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Abstract: The present invention provides a nmethod for identifying a test
conmpound that binds to a target species. The method includes: incubating
at | east one test m xture under isothermal denaturing conditions, each test
m xture conprising at |east one test conpound, and at |east one target
speci es, wherein the isothermal denaturing conditions are effective to

cause at |east gsp¥ FROOHESCENCE CORRELATION SPECTROSCOPY TO
‘ IDENTIFY COMPOUNDS THAT BIND TO TARGET SPECIES UNDER
ISOTHERMAL DENATURING CONDITIONS

Background of the Invention

One of the major challenges facing the drug discovery process is the
identification of small organic ligands that will bind to target species,
particularly protein targets. A multitude of nmew protein targets are being
discovered by genomics and bioinformatics efforts. Many of these proteins have
no known function or known specific ligands. Thus, the identification of ligands
for these targets presents challenges in the screening of large chemical libraries
by high throughput screening (HTS), including ultra-high throughput screening
(UHTS), methods, parficulaﬂy from the standpoint of assay development.
Hence, 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 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
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sensitive af all. Furthermore, denaturation may be initiated at many locations

ot

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.



vari ety of purposes, including purifying proteins by selectivésﬂgﬁ%ﬂ%ﬁation
of inpurities and to study protein structure, folding, and stability.
Thermal denaturation curves (TDC), where the fraction of denatured protein
is nmeasured -1 8 July 2004 WO 01/ 44817 PCT/ US00/ 42642 as a function of
gradual ly increasing tenperatures) obtained by- differential scanning
calorinetry (DSC) have been shown to be particularly useful for

determ ning protein stability and naking inferences about the tertiary

structure. The UEefefbrcameell eXI36 fog of methbaridentTameashrdRRALs thatitigi ng of
conpounds that 5 are substrates or specific |ligands for a given protein
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| nextri cgbi lic:ilfztn){iﬂ%faticgnheofsgﬁgﬂlign%ggrrl] sr. n@llgm Ezgl?ttlgzj,r %} ip?Qferred 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.,



met hods is that the binding equilibria of both the |igands ofz%ﬂ#%?%gk and
of the "fluorescent dyes reporting on the structural integrity of the
protein are strongly tenperature dependent. Thus, both the sensitivity of
the met hod and the stabilizing effect of the |ligand under study drift
drastically during the 30 experinment. -2 8 July 2004 Therefore, a need
exists for a nmethod identifying conpounds that bind to target species.
Preferably, such a nmethod is anmenable to UHTS or HTS, reproducible, and
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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 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 |



denaturing conditions, each test m xture conprising at |east c?n‘jeuhf%%q4
conpound (preferably, at |least two test conpounds and nore preferably, two
to ten test conpounds), at least one reporter nolecule, and at |east one
target species (preferably, only one target species is in any one test

m xture), wherein the isothermal denaturing conditions are effective to
cause at least a portion of the target species to denature (e.g., 3 8 July
2004 unfold) to a neasurable extent; detecting a denaturation signal of
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denat ure tocempeusdir abl e extent; detecting a denaturation signal of each
target species i&j‘qthe presence of the at |east one test conpound by
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denaturing 7¢@Rfidih@3% 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



According to a third aspect of the present invention, there |58‘f)ur|¥)\2/?0cfled a

system for determ ning whether a test conpound is capable of binding a
target species under isothermal denaturing conditi ons, conprising: nmeans
for incubating at |east one test mxture under isothermal denaturing
condi ti ons, MHBYT each test mixture conprising: (i) at PERUSIHRE2t est
conpound, and (ii) at |least one target species, wherein the isothermal
denaturing conditions are effective to cause at |east a portion of the
target species to FgfslUFRciuftich JTERSMERRSN 86BN volumé B a fREA Jor

i ncubating the at | east -one test m xture under isothermal denaturing
condi ti ons, wHB€ein the isother mal denaturing conditions are effective to
cause at |east a n ? a nmeasurable
extent; (c) neansggg%bgefg%ﬁ%%gmgﬂ{eng?%ﬁe F%%dgﬁg ﬁ&¥ﬂ%%c t ar get
speci es i n t hepedieg Jul'y 2004 presence of at | east one test conmpound by

nmoni toring the diff.usi ng ropert f.arget | ecul e usi ng

f| uor escence cor.rel 8T gn 5“5'(':“?% OE?H ﬁﬂ‘s) for conparing the
denat uration si gnalhgmé4ensﬂfb1a§' geﬁeuSEaﬁ]Bes in the presence of at |east one
test conmpound wt ra nal of the sane target species in the
absence of the at S @héf?re@g}nw d under the sane isothernal

denat uring condi tlmgﬁn6%@mhﬁo&rﬂeﬁbﬁaﬁee§d@4§°ﬁefoﬂ@a}§fwlﬁmh&9 signal  of
the target species_In the presence of the at |east one test conpound as

conpared to a dendiigiafi Ghange fithe caleulatebGE) alue axafisnctiopeé FemBi n t he absence
of the atyyl egshnen lifelt 4#0apound under the same isothermal denaturing
conditions is an mﬁl catl on of binding between the target species and the
at | east one test Flgimﬁodntdcortqlntloneumcbfdﬂy UBwtRschddPNgrAat8°Che t ar get

speci es canb ofein) or.a I | eotide (e.qg.,
DNA or %re era #39‘&1%32#%%%5(8@% ‘&l“&&?lgcﬁmﬁlg%?lyﬁﬁﬁ *Pe conpound can
bind to the t evefffiensp @ BB & 08 IArx 1$69m0)f=r¢1a3ky0€e1qs,x . ®.specific site
or in a specifi,c manner). or_unsp bi ndi ng can i nvolve a .

eci ficall
vari ety of m?ﬁ%‘ﬂ%e%quﬁbmﬁ'ﬁﬁcﬁﬁ‘é%mymm%o 09xdAi <CHdAW ng, hydr ogen
bondi ng, hydrppgdhbiig7hqgdi ng (invol ving van der

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 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.
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Waal's forces), for exanple, or conbinations thereof. Definitidhi® #%%4 he
present invention the follow ng definitions apply. I|sothernmal denaturing
conditions refers to conditions effective to denature a target nolecul e at
a fixed tenperature. It can also involve defined conditions with respect
to pH, ioniwo8y448iigt h, cation concentration, etc., which pcvesoyerwer al |y

hel d constant for evaluation of various conpounds for a given target.
Denaturation signal refers to the signal produced by the target species

upon bei ng dgnat Egg‘ég- ' Bﬁil@ Liing transition
of the target as&&ég%éh}%ne %@%&ﬂ%ﬁr@gﬁ}lﬁa sggﬁrilériirérfgg%a é%’?ﬂr%try. Reporter
nmol ecul e r ef dndeptmient fdhpdreatirgrpteadded nol ecul e such as a fluorescent dye
or a covalently bgonded.reporter group.attached.to the target. Brief '
Descr i pt o of "t hADE RGeS (1o iDtspSmEscstniatan SHT Usoos 2642
Figure 1. Fl uictaint®by Mbasiintomhe feestendtiraforSoTalld tarwel dpbResas aderfgdnct i on of
time. Figure 2. Fluorescence fluctuations correlated for a given nol ecul ar

speci es. 55 FigjtampemturesdReniffithin aypnge of gepup o Cda abet 75%ot Thpsent . Figure 4.
DSC for S. ' , _ ' 6. FenB
or al{ﬁe%\ftexﬁ&ﬁﬁnaafb%%& Rr e)?ﬁg%% Qé%é_gmﬂhlﬂr?%éﬁtr%?l@r mbleSié € e

aut ocorrel ation curves for . 'Figure /. Change .in
t he cal cul at dbiat&ind} toant nepoets cenfdromatieriabehapges Assodlatetl vithdleaundoldingon ti nme at
rve e.+1- .PNU-A at 48C

45C. Figure 8.,;Autocorrel atio S ..0f  Hl \ raotlea
for 20 i nut L HEEREAGT bRAR-RN Y BRuninad) U3C el th SAME ol i 71 Lot on
coefficient =i, (addpoint @nipedatury) oftheGargéi(sPycies idtdppoptiafebuBfersthat8 x 10-3. B:
10 enhance the stability of the target over a long period of time as would be known
to one skilled in the art. '

