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USES OF NEURONAL PANNEXINS FOR THERAPY AND DIAGNOSIS
IN MAMMALS

The present invention relates to the industrial developments in
connection with the domain of neurobiology. More precisely, the invention
concerns medical and pharmaceutical applications - of particular
mammalian neuronal proteins.

The present invention is thus related to the use of pannexins,
especially neuronal channel-forming pannexins, for the manufacture of
drugs for preventing and/or treating neurological disorders, particularly
neurological disorders involving hippocampal pyramidal cells in mammals.

Moreover, the invention concerns the use of pannexins for in vitro
diagnosing such neurological disorders.

The present invention is also directed to methods for selecting, in
vitro or in vivo using an animal model, compounds useful for preventing
and/or treating, in mammals, neurological disorders, particularly
neurological disorders involving the hippocampal pyramidal cells, by

modifying the channel-forming ability of pannexins.

Gap junctions are collections of intercellular channels that, in

vertebrates, are formed by connexins, a multi-gene family of which 20

" members have been identified in humans (1). It is generally-accepted that

gap junctions between neurons represent the anatomical substrate of
electrical synapses (reviewed in 2, 3). Although the incidence of electrical
coupling relative to chemical synapses in the adult is relatively low, several
studies have demonstrated that different. types of interneurons of the
hippocampus and neocortex communicate via electrical synapses in a
cell-specific manner (4-11). Therefore, this additional form of intercellular
communication appears to be more widespread than previously imagined
and delineates independent networks of coupled cells. In this respect,

electrical synapses have emerged as a common mechanism for
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synchronizing neuronal ensembles at different frequency bands, which
have been proposed to underlie a variety of cognitive processes (e.g.,

perception, learning, and memory).

More precisely, besides the undisputed role of chemical
transmission in network oscillations, both computer simulations and
electrophysiological recordings héve‘recently emphasized a key role for
electrical synapses in the generation of synchronous activity in the
hippocampus and neocortex (6, 12-17). Accordingly, the identification of
connexin36 (Cx36) as the main neuronal connexin expressed in several
areas of the brain (18) suggested that it may be an important component
of gap junctions involved in the synchronization of large-scale neuronal
networks. This possibility has been directly tested in mice with a targeted
ablation of Cx36, which exhibit impaired electrical coupling in several brain
regions (15, 19-23). Loss of this gap junction protein abolishes electrical
coupling between hippocampal interneurons and disrupts gamma
frequency network oscillations in vitro and in vivo (15, 24). The specificity
of this impairment was indicated by the finding that high frequency
rhythms in hippocampal pyramidal cells are unaffected by the lack of Cx36
(15).

These observations raise two possibilities: either a different
connexin is specifically deployed throughout the pyramidal cell network or,
alternatively, another class of molecules expressed in the mammalian
brain forms electrical junctions between pyramidal cells. The latter
hypothesis has received theoretical support from the discovery, in the
database, of a novel family of genes encoding proteins for which the name

“pannexins” has been proposed (25).

Pannexins are known to share structural features with gap junction

proteins of invertebrates (innexins) and vertebrates (connexins) (25).

As shown for the first time in the context of the present invention,
pannexins can form gap junction channels and, therefore, contribute to
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- electrical communication in the nervous ‘system of mammals. Indeed, it

appears that pannexins form intercellular channels that allow -
communication between neurons, thus making a novel class of electrical
synapses exhibiting some specific features compared to the channel-

forming proteins characterized so far.

Interestingly, as shown herein, pannexins are the first proteins with
gap junction-forming ability to be localized in the pyramidal cells of the

hippocampus of mammails.

In conirast to connexins, the other class of proteins forming
intercellular channels in mammals, which are mainly targeted to dendrites
and form inter-dendritic electrical synapses, pannexins may also be
axonally targéted and form axo-axonal gap junctions. This is the type of
electrical synapses predicted to run between pyramidal cells.

On the basis of their cellular distribution in the brain (see the
detailed description below), and their aforementioned specific features,
pannexins are thought to underiie neurological'disorders, including those
involving hippocampal pyramidal neurons.

Therefore, thanks to their specific features, pannexins represent an
advantageous tool for the development of drugs that will modify their
channel forming properties.

Thus, the first aspect of the present invention concerns the use of at
least one pannexin, especially one neuronal channel-forming pannexin, or
at least one biologically active fragment thereof, or at least one biologically
active derivative thereof, for the manufacture of a drug for preventing
and/or treating, in a mammal, a neurological disorder, particularly a
neurological disorder involving the hippocampal pyramidal cells.

The “use” as mentioned above encompasses any use of pannexins
or biolagically active fragments or derivatives thereof, for pharmaceutical

purposes, which means the use of pannexins or biologically active

| fragments or derivatives thereof, either directly (e.g., the use of pannexins
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themselves as drugs), or indirectly. Examples of indirect uses of
pannexins are the use as screening tools for selecting compounds which
may be used as drugs, or the use as starting materials for obtaining such
compounds, via modification, fransformation, etc..., of the pannexin
structure.

As used herein, the term “pannexins” encompasses, but it is not
limited to, neuronal channel-forming pannexins.

The terms and expressions « gap junction proteins », « channel-
forming proteins », «gap junction pannexins», « channel-forming
pannexins » refer to the same proteins and can be used interchangeably.

For purposes of the invention, the terms “peptides”, “proteins” and
“polypeptides” are synonymous. A “peptide” is a molecule comprised of a
linear array of amino acid residues connected to each other in the linear
array by peptide bonds. Such linear array may optionally be cyclic, i.e., the
ends of the linear peptide or the side chains of amino acids within the
peptide may be joined, e.g., by a chemical bond. Such peptides according
to the invention may include from about three to about 500 amino acids,
and may further include secondary, tertiary or quaternary structures, as
well as intermolecular associations with other peptides or other non-
peptide molecules. Such intermolecular associations may be through,
without limitation, covalent bonding (e.g., through disulfide linkages), or
through chelation, electrostatic interactions, hydrophobic interactions,
hydrogen bonding, ion-dipole interactions, dipole-dipole interactions, or
any combination of the above.

In addition, certain preferred peptides according to the invention
comprise, consist essentially of, or consist of an allelic variant of pannexin.
As used herein, an “allelic variant” is a peptide having from one to two
amino acid substitutions from a parent peptide, but retaining the biological

activity of interest of the parent peptide.
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_“Retaining the biological activity of interest of the parent peptide”.
means herein retaining the ability of pannexin to contribute to channel
formation.

Peptides according fo the invention can be conveniently
synthesized using art recognized techniques.

Preferred peptidomimetics retain the biological activity of the parent
peptide, as described above. As used herein, a “peptidomimetic” is an
organic molecule that mimics some properties of peptides, preferably their
biological activity, or interferes with said properties. Preferred
peptidomimetics are obtained by structural modification of peptides
according to the invention, preferably using unnatural amino acids, D
amino acid instead of L aminoacid, conformational restraints, isosteric
replacement, cyclization, or other modifications. Other preferred
modifications include without limitation, those in which one or more amide
bbnd is replaced by a non-amide bond, and/or one or more amino acid
side chain is replaced by a different chemical moiety, or one of more of the
N-terminus, the C-terminus or one or more side chain is protected by a
protecting group, and/or double bonds and/or cyclization and/or
stereospecificity is introduced into the amino chain to increase rigidity
and/or binding affinity.

Still other preferred modifications include those intended to
enhance resistance to enzymatic degradation, improvement in the
bioavailability, and more generally in the pharmacokinetic properties,
compared to a parent pannexin peptide.

All of these variations are well known in the art. Thus, given the
peptide sequences of pannexin, those skilled in the art are enabled to
design and produce peptidomimetics having binding characteristics similar
to or superior to such peptides.

The peptides used in the therapeutic method according to the
present invention may also be obtained using genetic engineering

methods.
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A person skilled in the art will refer to the general literature to
determine which appropriate codons may be used to synthetize the
desired peptide.

A method that allows a person skilled in the art to select in vitro,
and optionally to purify a biologically active derivative that exhibits an
agonist or an antagonist biological activity of a pannexin is described
hereunder. According to this method, the selection of said biologically
active derivative is performed via determining the changes induced by this
candidate compound, such as the channel-forming ability involving a
pannexin.

A biologically active derivative of a pannexin may be a protein, a
peptide, a hormone, an antibody or a synthetic compound. A definition of
the term “compound” is given hereafter.

In the context of the present invention, a “mammal” is an animal or
a human. Preferably, by “mammal’, it is meant herein a human.

The present invention targets neurological disorders, i.e., disorders
involving cells of the central nervous system (CNS), particularly brain cells
and, more particularly, hippocampal pyramidal cells. '

As used herein, the terms “neurological disorder, particularly
neurological disorder involving the hippocampal pyramidal cells” mean any
“disorder” (or “disease” or “trouble”) related to malfunctions of the cells,
including impairments or disruptions of electrical coupling between cells,
particularly between hippocampal pyramidal neurons. Since this electrical
coupling is responsible for synchronizing neurons, said malfunctions or
impairments or disruptions affect the following biological processes: ultra-
fast oscillations in the hippocampus, memory storage, higher cognitive
functions (e.g., perception, learning, memory), olfaction, and vision. Thus,
a “neurological disorder involving the hippocampal pyramidal cells” as
referred to herein is preferably selected from epilepsy, schizophrenia,
memory disorders, Alzheimer's disease, pain disorders, visual deficits,

visual acuity, odor discrimination, and olfaction deficits. For example,
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hippocampal sclerosis is a specific alteration of the hippocampus that is
frequently observed in patients with 'temporal lobe epilepsy (69). In
general, it is characterized by gliosis and neuronal loss, most prominently
in the CA1 field of the hippocampus, followed by the hilus, CA4 and CA3
fields. In addition, this neuronal loss is accompanied by axonal
reorganization involving both excitatory and inhibitory neurons. '

In a particular embodiment, the invention concerns the use Qf
Pannexin2, or a biological active fragment thereof, or a biologically active
derivative thereof, for the manufacture of a drug for preventing and/or
tréating, in a mammal, a neurological disorder, wherein modulation,
preferably inhibition, of Pannexin1 is obtained. As shown below,
Pannexin2, despife being unable to form functional channels by itself,
reduces the amplitude of Pannexin1 currents, indicating that both proteins
interact to form heteromeric channels with different properties (Fig. 3 and
4). The interplay between these proteins implies that Pannexin2 is a
modulator of Pannexin1 channel activity. Thus, a decrease in Pannexin2
expression or activity may result in an increased activity of Pannexin1
channels and an increased strength of coupling between neurons,
whereas higher Pannexin2 levels or activity may depress channel activity.

The second aspect of the present invention is directed to the use of
at least one neuronal pannexin for in vitro diagnosing, in a mammal, a
neurological disorder, particularly a neurological disorder involving the
hippocampal pyramidal cells.

Such a use for in vitro diagnostic entails advantageously at least
one of the following :

- mapping of a specific disorder to the chromosome region where the
pannexin gene is located;

- sequencing of said gene;

- identification of at least one mutation comprised therein;

- optionally testing the functional effects of said mutation;

- establishing a genotype/phenotype correlation.
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In a particular embodiment, said in vitro diagnostic comprises at
least: ‘

a) sequencing a pannexin gene in a mammal suspected to have a

neurological disorder, particularly a neurological disorder involving

the hippocampal pyramidal cells; and

b) identifying at least one mutation responsible for the lack of

production of pannexin, or for the production of a pannexin the

activity of which is modified compared to a control, for example the
production of an inactive pannexin, in said mammal.

According to a third aspect, the present invention relates to
methods for in vitro selecting a compound useful for preventing and/or
treating, in a mammal, a neurological disorder, particularly a neurological
disorder involving the hippocampal pyramidal cells. Advantageously, the
selection is based upon the fact that said compound is capable of
modifying the channel-forming ability involving a pannexin.

By “modifying or modulating the channel-forming ability of a
pannexin” or “modifying or modulating thé channel-forming ability involving
a pannexin”, it is meant that said channel-forming ability is either induced
(equivalents of “induced” being herein “increased”, “promoted”,
“enhanced”, and “stimulated”), or inhibited (equivalents of “inhibited” being
“reduced”, “decreased”, “suppressed”, and “blocked”). This may reflect, for
instance, (i) an increase or decrease in expression or in activity of the
pannexin polynucleotides or proteins; or (ii) a change in the amount of said
polynucleotides or proteins, in the cellular distribution thereof, in the level
of expression thereof, in the type of activity thereof. ' ‘

In the context of the present invention, the term “polynucleotide”
encompasses, but it is not limited to, RNA, DNA, RNA/DNA sequences of
more than one nucleotide in either single chain or duplex form.

As used herein, the term “activity” when referring o a pannexin
encompasses:

(i) the ability of said pannexin to constitute channels; and/or
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(i) when channels are formed, its ability to constitute functional
) channels.

In a first embodiment, such a method comprises at least:

a) measuring the channel-forming ability of a pannexin in the absence of
ahy compound (P0);

b) measuring the channel-forming ability of said pannexin in the presence
of a compound (P1);

c¢) comparing PO and P1; and

d) if P1 is significantly different from PO, selecting said compound.

On the one hand, in step d), if P1 is significantly greater than PO,
the selected compound is an agonist of said pannexin.

By « agonist », it is meant herein a compound capable of restoring
or increasing the channel-forming ability and/or the amplitude and/or
kinetics of the membrane currents involving a pannexin.

On the other hand, in step d), if P1 is significantly lower than PO, the
selected compound is an antagonist of said pannexin.

An “antagonist’ is herein a compound capable of inhibiting or
decreasing the channel-forming ability and/or the amplitude and/or kinetics
of the membrane currents involving a pannexin.

A “compound” herein refers to any type of molecule, biological or
chemical, natural, recombinant or synthetic. For instance, such a
compound may be a nucleic acid (e.g., an antisense or sense
oligonucleotide including an antisense RNA), a peptide, a fatty acid, an
antibody, a polysaccharide, a steroid, a purine, a pyrimidine, an organic
molecule, a chemical moiety, and the like. Also encompassed by the term
“compound” are fragments, derivatives, structural analogs or combinations
of the above. In particular, the biologically active fragments or derivatives
of pannexins, as defined above, are also encompassed by the term
‘compound”.

Methods for measuring channel-forming ability of proteins are well-
characterized in the art. For instance, the skilled artisan, relying on the
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detailed description below, can perform the experimental procedure
recited therein.

In a second embodiment, the method of the invention allows the
selection of a compound of interest, based on its specific modulatory

_ action on pannexins. In this respect, such a method for in vifro selecting a

compound useful for preventing and/or treating, in a mammal, a
neurological disorder, particularly a neurological disorder involving the
hippocampal pyramidal cells, said compound being capable of specifically
modifying the channel-forming ability of a pannexin, without modifying the
channel-forming ability of a connexin, comprises at least:

a) measuring the channel-forming ability of each of said pannexin (P0) and
said connexin (CO) in the absence of said compound:;

b) measuring the channel-forming ability of each of said pannexin (P1) and
said connexin (C1) in the presence of said compound;

c¢) comparing PO and P1, and C0 and C1; and

d) if P1 is significantly different from PO, and if C1 is not significantly
different from CO, selecting said compound.

As used herein, the expression “not significantly different” means
“which does not appreciably modify the biological activity’. The term
“significantly” is to be understood as being equivalent to “qualitatively
significant”. In some particular embodiments, it may also encompass
“quantitatively significant”.

Yet in this embodiment, the selected compound is either an agonist
or an antagonist as defined above.

In a third embodiment, the method of the invention allows to select
a compound of interest based on its ability to modulate the size of a
channel formed by a pannexin. As an example of such a method, a control
compound, or a bank of control compounds, the molecular size of which is
known, is (are) used, this (these) compound(s) being advantageously
labeled (e.g., by fluorescence) or naturally fluorescent. Such a method
thus comprises at least the comparison of the movements, between a cell
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and the medium, of the control compound(s) in the presence and in the
absence of the cahdidate compbdnd. If a difference in the movements,
between a cell and the medium, of the control compound(s) is observed,
then the candidate compound is selected as being a compound of interest.
Advantageously, this experiment is performed using a cluster of different
control compounds having distinct molecular sizes in order to confirm the
ability of the candidate compound to modulate the size of the channel.

A method of in vitro selecting a compound based on its ability to
modulate the size of a channel formed by a pannexin, as illustred above,
is also encompassed herein as a fourth aspect of the present invention.

In all embodiments described above, the method of selection
advantageously further comprises purifying said selected compound.

Purification may be perfqrmed using standard techniques that are
well known by the person skilled in the art.

By combining biochemical and electrophysiological approaches, it is
here reported (see part B below) that pannexins exhibit a remarkable
sensitivity to blockade by carbenoxolone (with an ICso of ~5 uM), whereas
flufenamic acid exerted only a modest inhibitory effect. The opposite was
true in the case of connexind6 (Cx48), thus indicating that gap junction
biockers are able to selectively modulate pannexin énd connexin
channels.

In this respect, gap junction blockers, such as carbenoxolone, may
be useful as selective pannexin antagonists.

According to a fifth aspect, the present invention is directed to an
animal model for in vivo selecting a compound useful for preventing and/or
treating, in a mammal, a neurological disorder, particularly a neurological
disorder involving the hippocampal pyramidal cells.

As indicated above, the selection is based upon the fact that said
compound is capable of modifying the channel-forming ability involving a '

pannexin in said animal model.
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In a particular embodiment, such an animal model is constructed by
introducing at least one mutation in a pannexin gene of an animal, said
mutation being responsible for the lack of production of pannexin, or for
the production of a totally or partially inactive pannexin, said totally or
partially inactive pannexin exhibiting a reduced or suppressed channel-
forming ability, in said animal model.

In another embodiment, the present invention relates to an animal
model, wherein a reporter gene is introduced into its genome, under the
control of the endogenous promoter of a pannexin gene. Such an animal
model allows to select a compound for its ability to modulate: (i) the
expression of the protein encoded by said reporter gene; and/or (ii)
channel formation.

According to a sixth aspéct, the present invention concerns the use
of aforementioned animal models for in vifro selecting a compound
capable of modifying the channel-forming ability of a pannekin, said
compound being useful for preventing and/or treating, in a mammal, a
neurological disorder, including a disorder . involving hippocampal
pyramidal cells.

Thanks to the characterization of the properties of pannexin hemi-
channel, it appears that they may account for movement, not only between
cells of gap junction permeant molecules, even also across the non-
junctional membrane, thus participating in additional brain functions:

e the release of glutamate and/or other neurotransmitters:

o the release of ATP and/or other nucleotides (such as cyclic

ADP-ribose);

e cellular death by apoptosis. ‘

The functional impact of pannexin hemi-channels will be influenced
by their ability to gate into the open configuration. The mechanisms that
control the relative levels of unpaired and docked hemi-channels are not
yet completely understood, althought it had been previously suggested

that, once two cells are paired, connexin hemi-channels tend to be
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progressively incorporated into gap junction channels. By contrast, data

with paired oocytes do not suggest that this is the case with pannexins,

since the amplitude of non-junctional currents did not decrease with time
after pairing. Thus, it is more likely that both hemi-channels and
intercellular channels coexist in cells where Pannexin 1 (see below) is
expressed either alone or in combination with Pannexin 2 (see below).
Pannexin hemi-channels will carry out paracrine and/or autocrine signals
that may have physiological or deleterious consequences, depending on
the metabolic conditions of the tissue. Pannexin hemi-channels. may be
altered in certain disorders and this illicit opening of hemi-channels will be
pathogenetically relevant. Specifically, it appears that:
e opening of pannexin hemi-channels is deleterious for cellular
vulnerability to oxidative stress and ischemic injury;
e opening of pannexin hemi-channels represents a means to
convey long range signalling and contribute to molecular cross-
communication between glial cells and neurons which could

affect synaptic transmission and plasticity.

The present invention is illustrated, while not being limited, by the following
figures:

Figures 1A and 1B: Gene organization and mRNA expression in
rodents.

- Figure 1A: The loci of the three pannexins (Px) in the mouse genome,
indicating their exon (numbered boxed regions) and intron structure, are
displayed. Within each exon, nucleotides contributing to the presuméd
protein sequence for each pannexin are shaded.

