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METHODS OF | DENTI FYI NG COVPOUNDS THAT BIND TO TARGET SPECI ES UNIgER
| SOTHERVAL DENATURI NG CONDI TI ONS Background of the Invention One of the
maj or chal | enges facing the drug discovery process is the identification
of small organic ligands that will bind to target species, particularly
protein ta?‘%’eﬂf‘g@:’A nul titude' of new protein targets are bdaTgsbis2677
di scovered by genom cs and bioinformatics efforts. Many of these proteins
have no known function or known specific ligands. Thus; the identification
of ligands for these targets presents challenges in the screening of
| arge' chemcal |I|ibraries by high throughput' screening (HTS), including

ul tra-high throughp ' net hods articularly fromthe

st andpoi nt of assayﬂﬁrmw. , QQWQU&WMBMJO

Straightforward, genaARGETESIPECANYUAD Fﬁﬂ?mﬂ ' fiNean HTS
mggﬁﬁ?] y 11 ga?ﬁsﬁgﬁmﬁd

«assay nethodol ogy, that can be used to I
proteins, especially those with unkno@ONDITEON®al ity It is known that the

Dbi ndi ng of su%strates or specific ligands does, in general, alter the
intrinsic stability and hence the denaturation profile of a 20 protein.

Thus, .met hods that-nmeasure prot ehacwawrﬂﬁﬂg’#vg@qmpe used to detect and
quantitate |igand-protein interacitons. € ration of proteins is
acgonFani ed Iby the prldng 1@%¢v@0ﬁ9hiﬂleugcesfa¢iﬂgthetdmgd‘mcwbem sgafmeﬁtaugture
and ultimately ctiwvity. ..Denaturation _can be acconplished by a
nunber ‘of physi (E:)c!’ﬁ% agné!'dﬁ‘i}h%mm%"mﬁaﬁwﬁgk gﬁnﬂ\)@)%téﬂ%{-‘r@es in
tenperat ure, pHpariegladly prétei itk EAGh GRS FY retolMlole) gnts, etc. It
~can be followed by net gds sufficiently _sen5|ft %vvvé)?to %ﬁ#&)ﬁ?&mg .
conformati ol disaavased byizenopries midrbioiBivmaties éfforiss Marg/iofwhee pReleitk del y
appl i cabl e expeg] hoﬁ thermal depat.uragion has been used for a
variety of pur p%‘éﬁ@& {ﬁlﬁ%ﬁﬁfnﬁ OIb?frl?_WF'rfge"dﬁﬁﬁlﬁ‘Fﬁg- Hhusy dhesidentification of ur at i on
of 30 inpuritieliganis fbothe cBpdsehi cRAllABELihGhe Sl A3d glabifity.
Thermal denaturation curves (-T[%;_, wher e ghe fr%ctlonl.{%ﬂ%gggﬁ%w’é:ﬁf protein
is measured 9 JHbsprize by high thmugigse screaiig (ER)] #i2Kififng 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 'functionality.
It is known that the binding of substrates or specific ligands does, in

‘general, alter the intrinsic stability and hence the denaturation profile of a
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, m&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. Thérmai '
 denaturation curves ((TDC), where the fraction of denatured protein ié measured
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as a function of gradually increasing tenperatures) obtained byuy 004

di.fferential scanning calorinetry (DSC) have been shown to be particularly
useful for determining protein stability and maki ng i nferences about the
tertiary @lgdigkepse. The usefulness of TDC is .further enh @ﬁg@Hse

bi ndi ng of compounds that S are substrates or specific ligands tor a given
protein changes the intrinsic stability of that protein and, hence, causes
a shift in the TDC and the T. (mdpoint tenperature) val ues.

hosurpt i on t hat AEGioh BF B inkREUER torrie it LoliRingd By UERERAL e and 10
cont i nuouspr oc essnmidpAdalorimatsf HSCHate BBer SR vinl 10be Parti Qi bly ﬁéaﬁng&rmer ature
) er

scanning rate., However, the denaturation. of nost protel'ns un t he usual

experi ment al céetEFmimREGEPotein stabilist idonaking jnfersatdsyaboint thi sertiatyystraictue. s nal |
proteins and r ! de: ki agents that denaturatjon i-s readily
reversibl e. Th@c%gﬁsa‘meﬁgﬁhgg?‘%aﬁ eﬁ%@@i&%ﬂﬁefm@waﬁdi ly

i nterpretablse mmﬁw@wﬂ&sﬁmﬁaligmtﬁfameggmﬁlmaﬁéyg hSaugasyes reflect
the stability of many different "structural domains, sonme sensitive to the

many C e 2
bi ndi ng of |i g&tbYitypkthatpreteimand, bemesi eauges aishifllin therTDCrasdrthe &
denat uration -he.lnitlate t. many locations wthin the protein
structure. Ea(%& tgéélé‘!’eg‘%rg%ggglgg&has its own activation 20 energy, which
makes it the dom namhteipr@SRsfiSofdht YesWits 6f thefndl 3b4Rind BBMBHAHLRds bARAE- AS a.

consequence, dependi ng on the scanning rate, the stability of a given
domai n may or MAESpoHdONthat the depaturdtiontfiseceSS(s aceneysicp, Feversiblenand,

differential, s ' | oriqretry may.see .t or r rotei n denaturation
st eps Wherle0 o%g&\g/\ubd& dS %ﬁéﬁ??yéx@éﬂﬁl%%ﬁﬁgﬁqg Pgﬁli’l.g SRPeaER her maj or
factor 25 cont siduirgigte! Pldwites) HRAIRanIARNA dfirhe¥ bkdtits Rhddr e ni ng

thermal denaturation nethods is_that the binding equilibria both the

| i gands of i nt ékpeiment conditiors is ifr¢yesiblec diypicdlly gt isepdy withgmall prbteins
structural int ' he otein gre.strongly. tenperatur endent
Thus, both the%ké‘%%‘ﬁ%ﬁﬁ” ‘?’ﬁgﬂeﬂfﬁ'ﬂ“ﬁ?%’s§%‘ﬁ&ﬁ?fﬁ'&?%%t of the
ligand under st @C afay bé ualibieo ravidy répbasblt Ad railf SREPHEMNE binding!| Y 2004

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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Therefore, a need exists for a nmethod identifying conpounds that b’?n to

target species. Preferably, such a nethod is anenable to UHTS or H'S,
reproduci bl e, and independent of the heating rate. Summary of the

I nventi on The present invention provides nethods for identifying conpounds
that bind to target species (e. g., polypeptides including proteins, and
pol ynucl eoti des including DNA and RNA). These nethods involve the use of

i sothermal denaturation, preferably in conbination with fluoresence
detection nethods. Significantly, the nethods of the present invention

i nvol ve automat ed methods suitable for FITS and UHTS. Ideally, the methods
of the present in on are enV|s oned t al able to ate 10,

000- 60, 000 corrpoﬁ} BETQEe: afised exists OIZ%fmﬁB’L?a %@F%@Hg c?@%%?ﬂﬁfgjﬁgﬁ%t uration
of proteins efrfetspediss. Btef&‘rdﬂm sueh aeidilast & amehdtde td UHTSI 6rilLES, réprodicitile,ndi ng
| i gands. Si nmet hods, the present invention
cogples flug?%ig§%@5m¥ ﬁhéﬁéﬁé%&ﬁ% denaturation by isothermal nethods to
determ ne alteration of target (e. g., protein) stability by a bound

ligand. In particularly prefer rﬁ%tngﬂo@gﬁgqﬁenﬁ&e denat uration and

stabilization or _destabilizatidm o €L, SPEecl es , protein

targets) by |igand&e ﬁffé‘?‘ﬁé‘i"epg‘é‘i H’@P’W&F me@@‘i‘&ﬁlfrlﬁ%ﬂttfwﬂngro@ﬂa‘ﬁﬂsftﬁwé&“’xﬁiy

changes in f kaRFRsERREe (4. 3:6 ; tldaéqmﬁdihgl rotding) ARd BSIRAGdletded hRAiMSs ent
a_hi

Gont ! fying A ehd REATHARC miviod frvelvs B¢ ﬁs&f@’fx a@ﬁergﬁﬂ e et hod
i ncl udes: i npuferablygn eombinatadt with @hotesaice detettionanethnde Sigrifitantdy,nthé

d t i { t
ngoﬂg | n9 (greg{e r QPﬁre ?&@.{;hh@aﬁmwogvseeadt&ﬁ&twh%&oa& %&%frfgpgﬁrgfagrﬁabl y 2

a east
to 10 test qlméy thpmethods efithe péw@mtlav‘g@pnmwessor(eért@bescaﬂﬁb;e toonl y

one target seeam&moammo amc&ﬁﬁ)&ﬁ%rﬁbi@mraemhdﬂegé@m the isot her mal
denat uri ng condltk se at |l east a rtion of the

s are effe p
target species to St?ﬂ?‘?&f’ﬁlrd@n?@a%&n O?BW??%? IBa%aﬁ@SEYﬁI&B‘ih@‘?f‘éf ent. The
met hod f ur t hédentifivsioned bikdiredigands. Sigteficdntly anippefesedmathods, thagrsdnar get

species int ﬂﬁreﬁ &F@Jﬁgfeuglfél?feggcn%t E‘?iaﬁ?sqpﬁl ﬂ&}%{turat %ngbg]f%ﬁ/le%@oa? tﬁﬁl&gound

and conparing t % €Ci s
to determine alteration of target (e g., protein) stability by a bound ligand. In

particularly preferred embodiments, the denaturation and stabilization or
destabilization of target species (e. g., protein targets) by ligands against isothermal
denaturation is quantified by changes in fluorescence intensity.

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



presence of the at |east one test conpound with a denaturatioﬁ%ﬁ%ﬁ¥§4 of
the sanme target species in the absence of the at | east one test conpound
under the sane isothermal denaturing conditions. Typically and preferably,
the met hods of the present invention can evaluate at |east about 100 test
m xtures per day. Preferably, such an evaluation occurs substantially

si mul taneously. 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, the nmethod conprising: incubating a
plurality of test m xtures under isothermal denaturing conditions, each

test mxture conprising at |east qne test conpound, at |east one reporter
mol ecul e, and’OH’gBFlé‘gé‘flgﬁ?prth? a'?n%éﬁ‘% Sfﬁgﬁrr”ﬁég?aé’gttﬁéﬁrﬁfemeﬂ’é‘ﬁg? uring
condi tions ampeesefideasflihe/at 1éa3t omusst cainpbe@bwvith aplenitivfion bighlleofitley @ale speci es

to denature r t . ..detecting a denat urati,on_signal of
each protein ?%I%ettasﬁ’gag%{#e@%ﬁb%gg%_(ﬁ{tl}%eeatg?asf%‘?stle&é:ﬁglpf)g% " ‘%ﬁ%&ﬁ&e and
conpari ng t hasaflesmmaldeaptuong soaditibnsoTypiesibhansrotfeiably, the inethpdesfthee of at

| east one t esfedeARAMHRHN Wirl ByAuASRALA Qﬁdu?'ﬂoétegﬂgixun‘é%] LG SAERANPL eI N TN
the absence of the at | east one_test conpound under t 8 sa%e I sot er mal
denaturing cd@Rel & eraluatiop eeugs sipstaptially sinplaneepadyt of the present

i gve?t } on, the{ e j{ﬁcc@fd@é td?dsteaoﬂai %becébb%}ﬁliﬂéb?ﬁﬁinvi&ﬁoﬁ?ﬂhbf&s ﬁﬁbtir?]&maf]ﬁ

i dentifying e onpoun at .bi.nds.to a.target species e system
compri o ng: . HEhE g ARG RRY £ i e Ay S FAPRR T R o Pt

i sot her mal ddmainethod gompnsing:iinaubating e pluraiy ofrfext mixdurepuader $sottgrmal | east one
test conpou t | rej ' her mal
denatur g conaifitl Analdiis, coPhfesl AR ORRELER x MR LHe fel RO IR T,
target speci éeast enedepertamolecqyle andratdsant ang protoi, avhereinghersothermaliet ecti ng a

denat ur at i on gehARdhg &fndARAE afcdtRRtvVSRAGLRSat 1dhst 4 PSiBA SF%Q%g&fspééi?§ t%aSL one
0 ac

test conpound; and neans for, conpar,ing.the denaturation _.signa .
target speci dentietha Hiveuatle EXGRE deieriest IGRBIU AL PitER i e
denat ur at i on psésgia ofdlie iteassameteitapgpbus])and eampdrirgthe donmpeRorDdigidef at -

| east one te > ] | . denat uring.condi tions.
| m the met hogeey8RPfl HaeSlecoP R 15T Ene B3 BEIHNA VAR 4l BRTR (o
(e. g., prowéihe)same potpliy theotbsertce 9 theaat legst oneitist compdimd urdeethesatbey, t he
target speci ¢ghedmdl ddraRkiak Bondifi§nscompound can bind to the target species
ei ther specifical lﬁ%c (e. g., at . a specific site or in a specific nanner) or
unspeci fical ly. THEcHdnE G thisd asnsgipfifae present mvention, 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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-4 9 July 2004 variety of mechanisns, including coval ent bonding,” 1onic

bondi ng, hydrogen bondi ng, hydrophobi c bonding (involving van der Wal s
forces), for exanple, or conbinations thereof. Definitions |In the present
invention the follow ng definitions apply: I|Isothermal denaturing conditions
refers to conditions effective to denature a target nolecule at a fixed
tenperature. It can also involve defined conditions with respect to pH,
ionic strength, cation concentration, etc., which are generally held
constant for evaluation of various conpounds for a given target.
Denaturation signal refers to the si gnal produced by the target species
upon being den ur.ed. . To s to oi. nt, | ti ng
transition of aflﬁ & of Jeghgn S’&ﬁ@ﬂgﬁ%" e l}jﬂ?& é‘?rﬁﬁg?%ﬁtl by

calorinetry. Haaqhng,tleydrophbbmtbloadmgf(mwelvmg msiepﬁ\fﬂlsdio;be@)dﬁﬂ'(bxﬁmbhpoﬂ e such
as a fluores coval ently bonded reporter group attached to the
target. Bri e%g@usngﬂl&gst@érﬁggf the Figures Figurel. DSC scan of Thym dyl ate
Kinase (TK). The thermal nelting profile of thym dyl ate ki nase was

determ ned as described in the Mt hOdi).eﬁ%ltlBﬁlsy 2004 Figure 2. |sothernal
denat ur ati on of Tﬁ%ﬁ}s noni t or ed, by v&é]:oous uorescent dyes. The

i sot hernmal denatu edessbiny soR;the wingdefuntiong apRlydescri bed in the

Met hods at a t enpdsatistmal dﬁnaﬁﬁﬁglt&hdiﬂoﬂs Rfedd ﬁid@nﬁﬁiﬂﬁ@éﬁf&oﬁ&/b@dﬁd&fauﬂe aSM The

POl ons: handeBruiiEE s aftertomBedise 16 APt SR BiRos il & ange
and SYPRO Reespaeirte pHt iohic stengibpcfiongbucatithixin, oivs,. Wlﬁclganeegeﬁeraﬂ'y heldt i on of
SYPRO O ange gﬂgamgﬁﬂ&gomﬁgg lﬁgléblfd&%}a f dye, 250 nM for

DBS and a 1 : 2600 di | ut] on, of e was |trated at T 23C with
i ncreasi ng amount e&ﬁWﬁﬂS@‘%‘i@@fHOﬁB@@gﬂﬂd’f@%e@ by dedareshenscies ppelt eases
recorded. Théeckigidesitarrdexcitati on wavel engths used are given in Table 1.