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



uni nol ecul ar nodel ; diffusion coefficient = 1.33 x 10-6 0.09 ng'JLli}f)quo;4 G 0)
292 25 x 10-3 11.7 x 10. Figure 9. Time-dependency of the change in the
calculated 0) value of H V-1 protease in the presence and absence of a
test conmpound at 48C. Detailed Description of Preferred Enbodinents 20 The
present invention is directed to the use of isothermal denaturation. The
nmet hodol ogy can be used to screen for ligands to a wide variety of
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of the heatlng rate. The choice of tenperature used In |so ermar .
denat ur at i oquezmmbgeldddtaarexinmesicably added meportgr tiobecubd is depertienaoniyaini on of

the target species at .a . es of tenperatur withipn a range of
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changes associ ated with the unfolding erably,
a prelinm nadiffos d@lmuneé fomst of dest éargemepeciés (Thudp aitetativenpi tapetr e) of

the targot 0GR By sk URRIERH Siotud e cEBdsitlerle Known to one ekilled in

the art. ' In the methods of the present invention, target species denaturation and

stabilization or destabilization by ligands against isothermal denaturation is i5
quantified by fluorescence 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 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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During the binding experinents, all conponents are maintained Sa‘{u%%%m gi ven
tenperature (preferably about 0.2C) which is chosen to produce a sl ow,
easily nonitored denaturation of the target protein. If the tenperature of
15 isothermal denaturation is too |low, the kinetics are too slow
Generally, it is desirable to have a detectabl e amount of denaturing

(e.g., unfolding) occur wthin about 60 mnutes or less. If the

t enperat ur e fasertie@nh ngﬁmnatla@ akféﬁ%h&? Wlifine. SPhik AtfurhBaL sbhﬁnélﬁ%ﬁat% ”pOU“
woul d not be able to stabilize the denatured target species resul g, for

exanpl e, i n typisaldyy dasts amlerone maridle .ot aifdihe gnarfo andercimab@isiaf al ghvétg can

at | d t at f t h t t
Far t her nor o Paeqigp s P gl elicules dind et dltiiey Vobimo nd a
all. Prefergap ¥ise tdﬂ&ug@%frfﬁﬁ)rés%ém%fl quﬁaﬁtefﬁéc‘ﬁ%ﬁﬁﬁm‘l bﬂ&?%&t{ﬁ

equal to the T. value about 10C of The target species as determ ed by
DSC. More priggmarapingle melesutee rppe rbzt tagstérsd. ehualtypmabFCGpuisﬁumbmtuttheIOC | ess

than the T 5 | the t { t
pr of er abl y (UgERRCRe VFeotied € T EPop BB bior v BIEBLY SEISEECHRBRT tor i1
denat ur at i Orphotch deteationt @Fiden AINGRIE $RARRARGMARS %m'?sl@; of Eesenéseﬁf

compound. In a preferred embodi ment, the concentration e ta
speci es and melgeules threnghy the onfacahwvilomel are aewmradd. (T&nﬂppzaatal I&lmr@nrg tcude 30

(preferably, eater than about UII‘ the reporter
mol ecule td& aﬁ?“% @EOE%SC?gr g}oi °“§’§ ?S%W%Qr‘bsﬁg @“0% &&- t he
concent r at i dPheofutriber Sofd wholect@E it efile GIRIRMYRE 'Vélu!tﬁé a&sblﬁﬁﬁtasatﬂé%r fold

excess. Thenggercent inhibition cutoff for a " can be set prior to
assay inple ﬂltaﬁieﬂétﬁptf@slﬁﬂ@ﬂ@rdﬁfﬁ@dﬂﬁnwm@nlb@aﬂeteynmwdr| ng or after all

screeni ng has be hnj s .arg rapidly pbecom ng
the detection net odg&?&g&%mf@e%éﬁﬁ: Icu tﬁ% %{ﬁﬁé tﬁﬁ @&ﬁ% ?‘ﬁ

f | uor escenc@bswvet mascdese inugedefired trie vmmnkee(Blgﬂfe ¢ hoamE theCaifhlsidig

fl uorescence den i sot hermal nethods is
attractive bgéﬁf‘}?& gﬁgﬁjse\gff’ﬂ% {é %Pl??zlﬁ g%tepﬁére i Aeanttss g ass  an
extrinsi cal Ig\tnadﬂ;emdaanedtlﬁrpaiﬁd:tﬂaumﬂ Getéled efROPRE-de ﬂﬁeﬁﬂs oRfAREES 1N

protein fol ding.and, not on te rature effects., Fur any ange in
the fluor esé%‘ﬁ’g% g’é‘ﬁf”& HORS aid ﬂélglfeégenﬁﬁnﬁ@hﬂj WQMén&}éMerﬁnm ecule to

- 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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different denatured forns of the target species. Thus, alteraircnyzqotarget
stability by a bound ligand should be easily detectable. In the nethods of
- the present invention, target species denaturation and stabilization or
destabilization by |igands against isothermal denaturation is i5
quantified by fluorescence correl ati on spectroscopy. As taught in
Applicants' Assignee's copending application U S. Serial No.09/458, 171
filed Dece | | 23,
2003, | S0t N RAT® PYenat A oh Jea o oni P eeatdr (s the DAY e fRt:

conpet i ti ve sectivrbeiowpdid wanekperineatillg detenshirted. target specr es. The present
i nventi on denonstrates the utility of fluorescence correlation
spect roscopy (FCY) Sehemndi represpiation roftausrronrlatest Gurctions o6tG(e)r medshy. Such

i nstrument s a from] Urbana, 1llinois
and Zeiss | r@[l € v@%ﬂéﬁ%g%&ﬁle \é%%je%gkr | PRIFSTHS ﬁ#gerﬁ?tt é%"F"iltratlé’BBroé-cq at e t hat
a screening gingt molede, C@%ﬁ@rehwdohf&ﬁlaﬁeﬂl &f o L1eRId, 06ﬂ“s9fn9hothte}” oughput
screeni.ng of conpounds ‘that stabilize a target under | Sot her nal

condi ti ons. Physisal e@cplagaﬁt@wmimnuncfggmh@s significant potential for
adaptation to hi and ut screeni,ng. in drug di scovery.
Fl uor escence corr a‘qufﬁwegﬁ.é’fﬁaggﬁ%ﬂge Onr %fa%m@%e‘ﬁﬂr @Gé‘mﬂm% Q¥ ect | y
measures t h%@%&@%@u&%@%@ﬁ&%h% M@% 13bt éﬁ{ﬁt fHd%uhdb

t her nodynami ¢ equilibrium I's ah ultrasensitive ique opera i ng at
the . | evel afolstuled eifig vbserwxie fn printipty FES chnfrhemum:]smgleaﬁae@ﬂés aid t he

conf ocal1 3% g_le cr ea?ﬂ by a f cused | aser, beam That s,
shar pl y 1P oc (3% fmeticy of § ‘i/tlﬂﬁ)ﬂcai QI8 pegpd ifromy hupdeeds oénfa@pﬁe@pndseto voI ume.

