
WO 2004/083803 PCT/EP2004/002317  -1  Test methods for determining the
intracellular concentration of cyclic  nucleotides The invention relates to
processes for the quantiative optical analysis of the  5 intracellular
concentration of cyclic guanosine 3',5'-monophosphate (cGMP) or cyclic
adenosine 3',5'-monophosphate (cAMP). These processes may be useful for
identifying and evaluating the pharmacological properties of test substances
which  influence the activity of receptors or enzymes involved in the
synthesis or  degradation of the cyclic nucleotides cGMP and cAMP. As a
result, the process is 10 suitable, for example, for finding modulators of
soluble and membrane-bound  guanylate cyclases, phosphodiesterases (PDEs),
NO synthases and G-protein-coupled  receptors (GPCRs). The invention
describes a process in which the intracellular concentrations of cGMP  15 or
cAMP are measured with the aid of recombinant cell lines. These cell lines
express recombinantly a combination of particular ion channels activated by
cyclic  nucleotides (CNG channels), a calcium-sensitive photoprotein and a
receptor or an  enzyme for which modulators are to be found. The process is
suitable for automation  and for high-throughput screening (HTS) and ultra
high-throughput screening  20 (uHTS) for modulators. Current processes for
measuring the intracellular concentration of cGMP or cAMP  have the
disadvantage of being very expensive, due to the use of radioactivity, being
only partially automatable, if at all, and being very complicated. 25
Conventional commercial systems for determining cGMP and cAMP are
radioactive  techniques such as the radioimmunoassay (RIA; e.g. from IBL,
Hamburg,  Germany), the scintillation proximity assay (SPA; Amersham
Bioscience, UK) and  the non-radioactive enzymed-linked immunosorbent assay
(ELISA; for example  30 from Amersham Bioscience, UK). -2 The
above-described processes cannot be used for measuring the intracellular
cGMP  and cAMP concentrations in living cells "in situ". To carry out the
measurements,  the cells need to be disrupted and the cyclic nucleotides
then be extracted. 5 Another process for measuring intracellular cAMP is the
measurement with the aid  of inducible promoter systems ("cAMP response
element", CRE) and the enzyme  luciferase (Goetz et al., J. Biomol. Screen.
(2000) 5 377-384). The process has the  disadvantage, however, that both
transcription and translation need to take place in  order for the signal to
form, causing the measurement to last for hours. This method 10 is thus not
suitable for rapid measurement of the actual cAMP concentrations in  cells.
It is the object of the invention to find an improved, non-radioactive
process for  measuring the intracellular concentrations of cGMP and cAMP.
The intention here is 15 to be able to carry out the measurements very
rapidly and also with high sensitivity.  The process should be automatable
and suitable for high-throughput screening of  samples or test compounds
(HTS and uHTS). Test compounds in accordance with the invention are
preferably small-molecule  



20 chemical compounds having a molecular weight of from 1 00 to 500 or 100
to 1000 or else higher than that. These compounds may be used individually
or else as a  mixture in the processes according to the invention. Test
compounds in accordance  with the invention also include antibodies, natural
substances, extracts of natural  substances, peptides, proteins and nucleic
acids. This list is to be regarded only by  25 way of example and not as
finite. In order to establish a screening system for enzymes and receptors
which influence  the intracellular cAMP or cGMP level, various ion channels
activated by cyclic  nucleotides (CNG channels) are transfected, alone or in
various combinations, into 30 cells which additionally express a
calcium-sensitive photoprotein in a recombinant  manner. These cells are
subsequently transfected with various enzymes or receptors  in order to test
the suitability of the cells for high-throughput screening. This  involves
using, for example, soluble guanylate cyclase, since it is capable of
producing intracellular cGMP after stimulation. An example of a receptor
which may  be used is the P-adrenergic receptor which, after an activation,
induces an increase in  intracellular cAMP concentration. 5 CNG channels are
integral membrane proteins which are opened by the cyclic  nucleotides cGMP
and cAMP. This family of ion channels are non-selective cation  channels
which are permeable to sodium, potassium and calcium ions. The functional
channels are composed of four identical or else different subunits (homo- or
heterotetramers). The sensitivities to cGMP and cAMP can be influenced by 10
combining various subunits (Biel et al. TCM (1996) 6, 274-280; Kaupp and
Seifert,  Physiol. Rev. (2002) 82, 769-824). The channel subunits CNG 1-CNG6
which,  according to a more recent nomenclature, are also referred to as
CNGA1-CNB3,  have been cloned and published (Bradley et al., Science (2001)
294, 2095-2096).  There exist also splice variants such as CNG4.3, for
example (Sauter et al., PNAS  15 (1998) 95, 4696-4701). The increase in
intracellular cGMP or cAMP concentration results in the opening of  the CNG
channels and thereby in an influx of calcium ions. The calcium flowing in
may then be detected with the aid of calcium-sensitive fluorescent
indicators, such 20 as, for example, FURA, Fluo-3 etc., or with the aid of
calcium-sensitive  photoproteins such as aequorin or obelin. The
photoprotein aequorin which is derived from the jellyfish Aequorea victoria
is a  highly sensitive calcium indicator in cells. The aequorin complex
consists of the 25 protein apoaequorin, molecular oxygen and the luminophore
coelenterazine. This  complex emits blue light in the presence of calcium
(Ca2+ ions), with maximum  emission at 466 nm (Jones et al., Trends
Biotechnol. (1999) 17, 477-481). Another photoprotein is obelin which has
been cloned from various hydrozoa such as  30 Obelia longissima, for
example. It consists of apoobelin, 02 and the luminophore coelenterazine.
