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WD 2005/ 009584 PCT/ US2004/ 019678 METHOD AND APPARATUS

FOR DETECTI NG CHEM CAL BI NDI NG STATEMENT REGARDI NG
WO-HDERHISSRI GHTS This i nvention was nade w th gpUBUSIBH019678

support under Contract No. W 5 7405-ENG 36 awar ded by

the U S. Departnent of Energy. The governnent has

certain rights in the invention. FIELD OF THE

I NVENTI ON The present invention relates generally to a

f INBETHS D AND AP RIERATUSEORCDETECAING OHEMICALIBINDING
characterizing the binding between a chem cal and a

target 10 binder using x-ray fluorescence

spect 1 oscoy A TRARKERRABARDINEFENER A6 bi ndi ng
a proteinlargely

properties o epend on the exposed
suiThixiaveaibmwaamade eith doesrmohent supportypeteriCGantrdcaNo. W-

raok Py R RATALS bt St g e
Ceﬁ#@grligehtglﬁ’{"th@ih\??nﬂ&.lgsgi and H Lodish et al.,

cular Cell Biology", 4 th edition, W H Freenan
and Conpany, 2000FIEmD&3kR TaiE MNVENTHONesi dues can form
we noncoval ent.. bonds w th ions d nol S .
Fi ferTasoR sy aresSehSef B pdln HReY Idiessoting
chefiéyl bivilg BRAGRardctariziRdg B Padfid iSetiveshi Léhdraicasand ytarget
~acavity in the protein fornmed by a specific
bindgr ugingexreay flepreapenie sREAUPSCIP¥r e nust be a preci se
fit with 20 t@A?k@%@@JI\ﬁjkﬁ AE IRN%’PIW binding to
occur. Pharmaceuti cal “chemccal s are e active
I nghediiedihg propettieg ®f agurdtdir ldrgely weipeadenh theadxpoBed surface
therapeutic properties are Ii_nlied to their a iIitX‘ to
amipp REid @sisesf itsnlypantidgichgins (8@ forpxanpie, Ssucs Alberts et
& Vel ' y oot £ §:
al., EGuE: BI0Gy 8f IeFoERY 20 d it a1y PaTRIhg, Inc., New York,
1980 pafc Hnodishsetad., tMelesate GeloBieiayy”, 28" EditionsW. grhtHrgeman

o ASe S TR Bt PLERIGH et A
bon?ﬁ%ﬁ@ﬂ% s'ahd'rﬁol%é&l"eg!@{’féctﬂ):ef Bihangtgdreraadigeire¥he fFormation

emcals wl ind effectivel % O proteins. Research,
of nmany wealebondeat afbindimgreite,” whighrgvsuallyca cavheir tbalpretein

a drug, i.e. drug devel gpnent, n L1y i lLves . .. .
rorniet b Ay e 1A IeoR T A T e B Bt s K8 stfBsise it with
the BIWiNERSIRdr GMechi® Bintig 105/ 009584

PCT/ US2004/ 019678 o _ _ o

Pharmaceutical chemicals are the active ingredients in drugs, and it is
believed that their therapeutic properties are linked to their ability to bind to one or
more binding sites. The shapes of these 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. Research and development for a new
pharmaceutical chemical for a drug, i.e. drug development, generally involves

determining the binding affinities between a potential pharmaceutical chemical
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2 (preferably a water sol uble organic chem cal that

can dissolve into the blood strean) and a target
wheodeeosggeneral |y a bi ol ogi cal material such BST/ES2004/019678

enzyme or non-enzyme protein, DNA, RNA, human cell,

plant cell, animal cell, and the |ike) at nmany stages

of the drug devel opnent progess. The target binder may

al so be a 5 mcroorganism (€.g. prion, virus,
(pre’ﬁb’tébl?ra watersolues orgeric themidak ﬂﬁatlcan\ml’lsdcﬁve)mtm the plaot.

The drug devel t t |
Streg aBE BEIR T GRTBERBIRY PG MashHR IR A3 apnzyme or

non%,f?x‘ighw%?r%ge t & L BN rmrﬂg'ﬁbélil psiﬁﬁte&éu' aam?él%@ucahd the like) at

Wween’ t pot enti a armateut i cal
manyretagesbsthendrug hbvempgmmhnrom Thedargtt binder maygalshde a

N TR
partKTRE "d'r&g? d@ﬁelbg}n%ﬂf’ Brtesa tRALAR inDEITES @Pocféd@x’ﬂé@for combining

conpl ex: indihg affinity’is defined herein as the
potemdisbphamiaceutiqal ¢Hepnicals withoiesgeirbineers, datectingghegical binding

venigerihi naténiel it el Eheiod ™ ang e IR pETHinub ALAR

dete?Aidihy We bﬂfbdmg{]ammy aKkb KirfeticR&f bavdiedg bf attaet bindepkea
per ITter of the tar%ﬁt bi nder/&otentl al

chenpjm fetarot @ campieqel ,kn[thg:(sgcgtre aﬁgéqf]a baund ghemical from a

B L
conSIBREKA] WabioKaiin dehesbpequbliom()delowe pot ent i al

pharmaceuti cal chemnmical. 20 Nowadays, the drug
devel opnent process may involve the rapid screening of

h t
AP TRiel AHAR [pbh Rt pmpeRTRaehag (1)
which is one of the many test ed t hat bi nds very

In eguREE D alcomEianis e aectniptien e mdtes pPLtr obinsoafket
bmd@@o‘?@rﬁl&l Pﬁﬁﬁﬁééélﬁﬁal sdHapIeRt [i&lrge%trﬁj@r] idlthe concentration in

rmaceuti cal chemcals simlar in 25 structure to

moledsl el bted of treplauget kinders and fiecieptial phedmessuiienl ichenyieal} is the

conufaich] 8 mites Sy b th PafoatBLo M iiosRIPABERba ™
Nov@écfayél fne drﬁgr@v@wpﬁﬁéntrmoa@ém@ ivstvel R rapie §ciieenirigeof

I"'owi ng patents, all whi ch_are hereby
hundmﬂﬁrcprdhaue@nctg/ofrmtem@! @é‘a”V@CQW Gb@'@iﬁﬁ's in order to identify a

“Ieag%/n%%/ Qidh 18 ond of the many tested that binds very strongly, i.e. has
a high binding affinity, with a particular target binder. After such a lead compound

has been identified, then other potential pharmaceutical chemicals similar in
structure to the lead compound are synthesized and tested in order to determine
which of these potential pharmaceutical chemicals, if any, exhibits an even higher
binding affinity. Some screening methods are described in the following patents,

all of which are hereby incorporated by reference.
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U S Patent 6,147,344 to D. Allen Annis et al.

