19 Septenber 2005 *167167* USE OF FLUORESCENCE CORRELATI ON SPECTROSCOPRPY TO
| DENTI FY COVPOUNDS THAT BI ND TO TARGET SPECI ES UNDER | ;%?ERNSL TURl NG
CONDI TI ONS Background of the Invention One of the majd PPEAGES™ aci ng
the drug discovery process is the identification of snall ormanlc | i gands

that will bind to target species, particularly protei ”MHMH NIMUIIIL d
n

mul titude of new protein targets are being discovered ;
bi oi nformatics efforts. Many of these proteins have no knowd7iérnction or
known specific ligands. Thus, the identification of Iigands for these

targets prese I ' | ¢al. | ibraries
by b gh {1 ounnue) aa SORESCEN G SRRETALAOe SRR SR 3 0ypur
screening (DENIIFYh€OMEOUNDS THAI BIND TOTARCETSSPROPRS UINDERASSay

devel opment. Hence, there is a need for a straightforward, generally

appl i cabl e nmet hodol od P OTHERMAL DENTHRINGSCONMTIANSodol ogy, that can be
used to identify ligands that bind proteins, especially those w th unknown
functionality. It is known that the binding of substrates or specific

| i gands does, in general, Bhtgrohllnddgﬂhémﬁdn@ioﬁt abihlity and hencett_he
denaturation profile of a protein. Thus, nethods that neasure protein
denat urati on cafnpLitednugr gballsages mgqmmgadlécwegmméom@uﬁmhp
“interacti ofpgng: enat i i i §.ACC ni ed by the
progr essi v@é?tégéﬁgg B? h%{fl@t%g?@gr gﬁ%gr @ﬁa%‘ﬂ?‘?g‘g? r B8 4RSS et el v
bihoI i ?:al pa;ﬁclihlaﬁlyyprlofeam th g:tiz?tqn?&_ftudlrelﬁc chanfggdge?ﬁ@teéﬁpag?aturgeOpr '
sical apnd chenmjical nethods, i nvol ve _ : ,

gné/ or i onfIECaVeredRyf genogues %ﬂds b‘@H’&B‘f‘%’ﬁP stfageriiany ef these proteins bave ol | owed
by - met hod oy : It 01 [ for At | e 1Gh es in a
pr ot ein. E%%%it&ﬁﬁpgﬂfgpnp §¥ %ﬁﬁgﬁﬁgywspgﬁqggh eag%gg)rf |h%3ﬁ$al net hod,

t her mal fetlese tagets préseatshuheliengee dn ther scaeentsy oflaygeothemitsldsgsried ncl udi ng

puri Ty ngb}p hl%het. nosug gutsseclréee(rﬁr{gv(el‘{'fj&? ?‘IEC'IIIE(ﬁ;[lé %Ptraehigh throughput screening
(UHTS), methods, parﬁcularly from the étandpoint of assay development.
Hénce, there is a need for a.straightforward, generally applicable methodology,
particularly an HTS assay methodology, that can be used to identify ligands that
~bind proteins, especially those with unknown functionality.
It is known that the binding of substrates or specific ligands does, in
general, alter the intrinsic stability and hence the denaturation profile of a
protein. Thus, methods that measure protein denaturation can be used to detect
and quantitate ligand-protein interactions. '
| The denaturation of proteins is accompanied by the progressive loss of
their tertiary/quartenary structure and ultimately biological activity.
" Denaturation can be accomplished by a number of physical ﬁnd chemical
~methods that ihVlee' changes in temperature, pH, a'nd/hr ionic s_tren'gth, use of
chaotropic agents, etc. It can be followed by methods sufficiently sensitive to
_' lmonitor conformational changes in a protein. Because itis a simple and widely
. applicable experimental méthod, thermal denaturation has been used for a
o variety of purposes, ihcluding pu'ri"fying proteins by selective denaturation .of
- _iinpun'ties and to study protein structure, folding, and stability. Thermal

denaturation curves (TDC), where the fraction of denatured prdtcin is measured
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impurities and to study protein structure, folding, and stability. Thermal
denaturation curves (TDC), where the fraction of denat te S
nmeasured *@00002* 19 Septenmber 2005 WO 01/44817 PCT/ ugo‘fﬁpﬁ%gi %@g
function of gradually increasing tenperatures) obtained by differential
scanning calorinetry (DSC) have been shown to be particularly useful for
det erm ni WP UMdRI2i n stability and naking inferences abouPCTHg0M4642i ary
structure. The usefulness of TDC is further enhanced because bi ndi ng of
conpounds that 5 are substrates or specific ligands for a given protein

changes the Lk EQ_QJ f ?d"u.'ils]ﬁgﬁd’ , causes a shift
in the TDC %\%ﬁ%‘he ?gm? p%%%\%mgt%%@t?& )e val u s.lﬁ%}ﬁ{&ga(r?pret ation of the
results of tdeningtalerimetry FOrbovedeen simpartd be particiderly asfulft i on t hat the
denaturation prqcess is reversi bl n nt i nUOUS process
that is vergt%’fﬂnﬂ BW%@W ée@h&‘ bﬁ?ﬁ‘?f‘@ﬂﬁ&%&@%tﬂﬁm ng rate.
However, t hghélgRatiabsféf TINC &f fulths enlitinoédbedsust Bidingl dfRompoidlds K per i ment al
cond|t|0n5|3|rrever3|ble Typically, it is only with small proteins and

very nil d demarbatniesonipesifie lgtwéf fog @ gaen Patsin gh %csf@ammpm eversi bl e. Thus,
DSC may be y@ﬁh{fofmtm%ﬁﬁ,ﬁ&ee Qeet RLiRfaN the MERE LAY mE HL,eT Pret abl e bi ndi ng

15 neasurenents.” I n general, the DSC curves reflect the St abi lity of many
different ¢nidpeinttemperaturedvalues. sone sen3| tive to the binding of Iigands and

sone not sensit HeNi tiated at
nmany | ocati ons i\f'\nyer?{gtshﬂéfm %nggrf ructure %Eﬂ&&&ﬁ?‘éﬁ sgr?processes has
its own act assamption mﬁtmmngymumpmhessmemteﬁ, rayeddtlg, madit process only

“within a narr er at ran conse endlng on the
scanni ng!% a %“P ”chgﬁl ‘Ttﬁ/ve mﬁ%%%@%ﬁmaa‘i?iﬁ%{ﬁ%%"w Y not be evident
in the DSC giahiifig ratd- HévREd BieRlenflirhli® 6Mhostproteimytidepthe abal i metry may see

two or nore. proteln denat uration steTQ
experimental conditions is irreversible. Typically, it is only with small proteins

“and very mild denaturing agents that denaturation is readily re;vcrs1ble. Thus,
DSC may be unable to provide reproducible and readily interpretable binding
“ 15 | measurements.
In general, the DSC curves reflect the stability of many different |
- structural domains, some sensitive to the binding of ligands and some not
sensitive at all. Furthermore, denaturation may be initiated at many locations
within the protein structure. Each of these processes has its own activation
20 energy, which makes it the dominant process only within a narrow temperature
range. As a consequence, depending on the scanning rate, the stability of a- .
given domain may or may not be cvidenf in the DSC curve. . Furthermore,
dlffetentlal scanning calonmctry may see two or more. protem denaturation steps
_ - where one would expect only a smgle transition. Yet another major factor
3 25 contr_lbutx_ng to the greater inextricability of the scanning thermal dcnatu_ra,tlon'
- methods is that the binding equilibria of both the ligands of interest and of the
fluorescent dyes reporting on the structural integrity of the ptotéin are strongly
temperature depehdént. Thus, both the sensitivity of the method arid the
 stabilizing effect of the ligand under study drift drastically during the

- 30 experiment.



where one woul d expect only a single transition. Yet another mmjor factor

.25 contributing to the greater inextricability of th anni r mal
denaturation nethods is that the binding equilibria 39%%& F%eﬂb?’gands of

interest and of the fluorescent dyes reporting on the structural integrity
of. the protein are strongly tenperature dependent. Thus, both the
sensitivity of the method and the stabilizing effect of the |Iigand under
study drift drastically during the 30 experinment. -2 19 Septenber 2005
Therefore, a need exists for a nmethod identifying conpounds that bind to

target species. Théref@eabhyed SH6R for ABhEMO iiGerdiThma X dinpsunds iRt Wind TS,
reproduci bl e, and i ndependent of the heating rate. Summary of the

| nvent i on tPhiargatespesies.i Riederablyn spelowi miethodetshardenabde to ABATSf gt HF Sconpounds
that bind to target spegies . Q. ol ypeptides including proteins, and
pol ynucl eotP c"ﬁﬁcﬁ"@d?ﬁ °Bﬂé(ﬁéﬂahﬁﬁ%&.{l%1‘ﬁ se net hods invol ve the use of
i sothermal denaturation, prgﬁﬁpgﬁb;ygrﬂtﬁeqﬂm%@- ion with fluorescence
detection nethods. Signific : f the present invention

i nvol ve aut onat Ehe pestridaversiont povidles anethdids fonddéktiTEng | ddagioupds thae et hods

of the present invention are envisipned. ,ta be scalable to eval uate
10, 000- 60, BB 12 FFEEHIIEIS (o-fro PEDPEPULES dnclyGng Ppolpinscand melyypusicptdes

~-denaturat i peudingPDNAT Bid HNAY.S ThEsAhdiRdds YifvolRd MR 8" of NSothermal
i dentification of bindi Qagll i gands. Significantly, 1n pr e?erre met hods, the

present i ndematurgione qupferadbly iy momhinstion withhflieresssned wdateddomtroethodson by
I soth | o t ' | t . f target (e. rotein
stabi ity SRSy, B MU Arul Seit ifafion s sbGotiag BeMofe ) ¢ he

denat ur at i suitabledfor HEDahd 2HITONIdeally]etht ahethddsabf tie presdndlii@intioRagées (e. g.,
protein targets) by ligands agajnst_isothermal denaturation is quantified
by changeseiVisioneddpdiscialable tovalate 10,000-66,009 sgmpeunsiseoragprecin 224 t he

pr esent inﬂ(ﬁﬂtpglqu' there is provided a

Isothermal denaturation of proteins offers an attractive method for the
identification of 'binding l'igands.. Signiﬁcantly, in preferred methods, the
present invention couples fluorescence techniques with denaturation by
isothermal methods to determine alteration of target (e.g., protein) stability by

| a bound ligand. In particularly preferred embodiments, the denaturation and

~ stabilization or destabilization of target species (e.g., protein targets) by ligands
against isothermal denaturation is quantified by changes in fluorescence
intensity. | '

According to one aspect of the present invention, there is provided a

- screening method for identifying-a test compound that binds to a target species,

' the method comprising: incubaﬁng, at least one test mixture (preferably, a

" plurality ‘of test .. miktur.g's fof high throughput sc;réehing) under isothermal
_denatun'ng conditions, each test mixture comprising af least one test compound

o (preferably, at least two test compounds and more préferably, two to ten test
~compounds), at least one reporter molecule, and ét least one target species

| (prcferébly, only one target speCieé is in any one test mixture), wherein the
o iéot_hermal denaturing conditions are effective to cause at least a portion of the

target species to denature (e.g.,




screening nethod for identifying a test conpound that binds to a target

species, the nethod conprising: incubating, at |east e@&'es ) tur e
(preferably, a plurality of test m xtures for high tﬂgtrﬁ? ?mﬁ)er (iber’enl ng)

under isothermal denaturing conditions, each test m xture conprising at
| east one test conmpound (preferably, at |east two test conpounds and nore
preferably, two to ten test conpounds), at -|east one reporter nolecul e,
and at | east one target species (preferably, only one target species is in
any one test mxture), wherein the isothermal denaturing conditions are

ef fective tnfokipuser nthsuratsietextentodétectingdh defgturdtidhdinddRICéRE thgedlenat ure
(e.g., 3 19 Se t.eg}*l)er 2005 ug]&% dt%l tg a rrg%§urabl e ryt)tent ;.detecting a
denat ur at iﬁ?ﬁcggdﬂ © Bresgngenoh Heydh teagtong FHmPHEn‘i SEQBUOTRE the at | east
one test cdifffasiondpivpertiesi bﬁrthélgtafglw méldchles usingprlapektdRe edrréligort ar gteth

nmol ecul e ugsing fluorescence correlati on .spectroscopy;, and conpari ng e
denat ur at isz)ﬁcg?sgcﬁg?" %[f&‘é%lgﬁart“ég Wi S?ngpgggisﬁnafﬂge%ﬁb?é%%é%‘?‘g%ln | east one
t est conpotheresenbe af deedstioat itest ingroain doWittéraedemmmh tib sl Sﬁ@lﬁ‘d els in the
absence of e | eas test co und, under e same Jso r ma

‘denat ur i ngsa?:%'nt&l i Sﬁ%“gsr‘?‘&?% a?l%rq'?wgnotrjﬁﬁ? 3? lashpse %eﬁ%‘émﬂ%?"mffd‘é“&e&ﬁ‘et he
present i nsagwet isotheomal denahuitgecantditiamss Typivaily abﬂq_)re&sablmi oh'eunethoc{luar day.

