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WO 2004/ 011898 PCT/ US2003/ 020103 1 FLOW METHOD AND

APPARATUS FOR SCREENI NG CHEM CALS USI NG M CRO X- RAY
WO-RWDRESBENCE STATEMENT REGARDI NG FEDERAL RI GHACI/BS2003/620103

i nventi on was made wi th government support under

Contract No. W 7405-ENG 36 awarded by the U. S.

Department of Energy. The ggvernnent has certain

rights in the invention. FIELD OF THE | NVENTI ON The
FHEWAETHARAND ARRARA BYSJOB SEREENING CHEMIGALS USING

bi ndi ng events MEGR® XaBAY HAIOREICGENCE 0 a fl ow

nmet hod for detecting binding events between a

potent 1 BISEIIERMER IR FEbudOR, g 7o
oGRS SR P U .

740ndviNGedibwardad by tecUNG. Departroenivf Efwrgy TVheRyaveaumght has

Zol of t. TM .,and Cel.ebrexTM and it is believed that
Ce”?%ﬁ'thﬁmﬁ?awﬁ?‘i‘%l properties are linked to their

ability to bind t9etpeOFHHEINMERTIGN of one or nore
proteins. The binding properties of a protein |largely

dedéadresenttiaventjsisielntes geaewliy i detesting hirding @ventsrand

mor iy AP e % RRfdY ok Beiscliib SR8 sEepE4ifepn a potential
phagftc@stical elemical bad & BrdetiBhderQisingmicrodemiyYiuidfesdetit?;

and H Lodish et al., "Ml ecular Cell Biology", 4th
SpegliP$GapY; W H Freeman and Conpany, 2000). These

am no acid resﬂ)’ﬂ‘ﬁ?ﬁémﬂﬁqﬁ YAg Wﬂm ent bonds

with ions and ot nol ecul es I ve bindi ng
gefhraanbgeutizalichemiddie afotheaddtive ingredienis wediugseudh as the

at the "hi ndi si.fer of th ot ei h i ndi ite
now ORGP Ssc Ba lorn greords dsaerh 76RRTA BpddSebex,
andﬁPi%‘HeflileGe@!Heﬂ@ﬂ?igﬁtﬂﬁgﬁébc&fﬂcﬁpp@%ﬂﬁs Jr’@q]{nﬁeﬁlié tthéilea@ility to

~precise fit w inding site for effective
binchtartbienindingositairaf onecorgnaseprotgingi mbie iinding esopertigs of a

orof RS RBb bt B SRS o DB B S B B e
polypeprids ichaift (sedlifbif exanples BRicy ABkiters abf “Mélecular Biology of
the Cell’, 2" edition, Garland 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 ions and other
molecules. Effective binding generally requires 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
may differ greatly among different proteins, and even among different
conformations of the same protein. Even slightly different conformations of the
same protein may differ greatly in their binding abilities. For these reasons, it is
extremely difficult to predict which chemicals will bind effectively to proteins.
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same protein may differ greatly in their binding

abilities. For these reasons, it is 30 extrenely
waldotiocishg t o predi ct which chemicals will bi nPICT/US2003/020103

effectively to proteins. WO 2004/011898

PCT/ US2003/ 020103 2 It can take nany years to

identify an effective pharmaceutical chemi cal. The

desire to hasten the identification of inportant

phirandekeingany yerrsite dentifsan effectiva pharmaacdutisabehanigal. The

desit8 o iR 15E 4 ikl b RifTER BBelinah GReT Sholominiorg

conﬁtehﬁélmlemteetha’ahés pkomptadithe uSe ol e cryenirgf stpateliderfar v,
for bi nd| ng propert| es to proteins. Screening nethods

scregBing: & 1aTge Rt st ARG OLRTICA LY rAtedataRei known in
the Qltﬁ%'é“é:%??n‘%”tfgr Bﬁ'{o@lﬁi Pﬂp%ﬂﬁi 8 et erni ni ng whi ch,

he pote ceutl cal chem cals
bi Sdre@mglyneihodmgehanratjghn\kmlvajmmblnﬁtg potentibl pharmaceutical

cho M do AR BHTHETE AR CRUTERAING WbE i) The B )
phaﬁﬁé@&mca-réﬁ&%cam BREIs eﬁw%fwwrgéi BinBbA. oBdeAtial

materials such as enzynmes, non-e proteins,
pharniaceuticat cberyinals ate pr@éergblypmatensplubie aegamic teropeuinds that

d I t | | |l
can Heolitinte [ biagHaeART bivaehaBdies Bin Sendai Bl diral;
matbfidld suehals éedpies) fh@ntéﬂﬁﬁfe foitelHSs DRIAS RNA ehitroorganisms
candi dates for furt her |nvest| gation of pharmaceufi cal

(e.gppiipns, nireses 1vagterig, and thedike), human esilss iplgnt.celizaniprl cells,

and i i RER B I oRR A thetica SRp HiREt hiebifone target
blndﬂr laean likeslpicandidatds fopMtitheérdavedtigation of pharnaeniticayprogerties

npounds in a em' cal M xture", which issued
(e. 9[\6@'@?@%?“@1""'9 20 descri be a nmethod for

AUGRRY b Wmo%ﬂ%é‘ré'eﬁ #’pwo‘un g%!@ea% ro%@bﬁl?éﬂ fn ﬂ‘l%tfgllé\/(/igg‘ihree

m xtures of chem cal Pat ent
patants.Jonat han A. Ellman et al. entitl ed " Phar rmcophore

Re iatio e |cat|o S cule

o b S BR800 O Yiee ANEE st BT eiyist ou o
lderﬁmﬁﬁg dwep éuﬁa%hcaﬂch@rnmélmkﬂuw Qhich %auea ‘Nbvbﬁﬂﬁr 14 2000,

onpound that i nhi bi ts bindi ng of target bi ol ogi cal
desmbega umethogyfor 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,
binding fragments.

