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Canpy| obac g thie @kititd- likklihood that nonpathogenic microbes could also be used as pathogens after
genetic manipulation (e.g., Escherichia coli harboring the cholera toxin).

Typical pathogenic bacteria include those responsible for botulism, bubonic plague,
cholera, diphtheria, dysentery, leprosy, meningitis, scarlet fever, syphilis and tuberculosis, to
mention a few. During the last several decades, the public perception has been one of near
indifference in industrialized nations, principally because of successes that have been achieved 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 buman 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 inportant considerations in battlefield

medi ci ne. A nunber of bacteria] pathogens, including Bacillis anthracis
and Yersinia peslis and their exotoxins, have been used as weapons. And
there is always the risk that nonpathogenic microbes can be engineered to
be pat hogeni c and enpl oyed as bi owarfare agents. Pathogenic m croorgani sns
are also of concern to the |ivestock and poultry industries as well as in
wi | dlife managenent. For exanple, Brucella abortus causes the spontaneous
abortion of calves. in cattle. Water supplies contanjnated with
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m croorgani sns that plague aninmals as well as humans. As a general
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m croscopy. This techni gue, however, is only of |limted taxonom c val ue.
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described in "Strategies to Accelerate the Applicability of Cene

Anpl i fi cat diseasphasthserotraced iy thparahwemission @6 POIFAEVE RETVSK ROt eddy A iFes o -
by S. Pillai and S. C. Rieke (Git. Rev. Mcrobiol. 21(41239-261 (1995))
and " Mol eThisathertipeleayreessed for rapid indonexpensiye thabniques o sendict Meld c58yyini sms”
by R M Atlas, G 2 Sayler, R S. Burlage and A. K Bej (Biotechniques
12JQ  706- kit frdt2e hnd pafiivgertc trénsburzapisess that plague animals as well as humans.

As a general proposition, bacterial contamination can be detected by ordinary light
microscopy. This technique, however, is only of limited taxonomic value. The investigation and
quantitation of areas greater than microns in size are difficult and time 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 noncultirable 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(4Y, 239-261 (1995)) and

“Molecular Approaches for Environmental Monitoring of Microorganisms™ by R. M. Atlas, G.



enpl oy the polynerase chain reaction (PCR) for anplification of bacterial
DNA or RNA, followed by nucleic acid sequencing to detect the presence of
a particular bacterial species. Such general anplification and sequencing
techni ques require technical expertise and are not easily adaptable
outside of specialized | aboratory conditions. PCR-based techniques utilize
the -inference of mcrobial presence since these techniques provide only a
positive anal ysis whenever an intact target nucleic acid sequence, not
necessarily a mcrobe, is detected. PCR is al so_unahle %éo etect t.he
presence oBaylaxRcS. Murlagiand|A. Kr BeiiBietechmguanlids), 7ohél HAPERL i DHPseieccEYESSt i ¢
m croorgani snms in environnental sanples is nmade difficult by the presence
of -nmat eri ahploy tirtpolyimerase fleirerenitioh (PER) fof implificaliomefhacteridddNom 8NA.ar get
DNA in "dirty' sanples. Mass spectral analysis of volatile cell conponents
(e.g., fatfanowed Bpluchhd £id sammkiaghysdtect O prigyncelof aipartinalsr treenialspedes. cfuchhe
detection of bacteria and viruses. One description of the nethods wused to
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M cr oor gan?sms grﬁ%l Bi ormar kesrcmDe\}lg?oprrent frqom G obal ESI - M5/ M5 Anal yses of

R D S j deyd ' lons. T PCR. 1iz8-thd-i pt ODand
o LY B0 s AR 5By YRt s M 1 oo
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environmental growth conditions. Another approach uti]iz i nochem,gal
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I dentify Bacteria in the Environment” by M Schlotter, B. I,ASSL‘%JS and A
Har t mann ( Rjdstestcthe pragpnce of texic macretpalproeng.) Moregherpthe detBsRon R SREHF I Yet ect i on
of the captured cells. The nost popul ar i munoassay nethod, enzyne-|inked
i Mmunosor beitromgsisns if BlvirSihentilaempleslstresste idgficwlt by the presgeg ef meteralidhat g
cells. This is well below the ID 50 of extrenely 3 infectious bacteria such
as Shi gel | mdifepamet the efficanbehgificaiion adetrgettDIdA m &ottylisguples: such as t hose
descri bed by "Devel opnent of a Piezoelectric |Inmunosensor for the Detection
of Sal monel | & Mass spectral analysis of volatile cell components (e.g., fatty acids) afier sample lysis or
pyrolysis has been used for the detection of bacteria and viruses. One description of the methods
used to detect microorganisms with this method can be found in “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 2 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-linked i_m.munosorbent assay

(ELISA), has a detection limit of several hundred cells. This 15 well below the [Dsp of extremely




typhi muriunt by E. Prusak-Sochaczenrsid and J. H T. Luong (Enzyne M crob.
Technol . 12: 173-177 (1990)) are even |less sensitive having, a detection
limtation of about 5 x 1 (~ cells. A recent report entitled "Bl osensor

] Based on Force M croscope Technology” by D. R Baselt, G U Lee and R
Colton .(Bi osens. & Bioelectron. 13, 731-739 (1998)) describes the use of an
atomc force mcroscope (AFM to detect inmmunocaptured cells; this nethod
has little utility outside a |laboratory setting and when the sanple

vol umes are |arge. inmunoassays are alsg presegtlg.usggwjn the trace.
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I n addition, such techniques require high sensitivity when |ess than 100
cel |'s are prossiytuseiid ey snadysistd pertislas 86 RejfBfeted in the field in |less
than 15 m nutes, Such techniques should be able to recogni ze pathogens and
provi de sone apmessepht pobr Btamedy xtensomciee of immenbiliyed petihogies 1y dat e,
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because the antibodies employed are very sensitive to variations in pH, ionic strength and

temperature. Antibodies are susceptible to degradation by 2 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, L Tothill and A.
Tumer (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 1s
necessary to permit and facilitate rapid diagnosis for administration of appropriate counter-
measures. A microbe/toxic protein sensor useful in such situation requires the ability to globally
discriminate between pathogens and non-pathogens. In addition, such techniques require high

sensitivity when less than 100 cells are present and analysis that can be completed in the field in



met hods suffer fromthe sensitivity of antibodies toward pH, ionic
strength, and tenperature; the antibodies thenselves are subject to
proteolysis and require careful storage conditions. To overcone these
probl ens the present invention describes the capture of m croorganisns and
t heir proteinaceous toxins using non-antibody based ligands. It is
accordingly an object of the present invention to provide a nethod for
taxonom cal |y eval uati ng m crobes and proteins that overcone the foregoing
di sadvant ages of technol ogi es that depend upon antibodies. It is a nore
speci fic ORi8Rin 18 milies. i Si¢B Mchnigudsahq@ridbé shbe B mezhisd PABP A RRHRAN G5 SPTC

eval uating m crobes and proteins that has the capability of discrimnating

bet ween SpﬁﬁéEb&nog&ﬁhpﬁﬁ@hc§&ﬁﬁh§§ﬁdgﬁthogenS and nonpat hogens, and can be
|i kewi se US4 1o | entify mcrobial proteins of diagnostic utility.

