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{(57) Abstract: The present invention provides a method for identifying a test compound that binds to a target species. The method
~~ includes: incubating at least one test mixture under isothermal denaturing conditions, each test mixture comprising at least one test
compound, and at least 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; detecting a denaturation signal of each target species in the presence of the at
Ieast one test compound by a change in the diffusion properties of the target molecule using fluorescence correlation spectroscopy;

- -and comparing the denaturation signal of each targer species in the presence of at least one test compound with a denzturation signal
of the same target species in the absence of at least one test compound under the same isothermat denaturing conditions.
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conpound, and at | east one target species, wherein the isother%éwy2004
denaturing conditions are effective to cause at | east a portion of the
target species to denature tao a neasurable extent; detecting a denaturation
signal of each target species in the presence of the at |east one test
conpound by a change in the diffusion properties of the target nolecul e
using fluorescence correlation spectroscopy; and conparing the
denaturation signal of each target species in the presence of at |east one

test compound w ' ' I cies in the
absence of at \I,%saigﬁ%@@%%ﬁgﬁ%%%%&h?@%@%ﬁg@@denaturi ng
condi ti ons. SIDENTIRY@ZOMIOURDSIHRTHINCTEOCORREAT SONCERECIROBROPY TO

| DENTI FY COVPOUNDS THAT BI ND TO TARCGET SPECI ES UNDER | SOTHERVAL DENATURI NG
CONDI TI ONS Backgr ound &POTBERMMAPENATYRING GANDIRIGNSchal | enges faci ng
the drug discovery process is the identification of small organic |igands
that will bind to target species, particularly protein targets. A

mul titude of new protein tar@ickgrowndef the Indemi@srver ed by genomni cs and

bi oi nformatics efforts. Many of these proteins have no known function or
known specific | i%&g therpagor ¢hedlengesiferingcthe i dsng dliscovepsinerocessds thtese

I ' ' a1l QUF hem cal |ib '
by i gh L ot g, CLARRI Predifo SEERIE AR S B B Compnih ”

screeni ng  (PaHik8)arlympi dtonts tarpets.t iAC whudtitudef 6P metvh erabiancpgdiataref bass ay
devel opnment ... Henc there.is a need for. a gtraightforward, generally

appl i cabl e @mgg&&@gﬁeno%ﬁstap rogpioymatics pffortss Mapyafthesa pretgips heveat * can be
4 ' densi ! e i bty S "
1520 0 s, 0 R AT SRS B BESR,

functionality. It 1s known t ng o es or s
| i gands doedor fhese tregets ptesers$ thallenpes innthe isosening tofliirké thierated] Henages t he

denaturatio r.of il e aof rat ei Thus, pethods that neasure protein
denat ur at i O??y?rggh BTEOH@EH‘%FE}’%S@P%&HTS&FBC]&Q%& Féi‘égh thEeHelDRt sareqning

i nteraction , GRARLAY ldr@] A ol 260 '

progr essi veq%{;i?aof t hef?ls t ertﬁ% %ﬁﬁgﬁee?\tﬁ%@r gf:)tadgéragdg%d{)ﬁﬁ?nr%t ely
bi ol ogi cal dbaniceithyre iDerreed fat 4 smaightforverdcgenayally sipphcdbie methodbRigyof

oyt el oS S e Rl b SR AR P
by methods suid protefi kapesRII§hds¥ wittlunknown 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 and chemical
methods that involve changes in temperature, pH, and/or ionic strength, use of
chaotropic agents, etc. It can be followed by methods sufficiently sensitive to
* monitor conformational changes in a protein. Because it is a simple and widely
applicable experimental method, thermal denaturation has been used for a
- variety of purposes, including purifying proteins by selective denaturation ‘of
| impurities and to study protein structure, folding, and stability. Thermal

denaturation curves (TDC), where the fraction of denatured protein is measured



nonitor conformational changes in a protein. Because it is a s§1’fﬂ¥30%‘hd

wi dely ~applicable experinental nmethod, thermal denaturation has been used
for a variety of purposes, including purifying proteins by selective
denaturation of inpurities and to study protein structure, folding, and
stability. WMHHHEL7 denaturation curves (TDC), where the PEHUSI0ER64DT
denatured protein is neasured -1 8 July 2004 WO 01/44817 PCT/ US00/ 42642 as
a function of gradually increasing tenperatures) obtained by- differential
scanni ng cal of{ -y useful for
determ ni ng.p%goa{%%%%g&g i ?a?g@ﬁ%lgﬁngf(ﬁgﬂpﬁ#s ?@%@%@%@%{eﬁ% e tertiary
structure. Themisgéaldrivesty (BECTBRe beenfshowh &y begnaitionladst ubdfdduse bi ndi ng of

conpounds that, .5 ar.e substr S. 0 eci t.ic Ligan I a_given protein
changes t he i%?tfr’rfnﬁ%l?%pm@fna%aﬁhﬁ?/n o?%%@eﬁmseﬁutgﬁﬁ{egm eauses a shift
in the TDC anthd isefulness dfTDdpivifinthet aifasred bedaade bladikesf colupbeidagigt at i on of the
results of thermgl scannin t hods depends on the _assunption that the
denat_ur,atién fJ‘Fg@@E'%te%%rsﬁecmggP%ﬁr? e} Repisnechanges theantuge | nuous process
that is very gaii§ oPthaf j16tefnl 2B, 1A, Baudds 4 Mt MERPEHELHE fhe TSCANNI NG T at e.
However, the denaturation of nost proteins under the usual experi nment al
condi tions i s(pidpeinidempamtere) valusscal |y, it is only with small proteins and
very mld denaturipg.AgahoriHialsufe LAl dcQihih ' i ble. Thus,
DSC may be unable to pr ov?@e_ repr odﬂ%%l% & an r%‘é’é‘]ﬁ?‘%‘* %l{g?é&{eht%abl e binding
15 neasur enmengssemptiondleat the slenaturhigonIB@eswis uose-stef, Irectsibtlaendt abi | ity of many
different _ stru r d I.nsS, some.sepsitive to.the binding of |igands and
sonme not lgen‘éﬂl |‘%/{)élg§’ioc%?ﬁ].ap’ls§vﬂ(ﬁarl%?gfe ecnsg%!ﬁ fo\{']]egcﬁ“ Be initiated at
many | ocati onsannitd taien Holwvevqyy the démtvsition ©F thost. préteiad uader tHe@s@l pr ocesses has

Its own activation engrgy, which makes i.t 1he dom nant process only
within a nar rW‘i"Bf’Pﬁ"gF%‘ﬁ?(&% 1§ TYREsiblag @1%11%5% cwith smallBraleity on t he
scanni ng r at eandtve il Eduinhtufiig £fen® thadHotAMrARAT RadiBM}eRisiIBYTRR! be evi dent

in the DSC curve.. Furthernore, . .
. 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 evident in the DSC curve. . Furthermore,
differential scanning calorimctry may see two or more protein denaturation steps
where one would expect only a single transition. Yet another major factor

.25 - contributing to the gréater inextricability of the scanning thermal depaturation
| methods is that the binding equilibria of both the ligands of interest and of the
fluorescent dyes reporting on the structural integrity of the protein are strongly
temperature dependent. Thus, both the sensitivity of the method and the
stabilizing effect of the ligand under study drift drastically during the

30 experiment.



differential scanning calorinetry nay see two or nore. proteiﬁsﬂgﬁ%ﬂ%ﬁatlon
steps where one woul d expect only a single transition. Yet another major
factor .25 contributing to the greater inextricability of the scanning
thermal denaturation nethods is that the binding equilibria of both the

|l igands 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 nmethod and the stabilizing effect of the

| i gand under st udBhegefbfe, adfead teikised for adeitiog iHORITYHE RTINS Mat bigd 8 Jul y
2004 Therefore, a need exists for a nethod identifying conpounds that bind

to target spRdniEst spcesse Pagferably ywisha methnsidisi amemebbe o éJH"BS]l:dHTﬁTSr HTS,
repr oduci bl 4 nd ndent of  t eating rate. Summary of the Invention
The present %F@@ﬁ‘fl?’%ng@fﬁ%@%?ﬂtﬁagéﬁmg ffenti fying conpounds that bind
to target species (e.g., pol ysﬁa{mﬁﬁofﬁﬁ';g%moxpme' ns, and

pol ynucl eotides including andg ¥ . . ‘.thpq§ I nvol ve the use of

| sothermal  denafibearben: fyeater psvidsmchats fatitanityng ofipomestance
etection L S I gnLfilcan , 1€ e S ] \

i nvol ve au?g)ﬁ’}hcﬁg’dfa%ef ﬁg s @@i’tpﬁfp@&g@ W%gﬁﬁd’r‘?ﬁlzﬁiﬁ‘a. andqeotyyrleatides et hods
of the pres@nfudiny SDNAOENAr RNAGNVILEbONBEhS®R BifvobralimbliRet 8F %éfcﬁlkélfﬁxta?

10, 000- 60, 000 conpounds or more in a 24 hour period. Isotherna
denat ur at i oleRFUBHER.cPiFETY dnscambinztiana ithy Bueresdenct Ketectidre methods.

I dentificati : L.ndi ' L.ani f.] I Ln preferred hods, the
present i nves(? n%l %than@ gh%egg e#‘bgsg?fe@}:eeﬁlg e n{t echh ﬁéﬁé&"c{m magﬁjéﬁiu?lﬁtggéfn by
i sot her mal  seitdbdelfort HTS eindr UHTS. addatly,afhoQficiBbdd f Gt preGon® inveRfioh akd)

tability by .a bound ligand. In particularl referred enbodi nents, the
denat ur at | oATSRERSD bt PFG bneshiair 4000460500 ompornde ar gaeredpacios (o g.

protein targefiSjerfdd. | i gands against isothermal denaturation is quantified
by changes in fluorescence intensity.
: Isothermal denaturation of proteins offers an attractive method for the

identification of binding ligands. 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: incubating at least one test mixture (preferably, a
plurah'ty of test mixtures for high throughput screening) under isdthermal
denaturing conditions, each test mixture comprising at least one test compound

| (preferably, at least two test compounds and more preferably, two to ten test
compounds), at least one reporter molecule, and at least one target species
- (preferably, only one target species is in any one test mixture), wherein the
iéothennal denaturing conditions are effective to cause at least a portion of the

target species to denature (e.g.,



According to one aspect of the present invention, there is progﬂl'fl{ﬁ‘égiooa4
screeni hg nethod for identifying a test conpound that binds to a target
species, the nethod conprising: incubating at |east one test mxture
(preferably, a plurality of test mxtures for high throughput screening)
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 | eastundoid) tcaagﬁéa\lmss%m eﬂerrl]tﬁ derkenall d/enlaﬁgzkﬁbn?ﬁgndladfgﬁcg&tﬁx%@{ es iz in
one test_m.xture), er ei e. .i sotherma enat yring conditions ar

2? %l'ect i ve toPcdtsH! ﬁ{e PrEsee é’?ﬁﬁ‘? at cB‘?’?ng’n? fiest CPQ}pQBPHsbﬁe%Oégo’%g dghat ure

