WD 01/ 44817 PCT/ US00/ 42642 USE OF FLUORESCENCE CORRELATI ON SPECTROSCOPY TO
| DENTI FY COMPOUNDS THAT BI ND TO TARGET SPECI ES UNDER | SOTHERVAL DENATURI NG
CONDI TI ONS 5 Backtround of the Invention One of the major chall enges facing
the drug WPHLeBEYy process is the identification of snBFT/USOHM4RCc | i gands
that will bind to target species, particularly protein targets. A _
mul titude of new protein targets are being 10 di scovered by genom cs and

bi oi nformatics efforts. Many of these proteins have no known function or
known specific ligands. Thus, the identification of |igands for these
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| i gands does, in_general, alter the intrinsypc stability and hence the
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15 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, m
general, alter the intrinsic stability and hence the denaturation profile of a

20 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

25 methods that involve changes in temperature, pH, and/or jonic strength, use of

o 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

30 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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denaturation curves ((TDC), where the fraction of denatured protein is
nmeasured -1 WO 01/44817 PCTI USOQO 42642 as a function of gradually

i ncreasi ng tenperatures) obtained by differential scanning calorinetry
(DSC) havwdma#sizhown to be particularly useful for detRETHSA/42§420r ot ei n
stability and making inferences about the tertiary structure. The

useful ness of TDC is further enhanced because binding of conpounds that 5

are substrates.or.specif.i . LyVeR P | ges the
intrinsic sta%?)ﬁnf’tf%?Og%hdh%w%rﬂo;#gir@wgn@e, g’g) ?ggera shift in the TDC
and the T. séafhidpocalodimétenDSC)havedeen shommsto be particyandst wsefubforof the results of
t hermal scanni ng net hods depends on. th assu l.on t.hat the denaturation
process is e%ﬁ‘%%ﬁ?fﬂte‘?ét@d'é‘ﬁ i%ﬁ&%ﬁﬁi@@ﬁﬁﬁ“ﬁ%&é‘ﬁym “that is very
rapi d on thept sasEabeTDE i AthéeaRakad bictuse bihdihigiof gorhpdudds tHamever , the
denaturation of nost proteins under the usual experinental conditions is

i rreversibl are syhstiates pr specifie lipands faryp giyoniproteip changesthe Ensic g very il d
denat uring %ﬂﬂ Aenadd hadck Faudes 2 GBATH Y TIRY&iShPIre. Thus, DSC may
be unabl e t%ggfri%(sﬁ e k’repr o%é?ﬁce’ and ?eagﬁly interpretabl e binding 15
measur enment §midppintemperature)tvaleeSC curves reflect the stability of many
different structural, dongj %gai ' t Walell f ligands and
some not sensi t'%@%?ggwtﬂgﬂe;@%gﬁnﬂgre, Sdena lﬁ%@‘%ggﬁ% e |9nitiat ed at
many | ocat i @ssmptdbid thatthé Senhamraioniprocsdsiisic bne-gep, favelsibdd, abdhese processes has
Its own activation 20 enerqgy, whic kes it .t dom nant process only
within a1%#?%%%%@5%‘5?‘3“%@&&@6&ID&&FP&%@%@&Peﬁﬁ’ﬁ%ndi ng on the
scanni ng r atsganninB a6t BHWEVek, théXenaturatibl 6NmEA PRjtdindMdeOihe B8 NOt be evi dent
in the DSC curve. Furthernore, differential scanning calorinetry may see

two or _rmreeiél’fl!i'F@iﬂH11 %Pmatmﬁwr%kl%pym@wtaﬁslym&hw eSS only a single
transition. a?f&%er@?{ﬂtﬁi*h‘éﬁatm&geﬁtéﬁfﬁ%engﬁra%ﬂisrrbm%v'r&&rsme.t’hfhs,gr eater

inextricability of the scanning thermal denaturafion nethods is that the
bi ndi ng equiDShmapnbexnabletepronide r¢pgedudiblesmd readdly inderprgiabledindinge  f | uor escent
dyes rep%tingegs‘gg{nénrt\s structural integrity of the protein are strongly

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 calorimetry may see two or more protein denaturation steps
where one would expect only a single transition. Yet another major factor

25 contributing to the greater inextricability of the scanning thermal denaturation
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.



tenperature dependent. Thus, both the sensitivity of the nethod and the
stabilizing effect of the ligand under study drift drastically during the
30 experiment. -2 WO 01/44817 PCT/ USOQ 42642 Therefore,rv a need exists for
a net hod iweni/ufsyi ng conpounds that bind to target speci psTuSnatasably,
such a nmethod is anenable to UHTS or HTS, reproducible, and i ndependent of.
the heating rate. 5 Summary of the Invention The present invention provides

met hods for identjfying conpounds tha bjnd.to tarqget i (e.qg.,

pol ypepti des i nch@&%%gﬁﬁ?r%w fgﬁ?\ﬂ”ﬁ‘f}flﬁ?ﬂ%ﬁg&cf”a@@m@ ﬁ%ﬁ;ﬂﬁﬁ’g DNA and __
RNA) . These wmtdipsises. Prelerdbly sich Amethed isianehites EUHTSIGrETS)r at i on, preferably
I n conbination wth fluoresence detection nethods. |10 Significantly, the

met hods of tmeRrogeible gnd inderendent Af the beatipg ratest omat ed net hods suitabl e for
HTS and UHTS. ldeally, the nethods of the present invention are envisioned
to be scalable to eval uate 10, 000-60, 000 conpounds or nore in a 24 hour
period. |sothermal denaturat Snmmsiry of thednventiof ers an attractive nmethod for

the 15 identifi i f binding.tl L gni-£ i ' referred
ot hods,  the.  pr Bk Roo b pRSlides BRBISH, EorkdlBl b Wopbimds haf | B1 |
denat ur at i orbifito targetisperiaxdd.g. npdljyeitides inclieting proteias,aind polguctotidds t ar get

(e.g., protei Stabjlit bou Lgand.. In particularly preferred
enbodi nent s,m@ﬁ% ﬁ]ﬁ@pﬂ%)na@ﬁﬁm{lﬁ@aiuﬂllogvgt@eowegflsgéwgi |'i zation of

fj arget speciRaathRtiéh, prférggﬁgnot@i@h ﬁbﬁﬁmﬂ??rb@a&i&t&ﬂomadhﬂﬁi i sot her nal
enaturation _is _quantifie y changes .in fluorescence jntensity. In one
pr ef er r ed®ertigufisantly, the methodsof thepresertdnyention mvelys a&%m%{e%’é?ﬁe@ for

i dentifying g; ﬁé&r?ﬁ%&ﬁ&ﬁﬂiﬁ@@&mﬁ%ﬁﬁ@m&tﬁod’sdﬂi seftlifenfisn adhe et hod
i ncludes: incubating at |east one test mxture (preferably, a plurality of

test 25 m xtemvisipnédbto beiseslableo suajngiel 0,8Q0-¢L000rgmpavngds or mewtinarfral denat uri ng
condi ti ons, hogff%;'ioheSt m xture conprising at |east one test conpound
(preferably, at*Tea

-~

ast two
Isothermal denaturation of proteins offers an attractive method for the

15 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

20 against isothermal denaturation is quantified by changes in fluorescence
intensity.

In one preferred embodiment, 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 (preferably, a plurality of test

25 mixtures for high throughput screening) under isothermal denaturing conditions,
each test mixture comprising at least one test compound (preferably, at least two
test compounds and more preferably, twp to ten test compounds), and at least
one target species (preferably, only one target species is in any one test mixture),
wherein the isothermal denaturing conditions are effective to cause at leasta

30 portion of the target species to denature (e.g., unfold) to a measurable extent;
detecting a denaturation signal of each target species in the presence of the at
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test conpounds and nore preferably, twp to ten test conpounds), and at

| east one target species (preferably, only one target species is in any
one test mxture), wherein the isothermal denaturing conditions are
effective"P8#8lise at |east a 30 portion of the target EPESL264 denat ure
‘(e.g., unfold) to a neasurable extent; detecting a denaturation signal of
each target species in the presence of the at -3 WO 01/44817

