IDENTIFYING THE PUTATIVE G PROTEIN COUPLED
RECEPTOR/S CANDIDATES OF COCAINE AND
AMPHETAMINE REGULATED TRANSCRIPT (CART) PEPTIDE

A THESIS SUBMITTED TO
THE GRADUATE SCHOOL OF NATURAL AND APPLIED
SCIENCES
OF
MIDDLE EAST TECHNICAL UNIVERSITY

BY

MERVE KASAP

IN PARTIAL FULLFILMENT OF THE REQUIREMENTS

FOR

THE DEGREE OF MASTER OF SCIENCE

IN
BIOLOGY

FEBRUARY 2014






Approval of the thesis:

IDENTIFYING THE PUTATIVE G PROTEIN COUPLED
RECEPTOR/S CANDIDATES OF COCAINE AND AMPHETAMINE
REGULATED TRANSCRIPT (CART) PEPTIDE

submitted by MERVE KASAP in partial fulfillment of the requirements for
the degree of Masters of Science in Biological Sciences Department,
Middle East Technical University by,

Prof. Dr. Canan Ozgen
Dean, Graduate School of Natural and Applied Sciences

Prof. Dr. Gulay Ozcengiz
Head of Department, Biological Sciences

Assoc. Prof. Dr. Cagdas D. Son

Supervisor, Biological Sciences Department, METU

Examining Committee Members:

Prof. Dr. Ufuk Giindiiz
Biological Sciences Department, METU

Assoc. Prof. Dr. Cagdas D. Son
Biological Sciences Department, METU

Assoc. Prof. Dr. Mesut Muyan
Biological Sciences Department, METU

Assoc. Prof. Dr. Tiilin Yanik
Biological Sciences Department, METU

Assist. Prof. Dr. Bala Giir Dedeoglu
Biotechnology Institute, Ankara University

Date:



I hereby declare that all information in this document has been
obtained and presented in accordance with academic rules and
ethical conduct. I also declare that, as required by these rules and
conduct, I have fully cited and referenced all material and results

that are not original to this work.

Name, Last Name: Merve KASAP

Signature:



ABSTRACT

IDENTIFYING THE PUTATIVE G PROTEIN COUPLED
RECEPTOR/S CANDIDATES OF COCAINE AND
AMPHETAMINE REGULATED TRANSCRIPT (CART) PEPTIDE

Kasap, Merve

M. Sc. Department of Biology
Supervisor, Assoc. Prof. Cagdas D. SON

February, 2014. 80 pages

Cocaine and amphetamine regulated transcript (CART) peptides are
neurotransmitters and endocrine factors in the nervous system and
periphery. CARTPT codes for a neuropeptide hormone with a number
of biological roles which are important for the mammalian physiology
such as controlling feeding behavior, drug reward, bone remodeling,
sensory processing, neuroendocrine function, stress anxiety,
cardiovascular function, gastrointestinal motility and development. In
hypothalamus, behavioral and drug studies showed that CART can
suppress the feeding behavior. Also, due to having neuroprotective
and survival promoting properties, and ability to initiate
differentiation of neurons in vitro, CART peptides appear early in the
development of the CNS and other tissues. It is suggested that they
have a role in the development of specific regions of the brain, Gl
tract, pancreas and ovary. Although CART peptide plays very
important roles and has important physiological functions, CART
receptor/s has not been identified yet. There are two forms of the
CART peptide: CART-1 (55-102) and CART-Il (61-102). These

active forms cause an increase in c-Fos levels in a variety of neurons.



Because of the observed effects of CART peptide on differentiation
and development, CART 55-102 effects are examined to alter the
MAPK cascade and the phosphorylation state of ERK1 and 2. ERKs
are known to be activated by a variety of growth factors, hormones
and neurotransmitters. It is found that CART peptide stimulation
strongly regulates ERK activity in pituitary-derived cell lines. The
CART effect is blocked by inhibitors such as U0126, genistein and
pertussis toxin, indicating the involvement of the upstream kinases,
MEK1 and 2. Therefore, the involvement of a Gi/G, coupled GPCR
in CART signaling is considered as possibility. Gi/Gg is a member of a
subunit of heterotrimeric G-protein that inhibits the production
of CAMP from ATP.  Also, previous electrophysiological studies
suggested that the effects of CART may involve G-proteins, but
concrete biochemical evidence for a G-protein-mediated pathway
activated by CART has been lacking. The CART receptor is suspected
to be a GPCR, possibly one that coupled to Gi/Go.

Keywords:

CART peptide, receptor, ERK phosphorylation, AtT-20 cell line, N2a

cell line
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0z

“KOKAIN VE AMFETAMIN iLE REGULE EDIiLEN
TRANSKRIPT” (CART) PEPTIDINi TANIDIGI VARSAYILAN
G-PROTEINE KENETLI RESEPTOR ADAYLARININ TAYINi

Kasap, Merve.

Yiksek Lisans, Biyoloji Bolumdi
Tez Yiriitiiclisti: Dog. Dr. Cagdas D. SON

Subat 2014, 80 Sayfa

CART (Kokain ve Amfetamin ile Reglle Edilen Transkript) peptidi;
yeme ve Odiil mekanizmalarinda, ilag bagimliligi, stres,
kardiovaskuler aktiviteler ve kemik yenilenmesinde gérev alan énemli
nérohormon/modiilatérlerden biridir. Hipotalamustaki davranis ve ilag
caligmalari CART peptidinin yeme aligkanhigin1  baskiladigini
gostermistir. NoOronlarda koruyucu etki gostermesi ve ndron
baskalagmasini saglama 6zelliklerinden dolay1 gelisme evresinin erken
stireclerinde merkezi sinir sisteminde dnemli rol oynamaktadir. Ayrica
beyinin belli bazi bolgelerinde, hipofizde, adrenal bezlerde,
pankreasta, yumurtaliklarda ve mide-bagirsak yolunda yiiksek
miktarlarda sentezlenmektedir. Bu énemli fizyolojik fonksiyonlara
sahip olmasma ragmen CART reseptdor ya da reseptorleri heniiz
belirlenememistir. CART peptidinin; CART-I (55-102) ve CART-II
(62-102) olmak uzere iki aktif formu bulunmaktadir. Bu aktif
peptidler pek ¢cok néronda c-Fos seviyesini arttirarak sinyal yolaklarini
indiiklemektedir. Gelisme ve bagkalasma evrelerinde Onemli rol
oynamasindan dolay, MAPK yolagindaki yer alan ERK 1-2’nin

fosforilasyonuna etkileri incelenmistir. Hipofizden alinmis hiicre

vii



hatlarinda ~ CART;  biiylime  faktorlerini,  hormonlar1  ve
norotransmiterleri aktive etmekten sorumlu ERK (Hiicre dis1 sinyalle
regule edilen kinaz) aktivitesini uyarmaktadir. ERK1 ve 2’nin
aktiflesmesini indiikleyen CART 1n etkisi; bogmaca toksini, genistein
ve U0126 gibi MEK (MAPK/ERK kinaz) inhibitorleri tarafindan
bloke edilmekte, ayrica MEK1 ve 2 kinazlari da bu olusuma
katilmaktadir.  Boylece,  fosfo-ERK  (PERK)  olusumunun
engellenmesiyle, CART sinyalinin Gi/G,, G proteine kenetli reseptor
alt biriminin, katilimiyla gerceklestigi disiiniilmektedir. Gi/G, alt
birimi ATP’den cAMP olusumunu engellemektedir. Elektrokimyasal
caligmalar sonucunda CART etkisinin G proteine baglanan reseptdrler
(GPCR) iizerinde gerceklestigi diisiiniilse de, deneysel analizlerin
yetersizliginden reseptorler tam olarak tanimlanamamistir. Bugiine
kadar yapilan aragtirmalarda CART reseptoriiniin ozellikle Gi/G,
kenetli bir reseptor GPCR oldugu diistintilmektedir.

Anahtar Kelimeler: CART peptidi, reseptor, ERK fosforilasyonu,
AtT-20 hiicre hatt1, N2a hiicre hatt
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CHAPTER 1

INTRODUCTION

1.1.Cocaine and Amphetamine Regulated Transcript

During the addiction studies, a group in Oregon found out that cocaine
administration caused an increase in an mRNA level in animals
(Douglass et al, 1995). Product of this mRNA is called “Cocaine and
Amphetamine Regulated Transcript (CART)”. When injected to
animals, it produced similar effects like cocaine and amphetamine.
However, when they co-administered together, CART blocked the

effect of cocaine and amphetamine.

Research showed that CART is abundantly found in throughout the
body, not just in brain. Therefore, it is thought to be involved in drug
addiction, endocrine control, feeding, stress, and many other
functions. When the findings of that hypothalamic CART causes
anorexigenic effect revealed in 1998, CART peptide became a hot

topic in research.

Further studies showed that CART is an important neuropeptide
playing key roles in a variety of biological mechanisms such as the
control of feeding behavior, drug reward, bone remodeling, sensory
processing, and modulation of stress, anxiety, cardiovascular function,

gastrointestinal motility and development.
Although it is an important neuropeptide, its receptor has not been
identified yet.

1.1.1. CARTPT Gene

In human, CART is encoded by CARTPT. CARTPT is localized on a

segment of genomic DNA which is approximately two kb on



chromosome 5. Transcript is 900-nucleotide-long and has 3 distinctive
exons (Kuhar, et al., 2002).

No. Exon/Intron Start End Start End Length Sequence
Phase Phase

5 upstream
sequence

1 ENSE00001306358 71,014,990 71.015.279 - 0290

Intron 12 71,015,280 71,015,706 a7
2 ENSE00001083930 71,015,707 71,015,790 0 0 B

.. .Caggetecgaageggtatgttocag

CTCAAGAGTAAACGTGTTCCCATCTATGAG

Intron 2-3 7115791 71,016,334 544 atgaccacacatittgtigtttcag
3 ENSE00003474230 71,016,335 71,016,875 0 - 54

¥ downstream catagtgeactgotgrtttcatataagtaatitaaytogaaatoutoaga. ... ...,

sequence

Figure 1 Ensembl exon-intron view of human CARTPT

Similar to mouse (m) and rat (r), in human there are two alternatively
spliced variants of CARTPT: 129 aa long (l) peptide, and 116 aa short
(s) form. On exon 2, rICART is spliced by missing 39 nucleotides
resulting to 116 aa peptide. This is found in human mouse and rat
species. However, 129 aa peptide found in just mouse and rat (Kuhar,
et al., 2002).

1.1.2. CART Peptide Structure

Post-translational process gives rise to two biologically active
peptides: CART 55-102, CART 61-102, CART | and CART Il

respectively.



10 20 30 40 50 60
MESSEVELLE LLGARLLIML PLLGTRAQED AELQPRALDI YSAVDDASHE KELIEALQEV

70 80 ag 100 110
LEKLESKRVE IYEKEYGQVP MCDAGEQCAV REGARIGKLC DCPRGTSCHS FLLECL

Figure 2 Amino acid sequence of CART from UniProtKB, ID
number: Q16568 (Last modified on November 1, 1996. Version 1)

CART is conserved within species. Coding region shows 98% identity
among rat and mouse. This conservation suggests that tertiary
structure of the peptide may be conserved and stabilized by disulfide
bonds (Thim et al., 2001).

SOl ORSRACART SOVAYART 20UNLY
P CGEGRIART, FLAGANCAST AR
PP SEACART MOULECART MOLEEAS
SPeGRELPICART PRCAT PO

SPYPYRFIART SATCART ATME

Lonserss|

MESSRLALLPLLEAALLLLLALLAARROEDAELOPRALD IYSAVDORSHENELPRROLARF Gke LOI ERLOEVLKRLSKRIP IYEKKYOOVFME0AGE0CAVRKEA

Figure 3 Human CART shows a 95% homology with rat and mouse

Crystallization studies show that CART has two antiparallel  sheets

and three disulfide bonds in Figure 4.



Figure 4 3D structure of CART peptide from PyMOL v1.6. Arrows
show antiparallel j sheets, and yellow lines represent disulfide bonds.

1.1.3. Tissue Distribution of the Peptide
CART s synthesized in brain, mesolimbic dopamine system (VTA
and Nac), several nuclei of hypothalamus, pituitary, hindbrain, several
islet types, sympathetic preganglionic neurons and adrenal glands and

myentric neurons in gastrointestinal tract.

