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FFA
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ABBREVIATIONS
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chigcysto
cluster of differentiatior
cluster of differentiationl4
fatty acid translocase
complimentary DNA
Chinese hamsterovary (CHO) cells
carbon dioxide
f DBOO02Qa Y2RAFTASR S| 3t
dimethyl sulfoxide
deoxyribonucleic acid
deoxyribonuclease |
Dithiothreitol
deoxyribonucleotide triphosphate
ethylenedéiraaestic acid
enhanced green fluorescent protein
xpresséd Sequence Tags
eicosatetraemic acid
ethanol
fluorescence activated cell sorting
fatty acid birtding pro
fatty acid transport protein
fetal bovine serum
frealfatty aci
gram
glyseraldgipltesphate dehydrogenase
green fluorescent protein

gastric inhibitory polypeptide
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GLPL
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HBSS
HEPES

LCFA

MeOH
MG

mM
MOPS
MRNA
OEA
PBS
PCR
PFA
PYY
RNA
RIA
RNase
RT
RTPCR
SCFA
shRNAs
TAE

TG

TLCA

glucagonlike peptidel
glucagonlike peptidel receptor
G-Proteincoupled receptors
Q Ividfeked salt solution
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
long chain fattyacids
molar
Methanol
2-monoacylglycerol
millimolar
3-N-morpholine propanesulfonic acid
messenger RNA
oleoylethanolamide
Phosphate buffer solution
polymerase chain reaction
Paraformaldehyde
peptide YY
ribonucleic acid
radioimmunoassay
ribonuclease
reverse transcriptase
reverse tiptaser polymerase chain reaction
short-chain fattyacid
short hairpin RNAs
tris-aceticEDTA buffer
triacylglycerol
taurine-conjugated lithocholic acid

volt
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ABSTRACT

Cholecystokinin (CCK) secreting enteroendocrine (EEC) | cells which
distribute in gastrointestinal tract plagn important role in lipid sensing,
digestion and fatty acids uptake. Although a lot of research lieen
performed,the whole mechanism of fat sensing and fatty acid uptake and
hormone expression ithe CCK cells is still uncle&®obal analysis to
characterse the CCK cells is essential.

CCK cellsavean indistinct morphologya diffuse distribution and a small
percentage of population in the small intestindowever, he generation

of genetic fluorescence tagged animal mofalilitatesthe studyof these
cells. In this thesis, irgyle cell dissociation methods and -RTR
methodologies for detecting nutrient sensimgceptors and fatty acids
transporters were established and optisad. Expression omRNAs fofat
sensing GPCRs were detected in madisedenal epithelium. Expression
of FATP family and CD36 in CCK cells and enteraggttestudied by RT
PCR. FATP2, FAT&d CD36 mRNwere found in both CCK cells and
enterocytes.

Cell culture methodologiegnabling the study of function &cium
imaging and FACS analysi®re established and optinsed by checking
the cell viability as a criterion.

The methodology combing the immunochemistry and FACS analysis to

study the hormone was established but requiresther optimisation.
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CHAPTER ONE

INTRODUCTION



1 INTRODUCTION

1.1 Importance of Lipids

1.1.1 Food and Nutrition

Most of the lipid foundin food is in the form of triacylglycerols (TG),
cholesterol and phospholipids. A minimum amount of dietary fat is
necessary to facilitatéhe absorption of fatsoluble vitaminsA, D, Eand

K) and carotenoids Carotenoidsare important simple isoprenoids that
function asantioxidantsand as precursors eitamin A(Rao, 2007). Some
essential fatty acids, such dsoleic acid(an omega6 fatty acid and
alphalinolenic acid(an omega3 faty acid) are required in the diet

because they cannot be synthssil from simple precursors.

1.1.2 Energy Storage

Lipics areone of the most important daily energy suppliésdiposeor

fatty tissue is the body's means of storing metabolic endéogextended
periods of time. Triacylglycerols are a major form of energy storage. When
the body needs energy, fat molsdtion will startviathe activation ofthe
hormonesensitiveenzymelipase Triacylglycerols, glycerol and fatty acids
releasefrom adipose tissue. These metabolic activities are regulated by
several hormones (i.einsulin glucagonand epinephring (Van Holde,

1996; Brasaemle, 2007).
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1.1.3 Structual Lipids

Phospholipids are the main structural component thie lipid bilayer,
together with the sterol lipids, such akolesteroland its derivatives and
sphingomyelins,which form biological membranessuch as cellular
plasma membrangand the intracellular rembranes ofrganelles They

alsoplay a rolan metabolismandcell signdling (Bach& Wachtel, 2003).

1.1.4 Cell Sigrang

Fatty acids play an important role in cell sidimgl. Sgnaling occurs via
the activation ofG proteircoupledreceptors omuclear receptorgEyster,
2007). Several different lipid categories have been identified as Bigpal
molecules and cellular messengers These includesphingosinel-
phosphate a sphingolipid derived from ceramide that is a potent
messenger molecule involved in regulating calcium neatidin, cell
growth, and apoptosis (Hinkovskaalchevaet al.,2008; Saddoughi, 2008);
diacylglycerol(DAG) and thephosphatidylinositolphosphates (PIPs),
which areinvolved in calciunmediated activation ofprotein kinase C
(Klein& Malviya,2008); therostaglandinswhich are one type of fatty
acid derivel eicosanoid involved ininflammation and immunity
(Boyce,2008)and bile acidsand their conjugateswhich are oxidized
derivatives of cholesterol and synthssdl in the livelof mammals (Russell,

2003).
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Resistin, aysteinerich protein secreted by the visceral fat of mice and
rats, was discoveredo be adipocytokine production shows a positive
correlation between obesity an@n increased riskof gastric cancer
(Nakajimaet al.,2009), and it is also associated with insulin resistance,

type 2 diabetes and gestational diabetes mellitus (Kuzreicii.,2009).

Free fatty acids take part in many nutrient uptake and &tprprocesses
such as impament of insulinmediated glucose uptake and glycogen
synthesis in muscle, anthe potentiation of glucosestimulated insulin

secretion in pancreatic islets (Thompson, 2000; Prentki, 1992).

1.2 Structure of the Small Intestine and Intestinal Epithelium

From the outermost to innermost (the lumen) regigime small intestine

is composed of serosa, muscularis, submucosa, and m(sesdig 11).

A single layer of epithelial cells lining the mucissi#erived from the stem
cells located in therypts of LieberkihfiCheng & Leblond, 1974). This
crypt cell population migrates along the cryptlus axis and differentiates
into four cell lineages: absorptive enterytes, mucussecreting goblet
cells, Paneth cells and hormoipeoducing endocrine cells (Cheng &

Leblond, 1974; Barkest al.,2008).
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In contrast to other cell types, Paneth cells migrate to the crypt base
(Cheng, 1974)where they produce antimicrobial p&des and growth
factors (Jobiret al., 1999). The other three types of cells move upwards
to the villi and during their journeyundergo the process of maturignd
apoptosis before finally beinghed into the lumen. The lifespan of these
cells is Z3days in rodend (Cairnieet al.,1965; Gordon, 1989) andé&days

in humans (Lipkin, 1987).

Microvilli Tight Junction
Lumen =\ B

Villus-

Crypt

Figure X 1 Schematic diagram of the small intestine structure.
A: The4 layers of the small intestine; B: Structure of crypt andisilCCisecreting

enteroendocrinecellsreside in the upper small intestine. C: The apical membrane of
the cell is exposed to the lumen. The microvilli enlarge the surface of the small

intestine and helpwith nutrient sensing and absorption.
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1.3 Enter@ndocrine Cells

The enterocytes contse the majority of the epithelial cell population.
The enteroendocrine cells are diffusely distributed in the small intestine
and represent less than 1% of small intestinal epithaals (Cheng &
Leblond, 1974)Theenteroendocrine cell types are categsad by their
morphology, distribution and hormonal prodwc{Sjdlundet al., 1983;
Rindiet al.,2004). The majority of enteroendocrine cell types have a-well
developed brush border membrane at their apical surfé@eing towarc

the gut lumen. This structure indicates that these cells sense the content
in the lumen these cells are called opéawype cells (Reimanet al.,2011).

The hormones secreted by these erdendocrine cells regulate
gastrointestinal mobility ad secretion and are also involved iretcontrol

of metabolism (Habib et al.2012). Conventionally, these include
cholecystokinin (CCK9ecreted from 4cells (Liddleet al., 1985) gastric
inhibitory peptide(GIP) secreted from-&ells and glucagelike peptide-1
(GLP1) secreted from d{cells (Sj6lundet al., 1983). According to the
Wiesbaden classification, C&&creting cells were nameecells due to
their intermediate size (Solcia, 1973). The following section gives further
information about CCK andhe CCksecreting d{cells. A list of
enteroendocrine cell types based on the classical Wiesbaden system is

shown in Tabld-1.
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Hormones Distribution

Cell ; ,
, _ Small intestine Large
type peptide amine stomach — _ )
duodenum  jejunum  lleum intestine
EC 5-HT K K K K K
G Gastrin K K
D somatostatin K K K few few
S Secretin 5-HT K K
I cholecystokinin K K few
P/D1 ghrelin K few few few
L GLI/PYY few K K K
K GIP K K few

Table 1 1 Classification of enterendocrine cells.

Cell types, hormonal productions and distribution of some gastrointestinal EE@ cells
humars (Polacet al.,1975; Sj6luncet al.,1983; Bordeet al.,2000; Rindet al.,2004;
Deacon, 2005; Tolhurst al.,2009)

1.4 CCK and CCKQBlls

1.4.1 ICells and CCK Release

CCK (1) cells are distributed throughout the duodenum and are also found
inthe jejunum and ileum (Polaaet al.,1975; Sjolunet al.,1983) CCK cells

are flaskshapedwith their apical surfaces oriented towasthe lumen of

the gut (Polaet al.,1975; Buchawet al.,1978). This orientation enables |

cells to contact and sense nutriexh the intestine (Liddle, 1997).

The elease of CCK is stimulated by the ingestion of food that contains fat
or proteins (Pilichiewiz et al., 2006; Hallet al., 2003). CCK secretion is

initiated when food leaves the stomach and enters the small intestine, and
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secretion continues until proteins, fats, and their metabolites halle
passed from the upper small intestine (Liddle, 1997yvds found that
free fatty acids (FFA) rather than intact triglycerides (Guimbeiudl.,
1997) and fatty acid esters (McLaughlin ef 80898) induced the release
of CCK from EECr'he most effective stimulants are long chain fatty acids.
A dependency ofchain length was discovered in FiRduced CCK
secretion bothin vivo(McLaughlin et al.1999) andin vitroin STEL cell
lines(McLaughlin et a]1998). Plasma CCK concentration was consistently
and similarly elevated by fatty acids with a chain ofca@on atoms or
longer, whereas thoseontaining10 or fewer carbon atoms failed to
increase plasma C(see Fig R).

8001

k3

600

*k
400~

CCK
(% Control)

kk

200 1

0 50 100 200 500 1000
[FAI(uM)

Figure 12 Dose and chain length dependence of-lluced CCK secretion in SIC
Cells

Cells were challeged with increasing concentrations of C6 (n =4), C8 (n=4), C10 (n =
5) and C12 (n = 5) saturated fatty acids over 15 min. Results are expressed as a
percentage of CCK secretion in control (untreated) cells over the same period. Data

are means = s.e.mP*< 001, **P < 0001Reproduced fromMcLaughliret al.,1998).
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1.4.2 Peptide Structure of CCK

CCK is derived from a 115 amino acid preprohormone and is cleaved to
form peptides differing in amino acid chain lengkhg 13). Among them,
CCKa8 is believed be the major functional unit of this peptide (Takahashi

et al, 1985). The majority of C@Kthe intestineis present as CC¥3 and
CCKR22 (Mutt, 1980; Rehfeldt al.,2001) while CCK8 is primarily found

in the brain and central nervous systefidockay, 1980).

NH, — QDS X ORI DX X EX S R A HX LXGYA)
CCK-58 L

CCK-33 CCK-39 (L)
(A

0 ) SO.H [
O S D DEEERDE DRI MEX WM DN E — C - NH,

Figure X 3 Primary structure of CCK
CCK was isolated from porcine duodenum as-ar@®o acid peptide (CE33). CCI8

was found irthe rat brain, andshows the highest affinity for CCkeceptor. There are
two other natural molecular variants of CCK: €9kand CCE&8, whichbind to CCK1R
withad A YA £ I NJ I -§(Duyfrasiietet afi2R06)/ / Y

1.4.3 CCK Receptors

Originally CCK receptors were characse on pancreatic acinar cells,
islets, gallbladder, andin the brain by radioligand binding and

autoradiography (Williams, 1982). In the pareseand gallbladder, CCK
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bound with an affinity that was ~1,0d0ld greater than that of either
unsuphated CCK or gastrinhese receptors were termed C@K(A for
alimentary origin). In the brain, however, CCK and gastrin bound with
similar affinities these receptors became known as €EKB for brain
origin) (Liddle, 1997). The C8Keceptor has been renamatie CCK1
receptor (CCK1R), and the G&kKeceptor has been renamdte CCK2
receptor (CCK2Rbased onthe recommendations of the International
Union of Pharmacology (IUPHAR) committee regarding receptor

nomenclature and drug classification (Dufresteal.,2006).

1.4.4 Physiological Roles of CCK

Cholecystokinin is an important hormonal regulator of the ingestion,
digestion andthe absorption of mtrients (Liddle, 1997)It was first
discovereddue to itsability to stimulate gallbladder contraction after
injection in dogs (Ivik Oldberg, 1928). A high density of CCK receptors
was detected in the gallbladder muscle, CCK (Geitial,1987). Sonof Q &
group found that CCKiduced gallbladder contractions are controlled
through CCK1 receptors both on the vagal nerve stimulating the
endogenous release of acetylcholjrend on the gallbladdeto directly

stimulate muscle contraction in degSonole et al.,1995).

26



CCK simulates the secretion of pancreatic enaasat binds the CCK cell

receptors (Dufresnetal.,H nnc 0 ® / / Ymw gdisintheggid SOG SR
pancreas (Schweigetal,H A nno0o® [/ / YMw gl a-cdlld a2 F2c
I v RecelBin rats| y Rcelkin pigs andthe human endocrine pancreas
(Sakamoto et aj1985; Kageyamet al.,2005; Morissekt al,, 2003). As a
neuropeptide, CCK inhibits the motility and emptying of the intestine
(Raybould& Tache, 1988) and reduces food intake (Sratthl.,1981) by

affecting vagal afferent. CCK is implicated in satiety via CCK1 receptors

(Mutt, 1988; Miyasaka, 1b), acting as a neuromodulatoBéldwinet al.,

1998 Blevinset al.,2000).However,the shortterm satiety role of CCK1

receptors was confirmed in CCK1 recegdeficient mice that showed no

change in food consumption aftédne administration of CCK gontrast to

wild-type animals (Kopiet al.,1999). Dockray suggested that the vagal

afferent neuron inhibition or stimulation of food intake induced by @GCK

determined by the previous food intake atitht these effects last hours

or even days (Dockrag009).

1.5 Proposed Mechanisms of Dietary Fatty Acid Sensing

The chemosensor for fatty acids sensing by intestioalld is still unclear.
Howeverthere is presently a hypothesikat the intestinal {cell detects

the lipidviadirect and indirect mecénisms.
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1.5.1 Direct Mechanisms

A group of Gprotein coupled receptorsvas found to be expressed
throughout the body and act as fatty acid sers(riscoeet al., 2003;
Itoh et al.,2003). GPR40 and GPR120 have been foubd receptors for
medium to lang chain fatty acisl(Briscoeet al.,2003; Wellendorplet al.,
2009). Long chain fatty acids (LCFA) have the effect of inhiltheng

motility of the intestine and induceatiety by inducing CCK release.

GPR41 and GPR48und inthe human colon were icentified as short
chain fatty acid (SCFA) sersd6PR41 drives SCigdluced Peptide YY
(PYY) secretion from coloniecélls and both GPR41 and GPR43 play
important roles in glucagchke peptide 1 (GL-R) secretion (Reimann et

al., 2008; Samuel et al., @8; Tolhurst et al., 2012)

GPR119 binds oleoylethanolamide (OEA) (Fu et al., 2007; Schwartz et al.,
2008), a derivative of fat digestion aneoolyglycerol (Z0G) (Overton
et al., 2006) a digestive breakdown product of triglycer&leThe
activation of GPR119 induseGLP1 secretion in {cells (Overton et al.,

2008; Lauffer et al., 2009; Hansen et al., 2011)
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1.5.2 Indirect Mechanisms

LCFAs are absorbed by enterosyend form chylomicrons before the
subsequent transport process (Kalogatisl.,1996. Apolipoprotein AV
(ApoAlV) is a component ofhe chylomicronthat is secreted by the
enterocytes when stimulated by lig@nd is involved in satiety sigtial
and CCK secretion (Fujimoto et al., 1992; Raybould, 200&; Oisp2004;

Glatzle et al.2004 Whited et al., 2005).

1.6 GPCR

1.6.1 Common Features

G-Proteincoupled receptors (GPCRs) are members of a family of
transmembrane proteins that mediate the transmission of many kinds of
extracellular signals to the cell interior and initiate sijng mechanisms
that regulate multiple cellular processes (TilakaratneSé&xton,2005).
Each GPCR has three common featFfeg 14). seven transmembrane
spanning domains, an intracellular carboxyl terminal and an extracellular

amino terminal (Wess, 199.
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Figure X4 Schematic diagram of the general structure of a GPCR
GPCRs, also known as set#amsmembrane domain receptarare characteged by

an extracellular region:the N-terminus and three extracellular loops; the
transmembrane region: sevenhelices and an intracellular regiorthe Gterminus

and three intracellular loops (Venkatakrishnetral.,2013)

1.6.2 Signal Transduction

GPCRs are involved in the recognition and transduction of messages as
diverse as light, €4 odorants, small mlecules including aminacid
residues, nucleotides and peptides, as well as proteins. They control the
activity of enzymes, ion channels atite transport of vesicles via the
catalysis of the GIIETP exchange on heterotrimeric G proteins (Figure
1-5) Boclaert & Pin, 1999). Hoewer, it is not clear howhe Gprotein

binds to the receptor A variety of biochemical and biophysical studies
suggest that GPCR activatioviagligandinduced changes in the relative
orientation of individual transmembrane helicesvhich affect the
conformation of the intracellular receptor surface, thus allowing

productive coupling to ¢proteins (Wess, 1997).
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There are three main G protein families;, @ and G; the activation
pathways for thee are different (Figurel-6). Gs stimulates adenylate
cyclase (AC),i@hhibits AC and activates’ Khannels and gstimulates
phospholipase C (PLC) (Tilakaratrieeton 2005).The G pathway is the
classical pathway that is activated by calciombilising hormones (Neves

et al.,2002).

A i—Rcccptor

e
[ )

. [—Ligand
D B

U]

()p7E]

=
£ GIP ’——GDP

2nd messenger

Figure 15 Signal transduction of GPCRs.
A.The inactive state: GDP bindsth® " -subunit of the G proteinB. A ligand binds to

the receptor and activates, making the subunit of the G protein associfitem the
receptor.In this stagethe exchange of GDP for GTP occ@Dissociation of -GTP
from the receptor and association with a G protein effector which can catalyse the
formation or decomposition o& second messenger. Then, the signal is transmitted
into cells D. In the absence adligand, GTP is hydrolysed into GDP due to the GTPase

actiuvty of the " -subunit and the heterotrimer reforms.

31



G Gy G

l l l

Activation of AC Activation ofPLC Inhibition of AC
ATPhydrolyseinto cAMP Hydrolysis of PHP Reduce cAMP
(acts as 2ndnessenger)
induced by AC / \ l

l 1P DG Enzyme inhibition

Activation of l l

protein kinases L
IPyreceptor Activation
l ca of PKC
release
Phosphorylation of calcium channel)
channels Opening of ion
channels Enzyme activatio l
Concentration
of cellular
calciumrise

Figure 1 6 Activation pathway of the three main G protein families

1.6.3 Fatty Acids Semgy GPCRs

GPR40

GPR40 was cloned along WieiPR41GPR42and GPR43downstream of
CD22at the human chromosoralocus 19g13.1 (Sawzdargo et, 4997).
Then, the cDNA of GPR40 was isolated from monkey, mouse, rat and

hamster cells Later, longchain FFAs wer found to evoke a specific
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increaseof [Ca4]i in CHO cells expressing GPR40 (Itoh e@03).The
highest expression of the mMRNA of GPR4@perted A y-cells of the
pancreas. The receptor is also expresseith@small intestine, at leasit

the mRNA level (Briscoet al., 2003; Itohet al., 2003). This discovery
suggests that GPR40 might be included in the mechanism of fatty acids
sensing in the snaintestine. GPR40 was found to be activated by a range
2F YSRAdzY O0/c YR /y0 FyYyR ft2y3 6x/ mn
fatty acids by using HEK293 cells stably expressing GPR40. For example
elaidic acid, palmitic acid and eicosatetraenoic acidA]Elere able to
increase intracellular calcium in a concentratidependent manner. The
most potent saturated fatty acids were those with carbon chain lengths of
15 and 16 (Briscoe et a2003). Another group found that saturated FFAs
with a lengthof C12to C16 and both Ct&nd C2@ength unsaturated
FFAsincreaseintracellular C& concentratiors using CHO cells stably

expressing human, mouse or rat GPR40 (#ibhl.,2003).

Many studieshave focused on the expression of GPR40. By using
guantitative polymerase chain reaction with reverse transcription-(RT
PCR), ItoQgroup found that the highest expression of GPR40 (according
to the distribution of GPR40 mRNA in rat tissuas in the pancreas.
Although the expressiorwas low, GPR40 mRNA was found the
duodenum jejunumandileum, as well asn the large intestine(Fig 17).
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There was no GPR40 mRNA founthmrat brain (Iltohet al., 2003). In
addition, they found thatthe expression of GPR40 mRNA was
approximately 1#times greater in the pancremt islets than in the
pancreas as a whole. Its expression was comparable to that of type A
cholecystokinin receptor (Wank et all992), glucagoilike peptidel
receptor (GLAR) (LankatButtgereit et al, 1994) and sulphonylurea
receptor AguilarBryan etal., 1995, and greater than that of muscarinic
acetylcholine receptor (AChR M&Bréun et al. 1987)and somatostatin
receptors 3 and 5B8runo et al. 1993, all of which are reported to be

expressed abundantly in the islets (Itoh et 2003).

GPR40 MRNA was expressed ithe human brain, sections of the
gastrointestinal tract and at a high level in the pancreas. Usingjtu
hybridisation, Briscoetal.lo H nno 0 F2dzy R GKI G Dt wnn
cells of rat pancreatic islets, in the same region betislets as insulin.

Dt wnn SELINBaaiAzy 6 a |-dels@®exp&diyOli SR

glucagon (Flodgreet al.,2007).
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Data represent the ratios d6PR40 and other mRNAs to glyceraldeR§gidnosphate

dehydrogenase (GAPDH) mRNADistribution of GPR40 mRNA in rat tissules.
Specific expression of GPR40 mRNA in rat pancreatic islets. CCKAR, type A
cholecystokinin receptor; SSTR, somatostatin rece@&R, sulphonylurea receptor

(Itoh et al.,2003).