entitled "Method for Identifying Conpounds in a
wEhesioerB4 M xt ure”, which i ssued Novenber 14, POD0S2004/019678

descri bes a nethod for automatically anal yzi ng nass

spectrographic data from m xtures of chem cal

conpounds. 5 U. S Patent 6,5344, 334 to Jonathan A

Ellman et al. entitled "Pharmcophore Reconbi nation

f orU.tSePatdrh® 177 (3ui torD .oAllésnAhhis i lad caritidle O Mepthadh fbr

oV RG AT oW & PR NI St e N iagber 14, 000,
desEﬁlB‘éé‘ﬁtrh g%ﬂ&ﬁtoﬁia%ﬁﬂkj éﬁélxﬂ‘gb‘?ﬁ%é%%é’&tfdgraphlc data from

cross-| bi ndi ng fragnent
m|xmresaefa:|6@ntaal cbmpbundsgaul et al. entitled "Apparatus

26U 00 EED Gonaliar & Bl a3 ont a
“Phéﬁﬁ%@émﬁé RO the [eMifsatfdrestt SPERMdlet@e Drug Lead
|dent|fy and rank nenbers of a library that bind to a

Compoypds,t wbightissuedsbeleruasy 8e2007) describes a(methed deciggptifying a

crod e 4ol by S3hIaF 0 st AT o BRI of5b Ao
bmmhgl‘ﬂﬂa@ﬂi@wts(a non fI uorescent anti body, for exanple)
and a_target bin unl ess. the potenti

phat- r%c%%ﬁ?ﬂt:@lwérﬂeﬁ% todple Hindpgrul i@l g rttﬂeﬁ “BRBe#ATatys for
Scré%& ng@cﬁﬂ%@%f? rh B! \)é/ﬁph'@&écd’l\/l 2@90?2' 8b&3ibes an

|ng (a chem'cal group that
appblatas elsa:t@np\lbgm fremajs;hnbmatagrapmwmhbmed with sialss epectrometry

o o R 8 RS B A 81

gg;ﬁﬁrﬁélsére%rn%g e fuerekhge @%\?&bé ceft 'sbﬂm , Bbr example)

for | ong enough period of tine 3i ndi ng
cannot defeot blodfng hetdees rarytypes®f potential phaen@@ut@at @hemlcals

(B SR S RTE S5 et et pe e

phar@aesutifd @He il ﬁ§§rd@ftﬁi@ With erghehiisgietg! Paggifginesy ibivolve
such as an ultraviolet/visible 25 fl uorescence

modiivirg ther original chanically aidashing Aptagkda cheaeal @raup that

oS R MR A B! BLRI S e KA, 0 porion o
the pbmmlal bha@mmnaﬁ;mr@noel Aftendatdectlmitaggbd dbt@nncbls are

onpl exes that produce the sij are col I ect ed
expPped Exael @numeellwf@re%%ﬂ@@ g?r a lopg NPYGNFIELP time for

bind? %— 4&5@9&%&1@@@006& to some of the cells to produce a cell/antibody

complex. Afterwards, the cells are sent through a laser beam one at a time. The
laser producing the beam is interfaced to a detector, such as an ultraviolet/visible
fluorescence detector. The cell/antibody complexes produce a detectable
fluorescence signal when exposed to the laser beam, and as the screening
method proceeds, when a fluorescence signal is detected, the bound complexes
that produce the signal are collected (see, for example, Bruce Alberts et al.,
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"Ml ecul ar Biology of the Cell", 2"d edition, Garland

Publ i shing, Inc., New York, 1989, pages 159-160).
w@\a@thesssd or m of taggi ng i nvol ves attachnment oPCT/082004/019678

target binder to a surface. This type of tagging is

used with surface plasnon resonance techniques 5

(see, for exanple, U S. Pategnt 5,641,640 to A Hanning

entitled "Method of Assaying for an Anal yte Usi ng

“MoRstii@BioldggoTaiie Befnmh editionnGiaghnd $ubtishihgninc., Mew York,
1997; and S Patent 5,595,456 to M Ml ngvi st et al

1988npagee#59-4RR)-yt e Det ection,” which issued Qctober
12, t j r
AR AR o et oot o0
surffabeloTlas dypd of mgg'mgj ig usedwdth surfacesidasmiosi rebenance teshniques

(seq. AP RIAMBion s, Pate ikt Sl AoH BPEE artec et of
Ass%ﬁ&gefgr R A4 Wté?}l%@rﬁn’gagﬁﬁﬁﬁé A6 ¢ ReBVAGHEY.” Whﬁ:kﬁl%ﬁ@ed June

e assunpti o y not be valid, as it is wel
24, ReevrandbitS. Ratent 5;5@15|45ﬁ1@MeMalmqtnabetsalremttI&d Aﬁalyée

Det§aL i hisPer LB iR 1z 1 PR ) ok et B e

refeddi@gged counterparts, and these structural
différences could affect their binding properties.
ef fii isigameratiytassamest that theealtaghraertaf @alluorespen tag only serves

o Y AR REHB ARt B AR gy oo

binddreaed @iz birding pr&sartios of the taggee andi umaggednmatsnals are
provi de an efficient 20 nethod for reeni.n
exapthaihe-sares bhess AsRUBPIRNS HAY SOt Be Yakilcas kiRl known that

eveRRnr4l cﬁéntheEﬁRggg§frﬁgtdré“6ﬁgtdhgﬂméa°l otr‘?a@'é%)gﬁ%r fhay affect its

screenin does not requir ficat’i on
functfonaTaggedtnhaibriallsairemdmuturalw dlﬁbasmt dmim theihustagged

o R T v e T,
par n bfficldhe nitansd \‘d’rtéc?@erYlﬁ%%Hefrﬁ&dI@Y\ﬁlth pBbritial PRdrmaceutical

econe apparent to those skil the art upon
actuemarfomxampleaﬂortm@dmg|tomﬁgb@dereasem@ns@whhédewable

D Ss5rS D s o o R AR

metﬁ@éﬂér Sdrebhingi ohehiiba. 16 ebihtingtoanet difdgiat i ons
particul arly pointed out in the al(o pended clains, WO
(o)

20 @81essie sy o pogse irvendion is to provide a screening method
that does not require modification of a potential pharmaceutical chemical with a

chemical tag.