1.1.4. Biogenic Actions of the CART Peptide
1.1.4.1. In Energy Homeostasis

In arcuate nucleus there are two neuronal cells, AgRP/NPY and
POMC/CART neurons. AgRP is agouti relating protein, and NPY is
neuropeptide Y. These are neuropeptides stimulating the food intake
while decreasing the energy expenditure. On the other hand,
proopiomelanocortin, POMC, and CART are neuropeptides inhibiting
food intake and increasing the energy consumption. Insulin and leptin
inhibit AgRP/NPY neurons while stimulating the POMC/CART
neurons. Likewise, lower insulin and leptin cause to activation of

AgRP/NPY. There is ghrelin, a circulating peptide secreted from the



stomach, also activates Agrp/Npy neurons. Therefore, ghrelin plays a
role as stimulant of food intake (Figure 5). It is seen that plasma
ghrelin levels are increased before a meal and decreased after a meal
(Cummings et al., 2001).

Adipose \
tissue \A\(_}_)
Barsh and schwarz, 2002

Figure 5 Energy Homeostasis (Here, Ghsr is growth hormone
secretagogue receptor; Lepr is leptin receptor; Mc3r/Mcdr is
melanocortin 3/4 receptor; and Yir is neuropeptide Y; receptor.)
(Cummings et al, 2001).

1.1.4.2. In Bone Remodeling

Bone remodeling is the process that the skeleton adaptation happens
through time. Within the adulthood, bone forming osteoblasts and
bone-resorbing osteoclasts interact with each other to keep bone mass
stable. Regulations of these cells are quite complex. Current studies



showed that it is regulated via neuronal pathways. Leptin, for
example, signals to osteoblast receptors in sympathetic pathway
directly driven by hypothalamus. Since leptin is related with energy
homeostasis pathways, it is found out that CART and serotonin
interact with the brainstem and hypothalamus to regulate bone
formation resorption in cancellous bone (Driessler & Baldock, 2010).
Likewise, NPY acts via hypothalamic Y,r to modulate the skeleton-

wide osteoblast activity by coordinating body weight and bone mass.

Since CART is broadly expressed in the hypothalamus and the
peripheral organs such as the pancreas and adrenal glands, and CART
knockout mice shows decreased levels of CART while shows
increased resorption, it is implicated that, CART may be a potential
regulator of bone resorption. Consistently, these animals are also
osteoporotic due to an increase in bone resorption (Elefteriou, et al.,
2005). Moreover, CART deficient mice express higher levels of
RANKL (Receptor activator of nuclear factor kappa-B ligand, a
member of tumor necrosis factor) in bone than wild-type mice. The
effect of CART on bone is not cell autonomous, suggesting that there
is a local mechanism for the central CART changes (Driessler &
Baldock, 2010).

Hypothalamus

Osteoclast

Leptin

Osteoblast

Figure 6 Bone remodeling via CART signaling regulation. CART

expression can change according to serum leptin. When expression is



low, an increase in bone resorption is induced via higher levels of
RANKL, whereas increased expression of CART creates a higher
bone-mass (Driessler & Baldock, 2010).

1.1.4.3. In Stress Response

Any factor causing to a threat to organism disturbing the homeostasis
is called stressor, and the resulting responses counteract this threat to
regain the homeostasis is called stress response. Stress response
composes neuronal and neuroendocrinal routes. Hypothalamo-
pituitary pathway has an important role leading these routes (Pacak &
Palkovits, 2001) . HPA axis has the major role in stress response;
however, hypothalamo-pituitary control contributes it significantly. In
this extent, CART’s remarkable expression in HPA axis suggests a
role for CART peptide in stress response mediation (Pogun et al,
2006).

There is a strong relation between stress response, eating disorders
and the psycostimulant actions. Stress is one of the major factors in
drug abuse also. According to a study, food shock stress redeemed
cocaine seeking behavior in male rats; however, this effect was not
observed in adrenalectomized animals (Piazza & Le Moal, 1998).
Stress-drug abuse relation is due to increased sensitivity of
glucocorticoid-exposed dopaminergic neurons (Piazza & Le Moal,
1998).

In drug addicts, HPA axis more active than in normal subjects, while
there is a directly proportional relation between HAP axis activation
and CRF levels in addiction (Goeders, 2003).

CART gene activation, thus CART peptide synthesis and secretion in
hypothalamus and pituitary are regulated by glucocorticoids. Blood
CART levels may be affected by the interaction between the HPA axis
activity and glucocorticoids (Pogun et al, 2006).



Due to unknown molecular pathways of CART mechanism, these
cannot be understood clearly although evidences show the relations.

1.1.5. CART Induced Signaling
In fact, little is known about the pathway of CART interacting with its
receptor(s), or how it initiates a downstream cascade (Zhang, Han &
Xu, 2012).

It is known that CART 1 and Il cause an increase in c-Fos levels in
many neurons. Due to the observations of CART peptide effects on
differentiation and development, CART 55-102 is tested whether it
causes any changes in the MAPK cascade and the phosphorylation of
ERK 1 and 2 proteins (Extracellular signal Regulated Kinases 1 and
2). ERKs are known to be activated by a variety of growth factors,
hormones and neurotransmitters. Then, it is found out that CART
peptide stimulation strongly regulates ERK activity in pituitary-
derived in vitro cell lines. The CART effect can be blocked by
inhibitors such as U0126 (artificial, highly selective MAPK/ERK
inhibitor), genistein and pertussis toxin (PTX), indicating the
involvement of the upstream kinases, MEK1 and 2. Therefore, the
involvement of a Gi/G, coupling via GPCR in CART signaling is
considered as possibility by Kuhar team (2005).

Previous electrophysiological studies suggested that CART effect may
involve G-proteins. However, solid evidences are still missing for a G-
protein-mediated pathway. It is strongly suggested that CART
receptor or receptors should be a GPCR specifically the one coupled
to Gi/G,. As a GPCR using Gi/G, works, CART 1 also inhibits

voltage-dependent intracellular calcium signaling (Kuhar et al, 2005).

In order to find ERK related pathway relation, many cell types
examined whether CART | application cause a response as giving
increased levels of phosphorylated ERKs (P-ERKSs). HEK293, PC12,
N2a and CATH.a cell lines were used for this purpose. Only pituitary-
derived ones AtT20 and GH3 gave significant responses (Dominguez,



Lakatos, & Kuhar, 2002), (Kuhar et al., 2005). PERK levels are tested
by western blot over time and results showed that PERK levels
changed significantly over time (Kuhar et al., 2005).

1.1.6. CART Receptor(s)

Both by inhibiting the voltage-dependent intracellular Ca*™ signaling
and activating ERK1 and 2 specifically in AtT-20 cell line, CART |1
shows evidences of having a GPCR. CART Il also has the same
specific binding in AtT-20 cell line. Studies also showed that CART |1
and Il binding are saturable and have a high affinity for a single site in
the same cell line (Jones, Lakatos, & Vicentic, 2006). Binding of the
CART peptides also depends on temperature, pH, protein
concentration, and time. These data shows that CART has a specific

receptor binding in AtT-20 cell line.

With different relative potencies for CART 1 and Il are seen in food
consumption (Thim et al, 1998; Douglas et al, 2001) increased plus
maze activity (Okuyama et al, 2003), hot plate antinociception,
acoustic startle response, and prepulse inhibition (Douglas et al,
2001). Since potencies for CART peptides differ in magnitude and
direction, it is possible that CART peptides induce multiple signal
transduction mechanisms. Moreover, this may be due to multiple

receptor subtypes (Kuhar et al, 2005).

Since evidences indicate the involvement of a Gi/G, coupling, CART
signaling might be induced via a G protein coupled receptor. Receptor
or receptors of the CART peptides might be one of the orphan
GPCRs.

Orphan GPCRs (0GPCRs) are the GPCR class that is revealed after
genome project is completed. Which endogenous ligand belongs to
these orphan GPCRs is not known. However, apart from their
molecular structure; there is no information related with their

physiological roles and what roles they might have in disease state



(Tang et al., 2012). Most of these 0GPCRs are seen to be expressed in

nervous tissues.

0GPCRs can be from one of seven GPCR classes: A, B, large N-
terminal family B-7 TMH, C, Frizzled/Smoothened, taste 2, and
vomeronasal 1 receptors (Kristiansen, 2004). Distribution of these

0GPCR classes are shown in figure.

GPCR classes

Inner circle: number of orphans

Other 7TM protein; 5
Frizzled: 11
Class C: 22

Class B: 48

23
79

Class A 272

Figure 7 Pie chart of gene-product representation for oGPCRs. Outer
Circle constitutes genes of related GPCRs, and the inner circle

represents receptor numbers of o0GPCRs.

It is possible that receptor(s) of CART peptides is one these orphan G
protein coupled receptors based on the assumption that CART peptide
induces a GPCR signaling pathway. When examined in detail by

means of different subclass types:

e A Class GPCRs comprise the largest group of GPCRS.
Ligands of A Class GPCRs differ in structure and character;
however, amino acid sequences of receptors are very similar and
share a common structure constituting 7TM helices. Peptide
receptors of class A GPCRs compose many important
physiological functions that are performed by acting as
neurotransmitters, hormones, and paracrines. Ligands of peptide
receptors of A Class GPCRs are angiotensin IlI, arginine

vasopressin/oxytocin,  bradykinin,  cholecystokinin/  gastrin,
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chemokines, complement factor 5a (C5a), fMLP, gonadotropin
releasing hormone (GnRH), neurotensin, NPY, opioids,
somatostatin, and TSH (Gether, 2000). When compared to these
ligands of A Class GPCRs, the possibility of CART’s receptor
belonging to A Class GPCRs is relatively weak due to being a
smaller peptide.

e B Class GPCRs, also known as secretin-like family receptors,
activate adenylyl cyclase and IP3-Ca™" signaling pathway. During
the signal transduction, ERK1&2 might be stimulated via
induction of a B Class GPCR. It may point out that CART might
have receptor from B Class GPCRs. Also, B class GPCRs may act
by splitting the corticotropin-releasing factor (CRF) (Sakmar,
2011). CRF should include both a C-terminal region binding the N
terminal domain (NTD) of receptor with high affinity, and N-
terminal region activating the receptor by interacting helical
bundles with high potency (Sakmar, 2011). For example, adenylyl
cyclase activating poly peptide (PACAP) receptor (PAC1),
glucagon, and GLP1 receptors cannot account alone for the
binding affinity of their ligands. According to a recent study,
PACAP 6-38 is defined as an antagonist of CART | (Kuhar et al,
2011). This finding increases the probability of CART’s receptor

belonging to B Class receptors.

e Having similarities to B class GPCRs, Large N-terminal
Family B-7 Transmembrane Helix (LNB-7TM ) Class GPCRs
have large N-termini playing roles in cell-to-cell adhesion and cell
migration via attachment to the extracellular matrix components or
interaction of other cells’ membrane proteins (Stacey et. al, 2000).
It seems that interactions among these domains from different
receptors can be resulted in homomultimerization or
heteromultimerization of same cells’ such other receptors. These
receptors are related with the biological roles such as the

controlling of brain angiogenesis, synaptic exocytosis, immune
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system regulations, cell polarity and synaptogenesis (Foord et al.,
2002). Plenty of orphan GPCRs belong to this family such as
BAI1 - 3 (Brain-specific Angiogenesis Inhibitor), CIRL1 — 3
(Ca®* -Independent Receptor of o-Latrotoxin), GPR113, GPR124,
and GPR125. Only one GPCR is demonstrated to have an
intracellular ligand (Hamman et al, 1996), others remain to be
undefined. Therefore, only link of this subclass with CART
peptide is the physiological relations. That is, CART is known to
be inducing neuronal differentiation in early development (Sundler
et al, 2004). It is a probability that CART can induce this effect via
one of this LNB-7TM Class GPCRs.

e C Class GPCRs have large N termini by having 11 subunits.
Their well-known endogenous ligand-bound receptors are
metabotropic glutamate (mGlul-8) receptors, receptors of major
excitatory neurotransmitter in CNS, and the y -aminobutyric acid
(GABA) and the Ca® * sensing receptor (Kristiansen, 2004). Ca*™
sensing receptor is highly related with neuroendocrine pathways.
They may work by cooperation with other GPCRs. For example,
the mGIluR2 came into prominence as a potential drug target and it
cooperates with 5-HT2A serotonin receptors, which is an A Class
GPCR (Bruno et. al, 2012). Since CART s also active in both
brain and CNS, and blocks Ca™" signaling by activating ERK1 and
2, it is probable that CART have a receptor from C Class GPCRs.

e F/S Class GPCRs and Vomeronasal -Taste Receptors are
slightly small when compared to A Class GPCRs. Their ligands
are called “Wnts”. Wnts are the products of more than 16
vertebrate  genes, nearly 350-amino-acid long proteins
(Kristiansen, 2004). Frizzled receptors do not often signal via G-
proteins and only some of the members show G-protein signaling.
On the contrary, Smoothened receptors may activate G-proteins.
However, unlike other GPCRs this activation is independent of

ligand binding. Although it is suggested that different Wnts can
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activate the same Frizzled receptor, it is seen that they activate
different pathways: ‘agonist trafficking’ (Holbrook et. al, 2002).
Frizzled receptor responses may depend on accessory proteins.
Their smaller sizes make them probable targets for CART peptide.
Also, like the other examples of this class CART peptides may
induce a pathway via an accessory protein.