U. S. Patent 6,395,169 to Ole Hindsgaul et al. entitled “Apparatus for

Screening Compound Libraries,” which issued May 28, 2002, describes an
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contacting these target biological nolecules with a

library of cross-linked, target, binding fragnents.
wQR200%011898 ent 6, 395, 169 to A e Hi ndsgaul et alPCT/US2003/020103

entitled "Apparatus for Screening Conpound

Li braries,” which issued May 28, 2002, describes an WO

2004/ 011898 PCT/ US2003/ 020193 3 apparatus that

enpl oys frontal chronmatography conmbi ned with nass
appaqaamhhahemp}oystﬁnomtabdnnomategMphanbmwmﬁxé\m&honass spectrometry

to idgph e hmebers At ApR Bl THERF haroBt WIS (e

angRPiTy MtReEesomBtifes Jmplsy & aferizi betsid e
using the anal ytical technique chosen for the

analogpue Hntagoestmateriatisgethagvisayiot el usiagithe mnalytigal technique

R G e T e

cheridal pattied toel tharidal. h exsmpheastil screéningiraetheidheduiring tags
I nvol ves preparin a solutlon of cells and anti bodi es
is flmaxstvweaatha%de@% rtifgg ANSAERIE Of Hais meihod daodees

pre;%rﬁl@l 3 Qolﬁf?&‘? o?f:eﬂé“&n& Eh{lﬁodlg‘ Bedti qaatﬂda?esc@?@ ﬁefd:l Légme of the

I"aser i o beam and a ector (suc
antllnd>d|eab|ndl tetslome obthe ¢élisor@se aha dinds tlee t:eHs) flokglasta laser

cai gk A RGD D ZsHavo R s e dRoresiange datecign. Celis
that ‘Flﬁbféas%é Qre REEMiHSE t& bérﬂéluﬁd t@'ﬂ#é: Zg?egeéﬂtﬁ)oﬁesabnd are ghen

ecul ar Biology of edition, Grlan
defléutbd inthiancpllectar. (sedldiar R‘Eannple1%@¢e 6&@'& a1, tBlojecular Biology

of they G o aditof S8R BBl 188, RRALTEM, M08, nages,159-160)
ot hyeg gbﬁ@rdll?‘éssuﬁiea tﬁbﬁmeceﬂtacﬁﬁiﬂlﬂ of b&rl@@ésd@nlﬁd@ onl?%@rves
does not ter the bindin

% perties of the unt adgg
to madsgvisiple the eéherwisesinyisihle i @meﬂ Rag/ordgrget dingdar, and does not

alte@#ﬂgggf&rﬁg%réﬁ% %o‘f’fﬁé%ﬁtaﬁé?@ aﬁg C@hcg it i& @\{e‘?ﬁ{nown that

I on, |s assu

evememaliechanyes itol trenstrudiagoefta ehlesmm@abe’eargeebmder may affect its
stru uraII dlfferent fromtheir nta%qg

funcll BDn ptiofhenay ot bes Vajidk oney| Prpgaice are

stru&tﬁl’ghg éﬁlﬁ‘ér%m frbﬁmefh%lrtlirﬂ%%@it LFH?S r&S ané"ﬂhé‘gef sl &0fal

or screening po ar maceuti ca
diffecéreseiscaiudd aifiect themdiimadjng prmﬁargﬁ bi nders remai ns

" 8 ot e LB ol i bRl naRbub 08 RESRER 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 chemicals 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 atom with an atomic number of nine or higher.
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met hod of eval uating the binding properties of

potential pharmaceutical chem cals. 25 Another object
w@boothesps esent i nvention is an efficient nethpdr/i82003/020103

screeni ng bi ndi ng events between potentia

phar maceuti cal chem cals and target binders. Yet

anot her object of the preseat invention is a screening

met hod that = detects binding events between target

bi Ad@l’“@nah@leS@’tSeﬁﬂV%ﬂ‘tGSﬁ%ﬁﬁgé@Mﬁl feafures 19é the mvgntlmwll be

set 17 Artth shE eso BRI RER thildhDer ERs5L M o™ gpparent
to theddiskilleddh tidjaetaison exbmintitige sf tiedfotiowirlg éreaay tbeseafned by

the i nvention set forth jn part
pracies of tha |"Wﬁn§|ﬁi‘chjhf3&%1 a“QﬁG’V?Ht%&ﬁtOf\Xﬁ“F I'“V@tlﬂgeﬂ@ay be

reallggﬁﬁ'r]@r%tge}nﬁ 2 R‘Pﬁ@arﬁi‘b# th%?éltfhrﬁéﬁgﬁ‘{)és HH@EOW%@B' on

g or may earned by practice of the
particolaelytpcomted Tnd infjecapgeraed cldivent ages of the invention

et rumentalithes annRS, BTN BN ar1 y
polrf‘é@ébr@éiﬁcé WithtRe DRRASSAD pLAdd8es PP LHT ildRtion, as

NTI ON I n accordance with the obj ect s and pur poses
emb@ﬂladmcpbecwuy deasrdrad bereinadhe prasedit swealian inaadrsa method

for RS0G5 KR & rlipd 73 Tk B8 1 R R plyer. he

metlbémmdlﬂjésbpr@bahﬁg%ttsdmtﬁ)ri e DAt xtb@dﬁéherﬁl@@lsﬂ@} Bedbining a
i ncl udes preparh@% a solution of a mxture of

mixterreaf egrsicls WERRT Inash oae tarogt bindebr Thaseiutionds fipwh at
separafst m%‘ gt Ie%{s o Q{a@as fed J&ﬁgﬁﬁéﬁ'ﬂs' 25} Iééstfdn%%f the figw-

separ at epar at
sepérated c@mponéntshe eixposed Bneamxaay rdzxcmtnnnlamm |Tsheempﬂrmblalso

. toa excit |onbemT d al,so 15
inclidRsi dRIGGE A8 Se TN J UarESCRR LS onF T BEkTem St et oo Raged.
flow!sh e@%}ﬁbdlc%%o&ﬂﬁ a?kﬂﬁ@&ﬁﬁhg tHe W—%@BQF&%S% H?ﬁ‘ vmg the

solating the 1l ow separated cohponent Vi n
dete@tabée xa‘ayéluwremenrt sigmaé s‘Eleemd@mgnaﬂ theTselatatl ﬂDWt—gepaﬁ'ated

the | oI ap,e fl,0 ated conponent can then be
°°m889‘3? ﬁ'\e %d?ﬁ%\ﬁ? n al so includes an appar at us

f 0The GiRaTtiontaldo RokidBLarPhpBaral® Rt istAdenip s MIRENE ofal
chemcals for binding to at | east one target binder.