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-



Figure 4. Tinme-dependency of the isothermal denaturation of TIEJ 'furiy%%og
presence of thym di ne nonophosphate (TMP) nonitored by SYPRO Orange. The
experinmental denaturation conditions for nonitoring the isothernal
denaturation of TK by SYPRO Orange fl uorescence are described in the
Exanpl es. 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
concentrations. TMP was present in the reaction mxture at the tinme of the
addition of protein. The data were anal yzed using Equation 11 and the
solid lines represent the theoretical fits to the experinmental data. Figure

5_ Dose-dependenc t abi.l ai.nst_ i sot her nal

denat uration by T?@I—*’g" ?h 1688@’& é%%%ﬂ’@ﬁ ETEt WYWP@P%E‘PFG?P%S

cal cul ated usiyag Thetisothdmmal demeta:nratmhlcqxpmménts h/erekpemﬁ;hned asidesesbelid thdre
first-order C t he Resu d- or der
Langnmui r node Et\ﬁg%s é&sqzté Eéri ca?tg%sg 5‘9‘2%61“ S e k}ﬂngg@sﬁ‘@ﬁ efromthe
sl ope and r atcencapfrstiamof DB wess. | uMhd,, A NS wals 2pB1, mad tegeotein d}m@“teﬁﬁ‘ﬁ eti cal

fit to the exgrildRuhalodfiavRol 1. oshiti iR S HAPSPAREl oohablad 2at T on

of thym dyl ate kinase as or S
shown i n Fi g ePRIAReA aveng ati Inil0i 00 ldefblutlnnﬁ gure 5B. Figure 6. Effect of

| sothermal denat e, Phalibf ofBYERU Gldhas PORfke v HE AIRR! TH
JuI 04

The CD spectra of ' n a I Iy enat ur ed TK wer e
taken as des@BHOS ‘h’ ﬁ%’ ttjﬂ’bﬁé elrr @P@FIBEOEOMMQQT%%W}? Htrated 50| j ¢

mh rcles H TK at So238C mﬁﬂhlmcrdﬁil@f amadnmftﬁymﬁ@ﬁte ﬁhgseraedlhe ﬁums&ﬁaendency ]g)f

t he i sot her ni. & ency o

TK i sot her nanﬁ}“aeaﬁsg?%er%é@gon ateng% cﬁtad?n WY‘%%WL%P S Y5 argcﬁﬁ'e[“l 18ﬁp§£=:

TWP was fol | owed WmaﬁlmenMypﬁﬂlehwtlﬁmbdmmmm of T & ther e

anal yzed usi nt the

t heoreti cal ?Q%Sgn%éodﬁyeﬁg%?dls gamq%a(trr@ﬁg&t‘ (ﬂ‘tﬁtg%d Bﬂsﬁﬁ@%{?ﬁ%qugpendency

of the i sot hEFREImAEAenR AR coR IWSrﬁehmpmt@wg thy ldenafrationpf The

time- dependermbpSYPRo oainlge fliBesckpb@ind datdrided PWathe Eiﬁﬂlbld@r'ﬂﬂe R¥ctidne

anal yzod usi HEPBERET B of NG e apiPlah O FYl PYRBY BBFEsaneaoie

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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theoretical fit to the experinmental data points. Figure 9. DSC Scan of

Stronelysin. The thermal nelting profile of stronelysin was determ ned as
described in the Exanpl es. Figurel OA. Ti me- Dependency of the isothermal
denaturation of Stronelysin nonitored by SYPRO Orange Fl uorescence. The
ti me-dependency of stronelysin isothermal denaturation at 75C with or

w thout the addition of the conpetitive inhibitor PNU 143988 was foll owed
by the increase in SYPRO Orange fluorescence as described in Exanples. The
data for the control reaction were analyzed using Equation 4, and those
for the inhibited reactions with Equation 11. Representative data in the

f a. a U 143988, ar e SO|I i nes
Fepr esent 1 hieRRuEH S e e fgsetgd fufe Metinbe Ppen et T RESTe PG e |
OB. - Ti me- Depedidkcicjeset TKhsotherntaHg demdturdé neT e5a%G.on of Stronel ysin
t d by T 0 t he.
a0t her mal denat of o Tt ?éf‘fﬂ%ﬁgf’ftﬁ&%&‘“ﬁ%ﬁﬂfﬂﬁeﬁ’%@gﬁ@ﬁ ofergd
detection ub¥&d-(The tiacdapgadenicy of Klﬁﬁh‘?ﬂn&édwmmro@irﬁércmﬂnmreﬂdmte for
detection. Thg faidn 25 MMBIPZAA f&lwal 5B aesch%ed e %Qlcnhglcls

represent the theoretical fits exper 1 ment al ata ol nt Figure 11.
Erfect of PNOERASSHEAER HEmE i rﬁtaﬂrdﬁareegn%ﬂ?aa%eeﬁa% essTepEEHANS cof. ¢ he
| sot her nal Dﬂfeatdubﬂtﬂt@mméeﬁﬁdrmmltamhmﬂ&ﬁmtored by SYPRO -6 9 July 2004

O . The ti th d ti t 75C
winter Torthour [ RBSEERGE Rbaklch TSt AR e R R PRr T Eotiteds vas

fol | owed by bn&VHyrerdwemicity. Byriae-Oepandendyl af die isotheoralakenalestiontvad i n t he
Exanpl es. Fi giinGokdfy \ﬁée éH%b#b'aﬁée é\@lteﬁ%oaé 280 ﬂiﬁra%%&&bed 111?&.[%%@ {i“’fﬁe

~Detailed Description™o erre |rrents e _presen ionis
directed to ﬂﬂé%"e%@@&ﬁ%@ﬁﬂ?ﬁcﬂ'@ hbelomatand the sphd lingsemewsissy can be
used to scr emofe@ballﬂtg@ﬂﬁsexpmlﬁemmw@m@t y of nolecules, particularly

protele, THELU B DSt WRON LIS B0 L ISR ! e
t enper at ur esstopnelpsin sesdeanoinsh esidccabddaw ticoExampibs.f ast er assay devel opnent
and _hi gher througfplite10A. 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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in an HTS or UHTS automated environnent. The technol ogy shoul d be easily

expandabl e to | ooking for conpounds that bind to RNA, DNA, a-acidic

gl ycoprotein, and serum al bumn, for exanple. |sothermal denaturation
offers an attractive alternative nmethod for nmonitoring denaturation (e.

g., unfolding of a target species) and for the identification of binding
ligands. It is anenable to HTS and UHTS. Furthernore, the denaturation
process is easily controllable, reproducible, and i ndependent of the
heating rate. The choice of tenperature used in isothernmal denaturation can
be determned by neasuring the rate of denaturation of the target species

t h f t {. bout
750 These el RAC Al Efendifioy SromollehShTiaBnb Rt GedindbSi i f1oG iy
reporter nol &diout thpaddipomd ﬂlscomp@tluweeplmbﬂmdrm% wmafollowedrhgﬁhe
associ at ed V"'lﬁtﬁ’ea‘s@i% S‘Y‘f’ﬁb@ﬂaﬂn%@ﬁu&%eﬁ&r Q%s@eﬁ‘fﬁ'{h% Exafil E&C%%Helv pt city,

denat uration_ signals can nitored using absor bance

or by mi cr oc ¥nHgl rﬁ’@?r?‘%ﬁu’&@eﬁ%?%ﬁ% target species, for exanple.
Preferably, a prelimnary DSC scan is run to deternmne Tm (i dpoi nt

t enperat ure) ', o arorlate buffers that enhance the
stability of flallef tinme as would be known to
one skilled in thé‘haptesemm\&nﬁonh;smet&dwmﬂséﬁﬁﬁath%ﬂl&ﬁﬁlﬂaﬁﬁﬂﬁ}ﬁlr| ng

oo ur s TSRS alicatUBOReRt hendle INRL MR aPhoBifles 91 V91,
easi |y noni tB?‘é‘G“]GdMﬁM@a%ﬂ%u@ﬂg these wahg@hmﬁ@phon Iﬁigltlﬁéaﬂﬂe’n@er ature of

i sot her mal  def@iods 8F ieprésenttifPertionelifnifud B ek &SitRb Iy,
it is 5 desira Ie to fpr 1&%?6@?” ctab armunt of t%‘eng?%?}g% }%m%&’eﬁﬁ

unf ol di ng) ofR%H B e éfg agjay|dgxeloppentiand h%@l%@l“ﬂ%&lﬂpét is
too high, the de@s o€ UHili’Saautana&dshvﬁdiﬂtent hehettestinolbgyebeid bwewut} not be

oo areat ancBrpERt BcbRRERH REwoRad e BT GRS A BN crCttiedieoBiPByat 1 on
t hat coul d r esdiserumnalqwnen, for esmpde of the target. 10 Furthernore, at too
high a tenperatur goefifalldibufRoR QR B riele Rtdfaie @hthod for monitoring

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.
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Preferably, the desired tenperature for isothermal denaturing is’equal to

the T. value about 10C of the target species as determ ned by DSC. More
preferably, this tenperature is equal to or up to about 10C | ess than the
T. val uewad ofidagost ar get species. 15 The target species, preferably together
with a suitable reporter nolecule able to nonitor its denafﬁf@??%ﬁ“’?gs
incubated in the presence and absence of the target species. In a
preferred enbodi nent, the concentration of the conpound and that of the

rgpo;tir &DI e(t:)ulte arg of &gg@q&}#abﬁlﬂgﬁr{agng;ﬁg _(_prg erably, no _ g;eaégr t_han
abou pM, bu W&ﬁ?%%ﬁl FeE frpprenthHang endintagedas on
rel ative to thegl& @hlpeiRle %’1%’] LRSS ﬁk‘eﬁ J ncent ration of -the test
compound is iﬁglat least a %E ) %xcessd.' g‘%‘éﬁbseﬁos?'h \IPYSSR cut of f
for a "hit" carslde, easi@mpni@bdtlﬂnzﬁ&&ﬁ&nbfﬂie&@%ﬁbiéﬁ&H%efﬂ&%i&[’éﬂﬂl%ﬁ

d.