Likewise, blue light is emitted in the presence of calcium (Illarionov  et
al., Methods Enzymol. (2000) 305, 223-49). 4 Guanylate cyclases are
responsible for producing cGMP from GTP. A distinction is  made between
soluble and membrane-bound guanylate cyclases. Soluble guanlyate  cyclase is
a heterodimer composed of an alphal subunit and a betal subunit. It is the
natural receptor for nitrogen monoxide (NO) produced by the endothelial NO 



5 synthase and can therefore also be activated pharmacologically by
NO-releasing  substances such as, for example, SIN-1. Since the cGMP
produced by guanylate  cyclase induces relaxation of blood vessels, the
enzyme is a highly interesting  pharmacological target (Hobbs AJ., TIPS
(1997) 18, 484-491). The membrane-bound  guanylate cyclases possess a
transmembrane segment and are activated by various 10 agonists such as ANP,
BNP, CNP or guanylin (Wedel and Garbers, Annual Rev.  Physiol. (2001) 63,
215-233). Another pharmacologically interesting protein family are the
"G-protein-coupled  receptors" (GPCRs). These are integral membrane proteins
which can transduce the 15 action of an extracellular hormone into the cell
interior. The intracellular levels of  cAMP or calcium are influenced via
coupling of these receptors to various G  proteins. The activation of
"Gq-coupled receptors" results in a release of calcium  from internal stores
and thus in an increase in cytoplasmic calcium concentration.  The
activation of "Gs-coupled receptors" results in an increase in cAMP 20
concentration, whereas activation of the "Gi-coupled receptors" reduces the
intracellular cAMP content (Gurrath M., Curr. Med. Chem. (2001) 8,
1605-1548).  An example of Gs-coupled receptors are the "P-adrenergic
receptors" which can be  stimulated with the aid of agonists such as
isoprenaline (Dzimiri N., Pharmakol. Rev.  (1999) 51, 465-501). 25 The
cyclic nucleotides cGMP and cAMP produced by guanylate cyclases and  GPCRs,
respectively, are hydrolyzed by "phosphodiesterases" (PDEs) to give GMP  and
AMP, respectively. The phosphodiesterases are an enzyme family whose
members are distinctly different with regard to substrate specificity,
regulation and 30 expression patterns in the body (Francis et al., Prog.
Nucleic Acid Res. Mol. Biol.  (2001) 65, 1-52). PDEs play a decisive part in
controlling the intracellular cAMP and  cGMP levels and are therefore
likewise important targets for pharmacological  intervention. 5
Surprisingly, combining the CNG3 channel (SEQ ID NO: 5, Acc. No. X 89600)
or,  in particular, the CNG2 channel (SEQ ID NO: 1, Ace. No. X55010) with a
photoprotein proved to be particularly suitable for detecting changes in
intracellular  5 cGMP concentrations (Figure 1). A similar surprise was a
combination of CNG2/CNG4.3/CNG5 (SEQ ID NO: I/  SEQ ID NO: 2, Acc. No.
AJ000515/SEQ ID NO: 3, Acc. No. U12623) and a  photoprotein, which proved to
be very suitable for detecting changes in intracellular 10 cAMP
concentration (Figure 3). The combination of CNG2(T537A)/CNG4.3/CNG5  (SEQ
ID NO: 4/ SEQ ID NO: 2/ SEQ ID NO: 3) with a photoprotein proved to be
particularly suitable for cAMP measurement. In the CNG2 mutant CNG2(T537A)
(SEQ ID NO: 4), the amino acid threonine-537 has been replaced with alanine
(Altenhofen et al., PNAS (1991) 88, 9868-9872). 15 The recombinant cell
lines may be prepared using common vectors such as  pcDNA1.1 Amp or pcDNA3
(Invitrogen Life Technologies). Common transfection  reagents such as, for
example, lipofectamine (Invitrogen Life Technologies) may be  used for
transfecting the corresponding plasmid constructs. 



20 The cells are seeded for the measurements on 384-well microtitre plates
(MTPs) at  1500 cells per well and on 1536-well MTPs at 250 cells per well.
After 1-2 days of  growth at 37C15% CO2, the cell culture medium (DMEM/F12
containing 10%  foetal calf serum) is removed and the cells are charged with
coelenterazine 25 (0.8 g/ml) in calcium-free Tyrode's at 37C/5% CO2 for 3 h.
Subsequently, test  substances and appropriate control substances (e.g.