potenkial phaypracautisal ehanigals far bipding teet least aneripegetibingder. The
appér%ltﬁg Qs £cBhs Hérr?opéon?&ﬁmg 2&iution of a mixture of chemicals
and at least one target binder. The apparatus also includes a flow separator for
separating the solution into at least two separated components. The apparatus
also includes an x-ray excitation source for exposing at least one of the flow-
separated components to 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.
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and at | east one target binder. The apparatus al so
i ncludes a fl ow separator for separating the solution

WO pa0a/08t898 east two separated conponents. The ap@HDS100%020103
al so includes an x-ray excitation source for exposing
at |l east one of the flow 25 separated conponents to an
X-ray excitation beam The gpparatus also includes an
x-ray detector for detecti nﬁ an x-rgéfl uor escent

signal eni t BRIEFTRRESERIPHIPN LApdHE BRAWINGRent, a

con b6 et iriths Wpet 8% incBlbARE b spmu g part of
the dpevificetion! dluethatotiie@mainddiméRt (@) ofHldr888nt invention and,
PCT/ US2003/ 020103 5 BRI EF DESCRI PTI.ON OF THE DRAW NGS

together with g daseririions seivade explain heaprdngiples op Hanwgntion. In

Jorma part of the specification, illustrate the
the@%g\gélggrfent(s) of the present invention and, together

w Figuréd sleses afypical, preessssfléw deagrami for theeinpentian;pl es
of _the invention.

In t he drawi.hgs: Figure 1 sho a
CyFlatie 23 8 Song(lalic 4 sRPRIBon S an A ERediEeNt of an
appﬂ%&%&c%ﬁhg i@h;sac,‘,aemati c representation of an
enbo

I ment of an  apparatus of the invention; and
Fi figure 3 shaws anendidsiientof a separateysorter dhatsant ke used with
th that.can be used with 1o the invention. DETAILED
€ IRYRMYTBT ON OF THE | NVENTI ON Briefly, the present

i nventi on DETAUGES DESERIPAONOF PRELINUENBION ndi ng

events between potential pharmaceutical chem cals and
t aPgiefly biheduesentiineentipatinelides aonetwdifod idepitifyingabinding

everll e e hoRSH T Ao AL ERE Y6l SUETGRY i e
metifdd #1vohldsomiod ﬁyiagfafmbmﬂetqftﬁdmtfaﬁ phaﬂ‘ﬁ&g@ﬂl&ﬂch@ﬂ‘@a@(by
et ween any of ttﬂgﬁl otential pharmaceutical chem cals

b . e !
addiggeat legst Qste iergettRiRdRIio e ixire. o ARF Alowing sullisient time for
i . . _
any BBIRY %n&ﬂ@x E@fv%erf éérg)g {)Pﬁlt \%ﬁﬁdg%ﬁ%ag EJQ%EJ‘QQE%%%%I fgh@l‘ﬂlcals and

separated Into at mponen
any pf thexiaogettbindemsrio farm df/ sectca tcamplex baaforn, fthé hesulting solution

o 5y B AT TS Mot b Raolsls, 224 SomBindRinernged to an
x-ray @R8itatioh BéarAnYf heddx@b88d component emits a detectable x-ray -
fluorescence 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, ultraviolet 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 underlying physical
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conponent can be determ ned using one or nore standard
anal yti cal techniques, such as gas chronatography,

wo papiodisehr omat ogr aphy, mass spectronetry, nucPE@HDS2003/020103
magneti c resonance spectroscopy, infrared
spectroscopy, ultraviolet spectroscopy, visible
spectroscopy, elenmental analysis, cell culturing,
i mmunoassayi ng, and the 25 |ike. The nethod of the

principleeplt thermethed is thatyviian.an etera vt @ pastielipr eipment ististaskated
W'th?é%?n'{égbag%t%h r?e ﬁl%n{ %ée é é'%gé%%@frgn sf‘lcﬁ‘ ag% fh%h electron.

Thecrbglnmﬂglat@hemaﬁ ekbigdd state, relsieoan rétuen tmhmgretmd state by
and to determine the uant| of those o
repl@pleaéh@ gledled glechamyrith anRlediiod drary eﬁég Wy%”QfSV opgital. This is
3
acodHBSnA e i pion T o BRI o 3Bl ARBR e, B the photon
eneigyriadicaiabtb thﬂ cﬂlffenencayn theleneigoas oﬁthe tab @lectjorst sEach
elec on,su ell el ect

lerfgii a4 & hahETIc ot of ofie) Shtyaltsand fikigfofs. 2 gharacteristic

X_rayﬂhgfégcbgcg edfigmnd state by replacing the ejected
electron with an electron froma hiﬁ‘ggr energ

or Marwl ponuiasph@rmcauﬁmnédalbysm %I?rimeoﬁ",dﬂpiaorm,

t - fl , . 1 hot .
ZooB8) Blordo S, 0T, e GRRPERER. BN 18 SRBrfRgpe,
chlofife, Hng/oe |salﬁuf OX\$ay faslescehRdspeeiallg s@h@d Pt st sting

set of orbital energies and therefore,

potestiigh peaEnacaytical shempigals| hanadise diran l@%@ecﬂ tmdleteghand quantify

thetRBh R AHTRIRNE S0 SHEE! S Sua iy ArdSIGHEhPRRR B atomic

numBelr elf nmeTdb hlghet ain the elements fluorine, chlorine,
fluorescence_ i s especi al sui ted

an or sul fur
f or &é[‘\é%'%tf%a'%m“&yﬂqsa@" aﬁa@w&%%fﬁrﬁ&aqemﬁm%we of
potégﬁ %ﬁgﬁﬁrmécé}gﬁap@wéﬁlﬁgléf@r E%ﬁﬂg toaé{qe Yl tBYgettH“ﬁc'Fé‘r The

ener al ect a quantity any
appaitadus includesra anntatlmmf@r ccmtaine‘rg akohitinp odia rhixtgreraf ch&micals

