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To my parents, 
my first teachers

An Eskimo father fishes with his son by a stream that crosses an ice field. They just got 
a glimpse o f a fish that is swimming close to them.

Eskimo Son (with excitement): What a wonderful fish! What a wonderful fish!
Eskimo F ather (pleasantly surprised he slowly moves his fishing rod towards it): Oh 
yes, wonderful.
E.S.: We have to catch it today! We will catch it today!
E.F. (with reassuring voice): Today.
E.S. {startled, he points out): Do the eyes start on the other side of the head?
E.F. (straightens his back, attaching importance to his narration): Yes, it is a very 
strange fish. When it is time to become an adult, one eye moves across and joins the 
other.
E.S.: Why do they do that?
E.F. (keeps talking while following the fish with his eyes): Maybe it is like a ... a badge 
of maturity. It shows they passed through the nightmare.
E.S.: What nightmare?
E.F.: The nightmare that separates children from adults, (suddenly interrupted, bends 
over) Come quickly! Quickly! (the son helps stabilise the vibrating fishing rod) We've 
got it! Slowly., slowly., (the fish is dragged out o f the water). Don't move!
(The father gives the fish to the son to hold it, while the father beats it to death)
E.F.: Look. Its colour changes to match the ocean floor.
E.S.: Camouflage!
E.F.: If one Arrow-tooth halibut sinks on top of the head of another, the bottom one 
does not create a disturbance, but waits until the other fish moves on.
E.S.: I wouldn't like anyone to sit on my head!
E.F. (laughing): My boy, you are still young.. One eye just begins to move to the other 
side..
E.S.: Then it is better to have both eyes on the same side!
E.F.: Not better, different.
E.S.: What do you lose?
EF: Your other side. You lose something, but you also gain something..

From the film "Arizona Dream" (1992) 
Directed by Emir Kusturica 

Written by David Atkins
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A bstract

Early pharmacological studies (Szolcsanyi and Jancso-Gabor^ 1975, Woody 1988) 

showed that capsaicin, the pungent ingredient of chilli peppers and other vanilloids, can 

specifically stimulate the C unmyelinated fibres which transmit nociceptive information 

i.e. information about noxious thermal, chemical and mechanical stimuli. The specific 

action of capsaicin on this subset of sensory neurons led researchers to postulate the 

existence of a capsaicin receptor.

Caterina et a l  (1997) cloned Vanilioid Receptor 1 (VRl) from dorsal root ganglia, 

where the somata of C fibres reside. VRl responds to capsaicin, heat, protons and to the 

cannabinoid ligand^ anandamide (Zygmunt et al^  1999). Discrepancies between the 

pharmacological profile of VRl and native vanilioid responses fuelled research for the 

identification of other vanilioid receptors. In this thesis, the cloning of a new member of 

the vanilioid receptor family is described using bioinformatics tools. The novel receptor 

was named Vanilioid Receptor-like (VR-L) and was found to share 49% identity with
«."A. .

VRl and 20% with members of the Transient Receptor Potential (TRP) family. VR-L 

transcripts were identified in a wide range of tissues including the capsaicin insensitive 

dorsal root ganglia neurons. The expression of the channel in these neurons can be 

upregulated by Nerve Growth Factor, as it was established with semi-quantitative RT- 

PCR. Co-immunoprecipitation studies were carried out to investigate the possibility that 

VR-L interacts with VRl and other members of the TRP family to regulate indirectly 

vanilioid and other responses. VRl and VR-L were found to form homomultimers and 

also to interact with each other and with members of the TRP family. A VR-L stable 

cell line was generated to study the functional significance of the interactions identified.



PROLOGUE

10



Pain and nociceptors

Pain can be broadly defined as an unpleasant experience associated with actual or 

potential tissue damage and serves to warn and protect from injury. Although it 

comprises a sensory modality, it also has emotional qualities that make pain a subjective 

experience difficult to describe. Pain is overall an emotional state, of which intensity 

and severity depends on the nature of the stimulus but also on subjective experiences 

and factors such as gender and cultural background. The need to treat clinically the 

causes of pain led to attempts to classify states of pain on the basis of 

pathophysiological processes (reviewed by Chapman and Stillman^ 1996). Although the 

following definitions do not always reflect an organic contribution, they have proved 

useful in the evaluation and treatment of pain: Allodynia describes the sensation of pain 

from a stimulus that is not normally painful. The term analgesia represents the absence 

of pain following exposure to painful stimuli. Central pain infers pain induced by a 

lesion in the central nervous system. Deafferentation pain is associated with the loss of 

input from afferent nerves e.g. as it happens in amputation. Hyperalgesia describes 

augmented responses to noxious stimuli i.e. hypersensitivity. The term neuralgia 

describes pain of the nerves. Neuropathic pain refers to pain that results from the 

disturbed function of nerves in the peripheral or central nervous system. Inflammatory 

pain is initiated by inflammation that follows tissue damage. Idiopathic pain has no 

detectable pathological origin and is attributed to psychiatric disorder. Pain is also 

described as acute, when it can be readily associated with a cause and its duration does 

not exceed the healing period, while chronic pain is prolonged and is associated with 

signs of psychological distress. Although pain perception has evolved to alert to 

damaging stimuli, cases like chronic pain and phantom limb pain, associated with 

amputated limbs, serve no adaptive role indicating that pain perception is not an 

infallible sensory system.

Physiological pain is initiated at the periphery with the activation of specialised 

receptors by noxious stimuli. In the 1890’s Max von Frey in a series of histological 

observations identified the existence of tactile, warm, cold and pain spots on the skin. In 

1906 Sherrington, supporting von Frey’s observations, reported that noxious stimuli are 

conducted along unmyelinated or thin axons. Later in 1967 Burgess and Perl proposed 

the existence of receptors after they had identified fibers that responded with different 

conductances to different stimuli (reviewed by Perl and Kruger^ 1996). Today, we know
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that all somatosensory information is conveyed by dorsal root ganglia neurons that 

innervate the periphery. Dorsal root ganglia (DRG) are located at the dorsal entry of the 

spinal cord on the level of each vertebra and contain the somata of the neurons (figure

1). The axon of a DRG neuron, otherwise called primary afferent fiber, has two 

branches, one projecting to the central nervous system (in the dorsal horn of the spinal 

cord) and the other to the periphery. The terminals of the afferent fiber contain receptors 

that respond to noxious stimuli. For this reason, these neurons are called nociceptors 

(Latin nocere, to injure). Provided that the stimulation of the nociceptors is sufficient, 

action potentials are generated that travel along the afferent and transmit pain-related 

infonnation to the central nervous system. There are three major classes of nociceptors: 

the rapid thermal and mechanical nociceptors with small diameter, thinly myelinated Aô 

fibers conducting at 5-30m/sec and the slow polymodal nociceptors with small 

diameter, unmyelinated C fibers responding to mechanical, chemical and thermal 

stimuli at 1 m/sec conductance.

Figure 1: The location o f dorsal root ganglia
(from http://www.owecc.net/breynolds/aplpptycusisld043.htm)

Spinal n e r\e Dorsal root

D orsal root ganglion Ventral root

A

Apart from their function and velocity with which they convey signals, the different 

classes of nociceptors are also delineated according to markers and proteins they
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express e.g. substance P, CGRP, their neurotrophic factor requirement e.g. NGF, GDNF 

and their connectivity to neurons of the dorsal horn in the spinal cord (reviewed by 

Basbaum and Woolf). The dorsal horn can be subdivided in six laminae with distinct 

types of neurons inhabiting them. Aô and C fibers predominantly project to laminae I, II 

and V (figure 2). The nociceptive input is relayed from the spinal cord to the thalamus 

and the cerebral cortex via five ascending pathways. These pathways do not only 

involve sensory regions of the thalamus and the cortex but also the limbic system, in 

particular the amygdala that are thought to contribute to the emotional aspect of pain. 

Study of injuries in the thalamus and the cerebral cortex have established the 

importance of neurons in these areas in perceiving and processing nociceptive 

information. The central nervous system does not only process pain-related information 

but also controls pain, as it was established by the production of analgesia following 

electric stimulation of a variety of brain structures, most importantly the periaqueductal 

gray (reviewed by Basbaum and Jessell). This structure was also found to participate in 

opiate-induced analgesia. Descending pathways starting from the periaqueductal gray 

can inhibit the nociceptor afferent fibers in the spinal cord and thus regulate the 

transduction of pain-related information.

Figure 2; Summary o f  the pain pathway. Signals from nociceptors are propagated along the afferents to 
the somata o f  the dorsal root ganglia and then projected to the dorsal horn. The connectivity o f two 
classes o f C polymodal nociceptors is shown. From there the signals are transduced to the brain, (source: 
http://www.nature.eom/nrn/journal/v2/n2/slideshow.nrn0201_083a_Fl html)

Parabrachiai area

Thalamus
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Capsaicin as a pharmacological tool in the study of nociceptors

1) What is capsaicin and where the site o f its action is .

Capsaicin (8 -methyl N-vanilIyi-6 -noneamide) is the pungent, algogenic ingredient of 

red hot peppers of the Capsicum family. It has been found to activate selectively a 

subset of mammalian peripheral sensory neurons: the small diameter primary afferent 

neurons, which transmit nociceptive information to the CNS about noxious thermal, 

mechanical and chemical stimuli. These neurons also have efferent functions, since they 

release neurotransmitters from their central and peripheral terminals after the 

application of capsaicin, such as the calcitonin gene-related peptide (CGRP), 

tachykinin^substance P, neurokinin A, eledoisin like peptide, somatostatin etc.(reviewed 

by Lawson^ 1996). These neuropeptides are responsible for symptoms of inflammation 

e.g. vasodilation, plasma exudation, mucus secretion in a variety of tissues and organs 

such as the gastrointestinal, the genitourinary system, airway smooth muscles, heart etc.

2) Electrophysiological and pharmacological characterisation o f  the vanilioid action.

Voltage-clamp experiments on nodose ganglia and DRG neurons revealed that capsaicin 

elicits an inward depolarising current in most of the neurons in negative potentials 

(Vlachova and Vyklicky^ 1993, Oh et al.  ̂1996). The increase in conductance shows that 

an ion channel is opened by capsaicin, which was found to permit the entry of 

monovalent and divalent cations in the following permeability sequence: Ca ^%Mg 

>K^ >Na^. Even large organic ions such as choline and arginine are allowed to pass 

through the capsaicin-activated channel. The permeability to  ̂ 1 ^  and big

molecules as guanidine in response to capsaicin was also shown in pharmacological 

studies of cultured DRG neurons (Wood et al.  ̂ 1988). The large capsaicin-induced 

uptake was not inhibited with voltage-sensitive calcium channel antagonists, 

suggesting that the capsaicin response cannot be attributed to such channels. Current- 

voltage relationships for the capsaicin-evoked current are linear and reverse close to 

OmV. Single channel conductance was measured to be 20-40pS at membrane potentials 

between -80mV and -50mV and 80-100pS at -t-60mV, which suggest outward 

rectification. The open channel probability (Pq) is voltage-dependent (-60mV to 

+60mV). Efflux experiments with radioactive anions showed that capsaicin acts with an 

EC50 of 100-300nM. Electrophysiological experiments showed similar results (an ECjq 

of 1.1 pM in membrane patches and an EC^q of 200-400nM in voltage-clamped cells).
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The Hill coefficient was calculated to be 1.8, which shows that more than one vanilioid 

molecule needs to bind to the receptor to activate it,(reviewed by James et a l, 1993),

High concentrations of capsaicin (20-300pM) can inhibit voltage-gated Na"̂  and 

channels in a variety of tissues. Specifically in DRG, capsaicin has a long lasting 

inhibitory effect on voltage-gated Ca ^^channels, which is dependent on the Ca ^influx 

induced by capsaicin (Docherty et 1991). This phenomenon might underlie the 

functional desensitisation exhibited by capsaicin, where high concentrations of the drug 

can inhibit responses to other noxious stimuli. Capsaicin also induces pharmacological 

desensitisation, where repeated capsaicin exposure reduces subsequent responses to the 

drug itself. Docherty et a l  (1996) reported the pharmacological desensitisation to be 

mostly calcium-dependent and to be regulated by calcineurin, as it was demonstrated by 

the use of specific inhibitors of the enzyme.

3)Neurotoxicity and desensitisation: therapeutic applications

Capsaicin concentrations at the 10-500nM range initially excite the C fiber and some A 

Ô fiber neurons in culture, causing depolarisation. The current elicited is non-specific 

and can be studied by "̂ ^Ca influx, or efflux of [̂ "̂ C]guanidinium, ^^Rb or ^^Na (Wood et 

a/.^1988). (\-thigher concentrations (1-5 p.M range) capsaicin can desensitise neuronal 

responses to other noxious stimuli e.g. it can inhibit neurogenic inflanunation (Jancso et 

<2/.̂  1967), increase thermal nociceptive thresholds and impair responses to mechanical 

pressure and chemical irritants like formalin (Nagy and van der Kooy^l983). Moreover, 

application of capsaicin in large concentrations (>5pM) especially in neonatal animals 

has neurotoxic effects that can lead to a great loss of neural cells and neuropeptide 

depletion (Nagy et <2/.  ̂ 1980, Jancso and Kiraly ,1981, Jancso et al^ 1985). The 

neurotoxicity is believed to be due to an increase in intracellular Ca ‘̂‘̂ that follows 

capsaicin application. The Ca ^^is probably taken up by mitochondria, since inhibitors 

of mitochondrial respiration can block the Ca ^^accumulation (Bevan and Szolcsanyi^ 

1990). Application of capsaicin also allows the influx of Na"̂ , which, when combined 

with the passive influx of Cl to give NaCl, causes the osmotic uptake of water and lysis 

of the cell.

The characteristic desensitisation caused by capsaicin can be used therapeutically. 

Systemic application of capsaicin activates afferent nerve terminals in the spinal cord, 

followed by inactivation of voltage- gated Ca channels and thus blockade of
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neurotransmitter release, which results in antinociception and anti-inflammation. Local 

application of capsaicin inactivates the C fibres and as a result, inhibits neurotransmitter 

release from peripheral nerve endings (Dray et al.  ̂ 1990a). Local administration of 

capsaicin has been used to alleviate painful conditions such as cluster headache, post 

herpetic neuralgesia, rheumatoid arthritis etc .(Watson et r//.,1988). The analgesic effect 

of capsaicin follows an initial undesirable burning sensation. For that reason, attempts 

have been made to develop drugs like olvanil (Brand et al.  ̂ 1987) with the 

antkiociceptive effect of capsaicin without the initial irritation.

4) Evidence fo r  the existence o f a vanilioid receptor.

Avian sensory neurons in culture do not respond to capsaicin, reinforcing the finding 

that capsaicin acts specifically on mammals (Wood et a/. 1988). Capsaicin excites 

nociceptive neurons and particularly the RT97 negative populations (Winter et al.̂  

1987). Capsaicin can elicit its effects on membrane patches of DRG, suggesting that it 

interacts with a membrane protein and that no second messenger systems are involved 

(Bevan and Forbes^ 1988). Nevertheless, the capsaicin-induced rise in intracellular Ca 

can increase the levels of intracellular mediators such as cGMP, resulting from 

activation of the arachidonic acid metabolism (Wood et aA^1989). Therefore, there is 

specificity of action, which probably accounts for the existence of a capsaicin receptor. 

This specificity was first proposed by Szolcsanyi and Jancso-Gabor (1975), who 

reported that capsaicin and its analogues. exhibit a chemical structure-activity 

relationship that is reflected in their pungency. Moreover, capsaicin sensitivity of adult 

DRG neurons in culture was found to be NGF-dependent (Winter et 1988) and 

therefore like other receptors is under cellular control. Szallasi and Blumberg (1991) 

found that the size of vanilioid receptors in pig DRG is approximately 300kDa by using 

inactivation of agonist binding by radiation, which suggests the vanilioid receptor to 

consist of subunits.

Capsaicin analogues have been used, like the naturally occurring piperine from black 

peppers and resiniferatoxin (RTX) from the cactus Euphorbia resinifera or the synthetic 

compounds olvanil and nuvanil. Szallasi and Blumberg (1990) identified RTX binding 

sites on sensory neurons but not on capsaicin-insensitive neurons, reinforcing the 

postulation for the existence of a vanilioid receptor. Winter et al. (1990) reported thout 

RTX-elicited '^^Ca^iptake by cobalt-sensitive, RT97-negative DRG neurons in culture 

and neurotoxic effects evoked by prolonged exposure to RTX. The common moiety
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all
among these compounds is the vanilioid moiety, hence the name of the receptor I 

Ruthenium red antagonises capsaicin non-competitively (Dray et al., 1990b), while 

capsazepine, a synthetic compound, acts specifically as a competitive capsaicin 

antagonist, as established in radioactive ion flux experiments (Bevan et al.^\992). Bevan 

and Yeats (1991) identified a proton-gated current specifically conducted by capsaicin 

sensitive neurons and regulated by NGF. The proton and the capsaicin responses have 

similar time course and amplitudes. Petersen et a l (1993) reported that low pH can 

potentiate capsaicin responses in DRG and trigeminal neurons. Szallasi et al. (1995a) 

reported that acidification inhibited [^H]RTX binding in the spinal cord. These results 

suggested protons to be candidates for the endogenous ligand of the vanilioid receptor.

5) Subtypes o f  vanilioid receptors

Resiniferatoxin (RTX), an extract from plants of the genus Euphorbia is a capsaicin 

agonist. It causes similar behavioural effects as capsaicin e.g. hypothermia and it 

exhibits cross-desensitisation with capsaicin. The major difference to capsaicin is that 

RTX is active at 100-10000 times lower concentrations compared to capsaicin and it has 

higher affinity for the receptor (Bevan and Szolcsanyi ̂ 1990). RTX opens the vanilioid 

receptor more slowly but it keeps it open for longer (Winter et al. ^1990). Capsaicin is 

not appropriate for binding assays since it is very lipophilic and exhibits low potency for 

the receptor. [^H]RTX was used instead for binding assays on membranes of DRG 

ganglia, in the hope of revealing the vanilioid receptor. By using [^H]RTX on intact 

DRG neurons in culture or suspension^ Acs et a/. (1996) showed that RTX exhibits 10- 

fold higher potency for receptor binding than uptake, while capsaicin and

capsazepine show 10-fold higher potency for calcium uptake than receptor binding. 

These findings argue for the existence of two classes of vanilioid receptors, R and C 

respectively. Studies using capsazepine and ruthenium red and comparing the potency 

of blocking desensitisation and '^^Ca^uptake gave extra support to the argument (Acs et 

al^\991). Affinity for RTX differs among species (rat tissues show higher RTX affinity 

than guinea pig tissues) and also among tissues of the same animal (nervous tissue 

shows higher affinity for RTX than airways and urinary bladder), which probably 

indicates the existence of multiple receptors (reviewed by Szallasi^ 1994).

Capsaicin was found to evoke oxygen consumption by the perfused hindlimb, followed 

by depression of that phenomenon due to vasoconstriction. Colquhoun et al. (1995) 

proposed the existence of two capsaicin receptors in the rat hindlimb: a high affinity
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capsaicin receptor, which stimulates oxygen consumption and vasoconstriction 

depending on the presence of external and oxygen and a low affinity capsaicin

receptor that evokes decreased oxygen consumption and vasoconstriction, 

independently of and oxygen. Another piece of evidence that supports the

existence of vanilioid receptor subtypes, came from Liu and Simon (1996) who 

recorded two capsaicin specific inward currents in trigeminal ganglia with different 

kinetics: one rapid (1.7sec time to peak), RTX-insensitive current and one slower (24.5 

sec time to peak), RTX-sensitive current.

The accumulating evidence for the existence of a capsaicin receptor fuelled attempts to 

isolate it. Wood ei a i  (1990) used a photoaffinity probe with capsaicin-like activity to 

label neurons and other tissues. These tissues were subsequently analysed with an anti­

capsaicin antibody that specifically recognised capsaicin-binding proteins in DRG 

neurons with a major band at about 58kDo..Ninkina et al. (1994) isolated RTX binding 

proteins by screening an expressed rat DRG library with an RTX photoaffinity probe. 

One of the clones identified encoded a 235 amino acid protein that lacked channel-like 

characteristics. Its expression was identified in dorsal root ganglia and also in capsaicin- 

insensitive tissues. This protein was found able to displace capsaicin and RTX in 

binding studies but functional experiments failed to elucidate its role. The ultimate 

evidence for the existence of a capsaicin receptor was provided by Caterina et al. 

(1997), who cloned the Vanilioid Receptor subtype 1 (VRl) from a rat DRG library 

using calcium imaging expression studies. The cloned receptor exhibited the 

pharmacological and electrophysiological characteristics associated with capsaicin 

application, as it is described in detail in the following section.

Figure 3 : Structure comparison of capsaicin and RTX. The common vanilioid moiety is 

indicated.
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CHAPTER 1

In slllco cloning of VR-L, a new member of the vanilioid
receptor famiiy

INTRODUCTION
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CLONING OF VANILLOID RECEPTOR SUBTYPE 1: THE CAPSAICIN 

RECEPTOR

Early studies carried out by Jancso et a l (1967) on inhibiting neurogenic inflammation 

by using large capsaicin concentrations indicated that capsaicin acts specifically on 

nociceptors. Later, Szolcsanyi and Jancso-Gabor (1975) conducted behavioural 

experiments on rats to identify relations between the pungency of capsaicin-like drugs 

and their chemical structure. The finding that there are structural requirements for 

activity of capsaicin and its analogues led the researchers to propose the existence of a 

capsaicin receptor in nociceptors. Wood et a l (1988) reported that capsaicin-induced

cobalt and "̂ Ĉa uptake by a specific population of DRG neurons, showing that capsaicin 

affects a particular subtype of nociceptors. Since these cells were negative for 

neurofilament immunoreactivity, it was concluded that they were small diameter DRG 

neurons. These studies spurred attempts to isolate and characterise the capsaicin 

receptor.

*.Uo.k
Electrophysiological and pharmacological studies in the past had shown the activation 

of the capsaicin receptor resulted in influx in DRG neurons (Wood et <3/.̂  1988,

Oh et (3/. ,1996). Caterina et a l  (1997), taking advantage of the channel’s permeability to 

Ca used the calcium imaging technique to clone the capsaicin receptor, where 

fluorescent indicator dyes exhibit different excitation wavelength when they bind Ca 

compared to their free state. A rat DRG cDNA library was divided into pools, which 

were transfected in human embryonic kidney-derived HEK293 cells, loaded with the 

calcium-sensitive fluorescent dye,Fura-2. Calcium imaging analysis identified cells that 

responded to capsaicin with a Cĉ ‘̂ influx. A positive pool was identified which was 

subdivided and subjected to calcium imaging repeatedly until a single clone was 

isolated. The insert identified was named Vanilioid Receptor 1 (VRl), from the 

chemical moiety present in capsaicin.

The cDNA clone contains 2,514 nucleotides that encode for a protein of 838 amino 

acids. The receptor consists of three ankyrin repeats followed by six transmembrane 

domains with a hydrophobic linker between domains five and six. Structural and amino 

acid sequence similarity was found between the VRl and TRP channels. The TRP 

(transient receptor potential) channels are probably the best known CRAC (Ca ^^release 

activated Ca )̂ channels or SOC channels (store operated Ca ^^channel) first found in 

Drosophila. These channels, expressed on the plasma membrane, allow an inward
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calcium current into the cell, when Ca is depleted from intracellular storing organelles 

(Funayama et uf/. ,1996). It is not known what signal informs the cell about Ca 

depletion and what initiates the Ca ^^influx. Not only do both TRP and VRl have 

similar structure containing six transmembrane domains, but they also share great 

sequence homology between domains five and six. Studies using thapsigargin to deplete 

intracellular C<>̂ stores or SKF96365 to inhibit depletion-induced entry

showed that VRl is not a store operated Ca ^channel (Caterina et al.\991).

Electrophysiological studies on Xenopus oocytes injected with the VRl cDNA, showed 

that the cloned receptor responded to capsaicin and Similar to the

desensitisation observed in native vanilioid receptors (Blumberg et al.  ̂1993), washing 

out of the RTX failed to recover the current. The Hill coeffieient of 1.95 for capsaicin 

on VRl showed that more than one molecule of agonist is required to activate the 

receptor, as known for native vanilioid receptors from previous studies (reviewed by 

Wood and Docherty, 1997). The competitive antagonist^ capsazepine^and the non­

competitive antagonist^ruthenium red blocked the activation of VRl.

Subjecting VRl expressing cells to different ionic solutions showed that the receptor is 

selective for divalent cations in the following order of decreasing permeability: Ca ^  

>Mg >Na^, -Cs% as observed in the case of native vanilioid receptors.

Desensitisation of VRl seemed to depend on the presence of Ca in the bathing 

solution. Capsaicin currents were produced on either side of VRl expressing membrane 

patches, which proves that either there are binding sites of the receptor on both sides of 

the membrane or that lipophilic capsaicin can cross the lipid bilayer and reach its 

binding site. The EC50 was estimated to be 39.1nM, the reversal potential was found 

close to 0 mV and the unitary conductance 76.7pS at positive potentials and 35.4pS at 

negative potentials. Large concentrations of capsaicin caused nuclear fragmentation in 

VRl expressing non-neuronal eells, proving that the capsaicin cytotoxicity caused by 

large concentrations of the drug is specific to the receptor.

Northern blot analysis revealed that VRl is expressed in trigeminal and dorsal root 

ganglia and maybe in the kidney. No expression was found in the brain and the spinal 

cord, although capsaicin sensitivity of brain regions had been reported in the past 

(Jancso and Wollemann  ̂1977, Szallasi et a/, ,1995b). Also, in situ hybridisation
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histochemistry in sensory ganglia showed that VRl is expressed in the neurons with 

small diameter, which is in agreement with previous studies (Winter^ 1987).

VR1 RESPONDS TO HEAT

Calcium imaging and patch clamp studies of HEK293 cells expressing VRl showed the 

receptor to respond to heat above a temperature threshold of 42^ C with currents similar 

to those produced by capsaicin treatment. The current not only exhibited similar kinetics 

but also similar cation permeability. Ruthenium red and capsazepine inhibited the 

response, while their washout led to the current recovery, which shows VRl to be 

directly involved in sensing thermal changes. Unlike desensitisation by capsaicin, 

desensitisation of VRl by repeated heat application was found to be independent of 

in the bathing solution. Heat and capsaicin exhibited cross-desensitisation both 

in presence and absence of (Tominaga et 1998), implying an overlap in the

mechanism by which these stimuli activate the receptor. Interestingly, co-application of 

the two stimuli was found to overcome the desensitisation. Heat currents were also 

observed in patches of VRl transfected HEK293 cells, which could be reversibly 

inhibited by capsazepine. They exhibited an outwardly rectifying current-voltage 

relationship and single channel conductance similar to capsaicin currents (reversal 

potential close to 0 mV, single channel conductance for Na^ between 0 and 4-66mV was

83.4 +!- 2.9 pS). Very similar pharmacology and kinetics were observed for the human 

vanilioid receptor subtype 1 (Smart et cz/.^2001).

Nagy and Rang (1999) performed electrophysiological studies in cultured rat DRG 

neurons and detected many differences between capsaicin and heat responses in small 

diameter neurons e.g. the current amplitudes were different and the permeability of 

versus was found to be greater for capsaicin responses than heat

responses. Interestingly, capsazepine failed to block heat responses. Overall, they 

observed that only 4% of the studied neurons exhibited both heat and capsaicin 

sensitivity, arguing against the possibility of VRl integrating both responses (Caterina 

et al. ,1991, Tominaga et a/. ,1998). Similarly, Liu and Simon (2000) identified heat 

currents in trigeminal ganglia that could be partially inhibited or unaffected by 

capsazepine. One can infer the existence of more heat detecting channels or the 

possibility of VRl accounting for both responses in DRG neurons depending on its 

phosphorylation or glycosylation state or on interactions with other proteins. Nagy and 

Rang later (2000) proposed that the comparison of rat VRl and chick VRl would reveal
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interesting information regarding the channel’s gating by capsaicin and heat, since 

chicken neurons exhibited the same heat responses as rat neurons but were insensitive to 

capsaicin.

VRl RESPONDS TO ACIDIC STIMULI

Bevan and Yeats (1991) identified a proton-activated sustained current in capsaicin- 

sensitive DRG neurons. Tominaga et a l (1998) reported that protons potentiate the 

capsaicin and heat responses of VRl at pH 6.4. Additional^, reduction in pH was found 

to potentiate heat responses of VRl to such an extent that a pH drop from neutral 7.4 to

6.4 could open the channel at the physiological temperature of 37^C. This phenomenon 

bears tremendous significance as acidification (pH<6) occurs in pathological conditions 

such as tissue injury, inflammation, ischemia and can evoke pain and lead to 

hyperalgesia. Lowering the pH further to 5.4 caused the VRl receptor to open at room 

temperature. The current observed was an inward predominantly current,

exhibiting outward rectification (EC50 at 5.5). This phenomenon was also observed in 

membrane patches and particularly when the protons were applied to outside-out 

patches, which implies that they recognise a site on an extracellular portion of the 

receptor.

In 1998,Vyvlicky et a l made the interesting observation that capsaicin-sensitive DRG 

neurons also responded to a cocktail of inflammatory mediators (5HT, bradykinin and 

prostaglandin E2) at pH 6.1. Furthermore, the combination of these mediators caused the 

release of CGRP from cultured DRGs. The DRG response to the inflammatory 

mediators could be blocked by capsazepine, but was not affected by acidification 

(Averbeck et a /.,2000). These experiments suggest the involvement of VRl. The 

mechanism behind this phenomenon remains elusive, as application of inflammatory 

mediators m acidic environment in rat skin-saphenous nerve preparation, resulted in an 

enhanced response to protons that could not be blocked by capsazepine (Habelt et al^ 

2000). Experiments on VRl expressed in a heterologous system could answer whether 

protons sensitise the receptor to inflammatory mediators.

VRl EXPRESSION IN DORSAL ROOT GANGLIA

The nociceptors are delineated in two major classes according to protein markers they 

express and their neurotrophic factor requirements, suggesting specificity of function. 

During development, 70-80% of the DRG neurons express trkA, the receptor for Nerve
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Growth Factor. In adulthood, the trkA expression is downregulated, at which point 40- 

45% of the neurons express trkA. These neurons also express

CGRP and substance P and they project into lamina I and outer lamina II of 

the dorsal horn. The neurons that have lost the trkA phenotype express the receptor RET 

for GDNF and bind the lectin IB4. These

neurons project to the inner lamina II. The functional importance of this differentiation 

has been supported by identifying genes that follow this specified pattern of expression 

and confer distinct phenotypes (reviewed by Snider and McMahon^ 1998) e.g. the ATP 

gated P2X3 receptor is mainly expressed in the IB4 positive population of neurons. The 

division of nociceptors in two major classes according to markers they express is 

routinely used as a blueprint on which to base the characterisation of new genes 

expressed in these neurons. The VRI gene was not an exception.

The Julius group developed a polyclonal antibody against the carboxyl end of VRI 

(Tominaga et <3 / . ,  1998), which they used to characterise the receptor expression. They 

reported that in DRG, -85% of substance P positive cells (NGF-sensitive cells) also 

stained for VRI, while -60-80% of IB4 (CGRP-sensitive) cells co-stained for VRI. The 

VRI immunoreactivity was restricted to small to medium size DRG neurons. Michael 

and Priestley (1999) examined the distribution of the VRI protein in more detail. They 

showed that VRI does not colocalise with N52 positive cells, the large diameter neurons 

in DRG. About 65% of trkA cells also stained for VRI and in agreement with 

Tominaga, about 75% of IB4 positive cells exhibited VRI staining. They observed trkA 

and IB4 positive cells that did not stain for VRI, as well as VRI positive cells that were 

negative for the two markers but positive for RET and thus GDNF-sensitive, indicating 

a considerable diversity in DRG neurons. VRI was also found to colocalise with CGRP 

in the trkA population and somatostatin in the IB4 population.

VRI EXPRESSION IN THE SPINAL CORD

Tominaga et a l (1998) reported VRI immunoreactivity mainly in unmyelinated axons 

in lamina I and II of the dorsal horn with a few axons travelling along the medial edge 

staining in the neck of the dorsal horn and around the central canal (also observed by 

Guo et al.^\999). In the sacral part of the spinal cord, staining was found throughout the 

dorsal horn and in vagal afferents. This group identified VRI immunoreactivity in the 

vagus, the sciatic nerve and at nerve terminals but not in the central nervous system. In 

the superficial dorsal horn cells, staining for both substance P and VRI were found in
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lamina I and outer lamina II (as expected since peptidergic neurons project in these 

areas), while VRI and IB4 positive cells were found in the medial part of lamina II. 

This observation together with the finding that there is heavy IB4 staining in the inner 

lamina II, revealed heterogeneity in the IB4 positive cell population. Guo et al. (1999) 

on the other hand reported VRI expression predominantly in the inner lamina II in rats, 

colocalising with P2X3, the ATP-sensitive channel. In DRG 75% of P2X3 neurons also 

expressed VRI. Unilateral dorsal rhizotomies performed by this group resulted in 

abolishing the VRI signal in the superficial dorsal horn, demonstrating the primary 

afferent origin of VRI in that area. Nakatsuka and Gu ( 2000)

demonstrated, with functional studies using capsaicin and ATP analogues, that 

P2X and vanilloid receptor terminals synapsed differentially to lamina V and II 

respectively in the dorsal horn.

The contradictions between the three groups can be explained by different antibody 

Specificities especially if they happen to recognise different vanilloid receptors and not 

just VRI. Additionally, Guo et al. ( 2000 ) advised

caution in interpreting immunostaining results, as studies in mice show a different 

distribution pattern of VRI from rats, with VRI and neuropeptides coexpressing in the 

dorsal horn.

VR1 EXPRESSION IN THE PERIPHERY

Michael and Priestley (1999) observed that sciatic lesion caused a massive reduction in 

VRI expression (from 46% in the injured side to 2.3% in the contralateral uninjured 

side), while axotomy resulted in almost complete loss. This observation in conjunction 

with the report (Winter et a/. ,1988, 1993) that capsaicin sensitivity in DRG culture is 

lost with NGF withdrawal, indicate the possibility that the axotomy-related VRI loss 

might be due to target-derived neurotrophic factor deprivation. Sciatic nerve ligation 

resulted in the VRI signal concentrating prior to the ligation site, intimating the VRI 

transport to the periphery. As was mentioned in the previous section, Guo et al. 

(1999) made the interesting observation that VRI does not colocalise with CGRP and 

substance P in central projections (lamina I). Similarly, in the peripheral terminals VRI 

did not colocalise with substance P or CGRP. Studies investigating the neuropeptides 

transport after sciatic nerve ligation showed VRI not to be associated with the same 

fibres as CGRP and substance P, although these neuropeptides are co-expressed to a 

large extent with VRI in the DRG somata.
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VR1 EXPRESSION IN TISSUES OTHER THAN DRG
•fcUivAr lauV

Michael and Priestley reported 80% of the nodose ganglia neurons express VRI with 

variable intensity. Large N52 cells were also found to express VRI. In contrast to DRG 

neurons, the majority of trkB staining population of nodose eells co-expressed VRI.Guo 

et a l (1999) reported the expression of VRI in small and medium sizes neurons of the 

trigeminal ganglia.

Although Caterina et a l (1997) and Tominaga et a l (1998) failed to identify VRI in the 

central nervous system using Northern blot analysis, Mezey et a l (2000) reported the 

expression of VRI in the rat and human brain using immunocytochemistry and in situ 

hybridisation. VRI positive areas include the inferior olive, substantia nigra, cortex, 

septum, hippocampus and dentate gyrus. Other structures like the central amygdala, 

hypothalamic nuclei, the nucleus of the spinal trigeminal tract, solitary tract nucleus 

showed a weaker signal. These results supported previous findings capsaicin sensitivity 

in the central nervous system (Sasamura et a/. 1998).

Birder et a l ( 2000) reported VRI immunostaining in

denervated bladder epithelial cells. They also reported the absence of capsaicin related 

cytotoxicity in these eells. Capsaicin and protons elicited nitric oxide release that could 

be blocked by capsazepine.

Biro et al (1998a) examined the aetivation of mast cell lines with vanilloids exhibiting 

pharmacological characteristics similar to those observed in DRG. These responses 

were demonstrated using ^̂ Câ  uptake and they were blocked with ruthenium red and 

capsazepine. The vanilloid receptors in these cells seemed to be of the C type 

(associated with uptake more than RTX binding) and their activation was not

dependent on mast cell degranulation, associated with the release of proinflammatory 

mediators. Capsaicin did not evoke any toxic effects but induced the produetion of IL-4, 

a cytokine that acts on B cells to stimulate antibody secretion and the expression of cell 

surface molecules involved in antigen recognition in immune responses. Biro et al. 

(1998b) also observed vanilloid responses in C6 rat glioma cells. Similarly to the 

vanilloid receptors in mast cells, the C6 glioma cells exhibited the C-type vanilloid 

receptors. Although these papers did not investigate the expression of VRI in mast
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cells, they offer challenging clues towards the possible varied roles of vanilloid 

receptors.

STRUCTURAL STUDIES ON VR1

Jung et al. (1999) investigated the topology of the capsaicin binding site in DRG 

neurons using the water soluble capsaicin analogue^ AD (AD-5018.HCl), which is 

charged at physiological pH and thus cannot cross the plasma membrane. 

Electrophysiological studies in DRG patches in inside-out and cell-attached 

configurations showed vanilloid receptor activation with AD only when it was applied 

intracellularly, implying an intracellular binding site. Capsaicin and RTX on the other 

hand activated the receptor even when they were applied extracellularly, although the 

activation was less rapid compared to intracellular application. Capsaicin has lipophilic 

nature and thus it can diffuse across the membrane and reach an intracellular binding 

site. The inhibition of the capsaicin response by capsazepine was faster when it was 

applied intracellularly. The same results were obtained in studies of VRI expressing 

Xenopus oocytes challenged with AD, supporting the finding that the capsaicin binding 

site is intracellular.

Jordt et al. (2000) studied VRI mutants in an attempt to identify functionally 

significant amino acids in the receptor. Replacement of a glutamic acid residue with 

glutamine (E600Q) or a positively charged amino acid created a mutant conferring 

deleterious effect to the host cells, probably due to making the channel constitutively 

open. When this amino acid was replaced with a negatively charged one e.g. aspartic 

acid, the deleterious effect was abolished, proving that an increase in positive charge on 

this amino acid position promotes channel activity. The E600Q mutation also increased 

the sensitivity of the receptor both to heat and capsaicin, a phenomenon similar to 

sensitisation by protons (Tominaga et al.^ 1998). Interestingly, the proton evoked 

responses in E600Q were similar to wild-type. Therefore, the charge on amino acid 600 

only sets the proton mediated potentiation of the receptor and not the proton responses 

per se. An E648A mutant showed reduced responses to protons, while exhibiting wild 

type capsaicin and heat responses, indicating that proton potentiation and proton 

activation of the receptor are two distinct mechanisms. Both amino acid positions (600 

and 648) are found extracellularly, which is in accordance with the observation made by 

Tominaga et al. (1998) that the VRI receptor is activated by protons only 

extracellularly.
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Kwak et al. (2000) observed that the vanilloid receptors activation in sensory neurons in 

cell-attached configuration was consistently higher than in inside-out patches. They 

hypothesised the existence of a cytosolic substance that regulates channel activity, 

which is lost in the inside-out patch formation. Since ATP controls activity via 

phosphorylation in many channels, they tested ATP application in inside-out patches of 

DRG, concomitantly with capsaicin stimulation. ATP was found to increase channel 

activity to the levels observed in cell-attached configuration. It should be noted that 

ATP alone did not elicit any current on these patches. The ATP heightened capsaicin 

response was found not to depend on and ATP hydrolysis, implying that

ATP is not regulating the capsaicin channel via phosphorylation. In agreement to this 

observation, the application of protein kinase inhibitors did not alter the ATP-induced 

elevation of the capsaicin response. Mutating the Walker A-type and B-type motifs in 

VRI, proved that the ATP effect in augmenting the capsaicin response is due to its 

direct binding on these nucleotide binding domains.

Garcia-Martinez and colleagues (2000) identified aspartic acid at position 646 as the 

amino acid that regulates the pore properties of VRI. Neutralisation of this amino acid 

reduced sensitivity to ruthenium red and the channel permeability to Mg. On the 

contrary, neutralisation of E636 increased blockade by ruthenium red. VRI resembles 

Shaker-iypt channels with a pore loop between transmembrane domains 5 and 6  

consisting of acidic residues in certain sequence motifs. According to the Shaker type 

channel model, the pore loop should comprise a selectivity filter and a pore helix. 

Residues 625-640 presumably form that helix with residue 636 interacting with residue 

639 creating an intrahelical salt bridge. The neutralisation of 636 probably disrupts that 

interaction, making the channel non-functional. The functional significance of these 

acidic amino acids is manifested by the fact that positively charged synthetic and natural 

arginine-rich peptides block VRI and display analgesic properties (Planells-Cases et al.̂  

2000). Additionally, a methionine residue in position 644 was mutated to tyrosine, 

creating a channel exhibiting capsaicin currents with very slow kinetics, demonstrating 

the importance of this amino acid in channel gating.

Mutant studies carried out by Welch and colleagues (2000) offered additional 

information on some of the interesting amino acids mentioned above (picture 1 .1 ). 

Neutralisation of E648, E636 and E646 increased sensitivity to capsaicin three fold,
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while decreased sensitivity to protons. E648Q and E636Q exhibited increased Ca 

permeability ratios, indicating the importance of these residues in the channel's 

selectivity filter. These experiments further support the notion that separable pathways 

involving different VRI residues modulate the channel activation.

Picture 1.1: Location of important residues (E636, E648 and D646 highlighted in bold) 
on VRI (from Welch et al.lQQO)
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THE VR1 KNOCKOUT

Both the D.Julius and the J.Davis group developed VRI knockout mice (Caterina er a/., 

2000, Davis et a l, 2000) , The knockout mice seemed physiologically normal and their 

nociceptors were found to have developed properly. Cultured DRG neurons from VRl'^' 

animals responded as wild-type neurons to mechanical stimuli and to neurotransmitters 

like ATP and G ABA, but failed to respond to capsaicin and RTX. Knock-out mice did 

not respond to intraplantar capsaicin injection and they drank normally from capsaicin- 

contaminated water, exhibiting the significance of VRI in trigeminal and DRG 

mediated nociception. Nevertheless, injection of formalin to the hind paw evoked wild 

type pain related behaviour, indicating that VRI is not involved in chemicallyinduced 

pain perception. Subcutaneous capsaicin injection failed to induce hypothermia in the
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knockout mice, expanding the VRI related thermal deficit in the autonomous nervous 

system. VRl  ̂ neurons and unmyelinated fibers in skin-nerve preparations did not 

respond to protons with sustained currents but exhibited only transient currents, in 

contrast to wild type. As it has been proposed elsewhere (Liu and Simon^ 2000), the 

transient proton evoked currents are due to members of the proton gated ASIC channel 

family and thus do not involve VRI activation. Cultured neurons and unmyelinated 

fibres from the knockout animals exhibited small or no responses to heat stimuli. These 

results were replicated in lamina V neurons in the dorsal horn that receive nociceptive 

signals from the periphery, implicating VRI in the CNS processing of nociceptive 

information.

The Julius group reported that VRT^' mice displayed longer withdrawal latency in the 

tail immersion test at temperatures <48°C, but exhibited significantly longer latencies 

only at temperatures higher than 50 ®C in the hotplate test. On the contrary, no wild-type 

and knockout mice differences were observed by the Davis group in the hotplate test. 

This phenomenon could be due to differences in the construction of the knockout 

cassette, as the Julius group knocked out part of the 5^ and the whole 6^ transmembrane 

domain of mouse VRI, while the Davis group VRI knock-out mouse lacked the region 

encompassing domains 2"^- 4^. VRI was not found to contribute to neuropathic pain, as 

partial sciatic nerve ligation did not change the heat responses in VRI  ̂ or VRl^^^ mice. 

The most important observation reported by both groups is that in the mustard oil and 

the carrageenan test (for tissue injury and inflammation) the treated VRI mice did not 

show any change in hotplate latency compared to untreated animals, indicating that they 

did not develop thermal hyperalgesia.

These results demonstrate that VRI is not solely responsible for detecting thermal and 

acidic noxious stimuli, since these responses were not completely abolished in the 

knockout animals. However, the VRI contribution in the development of thermal 

hyperalgesia was proven to be imperative, rendering this molecule salient in the therapy 

of related medical conditions.

VRI AND CELL SIGNALLING

Regulation by neurotrophins

The majority of the nociceptors that are sensitive to capsaicin also express the 

neuropeptides CGRP and substance P, as well as
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trkA, the high affinity receptor for N6 -f (Tominaga et <3/.̂  1998, Michael

and Priestleyj 1999). Capsaicin treatment causes the release of neuropeptides such as 

CGRP and substance P from the central and peripheral terminals of nociceptors. Under 

inflammatory conditions, the concentration of NGF peripherally increases and causes 

the degranulation of mast cells, which release more NGF, histamine and serotonin and 

subsequently sensitise the nociceptors (Shu and Mendell^ 1999). The NGF after binding 

trkA on nerve terminals is internalised and retrogradely transported to the cell bodies in 

DRG, where it can increase gene expression levels e.g. BDNF (Michael et <3 / .   ̂1997). 

Capsaicin sensitivity of adult rat DRG neurons in culture is NGF-dependent (Winter et 

rz/.  ̂1988). In agreement to this, NGF deprivation due to axotomy reduces capsaicin 

sensitivity as well as neuropeptide levels (McMahon et a/., 1995). After sciatic nerve 

axotomy^ Michael and Priestley (1999) observed VRI mRNA reduction as well as 

downregulation of CGRP, trkA expression and IB4 binding, that might be due to target 

derived neurotrophic factor deprivation.

Recently Winston and colleagues (2001) examined the regulation of VRI expression by 

NGF in DRG cultures. NGF treatment resulted in the increase of VRI mRNA levels. 

The presence of NGF was necessary in causing CGRP release from cultured DRGs after 

capsaicin stimulation. Other neurotrophins seem to affect VRI expression as well. 

Ogun-Muyiwa et al. (1999) reported that

GDNF ) whose receptor is expressed in the IB4 DRG population, upregulates VRI in a 

similar way to NGF. In addition to the changes in the VRI protein levels elicited by 

neurotrophic factors, Shu and Mendell (1999) observed that NGF also has a direct effect 

on the vanilloid receptor. Administration of NGF intermediately to capsaicin 

applications in DRG neurons prevented tachyphylaxis (smaller currents observed in 

further receptor stimulation compared to initial response). This phenomenon does not 

involve gene regulation as it took place in a short time scale. These studies together with 

the finding that NGF increases capsaicin responses in DRG neurons innervating 

inflamed tissue (Nicholas et a /.,1999), suggest a possible role of VRI in inflammation.

Dissecting the cell signalling pathway

One of the most common mechanisms in regulating receptor function is via 

phosphorylation. NGF can indirectly trigger phosphorylation of receptors, via binding 

onto its receptor trkA, which causes receptor dimérisation and subsequent activation of 

its tyrosine kinase activity. The tyrosine kinase activity of the two receptor subunits not
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only leads to each other's phosphorylation (autophosphorylation of trkA) but also to the 

phosphorylation and thus activation of other proteins that recognise and bind onto the 

phosphorylated domains of trkA. Phosphcttases like calcineurin, which is activated by 

calcium, can reverse the phosphorylation and alter the receptor activity. The fast 

tachyphylaxis prevention effect of NGF on DRG vanilloid receptors described by Shu 

and Mendell (1999) suggests the involvement of the phosphorylation/dephosphorylation 

mechanism. The receptor trkA is associated with phospholipase C, among other 

proteins, which catalyses the hydrolysis of the membrane phospholipid 

phosphatidylinositol 4,5-biphosphate (PIP2) into diacylglycerol (DAG) and inositol 

triphosphate (IP3), which are second messengers. The enzyme phosphatidylinositol-3 

kinase (PI-3) binds onto the phosphorylated domains of trkA as well as other growth 

receptors. The phosphorylation activity of this kinase leads to the production of 

phosphatidylinositol 3,4,5- triphosphate (PIP3) from phosphoinositides like PIP2, which 

are membrane phospholipids. PIP3 can activate members of the protein kinase C family 

(PKCs), which in their turn can phosphorylate other proteins. PKC can also be activated 

by DAG, which is a product of PLC activity as it was stated above (figure 1.2).

PKCs have been involved in nociceptors' sensitisation to heat (Cesare et a/., 1999a) and 

in thermal and acid-induced hyperalgesia (Khasar et a l., 1999). Additionally, the 

neuropeptide bradykinin has been shown to elicit its algesic effect on nociceptors 

through PKC activation. Considering that PKC participates in signalling o f noxious 

stimuli that have also been shown to be mediated via VRI i.e. heat and proton 

responses, Premkumar and Ahem (2000) hypothesised the functional interaction of the 

two molecules. They discovered that PKC activation in DRG neurons and Xenopus 

oocytes injected with VRI produced currents very similar to capsaicin induced 

responses. They also showed that bradykinin can activate vanilloid receptors in DRG 

via PKC. In support dFthe VRI activation by PKC, Smart et al. (2001) reported that 

PKC inhibition prevented the capsaicin activation of the human VRI homologue.

Lopshire et al. (1998) reported that prostaglandin E2 sensitises the capsaicin response in 

DRG via protein kinase A (PKA) phosphorylation. To examine whether this 

phenomenon is mediated by direct VRI phosphorylation by PKA De Petrocelis et al. 

(2001) used 8-Br-cAMP, a cAMP analogue and forskolin, an adenylyl cyclase activator 

to trigger the PKA pathway in HEK cells expressing VRI. The drug application 

enhanced capsaicin responses and responses to anandamide, another VRI agonist (see
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next section). The latter responses were also potentiated with phorbol esters that activate 

PKC. Application of anandamide on DRG causes release of neurotransmitters like 

substance P. Forskolin increased the release of substance P three-fold in DRG, proving 

that activation of PKA enhances the vanilloid receptor action in a native environment as 

well.

Lee et a l (2000) reported that application of the same drugs (forskolin and 8-Br-cAMP) 

on VRI expressed in Xenopus oocytes and Aplysia neurons failed to sensitise the 

receptor to capsaicin. It is possible that these heterologous systems cannot replicate the 

PKA pathway existing in DRG and HEK cells. Another study showing discrepancies 

between Xenopus oocytes and HEK cells as heterologous systems for the study of VRI 

regulation is the study conducted by Tominaga et a l  (2001), who reported the 

potentiation of the capsaicin response by ATP similarly to Kwak et a l  (see section 

"Structural Studies on VRI" above). The latter group contacted their studies in Xenopus 

oocytes and failed to identify the participation of PKC in this phenomenon. On the
Cloo\ )

contrary, Tominaga et a l found that the VRI capsaicin, heat and proton response 

potentiation by ATP in HEK cells is regulated by PKC activation. By using specific 

PKC inhibitors and activators they managed to eliminate or trigger the potentiation 

respectively. They reasoned that PKC could be triggered by DAG, which is generated 

by phospholipase C stimulation following G protein coupled receptors activation (see 

figure 1.2 below). Metabotropic receptors that could be activated by ATP in these 

neurons are the P2Y receptors. By using specific agonists against P2Y subtypes in VRI 

expressing HEK cells and in DRG neurons, they identified P2Yi as the receptor 

involved in the VRI potentiation. This finding could explain the nociceptor sensitisation 

by ATP release during tissue injury or inflammation.

In the light of the studies reporting VRI regulation by inflammatory mediators via 

second messenger systems, Chuang et a l (2001) inquired into the tachyphylaxis 

prevention of VRI responses by NGF, first described by Shu and Mendell (see 

"regulation by neurotrophins" in this section). Chuang and colleagues reported that 

injection of bradykinin or NGF in VRI null mice did not evoke hyperalgesia as 

observed in wild type mice. They found that bradykinin enhanced capsaicin and proton 

responses in HEK cells transfected with VRI and BK2, the bradykinin receptor. 

Similarly, they observed that NGF potentiated proton and heat responses in oocytes co­

expressing VRI and trkA. Since BK2 and trkA activation involves PLC stimulation, the
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researchers set out to investigate the role of PLC in the potentiation of VRI currents. 

When they co-expressed VRI and a mutant trkA that abolishes the interaction with 

PLC-y, they failed to record NGF induced potentiation. On the contrary, application of 

recombinant PLC on excised patches of VRI expressing FîEK cells enhanced capsaicin 

currents. Application of an antibody that sequesters PIP2 and thus mimics its hydrolysis 

by PLC, resulted in enhancing capsaicin elicited currents both in a heterologous system 

and in DRG neurons. These results suggest that PIP2 represses VRI activity. As a result, 

the PIP2 hydrolysis by PLC alleviates the receptor inhibition, which manifests itself as 

potentiation of the receptor's responses. Therefore^ the tachyphylaxis prevention of 

capsaicin currents observed by Shu and Mendell is due to NGF stimulating PLC, which 

hydrolyses PIP2 and relieves VRI suppression. Interestingly, PLC-y ,trkA and VRI were 

found to co-immunoprecipitate. Although the researchers did not examine direct 

stimulation of the receptor by PKC, which can result by PLC activation, they observed 

that PKC inhibitors did not alter NGF induced potentiation of VRI. Further careful 

dissection of the cell signalling system is necessary to establish whether the VRI 

activation and potentiation are regulated through different mechanisms. Picture 1.2 

below sums up all the pathways found to regulate VRI function.

Figure 1.2: Schematic diagram integrating VRI modulating pathways. PI3 kinase 
phosphatidylinositol-3 kinase, PLC; phospholipase C, PKC: protein kinase C, PKA 
protein kinase A, DAG: diacylglycerol, IP3: inositol triphosphate, PIP3
phosphatidylinositol 3,4,5- triphosphate, PIP2: phosphatidyl inositol 4,5-biphosphate, 
AC: adenylate cyclase, cAMP: adenosine 3',5'-cyclic monophosphate.
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THE ENDOGENOUS AGONIST

The endogenous eannabinoid ligand^ anandamide, is a lipid, structurally similar to 

capsaicin. Moreover, anandamide has been shown to act on capsaicin sensitive neurons 

innervating mesenteric arteries and mediate vasodilation by causing the release of 

CGRP, indicating that the anandamide and capsaicin pathways might be interrelated 

(Zygmunt et al. ^\999). The researchers observed that CGRP antagonist and capsaicin 

treatment of perivascular sensory nerves abolished the anandamide vasodilation effect. 

Cannabinoid receptor 1 (CBl) and calcium channel antagonists failed to block the 

anandamide action, showing that these channels do not mediate the anandamide effect. 

Capsazepine succeeded in inhibiting the anandamide vasodilation effect, implicating the 

capsaicin receptor in this phenomenon. In order to investigate whether anandamide acts 

directly on vanilloid receptors, the cloned receptor VRI was expressed in HEK cells and 

Xenopus oocytes and challenged with anandamide. lOpM of anandamide caused a 

response similar to lOOnM capsaicin, while control untransfected eells failed to respond. 

Smart et al. (2000) identified anandamide as an agonist for the human VRI homologue 

using a based assay. The anandamide responses were inhibited by capsazepine

and exhibited cross-desensitisation with capsaicin.

The cannabinoid agonist is less potent on VRI compared to capsaicin, but it elicits the 

same type of outwardly rectifying currents, blocked by capsazepine. Premkumar and 

Ahern et al. (2000) reported that anandamide enhances its own activity by triggering 

PKC, which leads to VRI phosphorylation and the latter to increased agonist potency. 

Other lipids like diacylglycerol and arachidonic acid did not elicit any responses from 

VRI. Interestingly, Ahluwalia et al. (2000) observed colocalisation of VRI and CBl in 

DRG neurons to a great extent (98% of VRI neurons showed CBl immunostaining). 

Considering that both VRI, a prominent receptor in the transmission of nociceptive 

information, and CBl, a receptor that mediates inhibition of pain responses, are 

activated by anandamide and expressed in the same type of DRG neurons, an interesting 

mechanism of regulating pain signalling emerges. Millns et al. (2001) showed that the 

CB1 receptors in DRG have an antinociceptive role by using the synthetic cannabinoid 

agonist ^HU210^ to inhibit capsaicin responses. HU210 alone did not evoke any 

vanilloid-like responses and its effect on capsaicin elicited currents was reversed by a 

CBl antagonist. These preliminary data offer only a glimpse in the functional 

interaction between CBl and capsaicin receptors that constitutes a challenging
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mechanism for relaying nociceptive information. Identification o f other regulating 

components will help dissect this mechanism further.

The presence of anandamide extracellularly is transient as it is transferred into the cell 

via a protein transporter, where it is hydrolysed and inactivated. AM404 is a synthetic 

substance that was designed to inhibit the anandamide transporter and thus extend 

anandamide's activity by preventing its re-uptake by the cell. Zygmunt et al. (2000) 

found that AM404 activates vanilloid receptors in neurons innervating rat hepatic 

arteries and causes vasodilation like anandamide. This effect was blocked by 

capsazepine and a CGRP antagonist, while a CBl antagonist had no effect. AM404 

activated VRI expressed in heterologous systems, which showed that the anandamide 

transporter inhibitor acts directly on the vanilloid receptor. These experiments triggered 

further research into related lipids and the effect of changing their structure in VRI 

activation. The lipid methanandamide was also found to evoke responses in perivascular 

neurons that were inhibited by capsazepine and a CGRP receptor antagonist (Ralevic et 

a/. ,2000). Melck et al. (1999) found that by changing the length and degree of 

unsaturation of the fatty acid chain in olvanil, a capsaicin receptor agonist, they created 

substances that could inhibit the anandamide transport and could bind onto CBl in 

addition to activating VRI. On the other hand, Petrocellis et al. (2000) identified 

anandamide derivatives that inhibit anandamide re-uptake but are not VRI or 

cannabinoid receptor ligands.

Despite the wealth of information related to VRI activating lipids, the mechanism of 

anandamide action remained elusive. Petrocellis and colleagues (2001) used novel 

anandamide transporter inhibitors that do not bind directly onto VRI, unlike AM404, to 

illustrate that it is necessary for anandamide to cross the plasma membrane and enter the 

cell in order to activate VRI. This is consistent with the finding that the capsaicin 

binding site is intracellular (see the section "structural studies on VRI" above). Once 

inside the cell, hydrolysis of anandamide was found to reduce VRI activation. Olah et 

al. (2 0 0 1 a) demonstrated that vanilloids competed with radioactive anandamide for 

binding onto V RI, providing further evidence for anandamide being a VRI agonist. 

Furthermore, they showed that protons potentiated the anandamide response both in 

VRI transfected cells and in DRG, suggesting that tissue acidification during 

inflammation can sensitise vanilloid receptors to anandamide. Hwang et al. (2000) 

examined whether other eicosanoids, byproducts o f the arachidonic acid metabolism

36



involved in inflammatory reactions, can activate vanilloid receptors. Arachidonic acid is 

converted to prostaglandins via the activity of the enzyme cyclo-oxygenase and to 

leukotrienes via catalysis by the enzyme lipoxygenase. Only byproducts of the latter 

pathway were found to activate VRI. This finding accentuates the role of the capsaicin 

receptor in inflammatory hyperalgesia, as lipoxygenase products are produced during 

tissue injury and inflammation and cause hyperalgesia when injected intradermally 

(Levine et <3/.̂  1986).

VANILLOID RECEPTOR HETEROGENEITY

The comparison of VRI currents in heterologous systems to vanilloid responses in vivo 

provided evidence towards the existence of more vanilloid receptor subtypes. Nagy and 

Rang (1999) noticed small DRG neurons that responded to heat but were capsaicin 

insensitive. Similarly trigeminal ganglion cells were found that responded to heat and 

capsaicin but not protons, while other neurons were heat responsive only (Liu and 

Simon^2000). Additionally, Nagy and Rang reported that the heat and capsaicin current 

amplitudes in DRG neurons exhibited poor correlation, while the capsaicin evoked 

uptake was greater compared to the one induced by heat. Although capsazepine 

is an effective capsaicin antagonist, it did not inhibit heat responses as potently.

Taking into consideration that VRI integrates both heat and capsaicin responses, the 

discrepancies observed in vivo could be explained by either the interaction of VRI with 

proteins that would modulate its function or by the existence of other vanilloid 

receptors. Additional data on discrepancies between VRI and native vanilloid receptors 

followed. The characterisation of rat VRI (Caterina et <3/.̂  1997) and the human VRI by 

Smart et al. (2001) revealed that 9.%/ was only 20 fold more potent than

capsaicin on the cloned receptor, in contrast to the reported thousand fold higher affinity 

for binding on native vanilloid receptors in tissues. Shin et al. (2001) reported 

differences in activation of vanilloid receptors in cultured DRG neurons and VRI 

expressed in a heterologous system. In particular, DA-5018.HCl, a synthetic capsaicin 

analogue was more potent on the cloned receptor, while resiniferatoxin activated native 

vanilloid receptors more efficiently. Welch et al. (2000) reported that the vanilloid 

receptor conductance in DRG neurons was much smaller than the recorded VRI 

conductance. Szallasi et al. (1999) found that the cloned VRI receptor exhibits both 

affinity for RTX (R-type) and uptake efficacy when challenged with capsaicin

(C-type), while studies in DRG neurons demonstrated distinct C and R type native
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vanilloid receptors. The variation in R and C-type responses observed in DRG has 

attributed to speculating the existence of vanilloid receptor subtypes. Finally, Ringkamp 

et al. (2001) reported the existence of heat-sensitive, mechanically insensitive A-fibers 

that respond to capsaicin, as well as A-fibers that were sensititive to capsaicin only 

innervating monkey hairy skin. Considering that A-fiber nociceptors do not express 

VRI, the capsaicin sensitivity can be ascribed to other vanilloid receptors.

AIM OF PROJECT

The discrepancies between the pharmacological profile of VRI and the native vanilloid 

responses suggest the existence of a family of vanilloid receptors. The possibility 

remains that these variations can be ascribed to regulation of VRI by modulatory 

proteins in different tissues or could be due to differences between native and 

heterologous expression systems. However, taking also into consideration past studies 

preceding the VRI cloning that proposed the existence of a vanilloid receptor family 

(see section 5 of prologue "subtypes of vanilloid receptors"), it was inevitable that a 

pursuit for more vanilloid receptors was sparked off. The aim of this project was to 

isolate and characterise novel vanilloid receptors.
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CHAPTER 1

In slllco cloning of VR-L, a new member of the vanilloid
receptor family

MATERIALS & METHODS
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1.1 Bioinformatics tools

The tBLASTn search was performed at http://www.ncbi.nlm.nih.gov/blast/blast.cgi, 

using BLOSUM62 and filtering low complexity regions.

To blast two sequences against each other the programme http://www.ncbi.nlm.nih.gov/ 

blast/bl2seq/bl2.html was used, with the default settings: reward for match=l, penalty 

for mismatch -2, gap opening 5, gap extension 2, checking both strands.

Multiple alignments were carried out at http://www.expasy.org/tools/dna.html 

The settings used were gap opening penalty 10, gap extension 5.

The human index was searched at http://www.tigr.org/tdb/hgi/searching/reports.html 

Sequences were translated using the translation tool in the Expasy server: 

http://www.expasy.org/tools/dna.html

Phylogenetic tree prediction was carried out at the address: http://www.genebee.msu.su/ 

services/phtree_reduced.html. The matrices used by this programme are the Dayhoff, 

BLOSUM62 and the Johnson matrix.

A protein family search for identifying patterns of interest was done at: 

http://www.sanger.ac.uk/Software/Pfam/search.shtml. In this programme models from 

the SMART and TIGR databases were searched as well. A pattern search, including 

abundant motifs, was also at performed at http://www2.ebi.ac.uk/ppsearch/

For transmembrane regions detection the following programmes were deployed: 

http://www.ch.embnet.org/software/TMPRED_form.html. This programme compares 

the protein of interest with a database of known transmembrane proteins. 

http://www.sbc.su.se/~erikw/toppred2/. This is a similar programme that allows the user 

to specify the search for eukaryotic proteins.