SUMVARY OF THE NTLON The nreseats fPineMdnancaionensiicinis ribmorganisisy  of
hone corrpounds,]lowgce%p o ,r&cg%ﬁysaccha.rli des and pgptides to bind to

pat hogeni ¢ mi croor gani sns_and, t hej t U3 mettRibiaSies .t RxaRIbEcal
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met hod wasmebeds sufferdiash B sensityviy oL agiba at Fohs o
anti body- based technol ogi es. The concept of the pr nt i nvent.i -resi des
in a net hoshtibodies themseives MosHbictt deproicpiYEia LPOTFIBH® ‘?Pffgﬁlg%‘?f en"i°§‘%€°%1§r)inrv&n ch

m crobes are captured through the binQing of m crobial receptors to d
speci fic | bapgf thide probm dhgmedestinootiomiescmes shefaprs of UGIHOHAIERSEY t he
ligand, with the Iigand being either 5 tethered to a surface or conjugated
Lo a mar kefre; Fifeibdestomi bl eof aattiody based Vigands., Itfisangbrdinghy &t es of the
rickettsiae, Or other cell) or proteinaceous material (toxin) is then

separat ed from he . nonsbiiadh BRnsam EosenRene atatng minbes aud bioeingthals by
washi ng, r‘rﬁgne I'C separation or chromatography. Finally, the sanple is

i nt er r ogat ﬁ‘gﬂl‘ %J%FS{E? I%E%)%gﬁm&&n{ﬁgém%chﬂolgﬁéﬁhmdéﬁeﬂdfupoﬁ hetidddipand has been

bound to t tecting”signal s endogenous to the target or
mar ker . It is a more specific object of the invention to provide a method for taxonomically

evaluating microbes ang 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 15 attained thorough analysis of the number
and kind of ligands to which it binds. The development of this method was done to overcome
the aforementioned limitations of antibody-based technologies. The concept of the present
invention resides in a method for the taxonomic identification of microorganisms in which
microbes are captured through the binding of microbial receptors to specific ligands. A

microorganism-containing sample is contacted by the ligand, with the ligand being either



El ectromagnetic radiation is one nethod used to detect the presence of
netabolites characteristic of living mcrobes, e.g., reduced pyridine

nucl eoti des or other fluorescent netabolites, other bionolecules, e.g.,
notably tryptophan or tyrosine in proteins, or incorporated dyes for the
detection of the presence of the :captured m croorgani sns and/or toxins in
accordance with the practice of the invention. For exanple, if the |Iigand
contains a fluorescent dye, the sanple will fluoresce after washing, since

the ligand is bound to the cells and the .ex i . ful3iher
mar kers, i Ietrditng Syrase ﬁ%%oé’élrgf‘t,eg %%@B’itlfgr e lgcei%t%’?t nr“&%?%@gtaiggaé’%ﬁ%/ﬁérbh

col oronetric conpounds, can be conjugated to the ligand,an
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specific nethod to detect capture of m croorgani sns or toxi.c proteins is
described hén-bikifg szE’a;ﬂeMrspoﬁ;eﬁtsmdzlloﬁomﬂdl%?@)%@W@P‘W?@%?éfg’la fBGhetic
radiation is directed, for exanple, onto the surface of a .

| i gand- conjueRkesrasMp StifaAletht batplhasntbeegtadraansdpiprzie mathaf 4 gqtgmine if
containing solution as outlined above. This detection nethod could be used

to determ pe ibnPiRAdkdbothd Rhe ARl MZeidase cgnas ereidgenOodterthetiarase o1 BAFker.
nmet hods, apprgprl ate for the specific kind of marker conjugated to the

|igand, can be gl.50 n{?a%&%%cﬁé(tﬁﬁ it GnedBtiREdTRsRE td detdchre bicgamnd ohmstabekites
specifically b6und 1o a m croor ganismor toxic protein. An exanple

menti oned pyeviously..uses_a fluare NG GRREMIRE 8hth& fRiotdsgind coupl ed
to detecti B?Frﬁer‘ég%%{@?vd%m\ﬂmfge#?ﬁé?gd?gééjrpggﬁ&?ﬁar acteristic of the dye after

(1) contact between the m crqbe and |. Ja] SANRY 1% dye
6 conj ugat alabplighgther giomgle oF'ﬁaﬂ?ta?lg%ggltogﬁgtqlhog@ ?¥ opt. thglﬁy\%etl hods are

used to detect the captured mcrobe O Protein the.tet l.d not be
phot ocl eavdpgsdor the d@ﬂCtPﬁéf‘t}’éPfFé‘?ncgﬂg@Fﬂapﬂge FaFaeeane ﬁag‘%#ﬁg nmet hod of

the present invention does not depend on_cl assical antigen -anti
recogni t i omccoftfanteeitlc tiapragtise, of theanveier g e@mﬁlﬁéhﬁ@%@ﬁtw?ﬁy@ﬁtf&%ﬁ%ﬁ%te

use of relatively inexpensive reagents in the capture of m e(if oor a}aneix%ergg
and m cr obidgd, i satnpleneill dnntesderadier washinlgesinag gheligand 1s bound to the celis
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 h'éated with an analyte-containing
solution as outlined above. This detection method could be used to determine if binding of an
analyte has occurred. Other detection methods, appropriate for the specific kind of marker
conjugated to the ligand, can be also be employed to determine if the ligand has been specifically
bound to a microorganism or toxic protein. An example mentioned previously uses a fluorescent

dye conjugated to a ligand coupled to detection of a microbe via fluorescence characteristic of

the dye after (1) contact between the microbe and ligand and (2) washing away excess dye-



I n one enbodi nent of the invention, sensor chips (or beads) are enpl oyed.
These chips should be forned froma suitable support material such as

gl ass or plastic substrates (e.g., poly(propylene) or poly(vinyl acetate))
that will be conpatible with both the chem stries used to conjugate the
linker .and ligand to the surface and the detection nethod enpl oyed. The
sensor chipis forned of a patterned array defining a plurality of
sections on the surface of the sensor chip, and each section has bonded
thereto a different |igand capabl e of nplecularly .recogni.zi Lfic
ni crobi al @motgefed ligamdy %U'F siogintte seis il 1f oRHeH! ﬁ&ﬂ%’@s ?Iﬁélge% 12 Sgtétqlh? g@ﬁ?bé