-Pref erabl i S tantj ak i nul t aneousl y.

Acoor di ng Tiohs 11 FRAHGh 3 SERUICHINER A B tesh MRS o1 dea
hi gh t hr oulylefsmablgctueh an eyaluetion deduwrs sulsitantiallyisirgultarteenslyc onpound tha]E bi nds
to a target spegj . ( FSLLNG . R Lty of test
it ur o5 underSaTee 8 ELIRE aGREDb Bletfeschb ENOREME I Gels M GHiddd

conpri si ngp high thewshpwissreening metheduied ideatifying st tegromppodtthat bindsecul e, and
at |east oge, tﬁﬁgeg%?eﬁgﬁcﬂfes mefid Sbih trf@ﬁ'rﬁ: 'iﬁeﬁ%%ga& g;ﬁﬁ%tpt}?" rdfnﬁsf ondi tions
are effective to cause at |east a portiolr of the Parget species to

denat ur e tHIxULes Haderaspthennaldmaturing: conditinpsacasbriastunixturercosipgisilg of each

target spegiigsstidhe! 26t EOMPSMKE d?fleéé@%n%{rﬁgbﬁ@tsho%&lé &%id f«gﬁ&&% by

nonitoring the diffusion properties of arget _ ndl ecu usi ng

f.1 uor escert@iget 6P?‘é?5at"f’]éﬁfe'§p@&t ﬁsﬁﬁ’@gﬂi’/l; denpturingsanditigng jgee effective to

cause at least a portion of the target species to denature to a measurable extent;

detecting a denaturation signal of each target species in the presence of the at

least one test compound by monitoring the diffusion properties of the target

" molecule using fluorescence correlation spectroscopy; and comparing the

- denaturation signal of each target species in the presence of at least one test

compound with a denaturation signal of the same target species in the absence

of the at least one test compound under the same isothermal denaturing
conditions. .

According to a third aspect of the present invention, there is provided a

o syéte_m for determining whether a test compound is capable of binding a target

| species under isothermal denaturing conditibns, comprising: means for

*incubating at least one test mixture under isothermal denaturing _conditfons, the

or each test mixtufe.comﬁising: (i) at least one test compound, and (ii) at least

" one target species, wherein the isothermal denaturing coﬁditio_ns are effective to

~ cause at least a portion of the target spécies to denature to a measurable extent;

-(b) means for incubating the at least one test mixture under isothermal

"~ denaturing conditions, wherein the isothermal denaturing conditions are

; .effective to cause at least a portion of the target species.to denature to a

measurable extent; (c) means for detecﬁng a denaturation sigﬁal of each target

species in the o '



denaturation signal of each target species in the presence of at |east one

test conpound with a denaturation signal of the sanegéaen%%?é‘aggrgﬁpgls in the

absence of the at |east one test conpound under the

denaturing conditions. According to a third aspect of the present

I nvention, there is provided a systemfor determ ning whether a test
conmpound i s capable of binding a target species under isothernal
denaturing conditions, conprising: nmeans for incubating at |east one test
m xture under isothermal denaturing conditions, the or each test m xture.

conpri si ngpresérceadf dtelasst ondeedt @DIpOAN By Honitdithd the) diffusiofdsibperfigg t ar get
speci es, vgtgrei n the isothernmal denaturing conditions are effective to
cause at |ehhe fargel molseuly usmg Hluergatense corelption speatesnopy: end (dkasur abl e

extent;. fRindTgeN %olfngﬁréfcl)% 3149 %Qﬁlréﬂtﬁfglr glfgﬁklfﬁf teallf Ef%rgréis tsPedgésx Hr%‘ I, Under

I sot hermal denaturin I'tions, e 1sot mar dénat uri ng
condi t i onsprgsenceedfiatdeast ene dest sogpound ivatisa dengiorationrsigifal bfichd sanget

species. t re.to a, neas ble.extent: (c) neans for detecting a
denat urat i %ﬁg’% i%g%lééfegb% &gaaé)ﬁe'fca?r(getﬁe ag E)eé"t?ﬁt e feft e 9?“%3"%@551@?7%?3 2005
presence ofsothiermebddnatiiing aidittenzp otieekidy deBrehdelini the démautibh Ypnan
properties the tar %et nol ecul e using fluorescence correl ation

f
spect rosco%@?}‘eamg?tdfpe IS alis theopresenssaet Hip ehdeagopne desht ¢umpaingnas of each
target spegdmBdart S ; > | a
denaturation g?rgﬁéf’ Bg%‘ent%lg sarrgeigﬂéla@ﬂel% @g%téé@ggt %pﬁéieﬁgﬂgigés)gﬁr%g&owt he at
| east .one thedt leashersutest eamapoundimdenthe samedsdthenmal dematatiog conditionsdi t i ons;

wherein a r i i ' . of t t el specjes in the
presence ogedtq‘lh@agct%ubggg?) ?%(ﬁgg lé% %ks{{’&bot?r'g5%]@8{1%&56“6%oar%gﬁg'&?i%séoﬁgﬁ’ﬁ{ uration
signal of ¢dmpemank target species in the absence of the at |east one test

conpound under the sane isothermal denaturing conditions is an indication
of bi ndi ng bet wBethetrnetheds describpd bensin, dhritarges speciéeemt boagotypsptidec onpound.

Int he met RaglspRRSRY bP 8D IIRICbtideNB of ADBRL of RREA L Préiably e RAgYPEPL i de
R species is a protein. The compound can bind to the target species either
specifically (e.g., at a specific site or in a specific manner) or unspecifically.
The binding can involve a variety of mechanisms, including covalent bonding,
ionic bonding, hydrogen bonding, hydrophobic bonding (involving van der
- Waals forces), for example, or combinations thereof.

Definitions
In the present invention the following definitions apply.
Isothermal denaturing conditions refers to conditions effective to
| - denature a target molecule at a fixed temperature. It can also involve defined
, c_oriditions with respect to pH, ionic strength, cation concentration, etc., which
~ are generally held constant for evaluation of various compounds for a given
- target. ‘ R | - S
Denaturation signal refers to the signal produced by the'target species
- upon being denatured. | _
Ty, refers to the midpoint of the melting transition of the target as
" determined by differential scanning calorimetry. .
. Reporter molecule refers to a sepa_rately added molecule such as a
_ ﬂuqrescent dye or a covalently bonded reporter group attached to the target.

Brief Description of the Figures

4a



(e.g., protein) or a polynucleotide (e.g., DNA or RNA). Preferably, the

)
target. species is a protein. The conpound can bind tq,the.targe peci es
either specifically (e.g., at a specific site or in ggs%@é?mpgr#&ﬂg’ner) or
unspecifically. The binding can involve a variety of mechani sns, including
coval ent bondin I oni ¢ bondi ng, hydrogen bondi ng, hydrophobi c bondi ng
(i nvol vi nngaH“gQr Waal s forces), for exanple, or combi PGEPSA264her eof .
Definitions In the present invention the follow ng defmtions apply.
| sot hermal denaturing conditions refers to conditions effective to

denature a targetrigid £CkliQuaton Bf flhorEded @ WL SR Gamé bs £RAcHnS | Nvol ve
defined conditions with respect to pH, ionic. strength,. cation

concentratidime.etc., which are generally held constant for evaluation of

vari ous conpounds;fuls igrkeind HubkihonPBRRMER ol 81y 3h IRyl or S Lo the

si gnal produced b e target species upon belng ured. refers to
t he m dpoi ntspediest he melting transition of the target as determned by

differential scanning, calorimetry. epo .. nolecule refers to a

separ at el addedﬁ%‘fedﬁi‘e@ &chofgiw%'pﬁ?tﬁﬁghgé‘bsweﬂye or a coval ently bonded
reporter group atFiged®dSOfdriseadkr-ansd@mB.Bri ef Description of the Figures 19
Sept enber 2005 WO 01/44817 PCT/ US00/ 42642 Figure 1. Fluctuation of

fluorescence in &8 DYofukBValratepsénction of tine. Figure 2.

Fl.uorescence f | Ugigial 4 ORmEFRRSBHahE dfdvesat HoVGH (RSO hiRltes. SPECI €S. 5
Figure 3. Schemat iéék?éof a two- phot on FCSeisnstrurrent. Fi gurgs4. DSC for S.

aur eus' FenB. Fi gffigures]. Ciwagdipthaepleulated G0k valee aspifynation 6f FémeBB
"~ aut ocor. r,% atdofuGlisite fl4sdeC for 0 and 50 mi nutes.
E Figure 8. Autocorrelation curves of HIV-1 Protease +/- PNU-A at 48°C
- for 20 minutes (8A) and 24 minutes (8B). A: unimolecuiar model; diffusion’
' coefficient = 1.63 x 10 £0.11 x 10% G(0) = 41.3 x 10° + 1.78 x 10°. B:
unimolecular model; diffusion coefficient = 1.33 x 10°  0.09 x 10°%; G(0) 292
15 x10°+11.7x 107, | |
| Figure 9. Time-dependency of the change in the calculated G(0) value of

HIV-1 protease in the presence and absence of a test compound at 48°C.

Detailed Description of Preferred Embodiments
20 The present invention is directed to the use of isothermal denaturation.

The methodology can be used to screen _fbr ligands to a wide variety of
molecules, particularly proteins, including those with unknown function.
. ~ Significantly, the methods of the present invention elitﬁinate the necessity of
' :'. - -ran'lping temperatures up and down and should allow for much faster assay
. 25 development and higher throughput in an HTS or UHTS automated _-
o environment. The technology should be easily expandable to looldng for . _
_ compounds that bind to RNA, DNA, a-acidic glycoprotein, and serum albuﬁxin, .
for example. ' | | -
S Isothermal denaturation oﬁ‘érs an attractive alternative method for
B 30 . monitoring denaturation (c.g-, unfolding of a target species) and for the
identification of binding ligands. It is amenable to HTS and UHTS.

5.



Figure 7. Change in the calculated 0) value as a function of FenB 10

denaturation tinme at 45C. Figure 8. Autocorrel ation cqé]\é%s ofbHI -05I
Protease +/- PNU-A at 48C for 20 mnutes (8A) and 24'm Riem ?r JA

“uni nol ecul ar nodel ; diffusion coefficient = 1.63 x 10-6 0.11 x 10-6; G 0)
= 41.3 x 10"3 1.78 x 10"3. B: uninol ecul ar nodel; diffusion coefficient =
1.33 x 10W®01@48D x 10-6; G0) 292 15 x 10"3 11.7 x 1®Q/usBigpsse 9.

Ti me- dependency of the change in the calculated G 0) value of H V-1
protease in the presence and absence of a test conpound at 48C. Detail ed

Description *ﬁmg’@ ' T y! ' Is directed
to the use g‘?{t}csoﬁ’g&%g - en@g Bfggtgglszsn%g}lllr%gugn%ﬁ%d f%%%ﬁ’(i:gén e used to
screen for indgmndnt obthehedtidgratari ety of nol ecul es, particularly proteins,
i ncl udi ng those with unkpown function.. Significant.l t.he methods of the
present inventio eeﬁ?‘f”ﬁ?ﬂgtflé‘p?rﬁ%'.m‘f‘?ﬁ@@s@d%'%gff&n?ﬁﬁh?%gﬂbeenperatures up and
down and shgarthimd! b9 whdagiring e rafe @S Haatudsaof théSargetdpatidsapaediesand hi gher

t hroughput in an HTS or UHIS automated environnment. The technol ogy shoul d

be easi |\ esijamperpues (w2 WiEkn agange pf aboutdnybdeabeat YH4D- Thesdl t o RNA,  DNA,

a-acidic gl m%%g#eﬁ{eﬁ{s%ay%%aﬁ&rm&}n Hﬂﬁéihgta_ fAidirestdit Wofter hoiRLAET M8

denat uration ers anattractive alternative nethod for 30 nonitoring

" -denat ur at i othaytinds.to andeporth cegfoonatipunlhauges sysecited ith the unfoldinge
Septenber - 20 PSP e lmlo R Rl R S el DT L Pon
process is Ea@midpoiatmwinperatued)bfthe tazgut sptoies bl appropridte buffsienndent of t he
Do et eltm FlEesHa of o s pxcie lote AFERS oL mE FOHOUH OF KW, get speci oo
at a seri es one illkFMRRE @&t.ures (e.g., within a range of about 45C to about
75C). These During the binding experiments, all components are maintained at one o
~ given temperature (preferably + about 0.2°C) which is chosen to produce a slow,
easily monitored denaturation of the target protein. If the temperature of
15 iéothermal denaturation is too low, the kinetics are 'too slow. Generally, it is
| desirable to have a detectable amount of denaturing (e.g., 'unfoldi;.lg) occur
within about 60 minutes or less. If the temperature is too high, the kinetics are
so fast that the test compound would not be able to stabilize the denatured target
species resulting, for example, in too great an extent of unfolding. Too much
20 unfolding can cause aggregation that could result in precipitation of the target,
| Furthermore, at too high a temperature, the test compound may not bind at all.
. Preferably, the desired 'temperatu_re for is_othermal denattnr_i_ng is equal to the T,
© value  about 10°C of the target species as determined by DSC. More
" preferably, this t?mperétute is equal to or up té abodt' 10°C less than the T
25 value of the target species.” S
The target species, preferably together with a suitable reporter -molec_ule
able to monitor its denaturation, is incuba_tcd in the presence And absence of the
- testcompound. Ina preferred e’inbgdimcnt, the concentration of the target'-
S | species and that of the reporter molecule are of comparabie magnitude |
. 30 -(preferably, no greater than about 1 uM), but may require the reporter molecule

to be in excess relative to 'ihe target molecule, whereas the concentration of the