Additional objects, advantages and novel features of the invention will be
set forth in part in the description which follows, and in part will become apparent
to those skilled in the art upon examination of the following or may be learned by
practice of the invention. The objects and advantages of the invention may be
realized and attained by means of the instrumentalities and combinations

particularly pointed out in the appended claims.
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5 SUMVARY OF THE | NVENTION I n accordance with the

obj ects and purposes of the present invention, as
wenhsdoed4 and broadl y descri bed herein, the precsems2004/019678

i nvention includes a screening nethod that involves

sending a fluid that includes target binder through 5

a conduit to a size exclusi filter, the target

bi nder being too |large to pass through the size

exclusion filter; %MMW@\Q%'EHEdI\NEN'ﬁIONat i ncl udes

one or nore n1ca|s t hrou the conduit, the one, or

rmﬁ@ %ﬁ%W%‘&?éN'ﬁ‘h Riegis gFérHPP%GPS’r 9&%& RYBS®HRY ipyentio, as
embGHig& anbiteiE dégens@@ner%mp@ pﬁ@@éﬂt‘iﬁvegqtf?)‘ﬁ' iRGILABE k!

enough to pass through the I't er I ng X-rays
screetting Methed tithiiinvoless sending iaszudamatumludeamrgeﬂ bleder through

ni t.orin n ray fluoresc e r pduced
a oftRf it Brk R <Rt i e 1ot BR e Hau R tacgb B4 through
thefsiﬂet@(cmsTds}emtéw@@hduﬁp BéSoridTlid des incluadPahaiordrer
screeni ng bi ndin ween a target binder and a

chegrieats dhouginriae gppdulatthg anecIraers clierpicalesycapabits plipetantially

g9 v s hHbE BN % TRG S MRS e R il o
pasbhl&rd‘ulghvth@fﬁltéh%ehdrr@e)t rdyisnd®y thiehoaridgit ridae tie® Bidei dxchiusion
not the flow of the chem cal. The apparatus al so

filter; rﬂﬂ%@ﬁ't%ﬂ&amﬂ% ray diUpFASCeRCca §19n@épf%5¢’&8fjér%\" inside the
conﬁﬁﬁ%‘eﬁg‘g@%&e eﬁélugﬁ'ﬁlfemough a volune of fluid inside

X-ray detector capable of
r ed‘mevlnmgnm alsoa:yclﬂdemaaappaca&usnfcgrmjremmg indresting between a

vol u flu i nsi de sai.d caonduit expose
targef Bingler Aaeaamisg - SR ISEAR BIHIORS Bp Xrias (Aroalydas conduit
for f_ﬂﬁ'lg If\%"«ﬁ\%"@?%@’('tﬂ%é’rr% EEmichD ACHte?ifsite ‘fﬁ’é ESﬁ@GI?QUbsﬂantlally
and forma part of

the specitication, [ustrate the
bloakstibeifiornef(thp tafget hinder dreughitine eondh bahmpt the diget dfthe

W, t e descr.i pt rve to ex t he rlnc | es
cheffitq), TE apERME el nofed Griraix Malloh SRl Shdmics
sendiriCae RBhY DehRPISEIH atoRim@bf filia iAgiBatké ¢dnalit,tdRl an x-ray

invention: Figure 2 shows a schematic representation

detegtor erpaiiie of ragiving apixgrayrfiugsesaencgeiomal rieducag from the

e S A L

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in and form a part of

the specification, illustrate the embodiment(s) of the present invention and,
together with the description, serve to explain the principles of the invention. In
the drawings:

Figure 1 shows a schematic representation of the apparatus of the
invention;

Figure 2 shows a schematic representation of the apparatus of Fig. 1 as
target binder is admitted and collects on the size exclusion filter; and
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hbinqelﬁq(g:l si.on filter, and downst

6 Figure 3 shows a schematic representation of the
apparatus of Fig. 2 after a potential pharnaceuti cal
W@ b@wioe®B4 bi nds to target binder. DETAI LED DESERI/BI100M019678
OF THE | NVENTI ON The present invention includes a
met hod for detecting and neasuring 5 binding
affinities between chem cal $ and target binders. The
nmet hod i nvol ves sending a solution (preferably an
aqrgue Sshows arschemadtiargpitesehtadion dfiheapparatus ohBig. R after a
to a size exclusion filter. The tar%et bi nders used
poteftiah phaenacricel ehemical bipdstaigyget BNEgEs t hr ough t he

si ze excl usj f et fi i t bind
Thto the DETAIEDIRESCAIEHON HTHE INVENRIgat b hder
t hdhei resentihusntion includes a mpttaceiamdefectibg aridemsasguring
ream of . the_size .excl usi on

inites, befwesn.cREmipds Ay IR ORISISy Ths Meshod iuives

ond SOBLEN T o v o)t e hngh

condiuig b sizeeexalusion éiltenrTiet targaidinddrs usedewthethe invention are too

gt R T S SRSEIA G AV shOBR b0 500 Gncer mo
the e5Bdit, 8RO wabUur@ obtargist bindef hear ik slfe exslgsibn ilter epstream of
After target binder collects on the size excl| usion

the sizeresclusions biter: RBA dopmsirearuel e Aivexesian d8pUMmay e
quaﬂfifi?&‘?x %rengﬁbte)ﬁ%etﬂtth%%en%@[ofﬁ@%ﬁgf élé?t@l:ting?gﬁ&nx%kls I's

sen rou e “samne pot ent

fluopdtenes eigriat dle to ieniargéisbinded lfvart R-rap uoreseancesignal due to
smal |l enough to pass throy e filter.

the %S{qginggr {rieterier dnsipanea th@:ﬂ@f&?@? E‘m 60 i"«henT‘frﬁee filter
! ! . o
may e WemadthiPby FBPCRS siz8mag ot be Snffettidiio/ibtiethe R of
target binder. Aftergaegetidindat dojlestsraaythiel size exdesios filiBr, radselgtion
t t t bi d hem . f .
oreBgican 5305 S0 0o BB S el i
chehfé&8hs BbMARFolMCthe HAPHB EGMdA. ThR8Rtial piRghatelifial

near the size exclusion filter where target binder
cheouitale eised with thednvention shawidibe smalcenatgh terpagsghraualsthe

T det ect . oo Sy

fitef, hec@inofibt BB IheTRERI iy 1, P kndkelsldrhiterEosyarp of the

sizebbAesion filtdh anairdswrattesim bEthedsize axclasidui flitednthyebs sisilarly
exclusion filter inside the conduit that is se|ected

quangtiegh Ry iy fluesesseneat Bidinghbetnecatargal bindrsancka chgmical to
forn? 4lcdhiblek RantRAPLnYWh&ROR6RG Brddorktdll WReRPR (et Hirder and
chemical are present, most likely near the size exclusion filter where target binder
collects.

