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Green fluorescent protein

Herpes Simple Virus

Histamine

5-Hydroxytryptamine

Isolectin B4

Intrinsic primary afferent neurons
Internal ribosomal entry site
Ligand binding domain
Metabotrophic Glutamate receptors
Neurofilament-200

Nerve growth factor
Neurokinin-1
N-methyl-D-aspartate
4-hydroxytamoxifen

Phage artifical chromosome
Phosphate buffered saline
Polymerase chain reaction
Protein kinase-C

Human placental alkaline phosphatase
Peripheral nervous system
ROSA26 reporter

Ribonucleic acid

Revolutions per minute

Superior cervical ganglion

Small interfering RNA

Substance P

Transient receptor potential
Tetrodotoxin

3’ untranslated region

Voltage gated sodium channel
Yeast artifical chromosome



Summary

Examination of mouse null mutants provides useful insights into gene function, but
perinatal lethality or developmental compensatory mechanisms may obscure
behavioural phenotypes. The bacteriophage Cre-loxP system provides a method of
producing deletion of genes in specific tissue. The tetrodotoxin-resistant voltage
gated sodium channel, Nayl1.8, is expressed exclusively in a subset of primary
afferent neurons, more than 85% of which are nociceptors. The heterozygous Nay1.8
mouse has been shown to have a normal electrophysiological and behavioural
phenotype.

In this project gene targeting was used to insert the Cre-recombinase gene into the
translational start of Nay1.8 in embryonic stem cells and transgenic mice expressing
Cre under the control of the Nay1.8 promoter were generated. The expression
pattern of functional Cre was examined using ROSA26 reporter mice and was found
to be identical to Nay1.8. Expression started at E13 and was limited to small
diameter neurons in dorsal root ganglia, trigeminal ganglia and nodose ganglia.
There was no expression in non-neuronal cells or in the central nervous system. This
pattern of expression did not alter in adult animals.

Examination of the Nav1.8 mediated TTX-resistant current in small diameter dorsal
root ganglion neurons from heterozygote Nay1.8Cre animals revealed that it was
identical to that in wild type neurons. In addition, the nociceptive behavioural
phenotype of adult heterozygote Nay1.8Cre mice both in tests of mechanical and
thermal thresholds and in models of inflammatory and neuropathic pain, was
identical to that of wild type mice.

These findings demonstrate that the Nay1.8Cre mouse line is a suitable tool to
examine the effects of nociceptor specific gene deletion on pain behaviour, and so

provide insights into the role of widely expressed genes in nociception.
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Chapter 1

General Introduction
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persistent (i.e. for over 6 months) pain, and that when compared with patients
without pain, these patients were significantly more likely to have a psychological
disorder, to rate their health as moderate or poor and to experience significant
interference with their work because of pain.

Pain is the most common symptom in patients with cancer; it is present in 30-45% of
patients at diagnosis and affects 65-90% with advanced disease. Globally, ten
million new cases of cancer were diagnosed in 2000, and cancer accounted for 12%
of all deaths (WHO, 2003). In England, more than one in three people will develop
cancer during their lives, and one in four will die of cancer (DOH, 2000).

An assessment of a patient with pain involves an evaluation of the physical and non-
physical factors contributing to the experience of pain. Management includes
interventions directed at the primary cause of pain (for example, anti-neoplastic
treatment or antibiotics in the case of cancer or infection respectively),
pharmacological and non-pharmacological interventions directed at the relief of
pain, and close monitoring and follow-up. Currently available pharmacological
agents include non-opioid (paracetamol and cyclo-oxygenase inhibitors) and opioid
(e.g. codeine, morphine, diamorphine, fentanyl) analgesics, and adjuvant analgesics.
Adjuvant analgesics are by definition agents whose primary indication is for
conditions other than pain but which have been shown to have analgesic effects -
anticonvulsants, antidepressants, corticosteroids, muscle relaxants and
antispasmodic agents. Non-pharmacological interventions include local and regional
neurolysis, local anaesthesia and psychological therapies.

The pathological process(es) underlying pain direct the choice of analgesic
intervention. However, multiple mechanisms and multiple factors contribute to the
generation and experience of pain, these factors are dynamic, and within a disease
category the pathological process may not be consistent. Further, concomitant
illness, genetic variability, and psychosocial factors play a significant role in the
generation and experience of pain, and the response to a given analgesic agent.
These factors combined with the relatively small armamentarium of agents available
to treat pain mean that a proportion of patients with chronic, particularly neuropathic

pain do not obtain complete relief from the agents prescribed (Dunn et al., 2001;
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Sindrup and Jensen, 1999). Studies have shown that approximately 10-20% of
cancer patients do not experience adequate pain control or that it is accompanied by
significant side effects (Meuser et al., 2001; Ventafridda et al., 1987). The very
presence of persistent non-malignant pain (Gureje et al., 1998) highlights the

inadequacy of available treatment modalities.

Pain is defined as an emotional and sensory experience caused by potential or actual
tissue damage (IASP, 1994). Nociception refers to the activation of damage sensing
neurons, nociceptors, following a noxious, i.e. tissue damaging insult, and the
transmission of this information to the central nervous system.

Pain can be classified into physiological and pathophysiological pain. Physiological
or nociceptive pain refers to pain evoked by a noxious stimulus. Information is
transmitted to the brain and acts as a warning to prevent further injury. The afferent
input activates a withdrawal reflex, an increase in arousal and emotional and
autonomic responses. A classical example is the experience of pain following a
needle prick injury.

Pathophysiological pain may be inflammatory, occurring following tissue damage,
infection, tumour growth etc., or neuropathic, occurring following neuronal damage
or dysfunction, for example diabetic/HIV neuropathy, spinal cord compression, or
post-herpetic neuralgia.

One of the key characteristics of the nervous system is its ability to modulate its
response to a given stimulus (Woolf and Salter, 2000). This neuronal plasticity
within the nociceptive pathway is responsible for the pain syndromes encountered in
patients with pathophysiological pain — hyperalgesia, an augmented response to a
painful stimulus, allodynia, a painful response to a non-painful stimulus, and
spontaneous pain, the presence of pain in the absence of a stimulus.

In vitro experiments and animal models of pathophysiological pain have provided
much insight into the changes that occur following tissue or nerve damage both in

the phenotype of primary sensory neurons and within the central nervous system.
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1.3. Nociceptors

Nociceptors are primary sensory neurons that are activated by stimuli capable of
causing tissue damage. They are responsible for transducing a noxious insult into a
train of action potentials, and for conducting and transmitting this signal faithfully to
the central nervous system. The end organs of nociceptors are free nerve endings
that are located in peripheral tissues, and the cell bodies are in the trigeminal and
dorsal root ganglia, innervating tissues of the head and body respectively.

Anatomical and functional criteria subdivide primary sensory neurons into three
main groups, Ao/pB—, Ad— and C. Ao/f primary sensory neurons have large cell
bodies, heavily myelinated axons and conduct action potentials rapidly to the spinal
cord. Most Ao/ primary sensory neurons are activated by innocuous mechanical
stimuli in skin, muscle and joints and do not contribute to the perception of pain,
although recently, Ao/} nociceptive neurons have been reported (Lawson, 2002). In
contrast, C and Ad primary sensory neurons are primarily responsible for the
transmission of nociceptive information, responding to noxious thermal (hot or
cold), mechanical or chemical stimuli. C-fibre nociceptors have small cell bodies
and their axons are unmyelinated resulting in slow action potential conduction. They
comprise about 60% of all nociceptors, and most are polymodal, i.e. they respond to
all noxious stimulus modalities. In addition there is a group of C-fibres that respond
to noxious heat only, and a group, the ‘silent nociceptors’, that is only activated
when sensitised by tissue injury. The cell bodies of Ad nociceptors are intermediate
in size and their axons are thinly myelinated resulting in more rapid signal
conduction. Based on their response to thermal stimuli, Ad nociceptors can be
further subdivided into type I nociceptors that have a thermal threshold of ~53°C,
and type II nociceptors that are activated at ~43°C. This subdivision is based on the
expression pattern of members of the transient receptor potential (TRP) family of
non-selective cation channels - type I A3 nociceptors express TRPV2 (Caterina et
al., 1999) and type II Ad nociceptors express TRPV1 (Tominaga et al., 1998).

Ad nociceptors mediate the rapid sharp, ‘first’ pain experienced following an insult

15



%

* 0 =

E 0%
0%

A

H.
@
+
(U +
F@
+@
&"C<
- +
+
@ 1
F
+

+ J + >
+ +
A*@ 1 1 [
@ +
: .
<7) -
E* F
+ -+
% + .
A @ ] ]
' E70% F
% '
@+ + & "
@ 33%F
, +B
' E* < F
+ @ + ] &Il
-1 + 2
+ +
' @

F@



from the peripheral nociceptor ending. These mediators activate a variety of
receptors located on the nociceptor peripheral terminal and induce local tissue
changes that result in the generation of inflammatory pain. Damaged tissues release
ATP and protons that activate purinergic, ASIC and TRPV1 receptors respectively.
Inflammatory cells release a multitude of factors - bradykinin (BK), cytokines
(tumour necrosis factor (TNF-a), interleukin-1 and -6 (IL-1, IL-6)), nerve growth
factor (NGF), serotonin (SHT) histamine (H), arachidonic acid and its prostaglandin
metabolites - each of which activate specific receptors (BK,, TrkA, IL, SHT, H1 and
EP receptors) found on the surface of the nociceptor. Several of these factors directly
activate nociceptors, whereas others induce plastic changes in the nociceptor that
result in a lowered threshold of activation and augmented response of the nociceptor
to a given stimulus. This process is known as peripheral sensitisation. In addition,
the activation of some receptors following tissue damage results in the release of
neurotransmitters substance P (SP) and calcitonin gene related peptide (CGRP) from
the peripheral nerve ending, a process called neurogenic inflammation. SP and
CGRP cause a variety of local effects including vasodilation, plasma extravasation
and degranulation of mast cells, resulting in a further augmentation of the
inflammatory response.