statistically dg{#hn .or, after aJ]l screening has been perfor
Fl uor escence t & ?%WE‘QEW?%!SGWI%'MQWWCm!?t'sicw Greoemdlypidss of 25

choi ce for S fbgatitttha | ' eferred enmbqodiments of the
present i nv|e_gﬁ_t idgn, f1 uor gg?ﬁ%&%&%ﬁcﬁéj@ggf%%%%&%’ 'f"?f‘gfd%)?&?‘g of

choi ce.  Coupl iwithih hbautéSarinotes beidsni Hfdesterigeratalensids Bk Ahe RibelisOtner mal
methods is attractiyve because in jsothermal denaturation the quantumyield
of an ex‘trinsiseg-?ﬁtfthaﬁglféaﬂrc@’ﬁ'@f’mWﬁbmélgﬁbé'abbtﬂépbﬂﬂenhcdexia;u_renhtargﬂnges
in protein 30 fgbdidigad i ) e effects. Further, any change
in the fl uoresgg%\(ge qugﬁ%’gﬁiﬁpg&?égg%g@aﬁ‘ieﬁfgﬁ“ﬁfﬂlf‘l‘:’r‘{ﬁ'ég'riﬂ%ﬂlép

ol ecul e to di fuhfolding 'canleavst upgdgatibnQhattoylR G %@éﬁﬁﬁﬁﬁﬁ%ﬁg@ 42677
forms of the tiir?gtgt sqpsgcies. _;@us, alteration of target stability~by a
bound Ii ganlf  SHEGFENGSE at oadigh a gapperatar, the tesicompouad maymos bitidoat all.
“denonstrates t ' r ' can b used to deternmjne if
known conpetit ?\%&ﬁﬁ% E]?t ors7| | ggn%g&%gﬁrﬁﬁoﬁfﬂ%ﬁFSHW@%F c@;agtﬁgk?g‘g_ The
resul ts are cowphiedidbeut H0°Chsftke Gbiad spasksti d@ : agreenent  of

the denaturation kinetics fromthree different detecfion nethods
- “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
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confirms that the same unfol ding processes are bei ng neasured u5|yng t he

nmet hods of the present invention. The fluorescence of the reporter nol ecul e
shoul d preferably increase 10 several-fold (preferably, at |east- about
2-fol d) upewoegqsgssur ation of the target. For proteins, this is typically
acconpani ed by the exposure of the protein's hydrophobic reBtbN§t04pRy
reporter nol ecul es should also preferably have low affinity for the native
target; that is, the fluorescence of the native target/reporter nolecule
complex is |i neat:?‘ over.a w de concentration range or, preferably, does is
not bind to the TTH¥ tbFé‘Fg%ftspsffleSalIhtyoaltmﬁonmfta@smbﬂiqbbmmmg'agand
itself. Finall yshofildtet aggn@&g,?ﬁ | braries generally contain numerous
conmpounds t hat abglgrb'an / or l}{:)'resce bet ween about 300 nanoneters (nm
and about 400 mm, th’BlermpsmﬂMeﬂﬁﬂmeﬁ@sﬁbﬂghﬁtigoﬁiéﬁépaéhan@%@oneé%g}eati0”
‘

and emi ssion in th tor i si bl e region where few conpounds interfere; e.g_,
excitation at apbtf ‘ugsemHne Hdngwy cempstitivninhibitopssligarls Sonkhbi

ol ecul es (e. §. ,sphdiblOr AtV E SdmBlShiE rciall vai] abl e from sources

such as Mol ecul ar Probes EEugenge_, T%&élﬁgo%ﬁ%f’g@dédg’ﬁ imethegdse Thgound to

hydr ophobi ¢ r egiagresmeht offtbe Henapattion ket Lo RS dﬁﬂ&bﬁ%i%ﬁgfﬁgﬂ%ﬁnge’
sul'to

SYPRO Red, Nano Orange {\I | e Red, _|-anilinonaphthal ene-8 nc acid
(1,8-ANS), and d’gﬂ@?’% b t;‘f’&m? ynfolding praoesys ars beirlg measustdhssing dlapoxy |

anal ogs. Nano Ormsfdf%gﬁg&%g .ovi des an ultra-sensitive dye for :
gquantification of proteins .in gﬁ’l"ﬁ%‘?%n W th.a linear fluorescence range of’

about 10 nanogr aaxnJheifluordsttmee of B@ rebortdramalbais ' iLliliter

(g/m) with _a vegﬂllstgﬁ(sa‘%kg ound flrsg?escence. SSI%(tI%ll _gfgg%lgqg%%ngPRo Red

are used 30 1%r SgEFak F t # le2st abaut 2Hiold)awoy denktemition bf the tadead. Ni Ng-

The basis for t g plofGhe =450 4 ence.of the dyes with protein

denaturation is their bi'n |}1§g l%‘%@%@@%%@@%ﬂﬁ%‘f’& &he POteI’S00/ 42677

newl y exposed h?ﬁﬂoﬁlwmgﬁdmeﬁhehm&@&lda%ﬁ&lﬂ%ﬁﬂﬁéﬁ% I NReXod OF  many
y

years to rmnitorng.heéur%ol di.ng of proteins;, however, its quantumyield when
bound to the defatYédr Hif gpRYhiaraet Hhattis. theBroreseence bbthe nafive tafsety@drier

di scussed molecule complex is linear over 2 wide concentration range or, preferably, does

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. ulna-scnSitivé 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
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above and, thus, would require the use of large quantities of prthel n and

reporter 5 nolecule in the assays. DBS is a relatively new, solvatochromc
dye whose fluorescence emi ssion nmay shift as nuch as 100 nm upon changing .
the "enviwordni3 Due to its |ower excitation and em ssi on Poavedoemzrins,
however, it is |less desirable than Nano Orange, SYPRO Orange, or SYPRO Red
for HTS. Any fluorescent reporter nolecule whose enmission intensity

i ncreases or 10 decreases when bound to a desired target species can be

used for isotheedlly expdasihyradiiddic si?éa.emtmwbeén@seabﬂﬁﬁﬁéaﬁ%uﬁﬁm ter

mol ecul e toward a target species can be determ ned by neasurihg the

fl uorescence ofyearsdge monitor et fldingiod prajéing;Hwweypn its gnanterhoield svhien t he

presence of ing¢reasing. concentratians of .t he denatured,targe species and
the native tar é’f“@ B’e@]"ggﬁﬁakﬁm mych lowes tﬂ‘?’i@"’%‘éﬁ“‘éﬁ?’%\kﬁ“&‘ﬁ@% 0
optini ze the coBeeidd @ weihldirBguird thtQse quaRids OF protkif GHl Segotient | Ve

to the target species. In addition to, or instead of, using noncoval ent
fl uor escent  epepleeule inibe assaye sDBRAs aselativelyl nowi solwatovhsomic dyefvhpbe t est

conmpound ‘and t et _species. one y_use,target species l.abeled covalently
with a pair of E%%%ﬁgﬁégfon&ﬁgygﬂ%w&% l%ﬁé'm: RS ﬁl?rescence of
the other. Becau¢ronhéit! Huedo ak 16w dxefistRin mﬂ%ﬁbﬁ&l%ﬂ{kﬁ%&@ héwever, it

i nternol ecul ar _di stances between the two fluorophores, denaturation is
acconpani ed by itleandrsirablg than MannsOmmnge, SRR OLDrange; gr SNERCuRed fardFTR:t

species at specific sites, the denaturation at different structural regi ons‘
can be nonitored. Zélyﬂli?‘fmt_rf ?&@@ﬂﬁ%@@ﬁ%ﬁ’&ﬂ%?‘ﬁﬁﬁ%ﬁ? dye

'bi ndi ng resyy t idegrehdds wWheH BHRSFRI Y §esirel #R6& TpBLicd¢aR He etk RolePRal et hods  of
choice, other techniques can be used inthe nethods of the present

i nvention. Thi denatnraline Theaffinity ofx Anplescenhrapotter molgould jowdrd adirgage in W

absor bance, for._exanpl e, 280 .nm_resulting, fromexpasure of aromatic

ani no aci d(s) FB“&%%%E’F@%{”H?Q%@W@MW%&%W@?PBBFPCi ty by

circul ar .dichrebﬁéen&gﬁaﬁotsm¢}éﬂo%@rm&me'iwhﬁéﬁﬂe%béafmé&aéﬁg: 4) changes in
h a

mobility -on a support material- (e.g., solid support) suc -size -10 9
Jul'y 2004 WO .0epu@sgations of the denatured target species and the native target species.

15 Knowing the affinity then allows one to i)ptimize the concentration of the

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-



PCT/ US00/ 42677 excl usi on chromat ography, capillary el ect rophorgeruilysz,OOét C
None of these approaches necessarily requires the use of an extrinsic or
intrinsic fluorescent reporter nolecule. For target species that have a
rel ati-vel whigglasgdgnat urati on tenperature, s the experinents can be
performed in the presence of a chaotrope, such as urea, guﬁﬁf@?%ﬂﬁﬂ
hydrochl ori de, organic solvents, or any other reagents that pronote
protein denaturation wi thout unduly interfering with binding of the

reporter nol ecgl(ﬁ with the tarég't speci es. The exact experinental
conditions for Gehator SECGHtesRRY, tapllay electephersisiscett. e Nané bf thesey. One

skilled in the rofches ABded ST ' S Qns and/.or. experinentally
det erm ne approg?l? ate buffer syg%ﬁeaﬁga?lg ) %%eg{ﬂ%%s}‘:e?{d{]ﬁmﬂc ogescent
-co-factors, etcreporteiomolegalepl e, the isolectric point (pl) of a protein

nol ecul e woul d hel p de{rﬂerm ne.whég% pH woul d be useful 'in these studies. In
practice, the methodt g aPssiesdhaihays g elatively higihdesatusation temperature,n a 15

‘mul ti-reserveirtheRRPErEnBA 48 be BMEIRT 1 AHD |t |late. Typically, all
conponents but the target speqigs are ad eﬁ%s% "t%e“ﬁ‘aﬁﬂ{‘?l’ﬁrﬂé@rﬂwm& sanpl e
hol der is hel d &uanidige ﬂd}iﬂl’ld@,@rgaaiqml\&hts[&é@roﬂ@rpgggﬂgﬂgtg}dng@e Aft er

thermal.  equilifri Ls.reached, the sanple holder is preferably
transferred to @H lilﬁnfl% Pithoytamduly saterfering with bindingrinfabie tepoeted

reservoirs, pr eﬁ@reambmg{méltg@gp@g&gy. -20 The nulti-reservoir sanple hol der.
is typically sealed prior to addition of any -conponents. For exanple, a

mcrotiter plate canlhhelagtiexperiowaal bmrgﬁﬁdtﬁtfoﬁ@enammmdf@a&@}%@t iC
~sheeting vvh,ilgh 1?18@: et h@ﬁpl at(s bl{{i{li . scored in such.a way that a
‘microliter tip eas”?[y‘? B dYReS the 374 ¢an makeapprapsiete deicisimstangd/or

removal . After e@bﬂh&ﬂﬂuﬁﬁkﬁﬂhﬂ{eaﬁaﬁﬁpﬁﬁt@%ﬁiﬁs S@}&%Zpla;@,&&s%%g' hol der is

either transferred 25 inmmediately to an appropri 10Radi ng
t he denat ur at i i9-Bpigraletcok RO@exanplie,mhuEEIentridlﬁi‘inthFD@'fBgrdtgihiﬂmlg&ﬁgct ionis
b

gest et A1 S AL S SRt TS
T oo W ok ANl 8P R SR S o OB L o
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
| introduction of the target species, the sample holder is either transferred
25 ﬁnmediately to an appropriate detector for reading the denaturation signal or to
an incubator for holding until detéction 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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systeminterfaced with a fluorescent plate reader can be used. THhis system
can -11 9 July 2004 WO 01/ 46693 PCT/ USOQ 42677 process 96- and 384-wel |.
mcrotiter plates and can be adapted for use-in the isothermal
denat-ur at Wanows6d3od of the present invention. For exanple, pcrusbdqz@ate
I ncubat or -can be nodified with heating el enents such as Watl ow fl exible
flat mat heaters for sanple incubation. The tenperature of the incubator
can'be 5 further controlled by the use of a circulating waterbath.. The
Zymar k/ Zymat e syeds80b. 4 38465 | Pl?teg B ulS ified to
I ncl ude a terrplgr atu?gl%%ntrol?lglgﬁ(%ﬁén&% m?’hg%%ﬂ?%}r‘\&?%terﬂg%?@%nd heat -
| anps ext er nal | igothemneal desitgatiémmethog of diepresendintventiora rkbrieRampldyde 100ss of

| | in th ] It nlates.. Th kl Z t t | )
T des a ot paiete pieubilef £y bepodiBed Mitieatias FEEPS e WolhwHEN, [ od
to include a hegitinng -h%t&%lfoﬁdiﬂlﬂ[@ﬂmbzitﬁﬁp%eﬁ%%%fﬁ%ﬁ)ﬁ%@h%&#’% cence

measurenents, a BMG POLARstar “m croplate reade ol ogl es,
I nc., Durhany Ngytheroengbled yethe meeiof a eidclaimgoraterbath. ThetAyamek/Tiiiiate by a

~circul ati ng wat er bat.h . 0... fromabout -20C to ahqut 90C). This systemis
aut onat ed usi ngYTEBOEF 535%48"1{?6‘1‘{&&( J%“?Bf%ﬁ’@ﬁe 'eﬁl_)“éaa be nodi i ed
to allow for th&nﬁ&%ﬁir@éoﬂu%n%H&&ﬁ&ﬁ@&m‘ﬁﬂhﬁ&hﬁ@,.aﬁ&@ﬁietﬁimﬁéeﬁé{lgrt he

met hods of .the present i-nvention, -the kinetics of"’i'so ation
of thyni dyl at e tRiassastan {cificratume cofitreltamdrte redsice Jossiof sanapied valuinkeGutthé he
presence of their specific ligands re nonitored by |ong wavel ength 20
f1 uor escent _dye‘_E“’WFB%‘é"?f&%n 1 ke . ?Yé%%%&?hﬁbﬁﬁd’lﬂm%&%

hydr ophobi ¢ 16 e qRap Mite WAL Bt R6A be ibRific 18 ihdifi%e £ROMAI ALK SRaRAE 3! |
consi stent. wth a reaction schene of two consecutive T1rSt-order reactions.
That . is, the Kamps,ifosexafplte far fluatdscenct nreabnicmentspd BMG POIIAR st

described by a_biphasi T Ly two of th bab] y many st

are rate | ¢SO madrBHO 1 abketndlogite 197 R NO) cangko ba

i nf or mati on of | Rl L ided by th
i nformation of hbkfiky ﬂﬁtcbﬁéol%ffté:%?eepmue n_ﬁéetﬁJcée’élg‘%mt SraeBanie, Mok LS by the

fl uorescence neasurenments. The rate-const’ants on | i gand
concentration w28 Giwedbprtl°€).i This system is antomated 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
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terns of a binding isotherm reflecting the stabilizing effect of the

protein/ligand conplex. The nethod was validated by conparing its results
with those 30 obtained by steady-state fluorescence spectroscopy, circular
di chr oi sm way\et/4¢s6s spectrophotonetry . The corresponding rate constants
calculated fromthe -12 9 July 2004 WD 01/ 46693 PCT/ US00/ 428 T/YS88M42473 of
t he several anal ytical detection nmethods were conparable. lie rate
constants of both steps were dependent upon the binding of active-site

| i gands. The dissqciation constants represent affinities of the |igands at
the nelting trafﬁ‘i‘ﬁ iongetséﬁ'?fé'ra&lalﬁ'é?l detrstien methads veonstmpdrabie) The rate