The invention also includes an apparatus for detecting and measuring
binding affinities between potential pharmaceutical chemicals and target binders.
The apparatus includes a conduit and a size exclusion filter inside the conduit that
is selected for passing the potential pharmaceutical chemical(s) but not the target
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7 binder(s). The apparatus al so includes an x-ray

source and an x-ray fluorescence detector. The
wappanetsss may i nclude a collector for col | ectPeyUS2004/019678

materials that exit the conduit. Reservoirs may also

be provided for the solutions of target binder, 5

potential pharmaceutical chem cals, and for sol vents

and ot her types of solutions such as buffer solutions
bindar¢s)sPhetaippastoé abenatiudes gnaaddyosoutee anglagxx-ray fluorescence

agents. Sol utions of deconpl exi ng agents can be used
det@ﬁ?ﬁ the invention. A solution of deconpl exi ng agent,

f or I ' ki ;
RTS8y RS SRR Ao St ot o

conduitp fteserwirstmay atge bé pravidechiod the salubons af tatget kinder,

Af t the chenical i I d t h 0y f .
ot pripdfiagiel Goernitel PRERE 0 BF ekl ARehhpRs Jroltions
sucHidsf iR s ofi AR Rindad dl @ibnstofdidriaflieil and/Be dee@pleRing agents.

can be introduced into the conduit and screened for

bi rfERluiiprscoftdreompiexing aggats eambe usepvdihdharinyentione A

' ahl ,
sol R kSriglol 3hebl o t8PADk, i B ERRLTIRD!fe condui o

promold the sépagatigpal acompiyx mamits ebnpopehtzeoffthryet dinder and
et binder solution into the conduit nt r ol

unbtpgrggfqhgwlgﬁl. Afietheghespicalja releas r@qgére%ﬁ%on o# ;i)cg]t%ntial

pha%ta‘égﬁt{iq'ﬂl cﬁgﬁﬁdﬁ%étéh‘é@ﬁic&ﬂﬁ@ (‘Ziﬁgferit %bﬁcéﬁ}ﬁatfo‘?ﬁ QWitrerent

controlTing the ‘x-ray source (adjusting the position

cheaficalhetchezam bé rgrosiuced gritb thé cohduibaadsceganed for binding to the
receivi na information related to any fl uorescence

samg {HaeIPINdRRi ved by the x-ray 20 detector. The flow of
anypaidighlySPleVaiatadis i§ Ahbbt eScoiftfol 3F &ProGraniigble computer
conputer “control. The invention uses X-ray _

usirig sefiwaredhekcanberisedite conolhadippgraius byiaoptrefling the flow of

e Y o il e L “GRE g D B e ARG br

motel SelvtBd Potshirl ¥hadiaddutiehPStsiRalsSIRRE theldBraluit, Eddraling the
intensity of the fluorescence is related to the

X-radcﬁ%?é@ﬂ (adiugingothetgitios fifeabeam, dhe shiengib0f tha erm, etc.)
reoginGhbRER et 1;&%,8{ fé@rgﬁ%dﬁ%%'g@alg{ggr?g%% by the x-ray

detesior Tlecfidw ohasy otheasolvelitsbesdlutibrestamalso Beeunder computer
resulting atomis in an excited state, and it can
confreturn to the ground state by replacing the ejected

glr ‘gﬂegﬁ()e%clir‘l;ulé’és’s £h&FHnRsEERB B Mkeg8Ele tREYising affinity of a
complex. The x-ray fluorescence is an important aspect of the invention because
each chemical element has its own unique x-ray fluorescence spectrum and the
intensity of the fluorescence is related to the concentration of that element in a
chemical sample. Briefly, when an atom of a particular element is irradiated with x-
ray radiation, the atom ejects a core electron such as a K shell electron. The
resulting atom is in an excited state, and it can return to the ground state by

replacing the ejected electron with an electron from a higher energy orbital. This is
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WO 2005/ 009584 PCT/ US2004/ 019678 8 acconpani ed by the

em ssion of an x-ray photon, i.e. x-ray fluorescence,
wW@nsobess4 phot on energy i s equal to the differe@Esiond/ 019678

the energies of the two el ectrons. Each elenent has a

characteristic set of orbital energies and therefore,

a characteristic x-ray fluafescence spectrum 5 The

use of x-ray fluorescence to detect binding events
accheipsmiad butlgeemidsiorder an andy photpt, besxinag flbeﬁmscence and the

escribed in U S. Patent lication, 200300271
ph 0%%’?\}95%{95/ '@e%l%ﬁheé{' %renAgnghe( PRI JiEGR! Hga wgreectrons Each
elerlﬂ%h?ﬁéé Hg:h%'réﬁéﬁguc S totbitdt 'err‘\%rgﬁ'% BAdXh @Yore 3 characteristic

l'uorescence Spectronetry,” was publishé
x-r&?efb:masger&e g@efumand in U S. Patent Application
Ser / 206 524

%058 PEE T MuGeReeRcat SR aAEE et baiwadh Bloe

bm@‘e@@"ﬂrfé?ﬂe‘éebﬁir@ﬁaﬁ”b@éﬁ cPésBﬁMedﬂdJE}@%@ﬁﬁAppManher eby
I ncorporated by reference. The use of capillary

2008087 il 39 o Besjanini R.Warmexyet al. u@n@tﬁﬁb‘m&@hhdémblaetecﬂng Binding

Evaig PRI e Pl dcthe stctrohfbinARhich sk pyiblshed

Fetﬁaaqm cm)cﬁ aﬁanm aJ SAPaiemw@ licaifom sémaiallurﬁberm 6/!205 524 to
48- 2053, (2003);  and

Ge%ﬁgeal Hawﬁllla@ﬁal erﬁ@“%d Bipw Mﬁﬂ&%@%ﬁeea@év%&r@{eewﬂg
o EABEH O MEGSOBRRETE 8 58pR by MBrs b

refe:réﬁce Pthe dse’ eﬂ&pllleﬂ@%ectmpxhoréms WithE-rayeffuorescerice has been
deselTbe B e ddiier S8k i Carmleyy e mtioges Micro X-ray
Fluél%%%ﬁé@?f’?%ol fof'Bah Eﬁio%@leﬂé‘?ﬁél%rﬁé{ sid/ mAna?ﬁmaP@heﬂnTs’iﬁ/ vol.

1758 2000 i ncor por at ed erence her el n.
75, pn B048-2063, (Zgﬁk&)tandwby pt.dpadriapo@t al.df “@ndinet Xiray of

h h di

FugRErahe Befet i CalleSEEcttt foeR PR lifMbe Riglear

Inst@@hbh{saédﬁ Meﬁ%dsoiﬁW)%‘ﬁisSReé'é&cﬁ@%ﬂtﬂ@ pﬁom-ﬂ>8331999 and
wer e detected using ynchrotron-genera

by Soholansred@il.dn “Ek@np@njr—Sp@mfax]Dg‘@@ﬁon %Cmﬂl,’mp&ﬁﬁgtr@phorems

Usifly 2R SRR SPRGIBIPL. BN ERLE oAU 3P % ppy 7
1758, (R0 Citiae s pIeet hyorstéieyice hersin PRIainal d\al.sepbrdhé preparation

det ect i ng these types of Potentl al pharnmaceut | cal
of acRBIeP sCheb?é@é'lﬁ%“PI?X@%\ﬁ D TisEycloheyane giarping tetraacetic

acifiUHY $1B6qiBREs& SR Bsingthplirg 8RERbholdsis. The separated
complexes were detected using a synchrotron-generated monochromatic, 10 keV
x-ray beam.

