; abcde3e; , ; 4x*6T, BACKGROUND OF THE | NVENTI ON *159159* The pre
"relates to a nethod for the taxonomc idéentification of pat hogm

e

m croorgani sms and the detecti on of their proteinaceous toxins. at nogeni ¢
i croorgani sms, parti cul arBACKGRQYMNR OF e ENVENIROM, ej t her occlif'™

naturally or which have acquired virul n ct rs, are responsi ble for
many di seases Wheghegghtiguentronnklated to Marephadffot the s$&xonamierlesti fiavien b€en
proposed as biowarfare agents. In addition, there is also the risk and

i kel i hoogha{tfagtnib ABRLARARMs Gl it Rigsion 08 idird)rSinageots tskids pat hogens
after genétic mani pul ation (e.g., Escherichia coli harboring the cholera

toxin). Typical t I -e I: r tulism
buboni c pl ague,Pac §P g‘?i‘%@%‘p %Lsgésf ?Alglglllg}efﬂﬁ %tbgge%ﬁgce%ar%ﬁegl%w&gt&lf%rtl%e?tolcé{?
scarlet fever, syphjljs and tubercul osis, to nmention a few. ring the |ast
several ddEaily Ot RhichATS apEPLERIFER QTS HETCBRBSIUE Hiiny M Fer ance i n
industrialized nations, principally because of successes that have been
achi eved iwhigloplague mgnkinés Magy of thesebapieriaghann bedsi popeset e biopvarfarpigentsr |
bacteria are becomng alarmngly resistant to antibiotics. In addition,

t her e havdnhéditiongaheratis sley eleaiskand liktliltd thatlnespithadenizanicesbea cpd fatsom i n
human di seases such as Helicobacter pylori as the causative agent of peptic

ulcers, BuekRed ﬁ'@ﬁdtﬁo%ﬁﬁ’ﬁﬁér?geﬁéti&nﬁﬁ%ﬁﬁbﬂ@f@rﬂ'scﬂ@ﬁm&l@5'1:‘ ﬁﬁl@oﬁi‘é grydi a
pneunoni ae as a possible trigger of coronary heart di sease. Apart from

t hose pat angﬁ?astox}’rﬁri ous soci oeconom ¢ changes are simlarly contributing
to the worT'dw de ri'se in food-borne infections by bacteria such as

Escherichia colj, .Sal npnel l.a spp.,. Vibrio spp., d | obacter jejuni.
Potent i al | nf echiRiF PAPBECRAReispelie thosmiemrineiis BF BORYBape1ogts oi o

medi ci ne. A nunmber of bacterial pathogens, including Bacillis anthracis and
Yer si ni a poagueschoderas diphtherigygysenfgry, leprosynmeningitis; seprlet foyex, sypiilis andave been
used as weapons. And there is always the risk that nonpathogenic m crobes
can be engdibereulesis,tto nipmtipah Hege Ducng tie: lestboyradieasleh) thevpulhlar percapéinh das

Pat hogeni ¢ m croorgani sns are al so of concern to the livestock and poultry

i ndust ri esheas oW bl nés indiffevehé infigdusangided®iions, RincsBYBEQusEs Uuetdsgesabor t us
causes the spontaneous abortion of calves in cattle. ter supplies
cont am natggh nivEk Be&XRhR%E in combating these diseases using antibiotic therapy. However,
bacteria are becoming alarmingly resistant to antibiotics. In addition, there have been
recent revelations of new roles that bacteria perform in human diseases such as
Helicobacter pylori as the causative agent of peptic ulcers, Burkholderia cepacia as a
new pulmonary pathogen and Chlamydia pneumoniae as a possible trigger of coronary
heart disease. Apart from those pathogens, various socioeconomic changes are similarly
contributing to the worldwide rise in food-borne infections by bacteria such as
Escherichia coli, Salmonella spp., Vibrio spp., and Campylobacter jejuni.

Potential infections are also important considerations in battlefield medicine. A

number of bacterial pathogens, including Bacillis anthracis and Yersinia pestis and their
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produci ng m croorgani sns have been inplicated in the deaths of bird, fish
“and manmmal popul ations. Mre recently, ndd cow di sease has been traced to
the oral transm ssion of a proteinaceous particle not retained by filters.

.Thus, t heréotsxifd, Bavd deed ubQEL W QboRsAPASH BB ik BIVEYS iR ik th&GIRpAHESeniO
conduct field assays for toxic proteins and pathogeni c m croorgani sns that

pl ague ani . : LE eri al

cont am natllg{g:lrrlébceg%a%gg grﬁg%e?ée{{j%tr)b? p&@?ﬁﬁ%{?W?@h‘t"%ﬁ%ﬁ%&%‘g@@ a%%lﬁé t echni que,
however, is only ﬁf limted taxonom c val ue. The anesti gati on and
quantitation oft¥ IGRICERE BN AT RIS §f sonGsTsioae Lyestaskepd pArYand ti ne
consum ng. Many commercially available systens rely on the growh of

cul tures ohdpsigesess well e mmiﬁllrfe Bwahdgegicaht oy ekample, émpdheebc(ramcgnwthg for

t he subsequent application of differential netabolic tests for species
(genus) i dgwohiasht@atabortionkdd\selves in dagtlehrw apaesippiepidantangininad ethi exbtoxiti-gr owt h
may fail to detect viable but nonculturable cells. To the contrary, the

growt h nedh3dedns %&pr@ﬂis&@‘ﬁ%e B2g iﬂf)ﬂé’hftéh RfthO@GHRIIrdi fith sf\shhhfal
phenot ypes. Mre sensitive and nore rapid typing schenes are described in

"Strategie el gr l.icabi | Aol | f4 1 on: Pratocol s
for Pat hogir BuloBE: MR Eel R Ry TRl 48k B30 OB dt FMriRSAS
Ricke (Crit. Rev. Mcrohiol. 21.4 , 9 2 1995).) and " Mol ecul ar,

Appr oaches? PRICIRSRFPORATRSIE 2Pt w@me@&rﬁ&%f%ﬁsﬁgw thofees need for rapid and

M croorganisnms” by R M Atlas, G_Sayler, R S Burlage and A K Bej

( Bi ot echngiiexpensivs techpgmeytocopdey fipld asyays der tosicipiotgine sndpgthegenite

pol ymerase chain reaction (PCR) for anplification of bacterial DNA or RNA,

fol | oned bmicroaigenismadiat phigaeaiimalas welidethanians.he presence of a particul ar
bacterial species. Such general anplification and sequenci ng techni ques

require techni cak 1¢eR&hE hrdfosiich, Bideri comaminayioR dAPbAM St b P biden )
specialized | aboratory conditions. PCR-based techniques utillze the

i nference ol ErQDLAL B EREAIS.SHIEE ENERR AIANAERRARY LG Ofhy 2

positive analysis never an rnt target “nucl'elc acld sequence, not

neces RGP bl B RE bR B Eind B
consuming. Many commercially available systems rely on the growth of cultures of
bacteria to obtain sufficiently large samples (outgrowth) for the subsequent application of
differential metabolic tests for species (genus) identification. However, techniques
requiring bacterial outgrowth may fail to detect viable but nonculturable cells. To the
contrary, the growth media employed may favor the growth of bacteria with specific
phenotypes.

More sensitive and more rapid typing schemes are described in “Strategies to

Accelerate the Applicability of Gene Amplification Protocols for Pathogen Detection in

Meat and Meat Products” by S. Pillai and S. C. Ricke (Crit. Rev. Microbiol. 21(4), 239-

261 (1995)) and “Molecular Approaches for Environmental Monitoring of
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specific mcroorganisns in environnental sanples is nmade difficult by the
“presence of nmaterials that interfere-with the effectual anplification of
target DNA in "dirty' sanples. Mass spectral analysis of volatile cell
.conmponent sMi@&ogrganibms’t y ReMiAtlaaf GeSaydanRl & Buyrkigs and ApWr Blej/Bisteblasqursen
used for the detection of bacteria and viruses. One description of the

net hods usggst 906t ¢¢1997) % roRyse &ithsidResdniploy tHepoMrherast daih ﬂ@@ctﬂcoﬁleﬂglé? nb |
opa

"Characterization of M cfoorgani snms and Bi omar ker” Devel oprment from

ESI MS/ M5 f I : s Fe 1 Xi : otd. D.
Veenstr a4 AP Ty Sthabie i TINA A SIGH OO R ot o SR 0. De
(2000)). Unfortunately, Ldent.ification of the_analyte. is reliabl.e as the
Composi { i R INEPTRTRSFbBEA BaigY 2t PacteriohiRssifan Suc LeenE 2Bl BrioRd dpon
different environmental growth conditions. Another approach utilizes

i mrunoc hensegaencnpleohmques requiter teghaical pxpertise and arctot eastinsiepigble autsidstHods t o
Detect and ldentify Bacteria in the Environment”™ by M Schlotter, B. Assnus
and A. Har ¢peaializ¢dlaboratiny cétiitionk3 PCISb&Rd (eBffyhys utilidel tosindertyceft i cal
detection of the captured cells. The nobst popul ar i munoassay mnet hod,

enzyne 50586obia nce 5inB&fdsd EMNQRRPRGARe @rﬂ?%)boﬁiﬁké aMysiRfereveledect i on

limt of several hundred cells. This is well below the )D50 of extrenely

i nfectious, ' c Lgel |l g~ i, B el i i.on
techni quos s e BupHE e e Tl R AR AR NL A SRR 5 RO ECRTENNST
| munosensor .for fhe Detection of Salnonella t. jJrurium by E.. Prusak
Sochacs owsRiatlp dricet{Pepresene ok mIGropaL PRLEIG dHs e, the deierion ob > (1090)
are even less_sensitive having a detection limtation of about 5 x |05

cel I's. A r&resHic misparganising i ayirompealsemplaasmadediffgithy e preserspd
Technol ogy" by D. R Baselt, G U Lee and R J. Colton (Biosens. &

Bi oel ect r omatetia]s thi&lint2ffore( witld 8f8)cffedmslampiercati e ofimeged DN ira tdoty’ sarhples.e

m croscope (AFM to detect imunocaptured cells; this method has little

utility outsidemuss sheiral MalsifvoRElcdtl coRPantdie(SaMakte avidb)HTRS sanfle | ar ge.
| mmunoassays are also presently used in the trace analysis of peptides and

proteins. Mgfsecf?gyghlﬁégﬁasﬁfeieg 57&( for hﬁ%e{@g&] Sf(ﬁa%%ava%d%argségf dn@@mdpit%ﬁ d

antibodies in p protel n/ mcroorgani sm capture. se techni ques

| i kewi se inyvelve significa robl ens _hecau t he .ant i badi npl oyed are
very sensi ?%/ t\(i/?lg n%ecgﬁc\)/ 1S rulsgé IFOO negecl? Hu%rﬂ?rga%l {n w1ﬁlethls metﬁoé canODe f(e)ﬁnci3 n

“Characterization of Microorganisms and Biomarker Development from Global ESI-

MS/MS Analyses of Cell Lysates” by F. Xiang, G. A. Anderson, T. D. Veenstra, M. S.