PCT/ US00/ 4216452 oné @ﬁ&bmpaﬁadtb?atchﬁgemme difftigion pedpRAES of the tanget di f f usi on
properties of the target nolecul e using fluorescence correlation

spect r oscopolestig UOTeseEnce RarTelation spesiratcony; agd gemaparipg theach t ar get speci es
In the pres ; Tsﬁe%%: . ' uration signal
of the sam&ﬁgﬁgag%ngbg%i%ggéclhﬁﬁ%ﬁe a gellﬁ@gpféy%ge%%&aa?t#‘ggﬁ one test
conpound unchaponixbwith adenatuwativarsignil of dhrecsame itarget spevied int the absendgy pi cal | y and
pr ef er abl.y, - r l.nvent.i on n. evaluate at | east
about 10 t%s#g%q%%ﬁoﬁlgzesgéor&%%& ?%?l[éeréggjle 38,&*’5"%?4%%%&“&?}% uation occurs
subst ant i al ¢opdsions. | Typivaltiyaddpreferably)ibe methodslof tiepresenbiadettidheam, the target

species can _be a pol ypepti 10. (e.g., ,praqtei or a polynycleotide (e.qg.,
DNA or RNA) ‘?"afg’la@fagﬁ’ﬁ%lagg,)mtlﬂ(gteftmg’t’es%b@gr 3’5%?@ 1% SHF‘b?’E‘?‘ﬁY“a‘P% conpound can
bi nd t o theodcars SestanBRGI HHulGinkARly. specifically (e.g., at a specific site
or in a specific manner) or unspecifically. The bindi gg'pca.n i nvol ve a
variety of mechdnthsirethodsdessabedohezein.dhedateebpaeipsrgn be ppplypemtidadi ng, hydrogen
bondi ng,0hy@IORRRGN niSledtidB (O VDRA HFRNAY ces), for
exanpl e, or@cgg_lr?b'i najt:(i)ro_?s‘ég{tn”ne?(giof.Y éDltgl niti o%]:i) nat;[\f%g‘ﬂé;t?f sent invention

t he fol | ow $pgcierds aprat¢inn Shegepippund ¢andirdLo theel tangetrspeaiesieithercondi ti ons refers
to conditiofs.: LVE .t g{gﬁg | ecul t a fixed

t enper at ure%%g‘flﬁgélgg&g'f gtc? s??\%% %%%ggé‘ﬁ %’ee%ﬁgcon |r% %ﬁgpeﬂ@ﬁﬁl%espect to pH,

i oni ¢ st r enflethinding ¢canrinvoivecevatietyiof mechaaisms, invihdiag covatent gaidingal | y hel d

constant far_.eval yation of .varioys . coppounds,.for iven target.
Denat ur at i of™§ %&‘?‘fﬁ?g’ h‘%‘?‘gﬁl bPB‘E‘Pﬁg’yQWBH&"’ g‘f’éﬂ‘&é’é’W VBRI get speci es

15 Waals forces), for example, or combinations thereof.

Definitions
In the present invention the following definitions apply:
Isothermal denaturing conditions refers to conditions effective to
20 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
25 upon being denatured.
Tm 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
fluorescent dye or a covalently bonded reporter group attached to the target.
30

Brief Description of the Figures
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25 upon being denatured. Tmrefers to the mdpoint of the nelting
transition of the target as determned by differential scanning
calorinmetry. Reporter nolecule refers to a separately added nol ecul e such
as a fluor®Ql¥Mtl7dye or a covalently bonded reporter gr RFFUIN4EMRd to the

target. 30 Brief Description of the Fieures -4 WO 01/44817 PCT/ USOQ 42642 .

Figure 1. Fluctuation of fluorescence in a small volune as a function of

tinme. Figure 2. FIFiafes mRak@tibh UElaRéscits il wihehk {sorfusctidh\ven ol ecul ar
species. 5 Figure 3. Schematic of a two-photon FCS instrunment. Figure 4.

DSC for S. a_ﬁ’l%s FenB. Figure 5. DSC for HV-1 protease. Figure 6. FenB
aut ocorrel ation Cvggafe%.%u&}é&rrcehu&umé&eﬂatm&fo%%ivggingu&ﬁai- Change in

the cal culated 0)  value as a function of FemB 1 naturation tine at
45C. Figure 8&peclast ocorrel ation curves of H V-1 Protease +/- PNU-A at 48C

f 20 m nyt 8 ] : ' I del ; diffusi
Lourticiem 1% }%%%%%ﬁe@@%tfg?%ﬁ@wr&fﬁ%@&%&gc X 10'3 1.78 x 10. B
uni mol ecul ar nodeFigutki 4. fRSG fon ScoetdsiFein®t = 1. 33 x 10"6 0.09 x 10-6; O0)

292 15 x 10-3 11.7 ' igure 9. Tinme-dependency of the change in the
cal cul ated G(0) vﬁ?%gogsifwﬁgﬂpﬂrﬁ??ﬁse in the presence and absence of a

test conpound at #fpare 6. IRB dutitofrelatdn dutved Bt 45°C Rir®f L6050 ehifmkdi ments 20 The

present invention_is directed to the use of isothernmal denaturation. The

met hodol ogy can bEgNSe Ghgngedp therralcylatedAhpdueias a fungtigmof EgmByt v of
ol ecul esyq PYLLGHEH th¥e 4§%ei NS, including those with unknown function.

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
cocfficient = 1.63 x 10 £ 0.11 x 10%; G(0) =413 x 10° £ 1.78 x 10°, B:
unimolecular model; diffusion coefficient = 1.33 x 10 + 0.09 x 10%; G(0) 292

15 x10%+£11.7x10%
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 unknown function.
Significantly, the methods of the present invention eliminate the necessity of
ramping temperatures 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
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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Significantly, the methods of the present invention elimnate the necessity
of ranping tenperatures up and down and should allow for much faster assay
25 devel opnent and hi gher throughput in an HTS or UHTS aut omat ed

envi ronne‘ﬁ?.‘“"f‘ﬁ@ t echnol ogy shoul d be easily expandabl ePEHUSWHRG4Rg f or
‘conpounds that bind to RNA, DNA, a-acidic glycoprotein, and serum al bum n,
for exanple. Isothernal denaturation offers an attractive alternative

net hod for pudfleliiie, IR deRftudBOPHrERS isQHsi(ygepﬁrqllaHEf Rpdingblefang t arget

-species) and for the identification of binding 1 gands. It is anenable to
HTS and UHTsdepemglepyoftheipanerateCT| USOQ 42642 Furthernore, the denaturation
process i s easil 411?]9,.]1 I ‘i’s‘dﬁuﬂeﬁb% Aadatid ndent of the
heating rate. Tr%ecﬁéglé{fgto tagunrﬁqel?%tlﬁre use dfn |§%({nhqgl‘r;§§| denaturation can
be det er nidetdningd by asasuiing)the hate pbdepatofatioe ofthe tazgelt species attaseritsar get  speci es
at a series 5 of tenperatyres (e. W othin r ang about 45C to about
75C) . Thése"fmmnétﬁg@tgs vﬁ]g'if‘ %@%&@PW‘&%%?&%P@ §§iq{q§sea f1 uor escent
reporter noh&suteMents Ay bOmBE fdrex e,r@ﬂg@tmoﬁeé&@fepmdrMcuﬁhanges

associated with the unfoldin of the target nolecule. Preferably, a

pr el i mi nar yhasdimds tegndireports foritermptionsl shanges apsociatsdsidh the unfoldiRg ature) of the
target SPeCir@f thieRAEQIR, p&?&a@ﬂfafﬁélma??s&cgmm&% defmikabi | ity of the
target over a |ong period of tine as woulfd be known to one skilled in the
art. Duri nglat (midpeintdemperatpkefi thetatgst spaties inepproprate buffarethami nt ai ned at one

) o, STEp el e bR Mol R e BEtd ik 4 Sy PRl Py G

t enper at ur do ofie silldddntheartral denaturation is too |low, the kinetics are too
slow GCenerally, it i.s..desirable to have a detectable anmount of denaturing
(e g, . unf of ci nEyerBE LR biscie PR B ALl SyEpibeils 68 TAMPBSLRF ¢ he

t enper at ur given témerdting fprefeRBlyki D&k 0.2€C)3ifich i§ Shdsef to frbdiice hRwW, €St conpound
wmoul d not be able to stabilize the denatured target species resulting, for

exanpl e, i reagilyonepitered dspaturgtionaf thy tarpst BIPIginn df the trmpetatyre 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., unfolding) occur
within about 60 minutes or less. If the temperature is too high, the kinetics are
so fast that the test compound would not be able to stabilize the denatured target
species resulting, for example, in too great an extent of unfolding. Too much

20 unfolding can cause aggregation that could result in precipitation of the target.
Furthermore, at too high a temperature, the test compound may not bind at all.
Preferably, the desired temperature 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

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
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20 unfol di ng can cause aggregation that could result in precipitation of
the target. Furthernore, at too high a tenperature, the test conpound nmay
not bind at all. Preferably, the desired tenperature for isothermnal
denaturi ng WQUMRIA| to the T. value about 10C of the t HFESERER es as
determ ned by DSC. More preferably, this tenperature is equal to or up to
about 10C less than the T. 25 value of the target species. The target

speci es, pr efigy abthpouh® B5h BEteasth 1 0-feld Sxtel R iThpdraROinhibitioNRUREbea abl e to
monitor its denaturation, is incubated in the presence and absence of the

t est conpoundhit] eanesetanior foagsay ipplementiation, prdetermined setigticalbrdusibgt he t ar get
speci es and .t&%ﬂ%lsyg&ﬁﬁ%ﬁg%ﬁ{ope% | e are of conparabl e nagnitude 30
er than about -

(preferably, no grea , but may require the reporter
nmol ecul e to be i Flversense techniquey are trapidii becomingthe detéation irethodbhefl eas t he

concentratjon,of th - 4 [ USN0/ 42642 test co und is in at
| east a 10§f&h@°%f5§§??§%¥égkﬁgra@§g%ﬁ§;%ﬁ uSEesgeﬂfeo?’?le?@?saée"q%?t " can be
set prior to asfeayarkeipbfulbitt.aCoupling Auosendetbdhaiiuss with ddnhtartiby during or
after all screening has been performed. Fl ,uot{lesc nce techni ques are rapidly
beconi ng t he WW&W@WWH&?E“%PW@%WSF‘E@? M?%WP’E/HFM HTS and UHTS.
Thus, fl uoreiltﬁﬁmﬁy{aaM!eﬁﬁnﬁealmswmﬁﬁte}hﬁlmek@d@eﬂ&nm&ﬁ- Coupl i ng

e

fl uorescence chnirques, with denaturation by isothermal nethods is
attractive bebangseiniproteisdelding gad nojensenpemtyre sifecie Fughermenyahgngel d of an