Many popular drugs include pharmaceutical chemicals that contain the
elements fluorine, chlorine, and/or sulfur. X-ray fluorescence spectrometry is
especially suited for detecting these types of potential pharmaceutical chemicals
because it can be used to detect and quantify these elements, and in general, it
can provide information about the quantity of an element with an atomic number of
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can provide information about the quantity of an

el ement with an atom c nunber of WO 2005/ 009584
wWEOsBE804/ 019678 9 nine or higher. In princP@i/e$2004/019678

x-ray fluorescence spectronetry can be used to

provide the quantity of any elenment. The practice of

the invention can be furthergunderstood with the

acconpanying figures. Simlar or identical structure
nineorihitgheri i prdhaisieng-rayl @adiesaéncédspeadtiameisy can dperuset to

sh a sch I c representation of an enbodi nent of
proﬁ’ﬁ@%ﬁ%'ﬁ’s"@”%ﬂ@% ention. Apparatus 10 incl udes

CONpiNg pracdice R #hé rfh¥or cak B fHABY ubhd&r8toot WitH the

translucent to at |east sone types of x-rays. Conduit
accornpanying igunede Simitan qrddigriical siueturepisl identiffpd wsieg identical

calBEl FTE | A5 R PGt Heptehion B s bBaR T of the
apptiratisestaRé SnvedrioR 2 pparah v @il ded BHRIIS1 2, Preferably a
mat eri al and thickness used for conduit 12 can be

capiliargdulee) whieh isjsensiugenidoah ieast sagnertynes osxenye (conshal 12 can
ve BB ABILS yEho BRI PTG R (aErLON™,

polycabshaies boyon Maidy, iamld otheamaltarizgsthag aré eomposbd ok BRssents
that attenuates characteristic Ka x-rays of 15

havipg Qynatanaic 'UMBIS, chl orine, fluorine, nitrogen, and
carbon by a factor of 1/e are Ilisted in Table 1.

Pr efleg matgriakans Wioknass used for conduiitiZeambe selested foay
opt S RGEFEE B o Bl B0 S8yt conaui

walbsheuld ecsethin ab practival furanasettihg ted trahslotemdys Matebble
1 Thickness in Mcrons of Material That Attenuates
tranglegrieien foxarthicknpgs thad atigpuaiesaharrtiodstia Kexdayeef on

onGENSERL S9RE & G L 4R B RS LRER 5 e
listed il LébleHl. Woretanrgbl, theCohdlitZvdllsTad athérivang @e Rréy Aubrescence

0.50.2 0.7
signal by less than a factor of about 10,000. These elements were chosen

because they are often present in known pharmaceutical chemicals.

Table 1

Thickness in Microns of Material That Attenuates Elemental X-rays by 1/e

Material Polyethylene Teflon | Polycarbonate | Boron Beryllium
nitride

Phosphorus 52 7 28 16 88
Sulfur 80 11 42 24 136
Chlorine 120 16 63 37 210
Fluorine 2.1 0.4 1.2 0.7 3
Nitrogen 0.6 0.6 0.5 0.2 0.7
Carbon 0.25 0.24 0.2 0.27 0.27

Size exclusion filter 14 remains stationary inside conduit 12. Size exclusion

filter 14 includes pores that are small enough to block the flow of the target binders
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Carbon 0.25 0.24 0.2 0.27 0.27 20 Size exclusion

filter 14 remains stationary inside conduit 12. Size
wezebnessen filter 14 includes pores that are BCEUE2004/019678

enough to block the flow of the target binders WO

2005/ 009584 PCT/ US2004/ 019678 10 used with the

i nvention but |arge enough t to block the flow of

potential pharmaceutical chenicals being tested for

used with tige invehtien bat zege bhodgh nofierblodetrectiowof potetitiap
har maceut.i ¢al

phagfiatearal ReRICAIS kB Iested foF biing 1 Beipaen ity £or
deté lﬁgl?i‘ﬁ%ﬁlrgg??t%egé b@i@ﬁ%d@éﬁ‘éﬁyﬁﬁénﬂ\%@m\éhﬂ%%l size

It or exa Of a NMesoporous
equumlg tiverc14 isgtrefarablysuicéilusseabased filter ( (MU PRACEL ™

AmicBREV Sty I Ursiitefian Died 1o stvemioieher € iesiboBuspiaordanic
ma’t’éﬂa" SuftPhs bl KMt gcihe ffbpé&é?ﬁplbz‘ erok&Nhitdute of size

phar maceuti cal chem cal being tes . Si"'ze excl usion
exdusierfilter1 1 isdhahihblockajhe ﬁaweof(tbe @argﬁt Bindec wihile ot blocking

e 1 o BB B B3BBBTSFA B on e

14 camieié ahiy shaporesgatias clifved, mnm@wﬂemﬂ@nmmﬁxe g
excitation source 16 and an x-ray detector 18

ay.
peragedicaler 3a sbouwinde Figuresiag ox abetiarangles) sglative to condmt 12.

(preferably a collimted and focused beam to a
secdpparabis tbalsaiincludes Bhguliay excation sauiiceyl 6 sndap-ray

detfitof stk Feifly S IR TR U S0s b bRt
collirfaieldt &dfoaubes bbamﬁ; tcﬂ@%‘éd:h@ﬁbﬂboﬁcﬂuﬁ h2. Figans e—hbasH Oy
of potential pharmaceutical chem cal along conduit 12

sousge peiting @t & sackign near sizeiaxeisianfiferid. n Peastige; x-ray
f |
excﬁéﬁg@?énﬁ&%@ﬁ e )&SE ogoﬁé? aﬁéﬁﬁe lr‘r?éélﬂjr?r’“f\eh%f the

e mave eng or ‘ener
corfcentratiore ehpetentialystermaceutickd whiefical alxmg com;dim‘r 1,’eb9rmnbl|ng X-

resent in thet et binder and/or potenti
ray i VAR e tipNS ﬁ_ﬁgnﬂw& 12 anchdategiing ray pSpance using
el;ﬁ@&leEfBr G Tﬁé @\Fﬁ\/eiér@fﬂtu 'aﬁB/orEI\%rQ}/S of @é )? | fi#rb8%nce is used

rce 16 and x-ray detector nmonstrate
to idérdify ayemticdar elesrent pms*.errbﬂn thectangmrtnmmn mob(mapdﬁebtlal

spectr ter e . E le Il XPL ner di,spel.si v
PhaffAGe LR oR s s LS of Tk Siobp! R teripda Ny iEalon. The x-
ray @x@ﬁé&fd?ﬁé’@urée 1624hd spgy dbicchirimg Gedd {oedbribhsie®B the invention

solid-state detector, processing electronics, and
were part of a commercially available spectrometer, the EDAX Eagle Il XPL
energy dispersive x-ray fluorescence spectrometer, equipped with a microfocus x-
ray tube, lithium drifted silicon solid-state detector, processing electronics, and
vendor supplied operating software. The x-ray tube provided the source of x-rays,

and the lithium drifted silicon detector provided the x-ray fluorescence detector.