The invention.alsp includes arat u screen;n
and 1 fedo 6B t50%t Biden, 1o i Ao e e il REBRGHO for
sep&iafifiy Be s8lAionl iR@t |64 thveraphrdted@empohkfats. AR bPpHatus

includes a container for containing a solution of a

alsoringludes agr x-smeexcitalian saHereafior expesing aé laast gae obthritlow-
sepdiHfedBBABhER AL PG} 4965:4Bn W2 SPRE"BbaFath® hlso 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. It is capable of irradiating a sample with an x-ray beam,
detecting the x-ray fluorescence 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 to
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separating the solution into at | east two separated

conponents. The apparatus 20 al so includes an x-ray
wez@ubaspon source for exposing at | east one 0OPCT/82003/020103

fl ow separated conmponents to an x-ray excitation

beam The apparatus also includes an x-ray detector

for detecting an x-ray fluorescent signal emtted from

a flow separated conponent, a diverter for divertin

derrwwhr@@ther ingertispaea thel commeraially availahle £/ Eagie XP

el SRR 5 R oA AR g e

ray g, ﬂlﬂilumrdrﬁt@drsilﬁ:oambhdamavedétécl@ﬁtpﬁ'ébé&smg tldctronics, and
cap able of irradiating a sanple with an x-ray beam

vena@waﬂn ieg apeEating $ftwakgor escence from the sanple, and
us*F?\%nq&eof)%arpﬂbér%aééﬂroﬁﬁ?ﬁ%‘fsg\évﬁﬂ g?fg proviﬂgbms heen

el enent's are present I'ng
descpitzad byﬁ & Mdreset al mrf‘EMmenﬂ?Bpemﬂc DetddtionrinCapiliry

EledHioneas Laing Riteay ElHOesen Chosb aNESCamtohan %é’&%g%sw
vol. amabbawﬁz; P (Banbs .P&,P ofdi84 rgf é’ﬁé h¥Rink- MBhn et al.

| uorescence spectronete equi a m crofocus
repor-t theagrepabation mﬁmmxmm of chealation ccamplexes iofl CEY A écyclohexane
det roc ssi electrgnlcs and . vendor supplied

diarffie etrAnce B AT Subseiieng Segdratan Lsing cptiary

electiophbFEHI$IOTRS Isépmdt@d &oweiésw%ma&édh@m s%pnchrotron-
described by S. E. Mann et al. in "El enent-Specif

generated Mmaepahroraalis, 1ksV xaEpydeaBbhor esi s Usi ng X- Ray

{oit HeBEEP ot BE ThLAREA ey e iR i e
accombanmngéghe&a Bimildron idéntithl structpe is iddtifiedansngidemtical
xt ur of chel atl on conpl exes of CDTA

ca"q%a RS aitwrirAlProees e diagraiy fey theitpvention.
Accérﬁgﬁﬁ Ogﬁi m§§rﬂﬂfrﬁ?ﬁgéh§l£ EHerﬁﬁtEédtfcﬁ[ ¢hemicals frorg resenvo J 12

oresis rated conpl exes were detect
are cembineal witmah leatst one targeé bmded froontacyetdimdecresadrdire’d to form

o ol 3l LB EBRA i aL B SR Fpe i e
inveptiBhlapé t;ﬁﬁcalgqnétbﬁ ablubld BfgariccchemicdRNhhé 'h%@elé?('léﬁbt one
i dentic | outs. Figure 1 shows a typical

elempericuits an aiemi rignber elorine ios greatent Ptﬁferabebc cthely mg:lude at least
onetél%gsﬁggé}&it%ﬂ frdtfl tﬂ'ﬁghhgl crﬁ&%lié‘%‘}% Hec %dlﬁg esrﬂlﬁﬁl Shosp orus,

selenium, lanthanum, cerium, praseodymium, neodymium, samarium, europium,
gadolinium, terbium, dysprosium, holmium, erbium, 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, bacteria)
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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are conbined with at | east one target binder from
target binder reservoir 14 to form a solution in
wo e®enysPs 16. Potential pharmaceutical chem cedBHUSXE3020103
with the invention are typically water sol uble
organi ¢ chem cals, and have at |east one 20 el enent
with an atom c nunber of nimge or greater. Preferably,
they include at |east one elenent selected from
solutipndrtiord leasiitwpiaampaients.nElow separators tinatigan be used with the

|nve®p§ﬁ ﬁ’llﬂcgud‘ec’ butsﬁe %@i Hmiteh gt&eq’ﬁﬁﬁh]eg ecgelltggrters or

neodym uny Samar

chrcﬂﬁdl@braphﬂ(le d. erqluiwamrodyaagwhemuch @srhlgmpeefbhham:e liquid
thullum ytterbium lutetium antinony, bisnmuth, and

chromategraphst slesioPhPFalis: senaraiors seihas Gabllan elRcrapharstic

sepﬂ%&@r‘%ﬁ)pgﬁ Ifré‘ﬁ+rrgﬁrogrﬂ%t ngfaﬁn épﬁrsﬁé} umlﬁﬂgégfrﬁgl,%%aq{gﬁﬁ., and the

like)m Enecﬁembbmttwsepmag)r is angapilkey plactmophorasisisezarator, i.e. a long

thin 3456, it A oS PlARR (L 6t PRASUSROR BUPLS QhoORLInge the Sube,

andkélrﬂélébﬁﬁ)pcﬁ@ﬁlﬁlSacfééy\th%%ﬁétﬁtd?rthéﬁxbe’\h' ch uses a
| e phase to flow separate the WO 2004/011898

Ayﬁ?eoﬂ%&%oé%ra\%sslﬂtdjéérﬂp%h%‘tg ik 'a‘?@%&a%\/\u&g fo xrays.

conponent s separators Zan bé Usa
After mvegtexoitationcsouree 20y prefeeabipt rhodiutrethrget, x-ray tube, delivers an

oo R0 S Steef GRBSh S RN Fdipnemic o
x—rag '?Fu%f?éc@y s hal 2£! wRich @ betcRtd L by RRaY ﬂhBFésc%HGQ défector 26.