%




measurenents may be nade, for exanple, using a fluorescent reporter

nol ecule that binds to and reports conformational ch es.associated with
the unfolding of the target nolecule. Preferably, a 39%‘? H?'Hé?ryétgéc scan
is run to determine T. (mdpoint tenperature) of the target species in
appropriate buffers that 10 enhance the stability of the target over a |ong
period of tinme as would be knowmn to one skilled in the art. During the

bi ndi ng experinents, all conponents are maintained at one given

tenper at ur @s{ Gin@pmAR ¥h At 1BRD UL PfddLx M3k Chhe r@éfﬁ?ﬁﬂb#tﬁn@u?&f%‘r@ sl ow,
easily nonitored denaturation of the target protein. It the tenperature of
i s isotherfhat" demdeuseitproor te assy implententationnet i deseratined aeatstioslly

Generally, ,it is esi.rabl e.tq have a detectabl e amount of denaturing
(e.g., unf‘i‘)‘frb‘%%r)a@{@hrscrqw{% Si’ﬁBﬁW%@“Pﬁ‘imt es or less. If the
tenperature i s FR@rdic tbOhikl b G5 : : onpound
woul d not be able {o gﬁbaebi [ Zugﬁe{},ﬁ({gé ga}r@?ﬁ}eggﬂg%g{gt&e@%ggﬁépggﬁlrggésﬁ ting, for
exanpl e, i¢hadies pgrtaiarbnfoe tH{EhandTHPS. dltais nfjuorésoence nivl@lesdrogédhg can

_ i h | d | ' i pi tat. f.the t t,
Fur  her nor & ta o eheles aime fubrbipied s nighm B sRaprsenn bi nd at
all. P efey ablemidiomemel 46 deiREbatsd B SARUREN EhafRARLLTANO | S

equal to the T. value t about 10C of the target species as erm ned by
DSC. Mor e quastwnaiigld of ahiextrinsinally atddedrdpsrtenmalecute isrdependent ebiywin 10C | ess
than the T, 2s..value aqf the target species. The target specjes,

pr ef er-abl ycl'{agégst H‘g‘?myﬁ“i' EOI “ﬁﬁﬁf@%‘ﬂeow-ﬁm rerﬁf&@&ﬁuh‘%ﬁ%l Y82 Rghitor its
denat ur at i @nhe fSotd3csRBiG@EANtM {106 RIESRESEInARE GFIEE) rfe; nidiéculd &5t
conpound. In a preferred enbodi ment, the concentration of the target

speci es andifferent dsmatured rfopos tafr theokargetl spesies. Ffhuspnjteratioheofrdayget ude 30
- (preferabl V.:q: reat er ..t han .ab 1 1. DU y require the reporter
nol ecul e t%tx%gpy?brpggﬁgg% llg@t}@ﬁl}o\ygc%%eq% Jelseie- ol ecul e, whereas the
concentration ofn thBendRodest BBhRéseRPRTchOSH, tﬁg?p%%slénhﬁrﬁiod aREt a

10-fol d excess. The percent inhibition cutoff for a "hit" can be set prior
to assay ifiphlizatiangen dastabilizatiendryntigands againstispthermgl dehaturationis @ t er al |

scr eenj .ng (}i_lﬁitiﬂgg ’Bypﬁﬁér%é@ﬁge correlation spectroscopy. As taught in Applicants'
Assignee's copending application U.S. Serial No.09/458,171 filed December 9,
- 1999, now U.S. Patent No.. 6;376,180 issued April 23, 2002, isothermal
_ denaturation can be used to determine if known competitive inhibitors/ligands
could bind to target species. The present invention demonstrates the utility of
fluorescence. correlation spectroécopy (FCS) to rhonitor denaturation of 'targéts
isothermally. Such instruments are commercially available from ISS, Inc.;
Urbana, Illinois and Zeiss Inc., Jena, Ge_rmany. One skilled in the art will
. appreciate that a screening instrument can be 'bﬁilt or modiﬁéd to perform high
throt;ghpﬁt screening. of compounds that stabilize a target under i_sdthermal
'condiﬁoné. Thus, -this new te'c_:_hndl_ogy has significant pbtent_ial for adaptation
_ to high- and ultrahigh-throughput screening in drug discovery. .
Fluorescence correlation spectroscopy (F CS) is a technique fhat direétly
.measures the spontaneous ﬂuprescence fluctuation of systems .in.
. thermodynamic equilibrium. It is aﬁ ultrasensitive technique operating at 'thel
~ level of single fluorescent mblecule's'difﬁlsing in and out of the confocal

volume created by a focused laser beam. That is, in FCS, a sharply focused

7



Fl uorescence techni ques are rapidly becom ng the detection nethods of
choice, particularly for HTS and UHTS. Thus, quoresc 9 8?565% are
used as the markers of choice. Coupling fluorescence ﬁnlques W't h
denaturation by isothermal -nmethods is attractive because in isotherma
denaturation the quantumyield of an extrinsically added reporter nolecule
I s dependent only on changes in protein folding and not on tenperature
effects.. Further, any change in the fluorescence quantumyield neasures
bi ndi ng of lasee beaponmannamd acfehsoliter vdlinher Eitis vidnat Us e &aaMshal itt he
target species B teration_ of target stability by a bound |igand
shoul d be &gaFdly @it ONHOBE AAFIGL SUkSS HHhei gty vnéerpmsdms atrwgwenon

arget sheahafafl iR Th AeflolcShRP UM BPodh A SRRl G Y

li gands agai nst i sot PEracT Sh s Y9Pescence

correl ati ogivwpese todaestpf fWerdseeigbtlight qd@ith.] Eah individiss '&ﬁ@eréulﬁﬂge”d' ng
appl i catlo%@u S. Serial_ No, 09/458, 171 f| | ed Decenber 9, 9, now. U S

Pat ent No "37‘65@816 meleguls, spm ibe’ tegistered2ln FstMPWélr T IN lrwauamut gheon can be
used to de ﬁBﬂEhE rec%ﬂﬁmncé)'ﬁ%tte%bl‘(rg mi}{nlg i‘} angésﬁlmge?gll glfeb' nd to

target spefies. The present I mnvention enDns
_ f1 uor escenphoton rdeedcabn alevicpeAllr sigieadpyes(FHaE) frém tﬁ@ i ffedionl @F At défias iopn of

t he Such ipstrunents are comercially available from
| 8571 n. . TlpBigTatqieh; o cenibatl TrEe arhescordigh hoaentpelomig i | | ed i n
h t r n.be b i1t or
e ot k*‘%ﬁ%ﬁ Rop@tfe’ HRlochled s ool \Bde HERLORARINE sPhbptes i 11 ze
a target ufltier numbbrhexfnnioleomnsdm | thes illubhinatedt holingWad egINOAGHeiPas

significant, potenti al r. at.ion to hi and _ul trahi gh-t hr oughput _
sc?eenl ng Fhfrﬂ? ﬁ'@“ﬂi%@éﬁgp aﬁf%?‘é%’@ﬁé‘éng’étdﬁmll spectroscopy (FCS) is

a techni que thatrpgi §1ﬁﬁ¥ah¥ouswﬁﬂ§fé§@e?1cc hﬁ;&l@ﬁ[ﬁ%aagﬁﬂﬁ%f L,)u?lr eﬁ&rﬁﬁ&eof
fl uctuatlon of systens in thernodynam c equ
ul trasensi ebsesvade erphecylps Wpardafingd unit vhlwmg éElngreofl),samglthe fdrﬂr‘ummsce][lt ;
mol ecul es | f I 0 a focuse
| aser beamgbél'fﬁl%h|{]&K1 ﬂne%&%oe@%cr@ﬂ}? O?ﬁﬂe %%?ean a'\'4/3‘ tﬁ‘r‘?ﬁ??j t?%

- generally measured. In particular, F CS detects the tlme-dependent spontaneous

intensity fluctuations in the fluorescence signal which may derive from

- Brownian motion, flow, and chemical reactions, such as binding.
Anaiysis of the shape and decay rate of the autocorrelation function,
G(7) = {<5 F(x) 8 F(t+r)>}/<F>
for the fluctuating signal reveals information about diffusion coefficients,
number of niolecu’les, etc., and the G('c_) curves vary dependent upon molecular
* . diffusion weights. Definitions of the symbols in the above equation are:

q represents the correlation time constant; <F> the average total ﬂuorescence
o F('c) and F(t+'c) are the fluorescence values measured durmg the correlatron '
- time-constant and at time t plus the correlatlon tirne-constant. T

| Lastly G(t) extrapolated to zero time, i.e., the G(0) value, ' represents the

- - number of molecules in the experimental volume. See, -for example Kam et al.,

 Rev. Sci. Instrum., 46, 269-277 (1975) and Rauer et al. , Biophys. Chem 58, 3-

12 (1996). For the equipment used_ in the studies of the present invention,

" division of the constant value 0.076 by the G(0) value yields the number of

-molecules. 'Thjs constant derives from the volume swept out by. the two-photon
laser beam
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| aser beamillum nates a fenoliter volune. This volune is so snmall that it
.typically hosts only one particle out of the many undgr | t a
given monent in time. The single nolecules diffusi ngqﬁﬁsre%g%hxéﬂhfeoﬁ

illum nated volume give rise to bursts of fluorescence |ight quanta. Each
I ndi vidual burst, resulting froma single nolecule, can be registered. In
a typical FCS instrunent, the photons are recorded in a tine resolved
manner by a highly sensitive single- photon detection device. Al signals
resul ting feRmed be fodklahtpie,oNGafisstnSESleRSf equilibS &k 8% %93['% e
confocal vol une l?‘ri‘e recfg?bged. The quant a b@lecgl#g?ng&ltéo p]tg?{ai cul %eQ

f1 uor esci ngeomhélcwve)smdmaﬂmntimeh@diymtengﬂmdt ocorrel ation software. The

nunber of nol ec;%l G%QI nthe ill um'.natogd volume, as well as their
characteristic tYSAAUATCOTRICSERPHER jof puteGepsated fungtions O rGithegrsushe
spont aneous; S C | ' I nunber.. of bserved
nol ecul es ?lrr{; éau@éféf 2@38}5%{1 élgv%@ng&?’ﬁﬁléﬁ%é'ﬁ‘? ,dlfzgégfﬁ%ncgpﬁ?%so(?fa
coef f i ¢ enjgivendnioleule, netdifferene fdohfirgiation 06f HRE nSNEEREN BF ol oftiégNt i ti es
that are generally nmeasured. In particular, FCS detects the tine-dependent
spont aneou®hysieal explanatian, iscthgwni indigure 2t he 1 uor escence signal which nay
~derive from Br i an_motison, f.l ow . angd chem cal.reagti.ons, such as

bi ndi ng. Anal ysﬁg{géﬁ s?rH%& gﬁﬁ%@%‘r‘ﬁd"‘&%’cﬂ?’sﬁg’t aygtics H’E‘ﬁhmeoﬁfﬁl_’ll‘t@ﬁ%lf’?on

functi on, tl@(dv)era‘ge{iﬁ&nﬁﬁbhbpﬁltgli{rbﬁaaiaﬁéﬁgﬂlé Suatddot bERL Hfétr#u'i‘%o gnal

reveal s i'nformation about diffusion coefficients, nunber o ecul es,
~etc., and mwleagles)being okservedr In pupeiptte FCUpmnmeadues single mdietdles and wei ght s.