Post-translational changes that contribute to the generation of peripheral
sensitisation involve the activation of intracellular secondary messenger mediated
pathways through tyrosine kinase (e.g. TrkA) and G-protein coupled (e.g. BK,, H1)
receptor activation. These in turn lead to protein kinase A and protein kinase C
mediated phosphorylation of a variety of channels — the voltage gated sodium
channel Nayl.8 (Fitzgerald et al.,, 1999), TRPV1 and TRPV2 (Cesare and
McNaughton, 1996) — resulting in a lowered threshold of nociceptor activation. In
addition, transcriptional changes are induced following inflammation, primarily via
NGF. After binding to its high affinity tyrosine kinase receptor TrkA, NGF is
retrogradely transported to the cell body where changes in the transcription of
proteins are initiated; an increase in levels of the TTX-resistant voltage gated sodium
channels Nay1.8 and Nay1.9, TRPV1, opioid receptors and BK; receptors is seen at

the peripheral terminal and there is a increase in the synthesis and release of SP and
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CGRP both peripherally and centrally. These changes contribute to the generation of
peripheral sensitisation and the clinical experience of inflammatory pain, classically
including hyperalgesia and spontaneous pain (Costigan and Woolf, 2000; Julius and
Basbaum, 2001; Kidd and Urban, 2001).

Following nerve injury, the main pathological process that occurs in afferent sensory
neurons is the development of spontaneous and abnormal activity in injured and
uninjured afferent neurons (Chul Han et al., 2000). Nerve injury interferes with the
supply of the trophic factors NGF and GDNF on which neurons depend for their
differentiation and survival. This initiates a series of phenotypic changes in injured
and adjacent uninjured neurons that contribute to the generation of spontaneous
neuronal activity and the clinical syndrome of neuropathic pain. Some of these
changes, for example the expression of Nayl.3 and galanin, are indicative of a
reversion to an immature neuronal phenotype. Sev'eral studies have shown that there
is a significant redistribution of voltage-gated sodium channels (VGSCs) in injured
and uninjured sensory nerves following injury. In injured neurons, protein
(Decosterd et al., 2002) and transcript (Dib-Hajj et al., 1996) levels of the TTX-
resistant channels Nay1.8 and Nay1.9 (Decosterd et al., 2002) fall and levels of the
embryonic TTX-sensitive channel Nay1.3 increase (Black et al., 1999a). Gold et al.,
(Gold et al., 2003) recently showed that in the axons of adjacent uninjured neurons
there is an increase in Nayl.8 protein and in the Nay1.8 mediated TTX-resistant
current. In injured animals these changes and the behavioural manifestations of
neuropathic pain are reversed by the intrathecal administration of the growth factors
GDNF and NGF (Boucher et al., 2000; Cummins et al., 2000; Leffler et al., 2002).
Other changes in afferent sensory nerves that have been reported following nerve
damage, that may contribute to neuropathic pain, include a down regulation of
voltage gated potassium channels in injured DRG neurons, (Kim et al., 2002) an
increase in the levels of TRPVI (Hudson et al., 2001), an increase in pacemaker
currents in myelinated neurons (Chaplan et al., 2003), and an increase in the 023-1

subunit of voltage gated calcium channels (Luo et al., 2002).
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Some changes observed in afferent sensory neurons occur in both inflammatory and
neuropathic pain, for example an increase in opioid receptors (Stein et al., 2003), in

TRPV]1, and in cyclo-oxygenase-1 and —2 and prostaglandins (Samad et al., 2002).

1.5. Central processing of nociceptive information

Information about a noxious insult is transduced into action potentials in the
peripheral nociceptor ending, conducted via the nociceptor axon, and transmitted to
neurons in the dorsal horn of the spinal cord, which can be subdivided into six
layers, or laminae, based on their neuronal cytological features. The synaptic
processing of information within the dorsal horn involves a highly complex
interaction between primary sensory neurons, dorsal horn interneurons, descending
neurons from the brain and spinal neurons. Nociceptive information is primarily
transmitted to laminae I, II and V. Lamina I contains mostly nociceptive specific
neurons that project directly to the brain, and some wide dynamic range neurons that
respond to both noxious and non-noxious inputs. Lamina II contains excitatory and
inhibitory interneurons that respond to noxious and non-noxious inputs and lamina
V contains primarily wide dynamic range neurons. Peptidergic C and Ad nociceptors
project to lamina I and lamina Il,u Whereas the non-peptidergic population synapse
primarily in lamina Il of the dorsal horn. C and Ad nociceptors also synapse in
lamina V (Stucky et al., 2001). Ao/p sensory neurons synapse in laminae III, IV, V,
and VL.

The main neurotransmitter released by sensory neurons is glutamate, although
nociceptors also release the peptidergic neurotransmitters SP and CGRP. In addition,
the neurotrophic factor BDNF is present in the central terminals of a subset of
peptidergic nociceptors. The receptors for glutamate on dorsal horn neurons are
ionotrophic o-amino-3-hydroxy-5-methyl-4-isoazolepropionic acid (AMPA),
kainate and N-methyl-D-aspartate (NMDA) receptors, and metabotrophic glutamate
(mGlu) receptors. At rest, NMDA receptors are blocked by magnesium (Mg®"), so,
normally glutamate released from nociceptor central terminals activates AMPA

receptors, generating fast excitatory post-synaptic potentials. The dorsal horn post-
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synaptic membrane is depolarised and on reaching the threshold, action potentials
are generated that signal the nature, intensity and location of noxious injury. More
intense nociceptor activation results in the release of SP, which activates NK1
receptors, generating slow excitatory post-synaptic potentials and sustained
depolarisation of the dorsal horn neurons. BDNF is released after bursts of C-fibre
activity and activates high affinity tyrosine kinase TrkB receptors.

Persistent and enhanced activity in nociceptors following both tissue and nerve
damage induces plastic changes in the dorsal horn of the spinal cord. This process,
central sensitisation, is characterised by increased synaptic efficacy, a lowered
threshold for activation and a widening of the receptive field of dorsal horn neurons
(reviewed in Sah et al., 2003; Woolf and Mannion, 1999). Several different
phenomena are observed. A barrage of activity in nociceptors induces an augmented
persistent response of dorsal horn neurons to the afferent input that outlasts the
period of afferent activity and that also occurs at synapses with non-nociceptive
afferents. These changes occur almost immediately after the onset of nociceptor
activity. Persistent low frequency activity in nociceptors results in wind-up — a
summating dorsal horn response in which the same afferent input induces increasing
dorsal horn action potential generation. Wind-up does not persist beyond the
duration of the stimulus. A third phenomenon, dorsal horn long term potentiation, in
which brief high frequency activity in nociceptors results in long lasting synaptic
facilitation, has also been demonstrated (Ji et al., 2003).

Post-translational and transcriptional changes contribute to the development of
central sensitisation. Persistent depolarisation of the post-synaptic membrane results
in removal of the Mg?* ion from the pore of NMDA receptors, permitting the influx
of cations, predominantly calcium, resulting in a progressive increase in the action
potential response to each stimulus, seen in wind-up (Thompson et al., 1990). In
addition, persistent and augmented nociceptor activity results in the activation of
metabotrophic glutamate receptors, NK1 receptors and TrkB receptors. These
receptors activate secondary messenger mediated cascades primarily resulting in the
activation of intracellular kinases. Phosphorylation of NMDA and AMPA receptors

by protein kinase C, protein kinase A and extracellular-signal receptor kinase
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induces conformational changes that augment channel opening time, further
augmenting the post-synaptic depolarisation (Chen and Huang, 1992; Lu et al.,
1999). The influx of calcium through NMDA receptors also leads to the activation of
intracellular signal transduction kinases. Thus the dorsal horn response is augmented
and outlasts the duration of the stimulus. Intracellular kinase activation in turn leads
to the phosphorylation of cAMP-response-element binding protein (CREB),
inducing the transcription of c-fos and other immediate early genes (Hunt et al.,
1987, Iadarola et al., 1988).

Following inflammation there is a dramatic, NGF dependent, increase in the level of
BDNF in nociceptors (Pezet et al., 2002). In addition, Fukuoka e? al., demonstrated
that following spinal nerve ligation, there is an increase in BDNF in small diameter
uninjured neurons (Fukuoka et al., 2001). BDNF is released after bursts of high
frequency C-fibre nociceptor activity. Binding to its high affinity tyrosine kinase
TrkB receptors that are localised on the presynaptic terminals of medium and large
diameter sensory neurons and on dorsal horn neurons, results in the activation of
different intracellular transduction pathways including MAP kinase pathways and
protein kinase C (Pezet et al., 2002).

It has also been shown that after inflammation and nerve injury, myelinated A
sensory neurons begin to express SP on their central terminals, thereby enhancing
synaptic transmission in the spinal cord and exaggerating the response to innocuous
stimuli (Neumann et al., 1996).

