f,-adrenergic receptor through
crosstalk of second messenger kinases, which impairs the ability for the Br-adrenergic
receptor to signal to its cognate G-protein. This ultimately suppresses f,-adrenergic
signaling and catalyzes the internalization of the receptor. Shumay ef a/ used
latrunculin A, which binds the actin monomer and blocks F actin dynamics, to prove
that the actin cytoskeleton is essential for insulin to sequester and internalize the ,-
adrenergic receptor (Shumay, 2003 ).

While GPCRs rely on the actin cytoskeleton for receptor trafficking,

180 use actin to regulat
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multimolecular focal complexes associated with actin stress fibers, lamellipodia, and
filapodia. Actin stress fibers consist of long filaments that are linked to the
extracellular matrix through integrins and focal adhesion complexes and traverse the
length of a cell. Stress fibers are regulated by Rho, a Ras-related superfamily of
small GTPases. Lamellipodia are highly compact networks of actin filament ruffles

found at the leading edge of motile cells. Lamellipodia are regulated by Rac, another



Ras-related superfamily of small GTPases. Filapodia are short bundles of actin
filaments that protrude from a motile cell body as micro-spikes. Cdc42, a member of
the Rho tamily, controls the formation of actin bundle containing filapodia at the
cellular periphery, however, the molecular mechanism remains unclear (Nobes, 1995,

Whitehead, 2001; Pelletier, 2003; Feoktstov, 2000).

Melanin-concentrating Hormone

Melanin-concentrating hormone (MCH) was first isolated in the teleost fish as
a peptide responsible for skin lightening (Westerfield, 1980). When MCH is secreted
by the pituitary in response to environmental stimuli and/or stress by the fish, it
causes an overall lightening of the scales (rev-Pissios, 2006). In 1983, the MCH
peptide’s primary sequence was identified as a cyclic 17-amino acid peptide with a
dicysteine bridge at amino acid residues Cys4 and Cys" (Kawauchi, 1983). It was
later found that the ring structure is necessary for correct biological function by
Matsunaga and colleagues (Matsunaga, 1992). MCH was also isolated from salinon
pituitaries with sumilar functions to the teleost fish (Kawauchi, 1983).

The discovery of the MCH gene in fish quickly led to the identification of
MCH in mammals. The preprohormone (pMCH) sequence for MCH has been
identified in numerous mammalian species including mice, rats, dogs, and cows. The
degree of homology is high between dogs and humans (91% amino acid identity and

95% similarity) and mice and humans (80% amino acid identity and 90% homology

(Pissios 2003). The mammalian MCH peptide has a dicysteine bridge between



residues Cys’ and Cys'® instead of Cys' and Cys" in fish. The mammalian
homologue is 2 amino acid residues longer than that of the fish, and it also contains 4
substituted residues (Met"), (Leu®), (Leu’), and (GIn'®) (Pissios, 2003; Presse, 1990).
The human gene for MCH is located on the long arm of chromosome 12 (figure
1). Further analysis of the human MCH gene has revealed it contains 3 exons, 2
introns, and has the potential to produce 3 products: MCH, Neuropeptide E-I (NEI),

and Neuropeptide G-E (NGE) (Nahon, 1990).
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Figure 1: Schematic demonstration of the genomic structure of the MCH gene located on the long
arm of chromosome 12 (12¢23-24). Three exons encode NGE, NEI, and MCH. (Adapted from

Pissios, 2006).

The coding sequence for humans consists of 495 base pairs and produces
preprohormone MCH. MCH is translated as a prohormone and proteolytic processing
at arginine residues 145 and 146 generates the mature MCH peptide (Pissios, 2006).

While the function of NGE is undetermined, some studies have shown NEI acts

agonistically towards melanin-stimulating hormone (MSH) and antagonistically
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towards MCH in cultured cells (Hintermann 2001). While NGE and MSH inhibit
feeding behaviors, MCH has been shown to increase feeding behaviors (Kawauchi,
1983).