M crobial receptors would include, for exanple, proteins raa%dig& &qyghe
out er menbiansbek ptoxen thie catimiskauld nwibe phgipdieryalle, & & MsdPPEAIOWAIPE RTS8 Bosed
to the aqueous environnment surrounding the cell. The |I|igand for :
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should be varied. In general such |ligands nmay be characterized as hone
conpounds, _si d&f QPRAIRS eontrB) 1hE 86:60856 bi@s prseht amehtiadhdsivenofstiveds
capable of ' ¢C uring a wide variety of mcroorgani sns and toxic proteins.
These ligands can th ' el anced mierobheprosditsfcanminod int the
sensor chi BC’EH%PE}&%W%%“Q%%fFo@%?ﬂéef’gf‘ggS%aég cross-1inker al so havi ng the
capability of reacting with the |igands, whereby the coupling agent

est abl i she®Pl¢heni cal tether between the surface of the sensor chip and

the |ligand capabl e of reacti with.a varie I 10vEH C TQ&: @RI SNB
and proteins. Tﬁé’n§éﬁ%¢m€’ﬁi°8§‘eélﬁv&n3?[}’ I 1;ijsgrreﬁ%(is g%e t%ﬂg sol ut iﬁj(i)bn 7
cont ai ni ng m croorgani sns or toxic protejns,.(2),the non-hindi

const i tuens}muhi‘betfhven@drqmﬁﬁﬁtablﬁé“m%m%?“(cg)(‘ﬁ él&ssl °5\R£a<§g%§lb?%t§%°§g’ati on of

the ligand-tethered surfaces to detect anal yte hinding. nal ysi,s. o e
type or papslgfpropylent) gamiy(rim hestaie)) that VRIRESOmpARRIe Bgﬁﬂ@éﬁ%%?%as ]{Sﬁ{lagj

m croorgani sn(s), or mcrobial proteins not contained wt hiﬂn (&ngo,ﬁct
m crobi al  gglhgte thelinke anddizeind toahd sxfroamddbe depedtige metrg SBIPAYEY- 0ot HHRTEm or

its toxic protein. Thus, the present invention can be used rapidly to

| dentify %ﬁg}?ﬁoﬂﬁw STESatdrhdictay dbfningepldratior ofgegnagn thesurfaagof theFsengea

m croorgani sm and then m croscopically exam ning the culture o
chip, and each section has bonded thereto a different ligand capable of molecularly recognizing a
specific microbial protein or micrabial 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 swrrounding the cell. The
ligand for pathogen/protein capture bonded 1o the surface of the sensor chip can and should be
varied. In general, such ligands may be characterized as heme compounds, siderophores,
polysaccharides and anti-adhesion peptides capable of capturing a wide variety of
microorganisms and toxic proteins. These ligands can thus be immobilized or bonded to the
surface of the sensor chip through an appropriately sized cross-linker also having the capability
of reacting with the ligands, whereby the coupling agent establishes a chemical tether between

the surface of the sensor chip and the ligand capable of reaction with a variety of different

microorganisms and proteins. The sensor chips and arrays (1) are exposed to 2 solution



t hus produced. Likew se, low |evels of toxic mcrobial proteins can
simlarly be identified. It is also unnecessary to enploy enzynes or
antibodies in the capture of mcrobial netabolites as is often used in the
prior art. These, and other objects, features and advantages of the present
invention wll become apparent upon review of the follow ng detail ed
descriptions of the disclosed enbodinents and the appended clains. BRIEF
DESCRI PTI ON OF THE FlI GURES Figure 1 shows the capture of Sal nonella typh
muriumon a glass mcroscope slide . coated with.tether. Pelkies tieon
of this patonBHoRs midemEsaTTG A (e 1%{8@6%33 @ﬁ&@"ﬁ%‘éiﬁ&?%‘%’g%ﬁé Rt hod and
apparatus outlined in U S. Patent 5,968,766 to Powers. FEigure 2 sh t he
capt ure ofrefmovel (Hdcioreddy rll@ig@?@?}méjpﬁ the E%Pnidﬁetb%fﬁg)ﬁ}vﬁgcﬁs&ﬂ é&‘ﬁ@ﬁ&?‘?’%ﬁ“&‘%@%
Bacillus globigii on a glass mcroscope slide coated wth tethered hemne.

Det ecti on ghalfdii & theaphogantn digimariphencdeigiaseciors dREICREEEH P ng to the
met hod and apparatus outlined in U S. Patent 5,968,766 to Powers.

DETAI LED DESCR: Eh <N O rickobiANWohTsGNt dheaieealptithrie ingdct migrehitlsglncan Bakeer i um
(Sal monel 1'a typhi muriun) with tethered hene, as outlined in the present

| nvention,, i b Bk 9 UnSicborchlig o Bt el aneinappar atus outlined in 8 U,
S. Patent tg,t%g%%%n%g e I0§Ted1g1é%-r the detection of the captured
bacteria. A though . nuner b8 PRAGHSId iadntdeeesdr it widstar theul d
have been enpl %aim?ﬁﬁeéenﬁfeﬁ?ﬁrg%% usse{rd%adu}g to i?ﬁ abi | ??ly to detect such

smal | nunbers of bacteriag on.the.slide.. I : i 1Be SHIEWMS
t hat the d’é&eéé‘?ri?é‘i’l“’]“gﬁict‘%{r‘io ©gRYPY gn&%m e gﬁ%"t‘“ﬁ‘?“é’?’ﬁ%&éé‘& g;%?]gl sm usi ng a

tethered hene ligand is |ower tra trhat.oog)s rved uSi i ohodined! Tt is
met hods  ( ctms poduaed| LikewingepVNFYets Ogb?“ilcnlalcr b ‘i"%snsa?’ggﬂl aﬁﬁ:ﬁ%g Boredents he
m croorgani smand the heneligand is not as.sensitive. . .. . .
’ also unnecessary to employ gnzymes or antibod?es 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.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows the capture of Salmonella typhimurium on a glass microscope slide
coated with tethered heme. Detection of this pathogenic bacterium was accomplished according
to the method and apparatus outlined in U. S. Patent 5,968,766 to Powers.

Figure 2 shows the capture of Enterobactor aerogenes diluted in various concentrations
of Bacillus globigii on a glass microscope shide coated with tethered heme. Detection of this
pathogenic bacterium was accomplished according to the method and apparatus outlined in U. S.