The relatively specific expression of GPR40 in pancreatic islets across
species, together with the finding that signal transmission of the receptor

is via coupling witlthe G, protein, results in the elevation of [C&"iand

the stimulation of protein kinase C activity. Brisael.(2003) Itoh et al.
(2003)andKotarskyet al.(2003) suggested that GPR40 may play a role in

the ability of LCFASs to stimulate insulin secre{i@ovington et al., 2006).

GPR40 expression has been characterised in endocrine celteeof
gastrointestinal tract, including cells expressiig incretin hormones
GLP1 and GIPHdfalket al.,2008).TheLacZreporter gene was inserted

into the GPR40ocus of targetedsPR40 '*““mice and GPR40 was found
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to be expressed in gut estoendocrine cells. The expression@PR40n

the pylorus and duodenum was confirmed by situ hybridisation
analyses using @PR40iboprobe. Double immunohistochemical analysis
was performed on the dthelium of the gastric pylorus, duodenum, and
ileum of 2 to 3-month old mice using anti -gal antibodies and antibodies

that werespecific for different gastrointestinal hormones (Figi+8). The

i -gal" cells, i.e., GPR4Q were shown to express a wide variety of
SYR2ONAYS K2NXY2ySaod Ly (-HafGPR@E f 2 NJza
expression cdocalised with gastrin, GIP, GHR ghrelin, CCK, PYY, secretin,
serotonin, and substance P expressiamile A y (i K S -gdl/GFRdOY = |
expression cdocalsed predominantly with that of GLP (Edfalket al.,

2008).

AllGPR4&xpressing dés in the intestine were hormonpositive (ghrelin,
GIP, GLR, CCK, PYY, substance P, serotonin, and secretin). However, only
~2055% of the individual hormonexpressing cells also expressedR40
Whether this indicates functional differences remainxlgar however

(Edfalket al, 2008).
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Figure 1 8 GPR40s expressed in gut enteroendocrine cells.
A: X-gal staining of sections tiie pylorus, duodenum, jejunum, ileum, and colon i 2

month old GPR48* and GPR4d2°Z mice. B: In situhybridisation usingGpr40specific
probes on sections of neonatal epithelium time stomach and duodenum. Arrows
indicate cells expressifgPR4GnRNAC Confocal sections of-20 3-month old adult
GPR4d2°Z pylorus and duodenum stained thi anti-i -gal antibodies (greenjo
indicate GPR40 expression and antibodies specific for the indicated enteroendocrine

hormones (red) (Edfakst al.,2008).
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GPR41

GPR41 mRNA wakown to behighly expressed in the brain and lyagd

was also found in the heartskeletal muscle and kidney (Bonetial.,

1997). In humasg adipose tissue demonstrated the greatest level of
MRNA expression. Expression can also be found in bone, visceral organs,
and brainandalsoperipheral blood mononuclear cells by Man RTPCR
(Brown et al., 2003). C3:0 was found to be the most potent feA

activating GPR41 (Brown et,&003).
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Figure X9 Tissue localisation of hGPR41 using the TagMan methodology.
hGPR41 mRNA levels were determined using poliRRM+rom 20 tissues and GPR41

specific primers. Bars show the means + S.D. for samples from four individuals per

tissue(Figure taken from Brown et al., 2003)

Since there is a difference of only six amino acids between GPR41 and
GPR42, the latter is thgit to be an evolutionaly recent gene

duplication of GPR41 (Sawzdargo et¥97) howeverit is not activated
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by short chain fatty acgl(Brownet al.,2003). Failure to detect GPR42
MRNA in any samples of human tissue using TagMan PCR suggests that
the GPR42 gene may only be present in a polymorphic subset of

individuals (Browret al.,2003).

GPR43

GPR43 was deorphanised together with GPRHart chain fatty acids
were found to activate GPR43 (Brown et, 2003). The e&pression of
GPR43 mRNA wasportedin the spleen, bone marrow and many other
blood cells (Brown et al2003; Le Poul et aR003). Recentlhowever,it
has been found that GPR43 is expressed in EEC and mast tedsatf
intestine. GPR43 mRNA is expressed in preparationseofwtiole wall

from the rat ileum and colon (Karadd al.,2006).

GPR119

All-trans retinoic acid was regarded as the first potential endogenous
ligand of GPR119 (Boniei al.,2001).Sogaet al. (2005) identified five
phospholipids, the oleoyl, stearoyl nd palmitoyl forms of
lysophosphatidylcholine (LPC), lysophosphatidylethanolamine and
lysophosphatidylinositolall of whichact as agonistef GPR119Chuet al.
(2007a, b) showethat GPR119 improves glucose homeostasis via direct
cAMRmediated enhancenma of glucosedependent insulin release in
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LJ- vy O NBcells &arfd GPR119 also regulate glucose homeostasis by
stimulating Glucagohike Peptidel (GLPL) andthe release of icose

dependent insulinotropic peptide.

Lauffer (2009) demonstrated that oleegythanolamide (OEA) increases
GLP1 secretion from intestinal -tells through activation of the novel
GPR119 fatty aciderivate receptorboth in vitro and in viva Murine
GLUTag, human NEIF16 and primaryoetal rat intestinal kcell models
were used foRFPCR, and for cAMP and GLRadioimmunoassay (RIA).
Rats were aaesthetised and received intravenous or intraileal QEA
plasma bioactive GEP, insulin and glucose levels were determined by

Elisa or glucose analg

GPR119 mRNA was foutal be highly expressed irthe rat and mouse
pancreas and gastrointestinal tract (Borehal.,2001; Boninet al.,2002).
Chuet al.(2007b) analysed huanm tissueusingboth TadMan and RIPPCR

and detected that GPR119 was significantly enrichedh& human
pancreasThey also found that GPR14@spresent inthe colon and small
intestine in micausing theRNase protection assay. GPR119 was also highly
expressed in GLBproducing GLUTag and ST €ells, suggesting that the
gut expression of GPR119 might correspondhtestinal endocrine cells
(Chuet al.,2007Db).

40



1010

GPR119 Expression (Nrmalized to S59)
4.}
=]

=]
I

£ 5 2
E S E P e P38 SpEEESgESESEs S
@ =2 Z 8 = S w 2 3 = S 8 = =
£ E 5 3 §E2ERgs2282¢g23 £t 22 E E
ﬁ S c g 828 F,r 08 =3 2o 3 E=Z g g
ET T EcESEECC 3T 355 FSiais
2. 8 o S - T B © =
& = 52 g
E = =
o T ==
o
e
ol
E3 £ @ =3
o " E - B E g{Eu
o ] © = = = o
= = ﬁgezﬂﬁ = SE8s .28 E8EE =
Tt - = = 5 @O E == B p- E E i & 5 = B
fm—EE"m_-:.:E w2 5§ B E S Ewo =2 oF =
S oPEB85 5o oogafff:sizgglasEss B S
= I oo JJwmx20a ko e—oOon0==wuwm O <O wE— I

l1|
|

59

C D2 =2 _
= — w -— '
— PL = ' D
= 8 O E = E =
= (& - = = ol
™ E <
= 'E {g = = By
= = = o
- EEEEEEE ;E‘% ". e | «— cPr119
T & S womTa £S5 2 = ¢
- I eRTer| -
- - e e |

Figure T 10 GPR119 is expressed in GLP cell lines and-regions of the
gastrointestinal tract.

A:TadMan analysis of human GPR119 expression. cDNA (BD CLONTECH) detivedifdacated
human tissues was assessedtfog abundance of GPR119 transcripts by quantitative BCRF
PCR analysis of human GPR119 expression. The same cDNA samples used in A were subjected to
PCR amplification for the neguantitative detection of BR119tbp pane) and S9 (control for
cDNA inputpbottom pane). The lower band seen in all samples of the GPR1IFBIRTcorresponds
to primers used in the reactiorC: RNase protection analysis of mouse tissue RNA usfig a
labeled riboprobe containinghe antisense mouse GPR119 sequernzeNorthern blot analysis.
Ten micrograms of total RNA from culturedéll lines (GLUTag and STO  I-cglifines (HIAT15,
MING, NIT1) were blotted oo anitrocellulose membrane and hybragid with3?P-labeled mouse
GPR119. Autoradiograph of hybgalion signal top pane) and methylene blue staining of
ribosomal RNAbpttom pane] RNA loading control) are showraken fromChuet al.,2007b).
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GPR120

GPR120 was first discovered in 2003 (Fredrikssomal., 2003) and
deorphanised in 2005 (Hirasawaadt, 2005). It is activated by saturated
LCFAsvith 14-18 carbon chain leng#and unsaturated LCFA with -P@
carbon chain length(Hirasawa et al.2005). GPR120 mRNA was highly
expressed in four different adipose tissues (Gotoh ¢2807) and is also
abundantly expressed in human and mouse intestine and lung tissue
(Hirasawa et al2005). Ithas beerreported that GPR12(3 expressed in

the sensory papillae of the tongue of sfMatsumuraet al.,2007).

GPR120 mRNA is abundafailowingexpresson in the intestinal tract in
mice and humas; alsq it is foundin the mouse intestinal endocrine cell
line STEL, but is not detected ithe GLURg cell line nothe LI Y ONB | G A O |

cell line MIN6 (Hirasawa et a22005).
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Figure 1 11 Distribution of GPR120.

a. Reaitime RTPCR of GPR120 mRNA in mouse tigsiRealtime RFPCR of GPR120
MRNA in human tissu@gken fromHirasawa et aJ2005
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Figure 1 12 Realtime RFPCR analysis of GPR120 and GPR40 mRNA expression in
STE1 and MING cell linegHirasawa et al., 2005).

To identify endogenous ligands of GPR120, HiraQagnaup made use of
HEK293 cells stablyexpressing GPR12hhanced green fluorescent
protein (Figurel-13) and found that saturated FFAs with a chain length of
C14 to C18, and unsaturated FRA® lengths ofC16 to C22 can evoke
[C&"i (Hirasaweet al.,2005). They also examined whether thesion

of GLPL from the STQ cells is mediated througthe GPR120 receptor.
They foundthat unsaturated longchain FFAs showed a dedependent
aiAYdz I G2 NBinokficta8dbéirky thé hastiootenith regard

to affectingthe secretion of GL-B from STE cells.

43



Vehicle 10 uM o-linolenic acid 10 uM «-linolenic acid
+ BSA

20 um

Figure 1 13h -linolenic acid induces internalisation of EGf&Ryged GPR120.
GPR12EGFFRexpressing HEK 293 cells treated with vehicle (dimethgheuide; left),

andi NB I § SR glndlefic asidrsttee abdsence (middle) or presence (right) of
1% BSA (Hirasawa et,&005).

Tanakaet al. (2008) found that FFAs promote CCK secretion through
GPR120 in STXxells. They examined the inhibitory effect of short hairpin
wb! a 0 aK wlndledio acigstymulated CCK secretiqffrig 114).

Transfection with GPR1Zpecific shRNA, but not with GPRelEcific

aKwb! X aA3yATAOl y difioknic@éldstimiialed GCKLILING & a

secretion. This result indicated that longhain FFAtimulated CCK
secretionin STEL cells mainlyccursthrough GPR12Mut not through

GPR40 (Tanala al.,2008).
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Figure 1 14 The effect of GPR40or GPR12&pecific sShRNA on FRAduced CCK
secretion in STQ cells.

CCK secretion was measured afftel RYAYAaG NI GA2Yy 2lfole@dSKAOf S 2
acid in STQ cells transfected with GPR48y GPR12@pecific ShRNA. Data are shown
as means+SEM (n=6). *p<0.05aantrol (Tanakat al.,2008).

They also concluded that FFAs induce CCK secretion thGB&120
coupled C# signaling and that this mechanism may underlie the
physiological regulation of CCK secretion in response to the ingestion of

fat (Tanakaet al.,2008).

Recently, GPR120 was cloned irs{aGPR120). The open reading frame
of r~GPR120mMRNA encodes a 3&mino acid protein that has high
homology to human and mouse GPRjiE8hares 8%and 98% sequence
identity with the human and mouse GPR120 proteins, respectively. Using
reattime RTPCR (Figurd-15), the abundant expression of rGPR120

MRNA was detected in the rat intestinal tract (Tanakal.,2008).
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Figure % 15 Distribution of mMRNA encoding rGPR120 in rat tissu@&naka et al.,
2008)

[C&"i response of FFAs was examined in rGPR1B@&®R293 and
rGPR40/THEK293 cells preloaded with the Easensitive fluorescent dye

Fluon ®LAwas found to be the most potent both in GPR120 and GPR40.
LYGSNBaAaGAyYy3Iftexr 204 prévokédirgngiénSrict®asds DA R | v
[C&"iin rGPR120//HEK293 cellsin contrast, lauric acid could provoke

[C&"iin rGPR40/AHEK293 cells (Tanaket al.,2008).

GPR120 was reported to promote the secretion of glucad@npeptide
1 (GLR) (Hirasawa et gl.2005). Enhanced GilPsecretion was also
induced by the oral long SNXY | RY A y ALA ByNanalkadoyip. 2 T
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Moreover, the longd S N | RY A y AAléaNstadlehhanted thdulinh

secretion andhe LIN2 f A F S NI A 2oflls @ranaka bt gRGOSYS I G A O |

1.6.4 Protein Sensing GPR93

GPR93 was found to be a potential nutrient responsive GiR@Ris
capable of inducing CCK release in EE€ll$ wheractivated by peptone

in enterocytes (Chaat al.,2007).

An expressed sequence tag (EST) encoding GPR93 from human primary
tonsil Bcells (GenBank Accession numbers: BF975186, BF663176 and
BF129117) canebfound inthe GerBank database. An EST encoding a
mouse GPR93 orthologue expressed in the small intestine (GenBank
Accession numbers: AV064817 and AV064680) showed the
expression of GPR93 was presenti@ mouse small intestiea(Leeet al.,

2001).

Semiquantitative RTPCR was carried out @nalysethe expression of
GPR93 in rat tissue. GPR93 is highly expressed in the intestine afdat
is also found inthe kidney, spleen and heardf the same species
Expression in the hypothalamic region oéthrain was 10% of that in the
duodenum mucosgqChoi et al., 2008). As shown by Kure %16, the

expression of GPR93 in the mucosa was three times higher than that in
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the muscle layer of the respective intestinal section; the most abundant
was in the duodnal mucosa with a decrease towarthe colon. GPR93
was at a lower level in the stomach mucosa than in the intestinal mucosa

(Choiet al.,20073).
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Figure 1 16 Semiquantitative RFPCR was performed using primetisat are

specific for GPR93 and 18S RNA.

Relative expression was determined by normag the intensity of GPR93 bands to
that of 18S as an internal control. Duo: duodenum; Jej: jejunum; lle: ileum; Col: colon.
(Choiet al.,20074a).

1.6.5 Medium Chain Fatty Acids &ptor GPR84

GPR84, a previously orphan GPCR, was found to be a receptor for
mediumchain FFAs of chain lengtk-Ga, with Go-G2 being the most
potent. Expression analysis by quantitative-FROR revealed that the
messenger RNAs of both human and moudeR&4 are expressed
predominantly in laematopoietic tissuedewer transcriptswere found in

the lung (Wanget al.,2006).
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1.6.6 Bile Acids Sensor GPR131

GPR131(or TRG5)was identified as a cellsurface receptorthat is
responsive to bile acids. (Kawamatiaal.,2003).Kawamat& group also
expressed GPR1ZFP in Chinese hamster ovary (CHO) cells and then
examined its subcellular locsdtion. In the absence of a ligand, GPR131
GFP was typically locsdd at the plasma membrane. GPRIGEP
internalised ino the cytoplasm after treatmentvith p n > @& taurine-

conjugated lithocholic acid (TLGA) 30 min.

Accading to Kawamata (2003), the expression levels of GPR131 mRNA
were high in human, bovine, and rablsamplesbut very low in the rat
and mouse. The expression of GPR131 was studied by BIPCR in
humars and rabbit. High levels of GPR131 mRNA were detectetithen
human placenta and spleen. In fractionated human leukocytes, GPR131
MRNA was detected mainly in the CD14+ monocytes. Among rabbit
tissues, the highest level of GPR131 mRNAdsteted in the splee(Fig

1-17).

GPR131 expression was detectedha enteroendocrine cell line STC
while bile acid promoted glucagdike peptidel (GLP1) secretion from

these cells in a dosegependent manner (Katsunet al.,2005).
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In 2007, GPE31 was foundo be expressed in liver macrophagesd
sinusoidal endothelial cells (SEC) (Keiteall.,2007). SECs are exposed to
highly variable concentrations of nutrients and also bile salts. Theyplay
important role in enterohepatic circulatior:he concentration of bile salts

in portal blood increases in response to food intake after gallbladder

contraction andhe re-uptake of bile salts from the intestine.
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Figure X 17 Expression of TGR5 mRNA in human tissi{&ken fromKawamata et
al.,2003)

1.7 Lipid Digestion

The majority of human dietary lipids are triacylglycerols (TAG) and the rest
are phospholipids and sterols i et al., 2009). TAGs do not freely
permeate across cellular membranes at a biologicallyifsignt rate, and

they must therefore first be broken down prior to enteric absorption.

Approximatelyl0%30% of dietary lipids are hydrald by lingual lipases
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originatngfrom lingual glands and gastric lipases secreted from chief and
mucous neck cell®cated in the gastric funduswhile the majority of
dietary lipidsare broken down in the duodenum and upper jejunum
(Despopoulos & Silberagl, 2006). When lipids reach the small intestine
TAGs are emulsified by bile salts and hydseadyto 2monoacylglgerols

and LCFA(Mu et al., 2004). TAG hydrolysis is catalgl by pancreatic
lipase in the small intestine (Armard al., 1994). The resultant lipolytic
products then aggregate with bile salts to form micelles (Hergiedl.,
1990) and these are absorth¢éhrough the apical brushorder membrane

in the intestine (Thomsoat al.,1993).

1.8 Uptake of Monoacylglycerol

Ho and colleagues studied monoacylglycerol (MG) and fatty acid uptake
using Cac@ cells (Ho& Storch, 2001)The Cace2 cell line is a huan
colon adenocarcinoma cell line which forms a paskdi monolayer of
columnar epthelium with tight junctions and apical membrasm&vith
microvilli (Grassett al.,1984). The uptake of MG is a facilitated transport
process at the apical surface of thecG& cell and is mediated, at least in
part, by a protein at the basolateral membrane (&oStorch, 2001).
Competition for the same protein was found to occur between FA and MG

uptake processsin some studies (H& Sorch, 2001; Murota & Storch,
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2005). Tle expression of fatty acid transport protein (FATP) and fatty acid
translocase (FAT/CD36) was found in the eacells (Ho&Storch, 2001).

These proteins will be further discussed in the followsegtions

1.9 The Uptake of Free Fatty Acids

The resultant.CFA is essential for energy supply and storage (ealy,
1974), complex lipid synthesis and cell signgl(Distelet al.,1992). The
transport of LCFAis a necessary step for its wdtion. The two most

popular hypothess explaning FA uptakera as follows:
1.9.1 Diffusion by Fliglop Mechanism

There are three main steps in the membrane transport of LCFAs:

Il RA&2NLIGAZ2Y T NI yayYSHoNLEy SY 2v2SXSly (T NR
leaflet of the membrane to the inner leaflet) and desorption (Hamilton,

1998). Different fligflop rates of different chain lengthaswvere measured

(Kamp &Hamilton, 1992; Kangb al.,1993; Zhanget al.,1995; Hamilton

& Johnson, 2001). Many researchers believe thatfldgpis rapid (Kamp

et al., 1995; Hamiltonet al., 2002), and that FFA uptake is not a rate

limiting process in lipiditilising tissues (Mt et al,H AN PO P | | YA (2
group studied the three steps and found each ofrthéo occurrapidly

(t1/2<1 sec); the absorption step did not tend to be saturated, and was
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not strongly chaidength dependent. Hamilton and colleagues concluded

GKFO WaAYLE SQ RAFTFdzaA2Y 6tdl. 2@02¢F FAOASY

o .
Adsorption Translocation

Figure t 18 Simplified scheme of LCFAs transport through a cell membrang ttue
Flip-flop process of fatty acids across the membrane.

However, these three steps have been studied intensively by different
groups and there is much disagreement. Some grdupge concluded
that the flip-flop is rate limiting. The transiembrane moement is the
possible ratdimiting kinetic step (Cupet al.,2004; Kleinfelekt al.,1997;
Kampfet al.,2006; Kampf & Kleinfeld, 2006). Studmesealso suggested
that passive transport through the lipid phase of the membrane is faster
thanthat from the membrane into the aqueous phase (Kamp & Hamilton,
2006; Zhanegt al.,1996; Thomast al.,2002). Studiebavesuggestedhat

the adsorption process is very fast and is not #atating (Doodyet al.,
1980;Danielset al.,1985) When the concentratiomf fatty acidis high
then simple diffusion is dominant, but when the concentration of fatty
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acids is low, proteimediated uptake is more important (Abumradl al.,
1998). Recent research has more clearly defitiesl transport of FFA
across membranessathe movement of unbound FFA from the aqueous
phase on one side of the plasma membrane to the aqueous phase on the
other side of the membrane (Kampf & Kleinfeld, 20@d%0, duing this
process, FFA activation to acylCoA is thought to be coupled to the

transport (Richardst al.,2006).

1.9.2 Protein Facilitated FA Uptake

The rate of FA uptake was shown to be saturable in the studies using giant
vesicles prepared from sarcolemmas and hdiggue;this indicates that

the uptake of FA is a carrienediated process (Boneet al.,1998; Luiken

et al., 1999, Boneret al., 2007). Asshown by kure 1-19, increasing
palmitate concentration caused an increase in uptake over a
concentration rangef 1-6nM with red and white muscle vesislavhile

this range wasl-15nM within the heart vesicle A further increase in
concentration of palmitatedid not causeany further uptake increase. In
addition, the FA uptake was shown to be redudsd30-50% after the
sarcolemma vesicles were pmeated separately with protei
modification, reactive oleate esteandinhibited the putative fatty acid

transport by antisera (Bonest al.,1998; Luikeret al.,1999 Bonenet al.,
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2007)

Following on from these early studies, several classes of putative lipid
transport proteins hae been identified These include the 40 kDa plasma
membraneassociated fatty acubinding protein (FABP) (Stremnetlal.,
1985), a family of ~70 kDa fatty acid transport proteins (FATPs) (Schaffer

& Lodish, 1994) and an 88 kDa fatty acid translocase@BSB) (Abumrad

et al.,1993).
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Figure 1 19 Charactersation of fatty acid transport into giant sarcolemmal vesicles
obtained from heart and skeletal muscle

A: kinetics of palmitate transport into giant sarcolemmal vesiclesifthe heart and
red and white skeletal muscleB: inhibition of palmitate transport into giant
sarcolemmal vesicles, demonstrating the presence of a pratediated mechanism
as well as specificity for lorhain fatty acid (Bonenet al.,2007)

FABP
There are two types of FABPs: liver and intestinal. The-tywer (LFABP)
isalso expressed ithe kidney while the intestinal type {(FABP¥anonly

be found in the small intestine (Besnael al., 2002).LCFA bind FABP
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reversibly when enteng the cel. FABP brings LCFA into the acylation
processvia acytCoA synthetases. The-esterified LCFA associat@ith
apolpoproteins to form chylomicron-FABP helpt enable efficient fat
absorption and protect the intestinal mucosa by a buffering action
cortrolling the unesterified fatty acids and bile acids (Besmial.,2002).

In my dissertation, the FABPs will not be further discussed.