(e.g., 3 8 HMiffysia0Ogtopartiet d)f tie erpEasivledule witoe flupradediRet Edtdelation

i ' |_of h ta ' in the.presence of the at | east

one t st conBeICHR A B oM gtiine SRR ol f Bheh BaSGrDbsiES Far ge
nmol ecul e usithe pfdsanceest aenleastcamrer ebiatcbmpour&ja@ﬁhra)ﬁaw&‘ratiaﬂ@i@ﬁ?ﬁﬂ{t}hg{ﬁg t[}e
d turati ' h.target s iles,in, t resence, of , a east one
fest compourdriper et A ikhes B e %3 ptabn ot Ba boRERGEL S iiec ™ n The
absence of tshmedsotheasl densutieg tonditipns) riﬂzpjn’aiﬂigr aﬂdhﬁef@ﬂ?% ?&Qﬁ&?ﬁ&tﬂlﬁg
d ' Lt ey a r a .hods o
o ecent 1 nvenis prABR inyhRldiPten e APk ol 100 el B S R by day.
Pref er abl y, Pseigrabin sechudnestalunationceaurs ssh*iamt&x_ﬂyisémuyamiomﬂgt aneously. te
Ac di t . r er.e s .provide a
i gh LP&J@Q%@Q%?%%%%EPW gﬁ%ﬁe?f?f#ﬁ%Wghﬁélg,tth%r?;ﬁ%ﬁﬂaﬁ’zﬁag bi nds
to a target thrqughnvi sereeing newhed fasiidenti wbigsti gvgmpzo hatl bings of test

I xt | ' ' 0&&5}% j.O h,_t
?o)r(rplrjirgisn;nqga F%gg?g%ér_ﬁésf gg%]q{é%{%ggcn , altl_ﬁ%'egléttlbagﬁ% ?_e@giatlg_(gnﬁéfeg%u! e, and
at | east onduxfpgerdesprthesmal denateiing eonsditiens; heshrtght mixterewpompgistgndi t i ons

are effectiweidmt ofe4&E RinpofAs! atleRQ drePfepBttet %1&&!1&%@9@&5&5?&0
denature to_a measur abl ﬁéextent; detecting a denaturdtion signal of each
B

target speci®@8eh FPeCifs. Prgksdndle srothermahdengiarag conditioas tare effpelivedtony
moni toring tcheseditléadth poriRhUTRAE tRSet®bediBetd ddfire to a measurable extent;
detecting a denafuration 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
system for determining whether a test compound is capable of binding a target
species under isothermal denaturing conditilons, comprising: means for
incubating at least one test mixture under isothermal denaturing conditions, the
or each test mixfure comprising: (i) at least one test compound, and (i) at least

~ 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; (c) means for detecting a denaturation signal of each target
species in the '



nol ecul e using fluorescence correl ati on spectroscopy; and corr1)8a‘+l1l¥1%10q4he
denaturation signal of each target species in the presence of at |east one
test conpound with a denaturation signal of the sanme target species in the
absence of the at |east one test conpound under the sane isothernal
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 i sothernal

denat uri ng qoesdhté ofasleastamertesti cogapovedrts; iohitorinke tHeadiffgioatprbgages one test
m xture under. isothernal d naturiﬂg conditions, the or each test mxture
conpri si ng: %i ti“eaf?rae ég‘fle%ﬁ% usg RerescsmRE cormslation spegrosconyt andrd t ar get

speci es, Whesr&ing foPQ:ohﬁﬁ' Fherimel g L I oy : ' to
cause at |l east a portion og t he G?lg?g%ﬂtﬂﬂsg%giﬁ}e)ggte%&ggﬁrgﬁt‘rgggaé%seg{ %egsur.abl e

extent; (bPrefsaesof a lepsicomsdestrgmpeand viftea denasnration signal of treesanmder

I sot her mal Q@%Pé | | L i | sot hernal denat uri ng

condi tions eté% f% igg?? \?%’n ggf&%é%th%%?egagg?ﬁ%%ﬁto T untd%’éafeam speci es
to denat ur e iscthermalrdesamag eorebitienst whersin rdansadenin thetieettimagon siigaat ur ati on
signal of each,target species in the 4 8 July 2004 presence of at |east
one test coﬁgghﬁga%&% ﬁB?ﬁ? ot iy PHERSS P Q?eoﬁglﬂﬁaébéP ite¥t cqpppquRd #%r get

mol ecul e USIcBﬁlgﬁfdd%%@eﬁﬁﬁﬁaﬁ&{ ﬁifﬁ,hﬂtdﬂjtﬂe SP9E kargsCQRYies M thd Msend®aps for
conparing the denaturation signal of each targét species In the presence

of at |east _t%%t_ lpast one imehermpOwic undsr thersamerisathenmal dgeaiiring cenrditionare
target speckegn Fdﬂé&ﬁﬁ)n%ﬂ&ﬁgﬁ%ﬂkg@l &k t%%‘?eﬁ&g aé@sthe GP 9 &fenfé%gp er the

sane isothermal denaturing c Itions; créase’ in
denat ur at i ogosipghed. of the target species in the presence of the at |east

one test corrpoun%% s conpared to a denaturation signal of the same target
species in the a ethpods deserihed hamar, tamiarges Speciehesanla pelyoeptidee same

i sot her mal g@ggtpwsfen% oecarpmpm@oﬁdeqte%n, DA 6ARNAY. Prefe}bey N RaL¥eeEn the
target species.and the at. I ﬁst one test ‘%o ound. . . _
Species 1s a protem. € compouna can bind to the farget 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
-conditions with respect to pH, ionic strength, cation concentration, etc., which
are generally held constant for evaluation of various compounds for a given
target. ‘ '
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 separately added molecule such as a
ﬂuqrescent dye or a covalently bonded reporter group attached to the target.

Brief Description of the Figures

4a



In the met hods descri bed herein, the target species can be a pdﬂyﬁzﬁtlde
(e.g., protein) or a polynucleotlde (e.g., DNA or RNA). Preferably, the
target species is a protein. The conpound can bind to the target species
ei t her speC|f|calIy (e.g., at a specific site or in a speci fic manner) or
unspeci fi caM3PVY*8 e bindi ng can invol ve a variety of nmecRERUSHE2642 ncl udi ng
coval ent bondi ng, ionic bonding, hydrogen bondi ng, hydrophobic bondi ng

(i nvol ving van der Waals forces), for exanple, or conbinations thereof.
Definitions In thggteseRbuhibaOTaueRsdeR& ihalshaltivilmd &f 4 Binkii@ sy apply.

| sot hermal denaturing conditions refers to conditions effective to
denature a taﬁﬁ@t nol ecul e at a fixed tenperature. It can also involve
defined conditio h n

concentrati on, etgﬁgmﬁﬁlgﬁSéE%g&agﬁerngvBﬂéﬁﬁﬁ%%% an Pxﬁﬁ%hgvaluatlon of
vari ous COHpOﬂﬂdESfor a glven target. Denaturation signal refers to the

the m dpoi it of .t FEEHER: PHEREFaRGl oot bR TGt REMRl as determ ned by
differential scanﬂhggedaDGCﬂnﬁiaymeE@@Bter nol ecule refers to a separately

added nol ecul e su%? é ent dye or a covalently bonded reporter
group attached to 1SaP§ Pro ription of the Figures 4 a 8 July
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small volune as a function of tine. Figure 2. Fluorescence fluctuations

correlated for a diigwn nﬁh@eau&hecé@éﬁmbﬁ(O)salmm@ngwnséﬁenﬁt ic of a
t wo- photomﬂFQ§mh&§%5HgE@%quE|gure . DSC for S. aureus FenB.

Figure 8. Autocorrelation curves of HIV-1 Protease +/- PNU-A at 48°C
- for 20 minutes (8A) and 24 minutes (8B). A: unimolecular model; diffusion
 coefficient = 1.63 x 10°+ 0.11 x 105, G(0) =41.3 x 10° £ 1.78 x 10°. B:
unimolecular model; diffusion coefficient = 1.33 x 10°%£0.09 x 105 G(0) 292
15 x10%+11.7x10° |
Figure 9. Time-dependency of the change in the calculatéd 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 for ligands to a wide variety of
molecules, particularly proteins, including those with urknown function.
Significantly, the methods of the present invention eliminate the necessity of

, ramping temperatu:es up and down and should allow for much faster assay
25 development and higher throughput in an HTS or UHTS automated
* environment, The technology should be easily expandable to looking for
compounds that bind to RNA, DNA, a-acidic glycoprotein, and serum albumin,
for example.
Isothermal denaturation offers an attractive alternative method for
o 30 monitoring denaturation (e.g., unfolding of a target species) and for the
identification of binding ligands. It is amenable to HTS and UHTS.

5-



Figure 5. DSC for H V-1 protease. Figure 6. FenB autocorrel atigo"FhéaQQ/“es at
45C for 0 and 50 mnutes. Figure 7. Change in the calculated 0) value as
a function of FenB |0 denaturation tinme at 45C. Figure 8. Autocorrelation
curves of H V-1 Protease +1- PNU-A at 48C for 20 mnutes (8A) and 24

m nut es ( 8BYOo0¥481ni nol ecul ar nodel ; di ffusion coeffici edr/usbo/azg4sx 10 0. 11
x 10'6; ¢ 0) =41.3 x 10"3 1.78 x 10-3. B: uninol ecul ar nodel ; diffusion
coefficient = 1.33 x 10-6 0.09 x 10-1, G0) 292 25 x 10-3 11.7 x 10.
Figure 9. Tinge- A ' ‘ val ue of

H V-1 prot ea;f-gmﬂ %%%E%ﬁ%%%%%g%&gﬁ%ggﬂggaﬁggcé#&g&?éég%ﬂr@%uﬁrg%e% at 48C.

Det ai | ed Desdndeptndem affthePreetivgrrated Enbodi nents 20 The present invention is
directed to the uiﬁ f.i sgfther I degaturt‘gti%g Th%gmat odol ogy can be
used to screen for D f PRPAGERS PRt Bied PLSPRERPaLteraMRtiR 6% particul arly
proteins, i nGletsthingd bfsSutthd the HHKSTAMatirbiivG JF@ife targSl Podids £avédey, the

met hods of the present invention elinnate the necessity of ranping

t enper at ur &s ofrmnserties(a-caiethisroaras ARPINAT Grio gl 7P Y3 Bhestissay 25
devel opnment %?é?mﬁ%rg £ mby BAHMPRY et o AhorbidlR i@ RbfeLute €NVI ronment .