- Figure 1B: Northern blot analysis was performed on rat polyA+ RNA
(lanes 1-16: adrenal gland, bladder, eye, spinal cord, thyroid, stomach,
prostate, large intestine, testis, kidney, skeletal muscle, liver, lung, spleen,
brain, heart). The Px1 probe hybridized to a 2.2-kb mRNA that was
detectable in several organs including spinal cord and brain. The 3.5-kb
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Px2 was most abundant in spinal cord and brain and was also present in
other organs. A less prominent 2.5-kb franscript was observed in some

organs. Px3 mRNA was observed only in skin (not shown).

Figures 2A to 2F: Expression of Px1 and Px2 mRNA in the brain.

- Figures 2A and 2B: The distribution of transcripts encoding Px1 and Px2
was determined by radioactive in situ hybridization in horizontal brain
sections obtained from rats at postnatal day 15. X-ray autoradiograms
illustrate a partially overlapping expression profile and indicate that they |
are abundant in the olfactory bulb (OB), cortex (Cx), hippocampus (Hi) and
cerebellum (Cb). Scale baris 2.5 mm.

- Figures 2C to 2F: Non-radioactive in situ hybridization demonstrating
that high expression of Px1 (Fig. 2C) and Px2 (Fig. 2D) was detected in
the stratum pyramidalis (SP) of the hippocampus and in individual neurons
(arrowheads) in the stratum oriens (SO) 'and stratum radiatum (SR). By
contrast, in the cerebellum there was a strong labeling of Px1 expressing
cells (Fig. 2E) in the white matter (WM) where Px2 expression was absent
(Fig. 2F; asterisks). Note, however, that the Px2 riboprobe strongly
labeled cells in the Purkinje cell layer (Fig. 2F; arrows). EG: external
granule cell layer; MC: molecular cell layer; GC: granule cell layer. Scale
bars are 50 ym (Fig. 2C-2D) and 250 um (Fig. 2E-2F).

Figures 3A to 3F: Functional expression of pannexins in single
Xenopus oocytes.

- Figure 3A: Whole-cell membrane currents (Im) were measured from
single oocytes co-injected with pannexin RNAs and an oligonucleotide
antisense to Xenopus Cx38 (see Materials and Methods). For clarity,
representative traces are shown only in 20 mV increments.

- Figure 3B: Current-voltage relationships were determined for oocytes
injected with either antisense oligonucleotides (open triangles), or Px1

(filled circles), Px2 (open squares), and Px3 (open diamonds) RNAs plus
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- antisense. Peak. current values above holding currents (Alm) were

calculated and plotted as a function of Vm. Mean values from Px1-
injected cells were significantly different (P<0.01) from those of control
oocytes starting at a Vm of -10 mV. For Px1 steady-state currents (open
circles), values recorded for 20 msec at the end of the pulse were
averaged and plotted as above. Results are shown as mean + SEM from
at least 8 independent experiments. Antisense (n=45); Px1 (n=80); Px2
(n=46); Px3 (n=41).

- Figures 3C to 3F: Functional interaction of Px1 and Px2 proteins.
Antisense-treated oocytes were co-injected with Px1 RNA together with
equal amounts of RNAs encoding either Px2 (dashed traces) or the W77R
mutation of human Cx26 (black traces), which is devoid of functional
activity (31).

Figures 3C-3D: Co-expression of Px1+Px2 reduced the amplitude
of the outward currents induced by the depolarizing voltage steps (bottom
traces). Alm recorded from Px1+Px2 (open circles) expressing oocytes
was significantly less (*P<0.001) than that measured from Px1+W77R
cells (filed circles). Results are shown as mean + SEM from 4
independent experiments. Antisense (n=39); Px1+W77R (n=60);
Px1+Px2 (n=67).

Figure 3E: Px1+Px2 channels exhibit a delayed peak current time.
Oocytes were depolarized to +40 mV (top left traces) and +60 mV (top
right traces) from a holding potential of —40 mV. Peak currents were
reached with a significant delay following the imposition of the voltage step
(32 and 68 msec at +40 mV and 62 and 96 msec at +60 mV, for
Px1+W77R and Px1+Px2, respectively). The lower panels show the mean
+ SEM from 3 independent experiments for Px1+W77R (n=45) and
Px1+Px2 (n=50); *P<0.001.

Figure 3F: Px2 slows the kinetics of voltage-dependent closure of
Px1 hemi-channels. Cells were depolarized to +60 mV from a holding'

potential of —40 mV (top panels). Px1+Px2 hemi-channels (dashed line)
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gated more slowly than those formed by Px1+W77R (straight line). The

Atime-dependent decline in Im was well fit by a first order exponential decay

function (lower left panel). The lower right panel illustrates the mean *
SEM from 3 independent experiments, for Px1+W77R (n=44) and
Px1+Px2 (n=41); *P<0.001.

Figures 4A to 4C: Functional expression of pannexins in paired
oocytes.

Cells were injected with the specified RNAs and manually paired in
homotypic configuration (same construct in both oocytes).

- Figure 4A: Pairs of uninjected cells from the different batches of oocytes
developed a variable level of junctional currents that exhibited the well-
known voltage-dependent gating of endogenous Cx38 (42), whereas
antisense controls showed negligible junctional conductance (Gj),
indicating that endogenous currents had been suppressed. Oocyte pairs
injected with either Px1 alone or in combination with Px2 (Px1+Px2)
developed large junctional currents, whereas homotypic; Px2-expressing
pairs were uncoupled. Gj values recorded from oocytes expressing the
neuronal mouse connexin36 (MCx36) are included for comparison.
Results are shown as the mean + SEM of the indicated number of oocyte
pairs from 4-5 independent experiments.

- Figure 4B: Px1 and Px1+Px2 intercellular channels exhibit a weak
sensitivity to transjunctional voltage (Vj). Junctional currents (lj) were
recorded from oocyte pairs in response to (Vj steps of opposite polarity
(bottom tréces) applied, from a holding potential of —40 mV, in 20 mV
increments.

- Figure 4C: The plot shows the relationship of Vj fo steady-state junctional
conductance (Gjss), which was measured at the end of the Vj step and
normalized to the values recorded at £20 mV; Px1+Px2 ‘(filled circies) and
mCx36 (open squares). Data describing the Gj/Vj relationship were fit
(smooth lines) to a Boltzmann equation, whose parameters were in
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agreement with those previously reported (43, 44). Results are shown as .
the mean *+ SEM of 7-12 pairs (from 4 independent experiments) whose Gj

~ was 3.2 + 0.8 uS and 4.8 *+ 1.1 uS for mCx36 and Px1+Px2, respectively.

Because of the much larger non-junctional currents that were present in
Px1 homotypic pairs, reliable Gjss/Vj plots with the complete polarization

paradigm were difficult to obtain.

Figures 5A to 5C: Px1 and Px2 are expressed in heterologous
systems and interact with each other.

- Figure 5A: The translational competence of RNAs encoding Px1, Px2
and the tagged constructs Px1-myc and Px2-EGFP was assessed in
Xenopus oocytes. Cells injected with the specified RNAs exhibited
specific polypeptide bands (arrows) that were easily discernible over the
pattern of endogenous proteins (lanes 1 and 4) and migrated with an
electrophoretic mobility similar to that of the in vitro synthesized products.
The molecular ‘mass (in kDa) and migration of protein standards are
indicated on the left edge of each gel.

- Figure 5B: The current-voltage (I-V) relationship demonstrated that Px1-
myc (filled circles) retained functional ability (n = 22 cells). As expected,
control oocytes (open triangles) showed no appreciable voltage-activated
currents (n = 4 cells). Peak current values above holding currents (Alm)
from Px1-myc-injected cells were significantly different (P<0.01) from

those of control oocytes starting at a membrane potential (Vm) of 20 mV.

_Results are shown as the mean + SEM. When not visible, standard errors

were comprised within the size of the symbol.

- Figure 5C: Co-immunoprecipitation of Px1 with Px2 expressed in
HEK293. The antibodies (Ab) used are specified at the bottom of each
lane. The molecular mass (in kDa) and migration of protein standards are
indicated on the left edge of the gel. Px2-EGFP was pulled down with an
anti-myc antibody only when co-transfected with Px1-myc and, conversely,

Px1-myc was pulled down with an anti-EGFP antibody only when co-
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transfected with Px2-EGFP. Immunoprecipitation of Px1-myc yielded a
doublet that may result from a partial degradation of the protein. Arrows
point to the Px1-myc and Px2-EGFP protein bands. The lower intensity of
the Px1-myc signal in single transfectants may have depended on a
different transfection efficiency in this experiment and did not rc—gpresent a

consistent trend.

Figures 6A and 6B: Homomeric and heteromeric pannexin hemi-
channels are not gated by extracellular Ca®* concentrations.

The current-voltage (I-V) relationship of Px1 (Fig. 6A) and Px1/Px2 (Fig.
6B) hemi-channels obtained in control medium (filled circles) was not
modified by incubating cells (5-15 min) in the presence of 2.9 mM ca**
(open squares). |-V plots obtained at 2.9 mM Ca*" were slightly shifted to
the right to allow a better visualization of the data points. Peak values
above holding currents (Alm) are shown as the mean + SEM of 20 (Px1)
and 12 (Px1/Px2) oocytes. The |-V relationship of antisense-treated
oocytes that were not injected with pannexin RNA (open triangles) is
shown in A (n = 4 cells). When not visible, standard errors were

comprised within the size of the symbol. Vm, membrane potential.

Figures 7A and 7B: The licorice derivatives carbenoxolone (CBX) and
B-glycyrrhetinic acid (3GA) inhibit Px1 hemi-channel currents.

Top middle traces in Figure 7A illustrate the experimental paradigm of
depolarizing pulses (Vm, membrane potential). In control medium,
expression of Px1 resulted in the activation of large outward currents when
oocytes were stepped at positive potentials. Following a 30 min
incubation with either CBX (Fig. 7A) or BCA (Fig. 7B) hemi-channel
currents were strongly blocked, an effect that was reversible upon
washout of the drugs and incubation (30'min) in control medium
(reversibility). These traces are repre‘s'entative from a> ;total of 8 (BGA) and
5 (CBX) cells. '
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Figures 8A to 8D: Dose-dependent effect of carbenoxolone (CBX) on
Px1 hemi-channel currents.

- Figures 8A to 8C: Current-voltage (I-V) relationships were determined for
oocytes that were first studied in control medium (filled circles) and then
after a 15-30 min period in the presence of the specified CBX
concentrations (open circles). Peak values above holding currents (Alm)
were calculated and plotted as a function of membrane potential (Vm).
The inhibitory action of CBX was dose-dependent and reversible upon
washout of the drug (rev; open squares, dotted lines). Results are shown
as the mean + SEM of 4, 9 and 12 cells in Figures 8A, B and C,
respectively. In Figure 8B, the reversibility I-V curve was slightly shifted to
the right to allow a better visualization of the data points. The I-V
relationship of control oocytes that were not injected with Px1 RNA
(antisense, open triangles) is shown in Figure 8A (n = 4 cells). *P<0.001
for control vs. CBX.

- Figure 8D: Semi-logarithmic plot illustrating the concentration
dependence of the effect of CBX on Px1 hemi-channels. Each point
represents the normalized peak currents (expressed as percentage of the
values recorded in control medium) measured during the +60 mV
depolarization step (mean + SEM of 3-9 cells). The solid line is a fit of the
data points to the Hill equation given in Microcal Origin 6.0 software.
When not visible, standard errors were comprised within the size of the

symbol.

Figures 9A to 9F: Homomeric and heteromeric pannexin hemi-
channels are more sensitive to carbenoxolone (CBX) than those
formed by Cx46.

- Figures 9A to 9C: Current-voltage (I-V) relationships were first recorded
in control medium (filled circles) and then after a 15-30 min period in the

presence of the 10 yM CBX (open circles). The inhibition of hemi-channel
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currents was reversible following washout of the drug (rev; open squares,
dotted lines). Where necessary, -V curves were slightly shifted to the
right to allow a better visualization of the data points. Results are shown
as the mean £ SEM of 6 (Px1), 10 (Cx46) and 9 (Px1/Px2) oocytes.
*P<0.05; **P<0.005 for control vs. CBX.

- Figures 9D 1o 9F: Comparison of the dose-dependent effect of CBX on
pannexin and Cx46 hemi-channels. Alm measured during a +60 mV
depolarization step in the presence of the specified CBX concentrations
were normalized for each condition to the values obtained in control
medium (dashed lines). Results are shown as the mean + SEM of the
number of cells indicated in parenthesis. “P=0.057; **P<0.005 vs. control
values. When not visible, standard errors were comprised within the size

of the symbol.

Figures 10A to 10D: Pannexin hemi-channels are less sensitive to
flufenamic acid (FFA) than those formed by Cx46.

- Figures 10A and 10B: Whole-cell membrane currents (Im) were
measured from single oocytes expressing either Px1 or Cx46. Top middle
traces in Figure 10B illustrate the experimental paradigm of depolarizing
pulses (Vm, membrane potential). = The application of. increasing
concentrations of FFA induced a moderate inhibition of Px1 currents, in
comparison to those recorded in control medium. By contrast, the same
FFA concentrations virtually suppressed Cx46 hemi-channels. These
fraces are representative of the number of cells given in Figures 10C and
10D.

- Figures 10C and 10D: Comparison of the dose-dependent effect of FFA
on Px1 and Cx46 hemi-channels. Peak values above holding currents
(DIm) measured during a +60 mV depolarization step in the presence of
the specified FFA concentrations were.normalized for each condition to

the values obtained in control medium (dashed linés). Results are shown
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as the mean * 'SE'M of the number of cells indicated in parenthesis.

*P<0.01; **P<0.001 vs. control values.

Figures 11A to 11H: Effects of carbenoxolone (CBX) and flufenamic
acid (FFA) on the kinetics of voltage-dependent closure of Px1 hemi-
channels. '

Cells were depolarized to +60 mV from a holding potential of —40 mV (top
traces, Vm).

- Figures 11A and 11B: A representative current trace recorded in the
presence of 3 uM CBX (dashed line) shows that Px1 hemi-channels gated
much faster than in control medium (straight line).

- Figures 11E and 11F: By contrast, 300 uM FFA (dashed line) did not
affect the time constant of channel closure measured in control medium
(straight line).

- Figures 11C and 11G: A comparison of the time-dependent decline in Im
(1) is shown by superposing the re-scaled fits of the current traces shown
above.

- Figures 11D and 11H: The bar graphs show the mean + SEM of 3 and 6
cells for CBX (Fig. 11D) and FFA (Fig. 11H), respectively. *P<0.01 for

CBX vs. control values.

The present invention will be better understood in the light of the
following detailed description of experiments, including examples.
Nevertheless, the skilled artisan will appreciate that this detailed
description is not limitative and that various modifications, substitutions,
omissions, and changes may be made without departing from the scope of

the invention.

A. Pannexins form a novel family of gap junction proteins expressed

in brain
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I. EXPERIMENTAL PROCEDURES

I-1-Molecular cloning and mRNA distribution.

cDNA clones were obtained by screening a rat hippocampal cDNA library
(postnatal day 15) with [a-**P] end labeled oligonucleotides
complementary to nucleotides (nt) 181-225 and 316-360 of the mouse Px1
open reading frame (ORF), and to nt 199-243 and 334-378 of the human
Px2 ORF (25). A probe for Px3 was generated by PCR using the
oligonucleotide pair derived from nt 569-592 and 1059-1082 of the rat Px3
ORF, identified in the database. The tissue distribution of pannexin gene
expression was investigated by reacting blots containing rat polyA+ RNA
(Rat MTN Blot | and Il, catalog #7764-1 and 7795-1, respectively;
Clontech, Palo Alto, CA) with [a-**P] dCTP labeled probes derived either
from the entire ORF of Px1 and Px2, or with a fragment derived from the

B-actin transcript (supplied along with the blots).

For Northern blot analysis, the two filters were hybridized with probes for
each of the three pannexins and exposed for 16 hrs at —70°C (Fig. 1B).

Radioactive (26) and non-radioactive (27) in situ hybridization experiments

were performed essentially as described previously.

[a-3°S] dATP end labeled oligonucleotides corresponded to nt 181-225
and 334-378 of the mouse Px1 and human Px2 coding sequence,
whereas the entire rat ORF was used to generate digoxygenin-labeled

sense and antisense riboprobes.

The distribution of transcripts encoding Px1 and Px2 was determined by
radioactive in situ hybridization in horizontal brain sections obtained from
rats at postnatal day 15 (Fig. 2, A-B).
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I-2- Functional expression in Xenopus oocytes.

The coding sequence of each pannexin was subcloned into the pBSxG
expression vector (28). In vitro transcription, preparation  of Xenopus
oocytes, biochemical analysis and RNA injection were performed as
described elsewhere (29). Metabolic labeling of oocytes indicated that all
three pannexin RNAs directed the synthesis of specific polypeptide bands,
whose electrophoretic mobility was similar to that of the in vitro translated
constructs.

For physiological analysis, cells were injected with a total volume of 40 nl
of either an antisense oligonucleotide (3 ng/cell) to suppress the
endogenous Xenopus Cx38 (30), or a mixture of antisense plus the
specified RNA (20-80 ng/cell). The ability of pannexins to form hemi-
channels was assessed in single oocytes 2-4 days after RNA injection,
Using a two-electrode voltage-clamp.

Whole-cell membrane currents (/) were measured from single oocytes
co-injected with pannexin RNAs and an oligonucleotide antisense to

Xenopus Cx38 (Fig. 3A). Cells were initially clamped at a membrane

_potential (Vi) of =40 mV and depolarizing steps lasting 2 sec were applied

in 10 mV increments up to +60 mV (bottom traces).

In Fig. 3B, peak current values above holding currents (Aln) were
calculated and plotted as a function of Vi,. Mean values from Px1-injected
cells were significantly different (P<0.01) from those of control oocytes

starting at a Vi, of -10 mV. For Px1 steady-state currents (open circles),

- values recorded for 20 msec at the end of the pulse were averaged and

plotted as above.

To investigate whether Px1 and Px2 could functionally interact, oocytes
were co-injected with Px1 RNA (40-80 ng/cell) together with the specified
amounts of RNAs encoding either Px2 or the W77R mutation of human
Cx26, which is devoid of functional activity (31). To analyze whether

pannexins formed intercellular channels, oocytes were stripped of the
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vitelline envelope 1-2 ‘days after -RNA injection, and manually paired in
homotypic configuratioh (same construct in both oocytes) for 24-48 hr
before measuring junctional conductance with a dual voltage clamp
(Fig. 4). The setup, hardware and software used for electrophysiological
measurements and data analysis were as previously described (29, 32).
Both cells of a pair were initially clamped at -40 mV, and alternating pulses
of £10-20 mV were imposed to one cell (Fig. 4A). The current delivered to
the cell clamped at -40 mV during the voltage pulse is equal in magnitude
to the junctional current and can be divided by. the voltage to yield the
value of junctional conductance (G)).

In Fig. 4B, junctional currents (/) were recorded from oocyte pairs in
response to Vj steps of opposite polarity (bottom traces) applied, from a
holding potential of -40 mV, in 20 mV increments.

In Fig. 4C, the steady-state junctional conductance Gjss was measured at
the end of the V; step and normalized to the values recorded at +20 mV;
Px1+Px2 (filled circles) and mCx36 (open squares). Data describing the
Gy/V, relationship were fit (smooth cyanide lines) to a Bolizmann equation,
whose parameters were in agreement with those previously reported (43,
44).

I-3- Statistical analysis.

Results are shown as mean+SEM. An independent experiment is defined
as a series of data obtained with oocytes isolated from one animal.
Comparisons between two populations of data were made using the
Student's unpaired f-test. P values of 0.01 or less were considered to be

significant.

I-4- Database accession numbers.
The rat pannexin cDNAs were assigned the following accession numbers:
AJ557015 (Px1); AJ557016 (Px2); AJ557017 (Px3).
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The human pannexins Px1, Px2, and Px3 were assigned accession
numbers NP_056183, NP_443071, and NP_443191, respectively.

The mouse pannexins Px1, Px2, and Px3 were assigned accession

numbers NM_019482, NM_001002005 and NM_172454, respectively.

Il. RESULTS
1I-1- Structure and organization of the pannexin genes.

