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13 DEC 2006 WO 20041011898 PCTI US2063/ 020103 FLOW
- METHOD AND APPARATUS FOR SCREENI NG CHEM CALS USI NG
M CRO X- RAY FLUORESCENCE STATEMENT REGARDI NG.FESHFEG 2006

- WORM@MIS8 Thi's i nvention was nmade with goverPEEH$2603/020103

support under Contract No. W .7405-ENG 36 awarded by
the U S. Departnent of Energy. The governnent has’
‘certain rights in the invehtion. FIELD OF THE

DI e

potential phar maceuti cal chem cal and a target binder
usi ng m ceTATEMENTIRICARDENG FERPRAL FASHIY -

"~ BACKGROUND OF THE | NVENTI ON Phar maceutical chem cal s
ar Ehig kweptien was imaflecwiti government sippastiendes Santact Mg, W-

,74'051@ CPapHlARIdY by B0 BYebhinkt dMEnday grr;ﬁgl\;;ogéﬂﬁg?ﬁq%s

ftTM an brexT

_certanmglﬂtsmmﬁmlwemqmal properties are linked to their -

ability to bi ndFﬂﬂlﬁ'&ﬁ:TﬁEWﬁVE&ﬁPf\\e of one or nore
narng

proteins. The bi properti es protein largely
d e'ﬁmﬂeemmhmrmopcremb:sgﬂrfemw ta rdemntmgl lﬂndmg ederes antl
Lde c

morg. eI 5 4RO ghio ol g i g Fstis et p potential

pharfRide@iibial cREmicaRahd@Bdaigebbingsr Wdag hisro-x-PigMuGREdcend889;
and H Lodish et at., "Mlecular Cell Biology", 4th .

SPecigseoR¥n, . W H. Freeman and Conpany, 2000). These
ani no aci d r?A@ﬁ@RC‘?@N f@ﬁwmwmatent bonds
ot P ec

with ions an ecul es tive binding . :

‘gdferaiacyutiosd chemsisaisarertos peliviedngretienisin drugr ske as the
nou PhodBEETPRISHNRELS, Aol CERbL, 7ol LAg b,
and & jdimlieved matﬂmgeplmrmawéumdl popeciatsareTinked tortheir ajnlitt_ato

. recise h the bindi ef f ctlve
bind B fi By Sieeior ndREmkEBISnR. TRRdRid Pl gr e
protch fdr@sty depahd ¥n dnegpabetifsarfact apting acidsesidoes elige
polypepﬂgg cﬂamf ?see %or example, Bruce Alberis et al., “Molecular Biology of
the Cell*, 2™ edltion, Gariand Publishing, Inc., New York, 1989; and H. Lodish et

al., “Molecular Cell Biology”, 4" edition, W. H. Freeman and Company, 2000).
“These amino acid residues can form weak noncovalent bonds with jons and other

molecules. Effective binding generally reguires the formation of many weak bonds

- at the “binding site” of the protein. The binding site is usually a cavity in the

protein formed by a specific arrangement of amino acids. There must be a precise

" fit with the binding site for effective binding to occur, The shapes of binding sites

ma)}Y differ greatly among different proteins, and even among different

. conformations of the same protéin. Even slightly different conformaﬁons of the

same protein may differ greatly in their binding abifities. For these reasons, it is
extremely difficuit to predict which chemicals will bind effecfively fo proteins.
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conformations of the same protein. Even slightly

different conformations of the sane protein may

differ greatly in their binding abilities. Farm @@@qmg
wo esmesys, it is 30 extrenely difficult to prerfusioois

chemcals wll bind effectively to proteins. ----

B R I 13 DEC 2006 WD 2004/011898

PCT/ 1JS2003/ 020103 2 Itzcan take rrany years to

identify an effectivye phar eytic chem cal

dbsan @'ied“ﬁ%tl%?fsttﬂéd%f@ ﬂngfﬁ%fé'é’ﬁ aHFa?%‘GPl %hﬁ“‘ca' The

desweolBEHdE‘.?é}ﬁﬁe' lS@l‘ltlﬂéQﬁ(’iﬂ 6ﬁhﬁ>0ﬂ§nﬁohé¥ﬁ’ﬁﬁ:ﬁﬁfﬁal ehahicaras & hat
he use of screening strategies for

CODSt@‘drﬂélgHﬁimﬂﬁ that aa§ eranptpd theopsesef siEeeniag slyatggiestfer cal | y
screer;nﬁ%; %blg%@rﬁﬁél%f%trdéﬂﬁ dr'bhé[rfe | nlg%%t&fm%té'r’a'lsbkﬁ{)}\)_gain :

g propertles Yo pro creeni ng
the artamer'dbrayy,| fov bindengeeberieado potteingi al phar maceut i cal

2R G phhds yBb &Rl BhBuE g PoE bk b

chemigbdvitintarget Hiiddrs ant alegemirtng didich, if2nyeolt thalpotential

h tical | b | ubl
phareguie) B BOathery o6 Hedaldst basere. PRRBTENe bi ood
phamﬁdcéaﬁeal cﬁafr@,@etls Bidlefetalfly HaBGOSIGBIE Yordiriid 68impalinds that

materials such as enzynmes, non-enzyne prot e| ns,

DNA,
can dizsplye inte il blogdistiegm. (Earget tpiﬂqi%’ﬁ@fe @ﬁna@éix biglagiealy i a,
mater%@st{x%e +bﬁé)m%%%rb }nle rofRNDNE I RNA tﬁf&r&@#;aﬁlg sS

and tent| rrracéutl cal chemcaFfs t
(e.g. priomd, vicussts, bactstia,carel mamb@)r, husiandwells spiant ¢elie] gnimal cells

candi es. furt [ ' ' : | cal
ot L 2 0 BB SN B o ST
bindef & likeb earriidates forduntredriwdstigativndefqdrarinadeuticat preperties
|| owi ng, tht patents. U. S. Patent 6,147,344 to D
(eg. i? %ﬁ%l%'cgy ‘al. entitled "Method for .ldentifying

CopmRWTdRe khown @B;%@hﬁ'l%' méthsiis Be desdiibel in ffelowing three
Novenber 14, 2000, descri be a nethod for

patentgut omati cal | y anal yzi ng mass spectrographic data from

NHXEUpSENPE, 1Wei4CR! D FOBRAHMIS et al. entitied “Method for

Identifying Compounds in a Chemical Mixture”, which issued November 14, 2000,

describe a method for automatically analyzing mass spectrographic data from

mixtures of chemical compounds.

U. S. Patent 6,344,334 to Jonathan A. Ellman et al. entitled
“Pharmacophore Recombination for the Identification. of Small Molecule Drug Lead
Compounds,” which issued February 5, 2002, describes a method for identifying a
drug lead compound that inhibits binding of target biological molecules by
contacting these target biological molecules with a library of cross-linked, target,

| b:ndlng fragments.