The technol ogy s € easily expandabl e to 00KI N or conpounds that
bind to RNA, titibindstosapd déportytondapratenal changes dsweinigdmathidesindoldingor exanpl e.

| sot hermal depaturation offer attr.acti | ter.nati.ve net.hod for 30
roni tor i ng dahmeearatlecls: Blofordf SpidiRitay BeCol BRSNS °f o “Che

i denti fi cati o, @fidgoim inpgrahirgfoofas. tarkét shiaa e nmboreiatecbulfes tkad UHTS. -5 8
July 2004 WO O /44&%7 EETQ)BJ 00/ 42642 Furt her Hore, t he naturation process
i s easily RofPrErT i stabLfy piAver 2 lopgperiof OL FS a3 WOl Pe fAeheat i ng rate. .
The choi ce ofy bgidRAledtinihe ased i n i sot hermal denaturation can be

1S

During the binding experiments, all components are maintained at one
‘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 isothermal denaturation is too low, the kinetics are 'too slow. Generally, it is
desirable to have a detectable amount of denaturing (e.g., unfoldiﬁg) ocecur
within abqut 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 femperature for isothermal denaturing is equal to the T,
value £ about 10°C of the target species as determined by DSC. More
preferably, this temperature is equal to or up to about 10°C less than the T,
25 value of the target species.” ' |
The target species, preferably together with a suitable reporter molecule
able to monitor its denaturation, is incubated in the presence and absence of the
test compound. In a preferred embodiment, the concentration of the target
- species and that of the reporter molecule are of comparable magnitude
i 30 (preferably, no greater than about 1 pM), but may require the reporter molecule

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

Y



determ ned by neasuring the rate of denaturation of the targetSJsup)é%?oés at a

series 5 of tenperatures (e.g., within a range of about 45C to about 75C).
These neasurenents nay be nade, for exanple, using a fluorescent reporter
nol ecule that binds to and reports conformati onal changes associated with
the unfolding of the target nolecule. Preferably, a prelimnary DSC scan
Is run to determine T. (mdpoint tenperature) of the target species in
appropriate [J ] . the: er a |long
o o of ¢ e geb Rl g AP R TRl SRot e neer BB MR ARNET e

bi ndi ng expéhitheatshe aétl paonmpo ressdys impemeatation] e dadrndnel sgiti‘sﬁdsally
terrperature[dg}areferﬁ Eﬁ]rabout 0, 2 whi ch is. chosen to produce a sl ow,

easi |y noni CYFBE o atier 4} sereesingras Yaen pgr Efle‘%)rotei n. If the tenperature of
15 i sot hermal de

Generally, it i S'F%%dé!g&%g%“tg&?gh avig@‘gé%ﬁ{ﬂreo "'Qlﬁ}% cge&\%ugﬁq%%iﬁgqgurl ng

(e.g., unfokbowg)pavtadarly fartHil'$ and bIHTﬁOTImsnﬂﬂmesc&ncé ardeculds drdrased
terrperature s too e jcs_are so fast, that the test conpound
woul d not bé&S @aflf?rngﬁﬁ?lF%eé?‘H’ém&eﬂf&{rﬁﬁcéﬁceﬁt&P ifuess With deatugaign: i ng, for

exanmpl e, i Npl0RGERRA ARIHRES qgtatﬁ’écti’b%f BeLEY in 1QRnAUET &Qﬁfﬁ?&tﬂiﬂd{ can

cause aggregation that could result in precipitation of the tar
Furt hernore ,qumtutmweldl fanaxtrémspe lytadded reploetet moileoutfmp @apmdmyonﬂyftonbi nd at

all. Prefer t he .de dte eraturefor denaturing is
equal to th(g %PEP&EIH;JB@E‘E gk on ngﬁeéartﬁ'i?te geﬁ :Fé‘gtlhﬁ“s aPECBIMECned by
DSC. More pﬁl?f]@fﬁiﬂré’sceﬁéy cii.lahﬁim?{e?a HeBsitres ﬁﬁﬂﬁigrci]ﬁhé’felﬁbﬂef' AR 1o10C | ess

than the Tm_ 25 value of the target specles t specl es,
preferably ﬂlfé@bﬁedemwmdafosmst@ﬂolﬂw targetr spaciaso| Bms) caltemluba d)btargen tor its

denaturation n,t.he pesen bsence of the test
conpound. tagﬂ%yb gﬂ%%%?*ﬁ?é% eF’f‘Félcc%%ccgar@? ation of the target
speci es and that h@thetrhethbapefﬂﬁrprmh@ﬁwfzﬁu&{ a2kt GRIRARALGrIRAMgude 30
(preferably, greater than about 1 M, but may require the reporter

nol ecul e tétabﬂlzahomt degahibizatianvey hﬁandselgtamﬁ’glsbthmhehdﬂmtumtm &ais t he
concent 4| Bl Byt 0ot i GRS} b e 6 a1
A531gnee 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 spectroscopy (FCS) to monitor denaturation of targets
isothermally. Such instruments are commercially available from ISS, Inc.,

- Urbana, Illinois and Zeiss Inc., Jena, Germany. One skilled in the art will
appreciate that a screening instrument can be built or modified to perform high
throughput screening of compounds that stabilize a target under isothermal
conditions. Thus, this new techndlogy has significant potential for adaptation

. to high- and ultrahigh-throughput screening in drug discovery.

Fluorescence correlation spectroscopy (FCS) is a technique that directly
measures the spontaneous fluorescence fluctuation of systems in

- thermodynamic equilibrium. It is an ultrasensitive technique operating at the
‘level of single fluorescent molecules diffusing in and out of the confocal

volume created by a focused laser beam. That is, in FCS, a sharply focused
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"hit" can be set prior to assay inplenentation, or deterninedzg#gxgg?ﬁcally
during or after all screening has been perfornmed. Fluorescence techni ques
are rapidly becom ng the detection nmethods of choice, particularly for HTS
and UHTS. Thus, fluorescence nolecules are used as the markers of choi ce.
Coupling fluorescence techniques with denaturation by isothermal nethods
Is attractive because in isothermal denaturation the quantumyield of an

extrinsi cal I ysepdsiash NRRGRERE A MRINGEIHeE vohurHEPERY SliuABR! 1Y 38“smﬁi‘%1flqa9% in
change in

protein folding and not on tenperature effects., Further, any
t he fl uor esdpically;basts umly iosk daniele e ofbthadnay ahdérhanalwsiont argived ecul e to

di fferent depatured f f th t.species. Thus, alteration of target
Stabi |1ty by GPBOIAAT dasarelbaet s cifhig B piuimbaiednones hods. of
the present gy ess icpﬁmsisaffgﬁioréﬁéﬁje%g}@ﬁﬁ%ﬁtwﬂ WO al %h%'?,'&é@&ﬁé on or

destabilizat]on by |igands against isothermal denaturation I's i
quanti fied byor|aginglcmedesulsoroar| tet ragistapéchr esypioyl FAS inatrginend, nhe

i ts' i ' di ication U. S.  Serial No.09/458,171
PP ed” DocenPREis e SeBrd S it ARBlvefihaer B3 biEhin Srnsiiicsing | 23,
2002, i sot hesharin dslenmhldedtdeOAICEBnAE ré&%ﬁ%gt RoAahe 'dErGor b K NRMES of

conpetitive inhibitors/ligands could bind to target species. € present
i nventi on dénelactestheeughhidie ponfacaly velfimefdre oecsdeein dde aprnil Eddnging to

spectroscop noni t or . depat ur at,i f targets isotherpally. Such
i nst r ument s%ﬁggf%nﬁéofgﬁcg}a 91051??5’1 .Saarg?é‘ti‘?rﬁ’giﬁ‘ﬁluosgfg frecorrelphion, seftwane] | noij s
and Zeiss | Mthe, ndghar ¢Rmdialesne el il@ginhRdt Reluatd ¥ '\irelhad%prtl‘f&ihate t hat

a screening instrument can be built or nodified to performhigh throughput
screeni ng ofcha@atsesriGansipgional diffisipn mess candetdetemaéned sot her mal

oo o TR PR oL DGR £ H e cover
FI uor escenc®bsaved nalearess peat defsredpyni{ FORImé §FiguteedNnanliehd Agffustin ect |y
reasu cs e SUILFASPI LhUS! RSRNES LELULON ST SNCLem e
the level genealighteabirdriassetul D FeSuiaects e tipb MepiitcanshoRthegts t he
confocal volunme created by a focused | aser beam That is, in FCS a
sharply f ocddggpity 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(1) = {<8 F(7) 8 F(t+o)>}/<F>
for the fluctuating signal reveals information about diffusion coefficients,
number of molecules, etc., and the G(t) curves vary dependent upon molecular
diffusion weights. Definitions of the symbols in the above equation are:
‘ T represents the correlation time constant; <F> the average total fluorescence;
F(’E) and F(t+t) are the fluorescence values measured during the correlation
time-constant and at time t plus the correlation time-constant.
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. This constant derives from the volume swept out by the two-photon

laser beam
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-7 8 July 2004 | aser beamillum nates a fentoliter vol une. ThiasJu\%‘?'(t}Jor?e IS
so small that it typically hosts only one particle out of the many under

- analysis at a given nonent in tine. The single nolecul es diffusing through
the illum nated volune give rise to bursts of fluorescence |ight quanta.
Each individual burst, resulting froma single nolecule, can be
registered. In a typical FCS instrunent, the photons are recorded in a
time resolv M s ' Si Live. Si - t ' devi ce.
AT st gnal s oo PPl 0T Chn R RS i Biaal dlfon QRO DAT GG  hrough
t he conf ocalsestiiniratowy snd waoepetimentdlyqidanintnedel onging to particul ar
fluorescing nolecules are identified using autocorrel ation software. The
nunber of ol eculte$chemativerapresgntation of autrcgrelateds funstipnsmof tG{g) wersus

characteri stj lali diffusji on tines be determ ned. The

spont aneousﬂrﬁ%g{hggez efg%: é"%ﬁﬂl& ﬁ%{}} §'§f%8 JEREP s %?g‘?rﬂét THiTERratops Bifser ved
mol ecul es i pivendeddlade, URi diffe@nt NBRnfrh@HbR dD) theaMblbdMte, Ibrf fsUSkOBther
coefficient and the kinetic coefficients of the systemare two quantities
that are g®hgsigalloxplapatien éushowm ipdiigiredl ar, FCS detects the time-dependent

dorive Trom B owieanersed ShEREEERE obfubeRen SISRESEN Reratulr 68
bi ndi ng. Anahyﬁ&a%efﬂdd@&tﬁh%ﬁlg@??&?%ﬁm th @}eesq%taﬁterlaﬁ S ORE ML EILRE LN

function, Qz) =1<8 F('r) 6 >)/<F> fort uctuating siI gnal
reveal s i nf erofetulembe obsedied: lis ipoinciphe FOSciannthsasurensingle rmelbcuted @l es,
etc., a t ti.) curves. vary dependent upon nol ecul ar diffusion
wei ght sagDeFf%ﬁquﬁ% ngth"’c ﬁ@%%l’gﬁﬁ RXiep@ tome hundigdnof ginasesonds teepr esent s
the correl atbQpgki 8RS ha Y I t f.l uar nce:  F(ti)
and F(t+i) are t%’e Puoreécencoe]él\jg?%cleggﬁ%i/eogqssﬁc%gﬁ&guoﬁlibneélllél ﬁgﬁg%grlglﬂéjt I on
ti me- const ambsawel atlutcrof 0t] fintsliteh@Lyer 1.01fBL i on time-constant. Lastly
G(ti) extrapol at% to zero tinme, i.e., the 0) value, represents the
number of nol ecull®§ RRsephéneRper demmnaiaten ‘CSean beorsedtaripeasurekam et
?:Lé’m RE\SII ?‘_?énnaf QSh vt Rion 6P talpggtg §}?eaas ((%.%.7,58r6teamr§ aﬁg lffa{err%gneaif' kno%InOphys'
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
mvention. 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 example, polarization, intensity, lifetime, etc., an FCS instrument
with micro-titer plate capability offers a powerful method for quickly screening
large chemical Ii‘praﬁes to identify potential drug-leads.