While an x-ray tube is the preferred x-ray source of the invention for
reasons of cost and ease of use, it should be understood that any excitation

source that produces an x-ray fluorescence signal from the target binder, potential
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25 vendor supplied operating software. The x-ray tube
provi ded the source of x-rays, and the |ithium

waleiokbpedssi | i con detector provided the x-ray PCT/US2004/019678
fluorescence detector. Wiile an x-ray tube is the
preferred x-ray source of the invention for reasons of
cost and ease of use, it shg | d be understood that any
excitation source that produces an x-ray fluorescence

phasngicalti¢alpand bonmpisgeiay iengswd, Ipptiadipleala pibton accelerator that

PCT/ US2004/ 019678 11 ceuti cal,

is ty%g%{ A e,g€4rgéotggé Jugedl )blr@)h%rrﬁSéOrP @8@@5\# proton- mduged
garffagld Ve?'hi%éloh:]t@?%Eg(Eﬁyyiﬁ’é 684 With%RE pr &f 5 Jﬁrmé?ﬁ‘loh.”ﬁb@ﬁ?d

X-ray’ em ssi 0 and proton-in ganma- r ay
exogatien isotegapibed)byny Vet etsaidln\NEﬂm’nemsSemamx ray Detection for

cad55emRbREs: ki Beareiy Bl P83, P 18
inc%@}éﬂ Jig-fé;‘g%é@ﬁbﬁg‘ﬁ_SI s," J. Chromat ography A, vol.

1996 incorporated by reference
her t
usefﬁ“ﬂya‘?h” U frodedi dorefAbPBET RS 08, S6Phs &¥avtiongtn
dlspebraweeereeﬂbmrdsmarweodeteeior at witalrrefleetan mrawflmmscence

fl det ect f |
detﬁ‘?@’?:fgiagg& oggldfe@%/grg%g%cg)rpeiggﬁﬁwoe?% t b| nder may be

used with the present invention. Preferable target

bi r@@f%ﬁf%feb'ﬁﬁ?femﬁw@ lfer?éjtwﬁﬂéalﬁ gfesep} tﬂ"@@t'@él Preferable target
blncﬁcﬁ@‘:&rﬁ éﬁeﬂgg tRaP g bidls célsreag |é’|‘f§?¥él ?ﬁ' gs such as
phosphor y

ation, mtosls, Iosis, prote synt esl's,
gly@W(mUohophesphm’pllahosJ rgrta‘slsnlglelm pp]romin synthgsiegendocytosis,

Co RTS8 B SAREAE LR S A
traﬁsl'ﬂ)%r géélﬁjlamcﬁ%skéléﬂﬁ mbtifgepNA ﬁ&él&#@‘ﬁ'«g télh"d tﬁéEPikEOSuch

enzynes, non-enzyne protelns
targ@t @m@re incluga, Ibaut aé@ldowmﬂ@d)tcgamzyms( eog—erwm@rmrgmms DNA,

ANB: b Bt celfS Fra TS 8ldeisrms Fobr&dmafs 4L Hirisis, bacteria

SporesTIh vRse of irepan et thedikeCTabgER biddrs lnﬁé?y aI@blfﬁﬁclﬁM\
bi ol ogi cal cells, and m croorgani sns onprise

COMPIeXRRsof eNAIRRS no@a%ﬂzé’m%Pf@QBSe@NA R dP'@'Qﬁ#Ca| geli® and

micBhan i (57 doh B Sy L AL RAC S8 s g
part, fier IBezia c&)mﬂ)etﬁlo@arstfjdlbk dor é)uimplé a?‘r;éfaablvntheothrgamer
' ow t hrou the flow rate shoul d

shoﬂ'@@ﬁ&{m Hreush fiausize &x%w@t%ftlt%but BRaWrRIB e G4f1get binder
doeB TR fRugitRE FoAPrate BoddtRAhBEN WssHhER Rk bR BBtetiiaPO

pharmaceutical chemical, preferably by a factor no greater than 1:100 and more

preferably by a factor no greater than 1:1000.

Apparatus 10 includes some means for driving fluid through the conduit,
preferably a pump (not shown) such as the type of pump typically used for high
performance liquid chromatography (HPLC). Other pumps (a peristaltic pump for
example) and any other means such as voltage source means typically used for
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preferably by a factor no greater than 1:1000. 25

Apparatus 10 includes sone neans for driving fluid
wa boosuessss he conduit, preferably a punp (not BEIDWEN004/019678

such as the type of punp typically used for high

performance |iquid chromatography (HPLC). O her punps

(a peristaltic punp for ex | e) and any ot her neans

such as vol tage source neans typically used for WO
ele2OBM @953 Yaditim I8AMBAIMe 286, 7ahd dihee Ityspasrcumh@a:mii@all or

vacuum sour.c ans, .apd other ty of mechani cal or
clogige Meads U ediias frodah epeddibTs ARBBGHSSEndu « 12

can be used, Apparatus 10 may optionally include a

col feRargius Hymayrertipnaily inchide-acoligstor (gt shpumn) tggellect any

C : \ V. .