Patent 5,968,766 to Powers.
DETAILED DESCRIPTION OF THE INVENTION

The capture of a pathogenic bacterium (Salmonella typhimurium) with tethered herne, as

outlined in the present invention, is shown in Figure 1. (The method and apparatus outlined in



to pH, ionic strength and tenperature as is binding to an anti body. The
heme ligand is also | ess expensive, requires |less careful storage and is
not susceptible to proteolysis as are antibodies. Figure 2 shows the
tethered hene capture of a pathogenic bacterium (Enterobactor aerogenes)
that has been diluted to the sane concentration in solutions of a

nonpat hogen (Bacillus globigii). This figure shows that the tethered
hene-coated slide is able to effectively capture the pathogenic bacteria

froma sol ution even when the ponpat hogen t : AtleQal AltER1gh107: 1
Det ecti on st-tPﬁ@n‘CDa%‘i&ﬂGéd"aBﬁE‘PE’ﬁ’ FCE%\TI\B? %ﬁtg %%O(r?r}pcﬁ?lg‘ﬂ%gﬁl\?\nc dtt%hlteﬁaé ?{p} paL; at us

outlined in U S. Patent 5, 968, 766 t ower.s. In one LR, R wdshe
present i nuersrdusompatsampscETialisteation Wﬁgﬁﬁoﬁﬁdgﬁf%gﬁenﬁﬁgﬁgp (g?% suchocaa\g%s an
unknown anal yte m croorganismor protein toxin, s fhrﬁt 3 tachg p% t he
|igand. Tied bheand abidity bdeteettshely sepllrymbes of paeagi e ¢lifsy BSRKHE” 8 head.
Binding efficiency is dependent -upon the length of the tether. M c¢crobes
are found H@ubiesis thealefetwirslinit (<100 cllspefihie cantyed avféoor&%%ﬁ]afﬂ%?ﬁﬂi’%ﬁg.
Ligands dirécted to m crobes are covalently attached to the substrate
surface by 18 S 160at A Ratabsdredsking Srbunoiogien grdthods [agahdfscedls RBETed to
prot ei naceous toxins are at |least six A long. The analyte is then "
physical | y_separ i BenBheelichibr gaaisel nd thebdnyd legand conptt @s esibye

| i gands te?%gggaa#@9§$ggﬁ%%£%b%gnnbe separ%?éd from non- bi ndi ng conponents

of the sanple ;. SldBhind BRINEAG:E 16s BEHACaPinibbey. Clcmenk Hzeadils kodess

surface of hen Interrogated to determne if binding of

the analytp- to the Jigand h occurr i 0fis absu Rdrkddedsobes
on the subSHAERYYE, SEGHY 6558%&‘3&‘0%%%“@9?%@%“@?%2?0%3@ offjis awie A D

fluorescence, conjugate dye fluqQrescence, .radi A | H-ASsesRnCce,
phosphor escencebiguad/sbevoibe tehr %FB&W&DIW%@%% élbcaglielxglﬁ (Igf “the m crobe
or protein is determined by the identity of the.ligand. t JSq rtant to
note that tévegdnet)Hiat haiesan dibyted toghe WP%EBE@?BI’%SE?%}%S ,°fJE‘H% “[s‘“eli"%gl? shoul d

be hot ost abl e), or otherw se chem cal | labile in the solutionjuse o]
was hpt he | (&&Hﬂc)s lekiblped).€This figure shows that the tglthcred heme-coated s?lde 15 3 }e 10 f:ffl‘]f:ctlv%l}I

capture the pathogenic bacteria from a solution even when the nonpathogen to pathogen ratio 18
107:1. Detection of the captured bacteria was accomplished with the apparatus outlined in U. S.
Patent 5, 968,766 to Powers.

In one embodiment of the present invention, a sample containing 2 biological analyte,
such as, an unknown analyte microorganism or protein toxin, is first contacted by the ligand.
The ligand can be tethered to a surface of either a chip or bead. Binding efficiency is dependent
upon the length of the tether. Microbes are found to bind most efficiently to ligands that are
around 40 A long. Ligands directed to microbes are covalently attached to the substrate surface
by tethers that are at least 15 A in length; ligands directed to proteinaceous toxins are at least S1X
A long. The analyte is then physically separated from the non-binding sample. Analytes
captured by ligands tethered to 2 surface can be separated from non-binding components of the

sample by simply washing the surface of the chip or bead. The surface of the substrate 1 then



surface. In one enbodi nent of the invention, a sanple containing an unknown
anal yte mcroorganismor proteinis first contacted with the sensor chip.
The sensor cl-~p is fornmed of a substrate, such as glass, having a series
of sections on the surface thereof Each section has a different |igand
bonded thereto, so as to be capable of binding to specific analytes. The
| i gands are capable of binding to the analyte for capture, and the
presence of the captured analyte is detrzted using a fluorescence
detection system for exanple, disclosed and claipged in U.S.. PRatents
5, 760, 406 iaredosstQH8 ,dmﬁniafrrlrg biridipg: afdbe prebrergthe l9ad PEREENTE &hetd%‘tég“‘gn of
PTQt ei naceous toxins. Thus, the ligand of each of the sections of the
sensor chippub@sidrbiees oafiaBibsttaie soffacapt be made Wit SHEEEFAPY: HEEEBIYRFESEBICE: or
m crobial protein. The used chip can be saved and used to grow out the
capt ur ed ngogfug%9?@h§c§f§soé§;e,W@ﬁibactihrhy,aﬁm‘ﬂlhtcena‘n:aplmsphdycndbm,rﬁndw opta!
invention, a Sanple containing an unknown. analyte (m croorganism
protei nac Sﬁ)ﬂ@b&%ﬁ e 5 QLAEET (BE S @bBYor bfotdih isdeteeMivica by ek iaértrity of the Gamd.

0 a marker,

conj ugat e including, but not limted to, a fluorescent dye.

The non-bindi.ng sanpl e | da0aél(ed. aherprf eticwdtd b om t he
| i gand- bouﬁ&f@%ﬁ’lﬁw 0;m%“f#‘gﬂgggg]?gtg}ogﬁq]gg%&ﬁ%zocggcorrpf i shed by
centrifugation (for cells), magnetjc.,seq [ I [ ehapdy (for
pr ot ei ns) .PhPF%tag@@sé’éPf I%TChW&aﬁ%i&g%ee&nahegeT%ﬂ%ﬁé ug%aﬁgﬂ%lgﬁéglﬁ?ﬁand, and
thus taxonom c 10 identification of the analyte, is acconplished by

det ect i on ®kfatdhe marker (e.g., fluorescence of the dye-conjugate in the
exanpl e above). O In another enbodinment of the inventi on, a slsl,ll:gjl e

cont ai ni ng an unknowmbairaén} oéthe (HHicalic f SHEAIE FATHHNIRE 87 BT WPAnP Y eS¢

contacted with a ligand tethered to a substrate surface with a Iinker. of
appr opri at gid@Rgitsm aprotein édfiabomiactebhyisiteniensns ghipa e FEISTEF RS gomEd of @rove
non- bi ndi ng conmponents of the solution. As will be appreciated; by those

skill ed i ngfuli@st@lshoh dslifass, having a series of sections on the surface thereof. Each section’has a
different ligand bonded thereto, so as to be capable of binding to specific analytes. The ligands
are capable of binding to the analyte for capture, and the presence of the captured analyte is
detected using a fluorescence detection system, for example, disclosed and claimed in U.S.
Patents 5,760,406 and 5,968,766 and via the intrinsic fluorescence of the proteinaceous toxins.
Thus, the ligand of each of the sections of the sensor chip has the capability of capturing a
specific microbial cell or microbial protein. The used chip can be saved énd used to grow out the
captured microorganisms as well.

