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THAT BIND TO TARGET SPECI ES UNDER | SOTHERVAL DENATURI NG CONDI TI ONS
Background of the Invention One of the major challenges facing the drug
di scovery process is the identification of small organic |igands that wll
bind to tar§4€Bcies, particularly protein targents. A mpcrussdess7of new
protein targets are being 10 di scovered by genom cs and bioinfornmatics
efforts. Many of these proteins have no known function or known specific
| i gands. Thus; the identification of |ligands for these targets presents
chal l enges in the screening of |large' chemcal |ibraries by high :

t hr oughput' screeni ' {ra-high throughput screening
(UHTS), net hods, pamtﬁ@ﬁ QWWQ UNDSE BENDSI@| opnent ..
Hence, there is a neMGEmmCEQMR@ﬁég}ﬁﬁﬁﬁ.' ! e

.met hodol ogy, particularly an HTS assay nethodol ogy, F%ﬁggw}ﬁﬁsed to
rdentify [igands that bind proteins, €ONDIBIONSt hose with unknown

junctionalith It is known that the binding of substrates or specific
| i gands does,” in general, alter the intrinsic stability and hence the

denaturation profile of a 20 proBgiKsrohhlsf HEINReHGm] N2t Measure protein

denaturation can be used to deteci” and quanti c[‘[‘e—?'rgand-pr_ot.ei n

i nteractions. The derRnanfibs wajosrhalleogesifasing thealrog diseovicetipiogess iethe

progressive | os .= fheir. tertiary/ quaternar fructure and ultimately

bi ol ogi'cal "acti 3‘.“’?‘&.‘“&‘&%%5%9 %M@%Eéh%@éﬂ%g%%‘%nber of

physi cal and chpﬂﬂﬁb&iar@iara&id’te&én&.hﬂmm&}{f&e\b?n&@??&@@ %F{s%}@ﬁé'at ure, pH,
, etc. ca

‘and/or, -ionic strength, "use of = chaotropic agent e fol | owed
by met hods si¥f f Hiscayered by sersmicsandibjoinfmiatiorefforiaf Mangtofolest pehignges i n a
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Libraries by high throughput screening (HTS), including ultra-high throughput
screening (UHTS), methods, particularly from the standpoint of assay
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 "functiona]ity.-
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

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/quaternary structure and ultimately biological activity. ,
‘Denaturation can be accomplishied by a number of physical and chenical
:25  methods that involve changes in tcﬁlperaﬁire, pH, and/or, ionic strength, use of
chaotropic agents, etc. It can be followed b)‘r methods sufficiently sensitive to
. L 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 purif};ing 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 ié measured
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denaturation curves ((TDC), where the fraction of denatured protugl n00|4s

nmeasured 9 July 2004 WO 01/46693 PCT/ 1JS00142677 as a function of gradually
i ncreasi ng tenperatures) obtained by differential scanning calorimetry ‘.

(DSO) - haveyghfiaggsshown to be particularly useful for deter mmﬁ'ﬁ in
stability and nmaking inferences about the tertiary structure. yé‘%ﬁ

usefulness of TDC is .further enhanced because bi ndi ng of conpounds that S
are substrates or specific ligands for a given protein changes the

' 0B B B AR B e, 15 1
t hermal scanni %mgmﬁﬁﬁwfﬁlmvéb&tm%iﬂéfbﬂlﬂmime 'r;&t uration

process is a one-step,..reversible, and 10 continudusprocéss that is very
rapi d on the tidstermimngprgtein sabilishqns maling infercacesiabgut the ¢erfiatyoteavene. t he

denat urati on. . ot&eihs - upder the usual experinmeptal conditions is
i rreversible. %ﬁﬁ%‘g v, (%ffh?é ‘So_ﬁﬂ?g‘cw %ﬁ*a‘ﬁggﬁ%‘iﬁ%opmﬂﬁtl d
denat uring agenkssibbitesieiipbeifid lipaids'for 4 Beh protsiB\BhSdR ke infligse  DSC nmay
be unable to provide reproducible and readily interpretable binding 15
measurement s.  SiHbYiyef it protein miChengey eansesd shiftin thesTBCaidithe Frof many

different str lggﬁ?!lﬂﬁg sone sensitive to the binding of |igands and
some not se‘nsgﬁ%ﬂét - e =T nernore, ~denaturation may be initiated at
many |ocations W t herpréi@id iieReé feshilts oiCtherneal sEmihhefhBas 8o in@S 65 8RS has

its own activation 20 energy, which makes it-the dom nant process only

wi thi n a narr ofssuEmRbienthal the depamwationpsocess isrsaposiem ecvedsiblenaiidhg on t he

| n , U done . . on the
Tntne B i ohEndhSRestaskn s oy Binid o 05 Bl st o s FOpeIRRS rmy see.
two Or nore prgidinthedeRaiswiiveR theleRfiratlUdI oW Broboiul dndrREShsap! Y 2

single transition. Yet another major factor 25 contricbuting to the greater
i next ri cabi | i t gxparinpental sonditionris iimevensibled dypicaliytit sronlynwitheomllipgotehat t he

bi ndi ng equi li Qg f . h the Ligands,qf interest a of the. . fluorescent
dyes rgpo?ti ngg%%gfrﬁg]@‘f‘imlag‘?" ?gﬁfﬁ?'?"ﬂ"fm?%@ IR aEYersible- Sthusng v
tenperature depSTinay bd tnble P3irBvidb eptSARIBIL khd Yealty IliErphRALIE $irih t NE

15 measurements.

In general, the DSC curves reflect the stability of many diﬂ'crcnf
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. Furthemmore,
differential scanning calorimetry may see two or more protein denaturation steps
~ where one wgu.lid 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 equilibia of both the ligands of interest and of the.
_ fluorescent dyes fepprting 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 th

30 experiment. .
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stabilizing effect of the ligand understudy drift drastically dJuryl ng the

30 experinent. 9 July 2004 Therefore, a need exists for a nethod

i dentifying conpounds that bind to target species. Preferably, such a

met hod is anenable to UHTS or HI'S, reproduci ble, and independent of the
heating rate. Summary of the Invention The present invention provides

nmet hods for identifying conpounds that bind to target species (e. g.,

pol ypeptides including proteins, and pol ynucl eoti des including DNA and
RNA). These nethods involve the use of isothermal denaturation, preferably
I n conbination with fluoresence detection nethods Slgnlflcantly, t he

EF'EI_godsdof ULEI]'(; plrgﬂgeréi_%iar%/%n I on éjlﬂélé)%ﬁ\é%ag EOIP t hods Su{)@ﬁbl e for

an : '

envi si oned tm@a sﬁaﬂésabieﬁerﬂﬂy, mhhmﬁtl@odh@mrﬂﬁﬂﬂéﬁmmdmmwpisd@%lﬁm ein
a 24 hour %ﬂfﬂﬁﬁé%@%$|ca |on£§€} éatlon of proteins offers an attractive

nmet hod for t |nd|ng | igands. Significantly, in
preferred nmethods, the present invention couples fluorescence techniques
with denaturation by isothernal g@ilafsor e 1HGiRIN ne al teration of target
(e. g., protein) stability by a™poui articularly preferred
enbodi ment's, the a”bﬁafeﬁ%ﬂm@ﬁn%aroytd&ﬁm fosridenityiag SPRBPWI Akat Sindof

Ei arg tet s F'ec i eStafget slgamefs e lypbptﬁ@@tmaludl?% hiogsing %n&ﬁ@lbfﬁ?&lﬁdtﬁi?é ﬁﬂgﬂﬁig i
enat urati on i e uor nce, i.n SL ccordin
to one as pecpﬁﬁ‘ g?(ﬁgﬁﬁ‘r)e ‘?‘?f’ ¥IP ﬁ?f’?ﬁ?‘? 6’rluverlpﬁ3?ee°fﬁ§ q‘ﬁ?‘ﬂw fengtutatigry )

t hr oughput sprefaablygn nenbioatidrowith dleotesénce ﬂgteetlmmeﬂlodnrﬁmtﬁbmﬂy,t théi nds to a

target speciesoql Bﬁtﬁzﬁ?ﬁ@& théi:!uHﬂ‘i‘:évolv Qf}% tbd thethodb E&ifalbiet thr ﬁfr L

m xt ures under 1 sot enaturi ng con ons, eac ure

i ncl udi ng at UHEES {desdly, the methodspbthedreseptiarentiaplage enyisionsdde bemlab&to

formotmds aeahl?zzé €0, U00t6R, @@Obfclarn &ﬁs%pmbfbﬁhaﬂq{@?ﬁm and at | eatst ?ne
arget species on e tar species.is i one tes

i x?ur e), P wher ei ﬁis[oﬁ-@ g‘d%ﬁ%‘?’%ﬁ%“d’@ﬁ?@ﬂ??ﬁ% EEHBWBWS&gdgq BEtive to

cause at | eaﬁienaﬁmrohlocﬁbuﬂingtli@ndsarS@ﬁﬁeanng iapréforreibmethods tlifepre@nt unf ol d)

to a measur am&nmﬁféo €s ﬂEH&F%EQFeghﬁlg{lés%ﬁh 4404 rduo%'l bgfltsgt% thods

denat urati on sigha Sence o at | east
one test to determine alteratlon of target (e. g., protein) stablllty 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 high
throughput screening method for identifying a test compound that binds to a target
species. The method includes: incubating a plurality of test mixtures under isothermal
denaturing conditions, each test mixture including at least one test compound
(preferably, at least two test compounds, and more preferably, 2 to 10 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 least a portion of the target species to denature (e. g., unfold) to a measurable
extent. The method further involves detecting a denaturation signal of each target
species in the presence of the at least one test
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target species in the presence of the at |east one test conpound with a
denaturation signal of the sanme target species in the absence of the at
| east one test conmpound under the same isothermal denaturing conditions.
Typically and preferably, the nmethods of the present invention can

eval uate at |east about 100 test m xtures per day. Preferably, such an
eval uati on occurs substantially sinultaneously. According to a second
aspect of the present invention, there is provided a high throughput
screening nethod for identifying a test conpound that binds to a protein,
t he net hod co ISI |ncubat| a urall £ st m xtures under

i sot her nal CP%B Eﬂﬂwg& ﬂu"’lrb“% a|1n° ?Qﬁ’?‘éﬂfgﬁtﬁ@??@? wghet | east

one test co ﬁhe dftthe :ht&a&t owstrcep@bﬁmi with lheletidtBration digahl dfeidsdanene

rotein, V\,her h n nditio effective to
(I[:)auseI at | eas%g‘gt &3’ 8 %fﬁsgﬁéée ({fgﬁg%tl p%’%i tgé cf)glpoalé%é?c[ﬁ éhetsgmg nmeasur abl e
extent; det ec-’eqthﬁgmai dmﬁmg&t)ildiﬁom dvipicaltyf anslprbfepabiy, @hcnrnleithodshof thpr esence of
the at |east Q&emtlﬁ%mﬁﬁmpmat@me&@m& W@temﬁlﬁﬁ@@g Ee%atﬁya' of

each protein B the Presence of [.east one test conpou
denat ur at i on S4¢ ﬁhﬂ’va‘@im?ﬁ%c%%%sﬁﬁﬁ%ﬂbiwphmeﬁ@&bsence of the at | east one

: est tCﬁrmgund un ?eﬂtc}cb{a%@tamecmﬁmpm atﬁtheqﬂéb?ﬁuhvmcﬁomefetls gfbsqde&%q&glﬂl ng
o a third aspect, o res on ere is pro

t hr oughput . Er &’8& f?rdé?ﬂq’tfwgﬁde%c?lﬁg?“%hﬂm tp ﬁHOtg'lnnds to
a target spdhd msthod Iuempgxsﬂgrmmbﬂpng 8 phygalityrefitest thaturesnondea isotigrmalpl ural ity

e T i e Hefifurbe i B, d16A JRl R G AT Mol BB By ERERWES M X! U1 e

conprising at |east” one test Sheci es,
wher ei n t he ileast enagporte) axpdequls, ﬁgdp atclgmpmméeuarvéleé@n&etlsmbemlcause at

| east a port ideRatefing &ﬁlditﬁihgﬁfe eﬁ%@ﬁ%eﬁ) éaﬁsmu@kwﬁoﬁlenamﬁ%%w@%@s @xtent;
nmeans for det ectl ng a denat each tar ﬁCI es i.n_ the
presence of taredp agnrasyra {?ﬂ{;& %mga%gerﬂﬁ‘éﬂﬁmf %g fﬁi’é PRYycinARt the

denat ur ati on presegmifﬂcrf atdeshoretegebmppend; aad bompdringthe demm@atidn dgndl 6ast one
test Cor’rpoun(l aéﬁa éh mﬁﬁ@ﬁlteg%n%relo?gtl%ésg gﬁlcj: %:QIT CO%‘Q’%“{@WMI aa&e%an%;ﬁﬁgm Bl in the

absence of the e sane
denat uring c@ﬁﬂietﬁamyrotcmmﬁ@abs@m@ﬂmmm tm::@npomtdhmdtaﬁmgeamspecu es

can be a pol yRRirndEddn8turiflg conditions.
: According to a third aspect of the present invention, there is provided a high

throughput screening system for identifying a test compound that binds to a target
species, the system comprising: means for 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 cause at least a portion of the target species to denature to a
measurable extent; means for detecting a denaturation signal of each target siﬁe:cies n
the presence of at least one test compound; and means for comparing the denaturation
signal of each target species in the presence of at least one test compound with a
denaturation signal of the same target species in the absence of the at least one test
compound under the same isothermal denaturing conditions.

In the methods described herein, the target species can be a polypeptide (e. g.,
protein) or a polynucleotide (e. g., DNA or RNA). Preferably, the target species is a
protein. The compound can bind to the target species either specifically (e. g., at a

specific site or in a specific manner) or unspecifically. The binding can involve a

4
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protein) or a polynucleotide (e. g., DNA or RNA). Preferably, theytarget

species is a protein. The conpound can bind to the target species either
specifically (e. g., at a specific site or in a specific nmanner) or
unspecifically. The binding can involve a -4 9 July 2004 variety of
mechani snms, including coval ent bonding, ionic bonding, hydrogen bonding,
hydr ophobi ¢ bondi ng (i nvol ving van der Waals forces), for exanple, or
conbi nati ons thereof. Definitions |In the present invention the follow ng
definitions apply: Isothernmal denaturing conditions refers to conditions
effective to denature a target nDIecuIe at a fixed tenperature. It can
al so invol ve defln%d ndltlon §ﬁec tq%ﬁk%g%ﬁni trength cation
concentrat i o &Y "fndﬂn%ruéc %?%a S RIS, LYHS n3= @58‘? uation of
vari ous corrpdmndhagihydr@hgbmémndmg@mhrolvﬁ@muteaWam forogsaforrerbidpk, 610 t he

si gnal produ . et species upon being denatured. Tom refers to
t he m dpoi nt %&bﬂﬁgbne %"ﬁ%é‘g transition of the target as determ ned by

differential scanning calorinmetry. Reporter nolecule refers to a separately
added nol ecul e such as a fluorescent pygiins@ coval ently bonded reporter

group attached to_.the target. Brie __qs_scrlp on, of the Figures Figurel. DSC
scan of Thyni dyl at® thenyeseat PTR)“OH'FL%P? Bingdefiptions agplyi of i | e of

t hymi dyl at e ki nas Qsdt&ﬁndl Bd@hﬁiﬁgdoﬁ&ﬂdﬁ!ﬁ&fdrﬁ)ﬁbmﬂlﬁbh@eﬂf@ihh@ﬁ’ﬁderﬁtuié'hy 2004
Fi gure 2. tMration g as rmrut var .o orescent
dyes. The i sgérﬁerlﬂa °“§§§§’t U eadtte%lﬂer L’ﬁ%ﬁ%ﬁl? gz‘%gér%f&‘ CI’I bed
in the Methoeipeeitto pHi mmpestrengthecationSa@angiaten, atogrwiueh are(gunem]hy haldi on of 0.
5M The conq,gﬂgtgrgtfé%aﬁtm&@&%ﬁm;%mﬁwlﬁsé%l% %WTQ”J%% and the protein dyes

were as foll Nano Orange was at a ut| on, and both

SYPRO Orange and Lsppistiorgignal wefess torthe signalguediced by the triget snesies Fpejur e 3.
Titration of pogRehsiurdge and Nano Orange with TK. A fixed

Trm refers to the midpoint of the melting transition of the target as determined
by differential scanning calortmetry.

Reporter molecule refers to a separately added molecule such as a flucrescent
dye or a covalently bonded reporter group attached to the target.

Brief Description of the Figures
Figurel. DSC scan of Thymidylate Kinase (TK). The thermal melting profile
of thymidylate kinase was determined as described in the Methods.