Lipton and R. D. Smith (Anal. Chem. 72 (11), 2475-2481 (2000)). Unfortunately,

identification of the analyte is unreliable as the compositions of a microbe’s volatile
components change depending upon different environmental growth conditions.
Another approach utilizes immunochemical capture as described in “The Use of
Immunological Methods to Detect and Identify Bacteria in the Environment” by M.
Schlotter, B. Assmus and A. Hartmann (Biotech. Adv. 13, 75-80 (1995)), followed by

optical detection of the captured cells. The most popular immunoassay method, enzyme-
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strength and tenperature. Antibodies are susceptible to degradation by a
‘host of proteolytic enzynmes in "dirty" sahples. In addition, the density of
anti body nol ecul es supported on surfaces (e.g., mcrowell plates or

magnet i ¢ bliwktd)iminfundedrbast AesgERISA ) his edetestidnlimie o€ssardl husdrgdogllssunmar y
of the state of the art, still up-to-date, is "Mcrobial Detection" by N

Hobson, 1. 954‘%1‘1 b%@qf tﬁe 1D 4 drekiréRe gsn%étmd% b§bt@ﬁ£ %%érhr%@h igkHa {ﬂ%rﬁ 7

(1996)). I\/E I cal an rtary con3| rations cal etter toxin and

pat hogen dgt ec nol.oqi S of batt ield

Cont am nat Peoag e pERIRD EeFiny Sin 2t 1% EREERETS msiathien! S
facilitate rapid diagnosis for admnistration of apgroprl at e _S05962 4- WORD
.. count er Piseegdentas Immupesepetsdpr bieietsstion of dalgeneiyt aberamon pyskdifusak-
situation requires the ability to globally discrimnate between pathogens
and non- paSbdgeresuski mdalddd. {Ii. buong (atzymetierapu dschmobdize €75l §h(198ABiatd vi ty
when | ess than 100 cells are present and analysis that can be conpleted in

the field gvenllegsehdive Hdving HuéteionShaiation®iabaSsx straiellsl Beaecdht epba
recogni ze pat hogens and provide some assessment of strain virulence or

toxi geni Ci Ly tleE@‘B‘?@steﬁsor%%gm)gn PORE ARERSSod %@ééhﬁasgyggz bdﬁnﬁasfehg@tp%eof

pat hogeni c nlcroorgan|sns an pr ot naceous ns have enpl oyed

i mmunol ogi ca ol ggi es 0] ogi ffer fromth

senst i vit PRUR G eE0 (Bt aipeliRhtd aar 1 STILA0R deiioes é‘P%Pﬁ% the
anti bodi es thensel ves are subject to proteolysis and_ require caref

storage coA@Mi¢ kee MQGoseRe ) thdeectimapnataptirRe celise uhimethed b Mslﬁ

descri bes the capture of microorgani snms and their protei naceous toxins

usi ng non- ahlifylputhiddmbbdratary aeiting and when tecemglernglymegarobjrgact of t he
present invention to provide a nethod for taxonom cally eval uating m crobes
and prot ei Dﬁmhh&iss@&%@ﬂﬁ@pfd@ﬁatfy&lse@mlh@tldbéﬁfh\llwaﬁ@lgﬁpn@és dnd@hsteinegi es t hat
depend upon anti bodi es. is a nore specific object of the invention to

provide a net hoﬁ/lcfr@évetra}lié’gﬁﬂ? £2hAImENAd MG VR BT EMBREH 1 2 aribedied s t hat
has the capability of ‘discrimnating between specific mcrobial species,

pat hogens 0l ARNBRIARRES 5 A0 cailr el TGS hISOL phlhfr Ob1 2

protelins o ostlic u

problems because the antibodies employed are very sensitive to variations in pH, ionic
strength and temperature. Antibodies are susceptible to degradation by a host of
proteolytic enzymes in “dirty” samples. In addition, the density of antibody molecules
supported on surfaces (e.g., microwell plates or magnetic beads) is not as high as is
frequently necessary. A good summary of the state of the art, still up-to-date, is

“Microbial Detection” by N. Hobson, 1. Tothill and A. Turmner (Biosens. & Bioelectron.

11, 455-477 (1996)).
Medical and military considerations call for better toxin and pathogen detection
technologies. Real-time assessment of battlefield contamination by a remote sensing unit

is necessary to permit and facilitate rapid diagnosis for administration of appropriate
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SUMMARY CF THE | NVENTI ON The present invention denonstrates the ability of
"heme conpounds, siderophores, polysaccharides and peptides to bind to
pat hogeni ¢ m croorgani sns and their proteinaceous toxins; taxononic

i denti fi catdupfrPheadurds.CAGRICEDRISITE E?o_té’lh tersBLAselil Oh St siRBAbY fghired thehe
nunber and kind of ligands to which it binds. The devel opnent of this

505962 4- qne VErco f i L1t ations
of ant 1 boc paedeah PR o R FHAARE: Wi RLPURTRAL, AERITSIA
resides in met hod for .the taxonomic identification of mcroorganisns in
whi ch ni cr EBRYAuESEequts g sensHiv Y gep dess H}aﬁdioﬂggﬁ% argiPEGS6R: A MBREStRAs to
specific ligands. A m croorgani smcontaining sanple is contacted by the
| i gand, wi ¢dn herrompleiedith the ifialyl iniless éhant ISt thimuied. Sgclatesbmﬂa@éhguldd@rﬁb{ﬁglat ed to
a marker. The target m crobe (bacteria, virus, fungi, protozoa,

rickettsi agcognizeopdisgeas higd providersoine iafestidns ofisttai vihlefideood tafigesicithen
separated fromthe non-bi nding sanpl e conponents and unbound |igand as by

washi ng, nagnet irg aRPAARLDA GpRbadi2s AERBOMR R AEMRRA dDpatHoRenizanpl e is
interrogated by an appropriate nethod to determne if the ['igand has been

o WS R B R BB s coonco
o gl b bbb Boe e e r e g "

notably tryptophan or tyrosine in proteins, or incorporated dyes for the
det ecti on 9191 tonic ghicagtbnand temperature;dbe entibgdies thaeelys preraybisatiodqroteelybias i n
accordance with the practice of the invention. For exanple, if the |igand
cont ai ns aaid tequies casful sipeageichrditiang | B ovierdonid thesegrolelens tles pregesini ng, si nce
the ligand is bound to the cells and the excess is washed away. O her

markers, i pkniibd\@estibEsTES &pMire oP HRGBHRLRSHS Bhd tHe?Fﬂr@t@ﬁiaEé&s adhPising

col oronmetric conmpounds, can be conjugated to the Iigand and used to

denti Ty a5 Gl WELOLREO! FISREGANR mtge&%f%e%rgi AnveRiie  Cne

specific ne capture o oorganisns or toxic proteins is
described in U S. P@tg?t
q:

s 5,760 6 d.S 968 766, .where el ectromagnetic
radi ati on PEVHELRE ?r&?xcg?gﬁf){}g’, evgﬁ'f’gng RECcTQRRsaRd BT ?lnﬁﬁ}al?ﬁﬁ?{a@egﬂ]eugat ed
substrate that has. been ) o

foregoing disadvantages of technologies that depend upon antibodies.

It is a more specific object of the invention to provide a method for taxonomically
evaluating microbes and proteins that has the capability of discriminating between
specific microbial species, pathogens and nonpathogens, and can be likewise used to

identify microbial proteins of diagnostic utility.

SUMMARY OF THE INVENTION

The present invention demonstrates the ability of heme compounds, siderophores,
polysaccharides and peptides to bind to pathogenic microorganisms and their
proteinaceous toxins; taxonomic identification of a microorganism is attained thorough

analysis of the number and kind of ligands to which it binds. The development of this
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505962 4-WORD treated with an anal yte-containing solution as outlined
above. This detection nethod could be used to determine if binding of an
anal yte has occurred. O her detection nethods, appropriate for the specific
ki nd of namkthod easjdogatosstetconietie bfoganehtioaahlibgatidisof ketiterdytteget] t o
determine if the |ligand has been specifically bound to a m croorgani sm or

toxi c protggthol csexﬁfémoﬁcéﬂﬁaﬂlfé%&eﬂrlﬁwrﬁ%|ré'51db§¢1§aﬁ1eftﬁdd%?§{é%ﬂon@}rfﬁc
conjugated to a Tigand coupled to detection of a microbe via fluorescence

o a6t 1 o B RS by SO B DML ST RRRERF

to note that if optical nethods. are used to detect the captured m crope or
protein t HFeRIALECEPIRIS |twsn?5kﬁ05tgaaﬁ%t%m%a%smém ~CARANIng AEMAEIHERP1RSted he
present invention does not depend on classical antigen antibody

recogni ti oy therigand vatnthe diggnd being eier tgthasedio a wefape eseamjugdatrddnpinmikerake
use of relatively inexpensive reagents in the capture of m croorgani sns and
m crobi al Photaedenmicrobé (haoetla] virdshfangin prtezoa) Mckensiag b odicireeil) c@f t he

i nvention, sensor chips (or beads) are enployed. These chips should be

formed fr %@Mh&@%&eﬁmw@ lmﬁrse@ka@&ﬁanaﬁe %rﬁ‘éﬁxdﬁf SRR dompsombsk r at es
(e.g., poly(propylene) or polyvinyl acetat e)) that wl be conpatible with

both the c e nj u £ t urface
and the de%}’ @%ﬁh£ﬁ§%%0£ b&g’r%géé etlcgg Z étﬂ) Nd C%%J}t%@ﬁ@g' Iﬁn&lﬂga}ft er ned
array defini | ural i of secti.ons surfac sor chi p,
and each s@ﬁﬂq%ff‘ E'ﬁgmgﬁﬁé]élﬂ ag ﬁ%ﬁréP%aténWaW ﬁ‘FnP‘inﬁ S:‘&ﬁ'éf)‘i‘aé GFn

mol ecul arly recogni zing a specific mcrobial protein or mcrobial receptor,
and hence benadiip éhedpegel by detpcting signalsi eadogeneuplodhe targailoamaksrude, for
exanple, proteins residing in the outer menbrane of the mcrobial cell,

pi l us or fl agel Eleatromhgetic radigtiqnas ede method esadjtoaietest thepresemeessft sur r oundi ng
the cell. The ligand for 505962 4-WORD pat hogen/ protein capture bonded to

the surf acgebolifes cBRAGS stie Df MividimRitfhes R rddiRed pfitipe nutl8o®R &F 8ther such
| i gands may be characterized as hene conpounds, si derophores,
fluorescent metabolites, other biomolecules, e.g., notably tryptophan or tyrosine in
proteins, or incorporated dyes for the detection of the presence of the captured
microorganisms and/or toxins in accordance with the practice of the invention. For
example, if the ligand contains a fluorescent dye, the sample will fluoresce after washing,
since the ligand is bound to the cells and the excess is washed away. Other markers,
including luminescent, phosphorescent, radioactive and/or colorometric compounds, can
be conjugated to the ligand and used to identify a microbe and/or proteinaceous toxin in a
similar manner.
One specific method to detect capture of microorganisms or toxic proteins is

described in U.S. Patents 5,760,406 and 5,968,766, where electromagnetic radiation is

directed, for example, onto the surface of a ligand-conjugated substrate that has been
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pol ysaccharides and anti-adhesi on pepti des capable of capturing a w de
‘variety of mcroorganisns and toxic proteins. These |igands can thus be

i mmobi |l i zed or bonded to the surface of the sensor chip through an

-appr opr i attedayedsiviziesh arab@s-cbhtakg sulstionhawiutithet! hbowapitis étegtionfmetbadt i ng
with the |igands, whereby the coupling agent establishes a chem cal tether

bet ween t hgyiihd @8 (@lietbMSind AHiing bf #h Attt AR ddcRBd OARAREECtRn reaction
with a variety of different m croofgani sms and proteins. The sensor chips

and arrays 1.) _are expos to | ut kon nt ai ni . Cf: 00r:gani or

Coxi ¢ pr ovBrhgas. eBfiSpRReRaite itateatad hL ARRSER BRI hpR PR s
renoved, (3) fallowed by interrqgation of the |ligand tethered surfaces to
det ect andtaraplpysddpsigtermng iy thedizggnd haseeey specific é{tbPBP‘ﬁtoo*fqur%‘gﬁﬂufrEtoﬁered
surfaces found to have captured the m croorganisn(s), or mcrobial proteins
not cont aitowid prptein. PAn examaytle meotionsidgirevdedsiyuses adluorescans dye eonjugaderbieiacal | y
identify a mcroorganismor its toxic protein. Thus, the present invention
can be useligandpobablyd toodétetgiohiol W niitobe eiagfhrireseBnosi chimavteristivcofitee dyd aftergr owi ng
a culture of the mcroorgani smand then m croscopically exam ning the

culture t hgz R BeRfken th&RUrsKs eltddQYéahg‘iﬁ‘d &) HWashiy iaﬁfra}rg}e%é?,ph?é-ccﬁﬁﬁ)éa@é-dw can

simlarly identified. It is also unnecessary to e oy enzynes or

o or ar ¢ 1sebes s GRROHRATho B RSPl TRURAE o 5% ah et ERBRC 7 ocom

invention w || becone, apparent upon review of the follow ng detail ed
descri pt i oR¥Tehe erEotgingthe sty shord aptRsRhOtRVERE: appended cl ai ms. 505962
4-WORD BRI EF DESCRI PTION OF THE FI GURES Figure 1 shows the capture of

Sal nonel | a t yphThuss thermeshodiofjtha presentdnention doed rioll depand onctlassichl anbigerer ed
henme. Detection of this pathogenic bacteriumwas acconplished according to
t he nmet hodamibdd@pgrapgritios. Quithé omtdrary) thé coicef®abd ftht phesBiidnvéfionh anaRewse of
Figure 2 shows the capture of Enterobactor aerogenes diluted in various

concentr at fe@ﬂﬁ/e%gnésaﬁhéiwﬁeagéxﬁpi@éhé cuR dnAsoriadisARGAAiSIobe pfRdhed with
tet hered hene. tection of this pathogenic bacteriumwas acconpli shed

gg\(/:\g;gi ng Lodih&s i‘ﬁ%@?ﬂnﬂ@.d apparatus outlined in U S. Patent 5,968,766 to

In one embodiment of the invention, sensor chips (or beads) are employed. These
chips should be formed from a suitable support material such as glass or plastic substrates
(e.g., poly(propylene) or poly(viny! acetate)) that will be compatible with both the
chemistries used to conjugate the linker and ligand to the surface and the detection
method employed. The sensor chip is formed of a patterned array defining a plurality of
sections on the surface of the sensor chip, and each section has bonded thereto a different
ligand capable of molecularly recognizing a specific microbial protein or microbial
receptor, and hence the microbe itself. Microbial receptors would include, for example,
proteins residing in the outer membrane of the microbial cell, pilus or flagellum, which is

exposed to the aqueous environment surrounding the cell. The ligand for
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON The capture of a pat hogenic bacterium

"(Sal nonel Il a typhinurium with tethered hene, as outlined in the present

invention, is shown in Figure 1. (The nethod and apparatus outlined in U.

