; €3eCkFCh46TF% mm@m L NEW SCREENI NG PROCEDURE FOR | NHI BI TORS OF THE
BOND BETV\EENRN@ | C OXI SYNTHASE AND THE PROTEI OF
NEURONAL NI T HASEI:DIIEIIIIIIIIIIIIIIIIIIIIII w#&HEWI 5

The invention contédys a new screening procedure for inhi bi tors of the bond
bet ween neufgRg! @(ﬁ (RORO1 m rGr FrpheiNgr of
neuronal nitric om%% synt ase IEEmThe mvgﬁ?lﬁ%m go%onggrﬁlnsbt% p

s, ae WEMTVEEN NEURONAIE Wgﬁ?ﬁ%ﬂ RIS EEAN RTRROTENT, o7

al so concerns _he use of rot ei ns_and 8 R tides for the 10 preparation of

drugs for t REHIBHOROF ISQMIaHéTRé IW}&&NT}M Eni ¢ stamm’ﬂm
nitric oxide synthase protein (NGS) is the enzyme that synthe w’m mwm’
oxide (NO fromits substrate, arginine. It is found in three for
constitutive NOS forns-endothelial NOS (eNOS) and neuronal NOS (nNOS and

i ndugi bl e NOS, THY ffvehtorl Beleasd &Jylewnméénmgépf&ed&é fole ufilabiRdrs NPSheasontii 1 st
identified and cloned by D.S. Bredt in rat brain in 1991 (Bredt et al.

1991). Int u \ ry
(LTP). and ?ﬁﬁﬁﬂ%‘if&?ﬂ‘gﬁ%ﬁf@ S8y Soft (NDRApaLE 8’%‘2&%&“@2& hEbeLRI®
non- adr ener |c 20 .non

etc. - Hoveverints FAgC S IRt fiFMshaMRGRiaehe AR BT Bl s oG "°
producti on an be harnful and may res in neurotoxjcity. Current studies
focus nore B T#iFRdi aﬁgﬁhﬁﬂ@slmq%ﬁp%ﬁlftswgi'ﬁdﬁa humagscasyul & the nptleieRridgoding
toxic effects of NO on neuronal survival. S.R Jaffery and S. H Snyder
(1996) i denfarfthigcbrateine Nthegeveoni aldoi porcems sheusd b ptateine and peptide©Fot the
protein inhibitor of neuronal nitric oxide synthase (PIN. This inhibitor
intepacts WpieParaton oNdugdNOD tHothabheralof prodivdeBE artbhydRAnédindddated, NNCS, 25

t hereby preventing honodi nerizati on of nNOS and bl ocki ng NO production. The

PI'N I nternati onglyr&RAnicRloxRiR « P‘ﬁthafecﬁbﬁﬁp@‘é@%f@%he gﬂéﬁfi Q4 '\#H{h'eélzé's hitre002;

French priority no. 01/05248 o 18, 20 AL protein is

of N0 o ni akck (R TR A% %%Eﬁﬁﬁagrtgiﬁ‘éﬁet A B el S Sl 9 d @%3@%@%“ >
catal yt ¢ abCIY c?n%p@.g aevsl #q#’p%ﬁégi@%{?h@u%&% eliééxq%é@SSﬂa?%Zﬁ@%wﬁmnal

form of NOS The test conpound is added to a m xture of PIN and two
nNOS nonomelN S Mlhmhlémchlpf}dbbl eukinsy i s eval uated by measuring its effect
on horodi meri zati on of the two nNOS ronomers. The test conmpound is in
conmptiti on wi tNelrbhyl NOSoeast firet idantifeed ardhélbnddsbyhDrsddredr inzat bain id short,
this test is used to find conpounds that nodify the catalytic activity of

neuronal NOBx¢at &age1940. e dehtrﬂlr@b@iu@%yaémn@rimay@%%lemnqgﬂg-m%eﬂb@bet es

mellitus (NIDDM is a heterogeneous di sease of mul tlfactoral origin, iI'ts

devel opnent gn n Ungely di ng
di et, excesgg%i gnd%t , H’I gc%kli}gl?&éeg%r gléﬂggusgﬁgﬁ&ﬂ [ ﬁgﬂ}’e som a gBﬁ.’ag%H?ﬁ}&
soci oecononi c_copt ext LRdustri aI zed.countri s di sease r
oubl 1 hoal ARG B e (RANCS BSiraRtof St enstsofife it HopiayEr & ppthplogisih s
affected by 2007. Type Il djabetes iis characterized by two major anomali es,
the rel ati vé‘t%ﬁ‘ﬁﬁ%ts&ﬁ%@s Stroligs, crcesa NN @pradustignicdni by barmial and may mesdiein n
the ability of insulin to increase glucose uptake by peripheral tissues,
i . e20i nsul i neureoxEitainCerrerd stiidiesfearsanae pndimding TN OS mbibitgrs that tciapab(l&eﬁel |'s
that renders the pancreas unable to secrete sufficient anounts of

blocking the toxic effects of NO on neuronal survival.

S.R. Jaffery and S.H. Snyder (1996) identified an endogenous inhibitor specific to
neuronal NOS—the protein inhibitor of neuronal nitric oxide synthase (PIN). This
inhibitor interacts with neuronal NOS (nNOS) at amino acids 163 to 245 of nNOS,

25 thereby preventing homodimerization of nNOS and blocking NO production. The PIN
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20 insulin to conpensate for insulin resistance. These two anonalies are
preceded by an asynptonmatic prodronmal period called prediabetes, which can
| ast from several years to severaP decades. This prediabeti € EPENTIYLnot
characterized by insulin deficiency, but rather by secretory hyperactivity,
whi ch results  i.n.hyperinsulinen a... ipnsul.ijnem a is often associ ated
Wit h obesi t gt HRF preski ortnonlitng YOS AL 56 Rievar BB ov PRI i n
subjects with a genetic predisposition, especially in certain International
Applicati on RO Iemfigite seld upstioning.| ed on April 17, 2D02; French priority
no. 01/0S248 ongriI 18, 2001 3 CONFI DENTI AL popul ati ons where the

i nci dence of ob&k¢ Aynemedn RRERDIMIS 5,908 35 6hiogberie a gerettiag Ristrdor! cuttippnads thihi | e
hyperi nsul i nem a often devel ops to conpensate for insulin resistance,

secretory hygesase ot dedrasaibe btRIGtiE RGN ityINSOVEd & PRAAaBRaThEdithY oRidsbfphas ma
| evel s of proinsulin and internediaries in the conversion process. This

i napgropria retd 1 t L | found. in

st udiBes of tgu I?E@tfgh%%gs}gfr)é ?Iﬁlg@\??ttlﬁegﬁehtg%gﬁ eﬂ ‘ﬁq‘ﬁ‘ﬁf%&%ﬁ%’ ,a ?&e{wleporfe@ﬂa%neq iC
subj ects. Such i lin secretion copstitutes a ver 00r prognosi S-an

i ncrease i nﬁ%é‘%ﬂﬂ@ﬁ?ﬁf%gfﬁq ﬁat(?:lé(ﬁ‘f 8°‘i“§%ya§°‘s%"@¥‘?f%id€¥vir?%g‘ﬂrmg H%\?ng?}p(H’e nt
of NI DDM an% cardi ovascul ar conplications within 2-5 years. The high

i nci dence ofONPEIMAATIZFAURH of the BvocRNOSanoremers Fhwiest Perapelndgis ipeompetition
devel oped to provide patients with a greater range of treatnents ained at
correcting pawmcPBatsincedhs flattec tnlobitsahorodiferieations lraglest, ahisttist islussiawefind
particularly the predi abetic stage and type |l diabetes. Currently, the
onl'y drugs usmgoialsaitdt hedifytthecdtilstid adiviteTolf ab@Bay NO 8yhtieeg! ycem ¢

sul fam des and glinides. However, these Insulin-secretory agents cannot be

usedoto 15 corr i =cel h. d i i I abgid o]
hypgr0 insulinic Eg}%ei gﬂ?{sﬁ%% gra'gngflqﬁ?(lalp e&i{e&@%{é %r%égtgs glé)egg#u? i @mﬁgﬂgp ed
for treatin j th: d/.or rinsulinic states. This inventiqgn
provi des a gg&ﬁ%g%%ﬁo&g%agg prf%ﬂéﬁﬁorfﬂeoq%eﬁ? idSHCIBPIBQ‘?tdgg’,eHEWﬁn%“ &Oﬂér
things, a new detection procedure faor the 20 rapid screening of conpounds
that decr eaEngAndfnyvirgpmenfal gﬁ@t%énclmhng ahrl, engoss weight,i lackenf pxsicise end

provides a new detection procedure for inhibitors of the interaction
bet ween t he smpkingndssiGsd withhibatsopioaidnpime comtextcaf aldystrializedt ¢onntrjespthig he
neuronal NOS. Finally, the invention can be used to detect conpounds that

re- est abl i sldiseise i25 miuorpblic health probREPON $estim s EBaEdTe hilliohysspld RaLhd ni ¢
and type Il diabetes patients. International Application No.
PCT/1I§R02/013ﬁ”ZGtedwgdopn April 17, 2002; French priority no. 01/0S248 of
pril 18, 200l 4 CONFI DENTI AL The invention concerns a detection procedure

Lor compounds ke TRAULALS, L1 OB OR P MBERACH, 0 Lt
(PI g che” AbaUIEh PaResorRone dhdtuidiiles i fEeaa R A6 DGAR Bnimsresee  ho
insulin response requl ated by nNOS or one of its variants, in which:
glucose uptake by periplieral tissues, i.e. insulin resistance, and a secretory dysfunction
in pancreatic B-cells that renders the pancreas unable to secrete sufficient amounts of
20 insulin to compensate for insulin resistance. These two anomalies are preceded by an
asymptomatic prodromal period called prediabetes, which can last from several years to
several decades. This prediabetic state is not characterized by insulin deficiency, but
rather by secretory hyperactivity, which results in hyperinsulinemia.

Hyperinsulinemia is often associated with obesity, a significant risk factor in the

25 development of NIDDM in subjects with a genetic predisposition, especially in certain
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- a mxture of the said conpound, the PIN and the nNCS or one of its
variants is incubated in conditiogs that enable the: formatj

conpl ex between the PIN and nNOS or one of its variants, f&’Pﬁ@{%@é# a
conpl ex between the said conpound and the PIN, or 10 between the said
conpound an R wREE (R ihdiGenkabl v 3 YT rigLl
detected i n(g'? e quan‘{vi ty o§ lcomgl}r(gfkﬁgg%gda ﬁmgﬁ@?ﬁé‘&m&%xgghﬁﬁsﬁ&a one
of its vari - i Hharespect 1.0 a coptrol val ue corresponds to: * . the
quant 1y of s TR suli et e BrrloBh i rReRERRIRE Tobh resisiagi,
variants in the absence of the test conpound, or * the absence of a conplex
bet ween t he SBFRIOBN VHY 2Bé ByRRTinsuliniyE are aAscompesisd by high plasmadevelsehce
of PIN or the absence of nNCS or one of its variants, or * the quantity of
conpl ex f or peaindvdinvead intemedPiri¢s am thendd@Besionqeces§. THis inappriopriats sedretidiof
presence of a reference inhibitor; and 20 - when there is significant

vari &tion asmeefiraegbuibdiae bebr forndcianabstdediishat st pesRE NN grReiaeen
t he said conpound and the PIN or between the said conpound and the nNOS or

one of its V@ableAhks, id. i; 0 A deANinSid LQn n the
PI N and nNOCS ore one 1of el??glaeea{frci Sad;?[?s%g agl\%gtr}ln gél}nog&éé&%gﬁ%&%%ﬁ%&g’t% %y\cl)\ﬁgor

bet ween neu Qi tri i.de synt.hase .protein 25 (nh a the protein
i bi torof URBgs onan erpise 8 U RINED Ry Ragis Teh f e orul vt ecdiiapie
Application | FR0O2/01327, filed on April 17, 2002; French priority
no. Ol /05248%@&&[@ qsdioygrgylar camplisaHpEsENIin2-3 Yearsiecr ease i n t he

quantity of corrgl ex fornmed between the nNOS and PIN under the action of the
conpound nodul athedighhéncidemot exfaNIRDMbanaseerit ANCEicialdthel Mnovhiive dagsednse
being at | east approximately 20% and preferably approxi mtely 50% of the

quandi ty of devetopednml grsvide tpatieets Mt a i@eaterCanfé OF théamedits( iBR%0 at Torrectin
corresponding to the absence of the test conpound, or - an increase I1n the

quantity of peeRltRXdysAin¥Ren REtNE&En Qggégv\%#@nnﬂN%E% Wrb{'ﬁ}ea}%ehﬁget% the

conpound nodul ati ng the conpl exati on beét s 1 ncrease

being at le QIR?{ [ 120% preferably at |east approximately 150%
of the quantgtla%?/ 0 y?ﬁ?@%l conplex with respect to the control val ue

(100% 10 corresponding to the absence of the test compound. "The nNOS or
one of its vari éﬁ’f’ qbrr@%%“‘&%i“%ﬁéﬁ?‘g%wmt eningylin deficigney arghynogbigemid v

humans, expressed in different tissues that could present point nutations,
speci fi c al f&famides, andyelinidsp| Howavgr, thesbonguliniskbrdiory aaeite reandott bee ussdstd i n
response” means a decrease in the insulin response 15 under the action of

t he 18 onpoundomet phiatréatig f-¢ed] dyefapkioain radibgiieea/on NS rmsalifRt Ditidnte-  an
increase in the insulin response under the effect of the test conpound.

To date, there are no drugs specifically adapted for treating prediabetic and/or
hyperinsulinic states.

This invention provides a solution to this problem.

The mvention provides, among other things, 2 new detection procedure for the
20 rapid screening of compounds that decrease the interaction between PIN and nNOS.

The invention also provides a new detection procedure for inhibitors of the
interaction between the PIN and nNOS, without modifying the catalytic activity of the
neuronal NOS.

Finally, the invention can be used to detect compounds that re-establish the

25 normal insulin response in prediabetic, hyperinsulinic and type II diabetes patients.
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The nodification of the insulin response induced by the conpound nodul ating
the conpl exati on between the nNOCS and PIN can be neasured by cell tests,

notably by using the INS-1 cell 11 ne (Asfari et al., 1992) éQQEPﬂgﬁgﬂef t wo
conditions: 20 - if the test conmpound is |iposoluble and therefore able to

pass through ce - e |yl at usi,ng L ncreasi
Concent r at ons. o or LASaE cppe<tis Selebdorf HRsfhdCi  RibaiRUL el BROGHRRE Y, oo
conpound i n_al hum nat Kr ebs- Ri nger, .buffer (Asfari al ., 1992); - if the
t est corrpou?lodn}ggxaﬁl(‘}fl ?&}3’8 Inﬁﬁﬁoé‘glaﬂﬁn‘f h‘@‘rl‘g? SV esgnﬂsfé%s@pﬁeﬁ%eémm 25
menbranes, the cells are perneabilized in the presence of Staphylococcus
aureus a-t oSqaHeNcEt EF QAP NRaR, appne ehdts onrirgs, POThERoctemBhibitof of aduronalApr i |
17, 2002; French priority no. 01/05248 of April 18) 200l 6 CONFI DENTI AL
(Maechl er enitrad oxidd S@ithase (RINGf iheuhatubationi dfthiasomplnhtion cReing taahydifedtieaund
(active in the cells) in the presence of the test conpound (Maechler et

al ., 51997) . of B @iRufih ERPénsE M GMtEPBy hROShR B BPlte Yarl R RAWRRReen the PIN

and nNCS or one of its variants", neans an I ncrease or decrease of at |east
20% preferably 50%:. i . i | | f d under, the action
of the test corrpogr%Xb\]np? %ﬂ?lgg%lg::é?&&) Sﬁ%d’g%en ro nd\e/tgf’ B%?rrogfﬁgﬁtaivﬁﬁar{%%lst he
absence of the test conpound.. To guanti i%/ the conpl exation rate between the
PIN and nNGCS, thelqcﬁégﬁfno‘f?nﬂgﬁ’gs afieRable hen procedure i nvol ving the

mol ecul ar mar ki ng of one of the binding partners, i.e. the PIN and/ or nNGCS,
with a substance $uftimatomof aeimplex betweet thedNsmd mNQS oriéhd afitisnvasammt

el enrent, an enzyne or a biotin. This marking provides a direct or indirect

quantitative phys'bCﬁinnlﬁﬁ@ﬁ?lﬂfeﬂ%inpll@@%@t\@én%Ss?aid)!é§mi)?ﬁx§5 QARG th¥ PIN, or
| um nescent or fluorescent rays) or signal absorption I ght or

fl ugpescence), eith t aneously or aft additipn of. an enzymatic
subg?rate or |ight g%(tg??% |e(§ﬁﬁ gpéﬂ%é}?’?‘iﬁ@ﬁé“%%ﬁé@(%%ﬁ’ rate between
the PIN and nNGCS, surf a(i,e | aspon resonance (e.g., Biacore AB), which 15
does not entail TaR%FEY l?thoY?é‘aSPn detectedidn the qyrstity oleamplpx dompred heween
provided the PIN or nNOS is imobilized in the biosensor channel. To
quantify the conpfhexBHY cmdraN@Spert areof titsevapiantsawith riegiSct tove- bortrol dvabesay's
on yeast or bacteria can also be used, as described in US patents 5,283,173
and 5, 468, 614. Threrr¢spomdsitque, which is done in vivo, does not require that
the PIN and nNOS be produced and purified. 20 In one nethod described in
the invention, the enagiantivy of ¢ Cmicdr BEednOthe IHIR MR ANROS Wore AT ifle

determned in solution'if the PIN and nNOCS are marked w th substances

capgbl e of ener Qyg¢CHARD GhsHBE t}lQFeSf;&{%ogléflf&rm’ the two binding

partners nove cl oser together, Teading Yansfer of energy between the
two markers and ap i,ncrease ar decrease in the_ intensity of the fluorescent
signal emitted by oM eSS Q?ﬁé:OF\R/iexﬁHi?W%‘?‘st.e WéPEHﬁQ%%OWIWSé’&PF@ﬁ No.
PCTI FR02/ 01327, filed on April 17, 2002; French priority no. 01/0S248

of Apri |18, 2001 TeSUHEHD Bragbsanceiof PR of Hisrabsenc e§nNOScorgug of its yarints onpl ex
(or its variation% can be determned in solid phase if one of the two

bi ndi ng partners T s thenqusintityi efecbraplex formadcbeswibmst thatRIN aden¥OS chrafnetdfeitsot her
bi nding partner is detected by surface plasnon resonance or by marking this
partner as per tvadanieirethe prserkyfarefaincapditifopvad 5 The first binding
partner, i.e. the nNOS or PIN, can be imobilized either covalently

(chegi cal react LORheREheRORy SAMBLAR M atidh &Wﬁfﬁ%@%ﬁ@&& gt.aik cbﬂélﬁ(?e%%htofﬂ%re
pl ace), or by I C

(adsorption on a hydrophobic astic surf , i ospecl

(adsor pti on on a h cpl as ). o "By” bi ospec T o -
(anti bodi oo "pANE Btk MLHIESRpRRT RN bR Herdeld ool ©
bi ndi t i ted in biotin). 10 Th d bi ndi t , 1. e.
Che PN or ARORe TNOS 8L of sdlaBrnPrioadie ajaaFAGp ofthe GomPleN-toortpbiespor

its variation), either directly by surface plasnon resonance, or indirectly
by quantit atheRINFdEMNQRer offe oftits Vatiamar . The marker can be either an

el enent attached to the second partner by chenmi cal bonding (radioactive,
fluorescent or TNodulamestt thelcompidxatien bytween he@ohal)nitrkosBdO s iRKasipese@RCi fi C
substance, such as an 15 anti body agai nst the other binding partner (itself
mar R&d ei t h@INOS Y @atthe/protein AR bf Hduro@d] naMt dkide @ﬁﬁﬁé@%fépﬁh)l"%ﬁéaln%/: or
indirectly). The control value can be obtained in one of tHe tollow ng
ways: - running an experinent in which a mxture of PIN and nNOS or one of
comp! ox BT AUPRpRh 6. POFRE 1527 W o Borl B, 2502; Fiencpriony . s e



20 and nNOS, then determ ning the quantity of conplex formed between PIN
and nNCS, this quantity being the _control value; - running pment in
which only the PIN is incubated, Peadi ng to no conpl ex fornwggh\‘%zen
the nNOS and PIN, - running an experinment in which only the nNCS protein is
i ncubated, |eadin - 0 X for {.Qn t he.n nd.R

I nt ernati onal App}ai %eg{%gen%lfe H’@H?%gfg%%k% fo%ﬁ%ﬁ%gﬁeeﬂpwm 356(#2&'
French priori 0. 01/0$248 of Aprjl 18 200l 8 CONFI DENTI AL - runnj ng
an experi rreHPé%ntRWE‘PP 8%*"3(991‘?180‘51‘1 Rdulpiing theeorpmexation batwegy nNOS and
variants and a reference inhibitor is incubated in conditions leading to
the formati &MNothiy degraprceheingrhdeast eprrorindtely 20YNGEIdo preferablyf appreximatelyant s,
and detection of the quantity of conplex formed between the PIN and nNCS,
this quanti t9%heofghe kmantityt pH|the adoneplexS with uespeny tana expeol Melie i(N00sK) ch
the PIN, preincubated with the reference inhibitor, is added to the nNOS

whi cly has b%@ﬁeépﬂﬂlﬂﬁ% kd R EbRACcAoPeIRPERNpdidJor Bi acore AB), and the
gquantity of conplex forned between the PI?\I and nNOCS determ ned, e.g. by

f I ;o A ' bei h t | MlE.
et erence nnibit an BaReonclb SufHAP anbl forf FRIRGE Ipel RUOS apfi FRX 10

represented by sequences SEQ ID NO . 3 and SEQ ID NQ 4, The conpl ex fornmed
bet ween t he UIS%RT g‘%oacﬂf{ﬁﬁ’fé f cg@paquegpgalaggg %‘“’ eoraplestinm briwseryaNOseand

above. This test is used to target the early stages of type |l diabetes,
hyperi nsul i AN, §uginsreastbeing at keast ppprokimalely@0%s preferablyray leaseapproximately

i nsul i n-nodul ati ng properties of the pancreatic 15 formof NOS and its
endogenous ilIShtdidfahe qRantity Diehé maidrdompiexalvith respreetontheacottivoR @hiue100%)
procedure as defined above, in which the conpound is characterized as not

subsgiipant i al chnagpj,inﬁmigngtﬁms&%@kmeitgst@%byﬁﬂ@( of the nNOCS or one of its
variants. "Wthout substantially nodifying the catalytic activity of the

TN0S or one of i JROFAeor Tanwle hESk PTG NoPTERELe,
ceorar o ol it e eab LS Bl bl I
PCTI FRO2/ 01327, .filed on April |7, 2002; French priority no. 01/05248
of Apri 118, sperific algernative gene splicing, or both.

“Modification of the insulin response” means a decrease in the insulin response

15 under the action of the compound modulating the complexation between nNOS and
PIN, i.e. an increase in the insulin response under the effect of the test compound.

The modification of the insulin response induced by the compound modulating the
complexation between the nNOS and PIN can be measured by cell tests, notably by
using the INS-1 cell line (Asfari et al., 1992) under one of two conditions:

20 — if the test compound is liposoluble and therefore able to pass through cell
membranes, the cells are stimulated using increasing concentrations of glucose (0.5, 1,5
and 2 g/L) in the presence of the test compound in albuminated Krebs-Ringer buffer
(Asfari et al., 1992),

— if the test compound is not liposoluble and therefore cannot pass through cell

25 membranes, the cells are permeabilized in the presence of Staphylococcus aureus a-toxin
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CONFI DENTI AL - no nodification or an increase or decrease of no nore than
20-30% of the base catalytic activity of the nNOS in the absence of the
said conmpound, if the said corrpouﬁd binds to the nNOCS. The gg{\lgﬂ%]}@lAL
activity of the nNOS can be estimted, for exanple, by its ability to 5

produce radiolabel |l e idAul line mits substrat radi ol ahel | ed.

