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GENERAL INTRODUCTION

G PROTEIN-COUPLED RECEPTORS (GPCRS)

G protein-coupled receptors (GPCRs) form one of the largest protein families known.
In humans, already over 800 members have been identified. When we take into
account all the different variants, for example differences in mRNA splicing, this
number is even considerably larger. GPCRs are involved in crucial signal
transduction pathways, including vital processes such as reproduction and
immunological responses [1]. Many drugs that are currently on the market (~ 40%)
are directed against members of this immense superfamily for the treatment of a wide
variety of diseases. Unfortunately, we still do not know exactly what happens
between the event of drug binding and the intracellular response that eventually
results in the drug’s effect on the body. Increasing our knowledge of GPCRs would
greatly aid in the design of new drugs with increased selectivity, thereby potentially
decreasing the occurrence of side-effects. For this reason, research groups all over
the world are intensively studying these receptors, and initiatives are formed to fast
improve our knowledge. All of these efforts are paying off; in 2010 alone over 12,000
research papers discussing GPCRs were published (keywords: GPCR, G protein-
coupled receptor, 7TM receptor, seven transmembrane receptor; www.pubmed.
com). We even have access to a handful of high resolution crystal structures now
that give us a good view of what these receptors actually look like [2,3,4] (see also
Chapter 2 of this thesis).

The GPCR superfamily consists of five main classes, of which class A (or rhodopsin-
like) GPCRs by far form the largest subfamily [5]. They all have a similar structure,
with an extracellular N-terminus, seven transmembrane helices connected by three
extracellular and three intracellular loops (IL1-3), and an intracellular C-terminus.
However, when looking more closely at the crystal structures, we do notice many
differences between class A family members. Especially the lesser conserved
regions of the receptor, and in particular the extracellular loops, can adopt many

different structural poses (see Chapter 2).
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CHAPTER 1

ADENOSINE RECEPTORS

The adenosine receptors (ARs) form a small subfamily within the class A GPCRs.
Four subtypes of adenosine receptors are known (AR, A2aR, A2sR, and A3R), all of
which are ubiquitously expressed in the human body [6]. The endogenous ligand for
this subfamily is adenosine, a nucleoside composed of an adenine ring attached to a
ribose moiety via a [(-Ng-glycosidic bond (Figure 1). Extracellular adenosine
originates from the breakdown of ATP by 5’-ectonucleotidases and is then quickly

metabolized by adenosine kinase to form AMP or by adenosine deaminase to form

inosine. Under normal conditions, extracellular adenosine

NH
2
N concentrations are in the nM-uM range. In response to
=
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ischaemia, hypoxia, inflammation and trauma, adenosine
accumulates in the extracellular space [7]. This stress

signal subsequently leads to the activation of adenosine

OH OH receptors, generating a range of tissue responses mainly

Figure 1.  Chemical | focused on organ protection [8].
structure of adenosine

Although all four subtypes respond to adenosine, they do so
at different adenosine concentrations and they are coupled to different intracellular
signaling pathways. The A{R and the AsR subtypes mainly signal through G; proteins
mediating the inhibition of adenylyl cyclase, which leads to decreased levels of cAMP
in the cell. The AaR and AR cause an increase in intracellular cAMP levels by

coupling mainly to Gs proteins resulting in the activation of adenylyl cyclase [9].

In this thesis, two subtypes of adenosine receptors are the main focus of our studies:
the AR and the AgR. The AR is considered to be the high affinity receptor of the
subfamily. The AgR has the lowest affinity for the endogenous ligand adenosine.
Only when adenosine levels increase to high micromolar concentrations in response
to metabolic stress, the AgR can be activated [7]. This only occurs in pathological
conditions and subsequently leads to the activation of the immune system (Figure 2).
For this reason, the adenosine A,g receptor (AzsR) is an interesting drug target and it
has been implicated in asthma [10], chronic obstructive pulmonary disease (COPD)
[11], and other inflammatory diseases [8]. Ligands for the AR are also of great

interest for the pharmaceutical industry and a number of AR agonists and
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antagonists have reached the clinical
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Figure 2. Activation profiles of the different

Huntington’s and Alzheimer disease adenosine receptor subtypes. The adenosine
. Ay receptor is only activated when adenosine
[9,13,14]. This receptor has been levels reach pathological concentrations.