Definitjong of.the s ol.s in the above uation are: ti represents the
correl ati O?Pe'[ {q‘?ﬁgﬁsoﬂg{tgenb,mQ@Eet ey dpad drom dhugdreds of -panessrords tee(i ) and

F(t+t) aregidopdf,| With 96 ®CRERMAALES RASHE oo ie NSk f)aﬁ%%fercf‘édaﬁﬂ )
I ti onstant. Lastly r)

time-constant ana at tine t plus the correlation
ext r apol at ebsereedzentame iofif,1 fiensolitet (fB) (& DY flal ue, represents the nunber of

mol ecul es in thi, experinental, voJune. See, for exanple, Kamet al., Rev.
Sci*. Instrum, ABe Prgsnbmventigy siemogsiates that BGS gpn bepissghipsmesveen , 58; 3-

171550 USR5, S 89 A O TRl

- 15 competitive inhibitors/ligands could stabilize these molecules. The results are

comparable to those obtained by other methods. The agreement of the
 denaturation kinetics from three different detection methods confirms that the
- same unfolding processes are being measured using the methods of the present
“invention. Since it is relatively easy to label covalently the target molecule
20  without any subsequent concern about how to measure the fluorescence, as
. . opposed to, for exampie, polarization, intensity, lifetime, etc., an FCS instrument
| _ with micro-titer plate capability offers a powerful method for quic_kly screening

' l_arge'cher.nical lil?raﬁeé to identify potential drquleads. |
| " Alternatively, oné; skilléd' in the art can use the sa_nie-ﬂuoresce_nt dyés in the

T .25 _éame manner as described above fdr isothermal dénatufation.

o In order to be able to work at low target boncehtrations with isothermal
3 denaturation using FCS, one typically and preferabiy; uses no greater than abéut'
' - 50 nM of the reporter m'olecule.' With isotherinal denaturation by FCS it is
E ,d'esirable when using extrinsic but not covalent reporter molecules, that the
- 30 fluorescence of the extrinsically added dyes bound to denatured target should be
o .a't least 2-fold greater than to native target. _For proteins, this is typically.

9.




nol ecul es. This constant derives fromthe vol une swept out by the

t wo- photon | aser beam -8 19 Septenber 2005 defined b , a
Gaussi an- Lorent zi an equation (see the Data Anal yses ﬁg(ﬁeﬁgenrﬁ%% 3 and was
experinmental ly determ ned. A schenatic representation of autocorrel ated
functions of i) versus tinme where, for exanple, each curve represents
different WHééiirati ons of a 5 given nolecule, a diff AE@ASYM2r nat i on
of the nol ecule, or sonme other physical explanation, is shown in Figure 2.
The observed fluctuations obey Poisson statistics with the anplitude of

the average J bggﬁc%gﬁdggrgwfggg{yh%oﬁﬁ@dm ‘tegi,"%{‘gtﬁ%{eﬁ‘ gt of N, the

nunber of . nolecul es erve prin can neasure single
nol ecul es amepoitdr mhleculésrsbould slso prefdarably have lew affipityrfoy thextativeitafgebm hundr eds of

nanoseconds .to. . secands. with.l ow.nan | ar, concentrati.ons ,capabl e of being
ot ecteq | n TiRtisgBEAMSrenls bl B IRGRRIGF BRRAML [ BMIEES 1AERE Y ©rp
Sresent i nVQﬁE:iMddeomaﬂiatiahmgé-&abre%lﬁdﬁcm)t bﬁaegb a(tjlenmauga ftEerml
enaturation of target species (e.d.,,.praoteins)  an et erm ne i nown 15
conpetiti¥e "‘1‘ﬂLisﬁﬁF‘g\‘g?qsinﬁbmgmgﬁ&gﬂlds‘gﬁlgiqe‘ﬁm@é’ SECeMANEC Ul es. The resul ts
are conpar abib?ade@gérﬂﬁﬁ?c&i@iiﬁhﬁﬁ&obé’cdﬁﬂbﬁﬁds@tﬁm anlif® flagle§RMENt Of the

denaturation kinefics fromthree different detection nmethods confirns that

the same urbretesn ArpupiWnssemeter; (emhandaoutde omethe teporer melecuket hods of the
present | n‘éﬁ{;\g& g(%fcra%lﬁﬁi@e bkcitaffo 4Hld%idfInYn BRVsif1Ore R:h%?@fé@l ently the

target nol ecu w t"hout any subsequent concern about how to. neasure the

f | uor escencepmasunds tasfeess €.go exdiatioreatahpit 488 pwland emissionat about diisi t y,

“lifetinme, etc., an FCS instrument wth mcro-titer plate capability offers

a powe_rfa? ¥ hod for qui ckly screening |large chemcal libraries to

i denti fy- pot enti ghchdepogtet malésules’fetgs fluatesceat dyes)ameconimmdrtielly i n t he art can

use the sane flaggrescent dye er ?ﬁl descri bed above
% 0

for isother ﬁ'&?‘ (fEAm §O4ferS) CP‘F‘% ﬁ%&m E’gbﬁiﬂggﬂ“& %El ow t ar get
concent r at i Gpightty wikn!bd@id 8 hi@ophobic regions of the target molecule. These
B include SYPRO Orange, SYPRO Red, Nano Orange, Nile Red, 1-
15 hnilinonaphthalene-s-sulfonic acid (1,8-AN. S), and dapoxylbutylsulfonamide
| (DBS) as well as other dapoxyl analogs. Nano Orange ﬂuo_rescehce provides an
ultra-sensitive dye with a linear fluorescence range for quantification of proteins
in solutioﬁ of about 10 nanograxhs/milliliter (ng/mL) to about 10
micrograms/milliliter (ug/mlL) with a very low background fluorescence.
20 SYPRO Orange and SYPRO Red are l_lscci for gel staining with sensitivity as.
' - good as silver staining. The basis for the increase in fluorescence of the dyes
with protein denaturation is their binding to newly exposed hydrophobic sites.
_ "l ;8-ANS has been used extensively for many years to rhonitor the unfolding of
. proteins; however, its quantum yield when bound to the denatured protein is |
| 25 much lower thaxi'lhos'e of the dyes discussed abbve and, thus, would re(juire the
- useof large quanﬁties of protéi-n and reporter molecule in the assays. DBSisa
relatively new, 'so_lvatochromic dye whose ﬂuorgscence emission may shift as
x_ziuch as 100 nm upon changing the environment. Due fo its lowér excitation
o - and emission wavelengths, thowevef, -.it. is less desirable than Nano Orange,
" 30 . SYPRO Orange, or SYPRO Red for HTS.
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denaturation using FCS, one typically and preferably, uses no greater than

about 50 nMof the reporter nolecule. Wth isotherm t ur at. by FCS
it .is desirable when using extrinsic but not coval enbg%gggeﬁ%%jf@?’ecul es,

that the 30 fluorescence of- the extrinsically added dyes bound to denatured
target should be at least 2-fold greater than to native target: For

protei ns, MOHIEHIL typically -9 19 Septenber 2005 WO 01/ F4FUFIBEF42)S00/ 42642
acconpani ed by the exposure of the hydrophobic regions of the protein. The
reporter nolecul es should al so preferably have low affinity for the native

target. That isanyMRodebdéRiresiRNEBIcOle WhGseRaidsion ihBAig idd@Ba drer nol ecul e
conplex is linear over a w de concentration range or, preferably, does not

bi nd to t he daereaspwherybpund to agesigqd targes specigs can bejpsed fordsothsamalne a | gand
itself. Fin | | | | LN NnunMer ous
%Eﬁa)ﬁugg%xg T %%%u&és@n@fcb&%r ARINGLR th¥ard QUrBlt

conpounds that a uoresce between about 300 nanoneters -(nm
and about 4Gfeciaswan bédetermpnesd by meawring the dlugtesngher ofiacgfivenabl y have excitation

and em ssjon in the vi:sible regiQn e ounds interfere, e.qg.,
exci tati oh SPUEBSHO"L g’eﬁ?ﬁoétﬁ%’g%lﬁ?uslégéagﬁc%%%ﬁ%oout @ﬁmglo nm Such reporter
mol ecul es ( @ogkentritionoofrhe denatuchdasipetaperics andrehe aativd tirgetspadiesabl e from sour ces
_such as Ml ecul ar Prohes (Eugene, OR) and ftLuoresce. brightly when bound to
‘hydr ophobi ¢ &?‘Eﬁn‘g" tiep Zlfoyysong iy Uize theponcentratiga pihe  SYPRO Or ange,

SYPRO Red, HabRséehbRpstter MolRuiRedlative to-fhe @jpdt spweitapht hal ene- 8-sul fonic acid.
(1, 8-ANS), and dapoxyl butyl sul fonam de (DBS) as well as other dapoxyl

anal ogs. Nano O kresldition e nstendel, pring aogeavalent flyqrescent se0Ert i ve dye with a
linear f H&OW&%EG%%F?&&Q&%&%'&%%& SoinRhun® bt GlgBspedils, SO! Ut i on of

about 10 nanograns l'iter (ng/m) to about 10 m crogr ams/mlliliter
(g/ L) wi t h oae may yse tangetispediegricheted covalemtly sdabagair of Qu@vpiREesOpaeefe and SYPRO

T L =
protei n denapatiedichanges the irdtermolebiladiistgnceschenveseh theewpdhebphyds,alhobi ¢ si tes.
- denaturation is accompanied by changes in fluorescence. By labeling the same '
.15 target species at specific sites, the denaturation at different structural regions can
be monitored. |
For target species that have a relatively high denaturation temperature,
the expeﬁménts can be performed in the presence of a chaotrope, such as urea,
guanidine hydrochloride, organic solvents, or any other reagents that promote
20 protein denaturation without unduly interfering with binding of the reporter
- molecule with the target species. |
The exact experimental conditions for denaturation of each target
molecule will vary. One skill_ed' in the art can make appropri'ate decisions and/or
- expethneﬁtdlly determine appropriate buffer éystéms (pH, ionic strength, ionic
25 - co-factors, _efc.).i' For example, the isolectric pohlf D 6f a protein molé_cule- .
- would help determine what pH would be useful in these studies. |
In practice, the methods of the present invention can be. carried out in a
multi-reservoir sz.lmple holder, such as a microtiter platé. Typically, all
. - components but the farget species are added and the multi-reservoir sample
- _ 30 Hoider is held at the appropriate témperatﬁ:e for a period of time. After thermal

equilibrium is reached, the sample holdélj is preferably transferred to a station

-



1, 8- ANS has been used extensively for many years to nonitor the unfolding

of proteins; however, its quantumyield when bound t e, denat d
protein is 25 nmuch |l ower than those of the dyes di .scugggé 5&5‘66%’%% t hus,

woul d require the wuse of large quantities of protein and reporter nolecule
in the assays. DBS is a relatively new, solvatochrom c dye whose

fl uoresceWOS 4 Lsi on may shift as nuch as 100 nm upon PG%&H‘Q?’%‘% he
environment. Due to its |ower excitation and em ssion wavel engt hs, however,
it is less desirable than Nano Orange, 30 SYPRO Orange, or SYPRO Red for

HTS. -10 19 SRt 2005 VA tdABkderRE HoRf2ahanditsudy, uor escent

reporter nol ecul e wiose em ssion intensity incredses or decreases when
bound to a dbsmubreservejesampiacholdes iscpically sealedipriasito pdditionofialy  denat ur ati on.

The affint baRhofials YO GREARL HARRI IS d BVBHfE fal " 9oL | speci s

can be determ measur i ng e uor escence of a ven. 5 concentration
of the repomiade ofplegialsheeting which peadstheiplatediut isrscoredibi sugh a saptent r at i ons of

t he denatured target. species, and tive tarqgel speciges Knowi ng t he
affinity ?héﬁm&qop%ﬁ\épffﬁ PEBHES ﬂ:ﬁﬁh{}ﬁt e'c?g’ﬁ?,s é’f v8¢ A 1 uorescent
reporter mlilﬁfddhaioheﬂfm‘ewgetkﬁecteb,&héwnqﬁha@mé éither trdhsfegidiit i on to, or

~instead of, using noncovalent f|luorescent reporter |0 nolecules that are
added to a wpmediptelyde an sppropgiste detston fas aeading thedegaturatignsigadl or tyne ey use

target SpeC'iaﬁﬁncLﬁJ?&Jfsﬂlowﬁﬁmaa&ﬂ@nmairaﬁiAu Qbpd dah B pRIRSHRE, one of
whi ch quenches the fluorescence of the other. Because unfol ding of the
target - speciths nphuallyoes by rebof asidesiredl ecul ar di st ances between the two

fl uorophores, th rrg b ' G i dP 199@99% in fluorescence.
By - | abel ?Jng t he ggm ﬁ@?ﬁﬁg’rﬁ%ef %B%é?‘es a@ sbglgi 'iyac sites, the denaturation
at di f f er entausis BahBiamd HIVG § potsse; e latr imthn iabseneschnd fpoesencarofet  speci es t hat
have a rel ati vel L.gh denat.urati.nn tenperatur t he experinents can be
per f or med i ﬁfl‘?‘ﬂé%&&’é@e neE 65?1“%1@% h@bcttfl%aﬁ Fmgﬁtc%%‘é%a“ﬂ?téoél, Wﬁg’&%ﬁ% di ne
hydrochl or i @ a cRinga i the didfusion beefficiént aNthe Pidiein as pdgisied by PAS. pronot e
o The enzyme HIV-1 protease exists as a dimer. These data are by far the
‘15 most intriguing in that the apparent diffusion coefficient increases and then
decreases. This observation can be interpreted as first the dimer dissociating
into monomers with possibly some concurrent denaturation followed by
denaturation and/or aggregation. The calculated diffusion coefficients are what
would be expected for a protein of this size that dedimerizes and/or then
20 denatures. More importantly, the concept of stabilizing a denatured protein was .
-demonstrated using the competitive HIV-1 protease inhibitor PNU-140690,
which has the following structure.