Analysis of the cDNA sequences for Px1, Px2 and Px3 identified open

_reading frames (ORFs) encoding proteins with calculated molecular mass

of 48,072, 73,270 and 44,976 daltons, respectively. The sequences of all
three proteins predict, like for connexins, four transmembrane domains
and cytoplasmic amino- and carboxy termini. A hallmark of gap junction-
forming proteins is the presence of conserved, regularly spaced cysteine
residues located on the two extracellular loops. Whereas the connexins
contain three such residues, pannexins contain only two, thus resembling
in this respect innexins, the invertebrate constituents of intercellular
channels (33). A comparison of the cDNAs to the mouse genomic
sequence (obtained from the Ensembl database; http://www.ensembl.org)
resulted in the determination of the exon-intron structure of the three
mouse pannexin genes (Fig. 1A). Considerable variability was found in the
organization and length of the three gene loci, the protein coding regions
could be assigned to five, three, and four exons respectively, for the Px1,

Px2, and Px3 genes.

lI-2- Distribution of pannexin mRNA.

Northern blots indicated that Px1 and Px2 transcripts were co-expressed
in many tissues including eye, thyroid, prostate, kidney, liver and CNS
(Fig. 1B). Px1 probe hybridized to a 2.2-kb mRNA that was detectable in
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several organs including spinal cord and brain (Fig. 1B). The 3.5-kb Px2 '
was most abundant in spinal cord and brain and was also present in other
organs (Fig. 1B). A less prominent 2.5-kb transcript was observed in some
organs. By contrast, Px3 transcripts could only be detected in the skin,
which was found, by RT-PCR, to be devoid of Px1 and Px2 mRNA.

In situ hybridization studies demonstrated widespread expression of both
transcripts in many brain regions, including cortex, striatum, olfactory bulb,
hippocampus, thalamus, cerebellum. Fig. 2, A and B, illustrate a partially
overlapping expression profile and indicate that the transcripts encoding
Px1 and Px2 are abundant in the-olfactory bulb, cortex, hippocampus, and
cerebellum. No signal was detected: in parallel competition experiments

with an excess of unlabeled probe.

Upon closer inspection at the cellular level, a differential distribution of Px1
and Px2 mRNA was apparent. In hippocampus, for example, both Px1
(Fig. 2C) and Px2 (Fig. 2D) were expressed in the pyramidal cell layer and
in individual neurons (arrowheads) in the sfrafum oriens and stratum
radiatum. Based on their location, the scattered neurons (NeuN positive)
can be inferred to be GABAergic interneurons. By contrast, in the
cerebellum, Px1 expressing cells (Fig. 2E) were abundant in the white
matter where Px2 expression was absent (Fig. 2F, asteriks; note,
however, the high Px2 labeling in the Purkinje cell layer in Fig. 2F,
arrows). The labeling of Px1 expressing cells in the white matter was not
restricted to the cerebellum but was also observed in other white matter
structures (e.g. corpus callosum, fimbria fornix), which, similarly, were also

devoid of Px2 expression.

No staining was obtained with sense probes.

lI-3- Functional expression in single Xenopus oocytes.

Large, voltage-activated outward currents were consistently induced when
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- oocytes expressing Px1 were stepped to voltages greater than -20 mV

(Fig. 3A-B). At large positive potentials, Px1 currents reached a peak
within 30-60 msec of the imposition of the voltage step and then declinéd
slowly, this rectification becoming more pronounced with increasing
positive potentials. By contrast, neither Px2 nor Px3 induced membrane
currents above those recorded in-controls (Fig. 3A-B). Furthermore,
incubation of oocytes for 10-30 min in carbenoxolone completely
suppressed Px1 currents (peak amplitudes at +60 mV were 1189+170 and
25547 nA for control medium and 30 uM carbenoxolone, respectively:
n=4) and this effect was fully reversible (peak amplitude at +60 mV after a
30 min recovery period in control medium was 963239 nA; n=4).

Since the in situ hybridization studies revealed co-expression of Px1 and
Px2, subsequent investigations entailed a more detailed functional
analysis of these two proteins. To test whether they could form
heteromeric channels, currents were recorded from oocytes co-expressing
Px1 with Px2 (40-80 ng of RNA/cell) and were found to be significantly
reduced with respect to those measured from cells that had been injected
with the same amount of Px1 RNA. To exclude the possibility that this
behavior was merely due fo overloading'of the synthetic machinery given
the difference in the total amount of RNA injected, oocytes were injected
with equal amounts of RNA for Px1 and the W77R mutation of human
Cx26 (40-80 ng each/cell), which is devoid of functional activity (31).
These experiments showed a reduction in current amplitude, suggesting
that Px1+Px2 form channels that are different from those composed of
Px1 alone (Fig. 3C-D). As illustrated, Al, recorded from Px1+Px2
expressing oocytes was significantly less (*P<0.001) than that measured
from Px1+W77R cells.

Given that Px2 expression in the brain appears to be much stronger than
Px1, whether Px2 could simply function as a dominant negative partner
was also tested by co-injecting Px1 and Px2 RNAs at a 1:5 ratio (40:200
ng/cell for Px1:Px2, respectively). Current amplitudes recorded at +60 mV
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were similar, irrespective of whether Px1 and Px2 were injected at a ratio
of 1:1 (591i40 nA; H=27) or of 1:5 (51745 nA; n=20), further indicating'
that they both interact and form functionally heteromeric channels.
|nteresting|y; a decrease in current amplitude was not observed when
voltage-activated currents were measured from oocytes receiving RNAs
for Px1 and Px3, which are not co-expressed in rat tissues. Moreover,
followihg the imposition of a voltage step, Px1+Px2 channels reached
peak currents with a significant delay compared to Px1 expressing cells
(Fig. 3E), which could result from slower opening or slower closing or both.
In Fig. 3E, oocytes were depolarized to +40 mV (top left traces) and +60
mV (top right traces) from a holding potential of —40 mV. Peak currents
were reached with a significant delay following the imposition of the
voltage step (32 and 68 msec at +40 mV and 62 and 96 msec at +60 mV,
for Px1+W77R and Px1+Px2, respectively).

Finally, as illustrated in Fig. 3F, analysis of the kinetics of channel closure
at the more positive membrane potentials, revealed that currents recorded
from Px1+Px2 expressing cells, presumably reflecting heteromeric hemi-
channels, gated more slowly than those measured from oocytes injected
with Px1+W77R RNA, presumably reflecting homomeric Px1 hemi-
channels. Px2 slows the kinetics of voltage-dependent closure of Px1
hemi-channels. Cells were depolarized to +60 mV from a holding potential
of —40 mV (top panels). The time-dependent decline in I, was well fit by a
first order exponential decay function (lower left panel; cyanide line

superposed to the re-scaled current traces shown above).

Il-4- Functional expression in paired Xenopus oocytes.

Px1 alone and in combination with Px2 induced the assembly of
intercellular channels, whereas Px2 alone failed to do so (Fig. 4A). As
illustrated, pairs of uninjected cells from the different batches of oocytes
developed a vériable level of junctional currents that exhibited the well-
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known voltage-dependent gating of enddgenous Cx38 (42),. whereas
antisense controls showed negligible cpupling, indicating that endogenous
currents had been suppressed. It should be noted that intercellular
channels were consistently détected only from batches of oocytes in which
a robust junctional conductance was recorded with homotypic pairs
expressing either mouse Cx36 (Fig. 4A) or human Cx26 wild-type, which
served as positive controls. In this series of experiments, 20 out of 23 Px1
pairs and 36 out of 42 Px1+Px2 pairs were coupled. As shown in Fig. 4B,
both Px1 and Px1+Px2 pairs displayed a remarkable insensitivity to
transjunctional potentials of opposite polarities (V). Thus, with a driving
force < £60 mV, junctional currents varied linearly with voltage (Fig. 4B)
whereas, at higher transjunctional potentials, the conductance of Px1+Px2
channels displayed only a very modest reduction (~15% ) of the initial
values (Fig. 4C), similar to what reported for crayfish septate junctions (34)
and human Cx31.9 (32). In Fig. 4C, the plot shows the relationship of %to
steady-state junctional conductance (Gjss). Because of the much larger
non-junctional currents that were present in Px1 homotypic pairs, reliable
Giss/V; plots with the ‘complete polarization paradigm were difficult to
obtain.

Although it has been reported that junctional currents measured in insect

cells are sensitive to changes in membrane potential (35), the relative

voltage insensitivity of pannexin intercellular channels with polarization of
one cell is a strong indication that polarization of both cells is not likely to

affect significantly junctional conductance.

B. Pharmacological properties of homomeric and heteromeric

pannexin hemi-channels expressed in Xenopus oocytes
L MATERIALS AND METHODS

I-1- Molecular cloning, in vitro transcription and translation
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The carboxyl-terminally modified pannexin constructs were prepared in the
pRK5 expression vector by introducing either an epitope tag [from either c-
myc or the influenza virus hemagglutinin (HA) genes], or the entire
enhanced Green Fluorescent Protein (EGFP) coding portion fused in
frame with the rat pannexin sequence in which the stop codon had been
mutated. All constructs were sequenced to verify that PCR reactions had
not intfroduced unwanted mutations. For functional expression studiés in
Xenopus oocytes, Px1, Px2 and the respective tagged constructs were
subcloned into the pBSxG expression vector, as described previously.

All constructs were linearized with Xho | (MBI Fermentas, St. Leon-Roth,
Germany) and capped RNAs were transcribed in vifro with T7 RNA
polymerase using the mMessage mMachine kit (Ambion, Austin, Texas)
according to the manufacturer’s instructions. The purity and concentration
of different RNA batches were assessed by measuring absorbance at
260/280 nm. The translational competence of each RNA was tested using
a rabbit reticulocyte lysate system (Promega, Madison, WI) in the

presence of *S-methionine (Amersham Europe, Otelfingen, Switzerland),

~ as detailed elsewhere (49). Radioactive products were separated on a

10% sodium dodecyl sulphate (SDS)-polyacrylamide gel and visualized by
fluorography (X-Omat AR film; Eastman Kodak, Rochester, NY). As
expected, synthetic RNAs directed the synthesis of specific polypeptide
bands, whose electrophoretic mobility was consistent with their deduced
molecular mass. The expression vectors for rat Cx46 (37) and zebrafish
Cx52.6 (50) have been previously describgd.

I-2- Preparation, microinjection apd metabolic labeling of Xenopus
oocytes '

Adult Xenopus laevis females, purchased from Nasco (Fort Atkinson, WI),
were anesthesized according to the approved protocols of the Central
Animal Facility of the University of Heidelberg, and approximately 2/3 of
one ovarian lobe was carefully excised. Animals were allowed to recover
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from surgery and were used not more than three times a year. Isolation of
Xenopus oocytes, biochemical analysis and RNA injection were performed
as previously described (49). Briefly, for metabolic labeling the RNA-
injected oocytes (80-100 ng/cell) were incubated at 18°C for 12-20 hours
in Modified Barth’s medium (hereafter referred to as "control medium”)
(51) supplemented with *S-methionine (0.5 uCi/ul). Cells homogenates
were dried, resuspended in sample buffer (256 mM Tris-HCI pH 6.8, 4%
SDS, 10% glycerol, 0.01% bromophenol blue, 2% R-mercaptoethanol),
electrophoresed (1/10 of an oocyte/lane) on a 10% SDSpolyacrylamide
gel and analyzed by fluorography (overnight exposure) as described

above.

I-3- Cell culture and immunoprecipitation

Human embryonic kidney (HEK) 293 cells were cultured in Dulbecco’s
Modified Eagle Medium (DMEM; Invitrogen, Carisbad, CA), supplemented
with 5% heatinactivated fetal calf serum (FCS), according to standard
protocols. The choice of a cell line for this series of experiments was
based on previous observations that overexpressed connexins have a
tendency to aggregate'in unspecific fashion in cell homogenates of
Xenopus oocytes (52), thereby complicating the interpretation of
immuneprecipitation data. HEK293 were transfected at a 60% confluency
with 3 pg each of Px1-myc and Px2-EGFP (both in pRKS5), either
separately or in combination, using the calcium phosphate method. Cells
were cultured for 3 days, up to ~90% confluency, before biochemical
analysis was performed and the efficiency of tranéfecﬁon (around 70%)
was routinely checked by evaluating the proportion of positive cells for
Px2-EGFP with a fluorescence microscope. For immuneprecipitation
experiments, cells were starved for methionine during 30 min at 37 C in
"labeling medium" (DMEM lacking methionine, supplemented with 5%
FCS and 2 mM glutamine) under ambient CO2 conditions in a tissue

culture incubator (52). Cells were washed and incubated for 20 min at
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37°C with’ fresh Iébeling medium (2.5 ml/35-mm dish) containing [*S]-
methionine (0.1 mCi/ml). Dishes were chilled on ice for 2 min and then
placed in the same low CO2 incubator for 4 h at 20°C. At the end of the
labeling period, cells were rinsed three times with immuneprecipitation (IP)
buffer (138.8 mM NaCl, 5.36 mM KCI, 0.336mM Na2HPOs, 0.345- mM
KHz2PQO4, 0.8 mM MgSOs4, 2.7 mM CaClz, 20 mM ‘

HEPES, pH 7.5) supplemented with 10 mM NEM (N-ethyl-maleimide;
Sigma-Aldrich, Steinheim, Germany) and Complete® protease inhibitor
(Roche Diagnostics, Mannheim, Germany). Cells were scraped in IP
buffer, the dish was washed with IP and the cell suspension was
centrifuged at 180 x g in a table top centrifuge for 10 min at 4 °C. The cell
pellet was resuspended in IP buffer (one confluent 60-mm dish/1 ml) and
homogenized by repeated aspiration through a 25-gauge needle. ‘
Following the addition of Triton X-100 (1% final concentration), the
homogenate was incubated on ice for 30-40 min and eventually
centrifuged at 100,000 x g in a tabletop Beckman (TL-100) ultra-centrifuge
60 min at 4°C. The Triton-soluble supernatant was collected and aliquots
(1/5 of a 35-mm dish) were then incubated overnight at 4°C on a rotating
plate in the presence of 4 ug of the desired antibody: either a mouse
monoclonal anti-myc (catalog #sc-40; Santa Cruz Biotechnology, Santa
Cruz, CA) or a mouse monoclonal anti-EGFP antibody (catalog
#AFP5002; Quantum Biotechnologies, Montreal, Canada). To precipitate
immune complexes, 25 ul of Protein A-Agarose slur (Santa Cruz

‘Biotechnology) were added for 1 h at 4°C under rotation. Samples were

centrifuged in a refrigerated tabletop centrifuge for 1 min at 13,000 rpm,
the supernatant was discarded and Protein A-Agarose. beads were
washed 4x with cold buffer, containing: 100 mM NaCl, 20 mM sodium
borate, 15 mM EDTA, 15 mM EGTA, 0.02 % NaNs, pH 8.5. During the first
three washing steps, the buffer was supplemented with 0.5 % bovine
serum albumin (BSA), 0.5 % Triton X-100, 0.1% SDS, 10 mM NEM and
Complete® protease inhibitor, whereas in the last wash BSA was omitted
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and the Triton X-100 concentration was réduced to 0.05. The final pellet
was solubilized in 30 pl electrophoresis sample buffer and boiled for 5
minutes. Aliquots (10 i) were loaded onto a 10% SDS-polyacrylamide gel
and visualized by fluorography (X-Omat AR film, two weeks exposure), as

described above.

I-4- Electrophysiology and pharmacology

Stage V-VI cells were individually selected under a dissecting microscope
and cultured thereafter in control medium at 18°C. For physiological
analysis, all cells were injected with a total volume of 40 nl of either an
antisense oligonucleotide (3 ng/cell) to suppress the endogenous Xenopus
Cx38 (30; 51), or a mixture of antisense (as above) plus the specified
pannexin or connexin RNA. The following amounts of RNAs were injected:
40-80 ng/cell for Px1 and Px2 RNAs, either separately or co-injected at a
1:1 ratio; 4 ng/cell for Cx46; 10-20 ng/cell for Cx52.6. For analysis of Cx46
hemi-channels, the extracellular Ca* concentration was raised to 2.9 mM
to prevent the lysis of the injected oocytes that occurs in control medium,
which contains 0.9 mM Ca* (53). To characterize hemi-channel activity,
current recordings were performed in single oocytes 24-96 hr after RNA
injection, using a two-electrode voltage-clamp procedure. |
The setup, hardware and software used for electrophysiological
measurements and data analysis were as previously described (54; 49).
Cells were clamped at —40 mV, and whole cell currents recorded in
response to depolarizing voltage steps (from —20 to +60 mV in 20 mV
increments) imposed for 2 sec. Current outputs were filtered at 200 Hz
and sampled at 500 Hz

All experiments were carried out at 18°C. Carbenoxolone (the succinyl
ester of glycyrrhetinic acid), B-glycyrrhetinic acid and flufenamic (Sigma-
Aldrich) were prepared freshly by dissolving them in either water (in the
case of carbenoxolone) or dimethyl sulfoxide (DMSO), whose final

concentration never exceeded 0.1 %. Under these conditions, DMSO did
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not affect the characteristics of the currents recorded from either RNA-
injected or control cells. Oocytes were placed on a Teflon tubing in a
perfusion chamber and drugs were delivered using an electronically
controlled gravity flow perfusion system (ALA Scientific Instruments,
Westbury, NY). Cells were incubated for 15-30 minutes in the presence of
the different drugs and reversibility was recorded after extensive washings
in control medium. Current-voltage (V) relationships were generated by
plotting peak current values above holding currents (Alm) versus
membrane potential. The time constants (t) of voltage-dependent
transitions of hemi-channel currents were calculated using data fitting
functions in Origin 6.0 (Microcal Software, Northampton, MA). In all
experiments, positive controls showing the effect of the tested drugs were
routinely included. To exclude that the experimental results (see below)
were influenced by the different external Ca® concentrations in which cells
expressing pannexins and Cx46 were incubated (0.9 and 2.9 mM,
respectively), in some experiments the effect of the same drugs on
pannexin hemi-channels was tested in 2.9 mM Ca?, which per se does not
affect the amplitude of pannexin currents (see Fig. 6). The

pharmacological - behavior of pannexins in high external Ca* was

- unchanged and, therefore, these data were pooled with those obtained in

control medium.

I-5- Statistical analysis

Results are 'presented as means * SEM of the specified number of cells.
Data were pooled from a minimum of two independent experiments (viz.,
oocytes isolated from different animals). Comparisons between two
populations of data were made using the Student's paired ftest with a

confidence limit for significance set at 0.05 or less.

"II.  RESULTS



WO 2005/026170 PCT/IB2004/003232

10

15

20

25

30

35

lI-1- Biochemical evidence for interaction of Px1 with Px2

Evidence that Px2 could not assemble homomeric channels, but reduced
the amplitude and modified the voltage gating kinetics of Px1 hemi-
channels was previously obtained, as described above, suggesting that
heteromeric Px1/Px2 channels were formed. To obtain a direct
biochemical evidence for an interaction between the two pannexins, Px1-
myc and Px2-EGFP tagged constructs were prepared and their
translational competence in metabolically labeled Xenopus oocytes was
checked. Based on the presence of specific bands of the expected
molecular mass, it was concluded that the two tagged pannexins were
efficiently synthesized in a heterologous expression system (Fig. BA).

To verify that the myc-tag did not alter the functional ability of Px1, it was
next determined the current-voltage (/-V) relationship of single oocyies
injected with synthetic RNA encoding Px1-myc. Stepwise depolarization of
oocytes expressing Px1-myc resulted in the appearance of large, voltage-
activated outward currents that were similar in amplitude and kinetics to
those recorded with Px1, indicating that the essential properties of Px1
hemi-channels were not modified by the addition of a myc-tag (Fig. 5B).