LT L B G 8ol G W g s L

protein folding and not o 3 , any change 10 in

t he fl uor escdliffaend denaturerd fpias of thetarget specits. hiusltefatiorhef targgtor t er nol ecul e to
di fferent denatured forng,of .t .&s. Thus, alteration of target
stability by S%{’%gﬁbr?'aa olubr{gH ghsgﬁfl%g%%%}é%\éﬁ%%b%t ectable. In the nethods of
the present invenlithamethadgefthspresentinveition tangettspesiesalenaturatiatsnlli zat i on or

dest abi | i zati op...by. | i gands.aqgai nst..i sot hermal denaturation .is is quantified,
by fluor esceﬁ@glhﬁéﬁ“éﬂg g‘ﬁt%’ﬂ’zgﬁ%ﬂz yrlﬁfﬁ%p?%‘ﬁﬁﬂﬁt‘#‘m%‘?cant s’
Assi gnee' 35 CQpaititied By SidtbicemicicoRelhtion spStiobcdpy.Nas taughitiih Agplfants’

Assignee’s copending application U.S. Serial No. , filed on

even date herewith, 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

20 (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
stabilze a target under isothermal conditions. Thus, this new technology has

25 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

30 level of single fluorescent molecules difﬁsing in and out of the confocal

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

-
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even date herewith, isothermal denaturation can be used to determne if
known conpetitive inhibitors/ligands could bind to target species. The
present invention denonstrates the utility of fluorescence correlation
spectr oscWPVMSIT FCS) to nonitor denaturation of .target 8CTA§I3643al | y. Such
instruments are comrercially available fromISS, Inc., Ubana, Illinois
and Zeiss Inc., Jena, Germany. One skilled in the art will appreciate that
a screen ngpbé}%&idmﬁ%hn&ﬁ&feﬂﬁon !v})ltunﬁ.r TRRAbhunRs s h@5M hi gh t hr oughput
unds t hat

.Sscreeni ng of conpo stabilze a target under 1sothernal conditions.
Thus, this tpiwlhdustanlypne patickDutefight manunderroalysis atd gifar adapt ation to

hi gh- and ul trahi.gh-t htoughput screeni | di scovery. Fl uorescence
correl ati on"@ﬁ'@&lggglgbg@e %E@gfm?egulgs &g@%ﬁgﬁ%&b%lﬂm r‘g%?l y measures the
spont aneous vélume givs gied1ocbul sty tfludtes@hcelight yednenEachindividuahimaytnan c

equilibrium 1t is an ultrasensitive technique operating at the 30 | evel of
singl e fl3uoFEuting ‘Hﬁlsglgiﬁ%%leﬂﬁ??’F%‘i’erfﬁglFtﬁmﬁng‘% “’?}3‘1 Bbcal  vol ume

created by geha6HSEHe 35REd RGATHe rEiled Mannk by I8ghlp séils@ive kigibocused -7 T.
WO 01/ 44817 PgT/ US00/ 42642 | aser beamillumnates a fentoliter vol une.

Thi s vol unerhajorsdstaction fevigeaiill senalsgesiting fromyibe difBiiop obmeerisaet i cl e out of
L | | L i L | ecul
i Tt usi mo t R soan pieee el Gy CREREbkd T Banrl SRl T oo °°

f | uor escenc particwdrtflugreacingmoleades dretfentifindaising autocqrredation softwireg from a singl e

nol ecul e, c be .registered.. L.n.a typical, F instrunent, the photons are
recordedlq n‘}aelf erg%%‘g ?/lg%flprg??ﬂ@?n%‘gtega%ﬂlflﬁ‘%saf“ée@nagh?ve si ngl e- photon

det ecti on deharaceeristid framsiagowl diffusiat titnes) gat bodatérignedi f f usi on of a series of
nol ecul es throu t he confogcal vol ug?l are recorded, Th ?gﬁnta bel onging to

particul ar fl uor E¥CPAYAIEPLLIAESsongs Sucthime ity 1§ orrel ation

sof tvar e. 1QyskRed piefsletes Bfa dPBharuiRhint (Fird 1)] st thediedsive! ume, as vel | as
their characteristic translational diffusion tinmes, can be determ ned. The

spont aneous cqeffigient ardthe kingtic goefficiqntspf dhe-systpmiarg tvorqyantitigsihat are f
15 generally measured. In particular, FCS detects the time-dependent spontaneous

intensity fluctuations in the fluorescence signal which may derive from
Brownian motion, flow, and chemical reactions, such as binding.
Analysis of the shape and decay rate of the autocorrelation function,
G(r) = {<é F(z) 8 F(t+r)>}/<F>
20 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(z) and F(t+r) are the fluorescence values measured during the correlation
25 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., 3-12
(1996). For the equipment used in the studies of the present invention, division
30 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



observed nolecules in a defined unit volune (Figure 1), and the diffusion
coefficient and the kinetic coefficients of the systemare two quantities
that are 15 generally nmeasured. In particular, FCS detects the

t] ne-depen&’é*gﬂ"“éxd?)nt aneous intensity fluctuations in thBCFUSH¥4@&ence
signal which may derive from Brownian notion, flow, and chem cal
reactions, such as binding. Analysis of the shape and decay rate of the
aut ocorr el at defnell byabt sxample A Ghussiaf-E8rehfzibh equatioh FIé the/Datagdlyseor t he
fluctuating signal reveals Infaormatjon about diffusion coefficients,

nunber of nofEBon belowland was grperimentally dstermiiedes vary dependent upon

mol ecul ar di {1 USh Qo0 RsentdBbh BE fsKofrefifed ISP vefbpd N6 abOVe
equation are: T represents the correlation tinme constant; <F> the average
total fl uor etimenwhere, foF¢Rmpla; dach curvE repaesents Hidfefent mestretias of al ues neasur ed
during the correlaiign ti,me-constant .and at tine t us the correlation
ti ne_Cons%anqugaef@@&ﬁéerw??rgﬁw%%%of e%q?ezgu{et?{:es?m]e%{e{ the (O val ue,
represents t pigsichllixpRhatioh, iEhodaiih Bigure2.t he experinmental vol ume. See, for
exanple, Kamet al.,., Rev._Sci. Instrum, 16, 269-277 (1975); and Rauer et

al ., Bi ophys. CheHie obseryes fluctugiigns obgxFoissap statisten,with thegaplitidg of he st udi es of
the present {hg¥edhdedictudfion Keingbroifdrtiinal Beh S Q0RE fodk o R HEndmbfBf Y the (0)

val ue yields the nunber of nolecules. This constant derives fromthe
vol ume” swept melgeulpgbeingobserrrd Ao piineinle,FEGS s mepsurgsingty mejegulgsand

PCT/ USQT (4264, }ﬂ{‘gﬁ&i&% tiie scLlQEnaggf't% ﬁgnﬁg.mﬁ%%ﬁﬁiok%ﬁ&gtﬁi an equation

(see the ta yses sectlon was experinentally determ ned. A
schemati c r epcosie/with lowmanémelat coocantrations sepablerof beingdetedted@hmah ver sus tine

where, for exanpl h Ve different concentrations of a 5
SRS B B SRS

gi ven nol ecul'® ronal” of the nol ecule, or sone other
physi cal expl anatThefpresert ipientioh demohstgitssaha? FCSloan bdassed toafledsirect uat i ons obey

o0, oLt b2l Tahiah P B S BRSO O
obser ved.is! NcopipetiGieihRibitdr &g coBbSabiBzethéarg ndldthles CTHeASsulS dre

comparable to those obtained by other methods. The agreement of the

denaturation kinetics from three different detection methods confirms that the

same unfolding processes are being measured using the methods of the present

invention. Since it is relatively easy to label covalently the target molecule

20 without any subsequent concern about how to measure the fluorescence, as
opposed to, for example, polarization, intensity, lifetime, etc., an FCS
instrument with micro-titer plate capability offers a powerful method for quickly
screening large chemical libraries to identify potential drug-leads.
Alternatively, one skilled in the art can use the same fluorescent dyes 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 extrinsic 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



10 the kinetics of the tinme scale may extend from hundreds of nanoseconds
to seconds, with | ow nanonol ar concentrati ons capabl e of being detected in
an observed volunme of 0.1 fenmoliter (fL) to 1.0 fL. The present invention
denonst r aWOI#BET FCS can be used to neasure thermal JEFEUSIE2E43N of
target species (e.g., proteins) and determne if known 15 conpetitive

I nhi bitors/ligands could stabilize these nolecules. The results are

conpar abl e ' i of the

denat ur atiowﬁﬁg%%?gﬁﬁég%??%%@g%%ﬁ% n@ﬁ%& confirns that
the same umdpotteli mojegulessheouléd alseiprsfepablnpventaveafifioily fos theqativetarget hods of t he
present in . QN a4l Lt el | | ently the
target nol eﬁﬁ?‘és’% t\}\lll%{ %géé}cé é%}}é g%tg)se %%ﬁ%ﬁé’gg‘ﬁ%élr@ %ﬁ%%o%?ﬁéﬁﬁ%\?vﬁ% neasure the
f | uor escenceyveraswide ppoamthtiboranf®or, peefenghle dogsalotbing & thenative mdrgeisi t y,

lifetime, etc., an F instrunment, with mgcro-titer plate capability offers
a power f ut ﬁb‘ilhé‘ag‘f‘f)‘f%%ﬁﬁinekl?es‘?omgﬁﬁ%@qil @12}%@’%‘}?8@.3? ibraries to

i dentify potgpticopentfalipcdritafl Sumébhedoniolvd!thiat ab¥fb Mid/dr NG6kesde the art can
use the sanme fluorescent dyes in the 25 sanme manner as descri bed above for

i sot her mal defenrbout 30 nanomeferg fym) andighout YPR nngthg seprriemelednls ar get
concent I at | GG biRrd:BE bRBatiorHER AR R e N UIOEoR wilhereby PI 0l |y and
pref erably, useas,\bno_rgﬁﬁe}%ter th%%_a out s 50 nl?/lq'?)s? t rg‘[’)orter nol ecul e.