-12-



20 protein denaturation wthout unduly interfering with binding of the
reporter nolecule with the target species. The exact eri ntﬁ'ad(%
conditions for denaturation of each target nolecule \lﬁﬁoepx’;%ﬂ‘”@?'. e _
skilled in the art can nake appropriate deci sions and/or experinentally
determ ne ap roPriate buffer systens (pH, ionic strength, ionic .25

co-fact orWOWEBl:  For. exanple, the isolectric point (pPOFEBYV4R ot ein

nol ecul e- woul d hel p determ ne what pH woul d be useful in these studies. In
practice, the nethods of the present .invention can be carried out in a

-mul ti - r eseqyQk resAOIHoR thal] iHleded, Siokeih dnamraibs bt dtibBlizallbbe. Typically, all
conponents but the target species are added and the nmulti-reservoir sanple

30 hol der i Hgdnds against isplhermmbdenghucation cae hp avantifipdby B;S anddbatitisy of tine.
After ther Wl R o - e ) ef erably
transf erregﬁ%%tcgﬂ@w&ﬁﬁ%?é?‘gﬁ%%@gﬁ%tg?&%%?%/\%t%%gﬁ?ﬂEBCEI'/ US00/ 42642
where the tsdrgmingspecies is added to all reservoirs, preferably

si mul t aneously. ..The tizreservoir sanpl g hol der i ically seal ed
prior to3additi o—ﬁheo‘?‘ct%%/‘)é%%%%eﬁgﬁvgqtmﬁgg“ g‘ﬁ%ﬁ% 3‘,5 gér%t%@o d|at er plate can
include a CcOWA adWraigdpdpedics. Flmdescarit dyesidan HE usedib edsalendy labelahdseal s t he

~plate but is scored in such a way that a.m Iter ti,p,easily penetrates
it but that ﬁowtvréh%m'é@n ‘Fﬁ‘ﬁ'_"‘?@r?p‘g%ﬂ“.i“ﬁféﬁé S"P?H"Fd'g‘ﬂ % on of the o

target specigsresdeitCBODIPY®! TMRIOkgbt GRéchh&E. Ahaisdi/ion@tthel NTEdi ately to an

appropriate detector for reading the denaturation signal or to an

i ncubat or f expresseiRNG mplequie, thet3wibiogmis pxidized peddlgbelod 4ecardivg 4o can be

per forme ' s TalBE]! or by robot as desired. 10 Using the nethods of
t he presg)nt S+l;rll§§érldtlon, tLé/eg"denaturation of S. aureus FenB and H V-1 _

prot ease, t hap:Vawwarobes. comapdivekisertiansd0302 &trehh c Exarfiplgs oA i nhi bitor,
were eval uated. .Th asur enent, of uration. b 1N a change in
the diffusi Wgefg@?&ﬁgeagﬁf’“%egﬁ?ﬁ%m%ro %?éfgg@r%ﬁil ordgdﬁagq,Fb%.r The enzyne
HI V-1 prot eapg6 eMiidt sl Biochetistwy 37, F4Red 4012 € 998)); 2) RNFaaptarie J6£15 nost
neriguing (g that A0S, APRS! B uofl hidS i 51 5 KLADSe faRskRRSeS and then

‘15 (Wong et al., Chemistry and Biology, 5, 397-406 (1998)). Ligands known to

bind to these respective RNA molecules are: 1) Neomycin, other
aminoglycoside antibiotics, and other compounds (Mei et al., Biochemistry,
1’2,14204-‘14212 (1998)); 2) tobramycin ((Cho et al., Biochemistry, 37, 4985-
4992 (1998)); and 3) Kanamycin and other aminoglycides (Wong et al.,

20 Chemistry and Biology, 5, 397-406 (1998)).

' Just as known ligands for proteinaceous targets stabilize their structures
under isothermal conditions, these known ligands stabilize their cognate RNA
molecules under similar conditidns. Shﬂérly, as for protein targets, a large

B collection of compounds can be tested in higli—thrbughpdt screening to
- 25 E détermine whether any might bind to, and stabilize, theée nucleic acid structures
o under isothermal denaturation conditions. These compounds can be tested

* singly or as combinations of several compounds.

. Having generally described _tﬁe invention, the same will be more readily
o ‘ 30 understood by reference to the following examples, which are provided by way

of illustration and are not intended as limiting.
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decreases. This observation can be interpreted as first the diner

di ssociating into nononers with possibly sone concurr, enat I on
foll owed by denaturation and/or aggregation. The cal (‘!g@aﬁpgﬂ"%ﬁ@tssl on

coefficients are what would be expected for a protein of this size that
dedi neri z @pﬁéﬁr then 20 denatures. Mre inmportantly, the concept of
stabi | i zi S‘g" atured protein was denpnstrated using PREVEW#®Ei ti ve

H V-1 protease inhibitor PNU 140690, which has the follow ng structure.
-12 19 Septenber 2005 WO 01/44817 PCT/ US00/ 42642 These results show t hat,

I ndeed, prot EkimfRgat uration and stabilization by |igands against

| sot her mal - denaturation can be quantified by FCS and that this new
t'echnol ogy has si IfJ i:ﬁant potential for adaptation to ultra

hi gh-t hr oughput ng. 5 The nethod of the present invention can also
be used wth RNA and DNA as a target species. Fluorescent dyes can be used
to coval entl x IggQplae@nd nonitor-the transition froman ordered to a

di sordered RNA structure include fluorescein, BOD PY TMR O egon G een,
etc. After isol at(i)agomGreteiﬂ‘é‘Ioeoaaémkbdddﬁbbéylmiytsulfbr&rmd&emﬁ -ri bose i's

oxi di zed and_| abel ed agcordin upl i ed rot | s

Chttp:// wa pﬂ%%%we %ﬂ%%&lrt‘g)c‘f’ g‘?@‘g g’ﬁ?ﬁ é’s of RNA

ol ecul es t hpagendOPETHSAL, tsemdﬁrmﬁaaétatdﬁhiomxﬁt& 2gky diSgdimpe: 1) HI V-1
tar 47-86 (Mei et at., Bi ochemi stry, 37.14204- 14212 (1998)); 2) RNA .

~apt amer J6f 1phosphate, Gtmtmiaptoeﬂlﬂe@lhml@hawmgml pudedium Cldmldfs) A-site of
103 PO A Rl SURAAAY, S00BL 4800 BB WbdgED)) - 1 2o
ami-nogl ycosi abid wmelobtauted(ﬁsom Maﬂinckrbﬁmabmamuﬁhhm(:dmm Bivistédn of Bi ochemi stry.
iéé‘z‘z?i‘gl ;) Pl PR, G0 St BOMHPLY o 50>
Chem stry andetBIpO}OEWd fi'om Bérée ¢RénicdIORSKYord, IL. Bio-Gel P-6 Desalting

Gel™ spin columns were purchased from BioRad Life Science Research,

Hercules, CA. Micron microconcentrators (10,000 MWCO, < 500 pL) were

obtained from Amicon Millipore Corp., Bedfbrd, MA. The composition of the

* 15 buffers used in these studies were: for S. aureus FemB, 50 mM NaHCO;, 1 mM
" DTT, pH.9.0. '

B. Equipment
Fluorescence Correlation Spectroscopy. Thc_'. fluorescence correlation
20 spectroscopy equipment was built by personnel in the Labbratory of |
' Fluorescence Dynamics (LFD) under the dir_ection of Dr. Enrico Gratton at the
. University of Illinois (Berland et al., Biophysical Journal, 68, 694-701 (1995);
© Chen et al., Biophysical Joural, 77, 553-567 (1999)). A schematic is shown.in
_ | Figum 3. It consisted ofa Zeiss axiovert mic'rbscope, a:gon (not.shoﬂwn) and
25 | titanium-sapphire lasers in series, a photomultiplier tube (PMT) or an avalanche
o photodiode (APD) as detectors, an autocorrelator and coniputcr with an |
autocorrelation card Simila.r results can be obtained with commercially
available instruments such as those sold by ISS, Inc., Urbana, Tllinois and by
- Zeiss Inc,, ;_lena, Germany. The parameters génerated by tﬁe instrument,

4



Just as known |igands for proteinaceous targets stabilize their structures
under jsothermal conditions, these known |igands st abbbitszett h@irr og?ggnat e
RNA nol ecul es under simlar conditions. Simlarly, a Sperﬂ’ ?e% targets,
a large «collection of conpounds can be tested in high-throughput screening
to 25 det ' ether any mght bind to, and stabilize, .these nucleic
acid str ug(ﬂar'@gsmﬂnder | sot hermal denaturation conditi onpsq’qwg’?é%orrpounds
can be tested singly or as conbinations of several conpounds. Having
generally described the invention, the sane will be nore readily 30
under st ood kpdcRilg FaMBEISSFAS ifistiutich) wiethe QuRHP kiRse obthinedfraehedr ovi ded by

way of illustration and, n | ht ended l.Limting. -13 19 Septenber
2005 WO 01/ 4Bfrpmepys i&é&g&%ﬁﬁrﬁ °f.ﬂl$‘%’t'eri als A Reagents Oregon.

G een_| odoacet anipfierestiP 9dahhing ¢lalorisdtel O D alial faghiny fdHBhASCEl N

i sot hi ocyanate ( were purchased from Mol ecul ar Probes, ~ Eugene, OR
Tris-HC, scaberimenty Wesnperéormgd nsinoahIE-2 wlira-sensitive diffesengiabssennirg  phosphat e,

p- mer capt get i t e _t%){ lra and sodi um chl oride were
pur chasedgf r%%gaegﬁaﬁ?&l%ﬁ%ﬁ,ﬁ%t’% ourét,%’%' Et hyl ene gl ycol and acetic

acid were obtained from Mal |l i nckrodt Laboratory Chem cals, A D vision of 10
- Mal I'i nckr odt,, Bak Inc., Phillipsburg, NJ. Slide-A-Lyzer (2,000 MAXCO

wer e purchaslg'd f%‘m'ﬁ}‘erce Chem cal, Rockford, IL. Bio-CGel P-6 Desalting
Cel s" spin colums were purchased from Bi oRad Life Science Research,

Her cul es, CA. HifferentisliScamtiap Calvrinadtey s (10, 000 MACO, <- 500 L) were
obtained fromAm con MIIlipore Corp., Bedford, MA. The conposition of the
15 buffers used Basalinesseers collfcied foneach enzygne with huffenia beth i sagplenvl NaHCO3, 1

™ DIT, 18 H_a?ld Qefergnce%gﬂg (%IF Pdiume was 1.2 mL) using a scan rate of 1°C/minute
from 25°C to 90°C. The DSC was cycled through this pi'ocedurc twice before
- collecting data for an enzyme to establish a thermal history. Buffer was then
removed from the sampie cell and enzyme at approximately 12 mg/mL was
placed in the cell. DSC data were collected for the enzyme from 25°C to 90°C
| '_ 15 atascan rate of 1°C/minute. The calorimeter was cycled back to 25°C énd
| protein solution was rescanned to 90°C. Reference baselines were subtracted
from samble DSC data. All solutions were degassed prior to DSC collections.
The DSC Y-axis was calibrated using known electrical heat pulses.
Temperature calibration was performed using n-octadecane and n-

" 20 - hexatriacontane standards which melt at 28.2°C and 75.9°C, respectively. -

- . B. Labeling of Proteins | | |
' . S aureus FemB. The protein, S. aureus FemB with a molecular size of
50,804 daltons (Bhlert et al., J. Bacteriol., 179, 7573-7576 (1997) and
" 25 Tschierske et al., FEMS Microbiol. Lett,, 153, 261-264 (1997)) was dissolved in
o 50 mM carbonate buffer, pH_9._0, plus 1 mM ditlﬁoihrgitoi forming a solution of
2.2 mg/mL (43 pM); FITC (100 mg) was dissolved in 100% dimethylsulfoxide
(DMSO0) at 50 mM and an aliquot diluted to 5 mM in DMSO. The protein was
| :d_ilutcd in the same buffer to 20 uM in two 200 pL aliquots and 0.8 uL of 5 mM

5.