In the light of this information, orphan GPCRs can be used to search

for the correct match of CART peptide receptor.

By reaching a comprehensive study of orphan GPCRs and their
related products published in 2011, it became possible to find full
repertoire orphan GPCRs - nearly 360 - expressed among the most
commonly used cell lines: HEK293, AtT-20, BV2 and N18 (Atwood
etal, 2011).

BV?2 cells have 108, N18 cells 105, AtT-20 cells 79 and HEK293 cells
73 oGPCRs expressed. From the previous studies it’s known that
CART peptide has a specific binding in the cell lines of AtT-20, GH3
and differentiated PC12.

In this study of microarrays carried out by Atwood et al, A Class
0GPCRs are found in the greatest abundance among four cell lines. As
most widely cited cell line, HEK293 has numerous identified
0GPCRs. AtT-20 cell line is known having the least expression of
GPCRs and GPCR-related gene product among these four cell lines.
Significant expression of nearly 45 GPCR related gene products are
found in AtT-20 cell line, whereas other cell lines have 72 or more
related gene products. N18 cells have numerous GPCRs, GPCR-
related proteins and having the highest GPCR expression among these
four cell lines. On the other hand, BV2 cells which are commonly
used in microglial studies have predominantly A Class GPCRs and
related proteins. AtT20 cells have wide range of A Class o0GPCRs,
large number of BAI (Brain Angiogenesis Inhibitor) as B Class

0GPCRs, six frizzled receptors but no smoothened receptors for
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Frizzled/Smoothened Class GPCRs. Therefore, revelation of this
study makes enable to study CART’s receptor by using these CART

responsive and non-responsive cell lines.

1.2.G Protein Coupled Receptors

G protein coupled receptors, GPCRs, also known as seven
transmembrane domain receptors, serpentine-like receptors, or
heptahelical receptors, are the largest family of membrane receptors.
Although these other names are used, GPCR term is preferred today
because of the presence of other heptahelical proteins such as
bacteriorhodopsin that is unrelated with GPCRs in function and also
evolution (Pierce et al., 2002). GPCRs are found in eukaryotic cells
like cyanoflagellates, yeast and higher eukaryote species. GPCRs are
found in the interface of a cell’s external and internal environments. A
specific ligand, that is binding and activating the receptors, may range
from an ion to nucleoside, amine, peptide, protein, and lipid or, for
optical receptors to light. These ligands cause a conformational
change in receptor, leading to an active state. This triggers G-proteins
inside the cell to release the components that activate cellular
mechanisms (Filmore, 2004). There is an alternative model suggested
called “three-state model” (Bouvier, 2013). The receptor is found in
intermediate state at resting while showing some activity. When the
ligand binds to receptor, it became more stable and the active form
showing higher activity. In Figure 8, conformation ensembles are

shown for this model.

RH R*HR**

Inactive Intermediary Active
conformation conformation conformation
ensemble ensemble ensemble

Figure 8 Three-state model (Bouvier, 2013)
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The intracellular signaling molecules triggered by GPCRs are
arachidonic acid, cytosolic ions, cAMP, cGMP and inositol
phosphates. Sometimes, receptors other than GPCRs can activate G-
proteins. It is implicated that signal transduction on tyrosine kinase
receptors such as epidermal growth factor, insulin, insulin-like growth
factor | and Il and colony-stimulating factor-1 can also activate G-
proteins not related with GPCRs (Kuemmerle & Murthy, 2001).

The superfamily of GPCRs is the receptor of many neurotransmitters,
neuromodulators, hormones, and paracrines (local hormones) with
important physiological functions. They are active in just about every
organ and system. Their dysfunction cause many diseases including
central nervous system disorders, cancer, cardiac dysfunction,
diabetes, inflammation, obesity, and pain. Therefore, approximately
40% of the drugs and pharmaceuticals of modern medicine target
GPCRs (Filmore, 2004).

1.2.1. Classification
Among mammalian species, which is the focus of this thesis, there are
seven sub-classes of GPCRs: A, B, large N-terminal family B-7 TMH,
C, Frizzled/Smoothened, taste 2, and vomeronasal 1 receptors
(Kristiansen, 2004). Members of this superfamily classified according
to their native ligands, phylogenetic analysis of their amino acid
sequences, analysis of clustering of genes in the human genome, and
analysis of globular domains and motifs in the N terminus of large N-
terminal family B-7TM receptors. Previously, there were 6 different
families of GPCRs (Kolakowski, 1994). Each member of this
superfamily has more than 20% amino acid sequence identity by
transmembrane helices. Only A, B and C class of GPCRs are
represented among multicellular animals (Kolakowski, 1994). Since
then, other mammalian GPCR families are identified such as
Frizzled/Smoothened (F/S), vomeronasal 1 receptor (V1R), and taste 2
receptor T2R) (Figure 9). In addition, with the human genome project
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it is found out that there are still many orphan GPCRs (0GPCRs).
These are the GPCRs having no defined ligands yet.

- Allosteric or noncompetitive antagonist

Neuropeptide {Family A, B) K1)

. Tethered agonist
3 B

Glycoprotein ho;'mom (Family A) Glutamate (Familly C) Frizzled (FIS family)
Figure 9 Examples to different classes of GPCRs and their ligands
(Kristiansen, 2004)

1.2.1.1. Class A GPCRs

Among others, class A GPCRs are the largest and most studied
GPCRs. Family A receptors include opsins, some odorant receptors,
small endogenous antagonists, peptide receptors, leucine-rich motif
including receptors, and protease activating receptors (Kristiansen,
2004).

In order to study Class A receptors, “position identifiers” are used.
Position identifiers are representing the positions of residues to a
reference amino acid appearing in the TMH. The most conserved

amino acid residue in the THM is taken as a reference residue.

When compared with other Class A receptors, it will be seen that
opsins are activated by photons. Therefore, they have a chromophore
attachment so that they can response to absorption of light (Filipek et.
al, 2003).

16



Peptide receptors of class A GPCRs compose the largest sub-group
and many important physiological functions are performed by acting
as neurotransmitters, hormones, and paracrines. With the peptide
receptors of A Class like angiotensin IlI,  arginine
vasopressin/oxytocin, bradykinin, cholecystokinin/ gastrin,
chemokines, complement factor 5a (Cb5a), fMLP, gonadotropin
releasing hormone (GnRH), neurotensin, NPY, opioids, somatostatin,
and TSH it is shown that they interact directly with the residues of N
terminus and ECLs of receptors (Gether, 2000).

Protease-activated receptors (PARs), another Class A receptor, are
activated by proteolytic cleavage. PAR; and PAR, are thrombin
receptors, PAR; is serine protease receptor, and PAR, is both serine
and protease receptors working by cleavage of the receptor while
creating a new N-terminus (Macfarlane et al, 2001).

1.2.1.2. Class B GPCRs

It is considered that there are 15 receptors in B class GPCRs in
humans, also known as secretin-like family receptors. Among them,
glucagon and glucagon-like peptide 1 (GLP1) receptors play roles in
glucose metabolism; calcitonin and PTH receptors regulate Ca™
homeostasis; and the corticotropin-releasing factor receptor (CRF;R)
regulates the hypothalamic-pituitary-adrenal axis. All B class GPCRs
bind to endogenous large peptide hormones ranging between 30-40
residues and had long extracellular N-terminal tail domains (NTDs)
(Alexander-Thomas & Manfred, 2011). When compared to A Class
GPCRs, TMHs of the B class show very little primary structural

conservation.

Characterized by nearly 120-amino-acids-long extracellular N-
terminal hormone binding domain (HBD), B class GPCRs act by
splitting the corticotropin-releasing factor (CRF) (Sakmar, 2011).
HBD varies in length from 35 residues to 350 residues (Kristiansen,
2004). CRF, on the other hand, is 41-amino-acids-long peptide which
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binds and activates its receptor, CRF;R. CRF should include both a C-
terminal region binding the NTD of receptor with high affinity, and N-
terminal region activating the receptor by interacting helical bundles
with high potency (Sakmar, 2011). HBD of PTH and adenylyl cyclase
activating poly peptide (PACAP) receptor (PAC1), glucagon, and
GLP1 receptors cannot account alone for the binding affinity of their

ligands.
1.2.1.3. Large N-terminal Family B-7 Transmembrane Helix

It is reported that at least 30 receptors of six novel members of GPCRs
have long N-termini, which are previously termed EGF-7TM, LNB-
7TM, B2 or LN-7TM (Foord et. al., 2002). These receptors have
similarities to B class in their THMs. Their N-termini, however, play
roles in cell-to-cell adhesion and cell migration via attachment to the
extracellular matrix components or interaction of other cells’

membrane proteins (Stacey et. al, 2000).

These receptors are related with the biological roles such as the
controlling of brain angiogenesis, synaptic exocytosis, immune system
regulations, cell polarity and synaptogenesis (Foord et al., 2002).

Plenty of orphan GPCRs belong to this family such as BAI1 - 3
(Brain-specific Angiogenesis Inhibitor), CIRL1 - 3 (Ca*
Independent Receptor of a-Latrotoxin), CELSR1 — 3 (Cadherin EGF
Laminin a G-type repeat 7-pass Receptor), GPR113, GPR124, and
GPR125.

1.2.1.4. Frizzled/Smoothened receptors

10 members of Frizzled and only one member of Smoothened
receptors have many similarities with B class GPCRs. Their ligands
are called “Wnts”. Wnts are the products of more than 16 vertebrate

genes, 350-amino-acid long proteins (Kristiansen, 2004).
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Frizzled receptors do not often signal via G-proteins and only some of
the members show G-protein signaling. On the contrary, Smoothened
receptors may activate G-proteins. However, unlike other GPCRs this
activation is independent of ligand binding. Although it is suggested
that different Wnts can activate the same Frizzled receptor, it is seen
that they activate different pathways: ‘agonist trafficking’ (Holbrook
et. al, 2002). Frizzled receptor responses may depend on accessory
proteins. These accessory proteins are the keys of another control

level.

Known Whnt inhibitors are CRBs, Cerberus, Dickkopf 1 (DKK1) and
Wif. These inhibitors may be specific for each Wnts. For example,
Dickkopf 1 acts to antagonize the association between FR7 and its

accessory protein LRP5, therefore prevents the activation of Wnt.

1.2.1.5. Class C GPCRs

Receptors belong to C class GPCRs form constitutive dimers.
Constitutive dimerization of C Class occurs in both forms of homo-
and heteromers (Bruno et. al, 2012). Nevertheless, antagonist
activation association of the receptor dimerization remains to be
unclear (Lane & Canals, 2012). Similar to class A, C class GPCRs

also have TMDs composed of seven hydrophobic helices.

By having 11 subunits, endogenous ligand-bound receptors of C class
are metabotropic glutamate (mGlul-8) receptors, receptors of major
excitatory neurotransmitter in CNS, and the y -aminobutyric acid
(GABA) and the Ca® * sensing receptor (Kristiansen, 2004). For
example, the mGIluR2 came into prominence as a potential drug target.
It cooperates with 5-HT2A serotonin receptors, which is an A Class
GPCR (Bruno et. al, 2012).Umami taste receptors also belong to C
Class GPCRs (Nelson et al., 2001).
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1.2.1.6. Taste 2 and Vomeronasal 1 receptors

Chemical signals, like pheromones, are thought to be detected by
vomeronasal organ located on the base of nasal septum. There are
three receptors known to be related with vomeronasal organ: V1Rs,
V2Rs and V3Rs, all GPCRs. It is thought that human V1R genes
mostly are pseudogenes (Pantages & Dulac, 2000). Expression of
these V1Rs in human has not been clarified yet. On the other hand,
taste 2 receptors (T2R) are encoded for bitter taste stimulating

molecules.

This receptor family is characterized by a very large NTD that likely
acts an ECL. However, all members of V1R and T2R families have
short N-terminal segments. Therefore, it is suggested that the ligand
binding pocket is buried in between 7TMHSs (Kristiansen, 2004).

