WD 2004/ 083803WMerI0EH0RAB4B 002317 Test net hods for det er niPGITHGP20(4/002317
intracel lular concentration of cyclic nuckéetides The invention relates to
processes for the quantiative optical analysis of the 5 intracellular
concentration of cyclic guanosine 3,5 -nonophosphate (cGW) or cyclic

adenosi ne 3", 5' - TORQPRATPNALG, ﬁSéMﬁ)nin%P ﬁéﬁlt%{&ﬁﬁﬁ?%8¥%¥ral?§n%§%&akc for
identifying and evaruatrmgt piiar mec bst ances
which influence the activity of receptmickotideenzynes i nvolved in the
synthesis or degradation of the cyclic nucleotides cGW and cAVP. As a

result, the process is 10 suitable, for exanple, for finding nodul ators of

| ubl d . | i ,
NO synt hases ant QP il B A0S EL roRE" puBtARP HiER, BHAREF i e

descri bes & praeesdluld ydncelrdtiog bNyeielshadineC 9NSembhciHodptaited(cGIAVY orl5 or
CAMP are neasured with the aid of reconbinant cell lines. These cel| |ines
express reconbéyedptadonagineotriy’ riaenophosphaisae AMIL dhescoproedsassnmpy baasefvhfed by

Y apcor o cosie RS oL FVIAPE: N al SP6FLLT CARBEbEY PrT0E Ok Ragld 2,
suitable for aufosme e aé‘@@lgf Qf Riceprotshiop Usihies SERERBE NG (el JynfBsls Udrt T @
hi gh-t hr oughput screening 20 (uHTS) for nodulators. Current processes for

measuring the degradatien lofiithe cyrbinoexicotidésosGMP a@VAMIP. daNPreshihvibe tpnecess is

di sadvant age of .bei ng very expensiyv due to the us f radi oactivi bei ng
Nty part 1 yAREaPR R 18t fodine FavBuT ool Sy Sleofl i Bae-piind
Conventional comEplatd @cla%é’ss,EBG%hB&Est&%&&r(PDEsﬂQJ@@{Ehﬁeﬂam%réfe%-coupled

Fadi oactive techniqués such as the radi oi munoassay (RIA; e.g. fromIBL
Hanburg, Ger meagptorst(@8CRs).nti |l ation proximty assay (SPA; Amersham

Bi osci ence, UK) and the non-radioactive enzyned-|inked i nmunosorbent assay
(ELI SA; for exanple 30 from Arersham Bi osci ence, UK). -2- The

above- descr i befhP[RERARTESsEABEIG priest S GhicBItheBRARUEINEr doRSentiHibAS 61 EGHr

cGW and cAMP concentrations in living cells "in situ”. To carry out the
measur ements, ot haMitiates measuted ovitle thdi sidupf eetombinanh echd Wiries.c Thesel esdt fidess

then be extracted. 5 Angt.her. process for asuring intracellular, cAMP.is the
measur ement | wi PIPTECAIPIGHIY % SUEPRR A PDRBTER=E Jut dhrenels asipsls L By st

el ement”, CRE) n@ilchtidBe (ENTYIRNnéIS iaf QIRSR-sCAREV {)ﬁ‘dtoﬁt'otein dnd Bi 0d@kor o2Cdreen.
(2000) 5 377-384). The process has the disadvantage, however, that both

transcription enxmerfanwhichinedulaes areta kikioupd.alde pracess isowitalble fort dntomatipmal t o
form causing the nmeasyrenent to |last. fo urs., This nmethod 10 is thus not
ol bl e for i donaa el R Rung R BRd e b B R e Fehi [
I't is the mpj eGiHM) hhGohnyRRL i on to find an inproved, non-radioactive
process for ;

- Current processes for measﬁring 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).



measuring the intracellular concentrations of cGW and cAVMP. The intention
here is 15 to be able to carry out the neasurenents very rapidly and al so

. with high sensitivity. The process shoul d-pe automatabl e and suitable for

hi gh-t hroughput screening of sanples or test conmpounds (HTS and uHTS). Test
conpounds in accordance with the invention are preferably small-nolecule 20

chem cal conpownd Vil 10 ' : to
1000 or el seoﬁkg%g?g;éﬁ%b? %ﬁéc@%égﬁenn‘ggh%%en é’rkn%e§£gé'é“%&§ée§“?“% }l\g{lrd%(g?{ Fy or
el se as a m xndrAMP ddneeprations e fviagceetldi“igsitw. Thecatmvaitth® meadigshents,
conpounds in accordance wth the invention also_include antibodies,

nat ural . substthpedlls nesdie bedisruptedand thasyclis nysleatides shengnxtigeted. prot ei ns and
nucleic acids. This list is to be regarded only by 25 way of exanple and
not as finite. In order to establish a screening systemfor enzynes and
receptors hi CAndthéd precsse foi Meadufing afteddelthiar c AMMWPisOthe GfddBuresiéal with alid 8ids i on
channel s activated by cyclic nucleotides (CNG channels) are transfected,
alone or in vaef @dgmé@rmpmatqrcmt?mis At ANE response whineantadelRE) arthiheyenaypeess a

cal ci um sensi t, ve pho ej;n{ nw.a e i 2} se cel re
subsequent |y thﬁlﬁ%rgséﬁc(:(g(%Ez\/ométt%"\;aﬁl%ﬁgl' §§§e§?ren@6§)9) %226? g)r‘:sﬁk}’%ipﬁo%?%lgss 6 test
the suitabilitysvahtage, tRMeSer @at HoghtridbeApEdDAd Gefiskaivnted thitdke plaoeoinves
usi ng, for exanple, soluble guanylate cyclase, since it is capable of - J

