WD 2004/ 083803 02317 -1 Test nethods for determpi, R
intracel lul ar c@éﬁﬁ%@%@g of cyclic nucleotides The i n@#ﬁggodﬁ(‘f%%g to
processes for the quantiative optical anal yéi's of the 5 intracel] ul ar
‘concentration of cyclic guanosine 3,5 -nonophosphate (cGwW) or cyclic
adenosi ne 3',5' -nonophosphate (cAMP). These processes may be useful for

i dentifying and evalestmethodsferpletermricinaheé detradellalerchhemtitidnafdteyslidst ances
which influence the activity of receptors_or_ enzynes I nvolved 1n the
synthesis or degradation of the cyclic Higotides des cGVWP and cAWVP. As a
result, the process is 10 suitable, for exanple, for finding nodul ators of
sol ubl e and nenbrane-bound guanyl ate cycl ases, phosphodi est er ases "( PDEs) ,

NO synt hases an@hé&-ipvattiehnretatesltedprodessesc €gat dies qo4tiaReg - optitel ianMesit | ¢ the

descri bes a process jn which the intracellul ar concentrations of cGW 15 or
cAMP are neasur BragEliviar: sencsnigmation pb el maamosingl B.H- W@@Ophpﬁb@ée detMB)j ores

express reconbi I (E&Epl r agt by
cyclic nucleot ?}3:% a?fﬁ% C ah%grﬁbl?&hggpchgfe CA%igeinm ?éqpl %ﬁ 1(:é e‘}sﬁﬁgﬁ

receptor or an idendfyifey il evdhiatinghel phaingicsloalcal popaRiek ekt sﬁb@ar&em\m | S
suitable for automation and for high-throughput screening (HTS) and ultra

hi gh- t hr oughput indeeeenithly acivity udTSICeploFs rsdenamusssinvelredein the dd@ﬁ@&lg $lor
measuring t he i Héggfa‘ﬁoh%qule% Sin eﬁﬁcﬁe%ttlggpcﬁ G\ébczgﬂ/lfpwpa ag' 8“641 }he \Pef?%less be' ng

di sadvant age of Use of

only partialdy aﬂfa@l’@tfamﬁarripfe afor &iﬂdmgﬁriﬁodiﬁdt@lg UﬁrsMuﬁmhd Qﬁérﬁﬂrané’-ﬁound
Conventional commercial systens for determni ng cGW and cAMP are

‘radi oactive tegpanvipieeycdaseh Pagsphedicsigrises (RiRsh NQ aynthmieaand Goproteimeaupiid
Hé@burg, GErnaQ%g O&W§' tlllatlon proximty assay (SPA; Amersham

Bi'osci ence, UK) aﬁ% e no -radi oactive enzyned-|inked i munosor bent assay
(ELI SA; for exanple 30 from Arersham Bi osci ence, UK). -2- The

above- descri bed processes cannot be . used for neasuring the intracell ul ar
cGW and cAWP E,Fgmréﬁma%n fessrbesp progessgn ediighsthe jipirageilglar comeretéamys efieGMFe

reasur ement pq %A?ﬁ%& go DEEL8 B qq;leg raiﬂ%?‘iiec%%lﬁi}ﬁ c%}‘ich wséeeg%%ﬁés

t hen be extracted her process neasuri ng |ntrace i'S the

measur enent Wi t Bxjrbs ﬁt@lnbmﬁntl}ﬂ dueibimtiph @mptaﬁfcu&y Sére okanné B AvRvated poryelic
elenment”, CRE) and the enzynme luciferase (Goetz et al., J. Bionol. Screen.

(2000) 5 377- 38n91c1eqthi@s KEDEE skanmgls), thealciumswasitite RPlOPINIR 7ed 2 ICRRItOLOR 1
transcription and fragslatio {flﬁ%{& ;I(ggg ﬂnﬁc?hérﬁrocgsrsq?e%ulggfe hhSuShdngl to

form causing t FE2Easurenen ours
and for high-throughput screening (HTS) and ultra high-throughput screening

20 (uHTS) for modulators.

) Current processes for measﬁring the intracellular concentration of cGMP or cAMP
D V have the disadvantage of being very expensive, due to the use of radioactivity, being
only paitially 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).



10 is thus not suitable for rapid neasurenent of the actual cAMP
concentrations in !J cells. It is the object of the invention to find an

i mproved, non-radioactive process for measuring the intracellular
.concentrations of cGW and cAMP. The intent2en here is 15 to be able to
carry out the neasurenents very rapidly and also with high sensitivity. The
process shoul d be autonatabl e and suitable for high-throughput screening of
sanpl es or test TROMRAUIRSHHEH ?r@c@gsek' t bd &8dd P @9&\5}91% e iReond th
the invention are preferably small-nolecule 20 chem cal® conpounds having a
mol ecul ar wei ghando¢ AMPoennt@@rations 0 lioing1ddls t‘m $000 Toawang! @a thé gleasurémerts,
that. These conpounds e used jndividually or else as a mxture in the -
processes accor ﬁgingﬁﬁ%B?HVEH¥$%ﬁ¥‘h%§¥3@6Wﬁ@9W@§thﬁfgﬁﬁﬁﬁﬁﬁﬁce with the
invention al so include antibodies, natural. substances, extracts of natural
subst ances, peptides, proteins and nucleic acids. This list is to be
regarded only bymotRer prayessffoemanguriagdntacaiitlansAMMis e nhdasaretent withekd aldl i sh
a screening systemfar. enzynes and receptors which influence the

intracel | ul ar c%ﬁ\AﬁdB‘Fli’l?@YPmoéﬁfeﬁY,Stemér(r MP} gespeiisa eieanent’a EREhaed theyengyslei ¢

Conbinat | ons, 1 EROA e & e h MRS SEen 7800 a3V R oncen et e

phot opr ot ei n i ndigadvasapdiioavwiver, Medith trdidelptiGehhd trafdatfonbsed 46 Mdlleyplace in
transfected with various enzynes or receﬁgors in order to test the

suitability of emMer Pathesigeal 1 fQyrL cAvHIG WS URcaserement egastiar bourp.nlkys wmeshod
ing, f | te | . S i le of -..J
broduei ng. i 1t abelts A0 BB feltig or R Buial e B8R Baflns in

whinch may be us#td. is the (3-adrenergic receptor which, after an activation,
i nduces an increase in intracellular cAVW concentration. 5 CNG channels are
i ntegral nenbrane proteins which are opened by the cyclic nucleotides cGW
and cAMP. This ' ' h r - [ el I
ahich are permebnrand gilsh S BRI & Bnfa SRCSI MERTR MR FAAE o5
channel s are cofpaseitg otiie inatceliuthe Bbh@atrabonsalf SEMP thd t AMP. Shb untehisor feeis or
het er ot etramersg@.S The sensitivities to cGW and cAMP can be influenced by 10
conmbi ni ng vht i olgsbesaein ey @itdhe meagremantsverygapilypandoaise b high semsitiyify-
Se! fert, Phys! ‘ﬁxe i%%\éss glﬁ)@lﬂg)oe %%%on?aqgo'lg %ﬁé{ 'suiIﬂﬁe q“graﬂ%%l-th{solﬁg tt &r gﬁg' Q\IGES
whi ch, according £6° 3 more recent nonenclature, are sor rred 10 sas
CNGAI - CNB3,  haw#nplesdr tedt comgoands (US| andh@IT)Br adl ey et al ., Science (2001)
294, 2095-2096). There exist also splice variants such as CN&. 3, for
exanple (Sauter et al., PNAS 15 (1998) 95, 4696-4701). The increase in
intracellular c L Qp: . .0t L.Ng h G
channel s and th%b@%p%%&?rg% ?él}%&%]%:é ggﬁt%ﬁ%lé\%ﬁg& fgegpgﬁ?%b@n? rﬁ{ﬂ(l)'vléor%egcug:
20  chemical compounds having a molecular weight of from 100 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
nucleotidés (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



may then be detected with the aid of calciumsensitive fluorescent

i ndi cators, such 20 as, for exanple, FURA, Fluo-3 etc., or with the aid of
cal ciumsensitive photoproteins such as aequorin or obelin. F The

phot oprotein aequorin which is derived fromthe jellyfish Aequorea victoria
is a highly sensitive calciumindicator in2cells. The aequorin conpl ex
consists of the 25 protein apoaequorin, nolecular oxygen and the

| um nophore coel enterazine. This conplex emts blue light in the presence of
cal ci um (Ca2+ i prog)cingirtthaceiblamGMPeariessironlation. 466eaild IONRSeRbr Which mdyends
Bi otechnol . (1999) 17, 477-481). Anotherphotoproteiri is obelin which has
been cl oned frobf Vedildths hydieesrsis reeepter ashidp atipesn activetion.dadusss arf increaseainp| e.
It consists of apgo in, and e |l um nophore coel enterazine. Likew se;
blue “light is ¥ ?ﬁgf%f@(ﬁuarir}nAl\?ﬁgorﬂ)chégtho& of calcium (Illarionov et al.,