Alternatively, one skilled in the art can use the same fluorescent dyeé in the

25  same manner as described above for isothermal denaturation.
| In order to be able to work at low target concentrations with isothermal
denaturation using FCS, one typically and preferably; uses no greater than about
- 50 nM of the reporter molecule. With isothermal denaturation by FCS it.is
desirable when using exfrinsic but not covalent reporter molecules, 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 proteins, this is typically

9.



12 (1996). For the equi pment used in the studies of the presenat‘hf%ég%ion,
di vision of the constant value 0.076 by the 0) value yields the nunber of
nol ecul.es. This constant derives fromthe vol une swept out by the

t wo- photon | aser beam -8 8 July 2004 defined by, for exanple, a

Gaussi an- Love#t/#486h equati on (see the Data Anal yses sectbPomussekmad and was
experinentally determ ned. A schematic representation of autocorrelated
functions of t) versus tine where, for exanple, each curve represents

di fferent con%(gd?hg?[hés%h%% gf“fé%ﬁhé’%‘?m’%ggﬁm gfﬁ{lago%ig_n}heconf ormation

of the nol ecu ysical® e atron, “I's shown in Figure 2.
The observed fdpottrmailécsles shyiblalfagirefembly Sinwt lowtatiosty ortthe tdtize tamgti t ude of

t he average f tugtipn bein ropartiongl to the sguare roat of N, the
number of  nol Ctdﬁ’g?f@'grlcﬂcﬁn%%)s@}e\f% ve {afﬁeg'iﬂ?%‘%’m"g‘?"“@&m@éﬁl ure single
mol ecul es and old? atwide doncentration radgeloR @réferably sdvad ot sy 16 ¥ieenRbvd tagggd hundr eds of
‘nanoseconds to econds, with | ow ar;g&rp’ftl@%{ concentrations, capabl e of being

s
detected ir aﬁt_a”o yedpes pat bsomsra lig Bippliyesingerqoppopnd) 0 L. The
present i nventibafesh@ARasdodbaRSutldAfus Eénmpdials (S MBS86 st Por Rdgddee thermal

denaturation of . target sgecies (e.g. ,a%({)rotel ns) and determne if known 15
conpetitive i Betvesnabpat309 sanemstesdgmy ard shom 40Pa, Hegepasst melebds. The resul ts

are conpar abl g, ' . thod t of the
denat uration %Oﬁgtérifgégyg%eféﬁggagogﬁfée@gﬁdﬁet ec%P%E%%ﬁ%%ggggnfi rms that
the sanme unf cimfiongdsintedes.ses, excitative atapontet®s mmenhd esiissipntahsbowes Ifods of t he
present ipvention. Since it is relatively easy to | abel covalently the
target nol cul"® 20 wi t hout any subsequent concern about how to neasure the

fluorescence, as Spheaperertleciies (exaliracend dyed) irg séh@siciallit ensi ty,
el 550 RSk I gt S b OBl gL | o1
i dentify pot epdighity whénBoun€ asisydrophbisic Rtony 6f the taonendlechie €dndse the art can
use the same fluorescent dyes in the ‘ ' .

include SYPRO Orarige, SYPRO Red, Nano Orange, Nile Red, 1-

15 éniﬁnonaphthalene—S—squonic acid (1,8-AN S), and dapoxylbutylsulfonamide

(DBS) as well as other dapoxyl analogs. Nano Orange fluorescence provides an

ultra-sensitive dye with a linear fluorescence range for quantification of proteins

in soiutioﬁ of about 10 nanografnsfmilliliter (ng/mL) to about 10

micrograms/milliliter (ug/mlL) with a very low background fluorescence.

20 SYPRO Orange and SYPRO Red are used for gel staining with sensitivity as

goad 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,S-AN S has been used extensively for many years to monitor the unfolding of

proteins; however, its quantum yield when bound to the denatured protein is

| 25  much lower thazi those of the dyes discussed above and, thus, would require the

use of large quantities of protein and reporter molecule in the assays. DBS isa

refatively new, solvatochromic dye whose fluorescence emission may shift as

much as 100 nm upon changing the environment. Due to its lower excitation

and emission wavelengths, however, it is less desirable than Nano Orange,

30 . SYPRO Orange, or SYPRO Red for HTS.
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25 same manner as described above for isothernal denaturation.S‘fuﬁy%?Oéler to
be able to work at | ow target concentrations with isothermal denaturation
using FCS, one typically and. preferably, uses no greater than about 50 nM
of the reporter nolecule. Wth isothermal denaturation by FCS it is
desirabl e WWEA14MI"hg extrinsic but not coval ent reporter BEIEWNHIEEL t hat
the 3.0 quorescence of the extrinsically added dyes bound to denatured

target should be least 2-fold greater than to native target. For
proteins, this is Aypeadstahe re?oﬁer%ﬁlaeux%q;%sé@n%&f%%zxtypﬁé&@&/ 42642
acconpanled by the exposure of the hydrophobic regions of the protein. The

reporter nol edamtﬂasessﬂ'imubMItsgdquﬂed @rﬁbﬂippmhmﬂe be geedbr isotherpal or t he native
target.  Thal b SnddlE Bt ARGPRERoRkal ISR bYEHALURI R Lor ol coul €

complex is |i over 4 W 'on Tange or erably, does not
bind to the nqiecmecahafegeibnﬁnaib)ahéasmmgtﬂmﬂudréscdmesfmgnuerbeporre a ligand

dtself Final I%/, singe c ound :lbrarl enerag.l éﬁcont al n nuner ous
conpounds thatonsEeBRen BPorfqr fglesuig dn 58’%\%’8 BEGEE%00 nanoneters (nm
and about 400¢4Bnthaliens’df B/ defiturd®@latRtRcieSiAthshapve tegalepichiave excitation

and em ssion in the visible .region where few conpounds interfere, e.g.,
excitation at Kawugtlw@im%%dgeme%qteﬁptapﬁa%&?n@m‘saﬁ%@ fi%  Such reporter

mol ecul es (e. ﬂ Sl &&Eiﬂ&eéiﬁ'@:%l)m@ét% ok@ld y available fromsources
such as Mol ecu Ore cPro (Eugene, I uor esce brightly when bound to

hydr ophobi ¢ r eg| orls addmom@, @rein&j@d Oﬁnlbl@g ub@ovaﬁcrééleloreman repisteSYPRO Or ange,
S1PE0 e AN s kel A ARRARN BLADE B o o
anal ogs. Nanoodfamaygee targen smreehbdeqamallent@swﬂna paif ofi fluospharies.ioneoflye with a
about 10 nanoBPERERPERE A Brestitgy phhe P seeios BRlTeat maeR 1 11 ter.
(ug/ L) with ghedied dhahged/teaaisaicdnHr ﬂilstdﬂcfee seresatthe A0 SXIPbIBotsahge and SYPRO
Red are used de?l;m?a%lon ?sta%::o%pr;%lc\cllmb; Qha?sgerg;snll {Jc\)/rlegc)énc%s By iabeling 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 experﬁnents éau 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 skilled in the art can make appropriate decisions and/or
| experimentally determine appropriate buffer systems (pH, ionic strength, ionic
-25  co-factors, _etc.).‘ For example, the isolectric point (pl) of a protein molecule
would help determine what pH would be useful in these studies.
In practice, the methods of the present invention can be carried outina
multi-reservoir sample holder, such as a microtiter plate. Typically, all
components but the farget species are added and the multi-reservoir sample

30 holder is held at the appropriate temperaﬁlre for a period of time. After thermal

equilibrium is reached, the sample holder is preferably transferred to a station
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good as silver staining. The basis for the increase in fl uoressc'élf%go% t he
dyes wth protein denaturation is their binding to newy exposed

hydr ophobi c sites. 1, 8-ANS has been used extensively for many years to
nmoni tor the unfolding of proteins; however, its quantumyield when bound
to the dend¥UPM8i3rotein is 25 nuch lower than those of FREUEIEESE scussed
above and, thus, would require the wuse of large quantities of protein and
reporter nolecule in the assays. DBS is a relatively new, solvatochromc
dye whose fl| Ugh&s iR Mrfet SRS {sQAdSHRY all RisErlvo@s prefitsly amuftdRonyly. Upon changi ng
the environment. Due to'its |ower excitation and em ssion wavel engths,
however, it iBheredg-rersspirsunrle helder ingypisaldy galgdprigdoe addiigoredagy ange, or SYPRO
Red for HTS. I ; ' fl uorescent
reporter nol ecé)tq}% 8§%ﬁgs%r-§%&§%eygﬁggr%§%§# 5@%‘%{?@%@%@%& tﬁ%Deiscr eases when
bound to a desadead aplasiifethesting ovhich scainthb platesstad isfsoored sublea way thatienat ur at i on.

The affinity of.a fluyorescent r Kt | ecule ftoward a roet species
can be ‘detérnﬁ%ﬁmﬁifle%eﬁsé]%lpﬂﬁe&'agﬁgbﬁ%%ﬁgr ¢ Oﬁﬁseaf%f %“"&f%ﬁ. Tconcentration
of the repor tiatrodiliecof te: target pecig B enpgle bblderic cidppirigferredncent r at i ons of
t he denatured target species and the native target species. Know ng the
affinity theﬂ“&qlqu%YWﬁ.@aPﬁonﬁl“f‘?ﬁtef?r ‘H’ée%jb‘}&,tg?l Gy nélﬁﬂilﬁétO f1 uor escent
reporter nol eguh&ibhiet Bk ho@ink AndiliRtetPraS HeshBE CAR Stepd AAnde gedidrRidd t 0, Of
instead of, using noncoval ent fluorescent reporter 10 nol ecules that are
added to a misthermanyplly ¢rdyrehot axdssislind and target species, one nay use
target spegies | ahaled, SauabERFE iveRal f -[glq[?gres, one of

whi ch queﬁlghes thteih “uuérlgéélcence ofp tshlgloteﬁgédj’ﬁ%edg%%gﬁun ol ding of the
target speci®sgeaskandesd HIE-1ipnteaspshelatitrdan thiiabsearcad presenveefiat he two

fl uor ophores,, the. .denat uratj iyS-accaompani ed by changes_i.n f.l uorescence.
By | abeling tlﬂ](gwgﬂpgbl{f’é’ YoAr %Jgfugtseg‘em PR eglﬁgtc(ftﬁx%a%@ svyastq%‘%eddenat uration
at different aiddbabgeriatherdiffisionsocficientad theqnottinras thonffoed bpFQ®t speci es t hat

hay e arelat I_ vely ’Itl]1|e gx?zyrdn% @ﬁ'bﬁrpa}'géegsg egu'estrsrpag aa}nlljgr.e'['hese 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 dissociéting
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.
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the experinents can be perfornmed in the presence of a chaotro;?e‘f”%%%% as
urea, guanidi ne hydrochloride, organic solvents, or any other reagents
that pronote 20 protein denaturation without unduly interfering with

bi nding of the reporter nolecule with the target species. The exact
experi ment YO BM#I7t i ons for denaturation of each target REBIUSBU2642wi | |
vary. One skilled in the art can nmake appropri ate deci sions and/or
experinmental |y determ ne appropriate huffer systens (pH, ionic strength,

ionic 25 co-f QEeﬁm%ﬁ&vhmgﬁﬂBefﬁéﬁﬂi@ﬁQemgx?ﬁiohiﬂdﬁﬂﬁifiiaﬁorpg} nt (pl) of a

protein nolecule would.help deternm ne wh 1 woul d be useful in these
studi es. | n pligaods againstiinthempalignpturation ¢aa bp qeantified by kEh andghatdkin be carried
out ina nmultj-res | aml r . 35, 1 €1 04 | | at e.