S. Patent mtBGEpBGeinaspempbanded td the sutfecedditbesansor abip tdncandshould dd

bacteria. Al though nunmerous conpatible bacterial detection nmethods could

have been edfpdoyedenerdl] sucheighids masbdigReactitizet @s hére edinpaingds,tsidefi@ileeds, such

smal | nunbers of bacteria on the slide.) Inspection of the figure shows

that the d [Tty sl < : : b FSmusing a
gﬂg%b%dgé ?ﬂscf ﬁll‘{tl Adidsibh Igls;tﬁ%dae?fcect)[{)alﬂfe ﬁtgﬁﬁt‘dﬁﬁ a'Wifé QX 43Bf

tethered h I gan ower tha ser usi hg 1 nmunol ogi cal

nmet hods (ca. 400 cells der opti condi tions). Bindi .be en.the

ni cr oor gan%ﬁ?%fﬁﬂ“lfrﬂﬁa%(gﬁélq qragmﬁ?[&newg{gagés SN V%?%mgﬁhﬁ&%flge@tor engt h
and tenperature as is binding to an anti body. The hene ligand is al so | ess
expensi ve, thesgifpecf theeseaserphat troughanageropratelyssizrstcrassdikst alse bavipg the
proteolysis as are anti bodies. Figure 2 shows the tethered hene capture of
a pat hogencapabgity ef ieactingbmitlethe himahds;, whereby ehreemhplilgsgentestibdishesth ¢henechlt o

t he same concentration in solutions of 505962 4-WORD 10 a nonpat hogen

(Baci | I us ghiepbeiviern thebusfabd e s&lieréenip bid thehBahEtdpabROfheid8os aathed sl i de
is able to effectively capture the pathogenic bacteria froma solution even

when the nonnal Bpﬁmﬁr Sﬁgﬁ&\%’%ﬁﬁ‘}ﬁ@ ahd roite?ng:oi"lie]seflg?tcgﬁ)l iaﬂ@J aﬂ _st(rlg?ar%apt ur ed

bacteria was atconpl | the apparatus outline n atent 5,

968, 766 to Powers. |n one epbadi nent of the present invention anpl e
cont ai ni ng@HEh LS RGP e BRgrganPER b loxi Betei PP msSipipg
contacted by the ligand. The ligand can be tethered to a surface of either
a chip or B@&HF“GBISﬁgﬂWO@#tW%WVPQ’ @& pdiowed bydprsmogation of tha kgagf-  he
tether. Mcrobes are found to bind nost efficiently to ligands that are
around f or teghered smfpced togiztedtarmilyte bindihg: Al ysisodfabe type ot pattdrenf ligandt t ached
to the substrate surface by tethers that are at least fifteen Ain |ength;
| i gands di retlgdredisurfacey ouad feolgse dapthfedi ths midreoghnikB sy, orghixrdbial lpesteins hbte
analyte is then physically separated fromthe non-binding sanple. Analytes

captured byohthidad dSthinShiel BtrbaleRbIdhA $8 usdto ISk on8RCRY §dknititpm non- bi ndi ng
conponents of the sanple by sinply washing the surface o0f the chip or bead.

The surface. . Su rag.e [ s.then interrogated to determne if binding
of the anaﬁjﬁ%o{g@&fﬁ‘e&ﬁ#ég’hgphogglkbccurred. The detection of bound m crobes

on the substrate,surface can be.made wi th; m ¢rosco i.ntrinsic
f1 uor escence Cg'rl}}l%éléet]érewépnventlon can be used raplcﬁy fo 1%e1?t¥fy microorganisms

without the need for growing a culture of the microorganism and then microscopically
examining the culture thus produced. Likewise, low levels of toxic microbial proteins
can similarly be identified. It is also unnecessary to employ enzymes or antibodies in the
capture of microbial metabolites as is often used in the prior art. These, and other
objects, features and advantages of the present invention will become apparent upon
review of the following detailed descriptions of the disclosed embodiments and the

appended claims.
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fl uorescence, radioactivity, |um nescence, phosphorescence, and/or optical
" absorbance. ldentification of the m'crobe or protein is determ ned by the
identity of the ligand. It is inportant to note that the tether should not

be phot ocl eavabl e or ot hegﬁlggm%&&qégﬁﬁlggg solution used to
wash the |igand-tethered ; the invention, a
sanpl e contai ni an punknown al yte m croorganismor protein is first
cont act oq TIZEFF | Hhevaahe srPtim ol Sepeeuenbim i por & B RSB SPe lsbs 1 at e,
such as glass, having a series of sections on the surface thereof. 505962
4-WORD ] ] coatghwith tatlearedhere sDeteetidnf of tlin pathp gemeibdstarietwehaqcempliskad as to
be capable of binding to specific analytes. The |igands are capabl e of

bi ndi ng t cadchalingnal thit eetlard andppparetus andined s Pr L Farme 5,068,76€ tcPpivers.ed
analyte is detected using a fluorescence detection system for exanple,

di scl osed ppdre) gliowRdné Baﬂt{-lrﬁ-of BRtLHE 107 1abEbeANR R iR vEB&us @R cdiifhtivhd ]E he

intrinsic fluorescence of the proteinaceous toxins. Thus, the ligand o

each. of thee BEGHLONSN Bl 1 A MBlos AR RES 1S, SR RARL o O 'mRIITINY

speci fic mcrobial crobia ern. e use can be saved
and used tg.grow out .the .captured m ¢roQrgani.sns as 1. I.n an alternate
embod ment i PRRESTIRRIERIGR WaS Acaempkshes AFcoripaly B SHREES ¢

(m croorgani sm proteinaceous toxin or other protein) is first contacted
with a | i gewtinedn UghtRatent 6,948,766 kePowéracl udi ng, but not linited to, a
fl uorescent dye. The non bindi ng sanpl e conponents and excess |ligand are
separated fromthe |i gDEFANED DESORIPEION IOBTHEINVENTION an be

acconpl i shed by centrifugation (for cells), magnetic sedinmentation or

chr omat ogr aphy  [heEaphRlo?iapathogdhi€ baRERGH (bmBhell PshinGrilR) WakRethéed anal yt e
and ligand, and thus taxonom c identification of the analyte, is

acconpl i shgdh, by, ¢ %ﬁﬂﬁ%& iir?fheﬁ)fresteﬁtg\r}g%i%%ris gﬁmtgrig]in ﬁi%ﬁl‘@ﬁ??‘fﬁ@ﬁ%@%ﬁ ta]i}g €

dye-conjugate in the exanple a n - anot'hér "‘8nbodi men

i ti , | e,. t ai nd | yt i i

prot el n) | SRTREOBHREETLE AT s SP oGS BT pby G Yot PR sur f ace
with a linker of appropriate |ength, as noted above. Physical separation
and washi néAntaisd bacteion - Althenghgruasignsirempatiple bagteria deigetighmetiedygquld pe

appreci ated by those skilled in the art, the captured m croorgani sm or
pr ot ei n cahavsebeen enipéryedi this methedhwhs vsed dae keits ability to detect such small numbers

of bacteria on the slide.) Inspection of the figure shows that the detection limit (<100
cells) of the captured microorganism using a tethered heme ligand is lower than that
observed using immunological methods (ca. 400 cells under optimal conditions).
Binding between the microorganism and the heme ligand is not as sensitive to pH, ionic
strength and temperature as is binding to an antibody. The heme ligand is also less
expensive, requires less careful storage and is not susceptible to proteolysis as are
antibodies.

Figure 2 shows the tethered heme capture of a pathogenic bacterium

(Enterobactor aerogenes) that has been diluted to the same concentration in solutions of
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provi ded the marker does not react with either the substrate surface or the
‘l'i gands. 505962 4-\WORD 12 Det ecti on of 'the marker on the area of the
surface associated with the ligand(s) that have been exposed to the anal yte

indicates zth@matm‘gem(:sa@ﬂuﬁglslﬂgﬁ) fTigs Apade)shews hat e pétkéred hede-eodted slidnt  of
the invention, the ligands used in the present invention may be taken from

the group ﬁ%ﬁféﬁb%ﬁéct@\fel 8@&%9}51%;11 %a@f’ch@%ﬂt §§olutﬁ)&1 ?&%ﬂ%ﬁﬂ&h&'es

(i ncluding ol'igosaccharid As IS a so we known to those

skilled in_the.art, . animal t ho .al | t ake
capabllltynIEHH’@ﬁ%E’W%W§mB %ﬁ%ﬁ cgﬁﬂﬁ Oﬁggﬁg apﬁﬁgn%“ﬁﬁnber of
pat hogeni ¢ species. In addition to hene conpounds, other Ilgands in the
form of hi gsomplishadeyith ferppparatusogtmed geHeSaﬁ’atgnt PPk fafctoPowess.

si derophores, can al so be used to capture many strains of pathogenic
bact eri a. | ncl ublecheaamiglimemtto fshadaesgnhovestiar, @ sahplalcogtamingwcatkaownns,
pyochel i n, staphyl of ernn, vibriobactins and yersiniabactins. As is al so

wel | knownarizytt hie@ofdenisheer protel@xay it fiadd @oﬁacte@ta% tRNREn@bTHEligand can be
di scrim nati on of ani nal pathogens by bi nding to hene conpounds and

si der ophor g, cf*. Plo ! Yﬁcﬁspatﬂeﬁg Q)rWe%cf' matﬁgre%ﬁelén 1§8eﬂ%98&4t*ﬁh§nt}é”

exanpl e woul e I ncu on of bac i a- con alni'ng solutions wth
a5|deroph re,or co dth been copj dW|t fl uorescent,
i nescenoeisBh B cTRps mrﬁ??ttﬁﬁ puenes SHHR S BEMG P stpound.
After mashlng the cells, detection of aninmal pathogens can be made by

st andar d fNGBB@&!@hgéonﬂzoﬂﬂﬁ?M?étlﬁcF@dé? Hn%tab%t%?pvagqn@wttmheﬂé%ﬁﬁi ques. The
bi ndi ng of ani mal pat hogens to henme conpounds and si derophores that are

t et hered t substrateppiate natethaisthatree etdphs fifteeh Adn $engtl; digendstiisetediter obes from
environnmental sanples, e.g., water, for the purpose of concentration and/or

purificati prteihdteatdiokingnrd & 16a0Ex dormgu Mie aidigte 3¢ then PRI seuiktad yot i C
surface epitopes (peptides or carbohydrates), which are recognized by

m crobi al g8 the A6RRIRTSg sdniifle SRRNGRs 4aheiRR b}:‘hgamhs‘ K@ 80 BRuHEREaADe
ligands in the practice of the present i nvenfion. These |igands include

separated from non-binding components of the sample by simply washing the surface of
the chip or bead. The surface of the substrate is then interrogated to determine if binding
of the analyte to the ligand has occurred. The detection of bound microbes on the
substrate surface can be made with: microscopy, intrinsic fluorescence, conjugate dye
fluorescence, radioactivity, luminescence, phosphorescence, and/or optical absorbance.
Identification of the microbe or protein is determined by the identity of the ligand. It is
important to note that the tether should not be photocleavable or otherwise chemically
labile in the solution used to wash the ligand-tethered surface.