1.2 Culturing Jurkat cells

1) A vial of frozen Jurkat cells, kept at -70^ C, was defrosted quickly and was

resuspended in 10ml of medium containing Dulbecco's modified eagle medium

(DMEM), 10% foetal bovine serum, 1% of 5units/ml penicillin, 5mg/ml

streptomycin and lOOX L-glutamine (GibcoBRL). 
centrifuged

2) The tube was at lOOOg for 5min and the supernatant was discarded. The pellet 

was resuspended in 10ml of fresh medium and the cells were plated in a 10ml 

culture flask. The cells are cultured in suspension in a humidified incubator in the 

presence of 5% CO2 at 37^C.
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3) When the culture was confluent,the cells were centrifuged at lOOOg for 5min and 

resuspending the pellet in 10ml of medium. The cells were then plated in a 1:5 ratio.

On average the culture was split twice a week.

N.B. To create a frozen stock of Jurkat cells, a 10ml flask of culture was spun 

down at lOOOg for 5min. The pellet was resuspended in medium containing 10%Cv/'̂ ) 

DMSG and was quickly dispensed in 1ml aliquots in vials. The cells were kept 

at -20° C for 1 hour and then transferred at -70° C. All the materials used were 
from GibcoBRL. For companies information please see appendix 3.4

1.3 RNA extraction from Jurkat cells

The protocol used is a variation of the method developed by Chomczynski and Sacchi 

(Current Protocols in Molecular Biology 4.2.5). It is based on the observation that RNA 

is denser than DNA and protein. It can separate from the latter two in an acidic 

environment (pH 4), in the presence of guanidinium thiocyanate and an organic phase.

All the materials used were from Sigma and were prepared as following:

Denaturing solution: 250g of guanidinium thiocyanate were dissolved in a solution of 

293ml distilled water, 17.7ml of 0.75M sodium citrate pH7 and 26.4ml of 10% Sarkosyl 

at 60-65° C with stirring. The stock solution can be stored for up to 3 months. The 

working solution was prepared by adding 0.35ml of 2-mercaptoethanol in 50ml of stock 

solution. It can be stored up to a month at room temperature.

2M sodium acetate pH4: 16.42g of sodium acetate were dissolved in 40ml of distilled
fH

water and 35ml of glacial acetic acid. The pH was adjusted to 4 with glacial acetic acid.

The final volume was made up to 100ml with distilled water and the solution was 

autoclaved.

Water saturated phenol: lOOg of phenol crystals were dissolved in distilled water at 

60-65° C with stirring. The upper water phase was aspirated the solution was kept up to 

a month at 4°C.

1) 10ml of Jurkat cells culture was centrifuged at lOOOg for 5min. The pellet was 

resuspended in 1ml of denaturing solution and the solution transferred in a glass 

homogeniser. The Jurkat cell solution was homogenised with 10-20 strokes.

2) The cell homogenate was transferred in a 10ml falcon tube. 0.1ml of 2M sodium 

acetate pH4 was added and the solution was mixed by inversion. 1ml of water- 

saturated phenol was dispensed followed by thorough mixing. Then 0.2ml of 49:1
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chloroform/isoamyl alcohol was added and the solution was mixed well and was left 

at 4° C to incubate for 15min.

3) The solution was centrifuged for 20min at I0,000g at 4° C. The upper aqueous phase 

containing the RNA was transferred into a fresh tube.

4) The RNA was precipitated with 1ml of 100% isopropanol at -20^ C for 30min. The 

sample was centrifuged at 10,000g for lOmin at 4*̂ C and the supernatant was 

discarded.

5) The RNA pellet was resuspended in 0.3ml denaturing solution and transferred into a 

1.5ml eppendorf tube.

6) 0.3ml 100% isopropanol was added into the sample. The RNA was left to 

precipitate at -20^ C for 30min. The solution was centrifuged at 10,000g, 4° C for 

lOmin.

7) The supernatant was discarded and the RNA pellet was washed with 75% ethanol. 

The sample was vortexed and was left to incubate for 15min at room temperature for 

any residual guanidinium to be dissolved.

8) The solution was centrifuged for 5min at 10,000g and the supernatant was 

discarded. The RNA pellet was left to dry in a vacuum for 5min. Attention was paid 

not to overdry the pellet, as that would make the RNA difficult to dissolve.

9) The RNA pellet was resuspended in lOOul of DEPC-treated water and the 

concentration was measured with a spectrophotometer. The RNA sample was stored 

at-20"C .

1.4 cDNA synthesis

The first strand cDNA synthesis was accomplished by using the Superscript™ RNase H 

reverse transcriptase (GibcoBRL). This transcriptase is produced from a cloned M- 

MLV RT gene with the RNase H sequence deleted.

DNasel treatment

This treatment is necessary to destroy genomic DNA that might have contaminated the

RNA preparation. A lOpl reaction was prepared by adding the following materials from

Promega: 6.2pl sterile distilled water, Ipl of lOX Taq DNA polymerase buffer (500mM
G/IA

KCL, lOOmM Tris-HCl pH9, 0.1% Triton X-100), 0.6pl of 25mM well resuspended 

MgCL, 2|uig RNA, 0.1 pi DNasel RNase free, 0.1 pi RNasin Ribonuclease inhibitor. The 

solution was well mixed and placed at 37^C for 15min. To stop the reaction the tube 

was placed at 99^C for lOmin. Subsequently, it was left to cool on ice for 2min.
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Reverse transcription

The materials used in this reaction were from GibcoBRL. The following were added in 

the DNasel treated RNA solution: 4.4pl 5X First Strand buffer (250mM Tris-HC( 

pH8.3, 375mM KCl 15mM MgCb), 2pl DTT, 4|il of 5mM dNTP, 0.1 pi RNasin 

Ribonuclease inhibitor, Ipl Superscript, 0.2pl of 500pg/ml random primers and 0.3pl 

sterile distilled water. The reaction mixture was vortexed and incubated at 37° C for 1 

hour. To stop the reaction the tube was placed at 99°C for lOmin and then on ice to cool 

down before proceeding with PCR.

1.5 Polymerase Chain reaction using Pfu DNA polym erase

The DNA polymerase Pfu is isolated from Pyrococcus furiosiis, has proof-reading 

activity and exhibits the smallest error in copying DNA from all the known DNA 

polymerases. For that reason it is used in cloning techniques that require PCR 

amplification.

The conditions for optimum enzyme activity are: Mg ^>1.5mM, dNTP<lmM, pH of 

Tris-based buffers>8. Because the polymerase has 3 -5 ’ exonuclease activity, it can 

degrade the primers in absence of dNTPs. To avoid this possibility the dNTP 

concentration is maintained at 100-200 pM each and the primers at 0.1-0.5 pM. Pfu 

polymerase lacks terminal deoxynucleotidyltransferase activity, i.e. does not add non­

specific nucleotides at the 3’ ends of the PCR products. As a result the PCR products are 

blunt ended. In order to clone Pfu amplified PCR products, 1 unit of Taq polymerase 

was used at 72°C for lOmin at the end of the PCR cycles to add adenines at the 3’end of 

the product. This would subsequently allow cloning into a T-vector.

The PCR reaction was set up in a room different from the one used for DNA cloning. 

This was necessary to avoid DNA contamination of the PCR samples. For the same 

reason gloves were worn and extreme care was taken not to contaminate any of the PCR 

reagents or the pipettes. Aerosol resistant tips were utilised to avoid the transfer of any 

DNA from the pipettes to the samples. DNA can adhere onto surfaces and in order to 

ensure that the PCR template concentration would not vary, sterile eppendorfs with thin 

walls were used.

The PCR mixture contained the following: 5 p.1 of lOX buffer (200mM Tris-HCl
Cx/\A

pH8.8, 20mM MgS0 4 , lOOmM KCl, lOOmM (NH4)2S0 4 , 1% Triton X-100, 1 mg/ml
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nuclease free BSA), 1 p.1 of lOmM dNTPs (0.2mM final), 1 |il of each of the 20|xM 

primers (0.4pM final), lOOng of DNA template, 5 units of Pfu polymerase and sterile 

distilled water to make up the reaction volume to 50 pi. The mixture was vortexed for a 

few seconds and centrifuged shortly to ensure the solution remained at the bottom of the 

tube. One drop of sterile mineral oil was used to layer the sample in order to prevent its 

evaporation during the PCR.

The following PCR programme was used: 

94^C for 3 min to denature the DNA comp 

For 35 cycles:

Dénaturation step: 94®C for 30sec 

Primer annealing step: 55^C for 40sec 

Primer extension step: 68°C for 40sec

At the end of the cycles, there was a further step of 5min at 68^C to ensure completion 

of extension. The reagents were purchased from Stratagene.

Primer design: the primers used were designed following a set of principles: 1) the GC 

content was kept at about 60%. 2) the primer length was 20-30bp 3) regions of repeats 

were avoided 4) primers with no hairpin structures were selected to ensure their 

successful annealing onto the template 5) in order to avoid primer dimer formation, 

primers with no regions of complementarity to each other were selected. The primers 

were ordered from Sigma Genosys.

1.6 Agarose gel electrophoresis

The materials used were from Sigma.

1) The appropriate amount of agarose was weigh ed and diluted in IX TAE buffer 

(50X TAB buffer contains 121g of Tris base, 28.55ml of glacial acetic acid, 50ml of 

0.5M EDTA pH8 in total volume 500ml) to achieve the desirable concentration.

N.B. The gels used for visualisation of DNA bands above Ikb were of 0.8% '̂^ '̂")
WA

agarose concentration. To view smaller bands, 1.5% gels were prepared.

2) The agarose solution was^^^^4n the microwave for 5-7 min, shaking occasionally 

and then left to cool down to about 50^C.

3) Ethidium bromide was added, to achieve a concentration of 0.7 pg/ml in the final 

solution.
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4) About 100 ml of the mixture was poured in the gel electrophoresis tray, containing a 

comb with the appropriate number and size of teeth to create wells with about 50 pi 

capacity. The gel was left to set for about 20 min.

5) The comb was removed and the tray with the gel was placed in the electrophoresis 

apparatus and covered with IX TAE buffer. Ethidium bromide was added in the 

running buffer to a final concentration of 0.7 pg/ml, to achieve good visualisation of 

the bands.

6) The DNA samples were loaded together with a DNA ladder. Between 600ng- 

lOOOng of Ikb ladder or lOObp ladder were used for the experiments.

7) The electrophoresis conditions were set in the apparatus (voltage of -lOOV for a
fwP') [vW , . carried out

0.8% gel or 80V for a 1.5% gel).Electrophoresis was appropriate length of

time, depending on the size of the DNA bands expected.

8) Subsequently the gel was viewed under UV light emitted by a high-power ultra 

violet transilluminator (short wavelength) and a photograph was taken by using the 

special apparatus provided.

1.7 Glassmilk DNA extraction (GENECLEAN® kit)

In order to purify DNA from a gel for cloning purposes, the Geneclean kit was used

(Bio 101 Inc.). It is based on a silica matrix (Glassmilk) that can bind to DNA,

removing it from impurities. The manufacturer’s protocol was followed, which is

described here briefly:

1) The part of the gel containing the DNA of interest was cut with a scalpel blade and 

kept aside, after visualising it under UV for as short time as possible (because UV 

can create nicks in DNA).

2) 2.5- 3ml of 6M Nal was added per gram of gel slice. The tube was placed in a 

waterbath of 50°C for the agarose to be dissolved.

3) 5pi of well-suspended Glassmilk were added to extract 5pg or less of DNA. The 

mixture was vortexed and placed on ice for 5 min to allow binding of the DNA. The 

solution was mixed every minute.

4) The solution was centrifuged for 5 sec. Then the pellet was washed three times with 

10-50 volumes of NEW (a washing solution containing NaCl, ethanol. Tris and 

EDTA) to remove any agarose residues.

5) The pellet was resuspended in lOpl of distilled water and was placed in the 50^C 

waterbath for 2-3 min to allow elution of the DNA from the matrix.
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6 ) The tube was centrifuged for 2-3 min and the supernatant containing the eluted 

DNA was removed carefully and placed in another tube.

1.8 Vector dephosphorylation and ligation to inserts

Shrimp alkaline phosphotase (Roche) was used to dephosphorylate 5’ phosphates from 

DNA blunt or "sticky" ends. This enzyme can be inactivated at 65^C. The 

manufacturer’s protocol was followed with a few modifications:

1) The digested vector was always purified from the gel using glassmilk. 50ng of 

vector were mixed with Ipl of lOX dephosphorylation buffer (0.5M Tris-HCl, 

50mM MgCl2, pH8.5) and 1 fil (1 unit) of shrimp alkaline phosphdtase.

2) The reaction was left to incubate at 37° C for 30min. In the case of blunt ended 

vector, the reaction was incubated for 60min.

3) The enzyme was inactivated with incubation at 65° C for 15min.

To ligate a DNA fragment into a vector, a molar ratio of 3:1 of insert:vector is 

traditionally used. The superfluous number of insert molecules to vector increases the 

chance of a ligation to take place.

Z moles of insert ends to ligate =3_ (!)<=>
Y moles of vector ends to ligate 1

because Imole of every substance contains 6.023x10^^ molecules (Avogadro’s number) 

then:

Z X 6.023x10^^ insert molecules = Z insert molecules = 2. (2)
Y X 6.023x10^^ vector molecules Y vector molecules 1

since 10  ̂ base pairs of DNA weigh Ipg, it is possible to convert the DNA weight 

measured spectrophotometrically into the total number of base pairs that weigh that 

amount. So, if a solution of "Y" vector molecules of size "vector kb" base pairs each, 

weighs "vector pg" picograms, then the whole solution consists of 10  ̂ x vector pg base 

pairs. If the size "kb" of each fragment is known, the number "Y" of molecules in the 

solution that give a total of 10  ̂x vector pg base pairs can be calculated:

Y vector molecules = 10  ̂x vector pg (3)
vector kb

By substituting the equation (3) into (2), the following equation is derived:
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10  ̂X insert pg
insert kb = insert pg x vector kb =3_ (4) <=>
X vector ] 

vector kb
10  ̂X vector pg vector pg x insert kb 1

therefore to calculate the amount of insert one needs to ligate into a known amount of 

vector of known size:

insert pg = vector pg x insert kb x 3 (5)
vector kb

Formula (5) was applied in ligations using T4 DNA ligase from Escherichia coli. This 

enzyme creates a phosphodiester bond between 5 -P and 3 -OH in cohesive or blunt ends 

of double stranded DNA. It can also repair DNA nicks. The reaction was carried out by 

mixing the following: 2 pi of lOX ligation buffer (660 mM Tris-HCl, 50 mM MgCb, 

lOmM dithioerythritol, lOmM ATP, pH 7.5), 1 pi of T4 ligase, the appropriate amount 

of insert and vector to give a molar ratio of 3:1 and sterile distilled water to make up the 

volume to 20 pi. The reaction was left at 14°C overnight to incubate.

In the case of T-easy vector (Promega), the ligase and ligation buffer that come with the 

kit were used as follows: 1 pi of lOX ligation buffer (300mM Tris-HCl pH 7.8, lOOmM 

MgCh, lOOmM DTT, lOmM ATP), 50ng of T-easy vector, the appropriate amount of 

PCR product, 1 pi of T4 ligase and sterile distilled water to make up the volume to 10 

pi. The reaction was mixed and left to incubate overnight at 4® C.

Cloning of an insert into the T-easy vector disrupts the coding sequence of the P- 

galactosidase gene. As a result, successful recombinants should result in white colonies 

when transformed into Escherichia coli cells, while empty vectors should give blue 

colonies. Background blue colonies can result from vectors that had not been digested 

or T-tailed, but also from inserts that had been cloned in frame with the P-galactosidase 

gene. To examine these possibilities, a control ligation was included where no insert 

was added in the ligation reaction. If the experimental ligation would yield more blue 

colonies than the control ligation, then real recombinants were present in some of these 

blue colonies.
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1.9 Preparation and testing of com petent cells for heat shock 

transformation

1) 4-5 colonies of the DH5-a strain of Escherichia coli cells (ampicillin-sensitive, 

tetracycline-resistant) were inoculated into 1ml of Luria Broth (containing 

bactopeptone, NaCl, yeast extract, agar, NaOH and sterile distilled water) with 

20mM MgS0 4  and left to grow overnight at 37° C shaking (250-300cycles/min).

2) The following day the culture was inoculated with 200ml of Luria Broth in a flask 

of 21 capacity at 37° C shaking for 3 hoofs.

3) The culture was collected into four 50ml falcon tubes and left on ice for lOmin. It 

was then centrifuged in a fixed angle rotor at lOOOg for lOmin.

4) The supernatant was decanted and the pellets were resuspended gently into two 

tubes with 30ml of solution RFl pH 5.8 each (lOOmM RbCl, 50mM MnCL 4 H2O, 

30mM KOAc pH7.5, lOmM CaCl2 2H20, 15% v/v glycerol). They were left on ice 

for 15min to incubate.

5) The tubes were centrifuged at lOOOg for lOmin. The supernatant was discarded.

6) All the pellets were collected into one tube with 16ml of solution RF2 pH 6.8 

(lOmM MOPS, lOmM RbCL, 75mM CaCl2 2H20, 15% v/v glycerol) and left on 

ice for 15min.

7) 300 |L i l  of the cell suspension was dispensed into ice cold screw cap tubes and flash 

frozen in liquid nitrogen. The tubes were stored at -80° C.

To test the transformation efficiency of the cells, they were transformed with Ipg of

DNA (as seen in section 1.8) and plated in 1:10 and 1:100 dilutions. After overnight

incubation at 37° C, the colonies in the 1:10 plate should overgrow. The colonies in the

1:100 were counted and the transformation efficiency (number of colonies resulting

from transformation with Ipg of DNA) was calculated with the formula:

No of colonies x dilution factor = colonies/ pg of DNA 
No of pg of DNA

The transformation efficiency should be about 10  ̂colonies/pg. The materials used were 

from Sigma.

1.10 Transformation using heat shock

1) Competent cells were thawed slowly on ice. 50pl of cells were used per 

transformation and dispensed in an eppendorf tube kept on ice.
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2) lOOng of DNA were added in each tube and mixed by pipetting slowly. The mixture 

was left on ice for 15min.

3) The tube was transferred in a 42^ C waterbath for 50sec. Immediately afterwards, it 

was kept on ice for 2 min.

4) 1ml of Luria Broth was added in the eppendorf tube and was left in a 37^ C shaking 

incubator for 1 hour for the cells to recover.

5) 100-200pl of the cell suspension was plated onto Luria Broth plates (autoclaved 11 

of LB with 15g agar, that had been poured in 25ml aliquots onto sterile petri dishes) 

containing lOOpg/ml ampicillin, as all the constructs used in this project should 

render the E.coli cells ampicillin resistant. In the case of T-easy vector, the plates 

also contained 80|ig/ml X-gal, the substrate for (3-galactosidase to allow for blue- 

white colony selection and 0.5mM IPTG to induce the LacZ promoter.

p \c \S iA

1.11 Qiagen kit mini DNA preparation

In order to prepare DNA of good quality for sequencing and transfections, the spin

miniprep kit from Qiagen was used. The manufacturer’s protocol was followed:

1) A single bacterial colony containing the plasmid of interest was selected and 

inoculated overnight at 37^C with shaking in Luria Broth containing 50pg/ml 

ampicillin.

2) The culture was centrifuged at 4800 rpm for lOmin at 4^C. The supernatant was 

discarded and the tube was inverted to dry off the excess medium.

3) The bacterial pellet was resuspended in 250pl of buffer PI containing RNase A to 

destroy the cellular RNA.

4) The cells were lysed with 250 p.1 of buffer P2, which contains NaOH and SDS. The 

tube was inverted a few times gently to ensure lysis of the bacteria without shearing 

the genomic DNA. The SDS solubilises the cell membrane, while the alkaline 

conditions denature the plasmid and genomic DNA. The reaction was left for no 

longer than 5min to prevent the plasmid DNA from becoming irreversibly 

denatured.

5) 350 lull of buffer P3 were added to neutralise the solution and the tube was inverted 

5-6 times gently to mix the content. The high salt concentration of this buffer 

ensures the precipitation of SDS, proteins, genomic DNA and cellular debris, while 

the plasmid DNA remains in solution.

6) The solution was centrifuged for lOmin at 13,000 rpm at room temperature.
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7) The supernatant was loaded in the column provided containing a special matrix for 

binding the DNA and was spun down at 13,000 rpm for 30sec. The flow-through 

was discarded.

8) The bound DNA was washed with 0.75ml buffer PB that removes excess salt. The 

tube was spun down at 13,000 rpm for 30 sec.

9) The flow-through was discarded and the tube was centrifuged for Imin to ensure the 

complete removal of wash buffer.

10) The column was transferred in a fresh 1.5ml eppendorf tube and 50 pi of sterile 

water were placed on the top of the matrix. The tube was left to stand for Imin and 

it was subsequently centrifuged for 2min at 13,000 rpm to elute the DNA.

11) The concentration of the DNA was measured with a spectrophotometer. 2pl of the 

DNA was mixed in 498pl of distilled water and was dispensed in a quartz cuvette. 

The cuvette was placed in the spectrophotometer that had been set to zero 

previously with only water in the cuvette. The absorbance reading was taken and it 

was multiplied with the dilution factor (x250) and the number 0.05 to convert the 

reading into a concentration value (pg/pl).

1.12 Restriction enzyme digestion

1) For single enzyme restriction digestion or double digestion with enzymes that 

require the same buffer the DNA was mixed with sterile distilled water and the 

appropriate volume of lOX buffer. The mixture was vortexed for 2 sec.

2) The required units of enzyme(s) were added very quickly and the mixture was 

vortexed again.

N.B. 1 unit of enzyme digests Ipg of DNA in 1 hour.

3) The mixture was centrifuged for a few seconds and then it was kept in the optimum 

temperature for two hours.

N.B. After digestion is complete, the DNA can be stored in the fridge. The

volume of the enzyme should not exceed the 10% ot the total reaction volume,
G/IA

because the enzymes are supplied in 50% glycerol, which in big amounts can 

inhibit the reaction. Some enzymes require the addition of bovine serum albumin 

to be stabilised.

For digestion with enzymes that require different buffer, the digestion with the low salt
carried out

concentration buffer was tirst. For the second digestion, the volume was doubled
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by adding water, the new buffer and enzyme and the digestion was left to complete for 

two more hours. The enzymes and buffers were purchased from Roche.

1.13 DNA sequencing

sequencing was carried out in an ABI PRISM 377 DNA sequencer. The sequencing 

reaction was carried out according to manufacturer’s protocol (Perkin-Elmer), which is 

summarised here:

1) 4 p.1 of terminator ready reaction mix was mixed with 0.4 p.g of DNA template, 

3.2pmol of the appropriate primer and enough sterile distilled water to make up the 

volume to 10 |l i 1. The mixture was vortexed and layered with one drop of mineral oil.

N.B. Apart from the AmpliTaq DNA polymerase the premix contains A-dye 

terminator, G-dye terminator, C-dye terminator, T-dye terminator, Tris-HCl 

pH9, MgCli, thermal stable pyrophosphotase, dATP, dTTP, dCTP and dITP 

(instead of dOTP to avoid band compression).

2) the mixture was subjected in the following PCR programme of 25 cycles: 96°C for 

30sec, 50°C for 20sec and 60^C for 4 min.

3) 50pl of chloroform were added to separate the PCR sample from the oil. The PCR 

reaction was removed and transferred to another eppendorf tube.

4) 1 p.1 of 3M NaAc pH 5.2 was added and the solution was mixed by pippeting. 25 pi 

of 100% ethanol was added, the solution was vortexed and left on ice for lOmin.

5) The tube was centrifuged for 30min at 20^C at 14,000rpm. The ethanol solution was 

carefully removed and the pellet was washed with 250pl of 70% ethanol. The 

solution was centrifuged for 5min at 20^C at 14,000rpm.

6) The ethanol supernatant was carefully removed and the pellet was dried in a vacuum 

for 5-lOmin. The pellet was resuspended in 4 pi of loading buffer. This buffer 

contained a ratio of 1 dye: 5 formamide. The dye constitution is 25mM EDTA pH8 

with 50mg/ml blue dextran. The sample was stored at -20°C until ready to load in a 

sequencing gel.
Cvh)

1) The sequencing gel consisted of 18g urea, 5.7 ml 40% acrylamide stock, 25ml 

autoclaved millipure water and 0.5g mixed bed resin. After sterilising it through a 

0.22pm filter and degassing for 5min in a vacuum, 50ml of TBE buffer were added.

8) When the gel tray was set up, 10% of ammonium persulphate and 35 pi of 3 EM ED 

were added. The appropriate software for the sequencer was used to run the gel and 

visualise the sequences.
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CHAPTER 1

In slllco cloning of VR-L, a new member of the vanilloid
receptor family

EXPERIMENTAL RESULTS
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1.a Cloning using bioinformatics tools: the methodology

Comparison of the VRl pharmacological profile with the native vanilloid responses
C'JO-]

suggested the existence of multiple vanilloid receptors. In collaboration with Dr. Garcia 

we deployed an in silico cloning approach i.e. a computational method, to attempt to 

clone another member of the vanilloid receptor family, which has the advantage of 

being more rapid than traditional cloning methods.

We used information deposited in GenBank, which is part of the International 

Nucleotide Sequence Database Collaboration. GenBank is a collection of annotated 

genetic information that is publicly available and is maintained by NIH. Specifically, 

the dbEST division of GenBank was used; a repository of expressed sequence tags 

(ESTs), which are partial, single pass cDNA sequences derived from randomly selected 

library clones. These ESTs come from different libraries, generated from different 

tissues. Many ESTs can represent the same gene in a library; hence the frequency of 

such ESTs gives a rough indication of the gene's expression levels in the tissue used to 

generate the library. Additionally, the existence of ESTs representing the same gene in 

different libraries from different tissues can reveal the tissue distribution of that gene. 

ESTs with a degree of homology to a known gene have been traditionally used as 

probes to screen a library and identify a novel gene of the same family. More recently, 

ESTs, assembled into consensus sequences, were used to create a virtual transcript of a 

gene that could be subsequently cloned with library screening (Wei et a/.^I998). We 

used a similar method to cluster ESTs together that share a degree of homology to VRI. 

Specifically, we performed a tBLASTn (Basic Local Alignment Search Tool) search of 

the dbEST database using the VRI amino acid sequence as query.

The blast algorithm tries to identify local regions of alignment between sequences. 

Scores are assigned according to the extension of alignment and high-scoring segment 

pairs (HSPs), i.e. alignments that cannot be optimised any further, are identified. 

Specifically, the score of an alignment is calculated as a sum of substitution and gap 

scores. Gap scores are empirically set penalties for the creation of gaps in aligning 

sequences and the extension of these gaps. Score for substitution (change to a different 

amino acid due to mutation during evolution) for each pair in an alignment is calculated 

according to a scoring system or matrix. In our search we used the Blocks Substitution 

Matrix (BLOSUM), where the frequency of substitution for each amino acid is
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estimated from the substitution frequencies occurring in an alignment of a known family 

o f related proteins. In our search we used BLOSUM62, where the related sequences 

used have maximum 62% identity (default setting). We used the tBLASTn algorithm, 

which compares the amino acid sequence of the query (VRI), against the dbEST 

database translated in all possible reading frames. The search (appendix 1.1) identified 

overlapping, partially homologous entries, which can be assembled into a virtual 

transcript. The ESTs selected for the contig assembly were the ones with P<10'^ (the 

entries with P>10‘̂  are omitted in appendix 1.1), where P is the probability of the 

alignment occurring in the database with the calculated score S or score better than S. 

The probability value is estimated in relation to similar or better scores o f alignments, 

that can occur by chance in the database. The most significant P values are the ones 

close to 0, i.e. sequences in almost perfect alignment. Therefore, to avoid selecting 

ESTs that were actually representing VRI, we selected ESTs with P<10'^, hoping to 

identify new members o f the VR family. The human entries were selected to generate 

the virtual transcript (table 1.1), albeit interrupted by gaps, which represented sequences 

analogous to the amino acid positions 86 to 763 of rat VRI (figures 1.1 and 1.10). Since 

the ESTs were obtained from different cDNA libraries and hence tissues, a RT-PCR 

approach was used to fill in the gaps and to prove that the virtual transcript is not a 

computation artefact.

In order to assemble overlapping ESTs into contigs, the longest EST reading frames 

aligning to the VRI amino acid sequence were considered correct and taken into 

account (e.g. contig 1, figure 1.1. In addition, refer to appendix 1.1). There were also 

cases where alignments from different reading frames of the same EST were considered 

(e.g. contig 2, figure 1.1, entries N23395, frame +1A and N23395, frame +3A), unless 

they were refuting each other (e.g.N21167, frame -1 and N21167, frame -2 , appendix 

1.1). The disruption of the alignment and its continuation in a different frame can be 

explained as the result of sequencing mistakes, which are very common in the single 

pass, low quality sequences of ESTs. Only the human entries (26 ESTs) were selected 

for the construction of contigs (table 1.1), apart from the case of contig 5, where also a 

mouse entry, with extended homology to the corresponding human EST, was used.
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Table 1.1.
(VRi;.

EST clones showing homology to the rat vanilloid receptor subtype 1

GenBank Accession  
N um ber

Library/Tissue Source Region o f H om ology to V R I 
(am ino acid num bers)

W44731 parathyroid tumour (human) 281-401
AA476107 mammary gland (mouse) 541-689
W38665 parathyroid tumour (human) 319-456
AA139413 kidney (mouse) 305-441
AA304033 aorta endothelial cells, TNF 

alpha-treated (human)
649-755

W 82502 total foetus (mouse) 127-264
N23395 foreskin melanocytes (human) 248-401

AA281349 tonsillar cells enriched for 
germinal center B cells (human)

248-344

A A 236416 Pooled melanocyte, foetal heart 
and pregnant uterus (human)

95-231

W92895 foetal liver and spleen 
(subtracted) (human)

537-658

AA741232 tonsillar cells enriched for 
germinal center B cells (human)

86-209

H20025 adult brain (human) 86-209
AA461295 total foetus (human) 86-209
AA357145 Jurkat T-cells (human) 364-456
AA321554 lymphoid tissue / CCRF-CEM 

cells, cyclohexamide treated 
(human)

774-838

H51393 adult brain (human) 87-209
AA768829 tonsillar cells enriched for 

germinal center B cells (human)
86-203

AA 236417 Pooled melanocyte, foetal heart 
and pregnant uterus (human)

86-203

T12251 heart (human) 624-692
N 26729 foreskin melanocytes (human) 119-209
H50364 adult brain (human) 127-209
W 53556 embryos (mouse) 110-273
H21490 adult brain (human) 138-209
H49060 adult brain (human) 135-209
N 21167 foreskin melanocytes (human) 127-209
N 35179 foreskin melanocytes (human) 687-763
AAO15295 placenta (mouse) 709-763
H27879 adult brain (human) 127-203
AA281348 tonsillar cells enriched for 

germinal center B cells (human)
717-763

A A 274980 total foetus (mouse) 722-763
AA078617 placenta (human) 325-389
N 24224 foreskin melanocytes (human) 385-487
AA144832 testis (mouse) 200-354
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Figure 1.1: Mignment of overlapping ESTs and deduction of contigs (in blue letters). 
Discrepancies in the alignment are shown in red color. Different reading frames are 
represented by numbered (+) or (-), followed by capital letters e.g. A, B, that represent 
the first, second etc. aligned segment reported in the tBLASTn search result (where 
applicable). Each contig is aligned against the rat VRI amino acid sequence.

CONTIG 1
>.AA768829(-3)
>/V.4741232(-2)
>1120025(1)
>AA461295(-3)
>A.\2364I7(-3)
>N26729(-3)
>1151393 (-3)
>H50364(-3)
>H27879(-2)
>A.\236416(+1)
>.V\236416(+2)
>H21490(-2)
>H4906(K-1)
>N21167(-1)

>.A.A768829(-3)
>.VA741232(-2)
>1120025(1)
>4.4461295(-3)
>4.4236417(-3)
>N26729(-3)
>H51393(-3)
>1150364(-3)
>H27879(-2)
>.44236416(+1)
>H21490(-2)
>H49060(-1)
>421167(1)

ASQPDPNRFDRDRLFNAVSRGVPEDLAGLPEYLSKTSKY1.TDSEYTEGSTGKTCLMKAVLN
a s q p d p n r f d r d r l f n a v s r g v p e d l a g e p e y l s k :t s k y l t d s e y t e g s t g k .t c l m k a v l n
ASQPDPNRFDRDREF'NAVSRGVPEDLAGLPEYl.SKTSKYLTDSEYTEGSTGKTCLMKAVLN
ASQPDPNRFDRDRLFNAVSRGVPEDLAGLPEYLSKTSKYLTDSEYTEGSTGKTCLMKAVLN
ASQPDPNRFDRDRLFNAVSRGVPEDLAGI.PEYLSKTSKYLTDSEYTEGSTGKTCLMKAVLN

NAVSRGVPEDLAGI.PEY1.SKTSKYLTDSEYTEGSTGKTCLMKAV1.N
EDLAGLPEYLSKTSKYLTDSEYTEGSTGKTCLMKAVLN
EDLAGl.PEYLSKTSKYLTDSEYTEGSTGKTCLMKAVLN

TGKTCLMKAVl.N
F.DLAGLPEYI.SKTSKYLTDSEYTEGSTGKTCLMKAVLN

QPQLPKGTGASQDPDNRIDRDRLFNAVSR
Rl’SK YLTDSE YTEGSTGKTCLM KAVLN 

TGKTCLMKAVLN 
EDLAGLPEYLSKTSKYLTDSEYTEGSTGKTCLMKAVLN

LKIXÎVNACILPI.I,Q1DRDSGNPQPLVNA(X:TDDYYRGHS
l k d g v n a c ie p l l q id r d s g n p q p l v n a c jc t d d y y r g h s a l h ia i
l.KIXrVNACILPI.L01DRDSGNP0PI,VNA(5CTDDYYRGHSALHlAI
LKEXIVNACIL PLI .QIDRDSGNPOPLVNACX^TDDYYRGHS.ALHIAI
LKDGVNACILPLl.QIDRDSGNPQPEVNACJCTDDYYRGHS
LKDGVNA-XILPLLQIDRDSGNPQPLVNACJCTDDYYRGHSALHIAl
LKDGVNAC1LPLI,QIDRDSGNP0PEVNA(^TDDYYRGHSAI.H1A1
LKIXJVNACILPLLQIDRDSGNPQPLVNACJCTDDYYRGHSALHIAI
LKDGVNACIL.PLL0IDRDSGNPQPI.VNA(X:TDDYYRGHS
I.KDGVNACILPLLOIDRDSGNPOPEVNAC^TDDYYRGHSALHIAIEKRSI.QCVKLLVENGANVHARA
i.k d g v n a c il p l l q id r d s g n p q p l v n a c ^ t d d y y r g h s a l h ia i
LKIXrVNACILPI.I.QIDRDSGNPQPI.VNAC?CTDDYYRGHSAI.HlAI
LKIX;

S c o r e  = 1 1 8  b i t s  ( 2 9 6 ) ,  E x p e c t  = 3 e - 2 5
I d e n t i t i e s  = 6 1 / 1 3 7  (4 4 % ) , P o s i t i v e s  = 8 8 / 1 3 7  (63% )

r a t  V R I; 95  RPSSQDSVSAGEKPPRLYDRRSIFDAVAQSNCQELESLLPFLQRSKKRLTDSEFKDPETG 1 5 4  
+P A + P +DR +F+AV++ ++L L +L ++ K LTDSE+ + TG

C o n t i g  1 :  1 QPQLPKGTGASQDPDNRFDRDRLFNAVSRGVPEDLAGLPEYLSKTSKYLTDSEYTEGSTG 60

R a t  V R I: 1 5 5  KTCLLKAMLNLHNGQNDTIALLLDVARKTDSLKQFVNASYTDSYYKGQTALHIAIERRNM 2 1 4
KTCL+KA+LNL + G N  I  L L + R + + +  VNA TD YY+G +A L H IA IE + R + + 

C o n t i g  1 :  61  KTCLMKAVLNLKDGVNACILPLLQIDRDSGNPQPLVNAQCTDDYYRGHSALHIAIEKRSL 1 2 0

R a t  V R I: 2 1 5  TLVTLLVENGADVQAAA 2 3 1
V LLVENGA+V A A 

C o n t i g  1 :  1 2 1  QCVKLLVENGANVHARA 1 3 7

CONTIG 2
>,44281349(+3)
>N23395(+1A)
>N23395(+3.4)
>\V44731(+2.4)
>VV44731(+3.4)

GELPLS1.AACTKQWDVVSYLLENPHQPASL0ATDSQGNTVI.HA1.VMISDNSAENIAL
GELPLSI.AACTKQWDVVSYLLENPHQPASLQA

DSQGNT VLH AL VMISDNS AEN1AL
dsc?g n t v l h a l v m is d n s a e n ia l .

GELPLSLAACTKQWDVVSYLLENPHOPASI,

>.4.4281349(+3)
>N23395(+3A)
>W44731(+2.4)
>VV38665(-3)

VTSMYDGLLQAGARLCPTVQLEDIRNLQDLTPLKLAAKEG
VTSMYDGLLQAGARLCPTVQ
VrSMYDGLLQAGARLCPTVQLEDIRNLQDLTPLKLAAKEGKIElFRHILQRE

LCPTVOLEDIRNLQDLTPLKXAAKEGKIEIFRHILQRGVXRTE

S c o r e  = 1 2 9  b i t s  ( 3 2 3 ) ,  E x p e c t  = 2 e - 2 8
I d e n t i t i e s  = 6 5 / 1 1 4  (5 7 % ) , P o s i t i v e s  = 8 3 / 1 1 4  (72% )

R a t  V R I : 2 4 8

C o n t i g  2 : 1

R a t  V R I: 3 0 8

C o n t i g  2 : 61

GELPLSLAACT Q +V +LL+N QPA + A DS GNTVLHALV ++DN+ +N VTS 
GELPLSLAACTKQWDWSYLLENPHQPASLQATDSQGNTVLHALVMISDNSAENIALVTS

MY+ +L GA+L P T + + L E + I N + LTPL LAA GKI + +ILQ R E+ E 
MYDGLLQAGARLCPTVQLEDIRNLQDLTPLKLAAKEGKIEIFRHILQREVXRTE 1 1 4

60
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CONTIG 3
>\V44731(+2B) HLSRKJTEWCYGPVRVSLYDLASVDSCEENSVLEIIAF
>.\A357145(+2A) HLSRKFrEWCYGPVRVSLYDLASXDSCXENSVIÆIIAF
>N23395(+3B) VDSCEENSVLGIIAF
>V\’3866S(-1A) HLSRKFTEWCYGPVRVSLYDLASVDSCEENSVLEIIAF

S c o r e  = 6 7 . 0  b i t s  ( 1 6 2 ) ,  E x p e c t  =  l e - 0 9  
I d e n t i t i e s  = 2 8 / 3 8  (7 3 % ) , P o s i t i v e s  = 3 4 / 3 8  (88% )

R a t  V R I ; 3 6 4  HLSRKFTEWAYGPVHSSLYDLSCIDTCEKNSVLEVIAY 4 0 1
HLSRKFTEW YGPV SLYDL+ +D+CE+NSVLE+IA+ 

C o n t i g  3 :  1 HLSRKFTEWCYGPVRVSLYDLASVDSCEENSVLEIIAF 38

CONTIG 4
>N24224(+1) KSPXRHRMVVLEPLNKLLQAKWDLLIPKFFLNFLCNLXYMFIFTAVAYHQPT
>,-V\357145(+2B) KSPHRHRM VVl.EPLNKLLQ
>VV38665(-1 B) KSPHRHRMVVLEPLNKLLQAKWDI.LIPKFF

>N24224(+1) LKKQAAPHLKAEVGNSMLLTGHILILLGGIY

S c o r e  = 7 2 . 8  b i t s  ( 1 7 7 ) ,  E x p e c t  = 2 e - l l
I d e n t i t i e s  = 3 8 / 8 5  (4 4 % ) , P o s i t i v e s  = 5 6 / 8 5  (6 5 % ) ,  G a p s  =  4 / 8 5  (4%)

R a t  V R I : 4 0 5  ETPNRHDMLLVEPLNRLLQDKW DRF\'KRIFYFNFFVYCLYMIIFTAAAYYRPV--EGLPP 4 6 2
++P+RH M+++EPLN+LLQ KWD + + F+ NF YM IF T A  AY++P + P

C o n t i g  4 :  1 KSPHRHRMWLEPLNKLLQAKWDLLIPK-FFLNFLCNLXYMFIFTAVAYHQPTLKKQAAP 59

R a t  V R I: 4 6 3  YKLKNTVGDYFRVTGEILSVSGGVY 4 8 7
+ LK VG+ +TG I L  + GG+Y 

C o n t i g  4 :  60  H-LKAEVGNSM LLTGHILILLGGIY 83

CONTIG 5
>VV92895(+1) YLPLLVSALVLGWLNl.LYYTRGFQHTGIYSVMIQK
>.VA476107(MOl SE>fl LVSSLVLGWLNLLYYTRGFQHTGIYSVMIQKVILRDLLRFLLVYLVF

>AA476107(\IOl SE)+1 LFGFAVALVSi.SRIX:RSPKAPEDS

S c o r e  = 9 7 . 4  b i t s  ( 2 4 1 ) ,  E x p e c t  = 7 e - 1 9  
I d e n t i t i e s  = 4 4 / 7 5  (5 8 % ) ,  P o s i t i v e s  = 5 9 / 7 5  (78% )

R a t  V R I: 5 3 7  YVASMVFSLAMGWTNMLYYTRGFQQMGIYAVMIEKMILRDLCRFMFVYLVFLFGFSTAW 5 9 6
Y+ +V +L +GW N+LYYTRGFQ G IY +V M I+K +ILRD L RF+ VYLVFLFGF+ A+V 

C o n t i g  5 :  1 YLPLLVSALVLGWLNLLYYTRGFQHTGIYSVMIQKVILRDLLRFLLVYLVFLFGFAVALV 60

R a t  V R I: 5 9 7  TLIEDGKNNSLPMES 6 1 1
+L DG++ P +S 

C o n t i g  5 :  61  SLSRDGRSPKAPEDS 75

CONTIG 6
>ri2251(+3) GAQYRGILVASLELFKFTIGMGELAF'QEQLHFRGMVLLLLL
>AA304033(+1) FQXQLHFRGMVLLLLL

>ri2251(+3) AYVLLTYILLLNMLIA1.MSETVNSVATD
>A..\304033(+1) AYVLLTYILELNMLIALMSETVNSVATDSWSIWKLQKAIXVLEMENGYWWCRKK 
>N35179(-1) KK
>.V\281348(-2) RKK

>N35179(-1) QRAGVMLXVGTKPDGSPDERWCFRVEEVNWASWEQTLPTLCEDP
>A.A281348(-2) QRAGVMLTVGTKPDGSPDERWCFRVEEVNWASWEQTLPTLCEDP

S c o r e  = 1 6 0  b i t s  ( 4 0 4 ) ,  E x p e c t  = 9 e - 3 8
I d e n t i t i e s  = 7 8 / 1 4 0  (5 5 % ) , P o s i t i v e s  = 9 8 / 1 4 0  (6 9 % ), G a p s  = 1 / 1 4 0  (0%)

R a t  V R I : 6 2 4  GNSYNSLYSTCLELFKFTIGM GDLEFTENYDFKAVFIILLLAYVILTYILLLNM LIALMG 6 8 3
G Y + LELFKFTIGM G+L F E F+ + ++LLLAYV+LTYILLLNMLIALM 

C o n t i g  6 :  1 GAQYRGILVASLELFKFTIGMGELAFQEQLHFRGMVLLLLLAYVLLTYILLLNMLIALMS 60

R a t  V R I : 6 8 4  ETVNKIAQESKNIWKLQRAITILDTEKSFLKCMRKAFRSGKLLQVGFTPDGKDDYRWCFR 7 4 3
ETVN +A +S +IW KLQ+AI +L+ E + C RK R+G +L VG PDG D RWCFR 

C o n t i g  6 :  61 ETVNSVATDSWSIWKLQKAIXVLEMENGYWWC-RKKQRAGVMLTVGTKPDGSPDERWCFR 1 1 9

R a t  V R I : 7 44 VDEVNWTTWNTNVGIINEDP 7 63
V+EVNW +W + + EDP

C o n t i g  6 :  1 2 0  VEEVNWASWEQTLPTLCEDP 1 3 9
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CONTIG 7
>A.\321554(+2) SFSLRSSRVSGRHWKNFALVPLLREASXRXRQSAQPEEVYLRQFSGSLKPEDAEVFKSPAASGEK

S c o r e  = 9 4 . 4  b i t s  ( 2 3 3 ) ,  E x p e c t  = 6 e - 1 8  
I d e n t i t i e s  = 4 6 / 6 5  (7 0 % ) , P o s i t i v e s  = 5 2 / 6 5  (79% )

R a t  V R I: 7 7 4  SFSLRSGRVSGRNWKNFALVPLLRDASTRDRHATQQEEVQLKHYTGSLKPEDAEVFKDSM 8 3 3
SFSLR S RVSGR+WKNFALVPLLR+AS R R + Q EEV L+ ++GSLKPEDAEVFK 

C o n t i g  7 ;  1 SFSLRSSRVSGRHWKNFALVPLLREASXRXRQSAQPEEVYLRQFSGSLKPEDAEVFKSPA 60

R a t  V R I : 8 3 4  VPGEK 8 3 8
GEK

C o n t i g  7 :  61  ASGEK 65

As it is evident from the contig-VRI alignments, there is no contig representing the N- 

terminus of the VRI sequence. In order to identify ESTs closer to the 5' end, 

information deposited in the Institute for Genome Research (TIGR) was used. One of 

the databases maintained in this institute is the Human Gene Index (HGI), which stores 

information from human genome projects worldwide. One subdivision is the database of 

tentative human consensus sequences (THCs), a regularly updated collection of human 

EST clusters. The ESTs used are non-redundant cDNA and coding genomic DNA 

entries in GenBank, that were assembled under strict criteria (minimum of 40 bases 

overlap, 95% sequence identity) to create transcripts with consensus sequence and to 

avoid the generation of chimeric contigs. One of the most 5' EST identified by the 

tBLASTn search was used (H20025) to search the THC reports. This resulted in 

retrieving a THC report (figure 1.2) that extended the consensus sequence to the N 

terminus of the virtual transcript.

Figure 1.2: The THC report using the EST with gb#H20025 as query 

HGI THC Report: THC176254
GCTAGÇCTGTCCTGACAGGGgAGAGTTAAGCTCCCGtTCTCCACCGTGCCGGCTGgCAGGTGGGCTGAGGGTGACCGAGA
GACCAGAACCTGCTTGCTGGAGCTTAGTGCTCAGAGCTGGGG^GGGAGGTTCCGCCGCTCCTCTGCTGTCAGCGCCGGCA
GCCCCTCCCGGCTTCACTTCCTCCCGCAGCCCCTGCTACTGAGAAGCTCCGGGATCCXAGCAGCCGCCACGCCCTGGCCT
CAGCCTGCGfSGGCTCCAGTCAGGCCAACACCGACOGGCAnTGGnGAGGAAGACAGGACCCTTGACATCTCCATCTGCACA
GAGGTCCTGGCTGGACgAGCAGCCTCCTCCTCCTAGGATGACCTCACCCTCCAGCTCTCC^iGTTTTCAGGTTGGAGACAT
TAGATGGAGGCCAAGAAGATGGCTCTGAGGCGGACAGAGGAAAGCTGGATTTTGGGAGCGGGCTGCCTCCCATGGAGTCA
CAGTTCCAGGGCGAGGACCGGAAATTCGCCCCTCAGATAAGAGTCAACCTCAACTACCGAAAGGGAACAGGTGCCaGTCA
GCCGGATCCAAACCGATTTGACCgAGATCGGCTcTTCAATGCQGTCTCCCgGGGTGTCCCCGAGGATCTGGCTGGACTTC
CAGAGTACCTGAGCAAGACCAGCAAGTACCTCACCGACTCGGAATACACAGAGGGCTcCACAGGTAAGACGTGCCTGATG
AAGGCTGTGCTGAACCTTAAGGACGGGGTCAATGCCTGCATTCTGCCACTGCTGCAGATCGACCGGGACTCTGGCAATCC
TCAGCCCCTGGTAAATGCCCAGTGCACAGATGACTATTACCGAGGCCACAGCGCTCTGCACATCGCCATT

 2  >
- 3 ------------------------------------ > < ------------------------------------ 9 ---------------------------------------

------------------------------------------ 4 ----------------------------------------- >
---------------- 5--------------- >
  —  6  >
------------------------------------7 ------------------------------------->
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EST Id GB# ATCC# left right library
1
2
3
4
5
6
7
8
9
10 
11 
12
13
14
15

yxSOhll 
yx47e06 
yx62cll 
yn55e02 
yn7^h03 
yo21f05 
yo29h05 
yo30f10 
ynS5e02 
yx47e06 
yo30f10 
yo29h05 
yx62cll 
yn76cll 
yo21f05

-rl N28029 
•rl N29128 
.rl N3.4617 
.rl H201Q1 
.rl MQ.615 
.rl H49128 
.rl H5.Q4Q4
.rl
.si H20Q25 
.si N21167 
.si H51393 
.si Ü50364 
.si N26729 
.si H214gç> 
.si a42P6Q

522334 1 476 melanocyte 2NbHM, Soares
522011 14 506 melanocyte 2NbHM, Soares
523437 15 424 melanocyte 2NbHM, Soares
419091 320 771 adult brain N2b5HB55Y, Soares
421422 320 591 adult brain N2b5HB55Y, Soares
425338 320 757 adult brain N2b5HB55Y, Soares
426130 320 713 adult brain N2b5HB55Y, Soares
426212 340 654 adult brain N2b5HB55Y, Soares
419091 464 870 adult brain N2b5HB55Y, Soares
522011 475 870 melanocyte 2NbHM, Soares
426212 478 870 adult brain N2b5HB^5Y, Soares
426130 493 870 adult brain N2b5HB55Y, Soares
523437 501 870 melanocyte 2NbHM, Soares
421101 506 870 adult brain N2b5HB55Y, Soares
425338 525 870 adult brain N2b5HB55Y, Soares

Sequence source codes : 
F = WashU/Merck

The report contains the consensus sequence derived from collating the overlapping 

ESTs together. The horizontal parallel lines represent the alignment of each EST on the 

consensus sequence, followed by the list of ESTs used to generate the report. In order to 

establish whether or not the THC report contains the initiation methionine, the 

consensus sequence was translated in all reading frames. The translation revealed the 

first forward reading frame as the correct frame containing the start codon and lacking 

proceeding stop codons (figure 1.3).

Figure 1.3:Translation of THC 176254 in all possible frames. The initiation methionine 
is highlighted.

5'3* Frame 1
A S L S Stop Q G R V K L P F S T V P A G R W A E G D R E T R T C L L E L S A Q S W ü G R F R R S S A V S A G S P S R  
I. H F L P Q P L L L R S S G I P A A A T P W P Q P A G L Q S G Q H R R A X X R K T G P L T S P S A Q R S W L D E Q P P  
P P R Met  I  S P S S S P V F R I. E T L D G G Q E D G S E A D R G K L D F G S G L P P Met  E S Q F Q G E D R K F A P Q I 
R V N L N Y R K G T G A S Q P D P N R F D R D R L F N A V S R G V P E D L .  A G L P E Y L S K T S K Y L T D S E Y T E  
G S T G K T C L M e t K A V L N L K D G V N A C I L P L L Q I D R D S G N P Q P L V N A Q C T D D Y Y R G H S A L I - I I  
A N

5'3' Frame 2
L A C P D R G E L S S R S P P C R L A G G L R V T E R P E P A C W S L V L R A G E G G S A A P L L S A P A A P P G F T  
S S R S P C  Y Stop E A P G S Q Q P P R P G L S L R G S S Q A N T D A X W X G R Q D P  Stop H L H L H R G P G W T S S  
L L L L G Stop P H P P A L Q F S G W R H  Stop M e t E A K K M e t A L R R T E E S W I L G A G C L P W S H S S R A R T G  
N S P L R  Stop E S T S T T E R E Q V P V S R I Q T D L T E I G S S M e t R S P G V S P R I W L D F Q S T  Stop A R P A S T S 
P T R N T Q R A P Q V R R A  Stop Stop R L C  Stop T L R T G S M et P A F C H C C R S T G T L A I L S P W Stop M et P S A 
Q M et T I  T E A T A L C T S P I

5*3’ Frame 3
Stop P V L Ï  G E S Stop A P V L H R A G W Q V G  Stop G Stop P R D Q N L L A G A  Stop C S E L G R E V P P L L C C Q R  
R Q P L P A S L P P A A P A T E K L R D P S S R U A L A S A C G A P V R P T P T R X X E E D R ' l ’ L D I S I C T E V L A G  
R A A S S S Stop D D L T L Q L S S F Q V G D I R W R P R R W L  Stop G G Q R K A G F W E R A A S H G V T V P G R G P  
E I R P S D K S Q P Q L P K G N R C Q S A G S K P I  Stop P R S A L . Q C G L P G C P R G S G W T S R V P E Q D Q Q V P H  
R I. G I H R G L H R Stop D V P D E G C A E P  Stop G R G Q C L H S A T A A D R P G L W Q S S A P G K C P V H R  Stop L 
L P R P Q R S A H R Q

3*5* Frame 1
N W R C A E R C G L G N S H L C T G H L P G A E D C Q S P G R S A A V A E C R H  Stop P R P  Stop G S A Q P S S G T S  
Y L W S P L C I P S R  Stop G T C W S C S G T L E V Q P D P R G H P G R P H  Stop R A D L G Q I G L D P A D W H L F P F  
G S Stop G Stop L L S E G R I S G P R P G T V l ' P W E A A R S Q N P A F L C P P Q S H L L G L H L M e t S P T  Stop K L E 
S W R V R S S Stop E E E A A R P A R T S V Q M e t E M e t S R V L S S X P X R V G V G L T G A P Q A E A R A W R L L G  
S R S F S V A G A A G G S E A G R G C R R  Stop Q Q R S G G T S L P S S E H  Stop A P A S R F W S L G H P Q P Ï C Q P A  
R W R T G A  Stop L S P  V R T G  Stop
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3’5’ Frame 2
I G D V Q S A V A S V I V 1 C A I . G I Y Q G L R I A R V P V D L Q Q W Q N A Ü I D P V L K V Q H S L H Q A R L T C Ü A  
L C V F R V G E V L A G L A Q V L W K S S Q I L G D T P G D R I E E P I S V K S V W I R L T G T C S L S V V E V D S Y  
L R G E F P V L A L E L Stop L H G R Q P A P K 1 Q L S S V R L R A 1 F L A S 1 Stop C L Q P E N W R A G G  Stop G H P R  
R R R L L V Q P G P L C R W R C Q G S C L P X X C A S V L A  Stop L E P R R L R P G R G G C W D P G A S Q  Stop Q G L 
R E E V K P G G A A G A D S R G A A E P P S P A L S T K L Q Q A G S G L S V T L S P P A S R H G G E R E L N S P L S G  
Q A S

3*5' Frame 3
L, A Met C R A L W P R Stop Stop S S V H W  A F T R G  Stop G I . P E S R S I C S S G R M e t Q A L T P S L R F S T A F I R H  
V L P V E P S V Y S E S V R Y L L V L L R Y S G S P A R S S G ' I ' P R E T A L K S R S R S N R F G S G  Stop L A P V P F R 
Stop F R E T  LI  Stop G A N F R S S P W N C D S M e t G G S P L P K S S F P L S A S E P S S W P P S N V S N L K T G E L E  
GE  V I L G G G G C  S S S Q D L C A D G D  V K G P V F L X X  A R R C  W P D  W S P A G S t o p G Q G  V A A A G I P E L L  
S S R G C G R K  Stop S R E G L P A L T A E E R R N L P P Q E  Stop A L S S S K Q V L V S R S P S A H L P A G T V E N G  
S L T L P C Q D R L

The highlighted initiation methionine is preceded by a stop codon as expected. Unlike 

the other frames, the first forward frame is not interrupted by further stop codons.

The THC report (figure 1.2) contains many of the ESTs covered by contig I (figure 1.1); 

therefore contig 1 can be represented by the combination of the THC report with the 

tBLASTn search result for this region (figure 1.4).

Figure 1.4: Contig 1 with 5'UTR

ASL.SStopQGRVKLPFSTVPAGRWAEGDRETRTCLLELSAQSWGGRF’RRSSAVSAGSPSRLHFLPQPLLLRSSGIPAAATPWP
QPAGLQSGQIIRRAXXRKTGPLTSPSAQRSWI.DEQPPPPRMrSPSSSPVFRLETLDGGQEDGSEAI3RGKLDFGSGLPPMl^SQ
FQCiEDRKF'APQIRVNLNYRKGTGASQPDPNRFDILDRLP’NAVSRGVPEDLAGLPEYLSKTSKYLTDSEYTEGSTGKTCLMK
AVI.NLKDGVNACILPLLQIDRDSGNPQPLVNAQCTOÜYYRGHSAI.HIAI

I d e n t i t i e s  = 4 6 / 1 0 5  (4 3 % ) , P o s i t i v e s  = 6 8 / 1 0 5  (63% )

R a t  V R I: 10 4  AGEKPPRLYDRRSIFDAVAQSNCQELESLLPFLQRSKKRLTDSEFKDPETGKTCLLKAML 1 6 3
A + P +DR +F+AV++ ++L L +L ++ K LTDSE+ + TGKTCL+KA+L

C o n t i g  1 /5 U T R : 18 4  ASQPDPNRFDRDRLFNAVSRGVPEDLAGLPEYLSKTSKYLTDSEYTEGSTGKTCLMKAVL 2 4 3

R a t  V R I: 1 6 4  NLHNGQNDTIALLLDVARKTDSLKQFVNASYTDSYYKGQTALHIAI 2 0 9
NL +G N I  LL + R + + + VNA TD YY+G +A L H IA I 

C o n t i g  1 /5 U T R : 2 4 4  NLKDGVNACILPLLQIDRDSGNPQPLVNAQCTDDYYRGHSALHIAI 2 8 9

The EST AA236416 (see contig 1, figure 1.1) has not been included, since it did not 

meet the strict criteria applied for the construction of the THC report. In summary, by 

combining EST and THC database mining with VRI as a "probe", a virtual transcript of 

a gene related to the capsaicin receptor was generated. Notwithstanding this 

accomplishment, computational cloning methods are prone to errors due to redundancy 

and low sequencing quality of the EST database. It was therefore necessary to obtain 

experimental verification for the existence of the virtual transcript.

1.b Cloning of the full length gene using classic PCR and ligations

In order to prove that VR-L is not a computational artefact but it represents an 

expressed gene, primers were designed based on the contig sequence that would allow 

the gene amplification with RT-PCR. The alignment of the contigs against the VRI
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protein reveals parts of the latter that are not covered by ESTs. The RT-PCR approach 

would result in filling in these gaps and also offer the experimental validation for the 

existence of this gene. If the virtual transcript wcts real, further analysis would be
ifcv.'t

required to examine it represents a novel member of the vanilloid receptor family.

RNA from Jurkat cells was used, a leukemic T cell line, the tissue source of one cDNA 

library that gave the positive EST hit AA357145. Primers covering the whole length of 

the virtual transcript were used (see table 1.2 and appendix 1.6 for their sequence and 

figure 1.10 for their relative position on the transcript). The Pfu polymerase with proof­

reading activity was used, in order to avoid introducing mistakes in the sequence. An 

initial RT-PCR was performed attempting to ligate contigs 2-4, 3-4, 4-5 and 6-7 

(consult figure 1.10 for the primer location and table 1.2 for the expected size of the 

products. For size of ladders used see appendix 1.7).

1 1 3  4 S' 6 ? g

Figure 1.5: RT- PCR using Jurkat cells RNA and 
primers designed from the virtual VR transcript 
Lane 1: lOObp ladder
Lane 2: J1-J5 primers product (-740  bp expected) 
Lane3: J2-J3 primers product (-270  bp expected) 
Lane 4: J1-J3 primers product (-620bp expected) 
Lane 5: J2-J5 primers product (-360  bp expected) 
Lane 6: J4-J6 primers product (-420  bp expected) 
Lane 7: J7-J9 primers product (-260  bp expected) 
Lane 8: J7-J10 primers product (-230bp expected)

The size prediction was derived from the relative position of these primers on the 

contigs and the corresponding position on VRI. With the exception of the last two RT- 

PCR reactions (lanes 7 and 8), products of the expected size were acquired proving that 

the virtual transcript represents a real gene. The primers used in the last two reactions 

were designed from the last two contigs, reflecting the putative 3' end of the gene. 

Subsequent efforts to repeat the RT-PCR for this region of the gene failed. This failure 

combined with the fact that the last contig comprises only one EST hit and thus is not 

very reliable, led to the conclusion that maybe this contig forms part of a different 

vanilloid receptor gene. Consequently, whereas the rest of the primer pairs successfully 

traverse along gaps and bridge gene regions covered by different contigs, primers J7, J9, 

JIO fail to connect contigs 6 and 7, since they probably recognise different genes. As it 

was proven later with the cloning of human VRI (Hayes et 6//.̂  2000), contig 7 sequence 

actually represents the C terminus of human VRI (figure 1.6).
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Figure 1.6:f\lignment of contig 7 with human VRI 

Identities = 63/65 (96%), Positives -  63/65 (96%)

H um an V R I: 7 7 5  SFSLRSSRVSGRHWKNFALVPLLREASARDRQSAQPEEVYLRQFSGSLKPEDAEVFKSPA 8 3 4  
SFSLRSSRVSGRHWKNFALVPLLREAS R RQSAQPEEVYLRQFSGSLKPEDAEVFKSPA 

C o n t i g  7 :  1 SFSLRSSRVSGRHWKNFALVPLLREASXRXRQSAQPEEVYLRQFSGSLKPEDAEVFKSPA 60

H um an V R I: 8 3 5  ASGEK 8 39  
ASGEK

C o n t i g  7 :  61 ASGEK 65

In order to identify the 3' end of the transcript represented by contigs 1-6, the THC 

reports were once more examined, using AA281348, the most 3' EST from contig 6, as 

a query. This search resulted in retrieving a promising THC that might contain the C 

terminus of the virtual transcript (figure 1.7).

Figure 1.7: The THC report using the EST with gb#AA281348 as query. The stop 
codon is highlighted

HGI THC REPORT: THC 161190
TTAGTTAGTGAAAATATATATTTGCCACCAGAATTCACTGGGACCCCAGAGCCAGCAGATGTGGTTGGAAAGATCCTCTGCTCTGTCC
TCTGGCCTCCTGCTGCATCTGGGCCATÇAGTTGGACTGGAGGAGCTGGACGGGCACATAGTTTTCCTCAGAGGCACCATCCTCATCCT
CCTTGGGAGGGGAAGCCAGGACAGGGTTCTCGAGAGTTCGAGGGACACCTGCCCCTGACGGGTCCTCACACAGCGTAGGCAGCGTCTG
CTCCCATGAAGCCCAGTTCACCTCCTCCACCCTGAAGCACCAGCGCTCATCGGGGCTGCCATCTGGCTTAGTGCCAACGGTCAGCATC
ACACCTGCCCGCTGCTTCTTCCTGCACCACCAATAGCCATTCTCCATCTCCAGGACAGAGATGGCTTTCTGCAGCTTCCAGATGCTCC
AGCTGTCAGTGGCGACACTGTTGACGGTCTCGCTCATGAGGGCGATGAGCATGTTGAGCAGCAGGATGTAGGTGAGCAGCACGTAGGC
CAGCAGCAGCAGCAGCACCATGCCGCGGAAGTGCAGCTGCTCCTGGAAGGCCAGCTCGCCCATGCCGATGGTGAATTTGAAGAGCTCC
AAGGAGGCTTCCAGGATACCCCTGTACTGGGCCCCGTTGCCCTCGTCCTCCTGTCG

1====
____ 1 .