U. S. Patent 6,395,168 to Ole Hindsgaul et al. entitled “Apparatus for
Screening Compound Libraries,” which issued May 28, 2002, describes an
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U S. Patent 6,344,334 to Jonathan A. Ellman et al.
entitled "Pharmacophore Reconbination for the
Identification. of Small Mbdlecule Drug Lead 943 DEC 2008
WO 0HpesAds, " which i ssued February 5, 2002, PCBEES2003028108
met hod for identifying a 2s drug | ead conpound that
i nhibits binding of target biol ogical nolecul es by
cont acting these target ol ogical nolecules with a
of cr nked, target bi ndi fragments.
apparqjus §1at PH’!@?MS fgo chg@afqgr@lgr qqmlagggwtﬂgpa%g spectrometry

fo lderﬁﬂ‘%hﬁd ek’ rﬁs%eas &% I"t% tﬁsf erﬁa itdg téi?@?
Li'brari es, |ssue 8, descrlbes an

-Screening methods sometmesgemg{gngg@d meteripimbecausgdhe

analo{’qﬁg %&%ﬂapﬁ%ggﬁbﬁh%gﬁ@ @W%BSI% %"Ssmg“fﬂe QN3 tyix&éi 'i%éﬂmque

chosen denthé Sgresnihg raathode rﬁaggmgoﬁawﬂvblveaatgachimgta labaﬁdt 0 a

chemip 8 piHlor B Ridhica SRkt 8P4 B o R Bt TR Togiing taos

is fluorssterdesdctivateal dedirsariirg. nAn exaraplel of this inmgthod invelvebyt i cal

prepaiii A Figipn o SPISTA o DacleRReRans abitTestenb i (STe of e

antiboBie8 HirftPio- soffie BFMeIells 0D R &ItRESItAE cBI fmd psslcw ENLe
is fluorescence activated cell sort

beam engﬁmeéecéer EHrk aﬁé‘t lHEB%lelﬁWiﬁlb@sﬂu%ﬁ‘WPﬁ’&t%ﬂ%fbl Gelon
|
o o8 S i XS SOER P ] ABEERSTnd v

deﬂecmd natota uﬂlectdfésem |fmse>farmie p%mce Albertsest al.o "MelgoulanBickogy

of the GEIE BRSO RIHIShRY, Pl Motk Fork, Boa0. B8 B0

Boie lgdnemly kestragd mbtam aﬁax:hrmt cﬁacfltmresoehmg only serves
def|l.ected into.a .cal. exampl e,
to maiig iniFip 4 oS pL e gy Yorgt Pifbletand dbeS gt

alter tl@'l!nhdhﬁ? r&*ﬁéd@@ df tﬂeb.lrﬂédyeﬂ%nald‘g? Smb@‘ﬁf i/ el kndRA that
g enera gﬁé assunmed that the

even smeﬁiapéﬁﬁsﬁs t%?heastchéws ashemice) op largethinderdnay affed its

[ d/ or
i, 1R Rr e 158 Mty O, Ty SRR AR o

SfrUC’it{SaﬂYpiéﬁerleBtfr@m thaie untagggd sauriemasty, asi Hase struciiraiel |
d:ffereh&%%tﬁcf‘ﬁffect their binding properties.

An efficient method for screening potential pharmaceutical chemicals for
binding to target binders remains highly desirable.

Therefore, an object of the present invention is to provide an efficient
method of evaluating the binding properties of potential pharmaceutical chemicals.

Another object of the present invention is an efficient method for screening
binding events between potential pharmaceutical chemicais and target binders.

Yet another object of the present invention is a screening method that
detects binding events between target binders and potential pharmaceutical
chemicals that contain at least one afom with an atomic number of nine or higher.




even small changes to the structure of a chem cal or
target binder may affect its function, this

assunption may not be a valid one. Tagged surrogates
are structurally different fromtheir untaggeg
counterparts, and these structural 20 differen QQECQWB
could affect their binding groperties. An efficient

nmet hod for screening potential pharnaceutica

chemcals for binding to target binders remains

hi glAbyfiticles bbﬁbﬂs&adv’ﬁh&fgeﬁ ane nowad fexlvjires bf Bk iﬂi\hﬁtl@f afieR set

fortn in e ille PR B W R UG pr DGR PO pesBecaagit to hose

skilled uphmrammmtexeaimanbam thelfsl!ownitﬁoﬂnay be teaﬁ’ﬂqdemyt prafticelve the

e nvent i on ef.fici.ent r een
inventiofy i fhie S a0 BRiREa & BB aIRAIER MW B Roiasd o mtaned BY
means mhmﬁnsahmeatahhebahge;bmbiﬁademspanuétﬁrlyqrmth@ puidhjtecéppehded
the present invention is a screening nethod that
detects binding events between target binders and
potenti al phar maceBUMBIARYCOETHEINYBENTADONCONt ai n - at
| east one atomwi th an atom c nunber of nine or -
higher. - ------cmmomn cn o o e ----

- - In &ccOEEn20 0éh the ashj@hts ancm ahrpob¢se@fttlse prgyatithagticn, md
es. of, . the inventi

embodi G brk Sk d LR npH AR RN PeURE P eifod or
screening h'u)hm‘emﬁehaplpailsédiﬁbu}i?ng fmebeass knd {=egbtibindeha hagt]eth@@n
t 0 ear ne
includes3 8T RkA g st BinisRie Stenhiddls Bptorpfiung A MRSl ages
chemicaid witihet Ieas;tembltargermyddweTmee@:blmtmds ﬂm—sﬁ%érate?eﬁtomj{ least two
cO n ] ON

‘separatEATRGogla 5t BFrT B B T4 oS HEA A SO AR e gsed o an
x-ray exSitdvARYa - THdmckHddENED iGbluties dmectrr@aameramfmbretsb@t signal

. bj t
emitied SRSt A B b e oo TP Brherd RelepRa g
flow-sepanated toraponent hades the crmdme k-oay ﬂmese;em gighal Thexitexiy of
, f . ¢h I bi nd t t t t
v o, GRS e i B b B ceBARbAES o1 o on of
m xture of chemi cals by conbining a m xture of
che

cor Orraipld b afbect SRS BN R Ton  BEECS priited a metnod

for screening potential pharmaceutical chemicals for binding to at least one target binder,

claims.

comprising the steps of:

(a) preparing a solution of at least one chemical and at least one

target binder;

(b) flow separating the solution into at least two separated
componenis;
(c) exposing at least one of the flow-separated components to a

polychromatic x-ray excitation beam;
(d) detecting an x-ray fluorescent signal emitted from the at least one
exposed, flow-separated component; and

(e) isolating any flow-separated component. .



separated conponents. At |east one of the
fl ow separated conponents is exposed to an x-ray
excitation beam The nethod al so i ncludes detecting an
x-ray fluorescent signal enmtted fromat le
exposed, flow separated conponent and i sol at ﬁﬁ%nﬁﬁguaa
fl ow separat ed conponent hav#Ag the detectable x-ray
fluorescent signal. The identity of the isolated,
fl ow separated conponent can then be determ ned.
According to an aspect of the present invention, there
i s provilidgdo an artthetkspeolrof dior preaemignysotiem thexk is provided a
pharmaceutical chem cals for binding to at |east one
method ferrrgeasuling ther hindingofor clxinigattid et lsagpae ddrgel Eipdeyr eqraprisitg
a solution of at |east one chem cal and at | east one
the stepsaf few sbparding a ¢d)tidr g Sepacabnt gt iehs apeltargeblrindertinto at
at | east two separated conponents; (c) exposing at
least twb gaparaisdeouiponéns farovnsaspiaing thedk-yriiporesnersetad ahleast one of
pol ychromatic x-ray excitation beam (d) detecting an
the flowssepanatdd copnpenepistusiiggmag xciationtbeadnt, trenexchatict bdasakavimna
exposed, flow separated conmponent; and (e) isolating
greater pingto Ronatsaesgies eeatss thaoradout 14 KeV than-at-energies-betwesn 9
-------------- 13 DEC 2006 4A According to an
KeV anchitble®¥r aspect of the present invention, there is
provided a nmethod for measuring the binding of a
chem cal to at |east one target binder, conprising
the steps of flow separating a solution of a chemn cal
Acngrding foenyat aonthet asppet ofdhe deasentinendion, thersss ptongled a
separated conponents; and nmeasuring the x-ray
method féruneassidegthe inding of adwimical do of leastlvae farget egsar cinegtising
conmponents using an excitation beam the excitation
the stepsohfiow aepargting a golelianesf apthemical Bhdrt leestenetgipesbigieatteat
t han about 14 KeV than at energies between 9 KeV and
least twa separated Somppagmig and reasatingthethesy flagrescencefof ehigast one of
present invention, there is provided a
the flow-separated components using an excitation beam; the excitation beam being

focused using a polycapillary focusing optic.