api ectrophoretic 5 separators, gel [tration
X-raynietestossytrabican hgelisqsbwith she nveotien maulmﬂﬁ awhere antllimlied to,

ithiggsfifted Sifito febtord, i i&lestats oy P HioB¥ it thg exposed

corrfpdﬁ@ht bl@esph@ﬁ@nﬁt@rﬂx-r@ﬂl@@%@@@ﬁc@ﬁ@ﬁﬁr tiset| ddmshent is directed
de the tube and an electric potential across the

to firss egliecter 28 1 thaisxposed cREPENRTL FRITs @ hiareaeeN e ganal that is
det&:‘?@@?& 2 Ha$ fluopEYce g o@f@&??%t |F|S)H|Fe%he$d td Qe?%r{aeéelféc{&y%.
6 argé

exci source erab
Thlyemmponel’ms estpetiedrte uan:iudex at masbembaand compepaf potedtial
onen t hat conponen or may not emt an
phag‘nﬁ LB?%@B@'}?” ti’ﬂ‘ga){Mi ch is detected by
X- ra% fl uorescence det ect or X-ray detectors that
caVViite erlg@ fjist pollasdor aﬂféﬁtseeﬁmﬂ ﬁ@lﬂeﬁer arpghayyreimbig. 1

shohfdrﬁe ﬁﬁded‘%tc%od fh%PHHFé%hé&sPsFﬁﬁbg%ou} %‘IaePEﬁEﬁ]g on the n dumber

t detectors e~expose
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, liquid 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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15 conponent does not emt an x-ray fluorescence

signal, that conponent is directed to first collector
wQ@no4hf1svhe exposed conponent enmits a fl uor escreiES2003/020103

signal that is detected by x-ray fluorescence

detector 26, it is directed to second collector 30.

This conponent is expected tgo include at | east one

bound conpl ex of potential pharmaceutical chemni cal
depend ondhgdtatwienefethe pptentisl Peawnaceudical eliemicals and/or binders

collector are shown in Fig. 1, it should be
be'@n%@?qggg%d that nore collectors may be used, dependi ng
on Figigeusivews acicheapaicalied of anRenssdimenh of adtheening
isolated fromthe m xture. The separated conponent

apparaiys @Hh%maeaté%cf\aﬁi ig 2 shaws.rSciepring @nparatys gddncludes inlet
molieheisRrres 8RR S5, wfibh 57 fdes eRORE phdhe 3816 caltfary

sepaaatoroeo uslahbt et 2 biesepavabot 'recmdésnml inks¢ mdhite [ﬂ‘faserreservow 36,

whilgytiet BB A BIsRAN CUNELTIORIC RRERE 4o SE RarIEE! MBIk phase
38 8 E%TBF ﬂbsans i diit ©F aTRR&IrE %FF?BFérﬁla nghéfnié(déutlﬁér chemicals

vi si bl'e (UV-VI'S) spectroneters, fluori ,
andcd Mtqr@rtaagetl binderds (rttaduskd iutotinlet end #i2yafiseparater 40. Inlet

en L oS5 v BRGS0t TS Bl S, SR SRS B
betWl&se Methd 42 andtditiet 8hd Uasf I@,@bafﬁtbﬁho R}Oﬁkﬁﬁﬁﬁéé 'tﬁ@’ﬂow of
chem cal s and/ or binders being analyzed F:’fqure

the g1Rbile phaserdhand of themixdaredhraiahoernasator 40 Igeiecphoiys that

confBRRATAYD 8RB GESEI i Bepfe 3108 45l Bon

souif 20Wiredtiny mraxd escitdtionrszinh 22pitaspaidfied compapieht 48 ywhich
separator 40. Inlet end 42 of separator resides in

then ginie Xnsty; fluorpseaneerdigral\ i thais detgsieddyourawliurracense
deté&@! .?@.STPQ b dtRIn &F&%ﬂ LRitRlRe e mgeéﬁcéggnéfmg@ers
nopl | e S t o a

ase 38 f separ at r an ano
divarsigh wab/eoﬁo,pahlehtdl\a&rtqoﬂhlarfmmmobm pbhsei3barel sepadatad

conhgh 285a Bl % Wi e SR Y bt
com;i&w@nﬂﬂg'tb%oﬁﬁﬁﬁ\%nf 8616 g4.36. An el ectric potential
bet ween i nl et end 42 and outlet end 44 of separator

40' th#%efﬁ?argﬂéﬂ Bravi folR g)LHQ%rfB%d Wé@a%’i@%@ uBMRSHh ﬁl%\s\:gﬁd

of ture t separator 40. Figure™2 s
poteniial, which provided an electric gradient across the length of capillary

separator 40. The separation can also be achieved by applying 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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conponent 48 has separated fromthe m xture. Figure 2

shows x-ray excitation source 20 directing x-ray
wez@ubaspon beam 22 at separated conponent 48, P@iUS1v03/620103

then emts x-ray fluorescence signal 24 that is

detected by x-ray fluorescence detector 26. The

detection of an emtted x-rqy fluorescence signal

triggers diversion valve 50, which diverts the flow

For ieseoiprgel hinders, 3Gepamteiinitaritbal sepanpiesaiongts vedical portion

s pfdfod s Eigtfe il 0 BESB IR it % Serefiftonyr thay can
be uBRE \WiE teRinvention.e Bepaiditor/sirte 5606eth be isaé foresedratiidnand
an electric  potential, which provided an electric

sortigganxéresdartyed frava celis gigrasrganisms, Arigrospbemsayng0.

t o] ) eV ' .

attagfiéy BAABMR AP RS aRFHRANE SRode e B8 ifiydes
verticEl semarhtati Bﬁe'lmroqgmwhtow&;mﬂ_ | ah basmlrg.dg\sa:igl Cgbhowart’he

) ase;, a sanpl e | Lectlon I nl et,_wou e used to
m'Xti'F-)'Fﬁ Faa @@@n;%?&%@leat'?@rponﬁ@ﬂ%? &Starﬂgl @qmeen%mcﬁoa Gemponent

. [ { » »