To examine whether Px1 and Px2 can interact, HEK293 cells were
transfected with two differently tagged constructs, Px1-myc and Px2-
EGFEP. When the two tagged pannexins were co-transfected, the anti-myc
antibody pulled down an additional band whose migration was
undistinguishable from that of Px2-EGFP (Fig. 5C, cf. lanes 2 and 3).
Similarly, in the reciprocal experiment, the anti-EGFP antibody pulled
down a band that exhibited the same mobility as Px1-myc (Fig. 5C, cf.
lanes 1 and 4). Control experiments showed that no bands were detected
when either the anti-EGFP antibody was added to lysates of cells
transfected only with Px1-myc or the énti-myc was used to precipitate Px2-

EGFP transfectants (Fig. 5C, lanes 5-6, respectively). Similar results were

also obtained by co-transfecting Px1-myc with an influenza virus
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hemagglutinin (HA) epitope tag fused at the carboxylterminus of Px2, Px2-
HA, using the appfopriate antibodies for immuneprecipitation. Together,

these findings support a specific interaction between Px1 and Px2.

lI-2- Homomeric and heteromeric pannexin hemi-channels are not
gated by external Ca*

Since previous studies have demonstrated that the activation of several
connexion hemi-channels is critically dependent on the concentration of
divalent cations in the culture medium (53; 55; 56; 57; 58; 59; 50), whether
external Ca* could‘ modulate homomeric Px1 and heteromeric Px1/Px2
hemi-channel conductance was analyzed. As previously reported,
heteromeric Px1/Px2 hemi-channels exhibited reduced current amplitudes
and modified voltage gating kinetics with respect to homomeric Px1
analyzed in the same batch of oocytes. Plots of the current-voltage (/-V)
relationship indicated that, when the extracellular Ca* concentration was
raised from 0.9 mM (the concentration present in control medium) to 2.9
mM, the peak current amplitude of Px1 hemi-channels was totally
unaffected (Fig. 6A). Moreover, the macroscopic levels of Px1 hemi-
channel currents recorded at +60 mV remained unchanged even in the
presence of 10 mM extracellular Ca* (1525 £ 187 nA in control medium vs.
1749 £+ 180 nA in 10 mM Ca*; n = 11 cells), or in nominally Ca>-free
solution (1760 + 247 in control medium vs. 1796 + 208 in nominally Ca*-
free solution; n = 14 cells). Similarly, the current amplitudes of Px1/Px2
hemi-channels measured in 2.9 mM Ca* were virtually identical to those
recorded in control medium (Fig. 6B). In contrast, hemichannel currents of
zebrafish Cx52.6, which has been recently shown to make Ca*-sensitive
hemi-channels and, therefore, was used as a control in this series of B
experiments, were drastically inhibited at the +60 mV depolarization step
by raising the external Ca* concentration (from 1278 + 212 nA in control
medium to 632 + 120 nA in 2.9 mM Ca*; n = 11 cells).
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II-3- Licorice derivatives are potent blockers of pannexin hemi-
channels

Several compounds derived from licorice root have been widely used over

the past decade as pharmacological tools to block connexin channels (60;

61). Thus, it was chosen to investigate the effects of two of these
molecules, the B-stereoisomer of 18-glycyrrhetinic acid (BGA) and its
synthetic derivative carbenoxolone (CBX), on Px1 hemi-channels (Fig. 7).
Incubation of oocytes in the presence of 50 uM of either CBX (Fig. 7A) or
BGA (Fig. 7B), a concentration within the range of those used to maximally
inhibit gap junction channels, resulted in a robust and reversibie decrease
of Px1 hemi-channel currents.

Since CBX appeared to cause a stronger blockade than BGA and is
considered to be devoid of major side effects that plague other commonly
used connexin inhibitors (62; but see also 63), further analysis was carried
out only with this drug. It was observed that very low CBX concentrations
(<1 uM) were ineffective, whereas a dose-dependent inhibition over the
entire -V relationship occurred at higher concentrations (Fig. 8A-C).
These effects were already detectable following a 5-15 min incubation in
CBX-containing medium, did not appear to change significantly over time
(up to 30-60 min) and were always reversible, even at the highest dose
that was tested (100 uM). Thus, after washout of the drug and a further 30
min incubation in control medium, the amplitude of voltage-activated Px1
hemi-channels was restored to almost the same levels measured before
application of CBX (Fig. 8B-C). The concentration dependence of CBX-
induced blockade of Px1 hemi-channel currents was determined by
exposing 3-9 cells to increasing concentrations of the drug (Fig. 8D). Non-
linear fit of the individual data points to the Hill equation yielded an 1Cso
value of 5 uM. The calculated Hill coefficient was ~1, indicating that
channel closure is caused by a simple 1:1 interaction between CBX and

Px1 hemi-channels, without cooperativity effect.
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Next, the efficacy of CBX to inhibit pannexin and connexin hemi-channels
was directly compared. In this series of experiments, it was chosen to use
Cx46, because it is efficiently expressed in oocytes and has been
extensively studied as the prototype of the hemi-channel forming
connexins. After a 30 min incubation in the presence of 10 uM CBX, the /-
V relationship of Cx46-expressing oocytes was virtually identical to that
measured in control medium, whereas both homomeric Px1 and
heteromeric Px1/PX2 hemi-channel currents were drastically decreased
by 50- 60% (Fig.‘QA-C). As in the case of Px1 (Fig. 8B-C), the effect of
CBX on Px1/Px2 channels was fully reversible after washout of the drug
and a further 30 min incubation in control medium. Thus, current
amplitudes recorded at the +60 mV depolarization step were reduced from
612 + 50 nA in control medium to 266 + 24 nA in 10 uM CBX, and then
fully recovered to 541 + 70 nA after the reversibility period (n= 6 cells).
Comparison of the dose-response data revealed that, in the case of Cx46,
the threshold concentration needed for CBX inhibition was higher,
whereas the magnitude of the effect was lower even af the largest dose
(Fig. 9D-F). |

lI- 4- Pannexin hemi-channels are relatively insensitive to flufenamic
acid

To further explore the pharmacological properties of pannexins, the effect
of flufenamic acid (FFA), a member of a large group of chloride channel
blockers (64; 65) that has been *recently shown to inhibit both connexin
hemi- and intercellular channels (66; 67; 68), was determined. Incubation
of oocytes (30 min) with increasing FFA concentrations resulted in a
modest inhibition of Px1 hemi-channels only at the highest dose (Fig.
10A). By contrast, Cx46 currents were reduced in a dose-dependent
manner that resulted in an almost complete blockade with 300 uM FFA
(Fig. 10B). It should be noted that higher concentrations of this drug could
not be used with confidence, as they often induced unspecific effects
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(membrane depolarization, large holding currents) that prevented a
systematic investigation of their effects. | .

A more detailed analysis was obtained by comparing the //V curves of Px1
and Cx46 in the presence of intermediate FFA concentrations. Following a
30 min application of 30 uM FFA, a strong (P<0.005) and fully reversible
inhibition of Cx46 hemi-channels was observed, starting with the 0 mV
depolarization step, whereas only a weak (10-15%) effect at the more
positive potentials was recorded for Px1 currents. Furthermore, dose-
response experiments indicated that FFA was much less effective on Px1
hemi-channels, which showed a higher threshold dose than Cx46 and a
reduced extent of channel blockade, not exceeding 33% at the highest
FFA ‘co'ncentration used (Fig. 10C-D). In keeping with the Px1 results,
when FFA was tested on heteromeric Px1/Px2 hemi-channels, a similar
weak sensitivity was found only at the largest depolarization steps. Thus,
current amplitudes recorded at +60 mV were inhibited by about 15% with
30 uM FFA (from 603 £ 123 nA in MB to 504 + 101 nA in 30 uM FFA, h=
12; P<0.02) and 27% with the highest FFA concentration (from 609 + 135
nA to 448+ 104 nA in 300 uM FFA, n = 11; P<0.02).

II-5- Carbenoxolone and flufenamic acid inhibit pannexin hemi-
channels via different mechanisms

Inspection of the pannexin cufrents recorded following treatment with CBX
and FFA revealed further characteristics that distinguished the mode of
action of these drugs.

For example, when the kinetics of Px1 hemi-channel closure in the
presence of two concentrations of CBX (3 uM) and FFA (300 pM) that
caused approximately the same percentage inhibition (30-35%) of peak
current values were compared, obvious differences became apparent.
Carbenoxolone induced a decrease in the peak amplitude and a major
change in the rectification component that reached a novel steady-state
during the duration of the voltage step (Fig. 11A-B), whereas FFA did not
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affect the kinetic of voltage gating, which remained indistinguishable from

that recorded in control medium (Fig. 11E-F). Fitting these traces to a first

. order exponential decay showed that the time constants (t) of channel

closure were approximately 10 times faster in the presence of CBX (Fig.
11C-D) but did not show any appreciable change with FFA (Fig. 11G-H).
Similar results were observed also with other concentrations of CBX 5
and 10 uM) and with Px1/Px2 heteromeric channels (data not shown).

Notes: Abbrevations

Px, pannexin with the gene number as specified; Cx, connexin with the
molecular mass in kDa as specified; BGA, B-glycyrrhetinic acid: BSA,
bovine serum albumin; CBX, carbonoxolone; DMEM, Dulbeco’s Modified
Eagle Medium; EGFP, Enhanced Green Fluorescent Protein; FCS, fetal
calf serum; FFA, flufenamic acid; HEK293, Human Embryonic Kidney 293
cells; 1Cso, inhibitory concentration causing 50% of the effect: IP,
immuneprecipitation; l,, membrane current; /-V, current-voltage; MB,
Modified Barth’s medium; NEM, N-ethyl-m‘aleimide; SDS, sodium dodecyl
sulphate; Vi, membrane potential.
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CLAIMS

1. Use of at least one pannexin, or at least one biologically active
fragment thereof, or at least one biologically active derivative thereof, for
the manufacture of a drug for preventing and/or treating, in a mammal, a

neurological disorder.

2. The use of claim 1, wherein said pannexin is a neuronal channel-

forming pannexin.

3. The use of claim 1 or 2, wherein said neurological disorder involves
brain cells.
4. The use of any of claims 1 to 3, wherein said neurological disorder

involves hippocampal pyramidal cells.

5. Use of at least one pannexin for in vitro diagnosing, in a mammal, a

neurological disorder.

6. The use of claim 5, wherein said pannexin is a neuronal channel-

forming pannexin.

7. The use of claim 5 or 6, wherein said neurological disorder involves
brain cells.
8. The use of any of claims 5 to 7, wherein said neurological disorder

involves hippocampal pyramidal cells.

9. The use according to any of claims 5 to 8, wherein said in vitro

diagnostic comprises at least:
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a) sequencing a pannexin gene in a mammal suspected to
have a neurological disorder; and

b) identifying in said mammal at least one mutation responsible
for the lack of production of pannexin or for the production of
a pannexin the activity of which is modified compared to a

control.

10.  The use according to any of claims 1 to 9, wherein said mammal is

a human.

11. The use according to any of claims 1 to 10, wherein said
neurological disorder is selecied from epilepsy, schizophrenia, memory
disorders, Alzheimer's disease, pain disorders, visual deficits, visual

acuity, odor discrimination, and olfaction deficits.

12.  Method for in vitro selecting a compound useful for preventing
and/or treating, in a mammal, a neurological disorder, said compound
being capable of modifying the channel-forming ability of a pannexin,
wherein said method comprises at least:

a) measuring the channel-forming ability of said pannexin in the absence
of said compound (P0);

b) measuring the channel-forming ability of said pannexin in the presence
of said compound (P1);

c¢) comparing PO and P1; and

d) if P1 is significantly different from PO, selecting said compound.

13.  Method for in vitro selecting a compound useful for preventing
and/or treating, in a mammal, a neurological disorder, said compound
being capable of specifically modifying the channel-forming ability of a
pannexin, without modifying the channel-forming ability 6f a connexin,

wherein said method comprises at least:
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a) measuring the channel-forming ability of each of said parinexih (PO) and

said connexin (CO) in the absence of said compound; '
b) measuring the channel-forming ability of each of said pannexin (P1) and

said connexin (C1) in the presence of said compound;

c) comparing PO and P1, and CO and C1; and

d) if P1 is significantly different from PO, and if C1 is not significantly

different from CO, selecting said compound.

14.  The method according to claim 12 or 13, wherein, in step d), if P1 is
significantly greater than PO, said compound is an agonist of said

pannexin.

15.  The method according to claim 12 or 13, wherein, in step d), if P1 is
significantly lower than PO, said compound is an antagonist of said

pannexin.

16. The method according to any of claims 12 to 15, further comprising
purifying said compound.

17. The method according to any of claims 12 to 16, wherein said

mammal is a human.

18. The method according to any of claims 12 to 17, wherein said
neurological disorder is selected from epilepsy, schizophrenia, memory
disorders, Alzheimer's disease, pain disorders, visual deficits, visual

acuity, odor discrimination, and olfaction deficits.

19.  Method for in vitro selecting a compound capable of modulating the

size of a channel formed by a pannexin, comprising at least the steps of:
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a) comparing the movements, between a cell and the medium, of at
least one control compound, the molecular size of which is known, in the
presence and in the absence of a candidate compound; and

b) if a difference in said movements is observed, selecting said

candidate compound.

20. An animal model for in vivo selecting a compound useful for
preventing and/or treating, in a mammal, a neurological disorder, wherein
said compound is capable of modifying the channel-forming ability of a

pannexin in said animal model.

21. The animal model according to claim 20, wherein at least one
mutation is introduced in a pannexin gene of an animal, said mutation
being responsible for the lack of production of pannexin, or for the
production of a totally or partially inactive pannexin, said totally or partially
inactive pannexin exhibiting a reduced or suppressed channel-forming

activity, in said animal model.

22.  The animal model according to claim 20, wherein a reporter gene is
intfroduced under the control of the endogenous promoter of a pannexin

gene, into the genome of said animal model.

23. The animal model according to claim 20 to 22, wherein said

mammal is a human.

24. The animal model according to any of claims 20 to 23, wherein said
neurological disorder is selected from epilepsy, schizophrenia, memory
disorders, Alzheimer's disease, pain disorders, visual deficits, visual

aculity, or discrimination, and olfaction deficits.
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25.  Use of an animal model according to any of claims 20 to 24 for in
vitro selecﬁng a compound capable of modifying the channel-forming

ability of a pannexin.



WO 2005/026170 PCT/IB2004/003232
111

Figure

-

7/

- —

mPx1

1 2 3
mPx2 —{—E—

L2 3 4
mPx3 —{(H———MW1—

B 23 45 6 7 8
Px1

Px2

B-actin




WO 2005/026170 PCT/1B2004/003232
2/11

Figure 2




WO 2005/026170 PCT/IB2004/003232
3/11

Figure 3

A antisense Px1 B = .{ @ Pxlpeak
‘<:= ] O Pxiss /
s \ 0 Px2peak E
n ——— ] 8004 & Px3peak E/
N ' 1 A antisense peak /"

I, i—— 1 sec

Px2 Px3
L, = m——

y, = T B

C Px1+W77R Px1+Px2 D 1000 "
| @ pxt+w77R ®
< 750 O prxi+px2
= ] .
= ‘ A antisense w
i~ — i
o
S 500 O
1 sec — /
g - %
L 3 250 - /‘ o
o] B=5T
Vm -40 -20 0 20 40 60
V., [mV]
E F v, =+60 mV
10001 N 250
7504 ; y""n\_h
< : . FS00E
5, 500 : " =]
F ' i faso E
™ 250 H i}
o : M
I 5 ol PxI+W77R ¢ Pxl¥Px2 i[O
m 1000 2000 3000 1000 2000 3000
time [msec]
W Px1+W77R
B Px1+Px2
%

1000
oy . Px1+Px2 =
g g l=]040msec 750 <gn
5 2 N 3
£ 8 PX1+WT7R ® 8

1,=671 msec
I T I 0

V,, =+40 mV V,,=+60 mV time [msec] V=160 mV



WO 2005/026170

sts

I~

@

4/11

(32

RNA injection

&1; Gj=3.3 IR
e

o
E L

&xl+Px2; G=42pS I
M 0.5 sec
r‘

|

+120 mV ,
_F L 0mV

@ Pxl+Px2
O mCx36

120 € -4 0 40 80 120

7 [mV]

PCT/IB2004/003232



WO 2005/026170

PCT/1B2004/003232

5/11

Figure 5

20 0 2 40 €0
V,, [mV]
HEK293 cells
Px1-myc + = o+ o+ 7 transfection
Px2-EGFP = + + + =

+
1 2 3 4 5 6

anti-myc T
ant-EGFP = + = + + =



WO 2005/026170

PCT/1IB2004/003232
6/11
Figure 6
® 0.9 mM Caz
g 2.9 mM Ca?
2000 Px1 Px1/Px2
] 10004
15004
750
<
-EE- 1000 500
P
500 2504
antisense
o 4 ——H—A 0+
20 0 20 40 60 20 0 20 40 60

Vi [mV] Vin [mV]



WO 2005/026170 PCT/IB2004/003232
7/11

Figure 7

A

control CBX 50 uM reversibility

B control BGA 50 uM reversibility
{“\“W E I-_ \
% 0.5 sec M




WO 2005/026170 PCT/IB2004/003232
8/11

Figure 8

A B

1000 o control ® control x 1400
O CBX0.3uM O CBX5uM
A antisense O rev
750 1 - 1050
T B
L. 500 L 700 2,
\E =
< e
250 / - 350
o] o p—t—t—" - ’
1 v T LA S A S S S S
-?:0 0 20 40 60 20 0 20 40 60
V_[mV] V. [mV]
1200+ ® conirol * |
O CBX 100 uM 0
O rev >
900 - 3
L 25—~
z 22
< (@]
o -
= 600+ -50  —.
£ =1
h 75 -_6-
= —~—
3004 =
* 3
T T T T T T T v ﬂ—l—"rmq—'l-l'l'l'ﬂﬂr
20 0 20 40 60 0.1 1 10 100
Vi, [mV] [CBX] (M)



WO 2005/026170 PCT/IB2004/003232
9/11

Figure 9

@ conirol
O CBX 10 pM
A Px1 ok B Cx46 . C PxiPx2  **
1600- E 800 600 E
] 600+ 450
1200 *,/ *

800 E 400- 300
v s v
| 2004 1504 *
* V — e/g/’e = 5/9/
=
g—o—° o] of @
20 0 20 40 60 20 0 20 4o 60 20 6 20 40 60

Vin [MV] Vin [mV] Vin [mV]

Al [nA]

Px1 120+ Cx46 1204 Px1/Px2

-
n
i

-
=]
o

@
i

40

Al (% of control) w)

204

0

[cBX] (uMm) 1 10 100 1 10 100 1 10 100




WO 2005/026170 PCT/IB2004/003232
10/11

Figure 10

A control FFA 30 uM FFA 300 uM

[~ SRR S S -
Im -~ - r han F
B +60 mV
vV, — -40 mv Z I
(=]
© =
§ 0.5sec
© %
[ AR ==
7 7
C D 120 - Cx46
100
— *
[e]
_,E %k 80 4
“5 > i 60 .
&\é 404 40 "
S5 - : S *k
204 e , 204 [ ‘ T
Lol [an| | o Jlas | | @ 8)

[FFA] (pM) 3 30 300 3 30 300



WO 2005/026170 PCT/IB2004/003232
11/11

Figure 11

control control

<

=
Ol—-—-
=]

I m 350 msec -
B F

: CBX 3 uM FFA 300 pM

§ -

§ ~ ~ -~

, \ Seen

{ Yo

}‘\ : """""""

1 \ ]

N } }

[ S ' V

[ R R R N ' ¥

1 | : '

I, : 3 :
- f !
{
control FFA 300 pi
7,=1150 msec 7,=1090 msec
\
CBX3pM control
=140 msec =900 msec
AN
M control 2 CBX3uM B control
15004
- 1200
'S 1000~ 800 5
g " ®
= El
g g
-E- 500~ 400 O,
0 -0

V. = +60 mV



WO 2005/026170

<110>
BRUZ

ZONE, Bruno

MONYER, Hannah

<120>

<130>

EP O
2003
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<210> 1
<211>
<212>
<213>

DNA

<220>
<223>

<400> 1
gggcggcgeg

ctgggggtgce
ggcgtgegygg
ccggeggcegy
agacacaaag
gccggtgact
tggtcgagcece
ctcggattte
ggctgtggac
ggccttcgeg
ctecectggegt
ctcactgcag
cctgetgete
tcctcatatt
tgcaattaag
tccaggtgtt

gtacccaatt

3 292 281.7
-09-16

2782

Homo sapiens.

gaggggcagyg
gcgggagagg
gtggaaccgc
aggcagcgag
gcaggcggga
gggtgaaggce
tggcgegeeg
ttgctgaagg
aagatggtca
caggagatct
caggctgcct
agcgagtctg
tttgcgatcce
tgctecagact
gctgcaaaga
accgagaact

gtggagcagt
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D 21 570 / 65 273
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cDNA Human Pannexin 1.