produci ng i nt resde fogthe sigmito &rme causing it angagvremant exastgpehors.alhiemsghods
whi ch may e . [ 3 ner qi p ] [ ctjvation,
i nduces anmlbncllrézg‘gse n;gtnglﬁlarl?(er %)?&"Ff@ I lélgésglkﬁ%ggtggfe‘%%&g’%rSﬁ‘ﬂ%%eﬂ%gg%g&ndﬁeﬁs are
integral nenbrafie. protei ns which are opened by the cyclic nucleotides cGwW
and cAMP. This famly of ion channels are non-selective cation channels
whi ch are perneable to sodium potassium and cal ciumions. The functional
channel s are c e | i cal | i fif . i - or
et or ot ot ramerd)® n g of e IR 8 af RNt SHERGSHRP e LB 05
conbi ni ng var i pegsusdp thd indadeBullr céficeatratioisMf CGAIP aind c ARMY TAS Matedfivnttizraizd
Seifert, Physiol. Rev. (2002) 82, 769-824). The channel subunits CNGL- CNG5
whi ch, acldor diorkg able to saseoyt dhemeasvasraemnts ey rapidlyy andoglaywith fhighy seasitiyitys
CNGAI - CNB3, ' et al cl (2001)
g@{eep{gﬁ% %beeﬁe %Pg)(r)rpag%lé shedyiRnadh ey gﬁhgsug@\‘&{c%éﬁﬁlgr&o

294, 2095-209 ere exis ice variants s
exanpl e (Saut egangilesadr.test EABountds (HT9BY uPHS)4696- 4701) . The increase in
intracel lular c@GWwW or cAMP concentration results in the opening of the CNG

channel s and thereby in an influx of calciumions. The calciumflow ng in

i cator s, sulh 20 gRuhdt b Eolinl® L jhe'BERRGA ol Bro B ot

cal ci um seltsi t ¢hemicedrotnppumiseiavingsaimivlczalad et iofl fidin 0O@kd HOO dr Theto 1000

phot oprotei n aequorin which is derived fromthe jbel | yfish Aequorea victoria
is a or else higher than that. These compounds may be uséd 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



hi ghly sensitive calciumindicator in cells. The aequorin conpl ex consists
of the 25 protein apoaequorin, nolecular oxygen and the | um nophore

coel enterazine. This conplex emts blue Iight in the presence of cal cium

(Ca2 ions), with maxi rum em ssion at 466 nm (Jones et al., Trends

Bi ot echnol . (1999) 17, 477-481). Another photoprotein is obelin which has

been cloned fr v, I 0

exanple. It, g«?}ﬁsch{gsﬁﬂﬁceg%%ogéw§H%J%uanéatﬁ% %um ng i[()3hore <§écl,)oel“éﬁr% eF&Yi ne.
Li kewi se, bl ugelisadts thé g%éﬁe@gic kdteptof whlchS BRGRnlctioatod, Hilutds dndhé@aeMin et
al ., Methods Enzynol . 000) 305, 223-49). -4- Cuanyl ate cycl ases are

responsi bl e fontr'«meﬂulacmych@vpemra@nnGTP A distinction is made between
sol ubl e and nenbr ane- bound guanyl ate cycl ases. Sol ubl e guanlyate cyclase is
a heterodi ner conposed of an al phal subunit and a betal subunit. It is the

natural regept@Gl eanhéls ré;‘gqategﬁm%éﬁ@raﬁé\@o@fn@dwmﬁ Y 6ﬂeﬁe@rb<§0&1laeéycﬁb NO 5
synt hase and can therefore also be activated pharnacol ogi cal

NO- r el easi ng mwlestidescsME L &SYIPf Dhisdmntylof, 101$Icha1mas$rnmenishlectc@\ﬂfauon
produced by guanyl te . yclase i.nduces.rel axati on o l.ood vessel

P oyme s % Pitamae Frich B P At iy S do o SRR RIS RS Forc
(1997) 18, 484pn4dkls aif&%oﬁa%mse’da% ftaep@aier%lemaeylageedm&éﬁsgéouﬁ% 58 oa or,

transmenbrane segnent and are activated by various 10 agonists suc P,
BNP, CNP or gueteydtetrarobislieTharsdnavikies 3o ¢GMFalanResAMPI chytei uiﬂue(lcﬁ(dOby 63

- h h I I fa
25253 BRI RR SRS Bl P M e B et
;Wﬁl ch can trangguee RBe fzb'éz ®0! TBOBARNTEX (ChagRl | Wbkt ONBNENTY avilifig cel |

terior. The intracellul'ar 1evel's of CAVP or calciumare influenced via
coupling of t h’eg@dmgc‘@pa mmczretrccanamnwsclaurq)rm @lsosreferted tced CHGANGHB3,

and Chus i n anahErEnelsnEn oo e (rETRE ol o Sriedh bl DA " sy " ©°

activation of 1Hshe 6QYPAIEH sPIRCORIHAAE SuELEYIONGA B, AR xBRbRASRutel £ ANFPRAS
concentration, whereas activation of the "G -coupl ed receptors” reduces the

i ntracel | dbar (G280 Bohbd47QUBurrath M, Curr: Med. Chem (2001) 8,
1605- 1548). An exanpl e of Gs-coupled receptors are the "p3-adrenergic
receptors” which can be stimulated with the aid of agonists such as

i soprenal i ne (fliftrehseNn infPAtRlTRKeGMIREY e AMPIEBentRtion 4681t ¥ the (?p'ém-ﬂg%f

cyclic nucleotides cGW and cAMP produced by guanyl ate cycl ases and
respectively, the @Nﬁydhm]@mdbbefelphuséphoﬂluaﬂf@ahﬁm ior(sPDEs\;aICmngﬂvmr@\tﬁ and

AWVP, respectivel h r s are an e

Terber o are oiGe P GRRFE B F B Dol SnS e R b AR, pach
regul ati 0'203”%3%?)(&{ %go‘ié O'FUT@U is3 | Bict Ner bRAY (Her %ﬂP'o?f QhlcAim-serfSitRQ:
Nucl ei ¢ Acid Res. (2001) 65, i 52). PDEs play a decisive part in
control ling trrélotombtamelsuczh @raeqmmehnGVP | evel s and are therefore

I+ kew se inportant targets for pharnmacol ogical

2
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 (Ca®* 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, O, and the luminophore
. coelenterazine. Likewise, blue light is emitted in the presence of calcium (Illarionov

et al., Methods Enzymol. (2000) 305, 223-49).