SIN-1 or isoprenaline) are added  in calcium-free Tyrode's and incubated on
the cells for 5-10 min. The extra  measurement is then carried out in a
light-tight box by adding calcium-containing  Tyrode's via a comb (final
calcium concentration: 3 mM), with the aid of a charge- 30 coupled device
camera. To measure the effects of substances directly, the cells are charged
with  coelenterazine in calcium-containing Tyrode's. The substances are then
added within 6 the light-tight box and measurement commences immediately
with addition of the  substances (Figure 5). The advantages of this process
are the high sensitivity of the measurement, the low  5 costs per measuring
point and the suitability for HTS and uHTS. The process has an excellent
signal-to-noise ratio, and it is possible to achieve stimulation factors of
50- 150. It is moreover possible to apply test substances for very short
periods of time,  since a signal can already be observed after a few seconds
(Figure 5). This has the  advantage of unspecific effects of test substances
(e.g. due to cytotoxicity) on the 10 cells used being minimized. The process
is moreover suitable for characterizing  "orphan receptors" (receptors whose
natural ligand is unknown), since it is possible  to observe both changes in
the cAMP level (Gs coupling and Gi coupling) and  changes in intracellular
calcium concentration (Gq coupling) by means of  luminescence or
fluorescence measurement. 15 The invention relates to processes for
determining the intracellular concentration of  cyclic nucleotides,
characterized in that a cell expressing a CNG channel together  with a
photoprotein is prepared and used, and the intracellular concentration of
cyclic  nucleotides is determined by means of the luminescence signal of the
photoprotein. 20 The invention likewise relates to processes as described
above, wherein the CNG  channel is the CNG2 or the CNG3 channel. The
invention comprises processes as described above, wherein the cyclic
nucleotide  25 is cGMP. The invention likewise relates to processes as
described above, wherein the cyclic  nucleotide is cAMP and a cell
expressing a combination of the  CNG2/CNG4.3/CNG5 channels is prepared and
used. 30 The invention also relates to the above-described processes,
wherein the cyclic  nucleotide is CAMP and a cell expressing a combination
of the  CNG2(T537A)/CNG4.3/CNG5 channels is prepared and used. 7 The
invention relates to the processes as described above, wherein the
photoprotein  



is aequorin. 5 The invention also relates to processes as described above,
wherein the photoprotein  is obelin. The invention relates to a method of
screening test compounds for identifying  receptor ligands, wherein any of
the above-described processes is used in which the 10 cell used expresses
the receptor and possesses an intracellular messenger system  which allows a
receptor-ligand bond to cause measurable modulation of the ion flow  through
the ion channel, the said cell is incubated with test substances of which
those  modulating the luminescence are selected. 15 The invention also
relates to a method of this type, wherein the receptor is a G-
protein-coupled receptor. The invention also relates to a corresponding
method, wherein the G-protein-coupled  receptor is an orphan receptor. 20
The invention furthermore relates to a method of screening test compounds
for  identifying modulators of phosphodiesterases, wherein any of the
above-described  processes is used in which the cell used expresses the
phosphodiesterase, the said cell  is incubated with test substances of which
those modulating the luminescence are  25 selected. The invention likewise
relates to a method of screening test compounds for  identifying modulators
of guanylate cyclases, wherein any of the above-described  processes is used
in which the cell used expresses the guanylate cyclase, the said cell 30 is
incubated with test substances of which those modulating the luminescence
are  selected. 8 The invention also comprises a method of screening test
compounds for identifying  modulators of NO synthase, wherein any of the
above-described processes is used in  which the cell used expresses the NO
synthase and soluble guanylate cyclase, the  said cell is incubated with
test substances of which those modulating the  5 luminescence are selected.
The invention also relates to a corresponding method, wherein the NO
synthase and  the soluble guanylate cyclase are expressed in different
cells. 10 The invention also relates to a cell prepared by any of the
processes illustrated above.  Description of the figures Figure 1: Schematic
representation of the process for determining intracellular 15 cGMP
concentration. 20 Figure 2: Luminescence measurement after activation of
soluble guanylate  cyclase with SIN-1. The "relative light units" (RLUs)
were measured  for 1 min. The amount of light measured at the SIN-1
concentration  indicated over this period is shown. Figure 3: Schematic
representation of the process for determining intracellular  cAMP
concentration. 25 Figure 4: Luminescence measurement after activation of the
P-adrenergic  receptor with isoprenaline. The incubation time with
isoprenaline is  10 min in calcium-free Tyrode's. Measurement is started by
adding  



calcium. The relative light units (RLUs) are measured in second  intervals.
The time course of the luminescence signal after addition of 30 calcium and
previous incubation with 0 M (stars), 10-7 M (squares)  and 10-6 M
(triangles) isoprenaline is shown. 9 Figure 5: Kinetics of the luminescence
signal after activation of the  (3-adrenergic receptor with isoprenaline in
calcium-containing  Tyrode's. The measurement is started with the addition
of the agonist  isoprenaline (10"6 M) within the light-tight box. 5 Examples
If, for example, soluble guanylate cyclase is additionally expressed in a
cell line  10 which expresses, as a cGMP measuring system, the CNG2 channel
(SEQ ID NO: 1) together with a calcium-sensitive photoprotein, it is
possible to increase the  intercellular cGMP concentration with the aid of
the guanylate cyclase stimulator  SIN-1 in a dose-dependent manner and to
detect an enhanced luminescence signal  (Figure 2). 15 If, for example, the
P-adrenergic receptor is additionally expressed in cells which, as  a
cAMP-measuring system, express a calcium-sensitive photoprotein together
with  the CNG-channel subunits CNG2(T537A)/CNG4.3/CNG5 (SEQ ID NO: 4/SEQ ID
NO: 2/ SEQ ID NO: 3), activation of this receptor by means of isoprenaline
results in 20 a dose-dependent manner in an increased cAMP concentration and
an enhanced  lumiscence signal (Figure 4). If the cells are charged with
coelenterazine in calcium- containing Tyrode's, the agonist isoprenaline may
also be added directly to the cells  within the light-tight box. A
lumiscence signal will then be observed within a few  seconds (Figure 5). WO
2004/083803 PCT/EP20041002317  -10 Claims 1. Process for determining the
intracellular concentration of cyclic nucleotides,  characterized in that 5
i) a cell expressing a CNG channel together with a photoprotein is  prepared
and used, and 10 ii) the intracellular concentration of cyclic nucleotides
is determined by  means of the luminescence signal of the photoprotein. 2.