gccagaggga
cgcgaatcceg
aggaagcgga
cgcgagagcce
tgcgggagcea
gccgegeage
cagccatgge
agcccacgga
cgtgcattge
cgattggtac
ttgtggattce
gaaacctcce
tcctgtacet
tgaagtttat
gtgcgcgtga
tagggcaaag

acttgaagac

agcgctttgt
agtgccgege
gctctegggt
cagcggagte
ggcaaaggga
tttcecgacg
catcgctcaa
gcccaagtte
ggtggggctyg
acagataagc
atattgctgg
actgtggctg
gcececcgetyg
catggaagaa
ccttgacatg
tttgtgggag

aaagaaaaat

tecegegegtyg
gcggceeeggyg
tcecegeeceg
gctgggagee
aagcgaaagc
ccggctgtac
ctggccacgg
aaggggctge
ccectgetge
tgtttctcte
gcggetgtte
cataagtttt
ttctggegtt
cttgacaéag
agagatggag
gtatctgaaa

tctaataatt
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gtteccegege
gacttgcacg
ccecgececyg
tgaggcaccg
cgcgegeccyg
ccggacctcece
agtacgtgtt
gactggagct
tcatcﬁcgct
caagttcttt
agcagaagaa
tccectacat
tcgcagcetge
tttacaaccg
cctgctcaét
gccacttcaa

taatcatcaa
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240
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360
420
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720
780
840
900
960
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gtacattagc
ctattacttc
cctgagaaac
cttccagttg
ctacacgctg
ccccactttt
tctettettg
gaatattaag
gatcaagatg
ggggaaccag
tggagagaag
gagctgtaaa
gtttcacagce
gtccctaatg
taggaagcac
tgaaaagcag
caataccttt
ggaagatttg
tcttatgtge
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gtggggaaat
aggcggtttc
cacaggagta
attggcatgce
tatttaagca
ttgggaagaa

taagacaaaa

tgccgectge
agcctctcct
gacagcaccg
ctcagtgtca
tttgttccat
gatgttctge
gaggaaaata
agcagtggtc
gatgttgttg
acggcagagc
aatgcccgac
tctgtgactt
tggtttgcaa
gaaatggtga
ctgagagata
aaagacaaga
ctgtaccegt
ttttgttttc
ccttaaagac
gtcctaagtt
tagttgtcaa
agggcagcag
ggatattcac
ctgacatcac
tctgttateca
tttaaagtga
ttcatatggce
cagctttaaa
aattctagca

daaaaaaaaa

tgacactcat
cactctcaga
tgcccgétca
ttaaccttgt
tccgacagaa
atttcaaatc
taagtgéggt
aggggatcga
atggcaaaac
tccaaggtat
agagacttct
ctgcgacatg
taaatggttc
tcaacaaaag
gtaaactgca
acaattagtc
ggtgagacaa
atggaataat
tgttagacaa
aggtgtaagg
ccttggetga
gcccaagtgce
agtgacttca
agaagacatt
aaggcatttg
agaacacttt
gtgcttggag
aaattcatta
ctggfggaga

aa
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cattatactg
cgagtttgtg
gtttcagtgce
ggtttatgtc
gacagatgtt
tgaagggtac
caagtcatac
cécaatgcta
tceccatgtcet
gaacatagac
ggattcttct
ggatttaatt
ttggtggaga
gttatggaag
gcaagtaact
aagagcagta
gacccagagc
aatatgtcag
gaaaagcatt
tcecgatgecet
tggaaatccce
tgctctgact
attcaggaag
aattcagtca
aaataggatt
gcctgaatgt
ccagaaaaac
tcgtttatte

attatagaat

ttagcgtgta
tgcagcatca
aaactcattg
ctgctggcete
ctcaaagtgt
aacgatttga
aagtgtctta
ctcctgacaa
gcagagatga
agtgaaacta
tgctgatgat
tggctaaagce
tactgagcat
aatggtttat
atgtgtaagt
gccctgtcag
tactggaaaa
ggtataattt
cactggctaa
tggcccacac
gtéaccacta
gaaaactgag
aatgcttcca
ctttcaaaga
ttacttaaac
gatcagggca
ttagcggttt
agtgtccgaa

aaagattata
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aatcagggat
ccgtgggeat
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aagcaaataa
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1440

1500

1560
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1740

1800

1860

1920

1980

2040

2100
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2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2782
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Ile

50

Cys

Ser

Ser

Leu

Ala

130

Leu

Asp
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Pro
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Ser
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Gly
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Val
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Pro
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Val
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Val
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Trp
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25

Ile

Glu

Ser
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Ser
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Ala

Glu
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Lys
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Trp
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Val
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Ser
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Gly
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Gln
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Pro
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140

Ala

Val
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Ser Asp Phe

Arg Leu Glu

Leu

45
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Ala

Ser

Phe
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125

Phe
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Pro

Ser
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30

Pro
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Ala
Leu
Pro
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Ile
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Gly
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Ser

15

Leu

Gln

Phe
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Tyr

Trp

Met

Ser

Val
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Phe

Asn
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Thr
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Ser

Asn

Ile
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Ala

Met

Arg

195
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Val
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Ile

Lys
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Gly

Glu
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<210> 3
<211>

2950
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Pro
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Leu

Val

Val

Gly

Ser
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Ser

Met

Met

Ile

Arg
420

Tyr
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Val

245

Asp

Ser

Tyr

Tyr

Tyr
325

Glu

Ser

Ile

Arg

Asp
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Leu

Ile
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230

Cys
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Val

Thr

Glu

310
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Val

Gly

Lys

Glu
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Ser

Leu

Ser
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Leu
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Met
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Leu
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Thx
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Arg

Tyr
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Cys
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Leu

Val

Pro

Ser

Tyr
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Ile

Val

Gly

Lys

Ser
425
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Leu

Tyxr

Sex

250

Lys

Val

Pro

Thr

Leu

330

Lys

Asp

Val

Asn

Ala

410

Cys

Leu

Phe

235

Gly

Leu

Val

Phe

Phe

315

Tyr

Cys

Pro

Asp

Gln

395

Asn

Thr

220

Ser

Ile

Ile

Tyr

Arg

300

Asp

Asn

Leu

Met

Gly

380

Thr

Asn

205

Leu

Leu

Leu

Ala

Val

285

Gln

Val

Leu

Lys

Leu

365

Lys

Ala

Gly

Ile

Ser

Arg

Val

270

Leu

Lys

Leu

Phe

Val

350

Leu

Thr

Glu

Glu

Ile

Ser

Asn

255

Gly

Leu

Thr

His

Leu

335

Leu

Leu

Pro

Leu

Lys
415

PCT/1B2004/003232

Ile

Leu

240

Asp

Ile

Ala

Asp

Phe

320

Glu

Glu

Thr

Met

Gln

400

Asn



WO 2005/026170

<212> DNA

<213> Homo sapiens.

<220>
<223>

<400> 3
atggcgaccg

gacgacaagg

gaccgggtygg
accaagaact
caggcgetgt
gacgccagcce
ttcgeegeca
acctccgage
ggccgegege
gagaagcgcg
gagaagtacc
cacgtgctga
acgcagaagc
gcggggeceyg
gcgggegtygyg
cécctcttca
aagacgcgec
tgcaacgaga
agcgacctca
cacgacgcca
cccgecgage
aagtggatce
cgcgtggaga
acgctgatceg

ccgggecceg

cgccacttet

gcggtgeceg

cgctgetgge
cgggegeget
tcaccatcgg
tcgecagagga
acgccegegg
tgtggécgtc
tcatgtacgt
tcaacttect
ccaagatcga
agatcatcga
tggagcgeeg
tectgetget
agaacgagtt
cggtgcgegt
acatcgtgcet
tcttcecgeaa
ggcagtggeg
accgcgacca
tgtacgacaa
cceccacggt
ccgacggege
ccaccagcaa
acagcaaggc
cgeegetget
gcecegecee
ccetggacgt

ccgecectgece

cDNA Human Pannexin 2.

gggagagaag
ggccgegetg
caccgtgetg
acccatttac
ctactgctgg
gctgtttgag
gcecegegetg
gctgcaggag
gaagcagatc
gaacgcggag
cggccgeagce
gagcgcegty
cacctgegeg
gagctgcaag
gctgtgegte
gagcaacttc
ccgctegeag
catcaagtcg
cgtggtecgg
gcgcgactcg
cgccgagecg
ccegetteeg
ggagaagccd
ggaccgctee
tgececeecgee
gcacccctac

cgecteecegg

5/34

ctgcgggage
cttctgeage
gtgcccatce
tgttacacce
acggagctge
cacaagttcc
ggctgggagt
atcgacaact
cagtccaagg
aaggagaaga
aacttcctgg
cccatctcecet
ctgggcgegt
ctcecegtecg
atgaacctca
atcttcgaca
ttctgcgaca
ctcaaccgge
cagctgetgg
ggggtgcaga
ccegtggtcea
cagccctteca
aagcccgege
gcccacecact
ccgecgeceg
atcctcggea

agccaggagg

tgatcctgee
tgaagctgga
tgctggtcac
cgcacaactf
gggacgeget
tgccctacge
tcctggectce
gttaccaccyg
gcecegggeat
gceccggagcea
ccaagctgta
acctgtgcac
cceceggacgg
tgcaactgca
tcatcctcegt
agctgcacaa
tcaacatcct
tggacttcat
cggcgetgge
ccgtggaccce
agcggccgeg
aggagccgcet
gcaggaagac
acaagggcgg
ccectgacaa
ccaagaaggc

ggggcttect

PCT/1B2004/003232

gggcgcgeag
gctgecgtte
cctggtcette
cacgcgcgac
gceeggegty
gctgctggee
cacgcgectce
ggcggcecgag
cacggagcgce
gaacctgttc
cctggegegy
ctactacgcc
ggcggcaggt
gcgeatcate
caacctcatc
ggtgggcatc
ggccatgttc
caccaacgag
gcagtccaac
cagcgccaac
caagaagatg
ggccatcatg
ggccacggac
agggggcgac
gaagcacgcg
caaggccgag

gtcccaggeg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620
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gaggactgtg
gaaatccegt
gtccgctcac
gcggagéccc
ctatcctcat
ggatggcacc
tcceggtgga
cccaacctct
ccggacggea
ccaggaaggc
gcectgaggt
gacagcccaa
gccagtccca
gcagggacct
cgtgcacttt
caagcatatt
gggcatgage
gcgtgtgcecac
gcgagtgegt
caataaccac
ggagcceegyg
catgcagaat
aaaaaaaaaa
<210> 4

<211> 633

<212> PRT
<213>

<220>
<223>

<400> 4

ggctaggcect
accccacaga
ctcecegeege
tcaccatcct
cgccaccttc
gtccaggecg
caccagccct
gtccgeatge
tcgeccaggea
tgaagcecge
gaagagttta
ctcceccage
ccagtggggt
gatgcccecteg
ctccttgteg
tatcatcagg
agaggtgage
agagggtgtg
gagtgcacgc
gtcccccace
ccggcaccceg

taacaaggta

Homo sapiens.

ggccceeggceg
gccagccecgg
ccctgetgtg
gagccgaaac
gacgagccga
ccgagagcecce
gcgtggacgt
ctggggecett
ctggctgggg
ttcccatget
tttttttagt
ccagctcececece
ggccacgccce
ggtgggaggy
cctgacégac

agacaggatg

‘gtgagcgage

gtgccagcett
cagcgegtygg
cgggecceceec
gctggtcccea

gcaccgagca

Human Pannexin 2.

6/34

cccatcaaag
gcagggctte
gccgctctga
gccacacacc
gaacggtcgt
ctctgectgt
ggcctgtget
cgcccecacyg
tggggaaagyg
cctgcatcag
ccgtttegte
cagcccagag
atggggtcac
accgaggtce
attttatttt
ggtttaaagce
gggtgtgtat
gagtgggagt
cccatgtatg
gccgeggetg
ccccaaatac

tatcaataaa

atgctccget
cctegggggy
caccagccag
cgctgctgea
gagtactgtg
gtcgtgtgge
tcgececgeac
tgctcgacag
tggecccagtg
gtgcccagee
ctggcececegg
ccagggaaga
atgctcaggg
accctcgggt
actaagactg
aggatggtgt
gtacgagtgt
gtgtgagtgt
aggagtgaag
aggccacatg
ctcagccatg

tattattcetg

PCT/1B2004/003232

cceccgagaag
ccegttececac
éctgggcaag
catcaacacg
gagttttgag
ctggccagece
tgcgcgceatce
gggaacccge
gagceggtgg
gtgggtgggyg
gctgtggega
ggaaggtggg
gtcacceccect
caaaggtcaa
ctgtaccgaa
gtgtgtgaac
gcacgtgtgt
gagcaggcgg
gggcccaacyg
gcttcectgtg
gagaccatgt

ataaaaaaaa

Met Ala Thr Ala Leu Leu Ala Gly Glu Lys Leu Arg Glu Leu Ile Leu

1

5

10

15

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

2950



Pro

Gln

Val

Ala

65

Gln

Leu

Phe

Ala

Asn

145

Gly

Ile

Lys

Arg

Leu

225

Thr

WO 2005/026170

Gly

Leu

Leu

50

Glu

Ala

Pro

Leu

Leu

130

Phe

Arg

Thr

Ser

Ser

210

Leu

Gln

Ala

Lys

35

Val

Glu

Leu

Gly

Pro

115

Gly

Leu

Ala

Glu

Pro

195

Asn

Leu

Lys

Gln

20

Leu

Pro

Pro

Tyr

Val

100

Tyr

Trp

Leu

Pro

Arg

180

Glu

Phe

Ser

Gln

Asp

Glu

Ile

Ile

Ala

85

Asp

Ala

Glu

Gln

Lys

165

Glu

Gln

Leu

Ala

Asn
245

Asp

Leu

Leu

Tyr

70

Arg

Ala

Leu

Phe

Glu

150

Ile

Lys

Asn

Ala

Val
230

Glu

Lys

Pro

Leu

55

Cys

Gly

Ser

Leu

Leu

135

Ile

Glu

Arg

Leu

Lys
215

-Pro

Phe

Ala

Phe

40

Val

Tyr

Tyxr

Leu

Ala

120

Ala

Asp

Lys

Glu

Phe

200

Leu

Ile

Thr

Gly

25

Asp

Thr

Thr

Cys

Trp

105

Phe

Ser

Asn

Gln

Ile

185

Glu

Tyr

Ser

Cys

7/34

Ala Leu Ala Ala Leu

Arg

Leu

Pro

Trp

90

Pro

Ala

Thr

Cys

Ile

170

Ile

Lys

Leu

Tyr

Ala
250

Val

Val

His

75

Thr

Ser

Ala

Arg

Tyr

155

Gln

Glu

Tyr

Ala

Leu
235

Leu ’

Val

Phe

60

Asn

Glu

Leu

Ile

Leu

140

His

Ser

Asn

Leu

Arg

220

Cys

Gly

Thr

45

Thr

Phe

Leu

Phe

Met

125

Thr

Arg

Lys

Ala

Glu

205

His

Thr

Ala

30

Ile
Lys
Thr
Arg
Glu
110
Tyr
Ser
Ala
Gly
Glu
190
Arg
Val

Tyr

Ser

Leu

Asn

Arg

Asp

95

His

Val

Glu

Ala

Pro

175

Lys

Arg

Leu

Tyr

Pro
255
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Leu
Thr
Phe
Asp
80

Ala
Lys
Pro
Leu
Glu
160
Gly
Glu
Gly
Ile
Ala

240

Asp



Gly

Ser

Cys

Phe

305

Lys

Leu

Arg

Val

Pro

385

Pro

Arg

Phe

Lys

Pro

465

Pro

WO 2005/026170

Ala

Val

Val

290

Arg

Thr

Ala

Leu

Arg

370

Thr

Ala

Lys

Lys

Pro

450

Leu

Gly

Ala

Gln

275

Met

Lys

Arg

Met

Asp

355

Gln

Val

Glu

Lys

Glu

435

Lys

Leu

Pro

Gly

260

Leu

Asn

Ser

Arg

Phe

340

Phe

Leu

Arg

Pro

Met
420

‘Pro

Pro

Asp

Gly

Ala

Gln

Leu

Asn

Gln

325

Cys

Ile

Leu

Asp

Asp

405

Lys

Leu

Ala

Arg

Pro
485

Gly

Arg

Ile

Phe

310

Trp

Asn

Thr

Ala

Ser

390

Gly

Trp

Ala

Arg

Ser

470

Ala

Pro

Ile

Ile

295

Ile

Arg

Glu

Asn

Ala

375

Gly

Ala

Ile

Ile

Arg

455

Ala

Pro

Ala

Ile

280

Leu

Phe

Arg

Asn

Glu

360

Leu

Val

Ala

Pro

Met

440

Lys

His

Aia

Val

265

Ala

Val

Asp

Ser

Arg

345

Ser

Ala

Gln

Glu

Thr

425

Arg

Thr

His

Pro

8/34

Arg

Gly

Asn

Lys

Gln

330

Asp

Asp

Gln

Thr

Pro

410

Ser

Val

Ala

Tyr

Ala
490

Val

Val

Leu

Leu

315

Phe

His

Leu

Ser

Val

395

Pro

Asn

Glu

Thr

Lys

475

Pro

Ser

Asp

Ile

300

His

Cys

Ile

Met

Asn

380

Asp

Val

Pro

Asn

Asp

460

Gly

Pro

Cys

Ile

285

His

Lys

Asp

Lys

Tyr

365

His

Pro

Val

Leu

Ser

445

Thr

Gly

Pro

Lys

270

Val

Leu

Val

Ile

Ser

350

Asp

Asp

Ser

Lys

Pro

430

Lys

Leu

Gly

Ala

Leu

Leu

Phe

Gly

Asn

335

Leu

Asn

Ala

Ala

Arg

415

Gln

Ala

Ile

Gly

Pro
495

PCT/1B2004/003232
Pro
Leu
Ile
Ile
320
Ile
Asn
Val
Thr
Asn
400
Pro
Pro

Glu

Ala

Asp

480

Asp
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9/34
Lys Lys His Ala Arg His Phe Ser Leu Asp Val
500 505
Gly Thr Lys Lys Ala Lys Ala Glu Ala Val Pro
515 ’ 520
Ser Arg Ser Gln Glu Gly Gly Phe Leu Ser Gln
530 535
Leu Gly Leu Ala Pro Ala Pro Ile Lys Asp Ala
545 550 555
Glu Ile Pro Tyr Pro Thr Glu Pro Ala Arg Ala
565 570
Gly Pro Phe His Val Arg Ser Pro Pro Ala Ala
580 585
Leu Thr Pro Ala Ser Leu Gly Lys Ala Glu Pro
595 600
Arg Asn Ala Thr His Pro Leu Leu His Ile Asn
610 615
Pro Pro Ser Thr Ser Arg Glu Arg Ser
625 630
<210> 5
<211> 1609
<212> DNA .
<213> Homo sapiens.
<220>
<223> CcDNA Human Pannexin 3.
<400> 5
atgtcacttg cacacacagc tgcagagtac atgctctcag
aggggaccce gectcaaagg actgegtctg gaactgcecce
gtagctgtgg gctcccectt gttgctgatg tccctggeat
gggtctcega tcagetgett ctetececcagt aacttcagea
gacagctcct gctgggactc actgcttcac cataagcagg
atgaaatctc tctggcccca caaggccctc ccctactcce
atgtacctge cggtgectget gtggcagtat gecagetgtge
ctgttcatca tcagcgaact ggacaaatct tataatcgct

His Pro Tyr

510

Ala Ala Leu

525

Ala
540

Glu Asp

Pro Leu Pro

Gly Leu Pro

Ala Val

590

Pro

Thr
605

Leu Ile

Thr
620

Leu Ser

atgccctget
tggaccggat
tcgeccagga
tcecggecagge
acgggcectgg
tgc£ggccct
cagccctcecag

ccatccgect

PCT/1B2004/003232

Ile Leu

Pro Ala

Cys Gly

Glu Lys

560

Ser
575

Gly

Ala Pro

Leu Ser

Ser Ser

gcctgaccge
agtcaagttc
gttctectcet
agcctacgtq
ccaggacaaa
ggccttgete
ctccgatctg

cgtgcagcac

60

120

180

240

300

360

420

480
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atgctgaaga
gctcggaaag
cgttcacatt
tccgecactt
agctgctcca
tgcaggctga
accatattgg
cttttatctg
tgtcccatca
atctctttta
aatattgaca
aaacacctca
aagcttgtgg
caaaaaatta
tcatgttatc
agccgaagag
taaaaagaaa
aggcaattcc
aatctggcaa
<210> 6
<211> 392

<212> PRT
<213>

<220>
<223>

<400> 6

tccggeagaa
aacgatactt
cgctagtgge
acctatacct
tcaagacagg
catcactgtce
ttccagtgat
tctatgagat
atgacctcaa
gctggctgag
cagtagttga
ccaactcgge
aaagtctctc
cacattttaa
ctaaaagtga
tcaaagagct
tacagtctad
atatcctttc

aagattaata

Homo sapiens.

gagttccgac
tgaattccct
tacctacctce
tggtcattte
gctgctaagt
cattttccag
aatatacaac
gctccecaget
tgtgatcctt
tgtcttatgt
ttttatgact
atgtgatgaa
tccttectea
aactgctaag
gaagacataa
aaaaaattaa
acatgctgca
ttgaacgcac

aagatgtaaa

Human Pannexin 3.