- - 2  -
- -  3 -

___ 5_ __

_____________7 ______________

672
13-

>

# s tc EST Id GB# Clone l e f t r ig h t Library

1 GB wd88b03.xl AI912253 IMAGE:2338637 1 364
2 GB tx.2ih 02._xl AI801897 IMAGE:2270931 3 628 NCI CGAP Lu24
3 GB qb96b07.xl AI126953 IMAGE:1707925 3 370 fe ta l  heart NbHH19tr, Soares
4 F Yx53çOL_s1 N21284 IMAGE:265452 3 335 melanocyte 2NbHM, Soares
5 F v x21all.s i H99578 IMAGE:262436 3 310 melmnnrvt* 2MhHM. Rmar#*
6 F zs94gl2..rl AA28.134B .image l705J 90 4 428 Germinal B -cell, Soares NbHTGBC
7 GB ti37a04.x l AI_4.3J,222 IMAGE:2132694 5 337 lymphoma, fo l l ic u la r  mixed small and large  c
8 GB ou38h02.sl AA994465 IMAGE:1628595 7 (86 fe ta l  lung, t e s t i s ,  B -cell (Soares NFL T GBC
9 GB al90c09.xl AI305201 IMAGE:1879600 7 476 pooled human melanocyte, f e ta l  h eart, and pi

10 F ?h80b02,.s.l W9281J INAGEi.418419 7 410 fe ta l  l iv e r  and spleen INFLS SI subtracted .
11 F yx8Jel2^rl .N3Ü79 IMAGE:268366 33 474 melanocyte 2NbHM, Soares
12 T EST.16729 AA104033 HAFAU18 270 529 Aorta endothe lia l + TNF alpha
13 G A468F T12251 A468 453 672 heart
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The THC report for this region contains ESTs that compnse contig 6. Therefore contig 

6 and THC 161190 can be abridged to one contig. The amino acid sequence of this new 

contig was derived from the translation of THC 161190 (figure 1.8). By translating the 

consensus sequence in all frames, the stop codon was identified. As expected, the 

correct reading frame corresponds to the reading frame of the EST used to search the 

THC database. New primers were designed from the new contig 6 to amplify the 3'end 

of the virtual transcript.

Figure 1.8:Translation of contig 6 containing the 3'UTR. The stop codon is highlighted.

5'3* Frame 1
L V S E N I Y L . P P E F T G T P E P A D V V G K I L C S V L W P P A A S G P S V C i L E E L D G H I V F L R G T r L I L L G  
R G S Q D R V L E S S R D T C P  Stop R V L T Q R R Q R L L P Stop S P V H L L H P E A P A L I G A A I W L S A N G Q H  
H T C P L L L P A P P I A I L H L Q D R D G F L Q L P D A P A V S G D ' I ’ V D G L A H E G D E H V E Q Q D V G E O H V  
G Q Q Q Q Q H H A A E V Q L L L E G Q L A H A D G E F E E L Q G G F Q D T P V L G P V A L V L . L S

S'3* Frame 2
Stop L V K I Y I C n  Q N S L G P Q S Q Q M et W L E R S S A L S S G L L L H L G H Q I, I) W R S W T G T Stop F S S E A P  
S S S S L G G E A R T G F S R V R G T P A P D G S S H S V G S V C S H E A Q F T S S T L K H Q R S S G I. P S G I. V P T V 
S 1 T P A R C F F L H H Q Stop P F S I S R T E M et A F C S F Q M et L Q L S V A T L L T V S L Met R A Met S Met I, S S R 
Met Stop V S S T  Stop A S S S S S T M et P R K C S C S W K A S S P M et P Met V N L K S S K E A S R I P L Y W A P L P S
ssc
5'3’ Frame 3
S Stop Stop K Y I F A T R 1 H W D P R A S R C G W K D P L L C P L A S C C I W A I S W T G G A G R A H S F P Q R H H P 
H P P W E G K P G Q G S R E F E G H L P L T G P H T A  Stop A A S A P Met K P S S P P P P Stop S Ï  S A H R G C H L A 
Stop C Q R S A S H L P A A S S C T T N S H S P S P G Q R W L S A A S R C S S C Q W R H C  Stop R S R S Stop G R Stop A 
C Stop A A G C R  Stop A A R R P A A A A A P C R G S A A A P G R P A R P C R W  Stop I Stop R A P R R E P G Y P C T G  
P R C P R P P V

3*5’ Frame 1
R Q E D E G N G A Q Y R G I L  E A S L E L F K F T I G Met  G E L A F Q E Q L FI F R G Met  V L L L L L A Y V I. L T Y I L 
L L N Met  L I A L Met  S E T V N S V A T D S W S I W K L Q K A I S V L E Met  E N G Y W W C R K K Q R A G V Met  L T 
V G T K P D G S P D E R W C F R V E E V N W A S W E Q r  L P r L C E D P S G A G V P R T L E N P V I. A S P P K E D E 
D G A S E E N Y V P V Q L L . Q S N  Stop W P R C S R R P E D R A E D L S N H I C W L W G P S E F W W Q I Y I F T N  
Stop

3*5' Frame 2
D R R T R A F G P S T G V S W K P P W S S S N S P S A W A S W P S R S S C T S A A W C C C C C W P r  C C S P T S C C 
S T C S S P S  Stop A R P S T V S P L T A G A S G S C R K P S L , S W R W R M e t A I G G A G R S S G Q V  Stop C Stop P L  A 
L S Q M e t A A P M e t S A G A S G W R R  Stop T G L H G S R R C L R C V R T R Q G Q V S L E L S R T L S W L P L P R R  
Met  R Met  V P L R K r Met  C P S S S S S P T D G P D A A G G Q R T E Q R I F P T T S A G S G V P V N S G G K Y I F S L 
T

3*5* Frame 3
T G G R G Q R G P V Q G Y P G S L L G A L Q I H H R H G R A G L P G A A A L P R H G A A A A A G L R A A H L H P A  
A Q H A H R P H E R D R Q Q C R H  Stop Q L E H L E A A E S H L C P G D G E W L L V V Q E E A A G R C D A D R W H  
Stop A R W Q P R Stop A L V L Q G G G G E L G F M e t G A D A A Y A V  Stop G P V R G R C P S N S R E P C P G F P S Q  
G G Stop G W C L  Stop G K L C A R P A P P V Q L M e t A Q M e t Q Q E A R G Q S R G S F Q P H L L A L G S Q  Stop 1 L V 
A N I  Y F H S t o p L

The right frame is 3'5' frame 1, since it agrees with the translation of the pre-existing 

contig 6. This is the only frame where the stop codon is not followed by methionines, 

indicating that it is indeed the stop signal for the gene transcription. The alignment of 

the THC report with the rat VRI protein sequence revealed that the former shares 55%o & 

identity with the capsaicin receptor (figure 1.9). This percentage is more promising for
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representing a new family member compared to the 70% identity to VRI exhibited by 

contig 7.

Figure 1.9: New contig 6 with 3' UTR

RQEDEGNGAQYRGILEASLELFKFTIGMGELAFQEQLHFRGMVLLLLLAYVLLTYILLLNMLIALMSETVNSVATDSWSIW
KLQKAISVLEMENGYWWCRKKQRAGVMLTVGTKPDGSPDERWCFRVEEVNWASWEQTLPTLCEDPSGAGVPRTLENPV
LASPPKEDEDGASEENYVPVQLLQSNStopWPRCSRRPEDRAEDLSNHICWLWGPSEFWWQIYIFTNStop

Identities = 83/150 (55%), Positives = 104/150 (69%), Gaps = 2/150 (1%)

R a t  V R I: 624  GNSYNSLYSTCLELFKFTIGM GDLEFTENYDFKAVFIILLLAYVILTYILLLNM LIALMG 6 8 3
G Y + LELFKFTIGM G+L F E F+ + ++LLLAYV+LTYILLLNM LIALM  

C o n t i g  6 /3 U T R : 8 GAQYRGILEASLELFKFTIGMGELAFQEQLHFRGMVLLLLLAYVLLTYILLLNMLIALMS 67

R a t  V R I: 684  ETVNKIAQESKNIWKLQRAITILDTEKSFLKCMRKAFRSGKLLQVGFTPDGKDDYRWCFR 7 4 3
ETVN +A +S +IW K LQ+A I++L+ E + C RK R+G +L VG PDG D RWCFR 

C o n t i g  6 /3 U T R : 68 ETVNSVATDSWSIWKLQKAISVLEMENGYWWC-RKKQRAGVMLTVGTKPDGSPDERWCFR 1 2 6

R a t  V R I : 7 4 4  VDEVNWTTWNTNVGIINEDPGNCEGVKRTL 7 7 3
V+EVNW +W + + EDP GV RTL

C o n t i g  6 /3 U T R : 1 2 7  VEEVNWASWEQTLPTLCEDPSGA-GVPRTL 1 5 5

Once putative 5' and 3' ends of the virtual gene have been identified, more primers were 

designed to carry out the RT-PCR (table 1.2). The primer sequence and their position on 

the contigs can be seen below in figure 1.10 (for the exact primer location on EST 

sequences, refer to appendix 1.6).

Table 1.2: Primers used for cloning human VR-L fragments (for the exact position of 
these primers on the EST sequences, please refer to appendix 1.6)

imprimer
nam e

—

D irec tio n ,, 
on V R I

».

E S T o& T H C X ^
corresponding 
to p rim er

R elation to the ra t
$ ■ ^ 1  sequence" 
‘̂ ^--(a.a .N o.)

P rim er Sequence (5* lo 3*) -

"
J1 forward W44731 248 GGT GAG CTA CCC CTC fCT TTG
12 forward AA357145 364 CAC CTT TCC CGA AAG TTC ACC
13 reverse N24224 455 AGG CTG ATG GTA GGC AAC AGC
14 forward N24224 477 CCA CAT CCT TAT CCT GCT AG
15 reverse N24224 484 CTA GCA GGA TAA GGA TGT GG
16 reverse W92895 618 CAA GGA GGC TTC CAG GAT ACC
17 forward AA281348 746 GAG GTG AAC TGG GCT TCA TGG
18 reverse AA281348 752 CCA TGA AGC CCA GTT CAC CTC
19 reverse AA321554 839 TCA CTT CTC CCC GGA AGC GGC AG
110 reverse AA321554 829 GAA GAC CTC AGC GTC CTC TGG
111 reverse W44731 263 CAC ATC CCA CTG CTT GGT GCA
112 reverse H21490 149 TGT GTA IT C  CGA GTC GGT GAG
113 forward H20025 113 ACC GAG ATC GGC TCT TCA ATG
114 reverse (THC161190) 3 ’ UTR 

(47 bp from stop)
GAA AGA TCC TCT GCT CTG TCC

115 reverse (THC 161190) 3 ’ UTR 
(30 bp from stop)

GTC CTC TGG CCT CCT GCT GCA

116 reverse (THC161190) Stop codon TCA GTT GGA CTG GAG GAG CTG
117 forward W92895 583 GAA GCT CCT ACA GGC CCC AAT G
U lR forward (THC 176254) 5’ UTR 

(165 bp 5’ of Met)
TGC TAC TGA GAA GCT CCG GGA TCC

Met forward H49128 (deduced by walking 
through THC)

ATG ACC TCA CCC TCC AGC TCT CCA
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Figure 1.10: Representation of the VRI sequence covered by the contigs and the 
relative position of the primers designed for RT-PCR. The red numbers represent the 
contigs. The blue lines indicate the relative position of enzymes used in the cloning of 
the full length gene CcDN (N).
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To prove that the primers recognise the same gene and to obtain larger gene fragments, 

the following PCR was carried out, using Jurkat cells cDNA as the template.

1 1 3  4

t .
Figure 1.11: PCR reactions interconnecting the 5'end o f 
the virtual transcript with contig 4, contig 4 with contig 5, 
contig 4 with the 3'end o f the transcript.

Lane 1: lOObp ladder
Lane 2: UTR-J5 primers product (expected size ~1494bp) 
Lane 3: J2-J6 primers product (expected size ~762bp) 
Lane 4: J4-J14 primers product (expected size ~ 1044bp)

To exclude the likelihood that the above PCR bands represent different members of a 

possible VR family in Jurkat cells, the products UTR-J5, J2-J6 and J4-J14 were purified 

from the gel and used as templates for splicing by overlap PCR (figure 1.12). In this 

method templates with an overlapping region are used, aiming at the primers to extend 

over that region and amplify products that constitute of the "ligated" templates.

Figure 1.12: The principle of splicing by overlap extension

UTR
UTR J5

J2 J6
^  J6

\ k

UTR JG



Figure 1.13 shows the PCR products that resulted from attempting to connect the 5'UTR 

region with contig 5 and contig 3 with the 3'UTR

Figure 1.13: PCR reaction amplifying the region 
between 5' UTR and contig 5 (lane 2) and 
between contig 3 and the 3' UTR (lane 3).

Lane 1: 1 kb ladder
Lane 2: UTR-J6 product (templates UTR-J5, J2- 
J6, expected size ~2100bp)
Lane 3: J2-J14 product (templates J2-J6, J4-J14 
expected size -lOOObp)

Products of approximately the expected sizes were amplified (consult figure 1.10 and 

table 1.2). The PCR was carried out using Pfu polymerase that has proofreading 

activity and thus high copying fidelity, but results in blunt ended products. a unit

of Taq polymerase was used in the last extension step to add adenine overhangs on the 

3' end of the PCR products and make subeloning into T-vector possible (vector with T 

overhangs on either side of the multiple cloning site). The PCR products were glass 

milk purified from the gel and ligated to T vector to facilitate detailed sequencing of the 

gene (for sequencing reports and restriction maps refer to appendix 1.3 and appendix 

1.4 respectively). The ligations were transformed into bacteria and colonies were picked 

to perform DNA mini preparations. Examples of such DNA digestions are shown below 

(for size prediction please refer to figure 1.10 and appendix 1.4).

Figure 1.14: Digestion o f UTR- 
J6 in T vector with EcoRI 
Lane 1: Ikb ladder 
Lane 2: digestion with EcoRI 
(expected band sizes - 3 kb 
vector, 1.9kb insert)

Figure 1.15: Digestion o f 
J2-J14 in T vector with 
EcoRI
Lane 1 ; digested with 
EcoRI (expected band sizes 
- 3 kb vector, 1.3kb insert ) 
Lane 2: Ikb ladder
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The T vector is 3kb long; it can be cut with Dralll at position 2.6kb and it contains Ncol 

and BstXI in the multiple cloning site (appendix 1.2). According to the restriction 

enzyme maps (table 1.2, figure 1.10, appendix 1.4), the enzyme Ncol can digest the 

insert J2-J14 in two products of size 760bp and 610bp, whereas digestion with enzyme 

BstXI should yield products of about 850bp and 520bp size. A double digestion of the 

UTR-J6 PCR product with Ncol and Dralll should result in 4 bands of size 280bp, 

880bp, 740bp and 60bp approximately. Taking this information into account and the 

fact that the PCR products can be inserted into the T vector in either orientation, mini 

DNA preparations of ligated PCR products in T vector were subjected to diagnostic 

digestions (figure 1.16).

Figure 1.16: p igestion o f clones containing T 
vector cloned PCR fragments.
Lanes land 8: Ikb ladder 
Lanes 2-7: T vector with UTR-J6 fragment 
clones digested with Ncol and D ralll (predicted 
sizes depending on orientation ~2.8kb, 0.8kb, 
07kb, 0.3kb or 2.6kb, 0,8kb, 0.7kb, 0.5kb)
Lanes 9 and 11: T vector with J2-J14 fragment 
clones digested with Ncol (sizes expected ~ 
3.6kb and 0.7kb or 3.7kb and 0.6kb)
Lanes 10 and 12: T vector with J2-J14 
fragment clones digested with BstXI (sizes 
expected 3 .8kb and 0.5kb or 3 .5kb or 0.8kb)

Note: additional bands close to the linearised 
vector are uncut plasmid

The fragments UTR-J6 and J2-J14 cover the virtual transcript from the 5'UTR to the 

3'UTR. Since they contain an overlapping region, they could be ligated together in a 

common restriction enzyme site, resulting in the full gene sequence (figure 1.17).
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Figure 1.17: subeloning strategy to obtain the full length transcript

T vector
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According to the sequencing information (appendix 1.4 and figure 1.10), Notl may cut 

the UTR-J6 sequence about 750bp after the beginning of the UTR primer, whereas 

EcoRI should not cut the fragment. Kpnl should cut UTR-J6 at 1.6kb and J2-J14 at 

0.5kb after the beginning of the sequence. Kpnl does not cut the T vector. The enzymes 

Notl and EcoRI, by being on each side of the multiple cloning site, should splice the 

insert out of the vector. The enzymes EcoRI and Kpnl as rare 6bp cutters. Not 1 a 8bp 

cutter and Dralll a 9bp cutter would be ideal enzymes to use for ligating UTR-J6 and 

J2-J14 together. To test that they cut as predicted, the following digestions were carried 

out (figure 1.18).

Figure 1.18:Diagnostic digestions for identification of 
enzymes to be used for subcloning 
Lane 1: Ikb ladder
Lane 2: UTR-J6 in T vector cut with Notl (expected 
bands ~ 3kb , 1.2kb, 0.7kb)
Lane 3: UTR-J6 in T vector cut with D ralll (expected 
bands ~ 3.4kn and 1.4kb or 3.7kb and 1.1 kb)
Lane 4: UTR-J6 in T vector cut with EcoRI (expected 
bands ~ 3kb and 1.9kb)
Lane 5: UTR-J6 in T vector cut with Kpnl (expected 
band ~ 4.9kb)
Lane 6: J2-J14 in T vector cut with Kpnl (expected 
band ~ 4.3kb)
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Unfortunately, as it was predicted Notl could not be used to extract the two inserts out 

of the T vector (as it cut the PCR product internally too) and ligate them together in the 

common Dralll or Kpnl site. On the other hand, the EcoRI enzyme was suitable, since it 

does not digest within the inserts. Since Dralll also cuts within the vector, the common 

Kpnl site can be used to ligate the two inserts together, as seen in figure 1.19.

Figure 1.19: Subcloning strategy using the enzymes Kpnl and EcoRI

T vector

EcoRI EcoRI

UTR Kpnl

T vector

EcoRI EcoRI

J14Kpn!

EcoRI

UTR Kpnl

i
EcoRI

Kpnl J14

EcoRIEcoRI

mammalian
expressing

vector

The T vector cloned PCR fragments UTR-J6 and J2-J14 were double digested with 

Kpnl and EcoRI (figure 1.20). For product size prediction consult figure 1.10 and 

appendix 1.4

1 1 3

Figure 1.20: Double digestions o f UTR-J6 and J2- 
J14

Lane 1: 1 kb ladder
Lane 2: UTR-J6 cut with Kpnl and EcoRI 
(expected bands ~ 3kb, 1,6kb and 0.3kb)
Lane 3: J2-J14 cut with Kpnl and EcoRI (expected 
bands ~ 3kb, 0.8kb and 0.5kb)
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The 1.6kb and 0.8kb bands were purified from the gel to be ligated into the EcoRI 

digested mammalian expression vector pcDNA3 (figure 1.21. For a map of pcDNA3 

refer to appendix 1.8).

Figure 1.21: digestion o f  the pcDNA3 vector. 
Lane 1: Ikb ladder
Ladder 2: EcoRI linearised pcDNA3 (expected 
size: 5.4kb)

The linearised vector was excised from the gel and glass milk purified. Subsequently it 

was dephosphorylated to avoid recircularisation of the plasmid during ligation. A three 

way ligation was attempted, where one segment, consisting of the two PCR fragments 

ligated in the common Kpnl site, would then be ligated into the pcDNA3 vector via its 

EcoRI overhangs. The ligation was transfonned in bacterial cells and colonies were 

picked to perform mini DNA preparations.

10 w VL IS IH V5 (6 (1-

Figure 1.22: EcoRI digested DNA mini 
preparations o f colonies containing the 
putative UTR-J14 fragment cloned into 
pcDNA3.
Lanes 1 and 18: Ikb ladder 
Lanes 2-17: mini-preps o f  putative 
UTR-J14 in pcDNA3 digested with 
EcoRI. (bands expected: ~5.4kb and 
2.4kb)

Only the DNA mini preparations in lanes 2, 8 and 10 contain the full length gene that is 

possibly a new member of the vanilloid receptor family. The rest of t lE ^ ^  digestio^^^ 

to be of vectors that had circularised without taking an insert in, possibly due to 

insufficient dephosphorylation. The insert containing EcoRI overhangs on both ends
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could have been ligated into the vector in two orientations. In order to ascertain the 

clone(s) with the correct orientation of insert, a digestion with Kpnl was carried out 

(figure 1.23), since both the insert and the vector can be cut with this enzyme. If the 

insert is in the correct orientation, the products of the digestion should be two bands of 

6.2kb and I .6kb. Digestion of an insert in the opposite orientation would result in two 

bands of 7kb and 0.8kb.

1 1 3  4 ^  (o 'k t  \0 \\ a  IS 14 15 \(o U

Figure 1.23; Kpnl digested DNA mini 
preparations o f  colonies containing the putative 
UTR-J14 fragment cloned into pcDNA3.
Lanes 1 and 18: Ikb ladder
Lanes 2-17: mini-preps o f  putative UTR-J14 in
pcDNA3 digested with Kpnl,

Only the clone in lane 10 gave the right digestion products, indicating that it contains 

the insert in a 5'-3' orientation. Therefore, by using the information derived from the 

EST assembly a possible vanilloid related gene was amplified using a classic RT-PCR 

approach.

1.C Cloning of the full length gene using splicing by overlap

In parallel to the classic RT-PCR approach coupled to ligations, an alternative method 

was also used to obtain a full length clone in order to confirm the results. The method of 

splicing by overlap (figure 1.12) was deployed, where the PCR fragments UTR-J6 and 

J2-JI4 (figure 1.13) were used as templates and the primers UTR and J14 to perform a 

PCR. It was hoped that the primers would keep extending over the region of overlap, 

amplifying the whole gene. Figure 1.24 shows the PCR results.
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Figure 1.24: Cloning the full 
length gene with splicing by 
overlap
Lane 1: Ikb ladder 
Lane 2: the PCR product using 
UTR-J6, J2-J14 as templates and 
UTR. J14 as orimers.

In order to establish that the UTR-J14 PCR product is indeed the full length gene, a 

diagnostic double digestion was done using the enzymes Ncol and Dralll. Dralll should 

cut at 1.1 kb after the beginning of the sequence, whereas Ncol should cut at 0.3kb and 

1.9kb (refer to figure 1.10 and appendix 1.4). Therefore, digestion of the correct PCR 

product should result in 4 bands of sizes 0.9kb, 0.75kb, 0.6kb and 0.2kb approximately 

(figure 1.25).

Figure 1.25: Diagnostic digestion o f  the UTR- 
J 14 PCR product 
Line 1: Ikb ladder
Lane 2: UTR-J14 PCR product digested with 
Ncol and D ralll

The correct bands appeared on the gel, except for the 0.2kb band, which was probably 

too weak to be visualised. The full length gene was named Vanilloid Receptor-like 

Protein (VR-L), as it was found to share 49% identity with the rat VRI (see figure 1.26 

for alignment with VRI), indicating that this gene is a new member of the vanilloid 

receptor family and not a human homologue of VRI.
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Figure 1.26: Alignment of rat VRl with human VR-L. Identities are highlighted in red 
colour. Conservative substitutions are indicated with blue colour. The dashes represent 
gaps introduced to maximise the alignment and not gaps that exist in the sequences.

hum anV R L
r a t V R l

1 -------------------------------------------- M TSPSSSP--------------------------VFRLETLDGGQEDGSEADR
1 MEQRASLDSEESESPPQENSCLDPPDRDPNCKPPPVKPHIFTTRSRTRLFGKGDSEEASP

hum anV RL
r a t V R l

2 8  GKLDFGSG LPPMESQFQGEDRKFASQIR'.^LNYRKGTGASQPDPNRFDRDRLFNA
61 LDCPYEEGGLASCPIITVSSVLTIQRPGDGPAS'/RPSSQDSVSAGEKPPRLYDRRSIFDA

hum anV R L  8 3  VSRGVPEDLAGLPEYLSKTSKYLTDSEYTEGSTGKTCLMKAVLNLKDGVrjACILPLLQID 
r a t V R l  1 2 1  VAQSNCQELESLLPFLQRSKKRLTDSEFKDPETGKTCLLK^iMLNLHNGQNDTIALLLDVA

hum anV R L 14 3 RDSGNPQPLVNAQCTDDYYRGHSALHIAIEKRSLQCVKLLVENGAN’v’HARACGRFFQKGQ 
r a t V R l  1 8 1  RKTDSLKQFVNASYTDSYYKGQTALHIAIERPNMTLVTLLVENGADVQAA.nj^GDFFKKTK

hum anV R L 2 0 3  G-TCFYFGELPLSLAACTKQWDVVSYLLENPHQPASLQATDSQGNTVLHAL'vT4ISDNSAE 
r a t V R l  2 4 1  GRPGFYFGELPLSLAACTNQLAIVKFLLQNSWQPADISARDSVGNTVLHALVEVADNTVD

hum anV R L 2 62  NIALVTSMYDGLLQAGARLCPTVQLEDIRNLQDLTPLKLA.AKEGKIEIFRHILQREFSG- 
r a t V R l  3 0 1  NTKFVTSM YNEILILGAKLHPTLKLEEITNRKGLTPLALAASSGKIGVLAYILQREIHEP

hum anV R L  3 2 1  -LSHLSRKFTEW CYGPVRVSLYDLASVDSCEENSVLEIIAFH-CKSPHRHRM WLEPLNK 
r a t V R l  3 61  ECRHLSRKFTEWAYGPVHSSLYDLSCIDTCEKNSVLEVIAYSSSETPNRHDMLLVEPLNR

hum anV R L 3 7 9  LLQAKWDLLIP- KFFLN FLCNLIYMFIFTAVAYHQPTLKKQAAPH L.KAEVGNSMLLTGHI 
r a t V R l  4 2 1  LLQDKWDRFVKPIFYFNFFVYCLYMIIFTAAAYYRP-VEGLPPYKLKNTVGDYFRVTGEI

hum anV R L  4 38 LILLGGIYLLVGQLWYt’W RRHVFIW ISFIDSYFEILFLFQALLTV'/SQVLCFLAIEW YLP 
r a t V R l  4 8 0  LSVSGGVYFFFRGIQYFLQRRPSLKSLFVDSYSEILFFVQSLFMLVSV’YLYFSQRKEYVA

hum anV R L  4 9 8  LLVSALVLGWLNLLYYTRGFQHTGIYSVMIQKVILRDLVRFLVIYLVFLFGFAV.RLVSLS 
r a t V R l  54 0 SPTvFSLAMGWTNMLYYTRGFYQMGIYAVMIEKMILRDLCRFMFVYLVFLFGFSTAWTLI

hum anV R L  5 5 8  QEAWRPEAPTGPNATESVQPMEGQEDEGNGAQYRGILEASLELFKFTIGMGELAFQEQLH 
r a t V R l  6 0 0  EDGKNNSLP MESTPHKCRGSACKPGNSYNSLYSTCLELFKFTIGMGDLEFTENYD

hum anV R L  6 1 8  FRGMVLLLLLAYVLLTYILLLNMLIALMSETVTJSVATDSWSIWKLQK/^.IXVLEMENGYWW 
r a t V R l  6 5 5  FKAVFIILLLAYVILTYILLLNM LIALM GETVNKIAQESKNIW KLQRAITILDTEKSFLK

hum anV R L  6 7 8  CR-KKQRAGVMLTVGTKPDGSPDERWCFRVEEVNWASWEQTLPTLCEDP-----------------------
r a t V R l  7 1 5  CMP.KAFRSGKLLQVGFTPDGKDDYRWCFRVDEVNWTTI'TNTNVGIINEDPGNCEGVKRTLS

hum anV R L  7 2 6  -----------------SGAGVPRTLENPVLASPPKEDEDGASEENYVPVQLLQSN----------------------------
r a t V R l  7 7 5  FSLRSGRVSGRNWKNFALVPLLRDASTRDRHATQQEEVQLKHYTGSLKPEDAEVFKDSMV

hum anV R L --------
r a t V R l  8 3 5  PGEK

In summary, a new member of the vanilloid receptor family was cloned by applying 

computational nucleotide database mining and by acquiring experimental confirmation 

for the existence of the transcript via RT-PCR. In order to assert the protein identity it 

was necessary to obtain some preliminary information on the protein structure. This 

data would substantiate that VR-L is a member of the vanilloid protein family.
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1.d Secondary structure and protein pattern predictions

Further computational analysis followed in order to investigate whether VR-L shares 

any common characteristics with VRl on the level of protein secondary structure. The 

secondary structure of the protein was predicted computationally using the programme 

TopPred2 with the default parameters, run by the Institut Pasteur 

( http://bi 0  web, pasteur, fr/seqanal/interfaces/toppred. htm 1 ).

Figure 1.27: Representation of the TopPred2 results

Helix Begin (amino 
acid number on 

V »rU

End (amino acid 
number on VR- 

L)

Score Certainty

1 201 221 0.751 Putative
2 391 411 1.719 Certain
3 429 449 1.781 Certain
4 472 492 1.640 Certain
5 495 515 1.401 Certain
6 538 558 2.331 Certain
7 620 640 2.117 Certain

0 . 3
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Comparison of this data with the predicted structure of transient receptor potential 

channels (Chapter] ) and results run by the programme TMPred
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rhttp://www.ch.embnet.org/ software/TMPRED form.htmn curated by the European 

Molecular Biology Network, suggests the existence of 6 transmembrane domains, with 

the N and C termini being intracellular. A pattern search at EBI (httn://www2.ebi.ac.uk/ 

ppsearch/) revealed a possible Asn glycosylation site at amino acid position 570 and 

many myristoylation sites important for membrane attachment (positions 18, 63, 130, 

201, 272, 592, 685, 729). Other features of interest include cAMP and cGMP dependent 

protein kinase phosphorylation sites (positions 61 and 326), PKC phosphorylation sites 

(positions 101, 115, 325, 414), tyrosine kinase phosphorylation sites (positions 106, 223 

and 329) and a leucine zipper pattern (positions 532-553), important for protein 

dimérisation and DNA binding. The existence of the phosphorylation sites implies 

possible changes in the ion channel properties (e.g. by PKC) with functional 

implications and the transmission o f cell signals through the receptor (e.g. via tyrosine 

kinase phosphorylation).

The Pfam programme (Protein families database of alignments and Hidden Markov 

Models) at the Sanger centre rhttD://www.sanger.ac.uk/Software/ Pfam/) was deployed 

to identify patterns of interest. The programme compares the query sequence with 

models derived from aligned protein families that might represent conserved domains of 

functional significance. Ankyrin-like repeats were identified at positions 162-194, 208- 

243 and 293-326. Ankyrin repeats are sequences of about 33 amino acids that appear 

successively in at least four copies. They have a helix-loop-helix structure, important in 

mediating protein-protein interactions e.g. with the cytoskeleton or the cell membrane. 

Finally the region 441-645 amino acids was identified as ion transporter protein 

signature. Members o f this family of proteins have 6 transmembrane helices, as already 

predicted by the hydrophilicity plot for VR-L. The last two helices form a loop, which is 

important for the ion selectivity. This information is summarised in figure 1.28.
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Figure 1.28:The VR-L protein sequence. The transmembrane domains are shown as 
bold, red, underlined letters. The ankyrin-like repeats are highlighted in yellow. The 
PKC phosphorylation sites are indicated in light blue, the cAMP-cGMP 
phosphorylation sites in green and the tyrosine kinase phosphorylation sites in pink. The 
putative pore loop is shown in bold Italics.
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1.e VR-L is a member of the Transient Receptor Potential family

A tBLASTn search of the GenBank database reveals that VR-L, like VRl, is very
a. A

similar to the transient receptor potential channels. On average it shares 20% identity 

with this family (for an alignment with TRP channels, refer to appendix 1.5). These 

calcium channels were first discovered as mutants of the phototransduction system in 

Drosophila. Most of them are activated by depletion of intracellular stores (for

more information on TRP channels, refer to Chapter 3).

The phylogenetic tree prediction programme at http://www. genebee.msu.su constructed 

a phylogenetic tree by aligning the VRs protein sequences against known TRP protein 

sequences. The programme runs two algorithms; one topological that focuses on the 

way the tree nodes connect with each other and a cluster algorithm, where the order of 

the node connections and the branch lengths reveal the distance among the compared 

proteins (figure 1.29). Both algorithms revealed the same relationship between VR-L 

and the rest members of the vanilloid receptor family. The phylogenetic trees show the 

association of VR-L with TRP channels and particularly a close link with VR-1 and 

OSM-9. The latter is a Caenorhabditis elegans channel involved in olfaction and 

mechanosensation.
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Figure 1.29: Phylogenetic trees of the Transient Receptor Potential superfamily of ion 

channels
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Figure 1.30: Predicted secondary structure of the VR-L protein
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The computational analysis of the secondary structure of VR-L revealed a clear 

correlation with the TRP family of receptors. VR-L exhibits the same structure (figure 

1.30) o f 6 transmembrane domains with a putative pore loop between domains 5 and 6. 

The predicted structure and the protein patterns found in VR-L indicate that the in silico 

cloning method was successful in identifying a new member of the vanilloid family of 

proteins (Garcia et al. ̂  1999). Although the computation analysis offers a few hints on 

the function of this receptor, it was necessary to establish experimentally the role o f this 

protein and its possible participation in the pain perception processes.
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CHAPTER 1

In silico cloning of VR-L, a new member of the vanilloid
receptor family

DISCUSSION
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The in silico  cloning strategy: its merits and its problems

The cloning of the capsaicin receptor opened new possibilities in the field of pain 

perception and alleviation. Undoubtedly, it also offered an invaluable tool in the pursuit 

for new members of the vanilloid receptor family. In this chapter the cloning of a new 

vanilloid-like receptor is described by utilising the VRl protein sequence and a 

computational cloning approach. The dbEST division in GenBank was used containing 

Expressed Sequence Tags (ESTs), which are 5’ and 3’ sequences of cDNAs and thus 

they represent expressed genes. The EST sequencing data constituted the source from 

which the new vanilloid receptor sequence was retrieved by applying a computational 

screening method called tBLASTn. This is an algorithm that compares the query protein 

sequence (VRl in this case) with the conceptual translation of the annotated genome 

database GenBank and attempts to identify regions of alignment. By analogy to 

performing a hybridisation screen of a cDNA library, where one sets the stringency 

parameters, the stringency of the tBLASTn search can be adjusted. The algorithm 

assigns scores to the comparisons performed according to how good the alignment is. 

Misalignments and substitution penalties are scored. The substitution penalties are 

allocated according to a score system (matrix) that has been calculated by comparing 

members of a known family of proteins. Choosing the degree of identity among the 

protein family members that give rise to the scoring system is one of the tBLASTn 

parameters. Choosing a low degree of identity will set up a low stringency search that 

might reveal distantly related proteins but also allows room for false positives by 

allowing mismatches due to sequencing errors. In the VRl search the default setting of 

62% identity was selected, which is neither too lax nor too limiting. Another parameter 

is the probability by which the calculated score of a comparison can occur in the 

database. The probability 0 represents perfectly aligned sequences. In order to avoid 

"background noise" by picking VRl in the database, only the entries with probability 

P<10'^ were selected. Values such as this have been found optimal through test BLAST 

searches (Huminiecki and Bicknell^2000).

The aim of the tBLASTn search was to identify ESTs that when assembled together 

would unveil a new member of the vanilloid receptor family. In order to avoid the 

formation of chimeras, ESTs from the same species were selected. 26 human entries 

were retrieved, most of which were overlapping and as a result they formed a virtual 

transcript aligning to the VRl amino acid positions 95 to 838. The novel transcript was 

named VR-L for Vanilloid Receptor-like Protein. Since ESTs are only partial
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sequences, it was inevitable that gaps appeared in the transcript. The overlapping ESTs 

were grouped into contigs and primers were designed from their sequence in order to 

bridge the gaps using PCR.

The last contig (number 7) consisted of only one entry representing the 3’ end of the 

virtual transcript. PCRs attempting to connect the last two contigs (6 and 7) failed, 

indicating the possibility the two contigs did not form part of the same transcript. An 

alternative method was deployed using the tentative human consensus sequences 

database (THCs) of the Institute of Genome Research (TIGR). These sequences 

comprise aligned ESTs clustered together under strict criteria to avoid the formation of 

chimeras and as a result each THC report probably represents a unique gene. The 

requirement of 40 bases minimum overlap for two ESTs to be linked results in forming 

clusters in a manner similar to the gene walking method. The THC database was 

screened using the most 3’ EST, hoping that it would be part of a cluster containing the 

stop codon of the virtual transcript. The cluster identified diverted from the one 

suggested by contig 7.

As it was revealed later with the cloning of VRl homologues, contig 7 represented the 

human homologue of VRl (cloned by Hayes et a l,  2000). This is one of the most 

common caveats occurring in in silico cloning that results from the compromise one has 

to make when setting the search stringency. Relatively low stringency results in picking 

gene homologues, but setting the stringency higher might result in missing an overall 

closely related gene as VR-L is to V Rl. Despite the wealth of information contained in 

the nucleotide sequence databases the analytical tools are in need of further 

sophistication in order to avoid computation artefacts. During electronic analysis one 

should exercise caution in interpreting the EST data. In the case of VR-L, the absence of 

other ESTs overlapping with EST AA321554 in contig 7 was a good indication for this 

EST’s invalidity. The 3’ end of VR-L diverged so extensively from V Rl that the 

tBLASTn search missed the relative EST entries. On the contrary the THC reports 

following an assimilated gene walking method had assembled a cluster representing 

VR-L’s C terminus containing the right ESTs. An algorithm often used to identify 

distant protein relatives is the Position-Specific Iterative BLAST (PSI-BLAST). Results 

of the initial BLAST search are used to build a profile, which is applied in subsequent 

BLAST searches. As a result the profile is refined in each cycle, identifying small 

regions of similarity that are probably conserved domains. In the case of VR-L, the PSI-
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BLAST would not be the appropriate algorithm to use because VR-L is overall close to 

VRl with the exemption of the C terminus.

In the absence of ESTs covering the N terminus, the THC strategy was deployed one

more time to identify a relative cluster. Following the completion of this search, the

contigs identified covered the residues 104-773 of the VRl amino acid sequence.

Linking the contigs with PCR using cDNA from a human T cell line proved that the

virtual transcript represents a real gene. The PCR products were collated with

conventional ligations and by using the PCR method of "splicing by overlap", where

overlapping templates are interconnected by primer extension over the common region.

This offered further proof that the PCR products constitute part of the same gene. The

resulting product named Vanilloid Receptor-like Protein (VR-L) was found to share

49% identity with the rat VRl and about 20% identity with the TRP family of receptors.
of tkô predicted

Like the rest members of this superfamily, VR-L has the same topological structure of 6

transmembrane domains with a loop region between the last two domains and the N and

C termini located intracellularly. A computational search for protein patterns revealed

that VR-L like VRl contains phosphorylation sites. The PKC and tyrosine kinase

phosphorylation sites are of particular interest because they present the possibility of

VR-L being regulated by neurotrophic factors and activated by PKC phosphorylation

like VRL An immunohistochemical analysis of VR-L’s location in DRG could provide

further clues to which neurotrophins might regulate its function as well as to what its

function might be.

In summary, despite the risks in silico cloning presents, a new member of the vanilloid 

receptor family was successfully cloned by using this method. Because the poor EST 

sequence quality and annotation can lead to computational artefacts, the data generated 

by in silico cloning methods require critical interpretation to ensure they are biologically 

meaningful. Nevertheless, the virtual cloning methods are more rapid and provide a 

useful alternative to the traditional cloning approaches, especially when the source of 

RNA is hard to obtain e.g. human DRG. This advantage and the increasing wealth of 

electronically deposited genomic information will undoubtedly lead to the development 

of sophisticated software that will shorten the gene discovery procedure even further 

and will allow scientists to concentrate on the functional analysis of the genome.
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Alternative computational cloning strategies

The expansion of nucleotide sequence databases due to genome projects around the 

world and the development of new biologically orientated software led to the increasing 

appearance of in silico gene cloning reports presenting ingenuous strategies for database 

mining. Prigent et al. (1999) described the cloning of Aik2, a protein kinase related to 

Drosophila Aurora using the ESTBlast tool. In this method the query sequence is 

blasted against the EST dataset. One can specify the tissue source of the ESTs to be 

searched, offering an advantage in tissue specific gene searches. The high scoring ESTs 

are selected that are subsequently aligned to be assembled in contigs. The resulting 

consensus sequence is then re-blasted against the database. This reciprocal process 

continues until the consensus sequence has been extended as far as possible, hoping to 

reveal the full length gene (figure 1 ).

Figure 1: The principle of the ESTBlast tool. The query sequence (1 ) is used to retrieve 
partially homologous ESTs (2 & 3) that are assembled into contigs (4). The consensus 
sequence (5) created is used to retrieve further ESTs that will extend the virtual 
transcript (6 ). (From www.hgmp.mrc.ac.uk/ESTblast/Tutorial/extemalTUT.html)
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This process is similar to the database curating method followed by the Institute of 

Genome Research that generates the Tentative Human Consensus (THC) reports. The
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advantage of following this procedure is that one does not have to rely on the 

completion of the human gene reports created by TIGR, as it can be applied to any 

nucleotide database, setting parameters specific to the experimental purposes.

Vasmatzis et al. (1998) simulated subtractive cDNA library construction in order to 

clone prostate specific genes. A dbEST search specifying the organism and tissue 

source was conducted to identify human ESTs that contained the acronym "prost". The 

generated file was blasted against all human ESTs in GenBank in high stringency. This 

search resulted in retrieving ESTs with high identity to the query sequences. These 

entries corresponding to each query EST were segregated in two groups: hits in prostate 

ESTs and hits in non-prostate ESTs. The latter list was used to attach a specificity index 

to each query EST. If an EST was represented by many hits in the non-prostate group it 

was attached a low specificity index, indicating that it represents a gene that is not 

specifically expressed in the prostate. The prostate ESTs were clustered into contigs and 

their specificity index was considered. Only the highly specific clusters were selected. 

RNA hybridisation with probes designed from the prostate EST clusters confirmed the 

expression of seven novel transcripts in this tissue. Huminiecki and Bicknell (2000) 

took advantage of a library subtraction web-based tool called SAGEmap xProfiler to 

compare EST pools from endothelial libraries and EST pools from non-endothelial 

libraries in order to identify novel endothelial specific genes. Schultz et al. (2000) used 

the tBLASTn search in association with a domain identification protocol in the SMART 

database, which contains signalling domains. Following a clustering method similar to 

Vasmatzis et al. (1998), the search predicted the existence of about a thousand new 

signalling proteins that awaits experimental validation.

The EST database is accelerating the discovery pace of new genes. Nevertheless, it 

should be pointed out that computational cloning cannot replace molecular biology, at 

least at this stage, but it offers a complementary approach to identifying new transcripts. 

The versatility of nucleotide sequence databases has been exploited to serve molecular 

biology not only in the discovery of new genes but also in detecting gene homologues, 

in predicting alternative splicing, gene polymorphisms and intron-exon boundaries as 

well as locating genes in chromosomal segments (reviewed by Pandley and Lewitter^ 

1999). Nevertheless, the computational predictions become meaningful only when they 

acquire experimental validation. For that reason it was necessary to investigate the 

regulation of expression and the functional role of VR-L in DRG.
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CHAPTER 2 

Investigating the functionai roie of VR-L

INTRODUCTION
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IDENTIFICATION OF NEW MEMBERS OF THE VANILLOID FAMILY OF 
RECEPTORS

The cloning of the capsaicin receptor triggered an extensive search for other vanilloid

receptors that might respond to capsaicin. Identification of other capsaicin-sensitive

channels could account for the vanilloid responses observed in vivo, which do not

conform totally to the pharmacological profile of VRl. A variety of cloning techniques

was implemented and an increasing number of new members of the vanilloid family of

receptors emerged. In the previous chapter the cloning of VR-L using bioinformatics

methods was described. Useful insights into the putative function of VR-L might be

provided by the function of other vanilloid related channels. For a summary of the new 
VR members cloned please refer to table 1.

OSM-9, an olfactory and mechanosensitive channel in Caenorhabditis 

elegans
C.elegans possesses two olfactory neurons designated AWA and AWC. The former 

uses G-protein coupled receptors for its signal transduction, while the latter mediates its 

responses via cyclic nucleotide-gated channels. Mutants were identified (Colbert et al.j 

1997) that exhibited defective AWA odorant responses and normal AWC responses but 

with profound desensitisation. Nose-touch was also found to be defective as well as 

responses to osmotic changes, which are regulated by other sensory neurons. The gene 

responsible for these mutations was named osm-9 and was found to have a secondary 

structure reminiscent of TRP channels, with 6  transmembrane domains and ankyrin 

repeats at the N terminus. It shares 27% amino acid identity with VRl. Although the 

gene is similar to a TRP homologue in C.elegans, it was not found to co-localise with it.

The identification of osm-9 serving such a divergent role from VRl, but overall sharing 

the same function i.e. the avoidance of noxious stimuli (osmotic, volatile and 

mechanical in the worm; heat, protons, capsaicin in vertebrates), provided strong 

evidence for the existence of other VR-like proteins.

VR.S'sv, an N-terminal splice variant of VR1
Schumacher et al. (2000a) screened a cDNA library constructed from adult rat DRG and 

trigeminal ganglia with a probe designed from the VRl sequence. They identified a 

gene named VR.S'sv that diverges from VRl in the N and C termini and shares 8 8 %^o^- 

identity with the capsaicin receptor. In particular its sequence shares extensive stretches 

of identity with VRl with a truncated intracellular N terminus, an in frame deletion 

corresponding to nucleotides 1121-1301 of VRl and an additional 575bp sequence at its
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c  terminus. 5'-RACE reactions beginning from a common point in the VRl and VR,5'sv 

sequences identified only VRl and VR.5'sv in rat DRG, confirming the existence of two 

diverse genes. RT-PCR studies identified the expression o f VR.5'sv in rat DRG, brain 

and peripheral blood mononuclear cells. Electrophysiological studies showed that this 

gene does not confer capsaicin, heat or proton sensitivity to host cells.

SIC, a stretch-inactivated channel

Suzuki et al. (1999) cloned a VRl splice variant channel that is inhibited by stretch. 

Initially they performed degenerate PCR with primers based on the V Rl sequence. 

Northern blot analysis using the transcribed PCR product as a probe revealed its 

expression in liver and kidney. By performing RACE on a kidney cDNA library they 

cloned the full length cDNA, which was revealed to differ from V Rl on the C terminus 

while it lacked the N terminus and contained only one ankyrin repeat. On the protein 

level, it shares 90% identity with V Rl. Electrophysiological studies showed that the 

channel's elicited inward currents and conductance were increased by exposure to 

hypertonic solution (causing cell shrinkage) and decreased by hypotonicity. These 

characteristics suggest the channel to be mechanosensitive and hence it was named 

stretch-inhibitable channel (SIC). Schumacher et al. (2000b) based on the fact that 

hypertonic stimuli are painful, examined the expression of SIC in sensory tissues. SIC 

expression was identified in small diameter DRG neurons and trigeminal ganglia.

VR-OAC, an osmotically activated channel

Liedtke et al. (2000) used EST sequences homologous to osm9 and V Rl to screen a rat 

kidney library. They also screened a chicken inner ear library and a mouse 

hypothalamic library with probes generated from VRl and osm9 sequences. The search 

resulted in the identification o f a novel gene in different species. The new gene is 

structurally similar to VRl with 6  transmembrane domains, 3 ankyrin repeats and
<K.O<.

intracellular N and C termini and shares 51% identity with V Rl (Uzthe protein level. It is 

expressed in lung, kidney, spleen, testis and fat. In situ hybridisation revealed its 

expression in the brain, mainly in the circumventricular organs that lack the blood-brain 

barrier, in the median preoptic area that has been associated with the release of 

antidiuretic hormone and the choroid plexus that senses the pressure of the 

cerebrospinal fluid. It has found expressed in the inner ear and the large,

mechanosensory trigeminal ganglia. The new chaimel was named vanilloid receptor- 

related osmotically activated channel (VR-OAC) and was found to be gated by
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hypotonie conditions. VRl agonists failed to activate the channel. Electrophysiological 

studies revealed that the channel allows an inward current in host cells, which

triggers the release of from intracellular stores. Depolarisation or influx of other

ions did not elicit the characteristic VR-OAC response, which shows that the initial 

entry is necessary in triggering release of intracellular

Strotmann et a l (2000) cloned the same gene, which they named 0TRP4. Additionally
( l ooo )

to the information presented by Liedtke et a l the Strotmann group also indicated that 

VR-0AC/0TRP4 is not excited by signals triggered by PEG activation. The channel 

activation did not lead to changes in cell volume. Like Liedtke, they reported the 

presence of extracellular calcium to be necessary in the channel activation, which agrees 

with the observation that regulation of cell volume under hypotonic conditions depends 

on extracellular

VRL-2, an orphan vanilloid-like receptor
Delany et a l (2001) reported the cloning of VRL-2 from human kidney using 

bioinformatics tools. The novel vanilloid-like receptor shares 46% identity with the 

VRl protein and is expressed in the epithelial cells of the trachea, kidney and salivary 

glands. (\t lower levels, it is also expressed in the brain, skeletal muscle, pancreas, 

prostate and bone marrow. Immunocytochemistry showed that it is not expressed in 

DRG neurons, but is prevalent in sympathetic and parasympathetic nerves. The 

secondary structure of the protein is similar to VRl with 3 ankyrin repeats and 6  

transmembrane domains. Heat, capsaicin and protons failed to activate the receptor.

ECaC, an epithelial calcium channel that participates in the trans-cellular 

transport in kidney cells
Hoenderop et a l (1999a) identified ECaC, an epithelial calcium channel, by injecting

Xenopus oocytes with cRNA from a rabbit kidney library and monitoring Ca uptake.
AO.. predicted

The identified clone is sharing 31% identity with VRl and has a similar topological

structure. Northern blot analysis showed that ECaC is expressed in the small intestine,

kidney and placenta and immunocytochemistry demonstrated its co-localisation with

calbindin, a calcium-binding protein, in these tissues. Electrophysiological studies

showed that ECaC functions as a calcium channel that is not blocked by L-type calcium

channel antagonists or divalent cations that block voltage-gated calcium channels.

Transepithelial calcium transport is important in regulating calcium homeostasis in the

body, as the dietary calcium that is not absorbed by the intestinal tract or excreted in
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urine is reabsorbed by kidney epithelial cells. The excess first crosses the apical

membrane passively and then it binds to 1,25-dihydroxyvitamin D3 dependent calcium- 

binding proteins (calbindins). Subsequently, the protein-calcium complex diffuses 

across the cytoplasm to the opposite side, where the is transported to a

neighbouring cell via an ATPase and a Na^-Ca exchanger. The localisation of the 

ECaC protein and its pharmacological profile suggest that this channel participates in 

transepithelial transport. In support of this postulation, reducing the pH of the

extracellular medium to 5.9 blocked the calcium current in ECaC injected oocytes, 

which can explain the hypercalciuria observed in patients with metabolic acidosis. 

Additionally, Hoenderop ef al. (1999b) reported that ECaC is activated by 

hyperpolarisation, which is in agreement with previous findings that showed 

hyperpolarisation to activate influx in kidney epithelial cells. The current

elicited is inward and selective. ECaC seems to possess a self-regulatory

mechanism, as it does not allow influx in the presence of excess ion

concentrations.

C a l l ,  a channel-like transporter that regulates influx in

enterocytes
Peng et al. (1999) reported the cloning of CaTl, a transporter that mediates 

absorption in the gastrointestinal tract. They identified a clone from a rat duodenal 

cDNA library that induced "^^Ca\iptake in Xenopus laevis oocytes. The novel protein
A.Ck.

shares 31% identity with VRl. Unlike ECaC, CaTl has 4 ankyrin repeats and different 

phosphorylation sites. Although it shares 75% amino acid identity with ECaC the N*and 

C'termini are distinctively different. CaTl is expressed in small intestine, brain, thymus 

and adrenal gland. No signal was detected in the kidney where ECaC is expressed. The 

highest CaTl signals were detected in the cecum, which is the site with the highest 

trans-cellular Cxk̂  transfer in the rat intestine. The CaTl expression was unaltered 

by 1,25 dihydroxyvitamin D3 and calcium deficiency in vivo. Expression in Xenopus 

oocytes in the presence of showed the channel to elicit an inward current that

constitutes of Gx"̂  and monovalent cations and is voltage-dependent. Capsaicin or 

depletion of intracellular Gk^ stores did not affect the current. Inability to record 

single channel conductance led to the hypothesis that CaTl is a transporter and not a 

channel. Ca^^ seems to regulate CaTl through a feedback mechanism, as prolonged 

exposure to blocks its permeation through the transporter. CaTl showed higher
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activity at alkaline pH, which might explain the hypercalcemia observed in peptic ulcer 

patients treated with antacids.

CaT-L, a transporter with a potential role in cell transformation
Wissenbach et al. (2001) cloned CaT-L by screening a placenta cDNA library using a 

TRP-like EST as a probe. CaT-L exhibits different tissue distribution from CaTl and is 

31% identical to the VRl protein. It is expressed in placenta, pancreas, and salivary 

glands but not in kidney or the small intestine. Although CaT-L is not expressed in 

healthy prostate cells, it was detected in this tissue in a cancerous state during 

metastasis, indicating its possible role in cell transformation. Interestingly trp-p8, a trp- 

like channel (Tsavaler et al.  ̂ 2001), is over-expressed in prostate carcinomas and 

moderately expressed in other primary cancers. On the contrary, the expression of
ÔrCK .

melastatin, a newly cloned TRP-like channel with 21% identity to VRl, is

downregulated in metastatic melanomas (Duncan et al.̂  1998). CaT-L is a constitutively 

open calcium channel. When its activity is recorded in response to hyperpolarisation, it 

shows a rapid and a slow inaetivation, which prompted researchers (Niemeyer et al.j 

2001) to investigate the existenee of a possible feedback mechanism regulated by 

. Such a mechanism exists in other ion channels and it involves calmodulin, 

which binds to >̂3"̂  and inactivates further influx of the ion. The slow CaT-L

inactivation was found to be calmodulin dependent. In high GJ* concentrations,

ealmodulin binds to CaT-L and inactivates the channel. This binding can be prevented 

by PKC phosphorylation of the ehannel, as the phosphorylation site lies within the 

calmodulin-binding site. CaTl and ECaC eontain a calmodulin-binding site but lack the 

phosphorylation site within, indicating that only CaT-L possesses this elegant

mechanism for regulating the ehannel activity.

TRP12, a constitutively open channel expressed in kidney that might be 

osmotically regulated
Wissenbach et al. (2000) used bioinformatics tools to clone a vanilloid-related protein 

from mouse and human, that they named TRP 12. The novel protein eontains 6 

transmembrane domains, 6 ankyrin-like repeats and shares 50% identity with VRl. The 

C terminus of TRP 12 is highly similar to the SIC channel, while the latter shares the 

same N terminus as VRl. These similarities suggested that the three genes might be 

different splice variants of one gene. Northern blot analysis revealed a strong TRP 12 

signal in kidney, while fewer transcripts were identified in heart, brain, liver,
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fibroblasts, aortic endothelial and epididymis cells. Heterologously expressed TRP 12 

seemed to express a constitutively open channel. Capsaicin, hypertonicity and

depletion of intracellular stores had no effect on the channel, while decreasing

the osmolarity of the extracellular medium resulted in elevating the 6%^ current in 

50% of transfected CHO and HEK cells. The possibility that the host cells variably 

express factors that regulate TRP12's response to hypotonicity needs to be investigated.

Investigating the VR-L function
The cloning of the capsaicin receptor led to the identification of more related proteins. 

Nevertheless, none of the novel proteins conferred capsaicin sensitivity to host cells. On 

the contrary, the new vanilloid-like channels exhibited a variety of phenotypes ranging 

from mechanosensation to sensing osmolarity changes and regulating transport.

In the previous chapter the cloning of VR-L, another vanilloid related gene was 

described. VR-L shares 49% amino acid identity with VRl and secondary structure 

analysis revealed that the two genes share the same topological structure. It is 

interesting to investigate whether VR-L is activated by vanilloids or by stimuli that 

trigger other members of the TRP family. Prior to investigating VR-L's function, it is 

necessary to study its tissue distribution, since it can provide useful clues to its function. 

Because VR-L's structure bears the signature of calcium channels, electrophysiological 

methods will be deployed to inquire into its function. Additionally, since the channel 

sequence contains many phosphorylation sites, it is important to examine whether VR- 

L's expression and function are under cellular control.

Table 1: Summary of new members of the vanilloid family of receptors

Name %a.a. identity to 
VRl

Function

OSM-9 27 Olfanction, mechanosensation
VR.S’sv 88 Orphan

SIC 90 Activated in hypertonic conditions
VR-OAC 51 Activated in hypotonic conditions

VRL-2 46 Orphan
LCaC 31 Activated by hyperpolarisation, 

involved in Ca  ̂transport in 
epithelial cells

CaTl 31 Probably a Ca^^ transporter involved 
in Ca^^ influx in enterocytes

CaT-L 21 Calmodulin-regulated Ca^^ 
transporter, important for cell 

differentiation
TRP12 50 Maybe mechanosensitive
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CHAPTER 2

Investigating the functionai roie of VR-L

MATERIALS & METHODS
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In addition to techniques described in Chapter 1, the following techniques were also 

used to perform the experiments described in this chapter.

2.1 M anufacturing Taq polymerase

Considering the number of PCR experiments that needed to be carried out, we decided

it would be more cost effective to produce Taq polymerase in the lab. The only

exception to the Taq used. For the PCR reactions for the experiment described in section

2.5, where Pfu polymerase was deployed. A pTKl plasmid encoding the full length Taq

gene was utilised to express the enzyme in bacteria. All the materials used were

purchased from Sigma unless stated differently.

The following solutions were prepared:
CwiA CJv) Cv̂ /-)

SUPERBROTH: 3.2% tryptone, 2% yeast extract, 0.5% NaCl, adjusted to pH 7

SOLUTION A: 50mM Tris HC( pH7.9, 50mM dextrose, ImM EDTA
G/lv')

SOLUTION B: lOmM Tris HCiJ , pH 7.9, 50mM KC^ , ImM EDTA, 0.5% Tween 20, 
CvlA 

0.5% NP40

STORAGE BUFFER: 20mM Tris HCe pH8, lOOmM KC^ ImM EDTA, ImM DTT,
iv iv ) Cviv3 d A

50% glycerol, 0.5% Tween 20, 0.5% NP40

The following were also prepared or purchased: O.IM IPTG, 50mg/ml kanamycin, LB 

plates with 50 pg/ml kanamycin, saturated ammonium sulphate, lysozyme in powder 

form, SOHvand 300kl)o.cut-off filters from Millipore.

DAY 1

1) XLl blue bacterial cells were transformed with the plasmid pTKl (kanamycin 

resistant plasmid).

DAY 2

2) A colony was picked and was inoculated in a culture of 10ml Superbroth with 50 

pg/ml kanamycin overnight at 37° C.

DAY 3

3) The starter culture was poured into 250ml of Superbroth with 50 pg/ml kanamycin 

and was left to grow at 37  ̂C until OD600= 0.3-0.5.

4) IPTG was added to a final concentration of 2mM and the culture was left to grow 

16-20 hours at 37° C until OD600-2.

DAY 4

From this point on all steps were carried out at 4° C.
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5) The cells were centrifuged in a 250ml bottle (15min at 3.5K) and then the 

supernatant was discarded.

6) The bacterial pellet was resuspended in 10ml of solution A. 30mg lysozyme was 

mixed in by swirling to break the bacterial cell walls.

7) The solution was allowed to mix for 15min at room temperature and subsequently 

10ml of solution B was added.

8) The solution was mixed well and was left to incubate in a 80°C waterbath for 1

12,000
9) The solution was centrifuged at r p  for 30min at 4  ̂ C and then the supernatant was 

filtered through a cotton plug.

10) An equal volume of saturated ammonium sulphate was added and vortexed in

order to precipitate the proteins.
11,000

11) The solution was centrifuged at for 30min at 4 C and the liquid was discarded 

(the pellet and the floating precipitate were kept).

12) The pellet was washed with 20ml of 50% saturated ammonium sulphate in 20mM 

Tris HC? pH 8. The solution was centrifuged again and as much liquid as possible 

was removed.

13) The precipitate was resuspended in 3ml solution B and transferred in two 1.5ml 

eppendorf tubes.
14,000

14) The tubes were centrifuged at for 30min to remove any insoluble material (or 

longer if necessary) and the supernatant was transferred to a 15ml tube. Each pellet 

was washed again with another 1ml solution B and centrifuged to remove any 

insoluble material. All the supernatants were pooled together in the 15ml tube.

15) The supernatant was poured in a 300kî)ok.cut-off centricon filter and spun down at
. retained

4.5K at 4 C for 3 hours (or longer if necessary). The eluate was ..The retentate
retained

was washed with 2ml solution B and spun down again. This eluate was as

well.

DAYS

16) The eluate was poured in a 301&,cut-off filter and spun down at 4  ̂C. The eluate was 

discarded. The final retentate was washed twice with 1.5ml solution B and was 

finally spun down to >200ul.

17) The retentate was resuspended with 2ml storage buffer that has been pre­

equilibrated at -20C.
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18) The Taq polymerase preparation was stored at -20C in aliquots. In order to estimate 

the eoneentration of the a test PCR was carried out that compared the intensity 

of the signal with that obtained with a Taq of known concentration.

2.2 Primer sequences

The following primers (ordered from Sigma-Genosys) were used for PCR reactions in 

this chapter:

Cyclophilin- anneal, temp. 55-60®C

Forward primer (5'-3’): ACCCCACCGTGTTCTTCGAC 

Reverse primer (3'-5'): CATTTGCCATGGACAAGATG 

CGRP (calcitonin gene related peptide) -  anneal.temp. 55^C 

Forward primer (5'-3'): GGTGTGGTGAAGGACAAC 

Reverse primer (3'-5'): CATAGGGAGAAGGGTTTC 

VRl (300bp product as seen in figure 2.8) - anneal.temp. 60^C 

Forward primer (5'-3'): GAACTCCTGCCTGGACCCTCC 

Reverse primer (3'-5'): CATAGAGCCTCGGGGGCTTCTC 

VRl (400bp product as seen in figure 2.9)- anneal.temp. 60^C 

Forward primer (5'-3'): GATCGCAGGAGCATCTTCGAT 

Reverse primer (3'-5'): CACCAAAGTAGAAGCCAGGCCT 

VR-L (300bp product as seen in figure 2.2)- anneal.temp. 60”C 

Forward primer (5'-3'): TTTGCTGTAGCCCTAGTAAGC 

Reverse primer (3'-5'): GACGTAGGTGAGGAGGACGTA 

VR-L (400bp product as seen in figure 2.11)- anneal.temp. 60V  

Forward primer (5'-3'): CTTTCAGGCTGGAGACTTCC 

Reverse primer (3'-5'): TTGTCAATCTGCAGCAGCGGCATG

Primers for sequencing (anneal.temp. 50®C):

T7: TAATACGACTCACTATAGGG 

Sp6: ATTTAGGTGACACTATAGAA

Primers used for the insertion of the epitope in an extracellular loop of VR-L 

(the highlighted sequences indicate the epitope sequence. The PCR was performed 

at anneal.temp. 62®C):

Primer A: GGCCACATTCTGATCCTGCTTG
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Primer B:

G

Primer C:

CAGCCC

Primer D: CTCAGATAAGGTGGGAAGAGTCTTC

2.3 Dorsal root ganglia culture

Coating of 35mm dishes

The 35mm dishes on which DRG cells were plated were coated with poly-lysine 

(Sigma), a polymer that can improve cohesion of the cells onto the dish. Poly-lysine was 

diluted in sterile distilled water to a final concentration of 10 pg/ml. Subsequently^ 1ml 

solution was loaded on each 35mm dish to be coated and was left for 1 hour under the 

hood. The solution was then removed and the dishes were washed three times with 

sterile distilled water. The dishes were left to air-dry under the hood.

DRG extraction

Adult or newborn Wistar rats were euthanised by cervical dislocation and decapitation

respectively. The skin was incised with a surgical scalpel and removed topically to

reveal the spine. The spine was removed by disconnecting it from the rib cage with

scissors. An incision was made along the spine and the spinal cord was removed using

forceps. The incision was opened gently by applying pressure onto the incised vertebra

and the remaining spinal nerves were cleared out. The dorsal root ganglia, positioned

between the vertebra, were extracted using forceps and placed in sterile plates with 2ml
Giv)

medium (DMEM-GibcoBRL, 10% fetal bovine serum-Sigma, 500units/ml penicillin 

and 500pg/ml Streptomycin-GibcoBRL). The axons were cleared of the cell bodies 

under the microscope using forceps and fine scissors.