DG e, - AyHetRg & Fodritn sl Tiich o SR SRSl AR e o,
Ca2+ and cal yodul.in. The citrulline produced can be sej)arat ed fromthe

ar gi ni ne bycilpan egressaes Ahe teat wimpoynd Maerhdai£hes 1198d)-by a radi oactivity
count. The invention concerns a detection procedure for conmpounds that
decrease the 10 “‘Stgmpficantivariatioban weeeomper foraded fietwéen thx PO asg niNQser ¢neNOS)
or one of its variants, and the protein inhibitor of neuronal nitric oxide
synt hase (PbRNjts vatigntsle@icans n iiritréaddé or desrpdseodtat Mias 2] P@fdrablR 509 we kHieon i N
the insulin response regulated by the nNOS or one of its variants, in
which: - a @ b i : n f its
Vari ants | s R R g e Tl ph e S, Mg Bto %,
conpl ex bet n.the PLN and..n gr.one of.its variants, formation of a
conpl ex bet %@F\OlE’ﬁ@eé}g‘fr%sp%%gﬁ@eg%mﬁgftlhf’ﬁ\fSt §MRAdeen the said conpound
and the nNGCS or_one of its variants; - any significant decrease detected in
the quantity of 12 GHPItEY theosorpiertionads bstiachdheP N apdnNNSstherinyssiopfuses s
variants with respect to a control value corresponds to: * the quantity of
conpl ex f orardetediionyweeedureeinppNinghthermogcwar warking of pse vhthicabindingrpatthers,
absence of the conpound submtted to the detection procedure, or * the

absence of icothel PN f aid/ednNOSWesith taheuRtaicantich NESa ofadivaetivef flioseséaiti ent s,
resulting in the absence of PIN or the absence of nNOS or one of its 25

17 19002 AL S SlRAE AR L Ao AT MR PG = G EEREREER L

* the quant . Of. . tween the PIN and n or.one of its
variants i nduttaﬁtét(a%‘r’egg’@ﬁ%@o&%@%%ﬁe@égyioﬁlh R iR (g?fﬁol\!%%eh“?‘ﬁ%ﬁcgnti &
significant,decrease as defined above, .it is_concluded fhat there was

bi ndi ng bet TWPEFFOPH Y of E‘ﬁﬁ%o%ﬁﬂrpgﬂﬂ (ight o) Quotsscepegnerther: wen@asrslophound
5 and the nNOS or one of its variants, |eading to reduction of the

conpl exat | itehaddiien of premyratia qubsiess orlighhexatatipn.sTo/quantifit the comptiwetioon of
the insulin response” neans a decrease of at |east approximately 20% and
pref erabl y rate betwedn thoRIbXambhNOR, Sii¥aceiplasnisudesohafes (f.i Biacers deB), tWitich
action of

15 does not entail marking of one of the two partners, can also be used, provided the PIN or

nNOS is immobilized in the biosensor channel. To quantify the complexation rate
between the PIN and nNOS, two-hybrid assays on yeast or bacteria can also be used, as
described in US patents 5,283,173 and 5,468,614, This technique, which is done in vivo,
does not require that the PIN and nNOS be produced and purified.

20 In one method described in the invention, the quantity of complex formed (or its
variation) can de determined in solution if the PIN and nNOS are marked with
substances capable of energy exchange. When the complex forms, the two binding
partners move closer together, leading to a transfer of energy between the two markers

and an increase or decrease in the intensity of the fluorescent signal emitted by one of

25 the two markers.
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t he conpound decreasi ng conpl exati on between the nNOS and PIN, with respect
to the 10 control value corresponding to the absence of thectogﬁg7 %ﬁ und.
"Significant decrease in the quantity of conplex forned between lt) e N and
NNOS or one of its variants" neans a variation of at |east approximately

20% and pref er gbhnotRdr h@RS, tl?@djﬂaﬂﬁiyr@tc%hﬁ) 0 its RatiltfonPLahd bdtedinsP

1 | ex
formed in the presence of the test conpound, Wwth respect to a controrrIp

I ' : t he .t . d....The i ti
a1 s concer RaTRORE Bnd BPE b8 SRS ptody B o AT finiscaBssdle he °"
| ti bet | nitric,oxid th NOS foit
Var ant &, A BF GBSO PAREIFOR 51 GHELFD 03] S (AR SapAEn 85 &Y

(PIN), the increase in this conplexation |eading to an anplification of the
i nsul i n r espemkiag thg parnes gs per thtdeteqios sygemdefined alfovet s vari ants, in which:
- a mxture of the said conpound, the PIN and the nNGCS or one of its

vari ants is incUbatfest bimdagpngarttnednset tHat nNO8bbe RING can fiy iBiobilized eRther
conpl ex between the PIN and nNOS or one of its variants, formation of a

conpl ex bet weedledtlie (SndcAormesdy aNhohkeviltMy ﬁ %Ag%?c}%gg ; Iﬂ:%lnsiﬁfggacﬁgﬁg) ound

and the nNOS or one of its variants; Internatio

PCTI FRO2/ 01 d Id .2002: French.priotity no. 01/0S24

of Apri| 18, %%%BTPM‘%? a%@%ﬁ%#kngggﬁ ejs:i°5ﬁ¥ El"g%?ﬂﬁ‘i meractions H’e‘f’égbng in
t he quantit%.qf .C | ex.forpmed bﬁiﬁ.we n the PI N, n% NNCS, or one of its
variants w th r8g gg‘?sof & rSEEHWPP lz?fg?‘hép ?F%SB g% sesificstothe figgt hinding) of
conpl ex forned between the PIN and nNOS or one of its variants in the

absence of PSR AYMIR M the Brst bindingnartngras geated in otimr ocedure, or 5 * the
absence of conplex formed between the PIN and nNOS or one of its variants,

resdlting in thhabseondebindingl partmer,tixe thoINcer aNOBGS wed abededrmiihs the
variants, or * the quantity of conplex fornmed between the PIN and nNGCS or

one of its a#itAPLSF tdmplee PHAKENSE it@fyﬁiaﬁsﬁ)ere@ﬂﬂ&e.di&létbbigggécqrﬁagggngﬁﬁéqn when

there is a significant increase as defined above, it
there was bi.Qdh0aeb&t; ¥ e and the Pl or . bet ween.t he
sai d compound and the nﬁ%gslg)? q?%(tllatﬂ%'?‘%l ege%\gglrlf)gﬁ gar eé.a'ﬂ}er{aar}%r%ﬁ CitPease
i n conpl exat] e e.Pl N and or. one. of [ts variants,
"Anplificat %}6%&6‘%%% %@“uﬂﬁi& thy S?"é’é‘ﬁ@ﬁ@%&%’ﬁg“% 8??@%&%&"6@“"& flpqrgseent) 5
appr oxi mat elg 20% and preferably at | east apgr oximately 50% in insulin
secretion uRbEMInRscent-¢lFMentoeAYREE, Bintind aome; otberchiosnegificcwbstancet sunh dsemneen
nNOS and PIN, with respect to the control value corresponding to the
absdAce of gmgquergﬁgam@tﬁbg athgr binding partner (itself marked either directly or indirectly), or
avidin (marked directly or indirectly).
The control value can be obtained in one of the following ways:
— running an experiment in which a mixture of PIN and nNOS or one of its
variants is incubated in conditions leading to the formation of a complex between PIN

20 and nNOS, then determining the quantity of complex formed between PIN and nNOS,

this quantity being the control value;

— running an experiment in which only the PIN is incubated, leading to no
complex formation between the nNOS and PIN,

— running an experiment in which only the nNOS protein is incubated, leading to

25 no complex formation between the nNOS and PIN,
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The invention concerns a detection procedure, as defined above, in which
the nNOCS protein used is either tt'ée pancreatic form of nNOSeCo @? ZE{Lm
present in the 20 brain. The rat nNOS protein present in th (?M;r{ NEAL
cells is pancreatic nNOCS. It is the nutated formof rat neuronal NOS. The

rat pancreatic nNGSHAS ah RkE&iAM: 0 witdra Mikatd 5"?@8; chgthr%)e bhgs NNCS

of the rat brain. While these nutations are not ize e enzyne's

functi onal . j i_nkage.reqgi oans.for .cofactors such a nti.one
above), or t?%n %ﬁgml] @n? ééfjsrgflfeoiﬁﬁ’lbﬁtpglrsﬁa?‘}b(’iﬁgIm ﬁ%’ﬁﬁ%ﬁ?ﬁ?%ﬂ\l@.tﬁ?@“ﬁm? 327,
filed on April 17, 2002; French priority no. 01/0S248 of April 18, 2001 12
CONFI DENTI ALS® éqxol??t‘ﬁﬁet“v@‘é AIbend ANOSau@ye of peyadants fand deteption of the quantity

tri-di nensional conformation and thus confer on it pancreatic specificity.
The nNOS pr Gfepmples dermeedrbesivenn thePRandihlOS, this quiantity heiresthatontrol valuepr ai n.
A good detection procedure to use, according to the invention, is the one

defirfed 5 above +hatnihgwl warridehedt iwtgcly ahd PINOPreihouBate@Witls | 1B irbfofend
decrease in the quantity of conplex formed between the PIN and nNOCS, with

respect to tifikiBRocORt EdledVa) YRS, nNBS Hinfcl hgffl\}lﬁereﬂ'i ﬁlzér‘]a"{o[gle%pgg)g%@gr Lo

the quantity of conplex formed between the and n e a

t he conpoun ifte o t.he detectio raqcedqure;. the second control val ue
cor r espondi geg%’?%ﬁ%e ‘g'gi'eaﬁlget%gfqutaﬂtétyc%{]n%qo % dorsdnbateeTpig BIY) ang) nN@Ss,
resul ting f[i%{nthe abSﬁg'ce f PIN or the absence of nNCS; and the third
control val JE'CHMESHE ﬁﬁl&g%lﬂﬁmowa?nw? this quanity bsing thernortrobyaleen t he
PIN and nNOS in the presence of a reference inhibitor. The quantity of
conpl ex formed bEREEErepereinhibitoa ran hGshosen, dioe endmples froar armohgs tixapepides

detected usi ng one of the techni ques defined above. 15 The first control

val U can becmbsicaiaddyy, sefuancexSHQ B, NOY3 ahSEQQJDING: 401 | owi ng experinent: -
i ncubating a mxture of the PIN and nNOS or one of its variants in

condi tions | eadiTig tombRe foRhMibeRiteRlthd MRMBAEXNIR t
or one of its vari ants? - c?et erm ni r?g t he quan(ﬁﬁty o%%ﬁp&giﬁéd:}lﬁgg tﬂé\los

bet ween t he tg’éﬂ}[jrﬂ_{égdm hyone 20 of its variants, this quantity being the
control val ue. & second Qofitrol val ue can be obt ai ned, for exanple, by

runni ng one of the follow experinments: - incubating only the PIN, which
| eads to no corrpjﬁél?( tqsL}sr}qu?gnnt ?X)@eﬁ*}r@'ﬁ@g?ﬁ\ﬁ%yﬁf' Hligbetss, hypsripsinimstatesaind
the PIN, International éopl i cation No. PCTIFR02/01327) filed on April 17,
2002: FrencRPHOVveR ityRe Haliabgtes dyousing thagnsulingmoddating progerGeNsT BENTEInSteatic

15 form of NOS and its endogenous inhibitor, PIN.

The invention also concerns a detection procedure as defined above, in which the
compound is characterized as not substantially modifying the catalytic activity of the
nNOS or one of its variants.

“Without substantially modifying the catalytic activity of the nNOS or one of its

20 variants” means the test compound is only able to slightly affect NO production activity

of the nNOS.
There are two possible scenarios:

— no modification of catalytic activity if the said compound binds only to the PIN

protein, and
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- incubating only the nNOS or one of its variants, which |eads to no

conpl ex formati on between the n and one of its variants W The
i in8 - BB ng

third control value can be obtained, for exanple, by runnin
experinment: 5 - incubating a mxture of the PIN, the nNOCS or one of its

variants and the pehes@icioh oP b idcPdase or ?é:cl FEGE b0 Iafe BYABDISY, Qf gmbel ng

formed between the PIN and nNOS or one o ts variants, this uan

h | | val be ob d b
the ot ow TS eeli ot b SRON0R, g4 HHtni e %%ﬁaﬁﬁaﬁﬁwﬁ o

reference inhibitaor ({fo t he nNOS t hat has been |rrrmb| i zed on a biosensor
(e.g. Bi acoF%mB\‘EBndbm BeaNO¥g, i.e. by surface plasnon resonance, the
quantity of conplex forned between the PIN and nNOS or one of its variants,
this quantity gghmgat@lmc eghtifyalf thahNOS @b ba aytimdtedefor ekamplepby ite dbiliey too
use, according to the invention, is the one defined above, in which the

m xt6re of proelutd KyditlbeclRlQirallidle tihen iR SIubS@TB,OAbIATRIIE %p%fé%e bl i}paleof
the following ways: - sinultaneously adding the PIN, the n

conpound  suBfdshceCthft @ ridieis AREIEGE IHH, BIATS SRWRE N RBPH %&”‘SE&&‘EM%%Q%%E%&&Q of

the PIN, the conpound subnitted to fhe detection procedure an

addi ng, con v the und. submtted fo th det ection
procedur e aﬁgﬁ?}l Lde p%{w C%H%amélg)?é) g é%rpngﬁ%%r%% lﬁpée%"% m%@@&’ with
the PIN or t either the nNCS or PIN, respecti vely.

| nter nat i on&P‘F%}ﬁ?ﬁ‘NFO?E%LYSﬁa acti éﬂ‘P%2/01327 filed on April 17, 2002;
French priority no. 0l/05248 of April 18, 200I 14 CONFI DENTI AL When t he

m xture of the PRNINVEAEOH KOS eHSda tdh@cmmmmn@lrs dbnicompolrtds thitedatedase theon
procedure is prepared by sinultaneously adding the PIN, the nNOS and the

sai d0conpoundnplekatien teasearndummibhiadd oxidepaitas (HNOK) b stk btd ViRiafRMRIEX
formed between the PIN and nNGOS, and that d| ssoci ate the said conpl ex, as

wel | as Conﬂiﬁu£ﬂ>$eu5 ihRiditoR iof CheRfdn¥l Tn?cn@ %ﬂﬁaste}["@r&:) ﬁ‘l ngec?&{sgri " this !

the PIN or and are effective enou e corrp exa |on

Wien the m&ﬂ’l x8 on! l@gdlﬁ%lt\b atrgcﬁbﬂ'\ﬁn?h lirl]% g:}d ﬁ%{lﬁ@b tﬁ?“& t‘gr:i d

det ecti on proc ure S ared by consecut
conmpound an : ﬁsv ¢ S ea5| er to detect corrpounds that bind to the
PIN, as wel PRa&Y caéllﬂgsilﬁ“élﬂ Ilgands of the nNOS (ligands with a strong

affinity for nNGS, in the order of I\ﬁ
—a mixture of the said compound, the PIN and the nNOS or one of its variants is

15 incubated in conditions that enable the:
¢ formation of a complex between the PIN and nNOS or one of its variants,
* formation of a complex between the said compound and the PIN, or
between the said compound and the nNOS or one of its variants;
— any significant decrease detected in the quantity of complex formed between
20 the PIN and nNOS or one of its variants with respect to a control value corresponds to:
* the quantity of complex formed between the PIN and nNOS or one of its
variants in the absence of the compound submitted to the detection procedure, or
* the absence of complex formed between the PIN and nNOS or one of its

variants, resulting in the absence of PIN or the absence of nNOS or one of its

25 variants, or
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preferably nM, which are kinetically limted in this case. \Wen the
m xture of the PIN, nNOS and the gorrpound submtted to the (gqgt ection
process i s prepared by consecut i VA | y adding the nNCS, the s MFI@M%d and
the PIN, it is easier to detect conpounds that bind to the nNGCS, as well as

| ocat e good |i gands,of P hgapds wth a str affinity for PIN,
in the order of ~M *prgl%gqrug%@y ‘Jrfrgfgi{p\ﬁ/ﬁ‘i @%ng%e%eﬁ%?l?ecgﬁgW‘; Pwhse%r e ‘Itﬁi s
case. \Wen the .m xt.ure.oI the PIN, the nNOS and the conpound submitted to
the detection pro@EdnEdn e messpes ¥ T5iereneqiniybareandsi d conpound, previously
incubated with the PIN, to the nNGCS, bonding between the said conpound and
the PIN is 20 facMhes Hicsiissugnifieant idecnansesssi definddieblgvet itds ebycludsdi thet there
easier to detect conpounds bound to the PIN. When the m xture of the PIN,
the nNOS anwas hindingrpeiweeh thetmuid t@npdundtand tHePEN] bobetReas Baa] bSmpoRar ed
by addi ng the said conpound, previously incubated wwth the nNGCS, to the

PI N, 5 bondi ngndewEDS bhens af s ¢RI MEhda%otBeRNRS i S '
Application No. PCTI FRO2/ 01327, filed oﬁ{gitgril 1?@56%623? éﬂ%’tﬁh?&ﬁkﬁnty

no. 01/0524 iyl Py . FI DENTI AL facilitated before the PIN
E’lg?; v Pna n}(\ild?s 01?(81% of 1ts%§n%s\.l

i s added, t ng easi er det ect conpounds bound to the nNCS.
When the PIN, t NOS a t he sai d conpound are added si nul taneously, the
quantification o e‘@‘ﬁﬂﬁli’ 8?5? F‘SF%EFSE%JWQE@‘%%@ depreass off ptolgasyipprgximately
fluorescent narkers 5 and fluorescence polarization (or transfer). This
procedure h38% frd prelesshln geleatt apprionimatelyis@%; dmingulimsecretionhmtlethe attigm, ofno
washes) and of being a direct detection system Wen the PIN, the said
conpound anthetdomponNsbdesreasagrimhplonsion beiweeh Yhe NOSah PTN @ith €épedt k@ theof
the PIN or nNOS with the said conpound, one of the two binding partners

musi0first bentrohwahelcozegponding 1 dkiaBsend®st th8 k&t cddifouddant i fication of
conpl exes 10 forned is done by surface plasnon resonance or by marki ng of

par tner to wni cre Ehsan BERGSEH Ry By} bf BRI, Bphe RREeR, Bt RINcBHp! ex
f or med betwg (§t he two.proteins, A good det.ection procedure to use is the
abov ﬁrﬁé“

one defi ned Qr” ong, of s Hariap(s Asvariatien of jay depsh ApRIoximately 0ks tandt e.

15 "Fi xed on g solid substrate"” refers to a procedure in which the nNCS is
i mobi | i zed PESSFaAPl¥NY Ipagtcanproximatale 20%, o) ther queatityc of aoepidxy frmed- mpthei f i c
adsorption on plastic, avidin-biotin system antibodies) on a solid
substrate. Yssenced theiost icompiond, Wwiitlk egbpeat ta & odritrb] suahsst ¢oriegporiditey 3l Mebond
is detected by surface plasnon resonance or by marking with a detection
sysi®&m (r adblbseotd ofehe 26t domiponadcent or fl uorescent marker, enzyme, biotin),
whi ch enabl es the quantity of conplex fornmed to be neasured.

The invention also concerns a detection procedure for compounds that increase the
complexation between neuronal nitric oxide synthase (nNOS) or one of its variants, and
| the protein inhibitor of neuronal nitric oxide synthase (PIN), the increase in this
complexation leading to an amplification of the insulin response regulated by the nNOS

20 or one of its variants, in which:

— amixture of the said compound, the PIN and the nNOS or one of its variants is

incubated in conditions that enable the:
e formation of a complex between the PIN and nNOS or one of its variants,

o formation of a complex between the said compound and the PIN, between

25 the said compound and the nNOS or one of its variants;
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When the nNOS is first fixed on a solid substrate, the sinultaneous
addition of the PIN and the conpound submtted to the detection procedure,
not previously m xed, nakes it po’s‘si ble to detect |igands of OVRPENEE: t he
PIN and the conplex fornmed 25 between the two proteins. This procedure

t heref ore nmakes i i . det ec | ecul.es | nt.er nati onal l.i.cation No.
PCTI FRO2/ 01327, "f %ng%gﬁ&&%ﬁ“l%f% h‘?g%‘f “I:L}}aen%‘}‘i‘“ & %6?%‘9&%’6 .fég‘%dots“g‘ﬁ%e“of
April 18, 200l 1%5@15 DENTI AL that inhibit the associ ation between PIN
and nNOs, artle P& QT P g vithrgspegt asemirobvalpecatmsponss te:or ned
between the two proteins. Wien the nNOS is first fixed on a solid
substrate, the consectid guanagdiftcompleaxf fotrthed barwpeaithed PINmidtiNGOS bpotidef its
detection procedure and the PIN nakes it possible to detect 5 conmpounds

that inhibit onkhyrisfieinheebschee &f t_feﬁ%&mﬁblfmdt (Bntiesd toqgé@&wﬂ)ng)?@c%dﬁ&%é?xb i nd

to the nNGS, it is elimnated during the washing that takes ace ore
addi i on of the PIN., e NOS is first, fixed, o sql | ubstrat.e, the
addi ?i on of the conﬁomkd;ﬁ) ssulg%ﬂr}tcgﬁlple(’)‘ tl%’ﬂlée HRsER %’ﬁ%ﬂo@gm ObPRR Aot y
incubated with the PIN, makes it 10 possible to detect the |igands of the
PIN, the nNOS aNan#He weHpren ther thsenaseafviRidhor the shisencsnef »INOS. ormiesofnits hod
facilitates the binding of the said conpound with the PIN before incubation
wi th the nNCS, tvasamhyrmaki ng it possible to screen for' |igands of the
PIN. This method al so nakes it possible to select good |igands of the nNOS
(Iigands with a very Sifoftnafy fMiohpl&:forfMiPBetwieln t i€ PIK
preferably nM, 15 which (ﬁal%g lg)ifnetoih%:bal I f 't m fe Pn t hi sdaglgs@o%:ﬁweone of
i nvention al so GRS ﬂ&; i I .defi ned above, in which
the PINis fi rstﬁg?l xe lggha sgﬁ%%%iggﬂ egé}%%%gmbﬁlg& on a solid substrate”
refers to a procedyre in which the PRINis i bi|ized coval ently (chem cal
rea?tO i on) or non- g@\?gﬁ At 152 flﬁgﬂ%{ggﬂe‘@fr??sf aé%ﬁ?if{ FR5ryeoif 1pgonstuded thyg there
avidin-biotin syste anti bodies) on a solid substrate. Wien the PINis
first fixedWs tindipg petweandhg said compeunsdhad theRIN; or betrsendbe baid sompaerd
pl asnmon resonance or by marking with a detection system (radioactive,
| uni nescent and tie NNPB ©C ene ofis kariantse leaging to b aicrerse indvmplemiahlbesvdehehe
gquantity of conplex forned to be nmeasured. International Application No.
PCTI FRO2/ 0132V ,anfl nN€X§ exoneRfiits var{ant2002; French priority no. 01/0S248
of April 18, 200l 17 CONFI DENTI AL When the PINis first fixed on a solid
substrate, the shpulitefRRUSragl tian;of d,th oynd sybm tted
At 122({} GcH thalin re%ﬂ&%sé”Nﬁ?a%ﬁa%g %c?@agp sf Kt Ll'?agrq

to the detection procedure, not previously m X s 11 possible

d i gany he Pl th | ex, formed between the t
or ocai ns, e A ROty deds Eobtuietyo AT n il ceurin 5

that inhibit the, assqciation between, PIN.and nNGS, and thus screen for
conpounds t Hgger the action of the compound increasing complexation between nNOS and PIN,

with respect to the control value corresponding to the absence of the test compound.