-4a-
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anount of dye, 250 nMfor DBS and a 1 : 2600 dilution of Nano Oraynge4

titrated at T 23C with increasing amunts of thym dyl ate ki nase and the
fluorescence -increases recorded. The em ssion/excitation wavel engths used
are given in Table 1. Figure 4. Tine-dependency of the isothernal
denaturation of TK in the presence of thym di ne nonophosphate (TM)

noni tored by SYPRO Orange. The experinental denaturation conditions for
nonitoring the isothermal denaturation of TK by SYPRO Orange fl uorescence
are described in the Exanples. The reaction mxture in 2 nL of buffer
contained protein, 0.5 pM SYPRO Orange, at a 20,000- fold dilution, and

TMP at the indicated caongceptr at.i . TMP resent in the eacti on
mixture at the €1 FEBE 2 KOS pion PR mem@ft@ettyavawe%ha?ram&d

usi ng Equat idyes. Theasutherel Mhhadatimrmpemmﬁne%mmtrfmanédnwdl@bml@ﬁl infthdé s to
the experine epe denc a@ atlon of TK
agal nst i sot %‘?&m(]&i@&%ena |§fﬁ53gez%ﬁg e B%ﬂ&i@. ehe TMP/ TK
interaction waacenuahmubfaDBS mllm,ﬂoﬁmmﬁwab Qpbhrané Emgﬁﬁteﬂfd}tebWek& aetic

Cecond- or der TPkt Nen8 Giiad Thtet TSI CuiTof A RES RO AP RY

constants frcomR R@ﬂé‘ﬁéeatrﬂd IPaQ@Oclb}dsdthDnS/al ues. The solid line

represents the theg EBC'Fitraﬁbﬁof.@Y?R@@f&H WENAR OFRALEwHAITK SA fikbe TVP
dose- dependent sta yl ate ki nase_asS neasure

tlor}_ b é\ﬁﬁw f\{' t he
first-order 2ot Mfer DR 2l 040 dduton efijang Orange was tiraleds i n
Fi gure 5B. Flag[l‘r=e3&3“lfﬂhf1m‘easﬁigmﬁ@.hiﬂﬁdiﬂth Hﬁ[h@é%hééd@ﬁtﬁﬁﬂﬁ&@sc@&:e(o rcul ar

Dich t f ti d t ly -5 9
Suly 2008 denhertikFalia the S oTeRREEN Patieftiia it ARmvaon TGRS, ¥
circles = native ;ﬁi@treﬂnTlme-éenendbmypﬁﬂEssotha‘mal doatativa df;TI@IHnﬁieured at T

=53C. Fi gurey [ﬂﬁw
noni t or ed byzesefréerﬁhe Tl rre ng)l{j’hﬁ{%(;rﬁ/ﬁil% | sot I‘F-uer ena %t | on at 53C
with or w t h&gpermepe ébatqwa@ﬁnaﬁndzgowﬁpw%mg £ [sothsem e@ﬁ'—‘%mééﬁ cri bed

in the Exanpl®Sby Echﬂat@gwmereambaaedles@ibe@ irethe IBxGEpRYs dﬂte feadtRnmodel and
(e o0l 1 RESaLERLASTTL LN ARSOLPLLER) o4 L LOphaFStper, Toptgh Ot o
moni t or ed fold dilution, and TMP at the indicated concentrations. TMP was present in the
reaction mixture at the time of the addition of protein. The data were analyzed using
Equation 11 and the solid lines represent the theoretical fits to the experimental data.
Figure 5. Dose-dependency of the stabilization of TK against isothermal
denaturation by TMP. The dose-dependency of the TMP/TK interaction was
calculated using both the linear slopes of the kinetic curves and the first-order rate
constants as described in the Results. A second-order Langmuir model was used to
calculate the dissociation constants from the slope and rate constant values. The solid
line represents the theoretical fit to the experimental data points. The TMP dose-
- dependent stabilization of thymidylate kinase as measured by the first-order rate
constants is shown in Figure 5A and by initial rates in Figure 5B.
Figure 6. Effect of isothermal denaturation of the CD (Circular Dichroism)
structure of TK. The CD spectra of native and isothermally
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by WHyperchromi city. The tinme-dependency of TK isothermal denaturation was

noni tored by the absorbance increase at 280 run as described in the

Exanpl es. The data were anal yzed using Equation 4 (below) and the solid
line represents the theoretical fit to the experinental data points. Figure
9. DSC Scan of Stronelysin. The thermal nelting profile of stronelysin was
determ ned as described in the Exanples. Figurel QA. Tinme-Dependency of the
i sothermal denaturation of Stromelysin nonitored by SYPRO Orange

Fl uorescence. The tine-dependency of stronelysin isothernmal denaturation
at 75C with or without the addition of the conpetitive inhibitor

PNU- 143988 s fol d by .the i,ncrease in PRO Orange .fl uorescence as
descri bed i %%Fﬁﬁ% SR et Yakerag APGGTbeR D (b h@‘b‘r@gﬁ QRER 8‘69"‘3%%“"%9{%39&@

usi ng Equat i eslidicircdesd= THassthdromally ldendtided bt Ted3%®acti ons with Equation 11.
Represent ati ve da L0~ t : 8 are also
shown. The soli th n:€7s' @@8?‘%@2@@%??&5&’?‘5@ gla%n%{u FJSH% f)o‘%ﬁﬁmg%% ment al
dat a poi nt s. bFCaurihe fingslependancpep EKdsetbgrmsd dermsurptien 4137 widhemwarithoat i on of

Stromel ysi n gRHdRIAGRY nfVINIP RAR Tolid W RSCH NS AescHBEd b ﬂﬁ@ﬂ%ﬁ&ﬁl&g?g&y. of
the isot herggt:a‘ denatag}[@%tlo.n of . strqnel ysi'n, was_nonitored at T =/5C with

detection uSPRYEhaRAhEed using 2ifistorden miemods and the selid Hags reprgené icence f or
detection. Thortical fityer the eRpdrinidtbl datap@idtguat i on 11. The solid lines

t the th tigal fi to th i |, dat ints.. Fi 11.
i Fect of PN 1430 Tims dehedfaty SebE IR fr e traaropsh SR paiort | e
| sot her mal Dep&iMHynerdmomicitgt Flontihg-depeniomiyt o3 isotheSivienatGraiod wag 2004
O . The }jonBe ; ki . raki 75C
ange. The mm&ew%&g&b‘aﬁcgﬁ%ﬁa@ 2 9860 ndnSRIJIEL RN ﬁ@g%@@éfggg t

~with or wthout the addition o e conpetitive 1 nhibi 8 was
fol  owed by f#éWersaebaed using Bapeteonct dslpavirand dhesobiddine repsessatsdhe bed in t he
Exanpl es. Fi gi¢beetiddlAit\d tﬁerﬂxgé@heﬁtg[t@mpoiﬁggure 11B = rate constants.

Det ai | ed Descri ption o err Enbodi. ts, The present invention is
directed to the ugguﬁq‘é‘iﬂs:‘%d? (éi}[’réﬁ;t{?é‘?i%(sb‘f ei‘?ﬁ h’gleﬁﬁ’ﬁtpﬁ 61°%gy can be
used t o scr esromheysih wgadetsriined asvi eherilvairin éhe/Exdmpted. ecul es,

Figure10A. Time-Dependency of the isothermal denaturation of

Stromelysin monitored by SYPRO Orange Fluorescence. The time-dependency of
stromelysin isothermal denaturation at 75°C with or without the addition of the
competitive inhibitor PNU-143988 was followed by the increase in SYPRO

Orange fluorescence as described in Examples. The data for the control reaction were
analyzed using Equation 4, and those for the inhibited reactions with Equation 11.
Representative data in the presence of 1. 5 and 5 uM PNU-143988 are also shown.
The solid lines represent the theoretical fits to the experimental data points.

Figure 10B. Time-Dependency of the isothermal denaturation of
Stromelysin monitored by Tryptophan Fluorescence. The time-dependency of the
1sothermal denaturation of stromelysin was monitored at T =75°C with detection
using the decrease in the intrinsic tryptophan fluorescence for detection. The data
were analyzed using Equation 11. The solid lines represent the theoretical fits to the
experimental data points.

Figure 11. Effect of PNU-143988 on the Initial Rates and the Rate Constants
of the Isothermal Denaturation of Stromelysin Monitored by SYPRO
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particularly proteins, including those with unknown function. Y

Significantly, the nethods of the present invention elimnate the
necessity of ranping tenperatures up and down and should all ow for nuch
faster assay devel opnent and hi gher throughput in an HTS or UHTS aut omat ed
environment. The technol ogy should be easily expandable to | ooking for
conpounds that bind to RNA, DNA, a-acidic glycoprotein, and serum al bum n,
for exanple. Isothermal denaturation offers an attractive alternative

met hod for nonitoring denaturation (e. g., unfolding of a target species)
and for the identification of binding ligands. It is anmenable to HTS and

TS, Furt e T ER) MBS DB St SR AP

tenperature w4heuithe pdditioreefitht Cdmpet!tmeanhlbﬂom@w{sﬂelw&& wasiolleavedlby theasur i ng
f

the rate o q&ﬁ:?@atsw@ﬂmfoqﬁrah PSR Out&%gﬁnﬁ? ahfpYesOFi ighffP{ At UT es

(e. g., within rangeo ese neas S may
be nade, foﬂmggla’ r%?&@?sé@fﬁent reporter nolecule that binds to
and reportsconfor rratlonal changes associ ated with the unfolding of the
target nol ecyl e..
usi ng U abs ot SER rocalorimetry studies with
the target speci ea?hepmsentmcptlmls@reekdﬁmﬁemeafpb&nletﬂiﬂﬁhﬂ@tuﬁﬁﬁnsﬁw is run
to determ ne_T | i n
&Elo%?%h:%e L%HR&‘ E@r&%ﬂé S %nqsttgg ?é gﬁ-iet)? BFI% Fc%le%r

appropriate bu hat  enhance t | ong
period of ti Rartigalagyaraeins ingleding thsvswethsxnlcummfunﬁtwme&an cantly, e uI y 2004

WD 01/'46693 Hféﬁdd&@ﬁ&é%%@m%éﬂ@@n@n&mmb@ﬁce%@%f h@gtg lera ‘z&went S.
R

are nmintai ned, at one v t.ure referably u whi ch
i s chosen toa‘ﬂ)qg %Shogbl"g Wﬁ’gg’}“f: fm.é@a’é‘&w&l@mw epthreughpuhy get
protein. |f fthan H@B‘miﬁﬂﬂmtmhated smlkmmmt ThenedhnbRigy @hoilé bk e&silyow, the

amount of - deFHEeTHE & 558 R cofeghgs Bukitf® HRA, BN AebRt G oR S o

less. If t heall@mnat!hlmn,lfer ecompie. gh the kinetics are so fast that the

test compound Wouygagha1RenaHhiGn bfetlA U fiGe MIEnARNAhULES fdrhSHfhoring
denaturation (e. g., unfolding of a target species) and for the identification of binding
ligands. It is amenable to HTS and UHTS. Furthermore, the denaturation process is
easily controllable, reproducible, and independent of the heating rate.

The choice of temperature used in isothermal denaturation can be determined
by measuring the rate of denaturation of the target species at a series of temperatures
(e. g., within a range of about 45°C to about 75°C). These measurements may be
made, for example, using a flucrescent reporter molecule that binds to and
reportsconformational changes associated with the unfolding of the target molecule.
Alternatively, denaturation signals can be monitored using UV absorbance, CD
ellipticity, or by microcalorimetry studies with the target species, for example.
Preferably, a preliminary DSC scan is run to determine Tm (midpoint temperature) of
the target species in appropriate buffers that enhance the stability of the target over a
long period of time as would be known to one skilled in the art.



species resulting, for exanple, in too great an extent of unf gIJéIJ{yn%QO4Too
much unfol ding can cause aggregation that could result in precipitation of -
the target. 10 Furthernore, at too high a tenperature, the test conpound
may not Dbi |. Preferably, the desired tenperature for_isotherml -
denat ur i nwgﬂggﬁyal to the T. value about 10C of the tar gbtTASRUI2ET 55
determ ned by DSC. More preferably, this tenperature is equal to or up to
about 10C less than the T. value of the target species. 15 The target
species, preferably together.w.th a suitable reporter nolecule able to
nmoni tor its denatur thF% \,&‘F&Jﬂg{e@&‘epﬁ’ﬁﬂéoﬁp@mﬁtﬁe@ﬂn@b@mten@f t he

target species.gildh @ {lﬁ.ég%.geﬁ{ﬂw i try ndd centratjon qf the
conmpound and that of.-Et-Ee ¢ prterl %’0 ecuqzeacg?“éﬁgglsc%’r%ﬂ}%w@&?ﬁ&ﬂtude
(preferably, neloweasihemonitared dbeitirafion by thebdpet Bisteie I ithetenlife rdtbRYrt €7
nmol ecule to be.in ?eélcafas 20 relative to the target nol ecul e, "whereas the
concentration drot Seatrgiionisieo lavg the kigetigsare tossia- Gendrallycigss. The

percent i nhibi td.efa st AR T set prior .assa
i npl enent at i %n,de_or dgt er m"zfrzligf teg%ag!}.: @?@gﬁfggﬁm&&’ 'ﬂ'{f{’@F“gél"FXmscr eeni ng
has been per f orwithin abyuwi 60asinetes er less. Nifithg RepriAuiedd tod) Mg 46O Rinddcd 8

detection net hodﬁ_%sﬁ_f ﬁ?Se choice for HIS and UHTS_ Thus, "in certain
preferred enmbodPridtiiat gie te3{comppund wouldnos be able to stabize thedemtured exgites ar e

used as the markges; o]l or escenge . hni gues with

denat ur ati on bfbi&g%‘tl%geurlﬁrrggf tﬁrr!g‘% 'ﬁoﬁs&F@*%%‘?&?%ﬁﬁ@%‘f?@ﬁ%-ﬁ%&% r mal
.denaturation t wafejdingicamcatise ggrefativn thacotuidesltid predififtbd SR tLet0! ecul e
I s dependent ogj{l&hon changes .in protein 30 folding and not on ten%erature
ef fects. Fulthe™ ﬁli‘i@f’rﬁ’t?égﬁ’eh‘ a{eraperatyes; diectesicomppund may not bimd aralsur es

" binding of thep.gp ! Liferent'. denatured.-8 9 July 2004 WO
01/ 46693 PCT/ usom%lz’ 7§h°;3§%ﬁn&swgﬁ‘p%%§'ﬂ{’g‘%d§?‘ﬂ§%%%8¥“%§%@ ¢ Ton of
target stabili tyluey abobDl0?E dfitheatet shitshstRier@fnid by 9SECMGR! €. The

present invention denonstrates that isothermal denaturation can be
~preferably, this temperature is equal to or up to about 10°C less than the Tm

value of the target species.

>

15 The target species, preferably together with a suitable repoiter molecule
able to monitor its denaturation, is incubated in the presence and absence of the
target species. ‘In a preferred embodiment, the concentration of the compound
and that of the reporter molecule are of comparable magnitude (preferably, no
greater than about 1 M), but may require the reporter molecule to be in excess

20 relative to the target molecule, whereas the concentration of the test compound
is in at least a 10-fold excess. The percent inhibition cutoff for a “hit” can be
* set prior to assay implementation, or determined statistically during or after all
 screening has been performed. |
Fluorescence techniques are rapidly becoming the detection methads of
25  choice for HTS and UHTS. Thus, in certain preferred embodiments of the
- present invention, fluorescence molecules are used as the markers of choice.
‘Coupling fluoréscence techriiques with denaturation by isothermal methods is
attractive because in isothermal denaturation the quantum yield of an
-extrinsically added reporter molecule is dependent only on changes in protein
30 .folding and not on temperature effects. Further, any change in mc-ﬂuorcscenoe

quantum yield measures binding of the reporter molecule to different denatured

5



used to determne if known conpetitive inhibitors/ligands coulng%¥ %%Otlt o]
target- 5 species. The results are conparable to those obtai ned by ot her

nmet hods. The agreenent of the denaturation kinetics fromthree different
detection madbRflges confirnms that the sanme unfol ding processes are being
measured using the nmethods of the present invention. The fl|BeFU§0MEY of
the reporter nol ecule should preferably increase 10 several-fold
(preferably, at |east about 2-fold) upon denaturation of the target. For
proteins, this ig typrcally accaonpani ed by the exposure of the protein's
hydr ophobi ¢ regi%’ﬁ‘g‘ggkrﬁ‘@‘?’)émﬁ-nﬁ!@e@ﬂt@sﬁmeakmbﬂimbisbahiwn@aae ‘| ow

affinity for th%hB%iBé%W%ﬁlgat I's, the fluorescence of the native
target/reporter nolecule conplex is |linear over a wi de concentration range

or, preferably, does The presenbinvention démoxﬁﬁhiegﬁlétﬁo@fém@}dé*ahg&%&c%tbei t
does not becone ae(lrH nd i.t sgjf. Finally, since conpound l'ibraries
general Iy cont ai'lf hﬁ@"’r‘%gn% RBOWR ¢empRtitive mbiitops/Hgatids cotldbidwagrghet ween

‘about 300 nan§nehediss. (THR o, the regorter nol ecul e shoul d
pref erably havg%gxcli tati orﬁag%ﬁ%gé’g%eit%uloﬁ%ogwl‘fﬁgﬂyé"ﬁ"é@‘%hp%ém@ few
conpounds i nt er fagresmest of the drithratibwRindticsfo ithre8 FiffPentifiéiitn filS 0N at

about 515 nm Reporter ecules (e.qg., fluorescent dyes) are conmnercially
avai | able from Bﬁ?‘&%@g@ Eﬁa‘ag%é*ﬁfhe&pmcemwsbemeamm)n@m fl uoresce

brightly when bgaRelistoF ah I.c.-regions of the target nolecule. These
i nclude SYPRO O ange, SYF}%(%&%EB%% éfg Orange, N le Red,

| - ani | i nonapht hal ene-Thefhiosastéme iof tircreportek nSolAR shiM preferably incre
P anali’ggs.reqﬁgno

dapoxyl but yl sul f onari S). as well as other. dapoxy

Orange fl uori%céﬁvccéﬂlp(g@é’g‘g% > i l£3sh abem Zriold)apdy defiamration afithieftingat | on of

proteins .in SOIFdt hdki ol 1 fluorescen range of about 10

nanograns/m | 1ili t%’?’%‘%%%%@@éﬁ“?’@%@ﬁ&éﬁ%w lofthe Eptefmis nl) wi t h

a very | ow backgydophbli¢ regicsc dhe ecporéPROICHRE 3RoAA SIS _rm%ﬁﬁ,gq Wsed 30
nsifivity as good as silver stalning- )

I ﬁ; gielnc f ;gis gi Pﬁfﬁgl%g?éﬁg Ay t@;gcpﬁbaid%ége flreresqsnoe ef hedativg Iaf@'t/k@i&?tzip‘ s
their binding tghol&ufk cbiplex2fiGheNRR145 486 %n%eqé‘a%s()%orlaggzggrz preferably, &ocs
15 not bind to the native target at all so that it does not become a ligand itself.
Finally, since compound libraries generally contain numerous compounds that
absorb and/or fluoresce between about 300 nanométers (nm) and about 400 nm,
the reporter molecule should preferably have excitation and emission in the
visible region where few compounds interfere, e.g., excitation at about 488 nm
20 and emission at about 515 nm.