"di ssoci ati on cqQRak £ tological t eratures can, be determ ned
by extrapol ation f r%%g atr}%e%tgtgtreéﬁeaﬁﬁdekg v}\lgumr*&g&’éqﬁnﬁ v&sife ligandphese

tesults, coupl edhsidissocintimeconsiantiramesentaffinitids-ofgid liéaﬁdgat’ma@ﬁc‘i‘& 1)
format, show that i%ot hermal denaturation is a nmethod of choiceor HIS,
i ncl udi ng UHTS, %'F’ﬂ?‘ PP FRsEatyier H briafnitysiestants €i.¢., “dissackation 0ynspinte™ at |
‘protein. 10 Havi iORPRARY ' he invwention, the sane will be nore
readily under sfpgg%ig%y re%ﬁgﬁg&{égg?ﬁg%%?%%X§x§§W%ﬁo%i ch are

provi ded by way mesSureineuts it tetd differsncieaiperatarts | The $&ME TobpBiliRfmals
Exanples 1. Materjal 5.and, Met n_ods,A. Reagents SYPRO O ange, -SYPRO Red, Nano
Oorange, | -anil 1R s tiellde.go 96l dommat ashow tharidshernen denaturation
dapoxyl but yl sul o3t Sed .. from Mol ecyl ar Probes

I nc., Eugene, Oregon- ?’%Erﬁ%cnye&in@%g#osp%wmy)hg&ﬂ%ow er reagents
wer e from SignaspecifiditytoRirdrang giveaprgtainy. Al |l commerci al cheni cal s used
wer e reagent, grade or, better.. ]’he conpound referred to as PNU- 143988 has
‘the follow ng struct E’P@‘.ﬂg@@mﬂy described the invention, the same will be more readily

understood by reference to the following examples, which are provided 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-

¢

'\q)\ ¢ NHCH
S n/ \N C/ k 3

iy H
25 )
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H\-N O SAS'N C NI~ C ,NHCH3 H H 1i. -25 0 9 July 2004 WD 01/ 466630

PCT/ US00/ 42677 B. Proteins S. aureus thym dyl ate base. was cl oned by Human
Genone Sciences and purified by affinity chromatography using N 2 NTA
colums pWa#asers from Q agen (Q ACEN Inc., Val encia, CA) .pdnusobkéne

I sothermal "5 denaturation took place in a5 mllinmlar (mM Tris buffer, pH
7.80, containing 0.5 nM A-nercaptoethanol and was neasured at a
tenperature of 53C, with the exception of the validation, experinents of
the robotic assmy pideshis were carried out at 52C. S. aureus uridylate kinase
(UK) was cloned by Human Genome Sciences and purified by affinity

chr omat ogr aphy usi ngSMmuNﬁmi@rluehmsu@@hﬁEkamm‘@dxﬁﬂﬁlﬁmn@g. UK

‘has a tran5|t|on 45. 5C as dete ned by DSC using a
buffer of 50 %Pﬁ)“é’g@’ ﬁm%%mam ﬁ&gdﬂlamwé cplugpps purchas
P- mer capt oet han [ O er mal

p fom Qidedn BQIAGENIARL ] leenaé,Fé?A @&lfgt@e%o@@ﬁ

denaturation were perforned at the Tm- 4T conposed of
50 mM Tris, ﬁooquntb@kzmcyueaﬁlmﬂ].andlaB(ﬁMfTribﬁaumfq&b?@e}d‘lﬁﬁﬁhm

Stromel ysin was € and ur|f| S descrl bed by Finzel et al. r ot
.-Sci.. 7,2118- z‘gﬂf %P adémé?rﬁmﬂ@qqugsmh Thi s

tenper at ur & msaﬁ%ﬂé@ﬂﬁoimfﬂ’i R T

experinments. The buffer.system YySI N CONSI'S

i M dazole, 2. Sedrti@hGitat 53°Q0 §r@rekAiridyldte Fiad(UR)Whs S18nedly ﬁumlahgands

Stock solutions-for-all, ligands were prepared in dinethyl sul'foxide (DWVBO
unl ess not ed otﬁ@?%%ﬁcwmﬁe%mﬁ%b W@rmbmenM&HMOugh

scooncar Suckeathil QIS TRGLR ERE P REAARET Abob S
smal ’I'_ - 45.5°C as determmcd by DSC using a buffer of 50 mM TRIS, 500 mM NaCl,
10% glycerol, and 5 mM B-mercaptoethanol, 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 KCI, 10% glycerol, and 5 mM f-
15 mercaptocthanol. Stromelysin was cloned and purified as described by Finzel et
al., Prot. Sci., 7, 2118-2126 (1998). It hasa Ty, of 75°C as determined by DSC.
This temperature was chosen for the following isothermal denaturation

experiments. The buffer system for su'bmelysin 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 of 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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aliquot of ligand solution, typically 10 | or |less, was added tSbeu fer and

equilibrated at the appropriate tenperature in the cell before addition of
the protein; Control experinents assessed the effect of added DMSO on
protein deoajieesi on. I n some cases 0.1% CHAPS (wei ght/vol &;ﬁ 5/%2‘;, :
(3-[(3 30 chol oam i dopropyl ) -di nmet hyl anmoni oj - | - pr opanesul f 0 ’L%? added
to the -14 9 July 2004 WO 01/ 46693 PCT/ EJSO0/ 42677 reaction m xture to
counteract the effects of DMSO. In order to validate the system a subset

of conpounds whi ¢h had bnen reV| ousl own to be active in __an activity
assay for eithe 6‘?( ‘?ﬁl‘?‘:&ﬁﬂfﬂrﬂs@ r{aggd%vql@gteethe as a-

representative rag&bsgmmm&, being 5
l.i gands for therbgr otein targets. D. FI uorescenc a){sigﬁl?lg%{ ac ive 0

£l uorescence nedactvignissay torgitberdhymidyldte kipaseSs tmylmmweatdsu@ytmtaer in
the ratio rmde vas. usggi %I SS. I nc Urbaﬁ{h‘a]1 I.Iljnois)., The_ _10 terrperature
was mai ntai ned WXHRTTT BOmBerof fosTRovnAS having, ﬁ%?ﬁd@ra‘pamﬁé eing a

-Pol ysci ences prqg@ﬁmb{h@éjf SieRAhAlel € cont roI | er (Polysciences, Niles,
I'L). Emission was observed on the filter channel using the fol I oW ng

em ssion filters: 530 nanoneter (nxn) bandpass filter for Nano Orange, 590
nm cut -off. for lfYEﬁ%Oan 630 urn, cut-off for SYPRO Red and Nil e Red,
and 470 nm.15 cu ?5?" eWﬂg"‘a'ﬁ’ﬂtsdapoxyI butyl - sul f onani de.

Alternatively, fluor qof Hi6RscoiBRHEAIERLSs IED BMG POLARSst ar
mcroplate reader (BMG Labtechnol ogi es, I\r,%‘é15 gﬁ?/}t(‘? Carolina).

Tenpérat ure was W@Dmtcl\mtthc ratio npagle| vadsi usgd (llﬁS enid:),altli‘bauﬂ,' MiligoisnSTh&! MeNt

best detecte no Oran usm 485, center wavel engt h, 15 urn
‘bandpass excﬂ{N? g”é"%B r}g% O‘Jtdb‘épmgmmiﬂm‘mns

bandpass em ssi @gRafpol 35 1’ Foérérﬁﬁ pgrgﬁ; th uoar es
extrinsic dyes du?l nggJs |%cgt ?er ma enat urati on(s'ovxvlg{o(la h@}gﬁ){sapg%es;@q?sol | ows.
The test dye vvaéLthmuSlom“as obsdrvedeah the\filter ehamel i e fRloWihg éﬂnjsgﬁhs (L)

of buffer that ther rralé eqw | i brat ed at the desired
~tenperat ure. F’F‘h‘g“%ﬁ% ‘%@c‘gﬁ"g fog Nano Orange, 590 nm cut-off

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-



25 seconds and the denaturation reaction initiated by the addigt“l|u(|3/n20c9c4 a

smal | aliquot of the protein stock solution. In this way, the protein
reached the tenperature of denaturation virtually instantaneously. In
separat e WadMeeBnt s, the protein was kept at the denat ur #drarsebargrer at ur e
in the absence of dye and the reporter nolecule added at the end of the
reaction. In the latter experinents, the 30 fluorescence increase
associated with the addition of dye was always instantaneous. In order to
be certain tha&hémyeatselfh%&@ﬂgﬂédnﬂﬂ' 'g;,ﬁﬁam q - . 004 WO
0]/ 46693 PCT/ US00142677 the dye its%?éf)glwoul d not H@’gﬁgf“éﬁ?l‘g"g?é’#. |%ant /
fracti on of thdixedampenpefslyeiwas tirated withiinereasing asfoudtsef pasteiniand shesledy t h

i ncreasi ng am%%t%eoﬁu r%teei n_and 34} wed hat the fluorescence increase
di d not reach -saturatton —HaetttEs e pOLEs W-dues of stronelysin are

buried in the activerteithe tIpiopiirdisAe: AsubtilyHf SeBEHSA Id M€ abEROGHCT S Of
e | on o '

the unfol ding of the protein. us, the isothernal denaturati hi s
protein was %l §egio ch grecisnsiesreportersef themnfoldaigofithy protgifiaBhus,

fl uorescence. . eripents,.the protein was added ., to buffer

equil i brated i n@c;lsé%\g%%@é tuta 8“?@%‘3!%‘?3’36 sp DpREedRY changss Wihei on.

The excitati onimesic &9plophaRiucidstenéd. F thdd8 eSPArRiiE tﬂ@émfg?%gé??&&éd“i ng a
asurenents Cror

10 320 10.nm bandpass filter. E. Calorinmetric M
stronel ysi n an& retierequilibrated incaicuysite gt the tddipeateie dfasahérinal demnantibrg

calorineter fr M crocal . |nc. hampt on, MA) . For stronelysin, 15.
the 1.2 niL- sarrpqﬂg ¢ I'W%Bfwﬁvﬁgnﬂlmm%é@wfeﬂlgwW‘%W"Eﬁ?ﬁeﬂ NFBERA/ e in
a pH 6.50 bjy f 820 SOIT dth B! | i m dazole, 2.5 nM CaCl 2, and 5 nM ZnCl 2-
‘For TK, the calorineter cel'l was filled with 15 Menzyne in a 50 mM Tri s-
HCl buffer, pH 7.70, containing 0.50 M Nad., 10% gl ycerol, and 5 nM 2-

mer capt oet hano was filled with the sane buffer. The 20

hd e ref ers’?cé cel | /
sol utions were e%%‘??@ﬂ”f’ﬁ CASHTEMEME prior to scanning from 25C to 80C at
a rate of 1 Cm nuissc BRSebiERsaSRATK bkl A S AR DuLf er in
the sanple -‘cell, were subt ractt%gdca?lr‘cim %b&gé otre\ilﬂrfl’h%cagn@bagg&feﬁ%“%?jesul ting
dat a convert edsc¢apning calorimeter from Microcal, Inc. (Northampton, MA). For stromelysin,
15 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
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unit protein concentration. The Y-axis of the instrument was cal Pbfat ed

using -standard el ectrical heat pulses and the tenperature scal e was
calibrated using n .25 'octadecane and n-hexatriacontane which nelt at

28. 2C and %o ffaegod €spectively. F. Crcular DichroismCrcul ar. D chroism
(CD) spectra were neasured using a Jasco J-715 30 spect r opolPArH V0467 Jasco
Corp., Easton, MD) and a cylindrical quartz cell with a pathlength of 0.1
centinmeter (cm thernostated to within 0.1 C by a Haake D8 -16 9 July 2004
WO 01/ 46693 PCT/_US%%AZG?? (.‘bl rc(ﬁ ating water bath (Haake Grbh,. Karl sruhe,
Germany). The coREBYAUEM AT bagy(Hagke GmbheKarlspibe, Geomany)o Thefvontamiation! it s

mol ar el lipticityf#8drdt&h ' e dJ-an of...abaut to abaut 20
M Sol uti ons of prot girn o%?%#énv%%éﬂl -létng‘ﬁwlstb‘i‘%@ééjéﬁ 13"I‘Pgand_

were prepared prihorarge of abart 1ij t Scut 2O AM SbblutiSnEe o St r8RidGsn’ | ' St
scanned at 22C fmn‘m &ég rimto 260 nmwith a response of 0.25 second, scan
speed of . 100 nnt HiedQ0-fold sxgess pligand weseprepiugd priof tolinfectionime thecell.

| ati T . Edl Ao t t he: t: “at f
Peothor mal defat webBlutioS%s 8 SedniBh § Yool EE 1 7h o wc0imiE i regoase 222
nm was noni t or edof CRE4econid; Branapestel 00hndiiuta xéaﬂﬁen&géﬂg %dég(ﬂh@tl%t 0.5

Bt
10 mllisecond (nsec) intervals and accunul ated for 1 econ a were
stored every orfR&aataacrugyilations, The relhwas then gapidly hehted ibtheeanpetahiodf es.