FATPs

Six members of the FATP family (FABPave been charactesedto date

in fatty acidutilising tissues (Stdah2004). FATP1 is tmeost wellstudied
family member; it is mainly expressed in adipose tisug,canalsobe
found in muscle, brain and heart (Schaffer & Lodish, 1994). In substrate
studies using“Glabeled fatty acids, FATP1 was found to enhatioe
uptake of LCFAscluding palmitate and oleate, but had no effecttbe
uptake of shorter fatty acids with no more than 10 carbon atoms, such as
butyric and octanoic acids (Stadtlal.,2002; Stahkt al.,1999; Hirsclet

al., 1998). When overexpresdein cells, FATP1 (Gardartinez et al.,
2005), FATP2 (Doege Stahl, 2006), FATP4 (Milgetr al., 2006), FATP5
(Doegeet al.,2006), FATP6 (DoegeStahl, 2006) and CD36 (Cobatal.,
2001) enhance fatty acid uptake. FATP3 shows no enhancement of fatty
acid uptake when overexpressed in cells @Rail.,2004). FATP1 and CD36
were found to respod to insulin and mediate insuligtimulated fatty acid
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uptake (Lobeet al.,2006; Stahét al.,2002 Wu et al.,2006; Chabowslat

al., 2005).

FATP1 locaed to the plasma membrane of adipocytes associates with
long chain acyCoA synthetase activity (Gargidbal.,1999; Stahét al.,
2002; Zowet al.,2002). LCFAs imported to the inner leaflet of the plasma
membrane transported by the FATP1 are then aaipdn by acylCoA
synthetase and undergo esterification (Lewisal.,2001; Richardst al.,
2006). Importantly, FATP1 is an instdensitive LCFA transporter. Insulin
induces FATP1 translocation thaas beenfound to coincide with

increased LCFA uptakstahlet al.,2002).

FATP2 has been foundtime kidney cortex and liver (Hirsat al.,1998).
Together with the other FAPTs, FATP2 also associates wittCaayl
synthetase activity (Coet al.,1999; Steinbergt al.,1999; Dirusset al.,

2005).

FATB was foundo be expressed irthe liver and pancreas ando show

very high expression in the lung (Hirssthal., 1998; Stahkt al.,2001).
FATP3 is potentially associated with the LCFAs uptake in the lung to
generate dipalmitoyl phosphatidylcholine amdher phospholipids that
constitute the pulmonary surfactant (Jobe, 1979).
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FATP4 is expressed in several organs inclubdaneart, brain, lung, liver,
kidney, and small intestine (Hirsch et al., 1998; Fitscher et al., 1998;
Herrmannet al., 2001). It islocalsed to the apical brush border of the
epithelial cellswhere it has been shown to enhance the uptaielietary
LCFA&Stahl efal., 1999; DiRuss al.,2005). FATP4 was found to increase

acytCoA synthetase activity (Herrmagnhal.,2001).

FAP5 has been detected ihe liver and FATP6 was foundtime heart
(Hirsch et al., 19985imeno et al2003; Watkins et al., 1999). In the heatrt,

FATP6 ctocalses with CD36 (Gimeno et &003).

CD36/FAT

CD36 is a type | integral membrane glycoprotgtarmon& Abumrad,
1993; Ibrahimi et al., 1996yvhichplaysthe role ofalipid sensor (Chevrot,

et al.,2012). CD36 is expressed in the apical side of rodent taste bud cells
where it facilitates lipid sensing (Fukuwatetial.,1997; Laugerettet al.,
2005). CD36 is also thought to be a lipid transporter. CD36 in@ea$e
uptake in adipocytes and cardiomyocytes (Coleiral.,2000; Hajret al.,
2001)and was foundto be expressed in the epithelial cells of the small
intestine. It plays an importarrole in fat and cholesterol absorption and
transport (Hui et al., 2008).
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1.10 Approaches to Studying CCK Cells

1.10.1 CCisecreting STC Cell Line

The STAQ cell line is derived from an intestinal endocrine tumérom a
transgenic mouse (Rindt al., 1990; Grantet al., 1991). The cell line
secretes CCK upon stimulation by dietary protein hydrolysates. This
process is mediated liye activation of calciunsensing receptor (CaSR),
which is a C classfisotein coupled receptor (Nakajimet al.,2012) and
GPR93 (Chett al.,2007a; Choiet al.,2007); both of thesebring about
an increasén intracellular calcium [G4;. CCK transcription and secretion
were found to be induced by fatty acthrough the activation of GPR40
(Fujiwaraet al., 2005) and ®R120 (Tanaket al., 2008) in a calcium
dependent and chain lengtiependent manner (McLaughlin et &l998).
The STAQ cell line has proven to be a good tool for reseansestigating
the cellular signdihg mechanism andhat of CCK secretion, but i
debatable whether it represents a good model for theell, because it
also secrets a range of other intestinal hormones including glucalgan
peptide 1 (GLR), glucagodike peptide 2 (GLR), Gastric inhibitory
peptide (GIP), secretin, neurotensin and peptide YY (PRivigiet al.,

1990; Geraedtst al.,2009)
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1.10.2 Isolation and Enrichment of Enteroendocrine Cells

Previously, it has been @ult to study native enteroendocrine cells
because these cells are diffuse in the small intestine and represent less
than 1% othe small intestinal epithelial cell populatiom addition,their
relatively indistinct morphology compared to enterocytenders it very

difficult to discern EEC from ndfEC.

Recently, the advent of engineering of transgenic mouse models with
geneticallylabeled genes driven by the expression of gut hormones has
made it possible to sort and purify specific native enteraserthe cells
using fluorescentctivation cell sorting (FACS). Yellow fluorescent
(Venusjlabeled GLPL cells (kcells) (Reimaneet al.,2008), GIP cells {K
cells) (Parkeret al., 2009) and enhanced green fluorescent protein
labeled CCK cells (Sykastsl.,2012) have been used study receptor
gene expression. In addition, Reim&agroup carried out
electrophysiology and calcium imaging on the primary culturesasills

for functionalanalysigReimanret al.,2008).

1.10.3 Primary Cultures of Entgendocrine Cells

To study the function of intestinal epithelial cells, for example hormone

secretion, electrical activity and calcium respondbge establishment of
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a primary culture of enteroendocrine cells is essential. Straiter and
{ OKS @A vy 3 OctessHINRtdizielithe dnorphology of human and
mouse colon cry@for about 4 hours (Straiter et al., 1996; Scheving et al.,
MPPy 0 ® wSAYIlI yyQa I NRekliomihg gofoh and R
maintaired a mixed primary culturdor up to 2 weeks (Reimanet al.,
HanyOo® {FG2Q& 3INRdrakILgHd2deScalla Ealated &

from mouse small intestinal crypts for 14 days (Sato et al., 2009).

1.10.4 Functional Study of Primary Enteroendocrine Cells

Calcium Responses in Enteroendocrine Cells

2 | ys®yQup loaded CCK cells with a calegensitive dyeby measuring
the fluorescent intensity which correspoed to the calcium change,
Phenylalanine was fourtd significantly increase the intracellularlcam
([C&1) in CCK cells (Waegjal.,2011).wS A YI yy Qa 3 NFdzLJ
elevation in response to 10mM glucose in primary culturedells.

(Reimanret al.,2008).

Immunostaining and FACS Analysis of Enteroendocrine Cells
Much research into receptor expression and hormone expressia ha
been perbrmed using immunohistochemistry. Both CCkeceptors and

cannabinoidl receptor expression were found in rat stomach (Dockray,
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2009). In the study of glucostependent insulinotropic polypeptide
(GIP)secreting KOSt f aX t I NJ S NX &localshtBrdziJhef 2 dzy R
sodium sodiurrdependent glucosdransporter 1 (SGLT1) and GIP by
staining the transgenic yellow fluoresceAeddled GIPVenus mouse
duodenum/jejunum with an SGLT1 antibody (Parletr al., 2009).
Immunostaining withthe CCK antibody of the GFPtagged icells
confirmed that the fluorescent marker is-dellspecific (Sykarast al.,

2012).

As mentioned above, transgenic mouse models with genetitaiigled

genes driven by the expression of gut hormones eralBRCS analysis of

the native EE cells. The combination of immunohistochemistry and FACS
provides a rapid and efficient way to study EEC cells. Hab#. (2012)
successfully carried out FACS analysis to study hormone expression in the
mouse Lkcells and Kells. Cells were stained bgifferent primary
antibodies ofavariety of hormones, including arBIP, antCCK, artPYY

and anttChromogranin A along with a red fluorescent secondary
antibody. By calculating the proportion of immunofluorescent cells that
were also yellow fluoresee-labeled (Venus) and the proportion of
VenusLl2 a A GA @S OStfta GKIFEIG 6SNB adl AySR
showed the overlap of a range of hormone expression between upper
small intestine icells, Kcells and-cells (Habilet al.,2012).
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1.11 Aimsof the Presented Research

The following research aimed to globally study the CCK cells by 1) Looking
at the expression of fatty sensing receptors and fatty acid transport
proteing which facilitate the uptake of fatty acsd Enhanced green
fluorescent praein was used to develop and optisaei the methodology

for isolaing the CCK cells and establisfpthe RTPCR methodology for
studying the transcriptome of CCK cells; 2) Detecting FATPs and CD36
expression in both CCK cells and 1@0K cells; 3) Establiséll culture
methodologes to make the cells subject to further calcium imaging,
hormone expression and FACS analysis; 4) Study the hormone expression

of CCK cells by immunohistochemistry and FACS analysis.

Achieving these aims will enable further undarsiing of the

mechanisms of fat sensing and fatty acid uptake by CCK cellsviind

contribute to primary CCK cell culture and functional sasd
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CHAPTER TWO

MATERIALS & METHODS



2 MATERIALAND METHODS

2.1 Animals

Transgenic mice expresgienhancedgreen fluorescent proteineGFP)
under the control of the mous€CKpromoter were made by Mutant

Mouse Regional Resource Centers (MMRRC).

All animal procedures were carried out under the regulations of the Home
Office Scientific Procedures Ad¥lice for all protocols were housed in
standard animal house conditions and allowed free access to food and

water.

2.2 Genotyping

To ensure the GFP positive mice were ugethotyping waperformed as

following steps:

Lysis:Mice were ear punched by gtan BSU. The ear punches were put
in the eppendorffseparately 300>l TNES buffer (Tris 10mM pH7.5; NaCl
400mM; EDTA 100mM; SDS 0.6%) and>l pfoteinase K was added in

each tube. The samples wareubatedovernight at B8C.
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Phenolchloroform treatment: An equal volume ofphenolchloroform-
iIsoanyl alcohol was added in each tube and the content was mixed well
until anemulsionformed. All samples wereentrifugedat 12000 rpm for
2min at room temperatureTheaqueous phase was tranststinto a new
tube. An equal volume of chloroform was added and mixed well. After
another centrifugation at 12000 rpm for 2 min at room temperature, the
aqueous phase was transéerto another new labeled tube. 1/10 volume

of 3M ammonium acetatgpH 5.2) was added in eatihbe to adjust salt

concentration.

Ethanol precipitation:2.5 volume of cold 100% ethanol was added in each
tube and the samples were placed H20C freezer for 30min. Then all
samples were spun 15min at 12000rpm &C.4The supernatantwas
discarded ad 1ml 70% ethanol was added in each tube and followed by
another 5min 7500 rpm centrifugation at®@ The supernatantwas
discarded. The pellet was resuspened in3IdDNase RNase free® at
60°Cfor 5min. The samples were stored-B0°C freezer until the PCR was

carried out.

PCRPCR was carried out on DNA extracted from each mouse ear punches
using mouse Betactin and eGFP primer sets (Eurofin). Primer
information is showed in table2. Reagerglisted in table22 were added
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in each PCR tub&hermo cyehg conditions for the PCR weess follows:
initial denaturation at 98C for 5min; 35 cycles of PCR amplification:
denaturation at 98C for 1min, annealing at 6@ for 1min, extension at
72°Cfor 1min; followed with a final extension step at®@Zor 10min. PCR

products were viewed on a 2% agarose gel.

Annealing
Product Tm Tm
Gene Forward sequence@Q Reverse sequence&BQ temperature
size () (©)
(0
Mouse
245 GTGGGCCGCCCTAGGCA(Q 63.3 | CGGTTGGCCTTAGGGTTCA 57.1
beta-actin
(o] 350 700 1050 1400 1750
> <
Product Tm Tm Anmnealing
Gene Forward sequence@Q Reverse sequence&BQ
size (C) (C) | temperature
CCkeGFP 543 TACGGCAAGCTGACCCTGA 57.9 | GACCATGTGATCGCGCTTCT| 59.9
(o] 200 400 600 S00 1000
| o

Table 2 1 Information of mouse betaactin and mouse CCG&FP primers
Listed are products size, forward and reverse sequence of psiare the melting

temperature and reaction annealing temperature.h@ther the primers are intron

spannings also indicatedRed segmengindicatethe exons.

67



Reagent Volume ¢l)

H.O 13

Buffer 2.5

dNTPs(10mM) 1.6

MgCh 1.5

DMSO 1

Actin PrimerForward(20pm) 1
Actin PrimeReverse(20pm) 1
CCKGFPrimerForward(20pm) 1
CCKGFPrimerReverse(2pm) 1
DNA template 1

Biotaq 0.4

Table 2 2 Reagens addedin genotypingPCR reaction

2.3Establishment of the €ll Dissociationand RTPCR Methodology

for Detecting the Fat Sensing GPCRs

2.3.1 @Il Dissociation by Collagerse Xl

Enzyme solutiowas prepared as follows: 40mgliagenase X{Sigma)
was put into a 50ml centrifuge tube (CORNBNGIith 40mIHBSSalcium

free buffer (Sigma). The tube was skbako make sure allagenase Xl
dissolvel in the buffer and preheated &7°C in water bat{Grant, model

no.LTD69UK. 40ml enzyme solutiowere usedper 10cmintestinetissue.
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An adult CEL mouse wasilledby CQ. The duodenunwere moved and
placed ontoa 10cmdiameterPetri dish(Sterilin)containing E15 medium
(Sigma)which was originally formulated for use in carbon dioxide free
systems requiring sodium bicarbonate supplememd support
establisiment of cell lines as well as primary explants of embryonic and
adult human tissueThedish was put on ice arttie tissue wa kept moist

at all time. The intestine was rinsed with a syringe fitted with a tip for
pipette to clean the tissue from visible sewligested food matter. The fat
tissue was removed withweezersand then the lumen was exposed by
dissecting longitudinallyvith scissorsThe tissuewastransferred intoa
50ml centrifugetube containing 15 (~25ml) The tubewas shaken and
the medum wasdiscarced and therfresh -15wasadded. This step was
repeaied 3 times. The tissuewas cut up ito 1-2mm with a surgicdblade

in aPetridish andransferredinto a freshrb0mlicentrifugetube containing
L-15 (~25ml) After a mild shake, théube was put on a rack for 3min to
let the tissue fragmentto settle down If the media become thick because
of the secretion ofmucus and the DNAfrom lyseal cells a bit more
medium was addedto dilute the suspensionThe floating tissue was
sucked out by using pipettélhe supernatant was discarded and fresh
medium was added. This waspeaed until the tissue was cleafthe
mediawasno longer cloudy: Afinal rinsewas madewith ~25mlicalcium
free HBSSIhe HBS®/asthen replacedwith 20ml enzyme solution (pre
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warmed to 37C).The tube was put in a roller andcubate the tissue for
30minin an incubator at 37°C (TechNetHybridiser HBLD). uring this

time the tubewas shakewigorously forl5 sec every 10min

The following stepsvere done inside a cell culture hood

After the incubationthe tissuewasallowed tosettle andthe top ~14ml
medium was transferrednto a 50ml centrifugetube. 20ml fresh enzyme
solution was addetb the remaining semi digested tissue aagain 14ml
top medium was taken from the tubdn the meantime 14ml fresh
medium was addedo the supernatant containing the dissociated cells
(final volume ~30ml, thissito dilute the enzyme and the mucudhe
tissue digeson was repeatedfor 30min The supernatantwas filtered
througha 70>m nylon cell straine(BD Falcon) ard centrifuged for 5min
at 1200 rpm.The cell pelletsnvere resuspeneéd with the L-15 (~20ml)
supplemented with 10% FBShe cell/medium wasilfered through a
40>m cell strainer(BD Falcon). Again entrifugation at 120 rpm was
carried outfor 5min. The cells wereesuspenéd in 5-10ml 1-:15 media
supplemented with 10% FB30>I cell/medium was taken with pipette

and put on a glass slide, observed under a microscope.
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2.3.2Cell Dissociation by DTT

Adult CB1 mouse wasanesthetsed by C@and then killed by cervical
dislocation.Theduodenum was removed anthsed with PBS in a syringe
fitted with a tip for pipette to clean the tissuand remove serdigested
food in lumen. The fat tissue was removed wiiteezersand then the
lumen was exposed by dissecting longitudinally sttlssorand was cut
into 2-3cm long fragmerg The tissue pieces were put in a 10cm diameter
dish containing 10ml RPMB40 medium (Sigmaupplementedwvith 5%
FCS. The dish wésd on the orbitshaker(Labnet) with the speed at 50
rpm. Thewashng procedurevasrepeated 3 times (5 min each) with ghi
medium The digestion solution was made by 50ml RPMKO with
supplement of 5% FCS, 0.5mM DIhviffogen) and 1mM EDTA. Tissue
fragments were plaad in a 50ml centrifuge tube containing ~25ml
digestionsolution.The tube was shaken at 255rpm at@h an incubator
shaker [hnova 4000j)o dislodge epithelial cells for 2h. After digestion, the
cell/medium was removed to a fre§ifdmlcentrifuge tubethe undigested
tissue fragments were discagd. Centrifugation was carried out at
2000rpm for 10min at room temperature to pell¢the dislodged cells.
Then the medium was discarded, the cells were resuspended with-RPMI
1640 containing% FCS andtéredthrougha 40>m nylonpore diameter
cell strainer(BD Falcon). At last, the cells were observadhder a

microscope to confirm single cell population.
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2.3.3RNA Etraction from the Duodenal Single Cells

Lysis The cells were centrifuged and the buffer was removEke cells
were notwashed as this reducsethe extractionof the RNA. 3ml TRIZ®I
Reagent was added per cell sample from 10cm intestine. The ®RIzol
Reagent and cells were mixed using a pipette to let the sample pass

through for several times.

Phaseseparation: 200>l chlaoform (Sigma) (without isoamylalcohol;
RNase, Nase free) was added per 1ml TRIzol solution used for sample
homogensation/lysis, the tube was capped securely awndrtexed
vigorously for 15 sec, incubated at room temperature for 5 min, then
centrifuged at 13000 rpm for 15 mist 4°C. The content othe tubewas
separated into 3 phases, a colorless upper aqueous phase, an interphase
which contains DNA and a lower red, phenbloroform phase. The

aqueous (upper) phase wasnsferredinto a new RNaskee tube.

RNA precipitation: 500> of room temperature isopropanol was added
per 1ml of TRIz@lused for sample homogesation/lysis to precipitate
RNA. Sample was mixed by inverting the tube, incubated at room
temperature for 5 min and centrifuged at 13000 for 10 min at AC.

Followng centrifugation, pellet formed on the bottom of the tube.
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RNA wash: The supernatant was removed very carefyllyvithout
disturbing the pellet the pellet wvas washed with inl of icecold 75%
ethanol per Inl TRIzabreagent used for sample homogeati®n/lysis.
The tube wasentrifuged at 7500pm for 5 min at 4C, and ethanol was
completely removd without disturbing the pellet by using a fine tip
pipette. The RNAellets wereair driedfor 3 min.The RNA pelletvas not

completelydried as this decreasghe solubility.

Redissolving the RNADissolve RNAellet in 40> RNasdree water
(Invitrogen),andincubated at 65C in a heat block (Teca®hto completely

dissolve the pellet.

2.3.4DNaselreatment

The RNA wasdated with DNase | (Ambion, UK) to reme contaminating
genomic DNA from RNA sample2>l of 1kDNase | buffer and>l of
DNase | was add in 2Dtotal RNA sample. The sample was incubated at
37°C in water bath (Grant) for 30min. After incubatiod>l of DNase
inactivation reagent was added drput at room temperature for 2min.
Centrifuged for 1min at 13000rpm to separate the DNase inactivation
(white appearanceof the bottom of the tube) and the RNA. The RNA

(supernatant) waslecantedvery carefully into a new RNagkee tube.
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2.3.5 RNA Conggration and Integrity Check

The concentration of the RNA was determinedby using the

nanodrog@®ND1000 UWis Spectrophotometer

The integrity of RN#vasdetermined by RNAlectrophoresisThegel tank

was sprayed by RNase Away (Molecular BioProduioty to denature
RNase enzymes. A 40ml I¥#naturing agarose gel was made lilie
following ste. 0.4g Seakef®l E agarose (Lonaaasput into a flaskplus
25ml distilled water This wasmicrowavel until the agarose mek
(approximately 1min). 7ml offormaldehyde Sigma) and 8 ml @xMOPS
(Fisher Scientific) were mixeahd added to the medidagarose. When the

gel had cooled, 2>l ethidium bromide (10mg/ml invitrogen) was added
and mixed very well with the gel. The gel was poured into the gel tank with

a thin comb in it. The gel running buffer wagviOPS.

5>| of sampleRNA wagpipetted into a new tube and 8 of sample mix
(40>l formaldehyde, 108 formamide, 261 5xMOPS) and A of
formaldehyde dygAmbion, UK) were added. RNA sample was denatured
at 65C for 5 minthen put on ice for 2 min beforadedin the well The

sample wasun under 70 volts for 45min arttie integritywas checked.
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2.3.6 TissuePreparation and RNAsolation for PositiveControl

Adult CD1 mice were killed by CQ inhalation The jejunum,lung,
pancreas, spleerbrainwere removedand put into liquid nitrogenstored

frozen at-80°C.

Total RNA was extraedl using TRIz@IReagent (invitrogen). Following the

manufacture@instructions:

Homogensation: The frozen tissue was broken into small pieces with
tweezersand weighted; TRIzab reagent was added (1ml solution per
50mg tissue)A homogenser was cleaed with 70% ethanoland then
sprayed with RNase Away (Molecular BioProduletg, finally with 1 ml
TRIzak Thetissue/Trizo®mixture was homogenisedntil the tissue was
thoroughlydisrupted The sample was incubated at room temperature for
5 min todissociate nucleoprotein complexes completdlge subsequent

stepswere described in sectio.3.3.

2.3.7 RFPCRExpressionProfiling

Reverselranscripton
10>l total RNA and & RandomPrimer 6 L y @ A (i WeB Bhi%eyd in @n

RNasedree tube, heated in a heat block (Tec@mat 72C for 3 min.
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Random primers are shodligodeoxyribonucleotides (mostly hexamers)

of random sequence that prime a target RNA to a randomplementary

sites to serve as primers for DNA synthesis using a reverse transcriptase
Tubes weraemoved on ice for 2 min.The bllowing reagents were then

addedto each sample:

5xfirst strand | 10mM dNTP | RNase Reverse
Reagent _ L . MgCh(25mM)
buffer mix .5 each) | inhibitor transcriptase
Volume(>l) 4> 4> m > f m > f nop > f

Table 2 3 Reagents added in reverse transcription.

After incubatd at 42°C for 1 h,the sample was put in the heat block at

72°Cfor 10 min to inactivate the reverse transcriptase.

