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ABSTRACT

The removal of circulating androgens by castration has a marked effect on the
physical size, protein, RNA and DNA contents of the rat ventral prostate. This androgen
zblaton also produces major changes in overall gene expression. Scveral castration
induced mRNAs have previously been identified of which the major sequence is TRPM-2,
The ¢DNA for the rat TRPM-2 has been previously cloned and its protein product
characterized. This mRNA sequence is 1,640 bases in length. It codes for a protein of
70-80 kDa, that appears to play an important role in active cell death by blocking
complement mediated cell lysis, TRPM-2 is present in a wide variety of species including
rat and human. [ have isolated genomic clones from two rat and human genomic libraries
made from partial Mbo I digests in the EMBL3 vector. I have screencd those libraries
with the full length cDNA sequence corresponding to the rat TRPM-2, and have isolated
overlapping clones which span the TRPM-2 locus in both species. The TRPM-2 gene has
been characterized in both species by complete sequence analysis. The genc covers
13.750 bp in the rat and 16,570 bp in human, cach having 9 exons. 5,700 bp of upstrcam
sequences have also been sequenced for the rat gene and 1,300 bp for the human. The
sequence similarity between the respective coding and 5° regions of the genc in both
species is ncarly 79%. There is also a striking exon/intron structural similarity between
the two species. The rat TRPM-2 gene was also shown to be expressed in a wide variety
of tissues at very different levels. Finally, the previously published sequence of SGP-2
¢DNA is very similar to the TRPM-2 ¢DNA sequence except for their respective 5° ends.

PCR analysis has clearly demonstrated that the SGP-2 leader is a cloning artifact.
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A. BACKGROUND: THE NEED FOR A SYSTEM TO STUDY CANCER

Cancer is the second lcading cause of death in North America just after
cardiovascular discases. The prevalence of all forms of cancer will continue to rise,
mainly duc to improved health care in recent decades, increase in life expectancy and
socio-environmental changes. Certainly, the best treaiment for all forms of cancer would
be prevention. However, at the state of present knowledge on the discase, prevention
alone is far from being dependable. There are several ways presently used to approach
cancer for treatment purposes. These therapics range from surgically removing the wmor,
to diverse radiation therapies, 10 & set of chemotherapics, to a sertes hormonal/chemical
remedies depending on the 1ype of cancer and developmental stage of the disease.
Nevertheless, all present methods of treatment are painstaking and inefficient. In most
cases, even when the cancer is detected carly, the metastases will recur after a discase-
[ree interval that varies greatly in time with cach type of cancer and patient. Refinements
in the different methods of treatment are now imperative. Different systems (o study the
diverse forms of cancer that can be casily related 1o humans are needed 1o auempt

achicve complete cure through a general understanding of metastasis.

B. THE RAT VENTRAL PROSTATE PROVIDES AN EXCELLENT SYSTEM
FOR THE STUDY OF CANCER

1. The failure of current therapies
Several reasons point in the direction of prostate cancer as a designated system for

the study of cancer in general and specifically. Among the different forms of this discase,
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prostate cancer is the most common and the second leading cause of cancer related deaths
in North American men (Carter and Coffey, 1990). Due to the slowly growing nature of
this discase, standard treatments are ineffective. Hormonal therapy remains the first line
of trcatment. In spite of refinements in hormonal therapics, there has been a striking lack
of improvement in the recurrence of a hormone insensitive form of prostate cancer after
the usual disease-free interval of paticnts with prostatic carcinoma (Carter and Colftey,
1990; Iverson er al., 1990; Iverson and Torp-Pedersen, 1991; Scott er al., 1980:

Schrocder, 1991; Slack er al. 1986).

Current studics aimed at developing and refining hormonal therapics originated
from carly reports that suggested that prostate cancer proliferation could be inhibited by
castration (Huggins and Hodges, 1941; Huggins et al., 1941). So far, a multitude of
therapies have been developed to cither prevent the synthesis, or inhibit the action of the
active androgen, So-dihydrotestosicrone. These include anti-androgens which disrupt the
steroid receptor mechanism (Neumann, 1977; Tunn er al., 1979; Tunn et al., 1980),
chemicals which interfere with steroid metabolism (Brooks et al., 1986; Heyns er al.,
1985; Riumaster er al., 1989; Trachtenberg, 1984; Trachwenberg, 1987), and combination
therapics involving a mixture of anti-androgens with cither GnRH analogucs, anti-
prolactins (Dupont er al., 1988; Labric er al., 1987; Lacoste er al., 1989; Lefcbvre et al.,
1982; Mathe et al, 1986; Schrocder er al., 1987, Waxman er al, 1983) or
aminoglutethimide (Drago et al., 1984). To date, none of those therapies have produced

any significant improvement on the usual variable disease-free interval. Still, the success
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of those forms of treatment is based on the hormone responsiveness of the cancerous
cells. Nevertheless, in every case, a subset of cells, either present in the carly rounds of
treatments and/or developing latter during the therapics, are completely insensitive to
those hormonally based cures (Isaacs er al., 1981; Isaacs and Kyprianou, 1987).
Unlfortunatcly, in these approaches, solely based on hormone responsivencss, may dwell
the failure of the therapy. That is, the hormonal treatment may sclect for those
unresponsive cells and provide the basis for recurrence. Thus, new therapics that eliminate
not only hormone responsive, but also hormone unresponsive cells have to be developed.
To achicve this goal we will require a more complete understanding of the inherent

causcs of the biochemical events that lcad to metastasis.

2, The rat ventral prostate as a system

The rat ventral prostate undergoes drastic involution and loss of function upon
removal of androgens by orchicctomy. The native size and original physiological
lunctions of the gland is recovered when natural doses of (estosterone are re-administered
subcutancously after castration (Bruchovsky, er al., 1975). Furthermore, the prostate of
the rat will react in a relatively similar fashion to its human counterpart when exposed
to chemical, hormonal and combination therapies. The rat prostate is also alrcady well
characterized as a hormone dependent tissuc (Bruchovsky, er «l., 1975) making it a very

good candidate as a model to study prostaie cancer.
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3. Characteristics the rat ventral prostate
a. Physiology of the gland

The rat ventral prostate is a complex tissue with seeretory functions. This exocrine
gland under the control of androgens provides several constituents of the seminal Nuid.
These constituents include citrate, fructose, the secretory form of acid phosphatase, and
prostate steroid binding protein (PSBP); the major seminal protein. This synthesis and
secretion of the protein portion of the seminal fluid is critically dependent on androgens
(Heyns er al., 1977; Lea er al., 1979; Parker and Scrace, 1979; Rennie er al., 1978:
Tenniswood et al., 1978; Tenniswood ez al., 1981). The androgen receptor modulates the
androgenic stimulation of transcription (Page and Parker, 1982; Peeters er al., 1980; Perry
et al., 1985) and post-transcriptional stabilization of hnRNA (Zhang and Parker, 1985).
Upon removal of androgens by castration the synthesis of androgen dependent proteins
ccascs. This is the time when the prostate undergoes significant involution (Bruchovsky
et al., 1975; Lee er al., 1985). This atrophy of the prostate after castration results in the
loss of approximately 90% of the epithelial cells with concomitant loss of DNA, RNA
and protein content, within & days (DeKlerk and Cofley, 1978; English er al., 1985;

English er al., 1987).

b. Functional morphology
Microdissection of the prostate demonstrates that the gland as an arborized array
of ducts that lack true acini (Sugimura er al., 1986). The gland contains a number of

different cell types showing a clear proximo-distal heterogeneity along the ducts. Each
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individual duct in the normal prostate is composed of several branch points that lead to
the distal regions of the ducts or tips. As fig. 1 shows, withir cach duct there are at least
three functional regions that can be identificd by the proliferative zone (at the tip of the
duct), the seeretory zone (in the distal region of the duct) and the non-sceretory zone (in
the proximal region of the duct) (Sugimura et /., 1986; Tenniswood, 1986 Tenniswood
er al., 1990). The basc of the proximal zonc originaies at the urcthra, These regions are
also described as the distal, intermediate and proximal zones to clearly distinguish

between the distal tips and the distal, or intermediate regions (Lee er al., 1990).

C. Cellular morphology in normal and castrated rats

Analysis of ccllular morphology and cytoskeletal signature in random sections of
the rat ventral prostatc demonstrates that the gland contains a mixed population of cells.
The lumen of the ducts is lined with two different luminal epithelial cell types: cuboidu!l
non-secretory epithelial cells in the proximal region of the ducts, and tall columnar
seeretory epithelial cells in the distal region of the ducts that account for the majority of
the epithelial cells in the gland. Also, basal epithelial cells are found predominantly
interspersed in the proximal region between the luminal cells and the fibroblasts (stromal
cells), who in turn arc found both in the proximal and distal regions of the ducts
(Brandes, 1966; Ichihara er al., 1985; Rouleau er al., 1990; Verhagen er al., 1988).
Interestingly, gene expression [rom luminal epithelial cells secems 1o be dictated by their
anatomical location and shape. The basal cells which are sparsely distributed throughout

the distal region of the gland, in contrast with their continual layer that surrounds the



Figure 1. Ductal arrangement of the rat ventral prostate showing regional
variation in epithelial cell morphology

a Prostatic ducts from normal rats, b Prostatic ducts from a castrated rat. The
proximal (P) (near the urethra) and distal (D) regions are indicated. The ducts (L) arc
tined with epithelial cells which are lined with basal epithelial cells in the proximal region
and stromal cells in the distal region. The basal epithelial ceils are in contact with the
stroma in the proximal region. Notice the shape of the lining epithelial cells: tall columnar
in the distal region and cuboidal in the proximal region.
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luminal epithelial cells in the proximal region of the ducts, could have a regulatory
function of the epithelial cells lining the lumen. Tt is important to note that other cell
types may also be regionally distributed and could play essential roles in modulating the

cpithelial/stromal interactions in the proximal regions of the ducts (Verhagen er al., 1988).

Alter androgen removal by castration the regression of the gland starts in the distal
region of cach duct, and the secretory epithelial cells undergo ACD (Active Cell Death)
while the stromal cells are relatively unaffected (Roulcau er al., 1990; Sensibar er al.,
1991). The cuboidal cells of the proximal region of the ducts are probably androgen
independent as they are slightly affected by castration (Cunha er al., 1985; Cunha et al.,
1987). After castration, the ducts greatly decrease in volume, length and number of branch
points Sugimura et al., 1986; Sugimura er al., 1986a; Sugimura er al., 1986b) giving the

impression of a melt back (Rouleau er al., 1990).

d. Biochemical aspects and gene expression
All the secrctory functions of the prostatc are carried out by the tall columnar
epithelial cclls of the distal region. A major component of the secretion, PSBP (Prostate
Steroid Binding Protein), is only expressed and secreted by the tall columnar epithelial
cells in the normal prostate, making this protein a good marker for normal prostatic
functions. Several lines of evidence establish that prostate involution occurs specifically
via induction of ACD in these same epithelial cells that express PSBP. This process of

cell death is interesting as it requires both protein synthesis and active gene expression
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as prostatic regression can partially be blocked by the inhibition of protin synthesis
(Bruchovsky et al., 1975; Lee et al., 1985; Kerr and Scarle, 1973; Sandford er al., 1984).
Al the moment, the most widely used marker of ACD during prostate involution is
TRPM-2. This gene has not only been shown 1o be involved in ACD, but is also

expressed during regression in the same cells that synthesize PSBP in the normal state.

C. CELL DEATH MAY BE PART OF THE SOLUTION

One of the scveral approaches that could be used 1o challenge the hormone un-
responsive cells problem of prostate cancer would be to invoke the active cell death
(ACD) pathway in these cells. The idea of inducing self-death to cells or group of celis
specilicatly is very appealing from a therapeutic point of view, However, more research

on ACD is nceded to achieve this goal.

1. Necrosis versus ACD

The visible characteristics of ACD were first described in 1907 by Collin (Collin,
1907). However, the physiological relevance of this observed phenomenon did not become
apparent until the methods ol study were more refined in the 1970s. This is when the
term apoptosis was introduced 1o describe the way those cells died (Kerr er al., 1972). As
nccrosis was already acknowledged, researchers then confirmed a second way cells could
die. Presently, beside specific phenomena such as keratinization and reticulocyte

formation, there are two recognized type of cell death. The first type is necrosis, which
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oceurs as a result of tissue damage and involves a sustained response from the immune
sysiem. This response is generated by the release of the cell contents into its surrounding
cnvironment. The sccond type of cell death is apoprosis. This process is differentiated
from necrosis as it is an active onc. Apoptosis requires the expression of a set of genes
that will initiate a series of cvents responsible for the activation of some constitutively
expressed proteins and the synthesis of new proteins responstible for the self-destruction
of the attected cells. This process does not involve any leakage of cell content into their
surroundings but rather the formation of apoptotic bodies, hence apoptosis, which look
like microscopic bags containing the remains of the dying cells. Since there is no leakage
of intracellular contents, this form of cell death docs not invoke complement based
immune response. Apoptosis is now designated as active cell death (ACD); a term that

describes better the active nature of this phenomenon.

2, Morphology of ACD
Several distinct steps are histologically visible during the process of ACD as

studicd in the prostate (Bursch er al., 1990; Bursch et al., 1990a). The pre-condensation

phase which is not histologically visible afler the initial stimuli, lasts from only a few
minutes to several hours. The first histologically visible stage of ACD in the prostate is
the loss of cell-cell contacts as the desmosomal links between the epithelial cells are lost.

This stage is refcrred to as cytoplasmic condensation. During this period the committed

cells are released from their basement membrane, and the condensation of the

intermediate filaments around the nucleus initiates the disruption of the cytoskeleton
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(Wyllie, 1987). Therefore, this is the time when cell-celt contact and communication are
upset and the dying cell is complctely isolated from iis neighbours. Chromatin
condensation follows almost immediately. This step requires the activation of a Ca™/Mg*™
dependent endonucicase which is responsible for degrading the DNA 1o yield the
hyperchromatice, pyknotic nucleus typical of apoptotic bodies (Kyprianou er al., 1988:
Wyllic er al., 19815 Wyllic er al., 1986). Each individual ccll is then fragmented into
several smaller bodics or bags of cyloplasmic membrane that contain its remains
including the lysosomes, mitochondria, nuelear fragments, and the rest of the cell natural
components. The essential feature of this fragmentation is that it occurs without any
detectable leakage ol the cell content into its surrounding environment. This safe
packaging of the dead cell components insures that no inflammatory response will result
from this process. Interestingly, the processus of ACD in the prostate is asynchronous;
that is, not all cells that are destined 1o dic at the same time. This asynchrony may he
significant in preventing 2 major immune response which would result into an
inflammatory reaction. The asynchronous death of the cells seems to give c¢nough time
for their surviving ncighbours in the tissuc and the invading macrophages to handle the

bulk of apoptotic bodies resulting from . ZD.

Recently several morphological variants of the late stages ol ACD have becn
described and efforts have been made to further classify the possible differcnt pathways

of ACD (Clarke, 1990). The final stage of ACD differs in the way the apoptotic bodies
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are degraded. Type T ACD is said 10 be hererophagic as the lysosomes of the recipient
neighbouring cells are responsible for the digestion of the apopiotic bodies. In that case
the lysosomes of the dead cells are not involved in the degradation process. Type II ACD
was observed in some developing systems. In that case the lysosomes of the dead cells,
contained within the apoptotic bodies, appear to be actively involved in the degradation
of the remains. This type II ACD is said o be awrophagic (Clarke, 1990). Type 111 ACD,
or sccondary necrosis, is seen during the regression of hormone dependent tissues, such
as the prostate after castration, when the surviving cells are unable to cope with the large
number of apoptotic bodics, and macrophages invade the regressing tissue o help out the
neighbouring cells in their scavaging task. However, regardless of the type ol ACD the
processes are vary similar: the cells die actively (implying gene expression and protein
synthesis), most of the biochemical steps preeeding phagocyiosis seem identical, and there

is no leakage of the dying cells into their surroundings.

3. Hormonal induction of ACD in the rat ventral prostate

t 18 clear that the presence or absence of androgens in the rat prostate has drastic
effects on its size and function. The gland is extremely sensitive to hormonal regulation
and will respond 1o ditferent factors which influence the presence and/or activity of
androgens and the steroid metabolism of the androgen receptor. The removal of androgens
by orchiectomy is the first method to induce ACD in the prostate. Anti-androgens such
as flutamide and cyprotcrone acetate also induce ACD (Léger er al., 1988) as well as in

prostate derived tumor cell lines, Iike the rat Dunning 3327 H subline (Ramackers et al.,
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1989} and the human PC-82 and PC-EW lincs (Kyprianou er al., 199(). Lutcnizing-

hormone-releasing-hormone (LH-RH) and Mutamide also induce ACD in the R3328H

Dunning prostate cell line which is hormone dependent (Redding and Schally, 1985).

From the observed drastic regression of the prostate after androgen deprivation or
blockade two general mechanisms for the induction of ACD are possible. The first
possibility is that ACD could be induced by some unknown factor(s) which would be
triggered by the sudden absence of androgens. Aliernatively, ACD could be antagonized
by androgens; in other words, the mere presence of androgens would be sufficient to
block ACD induction. This latter mechanism of induction of ACD, androgen
antagonization. has been demonstrated to be responsible for the onset of the phenomenon

{(Esaacs, 1984).

4. Biochemistry and gene expression of ACD in the rat ventral prostate

Changes in the overall architecture of the prostate during regression is associated
with the activation of a constitutively cxpressed endonuclease and changes in gene
expression. Northern hybridization analysis demonstrates that the steady states levels of
the mRNAs coding for PSBP dccrcase rapidly during regression. As many as 30
uncharacterized castration induced proteins have been identified on two-dimensional gels
of protein extracts or in vitro translation products isolated from castrated rats (Léger er
al., 1987; Lee and Sensibar, 1987; Sensibar er al., 1990). These proteins all appear to be

synthesized during the pre-condensation phase of ACD. At the same time, the sieady state
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levels of several mRNAs and proteins dramatically increase during regression. These latier
mRNAs and proteins are probably repressed by the androgens in the normal prostate.
These include among others, transglutaminase, poly(ADP-ribose)polymerasc, HSP-27, the

plasminogen activators, and TRPM-2,

a. Endonucleases

In the prostate, most biochemical events specific 10 ACD occur before any
morphological changes are visible. The first siep to produce any visible change is the
activation of an cndogenous Ca™/Mg™ dependent nuclear endonuclease (Arends er al.,
1990; Cohen and Duke, 1984; English er al., 1989; Kyprianou and Isaacs, 1988;
Kyprianou et al., 1988; McConkey er al., 1988; Wyllic er al., 1981; Wyllic et al., 1984a;
Wyllic er al., 1986), resulting in cleavage of high molecular weight DNA and chromatin
condensation. The cleavage of the DNA can be seen as a nucleosome ladder on agarose
gel electrophoresis. This endonuclease activation also marks the commitment step of ACD
(Bursch er al., 1990; Bursch et al., 1990a). Since the endonucleasc(s) does not require
genc transcription or protein synthesis for activation, the most likely method of activation
is dc-repression of a constitutively expressed protein. The nucleosome ladder is
commonly, butl not universally, associated with the activation of the endonuclease and
nuclear condensation (Cohen and Duke, 1984; Laster et al., 1988; Martz and Howell,

1989, Wyllic er al., 1981; Wyllic er al., 1986).
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b. Transglutaminase

Tissue transglutaminase is involved in cross-linking of cytoskeletal components
during the condensation phase of ACD (Fesus and Thomazy, 1988). This protein is
regulated at the level of gene cxpression during ACD. This enzyme is cxpressed in
several systems undergoing ACD such as the prostate, several tumor cell lines, and rat
liver after treatment with lead nitrate which induces hyperplasia (Fesus et af., 1987; Fesus
er al, 1989, Piacentini er af, 1991). In this latter case, the enzyme has been
immunohistochemically  localized to  apoptotic  bodics  containing  increased
e-(y-glutamyl)lysine and N',N*-bis(y-glutamyl)spermidine bonds (Fesus er al., 1991). The
biological reason underlying tissuc transglutaminase activation is probably to provide
additional mechanical strength conferred by crosslinking the cytoskeletal proteins, to

maintain the integrity of apoptotic bodics (Fesus er al., 1991).

c. Poly(ADP-ribose)polymerase

This enzyme is expressed in the nucleus and is tightly bound to chromatin and
calalyzes the poly(ADP-ribosyl)ation of structural chromosomal proteins such as histones,
non-histoncs (Burzio er al., 1979; Ferro er al., 1983; Ogata er al., 1981; Okazaki er af.,
1980; Poirier er al, 1982; Wong er al, 1977) and nuclear cnzymes, including
topoisomerase (Ferro er al., 1983; Jongstra-Bilen er al., 1983) and DNA ligase (Ohashi
et al., 1983). Poly(ADP-ribose)polymerase is highly stimulated by DNA strand breakage
(Zahradka and Ebisuzaki, 1982), an event that occurs in apoptotic cells during the

formation of a nucleosomal ladder after activation of an ecndogenous Ca™/Mg™
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endonuclease (Kyprianou er al., 1988; Wyllic et al., 1984a). Poly(ADP-ribosc)polymerase
can modify scveral of the enzymes involved in DNA repair (Ohashi er af., 1983), and it
is possible that its induction is a futile attempt by the dying cell to repair the damage
causcd by cndonuclease activation. Converscly, the inhibition of a Ca™/Mg”
endonuclease hy ADP-ribosylation has been reported but it is not known il the
endonuclease atfected is the same as the enzyme responsible for DNA degradation during
ACD (Welch, 1985). The cxperiments demonstrating inhibition of a Ca™/Mg*™
cndonuclcase by ADP-ribosylation were conducted using extracts from normal tissues, and
suggested that a preliminary siep in the activation of endonuclease activity during cell

death could involve removal of poly(ADP-ribose).