DRG culture

1) The DRG neurons were pelleted after 3 min centrifugation at 1500rpm and 

subsequently treated with 0.125% collagenase (Sigma) in medium for 2 hours at 

37^C in a humidified incubator in the presence of 5% CO2 .

2) After washing out the collagenase, the DRG were homogenised by using a flame 

polished Pasteur pipette. The homogenate was let to stratify in medium for 5 min
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and the supernatant containing the cells was removed and centrifuged for 3min at 

ISOOrpm.

3) The pellet was resuspended in medium and plated in dishes that had been coated 

with lOpg/ml poly-lysine and placed at 37^C, 5%C02 in a humidified incubator.

4) The following day the medium was changed and the dishes were replenished with 

fresh medium containing 3.3pg/ml aphidicolm (Sigma), an antibiotic that inhibits 

the DNA polymerase a  activity and therefore kills all mitotic cells e.g. Swann cells, 

fibroblasts.

Nerve g rowth factor treatment

For the experiment of VRl and VR-L regulation of expression by NGF, dorsal root 

ganglia cells from adult rats were used. The cells were cultured for 7 days, changing the 

medium every 48 hours. 2.5S NGF (Promega) was used to treat cultures in a 

concentration of 50ng/ml and NGF antibody was used in concentration of 8pg/ml 

(from Dr. Helliwell, Novartis),

Capsaicin treatment

10 newborn Wistar rats were killed by decapitation and their DRG were extracted and 

cultured as described above (apart from being treated with collagenase for 45min 

instead of 2 hours). After 24 hours in culture, a dish with cells was treated with 3pM of 

capsaicin (Sigma) diluted in DMSO. The capsaicin-containing medium was washed out 

after 16 hours and the cells were removed from the culture by suspending them in 

denaturing solution (see RNA extraction, section 2.5).

2.4 NGF application in vivo

5 newborn Wistar rats were injected intraperitoneally with 2.5pg of 2.5S NGF 

(Promega) diluted in PBS, while 5 other newborn Wistar rats were injected only with 

the carrier PBS. After 4 hours, their DRG were removed and RNA extraction followed.

2.5 RNA extraction

a) from  cultured dorsal root ganglia

1) A sterile tip attached to a pump was used to aspirate the medium from the culture 

dishes. Then, 0.3 ml of denaturing solution (see RNA extraction. Chapter 1) were 

added to wash each dish about ten times by pipetting. Extra care was taken for the 

bottom of the dish not to be touched and no bubbles to be created.
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washed cells
2) All the from each dish was removed and was poured in an eppendorf tube. 

Another 0.3ml of denaturing solution were added with a fresh tip in each dish and 

the procedure was repeated. The RNA extraction was continued as described in 

Chapter 1, except a 40% reduction in the volume of all the

solutions used subsequently (corresponding to a reduction in the volume of the 

denaturing solution used).

b) from  tissues

lOOmg of tissue was weighed and placed into a glass homogeniser with 1 ml of 

denaturing solution. The tissue was homogenised with repeated strokes of the 

homogeniser's rod. It was then subjected to the same procedure for RNA extraction as 

described in Chapter 1.

2.6 M am m alian  cell culture and transfection

HEK293 and C0S7 (derived from CV-1, an African Green

monkey kidney cell line, transformed by an origin defective mutant of SV40) cells were 

cultured as described inOiapter 1 for Jurkat cells without the presence of glutamate. For 

simplicity, we refer to these cells as HEK and COS respectively. These cells differ from 

.lurkat cells in that they are adhesive. In order to passage the cells when confluent, the 

following procedure was implemented:

1) The medium was aspirated and the cells were washed gently with IX PBS.

2) The enzyme trypsin (Sigma)^was added in a 1:5 dilution in PBS and the cells were 

transferred in a humidified incubator at 3?V , 5% CO2 , for 1-2 min. The enzyme 

digested the cell processes resulting in detached cells.

3) Fresh medium was added to stop the reaction (the serum inhibits the enzymatic 

activity) and the cells were transferred in a falcon tube to be centrifuged for 5min at 

1500g.

4) The supernatant was discarded and the cell pellet was resuspended in fresh medium. 

The cells were plated in a 1:5 ratio and were left in the incubator to grow.

HEK293 cells transfection with calcium phosphate

A calcium phosphate transfection kit from CHonve-cL was purchased and used 

according to the manufacturer's instructions. The protocol is described here briefly:

1) For electrophysiological studies 2x10^ HEK293 cells were plated onto 35mm 

culture dishes.
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2) The following day, 0.5-3 hours before transfection the medium was changed.

3) lOOpl of a solution was prepared in an eppendorf tube containing Ipg  o f DNA to be

transfected (Qiagen purified) with 0.1 pg of GFP cDNA in pcDNA3 and 0.25M 
-containing

calcium solution dissolved in sterile distilled water. This solution was dispensed in a 

dropwise fashion into a 15ml falcon tube containing lOOpl o f 2X HEPES-buffered 

saline while vortexing. The mixed solution was left to incubate at room temperature 

for 20 min for the DNA-salt complex to form.

4) The solution was vortexed gently and was added dropwise onto each culture plate. 

The plates were left in a humidified incubator at 37®C with 5% CO2 for 12 hours.

5) The following day the calcium phosphate-containing medium was removed and the 

plated were washed with IX  PBS pH7.4 (58mM Na2HP0 4 , 17mM NaH2P0 4 , 68mM 

NaCl). The cells were fed with fresh medium and recordings were performed from 

them 24 hours post-transfection.

COS7 cells transfection with liposomes

The SuperFect kit from Qiagen was used for lipofection, according to the following

protocol:

1) 10  ̂ cells were plated onto 10cm culture dishes and incubated in a humidified 

incubator at 37®C with 5% CO2 .

2) The following day^lOpg of the DNA of interest (prepared with the Qiagen miniprep 

method) was dissolved in TE pH7.4 (0.0IM Tris-HCl, lO'^M EDTA) with DMEM 

medium containing no serum or antibiotics (the serum and the antibiotics can 

interfere with the liposome-DNA formation).

3) 20pl of SuperFect transfection reagent were added in the DNA solution and mixed 

by vortexing. The sample was left to incubate at room temperature for lOmin for the 

liposomes to take in the DNA.

4) In the meantime the cells were washed with IX  PBS.

5) The DNA solution was mixed with 5ml of medium containing serum and antibiotics 

by pipetting and was loaded onto the cells.

6) The cells were left for 2 hours in the incubator. Subsequently, the cells were washed 

with Ix PBS and fed with fresh medium. Fura-2 readings were performed 36 hours 

post-transfection.
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2.7 Fura-2 fluorometry

Fura 2/AM (Calbiochem) is the cell permeable ester form of the dye fura-2, that is 

hydrolysed by cell esterases upon entrance in the cell and released in the cytoplasm.

This dye is a indicator that changes excitation wavelength when bound to
u  A-

Gs . In particular its excitation peak wavelength shifts from 340 to 380nm as more

binds to it. For that reason it is practical for use in ratiometric fluorometry or
A =

imaging microscopy. While recording at 510nm emission, excitation of the sample 
A-

switches from 34Q_to 380nm in regular intervals. The peak of the fura-2 spectra is

around 380nm when it is G\ ~ free and 340nm when bound to 40|uM ofO \ . The

dissociation constant Kd of the dye can be affected by temperature, pH, ionic strength

and possible interactions with cellular proteins. To eliminate variations due to these

factors, ratiometric calibration is used, where the ratio of fluorescence intensities at
A= A:

wavelengths of different ion responses (340nm and 380nm) is recorded. With this 

method additional variations are eliminated e.g. dye distribution, photobleaching and 

concentration, cell thickness etc. The calibration was achieved using the following 

equation (Grynkiewich e/ a/. ^1985):

[Ca]i=KD X R- Rmin X So
Rmax ~ R Smax

Where [Ca]i is the free concentration intracellularly, Kd the dissociation

constant for the dye, R the fluorescence ratio of the two wavelengths, Rmin the 

fluorescence ratio in zero conditions, Rmax the fluorescence ratio in saturating

conditions. So the fluorescence at zero and Smax the fluorescence at

saturating concentrations.

Fura 2/AM loading

1) the medium was aspirated from cultured transfected cells. The cells were rinsed with 

IX PBS.

2) The cells were trypsinised as described in section 2.6. They were transferred in a 

falcon tube and centrifuged at l,500g for 5 min.

3) 5x10^ cells were incubated in 4pM fura-2/AM for 45min in a 90% humidified 

incubator at 37°C, 5% 00% with regular swirling to ensure an even dye distribution.

4) The cells were centrifuged for 5min at l,500g and washed with IX PBS. They were 

transferred back in the incubator and left for 10-15min.
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5) The cells were centrifuged again and then resuspended in 0.5ml of PBS. Aggregates 

were disassociated with a 23G needle syringe. The cells were kept on ice to avoid 

ester extrusion from the cells and covered in foil to prevent photobleaching.

6) For the fluorometry^ 50pl of cells were resuspended in a plastic cuvette with 2ml of 

Hanks buffer pH 7.4 without with continuous mixing by a magnetic rod.

7) A baseline of about 20nM intracellular was established for about 50sec and

then was added to a final physiological concentration of 2mM. The

establishment of a new baseline at about 60nM Caj^for 1 OOsec, showed that 

diffused into the cells and was maintained in a constant concentration, proving that 

the cells were not leaky.

8) Stimuli were applied for about 100-200sec and ratiometric recordings were made.

The cells were then solubilised with 0.5% SDS in order to obtain Rmax- The

recordings were converted into changes of intracellular 6x^ concentrations
Cucl)

using the formula described above in a software programmed by Dr. T.Sihra. The 

results were plotted in Microsoft Excell.

Solutions

• To achieve drop of pH from 7.4 to 6, MES buffer was added in a final concentration 

of 50mM.

• 500pM capsaicin stock in DMSO was prepared and diluted to a final concentration of 

1 pM in Hanks buffer for the experiments.

2.8 Insertion of the c-myo epitope in an extracellular loop of theVR-L protein.

The following strategy was used:

1) Two separate PCR reactions were set up with primers A & B and C & D (figure

2.20), using >100ng of template and Pfu polymerase for 13 cycles. Using as few

cycles as possible and Pfu polymerase, one can ensure the minimal incorporation of
The PCR was performed as mentioned in Chapter 1 with 

mistakes in the product, annealing temperature at 60^ C .

2) The PCR products were blunted with Klenow enzyme as follows: 1/10 of the sample 

volume of dNTPs were added in the PCR reaction together with 2.5 units of Klenow 

enzyme (Roche). The mixture was incubated at 37^C for 30min to ensure overhangs 

filling.
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3) The Klenow treated PCR products were analysed with gel electrophoresis and 

purified from the gel. The fragments were used as template for a PCR reaction using 

the primers A & D.

4) The PCR reaction was completed with lOmin at 72®C adding 1 unit of Taq 

polymerase in the case the PCR product would be cloned into a T- vector.

5) The PCR product was analysed with gel electrophoresis and purified from the gel.

6) The product was digested with the appropriate restriction enzymes and ligated in the 

appropriate construct.

2.9 In vitro transcription and translation

In vitro transcription and translation of constructs was achieved by using the TNT® 

Quick Coupled Transcription/Translation System from Promega. This kit performs 

eukaryotic in vitro translation directly from DNA by combining the RNA Polymerase, 

nucleotides, salts and RNasin® Ribonuclease Inhibitor with the reticulocyte lysate 

solution in a Master Mix. The manufacturer’s protocol was followed which is described 

here briefly:

1) The TNT® Quick Master Mix was rapidly thawed by hand warming and placed on 

ice. The other components were thawed at room temperature and then stored on ice.

2) The following reaction components were assembled in a 1.5ml microcentrifiige tube 

and were gently mixed by pipetting:

TNT® Quick Master Mix: 40pl

[ S]methionine (1 ,OOOCi/mmol at lOmCi/ml): 2pl

DNA template(s) (0.5pg/pl): 2pi

Nuclease-Free Water to a final volume of 50 pi

3) The reaction was incubated at 30°C for 60-90 minutes.

4) The results of translation were prepared to be analysed by SDS-PAGE. 2x SDS 

sample buffer was added to half of the reaction (the remainder of the reaction may 

be stored at -20°C). The tube was capped and heated at 100°C for 2 minutes to 

denature the proteins. Then an aliquot of the denatured sample was loaded onto a 

SDS-polyacrylamide gel or stored at -20°C.
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preparing
5) The procedure for a SDS-PAGE gel is described in detail in Chapter 3. The

gel was subsequently stained with Coomassie blue as follows: a) the gel was 

dismantled from its cassette and placed in a container with 50% methanol, 1 0 %cviv) 

acetic acid and 40% distilled water. The container was rocked gently onto a rotating 

platform for 1 Omin at room temperature for the gel to be fixed, b) The fixer solution 

was replaced by a staining solution containing 0.2g Coomassie brilliant blue R-250 

(Sigma) in 50ml acetic acid, 125ml of isopropanol and 325ml distilled water. The 

container was rocked for 30min at 50^C. c) The solution was replaced by a 

destaining solution containing 10% methanol and 7.5% acetic acid in distilled water.

The gel was left to destain in the rotating platform for 2 hours in the presence of 

tissue paper to absorb the extra stain, d) the gel was soaked in 7% acetic acid, 7% G/y ) 

methanol and 1% glycerol for 5min and was subsequently placed over Watman 

paper that was sitting on top of a vacuum gel drier. The gel was covered with cling 

film and was left to dry for 3 hours at 80^C.

6) After drying, the gel formed a thin layer stuck onto the 3M Whatman paper 

(LabSales). It was then transferred into an autoradiography cassette with film 

(Sigma) laid on top of it. The film was left to expose overnight.

7) The following day the film was developed using Kodak developer and fixer (Sigma) 

according to the manufacturer's instructions: in a dark room, under red light the film 

was dipped into a tray containing developer using forceps for about 2 min until the 

signal was visible. It was then washed in running water for another 2 min before 

been transferred in a tray containing fixer. The film was fixed for 2 min until it 

became transparent and then it was washed in running water. The film was left to 

dry hanging in a drying cabinet.

2.9 Immunocytochemistry

PREPARATION

1) 2 .x  10̂  cells were cultured on a poly-lysine coated coverslip in a 35mm dish and the 

following day they were transfected with 1 pg of DNA. After 24 hours, the cells 

were washed carefully 3 times with PBS.

2) The cells were fixed with 4% paraformaldehyde pH7 (Sigma) for 20min at room 

temperature.

3) Subsequently, the cells were washed 3 times with PBS.
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BLOCKING
CvL )

1) PBS containing 0.1% Triton-X (Sigma) was added for lOmin to permeate the cells.

Then the cells were washed once with PBS. For the experiment in this ehapter, the

cells were not permeabilised.
Cvtv̂ G/lO

2) The cells were kept in 10% goat serum (GibcoBRL) with 0.001% Triton-X in PBS

for one hour minimum in humid atmosphere to block unspecific binding. No Triton 

was used in this chapter's immunocytochemistry experiment.

ANTIBODIES

1) The primary antibody was added in the appropriate concentration (1:600 for 

polyclonal 200pg/pl anti-FLAG from Santa Cruz and 1:150 for 6pg/pl monoclonal 

anti-MYC from Sigma) for 1-2 hours at room temperature o*" 4%

2) The cells were washed carefully three times with PBS.

3) The secondary antibody was added in the appropriate concentration (1:600 for 

1.5mg/ml anti-rabbit rhodamine and 1:200 for 1.5mg/ml anti-mouse fluorescein both 

purchased from Jackson ImmunoResearch Laboratory) and left for 3 Omin in the 

dark.

4) The cells were washed 3 times with PBS.

5) Each coverslip was drained with paper and inverted onto a drop of cytofluor 

(glycerol/PBS solution) on a slide, trying to prevent the formation of bubbles. The 

edges of the coverslips were sealed with nail varnish and the slides were stored in 

the dark at 4^C.
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CHAPTER 2 

Investigating the functionai roie of VR-L

EXPERIMENTAL RESULTS
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2.1 T issue distribution of VR-L

Following the cloning of VR-L, the new member of the vanilloid receptor family, 

further studies were undertaken to identify its function. Investigating the tissue 

distribution of a gene can provide an indication towards its function. The distribution of 

the VR-L transcript was examined by performing RT-PCR studies.

RNA from rat tissues was extracted and cDNA was synthesised using the same 

concentration of RNA for all the samples. Although, the starting RNA amount was the 

same across samples, the cDNA production can vary depending on the RNA and 

uncontrollable factors like the thickness of the eppendorf walls. In order to make sure 

that the RT-PCR was performed with the same cDNA amount across samples 

(normalisation), a PCR was carried out using primers for cyclophilin. Cyclophilin is a 

specific cyclosporin A-binding cytosolic protein, found to be abundant and highly 

conserved. During PCR, DNA amplifies exponentially until the reagents are depleted 

and then amplification reaches a plateau. The PCR was performed in the exponential 

phase o f cyclophilin amplification (for details see figure 2.6, next section). Once the 

intensities of all bands were equalised by adjusting the cDNA concentrations across 

samples (figure 2.1 A and 2.3 A), a PCR was carried out using primers specific to VR-L 

(figures 2.2 and 2.3A). VR-L was found to be highly expressed in the spinal cord, 

nodose and dorsal root ganglia, in the lung, adrenal gland and ovaries. In lower amounts 

it was found to be expressed in brain, cerebellum, heart, thymus, spleen and testis. The 

widespread distribution of the gene was not unexpected, since the tBLASTn search that 

identified VR-L (Chapter 1) retrieved ESTs from libraries created from a variety of 

tissues. A control RT-PCR was performed (figures 2 .IB, 2.3B) where no reverse 

transcriptase was included in the reaction, to ensure that the VR-L signal is not due to 

genomic DNA contamination during the RNA preparation. The cyclophilin primers 

were designed to cross an intron in the cyclophilin gene. Therefore, if  there was 

genomic DNA in the sample, the intron would be amplified resulting in a band with a 

higher molecular weight than the band amplified from cyclophilin cDNA. Hence, these 

primers served as an additional control for genomic DNA contamination.

The experiment was performed n=4 times
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Figure 2.2:"^lssue distribution o f  the VR-L gene (35 cycles). The samples were 
loaded in the same order as in figure 2.1.

m  I#  # # # # *  # # # *.

Figure 2.1B: (\xtempt to amplify the cyclophilin gene from a reverse transcription reaction where 
no reverse transcriptase had been added, controlling for genomic DNA contamination. The PCR 
reaction was performed as in figure 2.1 A. The samples were loaded in the same order.

Figure 2.1 A: tv ormalisation o f  the tissue cDNA samples. The PCR was carried out (25 cycles) 
using primers for the cyclophilin gene. Lane 1: lOObp ladder, Lane 2: brain. Lane 3: cerebellum. 
Lane 4: spinal cord. Lane 5: nodose ganglia. Lane 6: dorsal root ganglia. Lane 7: heart. Lane 8: 
thymus. Lane 9: lung. Lane 10: liver. Lane 11: spleen. Lane 12: kidney. Lane 13: adrenal gland. 
Lane 14: muscle. Lane 15: urinary bladder
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Figure 2.3A :Tissue distribution o f VR-L (cont).Lane 1: testis (cyclophilin). Lane 2: ovaries 
(cyclophilin). Lane 3; lOObp ladder. L ane 4: testis (VR-L), L ane 5: ovaries (VR-L), Lo.'̂ c C;
r\ e^o,V\v/e' coAkfo'r

Figure 2.3B: (renomic DNA contamination control in the same RNA samples as the ones used 
in figure 2.3A (loaded in the same order).

Since there is no genomic DNA contamination, the signals in figure 2.2 represent the 

VR-L transcript in the corresponding tissues. VR-L has a much broader tissue 

distribution than VRl (Caterina et t//., 1997). It is expressed in the peripheral nervous 

system (nodose and dorsal root ganglia) but also in the central nervous system (brain, 

cerebellum, spinal cord) and in tissues of the immune system (thymus, lung, spleen, 

adrenal gland). Since VR-L mRNA is found in DRG, where its possible co-expression 

with VRl might have interesting implications in the study of pain, further investigation 

of its expression in this tissue was necessary.

2.2 Regulation of VR1 and VR-L by Nerve Growth Factor.

The majority of the nociceptors that are sensitive to capsaicin also express trkA, the 

high affinity receptor for NGF . Winter et al. (1988) reported that

capsaicin sensitivity of adult rat DRG neurons in culture is NGF dependent. Under 

inflammatory conditions, the concentration of NGF peripherally increases, it causes the 

degranulation of mast cells, which release more NGF, histamine and serotonin that 

subsequently sensitise the nociceptors (Shu and Mendell^l999).
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Considering that VRl is expressed in trkA DRG neurons and that NGF can regulate the 

capsaicin response and expression of various genes, it was interesting to explore 

whether or not VRl is regulated by NGF. Likewise, the role of NGF in inflammation 

and hyperalgesia together with the observation that VR-L is expressed in tissues of the 

nervous and the immune systems, led to the hypothesis that the VR-L gene might be 

regulated by this neurotrophin. A semi-quantitative RT-PCR approach was followed as 

described before (Boucher et 6//. ̂ 2000a), where cDNA was synthesised from adult rat 

DRG neurons that had been cultured either in the presence of NGF or in its absence 

together with anti-NGF antibody. cDNA was also synthesised from neonatal rats that 

had been injected with NGF and control rats that had been injected with carrier solution. 

The concentrations of the differently treated samples were normalised using cyclophilin 

primers, as it was described in section 2.1. Primers for

CGRP were used as a positive control for the NGF treatment, as its expression is

known to be upregulated by NGF (Lindsay et al.  ̂1989, Winston et al.^200\). For the

cultures, adult DRG were used since they do not depend on NGF for their survival. In 
antibody

this set-up anti-NGF could be used to neutralise NGF in the medium without 

jeopardising the neurons' survival.

In order to examine the sensitivity of this approach, a preliminary experiment to 

quantify the dynamic range of RT-PCR as an assay system for the identification of 

differences in the transcript levels was carried out. The sensitivity of the system was 

tested by running different dilutions of a PCR reaction on a gel (figure 2.4). As it can be 

seen in this picture, the RT-PCR method is limited in recognising >2x difference in 

concentrations. The experiment was performed n=ltime.

Figure 2.4: Sensitivity o f RT-PCR in 
identifying differences in concentrations. All 
the samples run were amplifications o f  DRG 
cDNA using cyclophilin primers for 30 
cycles.
Lanel: lOObp ladder
Lane 2: 50 pi PCR reaction
Lane 3: 25 pi PCR reaction (x2 dilution)
Lane 4: 12.5 pi PCR reaction (x4 dilution)
Lane 5: 8.3 pi PCR reaction (x6 dilution)
Lane 6: 6.25 pi PCR reaction (x8 dilution)
Lane 7: 5 pi PCR reaction (xlO dilution)
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The DNA amplification in a PCR is exponential but is limited by the availability of the

reagents and the activity of the DNA polymerase. As a result it reaches a plateau after a

number of cycles, where the product has attained maximum amplification. Because the

expression levels of genes differ and the semi-quantitative RT-PCR requires the

amplification of two genes in the same tube, control RT-PCRs were run at different

cycles in order to determine the point of saturation in the amplification of each gene

studied (figure 2.5). The same amount of RNA was used to synthesise cDNA and the

PCRs were carried out using the same amount of template.
The experiment was performed n)>Intimes,

 ̂ 1 5 4 b (o

^ ? \û

Figure 2.5: Determining the
exponential amplification o f  

c w .
Lane 1: lOObp ladder
Lanes 2 to 8: amplification o f VRl
in 10, 18, 20, 25, 30, 35 and 40
cycles
Lanes 9 to 13: amplification of 
CGRP in 10, 18, 20, 25, and 30 
cycles

Figure 2.6: Determining the
exponential amplification o f  

o\do^V\i\i v\
Lane 1: lOObp ladder
Lanes 2 to 3: amplification o f  CGRP
in 35 and 40 cycles
Lanes 4 to 10: amplification of
cyclophilin in 10, 18, 20, 25, 30, 35
and 40 cycles.

The number of cycles of exponential amplification was determined as follows for the

different genes; 25 cycles for cyclophilin, 30 cycles for CGRP and 30 cycles for VRl.

To normalise the cDNA amounts between the two differently treated samples (subjected 
antibody treatement^

to NGF and to anti-NGF PCRs were run using the two different templates and the 

cyclophilin primers at 25 cycles (figure 2.7). Different volumes of template were used 

for each PCR. An example is given below. The experiment was performed nV® times.
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Figure 2.7: Normalisation o f the cDNA 
amounts o f the differently treated samples 
Lane 1: PCR reaction with 2pl cDNA o f 
NGF treated sample
Lane 2: PCR reaction with 2.5pl cDNA of 
NGF treated sample
Lane 3: PCR reaction with 3pi cDNA o f 
NGF treated sample
Lane 4: PCR reaction with 2pl cDNA o f 
anti-NGF treated sample 
Lane 5: PCR reaction with 2.5pl cDNA of 
anti-NGF treated sample 
Lane 6: PCR reaction with 3pi cDNA o f 
anti-NGF treated sample 
Lane 7: lOObp l a d d e r  -NoîTTialisation was 

^  performed using cyclophilin primers:--------

For these particular samples, 2.5 pi cDNA of the NGF treated sample was normalised 

against 3 pi cDNA of the anti-NGF treated sample. Following normalisation of each set 

of samples, the semi-quantitative PCRs were carried out for VRl and VR-L (figures 2.8 

and 2.9).

Figure 2.8: U(M"egulation o f V R l by NGF in
cultured DRG
Lane 1: 1 OObp ladder
Lane 2: NGF treated sample. Cyclophilin 
amplification =25 cycles, CGRP=30 cycles 
Lane 3: anti-NGF treated sample.
Lane 4: NGF treated sample. V R l
amplification = 30 cycles
Lane 5: anti-NGF treated sample.

The primers designed for VRl did not allow co-amplification with cyclophilin in the 

same tube since the two bands were of similar size and thus not possible to be 

distinguished. New primers were designed for VRl and the experiment was repeated 

(figure 2.9).
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V *
CGRP

c v c l o p hi l i i i

VR-1,

Figure 2.9: Upregulation of 
V Rl and VR-L by NGF in 
cultured DRG 
Lane 1: lOObp ladder 
Lane 2: NGF treated sample 
Cyclophilin amplification =25 
cycles, CGRP=30 cycles 
Lane 3: anti-NGF treated 
sample
Lane 4: NGF treated sample 
Cyclophilin = 25 cycles, VRl 
= 35 cycles
Lane 5: anti-NGF treated 
sample
Lane 6: NGF treated sample.
VR-L = 35 cycles
Lane 7: anti-NGF treated
sample

The CGRP upregulation confirms the efficacy of the NGF treatment. The amplification 

time for VRl was increased to 35 cycles, because competition with the cyclophilin 

primers was observed in control experiments. Both VRl and VR-L show upregulation 

by NGF, albeit the size of the VR-L product did not allow co-amplification with 

cyclophilin. At the time of the experimentation only a small part of the VR-L gene had 

been sequenced and thus it was not possible to redesign the primers. In the meantime, 

the experiment was repeated with DRG cDNA from neonatal rats that had been injected 

with NGF (figure 2.10).

Figure 2.10: Upregulation o f  VR-L by NGF in vivo.
Lane 1: lOObp ladder
Lane 2: NGF treated sample. Cyclophilin amplification =25 cycles, CGRP=30 cycles 
Lane 3: control sample (PBS injection)
Lane 4: NGF treated sample. VR-L amplification = 35 cycles 
Lane 5: control sample (PBS injection)

S'

cyclophilin

V
C O R P
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NGF upregulates VR-L in vivo in a similar manner -to observed in cultures. Once the 

VR-L sequencing was completed, new primers were designed to allow co-amplification 

with cyclophilin in one tube using cDNA from NGF treated DRG cultures and DRG 

cDNA from NGF treated mice, (figures 2.11 and 2.12).

VR-L

CGRP

V
cyclophilin

Figure 2 . 1 regulation o f  VR-L by
NGF in cultured DRG r^ ')
Lane 1: 1 OObp ladder
Lane 2: NGF treated sample.
Cyclophilin amplification =25 cycles,
CGRP=30 cycles
Lane 3: anti-NGF treated sample
Lane 4: NGF treated sample.
Cyclophilin= 25 cycles, VR-L= 35
cycles
Lane 5: anti-NGF treated sample

Figure 2.12:Upregulation o f 
VR-L by NGF in v/voLnew\.oc»> ««3 
Lane 1: 1 OObp ladder 
Lane 2: NGF treated sample 
Lane 3: control sample (PBS) 
Lane 4: lOObp ladder 
Lane 5: NGF treated sample 
Lane 6: control sample (PBS)

CGRP

In both cases of NGF application in vivo and in vitro, elevation of the VR-L mRNA

levels was observed. The same upregulation was observed with two different sets of

primers. In the presence of NGF the transcript upregulation was 3.2 times
antibody

compared to the signal in the anti-NGF sample (analysed by Metamorph Imaging

System), while the VRl upregulation was on average 2.6 times.
The experiment was performed n=Stimes.
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2.3 VR-L is expressed in capsaicin insensitive dorsal root ganglia

Dorsal root ganglia comprise a heterologous population of neurons that can be 

distinguished by size, neurotrophin dependence, expression of markers and sensitivity to 

capsaicin. Capsaicin specifically excites the unmyelinated C polymodal and thinly 

myelinated Aô nociceptors and thus it was not surprising to find VRl to be specifically 

expressed in the small to medium size diameter neurons of dorsal root ganglia. 

Capsaicin in irwgk concentrations has neurotoxic effects (Nagy et «/.^1980) on primary 

afferent nociceptors. Caterina et al. (1997) demonstrated that this specificity is a 

reflection of the specific expression of VRl, as non-neuronal cells transfected with VRl 

and exposed to 3pM capsaicin for 7 hours exhibited necrotic death. The specific action 

of capsaicin on small diameter neurons was useful in determining whether or not VR-L 

is expressed in this group of dorsal root ganglia neurons. Cultures of adult rat DRG 

neurons were subjected to 3pM capsaicin overnight at 37® C in a humidified incubator. 

RNA was extracted and cDNA was synthesised from the capsaicin treated neurons as 

well as from control cultures. A semLquantitative PCR was carried out, as described in 

section 2.2, where the cyclophilin amplification had been normalised between the 

capsaicin treated and the control DRG cultures. Primers for VRl were used as a positive 

control for the efficacy of the capsaicin treatment.

The experiment was performed n=^ tim es.

Figure 2.13: Expression o f  VR-L in DRG neurons that do not 
respond to capsaicin 
Lanel: 100 bp ladder
Lane 2: capsaicin treated culture (cyclophilin)
Lane 3: control culture (cyclophilin)
Lane 4: capsaicin treated culture (V Rl-cyclophilin)
Lane 5: control culture (VRl-cyclophilin)
Lane 6: capsaicin treated culture (VR-L)
Lane 7: control culture (VR-L)
Lane 8 to 10: negative PCR controls for all sets o f primers
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The VR l expression levels were reduced with capsaicin treatment as expected, since 

high capsaicin concentrations have'^eurotoxic effect and can diminish the number of 

VRl expressing neurons. VR-L expression levels on the other hand remained unaltered, 

indicating that the VR-L presents little or no colocalisation witn VRL In situ

hybridisation can provide more detailed information on the localisation of VR-L in 

DRG. Unfortunately, attempts to perform in situ hybridisation analysis for VR-L failed 

due to high background. Lack of time did not allow trial of many probes under different 

conditions. Nevertheless, the RT-PCR experiment on capsaicin-treated cultures shows 

that VR-L has a different expression pattern from VRl, which does not exclude 

colocalisation to a limited extent.

2.4 Functional studies: attem pts to assign a role on VR-L
2.4.1 Fura-2 fluorometry

VR-L, a new member of the vanilloid receptor family was cloned using 

bioinformatics tools. RT-PCR studies showed that the novel protein is expressed in a 

variety of tissues of the immune and the nervous systems, including dorsal root ganglia. 

By performing semi-quantitative RT-PCR using capsaicin treated and control DRG 

cultures, it was established that VR-L is mainly expressed in the non-capsaicin-sensitive 

DRG population. In vivo and in vitro application of NGF resulted in elevating the VR-L 

transcript levels, indicating that VR-L like other receptors is under cellular control. 

These studies so far suggest that VR-L is a functional receptor, but its role has yet to be 

elucidated.

The structural topology and the resemblance of VR-L to the Transient Receptor 

Potential family of receptors are strong indications that VR-L is a calcium channel. 

Therefore an assay based on readout could be used to study the function of this

receptor. The fluorometry method was favoured for its simplicity, its proven 

competence in studying Ca ^^signals, especially of TRP channels, and for its high 

throughput of data. C0S7 cells were used that were transiently transfected with VRl or 

VR-L and loaded with fura-2, a fluorescent dye that exhibits a shift in its excitation peak 

wavelength once bound to . Activation of a calcium channel will register as a

fluorescence change when the fura-2 binds the incoming . In particular, when

the free concentration is high (not bound to fura-2), the fluorescence emission
\=  X-

(recorded at 510nm) is large at 340nm excitation, while for the same Co.

16



X=
concentration the fluorescence at 380nin excitation is low (captured at the same 5lOnm 

emission). The fluorescence recordings reverse when 6 ^  binds to fura-2 and thus 

free concentration is low i.e. the fluorescence is low at 340nm and high at

380nm. These excitation spectrum shifts can be converted to changes in intracellular 

(see M aterials and Methods). Because the sample has the same optical 

characteristics when excited at two different wavelengths, the ratio of the intensities, 

rather than the absolute intensity values are calculated. This ratiometric approach allows 

for the cancellation of variations in illumination, dye loading, photobleaching, cell 

thickness etc. The cells were kept in suspension with the help of a magnetic rod in 

Hanks buffer pH 7.4 at room temperature without extracellular GxM" . Ca^^ was 

added during the measurement to a final concentration of 2mM. Achieving a new 

osmotic balance confirmed that the cells were not leaky and thus they were in a good 

condition to study the activation of a channel. Typical responses of transfected cells are 

shown below (figure 2.14):

Figure 2.14: Examples of responses of VRl, VR-L and untransfected COS7 cells to 
IpM capsaicin and pH change from 7.4 to 6,
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As it can be seen in figure 2.14, VRl responds to capsaicin (panel A) while VR-L 

(panel E) and untransfected cells (panel F) do not. All the cells respond to pH decrease 

but with different potency. Additionally, the VRl transfected cells exhibited a biphasic 

response to pH reduction, consisting of a transient and a sustained component (figure 

2.14, panel B, blue and purple arrow respectively). VR-L (panel C) and untransfected 

cells (panel D) exhibited only the transient component (blue arrow) and then the current 

returned to baseline (green arrow). The results for capsaicin and pH responses were 

analysed statistically (figure 2.15).

Figure 2.15: Statistical analyses of VRl, VR-L transfected and naïve cells' responses

r e s p o n s e  to  1|iM cap sa ic in  (n=3)

S I

c o s  VRl COS VRL naive
COS

□
standard

□
increases in 
Ca cone.
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pH c h a n g e  f rom 7.4 to 6 (n = 3)
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VR-L does not respond to capsaicin and pH decrease in a VRl manner. It does not 

respond to capsaicin at all (figure 2.15A), while its response to pH change is similar to 

the one exhibited by untransfected COS cells (figure 2 .15B). On the contrary, VRl cells 

consistently responded to capsaicin and pH as expected (Tominaga et al.  ̂1998) eliciting 

an inward current that elevated the intracellular Cck" concentration almost

xlO fold after capsaicin application (figure 2.15A) and roughly x2 fold after pH 

decrease compared to untransfected COS cells (figure 2.15B). The transient response 

(indicated by blue arrow in figure 2.14) exhibited by untransfected (panel D) and VR-L 

transfected cells (panel C) is reminiscent of an endogenous ASIC channel (acid-sensing 

ion channel) that responds to acidic environment with a transient current (Waldmann 

and Lazdunski/1998). HEK293, COS? and Xenopus oocytes have been found to express 

an endogenous proton-gated, rapidly inactivating, amiloride-sensitive membrane current 

that is probably encoded by a member of the ASIC family of channels (Cesare et al., 

1999b). Therefore, the transient component that is common between the VRl, VR-L 

and untransfected cells responses is due to an endogenous proton-gated channel, while 

the sustained component observed only in VRl transfected cells that is clearly 

differentiated from baseline (figure 2.14B, purple arrow) is due to the capsaicin 

receptor.

An interesting observation (figures 2.16 and 2.17) that was made during the fura-2 

recordings is that possibly the pH and capsaicin responses of VRl cross-desensitise, in 

the same manner as heat and capsaicin responses (Tominaga et al.\99%).
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Figure 2.16: VRl responses to IpM capsaicin (A) and pH reduction from 7.4 to 6 (B).
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Figure 2.17: Co-application (A) or sequential application of IpM capsaicin and pH 
reduction from 7.4 to 6 (B and C) in VRl transfected C0S7 cells.
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This preliminary data shows that pH change prior to capsaicin application (figure 2.17, 

panel B) desensitises the capsaicin evoked response (smaller intracellular 

concentration increase when compared with the single capsaicin application - figure

2.16 panel A). Likewise, application of capsaicin abolishes the sustained component of 

the pH response (figure 2.17 panel C) compared with single stimulation with protons 

(figure 2.16 panel B). Co-application of capsaicin and pH change (figure 2.17 panel A) 

seems to be synergistic. Nevertheless, one cannot postulate the existence of cross­

desensitisation between capsaicin and pH responses, until this initial observation is 

supported by statistical analysis and repeated application of the stimuli.

2.4.2 Electrophysiological studies

Fluorometric studies showed that VR-L does not respond to capsaicin and protons. 

Since VRl also responds to heat, it was interesting to examine whether heat activates 

VR-L. Heat experiments could not be conducted with the fluorometer, since it was not
(UCÜ

designed for sueh experiments. Dr. Cesare kindly offered to examine heat responses 

using patch-clamp in an electrophysiological set-up that contained a heat exchanger 

with a rapid heating/cooling cycle. This devise could allow very rapid temperature 

changes (<20msec). Simultaneously with heat studies, the responses of VRl and VR-L 

transfected cells to capsaicin and protons observed with fura-2 were confirmed. 

HEK293 cells were transfected with plasmids containing the genes of interest. The cells 

were also co-transfected with a plasmid containing GFP in a dilution 1:10 to the plasmid 

of interest. The elicited fluorescenee allowed the identification of the transfected cells. 

Typical responses are shown below (figure 2.18).

Application of low pH (5.4) evoked a large but transient inward current in GFP(control) 

transfected and VR-L/GFP co-transfected cells. In VRl/GFP co-transfected cells, 

however, the evoked current was clearly larger and could be distinguished by a 

sustained component present throughout the application of the stimulus. As mentioned 

before (fluorometric studies section 2.4.1), the transient current is due to an endogenous 

proton responsive channel. Capsaicin application (500 nM) failed to evoke any response 

in GFP-transfected or VR-L/GFP co-transfected cells. VRl/GFP co-transfected cells, on
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the other hand, show a large current that starts to recover after wash out, in agreement 

with Caterina et al. (1997).

Figure 2.18: Membrane inward currents measured at -60 mV evoked by fast application 
of high temperature 52°C (T), pH 5.4 (pH) and 500 nM capsaicin (caps) in HEK293 
cells transfected with either GFP, GFP/VR-L or GFP/VRl.
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Brief pulses of heat (52°C) evoked fast activating inward currents in VRl/GFP co­

transfected cells as reported before (Caterina et a/. 1997; Tominaga et al.  ̂ 1998). GFP- 

transfected and VR-L/GFP co-transfected cells both responded to heat with small 

currents of variable amplitude, probably due to a non-specific effect of heat on leakage 

currents. This effect can be particularly dramatic at temperatures higher than 53°C, that 

many times led to the disruption of the cell membrane. Dr. Wafford's group (Merck) 

repeated the electrophysiological experiments on VRl and VR-L with heat, capsaicin 

and proton application. Their studies also included co-transfections of VRl with VR-L 

to examine the possibility of a functional interaction between the two channels. A 

statistical representation of the results can be seen in figure 2.19.
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Figure 2.19: Statistical analysis of high temperature 55®C, pH 6.0 and IpM capsaicin 
responses in HEK293 cells transfected with GFP, GFP/VR-L or GFP/VRl.

E ffects Of C apsaicin And Heat On VR -L 

VR -1, U ntransfected And Vector Only HEK

Cells

3500

2500 -

^  1500 - 
<
3  500
c:
2k.
3
Ü

150
125
100

75
50
25

0

n = 5

n = 11

I

untransfected
HEK

VR-L
GFP

n = 2

X

11

n = 10

VRl
GFP

VRl+VR-L
GFP

^ I ^ M ^ c a p s a i c in

n = 4

GFP

CL

C

im
3u

2500-

2000 -

1500-

1000 -

500-

Effect o f pH 6.0 on VR-L  
and untransfected HEK cells

pH6.0

(n=19)
(n=29)

VR-L/GFP HEK
untransfected

123



The statistical analysis confirmed that VR-L does not respond to acidic pH, capsaicin 

and heat. Additionally, when co-expressed with VRl, it does not alter the response of 

the capsaicin receptor to capsaicin or heat. Therefore it seems unlikely that VR-L has a 

synergistic or inhibitory effect on the VRl function. Comparison of untransfected cells 

with vector transfected cells shows that transfection renders the membrane sensitive and 

the cells become leaky at high temperature. The small VR-L response to heat is hence 

no-specific and confirms our observation (figure 2.18) that non-physiological 

temperatures disrupt the cellular membrane.

In summary, fluorometric studies using fura-2 and patch-clamp studies showed that VR- 

L does not respond to capsaicin, heat and protons. VR-L resembles the TRP channels, 

of which a few members are store-operated i.e. they are activated by depletion of 

intracellular stores. Depletion of intracellular stores with thapsigargin (inhibitor

of a sarcoplasmic/endoplasmic reticulum Ca “-ATPase) or with activation of an 

endogenous muscarinic receptor (G-protein coupled receptor) in VR-L transfected
U6L,

HEK293 cells showed that VR-L is not a store-operated channel (Dr. Delmas, personal 

communication). Because TRP3 and TRP6 are not store operated channels but are 

activated with diacylglycerol (Hofmann et al. , 1999), Dr. Delmas also examined the 

possible activation of VR-L by this second messenger. No current was identified upon 

application of a membrane permeable diacylglycerol analogue on VR-L transfected 

cells, indicating that this pathway does not activate VR-L. Finally, experiments
CrV»o<o-

contacted by Dr. Davis' group (personal communication) showed that anandamide, a 

VRl agonist, failed to activate VR-L.

2.5 VR-L is expressed on the cell membrane
Electrophysiological and fluorometric studies conduced by our group and collaborators 

showed that VR-L is not activated by capsaicin, heat, protons, depletion of intracellular 

stores, diacylglycerol and anandamide. Failing to identify the functional role of VR-L, 

the possibility that the protein does not reach the cell membrane to compose a functional 

channel was considered. In order to explore this possibility, an epitope was attached on 

the extracellular loop of the gene between the transmembrane domains 5 and 6. 

Subsequently, the protein expression was investigated with immunocytochemistry.

The c-myc epitope EQKLISEEDL was added after the aspartic acid at position 561 in 

the rat VR-L sequence, which is situated after transmembrane domain 5 and before the
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pore loop (appendix 2.1). The epitope tagging was accomplished following a PCR 

strategy based on amplification of complementary templates (figures 2.20 and 2.21).

Figure 2.20: Epitope tagging PCR strategy
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Subsequently the PCR product AD was digested with appropriate enzymes to be 

subcloned into the vector, digested with the same enzymes, that contained the original 

untagged sequence.

Figure 2.21: Subcloning the tagged gene sequence
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Primers equivalent to primers A and B (figure 2.20) were designed to amplify the rat 

VR-L region from nucleotide 1638 to 2040 (appendix 2.2). Primers equivalent to C and 

D amplified the VR-L region from nucleotide lOHO to 2501. For convenience the 

corresponding regions will be called AB (402bp product) and CD (462bp product). The 

PCR products amplified by the primers A&B and C&D are shown in figure 2.22.
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Figure 2.22; PCR amplification o f  AB and 
CD regions o f rat VR-L

Lane 1: AB PCR product (~400bp expected) 
Lane 3: CD PCR product (~ 460bp expected) 
Lane 5: lOObp ladder

In order to achieve high fidelity of template amplification with as few mistakes as 

possible, the Pfu polymerase was used and the PCR was run for only 15 cycles. Before 

running the PCR samples on a gel, they were blunted using the Klenow enzyme. This 

treatment removed any base overhangs that might have been added at the product's 3' 

end by traces of Taq polymerase contained in the Pfu preparation. The PCR products 

AB and CD were extracted from the gel and purified, with the purpose of being 

employed as templates for a second PCR, giving rise to product AD (figure 2.20). The 

amplification of the rat VR-L nucleotide region 1637-2501 (AD product) was achieved

with the c-myc epitope incorporated (figure 2.23).
\ 1 3

Figure 2.23: Amplification o f  the AD 
region o f  rat VR-L, incorporating the c- 
myc epitope

Lane 1: Ikb ladder
Lane 2: lOObp ladder
Lane 3: PCR product using fragments
AB and CD as templates and the primers
A and D (size expected: ~ 860bp)

The AD PCR product was purified from the gel and was digested (figure 2.25) with the 

enzymes Narl and Eco47111 (strategy displayed in figure 2.21). The same enzymes were 

utilised to digest the rat VR-L sequence cloned in the vector pcDNAl (appendix 2.3, 

figure 2.24).
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Figure 2.24: D igestion o f rat 
VR-L in pcDNAl with Narl 
and Eco47III 
Lanel: Ikb ladder 
Lane2: digested rat VR-L 
(sizes expected: 6.7kb and 
0.73bp)

Figure 2.25: D igestion o f  PCR 
product AD with Narl and Eco47III

Lanel: Ikb ladder 
Lane2: lOObp ladder 
Lane3: undigested AD PCR product 
Lane4: digested AD PCR product 
(size expected: ~ 0.73bp)

The digested vector (6.7kb) and the digested AD PCR product (0.73kb) were purified 

from the gel and they were subsequently ligated, following dephosphorylation of the 

vector. E. coli bacteria were transformed with the ligated DNA, colonies were selected 

on ampicillin LB plates and their plasmid DNA preparations were digested with Narl 

and Eco47III to confinn their identity. The plasmids that showed the correct digestion 

profile were sequenced to verify the incorporation of the c-myc epitope (appendix 2.4).
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To confirm that the tagged VR-T gene can express a protein of the estimated size, a kit 

was used for in vitro transcription and translation of tlhe construct. The mRNA is 

transcribed from the promoter prior to the gene (in this case T7) and translated 

incorporating radioactive methionine. The radioactive protein is run on a SDS-PAGE 

gel, which is subsequently dried onto paper and exposed on film, allowing the 
visualisation of the protein. The experiment was performed n itime.

Figure 2.26: In vitro transcription and translation of the original rat VR-L and of the rat 
VR-L with the c-myc epitope on the extracellular loop (rat VR-LmycX). The left side of 
the picture shows the Coomassie blue staining of the gel and the right side, the exposed 
film. The gel was loaded in the following order: protein molecular weight marker, rat 
VR-L, rat VR-LmycX, empty well, luciferase gene (positivée control).

V R-L VR-L 220kDL mycX
Lucife­

rase

97kDk

66kDcv
46kD

The construct rat VR-L mycX (VR-L with the c-myc epitope on the 3rd extracellular 

loop) expresses a protein of the expected size (~88kD) as the original rat VR-L. The c- 

myc epitope insertion did not cause frameshift or insertion of an alternative initiation 

methionine or insertion of a stop codon. Hence, the tag did not interfere with the gene 

expression and the construct could be used for cell transfections. The construct was 

expressed in HEK293 cells. In order to ensure the transfer of the protein to the plasma 

membrane, the detection of the c-myc epitope was attempted with 

immunocytochemistry without permeabilising the cells (figure 2.27). If the protein had
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reached the membrane and had incorporated in the lipid hi layer as ion channels do, then

the c-myc epitope would be protruding from the cell surface and would be approachable

by an antibody extracellularly. In that case, detection would be possible without
carried out

permeabilising the cells. Permeabilisation is usually to facilitate the antibody

transfer inside a cell to detect an epitope intracellularly.
The experiment was performed n=ltimes.

Figure 2.27: Detection of rat VR-L mycX with fluorescent immunocytochemistry on 
non-permeabilised HEK293 cells. Picture A: excitation of secondary FITC antibody that 
recognises the c-myc antibody. Picture B: visual field of picture A. Picture C: 
untransfected HEK 293 cells subjected to immunocytochemistry (negative control). 
Picture D: visual field of picture C.

The rat VR-L mycX protein reaches the cell membrane, since the c-myc epitope on the 

extracellular loop of the protein is accessible to the c-myc antibody, without 

permeabilising the membrane. The negative control verified the authenticity of the
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signal. Therefore, the channel protein was successfully processed and expressed on the 

cell membrane, suggesting that VR-L is a functional channel.

In summary, VR-L the novel member of the vanilloid receptor family is expressed in a

variety of tissues mainly from the nervous and the immune system. RT-PCR studies

using RNA from capsaicin-treated and control cultures showed that VR-L is expressed

in the non-capsaicin sensitive DRG cell population. Semi-quantitative RT-PCR studies

showed that the VR-L expression, like VRl's, is upregulated by in
be,

vivo and in vitro. Therefore, VR-L like other receptors can regulated by neurotrophins. 

Fluorometric and electrophysiological studies showed that VR-L is not activated by 

capsaicin, protons and heat and thus it is not a vanilloid receptor. Data produced by 

collaborators showed that VR-L is not a store-operated channel, is not activated by the 

VRl agonist^anandamide^and does not share the TRP3 and TRP6 activation pathway. 

Since none of the known mechanisms that activate the TRP channel family succeeded in 

stimulating VR-L, the possibility that the protein does not form a functional channel 

was investigated. Detecting VR-L expression on the cell membrane via extracellular 

epitope recognition demonstrated that VR-L reaches the cell membrane. Further

studies need to be carried out to assign a role on this novel vanilloid-like protein.
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CHAPTER 2 

Investigating the functional role of VR-L

DISCUSSION
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VR-L tissue  distribution

We cloned a new member of the vanilloid receptor family, sharing 49% amino acid

identity with VRl that we called Vanilloid-Receptor like Protein (VR-L). Before

embarking on functional studies, the expression of the gene in different tissues was

examined, as a gene's tissue distribution can reveal clues towards its function. By

performing RT-PCR using RNA from rat tissues, the VR-L tissue distribution was

established. The reason the RT-PCR method was used instead of Northern blotting is

because it is more sensitive. N o r t h e r n ^ f a i l e d  to identify VRl expression in the

central nervous system (Caterina et al.  ̂ 1997), while immunocytochemistry and

in situ hybridisation revealed VRl expression in the rat and human brain (Mezey et al.j

2000). Since RT-PCR is less time consuming than in situ hybridisation, it was preferred 
kVt.

for initial characterisation.

Primarily, the cDNA samples were normalised using primers for cyclophilin, an 

abundant cytosolic protein (figure 2.1 A). Once the cDNA amounts were equalised, a 

PCR was performed using primers for VR-L amplification (figures 2.2 and 2.3A). At 

the time this experiment was conducted, the VR-L cloning had not been completed and 

thus there was not enough sequence information to design primers that would allow co- 

amplification with cyclophilin in the same tube. For that reason the VR-L RT-PCR was 

performed separately from cyclophilin. VR-L expression was identified in high levels in 

spinal cord, dorsal root ganglia, nodose ganglia, lung, adrenal gland and ovaries (Garcia 

et a/. 1999). In more modest levels, VR-L was found to be expressed in the brain, 

cerebellum, heart, thymus, spleen, urinary bladder and testis. A control RT-PCR 

performed with no reverse transcriptase during the cDNA synthesis, showed that there 

was no genomic DNA contamination (figures 2.IB and 2.3B) and thus the PCR 

products were representative of the gene mRNA levels. The cyclophilin primers had 

been designed to cross an intron, providing an extra control for genomic DNA 

contamination. The VR-L expression pattern is strikingly different from the one 

exhibited by the capsaicin receptor. VR-L is expressed in a wide variety of tissues of 

mainly the nervous and the immune system. This result was not unexpected as the 

tBLASTn search that led to the cloning of VR-L, had retrieved EST entries from a 

variety of tissues such as endothelial cells, melanocytes, thymus, spleen, brain (table 

1.1, Chapter 1).
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The VR1 and VR-L transcrip ts are upregulated by the  Nerve Growth Factor 

both in vitro and in vivo.

Winter et al. (1988) reported capsaicin sensitivity of adult rat DRG neurons in culture to 

be NGF-dependent. NGF deprivation led to the loss of the capsaicin induced currents in 

these neurons, which was reversible with the re-addition of the neurotrophin. This 

phenomenon is in agreement with the finding that sciatic nerve axotomy leads to the 

reduction of VRl mRNA levels (Michael and Priestley, 1999), which is probably due to 

depletion o f target tissue derived neurotrophic factors. During inflammation, the NGF 

concentration increases peripherally, which causes the mast cells to degranulate and 

release substances like histamine and NGF that sensitise sensory neurons and can cause 

hyperalgesia (reviewed by Shu and Mendell, 1999). These researchers reported that NGF 

also has a direct effect on VRl by preventing tachyphylaxis during repeated capsaicin 

applications. Considering that VRl is necessary in developing hyperalgesia (Caterina et 

fl/.,2000, Davis et al^ 2000) it was not surprising to find that NGF, an inflammatory 

molecule, regulates its function.

The role o f NGF in inflammation and hyperalgesia together with the observation that 

VR-L is expressed in tissues of the nervous and the immune systems led to studying its 

possible regulation by this neurotrophin. A semi-quantitative RT-PCR approach was 

followed as described before (Boucher et al^ 2000a). cDNA was synthesised from adult 

rat DRG neurons that had been cultured in the presence of NGF or anti-NGF 

antibodies {in vitro approach). For in vivo studies, cDNA was also synthesised from 

neonatal rats that had been injected with NGF and control rats that had been injected 

with carrier solution. Prior to comparing transcript levels in the different mRNA 

populations, it was necessary to establish the exponential amplification of the genes 

studied (figures 2.5 and 2.6). This was essential because during the polymerase chain 

reaction, the DNA amplification reaches a plateau due to reagents depletion, at which 

point the signals are saturated and cannot be compared since they appear to be o f equal 

intensity. The concentrations of the treated samples were normalised using

cyclophilin primers (figure 2.7). Primers for CGRP

were used as a positive control for the NGF treatment as its expression is known to be 

upregulated by NGF (Lindsay et al.  ̂1989). For the cultures, adult DRG were used since 

they do not depend on NGF for their survival. In both cases o f NGF application in vivo 

and in vitro (figures 2.9-2.12), elevation of the CGRP, VRl and VR-L mRNA levels
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was observed (Garcia et al, 1999). The same upregiilation was observed

with two different sets of primers for both vanilloid genes. The observed VRl

upregulation by NGF is in agreement with the recent studies contacted by Winston et ai
by

(2001) who also reported up-regulation of VRl transcript levels NGF in cultured DRG 

cells with Northern blot studies. Considering that a) NGF is retrogradely transported to 

the cell bodies in DRG where it can increase gene expression levels e.g. BDNF 

(Michael et al^ 1997) and that b) NGF has been shown to affect the function and 

expression of VRl,  it was interesting to examine the possible effect of this 

neurotrophin on VR-L during inflammation and injury.

VR-L is expressed in the non capsaicin-sensitive DRG population
Semi-quantitative RT-PCR studies showed VR-L expression in DRG neurons among 

other tissues. The upregulation of the gene's transcript levels by NGF led to a more 

detailed investigation of 'G expression in DRG. In the absence of an antibody 

against VR-L, an alternative method was deployed to study the VR-L expression. 

Because capsaicin has neurotoxic effects in large concentrations (>5pM), it can be used 

to eliminate the capsaicin-sensitive cells and thus distinguish them from the non­

capsaicin-sensitive neuronal population. A semi-quantitative RT-PCR approach was 

followed where cDNA was synthesised from RNA harvested from capsaicin-treated and 

control DRG cultures. Amplification for the gene cyclophilin was used to normalise the 

samples. The VRl mRNA levels were used as a positive control for the capsaicin 

treatment (figure 2.13 and also in Chapter 3 figure 3.2B). Capsaicin treatment (3pM, 

overnight) significantly reduced the VRl transcript levels as expected, since the VRl 

expressing cells respond to large capsaicin concentrations by a influx which

leads to mitochondria vésiculation and cell lysis (Olah et al^ 2001b). Conversely, 

VR-L transcript levels were unaffected by capsaicin treatment. This indicates 

that the VR-L expressing cells did not undergo necrotic death due to the neurotoxic 

effect of capsaicin. This suggests that VR-L is not expressed in the same type of 

DRG neurons as VRl.

The neurotrophin study showed that VR-L mRNA levels are upregulated by NGF in 

vivo and in vitro. VRl transcript upregulation by NGF was also observed, in

agreement with Michael and Priestley (1999), who showed that 65% of trkA DRG cells 

also stain for VRL Considering that VR-L is not expressed in the small, capsaicin 

sensitive DRG neurons, it seems unlikely that it co-expresses with trkA in a significant
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proportion of cells to explain its direct upregulation by NGF. Unlike the VRl 

upregulation that is triggered by NGF binding to trkA in the same neuron, the VR-L 

upregulation is probably a paracrine effect. The paracrine effect could be mediated by a 

neuropeptide released by small diameter neurons in response to NGF that subsequently 

affects VR-L expression in a different cell population. Since the NGF concentration is 

increased during inflammation, such an effect could have major physiological 

importance. An example of paracrine regulation was reported by Mantyh et a/., (1994) 

who showed the release of the neuropeptide Y by large diameter DRG neurons 

following injury. The researchers suggested a paracrine effect o f this inhibitory 

neuropeptide released by large diameter neurons on small diameter neurons expressing 

NPY receptors that could lead to obstructing signalling of nociceptive information 

following peripheral injury. If  VR-L is subject to paracrine regulation, it would be 

interesting to identify the molecule released by small diameter neurons that regulates the 

expression of the receptor.

An alternative possibility is that under adverse conditions^ VR-L expression is not 

restricted -to large diameter neurons only. For example^ injury can evoke changes in gene 

expression patterns. Hudson et al. (2001) made the interesting observation that VRl 

protein expression is higher in undamaged DRG after partial sciatic nerve section and 

L5 spinal nerve ligation. Furthermore, they detected increased VRl expression in large 

A-fibre somata in the undamaged DRG. The finding of increased expression of a 

traditionally small diameter neuron gene in large diameter neurons after injury is not 

uncommon. SNS, a sodium channel expressed in small diameter DRG neurons, is found 

to be expressed in large, myelinated A fibres after L5 nerve section (Porreca et al.̂  

1999). Considering the alterations in gene expression patterns evoked by injury, one 

could postulate similar changes in VR-L expression during injury or inflammation. 

Analogous to inflammation, the change observed after nerve injury could be mediated 

by neurotrophins as well, since the distal damaged nerves undergo Wallerian 

degeneration leading to neurotrophin release from macrophages. Therefore, although 

VR-L is not traditionally expressed in small diameter neurons, the possibility that in 

adverse conditions its expression is triggered in small diameter neurons should be 

investigated.
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Attempts to assign a functional role on VR-L
VR-L resembles TRP channels and VRl in that it contains 6 transmembrane domains,

ankyrin repeats and a putative pore loop. Since VRl and the TRP channels allow the

influx of calcium into the cell, one can postulate that VR-L is a calcium channel.

For that reason, a Qr^ readout system was used for functional studies. The

ratiometric dye fura-2 was used, that binds to and its excitation spectrum shifts
X' y.~

from 340nm to 380nm as free decreases. When there is a lot of unbound

, the fluorescence emission of the dye is high at 340nm and low at"^380nm. 

When binds to the dye and there are few free ions, the fluorescence

emission of the dye is low at 340nm and high at 380nm. C0S7 cells were cultured and 

transfected with the genes of interest. Subsequently, the cells were harvested, were 

loaded with fura-2 and were kept in suspension in a fluorometer cuvette in the absence 

of . Addition of to the final concentration of 2mM (figure 2.14) evoked

the passive diffusion of ions into the cells. Achieving a baseline in the readout,

i.e. an osmotic balance, confirmed that the cells were not leaky and could be used for 

the fluorometer studies.

VRl transfected cells were used as a positive control. These cells responded to 

capsaicin (figures 2.14 and 2.15) with an intracellular increase establishing the

efficacy of the system. An interesting observation was that the increase of the 

intracellular Cc^ concentration reached a plateau and it did not return to baseline. 

This is in disagreement with the electrophysiological recordings of VRl (Caterina et al, 

1997), where the VRl elicited currents exhibit tachyphylaxis. The difference between 

the two systems is that the patch clamp method records the current going through a 

channel on the membrane and thus monitors the activity of the channel, while 

fluorometric studies record changes in the intracellular 

concentration. Dedov and Roufogalis (2000) observed the same phenomenon in 

fluorometric studies of DRG neurons challenged with capsaicin. They observed that the 

intracellular concentration returned to baseline on average 15min after the

capsaicin application, followed by medium change. Since the recordings presented in 

Chapter 2 were limited to about 3min post-application and the capsaicin solution was not

washed out, full recovery of the intracellular concentration was not observed.
Cioool

Dedov and Roufogalis suggested that the delay in baseline recovery is due to Lc\ 

buffering by mitochondria. When loads of enters the cell, the extra ions are

accumulated by mitochondria, which are then released in the cytoplasm by a Na^ /Ca
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exchange mechanism on the mitochondrial membrane. Subsequently, the exits

the cell via a plasma membrane Na^ /Ca exchanger and an ATP-dependent Ca ^  

pump. By using a mitochondrial uncoupler that releases the accumulated ■ by

dropping the mitochondrial membrane potential, the researchers showed that more 

Cc^ enters the cell and is stored in mitochondria upon VRl excitation than due to 

voltage-gated calcium channels. Additionally^ the release of ' from mitochondria

after capsaicin application is slower than after activation of voltage-gated calcium 

channels. The prolonged elevation of intracellular observed after capsaicin

application might underlie the receptor desensitisation observed in repeated exposure to 

the irritant. The VR-L transfected cells and the control untransfected cells did not 

respond to capsaicin (figures 2.14 and 2.15). Therefore, VR-L does not function as a 

vanilloid receptor.

The VRl transfected cells responded to a drop in pH from 7.4 to 6 as expected 

(Tominaga et al^ 1998). As seen in figures 2.14 and 2.15, VR-L and untransfected cells 

responded to protons but with a smaller increase in the intracellular Co^ 

concentration. Comparing the traces, one can see that the VRl response to protons 

consists of two parts: an initial abrupt elevation of intracellular that rapidly

inactivates followed by a prolonged plateau, which is higher than the baseline (figures 

2.14 and 2.16B). The VR-L and the control cells exhibit the same abrupt elevation in 

intracellular that quickly recovers but they lack the sustained component

observed in the VRl response. This pattern is reminiscent of the patch clamp recordings 

on the VRl receptor that showed a biphasic response (Tominaga et a/. ,1998). The 

transient component of the response has been attributed to endogenous, amiloride- 

sensitive, proton-gated channels of the ASIC family of receptors. Cesare et al. (1999b) 

showed cell lines like HEK and COS cells to express an endogenous proton activated 

current that can be blocked by amiloride, suggesting an endogenous ASIC channel. It is 

possible that the transient elevation of observed in the fluorometric readings is

due to the activation of an ASIC channel, while the sustained component observed only 

during VRl activation is specific to the capsaicin receptor. Application of amiloride 

could confirm this hypothesis. Nevertheless, when comparing overall elevation of 

intracellular it is obvious that VR-L responded to protons exactly like

untransfected cells, suggesting that protons do not activate the channel. Finally, figure

2.16 shows an interesting observation on the VRl activation. Preliminary results show 

that protons and capsaicin cross-desensitise in a manner similar to the heat-capsaicin
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cross-desensitisation observed in VRl (Tominaga et al.  ̂ 1998). Protons and capsaicin 

seem to abolish each other's responses but when applied together they seem to work 

synergistically.