In one embodiment of the invention, a sample containing an unknown analyte
microorganism or protein is first contacted with the sensor chip. The sensor chip is

formed of a substrate, such as glass, having a series of sections on the surface thereof.
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natural ly occurnng oligosaccharides and pol ysaccharides as well as those
avai l abl e by chem cal synthesis. Qher' oligosaccharides and their affinity
t o pat hogens from various m croorgani sns are described by K A Karlsson

“ M crobi al EReCRE hadth dffertal Hfind Bohiedh¥ers; 95hy @A @paSLr biakingab Bi ol o~y
5:622-635 (1995)). The characteristics of a nunber of pathogenic bacteri al

or gani sns, _J I t ! j i i.ndi ng
char acteriSte?@glé\gmhg%s'sh@gglggﬁ%rs%%?&gﬁﬁggggncc @itggéﬁéﬁg fm&ggﬁ%gdﬂn‘:’gs are
set forth in Table . These characterjstics can be used ipn the capture and
dent 111 cabieBTonPT s APURRnalE Babterled g ibratanE il tibtne e
by affinity panning of libraries of oligopeptides and then synthesized
cheni cal | yexagide dassiesed and ¢laimeps leéhsb%at?%aﬁé%down%@ﬁ&&é@ and pamlssi s or

i solation fromspent mcrobial culture nmedia. Aigosaccharide |igands can
be pr oducehttinsichiemesahcsyfithé poitanaeousstokiak.e@his, dm légakd oy eddhoftthssue. Hene
conpounds can be produced typically by chem cal synthesis using

pr ot opor phydctiBnd of tAE séhsdt @ip hidht 68Nty oPORIGM s Y cIicrobiakbe o
Bacterial Characteristics for Siderophore, i gosaccharide and Hem n

Bi ndi ng Bagterial D S 0 [ { deHem t Oxi

el esCauselii Ry ELPRATCRI SEHRRRNAG T, SBARARGIRE BN AR Ak

ant hr aci sAnt hr axunknowna pul monar yunknownant hr ax t oxi nol i

osacchar i dBEESPHEARIAMNEGPi ngAl cal i gi n, N-acetyl - Yesperi ussi s

t oxi nertusi scou_hot her sl ucosam ne ) . .

d ost ri di unBot ull analimmaesnhrdisrhteidhe inyenten B semplefontabing aNaOM di unGas
gangr eneunknownunknownunknowna-t oxi ner in ensC ostridi um

t et ani Tet nasalytk fmisroorgaasmyuproteivact@tsaoxis or other protein) is first contacted with a

t oxi nCor ynebact eri unDi pht heri aAer obact i nunknownunknowndi pht henadi

ht har i aet oXpaHassonfrgatedita aG@drk MUIFRTua IR B ThARH 85,Q Rskbtatyt] Fad hdi-M/

Oi nf ecti onsot herstoxin, others_

Haenophi | u Yo TR j % 5 RO §i 45102 Gal ,

ot her sHel i g%@?&%@i%@ ng{?%gbg 8%%%10] aﬁ%%ge?gﬁunkn%mw%ga{l: oagﬁ?ﬁgl oci ol i
osacchari dec .ot oxin . . . . .

AKI ebsi el | ARIWSH OURIPRATEAT RIS AL BRUNEA S SEME R A SoR Pl BHER G |

ot her sMycobagt eri umluber cul osi s bacti.n ) g
TunknownunREGRACIARFR ARG %@Ffeaxaagﬁfoﬂép@éeé?@a%ﬁriﬁtgpteqnsﬁ%wﬁﬁhs*m%gl?nknomm
enin itidi sPseudonmonasNuner ousPyochel i n, Asial o GV, Yesexotoxin A, aeru

i nosai nf ecendyeeng digansd liad Huis saxongaic igenitioatan abthelanal ytey srcegpplésbad by

f ever mmnyunknownYesYesSerr at i anumer ousAer obacti n, YesYesserral ysi nmar escensi
nf ect i onsFéetectioraohithe mBrkesli. geflhardscenct efithEdyecabagdte i the s¥asBhiabave).oxi nd
sent eri aeAer obacti nSt aphyl ococcusnuner ousSt aphyl of erri n, Gal NAc( 3(

1- 4) Gal Yessever @ andtherSeniodirhé® 08 fHelifvénsion &f @fiple containing an unknown analyte
ensSt r ept ococcuspneunoni a, unknownG cNAcet yl (1- Yesstreptol ysin

Oneunoni ae Rk irkhfign G2 brotQhPR M Bhiabred with a ligand tethered to a sybstrate surface
chol eraechol eraVibri obacti n, YesYeschol era toxihot hersYersini a

pesti sbuboqi.&Yer s Di i YesY: o] . S| r i.ns that
Cont ai n-at TBEpishof Ay d MRS, AYRRSE Riye PIFEE SRPhSF g IR o
detected by tryptophan/tyrosine fluorescence, aft capture_ usin t.et hered
pept | de.  ATeBRURSTOOPRE CoBPongs ol SIRTTH. oA pBuLbe fibrarialy MigaddNitding:
and bacteria, export exotoxins that are anenable to detection using this

t echnol ogy in theirte the|capyiredamics0BEANPR 65 PRofein 630 be trepded wWith Alregstiye glapkert hat

can be (1) captured
provided the marker does not react with either the substrate surface or the ligands.
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usi ng the technol ogy described herein, and (2) ultimately detected via
‘means of their intrinsic fluoresence.- It is inportant to note that, for

St aphyl ococcus aureus enterotoxin B, which represents the nost unfavorable
.case i n TabDletectibn 6fithe mavkdriom the ase of theahirfpeestssanatedrwith dimecli g2Ad{EY that havee
followi ng fluorescence study of the sole Trp residue has appeared: B. R

Singh, M bee B0 AarlytSindRatey resencé U4 YRificmalyysi s of

St aphyl ococca nt er ot oxi ns Band C 1 i ng Circular D chr0| sm and

Fl uorescence Spg]ﬁl\ P?ﬁ?@'? 41 1188 %ﬂ(]lietlé%{?l 10']’1 g‘?’l%ar?dsquse ??%}}e’seﬁa‘s is well

known to those e ar on’ 0 rosi ne

fl uorescence (nor mal the scattered tation is. sufficient
Lo et cot BRehion Gas bé ikeh dopt D ReopaaPbTisgs SERENS Saman i Ssthaien) or
fungal cells, viruses, or a mcrobial toxin are present (i.e., bound to a
| i gand) onpekyeacsharides éinshudingsdigosaccluridepkandespiadeschi p. 505962 4- WORD 16
Table I'l. Amno Acid Counts for Sel ected Bacterial Toxins Bacterium B.

anthraci s B, antAsriaalss wBlldaweunso bopeskilledinsth€atodnishalpathogendgeneralle C.
perfringens Gtetani C. diphtheriae E. coli H pylori L. nonocytogenes P.

aer ugi nosa SsscSPHBROP Ik edap Q}iﬁﬁ‘ynéx?d th@€héme é‘é&hﬁ&ﬁxd@c%@ﬁ’s@d'{'@&ﬂuﬂéram ective
antigen le haI factor phosphol I'pase C pertussis toxin toxin A'toxin A

| ota-toxin Mﬁaahfo@eﬁ'ic‘!h@ch aei{l a&‘dlh8ﬁ‘id“h$xlle°&§n®]%ﬁﬁé %ﬁle?h A4Gh ! B

cytotoxm,& eril ol ysin ase serralysin a tToxi enterotoxin B
t oxi c- shock h ar} A‘ﬂng ACé ds 11753 4 245 . eSIZ 1296 azn3a 6 B us1631421 534
1023 808 598 tsél ity BB IR OoRe R RO & SideTgBhose. &

capture many strains of pathogenic bacteria. Included among such siderophores are

alcaligin, mycobactins, pyochelin, staphyloferrin, vibriobactins and yersiniabactins.

As is also well known to those skilled in the art and as mentioned above,
discrimination of animal pathogens by binding to heme compounds and siderophores that
have been labeled with markers is also possible. An example would include the
incubation of bacteria-containing solutions with a siderophore or heme compound that
has been conjugated with a fluorescent, luminescent, phosphorescent, chemiluminescent,
or radioactive compound. After washing the cells, detection of animal pathogens can be
made by standard fluorescence, colorimetric or radiation detection techniques. The
binding of animal pathogens to heme compounds and siderophores that are tethered to a
support can also be exploited to separate these microbes from environmental samples,

e.g., water, for the purpose of concentration and/or purification.
In addition to heme compounds and siderophores, eukaryotic surface epitopes

(peptides or carbohydrates), which are recognized by microbial cell receptors, can
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13538747 713N o~Tvr 27 35 15 50 67 166 18 78 16 38 14 23 22 19 17
'22 9 Thus, as described above, a different ligand is tethered to each of
the sections of the sensor chip. The sensor chip is then contacted with a

sanpl e conji@iide st 5aK BOHBarIE FRHeSHIRARE o PIHR s@1§t inVEoR P heRARahiCinkiugands
on the surface of the chip bind to specificC anal ytes selectlvely capturing

them The n%'tqlprﬁﬁ' gcc%rg?%glesos?(gc %&e%%n&asgfgeccﬁm&/es% (vjvel S RR8% %fa'bﬂetbry is then

sol ution (suc éred & "SerRsoT

subj ected to appropriate detectjon techniqu One possi bl e techni que
Used to dehemical R % éﬁ@e Secsachaides 268 hepre Gy fogtdhagens Fams@Reks ch p
is disclosed in U S Patents 5,706,406 and 5,968, 766, wherein the

descri bed mispenrgarusmsiateldesaibed by dd. o feaglsean ‘MicaahialtBeongmifiompphTenget Gele
wavel engths to excite fluorescence characteristic of the presence of bound

anal yt es. GRo8¢D W WORB thicturaPBiolseyWieb12-630U095). those skilled in the art,
if atethered ligand used to capture an analyte is itself fluorescent then

this fl Uoresce”ﬂfe &%}’ac?é}ﬁﬂ %ﬂﬂnﬁ@r%ﬁgﬁﬁoé& l?h%té‘ﬁ%ﬁgtaﬁismﬁhbl%dﬁl@%@e in
fl uorescence could be nmani est as either a c ange In |ntenS|ty or "a shift
of the cha cterl or escenc n Thi han th uor escence
of the tet e cz}u%é eac PRe “LEE h?‘(r)gé’gﬁﬁ%hara & gt’ |‘g1(r?tho ero 1gorgértal yte. In
t he presence of i nvention, ainin unknowm m cr obes
can be corfliOF¥s 9&149% apageesﬁeepoemsarew@qrﬂﬁwefeﬁﬁe rihgss eharadtatstiet €of t he
bacteria react with various different |igands tethered to the various

secti ons dfe used i thiepaptieand idpntifidation ebsshepecids. t he chi p can be neasured
with a probe for the purpose of detecting which of the sections of the
sensor chi p haveepidalligheds danngscallylrriéémifieddyafnint Raningofdibeadies of al

si derophores can be used to capture nycobacteria such as Mycobacterium

t uber cul oséifopkiRtides Qgé%ﬁrsﬁ%xl:ﬁﬁéd GRMidfyC @%&U&@Mﬂﬂ% LS NEpB8uced by

N- acet yl neuroani nyl al pha- gal act ose. "The peptid
GADRSYL SF HEXPE{TA%%OT isolation from spent microbial culture media. Oligosaccharide

ligands can be produced by chemical synthesis or isolated from eukaryotic tissue. Heme

compounds can be produced typically by chemical synthesis using protoporphyrin IX as a

starting reagent.
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can be tethered, by nmeans of the term nal
capture flee Staphyl ococcus aureus toxic-shock toxin-1. The peptide:
GHI ~KH>Ei HGGGC can be tethered al so by nmeans of the term nal

group,
St aphyl oc

OCCus aureus,

cysteine group to expressly

The St

cyst ei ne

to specifically capture the surface-exposed protein A of
and hence this organismitself.

aphyl ococcus

aur eus t oxi ’calﬂélDBKctsﬁﬁl@}Qﬁ&térQﬁbﬂfolSMeﬂqjhﬂgs igbsatehamiie 4@ ItenibBindiyg A

Sato, et al. in "ldentification froma Phage Di splay L|brary of Peptldes
that Bi nd FRehAXT C S Bikeasey T PoBer g5 LT (ﬁlg&aécﬂfﬁde el T [EReART gt O
Maj or Hi stgegapat i bili ¢ibsdd0mpl LKinbi Cli asidgt Mol e¢Biamg? ( Biresdaedar st 11y
35, 10441 ARG TanlriBR6) AnthrB0596 PurdnddaRD 1 S pulnonafs 1 NALARERT dReMEx toxin
determ nijng the presgnce of a i ngl e capt| wligeacthaide0Ol gani sSm qr di screte
m crobi al | prdtettt N can Wapihg f v| AR t Hev-aegl yt es Ofved nt er dptrusdisnoxdt her
cases, howemeys_ a serli®sghof t wpotbdrs nOr e gaptaessmide anal yt es of [i nterest ijs
I ndi cat i vieClafrididve | dgmBdttliymof Aurnbkaswni cul qruniwawh yt €. A¥ean exarphumcongi der
a sensor [chergintravi ng lan _area of three sedtions al ong|the hori[zamal axi|s
and t hr eel Gewtdigns al |0¥ry gingeney purtkpyal  axijsmiewi | | ust | atkeowibel| @woxin
ALA2A3B1BRATNEeC3 | n this exapple, the dections identified qan be provi ded
with the @Pﬁf’dﬂiH"h’@’aWi gEetE t et hEka™ 0 a |IPREMRi ¢ sedtIPVES é‘é%"u?t@fmﬂ hlin
thefo||o S@ci_‘inn Location 3 3 Arr=r L] A2
hemin A3 4 Rcteriung 1D‘E%{?WC~SAE§&?3°‘B2 al d‘&‘f’i"@?n B3 f |“PJY‘8‘P‘i'bct dﬂ’h@ff@pt i de
fragnent) PGHIS o aur eds—pr-peii—A—peRitd = mup”‘.ylo“.‘err.ghlVI,k
f er noxam pia . ,Z;’fm‘ﬁ’a{ be“r roﬁ)un mf“ﬁat Psech;élcr Hig. aer |?1osa cq&lgnf)éthirs
identifie‘“ﬁo 'ﬁ i Cr iS5t ' Tc tra yd; ARIIC dct fed—tt 69 ons—A 1,
A2, A3, B ﬁ,@gﬁigﬁ. Sin1'%r?;, Etap yl'ocqg vy gggeus can be |d§%&| i ed [when
secti ons W%ﬁm Tdowt VO amcosald“u O AT T VAT
captured thgreon. In fthis case| capture dfo;gRacaRabyte I'N sectiQont Al S
suf fi ci enf xERTFnE aXONOEmd e N | LKAt T on. G ATRa- Of 8l S TN [SBRlwpNS A2,
B1, B3, C2pneumoniae infections 4)Gal, others