In the regressing prostate, poly(ADP-ribose)polymerase is induced approximately
8-10 fold above normal levels following androgen deprivation. This induction peaks 2-3
days after castration. The mRNA for poly(ADP-ribose)polymerase is not induced in RDE
cells treated with calcium ionophore, suggesting that the induction of poly(ADP-
ribose)polymerase obscrved in vivo in the regressing prostate reflects an active role for

the enzyme in ACD (Guenctie, personal communication).

d. Heath shock protein 27
Hsp 27 belongs to a family of proteins induced in response to environmental
stress. The transcriptional activation of the Hsp 27 gene seems to be regulated by a

mechanism dependent on Ca™ suggesting a possible link between the expression of Hsp
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27 and ACD. Hsp 27 mRNA is induced approximately 3-5 fold during ACD in the

prostate, peaking bewween days 2 and 3 after castration (Guenctie, personal
communication). Thercfore, gene expression of Hsp 27 parallels that of poly(ADP-
ribose)polymerase. This is the time when there is maximal production of apoptotic bodics

in the prostate (English er al., 1989),

The induction of ACD as a result of hormone removal parallels the induction of
a series of proteins usually involved in classical stress responses. Those proteins are fos,
myc, the Hsp 70 family of chaperonin-like proteing (Buttyan er al., 1988; Rennie er al.,
1988 Rennic et al., 1989), and Hsp 27. Hsp 27 seems to play a more crucial role in
dictating the fate of the cell, since the phosphorylation of the protein has profound

conscquences on cellular homeostasis.

e Intra- and extra-cellular proteases

The destruction of the ECM underlying the ceils commiued o ACD is onc of the
key events during the regression of the prostate. This process requires the synthesis and
sccretion of several different proteases. The plasmin system, a complex cascade of
enzymes, seems to play an important role in ECM degradation. The end product of the
cascade, plasmin, is a serine protease that degrades many of the proteins found in the
ECM (Vassalli er al., 1991), and may also be critical for the activation of the latent form
of TGFB (Rifkin er al., 1990). Morcover, plasmin activales metalloprotcases, such as

collagenasc IV, which are themselves involved in ECM degradation (He et al., 1989).
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Plasmin is activated by two cnzymes: tissuc type and urokinase type plasminogen
activators (Dano er al,, 1985). The activity of these two types of plasminogen activators
is modulated by a group of arginine-specific serine-protease inhibitors called plasminogen

activator inhibitors (Scillert er al., 1990).

The homeostasis of ECM turnover is controlled by a delicate balance between,
among other lactors, the activitics of the plasminogen activators and their inhibitors.
During the pre-condensation phase of ACD in the prostate, the activity of both tissuc type
and urokinase type plasminogen activators is increased (Freeman et al., 1990; Rennie er
al., 1984), leading 10 an imbalance in the relative levels of the plasminogen activators and
their inhibitors. This results in the activation of plasmin and the metalloproteases. The
degradation of the ECM then ensues. Glucocorticoids, which inhibit the induction of ACD
in the prostate, have been shown to decrease the levels urokinase type plasminogen
activator mRNA, and to increasc the expression of the plasminogen activator inhibitor I
gene (Vassallt et al., 1991). Several other proteases, including cathepsin D (Sensibar et
al., 1991; Tanabe et al., 1982), stromeclysin (Basset er al, 1990), and collagenase
(Muntzing and Murphy, 1977, Muntzing er al., 1979; Muntzing, 1980), have been
implicated in the destruction of the basement membrane and have been shown to increase
in activity during ACD in the prostate. This incrcase parallels with the peak of tissuc

involution, suggesting that these proteins are required for ACD.
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f. Testosterone repressed prostate message 2 (TRPM-2)

At present, the most universally used genetic marker of ACD is the TRPM-2
mRNA. This sequence was originally identified and cloned from the regressing rat ventral
prostate after castration (Montpetit er al., 1986). The TRPM-2 gene is expressed de novo
in the prostate after castration and the steady state levels of its mRNA during regression
corrclate well with the observed rate of tissue regression (Léger et al., 1987). TRPM-2
mRNA is specifically induced in the prostate after castration or anti-androgen therapy, and
at the same time course as tissue transglutaminase mRNA reaches a peak ubout 4 days

after castration (Léger er al., 1987; Léger et al,, 1988).

The TRPM-2 gene has been identified and cloned from the rat and human (this
thesis), and the protein product characterized from several tissues and species. In addition
to the regressing rat ventral prostate (Léger et al., 1987), the ¢cDNA and the protein has
been isolated from rat Sertoli cells as sulfated glycoprotein 2 (SGP-2) (Collard and
Griswold, 1987; Griswold er al., 1986); the protcin from the ram rete 1estes fluid as
clusterin (Blaschuk er al., 1983); from human scrum, as apolipoprotein J (de Silva er al.,
1990); serum protein 40,40 (SP-40,40) (Kirszbaum er al., 1989) and complement lysis
inhibitor (CLI) (Jenc and Tschopp, 1989); from Madin-Darby canine kidney cells as
glycoprotein 80 (gp80) (Hartman er al., 1991); from bovine adrenal medullary chromaffin
granules as glycoprotein III (Palmer and Christie, 1990); and from Japanese quail
neuroretinal cells as T64 (Michel er al., 1989). The purified protein product is a secreted,

heterodimeric, disulfide linked glycoprotein of 70-80 kDa, with subunits ranging from 29-
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43 kDa by SDS PAGE (Blaschuk er al., 1983; de Silva er al., 1990; Griswold et al.,

1986; Jenne and Tschopp, 1989; Kirszbaum er al., 1989; Palmer and Christie, 1990). The
protein is translated from a single mRNA as a pre-pro-protein, The N terminal 21-22
amino acids predicted from the cDNAs are typical of a secretory signal sequence and are
presumably removed during the secretory process. The pro-protein matures by limited
proteolysis to the carboxyl side of a specific internal arginine. There are four absolutely
conserved cysicines and several potential sites of N-linked glycosylation in each subunits.
In SGP-2, 4 triantennary structure has been proposed for the oligosaccharide moieties
which are further modificd by sulfation (Griswold er al., 1986). Tyrosine sulfation and
serinc  phosphorylation has beecn documented for gp80 (Han er al, 1991). The
carbohydrate 1s important in vectorial transport of gp80) to the apical membrane in canine
kidney cells (Parczyk and Koch-Brandt, 1991) but the significance of other post
translational modifications is not clear. TRPM-2 is clearly a complex protein that may be
modified in a tissue specific manner, and that may have more than one function. Since
the only genomic clones of TRPM-2 were obtained using the rat TRPM-2 ¢DNA in the

rat and human, the gene and protein product will be referred here to as TRPM-2.

The TRPM-2 gene is induced in most systems undergoing ACD, suggesting that
the protein plays a significant role in the process. The gene is induced afier castration in
the rat ventral prostate and can also be induced by treatment with anti-androgens (Léger
et al., 1988) or calcium channel agonists (Kyprianou et af., 1988), while both the rate of

regression and the steady state levels of TRPM-2 mRNA can be decreased by the



21

administration of glucocorticoids (Rennic e al., 1989) or calcium channel blockers
(Connor er al., 1986). The gene is also expressed in a variety of tissucs during their
natural regression; the weaning of the mammary gland (Corbeil er al., in preparation), the
granule neurons in the dentate gyrus of prepubescent rats (McNeill er af,, 1991), and cell
lines following ablation of their trophic hormones (Kyprianou er al., 1990; Kyprianou er
al., 1991, Parczyk and Koch-Brandt, 1991)., Castration in the rat also leads to the
accumulation of TRPM-2 mRNA in the hippocampus, specifically immunolocalized over
astrocytes (Day er al., 1990). The sensitivity of the hippocampus to hormonc ablation is
independent of, but synergistic with, cntorhinal cortex lesions. Other neurodegenerative
pathologies that are sicroid hormonc independent are associated with TRPM-2 up
regulation including Scrapic infection in hamsters and in the hippocampus of Alzhcimer

paticnts (May er al., 1990).

TRPM-2 is also induced in several other systems that undergo ACD in which the
inductive signal is not hormone ablation. Androgen independent prostatic adenocarcinoma
AT-3 cells undergo ACD in response to S-fluorodeoxyuridine or trifluorothymidine
ireatments which is associated with an elevation of TRPM-2 mRNA levels (Kyprianou
and Isaacs, 1989). Recombinant human tumor nccrosis factor acts independently, and
synergizes with, topoisomerase 1I inhibitors in induction of ACD of murine L929 tumor
cells and elevation of TRPM-2 mRNA levels (Kyprianou er al., 1991a). TRPM-2 mRNA
is elevated in the rat kidney in association with kidney cell death following urethral

obstruction in an expcrimental model of hydroncphrosis (Sawczuk et al., 1989). In this
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casce its expression is localized initially 1o the adventitial layers of the hilar arteries and
intrarcnal arterioles which are eventually depleted, and later shilts to the cpithelial cells
of the collecting ducts and distal wbules (Connor er al., 1991). In addition, TRPM-2
mRNA is transientlly up regulated in rat thymocytes undergoing ACD induced by

administration of dexamethasone (Bettuzzi er al., 1991).

Several observations, however, indicate that TRPM-2 is not always associated with
ACD. In the developing rat, the spatial and temporal expression of TRPM-2 mRNA in
the central nervous system does not correlate with the occurrence of developmental
neuronal cell death, or with the developmental cell death of the nonneural palatial shelf
epithclium (Rennie er al., 1990). Also, TRPM-2 is expressed constitutively in several
tissucs under circumstances for which there is no documented occurrence of ACD,
including the testis and epididymis of the rat (Grima er al., 1990; Hermo et al., 1991:
Sylvester et al., 1991), ram (Cheng er al., 1988), and human (O'Bryan et al., 1990), as
a major glycoprotein in bovine adrenal chromaffin granules (Palmer er al., 1990), and as
a secretory product of Madin-Darby canine kidney cells (Hartmann et al., 1991). It is also
present constitutively in the serum of both rat and human (Grima er al., 1990; Murphy
et al., 1988). TRPM-2 expression is also present at low levels in all rat tissues examined

in this thesis.

TRPM-2 has been implicated in other numerous processes, including a role in

chromaffin granule sccretion (Palmer and Christie, 1990), in spermatogenesis (Collard and
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Griswold, 1987; Griswold er a/., 1986; Kicrszcnbaum et al., 1988; Kierszenbaum er al..
1989), in immune regulation (Choi et al., 1990; Eddy and Fritz, 1991: Jenne and Tschopp,
1989; Murphy et al., 1988; Murphy er al., 1989a; Murphy et al., 1991; Wilson et al.,
1991), in rcgulation of lipid transport (de Silva et al., 1990; James er al., 1991.). and in
morphological transtormation (Michel er af., 1989). In all but one of these systems there
1$ no definitive biochemical evidence 1o support a specific function for TRPM-2. The
exception is the role of SP-40,40/CLI in the modulation of the immune system. In this
context TRPM-2 can inhibit complement mediated cytolysis of sheep erythrocytes in vitro,
by binding to nascent soluble C5b-7 o form a cytolytically inactive complex, in a manner
similar 10 S protein/vitronectin (Jenne and Tschopp, 198%; Murphy er al., 1989). SP-
40,40/CLI has been alfinity purified from human blood using a non specific IgG column
suggesting that it may bind 1o F, eftector controlling region of antibodies (Wilson er al.,
1989). Physiologically, TRPM-2 may function to ablatc complement activity or some
other aspect of the immune response in certain circumstances where such a response, for
example an inflammatory one clicited by complement activation, could upset normal
physiological functions. In ACD, the formation of apoptotic bodics requires substantial
membrane remodelling, which must occur without leakage of the intracellular components
into the extracellular space to avoid a large immune response that could lead to
inflammation. Thus the induction of TRPM-2 during the pre-condensation phase of ACD
may protect both the apoptotic cell and its vital neighbours from complement attack. The
recent report that the transfection of anti-sense oligomers into the PC-3 and LNCaP

prostate cell lines induces ACD, supports this hypothesized role of TRPM-2 in ACD
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(Sensibar er al., 1991a). The association of SGP-2 with the membranc of developing
sperm (Kierszenbaum er al., 1988; Kierszenbaum er al., 1989; Sylvester er al., 1991) in
the male reproductive tract may also be essential for maintaining sperm integrity and the

survival of the sperm in both the male and female reproductive tracts.

The lack of correlation between TRPM-2 expression and ncuronal and some non-
ncuronal developmental cell deaths may reflect variations in developmental cell death
compared 10 ACD in the adult animal. In particular, morphological dissimilarities have
been noted in end stage processing of dying cells during developmental neuronal cell
death compared 10 other examples of ACD (Clarke, 1990). Thus TRPM-2 is not required
for all forms of ACD. Apolipoprotein J/SP-40,40/CLI forms a specific complex with
apolipoprotein A-I in high density lipoproteins (de Silva er al., 1990; James et af., 1991;

Jenne er al., 1991). The function of TRPM-2 remains to bhe clucidated.

D. RELATIONSHIP OF ACD TO PROSTATE CANCER

Since ACD can be induced into tumor cells that are both hormonally responsive
and unresponsive, the understanding off ACD aimed at improving prostate cancer therapies
is crucial. The attractive feature of ACD from therapeutic point of view is that if the
prostatic cells could be made to believe that they now have to die, cell death, hence the
cure, would occur without any surgical intervention or major drug administrations. To
date ACD remains the only known means of climinating the recurrence of cancer after

the variable disease-free interval. It is imperative to understand more about ACD so that
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it will be possible to induce it specifically into metastatic cells that are cither no longer
or not responsive (o hormonal therapies. This deeper understanding of ACD could even
provide some important insights regarding the wreatment of not only prostate cancer but

of all forms of this deadly discase.

E. SPECIFIC AIMS

. To clone and characterize the full length rat and human TRPM-2 ¢cDNA:s.
. To clone and characterize the rat and human TRPM-2 genes,

. To determine the transcription start site of the TRPM-2 gencs.

. To study the expression of the rat TRPM-2 gene in different tissucs.

. To resolve the ambiguity regarding the leader sequence of the TRPM-2

and SGP-2 ¢cDNAs
. To prepare the grounds for detailed analysis of the expression of the rat

TRPM-2 gene via its 57 flanking region.



II. METHODS
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A. NUCLEIC ACID EXTRACTIONS

1. DNA extractions
a. Genomic DNA extraction

DNA was extracted from nucleated white blood cells, using the method of Dr.
Hear (University of Calgary, unpublished) of both rat and human. The blood was
collected in 7 ml EDTA-containing lavender vacutainers, diluted five fold in 17 mM Tris-
HCI (pH 7.65). 140 mM ammonium chloride at 37°C to insure specific lysis of the red
blood cells. The nucleated intact cells were recovered by low speed centrifugation, washed
twice in isotonic saline (0.85% NaCl) and lysed in 100 mM Tris-HCI (pH 8.0), 0.2%
(w/v) SDS, 40 mM EDTA. The DNA was then extracted twice with freshly distilled
phenol/chloroform (1:1) saturated with TE buffer (10 mM Tris-HCI (pH 8.0), 1 mM
EDTA). once with chloroform, and precipitated with 2.5 volumes of icc cold 95% ethanol.
The DNA was then treated with RNAse A (1 pg/100 ul final concentration) for | h at

37°C and re-extracted with phenol/chloroform and re-precipitated as above.

b. Phage DNA extractions
The recombinant phages/cells (MB 406 bacteria) were grown concomitantly in T
broth (10 ¢/L tryptone, 5 ¢/ NaCl, (0.4% maltose, 1) mM MgSO;, and the phage particles
were puritied on a 1.5 g/mi CsCl cquilibrium gradient (Maniatis, 1982). The gradients
were centrifuged in a Beckman SW 50.1 rotor for 22 h, 50,000 rpm, a1 4°C. The phages
were then disrupted in 20 mM EDTA, (.5% SDS 10 release the DNA, which was

subsequently diluted 5 fold with 10 mM Tris-HCI (pH 8.0), | mM EDTA and precipitated
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with 2.5 volumes ol ice cold 95% ethanol. The genomic inserts were subsequently
restriction digested, Southern transferred and their identity verified by hybridization with

pi7H.

c. Plasmid extractions

The plasmid DNA was isolated using the standard alkaline procedure (Birnboim
and Doly, 1979) and purified by a 1.7 g/ml equilibrium CsCl centrifugation gradient in
a Beckman V65 rotor for 12 h, 55,000 rpm, at 20°C. The final concentration of
cthidium bromide was (.8 mg/ml. The ethidium bromide was removed by sequential
extraction with n-butanol saturated with 5 M NaCl in water. The DNA was then diluted
5 times into 10 mM Tris-HCI (pH 8.0), 1 mM EDTA and precipitated with 2.5 volumes
of ice cold 95% ethanol. The DNA was redissolved into TE buffer (10 mM Tris-HC1 (pH

8.0), 1 mM EDTA).

d. Agarose gel electrophoresis of DNA
Every DNA sample preparation was checked by agarose gel electrophoresis on
gels ranging from (.5 to 4% depending on the size of the fragments. The genomic DNA
was analyzed on 0.5% gels, the plasmid inscrts on 1.5% gels and the smallest DNA
fragments, down 1o 60 bp, on 4% NuSicve agarosc gels. The voltage used was generally
less than S0V for 12 h or 100 V for 2 h. The gels were stained in 1 pg/ml cthidium
bromide for 15 min, visualized and photographed using 306 nm U.V. transillumination

with and orange filter and Ilford FP4 film. The molecular weights markers used were A
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DNA cut with Hind III or with Eco RI/Hind III or a mixture of both, The molar addition
of lincarized pTZ18R (sizc = 2.9 kb) to the mixture of AEco RI/Hind III+AHind III gave

an all purpose molecular marker ranging between (1.5 to 20 kb,

2. RNA extractions

Total RNA was isolated from freshly excised rat tissues using the LiCl/urca
method (Auffray and Rougeon, 1979) with modifications (Tenniswood & Simpson, 1982).
Poly(AY'RNA was isolated by oligo-dT cellulose column chromatography as described

by Aviv and Leder (1972).

a. Agarose gel electrophoresis of RNA
Total and poly(A)'RNA were clectrophoresed through 1.5% agarose gels under
denaturing condition with formamide using rat rRNA as size markers. Electrophoresis was
carricd out at room temperature at 100 V for 4 h. The gels were stained and photographed

as above.