The invention concerns a detection procedure, as defined above, in which the
nNOS protein used is either the pancreatic form of nNOS or the form present in the

20 brain.

The rat nNOS protein present in the pancreatic cells is pancreatic nNOS. It is the
mutated form of rat neuronal NOS.

The rat pancreatic nNOS has three amino acid mutations with respect to the nNOS
of the rat brain. While these mutations are not localized to the enzyme’s functional

25 domains (linkage regions for cofactors such as mentioned above), or to the interaction
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di ssoci ate the conplex fornmed between the two proteins. Wien the PIN
protein is first fixed on a solid,substrate, the consecutive it of
t he conpound submitted to the det el?:ti on procedure and the nl@%ﬁé;‘é{gﬂﬁl‘t
possi ble to detect conpounds that inhibit only the PIN. In effect, if the

test conpoundgidnestwieh PN 2Bl ANAS thdyeddPimbcs it tﬁ-ﬁixﬁ&%@%on @?rﬂ{gﬁibﬁ %mirl gh st

washi ng that takes place before addi'tion of the n

fixed on a I | dition of the conpound submitted to the
detection p%&%ﬁﬁ?%%&%éﬁ%%?@cﬁ cubated with the nNOS, makes it possible
to detect the I|i ancﬁqgf the PIN, the nNOS and the conplex fornmed between
15 the PIN and n%t%‘. PLOIHBURRCAnALSq be 13t RNOS,whishAgipiesens in rahbraimi d
conmpound with the nNOS before incubation with the PIN, thereby making it
possi bl e to scredgopddeiestipmprocesture tpeuseN@Sording & thetifmaaitiah,sis thedesddfined
possi ble to select good ligands of the PIN (ligands with a very strong
affidity forabohe tiit Mvdlvestdetectng eariatfon; Me. piyesighifibint debeaseMai B qahftity of
kinetically limted in this case. 20 A good detection procedure to uSe,

accordi ng t oconfidex MRREIKREVechShd PEN QR i o b j PI.N_and
NNCS are in sdcr)ﬂlnﬁti on. Wen etehe PI' N ang %%?@ﬁggg E@F%ﬁ{)rﬁﬁﬁl%ﬁ%’ tll\lle

quantificati i e r Ki he roteins with
a fluor escen@%g%%%iugﬁ%ﬁ%@? gﬁl %nllastP ?%@%@%é’ﬁgmﬁg a{"f‘?ﬁ‘i% reen the PIN

| nt ernati onai dAﬁﬁé'bcatt;lon%sNo. PCIl FRO2/ 01327, filed on April 17, 2002,
French priority no> BIF082#BCHP! K5 Gampegnd spprmtted 1tg thexipteciaurpracedpmes the
invention also concerns a protein characterized in that it conprises or is
constit ut ed PO $AMEOL ¥ejue pereessEIdingtoNDe absenoe ofithircampiextbetiednithe PN dnd
protein containing at | east 100 am no acids, provided the said fragnent
cont¥h ns t hen@rssultingl fiom thoabtencao BN oiSthSREMcANGE nROSS aidl hehiRd Bdrfiol
isolated fromthe rat that corresponds to the pancreatic form of neuronal

NNCS. The pavatieeedrteSpdrding @f the N@htit§ of caﬁlgﬁ&?ggﬁgs&% ﬁ%ﬁ%?g@l%weéngﬁogf%r

nucl eotide nutations in positions 269, 95

these nut at i @8prdsénR of a hEfenfVindiHiQp; therefore, it does not cause a 10
change in anm no acid. The invention concerns the follow ng peptides

sequences: - Lys - -1l e-Ad n-Val - Asp-Trp-Asp (SEQ ID NO, 3), -
|l e- Asp- Val - G y-ﬁe%- ﬂfxéﬂ%xg) Q’H‘gﬁl‘i@%ﬂ(@@%‘lﬁ‘md OS or one of its variants

Q/s-Asp-Thr-Glé-elle-Gl n-Val - Asp- Arg-Asp (SEQ B7 NGO 5), 15 -

rg
|| e- Asp- Thr @Y€ fpiscted Hsing poaeithateghpigyey dsfioed Bpve: 6) |
15 The first control value can be obtained, for example, by running the following
experiment;

— incubating a mixture of the PIN and nNOS or one of its variants in conditions
leading to the formation of a complex between the PIN and nNOS or one of its variants,
— determining the quantity of complex formed between the PIN and nNOS or one

20 of its variants, this quantity being the control value.

The second control value can be obtained, for example, by running one of the

following experiments:

~ incubating only the PIN, which leads to no complex formation between the

nNOS or one of its variants and the PIN,

International Application No. PCT/FR02/01327, filed on April 17, 2002 F, ‘ori
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- Val -Asp-Thr-G@y-11le-d n-Val - pArgAsp(SEQIDNO 7)), -
Lys-Asp-Ala-3@y-11e-d n-Val - Asp- A p (SEQ mNG 8), -

Lys- Asp- Oys- G y- 11 e- G n- Val - Asp- Ai% Asp (SEQ B7 NO. 9), - CONFIDENTIAL
Lys-Asp-@ u-dy-Ile-Adn-Val -Asp-Arg-Asp (SEQ m NO 10), 20 -
Lys-Asp-lle-Ay-Iles t% 8 151)

Lys- Asp- Lys-Q y- Illﬁgt@aﬂn%@*ﬂy’:@g_ﬁ& P Bn éE s{vﬁ s,l\% chleads to no complex
Lys- Asp- Phe- -1 - Ar % m NO. ]ﬁﬁ‘{

ye- Aop-va femyatidndegy iy nﬁ?ﬁ Smggﬁlt SRS

Lys- Asp-Thr-d y- |

| e-3@ n-Thr- Asp- Arg- Asp (SEQ )D NO 15) 25-
Lys- Asp- Thr - G y-Theethd fogiel @93@ mxgbmgta(nsécf% qn@npbspy rpppiag ke fodleating
Application No. PCTlI FRO2/0~327, filed on April 17, 2002; French priority
no. 01/ 0S24&xperihpnti | 18, 200l 19 CONFI DENTI AL -

Lys-Asp-Thr-d y-Ile-A n-Val - Asn-Arg-Asp (SEQ ID NO 17), -

Lys- Asp- Thr - G y-4 lifeuBating/al mpaireLeUthdSPIN, SER INONGr ok8)of its variants and the
Lys-Asp-Thr-Ad y-11e-d n-Val - Asp- Cys- Asp (SEQIDNO 19), -

Lys- Asp- Thr - (&¥erd Val - Asp- Phe- Asp (SEQ ID NO 20), 5 -
Lys- Asp- Thr 'g erep St ASp-Tyr-ASp (SEQ 1D N0 21), -

Lys-Asp-Thr-GIy Il I.D NO. -

Lys- Asp-Thr-d y-T I(%teglﬂg &&I q“AE‘BtYer gmﬂ’ X(@Egdltﬁt‘ﬂﬁﬁn té%;DIN and nNOS or one of
Val - Asp-Thr-Ad y-]1le-d n-Val - Asp-Arg-Tyr (SEQ )D NO 24), -

|l e- Asp- Val @Wan@»@sm%mtymblgvh@cqm@l V€ I D NO 25), 10 -

Il e-Asp-Val-Ay-l1le-An-Thr-Asp-Trp-Asp (SEQ I D NO. 26), -

| | e- Asp- Val - G y-Theethi@ noritinl vARkye <@ plsd bp obtaiEed IbDrNﬁithh)e,foHowing experiment:
Il e-Asp-Val-Ay-l1le-@n-Thr-Cys-Trp-Trp (SEQ I D NO 28), -

Cys-Wep- Thr - A y- + | @d{dgrth/BIN Aseindutiatedswiti e@efefnbOinhaior, to the nNOS that has
Il e-Asp-Thr-Ay-1le-A n-Val - Asp-Trp-Asp (SEQ I D NO. 30),

Val - Asp- Thr D NO 31), -
Lys. Asp. Val %%I%ngb%ﬁa%{gab%&sa&'gg?? ‘{%E%B D O 32). -

s-Asp-Val -G y-11 v -
\% ASB Val - c;§ ||°:etegmm li&sﬁyﬁ"gfa %8%8 eBO‘F\?éce’s € quantity of complex

s-Asp-11e- - eGnVa-AspTr -Asp(SEQIDNO 35), 20
ﬁle_ ASB_ Il e- fgt%g gtween, the HIN Jtﬂ(gs PSONe( E@wagaxpy@thg@yanmy bemg the control
Val - Asp-1le-dy-1le-dn-Val -Asp-Trp-Asp (SEQ ID NO 37), -
Lys- Asp- Phe-@e.| | e- Q@ n- Val - Asp- Trp-Asp (SEQ ID NO. 38), -
Cys- Asp-Phe-d y-Ile-dn-Val -Asp-Trp-Asp (SEQ )D NG 39), -

| | e-Wsp- Phe- G y-Algeo@datediin propeditptorsde, 4@bfdindidNGe itkEhtioRSs the one defined
Val - Asp- Phe-QA y-I1e-d n-Val - Asp-Trp-Asp (SEQ ID NG 41), International

Appl i cation NMoveREWHIERDRE Migiife of !hbﬂNoﬂhe'ﬁNOS ar§d7the 280 omPERIAGE pRIphRH iif Y
no. 01/0S248 of Apl’l | 18, 2001 0 CONFI DENTI A

one of the following ways:
— simultaneously adding the PIN, the nNOS and the compound submitted to the
detection procedure,

20 — consecutively adding the PIN, the compound submitted to the detection
procedure and the nNOS, or adding, consecutively the nNOS, the compound
submitted to the detection procedure and the PIN,

— adding the said compound previously incubated with the PIN or the nNOS,

followed by either the nNOS or PIN, respectively.
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- Cys-Asp-du-Gy-Ile-An-Val -Asp-Trp-Asp (SEQ ID NO 42), -
Ile-Asp-Gu-Ay-lle-An-Val -Asp-Trp-Asp (SEQ I D NO. 43), -

Val - Asp-d u-Ad y-11e-d n-Val - Asp- Bfp- Asp (SEQ I D NO. 44), - CONFIDENTIAL
Lys- Asp-Cys-A y-Ile-A n-Val - Asp-Trp-Asp (SEQ ID NGO 45), 5 -

Cys- Asp- Cys-d yzl.l e- = Tr pe 117 .NO 46 - .

Il e- Asp- Cys-d yWL}]eé‘ tgeﬁm\yyﬁ,] 233}%1’3‘“@% é@ég ?’é m@coﬂ%o?“hg submitted to the
Val - Asp- Cys-G y-11e-d n-Vval - (SEQ I D NO

y -
Hi s- Asp- Val detedtion rroegdyra s prpeqssedrbbsmﬂtapgmly mldie t IﬁN,.the nNOS and the
Ser-Asp-Val-Ay-Ile-A@n-Val -Asp-Trp-Asp (SEQ ID NG 50), 10 -
Thr - Asp- Val sdill yeolpeufill,nit \isl eagisp 1ol rdptets pormi@ds Dhathind Itp, the complex formed
Lys-Gu-Val-Ay-Ile-dn-Val -Asp-Trp-Asp (SEQ 1D NGO 52), -

Lys- Asp- | | ebéiwieh HR-FENNmYANGS, Rmd it AfsBodiE e Qld@mﬁé) as Well as compounds
Lys-Asp-Q u-Qy-11e-Gn-Val - Asp- Trp-Asp (SEQ ID NO 54),

Lys- &sp-Q ny I Q 5
tys gp xa: lﬁl‘tgmlhlogﬂ orb y%kﬂ‘%it& :Pupdnﬁg rEEEQ | gh%NogN gg?NOg and are effective
ys- Asp- Va a -
o R b 2010 8
s a -1l e-d n-Va -l1le -
Lzs AsB Val -Qd yW}leé‘-@}eran&rﬁ A%fpthcr er;NGﬂE)F P§@8 g o CQSIH)OUHQ(Fmemed to the
Al a-Ile-3 u-Pro-Val -Leu-Ser-11e-Leu-Asn (SEQ ID NGO 61), -
Arg- | | e- G udptectiovaprocelmSes piepared duy- cmpeciBEDy |abdiNg) thé PIN, the said compound
Asn-1le-Q3 u-Pro-Val -Leu-Ser-1le-Leu-Asn (SEQ ID NO 63), -

Asp- |1 e- G uak theV@OB £i-iSedsidr! t6 deRbt AsipduRBEXHabbNG toGfle P]N 35 well as locate
A n-11e-G u-Pro-Val - Leu- Ser- | | e- Leu- Asn (SEQ I D NO 65)

pppl cat i on SRes. I‘%%*%F E%*‘f?%“%%ﬁg#ﬂ?é‘@ﬁ%n%? fg&%&@%?s Ff”éﬁc T8
Pro- 11 e of ol BSOS A KSR PR e . -

Ser-11e-d u-Prox- eu-Ser-1]e-Leu-Asn (SEQ I D NO

Thr-11e-d u-Pr o‘%‘;ﬂn tli%ﬂ“’éé?‘s qfite PEY, nN(S e|°9nmmct3 mltted to the detection
G u- Phe-d u-Pro-Val -Leu-Ser-11le-Leu-Asn (SEQ ID NO 70), 5 -

d u- | | e- Asnprycgssviaprapered darconesutively Adding 8E@N OS Nox sa'/id):pmpound and the PIN,
A u-I1le-Asp-Pro-Val -Leu-Ser-11le-Leu-Asn (SEQ ID NO 72), -

| e- Cys-itHs easialte det¢etsdimpouadd wat Had td BEQNAS, NOwell Ak locate good ligands of
e-d@ n-Pro-Val -Leu-Ser-1le-Leu-Asn (SEQ ID NG 74), -

e-Gu I
GI uﬂﬁ' nglvgill alli_agﬂvgg{? sﬁ@n%:eu ﬂ;ﬁngof Irgtﬂyl\grd%ﬁ?f p}lp preferably nM),

g AR iy Em B, 2258 NS 78

3 g 3 e kl qfe"thgml{f, %@E}% Ng c%rgéouni%submltted to the

GI

-d

-GQu-Ady- VaI Leu- Ser-IIe Leu- Asn SEQIDNO 81), -

- @ udetestiom pracedireds prenaredeby Adding Sheyspid eqmpanyl, previously incubated
-G u-Lys-Val -Leu-Ser-1le-Leu-Asn (SEQ ID NO. 83), -
-d
-d
-d
-d

1

u-witht thgaPINLeto- Ser nNOS; |bendiagnbef@&Q o M@l @dA)pound and the PIN is
u- Ser-Val - Leu- Ser- 11 e-Leu-Asn (SEQID NG 85), 20 -

u{adilitaiéd| belfere -the mMN S 14 addeds fhef: Elgt e8dr to- detect compounds
u-Pro-Ile-Leu-Ser-Ile-Leu-Asn (SEQ ID 87),

bound to the PIN.

2

QOOOLOOLLLOLOOLLOOOO
cccccccccccoccoccoccocc

y
N
5|
T
N
N
1
N
N
N
1
N
N
Dl
1

('D('DCDCD('D('DCDCD('D('DCDCD

When the mixture of the PIN, the nNOS and the compound submitted to the
detection procedure is prepared by adding the said compound, previously incubated

with the nNOS, to the PIN, bonding between the said compound and the nNOS is
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Q

| e-d u-Pro-Val -Pro-Ser-1le-Leu-Asn (SEQ ID NO 88), -
A u-Pro-Val -Leu-Ala-1le-Leu-Asn (SEQ ID NO. 89), -
d u-Pro-Val - Leu-Val - 1| e- léu-Asn (SEQ I D NO 90), 2%QNFIDENTIAL
d u- Pro-Val - Leu- Ser-Leu Leu-Asn (SEQ ID NO 91), International

[ g E g@ i 2. F h
ngzgll\lg*tatggr Fﬁ%ﬁgé/ dia I ltd §| “ 1A|EZ51er2t8 %etect go%‘p%ungsr 1!)0(:1).1rnld
G u- Pro- Val - Leu- Ser - Phe- Leu Asn (SEQ ID NGO 92), -
A utrhe VIS Leu- Ser- Trp- Leu- Asn (SEQ ID NO 93), -
G u- Pro-Val - Leu- Ser-Tyr-Leu-Asn (SEQ ID NO 94), -

I
e-
e-
e-
a
/
e-
e-
e-
e- A u- Pr oWlzh-the PIISethe VANOS and Asnsaf SEGnpoanNQire Added Simultaneously, the
e-
e-
e-
e-
e-
e-
e-
e-
e-

G

G u-Pro-Val -Leu-Ser-lle-Leu-Ala (SEQ ID NO 96), -

du Eﬁlﬁﬂ@ﬂldﬂ—@ﬂc&ﬁﬂekés%hﬁé& @a%pbe( &ﬁ@ 1'11@0N@on%s)ng fluorescent markers
GIu Pro Val - Leu- Ser-11 e- Leu- GIn Q I D NG

(YR Bl BB SRR B s o

g 3ra}%r1(g q\ylliy o!{egiggg&rno{q :séptﬁwpél?s)gagggf gn&@dlrfetz‘;etectlon system.,

G u-Pro-Val -Leu-Ser-1le-Leu-Pro (SEQ ID NO 103), -

d u- Pr o When-the BNsthe Isqléc%m@éranélmgsr@ adggd ponsecutively, or after
e-d u-Pro-Val -Leu-Ser-1le-Leu-Thr (SEQ ID NGO 105) et 15 -
a u- I | e- G uprsmeubatior efl {ePENPloe nNOS @ith thSEaid EmaundP6de of lesevgbindinges
bei ng conpounds that can be detected by the procedure defined above, and

whi ch pr esephrtiger§ hitet st B frhmbbiYizédsn 4 EraldDAuINsﬁraIi@nméQldahﬁﬁ&fnbﬁrof% Rk&s
defi ned above. These peptides that m mc nNOCS are fragnents of n

Chentcal syidRERIE Bhe Y Sﬁ‘mﬁ%@’&?é%%p}'ﬁﬁéﬁn?%?@tﬁ‘lﬁ%éagﬁnéﬁétéé%%da‘h%ﬁ"“g“
. 9 (A to T t
et 46 ropPEEEE Ry ”Igogsiw”ﬁﬂ?dts Gpese e ering: afiine dorobnd Bingsy | n

1: Lys nutated to lle; in hr mutated to Val; and in 9: Arg nutated to
Trp) for théep@ﬁﬂlﬂeth?@b]r(&@rfbéﬁofbplel‘m@@@ﬁ@é (VSERIOIEEISNO. 4. These two
peptides inhibit the interaction between PIN and International Application
No. PCTI FRO2/ 01322004 d¢tectionrprégedite to Tise ROBonddefimeth abovepin wiich the INOS 8248
of April 18, 200l 23 CONFI DENTI AL

first fixed on a solid substrate.

I
I
I
iC
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

%

QQQQQQQQQQQQQQ@%QQQ'

CCCCCCCCCCCCCC'

o

15 “Fixed on a solid substrate” refers to a procedure in which the nNOS is
immobilized covalently (chemical reaction) or non-covalently (non-specific adsorption
on plastic, avidin-biotin system, antibodies) on a solid substrate.

When the nNOS is first fixed on a solid substrate, the PIN bond is detected by
surface plasmon resonance or by marking with a detection system (radioactive,

20 luminescent or fluorescent marker, enzyme, biotin), which enables the quantity of
complex formed to be measured.

When the nNOS is first fixed on a solid substrate, the simultaneous addition of the
PIN and the compound submitted to the detection procedure, not previously mixed,
makes it possible to detect ligands of the nNOS, the PIN and the complex formed

25 between the two proteins. This procedure therefore makes it easier to detect molecules
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NNOS with a K; (1C50) of 4 ~nol /L (inhibition constant correspondi ng to an
i nhi bition percentage of 50% for, the peptide represented % SEQ
IDNO 3, and 0.4 ~nol/L for the Bseptlde represented by seq c%g%ﬁl

4, as shown in Exanples 2 and 3. 5 SEQID NO 3 to SEQ ID NGO 106

correspond tt at. 151‘39”%5# é:sfsﬁél%tfo%eo e%eﬁtﬁﬁ ﬁm%%ﬁ it}ﬂ[s SIR)%H ifcﬂ' H@'}pﬁﬁ%sathﬁo

concer ns nuc el c one el ns, one

protein frag nts th es deflned above. It also concerns

t he nucl eot | ffdg‘?ﬂ: ‘gE’QEqrﬁe&@gt“%eni WeHPBIRO 1 is a new nucleic acid
sequence t hat has been identified in the rat. It codes for the new protein
correspondi ng t oVhersths NQS it first fleadnemod solisl subsizate, Nimsconsepitive additian Iof thene
sequence SEQ ID NO 2. The invention concerns a pharnmaceutical conposition
char act er i zesnipouhd sitbmitted tnthaidatectdorpproteiune amdl the PINimakles #grmsibleao datect
peptide, as defined above, in association with 15 an acceptable

phar maceut i cmpoahdscthe: inilibe FHRSGe WIS JARES ¥ the R SiMRERE BESh bh@d to to
1 g per day for an adult of average wei ght of 60 kg. The invention al so

concerns a C t ains a11
mon- pept i de 0g BACAS dt L SR AahE Bk GAHAZIA! IARC plul bibke wiafBrRy
above, in a iation with an acceptabl e pharmaceuti cal vehicle.