In an aliernate embodiment of the invention, a sample containing an unknown analyte
(microorgamism, proteinaceous toxin or other protein) is first contacted with a ligand conjugated
to a marker, including, but not Limited to, a fluorescent dye. The non-binding sample
components and excess ligand are separated from the ligand-bound analyte; this separation can

be accomplished by centrifugation (for cells), magnetic sedimentation or chromatography (for

proteins). The detection of binding between the analyte and ligand, and thus taxonomic
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| captured m croorganismor protein can be treatled with a reactive marker,
provi ded the marker does not react with either the substrate surface Or
the ligands. Detection of the nmarker on the area of the surface associ ated
with the ligand(s) that have been exposed to the analyte indicates the
presence of a specific analyte. in a preferred enbodi nent of the invention,
the lLigands used in the present invention may be taken fromthe group
conpri sed of heme conpounds, siderophores, polysaccharides (including

ol i gosacchari des) and peptides. As | | sp, wel | own.to.t J LN
Che M ani mlnfatioueies aelis Kesomrisauty CelpsD ﬂﬁ?“a %ﬂ%‘gﬁgfgﬁﬁ‘?{%‘f‘%’%gﬂg’ﬁus
heme conpounds ran be used to capture a nunber of pathogenic species. In
addi tion t gyshnngae iptheadeplotisee). | i gands in the formof high-affinity
iron chelators, generally referred to as siderophores, can also be used to
capture many stpahfterdinbofiatehngiaht mvbmot.er samplel QBiRiRERIHERHYYS €

si derophores are alcaligin, mycobactins, pyochelin, staphyloferrin,

vi bri obact trﬁﬁ%r g{:glnigﬁr(ﬁ: %,mtg,gagﬁ}snsoma%&diwsthal Jgpndvetterddriowsuhstratelsedeceskit 2 ed
in the art "and. s mentioned above, discrimnation of aninmal pathogens by
bi ndi ng to, hene.co ' 109 Sical sBkatioa wad Beshing ratrebedon-wi t h
mar ker s. iEﬁﬁrS%WnggggﬁQSQQﬁs%ﬁgﬁ%@g@32ﬁ|d iﬁ%]ude t he i ncubati on of

bact eri a-contai ni ng. sol uti ons,.w t Y By Hosd &iedGR e thet hat  has
been conj uf&feg C%F‘g eﬁ“i"ﬁﬁ%?@?&@ht}?g ‘%ﬁ%ﬁf’ﬁ@?@%ﬂ phosphor escent ,

chem | um nescent, or radioactive co

ound.-After ' BAdedcifb hiarker
det ecti on efptEed WO%%’{%@%Otﬁlﬁﬁmbgpﬁ%%ﬁ g %1@ zlsﬁgcr%lggrﬁc}ﬁ}%?ﬁ rescence,
colorinmetric or radiation detection techniques Lndi AT =Y
pat hogens toeshehisad oibeiihe shesygstrady sc‘i‘éﬁtaﬁcpq{g]?egéaa{“?fa;@eg?cg m? gft‘ ﬁ‘g rnr%I ¥ c?o a
support can also be exploited to separate these m crobes from o
envi r onmentgk oftaphrése amogated with dre, ligped(shthad hﬁ)‘{fﬁ:ﬁ% 8"96’156@8 RS AR d/ or
purification. In addition to hene conpounds and siderophores, eukaryotic

surface epigicp@sndepepthdifi analyte.

In a preferred embodiment of the invention, the ligaﬁds used in the present invention may
be taken from the group comprised of heme compounds, siderophores, polysaccharides
(including oligosaccharides) and peptides.

As is also well known to those skilled in the art, animal pathogens generally possess
heme uptake capability, and thus heme compounds can be used to capture a number of
pathogenic species. In addition to heme compounds, other ligands in the form of high-affimty
iron chelators, generally referred to as siderophores, can also be used to capture many strains of
pathogenic bacteria. Included among such siderophores arg 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,
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or carbohydrates), which are recognized by mcrobial cell receptors, can
| i kewi se be used as |igands in the practice of the present invention.
These |igands include naturally occurring oligosaccharides and

pol ysaccharides as well as those avail able by chem cal synthesis. O her

ol i gosaccharides and their affinity to pathogens from various

m croorgani sns are described by K A Karlsson "M crobial Recognition of
Target Cell G ycoconjugates” (Structural Biology 5:622-635 (1995)). The
characteristics of a nunber of t hogeni c _bagt er..al i whafighadeng

t he di seas]émmééﬁﬁébHhcﬁ'?h%%s&ﬁms%%?]&g” Pt ﬂ%ﬁag}og@n icﬂgﬁgﬁgr ?2? eristics wth
si derophores, oligosaccharides and _he onpoun I t. & LR Tabl e
| . These crh:as,alctcetﬁdnﬁfia@l@aéﬁﬁh%nh%aé&’eﬁ%F ﬁ%gtglé%f‘gﬁléoarg%gﬁgic éﬁrfl%llngglfl on of
such species. Peptide |ligands can .tépi cally be_identi Ei ed by aféiaglidty
panni ng of raliiatisradetetonfechmdegoPeghindieg o e Ratio SRt H e S L PORR Cal 1 y.
Si der ophore |igands can be produced by chem cal synthesis or iso at{':ron
from spent grshaks @at Sighdthired wedipporGlan glss e expipiieddo T e L R
produced by chem cal synthesis or isolated fromeukaryotic tissue. Herne

conpounds £an.REenAkAINeEd of, Wik abt the pyrpotearficomentationisad/prprEicagen-
prot oporphyrin I X as a starting reagent. 12 Table | Bacteri al

Charact eri sti cg f.0k. S| 16fARRBMSour@ hEosaeshards dakayditenice Ginptsr(geptides
Bacteri al Di seaseSI der ophored i gosacchari deHer oi nExot oxi n

Speci esCausedBi ﬁ%gﬁ%%ﬁﬁ% A ?@0%9%&[}%%5 T RECE ded1 Badtdrk,Uan likewise be used as

ant hr aci sAPRt9T8 twna pul non ownant hrax toxin oli osaccharide

g g: '? 5; |e|s L gﬁ%%ggp ;nggélbrg%gg gg{l}ﬁ Q?Née%grﬁ W ern S %Eéelh"‘g%jl@s ih@¥adhaturally occurring

Gostrid ucr:fi?:??ats;:clcix:rir{ilrjsg L(nrgiopvgi]ylégci(czgng eggssxpfeigs'th@s‘é@v&i%ﬁerbﬁhemical synthesis. Other

oligosaccharides and their affinity to pathogens from various microorganisms are described by

K. A. Karlsson “Microbial Recognition of Target Cell Glycoconjugates” (Structura] Biology

5:622-635 (1995)).