48 I RENbRICIEEN G0 RISY BUER) 22 Akt Rlray BRoidichIrd£20 has
emitiédan, X-ynfiuorestent® signal ewhichtwak détestedbyhrray finomiscence

detdi 265, Tt Bled £ idsDRRg it ppbictbyoade’sdlths p2: Whlph applies
a vohagBtRiegefitats &@%ﬁh@m AB Nt cHNE OB AT coMpinehbb does not
target binders. 2004/ 011898 PCT/ US2003/ 020103 10

emit detenialeparaydludsesrencs sighalepaveltage wilheappliest to deflect
conﬁ%&%b@é@%ﬁ iCWHL fow ﬁ{t)% glfiﬁéec%&o%é.' g@%év%r,qf E4FipbR&ht 60 emits a

oOwWs an e

detettqisle at@y/ fumréscericeatigrexira voltagsaill e bpplidieto dufeet | on.
Separator/sort 56, can be used for separating and
compgnenk§o ﬁnﬁt'E\Nﬁ';ﬂ%mt@%"qqt%"n@%el |'s, mcroorgani sns,
m crospheres having 5 attached proteins or nucleic
aciS@paratprserer H6 ray inelpee & lapekepyree and asseriatrddetectors

V. ' ' Al i 0 rs.
for pffcuhifl oBEREER] pdbieRdg PNt oS BRURL TR PH o
des@mawb by Erué@Ammd SO =10 ﬂﬁgtecﬁlbzrzBI?l@gymﬂte Cé’, 28 bditlon,

een.subj ect to x-ray beam romx-ray excitation
Gar?@ﬁr%ﬁ@@‘%jnc-ehlﬁﬂ%@Kaﬁ%&rlﬁgqel 1”+48@ence signal,

whi ch was detected by x-ray fluorescence to detector

26f arpharmaceygisakbehemicakisdiesded o hoprite @ spadificerget binder

protafi ?ﬁe%pl@%ﬁ&g@%nﬁﬁéf of different potential pharmaceutical
chemicals can be screened according to 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
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a voltage that deflects conponent 48 into collector
64. If conponent 60 does not enmt a detectable x-ray
wo bavaoesgence signal, no voltage will be applirdr/uUs82003/020103
defl ect conmponent 60 and it will flow into collector
66. However, if conponent 60 emits a detectable x-ray
fluorescence signal, a voltege will be applied to
defl ect 15 component 60 and it will flowinto
of nipe! orduighaer Bat isegideundiny thertarget Sindenfoisinaplify the streseing
met@gﬁrce and associ ated detectors for performng
ventional fluorescence activated cell sorting of

h d ibed b Al b
* vone Rrentes Ghuig 5 sbeifh. 68 exable dieltmaing whetegr ¢ither
cob§1‘tJ HH X Pand/Bf cyad&%éﬂ%ﬂm phd tb tH@l@ﬂﬁNﬁ Qﬁolégf?:gll)? Bctife

phar maceuti cal” chem cal is needed to bond _
protgwarezm(Ste@ngeny &. Kaeuvillp ebaki ‘Dissasting Gopodse SignadingdVith

o 4R Egted S oS R R RS SHAEE Nowre, Y. 416

pp. 658-857NdARGadueduB &olRiodt ¢fi ddbalt (NENitrake ahd @Vaﬁ@ébmamm would
used to dlstlngU|sh whi ch of the potenti al

be gskigdriaddiglpe aihe reseling Aatieeus @obttno@rvadtb@ flave sppaiaéedh

accéfdﬂ{ﬂefohﬁ%qn]/%ﬁ@n%%l neéi(ym@[]e 'égcgal?"ﬁ legt@@h%%%ls

sep@:ﬁﬁ@ntAw comataxeforned behNee:rPEma Oed2p lamlh eroé*li ar&dy@ch of

t he tent| ar maceut i ca micals includes at
cyanQRBTRIT LT REVa BTN tave f1at GHlrs orb P hpr Go%;or
cyan \Hilla H%\f I@Bhita & ctéHPéQ% %o%&%ﬁ@é@f&n‘a@ Hnd would be

em cal s |n ude an el ement |ng an atomc
:solamewmgtlmswwtm/ US2003/ 020103 11 of nine or higher
target binder to, s

h f h lify. th
?fbs'rﬁsq%%%f il bR BRI (Bt Sterbllenadhised Sk,
caplﬁémb@, icrg n@cm@ﬁé@ééT"’slﬁabﬁfg thécfbﬁ’d)\klng %rrnéﬁgn%h)s 70 cm

r cyanocobal am n bind to the known, brologically ™
in le@gth,vw%umrlbm@‘ fiaweterdid)s €é0 meyteaadlametm (0d)aand aaBertan

Mods HESI g bR FoeF SRR Phiiie e/ SeStRbpfI The
tubeVebuld bESconditioneditsy s lushiig ﬁCWEﬂDdSI @ﬁ’qd!éﬂ (g@ Qfluﬁkﬂb@f NaOH

(1), nitrate and cyanocobal am n woul

for 13 awp. then sinsinguwith ﬁ@tl&ﬂ)&ﬁ:@n&ﬂduwa@ﬁ fwﬂﬁ G“ﬂbéil‘fd t!swn
qusI’Ziﬁgaarq@tfﬂﬂwag ﬁ‘/ﬁﬁ%@%ﬂ/ﬁﬁ%ﬂér}ﬁn uﬁgpgdl-?% &5bPgn abi8ftional 15 min.
mple,

capil'lary e rop ore
A baseline was obtained by introducing an aqueous mixture of cobalt nitrate

(Co(NO3),, 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 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, 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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i 0 separator. Any conplex forned between the Ure2p and
Co2+ and/or cyanocobal am n shoul d have a retention

wao pove/ottsst di ffers fromeither Co2+ or cyanoCcPOHUS20031020103
woul d emit a detectable x-ray fluorescence signal, and
woul d be isolable using the invention. The separation
could be performed using, f¢ep exanple, a fused silica