B. RAT AND HUMAN GENOMIC LIBRARIES

1. Mbo 1 restriction digests: 10-20 kb DNA preparation

Partial Mbo I genomic restriction digests were performed to yield DNA fragments
mostly ranging between 10 and 20 kb as visualised on 0.5% agarose gels. 10 pg of
genomic DNA were digested with 1 unit of Mbo I enzyme that was serially diluted 1o 0.1

Ulug of genomic DNA. The restriction digest was carried out at 37°C for 1 h, and
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stopped by chilling on ice and by addition of EDTA 10 10 mM. 1 pg of each scrial
dilutions of digested DNA was clectrophoresed on a 0.5% agarosce gel and visualized.
Those digests who produced the predominant staining in the 10-20 kb range were pooled,
run through a 0.5% low melting agarose gel (IBI). The lanes for the size markers were
cut out, stained and realigned with the remaining of the gel 1o localize the genomic 10-20)
kb fragments. This region was then cut out and the DNA purified from low melting
agarosc. The agarosc plugs were chopped into small picces, heated at 65°C in 5 volumes
ol 20 mM Tris-HCI (pH 8.0), | mM EDTA for | h to allow the agarose to melt. The
agarosc solution was then extracted with an equal volume of phenol saturated with TE
bufter, phenol:chloroform (1:1) saturated with TE bufler and then chloroform extracied.
The genomic DNA was precipitated with 2.5 volumes of ice-cold ethanol at -70°C {or
15 min and spun at 12,000 g for 30 min at 4°C. The DNA pellet was redissolved in 10
mM Tris-HCI (pH 8.0). This DNA was checked into a 0.5% agarose gel to determine its

integrity.

2. EMBL3 genomic library construction

The Mbo I DNA has the advantage of having the same sticky ends of Bam HI.
This makes possible the cloning of Mbo I genomic insets into the Bam HI site of EMBL3
vector (Promega, Toronto). A 3:1 EMBL3:gcnomic inserts ratio on a w/w basis was used
for making all the libraries. This DNA mixture was ligated with 1 unit T4 ligase in 50
mM Tris-HCI (pH 7.6), 10 mM MgCl,, 1 mM ATP, 5% PEG and 1 mM DTT at 21°C

for 6 h. Then the properly ligated DNA was packaged into A phage. The ligation mix was
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added to onc packaging extract (provided by Promega, Toronto) and incubated at 21°C
for 2 h. MB 406 cells were then infecied with the {reshly packaged phages at 37°C for
20 min before plating on large LB plates (10 g/L Tryptone, 5 g/L yeast exiract,
10 /L NaCl, 10 mM MgCl,, 10 g/L Bactoagar). To allow the screening of unamplitied
librarics, six librarics of cach specics were simultancously prepared, giving a total of 3.6

X 10* independent recombinants for the rat and 3 X 10° for the human.

3. Screening of genomic libraries

500,000 plaques from cach litrary were plated at high density and transterred 1o
a hybridization membranc by plaque [ift for screening. The lifts were probed with
radiolabeled pI7H (>10° cpm/ug). Twelve (12) rat and nine (9) human genomic clones
ranging from 13 to 19 kb were identified on the basis of their hybridization signals to
p17H. These clones were individually plague puritied and the size of their genomic inserts

were established by Sal I restriction digestion.

C. MEMBRANES

1. Hybridizations and washes

All hybridizations were performed on Hybond N membranes in 6 X SSC, 0.1%
SDS, 1 X Denhardt’s solution ((0.02% albumin, 0.02% ficoll, (0.2% polyvinyl pyrolidone),
100 pg/ml heterologous ssDNA, with 10° cpm/m] of radiolabeled probe (specific activity
= 10* cpm/ug) a1 65°C, overnight. The membranes were washed at 65°C, twice in 2 X

SSC, 15 min, once in 2 X SSC, 0.1 SDS for 30 min, and once in 0.1 X SSC for 10 min.
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2. Plaque lifting

Appropriate circular Hybond-N membranes were used for plaque lifts. The
membranes were carelully deposited onto the plates, left blotting onto the agar for | min,
_peeled off gently and allowed to air dry. Each membrane was then separated by a 3 mm
Whatman paper, wrapped into aluminium foil. The phages were disrupted, the DNA
denatured and fixed by autoclaving at 131°C, under steam, 10 min. The packs were then
dricd 30 min under vacuum at 80°C. This plaque lifting method avoids the usual
cumbersome treatment ol the membranes in denaturing and neutralizing solutions and

gives better resolution on the X-ray (ilm.

3. Southern transfer

Afler restriction digests, the DNA was run into a 1% or 1.5% agarose gel, stained
with cthidium bromide and photographed. If fragments larger than 10 kb were present,
the DNA was partially depurinated by soaking the gel into (.25 N HCI for 15 min before
the denaturation step. The DNA was then denatured into 0.5 N NaOH, 1.5 M NaCl for
30 min and subsequently transferrcd to Hybond-N membranes by capillary transfer with
0.25 N NaOH, 1.5 M NaCl ovemnight. After the transfer the membrane was removed,
soaked into 2 X SSC 10 remove any adhering agarose, and baked under vacuum at 80°C

for 2 h.
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4, Stripping of the membranes

To remove the radiolabeled probed, sclected Southerns were stripped in 0.4 N
NaOH for 45 min at 45°C, and neutralized in 100 mM Tris-HCl (pH 7.5), 0.1 X SSC,
0.1% SDS for 45 min at 45°C. The membranes were then air dried and exposed

overnight to detect any residual radioactivity.

D. RESTRICTION MAPPING OF THE GENOMIC INSERTS

All EMBL3 inserts were restriction digested with Sal I, which was found 1o
liberate all inserts intact. Single digests were then performed with the following enzymes:
Eco RI, Bam HI, Hind III, Kpn L. These cnzymes were selected because of their clearly
distinguishable restriction patterns with EMBL3 alone, and thus made the restriction
mapping of such large DNA fragments casicr. Double digesis were performed with Sal
I and all four above enzymes. Systematic triple digests were also performed. A primary
restriction map was then established by deduction. To complete and confirm this first
restriction map, most genomic fragmenis were purified from a 1% agarose gel using
GeneClean (Promega, Toronto) and hybridized, one against another, on several dot blots.,
Selected fragments were also hybridized against a series of Southerns blots. These
Southerns were passed through sequential rounds of hybridizations and strippings. Dot
blots and Southems were performed until clear restriction maps were established for rat
and human. The restriction map for the rat extends 30 kb. This genomic region is

contained within two overlapping phage clones: AR8.1.1.1 and AR6.2.1.1. The restriction
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mapped human locus is 18.5 kb and is also included in two overlapping genomic ¢lones:

AH5.1.1.1 and AH9.1,1.1.

E. SEQUENCING OF THE RAT AND HUMAN c¢DNAs AND GENOMIC
FRAGMENTS

Both rat and human ¢DNAs and several sclected genomic fragments were
sequenced. Both swrands of the ¢DNAs were sequenced. In the case of the genomic
fragments when both strands were not sequenced usually more than three overlapping

sequencing runs were used in the merging of the final sequence.

1. Exonuclease 11I deletions
Two strategics were used for all sequencing procedures: unidirectional Exo III
deletion and primer extension. All exonuclease IIT digestions were performed with the

Erase-a-base™

(Promega, Toronto). 10 pg of the selected intact plasmid were restriction
digested with two enzymes; onc leaving a blunt end or 5' overhang adjacent to the
fragment from which deletions were to proceed and one leaving a 3’ overhang from
which exonuclease III cannot delete. In the case where no convenient 3’ overhang could
be produced an alternative strategy using o-phosphorothioate deoxynucleotides to fill the
3’ recessed cnds was used. In that case the filled in ends were produced before the 5
overhang. All four a-phosphorothioate-NTPs were added to the restriction digested DNA
at a final concentration of 40 pM cach. The fill in reaction was performed in presence of

20 mM Tris-HCI (pH 8.0), 100 mM MgCl,, 1 mM DTT and 50 U/ml Klenow DNA

polymerase. The mixture was incubated at 37°C for 10 min. To inactivaie the klenow
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fragment, the sample was heated at 70°C for 10 min, The DNA was then extracted with
an equal volume of phenol:chloroform and precipitated with 2.5 volumes of ice-cold
cthanol before the second digest. The double digesied DNA was dissolved in 66 mM Tris-
HCI (pH 8.0), 1.1 mM MgCl,. The samples were prewarmed at 39°C which allowed an
average deletion of 600 bp/min after the 25 second lag for the reaction to begin. To start
the reaction, 300 U of Exo III were added, and 10 10 30 aliguots, depending of the size
of insert, were taken out at 34 second intervals. The aliquots were transferred 1o 40 mM
potassium acetate (pH 4.6), 330 mM NaCl, 1.4 mM ZnSO,, 6.8% glycerol, 60 U §1
nuclease and lefi at room temperature for 30 min to allow complete digestion of the
strand that Exo III left behind. The St nuclease was inactivated in the presence of 300
mM Tris-HCI (pH 8.0), 50 mM EDTA and hcated at 70°C for 10 min. A 40 ng DNA
sample was then checked on a 1% agarose gel to select those time points to be used in
the transformation. The ends were then blunt ended by the addition of 10 mM of each
dNTP and 1 U Klenow DNA polymerase at 30°C for 3 min. The plasmids were
phenol:chlorotorm exiracted and precipitated as usual. They were recircularized in the
presence of 50 mM Tris-HC1 (pH 7.6), 10 mM MgCl,, 10 mM ATP, 1 mM DTT, 5%
PEG and 1 U of T4 DNA ligase at room temperature for 1 h. Each batch of circularized
plasmids were transformed into DH5aF" cells 1o allow for single stranded sequencing.
Plasmid streak preparations were used o size select the appropriate clones to be used for
sequencing protocols. One clone was streak prepared for every 20 bp 1o be sequenced,
and one deletion clone was sequenced for every 100 bp to be sequenced 1o ensure proper

overlap and hence accuracy of the sequence data.



2, Primer extensions

Where needed, specific 17-mer scquencing primers were synthesized on an IBI
aligonucleotide  synthesizer 1o ensure scquencing of the few regions missed by
exonuclease HI deletions. In cach case a set of two primers distanced by less than 50 bp

was used to ensure the accuracy of the results,

3. Sequencing
a. Preparation of the ssSDNA template from plasmid DNA

To prepare the ssDNA template for sequencing, M13KO7 helper phage was used
to infect a 2 mi culture of DHS5aF'. The cell were grown to an O.D. of 0.7 and the
phages were added at an MLO.L of 10. A 20 ml culure was then inoculated with the
infected cells in the presence of 6 ug/ml kanamycin and incubated at 37°C, 18 h. The
phages were precipitated with the presence of 5% PEG, 900 mM potassium acetate (pH
7.0) on ice, 30 min. The phages were recovered at 12,000 g, 4°C, 15 min. They were
then phenol, phenol:chloroform, and chloroform extracted to remove the phage protcins

and obtain the DNA to be sequenced.

b. The sequencing system
The annealing reactions contained 1 pmol of the appropriate primer [rom the MCS
or from a specific location on the template (synthesized 17-mer), 3 pg ssDNA, 40 mM
Tris-HCI (pH 7.5), 20 mM MgCl, and 50 mM NaCl. They were incubated at 65°C, 2

min, then at room temperature for 30 min. For the labeling reactions the annealed
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templates were incubated with 10 mM DTT, (1.5 uM of cach dGTP, dCTP and dTTP, 2.5

pCi of [o-S]dATP (>800 C¥/mmol) and | pi Sequenase®, a modified version of the T7
DNA polymerase (United State Biochemicals, Cleveland ), These mixtures were incubated
at 15°C, 2 min. The termination reactions were then exceuted in the presence of cach set
of ddNTP mix, 8 uM of cach ANTP and (.8 uM of cither ddGTP, ddATP, ddCTP, ddTTP
at 42°C for 5 min. The sequencing reactions were stopped 50% formamide, 10 mM
EDTA, (.025% bromophenol blue and (1.05% xylene ¢yanol FF. These were then rcady

to load into the sequencing gels.

The reaction mixtures were run into standard 6% (for short runs) or 5% (for long
runs) (.2 mm polyacrylamide sequencing gels (IBI). The acrylamide/bis-acrylamide ratio
used was 19/1. For the short runs on 6% gels, the samples were electrophoresed at 2,500
V for 2.5 h, which resolved from 40 to 250 bascs from cach selected primer. For the long
runs on 5% gel scquencing systems, the samples were elecirophoresed at 2,500 V for 5.5
h, which resolved between 200 and 500 bases from the primer. Each gel was washed in
5% methanol/5% acetic acid (v/v), to remove urca, then dried onto the sequencing plate

at 110°C before cxposing directly to a Kodak X-ray film.

The sequence data was recorded manually and analyzed using the MicroGenic

software (Beckman Instruments) on an IBM PC 386/25.
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F. NUCLEASE S1 MAPPING OF GENOMIC DNA

Two oligomers of 60 nucleotides corresponding 10 ¢xon @ (TeceaeaAAGOGUECACGAGT-
GGTGGGCGCAGTGOTCCTUCTCGUGTGACCTCGGTTCGE) a.l'ld cxXon [V (.'\GA('r(‘:'l'.'\(_"l'l'(.'(.'(.'a\CG.v\C’u\'l'(.' TACTGIGGTCCCTAA-
aacTTTACTTCGACTTCCGAANGG) OF the TRPM-2 gene, both overlapping the immediate 5°
intron/exon genomic sequence, were used. They were designed such that the cleavage
products after S1 digestion would be of different length: 40 nucleotides for the exon I
probe and 54 nucleotides for the exon IV probe. The probes were end labeled with 5 U
ol polynucieotide kinase and 50uCi of [v-**P|]ATP to a specific activity of not less than
10 cpm/pg. The radiolabeled oligomers were then hybridized 10 100 Mg total RNA in 100
mM PIPES (pH 6.4), | mM EDTA, 0.4 M NaCl, and 80% deionized formamide at 30°C
for 16 h. The mixwre was then diluted into S1 buffer: 5 mM NaOAc (pH 4.5), 0.28 M
NaCl, 4.5 mM ZnSQ,, 20 pg/ml denatured calf thymus DNA. 60 U nuclease S1 were
added. The samples were incubated at 37°C for 2 h. The nucleic acids were precipitated
with 2.5 volumes of ice-cold 95% ecthanol. The precipitate was redissolved in 80%
formamide containing (.05% bromophenol blue, heated for at 80°C, 2 min, and loaded
onto a standard 8% sequencing gel. The sequencing gel was treated as above and exposed

overnight on Kodak X-ray film with one intensitying screen.

G. PRIMER EXTENSIONS OF THE TRPM-2 mRNA
Primer extension was performed using 5 U reverse transcriptase (Life Sciences,
St. Petersburg, FL) using 100 pg of total RNA essentially as described (Sambrook er al.,

1989). The primers were end labeled with 5 U polynucleotide kinase and [y-**P]ATP 1o
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a specific activity of not less than 10° cpm/ug and 10° cpm of laheled primer was used
per reaction. The products of the primer exiension reactions were RNase A treated and
run on an 8% scquencing gel. Primers used to define the +1 site of TRPM-2 included
(Gacanrcrreararerace)  which hybridized o the non-coding sirand of TRPM-2 {rom
position 55-74. This region is common 1o hoth SGP-2 and TRPM-2. And the sccond
primer (cacTragerceacraea) hybridized to the non-coding strand of TRPM-2 only from
position 11-27. Those primers are complementary 0 TRPM-2 mRNA encoded by exon

I and II respectively.

H. PCR ANALYSIS: A COMPARISON BETWEEN SGP-2 AND TRPM-2
Single stranded ¢DNA was synthesized from 10 ug poly(A)'RNA as described
above. PCR was performed using 1 pg of each TRPM-2 or SGP-2 specific primer in a
bulfer containing dATP (1 mM), [&**P]-dATP (50 pCi), dCTP (1 mM), [¢P]-dCTP (50
uCi), dGTP (1 mM), TTP (1 mM), in PCR bufter (10 mM Tris-HClI (pH 8.3), 50 mM
KCI, 1.5 mM MgCl,, 0.01% (w/v) gelatin), and 5 U Taq Polymerase (Bcthesda Research
Laboratorics, Burlington, ON). Cycling times were as follows: 1 cycle of 94°C for 10
min; 25 cycles of 50°C for 2.5 min / 70°C for 4 min / 94°C for 1.5 min and 1 cycle of
50°C for 2.5 min / 70°C for 13 min. Unincorporated nucleotides were removed by
passing the reaction through a Sephadex G-50 spin column. The primers were designed
o examine potential alternative exon I usage and were cither common te both the
reported SGP-2 and TRPM-2 sequences (forward: oacastaaeataarectasoacas; REVERSE:

GGCTTACACTCTTCCCAGAGGGCCA); One  primer specific 1o the TRPM-2 reported sequence
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(torward: daacaascaeactaaaseeaaceea) and one commaon Primer (Freverse: GaerTACACTUTTCOCA:

asaaaeea) and two primers specific to the reported scquence of SGP-2 (forward:

transterred 1o Hybond N membranes, and hybridized 1o a probe specific for the common
exon 11 SGP-2 and TRPM-2 (cacaarericaraararaee) or & probe specitic for the predicted

eXxon | of SGP-2 (GGeGAGAAGAACCACCCCAANTGIAGGTGETATCTCOTTACCGTGACTC ).
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III. RESULTS
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A. CLONING AND SEQUENCING OF THE RAT TRPM-2 ¢cDNA AND GENE

1. Sequence of the rat TRPM-2 ¢cDNA

A potential full fength TRPM-2 ¢DNA was isolated from a Agt-10 library by Dr.
Chiaycng Wang on the basis of the cross-hybridization to pG21-04, the partial cDNA
clone described by Léger et al. (1987). This ¢DNA, designated pl7H, appeared to be
slightly longer than 1.6 kb on a 1% agarose gel. I subsequently sequenced this ¢DNA in
full and a single open reading frame (ORF), coding for 447 amino acids was identified
(tig 2). Further primer extension and nuclease S1 analysis (see below) demonstrated that
pl7H was indeed the full length rat TRPM-2 ¢DNA missing only 10 bp on its 5° end.
From this 1,630 bp ¢DNA it can be deduced that the 5° untranslated portion of the mRNA
is 72 nucleotides long, the 3° untranslated region is 228 nucleotides and the putative

polyadenylation signal is 19 nuclcotides from the poly(A) tail.

2. Screening strategy of the rat TRPM-2 gene

500,000 EMBL3 plaques from the rat librarics were screened on the basis of their
hybridization signal with pG21-04, the partial length TRPM-2 ¢DNA. Twelve positive
regions on the plates were identified and further plaque purified. Absolute purity of each
positive was confirmed after four rounds of plaque purification. All subsequent work was
performed with the full length cDNA, p17H, being then available. Two overlapping phage
inserts from those positives were latter found to contain the complete rat gene (fig. 3 and

below).



Figure 2. Sequence of the rat TRPM-2 cDNA and its ORF.

The figure shows the complete sequence of 17H, the rat TRPM-2 ¢DNA, and its
ORF. Nucleotides 63, 64, 65 (ATG) were sclected as the first codon (a methionine) since
it yields the longest ORF. The putative polyadenylation site is underlined. The first and
last of the 447 amino acids are in bold casc. The number of nucleotides and amino acids
arc indicated on cach of their respective lines.
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Figure 3. Genomic organization of the rat TRPM-2 gene, with subclones and
sequencing strategy.

The exons are depicted as filled boxes. The restriction enzymes are E, Eco RI; B,
Bam HI; H, Hind III; K, Kpn I. The extent of each subclonc used is displayed under the
restriction map. The sequencing strategy is displayed under its corresponding subclone.
The pointing dircetion of the arrows indicate the direction of sequencing from the primer
as well as the sequencing run length. The extent of the phage inserts from which the
subclones were derived is depicted as two long black rectangles at the bottom of the
figure. Notre that when only one strand was sequenced, the region was sequenced several
times {rom ditferent unidirectional exonuclease IIT deletion clones or genomic subclongs.
The scale is 1 kb =2 ¢m,
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3. Subcloning strategy of the rat TRPM-2 gene

Initially all phage inscrts were restriction mapped with four enzymes: Eco R1, Bam
HI. Hind II, Kpn I to determine the extent of overlap of the genomic clones. On this
basis two overlapping phage inserts were selected {or subcloning: ARS.1.1.1 (13.5 kb) and
AR6.2.1.1 (17.7 kb). Almost every restriction fragments were subcloned in either pTZ18R
or pTZI9R as these vector systems were found to be the most stable with the genomic
inscrts. Most restriction fragments subcloned hybridized to pl7H, but with different
strengths in the signal, indicating that the gene was made up of several exons. To enhance
the restriction map and to facilitatc sequencing various sub-subclones were produced in

the same vector system.

4. Sequencing results

Syslematic sequencing of all restriction fragments that hybridized 1o p17H (fig. 4)
was performed using unidirectional exonuclease IIT deletions. To cover the regions missed
by this lauer method a series synthesized primers (17-mers) were used. These two
techniques allowed the complete sequencing of the rat TRPM-2 gene including all exons

and introns.