intervention. 5- Surprisingly, combining the CNG3 channel (SEQ ID NGO 5,
Acc. No. X 89600) or, in particular, the CN& channel (SEQ ID NO 1, Ace.
No. X55010) with a photoprotein proved tog4he particularly suitable for
detecting changes in intracellular 5 cGW concentrations (Figure 1). A
simlar surprise was a conbination of CN&/CNA. 3/ CNG (SEQ ID NO 1/ SEQ

phot opr of ei n. SRRENAR Aeciaers e psboi* & mlfiind BOMIGRRE TR & ipaton i

intracel | ul ar d@debdfRcenrcrble @id @emblngHoand suanige ¢9tlasdratobleofuanlyate
CNG2( T537A) / CNG4. 3/ CNGG (SEQ ID NO 4/ SEQ ID NO 2/ "SEQ ID NO 3) with a
phot opr ot ei n pexslasd it d heferodgaen Gomnosed 9f analpbal| wibtpit apdrbeiad sgbyrsinding the n

the CNG& nutant_ CNG2( T537 . D NOY._ . e_apmi i.d threonine 7
has been repl ace avi%/i2r % %e%g lgﬁolrnlélﬁ%%é tné(])r\llrf%&‘ ee)n%waqr?&cgﬁm%?(tg%§f9°§§l} fi°xe?
9868- 9872) .5 15syhiieasé e@andinndweief6rel dlsd ibeektingyd GhafhRd8dehllyShy N C-e¢leang

vectors such as pcDNAL. | Anp or pcDNA3 Invitrogen Li fe Technol ogi es?.

Conmon t r ansf esubis@acesr Bigheast SorsexaAmpe, SBol. Sinsaphe cGMP arediced iynguanylate

(I'nvitrogen Life,Technol ogi es)..may sed for, transfecting.the. .
cor respondi ng PICERSH 188%%38&‘:’%5%?%9 0533?%(}; vgﬁﬁefss th Sneymedy & glrgﬁlryhémeremng
measur enent s O?hﬁﬁécdlﬁéibalffhgép(tﬂdblbg A\, TIPS (1999138, 484-49190theGdhbraf&bove] |
and on 1536-well MIPs at 250 cells per well. After 1-2 days of rowt h at

37C/ 5% C2, t hguanglate eydlasgs @osasey arfianpRERbRIS segmenti andrage ROYyat¢d Y apriedy f

oty i n” ol ot LS ARIE, P o RGP EYlin G R BERRT AR el &Y,
sybst ances andPR@SIOQRODAS 63, Q0ADRY)]. substances (e.g. SIN-1 or isoprenaline)

are added in calciumfree Tyrode's and incubated on the cells for 5-10 mn.
The extra measurement is then carried out in a light-tight box by adding

cal ci um cont ai ni.n Tyr.ode' Vi 0 final calgium ncentration: m) ,
R eC ol ooy DAESERaRelca Moot rBRln S YR FR0CEIORI Syet T
of substances gHceg6ist YGPURS).CRleb® adlifiteghd miRbrithd Proteifevitheaf 2taneduch the

cal cium cont ai ni ng Tyrode's. The substances are then added within -6- the

| i ght -ti ght> bosctimadoiniaexirasiber bormanadate tharesHiinteapy Thet intragpdiutar deveds of he
subst ances (Fi - es of. this;.proge are t i .

Sensi t1vity of ChnE Bhcalihn Iy SMRERRg ia BB A HEIE AR M ovs. & e

sui tability foprodls. ard abdVSionl be “Baaveskd asepidts” exaRt i at refagnaf cleuipi se
ratio, and it I s possible to achieve stinulation factors of 50- 150. |t is
nor eover possi Bpal deraypitgres asd thushisy &hEsEcaspin gEoplagmisr ealeiam eppserffationne,

‘ ?\ialgctehg st gnal pfan, VLRANY o & RETHHAY rélebflrs? th&ilsS §F OAHSintLhQUNE BAMP N S
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.



advant age of unspecific effects of test substances (e.g. due to
cytotoxicity) on the 10 cells used being mnimzed. The process i s noreover
.suitable for characterizing "orphan receptors” (receptors whose natural
ligand i s unknown), since it is possible to observe both changes in the
CAMWP | evel (Gs coupling and G coupling) and changes in intracellular

cal cium concentration (Gg coupling) by neans of | um nescence or.

fl uorescence neasurenent. 15 The invention relates to processes for

det er mi ni ng t h&uipisirgty|dottibiting GRcENG3athadhel EEQCYE NGE Snuek eNbi HEBH600) or,
characterized in that a cell ressi ng a CNG channel to%\éet her with a

ex .

phot opr ot ei n i 40 agisadad t%(ﬁslﬁggd‘}ha@tﬁ‘ﬂ fHQ i It NRells e Non&ea? it ViR of
cyclic nucleoti i i . t I he e Si t he
hot opr ot ei n. - PO RSACtp R e bl PR iRl e 0P bR ERE I T BRREL
above, wher gi n cGMP Edcenehtiviv€Figuse H)he CN& or the CNG3 channel . The

i nvention conprises processes as descri bed above, wherein the cyclic
nucleotide 25 is cGW. The invention |likew se relates to processes as

descri bed above, wherein the lic..nucleqti i I .
expressing a cébhﬁi"ﬁlg iscl)lﬁpl%sfs ‘fv?%%g C&ﬁéﬂ%ﬁ&i’%ﬂ;}gﬁ&&éﬁgﬁ%ﬁ@ [ @ng éfaalﬁ(e)d 1émd
used. 30 The i BEENTDONCRIB0AER! b 2T0EDS BSEPIVENDE S AL ANGr DER6EHSand a

wherein the cyclic nucleotide is cAVP and a cell expressing a conbination
of the CNG2( TPB7IRpratrBAwBichnmByvediiarheeiesy putablecioadetgctingichanges in-intracehglar

| nvent i on 16l at.ash 8 AIGREGCATSES ForHeaHRAD ARG R NEE oNGs
phot oprotein 'S aequorin. he rnventi on al'so rel ates 1o processes as
dgscri bed abovgSEQHE MO 4/ BEQIONPr Dt SEQ ID NOOBRMith a fhdoprowen bicved tebat es
to a nethod of screening. test comunds for identj fyiNn(g2 receptor |igands

wherei n any of PeREulEButablser SAMB msasasment dn (Be ENGR Wit GING2(T5G 78 |
d i | : ;
which all ove. a CEONIFARS; 8), RGAAIRIS ShreBlol 331 A6E, neth AopiFaP SRACHATHE °

ion flow throyghehtufer eral.c ANASR(1991)88, 9868198F)] is incubated with test
substances of which those nodulating the | um nescence are selected. 15 The
i nvention afso relates to a nethod of this type, wherein the receptor is a