Thi s vol une ¢t &30 ﬁrﬁﬁllbwt Rédorhdlar Eyﬁeﬁﬂéﬁéﬁsrﬁﬁ% eorﬂ'l qﬁnlgé]%e@%i g'%a[%egﬂf egf

the many under analysi's at a given nonent

di f f usi ng trmbmrgéﬂvdsimlotfomfeatteldtewmmtml odive ri se to bursts of

fl uorescence |i gtﬁhéquant a. Each individual burst, resulting froma single
mol ecul e, can be YP&dRTsscEt éravenpﬁnéiepgp@s@@{ps ﬂ@SHG&pmﬂaémsedtthemeq@hm ons are

ded i h
ot actton adriralBeifadtids or PRI tetiesde . SHKRT dfe etdfaRif oulr ea o
mol ecul 5 thompsdmrdwmhﬁmmgngdndwdarmsabmzé eRaedadiecdiBe THEAPLAIDEIONYI NY to

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.



particular fluorescing nolecules are identified using autocor rseflg’f?%%
software. The nunber of nolecules in the illum nated volune, as well as
their .characteristic translational diffusion tines, can be determ ned. The
spont aneous fluorescence fluctuating quantity is the nunber of observed
mol ecul es | WO#Y@B11 ned unit volune (Figure 1), and the difduesoonzss
coefficient and the kinetic coefficients of the systemare two quantities
that are generally nmeasured. In particular, FCS detects the tine-dependent

spont aneous | [+ | ' : | | which may
derive from E%%ﬁ%%b&tﬁ‘%ﬁiﬁ% %ﬁe g);r}ljééﬂci:'l ﬁlgmk%gqng?'g@g? ?Oct)%é'%%uch as

bi ndi ng. Anal ygpserafol¢chles shvaplaimmiefadnblyhavedvw affinitylfer thehoive targdt.at i on
function, = (<8 F('r) 6 E(tt)>)/<F> for the fluctuating signal
reveal s infor @?til%#eglﬁgl(ﬁfc%ﬁ‘qfu 518 V%éﬁef/ﬁeg?lﬁgeﬁw?eculﬁﬁ%g X5 D1 ecul es,
etc., and theofEraividcshvagaticityngdopgndenbly dvesndtblrdcs iRmativh thiggsi on

wei ghts. Definitions qof. the nbol s, i n, fhe above equation are: z represents
the correl ati B‘n“ht? t&ﬂ?ﬁ%‘?’i?’g"’o@ﬁl{%‘iw r igallys §peq coppguiescence;  F(ti)

and F(t+i) ar gbhhé dehdtfilyRaRRGRmEAIN BSmpRRAGHhALEI Lilfol fifrded T €l ati on
time-constant and at tinme t-plus the correlation time-constant. Lastly

G(ti) extrapobevesn abgut2ap panometers (umg and aligat 4400, gl reporter mpleewlent s t he

nunber of nol d A : . . e, Kam et
al., Rev. Sc ?fowrd‘é’z?fslﬁt#}' B%%&B%ggg%&%i%%@eaﬁ%%&‘ﬁégw Bi ophys.
Chem , 58, 3- capopdddatprferfarg. tepreitatign atabenit488 serandentidsonst sluesisof t he
present in 0ent ton, division of the constant value 0.076 by the  0) val ue
yi el-ds the nulfber of nol ecul es. This constant derives fromthe vol une

swept out by the tSuoh pdpottermoldcakes (e.dpfuvresCenB dyb) are dedRilyned by, for
exanpl e, a Gaussi,gn-Lorentzian e tion ee the Data Anal yses section
bel ow) and wa¥” %ff?%?ft'&qs|59°%cfé3@?ﬁ"f?é8§°?s RenraPRE ESeht ati on of
aut ocor r el at eprighdi GhtORsm@to KsdbaphWiiE Sdgfons bi 1B talhehBlechiler TRANP! €, each
curve represents different concentrations of a S%L/?n nol ecul e, a _

di fferent confeiiasYRHO SrangeeS YR Red. dNang OrangpeNilst
15 anilinonaphthalene-8-sulfonic acid (1,8-ANS), 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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physi cal explanation, is shown in Figure 2. The observed fl uctul{h{ 0915 obey
Poi sson statistics with the anplitude of the average fluctuation being
proportional to the square root of N, the nunber of nolecul es being
observed. In principle, FCS can neasure single nolecules and 10 the

ki netics of WOlE44BITe scal e may extend from hundreds of naRfJEBOHEL t o
seconds, with.low nanonol ar concentrati ons capabl e of being detected in an
observed volunme of 0.1 fentoliter (fL) to 1.0 fL. The present invention
denonstrates that Etg,sﬂ gj,qﬂa. i on of
target species (e.g., %ﬁe?ﬂ%ﬁﬁ%rﬁj&%@?ﬁ%&ﬁ%ﬂ% }‘%%%l\?ns‘\l 155%%)%%.& itive

i nhi bitors/li gamsofd@hbomﬁa@aﬂtvszredtaMS@Bm caobe wised fotieotheragl t s are

conpar abl e to t hos b t of the
denaturation %mﬁ %c?sb#'h st Oéeﬁﬁ‘p? er e%ﬁb%g[s?og%‘ﬁonwﬁe&f%% confirms that
the same unf Qieﬁbﬂ@n[h’edéﬁﬁﬁﬁﬁil@rmeabﬂ‘m’gghmuceﬂeuﬁaglgeﬂ he nmet hods of the
present invention n eas O label covalently the

t ar get .nol écu?‘ém?ﬁmﬂﬂﬁég‘?mwrﬁ?&’@ﬁ ?5‘?{'8 HHBHE how to nmeasure the
f 1 uor escence, c@BentARMRTE theldenathired tafpefREEs andQhdtivatarg@spetigs.ensi ty,
lifetime, etc., an FCS instrument with mcro-titer plate capability offers

a' power f ul rreKﬁQ)‘MmS&re@WE’@“}'@EW&%%QPWP%CBW@%&“OFFI& aries to
i dentify pot e?{:dr@écelﬂrrée& gcme%fag{,@@ttﬁev@g&spgags skilled in the art can
uor esc ye

use the sane S 1n the same nmanner as descri bed above for
i sot her mal denat urlaaildtion toporgnsiead Of,owlbe nemnoealcré finoreRceat repaster t ar get

concentr at o°MSo t.h h pically and
pr ef-er abl yi, usgs th(e)s I"l'glftea Eglrdg[ﬁﬁan a%&ﬁ%%&%ﬁ#%&%he e%?%mgrml ecul e.

W t h i sot her nade manae target spzmebyubﬁ@cavblen@ wdespmdiﬂfhlovdphareummgf extrinsic
but not covale e Iecules wor & ce of the
extrinsicall y% Bé)"ﬁ@"égh ‘afeth%l? ? yéfaé'ﬁﬁﬁff@ ®lat | east
2-fold greateg dnb@éhah smtmféﬁudladugeamﬁaa bftwetreihs Swo ﬂﬁtlr&p]ioﬁcslt]d@l cally -9 8

July 2004 WO Q1/44817 PCT/ US0Q/. 42642 acc ani ed by the exposure of the.
hydr ophobi ¢ r &5PHFE0B S ackRIRsRisH By phangsdn % encsr Bydeheting e sampul d al so

pref er abl yyshayeol aeiad dtisprcine sitey] ﬂfe%ndﬂuﬂ‘ﬁt‘idﬁ%t U@ 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 hoider 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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That is, the fluorescence of the native target/reporter nDIecJ?gﬂ%%w%1ex IS
| inear over a wi de concentration range or, preferably, does not bind to
the native target 5 at all so that it does not becone a ligand itself
Finally, since conpound |libraries generally contain numerous conpounds

t hat absor Y@M’ 1 uoresce between about 300 nanonete?@TGﬁW¥ﬂgEd about
400 nm the reporter nolecule should preferably have excitation and

em ssion in the visible region where few conpounds interfere, e.g.,

excitation atwRhowk tA488 sptledRGd8 15 8il Rlerbird PRErabM Smuftthebilty. Such reporter
nol ecul es (e.g., fluorescent di;es) are comrercially available from sources

such as Mol eclhegnulprresseveir sanple helderdryypisally seplgdpeesde additionpfieny when bound to
hydr ophobi ¢ regi f %ﬁfﬂl@ : : inel ude .SYPRO Or ange,
SYPRO Red, Na‘%%{p %rtfgeF,OE ] %Rgg%qua%%ﬁ%{h?ﬂlﬁgﬁg% ct:dﬁrgllﬂ gtg‘;té?sul fonic acid
(1, 8- ANS), andadtayfeyiasiishydtmgiwhioharalsithe plafdIBE)s sagredval suclag way that dapoxyl

anal ogs. Nano Orange .fl uorescence. proyides an tr.a sensjtiyve dye with a
i near {1 udr obistARer g ity pasetas Bl it ieeeiosss atist BNl AREor i on of
about 10 nanogtred@fion oflthd tafgeyspédigh, thik sarhgle Bblaettis dithentrasfogredns/ m | liliter

(ug/m) with a very | ow background fl yorescence, 20 SYPRO Orange and SYPRO
Red are used FBrediialy QrnRrARRAf el‘lecglﬁl@ir?a}dﬂgt -%@amﬁﬁﬁﬂs%%ﬂ‘\/er st ai ni' ng.