The characteristics of a number of pathogenic bacterial organisms, including the disease

cansed by each species and their binding characteristics with siderophores, oligosaccharides and

heme compounds are set forth in Table L. These characteristics can be used in the capture and

identification of such species.
Peptide ligands can typically be identified by affinity panning of libraries of

oligopeptides and then synthesized chemically. Siderophore ligands can be produced by

chemical synthesis or 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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bot ul i num cl ostri di unGas gangr eneunknownunkn [ i

nur ( ownunknowna-toxin perfrin

G ostridium tetani Tet nusunknownunknownunknownt et anus toxin P Jens
Cor ynebact er i unDi pht heri aAer obact i nunknownunknowndi pht heri a t oxin
di pht hari ae Escheri chi a col i Nunmer ousmany@ obobi ose, YesShi ga- i ke

0157. H7i nf ect i onsot her st oxi n,

ot hers

Haenophi | usMeni ngi ti sEnt erobacti nGal NAc{i (| - Yesunknown j | uenzae 4) Ga

others in ,

pyl ori ol i gosacchari decytotoxin A K

ebsi el | aNumer ousmanyGalNAc( (| - Yesunknown pneunoni aei nf ecti
_ ct
Mycobact er i umluber cul osi sMycobactin Tunkngmnu o
Nei sser i aMeni fAghleil Baeinyal SRAGHEVEISE I SR RRE

Gastric ul cersunknowna nucosal unknownvacuol ati ng Hel i cobact er

PseudononasNuner ousPyochel in, Asi al o GV, Yesexotoxin A.__aery
i nasai nf ect i[@saemher sot|mersel as{ Aderopiyrchel ligosaccharide | Hemin | Exotoxin
Species Caused Binding? Binding? Binding? Produced?
Bacillus anthracis | Anthrax unknown a pulmonary unknown anthrax toxin
oligosaccharide
Bordetella Whooping Alcaligin, N-acetyl- Yes pertussis toxin
pertusis cough others plucosamine
Clostridium Bomlism unknown unknown Yes botulinum
botulinum toxin A
Clostridium Gas gangrene | unknown unknown unknown c-toxin
perfringens
Clostridium tetani | Tetmus unknown unknown unknown tetanus toxin
Corynebacterium | Diphtheria Aercbactin unknown unknown diphtheria
diphthariae toxin
Escherichia coli | Numerous many Globobiose, Yes Shiga-like
0157.H7 infections others toxin, others
Haemophilus Meningitis Enterobactin GalNAcB(1- Yes unknown
influenzae 4)Gal, others
Helicobacter Gastric ulcers | unknown a mucosal unknown vacuolating
pvlori aligosaccharide cytotoxin A
Klebsiella Numerous many GalNAcp(1- Yes unknown
prneumoniae infections 4)Gal, others
Mycobacterium Tuberculosis | Mycobactin T | unknown unknown unknown
tuberculosis
Neisseria Meningitis many unknown Yes unknown
meningitidis
Pseudomonas Numerous Pyochehin, Asialo Gy, Yes exotoxin A,
aeruginosa infections others others elastase, others
Salmonella typhi | typhoid fever | many unlmown Yes Yes
Serratia TUmercus Aerobactin, Yes Yes serralysin
marescens infections Ferrioxamine B
Shigella dysentery Enterobactin, Yes Yes Shiga toxin
dysenteriae Aerobactin
Staphylococcus numerous Staphyloferrin, | GalNAcB(1-4)Gal | Yes several
aureus infections others superaptigens
Streprococcus phenmonia, unknown GlcNAcetyl(1- Yes streptolysin O
pnenmoniae meningitis 3)Gal, others
Vibrio cholerae cholera Vibriobactin, Yes Yes cholera toxin
others
Yersinia pestis bubonic Yersimabactin, | unknown Yes YopE, others
plague others

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

detected by tryptophan/tyrosine fluorescence after capture using a tethered peptide. A variety of
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Sal nonel | a t} phityphoid fever manyunknownYesYes

Serrati anuner ousAer obacti n, YesYesserral ysin marescensi nf ecti onsFerri oxam ne
B Shi gel | adysent er yEnt er obacti n, YesYesShi ga t oxi n dysent eri aeAerobactin

St aphyl ococcusnuner ousSt aphyl of errin, Gal NAcl 3(1-9 ) Gal Yessever al

aur eusi nf ect i onsot her ssuper anti gens

St rept ococcuspneunoni a, unknownd cNAcet yl (1- Yesstreptolysin O

pneunoni aenmeni ngitis3)Gl, Qhers Yibrio

chol eraecho] eraVi bri obactin, YesY | er Ly e YRle8AUM @ detection

pesti sbubdRIEYEs ﬁcmd%éﬁg@?%’?ﬁﬂ@f?g\sﬂ%gg%a?g HO%‘F %éfr?%lﬂ%{i grguot hers Toxins t hat
contain at |east one tryptophan or a few tyrosines per nolecule can be

det ect ed byingrtyiptesly®de't yr osi ne fl uorescence after capture using a tethered
peptide. A variety of 13 m crobes, including al. ~fungi., tenia,
export exot oxi Mableibtonteing eanramiantidonie bR PTUH saﬁch %? Lli)ggﬂgrgﬁﬁ%ﬁﬁgif.
Table Il contains exanples of toxic, bacterial protei t hat. calrﬂ br%se(n%g
capt ured usitagloghéesciisdhacingyd @ stimarbrideiecte 2 MY 0? g}elfd’l"ﬁ“ﬂﬁ &Py '
detected via nmeans of their intrinsic fluoresence. It is inportapt to note
that, for [piapPhoeRGRUShayfeSsphiiberoloxias BiteramirB dprbsaiedt e Mopst
unfavorable case in Table Il (due to the presence of jq;?wgggdégq%ggd 22
Tyr), the ' 1y 8OGEhSidhcobf jtidtens Tipeand 2

appear ed: %&L‘JIS%\MSE{I%E%IFTEABE?@EvenSO% and M S. Bergdahl "Structural

Anal ysi s of Staphyl r.od SreiHaAS o8 BIR Wihgig MOLr. Evkien aii ¥hfoi sm
and Fl uor eStR8HE Céﬁ@%f?%@%%o?ﬁﬁg%%cheﬁﬁestry 27: 8735-8741 (1988)). As is

vel ! Bergdahl “Structural Analysis of Staphylococcal Enterotoxins B and C1 Using Circular
Dichroism and Fluorescence Spectroscopy” (Biochemistry 27: 8735-8741 (1988)). Asis well
known to those skilled in the art, detection of tryptophan/tyrosine fluorescence {normalized to
the scattered excitation signal) is sufficient to indicate that spores, nonviable cells, viable

vegetative bacterial or fungal cells, viruses, or a microbial toxin are present (i.e.,bound to a

ligand) on the surface of a sector of the sensor chip.
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known to those skilled in the art, detection of tryptophan/tyrosine

fluorescence (nornalized to the scattered excitation signal) i I Ci

;o indi cate that spores, nonviable cells, viable vegeta?ive)bgitzrrgiCgfnt
ungal cells, viruses, or a microbial toxin are present (i.e bound to a
ligand) on the surface of a sector of the sensor chip. 14 Table 11, Am no