Wt h i sot hercompousdsintenfers, £-gn exnjtati@satiabonit 488 nmzind ebissionktaboutsilifg extrinsic
but not v%lment reporter nol ecules, that the 30 fluorescence of the
extrinsi cal I'y"added dyes bound to denatured target should be at |east

2-fol d greater tBah reporieamoleeuiesaiegs tfluofesdenpdyes)arsxommdicislly s typically .9 WO
01/ 44817 PCT/ USPO/ 42642 acc L ed b he_exposure qf. t he hydrophobic
regi ons of taﬁ"ég&‘&"gi Sf?“mﬁ\ﬂ“’ggg%h"glﬂ %F@éﬁp@@e’%ﬁnﬁ flgpreseenr ef er abl y have
| ow af fi ni t wrigily wika boadd tayl@plidic redioad ofithe taigdtmbletié.cB8ICe of the native
target/reporter npl ecul e cog&lj}ex is linear over a w de concentration range

or, pref er aptudegdEROIrangs. fPRE RedeNarq Oiapee. MilsRied. 5 at all so that it
does not ypeGaiRomphthalaids-bitkaidacid i RANY), ﬁ%@%ﬁgﬁ%f}ﬂ?@@ ari es

general |y contai n” nunerous conpounds that ab uoresce
(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 solution of about 10 nanograms/milliliter (ng/mL) to about 10
micrograms/milliliter (ug/mL) with a very low background fluorescence.

20 SYPRO Orange and SYPRO Red are used for gel staining with sensitivity as
good as silver staining. The basis for the increase in fluorescence of the dyes
with protein denaturation is their binding to newly exposed hydrophobic sites.
1,8-ANS 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 than those of the dyes discussed above and, thus, would require the
use of large quantities of protein and reporter molecule in the assays. DBS is a
relatively 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.

~10-



bet ween about 300 nanoneters (nn) and about 400 nm the reporter nolecul e
shoul d preferably have excitation and em ssion in the visible region where
few conpounds interfere, e.g., excitation at about 488 nm and em ssion at
about 515 YMOMMH$7Such reporter nol ecules (e.g., fluoresd&AfUS4642 ar e
commercially available fromsources such as Mol ecul ar Probes (Eugene, OR
and fluoresce brightly when bound to hydrophobic regions of the target

nol ecul e. These  igyg|ihigRscexiTEsdrick AdREule FYEREnIRRhn iNRARy XASQorN | € Red, 1
15 ani | i nonapht hal ene-8-sul fonic acid (1, 8- ANSL, and

dapoxyl but y| slgreessnwherboupdiosy desised fangrt speciesicpp pe wigp &orysothemarlogs. Nano
Orange fluor Lﬂﬁﬁ, | L ] i near
quorescenceedr%g%%gﬁ?ng?ﬁéuan ﬁhc%%%&gﬁgﬁ%t e(?{%giulsvr‘{wgtglu |ton of about 10
nanogr ans/ m |spediéstcen b¢ deyérmiined by mebowing 16 fluorssegeeofsygivdnl i |iter (gg/nl) with
a very | ow back I‘OL{i‘ld f.l,uorescence. .20 SYPRO Ora}nl%e and SYPRO Red are used
for gel stai rﬁoﬂ%n Of of B FROTE polecule m e presence QL INLEASIE 51 i ng.  The basi s
for the increofeniritiohs bbthe daanes tadgetspecietiund thewative target Pediesdenat uration i s
t hei r bi ndi nq@:oo,ne y_ exposed hydrophobjc sites. 1,8-ANS has been used
ext ensi vely f Wr‘Féﬁfﬁe Bgln‘ﬂy%/ﬁcl“ﬁ PREIZEHPS FORCAYAPn obfPet o ns:  however,

I ts quant um \gledeeifRPork® Wdtkchie rélitfrede R idtpQdpdeiedt €i n i s 25 much | ower than

t hose of the dyes discussed above and, thus, would require the use of
| arge quantities &fadditionde,or instead efpusingpongeyalent flecrpseent iepofeisays. DBS is a

rel ati vel yo nec a0k val AERARATSa AP BR i LARRRRERGARN i Y shift as

much as 1 urn upon changing the environnent.” L ower excitation
and emi ssi on onaway esegaiget, spericsdabsted covaléntly vaths paof flagrophar¢saeneNdno O ange,

30 SYPRO O aies, R SXPRORALRL 8 il OB ANARAL o IR0 42642 Any

fluorescent r 0se em Ssion I ntens | Ncreases or
decr eases whapecis dhehgttheintembleawlart distanets epeeendise to@fluompheres] theor | sot her nal

denat tion., The aff.init f, f t I le t d
arget | Spaciignainis rabemird b R B BroRGe i bUBedtBee of o gi ven

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 experiments can be performed in the presence of a chaotrope, such as urea,
guanidine hydrochloride, organic solvents, or any other reagents that promote

20 protein denaturation without unduly interfering with binding of the reporter
molecule with the target species.

The exact experimental conditions for denaturation of each target
molecule will vary. One 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 (pI) 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 out in a
multi-reservoir sample holder, such as a microtiter plate. Typically, all
components but the target species are added and the multi-reservoir sample

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

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

-11-



5 concentration of the reporter nolecule in the presence of increasing
concentrations of the denatured target species and the native target
species. Knowing the affinity then allows one to optinize the
concentr O BW4BY the fluorescent reporter nol ecul e rel BETYE0M4E he t ar get
‘'species. In addition to, or instead of, using noncoval ent fluorescent
reporter 10 nol ecules that are added to a m xture of the test conpound and
target specCyfse theBet¥PatiddIfadded @od éé&%ﬁﬁn&t@&ﬁﬂy@ﬂnﬂ%@d@?? ly with a pair
-of fluorophores, one of which quenches the fluorescence of the other.
Because unf Shenlg-reservoirsampledelder istynically seafpdmgior toradditionoéamyol ecul ar

di stances b WAk ligl;d S acconpani ed by
changes in Cﬁggorg%ls%glﬁoétg. glé’%%gﬁ%%sﬂee&ggl%ﬁgg%ar gg'ltt&gf)sleci es at specific
sites, the nededfarphistiosheetingiviiitlesealstthesplate botis sdoreddg iswhsa wayrthatbe noni t or ed.

F t t ' t hat.. h .el atively high.d t [ t t ,
the export raMEo e RB BURPOFRE: T b PRI AE oMt Fope, such a8

urea, guanintodg:tiby of e tirgek bptcies, Mcatiple Holley Bivither tRhsfafdd Ot her reagents
that pronote 20, protein denaturation w thout unduly _ interfering with

bi ndi ng of meqiagﬂmaé»apmpétedﬁeﬂw@ﬁreeﬁsg#ﬁﬁgmw@l orfpeexact

exper i ment ahy eRic: FRMeldidy untPARSMOA s REirddl A8PGdDps A BferforRieCcuUl € Wil |
vary. One skilled in the art can nmake appropriate deci'sions and/or

exper i nent a¢ithgr ganustypriey rapgiras desitgde buffer systems (pH, ionic strength,
ionic 25,co-factQn i g%{' oint (pl) of a
prot ei nslr(%nl ecul e@sru\%)tll}?&%ﬁéfispgﬁ{é? é)ré %ﬁgg%ﬁ%%gp’edﬁ%—ﬁ%u ogéfg'sef ul in these
studi es. | napeadiemBendHiY - hproteasks theflattehin the aseme andipesancenf £an be carried
Typi cal 1y, gt BERESERE RS IR riyroeR ot FeRePor SRbHE NG | ho
mul ti-r Sse][moﬁ éhaﬁgd’li]?m& diffusier cblefﬁd'i@t b?hﬁpﬂteiﬁﬁb&nﬁﬁﬁfdgﬂgimma terrpelr at Er ?df or
a period of ti After mal equilibrjumis reache t he sanpl e hol der
is preferably F?HWW%‘%R?EPQ%%QP%“%%GH- Thesagataper byt epCT| USOQY 42642
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.

on

=-12-



where the target species is added to all reservoirs, preferably

si mul taneously. The nmulti-reservoir sanple holder is typically sealed prior
to addition of an conponents. For exanple, a microtiter plate can include
a coveri ngW‘h‘é%t"“‘?‘é made of a plastic sheeting which sealPETUS80464% e but i s
scored in such a way that 5 a mcrotiter tip easily penetrates it but that
It re-closes after tip renoval. After introduction of the target species,

the sanpl e hotydgd reinfits Shdvi i, idedts pRtdieSenatutdiRf aAd QhbilidafoRBy aPPr opri ate
detector for reading the denaturation si gnal or to _an incubator for

hol di ng unt i |liggedsagaingisothermal slenatyration qan Se guantifiehbiECHandtbatily e t her
manual | y or loS hAA&SinfRant ndinfiki! Eﬁﬁn‘ - af. esent

i nventi on, t?eéwgg%g%g atalgo ochnS.p gﬁgﬁ%d emdﬁgﬁgﬂi%fhl\@lth%p%p[e&gse, t he

| atter in thecmbgnsgice and presence of a known inhibitor, were eval uated.