Reporter molecules (e.g., fluorescent dyes) are commercially available
from sources such as Mqlecular Probes (Eugéné, OR) and fluoresce brightly
when bound to hydrophobic regions of the target IﬁOIécuIe. These include
SYPRO Orange, SYPRO Red, Nano Orange, Nile Red, !-a:ﬁliﬁonaphthalene-s-

25 sulfonic acid (I,S-ANS), and dapoxylbutylsulfonamide {DBS) as weli as other |
dapoxyl analogs. Nano Orange ﬂuorescenc;: provides an. ultra-sensitive dye for
quantification of proteins in solution with a linear fluorescence range of about

10 nanograms/milliliter (ng/mL) to about 10 micrograms/milliliter (ug/mL) with
a very low background fluorescence. SYPRO bfange and SYPRO Red are used
30 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

9



new y exposed hydropiobic sites. 1,8-ANS has been used extensigvdé'lllyyzqogr many
years to nonitor the urfolding of proteins; however, its quantumyield when:
bound to the denatured protein is nmuch | ower than those of the dyes .
di scussedwodde@3and, thus, would require the use of | arge pguardobsiess of -
protein and reporter 5 nolecule in the assays. DBS is a relatively new,

sol vatochrom ¢ dye whose fluorescence em ssion may shift as nmuch as 100 nm
upon changing the environment. Due to its |lower excitation and em ssion
wavel engt hs, heweNLéxposéd hydrop: i Bediad : ange,
or SYPRO Red for  HFS. Apy);clﬁﬁ%?gz%gelﬁ& ?’?g}éﬁsélg@rml ecul %H%gcely?rynpﬁlg\ '

i ntensity i ncr &garsdo gonitenthdafddisgof phueinchowever ita quegemeikld sibget  speci es

can be used for_isothernal  denaturation, .The affjinity.of .a f].uorescent
reporter nol ec&PEn‘?g%\g‘?g%Mé’é?w?p%&%Ql@ﬁﬁ@@ﬁ'@f‘%‘}/ f d¥esss uring
the fluorescengBof arfil, HusERouldIBQER! tha UbOSF 1afge! Mant RV bFJteilBhE Féfofiet N t he
presence of increasing concentrations of the denatured target species and

the native tfr gadleaifleti the assags. KABWiin g relatévedy hew) sojvatdobromit ldyevsvhose t 0
optim ze the ¢ entration of the ,.fluorescent reporter mlecule relative
to the target gﬁ'éﬁsg?celeﬁ“ﬁf’d}?f‘%ﬁh’h&s’wc ng@)gé'&{)'b‘?"“ﬁ!?é’?ﬂﬁg coval ent
fluorescent repavirSimentd DREW AS IdWdexafifiohtIRAEiSich %Oﬁléﬂg&s‘,)ﬁo&r&%r,t iest
conmpound and tarlget speci es, ~one may use target species [abel ed covalently

with a pair of if lesbdespable dban Maro Orange, SPRO Quogs beSYPRO ReédifordEE®nce of .
t he ot her. Because foldi ng of the targe speci es .changes the

i nternol ecul ar di st gﬂttyeéuodggﬁgterﬁp?rﬁgxw}gcﬁ? Wi‘gﬁf’pmg“ 1ty Juweasgt & i on i s
‘acconpani edyoy derea@s wheh bbltPiRS S8 tarfdt shahis] daibetlifl RRTBILARPE!
species at specific sites, the denaturatron at different structural regions

can be noni t odenatugion| Theaifinity bfia fluercstentrapertmoleade tqyeard adarger | y dye

bi nding resulting.in_fl uorescence enhance are the_.defection nethods of
choi ce, other g%ﬂ%ﬁcaﬂgg%e{ﬁgnmg@%ggg@smng %f‘f?ﬁﬂg’cﬁaﬂﬁ’énpresent _

i nvention. Thi gohthfiéi sfifie répdite KAMRUR in IRObleQinch 8f indlealilg Change in W
absorbance, for exanple, at 280 nm resulting from exposure of aromatic

am no aci d( s).. concepirgtons;of the denatureditageet speciGnduheamnative targétispedigs. by
circul ar dighrgi sm. ; ipafras,red or NVR spectral shifts;_4) changes in
nobility on~a gﬁ'ﬁb‘@’&%ﬁ@%’fy&#}% allows onc o, ‘_lf"é‘ﬂfg%@'ﬁ")’n%?ﬁu%ot:@i’ze

fluorescent reporter molecule relative to the target species.

In addition to, or instead of, using noncovalent fluorescent reporter
molecules that are added to a mixture of the test compound and farget species, |
one may use target species labeled covalently with a pair of fluorophores, one of

20 which quenches the fluorescence of the other. Because unfolding of the target
spccie_s changes the intermolecular distances between the two fluorophores, the
denaturation is accompanied by changes in fluorescence. By labeling the same
target species at.speciﬁc sites, ﬁc denaturation at different structural regions can
_‘bc monitored. _- | _

| 25 Although ﬂu:oresccncc techniques, particularly dye binding resulting in
| ﬂuprescence ér_lhancemént are the detection methods of choice, other techniques
cail be used in the methods of the present invention. This can include, for
| example, monitoring: 1) the éhangc in UV absorbance, for example, at 280 nm
. resulting from exposure of a_rofnéﬁc amino acid(s-)rto solvent; 2) the change in
30 molar ellipticity by circular dichroism (CD); 3) infra-red or NMR s_l;;ectral shifts;
4) changes in .mobility on a" sup;:;on material (e.g., solid support) such as size-

-10-
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-10 9 July 2004 WO 01/ 46693 PCT/ US00/ 42677 excl usi on chromat ograltJ hy,

capil l-ary el ectrophoresis, etc. None of these approaches necessarily
requires the use of an extrinsic or intrinsic fluorescent reporter

nol ecul e. woelo1i4édeg8et speci es that have a relatively high depaturation
tenperature, s the experiments can be perforned in the pre8&HUS0Yf26%7

chaot rope, such as urea, guanidine hydrochloride, organic solvents, or any
ot her reagents that pronote protein denaturation w thout unduly

interfering wth,_ Rindi of the reporter nolecule with the target species.
The exact experf H‘?‘%‘F%ﬁ?ﬁﬂf‘f&‘?ﬂﬁ" t‘%ﬁ'&?‘!ﬁl&'@mmdﬁ- daphof thieget 10

nol ecule will v oa(gﬁggzng&isédrﬂg HH ke appropsiate decisions
and/ or = experi ng?l%fal ly-determ ngéqagf)%]%grﬂ%éa?igﬁgeﬁné%c ?—pﬁ?’é’g’t? Esceni c
-strength, ionicrepegermeteonks, etc.). For exanple, the isolectric point (pl)

of a protein nolecul woul d hel p, det er m ne_what. pH woul d be useful in
t hese studies. In prggﬂai%e,ts?%éesmt Y2 ilatively higledenaturationetemiperanzan be

carried out sn the ckPeribits cAeBE Y Bidned ap er uch as a,mcroliter
plate. Typically, alg? corrponentg but tae tcg’rr%g s°|c? CC?’Q% eSUehFsYreang t he

mul ti-reservoi rg'é@!ﬂi!l@hychoﬂdeﬁd¢,$)rgmiqkohtcntshera@wﬂmﬁa@éﬁs frAdwre for a
period.of time. AfLen ther mal "‘ng'l ibriumis reached, the sagpl e Eol der is
preferably tran® errg%flatt‘gagogf”é Wrimdyjy dpterfering with hindingnfthesspogtendded t o
all reservoi rS,mBIc@ﬁl@ﬁﬁHHha%x@HM;@E]@QUS| y. 20 The multi-reservoir sanple

hol der is typically sealed prior“"to addition of any conponents. For

exanpl e, a m crotit efhpexactexpeniniontl volslitiorsFueddniGirdtionloflesch mffafe of a

~plastic sheeji ich.seals the e put-is scored.in such a way that a
‘mcroliter l‘i {)pqggiggﬂ?‘? et d E%S@&to‘&ttgﬁt%ﬁaqmak@mrmi@$ deicisimstangor
removal . After expehineR@l deRinRe abhSnki i es. ..the. sanpl e ho| der is
either transferrad 25 i mﬁmdi at el ﬁ?‘gpgﬁ&g’gig% S%I&SZPHE'P%SH%R 10RKadi ng
the denat ur at i 9“&Frigrartedr Fog examplesthe bleatrid winti(pl) & B $ratShiholdgliect i on is
I

desired. Al U503 a1} dferRSid QIS wot 1S ual BNU LY 07 By TOboTas
' In practice, the methods of the present invention can be carried out in a
15 multi-reservoir sample holder, such as a microtiter plate. Typically, all
components but the target species are added and the multi-reservoir sample
holder is held at the appropriate temperature for a pén'od of time. Afier thermal
- equilibrium is reached, the sample holder is preferably transferred to a station
where the target species is added to all reservoirs, preferably simtﬂtaheously.
20 The multi-reservoir sample holder is typically sealed prior to addition of any
components. For example, a microtiter plate can include a covering that is
‘made of a plastic sheeting which seals the plate but is scored in such a way tﬁat
- a microtiter tip-easily penetrates it but that it re-closes after tip removal. After
| @troductidn of the target species, the sample holder is either transferred
25 - immediately to an appropriate detector for reading the denaturation signal or to
~ an incubator for holding until detection is desired. All Stepé can be performed
either manually or by robot as desired. '
For high throughput screening; a commercially available
Zyma;g/zymate'Pcs system (Zymark Corp., Zymark Center, Hopkinton, MA)
30  equipped with 2 Rapid Plate module, jacketed carousel, 10-plate incubator

System interfaced with a fluorescent plae reader can be used. This system can

-11-
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For hi gh throughput screening; a commercially available Zymar k/uzymat e’ PCS

system (Zymark Corp., Zymark Center, Hopkinton, MA) 30 equipped with a .
Rapi d Pl ate nodul e, jacketed carousel, 10-plate incubator systeminterfaced
wth-a fl woegieest plate reader can be used. This system cacrnisboAzeyl v
2004 WO 01/ 46693 PCT/ USOQ 42677 process 96- and 384-well mcrotiter plates
and can be adapted for use in the isothermal denaturation nethod of the
present invention. For exanple, the 10- plate incubator can be nodified

wi th heating el gaEak96SaaBASv MA@V Histdl! PLE/R dhe" sanpl e
i ncubation. The tenperature of the incu afgfﬁg%ﬂ%aﬁﬁﬁﬁg er '%c%{rll rol |l ed by
the use of a ciisethémnal dgnanaratiorbmethod of e prysent ioveytini. Forexaimph) ihecloides a

j acket ed car'ous-ell t.hat -can b'% modified to i.nclude a tenperature controlled
humi di fier and P&l§ HePatoRean be madified xath heating elemeptssyeh gs Watlgw flexible | n
tenperat ure CoMit@hat ABteds For SRPESInLASRiA! THE SEERL fheb L0l i ter
pl ates. . The Zymark/ Zymate systém lgl SoO. 0i ng?lu esﬁezix% pett#%hﬁhgﬁg Jll%mﬁl;elo
(Rapi d PI at es Mogtthe)contralled-lynthb eseveiti éirailating wateibuthe Bhel¥yaddrk@yhiaeck and
~heat lanps, for example. For fluorescence neasurenents, a BMG POLARst ar

ni cropl at e reaﬂ?tegﬁgéugﬁlﬁjéﬁ%ﬁ#ﬁﬂ?@gﬁgﬁf@ﬂ oRediaed todesludan ol so be

modi fied for coafnplanpé comtried BlimiBibYand fah Sfitingiy afly, from
about -20Cto abogt@llaQOC)'. Thi s systelm 'S automte’ygg(sl%q%@ o%}fté%ag%d
conput er 15 sdpwasmsten tappeciiure aonbel amddo fednde 1oxs af sampié eolvnkcinibepl es to
experience isothergal .conditigons. i ng the met hods of the present

i nvention, the %C%q%c@ﬁﬁ'wwymag%WéfW alsp yiclugies apjprteng stetorki nase
(TK) and of 1§t rREBIDMAR Moduld) 1Bl Labl R4l - i i fic
1i gands, v.ver-e.rggnl tored by Iégng vvavel'e‘ngt%&hgdﬁélﬁeg:?fe@é@%tﬁ%géédaﬁgée

quant um yi €l ds lamps,dasexamplan How fludrdscerex peasatehigdis ppBMG POTeg s of

unf ol ded proteins. The ti.ne ndenci es - were all . consistent with a
reaction schenénﬁod-%r%ﬁs@gvg@ﬁ@g@ﬁ?‘g?g‘%a@w Puham, B¢ carplso bei s, t he

ki netics of dengédifiad FR'Rohtrsl o rhpdpheledy Sei ; i

bi phasi ¢ nodel. Thus, only two of the plj;%% y%ﬁ@ﬁglﬁg%gég;g%é&&t
limting. It -20°Cto about 90°C). This system is automated using robotics and computer

15 software, which can be modified to allow for the samples to experience
isothermal conditions.

Using the methods of the présent invention, the kinetics of isothermal
denaturation of thymidylate kinase (TK) and of stromelysin, with and without
the presence of their specific ligands, were monitored by long-wavelength

20 ﬂuoresccpt dyes whose quantum yields increase when bound to exposed
hy_drophobic regions of unfolded proteins. The time dependencies were all
consistent with a reaction scheme of two consecutive first-order reactions. That
:is, the kinetics of denaturation for both proteins were Be_st described by a
biphasic model. Thl}s_, only two of the probably many steps are rate limiting. It

25 is apparent that g_signiﬁcantamont of information of the kinetics of the
unfolding proée_sses are provided By the fluorescence measurements. The
dependence of tﬁe rate constants on ﬁgand conccnuﬁﬁon was analjzable in
terms of a binding i‘soﬁl_e:m,‘r_eﬂecﬁng the stabilizing effect of the protein/ligand

~ complex. The method was validated by comparing its results with those

30 obtained b_y_ steady-state fluorescence spectroscopy, circular dichroism, and UV
spectrophotémelry. The corresponding rate constants calculated from the

-12-
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25 is apparent that a significant, anont of information of the ki'netics of

the unfolding processes are provided by the fluorescence neasurenents. The
dependence of the rate constants on |igand concentrati on was anal yzable in
terms of awyjéidehd | sotherm reflecting the stabilizing effect of the
protein/ligand conplex. The method was validated by conparif&d/¥508/42683ul t s
with those 30 obtained by steady-state fluorescence spectroscopy, circular
di chroism and UV spectrophotometry . The correspondi ng rate constants

cal cul ated fromthlﬁ éﬂ% 9 July 2004 WO 01/46693 PCT/ US00/ 42677 results of
the several analSt%€ éF%??iWWHE@UmH@MWQMmlee Tat gate

constants of botdnsh@p n th L ndi ng. of, active-site
| i gands. The di ssoci a?{%?ﬁgﬁg&?@%‘é&&%ﬁg@ﬂﬁﬁgﬂ 5‘?@5“8?'3ttﬁégﬁfbands at

the mel ting trdfeidissociati@ngomsantsirepreBACaffnktiddideyh BB e blelfin
"di ssociation c 'nst.ﬁnt s" é -at S physi ol ogi cal tenperatures can be %Iet erm ned
by extrapol ati oﬁmP?l At L rdibe afhnitytopsstantsi(ee. idissbeiatien adnstags™) ahese

Tesults, coupd edhvdibla. ' i Nl ti-wel :0.,.96-we 11)
format, show thg)twijso her n%lpegengdt%?g)fidé%mwéedé’yﬁé:?ﬂé‘ﬁa&n@ﬂ@i ce for HTS,

i ncl udi ng UHTS, measureingats distwa diffefaglempeRres | Thisk ré@y@,r&ugl&i vﬁhilﬁﬂs
protein. 10 Havi E@ﬁne%@“%@ﬂescri bed the invention, the Sane w e nore
readily undersf Yo Pt (&8 §61well) formnatyihowy thatisgthersal deaattration

provi ded by way is Hfriethlol 8 LRALd Iﬂ}j' (o) SR nded as Lim.ting. IS .
Exanpl es 1. WMat (laéri glcs and I&Ng%%gs N ‘%@@%@%@E@%@@%ﬂ@h%m Red, Nano
Orange, | -ani | spestigifyitonschrdrany Siveaprdteini ¢ aci d (1, 8- ANS),” and-

dapoxyl but yl sul-f onam %DBS_ re purchased 20 from Mol ecul ar Probes
‘I nc., Eugehel,% Oregomﬂd W&%ﬁ%ﬁﬁb@%ﬁmﬁ(wm saameiwill be niokereadi@poent s

were from. Si gmanmedithsd by TR G @l o ﬁfé%ﬁg%ng'éélxlamples, which are pro

) vided by way
of illustration and are not intended as limiting. :

- 15 Examples

1. Materials and Metheds

A. Reagents

SYPRO Orange, SYPRO Red, Nano Orange, I-anilinonaphthalene-8-
sulfonic acid (1,8-ANS), and dapoxylbutylsulfonamide (DBS) were purchased
20  from Molecular Probes Inc., Eugene, Oregon. Thymidine monophosphate
' (TMP) and all other reagents were from: Sigma-Aldrich Chemical Compahy. All
-commercial chemicals used were reagent grade or better. The compound
referred to as PNU-143988 has the following' structure:

OH

| HN"\")\ I
: _C. ~_NHCH

iy H
25 )
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commercial chemi cals used were reagent grade or better. The conpoun

referred to as PNU- 143988 has the following structure: OH HN-N O SAS'N C
NJ~"'C ,NHCH3 HHIli. -25 0 9 July 2004 WO 01/ 46693 PCT/ US00/ 42677 B.