There are a host of other factors that contribute to the spinal cord processing in the
dorsal horn. Descending facilitatory and excitatory pathways synapse in the dorsal
horn and release the neurotransmitters noradrenaline, dopamine, 5S-HT and
acetylcholine. Local inhibitory interneurons also modulate the signal, releasing y-
amino butyric acid (GABA) and glycine. u—, d—and k opioid receptors are present
in this region, as well as in the periphery and brain, and have a predominantly
inhibitory effect on neurotransmitter release and dorsal horn excitability. Ligand-
gated purinergic P2X ion channels are localised on the presynaptic terminals of
nociceptors and on dorsal horn neurons and have a facilitatiory effect - activation

augments the presynaptic release of neurotransmitters and augments postsynaptic
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dorsal horn excitation (Dunn et al., 2001). The a28-1 subunit of voltage gated
calcium channels, that modulates the function of the pore forming ol subunit, is
upregulated in the spinal cord and or in DRGs in animal models of neuropathic pain
(Luo et al., 2002) and inhibition by the anticonvulsant gabapentin has an analgesic
effect. It is now known that spinal glial cells are activated in inflammatory and
neuropathic pain models and that they release many neurotransmitters and
neuromodulators that augment the nociceptive process (Watkins et al., 2001).
Increased production of prostaglandins and synthesis of cyclo-oxygenase 1 and 2 in
the spinal cord after inflammation and nerve injury also augment the nociceptive

process (Samad et al., 2002).

Information is conveyed to the brain primarily via two pathways. The spinothalamic
tract originates in the deeper layers of the dorsal horn, synapses within the
ventroposterior and ventrobasal thalamus and projects to the cortex. A second
pathway, the spinobrachial pathway originates in the most superficial layer of the
spinal cord, synapses in the parabrachial area and the periaqueductal grey and
projects to the hypothalamus and amygdala. The spinothalamic tract is thought to
convey discriminatory information about the nature of the stimulus, whereas the
spinobrachial tract is thought to convey information about the intensity of the
stimulus and the emotional/affective aspects of pain (reviewed in Hunt and Mantyh,
2001). In addition, there is now growing evidence that the primary and secondary
somatosensory cortices, the anterior cingulate cortex and the insular cortex are the
areas of the brain primarily involved in pain perception. Descending pathways, both
excitatory and inhibitory, arise mainly from periaqueductal grey and rostroventral

medulla.

1.6. Project outline

Although much is now known about the neurobiological processes involved in the
generation of pathophysiological pain, the urgent need for better and more specific

analgesics remains. Nociception is a complex, plastic process and there are many
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potential targets for analgesic development, but before new drugs are developed, the
precise role of a given target must be defined. In the last 10 years one of the major
advances has been an improved understanding of the changes that occur in
nociceptors following tissue or nerve damage, and several gene products in these
cells are very attractive drug targets. However, many of these proteins have an
expression pattern that is not restricted to nociceptors, precluding the use of
conventional methods, such as pharmacological manipulation or the generation of
null mutant mice, from defining their role in pathophysiological pain.

The goal of this thesis is the development of a murine model system that allows
specific gene deletion exclusively in the nociceptor cell population. This model
system will be suitable to determine the role of individual molecules in nociceptors,
increasing our understanding of the molecular pathways of pain perception and

providing a rational basis for the development of targeted analgesic agents.
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Chapter 2

Generation of a nociceptor specific Cre expressing mouse
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2.1. Introduction

This chapter describes the generation of a mouse line in which the bacteriophage Cre
recombinase gene is knocked-in to the translational start site of the voltage gated
sodium channel (VGSC) Nay1.8. In the introduction I will describe the principles of
gene targeting, site-specific recombinases and the Cre-loxP system. I will then

examine the expression pattern of potential target genes found in nociceptors.

2.1.1. Gene Targeting

Gene targeting refers to the alteration of a chosen (target) gene in a predetermined
way using homologous recombination (reviewed in (Bronson and Smithies, 1994;
Capecchi, 1989; Muller, 1999). Homologous recombination refers to the intrinsic
ability of mammalian cells to mediate recombination between homologous DNA
sequences. Thus, when exogenous DNA is introduced into a cell, it can locate and
recombine with the endogenous homologous sequences (Lin et al., 1985). The use of
gene targeting in embryonic stem (ES) cells has facilitated the generation of a vast
array of genetic alterations in the mouse that have contributed significantly to our
understanding of health and disease. ES cells, first isolated over 20 years ago (Evans
and Kaufman, 1981; Martin, 1981) are pluripotent cells derived from the inner cell
mass of mouse blastocysts that have two characteristics that make them ideal
candidates for gene targeting. They can contribute to all embryonic tissues in
chimeric mice, including the gametes, and they can be maintained in an
undifferentiated state in vitro in certain culture conditions.

Gene targeting involves the generation of a targeting vector in which the desired
alteration of the target locus is introduced using recombinant DNA technology. The
targeting vector is then linearised, and introduced into ES cells where homologous
recombination incorporates the modification into the ES cell genome. Screening is
used to select those ES cell clones in which homologous recombination has
occurred. The ES cells are microinjected into the blastocyst of a mouse embryo and

the blastocyst transferred into the uterus of a pseudopregnant mouse. Generally, 129
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ES cell lines and C57B1/6 blastocysts are used. Chimeric offspring are selected by
coat colour and are then crossed to suitable mice to check that the ES cells have
contributed to the formation of the germ line.

Targeting vectors have three specific features - the desired genetic modification,
selection markers, and two stretches of mouse genomic DNA that are homologous to
the desired integration site, known as the arms of homology- see Figure 2.1.
Homologous recombination is a relatively raré event (~1/10* cells electroporated);
non- homologous integration of the targeting vector into random sites within the
genome, often in tandem repeats, occurs much more frequently. The frequency of
homologous recombination is related to the extent of the homology between
exogenous and host DNA and occurs in almost every introduced molecule when the
arms of homology are over 5kb in length (Thomas and Capecchi, 1987). It is also
more likely to occur if the targeting vector is constructed from DNA that is isogenic
with the ES cell line used in the targeting experiment (te Riele et al., 1992). When
the arms of homology are non-isogenic, DNA mismatch repair machinery interferes
with homologous recombination.

The inclusion of positive and negative selection markers in the targeting vector
allows detection of the rare correct targeting events. Mansour et al., first described
their combined use in the selection of cells that contained targeted disruptions of the
hprt and int-2 genes (Mansour et al., 1988). A positive selection marker is positioned
within the arms of homology and selects for those ES cells in which the targeting
vector is present. In addition, a negative selection marker is positioned outside the
arms of homology; it is therefore lost when there is correct targeting, but is present
when random integration occurs. Selection for ES cells that contain the positive
selection marker and against cells that contain the negative selection marker will
isolate those in which homologous recombination has occurred. The most commonly
used positive selection marker is the neomycin phosphotransferase gene that encodes
resistance to geneticin (G418). The Herpes Simplex Virus thymidine kinase gene,
that encodes sensitivity to the antiviral agent gancyclovir, is widely used for

negative selection.
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The most widely used application of the gene targeting approach is the generation of
null mutant animals in which a specific gene is disrupted throughout ontogeny. Study
of the phenotype of null mutant animals has provided much useful insight into the
role of the gene of interest. However this approach has several limitations (Joyner
and Guillemot, 1994). For some gene inactivations, the resulting phenotype is lethal
to the embryo or soon after birth, precluding investigation of the genes’ role later in
life. In addition, gene inactivation during foetal development may trigger alteration
in the expression and function of other genes resulting in masking of the phenotype
attributable to the deleted gene. Finally, inactivation of genes expressed in several
tissues and/or in several cell types will result in global loss of function making it

difficult to study the function in specific tissues and cell types.

2.1.2. Site-specific recombinases

Because of the potential problems with global gene deletion, strategies in which the
location and timing of genetic mutation can be controlled have been developed. Two
such systems are available for use in the mouse, the Cre-loxP and Flp-FRT site-
specific recombinases (reviewed in Lewandoski, 2001; Nagy, 2000; Sauer, 1998).

I will give a brief summary of the Flp-FRT system before describing the Cre-loxP

system in more detail

2.1.2.1. Flp-FRT system
’Fl’p 'reéofnbinésé, encoded By' the ‘ye‘as‘t Saéchaforhybe;v be?eﬁisi'aé, ‘mediates
recombination between two FRT (Flp recognition target) sites (Dymecki, 1996).
FRT consists of a unique 8-base pair (bp) spacer region surrounded by two 13-bp
inverted repeats which serve as the binding sites for Flp. Utilisation of Flp has been
limited by its low level of activity at 37°C. More recently, a more thermostable Flp
(Jung et al., 1993) has been developed, termed FLPe, and has been shown to be 3-5
times more efficient at recombination in mammalian cells (Buchholz et al., 1998).
Rodriguez et al, have shown that FLPe is effective in germ cell lines (Rodriguez et
al., 2000). In this project I have used the Flp-FRT system to remove the positive

selection marker present in the targeting vector.
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2.1.2.2.Cre-loxP system

Site-specific recombinases comprise two elements: the recombinase enzyme and a
small stretch of DNA that it specifically recognises — see Figure 2.2. Two
recognition sequences are required for recombinase activity. The recombinase
cleaves DNA at one recognition sequence and ligates it to the second cleaved
recognition sequence. The orientation of the recognition sequences determines the
nature of the modification catalysed by the recombinase. When they are in the same
orientation, the intervening DNA region is excised and forms a circular segment,
whereas when they are in the opposite orientation, the intervening DNA segment is
inverted. Alternatively, the sites can be located on separate DNA molecules resulting
in translocation of the DNA distal to the sites. Recombination is carried out with
absolute fidelity and does not require any accessory host factors. These features
make these systems extremely attractive for conditional gene targeting.

In vivo, two mouse strains are frequently used — one in which the site and/or timing
of recombinase expression is controlled, and the other in which the recognition
sequences flank functionally important exons of the target gene. In the F1 progeny,
the pattern of the recombinase activity will determine the pattern of target gene
modification.

Cre, the 38-kDa product of the cre (cyclization recombination) gene, is a site-
specific DNA recombinase of the P1 bacteriophage that catalyses the recombination
between two loxP sites. The loxP sites are 34bp in size and consist of two 13-bp
“inverted repeats that flank an 8-bp nonpalindromic core region that gives the JoxP
site directionality. The loxP sequence is large enough so that it is unlikely to occur
by chance in the mammalian genome, but small enough so that its presence does not
usually interfere with gene expression. A Cre molecule binds to each of the inverted
repeats, and the core region is the site of cleavage, exchange and ligation.