Typi cal Ly, a1 GERElokEh TR A, iR, U B 7

mul ti-reservascteesiagpl e 30 holder is held at the appropriate tenperature for
a period of tine. After, thermal uilLbriumis reach he, sanpl e hol der
is preferaBly tra é?epg’ﬂofﬁmzi’regflg Vﬁﬂnqnlcfﬂgjsﬁﬁ?k}se %@%6‘1" 44817

PCT/ US00/ 426 43N a@arkdt 6pdeits JBluoR BRAI BSs tdh b3 dEkaio tovalintly [B81QAYOI I'S,
preferably simult aneouslf\l(. -The nul ti-reservoir_sanple haolder is typically

seal ed prior MepritgnthetapHiq ﬁ%ﬁnoﬂﬁﬁﬁ%%#ﬁ@de%mé@&ﬂfﬂl@,mﬁuﬁ crotiter
plate can 'n%ﬁwﬁc&@mmmhemg%ﬁ aredeer! Aﬁeﬁkﬁiﬁdn?of%ee“ ng which

seals the plate but is scored In such a \A@%zethat 5 mcrotiter tip easily
penetrat es i texpressed RNA mplepde,dhao¥'aiboss isoxidized andlabeled accoxflingto i nt r oduct i on

of the target ' npl e holder is either transferred inmmediately
to an apprlgpr?uz’p%%ggfdé%c%}gr%%gr readi ng the denaturation signal or to an

i ncubat or *f orapohdimgrabed dom/kietibeikisenions 03RimBd ExéinplesoBRiNAcan be
AR R s (s SN
pr ot easel, theﬂ-@ﬁ(ﬁ\ﬁieﬁm, beeh@hlm]g_gdlmmﬂmea);@) R%IAJ{p;@mJiSﬂlhi Ei tor,
wer e eval uated. The neasurenent nat uration_was, base n a change in
the di f1us: orlCBeEY T ECHEISH: ShdOBs d00s (SRR TBH P\ Araoiys FESA

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,
37,14204-14212 (1998)); 2) tobramycin ((Cho et al., Biochemistry, 37, 4985-
4992 (1998)); and 3) Kanamycin and other aminoglycides (Wong et al.,

20 Chemisfry 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 conditions. Similarly, as for protein targets, a large
collection of compounds can be tested in high-throughput screening to

25 détermine whether any might bind to, and stabilize, these nucleic acid structures
under isothermal denaturation conditions. These compounds can be tested

singly or as combinations of several compounds.

Having generally described the invention, the same will be more readily
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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The enzynme HI V-1 protease exists as a dinmer. These data are bf3'g¥29%% S
nost intriguing - in that the apparent diffusion coefficient increases and
then decreases. This observation can be interpreted as first the diner
dissociatin% i nto mononers with possibly some concurrent denaturation

fol I oned byWOEH & ur ati on and/ or aggregation. The cal cul RESAULIFIEEL on
coefficients are what would be expected for a protein of this size that
dedi nmeri zes and/ or then 20 denatures. More inportantly, the concept of
stabilizing ayﬁg@%ggred protein was denonstrated using the conpetitive

H V-1 protease I nhibitor PNU 140690, which has the follow ng structure.
-12 8 July 20Q4 Vwﬁﬁyj4é817 PCT/ US0O0/ 42642 These results show that, indeed,
protein denatdrati t stabilization by I|igands agai nst isothernal
denaturation can be quantified by FCS and that this new technol ogy has
significant pg{e§g%§$wfor adaptation to ultra high-throughput screening. 5
The met hod of the present invention can also be used with RNA and DNA as a
target species. Fl Qesgos Gewrh™tivacaceamidecdipsey buglscifomaimaRy dna | abel and
nmonitor the transitjian Eron1an rdered to a disordered RNA structure

i ncl ude flLofleesReHL is ,W@?éﬁﬁﬁ fram Melecular Reghes,i 5ol at i on of

the expresseg.EhA OR! e64HE, solfi@mEartohR8fthiotraitol, FhorariNfsddre! ed
according to 1 ubl i shed protocols (e.” g.

http:// ww. pr Dhesphaai-memaiershansle sedium s¢etd® 2lykernl, 3ud Sdimnyihiaridsf RNA

o cul e kg A G AR G615l 49, SPEATE I 1,V
i o Mt haner o s s 2,
LiSgagsokng%nh%@””ﬁ?ﬁﬂé¥%“?W@ggﬁbggﬂﬁ%ﬁﬂbgmgﬁgﬂﬁﬁFec@%@gi@&%&»1) Neonyci n
ot her am noghyeqsirdh@sed fonbPidick ChemizalIfiR 6KIGH, IEOBPROGA #s6 Dékitingt al .,

Bi ochem stry, , 14204- . 14212 998)): 2) tobramycin Cho et al.,
g Ggﬁ%ﬁgzggplumns were pug'c ed)ﬁ.)om Bi)oRagL{fe gycien'ce R(egea.rch,

Bi ochem stry,
' ' Hercules, CA. Micron microconcentrators (10,000 MWCO, < 500 pL) were
cobtained from Amicon Millipore Corp., Bedford, MA. The composition of the
"~ 15 buffers used in these studies were: for S. gureus FemB, 50 mM NaHCO;, 1 mM

DTT, pH 9.0.

B. Equipment

Fluorescence Correlation Spectroscopy. The fluorescence correlation

20 spectroscopy equipment was built by personnel in the Laboratory of
Fluorescence Dynamics (LFD) under the direction of Dr. Enrico Gratton at the
- University of [llinois (Berland et al., Biophysical J_oumg, 68, 694-701 (1993);
Chen et al., Biophysical Journal, 77, 553-567 (1999)). A schematic is shown in

Figure 3. It consisted of a Zeiss axiovert microscope, argon (not shown) and
25  titanium-sapphire lasers in series, a phofomultiplier fube (PMT) or an avalanche
‘ photodiode (APD) as detectors, an autocorrelator and computer with an
autocorrelation card. Similar results can be obtained with commercially
available instruments such as those sold by ISS, Inc., Urbana, lllinois and by

Zeiss Inc., Jena, Germany. The parameters generated by the instrument,

-14-



4992 (1998)); and 3) Kanamycin and ot her am nogl yci des (Wng e%JUA)f.Z?MZO
Chem stry and Biol ogy, 5, 397-406 (1998)). Just as known |igands for

prot ei naceous targets stabilize their structures under isothernmal
conditions, these known |igands stabilize their cognate RNA nol ecul es
under sim WP tions. Similarly, as for protein targdt@/UR42584e

col l ection of conpounds can be tested in high-throughput screening to 25
determ ne whether any mght bind to, and stabilize, these nucleic acid
structures !J@%%&aﬂ)sﬁfﬁx@ﬁmcgﬁﬂﬁﬁlﬁ@nﬁta}é)tﬁem%@@@&mﬁ&ﬁﬁ&n%mounds can
be tested singly or as conbinations of several conpounds. Having generally
descri bed t heinstmment usnd at thia & Fnttheffniversiy oflirois.eadi |y 30 . under st ood by
reference to the fgldow. . . i . |« ‘ y of

1 st raci on and SOMeplEEER Aot PindtRiPiGhEaang®] 16 1) 14017
PCT/ US00/ 4264 xpefianty ere periofdrtdesing ks ME-2 BagemitiveQiffgorialGeaating

| odoacet am de, .dapox b | sul-fo L, de, a 5 fluorescein isothiocyanate
(FITC) were paﬁlwr‘g%%‘yotjfﬁﬁﬁ%ﬂ&#&%@‘rfnh‘WB% 3 Eugene, OR Tris-HO, sodium
carbonate, dithiotbreitol, nono- and di sodium phosphate,

P- mer capt oet hanol ,_ sodi. um acetate, glycerol, and sodiumchloride were

pur chased frobhSi gmﬂ!&ﬂﬂri ch, St. Louis, MO Ethylene glycol and acetic
acid were obtained from Mal linckrodt Laboratory Chemi cals, A Division of 10
Mal |'i nckrodt Rakpitterddifal ScaBlide! CNeddégy NJ. Slide-A-Lyzer (2,000 MACO) were
purchased from Pierce Chem cal, Rockford, IL. Bio-CGel P-6 Desalting Cels
spi n col ums wer e Baseinieasen colenadBpReldenzyme wibibefferan Rethdlzrsatmple Her cul es,

CA. Mcron_mcrpconcentrators (10, 00 .. 1g 500 L re obtained from
A con M 119 pETeRER P Sahmgss PR gss R o ot 1 KRR Dt ors used
in these studigs et & 9PO! THe DRCNAN Syd fRou OthiErdlaireRyice befdfe

coliecting data for an enzyme to establish a thermal history. Buffer was then

removed from the sample cell and enzyme at aj)pro:cjmately 1-2 mg/ml. was
placed in the cell. DSC data were collected for the enzyme from 25°C to 98°C
15 atascan rate of 1°C/minute. The calorimeter was cyclied back to 25°C and
| protein solution was rescanned to 90°C. Reference baselines were subtracted
from sample 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 (Ehlért etal, J. Bacteriol.,, 179, 7573-7576 (1997) and
25 Tschierske et al., FEMS Microbiol. Lett., 153, 261-264 {1997)) was dissolved in
| 50 mM carbonate buffer, pH 9.0, plus 1 mM dithiothreitol forming a solution of
2.2 mg/mL (43 pM). FITC (100 mg) was dissolved in 100% dimethylsulfoxide
(DMSO) at 50 mM and an aliquot diluted to 5 mM in DMSO. The profein was
| "diluted in the same buffer to 20 pM in two 200 pL aliquots and 0.8 pl of 5 mM

-15-



DIT, pH 9.0. B. Equi pnent Fluorescence Correl ati on Spect roscogp‘ilu.Iy %‘?1%4
fluorescence correlation 20 spectroscopy equi pnent was built by personnel
in the Laboratory of Fluorescence Dynam cs (LFD) under the direction of
Dr. Enrico Gaafton_at the University of Illinois (Berland et al.