1.2.2. GPCR Signaling Mechanisms

There are two types of G-proteins: heterotrimeric G-proteins
interacting with GPCRs by a signal transduction pathway, and small
cytoplasmic G-proteins. Heterotrimeric G-proteins have o (39-45
kDa), B (35-39 kDa), and y (6-8 kDa) subunits. B and y subunits often
regarded as one functional unit due to their tight association. Not
including the splicing variants, there are 5 different B and 12 different

vy subunits described.

All these heterotrimeric G-proteins follow up same cycle of
activation-deactivation signal transmission in a specific and reversible
fashion. GDP binds to a subunit, and then By complex joins to form an

inactive heterotrimeric G-protein.

With binding of an agonist receptor is activated and undergone a
conformational change. This change initiates an increase affinity for
G-protein by allowing the release of GDP from o subunit.
Physiologically, GDP is replenished by GTP immediately after the

concentration of GDP is exceeded by several folds. The active state
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continues till the GTP is hydrolyzed by Ga subunits’ GTPase activity.
Moreover, GTPase-activating-proteins (GAPs) can inactivate the G-
proteins. Some proteins can enhance the activation of G-proteins,
called as effectors. To turn off the signal transduction some processes
like desensitization, neurotransmitter-reuptake, and extracellular

degradation of neuropeptides can take place (Kristiansen, 2004).

Majority of GPCR signaling is rather linear and sequential. Also, one
G-protein can interact directly with various effectors; therefore, cause
a change in second messenger concentration. Second messengers may
alter the activity of effectors by integration of highly complex

signaling networks.

GPCRs can activate mitogen-activated protein kinases (MAPKS) via
Ca’™, Ras (small GTPase family), phospholipase C, CcAMP,
phosphatidylinositide 3 kinases (PI3Ks), and tyrosine kinases.

Many GPCRs are known for making complexes with PAR; (protease
activated receptor), ERK1/2, and JNK (c-Jun N-terminal Kkinase),
which are the components of MAPKS.
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1.3. Aim of the Study

In this study, from the microarray data supplied in the research of
Atwood et al, mRNA levels of a comprehensive profile of non-
chemosensory orphan GPCRs and over a hundred GPCR signaling
related gene products are analyzed to choose 10 candidate genes that
can be CART peptide receptor. Microarray data were derived from
four cell lines: HEK293, AtT-20, BV2, and N18. As mentioned
previously, CART peptide causes an increase in PERK levels in AtT-
20, GH3 and differentiated PC12 cell lines, but not induces such an
increase in N2a, HEK293, and CATH cell lines.

The hypothesis based in this study is that between the CART
responsive cell lines and CART nonresponsive cell lines, one or more
of differentially expressed GPCR genes induce ERK1 and 2 signaling
pathways by interaction, therefore cause an increase in PERK levels.
This gene or genes might be CART receptor(s) depending on the
findings that CART receptor can be a GPCR. In order to test this
hypothesis, candidate genes are determined by analyzing microarray
data supplied in the study of Atwood et al. in 2011. Most differentially
expressed genes in CART responsive cell lines when compared to
nonresponsive cell lines are selected from the microarray data. After
mining out candidate genes, expressions of these candidate genes are
validated by gq-RT-PCR. As a starting point, differentiated PC12 and
AtT-20 cell lines are tested for increasing the PERK levels as found in
the study carried out by Kuhar et al, in 2005. Then, as CART
responsive cell line AtT-20 cell line and as CART nonresponsive cell
line N2a are used. The results obtained from this presented study
might narrow down the candidate genes for CART peptide receptor.
As further studies, by transfecting these candidate genes to N2a cell
line, candidate gene products can be investigated if they are the
receptors of CART peptide. Here, aim is to identify CART receptor
candidates which in turn helps to identify unknown CART functions,

CART related pathways and related drug design investigations.
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CHAPTER 2

MATERIALS AND METHODS

2.1. Microarray Data Analysis

There are limited numbers of microarray analyzing software. The
numbers of free-web based ones are even less. Also, most of them are
designed to analyze the most commonly used microarrays like
Affymetrix. In this thesis study, the microarray data that is going to be
used for analysis belong to Nimblegen. Since there is no analyzing tool

developed for this data, following steps are used for the analysis.

Data set is obtained from GEO (gene expression omnibus database),
NCBI. GEO accession number of the data set is GSE25901 showed as in

Figure 10.
Series GSE25901 Query DataSets for GSE25901
Status Public on Feb 01, 2011
Title Expression of G protein-coupled receptors and related proteins in HEK293,
AtT20, BVZ2, and N18 cell lines as revealed by microarray analysis
Organisms Homo sapiens; Mus musculus
Experiment type  Expression profiling by array
Summary This SuperSeries is composed of the SubSeries listed below.
Overall design Refer to individual Series
Citation(s) Atwood BK, Lopez 1, Wager-Miller 1, Mackie K et al. Expression of G protein-

coupled receptors and related proteins in HEK293, AtT20, BV2, and N18 cell
lines as revealed by microarray analysis. 8MC Genomics 2011 Jan 7;12:14.
PMID: 21214938

Submission date  Dec 07, 2010

Last update date Dec 27, 2012

Contact name Jacqueline Lopez

E-mail jacqueline.ann.lopez@gmail.com
Phone 574-631-7875

Organization name University of Notre Dame
Department Biology

Lab Pfrender Laboratory

Street address 112 Galvin Life Science Center
City Notre Dame

State/province Indiana

ZIP/Postal code 46556

Country Usa

Figure 10 View of data set GSE25901 in GEO
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It is performed on NimbleGen 4x72k platforms GPL11059 designed for
Mus musculus, and GPL11289 designed for human. As shown in the

bottom part of Figure 11, supplementary files are downloaded

accordingly.
Platforms (2) GPL11059 NimbleGen Mus musculus MM8 Expression Array (4x72k)
GPL11289 Nimblegen Homo sapiens HG18 Expression Array 4x7 2k (All
Probes)
Samples (18] GSMB535464 AfT20 1
# Mare...

G5SMG35465 AtT20 2
GSMB35466 AtT20 2

This SuperSeries is composed of the following SubSeries:

GSE25886 Analysis of mRNA levels of GPCR and GPCR-related signaling proteins in 2 mouse
cell lines: AtT20, BVZ and N18

GSE25894 Analysis of mRNA levels of GPCR and GPCR-related signaling proteins in the
HEK293 cell line

Relations
BioProject PRINA135767

Analyze with GEO2R

Download family Format

SOFT formatted family file(s) SOFT

MINIML formatted family file(s) MINIML

Series Matrix Fila(s) TXT
Supplementary file Size Download File type/resource

GSE25901_RAW.tar 74.6 Mb (http)(custom) TAR (of PAIR)

Figure 11 View of data set GSE25901 in GEO continues

Since the dataset has .gz extensions, in order to display the files GEO2R
(under NCBI server) is used (Figure 12). There are 12 sample groups.
Since interested ones are AtT-20 and N2a, blue and pink labeled data sets

are used for further studies in this thesis.
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GED accession  (GRERAN Set  Expression of G proten-coupled receptors and related proteins in HEK293, AtT20, BV2, and W18 cell fines as revealed by microamay

Platform GPUINEY

» Samples y Definz groups Selected 8 out of 12 semges

Figure 12 GEO2R Server Data Representation of the platform GPL11059

In order to analyze microarray data “BRB ArrayTools Version 4.3.0”, an
analysis program developed by Biometric Research Branch of National

Cancer Institute is used.

Data is imported via general importer of ArrayTools add-in as in

following Figures.

BRB ArrayTools appears as an add-in within Excel after setup. This
program perfectly analyses GDS files. Since GDS are curated datasets,
the data within the project has all required information. However, GSE
data sets are user-submitted data sets. Therefore, “general format

importer” is used as in Figure 13.
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deneme.xlsx - Microsoft Excel ticari olmayan kullanim

— Girig Ekle Sayfa Dazeni Formiller Veri Gozden Gegir Garanam Eklentiler

ArrayTools

Getting started

Import data ata import wizard

Di
Graphics J General format importer

Analysis wizard NCBI GEO archive

ing » 1 J K L M
BT Affymetrix Gene 1.0 ST Array Importer

Class comparison 3
Prediction
Suryival analysis 4

Time course analysis
Methylation tools

4 Quantitative trait analysis
1 Re-filter, normalize and subset the data

Plugins 4
Utilities
Support
Manuals »
License and version information 3

Figure 13 Screenshot of BRB ArrayTools Add-in Excel

Downloaded separate files from NCBI GEO are imported via “Arrays in

Separate Files” tab, as can be seen in Figure 14.

General Format Importer | P |

This General Format Importer will allow you to specify the file type, data type, and structure of
your files. Please note your files must be tab-delimited text files. For other file types, please use
the Data Import Wizard and other importers.

File type:

" Arrays are saved in separate files stored in one folder.
Explain More

" Arrays are saved in a horizontally aligned file.

Mext ‘ Cancel ‘

Figure 14 A screenshot in BRB ArrayTools Array Importer Wizard.

There were 8 sub-groups of data set four coming from AtT-20 cell line,
and other four coming from the N2a. Log files of these data sets are
imported accordingly, as it is shown in Figure 15.
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~ 5
General Format Importer |A|

In the separate files format, expression data for each array should be stored in a separate file, and
all files should be stored in one data folder.

— Folder containing expression data files:

Folder C:\Users\merve\Desktop\GDS25901\log j Browse |
Reset | Back | Next | Cancel |

Microsoft Excel ﬁl

There are & expression data files in your folder.

Is this correct?

Figure 15 Data Folder Tab of BRB ArrayTools.

Since NimbleGen array platform information says that it is a dual channel
data, in order to choose correct platform feature “Dual-channels data” is

clicked on as it appears on Figure 16.

General Format Importer @‘

Platform:
’7 ' Dual-channels data.  sSingle-channel data. Explain Morel

Figure 16 Platform Preferences of BRB ArrayTools

Due to using log files of data sets, dual channel data information is set as
“log transformation is already transformed” as in Figure 17.
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General Format Importer @

Dual-ch Is data:

" The expression data contains Red and Green intensities.

 The expression data contains ratios, but no Red and Green intensities.

[¥ The ratios are already log2 transformed.

Figure 17 Dual-channels Preference of BRB ArrayTools.

Header line is choosen as the tab showing column ID. First, data line is
set as the second line just appears after the header line. Then, log ratios is

set as Log?2 values (Figure 18).

9 General Format Importer ﬂ
] — Please select the header line that identifies the columns:
| IMAGE_ID GENE_EXPR_OFTION  SEQ_ID PROBE_ID POSITION X ¥ -
— First data fine:
I 250443A01_X¥4_U01_Musculus_532 BLOCK1 NM_001001130 NM_001001130P00930 930 ~«

— File format: dual channels LogRatios

Unique ID (Probeset, | co| 4: PROBE_ID -]
Well, or Spot 1D):

LogRatios :

[l

Col 4: PROBE_ID
Spot Flag (optional): | Col 5: POSITION

Col 6: X

Col 7: Y

Spot Size (optional): | Col 8: MATCH_INDEX
Col 9: SEQ_URL
PrntT Group
(optional): Col 11: PM hd

Explain More |

Reset | Back | Mext | Exit |

Figure 18 Column Selection for the data import in BRB ArrayTools.

Next, gene identifiers are set. In the provided data, probe IDs designed
using Refseq gene IDs. Columns of Probe IDs are set to “EnterezID”,



since there is not any other option (Figure 19a). Annotation of the data
will be provided after importation. Since annotation could not be handled,
program creates a template with the array 1Ds (Figure 19b).

Data Import Wizard g
i Please specify the location of your gene identifiers:
F
A " The identifiers are stored alongside the expression data. " The identifiers are stored in a separate file.
|
— Please select your Gene identifiers file:
— Please select the available gene identifiers:
Unique ID (Well or Col 4: PROBE_ID - Entrezld: Col 3: SEQ_ID -
Spot ID, etc.): I - J I J
Clone ID (IMAGE or
) j Gene Name ,Title or -
EEDstcll I Description: I J
UniGene Cluster ID: I j GenBank Accession: I j
SIS I j Map Location: I j
microRNA ID: I j
' Annotate the project with these gene ids, instead of using Organisms: Iﬁ
the data from SOURCE database.
Reset | Back Next | Exit | Explain More |
Data Import Wizard ﬂ

[V I do not have an experiment descriptor file. Please create a template with just array ids.:

’7 Experiment descriptor file:

File: I C:\Users\merve\Desktop\GD525901\log\..\ExpDescFile.xls j
Back | Next | Exit | E)cDIainMorel

Figure 19a, b Annotation tab of the BRB ArrayTools.