Pr ot ei ns VO aieetss thyni dyl ate base. was cloned by Human Garonesdoceences
and purified by affinity chromatography using Ni2 NTA col ums purchased
fromQagen (Q ACGEN Inc., Valencia, CA). For TK the isothermal 5
denaturation took pl ace inas5mllinmlar (mVW Tris buffer, pH 7.80,

contai ning O. Spriyeding capt oet hanol and was neasured at a tenperature of
53C, with the exception of the validation experinents of the robotic assay
whi ch were car ried oGta!a‘euﬁmﬁnicBrlatakirmusms cliyibd by Hanaa Genpldé)Scidies | oned

by Human - Genone_Sci ences fled b af fini tz,y chr omat ogr aphy. usi ng

Ni 2* NTA 10 col m@“ﬂ%ﬁﬁ%ﬂﬂﬂgc “S@&) URTfneolgmns purshasedn

M dpoint, M Ofron0iaBth RAER 1. nvgrcﬂérﬁ,e%%um é%g&& o0 MRS
0 rc

500 MM Nadl, -10% gI ycer and vl P- pt o
Val i dati on. éxpdetatmration toblplace i hémnﬂiﬁmdhnahhf)ﬁnmmf,rﬁ«l peojafnmﬁtngt t he

Tm 41C, in pH fer conposed of 50 MM Tris, 200 nmM KCl, 10%
gl ycerol, and 531%\';{’&]& %@f%ﬂ%mW%PWMMPW@ avith
purified as desgeia tﬁ}s&ltﬁ'bz‘%gr 21 126 (1998) _
It hasa Tm.of 75C. agéiadeterm ne dgﬁo%%n@gﬁoﬁtfe‘%ée g \)ﬁ’é%c‘ﬁ%en for

the fol | owi ng i entibdouedt SARDAE nabLORidId: ekhﬁﬁél Cé\'{rb@clbﬂéd Hﬁﬂﬁ&em for
stronel ysi n'con(sigsted of 10 mvl I m dazol e, Cl2, 5 mcromolar (M
ZnCl2, pH 6. 50. Usppmae S¢icpeasaad Bvﬂﬁkdbbaﬁ'xmlawbrqmtoalaphym;ugﬂ& -\Ioéme pr epar ed

in dimet hy' 38! f&%ih:ﬁﬁs (QIAGEN Inc., Valencia, CA). UK has a transition midpoint, Ty, of
45.5°C as determined by DSC using a buffer of 50 mM TRIS, 500 mM NaCl,
10% glycerol, and 5 mM B—mcrcaptoethanol, pH 7.8. Validation experiments
for isothermal denaturation were pérformed at the Ty, 41°C, in pH 7.5 .buﬁ‘er
composed of 50 mM Tris, 200 mM KCl, 10% glycerol, and 5 mM B-

15 mercaptocthanol. Stromelysin was cloned and purified as described by Finzel et

al,, Prot. Sci., 7, 2118-2126 (1998). It has-a T,, of 75°C as determined by DSC.
This temperature was chosen for the following isothermal denaturation

experiments. The buffer system for su'emelysin consisted of 10 mM imidazole,
2.5 mM CaCly, 5 micromolar (uM) ZnCl,, pH 6.50.
© .20
C. Ligands -
- Stock solutions for-all ligands were prepared in dimethylsulfoxide
- (DMSO0) unless noted otherwise. Whenever the water solubility was high
enough, secondary stock solutions were made in the buffer system for the
25 particular protein; otherwise, diluted stocks were prepared in DMSO. A small
aliquot of ligand solution, typically 10 pl or less, was added to buffer and
equilibrated at the appropriate temperature in the cell before addition of the
protein. Control experiments assessed the ‘cﬁ'ect of added DMSO on protein
denaturation. In some cases 0.1% CHAPS (weight/volume percent, (3-[(3-
30 choloamidopropyl)—dimethylammonio]—I-propancsulfonate) was added to the

-14-
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(DVBO) unl ess noted ot herwi se. Wienever the water solubility was thZQOh

enough, secondary stock solutions were made in the buffer systemfor the 25 .
particul ar protein; otherw se, diluted stocks were prepared in DVSO. A
smal | - al i 9apajiq4edesl 1 gand solution, typically 10 | or |ess, pﬁz@g&?ﬂi '
buffer and equilibrated at the appropriate tenperature in Eefore
addition of the protein; Control experinents assessed the effect of added
DMSO on protein denaturation. In sone cases 0. 1% CHAPS (wei ght/vol une

percent (3- [(3 30 chol .0am dopro Iammnl 0j -| - propanesul f onat e)
was' added to t hdoae g’z‘gb‘ﬂp‘%@ IQMS@J ordsp gy validatethe on -
m xture to count gtgﬁl,agmeg;ﬂ&gﬁ uffis TR t.e the .
system a subsets?of _conpounds Whl ch had een pr g@s@#%‘bﬁ%lpoacggc%tlve

in an activity aasastyity gsayforeihertthymidyjdtakinasd orasidybite kinhsdybatetdd £ase wWas

tested as a represent of co unds_ havi ng increased probability
of being. 5 Ilgan%fgs gﬂ#lvfﬁgm&%? ggﬁ%majnc rrebability ofBeisgr enent s

‘For flI uor-es C es1C digaRdsSor éﬁm@rggtg_)t on counting ISS K2 spectrofluoroneter
in the ratio node was used (1SS I'nc., Urbana, Illinois). The 10
tenperature was maintained within 0.2C throughout the experinments by neans

of a Pol ysci enc 0 rag’m_a_l tenperature controller (Polysciences, Niles,
IL). Em ssi.on vvgg g{%'g ' M % r channel using the follow ng

em ssion filters: S%Iﬂa&@,g&tngén{em}m W f IéQlano Orange, 590.
nmcut-off for SYPRO Orange, 630 urn cut-o OII&JM ghl% and Nl e Red,

and 470 nm 15 c@wmﬂuﬁmchmmﬂmmmmwusst Udasd)Ifigois). The

Al ternativel fl uorescence S oWere acqui red by a BMG POLARst ar
‘micropl ate ré dAFRERipre %ﬁr{g@og Gcthroushewidhe expsrimentshyonéans) .

Tenper ature was o @Pol J;g@& \%érﬁnﬁn k?ﬁahﬂ r.b JThi s st runment
best “det ect ed Ngno Orygnlge 35 glerg&'ﬁ cen?%w&gl\‘?reﬁ;é’@ﬁfﬁ"ceﬁﬁﬁ
bandpass exci taﬂabrﬁﬁnﬁloamanbsavﬁﬁéhﬂmfﬂ&reﬁﬁiﬁxelum/ﬁéﬁlwvhn émiskivh

bandpass .emi ssi fil g" The t Bendenm es_of the fluorescence of
extrinsic dyes %F nanometer andpass filter for Nano Orange, 590 nm cut-off

-ID

for SYPRO Orange, 630 nm cut-off for SYPRO Red and Nile Red, and 470 nm
15  cut-off for I,SaANS and dapoxylbutyl-sulfonamide. Alternatively, fluorescence
measurements were acquired by a BMG POLARstar microplate reader (BMG
Labtechnologies, Inc., Durham, North Carolina). Temperature was controlled
with a circulating waterbath. This instrument best detected Nano Orange using
a 485 nm center wavelength, 15 nm bandpass excitation filter and a 580 nm
20  center wavelength, 12 nm bandpass emission filter.
The time-dependencies of the fluorescence of extrinsic dyes during
isothermal denaturation were monitored as follows. The test dye was added to a
stirred cuvette containing 2 milliliters (mL) of buffer that had been thermally
preequilibrated at the desired temperature. A dye baseline was recorded for 45
25 seconds and the denaturation reaction initiated by the addition of a small aliquot
of the protein stock solution. In this way, the protein reached the temperature of
denaturation virtually mstantanecusly. In separate experiments, the protein was
kept at the denaturation temperature in the absence of dye and the reporter
molecule added at the end of the reaction. In the latter experiments, the
30 fluorescence increase associated with the addition of dye was always

mstantaneous. In order to be certain that under the conditions of the experiment

-15-
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| sot hermal denaturation were nonitored as follows. The test dye u\R/fas added

to a stirred cuvette containing 2 milliliters (m) of buffer that had been
thermally preequilibrated at the desired tenperature. A dye baseline was
recorded Wér01486935 seconds and the denaturation reaction i mdarnaseedzdry t he
addition of a small aliquot of the protein stock solution. In this way,
the protein reached the tenperature of denaturation virtually

i nstant aneously. In separate experinents, the protein was kept at the
denat uration t eipeyeitselfviuld hOR RGNS SRS AR b e tBRYE bifiein P! €CU! €
added at the end of the reaction. 'In thée latter experinents, “the

f1 uor escence | ixed amouasefolyeavasditatadwitthimcsmsing iamouofs of peoteinsind Ishawed

i NSt ant aneous. er_to be certaj.n that .under .the conditions of the
experi ment . -15@&%@“‘5&??&“%5“6‘??%%‘39“#&%%6&%77 the dye itself woul d

not conplex a si gni fikeahiee tfyB@ph&Nreidutd 6 ki ixpéxetbﬁﬁedgl?thﬁf'm%ds- ount
of dye was titrated with increasing a#bunts ofeyygrotei n and s g\&/\é That the
fluor escence i Kegieraed aH mch are seasitive epotersiof the. unfbldingofake proyih ophey)

resi dues of st I n.are bur.ied.jn the.active site regi on and as such
are sensitive lrhgcg%!r) e?%algf t‘s‘éﬁlﬁ'ﬁ'\f’ﬁ“bﬁlﬁa Wﬁ‘ﬁ@ﬁﬂw 1 by ghanges yethe

i sot her mal  denattingit itgPtophar HisreReAlS For iRSe 2kpQi ,H!S@&o?e%n%% in the
intrinsic trypto uorescence. For these experinents, the protein was

han
added to bufféq-g-e&nqqnmbaate@iummarcuqmmmpmmafdsmhemnmmaﬁant her mal .
denat ur ati on. TEQ%X(%@J tatio %vel ?& th was 293 .nm and the_em ssjon was
moni tored using & 10 S20"2VEEETHh W 8&5%‘”? thegmission yas gonitered using a
Measur enent fy D3g0 {00 rivh bidaysfilerdand TK was performed using an MC- 2
‘differential - scanning calorimeter fromMcrocal, Inc.. (Northanpton, M.
For stronelysin, 15. the 1.2 -nlL sanple cell of the calorimeter was filled
with 150 pM en yg in, aeﬁ%H .50 buffer containing 10 mM i m dazole, 2.5 nM
CaCl 2, and:5 Rppimetdr Measupements| ori reter cell was filled with 15 M
enzyne in a 50 nM Ty r ] 3 10%
gl ycerol, and 5 nmv ?xngdﬁ?gg?gg%ﬁﬁgm%ﬁég?rg erreﬁ'{gg{ ce Iﬁcsmggl%ﬁ'l%qggﬁ W th
t he sanme buf f escaniiing calorimeter from Microcal, Inc. (Northampton, MA). For stromelysin,

B the 1.2 ml, sample cell of the calorimeter was filled with 150 pM enzyme in a
PH 6.50 buffer containing 10 mM imidazole, 2.5 mM CaCl,, and 5 mM ZnCl,.
For TK, the calorimeter cell was filled with 15 pM enzyme in a 50 mM Tris-
HCI buffer, pH 7.70, containing 0.50 M NaCl, 10% glycerol, and 5 mM 2-
mercaptoethanol. The reference cell was filled with the same buffer. The

20 solutions were degassed for 5 minutes prior to scanning from 25°C to 80°C ata
-rate of 1°C/minute. Baseline scans, collected with dialysate buffer in the sample
cell, were subtracted from the protein scans and the resulting data converted to
~ unit protein concentration, The Y-axis of the instrument was calibrated using
- .. . -standard electrical heat pulses and the temperature scale was calibrated using n-
25 octadecane and n-hexatriacontane which melt at 28.2°C and 75.9°C,

- respectively.

- F. Circular Dichroism
Circular Dichroism (CD) spectra were measired using a Jasco J-715
30  spectropolarimeter (Jasco Corp., Easton, MD) and a cylindrical quartz cell with
| a pathlength of 0.1 centimeter (cr) thermostated to within 0.1°C by a Haake D8

-16-
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20 solutions were degassed for 5 mnutes prior to scanning from %’528 to 80C
at a rate of 1 C mnute. Baseline scans, collected with dialysate buffer
in the sanple cell, were subtracted from t he. protein scans and the

resul ting pdes@myerted to unit protein concentration. The Y-axis of the
I nstrument was calibrated using standard el ectr| cal heat plﬂ‘%régs‘lgﬁaﬁ"f"he

tenperature scale was calibrated using n .25 'octadecane and
n-hexatriacontane which nelt at 28.2C and 75.4C, respectively. F. Crcul ar

Di chroi sm Gircul ar chrois spectra wer e neasured using_a Jasco J-715
30 spectropol arlﬂé"@“ng ﬁ@%‘a“ eé}ﬂ!manr)yl'lihﬁctmoaiuaquartz

by a Faake 06 16 G5 *&F‘;‘%"S&ﬂ?ﬁ%ﬁﬁ%}‘%%& SEABR5E 6 Al il o 5. ©
bath (Haake Grrbhthehf;algesafuhm,tlﬁa.tImmGutzUpmcgagﬁaﬁsr@gﬂr%m&fspu '}léFu REgtein

was chosen on thia baib@-&g its nplar ellipticity and fel In the
range of . about Uyte dexcess of Q@Flmqfﬁ)nﬁpaﬁdpmrmmjmnommmerwmth 10-

100-fol d t t to th
col i 05 Bach SorarholubAand sHESERERBEIRE Be 17 i 1o s e axsepamevi t h
a response of mﬂBZSWmW&ﬁ/n&%e%&hﬁﬁﬁ& ﬁaﬁﬁ%d{ﬁgfg ‘ﬁeat ed

bandwi dth of 1.0 nm and 5 accunul ati ons. The cell was t en rapi

to the tenperattﬂ‘%a’éﬁi accymiations) The pell wasithicn rapidiy hesred to the telaperadeasy Of
the ellipticity @dmadaml noni,t d. Dc 0|s ssan:pled wth a .
bandwi dth of 1. l%nm at géﬂaa ?%mrlf‘iﬂnldl‘g%ﬁgﬁdle(’?‘?@@ﬂﬁy? e ellipbigitnafP22mnnul at ed
for 16 seconds. vlatrmoni@iel. Dichdism A4S EMnNBE wiHBSH average
of the 16 second undl es After the tllge scan%g‘d&gdvdé g%gﬁ@%ﬁ@iﬁ

‘perforned at! Wé@)a{l@f‘@ls avdl acsuranldted for f@secsndstDan veyd &threand

w thout [i gand =ck.ed for nce .and _dichroism Cells
wer e "t hor oughl y@%@angg&lﬂ%g% %fsr'rge ?gﬁ%cé’ﬂ d bundies. pAfiexthe| | ed
wat er and et hanmimdmfaweﬁna\%mgm szemms p&fo:ﬁ%% B G VBASULARE "ES1Ls and

buffer solutions with and without ligand were routinely checked for absorbance

and dichroism. Cells were thoroughly cleaned as described above and rinsed

- 15 with distilled water and ethanol between experiments.