mafP B R thrali g s Cxehisith fiter £, it oriliiediP RntRizing
thes onatprialsc Anahaty zen gisotmheetn) goeh @is,a grss Gheotreinetsraghs

i quid chromat ograph, or conbustion anal yzer can be )
chrg SH}?PH liquj CRFRFE%‘PQEﬁPh,ﬁHQOH}%SE@n@Pa R8I G312 Pesed with

theglﬁﬁg%n‘?‘?hb%of&t rdhalfzel Wil B858h& BhShe ABR{r80f HK gﬁémicals

rs being anal yzed. One or nore optical absorbance
andfpetargeirhingers heing analyzedvOoé er marsidpticalsgesarpanes ry,

i nfrared spectronet optical 1o fluorescence :
speclobiHis @R aGeb YIS Bpatfomaly oS (e FRaittametry), optical
flucibSdBrleSsPeciBREERMEAE bthd e RbrER@REIréulBLaRARISH

spectroneter, surface plasnon resonance spectroneter)

spegipmMaicl swgleas nrgredic reaenranpespasiromaies sefacalplasmon

' i al tical ..
reshBAR P T HE ool R B Bla G b fphicar
targe ihddr.cohipléxdl)iod pbtehiiphappatalitical tRemscdl&rden target
. binder 20 flows into conduit 12 and Figure 3 shows
bindeysrasert ingdgdheeoRMil-al phar maceutical chenical 26

flows into conduit 12. Sonme of the potenti al .
phdrigaice? shews apheratuall 028 ergatdinderhows inteconduit 12 and

Fog s SRR B 15 R et b AR

congigiter, iSaima baIhegsohiidl Yhaeasegiidal dRemital 26 TRV ASUGH filter
22 is directed at filter 14, the formation of conpl ex

14, 284 sprgre Piieda the taiget hiederse te form pemplexeits iwhjclhfs a complex
o e el bHREF 0l i BAUREAORL SORLI 4735, MBIy
22 istdicbetadat fileer didn thenfpravitioniof golnplerce® issdetgsldd as an increase in
the intensity of x-ray fluorescence 24 produced by complex 28, which is near filter
14,

The invention may be used for studying the binding affinity between a small
molecule (biotin, for example) and a much larger target binder (a protein molecule
such as avidin) and the formation and release kinetics of the complex. Avidin is
believed to contain from about 10 to about 16 sulfur atoms per avidin molecule,
and biotin has one sulfur atom per molecule. In practice, the filter from a
CENTRICON™ 30 filter unit, which has a 30,000 Dalton cutoff size, is an

acceptable size exclusion filter for blocking the flow of avidin but not the flow of
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nol ecul e (biotin, for exanple) and a nuch | arger

target binder (a protein nolecule 25 such as avidin)
w@nasobesss or mat i on and rel ease kinetics of theP€CDDR108K019678

Avidin is believed to contain from about 10 to about

16 sul fur atons per avidin nolecule, and biotin has

one sul fur atom per nol ecul In practice, the filter

froma CENTRICONTM 30 filter unit, which has a 30, 000
biofial Thexeay dtibresiceace detemtor carciapuadd & quastifgticd signahdue to

{qilt for blockin he fl ow of avjdin_but not (ﬁ)he )
sulkyr i 1o *oipy ASHEID DY Ry VRIHA Hes I Oxptiediicrease in
signAantensAY wWoultP RS %t%&r%férﬂf m%"?é‘ bhﬁln% ¢fhdifg to the avidin.

quantify’ the signal due to sulfur as the x-ray source
Afteiiodsing thayeonniax, a Belufiph oé buffeheowsl ;beo‘tcmed pasidhe a@vidin-

i BB RS LA A o PR ron o
usexbidetoulat thelroldags kiietieef The apidrf obBolih@wWRflin@st bé he

avidin 5 biotin conplex. The expected decrease in the
meagyredrbyssieactivgdhe cppgentation affietinin thgsedutian from the

cor‘[;c%lnfrﬁ i6h Bf B@%nrﬁégﬁﬁgdy g@‘x ?%{ fIJ&?s@é@#&ﬂﬁeé’rj thBIHBF (where

can nmeasure

thecavidieibiotit camplek fomaes)i ﬁrherblcbthscaobetm@asdré@ bytxhleay
concentration of hiotin neasured using

flugresrancsda mczeqtion of the condyitiar epqueh up@H@aawfdhﬁ/fuipb{swh that
the“q‘?ﬁﬂén’w ¥nEShtRtlon thafe R rﬂ?rhr‘?naF ﬁﬁgﬁggﬁgﬁf{oe%l%exkrﬁ@%cs' éan be

rescence In a section o ar eno
detapsineddmy admparing tHet @noenicdf bibtirt in mb&:cm)vpldx with the rate of

t m. ni pal ... b d
ohargRosidh® Bhheeriattctaraien: gL tietad 89 EeRmari ng ¢ he
anmopHy w@fenﬁd)ﬁ’bhﬁ dldd bdBsE® TFPbﬁ‘é‘rn’Mde'&thﬁnb?éb%lﬁé‘ studies to

change of the concentration gradi ent of biotin In
deteel] dangsriousTmetabalishyipseducis o asabenucalsécblmd cell tissue, or

. i ) q
onBERIGIRAGH Shbtie FBMESS bl Galer el 36 SRundR £ R orre s,
basefihé mé&ﬁﬁ@xﬁenﬁusmgt’tﬁ@ invienBbRIAR&! agraimitering &8 potential

animal (a rat, for exanple) could provide a baseline

phareasaricalie thesanignalnelopdwawld ba taken ipmide anivebandgxamined
| ood
for R SR A0S SR met AR NG i ol BE R Bhork 7 F e

pr eRrenineenfionredra o lteeaset?klmDNwh@r REANsiddiply dtbeies. A suitable
|nv ntio used in

SzGRHCBRGIHG SaHoaKAnG PN INAST FRNA AbiaushdRe LPndaK of the
il Bhages e R o Bl Ui oo o
ray Ridrescehde ohés cbastifuant pliosptionss aipmséAnother molecule of DNA,
RNA, protein, or other chemical would then be introduced. After quantifying the
amount of this chemical, the binding affinity could then be calculated. Binding
kinetics could be determined as described for the biotin/avidin kinetic

determination above
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ray fluorescence of its constituent phosphorus atons.
Anot her nol ecul e of DNA, RNA protein, or other

W@ h@sioesB4 woul d t hen be introduced. After quane@Ct/ysreg4/019678
the 25 anpbunt of this chemcal, the binding affinity
could then be calculated. Binding kinetics could be
determ ned as described for 1%he biotin/avidin kinetic
deternmi nati on above WD 2005/ 009584 PCT/ US2004/ 019678
14 Tieeteneperetiatof eheotondet cambeicontraliedi el immaydbe aseful, for

exep iR e el Bl ner AT of B Sh sithiormining

DNEWAc ARG iRt atures. In summary, the present
I nvention provides an apparatus and nethod for 5

detlecﬁurmmam, thkd present imvenben mmd@maeapparatus and method for

detBRHERRGIol &S RSMed RotRReeiFacetlicd Shemical andsaroet
bind&¥8. Thepreseht |@F&1tlbﬁ|®bb%ra@Wé§céﬁce%Wné‘ﬂﬁ‘é‘pﬁsence

fluorine, chlorine, bromne, iodine, phosphorus, and
andsiglative, ampunisafelemenis sushras flugsine; shiorisenbraminenioging,

on RREATE B T B R R Sl W

norsenBeNé pgotblm% DN i@l RNAPThas! thal m@émrdmmuwlee@l non-
chemcal wth a target binder such protein or

deskietive Mefbed of W@enméhelwlp@ @a‘/p@@h@h@harmwg@é:wlcal
TR PSRBT Mot 88 T A8 B provides e
advpntagmefmotaéqwhhgszheatm:am\nﬂlhctagescr| ption and i s not
A iratng st Pe St eh ot S a S oHRiR! Hioses
of nlIPﬁ'ﬂaftlbﬁ %md%%cﬁpﬁon 4 '|§‘hbﬁﬁ§erﬁ‘fe% t?qﬁéﬂa%shge ok %ﬁmgfthe
were chos

t he above teach . The enbodi nent en an
inverdioertoibe precise tym disclosed, mq)bbvmuslyenarw madiifigationsaind