Bi ophysi cal YJbUf#Elf, 68, 694-701 (1995); Chen et al., Bi B%W%q"{‘,‘%ﬁ“zJournal
77, 553-567 (1999)). A schematic is showmn in Figure 3. It consisted of a
Zei ss axi overt mcroscope, argon (not shown) and 25 titani um sapphire

| asers in seri@¥C vhsBIQHOTH fehdiohSwerk dldewddR) Floctid dilicespbBiBifs, phot odi ode
(APD) as detectors, an autocorrelator and conputer with an autocorrelation

card. Similar Peiigthis timssigBeBigheld-6 eelumpt Were sanibrated it th’f’aval | abl e
instruments sugi@Syb bﬁ%@ﬁ&%ﬂm thSRandfiurer 59&%@& prl)iow d by Zeiss

I nc., Jena, GCernany. e paraneters generate e |nstr nrent -14 8 July
2004 WD 01/ 448ﬂBOWEMQOﬁmu@ﬁatT@sp@@nwlnwftﬁea@acuhemixﬁSeH@SpMsaﬁas unment, are

t he sane as th ai from instrupent the LFD of the
Uni versity ,8 qtﬁ%? Pn%qbfné‘i’séﬂ{lf“ﬁf r@c"ﬁaﬁrﬂ “g“"éaﬁ'? Fﬁﬁw Y8 fferenti al
scanni ng cal Ofdoﬂedtéwmﬂ)ﬂmm\mﬁ répRited. PElick©$erbill ehsanBOverdIcobined

ultra-sensitive different.i scan 5 calorineter, fromMcrocal, Inc.
Nor t hanpt on, N#&d c?qce“tﬁ?é‘fdﬁﬁ% W&D&ﬁiora%m%%ﬁm‘)ﬂ@ adOKJRickAS ry Basel i nes

vere col | ect e%&m@@ﬁ&ﬁﬁw bm&mabwfmrreteﬁtae%ab cbI¥Bred BAPHiGided 10 and

reference cells (cell volunme was 1. using a scan rate of 1 C mnute
from25C to 90@omm@e®styo&m@m¢teﬂmwg¢m Kyotyyyas ceadunted tywi ce bef or e
col l ecti ng ,gat F& o) I Buf f er was
t hen rem)vgd rom elsgg&x e cefj%gﬁ%héeﬁgn%%& Igéﬁ?rgé(lﬁergt%fy 1-2 ng/ nL

was placed i rm&tbrmlmihsed[ﬁﬁ‘eﬂﬁ&iatumesbblml I ected for the enzyme from 25C to
90C : .

HIV-1 Protease. HIV-1 Protease was extensively dialyzed against 0.1 M
sodium phosphate, 0.05% NaNj, pH 6.5, at 5°C, using a Pierce Slide—A—L‘_srzer'IM
15 (2,000 MWCO). The protease concentration was approximately 1 mg/mL..
There was a slight turbidity after dialysis. Protease recovery was assumed to be
100% (53 nanomoles in 1.1 mL).
. A freshly prepared solution of Oregon Green™ Iodoacetamide
(Molecular Probes Inc., Cat. No. 0-6010; approximately 1¢ 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 8 hours another addition
of a 4-fold molar excess was made. After each addition the solution was gently
but thoroughly mixed. Incubations were without agitation at 5°C and continued
_ for 16 hours after the last addition.
.25 The Oregon Green /Protease reaction mixture had a significant yellow
precipitate and this precipitate was solubilized by ﬂle addition of a small volume
of glacial acetic acid. The resuiting clear solution was chromatographed over a
Bio-Gel P-6 Desalting Gel™ column (0.9 cm x 25 cm) using 50%
volume/volume (v/v) glacial acetic acid/distilled-water as the eluant. The 2.3
30 mkL 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
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15 at a scan rate of 1C mnute. The calorineter was cycl ed bachJL%yoz%C and
protein solution was rescanned to 90C. Reference baselines were subtracted
fromsanple DSC data. Al'l solutions were degassed prior to DSC col |l ections.
The DSC Y-axis was calibrated using known el ectrical heat pul ses.

Tenper at ur ewoal/iadsrrat i on was perforned usi ng n-oct adecane pamraisto/43642

hexatri acont ane standards which nelt at 28.2C and 75.9C, respectively. B.
Labeling of Proteins S. aureus FenB. The protein, S. aureus FenB with a

nol ecul ar siz 50,.804 ( |oI , 1.7.9,
7573- 7576 (193’#%&%?%“’% &@é’@@*“‘éﬁ%ﬁﬂ‘i’%% Tortr i 153,
261- 264 -( 1997 )grashist OQJN?CHtBQﬂudlﬁg4ﬁﬁlﬁélﬁlﬁlamﬂﬂL6fM$ﬁer @M. 0, plus 1 mM
di thi othreitol forn1n a solution of 2. g&/nL (43 FITC 100 ng) was

)

di ssol ved in EoBeida ¥y elycerek f¥e/v ethriem)elvepl, § mlYhdithiothreiiol o quot di | ut ed

o 200 UL al Q) des Rl B Polt sofiliblihS0c viu e 358, M Sim i 17 M 1
PCT/ US00/ 4254%djﬁht&'d:wmhnﬂmdﬂt@ of Zhh¢o 4.8athe furd pHef theablutoeafidr o proceed on ice
for 60 m nutes. rln‘g time eight BioGel P-6 columms were

equi | i brated WAYHoR aNa‘E#CCB/ DTT buffer followi ng the manufacturers

suggest ed protocol Ih@g@mmnagoonﬁ{gata@pﬁ@sémsoafﬂcmﬂﬁﬁer@tmec A portion of
the reaction mxture (100 uL) was 5 added to four P-6 colums and material

was col | ect ed evatpateddor Q{fé?ﬂG%ﬁ% coprenktiondy sranctipp and Epeteastas r epeat ed.
These second %bmmo%f Smind FH ARy si A Re GOPEAHhE@E Bukd HelddRirdihg ON

concentrator using a filter wth a 10K 'mcron size cut-off Ilimt with one
buf fer wash Thegondiren Acencenustiondd o4 19d. Aminaiioid atalysisiestallishéd e equal

vol ume al i-quo 10. 5 ... On | i.quot v.al uat.ed 10. HPLC anal ysi s and
det er ni ned th&’f"té‘?ﬁe WP&%"‘%@&?%‘%%F‘PW&%?‘H&?:9%#\‘%53“%‘5&. al was used
in the FCS stlpfht@ﬁebﬁhmwdghﬁbflmﬁmuﬂas&necbﬂléénﬂmtian@ifeas@;yvmtnﬁxtensi vely

0
gl g! gf gg glg:’:lld g;gsrt elg g@y R}S{glg i)r%gt]lct o? e Ii]oadoacetamlggcé)njj\jugggd cystgm% Sas & 5C using

" 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™ Iodoacetamide.

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 oM
in the appropriate buffer, rapidly mixed, and an aliquot was removed at various
time points. For S. aureus FemB, HIV-1 protease, or for HIV-1 protease co-
incubated with PNU-140690 (structure listed above), time points were taken

25 from 0 to 60 minutes. '

This material was diluted to 10nM in a 2.0 mb teflon chamber already
located on the microscope stage containing the same buffer at room
temperature. The solution was thoroughly mixed and data were acquired

. 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 binned using P-Wave software

and immediately assessed using N-Fit software. Binning combines the
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15 (2,000 MACO). The protease concentration. was approxi nat el ?Jflyn'%gorﬁ.
There was a slight turbidity after dialysis. Protease recovery was assuned
to be 100% (53 nanonples in.1.1 nL). A freshly prepared solution of O egon
G een | odoacetanm de (Ml ecular Probes Inc., Cat. No. 0-6010;

appr oxi mat avgon4dsirM i n DMSO) was 20 added at zero and 5 Hoanusso/4r642

i ncubation to achieve at each tine a 3-fold nolar ratio of Oregon GeenTM
to protease. At approximately S hours another addition of a 4-fold nolar

excess was nage. After ch dition. th | ut | n but
t hor oughl y ni %@%IFSOF%cc%Eaéé |'oinrll%gls\/\%ornég%l1 gﬁtﬁg%edéetn(ag??‘\gﬁwﬁtggg@%rf\% conti nued
for 16 hours akteabfitvive ptapsdmsatighidyed at the BFIPh Pafavdddiiotied @niflh Pr ot ease

reaction m xture had signjficant yellow  preci.,pitate and this precipitate
s sol Ubi | { 2 EEPeBPER ARG SecHpr el shatird. RGNS oo PEE ol acetic aci d.
The resul tingcghfedsed ok Blnk@ Andlfss. Ghe ISRFOY irdR{Aa6ht PY¥@sma sinBiap- Gel P- 6
Desalting Gel TM colum (0.9 cm x 25 cn) using 50% vol une/ vol ume (v/v)

gl aci al. acek i anahpsingrsgnriciaprompuistional packagedhitsames withthe istrumentn{  of  yel | ow
solution eluting with the solvent front was retained as the Oregon G eenTM
conjugated H V-1 Protease. This was concentrated to 0.9 nL using a -16 8

July 2004 WO ®1/Dt8AnalpeF/ US00/ 42642 Pall Filtron Orega Cel | TM 3, 000 MACO),

avai l abl e from Paly r shinat .at .ng 45 psi

hel ium Five nL o%%ﬁ%’%ﬁ%%%ﬁ%r\%ﬁ?&g%gw Ehaac%‘?‘&i%%tg&\?egl ycerol, 5%
v/v et hyl ene @NMCSH) fittingpkdgdich based bt ehat dikclogatlin Badokweisalgdded to t he

pr ot ease solu“ona.ngm' r.ap) ,Xi ng_ .and the was 5, adjusted within
the range Y A b i -%B“?ﬁﬁ%ﬁq)@ﬁe B used RS ¥R 2 equi 1 i brat i on

was 4.8. The sgbMhiokRulf spesigg:ugat ed protease was 0.2 micron filtered and
eval uated for Oregon G een concentration by extinction and for protease
concentration by am no acid analysis. Spectrophotonetric results determ ned

an 0 Oregon & een /IREPLIASS B HockMbithet ity 201 d anal ysis establ i shed
a | J(1+ 1487 * Diff — Coeffic * binned — time) i .