I nt ernation Application No. PCTlI FRO2/01327, filed on April 17, 200l;
French pri or| ty no. QI /05248 of April 18, 200I 24 CONFI DENTI AL The

i ntervention al sWhemHeatVas is Brshiined eneisolifl subsiatss ithe asiditionaefathe sempeend n
that it contains the nolecule with the followwng formula: /N5 NOOs ~/
\ / o ~N O Nubmittedas tri détedionvprobedare, qaredptusiplincybated nwitke thé RN, nedkieslie. 10
The invention al so concerns the use of proteins, protein fragnents and

peptiodes, aspodsiblenedicaROuR, lidabils bihe HTRD MeANOB M tHE daHipleR folnh&l bétRaédrent
of prediabetic and hyperinsulinic states, and overt type |l diabetes. The

dose used cafe pay ﬁn?%%\}ﬁ rTh?soﬁ’i'é H%ﬂdaves e gﬂlflfng of tHe P& cgf;i‘xﬁoﬁlﬁf with tl‘%jm t

of average wel ght 15 T e Invention a concerns e use of
non- pepti de et.ect e enl r.oced as d fi.ned
above, for tmﬁtgﬁéﬁgﬁ’l ﬁ%n 8’.'11%&8%8%16&031 &gﬂg Hﬂmﬁ#@ ib sEreen for ligands

of the PIN. This method also makes it possible to select good ligands of the nNOS

(ligands with a very strong affinity for nNOS, in the order of uM, preferably nM),
15 which are kinetically limited in this case.
The invention also concerns a detection procedure as defined above, in which the
PIN is first fixed on a solid substrate.
“Fixed on a solid substrate” refers to a procedure in which the PIN is immobilized
covalently (chemical reaction) or non-covalently (non-specific adsorption on plastic,
20 avidin-biotin system, antibodies) on a solid substrate.
When the PIN is first fixed on a solid substrate, the nNOS bond is detected by
surface plasmon resonance or by marking with a detection system (radioactive,
luminescent or fluorescent marker, enzyme, biotin), which enables the quantity of

complex formed to be measured.
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predi abetic and hyperinsulinic states, and overt type Il diabetes. The
intervention also concerns the use of the nolecule with the follow n
formula: 20 /NN~ OOi s ~/ \ 70 ~-NON 25 OlnternatioﬁQNFWﬂ@gtion
No. PCTI FR02/ 01327, filed on April 17, 2002; French priority no. 01/05248

of April 18, 2 2 F. | AL for.1h repar at i of druygs far, the
treat ment of a%?’é&‘qmigﬁﬂr d??s"i’es‘?lﬁit ﬁﬁé t&ﬁg? F‘én'ﬁﬁﬂew&éﬁ?w&ﬂ?i% c
states, and overt type |l diabetes. The prediabetic state is characterized
by mild basaVORandrthe yermpeundpabmtesd © thedstectigppiogedirg, ek @reviqudly mzed,
ng/dl). The prediabetic state is also characterized by glucose intolerance,
i . e. glycenmakdseit woesiblé.t8 debdcf ligBndsgofithe @NOS,1ihen®IN 200 the coinplek worthedir s
after an oral glucose test. Hyperinsulinismcorresponds to insulinem a of

1.5 to 10 thdiReed the tibPeérBink eMab ?rcﬂ:!e&'tﬁ'@ thddefoRtembkdsat 8isitrQo fdefecmbREMBE MaN
(10 ~UmM 20 pnole/L). 10 Type Il diabetes is characterized by fasting

gl ycem a of r Of e 2 m a
o e 11 i) B b, A5 ol BisGet EBY 08 i Wik een BEcOMPRES YRECL
referred to above and objainhed uysing the proteins, protein fragnents,

pepti des ordlﬁstﬂ‘ilabee%?ic%p ﬁgmgﬁg‘”gegéﬂﬂﬁq e hove, are able to
re-establish a normal 15 biphasic insulin response in prediabetic and/or
hyperi nsul i ni c Waen & BIN proseinag first fied pg aj sebid spbstrates thenenarsequiize additien| i n
secretion presenting a first secretion phase of 5-10 mnutes, as well as a
| onger secoofithpkkempotitatubuatted® tha detettsomsproyedase and tha aiNQS nakegit possitde

i ntake (approximately 1-2 hours). The drugs, referred to above and obtai ned

usi ng the pfoodéddTompbiasithat fifndBHRALSthe PANPRPHRESS He BAToRPBIAEBoes not
subst ances, as defined above, are able to re-establish quantitatively

nor @l | ”Suhiinﬁ t??t?er lgﬁ\{,qpits!e’ﬁn{ﬂﬂ@d hridfl ﬁ}%%a‘%ﬁir?%alhétgg%%gﬂér&%gif&%"aﬂ&i‘ti%ﬂ of
concerns a kit for defecting a noduldling conpoun t reduces
conpl exat i o% 513 en the PIN and nNOS. This kit includes the follow ng: -
nNOS, speci f¥° q‘@ the pancreatic formof nNGS, 25 - PIN, International

Application No. PCTlI FRO2/01327, filed on April 17, 2002; French priority
no. 01/0S248 of Whspithe PEN ipdigst fixed on a solid ‘substrate, the addition of the compound

submitted to the detection procedure, previously incubated with the nNOS, makes it
possible to detect the ligands of the PIN, the nNOS and the complex formed between
15 the PIN and nNOS. This method facilitates the binding of the said compound with the
nNOS before incubation with the PIN, thereby making it possible to screen for ligands
of the nNOS. This method also makes it possible to select good ligands of the PIN
(ligands with a very strong affinity for the PIN, in the order of uM, preferably nM),
which are kinetically limited in this case.
20 A good detection procedure to use, according to the invention, is the one defined
above, in which the PIN and nNOS are in solution.
When the PIN and nNOS are in solution, the quantification of complexes formed
is done by marking the two proteins with a fluorescent compound and measuring

fluorescence polarization.
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26 CONFI DENTI AL - nedia or buffers needed for dilution, - materials needed
for washing, as necessary - nedi a, or buf fers needed for theﬁ%&%@tg,ﬁ of a
conpl ex between the PIN and nNGCS, "and the formation of a co en
the PIN or the nNOS and the 5 conpound submitted to the detection
procedure, - ne E e atd negi.fi.c : C; |

quantity of corrpql‘?%xltn? %@%da\%\? t%ﬁﬁd{eﬁ%s %%{%%@r &iv?ﬁi Eicﬁﬁtzh% ngltﬁi.ﬁ ]%‘ﬁzgﬁﬁgg%a&gfs
buffers required for.the dilution o S, (137 NaCl ;. 2.7 KCl; 4.3
mM NaZHPO4: CfP%HWﬁglé%ﬁo%?,seﬂbe@e SHQ, \k@nlzer iAniragsaent of ﬁ‘%&@ﬁ?r%@vi ne
serum al bum n). An appropriate washing nediumis 0.1% Tween 20 in PBS. The
nmedi a and bwppaiyng atdaast 400 aming 2oidss proyided die wid fiegment wentping thyeminnesid and
bet ween the PIN or nNOS and the conpound subnmitted to the detection
procedur e arep0sities Z6ken 20 in PBS and 1% BSA. 15 The net hods for detecting
variation in the quantity of conplex fornmed between the nNOS and PIN are as

follgws: - use E@MDAND:-2 &Ja 3R HrOtin (dohated frofthe) Al thaaRRIre§Hnds ¥ the

per oxi dase or al kali ne phosphatase, - use of an anti-nNOS anti body | abelled

Wi t h peroxi = . Or i sphatase, - use of an anti-tag anti body
(GST or (H g?%ﬁeacgfr?} fgﬁégg#%{}g%% ed, biotinylated or fluorescent anti-nNCS ,

- use of two radj.0- or fl.ugresc -|.abel |l ed protei - e qf surface

pl asmon r esonance WA ﬁ-?%%f’mggﬁwlﬁﬁﬁgﬂ% O%Qﬁtﬁﬁﬁ%&%ﬁ&fﬂeo“de

Appl i cation No. PCTlI FRQ2/01327, filed on ril 17, 2002; French priority
no. Ol / 05248Utiqesiin pasations@EP, 9532 Y008=ndAi2®H ON OF FI GURES CONFI DENTI AL
Figure 1 shows the results of RT-PCR analysis of PIN expression in rat
pancreatic 5 i sl Biesslashdf the®: mutaions i Asdilanti metatiah; thefeB®@2) it ddes riobicalseRNA i s
i sol ated, and the conpl ementary DNA synt hesized by reverse transcription,

t hernoanpl i f ickghde)n B¥akhomMcid) pri mers based on the sequence of the PIN or
(32mcroglobulin ((3zm, the latter being used as a positive control. A

negative controlTeSinfQRfenicBnddits AP IS pertREPI QNS Y

— Lys-Asp-Thr-Gly-Ile-GIn-Val-Asp-Trp-Asp (SEQ ID NO: 3),
— Ile-Asp-Val-Gly-Ile-GIn-Val-Asp-Trp-Asp (SEQ ID NO: 4),
— Cys-Asp-Thr-Gly-Ile-GIn-Val-Asp-Arg-Asp (SEQ ID NO: 5),
15 — Ile-Asp-Thr-Gly-Ile-Gln-Val-Asp-Arg-Asp (SEQ ID NO: 6),
— Val-Asp-Thr-Gly-Ile-GIn-Val-Asp-Arg-Asp (SEQ ID NO: 7),
— Lys-Asp-Ala-Gly-Ile-Gln-Val-Asp-Arg-Asp (SEQ ID NO: 8),
— Lys-Asp-Cys-Gly-Ile-GIn-Val-Asp-Arg-Asp (SEQ ID NO: 9),
— Lys-Asp-Glu-Gly-Ile-GIn-Val-Asp-Arg-Asp (SEQ ID NO: 10),
20 — Lys-Asp-lle-Gly-Ile-Gln-Val-Asp-Arg-Asp (SEQ ID NO: 11),
— Lys-Asp-Lys-Gly-Ile-Gln-Val-Asp-Arg-Asp (SEQ ID NO: 12),
— Lys-Asp-Phe-Gly-Ile-GIn-Val-Asp-Arg-Asp (SEQ ID NO: 13),
— Lys-Asp-Val-Gly-Ile-GIn-Val-Asp-Arg-Asp (SEQ ID NO: 14),
— Lys-Asp-Thr-Gly-lle-GIn-Thr-Asp-Arg-Asp (SEQ ID NO: 15),
25 — Lys-Asp-Thr-Gly-Ile-GIn-Val-Cys-Arg-Asp (SEQ ID NO: 16),
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DNA (C). DNA fragnments of known size (2000, 1200, 800, 400, 200 and 100
base 10 pairs) are used as nol ecul ar weight (MN markers. F&(g]ﬂéﬁ)&% Z‘Q‘(;WS
the results of protein transfer alfal ysis (Western Blot) for d&tnce of
PINin INS-1 cells. The proteins extracted fromthe INS-1 cells and from

rat brain (Brain) arg_sehapated 0n-~13vp% LI el hahsf-grred to a
nitrocel |l ul ose 15 né‘ﬁ’f)r‘bésﬁgﬁgt(ﬁlgrﬁ% ﬁiénigg][%éf{ VA\A?é %gﬂgﬁ%%@kz@- f<;7§’ti -PI'N

anti bodi es. Detectign is dgone_using peroxi dase-conjugated anti-nouse

anti bodi es, fol | oedYByABnEiPlrHnEic¥akasnihay-hsp éé.E&éDaN@: RB)KDA indicate

t he nol ecul ar wei ght markers. Figures 3A and 3B show the col ocal i zati on of
PI N and neuronal NOlgymispaBe-Gly-IReGImnNBaliAseClys-Asy (SBQUPANOud)escence. The
INS-1 cells are double-labelled with a nonoclonal anti-PIN antibody (Fi gure
3A), and with rabbi tLyasp- T y-Ghouyl-Asp-Bhie-asgBEQ TbaNd 20)y escence i s
detected using a fluorescein-conjugated anti-nouse antibody and a

rhodami ne- conj ugateq A dp-Trabbiyin@oiH-YadXsp-THeRsf (Y I8 NGSi1h 9 2

t wo- channel confocal "'m croscopé. The scal e bar represents 10m

I nternati onal Appli i .~PGTl / 27 il 14,17, 2002;
French priority no. %I%Z@%%W%gﬁogigkg&%%&)he @@@I AL Figures 4A
and 4B show t he effﬁft of ,ﬁlp%ov r&xpressi on in INS-1 cells on
gl ucose-i nduced i nsdt¥SH Petirdlydie-Gh-Yal-asprArg e BQE N ARs of RT- PCR
anal ysis of PIN overexpression in INS-1 cells. The INS-1 cells are
transfected with an \@lpksesBirdplydscGbrVahasp-Asg-diyt (8Q EINQ: ),(bar C) or
that contains PIN conplenmentary DNA (bar PIN). The total RNA is isolated
and the conpl ement-arie-AAValGly-Tie-inWal-REp-ATR Tap (SEQIDMEDS2ased on the PIN
sequence. DNA fragnments of known size (2000, 1200, 800, 400, 200 and 100
baseqpai rs) are used|eafsgIVhEGH-BE-CIRTHRASPATE N (SROTDWD: 26, gure 4B shows
y

the results for the analysis of insulin secretion by INS-1 cells that 10

overexpress PIN (bar PN VM ER_fiesheat . Q. GoRt.ol I O .

Forty-ei ght hours afllee&}!% y\gdné}pefclgi%}gﬁ%f ﬁgpﬁlgﬁflgrﬁgﬁé@iﬂ%?ﬁ(ég?@d inlg/L

gl ucose and insulin _secret) asyr r.adi oi [ cal assay. Figures
SA and SB present _séf?égf’lb'yéloﬁglyd ?'Zﬁ%‘&g“‘%é' %‘Jﬁgﬁgﬁ) v4)r esonance 15

anal ysis of the interaction between PIN and a nornmal nNOS peé)ti de (Figure
SA), and between P NYarspal bt betGlindsl-peptlirerdisp KBEQIP MB) 29) he pept i de
sequence being SEQ ID NGO 3. The peptides are immobilized in a channel of a
CM5 bi osensor ( Bi acdleeA#BYhr-GihdllediHn-MalNAspdirpi Asp (SEQAIXNO: BF), t hr onbi n

di gestion of GST-PIN, is inj ected in increasing concentrations: 5 p g/m
(dasised |ines-CUFV-e\”aliKprT}ﬁLﬂil@-I&-Ghﬁle-RQp-@gF-A@p‘(SEQ IBINOY$)SB) ; 10 pg/ m
(dashed-dotted lines-Curve 3 in Figure SA and Curve

— Lys-Asp-Val-Gly-Ile-Gln-Val-Asp-Trp-Asp (SEQ ID NO: 32),

— Cys-Asp-Val-Gly-Ile-GIn-Val-Asp-Trp-Asp (SEQ ID NO: 33),
~ Val-Asp-Val-Gly-Ile-GIn-Val-Asp-Trp-Asp (SEQ ID NO: 34),
— Cys-Asp-Ile-Gly-Ile-GIn-Val-Asp-Trp-Asp (SEQ ID NO: 35),
20 — lle-Asp-Ile-Gly-Ile-GIn-Val-Asp-Trp-Asp (SEQ ID NO: 36),
— Val-Asp-Ile-Gly-Ile-GIn-Val-Asp-Trp-Asp (SEQ ID NO: 37),
— Lys-Asp-Phe-Gly-lle-Gln-Val-Asp-Trp-Asp (SEQ ID NO: 38),
~ Cys-Asp-Phe-Gly-Ile-Gln-Val-Asp-Trp-Asp (SEQ ID NO: 39),
— Ile-Asp-Phe-Gly-Ile-GIn-Val-Asp-Trp-Asp (SEQ ID NO: 40),
25 — Val-Asp-Phe-Gly-Ile-GIn-Val-Asp-Trp-Asp (SEQ ID NO: 41),
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c in Figure SB); 20 ~tg/m (dotted lines-Curve 2 in Figure SA and Curve b
in Figure SB); and 40 pg/m (solig lines-Curve 1 in Figure g@ g}@ﬁ%e a
in Figure SB). The binding of PI o the normal peptide (Fi P dto
the nutant peptide (Figure SB) are recorded on the sensorgrans, making it

possi ble to determ glﬁ'éﬁ"é _ﬂg_bqﬁ_ivg&égg_?rg_'rﬁgigggi@tﬁ@p‘}@onstants.

These sensorgrans gi e response I n rnati ona plication No.

PCTI FRQzI 01327, ftl n rj 7 12 ;. Frenc Larity n 0l / 05248

of Aprill8, 200l ‘23&%}@:@%‘&?@“‘8&%&%" d*]SpRsh@fq/\ﬁQr 23)1 RU (resonance
unit) corresponds tQ 1 pg of protein per nM2 on the biosensor surface.

Fi gures 6A and GB—stY(ﬂkAtSﬁ&lilrfﬁlD’ﬂilQ'GBh a-Astrd TirASE(PRQ 8P N4 N t o nNOS f or
5 different concentrations of normal and nutant peptides of sequences SEQ
ID NO 3 and SEQ HDLiy&xAsp-CysGhrlle-fiimbial-iAzp1iypiAsp (RBQIDANOa45)ELI SA pl at e,
GST-PIN, previously incubated with increasing concentrations of peptide,
was ddded. The i ntemastAPICREGHERE-GIAS Al-\WRpIIHIRHISERED et 86y ed by

per oxi dase- conj ugat e%@an?i -%oéTyfmti body, a1r31d rrpre?glrj(ri gg}aabsor@tance at 490

rim 10 Figure 6A_s hQMS}%ﬁ§Q@?ﬁﬂgg}lﬁi\fﬁ}%§D‘%§% @fggﬁ%\fggggoncent ration

(in ~g/mM). The curve w dots 1s e curve with
squares for peptide I d curve, W i n for peptide
SEQ ID NO 4. Figur ‘%E%‘SB%%{Y%% 'g’i'f'yé‘ﬂgiﬁ'éf%?‘*ﬁpr{ﬁfh’&dlhagﬁ- gg)t he bi ndi ng
of PINto nNOCS as a_function of Fegéti de concentrati onﬂgi n ~M. The curve
with dots is for thdliféysaeYalfdsdiedaln-Yal-AspsTouAse (S5Q é\lféra‘l’\'%s for peptide
SEQ ID NO 3, and the curve with dianonds for peptide SEQ ID NO 4. Figures
7A, 7B, 7C and 7D-prSes-dup-\s{dpillprGhmsV dloAsp-fip-Asp (SRR IPING:MO), r esonance
anal ysis of the inhibition of binding between the PIN and nNOS by a nor nal
NNCS020 peptide (Fi ghir-AspAYalaBlg-IyGivat Aep-TNORsPEPEQIBNGEY)! D NO 3 and
SEQID NO 4 (Figures 7B and 7C). Figures 7A, 7B and 7C give the response

in RU wh 1 RU DI PRt ei e
o 1, e LM Lngssmenen iagragiERaendi e chamnlom g o b

on the biosensor surface. Figu shows inding of PIN

to nNGS by the norngl peptdd < Thr y, Ll | g Asp). Curve
1 corresponds to t@%ﬁ%&%%@%?ﬂ%ﬁ% %M@Eﬁaﬁ%ﬁﬁﬁ ation No.
PCTI FRO2/ 01327, fledq on, Aprjl!l |7 02; . French priority no. 01/0S248 of
April 18, 2001 30 [é"d‘[q:‘ Lﬂ?:ég’i'rgfs“l'énspéﬁ‘awr’ﬁ?@ NQedth at i ons of

normal peptides of 20 wrnm, 50 ~g/m and 100 wg/ m , respectively. Figure
7B shows the i nhi bi tiysrA®FGinHSlybiler@lmmy abAspiTpAsp(SER Ir¥0esH), by a nut ant
peptide with sequence SEQ ID NO 3. Curve a corresponds to the absence of
t hi 55 protein; Cur Jgs-Asp-Cal-Ala-Iee-Gird Vhl- Asp-ligpitisp €SBQMDENOT $8)] ons of 5

~g/m, 10 ~g/m, 20 ~g/m, 30 pg/m and 40 pg/m, respectively. Figure 7C

shows inhibition of [yeeAHLVEiGE-Vil-GhevalASPTAL & (SED (HRG protein by a
nmut ant pepti de SEQ | NO@ 4, C%,rve 1 correspgoﬁ%js I?E) Etl%e S{g%e of this

DrEI O ves 2 SywdhrB BN ERAGHEPL A5 SRR 9N Oy 1 0/ 2
— Lys-Asp-Val-Gly-Ile-GIn-Val-Asp-Ile-Asp (SEQ ID NO: 59),
— Lys-Asp-Val-Gly-Ile-Gln-Val-Asp-Trp-Glu (SEQ ID NO: 60),
20 — Ala-Ile-Glu-Pro-Val-Leu-Ser-Ile-Leu-Asn (SEQ ID NO: 61),
— Arg-lle-Glu-Pro-Val-Leu-Ser-Ile-Leu-Asn (SEQ ID NO: 62),
— Asn-Ile-Glu-Pro-Val-Leu-Ser-Ile-Leu-Asn (SEQ ID NO: 63),

— Asp-Ile-Glu-Pro-Val-Leu-Ser-Ile-Leu-Asn (SEQ ID NO: 64),

— GIn-lle-Glu-Pro-Val-Leu-Ser-Ile-Leu-Asn (SEQ ID NO: 65),

25 — Gly-lle-Glu-Pro-Val-Leu-Ser-Ile-Leu-Asn (SEQ ID NO: 66),
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Figure 7D shows the inhibition curve for the binding of PIN to nNOS protein
by the nutant peptide SEQID NO 3 (Curve a, dots) and the tide
SEQ ID NO 4 (Curve b, squares). 2his figure shows the inhﬁWﬁ%NpﬁE
percentage for the binding between PIN and nNOS as a function of nutant

pepti de concentratigon.in Fiquge hows | i ecretion results
for pancreatic isT eﬁg'ﬂefgm%ﬁ%éﬁlft%g?rf@efﬁ?‘ﬁﬁn k%m%@e@éhce of

i ncreasi ng concentrations of the nol ecul e C24H 8N405S, with respect to

i nsulin secreti o obrdlen@l-Pie-Ytldlanbariicelar Ash(SEQHP NP &8): Af t er
isolation, the rat islets are stabilized in 0.75 g/L glucose, then

i ncubat ed i n gr oupsTlotllg-GiheBrd-WaRLey-Ber?lle-frurdes €SHOID NO: ¢8)t hout thi s

nol ecul e. Insulin secretion is then nmeasured by radi oi munol ogi cal assay.
I'n Figure 8, insuli@sPite-6lu-Bio-VhFLagSele-Lou-AeR(SERMDM0aR)a function of
t he concentration of the said nolecule. The black bar shows insulin

secrgtion for the CGHf-fl@-b\sﬁWr&-%WLeﬁ-@&E—II@HJeﬁQA@nE{BEQt eN®): ay), bar for the
20 pM the Ite

nol ecul e at concentration 25 bar for the nol ecul e at

concentration 50 ~. ng t heq bar for,t t International
Appl i cation No. PCFM%’%RQ%‘?’@’&%&“‘ rﬁﬁrlrelu@ph@gggff ﬁﬁrzagh priority no.

0l /05248 of April 18, 200l 31 CONFI DENTI AL concentration 100 ~M

Si gni fi cance | evetsGli-Be{GyaiPsenVendt Ligy-Ser-He d.egsAgn(SEQUP N0z 78),001 (***) with

respect to a control (number of replications: n = 5). MATERI ALS AND METHODS
5 Sequenci ng t he eo@l-Besilt-#re-ViaNAeoiSet-He-Leatasm(SEQID NOc 7dxi de synt hase

i soform present in pancreatic ~i-cells Interlocking fragnments of
conpl enent ary DNA-( Glu-AB8G1620abas-d epdet-3lk-IaneAskO(SEI) H) Ned 75y, RT- PCR from
rat islets of Langerhans and fromthe insulin-secreting cell line INS1

(Asfigri et al., 199g), nIltQuiskeya.-[ussdrIrlBhelsf (SO DX@amgr eas of nale
Wstar rats using coll agenase di gestion, then separated fromthe exocrine

Istar r ng col gestion, | . ! oc!
1976) - The I NS 1 cork RS Apohite SRIR TR R U 2o T Rem

| 640 containing 10%fetal calf serum 15 100 m_penicillin, 100 ~glm
streptonycin, 2 nmv ngﬂlat@mw;V@&W@ébe@u-Xsm@@P p{Puvate, and SO
gM ~i -nmercapt oethanol. Total RNA fromthe isolated islets and INS-1 cells

are extracted usi ng GIRIlz<Fu{Glnf\éaleukYestlleghensisn (FHQ 1D NQ: s and of
conplementary DNA is synthesized from 10 ~g of total RNA in the presence of
3 ~g of random pr -méis-llelGlneGmeddifAauclprdie) [.eut Asig(SHEQ UD INg»(80),) priner (Life
20 Technol ogi es), and Superscript Il RNase H Reverse Transcriptase (Life

Techpol ogi es). The BHRIeGLIGH-WaNeu SerlIREL HI-A5E (BEQ Ob N@:®B1Fo! ynerase (Life
Technol ogi es), using the priner pairs listed in the table bel ow.