15 capillary tuhe (Polym cro Technol ogi esTM having
peak gieftol unbeiung G ruasi detecter@t apout 4.5 mingwith arfob-width-at-half-

e (AP et rab i, Rl ca oot g8

aboQt 8\ iith Witk 2eF\AHM iof apoliens @in. The tube coul d be
condltloned by first flushing it with a 1.0 nolar

(M
sofSinilarly.dhe Na@thﬂ souibbaiuged o éﬁtqu*f!ﬁ whellierfierritin and/or

r n 20
cyar?+ us ||ér‘1r§ﬂ1akr)1@8f| (N n ' vﬁ%ﬁ%& O'lf‘L?Ulds'ﬂrr(gf freﬁrﬁﬁlbéuﬁer (pH
cyaﬁz@jbdarglrawoaﬂobet gd)dradl td Bre@m. Thé résusiirg a@ued?ss sot:u’?ion could

tai ne i.ntrodug n aquyeous mi xture cobal t
be i Papaatadut RS CAPIH SNBSS S AR ben gPRsed to
an X B’eJFNP tHeﬁFdh Fnh’ér ARindahY doBBRin ¢ g@ﬁt bﬁ% n each emit

potent | et ween t he ends
distmebandtdetegptabie x—rmyﬁhmrescantce mgralsthqda@naldtlse u%d Eme(fmmne

wnef g £ g e il lTBE RSl 3P ThazBEfomes.
wag, passlineavas ab@ﬁﬁewaé R)Il%ﬁ‘sh Aeaamaﬁ'eaeﬁ%mmgfs s’é’ﬁ)@rator

neasure any emtte MX | uor escence si naI
wasypreggrad ysing @ Ew&arsyslvledﬁbﬁBBo%h@he\@ltagemw sal@ely to

B R T T,

Techa@alagist M phavih é/\ﬁﬂlo&mﬁgmmi&mf?@scrﬁﬁ lengt® 40 pm inner
2004/011898 PCT/ US2003/ 020103 12 peak due to unbound

dianseizrids, &t patadendiamaiar (of)) 5 Thierfubg waszconditioned by first

full.-w.dt h- at - hal f,- i b 1 . mn. T
noshif b LBk D TR AR la BBt bt o S
distifiedl "d&idni¥8d abtetFer15 mih, ahdthed fadnid With 0 W EAEMATUN

coul d be used to determ ne whet her ferritin and/or 5

buffey tatd Sdhdpean Additienat 45 Rie2p. An aqueous sol ution of

| ] e ARLSUARLRARTCE R R s QAP 10 2500 e
mtrcm&mdahteﬂthemapglaay tuba. | Afierya eepartation ipoteatiab o 8 BaC\Atels.
apphec? Beﬁvg ﬁ1e ends of the tube, the solution flowed through the tube 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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an x-ray beam the iron in ferrritin and the cobalt in

cyanocobal am n each emt distinct and detectable
wo200ap11i8bgior escence signals that coul d be usedP€DUS2003/020103

determine i o whether a conplex between ferritin and/or

cyanocobalamn and Ure2p is formed. A baseline was

obtained as follows: A capifgary el ectrophoresis

arator was preFared usi ng a BertanTM Model ARB- 30
full-wn«ﬁh -ajdeifagaxipyie (FAM) ¢f aboutst-dmite TheeCysapgPhalpaTin peak
i FGAY [ be (Polym cro

Wa%%%%ﬂ?&i%@ﬁ@'%@iﬁ%tﬁtie fo@%gﬂbhg{%lrﬁngn& ons: 70 cm

in W\@rilv*/éntlohoéhmbe iugeein pharhacaitieal me@bollﬂgﬁtwembedetect
di anmet er he tube was conditioned by fir

dangepys meta hmﬁr%iupt%o% patentig) p@afmﬁqetyﬁc@fch@m:ﬁk by
pord Bt hiyndt el el 28 dudkHumber

of nimgf érelmgh@i—tcﬁ.ul@))efg)verato adai (lor otiwr téﬁ an'lmnaI)AA koo sample

woupSyaken Bom therrahbeicte ARMINERENG AR Pol ARemagatiical

cheﬁué&ﬁ Qé??&\h&’é‘ aﬂﬁs%ﬂﬁé aAref acﬂnﬁléfé/ru’{@fhe ﬁ&@hhﬁ%lﬁh‘éﬂ%@ﬂtlcal

s of the tube, the solution flowed through
bloqdjinermtha ra&wpalddneeaxamtrmdtfmﬂmmmaem of nmatmbwesrwm the
o x-ray fluorescence system equipped

metﬁpgﬁﬁa edﬁw{eg %%t excitation source and a SiLi detector

Wa?rn %aﬁﬁharﬁ/othdw%ééﬁng@nmbro%mraﬂ 8fpHRAPALN mehéd for
re any emtted x-ray 25 fluorescence signal.

a The
dete@tmgyom@ng %ﬁnt%@e@@ﬂ@ﬁtmf@l ebarmaeettigal abewaéﬁland target

blndlqu?l' %htl?ﬁgﬁggﬁcr&x T flt‘f gérzl‘r?&%l ) det dﬂﬁeeche

preservel ?ﬁ mle)xtﬂwmpantsrofrelauqntsssuchcas 1}Iwcrrme4\mblomimeubro‘rﬁme,
seconds (s e toa Fe 3+ o rritin was

odiBet TSRO, PO SN A T b RIaF B asggtuents of

enz?ﬁ%akﬁg@%ﬁgg%g%telﬂs@ [if)NAI H\éi N a*fhgé" tf‘le'?ﬁ\)%r{ﬂd)'ﬁ‘ prov1des a

utt 1.7 mn. ecanocoaamn
nonedestrtctide methdd of seref@nmgqthm hlhdlag @V\HMeJﬂlahpbamnacautlnal
The |n en

q i

chegyicalvi 7 tariet BBRe Suff3 e ol kP BT HE 46 AP VAL shofin

metH@H§ ‘&b‘ﬁbﬁ're@ﬁi?é e eNe birler @RE/Or Rtentidl phafhaddtral chemical
phar maceuti cal chem cal having at |east one atomw th

inclage atanvalendyssind tag thatfluaseseasginan exnasdreto yltmyieleto
excﬁaﬁo‘rﬂ réd?e(tlo?wt, 'ﬂ% mtv%ﬁ |or"i“aog§|nl)t r@ﬂquggégmtgnals.