Fl uorescence Correl ati on Spectroscopy_ The fluorescence correlation 20

spectroscopy equi pnent was built by personnel in the rat
Fl uorescence Dynam cs (LFD) under the direction of Dr&gg%f)?ec'ﬁsé%{otson at

the University of Illinois (Berland et at., Biophysical. Journal, 68,

8
694- 701 (W@é} 4g7CNEN et al ., Biophysical Journal, 77, Sgéf,?&z,éééggg)). A

schematic Is shown in Figure 3. It consisted of a Zeiss axiov

m croscope, argon (not shown) and 25 titani umsapphirelasers in series, a
photomul ti plier tube (PMI) or an aval anche phot odi ode (APD) as detectors,
an aut ocor r eFidCowasadded: dilp ntastionsiviere allowed to proozed oh ideifort0omimdtes.Si ni | ar

results can Re.obt ained.wth reiall avall abl e..j pstrunments such as
those sold b@“@sltme.fl%bboac?fg%ﬁof i%er%ﬁ(ﬂ"a]b g“"%‘éﬂ‘@@‘ﬂ nc., Jena, -
Ger many. TheNgHCoOyBTEbafacfoRéwing thelifardufRturdts huggesal protoddt, shpfhnbgpt enber 2005

WO 01/ 44817 PCT/ US00/ 42642 especi.ally for the | SS FCS instrument, are the
sane as t hos# 300xg fAcdminuisnat hE. A patipy pbthe repction mixtuyre,d 0P pb) was ¢ he

Uni versi ty 0fgqkh d 30 6 cblufnhSidithiiBlial W58 Ao CHhOLMDEGK Wis Di fferential

scanni ng calorinetry experinments were perforned using an MC 2
ul t r a-.sensi t ¢ollected drfdstheprotess watepeatedy ThEsecsatandicinants wefe apmblidedr ocal , I nc. ,

Nor t hanpt on, . H h . Differential Scannine . ori netry Basel i nes
were col | ect"‘eng‘A cf)%?e_neag%mcelﬁei‘?@lewﬁo?%%gﬁl?de?sqgna @(E)k{ rk]"‘r‘?ﬁgﬁ *s{e{]rlrlﬁ e .10 and
ref erence ceditescuf-offllimitwithione buffer wash. Th retaitaig was eallected addadiviled. C/ mi nut e

from25C to 90C. The DSC was_. cycl t broygh {.his procedure tw ce before
~col l ecting d‘&f"éhFBFq'ﬁﬁE" H‘Z‘?ﬁ’é‘l‘{%ﬁ@@?é‘gpi zﬁ“’&i‘ﬂ‘l‘ﬂé F"“ﬁ%“.g’fi y. Buffer was
then rengvedpi ¢ anitysiCand AeRIin&Prhht R FbeCRAMATRAFITO Rt Y 1-2 no/nl
was placed in the cell. DSC data were collected for the enzyne from25C to

90C 15 at a wetamalwes asedrin the/RGSrptndées belowv. cal ori meter was cycl ed back to 25C
and protein solution was rescanned to 90C. Reference baselines were
subtract ed 17 om GRTP) .05 MR Frroibe o6l 2Ny MBS FSERRTST P O tO OSC
col | ecti ons. H1¥-1 Lrotease. Hi ¥ diatyzed ag
2 sodium phosphate, 0.05% NaNs, pH 6.5, at 5°C, using a Pierce Slide-A-Lyzer™
15 : (2,000 MWCO). The protease concentration was approximately 1 mg/mL.
There was a slight turbidity after dialysié. Protease recovery was assumed to be
100% (53 nanomoles in 1.1 mL).
. A freshly prepared solution of Oregon Green™ Jodoacetamide
(Molecular Probes Inc., Cat. No. 0-6010; approximately 10 mM in DMSO) was
20 added at zero and 5 hours of incubation to achieve at each time a 3-fold molar
. ratio of Oregon Green™ to protease. At approximately § hours another addiﬁon
of a 4-fold molar excess was made. Afier each addition the solution was gently
_but thoroughly mixed. [ncub_ations were without agitation at 5°C and continued
_ for 16 hours after the last addition. ' |
T as “The Orégon GrgenTMIP_rote_ase reaction mixture had a significant yellow
| preéipitate and this precipitate was solubilized by thé addition of a sinall volume
of glacial acetic acid. The resulting clear solution was chro'maiographed overa
Bio-Gel P-6 Desalting Gel™ column (0.9 cm x 25 cm) using 50% | |
volume/volume (v/v) glacial écetic_' é_cid/distilled-water as the eluant. The 2.3
30 mL of yellow solution eluting with the solvent front was retained as the Oregon

Green™ conjugated HIV-1 Protease. This was concentrated to 0.9 mL using a

16~



The DSC Y-axis was calibrated using known el ectrical heat pulses.

Tenperature calibration was perfornmed using n-octadec and
hexat ri acont ane standards which nelt at 28.2C and 75. ngaSelpgeng%rfopél y. B.

Labeling of Proteins S. aureus FenB. The protein, S. aureus FenB with a
nol ecul ar size of 50,804 daltons (Ehlert et al., J. Bacteriol., 179,
7573--7576wol9448n7 and 25 Tschierske et al., FEMS M crobi ecrnsesizes

153. 261- 264 (1997)) was dissolved in 50 mM carbonate buffer, pH 9.0, plus
1 mMdithiothreitol -formng a solution of 2.2 ng/nmL (43 M. FITC (100 np)

was di ssol v I 0. 100% di W J).Sul.fox] a nmM. and an al i quot
diluted to ?ﬂw*@“&%ﬁ&he %mbwcﬁsav%%%tpfﬁ%%@éﬁm buffer to 20
PMin two 20¢rabhi éxgw at 0hsthg® slpsPleliBmMFive il d€coRERIRIART M005 VO

01/ 44817 PCT/ US007 42642 FI TC was added. The reactions were allowed to

proceed on iaseti¢ anid, d0%r nelyeesol, S%uyfy wlylensiglycel, mnMidighiothgsitebH P- 6 col umms
were equilibgat | . DT Ler £ ol | ow uf acturers
suggest ed prgo' og%la&%&?%%&rﬁt%ggﬁﬁgb%gb?&étﬁ?ljrﬁ)%@ééﬁgttﬁa@{%gport i on of

t he react isonadjustsdwithir{ th® Gangé¢ bfj4.Wves4.3. Hhidlieh] pH of dwersolatién afedrurms and mat eri al
was col |l ect ed. 'lﬂ}gaﬁipe”l#gm was collected and the process was repeated.
These second®®} BYR&1™& conbined and concentrated in the Ami con

~concentrator Usi Mhe@olbiidr &FcoMfufritedprbiiser e 0 micEinRtetddlan@’ f 1imit with one
buffer wash. The retentate wagycollected and, divided into three equal

vol une al i queyelyated fo5 Ogeggn Gresie ™ spRoqaiationdy einstiomandfopprotesss HPLC anal ysis|
and determ n%qcénna&o Jn;iﬁfacw 6 8 PhotbRERE R&Gis dblbrmineBh €M 1 al was

“used in the FCS studi és bel ow. H™V- rot ease. HI V-1 Protease was
ext ensi vely @iegbryGreen'Ygancratratipniof 1 9490di Aminhasidrnatysis egallshedaN3, pH 6.5, .

concent r at | SR SoSEFRion AL L IS PEmm L iahis PS5 A et idea: “Cor bi i ¢y
after di al ysprotcaiRfornicweigit @Y k. Wi, e Suhtttrdtion e carBH§%méthyd- nanonol es in
1? 1 . cysteine (a hydrolysis product of the iodoacetamide conjugated cysteine) was

" ‘estimated at 1.8 pM. All of these results are consistent with a nearly complete
| 15 reaction between the accessible sulfhydryl of HIV-1 Protease and the Oregon

" Green™ lodoacetamide.

C. FCS Isothermal Studies
Microfuge tubes containing 1.5 mL buffer were placed in a pre-

20 equilibrated 48°C water bath and the temperature was monitored with a
telethermometer. When temperature was attained, protein was added to 100 nM
in the appropriate buffer, rapidly mixed, and an aliquot was removed at various
ﬁme points. For 8. aureus FemB, HIV-1 protease, or for HIV-1 protease co-
incubated with PNU-140690 (structure listed above), time points were taken .

25 fomO'to 60 minutes. o o
This material was diluted to 10nM in a 2.0 mL teflon chamber already
located on thé microscope stage containing the same buf'fér at room _ |
temperature. The solution w-as. thoroughly mixed and data were acqumed
© . immediately for two minutes. Data were acquired for 2 to 5 minutes at a scan
. '.30 " rate of 10 Khz or 20 Khz. These data were then binnéd usmg P-Wave software
| é_nd immcdiately assessed using N-Fit software. Binning combines the

-_17.'



A freshly prepared solution of Oregon G een | odoacetam de (Mol ecul ar
Probes Inc., Cat. No. 0-6010; approximtely 10 mMin @) added at
zero and 5 hours of incubation to achieve at each ti n%%!e\flr\ﬁﬁﬂip%ﬁar ratio
of Oregon Green"' to protease. At approximately 8 hours another addition
of a 4-fold nolar excess was nmade. After each addition the solution was
gently bWOWMEIDughly m xed. | ncubations were w thout REWERV/E42at 5C and
continued for 16 hours after the |ast addition. 25 The O egon

G een/ Protease reaction mxture had a significant yellow precipitate and

this preci Pl dglEedls mihutthichlcffh BneelSusaill-bdridls. - whve R MOl ume  of

gl aci al acetic aci The tesulting cl’ear solution was chromatographed over
a Bio-CGel Pwé&e Bufowire progra®sieinployed atthe LBD: Datawhictplgokedjas ifsinng 50%

vol une/ vol une (v/v | aci al acetic acid/dishill.ed:water as the eluant. The
205""50" . opobni St oo er bt St BB Yoot v 1ot ai ned
as the O egadonipr@ssd foofupungaiabdisHTYe 1SS FCO usatMent phdfermaainibencent rated to
0.9 nL using a -16 19 Septenber 2Q05 WD 01/44817 PCI/ USQO0/ 42642 Pal |

Fi | tron Ofegalyssinppropaciansompeesional packagahat cp e ent. por t

Washi ngton, NY, at 5C using 45 psi helium Five nL of cold buffer (0.1 M

. acetic acid, 10%v/v glycerol, 5%v/v ethylene glycol, 1 mMdithiothreitol,
pH 5.0) wasDaBataAmalysehe protease solution at 5C with rapid nmixing and the .
pH was 5 adjuste ] t!a.Erﬂnetl Il ' : o i pH of the

gfé]hg’:afli ratzﬁ&i _@re%alﬁell wifh a4noleme;£p t's S

- solution-after Ion was 4.8.  The sol ution of conjugated prot ease
“was 0.2 ni cr@WLLSF) figing grogrash basedionythatdisdlened @r ¥goaokareals Jconcent rati on by

extinctiqr d for,nrotegs rapi m | nal ysi s.
Spectr opﬁ@t gﬂ@#%%ﬁé@%r?@&%@@ﬁ%&@ﬁ%&%%‘&% e_gvgs f(::%(r)%cent rati on of
1.94 M Am néingleindleulad spedics: est abl i shed a protease concentration of 18

m crograns/m, which is 0.95 Massumng a protease formula weight of 19
kD. Al so, the concentration of carboxy-methyl- cysteine (a hydrolysis

roduct of the io ' I i t i was
pr ¢ St G06)7 eF-AIN 4 DN SRl S bifined @ima?)mackgmund__
‘ J(1+ 1487 * Diff — Coeffic *binned — time)

-. 15 The constants 1.487 and 1.142 derive from measuring the volume encompassed
by the laser beam for this specific instrument and had been determined
experimentally.

In these experiments, since both native and denatured proteins exist, the
calculated results represent an average value for the amount of material in the

20 two states. 'Data analyzed with a two species model for S. aureus FemB and for

. HIV-1 protease demonstrated that the G(0) and diffusion coefficient values
| . -obtained for the native and denaulfed species ﬁ_om this analysis were identical
* to those caléulated by the single species analysis .fbr the completely native or ‘
' completely d'cn'z‘ituréd p'r'otein$i- These rcéults, plus the fact that dhange$ in tﬁ_é
. 25 apparent diffusit_in coefficient values were being monitored, justifies a single
- species analysis. The data Were analyzed with _weigh'tirllg values of either iéro or.
single inverse weighting. The former pléces equivalent value on all data points; -
_' the latter gives greater weight to those points that lie on fhe curvature of the

. theoretical fit. Determination of which weighting factor is more appropriate is

18



estimated at 1.8 pM All of these results are consistent with a nearly
conplete 15 reaction between the accessible sulfhydryl_lgqé[f - t ease
and the Oregon Green | odoacetanide. C. FCS Isot her mall? SEREREEN M0t uge
tubes containing 1.5 nL buffer were placed in a pre- 20 equilibrated 48C
wat er bath and the tenperature was nonitored with a tel ethernoneter. Wen

t enper at ur@o\Wakss#i t ai ned, protein was added to 100 nM i pd&RReARRICOPI I ate
buffer, rapidly m xed, and an al i guot was renoved at various tImnme points.
For S. aureus FenB, HI V-1 protease, or for H V-1 protease co- incubated
wi-th | PNU-140690 (structure |isted above), tine points were taken 25 fromO
to 60 m nut egscerthined bye visuahinspegiionfithq thepreticali fit inpmhingtion witithet ef | on
chanber al re@&}/dualls%&f&ﬁ 230 fﬂ%?stﬁﬁsﬁf:ﬁ%ﬁ:ﬁ s Stage containing the sane buffer
at room tenperature e solution was t oroughly m xed and data were
acquired imediately for two mnutes. Data were acquired for 2 to 5

m nut es at argcan 30 éate of 10 Khz or 20 Khz. These data were then binned
usi ng P-Wave bft%&‘r“é and i nmedi ately assessed using N-Fit software.