I nternational Appli IR NGis Real 1 R0 Qi3 A bd rgoh 17, 2002;

French priority no. Qg\g}%g@y&{lgmﬁﬁ I {31%312?%0%5 és?Zb %@PD& | AL C ockwi se

and countercl ockw s rimers u i n the. seauencifs e, Qancreatic form

of neuronal NO synt @Eéfe%ﬁmaﬁ%%@%m CACGTTTGRGGTT
' S' TTAGCTTGGGAGACTGAGCCACCT 3' 5' CCAGTCATTAGCAGTAGACAGAGT

S' CATCTTCTGRCT TecGistetduMet-Kalroeur SptallzFewAcp ASHQERANA: 84),

S' AGGTCCTTAAACCAGTCGAACTTG 3' 5' ATCCAGCCAATGTGCAGT TCACGG

S' GI'TCCATGGAT CAGCGIGOEAGMES 3+ \oa CENSEETIRAICACSCEEHGNINNTE 85),

S' TCCCAGTTCCTCCAGGAGGGTGIC 3' 5' CCCTGGCCAATGTGAGGT TCTCAG

S"2GCATTCACGAGGT CC TG i - Bal T e CR-BA0 (SO ME: 86),

3' S' TATTCTGT TGAGCCAGGAGGAGCA 3' 5' GGTGCACCTCACTGTGGCCATCGT

3' S TTAGGAGCTGAA. AA@J}I-@I%T@B@;OSIE-ﬁelﬁfs&ﬁne-'whlpisﬁ'(SEQWUN@?S@?nat uration at
94C, the PCRis run for 40 cycles-a denaturation stage at 94C for 1 m nute,

a hybridi zation St~aQﬁu-eﬂe-é%%go%%}#rf%g%?ﬁ&l%hlfeggéserl %gﬁrs%:s&tg?ge at 72C for 1

m nute, then a final él"ongati on At m grati’on on 1.5%
agarose gel, the comy, SIERhabb VAl al AATEE S Ak (sEQ ID NO: 89),

— Glu-Ile-Glu-Pro-Val-Leu-Val-Ile-Leu-Asn (SEQ ID NO: 90),

L W0 LW W

25 — Glu-lle-Glu-Pro-Val-Leu-Ser-Leu-Leu-Asn (SEQ ID NO: 91),
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purified using the QAEX Il CGel Extraction Kit (Q agen). The fragnents are
then 10 nenual |y sequenced tw ce ysing dCTP [aS35] and the Jé}@; pguenase
Cycl e Sequencing Kit (Amershan), “and once using an autonatic sequencér (ABI
PRI SM 377, PE Applied Biosystens) and the dRhodam ne Term nator Cycle

Sequenci ng Ready Regfl-Ne1{ipo-ARRLARRE P BLONR(SEOID Mo: 95N be seen from

sequence SEQ ID NO 2, four point nmutations are identified I'n the sequence

horl ogous 1o the™ L@é@%&gu?‘é b3 Bt eGP hese mitati ons
nodi fy the am no amgh ence. One valine is mutated to isoleucine in
position 269, one~af: Ilﬁ P‘é)r‘bTV&Il'll-ﬁE Seh Tobey-Ash (BEQ IDVQ: Yhe serine to

phenyl al anine in position 1008. Pancreatic NO synthase is therefore
slightly different Glohei(e-Predabhai-SeeVaihehdse (PEQUDNG] 95)i dentified in
rat brain. (Bredt et al., 1991). International Application No.

PCTI £R02/ 01327, f il Gth-le-GApsbird-VRI-Le2 2 ]lefleala (PFEQADING: 96), Ol / 05248 of
April 18, 200l 33 Presence of PIN nessenger RNA in endocrine pancreatic

[3-cell's CONFI DENII &y Fie-GIPHo MR LRLSRNES AIAGRSRENGENORH i n the protein
i nhi bitor of neuronal nitric oxide synthase ( %g (Jaffrey @t al., 1996) in

endocrine pancreati I af s,and t he

i nsulin-secreting c§4ﬁF:tﬁg Pl?&éfaTtLgP?eﬁilg&egsélgggﬁﬁﬁﬁg@ B hcreati c
~i-cells. The total ated islets and the INS-1 cells are
extracted with TRTZQF%EICFIEmém&eB&eggf “Lepr{lu(PEQIDNO; 89, of

conpl ementary DNA is Silnt hesi zed from 10 pg total DNA in the presence of 3
~g random pri ner s—( Gly-defdotoladiLeniSer-lle-lguehlyd SEQIDIND: po0)rer (Life
Technol ogi es) and Superscript Il RNase H reverse 10 transcriptase (Life

Techfol ogi es). The BiRIleGluiRo-Valleusendle-Tay-His(FRQTBNO( Lof)e Technol ogi es)
with the following prinmer pairs: for PIN. - S TT GCGGCGCCAGCACCTTCCCT3~

and - S~CGAGGTGI TCCGTI-ACCAABEENGRT etk Bef-B- Lelaw(ggx%*a@ o Rel.qlgy, i n: - _
S~-ATCTTTCTGGTGCTTGICTC3~ and s~AGTGTGA AG3~ After ini t| al 5-mnute

denaturation at 94CGhﬁkg dg g,arlLL fs%; Il%cte%[%l? éfﬁeﬁﬁt f‘%ﬁt' on stage at

94C for 1 mnute |za i'gh St an el ongati on

Séa?)?oﬁhcficaiirtﬁeﬁlgﬁﬁiila%ﬂéﬁ%i‘ %@w&éﬁ’eﬁ} G2t I Ze 0y

et hi di um brom de stajnin A fra?rrent of the expect ed size (443 base pairs)
i s obtained with rh&lelkGpiBrerdalileuier-Hletles- -“Pur8EQAD NO: 40Btes and t he

INS-1 cells (see Figure 1). The RT-PCR analysis, therefore, reveals the
predénce of messeng&lu-RklhrAsp PAINL¢uSerathedanueGhaSEQ IBNEeIIDS), Accordi ngly,
t he sinul taneous expression of neuronal NO synthase and its 25 natural

i nhi bi tor Pth¥sé pegtites beingl dompdasdsethanNéanCled d&edéd bl etheprdesdurd AeRASACIRARS, | S
I nternational Application No. PCTIFR02/01327, filed on April 17, 2002;
French pri oghd Wwhih plRiédS24fRaRrE Arfinity 1} thgqu than do the other proteins defined
above.
These peptides that mimic nNOS are fragments of nNOS, selected by simple or
20 composite mutationa] analysis and obtained through chemical synthesis.
The two peptides represented by sequences SEQ ID NO: 3 and SEQ ID NO: 4,
present one mutation in 9 (Arg mutated to Trp) for the peptide represented by the
sequence SEQ ID NO: 3, and three mutations (in 1: Lys mutated to Ile; in 3: Thr

mutated to Val; and in 9: Arg mutated to Trp) for the peptide represented by the

25 sequence SEQ IS NO: 4. These two peptides inhibit the interaction between PIN and
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34 CONFI DENTI AL denonstrated. The PIN conpl enmentary DNA i s sequenced, and
its conplete honology with the sequence of rat brain PIN verified (Faffrey
et al., 1996). 5 Presence of PIN%®n INS-1 cells The INS-1 JCEPVEPENE A at

brai ns are honogeni zed in lysis buffer containing 50 MM Tris (pH 7.4), 150

mM NaCl, 2 . \, l,/ epvd.. yl sul f.0 I i A0, =g/ m

| eupeptin aﬂng%‘!m-lg? ‘(gg)sr ti rA{i ¢1m &%Q@lﬁﬁ%ﬁ%ﬁgﬁéaﬁ;& erelséﬁnldl&g t%%“éﬂ“%‘ﬁ%t%é‘t ed
by centrifugation. T oncentratijon of proteins int S rnatant_ |

det er ni ned g?"%%@é?@h?@ethgtpép %{fp{%taﬁiggi%qws? &%@ f@ﬁ&@i %Qe%r@eh?,
Pierce). Then 80 ~g of proteins are separated by el ectrophoresis on 13.5%
tricine gel pmald for thegfepridereprasentedby sepehtaSBQIDMNEL daaeshowmeinhixatmplase s
are first saturated in 5% skimm |k powder in 0.1 % Tween 20 in PBS, then

i ncubat ed ogandidght with a nonoclonal 15 anti-PIN antibody (diluted 1:250,
Transduction Laboratories). After three washings in PBS-Tween, the nenbrane
is igcubated w i i i i L

175, D00, 51 g ALy o B B S A SR Y9
assay (ECL, ﬁggl sham Life Science). A Western Blot reveals that the PINis
i dentical iR &iZ2e to the PIN expressed in rat brain (see Figure 2). 20

Col ocal i zati on PIN wi th neuronal NO synthase in INS-1 cells The INS:1
cells are seedeggheﬁn‘f_%pfféﬁo eAnGFRsmus|eiciacids hatgade forne nf the Rrgtemsy oue ofay s
before use. They are then fixed wth 2% paraf or mal dehyde in PBS (phosphate
25 buf fer s#iei prgjein oragneents, it ene ahdhe eeptidesi dafined Fbove.Sltnilsatcoscams thed. 1%
Triton X-100. International Application No. PCTlI FR02/01327, filed on April
17, 2002; Fnecledtidersequenty SEQ.IDONOOK248 of April 18, 200l 35 CONFI DENTI AL
After saturation of the non-specific sites with 2% BSA (beef serum

al bygi n), the cEEEIRNG:1NSURBKaRcRKEICH $Hite¥elthatha8BEQGHOR A edaR e Bl N
anti body (diluted 1:100, Transduction Laboratories) and a rat neuronal

anti - NO syn e i L. : , +EUr 0= D St 1 er al
washi ngs. ”a P oot AR philh Hoffdontit (THCRHCARECRLRTYE pEHE NGO ™
Bi osys) and a rhodam ne-conju [ -rabbit antibody (diluted |:100,

Bi osys) arergﬁﬁﬁeinffgrpiy&ﬁ? F@ug@%féﬁfﬁ%: ur. After several washings, the
cells are placed in Citifluor (Citifluor Ltd.) and observed under a

conf ocal m croscHfelnYSntiRR senfsmsah dhrImgsewical gempesition shamdyteripgdNin thapriesent
in the cytoplasmof INS-1 cells (Figure 3A). In addition, the fluorescent

si gnal s of RbMNamFiaguotein3Aprateid fragureonad a piPtide, ssydefined abqveeim dsbapiat®n3B}h ar e
very simlar, indicating that the two proteins are strongly colocalized in
rat lgancr eatah@cdeptaddd pltwrmhdeutiédl@ehiclei t has been shown that PIN interacts

wi th neuronal NO synthase in vitro and in vivo (Jaffrey et al., 1996) at
am no acids 163 ea%?po : I I N

i nteract insi de:%gﬁjgrs ée%%%d(t&%l ?a@éﬁ@ 5 ﬁwlg%}y;ﬂjﬁgqreoll g}?&@f%ﬁgﬁ a8flof

gl ucose-i ndy Lnsuhkin retion in the INS-1 cell line PINis

over expr esseagg%ﬁelwﬁﬁg-hiogé(ﬂ%% and the insulin response to glucose neasured.
PI N conmpl enent ary DNA obt aj ned by RT-PCR (see above). js cloned in the .
eukaryotic expr eSSiBFISEAGP oregnsa p Sticalcornosition sharagigaagd Inthe it NS- 1
cells 20 (approximately 8.105) are then transfected with 1.5 ~ g plasmd
(enpty or coiontns # nepWEplids pupstanprst eatected/by Nire prigenipg qyesrdure, jas alefined
Technol ogi es). The overexpression of PINis then verified by RT-PCR using 5
~g taft al RNAbamel it hssopiatiorewith lah stegtableplarseatidalvekicle. ). Then, 48 hours
after transfection, the cells are washed in Krebs-Ri nger bicarbonate buffer
(pH 7.4) (108 nM NaCl; 1.19 mM KHZPO4; 4.74 mM KCl; 25 2.54 nM Cad 2; 1.19
nmnv MgS04, 7H20; 18 nmM NaHCO03) wi t hout gl ucose, then International
Application No. PCTlI FR0O2/01327, filed on April 17, 2002; French priority
no. 01/05248 of April 18, 2001 36 CONFI DENTI AL
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prei ncubated in the same buffer for 1 hour at 37C. After discarding the
buffer, the cells are incubated in Krebs containing 1 g/L r 1l
hour at 37C. The supernatant is £hen recovered and insuli n%;@?égw@oﬂ
measur ed by radi oi mmunol ogi cal assay (Herbert et al., 1965). Approxi mately

5 tinmes as much.PI.N nessenger RNA is present in cells.. . tion
of the PIN vec?%l?e Ry %@8t°°{‘%ef%ae8‘?6ﬂ‘f‘$e&“°@e‘i°ﬁl o?&?aﬁfrﬁergég%{.e%ﬂﬁftﬁ?
addi tion, glucose-induced insulijn secretion jncreases 25%in cells

over expr essit agntams theppplegile withdhe fllowing fogmpleanl cells (Figure 4B). It
appears, therefore, that PIN plays a positive nodulating role in

gl ucose-i nduced i nsulLgi~gsecretion. 10 SCREENI NG TEST PROCEDURE To produce
the PIN, PIN conpl enge

is cloned into the ve

y DNA obt ai ned by RT-PCR (see 15 Exanple 1 bel ow)
pE3' 21b (containing a polyhistidine tag in the
C-termnal position, (KIS)®% (e.g. Novagen) and the vector pCGEX-2T
(cong aining a glutathig \s&\transferase tag in the N-tetr/;cifnal position, and
te [

GST (e.g. Pharmacia). A bacferia (DE3) (e.qg.

Novagen) by reconbi nant pl are Qured at 37Cin LB

buffer to an OD of 0.6. The prgte ucg( 20 by 1 mM I PTG
>>-hours at 30C. The bacteria

ed under standard conditions

(i sopropyl thio-~i-Dgalactoside) ind

are recovered by centrifugation andO

(Short Protocols in Ml ecular Biology, d E¢ytion, John WIley and Sons).
The insoluble material is elimnated by centrifugation and the protein is
purified on a nickel colum for the polyhistidine tag (e.g. NI NTA agarose,
Q agen), or a gliissbddiatiorewisie phadoeptable phermmatutivadhehi¢lpl i cati on No.

PCTI FRO2/ 01327, filed on April 17, 2002; French priority no. 01/0S248 of
Aprith 18, 2001 T3 Tochl HEdbrr iR of hRfieihPréi8R fiddfach dd pBHRIA] 2),

as per the manufacturer's recomendations. The PINis then stored at -80C

To obtain t n ti . RO LSt di.ng-.t c ary DNA
of the panclragg ﬁ:?dcgiél flggq@ﬁﬁg}ﬁpﬁlﬁpowﬁg%egdtro@ep&%%t( Bgtﬁr e§ g?.%ﬁdw%)
under the 5 _contro). ,of viral.  pronot P.10 (Poul et al., 1995). The

r econbi nant hVP?rHESU{‘%‘CS@{eSi ﬂ@dR’EE}tH%FteIﬁQW?F\%ti on of the | oaded vector and
bacul ovirus DNA in Sf~ insect cells (ATCC CRL 1711 ) using |ipofection

( DOTAP, Roche DiBigriese nssshcanmary hétveen anpsoramatelie1q merioilsppenday fosamedulhe

| ysis plaque nethod and selected for their ability to produce nNOS by
protein traonfheradeMésplraf 6Blkgt ) with an anti-nNGOS anti body (Transduction 10
Laboratories). The protein is purified on a nickel colum (e.g. N NTA

agangse, Q agen)THasinPétiohR&ondnedrasthdugs of alyeapaytidabhbishce Iae_ctﬁdiBﬂ @At i ¢
NNOS is then stored at -80C. In the first the nethod described in the

I nventi on, E&%erﬁﬂ%?fo%@&' € ANFinkd aﬁéUEPPJr'th@E{%P%ﬁéﬁbg?ﬁf?‘goxﬂgfﬁﬁh{eﬁ%m a

pl asti c Maxi Sor p ate (Nunc) at a 15 conce ation o In 200 ~1
PBS at 4C. After shi i.n PBS contalnin . 1.%.Tween 20, the plate is
sat ur at ed wpfﬁﬁﬁafﬁglgﬁ@g%?f‘fs% atF%IamioH%ltjfyp&H %9%56% hen incubated with
the GST (GST- Pl l\j} or polyhistidine (PIN-(H S)6)-tagged PIN at a _
concentration of Te 1ntegyentignyplsp ncopgerng thgfusppef) the maotsgalen Wity thy, feawing  he
presence or absence of the test conpound for 2 hours at 37C. The plate is
washed and ZomHan i ncubated with 100 ~I of anti-tag antibodies, anti-GST

or peroxi dase-conjugated anti-(H S)6 (diluted 1:2000 in PBS/0.1% Tween
20/ % BSA, Sigma Aldrich) £Qr 1 hour at 37C. The formation of the

NNGOS- PI N- ant i body conpl e et ected by a colour reaction in the presence
of the peroxidase substr3 O phenyl enedi ami ne, for 30 mnutes in the
s yr is measured at 490 nm International

dark. The intensity of th
Application No. PCTI FR02/0127/: filed on April 17, 2002 Fr/eyh priority
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38 CONFI DENTI AL In the second nethod described in the invention, the PIN,
in the formof GST-PIN or PIN-(H 36, is inmmbilized at th@@p %L
plastic plate, then placed in contact with the pancreatic n eaclivity
is then detected using a peroxi dase-conjugated anti-nNOS anti body. 5

Exanple 1 This exanpl e shows that a nmutant peptide of the nNGCS, i.e. that
represent ed by sequence SEQ ID NO 3, presents better affinity for PIN than

does the sane n ept (L Jhr.. Ay Ile Gn
Vel asp Arg Asplt MbcB el b IurRRe Lol hnRl Rl ipnst

sol ubl e pepti d of the nNCS are prepared a_ANS 422 robot (Abr med) using
Frnoc solid r?l‘r‘?i’é egeﬁt%@eeyﬁtlmrtgter @ﬂ@l%%élpe Hl@@‘?)tes These nNOS pepti des
containing 10 am no acids correspond to the region of interaction with PIN
(nNNGCS 15 ami no k¢ predRbpEHQ88F is Jhmeaqderized by snikt basdelypergptenada hatveeh6imMr esi n
renoved by treatnment with trifluoroacetic acid using appropriate sensors.
The pepti degle8 smg/dipRhd |7 ad @6 rh@ai) TRerPrédiabetici stateds RysoabtadratidrizeiifhyC. | f
necessary, the peptides are then purified to 90% by preparative HPLC, then

anal yzed usigh@o§BsilGREGE! f@%&de}fna Theetl PiBE Qho bhhdl )'a%tl nﬂ\h@ﬂ)dﬁ%ﬁiﬂ i zed

peptides is anaI yzed usi ng Bl Acore 2000 (Bi acore Al e pepti at a
concentrati (pH 4) acetate buffer, are conjugated on
a channel o aﬂé‘éggglgésnregnrgfoé] (gb%l a@(%/%)re AB), using the NHS/ EDC pr ot ocol
(N-hydroxysuccinimde (NHS), Biacore AB; N-ethy|-N -(di pethylam nopro yI)
carbodi i m de (E enat“éﬂee%cmpo teﬂnprhaaa@e%f laneﬁtQﬂwes tlle PHEEBIleY
peptides of approxinmately 100 pg/ m®2. I|ncreasing 25 concentrations of PI N
(5, 10, 20 egicendo theglitatajyre forachoredl iogn (Kridifoaln 20 preeleilgn of GST- PIN
(Pharmacia), are injected on the biosensor at flux 30 w/mn, and

sendor gr ans gendhypt atl dfabétes hecHaravtbrizgd bl fRtNg@Picnde off igi’&itd’ighz(rﬂsls ediiadtd on
time of 180 seconds di ssociation tinme of 400 seconds). The association and
di ssoci atiorvmb d I SddShejcBRsh & vt | NEM BRI ”Mt%tu%ﬁ ]

Bl Aeval uati on 3 sof V\gre d%i)acg([)tgre AB) and a 30 g obg ﬁ fype of Srn%“&r& S
(simul taI’IEOLg:‘[i u@R@|eysi s of k| netic associ ation and d| ssoci ati on constants
for sensorgrans at all peptide concentrations used). As a control the
appropri ate pept | a, Val, Asp Leuy, Ser. Hi.s n Pro Ser Al Lys
Asp A n Ser Int ef:llrhr‘?a(trﬁ%ﬁgrz§1’tA REHY Ela‘tveoaﬁhl@taln‘!@ﬂlﬁt% PreSins, proteip tsrl

17, 2002; French priority no. 01/0S248 of April 18, 2001 39 CONFI DENTI AL
Leu), whi ch Nestidestarnomenepties sybistanpesoss d%ﬁimdd?é’dV%WQ plele 4erirerostalelisis: agrmal
positions 131 and 147 of the nNOS protein, see Figure 1 ) but does not
corrléspond twphdse ihstﬂienea;mhminmeqiiaimiben&(eehweﬁﬁsﬁnu patdnisNCOS proteins, is
i mmobi lized in the sane way and added to the PIN at the sane

concentrations. ‘Nofinel 8fphasit tisubih tebonSt’Nnjvand ensilih Ssebidloh ;i"@s%nﬁlﬁ%@t st f or
the nutant peptide represented by the sequence SEQ | D NO (see Figure SB,

Ka = 1.86 x sb@t%tloﬁ(?hase of §-810)§n1119fe9)ast Pasfaol'bn%%%e%ﬁ%bseotﬁ&waﬁiﬁs nsl‘ﬁ?qrng't}gur e

SA, Ka = 8.43 x I ntroducing ‘a nutation int

peptide (SEQ tated hane in position 9)

i ncreases |85 %" rﬂntdf Pa?( %Pﬁ?’%}t‘“éfﬁy fép gnpl e 2 This exanpl e uses
the first netho rrbe in the inventiaon (see above) to show that nutant
peptides, repr eggrﬁ@agﬂbre Era%%e'ésves@eéqltﬁur@(u%natt&m insppRtsin Aragmeats, 15
pr esent better affinity for PIN than nNOS, are able to reduce the
attr2ction Heplidesn of NCE-Berdidp) pubstpmeesn NGBS definedsiabove arenmble ite ert-estabistEL] SA
Maxi Sorp plate (Nunc) at a concentration of 1 ~g/m in 100 ~I PBS overni ght
at 4C. Aft erquaastatingy nomeBsntintsedretionginQype Yadfabeenpaientst he plate is
saturated with 100 ~1 of PBS/1 % BSA for 20 1 hour at 37C. The 0.5 ~g/m

GST-PIN in 100 ~fheOfnvERdhGohterhyvaas: #R/dtlcBS a héddlting! conisohategd r@a&c@st he
gi ven peptr de (as described above), the nornmal peptide (Lys Asp Thr Ay Ille

dn Val d%'hg)l rSEQIDNO 4)
at |ncreas| n Oﬁc?g%??é?{egﬁgﬂ%dﬁ%gw dﬁl?nlt(‘l ((‘;‘)]rle {Hgf?ﬁspeplgr des; 10-1, 000
pg/mM for non-nmuta n the sa for 1 hour at 37C. After
25 incubating the "[ﬁe%%) 8‘“ Qif)yﬁl‘%’ﬂ}céeal“& {)‘Eﬁé Son the plate, the plate
is washed, then incubated with 100 ~tl of per oxi dase- conj ugated anti - GST
ant i2%ody (dil uted PIN2000 in PBS/ 0.1 % Tween 20/ 1 % BSA, Si gma Al drich) for

1 hour at 37C. Conplex formation between the PIN and nNos is detected by
addi ng the m xture to O phenyl enedi am ne, a peroxi dase substrate, for

t t | t 490
nmm”“Aei ’"’}"‘ o gﬁ”’mf’%ﬁro PR MO el B BRI e BT o f&%‘?é%ence

of the n r pepti de (see Figure 6A), the binding of the PINto the
NNOS is inhibited by 14% for a concentration of the said peptide of 50
pg/nm . By contrast, the two rrut ant pepti des represent ed by sequences SEQ I D