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. gureus FemB and for
HIV-] protease demonstrated that the G(0) and diffusion coefficient values
obtained for the native and denatured species from this analysis were identical
to those calculated by the single species analysis for the completely native or
completely dcn.':tmred proteins. These results, plus the fact that changeé in the

25 apparent diffusion coefficient values were being monitored, justifies a single
species analysis. The data were analyzed with Weighﬁng values of either Zéro or
single inverse weighting. The former places equivalent value on all data points;
the latter gives greater weight to those points that lie on the curvature of the

- theoretical fit. Determination of which weighting factor is more appropriate is
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prot ease concentration of 18 mcrogranms/nm which is 0.95 pM asss'{JurlP{%%Ma
prot ease fornmula weight of 19 kD. Al so, the concentration of

car boxy-net hyl - cysteine (a hydrolysis product of the iodoacetam de
conjugated cysteine) was estimated at 1.8 uM All of these results are
consi st ent Wad4dsinearly conplete i5 reaction between theperosgsbdabe

sul fhydryl of H V-1 Protease and the Oregon G een |odoacetam de. C FCS

| sot hermal Studies M-<crofuge tubes containing 1.5 nL buffer were placed in

a pre- 20 equilibra 48C wat er . bat d the tenperature was. nonitored
with a telet ﬁé?e%ﬁegfgr%wv&%ﬁsqeg%ﬁeﬁﬂ orcfical lift‘?ng?rﬁﬁﬂ?“%r%ﬁ'épﬁ was added
to 100 nM i nedidalsgppiaat dndiothebsthtistical afidtysedd| y mi xed, and an al i quot was
renoved at various tine points. For S. aureus FenB, IN-1 protease, or for
H V-1 protease co- incubated with P NU 140690 (structure |isted above),
time points wgpe t fes25 fromO to 60 mnutes. This material was diluted

to 10 nMin a 2.0 nL teflon chanber already |ocated on the m croscope
stage contafning the same buffer at room tenperature. The sol ution was

t horoughly m PR %gkﬁ- d imediately for two mnutes. Data
&g%ﬂgpﬁno géan% nut%terg a i

were acquired tor a scan 30 rate of 10 Khz or 20 Khz.
These data were t h&he tinpengrdtionsififgmB-wig\2e2 g/l \wend ¢he RSQ expentedhiat el y assessed

using N-Fit sqf e. Binni.n | nes. t.he - Ul y, 2 1/ 44817
PCT/ US00/ 42642 ﬁ%%?%%‘f@ﬂ@%ﬁe%@%gﬁq?%%%f“sﬁ?#%ub@g‘?ﬁ%‘ger i ods.
P-Wave and N- Oit(Figner4). FThit prdsieexhiligd e raiitionyathetdmrtd)ont iD. Dat a whi ch
| ooked as if %n °eXpa§éi n"gnt al _error had occurred vwere repeated, otherw se
the data wit e 39dchprdibeefierabA2-£16t (Gpkd lged KeamB alsqrexhibited ineversibie ¢ r unent
perf or s Si M lgfanBa@ANNLA E5olldodsRE A LR (FRAURHR! | Onal package that
cones wi-th the instrunent. D. Data Anal yses e autocorrel ated data were
anal yzed with a nokhd HBaproteass<l.7 sup/mk bstudy 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 Tp, 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 Studies
From the DSC scans it was concluded that a single femperature of
approximately 48°C would be practical for performing isothermal denaturation
studies. Consequently a water bath was equilibrated to that temperature and the
25 buffers were equilibrated as described above. The two proteins which had be;cn
extrinsically labeled, S. aureus FemB and HIV-1 protease, were tested first.
Two representative autocorrelation curves analyzed by NLLSF with an inverse
weighting of the data points for S. qureus FemB are shown in Figure 6.
The time-pointé shown are for protein incubated at 48°C for 0 and 50
30 minutes. The solid line represents the theoretical fit using the equation defined
above. The analyses yield the calculated values for the apparent G(0) and
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(NLLSF) fitting program based on that disclosed in Yamaoka et .8‘51[5(‘?00\]4. 10
Phar macobi o Dyn.. 4, 8-15 (1981). The equation used for analysis was for a
singl e nol ecul ar species: c¢) =3O | (1 + 1.142 * Diff - Coeffic *

bi nned - tine) + Background. (1 + 1.487 * Diff - Coeffic * binned - 'tine)
15 The conswaxmia4gi7 487 and 1. 142 derive from neasuring t hectvosoiia:
enconpassed by the |laser beamfor this specific instrunment and had been
determ ned experinmentally. In these experinents, since both native and

denatured proteins exist, the calculated results reagresent an aver age
val ue for the dffsinncogficipirvalupn Tyqoviys conslusiges & hapthe ipfor thedhal yzed with

a two spect es Jmeehinabinfis rih 8utfr AT of Writhils IsiRicGhAse demonstr at ed

that the Q0) and diffusion coefficient values obtalned for the native and
denat ured spespesicsfiy prrsentfosthe frampsthe apparentvalugs atei “sveraged ofor onsse cal cul at ed
by the single | Al Y [ @EE[ | conpl etel y
denat ur ed protsé‘l%gg’ gtge r?aés {l%mtth%b?es ?@S%éﬁ%:&%&’ gles in the 25
appar ent di §f uaticrand dedahired wlemﬂesvamuesm%gmmdomﬂd justifies a

singl e species analysis wer e apal with i ng val ues of
ei ther zero oie%%'b%/@mpﬁ%%@ﬂ%@f‘dm%ﬁm% Y P dr gregten ;ﬁ{‘\%’dg? mequi val ent
value on all daiug Reverthdless the¥is Wetelqite gdoges greater weight to those points
that lie on the curvature of the theoretical fit. Determnation of which

wei ghting factor i Shawnalysegymreopsiosned fosall ofghgtimepgintogplanof the 44817
PCT/ USO0/ 4264% ﬁﬁ‘f’ﬁﬁ*ﬁ%ﬁﬁg" @nt%rgl% é%%?%fsl cﬁvzﬁLF%@?e'} hﬁ%r etical fit in
P er |

conbi nation w resi 'S genera and stical anal yses.
[11. Resul t® EWAcMSfrémcsentdaml gefightod with ither Stru dr sisgld hwersoweightingat | on of

FenmB was 2.2 %%%gtspe fDSCE exp r%_?ré%gttchan\qg/%sm eappare”?%ﬁvu\”mt h t'he unl abel ed

protein in 50
coefficient was observed. Tlns was most pronounced using the single i inverse

weighting.
These results demonstrate that changes in protein conformations can be

15 i:no_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
this 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-140690 at 48°C for 24 |
minuies is shown in the bottom curve of Figure 8. Both were analyzed with
single inverse weighting. These are representative data for the other time points

 taken with this protein. |
25 A plot showing the change in apparent diffusion coefficient values af
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 stabilizes the enzyme with
a measurable difference at multiple time points. This result demonstrates the
ability to detect small 61’gé.nic molecules that can affect the degree t6 which a

30 protein changes its conformation in isothermal denaturing conditions.
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9.0 (Figure 4). This protein exhibited two transition tenperai%#%%?o%%e at
10 39.1 C and the other at 42.2C (solid line). FenB al so exhibited
irreversible denaturation when cooled to 25C and rescanned (dotted line).
The HI'V protease (1.7 ng/m) study was perforned in an identical manner
but using tWOMBHHEr 0.1 M HOAc, 0.2 M NaCl, 10% gl ycer ol PER/YSIP/A2AH 5%

et hyl ene glycol (v/v). In the first scan, the protein showed a T. of 45.6C
is (Figure 5, solid line). Significant noi se was observed after the
transition becausepRkfekRkiAhe béggég ' [ | uti on was
cooled to 25C andH&%§%£9€scang%ﬁggﬁg?gp ed thecgb?ggwgﬁg%#%gy the dotted

| i ne, which hadrticolarly deseritied inthe furegping@es@ipgon indexamplesi Nemerhusoughout t he

scan was due to ecipitate. .in e . cell... . S e rrelation
Spect r oscopy §%?§$°3§°‘E,% Y 3°’B§é%§:é)§%§hﬂ?‘?e\%%‘§j %rgh%@%’%elgﬁ%é)tf gfa% single
t enper at ur e ofabovigichinphaidethyrefoBs atpowithih the sqope.of the alvedtion. (Tie bwireri ng

i sot hernmal denaturati .udi es. Consequently .a water hath was
equilibrated t&° FOfg@il%hﬁﬁpgﬁ‘asaﬁﬁgpﬁgﬂtﬁéq%?@sﬁ}é EYUTFPi brated as
descri bed abovgreby RBotpWateRbPidbBiceWhi ch had been extrinsically |abeled, S
aureus FenmB and -1 protease, were tested first. Two representative
autocorrel ation curves analyzed by NLLSF with an i hverse weighting of the
data points for S. aureus FenB are shown in Figure 6. The time-points shown
are for protein incubated at 48C for 0 and 50 30 mnutes. The solid line
represents the theoretical fit using the equation defined above, The

anal yses yield the cal cul ated val ues for the apparent 0) and -19 8 July
2004 WO 01/ 44817 PCT/ US00/ 42642 diffusion coefficient values. Two obvi ous
conclusions are that the fit for the O mnute time point is nuch better
than the one at 50 mnutes. Since only one species is present for the
former the apparent values are "averaged" for one species. The 50 m nute
ti me. point represents the averaging of not only the
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5 native and denatured species but also various size aggregat eBSJL%%?% or med
because the tenperature utilized was approximately 6C greater than its Tm
val ue. Nevertheless the fits were quite good. The anal yses were perforned
for all of the tine points. A plot of the apparent diffusion coefficient
versus tinme at 489C is shown in Figure 7. The 10 two curves represent data
generated with either zero or single inverse weighting. 1In either case, a
significant tine-dependent change in the apparent diffusion coefficient
was observedlaifg s was nost pronounced using the single inverse weighting.
These resul ts . denonstrate that changes in protein confqrnations can be 15
noni t or ed bg' PCETERnE 1}0‘{]?01' m?l%i“ﬂ(ﬁé@égl compeupsl g bingsuioda araei | i ze a
protein andghcidale REMBA chaLsAR: coul d be nonitored by this technique. To
test this concept H V-1 proteas& and a known, highly potent conpetitive
inhibitor of thimcubatmpgrent Riskt bHEO9HBT mertereenpley dsbthéiatad A@iaturapal yzed

with single inverse vvei%hting (wt). Two representative curves are shown in

Figure 8. 260msdtians sachHpsimixgire cempasiag a Fastane tog compoved at asthwwn i n t he

top curve r‘tep%olfeﬁtge%gﬁqeﬂz%gﬁ jnpecgabr%tggl?%viieté? V@y#ﬁ%ﬁ&%g% ﬁltg 48C for 24

mnutes is sHOown in t om Cur ve o e8aH)%ed with

si ngl e i nvedsgatiihg RbidiglonsT BAS effdtRre! RPEARB Akt Pkl BF thd@nplher tine
points taken with this protein, 25 A plot showi ng the change i nTapparent

di ffusi on cé&egoigsdp damatyrg(to@gneasurahBExtapt; Hl V-1 protease with and w t hout
PNU- 140690 as a function ,of tine is hown.in Figure 9. The conpetjtive
i nhi bitor clearl 9&8?13}:%  dghatisa an Sgrehet gachrar t E5rashe Pesererdnce at
mul tiple ti @R ROleBltSone RS coBpslidd B¢ RARIHALES tc{}:ﬁu b bk S ct small
organi ¢ nol ecul es that can af?ect ?ﬁe degre t% |%ﬁﬁ:§’% I)?{?Bﬁ%rgif{ehl%n changes
i ts conf or ntargenmélecils vsihg flrateschnoa torélatorcspedirdscopy;. and20 8 July 2004 WO
01/ 44817 PCT/ US00Q/ 42642 . . .
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.