It was thought that the mouse genome contains no endogenous JoxP or FRT sites,
but Thyagarajan et al., (Thyagarajan et al., 2000) have shown that both Cre and FLP
can mediate recombination between degenerate loxP or FRT sites and that there are

pseudo-/oxP sites within the mouse genome. Indeed there have been in vitro and in
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vivo studies that indicate that Cre can mediate recombination between these sites
(Loonstra et al., 2001; Schmidt et al., 2000). However the widespread effective use
of Cre indicates that these events are likely to be very rare.

Sauer and Henderson first used Cre in vitro (Sauer and Henderson, 1988) to excise a
loxP flanked kanamycin resistance gene in a mouse cell line. Gu et al., (Gu et al.,
1993) then showed that transient expression of Cre in ES cells results in
recombination between JoxP sites and successful germ line transmission of the
deleted gene.

The most common use of the Cre-/oxP system is to generate tissue specific knock-
out mice (Gu et al., 1994). LoxP sites are targeted to the gene of interest and
positioned around functionally essential exons. An animal in which Cre expression
is driven by a promoter with the desired tissue specificity is then used to delete the
floxed gene segment. The pattern of Cre mediated target gene deletion in the F1
progeny of these animals will follow that of the promoter.

Three methods have been used to generate tissue specific Cre expressing animals. In
the transgenic approach, a promoter with the desired tissue specificity is selected and
cloned. Recombinant DNA technology used to insert the Cre gene immediately
downstream of the promoter. The resulting transgene is then injected into fertilised
eggs where it is randomly integrated into the genome, and Southern blotting or PCR
used to detect those offspring carrying the transgene. Founder lines with the desired
Cre expression are then used. Alternatively the knock-in approach can be utilised, in
which gene targeting is used to insert Cre into a gene with the desired tissue
specificity, so that the endogenous regulators of gene expression are utilised to
control the pattern of Cre expression.

Another method that has been developed in the last ten years and can be used to
introduce Cre into the mouse genome is the use of bacterial artificial chromosome
(BAC), P1 artificial chromosome (PAC) or yeast artificial chromosome (YAC)
transgenic mice. BACs, PACs and YACs are large fragments of genomic DNA
cloned into vectors derived from bacteria, phage P1 or yeast respectively, that allow
the propagation of large lengths of DNA. BACs and PACs can carry ~200kb of

genomic DNA and are propagated in bacteria whereas YACs carry much larger
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Removal of a positive selection marker that is flanked by loxP or FRT sites can be
achieved using the Cre-loxP or Flp-FRT system respectively either at the ES cell
stage or using ubiquitous Cre/Flp expressing mice. Using the Cre-loxP system, three
loxP sites are inserted, two flanking the target gene and a third flanking the selection
marker. Cre is transiently transfected in ES cells to excise the selection cassette, a
mouse in which the target gene is floxed is generated, and crossed to the Cre
expressing mouse. An alternative strategy is to combine the Cre-loxP system with
the Flp-FRT system; the selection cassette is FLRTed (flanked by FRT sites) and the
target gene floxed. Transient expression of Flp in targeted ES cells, or crossing
targeted animals to Flp expressing animals is used to remove the selection cassette

before crossing to a Cre expressing mouse line.

2.1.3. Nociceptor specific proteins

In order to generate a nociceptor specific Cre expressing mouse a gene that is
expressed exclusively in this cell population must be identified. Here, several

potential candidate genes will be discussed.

2.1.3.1. Transient Receptor Potential channels

In 1997, Caterina et al., (Caterina et al., 1997) cloned the vallinoid receptor VR1,
now known as TRPV1, that is activated by moderate noxious heat (threshold of
activation ~43°C), protons, capsaicin and other vallinoid compounds. TRPV1 is a
transient receptor potential (TRP) non-selective cation channel that comprises six
transmembrane domains with a ‘P loop’ between the fifth and sixth domains. It is
expressed in 30-40% DRG neurons, primarily in both the peptidergic and non-
peptidergic population of nociceptors (Amaya et al., 2003). However, recent studies
have revealed that it is also present at much lower levels in several areas of the brain
and in the liver and kidney (Mezey et al., 2000; Sanchez et al., 2001).

Another TRP channel, TRPV2, that shares ~50% homology with TRPV1, and is
activated by noxious thermal stimuli with a higher threshold, ~52°C, but is not
activated by vallinoid compounds, is also predominantly expressed in DRG neurons

(Caterina et al., 1999). This channel is found in ~20% of DRG neurons, most of
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which are myelinated. It is also present in the spleen, lung, brain and gastrointestinal
tract.

Two TRP channels that are activated at low temperatures are expressed exclusively
in a subset of nociceptors. TRPMS, a channel whose threshold for activation is
~23°C, and that is also activated by menthol, is found in only 5-10% of adult DRG
neurons. The distribution pattern does not co-localise with IB;, CGRP or TRPV1,
but appears to belong to a subset that expresses TrkA, the receptor for NGF during
development (Peier et al., 2002). ANKTMI1 is a TRP-like channel that has a
threshold of ~17°C. It is found in ~3.6% DRG neurons, all of which also express
CGRP and TRPV1 (Story et al., 2003).

2.1.3.2. P2Xj3 receptors

P2X receptors comprise ionotrophic ligand-gated ion channels, of which seven
subtypes have been cloned (reviewed in Burnstock, 2002).The receptors form two
transmembrane domains joined by a large extracellular loop, with intracellular N-
and C- termini. Functional channels are formed by homo- and hetero-multimers of
the various subtypes. The channels are activated by ATP and adenosine diphosphate
(ADP). A nociceptor specific P2X channel, P2X3, was cloned in 1995 (Chen et al.,
1995), that is expressed on non-peptidergic IB4 positive C-fibre neurons, a subset of
nociceptors. It is now known that the channel is also present at low levels in

sympathetic and parasympathetic ganglia (Xiang et al., 1998).

2.1.3.3. Acid sensing ion channels

Acid sensing ion channels (ASICs) are voltage insensitive cation channels that are
activated by protons. There is also evidence to suggest that they play a role in the
transduction of mechanical stimuli (reviewed in Waldmann and Lazdunski, 1998;
Welsh et al., 2002). The channels are formed as heteromultimers, each subunit
comprising two transmembrane domains, with intracellular N- and C- termini and a
large extracellular loop. Six ASIC subunits have been cloned, of which two, ASIC1b
and ASIC3, are found exclusively in mouse sensory neurons. ASIC1b (Chen et al.,

1998) is found in 20-25% of DRG neurons, 70% of which are myelinated. ASIC3 is
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expressed on most large and small diameter neurons and is not specific to

nociceptors (Price et al., 2001).

2.1.3.4. Tetrodotoxin-resistant voltage gated sodium channels

Voltage-gated sodium channels (VGSCs) are large channels, comprising an o
(260kD), a B1 (36kD) and a B2 (33kD) subunit (Catterall, 2000). The o subunit
forms the ion-conducting pore and the B subunits are responsible for the localisation
of the channel, its inactivation kinetics and the level of channel expression (Malhotra
et al., 2000; Smith et al., 1998). The o subunit has four domains, each with six
transmembrane segments linked intracellularly. The positively charged fourth
transmembrane segment (S4) serves as the voltage sensor, the ‘P loop’ between the
fifth and sixth segments forms the narrow outer lining of the pore and the sixth
segment forms the wide inner lining of the pore. The intracellular loop connecting
domains III and IV has a hydrophobic motif (isoleucine, phenylanaline, methionine,
threonine) that inactivates the channel by folding into and blocking the inner mouth
of the pore.

Ten voltage-gated sodium channel o subunits (Nay1.1-1.9, Na,) (Goldin et al., 2000)
have been cloned - see Table 2.1 (Baker and Wood, 2001). One of the characteristics
that differentiate between them is their sensitivity to the puffer fish poison
tetrodotoxin (TTX). TTX resistance is mediated by amino acid residues within the
P-loop of the first domain (Noda et al., 1989), the site of TTX binding. TTX
sensitive channels have a hydrophobic residue in this region whereas TTX resistant
channels have a hydrophilic serine residue.

The TTX-sensitive channels Nayl.1, 1.2, 1.6, 1.7 and the TTX-resistant channels
Nay1.8 and 1.9 have all been shown to be present in sensory neurons. However, only
Nay1.9 and Nay1.8 are exclusively in this location. Nay1.9, previously known as
NaN (Dib-Hajj et al., 1998), has been shown to be localised to unmyelinated DRG
neurons (Amaya et al., 2000; Tate et al., 1998). More recently, Fang et al., showed

that it is also present in some myelinated nociceptive neurons (Fang et al., 2002).

35



Channel | Previous | Gene Chromosome | Pharmacology | Abundance
name symbol (human) in adult

DRG
Na,1.1 Type I SCN1A 2924 TTX-s Present
Na,1.2 | Typell SCN24 2q23-24 TTX-s Present
Nay1.3 | TypeIll |SCN34 2q24 TTX-s Upregulated

in axotomy
Na,1.4 SkM SCN4A 17923-25 TTX-s Absent
Nay1.5 Cardiac SCN5A4 3p21 TTX-r Absent
Na,1.6 NaChé6 SCN8A 12q13 TTX-s Abundant
Na,1.7 PN1 SCN94 2q24 TTX-s Abundant
Na,1.8 | SNS/PN3 | SCN104 3p21-24 TTX-r Abundant
Na,1.9 | NaN SCN114 3p21-24 TTX-r Abundant
Nay NaG SCNG6A/74 | 2q21-23 ? Present

Table 2.1: Voltage-gated sodium channel o subunits in sensory neurons.
Abbreviations: DRG, dorsal root ganglion; TTX-s, tetrodotoxin-sensitive;
TTX-r, tetrodotoxin resistant (Baker and Wood, 2001).
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Others have detected both the transcript and protein in myenteric neurons (Rugiero
et al., 2003).