PN YTl e ] A PN



According to the inhibition curves of the PIN-nNOS binding (see Figure 6B),
the peptide represented by the seguence SEQ ID NG 3 shows N. i Iﬂ on
constant 5 (K;:1CSO of 5 ~M the peptide represented by thé sequence SEQ
ID NO 4 a constant of 0.5 wM whereas the normal peptide has an inhibition

constant of only 3RQiadbubéamt& ol dinkiynS exanpl e uses surface pl asnon
resonance analysis to show that the nutanf peptides of the nNOS,

represented by se “ugi- r D NO 4, that present better
affinity for the ﬁéﬁ}%ﬁeglgér?{(ﬁan lﬂé a(rglﬂ@%pg}rgt ein, are able to inhibit the
i nteraction between nNO% nd PIN.  The binding of PINto the innmobilized
nNOS protein (AreRiedj 9 ‘-&F‘F&*’r 99“3&‘15‘%‘]‘96 famagion of pecompdex pesenthe M) andy t he
presence or absence of synthetic peptides. The nNCS, at a concentration of
10 pg/ M i nnNOSyMns thec &ratation avfpe rcofypies bedweeh sthe oPINI@at thd ©NOS atdariee! of
a CMVS biosensor (e.g. Biacore AB) using the NHS/ EDC protocol, which |eads

to asdensit Yomboudwbhliiter@ thé @dtedtionProRBReOXi mat el y 6000 pg/ m2. The PIN
protein at concentration 5 ~g/ml is preincubated in the presence of

i ncreasing 20 con I . t] -1 ~q/m)..for 30 m.nute t hen
injected on the c%f%hga?é P %;é(t %aﬂ%ﬁr%pgaﬁﬁ‘%ﬁé' %%%%rg%ﬁrlgr}ge quSWQXd)ftCI?gmi?xndi ng
of the peptides to. the are recorded for an association tinme of 180
seconds and fwds‘glgbfhﬁtm?‘i%hﬁe% seconds. The associ ation and

di ssoci ation constants are determ ned fromthe sensorgram using

Bl Aeval uati on 3Ihegsdiaerrtafien isquired fopthe dilutiomangt obal anal ysi s net hod

(simul taneous 25 anal ysis of kinetic association and dissociation constants
for sensorgrans -aPBs (13peMiNKCICDNOMIKEL 4 SNEMUNSEPO,T e BRIk @, ar e done
by injecting the given peptide, preincubated with PIN, on the n (as

desqui bed above). ol thRcRLEHEPBS afll 188S A Bhe R E&@{ e (see Figure
7A), the binding of 'E)he PIN to thél NNCS prgtei nels |riil| |l?gd by 19% at 20

~g/ m of peptidemwrg%%ﬁgm%ﬁihgﬁwgg {S%'t_ﬁ%gl&%lglagbi4§%$at 50 ~g/m and 100

~g/ M of peptide. rast, € mutant esented by the

sequence SEQ ID.NO._3..(see, FLgure 7 inhibits the binding of the PIN to
t he nNOS by 59%%@1%6‘11%??1‘?%#35&5?4 E%,Coglﬂ? xbéoﬂe?&ont petween they RIN: anghnNO§ost
conpletely at peptide concentrations of 30 pg/m and 40 pg/m (90% and 91%
respect i vel ynd eg daePIN of ANOStand the gompeundt submittéddie the getestinnt prdcdsipre he
sequence SEQ I nternational Application No. PCTIFR02/01327, filed on April
17, 2002; Fragneh%plwesn 20/inRBS @i D5B8A.of April 18, 200l 41 CONFI DENTI AL
ID NO 4 (see Figure 7C), which inhibits the binding of PIN to the nNOS by

75%18t 1 ~g/ nl  dfheppghbdiefondtec@nDYaiiol ih Thd Qﬁéﬁ&bf BémpRx 18fkd ¥F%n
According to the inhibition curves for the PIN-n bi nding as a function

of the peptiHenORGAIPIRGFOL A6Ws:(Figure 7D), the peptide represented by
t he sequence SEQ I D NO ows an 5 inhibition constant (K;: 1C50) of 4

3 s
~M and the pepti r epr.e ted by, seq e S . a.constant of 0.4
~M Therefore, thglg \/\c’/f)f J'r{‘ﬁ_utsagﬁ'ttagpthﬁﬁ?Od@s@gg Qibﬁgsb‘g ]ilglﬁﬂieél WIEHRCIPYI(Rat i on
bet ween t he Iﬁéﬁpanﬂ nhIOS. Exanple 4 10 This exanple shows that the nol ecul e
C24H18N405S,2 SPARWIANSS n vitro screening of a bank of 3,000 conpounds
(Chenbridge) as per the invention procedure described above, is able to
decrease insulim s8eref jan anti-myQSr antghddynilabelled withulperoxidasé-s toan alkalins e
animals (Zucker (fa/fa) rats-a line of rats with a nutation in the 15 fa
gene&l( short phosphafase,t y*)). The cheni cal nol ecul e used has the follow ng
formula: /N20 N OOS ~~ N1 OON O Wen placed in 100 ~1 PBS over ni ght
at 4C, the reconbigest ambidbtdelARibeay (GEP ol
descri bed above, is adsorbed g;t thgl)t()ottongﬁ)Q%%%ggﬁ%eg%tmgwgw 6r
concentrati =0 fter saturation in 200 ~1 of 1 % PBS/BSA for 1
hour at 37Cfmltogescmli%§()csg’rrbi ned with 5 ul of the nolecule (at a final
concentration of 10 ~E£ ang. 0.5 ugr/m %T- INfor 2 hours at 37C. The
formati on of the PBFRP adign BT BuotesrephlaRellfduetewd: by i ncubation with
anti-GST antibodies (diluted 1:2000) for 30 1 hour at 37C, then detected by
i ncubat i ng wi t h OYshehsiriese Blasmpn eesprancg with nentlabeligd aN@Qhand PIdy  absor bance
at 490 nm Ml ecul es are consi dered positive when they inhibit the
i nt @daction by 30-50% The islets of Langerhans of Zucker (fa/fa) rats are

i sol ated using the coll agenase di gestion technique of Lacy et al.
(Di abetes, 1967). After isolation, the islets are International Application

No. PCTI i ickiidn ' i ior A AN ARSI T 48
N oFC {Eﬁﬁ%‘z g%%%pz 5didn6b. PRTARODA 1325, /1P ORaprIT' 8 Y000, kil bbi¥rid) Ro. A5 0RP



42 CONFI DENTI AL stabilized in Krebs-Ri nger containing 0.75 g/L glucose for
45 mnutes at 37C. G oups of three islets are then incubated in
Krebs-Ringer with 2 g/L glucose @dntaining increasing conc&ftNVEPEYRE Lo t he
nol ecul e C24H1gN405S (20-100 ~,M for 1 hour at 37C. The liquid supernatant
is then recovered and insulin secretion neasured by 5 radi oi nmunol ogy (see
Figure 8). The nol ecul e C24H18NACSS, in decreasing the PIN-nNOS

interaction, blocks in a dose-dependant fashion (starting at a
concentration QDE&Q!QH&IQE&QEUH!%@BEEtion i nduced by 2 g/L glucose in
islets isolated fromhyperinsulinic rats. In effect, for concentrations of
50 and 100 ~M the insulin response is reduced by 36% and 79%
respectively. 10 Therefore, this nolecule is capable of reducing insulin
hyper secretion Fgu%éﬂp%wtﬁ@lke%ms bR BIPCRASal yshd b P IRAd e gion AP Rt berddréapia No.
PCTI FRO2/ 01327, filed on April 17, 2002; French priority no. 01/0S248 of

Endotri nol oy 38, NG S8 gl i 92y ThgoR Rh, B iscldt by ey

Gausephol (199 Pept i Research, .5, 315-320 - Herhert et.al. ( 5).,,J.

G e Endos FrRBemeRBIA A SHRResisY 4 iraisice FauprpiaR, BEnar DRy P Mo,
274, T774-776 - Lacy et al. (1967) Di abetes, 16(1), 35-39 10 - WMaechl er et
al . (1997) enpersibased ppithy seqeage 98t PINogy Paicreglobyling@sm), the latter being

| mmunot echnol ogy, 1, 189-196 - Shibata et al. (1976) Diabetes, 8, 667-672 -
Short Pr ot oosddsasi apdditivecednso]. Bl atgatiye c@mtebl ksl doneoin, thd absent¥ beyomapiem&Goay 15

I nternational Application No. PCTlI FR02/01327, filed on April 17, 2002;
French pri OGN (). DRH Gagd@nflofaiobin sifl (AAA1 1206400 ADDELGRONR] BRNERAL 1.

Det ecti on procedure for conpounds that nodul ate the conpl exation 5 between

neurlgnal ni tpaf'rg)oa?éqmcég aS l%%%%m%@%% represented by the sequence

SEQ 117 NO one of 1ts vari e protein inhibitor of neuronal
nitric oxide synthase (PIN), the nodulation of this conpl exation causing a
nodi fication of the insulin response regul ated by nNOS or one of its
variants, in which: - a mxture of the said compound, the PIN_and the nNOCS
or one of its vA&I§WRAtisshaws the) wewlisaploprotein demater japalysis {3 estanmBlat) ik the
formati on of a conplex between the PIN and nNOS or one of its variants,

f or mati on ofpreseneend AN ihdNBelecells HEhes@ptinsaexrectad framcthe MNS A dd]ls end Hretvween

t he said compound and nNGCS or one of its variants; - any significant

vari ation defrgifit @tain) drbescpuarid bd 0F.5%0MMieX dehr tashf&eddvesm bitrddaBulBkdN and
NNOS or one of its variants with respect to a control val ue corresponds to:

* thg quant ifymhn OB SatcbaledBRith h¥ER b enf!PINARH AN Petetfith ¥ dbhs

using peroxidase-conjugated anti-mouse antibodies, followed by chemiluminescence

analysis. 16 and 7 kDA indicate the molecular weight markers.

Figures 3A and 3B show the colocalization of PIN and neuronal NO synthase in

20 INS-1 cells by immunofluorescence. The INS-1 cells are double-labelled with a
monoclonal anti-PIN antibody (Figure 3A), and with rabbit anti-nNOS antibody

(Figure 3B). The fluorescence is detected using a fluorescein-conjugated anti-mouse

antibody and a rhodamine-conjugated anti-rabbit antibody, then analyzed using a

two-channel confocal microscope. The scale bar represents 10um.

25
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variants in the absence of the test conmpound, or * the absence of a conpl ex
between the PIN and nNOS or one its variants, 20 resulticn&vgg@

absence of PIN or the absence of NNOS or one of its variants] e
gquantity of conplex forned between the PIN and nNOS or one of its variants
in the presence f LWahiyai : iyt gnjif icant
variation as defF? uégs g%oﬁd?mlﬁ%}ﬁbghg%niﬁaggm? t rréesglﬁfg?nb]?qnsz?%gh%gﬁmen
the said co ] ound_and .t he,.PIN aor between the said conpound and 25 t he nNOS
or one of i C%Sa?f‘P@‘h%eé,‘nﬁ“k%a?"ﬁ%“?‘o nodul ati on of the conpl exati on between
the PIN and nNQS or one of its variants. International Application_No.

PCTI FRO2/ 01327, Figteeth shpwipihe respits op §J>PCRrapalypis o iPAN; avprexpressian os$:1of
April 18, 200l 45 CONFI DENTI AL 2. Detection procedure as per Caiml,

di sti ngui sheellsi The HNS-1 kellcawpoamsttcttdesithan sphssiantveator thatdslieitiert &rapty
catalytic activity of the nNOS or one of its variants. 3. The invention

concerns a (ek €4t eut BEREIRAS PG chRb]caRMBRY MISA (BAPINGCTIRAD M1 RMNA 3 isolated

conpl exati on between neuronal nitric oxide synthase (nNOS) or one of its

(
variants, aggh Eﬁéecc%ﬁléﬁi:ﬂ?éﬂbm }ag@uﬁéd %@;J%gg%’é}z it gﬁ?gﬁéh%ﬁeé YRIHEATEN

(PIN), the decrease 1nt conpl exati on ing to ronin the

insulin respo r ed he nNNOS fodat Lan in which: -
a mxture o e{&%gce'sa% %%%B%‘ﬁ%afk‘%%“ ﬁﬁ\ﬁgﬂgqﬁﬁg %%C%Odég%ﬁ'é& g?o t"‘lsg PGIYi ant s
is 10 incubated {n copditions that enable the: formation of a conplex

bet ween t he 2SI AYMAREHabYeighemaskersi(BasMWant s, formation of a conpl ex
bet ween the said conpound and the PIN, or between the said conpound and the
nNOS or one of FigyreAl shosghe results/fos theranklysiaof indelin easeticndiyeNSet célis thite
gquantity of conplex forned between 15 the PIN and nNOCS or one of its

varilants wi bheregapa@INt @aBPRNONWitR kespadt 46 coMmEd1RBNO (Kh$ 0)OForly-bight BMRObitey Of
conpl ex forned between the PIN and nNOS or one of its variants in the

absence of {hRsEQIROHREAY BT ihéddteliGntl EIN%ELE%Q% kﬁ%in%ﬂﬁ: g&ﬁjétfbnl Iﬁéasaretcig'b‘;rnt .

absence of conplex formed between the or one o ts var
resulting in &he : IN or the absence of nNOS or one of its 20
vari ants,g o?adi&“ﬁgﬁéﬁ%?]@?%a )f conpl ex forned between the PIN and nNCS or
one of its variants in the presence of a reference inhibitor; and - when
there is significant decrease as defined above, it is concluded that there
was bi ndi ng between the said conpound and the PIN, or between the said 25
conmpound and t hBIgANSS AotndoH pestentisenspagrara wbtairled £tiinp gunfase méasamni respneficet he
conpl exati on between the PIN and nNOS or one of its variants.

15 analysis of the interaction between PIN and a normal nNOS peptide (Figure 5A), and

between PIN and a mutated nNOS peptide (Figure 5B), the peptide sequence being
SEQ ID NO: 3. The peptides are immobilized in a channel of a CM5 biosensor
(Biacore AB), and the PIN protein, produced by thrombin digestion of GST-PIN, is
injected in increasing concentrations: 5 pg/ml (dashed lines—Curve 4 in Figure 5A and
20 Curve d in Figure 5B); 10 pg/ml (dashed-dotted lines—Curve 3 in Figure 5A and Curve
¢ in Figure 5B); 20 pg/ml (dotted lines—Curve 2 in Figure SA and Curveb in
Figure 5B); and 40 pg/ml (solid lines—Curve 1 in Figure SA and Curve a in Figure 5B).
The binding of PIN to the normal peptide (Figure 5A) and to the mutant peptide
(Figure 5B) are recorded on the sensorgrams, making it possible to determine the

25 association and disassociation constants. These sensorgrams give the response in RU as
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Det ecti on procedure as per one of“Clains 1-3, in which var@%@?ﬁi’?ﬂ
detected, specifically any significant decrease in the quantity of conplex

fornmed bet f ird
control va},\ﬁgen%{r%g Ogtml[ %ngésgng %Eglgﬁ%:%&ré%@%onﬁﬁé’gt %?ﬁ%ng’ggﬁ{# ty of
conpl ex forne?}hebbtmeen t&e PIN and nNOS in 5 the absence of the conpound
subnmitted t 8 MM ¥R BADr ocedure; another to the absence of conpl ex
between the PIN and nNGS, resulting in either the absence of PIN or the
absence of nNGOS; and another to the quantity of conplex fornmed between the
PIN and nNOCS in the presence of a reference inhibitor. 10 5. Detection
procedure as peFigores 6 a@l aBnshody- the inkibitlohadf thébindingt off @STPINNe MO féthe
NNOS and the conpound submtted to the detection procedure is prepared by:

- by ssi mul t aieees!sn@metafiéhstdTioRhY ank HSutBNGEp AN &@ﬁlﬁﬁ%mﬁ% Wer 3 4fed to

t he detection procedure, or - consecutively adding conpound

submitted t Ctal d._t he utive

addi ng t he (r$ ﬁ) eqcoArrf%gH;n% %ﬁ&td(teé QN% ﬁ%@gg’lﬁ%h m eVl%Lﬁﬁ'the
PIN, or - addi he sai d co ound previ pus %i |nculc318 d with the PIN or the
NS, ot naRAES S B FaE CRseBIAons LpBEeepadet The ingregian bween
procedure as per one of Clains 1-5, in which the nNOCS protein is first
fixed on a 38 iOsPIiiRtes deteqted dvt iperpxprlaseeenivgatess apBrGHheantibody, aimk
1-5, in which the PINis first fixed on a solid substrate. 25 8. Detection
procedur e asnqasyringwbsaba@lezt 480 aim5, in which the PIN and nNOS axe in
solution. 9. Protein characterized in that it contains or is constituted by

sequénce SEQ | DFRArdNGA showrabisbgn®@nis 8ffuhdidnSet sbpBHe (BhEnGBISH (il I B!
| east 100 am no acids, on condition the said fragnment contains the am'no

o ol pg;lﬁgg@#@@ﬁ@ngﬂegg{ 187 MO B AU 6" bl WEHTRGERG B Fefrad ' o
Lyor Asp Thr SEQI NEP e, A Bf %}@g%‘?ﬁ’p&iﬁ@ﬁn‘{%ﬁ??ﬂﬁdﬁéﬁ%y? NO: 4.

| | e- Asp- Val - Gylle nVaIAs -Tr NO  4), -

Oys- Asp- Thr - G yTiguee 6 sheps thegys I‘i@f“ A§ ‘%@E@m Bfﬂ@b@%lngﬂfpm to nNOS as a
Il e-Asp-Thr-Ay-11e-G n-Val -Asp-Arg-Asp (SEQ ID NO 6),

Val - Asp- Thr f@jion og peptide wancensptign QHAM)) IEE@MDWN@do?s)ls for the normal peptide,
Lys- Asp-Ala-d y-Ile-dn-Val - Asp-Arg-Asp (SEQ I D NG 8),

Lys-1Asp- Cys-+kd yurvt evifl squdeds- B8 peptide SEQ ITENQ: ) dN@th@)curve with diamonds for

Lys-Asp-JQu-dy-Ile-dn-Val - AspArgAsp(SEQIDNO 10), 10-

Lys- Asp- Ilepg)t{dejgm@)m(ym Asp-Arg-Asp (SEQ ID NO 11),

Lys- Asp- Lys y-1le-A n-Val - Asp-Arg-Asp (SEQ ID NGO 12),

Lys- Asp-Phe-d y-11e-Ad n-Val - Asp- Arg-Asp (SEQ I D NGO 13),

Lys-Asp-Val -A y-I1le-A n-Val - Asp- Arg-Asp (SEQ I D NGO 14),

Lys-Asp-Thr-d yxl | h SEQ I D 15), 15-

Lis-AsE- Thr-Q y¥18% g“’h 7@31?%195 ﬁ@‘ @ES@%’S@%‘% ’[ﬁgheﬂﬂface plasmon resonance

e-
LS
Il e-d n-Val - AsnAr- (SEQ I D NO
if |0ty hihitiomep bl gAbﬁfW@SE q BIN\I@ld OS by a normal nNOS
Lys- Asp-Thr-A y-Ile-Ad n-Val - Asp-Cys-Asp (SEQ ID NO 19),
Lys-28sp- Thr peptydd (Fegu@ TAYahd Aypnithied ANOS B&dideDSEQ mm)ozzoand SEQ ID NO: 4
Lys-Asp-Thr-A y-1le-A n-Val - Asp-Tyr-Asp (SEQ ID NGO 21), -

Lys- Asp- Thr {Egyres| 28 @hd7¢3l Fidaies Aty-Tehand 3@%1&9tﬁﬂes§8ﬂse'in RU, where 1 RU
Lys-Asp-Thr-@y-11e-d n-Val - AspArgTrp(SEQIDNO 3), -

o T et B SR S g e

: : g_ gg_ x:: 3 yFHuge- @‘%I’%;{] t}}fslghq; t Onm é@% gnﬁg nﬁ%ﬂ by the normal peptide

|| e- Asp- Val - -1 e- - Thr rp-Trp (SEQ I D NO 28)

Oys- Asp- Thr -(g%//-*ﬁr ih%'PV RT/%QJY%’QL ‘L&)Aﬂ@pc(lgﬁ ¢anq9@nd299 the absence of peptide;
Il e-Asp-Thr-A y-11le-d n-Val -Asp-Trp-Asp (SEQ I D NGO 30), 30-

Val - Asp-Thr-A y-1le-A@n-Val - Asp-Trp-Asp (SEQ I D NO. 31), -

Lys-Asp-Val -A y-1le-A n-Val - Asp-Trp-Asp (SEQ I D NGO 32), -
Cys-Asp-Val-Ay-Ile-A@n-Val -Asp-Trp-Asp (SEQ ID NO 33),

Oys- nop B %’%’5 AN PRI B A A S & > 3’5%"0’1%?@%31916%51‘8

e_
Appl i cat éTI FRO2/ 01327, filed on April 17, 2002; French priority
no. Ol /05248 of Apri |
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- Val -Asp-1le-d

- e-Asp-lle-Ay-Ile-G@n-Val-Asp-Trp-Asp (SEQ ID NO 36),
y e-A@n-Val -Asp-Trp-Asp (SEQ ID NO 37), -
Lys- Asp- Phe- Q@ y-11e-d n-Val - Asp- Ti%- Asp (SEQ m NO. 38), - CONFIDENTIAL
Cys- Asp-Phe-d y-Ile-A@n-Val -Asp-Trp-Asp (SEQ ID NO 39), 5 -
| | e- Asp- Phe- 14 e d n-val - Asp- Trp- Asp ( SEQ | D NO .-
Val - nch- Pho<arys| &l @il AR colBaHBiach roas PR of 2k, 50 ugml and
p (
p (
(

I
I
e_
e

Cys- Asp-d u- Gylle A n- Val - Asp- Tr p- As SEQ ID NO 42), -

Il e- Asp- G u-16P ygimlpraspectivaly. Asp- Trp- Asp (SEQ ID NO. 43), -

Val -Asp-Q u-Gy-1le-An-Val -Asp-Trp-Asp (SEQ ID NO 44), 10 -

Lys- Asp- Cys- G yFigues T8 shored thAsphibitipn A the(biiding &f RN to4BYOS protein by a mutant
Cys-Asp-Cys-Ay-Ile-An-Val -Asp-Trp-Asp (SEQ I D NGO 46), -

I I e- Asp- Cysp g)t‘{dd vethQequéft - SEQ -1y BOAsP vl d Ebrshortdé) to the absence of this
Val - Asp- Cys- yIIeGInVaI Asp-Arg-Asp (SEQ ID NO 48), -

glef- B x:: t¥1nI FGW%B @cpf Eﬁl%peﬁ@cc%ngggr t@ %}g ég/)ml i‘(?pg/ml 20 pg/ml,
Thr - Asp- Vall VaI -Asp (SEQ I D NO 51) -

Lys-Q u- Val 3@*@ Iﬂ"dg(p Rﬂ% ‘Asp -( SEQ 117 NO 52) ;
LysAspIIeGIyIIeGInVaI Asp-Trp-Asp. . (SEQ I D NO

Lys- Asp- G u- G yFiguge & sbews inhiition pf the bindgep1 the KN mt):m tpgthe nNOS protein
Lys-Asp-A@ n-Ay-lle-An-Val - Asp-Trp-Asp (SEQ I D NO 55), -

Lys- Asp- Val bl eamirtast &ptid ¥ SEQAEH N g Bupve( ISE&@rdsponds) to ) absence of this protein;
Lys-Asp-Val -A@ y-Val -d n-Val - Asp-Trp-Asp (SEQ ID NGO 57), -

Lys- Asp- Val -(dryesT)3; @ 5 avbb-té\ppptidetofsdntiafibig 40 ﬁ‘@nﬂS@}l ml, 3 ug/ml, 5 pg/ml
Lys-Asp-Val -Ay-l1le-A n-Val -Asp-11e-Asp (SEQ I D NG 59g/25_pg/ he/

Lys-@sp- Val &Y ollghnGdpd@iveysSp- Trp-A u (SEQ ID NG 60), -
Al a-1le-Q3 u-Pro- V -Leu-Ser-Tle-Leu-Asn (SEQ ID NO. 61), -

ﬁ;% : : g- g 3 E:g %gi“reLeu 1%’erS t:hF gﬁogscﬁwﬁegé%hle% %g 8@”‘1 to nNOS protein by

Asp-11e-d u-Pro-Val -Leu- Ser- n EQ I D NO.  64)

A n-11e- G u- BieoMptant| peptide, S hpe [Peﬁ‘lﬁr% E(éE@el B Nois)e8yd the mutant peptide
Gy-lle-du-Pro-Val -Leu-Ser-1le-Leu-Asn (SEQ ID NO. 66 -

Pro- 11 e- d u- PEQ-INOL 4 (Carie-1, Isquares)- Ay f{g8FRCHomysNie nﬁﬂ%ltlon percentage for the
Ser-1le-d u-Pro-Val -Leu-Ser-11le-Leu-Asn (SEQ ID NGO 68), -

Thr - 11 e--G u- Bindingcdetvin-F3BIrandIndNQS$ bis ARIMcGGEST thitaliPeplife cordeh@itivatin VAl
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G u- Phe-d u-Pro-Val -Leu-Ser-11e-Leu-Asn (SEQ ID NGO 70), -

d u-1I : : gg E;g ]i{g(} Llseé%h°§§ 1n%1}1ﬁ'1 %H:’u@ Ees?.@E%)ljl %n{%%atig %%l?ts :from Zucker (fa/fa)

- Pr o- L I D 7 - .