Aci d. Counts for Selected Bacteria] Toxins Am no Acids No. TrpNo- T1N

FacterlunWOX|no. B. anthraci sprotective antigen753727 B. ant hracesl et hal
ac;pr770535 B. cereusphosphol i pase C245915 B. pertussispertussis

t oxi n9521150 C. botulinuntoxin Al 2961567 C._ dcil et oxin 6625166 C

per fringensi ot a- t oxi n346Tdee T PetanhcidGens farSeissed PRy exns .

di pht heri aedi phtheria toxi n534516 E. coiIaIpha-henonsinlOZéSS

pyl ori vacugkgdurng cyt ot okixin A808814 L. NemimineyiedyenesNest®r i ol yg%ﬁg%zs?zs

P. aerugin sqg%g§tase30%§§%§§ﬂm@g{escensserﬁalysin470719 S. 27

dysent eri agé5hi ga t oxi n6

B. anthracis lethal factor 770 5 35
B cereus phospholipase C 245 9 15
B. pertussis pertussis toxin 952 11 50
C. bowlinum toxin A 1296 15 67
C. difficile toxin A 2366 25 166
C. perfringens jota-toxin 346 4 18
C. tetani tetapns toxin 1421 13 78
C. diphtheriae diphtheria toxin 534 5 16
E coli alpha-hemolysin 1023 3 38
H pylori vacuolating cytotoxin A 808 8 14
L. monocytogenes listeriolysin O 523 7 23
P. aeruginosa elastase 301 4 22
S. marescens serralysin 470 7 19
S. dysenteriae Shiga toxin 638 1 17
S. aureus enterotoxin B 239 i 22
S. gureus toxic-shock toxin-1 154 3 9

Thus, as described above, a different ligand 1s tethered to each of the sections of the

sensor chip. The sensor chip is then contacted with a sample containin

g unknown OTganisims 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. Pate

nts 5,760,406 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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S. aureusenterotoxin B239122 S. aureustoxi c-shock toxin-119439 Thus, as
descri bed above, a different ligand is tethered to each of the sections of
the sensor chip. The sensor chip is then contacted with a sanple
cont-ai ni ng unknown organi snms or proteins, whereby specific |igands on the
surface of the chip bind to specific analytes, selectively capturing them
The unbound anal ytes 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 . technigue. i i

used to detect-&ﬁ@“GH&@@%%E”%?“EE@F@FV%?ﬂﬁlf%%ﬁggggggﬁgﬁgghﬁ%@nﬁgéﬂgggﬂghip
is disclosed in U S. Patents 5,760,406 and 5,96g€766, %heriin g s chanee
descri bed isappfiairesen thenitie SuarsergesrryghargcaPPRIndPESh Is A 4E5r Opri ate>
wavel engths to excite fluorescence characteristic of thejpre ence of. bound
anal ytes. &ubfestencaeduld tenommifesias ehtlos e chaigk ireittenstt ¢e st of the CHATACTRES od

| i gand used to capture an analyte 1is itself fluorescent then this

f1 uor escengg, MRy, chatgs) URRELRgadh ihg fhoretdeacenfahetethered Tigin cgndAgeed on
fluorescence could be"nanifest as either a change in intensity or a shift

of the charagteriski fl.ugrggcence energy.) This change in the
fIuoresceng%&gﬁdf%é&%é¥hgre&9ﬁigand can be used to confirmdetection of

the analyte. In the presence Bele bIR\:8Rbine, unfndanplceoe piabsni ng
unknown mi crob t@ﬂﬂgﬁgmngﬁﬁﬁg%?gggwﬁﬁﬁiﬁﬁgngensor gﬁﬁ%, wher eby one or

nore receptors of the bacteria react with varj i § 84 &0treddt 9adGrious
tet hered tBPRiastEdVH %ﬁ%ﬁn%(?{”ipo?{ém% Y e Eqﬁlr%%!:e%lrﬁ%%?fjﬂth%e i1 Uor escence of the

chip can be nmeasured with a probe for. th urpo of j i of
the secti odiffersht kigradsishsisd to @ﬁW%’é&@“&?ﬁa‘%ﬁ%‘&g%osﬁ’&&dth?Eﬁe‘?’%%déﬂ&gm ’éﬁﬁ‘“n% es,

nycobacteri al siderophores can be used to capture obacteri S
Mycobact er tatrhetrdaswrediivish i grobeidritecapapase pT §1/5HPE Wi%ﬁqq%g“eéﬁ%fo& P 8@111% 3@?‘%@

tet hered N-acetyl neuroam nyl - al pha- 2, 3- gal act ose.  The pepti de: d
GADRSYL SFI by RinleAé¥ssbonded thereto. As examples, mycobacterial siderophores can be used to

' ] ] [ . / aptured
capture mycobacteria such as Mycobacterium tuberculosis. Helicobacter pylori can be cap

using tethered N-acetylneuroaminyl-alpha-2,3- galactose. The peptide:

GADRSYLSFIHLYPELAGAGGGC
can be tethered, by means of the terminal cysteine group 1o 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,

ef ol 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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can be tethered, by neans of the term nal cysteine group to expressly
capture free Staphylococcus aureus toxic-shock toxin-1. The pepti de:
GHHKHHHGGGEC can be tethered al so by nmeans of the term nal cysteine group,
to specifically capture the surface- exposed protein A of Staphyl ococcus
aureus, and hence this organismitself. The Staphyl ococcus aureus

t oxi c-shock syndrone toxin-I-binding peptide was described by A Sato, et
al. in "ldentification froma Phage D splay Library of Peptides that Bind
to Toxic Shock ndrome Toxin-1 and that Inhpbit 1ts. Bindi ta:Mj.or

Hi st oconpat i bi | ﬁﬁsilnd@@%lawcmt@}ﬂm’éﬂ ‘5%EYCF?“CR/Bf%E%%]%Eapt‘iré‘?jg%ﬁg?%%@}%bgs,
10441-10447 (1996)). 16 As indicated above, determning th resence of a
si ngl e captistet mcmbabprytni camidsntifgiomero ths aﬁ#&é&ﬁ{%ﬁﬁﬁ?&?éﬁﬁ%%ﬁsq qERSfy
sonme of the analytes of interest. In other cases, however, a series of two
or Mre CaplsbHedf anadnhas cofturediniestol ingeres iy ivdicatine obfhei SRAUIRIARANFIH a
particular analyte. As an exanple, consider a sensor chip having an area
of three sggiij@Nfs @ Shpid)€onsller i Zarirahipduiing andren bf eeesedionsAlsnafisng t he
vertical axis as illustrated below. A A2A3 B1B2B3 C C2C3 In this exanple,
the secti ol d6RLS bR SedBnsiong edrital bt beillballankichg:| | gands

tethered t0 a specific section as set forth in the followng table: Section
Location 3 x 3 Array Lieand A gf,i ato Gyh "A2[hemgyn A3 pyochelin Bl

C1 C2 C3

In this example, the sections identified can be provided with the following ligands

tethered to a specific section as set forth in the following table:

Section Location 3x 3 Array Ligand
Al asialo Gy
A2 hemin
A3 pyochelin
Bl 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 Al, A2, A3, Bl and C3. Similarly, Staphylococcus
aureus can be identified when sections A2, B1, B3, C1, C2 and C3 contain analyte captured

thereon. In this case, capture of an analyte in section C1 1s sufficient for taxonomic
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B2 alcaligin B3 fibronectin (peptide fragnent) C 1| anti-S. aureus protein
A peptide C2 staphyloferrin C3 fenbxamne B It has been found that
Pseudononas aerugi nosa can be identified as the m croorgani sm when

anal ytes are detected in sections Al, A2, A3, Bl and C3. Simlarly,

St aphyl ococcus aureus can be identified when sections A2, Bl, B3, d, C2
and C3 contain analyte captured thereon. In this case, capture of an
analyte in section d is sufficient for taxonom c 17 identification.