The basi s’ f of g ihQibhidF fof BABInk Andl deREERGE BSHRf All BRpFIAE De pWifdrhe® OL €I N _
denaturation is their_binding to newy exposed hydrophobic sites. 1,8-ANS
has been useckitbgnmgmplieenpyrehot pudeyirgdear s to nonitor -the unfol ding of

proteins; ;,however gyt St 540 WSl ﬁ@m tﬁgﬁ -tured protein is
25 much Iol\t/]ver thar%J t Touslégmgp the dyes. iscﬂg@eggé%gﬁle an , thus, would '
requi re the agesdemBanddlViuamotease.gbe lofterin dreebsenemahdipegsencefanol ecul e in

t he assays. S is.a.relatively.n sol vat ochwr.om.c _dye whose fl uorescence
em ssi on rray%ﬁlwfltmhg%mr’%% évasua %SO%ﬁl?nmﬁaﬁgﬁmgﬁtaoﬁlgf%ﬁtﬁoé ‘gﬁ\%&a?e nment. Due to
its | ower excinzdhagit in thediffizionzbefficieanof lenpysthin,as honkored by FES.i s | ess

desirabl e than Na Oran 30 . SYPRO Orange, SYPRO Red. for HTS. -10 8
July 2004 VIO 0114488 St FRoaises sxits as 3 diner. Thest 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-



Any fluorescent reporter nol ecul e whose em ssion intensity i ncgr%'é?é%%mor
decreases when bound to a desired target species can be used for isothernal
denaturation. The affinity of a fluorescent reporter nolecule toward a
target species can be determ ned by neasuring the fluorescence of a given.
5 concent r XYQHAH4¥7 t he reporter nol ecule in the presence FSTUSAY4268si ng
concentrations of the denatured target species and the native target
species. Knowing the affinity then allows one to optimze the

Concentratiogggémte@.ﬁts shdw'Ha€ REREY, pfofdie biaturioh shdkibilifkial bye to the target

species. In. Ition to, or instead of, using noncoval ent Tl uorescent
reporter 10 nligandssgaipstisnhermalalenataration ande aiantifiedbioFCS a thatdhis conpound and

target species n . | a_‘m with a pair
of fluor ophor%eg’, te%’r’fglog? Xﬂ\%ﬁ%ﬁ?%ﬂ’%%&'ﬁ%?&%é”?@%glgrgg'?r%le o%‘h@e ot her ..
Because unf ol gdieegingf the target species changes the internol ecul ar

di stances between . the t uor ophores, the , denaturati | s, acconpani ed by
changes in>fl uoreé'é’@ﬁ??@%lg&qc%eé?‘f %VCP%@%HE°§%“§33%@%%4 es at specific
sites, the denﬁh%a&&gms%bieai Flu6regiht dyes tHhlbs uddd 16 €@alinfly LBl ange noNI tor ed.
For target species that have a rel atlvaéi,shl gh_denaturation tenperature,

t he exper i menienitosthetansiiqn fmayordared fa gisgdard BNgrstacredutlydspe, such as

urea, guani dinpe.ByAMSNIPE™ GRIR, WrbRR GreGOLt SRRSr isQlidADY gt her reagents
that pronote 20 protein denaturation wthout unduly interfering with

bi ndi ng of t hexpresyed Rk molepiledhys & -ntostisopidized ppdlabelgkaccarding The exact

experinental ¢ | Ll enaturation of each target nolecule wll
vary. One lgkiw%{elsﬁ{elhﬁ%t?%gfsg%fgcan make appropriate deci sions and/ or

exper i ment al | Apcldiner. prohes. cophamgbacdtsection/D312. lemBt dxemplesbf RIAi ¢ strength,
lonic 25 co-factors,, etc.). F xanpl e,.1he isol.ectri | (pl) of a
protein nol ec'ﬂglgcm%]ﬁﬁ%aa%% ‘Becgétcépﬂrﬁ%@%\%tap%ﬁﬁc&dﬁﬁﬂ{eb@ }E@Jép in these
studi es. |In prgd (M et d.0Biokdntigels 381420461 421 BE9RSE)); I DRETA ainedofibe carri ed

out in a multj-reservojr samle hol der uch mcrotiter plate.
Typi cal 1y, | alCho EchpBREHESBL AL AT T8 aef D ate ShGaEk ant | he
nul ti - r esqkVQiwong2fHl, €rdRishe hitEBiolody ¥ B7-206 ¢1068)R PNERAL kadvh doemper at ure for
a period of time.” After therna eqU|T| briumis reached, the sanple hol der
i s pref erabl ybind ribdse respegtivoRNAgpelequlng 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 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 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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11 8 July 2004 WD 01/ 44817 PCT/ US00/ 42642 where the target speciego?4
added to all reservoirs, preferably sinultaneously.. The nmulti-reservoir
sanple holder is typically sealed prior to addition of any conponents. For
exanple, a mcrotiter plate can include a covering that is mnade of a

pl astic she®Pi{Elhi ch seals the plate but is scored in sRCHUHUHMY2 t hat 5 a
mcrotiter tip easily penetrates it but that it re-closes after tip
renoval . After introduction of the target species, the sanple holder is

ei ther transf gixagilesi Medi ately to an appropriate detector for reading the
denaturation signal or to ~an incubator for holding until detection is
desired. Allugteps an_he perforned either manually or by robot as
desired. 10 i ng € hods of the present invention, the denaturation of
S. aureus FemB and HI V-1 protease, the latter in the absence and presence
of a known inhiRidekes Were evaluated. The nmeasurement of denaturation was
based on a change’in the diffusion coefficient of the protein as nonitored
by FCS.. The enzyneOHg¥n GreenBt Basferinide! Sapasyl dusfisilsnamidtesel data are by far
the is nost intriguing .in that %he appar ent giffusion coefficient

i ncreases and HuAwseeIL cyagate (FFRELwers purchased SRmddeteqilariPrbes.pr et ed as first

the di mer di ssqelal ORI TrsHCY, SBIA BRI, IRhRASSID ord ORI GQARMI I ent
denaturation fol'lowed by denaturation and/or aggregation. The cal cul at ed
di f fusi on coebphosphaietBsmenceptodiizancl, sasiinng atetats ghyeerpk and sodium ¢hilasidei n of this
size that dedijer.l - 1h UNeS. | rtantl.y, the
concept of stg%%ﬂ#éﬁﬁgﬁgg@gﬁﬁ%ﬁgg%&%?gfg?%gﬁgé'E%&%%%%ﬂ?%ﬁégmﬁé¥ng t he
conpetiti ve Hhadid vepr abtabmeddrannMatintkrodtRNbbdB6ORmicald) iAcdbivisim dfhe f ol | owi ng
structure.

-1 . Jul 04 WD .01/.44817 L USPQ/ 42642 T sults show
that, indebl, ‘%Fﬁt%%ﬁﬁgﬂ%&%&gﬁ“ﬂﬁﬂh§$g£¢#$§%ﬁ?bnéﬁ&gi%ﬁﬁgﬁds agai nst
is OL helr mal ﬂe I&%‘r’dﬁt@dh%aﬁbﬂ feaPibRe q:ﬂa‘ﬁilcm]; Reacf%m, EOSioaGd PT-fhblésaItiﬁigS new
t echnol o as. si,gni ficant potentia or_adaptation to ultra
hi gh- t hr gﬁ ghp g{eﬁhgspin columns w%re purchased from BioRaELg‘e Science Research,

' ' 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-



screening. 5 The nethod of the present invention can also be J%gﬁy%QQﬁ1 RNA
and DNA as a target species. Fluorescent dyes can be used to covalently

| abel and nonitor the transition froman ordered to a disordered RNA
structure include fluorescein, BOD PYTM TMR Oregon Geen, etc. Anmer

i sol ati on oWOON#B%expressed RNA nol ecul e, the 3'-ribose iRCTHEYHIZEERI and

| abel ed according to 10 published protocols (e. g.,

htt p://ww. probes. conl handbookl secti ons/ 0302. ht M ). Exanpl es of RNA

mol ecul es t hapecan ) er the 835 FOS ARARMSE, A e tdtlchs MRRE OsiRed MGh ude: 1) HIV-1
tar, 47-86 (MBI et -al., Biochem stry, 37 14204-14212 (1998)); 2) RNA

apt amer J6f 1 insOmoensused|at the BFDo dheilaniyeysity dF HUBES- 49092 (1998)); and 3) _
A-site of 16s rRNAy: . . ' . Bl 5. -406 (1998)).
Li gands known t0“E%#ﬁﬁéﬁgﬁgﬁgégﬁ%g%géﬁﬁﬁéﬁﬁ%%%4%ﬁ%éﬁﬁgéﬁg%%§ 1) Neonyci n,
ot her am nogkxpedsients waretpetfbmtddasing am NG hbwm-sexmsipe difftsentibdcatingal . |