According to a further aspect of the present invention, there is provided a
method for measuring the binding of a chemical to at least one target binder, comprising
the steps of flow separating a solution of a chemical and at least one target binder into at
least two separated components; and measuring the x-ray fluorescence of at least one of
the flow-separated components using an excitation beam; the excitation beam having at

least two photon flux maxima peaks at energies greater than 11 KeV.

According to a siili further aspect of the present invention, there is provided an
apparatus for screening potential pharmaceutical chemicals for binding to at least one

target binder, comprising in combination:




met hod for neasuring the binding of a chemcal to at
| east one target binder, conprising the steps of flow
separating a solution of a chem cal and at | east one
target binder into at |east two separated c N s
-and nmeasuring the x-ray fluorescence of at IggggﬂghgﬁB
of the flow separated coaBponents using an excitation
beam the excitation beam being focused using a
pol yeaypi | | @fiyw kegataion thr @pbaratingd @I hid 4t It ter
aspect of the present invention, there is provided a
net hod f or sepzdsed cogpddemtd)i nding of a chemcal to at
| east one target binder, conprising the steps of flow
sepafigt i Ngadx-$8) exlcitabnfoutcedbesipdaing & ast onetd ShidoTey-
target binder into at |east two separated conponents;
and neasur separdtee compaenentd er gegerseatRfx-aly dxeiggion @aem;
of the fl ow separated conponents using an excitation
beamc)t he &xgriaddtefiotroptatbetingrioh atay fluersterit\wynahéerhdad
flux maxi ma peaks at energies greater than 11 KeV.
Accor di ng fréma fRin-ddpafdied benpaspeaindof the present
invention, there is provided an apparatus for
screedi ng paivendr fal dipdrandragie chogel floeheipacads® cdponent
binding to at | east one target binder, conprising in
~ conbi nat i offiom 1%k RGIMAPMixtdB. (a) a fl ow separator for
separating said solution into at |east two separated
conmponents; (b) an x-ray excitation source for

Hx«.apmsérﬂ@n@nsd iBelGdesdtEaparatad fbr btrewvning epaikaieer potential
hromatic x-ra x$|+at|on beam

pharmag @A heITca BEPBANEI0 FORS e SPa s e gpparatie |

included 4 voMtaBeEidt coitginml Ldvlition df afnlin]glmeﬁbffdhéfﬁﬁ@%pﬂ’fdai_tgébst one

ent verter for verting sal ,
target bEb dHo PPBRE L AR OO SrReTelet e psaig Be deigor
into at |édsK twir Separdted bmigmelnm Tak ﬁﬁparﬁiﬂslﬂ&&ﬁn&ﬁdm—&imcﬁﬂbn

creenin xtu ot ent euti cal
source BF EfBRS o Bl ihg 16 e s BHECTa 8t Xsrhagtaton
beam. TTi&eap@Ewsaélstsmcluaéi sl gsapdeectbefon aetetinng eﬂﬂﬂta’:}d fllioFeg cant
f a nmx e of chem cals east one

. L
signal e Lo g e HARe LSS e e S EEeT e AYAEESE Tosth
flow-se[septad 2bopohatt, Seipnc@itaing fohieolatgihe @Rosen, flow-separated

component.
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into at | east two separated conponents. The appar at us
al so includes an x-ray excitation source for exposing
at |east one of the flow separated conponent sy Nonos
WO 2o08/8pMs®xCi tati on beam The apparatus al sopih ﬁj‘) 820903
x-ray detector for detecting an x-ray fl uorescent
signal emtted froma fl ow separated conponent, a
diverter for diverting a ghosen flow separated
conponent, _and a container for isolating the chosen,

fl ow— separBRIEF DESRRIREIN ORTHEDRAPENGED 2004/ 011898
"Fé HEE3 A By DR SRRV BILARY arl on MR

the qu:{flcatmim !&qumte thefemipdrimept(s) ¢f thapirasent mvleutubrl an@, t he

oot 55k, e 308 570 A i

thedrawmgse |nvent| on In 5 the drawings: Figure 1 shows a

B! sRais acveioa Besast o Hghtasa i abe bveption

enmggfb PRAbwEfa StherBe ?écfﬁbﬂéntﬁf‘orﬁ Ban BNBBHINHt oA
gure 3 shows an enbodi nent of a separator/sorter
aPPafﬁh&Ofé'aﬁ"B@ntj%@%th to the invention. DETAILED
|
6T SThONS G TSR ORIl 5t BBl it
the lnwﬁwns bet ween potential pharnaceutical chem cals and
target Dbj f j i.fying a
m xture Qﬁ%‘é‘?%%ﬁ%c'gﬁﬁfﬁg’c@ﬁ%m‘ﬁ@ﬂ@| s by 15
asideflyg tlﬁ plesast invartioh arli@@cﬂesba Aetliod ﬂ)l‘lidtﬁ]tlmlﬁ@ U'hamg
ne for _any baund conpl ex

al | ffi
events,be e Fﬁ%ﬂ*@? pﬁ%@‘%%{u cbﬁﬂwé? A Lrpethindemediheal s

metho@lﬁﬁvoiﬁ@y nﬁi‘dﬁ?nhg a aikaee obbafé‘ﬁhﬁl [Srﬁarﬁﬁb&htldai cﬁélﬁi&a% by -
| ex can for the resulting solution

adding ghianat e 1199 BRI 8t TS0 Ao OmaETFins fpis B

any bélﬁ?%ﬁﬁf@g HefMEkn 2 &Vthg Eﬁiérﬁ'él %rﬁ%@%n&aﬁ ch&ficBiPaRed

onmponent emts a detectable x-ra
any of the target binders fo form, if such a complex can form the resulting solution

is flow separated into at least two components. Each component is exposed to an
x-ray excitation beam. If the exposed component emits a detectable x-ray
flucrescence signal, that component is isolated. The identity of any isolated
component can be determined using one or more standard analytical techniques,
such as gas chromatography, liquid chromatography, mass spectrometry, nuclear
magnetic resonance spectroscopy, infrared spectroscopy, ulfraviolet spectroscopy,
visible spectroscopy, elemental analysis, cell culturing, immunoassaying, and the .
like.

The method of the invention uses x-ray fluorescence as a probe to detect
binding events. X-ray fluorescence is a powerful technique that has been used to
determine the chemical elements that are present in a chemical sample, and to
determine the quantity of those elements in the sample. The undériying physical
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20 fluorescence signal, that conponent is isolated.