After the .ti engt,h, scan was perfo d at. the sane

tenperature. Cells %%c?l%‘ms [}P‘?ﬁw&‘\ﬁm‘#ﬁ%o ¢ siipticity 272 mmr e

rout i nel y - check edasfmeonitbah ribiehem W@Qseﬂﬁs;ﬂ@d Witﬁg?,ba?ﬁﬁcﬁla%i.% du? 8f @490l Y
istille

cl eaned as descriped above and rinsed 15 with water and~ et hanol
‘bet ween expet? ecend (msse)intsrrals Mmdasoumanlattlfot A6 sdesnds ADae waasstBRAs ur ed

usi ng a Perkin- EVEE, g@ 40 UV-\Vi s dual -bheam spectrophot onet er

(Perki n-El mer Cor %? R+ Waﬂgas %F)I.m’%n e appeef (fsaiﬁ%s‘c&ﬂlﬁéwlﬁigﬁﬁeﬁ@&r tz

cuvette filled mmdscbp;fa‘\eﬁvcmgthﬁdcaﬁ%sb&f&rﬁ%dra?ﬁﬁ:rs%ﬂx%ﬁemperanue. Cells and
buffer solutions with and without_ligﬁand v;re_r_e 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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beam In the sanple beam a capped 1.0 cmpath |length quartz (?uJ\}Jg’t%Ogd'
containing 1.5 nL of degassed buffer or buffer plus |igand -less the vol une
of protein solution to be added - was placed in a thernostated cell hol der
and “equi MOURAEER at the tenperature of isothernmal denat ur #OTAS00/DET7
tenperature was 25 maintained within 0.1 C using a Neslab Exacal EX200
circulating water bath (Neslab Instrunents, Inc. Portsnouth, NH). A 1-5 L
aliquot of the protein stock solution was added to the cuvette contai ning
buffer or buff @&onphbtsut DisqaVdto dbdubdgd) hid Eiviaes WeldtilBrodbhR and
protein concentration negrml_o. 5p I\ﬂoti he %‘tvettg’g%/vas r"g%%%%é%“%ﬁﬁ%*

absor bance at He®ibedmabeys withnitrietidmst with 1996 nrethad6l 4mirrinspd Wixh30 Ni nut es
wi th a bandw dt;h..af .2 nm and.respopnse of 0.5 second. For each protein, the
effects of sevtgjr}gﬁcﬁlP&%ﬁﬂn‘iﬁmca{i’iﬁﬁ'ﬁ%ﬁ@mméxam ned ranging -17 9 July
2004 WO 01/ 46693 PCTI USOQ 42677 from about 0.5 i.iMto about 400 M
Cuvettes were thoroughly cleaned as described above with nitric acid and
with 10% metShalbl DatadAmalysied with distilled water and ethanol between

experinents. 5 H An sis Only.in a few cases _was .the tine dependency
of protein denaturatl maar?%aﬁg%sr m?%é@mé?“%%ﬁwdmu%% wer e
anal yzed by a agsrémeRé-dréa oc&ﬂuﬂiﬁédﬁfa%&%%éﬂ?%&ﬂb' Lop: Y=Yn
+AY. (1 10 Eguation i vvher.'ei.% is the experinmentally n‘é%gﬂrrﬁglgg}swénal, Y,, Is

t he backgr oundsaagesdirogram using theequatiopnl change in signal associated with
the denaturation process, t is tinme and k is the experinentally neasured

- apparent first-order ra __cgnsé_a%t n gemg,[paql t he kinetics of
~denaturation displayed bi phasi '}Fle( csy oftenfwith a 15 distinct
i nduction pgriod. Those tinme courses were anal yzed accor di ngéo the
reaction scheme of two consecutive first-order reactions: A = ‘g'aeoﬁcfuati on
2 : where Y is the experimentally measured signal, Y, is the background 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-—5 3B b ,C 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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where k, and k2 are first-order rate constants and where, a priori, all

three .20 species contribute to the observed signal. The equation
corresponding to the signal observed during these reactions is: Y=Y4.e k,1
+Y ki - .o ; cg3k2r - e. YG I+k Ik, (k2ek'"' _k,e--k21) Equatlon 3 where-
YA, Ya, aﬁglb\?yagﬁ% the signal's for the species A, B, and C, PFEUSMA4267L) y.
Oten, it happened that within experinental error YA=YB, thereby
sinplifying the analysis since: 9 July 2004 WD 01/ 46693 Y=Y, ~-+(Y -Y,~ |

ki (k2e-k'" _k,e-k21) Equation 4 ~ - k2 \Wen YB=YC, the experinental curve
degenerates into a sinple first- s order rise or decay, depending on '
whet her YA>YB or YB>YA. More often than expected, the prelimnary anal ysis
of the data by Equatg.0o tidn _Rdi that k, and k2 were very
.simlar to each othe’t i}*a(n ug& O, é‘fg Tt sgﬂd for thdiquationgher e
kl1=k2, we integrated the system of rate equati on 10 dA = -k. A dt dB
-=k.A-k.B dt dC =k B dt

When Yp=Y(, the experimental curve degenerateé 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
di
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



15. to yield: A= Ao.e-kl B =k A0.t.e' 1, PCTIUS00142677 Equatidly 8¢
Equation 6 Equation 7 Equation 8 20 Equatlon 9 C A41--'(k.i" +
Equation 10 The tine dependence of the signal is then given by: =Y, 4. e-kl
+Y s’ (k.wow1Hpe3-k1l } Equation 11 9 July 2004 WO 01/ 466930?@0&#&@:&42677'
This equation was used in conjunction with a nonlinear |east squares to
analyze the results of experinments with kIl k2. Robotic Assay 5 A library
of conpounds was tested in a high throughput screening node in 96-well

mcroliter platgd l‘,m erat ures
descri bed above The oth ma‘Fbegye and opt %ﬁ%dérgl?l 0 O#L%%é"%es oparng érn for '
TK and UK was #ssesdeschf ekperimenitewithiky erk,pl at e cont ai ned 88 i ndi vi dual
conmpounds and eight control wells that intially contained only buffer 10
pl us dye (no corrpound) These assay plates were manually sealed with a
plastic 96-wel lp, O?Fi e seal (Tontec, Inc., Handen, Connecticut). These
seal s were score or edsy entrance of pipet tIpS foll owed by reclosure
after pipets tip exiA librityeoficompotndsovas tested s Bighahrougkp @ dereéihpidar! | y as

follows. Assay plates were deposited into the
terrperature/ huﬁﬂg‘ﬁ"ﬁp JBIGEtiR P ef?@@b&?@rsmglecompoumspﬁweﬂaﬂhe

temperatures descnbed above. The optimal dye and optimal ratio of dye to

protein for TK and UK was assessed. Each microtiter plate contained 38
) | 7 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
seals 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 to 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 back to the temperature/humidity-controlled incubator for a defined time at the
' assay 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 eompaxison 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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15 for an initial incubation period, typically 60-90 m nutes, gvﬂnuljyc po4

equili-brated the assay plate to the desired assay tenperature. A
fluorescence neasurenent,T;,was then taken by the BMG POLARstar to
.establish yhe,48M48" bound of the assay. This fluorescent reading for those
wel I's contal'ning compounds plus buffer plus dye was used t 8CRAS894267H t he
effect of the 20 conpounds thensel ves. Follow ng an additional incubation
peri-od in a set of incubators which ensured that well contents were
equilibrated to the assay tenperature, assay plates were noved to the

Rapi dPl ate liquid dispensing unit. Protein was added froma plate
reservoir to asify pk&gseti,k.gcat ed on a nodified heated plate position. For
the final incubation, assay plates were transported 25 back to the

-tenper at ure/ hum di t y The WnipdrAtGf 4t WHEP4 Sived gfotén%&érggg debBrdtion 0§y ASSAY
tenperature, typically 30 mnutes.- A second fluoresCence rreasureﬁe t, Tr,
was taken by t heasHymeasyrallemate wasdeterminted priont ths ligand bindingfsheliespI THe dye

pl t ei def i 1 . d of th . Ac i f th
AIPCRARRIR IR T ol R T Pl S T
buf f 30 pl thdraDrarsPEGiAde : [ t Ti
uf f er pl us belewdr asthethdrhiah ﬁ‘?"’f’a@“é ?g'[‘)ﬁg ?‘tz“f?g{“teﬁg’g’ mﬁ?‘g'ﬁalgf |

and Tr defined which.conpounds bound to"and , pro
interest -20 9 Sranginggaloripetiy) TosktambeTwhishfiud&8aeht Hye pledttds e [Bheest

tenperature at LGh Lyen pr.otein.undergoes denaturatjon at_an easily
measurabl e rate %S%’Zﬁ%&%ﬁ?ﬁ%’ge%ﬁ%@?@%gm&eﬂﬁ% HRAHERNRE eXperney at The 5
rates vvere_mstrgmgmbﬂﬁmcmq@g%mgoﬁ@h% ‘?ftl mﬁrﬁﬂéﬁl([ﬁ%g%\“ ghtly

bel ow or at the thernal transition fenperature as neasuf
‘di fferenti al0 sGamMnFhe spestralmopertiesTof albdyes tastsd 4 pien i TABIEIC Thle (dY €
produces the I&bgﬁit sicgé\t% for g given protein, a prelimnary isothernal

denaturation e nend crussien pgvelersthy, Nene gty 8 YRR1Orange,
concentration ofpdisYRORNS a&g%ﬁa‘t ' M., The spectral properties
of all dyes tested are gi venel n a%?%@r$g£ﬁaﬁei r long excitation and
em ssi on wavel engt hs, Nano Orange, SYPRO Orange, and SYPRO Red are

attractive for u i.n f or mat .
s’Fable 1. Speciral [Eaammeters Used in Measuring Isothermal Denaturation

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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Tabl e 1. Spectral Paraneters Used in Measuring |sothernmal Denat ﬁ}ryatlon 15

Dyennrim 1, 8- ANS390470 Dapoxyl but yl sul f onam de372470 N | e Red590630 Nano
Orange490525 SYPRO Orange500590 SYPRO Red550634 A. Thym dyl ate Ki nase The
thermal QA3 t hyni dyl ate ki nase (TK), shown in Figure PCTNiSewdaa73 a T.
| ocated at 53C, the tenperature which was then chosen for all 20 subsequent
| sot hermal . experinents. Upon cooling and reheating of the protein, no
observabl e, peak was found (results not shown), which indicated that this

protein had denat ur Bthordst@iee! Sigikd/2 s&&ymfaﬁﬁéom&%ﬂ%%%gExﬂéH?@ 42677
r

Fl uorescence. Figure 2 shows the results of prelimnary éxperinments where
t he ti me- depen®fre the imedicpendsat Bweraspence drangescfor dyah dyerwermpaasredii n t he

presence of thym dyl ate nas at urijng, i sot.her mal a 05' C._ The .
f1 uor escence o%°£r¥sef‘?nee° wﬁ%e%ﬁ@@qﬂmim?’él%ﬁgé -i & he course
of the 5 denafiybbiente ofMif th iRERALAING Hipasiahagrt il d over
background. The fl uores?:enceeo Nano Orange,” SYPRO Oangg%%%éggﬁﬁo Red

(used in génedenaturation, witki PBY paovucingtho largesti nefahcreasei aved backpraund o

i ncreased signifigantl i.le the fl cence ingr e of 1, S-ANS, at a

four-fold nol aﬁ%ﬁ‘&‘?%cv"?%e%%ﬂ%%ﬂg%aﬁ%@ﬁw& é%ﬁoﬁicﬁéﬁ njt was

al so ascertain e&a{]%&pﬁiﬁn' DakRATR :h{dgje@ . eﬁfﬂg@ﬁﬁr%cﬂﬁgniﬁ of Nano
't1on oé phe

Orange or SYPRO Orange used in the experiments” upon a nati ve
protein was | iwhie thedlorescencgdnreasgof d8-ANS) iba fourdoldandlantiaesto Fi gure 3) . .

he: cond t1 onsPOIAR AR ARHRampIL. Foefly of Mee S eaceriainedanas fbe Merrana i vos. do
not  conpet gow fiflore&@néd &Qﬂé‘ﬁm@ﬁﬁ JrEhoUraligd oS§EPRD Gfange used inthe
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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15 the protein to any neasurabl e extent. Because of its spectral "properties
(see Table 1), SYPRO Orange was chosen for use in further denaturation
experinments. Figure 4 shows representative tinme courses of SYPRO Orange
fl uoresceng® agsds i ng during the isothermal denaturation of TKin the
presence of Increasing anounts of 20 TMP, which is a speci PEEUSP#26a7 f or
the enzyne. \Wen the protein was first denatured and the dye added at the
end of the process, the fluorescence increase was instantaneous (data not
shown). Thus, the tine-dependency of the fluorescence changes represents
prot ei n unfol ding anmopﬁofwab‘wnhnmpoﬁlmhﬁ'thdmﬂcmtdﬂs atkenat ured

protein. The ti Igﬁﬂ s aS| C cating 25 the esence of
at least two ra erm(pnflilngﬁ?}n ﬁ%“ﬁgc@% erﬂ?E%Fé’é‘?ﬂtPs‘m

-anal yzed using anﬂuﬁnbeaé‘M@ﬁ&éntﬁﬂﬂﬁﬁ)ﬁ&h@E&Bﬁﬁaﬂﬂﬂﬁté ¥ @5%’11% &Fnet ic

nodels. O all the npdels_tested, the nodel of two conse |ve?|r - order

reacti ons w t h i Bendeney of th %W@M@Sfﬂcﬁmd grnc&ﬂt;anms'lhheum5t~ere

.consi st ent Q&ddu% aneenent of tk e ex eriental points with
the theoreti cal Q&%‘ cur vg@ ca (Pﬁ gad‘;t\ﬁ'faﬁestrﬁ and equatigns comesponding e
Equation 1 | isasatety dfmo&lsguleﬁnérdena&%aﬁoﬂfﬂtéétgg%m lﬁ@ﬁg