Met hods Enzynol ; (2000) 305, 223-49). -4- Cuanylate cycl ases are responsible
for producing cGW from GIP. A distinction is nade between sol uble and
menbr ane- bound gi¥&nyghannelscgrsl msepsal Bombldne protamhsy sthéch execbpsediby she cyclic

het er odi mer conposed. ,of | phal nit and a. betal subunit. |t .is the
natural recepto uc?eé’gldﬁ? FG@B@@%@J%S( #Qé)lpypﬁ’fg’(ﬂ’ﬁc%’a“%‘?js PIOBRGSEHET FHIOTINO 5
synthase and caghdhh&s %@E&%&&&G%M%@Pﬁ%&ﬁ@kﬁefuﬁﬁbh% eﬁ?% Lapstional

NO-rel easi ng substances such as, for exanple, SIN1. Sincet
produced by guachdnatle areyainzmsed mfufes idedtasehtdroelsofdiffeeod sulessts| €hontoheor

(1087) 15, 454 B e ReRE e oo ROING ooRang! A0 Egofiacad odabicaced by
b SO - ' ' 0 . NP,
BN, O\ L?“’Suin{ P NarlSr SR VPP AU TR [1948) B2 B8 X P 450 SR

245} 233) . Anot hBhyspHaReac (2HG) 82,1 769-824r Gdei cignpeloswiunits a@NGy-@ﬁ@&Which:

"G protein-coupled ,.receptors" (GPCRs). These are integral nmenhran r.QL ei ns
whi ch can t ransﬁ‘if8gil?$1g° al@oﬁ?c{efg%t Ibqlgeéﬁlaégf?’r %eﬁ?%lrgggﬁ‘gﬁ?ﬁﬁ%ﬁﬁg‘@ggcel I
interior. The ipiveak@h! dlbdd ARNVEIlsRED CENRILY etCAl, Wt 2od1nloueneedryda.
coupling of these receptors to various G pioteins. The activation of

" G- coupl ed recéhtrorexist alsguaptice variamty sichaascClG43alfen enmmple (Fautantet mhaPN&tSor es

and. thus in an @gggﬂéﬁg%“@g opl asm c cal ci um concentration. The
"GS- r

activation ptors” results in an increase in cAMP 20
concentration, whereas activation of the "G -coupled receptors” reduces the
intracellular cAWMP content (Gurrath M, Curr. Med. Chem (2001) 8,

1605- 1548) . AnThx inepdase df inGecel byl EMP oc s pIMP sorgeptratien tes@tsadrthn epayiing of

receptors” which ¢ b stinuated with.the ajd.af agoni.sts such as. .
i soprenal i ne ( er@gp cﬁf??ne;ﬁﬁ?%ﬁ’ﬁﬁ%y Ray .mﬁ]‘f’&‘é%%ﬁlmgﬁl, I%H%Sﬁ’%(?ffc.lmﬁg%mng n
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 Adequorea 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 'photbprotein' 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). -



‘The cyclic nucl eotides cGW and cAMP produced by guanyl ate cycl ases and
GPCRs, respectively, are hydrolyzed by "phosphodi esterases” (PDEs) to give
GW and AMP, respectively. The phosphodi esterases are an enzyne famly
-whose nmenbers are distinctly different wit-Hd-regard to substrate
specificity, regulation and 30 expressi on patterns in the body (Francis et
al., Prog. Nucleic Acid Res. Biol. (2001) 65, 1-52). PDEs play a

deci sive part igugonheQhtiagg atr@?es 6'ﬂ§il§l€%1' #oéﬁmﬁ%%l\/ﬁ“ﬂ nf &R, heH@lRusRes & are
therefore |ikew se i nportant targ ar macol ogi ca Intervention. -
Surprisingly, comnté hetrvg:penrselublm&hmmbedne(wﬁ@dIgDaﬁgﬂhte&ycléses Sblmble)@&af;&&)

or, in particular, the CNGZ.channel EQ | r 1, Acc. X55010) with a
phot oprot ei n pr BXF&dFeiH2 et IPPTCQHI%RQ%EQ R gﬁﬁg ?"%’P“Héfléé‘theﬁé SBh‘&Hbitsslﬂi“?
intracel | ul ar r r

conbi nati on of ﬁaﬁ%e@i%@f&ﬂjﬁgﬂ% ﬁ(l%&l)deef& b) S@&aﬁl%h@ tgy 62{%&1@]&%@&@
AJ000515/ SEGQ | Dsythas8, andccan tkkarefbﬂ:ZﬂR(S)beaMVated piatomobdgitdlly bhiNO-rgeaed to
be very suitable for detecti ng% changes in_intracellular 10 cAMP

concent I‘;’;It i on ( FybytAnees3FuChdte 10k FATRRIET SRN-f S@ﬁ@z‘bq'%}?@/ ed /bynganylaEQ
I D NO 4/ SEQ I g .
particul arl st uﬁé}i\% e@@g&%@ﬁkﬁaﬁ%g@gﬁ%ﬁ\r © e% Qh@%ég@é ﬁﬁ?aaﬂig% gf\légf%g%%)

(SEQ | D NO: 4), phdithaasibpicalaaigdt @mmmmlsszmwzs 18e484-49)| Beadembiahe-dbamd ne
(Al 'tenhofen et al., PNAS (1991) 88, 9868- 9872) 15 The reconbi nant cel|l

| i nes may be pr é%}’}’éﬁie G¥¢l AYS F9BsPSH avtéaéxg;r@pgx gqgléweg\x@entp@g,\m aftlw 5 VGEDMAS
I t f |
(eXQrVTa ol IS+ e Bpclfi 0PI AP, SRPTRRD LERRSHD (el RA0 TGS K BT RV

transfecting t hPhegeol EHOON63,245M38%m d constructs. 20 The cells are seeded

for the neasurenents on 384-well m:crotitre plates (MIPs) at 1500 cells,
per well and on 1536-well MIPs at 250 ceIIs per wel l. After 1- 2 days of

grOWth ST et gﬁ%r I;hlaﬁn&% énylytif!l%&e S are c arg]%ectﬁ t‘ 11:91{

foetal calf seru I'S ‘renove eI enter 2| ne
25 (0.8 pg/ M) rerepdlL (mﬁGng;eTHé)se carbei!n&gaal metbiate @faiemmmh&;hrnan&dns&wﬂ&m ly,

test substances and appropri ontrol, subhstances (e SI N
i sopr enal i néj a?@l%%@l eXigace Plé‘F PFIRGTISEINR, S s rismﬁ’ﬁ’@r %élugqﬁ leyeds €61 1 s

for 5-10 mn. TQ dJreal msbﬁreemg?dg {qlae&) a con%lg%gf réc@ %ré 'tcgmathQ@

box by addi ng cal ci um cont ai ni ng e's VI inar cal cium
concentration: 3Protdds. Thd bctivadomiod “Gq-@@lmlr@eept&@” cesuftk df almldase of @alefvn To

measure the eff %%Erf n?tgmasﬂust?tg;e%na%?lsthgs! gneglg llgdregsg Ei‘n (é:;}’lolplsasr61!1r1ce cglglwggnc\émnttrepuon
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 “B-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 expressioﬁ 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