Electrophysiological recordings conducted by Dr. Cesare and Dr. Wafford's group 

confirmed the fluorometric results (Garcia et 1999). Additionally, they carried out 

experiments with heat that were not possible with the fluorometer. Capsaicin, protons 

and heat-activated heterologously expressed V R l, while VR-L cells responded like 

control^ mock-transfected cells (figures 2.18 and 2.19). Application o f low pH 5.4 

evoked only a transient current in the VR-L transfected cells as in control cells, that is 

due to an endogenous proton activated channel. Capsaicin did not elicit any response in 

these cells. Pulses of heat (52® C) on VR-L transfected cells resulted in small and 

variable amplitude currents that were also observed in control cells. In many 

experiments exposure to such high temperature resulted in the cell membrane disruption 

suggesting that the occasionally observed small currents were due to non-specific cell 

leakage. Comparison of untransfected cells and mock transfected cells revealed that the 

transfection itself rendered the cells sensitive to heat, causing current leakage at high 

temperatures (figure 2.19). Application of heat and capsaicin on cells co-expressing 

VRl and VR-L elicited characteristic VRl responses, indicating that VR-L does not 

affect the temperature and vanilloid sensitivity o f the capsaicin receptor.

Fura-2 and electrophysiological studies showed that VR-L does not function like a 

vanilloid receptor, since it does not respond to capsaicin. Unlike V R l, it does not 

respond to protons and heat. Co-expression of VR-L with VRl does not alter the 

vanilloid and heat sensitivity of the capsaicin receptor, suggesting that VR-L does not 

have an inhibitory or synergistic effect on V Rl. Unfortunately, no studies on the effect 

of osmolarity on VR-L were conducted, but considering the widespread distribution of 

the gene in tissues not associated with such a function, it is highly unlikely that osmotic 

changes activate VR-L. Therefore, the function of VR-L remains elusive to this point.

VR-L is a functional receptor ?

Application of noxious stimuli like heat, capsaicin and protons that activate nociceptors 

failed to activate VR-L. Although VR-L is expressed in nociceptors, it might not 

respond directly to noxious stimuli but have a different role e.g. in the development of 

the nociceptor. Alternatively, VR-L might be a pseudogene that is not expressed. To test
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this possibility, a c-myc epitope was placed on the extracellular loop between 

transmembrane domains 5 and 6 of VR-L and followed its expression on the plasma 

membrane of host cells with immunocytochemistry. The immunocytochemistry was 

performed without permeabilising the cells, so that the antibody could reach the epitope 

only when it is placed extracellularly i.e. the ^roye.(n is expressed on the plasma 

membrane.

The construct was engineered via a PCR method based on amplification of 

complementary templates (figure 2.20). Briefly, two VR-L PCR products were 

generated that contained complementary sequences of the c-myc epitope at their 3' 

terminals. One of the PCR products corresponded to a short region of the VR-L 

sequence prior to the tag insertion point and the other PCR product contained the VR-L 

sequence after the tag insertion point. By using these two PCR products as template for 

a second PCR reaction, a product was obtained that contained a short region of VR-L 

with the c-myc tag inserted. By employing cloning methods this region was used to 

substitute the corresponding "wild-type" sequence in the VR-L gene. In vitro 

transcription and translation confirmed that the construct expressed the right size 

protein, indicating that no frameshift occurred during the cloning manipulations and that 

the insertion of the tag did not interfere with the protein production. The c-myc tagged 

construct was used to transiently transfect HEK293 cells. Immunocytochemistry 

proceeded without cell permeabilisation, using an anti-c-myc monoclonal primary 

antibody and a secondary anti-mouse FITC antibody. Fluorescence was detected in c- 

myc tagged VR-L-transfected cells, indicating that VR-L reached the plasma membrane. 

Untransfected cells did not exhibit any fluorescence, which confirmed that the c-myc 

signal was authentic.

Studies on VR-L conducted by other labs
Caterina et al. (1999) reported the cloning of rat VR-L by PCR from a brain cDNA 

library and human VR-L from a myeloid cell line using EST based primers. Their 

human VR-L clone is identical to the one cloned by our group. The researchers 

conducted similar functional experiments to the ones described in this chapter and they 

established that VR-L is not activated by capsaicin or protons. The tissue distribution 

was investigated Northern blot analysis, which rendered results identical to the 

semi-quantitative RT-PCR analysis. In contrast to the electrophysiological results
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presented in this chapter, the researchers detected heat activation of VR-L expressed in 

Xenopus oocytes and HEK cells. The current was elicited only in temperatures 

exceeding 53^C. Immunocytochemistry data revealed the co-expression of the receptor 

with CGRP in dorsal root ganglia but not with substance P or lectin IB4. Additionally, 

VR-L co-localised with RT97, a marker for myelinated neurons. Most of the VR-L 

staining neurons exhibited the morphology of large diameter neurons. The 

immunocytochemistry pattern and the heat sensitivity recorded by this group, led to the 

postulation that VR-L is expressed in medium to large diameter Aô mechano- and heat- 

sensitive type I neurons that are lightly myelinated and have a heat response threshold 

of ~53^C. Neither our group nor collaborators (Dr. Wafford's group at Merck and Dr. 

Davis group at Glaxo-SmithKline) ever recorded heat-sensitive currents from VR-L 

transfected host cells. In most cases, exposure to high heat caused rupture of the cell 

membrane making it impossible to obtain consistent recordings. Moreover, as shown in 

figure 2.19 transfection rendered the cells susceptible to heat applications, which caused 

leakage currents. A closer look at the electrophysiological recordings presented by 

Caterina et al. (1999) shows that VR-L transfected HEK cells were activated by heat at 

53° C only after 20-30sec of application. The duration of the stimulus application to 

produce an effect is unusually long, especially for such a noxious stimulus. On the 

contrary, AÔ neurons respond to 53° C within 1 sec. Finally, the wide distribution of 

VR-E in tissues where exposure to high heat is not encountered physiologically e.g. 

lymphocytes, contradicts with the assignment of a high heat sensor role to the channel.

Kanzaki et al. (1999) cloned the mouse homologue of VR-L for the purpose of studying 

the effect of Insulin-like Growth factor I (IGF-I) in stimulating entry during cell

growth. The scientific interest of this group lies on CD20, a cell surface protein that 

functions as a calcium channel. IGF-I accelerates the cell cycle in cells expressing 

CD20 ectopically, indicating the role of this protein in cell progression (Kanzaki et aA 

1997). These researchers cloned the mouse homologue of VR-L, by using degenerate 

primers based on the CD20 sequence and a mouse cell line (Balb/c 3T3), that has been 

shown to respond to IGF-I, as template. The receptor cloned was named GRC for 

Growth factor Regulated Channel because it was found to respond to IGF-I when 

expressed in CHO host cells (that endogenously contain the IGF-I receptor) under 

serum-free conditions. Immunocytochemistry studies showed the receptor to be 

expressed intracellularly under quiescent conditions. But when IGF-I was added, the 

receptor translocated to the plasma membrane and an inward current was
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elicited. The translocation effect was found to be mediated by PI3 kinase, which 

suggests VR-L to be phosphorylated following the IGF-I receptor activation. The 

channel's translocation was replicated with the addition of PDGF or foetal bovine serum 

but not EGF. Apart from lymphocytes, endothelial cells are also known to respond to 

IGF-I with a influx (Munaron and Plâ  1995). Since VR-L is expressed in both

types of tissue it would be interesting to examine if it is the calcium channel that 

underlies this phenomenon.

In summary, VR-L was found to be expressed in a variety of tissues of mainly the 

immune and nervous systems. Semi-quantitative RT-PCR studies showed that the 

channel's mRNA levels are upregulated by NGF in a similar manner to VRl. By using 

DRG cultures treated with a neurotoxic capsaicin concentration, it was established that 

VR-L is expressed in the non-capsaicin sensitive DRG population, which is in 

agreement with the immunocytochemistry studies conducted by Caterina et al. (1999). 

Fluorometric and electrophysiological studies showed that VR-L does not respond to 

the noxious stimuli that activate nociceptors. Immunocytochemistry studies targeting a 

c-myc epitope expressed on an extracellular loop of VR-L confirmed that the channel 

reaches the plasma membrane.

Proposed experiments
a) on the possible role o f  VR-L in inflammation

The VR-L upregulation by NGF in vivo and in vitro suggests possible changes in the 

expression pattern of this gene during inflammation, since the concentration of NGF 

increases in inflammation. Preliminary studies suggest that VR-L transcripts are 

upregulated during inflammation (Dr. Treanor from Amgen, personal communication). 

It would be interesting to examine if other types of cells e.g. small diameter DRG 

neurons start expressing VR-L following peripheral inflammation or whether its 

expression is restricted in large diameter neurons only. If that is the case, it would be 

challenging to identify the factor released by small diameter neurons that regulates the 

VR-L expression and to determine the potential role of this mechanism in relaying 

nociceptive information. By using in situ hybridisation and immunocytochemistry to 

compare VR-L expression in the DRG of normal and inflamed animals, it is possible to 

investigate whether the gene expression is induced in a different cell population during 

inflammation. In case the localisation of VR-L expression is not altered during
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inflammation, real-time PCR, semi-quantitative PCR or the RNA protection method 

could be used to examine if there is transcript upregulation. If a difference were 

established in the VR-L expression during inflammation, it would be interesting to 

examine the mediator of this change. Since the studies presented in this chapter indicate 

that NGF upregulates the VR-L transcripts, it would be intriguing to study the receptor 

in NGF over-expressing mice (Albers et al^\99A).

It is necessary to carry out a more detailed characterisation of VR-L expression in DRG 

than the one published (Caterina et al.^\999). It would be useful to examine VR-L co­

localisation with other neurotrophins and their receptors that might regulate its function.

BDNF plays a role in nociception, 

mechanosensation and maintenance of sensory neurons (reviewed by Boucher et al.̂  

2000b). The BDNF mRNA is normally expressed in small diameter neurons and co- 

localises with the trkA receptor. NGF application upregulates BDNF in small diameter 

trkA expressing DRG neurons (Michael et al.  ̂ 1997). Additionally, peripherally 

increased NGF during inflammation induces the de novo BDNF expression in large 

diameter neurons (Mannion et al.  ̂ 1999). Michael et al. (1999) also reported that 

axotomy evokes BDNF expression in large diameter neurons. The findings that 1) both 

BDNF and VR-L are upregulated by NGF 2) VR-L is expressed in large diameter 

neurons and 3) BDNF expression is induced in large diameter neurons during 

inflammation and nerve injury, leads to the possibility that VR-L function is regulated 

by neurotrophins and might have a role in inflammation.

Another finding that suggests the study of VR-L in the context of inflammation was that 

VRl and VR-L are expressed in the third and fifth cortical layers of the brain (Mezey et 

al.̂  2000). This was not unexpected as the fifth layer sends axons to the brainstem and 

the spinal cord, which are important in the transmission of nociceptive information and 

layer 3 is important in the establishment of thalamocortical connections that participate 

in the ascending pain pathways. The stromal cell-derived factor-la (SDF-la), a 

chemokine, is also expressed in layer 5 (Tham et al. 299\). This factor has been 

implicated in the development of the cortex and in haematopoesis (Zou et al., 1998) but 

also in the migration of T cells in sites of inflammation (Nanki et al., 2000). Recently, 

CXCR4 the receptor for SD F-la was found to be expressed in DRG neurons and to co- 

localise with VRl and substance P (Oh et a/.,2001). This group showed that SD F-la 

and other chemokines can evoke inward currents in DRG neurons and also
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cause allodynia as determined by punctate mechanical stimulation. Considering the role 

of SD F-la in inflammation and its co-localisation with VRl and VR-L in relays of 

nociceptive information, it is enticing to postulate a role of VR-L in pain perception 

during inflammation.

b) on determining whether IGF-I regulates the VR-L function in DRG

According to Kanzaki et a l (1999), the mouse homologue of VR-L translocates to the 

plasma membrane subsequently to IGF-I receptor activation by IGF-I (insulin-like 

growth factor I) and elicits a current. The phenomenon was found to be

mediated by kinase, which suggests that IGF-I receptor stimulation leads to the 

phosphorylation of the mouse VR-L through PKC activation, which triggers the 

receptor translocation. PDGF and foetal bovine serum had the same effect on VR-L, 

suggesting that the translocation is not specific to IGF-I receptor activation. It would be 

interesting to examine whether these growth factors have the same effect on VR-L in 

DRG. To test this possibility, the VR-L expression could be examined by 

immunocytochemistry in DRG neurons cultured in serum deprived media and in serum 

containing IGF-I or other growth factors. Considering that IGF-I can compensate for 

NGF withdrawal in neonatal DRGs (Russell et 1998), one could examine whether 

NGF can cause translocation of VR-L from intracellular compartments to the plasma 

membrane.

Despite the fact that VR-L does not respond directly to noxious stimuli, the possibility 

that it has a role in nociception is not excluded. Since the receptor's function in DRG 

neurons has not been elucidated so far, the generation of VR-L knock-out mice is 

eagerly anticipated. VR-L might play a role in regulating the function of other receptors. 

VR.S'sv, a splice-variant of VRl with no detectable phenotype, was found to act as a 

dominant-negative modulator of the VRl function (Dr. Schumacher, personal 

communication). Although we detected no change in the capsaicin and heat sensitivity 

of VRl when co-expressed with VR-L, it is possible that VR-L undertakes its role under 

specific conditions e.g. inflammation. Therefore, examining possible functional 

interactions between VR-L and other receptors might provide an insight into the role of 

VR-L.
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CHAPTER 3

Interactions between vanilloid receptors and members of the 
Transient Receptor Potential family of receptors

INTRODUCTION
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The Transient Receptor Potential family of receptors emerged from 

phototransduction studies in Drosophila
VR-L and VRl share on average 20% identity ^ tthe  amino acid level with channels of 

the Transient Receptor Potential (TRP) family. The capsaicin receptor and the vanilloid- 

like receptors that were subsequently cloned exhibit the same topological structure as 

TRP channels, encompassing 6 transmembrane domains with a putative pore between 

transmembrane domains 5 and 6, intracellular termini and ankyrin repeats at the N terminus.

The first member of the TRP family to be cloned was trp, a Drosophila mutant with a 

hindered photoreceptor signalling mechanism. In the fruitfly^ the phototransduction 

process begins with the light inducing a current in photoreceptors by activating 

rhodopsin. Subsequently, phospholipase C (PTC) is activated, through a G protein 

coupled to rhodopsin, that generates diacylglycerol (DAG) and inositol triphosphate 

(1P3). The generation of 1P3 causes a biphasic photoreceptor response, consisting of a 

transient increase in membrane conductance that is selective for and can be

blocked by and a less C(x\selective sustained current that is insensitive

to Lo.̂ .̂ The trp mutants lack the f  ̂ selective transient response. Montell et

al. (1985) cloned the gene responsible for this mutation and they named it trp for 

transient receptor potential. The trp channel was found to resemble voltage-sensitive 

calcium channels with calmodulin binding sites, suggesting regulation by 6

transmembrane domains and ankyrin repeats that link it to the cytoskeleton; albeit it 

lacks the specific charged residues of voltage-^a.te.A (Channels. Phillips et al (1992) 

cloned Drosophila cDNAs containing calmodulin-binding sites. One of the genes 

identified was found to be very similar to trp and it was named trpl (transient receptor 

potential-like).

TRP channels and capacitative entry
The biphasic response of photoreceptors to light is reminiscent of the capacitative

0 ^  entry mechanism or store-operated entry. Based on a series of

experiments indicating the role of IP3 in signalling. Putney (1986) suggested tb<xt

the capacitative entry (CCE) model where IP3, generated as a result of PTC
expressed ^

activation, stimulates the IP3 receptor on intracellular Gx stores and causes their

depletion of Cc^ ' The emptying of the stores triggers the influx of extracellular

through the plasma membrane via an unknown mechanism, which refills the

stores. Thapsigargin can generate CCE without inducing the production of IP3, by
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inhibiting a pump on intracellular stores and thus causing the leak of

from the stores. Nevertheless, store depletion is not a prerequisite for capacitative 

entry. Fasolato et al. (1993) described the activation of CCE channels in 

macrophages in response to PLC stimulation, in the presence of heparin that blocks IP3 

receptors and thus Cd^ depletion from IP3 sensitive stores. The trp and trpl channels 

were examined for their role in CCE via heterologous expression in the insect cell line 

SF9. Vaca et al. (1994) demonstrated that trp transfected cells respond to thapsigargin 

and to bradykinin when co-transfected with the bradykinin receptor with an inward 

current reversing at +40mV. The current elicited is selective but loses its

selectivity when cations are not present and can be blocked by and

. Hu et al. (1994) showed that trpl expressed in a cell line is insensitive to

thapsigargin and encodes a constitutively open channel that allows the influx of a

nonselective current reversing at OmV. The current can be augmented by the activation 

of G protein-coupled receptors. Sinkins et al. (1996) used chimeras of trp and trpl to 

demonstrate that the C- termini of the proteins regulate the channel activity e.g. 

activation by store depletion or G protein-coupled receptor activation, while the N- 

termini specify the ion selectivity of the channel. Although the trp channel is 

activated by thapsigargin-induced store depletion it cannot account for the endogenous 

current ( I c r a c )  observed during capacitative entry in a variety of tissues

(reviewed by Putney and McKay, 1999). In mast cells  ̂I c r a c  is a very small (fA range), 

strongly inward current showing high seleetivity for . In endothelial cells I c r a c

is equally selective for and and demonstrates detectable single channel

events (2-lOpS). In pancreatie cells, I c r a c  is not blocked by , which usually

blocks channels and is not selective for cd''^ . Therefore, the I c r a c  current

cannot be entirely attributed to the trp channel, but it is possible that this channel 

participates in the mechanism that generates the store-operated current by interacting 

with other proteins.

The mammalian TRP homologues
The cloning of the Drosophila TRP channels led to a pursuit for the identification of the 

mammalian homologues that might play a role in Cd" signalling. The TRP family of 

receptors expanded rapidly to include numerous members that Clapham et al. (2001) 

recently proposed to segregate in three groups according to sequence homology. These 

groups were denoted short, long and osm-9-like TRP channels. The osm-9-like group
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comprises three subfamilies that have been described in chapter 2: a) VRl and VR-L b) 

OTRPC4/VROAC, c) ECaC, C a ll and CaT-L. Interestingly, CaTl was found to gate a 

current with many of the physical properties of I c r a c  (Yue et 2001). It is 

selective, inwardly rectifying at hyperpolarising potentials, it is blocked by 

it loses its selectivity when divalent cations are not present and has single channel 

conductance to at 60pS. But unlike the I c r a c  current, CaTI was activated by

store depletion only when it was expressed in low concentrations indicating that 

probably additional regulating proteins are needed to form the I c r a c  channel.

The long TRP group consists of four subfamilies: a) melastatin and KIAA16I6, b) TRP- 

PLIK and ChaK2, c) TRPC7 and Trp-p8 and d) Mtrl and FLJ20041. As it was 

mentioned in chapter 2, melastatin is associated with cancer and it was found to be 

downregulated in metastatic melanomas. KIAA1616 and FLJ2004I were identified in 

sequencing projects and their function is unknown. TRP-PLIK was cloned by Runnels 

el al. (2001) on the basis of its interaction with PLC-Pi. The channel elicits a non­

selective, outwardly rectifying current with single channel conductance of-lOOpS. The 

channel also contains a kinase domain in its C terminus that autophosphorylates the 

protein and regulates the channel's activity. ChaK2 is 60% identical with TRP-PLIK cxx, 

the protein level and its function remains unknown. It was cloned by Ryazanov et al. 

(1999) in a database-mining project that aimed at identifying alpha-kinases, a novel 

class of kinases with unique motifs that phosphorylate residues in a  helices. TRPC7 

(Nagamine et a/., 1998) is expressed in the brain in high levels. It elicits a nonselective 

current with conductance of 60pS that can be regulated by ADP-ribose. Trp-p8 is highly 

expressed in prostate tissue and is upregulated in a cancerous state, while Mtrl (Prawitt 

et r//.^2000) is associated with the Beckwith-Wiedelmann syndrome, which imputes 

high susceptibility to cancer development.

The short group of TRP channels consists of four subfamilies: a) TRPCI, b) TRPC4 and 

TRPC5, c) TRPC3, TRPC6, TRPC7 and d) TRPC2. These channels are also denoted 

TRP 1-7. Wes et al. (1995) cloned the first mammalian TRP homologue, which was 

named TRPCI, by screening human genomic and cDNA libraries with an FST sequence 

homologous to trp. In the same year, Zhu et al. cloned Htrp-1, another human trp 

homologue, that is a splice variant of TRPCI, lacking a stretch of amino acids at the 

beginning of the gene. Sinkins et al. (1998) recorded TRPCI currents that were 

constitutively expressed, could be blocked by and were not affected by
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thapsigargin or IP3 treatment. Zitt et al. (1996) cloned another human splice variant of 

TRPCl, called TRPCIA that is identical to Htrp-1, but lacks about 40 amino acids at 

the N terminus. TRPCIA gates a current induced by thapsigargin and IP3 application 

and can be bloeked by

Okada et a l (1998) cloned the mouse TRPC4 that can be activated by stimulation of G

protein-coupled receptors and by receptors with tyrosine kinase activity (Schaefer et al.̂

2000). The bovine TRPC4 (Philipp et al.̂  1996) was found to be sensitive to store

depletion, gating a current very similar to the endothelial Icrac with high cation

selectivity and permeability to Ba Okada et al. (1998) and Philipp et al. (1998) cloned

the mouse and rabbit TRPC5 respectively. Okada reported that the mouse TRPC5

expression augmented 60. entry induced by ATP, while Philipp reported the rabbit

TRPC5 current to be activated by thapsigargin. Both TRPC4 and TRPC5 contain a PDZ

domain, that other TRP receptors lack. These domains can bind to the carboxyl end of 
0 / 6.

Other proteins, which important in protein scaffolding on the plasma membrane. Tang 

et al. (2000) reported that other proteins with PDZ domains e.g. PLC-pi and proteins 

associated with the eytoskeleton eo-immunoprecipitate with TRPC4 and TRPC5. In 

2001 the same group reported that all TRP channels contain a domain that interacts with 

1P3 receptors and calmodulin with different affinity. Sossey-Alaoui et al. (1999) 

reported the expression of TRPC5 in foetal and adult brain and identified single 

nucleotide variations of this gene associated with developmental neurological 

conditions.

TRPC3, TRPC6  and TRPC7 form non-selective cation channels that rectify in both

directions and are not affected by thapsigargin treatment. Zhu et al. (1996) described the

cloning of human TRPC3. Zitt et al. (1997) reported TRPC3 to be eonstitutively active.

Although it is not store-operated, it is gating currents that amplify in response to

thapsigargin and stimulation of G protein-coupled receptors (Zhu et <2/., 1998). The latter

currents are blocked by PLC inhibitors, suggesting TRPC3 to be stimulated by PTC
tVxfi,

activation. Activation of trkB receptor by BDNF in pontine neurons led to PLC 

stimulation, which induced influx. By conducting eleetrophysiological studies

using TRPC3 antibodies and inhibitors in isolated neurons or heterologous expression 

systems, TRPC3 was found to gate part of the BDNF-induced current (Li et al.j

1999). Additionally, TRPC3 was found to eo-immunoprecipitate with trkB. 

Diaeylglyeerol can activate TRPC3 and TRPC6  independently of PKC (Hofmann et al.̂
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1999), which is reminiscent of the TRP and TRPL activation by polyunsaturated fatty 

acids (Chyb et 1999). Kiselyov and Muallem (1999) reported the interaction of 

TRPC3 with IP3 receptors, which results in the TRPC3 regulation by IP3. These 

researchers proposed that in a heterologous overexpression system the exceeding 

TRPC3 protein is not coupled to endogenous IP3 receptors, rendering it susceptible to 

regulation by diaeylglyeerol and other fatty acids. The murine TRP6 (Boulay et al.jl 997) 

is insensitive to thapsigargin-induced store depletion but it can be activated by G 

protein-coupled receptor stimulation. In agreement this, the mouse TRP6 was 

recently found to be activated by alpha(l)-adrenoreceptor stimulation (Inoue et al.̂

2001), implying a role for this channel in the sympathetic nervous system. TRPC7 is 

eonstitutively expressed and its activity is enhanced by ATP and diaeylglyeerol (Okada 

et o/.y 1999), while it is not affected by thapsigargin induced store depletion.

The rat TRPC2 is specifically expressed in the vomeronasal organ, indicating its

possible function in pheromone signalling (Liman et al.̂  1999). The mouse TRPC2 is

store operated (Vannier et al.\999), as it can be activated by thapsigargin application or

G protein-coupled receptor activation. It was also found to play a role in influx

in the sperm during fertilisation (Jungnickel et a/.; 2001). In particular, antibodies

against TRPC2 inhibited the acrosome reaction (release of enzymes by sperm processes

when in contact with the egg) that can be induced by thapsigargin or physiologically by

glycoproteins in the egg's zona pellucida. The human TRPC2 is probably a pseudogene

as it contains stop codons in the reading frame (Zhu et al, 1996). Zhu and colleagues

(1996) examined whether TRP channels are indeed capacitative entry channels

or they facilitate entry via an unrelated mechanism. They addressed this

question by transfecting antisense fragments of murine TRP channels in a mouse

fibroblast cell line that exhibits endogenous CCE. The blockade of CCE in this cell line

established the importance of TRP channels in capacitative entry. The TRP channels
are summarised in table 1.

The TRP channels form heteromuitimers
Xu et a l (1997) reported that trp and trpl co-immunoprecipitate. As mentioned before, 

trp is store operated and its activity can be inhibited by , while trpl is

eonstitutively active, gating a large outwardly rectifying current. Co-expression of the 

two channels rendered a heteromultimeric channel that exhibits a combination of the 

parental phenotypes i.e. it is store-operated, it gates an outwardly rectifying current that 

was smaller than the one gated by trpl, is selective and insensitive to
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LcJ"'" Yeast two -  hybrid studies, column binding assays and co-

immunoprecipitation experiments showed that the two channels interact via their 

termini. Co-transfection of trp with constructs containing only the N- termini of trp or 

trpl decreased trp activity, acting as dominant negative modulators. Trp and trpl 

constructs were generated substituting the pore region with a region from the Shaker B 

type of channels. The constructs completely abolished wild type trp and trpl activity 

showing that these channels form homomultimers and heteromuitimers. The current 

gated by the trp-trpl channel has many of the light-induced current characteristics 

observed in Drosophila photoreceptors that cannot be attributed to each of the channels 

individually. Trp mutants though exhibit a residual light-induced response that cannot 

be due to trp-trpl channels or trpl alone. This finding prompted Xu et al. (2000) to look 

for a remaining component of the trp-related phototransduction mechanism. They 

identified TRPy, which is related to trp and trpl exhibiting the same topological 

structure. Co-immunoprecipitation experiments showed that the new channel interacts 

with trp and also with trpl with higher affinity. TRPy alone gates a non-selective, 

eonstitutively active current, while when expressed with trpl as a fusion protein, the 

resulting channel was not eonstitutively open but could be activated by PLC, following 

G protein coupled receptor stimulation. TRPy suppresses trpl activity in vitro in a 

heterologous expression system and also in vivo as shown by creating transgenic 

Drosophila flies expressing the N terminus of TRPy in a trp mutant background.

Xu et al. (1997) also reported that the human TRPCl and TRPC3 co- 

immunoprecipitate. Wu et al. (2000) observed that transfection of antisense human 

TRPCl and TRPC3 constructs in HEK cells that endogenously express these two 

channels, inhibited capacitative entry to a larger extent than antisense TRPC3

alone. These results further support the idea that TRPl and TRPC3 channels interact 

and indicate that they probably form a store-operated channel. Recently, Strubing et al. 

(2001) identified TRPCl interactions with TRPC4 and TRPC5 in the rat brain. The 

novel channel created by TRPCl and TRPC5 is not affected by thapsigargin but can be 

stimulated by 0  protein-coupled receptor activation. The current elicited exhibits small 

inward conductances at negative potentials and strong outward rectification at positive 

potentials, whereas TRPC5 alone shows inward currents. The I-V relations of the 

TRPCl-TRPC5 heteromultimer are reminiscent of NMD A receptors, but unlike the 

latter receptors the TRPCl-TRPC5 current is not affected by
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Do vanilloid receptors form heteromuitimers?
Considering that the vanilloid receptors resemble TRP channels, it would not be 

unreasonable to postulate possible interactions between vanilloid receptors or between 

vanilloid receptors and TRP channels. Preliminary data supports this possibility, as VRl 

can form homomultimers (Kedei et a/. ,2001) and VR.S'sv was found to act as a 

dominant negative modulator on VRl (Dr. Schumacher, personal communication). 

TRP-VR or VR-VR interactions could result in channels with novel phenotypes that 

could explain the heterogeneity of vanilloid responses observed in vivo that cannot be 

solely explained by VRl activity. Additionally, interactions between VR-L and other 

channels could confer a role to this orphan receptor. For these reasons, the possible 

interactions between VRl, VR-L and TRP channels were examined in this chapter using 

co-immunoprecipitation studies.

Table 1: Summary of the TRP channel characteristics.
Name Store-

operated
Induced by 

thapsigargin
Induced by G- 

protein 
activation

Blocked 
by Lâ ^

Notes Ca^+-
selective
current

trp + + + + +, inward
trp l - - augmented - +, inward

CaTl + + +, inward
melastatin Downregulated 

in melanomas
K1AAI616
FLJ20041

Unknown
function

TRP-PLIK
outward

Chak2 Unknown
function

TRPC7 Expressed in 
brain

-

Trp-p8, M trpl Associated with 
cancer

V R l, VR-L, 
VR-OAC, 

ECaC, CaTL

+, inward

TRPCl - - +

TRPCIA + + Blocked by 
G d'"

+, inward

TRPC4 Characteristics 
depend on 

species
TRPC5 Characteristics 

depend on 
species

TRPC3 augmented augmented Involved in 
BDNF current, 

activated by 
DAG

TRPC6 - + Activated by 
DAG

-

TRPC7 Activity 
enhanced by 

DAG and ATP
TRPC2 + + -L Fertilisation,

pheromone
signalling



CHAPTER 3

Interactions between vanilloid receptors and members of the 
Transient Receptor Potential family of receptors

MATERIALS & METHODS
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In addition to methods already described in Chapters 1 and 2, the following methods 

were used in this chapter.

3.1 Primer sequences
carried out

The detection of the TRP channels in DRG by PCR was using Taq polymerase, 

whereas the constructs' formation was accomplished using Pfii polymerase. The 

following oligonucleotides were ordered from Sigma-Genosys.

• TRP primers

TRPl (psubtype) anneaLtemp: 65®C

Forward primer (5'-3'): TCTGGCGTCTCCTCCTCCTCCC 

Reverse primer (3'-5'): CGCAGAACACAGCGTGCATTCACAGCC 

TRPl (a& P) anneaLtemp: 65®C

Forward primer (5'-3'): GGGAAATTTCTAGGAATGTTCCTTCTT 

Reverse primer (3'-5'): CTCATGATTTGCTATCAGCTGG 

TRP2 anneaLtemp: 65®C

Forward primer (5'-3’): GCCTCCGGATGGCGCCAGCATCC 

Reverse primer (3'-5'): CTAGCCCTTGGTCTCCAGATCTTCCC 

TRP3 anneaLtemp: 57®C

Forward primer (5'-3'): ATTCATAGAGAACATTGGCTATGTC 

Reverse primer (3'-5'): CTGTCATCCTCGATTTCTTGGTAT 

TRP4 anneaLtemp: 55^C

Forward primer (5'-3'): ATGGCTCAGTTCTATTACAAACG 

Reverse primer (3'-5'): GCACCTGCTTCTCTCCGCTGGG 

TRP5 anneaLtemp: 55®C

Forward primer (5'-3'): AAGGCCCGGCATGAATTCACG 

Reverse primer (3'-5'): GCTGGTAGGAGTTGTTCATCATGGCA 

TRP6 anneaLtemp: 57®C

Forward primer (5'-3'): GTTTTAAGACTCTGTTCTGGG

Reverse primer (3'-5'): CGCATCATCCTCAATTTCCTGGAATGAAC
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•Construct primers

VRl FLAG/MYC anneal.temp: 65"C
Kpnl site FLAG epitope

Forward primer (5'-3’):GGGGTACCCCATGGACTACAAGGACGACGATGACAAG 

GAACAACGGGCTAGCTTAGACT
Kpnl site epitope

Forward primer (5'-3'); GGGGTACCCCATG)OAACAAAAGCTCATCTCAOAOGAA 

jA T C B GAACAACGGGCTAGCTTAGAC

Reverse primer (3'-5'): GCGCTTCTTGCTCCTCTGCAGGAAGGGCA

Human VR-L FLAG anneal.temp: 65“C

H indlll FLAG epitope

Forward primer (5'-3'); AAAAGCTTTATGGACTACAAGGACGACGATGACAAGA 

CCTCACCCTCCAGC

Reverse primer (3’-5'): GCGCTGTGGCCTCGGTAATAGTC

Rat VR-L FLAG/MYC anneal.temp: 65"C

Sacll FLAG epitope

Forward primer (5’-3'): CCCCGCGGGATGGACTACAAGGACGACGATGACAAGA 

CTTCAGCCTCCAGC
SacII epitope

Forward primer (3'-5’). CCCCGCGGGATGOAACAAAAGCTCATCTCAGAGGAAO 

$ 9 8 | A  CTTCAGCCTCCAGC

Reverse primer (3'-5‘): TCTGCAGCAGCGGCATGATGCAG

Human TRPl MYC anneal, temp; 65*C

Hindlll Kpnl epitope

Forward primer (5'-3'); AAGCTTGGTACCACCATGATG&AACAAAAGCTCATCTC

AGAGGAAGATCITGCGGCCCTGTACCCG

Reverse primer (3'-5‘): TCAGCACTAAGTTCAAATGCTCTCAGAATTGG
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Human TRP3 FLAG/MYC anneal temp: 65V

Forward primer A (5'-3'); GCGCTGCTTCGCGATGTACGGGC

FLAG epitope

Reverse primer B (3’-5’): CTTGTCATCGTCGTCCTTGTAGTCCATGGACCTAATC 

AGTAGCAACGATAAAAC
epitope

Reverse primer B (3'-5'); ^GATCTTCCTCTGAGATGAGCTTTTGTTflCATGGAC

CTAATCAGTAGCAACGATAAAAC

FLAG epitope

Forward primer C (5’-3'): GACTACAAGGACGACGATGACAAGGAGGGAAGCCC 

ATCCCTGAGACGCATGACA

epitope

Forward primer C (5'-3'): DAACAAAAGCTCATCTCAGAGGAAGATCTIIGAGGGA 

AGCCCATCC

Reverse primer (3'-5'); CCACAGCCAGCTGCAGCGCGTTC

Mouse TRP6 MYC anneal, temp: 6SV

EcoRl c-/y>'fc, epitope

Forward primer (5'-3'): TAGGAATTCCACCATGjaAACAAAAGCTCATCTCAGAQl

H ^ ga^ S B agccagagcccgagg

Reverse primer (3'-5‘): GCACAATTTCATATTCCTGGCAATGTGCAGCG

3.2 Immunoprécipitation

The following solutions were prepared. The materials used were from Sigma unless 

otherwise stated.

Lysis buffer: 50mM Tris-Cl pH7.5, 150mM NaCl, 5mM EDTA, 5mM EGTA in 

distilled sterile water. The pFI of the buffer was set to 7.4 and then 1ml Triton X-100 

(1% final) was added. The solution was kept at 4 C.

Protease inhibitors used in 1ml of lysis buffer: 6pl of 1.5mg/ml oLjDrotinin (final 

lOpg/ml), 0.5pl of lOmg/ml Vupeptin -  Peptide Institute Inc. (final 5pg/ml), 0.1 pi of 

lOmg/ml ojitipain -  Peptide Institute Inc. (final Ipg/ml), 0.2pl of 5mg/ml pepstatin A - 

Peptide Institute Inc (final Ipg/ml), 5pl of 0.2M PMSF (500pM final).
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Phosphatase inhibitors used in 1ml of lysis buffer: ]Q|iil of O.IM Na pyrophosphate 

(ImM final), lOpl of O.IM Na orthovancdate (ImM final), lOOpl of 0.5M NaF (50mM 

final)

TBS/Triton pH 7.6: 20mM of Tris base, 137mM of NaCl. The pH was adjusted with 

IM HC^

Method

1) 1-2 X10  ̂ HEK or COS cells were cultured in a 10cm dish and the following day 

transfected with 7pg o f DNA (Calcium phosphate method or SuperFect respectively),

2) After 24 hours, the cells were scraped off the dish with a sterile cell scraper (BDH)

and they were transferred into a sterile falcon to be centrifuged at 1500g for 5min. 

The pellel 

for 5min.

3) The pellet was washed once in IxPBS with no Ca, Mg^and then centrifuged at 1500g

(vf )
4) The pellet was resuspended in 1ml buffer (865pl lysis buffer 1% Triton-X with 

135pl protease/phosphoidse inhibitors) and was transferred to an eppendorf and 

vortexed well. It was left on a roller at 4  ̂C for 1 hour.

5) The solution was then centrifuged at 14,000 rpm for 15min at 4° C. 1ml of the
retained

clarified supernatant containing the cytosolic and membrane proteins was .To 

ensure that most of the proteins were released, the pellet (containing non-lysed cells 

and nuclei) resuspended in 1ml of lysis buffer and loaded on a SDS-PAGE

gel. 50pl of the supernatant loaded as a crude homogenate to control for the

expression of the transfected DNA. Another 50 pi aliquot \w<xs used for a Bradford 

assay.
Cwlv I

6) The lysate was precleared with 50pl of 50% slurry Sepharose protein A 

(Amersham) or Sepharose protein G (Santa Cruz). It was vortexed well and left on a 

roller at 4  ̂ C for lOmin. Afterwards, it was centrifuged on a for Imin top

speed and the supernatant was transferred in a fresh eppendorf tube.

7) 4-5pg of primary polyclonal anti-FLAG or monoclonal antibodies were
the samples were incubated 

added and"^ on a roller either overnight at 4 C or for 2-3 hours at room

temperature.

8) 50pl of 50% slurry Sepharose protein A/G was added directly to the lysate and 

vortexed well. The tube was left to incubate on a roller at 4  ̂C for 2 hours.
ê t

9) The solution was centrifuged for Imin a top speed. The resulting pellet
GIv)

was washed 5 times with 1ml cold TBS, 0.1% Triton-X pH7.5 (no inhibitors) after 

good vortexing. Extra attention was paid not to remove any beads.
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10) The final wash was removed as much as possible. 50pl of 2x sample buffer was 

added and vortexed well. The tube was kept at 95-100^ C for 5min and then cooled 

down on ice. It was centrifuged for a few seconds on a microfugeat top speed and the 

supernatant was carefully removed and transferred to a new tube. The sample was 

frozen at -20^C until ready to load on a SDS-PAGE gel.

3.3 Bradford Assay

To prepare the Bradford reagent (Sigma) for use, 20ml of Bradford reagent were mixed 

with 80ml of sterile distilled water and stored at room temperature. A stock of lOmg/ml 

BSA (Sigma) was also prepared. 50 pi of BSA lOmg/ml were mixed with 950ml 

distilled water giving a final concentration of 0.5 pg/pl BSA. The following amounts of 

0.5 pg/pl BSA were added in separate eppendorf tubes: 5pl (2.5pg), lOpl (5 pg), 20pl 

(10 pg), 30pl (15 pg) and 40pl (20 pg). A blank tube was also included to be used for 

zeroing the spectrophotometer. To each tube lOpl of lysis buffer and 1ml of Bradford 

reagent stock were added and vortexed well. The O.D. readings of these samples were
Xc

taken at 595nm and a linear graph was generated with the concentration of BSA on the 

x-axis and the corresponding O.D. on the y-axis. An example of such a graph is shown:

Bradford assay

0.8

0.4
0.2

BSA

BSA (pg) O.D>-51Si»«v
reading

2.5 0.183
5 0.325
10 0.609
15 0.840
20 1.087

To prepare the protein samples:

lOpl of protein sample (that resulted from cell lysis prior to immunoprécipitation) were

added in an eppendorf tube with 1ml of the diluted Bradford reagent. Also a 4x dilution

of the protein sample was prepared in case the sample was too concentrated: 5 pi protein
X-

sample mixed with 15pi of lysis buffer. The O.D. of the sample was taken at 595nm. By

consulting the graph prepared from the BSA standards, the
was determined.

concentration of the protein sample By finding the value on the x-axis that corresponds
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to the O.D. value (y axis) of the sample, it is possible to estimate the amount and thus 

the concentration of the sample.

3.4 Separation of cytosol from plasm a and vacuole m em branes for 

im m unoprécipitation

1) 1-2 X10  ̂eukaryotic cells (HEK293 or COST) were cultured on a 10cm dish and the 

following day transfected with 7pg of DNA (calcium phosphate method or 

SuperFect).

2) After 24 hours, the cells were scraped using a cell scraper and were transferred into

a sterile falcon. The tube was centrifuged at 1500g for 5min.
w- u

3) The cells were washed once in IxPBS with no Ca, Mg and spun down at 1500g for 

5min.

4) The pellet was resuspended in 2ml of lysis buffer (for immunoprécipitation) 

containing no detergent and salt.

5) A glass homogeniser was used to break the cells, with 40 strokes approximately.

The cells were centrifuged at lOOOg for 5min at 4  ̂ C. The supernatant was kept 

(membranes and cytosol with 50-1 OOnm vesicles), while the pellet was discarded 

(containing the nuclei and unbroken cells).

To separate the cytosol from the membranes:

6) The supernatant was ultracentrifuged at 4® C at 100,000g for 1 hour. The new 

supernatant (cytosol) was removed and a Bradford assay was performed.

7) The pellet (containing the membranes) that resulted from the ultracentrifugation was
CvlA

resuspended in 0.5ml 1% Triton lysis buffer and was left to incubate on a roller at 

4^C for Ihour for the membrane proteins to be released. Afterwards, it was centrifuged 

for lOmin at 4®C, top speed. The supernatant containing the membrane 

proteins was saved and a Bradford assay was performed.

3.5 T rea tm en t w ith peptide-N-glycosidase F (ro.se F)

Adjustments were made to the manufacturer's protocol (Roche) to suit the experimental 

conditions.
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a) PNGaseF enzyme treatment o f crude protein lysate
Cvw)

1) 25 jil of protein lysate was mixed with SDS to a final concentration of 0.5% and p- 

mercaptoethanol to 3% final concentration in order to denature the protein. The 

solution was heated for 5min at lOO^C.

2) The sample was cooled down and mixed with buffer containing NaHP0 4  (250mM 

final), EDTA (50mM final) at pH7.5 and Triton-X to 1% final concentration. The 

non-ionie detergent was added in 5 fold excess to SDS to prevent inactivation of the
6v/(v)

enzyme by SDS. It was taken care not to exceed the 1% Triton-X final 

concentration, so as not interfere with the electrophoretic separation of the protein.

3) The sample was vortexed well and mixed with 5 units of PNGaseF and protease 

inhibitors. The mixture was left for 16 hours in a 37° C waterbath. It was 

subsequently mixed with SDS buffer, heated for 5 min at 100°C and analysed on a 

SDS-PAGE gel.

a) PNGaseF enzyme treatment o f immunoprecipitated protein attached onto protein

A or G Sepharose .
CvWl

1) The immunoprecipitated protein on beads was mixed with SDS (0.3% final) and p- 

mercaptoethanol (0.2% final) and heated up for 5min at 100 C to release the protein.

2) The sample was cooled down and centrifuged on a benchtop to bring down the 

condensation. The supernatant was removed and transferred to an eppendorf tube. 

Steps 2-3 of protocol (a) were followed as described above.

3.6 SDS-PAGE gel

The following solutions were prepared using materials from Sigma.

2X Sam ple SDS buffer: To prepare the 2x sample buffer for loading protein samples

on a SDS-PAGE gel, the following reagents were used: 100 mM TrisKCl pH 6.8, 4%('^k) 
CwlA ty(v/)

SDS, 0.2% bromophenol blue and 20% glycerol. The solution can be kept at -20°C.

Before use, lOOmM DTT needs to be added.

8.5%  Stacking Gel: 0.4M Tris-HQ pHS.S, 0.1% SDS, 8.5% of 1:20 acrylamide/bis 

acrylamide, 0.03% ammonium persulphate, 0.06%TEP\EH.

T o d Gel: 0.125M Tris-HCl pH 6.8, 0.1% SDS, 5% of 1:20 acrylamide/bis acrylamide, 

0.05% ammonium persulphate, 0.1%TEMED.

IPX Laem m li buffer pH  8.3: 25mM Tris base, 192mM glycine, 1% SDS.

The tank was set as follows:
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1) Two glass plates, the spacers and comb were cleaned with running water, without 

any detergents. They were subsequently wiped with a tissue soaked in ethanol. The 

glasses were clamped together with the spacers in between, leaving a 1 -2mm gap at 

the bottom.

2) The rubber seal was placed onto the bottom of the pouring tray. The glass plates

were fitted on top of the tray creating a seal. The stacking gel was prepared and

poured slowly, avoiding bubbles. The gel was poured until reaching 1 cm below the

level of the comb. 1ml of distilled water was poured to prevent oxygen from
polymerise

diffusing into the gel and thus inhibit polymerisation. The gel was left to for 1 

hour.

3) Once the gel was set, the over-laid water was poured off and the top of the gel was 

washed 2-3 times with water to remove any un-polymerised acrylamide. The gel 

was left on its side to drain onto tissue.
polymerise

4) The top gel was prepared and poured immediately. It was left to for 1 hour.

5) Once the gel was set, the comb was carefully removed. The glass plates with the gel 

were carefully removed from the tray and placed into the tank. The wells were 

rinsed with IX Laemmli buffer. Buffer was also poured in the bottom chamber 

and any bubbles that can cause resistance to the electric current were removed.

6) The samples were slowly loaded avoiding bubbles. lOpl of Full Range Rainbow 

Marker (Amersham) were also loaded.

7) The top chamber was placed on top of the gel and was filled with buffer. The gel 

was run overnight at 7mA.

3.7 Protein gel to m em brane transfer

T ransfer buffer: 20% methanol in IX Laemmli buffer

1) The blotting cassette was laid with 3 sheets of 3M Whatman paper (LabSales), wet 

with transfer buffer. Creases and bubbles were removed by pressuring a pipette 

horizontally on top of them.

2) A piece of pre-wet Hybond-ECL membrane, the size of the gel, was gently placed 

onto the Whatman paper, avoiding any creases and bubbles.

3) The gel was dismantled and placed gently over the membrane, removing any 

bubbles with pressure. The position of the markers was marked onto the membrane. 

The wells of the gel were removed with a scalpel. The gel was then wet with 

transfer buffer.
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4) Three wet 3M Whatman paper sheets were placed on top of the gel, removing any 

bubbles by rolling a pipette over them. The cassette was closed and placed in the 

tank with the membrane facing towards the positive electrode. The tank was run at 

28V for 3 hours.

5) To ensure complete transfer of the proteins onto the membrane, the gel was stained 

with Ponceau solution.

3.8 W estern blot and detection with ECL

The following solutions were prepared using materials from Sigma:

Blocking buffer; 5% marvel in TBS pH 7.6 (2.4g of Tris base, 8g of NaCl in 11 of 

distilled water, pH adjusted with HC^ ).

W ash buffer: 0.1% Tween 20 in TBS.

A ntibody buffer: 1% Karvel, 0.1% Tween 20 in TBS.

The antibody concentrations used had been optimised by dot blotting (probing serial 

dilutions of the antigen dried onto Hybond-ECL membrane with serial dilutions of the 

antibodies).

1 ) The membrane was removed from the cassette and incubated in blocking buffer with 

shaking for 45 min to block any non-specific binding sites.

2) The membrane was transferred in a sterile plastic bag with antibody buffer 

containing 1:1500 polyclonal anti-FLAG antibody (Santa Cruz 200pg/pl) or 1:300 

monoclonal anti-c-w_yc antibody (Sigma 6pg/pl) or 1:200 anti-VR-L polyclonal 

antibody (Alpha Diagnostic Intl. Inc. Ipg/pl). The bag was placed onto a rotating 

platform for 1 hour at room temperature.

3) The membrane was washed three times with wash buffer for lOmin each time, 

shaking onto the platform.

4) The membrane was transferred in a fresh plastic bag containing antibody buffer with 

1:1500 anti-rabbit or anti-mouse immunoglobulin horseradish-linked whole 

antibody (Amersham). It was left shaking on the platform for 1 hour at room 

temperature.

5) The membrane was washed three times in wash buffer, shaking 10 min each time.

6) Equal volumes of detection solution 1 and 2 (Amersham) were mixed and poured 

over the membrane. The membrane was left to incubate for I min.

7) The excess liquid was dried off onto paper and the membrane was wrapped in cling 

film, smoothing out any bubbles and creases. It was then placed on top of a film that 

had been laid in an autoradiography cassette. The film was left to expose for I min
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and it was developed as described in Chapter 2, Materials and Methods section.

If the signal was weak, another film was exposed for longer.

3.9 M em brane stripping

In cases where the membrane needed to be reprobed with other antibodies, the 

following procedure was implemented:

1) The membrane was submerged in stripping buffer (lOOmM 2-mercaptoethanol, 2%6^ '̂^) 

sodium dodecyl sulphate, 62.5mM Tris-HCÇ pH6.7) and incubated at 50^C for 15 

min with occasional agitation. The temperature and the time were empirically set.

2) The membrane was washed twice for lOmin in TBS buffer at room temperature 

using large volume of wash buffer. The membrane was incubated with the ECL 

detection reagents and exposed to film to ensure complete removal of the antibodies.

3) The membrane was blocked by immersion in 5% blocking buffer (marvel in TBS) 

for 1 hour at room temperature.

4) The immunodetection was performed as described above.

3.10 A dap to r construction

The oligonucleotides (Sigma-Genosys) ordered for the formation of the adaptors were 

the following:

Forward primer (5'-3'): GGCCGCCGCGGT 

Reverse primer (3'-5'): CTAGACCGCGGC

a) Oligonucleotide phosphorylation

The primers were phosphorylated in order to facilitate their cloning into the vector as 

follows: 2pg of each oligonucleotide was mixed in an eppendorf with lOX buffer 

(500mM Tris-HCl, lOOmM MgCE, ImM EDTA, SOmM dithiothreitol, ImM 

spermidine pH 8.2), ATP (Roche) to a final concentration of lOmM and 1 unit of T4 

kinase (Roche). The reaction mixture was left to incubate for 1 hour in a 37^C 

waterbath.

b) Phenol-chloroform extraction

1) Equals volumes of phenol and chloroform (Sigma) were added into the eppendorf 

and vortexed to remove the enzyme. The sample was left on ice for 2 minutes and 

then centrifuged for 2 min on a benchtop.

2) The supernatant was transferred in a fresh eppendorf and re-extracted with an equal 

volume of chloroform.

163



3) The oligonucleotides were precipitated with adding 1/10 of the volume 3M sodium 

acetate pH5.2 (Sigma) and 2.5 volumes ethanol. The sample was left at -20^C for 1 

hour.

4) The eppendorf tube was spun down for 20min at 4^C and the pellet was then washed 

with 70% ethanol to remove excess salt. After drying in a vacuum, the pellet was 

resuspended in lOpl of sterile distilled water.

c) Adaptor formation

In an eppendorf tube 5pi of each phosphorylated oligonucleotide were added and mixed 

together with Tris-HC^ pH7.5 in a final concentration of 0.03M. The reaction was 

heated at 65^C for 5 min and then it was left at room temperature overnight. This 

allowed the reaction to cool down slowly and the complementary primers to form a 

duplex that would be subsequently ligated into the pcDNA3 vector.

pcDNA3
vector

Notl SacII Xbal

GCGGCCGCCGCGGTCTAGA (highlighted
CGCCGGCGGCGCCAGATCT sequences)

V  ̂  ̂ J
y

Adaptor
(clear sequences)

3.11 Production of the CHO stable cell line expressing ra t VR-L/FLAG

a) GENETICIN® (G418 Sulphate) Selective Antibiotic Dose Response Curve
The CHO (Chinese Hamster Ovary) cells were cultured the same way as HEK293 and

C0S7 cells (chapter 2). In order to produce the cell line, it was first necessary to 

establish th^^^^^^concentration of the antibiotic yeneticin-G418 sulphate (GibcoBRL) 

to use for selecting the stable clones. The conditions should be stringent enough to 

allow only the survival of the right clones without producing toxic effects. For that 

reason, CHO cells were cultured with different concentrations of geneticin and the 

antibiotic dose-response curve was determined.

1) The geneticin selective ojitibiotic was dissolved in PBS at a concentration of 100 

mg/ml (active substance) and filtered using a 0.22 pm filter.

2) Fifteen 35mm dishes were prepared by adding «geneticin selective <vntibiotic to the 

growth medium in a range from 100-1500 pg/ml in 100 pg increments.

3) Cells were plated in about 20% eonfluency and the dishes were incubated in a 

humidified CO2 atmosphere at 37® C.
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4) The medium was changed every two days.

5) At 14 days, the supernatant was aspirated and the dishes were washed with PBS. 

The cells were stained with 0.5% methylene blue and 50% methanol for 20 minutes.

6) The plates were scored by calculating percentage of survival: the percentage of

survival in the presence of each dilution of geneticin versus the percentage of

survival in the absence of ^neticin.

7) A dose response curve was generated by plotting the percentage of survival on the y 

axis versus the concentration of (ÿeneticin Selective (xntibiotic in pg/ml on the x 

axis. The concentration used for selection should be the lowest one that killed all the 

cells. In our experiment the concentration established was 1 mg/ml.

b) Selection o f  stable clones

A variation of the method described in Short Protocols in Molecular Biology (unit 9.5)

was used to create the stable cell line.

1) 10  ̂ CHO cells were plated onto a 10cm dish. The following day the cells were

transfected with lOpg of rat VR-L/FLAG DNA in pcDNA3 using the lipofection

method.

2) The cells were harvested 36 hours later and plated in about 20% eonfluency in the 

presence of 1 mg/ml yneticin. The medium was changed every 2 days and the cells 

were cultured for 2 weeks.

3) The cells were transferred in a 6 well plate. During this period, colonies had formed, 

stemming from the first resistant clones. In order to harvest these colonies, the 

medium was aspirated and sterile rings, cut from pipette tips, were stuck on each 

well, using sterile grease.

4) The colony enclosed in each ring was washed with PBS and subjected to trypsin 

treatment for 1-2 min. Fresh medium was added and the detached cells were 

pipetted out of the ring and into a well in a 24 well dish with 0.5ml medium.

5) After 2 hours, when the cells got attached onto the surface of the dish, the medium 

was changed. The following day geneticin was added.

6) Once the cells were confluent, they were passaged into 6 well plates in the presence 

of cyeneticin.

7) The selection was continued until eonfluency. The cells were then transferred into 

10cm dishes and kept under selection until they became confluent. At this point, the 

cells were passaged and continued being cultured, while at the same time frozen 

stocks of each clone was prepared. The clones were analysed ^  Western blotting.
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CHAPTER 3

Interactions between vanilloid receptors and members of the 
Transient Receptor Potential family of receptors

EXPERIMENTAL RESULTS
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3.1 Expression of Transient Receptor Potential channels in dorsal root ganglia
Considering that members of the transient receptor potential family (TRP) of channels

form heteromuitimers, the possibility that vanilloid receptors interact with each other or 

with TRP channels was investigated. Prior to conducting experiments on protein 

interactions, it was necessary to verify the expression of TRP channels in the dorsal root 

ganglia. Since a subset of DRG neurons are nociceptors, any interaction between 

vanilloid receptors and other channels might have important implications in the study of 

pain.

TRP channels were detected with a RT-PCR study using rat cDNA from cultured DRG

neurons that had been subjected to 3pM capsaicin treatment and control cultures (figure
transcripts

3.2). This way, it was possible to inquire into the expression of TRP in the

tissue of interest and to gather preliminary data regarding whether or not tney are 

located in small, capsaicin-sensitive DRG neurons. Primers were designed from 

published rat TRP DNA sequences, that had been aligned to identify unique regions for 

each gene (accession numbers: AF061873, AF061255, A F136401, AF061875, 

AB008889, AF061876 and AF061877). Initially, control RT-PCR reactions for 

cyclophilin amplification were carried out to ensure the quality of the cDNA 

synthesised. Additionally, the TRP primers were tried in reactions containing tissue 

cDNA these TRP channels were cloned from (figure 3.1).

Figure 3.1: Expression of TRP channels in rat tissues (control PCR). Picture ArLanel: 
lOObp ladder. Lanes 2-4: cyclophilin amplification in rat brain, heart and adrenal gland. 
Lane 5: TRPl (3 variant in rat heart (464bp). Lane 6: TRP2 in rat brain (288bp). Lane 7: 
TRP3 in rat heart (92bp). Lane 8: TRP4 in rat brain (386bp). Lane 9: TRP5 in rat 
adrenal gland (118bp). Lane 10: TRP6 in rat heart (195bp).

Lane 11: lOObp ladder. Picture B: Lane 1: lOObp ladder. Lane 2: cyclophilin 
amplification in rat heart. Lane 3: T R Pl(a and B) in rat heart.
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Figure 3.2: Expression of TRP channels in normalised capsaicin treated and control rat 
DRG cultures. The marks (+) and (-) denote 3pM capsaicin overnight treatment and 
control culture respectively.
Picture A
Lane lilOObp ladder. Lane 2: TRPl-p in DRG 
Picture B
Lane 1: lOObp ladder. Lanes 2 and 3 (positive control for capsaicin treatment): VRl and 
cyclophilin amplification in capsaicin treated and control culture. Lanes 4 and 5: VR-L 
and cyclophilin amplification. Lanes 6 and 7(positive control for capsaicin treatment): 
CGRP and cyclophilin amplification. Lanes 8 and 9: TRPl (a  and p variants) and 
cyclophilin amplification.
Picture C
Lane 1: lOObp ladder. Lanes 2 and 3: TRP2 and cyclophilin amplification in capsaicin 
treated and control culture. Lanes 4 and 5: TRP3 and cyclophilin amplification. Lanes 6 
and 7: TRP4 and cyclophilin amplification. Lanes 8 and 9: TRP5 and cyclophilin 
amplification. Lanes 10 and 11 : TRP6 and cyclophilin amplification.

V R l V R  I
T R P l  cx&P

cyclophillin
\

Two isoforms have been reported for the rat TRPl: TRP l a  and the splice variant 

TRPip, which lacks a stretch of amino acids at the N terminus (Wang et al.j 1999).
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Since the expression of the p variant of TRP 1 was found to be low in the control heart 

tissue (figure 3.1 A) and DRG neurons (figure 3.2A), primers were designed to cross the 

common region between the two TRPl variants a  and p (figures 3.IB and 3.2B). TRP2 

is specifically expressed in the vomeronasal organ and hence it was not possible to 

control for its expression. Amplification from brain cDNA was attempted but failed 

(figure 3.1 A), probably due to the low concentration of the signal, since it is only 

expressed in the vomeronasal organ. The rest of the TRP channels were amplified from 

cDNAs of the tissues they were cloned from (figure 3.1 A), confirming the primers' 

functionality. TRP2 was not found in DRG neurons, unlike the rest of the TRP 

channels. With the exception of TRP4, the TRP 1-6 mRNA levels were not affected by 

capsaicin treatment. The TRP4 transcript presented dramatic decrease after capsaicin 

administration, suggesting co-localisation with VRl to a large extent. The limited 

expression of VRl and CGRP in the capsaicin treated culture, confirmed the 

effectiveness of the capsaicin application. The experiment was performed n-3 tim es.

3.2 Addition of epitopes on vanilloid and TRP channels

In order to explore possible interactions between vanilloid and TRP channels, it was

necessary to construct epitope tagged versions of the genes, as it was not possible to

acquire antibodies against the encoded proteins. The^^^^^^^^used FLAG and
to ^  respective

epitopes were selected and was added at the N- termini of the proteins, after the

initiation methionine. Previous studies (Xu et <3/. ^1997) had shown that addition of

epitopes at this site does not interfere with expression of TRP proteins. The protein

tagging was carried out following the PCR strategy described in figures 2.20 and 2.21

(Chapter 2) or the more simple PCR method described below.

Figure 3.3 : PCR strategy for addition of epitope tags. R.E. site : restriction enzyme 
site. The forward primer was designed to contain certain elements in the following 
order; restriction enzyme site, initiation methionine, epitope, and region of 
complementarity to the gene of interest.
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Unfortunately it was not possible to acquire the cDNAs of all the TRP channels 

identified in DRG neurons. Human TRPl, human TRP3 and human TRP6 were a 

generous gift from Dr. Delmas and the bovine flag tagged TRP4 was a gift from Dr. 

Schilling. The epitope insertion in each construct is described below.

Rat VRl-FLAG/MYC construct

The forward primer for tagging VRl contained at its 5' end a Kpnl site. The reverse 

primer was designed to cross the BsmBI site at the original VRl sequence (appendix 

3.2a). The resulting PCR product of about 430bp could then be digested (rendering a 

330bp fragment) and subcloned into the pcDNA3-VRl sequence that had been pre­

digested with KpnI-BsmBI (figure 3.4). Since the process is the same for tagging with 

either FLAG or only the results of the construct are shown.
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Figure 3.4: Mdition of the epitope on VRl with PCR. Picture A; Lane 1; lOObp 
ladder. Lane 2: 430bp PCR product. Picture B; Lane 1: lOObp ladder. Lane 2: PCR 
product digested with Kpnl and BsmBI. Picture C: Lane 1: Ikb ladder. Lane 2: 
undigested VRl gene in pcDNA3 vector. Lane 3; VRl in pcDNA3 digested with Kpnl 
and BsmBI (bands expected; 7.8kb and 0.3kb).

1 JL

430bp

\
330bp

\

lOObp

X

7.8kb

0.3kb

The VRl digested gene in the pcDNA3 vector was purified from the gel and 

dephosphorylated, in order to be ligated to the digested PCR product. E.coli cells were 

transformed with the ligated DNA and plasmid preparations from selected colonies 

were carried out. The correct insertion of the epitope was demonstrated with

DNA sequencing (appendix 3.1).

Human VR-L FLAG construct

The forward primer for FLAG insertion in human VR-L with PCR was designed to 

include a Hindlll site on its N end, before the initiation methionine and the epitope. This 

site, which resides in the multiple cloning site of the vector pcDNA3 where human VR- 

L is cloned into (7.9kb total size), was later used to subclonethe tagged version of the 

gene. The reverse primer was designed to cross a VR-L region that contains the enzyme 

Bfrl. The resulting PCR product was approximately 500bp and after digestion with 

Hindlll and Bfrl gave a fragment of about 380bp (appendix 3.2b). The original human 

VRL-pcDNA3 construct was digested with Hindlll and Bfrl in order to be ligated to the 

FLAG tagged version (figure3.5).
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Figure 3.5: Insertion of FLAG epitope with PCR in human VR-L. Picture A: Lane 1: 
Ikb ladder. Lane 1; digestion of human VR-L in pcDNA3 with Hindlll and Bfrl. Picture 
B: Lane 1: SOObp PCR product. Lane 2; lOObp ladder. Picture C: Lane 1: Ikb ladder. 
Lane 2; digestion of the T vector subcloned PCR product with Hindlll and Bfrl. Lane 3: 
1 OObp ladder.
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The PCR product was subcloned into T vector to ensure a reserve of the FLAG version 

of the gene, in order to troubleshoot failed ligations. The correct insertion of the FLAG 

epitope into human VR-L was confirmed with DNA sequencing (appendix 3.1).

Rat VR-L FLAG/MYC construct

Two versions of the rat VR-L gene, cloned into pcDNAI vector, were produced with the 

FLAG or epitope. The forward primer was designed to contain a SacII site prior 

to the initiation methionine and the epitope. The reverse primer was designed from a 

region about 450bp downstream the initiation ATG (appendix 3.2c). The resulting PCR 

product was digested with SacII and Smal to generate a 280bp fragment that was 

consequently cloned into the SacII-Smal digested pcDNAI-rat VRL sequence (figure

3.6). Since the same PCR method for tagging was used in both rat VR-L constructs, 

only the c-^yc. epitope insertion is shown.