Computer sequence comparison of the full length rat cDNA and the rat genomic
sequence confirmed the presence of 9 exons, spanning 13,750 bp from the +1 nucleotide

to the polyadenylation signal. See table 1 for the cxon/intron statistics.
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Figure 4. Complete sequence of the rat TRPM-2 gene.

The intervening, upstream, and downstream scquences are in lower case letiers.
The sequence predicted in the mature mRNA is in uppercase and bold, The potential
putative TATA and CAT boxces are in lower case and bold. Other interesting sequences
such as GC rich, and polyadenylation signal are underlined. The palindrome identified in
the 5’ region is double underlined.



tcaacg;a:ctcactcttgactqtccaqtqccng:accttaqcanactcccccagcttggaqgcagcggcccaccacatcatggaqg:q:cqtctqagca
caqgttccggaagactgtcaaaqtctgcc:tan:aqqcaqqqgtactcaggggtaqcaaactgagangaqaccacaggccanggtq:qggaggtgaacca
qtctctacccaccaqccacttcatcagaqqcaccaagtqaqchctaaaacqqaaggtgggcqctcatgcgagatqccccacncgqact:taccac:qtc
tcttccactqtgqccaqtgactcaagaggtqgcagcagacagtgccacatactcagqacc:cccaccaaagtgtqaggctcccagctattcagccaagqc
caagaggaccttggrgleacagatggeat ctgtaaggasgggcaggagotaactlelggt tcat Loaatgacaaaggeadaggecatgghggagageate
Ltgatacagttgagacagagcigagigtecteatcacacagttcatctatgageaccatgglggggtagagegaategttyecgltgacagetgorgtct
tqqctccttggcdtttcttL::aanougaaqagaaaaaggtcaqcaqtc:gttttactta:qtttqtttq:anatacacacac:qtactagaagcatqaa
aticagaaagaagetgacagtaagatggatagggaggiiggtactgacigtgtattcacetiasatcicigagggeatgtggagecagoaatgactgrg
:qLtLgtq:ctccaaqcctaqcccacaggt:aqcttacattqqtqtqaggaacacaqta:tqtataacaccatacaaaaqtgaqcaqaqacagggcccat
gaaatcacaagtagasagtgrrrgtiactgiiccacciggtcacccaaccaggtgtectgtgeygtetasaagocacacaganagacasaatggagtatge
Ltgqqqtngchaaqaqaqtgagg:attgqcaqcccacg:gcgaaqqggnttqanqgaaacatgqgtaaqattggatacaag:tgqgtt:tcogctqtt
tqaaqanttqqcttqtagaggaaaqqacacta:a::gtgcactgtcttaggnacaaqacacaggnggccq:ugtatgqaqgaaaatgcagggqctncacq
agaqtgagcaaagacctgctngagg:cttc:gdgtccccatgctctctqtqtgtttatatatqcata:acatagcatattaatqtnttuataaotcnca:
atataataagacaagatatattatqtatatq:qg:qcttgaa:a:gct:gqaccagqgagtgqcactatcaggaaqtqtqaccttgttgqanqaaatgtq
tcactggtigtgaactitgagaccoctectcctagetgtctggaagacagicetetcerggetacct tggatcaagatgragagetcteagetoottetee
aqcaccaggtcttcctqgnLgctgccatgctcctccctLgatgqtaatggactgancccc:gaacctgcaagccagccccaat:caatgg:gtccnttgt
aaqaqECgccttggtcntgqtg:ctcttcccagcaataagaccctaaqtaagacngaatatantaac:atttatctnttcagnugc:qtqncagqttann
ccattcteictgatagggagaacteagetatiggtaatittagtataatitaattgaatttittagacaggatcttacatat ctcaagecyycttcaaac
tcttatataqccaaaqatqatcttqacatc:gqa:tctc::gccttnqccccctgaqacctgggtttcaQCAtgcgccahcacaactqgaq:atgtgq:t
ctgqgnnttg:accaaqatcctcatqcagccntagq:aaqcctaccaac:aagctttgtccctgqgccLcattggtnatatttugaattaccaaqtag:t
cttttqgttagccattgactggttctacagaaat:ncagcngtqaaqtaatanttggggtcaqggtqattqtaqaagaaatcthgatttqaagccqattc
ttt:qqccaattgcct:qgggctcattﬂgcttucettcatagacaaaggctqtgataaaggctqtgactggqncgt:tcgauatgaaattcaqnaacht
ggcccgtctgoageatgaggaaagctaaagatggettaaggaacatcatcttietocaggeacgtgetaagcagt ctaggactgagtageocactgtecet
tctcoctgggaaat cccagatggyaaggat caacccacaaageat ttetggect cacggatgoecasgasaaggtgotaaggasactt tcteaaccetigy
cagattcaaccacttatqntt:tat:agccatggcttcgccangtggttqacttgatgtaccc:tcaagaagtgctgcctaqagac:gg:tcttagtqtq
ggreacgggactetgoteatgeccactictactiicttttcttggtaactgaagetgectggregeatgetgaget cactgageeggetaatggeaggge
Lgtagqa:gtgcagqaaqggcaccaqq:agacagtcaqacgcaauqacanttgggcagccagnqatqctgagcanugcttaaagagaaaaaatagatcac
cacauaqctctttg:ctcactccagccctcctccccncgaccacagangaaqaagccaagcctqagtcctccqtcacagctgcacatqtcccgtqac:c
agcacctogotogaggetaatgrggagtetttagggtaaggaagegggeggrectagtetgotetgeatggt caggteastecactcggcattgatasact
€agagetgggitiggggatttcaagageggcaagqgl cagiaggt caaagect ggaagagt cogcagat gasgataagcaaggaget tcoggt tecaggee
:ccaqqggaagccqoctgaggcntcaaccatnagntqgacttcgqgagatataactaqcat:tctttgtqtggttc:qaqqacaqaattgnqctcngggt
cagcccttacagageagggagetecat caasantggotttcotaaagantgaattgettgeaagggaggtageeagttot caggttgggageatccanan
atassagcaggadaacctggeqgggaccctgagagacaagiaggaagaggatcttggytgaagggagagrggtggeeticigoagtitecctagaatac
Lgaaatcctagggcet tgagagatgaggtagtiggtaagacagasgeat gaggatctgaat tggatecctggt acetgtgracaacatggoccatacteat
naaccagaqc:gggngqgtngaq::qqqatcctacagactg:tqggcagctggtgagttccataccaqtaagcgnqcctqcctaagq:acaaacngttqq
atggtgtaacatctgaggtcatcctgrggietcacacatgcacgtgtatgoatitgegegegogegegeycacgcacgcacacacacacacacsaatcan
qaaqtgcattcaaga:ttgtgtcagtttgcctaaagc:gaattcccaagcttacanggtttgggaacagqagaaaagtqaccacttgtaat:gtgthgq
ga:ntcchtatctccctc:ccccagatc:ccc:ctgccaaggcatatctccc:qcccgattaccaaaggacgac:Lttatagncnctgctattg:accct
gtccc:actaca:ncaacgggagqgaqctgctgatcaaaaaaagttacaaggacaccagtghccanggaaaatgtagctgttnctgataattctttctn:
:ta::::tctttataaagaaaacaaagnqaagtttcgqqggqagggngttcctccaaqt::ctgt:gactctgctnttctqqttaq:tatcttccca&a
crrggcactqaaccagattaggctasagaaagicttagagagggeteatttcagatteat ctgececagact gaagaaact aagyecagagggcagagtg
gtttgtctaaaqgcactggatqcctcggggcacaqctgggactgaagcuagccttagcccacntcnqaccaagcctagacatttccaq:aggcngccttt
tgggaaaqgaccaaatcaccatagcctc:gggccttgqucaantggnaaLctqgcctcatggctgttcccttaaagatgtqagngggaaqcccgqccctc
gaccacacq:ttctcct:cangccagt:ttctnLta:::aca:cgctttcaaggtccqccgcccaaacngcgcgctgcctacntqggttcctcgc:attq
Cthactcn:gatacacaaatgctccaqqq:ccagaq:gqgaagcttQQC:tctcccccaaqadqtaqcatqqtggqgggcttctagqttgtt:ctcctt
:ccaqaqatgcc:qtnacaqatgt::ctgctcttagccaaaaqcuqctaqgoatcctcttagcacctccggacacngctacttaatcagcagggctccat
qgaqaacttccac:atagcntcttqLt:aggaaccaacg:gaagqccaaqtgtgagucnngtagtttc:gcc:aaaaat:tgtattattncatattaatt
utacacaatgagLata:atataba:g:gtgtgtgtq:gtntata:a::cagcctccccccccccatttcccttcctcctcccataatctcttc:C::tqt
tcctctcatqaa:L:c::tagggttgctcacaggagca:ggaqaqqaqqqtta:tcacagqaacatgqacucttaccagqgacnatactactgaaqacag
t:gqgtaq:gtacttqaaaataggtqtgaggt:cctaggtccagchcaq:qaagcccaccccqcctgactgggttccaagtgqqtaagaaccatqttnn
ggc:ttatqcatctcaqaqacaggqgagqccttrtacgttacctcac:ctttt:t:tt:ct:ttttttttttqqttc:t:cttttcggagctgqqgaccg
aaCCcdqggccttg:gcttcctaggtangcqctctaccactgaactanatccccagccccggttatctcattcttaacccgtttctgattccttcatctg
tctgccaaggqaccggcaqcccaqtqcagcatttagggaqccagqtacttcatgcatqctcttccctagcaagatgcc:gtaccatcttcagtttcttnt
actc::ccattaana:agqaacaaagaaaaqgagtgcagtaatgqgctaatgtgaaaqa:gaa:gtqggcgtcgggsggcgaautcctgaacctgtttgg
gqccaggagcqgtccagaqtagaghgtggattccccttcucttaaggctcttctqtngqggcctgctqagcccttaqg:acctagcngaqaacagaacag
ccatcaatotagetaggggeectcaggeaaccagegeggtocatitgrgatgeccet gegeceeetggtgeccecgotgggetgtgogectotegteccet
cecgacoeccocaccaggetitiesagaaagetectagtgoatteeee ﬁ;ttctctgacctdastcacgcagghttgcagccagccﬂnngggggtgtact
+1 nuclectide

tgagcagagcgctatanatagggeget teoecgtgotcaccAOCCOCCTCACCACGASGACOCCACTGRAGCCANGCOGEAGACGRg t gagacagotgea
ccttttc:accccancaccqaaqg:acaccggcagggutgggagggcaagqgtaqqagccngqtagagagc:gccqtqggtaaqtgggaqg:gctagagc
cccat:accaqgcag:cgagcntggqg:agqng:qcacgc:ggctcagattcagqagccacccccccqcccctqttctttaacccgcatcucaattcca
aqgctgctcan:aggc:aca:gcaaagatct:cccttcqcaaaaatqggqaaa::gagacgtgaagcctqcaqtqaqa:chgatcgcgaggchctaqc
nntgaacgccgcgagtaggtgeggatctoigiagtggetgtigtcttaccggoatgagcattycatttggacettcect ccagetcctgggacageqgea
taataantaaqatgttqnqta:ttaanagqacgtgctgcagccathagacctgctttaetgaacagaatqcatqcat:cagttctttagagaaatgct:
ccceaggectgagatgtonnnnetaccggatcattttatagatggtastotgaggactggagacgataagaggttcagoctecasacgtiotatgaatga
gaaactqaaqccctttqgctttccagaat:tccaqacccagttttaaaaaacgqtgctqqtqctgtttttaaaqucaaaqttaqqanttcaagagt:ca
tacaagttctctoacaqguaqqtcttqggn:aata:ca:c:ag:qcctgacctcgtqaqaataagaaaacaaaccacanatgqtaqttgqtggan:atta
ggcagoagoeaaatgigtgact Ltanaaatatitgasascaggacctatgatggeattgtt tataasaatgeat tgasagaaaaggagadaatatgecaca
atggaagnqa::gtgttttcttactnqa:aagq:qgtcctcchc:gqtqgggctqttgtaccagggtagttggcagccaqgcaqnagqccaqcctc:aa
atqacqacagqaaq:gagtcagtqtaqagqaanagg:ang:nnqn:gaqc:g:gttgtcctcgqaccaacagcaccacagcacctagaagc::gqgagac
aaacaqattctgaccagagdcaqtattaccqqcagaccccaggqgagtc:o::cttagatttacaqaatagcqqa:cgcttctttqagata:caqgccca
ttttacagataaagaaacaqaagctgtgagacttttqttqucnagqaaataacctgggnggcgaatgacttccqttgtcaaagaaaqaa:a:taaaatga
ggttttqgangc:gcct:c:ttcc:ggqgcgaccactqgcttgcaqtgtgtcttqogaagcccaacagqtgtc::aqaaghgctgaqqctq:c:ctcta
gaccccaggctcct:acaqctcahcttgctactqcttcccctc:cat:caqtgacctcccttqctgcctqcttcctct:ctgggcnttqtac:g:cc:ca
catcaqaagttatttc:aaqgcagttaaatggtttttccnaaaatgg:cacact:aaggcctctcccacctacngata:ctctgtggctttg:ctctga:
qtgqcaangqtctgtc:c:qcctgngcntntcaqqcctcagtqaqcacctgggaggnctatgagatcagggccatcctggtggatcatgaaccagggc
qccaqccacccaccatctctqgganaqtgcttgtctcttctcccacaccactcctctqc:ccgtq:gcntanttatgcctcagqanagccttgcctatta
atqatctgcccaqtgtcctgatqqgcctgcccagctggqngcaqgttttaagngcaaqqcat:tcaqgangncagatcgcccccctt:ccctgttcttgt
qgctgtaggaagctqgtgagcccaqataagccaLtctqggcagqgttaqaqatgccngatngtg:qtg:gtgtqtgtgtgtgtgtg:gtqtgtgctctt
tacqcaaccaatccagcttctgqqaaaqgntccattgtgcaatactqqqcttcgqcctqtqtccc:qgcccaqgcagccggcccagtggtgqctggqqca
cc:tgqcnqagcahqc:agttcagqct:aqagqgagcnggcatgtgaaagggatttgctqgaqccaa:gqgcLtgtcctcctqaaggqqc:ttcctqqqg
gctcaccgctaa:ctctqgctttgccc:tccc:c::c:agtqctgccttctctacagtcctaaacag:ccctcccttccctttt:gattt:acccaactc
ccctccccagtccntactcagcctqgcacanqct:cacccagagatgqtgcattqqgttgaatttcctg:qctgatggaaggchtgcatattaccacgq
actcctgancaqcncacttagacagcc:cqqqaqqc:gtaccgtaaggqgagcccagga:ug:g:tg:qagtqaggttcaqtcccatggaagqqattgqc
qaqqcntq:t:gcncgcttcaggagaggca:cct:agcatt:ggcatgttaaa:ntgctttgqaqacaaagoqthtqgatgcaqqaaacttatctgccc
tqcctcgnga::tntqqgaagaaaggactc:gc::ggagct:gnccchtccnactccagatagcctgggtcctctqtgcggctqanccatggttcttcc
caqqqccccac:gcttccat:gtcntttqnagqcatqaatttaatcttqtttttgtceccacgt:cttcaqaagtaaac:gcagtgatgccagatgggga
aacaga:qaqqqccatqaqt:ccaaccccancccacctcccctctcaggagcaqaaaaccccnaagctgcccagaggttaccatqacattc:gctgttct
t tgcagEMITCCAGN

taquctaaactgctgtccctctqgtgggtc:ggcnqagccac:cctcaa&gnhcaqtccctaagtqcnqagg
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gc:gtttqcatactqcacctngactqtccatgtcctctqcactcccagagtctctaagcCCtaqc:cttqccttqqtgtttttqtgqtcagatgccttc
taqaca:tqgcctctqtctcaagct:ctctqttqqctgcatqccatacctttgtttcctctaqgtcccctcncctqgctctcctattc::ctctcaaagc
tqtgtccgqaccctttqaaaq::tgtcagtc:cccctttqtq:qacaaccagaqttcttnccaatgtqtctccaagctqatttccccctgqaaacctcgc
tctaccagtLtccttctctgqaanaqqqcagcacag:tcaacatqaagtaqtcaactqagagcgttctctcccttcctccccatcttctaatgcttttct
qqaaacc:qcctttccttccctccttctctcctaatctccqctca:aqctgaccagttctgtgagan:ctcaLtnaaaotantatgatccgactctctga
tatggatatgotigqigaaatgactgctguggreaageget tagetgeccatcacctoaactiatigttgggttcagacacgigagatgeat tatt cact
cng:q:acqttttt:tttttttttL:ttggagccgqqaccgancccaggqccctqctgtgctaqqcaaggttccnccnccqagccaaatccccaac:cga
ct:achcacttcaaggqtaqaacaca:tgatcaaccucqagctctgcttgqaccqtqgaccttcaggcttﬂgtcatqcaLtgagactcttgcccttgct
cggcagccccecccgeccocatgocottctgtilggaagtgtttggcagtggeat caggtagaacacageagaggtgtgggaaatgycact L gacacagg
ataag:aagtqg:nccccqtqacatantqtg:cactqccttqtcaccagggctqagtcttqq:tacqgtctccatqqtgantqcaqctcttcatttatct
ccccgtctccatqgcqn:tgqtgccaagccactcatct:ccggtcaccatcacctgacn:Lq:gcattqcaqcaaagaagtgccaagac:qggttancct
qaatqtcacaaagatcgtgtccaaaatqgcacttttattatatttngatgcttaqgttnactatctttLtttttctgttttccttgaaa:atcctctgtq
gctqttgqctccccaqggtggcatggtqqggccaqtcatacatagnatqgctgccctctttgcaccac:cctgtgcttctgaqctgtgacqcagggtcta
ccatgqacccnttgatgagaccaaggqacnqgactgaggccacaggactgccacagqctgggqgtag:aqtqacaqcatcLcacqttgacaqcc:ccagc
actcccatcagdchtqgct:tctcaccqtcccgccqgcttcca;gc:atttctccagccatttcttcccttctcaac:cactgtdccttcccgtctc:c
ACACAACTGTO AT,