The identity of any isolated conponent can be

determ ned using one or nore standard anal ytiTaIDEC 2006
WO tmebtmsgues, such as gas chromat ography, | egwios2003/020103

chr omat ogr aphy, nmass spectronetry, nuclear magnetic

resonance spectroscopy, infrared spectroscopy,

uItraV|oIet spectroscopy, 6 Visible spectroscopy,

anal ysis, cell culturin I Mmunoassayi n
Hu

princigle Pl ihe mefasd fsyiaat weh b eigroLR Pariculan Gl lipdisted

with xXraS/&.’dd I'Eahéh@ rtRE ‘é&i?ﬁ BjeRfs & cBFOR8etidh SRHes a KRiHa! 'é&tron
events. X-ray fluorescence is a bowertul techn gu

The regidinhalonpisdh ap sxeitachstates piae i gan rteh@n dnthe wrauné IStﬁie s
replaéaﬁ@fh@éj@ct@ﬂee?@c‘%n'\ﬂt@aﬁE%@rﬁ@irgﬁﬁ?‘ﬂ r@ﬁ{ éﬁé’rg& Qrbital. This is

erm'ne the quantity o
accorgpanieé@ by tlmaemmm gfianphqiby diec atra@ fIGoPEGIRES endm photon

enera 17 Radn8 s detarce 1 st igp ol bl tatde 1

~ elemdnt had iaatiegiactedistic set vhyrbitalérairgies antiikerafope) 2 kA stetistic

e electron,such as a K shell electron. The

x—rayﬁgé UEPEFNS SREGHIMS in an excited state, and it can
r ﬁlhhy ﬁob@[a? Pﬁaﬂié@éﬂﬁceﬂ tc,\ﬂbﬁué%ﬂs sﬁ@lﬁ’ b@@rﬁtﬁsebm 19pifsred

an el ectron rom a %Leer ener

Zocorgh SRR oR . SreLou B oo the drset tucsines

~ chloriRlCdribr dulffr. XrhPHubbUOLRRGE ACFeciarLilE B RiBing

ylseua ere e energile
potentlai@hamaeeldwi dresnicaladiecauseiean brased e Healest aed qeanmfy

R e ——

numbploqm’uhiae ophighernceut | cal chem cal s, such as PrilosecTM

e ivegin 286 iw%%%@ﬁ%ﬁ@ﬁ}%qrwﬁig XGRS OF i ne.

| potenBdlpharmakiitical cﬁénﬁlﬁéﬂsffdartlﬂﬁﬁﬁg@@ﬁﬁlehﬁt @RPeedatibintdeyUmhed

for det ctin ot nt| aI har maceuti cal chem cal s
§ 3 GRNaeT fRY

appafﬁ‘é@dﬁ% aetae%tlutwfauamweyf chewigals
and aﬂlegme%ﬁargét%mdér ggRE ra%bareﬁ@s Q@b wu&é@a ﬂﬁlﬁ%hér&é\t%r
el enent w an atonic nunber ni ne or

separating thevalittiorintalad decashbve le@aratedaqmmcmeabs fTﬁe sppareiisng
also bl 4 £-rQf excitation source for exposing at least one of the flow-

separated components {o an x-ray excitation beam. The apparatus also includes
an x-ray detector for detecting an x-ray fluorescent signal emitted from a flow-
separated component, a diverter for diverting a chosen flow-separated component,
and a container for isolating the chosen, flow-separated component.

An x-ray fluorescence spectrometer includes an x-ray excitation source and
an x-ray detector. lt is capable of irradiating a sample with an x-ray beam,
detecting the x-ray flucrescence from the sample, and using the x-ray
fluorescence to determine which elements are present in the sample and providing
the quantity of these elements. The x-ray fluorescence spectrometer used fo
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potenti al pharmaceutical chemcals for binding to at

| east one target binder. The apparatus includes a

container for containing a solution of a m xyurerEhHE
woekaiiisgd s and at | east one target binder. pElrais2003/020103

apparatus also includes a fl ow separator for

separating the solution into at | east tw separated

corrponents The appar at us 720 al so incl udes an x ray

gﬁia@ urce f.or exposi nﬂ at | east _ogne_of
demqrs 5 venan Yas s reRIe Ty Avallable, ERAK Fadle PL
enerdiedispersive xaRRABFdeTeAtS Spdhohtiles eqaip éd'mﬂ‘i éjﬁﬁ&gfo%[ls X-

for detecting an x-ray fl uorescent SI naI emtt rom
ray tube; fithiim gefied sifieen sdlidwaterdeteciorpiagesaingralectuinias; andg

vend&QmsaoPg,%y}f,?%gﬁ@ ed conponent, and a contai ner

i'solatin osen, flow separated conponent. 25
Afhg usgyf Copi ryssd@rtwhsmd:s witlhretray flicrebcete® Isas beamy

desofE i 5! EVRRYSEH, U EleABat Rl PeRebs n ChpiEaam

Electmerﬂsmgsmg X-Ray iElw ﬂf?ﬁ‘ee &:@c&o%c{eo?g’ tﬁiﬁéﬁ%ﬁ?@ﬁemﬁ@
vol. 74, BRSFECSE, Lok, iHERomRET Gulrlrtrin Aoy MANREt alhe
reporﬂw@rﬁrebéiraﬂén bh@&ﬂxt@k@ﬂ%ﬂéaﬂoﬁ%nﬁﬁé@é cff' cm* Rgéﬁz'ﬁféxane

ctroneter used to ------ ------

diamiph Gy aorg0 BORL USu b ERbseRaation léfié'ﬁﬁ) ﬁ@lPlH%ﬂye t he
electrbEHSr‘@a%lso W‘H@?%ptapﬁe& QBRI 'u!reﬁa QUL S SnEA S -

energy dispersive x-ray fluorescence
genemmmreman@qm kpéd-ray bham. mi cr of ocus x- ray tube,

|
T OB of B ani fuity Bt GiderbiEbE BTG or ot ng
accompamwm ﬁgures TBenilsseor ddentiapi dthumture ¢4 idehtiftqahasing identitah
callodfy." Bifure 1 ShERE AiTed R errt e TRaRL for Y Bignionr y
Accorgﬁrg:ttbrthe hﬂféﬁﬁdgns ﬁmt@l thiﬁmghcﬁhﬂ@it] %ﬁ@lﬂﬁ%ﬁl fror? reservoir 12
ct r,0SCO al ytica em str VO
are corhbipe S% aﬁir%%@pe targebbipderren twet @ﬂé%&%@r\m& tp. form
a sold¥RRNn edsePloir 16, ePQ{ehtléi%a‘%ﬁE&Jtﬁtal erbak Jsey ngheth%f

chel ati on conpl exes of cycl ohexane 1o di am ne
inventien akpalypically weleapolyhte @’IBE'G efmicals paddaverat deastgne

elem&Mith! & dtomic number of nine or greater. Preferably, they include at least
one element selected from fluorine, chlorine, bromine, iodine, sulfur, phosphorus,
selenium, lanthanum, cerium, praseodymium, neodymium, samarium, europium,
gadolinium, terbium, dysprosium, holmium, erb:um thulium, ytterbium, lutetium,
antimony, bismuth, and arsenic. Target binders that can be used with the
invention include enzymes, non-enzyme proteins, DNA, RNA, plant cells, animal
cells, human cells, and microorganisms (e.g. comprise prions, viruses, bacieria)
and the like,

The solution of the mixture of potential pharmaceutical chemicals and target
binder(s) enters flow separator 18, which uses a mobile phase to flow separate the
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* solutip b LEPSLING GTRPEIRRS

el ectrophoresis. The separated conpl exes were detected

usi ng a synchrotron- generated nonochromatic, 10 keV

X-ray beam The practice of the invention can.,@q_-lEC 008
wo Raou/ohess under stood with the acconpanyl ng i;cwgmgmgmg