G protei n’Co.uﬁlht%drechth%.ﬁ{ cellNEndNYERT 1O g aed ! lg‘éi %g}rl%:gorp v%%Fse%?&P%ggg

met hod, wherein th ei n-coupl e rec an receptor.
The invention fpgDNYel hrep belpaDBA Y (nditragé Dife fechedlegivs)nCoirisdin Gankietions

For 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 37°C/5% CO,, the cell culture medium (DMEM/F12 containing 10%

FA
vy

foetal calf serum) is removed and the cells are charged with coelenterazine
25 (0.8 pg/ml) in calcium-free Tyrode’s at 37°C/5% CO, 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 dévice 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



i dentifying nodul ators of phosphodi est erases, wherein any of the
above-descri bed processes is used in which the cell used expresses the
phosphodi esterase, the said cell is incubgted with test substances of which
t hose nodul ating the | um nescence are 25 selected. The invention |ikew se
relates to a method of screening test conpounds for identifying nodul ators
of guanyl ate cycl r bove- descr.i used
in which the c§1 lﬁﬁﬁ Q@%?gsses Wgnﬁﬂgﬂ§ %eéygp%ggRﬁgﬁgﬂggﬁf celftéb

i ncubat ed mﬁthSMga&cﬁyyggﬁagps of which those nodul ating the | um nescence
are selected. -g- The invention also conprises a nethod of screening test
conpounds for identifying nodulators of NO synthase, wherein any of the

above-descri be used in ed_ex resses t

o e e S e BRESTAS of Bt PETelhos W Bt BEBARRLEREE T 25y,
test subst ancegoss éﬁh@d@uﬁ@ﬁ&nﬂﬂﬂiﬂh@tshi@zﬂnﬁt@efor ﬁﬂsmnﬁmmﬁ R6&sS Rt ed.
The invention also relates to a correspondi ng nmet hod, wherein the NO

synt hase and @mllsmlsa@aétcgu@mraénoea@@ums etocaepiene sémulation factess eh 50-

cells. 10 The i tion also relates t I [

processes illulﬂiigghmﬁﬁgvg:m”F ﬁtﬁ?ﬁ?’b&? b@FB ga¥raﬁf%ggﬁ¥88?%oﬁﬁnw
Schemati c reprgpenha I_gngncam‘ olidaly R QRSEed Qfte PRV BbdtnBg (FiBlre LT hidl1as thd S
cGWP concentrati on. ure 2: Lum nescence neasurenent af activation of

sol ubl e guanyl acﬂ\eantagy amépwﬁm efeets of tesh@uba’c@icas (@ dueglet Cytiefioristty) mn (th

wer e neasured r The. a ht neasured

Concentratitn <98 rsial idoe ABRPR S prerits; BORRYGS ifiold 7 Pbidorizing
rgpresentati on“@ghaxhﬁ:c@;st@ﬁseq&céptbrsd@h@rerﬂaﬂirﬁlghgama [@askdod! sin€™WVRs possible
concentration Figure 4. Lum nescence neasurenent after activation of the
(3-adrenergi ¢t ebwpYo PO @Ihmgg%lm dirab ANE lemgk (OpcgbBlin®d and @mcqm!mg) and

| soprenal i ne '%han%os M0 i ac%ﬂulﬁ g‘l&ﬁr%e CIX{ngren? {Y?c?s el yS AL & by

addi ng cal ci um FelAtve uni t's I’'n "'Sécon

i nterval s. ThemmlﬁeSc@ﬁug@ql@i-esbmelnmmeﬁ@gﬂce si gnal after addl tion of 30
cal cium and previous incubation with O M(stars), 10"7 M (squares) and 10-6
M (triangl &%) isoprenaline is shown. -9- Figure 5: Kinetics of the

| um nescence sign zl}we% ibe Eelgt Vﬁltoicgs@ OForgﬂfen%l %elrng'%gellu?a(f %Bﬁé)entr 1&? of

i soprenaline in'c CIUW}COH urenment

}Nl t E t he ﬁddijt bW]lCOﬁuddwdégQthﬁEtenk@(Dﬂf eHadli gefl e(xb@es@m@’)a @NGlearﬁ]BEtogether
i ght-tight box.
J J 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  iscGMP.
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/CNGS 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/CNGS channels is prepared and used.



5 Exanples |If, for exanple, soluble guanylate cyclase is additionally
expressed in a cell line 10 which expresses, as a cGVW neasuring system