Importer progresses the array by colltaing them in few minutes, then asks
the spotting of the filters, how to normalize the submitted data and
entering desired gene filters as in Figure 20 a, b and c.
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Since it is a done-experiment, its intensity optimizaiton is already set.
Therefore, it is enough to click “Average the Replicate Spots” tab (Figure
20a). Secondly, in order to normalize the data “Normalize each array”
with “Using median over entire array” for log 2 transformed data as in
Figure 20b. When come to “Gene Filter” option, in order to increase
significance, log-ratio variation is pulled to 90 percentile in Figure 20c.

Refilter, normalize and subset the data @

a
_ 2. Mormalization | 3. Gene filters =

- Background adjustment is performed before the intensity filtering and the averaging of replicate
spots is done on filtered data.

d r

=] r

m——

-

I¥ {Average the replicate spots within an array. |

™ Use a common reference design.
OK | Cancel ‘ Reset Help ‘

=2

Figure 20 a Spot filters Option of BRB ArrayTools.
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-
Refilter, normalize and subset the data
1. Spot filters I_ 3. Gene filters 7

A log base 2 transformation is applied to the data before the arrays are normalized.

Bl

@ Using median over entire array " Using median with print-tip group

" Using lowess smoother " Using Lowess with print-tip group

" Using median over housekeeping genes:

 HGU133 £ HG-USS5 (Affy) £ HG-Focus (Affy) =

1% specify a set of housekeeping genes:

\ \ | o

[~ Truncate large intensity ratios (and inverse ratios):

‘ Truncate intensity ratios greater than: lIl ‘

OK I Cancel Reset Help
=

Figure 20 b Normalization tab of the BRB Arraytools

Refilter, normalize and subset the data
1. Spotfilters | 2. Mormalization _

Gene fiters are used to exdude corresponding spots for an entire gene from all arrays.

|

— EXCLUDE a gene under any of the
[¥ Minimum Fold-Change:

Less than e % of expression data values have at leasta
15 ~fold change in either direction from the gene's median value,

¥ Log-Ratio Variation:

@ whose variance is in the bottom ] th percentile
P

¥ Percent Missing: exceede | 30 |%

OK I Cancel | Reset | Help |
=

Figure 20 c Gene Filters Option of BRB ArrayTools
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Coming data appears on Excel as four data sheets: “Experiment
descriptors”, “Gene annotations”, “Filtered log ratio”, and “Gene
identifiers” as indicated with red rectangular in Figure 21. On the first
data sheet, there are descriptors of the experiment. There were
approximately 72000 genes in data set first. After the filtering data
according to significance, 1512 genes are appeared as current data set.
Significance filtration is made due to pick the genes having most
significant changes. In order to annotate this data as a part of it appears on
Figure 21; WEBGESTALT (WEB-based GEne SeT AnaLysis Toolkit)
web page is set.

L13{NM 001001453

O] Beiment

descry

Figure 21 After successful import of the data, excel sheet view

WebGestalt is one of the popular software tools since 2005. For the gene
lists derived from large-scale genetic, transcriptomic and proteomic
studies, latest version of WebGestalt enables to interpret 8 organisms and
201 gene identifiers from various databases & different technology
platforms (Zhan et al, 2013). Since the annotation of the data couldn’t be
made via BRB Array Tools, WebGestalt is used for this purpose. The .ndf
file was old version of annotation file seen in Figure 22. From here, a .txt
file is created and uploaded to WebGestalt in order to annotate the data
(Figure 23).
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User ID information table

Mapped User IDs back

MM_001001881|[72120

[ENSMUSGO0000043391|[2510009E07RIK([RIKEN cDNA 2510009E07 gene

[rara

001001179|[232400

J[ENSMUSGO00000047228|[BC048545

[[cDMNA sequence BCO48546

[rama

001001882|[269400

[ENSMUSG00000028685|[REall

|regulator of telomere elongation helicase 1

[NM_ 0010017 14227631 ENSMUSGO0000059625|[Sohlhl [spermatogenesis and cogenesis specific basic helix-loop-helix 1
[NmM_oo1001490|[z392832 ENSMUSGO0000044819][Oxgrl loxoglutarate (alpha-ketoglutarate) receptor 1
[NM_oo1001446|[226142 ENSMIUSGO0000025197|[Cyp2cad cytochrome P450, family 2, subfamily c, polypeptide 44
[MMm_oo1001804|[EE4214 ENSMUSGO0000033805][Ephx4a epoxide hydrolase 4

_2_.,.___ 001001737||414758 MNA _Nﬂummm zinc finger protein 826

[mm_oo1o001152][238620 ENSMUSGO0000055480|[Zfpa58 nc finger protein 458

[NM_o01001187][408068 ENSMUSGO0000048280|[Zfp738 zinc finger protein 738

[NM_oo1001452|[E87514 ENSMUSGO0000046652|[Tas2r143 |kaste receptor, type 2, member 143

[Mm_Do1001318/[z09380 A [Gma7sg |[GTPase, very large interferon inducible 1 pseudogene
[NM_oo1001320|[109575 ENSMUSGO0000037477|[Tbx10 |T-box 10

[Nm_ooi1ooiso3|[aosics ENSMUSGO0000060201][Spink? [serine peptidase inhibitor, Kazal type 7 (putative)
[NM_o01001489|[215928 ENSMUSGO0000038528|[BC021785 cDMNA sequence BCO21785

[mM_oo1oo01444][F5400 ENSMUSGO0000044249][Defb29 defensin beta 29

[Mm_oo1001805/[258248 NA [CIfr578 clfactory receptor 576
[NM_0010013232|[100038854|[ENSMUSGO0000079524][BC117090 |[cDMNA sequence BC1179090

[NM_o01001321][Foaga [EnNSMUSGooO000023114|[SIc35d2 |[sclute carrier family 35, member D2

[Nm_oo1001496|[414089 ENSMUSGO000005569 1|[Gjaé l[gap junction protein, alpha &

[Nm_oo1o01183| 2078321 ENSMUSGO0000024168/[Tmem204 |fransmembrane protein 204

[Mm_oo1o001883][E22152 ENSMUSGO0000042807]Hecw?2 [[HECT, €2 and WW domain containing E3 ubiquitin protein ligase 2

[rama

001001326|[F5954

[ENSMUSGO0000021024|[5t5

_ suppression of tumorigenicity 5

[rara

001001451[[387513

|[ENSMUSGO0000058250]Tas2r138

|kaste receptor, type 2, member 138

[rara

001001334|[281350

|ENSMUSGOO000037708|[BC061194

[[cDMA sequence BCOG1194

[rama

001001322|[279028

[ENSMUSGoo000014852[aAdamts13

|[a disintegrin-like and metallopeptidase (reprolysin type) with thrombospondin type 1 motif, 13

[rara

001001453|[287515

J[ENSMUSGO0000051917|Tas2ri44

|kaste receptor, type 2, member 144

[Fama

001001559|[84701

[ENSMUSGo0000057221][Dubza

|[deubiguitinating enzyme 2a

[rara

001001807][258502

|[ENSMUSGO0000054036][0lfr279

|[olfactory receptor 279

[rara

001001499[[414105

IR |[4732455104Rik]|[RIKEN cDNA 4732465104 gene

[rama

001001495|[414084

[ENSMUSGO0000044162|[Tnip3

|TNFAIPZ interacting protein 3

001001449|[z80878

IR |[aFoGe7063

[[cDNA sequence AFOG7063

[rara

Figure 23 Webgestalt Annotation of the data set
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2.2. Cell Culture

In this thesis study, two cell lines are used: Neuro 2a (N2a), and AtT-20.
N2a cell line is derived from Mus musculus brain. These cells are
adherent neuroblasts. In order to culture this cell line, Dulbeco’s Modified
Eagle Medium (DMEM), fetal bovine serum (FBS), and
penicillin/streptomycin are used according to Table 1.

Table 1 Growth Media of N2a cells

Components of Culture Media Final Concentration
FBS 10 %
Pen/Strep 1%
DMEM g.S.p.

Cells are cultured in an atmospheric environment composed of 5 % CO,
and 95% air in 37 °C.

In sub-culturing, 0.25% (w/v) Trypsin - 0.53 mM EDTA solution is used
to remove cells. Sub-culturing is carried in a ratio of 1:6.

AtT-20 cell line is derived from pituitary of Mus musculus. They are
small rounded cells, but loosely adherent. For the growth of AtT-20 cell
line, F-12K  selective  medium, horse serum, FBS and
penicillin/streptomycin are combined as in Table 2.
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Table 2 Growth Media Components of AtT-20 cell line

Components of Culture Media Final Concentration
Horse Serum 15%
FBS 25%
Pen/Strep 1%
F-12K Selective Media g.s.p.

In sub-culturing AtT-20 clumps are transferred to another flask filled with
growth media. Therefore, there is no cultivation ratio. Cells live

sustainably in clusters.

Atmospheric environment composed of 5 % CO, and 95 % air is required
for AtT-20 cell growth in 37 °C.

2.3. RNA Extraction
In order to obtain RNAs from cell lines, iINtRON Biotechnology RNA-
spin™ Total RNA Extraction Kit [for Cell/Tissue] is used (Cat. No:
17211). For the N2a cell line, from over-cultured T-75 flask 4 tubes of 0.5
mL cells are obtained. On the other hand, for the AtT-20 cell line RNA
extraction, cells are collected to one tube only. Then, the protocol within

the kit is strictly followed.
2.4. DNase treatment

In order to remove genomic DNA from RNAs, DNAse treatment is
applied to total RNAs obtained previously by Invitrogen’s Ambion DNA-
free™ Kit (Cat. No: AM1906). The protocol within the kit is strictly

followed.
2.5. Agarose Gel Electrophoresis for total RNA

After DNase treatment of total RNAs, products are run in 1% agarose gel.
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2.6. cDNA Synthesis

As the crucial step of g-RT-PCR, cDNA synthesis is carried out by
Thermo Scientifics’ RevertAid First Strand cDNA Synthesis Kit (Cat.
No: K1622). Since random hexamer multiplies every RNA molecules
found in the sample, random hexamer primed reverse transcription is
preferred. Therefore, by obtaining a random hexamer primed cDNA
sample can be used as a source for every desired gene. The protocol
within the kit of “RevertAid First Strand cDNA Synthesis” is strictly
followed.

2.7. Primer Design

Because both cell lines are derived from mouse species, primers are
designed in reference to Mus musculus genome. Genes selected using the
microarray data are: Crhrl, Glplr, Glp2r, Sctr, Bail, Bai3, Gprll3,
Gprl16, Gprl33, Casr, Grml, and Fzd10.

Here as an example primer design for Crhrl gene will be examined. First,
gene sequence is obtained from NCBI.