. . . Figure was originally published in Fredholm,
studied in more detail compared to the B.gB. Cell Dea?h Dif¥e$14 (2007).

AzsR, and many more selective ligands

have been identified, including allosteric ligands. Allosteric modulators are
compounds that are able to bind the receptor at a site distinct from the orthosteric site
where the endogenous ligand binds. These allosteric binding sites are thought to be
less conserved than the endogenous binding site and can therefore provide more

selectivity for a single receptor subtype.

ADENOSINE RECEPTOR STRUCTURE

In 2008, the crystal structure of the adenosine A,a receptor was published (Figure 3)
[15]. At that point, it was only the third human GPCR of which the structure was
elucidated. Just one year previously, the structures of the human B4- and [,-
adrenergic receptors were published [16,17,18]. Even though the A,aAR was greatly
modified to enable the crystallization process, the structure was a great contribution
to the adenosine receptor research field. Now we were able to explain mutational and
pharmacological data in a more relevant three-dimensional fashion. In the beginning
of 2011 another high resolution A aR crystal structure was elucidated: the receptor in
an active conformation with the agonist UK-432097 bound to it, followed quickly by

two other active structures bound to NECA and adenosine, respectively [19,20].
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With these structures another big
leap was taken. By comparing the
inactive and active structures, we
can learn to understand the
transitions the receptor goes through
during the activation process better.
However, there are some
considerations that need to be taken
into account: (1) the receptors were
heavily modified to increase stability,
with the T4-lysosyme fused to the
third intracellular loop and a deleted
C-terminal tail (ZM241385 and UK-
432097 structures [15,19]) or with

several thermo-stabilizing mutations

Figure 3. Crystal structure of the human adenosine
Aa receptor (in blue ribbon) bound to the antagonist

single views of possibly multiple active conformations, providing a limited view on the

(NECA and adenosine structures

activation mechanism, and (3) crystal packing may have had an effect on the
structure, especially on the intra- and extracellular regions of the receptor.
Nonetheless, all four structures provide the framework for a better understanding of
adenosine receptor activation. These should be supplemented with combined
mutagenesis and functional studies for appreciating the dynamics of this activation

process, and that is exactly what we aimed for in this thesis.

MUTAGENESIS

Mutagenesis is a powerful tool when examining GPCR function and activation. By
changing single residues or even entire receptor domains followed by functional
pharmacological studies, we can greatly improve our insight in how activation occurs
upon ligand binding, but also which regions are specifically involved. Especially since
the structural information is relatively limited in GPCRs, we still greatly depend on

mutagenic data.
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Mutagenic techniques range from approaches purely based on rational, such as site-
directed mutagenesis where a single residue in the protein is targeted and changed
to a specific alternative residue, to highly unbiased approaches like random
mutagenesis where mutations are left to occur by chance [1].

Site-directed mutagenesis is the most used technique, the rationale for which mainly
originates from computational analyses and/or structure-activity-relationship studies
of receptor ligands indicating an important role of the residue in the protein [21,22].

A variation to this technique that is slightly less specific is site-saturation mutagenesis
in which a single residue is changed into every other (naturally) occurring amino acid
(see Chapter 3) [23]. This method provides insight into the structure-function-
relationship of the residue of interest and the role of its side chain in binding and
activation. Another approach is scanning analysis; this technique is mostly chosen
when there are indications of the importance of a protein region, but not which exact
amino acid would be involved (see Chapter 6). In this approach consecutive residues
are replaced by one type of amino acid, for example alanine or cysteine. Alanine is
often chosen as the replacing amino acid due to its small size and lack of reactive
functional groups. It also has no or minor influence on the protein backbone, contrary
to the more flexible glycine [24]. The advantage of cysteine replacements is that
these residues are highly reactive and can form disulfide bridges with other
cysteines. This property can be used to examine ligand-dependant conformational
changes without the need to purify the protein in a disulfide-cross linking approach
[25]. Another application can be in a cysteine-accessibility study using a cysteine-
reactive biotin probe. Here, the ability of biotinylated mutant receptors to react with a
steptavidin-HRP-conjugated antibody is used to examine differences in accessibility
of the residue, providing insight in the conformational state of the receptor [26]. A less
detailed, but just as informative method is the creation of chimeric receptors.
Domains of one receptor are swapped with the corresponding domains of another
(often related) receptor to investigate effects of selectivity, signaling or to identify the
ligand binding site [27].