The MCH peptide has been associated with the hypothalamus (the central nervous
system), and the pancreas (the peripheral nervous system) (Pissios, 2007; Nahon
2006). In the central nervous system, MCH expression is limited to the
magnocellular neurons in the lateral hypothalamus, and zona incerta (Pissios, 2003).
The MCH peptide association with the hypothalamus becomes important because it is
a part of the central nervous system that is associated with feeding behaviors, weight
and energy regulation, and communication with the peripheral nervous system
(Kawauchi 1983; Meister, 2007). MCH has the potential to play an important role in
regulating appetite and energy expenditure through a systemic feedback mechanism

via the hypothalamus.

MCH Mouse Models

The first demonstration of MCH’s potential for appetite and energy balance
regulation was discovered in a variety of controlled mouse studies. Maratos-Flier
and colleagues removed the leptin gene (0b/0b™ knockout mouse) which resulted in
an obese mouse model (Qu et al, 1996). Leptin (0b) is the hormone that induces a
“full” sensation after consuming food and deletion of the leptin gene appears to be

coupled with overexpression of MCH. Leptin deficient ob/0b™ mice are characterized

by obese phenotypes when compared to control mice. The 0b/0h” mice showed

1



significantly increased MCH mRNA levels in the hypothalamus when compared to
control mice, however, an additional increase in MCH mRNA expression was
observed with fasting in control and 0b’/0b™ animals (Rossi et al, 1997; Qu et al, 1996;
Segal-Lieberman et al, 2003). The increase in MCH mRNA suggests the MCH
peptide could be an orexigenic peptide, a peptide that stimulates the appetite. Rats
displayed a significant increase in feeding behavior when MCH was injected into the
lateral ventricle, verifying the orexigenic properties of the MCH peptide (Segal-
Lieberman, 2003; Zheng, 2005). In a different study performed, there were no
significant increases in feeding behavior when MCH was injected into the fourth
ventricle of rats (Zheng, 2005). It has been hypothesized that the obese phenotypes of
the leptin 0b/0b™ knockout mouse is due to MCH-induced hyperphagia (Segal-
Lieberman, 2003; Rossi 1997).

Shimada and colleagues created a MCH knockout mouse pMCH ™ KO, where
the MCH gene was removed. The mice lacking the MCH gene were found to be very
lean and showed decreased signs of feeding behavior and increased signs of resting
energy expenditure. The MCH knockout mice weighed 25-30% less than control
mice, and had lower circulating leptin levels (Shimada et al, 1998). Ludwig and
colleagues created a transgenic pMCH over-expressing mouse model. The pMCH
mice became markedly obese and hyperphagic compared to control mice on a high fat
diet (Ludwig, 2001).

Segal-Lieberman et al. produced a double null leptin-deficient 0b”/0b MCH™"

mouse to further characterize MCH. The double null 0b/0b” MCH” mice had a



similar increased feeding behavior as the leptin deficient 0h”/0b™ mice, however, the
double null mice had a significantly reduced amount of adipose tissue. The double
null 0b/0b” MCH™ mice also showed increased body temperature, resting energy
expenditure, and an increase in activity (Segal-Lieberman, 2003.)

Taken collectively, the MCH mouse models strongly suggest melanin-
concentrating hormone receptor-1 may be a valuable target for pharmacological

agents to combat obesity.

Melanin-concentrating Hormone Receptors

Two receptors for MCH have been identified: melanin-concentrating
hormone receptor-1(MCHR.1) and melanin-concentrating hormone receptor-2
(MCHR2). MCHR-1 was originally identified as SL.C-1/GPR24, an orphan G
protein-coupled receptor (GPCR) (Kolakowski, 1996). Lembo ef al. discovered
MCH was the ligand for SLC-1/GPR24 by showing it could activate the orphan

receptor (1999). Recently, it was revealed that MCHR-1 is a seven-transmembrane

domain G protein-coupled receptor similar to many other neuropeptide receptors in
the central nervous system (Bachner, 1999; Chambers, 1999; Lembo, 1999; Saito,
1999; Shimomura, 1999). The peptide sequence for MCHR1 consists of 353 amino
acid residues. The gene is localized to chromosome 22 (22¢13.3) and is highly
conserved in rats, mice, and humans (Pissios, 2003). The sequence is 96% identical