- the CN& channel (SEQ ID NO 1) together with a cal ciumsensitive
photoprotein, it is possible to increase the intercellular cGW
concentration with the aid of the guanylate cyclase stinulator SIN-1in a
dose-dependent manner and to detect an enhanced | um nescence signal (Figure
2). 15 If, for exanple, the (3-adrenergic receptor is additionally expressed
i n cells whi chTheamvertionAwfteseashe prigessys aedescakel axseawbeleni thmphetopidteine
photoprotein together wwth the CNG channel subunits CNG2(T537A)/ CNA. 3/ CNGb
(SEQ I D NO 4/'8EIY°B™ _NO 2/ SEQ ID-NO 3), activation of this receptor by
means of isoprenaline results in 20 a dose-dependent nmanner in an increased
CAMP concentration and an enhanced |um scence signal (Figure 4). If the
cell s are SharHedinvéntioncds retatesrtaziroesses as desribad abowet aiheienytheyphotraeint he
agoni st i sopre.naL)i ne may al so be added directly to the cells wthin the
light-tight boXO%!Mumi scence signal will then be observed within a few
seconds (Figure 5). - 10- Clainms 1. Process for determning the
intracellular concentration of cyclic nucleotides, characterized in that i)
a cell expressTyimve@iith atlatenctd 2 agethod rof wictdenmgptest opmpowids fog idewifaingd and

d, d ii)_the int |l ul. trati f | i c nucleati '
ot of mned by R GHOnaT SR L o G SRS R BAGE BROP AT T Wer ei n

the cycli qmucéeﬂoaieqeeégﬁesgeﬁwﬁ%eaﬁgqﬁmcsﬁd psgsegs%ﬁmauac&mmixﬁ@sts&g@r Qfstbhe
CNG2(T537A) / CNA. 3/ CNGS channel s i's prepared and used, 2. Method according

f9 daimi1, whehichallowsapeasptopiligard hondtomaysromeasurable modelabon atdenen Agwt o

aim1l, wherejn t hot oprotejn_i. el.in, 4.. A nethod of screeni t est
conpounds. 1 or - P g 0RsRREL O p4d bR blingfa TR s Grect O SRRN e o
any of O ai ms godulatingthe $@dinestenbd &8 stlbeege! | used expresses the receptor
and possesses an intracellular nmessenger systemwhich allows a

receptor-ligand bond to cause neasurabl e nodul ati on of the ion flow through

the ion c n i cell..i.s Jinc t W fh t suhst an f ich
t hose nod Eﬁgt iek%e Erﬁ’gnﬁ%ﬁ{mglﬁ%srglgﬁé etgaar {aneﬂ{s%gl cgfg%sd%p g %Ii%?%% m@ed%zﬁg@(g)rr (%’l %\Sﬁt o]
A ai ns 4, whergbotit-boupl@repémsr.i s a G protein-coupl ed receptor 6. A nethod
according to ains 5, wherein the G protein-coupled receptor is an orphan

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 1s 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 1s used in which the cell used expresses the guanylate cyclase, the said cell
30 s incubatéd with test substances of which those modulating the luminescence are

selected.



7. A nethod of screening test conpounds for identifying nodul ators of
phosphodi esterases, wherein a process according to any of dainms 1 - 3 1is
used in which the cell used expresses the8phosphodi esterase, the said cell
is incubated with test substances of which those nodul ating the

I um nescence are selected. - 1/4 - SEQUENCE LI STI NG <110> Bayer AG BHC
<120> Test ”e'[mdiﬁvérﬁfondﬁéc%dﬂuﬁgiéég athi&hbdIbf %&AI%% ERRERAHS 8 195ht3§71ng
cyclic nucl eotides <130> Le A 621 <160> 5 <170> Patentln version” 3.
<210> 1 <211> rﬁdcﬁﬁators@]m\io BMthasez whereBosnyt afithe sbowAdHSmhecgubmwtlaused m
t ggcaggct cccac tca aca cagt ca
aacrarrtot coayRbhguacabitd: Grtesrofhdog-uauret uncetbleosny G telse: o
taggcat ggg ct cglLtgag;id Qﬁ‘&}b@féﬁgg\n&Ctt&QC%kQ&nE&g%?tm RQe GRAULAAYIMhe
agctctttga ctgagaggct gagaagctgc gtggggattc ggggatcccc 240 ctggtctaggg
gacaggagct 5t t Jymagpgtence eteaetegtedc ctt ggt gct g at gagctccc 300 , . ~ gagggttcgt
ctctgactgg aagcttcttg gacagaccta tagcctgtgg ccaagggaca 360 ccctgcectcg
gaattccgt c': ggt gagggaa ggt gagga%;c ctggttgtac at ggaggatg 420 acteslgaa;ge;ag
ccaat ggcgl - gaafagnlbfioh ARl C&ﬁ@g&ﬁﬁn £aRIRACHA NG $9fthae Gid
aggccagt gg caaagat gaclocacagggccaogacagcc gcc acagt ct gctreg}ﬁ@e gctygctgatg
acacct cct ¢ agatetauoblg goaaditggycgseagatyassgd icdiffecmgcdly. 600 aggaggggt g
gcttccgcag gattgcccge ctggtggggg tcctcagaga gtgggcttac 660 aggaacttcc
gt gaggagga gcctagacct gactcattcc ttgagcgttt ccgggggcct 720 gagctccaca
ccgt gacaaq (ac apfAdedRiod aGIICRARI D sea@gfegg@ab %1 9aL ogegges i&AIRAZBEFe.
agaagaagtt tgaactcttt gtcttggacc cagc gga Cctggtactac 8 cgctggcettt
thctcattgec cttgccegtc ctctacaact ggtgcctatt ggtggccaga 900 gcctgcettca
gtgacctgca ¢ Zﬁgsgct ac tg?cat 18 t ggctggtgct ggattacgtc 960 tcagatgtgg
tctacatcgc a ‘%& gcacaggttt cttggagcag 1020 gggctactgg
t gaaagacac caagaagttg cgggacaact acatccacac catgcagttt 1080 aagctggatg
tggcctccat catccctaca gacctgatct attttgctgt ggggatccat 1140 aaccctéggg
tgcgcttcaa ccgdgumdt a canﬂletr@tic cemesngtivh gdi the pricessgfac deRO0ining rdee
cacgcaccag ctaccccaac %(%lgg, gaa taa caacct gatcctctac 1260 atcttgatca
tcattcactglsgaat gcct ge R n(t,r@H Rtccaa gtccatcggec 1320 tttggggtag
acacctgggt ttaccccaac atcact gacc ctgagtatgg ctacctgtct 1380