The measur gnment ot denat uratio sed n han Lo, the di ffusion
coefficient of th hﬁpgﬁ‘gﬁﬁﬁégp%ﬁ%ﬂ??%?%ﬂfn@n%&&%ﬁgwgﬁ% V-1 protease
eﬁi sts as a d]c)imﬂas aﬁﬁgﬁ@ed'?ﬁ.aﬂamescbmdyeﬂcahheuseﬂ&o B?&Ienﬂgtabélgu& ng inht hat

t he apparent diffusion coefficient, incregses and then ecreases. This
observati on d3MBE W%”e%@amh%rdwg?ta 1 iﬂ?‘ﬂgNA&FE%tB’&i'%hf‘ﬁg into
nonomer s W t faRS&R BOSIPYE TRIRC Didp8h Grélalét. UA R iSilationlolf theed by
denaturation and/or aggregation. The calcul ated diffusion coefficients are
what woul d ISEPresssd plspule, the Fribose is pxidized and labeledageordisgiher i zes and/ or
then 20 dgpatipeged Mok @@ tantly, the concept of stabilizing a denatured
protein was enonstrated using the conpetitive H V-1 protease inhibitor

PNU- 140690, hipi/tswvinerobesteomihonihoai/sestiony Q302 bnel). Erempdes FRNAH3C O \ | NH
(11 S

molecules that can be used to demonstrate this approach include: 1) HIV-1 tar
47-86 (Mei et al., Biochemistry, 37,14204-14212 (1998)); 2) RNA aptamer J6f1
(Cho et al., Biochemistry, 37, 4985-4992 (1998)); and 3) A-site of 16s rRNA

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 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 determine 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.

-13.



N F3C -12 WD 01/44817 PCT/ USOQO 42642 These results show that,

i ndeed, . protein denaturation and stabilization by |igands agai nst

i sot hermal denaturation can be quantified by FCS and that this new

t echnol og)OP¥448L7 gni fi cant potential for adaptation to BCTUS00/42642

hi gh-t hroughput screening. 5 The nethod of the present invention can also
be used with RNA and DNA as a target species. Fluorescent dyes can be used
to coval ent Igganipd@l and nonitor the transition froman ordered to a

di sordered RNA structure include fluorescein, BOD PY TMR O egon G een,
etc. After isolation. qof the expressed RNA nolecule, the 3'-ribose is

oxi di zed and" | apMaterials cor di ng to 10 published protocols (e. g.,

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

mol ecul es t?@tR afd€ used to denonstrate this approach include: 1) H V-1
tar 47-86 (Mel et al., Biochenmstry, 37,14204-14212 (1998)); 2) RNA

aptanmer J6f1 (Cliregeh Grben™ Ridosdeesiiad, dipoxgiibutdBon#Hide a6d998) ); and 3)
A-site of 16s rRNA 15 (V%gg et _al., Chem stry and. Biol ogg‘%§ 5, 397-406
(1998)). i JEH%C%B%FW %i%@@&mﬁeéé%&M%ulm\w becules are: 1)
Neonycin, Otfigkne, ORI MHRHMCRARE ARk BitisireitdRloR-RRE asodRguNds (Mei et
al ., Biochem stry, 37,14204-14212 (1998)); 2) tobramycin ((Cho et al.,

Bi ocheni st r yhoghate fyg8rcaptoethanol, sodijun;acetatd, ghycerchrradyodium ahidgride her

am nogl yci d t 0 MStr V. i.0l.0 5 97-406 (1998)).
Just as kno%?\er%%gan sffogllrlSi o@%g%cgdt}s Sgiplg)é{%ét%gf'%ylﬁﬂ)fcf)&aé’%taﬁ%tfcr struct ures
under i sot hexidedercaonalndd foors Mallhekmdkbaboratdry Chatialsf A Divisiee of hei r cognat e

RNA nol ecul .und i m.Jar_.conditions.,..Simlarly, w otein targets,
a large %olﬁ%ﬁ%‘ﬁ 8%‘“&3%&}}&‘3‘98%?%3!@%% 2 I@@@P %ﬁghput screeni ng
to 25 det er rieieputtlfaidiaion? PitrddiChdinidal, Rdckford, BN BisGelp-biDgaltihrese nucl ei ¢
acid structur under isothermal denaturation conditions. These conpounds
can be test &l spin columns were purchased from BioRad Life Science Research,

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

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

15 buffers used in these studies were: for S. aureus FemB, 50 mM NaHCO;, 1 mM

DTT, pH 9.0.

B. Equipment
Fluorescence Correlation Spectroscopy. 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 Journal, 68, 694-701 (1995);
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 photomultiplier tube (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, Illinois and by
Zeiss Inc., Jena, Germany. The parameters generated by the instrument,

-14-



singly or as conbinations of several conpounds. Having generally described
the invention, the sanme will be nore readily 30 understood by reference to
the foll owi ng exanpl es, which are provided by way of ilfustration and are
not intenddP YR8 i ting. -13 WO 01/44817 PCT/ US00/ 42642 PORUSHI6E | .
Materials A. Reagents Oregon G een | odoacetam de, dapoxyl

but yl sul fonam de, and 5 fluorescein isothiocyanate (FI TC) were purchased
from Mol ecul aggp&iM9FSn the ISSIIWinstihent] hieShd Late o8 Gilsd/BisiRsORIA TR, _
dithiothreitol, nono- and disodi um _phosphate, (3-mercaptoethanol, sodium
acet ate, gl ycdaytomentsgd atilie LED oftheUninersityof Blingi- chased from Si gma- Al dri ch,

St. Louis, MO Et ; I € | &%Efﬁlﬂi ' from

Mal | i nckr odt Labo%Wngﬁﬁd% ﬁl nckrodt Baker,

I nc., Philli pxberimgentd¥ere Serfatmedusing sy MK)-2 @rodenskinedifferantinlscanninghased from
Pierce Chemcal,. Rockford. IL, .BiQ:Cel P-6 salting GelTM spin col ums
wer e purchasec&l%?ﬁré]ogﬂg!frq_%@cs ogﬁ%%ptﬁ%g‘@rch, Hercules, CA. Mcron

m croconcentrators (10,000 MACO, ~ 500 L) were obtained from Am con
MIIipore OOL,I?" Bed;lg‘;d, MA. The conposition of the 15 buffers used in
these studi edwer detheds 5 aureus FenB, 50 mM NaHCCB, 1 nmM DTT, pH 9.0. B.
Equi pment Fl uorescence Correl ati on Spectroscopy. The fl uorescence

correl ati on A0 DiffaechfiglStamying Qaldrimaiy was built by personnel in the
Laboratory of Fluorescence nam cs (LFD) under the direction of Dr.
Enrico G afton at Besalinedymérg eplisicteg fasfeagh doizyroé with beffgramboth theghmpleBi ophysi cal
Jour nal , , 694-.701 (1995),: .Chen ef.,al. ..Blophysi.ca urnal, 77, 553-567
(150)) | AV RRR e gt yoliTHE Vs Lo iy PR B Lot o2

axi overt n CrmefPe, to30UNMHIDSC sadydled #ixcughThis iptoredurdtvicyiidree | asers in

series, a photonultiplier tube (PMI) or an aval anche
P collecting da?ta for an enzyme estzblish a &ermal %}story. Buffer was then

removed from the sample cell and enzyme at approximately 1-2 mg/mL was
placed in the cell. DSC data were coliected for the enzyme from 25°C to 90°C
15 at a scan rate of 1°C/minute. The calorimeter was cycled 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 DSé 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 (Ehlert et al., 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 S mM in DMSO. The protein was
diluted in the same buffer to 20 uM in two 200 pL aliquots and 0.8 pL of 5 mM
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phot odi ode (APD) as detectors, an autocorrelator and conputer with an
autocorrelation card. Simlar results can be obtained with commercially
avai l abl e_i nstrunent's such as those sold by 1SS, Inc., Ubana, Illinois and
by Zei ssMH4¥1Jena, Germany. The parameters gener at ed BSF/4S8®436#t r unent |
=14 WO 01/ 44817 PCT/ US00/ 42642 especially for the 1SS FCS instrunent, are
the sane as those obtained fromthe instrunment used at the LFD of the