between the human and rat variants, and 95% identical between the human and mouse

variants (Kowalski, 1996).
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MCHR1 mRNA expression has been discovered throughout the central
nervous system and periphery including the hypothalamus, thalamus, olfactory
tubercle, hippocampus, cerebral cortex, substantia nigra, amygdala, locus ceruleus,
medial nucleus accumbens, muscle, eye, tongue, and adipose tissues(Meister, 2007;
Chambers, 1999; Saito, 1999). MCHRI1 has also been identified in mouse and human
pancreatic islet B cells (Pissios, 2007).

MCHRI is a member of the classical seven transmembrane domain GPCR
superfamily. MCHRI contains three N-Glycosylation sites at the extracellular N-
terminus, a DRY motif (Asp'*', Arg"? Tyr'*) at the end of the second intracellular
loop, and several phosphorylation sites throughout the intracellular loops (Lakaye,
1998; Pissios, 2006). Three extracellular N-terminus glycosylation sites are required
to link the receptor to the cell surface for cell surface expression. Inside the cell,
MCHRI can couple to G; protein to inhibit cyclic adenosine monophosphate (cAMP),
G, protein to activate mitogen active protein kinase (MAPK) and protein kinase C
(PKC), or G4 protein to activate MAPK, PLC, and increase IP; and cytosolic calcium
{Dongeun, 1993; Hawes, 2000; Pissios, 2003).

Subsequent to the identification of MCHR, a second receptor subtype was
discovered in humans and denoted MCHR2. The peptide sequence for MCHR?2
consists of 340 amino acid residues and the gene is localized to the long arm of
chromosome 6 (6q16.2-3) and has 38% homology with MCHR1. MCHR2 mRNA
expression has been discovered in ventral medial hypothalamus and the amygdala,

adipose tissue, the prostate and intestines, however, the physiological role for the
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receptor remains unclear. Sailer et al. demonstrated MCHR2 can couple to the G
protein resulting in increased calcium levels, however unlike MCHR1, it does not

suppress cCAMP (An et al, 2001; Sailer, 2001).

MIZIP, Neurochondrin, and Periplakin

MCHR1 binds MCH with nanomolar affinity resulting in the activation of
multiple intracellular signaling pathways by coupling to G, G,, and G4 proteins.
Biochemical analysis of MCHR 1 demonstrated an aspartic acid residue (Asp123 )in
the third transmembrane domain is critical for MCH ligand binding (Macdonald,

2000). Saito et al discovered the second intracellular loop of MCHR1 contains an

2

arginine residue (Arg'”®) critical for signal transduction. Upon mutating (Arg'>)

they observed a complete loss of receptor signaling (Saito, 2005).

An MCHR1 interacting zinc-finger protein (MIZIP), a tubulin-binding
protein, was identified from the human brain and is postulated to be a regulatory
molecule for MCHRU1 signaling. MIZIP has been shown to interact with the C-
terminal end of MCHR 1. The co-expression of MCHR1 and MIZIP does not
interfere with receptor internalization or G-protein activation. The physiological
reason for the interaction between MIZIP and MCHRT has yet to be elucidated
{Bachner, 2002).

Francke et al. demonstrated that a cytoplasmic protein, neurite-outgrowth
related factor neurochondrin (also identified as norbin and SFAP 5), selectively

interacts with the C-terminal tail of MCHR 1. Neurochondrin inhibits MCH-induced

15



signal transduction when it interacts with the proximal region of the C tail, however,
it does not interfere with agonist-mediated internalization of the receptor. The
structural basis for the neurochondrin/MCHRU1 interaction remains unclear (Francke,

2006).

MCH

MIZIP

G Protein | —q | Neurochondrin | | Pertplakin

Figure 2: Schematic demonstration of the binding locations of MCH, associated G protein, mizip,

neurochondrin, and periplakin. (Adapted from Bachner et al., 2006).