Simlar or identical structure is identified using

identical 15 callouts. Figure 1 shows a typical

process fl ow di agram for ghe invention. According to

i nventjon, potenti al E@har maceutical chemicals from

WiaPRTaiprs bakeanhe used with the
lnven’ﬁbrﬁ‘ fRude’ B él@rrﬁﬂanﬁbﬂ‘?@rcehﬁﬁ Fil %ﬁrtér% bprm a

solution in reservoir 16 Pot e rmaceutl cal
chromatesgiaphs ée.gskaiidichiomategraphy emh @mh@mariqmmace fiquielt er

crorg s AR AT o o S8l

separhtars egah bitration lehyomatohuaghhs pgel Ipeanéat;mnehrehmtmgmphs and the

. ect.ed .fraomfl uor.i ne hl or,i bron ne, iodine,

ike). FipRiRe. 5 SHhaAR S SSaplAnltieSfonndrenh Arpaefiruby. @ long

thin tubeawigiod o b pmew@ BiMaq8edly buffar seUiteR) dlde the tube,
um  hol mum erbium

ol.inium . ter
and a?'tﬁ(i‘?‘ft%i)oﬂ‘?m@r%r‘&ﬁﬁ PE%/"&% Gﬁ%he t4b@i nony, bismuth, and
arseni c.. Target binders that can be used with the 25
i ARhE nyture, g?%@’f‘f‘éﬁﬂﬂ%ﬂpq{@ﬁ tse HB)rATeXEOEeth 0 X-TRYS;

After Ry ertitdfibn %Shllc% 202 PrTBlablyC Hoviurk ATgBt £-74 ﬁrbeaagllvers an

m Cr oor gani sns . conprise prions, vir
x-ray baamneds ta)a S%nﬁtateﬁecqmnwentmteats:@mmnent mﬁytdnmam natierait an

ry BB ) DK R RS g oSy Bk 8 o 2
X-ray weks dters bt smnt e lﬁ&&dmi@kfeﬂ@n%@tbh&ndi&d@_&ﬂtm@ﬁot livtited to,
NV TR
compuhéit dofbe not Bnﬁlnafnl oray T@rﬁ@t&ncb gignal, tht@onhpc:?e‘ne% difacted
tofirsf Slrlpr £y JHGE SPABTLOSUBHNTE oA G [ BErSHERCHINA Bt
detecld By REHHARESGenek et AR Y, ftid @wécﬁ@é&@%@écﬁ*ncﬁé&l@c@? 30.
capillary el ectrophoretic s separators, Itration

This ORRMEALEXpRGTETR INGhisdealdeas @n@mﬂat@gm@hgf patertialhe
phamllééé%ilcal @ﬁﬁ‘é&ﬂ‘%hb{’ta E?blﬁ&@tar at or is a capillary

ectrop oresi s separator, i.e. a long
While only a first collecior and a second co!lector are shown in Fig. 1, it

FL

should be understood that more collectors may be used, depending on the number
of separated components that are isolated from the mixture.

The separated component that emits a detectable x-ray fluorescence
signal, i.e. the component directed to second collector 30, may then be sent to
analyzer 32. Analyzers that can be used with the invention include, but are not
limited to, gas chromatographs, liguid chromatographs, mass spectrometers,
nuclear magnetic resonance spectrometers, infrared spectrometers, ultraviolet-
visible (UV-VIS) spectrometers, fluorimeters, combustion analyzers (for elemental
analysis), cell cultures, immunoassays, and the like. The choice of analyzer will
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thin tube with a nobile phase (e.g. an aqueous buffer
solution) inside the tube, and an electric potenti al
across the length of the tube. As the m xtureqspeg 2006
WO s@patriatses i nt o conponents, they are expose@ci@is¥oi/enss
lo After x-ray excitation source 20, preferably a
rhodi umtarget x-ray tube, delivers an x-ray beam 22
to a separated conponent, gthat conponent may or may

conlon oo oo S e vers

beingd@ifhgdear s that can be used with the invention include,

but are not limted to, lithiumdrifted silicon
dEigsEe 3rshowsi 3 sehamafici iew gbarembodiment afianscieades . | f

éppaFdﬁ% %Heqﬁfén%ncwm&%%m %cfb%hufd"&%o Iué :’{4gﬁcluq%s inlet

|'uorescence si gnal conpone
mObI'ﬁlnl"@Se c@sarvoir 86, @Blcmpfowd&s the postsie pimsp@ﬁa‘ot capiiidrg a

det t d
ers AN HIER NI i 36l Sk o
while cotitleaid44 8&sidesTii c&xtlebrmibbilﬁeﬁhaSeSre@én%ﬁt@ AferimédildPhase

b d mpl f t ent
38 i hepfatu A en TR CL A e PLPgetIalPhaEnacaucatshemicals
and a@l&a‘ﬁt ané 'tafrgét mbéﬁsﬁrﬂfodaeé’d fitS RIS b Rhatff £0. Inlet

shoul d be under st ood

end 4§d§ fheny f&%%ynt@én@i@\@cphaa@ pRSRIVOIG3Bn Pmr@etrtunpetenudf
betweePRAkERY 4 %Qiﬁaodlﬁléi &nd BaLf Qé r‘a?:‘? ) ﬁﬂlcwcﬁfneé B&: flow of

m Xt ur e. e separated conp
the mgbilepbags 38 and @j‘/ﬂfel mbiure dzfmwgh Sspgimc:br 40. . Biguretshows that

compS 02N A} P R

sourchﬁrdntdu:ﬁng mremexatatnon dleanhe22 bmepmratedabnipdmbh% twhich

ien P TP 24 L SO, 1 1855 o

detecBp o6t r’lmmllaééhon offaredraites ROBY TOBRIsBESce ﬁfkjhéﬁﬁg@i@t -
ers

Vi Si S) spectroneters, fluorine
d""ersé‘?ﬂl’ﬁt]%? 5én‘”5‘ﬁb he flgy Oéln&%'ﬁt%aseé"ﬁaﬁ%@}ifat%l I

5néﬁtwsq%dwfaﬁmaﬁ%ﬁ% aRdnbbife . of
o nal yzer Wil 1 3 DEC 20 Snblife PSR o6 a1 SEPGRd
compmvtﬂﬁé@mnm.@oecol@c@éﬁénd on the nature of the

potential pharmaceutical chem cals and/or binders
b'glpehgegﬁ{apglz pegviously described was achieved using an electric

potential, which provided an electric gradient across the length of capillary
separator 40. The separation can also be achieved by aprplying a pressure
gradient along the length of the tube. In this embodiment, the tube would include
a stationary phase; a sample injection inlet would be used to introduce the solution
into the tube, and a pump would provide the pressure gradient, as it does for high
performance liquid chromatography.

As Fig. 2 shows, component 48 is separated along a horizontal portion of
capillary separator 40. This particular configuration is likely not optimal for
separating complexes derived from using microorganism or cell target binders.
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Figure 2 shows a schematic view of an enbodi nent of a
screeni ng appar at us of the invention. As Fig. 2
shows, screening apparatus 34 includes inlet
“u)pma@ﬁgmeserv0|r 36, which provides the nobpbenﬁﬂ@§@g
for capillary separator 40. Inlet end 42 of separator
resides in inlet nobile phase reservoir 36, while
outlet end 44 resides in qytlet nobile phase reservoir
After nobile phase 38 fills separator 40, an

FOfﬂ&ﬁ‘véGﬁigeéblrﬁlem, R SAnaraiersasies thatsepprriesralong i vestcal portion
oLy 93k SR A5988 B,

“be used mlthzthesn\tenélnnr Ssiparséel/santeo SBwIanIbae yeedSor sepmeatin and

srin o VG iR o GAE oo g T,

: attachtdd proteinsobhlicleiphaiie, 36d thedilkef Sdlﬁrﬂbﬂé@ﬂ@ g6helLE8s

o TR TR T T

m:xtu@q(iaé BéP BepHatddGRioddniidneat 419 dnd ‘cbﬁﬁboﬁéﬁﬂ gt C@rﬂg@ﬁ@ﬁ?