Process according to Claim 1, wherein the CNG channel is the CNG2 or the
CNG3 channel. 15 3. Process according to Claim I or 2, wherein the cyclic
nucleotide is cGMP. 4. Process according to Claim 1, wherein the cyclic
nucleotide is cAMP and a  cell expressing a combination of the
CNG2/CNG4.3/CNG5 channels is  20 prepared and used. 5. Process according to
Claim 1, wherein the cyclic nucleotide is cAMP and a  



cell expressing a combination of the CNG2(T537A)ICNG4.31CNG5 channels  is
prepared and used. 25 6. Method according to Claims 1-5, wherein the
photoprotein is aequorin. 7. Process according to Claims 1-5, wherein the
photoprotein is obelin. 30 8. A method of screening test compounds for
identifying receptor ligands,  wherein a process according to any of claims
1-7 is used in which the cell  used expresses the receptor and possesses an
intracellular messenger system  which allows a receptor-ligand bond to cause
measurable modulation of the -11 ion flow through the ion channel, the said
cell is incubated with test  substances of which those modulating the
luminescence are selected. 9. A method according to Claim 8, wherein the
receptor is a G-protein-coupled  5 receptor. 10. A method according to Claim
9, wherein the G-protein-coupled receptor is an  orphan receptor. 10 11. A
method of screening test compounds for identifying modulators of
phosphodiesterases, wherein a process according to any of Claims 1-7 is used
in which the cell used expresses the phosphodiesterase, the said cell is
incubated with test substances of which those modulating the luminescence
are selected. 15 12. A method of screening test compounds for identifying
modulators of  guanylate cyclases, wherein a process according to any of
Claims 1-7 is used  in which the cell used expresses the guanylate cyclase,
the said cell is  incubated with test substances of which those modulating
the luminescence  20 are selected. 13. A method of screening test compounds
for identifying modulators of NO  synthase, wherein a process according to
any of Claims 1-7 is used in which  the cell used expresses the NO synthase
and the soluble guanylate cyclase, 25 the said cell is incubated with test
substances of which those modulating the  luminescence are selected. 14. A
method according to Claim 13, wherein the NO synthase and the soluble
guanylate cyclase are expressed in different cells. 30 15. Cell, prepared
according to any of Claims 1-14. - i /4  SEQUENCE LISTING <110> Bayer AG,BHC
<120> Test methods for determining the intracellular concentration of cyclic
nucleotides <130> Le A 36 621 <160> 5 <170> PatentIn version 3.1  



<210> 1 <211> 3166 <212> DNA <213> Bos taurus  <400> 1 gctcacctac tggcaggctg
gggtgtgcaggccccacagtgagagggtcagagatccagc60 cagtgggcag aactgtttct
ccagtgggcaagtgctgccctgggcccaggcctcgacctc120 gcctcagctg taggcatggg
ctcctctgagtcactgccggcctcccctgctggcctcagg180 cagggcgggc agctctttga
ctgagaggctgagaagctgcgtggggattcggggatcccc240 ctggtatggg gacaggagct
ttgggaggtctctactgtcccttggtgctgatgagctccc300 gagggttcgt ctctgactgg
aagcttcttggacagacctatagcctgtggccaagggaca360 ccctgcctcg gaatccgtct
ggtgaggaaaggtgagggtcctggttgtacatggaggatg420 acagaaaaag ccaatggcgt
gaagagctccccagccaataaccacaaccaccatgcccct480 cctgccatca aggccagtgg
caaagatgaccacagggccagcagccggccacagtctgct540 gctgctgatg acacctcctc
agagctacagcaactggcagagatggatgccccccagcag600 aggaggggtg gcttccgcag
gattgcccgcctggtgggggtcctcagagagtgggcttac660 aggaacttcc gtgaggagga
gcctagacctgactcattccttgagcgtttccgggggcct720 gagctccaca ccgtgacaac