In 2005, Murdoch and colleagues identified an actin-and intermediate filament
binding protein, periplakin, co-expressed with MCHRI in the mouse brain.
Periplakin is a member of the plakin family of cytolinker proteins (Leung, 2002).

Periplakin is highly expressed and widely distributed throughout the central nervous

16



system in both rodents and humans (Aho, 1998). Co-localization of periplakin and
MCHR1 was detected in several regions of the brain, including the purkinje cells,
amygdala, cortex, and hippocampus (Murdoch, 2005).

Like neurochondrin and MIZIP, periplakin also interacts with MCHR1 on the
C-terminal tail. Co-addition of neurochondrin and periplakin resulted in competitive
binding with MCHR1. The truncation of the C-terminus tail to amino acid 327
blocked MCH mediated internalization, but not interactions with either periplakin or
MIZIP (Francke, 2006). The stepwise truncation of 13 amino acid blocks from the C-
terminus end of MCHR 1 was used to define the binding sites for both periplakin and
MIZIP. While MIZIP was able to bind both A316-320 and A322-326 truncations,
periplakin could not; suggesting periplakin and MIZIP do not have identical binding
sites, but rather overlap (Murdoch, 2005).

Co-expression of MCHRI1 and periplakin does not prevent agonist-mediated
internalization of the receptor; however, it does interfere with GTP binding to G,
proteins. Co-expression inhibits the mobilization and levels of intraacellular [Ca®'],
however, it does not interfere with the induction of ERK 1/2 phosphorylation. It has
been suggested that because most GPCRs can activate ERK1/2, the expression of
periplakin would have to be over-expressed to modulate or block a response

(Murdoch, 2005).
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Significance

With obesity steadily on the rise, there is a growing demand for new
pharmaceutical preventions and treatments. Preliminary mouse studies indicate
MCHRI signaling pathways could be a potential target for new pharmacological
agents. Previous work has determined the actin cytoskeleton can regulate G protein-
coupled receptor trafficking, signaling, and desensitization. The actin cytoskeleton
can be influenced by a variety of downstream G protein-coupled receptor effectors
(Pissios, 2006). At the present time, little is known about MCHRI1 signaling and
downstream regulation. It has been shown that the actin cytoskeleton has the
capacity to regulate G protein-coupled receptor signaling, however, the role actin
plays in MCHRI regulation has yet to be determined. The first aim of this thesis was
to identity MCH-mediated responses in 3T3-L1 pre-adipocyte cells. This was
accomplished by quantifying MCH treated 3T3-L1 pre-adipocyte cell morphology
change observed under fluorescence microscopy. The second aim was to determine
the specific receptor and signal cascade utilized by MCH to influence actin

rearrangement. This was accomplished by exploiting pharmacological activators and

loiting pharmacolog
inhibitors to known G protein-coupled receptor downstream effectors. The third aim
was to investigate if the actin cytoskeleton is required for MCHR1 signaling and
desensitization. This was accomplished by western blot to measure ERK1/2
activation downstream by MCHR1 after pre-treating 3T3-L1 pre-adipocytes with an

actin depolymerizing drug cytochalasin D, immediately prior to MCH treatment.

This work aims to further the understanding of MCHR regulation and downstream

18



signal cascades in hopes to one day manipulate MCHR1 for the pharmacological

treatment of obesity.

MATERIALS AND METHODS
Cell culture

Chinese hamster ovary (CHO) cells stably expressing VSVg-tagged MCHR-1
(VSVg- tagged MCHR1 obtained from G. Milligan) were cultured in F12k™ media
(CellGro) containing 5% fetal bovine serum (FBS) (Atlanta Biologicals). Monolayer
CHO cells were cultured in 37°C, 95% air, and 5% CO, in a humidified environment.
Cells were split into new flasks every 4-5 days or upon reaching 90-100% confluence.
The addition of 0.500-g/mL G-418 (A.G. Scientific) was used to select cells
expressing VSVg-tagged MCHR-1.