at separated conmponent 48, whi hen em
481is kaaql hoen sybiestaddnoaay ibgﬁm 22zitomﬁatay @m@m%swce)ao )hasay

emittdd &9 5(‘?'?? ﬂﬂﬁl%scgﬁée%g 4, afﬁch TRe H5L&54 | bg '}-rgp ﬂﬂgregp‘éﬁé

X-Ta uor escence triggers
detecky 26vah1$1 trigjioeead 3 redponse m/\amﬁllednfblta@e pbiarce 626which applies

o vor 3Rl RMATEN A ol B, Ml o

emit a:dm‘.potabl& x-cwj flerterentd sighl, Ti@anﬁegamt b® applreﬁvtbwlbm

- complicigcny RIS Boitier Tt ferc bomebie Soisipina

detectabiefiﬁ-lﬁaylr ﬂ@wmsc@m@adgafa@ ra déliagEhfill BERPHAGE RdétREt al SO be
achi eved b PEQ)% g pressure gradient along the
Comp‘f"é‘?f&t %H@ dio pelleckar&8anhodi ment, the tube woul d
cl ud g%l onary phase; a sanple injection inlet
ega Jrayip¢lude adaser soume Anduasspsiafast deteplors

for peHHﬁﬁiﬂg%‘i‘N@nWﬂWH%&rﬁ% Aetiel '3@[1 EB&@@ W ehelypd! ent.

does ormance

descriohe Gyddrge Aghrs #al Fll‘é0|eQUi§thgy0ertb© Gefit, 22¥edition,
Garlal§ PRbRf Jh6NSied VKT F0R) BoBboqBg0! capil lary

separ I's par con Iguration is likely

L‘I?h qu’% llng%ut Al chesrﬁieérlé‘hbggecf %ﬁ%’%q%(@i %J%Céf‘éetgrgfet BifRder

m croorgantrsmor cell target DInhders. ---------

‘protein-for example a Iarge number of different potential pharmaceutical

chemicals can be screened according fo the invention for binding to that protein.
The invention can be used to distinguish which of the potential pharmaceutical
chemicals bind strongly to the protein from those that bind weakly or not at all.
The protein would be combined with about 10 to 10,000 potential pharmaceutical
chemicals, wherein each of the potential pharmaceutical chemicals includes at
least one element having an atomic number of nine or higher. Preferably, the
potential pharmaceutical chemicals include an element having an atomic number



i0

i3

20

25

1 3 DEC 2006 WO 2004/011898 PCT/ US2003/ 020103 10 For
these target binders, a separator/sorter that
separates along a vertical portion is preferfgchC 2008

wo Biogerses3 shows an enbodi nent of such a PCT/US2003/020103
separator/sorter that can be used with the invention.
Separator/sorter 56 can be used for separating and
sortl ng m xtures derived {fomcells, m croorganisns,

heres having 5 attached proteins or nucleic

of “*“&d?rdﬁg &f{hat i o fOH@d irsihecpEged Pinger taesingpiify the sewaning

meth®@r tical separator 58 through which separation occurs.
As Fig. 3 shows, the mxture has been separated into

c ‘THB‘?{E\%HUOF( %ogﬁ%ecﬁg&%egﬁ' eQQTE@ ARRNGHe wﬁéthe?ggf?eq' T

been sybjected to X-ray from x-ray excl
cobalt i (E@“D@ritier cyaneaabatenain bind m/themomsmemgmamy @na\lre

protefePpi83e GG 20hr s ef B DI SREGRE Lot Siaryls Win

DiversityuOrient2), Syrtihesis amxpsnﬁl Malewolletnﬂ&ﬁ)etrmﬁ " QRftles Vol 416,
conponent 60 does

48
o SRS Rh g TSP S By e BB o ot
be adt‘l@ti tt@ Qﬁem | Thé ﬁas@mﬁ:b a%fﬂlebgs @Sfu'ttgﬁ EvouﬁPl‘i@ﬁ&ﬁ '%bgﬁl%té"tf‘ d

flow.intao collector . However, 1f nponen
aCCOTéWQetﬁ]fh% inyentign %B%’pée&amw a capilagy/clecioopbiogesis |

separéflrl 30y ndleRRrBAbeRied Pirdre2f s nd%fggpafb‘%m 50 and

l ow i nto col ara sorter 56
cyanqmpalaﬁun gheuld haye arretantioo énmﬂnaadrﬁem frectittiet 6ot'oo

can B SR N5 SIS T, 4 o

isolabig using the Myestier. ar Bi ol ogy of the CeII , 2"d edition,

r26e S88areh Rk Boeriosn ke Mosoaibls 2 odtatien 1o

capmmnabé (Palysifves Tétimaleyigst hamdg the m:@wgruumteﬁénons 70 cm
a | arge nunber of different g}tentl al

in 'en%'?agﬁ%ahmﬂ@éﬂlarr@iﬁfrﬂdda%o pRPYR dametsided)aand adbertan’s

‘Model ARBL8Y & '\Fb‘ﬂa% o@éf‘é’dﬂgﬂafoogﬁooi% tﬁ%%\fﬁ%ﬁ%ot&&ﬁ] The

|nvent|o can used t I Ngul' s

tube qewicbbie candifieredinciat flesting i mmzizhﬁsmblanM)ssmlomm of NaOH

for 1658, e s HRTLIARE 0B P BAITRH Hpf tohndh '

ﬂushlng)aﬂcﬂ)ﬁihpgw\eﬂntﬁmNbﬁé&nmcwubuﬁﬁal (pH 8.0) for an addltlonal 15 min.
A baseline was obtained by introducing an aqueous mixture of cobalt nitrate

- (Co(NQ3),, 200 ppm Co**) and cyanocobalamin (10.2 mM) into the capillary tube,

applying a potential of 10 kV between the ends of the tube, and separating the
mixture into its components. An EDAX™ Eagle 1l micro x-ray fluorescence system
equipped with a Rh target excitation source and a SiLi detector was used to

interrogate each separated component and measure any emitted x-ray

fluorescence signal. The x-ray tube of the system was operated at 40 kV and
1000 pA. The CoK, x-ray emission was monitored to detect unbound Co?* and

cyanocobalamin. The spectrum acquisition time was about 10 seconds (s). The
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chem cal s, wherein each of the potenti al
phar maceuti cal chem cals includes at |east one
el enent having an atom c nunber of nine or highejec 2006

woBsebesedl y, the potential pharmaceutical oegerissabso103
i nclude an el enent having an atom c nunber ----------
---------------------- 13 DEC 2006 WD 2004/011898

PCTI US2003/ 020103 11 of q4pine or higher that is not
found in the target binder to sinplify the screening

peak drierfp yinbored Cay aras defestsd al abeutd Bdnin ayithf %fU"e\wdthaa’ehalf-

maxn%%ﬁ?{)?&l@ﬁ/p‘g?hﬁﬁa ‘Hg'h ‘F{n?]tﬁ nomaia&ﬁ%ﬁogl caPI & acg{:q gt
ab0U53{5rmtneWIﬂ1 aJIFWkIM(Qf@OEt m@niﬁ Kuruvilla et al.