acaacaaggagacggcaaaggcgacaaggacggcgagggc780 aagggcacca agaagaagtt
tgaactctttgtcttggacccagccggggactggtactac840 cgctggcttt ttctcattgc
cttgcccgtcctctacaactggtgcctattggtggccaga900 gcctgcttca gtgacctgca
gaaaggctactacatagtgtggctggtgctggattacgtc960 tcagatgtgg tctacatcgc
agacctcttcatccgactgcgcacaggtttcttggagcag1020 gggctactgg tgaaagacac
caagaagttgcgggacaactacatccacaccatgcagttt1080 aagctggatg tggcctccat
catccctacagacctgatctattttgctgtggggatccat1140 aaccctgagg tgcgcttcaa
ccgcctgctacactttgcccgcatgtttgagttctttgac1200 cgcactgaga cacgcaccag
ctaccccaacatcttccgaataagcaacctgatcctctac1260 atcttgatca tcattcactg
gaatgcctgcatctactatgccatctccaagtccatcggc1320 tttggggtag acacctgggt
ttaccccaacatcactgaccctgagtatggctacctgtct1380 agggagtaca tctattgcct
ttactggtctacactgaccctcaccaccattggggagaca1440 ccaccccctg taaaggatga
ggagtacctgtttgtcatctttgacttcctgattggtgtc1500 ctcatctttg ccaccatcgt
gggaaatgtgggctccatgatctccaacatgaatgccacc1560 cgggctgagt tccaggccaa
gattgatgctgtcaaacattatatgcagttccgaaaggtc1620 agcaaggaga tggaagccaa
ggtcattaggtggtttgactacttgtggaccaataagaag1680 agtgtagatg agcgagaagt
cctcaaaaacctgccagcaaagctcagggctgagatagcc1740 atcaacgtcc acctgtccac
actcaagaaagtgcgcatctttcaggactgtgaggctggc1800 ctgctggtgg aactggtatt
aaagctccggcctcaggtctttagccctggggactacatt1860 tgccgcaagg gggatattgg
gaaggagatgtacataatcaaggagggaaaattggcagtg1920 gtggctgatg acggtgtcac
tcagtatgccctgctctcggctgggagttgctttggagag1980 atcagtatcc ttaatattaa
gggcagcaaaatgggcaatcggcgcacagccaacatccgc2040 agtcttggct actctgatct
gttctgcttgtccaaggatgatcttatggaagctgtgact2100 gagtaccctg atgccaagag
ggtcttggaggagagaggccgggagattctgatgaaggag2160 ggcttgttgg atgagaatga
ggtggcagccagcatggaggtagatgtgcaggaaaagcta2220 gaacagctgg agaccaacat
ggacaccttgtacactcgttttgcccgcctgctggccgag2280 tacacgggag cccagcagaa
gctcaagcagcgcatcacagttttggaaacgaagatgaag2340 cagaataatg aggatgactc
cctgtcagatgggatgaacagcccagagccacctgccgag2400 



aagccataat ggcttggccc acatgcccctccagccttggctttgaccccagggctggaa2460
gagctgtgta ggtccccaca tatatatgcattaccacatccccttgaattctcccagaag2520
cctctctgct ggaaggttta gggctcgatcatccagaagccctcctccaagtccgactaa2580
cagctaatct tgtgcagggc atagactgtgcttagctcggcttccagaagcttcagcctg2640
tctaagtttg aggaagaaag aaaagaggagcatctctccaggctcttttgcatctagtta2700
cctcctactt gattcttttc taatatgtgttctgaatatttccatttccctgcagcagta2760
tgtagttaga acactggctg cagacacccagcactggtcccagtgtccttttcccaaggc2820
aggcaaaagg tgtggagggg ggcaaggaggagatgctcactccaagtcctgccgtgctga2880
ttcctccgcc tgtctgccaa cccagagtgggagccctgtggtcttttctgaaccaggggg2940
aggaggatgc tcctggtctc caatccatcccaggacatggagtgaggaactagcagttgg3000
ccagcaggca aggcacctgg agaaggtggtgggcaggagcctggccatcacccctctatg3060 -2/4
cagagtgttt ctcaggaggc cctgaggctg atggtgggtg gatgactctt caagttaaca 3120
`ctgcagtag agacacttac aagttaataa attcctctga actttt3166 <210> 2 <211> 3236
<212> DNA  <213> Rattus norvegicus <400> 2
caccagcttcatgctgtgccaatcacagcgtcttagaagctgctgtcctggctgacccag60
ggcttctcccggctccactcatatgctccagtcccaggcttggcatcactgtcacagccc120
caggctgacctactgcaacatggaccttcctaccagcagagcccgaaagacccaatgtcc180
tgctgaatagctgtttggtggtgcaggctgatgtggaccagtgccagctagaaagggcac240
agccagagacagcatcaatccaggagttaccagaagaagaagaggagaaggaggaagaga300
agaaqgaggaggaagaggagaaggaggaggaggaagagaaggaagaggaagaggagaagg360
aggaggagggggaggccacaaactcaacagtccccaggatcacgcctctgcctgacacct420
acgggacccagtaccatggctaaaccaggcctgaacatggagctgaatcgcctggtccag480
gaccagcctcctggccaggagggccccagacctggccccccaaacccagccgagcacctc540
cccaatgtgcccagctaccgtcccgcaaccacccgcatccccgtcctcgtctcccggagg600
acagccttgtccaactccaacttcaccaaggagatcaggagctccatccgtcgcctggta660
ccagccacgaaagagcacccggagctccaggtggaagacacagatgccgaagctggcccc720