Several groups have examined the pattern of expression of Nay1.8 (Akopian et al.,
1996; Amaya et al., 2000; Novakovic et al., 1998; Sangameswaran et al., 1996) and
shown that it is present in the majority of unmyelinated DRG neurons, but also in
some myelinated A and Ao/ neurons. It is also present in the trigeminal and
nodose ganglia. Djouhri et al., (Djouhri et al., 2003a) recently examined the Nay1.8
expression pattern in lumbar DRGs and correlated it with neuronal function in 104
neurons. They found a significant negative correlation between the intensity of
immunoreactivity for Nay1.8 and cell size both within the whole DRG and in the
neurons examined in detail. 83% of C, 93% of Ad, and 25% of Aa/PB neurons
showed positive staining. Over 80% of nociceptive neurons and less that 20% of
non-nociceptive neurons contained Nayl.8, and all nociceptive neurons showed
intense immunoreactivity whereas all non-nociceptive neurons showed weak
immunoreactivity.

The Nay1.8 gene was cloned in 1996 (Akopian et al., 1996; Sangameswaran et al.,
1996) and was the first channel to be shown to mediate the TTX resistant current
that was originally recorded in 1978 (Matsuda et al., 1978). The detailed structure of
the murine Nay1.8 gene was described in 1997 (Souslova et al., 1997) and shows a
95.3% overall amino acid homology with rat Nay1.8. The gene consists of 27 exons

spanning approximately 90kb and is located on chromosome 9.
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2.2. Materials and Methods

2.2.1. Chemicals and enzymes

Chemical reagents and bacterial media were purchased from BDH, Invitrogen,
Pharmacia and Sigma. Restriction endonucleases, modifying enzymes and DNA

polymerases were purchased from New England Biolabs and Promega.

2.2.2. Plasmids and DNA fragments

The plasmid pBluescript® II SK- phagemid was purchased from Stratagene (Figure
2.3). The pBS500 vector, encoding Cre, was a gift from Professor Brian Sauer
(Gagneten et al., 1997).

The plasmid encoding the neomycin cassette, pYR6.1, was obtained from Y.
Rudhard & R. Schoepfer.

The plasmids encoding the polyadenylation signals were pUHD15-1, from R.
Schoepfer, obtained from Bujard, ZMBH, Heidelberg (Gossen and Bujard, 1992),
and TNR1/CII/S5¢c-Stop, originally from pGL3Basic (Promega), obtained from M.
Nassar.

The vector containing a HSV-TK cassette (1.85kb) (Mansour et al., 1988) was
obtained from R. Schoepfer, originally from K. Thomas and M. Capecchi.

2.2.3. DNA Digestion with Restriction Enzymes

Plasmid digestions were typically carried out in a volume of 10ul, including 5U of
each enzyme, the appropriate buffer and up to 3ul of DNA. Digestion reactions were

incubated for one hour at the optimal temperature for the enzyme(s) used.

2.2.4. Analysis of DNA Digests

Analysis of the products of DNA digestions was performed using electrophoresis on

agarose gels.
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Gels were prepared from electrophoresis grade agarose (Invitrogen) in Tris-acetate
EDTA (TAE) buffer (40mM tris-acetate and 1mM EDTA, pH 8.0) and contained
0.1pg/ml ethidium bromide (BDH). 0.8% agarose was used to resolve fragments
more than 1.5kb in size and 1.2% for fragments less than 1.5kb in size. Prior to
loading, the DNA digests were mixed in a ration of 10:1 with DNA loading buffer
(0.25% Bromophenol blue, 0.25% xylene cyanol FF and 15% Ficoll). The
Hyperladder I (Bioline) and 100 base pair DNA ladder (Invitrogen) were used as
molecular weight markers. Electrophoresis of gels was performed in TAE buffer at
2.0 — 5.0 V/cm. Electrophoresis was carried out until the bromophenol blue dye
migrated 3/4 of the gel length. DNA was visualised and results were documented

using a 3UV™ Transilluminator and Mitsubishi video copy processor.

2.2.5. Purification of DNA fragments

DNA fragments were purified from DNA restriction digests or PCR after they were
resolved using low melting point agarose (Gibco BRL). The band containing the
desired fragment was identified by size. The band was then excised and the gel slice
stored in a 1.5ml microfuge tube at ~20°C. DNA was then purified using the
JETsorb® gel extraction kit (Genomed). 3ul/mg of high salt buffer and 0.1ul/mg
JETSORB beads were added to the gel slice, vortexed and incubated at 50°C for
15mins to adsorb the DNA onto the beads. The tube was then centrifuged at
maximum speed for 30secs and the supernatant discarded. The pellet was washed in
300pl high salt buffer, centrifuged again and the supernatant discarded. The pellet
was then washed twice with 300ul low salt buffer, and air-dried for 10mins at S0°C.
The DNA was resuspended in 20ul TE, incubated at 50°C, the tube centrifuged

again, and the supernatant recovered.

2.2.6. Purification of Plasmid DNA
2.2.6.1 Mini-preps
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Small-scale plasmid purifications were performed using alkaline lysis. Up to 25-
30png of high copy number DNA was obtained from a 2ml overnight bacterial
culture in T-Broth (Gibco-BRL) containing 150pug/ml ampicillin. Each culture was
inoculated from an individual bacterial colony. Cultures were grown overnight
shaking at 37°C. Approximately 1.5mls of each culture was transferred to a 1.5ml
microfuge tube. Cells were harvested by centrifugation at 8000g for 30secs. The
supernatant was aspirated and the cells were resuspended in 150ul mini-prep
solution I (50mM glucose, 25mM TrisCl, pH 8.0 and 10mM EDTA, pH 8.0). Cells
were then lysed with the addition of 300l of mini-prep solution II (0.2M NaOH and
1% SDS). Tubes were mixed by inverting and incubated on ice for Smins. Cell
debris and bacterial genomic DNA were pelleted by centrifugation at 12000g for
Smins. The supernatant was transferred to a new tube, 1ul RNAse A (NewEngland
Biolabs) was added, and incubated at 37°C for 15mins. Plasmid DNA was
precipitated by adding 800ul ethanol (BDH) and pelleted by centrifugation at
12000g for Smins. DNA pellets were washed with 500ul of 70% ethanol, air-dried
and resuspended in 50ul TE (10mM Tris-Cl, ImM EDTA). DNA purified by this
procedure was used in restriction enzyme analysis, DNA sequencing and PCR.
2.2.6.2. Midi-prep

High purity DNA suitable for transfection of cell lines was obtained using a plasmid
DNA purification kit (Qiagen) according to the manufacturers protocol.
Approximately 50ug of purified DNA was usually obtained from a 50ml overnight
culture grown in T-broth and containing 150ug/ml ampicillin at 37°C with shaking.

2.2.7. DNA Ligations

DNA ligations were typically performed in a 10.0ul reaction containing 0.5U of T4
DNA ligase (New England Biolabs) and 50-100ng of each DNA fragment.
Dephosphorylation of the plasmid backbone was performed in all cases. 0.5ul

shrimp alkaline phosphatase (SAP) (Roche) and 1x buffer (S0mM Tris-HC1 pH7.5,
10mM MgCl,, 10mM dithiothreitol, ImM ATB, 25ug/ml bovine serum albumin)
(New England Biolabs) was added to the prepared backbone and left at 37°C for
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30mins and then at 70°C for 10mins. Ligation reactions were incubated at 14°C

overnight.

2.2.8. Preparation of competent E. coli

Competent E. coli (DH50) were prepared using a modified protocol of Dower et al
(Dower et al., 1988). A 6ml overnight culture was diluted in 1litre of LB-broth
(Gibco BRL) and grown at 37°C with vigorous shaking to a density of 0.5-0.70D at
600nm. Cultures were then chilled on ice for 30-45 minutes and cell harvested by
centrifugation at 4000g for Smins. The pellet was resuspended in 1litre of ice-cold
sterile water and spun at 4000g for Smins. The pellet was the resuspended in 20mls
ice cold sterile 10% glycerol and spun at 4000g for Smins. The pellet was finally
resuspended in 2mls of sterile ice cold 10% glycerol. 40ul aliquots were dispensed
into chilled 0.5ml microfuge tubes. Aliquots of competent E. coli were stored at

-70°C.

2.2.9. Bacterial Transformations

DNA plasmids were introduced into competent E. coli (DH5) by electroporation.
Typically, 20ul of competent E. coli were thawed on ice and mixed with 10-25% of
the ligation reactions. Electroporation was carried out using a Biorad Gene Pulser®
II. Resistance was set to 600 Ohms and voltage set to 1.8kV for Imm cuvettes.

500ul SOC medium (2.0% w/v bacto-tryptone, 0.5%w/v bacto-yeast extract, 8.5 mM
NaCl, 0.24mM KCl, 10mM MgCl; and 20mM Glucose) (Sigma) at 37°C was added
to the cuvette immediately after the electroporation pulse was delivered. The fluid
was then transferred into 15ml tubes and shaken at 37°C for 30-45mins. The
electroporated bacteria were then plated out onto 90mm Luria Broth (LB) agar plates
(Gibco-BRL) containing 150pug/ml ampicillin (Sigma). Colonies of transformed

bacteria were visible after 12-14 hours of incubation at 37°C.
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for the HSV-TK probe encoded bps 85-108 and antisense primer bps 1065-1088 of

the thymidine kinase coding sequence.