Cmmmmmmmmmmgtaggcccaqccttqactqaqccctggctcr.ccctgctqqnacacgq
ngcnggtgcc:CgcnggttgccatgtqLcctggtgcaqtctttgcagggctntgc:aatactgqqccagactaagguqccaggaaaaqcacnttcgct
tgtggagcctcaqggctqaggtcttgqa:ctggtttccttgcaagtctqcccaqqcc:gaagccaagattcatttcaataqg:t:ttctaacccttqc:q
tqtqcagggcacggngcaggactcggqagagqqgtcatggcagcacctgqccacttcccaccactcttttcttctgtattcaaogtggctcttaacatgn
atqtgcttattcttaa:atgaatqqcaa:atLttnaagttnacgtaaaatcctcatgntc:atccttagacatccattcntccccactcaqcttcgggtq
ngqqttqggqaccqttt:caaaqccctcagcagaqgctqaggttatgqgtagaaccagq:cctctatagattgtccctacctgtgataacqcttacttt
otaaattacagacagtagggtaggagcagcaacgatgacgtagaatagttacaatgttacaccasacapaaggttatgoagatgeaatttcteccactet
caqaata:c:cagttcctcaqcc:cagcaacactatttttagac:gtgqttqaccatgggtagctqagaactgataacaqngactqccc:g::accatt
thttaa:ttgccttLtctacatqtqqacqtctatqttgaccccgqtacacacacacacacncacacacacacacacncacacacacacacacacgaaca
cacatactngaact:atncacagatccacccuctcnt:tnttttccata:cnttatgLagacqtacacatttqctqtndactaatatctcttcaggtgqa
qaatttanﬂttttttattttqqtgatccctggaqccaataattgqgtcaqggqgca:qq:aa:qaggttgtgqtcgatttqact:caggttggatdqctt
tgntttqcacatcaqqggccacggttctaatagaaaqaqanqactqgcctctttqgggaqacqaqaagaqacagcqaggtqgcaLaaqggagaqatqqqt
cctgaagaagaqacaqtcagaqcagcaaatcagagcqqacaggqaaaacttagagaacagctqggcca:qaaggatqagaqgcccctgtgagcggtgtgg
ggacgecatgacqgatgggct agageaaagetgtgggetgage agcacctigtacacagatgggagagatcggetgggtctetgtgtgggecacet cace
LLgLeat ct ceatgaageuTCCTCTAGRTGACACCAGGEATTCTGAMA TGAAGCTGAAGECTTT CCCCGAMG TETC TAAC GAGACCAT GATCEO0CTOTG
GRARGACTCTAMZCCCT ACCCACGCETCTGONGEMICCECTCGREGCTCCTIGETOROCAGg L jaganggaga
catgtccatqgcctqqqttctqgatgqqgag:qtggagaatccacgaaatnqgcctcac:ccatatactngtacngttgattagcgttchtgac:qcn
tgcctttctagtgthtqgtcgattggtga:gLctgacacgaqtacacatgtng:cnatcatcatgggtatgcatgacaqtct:acnagacctttaaccn
getgggtaaaatggccraatggratggtagaaceccatyctoatataggaaaggggggetaagastatttagtatatttgeatcaattctatccctacet
qtgngcttcactggttgggac:cagtqauactcaccqtttcctqaaggctgagcagccaag:gggaqccgctqtccttcatgaccaaagatqngccctct
gagtttcaccqtgagaggtgqctgcagggcctgacangtattcaqgagqcagaacagcgggaacttgggtgagctqcnqtgtqqtcacang:gaggca
ggctggggtgcacaaggecttactgtact totctgggtos cagCTARACGAS P ICTGAACCAGAGCTCACCCTTCTAC T TCTCEATGAACGEERADC G
ATCGACTCCCTCCTCRAGAGTGM CCGCAGCAGAGC CAAG TCCTAGAT COTATCCACGAC AGCT TCAC TCGEGCC T CTOECATCATAGATAC COTTTTCN
AGGACCGET TC TTCACC CATGAGCC oA G T A AT TTC TCCC OO AT GG T TOC CACACAAGCGGC CTOAT T IC TTC TACCCCANGTCCCGOTT
GGTCCGCAGCCTCATGC CT T OO CAC T ACGE GCC TC TGAGCT TOCACANC ATG T TCCA COC T I ICT TTGATATGATAC ACCACCCTCAACAGGC CATG
GACGTCCAGCTOCA!AGCCCAGCTTTACAGTTCCCGGﬁmGTGGAITTCTTAAAAGq:cagaaagcattcgttqtctt::caagacqgaatqggaqtc:cc
aogatgtttagq::ctgctagggcttgacatchttttatgttcccagcagccc:tgaqgctggtattttccc:cattchagqg:aaagqagcatqgat
ggqggtaaagcaatgcagaaggcaaac:gggacccagt:caatctcacact:gtagaqcttgqagccngtqttctttacaqccaqctcaggqtgtgat:c
aqctqtacctcctctaqqaccctqqcttttcttccttgggaacttttqaggaLgcqgtgttgqaggcctqcctttccaggcaacaggtctgcqtcatctt
aaagaagatqgtcatqactgcggcctangcatqcaacacctqtaaqatgaanthgatgtggocacgagaaacccgtqtctgaggagtqatnLtcttca:
caqthqtqtcctaatqccgtgtccttcncqta:ggLttgcacgaqaaacataggaaqgc:tqgcacccaattcacgtctc::gtagctctgttatctaa
qgatggtgtatgttgtcaggacacacttgtgctt:ctgqgg:ttgatqgccaqttaqqqaqcaccqccagccaaggaqaatgaaqaocagccacqatqcc
aganqgcncacagctgagqgaatgtq:gagatc:tncaqaqggeqntqqtqaqaagqcagqcaq:accccgtaagagccatqqqaa:atqgctagqgagc
cccagggaaatcgcatgt:tqcaagcgaacgactnagc:tcgtcttgcctgaccacachctqagcaqaqgtqtgqggactCQgggqtgqgnqtctttcc
aatgtgacacgtgectcatiocigegececttictcotoatgigt ccogAAGGETEGAAGATGACCCGACAGTCT COAAGEAGATCCGOCATARCTCCACALS
ATGCCTEAMGATCAAGGGC tgagtcgggaaccagtctataatetgggeatetgactaagggteac
cag:gac:aactqgtaCtgtcc::cagaqactagttctctgcc:gtgatccgtagtccctgggagac:cctccctgg:gcatdgcttac:atgctcatac
c:ocagct:cqttatttgggagctnggtagaacccqtgccccatgcatgctggghgagtgccctnccgt:qaqccacgccaattttac::ngaatcaaa
tccaggqqcagacttttctcnag:agatqaggtctg:ctaaagcacccacucnccctggtgqctca:qgcaaacctgcaacccgcggcqqatatctccat
agaa:tnaaccgcagccaccagcaatctqcagctcatccccctgqnnqctt:gt:ccacaqtqccaagtacag:agaccctgctttttnactt:agatta
tgaaatctttgacaqcntgcattttg:ttaa:caqtgttccacatqcctqqcac:gttgcgaacatgtcacaggtq::tg:tctcagaa:ga:cttgtga
gcctgqttcngctt:c:ttacattttqcagaatgqctacatqacttatc:aaga::acatgacatgagacatchac:taqqctqtqctcaggaacagcc
tqctgggqtttctCCC:ggqaaccctgagctatgtccttgcgﬁtggtggtccctqotatcctgqccacattccttttgg::guttaqtccctcagaaagg
aactgttttccttcathgcttcccagg:aqtc:gggtatggcggcggcacatccctacagLaccaacatctgggngq:tqagganggaggg:qgtqaat
ctgagqccagtctcqqc:gcataqcaagg:tctg:ctcagtqaaaacdaagtccagcaamcccaqnaccqttccccacagatttqtcaqqtctqgcggtc
aatcaaatgtttccqctttcagtccqg:cc:cacagtqgctcacggtacacagcgcttcctgctcagatcacaagqaqnccahcgtcctct:tgt:qttt
tqtcatatqtgtaqttgqcagggacagacqt:cagaqtctgqttaaatatccccaqccccactcctgcaatgttaqqagcccagganagatacat:actg
ctttcaaagqttacagnq:gaaattataaacaaatatg:acccacaccagcaqqccgacccccaqgaaaccgtcaggqatc::ttccutcaggct:agtq
accctctcaacng:cn:cgcttctqtcacctgctagc:cctqtgtacqqtqcttacaatgacagggagqctccncaggqacctctcatctgqqacaactt
qactcagcctgcgqqtggacccgnacatqgctgagca::taacgcttttggctcctacc:qccatgCgccaaqtqacaatcagaaatatct:caqaacg:
qCQqaatgtccctqgtgqgtagtgtqqtcccagqt:gaganccncagttctacaccactqgtcccccccaggactcttcct:gtt:ggqctaaqaqtaag
qq:actcagqctattccncaaagatttcttctcatctgcqctgcthgtctttaatcctc:tccctgccccatgcnacattt:atcttatttagtatqaa:
qat:gcagctgtcacgtggqgcacagagqctcccttqtcttqcttagttttqatacacaqactctcc:aga:qttttaaaaatag:egnggdqgggqttt
tcaqnaanaatgqttttcagaaaacatqggcattttg:aqgac:cogatgcctgatacctqcaatg:acccangaccagaqggaagacnccagttttcc
tg:tttctqtaqqagccttcctqgccaqctgtqqgtqgacaagggcaggcaagqoccgnc:ctcagcaccqgatgcctgtqttttqtagcctagqaacc:
gqcLgtctcttctgcagcttgqg:tctgggaaaatqg:attqcggnaatttctcaaatntqtcccaaaacaagcttgqagaatgt:c:aqaac:ntqgtc
tcaqggqaqqangagchcaqgttgaggaqctqaagatgcqgg:tcagtccnqgttchgagnttqcttcccctctagathqggcaeg:tccttacttcc
aaaaccc:qt:tcatgnctggtaaa:caggagtgttgatgc:Lq:gtcaagcccagcatactttgaggcacacagtagqtcca:c:aaggqaataatgc:
cctct:ctctqtggaghgtccagtgcaacaqtaqcttccttc:act:qgaaatqagctaagtqggqagctaaqggaatqaqaataactccaggtccgega
aca:ggaqtagt:ggtgtcagtaccctccaqaacatggtcaqtggcaLtgtqacaggtcatcgaga::gg:catgcctaccacccagagaggattcaacc
acactgc:ccaacacagcctagca:gggcaccattgcctcccaaagcqtgaagqqagcagccccttga:ttccatgtcaqgggqac:gttctgtgggaac

tgtaagaactgg:Ltgtagac:tccattgaaqaqctcctctqct:cagatcccaqagctqqagcca:ccccc:taacatctctctcatgcttctgccc:c
LgcttotitcttocctggecaGATETICGACCANCANTCCTIGECCAGGCTAMCCTCOGCCAGGAGCTARAL!
CCCAGCAGT

GCTGGOT. tgagtagtateccagttatttgatgagetaaggeccacgtgtgatccaga
gqnqatgqatgcctcttagagqtqccgtggqacaanggcttacaccatcaggaactggqaaaacca:nc:cgcgttgtagca:tgaaatgccttcacccc
tcgnqgtcagatatccaagtctta::tccaagatgaggaaagagagaqgttctgtggcttqctaag:agacgqaactttgqgcagcttccctqagtcagc
ctqtcngctgctqctttctgcccagqgccatgctgagtgccqca:gaattagtgttngccagtgagatcgqcttcctttagtgctcacagc:cccctcgt
cctctttccnccatﬂqactgg:taqca:ttgtdcaaagcada:g:tggggtcaqgtgttqtggtgagtgtctgtaagccggcaccaaagaaactgaggca
gqaaagtqqaga:cttqagcccggqctggaccatacagtgaaqgcctc:ctcaaacaaggcaaaacaagaagaaaacatttgacaatcatttcaagt:tc
tgqggtgcctactquchagtcag::ttcaaataacntctgtcccttcaautcgaqatag:tttgc:cagaattctctqaacatcttqag:egcaacaqg
taa:ctgqaqctc:atactcggCtgcaggqgcaaagaqaagggcncqctctgtagacat:gtgcagagacacttctcctqccttcttcta

mmﬂmﬂmmmmtangcqggcagcctttctg:gaccctgaggqc
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5. Positioning of the +1 nucleotide
Two complementary techniglies were used to locate with the most accuracy
possible which nucleotide(s) is the first to be wransceribed (the +1 nucleotide) in the rat

TRPM-2 gene: Primer extension and nuclease S1 mapping of exon 1.

a. Primer extension analysis of the rat TRPM-2 exon 1

Due to the discrepancy between the SGP-2 and TRPM-2 ¢DNAs in their respective
5" rcgions, the primer exiension analysis was repeated with two probes: One common 1o
SGP-2 and TRPM-2 (cacastcrrearaorerase starling at position 75 on the TRPM-2 ¢cDNA.,
fig. 2 and 5) and onc closer 1o the 5° end specific 10 TRPM-2 (caceraacrceaaraeser
starting at position 28). Also, since SGP-2 was initially cloned from a rat (estis cDNA
library and TRPM-2 f{rom the rat prostate four days afler castration, there was a
possibility that a differcnt transcription site was used in those two tissues. This is the

reason why the primer extensions were done using RNA from both tissucs.

Fig. 5 shows three bands at 85, 86, and 87 nucleotides from the position 75 priceer
that is common (0 both SGP-2 and TRPM-2 clearly indicating that the TRPM-2 ¢DNA
(p17H) is missing only 10 nucleotides compared to the putative mRNA. The same result
was obtained in the testis exeept for a weaker signal. This was 10 be expected since
TRPM-2 is expressed at lower Jevels in the testis compared 1o the prostate. The use of
the primer located closcr to the 5° end and specitic to TRPM-2 yielded the same result

(data not shown). This same fig. 5 also shows the possibility that transcription of the
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TRPM-2 gene may start al one of several nucleotides, however to simplify further
discussion, based on consensus transcription start sites an adenosine has been selected as

the probable +1 nucleotide tor the rat gene.

b. Nuclease S1 analysis of the rat TRPM-2 exon 1
The nuclease S1 conlirmation of the +1 nucleotide came from the study of the
expression levels of TRPM-2 in different tissucs (sec below). This serics of experiments
not only confirmed the +1 transcription start vut also indicated that the same stan site is

used in all tissues examined (sce below).

6. Detailed analysis of the functional elements in the rat TRPM-2 gene
a. Identification of known regulatory sequences

The first exon of the rat gene is preceded by a TATAAA box at position -30. Two
potential CAT boxes were identified at -59 (GCCAAA) and -96 (GGCATT). These boxes
arc very similar to the consensus GGCAAT. Within the first 1 kb upstream of the
transcription Start site there are two GC rich regions at positions -100 and -339. These
scquences are not perfect SP1 consensus sites (fig. 6). The remainder of the 5° upstream
region is interesting primarily for the lack of known conventional hormone regulatory
clements. Thus there are no consensus sequences for the ARE (androgen responsive
clement), ERE (estrogen responsive clement), GRE (glucocorticoid responsive clement),
or CRE (¢cAMP responsive clement). The 3° untranscribed region of the rat gene contains

a unigue polyadenylation signal.
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Figure 5. Primer extension of the rat TRPM-2 mRNA,

The upper strand is the coding strand. The experiment was performed on 10ug
day four prostatc and testis total RNA. The gel was cxposed 12 hours at room
temperature, as deseribed in the methods. In the extension reactions, the non-coding strand
was synthesized from the primer whose sequence is underlined with the arrow. The
sequence predicted from the ¢cDNA and genomic sequences is shown in uppercase 1o the
transcription start sitc. Non-transcribed scquences are shown in lower case. The arrows
point to possible +1 nucleotides as estimate from primer extension analysis and the solid
circles from the nuclease S1 analysis and a second set of primer extensions (data not
shown). The number of nucleotides from the start of the primer that correspond to the
bands arc indicated: 85, 86, 87.
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Figure 6. 5’ upstream elements of the rat TRPM-2 gene,

The start of wranscription and exon I are represented graphically. The TATA and
CAT boxes are shown as black boxes. The GC rich clusters are shown inside white boxes.
The palindrome is depicted as a stipled double triangle. The long stippled bar represents
the region of sequence similarity (79%) with its human counterpart.
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b. Identification of unknown regulatory sequences
Since most of the regulatory clements of highly induced genes that have been
identified to date arc palindromic, the 5° upstream region was scarched for short inverted
repeats with a close axis ol symmetry. Once such sequence was identified in the 5°

upstream region for the TRPM-2 gene: GCGTGA-(N,)-TCACGC at position -75 (fig. 6).

c. Comparison of rat TRPM-2 genomic sequences with other
rodent sequences in GENBANK

Comparison of the TRPM-2 sequence to GENBANK has revealed that the ¢cDNA
and/or the protein have been identified from several tissues and species. The cDNA and
the protein has been isolated from rat Sertoli cells as sulfated glycoprotein 2 (SGP-2)
(Collard and Griswold, 1987; Griswold er al., 1986); the protein from the ram rete testes
MMuid as clusterin (Blaschuk er al., 1983); from human serum, as apolipoprotein J (de Silva
et al., 1990); scrum protein 40,40 (SP-40,40) (Kirszbaum er al., 1989) and complement
lysis inhibitor (CLI) (Jennc and Tschopp, 1989); from Madin-Darby canine kidney cells
as glycoprotcin 80 (gp80) (Hartmann er al., 1991)); from bovine adrenal medullary
chromaffin granules as glycoprotein III (Palmer and Christic, 1990); and from Japanese
quail neuroretinal cells as T64 (Michel er al., 1989). The comparison of the sequence of
the TRPM-2 ¢DNA 1o the sequences has revealed that TRPM-2 possessed the same ORF
in every case. Only minor single nucleotides discrepancics between TRPM-2 and other
published scquences were identified except for SGP-2. SGP-2 has a 269 bp leader

sequence that is not found in any other clones including TRPM-2,
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d. Analysis of exons/introns borders
The sequence borders of the exons/introns were deduced irom published consensus
sequences (Mount et af., 1982) and {rom S1 nuclease analysis in the case of exon I and

IV. Table 1 shows all exon/intron horders compared to the consensus sequences.

B. CLONING AND SEQUENCING OF THE HUMAN TRPM-2 ¢cDNA AND
GENE

1. Sequence of the human TRPM-2 ¢cDNA

The full length human TRPM-2 ¢cDNA was isolated from a human testis cDNA
library purchases from ClonTech, Califomnia. This cDNA, designated pHT7 appearcd to
be a near full length ¢cDNA of 1,648 bp based on a comparison with its rat counterpart.
The full sequence of pHT7 is shown in [ig. 7. Thc ORF is 449 aa starting with two Met.
HT7 does not have a poly(A) tail, however the published sequence of SP-40,40
(Kirszbaum et al., 1989) does have onc. On this basis the 3’ untranslated region has 250

nucleotides. the putative polyadenylation signal is 22 nucleotides from the poly(A) tail.

2, Screening strategy of the human TRPM-2 gene

At the time genomic screening of the human libraries was performed, the human
¢DNA, pHT7, was not available. Therefore 500,000 EMBL3 plagues from the human
libraries were screened on the basis of the hybridization signal with p21-04, the partial
length rat TRPM-2 cDNA. The extent of conservation was sufficient to identify nine
positive regions on the plates. The four rounds of plagque purifications were done in

parallel with the rat. Subsequent work was then performed with p17H, the full lengih rat
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Table 1. Splice junctions of the rat TRPM-2 gene compared to the consensus
sequences.

The consensus sequence from Mount, 1982 is compared to all splice junction of
the rat TRPM-2 gene.



Predicted exon/intron splice sites

Consensus SAG/gtgagt
I /1 CCG/gtgaga
It /2 AGG/gtgagt
ITI /3 GAG/gtcagyg
1v /4 CAG/gtgaaa
Y /5 GAG/gtgaga
VI /6 TGG/gtgagce
VII /7 ACG/gtgagc
VIII/8 CCG/gtaagc

Predicted intron/exon splice sites

Consensus (£). ntag/G
1 /11 ctctgcag/A
2 /ITI tcttgcag/A
3 /Iv tcctgtag/G
4 /v tgtcccag/cC
5 /VI gtccccag/a
6 /VII ctgggcag/A
7 /VIII ccatttag/G
8 /IX tatttcag/G
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¢DNA and then pHT?7, the full length human ¢DNA (sce below). Also similar to the rat,
two overlapping phage inserts {rom those positives were latter found to contain the

complete human gene (fig. 8 and 9 and below).

3. Subcloning strategy of the human TRPM-2 gene

The subcloning strategy for the human gene was similar (o the rat. The restriction
enzyme Sal I also released all inserts intact. Restriction mapping with the same four
enzymes (Eco RI, Bam HI, Hind III, Kpn I) was therefore straight forward. Also two
overlapping phage inserts contained the complete gene and were sclected for subcloning:
AHS.1.1.1 (15.1 kb) and AH9.1.1.1 (13.3 kb). The same veetor systems were used: cither
pTZI18R and pTZI9R (Pharmacia). These vectors seemed to yield stable inserts for the
human clones as well. Cross-hybridization o p17H also revealed a multi-cxonic gene that

appearcd similar in size as compared 10 its rat counterpart,

4. Sequencing results

The sequencing strategy for the human subelones was very similar 1o the rat, the
major difference being the fact that there were much more intronic repetitive sequences
in the human subclones. This made complete sequencing more difficult. Where some of
the exonulease 111 deletion clones missed, primer extensions could not be performed since
the 17-mers hybridized to several regions simultancously. Parts of three intronic regions
were not sequenced. A 1,560 bp stretch is missing in intron 3, a 150 bp gap in intron 4

and 3,100 bp in intron 6. However, all exons and their borders were sequenced (tig 9).
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Figure 7. Sequence of the human TRPM-2 cDNA and its ORF.