“Mus musculus corticotropin releasing hormone receptor 1 (Crhrl),
MRNA

NCBI Reference Sequence: NM_007762.4

>0i|145966876|ref[NM_007762.4| Mus musculus corticotropin releasing
hormone receptor 1 (Crhrl), mRNA

AGACTTGCTCGCGCAGGGCGAGCCAGAGCCTGCCGGTGGGGC

GGGGCGGGAGGGTGCGAAGCCGGGCGCCTGGGAGCAGCTCAG
CGACCCGGGAGACTGGCCGCCCAACGGAGACCGLCAGLCEaGeeC
GCTCTTCGCTCTGGGATGTCGGAGCGATCCTGGCATCCAGGAC
GCTGACAGAGCGAGCCCGAGGATGGGACAGCGCCCGCAGCTC
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CGGCTCGTGAAGGCCCTTCTCCTTCTGGGGCTGAACCCCGTCTC
CACCTCCCTCCAGGATCAGCAGTGTGAGAGCCTGTCCCTGGCC
AGCAATGTCTCTGGCCTGCAGTGCAATGCCTCCGTGGACCTCA
TTGGCACCTGCTGGCCCAGGAGCCCTGCAGGGCAGTTGGTGGT
TCGGCCCTGCCCTGCCTTTTTCTACGGTGTCCGCTACAACACCA
CAAACAATGGCTACCGGGAATGCCTGGCCAACGGCAGCTGGG
CAGCCCGTGTGAATTATTCTGAGTGCCAGGAGATTCTCAACGA
AGAGAAGAAGAGCAAAGTGCACTACCACATTGCCGTCATCATC
AACTACCTGGGCCACTGCATCTCCCTGGTGGCCCTCCTGGTGGC
CTTTGTCCTCTTCCTGCGGCTCAGGAGCATCCGGTGCCTGAGGA
ACATCATCCACTGGAACCTCATCTCGGCTTTCATCCTGCGCAAC
GCCACGTGGTTTGTGGTCCAGCTCACCGTGAGCCCCGAGGTCC
ACCAGAGCAACGTGGCCTGGTGCAGGCTGGTGACAGCCGCCTA
CAACTACTTCCACGTAACCAACTTCTTCTGGATGTTCGGTGAGG
GCTGCTACCTGCACACAGCCATCGTACTCACGTACTCCACCGA
CCGTCTGCGCAAGTGGATGTTCGTCTGCATCGGCTGGGGTGTG
CCTTTCCCCATCATTGTGGCTTGGGCCATTGGGAAACTTTACTA
CGACAATGAAAAGTGCTGGTTTGGCAAACGTCCTGGAGTATAT
ACTGACTACATCTACCAGGGCCCCATGATCCTGGTCCTGCTGAT
CAACTTTATCTTTCTCTTCAACATTGTCCGCATCCTCATGACCA
AACTCCGAGCATCCACCACATCTGAGACTATTCAGTACAGGAA
GGCTGTGAAGGCCACTCTGGTGCTCTTGCCCCTCCTGGGCATCA
CCTACATGTTGTTCTTCGTCAACCCTGGGGAGGACGAGGTCTCC
AGGGTTGTCTTCATCTACTTCAACTCTTTCCTGGAGTCCTTTCA
GGGCTTCTTCGTGTCTGTGTTCTATTGTTTTCTGAACAGTGAGG
TCCGCTCTGCCATCCGGAAGAGGTGGCGGCGATGGCAGGACAA
GCACTCCATCAGAGCCCGAGTGGCCCGCGCCATGTCCATCCCC
ACCTCCCCCACCAGAGTCAGCTTCCACAGCATCAAGCAGTCCA
CAGCAGTGTGAACCTCAGGCCACAGAGCAGCCCCCAAGACCC
GAGGCTGGGGAAATGATGCAAGCTCACTAGCGAGCCTGTCTGC
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AGAGGCAGGCAGCCTTCCCATCCCTGCCCCTGGGATGCAGACC
TGTAAGCCTGCCCAGCCGTGGACAAAGCCCATAGCACTGGGGT
GGGCCCTTGGCATCTAGCTCCCTGCTGCCCATTCTCCCTGGGAA
GTTGAAATGGGCATTGGGGGCTGGAAACCCTGCAGCAGTTTGA
TGGGCCTGTGAGCGCTGTCTTCTCCCAGAGCAGCTTACTGAAG
ATCTGTCGTCTTCAGGAGCTGTTGGGGAGGCCAACTGTTACCCT
GGGGCATCATGGAAAACTCCCTTCTGAGACTGTAAAGTCTCTG
AGTGTTAGCGATGCCTTGGGATGCTACCGAGGACCAACATGGT
CCAGTCAGGAGACCGGGAGATAGCGGTAGAAATCTGGGAACG
TCATCAGATGGCACTCCACCTCCCTACAAGTCACTCCTGAGCC
ACCAGGATTTCATCAGCACTGTGGCACTGCCACTGGAAAGCCC
TGCCTTGCTGCTTTGCTGCCCTGCACCTTTAGACATTTACTATTC
TGCAGGCCAAGCCAGCTTTCTGTCACTTATCCACTGACAGCAA
CGGTCCCCTCGCCCCCAAATCCTCCCACCTCTGGGTATCTTCTA
ACCTGTGAGAAGATGGGGGTCGGGAAGGGGACTTGAGTTGCC
AGGAACCAGAGTGGGCCCAGTCTATGAGGAAGGAGTGGCCCC
TGGGTACCCAGGCCACTGGCTTCAGTGGCTGGCCTCTTGAACA
CAGTCACAAGCTGGGGGAAGGATCTATTCAAGTGCCCTGACCA
GCGACAGGTGGCTCCTGGGACAACTAACTAACTAAGCCCTTGC
TCCCAGGCTTGGAATGGCCCAGTCCTCAGTGGGTAGGAGAGCT
GAGGAGCCGCAGCAGGACTGAGGTGGGGGTGATATAAATAAT
ATTTATCTTTTC”

Then,  “NCBI Primer-BLAST”  under  the  website  of
“http://www.ncbi.nIm.nih.gov/tools/primer-blast/” and “Primer3” under
the website of “http://bioinfo.ut.ee/primer3-0.4.0/primer3/” are used to

pick primers.
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Figure 24 NCBI Primer-BLAST results for Crhrl gene

Since there is not any other variant of Crhrl gene for Mus musculus, 4™
primer may be appropriate due to its short product size which is 193 bp,
and exon-exon junction fit. When examined by clicking the tab on fourth

primer as in Figure 24, details are as shown below:

Primer pair 4

Sequence (323 Templatestrand ~ Length Start Stop Tm  GC% Self complementarity ~ Self ' complementarity
Forward primer ~ TICTGAACAGTGAGGTCCGC  Plus 0 1284 1303 5997 5500 500 10
Reverse primer  CAGCCTOGGGTCTIGGG Minus 17 1476 1460 59.34 7059 400 0.0

Product length 19
Exon junction 129711298 fforward primer) on template NV _0077624

=

Products on intended target

SNM_007762.4 Mus musculus corticotropin releasing hormane receptor 1 (Crhrt), mRNA

product length = 193
Forward primer 1  TTCTGAACAGTGRGGTCCGC 20
Template 1288 i, 1303

Reverse primer 1 CRGCCTCGGRICTTGEG 17
Template Ul 1460

Figure 25 Primer details of Crhrl gene

In order to see whether it hits another sequences in the genome, BLAST

search is made as in Figure 25.
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Primer pair 1

Sequence (5'>3) Length Tm  GC%  Self complementarity Soll 3 complementarity
Forward primer TTCTGAACAGTGAGGTCCGE 20 2997 5500 500 00
Reverse primer CAGCCTCGGGTCTTGRG 17 S034 T0EY 400 0.00

Products on target templates

s mussculies corti atmmane eciptor 1 (Crhrt), mRbA

197024 1 Mus musculus unkampt-dike (Drosephils) (Unkd). transeript variant 1. mRMA

abl ancogens 1, nan-recoptor tyrasing kinase (Abi1), transcript vanant 1, mRNA

34 3 Mus musculus c-ab cncogens 1. non-seceptor tyrosing kinase (A1), transcript variant 2, mRMA

Figure 26 BLAST results of the picked primer

There are 10 hits elsewhere in the genome although not perfectly match
with sequences. Therefore, “Primer3” search is made in order to make a
comparison. Sequence is pasted to “Primer3” this time, and the results

were:

Primer3 Output

PRIMER PICKING RESULTS FOR gi|145966876|ref |[NM 007762.4| Mus musculus corticotropin
releasing hormone receptor 1 (Crhrl), mRNA

No mispriming library specified
Using l-based sequence positions

OLIGO start len tm gct any th 3" th hairpin seq
LEFT PRIMER 1666 20 58.97 50.00 27.717 0.00 0.00 GARRCCCTGCAGCAGTTTGA
RIGHT PRIMER 1834 20 58.99 55.00 0.00 0.00 0.00 CCRRGGCATCGCTARACACTC

SEQUENCE SIZE: 2428
INCLUDED REGION SIZE: 2428

PRODUCT SIZE: 169, PAIR ANY TH COMPL: 0.00, PAIR 3'_TH COMPL: 0.00
1 AGACTTGCTCGCGCAGGGCGAGCCAGAGCCTGCCGGETGGGGCGEGECGEEAGEETGCGARA

61 GCCGGGCGCCTGEGEAGCAGCTCAGTGACCCGEEAGACTGGCCGLCCAACGGAGACCGECAG
121 CCGCCCGCTCTTCGECTCTGGGATGTCEGAGCGAT CCTGGCAT CCAGGACGCTGACAGAGC
181 GAGCCCGAGGATGGGACAGCGCCCGCAGCTCCGECTCGTGAAGGCCCTTCTCCTTCTGGE
241 GCTGARCCCCGTCTCCACCTCCCTCCAGGATCAGCAGTGTEAGAGCCTGTCCCTGECCAR

301 CAATGTCTCTGGCCTGCAGTGCAATGCCTCCGTGGACCTCATTGGCACCTGCTGGCCCAG
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1441 CTCAGGCCACAGAGCAGCCCCCRAGACCCGAGGCTGGGGARATGATGCARGCTCACTAGC

1501 GAGCCTGTCTGCAGAGGCAGGCAGCCTTCCCATCCCTGCCCCTGGGATGCAGACCTGTAR

1561 GCCTGCCCAGCCGTGEACARAGCCCATAGCACTGGEETEEECCCTTGGCATCTAGCTICT

1621 TGECTGCCCATTCTCCCTGGGRAGTTGAAATGEGCATTGGGGECTGGARACCCTGCAGCAG
FEEEEr I

16681 TTTGATGGGCCTGTGAGCGCTGTCTTCTCCCAGRGCAGCTTACTGRAGATCTGTCGTCTT
ooy
1741 CAGGAGCTGTTGGGGAGGCCAACTGTTACCCTGGGGCAT CATGGARAACTCCCTTCTGAG

1801 ACTGTARAGTCTCTGAGTGTTAGCGATGCCTTGGGATGCTACCGAGGACCAACATGETCC
L=

1861 AGTCAGGAGACCGGGAGATAGCGGTAGARATCTGGGAACGTCATCAGATGGCACTCCACT

192

g

TCCCTACAAGTCACTCCTGAGCCACCAGGATTTCATCAGCACTGTGGCACTGCCACTGGA

1981 ARGCCCTGCCTTGCTGCTTTGCTGCCCTGCACCTTTAGACATTTACTATTCTGCAGGCCA

KEYS (in order of precedence) :
>>»>>»> Left primer
<<<<<< Right primer

ADDITIONAL OLIGOS

start len tm gct _any th _3' th hairpin seqg
1 LEFT PRIMER 764 20 59.03 50.00 0.00 0.00 0.00
ACAGCCGCCTACAACTACTT
RIGHT FRIMER 989 20 59.02 50.00 0.o00 0.00 0.00

ATACTCCAGGACGTTTGCCA
PRODUCT SIZE: 226, PAIR ANY TH COMPL: 0.00, PRIR 3'_TH COMPL: 0.00

2 LEFT PRIMER 1815 20 58.99 55.00 0.00 0.00 0.00
GAGTGTTAGCGATGCCTTGGE

RIGHT PFRIMER 1970 20 58.05 50.00 0.00 0.00 0.00
GTGCCACAGTGCTGATGARRA

PRODUCT SIZE: 156, PAIR ANY TH COMPL: 0.00, PRIR 3'_TH COMPL: 0.00

3 LEFT PRIMER 205¢ 20 558.03 50.00 0.00 0.00 0.00
TATCCACTGACAGCARCGGT

RIGHT PFRIMER 2260 20 58.05 55.00 0.00 0.00 0.00
CCCAGCTTGTGACTETGTTC

PRODUCT SIZE: 2Z0Z, PAIR ANY TH COMPL: 6.31, PAIR 3' TH COMPL: 1.38

4 LEFT PRIMER 995 20 58.895 60.00 16.4¢6 16.46 0.00
GACTACATCTACCAGGGCCC

RIGHT PFRIMER 1223 20 58.94 55.00 0.00 0.00 0.00
TGAAGACAACCCTGGAGACC

PRODUCT SIZE: 229, PAIR ANY TH COMPL: 0.08, PAIR 3' TH COMPL: 0.00

Figure 27 Primer 3 Output of crhrl gene

Primer3 output results give more stable primers due to GC content and
secondary structure that can occur. In order to get a successful g-RT-PCR
result, short products should be targeted. Smaller than 300bp products
would be synthesized ideally. Since 2" pair is the shortest one here, it is

checked in BLAST once more to see where it hits in the genome. As
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shown in Figure 27, there are two hits in the mouse genome, first is the
targeted gene, and second one is a bad match with a cDNA clone.

Primer pair 1

Sequence (53] Length  Tm  GC%  Self complementarity Self 3' complementarity
Forward primer n B899 bA00 200 m
Reversa primer Fi] 5905 5000 500 200

Products on target templates

762 4 Mus musculus corticotropin releasing hormone receptor 1 (Cehrl), mRNA

507 7 Mus musculus RIKEN cONA 1110004709 gene (1110004F05Rk), mRHA

Figure 28 BLAST result of the 2nd primer from Primer3 output

In order to check secondary structures, oligo analyzer under the website
of IDT, Integrated DNA Technologies, is used to see a detailed probable
hairpin structures, internal and hetero dimers as shown in the Figure 29.
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~"" | General Information
ke Batch Date: 2/5/2013 9:52 PM

GAG TGT TAG CGA TGC CTT GG Nucleotide Type: DHA [+] Sequence Type: Linsar [w|
Temperature Max Foldings
25 oc 20
Na Concentration Start Position
50 mM
Mg Concentration Stop Position
o mM

Suboptimality
50 |9
Update Add To Order

AG (keal.mole™) Tm (*C) AH (kcal.mole™) AS (cal. K mole?) Output

0.29 18 -16.1 -55.31
g 9.5 -10.1 -35.73

Structures

Structure Name

-1
]

1

z

3

Fl
&
o
n
v}

-

?