ctcctcccagaggagacgatcccgccacctgagagaccaccagtgtctcccgccaagtct780
gtcaccctcgcggttcccagcgcagcaacccacaggaagaagctaccttctcaggatgat840
gaggctgaagaactcaaggccctgtcaccggctgagtccccagtggttgcctggtcagac900
cccaccaccccacaggaggctgatggcgaggaccgtgcggcctccacagccagccagaac960
agtgccatcatcaacgaccggctccaggagctggtgaagatgttcaaggagcggacagag1020
aaggtgaaggagaagctcattgaccctgacgtcacctccgatgaggagagccccaagccc1080
tccccagccaagaaggccccagactcagccccagcccagaagccggcggaggcagaggcg1140
gcagaggaggagcactactgtgacatgctctgctgcaagttcaagcgcaggccctggaag1200
atgtaccagttcccccagagcatcgacccacggaccaacctcatgtacatcctgtggctg1260
ttcttcgtggtgctggcctggaactggaactgctggctgattcctgtgcgctgggccttc1320
ccgtaccagcgggcagacaacatccacctctggctgctcatggactacttgtgcgacttc1380
atctacctcctggacatcaccgtgttccagatgcgtctccagtttgtcaaaggcggggac1440 



atcattacagataagaaggagatgcgtaataattacctgaagtctcaacgatttaagatg1500
gacttgctctgccttttgcctttggattttctctacttgaaacttggcctgaaccccctt1560
cttcgcctgccccgctgcctgaagtacatggccttctttgaqtttaataaccgtctggaa1620
gccatcctcagcaaagcctacgtttacagggttatcaggaccaccgcctacctgctgtat1680
agcttgcatctcaactcctgtctttactactgggcgtcggccttccagggcatcggttcc1740
actcactgggtttatgacggcggcgggaacagctacattcgatgctactactgggctgtg1800
aaaactctcatcaccatcggaggactgcccgacccccagacgctctttgagatcgtcttc1860
cagctgctgaattattttacaggtgtcttcgctttctttgtgatgattggacagatgaga1920
gatgtggtgggggccgccacggcagggcagacgtactaccgcagctgcatggacagcacg1980
gtgaagtacatgaacttctacaagatccccaggtctgtgcagaaccgcgtcaagacctgq2040
tatgagtacacctggcattcacaaggcatgctggatgagtcagagctgatggttcagctt2100
ccggacaagatgcgtctggacctggccattgacgtaaactacaacattgtcagcaaagtg2160
gcgctcttccagggctgcgaccggcagatgatcttcgacatgctcaagcgacttcgctca2220
gtcgtctacctacccaatgactatgtgtgcaagaagggggagattggccgagagatgtat2280
attatccaggcggggcaggtgcaggtgctgggcggcccagatggaaaggctgtcctggtg2340
acactcaaagccggatcggtgtttggagagataagcttgctggctgtcgggggcggtaac2400
aggcgcacggccaatgtggtggcccacggcttcaccaatctcttcattctggataagaag2460
gacttgaatgagattttggtgcattaccctgaatctcagaagctgctccggaagaaggcc2520
aggcgcatgctcagaaacaacaacaaacccaaggaggagaagagtgtgctcatcctgccc2580
ccacgtgcgggcaccccgaagctcttcaatgctgccctggctgcagcaggaaagatgggc2640
cccaggggagccaagggcggcaagctcgcccacctgagagccaggctcaaagaactggct2700
gcactggaggcagccgcacgacagcagcagctgctggaacaggccaagagctcgcaagaa2760
gccgggggagaggagggctctggagccacagaccaacctgcaccccaggagccgtcagag2820
cccaaggagcccccggagcccccagccccgagttctccaccgccagcctcagcaaagccc2880
gagggaagcacggaggaggccgcagggccgccggagccttcagtgaggatccgtgtgagt2940
ccaggccctgatcccggggaacagacactatcggtggagatgctggaagagaagaaggag3000
gaggtggagtgaggtgcattcagcaccctgatcccatccctaggtgcggaccagaccttt3060
gaaccacctgcctcaccaagcatcttagcctaaaggcgccttctcaccggcttatagaaa3120
ctctcaaatttcatcaagtagtggtggtgacctcgagctcctaacattcccggagcaccc3180
tgctcccctctcacagttgctattttctagaagaaaaccgccttgcactttaaaaa3236 -3/4 <210> 3
<211> 2351  <212> DNA <213> Rattus norvegicus <400> 3
cgctggagcccgagggcagcctcttccaggaagccaggcactttcccaagccacctataa60
tcggagaatcactggatagtctacagactagaaccacactacggaaacatgagccaggac120
ggcaaagtgaagaccacagagtccacgcccccagccccaaccaaagccaggaagtggctg180
ccagtcctagacccatctggggattactactactggtggctgaacacaatggctttccca240
atcatgtacaacctcatcatcgttgtatgcagggcctgctttcctgacttgcagcacagt300
tacctggtggcctggttcgtgctggactacacgagtgacctgctgtacctactagatatt360
ggggtacgcttccacacaggattcctacagcagggcatcctggtggtagacaaaggcatg420
atcgccagtcgctacgtccgcacctggagcttcctgttggacctggcgtccctggtcccc480 



acagatgcggcctatgtgcagctgggcccccacatccctacactccggctaaaccgcttt540
ctccgagtgccccgcctcttcgaggcttttgatcgtacagagacccgcacggcttaccca600
aatgccttccgcataggcaagctgatgctttacatttttgttgtcatccattggaacagt660