Bi ochem stry, .37,14204- 1421 1998)); tQbranycin ((Cho et al.,

Bi ocheni st ri, cajoriigerdron, ?O?Bid’g%%%r&%ﬁaég)hdﬁananyci n and ot her

am nogl yci des (Wng et al., 20 Chem stry and Bi ol ogy, 5, 397-406 (1998)).
Just as known_|igands for proteinaceous targets stabilize their structures
under isother Bal cMg&thedf ons, these known | i gands stabilize their cognate
RNA nol ecul es 'under simlar conditions. Simlarly, as for protein targets,
a large coll actpgrraftiatSempaiiRdaleddede tested in high-throughput screening
to 25 determ ne whether any mght .bind to, and stabilize, these nucleic
acid structures Ubaelines setchrotexidd fodesach enzmne svithdoffeliin bothghe silmpke conpounds
can be tested .sipgly o s,,conbi nat L qns .of . several ¢ unds. Havi ng
Goneral |y Hosefisfitbabe e AU TpER Vot 13 R ngsrargare S FRARBE 1 30"
under st ood by fh@f8sE ROt 0 ThEBSE Mak SY¥IdACHRE SR Poceldt Blicebefore! OVi ded by

way of illustration and are not intended as |imting. -13 8 July 2004 WO
01/ 44817 PCT/ ggtgg;ingzbtpjor FIERFRIPRES 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 90°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-



1. Materials A Reagents Oregon G een | odoacetam de, dapoxyl 8 duly 2004
butyl sul fonam de, and 5 fluorescein isothiocyanate (FI TC) were purchased
from Mol ecul ar Probes, Eugene, OR Tris-HC, sodium carbonate,

di t hi ot breitol m)no- and di sodi um phosphate, P-nercaptoethanol, sodium
acetate, gl M‘P@f’ and sodi um chloride were purchased frB‘ﬁT@i‘”@Hﬁﬁ-“N drich,
St. Louis, MO Ethylene glycol and acetic acid were obtained from

Mal i nckrodt Laboratory Chem cals, A Division of 10 Mallinckrodt Baker,

Inc., Philli psmcgnashudedsima@ae%ohwae m&v&qapwmonw&mmﬂeeﬁed from
Pi erce Chem cal, Rockford, :IL. Bio-Gel P-6 Desaltin 8 Gel s spin colums

were pur chased g igtisrsight BioGeld 6 eplumniwes saulivratedpithfices, CA. M cron

m croconcent r a8ESo /BT B8 YWfoRing thdmad: e Hob&) Ami con
M I 1ipore Corp, Bedtord, M& The gcorrpo&?‘li%rﬁ 0 F 8PIBlSObu‘? ers used in

t hese studies ahéﬁ@xgifmﬂ iSnutesiatd{E. AgoBionsf theivbadtbiOnB turd (WMuL) BT, pH. 9. 0.
B. Equi prren rrelation Spectf, 0SCORY. e fl uorescence
correl ation %‘{)@? ‘@W@B&ﬁ?ﬁeﬁ@s\?ﬁ 0@?5% %e%@?'&&?ﬁm in the
Labor at ory of coHW@SM&&W%@&e& LTHake sbackal chisn® vhré enibigsd of Dr.

Enrico Gafton at the University of Illinois (Berland et al Bi ophysi cal
Journal , 68, @94<copseniraiesignthe penyptor uging 3 Hiferwithia 19K pigran 77 553-567

(1999)). A schesrbi & liitMWae bittfer WaSl ' PheFetchthte GRS SHIRLRE ot difidéf! SS
axiovert mcroscope, argon (not shown) and 25 titaniumsapphire |asers in

series, a photi muabvommlqpmp rOupadiquetotre evadiatidddi ode (APD) as
detectors, ,an guto sglagcé&rte é"frgcr ullehdd efcfl“lTCg%}%Q? [ ghation card.

Simlar results ca com‘rerc I'a I"able i nstrunents
such as those rsalbnhlbrglshﬁasmmmECS sthhhbabﬂiqw.l I l'inois and by Zeiss Inc., Jena,
Germany. The paraneters generated by the instrunent, -14 8 July 2004 WO

01/ 44817 PCT/ US00/ 42642
HIV-1 Protease. HIV-1 Protease was extenswely dialyzed against 0.1 M

sodium phosphate, 0_05% NaNs, pH 6.5, at 5°C, using a Pierce Shde-A—Lyzer
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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especially for the I'SS FCS instrunment, are the sane as those c?b‘{ugfznoeoé from
the instrunent used at the LFD of the University of Illinois. Differential
Scanning Calorinmegy. Differential scanning calorinetry experinments were
performed using an MC-2 ultra-sensitive differential scanning 5

cal ori net erwbopamivl crocal , Inc., Northanpton, MA. 1. MteheadSoi2sa
Differential Scanning Calorinetry Baselines were collected for each enzyne
with buffer in both the sanple 10 and reference cells (cell vol une was

1.2 nL) using.a n rate of i G m fr 25C t0.90C. _The DSC was
cycl ed th_rougﬁalrl%ﬁ&l"’béﬁ“_ e @é@@&wg@ra@’aﬁ@&?g@?ﬂ%oﬂjmpé’r& or an enzyne
to establish ayihmbmal NV 459 YsingBtsf fsEhelM@S FiRanL of &IPMER: f0.PM t he sanpl e
cell and enzynme at approximtely 1-2 /L was placed i:n the cell. DSC

data were col laeticagids K% v/ glvesroly % Wy ghrlemselycel. d oM dithigthreitobpbh rate of
1¢ m nute. Thgd@@nla%écﬂﬁ%%e 2 %6hA0h 35K Wil er?@zg?Sggg ar?irtﬁ n?ﬁ@va.?m ution was

rescanned to erence basel 1 nes were subtra rom sanpl e DSC
data. Al sl atijustadwithin¢hedagaof4d tp4.70Thd finaDEE of telselatiowafeer The DSC Y- axi s.
was cal i brated usj ng kno el ectrical heat pulses. Tenperature calibration
was per for ned eﬁ‘é‘ﬁh‘a MW" fdecane and n 20 hexatriacontane standards which

melt at 28.2C and The futioh 6S¢RRighté€ pidteatd wis®Ihiche filferddrs@iei ns S. aureus
FenB. The protein, S aureus FegB wth a | ecul.ar sjze of 50,804 daltons
(Ehl ert et al evalyatedfgeQpegomireen’y cpnegntrationby pxtinstien ergdApr ptgases Tschi er ske et

al ., FEMS M croglicadatioh Emi’no;,ééima ;s;.j %&%ﬁ&@&m&‘@éﬂ&&%ﬁﬁ@aﬁ“ 50 M

carbonate buffer, pH 9,0, plus othreitol formng a solution of
2.2 ng/ mL @3 QpgonfhR@ | c0entglionefs! . 19 olminD 4cid arabsis éstatilishsd s ul f oxi de