10/34

ccctatgtgt
ttgctagagc
étgagg@act
catctggatg
gatgagaccc
attgttagcce
ctcacacggc
tttgatctcc
cttttectece
gtgttgaagg
ttattggctg
cacccatagt
taagacatgc
cttggattta
ccaagacatg
gtctagaaca
aggaaagaag
attcagctta

ccectggaaa

tctggaatga
ggtacctggce
ccctettget
tcttctteca
atgtccccaa
tctcecagtgt
tatgtegotg
tcagcagaaa
gagctaacat
atacaaccac
gcttagaacc
taagaaacca
acactaatac
actgaatcat
gaaataaatg
ttctatgagg
attctaaagt
ccccagagag

aaaaaaaaa

PCT/IB2004/003232

gctggagaag
atgtaagcag
catcttcacc
ggaagaattc
tctgatcaca
agcaatatac
ggacaaacga
gatgctagga
ctctgagetce
ccagaagcac
ctcaaaacce
tggagcaaga
acatacacac
atatctttta
tgaaagctgg
atagtataaa
ccgtttatgg

caagtgaggc

Met Ser Leu Ala His Thr Ala Ala Glu Tyr Met Leu Ser Asp Ala Leu

1

5

10

15

Leu Pro Asp Arg Arg Gly Pro Arg Leu Lys Gly Leu Arg Leu Glu Leu

20

25

30

Pro Leu Asp Arg Ile Val Lys Phe Val Ala Val Gly Ser Pro Leu Leu

35

40

45

540
600
660
720
780
840
900
960
1020
1086
1140
1200
1260
1320
1380
1440
1500
1560

1609



Leu

Ser

65

Asp

Gly

Ser

Gln

Ser

145

Met

Glu

Glu

Tyr

Leu

225

Ser

Asn,

Ser

WO 2005/026170

Met
50

Cys
Ser
Gln
Leu
Tyr
130
Glu
Leu
Leu
Arg
Leu
210
Tyr
Cys

Leu

Leu

Ser

Phe

Ser

Asp

Leu

115

Ala

Leu

Lys

Glu

Tyr

195

Leu

Leu

Ser

Ile

Ser
275

Leu

Ser

Cys

Lys

100

Ala

Ala

Asp

Ile

Lys

180

Leu

Arg

Gly

Ile

Thr

260

Ser

Ala
Pro
Trp
85

Met
Leu
Val
Lys
Arg
165
Ala
Ala
Asn
His
Lys
245

Cys

Val

Phe

Ser

70

Asp

Lys

Ala

Pro

Ser

150

Gln

Arg

Cys

Ser

Phe

230

Thr

Arg

Ala

Ala

55

Asn

Ser

Ser

Leu

Ala

135

Tyr

Lys

Lys

Lys

Leu

215

His

Gly

Leu

Ile

Gln

Phe

Leu

Leu

Leu

120

Leu

Asn

Ser

Glu

Gln

200

Leu

Leu

Leu

Thr

Tyr
280

Glu

Ser

Leu

Trp

105

Met

Ser

Arg

Ser

Arg

185

Arg

Leu

Asp

Leu

Ser

265

Thr

11/34

Phe

Ile

His

90

Pro

Tyr

Ser

Ser

Asp

170

Tyr

Ser

Ile

Val

Ser

250

Leu

Ile

Ser

Arg

His

His

Leu

Asp

Ile

155

Pro

Phe

His

Phe

Phe

235

Asp

Ser

Leu

Ser

60

Gln

Lys

Lys

Pro

Leu

140

Arg

Tyr

Glu

Ser

Thr

220

Phe

Glu

Ile

Val

Gly
Ala
Gln
Ala
Val
125
Leu
Leu
Val
Phe
Leu
205
Ser
Gln
Thr

Phe

Pro
285

Ser

Ala

Asp

Leu

110

Leu

Phe

Val

Phe

Pro

190

Val

Ala

Glu

His

Gln

270

Val

Pro

Tyr

Gly

95

Pro

Leu

Ile

Gln

Trp

175

Leu

Ala

Thr

Glu

Val

255

Ile

Ile

PCT/1B2004/003232

Ile

Val

80.

Pro

Tyr

Trp

Ile

His

160

Asn

Leu

Thr

Tyr

Phe

240

Pro

Val

Ile
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12/34
Tyr Asn Leu Thr Arg Leu Cys Arg Trp Asp Lys
290 295
Tyr Glu Met Leu Pro Ala Phe Asp Leu ‘Leu. Ser
305 310 - 315
Cys Pro Ile Asn Asp Leu Asn Val Ile Leu Leu
325 330
Ile Ser Glu Leu Ile Ser Phe Ser Trp Leu Ser
340 345
Lys Asp Thr Thr Thr Gln Lys His Asn Ile Asp
355 360
Met Thr Leu Leu Ala Gly Leu Glu Pro Ser Lys
370 375
Asn Ser Ala Cys Asp Glu His Pro
385 390
<210> 7
<211> 2903
<212> DNA
<213> Rattus norvegicus.
<220>
<223> cDNA Rat Pannexin 1.
<400> 7
cccggtttee cccgegtagg ttececggaaga geteggttece
aggcgcgage agcectgtageg gagagctage tttgttcceg
gctcaaggceg gccggagtcecce tggtgtcegeg cgegetgggg
gggtgtgatce gctgccgeca agacttcggg getecgtgege
cccaggcgge tgcagcectcecte gtgcggtece tgegaggtag
gtgcaatgct gggccggcec ggaagccgeg ctceegggtceg
cctectecececeg getteceegea gecacccgege ctgecttega
ggcgcegecegt gaccatggcce atcgeccace tggecacgga
tgctgaagga gcccaccgag cccaagttca aggggctgeg
agatggtcac gtgcattgcc gtgggtctge ctectgetget:
aggagatctc catcggtacc cagataagct gcttctecce

Arg Leu Leu

300

Arg Lys Met

Phe Leu Arg

Val Leu Cys

350

Thr Val

365

Val

Pro His

380

Lys

cgtagccgag
gcacgttgtt
acccgcggga
cctgtgttge
gcgcagegac
ttgacggcge
ctgececegtee
gtacgtgttc
actggagctg
catctcgetg

aagttccttce

PCT/1B2004/003232

Ser Val

Leu Gly

320

Ala
335

Asn

Val Leu

Asp Phe

Leu Thr

cgegeagtge
gtcccectgege
gctgagcacg
ttggagcgat
tgccaaggcg
ggactcggcg
cgcggcaccce
tcggacttcet
gcagtggaca
gcecttcegete

tcctggegece

60
120
180
240
300
360
420
480
540
600

660
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aggccgectt
gtgagtctgg
ttgccatact
gctccgacct
ctgccaagag
agaatgtggg
agcagtactt
ggctggtgac
tctecteget
gcaccatcce
gcctcattaa
tccegtteeg
ttctacattt
agaacataag
atgggcaggg
tcattgatgg
gaatggactt
actctcgceca
tgtgactcct
ttggtatcga
ctaggaacgt
tcggaggget
gactggcagt
ataataaacc
gacaagaaga
ctaaattggg
actaaaccce
gaaaccttce
tgacgcccecat
tggecttgge

acattgattt

cgtggactct
aaacctcccg
cctgtacctg
gaagtttatc
tgctcgtgat
gcagagtctg

gaagacgaag

ctttgcggtg

ctcecgacgag
cgatagctte
cctcctagtg
gcagaagacg
caagtctgaa
tgagctcaaa
catcgaccce
aaaagtcccce
caaagatttg
gcgacttctg
gtggctgacc
tgtggtgtgt
ccttcaagac
attaagagag
gctgggagac
tgtcaggatg
gcattcactg
tgtgacctge
agctatggag
cagtgggaaa
gtgaggcaca
catttgttta

atataatcga

tactgctggg
ctgtggctgce

cccgetctgt

‘atggaggagc

ttggacctga
tgggagatat
aégaactcca
gtactgctgg
tttctgtgta
cagtgcaagc
tacgecectge
gacgtcctca
ggcfacaacg
tcgtacaagt
atgttacttec
atgtccctac
gacctgagca
aattcatcct
cacccctgtt
gtcctaagac
taaatatgga
agcacagagc
ctggagcttc
taatttaata
gcectaccagg
cgtttgacct
ccagagtcat
cctgagttta
ctttgtccaa
gatcagattg

agtcatttga

13/34
ccgctgtaca

acaagttctt
tctggcgett
ttgacaaagt
gagatggécc
ccgaaagceca
gtcacctaat
cttgcatcta
gcatcaagtc
tcatecgeggt
tggtccecegt
aggtatacga
acttgagcect
gtcttaaggt
tgacaaacct
agaccaaggyg
gcgagacggce
gctaatggtt
ggaaccgtag
ataatggcce
aacgagtaag
cttctagagc
tagagaacaa
accccttcetg
gaaatcgacc
cagcacggac
gccatggtga
gatacctgag
tgagggcaga
attaaattta

gaagagcatt

gcagaaaaac

cccctacate

tgcggeggcet.

ctataaccgc
tggacctcca
cttcaagtac
catgaaatac
cttgagctac
gggcgtectg
cggcatcttce
ggtcatctac
gatcctgceccec
ctacaacctt
gctggagaab
aggcatgatt
agaggaccag
agcgaacaat
tcattcttga
ctagtttgca
acagcgttat
tgctttgtet
cccagagaag
gcactttgtt
tgtgcecettt
tgttcgagtyg
agcagcctga
ctctcagaag
gcaggagaac
acacggaact
agcccaactt

ccagcactga

PCT/1IB2004/003232
tcectgeaga 720
ctgctactgt 780
ccacacctct 840
gccatcaagg 900
ggagtgactg 960
ccgategtgg 1020
attagctgec 1080
tacttcagce 1140
aggaacgaca 1200
cagctgctca 1260
acgctctteg 1320
accttcgatg 1380
tttctggaag 1440
attaagagca 1500
aagatggacg 1560
ggcagccaga 1620
ggggagaaga 1680
atttcaagcce 1740
gtatatgttt 1800
ggaagaatag 1860
aaagccctcg 1920
caccgttctg 1980
ttgtgagata 2040
ctgactgttg 2100
cagctgtgece 2160
ggcagtgctg 2220
gaaggcttga 2280
gggattttac >2340
gacctagcag 2400
ttaaaattgce 2460
taagggtttt 2520



WO 2005/026170

ggagtaagtc gtacagtagg aggttagaac
ttgetttgtt ttgttttgtg acacggcccc
_ggtcttecett ccctcactct tccaagctgé
tgaccacatg agtgtgttac atgttcgcag
tcccagtttt accaggttta aagggaagtc
atcataggaa caattgttta cctaatctaa
agtggttgtc tgcctttggg ggce
<210> 8
<211> 426
<212> PRT
<213> Rattus norvegicus.
<220>
<223> Rat Pannexin 1.
<400> 8
Met Ala Ile Ala His Leu Ala Thr
1 5 :
Leu Lys Glu Pro Thr Glu Pro Lys
20
Ala Val Asp Lys Met Val Thr Cys
35 40
Leu Ile Ser Leu Ala Phe Ala Gln
50 55
Ser Cys Phe Ser Pro Ser Ser Phe
65 70
Asp Ser Tyr Cys Trp Ala Ala Val
85 ’
Glu Ser Gly Asn Leu Pro Leu Trp
100
Leu Leu Leu Phe Ala Ile Leu Leu
115 120
Phe Ala Ala Ala Pro His Leu Cys

14/34

agactctggce
ctgcctecact
cccagaatte
tttatataga
ctcaggaacc

tggcttttgg

Glu Tyr Val

10

Phe
25

Lys Gly

Ile Ala Val

Glu Ile Ser

Ser Trp Arg

75

Gln Gln

90

Lys

Leu His

Lys
105 .

Tyr Leu Pro

Ser Asp Leu

attgctttgt
cagactcaga
gttaaaacct
aatctttagt
tcececagttta

tgaaatcgga

Phe Ser Asp

Leu
30

Leu Arg

Leu Pro

45

Gly

Ile
60

Gly Thr

Gln Ala Ala

Asn Ser Leu

Phe Phe Pro

110

Ala Leu Phe

125

Lys Phe Ile

PCT/1IB2004/003232
tttgtttgeca 2580
ctgcectceag 2640
gattacattc 2700
cttcacacct 27760
ctttgggtca 2820
agttacgtta 2880

2903

Phe Leu
15

Glu Leu
Leu Leu
Gln Ile
Phe Val

80

Gln Ser
95

Tyr Ile
Trp Arg
Met Glu



Glu

145

Arg

Asn

Pro

Ile

Leu

225

Asp

Thr

Gln

Val

Leu

305

Ser

Asn

Ile

Leu

WO 2005/026170

130

Leu

Asp

vVal

Ile

Met

210

Ala

Glu

Ile

Leu

Val

290

Lys

Glu

Ile

Lys

Gly
370

Asp

Leu

Gly

Val

195

Lys

Cys

Phe

Pro

Leu

275

Ile

Val

Gly

Ser

Ser

355

Met

Lys

Asp

Gln

180

Glu

Tyr

Ile

Leu

Asp

260

Ser

Tyr

Tyr

Tyr

Glu

340

Asn

Ile

Val

Leu

165

Ser

Gln

Ile

Tyr

Cys

245

Ser

Leu

Thr

Glu

Asn

325

Leu

Gly

Lys

Tyr

150

Arg

Leu

Tyr

Ser

Leu

230

Ser

Phe

Ile

Leu

Ile

310

Asp

Lys

Gln

Met

135

Asn
Asp
Trp
Leu
Cys
215
Ser
Ile
Gln
Asn
Phe
295
Leu
Leu
Ser

Gly

Asp
375

Arg

Gly

Glu

Lys

200

Arg

Tyr

Lys

Cys

Leu

280

Val

Pro

Ser

Tyr

Ile

360

Val

Ala

Pro

Ile

185

Thr

Leu

Tyr

Ser

Lys

265

Leu

Pro

Thr

Leu

Lys

345

Asp

Ile

15/34

Ile

Gly

170

Ser

Lys

Val

Phe

Gly

250

Leu

Val

Phe

Phe

Tyr

330

Cys

Pro

Asp

Lys

155

Pro

Glu

Lys

Thr

Ser

235

Val

Ile

Tyr

Arg

Asp

315

Asn

Leu

Met

Gly

140
Ala
Pro
Ser
Asn
Phe
220
Leu
Leu
Ala
Ala
Gln
300
Val
Leu
Lys

Leu

Lys
380

Ala

Gly

His

Ser

205

Ala

Ser

Arg

Val

Leu

285

Lys

Leu

Phe

Val

Leu

365

Val

Lys

Val

Phe

190

Ser

Val

Ser

Asn

Gly

270

Leu

Thr

His

Leu

Leu

350

Leu

Pro

Ser

Thr

175

Lys

His

Val

Leu

Asp

255

Ile

Val

Asp

Phe

Glu

335

Glu

Thr

Met

PCT/1B2004/003232

Ala
160
Glu
Tyr
Leu
Leu
Ser
240
Ser
Phe
Pro
Val
Lys
320
Glu
Asn

Asn

Ser
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16/34

PCT/1B2004/003232

Leu Gln Thr Lys Gly Glu Asp Gln Gly Ser Gln Arg Met Asp Phe Lys
390

385

395

400

Asp Leu Asp Leu Ser Ser Glu Thr Ala Ala Asn Asn Gly Glu Lys Asn

405

© 410

Ser Arg Gln Arg Leu Leu Asn Ser Ser Cys

<210> 9
<211>
<212>
<213>

DNA

<220>
<223>

<400> 9
ggtaaacagc

ccgececeecgg
gcccggegec
atcceegetg
cgtcgceccce
gccgggeegce
ccgcegetget
aggcgggtge
tggtcaccat
acttcgcaga
tgtacgececcg
gcctgtggece
ccatcatgta
agctcaactt
cccccaagat
gggaaatcat
acctggagcg

"tgatcctget

2895

420

cccectecca
gagggacgca
ctggecagcete
acatccctet
cgcecgececte
gccececgeec
ggcgggcgag
gctggccgeg
cggcaccgtg
ggaaccaatt
tggctactge
atpgctgttt
tgtgceccgea
cctgecttecag
tgagaagcag
tgagaacgcet
ccggggecge

actcagtgtg

Rattus norvegicus.

cDNA Rat Pannexin 2.

ggcgggageyg
gggcgeggage
gacccctete
tccagegecce
tctggegege
cccatgecacc
aagctgaggg
ctgctgctge
ctggtaccta
tactgttata
tggacagagc
gagcacaagt
ctgggctggg
gagatcgaca
atccagtecca
gagaaggaga
agcaécttct

gtgcccatct

425

égccgcgcgg
cagctacagc
gcggggcegge
tgcgeecege
ggcceccgecece
acctcctgga
agctgatcct
agctcaagcet
tcectgetggt
ctccgceacaa
tgcgggatge
tcctgeccta
agttecctggce
actgctacca
aggggccagg
agagccctga
tggccaagcet

cttacctatg

cccaggcagqg
gcacggcggg
agacccccga
gcceecgtga
gcgecceeceg
gcagteggeg
gcctggeteg
ggaactgceg
caccctggtc
cttcacccgt
cctgeeegge
cgcactgcectg
ctecacgcege
ccgagecgec
catcacggag
gcagaatttg
gtacttggceg

cacatactac

415

atagccgeeg
ggcggcggceyg
gcceccgecge
ccteggtetce
ccegtaccecece
gacatggcga
caggacgaca
ttcgaccgeg
ttcaccaaga
gaccaggcgce
gtggatgcca
gcctttgecg
ctcacctecg
gaaggtcgeg
cgcgagaagce
tttgagaagt
cggcacgtac

gccacccaga

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080
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agcagaacga
ggcccacggt
gtgtggécat
tcttcatett
cgcgecggea
acgagaaccg
acctcatgta
acaccacgcc
cagagcctga
ggatccccac
tagaaaacag
ttattgccce
gtgatacagg
tctecttgga
ccecctgecect
gtgggctggyg
cataccccac
cggcectetge
tcectgageceg
aagaggagga
caccccagcea
agttttgagg
ccagctgagce
ccagcctect
tccacaagtg
ggcacccccee
ttgtgggetg
tgctggggéa
ggccectaca
ccaaatcaac

ctgtaactga

gttcacectge
gcgcgtcage
cgtattgctce
ccgcaagagce
gtggcgeege
tgaccacatc
cgacaacgtg
cacégttcgg
gggctctget
cagcaacccyg
caagactgag
gctgectggac
gccctectet
tgtgcatcce
accagcctcce
cttggctgea
agagtctgcc
tgctgettece
aaacgccact
aggaggtccc
gatcctcatc
ggcagggect
ctaggcatga
gtctgcatge
caggcecgggyg
tcagcatgcet
acacaactca
ggtggtactg

gagggacctg

atgcactttc

cgagc

gceetgggeg
tgtaagctge
tgcttcatga
aacttcatft
tcgcagttcet
aagtcgcetta
gtgcggcage
gactcaggca
gagccacccg
ctgccacage
aagcccaaac
gctggtgccce
gceceecgectg
tatatcctag
cggagccagyg
gcacccacca
ctgeccgtetg
ctgtcaccga
cacccectge
tgtgcaccct
gccacctteg
cccaggcecac
gtagatccga
cacggggccc
ctcgagcaca
gggccacaag
gcacacccag
gcctcaggac
ataccttcag

ﬁccacgtagc

17/34

cctegectga
cctecgtgea
acctcatcat
ttgacaagct
gcgacatcaa
accggctgga
ttetggcetge
tccagaccgt
tggtcaagcg
ccttcaagga
ctgtgcgecag
gggctgcecca
ctgcctctga
gcagcaagaa
aaggtggctt
aagatgctcc
ggggcccatt
gcagcetggyg
tccacatcag
cagacatggg
aggagccgag
caaaacctct
actctgctca
agccctectt
aggtgggaga
atgaagagtt
ttgggcccag
agaccccagg

gtggaggggg

ctgacacaca

cgggecggtg
gctgcagcgg
cctggtcaac
gcacaaggtg
catcctggcee
cttcatcacc
cttggctcag
ggacccecagce
gccecgtaag
gcagctggee
gaagacagcc
ccactacaag
gaaaaagcat
ggccaagact
cctgtccecag
gctcectgag
ccatgtgtge
caaggctgac
cacgttgtac
cgacctccte
aacagttgtg
ctgcgagagce
cccagtaccg
ccacctgget
gggtgcctac
tattttttta
cctagggtaa
ggtcactcac
gactgagggce

ctttattttt

PCT/1B2004/003232

ggtagcgceg
atcattgcgg
étcatccacc
ggtatcaagé
atgttctgta
aacgagagcg
tctaaccacyg
atcaaccccg
aaaatgaagt
attatgcgeg
acggatacac
gggagtggag
acccggecact
gaagcagtac
acagaggaat
aaggaaatcc
tcacccececa
cccctcacca
gaggcceggg
agcatacccc
agtactgtgg
cagggatggce
cccacaacce
caccatggca
cccagcatca
gtgggttttg
gtgéggacgg
ttaagggcct
tgececegggat

actatgacta

1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880

2895
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<210>
<211>
<212>
<213>

<220>

<223>

<400>

10
664
PRT

Rattus norvegicus.