3T3-L1 Pre-adipocyte cells were cultured in DMEM- media (Sigma-Aldrich)
containing 10% bovine calf serum (BCS). Monolayer 3T3-L1 pre-adipocyte cells
were cultured in 37°C, 95% air, and 5% COj; in a humiditied environment. Cells

were split into new flasks every 3-4 days or upon reaching 50-60% confluenc

T

Fluorescence Microscopy

3T3-L1 pre-adipocytes were grown to 50-60% confluence on 25mm
coverslips in 35mm dishes. Cells were serum-starved for 1 hour with DMEM
(Sigma-Aldrich) media in a 37°C incubator, followed by exposure to |uM melanin-

concentrating hormone (MCH) (American Peptide) for 0, 2, 5, or 10 minutes.
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Coverslips were rinsed twice with phosphate-buffered saline (PBS), fixed with 4%
paraformaldehyde in PBS for 10-minutes, followed by three PBS , and one 1xPBS-
0.1%Tween washes. Coverslips were moved to humidified chambers where Alexa-
Fluor Phalloidin (Molecular Probes) (1:50 dilution) and DAPI (1.0-pg/mL. Roche)
(1:500 dilution) were added to coverslips in 1xPBS-T for 20 minutes and incubated in
the dark. Coverslips were returned to 35mm dishes and rinsed three times with 1x
PBS- 0.1% Tween-20 for 5 minutes each in the dark. Coverslips were then washed
once with PBS, distilled H20, and then dried at room temperature in the dark.
Prol.ong Gold (Molecular Probes) was used to mount the coverslips onto slides.
Clear nail polish was applied to the edges to seal in the cells. All slides were allowed
to dry 24 hours at room temperature in the dark. Cells were viewed and captured at
40X using a Zeiss Axiocam MRm fluorescence microscope with AxioView imaging

software.

Statistical Analysis

A student's T-test was used to determine statistical significance as co
o . . th .
to untreated cells in the same category. Only data scoring in the 95™ percentile or

higher were considered statistically significant. Averages +/- the standard error of the

mean (SEM) are reported.



Cell Treatments with the Phospholipase C activator m-3M3FBS

3T3-L1 pre-adipocyte cells were serum starved in DMEM-media for 1hour in
a 37°C incubator on 35mm dishes followed by treatment with 25mM m-3M3FBS
(Calbiochem) in DMSO for 0, 2, 5, or 10 minutes. Control cells were treated with

0.1% DMSO for 10 minutes.

Cell Treatments with the Phospholipase C Inhibitor U-73122

3T3-L1 pre-adipocytes were cultured on coverslips pre-coated with 20pg/ml
polylysine (1:50 dilution) and serum starved with DMEM media for 1h in 35mm
dishes in a 37°C incubator. Cells were pretreated with 2uM U-73122 (Calbiochem)
for 1 hour followed by 1uM MCH for 0, 2, 5, or 10 minutes in the presence of U-

73122, Control cells were treated with 0.1% DMSO for 10 minutes.

MCHR-1 Antagonist (PMC3881-PI from Peptides, International) (Cook, 2010)
3T3-11 pre-adipocytes were serum starved with DMEM- media for 1 h in

35mm dishes in a 37°C incubator followed

d by treatment with 1 uM MCH, 1 uM
MCHR-1 antagonist, neither or both for 2 minutes The antagonist was compared to
previous experiments for untreated and 2 min exposures for MCH. Two experiments

were performed and 200 cells were analyzed for each time point. Averages + SEM or

ranges are reported (Cook, 2010).



Actin Depolymerizing Drug Treatment (Latrunculin B and Cytochalasin D)

CHO cells were serum starved in F12k™ media for Thour in 35mm dishes in a
37 °C incubator. Cells were treated with 10uM Latrunculin B or 10uM Cytochalasin
D in F12K- media for 1 hour in a 37°C incubator. Cells were treated with 1uM MCH
for 0, or 10 minutes, aspirated and replaced by 0.5ml F12K- media for 30 minutes in

a 37°C incubator.

Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis

SDS-PAGE Running gels (10-12% running gel) and Stacking gels (4%
stacking gelywere made according to Appendix 2. Samples were boiled for 5
minutes, then cenrifuged at top speed in a microcentrifuge for 5 minutes. EZ Run™
pre-stained Rec protein ladder (5-pl/lane, Fisher) was added to lane 1 for the
molecular weight standard and the gels were run at 120-volts for 1T hour. SDS gels
were removed, and incubated with blotting paper (BioRad) and nitrocellulose
(BioRad) for 15-minutes in semi-dry transfer buffer. A Trans-Blot® SD semi-dry
transter cell

(RioRad) running at 15-volts for 1-hour was used to transfer the protein

from the SDS gel to nitrocellulose paper.

Western Blotting
Nitrocellulose membranes were blocked for 45 minutes shaking at room
temperature in 5% dry milk/TBS-T. Primary antibody, 1:1000 rabbit anti-p42/44 P-

MAPK (Cell Signaling), or 1:1000 mouse anti-Total p42/44 MAPK (Cell Signaling),
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in 5% dry milk/TBS-T overnight at 4°C on an orbital shaker. Nitrocellulose
membranes were washed three times for 10-minutes each with 5% dry milk/TBS-T,
shaking at room temperature. HRP-conjugated anti-rabbit secondary antibody or
HRP-conjugated anti-mouse secondary antibody (1:2000) (Molecular Probes), in 5%
dry milk/TBS-T was added for 1 hour shaking at room temperature. Nitrocellulose
membranes were washed three times, 10-minutes each in 5% dry milk/TBS-T,
shaking at room temperature. Equal volumes of oxidizing and enhanced luminol
solutions of Western Lighting™ Chemiluminescence Reagent Plus kit (Perkin Elmer)
were added to nitrocellulose membrane for 1-minute. Nitrocellulose blots were
exposed to Kodak film and developed using Kodak Developer and Kodak

Fixer/Replenisher for 30 seconds, 1 minute, or 5 minutes.

Cell-based ELISA

CHO cells stably expressing VSVg-MCHR-1 were grown up to 80-90%
confluence in a 12 well plate. The plate was incubated with rabbit anti-VSVg

,,,,, gma) in HBSS on ice at 4°C for 2 hours. The plate was washed

twice with 1xPBS, followed by the addition of 1uM MCH in F12k- media for 10
minutes. The plate was then washed with 4% paraformaldehyde for 10 minutes
followed two rinses with 1xPBS. The 12 well plate was blocked with RIPA buffer (a
combination of 150 mM NaCl, 0.5% sodium deoxycholate, 0.1% SDS, and 50 mM

Tris, pH 8.0) and 5% goat serum for 20 minutes at room temperature. An anti-mouse

horseradish peroxidase conjugated secondary antibody was added in RIPA buffer and



5% goat serum for 1 hour. The plate was subjected to 150ul of POD blue (Roche) for
roughly 5 minutes, followed by the addition of 150ul of sulfuric acid to stop the

reaction.

Oil Red Staining for 3T3-L1 Differentiation

Oil red stain was previously prepared by an undergraduate working in Dr.
Laurie Cook’s Lab, Patrick Donohue (300 mg of oil red into 100 ml of 99%
isopropanol). Three parts of the oil red stain were mixed with 2 parts distilled water,
and allowed to sit for 10 minutes at room temperature. The oil red was filtered
through a 25 nm filter syringe. Cells were differentiated in 6 cm dishes prior to oil
red staining. The dishes were rinsed two times with sterile 1xPBS. Two milliliters of
4% paraformaldehyde was added to each dish for 30 minutes at room temperature.
Cells were washed two times with sterile distilled water, followed by a wash of 60%
isopropanol at room temperature for 5 minutes. After aspirating the isopropanol, the
o1l red stain mixture was added to the dishes, swirled gently, and let sit for 5 minutes
at room temperature. Cells were rinsed with distilled water, viewed, and captured

using a Zeiss Axiocam MRm fluorescence microscope with Axio View imaging

software,

Cell Differentiation Protocol

3T3-L1 pre-adipocytes were grown to roughly 80% confluence in 6cm dishes.

3-isobutyl-1-methylxanthin (IBMX) was filter sterilized through a 25nm filter
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