HETERD-DIMER ANALYSIS HOMO-DIMER ANALYSIS
Primary Sequence Dimer Sequence

5*'= GAGTGITAGCGATGCCITGE -3¢

57~ GAGTETIAGOGRTECCITGG —

Maximum Delta G -38.84 kcal/mole

Secondary Sequence

5"~ GIGCCAIAGTECTERTGRRA -3 Dalta G -3.61 keal/mala
Base Pairs 2

Maxinwum Delta G -38.84 keal/mele
5' GRGIGITAGCGATGCCTIGS

I
3' GGTTCCGTAGCGATIGTIGAG
Dalta G -5.02 kealimele
Base Pairs 1

Delta G -3.14 keal/mole
Base Pairs 2

s* GRAETIGITAGCEATGCCITEE
2] I E
3' GGITCCGTAGCGATIGTGAG

Delta G -3.14 keal/mole
Base Pairs 2

5' GRGIGITAGCGATIGCCTIGSG

(B} 13
i GGITCCGTAGCGATIGTGAG

Deita G =3.14 kcal/mole
Base Pairs 2

5' GAGTGITAGCGATGCCTIIGG

=k GEITCCGTAGCGRTTGIGAS

Figure 29 Detailed report of the desired primer pair in “OligoAnalyzer
3.17

Since showed hairpins are insignificant in terms of structures and Tm’s,
and also heterodimer and selfdimer check results seem insignificant, as a
conclusion this primer pair is chosen for RT-PCR studies. Whole table of

targeted gene primers are shown in the Table 3.
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Table 3 Primer Sequences designed for the targeted genes and the product size

Gene N . P.
Narme Direction Primer Sequence size
F5—3 CCCAGCTCATGACCGACTTT
Bail 192
R5—3 TGGACACATTAGCTGGCAGG
F5—3 CTGCCTGGCCTTGATAACTC
Bai3 164
R5—3 TCGTGCAGATGCTCTTATTGTG
F5—3 TTGCCTTGTGATCCTCTTTCCA
Casr 199
R5—3 TCATGTAGAGACTGCCCGAGA
F5—3 GAGTGTTAGCGATGCCTTGG
Crhrl 156
R5—3 GTGCCACAGTGCTGATGAAA
F5—3 AAGAGAGTCACTTCCCCAGC
Fzd10 159
R5—3 TGTTTTGCTAGGGAGAGGGG
F5—3 ATGTCAGCTGCCCCTGGTA
Glplr 329
R5—3 AGGTGGATGTAGTTCCTGGT
F5—3 GCTGGTTTCCATCAAGCAAG
Glp2r 268
R5—3 GTGTCTGTAGGCCCTTCCTG
F5—3 ATTTGTCCCCACAGCCCAAT
Gpri13 97
R5—3 GACCAGCACTGATTCCCCTT
F5—3 CTCCCGATTGTCTGTGAGGT
Gprli16 262
R5— 3" | TGGAGAATTGAAGGTTGAACAATGG
F5—3 ACCTACTGCTTTCAGGCACC
Gpr133 232
R5—3 TGAGTGCTACACACCTGGAC
F5—3 TCACTACCTGCTTCGCAGTG
Grml 233
R5—3 GCCGTTAGAATTGGCGTTCC
F5—3 CTTCGGATGGGGTTCTCCAG
Sctr 106
R5—3 CCAGATGGAAGCGTTGGAGT
F5—3 CAAGGTCATCCATGACAACTTTG
GAPDH 496
R5—3 GTCCACCACCCTGTTGCTGTAG
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2.8. g-RT-PCR

From obtained cDNAs 1:10, 1:100, and 1:1000 dilutions are prepared for
both AtT-20 and N2a derived ones in order to calculate the concentration
accurately as cDNA concentration cannot be measured due to RNA
presence in the samples. It is known that nearly 20% of RNA is converted
into cDNA during a reverse transcriptase reaction. Three replicates of
samples are used with a no template control (NTC) as shown in Figure

30.

(O

N2a 1:10 1:100 1:1000

S

1-1¢ 1:100 1-10 NTC L1000 110007 1:10007 NTC

1100 1.100°7 1:100" NTC

Figure 30 Experimental Design of cDNA dilutions for N2a samples

In order to prepare a master mix, Roche’s FastStart Universal SYBR
Green Master (Rox) (Cat. No: 04 913 850 001) is used. Components of
the master mix are SYBR green mix, nuclease free water, forward primer

and reverse primer according to Table 4.
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Table 4 SYBR Green Mixture Components for g-RT-PCR

Volume for
COMPONENTS
One Tube
SYBR green mix 9.7 uL
Nuclease free water 11.3 pL
Forward primer 0.5 pL
Reverse primer 0.5 pL
Total 22 pL

When 3 pL cDNA is added to mix finally, 25 L reaction tubes are
placed onto QIAGEN.

Two-step reaction is designed accordingly:

Table 5 2-step Reaction Conditions for q-RT-PCR experiment

95°C 10 min Hold
95 °C 15 sec
40 cycles Annealing
60 °C 45 sec
50°C-99°C Melting
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CHAPTER 3

RESULTS & DISCUSSION

3.1. Microarray Data Analysis Results

After first analysis made by GEO2R, N18 and At-T20 cell line samples
are obtained as in Figure 32. High red bars show four samples genes that

are expressed in At-T20 cell line. However, there are no bars on N18

representing these could be the candidate genes for our hypothesis. The

detailed analysis revealed after BRB Array Tools analysis (Figure 33).

To scatter the plot of differentially expressed genes, the excel sheet

obtained after the microarray analysis result (Figure 31) is used. Then by

using the V-look-up function of Microsoft Excel, the genes are

determined as in Table 7 in the order of significance.

Disolay the data G5MB35464 G5MB354 G5ME334 GSMGE354 GSME354 (Rank Mean T-test Fold
g—p—v— 250443A01.65_25044 66 25044 67 25044 72 25044 Change

1 |UniguelD | wa nint W22 vl aane vl aana vl sant il = = = =
_2 |[NM_175642.4 515733888 5.21E+08 -1.1E+09 4.96E+08 3.81E+08 1 4.55125 B8.50250E-19 4.5513
3 |XM_134865P01843 515643136 4.95E+08 4.45E+08 5.1E+08 2.49E+08 2 415125 8.50250E-19  4.1513
_4 |XM_138109P00228 515633536 5.06E+08 4.22E+08 4.92E+08 1.95E+08 3 3.234854 8.50250E-19  3.2349
5 |NM_177218P01390 515515392 5.17E+08 -S.5E+08 4.91E+08 -1.2E+09 4 2.334854 8.12325E-19  2.3349
_6 |NM_030024P00173 515461248 4.87E+08 -S.5E+08 4.68E+08 2.66E+08 5 2.231258 4.40700E-19  2.2313
7 |NM_001023837P03556 | 515438848 -9.2E+08 4.54E+08 5.13E+08 3.65E+08 6 2134112 4.11820E-19  2.1341
_8 |NM_011475P00397 515366656 5.13E+08 -S.3E+08 5.16E+08  -1E+09 7 2.030975 6.41347E-19  2.0310
9 |XM_901559P01106 515143808 4.91E+08 -S.5E+08 5.09E+08 -1.1E+09 8 1.954854 6.34789E-19  1.9549
(10 |NM_005026P00742 515123456 5.04E+08 4.25E+08 -1.1E+09 1.BE+H0D8 9 1.994854 4.50250E-20 1.9549
(11 |NM_013654P00285 515075968 5.21E+03 4.49E+08 -9.2E+08 3.56E+08 10 1.936755 4.50250E-19 1.9368
(12 |INM_007812P01723 515038464 5.21E+08 4.54E+08 -9.2E+08 -1.1E+H09 11 1.934854 7.50250E-19 1.9349
(13 |XM_125473P04733 514510336 4.99E+03 4.54E+08 5.02E+08 2.65E+08 12 1.932435 6.50250E-19 1.9325
(14 |NM_025845P02447 514276352 5.13E+08 4.54E+08 5.13E+08 -1.6E+08 13 1.916792 5.04570E-19 1.9168
(15 |XM_859393P00424 514115072 5.19E+08 4.39E+08 4.01E+08 -1.2E+08 14 1.911585 2.50250E-19 1.9116
(16 |XM_205276P04133 514074624 -9.2E+038 4.53E+08 -9.3E+08 2.71E+08 15 1.903877 2.50250E-19 1.9039
(17 |NM_053217P02356 514068224 5.21E+03 4.54E+08 5.19E+08 3.87E+08 16 1.900877 2.50250E-19 1.9009
(18 |NM_195422P00470 513745408 5.21E+038 4.54E+08 5.14E+08 3.89E+08 17 1.894854 2.50250E-19 1.8549
(19 |XM_483314P00236 513670784 5.17E+03 4.54E+08 5.19E+08 3.89E+08 13 1.890695 2.50250E-19 1.8907
20 |[NM_175485P06491 513590016 5.1E+03 4.23E+08 5.16E+08 3.26E+08 19 1.890129 2.50250E-19 1.8301
(21 |XM_486268P05198 513438976 5.03E+03 4.19E+08 4.61E+08 2.9E+08 20 1.884854 2.50250E-19 1.8349
22 |NM_023814P01904 513396736 5.21E+03 4.54E+08 5.12E+08 -1.1E+09 21 1.881345 2.50250E-19 1.8813
23 |NM_007988P05016 513310720 5.21E+038 4.54E+08 5.19E+08 3.54E+08 22 1.880347 2.50250E-19 1.8803
24 |XM_148862P00054 513168384 5.02E+03 4.13E+08 5.07E+08 3.42E+08 23 1.880046 2.50250E-19 1.8300
25 |NM_172454P01022 512394112 5.21E+038 4.51E+08 5.15E+08 -1.1E+09 24 1.879835 2.50250E-19 1.8798

Figure 31 Raw Data Result after BRB ArrayTool analysis
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» KM_973193P00843
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Figure 32 A sample from GEO2R Top 250 genes selection

SEQUENCE

TGCAAGCTGGGACAG...
TGATCATAAGAGCAC...
GCTCAGTTTCACCAG...

GATGACAAGCACAATA..
CTGTTTGTCTATGATA. .
TATCAACCGCCAAAT...
AGCCGCTTCACCGT...
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NM_173842| () QE0ZFS Bai3 377 12517 5312

Figure 33 Scatter Plot of Data Analysis by BRB ArrayTools

It is seen that there are differentially expressed genes by AtT-20 cell line
when compared to N18 cell line. In order to choose top genes whose
expressions are nearly zero in N18, but having highest expression in AtT-
20 cell line — also shown in Figure 33 the analysis revealed by GEO2R -
BRB ArrayTools scatter plot gave the detailed result.