éh of I'me course is

PCT/ USOO.42677 The,. sl Q of the early, linear porti
al so proportio 51""!3)51 é['hPlegttCOP%!‘e‘fén@bWQS@]mda\nt!l,thehmdei\ehdrhalﬁﬂqgan be used

to anal yze the ation.on the d naturatlon rates.
Figure 5 shows th@ H pendﬁltﬁ% m‘ﬁ;ﬂ@e Oeﬁbleﬁg?rmt?g‘r@s 1§ 1p p ghinteld
concentration. Fabilizatiotesf the e@zymeadurd Syl T4 RGulRisHAP feﬁﬁfp T%sgmcsquar es

met hod and e uatlong correspondl ng to a variety.of
“denat ur at i ontdr aftyEndy é‘é%ﬁlﬁ,%/ lmemrmomxrg@rmdencmmzscmnoﬁhe best

consi stency was, h re a full ooperatlve b|nd|ng of
two TMP nol ecul es per eﬁ go}mgf%f%imﬂ] é"@f’)?x% ’é‘%eéb‘? TSusctyrsefof t he
enzyne (Figure Symidylate kﬁlﬁﬁeli‘etveals Mau%&hélﬁn&ﬂfeﬁfn‘iﬁh? thP WAOT Rl ARyl ate
kinase is a dingric_protein as evidenced by size exc

by A. Lavie et. al. in Nature Structural Biology, 4,601-604 ( 1997)) From the

slopes, K4 was calculated to be 9.1 + 1.6 mM and from the rate constants Kq

15 was calculated to be 7.6 + 0.8 mM. These cooperatlve Ky values, ‘measured 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 changce of the dyes actually are proportional to the two forms of
25 denatured protcin and do, in fact, measure fhe derianaration ﬁmeess two other
| techniques, CD and UV absorbance, were employed to study the unfoldmg
* kinetics of the same protein.
Clrcular dlchrmsm scans of the natlve protein and of its denaturcd form
show that a sxgmﬁcant change in the CD spectrum accompamcs the unfolding
30 (Figure 6). For example, there was a 45% loss in intensity of the a-hehcal
signel at 222 nm. Consequently, the time-dependency of the changes in molar
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chromat ography (E. coli protein is known to exist as a diner ignJulyS%Orot?cture

of thym dyl ate ki nase reveals the cause behind the limting step in AZT.
activation" by A Lavie et. al. in Nature Structural Biology, 4,601-604
(1997)). WOdH466%8 sl opes, Ka was calculated to be 9.1 1. 6gidsmedzérsom the
rate constants Kd 15 was calculated to be 7.6 0.8 nmM These cooperative Kd
val ues, neasured at 53 C, are not directly conparable to the
noncooperative kinetic paraneter K = 27 pMdeterm ned at 25C by an
activity assay el SidsUHhévit gﬁgﬁ ANAs itlst SR | keby, t hat
the cooperativi t?tg?tlyses frorg}tg‘%léyﬁggt t g‘tiﬁﬂeﬁ %Srlilt!!)tlc -mﬁgﬁﬁ%z’l% TK
consi sts of an cipfwityat 22 nmi iocreasddaapilily ahiReached 2 Gaxithymbifietlaicut tbe enzyme

Ste. Absor bandbls ApGiPhbF2S BioREhawwnblemndobsabCieatoed hah e,
fluorescence chag®d nplgniti8e Sy@S iRGédddkl %g?&?rm ‘%@f“ﬂg Ilﬂ:?stén\w forns

of 25 denatured protein and do, in fact, e the denatur on process,
two ot her = t¥echyiflyasmplefirstodddgveartiony thereby indieating émp theytesjot chaapein t he

unf ol di ng ki neti.cs. of the sa rotein. .G rcular digchroism scans of the
native protei nBQ@C&W%E@B%&@B%P@WWE%qumg%@nﬁ change in
the CD spectrum acc@RAR, #f the-depémabak &ﬁ}bﬁ, : £
there was a 45%1 0ss inintensi tsﬁ%)f lt%rég“%g%g?% s?@%?ag?gg%%‘:ﬁ
Consequent | y, t¢mltfrom thivineredsmimsobient txpostrangasmaticrntiag acidSwerelul y 2004

WO 01146693 PCT/ US00/.42677 el.l iptict S ni tored continuously at 222
nm As illust ré’fe@a"ﬁefﬂ' 55}?1@19&;9%%5 SE‘T‘%E‘%‘E% wosmio changes assegisted ‘_
rapi dly andyy egaheg %nﬂﬁhg‘ém%@ ,g@g hag;h' n AL | f-25 MM~
‘"TMP, a natural Iigaﬁd, greatly d'ec{reea e&hg%&a t .'elm‘gg?se anﬁéhrr%r‘f?ef%de of

t he increase i kestifitihyta mopdsl of Twe comseantiverfirsf-ordeyreactiveis.s Thefeshligvwkie a si npl e

ol 11 pti ci Ty ar B3t SO BT hEIoF L B RORHEE AL BHEEsaFIarS: BBl ng
steps.  Final | ined® rdté Wﬁﬁ@cﬁﬁé@ﬂﬁﬁﬁuﬁd&@per chromicity at. 280 nm
whi ch | The rate constants dbtained by the three techniques are compared in
}5 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%sec? | lgx 10, sec’
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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result fromthe increase in solvent exposure of aromatic am no acyoP wer e
nmeasured. The data in Figure 8 show that the hyperchrom c changes
associated 10 with the unfolding of TK were rapid and bi phasic. The
absor bancewdanaesssr e best fit by a nodel of two consecutlveP&rﬁ,gBd,&W,er
reactions. The. results were nost consistent wth-a nodel WO
consecutive -first-order reactions, but with wunequal rate constants, as
descri bed by Equation 3. The rate constants obtained by the three ‘
techni ques are conpared in 15 Table 2. Due to spectral interference, the
effects of the presence of TMP on the changes in hyperchromcity were not
tested. It appeg.ssﬁgﬁtebtsﬂ]e physi cal properties neasured by all these
nmet hods do undergo a significant change during the first rate-limting

step. -There ‘was good Bugh Gerf@id spdrttme¢Sared et. ahf BBAO 14342805306 ﬁ%@)gfahast
step, k I, indi %il Jﬁ'}gﬁ that aII t hr met hods _are neasuring t 0 sane
process.. On t he U Z@Pﬂf byl PrefeChem.. A, G99PHO (PM)pef does

.ot produce any sbig Mr@aﬂm% q@,ﬁ ﬂgglm ecqnd, sl ow step
observed by hyper chrg?n city does “not aveg/ E{;{ra?g gaTHe §W’R@§ ange

f | uor escence asswbdéhhtmspmwmhlaiﬂ&t&m@hgh@zmtﬁ%%ElﬁfwnTIB late
Ki nase Denaturatio 23C I\/basured by Various Methods First-ordeér

reaction; *Calc r FEpetiEeats shawad an @xcrease of aimuct a0l SEG i thiedT), fof-

_ t
ek 3%, Rl e A% 1AL SHBAL A S0 088 e, G

f1 uorescencel?. 6ffsttoriélfsin BppcrsAH lendits31rdy idbnpRd: &%&Hﬁ%@%@%@%%m 42677

B. Stronel yS|n ot h, t.he CD spectrum (Sarver et. al
(1999)) and 10t hiemd kindipa drmaticallcaiiests e uBfding pravess, BvenBickypégiam . 17,

the_ active sit éﬂ%i&ﬂéé%h%ﬁﬂﬁ%%eﬁﬂﬁ?@ffﬁ%%&%%“Esﬁaé&&':&?@%;e#%ﬁ“%s, ‘o

at 75C as shown in Figure
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 ‘



9. Also, DSC experinents showed an increase of as nuch as 15C9iJrl\J|yt%Oé)4T.
| i gand- bound (Sarver et. al., B_R& 1434, 304-316 (1999)). Thus, the
structure of stronmelysin appears to lend itself to rsothermal denaturation
studi es | WQRH#669) | | gand bi nding dramatically affects the rao¥vSmiwer?
process. Even the tryptophan fluorescence should be a useful tool for
nmonitoring the denaturation processes. Fluorescence. The tine-dependency of
t he denaturation of stronelysin was biphasi c at 75C as nonitored using

SYPRO Orange and (shopgy, enatur ation was rapid and
was inhibited in a dose- l(ﬁepgﬂ% ?nsf?ﬁ%rfgfog% 10p #YSwiE
t hi adi azol e-type conpetitive i nM@b{,@ab moq_@ﬂf&fg&ﬁt,l on reaction in t he

absence of |igands was-apst-consistent "wth a of _two' consecutive
first-order reactidns V\nthM@tbOdmequal atle x tohsécint § (Egyati0dRes)

fol l owed by a |inegr—dov rt—Fhb—-near—drift 120 nost i kely
derives -f rgm aggredati o %éj(g}a‘ﬂﬁeem pifati 602 1.8he denat ZHBE 0.0 ot eifn. |t
was absent in the denaturggdepepddi ch octurred in the gresence of

i nhi bitors. Analysils..of the data showef that the best| kinetic nodel ifs the
one wth two consgculryptephanFiecrescdace r it e gpdal | th [i denggalgp jRi €

for

constants (Equati ¢gr—3tH—Fhe-+ate constants cal cul af d from t—hese angl yses
are given in 25 Taljl e- 3. Absprbapce004 WJ 01/ 468931.8 PCY/ USO0/ M0&77 Tablle 3.
Rat e Constants for “Strometystrn—Beraturat+-eor—at—+5-C sured by Varigus

Met hods. “Met hodkl x 103, ‘sec, k2 x 103, sec 1 SYPRO Or ange 60.2 1.87.490.04
e mer et 1y o BB ERRE Bl 2Reioidiie e 15
sensitive to |isgasitive mm@mmmﬁﬁmhwmsméﬂ%uﬁﬁﬁ@%b' y, to,

denaturation of the acuve—sne region. As shown i in Figure 10B, there was a
rapid, blphas:c loss of the tryptophan fluorescence i intensity over the time course
of the isothermal denaturation at 75°C. The t:mc-dependency of the decay 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
inhibitors in a saturable, dose-dependent manner; as shown in Figure 1 1 for the

| case of ﬂuorescencc measurements. The concentratlon dependencies were
200 consxstent with a model where binding of the inhibitor results in a drastic
decrcase in the rate of depaturation. The data 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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denaturation of the active-site region. As shown in Figure | &g,uyt ere was

a.- rapid, biphasic |oss of the tryptophan fluorescence intensity over the
time course  of the isothermal denaturation at 75C. The tine-dependency of
t he decay. WO&I%GEJ}G trypt ophan fl uorescence was nost consistent with a -
model of two consecutive first-order reactions wth identi @TUSA/E2677
constants (Equation 11). This nodel yielded rate constants that were in
excel l ent agreenment with those neasured by the fluorescence increase of
SYPRO Orange under the sane conditions (Table 3). |5 Two paraneters

derived fromthe fl ugtssdanae KdhehEd SR RaaY at e of :
denat ur ati on, nag%{n\éé#]%svsl oge at the infl ec?t I on %g}yrsl'%nﬁga ‘PR ppd ¢ -
order rate consf&HPC FHNU43088 wrvealed & dpwrdependens intiétiti®asEbbth te B .
presence of i nBLDii0kS 4 urabl e,. dase- dependent. manner, as shown in
Figure 1 1 for Eirl\(gh% .sgldg%fﬁem?@é’%fé‘ & oot shaye)e dheent r at i on
dependenci'es wehgper@fomivityirsiched a wakiiman P8Rt WEES L5 4Qf: L he

Pk in PO HRES BT The

inhibitor resulf{s in a drastic decrease in the rate
data were andl y£P8 perogs phtreptmentsyhilel BNU-A43R8 extinidediing doselidiRhddiodel

yi el ding K4 = Opg@fnerQhddmMnbddod | ni.ti rates and Kd = 0.35 0.13 pM
fromthe rate constants %ese v‘z’aﬁ@@&a&?’i‘m %m?%mpdel@onam@nqmthe

conpar abl e .t o t the expérimaem4l déth of the dEnIMEERIH “@si L& .assay at
25C. 9 July 2004 WD 01146693 PCT/ US00/ 42677 et eRs
denaturati on of “atH s best-fit ratpconstontbwascamshratdd scthagofihe ANYsibA 3988

reveal ed a-dosegdeRgh Lpbi:hition of both the rate -and nagnitude of the
hyper chromicity chang%g%ﬁg;%hﬁ%f’m%\mﬁgm?a?y the ofherdrehmiques (Jable3khed a
maxi mum i n firee mnutes-and declined slightly at 5:1onger periods of .
treatnment while PNU- 143988 extended in a dose-dependent manner the tine
needed for full reacﬂé&?‘—‘#ﬁ&&wo | Assaye [Prioo i validatibn wkidtimen@e the
experimental dajRinfii 4 '@ i Rided reaction was .a sinple first-order
reaction and the bestw%&@a e %l s&é&??%ﬁ@t%%mﬂﬁﬁm%m?fawﬁf the first
step of the t oicsititer plete &ntiaeforGBHPTR 883 UKRARKAAS d¥adNEiQtISL Jechni ques
(Table 3). . . _ ©

assay conditions described above. Isothérmal denaturation of TK was best

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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10 Validation of Robotic H'S Assn . Prior to validation experigrr‘{eurw%(,)o‘lt he
optimal dye and optinmal ratio of dye to protein was determned in 96-well
mcroliter plate format for both TK and UK i sot hernmal denaturation under

t he "assa¥odu#46698i ons descri bed above. |sothermal denat ur atrcansab/edgts was
best 15 detected with Nano Orange at final assay concentrations of 0.4 pM
protein and 1-1 MdYe- In the sane manner, Nano Orange was utilized to
obtain a sufficient windowto allow detection of the isothernal

denatur ation ofi 4K L. ssay ,concentratigns qf 0.4 pM.protein and

0.8 Mdye. In cl)lrnyer tl%xladg%ga?{yr@fEngﬂ%te@éﬂa?ﬁit%e%?cﬁogm%%f"ﬁﬁhe denat ur at i on

as a HTS 20 r diondtheiion S cofteaLESRlRAIT:, RechBthddolBF UM hELEG, | n L he
e assay ope

presence of a known.ligand in microplate format w ating.
“robotical ly asdepdurtippdecreased. Dafajemscanalyzed invierms sfPLangmiibmodeise of TK,

d i di ) -((UMP i th f UK. Th tei
Sbj ot ot o 1 ROSRARE BIBEN.d Ak a Rebaicnr IES VS of S 610 T3 M B HishoBC e of
(control) ors pcompaebledb tiPappachERS valle bf %i@qtcﬁﬂﬂﬁ&f'ﬁﬁﬁta{n%mﬁti%g@g%ﬂ and
i DI :