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

20 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 [-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), 107 M (squares)

and 10°° M (triangles) isoprenaline is shown.
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t aaaggat ga ggagtacctg tttgtcatct ttgacttcct gattggtgtc

ccaccat cgt
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CCRmRAcaasr CtheChafimastefdiCl § 0GfePARINALGE &f e
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aghgdicaargy cetemgyt witht tisgeanligy gogacileinat-tontdbing
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tcB)g%ft gcﬂlecma%-%leetrw@l&ﬁ Yyith ghecadds aée 2Bt
2040

g xcaacat ccgc
e (R A o B Gt at gact
ggtcttggag gagagaggcc gggagattct gatgaaggag
ggt ggcagcc agcat ggagg tagat gt gca ggaaaagct a
ggacaccttg tacactcgtt ttgcccgcct gctggeccgag
gct caagcag cgcatcacag ttttggaaac gaagat gaag
aggatyge cctgtcagat gggatgaaca gcccagagcc acctgccgag
ggcttggccc aa~tgcccct ccageccttgg ctttgacccc agggctggaa 2460
ggtccccaca tatatatg;a ttaccacatc cccttgaatt ctcccagaag 2520

ggdhgiprtexamplyy spbibl suanybde gyeate scaddiinally e@‘ﬂ?éeé@?@ctnaé coli dime
tgtxgﬁléﬂgQgre?steé‘gﬁ% %ﬁ%&%ﬁﬁﬁ%cat&ﬁt gc@a;ngn 1?@%35[ f %%.81)

aggaagaaag aaaagaggag catctct gqbﬁ ttt
gattogéthért avithaat aklgivgi- sérﬁitgfaapbmbpﬂotmmt fitt ¢ pokgblagtadhacadé 6fhe
acact gg acaccca gcactg CC C cctt ttcccaaggc 2820

t gt GEE ﬁéaga g@&g@n@a@eg‘e e %@é&g %@&l@nge@gqyggﬁ Atpgiter

Lot ehIFGRA @d%@%gg&fd & BaRkr Ghitd ddtdct Eﬁ%ﬁh&c@é‘%ﬁﬂl@g&ﬁcggggal
tcctggtctc caatccatcc caggacatgg agtgaggaac tagcagttgg 3000

2100
2160
2220
2280
2340
2400

act ct gat ct

at gagaat ga
agaccaacat
cccggcagaa

ccagcaggca agg@angt 3y agaaggt ggt gggcaggagc ctggccatca cccctctatg 3060 -2/ 4-
cagagtgttt ctcaggaggc cttgaggctg atggtgggtg gatgactctt caagttaaca 3120
t ct gcagt ag'agacactt ac aagttaataa attcctctga actttt 3166 <210> 2 <211> 3236

L D L PRI gy £ ARORIS i) S e

tcttagaagc tgc ¢t gacc cCcC ggc cca

gt cccaggct tggg;aAis&cmegmﬁn@ag@ﬁm k&@res@&@@lkhgﬂ%nditwet plfo&@;ﬁrateirgﬁ%@ﬁlbf Q\ﬁth
t accagcaga gcccgaaaga cccaatgtcc 180 at a ttt %D

t t
at gt ggacca gt gbe *hanneh galaits @ﬁ@z(ﬁ% NG 3/C G5 (ggleDg P

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).
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t cdacgascgl gorasagaaNAtigaie) agebert With £ plRgarRote)a ggpepuasigand 020

agaagct cat tgaccctgac gtcacctccg atgaggagag ccccaagccc 1080
agaaggc > agact cagcc ccagcocaga agccggcgga ggcagaggag 1140
ageatct act g tgacatgctc tgctgcaagt tcaagcgcag gccct ggaag 1200

tccceccagag catcgaccca ct.gac tac cct ct 260
t ot gge DeqrERdiRE SEEE FhAT SEARIE L FRIE A R B TLaRE o320
gggcaga&aanmaﬁ@ﬂmmngmlmg@nmgmmoamtggactactt gtgcgacttc 1380
tggacattac cles aptitatcaa ¢ gﬁ?ﬁ%ﬁ%ﬁ? m%ggg

ataagaaggacﬁaltcgcgeOtl IS g‘ cc‘b%°%g€@¥c§3%g
gaaccccctt 1560
ccgtctggaa 1620

gc ENGR{IPSTA YENGH ACINGS obarmelarstptegareaatdtusgig cgt

cccgcetgect gaagtacatg gecttctttg agtttaataa

gcaaagccta cgtttacagg gttatcagga ccacogccta cctgctgtat 1680
catcggttoc 1740
ctgggctgtg 1800

t ¢ dethtod etcgrdingtte Chagn Aovierpigbgpiogrotait s ecpguy

tttatgacgg cgtggggaac agctacattc gatgotacta

t caccat cgg aggactgccc gacccccaga cgctctttga gatcgtottc 1860
at Methot becordingde Glaoe f .ovhyesin the photogroteyais gbdlingg aaagat gaga 1920
gggccgccac ggcagggcag acgtactacc gcagctgcat ggacagcacg 1980
tgaacttcta caagatcccc aggtctgtgc agaaccgcgt caagacctgg 2040
Octggetird of acraenifipc lestgcantpgerals dorgidentdyjag atogpipr Gepntds agherdin 2100
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gcaccccgaa gotottcaat gctgccctgg Ot gcagcagg aaagat gggc 2640

A method according to Claims 4, wherein the receptor is a G-protein-coupled receptor

A method according to Claims 5, wherein the G-protein-coupled receptor is an orphan

receptor

A method of screening test compounds for identifying modulators of phosphodiesterases,
wherein a process according to any of Claims 1 — 3 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.
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agggagtaca tctattgcct ttactggtct acactgaccc tcaccaccat tggggagaca 1440
ccacccecctg taaaggatga ggagtacctg tttgtcatct ttgacttcct gattggtgtce 1500
ctcatctttg ccaccatcgt gggaaatgtg ggctccatga tctccaacat gaatgccacc 1560
cgggctgagt tccaggccaa gattgatgct gtcaaacatt atatgcagtt ccgaaaggtc 1620
agcaaggaga tggaagccaa ggtcattagg tggtttgact acttgtggac caataagaag 1680
agtgtagatg agcgagaagt cctcaaaaac ctgccagcaa agctcagggc tgagatagcc 1740
atcaacgtcc acctgtccac actcaagaaa gtgcgcatct ttcaggactg tgaggctggce 1800
ctgctggtgg aactggtatt aaagctccgg cctcaggtct ttagccctgg ggactacatt 1860
tgccgcaagg gggatattgg gaaggagatg tacataatca aggagggaaa attggcagtg 1920
gtggctgatg acggtgtcac tcagtatgcc ctgectctcgg ctgggagttg ctttggagag 1980