Primers used for each product are shown below:

ATG chimera: mSNS seq7s: 5’ - AGCAAGAGGCAAATCATAGTCAGC -3’
mSNSCre seqla: 5 -TCGACCGGTAATGCAGGCAAATTTTGGT
GTACGGTCAGTAAATTGGACATCTTCTCATTCTTCTTGGGG
AAGGATTTACA -3,

Letters in bold face indicate the translational start of Cre. The Agel site is

underlined.

Na,1.8 3° UTR: mSNSpcr8s: 5’- AGGGATCCAACTCGAGAGACACTCCAGCA
TGCACGGGGCG -3’
mSNSpcr9a: 5’ — CGCGGATCCGGCCGACCCTCAGGTATTGT
CCGG-73".

BamHI sites are indicated in boldface, and the Xhol site is underlined. This fragment

was amplified using Vent polymerase to ensure that blunt ends were produced. 1u

Vent polymerase, 1x Vent polymerase buffer and 10uM MgSO4 were used in the

reaction.

SNS6 probe: rSNSseqls: 5° — AGCAAAGAGTGTAAATTCTTCCCC -3’

rSNSseq3a: 5> - GGACAGACACTTTGATGGCTGTTC - 3’

Internal Cre probe:  Cre seq2s: 5 - CTGCATTACCGGTCGATGCAA CGA -3’

Cre seq3a: 5 - GCACCATTGCCCCTG TTTCACTAT -3’
Internal neoR probe: neo seq2s: 5 — ATTGAACAAGATGGATTGCA CGCA -3’
neo seq3a: S’-TCAGAAGAACTCGTCAAGAAGGGCGA-
3
HSV-TK probe: HSV-TK seq2s: 5’-TTGCGCCCTCGCGGCAGCAAGAA-3’
HSV-TK seq3a: 5’-TCGCAGATCGTCGGTATGGAGCCT-
3’
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2.2.11. Phenol-Chloroform extraction

50ul phenol/chloroform/isoamylalcohol (ratio=50:48:2) was added to the 50ul PCR
reaction after its completion. The mixture was briefly vortexed and centrifuged at 15
000g for 2mins. The PCR reaction (aqueous phase) was removed and transferred to a
new eppendorf tube. Sul 3M sodium acetate was added and then 110ul 100%
ethanol. The mixture was mixed and centrifuged at 15 000g for Smins. The PCR
product was washed with 70% ethanol, allowed to air-dry for 5-10mins and

resuspended in 20l distilled water.

2.2.12. DNA Sequencing

Sequencing reactions were prepared using the BigDye DNA Sequencing Kit (ABI
Prisms) that is based on the Sanger dideoxynucleotide chain termination method.
Approximately 0.5ug of plasmid DNA was used as a template, prepared by midi-
prep. lul reaction mixture, 3ul reaction buffer and 1ul 3.2pM primer was used in a
10ul sequencing reaction. The primers used for sequencing included T3, T7
(Promega), and mSNSseqla (5° - CTCCTGTCCATCACCCCTACTTG A - 3°).
Thermal cycling was carried out in a PCT-220 DNA Dyad machine (MJ Research).
PCR conditions were 25x denaturation - 20secs at 96°C, primer annealing - 15secs at
49°C, primer extension - 4mins at 60°C. The PCR product was then precipitated;
50l chloroform added and the tubes vortexed and spun briefly. The supernatant was
then transferred to a 1.5ml Eppendorf tube. 80ul 75% isopropanol was added to each
tube, they were then vortexed briefly, left at room temperature for lhr and
centrifuged at maximum speed for 20mins. The supernatant was discarded, 250ul
75% isopropanol added, the tubes vortexed and centrifuged again for Smins at
maximum speed. The supernatant was discarded and the pellet dried in a vacuum
centrifuge for 10-15mins. Colleagues in the Biology department carried out the

sequencing.
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2.2.13. Labelling DNA probes by Random Priming

The DNA fragment to be used as a probe was obtained and resolved in a 0.6% low
melting point agarose (Gibco BRL). The desired band was excised from the gel and
placed in a 1.5ml microfuge tube. 3mls of water was added for each gram of agarose
excised. The DNA fragment was denatured at 96°C for 3mins, vortexed and stored at
—20°C. The DNA was labelled with *?P ATP (3000Ci/mMol) (Amersham) using the
Megaprime DNA labelling kit (Amersham). ~25ng of DNA was placed in a 1.5ml
Eppendorf tube and 4ul dCTP, 4ul dGTP, 4ul dTTP (each in Tris/HCI pH 8.0,
0.5mM EDTA), 5ul random nonamer primers and 5Sul reaction buffer (10x
concentrated buffer containing Tris/HCI pH7.5, 2-mercaptoethanol, MgCl,) added.
5ul **P ATP was then added followed by the Klenow. The mixture was vortexed
briefly, spun and left to incubate at 37°C for 10mins for labelling to occur. The
labelled DNA was purified from the non-incorporated nucleotides using the
QIAquick nucleotide removal kit (Qiagen). 500ul PN binding buffer was added and
the solution applied to a QIAquick spin column tube placed in a 1.5ml Eppendorf
tube. The sample was spun at 600rpm for Smins to bind the DNA to the column. The
flow-through solution was discarded, 500ul PE buffer added, the tube centrifuged
for Imin at 6000rpm and the flow-through discarded. This step was repeated. The
column was then centrifuged again at maximum speed for 1min. The DNA was
eluted by adding 50ul TE to the spin column membrane, leaving it to stand at room

temperature for 1min and then centrifuging at maximum speed for 1min.

2.2.14. Southern Blotting

About 20-30ug of genomic DNA (1-2ug plasmid DNA) was digested with 100U
(10U for plasmid DNA) of the desired restriction enzyme in a 50ul (10-15ul for
plasmid DNA) reaction volume. Digestion reactions were incubated at the
appropriate temperature overnight (1hr for plasmid DNA). Digested DNA was
loaded in a 0.6% gel in TAE and electrophoresed in TAE buffer for a few hours.

After electrophoresis was complete, the DNA was denatured by incubating the gel in
denaturing solution (1.5M NaCl and 0.5M NaOH) for about 60mins with gentle
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shaking. The gel was then incubated in neutralisation solution (1.5M NaCl, 0.5M
Tris-Cl, pH 7.2 and 1mM EDTA, pH 8.0) for 30mins with gentle shaking. DNA was
transferred to a nylon membrane (Hybond-N+) by capillary action using 10x SSPE
(1.5M NacCl, 100mM NaH,PO4-H,0, 10mM EDTA and pH adjusted to 7.4 with
10M NaOH) as the transfer buffer. DNA was fixed to the nylon membrane using the
‘auto cross link’ setting of a UV Stratalinker-2400 (Stratagene) which delivered
1200mJ.

2.2.15. Hybridisation and washing of Southern Blots

Southern blot membranes were placed in hybridisation tubes and incubated in
hybridisation solution (5x Denhardt’s reagent (Sigma), 6x SSPE, 0.5% SDS, 50%
formamide (BDH)), containing 100pug/ml tRNA at 42°C overnight. Labelled DNA
probes were denatured by placing at 100°C for Smins and then on ice for 5mins
before being added to the hybridisation tube. Hybridisation was carried out at 42°C
overnight in a hybridisation oven. A Geiger counter was used to check that the
membrane had been labelled. Thereafter, the membranes labelled with the DNA
probes were washed twice at 65°C with 4x SSPE plus 1% SDS for 8mins and a third
time for Smins. The washed membranes were exposed to Kodak X-R

autoradiography films at —70°C.

2.2.16. Shotgun cloning of plasmid colonies

Shotgun cloning was used to isolate subclones from the BAC clone that contained
exon | that had been identified by Southern blotting with SNS6. 150mm LB-agar
master plates (Gibco-BRL) containing 150pg/ml ampicillin (Sigma) were prepared
with X-gal (5-Bromo 4 chloro-3-indolyl-B-D-galactoside)/IPTG (isopropylthio-g-D-
galactoside): 80ul X-gal (20mg/ml in dimethylformamide) and 8ul IPTG
(200mg/ml) were mixed in 500ul LB, spread evenly over each plate and left to dry

at room temperature. The BAC clone was digested with BamHI or Apal and ligated
into pBluescript® II SK- that was prepared by digestion with the same restriction
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enzyme and dephosphorylation. The ligation reactions were electroporated into
competent DH5a E.Coli that were then spread evenly over each master plate and
incubated at 37°C for 14 hours when the colonies were of reasonable size. The plates

were stored at 4°C.

2.2.17. Replica Blotting of plasmid DNA

Hybond N+ nylon membrane pieces were cut so that they would fit snugly inside the
master plates. Each one was lowered onto the colonies and left for 1-2mins to
transfer part of each colony to the membrane. Needlepoints were used to mark the
membrane and the plate for orientation. The plates were stored at 4°C. The
membranes were then incubated in the following solutions by placing them on
Whatman paper soaked in each solution: 10% SDS for Smins, denaturing solution
for 10mins, neutralising solution for S5mins twice and finally 2x SSPE for Smins.
The denatured DNA was then fixed to the nylon membrane using the ‘auto cross
link” setting of a UV Stratalinker-2400 (Stratagene) which delivered 1200mJ.