PrimerInformation of Target Receptors

Primer pairs were designed based on the following sequences of mouse
i -actin (Genbank Accession numb&iM _007393.3 mouse GAPDH
(Genbank Accession numb&iM _008084.2, mouse GPR40 (Genbank
Accession numbeNM_1940572), mouseGPR41(Genbank Accession
number NM_001033316.2 mouseGPR43Genbank Accession number
NM_146187.3 mouse GPR84 (Genbank Accession number
NM_030720.), mouseGPR93Genbank Accession numkB€117528.)1
mouse GPR119(Genbank Accession numbé&tM_181751.2, mouse
GPR12(qGenbank Accession numbdM_181748.2 and mousé5PR131

(Genbank Accession numbeM_174985.)
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All Primers werealesignedby usingthe DNAMAN 6.0.4@rimer design

software (Lynnon Biosoft, USACriteria used to design primers were as
follows: Lengthohetween 1822bp; GC content between 480%; Primers

that selthybridized or form primer pair dimers were avoidédl primers

were purchased from MWG (Ebersberg, Germagaginer sets for GPR40,
GPR41, GPR43, GPR119 and GPR120 were used in my colleague
A SEFYRNR& {&71FNraQa LI LISN (2 aiddzRe

receptors in duodenal enteroendocrine | cells (Sykaras et al, 2012).

Product . . Tm P

length C2NY I NR &oSQ ¢ : Reverse & Slj dzS-¢ O § )
GAPDH 337bp TGACCACAGTCCATGCC/ 63.04 | TTGAAGTCGCAGGAGACA 59.01
Betaactin (setl) | 357bp AGGTCATCACTATTGGCA 55.06 ACTCATCGTACTCCTGCT 55.49
Betaactin (set2) | 245bp | GTGGGCCGCCCTAGGCA( 63.30 | CGGTTGGCCTTAGGGTTC| 57.10
GPR40 493bp CAGTGTCCCACGCTAAA{ 56.31 | GGCAGAAAGAAGAGCAGA 56.34
GPR120 446bp TCTGCCACCTGCTCTTC| 57.19 TTGTTGGGACACTCGGA 57.30
GPR41 337bp | AGTGCCAGTTGTCCAATA{ 56.78 | GAAGAGGGAGGTGAGGTA 56.36
GPR43 395bp | TCCAACTCAAGAGACAGQ 57.25 | GGAGCCCAGTAAGBARGA| 58.04
GPR93 572bp TCATCCTGCTGTTCGCT( 60.57 TTGGGTGCTTTCTGAGG{ 60.64
GPR119 541bp GCTGATTGCCTTTGACAQ 57.89 | GAGTGGGTTGAGTAGGGA 57.23
GPR84 216bp TGAGTCTGTGTTGGGCTA 56.21 TGGAGGTGGAGGTATGT( 56.18
GPR131 245bp CACACTGCTCTTCTTGCT 56.73 GATTGTCCCTCTTGGCT(Q 56.78
CcDzd 489bp ACCGAATGTGCCAGAAQ 56.51 AGGGTTAGAAATGCCAA(Q 56.74
CD14 420bp TGTTGCTGTTGCTTCTG( 57.96 TGCGGAGGTTCAAGATG 57.65

Table 2 4 List of primer sets with the information about product size, forwéiand
reverse sequence girimer and also the melt temperature.

Primer parameterswere input and the summary of the primer was
showed on the website primer design tool PriridtAST. All Figures below

were from the PrimeiBLASTY Indicates the intron.
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Figure 2 1 Primer and tempéte of mouse GAPDH.
Genbank Accession numbeNM_008084.2 Mus musculus glyceraldehyde3-phosphate
dehydrogenase (Gapdh), mRNangel ¢ 1254
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Figure 2 2 Two primer setsand templte of mousei -actin.
Genbank Accession numigM_007393.Mus musculusctin, beta (Actb), mMRNRange 1-1889
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Figure 2 3 Primer and tempéte of mouse GPR40

Genbank Accession numbdM_194057.2Mlus musculufree fatty acid receptor 1 (&rl), mRNA
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Figure 24 Primer and tempéte of mouse GPR120.
Genbank Accession numbéiM_181748.2Mus musculusG proteircoupled receptor 120
(Gpr120), mMRNRange 1-1393
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Figure 25 Primer and tempite of mouse GPR41
Genbank Accession numbéM_001033316.21us musculugree fatty acid receptor 3 (Ffar3),
mRNARange 1-1625
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Figure 2 6 Primer and temte of mouse GPR43.
Genbank Accession numtieM_146187.3Vius musculusree fatty acid receptor 2 (Ffar2), mRNA
Range 1¢ 2296
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Figure 27 Primer and tempéte of mouseGPR 93.

Genbank Accession numbBC117528.Mus musculugysophophatidic acid receptor 5, mRNA.
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Figure 2 8 Primer and tempéte of mouse GPR119.
Genbank Accession numbéiM_181751.2Mus musculusG-protein coupled receptor 119
(Gpr119), mMRNARange 1-2278
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Figure 2 9 Primerand templkte of mouse GPR84.
Genbank Accession numbeM_030720.1Mus musculu§ proteircoupled receptor 84 (Gpr84),
mMRNARange1¢ 1611
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Figure 2 10 Primer and tempate of mouseGPR 131.
Genbank Accession humbiiM_17485.1 Mus musculu$s proteincoupled bile acid receptor 1
(Gpbarl), mMRNRange 1¢ 990
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Figure 2 11 Primer and tempate of mouseCD3 .
Genbank Accession numbiiM_013487.3Vius musculu€£D3 antigen, delta polypeptide (Cd3d),
mRNARangel ¢ 1330

v
—
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Figure 212 Primer and tempéte of mouse CD14
Genbank Accession humbiEiM_009841.3Vius musculu€£D14 antigenGd14), mRNARange 1-
149
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PCR

Beforethe PCRwvas carried outthe concentration of cDNA was measured
by the nanodro®NDB1000 UW/is Spectrophotometeto ensure the
concentration was not ove2000ngAl. As a high concentratioaf cDNA

will inhibit the reation.

PCR to determine thpotential blood contaminant in duodenum single
cells and for positive control were performed firstly. And PCR were carried
out to analyseshe duodenum single cells to study the expressiotaajet

nutrient sensing receptors.

Target
R g GPR40 GPR120 GPR41 GPR43 GPR93 GPR119 CD3 CD14
eage

€1

Buffer 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
DMSO 1 1 1 1 1 1 1 1
MgCl2 1.5 1.5 1 1 15 1.5 1 1
ddH20 15 15 5.5 5.5 15 15 15,3 15.5
S Primer

1 1 1 1 1 1 1 1
(20pmol/é 1)
AS Primer

1 1 1 1 1 1 1 1
(20pmol/é 1)
dNTPs(2.5mM) 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6
cDNA 1 1 1 1 1 1 1 1
Biotaq 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

Table 2 5 Reagentsaaddedin each PCR reaction to determine the blood
contaminant and PCR for positive control.
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Target

Reage
CR))
Buffer
DMSO
MgCI2
ddH20

S Primer
(20pmol/é 1)
AS Primer
(20pmol/é 1)

dNTPs(2.5mM)

cDNA
Biotaq

GPR

2.5

15
15

1

1.6
1
0.4

40 GPR120

2.5

15
15

1

1.6
1
0.4

GPR41

2.5

155

1

1.6
1
0.4

GPR43

2.5

155

1

1.6
1
0.4

GPR93

2.5

15
15

1

1.6
1
0.4

GPR119

2.5

15
15

1

1.6
1
0.4

GPR84 GPR131

2.5

15

1

1.6
1
0.4

2.5

15

1

1.6
1
0.4

Table 2 6 Reagents added in each PCR reaction to amplify target nutrient sensing
receptors using cDNA from duodenum single cells as tengplat

Target Initial . Denaturation Annealing Extension Number
denaturation of cycles
TM(C) | Time | TMC) | Time | TM(C) | Time | TM(C) | Time
GPR40 95 5min 95 1min 56 1min 72 3min 40
GPR12C 95 5min 95 1min 56 1min 72 3min 40
GPR41 95 5min 95 1min 57 1min 72 3min 38
GPR43 95 5min 95 1min 57 1min 72 3min 38
GPR93 95 5min 95 1min 56 1min 72 5min 35
GPR119 95 5min 95 1min 56 1min 72 5min 35
GPR84 95 5min 95 1min 57 1min 72 2min 40
GPR131] 95 5min 95 1min 57 1min 72 2min 40
CD3 95 4min 95 1min 56 1min 72 3.5min 35
CD14 95 4min 95 1min 56 1min 72 3.5min 35

Table 2 7 Thermo cycldor each PCR Primer set. Every reaction was ended with a
last extension at 72 for 10 min and hold at 4.
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2.4 Cll Dissociationand RTPCR for Detecting the FATPs

2.4.1 Reparation of PositiveControl Tissue

CCKeGFP micavere killed by cervical dislocation anthe brain, lung,
kidney cortex, testis, liver and heart were removedmediatelyrinsed in
phosphate bufferedsaline (PBSand separatelyplaced into individual
labeledEppendorff tubes. Samples were then frozen in liquid nitrogen and
stored frozen at-80°C until used. The RNA extraction was carried out

following the method mentioned in section 2.3.3

2.4.2Preparation of CCkeGFP Mouse Duodenal Single Cells

The CCleGFP micwverekilledby cervical dislocation artie duodenum
was removed and flushed with i@®ld PBSthen cut open lengthwise.
Tissue was rinsed in PBS and cut intn#in pieces andlissociatedin
10mIPBS witlkmM EDTA at€ for 30min withshaking.Followingémin
centrifugationat 150g, the supernatant was removed a@@ml of fresh
ice cold PBS was added ahd cell pellet was disruptedlhe sample as
then centrifuged again at 1509 for 6 mifine cell pellet was resuspended
in 2ml PBS and filtereithrough a 56m cell strainer. The ceduspension
was collected in a fresh tube and brought to the cell soB Biosciences

FACS Ar)a
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2.4.3 6GFPPositive andNegative Cells Sorting:

To study the expression of FATPs in-€GKP cells and in non CCK cells,
fluorecent activated cell sorting wagerformed CCKeGFP mouse
duodenal single cells ave consequently sorted in to eGFP Positivell
(Green fluorescence labeled CCK cells) and eGFP negative cells (all other

duodenal cells).

Cell autofluorescencimterferes with the detection of eGFP fluorescence,
thus, the autofluorescence need to be substractBdiodenal single cell
suspension isolated from a CD1 mouse were used as a control to set the

base line of the green fluorescebéackground

The CCGFP mouse duodal single cebuspensions werseparated by

BD Biosciences FACS Acdl sorter. Sample was excited at 488nm
(emission 530/30nm) to detect eGFP. Events with very low side scatter and
forward scatter were excluded because these events presumably
represeried debris;and events with a higtpulse width wereexcluded as

well since these likely represented cell aggregat€sPpositive and

negativecellswerecollectedseparately into lysis buffer for RNA extraction.
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2.4.4RNAExtraction from FACSorted Cells

Total RNA$rom FACSorted cells were isolated usinge RNAjueous®
Micro kit (Ambion). An aliquot of Elution Solution was preheated in a
tightly closed RNasfee tube in the heat block set to TG 250> 100%
ethanol was added in to the lysate. Thdretlysate/ethanol mixture was
loaded onto a Micro Filter Cartridge Assembly. A 10 seconds 150009
centrifugation wagarriedout to makethe entiresample pass through the
filter. Then thecollectiontube was emptied. 156 of washsolution 1 was
added to he RNA bound filter on thmicrofilter cartridge andcentrifuged

for 10 seconds at 15000g to pass the solution through the filter. Then
180> Washsolution2/3 was added to the filter and centrifuged for 10
seconds at 15000g. This wash step was repeatex avith 1861 wash
solution2/3. Then thamicro Filtercartridge wascentrifuged at 13000rpm

for 1 min to removeesidual fluid.10> preheated Elution Solution was
added to the center of the filter and stored at room temperature for 1min
then centrifuged 813000rpm for 30 seconds to elute the RNA from the
filter. The RNA solution was collected into a frésbmimicro elution tube.
Another 1C elution solution was added and the elution step was

repeated once. The RNA was stored2C until use.
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2.4.5 Reverselranscripion

2.5>g oftotal RNA and & random primer was mixed in an RN&see

tube, heated in a heat block at T2for 3 min,and thenthe tube was

placed on ice for 2 minfhe bllowing reagents wre addedto the tube

after it cooled: 5xfirst strand buffer 41, 10mM dNTHnix 2.5mM each)

4>, RNase inhibitom >W S @S NBE S ( Nlagd2SmNindgQan dapS> tm > €
After Incubaing at 42C for 1 h,the sample was lacedin the heat block

at 72Cfor 10 min to inactivate the reverse transcriptaseeBknthessed

cDNA was stored #20°C freezer until use.

246 PCR

Primer sequence, product size and tlanealing temperature are
presented in the table -B. Primer sets of FATP1, FATP2 and FATP4 and
CD36 were used iRh.D. thesis of Anthony David JamkgUniversity of

Manchester2007)
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Annealing
Tm Tm
Gene Productlength Forward sequence&3Q ReversesequencesBQ temperature
(0 (0
(0
FATP1 174 ACCAGTGTCCAGGGGTAC 61.4 TGTCTCCCAGCTGACATGE 59.4 60
] 1 1 1 1 1
[} 550 1100 1650 2200 2750
pr——
FATP2 168 ATGCCGTGTCCGTCTTTT  57.3 GACCTGTGGTTCCCGAAG 59.4 58
Template #-*_—*—- |
o] 450 S00 1350 1300 2250
>
FATP3 339 CCTTTGGATTTGGTTCG 53.7 CCAGTAGTGCCAGAGGT(G 59.4 56
#—__*-—q_ L}
(o] 450 S00 1350 1800 2250
e
FATP4 160 TGGAAAGGGGAGAATGTA  54.1 TCTCCAGGTCACAGTTG( 59.6 58
Template F-—-I--_q---
o 300 1600 2400 3200 4000
—t
FATP5 530 CACTGCGGGGCTGTGGG, 65.6 TAGGCAGGGAGCCAGGA( 65.5 63
1 1 1 1 1 1
[s] 450 S00 1350 1=00 2250
FATP6 483 GGGCGCCATGGIGTGCTAA 63.5 GTGTCCGAGCCAGCGTA(Q 65.5 63
Template *—*_—- imsias | simeccn §
o 500 1000 1500 2000 2500
> —a
CD3® 208 TGCTGGAGCTGTTTATTTCG 59.5 GTTCTTTGCCACGTCAT(C 58.4 60

Table 2 8 Information of FATP16 and CD36°CRorimers.
Listed are producsize forward and reverse sequencemimers, melting temperature

and annealing temperaturéor each PCR reaction. In additiomhether the primers

are intron spannings also indicatedRed segmens indicateexon; the space between

the red segmentidicate exonintron junctions
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The follaving were added to each tube: 2251 0Xreaction buffer, 15 €
ddHO, 1.6 L0mMdNTPs,4 DMSO, 1.5 MgC}, 1> forward primer, & f{
reverse primer, ® {tDNA and 04 Biotag. Thermo cyclingconditions
were as followinitial denaturation at 98C for 5min; 30-35 cyclesof PCR
amplification step. denaturation at 98 for 1min, annealing at
temperature listed in Table-8 for 1min, extension at 72 for 1min;
followed with a final extension step at T2for 10min. PCR products were

viewed on &l.5% agarose gel with Rilinuscontrols.

2.5 Estblishment of Cell Isolation and Culture Methodology for

Further Functional Work

2.5.1 Comparison of Collagenase and EHDTA DissociatioMethods

Collagenase Dissociation

A CCKGFP mouse was killed and the duodenum was removed, rinsed
with ice-cold 15, opened vertically and cut into small pieces. The
prepared tissue was put into a 15ml Falcon tube containing 1mg/ml
collagenase in GaMg?*free HBSS (pH 7.4) with 10% FBS (or without FBS
in the comparison experiment to see whether serum is necesséhg.
Falcon tubes were put into a 37°C shaking incubator and shaken at

175rpm for 20 minutes, then the speed was reduced to 100rpm for a
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further 10 minutesand finally tubes were gently inverted by hand 5 times.
The cell suspension was transferred to asfreFalcon tube and was
centrifuged at 300g. The pellet was washed with HBSS twice and
resuspended with HBSS or DMEM with 5% FBS and put in thelll2
plates. Plates were then kept in a 37°C in an incubator supplied with 5%

CQuntil required.

DTTFEDTADissociation

A CCKGFP mouse was killed and the duodenum was removed, rinsed
with icecold PBS, opened vertically and cut into small pieces. The
prepared tissue was put into a 15ml Falcon tube containing was put into
0.5mM DTT together with 2mM EDTA irf'®ég**free HBSS (pH 7.4) with
10% FBS(or without FBS in the comparison experiment to see whether
serum is necessary). The Falcon tubes were put into a 37°C shaker
incubator and kept 175rpm for 20 minutes then the speed was reduced
to 100rpm for further 10minutes and finished with a gentle shaking by
hand.The cell suspension was transferred to a fresh falcon tube and was
centrifuged at the speed of 300g. The pellet was washed with HBSS twice
and resuspended with HB86DMEM with 5% FBS and put in thewvi&l|
plates kept in a 37°C incubator supplied with 5%.@® further

microscopy and viability measurement.
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2.5.2 Assessment of Calliability

Hoechst is a blue fluorescent dyéhich stains DNA. Propidium iodide
binds the nucleic acid but it is membranagermeable thus excluded
from viable ells. 1mg/ml Hoechst and 1mg/ml propidium iodide stock
solution was made and kept at 4°C. The isolated mouse duodenal cells
were stained for 30 min in working concentration of 2ug/ul Hoechst and
5ug/ul PI1 solution in HES. After a 2min centrifugation at the speed of
300g, the stained cells were resuspended in 20ul of HBSS and transferred
to a slide. A cover slip was gently put on and then the slide was visualized
using fluorescent microscopy. Images were collected o@lsgmpus BX51
microscope using a 20x objective and captured using a Coolsnap ES
camera through the software MetaVue. The number of Hoechst stained
cells (Blue) and the PI stained cells (Red) werwetea on the images
using ImageJ software The color image (RGB) were converted to
greyscale by setting EeHDptions>Conversionsl 2scate wherconverting

then the images were converted to greyscale by Imdgpe>16 bit.Once

the image is in greyscale, the following steps were performed:
highlighting all thecells required to count byesting threshold via the
menu commandimage>Adjust>Threshald binary version of the image

gl a ONBI SR ¢ K3 ¢nalydé padidesAnalyZeitAhad/ze T
particles¢ KS OK2 A OS & {-ikfihitge o FARsdd (B NS &n |

default 0.0GM dnn® ¢ KSy Of A O] dheNiabiliy was wS a dz
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calculated using the following equatioviability= (1red/blue) x100.

2.5.3 Cell Adhesion

96-well glass bottom plates were coated separatly by Rdlysine, Cell

Tak and Matrigel. Isolated mouse duodenal cells were stained with
Hoechstand putinthewdll 6 pn>f OStf &ddzaLISYyairzy A\
into a 37°C incubator supplied with 5% £ar 1.5 hours. The cells were

visualized using fluorescent microscopy with a 37°C chamber supplied

with 5% C®@to place the plates. Images were collected on a TB200
microscope (Nikon) using the 10x objective. Then the medium in every

coated well was removed gently by a pipette, followed adding fresh

medium and repeat once. The cells were visualized and images were
collected again with the same equipment and sameisgs. The number

of Hoechst stainedatls was counted using Imade

2.6 Optimisation of Calcium Imaging
2.6.1Fura2 Loading Condition Optinsation

Experiments were performed to assess the effectiveness of loading cells
with the rationmetric dye FurR. CCKeGFP mouse duodenal single cells
was incubatedd SLJ N} 6Sfe& ¢AGK p>aAMr>a |y
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(Invitrogen)or 20min, 30min and 45min in HERE$siological saline (pH
7.4) containingl0O4mM NacCl, sM KCI,1.2mM MgSQ, 1.2mM KHPQ,
2mM Cad, 26mM HEPES15mM glucose and 2mNglutamine
Incubation with Furé was carried out both at room temperature and
37°C, with or without the probenecid. Fluorescent values of loaded cells
at 340nm were recorded by the Nikon Diaphot inverted microscope
through a 40x © immersion objective using Meta Fluor software

(Molecular Devices, UK)

2.6.2 Calcium Imaging of lonomycin Positive Control

Cells loaded with Fufa were transferred on to a 13mm round coverslip
and put into a perfusion chambelarner Instruments Experiments
were performed usingNikon Diaphot inverted microscopeth a 40x oH
immersion objective. Fura fluorescencebound to intracellular calcium
was excited at 340 whereas unbound fttavas excited by80 nmUV
lightand emits at 510nm of lighfThe GFRwvas excitedat 488 nmwith an
emission peak wavelength of 5@%. Emission was recordedith a
camera (Digital Pixel Ltd, BrightonThe 340nm/380nm ratio of the
emissions is correlated to the amount of intracellular calcium.>M 3
lonomycinperfusion solution s madewith HEPES buffered saliaaed

perfused on thefura-2 loaded mouse duodenal cells stuck down on a
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coverslip in a perfusion chambat ~1 ml/min The fluorescentvalue and
the 340/380nm ratiowere recorded by Meta Kilor software(Molecular

Devices, UKAIl imaging process were carried out at room temperature.

2.7 Immunohistochemistry and FA@Balysis of CCRells

2.7.1Preparation ofSngle Cells from CC¥GFRViouseDuodenum

A CCKGFP mouse was killed and the dandm was removed, rinsed
with ice-cold PBS, opened verticalyut into small pieces and put in&
falcon tube containing 10ml 2mM EDTA HBSS solution (psifpg)ied

with 10mM HEPES and 5mM glucose. The tube was placed on ice for
30min, followed by a ndl shake. The supernatant was discaddand

fresh HBSS was added. The tube was vigorously slgkieand and the
supernatant was collected. This process was repeated three times and the
cell suspensions mixed and centrifuged was followed at 300g for 6min.
The pellet was washed with 10ml fresh HBSS for twice and then

transferred into a 2ml Eppendorf tube.

2.7.2 Immunostaining and FAG®alysis

Single cell suspensions were fixed wah optimised fixing method:

methanolwas added into the sample and incubatid 10min followed
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by another incubatan 4% paraformaldehyde (PFfor 20minin PBS at
room temperature. The cells were washed twice with PBS and put in to
an optimeed blocking solution: 1% goat serum (vitv)PBS with 0.1% v/v
Triton XLOO (Sigma)for 2h at room temperature. The blocking solution
was removed by a 5min 800g centrifugation. The cells were incubated
with eGFP antibody (Sigma, 1:500)/CCK antib(mifted by Prof GJ
Dockray; 1:500n PBS with 1% goat seruah4°C overnight on a rotator.
Celbk were rinse@® timesin PBS and then incubated wiired fluorescent
secondary antibody (Alex@47, Invitrogen, 1:5000}or negative controls,

primaryantibody was substituted with PB8th 1% goat serum.