Figure 3.6: Insertion of the epitope into the rat VR-L gene. Picture A; Lane 1: 
Ikb ladder. Lane 2: SacII-Smal digested rat VR-L/pcDNAI. Picture B: Lane 1: I OObp 
ladder. Lane 2: 420bp PCR product. Picture C: Lane 1: SacII-Smal digested PCR 
product. Lane 2: lOObp ladder.
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The 280bp-digested PCR fragment was ligated into the SacII-Smal digested 7kb 

vector/rat VR-L fragment to create the tagged version of the gene. DNA

preparations from transformed bacteria colonies were analysed with diagnostic 

restriction enzyme digestions and DNA sequencing (appendix 3.1).

Human TRPl-MYC construct

The forward primer for the human TRPl-MYC construct contained a Kpnl site at its 5'
of

end. The reverse primer was designed to start amplification at 625bp downstream the 

initiation methionine (appendix 3.2d) and cross a Clal site. The template for the PCR 

was TRPCIA, the splice variant of human TRPl (Zitt et al.  ̂ 1996) in pcDNA3 vector, 

that when digested with Kpnl and Clal rendered two fragments of about 9.7kb and 

0.95kb. The 625bp PCR product was digested with the two enzymes to produce a 540bp 

fragment, that was subsequently ligated to the 9.7kb digested vector fragment (figure

3.7).

Figure 3.7: Insertion of epitope in human TRPL Picture A Lane 1: Ikb ladder. 
Lane 2; lOObp ladder. Lane 3: Kpnl-Clal digested human TRPl/pcDNA3. Picture B 
Lane 1: 625bp PCR fragment. Lane 2: lOObp ladder. Picture C Lane 1: 540bp digested 
PCR product. Lane 2: lOObp ladder.
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The correct insertion of the c-n,yc epitope was verified with DNA sequencing (appendix 

3.1)

Human TRP3 FLAG/MYC construct

The forward primer for this construct was designed to contain a Mfel site prior to the 

initiation methionine and the epitope. The reverse primer was designed from a region 

260bp after the initiation methionine, crossing a Sad I site. The two restriction enzyme 

sites were later used to subclone the PCR product into the digested human 

TRP3/pcDNA3 (figure 3.8), resulting in the epitope-tagged TRP3 gene (appendix 3.2e). 

The cloning strategy leading to the addition of the FLAG epitope is shown in figure 

2.20 and 2.21.

Figure 3.8: Insertion of FLAG epitope in human TRP3. Picture A Lane 1; AB PCR 
product. Lane 2; CD PCR product. Lane 3; lOObp ladder. Picture B Lane 1: lOObp 
ladder. Lane 2: AD PCR product. Picture C Lane 1: lOObp ladder. Lane 2; Mfel-SacII 
digested AD PCR product. Picture D Lane 1: Ikb ladder. Lane 2: Mfel-SacII digested 
human TRP3/pcDNA3.
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The correct insertion of the FLAG epitope was established with DNA sequencing 

(appendix 3.1).

Mouse TRP6-MYC construct

The forward primer for this construct was designed to contain an EcoRI site at its N' 

end. The reverse primer was designed about 700bp downstream the initiation 

methionine, crossing a Xhol site. The 700bp PCR product, when cut with EcoRl and 

Xhol rendered a 500bp fragment approximately (figure 3.9) that was ligated into the 

original gene containing vector pvSport (appendix 3.2f).
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Figure 3.9: Insertion of the c-r̂ x̂ c epitope into mouse TRP6. Picture A Lane 1: Ikb 
ladder. Lane 2; lOObp ladder. Lane 3; EeoRI-XhoI digested mouse TRP6/pvSport. 
Picture B Lane 1; lOObp ladder. Lane 2; ~700bp PCR product. Picture C Lane 1: lOObp 
ladder. Lane 2: EcoRI-XhoI digested PCR product.
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DNA preparations from successfully transformed ligations were analysed with 

restriction enzyme digestion and sequencing (appendix 3.1).

The successful reconstruction of the restriction enzyme sites at the points of ligation 

was validated with DNA sequencing and diagnostic digestions. DNA sequencing also 

verified that no mistakes were introduced into the gene sequence. An example of 

diagnostic digestions is given below (figure 3.10).

Figure 3.10: Diagnostic restriction enzyme digestions of the VR and TRP constructs. 
Picture A: Lane 1: undigested mouse TRP6-MYC. Lane 2: Ikb ladder. Lane 3; mouse 
TRP6-MYC digested with EcoRI. Lane 4: mouse TRP6-MYC digested with Xhol 
Picture B: Lane 1: Ikb ladder. Lane 2; undigested human VRL-FLAG. Lane 3: human 
VRL-FLAG digested with Hindlll and Bfrl.
Picture C: Lane 1: Ikb ladder. Lane 2: undigested VRl-FLAG. Lane 3: VRl-FLAG 
digested with KpnI. Lane 4; VRl-FLAG digested with BsmBI. Lane 6: undigested rat 
VRL-FLAG. Lane 7: rat VRL-FLAG digested with SacII. Lane 8: rat VRL-FLAG 
digested with Smal.
Picture D: Lane 1: Ikb ladder. Lane 2: VRl-MYC digested with KpnI. Lane 3; rat 
VRL-MYC digested with SacII. Lane 4; rat VRL-MYC digested with Smal.
Picture E: Lane I; Ikb ladder. Lane 2: undigested human TRPI. Lane 3; human TRPl 
digested with KpnI. Lane 4; human TRPl digested with Clal. Lane 6. undigested human 
TRP3-FLAG. Lane 7; human TRP3-FLAG digested with SacII. Lane 8; human TRP3- 
FLAG digested with Mfel. Lane 9: human TRP3-MYC digested with SacII. Lane 10; 
human TRP3-MYC digested with Mfel
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To further substantiate the correct re-assembly of the restriction enzyme sites and the

correct insertion of the epitopes without disrupting the open reading frame, the

constructs were transcribed and translated in vitro incorporating radioactive methionine

to examine whether they would produce proteins of the expected size (figure 3.11). The
subject to

radioactive products of the in vitro protein production were a SDS-PAGE and

the results were analysed with autoradiography.

Figure 3.11: J/? vitro transcription and translation of VR and TRP constructs.
Picture A: Coomassie blue staining of SDS-PAGE gel and exposed film. The gel had 
been loaded in the following order; protein molecular weight marker, VRl (97kD), 
human VRL (89kD^, rat VRL (88kD^, human TRPl (88kD^ mouse TRP6 in pvSport 
(108kD), mTRP6 in pcDNA3 (108kD), VRl-FLAG (97k%  human VRL-FLAG 
(8 9 k %  rat VRL-FLAG (88kD), rat VRL-MYC (88kD), human TRPl-MYC (1 0 0 k %  
mouse TRP6-MYC in pvSport (108kD), mouse TRP6 in pcDNA3 (108kD), bovine 
TRP4-FLAG in pcDNA3 (114kD).
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Picture B: Coomassie blue staining of the SDS-PAGE gel and exposed film. The gel 
had been loaded in the following order: human TRP3 (102k%  VRl (97kD^, protein 
molecular weight marker, human TRP3-FLAG (102kE^, human TRP3-MYC (102kQ), 
VRl-MYC (97kD). The experiment was performed n=l time.

mouse

VRL TRP1 PCDNA3 FLAG MYC FLAG

105kO

SOkDo.

human
TRP3

human human 
TRP3 TRP3 VRl 
FLAG MYC “ VC

The mouse TRP6 has been subcloned into pcDNA3, in order to examine its expression 

levels in comparison to pvSport. This was necessary since we had no experience with 

the latter vector. The bovine TRP4-FLAG was a kind gift from Dr Schielling. The 

construct human TRPl-MYC appears to yield a higher in vitro protein production than 

the untagged human TRPl. Most probably this is due to the inclusion of a Kozavc 

sequence prior to the initiation methionine in the tagged construct. All the constructs 

rendered proteins of the right size, however since it was an in vitro experiment.
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immunocytochemistry was also performed to examine the protein expression in vivo. 

HEK293 cells were transfected with the constructs individually and their epitopes were 

detected with anti-FLAG and anti-c-myc antibodies via fluorescent secondary 

antibodies (figure 3.12). The experiment was performed n=  ̂times.

Figure 3.12: Immunocytochemistry of VR and TRP constructs in HEK293 cells. The 
visual field and fluorescent pictures resulting from the excitation of the secondary 
antibodies are shown. Pictures A and B have been taken from untransfected cells 
subjected to the same protocol with the anti-FLAG and anti-c-wjc (negative control).
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The successful immunocytochemistry verified the expression of the proteins and the 

insertion of the epitopes at sites accessible to the antibodies. Moreover, the functionality 

of the constructs was tested electrophysiologically by using patch-clamp in transfected 

HEK293 cells. This was possible only for the VRl constructs via capsaicin stimulation 

(figure 3.13). We observed that the epitope addition did not alter the VRl current 

characteristics, compared to control (figure 3.13 A). Application of capsaicin throughout 

the recording induced an inward current exhibiting tachyphylaxis. Unfortunately, we did 

not have the set-up for recording TRP responses, but we relied on the fact that 

functional TRP constructs with epitopes at the same site as ours had been made before 

(Xu et a/., 1997). The experiment was performed n=f time.

Figure 3.13: ?atch-clamp recordings from HEK293 cells transfected with VRl 
constructs in the presence of 3pM capsaicin for 6 sec. Picture A: current from a VRl 
transfected cell (positive control). Picture B: current from a VRl-FLAG transfected cell. 
Picture C: current from a VRl-MYC transfected cell.
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In summary, the expression of TRP channels was established in DRG neurons by using

RT-PCR. Additionally, examination of the TRP channels expression in capsaicin treated

DRG cultures demonstrated that TRP4 transcripts are located to a large extent in the

VRl expressing neuronal population, while the rest of the TRP channels are probably
capsaicin-

found in a mixed population (capsaicin-sensitive and insensitive). The fact that TRP 

channels can form heteromultimers and the identification of their expression in DRG led 

to the hypothesis that maybe TRP channels interact with the topologically similar 

members of the vanilloid receptors. Since no antibodies against TRP channels and 

vanilloid receptors were available, epitopes were inserted in the corresponding cDNAs. 

The correct epitope insertion was confirmed with diagnostic digestions, DNA 

sequencing and in vitro transcription and translation of the constructs. The functionality 

of the epitopes and the in vivo protein expression was verified with 

immunocytochemistry in cells transfected with the constructs. Additionally, the VRl 

constructs were assayed electrophysiologically. Subsequently, these constructs were 

used in co-immunoprecipitation studies to study any possible interactions between TRP 

and vanilloid receptors.

3.3 VR and TRP channels co-immunoprecipitation experiments 

3.3a Immunoprécipitation o f  the rat VR-L protein

Following the insertion of epitopes in vanilloid and TRP channels, it was necessary to 

establish the immunoprécipitation conditions, prior to embarking on co- 

immunoprecipitation experiments. Although immunocytochemistry experiments proved 

the protein expression in vivo, it was necessary to examine whether the antibodies could 

recognise the epitopes in cell lysates and whether they would be functional in western 

blots. The construct rat VR-L/FLAG was used to transfect COS7 cells. 36 hours post­

transfection, the cells were harvested and solubilised with the non-ionic detergent 

TritonXiOO. A polyclonal antibody against the epitope FLAG was used to precipitate the

tagged protein from the cell lysate in conjunction with protein A coated beads. The
bn

precipitated protein was analysed SDS-PAGE immunoblotting

(figure 3.14A). Together with the 
analysed

precipitate an aliquot of the crude protein lysate was to ensure protein detection in 

case the immunoprécipitation failed. The peroxidase catalyses the oxidation of luminol 

and results in the emission of light, which indirectly allows the visualisation of the
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precipitated protein with exposure to autoradiography. The precipitate was also probed 

with anti-VR-L antibody (figure 3.14B).

Figure 3.14 (A): Autoradiography of Western blot of rat VR-L/FLAG protein probed 
with anti-FLAG antibody. Lane 1: immunoprecipitated protein from lysate of VR- 
L/FLAG transfected cells with anti-FLAG antibody. Lane 2: precipitate from 
untransfected cell lysate. Lane 3: crude transfected cell lysate. Lane 4: protein molecular 
weight marker. The experiment was performed n=4 times.
Figure 3.14 (B): Autoradiography ot the same Western blot of rat VR-L/FLAG protein 
as picture A, probed with anti-VR-L antibody^ Lane 5: same amount of 
immunoprecipitated protein from same lysate as picture A, lane 1. Lane 6: precipitate 
from untransfected cell lysate. Protein amounts were determined by performing 
Bradford assay.
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The rat VR-L/FLAG protein was detected as a douplet in the range between TSkEl^^and 

105kl\,after probing with anti-FLAG antibody. The douplet was confirmed to be VR-L 

as it was also detected with the anti-VR-L antibody. No protein was detected with either 

antibody in the untransfected cell lysate, establishing the antibody specificity. The crude 

cell lysate exhibited the same douplet in a slightly lower molecular weight due to 

different salt concentration compared to the precipitates. The intense bands at 50kl\are 

the heavy chains of the anti-FLAG polyclonal antibody, which was run together with 

the precipitate. The light chains of the antibody, that run lower, are not shown, as the 

membrane had been cut at about SOkEXx.The SDS-PAGE gel was also stained with
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Ponceau solution, to ensure that complete protein transfer onto the membrane took 

place. Since the anti-FLAG antibody exhibits higher specificity for the epitope than the 

anti-VR-L antibody for the VR-L protein, the tonner was used for the 

immunoprécipitation experiments.

3.3b Investigating the nature o f  the rat VR-L protein

VR-L was expected to immunoprecipitate as a protein of 88kLk.The protein detected 

was in the right size range but appeared as a douplet. Prior to investigating what this 

duplex represents, the size of each band was calculated from the distance they migrated 

in the gel. By plotting the log of each of the marker's protein mass versus the distance 

they have travelled along the gel, the following graph was obtained:

Figure 3.15: Log of protein mass versus the log of distance covered by each of the 
protein markers.
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The line obtained by joining all the data points can be described by the formula y = a*x, 

where y = log protein mass, x = log distance and a  = the tangential angle. By 

calculating a  from the given data points and by measuring the distance covered by the 

two bands of the douplet one can estimate their protein mass. Considering that the 

estimated a  is 0.77 and the distance covered by the higher and lower VR-L bands is 

30mm and 33mm respectively, one can calculate that the two bands differ about lOkDa. 

in mass. In some blots, a third higher band was also observed which differs about 10- 

15kl\from  the higher band of the Couplet (see blot below, figure 3.16A). VR-L was
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predicted to contain many glycosylation and myristylation sites, thus we considered the

possibility the higher VR-L bands to represent the processed forms of the protein. In

order to rule out the possibility that these modifications are cell-line specific, the VR-

L/FLAG protein was also expressed in HEK293 cells (figure 3.14A). Simultaneously,

we examined the likelihood of the two bands being by-products of protease activity, by

performing immunoprécipitation in the presence and absence of protease inhibitors

(figure 3.16B). Finally, rat VR-L/FLAG was immunoprecipitated with non-immune IgG

to ensure the specificity of the anti-FLAG signal (figure 3.16C).
The experiment was performed n=ltime.

Figure 3.16. Picture A: expression of rat VR-L/FLAG in HEK293 and COST cells. 
Picture B: expression of rat VR-L/FLAG in HEK293 and COS7 cells in the presence 
and absence of protease inhibitors. Picture C: immunoprécipitation with non-immune 
IgG and without antibody in rat VR-L/FLAG transfected cells.
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The expression of rat VR-L in a different mammalian cells line did not alter the 

appearance of the protein douplet .Additionally, it was established that th e  douplet is not 

a by-product of protease activity, since the absence of protease inhibitors in the lysis 

buffer did not change the VR-L signal on the blot. The douplet is specifically recognised 

by the anti-FLAG antibody as it was proven by the lack of recognition by the non-
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immune IgG. Bands in this blot around lOSkDo^are non-specific as they do not 

correspond to the expected protein molecular weight for VR-L.

The immunoprécipitations were performed from whole cell lysates and hence the VR-L 

signal depicts the protein in both the cytoplasm and the plasma membrane. In order to 

examine whether the two VR-L bands represent the cytoplasmic form of the protein and 

a mature version incorporated in the plasma membrane, the membrane and cytoplasm 

lysates of VR-L/FLAG transfected HEK293 and COS7 cells were separated and 

immunoprécipitations were performed from them (figure 3.17).

Figure 3.17: Anti-FLAG western blot of VR-L/FLAG protein immunoprécipitations 
from membrane and cytoplasmic preparations of transfected HEK293 and C0S7 cells. 
Lane I : immunoprécipitation from membrane preparation of transfected FIEK293 cells. 
Lane 2: immunoprécipitation from membrane preparation of transfected C0S7 cells. 
Lane 3: molecular weight protein marker. Lane 4: immunoprécipitation from 
cytoplasmic preparation of transfected HEK293 cells. Lane 5: immunoprécipitation 
from cytoplasmic preparation of transfected COS7 cells.
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Although no signal was detected in the cytoplasm, probably due to a diluted

preparation, both bands were detected in the membrane. Therefore the douplet does not

represent the cytoplasm and membrane form of the protein.
The experiment was performed n=2.times.
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Zhu et al. (1998) and Vannier et al. (1998) reported the detection of multiple bands in 

immunoprecipitated human TRP3 protein, very similar to the ones seen in the VR- 

L/FLAG western blots. The analysis performed on human TRP3 revealed that this 

protein is N-glycosylated and the multiple bands represent the protein at different stages 

of maturation. Heterologous expression systems, especially COS cells, are notorious for 

being able to synthesise only a fraction of the mature protein (Sadeghi et al.  ̂ 1997). 

Computational analysis of the VR-L protein demonstrated the existence of ovxe. [J. 

glycosylation site (Chapter 1, part Id). This indication and the fact that VR-L belongs 

to the family of Transient Receptor Potential channels, led to the investigation of N- 

glycosylation in VR-L. HEK293 and COS? cells were transfected with the rat VR- 

L/FLAG construct and immunoprécipitations were performed. Crude lysates and 

precipitates were subjected to incubation with PNGase F, an enzyme that cleaves all 

types of asparagine bound N-glycans (figure 3.18). The resulting proteins were analysed 

with SDS-PAGE electrophoresis. The experiment was performed n=ltimes.

Figure 3.18; PNGaseF treatment of crude lysates and immunoprecipitates from rat VR- 
L/FLAG transfected HEK293 cells. Lane 1: crude lysate treated with PNGaseF. Lane 
2: untreated crude lysate. Lane 3: immunoprecipitate treated with PNGaseF. Lane 4: 
untreated immunoprecipitate. The (+) and (-) indicate the presence or absence of 
enzyme treatment. The red arrows and the corresponding numbers indicate the observed 
bands.
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No obvious change was observed between the enzyme treated and untreated samples in 

the experiment of figure 3.18 and repetitions of the experiment. Unfortunately, no
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control confirming the enzyme's functionality was available. Nevertheless, the 

possibility of VR-L being digested by other glycosidases remains. Additionally, one 

may speculate the different band sizes of VR-L to represent myristoylated and 

unprocessed forms of the protein. Unfortunately, due to time limitations no further 

experiments were carried out to examine myristoylation or digestion by other 

glycosidases.

3.3c Co-immunoprecipitation o f  VR and TRP proteins

Prior to performing co-immunoprecipitation experiments with TRP and VR channels, a

control co-immunoprecipitation was executed using rat VR-L/FLAG and rat VR-

L/MYC constructs. TRP and VR channels are similar topologically to

charmels that are known to form tetramers (Doyle el al^ 1998), thus it is possible that

VR-L subunits assemble in a similar way. The two VR-L constructs were used to

transfect C0S7 cells in a 1:1 ratio. The lysate was subjected to immunoprécipitation

with anti-c-myc antibod(A5 and was analysed with blotting with anti-FLAG antibody

(figure 3.19A) and anti-c-myc antibody (figure 3.19B). Co-immunoprecipitations were

carried out in the presence and absence of phosphatase inhibitors in case the interactions

depend on the phosphorylation state of the proteins (figure 3.19A, lanes 1 and 2). Co-

immunoprecipitations were attempted from mixed cell lysates individually expressing

each VR-L construct (figure 3.19A, lane 5). Any interactions detected from the latter

sample would show that the proteins have non-specific affinity for each other and thus

the interaction would not have functional significance. Control immunoprécipitations

were also performed from cells transfected with a single construct (figure 3.19A lane 3,

figure 3.19B lane 1) or with no construct (figure 3.19A lane 4).
The experiment was performed n=5 times.

Figure 3.19: Co-immunoprecipitation of rat VR-L/FLAG and VR-L/MYC proteins. 
Picture A, lane 1 : anti-c-myc immunoprécipitation of VR-L/FLAG and VR-L/MYC co­
transfected cells in the presence (+) of phosphatase inhibitors. Lane 2: anti-c-myc 
immunoprécipitation of VR-L/FLAG and VR-L/MYC co-transfected cells in the 
absence (-) of phosphatase inhibitors. Lane 3: crude lysate of rat VR-L/FLAG and VR- 
L/MYC mixed cells. Lane 4: untransfected cell lysate. Lane 5: anti-c-myc
immunoprécipitation from lysate of mixed single transfected VR-L FLAG/MYC cell 
populations. The blot was performed with anti-FLAG.
Picture B, lane 1: crude rat VR-L/MYC lysate. Lane 2: anti-c-myc immunoprécipitation 
of rat VR-L/MYC and rat VR-L/FLAG co-transfected cells. Lane 3: lysate of mixed 
single transfected VR-L FLAG/MYC cell populations. Blotting with anti-c-myc.
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The specificity of the antibody was confirmed by the absence of signal in non­

transfected ceils. Blotting with both antibodies showed that the co-transfection was 

successful. Co-immunoprecipitation of VR-L/FLAG with VR-L/MYC was achieved 

and was proven to be independent of phosphorylation as the inclusion of phosphatase 

inhibitors did not affect the protein interaction. The interaction was confirmed to be 

authentic, since an attempt to perform co-immunoprecipitation from mixed lysates of 

single transfected cells failed. All the VR and TRP constructs were subjected to single 

immunoprécipitation, before attempting to carry out co-immunoprecipitations (figure 

3.20). The membranes were blotted with the appropriate antibody against the epitopes.

Figure 3.20: Immunoprécipitations of VR and TRP constructs. Picture A, lane 1: 
VRl/FLAG (97kD)u Lane 2: human VR-L/FLAG (89kD). Lane 3: human TRP3/FLAG 
(102kQ). Lane 4: bovine TRP4/FLAG ( 114kEi}. Picture B lane 1: VRl/MYC (89km, 
Lane 2: rat VR-L/MYC (88kp). Lane 3: human TRPl/MYC (lOOkQ). Lane 4: human 
TRP3/MYC (102kLQ. Lane 5: mouse TRP6/MYC (108kU).
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Proteins of the expected sizes were acquired, except from the bovine TRP4/FLAG 

construct that did not render any protein in repeated attempts for immunoprécipitation. 

Despite expressing a protein of the expected size in an in vitro transcription and 

translation system (figure 3.11), no protein was detected with immunocytochemistry or 

immunoprécipitation. Additionally it was observed that VRl and many of the TRP 

proteins manifested multiple bands like rat VR-L.

Subsequently, co-immunoprecipitations were performed (figure 3.21). VRl and VR-L 

were attempted to co-immunoprecipitate with each other and with TRP3 and TRP6. 

Unfortunately, co-immunoprecipitations with TRPl failed as the protein expression for 

this construct was not consistent. A KozaK. sequence had been added prior to the ATG in 

this construct that might have changed its expression pattern. The immunoprécipitations 

were performed with the anti-FLAG antibody and the westerns with the anti-c-wy^c 

antibody.

The membranes were also stripped and blotted with the 

immunoprécipitation antibody to ensure detectable levels of expression of the 

transfected genes. The experiment was performed n=^time .

Figure 3.21: fo-immunoprecipitations of VR and TRP proteins. Picture A: western 
blot with anti-c^yc of the following co-immunoprecipitations, performed with anti- 
FLAG. Lane 1 :co-immunoprecipitation from VRl/FLAG and VRl/MYC co-transfected 
cells. Lane 2: co-immunoprecipitation from VRl/FLAG and rat VR-L/MYC co­
transfected cells. Lane 3: co-immunoprecipitation from VRl/FLAG and human 
TRP3/MYC co-transfected cells. Lane 4: co-immunoprecipitation from VRl/FLAG and 
mouse TRP6/MYC co-transfected cells. Lane 5: protein marker. Lane 6: co- 
immunoprecipitation from human VR-L/FLAG and human TRP3/MYC co-transfected 
cells. Picture B: stripped membrane of picture A and western blot with anti-FLAG. 
Picture C: western blot with anti-c-/»/yc of the following co-immunopreeipitations, 
performed with anti-FLAG. Lane 1: co-immunoprecipitation from VRl/FLAG and 
VRl/MYC co-transfected cells. Lane 2: co-immunoprecipitation from VRl/FLAG and 
rat VR-L/MYC co-transfected cells. Lane 3: co-immunopreeipitation from human VR- 
L/FLAG and rat VR-L/MYC co-transfected cells. Lane 4: co-immunoprecipitation from 
rat VR-L/FLAG and mouse TRP6/MYC co-transfected cells. Lane 5: co-
immunoprecipitation from rat VR-L/FLAG and rat VR-L/MYC co-transfected eells. 
Picture D: stripped membrane of picture C and western blot with anti-FLAG.
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VRl and VR-L were found to form homomultimers but also to interact with each other. 

Interaction between the human and the rat VR-L was detected, suggesting that the 

interaction can be conserved across the species. VRl was also found to interact with 

TRP3 and TRP6, while VR-L was found to interact only with TRP3. To support the 

immunoprécipitation results, a negative control was performed, where co- 

immunoprecipitations were carried out from lysates of mixed single transfected cell 

populations (figure 3.22).
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Cn~0
Figure 3.22: Negative control for protein interactions. Cells were transfected with one 
construct at a time. Their lysates were mixed and co-immunoprecipitations with anti- 
FLAG were performed from them. The samples were run on a SDS-PAGE gel and 
analysed with western blot with anti-c-wyc antibody. Lane 1 : immunoprécipitation from 
VRl/MYC transfected cells (control). Lane 2: immunoprécipitation from rat VR- 
L/FLAG and rat VR-L/MYC mixed lysates. Lane 3: immunoprécipitation from rat VR- 
L/FLAG and mouse TRP6/MYC mixed lysates. Lane 4: immunoprécipitation from 
human VR-L/FLAG and human TRP3/MYC mixed lysates. Lane 5 
immunoprécipitation from VRl/FLAG and mouse TRP6/MYC mixed lysates. Lane 6 
immunoprécipitation from VRl/FLAG and human TRP3/MYC mixed lysates. Lane 7 
immunoprécipitation from VRl/FLAG and rat VR-L/MYC mixed lysates. Lane 8 
immunoprécipitation from VRl/FLAG and VRl/MYC mixed lysates.
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The absence of non-specific interactions between mixed lysates from singly transfected 

cells confirmed that the interactions shown in figure 3.21 are specific. Unfortunately, it 

was not possible to acquire VR and TRP cDNAs from the same species, but the fact that 

the human VR-L/rat VR-L interaction was maintained, conferred confidence in the 

possibility that an inter-species VR-TRP interaction would be tolerated.

3.4 Construction of a rat VR-L stable cell line

The question to be addressed, following the identification of the VR-VR and the VR- 

TRP interactions, is what is the functional significance of these interactions. In order to 

investigate the role of these protein heteromultimers, it is necessary to co-express the 

VR and TRP genes in a heterologous system and employ electrophysiological methods 

for functional analysis. To facilitate such experiments, it is convenient to have a stable 

cell line that expresses one of the genes of interest. The cell line can then be transiently
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transfected with other genes and study the functional importance of their interaction 

with the endogenous gene.

Since collaborators have constructed a VRl stable cell line (Dr. Wafford's group, 

Merck), we decided to create a VR-L stable cell line. CHO cells were chosen because 

they contain the IGF receptor, the activation of which, according to Kanzaki et al. 

(1999), leads to the translocation of VR-L from the cytoplasm to the cell membrane. 

The pcDNA3 vector contains the selection marker neomycin, which confers resistance 

to the antibiotic ^eneticin. The rat VR-L/FLAG construct was chosen for the 

production of the cell line, as the VRl cell line was made with the rat vanilloid receptor. 

The rat VR-L/FLAG cDNA had been cloned into pcDNAl, which does not contain the 

neomycin gene. For that reason, it was necessary to subclone the construct into 

pcDNA3. Rat VR-L/pcDNAl (see appendix 3.2c) was digested with Sacll and Xbal in 

order to remove the cDNA (figure 3.23A). The pcDNA3 vector was digested with Notl 

and Xbal and dephosphorylated (figure 3.23A). A Notl-Sacll-Xbal adaptor was 

designed, phosphorylated and ligated to the digested vector (figure 3.23B) in order to 

introduce the Sacll site into pcDNA3 (appendix 3.2g).

Figure 3.23: Insertion of a SacII site into pcDNA3. Picture A, lane 1: Ikb ladder. Lane 
2; pcDNA3 digested with Notl and Xbal (expected size: 5.5kb). Lane 3: rat VR- 
L/FLAG in pcDNAl cut with Sacll and Xbal (expected size: 4.8kB vector and 2.7 kb 
cDNA). Picture B, lane 1: Ikb ladder. Lane 2: uncut pcDNA3 with Sacll inserted. Lane 
3: pcDNA3^Sacll digested with Sacll (expected size 5.5 Idi).

The pcDNA3 vector with the newly inserted SacII site was digested with Sacll and 

Xbal and subsequently ligated to the Sacll-Xbal digested rat VR-L cDNA. The correct 

insertion of rat VR-L/FLAG into pcDNA3 was confirmed with digestion (figure 3.24), 

in vitro transcription and translation (figure 3.25) and sequencing (appendix 3.3). The

194



digestion of the construct produced the right size band, which along with the sequencing 

indicated the successful subcloning of rat VR-L/FLAG into pcDNA3. In vitro synthesis 

of the correct size protein showed that the subcloning procedure did not interfere with 

the gene's coding region.

Figure 3.24: 0 iagnostic digestion of the rat VR-L/FLAG construct in pcDNA3. Lane 1: 
Ikb ladder. Lane 2: undigested rat VR-L/FLAG in pcDNA3. Lane 3: rat VR-L/FLAG in 
pcDNA3 digested with SacII (expected size: 8.2kb).

^ >

Figure 3.25: In vitro transcription and translation of the rat VR-L/FLAG construct in 
pcDNA3. Lanes 1-3: coomassie blue staining of the SDS-PAGE gel. Lanes 4-6: 
exposure on film. The gel was loaded in the following order: Lanes 1/4: rat VR-L in 
pcDNAl. Lanes 2/5: molecular weight protein marker. Lanes 3/6: rat VR-L/FLAG in 
pcDNA3(n = 0 .

i
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Prior to using this construct for the generation of the cell line, the right dose of the 

antibiotic geneticin (the antibiotic marker expressed in the vector) for the experiment 

was established. This was necessary because if the geneticin concentration were too 

low, CHO cells would survive without incorporating the construct into their genome. 

On the other hand if the concentration were too high, it would be toxic even onto the 

desirable cells. For that reason, CHO cells were plated in the concentration that would 

be used for the cell line construction (10-20% confluent) and were subjected to different 

concentrations of geneticin in the range of 100-1200 pg/ml over a period of 2 weeks. 

After this time, the live cells were stained with methylene blue and the percentage of 

surviving cells in the presence of each dilution of geneticin versus the percentage of 

survival in the absence of the drug was calculated, generating a geneticin response curve 

(figure 3.26).

Figure 3.26: ?lot of percentage of CHO cell survival versus increasing concentrations 
of geneticin after the period of 2 weeks.
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It should be pointed out that this curve is specific to this particular cell and drug batch 

and the cell confluency. These parameters were maintained stable during the production 

of the cell line. 1000 pg/ml was the chosen geneticin concentration as it was the one 

which allowed the fewest cells to survive before causing a toxic effect on the whole cell 

population. CHO cells were transfected with the construct, were plated at low 

concentration (-10-20%) and were subjected to the chosen geneticin dose for two 

weeks. During this period most cells died and the surviving cells formed colonies
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around them as they proliferated. Ten colonies were harvested, expanded and analysed 
blotting antibodies

b'i western using anti-FLAG. One colony that showed relatively high expression

levels of the rat VR-L protein was maintained to propagate the cell line. The stable

incorporation of the rat VR-L/FLAG construct in the genome of the CHO cells was

confirmed with immunoprécipitation with the anti-FLAG antibody and was compared to

transient expression of the construct in naive cells (figure 3.27).

Figure 3.27: Western blot analysis of the rat VR-L/FLAG CHO cell line. Lane 1: 
immunoprécipitation from transiently transfected CHO cells with rat VR-L/FLAG in 
pcDNA3. Lane 2; immunoprécipitation from the CHO cell line. Lane 3: 
immunoprécipitation from untransfected CHO cells.
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The CHO cell line expresses the right size VR-L/FLAG protein. The expression level is 

much lower compared to the one observed in the transient transfection, as expected 

since the latter results in protein over-expression. The experiment was performed n=3 times.

In summary, the expression of TRP channels in DRG neurons was established using 

RT-PCR analysis. Additionally, semi-quantitative RT-PCR using cDNA from capsaicin 

treated and control cultures suggested that TRP4 colocalises to a large extent with VRl. 

Considering that the vanilloid receptors are similar to the TRP channels, which can 

heteromultimerise, the possibility of interactions between vanilloid and TRP channels 

was explored by co-immunoprecipitation experiments. In the absence of appropriate 

antibodies, epitopes were added on VR and TRP genes and the immunoprécipitation 

experiments were carried out using antibodies against the epitopes. VR-L was found to
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immunoprecipitate as a douplet protein. This douplet formation is not due to inadequate 

protein processing by the host cells, to digestion by proteases or to differential protein 

configuration according to its localisation in the cell. The douplet was not affected by 

PNGase F induced deglycosylation. VRl and VR-L were found to form homomultimers 

and heteromultimers. Furthermore, co-immunoprecipitation experiments showed VRl 

to interact with TRP3 and TRP6, while VR-L interacted only with TRP3. In order to 

study the functional role of these interactions a stable VR-L cell line was generated in 

CHO cells. The cell line can subsequently serve as a useful tool in functional studies to 

elucidate the role of VR-L and the importance of interactions among vanilloid receptors 

as well as between vanilloid and transient receptor potential channels.
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CHAPTER 3

Interactions between vanilloid receptors and members of the 
Transient Receptor Potential family of receptors

DISCUSSION
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TRP channels are expressed in DRG neurons
Spurred by the finding that TRP channels interact to form heteromultimers, the 

possibility that vanilloid receptors interact with each other or with members of the TRP 

channel family was investigated in this chapter. Initially the expression of TRP channels 

in DRG neurons was examined since there was no relevant preliminary data. RT-PCR 

studies were conducted to inquire into the TRP transcript synthesis in nociceptors. 

Published rat TRP sequences were aligned and unique regions for each gene were 

identified. Primers were designed from these regions and they were tested with cDNA 

from tissues the TRP sequences were cloned from. Cyclophilin amplification (figure 

3.1 A) confirmed the quality of the cDNA synthesised from rat brain, heart and adrenal 

gland. TRP3, TRP4, TRP5 and TRP6 were successfully amplified from cDNA of the 

tissues of origin (figure 3.1A and 3. IB) and DRG neurons (figure 3.28 and 3.2C). Two 

isoforms have been published for TRPl: TRP la  and the splice variant TRP 1(3. Because 

TRPip was identified in low levels in heart and DRG cDNA (figures 3.1 A and 3.2A), 

primers were designed that identified both isoforms. TRP2 transcripts were not 

identified in DRG neurons with RT-PCR. This result was not unexpected as Liman et 

al. (1999) reported the specific expression of TRP2 in neurons of the vomeronasal organ 

in the rat.

The expression of TRP channels DRG neurons was examined in capsaicin treated and 

control cultures that had been normalised using cyclophilin amplification. To control for 

the efficacy of the capsaicin treatment, the expression of VRl, VR-L and CGRP was 

examined in the two DRG populations. VRl and CGRP transcript levels were 

downregulated in the capsaicin treated population as expected since large capsaicin 

concentrations exert a neurotoxic effect on small diameter neurons. On the other hand, 

the VR-L transcript levels were not affected since VR-L is expressed in the capsaicin 

insensitive DRG neurons (Garcia et al.\999, Caterina et al. ̂ 1999). Expression of TRP 1, 

TRP3, TRP5 and TRP6 did not seem to be affected by the capsaicin treatment 

indicating that these genes are mainly expressed in capsaicin insensitive neurons. The 

size of the TRP3 and TRP5 PCR products was close to the primer dimers making it 

difficult to distinguish any subtle changes in the transcript levels. Unfortunately it was 

not possible to design primers amplifying larger gene regions, without compromising 

their specificity. Interestingly, the TRP4 mRNA levels depict a considerable decrease in 

the capsaicin treated DRG sample, suggesting this gene to be specifically expressed in 

the small diameter neurons. This finding together with the reported ability of TRP4 to
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heteromultimerise (Strubing et «/.^2001) make TRP4 a good candidate for interacting 

with VRl.

Insertion of epitope tags in TRP and vanilloid channels
Co-immunoprecipitation studies were deployed to study any possible interactions 

between TRP channels and vanilloid receptors. Unfortunately, it was not possible to 

obtain the cDNAs for all the TRP channels. The genes used in this study were VRl, 

VR-L, TRPl, TRP3 and TRP6. Because no antibodies were available for the encoded 

proteins, epitope tagged versions of these genes were constructed using PCR. The 

FLAG and epitopes were chosen, as they are traditionally used for tagging

proteins and there are well-characterised antibodies against them used in co- 

immunoprecipitation studies (Hawkins et a /., 1999). The correct epitope insertion and 

subcloning was confirmed with restriction enzyme digestions (figure 3.10) and DNA 

sequencing (appendix 3.1). The constructs were tested for their ability to synthesise 

protein by using in vitro transcription and translation in the presence of radioactive 

methionine. The synthesised proteins were analysed with SDS-PAGE electrophoresis 

and autoradiography (figure 3.11). All the constructs rendered proteins of the expected 

size. Because TRPl was found to express low levels of protein, a Kozak sequence was 

added prior to its ATG site during the epitope insertion. This led to an increase in the 

protein production as can be seen in figure 3.11. Additionally a flag tagged version of 

the bovine TRP4 gene was acquired from Dr. Schilling, which gave the right size 

protein.

The expression of the epitopes was tested immunocytochemistry in transfected 

HEK293 cells (figure 3.12). Fluorescence associated with the epitopes' expression was 

identified in the cytoplasm and the plasma membrane for all the constructs tested, 

indicating that the constructs synthesise protein in vivo and the antibodies can recognise 

the epitopes in the sites they have been inserted. Unfortunately, repeated attempts to 

identify TRP4-FLAG expression with immunocytochemistry failed, suggesting that 

either the protein is not expressed in vivo or that the epitope is not accessible. Possibly 

the former hypothesis is true since according to Dr. Schilling it was not possible to 

record currents from this construct. The functionality of the VRl constructs was tested 

using patch-clamp in transfected cells (figure 3.13B and 3.13C). Application of 

capsaicin caused inward currents of the same amplitude and inactivation as the untagged 

VRl, suggesting that insertion of the epitopes did not change the characteristics of the 

channel.

201



VR-L immunoprecipitates as a protein doublet that reaches the plasma 

membrane
Prior to carrying out co-immunoprecipitation experiments to investigate TRP-vanilloid 

receptor interactions, the conditions for single immunoprécipitations were established. 

The FLAG tagged version of VR-L was successfully immunoprecipitated with anti- 

FLAG antibody from a lysate of transfected C0S7 cells (figure 3.14A). The antibody 

recognised a doupletprotein around 80-90kIX,which is the protein size expected for VR- 

L. The two proteins migrated closely together on the gel and they were confirmed to be 

VR-L by using an anti-VR-L polyclonal antibody (figure 3.14B). By measuring the 

migration distance of the douplet on the gel and comparing it to the protein marker, the 

size difference between the two bands was estimated to be about lOkDa. 

Immunoprécipitations in the presence and absence of protease inhibitors showed that 

this douplet is not a result of protein degradation (figure 3.16B). Additionally, the two 

VR-L bands did not result from a cell line's inability to process the VR-L protein, as the 

same douplet was immunoprecipitated from lysates of different cell lines (figure 3.16A). 

Attempts to immunoprecipitate VR-L with non-immune immunoglobulins failed, 

showing that the anti-FLAG antibody specifically recognised the flag tagged VR-L 

protein. The rest of the constructs, with the exception of TRP4-FLAG, were 

successfully immunoprecipitated with the appropriate antibodies (figure 3.20). Since 

TRP4 expression had not been detected with immunocytochemistry and 

electrophysiology, it was concluded that this construct was problematic. Sequencing of 

the TRP4-FLAG terminals revealed that no untranslated regions had been included in 

the construct, which could have hindered the gene expression as the untranslated 

regions often contain important signals for the localisation of the mRNA to specific 

cellular compartments where it can be translated.

The finding that VR-L immunoprecipitates as a douplet protein prompted the 

examination of the douplet localisation in the cell. Immunoprécipitations of the flag 

tagged VR-L protein were attempted from membrane and cytoplasm preparations of 

transfected cells (figure 3.17). The VR-L douplet was identified in the membrane 

preparations. The protein was not identified in the cytoplasm preparation, although 

immunocytochemistry studies showed VR-L expression in the cytoplasm (figure 3.12). 

This is probably due to a diluted signal since the cytoplasm extracts were prepared in 

large volumes (10ml). Zhu et al. (1998) and Vannier et al. (1998) reported that the 

TRP3 protein is manifested as multiple bands in western blots with two bands
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prevailing, similarly to the d o u p le t  depicted by VR-L. These researchers found the TRP3 

bands to be susceptible to endoglycosidase H and peptide N-glycosidase F treatments, 

indicating that these bands represent glycosylated forms of the protein. Since N- 

glycosylation is the most common form of protein glycosylation and because it has been 

observed in members of the TRP family, the possibility that the VR-LdoupJel depicts 

the protein at different stages of maturation was considered. FLAG tagged VR-L protein 

lysate and immunoprecipitate from transfected HEK cells were subjected to peptide N- 

glycosidase F treatment and the result was analysed in a SDS-PAGE gel followed by 

autoradiography (figure 3.18). No difference in the signal was noticeable between the 

control and treated samples, suggesting that the douplet does not represent differentially 

processed protein. The haze observed at about TSkD^is probably the result of partial 

protein degradation, while the signal detected beyond 250kDk(also evident in other gels) 

is probably non-denatured protein that remained in the gel's wells. Interestingly, a band 

at about IbOkELwas observed in addition to the expected douplet about SOkDb.This 

band can either represent a glycosylated form of the protein or protein dimer that was 

not denatured.

The fact that the PNGase F treatment did not alter the VR-L signal does not rule out the 

possibility that VR-L is glycosylated. Unfortunately there was no control available to 

test the enzyme's efficacy and the incubation conditions. PNGase F requires the use of 

detergents to denature the 3D protein structure, that will allow the enzyme to access the 

cleavage site and hydrolyse the bond between the asparagine and the oligosaccharide. 

Nevertheless, the detergents inactivate the enzyme, which can be prevented by the use
X-\oo

of Triton. Endoglycosidase H, which cleaves between two N-acetylglucosamine 

residues in the core of the oligosaccharide, can be used instead since it does not require 

detergent and cannot be inactivated by it. Taking into consideration that Kanzaki et al. 

(1999) reported the mouse VR-L homologue to be sensitive to tunicamycin, a 

glycosylation inhibitor, reinforces the hypothesis that the VR-L douplet represents the 

protein at different maturation stages.

VR1 and VR-L form homomultimers
In order to examine whether VR-L forms homomultimers, different tagged versions of 

rat VR-L (VR-L/FLAG and VR-L/MYC) were co-transfected in HEK293 cells and 

immunoprécipitations were carried out with the anti-c-wyc antibody, followed by 

western blot with the anti-FLAG antibody (figure 3.19). Signal detection with the anti-
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FLAG antibody suggests that when the VR-L/MYC protein was immunoprecipitated
co-immunoprecipitated 

with the anti-c-myc antibody, it aiso"^ VR-L/FLAG. This result indicates

that VR-L/FLAG and VR-L/MYC associated to form multimers. The antibodies 

specifically recognise the corresponding epitopes as confirmed by membrane stripping 

and reprobing performed in later experiments (figure 3.20) and by the fact that no signal 

was observed in untransfected cells. The homomultimer formation is not dependent on 

the phosphorylation state of the protein, since inclusion of phosphatase inhibitors in the 

lysates did not alter the result. Both constructs had been successfully transfected as 

confirmed by single immunoprécipitations. Attempts to co-immunoprecipitate the two 

VR-L constructs from mixed lysates of cells transfected with one construct each failed, 

showing that the interaction between the two VR-L proteins is not a result of non­

specific affinity.

Similarly, VRl/FLAG and VRl/MYC were found to co-immunopreeipitate (figure 

3.21) indicating that VRl forms homomultimers. This finding is in agreement with 

Kedei et a l (2001), who reported that VRl forms homomultimers and predominantly 

tetramers. The researchers co-immunoprecipitated differently tagged forms of VRl, 

establishing that VRl forms homomultimers. Subsequently, they examined the 

migration of VRl in native gels from lysates of transfected C0S7 cells and from DRG 

membranes. VRl migrated mainly as a tetramer, although dimers and trimers were also 

detected. Chemical eross-linking resulted in the formation of VRl complexes, verifying 

the protein's ability to form multimers. Interestingly, addition of VRl agonists in cells 

transfected with VRl resulted in the endogenous cross-linking of the protein in 

tetramers.

VR1 and VR-L form heteromultimers with each other and with members of 

the TRP family of channels.
Since members of the TRP family are known to form heteromultimers, the possibility 

that VRl and VR-L interact with each other and with TRP channels was examined \d̂
Co~

eo-immunopreeipitations. Anti-FLAG antibody immunoprecipitated rat VRl/FLAG 

and rat VR-L/MYC from transfected cells

(figure 3.21 A and 3.21C). This result showed that VRl can interact 

with VR-L to form heteromultimers. Interaction of the vanilloid receptors with TRP 

channels was also tested using anti-FLAG antibody to immunoprecipitate one protein 

and anti-c-wyc to detect any interacting protein with western blot. VRl was found to
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interact and co-immunoprecipitate with TRP3 and TRP6, while VR-L was found to 

internet with TRP3. The TRPl construct was not used in these experiments due to 

diffieulty in achieving consistent protein expression. Stripping the membrane and 

reprobing with anti-FLAG to detect the immunoprecipitated protein (figures 3.2IB and 

3.2ID) confirmed that the transfections were successful. Although the interactions 

detected were not between proteins of the same species, a control interaction between 

human VR-L/FLAG and rat VR-L/MYC showed that the interaetions can be conserved 

across species. Attempts to co-immunoprecipitate proteins from mixed lysates instead 

of eo-transfeeted lysates failed (figure 3.22), proving that the identified interaetions are 

spécifié.

The interaetion observed between VRl and VR-L is stronger than the one observed 

between VR and TRP channels. This could be due to the faet that the vanilloid receptors 

tested were from the same species and are more closely related to eaeh other than to 

TRP proteins. Another factor that could affect the intensity of the signal is the ratio of 

the cDNAs transfected. For this experiment 1:1 ratio was used. It is possible that the 

heteromultimers formed consisted of an unequal ratio of proteins i.e. three subunits 

o f TRP proteins could be required to interact with one VR subunit to form a ehannel. 

Therefore, by altering the amounts of the proteins co-expressed, stronger interactions 

could be favoured. The interaction between VRl and VR-L was observed in two 

experiments, while the VR-TRP interactions were observed in only one, due to lack of 

antibodies for repeating the experiments. Unfortunately the commercial production of 

the polyclonal anti-FLAG antibody used in these experiments was discontinued. Due to 

the laek o f time required to set up the conditions for a new batch of antibody from a 

different company, the experiments were not repeated.

Generation of a VR-L stable cell line
Following the identification of the protein interactions, it is necessary to decipher their 

functional significance. TRP proteins are known to cluster in heteromultimers resulting 

in the generation of channels with new characteristies (Xu et al.^\991, Strubing et al.  ̂

2001). The formation of new channels by vanilloid and TRP channels could contribute 

to the complex pharmacology of vanilloid responses observed in vivo (see Chapter 1) 

that cannot be solely attributed to VRl. Furthermore, such interactions could possibly 

assign a functional role to the orphan receptor VR-L. Although eo-expression o f VR-L 

with V Rl did not ehange the VRl reeeptor responses to heat and capsaicin (Chapter 2,
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figure 2.19), it is possible for VR-L to be regulating another aspect o f the capsaicin 

receptor function e.g. in thermal hyperalgesia or inflammation.

VR.S'sv (Dr. Schumacher personal communication) and a pore mutant o f V R l (Oxford 

et ûf/.^2000) have been found to regulate V Rl in a dominant negative fashion, showing 

that vanilloid receptors can form heteromultimers with functional implications. 

Therefore, careful functional analysis is needed to identify the role o f  the interactions 

between V R l and VR-L and between the vanilloid and TRP channels. In order to 

facilitate functional experiments that require co-expression o f  vanilloid and other 

channels, a VR-L stable cell line was generated. The rat VR-L/FLAG construct was 

subcloned into a vector that confers resistance to geneticin. The new  construct was 

transfected in CHO cells and was subjected to sustained selection with the antibiotic 

^ n e tic in . A  resistant colony was identified, expanded and analysed for expressing the 

FLAG epitope and thus the VR-L protein (figure 3.27). W estern blot analysis identified 

the VR-L proving that the CHO cell line is stably expressing the VR-L/FLAG

protein. Subsequently, this cell line can be used in functional studies o f  vanilloid and 

TRP channels interactions.

Proposed  experiments

a) Biochem ical stu d ies
The co-immunoprecipitation experiments described in this chapter provide interesting

inform ation on the subunit interactions that might take place in vivo and result in novel

channels. Initially, it would be necessary to repeat the experiments and also include

more TRP channels in the study, preferentially o f the same species as the vanilloid

receptors. Different ratios o f transfected genes should be used to examine whether the

recom binant channels consist o f an unequal subunit composition. The analysis o f the

multim ers in native gels could elucidate their nature i.e. if  they favour dimer, trimer,

tetramer or other configuration. In order to study the subunit stoichiometry in V R l and

VR-L homomultimers as well as in VR-TRP heteromultimers more analytically, the

methods o f sucrose density gradient centrifugation and gel filtration could be deployed,

that have been traditionally used to study channel composition. In the former method

protein lysates are sedimented by centrifugation through a steep sucrose gradient in a

tube. The proteins move along the tube until they reach a point where their surroundings 
sedimentation

have equal velocity. As a result, protein multimers can be separated according to their 

buoyant density and separated in fractions. In the method o f  gel filtration, different
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protein sizes can be separated if passed through a column containing porous matrix and 

collected in fractions. Large molecules that cannot pass through the pores flow out more 

rapidly, while smaller molecules are retained by the matrix.

Experiments should be conducted to examine in which tissues the VR-TRP interactions

take place in vivo. Existing data on the distribution of each gene could provide clues as

to which tissues these interactions could have functional significance. Co-

immunoprecipitations from native tissues could be carried out. The results could be

replicated in a yeast-two hybrid system and in column binding assays. The VRl-VR-L

interaction presents special interest as the pharmacological profile of VRl cannot

account for all vanilloid responses observed in vivo and no clear role for VR-L has been

identified. Although VRl and VR-L probably do not colocalise in rat DRG neurons

(figure 2.13, 3.2), it is worth investigating an in vivo interaction between the two

channels in brain and spinal cord tissue, where they have both been identified.

Interestingly, preliminary experiments show the colocalisation of VRl with VR-L in

human DRG (Dr. Davis Glaxo-SmithKline, personal communication), providing the

first insight into an in vivo interaction between the two channels. Considering that VRl

and TRP channels can be glycosylated (Kedei et r//.,2001, Zhu et a/.^1998), it would be
Minteresting to examine whether VR-L exists in a glycosylated form in native tissues. 

Although the deglycosylation experiments described in this chapter suggested VR-L not 

to be glycosylated, these experiments should be repeated in a range of incubation 

conditions using VRl as a control. Putative glycosylation sites on VR-L could also be 

mutated and the mutant constructs could be analysed on SDS-PAGE gels and compared 

with the wild-type protein.

b) functional analysis of interactions
The functional significance of the interactions identified between VRl and VR-L as 

well as between vanilloid and TRP channels could be deciphered by generating double 

knockout animals. But in the absence of such animals, electrophysiological studies 

could be carried out to address the function of the heteromultimers. The VR-L stable 

cell line generated (figure 3.27) could be used for transfections with TRP channels to 

carry out recordings using protocols for capacitative entry studies i.e.

store depletion with thapsigargin, activation of G protein coupled receptors. The same 

experiments could be conducted with VRl in order to investigate any possible changes 

in the TRP channel phenotype or in the capsaicin receptor function i.e. responses to
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heat, capsaicin and protons. Since application o f V R l agonists in V R l transfected cells 

was found to induce the formation o f  a V Rl tetramer (Kedei et a/. ̂ 2001), it would be 

interesting to examine if  any particular conditions favour the formation o f 

heteromultimers between V R l and VR-L or TRP channels. For example, since NGF 

causes the upregulation o f VR-L (Chapter 2, figures 2.9, 2.10, 2.11, 2.12) it would be 

intriguing to examine whether V Rl-V R-L heteromultimer formation is favoured during 

inflammation, where the NGF concentration increases. Moreover, taking into 

consideration the finding that the mouse VR-L homologue translocates in response to 

IGF-I (Kanzaki et a/., 1999), it would be interesting to examine the effect o f  this trophic 

factor in the V R l-V R -L heteromultimer.

V R l was identified to interact with TRP3 and TRP6. Considering that these TRP 

channels can be activated by diacylglycerol (Hofmann et a/.  ̂1999), it would be 

challenging to examine whether VR-TRP heteromultimers can be activated by this 

second messenger. Since diacylglycerol is generated following the activation o f  G 

protein coupled receptors such as the bradykinin receptor, whose ligand is released 

during inflammation and sensitises nociceptors (reviewed by Perl, 1996), a VR-TRP 

channel could play a role in the transduction o f pain related information. TRP4 was 

found to be predominantly expressed in the capsaicin-sensitive DRG population (figure 

3.2C), making it a good candidate for interacting with V R l. Although it was not 

possible to carry out co-immunoprecipitations for V Rl and TRP4, a functional 

interaction between the two channels is worth investigating. Clues that point towards an 

interplay between the two receptors include the regulation o f V R l activity by NGF (Shu 

and M endell^l999, Chuang et a/., 2001) and the TRP4 activation following stimulation 

o f trk receptors (Schaefer et a/. ,2000). Similarly, VR-L was found to interact with 

TRP3. Since the latter can be activated by BDNF via PLC stimulation (Li et al. ̂ 1999), it 

would be interesting to examine whether the VR-L-TRP3 heteromultimer is indirectly 

activated by BDNF or other neurotrophins. The possibility that the VR-TRP interactions 

represent an elegant way to introduce functional complexity in the process o f 

nociception without generating new proteins remains to be examined.
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Concluding remarks
In this thesis the cloning of a member of the vanilloid family of receptors using 

bioinformatics tools is described. The novel receptor was cloned from Jurkat cells, a 

human leukemic T lymphocyte cell line and was named Vanilloid Receptor-like Protein
predicted

(VR-L). VR-L shares the same topoiogical structure with VRl and TRP channels and 

exhibits 49% identity with the rat capsaicin receptor. The VR-L transcript was identified 

in a wide range of tissues, differentiating it from the specifically expressed VRl. Semi- 

quantitative RT-PCR analysis showed VR-L to be expressed in the capsaicin-insensitive 

DRG population and its transcript levels to be regulated by NGF in vivo

and in vitro. Electrophysiological and fluorometric studies showed that unlike VRl, 

capsaicin, heat and protons do not activate VR-L. Immunocytochemistry studies using a 

tagged VR-L construct showed the protein to be expressed on the cell membrane, 

indicating that VR-L is transported to the plasma membrane successfully.

Although VR-L is the most closely related member of the TRP superfamily to the 

capsaicin receptor, it does not behave as a vanilloid receptor. Failing to identify its 

functional role, we considered the possibility that VR-L plays an indirect role by 

regulating the activity of VRl or other TRP channels. This hypothesis was based on the 

following facts: 1) TRP channels form heteromultimers generating novel channels, 2) 

VR.S'sv, an N-terminal splice variant of VRl and a VRl pore mutant interact with the 

capsaicin receptor and repress its activity and 3) the pharmacological profile of VRl 

cannot account for all the vanilloid responses observed in vivo, indicating that there are 

more vanilloid receptors to be cloned. Initially, the expression of TRP channels in DRG 

neurons was examined using RT-PCR. Capsaicin treatment showed that with the 

exception of TRP4, TRPl, TRP3, TRP5 and TRP6 are predominantly expressed in the 

capsaicin-insensitive neurons. Therefore, TRP channels exist in DRG and hence there is 

the possibility of VR-TRP interactions. In order to investigate possible interactions, 

epitope tagged version of VR and TRP genes were generated. These constructs were 

used in co-immunoprecipitation studies, which showed VRl and VR-L to form 

homomultimers and also heteromultimers with each other. Additionally, there is the 

indication that VR-L interacts with TRP3 and VRl with TRP3 and TRP6. A VR-L 

stable cell line was generated to study the functional importance of the interactions 

identified.
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Considering the following facts, a possible role of VR-L in inflammation was proposed:

1 ) VR-L is expressed in tissues of the immune and the nervous system, 2) VR-L mRNA 

levels are regulated by 3) VR-L can interact with VRl, a receptor

involved in the transduction of nociceptive information and 4) during nerve injury de 

novo VRl expression is identified in large diameter neurons, where VR-L is normally 

expressed. Although heterologous expression studies showed VR-L not to directly 

respond to noxious stimuli, the conclusion of this thesis is that VR-L could play a role 

in pain perception, particularly during inflammation.
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CHAPTER 1

In silico cloning of VR-L, a new member of the vanilloid
receptor family

APPENDIX
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Appendix 1.1: tbiastn search results, as in 21 February 1998,using the VRl amino 
acid sequence as a query. Only the entries with P up to 10  ̂are shown.