- @ BB AEEER nefeara. %@ﬁer%rée% o %me%ﬂle%mﬂwmms with
GIuAIaVaI Leu-Ser- 1l e-Leu-Asn (SEQ | D NO

- @ u-TBfRge R ingulin segretipn abtaingd i fhe(abpsnee of fys rnp@gcule. After isolation, the
-d u-Asn-Val - Leu-Ser-1le-Leu-Asn (SEQ ID NO 77), -

- G u-1asjsletbre stalilBed -in |0625. gll- gsepse, SN idubided mgroujJﬁ) of three in 2 g/L
-G@u-dn-Val-Leu-Ser-lle-Leu-Asn (SEQ ID NO. 79), -

- G u-ghicosd/atitheor Seithdut ethise Undledulé. SEQulily) eketi®f) is then measured by
-Qu-Gy-Val -Leu-Ser-1le-Leu-Asn (SEQ ID NO 81), -

- G u-hlisin¥dlindiepicaithssdyl, ©- Leu- Asn (SEQ ID NO 82), -
-G u-Lys-Val -Leu-Ser-I'l e-Leu-Asn (SEQ ID NO. 83), 15 -

g 3 '\S/g: Igait: ig 38 §§3u4+ {?%Ho{i‘i{}l &g}é@)g E%es S d as a function of the

-G u-Thr- | D

LG bbbk Sy e AR bR e 5 deiction for the cotrol

-A@u-Pro-Val -Pro-Ser-Ile-Leu-Asn (SEQ ID NO 88), 20 -

- @ u-(itotthisraelepyle), thesraw barAsrthe SEdequle Ml@oneiiration 20 pM; the white

-G u-Pro-Val -Leu-Val -1l e-Leu-Asn (SEQ ID NO 90), -

- G u-Har dervthk -theloeube rat bencehieatiods50 (FE@nd Eh\BrtcRel) bar-for the molecule at

-3 u-Pro-Val - Leu- Ser - Phe- Leu- Asn (SEQ ID NO 92), -

-3 u-Pro-Val - Leu Ser-Trp-Leu-Asn (SEQ ID NGO 93), 25 -

GIuPoVaI er-Tyr-Leu-Asn (SEQ I D NO_ 94), -

%AUM g @’wﬁ%’ @éPC\T/%'ﬁR-OE@SZMe% @E%rrl emacz;g@%»;ch,vrmmy no. 01/05248
ripi%o?%l - Leu-Ser-11e-Leu-Ala (SEQ ID NO. 96, -

-d u- Pro Val - Leu-Ser-1le-Leu-Asp (SEQ ID NG 97), -

Glu Pro VaI Leu Ser-lle Leu GIn(SEQIDNO 98) 30 -

NI~ 1

10000V OLOOOOOOOLLOLOOOO
Ccccccccccccocccoccoccococococcoccoccoccoccoccoccoccoc
'CDCD('DCDCD(‘D('DCDCD(‘D(‘DCDCD(‘D(‘DCDCD(‘D(‘DCDCD(‘D(‘DCDCD



CONFI DENTIAL - GQu-lle-du-Pro-Val -Leu-Ser-Ile-Leu-Ser (SEQ ID NO 104), -
GQu-Ile-Au-Pro-Val -Leu-Ser-Ile-Lgu-Thr (SEQ ID NGO 105) and.:

G u- 11 e- G u- Asp- Val - Leu- Ser - Phe- t’gu-e y (SEQ ID NO 106), SS?WJD@V@L
pepti des bei ng conpounds as detected in the procedure as per Cains 1-8,
and which s s eat i i t [N t:ha Y. of\t
proteins i nra%%zf?l %%&?11?6 EM:I g%gén}'féc{:alﬁée é%&lgr?galr\% 6E&g%tg&)g$y ffnhe< 3?@? e(if*%s%}ﬁone

of the protein fragnents, or one of the pegtides as per Claim9 or 10, the
sai d nucl ei & 2B081 koh mothieepesitelaconiraldnumberefreplicatigeon NG 1. 12.

Phar maceuti cal conposition characterized in that it contains a protein, a
protein fragnment as per Claim or a nolecule with the following fornula: 15
20 /NN~ OOi S~~~~O0O~NONOin association with an acceptabl e

phar maceuti cal WeATERIALISOANDWEETHODSAPP! i cation No. PCTlI FRO2/ 01327, filed
on April 17, 200Z; French prrority no. O0l/05248 of April 18, 200l 51
CONFLDENTI AL 13. Use of proteins or protein fragments as per Clains 9, or a
nol ecule with the following formula: 5 10 ~NN\ OOi s 1 ~~1 o ~NONO

for the preparati on of drugs for t treatnent of prediabetic and,

hyperi nsul i %%8“?{%?% e cé’énlaéﬁ"f"“%y g\%‘?f’?f yrpngf; iifyi¢ pdde synthpse ispform
detecting a nodul ati ng conpound that reduces conplexation 1 S between the
PI N and nNOPreseat icpancxpatic Beellst ol | owi ng: - nNOS, specifically the
pancreatic formof nNOS, _ PIN, - nedia or buffers needed for dilution, -
mat eri al s needed for washing, as necessary 20 - nedia or buffers needed for
the formati on of a conplex between the PIN and nNGCS, and the formation of a

conpl ex bet weenIrtéfockinY Braginbits "NOSorapRnichiiry DNA (of 450-650 base pairs) are

10 obtained by RT-PCR from rat islets of Langerhans and from the insulin-secreting cell
line INS-1 (Asfari et al., 1992). The islets are isolated from the pancreas of male Wistar
rats using collagenase digestion, then separated from the exocrine tissue by
centrifugation on a Ficoll density gradient (Shibata et al., 1976). The INS-1 cells come
from rat insulinoma, and are cultured in RPMI 1640 containing 10% fetal calf serum,

15 100 U/ml penicillin, 100 pg/ml streptomycin, 2 mM L-glutamine, 10 mM HEPES,
1 mM sodium pyruvate, and 50 pM B-mercaptoethanol. Total RNA from the isolated
islets and INS-1 cells are extracted using TRIzol (Life Technologies). The first strand
of complementary DNA is synthesized from 10 ug of total RNA in the presence of
3 pg of random primers (Life Technologies), 1ug of Oligo(dT) primer (Life

20 Technologies), and Superscript II RNase H- Reverse Transcriptase (Life
Technologies). The PCR is then done in the presence of Taq Polymerase (Life

Technologies), using the primer pairs listed in the table below.

International Application No. PCT/FR02/01327, filed on April 17, 2002; French priority no. 01/05248
of April 18, 2001



conpound submitted to the detection procedure, - nmeans to detect variation,
specifically a decrease in the quantity of conplex formed with the nNOCS or
with the PIN. 25 International A@plication No. PCTlI FRO2/ 013200VFIDENEB Lon
April 17, 2002; French priori ty no. 0l /05248 of Apri 118, 2001

.Au. AL A" AsA A A As. %A9 As. % A .. A9. A9.A.A.A.A.A.A.A.A.A.A%A A A AL.A AA

tockwise s A &1/ k “ N SO0 SH A0 (N ngreatic

{vqgl ga\ W] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca\/] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cajaral ebjaapualNOaynthdbea] cTa! Cc
a\ *-<>r 85L" nx{ vql gb] W/V] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caj ca] ca] ca] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca! LHZ\ *r
F@!!y"\"~A"k""#zuoj e_ZU] ca] caV] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] calcalca]ca]c

SNV E &Z' b' '
a] Cg](? g@ﬁﬁ%@ ilgfjpg?élcﬂgcgflfgjn\clﬂ‘g? g@l\qﬁg rg\qldﬁﬁlrn ca Lni:ibll cal r;ﬂ c ] Ca]
ca] caV] LA TGFAAPASAAGAGHERIGGFEET 8a] ca] T ACHIGEFAGPERFASGEAGGTE S 1 g/ 00
22222N @%MXWKGQ&&QNWAGXQW d r&mmmmmmmmﬂpaj ca] cajc

A R S AR T R R AN OGN P SR AR ERA S R T 9l o2
CTEOPRAGFYAJAABR T TEC ATGGATCAVCabGAPIad £ a] ga) ca

. ; $<N<{5 AFCCAOCCAATGTOOND!
| cal cal SRl ERE TR RO RSB ek FT ool el RaH TR RS RBLRAG peetoal ©
$ IQ@@TEC@W]\G@T&Z]E@]TG@J]T@Z] ca]

Bt BBCq CECADLIEIEEERESRSARTIECTICAGHHHH Bl
ca] ca] (A FRIGPGCETCPCCACKBCRAETE ?aUIC

alcall £lell NN NNNNN
PLPAPNFE@WF@F@O[TQJTP@Q%%E ¥a] ca] éaﬁ%@éﬁF@W@%ﬁ%’iﬂm ¥aUlica] c
a] ca] caJ caJcaJcaJcaJcaJcaJcaJ caJcaJcaJcaJ ca] caJcaJ] cal &RSRWRRSYSSSTT TTUCUUUV
S5VWAWNNNAKT XXX0Y~ZZ) [ P[ [ {vagl gb] X] ]] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca

R e L ok RS
LES] Cabohe QbR bEOhS SHbe ALk R Rk BV bR o T334 o g 5] o

ca] ca] ca] ca] ca] ca] ca] caj ca] ca] ca] ca]ca ca) caV]ca] calcaV] ca] ca] ca] ca]calcalc
al kI 111111 CoOABARG=S joute; thead final plopgatiogf\WpmisatesaV] ca] cal cal ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca]
caV] ca] ca! bt ot t tAHftenuhigrationRwx X "S/Kyagarose- 22!, th¢ {cofmpjanentdry IDNAk fragringitd aed ca] c
a] ca] ca] ca] caV] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca

] ca] ca] ca] capeifivl aringHhe~QROEXR03 668! Eﬁw&ﬂtl@hmt](]dwﬁ@ ¥. A ke laginets Cat aRdcal ca
C

] ca] ca] caV] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca a] ca] caJ ca] ca] ca] ca] cal

cav] Sa] cal caVl Rant FaSeEs e fo ]@tﬁﬁba“hcﬂfﬂ%ep%%ﬁ@%ﬁia B G Te
o cal cal ool salcal oo ool cavl caboal aavlcak el 2l e ALATL TSk Rk AR oo o

E7s{vql gb ca] cal ca] ca]ca] ca]ca]lca]ca]calca]calc ca] ca] caV] ca] ca]ca] ca
] ca] cg] ga} ?A]E]ceﬂr%par ;HI]@%’]S%?Q‘]S ap aﬂile dE]lmtﬁI]@x elrzrrr]lqt@\\%vd]bgﬁﬁ]qxﬁg}m]?@agsca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca]Ratfioy KANPE1ApHliediBiafysicnmsa\As adichd saeX]fomh sedueatcSBOAD] NOL @a) cal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c"a] ca] ca] caV]ca]ca] caV]ca]ca]ca]ca!"u?*8-{bH
BEU} @{ val ghibed T&lﬁﬁﬁﬁﬁtl@ﬂg ar] lqaﬂtqaﬂdqa\dl@a& el @8 _}ﬁﬁ&&ﬁl&ﬁ)}ﬁadmwp a] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca! nOe$22’> 1fytoje [V]]ca]ca]ca]ca

al cateal cal cpoar R aah Blrdy i PR e @"fg@l‘f F@]i%ﬁl‘*f‘%a] FE S oy
ool co sl ek hedt labﬁ‘h‘g?@‘iaﬁzaﬁre o R Ee PR T aaroh Prdf &) cay

cal ca] ca] cal ca cia\/] ca) caV] ca] ca] cal ca
), | AMK9{ vpkft a\llﬂ] Hcing BNasEIon: 69, pee al]aia%mt%ar%!aqeda\vp@apcgfé,aqr@a@r@aﬂe&laf & ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! nv5N D\ P6${ %-& } wr | gb] Vkf a\ V] V
V] ca] ca] ca] ddwpzla]anmd] in glostibo alj008] Eaicestic aYQ ayuthhseals dbérefope alighilycdiffessnt a] c”
a] c”aV] ca] caV] ca] ca] caV] ca] ca GenREQ

c 8nu| 62t 0] eﬁcﬁﬁﬂthmduc@iatmahd&h@p%i/mmadmﬁbm raMataBalcalaall9gl)cal ca] ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca! +} %-gFgj neFLPSai 7y}} xsni cYj e
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10<SH10%& ( Lattiti#nbEh@id Glsalih EBerd e 1l line 18981 0¥@&sdd) as dources of pancreatic
B-cells. The total RNA of the isolated islets and the INS-1 cells are extracted with
TRIzol (Life Technologies). The first strand of complementary DNA is synthesized
from 10 ug total DNA in the presence of 3 pg random primers (Life Technologies),
1 pg of oligo(dT) primer (Life Technologies) and Superscript Il RNase H— reverse
10 transcriptase (Life Technologies). The PCR is then run using Taq Polymerase (Life

Technologies) with the following primer pairs:

for PIN: -  sTTGAGCGGCGCCAGCACCTTCCCTs and
-  sCGAGGTGTTCCCTTAGCAAGGCTG:
15 for the f2-microglobulin: - s$ATCTTTCTGGTGCTTGTCTCs and
- sAGTGTGAGCCAGGATGTAG::

After initial 5-minute denaturation at 94°C, the PCR is run for 40 cycles—a
denaturation stage at 94°C for 1 minute, a hybridization stage at 60°C for 1 minute, an
elongation stage at 72°C for 1 minute, then a final elongation of 10 minutes. The PCR

20 products are then separated on 1.5% agarose gel and visualized by ethidium bromide
staining. A fragment of the expected size (443 base pairs) is obtained with the PIN
primers in both the pancreatic islets and the INS-1 cells (see Figure 1). The RT-PCR
analysis, therefore, reveals the presence of messenger RNA from PIN in rat pancreatic
p-cells. Accordingly, the simultaneous expression of neuronal NO synthase and its

25 natural inhibitor PIN in the insulin-secreting cells of the endocrine pancreas is
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3 s Presence of PIN in INS-1 cells

The INS-1 cells and rat brains are homogenized in lysis buffer containing 50 mM

Tris (pH 7.4), 150 mM NaCl, 2 mmol/LL EDTA, 1 mmol/L phenylmethylsulfonyl

fluoride, 10 pg/ml leupeptin and 10 pg/ml aprotinin. The insoluble material is

10 eliminated by centrifugation. The concentration of proteins in the supernatant is
determined by Coomassie Blue staining (Coomassie Protein Assay Reagent, Pierce).

Then 80 ug of proteins are separated by electrophoresis on 13.5% tricine gel, and
transferred to a nitrocellulose membrane. The membranes are first saturated in 5% skim

milk powder in 0.1% Tween 20 in PBS, then incubated overnight with a monoclonal

15 anti-PIN antibody (diluted 1:250, Transduction Laboratories). After three washings in
PBS-Tween, the membrane is incubated with a peroxidase-conjugated anti-mouse

antibody (diluted 1:5,000, Sigma Aldrich). Immunoreactivity is detected by
chemiluminescent assay (ECL, Amersham Life Science). A Western Blot reveals that

the PIN is identical in size to the PIN expressed in rat brain (see Figure 2).

20
Colocalization of PIN with neuronal NO synthase in INS-1 cells
The INS-1 cells are seeded in Lab-Tek® Chamber Slide Systems and cultured for
4 days before use. They are then fixed with 2% paraformaldehyde in PBS (phosphate
25 buffer saline) for 20 minutes and permeabilized for 5 minutes with 0.1% Triton X-100.

International Application No. PCT/FR02/01327, filed on April 17, 2002, French priority no. 01/05248
of April 18, 2001



109 ()- ::.;;;$<n<dEbC %4 10@ 9! 109F& ()- F 39%A0%& ()- @O%& ()-

@' 10907& ()-4@®' 10967& ()- S1094& ()- n<<=_====dEbC 94 10S, 109 g&,% "

10967& () - FO10947& ()- 10947& ()- FAR0%& ()- @ 9! 10947& () - =
10@ 1095& ()-@ 9! 10957& ()-F 94094& ()- #YL09G& ()-,s! M 1095& ()-F

2sd0ome ()OI () v LSRR ()0 St S %&@%‘“ﬂiﬂ&é‘k&%&: g el

10: | 109%& S10% #100@’ 109! T 10T, 10T

Bt BBCqCCd(E%o&reO/in ‘%ﬁ%%ﬁvf‘}“ghﬁ) MiBod (130(‘12%‘]1%‘%0(9&“ 11_’)H% 34 é‘ﬁ%lg 1/:;0 0
% 0%’ () - CCADDDEZEJEbC 94 10F 1100/ . F 109%& ( % () -

:n)’/ll%f/‘&'( % ) - %é“é‘@%n)on Laborefogiey)) andZEEEFPangﬂméb@l Q@W@@W/&n@adxp(dyluted

109 ()-3 *&10%& ()- y3(10% ()- yudov%& ()- # 109%&' () - FCGGEG* H: HHHHAE: /
10<f #109&' ( )1-1991Be®-DIaghostica). After several washings, a fluorescein-conjugated anti-mouse

5 antibody (diluted 1:100, Biosys) and a rhodamine-conjugated anti-rabbit antibody
(diluted 1:100, Biosys) are applied to the cells for 1 hour. After several washings, the
cells are placed in Citifluor (Citifluor Ltd.) and observed under a confocal microscope
using argon and krypton lasers (Biorad). PIN is present in the cytoplasm of INS-1 cells
(Figure 3A). In addition, the fluorescent signals of PIN (Figure 3A) and neuronal NO

10 synthase (see Figure 3B) are very similar, indicating that the two proteins are strongly
colocalized in rat pancreatic B-cells. In effect, it has been shown that PIN interacts with
neuronal NO synthase in vitro and in vivo (Jaffrey et al., 1996) at amino acids 163-245.

It therefore seems that neuronal NO synthase and PIN interact inside pancreatic B-cells.

15 Modulating role of PIN on glucose-induced insulin secretion in the INS-1 cell line

PIN is overexpressed in INS-1 cells and the insulin response to glucose measured.

PIN complementary DNA obtained by RT-PCR (see above) is cloned in the eukaryotic

expression vector pCR3.1 (TA Cloning Kit, Invitrogen). The INS-1 cells

20 (approximately 8.10%) are then transfected with 1.5 ng plasmid (empty or containing
PIN) using LipofectAMINE PLUS Reagent (Life Technologies). The overexpression of

PIN is then verified by RT-PCR using 5 pg total RNA and the primers listed above (see

Table 1). Then, 48 hours after transfection, the cells are washed in Krebs-Ringer
bicarbonate buffer (pH 7.4) (108 mM NaCl; 1.19 mM KH,PO4; 4.74 mM KCl;

25 2.54 mM CaCly; 1.19 mM MgSO4, 7H,0; 18 mM NaHCOs;) without glucose, then
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et al., 1965). Approximately 5 times as much PIN messenger RNA is present in cells
5 after transfection of the PIN vector with respect to the control cells (Figure 4A). In
addition, glucose-induced insulin secretion increases 25% in cells overexpressing with

PIN with respect to control cells (Figure 4B). It appears, therefore, that PIN plays a

positive modulating role in glucose-induced insulin secretion.

10
SCREENING TEST PROCEDURE

To produce the PIN, PIN complementary DNA obtained by RT-PCR (see

15 Example 1 below) is cloned into the vector pET21b (containing a polyhistidine tag in
the C-terminal position, (HIS)s (e.g. Novagen) and the vector pGEX-2T (containing a

glutathion s-transferase tag in the N-terminal position, and GST (e.g. Pharmacia). After
transformation of BL21 bacteria (DE3) (e.g. Novagen) by recombinant plasmids, the

bacteria are cultured at 37°C in LB buffer to an OD of 0.6. The protein is then produced

20 by 1 mM IPTG (isopropylthio-B-D-galactoside) induction for 5 hours at 30°C. The
bacteria are recovered by centrifugation and then lyzed under standard conditions (Short

Protocols in Molecular Biology, 2nd Edition, John Wiley and Sons). The insoluble

material is eliminated by centrifugation and the protein is purified on a nickel column

for the polyhistidine tag (e.g. Ni NTA agarose, Qiagen), or a glutathione sepharose
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the pancreatic nNOS is cloned into the vector pl19L (Poul ez al., 1995) under the
5 control of viral promoter P10 (Poul et al., 1995). The recombinant virus is obtained by
cotransfection of the loaded vector and baculovirus DNA in Sf9insect cells
(ATCC CRL 1711) using lipofection (DOTAP, Roche Diagnostics). The virus clones
are then isolated using the lysis plaque method and selected for their ability to produce
nNOS by protein transfer (Western Blot) with an anti-nNOS antibody (Transduction
10 Laboratories). The protein is purified on a nickel column (e.g. Ni NTA agarose, Qiagen)
as per the manufacturer’s recommendations. The pancreatic nNOS is then stored at
-80°C.
In the first the method described in the invention, the pancreatic nNOS is
immobilized overnight at the bottom of a plastic MaxiSorp plate (Nunc) at a
15 concentration of 1-5 ug/ml in 200 pl PBS at 4°C. After washing in PBS containing
0.1% Tween 20, the plate is saturated with 100 ul PBS/1% BSA for 1 hour at 37°C,
then incubated with the GST (GST-PIN)- or polyhistidine (PIN-(HIS)s)-tagged PIN at a
concentration of 0.1-10 pg/ml in 100 pl of PBS/0.1% Tween 20/1% BSA in the
presence or absence of the test compound for 2 hours at 37°C. The plate is washed and
20 then incubated with 100 pl of anti-tag antibodies, anti-GST or peroxidase-conjugated
anti-(HIS)s (diluted 1:2000 in PBS/0.1% Tween 20/1% BSA, Sigma Aldrich) for 1 hour
at 37°C. The formation of the nNOS-PIN-antibody complex is detected by a colour

reaction in the presence of the peroxidase substrate, O-phenylenediamine, for

30 minutes in the dark. The intensity of the colour is measured at 490 nm.
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Example 1

This example shows that a mutant peptide of the nNOS, i.e. that represented by

sequence SEQ ID NO: 3, presents better affinity for PIN than does the same non-mutant
10 peptide of the nNOS (Lys Asp Thr Gly Ile Gln Val Asp Arg Asp), according to surface
plasmon resonance analysis.

The soluble peptides of the nNOS are prepared by a AMS 422 robot (Abimed)
using Fmoc solid phase peptide synthesis (Gausephol, 1992). These nNOS peptides
containing 10 amino acids correspond to the region of interaction with PIN (nNOS

15 amino acids 229-238). The peptides are deprotected and their resin removed by
treatment with trifluoroacetic acid using appropriate sensors. The peptides are
lyophilized and their purity verified by analytic HPLC. If necessary, the peptides are
then purified to 90% by preparative HPLC, then analyzed using mass spectrometry.