After 3 washes with PBS, cells were analysaalguse Beckman Coulter
CyanADPflow cytometer.Samples were excited 488nm (emission 530

+ 40nm) to deteceGFPand at 635nm (emission 665 = 20nm) to detect
the secondary antibodylexa 647 Events with very low side and forward
scatter were excludeds these ardikely to represent debris, and events

with a high pulse width were excluded to eliminate cell aggregates.
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CHAPTER THREE

RESULTS



3 ESTABLISHMENFRTPCR METHODOLOGIES

G-Protein coupled receptors resident in enteroendocruoels, they have
been implicated in dietary lipid sensing. However, thifuse and sparse
distribution of EEells has made thstudyof the fat sensing mechanisms
and the fatty acid receptors expresen in native EECcells difficult.
Therefore, to advare studies on EEC cells, a cell dissociation method to
obtain single cells from mouse duodenum and the establishment of RT
PCR methodology are essential. Himasof the following sectiosareto:

1. Devisea single cedl dissociatedmethod to get the singleells from

mouseduodenum;

2. Establish RPCR methodologyotdetermine whether duodenaCCK
cells contain transcripts encodindatty acid receptors and also

transcripts encodingther nutrientreceptorsof potentialimportance.

Firstly, data comparing single cells dissociated from adult mouse
duodenum using collagenase XI dithiothreitol (DTT)and EDTA are
presented Secondly, total RNA wasiccessfully extracted from isolated
groups ofsingle cells. Finally, FFICRwas employed to analse the
expression of housekeeping gene, blood contaminanand target
receptors GPR40GPR41GPR43GPR84GPR93, GPR11GPR120and

GPR131).
95



3.1 Cell Dissociation

Two cell dissociation protocols wetempared for the ability tgieldsingle
duodenal cellsfrom mouse small intestine. The cell viability was not
measured as this dissociation is only for RNA extract, the isolated cells will
directly go in to lysis buffear befrozein -80°C.Figure 31 showsthe single
cells dissected from adult mouse duodenand dissocited using DTand
EDTA Figure 2 showsthe single cells dissociated from adult mouse
duodenum using collagenase dingle cells dissociated by DBHEDTA
appeared aseparatecells rather than clumps, as were observed for cells
dissociatedusingcollagenae Xl Additionally, DTT method was less time
consuming and easier to control the conditions compared to the
collagenase method. Certainly, Dethod was deemed tobe more
suitable for RNA extraction and subsequent -RCR workthan the
collagenase Xhethod and therefore the DTT method was adopted for

future work.
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Figure 31 Single cells dissociated from adult mouse duodenum using DTT.
5ml cellbuffer was poured in a 10cm dish and viewed under nscope

(Magnification=X4}) Typical of 3 preparations. The scale bar isst00

Figure 32 Single cells dissociated from adult mouse duodenum using collagenase Xl
Cell dissociation was carried out ustallagenase Xl tobtainsingle cells from mouse

Rdz2RSydzy® on>t OSttkodzZFFSNI gl a Lizi 2y | 3f
(magnification=X100A&B The proportionof single cells was40%. Most of the cells

were not completely dissociated. As # pictures show, several cellare still stuck

together.C Cll clumps were found in the sample of mouse duodenum single cells. The
proportion of the cell clumps representeabout 60% of the whole cell population

Typical of 3 preparations.
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3.2 RNAExtraction

Total RNA was extracted from adult mouse duodenum single cells using
TRIzol®agent and DNase | treated to remove genomic DNA. TRiEA
sampleswvere loaded orto a 1% denaturd agarose gelThe bands of the
large ribosomal subun{283 and the mall ribosomakubunit (8S)were

clearly visible indicating intact RNRigure3-3).

RNA was isolated from spleen lbe usedas a positive control for target
primer sets and to test the primers for CD3 and CD14 wiarie utilized
asmarkersof the bload contaminant(CD3 for lymphocyteand CD14 for
macrophagesneutrophilgranulocytesand monocytes) in single cells from
duodenum.Hgure 3-4 shows RNA obtained from mouse spleen, tineo
characteristic ribosomal RNA bands were clearly visilte. inclusion of
the 0.510kb RNA ladder (Irivogen) enabled the size of each band to be

determined and confirmed the gel had run correctly.

Total RNA wasalsosuccessfullysolated from mouse pancreas, jejunum,

lung and brain to act as positive congdbr target primer sets (data not

shown).
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Hgure 3 3 Representative gel electrophoresis picture of total RNA isolated from
mouse duodenum

DNase treated total RNA extracted from mouse dualesingle cellsTotal RNA was

Aaz2fl GSR dzaAy3a ¢wLli 2f tsanpl Imik Sopniaipingp3>t wb!
formaldehyde,3.1>f T2 NWE2PAR PP aht { 0 | YR Hloafling2 T T2 NY
buffer were visualized on a 1% denature agarose O&d gel wasun at 70/ for 45min.

The 28S and 18S ribosomal RNA can be Sgmical of 3 prepations.

Ladder RNA from spleen

4.0kb 285

188

Figure 34 Representative gel electrophoresis of total RNA isolated from spleen

5blasS GNBFGSR G204t wb! SEGNI OGSR FNRY Y2 dz
gAGK p>f &Zontdihiigd.o >YIA ET 20N B.1>R S KRR2RNMIEBAIR S =
pRPRaht {0 FYR uw>f 2F FT2NXIf{ RSK&RS ReéS 46SNB O
The gel was rurat 70V for 1h. The 28S and 18S ribosomal RNA can be SHea.

positions of size marker (0-80kb RNA ladder, invitrogeaje shown a the left inkilo

basepairs.Typical of 3 preparations.
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3.3 ReverseTranscription

Reverse transcription was performed using>g0(13> 8>g/>l) total RNA
obtained from mouse duodenum single cellssynthesse cDNA cDNA
synthesised byeverse transcriptin was used for RPCR to analysis the
expression of target nutrient sensing receptofsgure 3-5 shows the
single-strandedcomplementary DNA synthesid fromthe RNA template
iIsolated from mouse duodenum single callsing reverse transcriptase.
cDNA fron mouse spleenpancreas lung, jejunum and brain were also
successfullgynthesizeddata not shown) to determine the possible blood
contaminantsin single cellslissociatedfrom mouse duodenum and to

analyseghe expression of target nutrient sensingpeptorsusing RIPCR.

8000bp ——

il

!
. ‘

2000bp ——

1000bp ——

400bp —— W
200bp ——

'

Figure 35 Agarose gel electrophoresis of duodenal cDNA
p>f &ampldyielded from reverse transcriptionsing30>g of total RNA obtained

from mouse duodenum cellwas loadedin 1% agarose getun at 70V for 1h and
stained with ethidium bromide Theposition of size marker (HyperladdemBipling) is

shown on the left in base pairs.
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3.4 PCR Result for GPCRs

PCR analysiwas carried out to study the expression of target nutrient
sensing receptorm duodenal | cellsThe primesetsdesignedor mGPR40
also known as free fatty acid receptor 1 (FFAR3gnbank Accession
number NM_1940572), mGPR41(FFAR3)Genbank Accession number
NM_001033316.2 mGPR43 (FFAR2) (Genbank Accession number
NM_146187.3 mGPR84 (Genbank Accession number NM_030720.1),
MGPR93Genbank Accession numbBC117528.)1 mGPR119Genbank
Accession numbadM_181751.2 mGPR12QFFAR4(Genbank Accession
number NM_181748.2 and mGPR131(Genbank Accession number
NM_174985.) were optimised using various control tissue (mouse
pancreasjung, colontestis jejunumand spleei ~100ng cDNA was used
in each PCR reactido determine the expression ¢éarget GPCRa these

tissues

RTPCR was performed dRNA extractedrom mouse duodenunsingle
cells to analyse the expression of eight target nutrient sensing receptors
~100ng cDNA was used in each PCR reacliba. productsfor each
receptor wereviewed on the agarose g&.T minugontrols were included
that consistedthe same reagent anthermocycing, but without RT. No
product was observed to be amplified under these conditiorBcating

that genomic DNA was not present in the cDNA samples
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3.4.1GPR40 and GPR120

GPR40 primers amplified bands of predicted product size (493bp) both in
positive control (pancreas) (Figures3 and in cDNA from duodenal single
cells Figure3-7). Figure B shows the test result of linear amplification
for GPR40. Five different amount (1800ng, 180ng, 18ng, 1.8ng and 0.18nQ)
of mouse duodenal cDNA templateere tested, no band was observed
with 1.8ng and 0.18ng template. The intensity of the bands given by 18ng,
180ng and 1800ng template was ascending which indicates the amount of
cDNA template (~100ng) was within the range of linear amplification.
RFPCRo amplify mouse GPR123ing positive control cDNA (lungnd
duodenum single cellsproducts of the expected size(446bp) were
observed(Figure3-9 and Figure3-10). Figure 311 shows the test result of
linear amplification for GPR128o band was obseed with 0.18ng and
1.8ng template. 180ngnd 1800ng gave almost the same band intensity.
18ng template gave a faint band compared with the 180ng and 1800ng

bands.

3.4.2 GPR41 and GPR43

RTFPCR positive control for GPR41 using mouse brain cDNA as template
gave faint multiple bands as figurel2 shows. There is no detectable

product in RTIPCR amplifying GPR43 using mouse spleen cDNA (Figure3
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12). Figure 4.3 and figure 3L4 show the gpectedsizeof product (337bp

for GPR41, 346bp for GPR48)positive cotrol using cDNA from mouse
colonas template In figure 315, multiple bands were observed on the gel

of duodenal single cells PCR products of GPR41 and GPR43. Bands of
expected size produc{337bp for GPR41 and 346bp for GPR43) were
observed. The size ahexpected band in the GPR41 reaction was between
500bp and 600bp. The sequence of both forward and reverse primers was
inputted in the nucleotide blast to determine the potential product from
splice variants. A 560bp potential product was foundMus musulus

strain C57BL/6J chromosome7.GRcin38.p2 c¢57BL/6J (NC 000073.6). No
related product was found with the GPR43 primers. The unintended band

may therefore be due to mispriming.

3.4.3 GPB4

GPR84 primers amplified a band of predicted product size (216tyoth

positive control (lung) (FigureB6) and duodenal single celligure317).

3.4.4 GPR19

GPR119 primers amplified a band of predicted product size (541bp) in RT

PCR using testis (Figur#8) and duodenal single cells cDNA as template
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(Figure320) but failed to yield product using cDNA from pancreas(Figure

3-18).

3.4.5GPR 93 and 131

Figure 321 and figure 22 show the bands ofxpectedsize(572bp for
GPR93, 245bp for GPR181RTFPCR for duodenal single cells. However,
RTFPCR failed to detechouse GPR93 in mouse jejunum (Figue8Band
In mouse colon (data not shown). Also, there isdietectable productin
RTFPCRor mouseGPR31using mouse spleen cDNA as template (data not

shown).
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B-actin GPR40 GPR40RT-
(cDNA from pancreas)

1000bp ——

400bp ——
300bp ——

Figure 3 6 Positive ontrol RT-PCR of mouse pancre&NA for GPR40
PCR was carideout with mouse GPR40 primecNA from mouse pancreas was used

Fad GSYLX I GS® y>t LINERdzOQnin aadstdiredwBhleRiditRn 2y w2 |
bromide.A strong band correlated with-actin of the right size at ~350lgmd a~500bp

band which correlaté with the predicted producsize(493bp)can be seen on the ge

No product was apparent in RT minuse control. Tpesition of size marker

(Hyperladderll, Bioline) is shown on leiih base pairsTypical of 3 reactions.

B-actin GPR40 GPR40RT-

400bp ——
30087 — ﬂ —
o - -

Figure 37 RTFPCR of RNA from duodenal single cells for GPR40.
went/w gl ad OFNNASR 2dzi dzaAy3a Y2dzaS Dtwnna |

Rdz2RSydzy SLIAGKStEAFf OSttaod y >t LINRPRAzZOG |y
agarose gel stain with ethidium bromida. ~500bp band can be seen on gel which
correlating the pedicted product sizef 493bp. No product was apparent in RT minus

control. Typical of 3 reactions.
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GPR40: different cDNA amount (ng)

~1800 ~180 ~18 ~1.8 ~0.18
400bp ——
300bp ——

.-

Figure 38 RTPCR for GPR40 is sensitive to template amount.

Products from GPR40 ¢ Tt reActionswere loaded on 1% agarogel, run andstained

with ethidium bromide. Different amount (1800ng, 180 ng, 18 ng, 1.8 ng, 0.18 ng) of
cDNA obtained from mouse duodairsingle cells wsused as template to detect the

linear amplificatiorrangeof the cDNAconcentration.Products of caect size (493bp)

can beseen in the reaction with cDNldmplate amount of 1800ng, 180ng and 18ng.

B-actin GPR120 GPR120RT-
(cDNA from lung)

Figure 39 Positive control RIPCR of mouse lung RNA for GPR120
PCR was carigeout with mouse GPR120 primec®NA from maselungwas used as

GSYLIX FGS® y>f LINRPRdAzOU ,éun andstaed Wits Rthidguyi w2 | 3 |-
bromide.A strong band correlated with-actin of the right size at ~350fmd a~450bp

band which correlateé with the predicted product sizé46bp) canbe seen on the de

No product was apparent in RT minuse control. Tpesition of size marker

(Hyperladderll, Bioline) is shown on leiih base pairsTypical of 3 reactions
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B-actin GPR120 GPR120RT-

[ ]

1000bp ——

. p'!r
LAl

400bp
300bp ——

L

Figure 310 RFPCR of RNA fromubdenal single cells for GPR120
wemnt /w gla OFNNASR 2dzi dzaAy3a Y2dzaS Dt wMmHAN

Rdz2 RSy dz¥ SLIAGKSEALFIET OSfttad y>t LINRPRdAzOG |y
agarose gel stain with ethidium bromidA. ~450bp band can be seen on gel which
correlating the pedicted product sizef 446bp. No product was apparent in RT minus

control. Typical of 3 reactions.

GPR120: different cDNA amount (ng)

~1800 ~180 ~18 ~1.8 ~0.18
.
1000bp —— e
- -
400bp —— :
300bp —— w—e

“ -
Figure 311 RTFPCR for GPR120 is sensitive to template amount.
Products fronGPR20RTFPCR reactiowere loaded on 1% agase gel run andstained
with ethidium bromide. Different amount (1800ng, 180 ng, 18 ng, 1.8 ng, 0.18 ng) of
cDNA obtained from mouse duodairsingle cells wsused as template to detect the

linear amplificatiorrangeof the cDNAconcentration Products otorrect size (46bp)

can beseen in the reaction with cDONldmplate amount of 1800ng, 180ng and 18ng.
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cDNA from Brain cDNA from Spleen

N X
S [ & B 8> %
QJ"A 0??* G\)?‘ Q),'A 09?* G??\

1000bp ——— et
400bp —— « - ~—
300bp —— e

Figure 3 12 Positive control of mouse brain and spleen RNA for GPR41 and GPR43

PCR was carried outity mouse GPR41 andPR43 primerseparately, cDNA from

mouse brain angDNA fromspleen wee used agemplated y >f LINP RdzOGa 6 S NJ
on 1% agarose gel stain with ethidium bromider. The lower band shown in lane 2 is the

right size of product of GPR41 (337bp). There is no visible signal of GPR43. No product
wasobservedn RT minus controllheposition of sizenarker (Hyperladdel, Bioline

isshown on the left in base pairs.

B-actin GPR41 RT-
400bp ——  — ’
G i <
300bp ——  —
200bp ——
100bp ——

Figure 3 13 Positive control RIPCR of mouse colon RNA for GPR41

wermt / w gl awitiorhoNSSISFERR1 peindeisDNA from mouse colon was used
astemphte® y>f 2F S|l OK LINBRdzOG 6AGK p>f f2FRAY:
gel (0.3g agarose and 0.3g nusieve GTG® agarose wear melted in 40ml TAEUvuffer)

andstained with ethidium bromide respectivel strong band correlated with-actin

of the nght size at ~250bjand a~350bp band which correlai with the predicted

product size(337bp) can be seen on the geNo productwas apparent in RT minuse

control. Theposition of size marker (Hyperladdd¥, Bioline) is shown on leih base

pairs. Typi@l of 3 reactions.
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B-actin GPR43 RT-

400bp ——
300bp ——

[ —
200bp ——
T ne

Il |

Figure 3 14 Positive control RIPCR of mouse RNA for GPR43

wermt / w gl awitidrhoNSs IS FRRprirgedzicDNA from mouse colon was used
astemplatey >f 2F SI OK LINRPRdzO0 6AGK p>ft 2 RAY3
gel (0.3g agarose and 0.3g nusieve GTG® agarose wear melted in 40ml TARubuffer)
andstained with ethidium bromide respectivel strong band correlated with-actin

of the right size at ~250bpnd a~300bp band which correlai# with the predicted

product size(346bp) can be seen on the §eNo productwas apparent in RT minuse

control. Theposition of size marker (Hyperladde¥, Bioline) is shown on lefih base
pairs.Typical of 3 reactions.

\ N A % '5?3’

o B & & A

® & & &€
—
e
5 ]
v 4
1000bp —— (g

N - - A

went/w gFa OFNNASR 2aemold XYWREDSQ&Ft D2Wn s I IOKR
p>f f2FRAY3 0dzZFFSNI 6SNBE 21 RSR 2y wmop: | 3l
GTG® agarose were melted in 40ml TAE buffer)stain with ethidium bromide respectively.

Both the GPR41 and the GPR43 primer sets generateddnds both the lower band

are correlated with the predictedrpduct size 337bp for GPR4148bp for GPR43No

product was apparent in RT minus contfbypical of 3 reactions.
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GPR84 RT-

400bp ——
300bp ——

200bp ——

100bp ——

Figure 3 16 Positive control RIPCR of mose lung RNA for GPR84

PCR was carried outitty mouse GPR84 primersDNA from mouskingwas used as
GSYLIX FGSd y>f LINBRagdse gel(Qi3g gardbs@&hdR0.38 yusieve
GTG® agarose wear melted in 40ml TAE buffarjandstainedwith ethidium bromide.

A ~200bp band which correlated with the predicted product size (216hphe seen

on the gé. No productwas apparent in RT minuse control. Tgesition of size marker

(IVv, Bioline)s shown on lefin base pairsNo product was apparent in RT minus control
Typical of 3 reactions.

B-actin GPR84 GPR84RT-
-
L —
1000bp —— —
- -
.
o — S D
300bp —— W
200bp —— —— - _—

Figure 317 RT-PCR of RNA from duodenal single cells for GRR84

went/w gl ad OFNNASR 2dzi dzaAy3a Y2dzaS Dt wyn |
Rdz2 RSy dzy SLIAGKStAIE OStfao y>f LINRPRAzOG | YR
agarose gel (0.3g agarose and 0.3g nusieve GTG® agarose wear melted in 40ml TAE
buffer)stain withethidium bromide. Product of ZBbp is visible on the gel. No product

was apparent in RT minus contrdypical of 3 reactions.
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cDNA from Jejunum cDNA from Pancreas
A2

% Q7
. & . o
a0 o Q2 ae AN
¢ ¢ v & &

1000bp —— .

400bp ——

300bp —— -t l

Figure 3 18 Positive control RIPCR of mouse jejunum and pancreas RNA for GPR93
and GPR119

PCRwas carried out wth mouse GPR93 and GPR119 prinsesarately, cONA from
mousejejunum and cDNA frompancreaswere used asgemplated y >f LINE RdzO{ &
loaded on 1% agarose gel stain with ethidium bromider. There is no visible signal of
neither GPR3 nor GPR11MNo product wasbservedn RT minus control.heposition

of size marker (Hyperladdér Bioline isshown on the left in bse pairs.

RT- GPR119

700bp
600bp
500bp

400bp
300bp

200bp

el

100bp

Figure 3 19 Positive control RIPCR of mouse testis RNA for GPR119
PCR was carried out with primers detecting mouse GBRDNA from moustestiswas used as
GSYLX I §Sd y>f LINRRdAzOU , rénladdstdinddiwith@tRidiunybromitdle A 3 NB a S
~500bp band which correlated with the predicted product size (54thp)be seen on the ge
No productwas apparent in RT minuse control. Taasition of size marke(lV, Bioline)s shown
on leftin base pairsNo product was apparent in RT minus control Typical of 3 reactions
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GPR119 GPR119RT- B-actin

1000bp ——

600bp ——

400bp ——

300bp ——

Figure 320 RFPCR of RNA from duodenal single cells for GPR119
wermt / w gl awith miudeIGER 9 penikas to detect GPR9mMRNA in the

Rdz2 RSy dz¥ SLIAGKSEALFIET OSfttad y>t LINRPRdAzOG |y

agarose gelrub andstained with ethidium bromide A ~550bp band can be seen on gel
which correléing the predicted product sizef 541bp. No product was apparent in RT

minus control.Typical of 3 reactions.

GPR93 GPR93RT- B-actin

- —
1000bp —— - .
600bp —— - -

300bp ——  —
Figure 321 RTPCR of RNA from duodenal single cells for GRR93
wemt/ w gl & OF NNA S R3 pfnikisto dedest \GBAB3 MRNAxdnShe Dt w
Rdz2 RSy dzy SLIAGKStAFf OStfaod y>f LINRPRdzOG |y
agarose gestaired with ethidium bromide A band between 500bp and 600bp can be

seen on gel which correlating the predicted product 0£&72bp. No product was

apparent in RT minus contrdlypical of 3 reactions.
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B-actin GPR131 GPR131RT-

1000bp ——

L

400bp —8 ST
300bp —— (N P

200bp ——— HE—

Figure 322 RFPCR of RNA from duodenal single cells for GPR131

went / w gl a O NNA S RI1®Ridels todaétectyGPES MRNZA iS theD t w
duodenum ¢JA G KSt Al f OSffad y>f LINPRdAzOG |yR p>f¢
agarose gel (0.3g agarose and 0.3g nusieve GTG® agarose (camrex) wear melted in 40m|
TAE bufferktained with ethidium bromide. Product of 245bp is visible on the gel. No

product was aparent in RT minus controlypical of 3 reactions.

3.5 Establishing Primer Sets for Blood Contaminant Markers

PCR were carried out using cDNA from mouse spleen as template to
optimise primers designed for mouse CD3 (Genbank Accession number
NM_ NM_01348.3) and mouse CD14 (Genbank Accession number
NM_009841.3 In figure 323, expected products size can be seen (489bp

for mouse CD3 and 420bp for mouse CD14) on the 1% agarose gel. Some
unintended bands vere also observed. The size ofmanspecificband
yielded from CD3 primers was between 700bp and 800bp and the other
nonspecifiddand was between 1600bp and 20008jhe sequence of both
forward and reverse primers was inputted in the nucleotide blast and

primer blast to determine the potential product frosplice variants. A
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904bp potential product was found dvius musculuthabDlike (Drosophila)
(Inadl), transcript variant 1, mRNRAM_172696.2 No product of related
size was found between 1600 and 2000. The unintended band may due to
mispriming.The size bone norspecificband in the reaction using CD14
primers was-1000bp and the other nonspecific band weetween 200bp

and 300bp.The sequence of both forward and reverse CD14 primers was
inputted in the nucleotide blast and primer blast to determine the
potential product from splice variants. A 253bp and a 259bp potential
products were found omMus musculusnixed lineage kinase domalike
(MIkl), mRNANM_029005.2 A 979bp potential product was found on
Mus  musculus asparagindinked glycosylation 1  (betl,4-

mannosyltransferase) (AIgIhRNANNM_145362.2.

pB-actin CD3 CD3RT- CD14 CD14RT-

2000bp —— +
1600bp ——

1000bp ——— e
800bp —— -

- - ey S — 420bp

—
- - -

Figure 323 RTFPCR for CD3 and CD14 for spleen cDNA

Products usingnouse spleertDNA as template to amplify mouse CD3 and CD14 were

loaded on 1% agarose gel stain withidium bromide.Both primer sets of mouse CD3

and CD14 generated several banBedictedd AT S 2F Y2dz4S /501 06ny e
CD14 (420bp) were observed on the gel. Some secondary bands were also observed.