G. Absorbance Measurements
UV absorbance was measured using a Perkin-Elmer Lambda 40 UV-Vis
dual-beam spectrophotometer (Perkin-Eimer Corp. Norwalk, CT). A capped
20 1.0 cm pathlength quartz cuvette filled with buffer was placed in the reference
‘beam. In the sample beam, a capped 1.0 cm path length quartz cuvette
containing 1.5 mL of degassed buffer or buffer plus ligand —Jess the volume of
' pfote;n solution to be added — was placed in a thermostated cell holder and
equilibrated at the temperature of isothermal denaturation. The temperature was
- o 25 maintained within 0.1°C using a Neslab Exacal EX200 circulating water bath
'(Neslab Instruments, Inc. Portsmouth, NH) A 1-5 pL aliquot of the protein
stock solution was added to thc cuvette containing buffer or buffer plus ligand
to yield a.ﬁnal volume of 1.5 mL and protein concentration near 0.5 uM. The
cuvette Was recapped and absorbarice at 280 nm was measured every 1 second
30 for up to 30 minutes with a bandwidth of 2 nm and response of 0.5 second. For'

each protein, the effects of s_evefal ligand concentrations were examined ranging
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UV absorbance was neasured using a Perkin-El ner Lanbda 40 UV-\%JSUIy 2douoé'l - beam
spect rophot onet er (Perkin-El mer Corp. Norwalk, CT). A capped 20 1.0 cm
pat hl ength quartz cuvette filled with buffer was placed in the reference
beam  In Wﬁﬂ“é‘éﬁ‘ﬁl e beam a capped 1.0 cm path | ength quar teCTAUSOLET7
containing 1.5 nL of degassed buffer or buffer plus ligand -less the vol une
of protein solution to be added - was placed in a thernostated cell hol der
and equilibrated at the tenperature of isothernmal denaturation. The

t enper at ur e wagrogbabituk DISGNEL Mol 1 Eaddsked gh@% %EQE EX200
circulating water bath  (‘Neslab I%@r%% I'ngl.f:& ortgl%a’t , NH. A1-51L
al i quot of t he dpscsibed aboverwithknisrd atid amd with 1096 ankthanol 2l ise@iWigh cont ai ni ng

buffer or buff alus |igand. t jeld a final volunme of -1.5 nL and
protein concenﬁsgﬁﬁﬁé%ﬂﬁ@@%@ﬁnﬁmwe was recapped and
absor bance at 280 rim was neasured every 1 second 30 for up to 30 m nutes

with a bandwi dth of 2 nmand response of 0.5 second. For each protein, the.
effects of SevlkaPatajdpalysisoncentrati ons were exani ned ranging -17 9 July

2004 WD 01/ 46693 PCW 2677 fron‘Labout 0.5,i.i M to about 40Q M
Cuvettes were thoroug CRLRSEF Was thy bms; dapepdency oEpigiein depatyiatioman d and
wth 10% et ha e dirktiop Wk {8 1Hhiql ‘ﬂﬁ&lgﬁecﬁ&ga t ween

. aabn THisE Ul ke cases sﬁ{”ﬂgﬁﬁ le&?

experinents. 5 H Data-Analysis Only in a few e dependency
of protein densAuiresipregramysingthe equatiohi r st - or der process. Those data were
anal yzed by a nonlinear | east squares program using the equation: Y=Yn

- +AY. (1 10 Equation i re i, S thesexperdgentypl |y neasured signal, Y,, is
‘the background signal ,Wgs{" i}i i"hé )tho(lgl‘ Ehangpe n signal associated with

t he denatungtion process, t is tine and k is the experinent alsé%*aqeaslur ed
apparent first-order rate constant. In general, the kinetic 1on
denat ur ati on dwbptedX) istho expresismantallymatasumsd sidrtabry ik tie Iackground signal, AY

is the total change in signal associated with the denaturation process, t is time
and K., is the experimentally measured apparent first-order rate constant. In
~ general, the kinetics of denaturation displayed biphasic kinefics, often with a
© 15 distinct induction period. Those time courses were analyzed according to the

reaction scheme of two consecutive first-order reactions:

A~t>BtsC Equation 2

where k; and k; are first-order rate constants and where, a priori, all three

20 species cqntribute to the observed signal. The equation corresponding to the

signal observed during these reactions is:

2 kl'

e _. k i . ] :
Y:]’:!fe kyt +1"B_k1 1 (e kyt __ef-kz!)_i_yé[l_l_ kze—k,l _kle-kzt)}

Equation 3

I
k —~k, (
- . |
_ where_ Ya, Yp, and Y¢ are the signals for the species A, B, and C, Tespectively.

Often, it happened that within experimental error Y,=Yg, thereby simplifying

the ahalysis since:
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15 distinct induction period. Those tinme courses were anal yzeg Jéf’é’c%?rogi ng to
the reaction schene of two consecutive first-order reactions: A~ B C
Equation 2 where k, and k2 are first-order rate constants and where, a

priori, alyoldplug@s 20 species contribute to the observed signal. The '
equation corresponding to the signal observed during thesePFENE0VEEE | s:
Y=Y4.e k,1 +Y ki . $ k,-k1 -k2r - e. YGI+k Ik, (k2ek'"' _k,e--k21) Equation
3 where YA, Ya, and Ye are the signals for the species A, B, and C
respectively. Oten, it happened that within experinental error YA=YB,
thereby sinplifying the analysis since: 9 July 2004 WO 01/46693 Y=Y, ~-+(Y
-Y,~ | ki (k2e-k'" _k,e-k21) Equation 4 ~ - k2 When YB=YC, the
experimental curve dagege e, {nto & simke finsil s order rise or decay,
.dependi ng on whet her q?(ig‘éa%r% E%(A_ c"gllof"fgﬁ 'tsgan expect edtqyation 4
prelimnary analysis of the data by quation 3 or Equation 4 indicated
that k, and k2 were very simlar to each other. Since Equation 3 is not

.valid for the case V\%e 1_2{;2, we integrated the systemof rate
equations: 10 dA = -K! R YRi7 Y 4 the experimepntab curve degenerates into a simple first-

S order rise or decay, depending on whether YA>Yp or Ye>Y,.
More often than expected, the preliminary analysis of the data by
Equation 3 or Equation 4 indicated that k, and k; were very similar to each
other. Since Eqﬁa'tibn 3 is not valid for the case where ki=k», we integrated the

system of rate equations: -
" :
10 —=—k.A
dt
Eguation 5
dB .
—=k.A—k.B
dt
Equation 6
dac
—=k.B
dr
15. * Equation 7
to yield:
A=A, e
Equation 8
_ B= kA .te*
20 . _ o : Equation 9

C=4, [t~ (ki +T)e™]
- . o Eqguation 10
< ... Thetime depcndencé of the signal is then given by:
‘ Y=Y, e L Y kte +'1§7.[l —(kr+ l)é“"“] - Equation



dt dC =k B dt 15. to yield: A = Ao.e-k! B =k.A0.t.e" 1, PcTI Jetitha¥¥7
Equation 5 Equation 6 Equation 7 Equation 8 20 Equation 9 C= .

A 41--'(k.i" + Equation 10 The tinme dependence of the signal is then given
by: =Y, AWe-01l4669% s. (k.t + 1)e--kl1 } Equation 11 9 July 2@Gusi6lafeh46693
PCT/ USQ0/ 42677 This equation was used in conjunction with a nonlinear

| east squares to analyze the results of experiments with kIl k2. Robotic
Assay 5 A li brary of conpounds was tested in a hi gh t hr oughput screening

mode in 96-we SoditdiBh ﬁH 9? fefpel | at
the tenperatures escrlﬁ“&g?}}/e ! e o;ﬁi}w‘] ye ar?gagg I ma :ylzg of dye -

to protein fokheliésultsbflieperhnemsaithkee k,Fach mcroliter plate copt ai ned 88
i ndi vi dual conpounds and eight control wells that intially contained only .
buffer 10 plus dye (no conpound). These assay plates were manual |y seal ed
with a pl asti%?%gﬁ%a)m croplate seal (Tontec, Inc., Handen,
Connecti cut). ese

5 A library of compounds was tested in a high throughput screening mode

in 96-well microtiter plate format with single compounds per well at the
temperatures descnbed above. The optimal dye and optimal ratio of dye to
protein for TK and UK was assessed. Each microtiter plate contained 38
_ | individual compounds and eight control wclls that intially contained only buffer
io | plus dye (o compound). These assay plates were manually sealed with a
plastic 96-well microplate seal (Tomtec, Inc., Hamden, Connecticut). These
séals were scored for easy entrance of pipet tips, followed by reclosure after
pipet tip exit. The remaining steps were carried out robotically as follows.
- Assay plates were deposited into the temperature/humidity-controlled incubator
15 for an initial incubation period, typically 60-90 minutes, which cthbrated the
' assay plate to the desired assay temperature. A fluorescence ,
measurement, T;,was then taken by the BMG POLARstar to establish the lower
bound of the assay. This fluorescent reading for those wells containiﬁg
~ compounds plus buffer plus dye was used fo ascertain the effect of the
20 compounds themselves. Following an additional incubation period in a set of
- - incubators which ensured that well contents were equilibrated to the assay
. temperature, assay plates were moved to the RapidPlate liquid dispensing unit.
. “Protein was added from a plate reservoir to assay plates located on 2 modified
§ _ heated plate position. For the final incubation, assay plates were transported
25 backto the temperature/humidity-controlled incubator for a defined time at the
o éssay temperature, typically 30 minutes. A second fluorescence measurement,
Ty, was taken by the BMG POLARstar. The control wells (assay buffer plus dye
plus protein) defined the upper bound of the assay. A Eompariso_n of the
fluorescent measurement for the wells containing compound (plus assay buffer
30 plus dye plus protein) compared to the control well reads at 'f'i and Ty defined
which compounds bound to and stabilized the protein of interest.
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seal s were scored for easy entrance of pipet tips, followed b;gdru C Oc?gure

after . pipet tip exit. The remaining steps were carried out robotically as
foll ows. Assay plates were deposited into the

tenperat ungphiy '-é;i_,‘ty-cont rolled incubator 15 for an initial incubation
period, typically 60-90 minutes, which equilibrated the as&&J/Ys0e#s77o the
desired assay tenperature. A fluorescence neasurenent,T;,was then taken by
t he ‘BMG POLARstar to establish the lower bound of the assay. This
fluorescent reading for those wells containing conpounds plus buffer plus
dye was used to ascertain the effect of the 20 conpounds thensel ves.

Fol l owi ng an adgjti OT@S' ggati on period in a set of incubators which
ensured that well contents re equilibrated to the assay tenperature,
-assay plates were noThe tdniperditrePRM] (WoTPVETa Me Dbk at 227 OL €1 N
was added froma plate reservoir tcl)ﬂgls%gl?e%rgjt{%s “f“é%gfg%?"gn a ir‘%&t}élltff’rlled
heated pl ate poS¥stly Sheaswgblempte wWas dgtenminedpaior trthe digamd/ biptinizesudi@l he

‘transported 25 ~tenmperature/ huni dity-gontroll ed i ncubator for a

defined ti rregat e érgéﬁséa}gaﬁpé%@%%ﬁr“@?“% oy gempergtuses slightlecond

fl uorescence nebaowaranthe thekinal Mﬁ%iﬁﬁk@&p@bﬁhh@?f,%:ﬁ’%ﬁ%ﬁtb 'di e-:rljén?t(ilzﬁont rol
I'ned the un

wel I's (assay buffer, plus dye ?fl us protein) de 7 upper bo of the
assay. A conpar$88pngralofmetry| Jordstarmine whigh fuersscent tipe piodacesehed Frgest '

cont ai ni ng conpgung ¢ SS buffer .30 .pl ys dye, pl us protein) conpared

to the control éqE‘I ﬁé%a §e€ T af'r’ﬁfeﬁ’?"’ﬁ’g %ﬂgﬁmmegm@ﬁﬁw%@ﬁd to

and stabilized THevapbedfeimedafith &ich&Eelat a 5 0, 146693

PCT/ USQ0/ 42677 11 . RE%SLTS The tenp“?r%atﬁre %? ‘?ﬁcﬁo‘a'ﬂ%‘y@g%%%?%?ﬁ‘

‘under goes ddhat b aMoRhespestral rapértiys afdbdyes dseedaé givea sn TEE1I8 N MR PT i OF
The 5 rates were_nost appropriate for

to the ligand- bjnding studies. ) ria
nmeasuring met hotbgu l?"%%‘ﬁﬁ%?%&%ﬁmwmw@eu@bm@lwpmgq ﬁgPBlef)nMge,

transition temmaidd R0 Redad udBARf stk W hapti al - scanni ng
i ch y

calorinetry. To determ ne whic uor escent e produces the | argest
signal for a given protein, a prelimnary isothermal denaturation

experinment at T. Vﬁs peg'for d with each _dye at_a concentration of 1 M and
the protein at Table 1. Spec arameters Used in Measuring Isothermal Denatuxjation

Dye Aexc, DIM Aem, NI
1,8-ANS 390 470
Dapoxylbutylsulfonamide 372 470
Nile Red 590 630
Nano Orange 490 | 525
"~ SYPRO Orange 500 590
S_YPRO Red 550 630

15

A. Thymidylate Kih_zise o
- Thc thermal scan for thymidylate kinase (TK), shown in Figure 1,
reveals aTy locatc_:dAat 53°C, the temperature which was then chosen for all
.20 sul'_)séquer_lt isothermal experiments. Upon cooling and reheating of the protein,

no observable peak was found (results not shown), which indicated that this

. protein had denatured irreversibly.
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10 0.5 pM The spectral properties of all dyes tested are.given u|]yn QIorfttibl e 1.

Due to their long excitation and em ssion wavel engt hs, Nano O ange, SYPRO
Orange, and SYPRO Red are attractive for use in HIS format. Table 1.
Spectral ¥WACHA®PRrs Used in Measuring |sothernmal Denat ur at PERAUSSMEREENNT i M
1, 8- ANS390470 Dapoxyl butyl sul fonam de372470 Ni |l e Red590630 Nano
Orange490525 SYPRO Orange500590 SYPRO Red550634 A. Thym dyl ate Ki nase The
thermal scan for thym dyl ate kinase (TK), shown in Figure 1, reveals a T.

| ocated at 53C, theFh® U'?%u\“@iﬁﬁb%@ﬁne&@ﬁﬂts%@ﬁ&%ﬁhﬁ%’& riaépes Ubsequent
r

| sot hermal . experinents. Upon cooling and reheating of the protein, no
observabl e, peherRdbe timarispendsatflucresponcestivngys fonhachhdyiengére meashredat thi s

e B o b b TEH T
the ti me- depenfiaiesdcnbOsRAME APeGHARASA if ATbisRAR b feBAsULEMhd N the

presence of thym dyl ate kinase denaturing isotherna
fl uorescencé oflenakyrations withd3BS8 produgingdhe fargesb nptiasteaseravenbackigfounde cour se

background. - Thab RlioPRendt SN REnES SRR ClrpRais v Rl fusstimo ke
(used in genepglerdSs mhwméﬂtg&ma?hﬁmms&vﬁw

increased significantly, whil'e the fl'uorescence increase o . S>-ARS, at a
four-fol d nol awhidg dedinorescemmednaease ofidS-AdStat o uy-feldahblar Excesd doy, it was

al so ascertained that the.increase_in 10 fluorescence of the anount_ of Nano
Or ange or SYP%QMn%%QEHQVﬁmsﬁEF@%‘FWé S0 agprEkincddhet the msreasqin nat i ve

protei n wasgel i AfsHesRUES ofthdbilButIFandOrange or SYPRO Orange used in the

experiments upon addition of the native protein was linear over a wide range of

pfotcin concentrations (Figure 3). These results demonstrate that the dyes do
not saturate the protein under the conditions of the experiment. In. other words,
the dyes themselves do not compete with the ligands and they do not stabilize
" 15 the protein to ény meésumblc extent. | |
Because of its spectral properties (see Table 1), SYPRO Orange was
chosen for use in further denaturation expérinients. ‘Figure 4 sﬁows
representative time courses of SYPRO Orange fluorescence occurring during
the isothermal denaturation of TK in the presence of increasing amounts of
20 TMP, which is a specific ligand for the enzyme. When the protein was first
denatured and the dye added at the end of the process, the fluorescence increase
' - was instantaqeous (data not shown). Thus, the time-dependency of the
fluorescence changes represents pfotein unfolding and not a slow binding of the
(dye to the denatured protein. The time-dependencies were biphasic, indicating
25 the presence of at least two rate-determining unfolding processes. The results
“were analyzed using a nonlinear least squares method with a variety of kinetic
miodels. Of all the models tested, the model of two consecutive first-order
reactions with identical rate constants, Equation 11, was the most consistent
with the data. The agreement of the experimental points with the theoretical
30 curves calculated with the best-fit parameters and Equation 11 is shown in

Figure 4.
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protein concentrations (Figure 3). These results denonstrate thaty the dyes

do not saturate the protein under. the conditions of the experinent. - In
ot her words, the dyes thenselves do not conpete with the |igands and they
do not st--a%dl%'?ﬁ”lS the protein to any neasurabl e extent. Because of its
spectral properties (see Table 1), SYPRO Orange was chosen PEF/US8¥426f/7
further denaturation experinents. Figure 4 shows representative tine
courses of SYPRO Orange fluorescence occurring during the isothernal
denaturation of TK in_the presence of increasing anounts of 20 TMP, which

is a specific |igand Fsrslanseof dhesanly, linyas pottion gfitid 6ina comse Kialsst  denat ur ed

and the dye add . . he process,  the_fluorescence increase was

i nst ant aneous ( a?@rﬁééﬁgﬁ%gm : r%“ﬁl?ggs% ; this. & E’rf@éﬁ’@%s%#tot@élﬂeﬂle ,

-fl uorescence chénmCeeDTBﬁ%&eMbﬁioﬂtH@H&iaﬂirQ@orﬁ%&Pﬁ%ge§lslg&% padi ng of
re

the dye to the denatured protein. The tine-dependencies | phasi c,
i ndi cating 25 tﬁspﬁ?dsngfégﬁpt%pp@memm ligatdcaietrtrationi Mhe vnfves diehy

. . The ] o ' ' , | | . t

et hod wiih o vy usiltd SotiBntE Sl it 8 fnd Ol G- oreespohding e

model of two comsaretyiofenddelsstlagingdEnatkaash ﬁ%ﬁo%&ﬁbah&%ﬁh&;aga&%e
at a. e

constants, Equation 11, was the npst consistent wth the
agr eenent of thi"%ﬁ'&eﬁ‘mé’?s‘wpﬁﬁt@nwwmfdwaduﬁ&dhehiodeﬂwﬁ@ealfﬁl!}es

cal culated with ty=f §. s and Equation 1 | i,s shown in

Figure 4. -22 gcé{’}ﬁay g%&’i&%m@g’?’ﬂﬁ%ﬁ TP3gisin reppltsdn g six-todd ¢ he

early, linear petbilatief of theediyii: (Fi%[réﬁ).ﬁ&liﬁe%tislﬂf&ﬂﬂ{ythguﬂﬂﬁiﬁs@n&he first
e’ In

rate constant and, .thus, either can be used to analyze uerce of
"TMP concent r ¥ fAvlptedinpse i a dimerigprotgineas. evidegordbybsizhowtusione  dependency

of these two paf ' I d concentratiaon., The curyeg were 5 analyzed
usi ng a nonl i near eaﬁj Is%&%‘r‘%’?‘r’%@%ﬁ%ﬁ A oxtSt B s i sHBKEEgft 0 a
variety of nodethymidylateikigsel psvaily it d=08e bAHiR® tHeQinIGRY BRDS f.%fr ,gand
bi nding site. The best, consi stency was found w tlh_ thg ngg% mhégpgatgér?ﬁl |y
: by A. Lavie et. al. in Nature Structural Biology, 4,601-604 (1997)). From the
slopes, Kq was calculated to be 9.1 + 1.6 mM and from the rate constants K4

15 was calculated to be 7.6 + 0.8 mM. These cooperative K va!ues,AmcasuA‘red at

53 °C, are not directly comparable to the noncooperative kinetic parameter K,,, =

27 UM determined at 25°C by an activity assay using saturating ATP

concentrations. It seems likely that the cooperativity arises from the fact that the
kinetic mechanism of TK consists of an ordered addition, whefcby TMP can

20 only bind to the enzyme which has an occupied ATP site and that ,TMP can bind
weakly to the ATP site.