The most unbiased approach in mutagenic studies is random mutagenesis, where
mutations are randomly introduced in the gene encoding (parts of) the receptor (see
Chapters 3, 4, and 5). This can be achieved by UV irradiation, chemical methods like
alkylation and deamination, or by error prone PCR. The first two approaches can be

very successful, but it is difficult to control the frequency in which the mutations are
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introduced. The third technique is based on manipulating the PCR reaction by
changing the ratio between Mg?* and Mn?* ions, compromising the fidelity of the DNA
polymerase. Furthermore, an excess of one of the nucleotides is added to force
errors to occur. By choosing the conditions carefully, the frequency in which the
mutations are introduced can be fine-tuned. Both low frequency random mutagenesis
and saturation random mutagenesis have been applied in studying GPCR function
[28,29]. This method was first described in 1995 [30] and since then has been
optimized to use larger fragments in this technique and even commercial kits that are
able to aid in the introduction of random mutations in whole gene sequences have
become available [31]. In coupling a screening assay to a random mutagenesis
approach, residues that show a phenotype of interest when mutated can be easily
identified. In this way, information about how the receptor is activated or inactivated
can be obtained as well as the role specific residues play in this process. One
convenient screening platform is the S. cerevisiae model that when modified can

function as a reporter system with growth as an easy read-out [32].

CONSTITUTIVE ACTIVITY

Constitutive activity, or basal activity, is the basal level of signaling a receptor
displays without a ligand present. In a simple scheme an equilibrium exists between
an inactive (R) and active conformation (R*) [33]. The fraction of R* in the total
receptor population as well as the energy needed to transition between the two
states determines the level of constitutive activity. This activation state is essential in
maintaining physiological function and many pathogenic mutations have been
reported that disturb the equilibrium causing an increase in activation (Constitutively
Active Mutants or CAMs) or a decrease in basal activity (Constitutively Inactive
Mutants or CIMs) [34,35,36]. These mutations have not only increased our
knowledge on the pathophysiology in which GPCRs play a role, but also advanced
our insight in the structure-function relationship of GPCRs.

The aqg-adrenergic receptor (a1gAR) was the first GPCR in which point mutations
were shown to trigger receptor activation [23]. A conservative substitution (A293L) in
the cytosolic extension of TM6 of the a4gAR resulted in its constitutive activity. In the

absence of an agonist, cells expressing the mutated receptor exhibited higher basal
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levels of inositol phosphates compared to cells expressing the wild type aigAR. Since
then, an impressive number of CAMs have been identified located in practically every
domain of the receptors [37] (www.gpcr.org/7tm).This indicates that activation of a
GPCR can be triggered by manipulations of the receptor structure in many different
regions whose function cannot be obviously linked to agonist binding or G protein
interaction [34]. ldentifying specific regions and/or residues that can shift the
equilibrium between the active and inactive conformation when mutated can be a
strong tool in elucidating triggers involved in the activation mechanism. Several

screening methods have been applied in search for these mutations [29,31,38].

S. CEREVISIAE AS A MODEL SYSTEM

GPCRs are among the oldest devices devoted to signal transduction and can be
found in all eukaryotes. They are present in large numbers in vertebrates but are also
expressed in plants, yeast, and protozoa [39,40].

In S. cerevisiae, three endogenous GPCRs have been identified: the Ste2 and Ste3
receptors and the Grp1 receptor [41]. Gpr1 is a glucose and sucrose sensing
receptor that couples to the G protein Gpa2 leading to increased levels of intracellular
cAMP. The subsequent events lead to a large remodeling of the yeast metabolism
that results in an increase in yeast growth rate (Figure 4A) [42,43].