Final list of the selected genes are listed in Table 6.
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Table 6 Genes Selected By Microarray Data Analysis

Bai3 | ENSMUSGO00000033569 | . Brain-specific
angiogenesis inhibitor 3
Glp2r | ENSMUSG00000049928 | Clucagon-like peptide 2
receptor
Fzd10 | ENSMUSG00000081683 | FMizzled homolog 10
(Drosophila)
Gpril6 | ENSMUSG00000056492 |  C Protein-coupled
receptor 116
Bail | ENSMUSG00000034730 | . Brain-specific
angiogenesis inhibitor 1
Gpri33 | ENSMUSG00000044017 | & Protein-coupled
receptor 133
Gpri13 | ENSMUSG00000067642 | Protein-coupled
receptor 113
Glplr | ENSMUSG00000024027 | Glucagon-like peptide 1
receptor
Sctr ENSMUSG00000026387 Secretin receptor
Cast | ENSMUSG00000051980 Calcium-sensing
receptor
Crhrl | ENSMUSGO00000018634 | Corticotropin releasing
hormone receptor 1
Grml | ENSMUSGO00000010g2g |  Clutamate receptor,
metabotropic 1

As the final step of microarray data analysis, KEGG (Kyoto Encyclopedia
of Genes and Genomes) Pathway Analysis results revealed that genes of

interest are related with two pathways (Figure 34):

e Neuroactive ligand-receptor interaction (Figure 35)

e Long-term depression (Figure 36)
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(1 [} bioifovandertitedy/webggstattdocs el KEGG fle 13769272520

User data and parameters: User data: textAreaUpload o, Organism; mmusculus, [d Type: gene_symbal, Ref Set: entreagene, Sionifiance Level: Topd0, Statistics Test: Hypergeometri |
Minimum: 2

This table sts the enriched KEGG pathways, number of Entrez IDs n your user data set forthe pathway, the comesponding Entrez D5, and the statistics for the enrichment of the pathw:
statistice column lists the number of reference genes inthe category (C), mumber of genes inthe gens set and also in the cateqory (0), expected number in the categary (E), Ratio of ennc
alue from hypergeametnt test (rnP), and p value adjusted by the mukiple test adiustment (3. Finally, the pathway name is inked to KEGG where the user ids are highiohted, the nt
ene ids is inked to a table with infarmation about the user ids, and the Entrez 1Ds are finked to Entrez Geng

Ielroadtive gand-reeptyr nteration 15 114815 12921 14652 319229 93696 0277205 E=0.06:R=87.04rawP=L87e-08,a0P=3.74e-8
Long-em depression 2 14815 1ot |0=72,0:2E=0.00R=133.84rawP=L00e-04;adP=100e-4

Figure 34 KEGG Pathway Analysis Results
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Figure 36 Long-Term Depression

3.2. g-RT-PCR Results

For determination of the efficiency of g-RT-PCR reactions, calculated
efficiencies by Rotor-Gene Q Series Software on slope of standard curves

are used.

R? represented on the standard curves describes the proportion of the
variability in a g-RT-PCR reaction. When R? value reaches to 1, variance

of the reaction decreases means a better reaction.

The Ct value is the threshold cycle, the increase that can be detected in
the amount of fluorescence. Starting template amount for reaching the

expression can be calculated by Ct value.
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In the melt curves, T, values depend on the length of DNA sample that is
used. Different peaks in different temperatures show different DNA

samples.

In order to calculate relative changes, 2*“* formula is used as described
in the study of Livak & Schmittgen, in 2001.

3.2.1. Results for Bai 3 gene
Samples (Figure 37) are represented in colors in the quantitation graph

and melting curve for Bai3 gene.

HID |Name |T_I,Jpe |
1 n2a-baid Standard
2 n2a-baild Standard
B :eabaz Standard
B 4 nzabaiz Standard
Al n2a-bail Standard
B 6 nzabaiz Standard
B e NTC
8 nZa-gapdh Standard
- 9| n2a-gapdh Standard
- 10/ n2a-gapdh Standard
- 11 n2a-gapdh Standard
12| n2a-gapdh Standard
13 nZa-gapdh Standard
14| nte: HTC
15 att20-baid Standard
16/ att20-baid Standard
17| att20-bail Standard
18 att20-baid Standard
19 att20-bail Standard
B 20 st20baiz Standard
T NTC
22| att20-gapdh Standard
B 23 st20-gapdn Standard
B 24 st20-gapdh Standard
B = st20gapdh Standard
B = st20gapdh Standard
B =7 st20-gapdh Standard
28| nte: HTC

Figure 37 Samples with color interpretations

Fluorescence levels of all N2a derived Bai3 samples and no template
controls (NTC) are depleted in 10 cycles due to lack of products as

expected (Figure 38).
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Figure 38 Quantitation of Bai3 concentrations

In the melt curve of Bai3 gene, two peaks are observed. The first peak is
around 78° which belongs to AtT-20 Bai3 samples. This means all AtT-
20 derived Bai3 samples have a single product because there is a single
unique peak. All GAPDH samples obtained from both N2a and AtT-20
cell lines gave a second single peak around 87°. That means they have a

single unique product for GAPDH gene.

Figure 39 Melt Curve of Bai3

Standard curve for Bai3 gene shows that sample duplicates are close each
other by means of concentration. Moreover, concentration dilutions are
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successfully made which can be seen from R value (Figure 40). It is, the
Pearson Coefficient of Determination, the value indicating how well the
data fits a line or curve. The closer the value is to 1, the better the data fits
the curve. Here, R value is 0.9778290. That indicates dilutions were
successfully made. In order to say effective to this g-RT-PCR run, the
efficiency value should be between 90-100%, which means slope should
be within the range of (—3.6, —3.3). If the efficiency is 100% in a perfect
run, the CT values of the 10 fold dilution will be 3.3 cycles apart due to a
2-fold change for each change in CT. Therefore, if the slope is below —
3.6, then the PCR has poor efficiency. Here, slope of standard curve is -
6.35, which means that the efficiency is low for this q-RT-PCR run. It is
also indicated as E value, which is 0.43. That means the efficiency of the
run is 43%, which is low. This could be due to the replicates quality,
which is pretty high in this case, indicating a good precision. There is one
outlier in the bottom probably causing the deviation. If it is omitted, more

efficient standard curve can be obtained.

B T T T Cycling A.Green (Page 1):
e e BT T TTEEE R R=0,98290
[ .Y b . ----| R"2=0,98609
a5 N N S | m=8385

. - N ----| B=60,111

T e _...| Efficiency=043

CT

p i + =
10% 16 10%* 1d 107
Concentration

Figure 40 Standard Curve of Bai3.

In Figure 41, agarose gel electrophoresis result is seen for Bai3 gene
products. Loading information of the samples is found in Table 8.
According to agarose gel electrophoresis result, we see two distinct

bands. Lower product is around on the line of 150, and bigger product is
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around 500bp. Bai3 gives 159bp-product and GAPDH should give
496bp-product based on primer design, which is held previously. They

perfectly match with what is expected theoretically.

L 1 23 4 Si6EcEEse s oo

Figure 41 Gel view of Bai3 and GAPDH g-RT-PCR products. Table 7
shows content of each lane.
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Table 7 Bai3 and GAPDH products loaded in agarose gel

Sample # Sample Name Product
Length (bp)

1 1:10 dilution AtT-20 GAPDH product ~500
2 1:100 dilution AtT-20 GAPDH product ~500
3 1:1000 dilution AtT-20 GAPDH product ~500
4 NTC of AtT-20 GAPDH product -

5 1:10 dilution AtT-20 Bai3 product ~150
6 1:100 dilution AtT-20 Bai3 product ~150
7 1:1000 dilution AtT-20 Bai3 product ~150
8 NTC of AtT-20 Bai3 product -

r 1:10 dilution N2a GAPDH product ~500
2’ 1:100 dilution N2a GAPDH product ~500
3 1:1000 dilution N2a GAPDH product ~ 500
4 NTC of N2a GAPDH product -

5 1:10 dilution N2a Bai3 product ~150
6’ 1:100 dilution N2a Bai3 product ~150
7 1:1000 dilution N2a Bai3 product ~150
g’ NTC of N2a Bai3 product -

Here, the standard curve and gel view of Bai3 gene are examined in detail
as an example. Rest of the genes that are examined for this thesis study

can be found in Appendix A.

3.2.2. Fold Changes of Selected Gene Expressions

Fold change graph is structured via “GraphPad Prism Version 6.02”.
GAPDH gene is used for relative gene expression calculations. When the
fold changes of 12 genes are compared, it is seen that Bail, Casr, Fzd10,
Glplr, Glp2r, Gprll6, Gprl33, Grml and Sctr are significantly
expressed in AtT-20 cell line as conforming microarray data analysis
(Data are mean = SEM from 2 cell lines per gene group, p < 0.001).

59




However, Bai3, Crhrl and Gprl13 are not as it is expected as highlighted
with red asterisks (Figure 42). Bai3 and Crhrl genes are expressed in
both N2a and AtT-20 cell lines. On the other hand, Gpr113, interestingly,

is expressed in N2a but not in AtT-20 cell line.

] [ AT-20

il i B3 N2a

Al a2l m {
i

Fold Change

1Lil

&
& &

RO S B
°g°°6“‘1$>(’\¢(’\0

)
W

Ny
cf‘ (,Q‘ c,¢

Gene Name

Figure 42 Fold Changes of Selected Genes (mean = SEM from N2a cell
line and AtT-20 cell line per gene group, p < 0.001)

In microarray data there were nearly 72000 GPCR and GPCR-related
genes. Since the microarray data solely cannot be counted as solid

evidence, these q-RT-PCRs are carried out.

In microarray study, the cell line that was used is N18. N18 is a cell line
of mouse neuroblastoma and rat glioma hybrid. However, the study
revealed by Kuhar et al. claimed that the cell line not responding to
CART are N2a, HEK293 and not differentiated PC12 cell lines. In order
to perform this study and make a comparison between cell lines, obtained
MRNAs should be from the same organism, to make a conclusion.

Therefore, due to derivation from Mus musculus N2a and AtT-20 cell
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lines are used. Moreover, although HEK293 cell line both takes part in
western blot and microarray studies as CART nonresponsive cell line, it is
derived from human. Therefore, a proper comparison was not possible in
AtT-20 cell line. As a result, these three genes Bai3, Crhrl and Gprll3

might have given such different expressions from the microarray data.

Nevertheless, in order to be a CART receptor candidate, selected genes
should be expressed in AtT-20 cell line while not being expressed in N2a
cell line. Thus, Bai3, Crhrl and Gprll3 are eliminated for being the
candidate of CART’s receptor at the end of this analysis.

Also, it should not be forgotten to mention that lack of mMRNAs doesn’t
indicate the lack of translated protein. mMRNAs might have been degraded
shortly after their synthesis. However, it is possible to say that present
MRNAs indicate that a specified protein is translated from its mRNA.
Therefore, presence of mMRNAs that are showed in this study indicates the

protein presence.
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CHAPTER 4

CONCLUSION

In this study, for the determination of CART receptor candidates; 12
genes are selected via microarray data analysis. These genes are: Bail,
Bai3, Casr, Crhrl, Fzd10, Glplr, Glp2r, Gprll3, Gprll6, Gprl33, Grml
and Sctr. Bail, Bai3, Crhrl, Glplr, Glp2r, Gprll3, Gprl16, Gprl33 and
Sctr are from B Class o0GPCRs, Casr and Grml from C Class 0GPCRs,
Fzd10 is from F/S Class oGPCRs.

Due to being a small peptide, CART’s receptor might be one of 0GPCRs
except the A Class. A Class GPCRs are huge receptors in size.
Nevertheless, this does not entirely eliminate the probability that CART
peptide has an A Class GPCR.

In microarray study, the cell lines that were used are HEK293, N18, AtT-
20, and BV2. As mentioned previously, CART responsive cell lines were
AtT-20 and differentiated PC-12 cells. Non responsive cell lines for
CART are N2a, undifferentiated PC12, GH3, CATII and HEK293 cells.
As CART responsive cell line AtT-20, as nonresponsive cell line N2a are
used.

After q-RT-PCR studies carried out, it is found out that Bail, Casr,
Fzd10, Glplr, Glp2r, Gprll6, Gprl33, Grml and Sctr genes are
expressed in high amount in AtT-20 cell line, while Bai3 and Crhrl show
low expression in N2a cell line. Interestingly, Gprll3 is expressed in
N2a, but not expressed in AtT-20 cells.
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To conclude, Bail, Casr, Fzd10, Glplr, Glp2r, Gprll6, Gprl33, Grml
and Sctr genes can be candidates for CART’s receptor(s). It is also

possible that there can be more than one receptor for the CART peptide.

For further studies, these genes that are determined can be tested. After
cloning the candidates to N2a cell line, it is possible to investigate
CART’s response via western blotting. Likewise, if a modified version of
CART peptide can be synthesized, it is possible to pull down the

receptor-peptide complex and analyze it for further.
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APPENDIX

Al. Casr

Figure 44 Melt Curve of Casr
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A2. Crhrl

Figure 46 Melt Curve of Crhrl
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A3. Fzd10

Figure 48 Melt Curve of Fzd10
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A4. Glplr
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Figure 49 Quantitation of Glplr Concentration

Figure 50 Melt Curve of Glplr
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A5. Glp2r

Figure 52 Melt Curve of Glp2r
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A6. Gprl13

Figure 53 Quantitation of Gpr113 Concentration

Figure 54 Melt Curve of Gpr113
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A7.Gprl16
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Figure 55 Quantitation of Gpr116 Concentration

Figure 56 Melt Curve of Gpr116
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Figure 58 Melt Curve of Gpr133
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A10. Sctr
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Figure 61 Quantitation of Sctr Concentration

Figure 62 Melt Curve of Sctr
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