The position of size marker (HyperladdieBioline) is shown on the left in base pairs

Typical of 2 reactions.

400bp ——
300bp —— we—_
200bp ——
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In order to determine thepotential blood cell contaminant in samples of
single cells isolated from mouse duodenum;AROR were carried ousing
cDNA from mouse duodenum single emplate to amplify mouse CD3
and CD14Size expected were 489bp for mouse CD3 and 420bp for mouse
(D14. No product was observed to be amplifiedyure324). These results
indicated therewas no detectable blood contaminant in the mouse

duodenum single cells sample determined byPCR results.

B-actin CD3 CD3RT- CD14 CD14RT-

1000bp —— ——

400bp ——
300bp —— -

- -
Figure 324 RTFPCR of cDNAdmM mouse duodenal single cells for CD3 and CD14
PCR products using cDNA from mouse duodenum soadjieas template to amplify
mouse CD3 and CD14 were loaded on 1% agarose gel stain with ethidium bromide. Run
at 70V for 1h. Expected sizes of product at89bp for CD3 and 420 bp for CD14 .No
signal was visible. The ptish of size marker (Hyperladde Bioline) is lsown on the

left in base pairs. Typical of 3 reactions
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3.6Discussion

Positive control RPCR was successfully undertaken for six ofeilgat
proposed targets namelfsPR40, GPR120, GPR41, GPR43, GPR84 and
GPR119In the analysis ofduodenum single ced] expression of all the

eight target receptors were detected.able 31 shows a summary of the

RTPCR
Control . .
Receptor i Duodenal cls cDNA Sequencing of PCR amplic
tissue
GPR40 + + (Sykaraset al, 2012)
GPR120 + + (Sykaraset al, 2012)
GPR41 + +Hnonspecific band observed) (Syaraset al, 2012)
GPR43 + +(nonspecific band observed) (Sykaraset al, 2012)
GPR119 + + (Sykaraset al, 2012)
GPR84 + + -
GPR93 - + -
GPR131 - + -

Table 3 1 Summary of RPPCR result of target GPCR

In RTPCR result, GPR40, GPR120, GPR41, GPR43, GPR119, GPR84 were find expression
in the published tissue cDNA as the positive cdntim PCR product was detected for

GPR93 and GPR131 in the control tissue. All 8 target GPCRs were find expression in
mouse duodenal cDNA. PCR amplicons of GPR40, GPR120, GPR41, GPR34, and GPR119
were sequenced atniversity of Manchester Sequenciri@pre Bcility (Sykaras et al,

2012).
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GPR40 is a G proteaoupled receptor activated by longhain fatty acids

(Itoh et al, 2003). MRNA encoding GPR40 has been reported to be present
In pancreas of mouse, rat aimiman @riscoe et al 2003; Itoh et al, 2003).

In the current study, GPR40 was confirmed to be expressed in mouse

pancreas in RPCR using RNA from mous@&g@aas as the positive control.

GPRA41 is activated Ishort-chain fattyacids(Brown et al, 2003). GPR41
MRNA was detected highly in brain and lungat tissue (Bonini et al,
1997). In humanadipose tissudhasthe greatest level ofGPR4IMRNA
expressionGPR41 xpression can also be foundone, visceral organs,
and brain and peripheral blood mononuclear cdils Tagman RPCR
(Brown et al, 2003)Mousebrainor mouse colon acted aontrol tissues

to develop and optimise a GPR41 primer set:PRR analysis of RNA
extracted from these tissues resulted in amplification of several different
sized products. A signal representing the predicted amphecasobserved.
The products generated were not the predicted size and thought to be the

result of mispriming.

According to Brown eal (2003, Le Poul et al (2003) and Nilsson et al
(2003), GPR43mRNA is expressed in human spleen and many other
immune cebs such as neutrophils, monocytesperipheral blood
mononuclearcells, Blymphocytes, and polymorph nuclear cefidauman.
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In mypreviousPCR using mMRNA extracted from mouse spleaproduct
was detectable.Using the mouse colon tissue as the positieatml,
bands of the predicted sizavere observed.In the analysis of mouse
duodenum cells, primers of mouse GPR43 g#we predicted size
ampliconof GPR43 product. It indicates GPR43 mRisjnot present in
mouse spleenbut is present in duodenal cellfhese PCR products were

also characterized by Sykaras et al.

The primersdesigned to amplifGPR93 gavthe correct size product in
RFPCR using cDNA from mouse duodenum cells. It indicates GPR93 mRNA
Is present in mouseluodenal cellsin contrast RTPCR failed to detect
mouse GPR9®& mouse jejunum.Previously,GPR93 was detected in
mouse intestine usingemi quantitativePCR with 18S as an internal
control (Choiet al, 2003). My finding indicates that GPR93 is present in
duodenum, but not in jejunumWhen activated byprotein hydrolysate

GPR93 will induce CCK release fromISdélls (Choi et al, 200Y.

Several studiebave reportedhe tissuedistribution ofGPR119 expression
using quantitative realime PCR ohybridizationanalysisand have shan
that GPR119 was present in pancreas (Baatial,, 2001; Jones et #2004
So@ et al 2005; Chu et al, 200But, RT-PCR failed to detect GPR119 in
mouse pancreas in my current stuéhoweverthe primer sets worked well
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on mouse duodenum single celselding aclear bandof the correct size.

It indicates GPR119 mRNA is present in mouse duodenal cells.

The present study also showed GPR120 mRNA is present in mouse lung
(positive control) and duodenal cellsconfirmsthe observation that
MRNA encding GPR120 is present in lung amestinein mouse and

human tissue by doing retime RTPCRHirasawa et al2005).

The activation of bile acid receptoGPR131lis proposed to affect
macrophage functionsThe high expression of GPR131 was found in
human placenta and spledout the mRNA level of GPR131 was very low
in the rat and mousgKawamata et al2003. This may be the reason of

the failure of detecting the GPR131 in mouse spleen tissue.

The primer sets for GPR40, GPR41, GPR43, GPR84, GPRDB), GP
GPR12@nd GPR13tostlyworked well.For the reactions that worked,

cDNA encoding these targets were detected in duodenal déikre were

some secondary bands observed in PCR amplified GPR41 and GPR43. They
were possiblealternative splice variastor products generated due to
mispriming. The conditions of PCBuld be furthermodified in order to

get rid of mispriming.
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It is unclear why the reactions for GPR93 or GPR131 failed to work on
positive control (Colon for GPR93, spleen for GPR131poHEi#/e control

2FT Dtwdgo ¢Fa OK2aSy | OO2NRAY3I o0/ K2A
detected the GPR93 in rat intestine and the most abundant expression was

in duodenum with a decrease toward the colon. The different animal and

the low amount of tempte may cause the result of the lack of PCR

product in the current work.

One of the main shortfall of the work in this chaptethe sequencing of
RTFPCR amplicons are not performed because the time limit. However,
expression study of GPR40, GPR120, GPERR43, and GPR119 was
carried out by my colleague using identical primer sets, and these PCR
amplicons were sequenced and found to correspond to the proposed

(Sykaras et al, 20)2

In conclusion, methods were developed to amplify cDNAs encoding key

nutrient sensors thus paving the way for analysis to ascertain whether

these targets are expressed in CCK expressing cells.
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RESULTS



4 EXPRESSION OF FATPS IN MOUSE DUODENAL EPITHELIUM

CD36 anddtty acidtransport proteins play imgrtant roles in fatty acid
sensing and uptake. Direct studies of the expression of CD36 and FATPs in
native CCK cells are limited due to whi&use and sparse distribution of
CCKcells and their relatively indistinct morphologyn my project,
transgenicmice expressingenhancedgreen fluorescent proteineGFP)
under the control of theCCKoromoter enabled thefluorescent activated

cell sorting (FACS) sort the CCK positive and CCK negatehs.RNA was
successfullgxtracted from 7500 purifieduodend CCKellssorted bythe
FACS machin@lonCCK cells were also sorted for comparisam.18S
rRNAloading controlwas included to make certain thequal amountof
cDNA wasised to carry on thefurther RFPCR (Figure®l). Expression of
FATPs and CD36 aketmRNA level was studied using these enriched CCK

cell population.

4.1 Primer Optimisation

Primer setsfor FATP46 and CD36vere testedand optimsed with various
controltissues. RFPCR reactions were carried out using RNA isolated from

mouse brainkidrey cortex, testis, duodenal mucosa and heatrt.

A bandcorrespondhngto the predicted PCR product size (174bp) for FATP1
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(Figure 42) was observed in the control cDNA (mouse brain) sample and
no other bands were present. In figure54 PCR of mouse kidnepRA

with FATP2 primers yielded only a band of ~170bp which corresponded to
the predicted size expected of 168bp. The FATP3 primers used in mouse
testis cDNA amplified a product ~340bp (Figu&) 4hat corresponded to

the predicted size (339bp). Using tRATP4 primer set a product between
150bp and 175bp was amplified from mouse duodenal mucosa cDNA. This
band corresponded to the predicted PCR product size of 160bp (Figure4d
9). FATPS5 primers were tested using mouse testis cDNA, multiple bands
were produced the expected band lies between 500bp and 600bp, and
corresponded to the predicted size of 530bp (FigwE24 PCR of FATP6
primer set on control cDNA (mouse heart) yielded a band of ~500bp which
corresponded to the predicted size of 483bp (Figurg3) RFPCR of
mouse duodenal mucosa with CD36 primers yielded a band ~200bp, the

band corresponds the predicted size of 208bp for CD36 (Figl€.4

4.2 Expression of FATPs in Sorted EEC Cells and cDNA Library

ThemRNA transcriptencoding FATP1 and FATRSavfound in only eGFP
negative cells while the FATP2, FATP4 and CD36 were found both in eGFP
positiveand negative celldfut were enriched in eGFP negative cells. For

FATP3 and FATP5, mRNA expression was found neither in the eGFP positive
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nor eGFP negate cells.

Figure4-3 shows the PCR result of FATP1 in GFP positive and GFP negative
cells: A band was amplified by the FATP1 primers with e GFP negative cells
while no product was observed with the eGFP positive cells. Bands of
predicted size for FATP2 pens were observed both in eGFP positive and
negative cells. The band given by eGFP negative cells was ~2 times stronger
than the band given by GFP positive cells (Figuie Meither GFP positive

nor GFP negative cells gave detectable prodtEATP8Fgure 48).Bands

with predict size of FATP4 primers were observed both in eGPR positive
and negative cells. The band given by eGFP negative cells was ~2 times
stronger than the band given by eGFP positive cells (Figl@.Meither

GFP psitive nor GFP agative cells gavdetectable produciof FATP5n

more than 3 reactions (Figurel®). A band was amplified by the FATP6
primers with GFP negative cells while no product was observed with the
GPR positive cells (Figurel4). Bands with predict size of C®primers

were observed both in eGPR positive and negative cells. The band given by
eGFP negative cells was ~2 times stronger than the band given by eGFP

positive cells (Figure-#7)

Due to thesmall amountof mRNAisolated from FACS sorted cells few

replicate reactions could be performed, thereforen amplified cDNA
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library fromsorted eGFpositiveand eGFiregativeRNAwasconstructed
by Dr Sykaras our laboratory Thidibraryenabled further RFPCR analysis
of | celltranscriptome.RFPCR waperformedon all the FATPs and CD36
using the cDNA library. The RTR with cDNA library confirmed the
previousfindingof the FATP{Figure 44) and FATP@-igure 415) present

in eGFP negative cells while the FA{HgGure 47) present in both eGFP

positiveand eGFP negative cells with a more enrichment in eGFP negative

cells. However, the expression of mRNa&nscriptsencoding the FATP4
(Figure 411)and CD36gFigure 418)were found only in eGFP negative cells

which conflicts the previous RFACR result witthe sorted cells mRNA.

188
GFP+ GFP-

300bp
250bp
200bp
150bp
100bp -

Figure 4 1 Normalization of mouse duodenaGFP positive and eGFP negatos|
cDNA library

PCR of mouse duodenal GFP positive (GFP+) anieG&tive(GFP) cell library cDNA
using 18s primers. Prodts were run at 90 on a 1.5% agarose gel stained with
ethidium bromide against Hyperladder V. eGFP+ and €e@&R bands of equal
intensity indicating that the priming amount of cDNA was eqUabical of three

reactions.
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FATP1 RT-

300bp
200bp
100bp

Figure 4 2 Control RTPCR targeting FATP1 performed on mouse brain RNA
RTFPCR products were run at\@0n a 1.5% agarose gel stained with ethidium bromide

against Hyperladder IV. The FATP1 primers amplified a product of ~170bp from mouse
brain cDNA. Therpdicted size for FATP1 using the FATP1 primer set was Ilbgal

of three reactions.

GFP+ GFP-
RT- FATP1 RT-

300bp
2000p Mo

100bp

Figure 4 3FATP1 mRNA was detected in eGFP negative mouse duodenal cells
RTFPCR products were run atVon a 1.5% agarose gel statheith ethidium bromide

against Hyperladder IV. FATP1 primers produced a band of the predicted size for FATP1
at ~170bp (predicted size = 174bpk@FPcells. No band was visibletime GFP+ lane

Typical of three reactions.
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FATP1
GFP+ GFP-

Figure 4 4 FATP1 mRNA was detected in eGFP negative mouse duodenal cell cDNA
library.
RTPCR products were run at\@0n a 1.5% agarose gel stained with ethidium bromide.

The molecular weight markewas HyperladdeW. It can be seen the FATP1 primers
amplified a band of the predicted product size (174bp) in -GIEEmNA. No band was

detectedin the GFP mouse duodenal cell cDNA libréape Typical of three reactions.

FATP2 RT-

300bp ———
200bp ——
100bp———— |

Figure 45 Control RTPCR targeting FATP2 performed omuse kidney RNA
RTFPCR products were run at 90v on a 1.5% agarose gel stained with ethidium bromide

against Hyperladder IV. The FATP2 primers amplified a product of ~170bp from mouse
kidney cDNA. The predicted size for FATP2 using the FATP2 primer sE38bas

Typical of three reactions.
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GFP+ GFP-
FATP2  RT- FATP2  RT-

- —_—

200bp
175bp
150bp

100bp

Figure 4 6 FATP2 mRNA was detected in both eGFP positive and eGFP negative
mouse duodenal cells

RTFPCR products were run atVon a 1.5% agarose gel stained with ethidium bromide
againstHyperladder IV. FATP2 primers produced bands of the predicted size for FATP2
at ~170bp (predict size=168bp) in ba&FP+ andGFP cells. The signal given by the

GFP cellswas stronger than the band in GFP+ lahgpical of three reactions.

FATP2
GFP+ GFP-

e

200bp e

100bp

Figure 4 7 FATP2 mRNA was detected in both eGFP positive and eGFP negative
mouse duodenal cell cDNA library

RTPCR products were run at\@0n a 1.5% agarose gel stained with ethidium bromide.
The molecular weight markexwas HyperladdeW. It can be seen the FATP2 primers
amplified bands of predicted product size (168bp) in be@+P+ and GFEDNA library

lanes. The signal given by te&FP cellswas~5 times stronger than the signal in GFP+

lane.Typical of three reactions.
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Positive Control Sorted Cells
GFP+ GFP-
FATP3 RT- FATP3 RT- FATP3 RT-

Figure 4 8 Control RTPCR targeting FATP3 performed on mouse testis RNA
FATP3vasnot detected in either eGFP+ or eGIERIls RIPCR products were run at

90V on a 1.5% agarose gel stained with ethidium bromide against HyperladdérdV.
FATP3 primers amplified a product of ~340bp from mouse testis cDNA. The predicted
size forthe FATPZampliconwas 339bp. No band was visible in eite&FP+ oeGFP

cells.Typical of three reactions.

FATP4  RT-

N
T
———
e

200bp

175bp ———

150bp ——

125bp ——

100bp

——

Figure 4 9 Control RTPCR targeting FATP4 performed on mouse duodenal mucosa
RNA

RTFPCR products were run at\@0on a 2% agarose gel stained with ethidium bromide
against Hyperladder V. The FATP4 primers amplified a product between 150bp and
175bp. The predicted size forHA4 using the FATP4 primer set was 160lpical of

three reactions.
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GFP+ GFP-
FATP4 RT- FATP4 RT-

300bp —— @
200bp ——

100bp ——=

Figure 4 10 FATP4 mRNA was detected in both eGFP positive and eGFP negative
mouse duodenal cells

RTFPCR products were run at¥@0n a 1.5% agarose gel stad with ethidium bromide
against Hyperladder IV. FATP4 primers produced bands of the predicted size for FATP4
at ~150bp (predict size=160bp) in ba&FP+ andGFP cells. The signal given by the
GFPRis ~2 times stronger than the bande®FP+ lan€lypcal of three reactions.

FATP4
GFP+ GFP-

o — S

P

100bp —— *

Figure 4 11 FATP4 mRNA was detected in eGFP negative mouse duodenal cell cDNA
library.
RTPCR products were run at\@0n a 1.5% agarose gel stained with ethidium bromide.

The molecular weight markevas HyperladdeY. against Hyperladder V. It can be seen
the FATP4 primers amplified a band of gredicted product size (160bp) for th&&P
cDNA library. No band was detected in #®8FR mouse duodenal cell cDNA library

lane Typical of three reactios
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Positive Control Sorted Cells
GFP+ GFP-
FATP5 RT- FATP5 RT- FATP5 RT-

700bp ——— !!

600bp ———waiier SRS
500bp —— &
400bp —— o

300bp ——

Figure 4 12 Control RTPCR targeting FATP5 performed on mouse testis RNA
FATP5was not detected in eithereGFP+ oreGFP mouse duodenal cells FACR

products were run at 99on a 1.5% agarose gel stained with ethidiumrbide against
Hyperladder IV. The FATP5 primers amplified a product between 500bp and 600bp (the
upper band) from mouse testis cDNA. The predicted size for FATP5 was 530bp. A
nonspecific banaf ~400bpwas detected (lower band) in mouse testis cDNA. No band

was visible in eitheeGFP+ or GFRnouse duodenal cells landypical of three

reactions.
FATP6  RT-
500bp —— g
400bp ——
300bp ——
250bp ——
200bp —— ' -

100bp —— ’,‘
‘ »

Figure 4 13 Control RTPCR targeting FATP6 performed on mouse heart RNA
RTFPCR products were run at\80n a 1% agarose gel staineith ethidium bromide

against Hyperladder V. The FATP6 primers amplified a product of ~500bp from mouse
heart cDNA. The predicted size for FATP6 using the FATP1 primer set wag¥ygigiap.

of three reactions.
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GFP+ GFP-
FATP6  RT- FATP6  RT-

500bp
400bp
300bp

Figure 4 14 FATP6 mRNA was detected in eGFP negative mouse duodenal cells
RTFPCR products were run atVon a 1.5% agarose gel stained with ethidium bromide

against Hyperladder IV. FATP6 primers produced a band of the predicted size for
FAPT&mplicon of~500bp (pedicted size = 483bp) in eGFkRlls. No band was visible

in the eGFP+ laneTypical of three reactions.

FATP6
GFP+ GFP-

600bp
500bp
400bp

300bp —
200bp ———

Figure 4 15 FATP6 mRNA was detected in eGFP negative mouse duodenal cell cDNA
library.

RTFPCR products were run at\@0n a 1.5% agarose gel stained with ethidium bromide.
The molecular weight markevas Hyperladde¥. It can be seen the FATP6 primers
amplified a band of the predicted product size (483bpe@GFP cDNA. No band was
detected in the eGFR mouse duodenal tecDNA librarylane Typical of three

reactions.
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RT- CD36

R
b

300bp ——
250bp ——

it

e g
200bp ——
175bp ——
100bp ——

Figure 4 16 Control RTPCR targeting CD36 performed on mouse duodenal mucosa
RNA

RTFPCR products were run at\@@n a 2% agarose gel stained with ethidium bromide

against Hyprladder V. The CD36 primers amplified a product of ~200bp from mouse
duodenal mucosa cDNA. The predicted size for CD36 using the CD36 primer set was

208bp.Typical of three reactions.

GFP+ GFP-
CD36 RT- CD36 RT-

= =
300bp —— —
200bp ——
100bp ——

Figure 4 17 CD36 mRNA was detected in thoeGFP positive and eGFP negative
mouse duodenal cells

RTFPCR products were run at¥@0n a 1.5% agarose gel stained with ethidium bromide
against Hyperladder IV. CD36 primers produced bands of the predicted size for CD36 at
~200bp (predicted size=208bi) both eGFP+ and eGHiells. The signal given by the
eGFP cellswas ~4 times stronger than the band in eGFP+ Idiypical of three

reactions.
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CD36
GFP+ GFP-

300bp ——
250bp —— &

Foane. »

o

200bp

o Mo

a2 :
”.'

100bp

Figure 4 18 CD36 mRNA was detected in eGFP negative mouse duodenal cell cDNA
library.

RTFPCR products were run at¥@0n a 1.5% agarose gel stained with ethidium bromide.
The molecular weight markewas HyperladdeWV. It can be seen the CD36 primers
amplified a band of the predicted product size (208bp) in eGBIRIA. No band was
detected in the eGFR mouse duodenal cell cDNA librailgne Typical of three

reactions.

4.3 Discussion

Fatty acid transport proteins have been implicated in fatty acid uptake in
enterocytes (Stahl et al, 1999). It was therefore important to ascertain
which fatty acid transport proteins were potentially expressed in | cells.
Since trustworthy antisera for all fatty acid transporters are lacking-a RT
PCR based approach was taken. Primer sets were designed and optimised
for seven fatty acid transporter mRNAsd these were then used to

analyse mRNA isolated from | cells.
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In summary, RPCR was successfully undertaken for seven proposed
targets namely FATP1, FATP2, FATP3, FATP4, FATP5, FATP6 and CD36.

Table 41 shows the RPCR results faeven fatty acid trasporter mRNAs.

. Sorted cells cDNA library
Receptor | Control tissu

GFP+ GFP GFP+ GFP
FATP1 + - + - +
FATP2 + + ++ + ++
FATP3 + - - - -
FATP4 + + ++ - +
FATP5 + - - - -
FATP6 + - + - +
CD36 + + ++ - +

Table 4 1 Summay of RTPCR result for target FATPs and CD:

All the primer sets yielded predict size bands for positive control tissue cDNA. FATP1
and FATP6 mRNA was found in Gfefh with sorted cells cDNA and cDNA library. No
PCR product was detected for FATP3 afAliPB in the sorted cells or cDNA library.
FATP2 expression was found in both GFP positive and negative and was ~two times
enriched in eGFP negative samples. With sorted cells, FATP4 and CD36 expression were
detected in both GFP positive and negative saspWhile with the cDNA library,
MRNA for FATP4 and CD36 was only detected in GFP negative samples.