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 disclosed, 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 to the particular use contemplated. It is



woul d be taken fromthe rat before adm nistering the
potential pharmaceutical chemcal to provide a
whamelo11ses After adm nistering the potential PCT/US2003/020103
phar maceutical, blood fromthe rat woul d be exam ned
for the presence of netabolites using the io nethod of
the invention. In summary, {fe present invention
provi des an apparatus and nethod for detecting
mtebdedjthe@ the saere bétheeiaremitarebe dafingchiy e elaims appended
hem cal s and target binders. The present invention
Qes micro-x- ray fluorescence to determ ne the
presence and rel ative anmounts of elenents such as
fluorine, chlorine, bromne, 15 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 binding of
potenti al pharmaceutical chemical wth a target
bi nder such as a protein or a nucleic acid. Wile
known nethods often require that the binder and/or
potenti al pharmaceuti cal chem cal 20 include a
coval ently-bound tag that fluoresces 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
i ntended to be exhaustive or to limt the invention
to the precise formdisclosed, and obvi ously nany
nodi fications and 25 variations are possible in |ight
of the above teaching. The enbodi ment(s) were chosen
and described in order to best explain the principles
of the invention and its practical application to
t hereby enable others skilled in the art to best
utilize the invention in various enbodi nents and with
various nodifications as are suited to the particul ar
use contenplated. It is WO 2004/011898
PCT/ US2003/ 020103 14 intended that the scope of the
i nvention be defined by the clainms appended hereto.
WO 2004/ 011898 PCT/ US2003/ 020103 15

her
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VWHAT IS CLAIMED I S: 1. A nethod for screening

potential pharmaceutical chemcals for 5 binding to
w@rookmasps one target binder, conprising the stPEBUSI003/020103

(a) preparing a solution of qgotential pharmaceutica

chemcals and at |east one target binder; (b) flow

separating the solution into at | east two separated

conmponents; 10 (c) exposing at |east one of the

fl ow separated conponents to an Xx-ray excitation

wHpgas clLdlivees gsting an x-ray fluorescent signal
emtted fromthe at | east one exposed, flow separated

corfponerf methdd fey)sareening pateniial phamnacsisabehemicals for

. [ L e, 15 x- . t
o gnal - Bindi8 3 e EbBE WaBe pirer B B B
the ste@)of dabpanhganrolution of tidl phafmbbéuticaP biératbals
fl ow separated conponent. 3. The nethod of claim1,

wherei n t he pHittkatlpast giediengeidinderal  chenical s

Compr SR, 5 e P 1 O SR

wherei n the aomparsntgne el ement having an atomc
nunber eater than eight co | ses fluorine
chiori n) br GHASING dSrRt onectthe flowkseraraid components to an
sel eni um | an pRNABitafiGh bEAn: Praseodym um neodym um
samari um europlum igajladoPilE'lni Um terbium dysprosium
hol m unfd)er bidetectinguan wiray filsosescenbsignal émittedi from the at least
antinony, bisnuth ang rsenic. f claim

a

5., The net Iﬂod
1, wherein t S owssPRiRiEd coaRoneh ARt al s
conpri 8@ wat §solafhd Bhe fleWHpFatededintsbifent ravitifa detectable

met hod of claim 1, wherein the solution conprises an
aqueous sol utTarflucgescent sighaket hod of claim 1,

L BN AP, AP boPeREFly BB RE B e
idertity efithenigslated, flow-separated component.

3. The method of claim 1, wherein the potential pharmaceutical
chemicals comprise at least one element having an atomic number greater than
eight.

4., The method of claim 3, wherein the at least one element having an
atomic number greater than eight comprises fluorine, chlorine, bromine, iodine,
sulfur, phosphorus, selenium, lanthanum, cerium, praseodymium, neodymium,
samarium, europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium,
ytterbium, lutetium, antimony, bismuth, and arsenic.

5. The method of claim 1, wherein the potential pharmaceutical

chemicals comprise water-soluble organic chemicals.

6. The method of claim 1, wherein the solution comprises an aqueous
solution.
7. The method of claim 1, wherein the at least one target binder

comprises at least one material selected from the group consisting of enzymes,
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WD 2004/ 011898 PCT/ US2003/ 020103 16 non-enzymne

proteins, DNA, RNA plant cells, animal cells, human
w@eid118asd microorgani sms. 8. The net hod of PCHUA083/020103

wherei n the m croorgani sns conprise prions, Viruses,

bacteria, and m xtures theregof 5 9. The nethod of

claim1l, wherein the potential pharnmaceutical

chem cals are substantially free of netals. 10. The
nonrmtjyaub pfoteinaj BNA, Riermant ¢dils, animalicetls, isursapaehd, enhd

to at | east two conponents using chromatography,

m'%’&@%‘ﬁﬂ% ng, or centrifugation. 11. The nethod of
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16. The method of claim 1, wherein the x-ray excitation beam comprises
a power of less than about 100 Watts.

17.  The method of claim 1, wherein the x-ray fluorescence is detected
using a lithium-drifted silicon detector, a silicon drift detector, or a PIN diode.

18.  The method of claim 2, wherein the identity of the isolated, flow-
separated component is determined using gas chromatography, liquid
chromatography, mass spectrometry, nuclear magnetic resonance spectroscopy,
infrared spectroscopy, ultraviolet spectroscopy, visible spectroscopy, fluorescence
spectroscopy, elemental analysis, cell culturing, immunoassaying, or combinations

thereof.
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21.  The apparatus of clalm 19, wherein said flow separator comprises a

capillary electrophoresis separator.

22.  The apparatus of claim 19, wherein said flow separator comprises a
liquid chromatographic separator.

23.  The apparatus of claim 22, wherein said flow separator comprises a
high performance liquid chromatographic separator.

24.  The apparatus of claim 19, wherein the x-ray excitation beam
comprises x-rays having energies greater than 10 keV.

25. .The apparatus of claim 19, wherein the x-ray detector comprises a
lithium-drifted silicon detector, a silicon drift detector, or a PIN diode.