G ut ed i n ¢ heSaEoBtrraioh S 18 SRR ot o a QB 08 ul of 5
MV - 15 8 Jul y pridéide 10En@ld kdipBilof 1PEDY. USEH) Hik26dadnirdtiba ofeabagdeethylThe reacti ons
nere al I oved tc;?stgnrleo(%iﬁcgml(})'gls Lr%ﬁucft (c)){; thg ?odglcréggn?& 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 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. - 7 o
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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During this tinme eight BioGel P-6 colums were equilibrated V\/ist'huh{%oe04
NaHCO3/ DTT buffer foll ow ng the manufacturers suggested protocol, spinning
at 3000xg for 2 mnutes at 4C. A portion of the reaction mxture (100 uL)
was 5 added to four P-6 colums and material was collected. The effl uent
was col | eoveo/4sid t he process was repeated. These secondcahusasmsazner e
conbi ned and concentrated in the Anicon concentrator using a filter with a
10K micron size cut-off limt with one buffer wash. The retentate was

collected and d| vided int hree i M. One

al i quot was- eva? Cgcgnbeﬁsufﬁp‘%ﬂﬁ_%’ %?%Sqﬁe e% se&rn%g‘a cH&)k\at%tno free,

unr eact ed Fl Térefesstiwire grogidiisempimieé ai thé LRBS Datexhichlosied ak£3anst udi es bel ow.
H V-1 Protease. HIV-1 Pro ext ensi ye ed against 0.1 M

sodi um phosph&tREITEY %@%"f\éﬁ%’ ‘?fe f“gfat%% ﬂ%@’f‘ﬁg‘% ¥ 8FCe Slide- A Lyzer TM
15 (2,000 MACEYm r&%@dma&aaamwmetsa?csmswa@m@awzﬁwsml y 1 ng/ni.
There was a sli t turbidity after di aI ysis. Protease recovery was assuned
to be -100% ( 9mlysanissurensicry compufgtipnal packpgedhityeomeyith &g insBiwerton of O egon
Green | odoacet am de (Mol ecul ar Probes Inc., Cat. No. 0-6010;
approximately 10 mMin DMSO) was 20 added at zero and 5 hours of

i ncubati on toIlad}ﬂte!Aeala(Seseach ti rre a 3-fold nolar ratio of Oregon G eenTM
to protease. At appro [t 4- foId nmol ar
excess was made. zﬁe%&oe“g% d% on af]aggedaﬁﬁltaﬁ%%hﬁv\eaaggﬁsetn s

t hor oughl y m QeLLSH) fictiggidgnas based en Wiat disdldsed i Yahickaersl., 3C and contl nued
for 16 hours ter | as 25 The Or on G.eenTM Pr ot ease
reacti-on g@%@@?}%?ﬁ?i%‘%@ﬂ%‘@@“ﬂ&?@é %%‘F%SE{ Ot#his precipitate
was sol ub| [ zgﬂ 1@){,@4@@;@@@;&3 on of a small volume of glacial acetic acid.
The resulting c%ear sol ution was chronatographed over a. Bio-Gel P-6
Desalting Gel TM colum (0.9 cmx 25 cm using 50% vol une/ vol ume (v/v)

gl aci al acetic aci thlga«d*me@ofgﬁ ififnddl-aR) - The 2.3 30 ni of yellow
(H(djﬁ = 3r1€$ﬁcb$0mde Oregon  GreenTM

sol ution el utﬁﬁ@ t
conjugated H V-1 oKbJaL‘ES”’* s G&gf:o&iﬁ'éﬁ? %d to 0.9 mL using a -16 8
July 2004

5 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 dcnamred 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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D 01/ 44817 PCT/ US00/ 42642 Pal|l Filtron Qrega Cel | TM 3,000 MAGI™Y 2% | abl e

from Pall Corp., Port Washington, NY, at 5C using 45 psi helium Five nL
of cold buffer (0.1 M acetic acid, 10%v/v glycerol, 5%v/v ethyl ene
glycol, 1 mMdithiothreitol, pH 5.0) was added to the protease solution at
5C with rapm®atissditng and the pH was 5 adjusted within thepcpogRuedsz4. 1 to
4.7. The final pH of the solution after equilibration was 4.8. The _

sol ution of conjugated protease was 0.2 mcron filtered and evaluated for

Oregon Green concentration by extinctiop and for. prot.ease .copcentration by
amino acid and °y°§‘r%§‘f§"{ pectt ef%or?e‘%il |ectﬂ?’°é%lfﬁlt% lﬁg?’:gl?lﬁ?atf?é‘d“ﬁﬁﬂ? 0 Oregon

G een concent nadidialy geierdtedshd MtheAfthtiticd ahdlysagal ysi s established a protease
concentration of 18 mcrogranms/nL which is 0.95 pMassunming a protease
formul a weight of 19 kD. Al so, the concentration of carboxy-nethyl - :
cysteine (a hygi ol weéddispr oduct of - the i odoacet am de conjugated cystei ne)

was estimated at 1.8 uM Al of these results are consistent with a nearly
conpl ete i 5%reacti on between the accessible sulfhydryl of H V-1 Protease

and the O egorny fiREh &l?fiﬁl% ) .. C. FCS Isothermal Studies M crofuge
tubes containing 1.5 %p‘gu er rel%sl aced in a pre- 20 equilibrated 48C

wat er bat h and t heThesmpesnirationeof\emBrwasi2t2ong/thlvintitheaDSE exetinentonet er . When

tenperature at t.ai ned r ot ei s, add t ) i he _appropriate
buf f er, rapi%%@% ?E%“aﬁlgrwffﬁqa‘ﬁ%t%‘%%ﬁ&%@&‘ég‘%ﬁ%w%@P i me points.
For S. aur eus Sfu@iurd 4)- Thip prteneshibifed tW@trardsitidn lenfifetit@ag ones- i ncubated with
P NU- 140690 (aééyctu | | st ed_above tine points were taken 25 fromO to

60 nminutesloT F gthenghd2.41G Gelitilined Koy plsp pxhibited drremersitds | on chanber
al ready’ I'ocayethntidnReheltSHIQRE9B Wgﬁ;ﬁ%g&at he sane buffer at room
an

tenperature. The solution was thoroughly m x ata were acquired
i medi ately for twbhnili¥pretcaselhy sngmolstadyqvas pedoringd irRart iderBical nut es at a

scan 39,1t Sl enBineRnk OO SASEIEL SRR AP 10, Vv
t he ' 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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-17 8 July 2004 WO 01/ 44817 PCT/ USO0/ 42642 fl uorescence rreasurerlrjé‘h%o%rom
contiguous tinme-periods. P-Wave and N-fit were software prograns enpl oyed
at the LFD. Data which | ooked as if an experinmental error had occurred
were repeated, otherwi se the data were conpressed for future analysi's. The
| SS FCS i nswounessi7 perforns simlar 5 analyses in a proprectesoys2642

conput ati onal package that cones with the instrunent. D. Data Anal yses The
autocorrel ated data were analyzed with a nonlinear | east squar es ( NLLSF)

fitting programbased gn that disclosed in Yapnaoka et. al
Phar macobi o. Dyfffusion cogffigisnt valygs ) WW%%%W&%&P&#@P%%% s vvas for a

singl e mol ecul s RREIpSRE 15%&11 betteﬁl@xtﬂe (ﬁléaﬁﬂlml%ﬂl%s SLRefJnl *ongoef fic >

bi nned - tine) + Background (1 fic bi nned - tine)
15 The const arsperich lmvseatrfdrtileimedbwnperemv;whem avemgdtﬂoeoneol ume
enconpassed e F h [ r and had been
det er m ned e%ée?‘%’]’rneTlnn‘Eaﬁ?e y. %%ﬁ{%gg@é%sggﬁ%néﬁgﬁéﬁgg@{hﬁ native and
delnat u][ ed pf] otmumd)dem;rf edépeclemxltaludem-mdsh ngesaggtegateﬂhatefmﬂ an a?/erage .
val ue for the amount of nmateri n the t t at es anal yzed wit
a two species bﬁm fyroperatuge i @ﬁ%“ﬁ%"rf’@%ﬂ’fﬂnﬁtﬂ?’ Iﬁfs@'eaferﬁ??i’t‘ a‘—g‘E denonstr at ed

that the (0) vamg. ﬂbxﬁe?lﬂ&bﬁﬁh&ﬁ%@@v%ﬂe(ﬁhﬁé\éodda' ues obtained for the native and

denat ured species fromthis anal were identical to those calcul ated
by the single specilbaanglysgspugrap %@r%%h%t@Pyomﬁ{ Aot of th ‘-‘corrpl etely
denat ur ed pr%@#di‘éud Ec&e?ﬁa?é rs&'tﬂéeét'&? éﬁ%ﬁo&ﬂ‘ﬁ% in the 25
apparent diffusSion coefticien ues wer e being oni tor ed JUStIerS a

single speei ¢so amdzsysprssenﬂaamgéatraed\mthenm}zgmedsmglehwevee gblghtmg val ues of