- ¢GMP levels and are therefore likewise important targets for pharmacological

intervention.



coel enterazine in cal ciumcontaining Tyrode's. The substances are then added
within -6- the light-tight box and nmeasurenent comrences imrediately with
addition of the substances (Figure 5). The advantages of this process are
the high sensitivity of the neasurenent, thé4{ow 5 costs per neasuring
point and the suitability for HTS and uHTS. The process has an excellent
signal -to-noise ratio, and it is possible to achieve stinulation factors of
50- 150. It is noreover possible to apply test substances for very short
periods of time, since a signal can already be observed after a few seconds
(Figure 5). Thi Sutasinghe combuang dgpeCNG3uhameti($EQ 18f Nectss Aot. NesX 89603t @nces
(e.g. due to cytotoxicity) o O cells used_being mnim zed. The process
i's noreover sui ﬂ%tﬂaétlcf"‘hﬂL %h@‘ggréﬁf}“ﬁé (SEQ JRaNQedepssr No.(Kaedih ovithyhose
natural |igand i [ bt d L e in
The CAVP | oyl (rgURaaN bhored 0 ¥ pebicei T for bReRBiRe RO I RETORE,
cal ci um concént c&MB tor{centratmmplFiggle Dy neans of | um nescence or

fl uorescence neasurenent. 15 The invention relates to processes for

determ ning the intracellular concentration of cyclic nucleotides,

characteri zed |\ Liifardufiftlse FAPE 20RIAMIBn QTROBNAGEALANEREEIHNG: 1y

phot oprotein i s préepare use and the Tniracellular conc i'on" o

cyclic nucl eot iStheEs IDSNGetXr Atd1edo.byrJI0EaNS/SBR THENOUIB, ness el eUs2ap3alandfat he
phot oprot-ein. 20 The invention |ikew se relates to processes as descri bed
above, wherein PhetooNtsincwaish@roved to e vencuitgblet five detritinecehangrs| in irrecellular

i-nvention c ri r+he ! i
nucl oot i de. 196 FRSTeRRRETRER FTafF 3T T CaRiRBy RIS SRR Sewes
dé€ycri bed above,(SBQEDENO®: MASECY D IND: 2MBE@JIDI MO: BF withMPplanepratetiebloved to be
e“>‘<~*§r essing a conbination of the CNG2/CNA. 3/ CNG channel s is prepared_and
used. 30 The i nwaficulsHYaiuiabledPrcaMR seppaemprly do dis ENGeuinb (G 537A)

wherein the cycl oty i . . r i cQuEhi i0on
of Cthe Gueo( TolSEQ, TGS nle' Antacid MleBunelshy FH0 HER Bl " QR 2k
i nvention rel at galteghoféeetial QPHASHS 99F) 88c9868-0872)above, wherein the

photoprotein_is aequorin. 5 The invention also relates to processes as
descri bed aBdve, wherein the photoprotein is obelin. The invention relates

to a @t hod of  SGLeeRbRYidaGS teefi OTRAY l?rﬂa%f be rpxjeﬁiaq'gcrl i Jsﬂgn%ommon 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 37°C/5% CO,, the cell culture medium (DMEM/F12 containing 10%
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



receptor |igands, wherein any of the above-described processes is used in
which the 10 cell used expresses the receptor and possesses an
intracel | ul ar nessenger system which allows a receptor-ligand bond to cause

-measur abl e nodul ation of the ion flow throtigh the ion channel, the said

cell is incubated with test substances of which those nodulating the

| um nescence are selected. 15 The invention also relates to a nethod of this
type, wherein the ipRCRRNBod SPman Dbl BrfRLE it ith AR dY &P e 0N
also relates to a r orr spoondi ngmrres"t org, vvhere(%hE t he g%%fg?n-cobp eﬁp ©
receptor is an wbgheges(Bgeptdr. 20 The invention furthernore relates to a
nmet hod of screening test conpounds for identifying nodul ators of
phosphodi est er ases, wherein any of the above-described processes is used.in
whi ch the cell pgethaxRbESHERid arphiedias Lakasy difife il |

i ncubated with test subsSt ancesS %?Cé\%/ﬁi %ﬁ t hose e(r?rlts) u Ztoltfnge ?ﬁgﬁrﬁﬁdﬁ’e&hﬁﬁge
are 25 sel ect egbstsTiee meaneiig mintl andeid setabiitafe@sHTS aad nElTISoThe bravessdeniang

“test conpounds for_ identifying mpdul ators of_ guanylate cyclases, wherein

any of the abov&caikstsigpaldionpigratecndiisispossiblero arhigye stiaulation fagtoayot 50-
expresses the g t : ' LS |

subst ances of vﬁﬂ# ‘?r@%@% UF%PI%Eg a? ﬁlé;%é&%hhset%%g%z%ﬂ ge&ggﬁéxgg%ﬁ%g&@?&"rhe
invention al so siasepd bigesl @nmtieBdd bobbsevekeattarq feasiecondsp@igias 55.0This has the

identifying nodulators_of NO synthase, wherein any of the above-descri bed

processes is us¥yaniage ghuaspecHis effcts aktegt aibsiBseses & e NO IINPHEEY ohthe

sol ubl e guapyl , Sy e 1S i d. W Sl fances
of which th@e%ﬁﬁéﬁﬁ% ?Uﬁ%glgt q@ﬁngﬁ?fug][h%eéﬂg 8%152 ells gﬁ %’@2 e%:"weahi.% ﬁ%?eéhla%\lé,{e%?ﬁt‘z?%n
o rel ates t o“aplear reegpestiregepies Wdtse whrratiligahdés tWRnswn), ke iaiischostibi

sof ubl e guanyl ate cycl ase_are expressed in different cells. 10 The_invention

al so rel ates to0a0kssre Pt pdrBgeshin HisycAMPt kael (Gt seupling nd, ¥ rcuplingindide

4 f Description dhe, ftgures, ki : e progsmtAt Lon th
process for detcer n%nsl ng |int ?ace 1]I ﬁdifﬁnﬁlg C gd(;lnc n rcgtﬁgﬂ. E?gtﬁan%:gf
Lum nescence nehsiinaoane oafluereseaaice wehsiemeit. sol ubl e guanyl ate cyclase with
SIN-1. The "relative light units" (RLUs) were neasured for 1 mn. The
anount of I]59ht neasured at the SIN-1 concentration 20 indicated over this

period i s showngye jnvention 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 eyclic

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
O channel is the CNG2 or the CNG3 channel.
The invention comprises processes as described above, wherein the cyclic nucleotide
25  1scGMP.
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.



Figure 3: Schematic representation of the process for determning
intracellular cAMP concentration. 25 Figure 4: Lum nescence neasurenent
after activation of the P-adrenergic receptor with isoprenaline. The
incubation time with isoprenaline is 10 mf-in calciumfree Tyrode's.
Measurenent is started by adding calcium The relative light units (RLUs)
are neasured in second intervals. The tine course of the | um nescence
signal after addition of 30 cal ciumand previous incubation with 0 M
(stars), 10-7 M (squares) and 10-6 M (triangles) isoprenaline is shown. -9-
Fi gure 5: Ki netTlesingéntidverelaiesi tnebe provessss gndescaibedab@ae] iwhatei otheqfhotdpeotein
(3-adrenergic receptor with isoprenaline in calciumcontaining Tyrode's.
The measurenentSi#§4%f % ted with the addition of the agonist isoprenaline
(10-6 M within the light-tight box. 5 Exanples 1f, for exanple, soluble
guanyl ate cyclase is additionally expressed in a cell line 10 which
expresses, & aTldGuRemimsalsd refptesy/totppogestdses @xkazibet aboned, wheksih tHe pctopidtein
together with a cal ¢iumsensitive photoprotein, it is possible to increase
the intercell uS&PSRIBVP concentration with the aid of the guanyl ate cycl ase
stimulator SIN1 in a dose-dependent manner and to detect an enhanced

| um nescence signal (Figure 2). 15 If, for exanple, the (3-adrenergic
receptor is addihd mahtiyn exlatesstved metho@!dfsscrdenily, ted3s compoiids- for aideniti Mg
system express a cal ciumsensitive photoprotein together with the