Mycobacterium Tuberculosis | Mycobactin T unknown unknown unknown

tuberculosis

Neisseria Meningitis many unknown Yes unknown

meningitidis

Pseudomonas Numerous Pyochelin, Asialo Gy, Yes exotoxin A,

aeruginosa infections others others elastase, others

Salmonella typhi | typhoid fever | many unknown Yes Yes

Serratia numerous Aerobactin, Yes Yes serralysin

marescens infections Ferrioxamine B

Shigella dysentery Enterobactin, Yes Yes Shiga toxin

dysenteriae Aerobactin

Staphylococcus numerous Staphyloferrin, | GaINAcP(1-4)Gal | Yes several

aureus infections others superantigens

Streptococcus pneumonia, unknown GlcNAcetyl(1- Yes streptolysin O

pneumoniae meningitis 3)Gal, others

Vibrio cholerae cholera Vibriobactin, Yes Yes cholera toxin

others
Yersinia pestis bubonic Yersiniabactin, | unknown Yes YopE, others
plague others

Toxins that contain at least one tryptophan or a few tyrosines per molecule can be

detected by tryptophan/tyrosine fluorescence after capture using a tethered peptide. A
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and C3 reinforces the result. The incorporation of nmultiple Iigands
targeting a given analyte onto a sensor chip, in effect, permts nultiple,

i ndependent anal yses to be carried out using a single sanple, This

i ncreases qu@tss@émcsqheéanclra@mgalﬂam fupgipand bastoriaafXPOTtcXPtRNASIBRETC The
various ligands are preferably tethered to a substrate by nmeans of organic
coupl i ng agmatablethidetecasreudihetiteicviomlogyl | known to those skilled in the
art. Wen using a glass substrate, or a plastic whose surface that has been

chem cal Iy oxi drfR€ It QniMiRALGRPRX RP &L, BYAEP Yroteih® Hiae carf BY (1Y k&pteRAsor
chip, it is frequently preferred to enploy, in the practice of the

i nvention, } a ] i ture: R
R e e
consi sting. of hydrogen, Kyl groups contaipi 0 6 carbon atons, aryl
o oupe. ConPTLERGEER e o AN GrPEd: B Sl eSeH G TSR ar bon
atoms, with at |east one of R~, RZ and R3 being an al koxy group. R4 is an
organi ¢ gr Buyhichmeripsentsghamopteidavorshieease 4t behle Bt (due toaihe Prgsserecd iishions ng a
| ong |inker bearing a functional group capable of reaction with the |igand.
W t hout | i Tt amd22t Te),ithey faioivimg flsered¢caidesstuatygeithesale Drypesidoepas apipagredhe

| i nker 1nclude pol yam nes, polyethers and poly(glycine). Al so suitable for

use in theppragingkaMOL. EV@sbMRIMA SNBég8all 09Rhdtihal ALERNES of SHipRLIBEMGaDt her
functional goups such as epoxy groups, am no groups 505962 4-WORD 20 and

unsat ur at eﬂmfelétg&ih??%d%ﬁ%ﬁﬁg %ﬂ%ﬁﬁl@fﬁ}@m&&ﬂ‘dﬁ&q&o%s% cdpitttFos »the 1ike,

whi ch are cap e of reaction e various |1 gands. limting

the inventjgon as to N eljeved that the ligapd,reacts with the
funct | onal (gPeiEsy a3t (el Ani¥ Finampimis et e niRg ot

or ganosi | ane conpound while the readily hydrol yzabl e al koxy group attached
directly t éetestiongafityptaphan/bresiegsileerescengs{ppimalizedio the seattersy exciean y with
the surface of the glass or plastic substrate of the sensor chips. This
coupl i ng asjienal) (sexffemetddo Bidicateghatrspyreberoaiiablervatls, wedbje vegesttivabagerialiorsi t u
by first reacting the parent silane wth the surface of the sensor chip,
fol | oned bfurighkcetlbeniuges, of &afitiobiastoraede grdsentdi é. Asduntihe a ligakdrontthe t he

i mmobi li zed silane. The ligand is then tethered to the surface of

surface of a sector of the sensor chip.
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the glass or plastic through the coupling agent (i.e., silane bearing the
organic linker). Further, the linker should be of sufficient length to
present the ligand at the optimal distance (40 Angstrons) fromthe surface

of the chip. Thi's obqgiypt i Qs MAPEOuARR iR SRR TQnl hat shor ter

di stances results in decrease cell" capture etficiency. Thus the
| igand tethered to the glass surface may be illustrated by the foll ow ng:
d ass- O Si Byceppd 3NH( CH2) SNMInCH2) ~ ZNH( CHIY- Shiipol Ac@AND Thie.[Timand t Ne-Hered to

an oxi di zeg phaski ¢ surfagg.amyanlgnl | | Ustrat egszas above; by repl achyng the
"dass-OSi" noiety wwth C (carbon fromthe plastic polyner). The_chem cal

reactions §8E%N tet heri KiYU%ands to the sufface of the sensor thip are
known to tBhaseusskil | ed i npHokpholipade Cand are deszasi bed in ¢he |iteratiure. Such
reactions found in rmanson Bi oggn~i u~at e,;Techni gues, ( San

D ego: Acad rﬁngsbr ess, 19%6%’%5Iﬁ5ﬁ§son et al. ,%'QCar bohyd}lat e- Speci $0| C

Adhesi on of B@éteria to THRrAALayer Chromatogr #8: A Rationalized #bproach
to the StudysméieHost Cel | wofahwcol i pi d Receptorsise (Anal igal 50596216 WORD 21
Bi ochem sty 146: 158-163, %985)); and, Nil ssg‘{% et al., "A Car bohyéjr ate

Bi osensor SHFFABEtor t he'’BEP®¥ttion of Uropat idgeni c Batteri a”

(Bi o/ Techn6lig@®i 12: 1376- EBRBtxDecenber |1994) 4211 || ustr&tive of sikh

reactions argese used figndphRgn ferroxam nggas a ligand to theygurface
of a glass _sepnsor chip. In the first stage, ai(gl ass surface containing free

hydroxyl gfd@ps is first PRROEBPH th a 2% solffion of 3 38

gamma- N- ( am ppr opyl ) - ganmmeudatibgioptaimA t ri et BBxysi | ane8to attachi4 he
silane to surfage:. 3.a8s- OH + ( CZH3},30- Si ( CH2) 3NH( CH2) 3NH2 - - ~
() d ass-%}%ﬁ%@% S2)3NH?%£|’§%§I%2 The pr oduc%ﬁof t hat %eacti on ngl’_l' t hen be
react ed wi fireeesar al dehydestast a pH of about &!to form fhe correspbnding

al dehyde: ®#adrasss O Si - ( CrzpigdH( CH2) 3N=C( CH2) 3#0C-H (1 1) 7The al dehysle, in
turn, can Qe react ed vvithsﬁgaclganm ne (111) to ggsel d IV 7

dysentériage 17
S. aureus enterotoxin B 239 1 22
S aureus toxic-shock toxin-1 194 3 9

Thus, as described above, a different ligand is tethered to each of the sections of
the sensor chip. The sensor chip is then contacted with a sample containing unknown
organisms or proteins, whereby specific ligands on the surface of the chip bind to specific
analytes, selectively capturing them. The unbound analytes are then washed away with
an appropriate solution (such as a phosphate-buffered saline); and the sensor chip is then
subjected to an appropriate detection technique. One possible technique used to detect
the presence of bacteria on the sections of the sensor chip is disclosed in U. S. Patents
5,706,406 and 5,968,766, wherein the described apparatus utilizes electromagnetic
radiation of appropriate wavelengths to excite fluorescence characteristic of the presence

of bound analytes.
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H2N(CH2) ~ zNH2 (I111) dass-O ii-(CH2) 3NH( CH2) 3N=CH( CH2) 3CH=N( CH2) t 2NH2
(1'V) 505962 4-WORD 22 Next, the product of the precedi ng reaction is

reacted with gl utaral hydet in uce a (termnal). al de group

A ass-0O-Si - ( CHz%{%NH'(’ B‘ faéﬂ@@ﬁédjﬂ g@%‘ t\‘)vﬁlad“h can
t hen be reduced using NaCNBH3 to yiel d GI ass-O

| i - ( CH2) 3NmaBHRIs3 ekt Grinyespant (ida)thiz Kkio@iseine Crigry Chinge Tipen bordsmtiorthe si | ane

coupl i ng agent bonded to the surface can then be derivatized by reaction

wi t h def erdrnabxaniTgs dhabge indhidrestbndditoal s e fagthstedthyit £tithng&irimsentity or
| - ((CH2) 3NH( CHz) 3NH( CH2) SNH(CH2) ~ 2NH( CH2) 4CHENH- DFA (VI 1) The DFA can then

be conpl eX;?QnWorfﬂqu&am e'h@ﬁ‘&hh scthide téﬂ TR SRl in thb Mg&gﬁcg@%éjm to

formthe |igand. be un rstoo vari ous changes and

nodi ficati the gL m,nat i cedure, and fornul ati on
wi t hout degglr%fe%61 aflg8an€ uee to Forf ?lcélon Ofg"e angﬁl? especially as defined

mthefollovm(r;ﬁldclalrrs 5059624V\D?D CLAIMS What |Is Cainmed; 1. A

met hod for tax H?erqsa@ﬁmheopdﬁseahlwmwnbﬁé@rag,lpeamalaﬁsa yRkeowamFIobERg: ()
exposing a solution containing the analyte to a ligand specific for the

anal yt e of canrttegoptactet with tha seriseechipovhbdrebyt éne aramdre resdptors ef theibatterat e
surface with a photostable
react with various different ligands tethered to the various sections of the chip. Then, the
fluorescence of the chip can be measured with a probe for the purpose of detecting which
of the sections of the sensor chip have analytes bonded thereto. As examples,
mycobacterial siderophores can be used to capture mycobacteria such as Mycobacterium
tuberculosis. Helicobacter pylori can be captured using tethered N-acetylneuroaminyl-
alpha-2,3-galactose. The peptide:
GADRSYLSFIHLYPELAGAGGGC
can be tethered, by means of the terminal cysteine group to expressly capture free
Staphylococcus aureus toxic-shock toxin-1. The peptide:
GHHKHHHGGGC
can be tethered also by means of the terminal cysteine group, to specifically capture the
surface-exposed protein A of Staphylococcus aureus, and hence this organism itself. The
Staphylococcus aureus toxic-shock syndrome toxin-1-binding peptide was described by
A. Sato, et al. in “Identification from a Phage Display Library of Peptides that Bind to

Toxic Shock Syndrome Toxin-1 and that Inhibit Its Binding to Major Histocompatibility

Complex (MHC) Class II Molecules” (Biochemistry 35, 10441-10447 (1996)).
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linker at a distance of at |east 15~ for the capture of m croorganisns; (b)
"separating the bound anal yte fromthe non-bindi ng conponents of the

sol ution containing the anal yte by physical separation, washing or both;
and (c) interrolairndicatedf abohe detegmirdng ticlpecsencesuflasingdd eapsured aderobrpananal yt e
bi nding. 2. The nethod of claim11, wherein the biological analyte is

sel ected f4rQiRRdréte niEQHRI PRAGA '(:&r?ﬂleﬁﬁfy sofhe o@@l&‘éﬁlﬁlﬁes dffpterést. U QBher C&es,

ri ckettsiae; (d) prot ozoa an fangi . 3. The "net hod of claim1, wherein
the ligan he wher | i gand
1o 100 B O TR P12 b AT

pol ysacchari de. .6. The t od of claim1, wherein the |i gand IS pepti de
speci fic fr2 %ﬂﬁﬂeﬂ%reama SR AT i CRPSIger wgswbwgwes a(’?laé‘?arﬁflﬁre\ﬁherei n

the ligand is a peptide specific for a conjugated |ipid. 505962 4-WORD 24
8. The netisedomstalengathmhorizantdragisrandlreesections dangthetvadicebprivpeidlustraiedt e i s
acconpl i shed through m croscopy. 9. The nethod of claim 1, wherein the

det ecti on tflowhe captured anal yte is acconplished through the intrinsic
fluorescence of the target. 10. The method of claim 1, wherein the
detection of the captured afalykg¢ 1S accml ISheq f nrough the fl uorescence
of a reactive dye conjugate expﬁieu O Lﬁf npu o before capture of the

anal yte by the tethered |i gang—Sst+fage: —Fhe éﬂ;hed of claim1, wherein
the detection of the captur id—aQL-ype—Lsc—gcr* ppl~shed !t hr ough t he

fl uorescence of a reactive dye conjugate exposed to the sanple after
capture of the analyte by the tethered |ligand surface. 12. The nethod of
claim 1, wher ei nthisexdmple thesactisns tidantifiag car expranidey withitke fotlownmg ligindd
through the radioactivity of a reactive conpound exposed to the sanple

bef or e captetheedatb atspecifinaédtion abyettfbeh irethbdslkovihg gdledd surface. 13. The

nmet hod of claim 1, wherein the detection of the captured analyte is

acconpl i shed throughgtdi@nTadh@act i vity of x& AR&EE{MAd compound exposed to
the sanple after capture by the tethered T1gand surface.