A dhortfall of thework documentalin this chapter ighe lack of sequence
verification of RIPCR amplicons. This was not performed because of

limited. FOrFATP1, FATP2, FATP4 and CD36 primer sets, the sequencing of
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t/ w LINPRdzOOA 61 & LISNF2NXYSR IyR Aa
(University of Manchester 2007). For the targets not covered in the Jackson
thesis, despite the finding that the products meeof the predicted size
future work should address the lack of verified sequence. ThOGR
result need to be further confirmed by sequencing.
Immunohistochemistry and immunocytochemistry is also the candidate

methodology to carry out further research ATPs in small intestine.

The results from the work featured in this chapter when taken together
showed that MRNAs encodiRr\TR, FATP4 o€D36wnere found expressed

in eGFPpositive samples suggesting that these transporter proteire
expresgdin | ells.Aimost exclusive expression of FATP2 was found in the
liver and kidney cortex (Stahl et al, 2002). Beside the description of FATP2
associates the ac@loA sythetase activitfCpe et al, 199%teinberg et al
1999 Dirusso et al, 20Q5there is a ldc of work detailing functional
aspects of FATP2. The-RCR results from th€ECkeGFP mouse sorted
cells showed the presence of FATP2 in both enterocytes (@Rt CCK
cells, and that there was possibly more mRNA present in eSziffples.
Therefore, altlough it is tempting to conclude that FATP2 is present in |
cells, given the relatively amounts of mRNA in eGFP+ and- e8>
further work is required to rule out the possibility of contamination of the
eGFP+ sample with other cells during sorting. possibility needs to be
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addressed in future by immunostaining studies, genetic labelling studies

or targeted mass spectrometry based proteomics.

FATP4 mRNA was found to be strongly expressed in apical side of
enterocytes in small intestine and was fouresponsible for the majority

of long chain fatty acid uptake (Stahl et al, 1999). TheP@R result
corresponds the finding of expression in enterocytes. However the
expression of FATP4 in CCK cells may implies novel function of FATP4 in EEC
cells. As FATRdas found expressed in the endoplasmic reticulum (Milger
et al., 2006), it is possibly related to the protein synthesis. A potential
sensing and hormone expression model for CCK cells and surrounding
enterocytes is the CCK cells integrate several sighatsigh different
nutrient sensing receptors and emit a unique response depend on the
integrated signal to the enterocytes to increase the uptake of fatty acid
through FATPs to facilitate the hormone expression to help the food

digestion and absorption.

Besides the FATP4, CD36 was found expressed in enterocytes (Sfeir et al,
1997). CD36 plays multifunctional role as lipid sensor (Chevrot, et al, 2012)
and lipid transporterCoburnet al., 2000Hajriet al., 2001). The PCR result

corresponds the previousnding.
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Expression of FATRtas found in eGFP negative cells but not in eGFP
positive cells which indicated that this transport protein was unlikely to be
present in CCK cells. The-lRTR carried out with cDNA library confirmed
the same finding. FATP1hghly expressed in muscle, adipose tissue and
heart where the fatty acids arutilised as energy or to be metabsdd
(Hirsch et al., 1998; Schaffer&Lodish, 1994). Insulin reduced fatty acid
uptake through FATP1 was found in adipocyte (Stahl et al.,)26@8&ting
increases FATP 1 expression in mouse adipose tissue (Man et al., 1996).
These evidence indicate FATP 1 is a typical transporter of fattyTdede

was no RPCR producbbserve of FATP3 and FATPS5 indicate these two
proteins have no expressian small intestinal cellS<ATPs unlikely to be

present in | cellsvould be excluded from our future work.
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5 DEVELOPMENT OF METHODS TO FUNCTIONALLY
CHARACTEBE MOUSE SMALL INTESTINE ENTEROENDOCRINE
CELLS

The aim ofthe work described in this chapter was tdevelop
methodologies to isolateculture and studyhe function of duodenal CCK
cells. Following a brief introduction, the experiments performed to

establish these methodologies are described.

Primary small integhe EEQells are notoriousldifficult to culture in vitro

and are difficult to study functionally becaudeese cellarediffuse in the
small intestine and represent less than 1% of small intestinal epithelial cell
population In addition, EEC cells \earelatively indistinct morphology
compared to enterocytegendelingit is very difficult to discern EEC from
non-EECRecently, the advent of engineering of transgenic mouse models
with genes encoding fluorescently labelled proteins driven by gut
hormone promoters has made it possible to visualize specific subsets of
native enteroendocrine cells and perform targeted studies toward

understanding the function of EECs.
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5.1 A Brief Summary of Current Approaches of Isolation, Culture

and Function Studies foEECSs

5.1.1 IsolationMethods

The establishment of a primargulture of enteroendocrine cells is
essential. There argenerallyfour main methodologies to obtaifiving
primary epithelial cells: issue explant dissection andtrituration,
chelation digesbn and enzymatic digestion (Kaeffer, 20029 obtain
single cells for FACS sortinigsue explanbor dissection andrituration
were deemed unsuitable because the former resulta monolayerand
the latter method would be toaime-consuming Therefore,either a
chelation digestion oenzymatic digestionvere required to yield viable

cells in suspension suitable for FACS sorting and functional experiments.

Some groupshave achieved the shorterm cultures of intestinal cells
using the norenzymatic metbd basel on chelation.
Ethylenediaminetetraacetiacid EDTA) and dithiotreitol (DTT) were used
to isolate colon cells from human and mousstriditer et al., 1996;
Scheving et al., 1998The cryptsvere found tokeep thar morphology for
about 4 hours. Heever, both groups foundcell morphologywasnot be
maintained in overnight cultures. EDTA chelates thé*@ad Mdg* in

solution and breagup the tight junction between the epithelial cells. DTT
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reduces the mucus by breaking disulfide bonds however at
concentraions above 10mM EDTA is cytotoxic. Chelatamnks well at
low temperature (40 and low temperatures a useful attribute because
it slows cell metabolism during the isolatiorbut chelationis harmful to
smallintestinalcells in the further caire (Flint et al., 1991). The Aldhous
group hageported cultureof human duodenal epithelial cells for up to 10
days with collagen membrane using the chelation digestoethod
(Aldhous et al., 2001). More recently, single Lgr5+ stelislocatedin the
crypts of small intestine weresolated from mouseaising PB$ontaining
2mM EDTA at“€. Theresultantsingle Lgr5+ dis were able to expand and
produceseltorganizing epithelial structure asccursin normal intestine

during 14 days cultures (Sato ét, 2009).

Ina study ofenteroendocrine L celthe Reimann group isolatadouseL
cells from colonusingan enzymatic method utilizingollagenase »dnd
found that amixed primary cultureould be maintained for up t& weeks.
However primary cultue of purified L cells primary culture was
unsuccessfulReimannet al, 2008) Kaeffer reported thatenzymatic
digestion preserve the connections between cells, this methadas
reported toproduce less disagegatedcell preparatiosandless damage

to cdls (Kaeffer, 2002).
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5.1.2 CultureMedium

Choice obptimalbasal mediunis of critical importance for the culture of
the EEC$Basal mediunprotects the cellsagainstosmotic shock and it
also maintainsthe pH balance (Kaeffer, 2002). Dulbecco modifieglEe

medium (DMEM) waused by Moyer as a basal medi@khoyer, 1983).

The Mathieu group used both DMEM and H&nlouffered salt saline
(HBSS) in the culture of Ca2zdwumancolon carcinomaell line which is
considered to be an appropriate in vitro modetsgem for intestinal

epithelial cells (Mathieu et al1999)

Energy supplies amecessaryor the growth of epithelium. The common
energy sources are glucose (Fleming et al., 1997), glutamine

(Neermann&Wagnerl 999 and butyrate (Cherbuy et al., 1995).

The Paraskeva group studied the growghromotion properties of fetal
calf serum Paraskeva and Williams, 199Bowever,the Chopra group
found thefetal calf serunof 10-15%concentration iytotoxic for colonic

cells isolated from suckling rats (ChagrYeh, 1981).

143



5.1.3 Microenvironmentsof EECs

Another factor that must be taken into account is tlegithelia cells are
renewed very quickly. This renewal depends on tbentinuous
proliferation and differentiation of cells (Kaeffer, 2002).These ceh
associated with fibroblasts are called endodermal structpraliferative
units (Slack 200Q. The unit is protected by the surrounding
microenvironment The Paneth cell was found to be the niche for
Lgr5/CBC stem cells (Sato et al.,, 2011& [devers, 2012. Once the
intestinal epithelial cells are detached from each other or from the
extracellular matrix (ECM), the programmed cell death terruiki<
starts Frisch&Francis, 1994 hisattribute representghe main difficulty

in primary culture ofintestinalcells.Several groups have achieved some
success by growing celtgaxed with Matrige(Lang et i, 200L; Lang et al.,
2006; Sato et al., 2009Matrigel isa gelatinous protein mixtureesembles
the extracellular environmerand enablegulturesto remain viable for a

longer time and maintaibetter morphology.

5.1.4Functioral Study of EECs Usingl€@umImaging

The extracellular calcium sensing recepi@aSRis involved in hormone
secretion and regulation of plasma calcium levels (Coneg&\Brown,

2006). Several studies indicate that dietary protein induced CCK secretion
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by activating CaSR in CCK cells (Conigrave et al., 2000; Wang et al., 2011).

2 y3Qa 3IANRdAzL) f2FRSR (0UKS // Y-R&tta oA
1. Subsequent applican of 10mM Phenylalanine was found to
significantly increase the intracellular calcium rin CCK cell@Vang

et al., 2011).

Rémay y Qa 3 NP dzI&) elevatd s rBspaide ko 10mM glucose in
primary cultured tcells. Cells were loaded withrai2, aUV lightexcitable
calcium indicator. Fur@ bound to [C#&]i is excited at 340nm, whereas
unbound fura?2 is excited by 380nm light.he increase of 340/380 ratio
indicated the increase of intracellular calcium hence indicated L cells

respond to glcose (Reimann et al, 2008).

In this chapter, experiments were performed taevelop the
methodologies for isolation, primary culture and function stuefyCCK

cells. Answers to the following questions were sort:

1) Whichcellulardissociatiormethod produce more viable single cef?
2) Is HBSS or DMEM the better solution to keep thehmslthierfor the
culture work?

3) Is serunmecessaryn the process of cell isolation?
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4) What is the bestidhesion matrixor the following culture toenable
calciumimagingwork?

5) Is it possible to ptimize Fura-2 loading conditioafor the CCKells?

5.2 Comparison of DT'FEDTA and Collagenase Cell Isolation Protocol

The aim of the following experiments was to comp&€EFEDTAbased
dissociation method witlthe enzyme based collagasemethod. Mouse
duodenalcells were dissociateth two separate experimentssing either
dithiothreitol (DTT)together with EDTA or collagenase IX. Viability
(percentage ofive cell)\was assessed by Hoechst and propidium iodide (PI)
staining after 4h bthe isolation.Under each condition, 8 preparations
were made, cell samples were seeded on coverslips and viewed under
microscope. Total cell number was counted as the blue cells stained with
Hoechst.Dead cells were stained red by Phe viability wasalculated
using the following eqution:

Viability= (tred/blue) x100.

After 4 hours of isolation, the viability of cells prepared using the-DTT
EDTA method wak7.28%6x6.17%n=8) compared to cells prepared using
collagenase wa84.984t3.35%(n=8).Thecollagenase protocdherefore

gave a higher viability then the D)EDTA methodAdditionally, & shown

in the figurés-1 and figureb-2, cells dissociated with DIEIDTA protocol

were clumpy and n@GFP cefl were observed while celldissociated
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using thecollagenase protocalere more disperse@ndeGFP cell@green)
were observd. In addition,eGFP cedlwere not Pl stained which indicated

that they were alive.
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Hoechst staining PI Staining Merge

Figure 5 1 Representative fluorescent micrographs showing Hoechst and PI staining
of duodenal cells following the DFEDTA protocol after 4h culture

The isolated CCEGFP mouse duodenal single cells stained judoechstleft panel)
and red by Pl (middl panel) visualizedising fluorescent microscopynagx2®).

Purple cells were stained both Hoechst and PI (right panel). The scalébbamis
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Hoechst staining PI Staining Merge

50pum

Figure 5 2 Repre®ntative fluorescent micrographs showing Hoechst and Pl staining
of duodenal cells following the collagenase protocol after 4h culture.

The isolated CCEGFP mouse duodenal single cells stableeby Hoechstleft panel)
andred by PI (middle panel) cée visualizedising fluorescent microscopsnagx200).
Purple cellgepresent cells thastained both Hoechst and PI (right panel).GFP cells
(green) can be seen in the blue, red and green channel marigaares (right panel).

The scale bar 80>m.
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5.3 Comparison ofCell Viability inHBS®r DMEM lIsolation Solution

of Different Time Point

HBSS with 2mM HEPEs and 5mM glucose (pH 7.4) or original DMEM,
without pH adjustment, taken directly from bottle were appliedthis
comparison experimenBoth of HBSS and DMEM had pH indicatdhe
medium. The DMEMitilizes a sodium bicarbonate buffer systeell
viability was measuredseparately at 5 time point. During the 4h
experimental period, all cell samples were kept ii@Bihcubator with 5%

CQ. At 0 hour time point, cells were stainedmmediately after the
collagenase dissociatiothen every hourAt each time point, cell sample

on 5 different coverslips were viewed under a microscope. Hoechst

stained and PI stained cells were counted.

The viabity of two different isolatiorsolutionsis shownin Table 51. Two-

way ANOVA was carried out to determine the significantly difference of
viability value. Factors are time and mediurimeé®Fo.os ¢, 49, Fnedium>Fo.05

@, 40y SO P<0.05At Oh time point, DMEM gave alightly higher viability,
however at the time point afterward;ells survived better in HBSS than
cells in DMEM. HBSS was considered a better solution than DMEM to use

in further experiments.
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Representative fluorescent micrographs (Figugeto Figure5l2) show

the Hoechst and PI stained cells under each time point in the two medium.

HBSS DMEM
Oh 91.45%+1.87% 94.35%t1.67%
1h 94.82%t 3.68% 74.409%2.01%
2h 85.41%2.46% 56.62%4.98
3h 83.57%2.49% 10.479%42.13
4h 78.57%4.35% 2.45%2.28%

Table 51 Comparison of the viability of isolated mouse duodenal single cells, as
assessed by Hoechst and PI staining following, maintained in either HBSS or DMEM
5 time points in 4h (meat SEM n=5).
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Hoechst staining Pl Staining Merge

Figure 5 3 Representative fluorescent micrographs showing Hoechst and Pl staining
of duodenal cells using HBSS in at the first time point (Oh)

The isolated CCEGFP mouse duodenaigle cellstainedblue by Hoechstleft panel)
and red by Pl (middle panel) can be visualizesing fluorescent microscopynég
X200). Purple cells represent cells that stained both Hoechst and PI (right p@hel).

scale bar i50>m.
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Hoechst staining PI Staining Merge

Figure 5 4 Representative fluorescent micrographs showing Hoechst and PI staining
of duodenal cells using DMEM at the first time point (Oh).

The isolated GCEGFP mouse duodenal single celisnedblue by Hoechstleft panel)
and red by Pl (middle panel) can be visualizesing fluorescent microscopynég
X200). Purple cells represent cells that stained both Hoechst and PI (right p@hel).

scale bar i50>m.
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Hoechst staining PI Staining Merge

Figure 55 Representative fluorescent micrographs showing Hoechst and Pl staining
of duodenal cells using HBSS at the second time point (1h)

The isolated CCEGFP mouse duodenal single ceisnedblue by Hoechs(left panel)
andred by Pl (middle panel) can be visualimsthg fluorescent microscopgnéag >200).
Purple cells represent cells that stained both Hoechst and PI (right p&helscale bar

is50>m.
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Hoechst staining PI Staining Merge

Figure 5 6 Representative fluorescent micrographs showing Hoechst and Pl staining
of duodenal cells using DMEM at the second time point (1h)

The isolated CCEGFP mouse duodenal single celigsnedblue by Hoechstleft panel)
and red by Pl (middle panel) can be visualizesing fluorescent microscopynég
X200). Purple cells represent cells that stained both Hoechst and PI (right p@hel).

scale bar i50>m.
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Hoechst staining PI Staining Merge

Figure 57 Representative fluorescent micrographs showing Hoechst and Pl staining
of duodenal cells using HBSS at the third time point (2h)

The isolated CCEGFP mouse duodenal single celigsnedblue by Hoechstleft panel)
and red by Pl (middle panel) can be visualizesing fluorescent microscopynég
X200). Purple cells represent cells that stained both Hoechst and PI (right p@hel).

scale bar i0>m.
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Hoechst staining PI Staining Merge

Figure 5 8 Representative fluorescent micrographs showing Hoechst and PI staining
of duodenal cells using DEM at the third time point (2h)

The isolated CCEG-P mouse duodenal single caliginedblue by Hoechstleft panel)
and red by Pl (middle panel) can be visualizesing fluorescent microscopynég
X200). Purple cells represent cells that stained both Hoechst and PI (right p@hel).

scale bar i50>m.
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Hoechst staining PI Staining Merge

Figure 59 Representative fluorescent micrographs showing Hoechst and Pl staining
of duodenal cells using HBSat the fourth time point (3h)

The isolated GCEGFP mouse duodenal single celisnedblue by Hoechstleft panel)
and red by Pl (middle panel) can be visualizesing fluorescent microscopynég
X200). Purple cells represent cells that stained both Hoechst and PI (right p@hel).

scale bar i50>m.
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Hoechst staining P1 Staining Merge

Figure 5 10 Representative fluorescent micrographs showing Hoechst and PI staining
of duodenal cells using DMEM at the fourth time point (3h)

The isolated GCEGFP mouse duodenal single celisnedblue by Hoechstleft panel)

and red by Pl (middle panel) can be visualizesing fluorescent microscopynég
X200). Purple cells represent cells that stained both Hoechst and PI (right p@hel).

scale bar i50>m.
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Hoechst staining PI Staining Merge

Figure 5 11 Representative fluorescent micrographs showing Hoechst and PI staining
of duodenal cells using HBSS at the fifth time point (4h)

The isolated CCEGFP mouse duodenal single celigsnedblue by Hoechstleft panel)

and red by Pl (middle panel) can be visualizesing fluorescent microscopynég
X200). Purple cells represent cells that stained both Hoechst and PI (right p@hel).

scale bar i50>m.
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Hoechst staining PI Staining Merge

Figure 5 12 Representative fluorescent micrographs showing Hoechst and PI staining
of duodenal cells usin@MEMat the fifth time point (4h)

The isolated CCEGFP mouse duodenal single celigsnedblue by Hoechstleft panel)

and red by Pl (middle panel) can be visualizesing fluorescent microscopynég
X200). Purple cells represent cells that stained both Hoechst and PI (right p@hel).

scale bar i50>m.

161



5.4 Comparison of HBSS with and without FBS

To determine whether serum is necessary in the cell isolation and culture
process. Two separate isolation and culture experiments were carried out
using HBSS (pH 7.4) containing 2mM HEPES, 5mM glucose and
supplemented with or without FBS. After 4 hours, Hoechst and Pl were
added to assess the viabilitgell samples were seeded on to 4 slides of
coverslips under each condition. Figurel® shows the representative
fluorescent micrographs of Hoechst and &liring of mouse duodenal

cells isolated and cultured in HBSS with FBS while figlireshows the

cells isolated and cultured in HBSS without FBS.

As figure 515 shows, lite mean percentage afablecells using HBSS with
5% FBS was 66.01£50.21% (n=4) hile the method without FBS was
65.52%19.58%(n=4). A ttest was carried on to determine if the two
viability data under the conditions of with or without FB&ere
significantly different from each othefhet value was0.115, meaning
that there was no ignificant difference between HBSS with or without
serum and suggests that FBS is not necessary for the viabilipudge

duodenal cell isolation and short term culture.
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Hoechst staining PI Staining Merge

Figure 5 13 Representative fluorescent micrographs showing Hoechst and Pl
staining of duodenal cells using HBSS with 5%.FBS

The cellsstainedblue by Hoechst(left panel)and red by PI (middle panel) can be
visualizedusing fluorescent microscgpmagx2®). Purple cells represent cells that

stained both Hoechst and PI (right pandlhe scale bar E)>m.

163



Hoechst staining PI Staining Merge

Figure 5 14 Representative fluorescent micrographs showing Hoechst and Pl
staining of duodenal cells using HBSS without FBS.

The cellsstainedblue by Hoechs (left panel)and red by PI (middle panel) can be
visualizedusing fluorescent microscopyn@gX2@®). Purple cells represent cells that

stained both Hoechst and PI (right pandlhe scale bar E)>m.
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Figure 5 15 Percenta@sviability of cells isolated with and without FBS
The mean values of viability for both conditions were calcudaig showed on the bar

(meanzSEMn=4)

5.5 Optimisation of CellAdhesionMatrix

The enteroendocrine cellsavea tendencynot to adhereto cell culture
plastic warelt is difficult to perform imaging experiments oon-adhered

cells. To determine the best adhesion matrix to mimic the cell
microenvironment,three different cell adhesion methods were carried
out to determine which one wabest toimprove cell adherenceGlass
bottomed 96 wells culture plates wereeated separatelywith PolyL-
Lysine CeltTak or Matrigel. Isolated mouse duodenal cells in HBSS (7.4)
with 2mM HEPES and 5mM glucesse added to the treated wells. After

4h of culture at 37C with 5% C£) old medium was removed and fresh

medium was added by pipette. In wells treated wiBolyL-Lysing
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18.99%48.1% (n=3) of the initially seedellshad adhered tothe well
wells treated with Cellak had 25.8%.4 (n=3)adheren cells and for
wells treated with Matrigel, 57.3%5.2% (n=3}ellsremained Matrigel

was therefore the most effective matrix of the three trials to promote cell
adherence. Very few cells remained following media removal and addition
when cells were seextl on polylL-lysine (Figuré-16). Figure 8.7 shows

the Hoechst stained mouse duodenal cells seeded onto al@lelreated
plate before and after the old medium was removed. Some cell clump was
observed on the plate. FigurelB shows the Hoechst stainadouse
duodenal cells adhesive on Matrigel treated plate before and after the old

medium was removed. bte single cells were observed.
Before After

Figure 5 16 Representative fluorescent nasrographs showing Hoechst staining
duodenal cells adhesive on the bottom of the 9@ell glass bottom plates treated

with poly-L-lysine.

Hoechst stainingpf cells adheent to the bottom of the plate before the culture
medium was removed can be seen on th& panel. Te right panel shows the cells

remained after he culture medium was replaced.

166



Before After

Figure 5 17 Representative fluorescent micrographs showing Hoechst staining

duodenalcells adhesive on the bottom of the 9%ell glass bottom plates treated

with CellTak.

Hoechst stainingof cells adheent to the bottom of the plate before the culture
medium was removed can be seen on the left panké fight panel shows the cells

remaned after the culture medium was replaced.