CNG channel subGaFRter logands, Tsheran/anmof thy dpes-desrther mregosses/iseed) ip whichnghe 2/
SEQ I D NG , ti.vati i r S: i r.e I l'ts
"n 20 a dosid, et il e, U Rabibt b ports IR A o AR ARG G2
effhanced | um swhithallswgaatceptordigatd Hdnd td cdubemeadursbl@n@daladog efltheiibih flow
co€l enterazine in cal cium _contai ni ngﬁ;ﬁgﬁoige' s, the agonist isoprenaline my

al so be added dihrehthe o chganel dhe sai cybgéed Wigh fest supptangssof which those
| um scence si g@lodﬁﬂ?ﬁﬁ% Eggqﬁngﬁs&gﬁﬁr\%@d‘@e&hi n a few seconds (Figure 5). -
e of - and a p

10- Cains 1. otoprotern for the neasurenent of cQGWP.
2. Use of claim1l1, wherein Aequorin is used as a reporter gene. -1/4-
SEQUENCE LI STING . i i , -

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
3 identifying modulators of phosphodiesterases, wherein any of the above-described
processes is ﬁsed 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 incubatéd with test substances of which those modulating the luminescence are

selected.



<110> Bayer AG BHC <120> Test nethods for determ ning the intracellul ar

concentration of
Patentl n version 3.1

cyclic nucleotides <130> Le A 36 621 <160> 5. <170>
<210> 1 <211> 3166 <212> DNA <213> Bos taurus

1 gctcacctac tggcaggct g gggt gt gcag geccccacadt gagagggt ca gacat ccacc 60

cagtgggcag
gcctcagcetg
cagggcgggc
ctggtctggg
gagggttcgt
ccctgectcg
acagaaaaag
cctgccatca
gctgctgatg
aggaggggtg
aggaacttcc
gagct ccaca
aagggcacca
cgctggcettt
gcctgcttca
t cagat gt gg
gggctactgg
aagct ggatg
aaccct gagg
cgoact gaga
atCttgatca
tttggggtag
agggagt aca
ccaccccctg
ctcatctttg

cgggct gagt

aactgtttct ccagtgggca agtgctgccc tgggccgagg cctcgacctc 120
t aggcat ggg ctcctctgag tcactgccgg cctcccctge tggectcagg 180

agct Thd ingantidriAe Baehri @8 GaRetbE 6f 9EA8H8a dsE cHUpaRds %Cid@ﬁ%}*ying

gacaggagct tt gaggtc tctactgtcc cttggtgctg atgagctccc 30
ct ctigaé g@rSa@fgg tsynthgseg adwtrae enyof tigabbye-descrbehprggesses i368ed in

Soaat§ihghe B FRO0RRRC R HRONE) Srindand Bl BHESRR. Brdgs. e
aggCHAL @Y GAGRGHAERC \ﬁﬁ@%ﬂ%&&tﬁ&@&%%ﬁc}ﬁ%&kcmﬁﬂaﬁﬁg the

acacctcctc agagctacag caactggcag agat ggatgc cccccagcag 60

gct tluogessgengaaragstastad. ct ggt ggggg t cct cagaga gt gggecttac 660
gt gaggagga gcctagacct gactcattcc ttgagcgttt ccgggggcct 720

ccgt gacaac acaacaagga gacggcaaag gcgacaagga cggcgagggc 780

agaagRafibnd GRS Fdldtts @tac&érgag&?diﬁ%gﬁmg AiefelD8aGD %gmggs% and
ttctcattgc cttgcccgtc ctctacaact ggtgcctatt ggtggccag 0

gt gathe sglubhleguanylgetcaclaseaara eapressed g diffegem cellggat t acgt ¢ 960
tctacat cgc agacctcttc atccgactgc gcacaggttt cttggagcag 1020
t gaaagacac caagaagttg cgggacaact acatccacac catgcagttt 1060

10 ICTRALSHRENt ot AL BE 16 2CEH g&&ﬁka@%ﬁ&z%&}% aprgg&a%tiﬁﬁﬁltatehja% ve.
tgcgcttcaa ccgecctgcta cactttgccc gcatgtttga gttctttgac 120
1260

cacgcaccag ctaccccaac atcttccgaa taagcaacct gatcctctac
1320

t cat{.cact g. gagt,gcet gc atctactatg ccatctccaa gtccatcgge
acacctyyHt 'Qg’tcgégﬁgggﬁesat cactgacc 1380

ctgagtatgg ctacctgtct
tctattgcct ttactggtct acactgaccc tcaccaccat tggggagaca 1440
1500

t aaaggat ga ggagtacctg tttgtcatct ttgacttcct gattggtgtc

ccackigursglh: gggachenytig rgpresantaiiogaofttbe prerasafor getergpoieg teseliular
ffcaggccaa galgg &ﬁrg%g%%gcatt atatgcagtt ccgaaaggtc 1620
(v .

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 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 Juminescence signal after addition of
30 calcium and previous incubation with 0 M (stars), 107 M (squares)

and 10" M (triangles) isoprenaline is shown.

<400>



‘agcaaggaga
agt gt agat g
at caacgt cc
-ctgctgatgg
t gccgcaagg
gtggctgatg
atcagtatcc
agt ctt ggct
gagt accctg

ggcttgttgg

aacagct gg agaccaacat ggac

t acacgggag
cagaat aat g
aagccat aat
gagctgtgta
cctctctget
cagct aat ct
tctaagtttg

t ggaagccaa
agcgagaagt
acct gt ccac
aact ggt att

gggat att gg
acggt gt cac

tt aat;

act L Bare
at gccaagag
at gagaat ga

cccagcagaa
aggat gact c

ggt cat t agg
cct caaaaac

act caagaaa
aaagct ccgg
gaaggagat g
t cagt at gcc

gt (SPger ¢

got

t ggt t t gact
ct gccagcaa
gt gcgcat ct

actt gt ggac
agct cagggc
ttcaggactg

cctcaggt ct 9t-t agccct gg

t acat aat ca
ctgctctcgg
Lgg953a

ccaagga

ggcttggccc aaatgcccct ccagcecttgg

ggt ccccaca
ggaaggttta

t gt gga
aggalssailss

Saaaagaggag

tatatattca
gggct cgatc
atagactgtg

ttaccacatc
at ccagaagc
cttagct cgg
catctctcca

aggagggaaa
ctgggagttg

ncés(%gg?qcaca C
g atctt degda
99t B-ali@8egicd aBREREHC Xt IdaGRtdaline I3h _AGHAY ckBifling

gcagcc agcat ggagg tagatgtgca ggaaaagcta 2220 g
odt’'s Thamersmupmert igstentgbwithdhd aifivonof h2 8@onist

cot SretgaRegarhantin oidaghcs

ctttgacccc
cccttgaatt
cctcctccaa
cttccagaag
ggctcttttg

caat aagaag
t gagat agcc
t gaggct ggc
ggact acat t
attggcagtg
ctttggagag

1680
1740
1800
1860
1920
1980

aacat.ccgc 2040
dpn 2?€Othe

gt 6'5R

aagat gaag

ctgccgag
agggct ggaa
ct cccagaag
gt ccgact aa
cttcagcctg
catctagtta

2340
2400
2460
2520
2580
2640
2700

cctcctactt
t gt agt t aga
aggcaaaagg
ttcctcecgece

gattcttttc taatatgtgt tctgaatatt tccatttccc tgcagcagta 2760
acact ggctg cagacaccca gcactggtcc cagtgtcctt ttcccaaggc 2620

t 9: gltja@ygwgmesgbft@ﬁg gagniage tcgtalaset %sc?h?fmﬂlymmsm gRa Igggine
ctgccaa cccagag agccct. C adaCccCa

aggaggat gc t ct68F§F§PE§§?d§éi@gwgggﬁﬁﬁﬁgégygﬁ?g éﬁ%ng @Eﬁﬁ&ﬁ%ﬁﬂgéﬁérU

gcagcaggca aggcpeehed vigRad ghfim SHIRRQY H&oglto%gﬁp% G ;sagﬁsfecwigcrg%ggtﬁeﬂ 4-

cagagtgttt ctcaggaggc cctgaggctg atggtgggtg gatgactctt ‘caagttaaca
t ct gcagt ag agacmtdrcadinlaantViRatomaerdtation twitly sheagitlt dft thd Ig@nyla]drele sHihiat@236