Al astalo Gy

A2 hemin

A3 pyochelin

B1 GalNAcpGal

B2 alcaligin

B3 fibronectin (peptide fragment)
C1 anti-S. aureus protein A peptide
C2 staphyloferrin

C3 ferrioxamine B

It has been found that Pseudomonas aeruginosa can be identified as the
microorganism when analytes are detected in sections A1, A2, A3, B1 and C3.

Similarly, Staphylococcus aureus can be identified when sections A2, B1, B3, C1, C2
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14. The method of claim1l, wherein the detection of the captured analyte is
“acconplished through the | um nescence of a reactive dye conjugate exposed
to the sanple before capture of the analyte by the tethered |igand surface.
-15. The nedrdod3 ednteinainslyle capheediherdone Ielatiie ciseptapire bhien adytairestecdoml yte i s
acconpl i shed through the | um nescence of a reactive dye conjugate exposed

to the sanph ¢ afiGEntBPLUbRorR: i8R FRAMY (@ipte bR Bells8h k&N R4S bgBNIB S Wrd ace.
505962 4- \WORD 25 16. The method of claim1l, wherein the detection of the

captured anag] ¥t e.is_acconpl i d throu th osphorescence of .a reactive
ye. con ugarbte febBudS T Bnlt o b EorBb et L aB T EhG e RS RaR A Bty e
tethered ligand surface. 17. The nethod of claim1l, wherein the detection
of the captifldgonioa spnsorichi i effentinerais Mukiplg inderendshbaphseriodeferist a
reacti ve dye conjugate exposed to the sanple after capture of the analyte
by the t et bwrusthg 4 gegld saopleadbis in@ecasththerstatisuchl ofliabilyy of the andlytiedln t he
detection of the captured analyte is acconplished through the optical

absor banceottor@er eacti ve dye conjugate exposed to the sanple before capture
of the analyte by the tethered |Iigand surface. 19. The method of claiml,

wherei n the det gt i g H&’sé‘ré‘gl?égflrgﬂg%ﬁéﬂé&?o5%&‘&%%@'&1&%@1%&%&@9“ t he

opti cal absorbance of eactiv onj ugate exposed’to the sanple after

i m 1, wReInR Bt furha? G BVE SOk Pt RORa if el OWERR Uiy

t hrough the fluorescent quenching of the fluorescent tethered |igand
surface upd ﬁ{an Srhstigteo?r a Mastieidgse é‘}rf@f.th%hﬁ%P?fé‘cF%P’é?ica I% p¥1sd7Rd to produce
identification of a biological analyte conprising: (a) exposing a solution
cont ai ni ngexpesedhydroxy groups, for grenensnyebipt itds frequenty preferrad te eofployatnethest
that has been covalently tethered to a substrate surface with a photostable
| i nker at pradiisd éfithe imdientidn, loe@@bsikink compaunds havehpifolicviag gpievilatmsturd b)
separating the bound anal yte fromthe non-bindi ng conponents of the
sol ution containing the anal yte by physical separation, washing or both;
and (c) interrogation of the ligand-tethered substrate surface for analyte
bi ndi ng. R

1

|
Ry—Si—Rq
Ry

wherein R; through R, are each selected from the group consisting of hydrogen, alkyl
groups containing 1 to 6 carbon atoms, aryl groups containing 6-12 carbons and alkoxy
groups containing 1 to 4 carbon atoms, with at least one of R;, R; and Rj3 being an alkoxy
group. Ry is an organic group containing at least three carbon atoms and also containing
a long linker bearing a functional group capable of reaction with the ligand. Without
limiting the invention, suitable organic groups comprising the linker include polyamines,
polyethers and poly(glycine). Also suitable for use in the practice of the invention are

coupling agents containing other functional groups such as epoxy groups, amino groups
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505962 4-\WORD 26 22. The nethod of claim 21, wherein the biol ogical
analyte is selected fromthe group conprised of: (a) proteinaceous toxins;
and (b) cytosolic proteins. 23. The nethod of claim 21, wherein the |igand
is a pept iand unsafuratedyfungiional graupsaBydrox Wraronpsatiel Srounsgnd shedikes phichgye 5
prot ei naceous toxin. 24. The nethod of claim 21, wherein the ligand is a
pepti de, uwspablé gf tehctiom wivh theentipuahgands.a®Viteul bhmgingsthe aiventrorf asrto sheory,

pr ot ei naceous hornone. 25. The nethod of claim 21, wherein the ligand is a

peptide, Uslsdelidvddih@and ﬁ’%zlrifﬁeéds With B RGéthal %mgp, PrBRedblY £tdrMina Cytosolic
protein. 26. The nmethod of claim 21, wherein the detection of the captured

anal yte i j : | [ IS¢ otein.
27 The marRa e iR i g NeBRR b oo e REGRRG Gy BnIe 2R 21 Ut
is acconplished through the fluorescence of a reactive dye.con ugat

exposed tcﬁr?%atbarcg?‘g&ﬁecﬂ)léﬁ%ﬂée S@écﬁf’tﬁ?‘@néf’s ﬁ’ﬁé%‘ﬁ’iﬁ}'t@ rwg%{%g‘r?cgﬂty ﬁ%ﬁéﬁlel i gand
surface. 28. The_ nethod of claim 21, wherein the detection of the captured
anal yt e i sSusfaeopidhe glissior Masispubstraee of the pansereiiis. ofhigcouplingpgentdy e
conjugate exposed to the protein after capture of the analyte by the

t et her ed |(egl@ndedsulahe)aray Baltehineivabt donstnatedcinagitmb® Kirstwhatiap thd paeerdet ect i on
of the captured analyte is acconplished through the radioactivity of a

reactive cHRROWN (BXRLMHGE of helsBRoPEipfoNoRed 95; SheCRhlida® réaktibideeadad st € by
the tethered ligand surface. 505962 4-WORD 2' 30. The nethod of claim

21, wherei i . ] r i QﬁBl i ough
t he radi Oaé&a%@ﬁeﬂﬁ%(?f:{g tﬁgéc I é‘gﬁ%%(g%%ghgﬂg? os%iisetp %ﬁe%ge?pr otdéiéﬂﬁgjf% girﬁ .
capt Ure DYt heet S e et IR S A, TG BT ool I, wherein
Further, the linker should be of sufficient length to present the ligand at the optimal
distance (40 Angstroms) from the surface of the chip. This observation is based on our

determination that shorter distances results in decreased bacterial cell capture efficiency.

Thus the ligand tethered to the glass surface may be illustrated by the following:
Glass—0O—Si—(CH,;);NH(CH;)3NH(CH,);,NH(CH3)sNH—LIGAND

The ligand tethered to an oxidized plastic surface may be illustrated as above by
replacing the “Glass-O-Si” moiety with C (carbon from the plastic polymer). The
chemical reactions used in tethering ligands to the surface of the sensor chip are known to
those skilled in the art and are described in the literature. Such reactions may be found in

G. T. Hermanson Bioconjugate Techniques (San Diego: Academic Press, 1966); Hansson

et al., “Carbohydrate-Specific Adhesion of Bacteria to Thin Layer Chromatograms: A

Rationalized Approach to the Study of Host Cell Glycolipid Receptors” (Analytical
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acconpl i shed through the | um nescence of a reactive dye conjugate exposed
‘to the protein before capture of the analyte by the tethered |Iigand
surface. 32. The nethod of claim 21, wherein the detection of the captured
anal yt e i sBmchemistrydkédl $8ata3ugd A8 neandulilsros ceals ¢ Aofarhohyhate Biesedyas
conjugate exposed to the protein after capture of the analyte by the
tethered | Sgdad foritht Detectidn of Uiepattrigenid Baktegiha(BioAkechidleg el 13M6-1d28 ect i on
of the captured analyte is acconplished through the phosphorescence of a
reactive d ecggllg}gyg}a}“z)‘ exposed to the protein before capture of the anal yte
by the tethere I gand surface. 34. The nethod of claim 21, wherein the

detection of the, captur nal yte i s acconplished through the ..

phosphor es cenceﬁB’fsggt“fee éPi?lQ,E?a{yﬂPé"sé{)%ﬁ ﬁﬁealg%d é&gﬁ?ézﬂf"a‘a?%e 3Srgigand o fee,
capture of the analyte by the tethered ligand surface. 35. The nethod of
clai m 21, %ﬁ&cepﬁatgi/?és srasecthin ninghe {ird staaptaglesy sarfageycoataining e hyirrxHed

t hrough the optical absorbance of a reactive dye conjugate exposed to the
prot ei n begoups tsdfpstreacted withe 24h sdlytien dfygamimea-Netahenemopylpgadmsaur f ace. 36.
The met hod of claim 21, wherein the detection of the captured analyte is
acconpl i sheglidoptspyifintelidx9§ildne @ atedes Ghidanae tothe gldseagticee dye conjugate
exposed to the sanple after capture of the analyte by the tethered |Iigand
surface. 505962 4-WORD 2% 37. The nmethod of claim21l, whérein the
detection of the capGlasedQiial {dH3):0-aSkCiptNEHed )3 NHpugtr—t*e f1 uor escent
guenching of the fluorescent tethered |igand surface upon binding of the
protein. 38. A nethod for taxonom c identification of a biological analyte
conprising: (a) exposing the solution containing the analyte to a Iidé)nd
specific for the analyte of interest that has been conjugated to a narker;
(b) separating the bound analyte framthe excess marker-conjugated |igands;

(c) interrogation of the an@%hﬁaégﬁiu(g@ﬁg@(@%gggyﬁhat ﬂ:t glcgi ggi 21;” t he

conj ugat ed marker. 39. The mnet | cl

analyte is selected fromthe group conprised of:(a)bacteria; (b)viruses;
(c)proteinaceous toxin;(d)rickettsiae; (e)protozoa; (f)fungi; and(g)cytosolic
protei n. The product of that reaction can then be reacted with glutaraldehyde at a pH of about 8 to

form the corresponding aldehyde:

o)
1
Ghss—O—Sli—(CH2)3NH(CH2)3N =C(CH,);—C—H

"y
The aldehyde, in turn, can be reacted with a diamine (III) to yield IV:
H,N(CH3);,NH,
(11)
Glass—O—Si—(CH,)3;NH(CH,);N=CH(CH,); CH=N(CH,),NH,
Iv)
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40. The nethod of claim 38, wherein the separation of the bound anal yte
‘fromthe excess conjugated ligand is acconplished by chromatography. 41.
The nethod of claim 38, wherein the ligand is conjugated to a magnetic
particle and the separation of the bound analyte from the non-binding
conponents of the anal yte 505962 4-WORD 29 solution is acconplished by

magnetic separ al%ﬂnth‘é‘pfr&lutch@f the B?Eagdxggk&Gtx&?fs'}é‘dc?éé Wwith %llilﬁ‘arﬂﬁéﬂ’y%te't& particle
by at least fifteen ~ for capture of R croorgani Sms. he rret hod of

cl ai m 38, wherein eme conpound. 43. The method of claim
38, wher ei Hr&] Cea(ggﬁléﬁal)gﬁggydgg?oo hore. 44. The nethod of claim 38,
wherein the ligand is a polysaccharide. 45. The nethod of claim 38, wherein
the ligand is a peptide specific for an outer menbrane protein. 46. The

nmet hod of @hlgsAO8:SiwAEB)INK(ITGH,)Na0H(CH, B CPEPN(C,)specCH(CHLRCHO
conjugated lipid. 4 The method of claim38, wherein the marker is

fl uorescent and the detectlon is via fluorescence. 48. The nethod ofVkl ai m
38, wherein the marker is |lum nescent and the detection is via

| um nescenehich48n tlithdemeduvod usihg NaGINBIBBp ywddér ei n t he marker is radi oactive
and the detection is via radioactivity. 50. The nethod of claim 38, wherein
the marker is phosphorescent and the detection is via phosphorescence; 51.