N A T T A A e

cyandaibalatiit, bindim. Um Gﬁvaqudéamrsamum@ns:fse}hm bAd of cobalt

oyanqsbsiiyiouia B8 eftd TR < i reseit el ba s eould

be ﬂo&@@é}iét&l%@ uSARLA EADINGry lfadtRphbRsRYdRatee | WhenfSbosed fo
,.a. capillary el ectrophoresis 1o separator. Any
an X‘E?é&tﬁaé'% thgirpadn E%{rme@mdtthe copalbih egnocElamiygash emit

dlstxnétr’&'ilzf’&é’@?{a%[@ * rmrgs&g\\éé styrafd a1 L Pb%eﬁ I?@He eymine

fers fromeilt cyanoco
whethsria cemplex @@t\féﬁ:ﬂnefemtwd/mmmsc@mi@nm @thUrezma fcmnﬂdj .

b

o baseAhe Ha oifuiflén b falloQUee R b8ar) BRchiERAORL s Fepghitor
was prepatedarsing aiBertéa Mnde%RBé&ﬂimgh vgltags paehsipplydtot he
ot RGBT 0 e oA S B
Tech@siogies ™y halingahe AMBwEY Skt 79 @mﬂﬁ\l&igtﬁ ddmtlﬁner

provide the electric potenti-al. The tube coul
dlam%t@ﬁeqi}, 180 een pyter diagieter (pdhi hge fubamvamcqldﬂl@edmaﬁrs( M

ﬂushlﬂg llf%iﬁjg aﬁggﬁ% EBIQ&&:? PFNQP 1"3?35 ﬁ"l‘u ﬁst'hgﬁ &Wﬁfﬁ‘gﬁ""ﬁb
distilléd, wehionzed mehténi ot 1B gning arfd Hien iisHing with 100 mMITHisma i
outeflgPe o PR S e o et LS B
nAhragjueous solution of ferritin (1.16 mg/ml) and cobalamin (10.2 mM) was
introduced into the capillary tube. After a separation potential of 9.5 kV was
applied between the ends of the tube, the solution flowed through the fube and

- separated into two components. An EDAX™ Eagle Il micro x-ray fluorescence

system equipped with a Rh target excitation source and a SiLi detector was used
to interrogate each separated component and measure any emitted x-ray
fluorescence signal. The x-ray tube of the system was operated at 40 kV and
1000 pA. The CoK, and FeK,, x-ray emission lines were monitored to detect the
Fe> bound ferritin and cobalamin. The spectrum acquisition time was about 10
seconds (s). The peak due to Fe®" of ferritin was detected at about 9.3 min with a
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(Co(N3B) 2i 200 ppm C02) and cyanocobal amn (10.2 nV)
into the capillary tube, applying a potential of 10
kV between the ends of the tube, and separ at'WD*E'@e?GGB

wonisdourzes i Nnto its conponents. An EDAX Eagl @drlushieshibios
x-ray fluorescence system 25 equi pped with a Rh target
excitation source and a SiLi detector was used to
interrogate each separ at egzconponent and neasure any
x-ray fluorescence srgnal The x-ray tube of

f”"-WrCI% Béxi@lf THRERYHEVEM @ aboutdl .k nian dhe cyauogohalaniis peak
was @@ed’é&%ﬁbfu%?ﬁrb%th"@ 'Jf%BSﬁ’tt{ figet ect unbound

2+ an cyanoco e specC runrach|S|t|on
t iTie mmtaab ©can biousssldo msrr(asoeutrweneﬁbaﬂe shofiés toMRtect

I G R T

poterftial bhamdatb clbuartal lmabfnlr(cathawﬁym (e%WMe Qfonighrﬂhfam]at&hib nukAer
acobal a eak .was at _ about

of il GG AARIcHe B0 2 af (r Aos ont PRI, A WEoR SPEG on

woui@ Bo ltakdhefrath @5k FR Uéﬁir@rdc’!{hﬂﬁist@ﬁﬁ%'ﬂ% pét%hfiéltﬁﬂénﬂﬁgétﬁfca]f

anocobal amn bhind to Ure2 n aqueous solution o

cherica fo PF%'%ba%%J@ﬁoéﬁ%%mﬂnrﬁtw the potentiabpharmagestigsl,
bloodfi6m" RS Hitwdifd B8 $&aH IO e e SR Helor REELRYS using the

separated using a capillary €l ectrophoresis separ
method efithedpwdigni o an x- ray beam the iron in ferrritin

Aoy Bp i brosteRYIPRRANBoTkR aREDRBHLS pnd b lor

detedting hirelihg evatds betwasn ﬂﬂiemﬁaéphamnaa:gﬂtinarﬂoﬁmnﬂ&;lma@ target
ferritin and/or cyanocohal am n and Ure2p.i or me A
bindes e ArEs QAN B SRS BLCrof 1L Ios<EEF {9 Sefpnine the
presaéice;ﬁndﬁ/lhf\%ﬁahﬁsuﬁ?@‘réiérﬂéﬂtsmlﬁlt‘l YL dllﬁcbrﬁﬂe Bromine,
ertan vol t age power sup
lodm%m?ﬁa*éorr'ﬁea%ﬂlsﬂ&&gt ﬁﬁaﬁaﬁtwﬁmmg IBRertant ‘Eflﬁi@ﬁ@i"ﬁ ef
enzymaelﬁdnaénzyrﬂebsro&éﬁﬁé YONAT Shd ﬁmhﬁm gtrre%}'ib@nt ;5;8%&&113

| owi ng di nensions; 70 cmin m i'nner

non- dﬁsgﬁﬁtrV@rmﬁr@ﬁ 0f§¢@%ft§iﬂ‘l§rb"wlmﬁ mtenuﬁipharrh@cewb@ was
chem?r%”qhtﬁ 1238 t%nggi' %ﬁ&h T,Ls 'a'rﬁgfeﬂ‘?% e%r nt‘f’r\q:l%iléla%rdl \thﬂg KkRbwh ™
methokissofitén raqurrel é¢hatdhé bedlenandior poﬁenﬁa phannaeazwtrcahel'remrca!

inciucI g%'&v&ﬁ@ntw b(ghncp tagqli\rlzlat f{uoresces upon exposure to ultraviolet
excitation radiation, the invention does not require tagged materials.

The foregoing description of the invention has been presented for purposes
of illustration and description and is not infended to be exhaustive or to limit the

-invention to the precise form discloséd, and obviously many modifications and

variations are possible in light of the above teaching.

' The embodiment(s) were chosen and described in order to best explain the
principles of the invention and its practical application to thereby enable others
skilled in the art to best utilize the invention in various embodiments and with

various modifications as are suited fo the particular use contemplated. Itis



buffer (pH 8.0) for an additional 15 m n. An aqueous
solution of ferritin (1.16 ng/mM) and cobalam n (10.2
mV) was 20 introduced into the capillary tule p&ftogms
w0 2008@8ssat i on potential of 9.5 kV was appl pegdnReirseRios
‘the ends of the tube, the solution flowed through the
tube and separated into two conponents. An EDAXTM
Eagle Il mcro x-ray fluoygscence system equipped
a Rh target excitation source and a SiLi detector
lnteno\%éth%&w sqape; gittlas iygalian kedefinashyt ecininsanpesrded and
heretgBasur e any emtted x-ray 25 fluorescence signal. The
X-ray tube of the systemwas operated at 40 kV and
1000 pA. The CoK, and FeK,, x-ray emi ssion |lines were
nonitored to detect the Feat bound ferritin and
cobal am n. The spectrum acquisition tinme was about 10
seconds (s). The peak due to Fe 3+ of ferritin was
detected at about 9.3 min wth a ----------
---------------------- WD 2004/ 011898 1 3 DEC 2006
PCT/ US2003/ 020103 13 ful | -w dt h-at - hal f - maxi num
(FWHM of about 1.7 min. The cyanocobal am n peak was
detected at about 6.3 . min wth a FWHM of about 1 mn
The invention can be used in pharmaceutical netabolite
studies to detect dangerous netabolic byproducts of a
pot enti al pharmaceutical chemcal. A5 potentia
pharmaceuti cal chem cal having at |east one atomw th -
an atom c nunber of nine or higher could be given to ) \
a rat (or other test animal). A blood sanple would be X
taken fromthe rat before adm nistering the potentia
phar maceutical chemical to provide a baseline. After
adm ni stering the potential pharmaceutical, blood
fromthe rat would be exam ned for the presence of
nmetabolites using the to nethod of the invention. In
summary, the present invention provides an apparatus:
and nethod for detecting binding events between
potential pharmaceutical chem cals and target
bi nders. The present invention uses m cro-X- ray
fluorescence to determne the