<212> DNA <213> }&bg%bggéégg%ggg% <400§F§é§§§%%8§%fc atggﬁg%gg&ggg%g&g&gcg

tcttagaagc tgct
gb) gt cacagccc 120 caggctgacc tactgcaaca tggaccttcc

gt cccaggcet t ggcatigg
t accagcaga gcccg;aaga cccaatgtcc 180 tgctggatag ctgtttggtg gtgcaggctg

at gt ggacca Ht gccagct a gaaagggcac 240 agccagagac agcatcgatc caggagttac
cagaagaaga agaggagaag, gagunagage 300 2920092007, 9032080950 A200RA9RAY .
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).



aggaggaggg
acgggaccca
gaccagccac
cccaat gt gc
acagcctt gt
ccagccacga
ct cat cccag
gacaccct cg

ggaggccaca
gt accat ggc
ct ggccagga
ccagct accg
ccaact ccaa
aagagcaccc
aggagacgat
cggttcccag

gaggct gaagClaisd caaggc

cccaccaccc

agt gccat ca t caangas eNECARCATRAGD

cacaggaggc

aact caacag
t aaaccaggc
gggccccaga
t cccgcaacc
cttcaccaag
ggagct ccag
cccgccacct
cgcagcaacc
cct gt caccg

t gat ggcgag

t ccccaggat
ct gaacat gg
cctggccccce
acccgcatcc
gagat cagga
gt ggaggaca
gagagaccac
cacaggaaga
gctgagtccc
gaccgt gcgg

cacgcctctg
agct gaat cg
caaacccagc
ccgt cct cgt
gct ccat ccg
cagat gccga
cagtgtctcc
agctaccttc
cagt ggttgc
cct ccacagce

cct gacacct
cct ggt ccag
cgagcacctc
ct cccggagg
tcgcctggta
agct ggcccc
cgccaagt ct
t caggat gat
ct ggt cagac
cagccagaac

réitid $6A8e AR dutnh @ 8gdaMec ggacagag

aaggt gaagg agaagctcat tgaccctgac gttacatccg atgaggagag caccaagt cc

 coceageea, a0aqg9eeeliRYAFhaEY

gcagaggagg
at gt accagt
ttcttcgtgg
ccgt accagc
at ctacctcc
at catt acag
gact t gct ct
cttcgcctge
gccat cctca
agcttgcatc
act cact ggg
aaaact ctca
cagct gct ga
gat gt ggt gg
gt gaagt aca
t at gagt aca
ccggacaaga
gcgctcttcc
gt cgt ct acc
att at ccagg
acact caaag
aggcgcacgg
gacttgaatg
aggcgcat gc
ccacgt gcgg

agcact act
tcccccggag
t gctggectg
gggcagacaa
t ggacat cac
at aagaagga
gcecttttgece
cccgct gect
gcaaagcct a
tcaactcctg
tttatgacgg
t caccat cgg
attattttac
gggccgceccac
tgaacttcta
cctggcattc
t gcgt ct gga
agggctgcga
t acccaat ga
cggggcaggt

ccggat cggt
ccaat gt ggt

agattttggt
t cagaaacaa
gcaccccgaa

g tgacatgc
cat cgaccca
gaact ggaac
cat ccacctc
cgtgttccag
gat gcgt aat
tttggatttt
gaagt acat g
cgtttacagg
tctttactac
cgt ggggaac
aggact gccc
aggtgtcttc
ggcagggcag
caagat cccc
acaaggcatg
cctggccatt
ccggcagatg
ct at gt gt gc
gcaggt gct g
gt ttggagag
ggcccacggce
gcattaccct
caacaaaccc
gctctt caat

?%mﬁ&%?&Q&

gcaag
ct gaccaacc
t gct ggct ga
t ggct gct ca
atgcgtctcc
aattacctga
ctctacttga
gccttetttg
gat at cagga
t gggcgt cgg
agctacattc
gacccccaga
gctttctcetg
acgt act acc
aggt ct gt gc
ct ggat gagt
gacgt aaact
atcttcgaca

aagaaggggg

ggcggcccag
at aagcttgc

ttcaccaatc
gaat ct caga
aaggaggaga
gctgcect gg

Y A

agcgcag
tcatgtacat
ttcctgtgeg
t ggact act t
agtttgtcaa
agt ct caacg
aact t ggcgt
agtttaataa
ccaccgccta
ccttccaggg
gat gctact a
cgctctttga
t gat gatt gg
gcagct gcat
agaaccgcgt
cagagct gat
acaacat t gt
t gct caagcg
agat t ggccg
at ggaaaggc
t ggct gt cgg
tcttcattct
agct gct ccg
agagt gt gct
ct gcagcagg

ggcagaggcg
gccct ggaag
cctgtggetg
ctgggecttc
gtgcgacttc
aggcggggac
atttaagatg
gaaccccctt
ccgt ct ggaa
cct gct gt at
catcggttcc
ctgggctgtg
gatcgtcttc
acagat gaga
ggacagcacg
caagacct gg
ggttcagcett
cagcaaagtg
acttcgctca
agagat gt at
tgtcctggtg
gggcggt aac
ggat aagaag
gaagaaggcc
cat cct gccc
aaagat gggc

420

480

540

600

660

720

780

840

900

960

1020
1080
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



cccaggggag
gcact ggagg
gccgggggag
cccaaggagc
gagggaagca
ccaggccctg

ccaagggcgg caagct cacc
cagccgcacg acagcagcag
aggagggct ¢ tggagccaca
cccecgyai @ eccaccecg
€99aggagas:,69cag9gGLcy ccggagcctt cagtgaggat ccgtgtgagt 2940
at cccgggga acagacacta tcggt ggaga tgct ggaaga gaagaaggag 3000
gaggt ggagt gaggkgnattﬂeagoaﬁﬁﬁkgfafcaﬁahﬁﬁgmtaggtggggglggggaggkg&rgggg
gaaccacctg cctca&@aagmehﬁevbagcc t aaaggcgcc ttctcaccgg cttatagaaa 3120
ctctcaaatt tcatg % %Xg?tggtga cctcgagctc ctaacattcc cggagcaccc 3180
tgctcccctc tcacag gc taft ttctag aagaaaaccg ccttgcactt t aaaaa 3236 -3/4-

<210> 3 <211> 23bdp> 212> DNA <213> Rattus norvegi cus <400> 3 cgctggagcc

cacct gagag ccaggct caa
ct gct ggaac aggccaagag
gaccaacct gl/daccccagga
agttctccac cgccagcctc

agaact ggct 2700
ctcgcaagaa 2760
gccgt cagag 2820
agcaaagccc 2880

of

cgagggcagc ctcttccagg aagccaggca ctttcccaag ccacctataa 60 tcggagaatc
act ggat agt ct acagdet Farpactcaewmétn dcggaaacat gagccaggac 120 ggcaaagtga
agaccacaga gtccaggecg ccagccccaa ccaaagccag gaagtggetg 180.  ccagtcctag
acccat ct gg ggatpg ﬁaglg@ctggtggc t gaacacaat ggtcttccca 240 atcatgtaca
acctcatcat cgttgtatgonagggcctgcet ttcctgactt gcagcacagt 300 tacctggtgg
cctggttcgt gctggactacoacgagtsgacc tgctgtacct actagatatt 360 ggggtacgcet
tccacacagg attcctaga cagggcatcc tggtggtaga caaaggcatg 420 atcgccagtc
gct acgtccg cacct g:attcct L. cctg %tccc 480 acagatgcgg
Cotat glaca got GdRReEs s Bl REC LA LS R RDag giigﬁgt‘:gﬁiigaﬁ?f’égaggi
cccgcectcett cgagge&ttcsgctgab@@aa@@guag@(ﬁgggge@@tgg%tcag&eé\tg é@igg;cct &L