Membranes were transferred to a dish containing 2x SSPE and washed for 10mins at
room temperature. They were then pre-hybridised in 100mls hybridisation solution
containing 100pg/ml tRNA at 42°C overnight. The radiolabelled probe, SNS6, was
denatured and added and left to hybridise at 42°C overnight. The membranes were
washed at 42°C with 4x SSPE and 1% SDS for 10mins, 4x SSPE and 1% SDS for
5mins and then with 0.1x SSPE and 1% SDS for 2mins. The washed membranes
were exposed to Kodak X-R autoradiography films at -70°C for 48hrs. The films
were then orientated with the master plates using the needlepoints, and the colonies
that corresponded to positive signals on the films were picked and each one grown in
2mls TB/Amp. DNA was extracted by mini-prep, digested with BamHI or Apal and
the fragments resolved in a 0.8% agarose gel. Southern blotting with SNS6 was then
used to select subclones that contained a single insert of the size corresponding to

those obtained in the BAC blots.
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2.2.18. Modification of pBluescript® II SK- multiple cloning site

The targeting vectors were cloned into pBluescript® II SK-. However, because of
the nature of the restriction enzyme sites within the component fragments of the
vectors, the multiple cloning site of pBluescript® II SK- was modified so that
appropriate restriction enzyme sites were present. Oligonucleotides encoding these
restriction enzyme sites needed for cloning were designed.

The following oligonucleotides were used to make a polylinker, pLCS2 that was
used in the cloning of the 5’arm of homology/Cre construct:

57 - GCGGCCGCAGGTGACCCTGCAGCCCGGGTGATCAACCGGTTCTA
GAACG CGTCTCGAGGTAC -3’

5" — CTCGAGACGCGTTCTAGAACCGGTTGATCACCCGGGCTGCAGGGTC
ACC TGCGGCCGCAGCT -3".

This polylinker contained the following sites: Sacl overhang / Notl / BstEII / Pstl /
Xmal / Bell / Agel / Xbal / Mlul / Xhol / Kpnl overhang.

The following oligonucleotides were used to make a polylinker, pLCS1 that was
used in the cloning of Nay1.8Crel and Nay1.8Cre2:

5 — ATCGATCTGCAGGGATCCATGCATGGTACCGAGCTCAAGCTTCTCG
AGAGATCTTGATCACCCGGGCCGCGGGTAC -3’

5’ — CCGCGGCCCGGGTGATCAAGATCTCTCGAGAAGCTTGAGCTCGGTA
CCATGCATGGATCCCTGCAGATCGATAGCT -3°.

This polylinker contained the following sites: Sacl overhang / Clal / Pstl / BamHI /
Nsil / Kpnl / Sacl / HindIII / Xhol / BglIl / Bell / Xmal / Sacll / Kpnl overhang

To prepare pLCS1 and pLCS2 for introduction into pBluescript® II SK-
(Stratagene), 10uM solutions of each were prepared, mixed and incubated at 95°C
for 10mins and left to cool slowly. They were then ligated into the Sacl and Kpnl
sites of the pBluescript® II SK- polylinker.
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2.3. Results

2.3.1. Targeting vector strategy and design

Of the DRG specific proteins examined, Nayl1.8 is the only one that is found

exclusively in sensory neurons, and that, within the DRG, has an expression pattern

that includes almost all nociceptors and few non-nociceptors. It was therefore

decided to use the promoter for Nay1.8 to drive Cre expression.

The primary objective of the targeting vector strategy was therefore to ‘knock-in’ the

translational start of Cre to the translational start of Na, 1.8, to maximise the chances

of an expression pattern that mimicked that of Na,1.8. Two targeting vectors,

Nay1.8Crel and Nay1.8Cre2, were designed to achieve this — see Figure 2.4. The

vectors designed shared several features:

Arms of homology flanking the exogenous elements. These were to be at
least 5kb in size to increase the likelihood of homologous recombination.

The Cre sequence. To ensure absolutely precise positioning of the Cre ATG
at the Nay1.8 translational start, it was decided to use PCR to produce a
small DNA fragment comprising the last bases of the 5’ untranslated region
(UTR) of Nay1.8 and the first bases of the Cre sequence. This fragment, the
ATG chimera, was to be flanked by a restriction enzyme site at its 5’ end that
could be used to clone the rest of the 5 arm of homology, and by a
restriction site at its 3’ end that could be used to clone the rest of the Cre
fragment. The first exon of Nay1.8 is 305 base pairs in size. The initiator
methionine is at bp 36 and a BamHI site, used to clone the 3’ arm of
homology, is at bp 281. The cloning strategy would result in loss of the
intervening part of the first exon.

The positive selection marker. A neomycin cassette (neoR) that was flanked
by FRT sites was to be used. The inclusion of FRT sites would provide a
means to excise the cassette using FLPe expressing mice (Buchholz et al.,
1998) that were available in the laboratory. The cassette was to be inverted to

prevent cessation of transcription at its’ polyA tail.
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e The negative selection marker. A Herpes Simplex virus Thymidine Kinase
(HSV-TK) was to be used.

Na,1.8Cre was designed to comprise the two arms of homology, the Cre cassette
positioned at the Na, 1.8 translational start site, an inverted neoR cassette downstream
of Cre, and the HSV-TK cassette downstream of the 3’ arm of homology. The whole
of Na,1.8 would be transcribed, including any regulators of translation in the 3° UTR
or elsewhere within the gene, but the presence of the exogenous components was
expected to disrupt the open reading frame resulting in a non-functional Na,1.8
protein.
The strategy for Nay1.8Cre2 was developed in the light of the knowledge that there
is an exon encoding the 5° UTR approximately 30kb upstream of the first coding
exon of Nay1.8 (Souslova et al., 1997). This raised the potential risk of splicing out
of the manipulated Cre-containing exon since the splicing machinery may not
recognise a modified exon. For this reason, it was decided to use two
polyadenylation signals to terminate transcription after the Cre gene. These would
prevent transcription of the rest of the Na,1.8 gene, and therefore eliminate the
chance of splicing out of the Cre-containing exon. Two signals were used to reduce
the chances of transcriptional read-through. It was also decided to include the 3’ part
of exon 27 of Nay1.8 that encodes the 3’UTR (Souslova et al., 1997) in the targeting
vector as there was a possibility that it may encode important regulators of

translation. It was positioned to be downstream of the Cre gene.

Since the two targeting vectors shared some components, the cloning strategy
involved the generation of three intermediate constructs — see Figure 2.5. The 5’ arm
of homology, the ATG chimera and the rest of the Cre cassette were to be cloned to
produce the 5° arm of homology/Cre construct that contributed to both targeting
vectors. The other components of each vector downstream of the Cre cassette, except
the HSV-TK cassette, were to be cloned separately. The 5’ arm of homology/Cre
construct was then to be cloned with each of the other constructs into a HSV-TK

containing vector to produce Nay1.8Crel and Nay1.8Cre2.
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2.3.2. Cloning of ES cell Targeting vectors

2.3.2.1. Isolation of mouse genomic DNA containing exon 1 of Nay1.8

To isolate a bacterial artificial chromosome (BAC) clone containing genomic
sequences of Na,1.8, a 32p 1abelled probe for exon 10-12 of Na, 1.8, derived from rat
Na,1.8 cDNA (Souslova et al.,, 1997) was used to screen the RCPI-22
129S6/SvEvTac mouse BAC library (Roswell Park Cancer Institute, Buffalo NY
14263) (Osoegawa et al., 2000). This screening was carried out by Dr. Mohammed
Nassar.

Southern blotting was then used to identify fragments within this BAC clone that
included the translational start site of Na,1.8. A 0.4kb probe, SNS6, encoding part of
the5’UTR, exon 1 and most of exon 2, was amplified from rat Na,1.8 cDNA using
the primers rSNSseqls and rSNSseq3a. The BAC clone was digested with Apal,
BamHI, HindIIl and Kpnl and hybridised to SNS6. Several fragments were
identified - see Figure 2.6. The probe hybridised strongly to a 12.5kb Apal flanked
fragment, and weakly to 4.5kb and 8kb fragments. It was thought that a poorly
digesting Apal site within the 12.5kb fragment accounted for the two smaller
fragments. Two BamHI flanked fragments, 6.5kb and 8.5kb in size, were also
identified. The HindIII flanked fragment was over 15kb and the Kpnl fragment Skb
in size — these two were not analysed further.

Shotgun cloning was then used to subclone both the BamHI and the 12.5kb Apal
flanked fragments. The individual subclones were isolated using replica blotting
followed by hybridisation to SNS6. Thirty-six positive colonies containing BamHI
flanked subclones and 54 positive colonies containing Apal flanked subclones were
picked and processed. Of these, four 6.5kb and two 8.5kb BamHI flanked subclones,
and three 12.5kb Apal flanked subclones that hybridised to SNS6, were processed
(Figure 2.7).

2.3.2.2. Mapping of the genomic Nay1.8 subclones

A variety of restriction enzymes were used to map the subclones and compared with
published data (Souslova et al., 1997). They were found to cover an area (18kb) of

Na, 1.8 starting 8.0kb upstream of exon 1 and ending 3.0kb downstream of exon 3 —
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see Figure 2.8. The data confirmed that the BamHI site dividing the 8.5kb and 6.5kb
subclones was within exon 1, and that the 12.5kb Apal fragment contained an Apal
site within it, as had been suggested by the Southern blot data.

To clone the Cre coding sequence into the translational start site of Na,1.8, the
sequence of the 5° UTR upstream of exon 1 was required. The promoter regions for
T3 and T7 flank the polylinker of pBluescript® II SK- and these were exploited for
sequencing purposes. T3 was used to sequence the 3’ end of the 8.5kb fragment and
T7 was used to sequence the 5’ end of the 6.5kb fragment. These data confirmed the
exact sequence of exon 1 and determined the sequence of an antisense primer,
mSNSseqla, which started 64bps upstream of exon 1. mSNSseqla was then used to
sequence the S’UTR further upstream of exon 1. In all, the sequence from bp —558
to +670 of Na, 1.8 was determined in the BAC subclones.