ei ther zero or | se e ht i .n The.forner es,_equi val ent

val ue on all &%Fﬁ* %ﬂsﬁ %?ﬂdﬁﬁfg?%%ﬁ‘?@ a\‘i@ @iﬁfﬁ % those points
that lie on tb@etﬁuemaiaubaseﬁ.fedtmsuxahmste;mmhceﬂu&mgﬂe&ﬁglmmtsbon of which

wei ghti ng factor .i.s nore appropriate is -18

weighting

These results demonstrate that changes in protein conformations can be

Lol

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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8 July 2004 WO 01/ 44817 PCT/ US00/ 42642 ascertained by a visual® ?HEA%4 i on
of the theoretical fit in conbination with the residuals generated and

ot her statistical analyses. I1l. Results 5 AL Differential Calorinetry
Studi es The concentration of FenB was 2.2 ng/nL and the DSC experinment was
per formed wWMOPIH4E7 unl abel ed protein in 50 mM NaHC03, 1 nRETASP0AFHE 9. 0
(Figure 4). This protein exhibited two transition tenperatures, one at 10
39.1 C and the other at 42.2C (solid line). FenB al so exhibited
irreversible denatynat, g@&a@ﬂ AXYes: | dotted line).
The HI'V protease (Stq‘@ﬂ%?gﬁr%?ﬁ y V\gﬂssh%g%for rred&ilél an ig%%taigcal manner
but usi ng t he pedichlerly Gesdritid e foregoingedéaiprion amgbexainples rmgrodsy) and 5%
et hyl ene gl ycal [v). lhn the first s iy IS T. of 45.6C
s U oure b, Tuiids s viedfn grle R il PR ERBIGR AR e

transi ti on becbosacqehings nd} therefors) arepdthirptha scopé of e hyentlohi Theedtire i on was
cooled to 25C . and up rescanni nq, Vvielded the, curve,shown by the dotted

| i ne, which’ héléFcﬁémef’?‘glrgﬁ%ﬁ?@ﬁmaP%ﬁ@X@ %?tﬁmiaﬂ?ﬁ’ccﬁ?ﬂ“sﬁ’é?@?r%?%ughout t he
scan was due th@rerﬁl% bial v rdféretce cell. 20 B. Fluorescence Correlation
Spectroscopy Studies From t]‘;e DSC scans it was concluded that a single
tenperature of approxinmately 48C woul d be practical for performng

i sothermal denaturation studies. Consequently a water bath was
equilibrated to that tenperature and the 25 buffers were equilibrated as
descri bed above. The two proteins which had been extrinsically |abeled, S.
aureus FenB and MV-1 protease, were tested first. Two representative

aut ocorrel ati on curves analyzed by NLLSF with an inverse weighting of the
data points for S. aureus FenB are shown in Figure 6. The tinme-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
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above, The anal yses yield the calcul ated val ues for the appar eBn%UI&%% and
-19 8 July 2004 WO 01/44817 PCT/ US00/ 42642 di ffusion coefficient val ues.
Two obvi ous conclusions are that the fit for the O mnute tine point is
much better than the one at 50 m nutes. Since only one species is present
for the fornmer the apparent values are "averaged" for one species. The 50
mnute tine point represents the averaging of not only the 5 native and
denat ured species but al so various size aggregates that formed because the
t enper at ur e Glaimsg zed was approxi mately 6C greater than its Tm val ue.

Nevert hel esg the fits were guite gopd. The anal yses were perforned for all
of the ti meslp& FLESTIRE }S‘Feéﬁo‘ﬂ Ortﬁsgné'ﬂk&’a? et campouadl drptdieds focs dasgetver sus

tine at 489%’%1('%5? %eﬂhﬁd%hﬂ#&ﬁ@m: The 10 two curves represent data
generated w elther zero or sifigle inverse weighting. 1In either case, a

significant tineimepeticerdt basngmei fest heiapeanedér didthetsipndertasidgl ci ent
was observed. This was nost pronounced using the single inverse weighting.
These resul CeNdHEMRR SaGhee mixire cRERGSESiah legptoansi tast conpornditat tnast @en be 15

nmoni tored b ro.ht n n if.a lLi,gand uld,stahilize a
protein andﬁﬁ%ﬁa@%& Flll(;aatt;,\%ﬁstcg%q Eargéwﬁ%%ﬁsm 50 i SOMEEARi que. To
test this demsemig dbMifiony @ieﬁ%ﬁ@ctﬂ@dtoaciﬁﬁ@%,k‘éﬂt%?ﬁrtﬂﬁ BPkhE RSt i tive

inhibitor of this enzyme, PNU 140690, were enployed. Data were anal yzed
wi t h si ngl espacippde denaiiied aimggsyrable exnts r epr esent ati ve curves are shown in

Figure 8. 20 Datg for H \4-| protease at_.48C for 20 mnutes is sho in the
top curve and tﬁg@cmagﬁ%atgﬁﬁgwlgnﬁﬁ%%cg&aﬁe{ FPISIRS- 12 40 BEFSECeABC for 24
minutes is Efouichdt diiteeROLSAPNE ¥ idinifok B! e GeROL pEiPiANGS ded Wi L
single inverse weighting. These are representative at& for the other tine

poi nts t akéaugetindleculé vsipg Buerescen2s carrglhiddn speotrdstgpy;temdchange i n appar ent
di ffusion coefficient .vag u | V-1 protease with and w t hout

es at 48C.fo \‘Rﬁ
PNU- 140690 as a FOEE nGrdeppiEation Siggh nCAGH TRT&5E FReCies itile PESIRRCEI ti ve
I nhi-bi tor cheaf IdstbAbltbst Zofpolifid SEY FTeadahilation 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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a neasurable difference at multiple time points. This result d%ﬂ% g?q%tes
the ability to detect snmall organic nolecules that can affect the degree to
which a 30 protein changes i.ts conformation in isothernmal denaturing
conditions. -20 8 July 2004 WO 01/ 44817 PCT/ US00/ 42642 It will be clear
that the invention may be practiced otherwi se than as particularly
described in the foregoing description and exanpl es. Nunerous

modi fications and variations of the present invention are possible in |ight
of the abo e'ﬁghgﬁﬁﬁﬁgogﬁ@¥“%ﬁéﬁ@ﬁﬁﬁ%ﬁhﬁﬂgﬁhﬁﬁﬁﬂnmﬁﬁéﬁﬁﬁupéomhﬁﬁm%

i nvention. L ' I ls¢af i ons atent d patent
applicati on-sgggllp ? g%hﬁé;rpg?r%ﬁlg%é&faﬁéfgg&p ?h@ggg%idaggs%&apetggﬁgn@qe %[DJ uly
2004 O ai s theltarght SsdcRe Ak teteffRined dy doffereated kbdnninPcaorgsty. conpound t hat
binds to 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 conhpound, at |east on reporter nol ecule, and
at | east ong E[h? &%fh%‘B%F@EF wgrfgphgﬁerf@npgrg{aﬁlgpﬁgf they §PGEF @¥hdi ti ons
are effecti vig fefoidiiislealic hRANcopRRIid AleMfudehe target species to denature
to a nmeasurabl e extent; detecting a denatUration signal of each target
species in the presence of the at |east one test conpound by nonitoring
the diffusiqn_propertie f. the . target nolecule using fluorescence

correl ation sﬁ[@v?trg?ﬁs'@%éé;c %IHHECWWSW ﬁ@ eomscierionuehiticost spgjrene 6t each
target specCi-§Spb . R : fth a

denat uration SP gﬂg ﬁgpp{tﬁiﬁgg% tﬁgdr g%%£§g%%%l es @ﬁ%ﬁ)ﬁg&lﬁggﬁggﬂgﬁfg& he at

| east one t éeabt @mtmeanspeviegler the same isothermal denaturing conditions.
2. The nethod of claiml1 wherein the target species is a polypeptide or a
pol ynucl eot i de.