gcat agccaa

gct gatgotdgat aeaitcttttgtagcma@tg@@tt caz;aackcttggaamg&tt%ﬁggattg@ctct at act
tcgcecctgtc

caggtExEe! g 954 asgt

CB@FQF&E@G%*?Z@Q&@&@@ctgé
agept gget t tgag@g@f@iac qcde o1 § g‘?:ctcl,t?:t agte %aa‘fé %
tgaccac agt gggatgga&aaccggﬁgégg gag gatl-atee giﬁgltcawcg
t gggt gactt cctgctgg&acgbﬁakgggmtaﬁ@gﬁ@aﬁeahg@ﬁbggg&ﬁg@mQQQamﬁEgﬁgct@I@

tcatttacaa
agt acat gaa
agcatcttca
agcggct gcg
tcttccagaa

cat gdaseiate @a g@ggagemttaeét%emtwa@@a@gegtg@wccmqgrt aa&ga
gct gé ‘-fgt HCH ﬁgﬁcgg? Eggtgsgaqff%ﬁangewcgw gfsec
gatcg%&.«%@&c@igéigﬁ Cencacaag] BTt 8333 it 9%39
ggcggadigticcgelhgigi ot grdagoaced gﬁd&&@%%g@g@gg& gtactiagt a

ct gt ga@gwtagmgtcgctgggutaagagm ggitaga@t:ga;ag;@t@tiZ@@ggceagcccea‘ga

cctactcgcc a3gc g‘é%ﬁg‘éfttcg g?ﬁ %@ gg éc“a%at% %@g&@a@ggi%@tma@f@t acafta
a ggagca
tccgtgaggg Ccagﬁgg@@g g gg (Z gac:aa @c@gca% gcagttg 1080
aagctggatg tggcctccat catccctaca gacctgatct attttgctgt ggggatccat 1140
aaccctgagg tgcgcttcaa ccgcctgcta cactttgccce gecatgtttga gttctttgac 1200
Cgcactgaga cacgcaccag ctaccccaac atcttccgaa taagcaacct gatcctctac 1260
atcttgatca tcattcactg gaatgcctge atctactatg ccatctccaa gtcbétcggc 1320
tttggggtag acacctgggt ttaccccaac atcactgacc ctgagtatgg ctacctgtct 1380
agggagtaca tctattgcct ttactggtct acactgaccc tcaccaccat tggggagaca 1440
ccaccccctg taaaggatga ggagtacctg tttgtcatct ttgacttcct gattggtgtc 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 tgaggctgge 1800
ctgctggtgg aactggtatt aaagctccgg cctcaggtct ttagccctgg ggactacatt 1860
tgccgcaagg gggatattgg gaaggagatg tacataatca aggagggaaa attggcagtg 1920
gtggctgatg acggtgtcac tcagtatgcc ctgctctcgg ctgggagttg ctttggagag 1980
- atcagtatcc ttaatattaa gggcagcaaa atgggcaatc ggcgcacagc caacatccgc 2040
agtcttggct actctgatct gttctgcttg tccaaggatg ‘atcttatgga agctgtgact 2100
gagtaccctg atgccaagag ggtcttggag gagagaggcc gggagattct gatgaaggag 2160
ggcttgttgg atgagaatga ggtggcagcc agcatggagg tagatgtgca ggaaaagcta 2220
gaacagctgg agaccaacat ggacaccttg tacactcgtt ttgcccgect gctggccgag 2280
tacacgggag cccagcagaa gctcaagcag cgcatcacag ttttggaaac gaagatgaag 2340
cagaataatg aggatgactc cctgtcagat gggatgaaca gcccagagcc acctgccgag 2400
aagccataat ggcttggccc aattgcccct ccageccttgg ctttgacccc agggctggaa 2460
gagctgtgta ggtccccaca tatatatgca ttaccacatc cccttgaatt cteccagaag 2520
cctctctgect ggaaggttta gggctcgatc atccagaagc cctcctccaa gtccgactaa 2580
. cagctaatct tgtgcagggc atagactgtg cttagctcgg cttccagaag cttcagectg 2640
tctaagtttg aggaagaaag aaaagaggag catctctcca ggctcttttg catctagtta 2700
cctcctactt gattcttttc taatatgtgt tctgaatatt tccatttccec tgcagcagta 2760
tgtagttaga acactggctg cagacaccca gcactggtcc cagtgtcctt ttcccaaggce 2820
aggcaaaagg tgtggagggg ggcaaggagg agatgctcac tccaagtcct gccgtgcetga 2880
ttcctcecegee tgtctgeccaa cccagagtgg gagecctgtg gtcttttctg aaccaggggg 2940
aggaggatgc tcctggtctc caatccatcc caggacatgg agtgaggaac tagcagttgg 3000
ccagcaggca aggcacctgg agaaggtggt gggcaggagce ctggccatca cccctctatg | 3060



gctgtgettg
at gt ct ggaa
ct cagcaagg
gaggagaagg
gct gagat cg
gat gat ct gc
at agcttacc
at gggt gagg
aaggct ggcc

1380
1440
1500
B360
B629
1680
1740
1800

gt gcagggct ctactttggg gagatcagta tcatcaacat caaagggaac
accgacacac agccaacatc aagagcctag gttattcaga cctgttctge
aggat ct gcg ggaggt act g agt gagt ace2dacaggccca ggcggtcatg
gccgagzasittetttgrveamacavg@at aagistt gyatogt gaacttgehgaggea
ccct CEHIHH 2o HCAtfagP It G pECHEgyGetdga ccagcaget t
agaccaagtt, tgctcgecta ctggcetgage tggagtccag tgcact gaag
gcat cgaaax2get ggagt gg cagact cgag agt ggccaat gccagaggac
ct gakget>gapNggct gagcct ggagaaggga cgt ccaagga t ggagaggga
aggcggbac et carpyyediaugaat gacccc gt cct gaccc taggactccc 1860
agct caaat a aat ccagagt, ggt gggaaag tctgcctgca ggaactgtca tcctectttge 1920
taggttacag aacgbaddhe-adlhaghsla.dagaarela, gctA990at g L aggs cacag 1 504
:catccattag tccgatmeidc aGoageanal 04 A6aC a6RC. RCAGILACA: AAALALOLIC 2040
acgcacacgc tcaagastgmegtiectmeatargbgitt eCtgicagdabetogemamGai-gigeaac 2160
at gat cacag agaaéa%ﬁgﬂi}}aaa’ct Et&eqtggg@a@qgetq gmg@tcaagiemcpam@a@a@mtﬂ:a 2160
aggaggt ctg ct ggtfiaey” Q 3?:%?9‘:‘”’[‘3 "t“-‘tt G2 ge %ega%aa 2290
caattcctga act CLAUGE GoaCeabd bt atade @ﬁabjgg%gg §aaig§39c 22?3)

t gagct ggga caggag@tga&ccatgttg&aaz_t;gataaaedag@& gtPatgad tay gﬁatc@t@a@@&:

aggttcataa c 235§ccag®§©xt4gc<2§g.h>ggﬁb@©r2aga<2d®9cd3mcsta?a:bacagmktgab@dciﬁN@540<400> 4

at gacagaaa cage ctctcétc(?e cewIsttaaceatcacat caceugrc 6600

cctcctgeca @@?ﬁg ggiq gé@ﬁ@;?g%gg;@&g@é égcggc*(fé& ?‘if‘t 12%
gctgectgetg a @&aQEé‘caGtafaégﬁg&Jt c&; gGa&l g&daqa 9&9 1

cagaggaggg gt 99@1&&@6@0@aggﬁct@@CC@@@@E@QE@@g%@Ia caet:&agttagagt_,@gg& 2400

t acaggaact tccgugmEzgeagrageeta acq,tgtcgiaeq eattga@mttcgamgtgtctctt@c@gg@g 3000