presence and rel ative anounts of elenments such as
fluorine, chlorine, bromne, is iodine, phosphorus,
and sul fur, the latter two being inportant
constituents of enzynes, non-enzyne proteins; DNA,
and RNA. Thus, the invention provides a
non-destructive nethod of screening the bindi ﬂg? %IFC 2006
potenti al pharmaceutical chetsical with a target

bi nder such as a protein ogid,aucleic acid. Wile
known nethods often require MRat the binder and/or
potential pharmaceutical chem cal 20 include a
coyalaefthya mga@_eﬁiag pbtBAtal Bh&ﬁ{a@é&%ﬁh&lﬁ%ﬂﬁba@‘fepﬁ%ig%{ooat
ultraviolet excitation radiation, the invention does
not re§lenedataglbiedernerrenrisiigdhe 8BS Plor egoi ng

descri pf)i on RépdiRg al ANABH LA RS REGNMER 88DEAEad Bhe
purposes of illustration and description and is not

i nt ended to BECERRSRIstive or to linit the invention
to the(precife Jepamisd telsor@eh indat 14 il sdpirdi@ny

nodi fi cati ons and %5. variations are possible in |ight
of the abovef'W8BH™hg. The enbodi ment(s) were chosen
and deggr i begpbsingpatdedst boe bEbe fiexskparatetiitemppridnicio es

O e e e e By BBl B i fomave
uti I ize t he_rbﬁwitpiicmbeiam M@Bh%&ddﬂbﬂdiﬂkﬂﬁb&ﬁnﬂw\mudn
bor! SR Encl el AR AP RIS oIM I Lk FoR3hé bR hne
DEC 2006 WO expostd0fiavBeeparasd tSApo®n020603 14

i nt end th 3 [ on be defined by
the cl gsigms g%%%ﬁ%é@” ef’g%ag%ﬁ?fb%égﬁ%g'06 15 d ai ns

1. A nethod for screening potential pharnmaceuti cal
chemcals for binding to at |east one target binder,
conprising the steps of. (a) preparing a solution of
at2| dgem & s & avheseig agrortioa th chromatic x-ray excitation

beam comprises x-rays with energy greater than 12 KeV or x-rays with

energy less than 8 KeV.

3. The method of claim 1, wherein the polychromatic x-ray excitation beam is

focused using a polycapillary.

4. The method of claim 1, wherein the polychromatic x-ray excitation beam has
a greater number of counts between 12 KeV and 14 KeV than between 8
KeV and 11 KeV.

5. The method of claim 1, wherein the polychromatic x-ray excitation beam has
a greater number of counts at energies greater than 14 KeV than the number

of counts at energies between 9 KeV and 11 KeV.




target binder; (b) flow separating the solution into
at least two separated conponents; (c) exposing at

| east one of the flow separated conmponents to a

pol ychromatic x-ray excitati on beam wherein the

pol ychromatic x- ray excitation beamis gener ARREG 2
a mcrofocus x-ray tube; (d) detecting an x-ray
fluorescent signal emtted frsmthe at | east one
exposed, flow separated conmponent; and (e) isolating
any flow separated conponent. 2. The nmethod of claim
1, wherein a portion of the polychromatic x-ray

exgi er
U b G g
The ﬁé‘@ﬁbGOTBP”%WQaﬁth'FPS\ﬂﬁ@?"éﬁﬁfpalfﬁ@gﬁcﬁoi}@ﬁﬁ @h@ph%mszalraasi

exci bafhQnBeagdt sndet W%%éﬂﬁhd‘&p%réi@é a&ﬁ;sudeh@.r ¥nd 4-
The nethod of claim 1, wherein the é‘%rormtlcxray

exci W?WWQBB%WWJQOV%?C@W&R‘(@F ’eﬁﬁﬁrﬂﬂéﬁf flowprapgrated

bet \/\/@@rﬁp&%nkﬁe&)él@% it HehantHeaixeRRion Beak®¥ingNskutdd
KeV. 5. The, nethod of claim 1, wherein the

pol y&:’ﬁ'P%ﬁﬁf’lyﬁa%%V"%ﬁW PRl% on beam has a greater
nunber of counts at energies greater than 14 KeV than
the nunber of counts at energies between 9 KeV and 11
KeV. 3 DEC 2006 16 6. A nethod for neasuring the

bi nding of a chemcal to at |east one target binder,

c ofhp Ansappgratusdorstcegemingfpofdntial phe peaceuticsd cleersicdlsi far bimdioig to
a_chemkealoUledindef Aol IAAMRbAder into at

| east” two sepa?ate corrpgnen?s, and. neasuring the
x-ray f(elor esitownsaparstordor deparsting said eblutidreinto at least two

fl ow separ ats%garaﬁag%ﬁ'@gﬂérﬁ .using an excitation beam
t he excitati onh beam bei ng Yocused usin

pol ycagP) | arap ey g5¢iiagompruree for exposing at Peast one of said flow-
separated components to a polychromatic x-ray excitation beam;

wherein said polychromatic x-ray excitation beam is generated
from a microfocus x-ray tube;

(c) an x-ray detector for detecting an x-ray fluorescent signal emitted
from a flow-separated component; and

(d) a diverter for diverting said chosen flow-separated component

from the remaining mixture.

8. The apparatus of claim 7, wherein a portion of said polychromatic x-ray
excitation beam comprises x-rays with energy greater than 12 KeV or x-

rays with energy tess than 8 KeV.

9. The apparatus of claim 7, wherein said polychromatic x-ray excitation

beam is focused using a polycapillary.




~diverter

7. An apparatus for screening potential pharnmaceutica
chemcals for binding to at |east one target binder,
conprising in conbination: (a) a flow separator for
separating said solution into at |east two separated
conmponents; (b) an x-ray excitation source fj@;DEczmﬁ
exposing at | east one of said flow separate
conmponents to a polychromatici?x-ray excitation beam
whey ei t
geﬁde ; a?re%aép%a%?ﬁ;%&%fag‘ﬁgf vg@er;émxs%}/d a;%f;{%:h%a%ét@ X5 rgggx |tal?ony
det ect dreahohasdegrester ngmber of counys bétweer 2 Kay asd dA&eV than
em ttedy, h&gm Rel LAY $RRar at ed conponent; and (d) a
or diverting said chosen flow separ at ed

conponent fromthe remaining mxture. 8. The
apparatus of claim7, wherein a portion of said
poI chronatlc X-ray _excitatjon beam conprises x-rays

1)4 EePPgradis &f clair £ nwhereedgidorolyehramajis xypy ﬁxcéﬁﬁﬁfgy
I ess t hwanahdé&a/gre&er AlBbEHP 8b@itdisbdve 1al1@Vhdn batieERbKeV
sai d pol q tic x-ray excitation beamis focused
usi ng é“é Jgﬁplllary 1 3 DEC 2006 17 10. The
apparatus of claim?7, wherein said polychromatic x-ray
excitation beam has a greater nunber of counts
between 12 KeV and 14 KeV than between 9 KeV and 11
~KeV. 11. The apparatus of claim?7, wherein said
pol ychromatic x-ray excitation beam has a greater
nunber of counts above 14 KeV than between 9 KeV and
11 KeV.