R e a d i n g  H i g h  P r o b a b i l i t y
S e q u e n c e s  p r o d u c i n g  H i g h - s c o r i n g  S e g m e n t  p a i r s ;

g b | W 4 4 7 3 1 . 1 | W 4 4 7 3 1  
g b | A A 4  7 6 1 0 7 . 1 I A A 4  7 6 1 0 7  
g b | W 3 8 6 6 5 . 1 | W 3 8 6 6 5  
g b | A A 1 3 9 4 1 3 . 1 I A A 1 3 9 4 1 3  
g b | A A 3 0 4 0 3 3 . 1 | A A 3 0 4  0 3 3  
g b l W 8 2 5 0 2 . 1 | W 8 2 5 0 2  
g b | N 2 3 3 9 5 I N 2 3 3 9 5  
g b | A A 2 8 1 3 4  9 . 1 | A A 2 8 1 3 4  9 
g b | A A 2  3 6 4 1 6 . 1 | A A 2 3 6 4 1 6  
g b | W 9 2 8 9 5 | W 9 2 8 9 5  
g b | A A 7 4 1 2 3 2 . 1 | A A 7 4 1 2 3 2  
g b | H 2 0 0 2 5 . 1 | H 2 0 0 2 5  
g b l A A 4  6 1 2  9 5 . 1 I A A 4  6 12  95 
g b | 7>J \ 3 5 7 1 4  5 . i | A A 3 5 7 1 4  5 
g b | 7 \ A 3 2 1 5 5 4 . 1 | A A 3 2 1 5 5 4  
g b | H 5 1 3 9 3 | H 5 1 3 9 3  
g b l A A 7  6 8 8 2  91AA7 6 8 8 2  9 
g b | A A 2 3 6 4 1 7 I A A 2 3 6 4 1 7  
g b | T 1 2 2 5 1 . 1 l T 1 2 2 5 1  
g b | N 2 6 7 2 9 I N 2 6 7 2 9  
g b | H 5 0 3 6 4 I H 5 0 3 6 4  
g b | W 5 3 5 5 6 | W 5 3 5 5 6  
g b | H 2 1 4 9 0 | H 2 1 4 9 0  
g b | H 4 9 0 6 0 | H 4 9 0 6 0  
g b l N 2 1 1 6 7 I N 2 1 1 6 7  
g b | N 3 5 1 7 9 | N 3 5 1 7 9  
g b | A A 0 1 5 2 9 5 I A A 0 1 5 2  95 
g b | H 2 7 8 7 9 | H 2 7 8 7 9  
g b | A A 2 8 1 3 4 8 IAA2 8 1 3 4 8  
g b | A A 2 7  4 9 8 0 I A A 2 7 4  9 80  
g b | A A 0 7  8 6 1 7 I A A 0 7 8  617  
g b | N 2 4 2 2 4 I N 2 4 2 2 4  
g b | A A 1 4 4 8 3 2 I A A 1 44 8 32  
d b j I C 4 5 2 1 9 I C 4 5 2 1 9

E S T 1 6 7 2 9  A o r t a  e n d o t h e l i a l  c e l l s ,  TN.

z h 8 0 h 0 2 . r l

y n 5 5 e 0 2 . s l  S o a r e s  a d u l t  b r a i n  N2b5HB55Y

z r 5 4 h 0 4 . s l  S o a r e s  NhHMPu

y x 6 2 c l l . s i  
y o 2 9 h 0 5 . s i

Homo
Homo

y n 7 6 c l l . s l  Homo 
y o 2 1 f 0 5 . s l  Homo £ 
y x 4  7 e 0 6 . s l  Homo

z s 9 4 g l 2 . r l  NCI_CGAP_GCB1 Homo s a  
v a 9 4 f 0 7 . r l  S o a r e s  m o u s e  3NME12 5 . ,  
7 P O 7E 0 6  C h r o m o s o m e  7 p l a c e n t a l  c .  
y x 2 1 g l l . r l  Homo s a p i e n s  cDNA d o  
m r 6 9 d 0 4 . r l  S t r a t a g e n e  m o u s e  t e s t ,  
C . e l e g a n s  cDNA c l o n e  y k 3 9 0 d 4  : 5 . ,

ame S c o r e P( N) N

. + 2 2 1 6 2 . 5 e - 5 1 3
+1 2 3 9 7 . l e - 4 7 3

. - 1 1 6 2 1 . 6 e - 4 0 4

. + 1 3 0 3 2 . 4 e - 3 8 2
, +1 2 0 2 2 . 6 e - 3 4 2
. + 2 2 2 2 3 . 4 e - 3 2 3
, +3 1 2 7 1 . 2 e - 3 1 5
. +3 2 8 3 6 . 7 e - 3 1 1
. +1 2 5 9 4 . O e - 3 0 2
. + 1 1 2 2 4 . 8 e - 2 8 3

- 2 2 3 1 1 . 9 e - 2 5 2
. - 1 2 3 1 2 . 2 e - 2 5 2

- 3 2 3 1 2 . 3 e - 2 5 2
. + 2 1 5 2 1 . 4 e - 2 4 3
. +2 2 3 3 6 . 0 e - 2 4 1
. - 3 1 9 8 2 . 5 e - 2 2 2
, - 3 2 0 3 1 . 5 e - 2 1 2
. - 3 2 0 3 1 . 8 e - 2 1 2
. + 3 2 1 1 l . l e - 2 0 1

- 3 2 0 4 5 . 9 e - 2 0 1
, - 3 1 9 8 4 . 0 e - 1 9 1
. +3 1 8 8 9 . 2 e - 1 8 1
. - 2 1 8 5 2 . 7 e - 1 7 1
. - 1 1 52 5 . 6 e - 1 5 2
. - 1 1 1 2 9 . 5 e - 1 5 2

- 1 1 3 9 1 . 6 e - 1 3 2
. +1 1 5 6 3 . 7 e - 1 3 1

- 2 1 2 4 4 - 4 e - 1 2 2
. - 2 1 4 4 3 . 4 e - 1 0 1

+2 1 3 2 4 . 5 e - 0 9 1
, +2 80 3 . 1 e - 0 7 2
. +1 1 2 1 3 . 2 e - 0 7 1
. +1 64 2 . 9 e - 0 5 2
, +3 65 0 . 0 0 1 6 3
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>gb |W 441)l |W 44731  t b 9 9 d 0 2 .s l  S o a r« s  p a r a th y r o id  tu m o r NbKPA Homo * a p ia a #  cPMA 
c lo n a  Î20835  ) ' .
L an g tb  * 461

P l u s  S t r a n d  H SPs:

Q uary : 601 E)CXMISLPM££ 611

S b j c t i  190 DOTSPKXPEDS 222

Q uary ; 655 nU^VFIlLLLAyVlLTYIUXMMLXALMOriVMKI 689 
P V «•LLLAyV^LTY^LLUOCLXALM RVN ♦ 

S b j c t !  159 FW^rVLLLL^YVLLTYVLLUMLIAlllSBTVHSV 463

Ouary» 281 D«vafrVLHJU.VBVAnrtVDimcmsim«ILIUïAiaHPTLKLEBITMRKOLTPLMJi 340 
DS GMTVLHALV **W *  «X VTSKY* * l  dk*L  PT **L I*r X ♦ LTPL LA 

S b j c t :  101 DSOGXTVLHAL'/MISEKSAEK%ALVTSMYDGLl^QAGARLCPTVQLEDIRXLQDLTPLKLA 280

Q u ery : 341 ASSGXIGVLAYILQRE 356
A OKI ♦ •ILQRB 

S b j c t :  281 AKEQKIElPRHILQRg 328

Q uery :

S b j c t ;

635 LBLFKFTIGNCQLErrCHYDP 655 
L8LFKFT1GMG*L P E  P 

300 LSLrKFTIGKGEîAPQEQLPF 362

»9b|W 3866S |W 3866S  z b 9 8 d 0 2 . r l  S o a r e s  p a r a th y r o id  tu m o r NbHPA Homo s a p i e n s  cOHA 
c lo n e  320835  S ' .
L en g th  •  422

M inus S t ra n d  HSPs:

Q u ery : 364 MLSIWFTEMAWPVHSSLYDLSCID?CB»ISVLEVIAY 401
HLSWCFTW YCPV SLYOI * *I>-C8*NSVLE*IA* 

S b j c t :  344 HLSRKFTEKCYviPVFVSLYCLASVDSCBSNSVLEIlAr 457

Q u ery : 248 GXLPLSLAACTNQLMVICPLLQNSMOPADI 277
CSLPLSLAACT Q «V ♦LL*N QPA ♦ 

S b j c t :  3 GELPLSLAACTKQUOWSYLLEHPHOPASL 92

Q u ery ; 333 GLTPLALAASSGKIGVLAYILQREIHEPfiCRHLSIUtPrE 371 
0  PULAA ♦ ♦ V**Y*L* ♦ L* ♦ T*

S b j c t :  3 OELPLSLAACPKQWDWSYLLOIPHOPASLQXLTPRATO 119

Q u ery : 251 PLSLAACTWQLAIVKPLLQK5W 272
PL LAA :  * *LQ •

S b j c t :  266 PLKLAAKEGXIEIFRHILQPEF 331

P lu s  S t r a n d  HSPs:

Q u ery : 541 MVPiCAJWrrHMUYYTROPOgMOIYAVMIIWaLRDLCRPHPVYLVrLrGPSTAWTLI* 600
«V &L »QW X^LYYTPCPQ GIY*VMI*K*ILRDL AP VTLVPLPGP* A*V*L 

S b j c t :  10 LVSSLVLOWLXLLYYTROPOHTGIYSVMIQKVILRDLLRPLLVYLVPLPaPMVALVSLSA 189

Q uery : 364 RLSRKPTCMAYCPVHSSLVDLSClOTCSXMSVLEVZAy 401
KLSRXrTEH YQPV SLYDL* «D*CB*HSVLB«1A* 

S b j c t :  284 HLSKRPTBNCYGPVKVSLY0LASV0SCE8HSVLBIIAP 171

Q uery : 319 UiPTLKLSCITHAKOLTPLAlAASSOIUOVLAYILQftSIHEPB 361
L PT««LB«1 N * LTPL AA SKI * *XLQK + S 

S b j c t :  414 LCPTVQUEDIRXLQDLTPLKXAAKEGKIBIPKHILQRGVXRTB 286

Q u ery ; 405 ETFWUIDMIXVEPlimU^OOKMDRFVXRZP 434 
**P*RH N««*KPLN*LLQ KWD * * f  

S b j c t ;  164 KSPHRHRMVVLIPLWCLLOAJCWOLLIPKFP 75

Q uery : 434 PYFNPFVYCLYMIIPTAAAYYRP 456
P* MP ♦YM IP  ♦ AY**P 

S b j c t :  80 rPLMPLCNLIYKPimsVAYHQP 12

>gb|A A 1394l3 |A A 139413 m g 3 5 a l l . r l  B a r s te a d  MPLRBl Mus o u a c u lu s  CDMA C lo n e  580700 

P lu s  S t ra n d  HSPs:

34 VTKMYPLLLLKCSIOPPASMLgTVLiaiPCLSPUMiAArraKIOVyQBI IRRgVTüKPTIW 213

365 LSWrPWAYOPVHSfiLYOLSCnJTCnOfSVLSVlAYSSSETPMWnilLLVBPL 418 
LSWCP ♦MAYCPV*SSLYOLS *DTC ♦ * I  S NRH*ML VtPL

214 LSRAPKSMAYCPVYSSLYDLSSLOTCOEBVSVLSZLVYMSKlBMUtBlLAVCPL 375

418 UWLLQOrVfDMrvXRlPYPMrPVY 441 
*N LL*OKW *P PY N Y 

372 IMELLRDKMRKFOAVSFYIMWSY 443

»g b |A A 304033 |A A 304033  EST16729 A o rta  e n d o t h e l i a l  c e l l s .  TNP a l p h a - t r e a t e d  
s a p i e n s  cOKA 5 ' end  
L e n g th  •  319

P lu s  S t r a n d  HSPs:

Q u ery : 649 FTOrrDPXAVriXLLLAYVILTYlLLUMLIALICBTVIfKIAOCSIQIZMKLOMaTlUlT 708
r  f *  * •«LLLAYV^LTYXLLLNMLIALM BTVN *A *S +IWKLQ*AI *L+ 

S b j c t :  1 POXQIiantSMVLLLLLAYVLLTYZLLLNKLIALMSffrVNSVATDSNSIMiaQKAIXVLBM 180

Q u ery : 709 EKSFLKCMRK 718

S b j c t :  181 EMCYMfCRKR 210

Q u ery : 717 MAPKSGKUWGPTPEXÎKIXmWCrRVDeVWPTWra 755
RK K#0 *L VG PDO D RWCPRV^EVNW t 

S b j c t :  202 RKKOmsCVNLlVQTKPDOSPDeRWCrRVEEVIWASWaAO 318

>>gb|W 82502IM 82502 m f 0 4 g 0 6 .r l  S o a r e s  m ouse p3KKP19.S Mue m u sc u lu s  cCMA c lo n e  

L en g th  -  451 

P lu s  S t r a n d  H SPs:

219 LLVBMQACVQAAAWnPFKKIK 24C 
LLVB24C3AW A C  K TK 

316 LLVEMQAK7HTHACGA5SKSTK 381

P lu s  S t ra n d  H SPs:

Q u ery . 281 D«VOmvrHA VKVAdYIVDNrKFVTSMYWSILILGAKLHPTLK 324 
OS QNTV'LHALV *vDN* +N VTSKY- *b CA+L FT*-* 

S b j c t :  99 OSQGNTVLHA-VM:SaY5AENlÀLVT5KYOOLLÛAÛARLC?TVQ 270

248 GSLPLSLAACTKQlJVTVKFl.LQNJ,eV?AO:SA 2?9 
G3LPL5LÂACT 0  *V ♦LL*N QPA -  A 

1 CilLPLSLAACTKQWOWSYLLENrHOrXSLOA 96

Q u ery : 38? IDTCEKNS'/t.WIAY 401
♦I>-CK+NSVl. - lA -  

S b j c t :  426 VDSCEENSVLGtlAP 470

724 KI.KEirNRKL- VFLALAASSCK 345 
RLE*I N ♦ LTPL «♦

229 KLSDIRNL0D:.TPUKAGRQGGQ 294

367 RXPTEV 372 

359 RXPTEW 376

Q uery : 127 QBl^LLPPLQBSKKALTDSRPKOPETOKTCLUCAMLllLHNGgNDTIALLLDVAlUrrDSL 186
GEL LL ♦L«R« K LTOS * * TGKTCL*KA*LML N I  LL * n *■ *

S b j c t  I 41 OBLIGLIJnrLMTSKYLTDSAYTBOSTGKTCLKXAVLNLODOVMACltPLLQIDtD*» 220

Q u ery : 187 WVHASYTDSYYKCQTALHIAIEIWMMTLV 217
♦ VKA TO *Y*C *AUiIAIE*R** V 

S b j c t :  221 GPLVNAOCTDCFYRGHSAlüIAlBiaâLMCV 313

»gb 'A A 281349 |A A 2»1349  % w 9 4 y l2 .s l NC1_CGA?.GC61 ilono s a p ic  
IKAGB:705L9C 3 
L en g th  ■ 294

P lu s  S t ra n d  hSP«;

248 OKLPLSLAACTNQLAIV 264 
GSLPUSLAACT Q «V 

400 OSLPLSLAACTKQMTyh/ 450

Q u ery : 248 GBLPLSLAACWLAlVKPLLOMSKQPADXSARDSVaNTVLUALViSVADMTVtKTKPVTS 307
QELPLSLAACT Q «-V ♦f.I+K Qr»A -  A DS CNTVLHALV ♦♦DN* «K VTS 

S b j c t :  3 GELPLSLAACTXOVrA'VSYLLEKPHQPASLOATDSOCanVLHALVMISDNSABNIALVTS 182

Q uery : 308 HYNEILIlGA:<L3lPTLKLEETTKPK(rrPfJVLAASSCJ 344
MY. »L 3A L P T .iL E + I K * LTPL LAA Q 

S b j c t :  187 KYDGLLQALAKLCl'lv'CLEDXRKLQDLTrLKLAAKEG 293

>gblA A 276416|AA276416 - - i 5 4 h 0 4 . i l N.1HMPU S I  Homo s a p ie n s  cDMA c lo n e

213



P lu #  s t r a n d  HSPs:

s c o r e  * 259 (1 1 9 .9  b i t s ) ,  E x p e c t -  4 .0 e -3 0 .  Su» P (2 ) » 4 .0 e -1 0  
I d e n t i t i e s  -  5 3 /1 0 5  (50% ). P o s i t i v e s  •  7 3 /1 0 5  (69% ). Frame -  +1

Q uery : 137 QELESLLPFLQRSKX^LTOSCFKDPETOtCTCLLKAMUnJlNOQNDTIALLLDVXRKTDSL 186
♦♦L U ♦♦ K LTDSB* ♦ TOKTCL+KA^UJL +<3 N I  LL * R * *

S b j c t ;  115 BDIAOLPrfLSKTSiCaTDSBYTEGSTGKTCLMKAVLNLKDGVMACILPLLQIDRDOGOT 294

Q u ery : 187 KQrVKRSYTDSYYEGQTALHlA: BRRNKTLVTLLVENGADVQAAA 231
* VNA TD YY+G *ALH1AIE*R** V LLVENGA*V A A 

S b j c t ,  295 OPLVNAOCTODYYRaHSALHlAIKKRSLQCVKLLVE*«ANVHARA 429

S c o re  a 43 (1 9 .9  b i t s ) .  E x p ec t « 4 .0 e - 1 0 ,  Sum PI2 I « 4 .0 e -3 0  
I d e n t i t i e s  -  8 /2 9  (27% ), P o s i t i v e s  = 1 5 /2 9  (51% ), Frame •  »2

Q uery : 95 RPSSQDSVSAGEKPPRLYDRR5IFDAVAQ 123
♦ P A •* P *DR »F+AV*f

S b j c t :  20 OPQLPRTPGASQPOPKRPtWDRLFNAVSR 106

»9b |W 92895lW 9389S  sh 8 0 h C 2 .r l  S o a re s  f e t a l  l i v e r  s p le e n  IHTLS S I  Hcmo s a p ie n s  
cONA c lo n e  416419  S ’
L « ig th  •  432

P lu s  S t ra n d  HSPs,

S c o r e  » 122 (56  5 b i t s ) .  E x p e c t a 4 8 e -2 8 . Sum P{3) -  4 .8 e -2 8  
I d e n t i t i e s  » 3 1 /3 5  (60% ). P o s i t i v e s  •  2 8 /3 5  (80% ). Frame > ♦!

Q u ery : 537 ÏVASMVFSLAMüViMItLYYTRGPQQMGIYAVMÏEK 571
Y* 4V +L +GH N*LYYTRGFO OIY*VMI+K 

S b j c t :  32 YLPLLVSALVLGWllfLLYYTRCPQHTOlYSVHIQK 126

164 NUOK5QHT>TlAU.LDVARJtTDSLKQrVNASYTDSYYKOQTALHIAl 209 
ML *C N I  LL * R + + * VMA TD YY*0 «ALH1AI 

138 HLRDGVNACILPLL0IDRD9WQPLVNAQCTDDYYRGHS4LH1AI 1

86 RPGDGPASVRPSSQDSVSAGSKP 108 
RP D ? SAG KP

364 RPSOKSOPQLPKGKRCQSAOSKP 296

» g b |H 2 0 0 2 5 |H 2 0 0 2 5  y n 5 5 e 0 2 .s l  Homo s a p ie n s  cDNA c lo n e  172346 3 s i m i l a r  
c o n ta in s  A lu  r e p e t i t i v e  e le m e n t ; .
L « i9 th  « 406

M inus S t r a n d  HSPs:

Q u ery : 104 AOEKPPRLYDRRSIFDAVAQSWCQZLESLLPFLQRSKKRIÆDSgFKDPETGKTCLLKAML 163
A ♦ P *DR +*L L *L K I/TOSB* ♦ TGKTCL*KA+L

S b j c t :  318 AS0PDPNR?DRDRLniAVSRCVPEDLA3LPBYL8KTSKyLTDSBYT8CSTGKTCUIKAVL 139

Q u ery : 164 NLHNGONr>7TALLLDVARKTDSLKQrVMASTrDSYYKOQtAUiIAI 209
HL *̂G M I  LL * R ♦ t  ♦ '/NA TD YY+G ♦ALHIAI 

S b j c t !  138 NLKDGVNACILPLLQIDROSOHPQPLVNAQCTDOYYRGaiSALHlAI 1

86 RPGDGPASVRPSSQDSVSAGEKP 108 
RP D P SAG KP

364 RPSDKSQPQLPKCQCRCQSAGSKP 296

Q uery : 660 IILLLAYVILTYILLLfmLIALM 682
«> 4-LLLAYV « L7YI LLLMfLlA LK 

S b j c t ;  339 LLLLLAYVLLTyiLU/WLXAlX 40?

S c o re  ■ 89 (4 1 .2  b i t s ) .  E x p ec t * 4 .8 e  28 . Sum P(3 ) -  4 .8 e -3 8  
I d e n t i t i e s  »  1 7 /3 5  (48% ). P o s i t i v e s  = 2 1 /3 5  (50% ). Fram e -  *2

624 GWSYMSLVSTCLELFICPTIOIGDLErrafYDFKAV 658 
O y * LELFKFTIGMG-»L F £  ?* *

230 GAQYRGlL£ASLELFKFTiaC8LAPQE0LHFF<aî 334

» ^ |A A 7 4 1 2 3 2 |A A 7 4 1 2 3 2  i . y 9 6 a l i . » l  KC:.CGAP_GCB1 Homo s a p ie n s  cDHA c lo n e  
INA GE:128610e s i m i l a r  to  c o n ta in s  A lu  r e p e t i t i v e  e le m e n t:  
L e n g th  -  454

M inus S t r a n d  H SP s:

104 AQErPPRLYDIUtSIFmVAOSMCQRLeSLLPFLQRSKXRLTDSEFRDFrPGRTCLLKAia 163 
A ♦ P ♦UR ♦P*AV** -  + L L ♦L ♦♦ K LTDSB'* ♦ TOKTCL'^KA^L

318 ASQ?DPNRFDPDRLF«AVSRGVPBnLA0LP£YLSKTSKYLT0SByTBQSTariCt20CAVL 139

>>gb|A A 46l29S(A A 461295 r x 6 5 a 0 1 .s l  S o a re s  t o t a l  f e t u s  Nb2(£P8 9v  Homo s a p ie n s  cCMA 
c lo n e  796296 3 s i m i l a r  t o  c o n ta in s  A lu  r e p e t i t i v e  e le m e n t;
L en g th  « 383

M inus S t r a n d  H SPs:

104 AGERPPRLYDRRRTFDAVAQSNCQELBSLLPPLQRSKXRLTDSBPKDFSTGICTCLLKAML 163 
A ♦ P *DR +F*AV** *+L L *L ♦♦ K LTDSB* ♦ TOKTCL+KA+L

318 ASQPDPNR FDR DR I.FNA VSROVPEDLAOLPEYLgKTSKYLTDSmrTgOSTOKTCUKAVL 139

164 NLHNGOMDTIAI.LI.DVARKTOSLKOFVNASYTDSYYKGQTALHIX1 209 
ML *G W I  L L * R + * *  VKA TO YY+G *ALMIAI 

138 NLXDGVMACILPLLOlDRDSGMPOPLV'NAQCTaPYYRGRSALHIAl 1

66 RPGDOPASVR7.SSQI5SVSAORKP 108 
RP D ?  SAG KP

364 RPSDKSQPQLPROKRCQSAOSKP 296

P lu s  S t r a n d  BSPs;

0 » e ry :  364 HLSRRrTBWAYCPVHSSLYDLaC :DlX:BKNSVLgVlAy 401
HLSRKPT8W YCPV SLYDL* D*C *NSVLE*IA* 

S b j c t :  14 HLSRKPTBHCYGPVRVSLYDLASXDSCXEKSVLKIIAF 127

»gb |A A 768829 |A A 76«829  n r 6 4 g 0 8 .e l  M2r_caAP_GC8l Homo s a p ie n s  cDWA c lo n e  
1MAGB:130028€ s i m i l a r  t o  c o n ta in s  A lu  r e p e t i t i v e  e lae m m t; 
L en g th  -  43C

M inus S t ra n d  HSPs:

■side t r e a t e d  I  Homo

Q u ery : 405 BTPMRHCMLL.VSPLNRLLQ 42 )
♦*P*RM M***EPLN*LLQ 

S b j c t :  134 KSPHRHRMWl.RPt NKLLQ 190

Q u ery : 434 FYFM7FVYCLYKIIPTAAAYYRf 456
P+ NF *vy IF  A A¥**P 

S b j c t :  219 FFLWFLCMLIYKF: F7IAVAYHQP 28?

» gb |A A 321554 |A A 321554  BST24046 CCRF*CQ4 c e l l s ,  c y c lo h e  
m apim m  cDSA 5 end  
L e n g th  * 32 )

P lu s  S t r a n d  HSPs:

Q u ery : 774 SFSLR£X»VFXîJL\V(WAU»PLLRlV,GTRDRHATQQEEVQUWYTGSXiCPEDABVFKDSM 833
SFSLRS RVSGR*W%NPALVPLLR*AS R R * Q EBV L* * *GSLRPBDABVFK

S b j c t :  2 SFSUlSSRVFAÎR-ft.'KHFALVPLLKnASXSXROSÀQPEEVYLRQPSGSIJtPEDABVPKSPA 181  |

Q u ery : 834 VPGEX 838

S b j c t :  182 ASGEK 196

cDNA c lo n e  179467 3 s i m i l a r  t o

Q u ery : 104 ACEKPPHLYDRPSIFDAVAOSMCOELBSLLPrLQRSmLTDSKPKDPBTCtTCLlJJUIL 163
A ♦ P *DR ♦F*AV** **L L *L *♦ K LTDSB* * TOKTCL»KA+L

S b j c t :  317 ASOPDPMRFDRORLFNAVSROVPEDLAULPBYLSKTSKYLTDSBYT8GSTGKTCLMKAVL 138

Q uery : 164 NLHNOONDTIALLLDVARKTOSLKQFVNASYTDSYYKGQT 203
NL *G N I  LL * R * * * VMA TD YY*G *

S b j c t :  137 NLKDGVNACILPLLÛIDRD9GNPQPLVNAQCTC83YYRGHS 18

86 RpGDGPASVRPfSQDSVSAOBKP 108 
RP D P SAG KP

363 RPSDKSQPQLPKGNRCOSAGSKP 295

»gb |A A 2 3 6 4 1 7 |A A 2 3 6 4 l7  z r 5 4 h 0 4 .s l  S o a r e s  MhiaCPu S I Romo s a p ie n s  cDNA c lo n e  

L en g th  * 370 

M inus S t r a n d  H SPs:

» ^ |B 5 1 3 9 3 |H 5 1 3 9 3  y o 3 0 f l 3 . s l  Homo s a p i  
c o n t a i n s  A lu  r e p e t i t i v e  a l e  
L e n g th  •  401

M inus S t r a i t  HSPs:

Q u ery : 127 OELBSLLPFLQRSXKRLTOSEFROPETGKTCLLKAKUfUINQgilDTIALLLOVARJCTOSL 186
**L L *L ** K LTDSE* * TGKTCL*-KA*LWL *G N I  LL * R * * 

S b j c t :  249 EDIAaLPBYLSKTSKYLTDSEYTEGSrGKTCLMKAVUlLKDaVMACILPLLQlDRDSQMP 70

Q u ery : 187 KQFVNASYTDSYYKGQTALHIAI 209
♦ VMA TD YY*0 * ALHIAI 

S b j c t :  69 QPLVHAQCTDDYYRGHSALHIAI 1 .

104 AGKKPPRLYDRRSIFDAVAQSNCQELBSLLPFLQRSKKRLTDSBFI^PBTQRTCLLKANL 163 
A ♦ P - I »  *F*AV** **L L *L ** K LTDSB* * TGKTCL*KA*L

317 ASQPDPMRFDRDRLFKAVSROVPEDLAGLPBYLSKTSKYLTDSBYTDtSSTOKTCUOtAVL 138

164 MUQIOQIIDTIALLLDVARKTDSLEQPVNASYTDSYYWSQT 203 
N L * G N  I LL * R * * * VKA TD YY*G *

13? NLKDCVNACILPLLOIDROSGKPQPLVNAQCTDDYYRGHS 18

86 RPGDGPASVRPSSQDSVSAGEKP 108 
RP D P SAC KP

363 RPSDKSQPQLPKCKRCQSAOSKP 295

S t ra n d  HSPs:

87 PG0GPA5VR?GSQI)5VSAGRK 10? 
PG^GP * PS *5 S E*

391 PGEOPXN.SXr-SB^F.STSTTER 329

624 GNSYMSLYS-CLELFKFTiaODLBFTBMYDFKAVPIILLLAYVILTYILLLNMLIAUB3 683 
0  Y ♦ LELFKFTI0H7+L F E F* * * * LLLA YV*-LTY ILLIMMLIALM 

12 QAQYROILVASLBLFKFTIGHSBLAFQBQLKFRGMVLLLLLAYVLLTYILLLKMLIALMS 191

214



Sbjct: 192 BTVNSVATD 218

» 9 b |M 2 6 7 2 9 |M 3 6 7 2 S  y x 6 2 c l l . f t l  Homo s a p i e n s  cQNX 
L e n g th  = 374

M inus S t r a n d  HSPs

R X LT3S?* -» TGKTCL*KA+LNL *0 IS I  LL + R + + * -  VNÀ TO 
316  RPSXTLTDSEYTBGSTOKTCLMKAVUILKDGVNACILPLLQIDRD9QWPOPLVNAOCTDD 37

198 YYKOQTALHTA: 209 
YYK3 ♦AUflAT 

36 YYRGHSALHIA- 1

c lo n e  176593  3 ' s i m i l a r  t o

O u ery : 119 DAVAQSNCOBLKSILPFLORSKKRLTDSBFKDPPIQKTCLLKAMLNUmGQNDTIALLLD 178
*AV** •♦ L  L ♦L ♦♦ K L m SE* * TOKTCL^KA+UJL *<3 N I  LL

S b j c t :  273 HAVSRGVPSDLAGLPEYLSKTSKYLTDSEYTBGSTGKTCLMKAVUfLKOGVMAXILPLLQ 94

Q u e ry : 179 VARKTWLKQFVRASYTDSYYKOQTALHIAI 209
+ R ♦ + ♦ VNA TD YY443 * ALHIAI 

S b j c t :  93 10RDSCBff?Q?LVMAQCTD0YyRGHSALHIAl 1

» 9 b |H 5 0 3 6 4 |H 5 0 3 6 4  y o 2 9 h C 5 .s l  Homo s a p i e n s  cDNA c lo n e  179385  3 ' .
L e n g th  = 386

M inus S t r a n d  H SPs;

» g b |H 4 9 0 6 0 (H 4 9 0 6 C  y o 2 l£ 0 5 .* l  Homo s a p ie n s  c  
c o n t a i n s  A lu  r e p e t i t i v e  e lts n e n c ;  
L e n g th  > 3 5 7

M inus S t r a n d  HSPs:

Q u ery : 153 TOKTCLLKAMLMLHMOQNDTIALLtXJVARKTOSLKOPVKASyTDSYYKCQTAliilAI 209
TQKTCL+KA+LNL +O N  I  LL * R * + * VNA TD YY+G + ALHIAI 

S b j c t :  171 T6KTCLMKAVLNLKDGVNACILPLt>07DROSOI9POPLVHAOCTDCnryRaBSALHIAI 1

Q u e ry : 127 QELBSLLPFLQRSKKRLTDSSPKDPrrGKTCLLXAMLNUQiQONOTTALLLCVARKTDSL 186
+ *L L +L -*  K LTD5E+ * TÜKTCL»KA*LNL +G N I  LL * R + + 

S b j c t :  249  EDLAOLPEYLSKTSKYLTDSEYTEGSTGKTCLMKAVLNLKDGVNACILPLLQIDRDSQNP 70

Q u e ry : 187 KQPVNASYTDSYYKGQTALHIAI 209
♦ VKA T3 YY*G + ALHIAI 

S b j c t :  69 QPLVNAQCTJDYYRGHSALKIAI 1

Q u e ry : 135 PLQRSKXRLTOSBPKD ISO
♦L ♦♦ K LTOSE* ♦ 

S b j c t :  226 YLSKTSKYLTDSEYTE 179

> g b |N 2 1 l6 7 |N 2 1 1 6 7  y x 4 7 tt0 6 .a l  Homo s a p ie n s  
c O D ta io s  A lu  r e p e t i t i v e  e lem e n  
L e n g th  > 4 0 1

M inus S t r a n d  HSPs:

cDNA c lo n e  3 6 4898  3 ' s i m i l a r  t o

»g b |W 5 3 5 5 6 |W 5 3 5 5 6  m d S 3 c 0 8 .r l  S o a r e s  m ouse  em bryo  NbME13.S 1 4 .5  Mus m u s c u lu s  
cDNA c lo n e  372302 5 ' .
L e n g th  « 416

P lu s  S t r a n d  H SPs: S b j c t :

137 QELBSLLPnQRSKXRLTDSCnCDPeTGKTCLLKAMLNLKNG 168 
♦♦L L tL  - ♦  K LTDSE* ♦ TGKTCL+KA--LIIL *0 

251 KDLAOLPEYLSXTSKYLTDSEYTBGSTGJrrCUJKAVUfLKDC 136

Q u ery : 110 RLYDRRSIFDAVAOSNCQBLESLLPPLQRSKKRLTDSEFKDPBTOKTCLLKAMUILHHOQ 169
♦ ♦♦♦R ♦PD V - ,  ♦ *L* LL PL KKRLTD EP**P TGXTCL KA+LNL NG>

S b j c t :  222 ICVFNRPrLPOIVSROSTADLDGLLSFLLTHKKRL'TDBEPRBPSTGKTCLPKALLNLSNGR 401

Q u ery : 170 NETI 173

S b j c t :  402 MDTI 413

cDNA c lo n e  174356 3 ' s i m i l a r  t o> g b |R 2 1 4 9 0 |H 3 1 4 9 0  y n 7 6 c l l . s l  Homo s a p i e  
c o n t a i n s  A lu  r e p e t i t i v e  e lem  
L e n g th  » 379

M inus S t r a n d  H SPs:

138 RSKARLTDSSFXDPETGKTCLLKAMLMLHSIQQMDTIALLLOVARXTDSLXQPVKASYTDS 197

165  LHWOQNDTIALLLZTVARJCTDSLKQFVNASYTDSYYMQTAtfllA 208 
L N I L L * R * * +  VNA TD YY*G LHIA 

136 LRTES2iAClL?LLQlDR3$aNPOPLVNAQCTDDYYSOHSPUiIA 5

» g b fN 3 5 1 7 9 |M 3 5 1 7 9  y x 8 3 e l 2 . r l  Homo s a p ie n s  cONA c lo n e  268366  S ' 
L e n g th  =. 433

M inus S t r a n d  H SPs:

Q u ery : 718  KAPRSGKLLCVGFTPDGKDDYÎWrFRVDEVIflfnWraVGIIHEDP 763
K R*4i »L VG PDO D RMTFFV^EVNW ♦ EDP

S b j c t :  340 KïOQRACVXUCVGTK?DGSPDERWCrFVFFVNWASWEQTLPTLCEDP 203

687 MKIAOESWIIWKLORAIT 704 
M *A *S  ♦IWKLQ-AI*

431 KXVATDSMSIWKLQRAIS 378

» g b |A A 0 1 5 2 9 5 |A A 0 1 5 2 9 5  m h : 4 e l l . r l  S o a r e s  m ouse  p l a c e n t a  4MbMP13.S 1 4 .5  Mus 
sa is  c u i u s  cDNA c lo n e  442508 5 
L e n g th  » 310

P lu s  S t r a n d  HSPs:

709 EKSFLKCXRKATRSGKIÆQVQFTPDCKDDYRWCFRVDBVNWrTMWTKVGIIKEDP 763 
B ♦ C RK R*Q*LL*VQ DC D RMCFRV^BVNW M ♦ + + KDP

1 2H0YWMCRRKRHRAGRLLKVGTKCDC1PDBRMCFRVZEVMVIAAWBKTLPTLSSDP 165

14 AaRLLYVGTXQPOT PDHXWCP RVEI'/NWAAMERTLPTLSBDP 139

>gb]A A078617]A A07B617 7PQ7R06 C hrom osoire  ? P l a c e n t a l  cCMA L i b r a r y  Homo s a p i e n s  
cONA c lo n e  7P07B06 
L e n g th  « 227

P lu s  S t r a n d  HSPs:

Q u ery : 367 RKPTEWAYGPVHSSLYDLSCIDT 369
RA T-W TOP* S»LYDL* ID+ 

S b j c t :  137 RKHTCWTYOPLTSTLVDLTEIDS 2C5

» g b |H 2 7 8 7 9 |R 2 7 8 7 9  yn79h03  s i  Homo s a p i e n s  cUKA c lo n e  174677  3 ' s i m i l  
c o n t a i n s  A lu  r e p e t i t i v e  e le m e n t  : .
L e n g th  = 554

M inus S t r a n d  H S P s:

S c o re  = 124 (5 7 .4  b i t s ) , E x p ec t = 4 .4 e - 1 2 ,  Sum P (2 )  -  4 4e  12 
I d e n t i t i e s  > 2 5 /5 1  (49% ), P o s i t i v e s  3 4 /5 1  (66% ). Fram e » -2

Q u ery : 153 TaKTCLLKAMI2#LHNQQK)TIALLL3VARXTDSLKOFVNASYTDSYYEOOT 203
TOKTCL+KA+LNL rO M  I  LL * R + + + VNA TD YY+O * 

S b j c t :  170  TOKTCLMKAVLMLKDGVNACILPI LQIDRDSGNPQPLVNAQCTDDYYRGHS 18

127 QBLBSLLPFLQRSKKRLTDSEFKD 150 
♦*L L *h ** K LTDSE+ ♦

249 EOLAOLPBYLSKTSKYLTDSBYTE 178

>gb|A A 281348 |A A 281348 r s 9 4 g l 2 . r l  NCI_CGA?_0C81 Homo a a p ie  
IM AGS:705190 5 
L e n g th  « 424

M inus S t r a n d  H SPs;

CDNA c lo n e

325 LBBITNRKGLTPLALAASSGICIGVLAYILORBIH 358 
W  * N ♦GLTP LA O * H

44 LDLVPNHOGLTPFKLAGVBGDTVMFQHLHQKRKH 145

» g b |N 2 4 2 2 4 |N 2 4 2 2 4  y x 2 l g l l . r l  Homo s a p ie n s  cDNA c lo n e  262436  5 ' 
L e n g th  > 3 26

P lu s  S t r a n d  H S P s:

Q u ery : 405 BTPMRHDKLLVBPLNRLLQDKNDRFVKKIPYFNPPVYCIYHIIFTAAAYYRPVBGLPPYR 464
RH M-+*BPLN*LLQ KWD * * ?  I  A + ++

S b j c t :  37 KSPXRHRKVVLBPLNKLLQAKWDLLIPKFPLNFLCKLXVMPIFTAVAYHOPTLKKOAAPH 216

Q u e ry : 465 LKNTVGDYPRVTGEILSVSGGVY 467
LK VG- *TG XL ♦ GQ*Y 

S b j c t :  217 LKAEVGNSMLLTGHILILLOOIY 255

» g b |A A 1 4 4 8 3 2 |A A 1 4 4 8 3 S  m r6 9 d 0 4 .r l  S t r a t a g e n e  m ouse  t e s t i s  (# 9 3 7 3 0 8 )  Mus m u sc u lu s  
CDNA C lo n e  602695 5 
L e n g th  •  262

P l u s  S t r a n d  HSPs;

717 RKAPRfiGKLLQVGKT?Da»ü3DYHWCFPVDEVM(«m%INTNVQTrNEDP 763 
RK RtG *L VG ?DG D RWCFRV*EVNW *W + » EDP

381 RKKQRAGVXLTVGTKPOGSPDBtWCFRVSEVNNASWEQTLPTLCEDP 241

>gb|A A 274980 |A A 274980  v a 9 4 f 0 7 . r l  S o a r e s  m ouse  3NME12 5 Mus m u sc u lu s  cDNA c lo n e  

L e n g th  > 334 

P lu s  S t r a n d  H SP s:

Q u e ry : 2 00  XOQTALHIAIERSOOfrLVTLLVZMGAD 226
KG+TALH A K *V LL*+*GAD 

S b j c t :  76 KORTALHPASOKaOQIVQLLLOHCAD 156

Q u e ry ; 248 GBLPLSLAACTNQLATVKFLLO 269 
O PL lAACTN ♦ ♦♦ LL* 

S b j c t :  178 GtPPPUILAACTNHVPVTTTLLR 24 3

Q u e ry : 275 ADISAKDSVGNTVLH 289
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AD + *D «<3NT LH 
S b j c c :  1 5 1  ADPNQQDGLGNTPLH 195

S c o r e  -  40  ( 1 8 .5  b i t s ) .  E x p e c t  •  1 . 5 ,  Sum P ( 2 )  = 0 .7 9  
I d e n t i t i e s  «  9 /2 2  (4 0 % ). P o s i t i v e s  •  1 4 /2 2  (6 3 % ). F ram e  » +1

Q u e r y :  3 33  GbTPLALAASSGiUGVIAYILQ 354
<3 TPI, lAA ♦ ♦ V+

S b j c t :  1 78  GNTPLWLAACTNHVPVITTLLR 24 3

» d b j lC 4 5 2 1 9 |C 4 5 2 1 9  C . e l e g a n s  cDNA c l o n e  y k 3 9 0 d 4  : 5* e n d ,  s i n g l e  r e a d  
L e n g th  •  360

P l u s  S t r a n d  H S P s:

S c o r e  •  6 5  ( 3 0 .1  b i t s ) .  E x p e c t  » 0 .0 0 1 7 .  Sum P ( 3 )  -  0 .0 0 1 7  
I d e n t i t i e s  -  1 4 /2 9  (4 8 % ). P o s i t i v e s  •  1 8 /3 9  (6 2 % ), F ram e  = +3

Q u e r y :  203  TALHIAIERRNMTLVTLLVBIGAClVQAAA 231
T  LH*A a  * LL+ENGA «-AAA 

S b j c t :  96  TPLHVAAHYNNDKVAMLLLSNGASAKAAA 182

S c o r e  -  48  ( 2 2 .2  b i t s ) .  E x p e c t  » 0 .0 C 1 6 ,  Sum P ( 3 )  > 0 .0 0 1 6  
I d e n t i t i e s  -  1 2 /2 7  (44% ), P o s i t i v e s  = 1 4 /2 7  (5 1 % ). F ram e  » *1

Q u e r y :  2 48  GSLPLSLAACTNCLAIVKFLLQNSWQP 2 74
G PL -AA NQ+ I  LLQ P 

S b j c t :  190  GYTPLHIAAXKNQMEIASTLLQPKADP 2 7 0

Q u e r y :  3 33  GLTPLALAASSOKIGVLAYILQ 354
G TPL +AA +♦ ♦ ♦ *LQ 

S b j c t :  1 9 0  GYTPLHIAAXKNQKBXASTLLQ 255

S c o r e  « 40  ( 1 8 .5  b i t s ) , E x p e c t  •  0 .0 0 1 6 .  Sum P ( 3 )  = 0 .0 0 1 6  
I d e n t i t i e s  » 8 /1 5  (5 3 % ), P o s i t i v e s  « 1 0 /1 5  (6 6 % ). F ra m e  -  * l

Q u e r y :  330  NRXGLTPLALAASSG 344
♦R G TPL L+A O 

S b j c t :  2 80  SRAGPTPLHLSAQEG 324

» g b lA A 4 7 9 8 7 9 |A A 4  79879  r w 4 4 a 0 1 .s l  S o a r e s  t o t a l  f e t u s  Nb2HF8 9w Homo s a p i e n s  cDNA 
c l o n e  7 7 2 8 /2  3 ' s i m i l a r  t o  TR 0 1 1 6 1 9 2 2  G 1161922 P19  PROTEIN. [1 ) ; 
L e n g th  » 250

M in u s  S t r a n d  H SP s:

Q u e r y :  205  LHIAIERRNMTLVTLLVENGADVQ 228
♦ H A  ♦ ♦ *LVE-H3A0VQ

S b j c t :  238  VHDAARTGPLDTLKVLVEHGADVQ 167

2 48  GKLPLSLAACTNQLAIVKPLLQNS 271 
G IP *  LA A+V FL S

151 GALPtHLAVQBQHTAWSFLAAES 80
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Appendix 1.2: the pGEM-T easy vector used for subcloning PCR products 

(information provided by Promega)

D ra  III

Sea  1 1890

fl ori A p a \
AatW

N co\  
BstZ \  
Not\ 
Sac II 
FcoR I

Amp pGEM*-T Easy 
Vector

(3015bp)

tacZ

Non
BstZ\
Pst\
Sal\
N<Ho\
Sac  I
Bs/XI
Nsi\

t SP6

1 Start 
14 
20 
26  
31 
37  
43  
43  
49  
52

64  
70 
77 
77 
88 
90  
97  

109 
118 < 
127 §
141 5

The pGEM-T Easy Vector System is a convenient system for the cloning o f  PCR products. The vector is 
prepared by cutting the pGEM°-T Easy Vector with EcoK V  and adding a 3' terminal thymidine to both 
ends. These single 3 '-T overhangs at the insertion site greatly improve the efficiency o f  ligation o f  a PCR 
product into the plasmid by preventing recircularization o f  the vector and providing a compatible 
overhang for PCR products generated by certain thermostable polymerases. These polymerases often add 
a single deoxyadenosine, in a template-independent fashion, to the 3 '-ends o f  the amplified fi'agments.
The high copy number pGEM-T Easy Vector contains T7 and SP6 RNA polymerase promoters flanking a 
multiple cloning region within the alpha-peptide coding region o f  the enzyme beta-galactosidase. 
Insertional inactivation o f  the alpha-peptide allows recombinant clones to be directly identified by color 
screening on indicator plates.
The pGEM-T Easy Vector multiple cloning region is flanked by recognition sites for the restriction 
enzymes EcoK I, BstZ I and Not I, thus providing three single-enzyme digestions for release o f  the insert. 
Alternatively, a double-digestion may be used to release the insert from either vector. The pGEM-T Easy 
Vector also contains the origin o f  replication o f  the filamentous phage f l  for the preparation o f  single- 
stranded D N A  (ssDNA).
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A ppendix 1.3; 5'UTR-429bp o f VR-L sequence (considering the first nucleotide o f UTR as number 1). 
The sequencing has been repeated twice and the nucleotides confirmed. Primers used to confirm 
sequence: UTR, Met, J13
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Appendix 1,3; 336-851 bp o f  VR-L sequence. Primers used: J1 1, J12, J13
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Appendix 1.3; 852-1371bp o f  VR-L sequence. Primers used: J1,J2,J3

222



223



Appendix 1.3: 1372-1667bp o f VR-L sequence. Primers used: J3,J4,J5

f.4
\iW

:::v ^ > 0 0 q O v '
- ,  T '

i • * ■» A •
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Appendix 1.3: sequences 1598-1988bp o f  human VR-L. Primers used: J6,J17

r Lara 13

A
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Une 15 ypedno:986
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Appendix 1.3 : 2255-1988 bp o f  VR-L sequence. Primers used: J8,J17

C T

A rv\!  A \ !  /

v v A ' / £ \ / l
A . ^ A a A/' .
A aA _ jA  A  AA

c M

I \ r \  j

................................................... .....

a A A a A v A  x a a a a . A x a a A k a

i  ■ .....................................
WT»

k i A i w A W ^ k

1
'Ml

A y W # A v v
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Appendix 1.3; 2507-2256. Primers used: J7J14
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Appendix 1.4: Complete human VRL restriction map, showing the positions of the primers 
(underlined red regions) and the restriction sites used (highlighted gray regions). The 
start ëmd stop codons are highlighted in yellow.

2766 base pairs

g c t a g c c t g t c c t g a c a g g g g a g a g t t a a g c t c c c g t t c t c c a c c g t g c c g g c t g g c a g g t g g g c t g a g g g t g a c  b a s e  p a i r s  
c g a t c g g a c a g g a c t g t c c c c t c t c a a t t c g a g g g c a a g a g g t g g c a c g g c c g a c c g t c c a c c c g a c t c c c a c t g  1 t o  75

c g a g a g a c c a g a a c c t g c t t g c t g g a g c t t a g t g c t c a g a g c t g g g g a g g g a g g t t c c g c c g c t c c t c t g c t g t c  b a s e  p a i r s  
g c t c t c t g g t c t t g g a c g a a c g a c c t c g a a t c a c g a g t c t c g a c c c c t c c c t c c a a g g c g g c g a g g a g a c g a c a g  7 6 t o  1 5 0

ÜTR
a g c g c c g g c a g c c c c t c c c g g c t t c a c t t c c t c c c g c a g c c c c t g c t a c t g a g a a g c t c c g g g a t c c c a g c a g c c  b a s e  p a i r s  
t c g c g g c c g t c g g g g a g g g c c g a a g t g a a g g a g g g c g t c g g g g a c g a t g a c t c t t c g a g g c c c t a g g g t c g t c g g  1 5 1  t o  2 2 5

g c c a c g c c c t g g c c t c a g c c t g c g g g g c t c c a g t c a g g c c a a c a c c g a c g c g c a g c t g g g a g g a a g a c a g g a c c c  b a s e  p a i r s  
c g g t g c g g g a c c g g a g t c g g a c g c c c c g a g g t c a g t c c g g t t g t g g c t g c g c g t c g a c c c t c c t t c t g t c c t g g g  2 2 6  t o  3 0 0

Met
t t g a c a t c t c c a t c t q c a c a g a g q t c c t g q c t q q a c c g a g c a g c c c c c t c c t c c t a q g b t q i a c c t c a c c c t c c a q  b a s e  p a i r s  
a a c t g t a g a g g t a g a c g t g t c t c c a g g a c c g a c c t g g c t c g t c g g g g g a g g a g g a t c c t a c t g g a g t g g g a g g t c  3 0 1  t o  3 7 5

B s t X I
c t c t c c a g t t t t c a g g t t g g a g a c a t t a g a t g g a g g c c a a g a a g a t g g c t c t g a g g c g g a c a g a g g a a a g c t g g a  b a s e  p a i r s  
g a g a g g t c a a a a g t c c a a c c t c t g t a a t c t a c c t c c g g t t c t t c t a c c g a g a c t c c g c c t g t c t c c t t t c g a c c t  3 7 6  t o  4 5 0

N c o l
t t t t g g g a g c g g g c t g c c t c c c a t g g a g t c a c a g t t c c a g g g c g a g g a c c g g a a a t t c g c c t c t c a g a t a a g a g t  b a s e  p a i r s  
a a a a c c c t c g c c c g a c g g a g g g t a c c t c a g t g t c a a g g t c c c g c t c c t g g c c t t t a a g c g g a g a g t c t a t t c t c a  4 5 1  t o  5 2 5

J13
c a a c c t c a a c t a c c q a a a q q q a a c a q q t q c c a q t c a q c c q q a t c c a a a c c q a t t t q a c c q a q a t c g g c t c t t c a a  b a s e  p a i r s  
g t t g g a g t t g a t g g c t t t c c c t t g t c c a c g g t c a g t c g g c c t a g g t t t g g c t a a a c t g g c t c t a g c c g a g a a g t t  5 2 6  t o  6 0 0

^ c g g t c t c c c g g g g t g t c c c c g a g g a t c t g g c t g g a c t t c c a g a g t a c c t g a g c a a g a c c a g c a a g t a c c t c a c  b a s e  p a i r s  
a c g c c a g a g q g c c c c a c a q g g q c t c c t a q a c c g a c c t g a a g g t c t c a t q g a c t c g t t c t g g t c q t t c a t g g a q t q  6 0 1  t o  6 7 5

J12
c g a c t c g g a a t a c a c a g a g g g c t c c a c a g g t a a g a c g t g c c t g a t g a a g g c t g t g c t g a a c c t t a a g g a c g g g g t  b a s e  p a i r s  
g c t g a g c c t t a t q t q t c t c c c q a q q t q t c c a t t c t q c a c q q a c t a c t t c c g a c a c g a c t t g q a a t t c c t q c c c c a  6 7 6  t o  7 5 0

c a a t g c c t g c a t t c t g c c a c t g c t g c a g a t c g a c a g g g a c t c t g g c a a t c c t c a g c c c c t g g t a a a t g c c c a g t g  b a s e  p a i r s  
g t t a c g g a c g t a a g a c g g t g a c g a c g t c t a g c t g t c c c t g a g a c c g t t a g g a g t c g g g g a c c a t t t a c g g g t c a c  7 5 1  t o  8 2 5

c a c a g a t g a c t a t t a c c g a g g c c a c a g c g c t c t g c a c a t c g c c a t t g a g a a g a g g a g t c t g c a g t g t g t g a a g c t  b a s e  p a i r s  
g t g t c t a c t g a t a a t g g c t c c g g t g t c g c g a g a c g t g t a g c g g t a a c t c t t c t c c t c a g a c g t c a c a c a c t t c g a  8 2 6  t o  90 0

N o t l
c c t g g t g g a g a a t g g g g c c a a t g t g c a t g c c c g g g c c t g c g g c c g c t t c t t c c a g a a g g g c c a a g g g a c t t g c t t  b a s e  p a i r s  
g g a c c a c c t c t t a c c c c g g t t a c a c g t a c g g g c c c g g a c g c c g g c g a a g a a g g t c t t c c c g g t t c c c t g a a c g a a  9 0 1  t o  9 7 5  

J1
t t a t t t c q q t q a q c t a c c c c t c t c t t t q g c c q c t t g c a c c a a q c a q t q q q a t q t q q t a a q c t a c c t c c t q g a q a a  b a s e  p a i r s  
a a t a a a g c c a c t c g a t g g g g a g a q a a a c c q g c q a a c g t q q t t c g t c a c c c t a c a c c a t t c q a t q g a q q a c c t c t t  9 7 6  t o  1 0 5 0

Jll
c c c a c a c c a g c c c g c c a g c c t g c a g g c c a c t g a c t c c c a g g g c a a c a c a g t c c t g c a t g c c c t a g t g a t g a t c t c  b a s e  p a i r s  
g g g t g t g g t c g g g c g g t c g g a c g t c c g g t g a c t g a g g g t c c c g t t g t g t c a g g a c g t a c g g g a t c a c t a c t a g a g  1 0 5 1  t o  1 1 2 5

g g a c a a c t c a g c t g a g a a c a t t g c a c t g g t g a c c a g c a t g t a t g a t g g g c t c c t c c a a g c t g g g g c c c g c c t c t g  b a s e  p a i r s  
c c t g t t g a g t c g a c t c t t g t a a c g t g a c c a c t g g t c g t a c a t a c t a c c c g a g g a g g t t c g a c c c c g g g c g g a g a c  1 1 2 6  t o  1 2 0 0

c c c t a c c g t g c a g c t t g a g g a c a t c c g c a a c c t g c a g g a t c t c a c g c c t c t g a a g c t g g c c g c c a a g g a g g g c a a  b a s e  p a i r s  
g g g a t g g c a c g t c g a a c t c c t g t a g g c g t t g g a c g t c c t a g a g t g c g g a g a c t t c g a c c g g c g g t t c c t c c c g t t  1 2 0 1  t o  1 2 7 5

D r a i n
b a s e  p a i r s

g t g c t a t g g g c c t g t c c g g g t g t c g c t g t a t g a c c t g g c t t c t g t g g a c a g c t g t g a g g a g a a c t c a g t g c t g g a  b a s e  p a i r s  
c a c g a t a c c c g g a c a g g c c c a c a g c g a c a t a c t g g a c c g a a g a c a c c t g t c g a c a c t c c t c t t g a g t c a c g a c c t  1 3 5 1  t o  1 4 2 5

g a t c a t t g c c t t t c a t t g c a a g a g c c c g c a c c g a c a c c g a a t g g t c g t t t t g g a g c c c c t g a a c a a a c t g c t g c a  b a s e  p a i r s  
c t a g t a a c g g a a a g t a a c g t t c t c g g g c g t g g c t g t g g c t t a c c a g c a a a a c c t c g g g g a c t t g t t t g a c g a c g t  1 4 2 6  t o  1 5 0 0

g g c g a a a t g g g a t c t g c t c a t c c c c a a g t t c t t c t t a a a c t t c c t g t g t a a t c t g a t c t a c a t g t t c a t c t t c a c  b a s e  p a i r s  
c c g c t t t a c c c t a g a c g a g t a g g g g t t c a a g a a g a a t t t g a a g g a c a c a t t a g a c t a g a t g t a c a a g t a g a a g t g  1 5 0 1  t o  1 5 7 5

c g c t g t t g c c t a c c a t c a g c c t a c c c t g a a g a a g c a g g c c g c c c c t c a c c t g a a a g c g g a g g t t g g a a a c t c c a t  b a s e  p a i r s  
q c q a c a a c g g a t q q t a g t c g q a t q q q a c t t c t t c q t c c q q c q q q q a q t q q a c t t t c q c c t c c a a c c t t t q a q q t a  1 5 7 6  t o  1 6 5 0
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J3 J4
g c t g c t q a c q q q c c a c a t c c t t a t c c t g c t a g q q q g q a t c t a c c t c c t c q t q q q c c a q c t q t g g t a c t t c t g g c g  b a s e  p a i r s  
c q a c q a c t q c c c q q t q t a q q a a t a q q a c q a t c c c c c c t a q a t q q a q q a q c a c c c q q t c q a c a c c a t q a a q a c c q c  1 6 5 1  t o  1 7 2 5  

J5
q c q c c a c g t q t t c a t c t q g a t c t c q t t c a t a g a c a g c t a c t t t g a a a t c c t c t t c c t g t t c c a q q c c c t q c t c a c  b a s e  p a i r s  
c g c q g t g c a c a a q t a g a c c t a g a q c a a g t a t c t g t c g a t g a a a c t t t a g q a g a a g g a c a a g g t c c q g q a c g a g t g  1 7 2 6  t o  1 8 0 0

K p n l
a q t g g t q t c c c a g g t q c t g t g t t t c c t q g c c a t c q a g t g g t a c c t g c c c c t q c t t q t q t c t g c g c t q g t q c t g g g  b a s e  p a i r s  
t c a c c a c a q g q t c c a c q a c a c a a a g q a c c g g t a q c t c a c c a t g g a c g q g q a c q a a c a c a g a c q c q a c c a c q a c c c  1 8 0 1  t o  1 8 7 5

c t q q c t q a a c c t g c t t t a c t a t a c a c q t g q c t t c c a q c a c a c a g g c a t c t a c a q t q t c a t g a t c c a g a a g q t c a t  b a s e  p a i r s  
g a c c g a c t t g g a c g a a a t q a t a t q t g c a c c q a a g q t c q t g t q t c c q t a g a t q t c a c a q t a c t a g g t c t t c c a g t a  1 8 7 6  t o  1 9 5 0

c c t g c q g g a c c t g g t c c g c t t c c t t g t c a t c t a c t t a g t c t t c c t t t t c g g c t t c q c t g t a q c c c t q q t g a q c c t  b a s e  p a i r s  
g q a c g c c c t g g a c c a g g c g a a g g a a c a g t a g a t g a a t c a g a a g g a a a a g c c g a a g c g a c a t c g g g a c c a c t c q q a  1 9 5 1  t o  2 0 2 5

J7 N c o l
g a g c c a g q a g q c t t g g c g c c c c q a a q c t c c t a c a g g c c c c a a t q c c a c a g a g t c a g t g c a q c c c a t g g a g g g a c a  b a s e  p a i r s  
c t c q q t c c t c c g a a c c q c g g q g c t t c q a g q a t g t c c q q g g t t a c g q t g t c t c a g t c a c g t c g g g t a c c t c c c t g t  2 0 2 6  t o  2 1 0 0

B s t X I
g g a g q a c g a g g q c a a c g g g g c c c a g t a c a g g g g t a t c c t g g a a g c c t c c t t g g a g c t c t t c a a a t t c a c c a t c g g  b a s e  p a i r s  
c c t c c t g c t c c c g t t g c c c c g g g t c a t g t c c c c a t a g q a c c t t c g g a g g a a c c t c g a g a a g t t t a a g t g g t a g c c  2 1 0 1  t o  2 1 7 5

J6
c a t g g g c g a g c t g g c c t t c c a q g a g c a g c t g c a c t t c c g c g g c a t g g t g c t g c t g c t g c t g c t g g c c t a c g t g c t  b a s e  p a i r s  
g t a c c c g c t c g a c c g q a a g q t c c t c g t c q a c g t g a a g g c g c c g t a c c a c g a c g a c q a c g a c g a c c g g a t g c a c g a  2 1 7 6  t o  2 2 5 0

g c t c a c c t a c a t c c t g c t g c t c a a c a t g c t c a t c g c c c t c a t g a g c g a g a c c g t c a a c a g t g t c g c c a c t g a c a q  b a s e  p a i r s  
c q a g t q q a t q t a q q a c q a c q a q t t q t a c q a q t a q c q q g a g t a c t c g c t c t q q c a q t t g t c a c a g c g g t g a c t q t c  2 2 5 1  t o  2 3 2 5

c t q q a q c a t c t q g a a q c t q c a q a a a q c c a t c t c t q t c c t q q a g a t g q a q a a t q q c t a t t q g t q q t q c a q q a a q a a  b a s e  p a i r s  
g a c c t c q t a q a c c t t c q a c q t c t t t c g g t a q a q a c a q g a c c t c t a c c t c t t a c c q a t a a c c a c c a c q t c c t t c t t  2 3 2 6  t o  2 4 0 0

g c a q c q q q c a q q t q t q a t q c t g a c c q t t q q c a c t a a q c c a g a t q q c a g c c c c q a t g a q c q c t g q t g c t t c a q q g t  b a s e  p a i r s  
c q t c q c c c q t c c a c a c t a c g a c t q q c a a c c g t q a t t c g g t c t a c c g t c q g g q c t a c t c g c g a c c a c q a a q t c c c a  2 4 0 1  t o  2 4 7 5  

J7
q q a q q a q q t q a a c t q g g c t t c a t q q q a q c a q a c q c t q c c t a c q c t q t q t g a q q a c c c g t c a q q q q c a q q t g t c c c  b a s e  p a i r s  
c c t c c t c c a c t t g a c c c g a a g t a c c c t c q t c t q c q a c q q a t q c q a c a c a c t c c t g q q c a g t c c c c q t c c a c a q q q  2 4 7 6  t o  2 5 5 0  

J8
t c q a a c t c t c q a g a a c c c t q t c c t g q c t t c c c c t c c c a a g q a q q a t q a q q a t q q t q c c t c t q a q q a a a a c t a t g t  b a s e  p a i r s  
a g c t t q a q a q c t c t t q q q a c a q q a c c q a a q q q g a q g g t t c c t c c t a c t c c t a c c a c q q a q a c t c c t t t t g a t a c a  2 5 5 1  t o  2 6 2 5

q c c c q t c c a g c t c c t c c a q t c c a a c ^ ^ t q q c c c a g a t q c a q c a q q a q q c c a g a q q a c a g a q c a q a q q a t c t t t c  b a s e  p a i r s  
c q q q c a q q t c q a q g a g g t c a q q t t q a c t a c c q q q t c t a c g t c g t c c t c c q q t c t c c t q t c t c g t c t c c t a q a a a q  2 6 2 6  t o  2 7 0 0  

J16 J15  J14_______
E c o R I

c a a c c a c a t c t q c t q q c t c t q q q q t c c c a q t g a a t t c t q q t q q c a a a t a t a t a t t t t c a c t a a c t c  b a s e  p a i r s  
q t t q q t g t a g a c g a c c g a g a c c c c a g q g t c a c t t a a g a c c a c c q t t t a t a t a t a a a a q t q a t t g a g  2 7 0 1  t o  2 7 6 6
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Appendix 1.5: alignment of VRs and TRP sequences. Identities are highlighted in 

red colour. Conservative substitutions are indicated with blue colour.

h u ra a n T R P 3
m o u s e T R P S
h u m a n T R P S
h u m a n T R P 4
h u m a n T R P S
h u m a n V R L
r a t V R l
h u m a n T R P l
r a t T R P 2
O S M -9
H u m a n T R P l

h u m a n T R P S
m o u s e T R P S
h u m a n T R P S
h u m a n T R P 4
h u m a n T R P S
h u m a n V R L
c a t V R l
h u m a n T R P l
r a t T R P 2
O S M -9
H u m a n T R P l

h u m a n T R P S
m o u s e T R P S
h u m a n T R P S
h u m a n T R P 4
h u m a n T R P S
h u m a n V R L
ratVRl
h u m a n T R P l
r a t T R P 2
O S M -9
H u m a n T R P l

h u m a n T R P S
m o u s e T R P S
h u m a n T R P S
h u m a n T R P 4
h u m a n T R P S
h u m an V R L
r a t V R l
h u m a n T R P l
r a t T R P 2
O S M -9
H u m a n T R P l

h u m a n T R P S
m o u s e T R P S
h u m a n T R P S
h u m a n T R P 4
h u m a n T R P S
h u m a n V R L
ratVRl
h u m a n T R P l
r a t T R P 2
O S M -9
H u m a n T R P l

h u m a n T R P S
m o u s e T R P S
h u m a n T R P S
h u m a n T R P 4
h u m a n T R P S
hu m an V R L
r a t V R l
h u m a n T R P l
r a t T R P 2
O S M -9
H u m a n T R P l

h u m a n T R P S
m o u s e T R P S
h u m a n T R P S
h u m a n T R P 4
h u m a n T R P S
h u m an V R L
ratVRl
h u m a n T R P l
r a t T R P 2
O S M -9
H u m a n T R P l

h u m a n T R P S
m o u s e T R P S
h u m a n T R P S
h u m a n T R P 4
h u m a n T R P S
h u m an V R L
r a t V R l
h u m a n T R P l
r a t T R P 2
O S M -9
H u m a n T R P l

h u m a n T R P S
m o u s e T R P S
h u m a n T R P S

-M SQ SPA PG PRRG SSPRG A A G A A A RR N ESQ D Y LLM DSEL

---------------------------------------------------- M TSPS
-M E Q R A S L D S E E S E S P P Q E N S C L D P P D

------------------------------------------------------------------------------------------------------------------------------------MGGGS
M EPSALRKAGSEQEEG FEG LPRRV TD LG M V SN LRRSN SSLEK SW RLQ CPFG N N D K Q ESLS

1 ------------------------------------------------- MEGSPSLRRMTVMREKGRRQAVRGPAFMFNDRG------- T S L
1 ----------------------------------------MLGSNTFKNM QRRHTTLREKGRRQAIRGPAYM ENEKG------- T S L

S 9  GEDGCPQAPLPCYGYYPCFRGSDNRLAHRRQTVLREKGRRLANRGPAYM FSDRS-------TS L
1 ------------------------------------------------------------------ M A Q FY Y K RN V N A PY RD RIPLRIV RA E-------S E L
1 ------------------------------------------------------------------M A Q LY Y K K V N Y SPY RD RIPLQ IV RA E— TE L
6 S S P ------------------------------------------------------ VFRLETLD G G Q ED G SEA D RG K LD FG SG ----------- L P

2 1  R D PN CK PPPV--------------------------K P H IF T T R S R T R L F G K G D S E E A S P L D C P Y E E G G L A S C P I
1 --------------------------------------M M A A LY PSTD LSG A SSSSLPSSPSSSSPN EV M A LK D V R EV K EEN
1 ----------------------------------------------------------------------- M D PLSPN W T E IV N K K L K FPPT L L R A IQ E G Q
S SR N K TEPR -------------------------------GEGVKLAFDPDEKWSNLYREREKNHLYKWVAVR---------KG

S I  SW IPENIK K K ECV Y FV ESSK LSD A G K W CQ CG Y TH EQ H LEEA TK PH TFQ G TQ W D PK K H V Q

S I  TAEEERFLDAAF.Y .N IP lT -R rK I.E E S K T L N ----------------------------------------------------------------------V
4 1  T PE EER FLD SA EY  N I P V .R F M L E E S K T L N ----------------------------------------------------------------------F
9 6  SIE E E R FL D A A E Y ' iN I PV V R fM LEEC H SLN ----------------------------------------------------------------------V
3 0  SPSE K A Y L N A V E K 'lD Y A S V K F S L E rA E IY F K --------------------------------------------------------------- I N I
3 0  SA EEK A FLN A V FK G D Y A r.'K Q A LQ EA ElY Y N -------------------------------------------------------------- V N I
3 8  PM ESCJFQGEDRKFASQIRVNLNYRKGTGASQ--------------------------------------------------------------- PD P
I S  IT V S S V L T IQ R P G D G P A S  , R PSSQ D SV SA G E ---------------------------------------------------------------K P P
4 5  TLNEKLFi.LACDKGDYYM .'K f IL E E N S S G D ----------------------------------------------------------------- L N I
3 1  LG LV Q Q LLESG SD PSG A G PG G PLR N V EESE------------------------------------------------------------------------
4 9 G E L IN IY E R D G L E  .V L K F A E E K IL T IL Y D E G ---------------------------------------------------------------QNP

1 2 1  EM PTD A FG D IV FT L S Q K  .■K t'YVRVSQDTPSSVIYHLM TQHW GLDVPNLLISVTGGAKNF

6 8  N C V IYM iIQNALQLAVGNEHIEVTELLEKKENL--------------------------------AR— IG 2 A L L L A .IS
1 2  N,-VLYM' -QN.ALQLAVGtJEHLEVTELLLKKENL--------------------------------AR— VG: A IL L A IS

1 2 1  HC-VDYM IQNALQLA.VANEHLEI TE L I.L K K E N L --------------------------------- S R — V G L A L L L A IS
64  IK ID P L IR T A -lL IA IE N E N E E L IE L L h S F N -------------------------------------V Y --V G L A o IH A  I R
64  NOMI PL  IR S A L L IA IE -.E N L E IM IL L L N H S -------------------------------------W — VGI•ALLYAI R
1 2  N R F . R D R LFN A V SR G V PFD IJV G LPEY LSK TS---------------------------------- KY— L T : SE Y T E G S