cetgagct cc acacchigatca é?:‘-"&é%‘—’é E%% i‘:ﬁgéﬂ&g eeaad E%@ 366°

¢ catca g 0

ggeaaggt ca ccaag g@agg @g ] ;?;@an g%gg gﬁc jﬂgﬁgo

tact ggt ggc t tt&e&ﬁa&mﬁgge &QCm& ag @&%c&% gg.g@@ g 380

agagcct gct tcagtggeag@gctagg(}aa;gaaaggfctxiaaettgacatcacggt@tggg:@&ag;gbcagcicggajghsgc 5400

gtctcagatg t téﬁ%a%agé ag&e&gcg%tﬁ@a&?%% Bee c,t&e, éttt%%@?*t gavg 61@@8

caggggctac t ggt GG gﬁé Qeio 1L G0 %?'fg%c % §§80

tttaagct gg at gt QOCGES: o6 AL ALELL! cACAURLE LOR ol akat atgﬁittg@catagigd @gai 29,

cat aaccct g aggt gegeticagarceqedaggabaqact tatatggae@ﬁgca@t;gﬂ‘cﬁadggagua@&{gt 800

gaccgcact g agacaegcactct ayetateectiggeatet cectagaat aagodacwciaatecctc 8460

tacatcttga tcat 65?%‘36?}96tggg&ﬁg?c9aa€§a<,°af%tgaﬁttc%tttgcaéé‘ttéﬁ‘éaac%gff@@ﬁt c 1@6@)

gccatcctea gccta cgtttaca tatcagga ccaccgccta cctfctgtat

agcttgcatc tcaactcctg tcectttactac tgggcgtcgg ccttccaggg catcggttcece 1740

actcactggg tttatgacgg cgtggggaac agctacattc gatgctacta ctgggctgtg 1800

aaaactctca tcaccatcgg aggactgccc gacccccaga cgctctttga gatcgtctte 1860

cagctgctga attattttac aggtgtcttc gectttctctg tgatgattgg acagétgaga 1920

gatgtggtgg gggccgccac ggcagggcag acgtactacc gcagctgcat ggacagcacg 1980

gtgaagtaca tgaacttcta caagatcccc aggtctgtgc agaaccgcgt caagacctgg 2040

tatgagtaca cctggcattc acaaggcatg ctggatgagt cagagctgat ggttcagctt 2100

ccggacaaga tgcgtctgga coctggceccatt gacgtaaact acaacattgt cagcaaagtg 2160

gcgctcttcec agggctgcga ccggcagatg atcttcgaca tgctcaagcg acttcegctca 2220

P gtcgtctacc tacccaatga ctatgtgtge aagaaggggg agattggccg agagatgtat 2280

i;) attatccagg cggggcaggt gcaggtgctg ggcggcccag atggaaaggc tgtcctggtg 2340

- acactcaaag ccggatcggt gtttggagag ataagcttgc tggctgtcgg gggcggtaac 2400

aggcgcacgg ccaatgtggt ggcccacggc ttcaccaatc tcttcattct ggataagaag 2460

gacttgaatg agattttggt gcattaccct gaatctcaga agctgctccg gaagaaggcc 2520

aggcgcatgc tcagaaacaa caacaaaccc aaggaggaga agagtgtgct catcctgecc 2580

ccacgtgcgg gcaccccgaa getcttcaat gectgecctgg ctgcagcagg aaagatggge 2640

cccaggggag ccaagggcgg caagctcgcc cacctgagag ccaggctcaa agaactggcet 2700

gcactggagg cagccgcacg acagcagcag ctgctggaac aggccaagag ctcgcaagaa 2760

gccgggggag aggagggctc tggagceccaca gaccaacctg caccccagga gccgtcagag 2820

cccaaggagc ccccggagcc cccagceccccg agttctccac cgccagcctc agcaaagcecc 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 taaaggcgec ttctcaccgg cttatagaaa 3120

ctctcaaatt tcatcaagta gtggtggtga cctcgagctc ctaacattcc cggagcaccc 3180

tgctcccecte tattttctag aagaaaaccg ccttgcactt taaaaa 3236

tcacagttgce
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‘ggctttgggy

t ct agggagt
acaccacccc

gt cct cat ct
acccgggcetg
gt cagcaagg

960
1020 -4/ 4-
1080
1140
1200
1260
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t agacacctg ggtttacccc aacatcactg accctgagta
acatctattg cctttactgg tctacactga ccctcaccac
ct gt aaagga tgaggagtac ctgtttgtcd/4etttgactt
tt gced@eat cgt gggaaat gtgggctcca tgatctccaa
agt t €Gagg¢ vaagatt gat getgtcaaac attatatgea
agat 3206, £aaqglaatd,a00t ggt ttg actacttgtg
aagagt gt ag at gagcgaga agtcctcaaa aacctgccag caaagctcag
gccat caacg tccaeabgt e cacactcaag aaagt gcgca tctttcagga ctgtgaggct 1380
ggcctgetgg tg amwcaptwa c,cte colycmyggeavetd tageoray ggggactaac 1440

et s E e i

gtggcggcetg

gagat cagta tcct i@atdhc aa&gg&agccga@a RB99G8-_RL&YgEFegL tadesRACALC 1640

cgcagtcttg gct acdctgagd @twg;tgttc:tggcgctziggtmaa:gggtahg:at@itbatccggaegeta;tg 1680
ct gagc.g:ewacga eI Gy e@ggwgmag% @tagea'g 15240

act gagt acc
t ggat JaGHA : J@thcg% ?‘gﬁ ﬁa?f&ag 1%0
Totodbld tacecdacdst

t ggctacctg
cattggggag
cctgattggt

cat gaat gcc-
gtt ccgaaag
gaccaat aag
ggct gagat a

ot agaacag tggagécégi@gisaﬁggﬁei Ei:gﬁ fotynce 1860

ct agaacagc
gagt acacgg gagCQ&@g&acQ@a&G&&b@ag;c&ﬁ@@@ﬁ Larcag] tidrggrcaacgpagatg 1820
aagcagaat a at gaggat@acctcgetgicaagabgggajggar@cagearagatgaeatatgec 1980

gagaagccat as 19@2@9&2‘1@%0%99@211@&1%@1@ ‘%@S[@ﬁawtct‘i@faé cBogattaar us’80<400> 5