Uni versity afiTClwds@aded. The fehi@ions wert allSwad bl f28ceb@OiPick Tari6d\minkled.f €r ent i al
scanni ng cal orl_rretr}/imeex erinments were perforned using an MC-2

ul t r a- sensi tPwEnedhis fimesight BioGekRrfsplvinns sveregapilibratadayitt hem M crocal , Inc.,
Nor t hanpt on, NAReo /b TYBLAG IS vind Ik | g&&' jpetry Baselines
were col |l ected fogrmeach enzyme %ht ﬁ%@%ﬁsﬁ% ot Hri&gﬁéa)g’%h%ﬁg& 10 and

ref erence ceit B800xgddr2 minhigsrat 476s Alpdttion of thesteactioa nsirtare (160 gLp#asl C/ mi nut e
from 25C o he PSC.was cvycl ed. t hrough this procedure twi ce before

col | ect i né; &%ﬁ%p}?mﬁégﬂmﬂ?mﬁgagﬂyﬁ e%fe‘?'h ueRf ¥ahry. Buffer was
then renovedllédaiandhie wodEs wasGepdated GThed &¥dvad shadPeRcomBinglY 1-2 no/ nlL
was pl aced ia the cel]. DSC data were col]ected for the enzynme from25C to

90C 15 at a %0¢5pPcrenirate @@‘Wﬁ%@@%“&@%@%@a&%@?@ed back to 25C
and  prot ei njRQutbff GMitARith R DEFR VLN ThéRtentROW S BNeRe L Rai; were

subtracted from sanple DSC data. All solutions were degassed prior to DSC

col | ect i ons.intoThree el wolume diquets (LhS ih.aOedalimiohwasevelmatedbpct ri cal heat

pul ses. M§s b bratio erformed ' n: oct adecane and n 20
hexatri a-cggnt anIZé %{%ﬁ%glr‘%sc 4 ceﬁ d{\nagﬁlf)%é:f’ ?ﬁeaﬁt&dgﬂ?’%g’ag’ﬁﬁ ?&épect ively. B.
Label i ng of niteriadwasussd irathe FQS sfudieBbeldve protein, S. aureus FenB with a
nol ecul ar size of 50,804 daltons (Ehlert et al., J. Bacteriol., 179,

7573-7576 (1997) and 25 Tschierske et al., FEMS Merobiol. Lett., 153,
261-264 (1997)) WHY¥-liroteadey EVilrProGasevids catehsivedy dialyeddfagninstdkd B 0, plus 1 M

di thi ot hr ei tRh; Qg ghte .55 MaNS r})I-Pg.S, at 5°C, using a Pierce Slide-A-Lyzer™
15 (2,000 MWCO). The protease concentration was approximately 1 mg/mL.

There was a slight turbidity after dialysis. Protease recovery was assumed to be
100% (53 nanomoles in 1.1 mL).
A freshly prepared solution of Oregon Green™ Jodoacetamide

(Molecular Probes Inc., Cat. No. O-6010; approximately 10 mM in DMSO) was

20 added at zero and 5 hours of incubation to achieve at each time a 3-fold molar
ratio of Oregon Green™ to protease. At approximately 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 the addition of a small volume
of glacial acetic acid. The resulting 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 mL of yellow solution eluting with the solvent front was retained as the Oregon
Green™ conjugated HIV-1 Protease. This was concentrated to 0.9 mL using a
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2.2 ng/mL (43 SM. FITC (100 ng) was dissolved in 100% di net hyl sul f oxi de
(DMSO) at 50 mM and an aliquot diluted to 5 MMin DVSO The protein was
diluted in the same buffer to 20 Min two 200 L aliquots and 0.8 L of 5 mM
-15 WO 01/ MBWMBET/ USOO 42642 FI TC was added. The reactPiCBASRER al | oned
to proceed on ice for 60 mnutes. During this time eight Bi oGl P-6
colums were equilibrated with the NaHCQO3/DTT buffer follow ng the

nmanuf act ur er spaUEIGRHIGHHegda(CHIBE (3,00090WO0) WaikblROR Pall Tafp. Por NUt es at 4C. A
portion of the reaction m xture (100 L) was 5 added to four P-6 col unms

and material Washisgpn, &EY,a#5 CrapengeASrnsi hehipmy Five nalopf ¢odd uffen (bl Mhe process was
d. Th sSeE o | . ' h
repeat e e?c%g?%éi&’,']@ﬁe\i/&'g@@?l“%%/@wg&%@ﬁoﬁﬁ‘m%ﬁ&%ﬂﬁ&ﬂ gugl' n tne

Ami con concen usi ng ter w ficron sirze cat-off limt
wi t h one buf f £0) wassdddedioehe protease adlatiowa 580 Mith capidimdning slidthelgl was nt 0 t hr ee

equal volune al.iquots.(10.5 e gl i gupt s .eval uated by 10 HPLC
anal ysi s arnd ?f{é‘fsge;ér??‘ﬁ’é'g ﬁ*ﬂ{gyhg“ﬁ%‘é? t&r%’ﬁgﬁ&f%f@“f‘ ed. This
material was gfudibratidniwag48CS studi es bel ow. HI V-1 Protease. H V-1 Protease

was extensively dialyzed against 0.1 M sodi um phosphate, 0.05% NaN3, pH
6.5, at 5C, using H‘%P@F‘%“SPPH&*‘@@P!?%&*%O(zmmtﬁ\mwdThe pr ot ease

concent r at | 0y RIS B coflBahidtion b RRGRURI TGOS t U bi di ty

after dialysis. Protease recovery was assuhed to b % (53 nanonol es in

1.1 m). A freonhénjrationsyaneito acid enalysis. Speciophptematrieresuits detsdninedamni de

(Mol ecul ar,.Prgb NG . ™ . . 0-601Q; r OXi | In DVBO) was
20 added a0 zglfegg%ﬁrcf%% hctc)éﬁ%eém% onlo(%(:l%é&/ll'on é)aé’i:‘ﬂ‘l%é@(sal gstjtaqoélgié/l%lﬂi me a 3-fold

mol ar rati o Ofrofekse@oicefdiativon bii§ MiRbgrnfamE. whith ia D95 @M #Sluaing a8 hours anot her
addition of a 4-fold nolar exgéfﬂ% was nade. After gach addition the
y

sol uti on was Rjeffeseformyia Weighoh Algox g concrpiaian phersbagmeetiiiit hout
agitation al oyl BRI Sduct ot the odbiRbtamiRlcbigdlifoyb@ink) Rl L1 on. 25 The

Oregon GreenTM Protease reaction m xture had a significant” yell ow

preci pi tate aestimated st bh$ pM. pAll off thespaesulésrre pnsistentowitly a néadly gsomipleteon of a smal |
vol ume 15 reaction between the accessible sulthydryl 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 nM
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 10 nM in a 2.0 mL 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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of glacial acetic acid. The resulting clear solution was chromatographed
over a Bio-CGel P-6 Desalting GelrMcolum (0.9 cmx 25 cm using 50%

vol une/ vol unme (v/v) glacial acetic acid/distilled-water as the eluant. The
2.3 30 nWO&H448E1 | ow sol ution eluting with the sol vent PCBUSIOMASR2r et ai ned
as the Oregon G eenTM conjugated H V-1 Protease. This was concentrated to
0.9 nL using a -16 WD 01/44817 PCTI US00/ 42642 Pall Filtron Omega Celilf
(3,000 MACO) ' Part. bivaet RnbY: at 5C using
45 psi hel i fluoft \éuaé\'/’lé@%%“%?‘@g%ﬁ%‘ﬁ@ kb ftdg%ptﬁ/l“%dc%? Wb SN Uy

gl ycerol , 5%yer¢ sofinarspregrems employed 4t theNiiD. t Pata whichiloaked agifian 5. 0) was added

to the prote . ' ' | ) Xi ngangd. the pH was 5 adjusted
wi thin the éﬁ%‘é@@%ﬁ%"%ﬁ%&% ﬂ#ﬁeﬁgﬁ’ (;;ﬁlfrgf tﬂhee&%?o‘f'ed?i on after

equi | i br at i coompeessed f&. fuflirecanalybint ThelSSTFCSOIR§tHGEenEptrfomas siatlar was 0.2 nmicron
filtered and evaluated.for Ge&gﬁ\qﬁee concentrat,ion py extinction and
for protedsd™2REsH LA PRESIY, cogP Rec eél??éf‘%"rss"‘.“t@gé TUREEt omet ri c
results determ ned an 10 Oregon Green concentration of 1.94 M Anmino acid
anal ysis established a protease concentration of 18 m crogranms/ nL which is
0. 95 M assurPnBatg Analyseease fornul a wei ght of 19 kD. Al so, the
concentration of habReeotrelfdditaw y%a?ZQ@W(ﬁa%XﬂHﬁér%ﬁ%?gﬁﬁ%gum of the

i odoacet am de conj ugated cystel ne estimate Al'l of these
resul ts are @bASFfiting pagtatn tasedcarthat disslosédin & afrrokasetcdli, &n  bet ween t he

accessi bl I . f - 0. nd on een
| odoacet §§1 M@é@@égﬁiﬁ é}gg{)sﬁ.ﬁ%ig@gg lg'%&(;g)ﬁg%ﬁ%ffb‘g?%{ﬁt aining 1.5 nL
buf f er wer e sidghcmolesularapgeies: 20 equili brated 48C water bath and the
tenperature was nonitored with a telethernoneter. Wen tenperature was
attained, protein was added to 100 nM in the appropriate buffer, rapidly
m xed, and an al i Gt (wasi4emife Coaffic* dinndIStimé) Me poi nts. For S. aureus
FenB, H v-1Cp(FbTea®,:1 A A ot 2 t Backsaauad- wi t h PNU- 140690
gﬁ IE m pgﬁr‘f e 'f"gzen