The figure shows the complete sequence of HT7, the human TRPM-2 ¢DNA, and
its ORF. Nuclcotides 53, 54, 55 (ATG) were sclected as the first codon (a methionine)
since it yields the longest ORF. The putative polyadenylation site is underlined. The first
and last of the 447 amino acids are in bold casc. The number of nucleotides and amino
acids are indicated on each of their respective lines.
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CGCGGACAGGCTGCCGCTGACCGnGGCGTGCAAAGACTCCAGAATTGGAGGCATGRTGAAGACTCTGCTGCTGTTTGTGGGGCTGCTGCTGACCTGGGAG
Mat¥et LysThriouLeuleuPheValGlyLeuLeuLeuThrTrpGlu

nGTGGGCAGGTCCTGGGGGACCnGACGGTCTCAGACRATGAGCTCCAGGAAATGTCCAATCAGGGAAGTAAGTACGTCAATAAGGA&ATTCAAAATGCT
50rGlyGanalLouGlyAspGlnThrVn1sarnspnsncluLnuGlnGluMn:Sc:hsnGlnGlySanysTernlnsnLysGluIlnGlnAsnhla

GTCAACGGGGTGnhAChGATAAnGhCTCTCATAGAAA&AACAnACGAhGAGCGCAAGACRCTGCTCAGCAACCTAGAAGAAGCCAAGARGAAGAAAGAG
ValAsnGlyValLysGlnlleLysThrLeuIlnGluLysThrAsnGluGlunrgLysTh:LauLcuSthunLnuGluGluAlaLysLysLyGLysGlu

GATGCCCTAAhTGAGACCAGGGAATCAGAGACAAAGCTCAAGGhGCTCCCAGGAGTGTGCAATGhGACCﬁTGATGGCCCTCTGGGAAGAGTGTAAGCCC
AsphluLouﬂsnG1uThrArgGluSc:GluTh:LychuLyaGluLuuP:oGlyVniCyshsnG1uThrMe:MetAlaLouT:pGluGluCysLysPro

TGCCTGAAACAGACCTGCATGAnGTTCTACGCACGCGTCTGCRGAAGTGGCTCAGGCCTGGTTGGCCGCCAhL1JhAGGhujLLLLUAHCCAGAuL;Lu
CysLoulysGlaThrCysMot LysPheTyrAlaArgValCysirgSerGlySerSlyLleuvalGlyArgGlaleuGluGluPheLouAsnGinSerSor

CCCTTCTACTTCTGGhTCAATGGTGACCGCATCCACTCCCTGCTGGAGAACGACCGGCAGCAGACGCﬁCﬁTGCTGGATGTCATGCAGG&CC&CTTCAGC
?roPhoTyr?hoTrpMo:hsnGlynspArg110Asp50rLeuLeucluAsnAsphqulnGlnThrHisMetLeuAspValMetGlnAanisPheScr

CGCGCGTCCAGCATCATAGACGnGCTCTTCCAGGACnGGTTCTTCACCCGGGAGCCCCAGGﬁTACCTACCACTACCTGCCCTTCAGCCTGCCCCACCGG
nrgnlaSQESQrIluIleAspGluLuuphoGlnAspArgPhoPthhrAqulu?roGlnAspTh:Ty:HlaTeruuP:oPheSarLouP:oHisArq

AGGCCTCACTTCTTCTTTCCChAGTCCCGCATCGTCCGCAGCTTGATGCCCTTCTCTCCGTACGAGCCCCTGAACTTCCACGCCATGTTCCRGCCCTTC
ArgProfisPhephoPheProlysSerargllevalar;CarlouMotProPhoSerProTyrGluPraleudsnPhot isAlaMet PheGLlnProbhe

CTTGACATGATACACGAGGCTCAGCAGGCCATGGACPTCCACTTCCJCAGCCCGGCCTTCChGCACCCCCCﬁACAGAﬁTTCATACGAGAAGGCGRCChT
LcucluMetIleHlsGluAlaGlnGlnAlaMutnspileHlsPhqu:So:P:onlaPheGlnHlsPrcProTh:GluPheIlen:gcluclyﬂspAsp

GACCGCACTGTGTGCCGGGAGATCCCCCACAACTCCACGGGCTGCCT1CGGnTGAAGGACCAGTGTGnCAAGTGCCGGGAGRTCTTGTCTGTGGACTGT
nnFArgThrVa1Cy5AquluIleArqusAsnSchhrSlycychuPquc:LysAspGlnCysAspLysCysA:gGluIluLeuSorValAsprs

TCCACCAACAACCCCTCCCﬁGGCTAAGCTGCGGCGGGRGCTCGACCAATCCCTTChCCTCGCTGAGAGGTTGﬁCCAGGAAATACARCGAGCTGCTAAAG
SQrThrnsnnsnProSorGlnAlaLysLeunrghrqcluLeunspGluSe:LnLGanalAlaGlun:qLeuThrnrqLysTyrAsnGiuLuuLeuLys

TCCTACCAGTGGAAGATGCTCAACACCTCCTCCTTGCTGGAGCRGCTGﬁACGAGCAGTTTAACTGGGTGTCCCGGCTGGCAAACCTCACGCAAGGCGRA
surTyrGlnTrpLysMoLLuuAsnThrSnrSorLcuLcuGluGlnLeuAsnGluGlnPhoAsnT:an1sa:nrqLnuAlaAsnLauThrGlnGlyGlu

GACChGTACTATCTGCGCGTCACCACGGTGGCTTCCCACACTTCTGACTCGGACGTTCCTTCCGGTGTCACTGﬂGGTGGTCGTGAAGCTCTTTGACTCT
AspGlnTereruuaqualThrThrValAlaSe:ﬂ1nThrScrAspSornspValProSerGlyVnlThrGluValVa1ValLynLouPhnAspsor

GATCCCATCACTGTGACGGTCCCTGTAGAAGTCTCCAGGAAGAACCCTARATTTATGGAGACCGTGGCGGAGﬁRhGCGCTGCAGG&ATACCGCAAAAAG
AspProI10ThrvalThrVa1ProValGluVa1ScrﬂquysAsnPrcLyn?heHctGluThrValAlaGluLyshlaLouGlnGluTy:AquysLys

CACCOGGAGGAGTGAGATGTGGATGTTGC TTTTGUACCT TACGGGGCCATC T TCAGTCCACC TCCCCCCAAGATGACCTGC AGCCCCCCAGAGAGAGCT
HlsArgGluGlu 449

CTGCACGTCACCAhGTAACCAGGCCCCAGCCTCCAGGCCCCCAACTCCCCCCAGCCTCTCCCCGCTCTGGaTCCTGCACTCTAACACTCGACTCTGCTG

CTCATGGGAAGAACAGANTTGCTCCTOCATGCAACTAATTCAATAAAMACTCTC T TGTGAGCTG 1648
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Figure 9. Sequence of the human TRPM-2 gene,

The complete sequence of the human gene could not be generated due o multiple
segeals in introns 3. 4, and 6, The intervening, upstream, and downsiream sequences are
in lower case leters. The sequence predicted in the mature mRNA is in uppercase and
bold. The potential putative TATA and CAT boxes are in lower case and bold. Other
interesting sequences such as GC rich, and polyadenylation signal arc underfined. The
palindrome identified in the 57 region is double underlined.
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gncctqcngglcancqqatccottcccqaLtcctcatcgtccnqatqqaaqana:tgagqcccanqqqcnadqtqattaqtccqngqtcacccaqtgtct
aqqqqcacacctagqactgnaatcaqacL:tcntqqacctgqtctgqqtLctcccncttaqtcatngccttqaaqattccccqaggc:gcctcctquaa
agqactgngtctnqtqqcccctqgacqtquqcaagcaaqqqactqqgcctccatq:tqtqcctccataqtcctga:cccgaactggaaaactcaqccc
ctqnccacqcagctctcctntaaqccccttthLt:acanqthLtcaaagtctqccacccacaqtggqqctgcctqtacccgccctgtccacccatLgc
cccogctgccagcccctancttctctcctqngcttaaacatccctggctccaaaatqggcaqctcaccttcttccccaagaaqtagctgcacc:ccaq
ggttcctaqatttqcccctcct:qccagqngaggqngqutgcqacagqagattctccctgccctcaqcagaaqgaactccaqcag:tqgagaccaqca
nacccctctqgacacaqatctqatttcccaactgqqaaqqctcaqqqcaaaataaaaattcaggtccactqgttcaaaaactatgaagaatttcaagacc
qtcucagtaqcccattaaaccaoncqtqqntctgcaaqqq:cccacagccatgnnqcccaccctqcLtqqttgqqtLccaaaaaqatqqqgocaqtgatt
qcttaaqctccqtqqatcaaqqaccccgqagaqqccttctggctchcacataLctqctctgatcactcctaaaca:aattctgtc:cctccagqcctgg
cqqqtcagt:cangacccccacaaqtgtgatqtttccaggagtugchtLtcaa:achtcctqtgctctcttctccagcacaaggcccctctcca:ccc
accctcattatqtctgactccttnctnnttoaatgqqtcaagagaaqtqchct:qtqLaatgtquaggttaaqgtcaqtaqqgccagqgaac:q:qaga
ttgtgtcttgqactqqgacnqacngccgqqctaaccgcgtqaqangctcccaqntqgcncchagttcaggctcttccclactggaachccachccg
cacctcagggtctctcctgqaqccagcacaqctattcgtqgtqatqatgcqcccccccchccccaqcccgqtqctqca:cgqcccccncctcccgqct:
ccagaaagctccccttgctttccgcgqcattctttqqgcqtgagtcatqcoqqtLcqcagccagccccaaaqgtq:qtchc;nacqgachEEataan:
+1 nucleotida
acggedast cccngtqcccacmmmmmmmaqa:gtccccqt cttecetaccecttgag
cnqaqccacaccnggacgqatqqchqqcangqatqgcaqccaqqcaquqngqgatqacacaqctcgcagtcacaacccctgcgcttchucgqagccc
aggaagccagggaggggaggtyccggagecccat caccaggeaget gagecaggggocgegeaaccgocgectgatyageacgagett cacs 2aaccaca
attctqtqgtggngqgtaaataqnacaqatataatqatcatcctttcqcanaqatgqqqaanctqagacctgqaqacctqccgcqttgqcaqacccagq
ctagcaqqtqacnqnqctgqcctqcaccqaqctccttcctqcagcatatcc:ctgcgaagatgcqgatctctcagttgtqgc:ttcgqcttgcatgcatg
aqtcatctagtLttcttctaaattctctnqctctctqqacactgttgcctqtaaq:ncqaqgctchgatttcaqtatatctqcaaccaccqaantccqa
ctttttctgcctchaa:qcatctqagqtqcatcaqnqananqtcacacaaqatccaccnqgcclcaqacctchgattccacaqtctcatcttacngatq
atﬂatctqngqcctgqaqaqq:t:aqgoc:qqLgcconcnctaancnqcaaaLaagtatcagaactgqgattcqaqccaangcctcc:qoccttccaqaa
tLtctgqncctagttaaaaaaaatatgatttttattattat:cttcaaacqqagnqgt:nggaatttaaagqaaaqtacagatacta:ataaaaaaagat
qcccatqaanatq:taagttataa:aataqtggaqcattggqcncnnctgaau:gqccantcttqtqaqaatqgtaaauLuaacttagqtccqtqaqtoa
nggaqtatcacacngccataaanqtatqcchtanagaatatttqanqa:gqanatgtqﬂaqaatcttqtataaactq:a:qqaagacaqanqqaaat
ataccacagtqctﬂacccLtgcctctgqgtanaLgaaLtaccgqtqattatLttncntaLntLccttttqgtttaqtttnccccatttqaagaaqcaqa
taqgngccgngct:tgqqattgaaaccctcnccatctgtthCCCLc:Lcac:qtcttcccatcctccccacgqcLccc:qtccacagtcattqatttt
ctttctttctLthtcthtttttLtLLtttcctqaqaccaaqtctcactctqttqcccagqctqqaqtaqagtagcqccatctcgqctcactqcaacct
ccgccatccngttcaagcagtLctca:qcchcagcctcanqLaqctgqqactncagccqcatqctqctacatccgqcnectnttzgcattttnaqtaq
aqncanqqtttcﬂccaccttqgccaqgctqqtc:cqaactcc:gntctcangtnacccaqcclgtcttqgcctcccaaaqcqc:qqggtqacaqgtqtqn
aLcaa:qcutccc:qccaqqtcatantttLcttaaqcctctagc:cagccctqcttggaaacgttttgqgaaqctqctcagntcaaag:tcccaqqaqq
qLqtgcctqqagngagttqctcccnnnq:ctqcctqctccccccqccccc:c:qccccccaccccccqccn:cttctcctcctcctct:cccctgagca
qcccctttq:ccacaqanccqqccttt:ctqgtugaaggaqcaaqgccaaqtqqt:taaqccctcttaqqqagaatqaqgctgtqtqgtaq:gc:gggqa
ctcgaqggccttch:tgqcatggctc:tccacccaqggcagctqgcagccaqgcncccaqgaqgcagaggaqatqagqqqqgeggtgagtccqaqcaaa
qqaanqgagqthqctgtqcagtcacquLctnqaacattcattggatcaqcaqca:ccatatcacctqcagnctqg:tqgaaaaqcagtc:caqaacca
acantataaccagccctgcaqtqa:tca:daqtactttaaanagtqqtcan:catttcaqcaaaqcaqagccacacagtccngqqaccacagq:ggcct
cLgtgtgcttqtctcggttttcctqcccc:ctccaqacatqttgattagacactgccaatgcccagcctcagachcagtc:aa:ttqgaaqtag:caga
aLLtactatqattaco:aaqacccncg:gLttacaqaacacnttcccctctc:qnggtctggattagatccattttacaqatgaaqaaactgaqgctcag
atatttaaqtqocttgqantcnaqqaaaqaatac:qgacatqngctqqgagqqctggqctctcatcccagggttaccatqagcn:gctq:gqactctaq
qqaqtcca:qccctcCctqgcgt:caqctcaccqctaqqtaqaqaqqttngtqaqagaocgacctcc::c:caqgtctqaqctqgatqgttcaccagqq
accccagqcLccctqqacqaqactctqtqcccqctqctqaqtc:qqaaLtcctttcctqtatcttgcctttchEqccccattcttcatqqcccugcacc
ctgtcttctggtcaqancctaqttctqantqqqtttctccagnng:tq:tqctttcagqqqcccc:gqcagaqaggtqtt:ctqqctgqct:tg:c:ctc
tqgcatgacaanqqctc:qtccctqctqqaqqcottLcnqggc:caqtgqqcaqcnggqqcaqacqctqaqnccacaqcc::cctqqtgeqcccqgLctc
cqccccctnccccatcLctgqqaaggcqcanccccatctcttctcccncgctgctccctggctctttchcctqattact:c:catqaqaggcac:cct
tqttaatgtgctactqaqtgtccaqntqqgcctqctqqgctqagcqggctttgqathqancca:tLcagqaaqggqaacc:a:cqtcctgt:gq::ctq
antqqcaaaqugtqaqctcagataacgaqttcttqqgagngcatqqtgggqq:qgaqtqcagngqaqqggtt:ctgt:t:nttqacancagcc:ca
qcttctggqaaaqggtcca:tqtqtaaqaccqqqq:tatqgctgtqccccgtggc:caqqqcagccaqccaqtqgtgqcaqqaacactggcagqgcaqcc
tcgtqtcgqcttaqagqqqatqggcaqtqtqgaqqqcctqgcagaqcaaqaggactcnLcct:ccaaaqggactttctctgqqaaqcctqctcct:qqqc
cacnchnaccchctctnc:ctccgaaqgaaLtqtcctLcctqgcttccactacttccacccctgaachacagqcaqcccqgcccaaqtctcccactaq
qa:gcagatqqattcgqtqtqdnngctqqctqctqttqcc:ccgcgtcttqaangLcaagttcnqgtqqtqctgagactccctqggqgc:gcachctq
tgq:gaa:gqqgagcqtctgctnggtgaaqgtt:aqg:qcacattqcaqagqacg:qqctqg:c::tqqgatgcagtcccnctq:ggaqqtqgcangg
qaqqqacgqatgcatqaccLaaqqqtqgtntLLtcangtc:qaca:gatcgataccnccctgqacaaqqaqgccagqatgcagaaagcctgtgtqcc:c
qccqat:gthgqgagqa:qtqgctngacaaqaqcctqqttcctccqatqccagqqttct:gtttc::ccactcaacattgc:q:cc:qcagtc:c:cc
ctccctgcccctcctqcc:thctttcattcgaqqtqtccatqqccaqtctgqtcat:Lcccccca:L:cc:caqqaatanaaqt:gcagcagtgcc:gc

Lqtqqqqacaqc:qagqqcaqtqaqqctqqqqaqctqcLqcaqqchqagcgqchgqacnnagcaggctqtctaqctgttcccatga:ggtctcctgtt
chtqcaqmmmmmmm

LgagragaccaaqgcatgatgrtoctciggecacagggtgatgaggLcagagggcagggtagetas
tLctqctcaqtqcctctctatcaqgc:ccagtqttacaqnccqt::ttdtctthqcactqggtctggq:gcctq:q:ctgqqcccac:cnqagc:tcaq
ctcccaqqcccctqqtLcaqqctctgchqca:caqactgccqgcatttqcaqqcaLttcccaagcacttthgc:qtchatttcat:caq:tct:ccc
ctcccaqgcccctLagcccagctcccaqqcchcctccacaaaqctqtqL:quaccaccqqnqc:c:tatccctctcccc:tcgqagtqcccagaqctta
zccctcc:gtgaqctqacqqtttctqcagqa:catLthaaaancccnqatcaqacatqqqtqtquq:cthttcacctcttc:cagctgggtqac:t:q
qqccachatctantc:ca:qacactcccccca:cccccat:ttatanqatataattaacaaa:aaanat:qtq:atatttaaqq:atatqacq:qa:q
Ltttqanatgcacntdca:andatthqaccaq::L:Latqqtqqqacqqtgqqaaqacttaaaatc:nctttcttdqcaaatttccaqttatgata:q
qtqttaltnachatﬂaqcaccachqLaLqLLaqacctccaqaacatactcctcclacctqa:qnacactttqaccctttn[ca:atcacacttcccatq
tctcc:Lctchdaqtqqqcacqchqqqqqctqqaqcattacqlaanctqcaca:qaaqtgtttqchcaqtqct:qqca:qqqataaacaccaqtqaa
qLaqcactLaqqlqacacag:qttthcnqcatttqtcaccaqtqctnlcclLac:caLttactcatcttctta:tcctqthcctggcac:qcattqu
acaaaqoaatacacaLatctqLttanactqaactctaqaaauatttqtqtccaaaataacnata:tttatattttqach:qcaaacq:gacac:tcnqq
;.thtttLtttttccttqccanqtttcLLchcacccaqctcnttctccangqcacatqqcagtqqctqqqcataaclctgqgtqtq:cqqctcccatg
qLctqcatttctanqcaqlnqqqtqcagLcaqcnaqqaqcctqtqatqqgaqcc:qtgccagqqcaagqctqqqqcalqc:qctgcctqc:qgcaqqagL
qqqqqLcccnqcctancnqcccctqnactqaacqqqcc:ttctqqcatccaqc:cat:ccaqqqtcctqaqqccacctc::cctcthcctcattctqc
ctcttgeactictoctigeag AMGTACGTCAAT.