- atcagtatcc ttaatattaa gggcagcaaa atgggcaatc ggcgcacagc caacatccgce 2040
agtcttggct actctgatct gttctgcttg tccaaggatg atcttatgga agctgtgact 2100
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ttcctccgee tgtctgccaa cccagagtgg gageccctgtyg gtettttetg aaccaggggg 2940
aggaggatgc tcctggtctc caatccatcc caggacatgg agtgaggaac tagcagttgg 3000
ccagcaggca aggcacctgg agaaggtggt gggcaggagc ctggccatca cccctctatg 3060



aggat ct gcg ggaggt act g agtgagtacc cacaggccca ggcggtcatg 1500
gccgagaaat cttgctcaaa at gaat aagt4 t ggat gt gaa t gct gaggca 1560
ccdﬁéﬁﬁg? gge@ﬁéa €P€%égg@9@ag%§ gﬁevﬁg&iééagéagett“fezo
agacCHAGEY® TyEtTgecra’ ciyfgityagt t¥giutteag t gcact gaag’'f880
gcat,egaaag gctggagt gg cagactcgag agtggccaa gccagaggac 1740
ct gatgat gmseggct gagcct ggagaaggga cgt ccaagga tggagaggga 1800
agg@ gpa@@ ct caggcat a gaat gacccc gtcctgaccc taggactccc 1860
aat Ccagaftt tyygo§ady t ct gcct gca ggaactgtca tcctctttge 1920
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Ct gictaagga tyaguyagt actwbgdatt gecaat ot v4tgactcta cefggatdtggt 181@80

aaaactctca tcaccatcgg aggactgccc gacccccaga cgctctttga gatcgtcette

cagctgctga attattttac aggtgtcttc gctttctctg tgatgattgg acagatgaga 1920
gatgtggtgg gggccgccac ggcagggcag acgtactacc gcagctgcat ggacagcacg 1980
gtgaagtaca tgaacttcta caagatcccc aggtctgtgc agaaccgcgt caagacctgg 2040
tatgagtaca cctggcattc acaaggcatg ctggatgagt cagagctgat ggttcagctt 2100
ccggacaaga tgcgtctgga cctggccatt gacgtaaact acaacattgt cagcaaagtg 2160
gcgctcttcce agggctgcga ccggcagatg atcttcgaca tgctcaagcg acttcgctca 2220
gtcgtctace tacccaatga ctatgtgtgc aagaaggggg agattggccg agagatgtat 2280
attatccagg cggggcaggt gcaggtgctg ggcggcccag atggaaaggc tgtcecctggtg 2340
acactcaaag ccggatcggt gtttggagag ataagcttgc tggctgtcgg gggcggtaac 2400
aggcgcacgg ccaatgtggt ggcccacggc ttcaccaatc tcttcattct ggataagaag 2460
gacttgaatg agattttggt gcattaccct gaatctcaga agctgctccg gaagaaggcce 2520
aggcgcatgc tcagaaacaa caacaaaccc aaggaggaga agagtgtgct catcctgceccce 2580
ccacgtgcgg gcaccccgaa gotcttcaat gcectgccctgg ctgcagcagg aaagatgggce 2640
cccaggggag ccaagggcgg caagctcgcc cacctgagag ccaggctcaa agaactggct 2700
gcactggagg cagccgcacg acagcagcag ctgctggaac aggccaagag ctcgcaagaa 2760
gccgggggag aggagggctce tggagccaca gaccaacctg caccccagga gccgtcagag 2820
cccaaggagc ccccggagcc cccagccccg agttctccac cgccagectc agcaaagccc 2880
gagggaagca cggaggaggc cgcagggccg ccggagcctt cagtgaggat ccgtgtgagt 2940
ccaggccctg atcccgggga acagacacta tcggtggaga tgctggaaga gaagaaggag 3000
gaggtggagt gaggtgcatt cagcaccctg atcccatccc taggtgcgga ccagaccttt 3060
gaaccacctg cctcaccaag catcttagcc taaaggcgcc ttctcaccgg cttatagaaa 3120
ctctcaaatt tcatcaagta gtggtggtga cctcgagctc ctaacattcc cggagcaccc 3180
tgctccecte tattttctag aagaaaaccg ccttgcactt taaaaa 3236
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acgcacacgc tcaagactda gttctacata a Catgtgcacc
atgatcacag agaacaattg aatgcactgg gactcttgag gtaagcttta cacatcttaa 2160
aggaggtctg ctggtttagg gcaaggacag tgttggagct acagggaaag tagacagata 2220
caattcctga actctaggtc accacttcag ctgcttcagg gtatggcccg acttcaggtce 2280
tgagctggga caggcggtat tttgaaatga acctgatgtg tgatttatta ataaaatata 2340
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atgacagaaa aagccaatgg cgtgaagagc tccccagcca ataaccacaa ccaccatgece 60
cctcctgcca tcaaggccag tggcaaagat gaccacaggg ccagcagccg gccacagtct 120
. gctgctgectg atgacacctc ctcagagcta cagcaactgg cagagatgga tgccccccag 180
cagaggaggg gtggcttccg caggattgcc cgcctggtgg gggtcctcag agagtggget 240
tacaggaact tccgtgagga ggagcctaga cctgactcat tccttgagcg tttccggggg 300
cctgagctcce acaccgtgac aacacaacaa ggagacggca aaggcgacaa ggacggcgag 360
. ggcaagggca ccaagaagaa gtttgaactc tttgtcttgg acccagccgg ggactggtac 420
taccgctggc tttttctcat tgccttgccc gtcctctaca actggtgcct attggtggcc 480
agagcctgct tcagtgacct gcagaaaggc tactacatag tgtggctggt gctggattac 540
gtctcagatg tggtctacat cgcagacctc ttcatccgac tgcgcacagg tttcttggag 600
caggggctac tggtgaaaga caccaagaag ttgcgggaca actacatcca caccatgcag 660
tttaagctgg atgtggcctc catcatccct acagacctga tctattttdc tgtggggatc 720
cataaccctg aggtgcgctt caaccgcctg ctacactttg cccgcatgtt tgagttcttt 780
gaccgcactg agacacgcac cagctacccc aacatcttcc gaataagcaa cctgatcctce 840
- tacatcttga tcatcattca ctggaatgcce tgcatctact atgccatctc caagtccatc 900
ggctttgggg tagacacctg ggtttacccc aacatcactg accctgagta tggctacctg 960
tctagggagt acatctattg cctttactgg tctacactga ccctcaccac cattggggag 1020
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. a8cgccaccc %algatzgg gg t'ga'a gcl '814 ctcagccagt tggaaagcca ggtgaagatg
2220 ggcctCCQgpbct[g,gt ggcga tgctccgcaa actgaggcca gtcagccctg aagacacagg 2280
tgccctctce tgeetncarg ©@3HGYQYcggt cagtgcgacg ctgcgccgca cggggctcgg 2340
ccgggaccga attct agctt tccccaccct ctgtgcgctg cgtggecttg ggagagagcc 2400
ttggtttccc tca ta aac% act ctg(t:ttat tctg tg(c:cg:t&ttaa g%g gtt 5460
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2641 ggtctcagca ggacccactt gccatgcgag gagacatcgt cagaactgca ggaaggcatt 300
gccatggaga ctagaggact ggctgaatcc aggcaaagct ccttcaccag ccagggtccc 360
accaggttgt cacgcctcat catctcgctc cgtgcctgga gcgccaggca cttacaccag 420
gaggaccaga ggcccgactc tttcctggag cgtttccgcg gagctgagct ccaagaggtg 480
tctagccgag aaagccatgt ccagttcaat gtgggcagcc aggagccacc agacagaggg 540
agaagtgcct ggcccctggce cagaaacaac accaacacct gcaacaactc ggagaaggat 600
gacaaggcga aaaaggagga gaaagagaaa aaggaagaga aaaaggagaa ccccaagaaa 660
gaggagaaga agaaggacag cgttgtgatg gacccttcca gcaacatgta ctaccactgg 720
ctgactgtca tcgccgtgee tgtcttctac aactggtgtc tgctcecgtgtg cagggectgt 780
ttcgatgagc tccagtccga gcacctgatg ctttggetgg tcctggacta ctcagcagac 840
atcctctatg gcatggatat gctggtccga gcccggacag gcttcctgga gcaaggcectg 900
atggtcatgg acgccd: ggaag cactacacac agaccttgca cttcaagctg 960
gacgtgttgt ccctggtgcc cacagacctg gcttatttta agctgggcat gaactaccca 1020
gaactgaggt tcaaccgcct cctgaagttg gcccggctcect tcgaattcectt tgaccgcacg 1080
gagacaagga ccaactaccc caacatgttc aggatcggga acttggtctt gtacatccte 1140
atcatcatcc actggaatgc ctgcatctac tttgccattt ccaagttcat tggtttcggg 1200
accgactcct gggtctaccc aaacgtctcc aacccagagt atgggcgcct ctccagaaag 1260
tacatttaca gtctctactg gtccaccttg accctgacca ccattgggga gaccccgccce 1320