A net hod for,taxgnordc j ifi ' ol ogi te conprising:
(a) exposi nglaﬁssg? ﬂoAbgﬁﬂyﬁ(ﬁméwg%@#&:gﬂﬂ%"ﬁﬂé’iﬁ@éof di fferent
| i gands t hat have b en covalently tethered to a substrate surface; (Vi
separating the bound anal yte on the ligand array fromthe non-bi nd| ng

component s of "L bfi ROLIALHILAY HIHIRESALn SR AL S BT BeRbe OKiANY, (©)

interrogation o subs & Surt ace or analyte B hdi ng.
505.962 4 gy rea§t90n with deferrioxamine B (or DFA) at an alkaline pH to yield:

GlaSS—O—Si—(CH2)3NH(CH2)3NH(CH2)5NH(CH2)] 2NH(CH2)4CH=NH—' DFA

(Vi)
The DFA can then be complexed with Fe by reaction with a ferrous salt in aqueous
medium to form the ligand.
It will be understood that various changes and modifications can be made in the
determination, procedure, and formulation without departing from the spirit of the

invention, especially as defined in the following claims:
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52. The nethod of claimb51, wherein the ligands utilized in the array are
tethered with a photostable |linker at a distance of at least fifteen A from
the substrate surface for the capture of m croorgani sns. 53. The net hod of
claim51, wherein the ligands utilizedLAIMShe array are tethered with a

phot ostabl e Iinker at a distance of at |least six ~ fromthe substrate
surface fowphhg Q&piddr € of proteinaceous toxins. 54. The nethod of claim
51, wherein the biological analyte is selected fromthe group

(&) pr ot oz ok, ST 1os SiAbiC URRRARR 6P ol ek oMb of el ai m b1

wherein a ligand is, a hene conpound. 56. The nethod of claimb51, wherein
one or more &P W@Sma@aﬁeaglomscoatagv%ﬁhsaﬂ%% to g igand\gpeqificgrthsranalyisith 51,
wherein one or nore of the ligands is a pol ysaccharide. 58. The nethod of
clai m 51, wher einterest¢hathasrbees covalently tethgeadds aisgbsirapepirfade witheqiholastablr  an
outer nenbrane protein. 59. The nethod of claim$S 1, wherein one or nore of

the |igands is Hnipept i detampeot tileast mAaorambapg&kedrdiémbtganEﬂ@QGZ 4-\WORD 31
60. The net hod of cI ai m 51, wherein the detection of a captured

M croor gani sy s d 53 ahfyRUSn mecﬂo‘iﬁﬁﬁoﬂl}ié cBrhporldhits mﬁ@%u@én claim

51, wherein the etec on of the captured anal yt I's acconp I shed t hrough
the intrinsic fluq&esc

I
wherei n the det 621 Ionrl?g 2”8% B&s‘é‘%ﬁgwﬂ 103 }vgs rrl}b P’S‘ng ?Lg]oﬁéh t he

fl uorescence of . a reactl % nj ugat e exposed to the sanpl e before
capture of tf Mw@owﬂfﬁﬁ eé?fit fubgiatie swacederanabyie biiignet hod of
claimb51, wherein the detection of the captured analyte is acconplished

t hr ough t ha Themethodofckinfl, whereicthe biologieal eoalytega seledsp romdhe gravhe sanpl e
after capture of the analyte by the tethered |igand surface. 64. The net hod
of cl ai m 5dompvised@if’n t he detection of the captured analyte is

(a) bacteria;
(b) viruses;
(c) rickettsiae;
(d) protozoa; and
(e) fungi.
3. The method of claim 1, wherein the ligand is a heme compound.
4. The method of claim 1, wherein the ligand is a siderophore.
5. The method of claim 1, wherein the ligand is a polysaccharide.
6. The method of claim 1, wherein the ligand is a peptide specific for an outer membrane
protein.

7. The method of claim 1, wherein the ligand is a peptide specific for a conjugated lipid.
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acconpl i shed through the radioactivity of a reactive conmpound exposed to
‘the sanple before capture of the analyte by the tethered |Iigand surface.

65. The nmethod of claimb51, wherein the detection of the captured anal yte

i s acconpl 8.shhemethodwdhlaithd, wheictrtbe detectionoff the eaptired aralyteripatsnmpispdsed t o
the sanple after capture by the tethered |igand surface. 66. The nethod of
claimsS 1, thwighehiordsbspydet ection of the captured analyte is acconplished

t hrough the | um nescence of a reactive dye conjugate exposed to the sanple

before capyufge RletHol@raiahit %ﬁg&gi {R€ dbeLdlR! @dnd LgRRed Ml{f@%’acc@tﬁ'glii}lgh%

met hod of claimb51, wherein’t etection of the captured analy

acconplishgd through.the,l um nesc e of a reactive dye conjugate exposed
to the sa %ugg.ftﬁ%glt%ctﬂ?(ge%qcng%@g%gr%.e by the tethered |igand surface.

508962 4- WORD 32 68. The nmethod of claimb51, wherein the detection of the
capt ured ah@l Thempthod o slapm il swhereirhe defactioneof thtowgphard ardyieds of a reactive
dye conjugate exposed to the sanple before capture of the analyte by the
t et her ed | aganglishedfthoagh 62. flithesceneelvdd redctive dyaedjygatthexpesed totke sipdet i on
of the captured analyte is acconplished through the phosphorescence of a

reactive dpefoftraptig@brthexpilsedyithe icherarligihe safficet capture of the anal yte
by the tethered |igand surface. 70. The nethod of claimS |, wherein the

detection ¢f ’TH@mQﬁBH!bE’%ﬁaﬂﬁ?lvlﬁE&iﬂ the BEEAIB d ﬁ@éap&l}qé@glgdin&w opti cal

absorbance of "a reactive dye’conjugate exposed to't e before capture

her oi n-t nianPORdfryEh e Mlonpie bR NG EE ey il Prongiohe SuBict ne

opti cal absgrbance of a reactive dye conjugate exposed to the sanple after
capture of aﬁ‘ﬁéaa‘h‘éﬁ%thewlﬁéyttﬁﬁéwﬁdllga@gﬁwf%rface. 72. The method of
claimb51, wherein the detection of the captured analyte is acconplished

t hr ough t hé2f Thomethodref chpirelc wherginothe detectidnafitbs captured endlpieasl | i gand
surface upon binding of the analyte. 73. A nethod for identification of a

pr ot ei n coagwonglisked thejugh tioadivgctivity ofalredation compbdaidraxpgseni to tioodagepde sns t o
conditions resulting in the

before capture of the analyte by the tethered ligand surface.

13. The method of claim 1, wherein the detection of the captured analyte is

accomplished through the radioactivity of a reactive compound exposed to the sample

after capture by the tethered ligand surface.

14. The method of claim 1, wherein the detection of the captured analyte is

accomplished through the luminescence of a reactive dye conjugate exposed to the

sample before capture of the analyte by the tethered ligand surface.

15. The method of claim 1, wherein the detection of the captured analyte is

accomplished through the luminescence of a reactive dye conjugate exposed to the

sample after capture of the analyte by the tethered ligand surface.
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rupture of the mcroorganismand spilling of the contents into the solution
‘selected fromthe group conprising chemcal treatnent, holins, enzymatic
treatment, freeze-thaw cycling, bacteriophage infection, and physical

treat nent. 16bYhexpamidnd chiadl, whefin thederttidref théeaphired ehdlyrngal yte to a
| i gand specific for the analyte of interest that has been coval ently

tethered WhidnfhIRRQf BRARIS: I%H;/o{%éﬁéregcgn& o%‘é%&éti%{:%é%xfj@%‘ﬁ% efb3aPR e WORD 33

(c) separating'the bound ana romthe non- I ng nts of the

sol ution cont ai mi t he an te hysi. cal aration: and (d)

i nt errogat 't Fﬁgf‘o?? E;a&’ﬁ =P t <18 es%b%‘??%ﬁ?eiﬁgﬁngcsgﬂgﬁ’ anal yte bi ndi ng
wherein the_ligand is tethered at a _distance of at |east six ~. fromthe
substrate 3¢r Themethod af glaimdp pibersinthe detseliomef the gaptymed apalytedsl of cl ai m 73,

wherein the ligand is a peptide specific for the protein of interest. 75.
The net hodagfonlished thyughitles ghiasphdrescerndeanftai reactive dye eorjngate enpoisedsfocthe
fluorescence of the captured protein. 76. A nethod for capture of a

bi ol ogi cal sangletter Giphie af thieRRAIVALE th edtiedred ligal shifeed. | gands used are
sel ected fromthe group consisting of: henme conpounds, siderophores,

pol ysacchankdes, oGRS, SReEh e dbRLudtirdhe EpRRER ARPLaL ef n°.

conj ugat ed ['i pi m crobf protein targets; gand is
tethered at _a di.stance of at least fifteen. ~ fromthe substrate rface for
the. oapt ur £ QiRebEERoh & eoARiosplnah & et B ye Sombehle eReBee 8 b1 tim
packi ng; (e) the bhiological analytes are selected fromthe groups of
bacteria, vHPRedsiore patweod ﬂ?fea,naéi‘?)?b%é‘?th@ﬁ@ liggpekgurfage.) the capture of the
bi ol ogi cal analytes on the substrate is used for the concentration of the
bi ol ogi cal 1&ndhyneetfadxfickamndr, whangm the;deteation of the hapteptnalytedt t he
bi ol ogi cal anal ytes on the substrate is used for the concentration of the
bi ol ogi cal aesvmhplished thesughehé Sticab si¥pitagice of a reactive dye conjugate exposed to the
sample after capture of the analyte by the tethered ligand surface.
20. The method of claim 1, wherein the detection of the captured analyte is
accomplished through the fluorescent quenching of the fluorescent tethered ligand
surface upon binding of the analyte.
21. A method for taxonomic identification of a biological analyte comprising:
(a) exposing a solution containing the analyte to a ligand specific for the analyte of
interest that has been covalently tethered to a substrate surface with a photostable
linker at a distance of at least six A for the capture of proteins;
(b) separating the bound analyte from the non-binding components of the solution

containing the analyte by physical separation, washing or both; and

(c) interrogation of the ligand-tethered substrate surface for analyte binding.
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77. A nmethod for tethering a ligand to a substrate surface via a |inker
conprising: 505962 4-WORD 34 (a) reacting of a silane corrpound

[ Si (R~-RZR3Ry) n.o i at.e ubstr r f ace wherein
one of ¢ he2zubed elhofos Bih el Ruth eI bR T eliele RS g
capabl e of reactlgg with the ligand; and (b) reacting the Iigand with the
functi onal C@Fb‘ﬂﬁ? the covalently attached silane Iinker; wherein the

|l inker is chosen so that the ligand is tethered preferably at least 1 S~
away from t hgapplgdinaeeustorinacand 78. The nmethod in claim 77, wherein Rl

t hrough R4 are each selected fromthe group consisting of hydrogen, alkyl
groups cont ai(B) Btodolicprétefi®r bons, aryl groups containing 6 12 carbons and
al koxy groups containing 1 to 4 carbons, vvith at |east one of R-, Rz and/or
R3 being agy a*l"ﬁ@?ﬂét}ﬁﬁ%lmlal%%l &H&epﬁhé‘ﬂgaﬂd’& t'i'ae717lsu Wg?ﬂl%éfb& an
organi c group contal nin I"&ast reecCarb tor’ns and al'so containing a
| ong |inker beari afunc n able of reacting with the |igand.
80. The nefHYY %cf'fng%ﬁ PeFrc fﬁﬁérpé E E‘ﬁ%l c groups conprising the

| i nker include polyam nes, polyethers, and poly(glycine). 81. The nmethod in
claim 77, dhefbe methed qf@lﬁphu%gwag@mt ¢ ligand léﬁailepkgf?%uﬁilaéib’ three 1o fwrad  ( R4)

i ncl udes epoxy groups, am no groups, unsaturated functional groups,

hydr oxyl gemirmgsacidsridng, lspedifigfaragsoteBacecih@omedrieod in claim 77, wherein the
ligand reacts with the functional group, preferably a term nal functional

group on the TheaReRd FRRIMPIPAUBRINMAE ligadd i apRAdd, Yistig e IRkl koxy
group attached directly to the silicon atom has t he capablilty of Treacting

directly V"hﬁﬁh&z{b‘?ds%%%ﬁv%ﬁé f&rr}ecp@d%{lg x%teéh'bSt rate. 505962 4-\WORD 35 83.

The nethod i n clarm tether is constructed in situ by

];Ie(;zi i Lﬁag?5{1 ﬂ‘gcta rr]n(zfatlpo?lro " a1m ﬂl %elemt e d%c%?’ 031431Jthe canrt]urte analy(%and Fol I'owed by

accomplished through the intrinsic fluorescence of the protein.