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 species 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 compound binds to the target species

through hydrophobic, covalent, ionic, or hydrogen bonding interactions.
6. The method of claim 1 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.
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It wll be clear that the invention nmay be practiced ot herw sesflﬂ%l‘%o%%
particularly described in the foregoing description and exanpl es. Nunerous
nodi fications and variations.of the present invention are possible in |ight
of the above teachings and, therefore, are within the scope of the
invention. The entire 5 disclosure of all publications, patents, and patent
applications cited herein are hereby incorporated by reference. 8 July
2004 C ai ns A screeniing nethod for jdentifying a test conpound that
binds to a t/ari medhndcpELlaiph & wheran the ripetheimad - denatuptian sgnditioeast one

pLnus 1o B : . : o
Conpr s ng. SPHPHSC ¢ RbARLIR LGRS bhLb Y abBOTEC REP B3 Torvad o i . and
at | east Onehdtaf@e*sp@m@@bdétenﬂ»ﬁh@d@&@iﬁf&l@nﬁaﬁ@ézﬁﬁﬁﬂ%aloﬂﬁ@@iuri ng conditions

are effective to cause at |least a portion of the target species to denature
to a nmeasurabl e extent; detecting a denaturation signal of each target

species in th resence.of . the,at.|east one test ound by nonitoring

the diffusi ?ﬁb&&&%ﬁ?‘f 8t Slgim 1 whetein, fié; copgemiations gt ict)‘{%’fafg%éPé%seﬁ@e

correl ati on fsp@ ] j naturation signal of each
BoHQSASBNile %H&ﬁf&b‘l@m& :

target species in the presence of at |easSt one test conpound with a

denaturation signal of the sane target species in the absence of the at

| east one test.co und .under .t he sa i sot hermal denaturing conditions.
2. The neth dtr %F@P&Of ‘aﬂg} &i Wﬁ?rﬁ@¥ rgceripdioneet the & lsastyonepteside or a

pol ynucl eot | : f ] i e ies is a
protein. 4. 'c%ﬁgo%x& %Egg ag?é%f)gi1%;ff?‘ingéérgégﬁ%%g%gﬁﬁéﬁ"%nﬁ%??%egﬁ fically
to the tar gddast apaaigesspetied. The nethod of claim| wherein the conpound
binds to the target species through hydrophobic, covalent, ionic, or

hydr ogen bonding interactions. 6. The nethod of claim1 wherein the

| sot her mal qgnﬂtleufh%'o@ 3 ERRH W RYEin each test mixture includes one target species.

11.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 identifying a test compound that
. binds to a target species, the method comprising:
mmcubating a plurality of fest mixtures under isothermal denaturing
conditions, each test mixture comprising at least one test compound, at least one
reporter molecule, and at least 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;
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
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conprise a tenperature equal to or about 10C nore or |ess thar?JtWeZQPr% val ue
of the target species as determned by differential scanning cal orinetry.
-22 8 July 2004 7. The nethod of claim6 wherein the isothernal
denaturation conditions conprise a tenperature equal to or up to about 10C
| ess than the Tmvalue of the target species as determ ned by differenti al
scanning calorinetry. 8. The nethod of claim|l wherein the concentrations
of the target species and the reporter nolecule are of conparable

nmagni tude. 9. Theompiating tigf delaairatidh Vipedl @f Ratth eirganpeditd at fhepréfentde at

| east one test conpound is in at |east a 10-fold excess relative to the
concent rati S abfleashong; test) eammpoundewith ray denatiyetion signab of The same Hargebf cl ai m

ol aim © whorgriee it Sbbbie PEIE AR IR0 b8 E edBRSD upde S unds.
12. The met hagh@matleia ohaltRing each test mxture includes two to ten

test conpounds. 13. A high throughput screening nethod for identifying a
test conmpound that binds to a target species, the method conpri sing:

i ncubati ng plural i of . t.est .m xtures under, isaothermal denatuyr.ing

condi ti ons, aléat[ru?et I@S{h%%‘?ftf}@én c,lglnﬂﬁ"iﬂ;ﬂrh&leafsofhéﬁ@?l BAUEN COMPBORY, at

| east one r&ﬁ@fﬁ@ﬁ,té@h&%@@(}lﬁp% HabbRRI°CHErd 18K nAPEE TSy 16F €1 N the

i sothermal denaturing conditions are effective to cause at " east a portion

of the targdbe tasget speesestas ddtenained dytdiffarenttd scarmin gecaoriaedy. det ecting a

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

one test conpound by nonitoring the diffusion properties of the target

nol ecul e usijggThk ripe i p r ORY.: - July 2004

conparing the é[gjngl%@gtgi%gﬁa%@gr}gl Jwg{?ﬂeg{;c ﬁgﬁhge sg%n&uggg?rh%gﬂ(ﬁné esence
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.

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 tb ten test

compounds.

19. A high throughput screening method for identifying a test compound that
binds to a protein, the method comprising:
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

measurable extent;
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: : : 8 July 2004
of at |east one test conpound with a denaturation signal of the us%trre tar get

species in the absence of the at |east one test conpound under the sane

i sot hermal denaturing conditions. 14. The nethod of claim 13 wherein the

i sothermal denaturation conditions conprise a tenperature equal to or
about 10C nore or less than the Tmvalue of the target species as

determ ned by differential scanning calorinetry. 15. The nethod of claim 14
wherein the isothermal denaturation conditions conprise a tenperature
equal to or up t dleistng axdsaatueiiont signal headnpreddingn diie prekencearfghe aspeci es

as deternmn ferentia canni,n tr 16.. Th t hod of claim
15 wherein gg%sg%pg %Strﬁoﬂﬁﬂlglecm?ngg%gh ’rfgl%t rP’Eﬁ@Eﬂ’@é 0(%1‘3 ¢ 13188t net hod
of claim 15 mblesé 031ﬁ$ﬂho$e§<%nc€b6ﬁétaﬁmtﬂﬂfehﬁ'9&% ndeast two test

conpounds. 18. The nethod of claim17 ereln test m xture incl udes

two to ten test coowpongds datfurAidn gt@aﬂlkﬂfoa.aghqmmeﬁpmemeimg;eneé bpdt f or

i denti fying E test cgn‘goun‘%mt ha‘iﬁ1 gl nds to a protein, the nethod

conpri si ng: P45 QB&LSSh GORPARG Hilth: 3, depatyration sigrelipE the seaner protun e el

denat uri.ng L ne test
Compound., at Tagert SRet 1888 0nd 5% chhitntl R ol Bk R e ne,

wher ei n t he conditibes.mal denaturing conditions are effective to cause at

| east a portion of the protein to denature to a neasurable extent; -24 8
Jul'y 2004 detecting a denaturation signal of each protein in the presence

of the at Iygast S { nltorln he di ropertles
of the targezt9 % ﬁl}ﬁfEe&u&selt‘:Jrqt-fg:gh[jﬁii g%ﬁgtsayge Stcc?mpé’lglﬁ B P Le E)ﬁ and
conpari ng thﬂget&patwg aided isoftieginal depbtein ?Qoﬁdﬂbﬁé '&oirﬁin"siﬂg presence of at
| east one test conpound with a denaturafion signal of the same protein in

the absence of Me afndapnder vevbatingtatdeash vnadesimditure hmdsmisetesmblher mal
denat uri ng

denaturing conditions, the or each test mixture comprising:

(1) at least one test compound, and

(if)  atleast one target species,
wherein the isothermal denaturing conditions are effective to cause at
least a portion of the target species to denature fo 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; -
(b)  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
speciroscopy; and
(c) means for comparing the denaturation signal of eech 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 1sother:ma1 denaturing conditions;

wherem a decrease in the denaturatlon 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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conditions. 20. A systemfor determ ning whether a test conpoundJ¥sooc4apabl e

of binding a target species under isothermal denaturing conditions,
conprising: (a) neans for incubating at | east one test mxture under
i sothermal denaturing conditions, the or each test mxture conprising: (i)
at | east one test compound, and (ii) at |east one target species, wherein
the isothernmal denaturing conditions are effective to cause at |east a
portion of the target species to denature to a neasurable extent; (b) neans
for incubat itmget specEs ine]asabsnenee bﬁﬂie atiledstioge testiesmpownl eferahe gonat uri ng

i denaturing conditions are effective to

condi ti ons, ein the isoth
cause at | cdsqt g‘:’%‘“}ﬁ‘g CEnaspring C‘P “‘?Tb?rléélp pdsatignsof bindag-hatween the targebasur abl e
extent; (b) { 35?5&56‘3?1%‘3{1%&1?9?5 (qﬁ (ﬂnldr ation signal of each target

species in e presence o one test conmpound by nonitoring the
di ffusion properties 1 of the target nolecule using fluorescence

correl ation ectroscop and (c) neans for conparing the denaturation
si gnal -of ea?dh rgyetens sg@laé@ 2¢ wwhersin She sagetespstieatis lacpalypaptide te st
conpound m‘tqgﬁlgﬁ g@gratlon signal of the sanme target species in the
absence of & t one test conpound 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 o 22 Fhasysteraof olpirs 2§ dieraih thertergehsmecie’ bs Bprbindiy. 2004 t ar get
species in the absence of the at-|east one test conpound under the sane
i sot hermal denaturing conditions is an indication of binding between the

target speohe a of claim
20 wherein ?Ee?gﬁgéﬁeﬂgggt&dé‘? ?‘l"ﬁ{é?e”lt‘ﬁgée&s‘?l M%mdglgoplegﬁé%l eo0 ‘%ﬁgge

target species.

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

through 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 cbnditions
- 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 denaturing conditions.
- 28. The system of claim 27 wherein the concentrations of the target species and

the reporter molecule are of comparable magnitude.
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22. The systemof claim 21 wherein the target species is a prgigﬁ%?m¥%. The

system of claim 20 wherein the conpound binds specifically to the target
species. 24. The system of claim 20 wherein the conpound binds to the
target species through hydrophobic, covalent, ionic, or hydrogen bonding
interactions. 25. The system of claim 20 wherein the isothernal
denaturation conditions conprise a tenperature equal to or about 10C nore
or less thaa t&g Tm val ue of the tar%et speci es as determ ned by

di fferenti al?sdBasysgmeal slaimetd Wheremn thsorgeatrate off thel ati leastoonghtestei n t he

o about - 10loRBatiE e A BRGR 1008H %GR RjaR o, BERSL e A Bk C, i nov

by differenq&@ﬂmﬁga@gt@gcﬁglorinetry. 27. The system of claim 20 further
conprising nmeans for incubating at |east one test conmpound, at |east one
target species, and at |east one reporter nolecule under isothernal

denat uri ng ngitions. 28. .The.systemof claim27 wherein the

concentrati gﬁsth’ s[yﬁf%n} 8? dqig B@c‘i" e, gach; fest muxiice éF‘ﬁH@ﬂSeEIEFP darggle of
conpar abl e Mgt ude. -26 8 July 2004 29. The system of claim28 wherein
the concentrate of the at |east one test conpound is in at least a 10-fold
excess relative to the concentration of the at |east one target species.
30. The sys%? of clain120.mqigﬁ$n each test mxture includes one target
speci es. 31317Hae &ptanp of glaim) 28 whergin,gash desh maixkme inclidepiak legstetworfestudes at

| east two tg&% oqipounds. 32. The system of claim 31 wherein each test
m xture includes two to ten test conpounds.

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

compounds.
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