AT tcaggaggageecgetacegecteoctgect
anccatcccnctqqaqqqqngqqaqqqqqtcnchcchgtqccctgctqq:tqccatqqlqacccgcaqtcc!CCCdgqctqtqtcaqctgdtqctga
qqc:qcaqttaaqaaqcaqqqnnqq:tco:Ltqcntc:gaaagcatcnqqqaqtqaqatc::qqatctqgttttgttatgaqcctqqcccangctaatg
ccaqattcatLLcad:aqatgtttclaaqccctqa:cacqtgctaqtLccadq:aqqctctgqqtqqqqtgch9Caqqggccaqdcaqgcqtqchtcc
aach!caqqanqcl:ctaqqaq:taqqqaacaqttqgatcltqaaqqatqaqtqqqttctttaaqccaqgtqqqaaqgggattCCagqtggchaatga
ggyjaagctt..gap in intron 1 of =1560bp. -Aagcttgaactggageaagggtaggeacttgoatgetgggiggecagectatgggaagge
ttqccctqqqchqaqqqcc:qqcncccaq»agc:ctt:gaqtqrazqaqcc:qiqqtctclqtqtqctcaqccaqccttqtqtctlcc:gtaqﬂlﬂﬂcc
CTAAATCAGACCACCCAATC) ICATCCOCCTCTGRGANCACTCTAACOCCTGCCTGA

mmmcr‘mmmmcq.'.qaaaaqqqqacacatqaqquccaaqqct cIga
qtqqqqaaqqnqqqgaqcctaqlqaanLatqct:cattccqca:qccaqatqcaattqattaqcn:tqqctqqc:tqcccaqaqtqccatqctccat:qq
taatqtctqqcatqnqtaqaqaqaqtqqaqrca:caaaaqqatqtnqqccaqq:a:ctgcctLchLtaqaaaactcatgcaqcaqtqct:nqc:qgatq
acataalaaaclqclLcqtqqqatqcaqaqccc:qtqtcacLtatqtgqaaqqatttaaqaattLtttitttttL:tqaqacaqqqtc:cactctqtcac
ccaqqctqqaqLacaqtqntqtqatcnlq:Ltcactqcaqctthacctcc:qqqttcaqqtqalcc:ccca:clcaqcc:cccdaqtaqc:qqqactac
4qqcncqtacrnccn:ncccaqc:nat:Lth:u::::tz:t::qtaaaca:q;qq:::qq:ca:q::qcccaqqctqq:ctcaaactcczaaqctc:aq
:aatcctcctaccttqqcctcccaaa:tqn:qqqat:ataqarq:q:qccaclaqtcccaqccaatqtaaqattttgtaqglp in intron & of
- ISObp...Ltqcccat:chcqachqqgtqntatcattqqlqccaaaqalqccaqlqna:qaacctqaaatqttqqccthtqacttttqqqc1tcc
cnqqtqtctcnaanctq:cccccn:qqaqqqaqaznanaqqaaaqnqcotqqacctqacaqntqqqq:qc:qqqqqctqqzcccaqctqqqc:q:tqqtc
nctlqctqlqlqa:tq:lncnqccaqucaqqqcctqqctqq:!caccaqqqqqiqqqaqc:agqaqccq:qqcct:qq:qaqcttctcctaactqtqcc



9139

9239

9339

3439

9539

9639

9739

9839

9939

10039
10139
10239
10339
10439
13609
13709
13809
13909
14009
14109
14209
14309
14409
14509
14609
14709
14809
14809
15009
15109
15209
15309
15409
15509
15609
15709
15809
15509
16009
16109
16209
16309
16409
16509
16609
16709

catgctgoqlgteccagCT TRAGGAGTTCCTCAM CAGAGCTCG COCTTCT ACTICTGGATGAR TCE TGALC GO AT CGACTCCC TGO T CEAGANCEACCG
GCAGCAGACGCALAT CC TCAR TG TCATGCAGGACTACTTC AGCC GCGC G TOCAGCATCAT AGAC GAGC TCTT OCAGEACAGCT I CTTCACCCCRGAGECE
CAGGATACCTACC A TACC TG OO T oA SO TGO CACC CLAL GCCT CAC T I T C I I T COCAAS TC O e GO ATCG TCCGCAGC T TGATGCC CTTCTCTC
CGTACGAGCCCCTGARC I TCCACCCCATG TTOCAGS CCTT CCTTGAGATGAT ACAS GACGCTCAGCAGGCCATGEACATC CACT TCCACAGC COGGOCTT
CCAGCACCCGCCAACAGAAETCHIACGAGQ:qaqaaggqg:qgaagctcatggcctcttgagcaactcgt:aqatqc:gagaaccatnncgngqgc:cag
cqqqtg:cntctcga:tttLtctccagcaatat:acaagqqtgatattatccttatttauagaqgaaaaaaactgaqctgqgcatgqtgctcntgcccq:
gatgecagcastitgagaggecaaggegygaggatcatitgaggecaggagttigagaccagectggecaagatagtqagaccetghctctacaaaaata
daascttasaaaattageeqgggtgiggtggrgeacaccigragectcagetact cgggaggoigaggeaagagagt cacctgagectggazgttggagge
tgcagtgagcatatgttgeacattccattccagectgggcaacagagrgagacectgictctaaattasaasataaataaaaatascaataggaatcagt
ggagtlccatctotgeatggotggatqgactgactottottocotogtgt gt oo ccagAAMGGOGNT
TCCACGGGCTGCOCTGOCGATGAAGGACTACTCTGACAAGT tgagcriggggtecagaccacaagecgtecccectgate
ccttgtqtcctqqqgtcactggggcctcactgqtqc:gcctttatggagctagacagataachtttqgnccccaqc:ctgcaqcctttqagctgtqncc
cggggcaggrccigagectcatgeagetteggt tectoatcttagaatgagatgatgatgegaggetgtccetgaagteggtgagatqregt tagagaty
caadagrgocetccacetggieggoccecatgttgaasaaagett, .gap 4n intron § of m3100bp. . Aagettaggagctgaagacectqgget
caatcccgqgcccagaqa:cn:Ltattctatgqctttaqqtangctat:tnt:qatacLtctgcggqcctcaqtttcattattgg:aaaaattatttcat
tattgqtaaaattagacttaagccctaatccttaaqLcagaacagatccnnttcctagngaaaaaqgatatccaqagngaaCtttc:gcqgtgtctgqga
cgeageagtgccacacgastggeagetgigagtaatattectcctctotggaaatgattcccgggagggact agggcaacgagagecactecaggtetga
gancatqqaqaacttgaqatcagtgc:t:tqgaag:qtqgtcnacacagcttqtcaccaaagaqntaaqqqtctqgcacccaaagataaatgaa:gatqt
tacgaagcacacLgritaggicagttggcqgtatttitccagageanggettotcaggetgggegtggtggetcacaccagtaat cocageactttitggg
cagatgggttgageccaggagttegagaccagectggacaacacagagaaaccecgtgictacassaaatacaasastiagetgggeatggtageatgtg
cctatagtoccagetactoaggaggotgaggttggaggacagectgagectgggaagreaaggetgragtgagecgagatcteaccactgtattecagee
Laggcaacagageaasact cLgtct caaa0aaaCAa03ACAAAAACAAAA3ACCCAANAgACt L EEtggatgacggaageagtgtotagatcacattct
gaggcaaaaccttiatiiiglicgtggacaattecagittgtggoocctiocttagggaagecactgetittgrteccgetgoatgtgotaacttocatteat
tecatggttetatcoccritgtageocttecocitcacacttetcactitgegtttottccatectotgggeag AAG
CTGCCOCCEAALCTCGACGAATCCCTOCAGGTCGCTGAGAGETTGACCAGEAAAT ACANS CAGC TCCT ARG TOCTACCAGTGGAAGATGCTCAACACCT
CCTCCTTGCTGGAGCAGCTGAACGAGCAGTTTAACTGGGTGTCCCDGCTGGCAAACcTCADGcAAGGCGaAGACCnGTACTA!CTGCGGGTCJﬂXﬂuxac
gaqc:g:gtcccggccncanqctqtcqgtcggagcccgacchtqatcqagcagngcatgtgtqctttcguctgagcattcatcacacggcngaaaata
gaadactitaggegeccotgrigecttyaagoct catoacccactoagggaaaatataacectgott tacasaggageasagtasgagaggt tecacage
LLqqccaaqgtgtqatagctagacagatgacttqgacggqtatttqaaccatqcatgcctqgctgccaagcctgtattttqttgcngt:gtt:ttgtttt
ggrgcacasatctgtgaataaaccagangectetgttettticicasagetacaaggetgecet ctggcatgtaaaatggottatgaattagtacatcac
:ctctgccaqtga:aaaaacttctc:ctagqccaqacatqqtqcnca:gcctqtaatcccaqcac:ttngagqcagnqqcaagaggatqt:gaggccuq
qaatttgagaccaq:ctgqqcaacacagcaaga::ccctctctacaaaaaatacaaaaatcagtcngqtqtqgtqqcacacacttgtaqtc:cnqc:att
cagqaqqctqaqchggaqqattgcctqagccctqaagtggnggctgcag:gaqctqtgatcacgccactqcac:ccaqcctggqtgecagagtgaqacc
c:qtctcttnaaaaatanatatatataaautantnaaa:aaagtanaaaatcaaataaaactta:ttctaqtaccgqqanctcttctttttcttntcc:t
cttecectocaggeoclolggattectitieiacectactctgastaagggotgootaaagoaaatgitiggaaaccactt ttattott LygggLgetece
tgggetggtcatttgeagatgacattigoceccaacacatgagigetgtgaasceaggieegiietgiecactgagetgtacttacgtotagatgtacaag
asgeatggggloagctototaggiitestiqgaggageaggaggacttectiateagaagocigactt cugt tgcagagegeatgoat tttgaccacagt
gttieagctctiocotttiotetigticcatitag CACA ST N T GA TG G T T O T T OO CTC TCAM T GAGC TEET CETC AN TT
TGACTCTGATCCCAT CACT CTGACGETOCCTGT AGAAGTCTCCAGGAAGANC CCTARAT T TATGGAGACCGT CE oG CAGAANGC GCTGCAGGAATACCGE
AAAAAGCACOthaaqcagchgqccct:cctchcqtqcaqggcccagtgaqtc:Chngagccacnanaaaacoaacaaagtqcagactctatugcct
ggzngaacqnctccgcccgqnqccaqagcccaaqaacanagccaggaaqttacgqqggaatcctattt:tcctttgqagqntqttttactttqgaqqat
aactgtttrurattcay TGTTGCTIT TTGCACCTACGECGEC AT CTGAGT CCAGCTCCOOCCAMGATGALCTGCAGEC OO
AQAGACACCTCTCCACG TCACCAAS TAAC CAGGCCC CAGL CTCTAGGC COCC AR T CoGC CoAGCCTC TOOC CECT CTCEATCETECACTCTARCACTS
ACTCTGCTGCTCA!GGGAAGAACAGAAITGCTCCTGCaIGCAACTaAITCAATAAAACTGTCTTGTGAGCTGa:cqcttqgcgqgtcctcttt:tatgtt
qagt:qc:qct:ccqqcatgccttcattt:qctatngngcaqqcagqqggqatggaanataag:aqaaacnaaanaqcachqctoagatqgtataqg
gactgtcataccagrgaagaataasaggqgrgaagaatasangqgatatgatgacaaggttgatcegttgd 167179
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Computer scquence comparison of the full length human ¢DNA and the human
genomic sequence initially confirmed the presence of 8 exons, spanning 12,370 bp.
However, no consensus TATA or CAT boxes could be lound. Since this gene was very
well conserved compared 1o the rat (79% in the exonic sequences) a ninth exon upstream
[rom the initial first exon was suspected 1o be missing. This cxon 1 was found 4.2 kb
from the initially designed exon 1, which now becomes exon II (see below). Therefore the
human TRPM-2 gene spans from its +1 nucleotide to the polyadenylation site (22 bp from
the first nucleotide of the first polyadenylation signal) 16,570 bp. Sce table 2 for the

cxon/intron statistics,

5. Positioning and confirmation of human exon I and +1 nucleotide

The exon T of the human gene could not be confirmed based on sequence
comparison to pHT7 (the human ¢DNA). This ¢cDNA does not have enough sequence
information at its 5" region to cither hybridize or validate a computer scarch, with the
genomic sequence. Therelore systematic sequence comparison using the MicroGenie
software (Beckman) was performed using the 57 upstream sequence of the rat gene
including exon I to all the available human sequence upstream to the initially designated
exon I, now known to be exon IL The minimum logistical stringency used in the
computer comparisons was 75% of 20 nucleotides. The inter-species conservation of the
upstream DNA sequence between the rat and human is nearly 79%. This great
conservation facilitated the scarch of exon I and the human upstream sequences. Also.

since there is a significant sequence match (18/22) between the first 22 nucleotides of
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pHT7 to the sequence identificd as cxon I by cross species computer comparison in the
human genomic clenes, and since this sequence also demonstrates the necessary consensus
splice junction at its 3, it is very likely that the actual assignment of human exon [ is

correct (fig. 10).

6. Detailed analysis of the functional elements in the human TRPM-2
gene

a. Identification of known regulatory sequences
The 5° region contain a consensus TATAAA box at position -29 and a ncar
consensus CAT box (GGCATT instead of GGCAAT) at position -96. The upstrcam
region also contains muhiple GC rich boxes as in its rat counterpart at positions -21,
-59,-129, -142, -174, none of which is a consensus SP1 site. The remainder of the human
57 upstream region also lacks known conventional hormone regulatory elements.
Of interest, the 3" downstream region contains four polyadenylation signals, of

which only the first one is transeribed (fig. 11).

b. Identification of unknown regulatory sequences
As for the rat, a short inverted repeat with a close axis of symmetry was found in
the 57 upstream region. However, this human palindromic sequence bears no similarity
with the rat sequence. The palindrome is located at -118; GAAAGC-(N),-GCTTTC. The

significance of this palindrome was not determined .
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Figure 10.  Positioning of the human exon I and +1 nucleotide

The exon 1 of the human gene was positioned based on the sequence similarity
betweer: the rat and human genomic sequences and the potential TATA and CAT boxes.
The 57 upstream sequence is shown in lower case leters and the transcribed sequence is
shown in uppercase. The putative TATA and CAT boxes are underlined,
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Figure 11. 5’ upstream elements of the human TRPM-2 gene.

The start of transcription and exon [ are represented graphically. The TATA and
CAT boxes are shown as black boxes. The GC rich regions are inside white boxes. The
palindrome is depicied as a stipled double wriangle. The long stippled bar represents the
extent of sequence similarity (79%) with its rat counterpart.
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c. Comparison of human TRPM-2 genomic sequences with other
human sequences in GENBANK

The sequence similarity between the rat and human TRPM-2 genes lies mostly in
the transeribed regions and in the 5° upstream scgment. This homology is 799
Comparison of the human sequences against GENBANK revealed the same several
sequences as in the rat. Of interest, SP-40.40 and CLI ¢DNAs were ctoned rom human

RNA. No other group has actually cloned the genomic portion of human TRPM-2.

d. Analysis of exons/introns borders
The sequencee borders of the exons/introns were deduced from published consensus
sequences (Mount er al., 1982). As no testis RNA could be obtained, no S1 nuclease
analysis was performed to confirm the exonfintron borders and the +1 nucicotide. Table

2 shows all exonfintron borders compared to the published consensus sequences.

C. THE RAT TRPM-2 GENE IS EXPRESSED IN A WIDE VARIETY OF
TISSUES AT VERY DIFFERENT LEVELS

Nuclease S1 protection assays using a single stranded 60-mer complementary to
the 5” region of exon I (o position -19 (8 nucleotides downstream of the putative TATA
box) were performed on a varicty of tissucs (fig. 12). A second series of nuclease Sl
digestions were performed using a second probe specific for the intron 3exon IV
boundary (fig. 13). In every tissue examined TRPM-2 trans2ription appears to be initiated
from the same transcription start site, appears to have the same splicing patiern at the

intron 3/exon 1V border. Furthermore, the level of expression of exon I and exon IV is
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Table 2. Splice junctions of the human TRPM-2 gene compared to the
CONSENsus sequences.

The consensus sequence from Mount, 1982 is compared to all splice
junction of the human TRPM-2 gene.



Predicted exon/intron splice sites

Consensus gns/gtgagt
I /1 CGG/gtgaga
i1 /2 CAa/ggtaga
111 /3 GAG/gtaggc
v /4 CAG/gtgaga
\' /5 AAG/gtcaga
VIl /6 GTG/ggtgag
VII /7 ACAa/gtgagt
VIII/S8 CCG/gtaagc

Predicted intron/exon splice sites

Consensus (£), ntag/c
1 /11 ctttgcag/G
2 /11l ctctcaca/G
3 /1Iv ccatgaag/G
4 /v ggtcccag/C
5 /VI gtgtccag/A
6 /VII cctggccal/G
7 /VIIL tcttectag/G
8 /IX ttttccag/C
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Figure 12.  Nuclease S1 mapping of the TRPM-2 rat gene in different tissues with
its exon I,

The relative position in the gene and the sequence of the 60-mer probe uscd is
shown. As molecular weight marker a sequencing ladder was gencrated using a primer
from the first 17 nucleotides of the 6(-mer probe. 100pg of total RNA extracted {rom
cach ol the tissues before, and four days after castration, was incubated with the
radiolabeled exon I probe. Afler nuclease S1 digestion the samples were run through an
8% polyacrylamide gel and subscquently exposed 1o an X-ray film for 5 h at room
lemperature.
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Figure 13.  Nuclease S1 mapping of the TRPM-2 rat gene in different tissues with
exon 1V

The rclative position in the genc and the sequence of the 60-mer probe used is
shown. As molecular weight marker a sequencing ladder was generated using a primer
from the first 17 nucleotides of the 60-mer probe. 100ug of total RNA extracted from
cach of the tissucs before, and four days after castration, was incubated with the
radiolabeled exon I probe. Alter nuclease S1 digestion the samples were run through an
8% polyacrylamide gel and subsequently exposed to an X-ray film for 5 h at room
lemperature.
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proportionate in cach tssue, adding further support 1o the fact that aliernate exon 1
splicing docs not occur. It is also clear from these results that the gene is markedly
induced in the prostate after castration (as is expected), and 1o the same extent in the
seminal vesicles. It is also expressed constitutively in the testis, although at a level that
is less than 2% of that observed in the prostate. Very low levels of TRPM-2 expression
(less than (.2% of the level of the prostate) are detectable in several of the other tissucs
(heart, liver, brain). Since the level of expression in these tissues is not altered after
castration it probably relates to the naturally occurring cell death that is necessary for

tissue homeostasis.

D. THE LEADER SEQUENCES BETWEEN THE SGP-2 AND TRPM-2 ¢cDNAs
ARE DIFFERENT

The scquence homology between SGP-2 and TRPM-2 is essentially identical
within the coding region. However there is a striking difference in the untranslated leader
scquence of SGP-2 on 269 nucleotides that has no similarity to the corresponding
scquence in TRPM-2 which is 34 nucleotides in length (fig. 14). 1t is not possible that the
cause for the discrepancy between SGP-2 and TRPM-2 arose from the presence of two
or more allelic genes in the genome since the TRPM-2 gene has already been located on
the rat chromosome 8 (Wong er al., 1992). Therefore only two explanations are possible:
either TRPM-2 is alternatively or trans-spliced or a mechanism of differential promoter

usage in different tissues, or one of the two report leader sequences is an artifact.
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1. Possible alternative or trans splicing or differential promoter usage

To address the possibility of alternative splicing, sequence comparisons using the
published SGP-2 sequence (Collard and Griswold, 1987) with the available rat TRPM-2
gcnomic sequence (5,739 bp upstream exon I, and complete intron 1) were computerized
and showed no sequence similarity, even at lowest logistical stringency. Therctore, if
alternative splicing occurs, the sequence unique te SGP-2 must lie more than 5.7 kb
upstream of TRPM-2 exon I. Because the two scquences diverge within only one base
pair of exon I/II border of the TRPM-2 cDNA (fig. 14), it is not possible (o rule out an
alternative or trans splicing or differential promoter usage mechanism solely bascd on
available sequence data. This possibility was thercfore examined by primer extension

analysis, nuclcase S1 mapping and specific PCR amplification experimenis.

The primer extension analysis (fig. 5) clearly shows that no minor RNA specics
are detectable in the prostate afier castration or in the testis. In addition, nuclease S1
mapping using an overlap of the immediate 5° region and exon I (described above)
confirmed the primer extension results (fig. 12). In fact neither of these two methods
conclusively demonsirate that SGP-2 is not a trans-spliced product of TRPM-2 due to the
detection level of these methods. It is still possible that very low levels of alternatively
spliced or trans-spliced or differential promoter usage products are normally present in

vivo.
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Figure 14.  Sequence comparison between the rat TRPM-2 ¢cDNA (p17H) and the
published SGP-2 cDNA.

Panel A. The figure shows the sequence data difference between SGP-2 and
TRPM-2 ¢DNAs compared 1o the sequence of the rat genc exon I. The region of
mismatch is in uppercase and bold and the mismatching nucleotides are indicated with
stars. It is intcresting to note that the SGP-2 leader sequence discrcpancy starts one
nucleotide short of the exon VI splice junction suggesting possible alternative or trans-
splicing for the SGP-2 transcript. However, the sequence discrepancy is a cloning artifact.
Panel B. The list of other sequence mismaiches arc presented with the position and the
mismatching nucleotide. Where the nucleotide is a "A", it is missing in the published
sequence of SGP-2 (Collar and Griswold, 19387). SGP-2 cDNA does not have a
poly(A)wil. This indicated by "end A" in the SGP-2 column. The differences in sequence
data between SGP-2 and p17H have all been confirmed at the genomic level in favour
o pl7H.
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2. The SGP-2 ¢cDNA 5’ end is an artifact

To definitively rulc out that alternative of trans-splicing of the TRPM-2 transcript
occurs in different tissues (prostate and testis) o produce the mature SGP-2 and TRPM-2
mRNAs respectively, PCR analysis of the 5° region of the TRPM-2 transcript was

performed (fig. 15).

Four primers were synthesized and used in pairs to amplify:
1. The common region of SGP-2 and TRPM-2;
2. The region overlapping the specific and common sequence of
TRPM-2;
3 The specific region of SGP-2;
4. The region overlapping the specific and common sequence of

SGP-2.