S. cerevisiae can stably exist as either haploid or diploid. The haploid cell types
MATa and MATa are to mate to form a diploid cell. Both cell types express mating
specific proteins such as the a-factor pheromone and the a-factor receptor (Ste2) in
MATa-cells, and the a-factor and the a-factor receptor (Ste3) in MATa-cells [41,44].
Activation of the Ste2 or Ste3 receptor results in the activation of the MAP kinase
pathway through the G protein Gpa1 following activation of nuclear proteins that
control transcription, cell polarity, and progression through the cell cycle (Figure 4B)
[44]. S. cerevisiae is an attractive expression system to study GPCRs and until now,
more than 50 GPCRs have been functionally expressed in various yeast strains.
Besides the presence of a full functional GPCR signaling machinery and mammalian-
like post-translational modification, yeast is relatively easy to genetically manipulate,

has a well characterized physiology and is inexpensive [44,45].
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Figure 4. Schematic overview of GPCR signaling in S. cerevisiae. (A) Signaling pathway of the
glucose sensing GPCR Gpr1. (B) Signaling pathway of the Mating GPCRs Ste2 and Ste3.
(C) Signaling pathway in the engineered yeast strain MMY24 expressing a human GPCR.

The general approach is the conversion of a S. cerevisiae strain to function as a
reporter gene assay [1,44,46]. For this purpose, the pheromone signaling pathway
through the Gpa1 G protein is high jacked (Figure 4). In order for a human GPCR to
take control of the signaling pathway, the endogenous G protein Gpa1 had to be
‘humanized”. This has been accomplished by exchanging the C-terminal end of the
yeast Ga protein by the mammalian Ga protein sequence, resulting in a chimeric G
protein that is now able to couple to human GPCRs as well as activate the yeast
pheromone pathway [32,47]. Activation of the expressed receptor activates the MAP
kinase pathway in the same way as the pheromone response and subsequently
induces the FUS1 promoter that leads to the transcription of reporter genes. Several
reporter genes can be used for the activation read-out. For instance, the FUS71-HIS3
reporter gene provides yeast cells the ability to grow on histidine deficient medium
upon activation [32]. Similarly, the FUS7-Hph reporter gene allows yeast cells
containing an activated receptor to grow on hygromycin-containing medium [48]. A
reverse growth method is the use of the reporter gene FUS7-Can1. Here, an active

receptor results in the expression of the Can1 channel that can transport the toxin
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canavanine and leads to cell death. This system has been specifically designed to
screen for and investigate inactivating mutations in GPCRs [49]. A different non-
growth approach is the FUS7-LacZ reporter gene that increases the production of the
enzyme [3-galactosidase when the GPCR is activated. This provides a colorimetric
read-out by using chlorophenolred-B-D-galactosidase (CPRG) or o-nitrophenyl-3-D-
galactopyranoside (ONPG) as substrates for the enzyme. Contrary to the growth
read-outs, this method only requires a short response time [32,44].

The yeast strain used in this thesis for the screening approaches as well as the
pharmacological studies of the A;R and AR is the MMY24 S. cerevisiae strain
created by Andrew Brown and Simon Dowell at GlaxoSmithKline [32]. This strain was
derived from the MMY11 strain described by Olesnicky and coworkers [47]. The
MMY24 yeast strain contains a chimeric Gpa1 G protein of which the last 5 amino
acids are from a mammalian Ga; protein. This modification allows both AR and A1R
to couple to the yeast pheromone pathway and activate transcription of the reporter

genes HIS3 and LacZ that were also incorporated into the genome.

AIM AND OUTLINE OF THIS THESIS

The aim of the work presented in this thesis was to gain insight in the activation
mechanism of class A GPCRs, more specifically of the adenosine receptors, and how
the extracellular loops are involved in this process. This research was part of the
project “GPCR forum for established targets” of Top Institute Pharma (D1-105). This
Dutch public-private partnership strives to join forces of industry and academia to
speed up the drug research process. At the start of this research project, little was
known about the role of the highly variable extracellular loops in receptor activation.
The general perception was that one overall activation mechanism should exist
among class A GPCRs and that mainly the ligand binding site and the (intracellular)
region that couples to the G protein were involved in determining how intracellular
signaling pathways are activated. This view changed dramatically over the last years,
due to mutagenesis studies and to the elucidation of several high resolution crystal
structures of class A GPCRs mentioned before that all show different structural

conformations of the extracellular loops.
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In Chapter 2, we demonstrate the importance of the extracellular loops in receptor
activation in a review of the current literature on this subject in which we made use of
the structures available at that time.