tgcttatacttcgccctgtccaggtacctgggctttggacgggatgcgtgggtataccca720
gaccctgcgcaacctggctttgagcgcttgcggcgccagtatctctacagcttctacttc780
tccactctgatcctgaccacagtgggtgacacgccgctgccagaccgagaggaagagtac840
ctcttcatggtgggtgacttcctgctggccgtcatgggtttcgccaccatcatgggtagc900
atgagctctgtcatttacaacatgaacactgcagatgcggccttctacccagaccatgcg960
otggtaaagaagtacatgaagctgcagcatgtcaacaagaggctggagcggcgagttatt1020
gactggtaccagcatcttcagatcaacaagaagatgaccaacgaggtagccatcttgcag1080
cacctgcctgagcggctgcgggcggaggttgctgtgtccgtgcacctgtctaccctgagc1140
cgagtacagatcttccagaactgtgaagccagcctgctggaagagcttatgctgaagcta1200
cagccccagacctactcgcca,3gcgaatatgtgtgccgcaaaggggacattggccgagag1260
atgtacatcatccgtgagggccagctggctgtggtggccgatgatggtgtcacacagtat1320
gctgtgcttggtgcagggctctactttggggagatcagtatcatcaacatcaaagggaac1380
atgtctggaaaccgacgaacagccaacatcaagagcctaggttattcagacctgttctgc1440
ctcagcaaggaggatctgcgggaggtactgagtgagtacccacaggcccaggcggtcatg1500
gaggagaagggccgagaaatcttgctcaaaatgaataagttggatgtgaatgctgaggca1560
gctgagatcgccctccaggaggccacagagtctcggctcaaaggcctcgaccagcagctt1620
gatgatctgcagaccaagtttgctcgcctactggctgggctggagtccagtgcactgaag1680
atagcttaccgcatcgaaaggctggagtggcagactcgagagtggccaa+gccagaggac1740
atgggtgaggctgatgatgaggctgagcctggagaagggacgtccaaggatggagaggga1800
aaggctggccaggcgggaccctcaggcatagaatgaccccgtcctgaccctaggactccc1860
agctcaaataaatccagagtggtgggaaagtctgcctgcaggaactgtcatcctctttgc1920
taggttacagaacgtaggtaaattggtctatagatgcctagctagggatgtgggtcacag1980
.catccattagtcccatactcaccagcaaatgtacacacacacacacacacaaacatgcgc2040
acgcacacgctcaagactgagttctacataatgttcctgtcttctgcacacatgtgcacc2100
atgatcacagagaacaattgaagccactgggactcttgaggtaagctttacacatcttaa2160
aggaggtctgctggtttagggcaaggacagtgttggagctacagggaaagtagacagata2220
caattcctgaactctaggtcaccacttcagctgcttcagggtatggcccgacttcaggtc2280
tgagctgggacaggcggtattttgaaatgaacctgatgtgtgatttattaataaaatata2340
aggttcataac2351 <210> 4  <211> 1992  <212> DNA  <213> mutated CNG2 <400> 4
atgacagaaaaagccaatggcgtgaagagctccccagccaataaccacaaccaccatgcc60
cctcctgccatcaaggccagtggcaaagatgaccacagggccagcagccggccacagtct120
gctgctgctgatgacacctcctcagagctacagcaactggcagagatggatgccccccag180
cagaggaggggtggcttccgcaggattgcccgcctggtgggggtcctcagagagtgggct240
tacaggaacttccgtgaggaggagcctagacctgactcattccttgagcgtttccggggg300
cctgagctccacaccgtgacaacacaacaaggagacggcaaaggcgacaaggacggcgag360 



ggcaagggcaccaagaagaagtttgaactctttgtcttggacccagccggggactggtac420
taccgctggctttttctcattgccttgcccgtcctctacaactggtgcctattggtggcc480
agagcctgcttcagtgacctgcagaaaggctactacatagtgtggctggtgctggattac540
gtctcagatgtggtctacatcgcagacctcttcatccgactgcgcacaggtttcttggag600
caggggctactggtgaaagacaccaagaagttgcgggacaactacatccacaccatgcag660
tttaagctggatgtggcctccatcatccctacagacctgatctattttgctgtggggatc720
cataaccctgaggtgcgcttcaaccgcctgctacactttgcccgcatgtttgagttcttt780
gaccgcactgagacacgcaccagctaccccaacatcttccgaataagcaacctgatcctc840
tacatcttgatcatcattcactggaatgcctgcatctactatgccatctccaagtccatc900
ggctttggggtagacacctgggtttaccccaacatcactgaccctgagtatggctacctg960
tctagggagtacatctattgcctttactggtctacactgaccctcaccaccattggggag1020 -4/4
acaccacccc ctgtaaagga tgaggagtac ctgtttgtca tctttgactt cctgattggt 1080
gtcctcatct ttgccaccat cgtgggaaat gtgggctcca tgatctccaa catgaatgcc 1140
acccgggctq agttccaggc caagattgat gctgtcaaac attatatgca gttccgaaag 1200
gtcagcaagg agatggaagc caaggtcatt aggtggtttg actacttgtg gaccaataag 1260
aagagtgtag atgagcgaga agtcctcaaa aacctgccag caaagctcag ggctgagata 



1320 gccatcaacg tccacctgtc cacactcaag aaagtgcgca tctttcagga ctgtgaggct 1380
ggcctgctgg tggaactggt attaaagctc cggcctcagg tctttagccc tggggactac 1440
atttgccgca agggggatat taggagggag atgtacataa tcaaggaggg aaaattggca 1500