Bi nni ng caogbi nes t he -17 19 September 2005 WO 01/44817 PCT/ US00/ 42642

fl uoresce-nce urerre from cont I guous tine-periods. P-Wave and N-fit
were sof t war & Sgydigsie | FD. Data which | ooked as if an

~experiment al errom&&%&&swﬁmm r@asrzepﬁgs&xﬁﬁand%@gwe&sertnﬁlﬁt data were
conpressed for future anal ysis. The ISS FCS instrunment perforns simlar

anal yses in &8 m‘?ﬂ@dﬂ?b?ledpl@mméﬁéﬂﬁd@ﬂ% IMHh t he
: Ingfl][ |r ﬁg\;pt I east@gg%éﬁes ?ﬁ%%&@ﬁﬁ%&%ﬁ% A5 6. on RZ![ yéfgc}moggdai n
Yanmaoka eta 39.1°C dnd th®othéroat 42 Ub{soliddime). FémB -alkb exHiBifed)irreviddsiblequat i on used
For analysis s @ vhen Shalél & 298¢ St e dons T8 B3 Tine).
The HIV protease (1.7 mg/mlL) study was performed in an identical
" manner but using the buffer 0.1 M HOAc, 0.2 M NaCl, 10% glycerol (v/v) and
5% ethylene glycol (v/v). In the first scan, the protein showed a Ty, of 45.6°C
15 (Figure 5, solid line). Significant noise was observed after the transition
because precipitate formed upon unfolding. This solution was cooled to 25°C

and upon rescanning, yielded the curve shown by the dotted line, which had no
 transition at 45 °C. . Significant noise throughout the scan was due to precipitate
in the cell.
20
- B Fluorescence Correlation Spectroscopy Studiés
From the DSC scans it was concluded that a smgle temperature of
: approxxmately 48°C would be practical for performmg isothermal denaturation
studies. Consequently a water bath was equilibrated to that temperature and the
25 buffers were eciuilibfatéd as c_ieécri_bed above. The two. pi‘otéins which had been
 extrinsically labeled, S. aureus FemB and HIV-1 protease, were tested first.
Two representative autocorrelation curves analyzed by NLLSF with an inverse
welghtmg of the data pomts for S. aureus FemB are shown in Figure 6.
. The tune-pomts shown are for protem incubated at 48°C for 0 and 50
.30 minutes. The solid line represents the theoretical ﬁt usmg the equation deﬁned
| above. The analyses yieid the calculated values for the apparent G(O_) and

a9



G0) / (1 + 1.142 * Diff - Coeflic * binned - tine) (T) - + Background. (1
+ 1.487 * Diff' - Coeffic * binned - tinme) 15 The cons'g@t§ 1,48 Od'?.)nd 1.142
derive from neasuring the volunme enconpassed by the | P%’Egﬁﬁ or this
specific instrunment and had been determ ned experinentally. In these
experinments, since both native and denatured proteins exist, the '

cal cul ate represent an aver.age value for the an'pﬁl:tn*, terial in
the 20 t%bgtﬁgsieﬁ. Data anal yzed with a two speéci es node %drahgmaureus
FenB and for H V-1 protease denonstrated that the G(0) and diffusion
coefficient values obtained for the native and denatured species fromthis
anal ysi s wer diffudientoaffitientivelues iyacobyitius vomlusibnbyre thnt the ifit fdréhspeci es

anal ysis for . the conpl.et.el tjve o (o]0] etely denatured proteins. These
fooults. pi usiniERaRyint i moeh et fhaf i oiR 8P sEm s SR S FRed] o
coefficient YRlcies piae fthefriverthé fppacint yalsss afei @erapedt fogbe Species

anal ysis. The data were anal yzed w th wei ggti ng .val ues of either zero or.

si ngl e i nver skecigei Tra 10 ginuteEncrRoiNEwPresPate a@?ﬁﬂ‘%?@_?f only thee on all data
points; tﬁenbcﬁfgtaﬁadaiam@wétﬁwmmhs;agesggfegaemamﬁnédhat lie on the

curvature of t theoretical fit. Determ nation of which weighting factor
i s nore appr bgoaisetthe fempera@rengiligedwasApproximagaely 6Mbgeaterth@nirs RCT/ US00/ 42642

ascertai ned by a wvisyal, inspecti the theoretical fit in conbination
w th the resi‘%‘ﬁ%l ?vﬁ}eiﬁeel?sgg'ee sé‘r‘{ﬁlggﬁ(%;egoogt atistical analyses. Ill. Results 5°
A. Differential ChheunalysiswercGicofdimal fohall ofxhe tme painisoA pibt dfeeB was 2. 2 ng/ L

and the DSC experinent., was.perforned vm'tgo he unll%S:eI ed_protein in 50 mM
- NaHCOB8, 1 nivRRpAent ign epeflicient; versygtimergt 4 'CE)FéP‘é‘Y‘h kWT)?'tJ_Q&e two transition
t enper at Ugﬁsm@élﬁvé%p@e&%g@)éﬁgd{vhﬁe%e?%ro%ﬁsiﬂéfﬁgeu(ﬁ%i ting. Ne) . FenB

al so exhi [

ited irreversible “denaturation when cooled to 25C and rescanned
" (dott ed | i nelneither case, a significant time-dependent change in the apparent diffusion

coefficient was observed. This was most pronounced using the single inverse
' ‘Weighting,
_ These results demonstrate that éhanges in protein conformations can be
15 ino_nitored by FCS. However, it was not known if a ligand would stabilize a
protein and if that stabilization could be monitored by this technique. To test
this concept HIV-1 protease and a known, highly potent competitive inhibitor of
tlus enzyme, PNU-140690, were employed. Data were analyzed with single
inverse weighting (wt). Two representative curves are shown in Figure 8.
20 Data for HIV-1 protease at 48°C for 20 minutes is shown in the top
curve and that for the enzyme incubated with PNU‘-i40690 at 48°C fdr 24
~ minutes is shown in the bottom curve of Figure 8. Both were analyzed with
.s'u_ngé inverse weighting. These are mpresetitati\?e_ data for the other time points
" taken with this protein. | . _
25 A plot showing the éhainge_'in apparert diifusion' coefficient values at
© 48°C for HIV-1 protease with and without PNU-140690 as a function of time is
shown in Figure 9. The competitive inhibitor clearly staﬁiﬁzes the enzyme with
a measurable difference at ﬁultiplc time points. This result demonstratesthe
ability to detect small érga;rlic molecules that can affect the degree to which a

"~ 30 protein changes its conformation in isothermal denaturing conditions.
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The H'V protease (1.7 ng/m) study was perforned in an identical manner
but using the buffer 0.1 MHOAc, 0.2 MNaCl, 10%glyc vy 5%
~ethylene glycol (v/v). In the first scan, the protei nqé(ge\ﬁé%[nagﬁﬁbg’f 45. 6C
is (Figure 5, solid line). Significant noise was observed after the
transition because precipitate fornmed upon unfolding. This solution was
cool ed t o wé@/i481d -Upon rescanni ng, yielded the curve shpatyuSoosbdae dotted
line, which had no transition at 45 C. Significant noise throughout the
scan was due to precipitate in the cell. 20 B. Fluorescence Correl ation

Spect St udi es, F he,, DSC it : | t hat i ngl
Conper ot ur o of - dbBHLEA G A g ettt RPelerd BP0t or m g
i sot her mal  dggfduldrBtdesutibedinlthd fofegolng dsRHpPasH And ckamples.r NGaéduy\as

equilibrated tg that tenperature and the 25 buffers_were equilibrated as
descri bed abB¢difications fgvapaians phibe prrse insptionan possibler in Hghiodithe, | apel ed, &
aureus FerB angde HbMiidssRh® URASSEre, #8 Wethinfhit SBpk bf Bt invedith. TREEARENt at i ve
autocorrel ation curves analyzed by NLLSF with an inverse- weighting of the
data poi ntss distlosgre ofial publications, patents; arslpatent appiligatians eitediteeein prge- poi Nt s shown

are for protgin. . for 0 and 50 30 m nutes. The solid line
represents t %Qphé%ggf%ggpa%ﬁé%g%ing the equation defined above. The
“anal yses yield the cal cul ated- values for the apparent G 0) and -19 19
Sept enber 2005 WO 01/ 44817 PCT/ US00/ 42642 di ffusion coefficient values. Two
obvi ous conclusions are that the fit for the O mnute tinme point is nuch-
‘better -than the one at 50 mi nutes. Since only one .species is present for
the former the apparent values are "averaged" for one species. The 50
mnute tinme point represents the averaging of not only the 5 native and
denatured species but al so various size aggregates that fornmed because the
tenperature utilized was approximately 6C greater than its T. val ue.
Neverthel ess the fits were quite good. o
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The anal yses were perforned for all of the tine points. A plot of the
apparent diffusion coefficient versus tine at 48Cis s‘gcyvnti n, Fi 52 7. The
| 0 two curves represent data generated with either zer 5P %'T‘R%rl "nver se
wei ghting. In either case, a significant tinme-dependent change in the
apparent diffusion coefficient was observed. This was nost pronounced
using the single inverse weighting. These results denonstrate that changes
in protein conformati ons can be 15 nonitored by FCS. However, it was not
known if a ligand would stabilize a protein and if that stabilization

coul d be nppiih@red by this technique. To test this concept H V-1 protease
and a known, hrghly potent conpetitive inhibitor of this enzyne,

PNU- 140690]. fesceceamy ogtwd foatidentdyimgam &dsy zoohpoaind tisitiighds td atapse

wei ghti ng wt%. égev\o rg&%esent.atiye curves are shown in Figure 8. 20 Data
for H V-I G1e8a08 MhOBPOMPHSIBY i nutes is shown in the top curve and
that for the, e <N d Wt I\%E:}IﬁﬁG . inutes is
shown in the bo%%ﬁn%ﬁ(r:l r\%gb%%ﬁﬁo%rgsg. ot %g(ri%t e{Snaf[tbyrizT{e21 va\fl%lahum ngl e

i nver se wecaiditiong, eathdest naixtire egraprsing at leust ahattést icompblifd, olt fekt édTe poi nt's
taken with this protein.. 25 A plot show ng the change in apparent
di ffusi on tBere; aaleule, sansbat deash quner targey speriesy avhesein thiet isotheomal t hout

- PNU- 140690 . f . on-0of t] q S [ Lqure 9. The conpetitive
nhi bi tor Saa 3§u g@é]‘%t?(fl}sz%rg %@%“3%zt%%%gt%ne&é%&gtﬂnaﬁr3‘%3&8& ence at
mul ti pl e .t speeich @ ddériturd o & nicasuthble dRANSt r at es the_ ability to d_et ect smal’l
organic nolecules that can affect the degree to whi.ch a 30 protein changes

its confornati ofeteiiingsodenaturation signaluefi ¢agh dangdt spevivs.in the PresencBepf enber
2005 WO 01144817 PCT/ USQ0/ 42642 It will he cleay.that the jnveption may be
practi ced %‘Fhagr §e°“F#8% ?@p%pt‘?%m%‘tﬂ}f‘ﬁéé‘_&%f@éﬁoq RIORFEIGSPR g ng
descri pti Ofargd thotecRlEnishss INbIIRIALS corfBlstidnl GREkSYBpRMAdvar i ations of the
present invention are possible in light of 'the above teachings and,

t heref ore, are eemparmgtthe denatpration signel ofeasht taxpet sfideseseintthe eresence

of at least one test compound with a denaturation signal of the same target

species in the absence of the at least one test compound under the same

isothermal denaturing conditions.

2. The method of claim 1 wherein the target species is a polypeptide or a

polynucleotide.
3. The method of claim 2 wherein the target speciés is a protein.

4. The method of claim 1 wherein the compound binds specifically to the target

- species.