Absorbance and Circular Dichroism. In order to ascertai.n- that the

flnorescence changcé of the dyes actually aré proportional to the two forms of
25 denatured protc?n and do, in fact, measure f_he déﬁanlration ﬁm&ss, two other
| techniques, CD and UV absorbance, were employed to study the hnfolding
~ kinetics of the same protein. '
Circhlar dichroism scans of the nétive protein aﬁd of its deﬁéturcd form
show that a significant change in the CD spectram accompanies the ﬁnfolding
30 (Figure 6). For example, there was a 45% loss in intensity of the ‘d-helical
sig@ at 222 nm. Consequently, the time-dependency of the changes in molar
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cooperative binding of two TMP nol ecul es per protein results ignJug(%qof'-fol d
stabilization of the enzyne (Figure 5). This result .is not fully surprising .
since i0 thymdylate kinase is a dinmeric protein as evidenced by size

excl usi onWOdH#466%3t ogr aphy (E. coli protein is known to exi HCTSsodu4géer in
"Structure of thym dyl ate kinase reveals the cause behind the Iimting step
In AZT activation” by A Lavie et. al. in Nature Structural Biol ogy,
4,601-604 (1997)). Fromthe slopes, Ka was calculated to be 9.1 1.6 nM

and from the rafigpt@RStAhénitiHed Sontis it i@l&t%}g' rggu_ These
cooperative Kd val ues, neasured at 5%&%,' are lﬁg'thgi rectly %gr. a%‘}‘% to
t he noncooper atelligfidityaé 222 npainerratedrrapidly-andaZachid d etaximimnedkepabod Coby an

activity assay usi S .at i ATP centratjons. It seens |ikely that
t he cooperati vi’?’g?“g"‘gi §€é&{£‘?%ﬂfg%@k§$&p 13 and; preptiydopseasedhbathithy  TK
consi sts of an rgedad iid bOMhe iNRELERY ellilhici ' tqjg)d - enzyne

whi ch has an occupi ed ATP site and t hat {:I'I\/g&(::lg)ﬁ1 In vvérgk f%%f%ge}&ATP :
site. Absor Hanvdtaagingile Sestarddiredution sherehy ndileting that theanijai chanped int he

fl uorescence changes, of the dyes actual ly are proportional to the two formns
of 25 denature&ﬁ_ﬂﬁﬁ iaﬁe%fﬁg"‘%%ﬁ’yi‘ﬁe PFEMWWHEV%WSW%@H process,
two ot her techni quq&na]mw‘:ﬁghﬂgﬁm Hoﬁ%ﬁgiﬁiaﬂﬁ. ! W‘?dd&@“ﬁﬁﬂ“gﬁiéﬂg

unfol di ng kinetics of t hé. same proteln. rol smscans
native prot ei nreswdt fovmithesindease wrsetvehbexposale@f/atdnadticaning adifls weft change in.

t he CD spectrum acco Ies the.unfgldin 30 (Figure 6). For exanpl e,
there was a 45%’%@?@@?%%' f%’“%gs’g?i‘@ 1t th Ipschigmis ghanges asspcigted

Consequent | yp A thie RS f b ' - y 2004
‘WO 01146693 PCT/ US00/ 426‘%@2’? F}%#%%ﬁ%g*&?ggﬂgm;téb@ag%n i ﬁ%gﬁ%"f/&%t 222

nm As il ustr &estditiby aRrngdel of Two thmsecwtivel fixbi-oideyreattions 2 Thavdsali€ @aged
rapidly and.reached a. M i mqym after about 10 mputes. Addition of 25 nM
TMP, a natural nqugg?ﬂf,'s &4th 3 model-of twa gopgecptiy -prdepreactipnsebiivitiie of

the increase i gnédudal pité g‘g,ﬁsyams'l"lggdgs%hw Rqlitldnys. cONSi st ent
| The rate constants dbtained by the three techniques are compared in

15 Table 2. Due to spectral interference, the effects of ‘ﬂll-e presence of TMP on the
changes in hyperchromicity were not tested. It appears that the physical
properties measured by all these methods do undergo a significant change
dunng the first rate-limiting step. There was good agreément between the rate
conétants of the first step, k,, indicating that ali three methods are measuring the

20 same proce;ss. On the other hand, the second step observed by SYPRO Orange
doesl not produce any changes in hyperchromicity and the second, very slow step
observed by hyperchromicity does not have any changes in SYPRO Orange

fluorescence associated with it.

25 Table 2. Rate Constants for Thymidylate Kinase Denaturation at 53°C
B Measured by Various Methods | |
Method kx10,5c7 | ko x10° se0”
Circular dichroism®  12.0£0.04 ~ NA
Absorbance at 280mm’ | 170£020 | 2902009
SYPRO Orange fluorescence’ 17.0+0.09 17.0 £0.09

e First-order reaction; “Calculated using Equation 4; *Calculated using Equation 11.
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5 wth a sinple first-order reaction, thereby indicating that t¢u¥2004
changes in ellipticity are produced by the first of the two -consecutive
unfol ding steps. Finally, the tinme-dependent changes in hyperchromcity
at. 280 nnwolulaéssesult fromthe increase in solvent exposupﬁtgﬁ oddgfRt i €
am no acids were neasured. The data in Figure 8 show that t yperchron1c
changes associated 10 with the unfolding of TK were rapid and bi phasic.
The absorbance data were best fit by a nodel of two consecutive first-order
reactions. The. results were nobst consistent with-a nodel -of. two
consecutive -first-order reactions, but wth unequal rate constants, as
described by Equnts$qBmilysii’e rate constants obtained by the three

techni ques are conpared In 15 Table 2. Due to spectral interference, the

effects of the pr eselﬂmhﬂfeGINBPemﬂmgsﬂwHﬂangﬁﬁBBﬂ, DRE 3R RIgbY) MGT € not

tested. It appe at ttﬁe hys prggertles measured by al |l “these

net hods do undel%e ‘V’g‘ﬁgﬁ“ ol Pref. €hems 17,999 HRA1998)) of ng

.step. There V_\jassﬂ-gﬁél tants first

step, k I, indicating that al | ﬁrtggg%e%d{ﬁéaargggﬁe %Eﬁ vﬁﬁq?'héggo sane

process. On ther@{ehbdtllmﬂﬂsptdmnhas:m n% VR TSHY aSARRA i does
th

not produce any cgﬂ (ri?s i n hyperchromcity e second, very stow step
observed by hypgr ?mﬁrfbﬂwﬁé%umﬂschﬁmechas 1sve

RotHe Bpfee
fl uorescence as E"f}g”} T for Thym dyl ate
Ki nase Denatura;fi on a ‘\,’)(gm éé@"dr%@é%ﬁ%@m%h
reaction; *Cal cof sttomelysin BppeartalérditsAIf to Sdkicral gﬁgy% 11.
di chrol smléﬁg M{&ﬂ’t

Met hodki x 103, ..sec' k2 x 103, sec' Circular
‘Absor bance a® 2Hgendunding drampsi %msm;»r@ess Even the tryptophan

]I;l ugtr' (raz(r:rglnflgllz ot% &ﬁy% spect Wﬁﬁ(‘%‘gﬁﬁ%‘)ﬁ%o’?% ¢ é/p%%gg%; IfIQCgéﬁlSJ;log azert
(1999)) and :
| Fluorescence. The time-dependency of the denaturation of stromelysin
was biphasic at 75°C as monitored using SYPRO Orange and (shown in Figure
15 10A). The denaturation was rapid and was inhibited in a'dose—dependcni
manner by PNU-143988, a known thiadiazole-type competitive inhibitor,

The denaturation reaction in the absence of lligands was most consistent
with a model of two consecutive first-order reactions with two uncqual rate
constants (Equation 3) followed by a linear downward drift. The linear drift

20 most likely derives from aggregation and/or precipitation of the denatured
protein. It was absent in the denaturation ‘which occurred in the presence of
inhibitors. Analysis of the data showed that the best kinetic model is the one

_ with two consecutive first-order rate model with identical rate constants

(Equatmn 11). The rate constants calculated from these analyses are glven in
25 Table 3 ‘



the tryptophan fluorescence (Epps et al., |I. Prot. Chem, 17, 96‘)55]3/-%0105
(1998)) of 5 stronelysin are affected by the binding of Iigands to the:
active site. DSC reveal ed that this protein has an extrenely high T,, at
75C as sh&VhoV#6683 gure 9. Al so, DSC experinents showed an pcwusmsiesnl as
much as 15C in the T. for ligand-bound (Sarver et. al., B _R& 1434, 304-316
(1999)). Thus, the structure of stronelysin appears to lend itself to

i sothermal denaturation studies in that 10 |ligand binding dramatically

affects the unfoldin e Ve rypt pphan fluorescence shoul d be
a useful tool for m%?%??‘nggich(go%%ﬁéﬁ%fg’f"%{%‘ﬁﬁgﬁ“ﬁ?%%@%tﬂérf@scence. The
ti me-dependency of the denat ur aNi@BuRd%b ' s bi phasic at 75C as
nmoni t ored usi ng SYPM&“WS'?{%%%%‘&%B | OA). The '
denaturation was rdpid and od nhi bi tefl ik anlofpsededendenk 10taef by
PNU- 143988, a knowrttiagl d: e—t-ype—eohpetttive—nhiditor The
denaturation reactifon i [g , e of | 1ig8fdst W8s ndst cBd9idemt With a
nmodel of two' consgcuti veprfdibsbaQr der rpactions with tjwo unequal rate

constants (Equation—3)_ followed by a lihear downward drift. The |inear

drift 20 nost |ikelly Ttgptoplem Hluaresceggr epat i gm7angpor {dreci phyaig py of |t he
denat ur ed pr ot ei n. n-the _denaturatiopnliwhich occurred itn the

presence of. i nhi bijtors. Ah%‘lﬂ}ﬂé\cg of the dag.aish8wed |t hat t MAbest Kkijnetic
nodel ‘is the one rth—two——consectti-ve—H+st—order+ratle—nodel _with ,
identical rate constants - (Equation 11). The rate constants cal culated from
t hese anal ysgs are ¢ i 1. Tables3. 9 July.2004 WO 01/46693 .
PCT/ US00/ 42677 Tabl %ﬂ%‘é’%ﬁ%’?‘%‘hf@mﬁﬁ?‘ﬂﬂg‘? f‘%ﬁm%mn Bpmtenlady on at 75 C
Measur ed. by Varsensifivé/etlipadd-indieédestedmiatibiat chaﬁgeslk_%%Pﬂe%naﬁ Cyplt _SYPRO

u

Orange 60.2 1.87.490, 04 Fl uorescence Tryptophan escenceb/. 7
1.26° 770. 12 enaturation of the aghve—mte region. As shown'mFigure 10B, there was a

rapid, biphasic- loss of the tryptophan fluorescence intensity over the time course
of the isothermal denaturation at 75°C. The timc-dependeﬁcy of the dec-:ay of
10  the tryptophan fluorescence was most consistent with a model of two -

- consecutive first-order reactions with identical rate constants (Equation 11).
This model yielded rate constants that were in excellent agreement with those
measured by the fluorescence increase of SYPRO Orange under the same
conditions (Table 3).

15 Two parameters derived from the fluorescence kinetic curves measure
the rate of denaturation, namely, the slope at the inflection point, and the first-

. order rate constant. The values of both parameters decreased in the presence of
inh‘ibitor; in a saturable, dose-dependent manner; as shown in Figure 11 for the

| case of fluorescence measurements. The concentration dependencies ﬁrere
20 consistent with a model where binding of the inhibitor results in a drastic
'decrcase in the rate of denaturation. The dafa were analyzed in terms of a -

- simple Langmuir binding isotherm model, yielding K; = 0.28 + 0.02 pM from
the inifial rates and K4 =0.35 4 0.13 | uM from the rate constants. These values,
measured at 75 °C, are quite cor‘nparabié to the value of K; = 0.40 pM measured

25 Dby arate assay at 25°C.
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Absor bance50.2 1. 8NA The intrinsic tryptophan fluorescence of 9s‘JtuP/ozr%éz)ﬁysi n
Is particularly sensitive to |igand-induced confornmational changes, and,
presunmably, to, denaturation of the active-site region. As shown in Figure
| OB, ‘thergd§s GE% rapi d, biphasic |oss of the tryptophan fl uorescence

I ntensity over 4t € time course of the isothernmal denaturat PERUSNFRT The
ti me- dependency of the decay of 10 the tryptophan fluorescence was nost
consistent with a nodel of two consecutive first-order reactions with
identical rate constants (Equation 11). This nodel yielded rate constants
that were in excel | ethsapaerdsitheMnhl\ddi ;o BF2RY . the fluorescence
i ncrease of SYP nge under the sanég%&tioné%%fgﬁlPéﬁ%?FW
parameters deri @ B%Wéﬁﬁ%mﬁgd@l@dokwh@ncwhﬂﬁﬁom%eﬁaﬁe rate

of denaturationgpd ; : e, at .the inflection point, and the first-

order rate constant ge&g?ﬁ%ﬁg?h%’%ﬁ%%ﬁﬁ@?@”&éﬁh%@eahﬁn t he

presence. of i nhyEirthromidity reached & Hakingum @ﬁ&&ﬁﬂﬁ?&%ﬁ?ﬁ?@ﬂkﬁ[ﬂggﬁ@ %{]9"‘“ in
Thé conce i on

Figure 1 1 fqr the case of fluorescence neasurenents.
dependenci es “wet®ECERFTOGHSS teatientwhile BNUtda08 Svnererticliin didose-8épeh it

i nhibitor resul b9nhd} the | ase.in gﬁg Jate of denaturation. The
data were anal yzed in t%%?fé oé ggrm Fa&tpn, fhesimplgshmodel qossistent withodel |

yi el di ng K4 = Othegxp@imfichtAlidaracsPthé WMenkiBitéd Abcddl ' = 0. 35 0.13 pM
fromthe rate constants. These val ues, .nea%ure‘g%afﬁ%ﬁ%}mg%%ﬁui te
conparable to tW@‘“\‘P&Wﬁ’Q‘BﬁfW&ﬁH@MWMabléﬁ)thmﬂ‘th@ﬁ%@éP@f at

25C. 9 July  200de YW Q PRSI L US00/ 42677  Absor bance. | sot her ma
denaturation of st ron%?)é/igl no nggﬁlgcﬁsé’é‘?ﬁ‘&r@d%bi&hc ofberdaehmiqres FRabla 33988
reveal ed a dose-dependent i nhibition of both the rate and magnitude of the
hyperchromcity cha ges _shown). The hyperchromcity reached a
maxi mum i n three m nidERugnel RaboticddBS Alssay] tRrior &d validatiog xpapiidned theOf

treat ment whil &g & ) ed dn a dose-dependent nmanner the tine
needed for full _rea_ct?e?o%ﬁﬁfﬁeﬁzsﬁ?a IoéJélS'e feiR was defemmipediin 96-well
microtiter plate format for both TK and UK isothermal dénaturation under the

assay conditions described above. Isothérmal denaturation of TK was best

Oa
nee

15 detected with Nano Orange at final assay concentrations of 0.4 uM protein and
1.1 yM dye. In the same manner, Nano Orange was utilized to obtain a
sufficient window to allow detection of the isothermal denaturation of UK with
final assay concentrations of 0.4 uM protein and 0.8 pM dye.