The binding of the PIN to the immobilized peptides is analyzed using

20 BIAcore 2000 (Biacore AB). The peptides, at a concentration of 10 pg/ml in 10 mM
(pH 4) acetate buffer, are conjugated on a channel of a CM5 biosensor (Biacore AB),
using the NHS/EDC protocol (N-hydroxysuccinimide (NHS), Biacore AB;
N-ethyl-N’-(dimethylaminopropyl) carbodiimide (EDC), Biacore AB), which produces
a density of immobilized peptides of approximately 100 pg/mm?>. Increasing

25 concentrations of PIN (5, 10, 20 and 40 pg/ml), produced by thrombin digestion of
GST-PIN (Pharmacia), are injected on the biosensor at flux 30 pl/min, and sensorgrams
generated for the binding of PIN-peptide binding (association time of 180 seconds;
dissociation time of 400 seconds). The association and dissociation constants are
determined from the sensorgram using BIAevaluation 3.0 software (Biacore AB) and a

30 global type of analysis (simultaneous analysis of kinetic association and dissociation
constants for sensorgrams at all peptide concentrations used). As a control, the
appropriate peptide (Lys Ala Val Asp Leu Ser His Gln Pro Ser Ala Ser Lys Asp Gln Ser
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Ky=5.38x 10'9) than for the normal peptide (see Figure 5A, Ka=8.43x107;
Kqg=1.19x 107%). Introducing a mutation in the nNOS peptide (SEQ ID NO: 3, arginine

mutated to tryptophane in position 9) increases its affinity for the PIN protein.

10
Example 2
This example uses the first method described in the invention (see above) to show
that mutant peptides, represented by sequences SEQ ID NO: 3 and SEQ ID NO: 4, that
15 present better affinity for PIN than nNOS, are able to reduce the attraction between

nNOS and PIN.

The nNOS protein is immobilized on a ELISA MaxiSorp plate (Nunc) at a
concentration of 1 pg/ml in 100 pl PBS overnight at 4°C. After washing in PBS
containing 0.1% Tween 20, the plate is saturated with 100 ul of PBS/1% BSA for

20 1 hour at 37°C. The 0.5 pg/ml GST-PIN in 100 ul of PBS/0.1% Tween 20/1% BSA, is
first incubated with the given peptide (as described above), the normal peptide (Lys Asp
Thr Gly Ile Gln Val Asp Arg Asp) or the mutant peptides (SEQ ID NO: 3 or SEQ ID
NO: 4) at increasing concentrations (0.010-100 ug/ml for mutant peptides;
10-1,000 pg/ml for non-mutant peptides) in the same buffer for 1 hour at 37°C. Afier

25 incubating the peptide—PIN mixture for 2 hours on the plate, the plate is washed, then
incubated with 100 pl of peroxidase-conjugated anti-GST antibody (diluted 1:2000 in
PBS/0.1% Tween 20/1% BSA, Sigma Aldrich) for 1 hour at 37°C. Complex formation
between the PIN and nNos is detected by adding the mixture to O-phenylenediamine, a
peroxidase substrate, for 20 minutes in the dark, then measuring the intensity of

30 colouration at 490 nm. A control is done for each peptide, as described above.

In the presence of the normal nNOS peptide (see Figure 6A), the binding of the
PIN to the nNOS is inhibited by 14% for a concentration of the said peptide of
50 pg/ml. By contrast, the two mutant peptides represented by sequences SEQ ID NO: 3
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Example 3

10 This example uses surface plasmon resonance analysis to show that the mutant
peptides of the nNOS, represented by sequences SEQ ID NO: 3 or SEQ ID NO: 4, that
present better affinity for the PIN protein than the nNOS protein, are able to inhibit the
interaction between nNOS and PIN.

The binding of PIN to the immobilized nNOS protein (Alexis) is analyzed using

15 Biacore 2000 (Biacore AB) in the presence or absence of synthetic peptides. The nNOS,
at a concentration of 10 pg/ml in 10 mM of acetate tampon (pH 5.5), is conjugated on a
channel of a CM5 biosensor (e.g. Biacore AB) using the NHS/EDC protocol, which
leads to a density of immobilized protein of approximately 6000 pg/mm?. The PIN
protein at concentration 5 pg/ml is preincubated in the presence of increasing

20 concentrations of peptides (1-100 pg/ml) for 30 minutes, then injected on the chip at
flux 30 ul/min. The sensorgrams showing the binding of the peptides to the nNOS are
recorded for an association time of 180 seconds and a dissociation time of 400 seconds.
The association and dissociation constants are determined from the sensorgram using
BlAevaluation 3.0 software (Biacore AB), and a global analysis method (simultaneous

25 analysis of kinetic association and dissociation constants for sensorgrams at all peptide
concentrations used). The controls are done by injecting the given peptide, preincubated
with PIN, on the nNOS (as described above).

In the presence of the normal nNOS peptide (see Figure 7A), the binding of the
PIN to the nNOS protein is inhibited by 19% at 20 pg/ml of peptide, with inhibition

30 plateauing at 45% at 50 pg/ml and 100 pg/ml of peptide. By contrast, the mutant
peptide, represented by the sequence SEQ ID NO: 3 (see Figure 7B) inhibits the binding
of the PIN to the nNOS by 59% at 5 pg/ml of peptide, and blocks this interaction almost
completely at peptide concentrations of 30 pg/ml and 40 pg/ml (90% and 91%,

respectively). The same is true for the mutant peptide represented by the sequence SEQ
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Example 4
10
This example shows that the molecule C,4H;sN4OsS, obtained by in vitro
screening of a bank of 3,000 compounds (Chembridge) as per the invention procedure
described above, is able to decrease insulin secretion in hyperinsulinic and
insulin-resistant obese animals (Zucker (fa/fa) rats—a line of rats with a mutation in the

15 fa gene (short for "fatty™)).

The chemical molecule used has the following formula:

20 N\/< 0 o //

When placed in 100 pl PBS overnight at 4°C, the recombinant nNOS (100 ng),
25 obtained as per the procedure described above, is adsorbed at the bottom of a microplate
at a concentration of 1 pg/ml. After saturation in 200 pl of 1% PBS/BSA for 1 hour at
37°C, the nNOS is combined with 5 pl of the molecule (at a final concentration of
10 pM) and 0.5 pg/ml GST-PIN for 2 hours at 37°C. The formation of the PIN-nNOS
complex in then detected by incubation with anti-GST antibodies (diluted 1:2000) for
30 1 hour at 37°C, then detected by incubating with O-phenylenediamine for 30 minutes
and measuring absorbance at 490 nm. Molecules are considered positive when they
inhibit the interaction by 30-50%.
The islets of Langerhans of Zucker (fa/fa) rats are isolated using the collagenase

digestion technique of Lacy et al. (Diabetes, 1967). After isolation, the islets are
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5 radioimmunology (see Figure 8).

The molecule C24HsN4OsS, in decreasing the PIN-nNOS interaction, blocks in a
dose-dependant fashion (starting at a concentration of 50 uM) insulin secretion induced
by 2 g/L glucose in islets isolated from hyperinsulinic rats. In effect, for concentrations
of 50 and 100 pM, the insulin response is reduced by 36% and 79%, respectively.

10 Therefore, this molecule is capable of reducing insulin hypersecretion in these

prediabetic animals.
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5 — Bredt et al. (1991) Nature, 351, 714-718
— Gausephol (1992) Peptide Research, S, 315-320
— Herbert et al. (1965) J. Clin. Endoérinol. Metabol. 25, 1375-1384
— Jaffrey et al. (1996) Science, 274, 774-776
— Lacy et al. (1967) Diabetes, 16(1), 35-39

10 — Maechler et al. (1997) Embo J., 16(13), 3833-3841

— Poul et al. (1995) Immunotechnology, 1, 189-196
— Shibata et al. (1976) Diabetes, 8, 667-672
— Short Protocols in Molecular Biology, 2nd Edition, John Wiley and Sons
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1. Detection procedure for compounds that modulate the complexation
5 between neuronal nitric oxide synthase protein (nNOS), represented by the sequence
SEQ ID NO: 2, or one of its variants and the protein inhibitor of neuronal nitric oxide
synthase (PIN), the modulation of this complexation causing a modification of the
insulin response regulated by nNOS or one of its variants, in which:

— amixture of the said compound, the PIN and the nNOS or one of its variants is

10 incubated in conditions that enable the:
e formation of a complex between the PIN and nNOS or one of its variants,

e formation of a complex between the said compound and the PIN, or
between the said compound and nNOS or one of its variants;
— any significant variation detected in the quantity of complex formed between
15 the PIN and nNOS or one of its variants with respect to a control value

corresponds to:

* the quantity of complex formed between the PIN and nNOS or one of its

variants in the absence of the test compound, or
* the absence of a complex between the PIN and nNOS or one of its variants,
20 resulting in the absence of PIN or the absence of nNOS or one of its variants, or
* the quantity of complex formed between the PIN and nNOS or one of its
variants in the presence of a reference inhibitor; and
— when there is significant variation as defined above, it is concluded that there
was binding between the said compound and the PIN or between the said compound and

25 the nNOS or one of its variants, leading to modulation of the complexation between the

PIN and nNOS or one of its variants.
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10T, & 110% u&hpl)exam&n(l)eurc&ﬁgnmﬁxgomde synthase (nNOS) or one of its variants, and
the protein inhibitor of neuronal nitric oxide synthase (PIN), the decrease in this
complexation leading to a reduction in the insulin response regulated by the nNOS or

one of its variants, in which:

— amixture of the said compound, the PIN and the nNOS or one of its variants is
10 incubated in conditions that enable the:
o formation of a complex between the PIN and nNOS or one of its variants,
e formation of a complex between the said compound and the PIN, or
between the said compound and the nNOS or one of its variants;
— any significant decrease detected in the quantity of complex formed between
15 the PIN and nNOS or one of its variants with respect to a control value corresponds to:
* the quantity of complex formed between the PIN and nNOS or one of its
variants in the absence of the compound submitted to the detection procedure, or
* the absence of complex formed between the PIN and nNOS or one of its
variants, resulting in the absence of PIN or the absence of nNOS or one of its
20 variants, or
*  the quantity of complex formed between the PIN and nNOS or one of
its variants in the presence of a reference inhibitor; and
~ when there is significant decrease as defined above, it is concluded that
there was binding between the said compound and the PIN, or between the said
25 compound and the nNOS or one of its variants, leading to reduction of the

complexation between the PIN and nNOS or one of its variants.
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the absence of the compound submitted to the detection procedure; another to the
absence of complex between the PIN and nNOS, resulting in either the absence of PIN
or the absence of nNOS; and another to the quantity of complex formed between the

PIN and nNOS in the presence of a reference inhibitor.

S. Detection procedure as per one of Claims 1-4, in which the mixture of the
PIN, the nNOS and the compound submitted to the detection procedure is prepared by:

— by simultaneously adding the PIN, the nNOS and the compound submitted to
the detection procedure, or

— consecutively adding the PIN, the compound submitted to the detection
procedure and the nNOS, or consecutively adding the nNOS, the compound submitted
to the detection procedure and the PIN, or

— adding the said compound previously incubated with the PIN or the nNOS, to
the nNOS protein or the PIN, respectively.

6. Detection procedure as per one of Claims 1-5, in which the nNOS protein is

first fixed on a solid substrate.

7. Detection procedure as per one of Claims 1-5, in which the PIN is first fixed

on a solid substrate.

8. Detection procedure as per one of Claims 1-5, in which the PIN and nNOS are

in solution.

9. Protein characterized in that it contains or is constituted by sequence SEQ ID
NO: 2, or fragment of the said protein comprising at least 100 amino acids, on condition

the said fragment contains the amino acid in position (269).
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29}2:/81/%0 (G)& 0- cll: VE?S Ag'g%he%/«%le ()iln V %é ZAsp (SQEQ(%D]I\?({&/ﬁ)()
— Lys-Asp-Val-Gly-Ile-Gln-Val-Asp-Arg-Asp (SEQ ID NO: 14),
— Lys-Asp-Thr-Gly-Ile-Gln-Thr-Asp-Arg-Asp (SEQ ID NO: 15),
15 — Lys-Asp-Thr-Gly-Ile-Gln-Val-Cys-Arg-Asp (SEQ ID NO: 16),
— Lys-Asp-Thr-Gly-Ile-Gln-Val-Asn-Arg-Asp (SEQ ID NO: 17),
— Lys-Asp-Thr-Gly-Ile-Gln-Val-Asp-Leu-Asp (SEQ ID NO: 18),
~ Lys-Asp-Thr-Gly-Ile-Gln-Val-Asp-Cys-Asp (SEQ ID NO: 19),
— Lys-Asp-Thr-Gly-Ile-GIn-Val-Asp-Phe-Asp (SEQ ID NO: 20),
20 — Lys-Asp-Thr-Gly-Ile-GIn-Val-Asp-Tyr-Asp (SEQ ID NO: 21),
— Lys-Asp-Thr-Gly-Ile-Gln-Val-Asp-Arg-Phe (SEQ ID NO: 22),
— Lys-Asp-Thr-Gly-Ile-GIn-Val-Asp-Arg-Trp (SEQ ID NO: 23),
— Val-Asp-Thr-Gly-Ile-GIn-Val-Asp-Arg-Tyr (SEQ ID NO: 24),
— Ile-Asp-Val-Gly-Ile-GIn-Val-Asp-Trp-Trp (SEQ ID NO: 25),
25 — Ile-Asp-Val-Gly-Ile-Gln-Thr-Asp-Trp-Asp (SEQ ID NO: 26),
— lle-Asp-Val-Gly-lle-GIn-Thr-Asp-Trp-Trp (SEQ ID NO: 27),
— Ile-Asp-Val-Gly-Ile-Gin-Thr-Cys-Trp-Trp (SEQ ID NO: 28),
— Cys-Asp-Thr-Gly-lle-GIn-Val-Asp-Trp-Asp (SEQ ID NO: 29),
— Ile-Asp-Thr-Gly-Ile-GIn-Val-Asp-Trp-Asp (SEQ ID NO: 30),
30 — Val-Asp-Thr-Gly-lle-Gln-Val-Asp-Trp-Asp (SEQ ID NO: 31),
— Lys-Asp-Val-Gly-lle-GIn-Val-Asp-Trp-Asp (SEQ ID NO: 32),
— Cys-Asp-Val-Gly-Ile-Gln-Val-Asp-Trp-Asp (SEQ ID NO: 33),
— Val-Asp-Val-Gly-Ile-GIn-Val-Asp-Trp-Asp (SEQ ID NO: 34),
— Cys-Asp-Ile-Gly-Ile-Gln-Val-Asp-Trp-Asp (SEQ ID NO: 35),

International Application No. PCT/FR02/01327, filed on April 17, 2002; French priority no. 01/05248
of April 18, 2001



(109%& ()- - &z10%A%& ()- 8| vU4 &L0%& ()- y! 1098& ()-

1098& () - 1094.094.0% =f #1098& ()-- J.9%098& ()- | 6+ [:vU4

YA 0% () - ,!100/8/&?()- "1 10984 ()‘{B F 1090& ()-- @O%& ()- #‘ﬁfgﬁ[ﬁwL%L
(& 1098& ()- @®! 1098& ()- #UA0W& ()- @ & 1098& ()- i 3 10%/&

£ 1 10%& () - gF () . 109%& () -
S, 10904 (§ 2_9&&}/%/@@? = W“;@Vlﬁ\falss S '%E((?) A & ()-

@L0%& () - 1094094 69%Val- AS#—J'IGDW I@‘)‘Gln Vabdepalgn-Asp (FEQ [ID: NQ137)S0%4 0 99/&:! ()

31 300000 ()3 31 kovE e Shlomi Vit @ga;fawé%%éﬁ@i?a%@%% Dom e

0%0%W& ()-.1J=[[ v sA§9£ﬁhl~ 1d-Gin- WP/A - 110%4& () -
Sf1098& ()-- 10984& ( p3vUd F 10984&' ( 10 - 100 & () -
1098&' () - 109%4.0%40% Ile eiémgﬁl(y)ﬂe}qlm Malm Trpf@ﬁ(&E )ID N@o‘}@/)& ()-

' 10%& Y1 10984 #94 000 () -
NN 10%(?/3& (- Y 10#&1 (SSP ﬁ‘&b}g&(} ‘V%g%%@gﬁé‘%% 16)’) ng| [ vU4
@9! 1099& ()- . 9409 s-(P)s GM,Gl hWUOOAkn-§at- Asp-T JAQ?%’E )IDNO(43210W& ()--
061 1090& () - X| sty Lo g sk T

éi %@ @7109%
,57110%& ()-- @9 1@@/&%@& Ylle-Gln{Vfalf\sp-Trp- Psﬂpd I@Nosi@)q@/& ()-

e e (5 B S B b R b o DGR 2 5% O

f|[me410tyc10%10% <y#19m (Qys-Gly-TIGIAR]-Wsp-TrPAHISBQIDNO) 45), ‘V&OW& ()- -
D %40%%q& ()- EHR{ZONA410 1: %d0984& ( L4109 % & ()-! 940% : & ()-M
6%098& () - M @A 09m&YsYA M C Er@b&/SIO/fFép%\’)al@]SmT[mmiﬁEQo FA®), () -

0% % & () - 257Gy B8 PIGR e S AE A  SP NO:#4 10 06 10: 0
S<y#10% % & () - - @M Yedf- CC})S-GIHBG &ilii-ValAsp AR (FEQ ID NOO48R: () -
roaose (- onooab A Vil viigomdimaty (EQTO NG ().
B ) A S R S g iR -
FFOA0%& () - Thr-Asp-Val-Gly-Ile-GIn-Val-Asp-Trp-Asp (SEQ ID NO: 51),
— Lys-Glu-Val-Gly-Ile-GIn-Val-Asp-Trp-Asp (SEQ ID NO: 52),
— Lys-Asp-Ile-Gly-Ile-GIn-Val-Asp-Trp-Asp (SEQ ID NO: 53),
—~ Lys-Asp-Glu-Gly-Ile-GIn-Val-Asp-Trp-Asp (SEQ ID NO: 54),
20 — Lys-Asp-GIn-Gly-Ile-GIn-Val-Asp-Trp-Asp (SEQ ID NO: 55),
— Lys-Asp-Val-Ala-Ile-GIn-Val-Asp-Trp-Asp (SEQ ID NO: 56),
— Lys-Asp-Val-Gly-Val-GIn-Val-Asp-Trp-Asp (SEQ ID NO: 57),
— Lys-Asp-Val-Gly-Thr-GIn-Val-Asp-Trp-Asp (SEQ ID NO: 58),
— Lys-Asp-Val-Gly-1le-GIn-Val-Asp-Ile-Asp (SEQ ID NO: 59),
25 — Lys-Asp-Val-Gly-Ile-GIn-Val-Asp-Trp-Glu (SEQ ID NO: 60),
— Ala-lle-Glu-Pro-Val-Leu-Ser-Ile-Leu-Asn (SEQ ID NO: 61),
— Arg-lle-Glu-Pro-Val-Leu-Ser-Ile-Leu-Asn (SEQ ID NO: 62),
~ Asn-Ile-Glu-Pro-Val-Leu-Ser-Ile-Leu-Asn (SEQ ID NO: 63),
~ Asp-Ile-Glu-Pro-Val-Leu-Ser-Ile-Leu-Asn (SEQ ID NO: 64),
30 — Gln-Ile-Glu-Pro-Val-Leu-Ser-Ile-Leu-Asn (SEQ ID NO: 65),
— Gly-Ile-Glu-Pro-Val-Leu-Ser-Ile-Leu-Asn (SEQ ID NO: 66),
~ Pro-Ile-Glu-Pro-Val-Leu-Ser-Ile-Leu-Asn (SEQ ID NO: 67),
— Ser-Ile-Glu-Pro-Val-Leu-Ser-Ile-Leu-Asn (SEQ ID NO: 68),
- Thr-Ile-Glu-Pro-Val-Leu-Ser-Ile-Leu-Asn (SEQ ID NO: 69),
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— Glu-Ile-Glu-Asn-Val-Leu-Ser-Ile-Leu-Asn (SEQ ID NO: 77),

Glu-Ile-Glu-Asp-Val-Leu-Ser-Ile-Leu-Asn (SEQ ID NO: 78),
Glu-Ile-Glu-GlIn-Val-Leu-Ser-Ile-Leu-Asn (SEQ ID NO: 79),
Glu-Ile-Glu-Glu-Val-Leu-Ser-Ile-Leu-Asn (SEQ ID NO: 80),
Glu-Ile-Glu-Gly-Val-Leu-Ser-Ile-Leu-Asn (SEQ ID NO: 81),
Glu-Ile-Glu-His-Val-Leu-Ser-Ile-Leu-Asn (SEQ ID NO: 82),
Glu-Ile-Glu-Lys-Val-Leu-Ser-Ile-Leu-Asn (SEQ ID NO: 83),.
Glu-Ile-Glu-Met-Val-Leu-Ser-Ile-Leu-Asn (SEQ ID NO: 84),
Glu-Ile-Glu-Ser-Val-Leu-Ser-Ile-Leu-Asn (SEQ ID NO: 85),
Glu-Ile-Glu-Thr-Val-Leu-Ser-Ile-Leu-Asn (SEQ ID NO: 86),
Glu-Ile-Glu-Pro-Ile-Leu-Ser-Ile-Leu-Asn (SEQ ID NO: 87),
Glu-Ile-Glu-Pro-Val-Pro-Ser-lle-Leu-Asn (SEQ ID NO: 88),
Glu-Ile-Glu-Pro-Val-Leu-Ala-Ile-Leu-Asn (SEQ ID NO: 89),
Glu-Ile-Glu-Pro-Val-Leu-Val-Ile-Leu-Asn (SEQ ID NO: 90),

Glu-Ile-Glu-Pro-Val-Leu-Ser-Leu-Leu-Asn (SEQ ID NO: 91),
Glu-Ile-Glu-Pro-Val-Leu-Ser-Phe-Leu-Asn (SEQ ID NO: 92),
Glu-Ile-Glu-Pro-Val-Leu-Ser-Trp-Leu-Asn (SEQ ID NO: 93),
Glu-Ile-Glu-Pro-Val-Leu-Ser-Tyr-Leu-Asn (SEQ ID NO: 94),
Glu-Ile-Glu-Pro-Val-Leu-Ser-Val-Leu-Asn (SEQ ID NO: 95),

Glu-Ile-Glu-Pro-Val-Leu-Ser-Ile-Leu-Ala (SEQ ID NO: 96),
Glu-Ile-Glu-Pro-Val-Leu-Ser-Ile-Leu-Asp (SEQ ID NO: 97),
Glu-lle-Glu-Pro-Val-Leu-Ser-Ile-Leu-Gln (SEQ ID NO: 98),
Glu-Ile-Glu-Pro-Val-Leu-Ser-Ile-Leu-Glu (SEQ ID NO: 99),

Glu-lle-Glu-Pro-Val-Leu-Ser-Ile-Leu-Gly (SEQ ID NO: 100),

Glu-Ile-Glu-Pro-Val-Leu-Ser-Ile-Leu-His (SEQ ID NO: 101),

Glu-Ile-Glu-Pro-Val-Leu-Ser-Ile-Leu-Met (SEQ ID NO: 102),

Glu-Ile-Glu-Pro-Val-Leu-Ser-Ile-Leu-Pro (SEQ ID NO: 103),
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14. Kit for detecting a modulating compound that reduces complexation

15 between the PIN and nNOS that contains the following:
— nNOS, specifically the pancreatic form of nNOS,

— PIN,
— media or buffers needed for dilution,
— materials needed for washing, as necessary
20 — media or buffers needed for the formation of a complex between the PIN and
nNOS, and the formation of a complex between the PIN or the nNOS and the
compound submitted to the detection procedure,

— means to detect variation, specifically a decrease in the quantity of complex
formed with the nNOS or with the PIN.
25
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