The much higher scnsitivity of the PCR technique served well to detect the
presence of the specific end of SGP-2 (fig. 15) which could not be detected by Northem
or nuclease S1 analysis (Gleeson, personal communication). This experiment also clearly
demonstrates that the published sequence of SGP-2 is not physically associated with the
common region. This PCR experiment along with primer extension and nuclease S1
analysis rule out the possibility of alternative of trans-splicing explaining the discrepancy
beiween SGP-2 and TRPM-2 and shows that the 5’ leader sequence of SGP-2 is a cloning

artifact.
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Figure 15, PCR analysis comparison between SGP-2 and TRPM-2

Panel A depicts the TRPM-2 cDNA and the possible SGP-2 ¢cDNA aligned. The
stippled box in the TRPM-2 ¢DNA indicates the rcgion that is unique to TRPM-2. The
solid box on the SGP-2 ¢cDNA depicts the region that is unique 1o the SGP-2 published
sequence. The arrow heads indicate the relative positions of the different primers used the
PCR amplification experiments. The filled and empty boxes under the schematic cDNAs
represent the two different probes that were used to confirm the nature of the amplified
fragments and indicate the approximate relative positions of those probes, The lengths of
the predicted amplified fragments arc shown above the pairs of ¢cDNAs. In subscquent
pancls: Lanes 1, 3, 4, 7 are {rom prostate RNA and lanes 2, 4, 6, 8 arc from testis RNA,
Panel B is the 4% agarose gel obtained after PCR amplification. Panel C is the resulting
Southern X-ray after hybridization with the probe depicted by the filled boxes in panel
A. Panel D is the resulting Southern X-ray after hybridization with the probe
corresponding to the empty boxes in pancl A.
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IV. DISCUSSION



A. GENOMIC LIBRARIES

The cloning of the rat and human TRPM-2 genes required the preparation of two
genomic libraries. These librarics were prepared from Mbo [ digests in the EMBL3
veetor. Mbo T was sclected for two reasons. Firstly, it is a 4 bp cutter that digests at an
average of 300 bp in both rat and human genomes as scen from complete digests ona 1%
agarose gel (data not shown). Therefore, its activity on genomic DNA does not seem to
be very specific and makes it a good candidate for the construction of unbiased librarics.
Secondly, Mbo [ is an isoschizomer of Bam HI which has onc of the restriction sites in
the EMBL3 MCS. Since amplificd libraries have been shown to be biased in their
sequence retention, I chose to screen three unamplified genomic libraries for cach species.
This provided enough independent clones to allow the screening. A total of more than 3
million independent clones were generated that way. In the process of building the
librarics, [ aimed at generating enough genomic clone to cover between 5 and 10 times
the genome of cach species. The actual librarics contained clones with an average size
insert of 14 kb in length. Since the librarics contained more that 3 miilion independents,
the genome was mathematically covered 6.8 times, which was sufficient to initiate the
screening process and to be sure that unique sequences were adequately represented in

the libraries.

The screening of both genomic libraries was initially performed with pG21-04, the
first partial length ¢DNA clone of TRPM-2 (Léger er al., 1987). Twelve rat genomic

inserts were initially pulled out, two of those were found to include the complete gene by
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overlap: ARB.1.1.1 (13.5 kb) and AR6.2.1.1 (17.7 kb). The sequence conservation

between the rat and the human is such (79%) that nine cloned were originally screened
out with pG21-04; two of thosc were overlapping and contained the complete human

TRPM-2 gene: AHS. 11,1 (15.1) and AHY.1.1.1 (13.3 kb).

B. THE RAT TRPM-2 GENE

pG21-04 was only 1,340 bp in length and to characterize the TRPM-2 gene
properly. the full length cDNA was required. p17H then was cloned and sequenced. It is
the full length TRPM-2 ¢DNA (1,630 bp) missing only 10 nuclcotides on its 5 end
compared to the putative mRNA. This ¢cDNA clonc was used for all subsequent work on
the rat TRPM-2 gene.

The gene is 13,750 bp in length and is composed of 9 exons. 5,737 bp upsircam
of exon I have been sequenced (fig. 4). The spliced product yields an mRNA of 1,640
nucleotides with the same transcription start in all tissucs examined. The TATA and CAT
boxes arc located at positions -30 and -96 respectively and their nucleotide composition
fits consensus sequences. An additional near consensus CAT box is also found at -59. A
single palindromic sequence has been found at -75 and its biclogical significance is being

currently investigated. The gene also has a single polyadenylation signal,

C. THE HUMAN TRPM-2 GENE
The human complete ¢cDNA clone, pHT7, was also cloned and used for all

subscquent work on the human TRPM-2 gene. This cDNA did not however contain ¢xon
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I. The mRNA is approximately 1,660 bp in length, The human TRPM-2 gene is 16,570

bp in length and is also composed of 9 exons (tig. 8 and 9). 1,300 bp upstrcam of cxon
[ have been sequenced. Because of the difficulty of obtaining human testis RNA, cxon |
and the +1 nucleotide were located by computer comparisons with its rat counterpart (fig.
103). These searches conlirmed the presence of consensus TATA (-29) and CAT (-96) as

well as a single palindrome at -118.

D. COMPARISON BETWEEN THE RAT AND HUMAN TRPM-2 GENES

1. Exon/intron structures

Visual inspection of the exonfintron structure of both rat and human genes
indicates remarkable similarities. Not only the scquence conservation between the exonic
sequence of the two genes and their 5° regions homologous at 79%, the distribution of
the cxons is almost identical between the two genes. While the human gene has a total
of 2.8 kb of additional intervening scquences and while no introns show any sequence
similarity between the two species, the interspacing between both sets of exons is very
similar as well the length of each individual introns. By comparing fig. 3 and 8, one can
obscrve the stand alone exon I, the cluster of' 5 cxons in the middle part of the gene and
the cluster of three cxons on the most 3" end of the gencs. The explanation for those
similar TRPM-2 exons Iengths from one species to another and the relative spacing of the

intervening sequence alike is unknown at the moment.
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2. 5’ upstream sequences

The cxtent of sequence homology in the 5° region of both gencs is the same as
within the exonic regions. This suggests a similar mechanism of control. Both TATA and
CAT boxes in both genes are spaced identically being at -30 and -96 for the rat, -29 and
-96 for the human. The sequence of both conscnsus is also identical. However the rat
gene has an additional near consensus CAT box at -59. The presence of this additional
sequence could merely be coincidental or has a presently unknown biological function.
Both gcnes have palindromes whose sequence are however totally different. Also, while
the human unique palindrome is upstream of the -96 CAT box, the rat palindrome is in
between the TATA and CAT boxes. The presence of the palindromes suggest that the
gene may be controlled through them, but the signilicance of the differential positioning
and the lack of similarity between the sequence data are not known, However, DNA band
shift assays have made clear that proteins bind specifically the rat palindrome, suggesting
the presence of a new regulatory palindromic scquence (Taillefer, personal

communication).

3. Polyadenylation signals
Finally, the rat gene has a unigue polyadenylation signal while there are four for

the human; only the first being transcribed.
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E. THE RAT AND HUMAN c¢DNAs AND/OR PROTEINS IN OTHER
SYSTEMS

The rat and human ¢DNA and/or protcin products have been cloned and
characterized in other systems. However, the only report {or the cloning of the actual gene
to date is this thesis. The cDNA has been cloned as sulfated glycoprotein-2 (SGP-2) from
rat Sertoli cells (Collard and Griswold, 1987; Griswold er ¢l., 1986); as clusterin from the
ram rete testes fluid (Blaschuk er al., 1983); from human serum, as apolipoprotcin I (de
Silva er al., 1990); human scrum protein 40,40 (SP-40,40) (Kirszbaum er al., 1989) and
human complement lysis inhibitor (CLI} (Jene and Tschopp, 1989); from Madin-Darby
canine kidney cells as glycoprowcin 80 (gp80) (Hartmann er al., 1991); from bovine
adrenal medullary chromaffin granules as glycoprotein III (Palmer and Christie, 1990);
and from Japancse quail neurorctinal cells as T64 (Michel er al., 1989). The rat TRPM-2
¢DNA sequence is nearly tdentical Lo its rat counterparts except for SGP-2 and the human
¢DNA is almost identical to its human counterparts without exception, the only difference
being point mutations that probably arose in the cloning and/or sequencing procedures and
represent species dilferences. However the 5' end of SGP-2 bears as 269 nucleotides
leader not seen in any other clones and the rat TRPM-2 has a 34 nucleotides leader that

is different from SGP-2 and that is absent in other clones.
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1. Discrepancy between the reported ¢cDNA sequence of SGP-2 and
TRPM-2

I have taken lour complementary steps to resolve the 5° end ambiguity between
the reported full length ¢DNA clone designated SGP-2, and the full length sequence of

the rat TRPM-2 reported here.

First, computer screening of the sequence data of the complete TRPM-2 gene and
especially intron 1 and the available upstream sequence (5.7 kb) has failed 1o locate the
269 nucleotides leader of SGP-2 or any part of it, at any logistical stringencies. Since, the
{ull contingent of’ control sequence in the 5’ upstream sequences are present, if the 269
nucleotides sequence is biologically associated with the rest of the cDNA, it must come
from alternative or trans-splicing and would involve differential promoter usage. The
possibility of a muli allelic gene is ruled out because the rat TRPM-2 has been located
as a single allelic gene to the rat chromosome 8 and human chromosome 15 (Wong er al.,

1992, submitted).

Sccond, to resolve the nature of this discrepancy I have performed nuclease S1
analysis. The S1 analysis were two fold. Since this method is at lcast 10 time more
sensitive than Northern analysis, it was used to detect the presence in rat testis RNA of
the 269 nucleotides sequence with a specific oligonucleotide (data not shown). This
analysis failed 10 identify to the 269 nucleotides leader (Gleeson, personal
communication). S1 analysis was also used to locate the +1 nucleotide, or the possible

splice junction of exon I (fig. 12). This type of analysis accurately pin points which
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nucleotide(s) at which transcription inittates or splicing occurs, but cannot differentiate
between the two. Nuclease S1 experiments have shown that exon I is present in testis

RNA pointing to cither the start of transcription or a splicing sitc.

Third, to distinguish between the possibilitics of exon I being the start of
transcription or merely a spliced exon, primer extensions analysis were performed. This
experiment involved the use of a specific antisense primer to the TRPM-2 mRNA (o
allow AMYV reverse transcriptase to run off the 57 end of the mRNA, This technique
allows one to determine the distance in nucleotides between the first nucleotides of the
primer and the most 5 nucleotide of the mRNA. If alternative or trans-splicing, or
differential promoter usage were the case in TRPM-2, more than one band or a band of
a different size than the one predicted by the actual structure of exon I, should appear.
Even after extensive exposure of the sequencing gel, the rat testis RNA showed only the
expected band and 86 nucleotides from the primer (fig. 5). Therefore, the combination of
nuclcasc S1 and primer extension analysis show that alternative or trans-splicing or
differential promoter usage in the TRPM-2 gene is very unlikely. However, the detection
limit of these lechniques is not absolute; both of these methods could have missed very
low levels of alternative or trans-splicing or differential promoter usage. A more sensitive
detection system was required to definitively rule out the unlikely possibility of alternative

or trans-splicing or differential promoter usage.



79

Fourth, to definitively show that the TRPM-2 gene is transcribed from a single
promoter and the structure presented here includes all exons, specific PCR amplification
analysis was used. PCR analysis using a set of primers specitic 10 the putative SGP-2
mRNA demonstrated that this latter sequence exists, at very low levels, in both prostate
and testis. However, specific PCR amplification using primers {rom the common sequence
of SGP-2 and TRPM-2, and the unique SGP-2 leader sequence failed to demonstrate any
association between the SGP-2 269 nuclcotides leader and their common ¢cDNA sequences

(fig. 15). Therefore, the 269 nucleotides SGP-2 leader sequence is a cloning artifact.

Finally, these results also support the fact that the TRPM-2 gene is not multi

allelic (Buttyan er al., 1989; Grima et al., 1990) and exists as presented in this thesis.

F. EXPRESSION OF THE RAT TRPM-2 GENE IN DIFFERENT TISSUES
Fig. 12 and 13 show the nuclease S1 mapping of exon I and IV respectively in
different tissues of the rat. These experiments demonstrate primarily that TRPM-2 is
expressed in all tissues examined at different levels. Tissues like the intestines do not
show any band on the picture but those very weak bands were visible on the actual X-ray
film. It is interesting to note that the seminal vesicles show similar induction after
androgen removal compared to the prostate. This is not surprising since the seminal
vesicles are an androgen dependent tissue and probably also undergo drastic involution

after castration of the rat. The fact that TRPM-2 is expressed constitutively, at low levels,
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in all tissues examined suggests that the protein product may be required for normal tissue

homeostasis.

G. POSSIBLE FUNCTION OF THE TRPM-2 PROTEIN

Since the synthesis and secretion of TRPM-2 by the Sertoli cells does not appear
to be associated with the process of apoptosis within the tesus, it is important to
determine the rolc of the TRPM-2 gene products in the testis, and the regressing prostate.
The sequence similarity between the TRPM-2 sequence and the sequence of a component
of the inhibited human complement cascade, that is referred to as CLI (complement
cytolysis inhibitor) (Jenne & Tschopp, 1989) or SP-40,40 (Kirszbaum er al., 1989),
probably provides an important clue as to the function of TRPM-2, This protein is a
component of the C5b-9 complex in its inactivated state, which binds to the final MAC

complex, inhibiting the lysis of the cell membrane of attacked cells.

More clues to as the possible function of the TRPM-2 protein come from recent
studics using the RDE (Montpetit er al., 1988) rat prostate cell line (Lakins and
Tenniswood submitted) have demonstrated that TRPM-2 is expressed at low, but clearly
detectable, levels in proliferating cells. /n siru hybridization experiments suggest that the
TRPM-2 gene is expressed prior to the Gy/M interface, based on the time of expression
after re-addition of serum. However, without more detailed analysis of the cells cycle it
is not possible to categorically state that TRPM-2 is involved in the G,/M transition. What

is cvident is that TRPM-2 appears to be expressed during replication just prior to
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membrane remodelling that occurs during cell division. At the morphological and
biochemical level, proliferation and apoptosis share many characteristics in common, in
particular the entirc cell membrane is remodelied, and divided into two (cell division) or
more (apoptosis) discrele bodies. This occurs without any leakage of the cellular
components into the exiracellular space, and requires the integrity of the membrane be

maintained at all times during the remodelling process.

It is clear that TRPM-2 is involved in both proliferation and in apoptosis.
Compiling all of the available data suggests that the role of TRPM-2 in these processes
{(apoptosis, prolifcration and sperm maturation) is to ensurc the integrity of the cell
membrane during the extensive remodelling that occurs in each case and to prevent the
complement mediated lysis of the membrane. Immunofluorescence microscopy, using an
anti-clusterin antibody, has demonstrated that the TRPM-2 gene product is associated with
the membrane of cells undergoing apoptosis (Grima et al. 1990), giving more weight to

this hypothesis.

However, some neuronal and non-neuronal developmental cell deaths failed to
identify the cxpression of TRPM-2 in the process. These processes seem to reflect
variations of ACD compared to the adult animal (Clarke, 1990). Since, in those
developing systems, due to the lack of a complement system, no complement response
is possible, TRPM-2 as a protector of cellular integrity from complement associated lysis

would not need to be expressed. This correlates well with natural functions of a
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developing animal, where a selection of genes to be expressed is tightly made both

spatially and tcmporally.
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V. CONCLUSION
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The rescarch supporting this thesis dealt with the cloning of the TRPM-2 gene,
both in rat and human; the complete sequencing of both genes; the initial determination
of characterization of functional clements within the rat gene; the study of expression of
the rat TRPM-2 gene in different tissues; and the reselution of the discrepancy between
the published sequence of SGP-2 ¢DNA (Collard and Griswold, 1987) and the TRPM-2

¢DNA.

The rat TRPM-2 gene is 13,750 bp in length and is composed of 9 exons. 5,737
bp upstrcam of exon I have been sequenced. The spliced product of this gene produces
an mRNA of 1,640 bp with the same transcription start in all tissues ¢xamined. Consensus
TATA and CAT boxes have been tound at positions -30 and -96 respectively. A single
palindromic sequence has been found at -75 and is its biological significance is being

currently investigated. The gene also has a single polyadenylation signal.

The human TRPM-2 gene is 16,570 bp in length and is composed of also 9 exons.
1,300 bp upstrcam of exon I have been sequenced. The mRNA is approximately 1,660
bp in length. Consensus TATA, at -29, and CAT, at -96. have beer identified as well as
a single palindrome at -118 that bears to sequence similarity with its rat counterpart. Also,
in the rat palindrome is between the TATA and CAT boxes and the human the

palindrome is upstrcam of the CAT consensus sequence.
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The rat TRPM-2 mRNA was detected in all wissues examined (fig. 12 and 13) at
very different levels, The gene seems o be constitutively expressed in all tissues being

highly induced after hormonal ablation in the prostaie and seminal vesicles.

PCR analysis confirmed the presence of the SGP-2 leader sequence in the rat estis
RNA. However this same sct of experiments also confirmed that the published 269
nucleotides leader of SGP-2 is not associated cither by aliernative or trans-splicing 10 the
rest of the SGP-2 sequence that is similar to TRPM-2. Therefore the 269 bp lcader of
SGP-2 is a cloning artifact and serves no biological function when physically associated

with TRPM-2

The next logical step to this research is 1o characterize possible reguliatory
clements lying cither in the 5° region or any of the TRPM-2 intervening sequences. The
sequence data provided in this thesis, and in particular, the palindromes, provide solid

srounds to achieve this step.
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APPENDIX I: List of abbreviations



aa
ACD
ATP

bp
¢cDNA
CLI
dATP
dCTP
dGTP
DNA
DTT
dTTP
ECM
EDTA
GnRH
hnRNA
kb

kDa
MAC
MCS
MOI
mRNA
OD
ORF
PAGE
PEG
poly(AyYRNA
RDE cells
RNA
rRNA
SDS
SGP-2
SSC
ssDNA
TGFB
Tris
TRPM-2
wiv

pH
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amino acid(s)

active cell death

adcnosing 5’-triphosphate

basc pair(s)

complementary DNA
complement cytolysis inhibitor
dcoxyadenosine 5’-triphosphate
deoxycytidine 5’-triphosphate
deoxyguanosine 5'-triphosphate
deoxyribonucleic acid
dithiothreitol

deoxythymidine 5’-triphosphate
extraccllular matrix
cthylenediamineteira-acetic acid
gonodotropin releasing hormone
heteronuclear RNA

kilobase(s)

kilo daltons

membrane attack complex
multi-cloning site

multiplicity of infection
messenger RNA

optical density

open reading frame
polyacrylamide gel clectrophoresis
polyethylenc glycol
polyadenylated RNA

rapidly dividing cpithelial cells
ribonucleic acid

ribosomal RNA

sodium dodecyl sulfate

sulfated glycoprotein 2

saline sodium citrate

single stranded DNA
transforming growth factor B
2-amino-2-hydromethylpropane-1,3-diol
lestosterone repressed proslates message 2
weight/volume

log,o[H']
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The following items were supplicd by Amersham corp. (Oakville, ON); o-[*P]-
dCTP (3000 Ci/mmol), ¥-[*P]-dATP (3000 Ci/mmol), [**S]-mcthioninc (>800 Ci/mmol),
Muliprime labeling kit, Hind III, Eco RI, Kpn I, Bam HI, Sal I, Mbo I, Hybond-N
membrancs, RNas T "A"

From Sigma Chemical (St-Louis, Mo). Oligo (dT),,. s, acrylamide, bis-acrylamide,
TEMED.

From Bochringer Mannheim Canada Litd (Dorval, QC). Calf thymus DNA, Klenow
fragment of DNA polymerase I, T4 ligase, polynucleotide kinase, calf intestinal
phosphatase, PST I, Sma L.

From Life Sciences (St-Petersberg, FL). AMYV reverse transcriptase.

From Intcrnational Biotechnologies Inc (Toronto, ON). Electrophoresis grade
agasose, Hind III and Eco RI/Hind III A DNA molecular weigth marker.

From Pharmacia (Montréal, QC). pTZ18R, pTZ19R, M13KO7, oligo(dT)-ccllulosc,
Sephades G-5(), Sepharose 4B.

From Oxoid Canada (Nepean, ON). Agar, tryplone, bacto-yeast extract.

From BDH Canada (Toronto, ON). Ficoll, polyvinylpyrrolidone.

From Beckman Canada (Mississauga, ON). All centrifuges and rotors, all ultra-
centrifuge tubes, Microgenie software, ready-Solv ET scintillation fluid, all scintillation
counters.

From Picker International (Ottawa, ON). Cronex X-ray film,

Fisher Scientific Co. Ltd (Nepcan, ON). All other chemicals and materials.
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