In order to demonstrate the validity of isothermal denaturation as a HTS

20 robotic assay, denaturatiqn of TK and UK was performed in the presence of a
known ligand in microplate format with the assay operating robotically as
describgd. “'Ijl_"le_‘liga_nds used were TMP, in the case of TK, and uridine

, monophdsphatc (UMP), in the case of UK. The proteins were subjected to the
| assay’s denaturing conditions either in the ab_sence of (control) or presence of

25 increasing liga'nd concentration. Using T; and Ty flucrescence mcaSilrcmenis,

- percent inhibition was calciilated, as one skilled in the art would do. For-
- thymidylate kinase, increasing concentrations of TMP decreased he
_ denaturation of the protein, as expected based on results seen in cuvette
- experiments. A curve of TMP concentration versus calculated percent
30 inhibition of control was fit with a Langmuir binding isotherm rmodol. vielding

~ an apparent K4 value siinilar to what has been seen -previously-when taking error
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t he experinental data of the uninhibited reaction was a sinple ‘*I s? or der
reaction and the best fit rate constant was conparable to that of the first
step of the two-step denaturation process neasured by the other techniques .
(Tabl'e 3)WONN/4662i dati on of Robotic HI'S Assn . Prior to valAciaisoem2s77 '
experinments, the optinmal dye and optinmal ratio of dye to protein was
determned in 96-well mcroliter plate format for both TK and UK

i sot hermal denaturation under the assay conditions descri bed above.

| sot hermal dengjyrati glfmlil'Kl ﬁ?ﬁﬁ? 5 det teffler.‘foif Nano Orange at

final assay concentra I'ons 0 eathg n the sane

manner, Nano Odengeratios vk bbﬁokﬁﬂaﬁéh—&«ﬁieﬂﬂéht,aas &Hfzédhd-‘dngﬂ prww; @rdale! | OW

detection of the isot her mal denaturation of UK wt I na say
- concentrati onst'*Pa tyragion, ‘B‘F@P@ Ramwa@ralymdiyetermﬂoﬁaﬂmgmmﬂmﬂanst rate the

validity of is naturation as a S .20 ObOtIC assa

denat urati on o?’%!‘? gaal?ﬁ 115 89XP AR ARparent Kq Yalue,p | i gand
| n i oropl ate Gompiablith d PaRBPRY vAREGE) b%g gy 1 bed.
The, ligands used were TNP, ii)?’n thgxcase 0 I@%Jan uri |a¥nlea%ﬁ‘rrrlgﬂ§$%sphate

(UMP), in the carsied ot 25°Che proteins were subjected to the assay's

denat uri ng condltloqu gﬂt her 1[3 e absence_of (control) or presence of 25
i ncreasi ng. | i gand comUgRtonef the HISsystemwasfuthercdrhy the isethermal neasurerrents

percent inhi bi Hemsﬂx%am@maé n@é%‘;g@%%f&g@@%t? wa d do. For

t hym dyl at e ki nase, increasing concen Fratons o

denat ur atj on omqme@p@cmahpfammmgcpre@w]@@ﬁds Siftcé ﬂﬁ:b&écﬁnliﬁﬁﬁshm cuvette
experi nents Agglﬁlﬁ/oaof TMVR concentration, versus cal cul ated percent 30

‘inhibition ¥ agtiatyrip actiyitypssaysq A Gis validationitesigwasarfosmed andel |

ieldin an a o_wha Vi ousl '
\>//\/|neri Itagl ng er?%r%h-s%wgﬂ W%@h%’fﬁ %L@%@gﬁ%&?ﬁﬁﬁo accoﬁnt
Similarly for wmeasirbments, Hiemﬂﬁnhiﬂiﬁoﬁﬁﬁé‘eﬂclﬂﬁte&"\ﬁfrﬁhchb@s wieRlettnfiion vas

concentrati on-de endﬁnt as, concentration of UWMP increased
y standard deviations from the mean of the assay platc controls as

. the active cutoff value. Results are shown in Table 4. Conirol experiments

_' 15 were also conducted. Compounds with intrinsic spectral properties including

fluorescence and quench were observed in these experiments.

Table 4. Results of the HTS Validation Test.

Protein - Number of Compounds ‘Number of Actives
Target ' Tested

TK 703 83

UK - 703 ' 97

 C. Staphylococcus aureus FemA ,
S. aureus chA (Ehlert et al., J. Bacteriol., 179, 7573-7576(1997) and
Tschie;ske etal., FEMS Microbiol. Lett., 153, 261-264 (1997)) is a protein

prespmab}y_involved ip cell wall biosynthesis and thus provides an attractive

25 ftargetasa poienti_al antibacterial, The protein is expressed with.a 6-his tag so
that it can be purified with Qiagen Ni’*-NTA columps as for thymidylate kinase
dcscnbed above. A pH sufficiently removed from the isoelectric point (pl value)
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denat urati on decreased. Data was analyzed in terns of a Langnui ruyz%?éll.

Resul ti ng cal cul ati ons gave an apparent Kd val ue of 5.760.95 mM which was 5
conparabl e to the apparent Kd value of 1 mM obtained froman activity assay
carried oWyoRfiiseas Validation of the HTS systemwas furthered by the ‘

i sot her mal enaturatlon of TK and UK in the presence of a EGEAS00/4%677
conpounds with an increased potential of containing protein |igands since
t hese conpounds had io inhibitory activity in activity assays. This
validation test was performed as described with 10 Mfinal canpound.
concentrati on. lﬁﬁhﬁgenﬁsﬂ?blﬁdﬁwmcmnépfcﬂém%&luﬂﬁé&lefﬁaq dP' tion was
cal cul ated. Tru r((:)tlves were determined by using thrée standar

devi ations from PRePHEEACHS Srengtihand satigns ere usedh 5o Biasmasimal beudreicy§bs Ut Of T

val ue. Results @b&@ﬂ%dnno b riments 15 were al so
frorka! eg %C@&{l?@?ﬁ}'pﬁé@cﬁ

conduct ed. Conpounds with intrinSFc spec € ties including

f1 uor escence and queﬁmewbsmm&ayﬁ@llmmbﬁﬂ:ﬁeﬁmﬁﬁin@&{,%o Jable 4.
Prot ei.n Number of Corrpoun S Nunber of

Resul ts of t@e lﬁgﬁ%%@?at' n Tes

I,g\cﬁrlo\v(esEh;l'artget ;I'e;t N cs/z?;t @Y@tﬁﬁﬁmyg%nmg?ﬁmebﬁd@}mﬁhs atlir eu;s
e ert et pktein. fti QLd an sehi er ske e
al., FEMB Mcrobiol. Lett. 153, 28 1‘3&;?’%@8% u]lt P %P@%S'%ﬂ%i@mably

i nvol ved i n cel thosgphs Bmedwﬂtﬂlm@lzﬁﬂﬁnhkwalﬁtﬂﬂhéiﬁﬁuaﬁh@i‘t R,%% ve 25
Earget a;shat pot&géla %ia%,#lgtra:ct erjal, .The prot %gn;ds_ﬂ&eégLaztsag . Bh a 6-his .
ag so at it ca u sRjerimg edRineQd

thym dyl at e ki npatﬁwa l}ﬂ%s? uf1 em)ved from t he

i soel ectric gm nt (pi vaI ue) 28 ?:ﬁb@?s qii"@’ nce, absorbance,

' and/or another physical method as described above The optimal dye and

~ optimal ratio of dye to protem is rapldly assessed in a 96-well rmcrotlter plate
format. The ﬂuorophore used is SYPRO Red. :
A library of compounds (> 100,000) are tested in a high throughput
' screening mode in 96—we11 microtiter plate format with single compounds per
15 well ator, at most, 5°C below the T,, value. Each microtiter plate contams &8
individual compounds. Furthermore eight control wells exist in the plate that
inttally contain only buffer plus dye (no compound). Prior to addition of protein,
the microtiter plate containing compounds plus control wells are read (T; read)
- which establishes the lower bound of the assay. This fluorescent reading for
20 ° those wells containing compounds plus buffer plus dye is used to ascertain the
effect of compounds themselves.
After a time at the assay temperature, e.g., 30 or 60 mmutes, another
fluorescent measurement is performed (T fread) The control welis (assay buffer
-plus dye plus protein) define the upper bound of the assay. A comparison of the
25 fluorescent values for those wells with compound (plus assay buffer plus dye
plus protein) compared to the fluorescent values of the control welis at T; and Ty
defines which compounds bind to and stabilize the protein of interest, which in
this example is . aureus FemA. Only those compounds that demonstrate

stabilization in a subsequent repeat experiment are pursued as potential ligand
30 -bmders
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PCT/ USOQ 42677 is chosen for the buffer in which the protein psuY 2004

solubilized; in addition appropriate ionic strength -and cations are used
so that maxi mal structure can be obtained as nonitored, e.g., in CD

el l'iptici WO8t4@Pes. Since this protein has no known bi ocherct@kodiazetii on,
i sothernmal 5 denaturation provides an ideal way to di scover conpounds that
bind to this protein. It is believed that this protein exhibits

mul ti-phasic kinetics simlar to those observed with thym dyl ate ki nase

and stronelysin. The is determ ned. by differential scanning
calorinetry studies. I%%lea{gé?g)l ‘fagﬂ’oﬁl?&iseﬁ‘f’n}cm%ﬁé’ﬂ%GHf asnampoynd easd myst
first be deter n'givehhambﬂﬂ@bﬁﬁ@@ﬁ@&maﬁ%&rﬂ%ﬁﬁyOpﬁ?@?ﬁ?é@%ﬁ%‘&%ﬁ@@ﬁ’ 3 i cal

met hod as descrj bed above. The optimal dye  and
protein is rapi &g dyssHynaphavs inTigsic (vioresndmer ot the avavpleapths ufak BRtouldhe

fl uorophore usegd | | broary of gonpounds (> 100, 000) are

tested in a hi g’ﬁ) t Er%@%ﬁﬁgg%or e%h?ﬁ&e’?%'&@"ﬁ’ﬁﬁg%’} r’letérist!wblﬂlfa@r pl at e

format wi th singlmpasapowliliae dindickPactild bat exdfivit Bwe Bl exBlBFLQN he Tm
ds. Fur

val ue. Each microtiter plate contains 88 individual conpouh er nor e,
ei ght control wR§REsethe spmpoundpdsenba light (quenchiesytat tiel wavelmmigthisnessal.y buf f er

pl us dye (no conpoun -PE | addi t.i on_of prqQtein, the mcroliter plate
cont ai ni ng.Comoundsq‘%F%ﬁl@W%@f ﬁ??ﬁﬁ%‘rdgﬁaﬁm ¥s corgpepnd Rips dye
est abl i shes. th@lwhaﬁemmy&m@eaa&amerIEﬂﬁefBJettgés&ﬁﬁaﬁof 'iﬂ_gé%gt;?n :

those wells containing conpounds plus buffer plus dye Is use 0 a
the effect of ﬁlatgmml@:ﬂuﬁttsecnm, queneh, fluordseerme ehbardcemient at ur e,

Crfread) A8 St Siore NS tioh cirt i BE ManfiBS ko ipcis g eomapuil | ne
the upper boundwhithichkanes ?ﬁtemﬂeﬁfﬁﬁiaﬁbﬁ,%rhdﬁfﬁ%eigng%gﬁ&pﬁeri %ues for

those wells with conpound (plus assay buffer p prote
conpared to t héscracpding beenrperdpamed sThe efftnt of cotipmindwal dye baddidg toahe Tf

defines which Is o . and stabilize the protein of interest,
which in this e a%lmeg%}l@lg.ge%% agﬁgﬁﬁ.‘“mmsé“&&ﬁﬂm%wwa

deronstrate st alenhtursmt deMohstrates THRAREY BRHIALHIRE NESRE TG to thE pArdin ued as
potential | Ilg arc]:(\‘jren :\gv%er-l t1)1|o ?l?c%mil denaturation of the protei C ds i
7 protem occurs. Compounds of this
type would only be of interest if they exhibited this property for a specific
protem (target) and did not affect two or more proteins (targets) in this manner.
After all thgse criteria are met, those compounds that are putatively true
binders can then be further characterized. The first study would be to ascertain
20  whether the compounds exhibit a reasonable dose-response. Additionally the
~ effect of these compounds on the kinetics of protein denaturation can be studied
and copsequcntly K4 values can be determined. To determine Kgvalues at a
| given témp'cra‘l_turc,zligand dose-response curves for the full time-course kinetics
| are run. ThlS process must be performed at three or more temperatures. Then,
25 assuming Arhenius behavior, the K4 of the compound can be obtained for any
temperature. ‘ '
In addition to screening of an entire library of individual ,_compouﬂds,
compound mixtures can be tested. A subset of the entire library’ that contains
) mixtures of eight compounds per microtiter plate well are used. The assay is
30 carried out as described above. The compounds for those mixtures that
demonstrate the appropriate results are then identified and tested individually.
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9 July 2004 WO. 01/46693 PCT/ US00/ 42677 In addition to conpounds Q%at truly
bind to femA, a conpound could give enhanced fluorescence because it: 1)
i s a hydrophobi c conmpound that could bind dye; 2) nay have intrinsic
fluorescence at the wavel engths used; 3) could formmcelles; or 4) could
be a denaturant, destabilizer, etc. Simlarly, a 5 conpound coul d have
bi nding activity but exhibit |lower than expected results because the
conpound adsorbs |ight (quenches) at the wavel engths tested. To elininate
conpounds that affect dye directly, conpound plus dye plus buffer at the
assay tenperature are read before the addition of protein. Any conpounds
t hat have i ntlnjthisicesefflogidive sesahieequldjoeonr in mixturss bytowh feo indiMaeksompouads or

fl uorophore SRENRSHALLAR HAR HeMithe, argg@pet %ﬁdfmgg%ﬂﬁsesﬁs gﬁgﬁ gormpounds

whi ch enhance protelin denaturation, y 'S, per med after
the screen HSYBaEH pdviduaheampopRds @Fﬂ@b?"“@’% ResRPBLA GingEetardeng to

the . target W@dtﬁtw@tdrﬁurﬁe\ﬁlﬁl@h eEebiabticEiveNthe beER@r at ure. Any conpound
which is a denaturant . denonstrates enhanced bi nding of the fluorescent dye

to the protei " tBO8I& fhen no thermal denaturation of the protein occurs.
Compounds of this type would only be of interest if they exhibited this

property for t) and did not affect two or nore
B F&?%Js M@é& ﬁﬁaﬁ{;?fe

proteins (targets hS ahner all these criteria are net, those
conmpounds t hdf agdifiop e saresping an qntise campryad sodentiophahsdieof alipraet or

char act er i zedgupiftRardds"Has&t Wby riiHatt BRefdidPcaaYeqEdi@. The 28y Rehsihpa
conpounds exhi Bft a_reasonabl e do e res Onsgéﬁa‘?dfﬁirtl onaII e effect of

these cormpourtdBIRFATNIES) 1§ foascrlewi the disspysmy o %?EIFHS’Hn@ mo}é‘ggt udi ed and
consequent | y thebughpuieereering. e tide teanngla enbthdrroteinctargenis uiitizet Suesend a

gi ven tenper I for th ti me-course
et cear i AR THARE 2 ERRRNEE ARl e bR or g1 FaRESH

t enper at ur es.A xﬁmcalbsemrﬁdmgamqﬂn?e aiteys Bahbas this, fundiienictimatatedprevenpound

can be obtai rtPa@!teI-lQr Mh Ho%\FéR}@E 25 BlofogiddVpRfHih]caNfuh g GRRAGL; Qha an entire
i brary of |n u rrpoun §,. compound m xtures can .be teste A subset
of the enti réi o f ggpemicslatabase 1dentifies similar genes in other micro-

orgamsms they also have no known biological or biochemical function. Because the
DNA sequence for this gene is known, constructs can be engineered placing a 6-his
tag at either the amino-or carboxyl-terminal end of the protein and purified as
described for the other 6-his tagged proteins described. Maximal structure under
given experimental conditions as monitored, for example, by CD can be obtained,
similar to the femA protein described above.