In the investigation of the activation mechanism of the AR and the AR, we made
use of a wide variety of mutagenesis techniques, combined with screening and
pharmacological validation in the expression system S. cerevisiae. This approach
has proven to be highly successful as we were able to identify several regions and
specific residues in the AR and the AR that are essential for normal receptor
function. The results presented in this thesis will greatly help increasing the
knowledge on how adenosine receptors are being activated through ligand binding
as well as how they maintain their basal or constitutive activation state.
In Chapter 3, we reveal an essential role for the first extracellular loop in the
adenosine Agg receptor. In particular, two residues, a phenylalanine and an aspartic
acid at positions 71 and 74 respectively, proved to be vital in maintaining the tertiary
structure of the extracellular domain that is crucial for receptor activation and
constitutive activity.

In Chapter 4, we describe a random mutagenesis screen in which we selected
constitutively active mutant receptors in a fragment of the AzgR involving the
transmembrane domains 4 and 5 and the second extracellular loop. Three specific
clusters were identified that presumably are responsible for silencing the receptor in
its basal state.

In Chapter 5, we introduce a new screening method using our MMY24 yeast strain.
This screening method makes it possible to select constitutively inactive mutant
receptors (CIMs). Applying this method to the adenosine Azg receptor revealed many
residues involved in maintaining the equilibrium that exists between the inactive and
active conformation.

Chapter 6 discusses another subtype of adenosine receptors, the adenosine A4
receptor. A mutagenic alanine scanning study on the second and third extracellular
loop of this receptor showed a particularly important role for EL2 in receptor
activation and even allosteric modulation. This role is opposite to the role seen in the
AzsR, acting more as a positive rather than a negative regulator of activation.
Chapter 7 will bring the discussions together, comparing the activating and
inactivating regions identified in Chapter 4 and 5 and its structural implications as well

as reflecting on the clearly different roles of EL2 in receptor activation within the
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adenosine receptor subfamily. Also, future perspectives that emerge from the results

of this thesis will be presented.

REFERENCES

[1] Beukers, M., IJzerman, A., Trends Pharmacol Sci. (2005) 26:533-539.

[2] Hanson, M.A_, Stevens, R.C., Structure (2009) 17:8-14.

[3] Lane, J.R., Jaakola, V.P., lzerman, A.P., Adv Pharmacol (2011) 61:1-40.

[4] Deupi, X., Standfuss, J., Curr Opin Struct Biol (2011) doi:10.1016/j.sbi.2011.06.002

[5] Fredriksson, R., Lagerstrom, M.C., Lundin, L.G., Schioth, H.B., Mol Pharmacol (2003) 63:1256-

1272.

[6] Fredholm, B.B., Arslan, G., Halldner, L., Kull, B., Schulte, G., Wasserman, W., Naunyn
Schmiedebergs Arch Pharmacol (2000) 362:364-374.

[7] Fredholm, B.B., Cell Death Differ (2007) 14:1315-1323.

[8] Hasko, G., Linden, J., Cronstein, B., Pacher, P., Nat Rev Drug Discov (2008) 7:759-770.

[9] Fredholm, B.B., IJzerman, A.P., Jacobson, K.A., Klotz, K.N., Linden, J., Pharmacol Rev (2001)
53:527-552.

[10] Wilson, C.N., Br J Pharmacol (2008) 155:475-486.

[11] Spicuzza, L., Di Maria, G., Polosa, R., Eur J Pharmacol (2006) 533:77-88.

[12] Fredholm, B.B., IJzerman, A.P., Jacobson, K.A., Linden, J., Muller, C.E., Pharmacol Rev (2011)
63:1-34.

[13] Ribeiro, J.A., Sebastiao, A.M., de Mendonca, A., Prog Neurobiol (2002) 68:377-392.

[14] Blum, D., Hourez, R., Galas, M.C., Popoli, P., Schiffmann, S.N., Lancet Neurol (2003) 2:366-374.

[15] Jaakola, V.P., Griffith, M.T., Hanson, M.A., Cherezov, V., Chien, E.Y., Lane, J.R., IJzerman, A.P.,
Stevens, R.C., Science (2008) 322:1211-1217.

[16] Cherezov, V., et al., Science (2007) 318:1258-1265.

[17] Rasmussen, S.G., et al., Nature (2007) 450:383-387.

[18] Warne, T., Serrano-Vega, M.J., Baker, J.G., Moukhametzianov, R., Edwards, P.C., Henderson,
R., Leslie, A.G., Tate, C.G., Schertler, G.F., Nature (2008) 454:486-491.