Ll | t to th b
varigides B4 PhestlieTeht duRpitaE eadhe hast “lti 1 ze i he
| NVEHY &@Botlinetf(d) Wete MBS 'éﬁﬂtdias@ﬂﬂe&\ﬂlﬂ brd%fP 1 BE5O&KDIain the
nodi fications as are suited to the particul ar use

pringeabihgtiavention and its praciigabapligatioméo thesgley enablrethers
oG 5344 5 AL ARt i
various modifications as are suited to the particular use contemplated. It is
intended that the scope of the invention be defined by the claims appended

hereto.
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15 WHAT IS CLAIMED I'S: 1. A screening nethod
conprising sending a fluid conprising target binder
wao boosigsse conduit to a size exclusion filter,P@TES2004/019678
target binder being too Iarqﬁ to pass through the
size exclusion filter; sendi'ig a second fluid
WHONTS CRAMIEINES:or nore 5 chem cal s through the
conduit, the one or nore chemcals capable of _
1. pot ériqraening reethed egmpising:serdige @ fivichgemprising targetdinder

iR E BORELER 3508 OB T ORE pBOSRIRE RO pass
threugh theisire ek¢llisien filtensemaivig @ seeshdfidcontising one or more
fl uorescence signal produced frominside the <conduit

cheraigalsteougin e operuli 1R ane renorg ehemicalscanakle A pgtentially
indF 10 eGP, EPUSE ORREFA B9 M) el o
pasisi thtaughathd fitteni semdingx-aays into te ddnduitasegnioe sizei exehlsion

.. produced.frominside the conduit upstreamof the size
fite, 7, EYOBHORY pBY X-3Y Tieescence sign! edisecdromside The

condultiriear teOBREISXCNBicteMelyNg x-rays into the conduit
downstream of the size exclusion filter and nonitoring

2. anylhe sergenimgfmethodsafetrim &, fgriher poraptsiag sending xsaydeinto the
the conduit wnstream of t.he size exclusion filter,
oot {8 R QTR SR on TS Frorif@nd Hnyprev fuirascence
sigrel PG d FdeDfrérAriasitle Rhé @ehduit0fstidtin fof heél size BxciusidHprildte
or nore chem cal conprise aqueous solutions. 5. The
3. scrid¥nseigenivgioathed &ickaim 1, Tutither eomprisisgsenging draysdnto the

condRlt delrRFeS o8 7 RN gt ol ARFIR Al i er
fluorescesice Gigtal oradaceohfeorg rinsige GansosduingowhsiPeEm oF she size

on- ePz me proteins, DNA, RNA mcroorgani sns, hunman
excﬂ,@pqrg,nt%I ant cells, and animal cells. 7. The screening

4, ”Et'll‘?%ds&geféih@iigéﬂmd"&?%ﬁﬁm W¥5ere .ecfﬁji(?ﬁ%hptsrigﬁ]gttarget binder

solution o oneé or nore€ chemcal's cO
and teadluidboemelisimgranehavinoge elmeraicahtomprisbeueogs salugions.

th eight.. 8. An gpparatus for screeni ng binding, . )
5. borihscreraeiinggaelei iy WiaRE G IAIGot G Raiipalgs in a
biol¥gicalprlocags! ucent conduit for fluid conprising target
binder and chemcal; a filter inside said conduit

6. t hdthessgreeringiraethpdisf eldim t,ivehdreimwiheftatged birdeyds selected from
the group consisting of enzymes, non-enzyme proteins, DNA, RNA,
microorganisms, human cells, plant cells, and animal cells.

7. The screening method of claim 1, wherein the chemicals of the solution of

one or more chemicals comprise at least one element having an atomic number

greater than eight.

8. An apparatus for screening binding between a target binder and a chemical,
comprising an x-ray translucent conduit for fluid comprising target binder and
chemical; a filter inside said conduit that substantially blocks the flow of the target
binder through the conduit but not the flow of the chemical; an x-ray excitation

source capable of sending an x-ray beam through a volume of fluid inside said
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30 binder through the conduit but not the flow of the

chem cal; an x-ray excitation source capabl e of
waendiongsean x-ray beam through a vol une of fl uPdr/usm0de19678

sai d WD 2005/ 009584 PCT/ US2004/ 019678 16 conduit; and

an x-ray detector capable oﬂ receiving an x-ray

fluorescence signal pr oducéf from said vol ume’ of

fluid inside said conduit. 9. The apparatus of claim
corjuitpard @innx-g8j deteotod ghpalsieras rré@@ﬁingfar%x-f@/ﬂuorescence signal

transl ucent capillary tube. 5 10. The apparatus of
pro@Pﬁ‘?énf@m SRidrveime of ﬁU@dﬂﬂ'QPtS%ﬁWCMTeS conduit walls

ca I &g X - r | gnal
9. by o Snfrafe SRIEm BIwhBfert shiMordsfi B i 5y
trarsghpeerdtcapillafy wibei m 8, wherein the conduit conprises
beryllium boro nitride, siljca, or organic ]
10501 Vi REPRTaHS of Cle Bapatelh saickfondliGanebnaes, qaneiuit walls
i . f e i ¢
cal condgfi ?ﬁé}%ﬁ n@ﬁgggp%grfglf) tés{édg?lc%lsa‘q %I SS,IT%%J%EQ re{‘f’actor of about
10,800pri si ng a spectrometer, fluorinmeter, gas

11,5 FEABSLARK of A 8 GRERIROLR SHRBHEAS atium, poron
nitrideVemits earorghnddlyrheld. er .

12.  The apparatus of claim 8, further comprising a pump for driving fluid
through the conduit.

13.  The apparatus of claim 8, further comprising a spectrometer, fluorimeter,
gas chromatograph, liquid chromatograph, combustion analyzer, or sample

collector situated substantially downstream of said filter.