(structure listed ove), tS Were

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-1 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 denatured proteins. These results, plus the fact that changes in the

25 apparent diffusion coefficient values were being monitored, justifies a single
species analysis. The data were analyzed with weighting values of either zero 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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25 fromO to 60 mnutes. This material was diluted to 10 nMin a 2.0 nL
tefl on chanber already |ocated on the m croscope stage containing the sane
buffer at room tenperature. The solution was thoroughly m xed and data
wer e acqui re@o#Biredi ately for two mnutes. Data were acoRGTessomss2 2 to 5
m nutes at a scan 30 rate of 10 Khz or 20 Khz. These data were then binned
usi ng P-Wave software and inmmedi ately assessed using N-Fit software.

Bi nni ng combi pes . tha 1+ ] (W / £l nce

measur enent s %r%om cor}l)?’%glus})égs&syfﬁég%ﬁﬁ%&gﬁﬁﬁ\%@bﬁa@?%ﬁﬁre sof t war e
progr ans enpl myidualngentiated aadothBostagistidal olalysesoked as if an experi nent al
error had occurred were repeated, otherw se the data were conpressed for
future analysis. The ISS FCS instrunment perfornms simlar 5 analyses in a
proprietary computRésu$al package that conmes with the instrunent. D. Data
Anal yses The autocorrel ated data were anal yzed with a nonlinear | east
squares (NLLSF) fitting program based on that disclosed in Yamaoka et.

al., | 10 PhanmpseleptidMtMorifletrPStaics 1981) . The equation used for analysis
was for a single nolecular species: ry = G(O%lgllp (1 + 1.142 * Diff -
n

Coeffic * binned -Tmim@ﬁnuatba@ﬁ&r@%n@gleng/m DSGesperimewief fi ¢ * bi nned
- time) 15 Th Efﬂé?lt l?eﬂ]s% [ BRENTT t he vol une
enconpassed ﬁ?ﬁ%ﬁg as‘iipg%ég%l]a or ﬁ}%t%]g%égggw&gﬁp%n’tlrunent ‘and had been
determ ned e%pEFiguwen). altisprotem axhibited byommsitiomtesipemiuescoteat h nati ve and
denat ured progejd | St t £al cul.ated. r |ts.Lepresent.. an aver age

val ue for fohe&%@ﬂﬁ)ﬁgfoﬁ%@ﬁ%ﬁa@@%{lﬁ@. q:fﬁ%(f)o wtg‘i?mfﬂflgganal yzed with
a two speci esdeipgRtion ¥hencookd i@ Chiesadifled @ottéd fihe). prot ease denonstrat ed
that the O and diffusion coefficient values_ obtained for the native and

denat ured speci es TSy prrtense (ol poiml sy vegperforaed in anddesfiedle cal cul ated by
the single spgagiesmiahy e dufteo.f DEHORERI.EVENACINEY ¥R c&bl (v/v) and

5% ethylene glycol (v/v). In the first scan, the protein showed a Ty, of 45.6°C
15 (Figure 5, solid line). Significant noise was observed after the transition
because precipitate formed upon unfolding. This solution was cooled to 25°C
and upon rescanning, yielded the curve shown by the dotted line, which had no
transition at 45 °C. Significant noise throughout the scan was due to precipitate
in the cell. |
20
B. Fluorescence Correlation Spectroscopy Studies
From the DSC scans it was concluded that a single temperature 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 been
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. gureus FemB are shown in Figure 6.
The time-points 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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conpletely denatured proteins. These results, plus the fact that changes in
the 25 apparent diffusi.on coefficient values were being nonitored,
justifies a single 'species analysis. The data were anal yzed with wei ghting
val ues of WOMHE7 zero0 or single inverse weighting. The PCOUR¥42642aces

-equi val ent value on all data points; the latter gives greater weight to
those points that lie on the curvature of the theoretical fit.

Det er m nat i : L Ve i f aG ' : ' s -1 8 WO

01/ 24817 PSS S5ER LRG| Pho BGbH coh B AP BIBOM BL el |

t heoreti cal rhingteitimegwinsismatdhcdettenithdn thhene at 58 mdusttss Sirenenkytoad and ot her

statistical ana‘lgysess gﬁ%“}ﬁ?sm gls 5 A.t | fferential ,,gal orinmetry Studies
The concent rEtT & B F grinpr i apparent Yaies 418 pepse J& Ment  was
performed wispkciésh@he 5 alitdtemp poihtrepresdntsife Shdrdaid@®@ot chlyte DTT, pH 9.0

(Figure 4). This protein_exhj b'teaij twQ transition tenperatures, one at 10
39. 1C and’t HBu¥ rdeﬁﬁt‘“&é?l’f@efg‘ﬁl 59 Verions)size pggrpeatisdhat &medi t ed i rreversibl e
denaturatio Is . The HV

pr ot ease (1%?%%#89@5%%9%%&8%?0 @rgﬁﬂia%%gsn [ egrtl(?i(&(lzdgllﬂq%’r'anner but using
t he buffer OalueMNewmtheless the fitsnee®t quitt@odl ycerol (v/v) and 5% et hyl ene
glycol (v/v). In ' t Rkotai N. showed 45. 6C 15
(Figure 5, soli d@?%&&%ﬁaﬁﬁ |%%ﬁ??‘ﬁglﬁls°té‘%{v?2§ne osl%‘cr"v“g@il&éf)f{g? the transition
because pr ecippartmidéffifstonrosefficientversns fiind at B °CiNilowadh Bigu7. VB cool ed to 25C
and upon rescanning, yielded the curve shown by the dotted |jne, which had
no trandPtitdA °Hﬁveg’§f’ése %g?qe@éﬁ‘?tmﬂb?@é’ TR LR inversroveighingwas due to
preci pi t at e mniefihdr Bse Cditnifichdt fine-HepeAld@s CIMEEInGRE fhdhi BffusRECt r 0OSCOpPY
Studies Fromthe DSC scans it was concluded that a single tenperature of
appr oxi mat elcpetiigientWas alpseseedy (This;wasanost pronprmeedusingthe single invessal denat urati on

weighting.

These results demonstrate that changes in protein conformations can be

15 monitored 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
minutes 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 at
48°C for HIV-1 protease with and without PNU-140690 as a function of time is
shown in Figure 9. The competitive inhibitor clearly stabilizes the enzyme with
a measurable difference at multiple time points. This result demonstrates the
ability to detect small organic molecules that can affect the degree to which a

30 protein changes its conformation in isothermal denaturing conditions.
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studi es. 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 HlV-1 protease, were
tested firWOOVHHI representative autocorrel ati on curves RGTAISPO #4420y NLLSF
with an inverse weighting of the data points for S. aureus FenB are shown
in Figure 6. The tine-points shown are for protein incubated at 48C for O

and 50 30 m nut eqt w1 3k it the RReMRP RSV pPactid JilpRisSiagad fit using the
equation defined above. The anal yses yield the cal culated values for the

appar ent G 0) astiglarlyglesgribesh in Alrgforegping descriptionasd sxampless hymsrousoef f i ci ent

val ues. WO ORlRHiAORENSARAS oFhE pleBdt idvBifichate fedlivik BPtifh offBuL © LiMe
point is nuch better than the one a m nutes. ‘'Since onfy one species is
present for tdbevé wachingsahb thepgforecare withinfbsscapecof thosipventjonl” Theoantivne speci es.
The 50 mnyte,tine int represents. the ayeragi.ng of . only the 5 native
and denat u eddlgcb%saegoga@ayblggg%s\pﬁepgugn%sqageg{?gb?agiaﬁ %@%FF&{“ %%r nmed because
t he tenper at UkiegebylindotpofiledWIeRppce)xi mately 6C greater than its T. val ue.
Neverthel ess the fits were quite good. The anal yses were performed for all
of the time points. A plot of the apparent diffusion coefficient versus
tinme at 48C is shown in Figure 7. The 10 two curves represent data
generated with either zero or single inverse weighting. 1In either case, a
significant time-dependent change in the apparent diffusion coefficient
was observed. This was npost pronounced using the single inverse weighting.
These results denonstrate that changes in protein conformations can be 15
nonitored by FCS. However, it was not known if a ligand would stabilize a
protein and if that stabilization could be nonitored by this technique. To
test this concept H V-1 protease and a known, highly potent conpetitive
inhibitor of this enzynme, PNU 140690, were enployed. Data were anal yzed
with single inverse weighting (w). Two representative curves are shown in
Figure 8. 20 Data for H V-1 protease at 48C for 20 mnutes is shown in the -
top
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curve and that for the enzynme incubated with PNU 140690 at 48C for 24
mnutes is shown in the.bottomcurve of Figure 8. Both were anal yzed with
single inverse weighting. These are representative data for the other tine
points taREH¥HEIh this protein. 25 A plot showi ng the EREMGesd2mzappar ent
di ffusion coefficient values at 48C for H V-1 protease with and w thout
PNU- 140690 as a function of tine is shown in Figure 9. The conpetitive

i nhi bitor clwhadl¥ Glaisldlis:zes the enzyme with a neasurable difference at

multiple time points. This result denonstrates the ability to detect small
organi ¢ nol écuRMMPf’éWfHN @ tost qomworndjihatcinds tova fasget speg®s,phot ei n changes
its confornntiﬁgthwcdrﬁ}fs tmal denaturing conditions. -20 WO 01/44817