10

Met Ala Thr

1

Pro

Gln

Val

Ala

65

Gln

Leu

Phe

Ala

Asn

145

Gly

Ile

Gly

Leu

Leu

50

Glu

Ala

Pro

Leu

Leu

130

Phe

Arg

Thr

Ser

Lys

35

Val

Glu

Leu

Gly

Pro

115

Gly

Leu

Ala

Glu

Ala

Gln
20

Leq

Pro

Pro

Tyr

Val

100

Tyr

Trp

Leu

Pro

Arg
180

Leu

Asp

Glu

Ile

Ile

Ala

85

Asp

Ala

Glu

Gln

Lys

165

Glu

"Rat Pannexin 2.

Leu
Asp
Leu
Leu
Tyr
70

Arg
Ala
Leu
Phe
Glu
150

Ile

Lys

Ala
Lys
Pro
Leu
55

Cys
Gly
Ser
Leu
Leu
135
Ile

Glu

Arg

Gly

Ala

Phe

40

Val

Tyr

Tyr

Leu

Ala

120

Ala

Asp

Lys

Glu

Glu

Gly

25

Asp

Thr

Thr

Cys

Trp

105

Phe

Ser

Asn

Gln

Ile

18/34

Lys

10

Ala

Arg

Leu

Pro

Trp

90

Pro

Ala

Thr

Cys

Ile

170

Ile

185 -

Leu

Leu

Val

Val

His

75

Thr

Ser

Ala

Arg

Tyr

155

Gln

Glu

Arg

Ala

Val

Phe

60

Asn

Glu

Leu

Ile

Leu

140

His

Ser

Asn

Glu

Ala

Thr

45

Thr

Phe

Leu

Phe

Met

125

Thr

Arg

Lys

‘Ala

Leu

Leu

30

Ile

Lys

Thr

Arg

Glu

110

Tyr

Ser

Ala

Gly

Glu

- 190

Ile

15

Leu

Gly

Asn

Arg

Asp

95

His

Val

Glu

Ala

Pro
175

PCT/1B2004/003232

Leu
Leu
Thr
Phe
Asp
80

Ala
Lys
Pro
Leu
Glu
160
Gly

Glu



Lys

Leu

225

Thr

Gly

Pro

Leu

Ile

305

Ile

Ile

Asn

Val

Thr

385

Asn

Pro

Pro

WO 2005/026170

Ser

Ser

210

Leu

Gln

Pro

Ser

Cys

290

Phe

Lys

Leu

Arg

Val

370

Pro

Pro

Axrg

Phe

Pro

195

Asn

Leu

Lys

Val

vVal

275

Phe

Arg

Thr

Ala

Leu

355

Arg

Thr

Ala

Lys

Lys

Glu
Phe
Ser
Gln
Gly
260
Gln
Met
Lys
Arg
Met
340 ‘
Asp
Gln
Val
Glu
Lys

420

Glu

Gln

Leu

Val

Asn

245

Ser

Leu

Asn

Ser

Arg

325

Phe

Phe

Leu

Arg

Pro

405

Met

Gln

Asn

Ala

Val

230

Glu

Ala

Gln

Leu

Asn

310

Gln

Cys

Ile

Leu

Asp

390

Glu

Lys

Leu

Leu

Lys

215

Pro

Phe

Gly

Arg

Ile

295

Phe

Trp

Asn

Thr

Ala

375

Ser

Gly

Trp

Ala

Phe
200
Leu
Ile
Thr
Pro
Ile
280
Ile
Ile
Arg
Glu
Asn
360
Ala
Gly
Ser

Ile

Ile

Glu

Tyr

Ser

Cys

Thr

265

Ile

Leu

Phe

Arg

Asn

345

Glu

Leu

Ile

Ala

Pro

425

Met

19/34
Lys Tyr Leu Glu

Leu

Tyr

Ala

250

Val

Ala

Val

Asp

Ser

330

Arg

Ser

Ala

Gln

Glu

410

Thr

Arg

Ala

Leu

235

Leu

Arg

Gly

Asn

Lys

315

Gln

Asp

Asp

Gln

Thr
395

Pro

Ser

Val

Arg

220

Cys

Gly

Val

Val

Leu

300

Leu

Phe

His

Leu

Ser

380

Val

Pro

Asn

Glu

205

His

Thr

Ala

Ser

Asp

285

Ile

His

Cys

Ile

Met

365

Asn

Asp

Val

Pro

Asn

Arg

Val

Tyr

Ser

Cys

270

Ile

His

Lys

Asp

Lys

350

Tyr

His

Pro

Val

Leu

430

Ser

Arg

Leu

Tyr

Pro

255

Lys

Val

Leu

Val

Ile

335

Ser

Asp

Asp

Ser

Lys

415

Pro

Lys

PCT/1B2004/003232

Gly
Ile
Ala
240
Asp
Leu
Leu
Phe
Gly
320
Asn
Leu
Asn
Thr
Ile
400
Arg
Gln

Thr



Glu

Ala

465

Ser

Lys

Gly

Ser

Leu

545

Glu

His

Ser

Thr

Glu

625

Ile

Thr

WO 2005/026170

Lys

450

Pro

Gly

Lys

Ser

Arg

530

Gly

Ile

Val

Ser

His

610

Glu

Pro

Val

<210>
<211>

435

Pro

Leu

Gly

His

Lys

515

Ser

Leu

Pro

Cys

Leu

595

Pro

Gly

Pro

Val

11
2422

Lys

Leu

Asp

Thr

500

Lys

Gln

Ala

Tyr

Ser

580

Gly

Leu

Gly

Pro

Ser
660

Pro

Asp

Thr

485

Arg

Ala

Glu

Ala

Pro

565

Pro

Lys

Leu

Pro

Gln

645

Thr

Val

Ala

Arg
455

Gly

470 -

Gly

His

Lys

Gly

Ala

550

Thr

Pro

Ala

His

Cys

630.

Gln

Val

Pro

Phe

Thr

Gly

535

Pro

Glu

Thr

Asp

Ile
615

Ala

Ile

Glu

440
Arg
Ala
Ser
Ser
Glu
520
Phe
Thr
Ser
Ala
Pro
600
Ser
P;co
Leu

Phe

Lys
Arg
Ser
Leu
505
Ala
Leu
Lys
Ala
Ser
585
Leu
Thr

Ser

Ile

20/34

Thr

Ala

Ala

490

Asp

Val

Ser

Asp

Leu

570

Ala

Thr

Leu

Asp

Ala
650

Ala

Ala

475

Pro

Val

Pro

Gln

Ala

555

Pro

Ala

Ile

Tyr

Met

635

Thr

Thr

460

His

Pro

His

Pro

Thr

540

Pro

Ser

Ala

Leu

Glu

620

Gly

Phe

445

Asp

His

Ala

Pro

Ala

525

Glu

Leu

Gly

Ser

Ser

605

Ala

Asp

Glu

Thr

Tyr

Ala

Tyr

510

Leu

Glu

Pro

Gly

Leu

590

Arg

Arg

Leu

Glu

Leu

Lys

Ser

495

Ile

Pro

Cys

Glu

Pro

575

Ser

Asn

Glu

Leu

Pro
655

PCT/1B2004/003232

Ile

Gly

480

Glu

Leu

Ala

Gly

Lys

560

Phe

Pro

Ala

Glu

Ser

640

Arg
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<212> DNA

<213> Rattus norvegicus.

<220>
<223>

<400> 11
aagccacagt

agtaaagcct
agggcgtetg
gatctgtgag
ctagattgct
atcatgtcac
cgcaggggcet
ttcgttactg
tcagggtctc
gtggacagct
acggtgaaat
gccatgtatc
ctgctattca
cacatgctga
aaggcccgga
cagcgctccc
acctcagcca
ttcagctgcet
acatgcaggc
tacaccgtac
cgactcctet
gggtgeccecca
ctcatctcett
cacaacattg
cctaaacatc
cataagagat

gaaaaataat

gcttegtetg
gaccctcctce
gcttagagece
gctggtgetyg
aégagtagca
tcgecacacac
ctcggcetcaa
tgggctttcc
cgatcagctg
cctgetggga
ctetetggee
tgccagtgcet
tcatcagtga
agatccggea
aggaacggta
attggctagt
cttacctgta
ccatcaagac
tgacctccct
tggtcccagt
ccatctacga
tcaatgacct
ttagctggcet
acacagtggt
tcacccaaca
aagttttata

aatgatgtct

cDNA Rat Pannexin 3.

ttgggagaca
cagtgaagac
tgggcaatta
cgacatagct
gtgtcctcetg
agcggcagag
agggctgegt
cttgctgetg
cttctcteec
ctcactggcet
tcacaaggct
gctctggcaa
gctggacaag
gaagagctct
ctttgaattt
ggccacctac
ccttggcecac
aggcctacté
gtctgtatte
gataatatac
gatgctccca
caatgtgatc
gagtgtctta
cgattttatg
tacgtatgat
gagagtaagt

gcattaaatt

21/34

atctaggcaa
ccatcaaggc
tgtagagaac
gcctgaagcet
tattccecca
tacatgctcet
ctggaactgce
atgtctctgg
agcaacttca
cactataaac
ctcecectact
tatgcagctg
tcttacaacc
gaccctcatg
ccecttgetag
ctcctgagga
ttccatttag
catgaggaga
cagattgtga
aacctcacgce
gcttttgatc
cttcttttec
tgtgtgttga
accttattgg
gaacacccat
ctcctécttc

gttaagatta

gcaccectggce
tatgccctcee
cactgcctgg
gtcacatcac
aagcccccat
ccgatgecect
cgctggataa
ctttcgecca
gtgtcagaca
aggatgaggc
ctctactgge
tgccagecct
gctccatceg
tcttectggga
agcggtacct
acgccctttt
acgtcttctt
cccacgtgee
gtgtctccag
ggctgtgeeg
tcecteagtag
tcecgagetaa
aggatacaac
ctggettaga
agtttaaaaa
acaagctatg

gacttaactg

PCT/IB2004/003232

accagacaca
tctaattgece
tactagcaca
cccactgtac
actcagcagc
gctgectgac
gatggtcaag
ggagttctca
ggctgtgttt
tggacagtac
cctggetgtg
cagctcagac
cctggtacag
tgagctagag
ggcatgcaag
actcctctte
tcaggaagaa
agagctgatc
tgtagcaata
gtgggacaaa
aaagatgcfa
tatctctgag
cacccagaaa
accctcaaaa
aaaaaagagg
tagagtaaaa

aaatatecctg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560

1620
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tatttataag
gtcaaagagc
gttgaagcaa
attctcacaa
agcaacttag
ccatcctget
aagaaatagt
ccacgagttg
catgagggct
ttcttaatag
gttagacctg
ggctagcccece
atgaacgtga
tttttatttg
12

392
PRT

<210>
<211>
<212>
<213>

<220>
<223>
<400> 12

Met Ser Leu
1

Leu Pro Asp

Pro Leu Asp

35

Met
50

Leu Ser

Ser Phe

65

Cys

aagataaaaa
tgaaaaatca
agtgcaaaca
gacccaccca
taagagatta
ttgtggacat
gatggcttta
actctgtaag
catattatag
tccaagggat
atttcaatgc
tgatcgccat
aagtcatatt

tttactttgt

Rat Pannexin 3.

Ala His
5

Arg Arg

20

Lys Met

Leu Ala

Ser Pro

tcaatgcatg
gtctagagaa
ttgaacacag
ctctagaagt
ataaggatat
tttcageett
acttgtaatc
tcagttacgt
cctatgaagc
actacacgtt
ctgggaccca
atacaaaaca
gatccacttc

tt

Rattus norvegicus.

Thr Ala Ala

Gly Ser Arg Leu

Val Lys Phe

40

Phe Ala Gln Glu

55

Ser Asn Phe
70

22/34

gaagttcaag
ttctgaggac
aacaatfctg
catgcttgee
gaccccctga
gccaagcacce
tgctcttgga
tttttatgat
ccttctaaag
cactgacagc
aatggtgaaa
aagtaaacaa

tgtaattcac

Glu Tyr Met

10

Lys Gly

25

Val Thr Val

Phe Ser

Ser Val Arg

75

gtgaagtctg
agtaaacgcet
aaggccattt.
tctgcacaat
aacactttga
ccatggecetg
acataggaca
attaactgag
tcttaatgag
caactagtga
agggagaact
ataaaaaagt

cgttcatctt

Leu Ser Asp

Leu
30

Leu Arg

Gly Phe Pro

Ser Gly Ser

60

Gln Ala Val

PCT/1B2004/003232

aaagtgaaga
aaacgatcaa
atggaaggaa
gggcaggcag
tttggcetge
ctaatgagac
gaggcaaagg
gattctttte
tctaggtatg
aggccagtgg
gattctccaa
attaagcaag

gcttaatact

Ala Leu

15

Glu Leu

Leu Leu

Pro Ile

Phe Val

80

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2422



Asp
Gly
Ser
Gln
Ser
145
Met
Glu
Glu
Tyr
Leu
225
Ser
Glu
Ser
'I;yr
Tyr

305

Cys

WO 2005/026170

Ser Ser Cys. Trp

Gln

Leu

Tyr

130

Glu

Leu

Leu

Arg

Leu

210

Tyr

Cys

Leu

Val

Asn

290

Glu

Pro

Tyr

Leu
115

Ala

Leu

Lys

Glu

Tyr

195

Leu

Leu

Ser

Ile

Ser

Thr

100

Ala

Ala

Asp

Ile

Lys

180

Leu

Arg

Gly

Ile

Thr

260

Ser

275

Leu

Met

Ile

Thr

Leu

Asn

85

Val

Leu

Val

Lys

Arg

165

Ala

Ala

Asn

His

Lys

245

Val

Arg

Pro

Asp

Asp

Lys

Ala

Pro

Ser

150

Gln

Arg

Cys

Ala

Phe

230

Thr

Arg

Ala

Leu

Ala

310

Leu

Ser

Ser

Val

Ala

135

Tyr

Lys

Lys

Lys

Leu

215

His

Gly

Leu

Ile

Cys

295

Phe

Asn

Leu

Leu

Ala

120

Leu

Asn

Ser

Glu

Gln

200

Leu

Leu

Leu

Thr

Tyr

280

Arg

Asp

Val

Ala

Trp

105

Met

Ser

Arg

Ser

Arg

185

Arg

Leu

Asp

Leu

Ser

265

Thr

Trp

Leu

Ile

23/34
His Tyr Lys

90

Pro

Tyr

Ser

Ser

Asp

170

Tyr

Ser

Leu

Val

His

250

Leu

Val

Asp

Leu

Leu

His
Leu
Asp
Ile
155
Pro
Phe
His
Phe
Phe
235
Glu
Ser
Leu
Lys
Ser

315

Leu

Lys

Pro

Leu

140

Arg

His

Glu

Trp

Thr

220

Phe

Glu

Val

Val

Arg

300

Arg

Phe

Gln

Ala

Val

125

Leu

Leu

Val

Phe

Leu

205

Ser

Gln

Thr

Phe

Pro

Asp

Leu

110

Leu

Phe

Val

Phe

Pro

190

Val

Ala

Glu

His

Gln

270

Val

285 -

Leu

Lys

Leu

Leu

Met

Arg

Glu
95

Pro
Leu
Ile
Gln
Trp
175
Leu
Ala
Thr
Glu
Val
255
Ile
Ile
Ser

Leu

Ala

PCT/1B2004/003232

Ala

Tyr

Trp

Ile

His

160

Asp

Leu

Thr

Tyr

Phe

240

Pro

Val

Ile

Tle

Gly

320

Asn



WO 2005/026170 PCT/1IB2004/003232
24/34
325 330 335
Ile Ser Glu Leu Ile Ser Phe Ser Trp Leu Ser Val Leu Cys Val Leu
340 ‘ 345 350
Lys Asp Thr Thr Thr Gln Lys His Asn Ile Asp Thr Val Val Asp Phe
355 360 365
Met Thr Leu Leu Ala Gly Leu Glu Pro Ser Lys Pro Lys His Leu Thr
370 375 380
Gln His Thr Tyr Asp Glu His Pro
385 390
<210> 13
<211> 1673
<212> DNA
<213> Mus musculus.
<220>
<223> cDNA Mouse Pannexin 1.
<400> 13
cteggetgee cgtccegegg cacceggtge gecttgacca tggecatcge ccacttggec 60
acggagtatg tgttctcgga cttecttgetg aaggagccca ccgagceccaa gttcaagggg 120
ctgcgactgg agctggcggt ggacaagatg gtcacatgta ttgeegtggg tctacctcetg 180
ctgctcatct cgctggeett cgetcaggag atctccatcg gtacccagat aagcetgette 240
tcccegagtt ctttctectg gecgacagget gectttgtgg attcatactg ctgggetget 300
gtacagcaaa agagctccct gcagagecgag tctggaaacc tcccactgtg getgcacaag 360
ttcttccecct acatcctact getgtttgece atactcctgt acctgecccge actcecttetgg 420
cgcttctetg cagectccaca cctctgetca gacctgaagt ttatcatgga ggaacttgac 480
aaagtctaca accgcgccat caaggctgec aagagtgctc gagatttgga cctaagagac 540
ggacctggac ccccaggagt gactgagaat gtggggcaga gtctgtggga gatatctgaa 600
agccacttca agtacccaat cgtggagcag tacttgaaga caaaaaagaa ctctagtcat 660
ttaatcatga aatacattag ctgccggetg gtgacatttg tggttatact gttggcatgt 720
atctacttga gctattactt cagcctetct tcactctegg acgagtttct gtgcagcatce 780
aaatcaggcg tcctgaaaaa tgacagcacc atccccgatc gecttccagtg caagcetcatce 840
gccgtgggea tettccaget getcagecte attaacctca ttgtgtatge tctgetgatt 900
ccegtggteg tctacaégtt cttcacccea ttccggcaga aaacggacat tctcaaagtg 960
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tatgaaatcc
agcctctaca
aaggtgctgg
<aacctgggca
aagggagagyg
gctcgagcaa
atggtttcct
ctgtagttag
taatagacat
aagtgtgctt
agaggagcag
acatggaaga
<210>
<211>

<212>
<213>

14

426
PRT
Mus

<220>
<223>
<400> 14

Met Ala Ile
1

Leu Lys Glu

Ala Val Asp

35

Ile
50

Leu Ser

‘Ser Phe

65

Cys

Asp Ser Tyr

Glu Ser

Gly

tgccecacctt
acctttttet
agaacattaa
tgat£aagat
accagggcag
acaatgggga
tcttgaattt
tttgcagtag
aatggccaac
tgtgtgaagt
cattctggac

tgctttgttt

musculus.

Ala His

Pro Thr
20

Lys Met

Leu Ala

Ser Pro

Cys Trp

85

Asn Leu

Leu

Glu

Val

Phe

Ser

70

Ala

Pro

cgatgttcta
ggaagagaac
aagcaatggg
ggacatcatt
ccagagagtg
gaagaactct
caagcctgtyg
atgtttttgg
agcgtcatag
cctcattgcea
tggcaggtge

tgtgaggtaa

Mouse Pannexin 1.