~ . 5. The method of claim 1 .wherein the co_rhpouhd binds to the target speciesl

* through hydrophobic, covalent, ionic, or hydro'g'en bonding interactions.
*" 6, The method of claim 1 wherein the isothermal -denaturation conditions
‘comprise a témperature equal to or about 10°C more or less than the Ty, value of

the target species as determined by differential scanning calorimetry.
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5 disclosure of all publications, patents, and patent applications cited

herein are hereby incorporated by reference. -21 19 enber 2 d ai ns
1. A screening nmethod for identifying a test corrpound%%f“‘ﬂpﬁﬁrj@ a

target species, the nethod conprising: incubating at |east one test

m xture under isothermal denaturing conditions, each test m xture
conprising at |east one test conpound, at |east one reporter nolecule, and
at | east one target species, wherein the isothermal denaturing conditions
are effective to cause at |east a portion of the target species to

denat ure té dheemsiiodbofe claimeht whekeiredheé risptherdeh adamartration soadiabnof each
target species.in the presence of the at |east one test conpound by

noni t or i ng®YREH 3 ieﬁi‘meg"ﬁmﬁr?%’@} {9 gsupfo @fq%ut ]?%pg]éﬁs tendhe le ungf

fl uor escengR (596f Skt RISPSGHEPE : %{Hg ; neL: denat uration

si gnal of eac%%t asﬁ)léet specl es |én fﬁ{e}yeﬁ?@%gﬁce _éagg“%’g@‘t one test
conpound with a denaturation signal of the sanme target species in the

absence of the at |east one test conpound under the same isothernal
denat ur i ng8chhgimethodsof dainr svhgseingthe spnesnitations af heclarget Ispedies et speci es

is a polyp ] 0, I.de.. 3. .The nmethod of claim2 wherein the
target'spe@@géqﬁngK%F§Bg%ﬁEﬁﬁgﬁgﬁggﬁﬁpﬁgﬂwgf‘clain11 wherei n the conpound.
~binds specifically to the target species. 5. The nethod of claim1l wherein
t he conpound binds to the target species through hydrophobic, coval ent,

ionic, or $yfhegethabafiiclagmi &tvédreseini tha ssoneentiitionneft thedatoleast| aiemedt wher ei n -

about " 10C sHpRe B F e jenile IO SORR TR o eongabebpparans o
det er m nedieBst oflk tdrpét@pédiad. scanning calorimetry. -22

10. The method of claim 1 wherein each test mixture includes one target species.

II;The method of claim 1 wherein each test mixture includes at least two test

compounds.

12. The method of claim 11 wherein each test mixture includes two to ten test

compounds.

13. A high throughput_ screening method for ideﬂtifying a test compound that
| - binds to a target species, the method comprising;

o incubating a plurality of test rnix_turés_ under isothermal denaturing
éonditions, each tcst mix___ture comprising at least one test compound, at least one
reporter r'holecule,. and #t least one target. species;_ wherein the isothermal

- denaturing conditions are éﬁécﬁvé to cause at least a- porﬁon of the target

- species to denature to a measurable extent; | . | |
detecting a denaturation sign_'al of each target species in the presence of |

" the at least one test compound 'by fnonitoring the diffusion properties of the.

- target molecule using fluorescence correlation spectrdscopy; and

-23 -



19 Septenber 2005 7. The nethod of claim6 wherein the isothernal
denaturation conditions conprise a tenperature equal or up t out 10C
. less than the T,,, value of the target species as det1§%ﬁpﬁ%'ﬁgﬁgl%£b
differential scanning calorinmetry. 8. The nmethod of claim| wherein the
concentrations of the target species and the reporter nolecule are of
conpar abl e magnitude. 9. The nethod of claim8 wherein the concentration of
the at | east one test conmpound is in at |east a 10-fold excess relative to
the concentration of the at |east one target species. 10. The net hod of
cllaim1 wherein : ] i r : eg] The
rethod of ol ai meo pRurg e dErkldo Al dFRatl B Pelio? BPfledFesedie  co
conpounds. of 2t l@se ometthsiccanfipanindi with b dheiteatioaidhat ©FtthéNiskiner rdepCcl udes
two to ten test _conmpounds. 13. A high throughput screening nmethod for
i denti fyi n§PEF1Se it t%ﬁgﬁﬁalﬁa efhthe abilgagk ope testt eemgpeunsuadersthet bameret hod
conpri si NQi.qk i ]ty of test m xtures under isothermal
denat uri nglsolct:l%ﬁlgﬂg |%nr%§l,rﬂl§§!(?§al?1e&§%' m xture conprising at | east one test
conpound, at |least one reporter nolecule, and at | east one target species,
wherein the isothermal denaturing conditions are effective to cause at
| east a porti dhegnethpd af glaim 13pwhersin the isethetaledermturatione @enditibhe ext ent ;

~detecti t t i f h t i i h f
the at I oaltBHE ¥IMRInEANEl wprabi WL rfStad embinins dprabe ot oo of
the  tar getholee ylceicyss Botolrhied 85 GG nteA LAl Rld OlfordREE).r 0scoPy; and 19

Sept enber 2005 conparing the denaturation signa ch’'target species in
the presence of at |east one test conpound with a denaturation signal of

the sane taLg species. i.n t apsence of the at |east one test conpound
under the ié-nﬁ?i@%ﬁﬂiﬂisﬂlmﬁbﬁgtwﬁ?ﬁﬁ@ Esntiptiernal. dengturatien senditenst cl ai m
13 wher ei nc&rﬂﬁrié@ﬁ’?&ﬁﬁéf&tﬁr@@cﬂ?ﬂ ¥ 3F Lp"o a8t £0°@ Rss than the T,, value of

the target species as determined by differential scanning calorimetry.

16. The method of claim 15 wherein each test mixture includes one target

species.

_ 17. The method of claim 15 wherein each test mixture includes at least two test
compounds.
18. The method of claim 17 wherein each test mixture includes two fo ten test

- compounds.

19. A high throughput screening method for identifying a test compound that :
bindstoa protein,' the method comb_rising: | o
incubating a plurality of test mixtures under isothermal denaturing
conditions, each test mixture-comprising at least one test compound, at least one
. reporter molecule, and- at least one-._ protein, wherein the isothermal denaturing
~ conditions are effective to cause at least a portion of the protein to denature to a

" measurablé extent;
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conprise a tenperature equal to or about 10C nore or |ess than the Tm val ue
of the target species as determned by differential § n|n éﬁﬁinetry.
15. The nethod of claim 14 wherein the isothermal dend tions
conprise a tenperature equal to or up to about 10C | ess than the Tm val ue
of the target species as determ ned by differential scanning calorinetry.
16. The nethod of claim 15 wherein each test m xture includes one target
species. 17. The nethod of claim 15 wherein each test m xture includes at

| east two test conpounds, 18. The nethod of claim 17 wherein each test

mi xt ur e i mﬂetr@aggta nairatin sigel of caplpanies. ingthe p;s@swngﬁhot H‘reo%tghput

scree rreth for ntlf |n St ~COnMpoun to a protein,
t he gémgote poung r’?'cu0¥1 Pﬁﬁg (he dbqﬁéﬁ ?’?V%‘?er{%s f)f h’?exp $¥s. under

i sot h%@retulelamgqmbagcelﬁ:@@shéuaaassp&aatbotp§85ndn xture conprising at |east
one .test conpound, at |east one reportefr nolecule, and -at |east one.

protei n, whvengiannglike depttirenom sigriehel eachrgrotero malithe pmsermeeofeettf ective to

cause at | east a porti f the protein t enature to a . neasurabl e
ext entl63s§ §neAest ‘?‘80‘98 tds%fﬁwaoa S&%ﬁgt"grﬂa‘t PYRE PrRIR4Y ofCeach prot ein

I N thepplRI IR Qtflezléi'%né‘test k@rﬁ?éurﬂr\ﬂmdefﬁte é%?rﬁH’@Hﬁt@nﬁ?(l dBRHLAL N9 the

di ffusion properties of the target ecul e usi ng uorescence correl ation
spect rooadipyis. and conparing the denaturation signal of each protein in the
presence of at |east one test conpound with a denaturation signal of the
same protein in the absence of the at |east one test conmpound under the

ahot n & et (ragihAg a4l BT BB RS Uier
i sot hasrget spderRaunddrrigthantl ttt:rfanmngcmmttioa's r@mpdingreans for incubating at
| east one test m xture under isothermal denaturing conditions, the or each
t est m xtur(®@ corfpednsifagincubating at least one test mixture under isothermal
denaturing conditions, the or each test mixture comprising;:
(1) at least one test compound, and
(i1)  atleast one target species,
wherein the isothermal denaturing conditions are effective to cause at
least a portion of the target species to denature to a measurable extent;
(b) means for incubating the at least one test mixture under
isothermal denaturing conditions, wherein the isothermal denaturing
conditions are effective to cause at least a portion of the target species to
denature to a measurable extent;
() means for detecting a denaturation signal of each target species in
the presence of at least one test compound by monitoring the diffusion
properties of the target molecule using fluorescence correlation
spectroscopy; and
(d) means for comparing the denaturation signal of each target species
in the presence of at least one test compound with a denaturation signal of
the same target species in the absence of the at least one test compound
under the same isothermal denaturing conditions;

wherein a decrease in the denaturation signal of the target species in the presence of

the at least one test compound as compared to a denaturation signal of the same
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(1) (ii) at least one test conpound, and at |east one target species,
wherein the isothermal denaturing conditions are effe bi e.to,C at

| east a portion of the target species to denature to 3 &Eﬂ?gﬁﬁgﬁ) tent;
(b) means for incubating the at |east one test m xture under isotherm
denaturing conditions, wherein the isothermal denaturing conditions are
effective to cause at |least a portion of the target species to denature to
a nmeasurabl e extent; (c) neans for detecting a denaturation signal of each
target species in the presence of at |east one test conpound by nonitoring

the di ffusiger sBEAREH iHRSMRENCLYT theaf Rlast B LEH é‘odfgddha &Ldg??jlgéna e

~correlation spectroscopy; and (d) neans for conparing t ration
signal of wsatirmal deratismgoionditions is e iphexrmnos Wifdiap beewsdn theaafgest
conmpound with, a dg atuyration signal of A the same target species in the
absence of SRYGESZP Itiéea%ttle"éh%“et@gtcoé‘m?ﬁﬁ@rnd under the sane isothernal
denaturing conditions; wherein a decrease in the denaturation signal of the
target species in the presence of the at |east one test conpound as

conpar ed t D1.aThiesgdternadt dlainsi20naherein tHeetas@apedss @a%ﬁﬁ}ﬁﬁ@é ot0PS target
species in the absence of the at | east one test conpound under the sane

i sot her mal Pel¥Ruglertideg conditions is an indication of binding between the
~target species and the at |east one test conpound. 21. The system of claim
20 wherein the target species is a polypeptide or a polynucleotide. 22.

The syst emDfTHel systehPdf IMIRT Zi thﬂéﬁxﬂié&ﬁ@éts%@@i@éﬁsaﬁr%te%.prOt ein. 23. The
system of claim 20 wherein the conpound binds specifically to the target

speci es.
23. The system of claim 20 wherein the compound binds specifically to the

target species.

24. The system of claim 20 wherein the compound binds to the target .species

thrbugh hydrophobic, covalent, ionic, or hydrogen bonding interactions.

. 25. The system of claim 20 wherein the isothermal denaturation conditions
- comprise a temperature equal to or about 10°C more or less than the T, value of

the target species as determined by differential scanning calorimetry.

26. The system of claim 25 wherein the isothermal denaturation cbhditions

- comprise a temperature equal to or up to about 10°C less than the T,, value of the
~ target species as determined by differential scanning calorimetry. -

27. The system of claim 20 further comprising means for incubating at least one

. test compound; at least one target species, and at least one reporter molecule

under isothermal deﬁaturing conditions.

" 28. The system of claim 27 wherein the concentrations of the target species and

 the reporter molecule are of comparablé_ magnitude.
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24. The system of claim 20 wherein the conpound binds to the target speci es
t hrough hydr ophobi ¢, coval ent, ionic, or hydrogen bonib i ntﬁ aftl ons.

The system of claim 20 wherein the isothermal denatur &BRE 49%ns
conprise a tenperature equal to or about 10C nore or |ess than the Tm val ue
of the target species as determ ned by differential scanning calorinetry.
26. The systemof claim25 wherein the isothernmal denaturation conditions
conprise a tenperature equal to or up to about 10C less than the Tmval ue
of the target species as determ ned by differential scanning calorinetry.
27. The sy2% éthﬁy@mlqﬁ daini lZBtherem)liwr Pencegtratecofsthieoat leastudieet tesg at | east

one test co tar eC| es, and at |east one reporter
.mol ecul e Hs‘ﬁl“i‘lé‘f *F&‘F éﬁgﬁ@r?’?fg e trfke copceniration o€ tharpof cl ai m
27 wherei ons of the target species and the reporter

nol ecul e gfgeg?g %%{%Péﬂé magni tude. 19 Septenber 2005 29. The system of

cl ai m 28 wherein the concentrate of the at | east one test conmpound is in
at | east a 10-fol d excess relative to the concentration of the at | east
one tar get3&pkky exstersoof Thdms3 veinrein edchi tesb nintvee dneludeschne dareetni xt ur e

i ncl udes %?m;d:gr get species. 31. The system of claim20 wherein each test
m xture in €s at least two test conpounds. 32. The systemof claim 31
~wherein each test mixture includes two to ten test conpounds.

~ 31. The system of claim 20 wherein each test mixture includes at least two test

compounds.

32. The system of claim 31 wherein each test mixture includes two to ten test

compounds.
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