27. The method of claim 21, wherein the detection of the captured analyte is
accomplished through the fluorescence of a reactive dye conjugate exposed to the protein
before capture of the analyte by the tethered ligand surface.

28. The method of claim 21, wherein the detection of the captured analyte is
accomplished through the fluorescence of a reactive dye conjugate exposed to the protein
after capture of the analyte by the tethered ligand surface.

29. The method of claim 21, wherein the detection of the captured analyte is
accomplished through the radioactivity of a reactive compound exposed to the protein

before capture of the analyte by the tethered ligand surface.
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al koxysilane with the substrate surface. 505962 4-WORD 36 . A

‘N. AFUY. AF{y. AYAF. AFAy. AYU

% A3h% AYh9. Al h. AFhF. AYhF. Al U9. AFAY. A9. AY{ . Al A. AYh. Ah 9. AFU

% A3U_. AYB0ASThdm&KlF o AN ainA3 YpviidaeiAthe deBdctibn DBthe. cAp@red3nayvdis9. AYL. A3n %6
cJ[iyy*$) DY{" ?ELV} xsnhc] X] caV] ca] caV] ca] ca] ca] caV] ca] ca] caV] ca] caV]ca]ca] ca
Lcal ca] ca] £ebmphiaRl tR¥h ARG RGBT & fdac Bt Cnsthund @xpbsed B the &tk €

f~ytoje "al cal ga cal.cal.ca ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca
] C)a/.] cja] c%%@%@f%?&)%@%@@%ﬁ@?@k}% cal ][ | 01] kq]#w! }ol U]{zu}okf !31[ v} ] CL] c]Aa] ?:/ja] c
a] ca] ca] ca)] cal c”a] cal cal cal ca]l cal ca)l cal calca] gal ca] ca]cal calca]ca]c”a]calca
]ca] cal c a]i”‘a'h?amﬁtﬁho o? claim 21, wherein the detection of the captured analyte is

Sa’ r XNM4=?La~yt oi d*Ykfa[ V]]c] ca] cMa] ca]c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
] ca] c”a] cadccainplijhed taroagl tedwv|nsadened cloafeact]weadye apnjupata expased tanthe

& I/t " " #n##SI SSIXBBREKELE>' "' ' K(((| wmhc”Y] ] c] ca] ca] ca] ca] ca] ca]ca] ca] ca
] c"a] ca] cajrerehicBéfor] @pheadrint andioryaherlraddcladgakeddeal cal ca] cal ca] ca] ca! (
W)*z***B+++C,,,G--.U..////h//0n001v1l

2222 wr mhedy] T @t}n‘éé‘LFé‘ﬂafﬁbf,@lz?&lifnﬂf@ét%%%kHﬁ-,]c%etld}&ﬁlxﬁgltf@ ca] ca] ca] ca] ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal 23%$3t 33$4y44- 55556} 6669777<8883999

<l <<=} xsniGOPPI L LPRgh e mresiers] ohh arhn CRRuredP SR ST afea) ca) ca) ca
ca] ca] ca] ca] ca] ca] ca] ca cal cal ca] cal ca! =h=y========0>>>>>>7S5??7?? @ GEQAD
]<AA}ACB]h Bn1]§E{)1Fd|'F %%V{Fﬁpéfz%f]ct%éﬂélﬂﬁ Eél}%'&]}@éﬁdé%ag‘éf‘géﬂcéa] caV] ca] ca] c”a] ca] ca]
caV] ca] ca] caV] ca] ca] ca] ca] caV] ca] ca] c*a] cal] ca] ca] ca] ca BB=CCCCC,
DLDOD] Dr DCEL. EERmpbeiieFikiain 20,08 akikike detedtion v Ulecapisgdeaialyg tsa] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] cal] ca] caV]ca] ca] ca] ca] ca] cal
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] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca

] ca] ca! UNIYENWERXcaptre 6F déakalleldy\ thotetlfld Tigdnd sudtyatl gb] X] U ] ca] ca] ca] ca]

cal] ca] ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca]ca]ca] ca]caJca]c
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e bav] ool EaieErbednl teim of, whaHIRe R eI AR ERhbAPHEHAL £ YTLval OBl

vl c7avl cal gadlsalsaheaki v selsavsealeavh salearhral sl st saBhhpg Re @ ckee
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]s‘ s]ssEt ltt I %ﬁdﬁ%éﬂ&\ﬁ/@wﬁmm x%i%i%ﬁ%ﬁ]%\%%ﬁw\ﬂ U] ca] ca] ca] c™a] ca]

ca] caV] cal sal ¢aVhisloadYLhtha] fakenl metkealnind Gahravheapk cal cal cal cal cal

caJ ca] ca] ca
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y/ 10%& ()-L-10%& ()-t w & !1/"t"i K-K3 Lf10%& ()-Y 10%& ()-
11109 () - Y' (WosRar@)ing the bound analyte from the excess marker-conjugated ligands;
(c) interrogation of the analyte for ligand binding via detection of the conjugated
marker.
39. The method of claim 38, wherein the biological analyte is selected from the group
comprised of:
(a) bacteria;
(b) viruses;
(c) proteinaceous toxin;
(d) rickettsiae;
(e) protozoa;
() fungi; and
(g) cytosolic protein.
40. The method of claim 38, wherein the separation of the bound analyte from the excess
conjugated ligand is accomplished by chromatography.

41. The method of claim 38, wherein the ligand is conjugated to a magnetic particle and

the separation of the bound analyte from the non-binding components of the analyte

505962_4-WORD 29



Fs! 109& ()-FY 109 ()-yt109& ()-:t""#n##S$i $$i K- KI sM 109& () -1 F109%& () - |
109& ()-1:109& ()-1!10%& ()-Ys! 109& ()- Yy109%& () - $IXIBOREKEE K- KY

o109 ()-F+ 109& ()-)10%& ()-' 10% ()-$10%& ()-F "10%& ()-

"LO%& () - &Bhition'iis aécomipli¥hed bhOSHBEr(elie Yepat it ith HR119aR] BANYEticreBy HOYE! () - 1
109%& ()-/, 10%& () -" K(((W)*Z*i K- K| I'10% ()- Y@ 10%& () - YI0%& () - Y! 10%& () -

Y s!109%' (g Ogé ? ticle by 43Rk fden?t S ﬁtgfh%ohlﬁic%é'r s@is()-l S g10%&' ()-19
109& ()-1110% ()-F 10/«&( ) -1 GLOY&' ( i K-KI 1f 109 ()-Y

S/ 10%& () - & LOY& 91.1 &10%& o ()-.//111h//0iK
1f 100/&(%)4?23%%5}&%}‘?% %é’)‘yﬁeéelﬂg}@ﬁg é%“d ‘%%ﬁﬂé%‘ﬁ "?) 3(12)0/& ()-0n001v11l
272i K- K 109%& () - F310%& () FY109%& ()-F, ! 109%& () F 109%& ()-3!10%& ()-3

1 1098 () - 22238 medad of faim 38, 0sgein)thg Keandgs p siderorhargog: ()-3 S

109 ()- Y& 109%& ()-Y! 109%&' ()-Y! 10%& () - y44- 55556} 66i K- K7T109%& () - 310%& () -1 |
1! 10%&' () -44@ Theon@thod of<13n0 3@ wherein theligin()is & polys@okgar(de- 666669777<8i K7109&:
()-1"110% ()-Y M 10%& ()- Yf10%& ()-

Y9s! 109%&: (95. YIRIRethdd ORI I8BBEREA Mhe Tidenkllidvh pOSRIe pediAONR afoutet 0% () - |
109 ()-1Y 109%& ()-1, @ 10%& ()-1!10%& ()-::;f;

; <| <<i K- K* 10048 ng Q& ()-& 10%& ()-$y 109%& ()-Y |" 10% ()- @

109& () - &10%& (%‘r) h=y======} si K* 10%& () -10%& ()-101010710% ()-1110% ()- @

/183/2?%) (I) ,ﬁ%%&(‘%“%ﬁh f"?/lé‘%é);)g’lw %lﬁ)é I(E)/‘%&l §,—29g' L5 ,glp%l %; ﬁ,(c)(oyJugated

 109%&' ()-190/& ()-1 10%& ()- 1S109%& ()-Y 910%& ()-yl0%& ()- ACBBB=CCCGi K- KI
1109& () -/ PBY& ()--109& ()-+ 109& ()-S)! 109%& () - & 10%&' ()-$10%& ()-C,

DL DVDNDODDDLEi K _ . _ S

11098 () - 0Dk mpthadof ¢lodg38) wikgrein the/iatker is0f@1eeaft Roddhe(detertion (ga () - LEEE
AFFGHHHI K- KI L1 109%&' ()-13!109%& ()- Y10%&' ()-myf 109%& ()- Y9! 10%& ()-3

S10%&' () - Whid¥®efige: HHKI | | TJJJi K- KL- S1I0%&' () - +f 109&' ()-) 109%& ()-&

1098 ()-$@10%& ()-1"109%& ()-ly

1 109&' () - JIS'(KMWGH oF Klain®3 8 %6hdrdin YROHAMET (o) IndhPHedddd® HDHE dedecB@ is via
109 ()- 11 109%& () -

y/ S10%& ()ru%ﬁégygﬂ@gstNi K-KI ' 109& ()-1ft109& ()-19109%& ()-110%& ()-Y

49. The method of claim 38, wherein the marker is radioactive and the detection is via

radioactivity.

50. The method of claim 38, wherein the marker is phosphorescent and the detection is

via phosphorescence;

51. A method for taxonomic identification of a biological analyte comprising:

(a) exposing a solution containing the analyte to an array of different ligands that have
been covalently tethered to a substrate surface;

(b) separating the bound analyte on the ligand array from the non-binding components of
the solution by physical separation, washing or both; and

(c) interrogation of the ligand-tethered substrate surface for analyte binding.
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accomplished through the luminescence of a reactive dye conjugate exposed to the

sample before capture of the analyte by the tethered ligand surface.

67. The method of claim 51, wherein the detection of the captured analyte is

accomplished through the luminescence of a reactive dye conjugate exposed to the

sample after capture of the analyte by the tethered ligand surface.
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accomplished through the optical absorbance of a reactive dye conjugate exposed to the

sample

before capture of the analyte by the tethered ligand surface.

71. The method of claim 51, wherein the detection of the captured analyte is

accomplished through the optical absorbance of a reactive dye conjugate exposed to the

sample

after capture of the analyte by the tethered ligand surface.

72. The method of claim 51, wherein the detection of the captured analyte is

accomplished through the fluorescent quenching of the fluorescent tethered ligand

surface upon binding of the analyte.

73. A method for identification of a protein comprising:

(2)

(b)

505962_4-

exposing the solution containing microorganisms to conditions resulting in the
rupture of the microorganism and spilling of the contents into the solution
selected from the group comprising chemical treatment, holins, enzymatic
treatment, freeze-thaw cycling, bacteriophage infection, and physical treatment.
exposing a solution containing the protein analyte to a ligand specific for the
analyte of interest that has been covalently tethered with a photostable linker to a

substrate surface;
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74. The method of claim 73, wherein the ligand is a peptide specific for the protein of

interest.

75. The method of claim 73, wherein the detection is via the intrinsic fluorescence of the

captured protein.

~ 76. A method for capture of a biological analyte onto a substrate wherein:

(a) the ligands used are selected from the group consisting of: heme compounds,
siderophores, polysaccharides, and peptides specific for outer membrane proteins,
conjugated lipids, and microbial protein targets;

(b) the ligand is tethered at a distance of at least fifteen A from the substrate surface
for the capture of microorganisms;

(d) the substrate is suitable for a column packing;

(e) the biological analytes are selected from the groups of: bacteria, viruses,
rickettsiae, protozoa, and fungi.

(f) the capture of the biological analytes on the substrate is used for the concentration
of the biological analyte from water samples; and

(g) the capture of the biological analytes on the substrate is used for the concentration

of the biological analyte from medical samples.

77. A method for tethering a ligand to a substrate surface via a linker comprising:
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12 carbons and alkoxy groups containing 1 to 4 carbons, with at least one of R, R,
and/or R3 being an alkoxy group.
79. The method in claim 77, wherein Ry is an organic group containing at least three
carbon atoms and also containing a long linker bearing a functional group capable of
reacting with the ligand.
80. The method in claim 77, wherein the organic groups comprising the linker include
polyamines, polyethers, and poly(glycine).
81. The method in claim 77, wherein the coupling agent functional group of the linker
(Rs) includes epoxy groups, amino groups, unsaturated functional groups, hydroxyl
groups, and thiol groups.
82. The method in claim 77, wherein the ligand reacts with the functional group,
preferably a terminal functional group on the organosilane compound while the readily

hydrolyzable alkoxy group attached directly to the silicon atom has the capablilty of

reacting directly with the surface of the surface substrate.
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