Ala Thr

Pro Lys

Thr Cys

40

Ala
55

Gln
Ser Phe
Ala

Val

Leu Trp

25/34
catttcaagt

ataagtgagce
cagggcattg
gatggaaaaa
gagttcaaag
cgccagaggce
acttctgtgg
tattgatgta
aagaatagat
gggctgttaa
tagaggacct

taaacatgtg

Glu Tyr Val

10

Phe
25

Lys Gly

Ile Ala Val

Glu Ile Ser

Ser Trp Arg

75

Gln Gln

90

Lys

Leu His Lys

ctgaaggcta
tcaaatcgta
accccatgcet
ttcccacgte
atttggacct
tgtgtgaatc
ctgacgcacc
gtgtgtgtcce
tagaaacgtc
gagcacagag
géggcttcta

aggatgaaac

Phe Ser Asp

Leu
30

Leu Arg

Leu Pro

45

Gly

Ile
60

Gly Thr

Gln Ala Ala

Ser Ser Leu

Phe Phe Pro

PCT/1B2004/003232
caatgacttg 1020
caagtgtctg 1080
actcctgaca 1140
cctacagacc 1200
gagcagcgag 1260
cgtcctgcta 1320
cctgttggat 1380
taccaatctc 1440
ccacaagagt 1500
cctcagccac 1560
gagagcaagc 1620
tta 1673

Phe Leu
15
Glu Leu
Leu Leu
Gln Ile
Phe Val
80
Gln Ser
95
Ile

Tyr



Leu

Phe

Glu

145

Arg

Asn

Pro

Ile

Leu

225

Asp

Thr

Gln

Val

Leu

305

Ser

Asn

WO 2005/026170

Leu
Ser
130
Leu
Asp
val
Ile
Met
210
Ala
Glu
Ile

Leu

Val

290

Lys

Glu

Ile

Leu

115

Ala

Asp

Leu

Gly

Val

195

Lys

Cys

Phe

Pro

Leu

275

Val

Val

Gly

Sexr

100

Phe

Ala

Lys

Asp

Gln

180

Glu

Tyr

Ile

Leu

Asp

260

Ser

Tyr

Tyr

Tyr

Glu
340

Ala

Pro

Val

Leu

165

Ser

Gln

Ile

Tyr

Cys

245

Arg

Leu

Thr

Glu

Asn

325

Leu

Ile
His
Tyr
150
Arg
Leu
Tyr
Ser
Leu
230
Ser
Phe
Ile

Phe

Ile
310

ASp.

Lys

Leu

Leu

135

Asn

Asp

Trp

Leu

Cys

215

Ser

Ile

Gln

Asn

Phe

295

Leu

Leu

Ser

Leu

120

Cys

Arg

Gly

Glu

Lys

200

Arg

Tyr

Lys

Cys

Leu

280

Ile

Pro

Ser

Tyr

105

Tyr

Ser

Ala

Pro

Ile

185

Thr

Leu

Tyr

Ser

Lys
265

Ile

Pro

Thr

Leu

Lys
345

26/34

Leu

Asp

Ile

Gly

170

Ser

Lys

Val

Phe

Gly

250

Leu

Val

Phe

Phe

Tyr

330

Cys

Pro

Leu

Lys

155

Pro

Glu

Lys

Thr

Ser

235

Val

Ile

Tyr

Arg

Asp

315

Asn

Leu

Ala Leu
125

Lys Phe
140

Ala Ala
Pro Gly
Ser His
Asn Ser

205

Phe Val
220

Leu Ser
Leu Lys
Ala Val
Ala Leu

285

Gln Lys
300
Val Leu

Leu Phe

Lys Val

110

Phe

Ile

Lys

Val

Phe

130

Ser

Val

Ser

Asn

Gly

270

Leu

Thr

His

Leu

Leu
350

Trp

Met

Ser

Thr

175

Lys

His

Ile

Leu

Asp

255

Ile

Ile

Asp

Phe

Glu

335

Glu

PCT/1B2004/003232 -

Arg
Glu
Ala
160
Glu
Tyr
Leu
Leu
Ser
240
Ser
Phe
Pro
Ile’
Lys
320

Glu

Asn



WO 2005

Ser
355

Ile Lys

Gly. Met
370

Leu

Leu Gln Thr

385

Asp Leu Asp

Ser Arg Gln

15
1922
DNA

<210>
<211>
<212>
<213>

<220>
<223>

<400> 15
atggcgaccg

gacgacaagg
gaccgcgtgg
accaagaact
caggcgctgt
gatgccagee
tttgccgeca
acctcggagce
ggtecgegeac
gagaagcéag
gagaagtacc
cacgtecctga
acccagaagc
.agegetggge

attgcaggtg

/026170

Asn

Ile

Lys

Gly Gln Gly Ile

360

Lys Met Asp Ile

375

Gly Glu Asp Gln

390

Leu
405

Arg
420

Mus musculus.

cgctgetgge
cgggecgegcet
tcaccatcgg
tcgcagagga
acgccecgegg
tctggecate
tcatgtatgt
tcaacttcct
ccaagattga
agatcattga
tggaacgecg
tcectgetget
agaacgagtt
ccacggtgcg

tggacatcgt

Ser Ser Glu Ala

Leu Leu Asn Pro

cDNA Mouse Pannexin 2.

gggcgagaag
ggccgegetg
caccgtgctg
accaatttac
ctactgctgg
gttgtttgag
gcccgegetg
tcttcaggag
gaagcagatc
gaaégccgag
gggccgeagce
cagcgtygtg
cacctgtgec
cgtcagetgt

cttgctctge

Asp

Ile

Gly

Arg

Ser
425

27/34

Pro Met

Asp Gly

Gln
395

Ser

Ala
410

Asn

Cys

ctgaggéagc
ctgctgecage
gtacccatcc
tgttatactc
acagagctgce
cacaagttcce
ggctgggagt
atcgacaact
cagtccaagg
aaggagaaga
aacttcctgg
cccatcteet
ctgggcgect
aagctaccgt

ttcatgaacc

PCT/IB2004/003232

Leu Leu Leu Thr Asn

365

Lys
380

Arg

Asn

tgatcctgece
tcaagctgga
tgctggtqac
cgcacaactt
gggacgegcet
tgcectacge
tcetegecte
gctaccaccg
ggcceggeat

gcccggagea

ccaagctgta

acctatgcac
cacctgacgg
ctgtgcaget

tcatcatcct

Ile Pro Thr Ser

Val Glu Phe Lys

400

Gly Glu Lys Asn

415

tggctcgcag
actgcegtte
cctggtette
cacccgtgat
gceceggegtg
gctgectggee
cacgcgectce
agcggccgaa
cacggagcgce
gaaﬁctgftt
cttggecacgg
atactacgcce
gceggtgggt
gcageggatc

agtcaacctc

60
120
180
240
300
360
420
480
540'
600
660
720
780
840

900
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atccacctet
atcaagacgc
ttctgtaacg
gagagcgacc
aaccacgaca
aaccctgcgg
atgaagtgga
atgcgegtgg
gacacactta
agtggaggtyg
cgccacttct
gcggtaccce
gaggaatgtg
aggaaatccc
atgtctgcecte
aggctgaccc

cgctatccte

ag

<210>
<211>
<212>
<213>

16

607
PRT
Mus

<220>

<223>

<400> 16

tcatcttecg

gccggcagtyg
agaaccgcga
tcatgtacga
ccacgcccac
agcctgatgg
tcceccaccag
aaaacagcaa
ttgcececeget
attcaggcce
ccttggacgt
ctgccctacce
ggctgggeet
gtaccccaca
accccccgea
tctcaccatce

atcgccacct

musculus.

caagagcaac
gcgecgcecteg
ccacatcaaé
caatgtggtg
tgtgcgggac
ttctgctgag
caacccgcetg
gactgagaag
gctggacgcet

ctcctctgece

gcatccctat

agccteccege
agctgcagca
gagcctgecc
gcecccecgecg
ctgagcecgga

tcgaggagcce

Mouse Pannexin 2.

28/34

ttcatctteg
cagttctgceg
tcgectgaacce
cggcagcttce
tctggeatcce
ccacccgtgg
ccacagcccet
cccaagcecg
ggtgcecgtg
ccgectgetg
atcctaggta
agccaagaag
cccacéaaag
tgccagggct
ctgcttcecet
acgccactca

gagaacagtt

acaaactaaa
acatcaacat
ggctggactt
tggctgeett
agaccgtgga
tcaagcggee
tcaaggagca
tgcgcaggaa
ctgcccacca
cctectgagaa
ccaagaaggc
gtggcttcct
agatgctcca
cccatctggg
gtcaccaggc
cccectgete

gtgagtactg

PCT/1IB2004/003232
caaggtgggt 960
cctggcqatg 1020v
catcaccaac 1080
ggétcagtct 1140
ccccagcecatce 1200
ccgtaagaaa 1260
gctggccecatt 1320
gacagccaca 1380
ctacaagggc 1440
aaagcatacc 1500
caagactgag 1560
gtcccagaca 1620
ctccecgaga 1680
ggatcattcc 1740
agtctgggca 1800
cacatcagca 1860
tggagttttyg 1920

1922

Met Ala Thr Ala Leu Leu Ala Gly Glu Lys Leu Arg Glu Leu Ile Leu

1

5

10

15

Pro Gly Ser Gln Asp Asp Lys Ala Gly Ala Leu Ala Ala Leu Leu Leu

20

25

30

Gln Leu Lys Leu Glu Leu Pro Phe Asp Arg Val Val Thr Ile Gly Thr
35 |

40

45



Val

Ala

65

Gln

Leu

Phe

Ala

Asn

145

Gly

Ile

Lys

Arg

Leu

225

Thr

Gly

Pro

Leu

WO 2005/026170

Leu

50

Glu

Ala

Pro

Leu

Leu

130

Phe

Arg

Thr

Ser

Ser

210

Leu

Gln

Pro

Ser

Cys

Val Pro Ile

Glu

Leu

Gly

Pro

115

Gly

Leu

Ala

Glu

Pro

195

Asn

Leu

Lys

Val

Val

275

Phe

Pro

Tyr

Val

100

Tyr

Trp

Leu

Pro

Arg

180

Glu

Phe

Ser

Gln

Gly

260

Gln

Met

Tle

Ala

85

Asp

Ala

Glu

Gln

Lys

165

Glu

Gln

Leu

Val

Asn

245

Ser

Leu

Asn

Leu

Tyr

70

Arg

Ala

Leu

Phe

Glu

150

Ile

Lys

Asn

Ala

Val

230

Glu

Ala

Gln

Leu

Leu

55

Cys

Gly

Ser

Leu

Leu

135

Ile

Glu

Arg

Leu

Lys

215

Pro

Phe

Gly

Arg

Ile

Val

Tyr

Tyr

Leu

Ala

120

Ala

Asp

Lys

Glu

Phe

200

Leu

Ile

Thr

Pro

Ile

280

Ile

Thr

Thr

Cys

Trp

105

Phe

Ser

Asn

Gln

Ile

185

Glu

Tyr

Ser

Cys

Thr

265

Ile

Leu

29/34

Leu

Pro

Trp

90

Pro

Ala

Thr

Cys

Ile

170

Ile

Lys

Leu

Tyr

Ala

250

Val

Ala

Val

Val

His

75

Thr

Ser

Ala

Arg

Tyr

155

Gln

Glu

Tyr

Ala

Leu

235

Leu

Arg

Gly

Asn

Phe

60

Asn

Glu

Leu

Ile

Leu

140

His
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Phe
Asp
80

Ala
Lys
Pro
Leu
Glu
160
Gly
Glu
Gly
Ile
Ala
240
Asp
Leu

Leu
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Glu
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Leu Gly Leu Ala Ala

545

Arg Lys Ser Arg Thr

Gly Asp His Ser Met

Pro Cys His Gln Ala
595

<210> 17
<211>
<212>

<213>

DNA

<220>
<223>

<400> 17
ggctggtget

cctggatege
atcatgtcge
cgcaggggcet
ttcattactg
tcagggtctc
gtggatagct
aaggtgaaat
gccatgtatc
ctgctgttca
cacatgttge
aaggcccgga
cagcgctecc
acctcagcca
tttaactgct
;catgcaggc

tacaccatat

2476

Ala

Pro Thr

550

565

580

Mus musculus.

gggacactct
ttagggtagc
tcgcacacac
ctcggctcaa
tgggctttcce
cgatcagcetg
catgctggga
ctctctggee
tgccagtgtt
tcatcagtga
agatécggca
aggaacggta
attggctagt
cttacctgta

tcatcaagac

tgacctccct.

tggtcccagt

Pro

Val

Gln Ser

Ser Ala His

Trp Ala
600

cDNA Mouse Pannexin 3.

ccgctgaaaa
attttcctet
tgctgcagag
aggactgcge
cttgctgcetg
tttetctece
ctcgetgget
tcacaaggct
gctgtggcaa
gctggacaag
gagcagctct
ctttgaattt
ggccacctac
ccttggccaa
agggctgceta
gtctgtattc

gataatatac

31/34

Glu Met
555

Lys

Leu Pro Cys

570

Pro Pro Gln

585

Arg Leu Thr

ctagctgect
gtatcccecce
tacatgctct
ctggaactgce
atgtctctag
agcaacttca
caccatacge
cttcectact
tatgtagctyg
tcttacaacc
gacccccatg
cccttggtag
ctcctgagga
ttccatttag
catgatgaga
cagattgtga

aacctcacac

Leu His Ser

Ser

Gln Gly

Pro
590

Pro Pro

Leu Ser Pro

605

gaagctgtca
aagtccccat
ctgatgccct
ccctggataa
ctttecgececcea
gtgtcaggca
aggacaaggc
ctctactgge
tgcectceect
gttccatcceg
tcttetggga
agcggtacct
acgccctett
atgtcttcett
cccatgtgee
gtgtcteccag

ggctatgtcg
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Pro Arg
560
His Leu
575
Leu Leu
Ser
ctccactgta 60
tctecagcagce 120
gctgcctgac 180
gatggtcaag 240
ggagttctca 300
ggctgcatac 360
tggccagtac 420
tctggetgtg 480
cagctctgac 540
cctggtgceag 600
tgagctagag 660
ggaatgcaag 720
actcctcttt 780
tcaagacgaa 840
agagctgatc 900
tgcagcaata 960
gtgggacaaa 1020
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ggactcctat
ggatgccceca
ctcatctett
cacaacatcg
cctaaacatc
gataagtttt
aaataataag
atttttaaga
tcaaagaact
ctgaagcaaa
ttectcacaag
aacaatttaa
ccatcttget
aagaaataat
ccataagttg
tccacgaggg
gtattcctaa
ctgctgecaa
accgattcectce
aacatgcaag
tctaattgte
gactcttaat
caagtcattt
tcatgtcaat
aaagtttcat
<210>
<211>

<212>
<213>

18

392
PRT
Mus

<220>
<223>

ccatctatga
tcaatgacct
ttagctgget
acacagtggt
tcacccaaca
atagaaagta
gatgtccacg
agataaaaat
gaaaagttca
gtgcaattat
gceccaccegce
taagagatta
ttgtggacat
gatggcttta
aatctttagg
ctcagattat
tagtccaaag
gcctgaatac
caagttacct
tcccatcgat
acagcttage
aaatattttt
agatccctcet
tgccataaag

gtcatt

musculus.

gatgctccca
caatgtgatt
gagtgtctta
tgactttatg
tacatatgat
actctccttce
taaaatggtt
caacaéatga
gtttagaaca
tgaactcaga
tctagaagtce
ataaggatat
tttcagectt
acttgtaatc
agtccaatac
ggactatgaa
catactacag
ctgatttcaa
tectgatctec
ccacttctat
tctgattcaa
aaactgtata
tcatataggt

caagccaaga

Mouse Pannexin 3.

32/34

gcttttgatc
cttcttttece
agtgtgttga
acctttgtgg
gaacacgcat
ttcacaagct
aagagattgg
aaattcagtg
ttcagaggac
aaaattctaa
atgcttcecet
gaacccctga
gccaagcact
tgcttttggg
gctttttatg
caccttctaa
ccaaccagtg
tgcectgggac
atacacaaga
acattctcca
aagacggtgce
ttatgtattt
aatagaaaag

gcttatagat

tecectcagtag
tccgagetaa
aggatacaac
ctggcttaga
agtttaaaaa
atgcagagta
attcagctga
tgaagtctgg
agtagtgcta
aggccattta
tceccacaatg
aactctttga
ctatagcctg
acataaggac
atataaactyg
aatcttaatg
aaggtcagga
ccaaatggtg
aaagtaaaca
ttcactgttt
tctatcececa
cttgagagaa
tcaggttget

gttcacagat
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aaagatgcta
tatctctgag
cacccagaaa
accctcaaaa
aagaaacaca
aaagacagaa
aatatcctgt
gagtcaagag
aaggaacaag
tggagggaaa

ggcagggtag

tttggcctge.

ctaatgagac
agagacaaag
aggattcttt
aagcctaggt
ggtgaaaagg
aaaggataga
aaggagtatt
cctectggea
gtaccctcegt
tttttttata
tctgacaaat

gacattaata

V1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460

2476
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<400>

18

Met Ser Leu Ala

1

Leu

Pro

Leu

Ser

65

Asp

Gly

Ser

Gln

Ser

145

Met

Glu

Glu

Tyr

Leu
225

Pro

Leu

Met

50

Cys

Ser

Gln

Leu

Tyr

130

Glu

Leu

Leu

Arg

Leu

210

Tyr

Asp

Asp

35

Ser

Phe

Ser

Tyr

Leu

115

Val

Leu

Gln

Glu

Tyr

195

Leu

Leu

Arg
20

Lys
Leu
Ser
Cys
Lys
100
Ala
Ala
Asp
Ile
Lys
180
Leu

Arg

Gly

His
Arg
Met
Ala
Pro
Trp
85

Val
Leu
val
Lys
Arg
165
Ala
Glu
Asn

Gln

Thr

Gly

Val ‘

Phe

Ser

70

Asp

Lys

Ala

Pro

Ser

150

Gln

Arg

Cys

Ala

Phe

230

Ala

Ser

Lys

Ala

55

Asn

Ser

Ser

Val

Ser

135

Tyr

Ser

Lys

Lys

Ala

Arg

Phe

40

Gln

Phe

Leu

Leu

Ala

120

Leu

Asn

Ser

Glu

Gln

200

Leu
215

His

Leu

Leu

Glu
Leu
25

Ile
Glu
Ser
Ala
Trp
105
Met
Ser
Arg
Ser
Arg
185
Arg

Leu

Asp

33/34

Tyr

10

Lys

Thr

Phe

Val

His

90

Pro

Tyr

Ser

Ser

Asp

170

Tyr

Ser

Leu

Val

Met

Gly

Val

Ser

Arg

His

His

Leu

Asp

Ile

155

Pro

Phe

His

Phe

Phe
235

Leu Ser Asp

Leu

Gly

Ser

60

Gln

Thr

Lys

Pro

Leu

140

Arg

His

Glu

Trp

Thr

220

Phe

Arg

Phe

45

Gly

Ala

Gln

Ala

Val

125

Leu

Leu

Val

Phe

Leu

205

Ser

Gln

Leu

30

Pro

Ser

Ala

Asp

Leu

110

Leu

Phe

Val

Phe

Pro

190

Val

Ala

Asp

Ala
15

Glu

Leu

Pro

Tyr

Lys

95

Pro

Leu

Ile

Gln

Trp

175

Leu

Ala

Thr

Glu
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Leu
Leu
Leu
Ile
Val
80

Ala
Tyr
Trp
Ile
His
160
Asp
Leu
Thr

Tyr

Phe .
240



Asn

Glu

Ser

Tyr

Tyr

305

Cys

Ile
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Met

Gln

385
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355
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Ser
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Leu

Asn

Leu

340
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Val
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245

Cys

Ala

Arg

Pro

Asp

325
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Thr

Ala

Asp

Thr Gly

Arg

Ala

Leu

Ala

310

Leu

Ser
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Gly

Glu

390

Leu
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295
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Val
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His
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Glu
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Pro
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Leu
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Glu

Val

Val

Gly

300

Arg
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Val

Thr

Pro
380

Thr
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Pro
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Lys

Leu

Leu

Val
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Val
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Val

His

Val
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