Tr fluorescence neasurenents, percent in I on. was cal cu s one
skilled in thecamedgutdt®586. For thymi dyl ate ki nase, increasing

concentrations of TNR.decreased e denaturation of the protein, as
expectted :)ased on res"’gﬁi'éo %ﬁgﬁ{&ﬂ§@ﬂ§§%ﬁ@dﬁ%3?ﬁe®ﬂve of Tl\/]lf'_t
concentration YexsuatisRbEYK LG on of condral was fi
with a Langnmuir binding isotherm ?r‘bglglrb?eylce%(gﬁyng E'%a‘r??ﬁ?a‘b‘g? WRE Pl ue
simlar to whatnckeasedpaentsad oficqutainingusbigintieinds sitb theSs édtipouads Ragd Ul Y 2004

WO 01/ 46693 PCT/ S%A 677 .into _account, Similarly for uridylate kinase,
‘the effect Wf L‘Nﬁ” AHEYJB ASHVINASSYR- Tt vabidaton test wenpegfopmediant , as

concentration gfscHEI wW/ilh'T gﬁﬂ? ration decreased. ta . was anal yzed
in terns.of a Lasﬁgwir mggﬁ.ﬁ%ﬁlesu ﬁ%&'%ﬁ@@ﬁﬁ?’i“o sing the. 'é'ﬁdggparent Kd
val ue of 5. 760n@ssurttherts,glerosasinhitifopahotliculied! TructRAEONte Eieyalddg of 1
mM obt ai ned frgm an act ivity assay. ‘
| y using three standard deviations from the mean of the assay plate controls as
. the active cutoff value. Results are shown in Table 4. Control experiments
_' !5 were also conducted. Compouqu 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

» o
| _ C. Staphylococcus aureus FemA ,
S. aureus FemA (Ehlert et al,, J, .Bact.eriol.. 179, 7573-7576 (1997) and
Tschierske et al., FEMS Microbiol. Lett., 153, 261-264 (1997)) is a protein

prespniab}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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carried out at 25C. Validation of the HIS system was furthereo(])'{)ug)'l%%océl

I sot hermal denaturation of TK and UK in the presence of a subset of
conmpounds with an increased potential of containing protein |igands since
t hese co s@d 10 inhibitory activity in activity assays. This ‘
val idation test was perforned as described with 10 M fi nal PETAISOU4RG77
concentration. Using the T; and Tr neasurenents, percent inhibition was
cal cul ated. True actives were determ ned by using three standard
deviations fromthe nmean of the assay plate controls as the active cutoff
val ue. Results awhosmfmtherbufﬁdnmmch@apfdﬁm%aﬂﬁmwﬁl&ﬁ; e also
conduct ed. Corrpg‘gnr%s th.intrinsic spectral propertied Inc I ng

f1 uorescence and {TBAZ '%?@%Bgé%ﬂpmmwede«ﬂmmmﬁaﬁbwbe .
Results of the bb&ind! 0 r of Conpounds Nunber of
Actives Target Tested 'I@ngg%ﬁStgﬁdbgg y@i)%ﬁ ysg'gcgﬁsbus aureus FewA S. aureus

FemA (Ehl ert et al . mceaiusprthhasﬁaﬁnmzﬁﬁﬁmﬁéﬁﬁ:aiﬁﬁ%a Mherdhg Nl er ske et
1997)) is a proteln pr esumabl y

al., FEM5S Mg ?r?a ett 53, 26 1 264
"nvol ved in del éf‘f"!i‘fﬂ%'& 128 [dealway tordiscovenvompmndntiat bindes thie 25
target as a pot pritdial Itqgﬁéﬂ@eg‘]g{ak gﬂ,’@n B%kﬁ‘%n“m E%&r essedé\é\;lntﬂagrtg 6- hi s

tag so that it can be purified wt agen

t hym dyl ate Ki nﬁ@éﬁfﬂéﬁéwdmb&dhmm;ﬂm Binakt sndf dtici om t he
2ol et . A TRCTRYAI VTS 1o

i soel ectric poi 28 9 Jul y 2004 WO 017 46
chosen for the E&@ﬁlﬁ'éﬁe@? ealarimetry stugdis! The detailed kislgiic i on
oo ho e mr@ﬁﬁf@fﬂh&u@aﬁﬁnmwbgag HESES el A et ot ur e

10 and/or another physncal method as described above. The optlmal 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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obtained as nonitored, e.g., in CDellipticity studies. Since tJHIy 2004ote| n
has no known bi ochem cal function, isothernmal 5 denaturation provi des an

i deal way to di scover conpounds that bind to this protein. It is believed
t hat thi s WR.8t46698 exhi bits nulti-phasic kinetics sinilar toprctisewzepserved
with thym dyl ate ki nase and stronmelysin. The Tmvalue is determ ned by
differential scanning calorinetry studies. The detailed kinetic pathway of
denaturation nust first be determ ned by fluorescence, absorbance, 10

and/ or anot her physi hpd as_ desc bove The opti mal_ dye and
optimal ratio of dyeil?%ddgﬁ% gl JmP?“P‘isp{ha?‘g?g‘a i 2 gompoyRd ¢ould cr ot i t er

plate format. give ehhaiedHoreacanteBedabseIY ds (>
100, 000) are tested in.a:high (t:hrough ut %gﬁ%ﬁ%@ﬁ&%&@gﬁ{&%& _

?CC[:)OIt i te{ hpI _?_t bindglyga?) mpy baveiinigingic o sapﬂaewaizsleg?hkuaﬁd G?jcm_lﬂ& nost ,
el ow t he ate ¢ ns i ndi_vi dua
conpounds. Fur%g@n%%gnggfégﬁ?&&ﬂ%h %ﬁ iﬁ"la'é gﬁﬁt&‘ﬁ‘f‘?ﬁ hHSimilary 3 hat

intially consai @mﬁuﬂdmaﬁfcﬂiavelbﬂﬂuib’&tiﬁr&?bEPéMPg»\verﬁiah | on of
protein, the croliter plate cont ai ni oun us contro vve | s are
éﬁ@ldlb

read (1'; read) ccthe gempepndsiiserbs hight s)wndleaﬁauclmng&ssesyed Thi s

fl uorescent reading rl&@ &p mell ai ni npounds pl us buffer
plus dye is used to ggcer al n&fs ﬁ?gf"&[ H‘%ﬁﬁﬁdg‘”@m € After a
time at the assplus b&ﬁ’aeitdidﬂseay@nﬁenatmﬁ@afé&eﬁ?béﬁ;ﬁ%f;@ﬁ%dﬁ&%f‘ﬁ%ﬁlﬂ xnf escent .

measur enent i s perforned éTfread) The control assay Ius

dye plus protei5Pm hareipwasicfioncscarice; quenels Shreséermeephiricemenof t he

25 fl uorescgpt mells pl us, assay buffer plus

dye plus p:‘igt e&q*db?g%pare ﬂ%cﬁ H’(‘J‘Fé’gé‘iﬁ?f‘ngeén’g’e%“sﬁqﬁ these cemmoneds wel | s

at T1 and Tf- dehicheshaddt i‘bt@iﬁ RAMBRAROR) l tein of
2 e Oaﬂl%dhfhﬂﬂgﬂbﬁ&@ P tﬁ%se cor‘?@

interest, which in this exanple is S. aureus Fe ounds
that denonst r at%6TespABs brenneriommedy Fheefifient gficompoumdentdyebasling®ihe ar e

ursued as pot ders. 9 Jul 2004 WD. 01/ 46693
E)CT/ USOO/ 42277%%01&%que[§0meg apa[n lCﬂt tem; Any compound Wh.lCh isa

denaturant demonstrates enhanced binding of the fluorescent dye to the protein

15 even when no thermal denaturation of the protein 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 consequcntly K4 values can be determined. To determine Kgvalues at a
glven tempcraturc llgand dose-response curves for the full time-course kinetics

| are run. ThlS process must be performed at three or more temperatures. Then,
25 assummg An-hemus behavior, the K4 of the- compound can be obtained for any
temperature
In addltlon to screening of an entire library of individual compounds
compound mixtures can be tested. A subset of the entire library’ that contains
) mixtures of elght compounds per microtiter plate well are used. The assay is
30 carnc—_:d 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
In addition to conpounds that truly bind to femA a conpound could give
enhanced fl uorescence because it: 1) is a hydrophobi c conpound that coul d
bind dye; 2) may have intrinsic fluorescence at the wavel engt hs used; 3)
could formmcelles; or 4) could be a denaturant, destabilizer, etc.
Simlarly, a 5 conmpound could have binding activity but exhibit |ower than
expected results because the conpound adsorbs |ight (quenches) at the
wavel engths tested. To elim nate conpounds that affect dye directly,
conpound plus dye plus buffer at the assay tenperature are read before the
addition of protein. Any conpounds that have intrinsic fluorescence,
quench, f1 uorladienese postbaa cesnnicouldocour i1 mbtareh butencs fepindividani comppands hus
be identifie t i ' :
denat ur at i onfjoeg%gggdi i ?Lgtr?a??g@?) Sccflgaﬁgg’per %ﬂﬁhnfekg@é%?%?gﬁﬁé%g%ﬁ{e}%rﬁlyhgs been
performed. THESAS Patyindwidighsampegndnarg pat #tive: Regmpgtiopseof mixfues carditecul e i s
perfornmed at tasdd ®dctdrRmfRenMth EembifaNort SRBOMBdrighbEh is a denat urant
denonstrat es enhanced hinding of the fluorescent dye to the protein 15 even
when no t her mHI“CH@RAtU'ati on of the protein occurs. Conpounds of this type
woul d only be of interest if they exhibited this property for a specific
protein (tar gﬁt‘?_ aﬁ?%s%ﬁk%% @Meeﬁ}adwp or nore proteins (targets) in this
manner. After all these critefra are nmet, those conpounds that are
putatively t rloaddifiondesoseaing W%@ommﬂ@pllmna@gm ofalibrieorf | r st st udy

woul d be to ag@fvraidd," tASedVpRhSodaRrRATPOMWESeRed) TRE hdAntRRDPASREE
dose-response. . Addi t] gﬁal I#c%ge ef.fect of these corrpoundg on the kinetics

of protein deWEERFAGHIESHS iy ratg thaidizgoveny ot e gadulyrmponpd fgmbighes can be
det ermi ned. Throtghmrtstreenikgl u dhis esangile anothénproteinctarpet Biutitieed, IS gaveds

dose-respons r r ). LAe-course..kinetic e run. This

o ocess. et WHHRHROLR A his pbldP RIS B pfRuc P aitBigadif? o
Arrheni us beRagersticaliengiapersd stiam efdhpwrens thahhassbisdhnctionstinficatedprgvents
tenper at ur e. HpieRGElbAN Hohcher, A6 BloNOLARNERIG finbil @uioRlval. Al Vi dual

conpounds, c?rrpo nd m xtures can be 1ested- et of, entire library
that cont ai nSlthay

of geppipicgipbassidentifics PRI GERSdR ofieRiCIRRl | ar e
used. The assayanisins, 3byCddotia®dno Uhows bibsE¢d]l bEBicohanieal fih@idBOBBauBE Gef OF
gggstee;nt )é fjulr \ &Qgﬁ%ﬁ%l%@ oi}s[lgirs aggr?e its tl]cgm%g,pcro% trrtllc?é gmrbefzselfllg%n%er%(ri %lz}c&egna é-glesnt ITied

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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-30 9 July 2004 In this case positive results could occur in mxtures but

not for individual conpounds because the results could be additive, or
nore likely, synergistic. Consequently, if assays with individual
conpounds are not active, permutations of mxtures can be tested to

det erm ne whi ch conbi nation gives the original screening result. D. S.
aur eus Unknown CGene Product In addition to screening an entire conpound
col l ection, subsets of a library or "sublibraries,” based upon rationale
criteria can be tested. The advantage of using a sublibrary(ies) is to
accel erate the discovery of a useful conpound from high throughput
screeni ng. | rpomﬁognwﬁi potenitlliide igantfied hy seregung duly atlinitedeybsegof ter eus
Unknown Gene Bhadimtporhfiicsilefighei n is an essential gene product for this
organism A genetlcally engi neered strain of S. aureus that has this
function elimnated prevents bacterial growh. However, its

bi ol ogi cal / bimq'hmélealc;d mmdrﬁm Diumlfﬁﬁ.\jm and alt hough sear chi ng of
genom ¢ dat abase i m c t hey

nt|f|e es .i.n ot her L.O-
21 50 have no Know grufpotles fRL tuaiR o idberth of BiesBheaTbRe
sequence for swhﬂysmge}m puschamﬂmmmemmlly aod gssembledente rdyp}c&é)réﬂ i tlmq:urqgara

6- hi t t t f t d
our i ed s At T adg RO Sty 68h BE Ricerb o AP oxeRSIl ovigB @R G 1 21
Maxi mal st r udBEASsHEER: omgtmblﬁn toEsnETRaATRN amtpte@héltsmaﬁﬁﬂw ithed, for

exanpl e, by GENAMTiRerco{is suffieidntly Stbll,|tAE ofigostdaf bb e&ﬁuﬂma% BorfiiR Ghi bed
above. One specific subli bra@}gﬁéﬁg%ﬁzd the dissim barl t blibrary, is

generat ed by 2RPIOpFiate RIPIgIcr § MO AR TR SAD 8 ‘éﬂ' oW Fpy EHEI8 t hei r
structural/ chmchexpﬂessmm stpey; Tsobsion GARNYDedn sk citained by procpiukmdsmace sel ect ed

but, sinul tar}:‘(;1 %%llﬁ%(ﬂg%ol %%qgélf’hﬂg diversity of the entire library.