Before After

Figure 5 18 Representative fluorescent micrographs showing Hoechst staining
duodenal cells adhesive on the bottom of the 9&ell glass bottom plates treated
with Matrigel

Hoechst stainingpf cells adheent to the bottom of the plate before the culture
medium was removed can be seen on the left panké fiight panel shows the cells

remained after the culture medium was replaced.
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5.6 Optimisation of Fura2 Loading Condition

To measure changes in intracellular calcium it is common practice to use
lon sensitive dyed he optimal loading conditions of mouse duodenal cells
with fura-2 were determinedto enable C#& imaging experimerst
Vaiables that were considered to affect the optimal loading of the cells
were: 1) length of the loading period?2) loading temperature,3)
concentration of fura2 and4)loading with or without the probenecid and
pluronic acid F127. Experimest were performa to assess the
effectiveness of cell loading at room temperature and@Toading times
were 20min, 30min and 45min. The concentrations of {2tested were
5>M, 7>M and 1GM. Fluorescent values of loaded cells at 340nm were
recorded on screen using MetFluor softwargn=5) Figure 519 shows
the mean value and the SEM of feRantensity under different conditions.
The loading conditions of>M fura-2, 2>M pluronic F127 and M
probenecid, loading at room temperature for 30min gave the highest
fluorescence valueThe conditiortherefore consideredo be the optimal

loading conditiorin the further imaging experimest
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Figure 5 19 Intensity of fura2 fluorescence with different loading condition

A: Fluorescence vats resulting from different loading period: 20 min, 30min and
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NBadz GAYy3 FNRBY RAFTFSNBY(O f 2 RAWRHithaBINA2RY o0
gAlGK2dzi wmn>.ahehdN®lab8lgdSDOtheRbar are the mean values of the

intensity of fura2 fluorescence (meaf SEM, n=>5).
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5.7 Do Loaded Duodenal Cells Responddadmycin?

Calcium imaging experiments were carried out to determine the response
to ionomycin. If cells weretind to respond ionomycin could then be used
as a positive control response for future function experiments of-CCK
eGFP cells. The preoptsad loading conditions werg>M fura-2, Z>M
pluronic F127 and M probenecid, loadig at room temperature for
30min.Due to the problem of the cell adhesion (see details in discussion
chapter), he ionomycirrespase of the fura2 loadedeGFP positiveells
wasonly successfullgbseved and record twice amongver 10imaging
experiments(n=2) A rapidincreasein the ratio of 340nm/380nm can be
observedwhich indicate the influx of calcium andesponse of the

duodenal cell to the ionomycin.
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Figure 5 20lonomycin response of CCK cells

The purple and red lines are represent two separate imaging experiments. In the left
panel,the solid line representthe fluorescentvalue of 380nm and the datl line give

the value of 340nmThe increase of theatio of 340nm/380nm can be seen on the

right panel(n=2).

5.8 Summary and Discussion

5.8.1towards the Function Study of CCK Cells

In order to study EEC cellsvas necessaryotdevelop a cell isolation and
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culture method which enable the functional woof CCK cell®ifferent
variablesin the cell isolation protocol, including isolation agent, solution,
conditions with or without serunwere compared to determine which
gave more viable calto subjectto functional analysis and FACS sorting
Three different cell adhesionmatrixes were compared to see which
rendered cells most adherento enable the future calcium imaging work,
fura-2 loading condition was optised and the positive control of

lonomycin response was observed.

5.8.2Comparison of DTFEDTA Protocol and Collagenase Protocol

The cell isolation is amssentialstep for the downstream culture and
functional research. There are two main reagents used in the isolation
procedure chelaton and enzyme.Reimann group has successfully
cultured GLPsecreting EEC-dells for more than two weeks and
performed the calcium imaging on these cells with the collagercell
isolation protocol (Reimann et al, 280 The Sato group cultured the
leucinerich Gprotein-coupled receptor Zells for two weeks ahsorted

out cells generated eontinuouslyexpanding although 94% of the isolated

cells died after the EDTA isolation procedure with in 12h (Sato et al, 2009).

In mycomparison experimessi the collagenase protocol turned out to be
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a better isolation preocol for the cultureof cellscomparedto DTFEDTA
protocol. It gqve healthiercells when subjected to the cell culture
afterwards. The collagenase protocahlsodisassociate cells better than

the DTTFEDTAprotocol.

The DTTEDTA protocol | followed mighe too harsh to yield viable cells.
Dead cells tend to form clumps, thus explaining what the current study
observedSat€Q@roup incubated tissue pieces in 2mM EDTA with PBS for
0minoniced { F 42 SG Ff X HnAnApclkelatiodax4Ch Qa
was optimalfor the biochemical assay$ut reported that it gave low
viability in the smalintestinal cell culture (Flint et al, 19915tratelQ a
ANR dzL | YR { OKS @ITyhietks thaldisR!fur bouhds dayd R
rapidly removes the mucous géhe celk could not survive in overnight
culture Strater et al, 1996; Scheving et al., 199Bgnsed on the viability
following dissociation e collagenase protocol was deemed relatively
milder than the chelation methodyowever the enzyme is more sensitive
to the pH of the solution and theemperature. A further downside is that
the efficiency and the activity of the collagenase nvayyfrom different
batches. A modified EDTA dissociation method perhaps using a low
incubation temperature and no DTT added woh&lneeded to improve

cell viability.
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5.8.3Comparison ofAdjusted HBSS and DMEMolation Solution

DMEM has been widely used for intestinal cell culture afierwas
introduced as a baseline medium in 1983 (Moyer, 1983). It condaumiso
acids salts glucoseand vitamins 10% FBS is a common supplemeft
DMEM to become a complete medium because there is no proteins or
growth promoting agents. As the buffer system of DMEM is sodium
bicarbonate, artificial levels of G@3 required to prevent the pH going too
high. DMEM was used as a culture medium inpnixary culture of L cell

(Reimann et al., 2008).

The main components of HBSS are ssdilium, potassium, calcium,
magnesium and chloridéddditional ingredients could be addddr cell
isolation including potassium chloride, disodium hydrogen phosphate
potassium dihydrogen phosphatealcium chloride, magnesium chloride,
and sodium chlorideA C&*andMg?* free HBSS (pH7.4) with 10mM HEPESs

and 5mM glucos&vas used to isolate L cells (Reimann et al., 2008).

In my comparison experiments, HBSS wdimMHEPEs and 5mM glucose
was used as the isolation solutiohs shown in Tablg-1, a the first time
point, the DMEM method gave a slightly higher Viabthan the HBSS.
However, from the second time point 1h to the last time point, 4h

signficantly highe viability result were obtained fopH adjusted HBSS
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with HEPE buffering systemshowed that HBSS (pH 7.4) supplied with
10mM HEPEs and 5mM glucasebetter in maintaining the viability of
isolated duodenal cellvan DMEM The possible reason for the sérved
difference is the pH of the cell isolation and culture medium is a significant
factor in mouse duodenal cell culture. During the cell isolation process and
microscopy, DMEM was at times observed to turn purple indicating that
the pH was alkaline. Etuffer system of DMEM is sodium bicarbonate, it
requires 7%10% C®(Commonly 5% G used by many researchts
maintain the required pl. However, once DMEM exposed to ambient
levels of C@the sodiumbicarbonate will causthe mediumto turn basic

very rapidly.

5.8.41s the Serum Necessaryn the Isolation Procedure?

FBS is widely used to promote the growth of the epithelia célisaskeva

& Williams, 1992)However,in FACS antbllowed by calcium imaging
experimentstwo potential problems existl, FBSnay block the nozzle of
FACS machine. 2, FBS binds the fatty acid in the perfusion solution and
changes the concentration of the fatty a@tfect on the cellsTherefore,
experiments were performed to assess the viability of cells maintained in
media without FBSThere was nagignificantdifferencein the viability data

with and without FBS during the isolation procedure and within 4h short
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term culture in the medium. This indicates it is not necessary to add FBS
in the isolation solution. For théownstream experiments within 4the

inclusion ofFBS wafund not to effect viability.

5.8.5Cell Adhesion Matrix

The extracellulamatrix (ECM) preservebe integrity of the epithelium.
Disruption of ECM will trigger the programmed cell death ¢Rr& Francis,
1994). In SatQ Lgr5 cell culture experiments, the cells wgrewn in

Matrigel to support the cell growth (Sato et al, 2009).

In my elladhesionmatrix optimisation experiment, Matrigel provided the
best adhesion for the cellsompared toCeltTak andpoly-L-lysine More
than half of the isolated celsdheredto the bottom of the plate after the
medium was removed hyipette and fresh medium was added. However,
the phenol which acts a pH indicator in thiatrigel | used in the
experiment gave strongauto fluorescence in the frequency range
employed for calcium imaging. In calciumaging experimerg eGFP cells
were not able to be observedue to this problem. In additiorthe fura2
signal given by the loaded cells was low and was notetectable over
the high background fluorescence from the Matrigel coated coverslip

(data not shown)Attempts to attach the cells on the Matrigel and carry
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out imaging were unsuccessful. It would be worth to try the phenol free

Matrigel coated culture wi which directly fit for the microscopy.

5.8.6CellPreparation aad Optimisation of Calcium Imaging

The biggesbbstaclesprevening the progress of calciurrmagingwork

was cell viability and adhesiomsolated cellswvere successfullyjoaded

with fura-2 andcould bedetected;the eGFP cells were able to respond to
the stimulation of ionomycin. However, in most of the imaging
experimens| performed the fura2 signal could ndbe recorded because

the cells were not sufficiently attached to the coversiml the perfusion
solution caused the target cells to detach. When duodenal epithelial cells
are dissociated their tendency to undergo programmed death. Unhealthy
cells are difficult to load with the furd and the death of the cell causes
the increase ofhe auto fluorescence which can cause the difficulty to find

CCKeGFP under the microscope.

The current work was successful in developing a method to issdgated

cells viablen the short term and optimised the loading of cells with Fura2.
These develoments represent positive steps forward towards studying
the function of EEC cells in the short term. Several problems still exist and

these include finding a suitable means of attaching cells to cover slips to
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enable micro perfusion and calcium imaging.thgel was found to be
very good at immobilising cells suitable for imaging experiments, however
the inherent auto fluorescence represented a problem. An alternative
approach that should be attempted in the future would be 1) using phenol
free Matrigel cosed culture ware which directly fit for the microscopy; 2)
changing calcium binding dye due to the cross over with the eGFP

excitation frequency of furg.
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6 IMMUNOCYTOCHEMISTRY AND FACS ANALYSIS OF CCK CELLS

Immunocytotiemistry is widely used to study receptors and hormone
expression in cells. Howevehe study of EEC is still difficult due to the
low number of enteroendocrine cells (<1% of intestine cells) in the whole
intestinal epithelium population. The recent engering of transgenic
mouse models with genetically fluorescamagged genes that encode a
gut hormones enables the measuring of immunostained events by flow
cytometry. In the previous chapter, FACS was used to sort the green
fluorescent CCKGFP cells fronother nonCCK epithelial cells. The
combination of FACS and immunocytochemistry also enables a quick and
global analysis of the hormone expression of the CCK cells. The aims of
the work described in the following chapter are to:
1) Establishmmunocytochenstry methodologies for mouse native CCK
cells to enable FACS analysis of hormone expression;

2) Study the hormone expression of the CCK cells.

Preliminary experiments were necessary to determine the optimal
secondary antibody dilution, optimal cell fixatiorethod for FACS and the
best serum to block nonspecific binding of the secondary antibody. For
these preliminary experiments, an a®GFP antibody and Alexa Fluor®
647 DonkeyAnti-Mouse IgG (H+L) Antibodgecondary antibody) were

employed.
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6.1 Optimisaton of Immunocytochemistry and FACS Analysis

6.1.1 Optimsation of Secondary Antibody Dilution

Fivedilutions of the donkey anti mouseed (Cy5 fluorescent) secondary
antibodyAlexa Fluor® 64(1:1000, 1:25001:500Q 1:7500 and 1:10000)
were prepared anddsted in two separate experiments to determine
which dilution gave the lowest fluorescent backgroumhbevalue of green
fluorescence given by eGFP and the @dfluorescence given bilexa
Fluor® 64%econdary antibody of the whole mouse duodenal cets

measured by the FACS (Figufg, -igure ).

A control cell sample with no antibody added was prepared for both
experiments. Figure-& shows the results of FACS analyiSients (cells
detected by the FACS machine) with different intensity of graed/or

red fluorescence drop in four different windows in each panel.-€GRP
cells (green) but not stained witAlexa Fluor® 643econdary antibody
(not red) drop in lower right window; C&GFP cells (green) strongly
stained withAlexa Fluor® 64secandary antibody (red) drop in upper right
window; Non CGKEGFP cells (not green) stained wilexa Fluor® 647
secondary antibody (red) drop in upper left window; Neither @CGIkP
(green) norAlexa Fluor® 643econdary antibody stained cells (not red)

dropin lower left window.In the control panel of figure-@&, cells with no
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antibody added appear mainly in the lower left region (R5). The green
CCKeGFP cells appear in the lower right region (R6). Some events appear
in upper left region (R3), this may besauwof the auto fluorescent. In the
1:1000, 1:2500 and 1:5000 panel, majority events shift up which exhibited
high red fluoresence. The events appear in region R11, R7 and R15

indicate the cells are strongly st&@d with the secondary antibody.

Figure 62 shows the results of FACS analysis the fluorescent
background given b¥:5000, 1:7500 and 1:100@lutions ofAlexa Fluor®
647. The x axis is the value of intensity of eGFP (Green) in logarithm form,
the y axis is the value of intensity Afexa Fluo® 647(Red) in logarithm
form. Howeverthere was almost no increase Afexa Fluor® 64stained
cells observed compared with the control in figure2.6in the first
experiment, the mean value was calculated and histograms were plotted
from the cy5 intensy value of each event showed in the upper left
window under the condition of control and different dilutions. Although
there was significant statistical difference between the control and the
antibody stained cell sample, 1:5000 dilution gave the smahestase in

background.
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Figure 6 1 Representation of FACS analysis of the fluorescent background given by
different dilutions of Alexa Fluor®47.

Mouse duodenal single cells stained with different dilutioi\E#xa Fluor® 64fonkey

anti mouse secondary antibodyhe x axis is the value of intensity of eGFP (Green) in
logarithm form, the y axis is the value of intensity of Alexa Fluor® 647 {Red
logarithm form. In each panel there are four different regions. The events appear in
the lower left region represent the non eGFP and no antibody stained cells. The events
in upper left window are the non eGFP cells with Alexa Fluor® 647 red signal
(background of secondary antibody staining). The events show in the both lower and
upper right window represent the eGFP cells, the events in upper right window

represent the eGFP cells with strong red sigfret3).
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Figure 6 2 FACS analysis of the fluorescent background given by different dilutions
of Alexa Fluor® 647 (1:5000, 1:7500 and 1:10000).

Mouse duodenal single cells stained with different dilution of red secondary antibody

Alexa Fluor® 647he events in upper left widow in each paneindicate the cells

strongly stained with the secondary antibodyhe events appear in the lower left

window represent the non eGFP and no antibody stained CHtls.green CC&GFP

cells appear in the lower right regiofhe events in uper right window represent the

eGFP cells with Alexa Fluor® 6tained
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As the Figure-@ shows, 1:5000 dilution (purple histogram) is the closest
to the nonantibody stained control (blue histogram). However, in the
second experiment with the 1:5000;7600 and 1:10000, the increase of
Alexa Fluor® 643tained cells was hardly observedmpared with the

control.

Table 61 shows the fold change ratio compared to control cells of the
increasing red fluorescence intensity of the mouse duodenal cellsestai
by 1:1000, 1:2500 and 1:5000 dilution of Alexa Fluor®88300 dilution
gave the smallest increase in backgrouhlde dilution of 1:5000 was used

in experiments afterwards.

2"d antibody Dilution 1:1000 1:2500 1:5000
Fold chang!e of réd 3.7 31 23
fluorescenceantensity

Table 6 1 Fold change ratio compared to control cells of the increasing r
fluorescence intensity of the mouse duodenal cells stained by three differe
dilution of Alexa Fluor® 647.
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Figure 6 3FACS analysis frequency distribution of different cell samples stained with
Alexa Fluor® 647 compared with no antibody staining control

Shown arethree dilution of Alexa Fluor® 6471:1000 (purple) 1:250@green)and

1:5000(red).Blue present the control with no secondary antibody.
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Figure 6 4 Histogram of mean fluorescence for CE&FT cells stained with no
antibody (control) against the cells stained with different dilutions of Alexa Fluor®
647.

TheY axis stands the cumulative event number. The value showed above the bars are
the mean values of th€y5 fluorescenceSample size is the number of G&SBFP

events.
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6.1.2Comparison ofFiveDifferent Cell Fixing Methods for FACS

Different cell fixing mdtods: methanol followed by paraformaldehyde
(PFA), ethanol followed by PFA, acetone followed by PFA, PFA with the
penetration reagent Triton X100 and PFA with saponin were compared in
order to find out which method yielded the highest cy5 red fluorescence
intensity of the secondary antibody stained G&BFP positive cells from

the background. Controls were made in each experiment by adding only
the Alexa Fluor® 64the secondary antibody, but no arGFP primary
antibody. Mean values of Cy5 intensity @folb condition of every eGFP
labeled green events were calculated and frequency distribution were

plotted.

Figure 65 shows the frequency distribution of Cy5 fluorescent intensity of
CCKeGFP cells fixed with methanol and PFA. Tixix shows the
intensity of Cy5, the yaxis shows the number of events. Blue line
represent the control with onlyAlexa Fluor® 64@&dded (no primary
antibody added). The red line represent the cell sample fixed with PFA and
methanol stained with both primary and secondary anto
KolmogorovSmirnov testwas carried out. The cy5 fluorescent intensity

between two groups was statistically different (p<0.005) (Figu. 6

Figure 67 shows the frequency distribution of Cy5 fluorescent intensity of
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CCKeGFP cells fixed with etharasid PFA. Blue line represents the control
with only Alexa Fluor® 64&@dded (no primary antibody added). Red line
represents the cell sample fixed with PFA and ethanol stained with both
primary and secondary antibodi{olmogorovSmirnov testwas carried
out. The cy5 fluorescent intensity between two groups was statistically

different (p<0.005) (Figure-8).

Figure 69 shows the frequency distribution of Cy5 fluorescent intensity of
CCKeGFP cells fixed with acetone and PFA. Blue line represents the
control with only Alexa Fluor® 64&dded (no primary antibody added).
Red line represents the cell sample fixed with acetone and PFA stained
with both primary and secondary antibod§olmogorovSmirnov testvas
carried out. The cy5 fluorescent intensity betweeamwot groups was

statistically different (p<0.005) (Figurel®).

Figure 611 shows the frequency distribution of Cy5 fluorescent intensity
of CCKeGFP cells fixed with 0.1 % (v/v) Triton and PFA. Blue line
represents the control with onlyAlexa Fluor® 64added. Red line
represents the cell sample stained with both primary and secondary
antibody. KolmogorovSmirnov testwas carried out. The cy5 fluorescent
intensity between two groups was statistically different (p<0.005) (Figure
6-12).
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Figure 613 shows thdrequency distribution of Cy5 fluorescent intensity

of CCKeGFP cells fixed with 0.1 % (v/v) Saponin and PFA. Blue line
represents the control with onhAlexa Fluor® 64added. Red line
represents the cell sample stained with both primary and secondary
antibody. KolmogorovSmirnov testwas carried out. The cy5 fluorescent
intensity between two groups were statistically different (p<0.005) (Figure

6-14).

Fold change was calculated @g5intensity value of the sample divided
by the intensity value of the @ntrol under each fixing condition. The
results are shown in the table-l the methanol followed by PFA fixing

method was the optimal for the experiments afterward.

Fixing method PFA+MeOH PFA+EtOH PFA+Acetone PFA+Triton PFA+Saponin

Fold change of req

fluorescence 1.3 1.2 1.0 0.9 1.4

intensity
Table 6 2 Fold change of Alexa Fluor® 647 cy5 intensity of the-€GKP cells fixed
by different methods.
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Figure 6 5 FACS analysis frequency distributiohFA and methanol fixing method.
FACS angsisfrequency distribution comparingy5 fluorescent intensity of C&GFP

cells stained with bottGFP antibody andlexa Fluor® 64antibody against the rd
antibody only control using PFA and methanol fixinghud.
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Figure 6 6 Graphical representation of number of events with cy5 fluorescent value
less than mean cy5 fluorescence for Alexa Fluor® 647 stained control compared to
both primary and secondary antibody stained cell groupxed with PFA and
methanol.

The mean value is shown on the top of the histogrdrhe Y axis represents the
cumulative event number. The values showed above the bars are the mean values of
the Cy5 fluorescenceKolmogorovSmirnov test was carried out. Téedata indicated

a significant difference between the two groups*=p<0.005.
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Figure 6 7 FACS analysis frequency distribution of PFA and ethanol fixing method.
FACS angsisfrequency distribution comparingy5 fluorescent irgnsity of CCl€GFP

cells stained with bottGFP antibody andlexa Fluor® 64antibody against the rd

antibody only control using PFA and ethanol fixing method.
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Figure 6 8 Graphical representation of number of events with yluorescent value

less than mean cy5 fluorescence for Alexa Fluor® 647 stained control compared to
both primary and secondary antibody stained cell group fixed with PFA and ethanol.
The mean value is shown on the top of the histogrdrhe Y axis representhe
cumulative event number. The values showed above the bars are the mean values of
the Cy5 fluorescenceKolmogorovSmirnov test was carried out. These data indicated

a significant difference between the two groups *=p<0.005.
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Figure 6 9 FACS analysis frequency distribution of PFA and acetone fixing method.
FACS angsisfrequency distribution comparingy5 fluorescent intensity of C&GFP

cells stained with bottGFP antibody andlexa Fluor® 64antibody against the rd

antibody only control using PFA and acetone fixing method.
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Figure 6 10Graphical representation of number of events with cy5 fluorescent value
less than mean cy5 fluorescence for Alexa Fluor® 647 stained control compared to
both primary and secondary antibody stained cell group fixed with PFA and acetone.
The mean value is shown on the top of the histogrdthe Y axis represents the
cumulative event number. The values showed above the bars are the mean values of
the Cy5 flusescence KolmogorovSmirnov test was carried out. These data indicated

a significant difference between the two groups*=p<0.005.
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Figure 6 11 FACS analysis frequency distribution of 0.1% (v/v) Triton fixing method.
FACS angsisfrequency distribution comparingy5 fluorescent intensity of C&GFP

cells stained with bottGFP antibody andlexa Fluor® 64antibody against the rd
antibody only control using PFA and 0.1% (v/v) Triton fixing method.
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Figure 6 12 Graphical representation of number of events with cy5 fluorescent value
less than mean cy5 fluorescence for Alexa Fluor® 647 stained control compared to
both primary and secondary antibody stained cell group fixed with PFA and 0.1%
(v/v) Triton.

The mean value is shown on the top of the histogrdthe Y axis represents the
cumulative event number. The values showed above the bars are the mean values of
the Cy5 fluorescenceKolmogorovSmirnov test was carried out. These data indicated

a siqgnificant difference between the two groups*=p<0.005.
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Figure 6 13FACS analysis frequency distribution of PFA and 0.1% (v/v) saponin
fixing method.

FACS argsisfrequency distribution comparingy5 fluorescent intensity of ®&GFP
cells stained with bottGFP antibody andlexa Fluor® 64antibody against the r2d
antibody only control using PFA a@d % (v/v) saponifixing method.

Figure 6 14 Graphical representation of number of events with cyibiorescent

value less than mean cy5 fluorescence for Alexa Fluor® 647 stained control
compared to both primary and secondary antibody stained cell group fixed with

PFA and 0.1% (v/v) saponin.

The mean value is shown on the top of the histograrhe Y asi represents the
cumulative event number. The values showed above the bars are the mean values of
the Cy5 fluorescencekolmogorov¥Smirnov test was carried out. These data indicated

a significant difference between the two groups*=p<0.005.
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