One specific sublibrary tested, the dissimilarity sublibrary, is generated by a
dissimilarity search in which compounds are sorted on their structural/chemical
properties. The most dissimilar compounds are selected but, simultaneously, they
represent the diversity of the entire library. Compounds identified that stabilize this
protein target in isothermal denaturation studies are tested further in their own right.
In addition, compounds in the library with similarity to these ligand-binders can be
selected from the entire library by using computer search programs. These are also
tested. In this way the active
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m xtures of eight conpounds per mcrotiter plate well are"used. The assay

Is 30 carried out as described above. The conpounds for those m xtures
that denonstrate the appropriate results are then identified and tested
individually -30 9 July 2004 In this case positive results could occur in
m xtures but not for individual conpounds because the results could be
additive, or nore likely, synergistic. Consequently, if assays with

i ndi vi dual conpounds are not active, pernutations of m xtures can be
tested to determ ne which conbination gives the original screening result.
D. S. aureus Unknown Gene Product In addition to screening an entire
conpound col |ceegiposnds eoubkratentisily e idaptified by sereergnd dllyadimpitas] subses obtheupon
rational e crid,gfd nfinofi&sbgd. The advantage of using a sublibrary(ies)
is to accelerate the discovery of a useful conpound from high throughput
screening. In this exanple another protein target is utilized, S. aureus
Unknown GCene Emowlléit AcidIsstivriiag Denhiratipessenti al gene product for this
organism A genetically enagineer train.of, S. aureus.that has this
function elim nat 0M§H98 %gnu 3%%%?&5?%“?% Se%%sgffm?rfg cat Be

bi ol ogi cal / bisyuthesizabdr fumecheseédorvnmiserviaklp and assambled ahtb oplph DA e Hiepgomdr
genoni ¢ data ' R A\ | ' - LSMs, they
o 50 have no LaanprsroorarrAonflhedBIRelEl Bhof o ekin SHEATRT™

sequence for MRGASgeREfpm ARbigh) tocgsnereternt RNADT ipferesih gltgwetivelypf #hei ng a

6-his tag atRAlTtel-BEs MMFBRNAY s@all ARX ¥ligdsVaibB Bbnstiiete@to EdiRaiRBAt € N and
purified as descr.ibed forr%@ﬁ@% -hi's ed.

her . 6 t agged praqteins, descri
Maxi mal st r udPRFPIAREEPIOY FB’é?’ﬁ’rr?etF&r’é?“R,tg\%(ﬁaP e Aenc,Withoihaps Flogiiet or
exanpl e, by Gbdeapreksorotitiss. fsethtion of RiNAcar ige dthaEinéEbypotaebBi knodaser i bed
above. One s 118G i he dissimlarity sublibrary, is
gener at ed by%g%%él%é]?m Félﬁ)ql?{/dasrzng@éﬁgﬁﬁEM| ch conpounds are sorted on their
struct ural / chemi cahs fopprsypeinradeess tamgets, adon can besdetgrmapedeappomentsllawihsel ect ed

but, si mul t ansomStYmIAer extrBRicERRMscE Ayed Hef Shtbk wed foBofiRiridie | brary.
Compounds identi fi egrthat stagl lize t rotein target 1 n_isothernal

denat ur at i on TAFEOR {roR} a0 prdee (EOFEFSP IFesai AHEUFUERC Fit@ﬁff.BR In addition,
conpounds i n Green,|SYBRGyel] MicsiGredr bhd YOPRG, WSRO stoapdmidiledsr s can be
RNA 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
J611 (Cho et al., Biochemistry, 37, 4985-4992 (1998)); and 3) A-site of 16sTRNA
(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
otheraminoglycides (Wong et al., 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 determine whether any
might bind to, and stabilize, these nucleic acid structures
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selected fromthe entire library by using conputer search prograns. These
‘are also tested. In this way the active -31 9 July 2004 conPodmbs €&t d
potenti-al | ywoelueentified by screening only a limted subsetp®fyddifzessNtire
conpound col l ection. E. Nucleic Acid Isothermal Denaturation

A i godeoxyri bonucl eoti des that contain the sequence of interest can be

synt hesi zed or purchased commercially and assenbled into duplex DNA in the
proper order. The, assenbl ed DNA can then be inserted into an expression
system (e.g. MEEHSL ﬁ"&e At copditigen e Thase campBhiAisahn betested@st .

Alternatively, i ¥ i IS sufficiently small, the oligos
can be construct enéél g)rcont a?%agér};se%%%%egﬁfﬁoﬁp@uﬁ&% pAGLIN fOMEMREINg n vitro

transcription caisothermiadienatistation twithiesd Miredentaids, SRRk :
| sol ati on of RNA .can be o&%ai ned by protocols knovv?w’ tosgﬁ%ﬁ{eﬁééﬁﬁﬁgg in

mol ecul ar . bi ol ogfto Hopdor these hanggsisimeddV dwperchmngjeitys or @pilkcan be

determ ned exper ¢le®ffphbledigM th DSC. Exanples of extrinsic fluorescent dyes
that can be used to nonitor the transition froman ordered to a disordered
RNA structure include SYBR Green, SYBRG eenll, Pico-Geen, and TOPRO, YOYO
etc. Exanples of RNA hebitbilcher ihetheGaterti, ﬁangitg gggﬁn trate this
approach include : 1)HN-1 tar 47-86 (Mei et 5 ¢ P gijeryisy tha 3s

14204- 14212 ( 199@3riicular]y degaribes artbe foregding @voriptiorhnd exBidae Nusneroud” -

4985- 4992 (1998)% %‘3&) Aiisvi t.e. of Jf rRNA (Wong et al., Chemistry and

Bi ol ogy, 5, 397- 83 And vapahons o qupliyenion e possikle in ighteftheve RNA
mol ecul es’ arao: dhovbleiligiand tR@EfofTLROM | jhi.otics, nd ot her
conpounds ( Mei g&_ al ., Biochenistry, 37, %ﬁé%iﬁg%tbf%ﬁ“ﬁoﬁ —Eﬁeem‘m

t obramyci n ( ( Chotigtlosiire of 3] peblications; pateE, andRfent i catORRited haFh 20
Kanamyci n and Eﬁm ;]8 i.des.(Wng et al., Chemi stry and Bi ol ogy, 5,
397- 406 (1998)).%%t as gﬁ%@ﬂe&&?ﬂﬁ'for prot ei naceous targets stabilize
their structures under isothermal conditions, these known |igands
stabilize their cognate RNA nol ecul es wunder simlar conditions. Simlarly,

as for protein targets, a large collection of conpounds can be tested in
hi gh t hroughput screening to determ ne whet her any
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m ght bind to, and stabilize, these nucleic acid structures -32 9 July 2004

WO 01/ 46693 PCT/ US00/ 42677 under isothermal denaturation conditions. These
conpounds can be tested singly or as conbi nations of several conpounds. In
addition to nonitoring isothermal denaturation with these fluorescent

dyes, one skilled in the art could also nonitor these changes using W
hyperchromcity or capillary 5 electrophoresis. It will be clear that the
invention may be practiced otherwise than as particularly described in the
foregoi ng description and exanpl es. Nunerous nodifications and variations
of the present invention are possible in light of the 10 above teachings
and, therefordaimse within the scope of the invention. The entire

di sclosure ofy.al | QUDhIERLERE corbaifDhRhoR S BN ARBkbeAbbARPNE ted o

herein are Mbg i ncor por.atg? by r‘ff erence. 9 July 2004

t hr oughput s P AdergekRETCS bt MEtBed FIPHYNS test conpound that  binds to
a target species, ih@ibatigg Hplhraltypf iest Mixturbnendenisott@rmaaliletatating Yordfitide st

m Xt ures undeeré itseotrkr}lerm‘sallc delnlat urg’ n%s %anﬁaitti ons eagh }estt mtxt re

conpri sing at Pl SR KR QP UBRALS On% et smRoind.ang gt leaShongtareet o ¢ e,
wher ei n t he ispetitee wheteinithe asothdarmgl depatliing cosditions aé Eedtive ¢o tanse atlsast at
east a POr IoRiufdr thiEird R flcs 30 AElRRe (Pa HRAGIMMIE ki@ MeasUrabl e extent;

detecting a denaturation signal _of eac arg{et species’ in the presence of
the at [east one delsstingpapraiHationsignal ehprehitpget Wecigeindhe peesenss of hgrddl  of
each target gpReb@sStesttohpouRi;aagnce of at |east one test compound with a

denaturation signal of .the s target species in the. absence of the at

| east one test cor%%ﬁﬂn%ﬁlﬁéﬁgﬁ%%ggﬁ@“fﬁsogteﬁ tapget ﬁ?ﬁ‘fﬁb‘?ﬁﬁé’rﬁsﬁ’&?ﬁﬂ ons.

2. The net hodeast ond tastroofnpoiust with atdepathatige sigagaxdfitiessans targebdpepiepin the or
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
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 covalent, hydrophobic, ionic, or hydrogen bonding interactions.

6. The method of claim 1 wherein detecting the denaturation signal comprises
detecting a fluorescence signal, a change in UV absorbance, a change in

molar ellipticity, a spectral shift in an infra-red spectrum, a spectral shift in

an NMR spectrum, or a change in-mobility on a support material.
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pol ynucl eotide. 3. The nethod of claim2 wherein the target spemjyes is a

protein. 4. The nethod of claim| wherein the conpound binds specifically
to the target species. 5. The nmethod of claim | wherein the conpound bi nds
to the target species through coval ent, hydrophobic, ionic, or hydrogen
bondi ng interactions. 6. The nethod of claim 1 wherein detecting the

denat uration signal conprises detecting a fluorescence signal, a change in
UV absorbance, a change in nolar ellipticity, a spectral shift in an
infra-red spectrum a spectral shift in an NVR spectrum or a change
in-mobility on a support material. -34 9 July 2004 7. The nethod of claim®6
wher ei n det ecti ng Theemetbehoislaiti @wheiegmdgteatinghs dapgturativnesigriahgpraprises

fl uorescence ﬁ&gﬁ%aﬂ%mgg&cgg%{ggd of claim 1l wherein the isothernal
denaturation conditions conprise a tenperature equal to or about 10C nore

or less than the Tmvalue of the target species as determ ned by
differential cannTignehbdsf &l ¥ whlreinlthe isttidi@d] dhatkaion Bndierei N t he

i sot hermal denaturation cqonditiaons onmpr, | a_tenmperature ual t.a or up
Lo about 10 GBYRISE ALFmRerauee caugldp or a1 R T mlre I st hE Tab Aol ned
bydi f f er ent i dbrgstspecicnes dedroninedeiy differefitial Boanmimg dudatimétrel ai m 1 furt her

conprising incubating at | east one test conpound, at |east one target

species, and at |east one reporter nolecule under isothermal_ denaturing
condi tions. 2. Thiemaethodiobdlaigl & whereinhe iwthermpdenameationcandigags of t he

test conpounoapfise b RnpgeRRFlQhaltebeap kSatue 10°C le R AelTg, vamgni tude. 12,
The net hod of f(%%}al m 11 wherein the qc/on(fﬁ_ntratl on of %a.i?'teSt conmpound is
in at |east LIF0eerEelsREctes a8 detemyped Rydifereniial semime RIATBH0f t he t ar get
species. 13. The nethod of claim 10 wherein the reporter nolecule is a

fluorescent jeport.er . hod. ] ai [n each test
mixture incl ulc?g S O’fhh% I{l%ﬁ(lé(g §P¢ll§1{)ne%?i]gtsh-gpgorﬁgﬁggg 1n%ltlba§1n§ ame%st\mlglie%k
compound, at least one target species, and at least one reporter molecule

under isothermal denaturing conditions.

11.  The method of claim 1 wherein the concentrations of the test compound and
the reporter molecule are of comparable magnitude.

12.  The method of claim 11 wherein the concentration of the test compound is
in at least a 10-fold excess relative to the concentration of the target species.

13.  The method of claim 10 wherein the reporter molecule is a fluorescent
reporter molecule.

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

15. The method of claim 1 wherein each test mixture includes at least two test
compounds.
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15. The nethod of claim| wherein each test m xture includes at | east two

test conpounds. -35 9 July 2004 16. The nethod of claim 15 wherein each
test mxture includes two to ten test conpounds. 17. A high throughput
screening nethod for identifying a test compound that binds to a protein,
the nethod conprising: incubating a plurality of test m xtures under

i sothermal denaturing conditions, each test m xture conprising at | east
one test compound, at |east one reporter nolecule, and at |east one
protein, wherein the isothernmal denaturing conditions are effective to
cause at least a portion of the target species to denature to a neasurable
extent; det eckbi ng Thedesthedipfaltionl siverain eaeh trstimixturstiedlnddsiwo hetepriestence of
the at |east coppeuidsSt conpound; and conparing the denaturation signal of
each protein inthe presence of at |least one test conmpound with a
denaturation signal of the sane protein in the absence of the at |east one

test conpound7undes higmhmgmmt serehen fRlethde Had identTYing Anekt bMpsundlBat The
nmet hod of cI % Jt rei orter nmolecule 1s a fluorescent reporter
isad pdtoict Be iR

mol ecul e. OREIFE i n each test mixture includes one
t ar get speC| es dfcub¥tieg arplundidy of tesf mixtorgs wider sotheenalldenatatingrorditions,

i ncl ud t t eenin
Isggt gmefsof entl %ll?q%t&g%& qg%gHg%?ign%%SE&r@&gd e{? &Hg{h%% SpeCI eg t he
syst em conpr iBelagHIe @ﬁgﬁsiea%pnﬁ ntgy@mwh@ela the igptheinga} dematmﬁc ditions et under

i sot her mal %maﬁw toReuseQ Hakt OptttioLeLMe Ttﬁ?ét sPeoids b AekRBRItb 3 nGs@hbleeast
one test cocrreg%&? and at | east one target species, wherein the isothernal
denat uri ng ‘tions are effective to cause at |east a portion of the

target species to detteting adendhoadomsgisdl ofibdoh peoteiinh the presence of the at least
one test compound; and

comparing the denaturation signal of each protein in the presence of at least
one test compound with a denaturation signal of the same protein in the absence of
the at least one test compound under the same isothermal denaturing conditions.

18.  The method of claim 17 wherein the reporter molecule is a fluorescent
reporter molecule.

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

20. The method of claim 1 wherein each test mixture includes at least two test
compounds.

21. A high throughput screening system for identifying a test compound that
binds to a target species, the system comprising:

means for 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 cause at least a portion of the target species to
denature to a measurable extent;
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-36 9 July 2004 neans for detecting a denaturation signal of each target

species in the presence of at | east one test conpound; and neans for
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
sane isothermal denaturing conditions. 22. The system of claim 21 wherein
the target species is a pol ypeptide or polynucleotide. 23. The system of
claim 22 wherein the target species is a protein. 24. The systemof claim
21 wherein the conpound binds specifically to the target species. 25. The
system of cl ai m 21 whemegans foralctestipg a dendyiratien sipnal o€ cachrterget peeres wcthe

through coval ent, JydpQnloRidast drtés cofporhidigpen bonding interactions. 26.
The system of clai'm 21 wherein detecting thé denaturation signal conprises

detecting a fluorescence signal, a change in UV absorbance, a change in
molar ellipticity, a speebfdalcofipafihg the d@hathiatica sicsl cTRAEH fat¥t specip et I al

hift i NVR t h i bi | i 1 t ial.
S oo oo BE BT P NECER sbPeTR b h R BrRbRB R e °
conpri ses det ect isamedarg¢tispe@sciaribeatsegmealf tho@ leabhenestgsttcompofindivaienil2l
wherein the isot h%%@%'iso@?e%ﬁfﬁ@ﬁfuﬁﬂg%@ﬂﬂ%ﬁs?ns conprise a tenperature
an

equal to or about nore or less e Tom value of the target
species as determned by differential scanning calorinetry. -37. 9 July

2004 29. The Byst eMReQystehdif¥atd MoK thetarded §ebRE MRl %&lm&iué gkion
condi tions t:}g) rlc{%ﬁté.&terrperature equal to or up to about 10C | ess than

the T,,, val ‘target species as determned by differenti al
scanning calorinetry. 30. The systemof claim 21 further conprising

| ncubat i ng atyol east Q)G eh sty SOMMUA i alRPHecR0R 4 ol SPeci es, and at

1
| east one reporter notfeculé un

24.  The system of claim 21 wherein the compound binds specifically to the target
species.

25.  The system of claim 21 wherein the compound binds to the target species
through covalent, hydrophobic, ionic, or hydrogen bonding interactions.

26.  The system of claim 21 wherein detecting the denaturation signal comprises
detecting a fluorescence signal, a change in UV absorbance, a change in molar
ellipticity, a spectral shift in an infra-red spectrum, a spectral shift in an NMR
spectrum, or a change in mobility on a support material.

27.  The system of claim 26 wherein detecting the denaturation signal comprises
detecting a fluorescence signal.

28.  The system of claim 21 wherein the isothermal denaturation conditions

comprise a temperature equal to or about 10°C more or less than the Ty, value of the
target species as determined by differential scanning calorimetry.
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| sot hermal denaturing conditions. 31. The system of claim21 wherein the
concentrations of the test conpound and the reporter nolecule are of
conpar abl e magni tude. 32. The system of claim 31 wherein the concentration
of the test conpound is in at least a 1 O-fold excess relative to the
concentration of the target species. 33. The system of claim 30 wherein the
reporter nolecule is a fluorescent reporter nolecule. 34. The system of
claim 21 wherein each test mi xture includes one target species. 35. The
system of claim 21 wherein each test m xture includes at |east two test

conpounds. 36. The system of claim 35 wherein each test m xture includes
two to ten t ek Cﬂ?ﬁfdﬁﬁﬁ@@.f claim 28 wherein the isothermal denaturation conditions

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

30.  The system of claim 21 further comprising incubating at least one test
compound, at least one target species, and at least one reporter molecule under

isothermal denaturing conditions.

31. The system of claim 21 wherein the concentrations of the test compound and the
reporter molecule are of comparable magnitude.

32. The system of claim 31 wherein the concentration of the test compound is in at
least a 10-fold excess relative to the concentration of the target species.

33. The system of claim 30 wherein the reporter molecule is a fluorescent reporter
molecule.

34. The system of claim 21 wherein each test mixture includes one target species.

35. The system of claim 21 wherein each test mixture includes at least two test

compounds.

36. The system of claim 35 wherein each test mixture includes two to ten test

compounds.
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