1 1 0  R L Y IR R S IF D A V A Q S N C Q E L E S L L P F I.Q R S K ---------------------------------- KR— L T I'S E F K D P E
1 8  N IVLVL' IRN : V T I T I  EN EN: .D IL Q L L I .DY G------------------------------------------------------------------------
6 1  — ■ RSWRE -. :  NLA IR L G H E V IT D V I :  ANVK F --------------------------------D F R Q I HEAL IV  A VD
8 3  KLVTYSDYIKW KKGVNVQLGLSEESVDMQQSR--------------------------------FKF.HYAI.WK: NKRG

1 8 1  : .M K PR LK SIFRRG LV K V A Q TTG A W IITG G SH TG V M K Q V G EA V RD FSLSSSY KEGEI I T  Î G

1 1 2  K G Y V R IV E A IIN H PG FA A SK R L T L SPC E Q E L Q D D D FY A Y IE  D G T R r S P D I T I I I L A
1 1 6  KGYVRI . .-.A i; SH PA FA Q G Q RLTLSPLEQ ELRD D D FY A Y ' E--------D G T R -'SH D IT ;- i i :.a

1 1 1  KGYVRI V EA IISH PA FA E G K R L A T SPSQ SE L Q Q D D FY A Y  : E --------D G T R ■S H D V T P II  LA
1 0 6  K EW G A V ELLLN H K K PSG EK -----------------Q— V P P ----- IL L L K ---------- Q E S E '- 'T P D IT P I IL A
1 0 6  K EW G A V L L L L SY R R PSG E K -----------------Q - - V P T ----- LMM: T ---------- Q F S E F T P D IT IIM L -
1 1 5  TG K TCLM KAVI.NLKDGVNACILPLLQIDRDSGNPQPLVNAQ CTD D Y Y R G H SA LH I;
1 5 3  TG K TCLLKAM I.NLHNGyNDTIALLLDVARKTDSLKQFVNAS Y TD SYYKGQTALHIA
1 0 8  — CQKLM ERIQ-----------------------------------------------N P — E Y S T ---------------TMD VAI V IL A
1 0 4  TNQPAVv RRL: ARLEREKGRK V D T K S F S L A F F D S S I--------D G SR ' APGVTPLTLA,
1 2 9  V E G E N L I H LLLN REQ Q V CY EIA R IL L K R F P G M A N D I--------Y LGDEQFGQSALHLA
2 4 1  V A TW G TV H RR EG LIH PTG SFPA EY ILD ED G Q G N LTC LD SN H SH FILV D D G TH G O Y G V EIP

1 6 8  AHCQKYEITv'HM: LMK IA R IE R P H D Y F  K 'G DLM --------------------------------- EKQRHOSFS iSR S
1 1 2  A H C Q E Y E 'V H IIL L K  ,A R IE L P H D Y F .IK  'N E L T ----------------------------------EK Q R K L SFSH SR S
2 2 1  A H C Q EY E IV H T T L R K L A R IE R PH D Y FI’KCNDCN----------------------------------Q KQKHL'SFSHSRS
IS O  AHTNNYEI IK L iV Q K oV S V P R P H E V R  IN LV ECV ----------------------------------S SSD V D SL R H SR S
1 5 0  AHTNNi E IIK L L V Q K R V T IP R P H Q IR  N ’ VEGV----------------------------------S S S E V L S L R H S R S
1 1 1  lEKRSLQCVKLLVENGANVHARACGRFFQKGQG----------------------------------T C F Y F G E L P L 5L A
2 0 9  lERRN M TLV TLLV EN  ADVQAAANGDFFKKTKGR------------------------------- P G F Y F G E L P L S L A
1 3 3  AHRNNYEILTM I.LKQDVSLPKPM AVG E TL  S --------------------------------- AKNKKDSLRHSRF
1 5 5  CQ K D LY EIA Q ILM D Q A H TIA R FH PV S . A C L E C S ----------------------------------N A R R Y ELLK FI'LS
1 8 0  IVHDDYETVSLTLNSKA.DVNARACGNFFLPEDF------------------------------------------- KLTN K ITD Y
3 0 1  L R T R L E K F IS E Q T K E R G G V A IK IP IV  IW L E G G P G T L H T ID N A T T N G T P C V W E G S G R V A

2 1 4  R IN A Y K G L A S P A Y L S L S S E D P V L T A L E I.fN E I-A K IA N IE K E F F N D V R K L S M X IK .D rW G V  
2 1 8  R M !-A Y K G LA SA .A Y LSLSSED PV LTA LELSN E:-A R :A N IETEF!-.N D Y RK LSM : ; k d f w g v

2 1 3  R IN A Y K G L A L PA Y L SL SSED FV M T.U ELSN ELA V LA N IEK EFF M D Y K K LSM . L '.D e'W G L 
1 9 6  R L N I ï K A L A S P S L IA L S S E D P F I.T A F Q L j W E L Q E L S K V F .N E F K S EÏE E L S R v ’IKQFAKDL 
1 9 6  R L N IY K A L A L PSL IA L SSE D PIL T A FR L G W E L K E L SK V E N E FFA E Y E E L SQ ijC K L FA K D L  
2 1 1  ACTKQW DW SYLLENPHQ PA SLQ A TD SQ G N TV LH A LV M ISD N SA EN IA I.V TSM Y D G LLQ A  
2 6 6  A C TN Q LA IV K FLLQ N SW Q PA D ISA RD SV G N TV LH A LV EV A D N TV D N TK FV TSM Y N EILIL 
1 1 9  R L D IY R C L A SP,U IM 1.T E E D P1L R A FE L SA D ;.K E L SL V E V E FR N D Y E E 1.A R 3C H 4FA K D L  
2 0 1  R IN T Y R G IA SR 'H L SL A _:E L A M :.A -.,FO L SR E L R R L A R K E PE FK PO L IA L E SL O Q D Y G FE I.
2 2 2  Q G Y A ÏY G E Y PL A FA A C FG N K D IY D L L IQ FG A N PN IQ D S F G --N T IL H M C V IN Y S S S M Y S Y  
3 6 1  d v i a q v a h l p v s d i t i l l i q q k ; s v f f q e m f e t f t e s r i v e w t k k i q d i v r r r q l l t v f r

2 1 4  LD LC R D SE E V E A IL N G D L E SA ---------------------------------EPLEV H R H K A SLSR V K EA IK Y EV —
2 1 8  LD LCR D TEEV EA : LNGDVN-------------------------------------- L Q V W SD H H R PSL SR IK L A IC T E V —
3 3 3  L D L C i-N T E E V E A Il KGDVET--------------------------------------LQ SG D H G R PN LSR LK LA IK Y EV —
2 5 6  L D Q T R S S R E L E I II.NYRDDN--------------------------------------S L IE E Q S G N D IA K L K L A IK Y R Q —
2 5 6  L D Q A R SSR E L E IIL N H R D D H S ------------------------------------ E E L D PQ K Y H D LA K LK V A IK Y H Q --
2 1 1  G A RLCPTV Q LED I R[ L Q D L T P -------------------------------- L K IA A K E G K I E l  F R H IL Q R E F S G —
3 1 6  G A K LH PTL K L E E IT N R K G L T P----------------------------------iA L A A S S G K IG V L A Y IL Q R E IH E P E
2 3 9  L A Q A K N SR FLEV ILN H TSSD E -----------------------------PLDKRGLLEERM N1.SRLFLAIKY'NQ—
2 6 1  LO ^C R N Q SEV TA V LL'D LG ED SETEPEA-------------- E G L G Q A FE E G IPN I A RLRL.A VN ÏN Q —
2 8 0  AVRHW AKPADPHW -.'HAGFTP-------------------------------- L T .L A TK LG R K Q IFEEM LE: MKVE—
4 2 1  EGKDGQQDVDVA. IQALLKASRSQDHFGHENW DHQ: .KLAVAWNRVDIARSEIFMDEWQWK

3 1 8  ----------------------------------------------------------------------- KKFVAHPN'-v .Q L L T IM E N I.S G L R E O T IA
3 2 0  ----------------------------------------------------------------------- i'KFVAHPNV .vQ rLTM -N Y EN LS JL R Q Q S IA
3 7 5  ----------------------------------------------------------------------- KKFVAH: CL 'Q ELSIirY EN LSG LFQ Q TM A
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h u m a n T R P 4  2 9 8  --------------------------------------------------------------------------K E rV A Q rW _ ';L IA S R W Y D E F P -W  RKHWA
h u m a n T R P S  2 9 9  --------------------------------------------------------------------------KEFVAQPNCv'Q L: ATL'.iYDGFP 'MRRKHWV
h u m a n V R L  3 2 1 --- ------------------------------------------------------------------- LSHLSRKFTEW CY G PV RV SLY D ’-.ASVDSCEEN
r a t V R l  3 6 2 --- ------------------------------------------------------------------- CRHLSRKFTEW AYGPVHSSLYDLSCIDTCEKN
h u m a n T R P l  2 8 5  --------------------------------------------------------------------------KEFV SQ SN O >^F'.N TV \4FG Q M S. ;YRRKPTC
r a t T R P 2  3 1 3 ------------------------------------------------------------------------- K Q FV AHPICC 'QVT.SSIW CGNI.AlW i-GSTTI
O S M -9  3 2 4 -------------------------------------------------------------------------------FW RFSDM TCSAYPLNTLDTIQPDGSTNYD
H um anT R P V  4 8 1  PSDLH PTM TA A LISN K PEFV K LFLEN G V Q LK EFV TW D TLLY LY EN LD PSC: FHSKLQKVL

h u ra a n T R P 3  3 4 8  IK C L W L W A L G L P F L A IG ïW IA P C S R i.'jK IL R S P f 'M K tV A tiA A .S F IIF L G L L V F N A S D R
m o u s e T R P 8  3 5 0  V K FL A V FG V SIG L PF.'.A IA Y W IA PC SK L G Q T L R SPFM r F V A P A V S F T IF L G L L W N A S D R
h u m a n T R P S  4 0 5  V K F L W L A V A IG L P F L A L IÏW FAPCSKM GKIM RGPFM KFVAÜAA.SFTIFLGLLVMNAADR
h u m a riT R P 4  3 2 8  V r > IV T C F I IG L L F P V F S V C ïL IA P K iP L G L F IR K P F IK F ia iT A : 'Y L T n .F L lL L A S < 2 H I
h u m a n T R P S  3 2 9  V K L L T C M T IG F L F t'M !..S IA Y L IS P R S N L G L F IK K P F IK F IC H T A S Y L T F lF N T  LLA SQ H I
h u m a n V R L  3 5 3  SV L E IIA FH -C K S P H R H R M W L E E L N K I.L Q A K W D L L IP -K F F L N F L C N L X Y M F IF TA V A Y
r a t V R l  3 9 4  SV LEV IA Y SSSETrN R H D M LLV EPLN R LLQ D K W D R r-V E:R IFY FN FFV Y C LY M llFTA A A Y
h u m a n T R P l  3 1 5  K K IM T V L T V G IF W P V L S L C Y L IA P K S Q F G R nH T P E -M K F I IH G A S Y F T F ! LLLNLYSLVY
r a t T R P 2  3 4  3  W K L FV A F L IF L T M P F L C IG ïW L A P K S R L G R L L K IP V L K èX L H S A S Y L W F ^IF i.L G E S L V M
O S M -9  3 5 3  SA LM TV IN G — ST PE H L D M IG S E V IQ R T .LA D K W K A F A Q R K L IE R L V L L IV Q L IT L S IW Y
H u m a n T R P l 5 4 1  VEDPERPACAPAAPRI.QM HHVAQVLREl LG D FTQPLYPRPRHNDRLRLLLPVPHVKLNVQ

h u m a n T R P 3  4 0 8  FE G -1T T L PN IT V T D Y PK Q IFR V K T T Q FT W T E M L IM V hA X ' MM/.'S------------------------------------
m o u s e T R P S  4 1 0  FEG -V K TLPN ETFTD Y PK Q IFR V K TTQ FSW TEM LIM K W V L M IK S ------------------------------------
h u m a n T R P S  4 6 5  F E G -T K L L PN E T ST D N A K Q L FR M K T SC FSW M E M L IISW V IJM Irt'A ------------------------------------
h u m a n T R P 4  3 8 8  DR SD LN ----------------------------R--Q G PPPT IV E W M IL PV A -L G F1W G -----------------------------------
h u m a n T R P S  3 8 9  V R TDLH-------------------------- V — Q G PPPT W E W M IL PW ’.'LG FIW G -----------------------------------
h u m a n V R L  4 1 1  HQPT--------------------------------------------LKKQAAPHLKAEVGNSM LLTGHI-----------------------------------
r a t V R l  4 5 4  Y R P----------------------------------------------VEG LPPY K LK N TV G D Y FR V TG EI-----------------------------------
h u m a n T R P l  3 7 5  NED-------------------------------------- K K N T M G PA L E R ID Y L L IL W II iM IW S-----------------------------------
r a t T R P 2  4 0 3  E T Q L S -T F K ---------------------------------- GRSQSVW ETSLHM IW '.'TGFLW F-----------------------------------
O S M -9  4 1 1  I R P ------------------------------------------TELPRLY M ED PQ W D D Y IRTA CELLT-----------------------------------
H u m a n T R P l 6 0 1  G V 3L R SLY K R — SSG H V TFTM D PIR D L L IW A IV Q N R R E L A G IIW A Q SQ D C IA A A L A C SK I

h u m a n T R P S  4 5 2  -----------------------------------------------------------------------------------------------------------------------------------------------
m o u s e T R P S  4 5 4  -----------------------------------------------------------------------------------------------------------------------------------------------
h u m a n T R P S  5 0 9  -----------------------------------------------------------------------------------------------------------------------------------------------
h u m a n T R P 4  4 1 7  -----------------------------------------------------------------------------------------------------------------------------------------------
h u m a n T R P S  4 1 8  -----------------------------------------------------------------------------------------------------------------------------------------------
h u m a n V R L  4 3 8  -----------------------------------------------------------------------------------------------------------------------------------------------
r a t V R l  4 8 0  -----------------------------------------------------------------------------------------------------------------------------------------------
h u m a n T R P l  4 0 4  -----------------------------------------------------------------------------------------------------------------------------------------------
r a t T R P 2  4 3 3  -----------------------------------------------------------------------------------------------------------------------------------------------
O S M -9  4 3 9  -----------------------------------------------------------------------------------------------------------------------------------------------
H u m a n T R P l 6 5 9  LKELSKEEEDTDSSEEM LALA EEY EH RA IG V FTECY RK D EERA Q K LLTRV SEA W G K TTCL

h u m a n T R P S
m o u s e T R P S
h u m a n T R P S
h u ra a n T R P 4
h u m a n T R P S
h u m an V R L
r a t V R l
h u m a n T R P l
r a t T R P 2
O S M -9
H u m a n T R P l

4 5 2  
4 54  
5 0 9  
4 1 1

-E C K E L W L E G P R E Y IL Q L W W L D F G h 'iri F I-A rT A R .-L A FL Q A T K A Q Q Y V D SY  
-EC EEIW EEG PR EY V LH LW i;LLO FG rL.--IFV .RSFTA RrM A FLK A SEA Q LY V D Q Y  
-EC K EIW TQ <;-PK EY LFELW l.m D FG !-LA IFA A .SFIA RFM .A FW H A SK A Q SIID A N
- e i k q m w d g --l q d y ih d w w n l m ; : f v m n s t .y l a t i s l k i v a f v k y s a l n -------------

4 1 8 ------- EIFEMkLxG .FTEYIHDWWNLMLFA-!NS:.YLA.TISLKIVAYVKYNGSR------
4 3 8 ------- LILLGGIYLLVGQLWYrA’R R H V riW rfF ID S y rE IL F L F Q A L L T W S------
4 8 0  ----------------L S V S G G V Y F F F R G IQ Y F L Q R R P S L K S L F V D S Y S E IL F F V Q S L F M L V S --------------
4 0 4 ------- DIf RLh-YE -LEDFLEESRY Q LSFV lîN .rLYLA TFA LK V V A H N K FH D FA D-----
4 3 3 ------- ECKEVWIE :LRSYLLDW ’a N FL D W IL F:,Y LA SFA LR LLLA G LA Y M H C R D A SD S
4 3 9  ------- ILNCIFFVGYQQLGEIRTQ<3 4 RGYLRN: KTAPAKAVFCIANLFLLLCIP----
7 1 9  QLALEAKDM'FVSHG LQAFLTKV’.-.'WGQLSVDNGLWRVTLCMLAFPLLLTGLISFREKRL

h u m a n T R P S
m o u s e T R P S
h u m a n T R P S
h u m a n T R P 4
h u m a n T R P S
h u m an V R L
r a t V R l
h u m a n T R P l
r a t T R P 2
O S M -9
H u m a n T R P l

h u m a n T R P S
m o u s e T R P S
h u m a n T R P S
h u m a n T R P 4
h u m a n T R P S
h u m an V R L
r a t V R l
h u m a n T R P l
r a t T R P 2
O SM -9
H u m a n T R P l

5 0 5
5 0 1
5 6 2
4 6 4
4 6 5
4 8 5  
5 2 7  
4 5 2
4 8 6  
4 8 8  
1 1 9

V Q E -
VQD-
D T L -

QD V G TPA A RA RA FFTA PV W FH LN ILSY FA FLC LFA Y V LM V D FQ PV PSW C EC A IY LW LFS

5 0 8  -------------------------------------------------------------- S D L S E V T L P P E IQ Y F T Y A R D K h L P S D P Q IIS E G L
5 1 0 -------------------------------------------------------------- VTLHNVSLPPEVAYFTYARDK'a-W P S D P Q IIS E G L
5 6 5  -------------------------------------------------------------- K DLTKVTLGDNVKYYNLA:<IKW DPSDPQIISEGL
4 6 4  --------------------------------------------------------------------------------------------------------PKESWDMWHPTLVAFAL
4 6 5  --------------------------------------------------------------------------------------------------------p e e e w e m w h p t l i a e a :.
4 8 5  ---------------------------------------------------------------------------------------------------------------q v l c f l a i e w y l p :
5 2 7  ---------------------------------------------------------------------------------------------------------------W LY FSQ R K EY V A S
4 5 2  ----------------------------------------------------------------------------------------------------------RKDWDAFH PTLVAEGL
4 8 9  -------------------------------------------------------------- R-------------------------- YFTTAEr-lSEW RTEDf'Q FLAEVL
4 8 8  ----------------------------------------------------------------------------------------------------------------- FRLM KKHEIEEAL
8 3 9  LVCEEMRQLFYDPDECGLMKKAALY FSD FW N K L D V G A ILLFV A G LTC R LIp a t l y  p g r v i

h u m a n T R P S  5 4 2  Y A IA W l,S F S R IA Y IL P .-0 4 E S F G P L Q IS L G R T V K -D IF F fT 4 V L F IM -.T F A iL 4 I EM FILYS
m o u s e T R P S  5 4 4  Y A IA W L S F S R IA Y IL P A N E S F G P L Q IS L G R T V K -D IF F .fW IF IM /F V A F M I EMFNLYS
h u m a n T R P S  5 9 9  Y A IA W L S F S R IA Y IL P A JJE S F G P L Q IS L G R T V K -D IF K E 'M V lF lM '. F V A iM I IM FN L ; S
h u m a n T R P 4  4 8 1  F A IA L U F S S L R L IS L F T .A N S H L G P L Q IS L G H M L L -D IL K F L F IY C L 'v L L A F A N  L N Q L Y F
h u m a n T R P S  4 8 2  F A IS N IL S S L R L IS L F T I0 4 S H L G P L Q IS L G R )4 L L -D IL K IL F [Y C L V L L A F A N 'L N Q L Y F
h u m an V R L  4 9 9  L V SA L V I.G W L N L L Y Y T R G FQ H TG IY SV M IQ K V ILR D LV R rLV IY LV FLFG FA V A LV SI.SQ
r a t V R l  5 4 1  MVFSLAMGWTNMLYYTRGFQQM L Y A V M IE K îü L R r LC R ;-"M FV Y L V FL FG FST A W T L IE
h u m a n T R P l  4 6 8  F A F /\N V L S Y L R L F F M Y T T S S IL G P L Q IS M '.^M L Q -D F G K F L G M F L L -.L F S F T I 3LTQLYD
r a t T R P 2  5 1 2  F A V T 5 M L S F T R L A Y IL P A H E S L G T L Q IS IIK M ID -L M IR F M F IL M IIL T A F L C G L N N IY V
O S M -9  5 0 1  F V F ..U ,P G S W IF I.L F F A R S A K L T G P F V Q M IY S M IA G O M IR ''A IIS A IF L V S F S Q V F Y F V G K
H u m a n T R P l 8 9 9  L S L D F IL F C L R ;.J4 H IF T IS K T L G P K IIIV K R > m -D V F F F L F L L A V W W S F G V A K Q A IL I

h u m a n T R P S  6 0 1  Y'^LGAKV-------------------------------------------------- L AA F T T V E E S FK TL FM S IF G L S E V T S  W L K Y  D
m o u s e T R P S  6 0 3  YYRGAKY----------------------------------------------------N P A F T T V E E S F K T L F W S IF G L S E V IS W L K Y D
h u m a n T R P S  6 5 8  YYIG A K Q ---------------------------------------------------- N E A F T T V E E S F K T L F W A IF G L S E V K S W IN Y N
h u ra a n T R P 4  5 4 0  YYEETKG----------------------- L T C K G IR C E K Q -N N A F S T L F E T L Q S L raS IF G L IN L Y V T N V K A Q
h u m a n T R P S  6 4 1  Y Y E T R A ID ----------------EP N N C K G IR C E K Q -’JN A ESTLFETLQ SLrnSV i^G LLN LY V TN V K A R
h u m a n V R L  5 5 9  EA W RPEA PTG P N A TESV Q PM EG Q E-D EG N G A Q Y R G ILEA SLELFK FTIO H G ELA FQ E
r a t V R l  6 0 1  DGKNNSLP------------------M ESTPH K C R G S-A C K PG N SY N SL Y ST C L E L FK FT IG M G D L E FT E
h u m a n T R P l  5 2 1  KGYTSKEQ----------------- K D CV G IFCEQ Q SH D T FHS F I  G TC FA J, FM Y IFS  : A H V A IF V T R F S
r a t T R P 2  5 7 1  PYQETEK-----------------------------LG-----------------------------N FN ETFQ FLFW TM FIM EEH SW D M PQ F
O S M -9  5 6 1  DMDAKQK---------------------- L E D T N P H A C R IS G Y T IY T Y N T F P E T F IT L f RASMGGYDYEEFS
H u m a n T R P l 9 5 8  H N ER R V D W LFRG A V Y H SY LTIFG Q IPG Y ID G V N FN PEH CSPN G TD PY K PK CPESD A TQ Q R

h u m a n T R P S  6 4 0  H— K F IF .N IG Y V l,Y G IY m fT M W .’LLNM LI A I4 IN S S Y . E'EDDSF.VEW KFARSKLW LSYF 
m o u s e T R P S  6 4 2  H— K F IE N IG Y V L .Y G -V fN '.'T M W .L L N M L IA ha'IN SY O E IE E D A rV E W FFA R A .FL W L SY F

232



h u m a n T R P S
h u m a n T R P 4
h u m a n T R P S
h u m a n V R L
r a t V R l
h u m a n T R P l
r a t T R P 2
O S M -9
H u m a n T R P l

h u m a n T R P l
m o u s e T R P S
h u m a n T R P S
h u m a n T R P 4
h u m a n T R P S
h u m a n V R L
ratVRl
h u m a n T R P l
r a t T R P 2
O S M -9
H u m a n T R P l

h u m a n T R P l
m o u s e T R P S
h u m a n T R P S
h u m a n T R P 4
h u m a n T R P S
h u m a n V R L
r a t V R l
h u m a n T R P l
r a t T R P 2
O S M -9
H u m a n T R P l

h u m a n T R P l
m o u s e T R P S
h u m a n T R P S
h u m a n T R P 4
h u m a n T R P S
h u m a n V R L
r a t V R l
h u m a n T R P l
r a t T R P 2
O S M -9
H u m a n T R P l

6 9 1
5 9 0
5 9 4
6 1 6
6 5 2
5 1 9
6 0 1
6 1 1

1 0 1 8

6 9 8
100
7 5 5
6 4 8
6 5 2
6 1 1
110
6 1 9
6 6 4
6 6 9

1 0 1 6

1 4 1
1 4 1
8 0 2
6 8 1
6 9 4
101
1 4 1
6 8 1
111
122

1 1 3 6

1 8 2
181
862
111
120
1 2 5
1 6 1
1 0 4
1 1 8
1 5 1

1 1 1 6

H— K F IE ;N I ';Y V ;,Y .rV n iV T M V IV L L N M L IA M IH S S P ,E ; EDDAlVLWKFARAKLWFSY'r 
H— E F T E F V  ;ATMF TY N V ISLV '/LL1'O TLIA M M .H N SY vL:A D R4I:IEK FFA RTK 1,a-M SV F 
H— E F T E F V  -A TM F ■ T Y N V ISL V Y aLH M LIll-TC .'N SY vL IA D H A LI EWKFARTKLV.WS 1 
Q - - L H  FRGMVLLLLLAY VLLTY J LLLNML I/ALMSETVNSVATDSWS I  WKLQKA.ISVI EME 
N — Y D FK A V F IIL L L A V V IL T Y IL L L N M L IA L M G E T V N K IA Q E S K N IW K L Q R A IT IL D T E  
Y G EELQ SFV G A V IV O T Y N V V W IV T  TKLLVAMLHK JF '.L IA N H E : KEWKFAR.AKLWI.SY F 
L — V P E F V 'lR A M Y G IFT IV M V IV L L N M L IA M IT N SFgK IE D D A L V E W K FA R SK L Y L SY F 
C --A N Y Q A L T K T L FV L Y M FV M P: M M IN IL J AMMGNTYTTVIAQAEKAWRQQYAQIVMVLE 
P — A F P tW L T V L L L C L Y L L FT N IL L L M L L IA M FH Y T FvQ V Q E H T r.Q IW K FQ R H D L IE E Y H

D D IK T L P P P F -------------------------------S L V P S P F S F V Y F IM R IV N  FPKC R R R R LQ K D IEI4
D E’iR T L P A P F —
E E G R T L P V P F ------
E E O G T L P T P F ------
D E G G T L P P P F ------
NGYWWCR--------------
K SFLK CM R -----------
D D K C T L P P P F —
R E .'iT L P V P F —
R SV G K ER LA A SQ -

 N 'L V PSPK SFY Y LIM R IK M C LIELC Q SK A K R C EN D LEM
 MLVFS PK SL  FV LLLK LK K W IS EL FQGHKKGFQEDAEM
 f-TVIPSPKSLW VLIKW IW T------------HLCKKKMR— -R K P
 N IIP S P K S F L Y L G N W F N N ------------TFCPK RD PD G RRRR
------------------ KKQRAGVM' TVG TK P-------------------------- DGSPDERW
------------------ K A FR SG K LLQ V G FTP-------------------------- DGKDDYRW
 N I I P S P K T I C Ï M I S S L S K ----------- W ICSHTSKGKYKRQ
 N IL P S P K A A F .L L R R IF R F IC C G S 5 C C K A K K S D Y P P I
-LEYSIRLDQEG5SG M EV RG LM V IK Q TK K TRA RQ RK Q A IY N W

G R P A A P P P F IL L SH L Q L FIK R W L K T PA K R H K Q L K N K L E K N E E A A L L SW E IY L K E N Y L Q N

G M G N SK SRLN LFTQ SN --------------------------------------------- S R V F E S H S F N S IL N Q P T R Y C ’QIM KR
GHLNSKFRKTRYQAG------------------------------------------------M RNSEN LTA N STFSK PTRY Q K 1I4K R
N K IN E E K K L G IL G SH E D L SK L SL D K K Q V G H N K Q PSIR SSE D FH L N SFN N PPR Q Y wKIM KR
E S F G T I  GRRAADNLRRH----------------------------------------------------------------------------------HQYCEVMRN
R N L R S F T E R N A D S L IQ N ----------------------------------------------------------------------------------QHY-^EVIRN
CFRVEEVMWASWEQT------------------------------------------------------------------------------------------- L P T L C E D
CFRVDEVNWTTWNTN------------------------------------------------------------------------------------------- V G IIN E D
NSLKEW RNLKQKRDE-----------------------------------------------------------------------------------------NYQKV;4CC
P T F T N  PGARAGPGEGER------------------------------------------------------------------------------- V SY R L R V IK A
K T IG R K V IH T ID K V G ------------------------------------------------------------ TEQAVLLLHGHDRLDRVYED
R Q F Q Q K Q R P E Q K IE D IS N ------------------------------------------------KVDAMVDLLDLDPLKRSGS; X Q

LIK RYVLKAQVDKENDE— V N --E G E L K E IK Q D IS S L R Y E L L E D K -----------------------------------
LIK RY V LK A Q V D REN D E— VN—  E G E L K E IK O D IS S L R Y  ELLEEK -----------------------------------
L IK K Y V L Q A Q ID K E S D E — VN— E G E L K E IK O D IS S L R Y E L L E E K -----------------------------------
L V K R -;V A A M IR D A K TEEG -LT— E E N F K E L K Q D IS S F R F F V L G L L R G S K L S T IQ S A N A S K  
L V K H Y V A A M IR N SK TH EG -LT— E E N F K E L K Q D IS S F R Y E V L D L L G N R K H P R S F S T S S T E
P -----------------------------------------------------SG A G V PR T L EN PV LA SPPK ED E------------------------------------
PGNCEG V K RTLS F S L R S G -  RV— SGRNWKN FA LV PLL r d a s  TRDR-----------------------------------
LVHR YLTSMRQKMQS T D Q -A T — VENLNELRQDLS K FR N L IR D L L G ---------------------------------
L V Q R Y IE T A R R E F E E T R R K D L — GNRl.TELTK TV SRLQ SEV A SV Q K TV A A G ---------------------
H V Q PE K V PSR SR T PT R IG T T LN SSK R LK TTTM W G A A V TN TH EV R TD EA V N ---------------------
R LA SLEEQ V A Q TA Q A LH W IV R TLRA SG FSSEA D V PTLA SQ K A A EEPD A EPG G RK K TEEPG

h u m a n T R P l  8 2 1  ------------------------------------------------------------------------------------------------------------------------------------------------
m o u s e T R P 8  8 2 8  ------------------------------------------------------------------------------------------------------------------------------------------------
h u m a n T R P S  9 0 3  -------------------------------------------------------------------------------------------------------------------------------------------------
h u m a n T R P 4  1 1 0  E S S N S A D S D E K S D S E G N S K D K K K N F S L F D L T T L IH P R S A A IA S E R H N IS N G S A L W Q E P P
h u m a n T R P S  1 1 1  LSQ R D D N N D G SG G A RA K SK SV SFN LG CK K K TCH G PPLIRTM PRS---------------- SGAQGKSKA
h u m a n V R L  1 4 8  -------------------------------------------------------------------------------------------------------------------------------------------------
r a t V R l  8 0 5  ------------------------------------------------------------------------------------------------------------------------------------------------
h u m a n T R P l  1 4 1  ------------------------------------------------------------------------------------------------------------------------------------------------
r a t T R P 2  1 8 1  ------------------------------------------------------------------------------------------------------------------------------------------------
O S M -9  8 0 8  ------------------------------------------------------------------------------------------------------------------------------------------------
H u m a n T R P l 1 2 3 6  DSYHVNARHLLYPN CPV TRFPV PN EK V PW ETEFLIY D PPFY TA ERK D A A A M D PM G D TLEP

h u m a n T R P l  
m o u s e T R P S  
h u m a n T R P S  
h u m a n T R P 4  
h u m a n T R P S  
h u m a n V R L  
r a t V R l  
h u m a n T R P l  
r a t T R P 2  
O S M -9
H u m a n T R P l 1 2 9 6  LSTIQ Y N W D G LR D R R SFH G PY TV Q A G LPLN PM G RTG LRG RG SLSCFG PN H TLY PM V TRW

8 2 1 ----------------------------------------------------------SQ —
8 2 8  ----------------------------------------------------------SQ —
9 0 3  ----------------------------------------------------------SQ —
8 1 0  R EK Q RK V N FV TD IK N FG LFH RRSK Q N —  
8 1 0  E SSSK R 3FM G PSL K K L G L L FSK FN G H —
148 -----------------------------------------------DG—
8 0 5  ----------------------------------------------------------H A -
1 4 1  ------------------------------------------------------------------
1 8 1  ------------------------------------------------------------------
8 0 8  -----------------------------------------------------SM LL—

h u m a n T R P l  8 2 5  ---------------------- A T E E L A IL IH K L S E K L N P S M L R C E --------------------------------------------------------------
m o u s e T R P S  8 3 0  ---------------------- A TG ELA D LIQ Q LSEK FG K N LN K D H LRV N Q G K D I----------------------------------------
h u m a n T R P S  9 0 5  ---------------------- N T E D L A E L IR E L G E K L SM E PN Q E E T N R -------------------------------------------------------
h u m a n T R P 4  8 5 6  ---------------------- A A E Q N A N Q IFSV SE E V A R Q Q A A G PL E R N IQ L E SR G L A SR G D L SIPG L SE Q
h u m a n T R P S  8 5 6  ---------------------- M SEPSSEPM Y TISD G IV Q Q H C M W Q D IR Y SQ M EK G K A EA C SQ SEIN LSEV E
h u m a n V R L  1 5 0 --------------------- A SEEN Y V PV Q LLQ SN -------------------------------------------------------------------------------------
r a t V R l  8 0 1 --------------------- TQQEEVQLKHYTGSLKPEDAEVFKDSM VPGEK--------------------------------------------
h u m a n T R P l  1 4 1 -------------------------- FRTSKYAM FYPRN ---------------------------------------------------------------------------------------
r a t T R P 2  1 8 1 --------------------- G A L R P P D G A S IL S R Y IT R V R N S F Q N L G P P A P D T P A E L T M P G IV E T E V S L E
O S M -9  8 1 2 --------------------- SA PPSL SG E G A T M D W Q P S IT P V E E R S E S K S Q E D R S E A S T P N L G IH R T T P K
H u m a n T R P l 1 1 5 6  R R N ED G A IC R K SIK K M LEV LW K L PL SE H W A L PG G SR E PG E M L PR K L K R IL R Q E H W PSFE

h u m a n T R P l
m o u s e T R P S
h u m a n T R P S
h u m a n T R P 4
h u m a n T R P S
h u m a n V R L
r a t V R l
h u m a n T R P l
r a t T R P 2
O S M -9

9 0 6
9 0 6

C V LV D -
L G E V Q -

-H R E R N T D T L G L Q V G K R V C PFK SE K V W E D T V PIIPK E K H A K E E D SS 
-G A A Q S S E C P L A C S S S L H C A S S  IC SSN SK L L D SSE D V FE T W G E

8 3 1  D SLD A --------------------- TG EA G TPA SG ESSSSSSA H V LV H R EQ EA EG A G D LPLG ED LETK G —
8 6 2  ADS P I ----------------------R W E Y S R T IR V R A A D T IP S IE L P N IP T K Q T S S T P P H R A V S P R L R A D

H u m a n T R P l 1 4 1 6  NLLKCGM EVYKGYM DDPRNTDNAW IETVAVSVHFQDQNDVELNRLNSNLHACDSGASIRW

9 5 1  ID Y D LN LPD T V T H E D Y V T T R L - 
9 5 1  ACDLLMHKW GDGQEEQVTTRL-

h u m a n T R P l  
m o u s e T R P S  
h u m a n T R P S  
h u m a n T R P 4  
h u m a n T R P S

r a t V R l  -------------------------------------------------------------------
h u m a n T R P l  -------------------------------------------------------------------
r a t T R P 2  -------------------------------------------------------------------
O S M -9  9 1 3  M F R R H Q Q PA SFD Q SPPL PP TN D K S E------
H u m a n T R P l 1 4 1 6  Q W D R R IPLY A N H K TLLQ K A A A EFG A H Y
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Appendix 1.6: the position of prim ers on the corresponding EST sequences

W4473I
J1 ^  Jll ^
G E L  P L S L A A C T K Q W D V V  S Y... 

TCGGTGAGCTACCCCTCTCTTTGGCCCjCTTGCACCAAGCAGTGGGATGTGGrAA^GCTACCTCCTGGAGAACCCACACC 
AGCCCGCCAGCCTGCAGNCACTGACTCCCAGGGCAACACAGTCCTGCATCjGCCTAGTGATGATCTCGGACAACTCAG 
CTGAGAACATTGCACTGGTGACCACiCATGTATGATGGGCTCCTCCAAGCTGGGCiCCCGCCTCTGCCCTACCGTGCAGC 
TTGAGGACATCCGCAACCTGCAGGATCTCACGCCTCTGAAGCTCrGCCGCCAAG'GAGGGCAAGATCGAGATTTTCAGG 
CACATCCTGCAGCGGGAGTTTTCAGGACTGAGCCACCTTTCCCGAAAGTTCACCGAGTGGTGCTATGGGCCTGTCCGG 
GTGTCGCTGTATGACCTGCKrTTCTGTGGACAGCTGTGAGGAGAACTCAGTGCTGGAGATCATTGCCTTTCAAN

AA357145
J2

H L S R K F T E W C Y G  P. . . .  
TTCAGGACTGAGCCACCTTTCCCGAAAGTTCACCGAGTGGTGCTATGGGCCTGTCCGGGTGTCGCTGTATGACCTGGC 
TTCTNTGGACAGCTGTNAGGAGAACTCAGTGCIGGAGATCATTGCCTTTCATTGCAAGAGCCCGCACCGACACCGAA 
TGGTCGTTTTGGAGCCCCTGAACAAACTGCTGCAGCjCGGAAATGGGATCTGCTCATCCCCAAGTTCTTCTTAAACTTC 
CTGTGTA ATCTGATCTACATGTTCATCTTCAACGCTGTTGCCTACCATCAGCCTACCCTGAAGAAG

N24224
K S  P X R H R  M V V L . . .  

CiAGAACTCAGTGCTGGAGATCATTGNCTTTCATTGCAAGAGCCCGNACCGACACCGAATGGTCGTTTTGGAGCCCCT 
GAACAAACTGCTGCAGGCGAAATGGGATCTGCTCATCCCCAAGTTCTTCTTAAACTTCCTGTGTAATCTGATNTACAT

J3
GTTCATCTTCACGGCTGTTGCCTACCATCAGCCTACCCTGAAGAAGCAGCK:CC%:CCCTCACCTGAAAGGGGAGGTrGG 

J4^ J5
AAACTCCATGCTGCTGACCRiCKXACATCCTTATCCTGCTAGGGCJGCiATCrACCTCCTCGTGCiGGCAANAAGTGGNAA
ATTTTGGGGGGGNAAT

W92895
Y L P L  L V S A I, V 

TGTTTCCTGGCCATCGAGTGGTACCTGCCCCTCiCrTGTGTCTGCGCTGGTGCTGCrGCTGGCTGAACCTGCTTTACTATA 
CACGTGGCTTCCACiCACACAGGCATCTACAGTGTCATGATCCAGAAGCCCT(jGTGAGCCTGAGCCAGGANNTTGGCG 
CCCCGAAGCTCCTACAGGCCCCAATGCCACAGAGTCAGTGCAGCCCATCjGAGGGACAGGAGGACGAGGGCAACGGG

GCCCAGTACACiGGGTATCCTGGAAGCCTCCTTGCiAGCTCTTCAAATTCACCATCGGCATGGGCGAGCTGGCCTTCCAG
GAGCAGCTGCACTTCCGCGGCATGGGTGCTGCTGCTGCTNCTGGCCTACGTGCTGCTCACCTACATCCTGCTCtCTCAA
CATGCTCATCGCCCTCATCiGAGCGAGACCGTCAACAGGTNTCCiC

AA281348
GTTTTTGAGCiTTAGTGAAAATATATATTTGCCACCAGAATTCACTCiGCiACCCCAGAGCCAGCAGATGTGGTTGGAAA
GATCCTCTGCTCTGTCCTCTGGCCTCCTGCTGCATCTGGGCCATCAGTTGGACTGGAGGAGCrGGACGGGCACATAGT
TTTCCTCAGAGGCACCATCCTCATCCTCCTTGGGAGCjGGAAGCCAGGACAGGGTTCTCGAGAGTTCGAGGGACACCT

J 8 -W  ^  il
GCCCCTGACGGGTCCTCACACAGCGTAGGCAGCGTCTGC1CCCATGAAGCCCAGTTCACCTCCTCCACCCTGAAGCAC 
CAGCGCTCATCCGGGCTCjCCATCTGGCTTAGTCjCCAACGGTCAGCATCACACCTGCCCGCTGCTTCTTCCTGCACCAC 
CAATAGCCATTCTCCATCTCCAGGACAGAGATGGCT (complementary) G A  R Q K K R

AA321554
S F S L R S S R V S G  R... 

GAGCTTCTCCCTGCGGTCAAGCAGAGTTTCAGGCAGACACTGGAAGAACTTTGCCCTGCrrCCCCCTTTTAAGAGAGGC 
AAGTNCTCGANATAGGCAGTCTGCTCAGCCCGAGGAAGTTTATCTGCGACAGTTTTCAGGGTCTCTAAACÆCAGAGG 

JIO J9
ACGCTGAGGTCTTCAAGAG7CCTGCCGCTTCCGGGGAGAAGTGAGGACGTCACGCAGACAGCACTGTCAACACTGGG 
CCTTAGGAGACCCCGTTGCCACGGGGGGCTNCTGAGGGAACANCAGTGCTTTTTCAGCAGCCTTGNCTGGTCTTTGNC 
TGCCCAGCATGTT

H21490
AATGGGGATGTGCAGAGCCjCTGTGGCCTCGGTAATAGTCAI'CTGTGCACTGGGCATTTACCAGGGGCTGAGGATTGC
CAGAGTCCCGGTCGATCTGCAGCAGTGGCAGAATGCAGGCATTGACCCCGTCCTTAAGGTTCAGCACAGCCTTCATC
AGCiCACGTCTTACCTGTGGAGCCCTCTGTGTATTCCGAGTCGGTGAGGTACTTCjCIGGGTCTTGCTCAGGGTACTCTG

J 12 ...S D T L Y K S P R ( c o m p l e m e n t a r v )

g g a a g t c c a g c c a g a t c c t c g g g g a c a c c c c g g g g a g g a c c g c a t t g a a g g a g c c g a t c t c g g g t c a a a 't c g g t t t g
GLiATCCGGGCTGACTGGCjCACCTGTTCCCTTTCGGTAGTTGAGGGTTGACTCTTAATCTGAGGGGGGCGA
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H20025
AATGGCGATGTGCAGAGCGCTGTGGCCTCGGTAATAGTCATCTGTGCACTGGGCATTTACCAGGGGCTGAGGATTGC
CAGAGTCCCGGTCGATCTGCAGCAGTGGCAGAATGCAGCjCATTGACCCCGTCCTTAAGGTTCAGCACAGCCTTCATC
AGGCACGTCTTACCTGTGGAGCCCTCTGTGTATTCCGAGTCGGTGAGGTACTTGCTGGTCTTGCTCAGGTACICTGGA
AGTCCAGCCAGATCCTCGGGGACACCCCGGGAGACCGCATTGAAGAGCCGATCÿCGGTCAAATCGGTTTGGATCCG

J 1 3  . . . P  D P
GCTGACTGGCACCTGTTCCCTTTCGGTAGITGAGGTTGACTCTTATCTGAGG 

Q S A (complementarv)
GGCGAATTTCCGGTCCTCCiCCCTGGGAACTGTGACTCCATGGGAGGCA

W92895
Y L P L L V S A L V L  G... 

TGTTTCCTGGCCATCGAGTGGTACCTGCCCCTGCTTGTGTCTGCGCTGGTGCTGGGCTGGCTGAACCTGCTTTACTATA 
CACGTGGCTTCCAGCACACAGGCATCTACAGTGTCATGATCCAGAAGCCCTGGTGAGCCTGAGCCAGGANNTTGGCG 

J17
CCCCGAAGCTCCTACAGGCCCCAATGCCACAGAGTCAGTGCAGCCCATGGAGGGACAGGAGGACGAGGGCAACGGG
GCCCAGTACAGGGGTATCCTGGAAGCCTCCTTGGAGCTCTTCAAATTCACCATCGGCATGGGCGAGCTGGCCTTCCAG
GAGCAGCTGCACTTCCGCGGCATGGGTGCTCjCTGCTGCTNCTGGCCTACGTGCTGCTCACCTACATCCTGCTGCTCAA
CATGCTCATCGCCCTCATGGAGCGAGACCGTCAACAGGTNTCGC

T H C 176254

GCTAGÇCTGTCCTGACAGGGgAGAGTTAAGCTCCCGtTCTCCACCGTGCCGGCTGgCAGGTGGGCTGAGGGTGACCGAGA
GACCAGAACCTGCTTGCTGGAGCTTAGTGCTCAGAGCTGGOGAGGGACkjTTCCGCCGCTCCTCTGCTGTCAGCGCCGGCA
GCCCCTCCCGGCTTCACTTCCTCCCK8^GCCCC1!6C0:<!#|#0#M#0#NMR:AGCAGCCGCCACGCCCTGGCCT
CAGCCTGCGpGGCTCCAGTCAGGCCAACACtj^GAOGyGCAnTGGnGAGGAAGACAGGACCCTTGACATCTCCATCTGCACA
GAGGTCCTGGCTGGACgAGCAGCCTCCTCCT6cTAGGATGACCTCÂCWK%&GeTCT0Cf;GTTTTCAGGTTGGAGACAT
TAGATGGAGGCCAAGAAGATGGCTCTGAGGCGGACAGAGCAAAGCTGGATTTTGGGAGCGGGCTGCCTCCCATGGAGTCA
CAGTTCCAGGGCGAGGACCGGAAATTCGCCCCTCAGATAAGAGTCAACCTCAACTACCGAAAGGGAACAGGTGCCaGTCA
GCCGGATCCAAACCGATTTGACCgAGATCGGCTcTTCAATGCGGTCTCCCgGGGTGTCCCCGAGGATCTGGCTGGACTTC
CAGAGTACCTGAGCAAGACCAGCAAGTACCTCACCGACTCGGAATACACAGAGGGCTcCACAGGTAAGACGTGCCTGATG
AAGGCTGTGCTGAACCTTAAGGACGGGGTCAATGCCTGCATTCTGCCACTGCTGCAGATCGACCGGGACTCTGGCAATCC
TCAGCCCCTGGTAAATGCCCAGTGCACAGATGACTATTACCGAGGCCACAGCGCTCTGCACATCGCCATT

THC 161190 J14-!►
1TAGTTAGTGAA^ lAT A ['A'lTTGCCACCAGAATTCACTGGGACCCCAGAGCCAGC AGATGTGGTTGGAAAGATCCT 

JIS ^  (complementarv)  ... Stop J16 ^
CTGCTCTHHIrCTGGCCTCCTGCTGCATCTGGGCCATCAGTTGGACTGGAGGAGCTGGACGGGCACATAGTTTTCCT 
CAGAGGCACCATCCTCATCCTCCTTGGGAGGGGAAGCCAGGACAGGGTTCTCGAGAGTTCGAGGGACACCTGCCCCT 
GACGGGTCCTCACACAGCGTAGGCAGCGTCTGCTCCCATGAAGCCCAGTTCACCTCCTCCACCCTGAAGCACCAGCG 
CTCATCGGGGCTGCCATCTGGGTTAGTGCCAACGGTCAGCATCACACCTGCCCGCTGCTTCTTCCTGCACCACCAATA 
GCCATTCTCCATCTCCAGGACAGAGATGGCTTTCTGCAGCTTCCAGATCjCTCCAGCTGTCAGTGGCGACACTGTTGAC 
GGTCTCGCTCATGAGGGCGATGAGCATGTTGAGCAGCAGGAl’GTAGGTGAGCAGCACGTAGGCCAGCAGCAGCAGC 
AGCACCATGCCGCGGAAGTCjCAGCTGCTCCTGGAAGGCCACjCTCGCCCATCjCCGATGGTGAATTTGAAGAGCTCCAA 
GGAGGCTTCCAGGATACCCCTGTACTGGGCCCCGTTGCCCTCGTCCTCCTGTCG
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Appendix 1.7: DNA ladders used in experiments (information provided by 
GibcoBRL)

1 Kb DNA Ladder

1 Kb DNA Ladder is suitable for sizing linear double-stranded DNA fragments from 500 bp to 12 kb. Prepared from a plasmid 
containing repeats of a 1,018-bp DNA fragment (1), the ladder consists o f 12 fragments ranging from 1,018 bp to 12,216 bp. In 
addition to these 12 bands, the ladder contains vector DNA fragments that range from 75 to 1,636 bp. The double-stranded ladder 
can be visualized on 0.5 to 1% agarose gels after ethidium bromide staining. This ladder may be radiolabeled using T4 
polynucleotide kinase, T4 DNA polymerase, DNA polymerase 1, or the large fragment of DNA polymerase 1 (Klenow fragment).

Concentration in storage buffer:

1 pg/pl in 10 mM Tris-HCl (pH 7.5), 50 mM NaCl, 0.1 mM EDTA.

io .iso 4 ^

5,090 -

4.072 -

3,054 -

1,636* -

1,018 -

506. 517* -  

396* -
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100 bp DNA Ladder

100 bp DNA Ladder is suitable for sizing double-stranded DNA from 100 to 1,500 bp. Prepared from a plasmid containing repeats 
of a 100-bp DNA fragment, the ladder consists o f 15 blunt-ended fragments ranging in length from 100 to 1,500 bp, at 100-bp 
increments, and an additional fragment at 2,072 bp. The double-stranded ladder can be visualized on 1% to 2% agarose gels after 
ethidium bromide stainmg. For easy reference on agarose gels, the 600-bp band is two- to three-times brighter than the other bands 
in the ladder. This ladder can be stained with ethidium bromide or radiolabeled using T4 polynucleotide kinase or T4 DNA  
polymerase.

Concentration in storage buffer:

1 |ig/jil in 10 mM Tris-HCl (pH 7.5), 1 mM EDTA.

bp

2 ,072 -
1,500 -

600 -

1 0 O -
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Appendix 1.8: restriction map of pcDNA3 (information provided by Invitrogen)

CommetMs tor pcDNA3 
5446 nucteotides

CMV prom oter' b a se s  209-863 
17  prom oter' b a se s  864-882 
Poiyllnker b a se s  889-994 
Sp6 promoter tM ses 999-1016 
BG H polyA  b a se s  1018-1249 
SV40 promoter: b a se s  1790-2115 
SV40 origin of réplication: b a se s  1984-2069 
Neomycin ORF: b a se s  2151-2945 
SV40 poly A b a se s  3000-3372 
ColEi origin: b a se s  3632-4305 
Am pldliinORF b a se s  4450-5310

Bglll

Pvul
pcDNA3

5.4 kb

Smal

TTiere Is an AT G upstream  
ol the X ba  I site. BsmI A-i!ias>?a
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Appendix 2.1: prediction of transmem brane domains for ra t VR-L

i May 11 11: 35:42 2001 
1  1--------

query

: Lower cutoff ---
Upper cutoff ----

Hydrophob i c i ty ---0 . 8

0.6

0.4

0.2

0

- 0.2

-0.4

- 0 . 6

- 0.8

- 1
100 200 300 400 500 600 700 800

Number of 
helix

From amino 
acid No

To amino acid 
No

Length (a.a.) orientation

1 393 412 20 Inside-outside
2 435 457 23 Outside-inside
3 471 489 19 Inside-outside
4 498 516 19 Outside-inside
5 540 556 17 Inside-outside
6 623 645 23 Outside-inside
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Appendix 2.2: rat VR-L sequence cut with N arl and Eco47III. The position of the 
primers and enzyme restriction sites used for the insertion of the MYC epitope are 
shown.

c c c t g g a t c a g c c a g c c a t c c c c t c a t c a a a a g c g a c t t t t g g g g a a t c c a t g c t g c t g c t g g g c c a c a t t c t g a  b a s e  p a i r s  
g g g a c c t a g t c g g t c g g t a g g g g a g t a g t t t t c g c t g a a a a c c c c t t a g g t a c g a c g a c g a c c c g g t g t a a g a c t  1 5 7 6  t o  1 6 5 0

= = 0  Primer A 
Narl

t c c t g c t t g g g g g t a t t t a c c t c t t a c t g g g c c a g c t g t g g t a c t t t t g g c g g c g g c g c c t g t t t a t c t g g a t c t  b a s e  p a i r s  
a g g a c g a a c c c c c a t a a a t g g a g a a t g a c c c g g t c g a c a c c a t g a a a a c c g c c g c c g c g g a c a a a t a g a c c t a g a  1 6 5 1  t o  1 7 2 5

c a t t c a t g g a c a g c t a c t t t g a a a t c c t c t t t c t c c t t c a g g c t c t g c t c a c a g t g c t g t c c c a g g t g c t g c g c t  b a s e  p a i r s  
g t a a g t a c c t g t c g a t g a a a c t t t a g g a g a a a g a g g a a g t c c g a g a c g a g t g t c a c g a c a g g g t c c a c g a c g c g a  1 7 2 6  t o  1 8 0 0

t c a t g g a g a c t g a a t g g t a c c t a c c c c t g c t a g t g t t a t c c c t a g t g c t g g g c t g g c t g a a c c t g c t t t a c t a c a  b a s e  p a i r s  
a g t a c c t c t g a c t t a c c a t g g a t g g g g a c g a t c a c a a t a g g g a t c a c g a c c c g a c c g a c t t g g a c g a a a t g a t g t  1 8 0 1  t o  1 8 7 5

c a c g g g g c t t t c a g c a c a c a g g c a t c t a c a g t g t c a t g a t c c a g a a g g t c a t c c t t c g a g a c c t g c t c c g t t t c c  b a s e  p a i r s  
g t g c c c c g a a a g t c g t g t g t c c g t a g a t g t c a c a g t a c t a g g t c t t c c a g t a g g a a g c t c t g g a c g a g g c a a a g g  1 8 7 6  t o  1 9 5 0

t g c t g g t c t a c c t g g t c t t c c t t t t c g g c t t t g c t g t a g c c c t a g t a a g c t t g a g c a g a g a g g c c c g a a g t c c c a  b a s e  p a i r s  
a c g a c c a g a t g g a c c a g a a g g a a a a g c c g a a a c g a c a t c g g g a t c a t t c g a a c t c g t c t c t c c g g g c t t c a g g g t  1 9 5 1  t o  2 0 2 5

Primer B

a a g c c c c t g a a g a t a a c a a c t c c a c a g t g a c g g a a c a g c c c a c g g t g g g c c a g g a g g a g g a g c c a g c t c c a t a t c  b a s e  p a i r s  
t t c g g g g a c t t c t a t t g t t g a g g t g t c a c t g c c t t g t c g g g t g c c a c c c g g t c c t c c t c c t c g g t c g a g g t a t a g  2 0 2 6  t o  2 1 0 0

Primer C

g g a g c a t t c t g g a t g c c t c c c t a g a g c t g t t c a a g t t c a c c a t t g g t a t g g g g g a g c t g g c t t t c c a g g a a c a g c  b a s e  p a i r s  
c c t c g t a a g a c c t a c g g a g g g a t c t c g a c a a g t t c a a g t g g t a a c c a t a c c c c c t c g a c c g a a a g g t c c t t g t c g  2 1 0 1  t o  2 1 7 5

t g c g t t t t c g t g g g g t g g t c c t g c t g t t g c t g t t g g c c t a c g t c c t t c t c a c c t a c g t c c t g c t g c t c a a c a t g c  b a s e  p a i r s  
a c g c a a a a g c a c c c c a c c a g g a c g a c a a c g a c a a c c g g a t g c a g g a a g a g t g g a t g c a g g a c g a c g a g t t g t a c g  2 1 7 6  t o  2 2 5 0

t c a t t g c t c t c a t g a g c g a a a c t g t c a a c c a c g t t g c t g a c a a c a g c t g g a g c a t c t g g a a g t t g c a g a a a g c c a  b a s e  p a i r s  
a g t a a c g a g a g t a c t c g c t t t g a c a g t t g g t g c a a c g a c t g t t g t c g a c c t c g t a g a c c t t c a a c g t c t t t c g g t  2 2 5 1  t o  2 3 2 5

t c t c t g t c t t g g a g a t g g a g a a t g g t t a c t g g t g g t g c c g g a g g a a g a a a c a t c g t g a a g g g a g g c t g c t g a a a g  b a s e  p a i r s  
a g a g a c a g a a c c t c t a c c t c t t a c c a a t g a c c a c c a c g g c c t c c t t c t t t g t a g c a c t t c c c t c c g a c g a c t t t c  2 3 2 6  t o  2 4 0 0

Eco47IIl
t c g g c a c c a g g g g g g a t g g t a c c c c t g a t g a g c g c t g g t g c t t c a g g g t g g a g g a a g t a a a t t g g g c t g c t t g g g  b a s e  p a i r s  
a g c c g t g g t c c c c c c t a c c a t g g g g a c t a c t c g c g a c c a c g a a g t c c c a c c t c c t t c a t t t a a c c c g a c g a a c c c  2 4 0 1  t o  2 4 7 5

Prim er D
a g a a g a c t c t t c c c a c c t t a t c t g a g g a t c c a t c a g g g c c a g g c a t c a c t g g t a a t a a a a a g a a c c c a a c c t c t a  b a s e  p a i r s  
t c t t c t g a g a a g g g t g g a a t a g a c t c c t a g g t a g t c c c g g t c c g t a g t g a c c a t t a t t t t t c t t g g g t t g g a g a t  2 4 7 6  t o  2 5 5 0
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Appendix 2.3: rat VR-L cloned into pcDNAI. The positions of the primers and 
enzyme restriction sites used for the insertion of the MYC epitope are shown.

Primer B Primer C

Primer A
1638 bp

ATG 
301bp

20 39 bp

< ........' Pnmer D

2501 bp

Narl 
1706bp

Ecc471II Stop
2433bp : 2S84bp 2707bp

BstXI sites destroyed

Rat VR-L

Pvu I -I pcDNAl/ 
Amp

4.8kb

N h e l
Sfi

16100S
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Appendix 2.4: DNA sequencing of the MYC epitope insertion between amino acids 
561 and 562 of the ra t VR-L sequence.

t

O -

■0\
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Rat VRl/FLAG
Appendix 3.1: sequencing of constructs

Rat VRl/MYC

\

#

/
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Initiation
methionine

FLAGH indlll
site

Human VR-L

SacII site Initiation
«methionine

*
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SacII site Initiation
m^onine

MYC

Rat VR I

I
I
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Initiation
methionin

Kpnl site MYC

Human
TRPl

/ A ét A

Human TRP3 ^
FLAGInitiation '  

m^onine

m
Human TRP3



Human TRP3 ^
Initiation
m ethionine MYC

Human TRP3

E coR I site

Initiation
methlonii] M Y C
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Appendix 3.2

3.2a: Rat VRl cloned into pcDNA3. Caterina M. et al. Nature 389:816-824.
Accession number: AAC53398

stop
2597bp 2847bp

Fcrward
primer:

pnmer
507bpBsniBI

Rat VRl

pcDNA3
5.4 kb

Smal

T tf im i

TTmio is an ATS ixstiaam 
oi ma g*e

3.2b: Human VR-L cloned into pcDNA3. Caterina M. et at. Nature 398: 436-441, 
Accession number: AF129112 and AF103906

Fcrward
primer:'

ATG Bfrl

Reverse
primer
662bp

St(%)
2460bp 2507bp

H um an VR-L

T3— — ——  —

f l I s S â s l I S J
Ndel

Wrul

B g lll .

Pvul
pcDNAS

5.4  kb

Sm al

•rTttim

* TTwio is an ATG upelreann A-v,a>vt 250



3.2c: Rat VR-L cloned into pcDNAI. Caterina M. et al. Nature 398: 436-441. 
Accession number :AF129113

Stop
2S84bp 2707bp

Forw ard p rm e r
Reverse
primer 7 53bp

Smal
301bp

R a t  V R -L

BstXI sites destroyed

pcDNAI 
Amp

4.8kb

Pvu I

N h e I

3.2d: Human TRPl cloned into pcDNA3/Zeo. Zitt C. et at. Neuron 16: 1189-1196. 
Accession number: Z73903

Forward
primer

Reverse
primer
I029bp

ATG Clal 
404bp 946bp

Stop
2677bp 5637bp

Human TR Pl

■ ^ i î î l s J M j

p c D N A 3 .1 /Z e o
5 .0  kb
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3.2e: Human TRP3 cloned into pcDNA3. Xu et al. Cell 89: 1155-1164. Accession 
number: NM 003305

p r j iue rB
iierC

Reverse 
primer D

St(%)
2597bp 4272bp

Human TRP3

H indlll site destroyed

M fel

æ n  eglil

pcDNA3
5.4 kbPvul

Smal

Tthl l l l

Th*»» is an ATG upstream
oi tn« XAe £Bs EsmI

3.2f: Mouse TRP6 cloned into pSV.SPORTl. Zhu et al. Cell 85: 661-671. Accession 
number: MMU49069

Forward
primer

ATG  
493 bp

I___

 ̂ Reverse
primer
1195 bpX hol 

966 bp 3114bp

M ouse TRF6

2719

C W - 158Ŝ il-23S >*1-307
Neal- 394.

AaiU- 1

pSV.SPORTl 
3160 bp

486  
Pstl.S39  £fMl-544 
jZsxD - 546 
£c«R I - 552  
X > at - 557  
A w l 559 Ŝ n ■ 562
M>rt-S83- 
A>fll 590  
SoaiH! - 596

6 0 2
> 4 ,5 1 -6 0 9  

612
I - 622

m  628
793

1032

& imHI 1176
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3.2g: rat VR-L subcloned into pcDNA3 via a Sacll containing adaptor.

ATG  
48bp 301bp

2584bp
stop 2707bp N o tl X hol

J L

PVLlI:

R at VR-L

S  e x  g  g  O  0 * 2  O  m  T 3  C LT h i:2auju jôozc /)x<

pcDNA3
5.4 kb

Sm al

T th im

Bsml

253



Appendix 3.4: Companies information

Alpha Diagnostics Intl.,Inc. 5415 Lost Lane , San Antonio, TX 78238 USA

Amersham Pharmacia Biotech UK Limited, Amersham Place, Little Chalfont, 
Buckinghamshire HP? 9NA, UK

BDH, VWR International Ltd -  Poole, (UK Headquarters), Merck House, Poole,
Dorset, BH15 ITD, UK

CALBIOCHEM-NOVABIOCHEM CORPORATION, 10394 Pacific Center Court,
San Diego, California 92121 USA

CLONTECH Laboratories UK Ltd., Unit 2, Intec 2 Wade Road, Basingstoke, Hampshire 
RG24 8NE, UK

GibcoBRL, Invitrogen Ltd, 3 Fountain Drive, Inchinnan Business Park, Paisley PA4 
9RF,UK

GlaxoSmithKline, Glaxo Wellcome UK Ltd., Stockley Park West, Uxbridge,
Middlesex, UB11 IBT, UK

Jackson Immunoresearch Laboratories, Inc., 872 W. Baltimore Pike / P.O. Box 9 
West Grove, PA 19390 USA

LabSales, Over Industrial Park, Norman Way, Over, Cambridgeshire CB4 5GR, UK

Merck, The Neuroscience Research Centre, Merck Sharp & Dohme Terlings Park 
Eastwick Road Harlow Essex CM20 2QR, UK

Metamorph Imaging system. Universal Imaging CorporationTM, 402 Boot Road, 
Downingtown PA 19335, UK

The Novartis Foundation, 41 Portland Place, London W IN 4BN, UK

Peptide Institute Inc., 4-1-2 INA, MINOH-SHI, OSAKA 562-8686, JAPAN

PerkinElmer Detection Systems, Unit 2 Astro House, Brants Bridge, Bracknell, 
Berkshire, RG129HW, UK

Promega UK, Delta House, Chilworth Research Centre, Southampton SO 16 7NS, UK 

Qiagen Ltd., Boundary Court, Gatwick Road, Crawley, West Sussex, RHIO 9AX, UK 

Roche Diagnostics Ltd., Bell Lane, Lewes East Sussex BN7 ILG, UK



Santa Cruz Biotechnology, Inc., 2161 Delaware Avenue, Santa Cruz, California 95060, 
USA

Sigma-Aldrich Company Ltd., Dorset, UK

Sigma-Genosys Ltd., London Road, Pampisford, Cambridge CB2 4EF, UK 

Stratagene, 11011 North Torrey Pines Road, La Jolla, CA 92037 USA
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