. cccgtaaaag acgaggaata tctctttgtg gtcatcgact tcctggtggg cgtcctgatt 1380

;H) tttgccacca tcgtgggcaa cgtgggctcc atgatctcaa acatgaatgc ttcacgggcece 1440
gagttccagg ccaagatcga ttccatcaag cagtacatgc agttccgcaa ggtgaccaag 1500
gacttggaga cacgggtgat ccgctggttc gactacctgt gggccaataa gaagacagtg 1560
gatgagaagg aggtgctcaa gagcctcccc gacaagctga aggccgagat cgccatcaac 1620
gtgcacctgg acaccctgag gaaggtccga atcttccagg actgcgaggc ggggctgctg 1680
gtggagctgg tgctgaagct gcggccggca gtgttcagcc ccggggacta catctgcaag 1740
aagggggaca tcgggaggga gatgtacatt atcaaggagg gcaagctggc cgtggtggcc 1800
gaggacggca tcacccagtt cgtggtcctc ggcgacggga gttatttcgg ggagatcagc 1860
atcttgaaca tcaaggggag caagtccggg aaccgccgca cggccaacat caggagcatc 1820
ggctactcgg acctgttctg cctctccaag gacgacctga tggaggcgct caccgagtac 1980
cccgaggcca agaaggcgct ggaggagaaa gggcggcaga tcctcatgaa ggacaacctg 2040
atcgacgagg agctggccaa ggccggggca gaccccaagg acatcgagga gaaggtggag 2100
cacctcgaga cctcecgfgga ctccctgcag accaggtttg cgcggctcect ggetgagtac 2160
aacgccacce agatgaaggt GEEGeayed§ ctcagccagt tggaaagcca ‘ggtgaagatg 2220
ggccteeege ctgatggcega tgctcegcaa actgaggcca gtcagcecctg aagacacagg 2280
tgccctectee tgcctecceecg gggeggeggt cagtgcgacg ctgcgccgeca cggggctcgg 2340
ccgggaccga attctagcett tcceccaccet ctgtgegetg cgtggecttg ggagagagcec 2400
ttggtttccec tcatctagat aacaggactc tttatgtctg tcccagttaa gtgacaggtt 2460
gctgtgagct ccacaagaaa cgcttcgtga ggcagggttt tgttaagtgt gagatgtttc 2520
taggccaaga gtataaaaat gtgagcacag aagttgtttt tttttttttt ttttaatccg 2580
tggggaatat ttagactcct gaacttcatt ttttttgtaa atgggaggtt atttacttac 2640
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