10. The method of claim 1 wherein 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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3. The nmethod of claim2 wherein the target species is a prcne§+wy%RO4The
met hod of claim 1 wherein the conpound. binds specifically to the target
species. | 5. The nmethod of claimI| wherein the conpound binds to the
target species through hydrophobic, covalent, ionic, or hydrogen bonding
interactions. 6. The nethod of claim1l wherein the isothermal denaturation
conditions conprise a tenperature equal to or about 10C nore or |ess than
the Tmvalue of the target species as determ ned by differential scanning

calorimetry. -22 c@mpatiyg Z@0denaturdtien sighdod cath elrgdtEpbcivdBr @kHrédefice
i sot hermal denaturation conditions _conprise a tenperature equal to or up
to about 10@f|&ddeastipng tesfecormpauadywithia denasuration signeheéitks same datget ni ned by

di fferenti al | ri . The thod of claiml erein the
concentrat i Ospécﬁ%%‘?rk ﬁge tcaglﬁéélecf: ”@E% 361%?1 Ongﬁtgshfr EBPRUd H’gﬁ]ieéc%esaé’ilee of
conpar abl e rEgRéridali@enafuring@ndRiongd of claim 8 wherein the concentration of
the at | east one test conmpound is in at |least a 10-fold excess relative to

the concentration of the at |east one target species. 10. The nethod of
claim1 wherein,each.test. m xture includes, ope target species. 11. The
met hod of cllgiﬁ[;hf Wﬁ@?gl‘# glﬁlélfﬁtae‘é' CIEn ther 5ot E[P?anldg@a&fra‘il%ﬂ’nqh%nﬁ est
conpounds.  k3mpfie a WeRGSAS efilaPidbrbhoth e8! BoRAG, ) | pe! udes
two to ten tesg) conpo%éri:ds. ?chj.a A?ni?{i gﬁ tmougﬂput hg%:sﬁgéennfﬂﬁ?ﬁeﬁq%% for

i denti fyi ng the taegst spavigses detettnated byidifferenitnl acdrmigedal@faetirgs, the net hod
conprising: incubating a plurality of test m xtures under isothernal
denaturing conditions, each test m xture conprising at |east one test

compound, aty| a8t mOi6d ARk 9 FRLARHNE. 1 BARkAl haRRILANE chRifsts SPeCi S

wherein the is erma enaturing conditions are effe tse at

| east a por tcomprieé atthrepératgetquat fe o @p th abSeNBI°Q Bsd thad thedS Uk 6F ext ent ;
detecting a denaturation signal of each target species in t he presence 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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the at | east one test conpound by nonitoring the diffusion propeurhflztgaqs4 of

the target nolecule using fluorescence correlation spectroscopy; and -23 8
July 2004 conparing the denaturation signal of each target species in the
presence of at |east one test conpound with a denaturation signal of the
sane target species in the absence of the at | east one test conpound under
the same isothernmal denaturing conditions. 14. The nethod of claim 13
wherein the isothermal denpaturation conditions conprise a tenperature
equal to or aboutdeteStingwrdsnafurationssigned of ehch Mroteinlinshopreserdve dfahgat speci es

as deternmn i.ff.erential .Sscanni.ng cal or,ipetry. 15..  Th t hod of claim
14 wherein tqgaesp?ég%tt %rmpoggﬂgyupypftgﬁn%g@mﬂ{ﬁ@p@@ﬁg@502 &gtt@iﬁﬁ%r ature
equal to or rislebile ARk fludRoded Bofkliftlod GRoTRBLURE!  the target speci es
as determned by differential scanning calori ry. 16. The nmethod of claim
15 wherein each tceswarmg the deriatwrhiicte signaleoft @ch girotepicihe preskhice $het met hod

of claim 15 Wn?rei n‘#gach tes r,%lx%ﬂre I ncl udes at | east two test
conpounds. 185C PR 1STECABROGID Witk arfenatiprier signakehtheesamerprotain &n ithec| udes

two to ten t ' ni_ng ;oet hod for
I denti fying ag%nggt% ?E%éoﬁ%gga%&oﬁgts tAbégf)illn gh%aggﬁE%%@ﬁgo%?ng?%Mng
conpri si ng: conditibat.i ng a plurality of test m xtures under isothermal
denaturing conditions, each test m xture conprising at | east one test
conpound, at |east one reporter nolecule, and at |east one protein,

wher.ei n: t he shsqt AL iti,ons are.effectjve.t.o,cause at
| east a portzzob% %’?{eﬁg"rgﬁlﬁ‘%ﬁg %Vh g%g'?d P epppunid is capabls of tindiagie .24 g
Jul'y 2004 dedrged spbgiesuritizh alottepinhOdenaheinglcofditieAs RoRpAk@LN 1 n the presence

of the at |east one test conpound by nmonitoring the diffusion properties
of the target (a) means for incubating at least one test mixture under isothermal

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 o
(c) means for comparing the denaturation signal of eéch 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;

Whe_rein 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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. . _ 8 July 2004h
nol ecul e using fluorescence correl ati on spectroscopy; and conparing the
denaturation signal of each protein in the presence of at |east one test
conmpound with a denaturation-signal of the sane protein in the absence of
the at | east one test conpound under the sane isothermal denaturing
conditions. 20. A systemfor determ ning whether a test conpound is capable
of binding a target species under isothermal denaturing conditions,
conprising: (a) neans for incubating at |east one test m xture under
i sot hermal targahspeciengn donebsehomef thiche least ene test esmpoind wider cspmsi ng: (i)
at | east one tgst %ggound; angd (ii) at least one target species, wherein
t he i sot her rféfft ?ié‘?‘?g NG SPRFENSHS 2 iadisptirr of Diading between B targshst a
portion of t . ﬁ&gﬁ% i re to a nmeasurable extent; (b) neans
for incubatﬁ %n% e a eﬁggg#%%ﬁkggggﬂaﬁ#§%ure 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 nmeasurable
extent; (b) Zedhs svsteryef staimn avhgesvatthe targeinspecignds agpolyppeptide arget
species in E%ﬁngkggggce of at |east one test conpound by nonitoring the
di ffusion ﬁ erti " of the target nolecule using fluorescence
correlation spectroscopy; and (c) nmeans for conparing the denaturation
signal of each target species in the presence of at |east one test
conpound wi t22. Bheleystam pdclatm 2§ ivdreadin dhe tatdebspeaivs it apmédinspeci es in the
absence of the at | east one test- conpound under the sane isothernal
denaturing conditions; wherein a decrease in the denaturation signal of the
target specimgs ] . S
compared 10 2 deuatueat PERRAFCIO htolf (B chotn @ Bid; S-SR M e
speci es in tirgetdpseince of the at | east one test conpound under the sane
i sothermal denaturing conditions is an indication of binding between the
t ar get '

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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species and the at |east one test conpound. 21. The system of %ﬂ%ﬁ%ﬁ%ﬁ)
wherein the target species is a polypeptide or a polynucleotide. 22. The
system of claim 21 wherein the target species is a protein. 23. 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
t hrough hydr ophobi ¢, coval ent, ionic, or hydrogen bonding interactions. 25.
The systen1§f gain120 wherein the isothermal denaturation conditions
conpri se a 8m% ¢ Sysiem aelimZs theripthe tocenBrie of theedsleasizmet test Tm

| f tE . I i by diff tial i
bal or i et ry 20uBBEdEls BRRILEP 10 AF SO FRE 6 b SoRERPR R Mot ur at i on
condi tions le&engie tageBsjeei¥per at ure equal to or up to about 10C less than

the Tm value of the target species as determ ned by differential scanning
calorinetry. 27. The systemof claim 20 further conprising neans for

i ncubati ng ast one .test und, at |east. one target species, and at
| east one rgéb:rf‘grsyﬁ@fneé’alc mhgﬁrer‘gg?rg@t ﬁ%“:}‘nﬁﬂ“ éi%lﬁ%‘iurmﬂljg@o%ﬁ fargels. 28.
The system ghecgds@l m 27 wherein the concentrations of the target species and
the reporter nol ecul e are of conparable magnitude. -26 8 July 2004 29. The
system of claim28 wherein the concentrate of the at |east one test
conpound is hngﬁ% | east _.a 10-fold excess relative_to the concentration of
the at | east- Desystagef clajnd0cuhergm each dest yaktpe diclusenatdeast twioctesti n each
test. m xturgyhngligdes one target- species. 31. The system of claim 20
wherein each test mxture includes at | east two test conpounds. 32. The
system of claim 31 wherein each test mxture 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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