gtggtggctg atgacggtgt cactcagtat gcccggctct cggctgggag ttgctttgga 1560
gagatcagta tccttaatat taagggcagc aaaatgggca atcggcgcgc agccaacatc 1620
cgcagtcttg gctactctga tctgttctgc ttgtccaagg atgatcttat ggaagctgtg 1680
actgagtacc ctgatgccaa gagggtcttg 



gaggagagag gccgggagat tctgataaag 1740 gagggcttgt tggatgagaa tgaggtggca
gccagcatgg aggtagatgt gcaggaaaag 1800 ctagaacagc tggagaccaa catggacacc
ttgtacactc gttttgcccg cctgctggcc 1860 gagtacacgg gagcccagca gaagctcaag
cagcgcatca cagttttgga aacgaagatg 1920 aagcagaata atgaggatga
ctccctgtcagatgggatgaacagcccagagccacctgcc1980 gagaagccatas1992 <210> 5 <211>
2641 <212> DNA <213> Bostaurus <400> 5
gtcgtcatggcggaggatgctgtgcgaggtggatggcagccttctccccaggaccctcca60
ggtccgagtctgtggaggcctcagcaactggagtatgtggacactgccattcagcagcca120
ccttggggtggaatgtgacacagcaagaagatggccaagattagcacccaatactcccac180
cccaccaggacacacccctcggtcaggaccatggacagagatctggattgcattgaaaac240
ggtctcagcaggacccacttgccatgcgaggagacatcgtcagaactgcaggaaggcatt300
gccatggagactagaggactggctgaatccaggcaaagctccttcaccagccagggtccc360
accaggttgtcacgcctcatcatctcgctccgtgcctggagcgccaggcacttacaccag420
gaggaccagaggcccgactctttcctggagcgtttccgcggagctgagctccaagaggtg480
tctagccgagaaagccatgtccagttcaatgtgggcacccaggagccaccagacagaggg540
agaagtgcctggcccctggccagaaacaacaccaacacctgcaacaactcggagaaggat600
gacaaggcgaaaaaggaggagaaagagaaaaaggaagagaaaaaggagaaccccaagaaa660
gaggagaagaagaaggacagcgttgtgatggacccttccagcaacatgtactaccactgg720 



ctgactgtcatcgccgtgcctgtcttctacaactggtgtctgctcgtgtgcagggcctgt780
ttcgatgagctccagtccgagcacctgatgctttggctggtcctggactactcagcagac840
atcctctatggcatggatatgctggtccgagcccggacaggcttcctggagcaaggcctg900
atggtcatggacgcca,ggaagcactacacacagaccttgcacttcaagctg960
gacgtgttgtccctggtgcccacagacctggcttattttaagctgggcatgaactaccca1020
gaactgaggttcaaccgcctcctgaagttggcccggctcttcgaattctttgaccgcacg1080
gagacaaggaccaactaccccaacatgttcaggatcgggaacttggtcttgtacatcctc1140
atcatcatccactggaatgcctgcatctactttgccatttccaagttcattggtttcggg1200
accgactcctgggtctacccaaacgtctccaacccagagtatgggcgcctctccagaaag1260
tacatttacagtctctactggtccaccttgaccctgaccaccattggggagaccccgccc1320
cccgtaaaagacgaggaatatctctttgtggtcatcgacttcctggtgggcgtcctgatt1380
tttgccaccatcgtgggcaacgtgggctccatgatctcaaacatgaatgcttcacgggcc1440
gagttccaggccaagatcgattccatcaagcagtacatgcagttccgcaagatgaccaag1500
gacttggagacacgggtgatccgctggttcgactacctgtgggccaataagaagacagtg1560
gatgagaaggaggtgctcaagagcctccccgacaagctgaaggccgagatcgccatcaac1620
gtgcacctggacaccctgaggaaggtccgaatcttccaggactgcgaggcggggctgctg1680
gtggagctggtgctgaagctgcggccggcagtgttcagccccggggactacatctgcaag1740
aagggggacatcgggagggagatgtacattatcaaggagggcaagctggccgtggtggcc1800
gaggacggcatcacccagttcgtggtcctcgqcgacgggagttatttcggggagatcagc1860
atcttgaacatcaaggggagcaagtccgggaaccgccgcacggccaacatcaggagcatc1920
ggctactcggacctgttctqcctctccaaggacgacctgatggaggcgctcaccgagtac1980
cccgaggccaagaaggcgctggaggagaaagggcggcagatcctcatgaaggacaacctg2040
atcgacgaggagctggccaaggccggggcagaccccaaggacatcgaggagaaggtggag2100
cacctcgagacctccctggactccctgcagaccaggtttgcgcggctcctggctgagtac2160
aacgccacccagatgaaggtga 9C 4 t qctcagccagttggaaagccaggtgaagatg2220
ggcctcccgcctgatgccgatgctccgcaaactgaggccagtcagccctgaagacacagg2280
tgccctctcctgcctccccggggcggcggtcagtgcgacgctgcgccgcacggggctcgg2340
ccgggaccgaattctagctttccccaccctctgtgcgctgcgtggccttgggagagagcc2400
ttggtttccctcatctagataacaggactctttatgtctgtcccagttaagtgacaggtt2460
gctgtgagctccacaagaaacgcttcgtgaggcagggttttgttaagtgtgagatgtttc2520
taggccaagagtataaaaatgtgagcacagaagttgttttttttttttttttttaatccg2580
tggggaatatttagactcctgaacttcattttttttgtaaatgggaggttatttacttac2640 c2641 