Corrpounds | den WA protein target in isothermal
denaturation st udufb%foap@t@é@:tee@ls targetsnam ean beedeternvmedraxgenimentply withi t i on,

conpounds i n hée, filde @/oﬂ@xﬂhs@ﬂﬁot&t;éﬁmy&sothtmﬁ%e usEPRAnbhiRAesS can_be
selected fromthge e%tl re |i conput er searchY%rograrrs These

are also tedfaggitiop %%omevﬁtt% d&eﬂs A structure include S
Green, SYBRGreenll, Pico-Green, and TOPRO YOYO, etc. Examples of

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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9 JuI y 2004 conpounds could potentially be identified by screening onli/ a
‘limted subset of the entire compound collection. E. Nuclei J\‘éhﬁl 200

| sot her'mal vWewtddésomti on A i godeoxyri bonucl eotides that contag J,r,#gﬁe,quence
of interest can be synthesized or purchased conmercially an asse

into duplex DNA in the proper order. The assenbl ed DNA can then be
inserted into an expression system (e.g. MEGAScript from Anmbion) to
generate an RNA of |ntglrest AIternatlver, if the RNA of interest is
sufficiently smalf Q?éoédnmas uthesd compounisaan betested

appropriate pronghgl o34s Bork ranscr op..can be done w t hout
any cloning and eglgr essi onggl%%%l% o‘f‘sk-{} r%]ﬁ 8??08?% ‘Edéﬂmb@ BORWIASd by

pr ot ocol s known ﬁo@wﬂnbnﬂhrdubﬁ%tﬁlmewm&éntm 5 Q9L S f

pr ot ei naceous ta gets m can be determ ned exggrl nenlflgfa(?&%%og‘ggc
Exanpl es of ext r R FRODjpE; "eAgesaing YW aypoehropscitsexcapillangoni t or t he
transition frem ga.yeree t 0 a disordered RNA structure include SYBR
Green, SYBRG eenll, Pico-Geen, and TOPRO YOYO etc. Exanpl es of RNA

nol ecul es that can be used to denonstrate this approach include : 1) HN- 1

tar 47-86 (Mei et alItwiBibechartst fhe 98
aptaner J6fl (Cho et al., Biochems ,m%mﬁégagr%ﬁ%é@]) 5‘2“)5%%’)‘ A-site
of 16srRNA  ( WonPRrigulagly described inithe faregbifi dtsogptioDand3&kanpie. (NuBRS0

Li gands known to R Eﬁ'& eR8.EESP ctlve RNA nol ecules are : 1) Neorrym n,
ot her ami nogl ycosi an‘?nsbang VApgtions ahecrerﬁ%n HYspRMers pesdible it liglit of the

Bi ocheni st ry,1037abold 22¢hihg 2, (HIGHB)o, ‘%)LS“}‘ (ho .e

Bi ochenistry, 37, 4985- 4992 (1998)); alrd %ng%gf’ﬁth%ﬁ'avmn The entire

ot her am nogl yci odigel V&2 il @lp'&rhcatl@kﬂepmsmsya:ﬂmita&t apsiitstions cidd Rerdfifaré 1998) ) .
Just as known | I@ga@%i ei naceous targets stabilize their structures
under i sother con %o‘%&e%tqyﬂg (5 own | gands stabilize their cognate
RNA nol ecul es wunder simlar conditions. Simlarly, as for protein targets,
a large collection of conpounds can be tested in high throughput screening

to determ ne whether any mght bind to, and stabilize, these nucleic acid
structures -32 9 July 2004
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WO 01/ 46693 PCT/ US00/ 42677 under isothernmal denaturation conditions. These

conpounds can be tested singly or as conbinations of several conmpounds. In
addition to nonitoring isothermal denaturation with these fluorescent

dyes, one skilled in the art could also nonitor these changes using W
hyperchrom city or capillary 5 electrophoresis. It will be clear that the

i nvention nmay be practiced otherwise than as particularly described in the
foregoi ng description and exanpl es. Numerous nodifications and variations
of the present invention are possible in light of the 10 above teachi ngs
and, therefore, are wwthin the scope of the invention. The entire

di scl osure ofClaims publ i cations, patents, and patent applications cited

herein are herebys Wi}%qhRa L@gcr_eéniﬁgﬁl%ﬁﬁaq&«id&tgying 2489 8ofh8idtBthat - A high

t hroughput scgr.eeni ng net hod far |ctﬁn ifying ate conpound“that binds to
a target spe fog@ %‘gﬂtegPﬁ‘Bﬁs’glﬁﬁ? ¢ FgPIHR&bat i ng a plurality of test

m xt ures underI i sahdubating a griditybf fegt mﬁm&%@h@i&fisot}eﬁﬁﬂ defathirifig ¥éridittons,
conprising at_l.east. qne test .co und, and at | east qne.target _species,
Wherei n the. et RS mEREs SRRbTSRRBCEER and RS SmpeiRTpl OF 198 8 vraiile

| east a por tspesiesphetein thaispdhcrmpldanatiring coaditions e eifecivatasansabt leastat ent ;
detecting a RS Bk d L 1:£5. 1 n the presence of
t he at Ieasg)%one tfggét:_ o e?f%%&?lééf&g% ﬂ%%%%?%ﬁ%m?ﬂggggﬁéturati on signal of
each target speci é$techng pdenptuatioredigul of eachtargst spepies indbe presenss@hthodtt h a
denat ur at i on 1edsgond te@fcobdpous@mmdt ar get species in the absence of the at

| east one test co%ound u daﬂ3 the _sanme i.sqt hermal denaturjn conditions.
2. The method of GPHPAAME eEPRRHrafiAg gaplpleadhatiel s I BIyweRt He or
pol ynucl eot i deast Gne Eteompbimdtiwih ackaitnrafoniignali of thdsantestarget spepiesiethei s a
protein. 4. TaeELPAA aPleat! bk st IS Bt QROHBR B A%enaRES] f i cal 1y

to the

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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target species. 5. The nethod of claiml wherein the conpound b| r¥ to the

target species through coval ent, hydrophobic, ionic, or hydrogen bondi ng
interactions. 6. The nmethod of claim 1 wherein detecti ng the denaturation
signal conprises detecting a fluorescence signal, a change in W
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-nobility on
a support material. -34 9 July 2004 7. The nethod of claim6 wherein
detecting the denaturation signal conprises detecting a fluorescence
signal. 8. The nethod of claim1 wherein the isothermal denaturation

condi tions cbnpr i methedpislaimé whergimdeteaingrthedrpgturtdp@ signabeanprissss t han
the Tm val ue : jes as determined by differential scanning
calorinetry. %.Eecill gaﬂhta{]eg%%?agﬁgl m 8 wherein the isothermal denaturation
conditions conprise a tenperature equal to or up to about 10C | ess than
the T,' value.of t1e rh@th@ebfdﬂﬁpl Ghein ﬁx@ﬁﬁﬁﬁnﬁ@ﬂdéﬁuﬁtédoﬁro@ﬁaﬂnahs Scannl ng
calorinmetry. 10. The neth aml (tg(g Fatl

eaat one { o<PHIRERS SRS Jouslep bARow dPe o RuRe

reporter nol etengle&speuadwdat&'nnjmirbyadlffdmnaalwcmgngzmmmetqns. 11. The rret hod
of claim1 wherein the concentrations of the test conpound and the
reporter nolecule are of comparable magnitude. 12. The npethod of claim1l
wher ei n the dbncenkheanetberd of cleined wastein bapwihrampkdenpiyragion|copditions 10- f ol d

excess rel at'cﬁb&p&ﬁeh?@nﬁe‘?ﬁtﬁﬁ@qﬁﬁﬁth%uﬁio iﬁ?ﬁtl@’@l@éstﬁﬂ?ﬂﬂe%val& The net hod
of claim 10 ein the reporter . Wfﬁ# is.afl uore?cent reporter

mol ecul e. farget PREGIC A El,‘l"tﬁlini‘ﬁ]i fereptiad SEATNgRIGHIS TN ¢ i ncl udes one

target speC| es. 15. The nethod of claiml wherein each test mxture
includes at ll?f‘St TS of (ﬁngPPHﬂ'ﬂl%f cérﬁgrising incubating at least one test

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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9 July 2004 16. The nethod of claim 15 wherein each test m xture includes

two to ten test conpounds. 17. A high throughput screening nethod for
identifying a test conpound that binds to a protein, the nethod
conprising: incubating a plurality of test m xtures under isothernal
denaturing conditions, each test m xture conprising at |east one test
conpound, at |east one reporter nolecule, and at | east one protein,
wherein the isothermal denaturing conditions are effective to cause at

| east a portion of the target species to denature to a neasurable extent;
detecting a denaturation signal of each protein in the presence of the at

| east one td$t cohsausibod efdaisphpwhenin qable tagomattuncandlades$ivgtaiendést each
protein in thgoasgnce of at | east one test conpound with a denaturation
signal of the same protein in the absence of the at |east one test
conpound under the sane isothermal denaturing conditions. 18. The nethod of
claim 17 wherigin tAaighepouggiut sertatng Methdddof ide@ifomgartst coRpiddhatol ecul e.
19. The net h%(il%cg;ft claim1 vvherﬁi each.test mxture includes one target
speci es. 20. REPRAE o e e CORPISNE ) each test nixture includes at

| east two test conpbatmisa pRitalithAohfegimixturesgijenisotherraniengusyg tamnditicons,

i dentifying olnaale) : J t i system
conpri si ng: arrcigg}ﬁ%&flgr I n(%ﬁ%gibgﬁ% a%glg%‘éi?grﬁ%ﬁgtt %ﬂﬁ g’sat‘t %%lgﬁ_lﬁffg%&%gder

i sothermal  deolasule.iang atlsadions preseincxagieindby ispthamal devaiviing edndifions ateeast
one test corggRYiib todBtkedlt 1daSBSforBBEof Rk eRbet SPEGEAS dediilcd A ridaSurksiet her mal
denat uri ng Copdiitl ons are effective to cause at |east a portion of the
target speci &% denature to a neasurable extent; -36 9 July 2004 means
for detecting a dektrtingt dartsagoradigedl of eath pratemedh tispgesedse oftht Atleast

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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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 conmpound with a denaturation signal of the sane target species in the
absence of the at | east one test conpound under the sane isothernal
denaturing conditions. 22. The systemof claim 21 wherein the target
species is a polypeptide or polynucleotide. 23. The system of claim 22
wherein the target species is a protein. 24. The system of claim 21 wherein
t he conpound binds specifically to the target species. 25. The system of
claim 21 wherein the conpound binds to the target species through

coval ent, hydrophobi c, menk or dstectingir depatrbidonisigepl iof panhdergebmpscie?Bl thihe
system of claim 2 rmﬁggﬁt%gﬁgltggcgﬁ of@PRi4ir ation signal conprises
detecting a fluoréscence signal, a change inh UV absorbance, a change in
nolar ellipticity, a spectral shlft in an infra-red spectrum a spectral
shift in an NVR spect rmmwroan@aﬂﬂgmeldanmﬁnbnbﬁgnarbf%aau@fgaL-pemt;efil al .

27. The system of ¢l ai rein detectin aturation s

conprises detectit %prgsq‘nlcﬁ8¥\n§83€'ﬁgrée thcr?g}pc’ﬂ?‘%wmi*ﬁ cqert WS@@#% 21
wher ei n t he i sot hesameltardeirspeciesnitbnabsenst diitions leasbonpr teseompbenpendet thee
equal to or about . Tom value of the target
speci es as determ @%@%@g@;&ﬁ?ﬁ%&gﬁ% ng calorinetry. -37. 9 July
2004 29. The system of cI aim 28 wherein the isothermal denaturation

condi tions compri®e s§stb@Rlh W1 avIRAsiA khd targef spéBick & ARAYbeptidéol €SS than
the T,,, value,of h target speci es as determ ned by dlffperentl al

scanni ng cal GORHEE 0. The systemof claim 21 further conprising

i ncubating at | east one test conpound, at |east one target species, and at
| east one repprter I nditions. 31.
The system o%cl alTHE%%&g O?C%ﬂg??éﬂlﬁ:%%%gﬁ @et%)ngi%%?ydtﬁgte%st conpound and
the reporter nol ecule are of conparabl e nagnitude.

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.

-37-



9 July 2004

32. The system of claim 31 wherein the concentration of the test conpound
Is in at Jleast 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 claim21 wherein each
test m xture includes one target species. 35. The systemof claim 21
wherein each test mxture includes at | east two test conpounds. 36. The
system of claim 35 wherein each test mixture includes two to ten test
conpounds.

29.  The system of 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.

-38-