2.3.2.3. Cloning of the Targeting vectors

As mentioned above, to simplify cloning of the targeting vectors Nay1.8Crel and
Nay1.8Cre2, three intermediate constructs were made. The 5° arm of homology and
the Cre cassette were cloned to produce the 5° arm of homology/Cre construct that
contributed to both targeting vectors and the other components contributing to each
vector were cloned separately. Drs. Mohammed Nassar and Greta Forlani performed

some of these steps.

2.3.2.3.1. Cloning of the 5’ arm of homology / Cre construct Figure 2.9.

1. The pBluescript® II SK- polylinker was modified using pLCS2. This polylinker
encoded the following restriction enzyme sites that were needed for cloning: Notl /
BstEIl / Xmal / Agel / Mlul / Xhol.

2. The ATG chimera (0.4kb) was obtained by PCR using the 8.5kb BamHI genomic
subclone as a template. The primers mSNSseq7s and mSNSCreseqla were used.
The resulting fragment encoded the area upstream of the Nay1.8 translational start
site including an Xmal site at its 5’ end, and the start of the Cre sequence, including

an Agel site at its 3’ end. The PCR product was digested with Xmal and Agel and
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ligated into the corresponding sites in the modified pBluescript® II SK-, pLCS2.
Restriction enzyme digestion followed by sequencing was used to confirm that the
fragment had been correctly inserted.

The rest of the 5° arm of homology was cloned in two steps:

3. A 8.0kb fragment was excised from the 8.5kb Na,1.8 genomic subclone and
cloned using Xmal into the end product of 2.

4. A 0.7kb fragment at its’ 5’ end was then excised using BstEII digestion and
religation. Restriction enzyme digestion was used to confirm these steps had been
performed correctly.

5. The remainder of the Cre sequence (1.0kb) was excised from pBS500 using Agel
and Mlul and cloned using the same sites in the product of 4. Restriction enzyme

digestion was used to confirm this step.

2.3.2.3.2. Cloning of Nay1.8Cre I Figure 2.10.

1. The pBluescript® II SK- polylinker was modified using pLCS1. This polylinker
encoded the following restriction enzyme sites that were needed for cloning: Sacll /
Sacl / Xhol / Bglll / Xmal / BamHI.

2. The neomycin cassette (neoR) (neomycin coding sequence flanked by FRT sites)
(1.29kb) was excised from pYR6.1 using Sacl and Sall sites and then ligated into
Sacl and Xhol sites of the product of 1. Since Sall and Xhol have compatible
cohesive ends they were destroyed in this step.

3. The 3’ arm of homology (5.5kb) was excised from the 6.5kb Na,1.8 genomic
subclone using BamHI and Xmal. It was ligated into the BgIII and Xmal sites of the
endproduct of 2. Since BamHI and BglII restriction enzyme sites have compatible
cohesive ends they were destroyed in this step.

4. This fragment was cloned into pBluescript® II SK— using Sacll and BamHI.

5. The final Nay1.8Crel targeting vector was prepared using a three-fragment
ligation. The 5 arm of homology/Cre construct was obtained as a 8.7kb Notl and
Xhol fragment, and the neoR — 3’ arm of homology construct was obtained as a
6.9kb Xhol and Sacll fragment. These two fragments were ligated into the NotI and

Sacll sites of a vector containing a HSV-TK cassette (1.85kb). Extensive restriction
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enzyme digestions confirmed the structure of the vector. The vector was linearised

at the Not [ site.

2.3.2.3.3. Cloning of Nay1.8Cre2 Figure 2.11.

1. A SV40 polyadenylation signal (0.4kb) was excised from pUHDI15-1 using
BamHI/HindIlII sites. A synthetic polyadenylation signal (0.2kb) was excised from
TNR1/CII/S5¢c-Stop using HindIIl and Pstl sites. The two fragments were then
ligated simultaneously into BamHI and Nil sites of the modified pBluescript® II
SK- containing the neomycin cassette (see Cloning of Nay1.8Cre 1, step 2.). Since
Pstl and Nsil have compatible cohesive ends these sites were destroyed during this
step. Restriction digestion and sequencing were used to ensure that these fragments
had been correctly inserted.

An Xhol site within the multiple cloning site that flanked the 0.2kb polyadenylation
signal was killed using Xhol digestion and Klenow fill-in followed by religation. It
was necessary to kill this site since an Xhol site flanking the 3°'UTR was to be used
in the final three-fragment ligation to join all the components of Nay1.8Cre2
together. Restriction digestion was used to confirm that the site had been killed.

2. The Na,1.8 3’ UTR (0.4kb) was obtained by PCR using the Na,1.8 BAC clone as
the template and the primers mSNSpcr8s and mSNSpcr9a. The resulting PCR
product was digested with BamHI and ligated into the BamHI site of the endproduct
of 1. Correct orientation was confirmed by restriction digests and sequencing.

3. The 3’ arm of homology (5.5kb) was excised from the 6.5kb Na,1.8 genomic
subclone using BamHI and Xmal. It was ligated into the BamHI and Xmal sites of
the endproduct of 2. Since BamHI and Bglll restriction enzyme sites have
compatible cohesive ends they were destroyed in this step.

4. The final targeting vector was prepared using a three-fragment ligation. The 5’
arm of homology/Cre construct was obtained as a 8.7kb Notl and Xhol fragment,
and the 3° UTR - 3’ arm of homology construct was obtained as a 8.3kb Xhol and
Sacll fragment. These two fragments were ligated into the NotI and Sacll sites of the
HSV-TK cassette.
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During the cloning of Nay1.8Cre2, the BamHI site in pLCS1 was used to clone the
stop signals. Thus it was located between the Nay1.8 3> UTR and the stop signals, at
a position 1.1kb downstream of the BamHI site in the Cre sequence.

For each screen the clones were digested with BamHI and screened using the
following probes:

1. External 3’ probe: This probe comprised a 0.5kb genomic sequence located
immediately 3’ to the 3’ arm of homology. The probe allowed confirmation that the
3’ end of the targeting vectors was present. It was used to screen all ES cell clones
received, and the positive clones from this screen were then analysed further. In wild
type alleles the probe was expected to hybridise to the 6.5kb fragment flanked by the
BamHI sites in exon 1 and intron 3. Correct targeting of Nay1.8Crel would result in
a 7.9kb BamHI fragment hybridising to this probe, flanked by the BamHI site in
pLCS1 upstream of the neomycin cassette and by the site in intron 3. Correct
targeting of Nay1.8Cre2 would result in hybridisation to a 8.5kb fragment, flanked
by the BamHI site between the 3’ UTR and the stops signals and the site in intron 3.
To prepare the probe, a 1.5kb fragment was excised from the 6.5kb Na,1.8 genomic
subclone using Xmal sites, and ligated into the Xmal sites of pBluescript® II SK-.
Restriction enzyme digestion confirmed correct orientation of the fragment. This
small fragment was then digested with BstEII, Xhol and Nsil, and the probe, flanked
by BstEII and Xhol, prepared.

Four positive clones were isolated from ES cells transfected with Nay1.8Crel and
seven from ES cells transfected with Nay1.8Cre2. Figure 2.13 shows the results
using this probe.

2. Internal Cre probe: This 0.9kb probe included most of the Cre coding sequence
including the BamHI site within it. This probe allowed confirmation that the 5* end
of each of the vectors was correctly integrated, and the detection of vectors that had
been randomly integrated into the ES cell genome. In wild type alleles no
hybridisation was expected. In alleles targeted with Nay1.8Crel, the probe was
expected to hybridise to two fragments - a 8.8kb fragment, flanked by the BamHI
site within the 5° UTR and the site within the Cre sequence, and a 0.7kb fragment
flanked by the BamHI site within the Cre sequence and the site in pLCS1 located in
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this case at the 3’ end of the Cre sequence. In alleles targeted with Nay1.8Cre2, the
same 8.8kb fragment was expected. The second fragment was expected to be 1.1kb
in size, since the BamHI site within pLCS1 would be downstream of the 3> UTR.
The probe was derived by PCR using the final Nay1.8Cre2 Targeting vector as the
template. The expected results were seen in all cases. Figure 2.14 shows the data for
two of the Nayl.8Crel containing ES cells and all the Nay1.8Cre2 containing
clones. A second randomly integrated copy of Nay1.8Crel was detected in one of
the Nay1.8Crel containing clones (Lane 1). In one of the Nay1.8Cre2 containing
clones, (Lane 6) the 8.8kb band was weak but visible.

3. Internal neoR probe: This 0.8kb probe confirmed that the 3’ ends of the vectors
had been correctly integrated and allowed detection of randomly integrated vectors.
In wild type alleles no hybridisation was expected. In alleles targeted with
Nay1.8Crel, the probe was expected to hybridise to a 7.9kb fragment, flanked by the
BamHI site just 5’ to the neomycin cassette and the site in intron 3. In alleles
targeted with Nay1.8Cre2, a 8.5kb fragment was expected; the size of the fragment
would be increased by the size of the two stop signals.

The probe was derived by PCR using the Nay1.8Cre2 targeting vector as the
template. Figure 2.15 shows the results using this probe. The expected results were
seen. As with the Cre probe, the randomly integrated copy of Nay1.8Crel (Lane 1)
and a weak band in one of the Nay1.8Cre2 containing clones (Lane 6) are seen.

4, HSV-TK probe: This 1.0kb probe was used to confirm the absence of the HSV-
TK cassette in the targeted alleles. It was derived by PCR using Nay1.8Cre2
targeting vector as the template. The expected results were seen in all cases — see

Figure 2.16.

2.3.5. Production of Chimeras by blastocyst injection

This was carried out by Monica Mendelsohn, Howard Hughes Medical Institute,
Columbia University, USA. C57BL/6J mice were used as hosts. For each transfer,
blastocysts were recovered on day four from the uterine lumen of a pregnant mouse.

ES cells were then injected into the blastocyst and the embryo transferred to the
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