[19] Xu, F., Wu, H., Katritch, V., Han, G.W., Jacobson, K.A., Gao, Z.G., Cherezov, V., Stevens, R.C.,
Science (2011) 332(6027):322-327.

[20] Lebon, G., Warne, T., Edwards, P.C., Bennett, K., Langmead, C.J., Leslie, A.G., Tate, C.G,,
Nature (2011) 474:521-525.

[21] Martinelli, A., Tuccinardi, T., Med Res Rev (2008) 28:247-277.

[22] Heilker, R., Wolff, M., Tautermann, C.S., Bieler, M., Drug Discov Today (2009) 14:231-240.

[23] Cotecchia, S., Exum, S., Caron, M.G., Lefkowitz, R.J., Proc Natl Acad Sci U S A (1990) 87:2896-
2900.

[24] Ahn, K.H., Bertalovitz, A.C., Mierke, D.F., Kendall, D.A., Mol Pharmacol (2009) 76:833-842.

[25] Li, J.H., Hamdan, F.F., Kim, S.K., Jacobson, K.A., Zhang, X., Han, S.J., Wess, J., Biochemistry
(2008) 47:2776-2788.

[26] Unal, H., Jagannathan, R., Bhat, M.B., Karnik, S.S., J Biol Chem (2010) 285:16341-16350.

[27] Olah, M.E., J Biol Chem (1997) 272:337-344.

[28] Klco, J., Nikiforovich, G., Baranski, T., J Biol Chem. (2006) 281:12010-12019.

[29] Scarselli, M., Li, B, Kim, S., Wess, J., J Biol Chem. (2007) 282:7385-7396.

[30] Fromant, M., Blanquet, S., Plateau, P., Anal Biochem (1995) 224:347-353.

[31] Beukers, M., van Oppenraaij, J., van der Hoorn, P., Blad, C., den Dulk, H., Brouwer, J., [Jzerman,
A., Mol Pharmacol. (2004) 65:702-710.

[32] Brown, A., et al., Yeast (2000) 16:11-22.

[33] Leff, P., Trends Pharmacol Sci (1995) 16:89-97.

[34] Cotecchia, S., Fanelli, F., Costa, T., Assay Drug Dev Technol. (2003) 1:311-316.

[35] Tao, Y.X., Pharmacol Ther (2006) 111:949-973.

[36] Kleinau, G., Jaeschke, H., Mueller, S., Worth, C.L., Paschke, R., Krause, G., Cell Mol Life Sci
(2008) 65:3664-3676.

[37] Parnot, C., Miserey-Lenkei, S., Bardin, S., Corvol, P., Clauser, E., Trends Endocrinol Metab.
(2002) 13:336-343.

21



CHAPTER 1

[38] Klco, J., Wiegand, C., Narzinski, K., Baranski, T., Nat Struct Mol Biol. (2005) 12:320-326.

[39] Inoue, Y., lkeda, M., Shimizu, T., Comput Biol Chem (2004) 28:39-49.

[40] Bockaert, J., Pin, J.P., Embo J (1999) 18:1723-1729.

[41] Versele, M., Lemaire, K., Thevelein, .M., EMBO Rep (2001) 2:574-579.

[42] Gancedo, J.M., FEMS Microbiol Rev (2008) 32:673-704.

[43] Lemaire, K., Van de Velde, S., Van Dijck, P., Thevelein, J.M., Mol Cell (2004) 16:293-299.

[44] Minic, J., Sautel, M., Salesse, R., Pajot-Augy, E., Curr Med Chem (2005) 12:961-969.

[45] Ladds, G., Goddard, A., Davey, J., Trends Biotechnol (2005) 23:367-373.

[46] Dowell, S.J., Brown, A.J., Receptors Channels (2002) 8:343-352.

[47] Olesnicky, N.S., Brown, A.J., Dowell, S.J., Casselton, L.A., Embo J (1999) 18:2756-2763.

[48] Pajot-Augy, E., Crowe, M., Levasseur, G., Salesse, R., Connerton, |., J Recept Signal Transduct
Res (2003) 23:155-171.

[49] Li, B., Scarselli, M., Knudsen, C., Kim, S., Jacobson, K., McMillin, S., Wess, J., Nat Methods.
(2007) 4:169-174.

22



GENERAL

INTRODUCTION

23



CHAPTER 1

24