PCT/ USOQO 42642 1t w pe clear that the invention may be practiced

ot herwi se t han adncpbating atilleast bye teist swirfuirathdemisdthemhbdengnting descri ption and

exanpl es. . N s if“:xati ons and riations of th esent invention

are possibl égi&%&ﬁ%@%ﬁ?}?%ﬁt R 3%???%@!@%‘8&%%%}“%@@%?‘ asbire wit hin

t he scope ofont tuegeit speeies,ivdiereid the isethicimal dSnaflirbg cofdifiéhsafe efdctipaid! i cat i ons,
her eby i ncorporated by

patents, and patent applications cited herein are

r ef er ence. fi‘P a?Ti‘l'W)aggWﬂﬁg the pegqt SREGISS iodenstura ip gmepsurghlaextent; |50 1. A

met hod for i dent igétyiting adeharhti maema;gtebiﬁaaés hlhSprk&hGLle speci es, the
er

met hod conprising: incubating at Teast one test m xture un i

i sot her nal
denat uri ng 3hec Matong test camnernd bysa chenge initke difngien popegtiestofiteast one t est

compound o ARftedimdI AR usind Mot coPRBALE SrectiZhL hd e T soLher mal

denaturing conditions ar ective to use a east a portion of the
target species t eompaniag thealenguratioresignal afdach eixgee sferieslint the piesgca denat ur at i on

[ | of o LAt h .of ..the at | t t est
Compound by oL drak 48 e ORbdiRa by EnRhERFTRELur o Sipcdlnee S O 1S

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

isothermal denaturing conditions.
15
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.
20

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
25 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 Tn

value of the target species as determined by DSC.
30
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10 target nol ecul e using fluorescence correlation spectroscopy; and
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
speci es i nwheiapsence of the at | east one test conpound ptitkedoe/idesr Sane

| sothermal denaturing conditions. 15 2. The nethod of claim1 wherein the
target species is a polypeptide or a polynucleotide. 3. The nethod of
claim2 wherepn. the es.is a protein.. 20 4. The method of claim
1 wherein the5c3%5 gfﬂﬁgpéﬁé t@%?@g‘FBF%%@P“¥¥W'%Wh@%@C|es 5. The
net hod of cl ai Mchmphi@ raQétH?éritﬂrc imwmpbbmtn@dmtﬁﬁtﬁ@t gaesies 25

t hr ough hydr ophobi ¢, ent, ionic, or dr ogen bondi ng Tnteractions. 6.
The nethod of cloAfhetargskmrscies as determingd éﬁﬁg denat uration conditions
conprise a tenperature equal to or about 10C nore or less than the Tm

val ue of the target species as determined by DSC. 30 1 I11111J111111
LFFLIT L Jsll&lehh/h@ﬂl\M)oﬂdlﬁzMBmmmpﬁ@'ﬂgiMGMngitleashmemssthod of claim®6

Lo or up Lo abogtapougts & B8 o B o S e SR et aPiebiol poci oo ae
determ ned by Dafider othernid) denmbirihgdonditiensai m | further conprising incubating

at | east one test conpound, at |east one target species, and at |east one
reporter nolecule under isothermal denaturing conditions. 9. The nethod of

cl ai m 8 wher ey n Thbfeod 6£ALIIAS WREEInAke doRCentrati G bf e ab& Spatid and O t he
reporter nolecule are of conparable magnitude. 10. The nethod of claim?9

wherein t @ cond&erfenoster malegile angof ggmp magiitudea st

10. The method of claim 9 wherein the concentration of the at least one test

compound is in at least a 10-fold excess relative to the concentration of the

at least one target species.

15
11. The method of claim 1 wherein each test mixture includes one target
species,
12. The method of claim 1 wherein each test mixture includes at least two test
20 compounds.

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

compounds.

25 14. A high throughput screening method for identifying a test compound that
binds to a target species, the method comprising:
incubating a plurality of test mixtures 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

30 cause at least a portion of the target species to denature to a measurable extent;
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conpound is in at least a 10-fold excess relative to the concentration of
the at |east one target species. 15 11. The nethod of claim1l wherein each
test m xture includes one target species. 12. The nmethod of claiml

wherei n ed00i4d837 m xture includes at |least two test 20pcaogeoness. 13. The
et hod of claim 12 wherein-each test m xture includes two to ten test
conpounds. 25 14. A high throughput screening nethod for identifying a test

conpound that bipds.to a target .species, . the nethod conprisipg: incubating
a plurality of tdSteciead ﬂ’ﬂi%‘fg’%‘iggﬁ‘i@mqtsﬁeéﬁéf‘w?ﬁg’g% itions, each

test mi XtUr?ﬂﬁmﬁﬁiﬁm&bmb@ﬁﬂbﬁﬁﬂmeﬁim§ﬂﬂﬁﬁéﬁ§mp€ﬂi@s aftht €ast  one
target species, wherein the isothermal denaturing conditions are effective

to 30 cause Wieetmalseulgusing flyasescence coreelation §ectessopy;@8dt o denature to a
measur abl e ext entcon2ig thd ddukdilep bighdlor henl etsggé@gsq&{hgﬁ,ge}%mgd/ US00/ 42642

detecting a denaturation signal targe ecles | e presence of

the at | edstofgtleastone teginopwavnd with adenhbiragion signaliof theisme target properti es of
the target . I | tiaon gct roscopy; and
conpari ng th%gsﬁligttﬁer%#dggofs'lhlggtgga%g&%gg%%%é%gt gﬁ%@?%?‘ﬁ n the presence 5

of at | east wBothertmabdenatmripgcorditioné.h a denaturati on signal of the same target
species in the absence of the at |east one test conpound under the sane
i sot hermal denaturing conditions. 15. The nethod of claim 14 wherein the

i sot her mal  dEs)Thelineihb® of 1AL 4 wikiin theQsoHRMBAI deBatbratiSiBRidAlons € equal to or
about 10C nore or less than the Tm value of the target species as

det er ni néd by EREprise@ tenpeaatyrs eawAl taxgr abeuti 187G moygherdess thanftke Tws ot her nal
denat uration CQBQ&5#@@&@3’?%@%%%&115&@@%%%@e equal to or up to about 10C
val ue

|l ess than the T. va
16. The method of claim 15 wherein the isothermal denaturation conditions
comprise a temperature equal to or up to about 10°C less than the Ty, value

15 of the target species as determined by DSC.

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

species.

20 18. The method of claim 16 wherein each test mixture includes at least two test

compounds.

19. The method of claim 18 wherein each test mixture includes two to ten test
compounds.
25
20. 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, and at least
30 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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15 of the target species as determned by DSC. 17. The nethod of claim 16
wherein each test m xture includes one target species. 20 18. The net hod
of claim 16 wherein each test m xture includes at |east two test

conpounds. WID01/43812 net hod of claim 18 wherein each test RCXUSOM2642C| udes
two to ten test conpounds. 25 20. A high throughput screening nmethod for
identifying a test conmpound that binds to a protein, the nethod

conpri sing: incubaj . ! rtﬁ'eﬁpt i her mal
denaturing condi ?fe%eﬁ%}gaae%kg tggﬁ{ x?ﬁ%ﬂg{é}rﬁﬁiﬁa gwa%?‘?c{ogg%?gtone t est
conpound, andeast onectastcomB@md by a ghange inthe diffssion propérties af thdtargatal denat uri ng
conditions are effective to cause 1%1t0 Ieaﬁ_%t) a}por ion of the protein to
denature to JPRESNTHSRE HRoERERST Corelqupn PRGSO 49 | 5 11111 111111 24 * C
WO 01/ 44817 PCT/ UsipdrdipARe deefuftibn Kignal ofl€dth protdii indthe pregned ofak each protein
in the presence of the at |east one test conmpound by a change in the

di f fusi on ﬁrolﬁ%“F?‘?“etﬁs"G?mP?}@Sf“a'ﬁ‘@éQm F@lﬁiﬁﬂégﬁﬁlmﬁ% ce correlation
spect r 0scopy; ghadiide SAMP A 1bA30orlcEt StRARHuHA Al IhSdaBR MotiRimARSRriRt €I n i n the
presence of at 5 least one test conpound with a denaturation signal of the
sanme protei n dopditigms. absence of the at | east one test compound under the
sane isothermal denaturing conditions. ~~l010Lj LEELEE FErer e e vl
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