.~ - gtcgt E%ftzg‘icfat EQQ aﬁ@‘igﬁ&% A1 0GTRaEe e eitetcd gogfdect cca
cc ccat ¢ g
60 ggtccgagtc gk agcaacid pag E ag, @é@i&@@%@ié@ﬁgagc% 120
ccttggggt g gaat gﬁgga&agé:agﬂaaa@aaggc QgetanGaadab iR GeR clgagdeeac 180
cccaccagga cacaecaceditecggteagyasgaatggauagagt@atet gmb@@gca:htcgamc 240
gghct cagca ggacé‘tc&é‘{clgt éé%g aggg a¢at TgetLta %fa?t gt 300
geeat ggaga ct ag&bﬁé@é"‘ derg Cenaif tect € é fLgc %@2@
accaggttgt CanQQ&Q@&cQ&E&&@Qﬁ QxQ gt @Q@tﬂﬁgﬁ ag@&ﬁg@ LaLaetay 4
gaggaccaga ggccqgac@ﬁtamt@mbggagtegﬁtigmgﬁgta@agctgﬂgﬁﬁt&ﬁaagag@tg1430
t ct agccgag aaageesdrepIaEca atag atpveI RxYyagteatesaga g 340
agaagt gcct ggccELTIYCotagEaaraddagranca %‘%F@aﬁéa‘;agé%?g?‘ifcgiég‘gf gg%
ag aaa ct caaa atgaa
Gacanducon sasalie B e el T
gaggagaaga agaagg@s&gg@gtgsghg@ftgtgge@e@ttat e@@c@eeae@&agt&agtt@e&ﬁgidgg 126b
ct gact gt ca t cgcegiggtmct gretchedagcocasbypt gisectaged egtagtepat agggeetagt 7800
atgggtgagg ctgatgatga ggctgagcct ggagaaggga cgtccaagga tggagaggga 1800
aaggctggcc aggcgggacc ctcaggcata gaatgacccc gtecctgaccc taggactceccce 1860
agctcaaata aatccagagt ggtgggaaag tctgcctgca ggaactgtca tcctctttge 1920
taggttacag aacgtaggta aattggtcta tagatgccta gctagggatg tgggtcacag 1980
“x, Gatccattag tcccatactc accagcaaat gtacacacac acacacacac aaacatgcge 2040
acgcacacgc tcaagactga gttctacata atgttcctgt cttctgcaca catgtgcacc 2100
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
aggttcataa c 2351
<210> 4
<211> 199%2-
<212> DNA
<213> mutated CNG2
<400> 4
atgacagaaa aagccaatgg cgtgaagagc tccccagcca ataaccacaa ccaccatgcc 60
cctecctgecca tcaaggccag tggcaaagat gaccacaggg ccagcagccg gccacagtct 120
. gctgctgctg atgacacctc ctcagagcta cagcaactgg cagagatgga tgccccccag 180
cagaggaggg gtggcttccg caggattgcc cgcctggtgg gggtcctcag agagtgggct 240
tacaggaact tccgtgagga ggagcctaga cctgactcat tceccttgageg tttccggggg 300
cctgagctcc acaccgtgac aacacaacaa ggagacggca aaggcgacaa ggacggcgag 360
- ggcaagggca ccaagaagaa gtttgaactc tttgtcttgg acccagccgg ggactggtac 420
‘taccgctggc tttttctcat tgecttgece gtectctaca actggtgect attggtggee 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 tctattttde tgtggggatc 720
cataaccctg aggtgcgcett caaccgcctg ctacactttg cccgecatgtt tgagttcttt 780
gaccgcactg agacacgcac cagctacccc aacatcttcc gaataagcaa cctgatccte 840
tacatcttga tcatcattca ctggaatgec tgcatctact atgccatctc caagtccatc 900
ggctttgggg tagacacctg ggtttacccc aacatcactg accctgagta tggctacctg 960
tctagggagt acatctattg cctttactgg tctacactga ccctcaccac 1020

cattggggag



tt cgat gagc
atcctctatg
at ggt cat gg
ccct ggtgecce
t caaccgcct
ccaact accc
act ggaat gc
gggt ct accc
gtctctactg g
acgaggaat a
t cgt gggcaa ¢
ccaagat cga
cacgggt gat
aggt gct caa
acaccct gag
t gct gaagct

tcgggaggga gatg@aeattmahsaaggagg gcaagctggc cgtggtggcc gaggacggca
tcacccagtt cgtggtcctc ggcgacggga gttatttcgg ggagatcagc 1860 at cttgaaca
tcaaggggag caag gggg §accgccgca cggccaacat caggagcatc 1920 ggctactcgg
acctgttctg cctc;ggaagmgacgacctga t ggaggcgct caccgagtac 1980 cccgaggcca
agaaggcgct ggaggag=aagc.ygggsggcaga tcctcatgaa ggacaacctg 2040 atcgacgagg
agctggccaa ggccggggca gaccccaagg acatcgagga gaaggtggag 2100 cacctcgaga
cctccctgga ctccetd ta acca ttg cgc ctcct ggctgagtac 2160 aag .. y~ ,
'aty'cgg ctcagcec ;"‘ ga%f@g‘%% g? E%é ’?gﬁig;aé‘éc‘;g@%g@{ai@Q éiﬁéaggtmg’aag
ggcct ccege Ct galQgeaed GhlbaUEARadah SAY T AL HANGGEl U AA0ACALA0Y 2
tgccctctcc tgcciwesgyldggeddeqdiystagifge gace atgcgetgeats 3eggeiagg 2340
ccgggaccga attc%&g@ﬁvﬂte@@eG@Gtwcgﬂgﬁgegvvgwcgﬁggﬁ@t@gcgg&g@gagcc 2200
ttggtttcce tcat¥tra ggaaataag ‘f@G’fftgﬁ%Ftc aﬁ%%tc E%a 2460
t catct ct cct
gct gt gaget ccacHag gQL catoacoge U£§ 2520
t aggccaaga gt at aaaaataPdbYgERAGAGAAY atagtgttgggcta & @;ﬁt; ctac& tatgica g@gg 2680
t ggggaat at tt agaehkegtctgaacttwat tcatdabtdabgicaamcatgggaggidctaghicmeddaac 26490 c
2641 gacaaggcga aaaaggagga gaaagagaaa aaggaagaga aaaaggagaa ccccaagaaa 660
gaggagaaga agaaggacag cgttgtgatg gacccttcca gcaacatgta ctaccactgg 720
ctgactgtca tcgeccgtgec tgtcttctac aactggtgtce tgctcegtgtg cagggcctgth 780
ttcgatgage tccagtccga gcacctgatg ctttggctgg tcctggacta ctcagcagac 840
atcctctatg gcatggatat gctggtccga gcccggacag gcttcctgga gcaaggcectg 900
atggtcatgg acgccdugses lLggaag cactacacac agaccttgca cttcaagctg 960
gacgtgttgt ccctggtgcc cacagacctg gcttatttta agctgggcat gaactaccca 1020
gaactgaggt tcaaccgcct cctgaagttg gcecggctct tcgaattctt tgaccgcacg 1080
gagacaagga ccaactaccc caacatgttc aggatcggga acttggtctt gtacatcctc 1140
atcatcatcc actggaatgc ctgcatctac tttgccattt ccaagttcat tggtttcggg 1200
accgactecct gggtctaccc aaacgtctcc aacccagagt atgggcgcct ctccagaaag 1260
tacatttaca gtctctactg gtccaccttg accctgacca ccattgggga gaccccgecc 1320
o cccgtaaaag acgaggaata tctctttgtg gtcatcgact tcctggtggg cgtcctgatt 1380
{;) tttgccacca tcgtgggcaa cgtgggctcc atgatctcaa acatgaatgc ttcacgggcce 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 gtgttcagecc ccggggacta catctgcaag 1740
aagggggaca tcgggaggga gatgtacatt atcaaggagg gcaagctggc cgtggtggcec 1800
gaggacggca tcacccagtt cgtggtcctc ggcgacggga gttatttcgg ggagatcagce 1860
atcttgaaca tcaaggggag caagtccggg aaccgccgca cggccaacat caggagcatc 1920
ggctactcgg acctgttctg cctctccaag gacgacctga tggaggcgct caccgagtac 1980
cccgaggcca agaaggcgct ggaggagaaa gggcggcaga tcctcatgaa ggacaacctg 2040
atcgacgagg agctggccaa ggccggggca gaccccaagg acatcgagga gaaggtggag 2100
cacctcgaga cctccctgga_ctccctgcag accaggtttg cgcggctcct ggctgagtac 2160
aacgccacce agatgaaggt gaagc?ﬁ%gg“ctcagccagt tggaaagceca ggtgaagatg 2220
! ggcctcccge ctgatggcga tgctcecgcaa actgaggcca gtcageccctg aagacacagg 2280
tgccectetee tgcctcecceceg gggeggcggt cagtgcgacg ctgcgecegca cggggctcegg 2340
ccgggaccga attctagett teccccaccct ctgtgecgetg cgtggecttg ggagagagece 2400
ttggtttcce tcatctagat aacaggactc tttatgtctg tcccagttaa gtgacaggtt 2460
gctgtgagct ccacaagaaa cgcttcgtga ggcagggtitt tgttaagtgt gagatgttte 2520
taggccaaga gtataaaaat gtgagcacag aagttgtttt tttttttttt ttttaatccg 2580
tggggaatat ttagactect gaacttcatt ttttttgtaa atgggaggtt atttacttac 2640

t ccagtccga gcacctgatg ctttggctgg tcctggacta ctcagcagac 840
gcat ggat at gctggtccga gcccggacag gcttcctgga gcaaggcctg 900
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