Capture of cells in sections A2, Bl : i REcHs rdslile Tiesul t.
The * i ncordonifichiény. @P?ﬁﬂincblﬂsénls?%%ﬁgi@al%éf?‘g%ﬁgcgi ven anal {/t e onto a

sensor chip, in effect, permits nmultiple, independ eRSits
carri ed ouincarporagpreof giuitilleh gadplaeeinhi 5“'?1?1%9355%5@) £ Eg&@{@ﬁ?&%@
reliability of the analytical outconme. The varjous | i]%a S.are Sgsrtﬁger ably
tethered tgumphubgtpendeat mlywesande ofrriert GumFee & SUBICSAYP “agéht S Wi ch ar e

t hensel ves well known to those skilled in the art. Wen using a gl ass
subst r at e, yQlstifa] PiIABILCoNMROsRlystal baceme.hat  has been chemical I'y oxidized to
produce exposed hydroxyl groups, for the sensor chip, it is fr_e%u%gtly
preferred to emk%oﬂsnigm 2P Pefeiably otherbhio a substeate DOPIEANS (0§ ATRERIC ICARE™S
conpounds have the foll 6w ng general structure: wherein R .throi;gh R4 are
each selected fromt ot tdoRfskiiydimoge at. Shiey bsige & G585

cont ai ni ngageniséﬁ’}%égcaégﬁlggge%n“%?%g?yI groups containing 6-12 car bonsd and

al koxy groups contajning 1 to i icalM bfidiatd togasducorepostd Rl , R2
and R3 bei ASEHSHN R Y Dﬁ%?mggeﬁlg{lggﬁe%r%gﬁi CM\%I’OUD cggtﬁai ning at | east

three carbon atonms and al so cont.ai.ni |AKEE I'in e practfcap€ theonal
group capabydoxf gruRG fTRF Wi%%ﬂépﬁsgh%gﬁ%lh?%tf%%ut Iﬁnr?nﬁ?llr:g the invent i on,

suitabl e organic groups conprising the linker ingl ol yam nes,
pol yet her s imvmaliguobrgéngisyang ﬁ@}lpowﬁg}éa%e the fohowmg geﬁepaq sHQc?urg.

wherein R; through Ry 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 Ry, Ry and R3 being an alkoxy group. Rais

an organic group containing at least three carbon atoms and also containing a long linker beanng

a functional group capable of reaction with the ligand. Without limiting the invention, suitable

prganic 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 and unsaturated functional groups, hydroxyl groups,

thio} groups and the like, which are capable of reaction with the various ligands. Without

Jimiting the invention as to theory, it is believed that the ligand reacts with the functional group,
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suitable for use in the practice of the invention are coupling agents
contai ning other functional groups such as epoxy groups, am no groups and
unsat urated functional groups, hydroxyl groups, thiol groups and the Ilike,
whi ch are capable of reaction with the various ligands. Wthout [limting
the invention as to theory, it is believed that the ligand reacts with the
functional group, 18 preferably a termnal functional group on the

or ganosi | ane conmpound while the readily hydrolyzable al koxy group attached
directly to the silicon atomhas the capability of reacti Leectly with
t he éurfacmfefabnmteghmslsfumopalmupco@%%r@?@ﬁ’éﬂnaPOIElﬂ%UI@ W%%%?hec%%‘&p‘ . This
coupling agent (extended silane) may be alternativelﬁﬁcon tqgc edt&n situ
by first rpasslynglddexpataptatsiteddzcalytnthe shigonuprdeshsrara! s 8HSEF  ehi p,
foll owed by the chem cal reactions needed to attach the linker to . the

i mobi | i zegh Sl 3@ thdfehabd GFaREgILS of bestictsebinaread thesenive cing-f Hie cHPIPHESY ass
or plastic through the coupling agent (i.e., silane bearing the organic

li nker). Ft’ﬂ%{gg@%ﬁilﬁ‘%‘gﬁs n{cﬁly%%ﬁeﬁﬁwi ohenwfed psstfufiyciirentadiep tepatent glapg @b t he

| i gand at stance (40 Angstroms) fromthe surface of the

chip. This observation i 4B h OB B Readtioasmdeiad tosinaclt the lidks tances
resul ts i nheqRdIeER gﬁsgggEgﬁﬁgﬁuﬁglI9capture efficiency. Thus the |igand

tethered to the gl ass .surface,.may.be il 7 fodst embingic thr
d ass- - O Sthelry )11@&?15-!(1%1?2) %ﬁrﬁt@éﬁ%Rﬂiﬁﬁ%éf?éﬁﬁfﬁ?%%ﬁ%@ﬁ?ﬁ 3‘?%5@ ' et ﬁg%hed

to an oxidized plastic surface maybe il]lustrat Venb@Bhaer ng the
"d ass- O Stle cmlmwgwtﬁw.,@ﬂﬂf&}eﬁ%ﬁé ’ﬁ? S%a?ﬁén%ﬁrggﬁu?@mgo%ﬁler )Y"The cheni cal

reactions used in tethering ligands to the surfa f L0 L i re
known to t befSeiesRiigtat presentiibe heand avle Gpnal EERFE B RL BT Be sfificR of
Such reactions may be found in G T. Hernmanson Biocqg%ggghe T%&Qniques
(San Di egoiheABad acolReresion i41866] on pridsisapinaionghat sho §AaYE° Speci fi ¢
Adhesi on of Bacteria to Thin Layer Chronatograns: A Rationalized Approach
to the Study. &fed biRehal@lllcagiecedfidigics Receptors” (Anal ytical Biochem s 146:
158- 163 (1985)); and, Nilsson et al., "A Carbohydrate Bi osensor Surface
for the Detecti gfOfe lhLRMNIEERIBe Bass srficamay be llustrated by the following:

G]BSS—'O-—S|i——(CHg)3NH(CH2)3NH(CH3)] -NH(CH;)sNH—LIGAND

The ligand tethered to an oxidized plastic surface may be illustrated as abox.re by replacing the
“(3lass-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 Biochemistry 146: 158-163 (1985)); and, Nilsson et

al., “A Carbohydrate Biosensor Surface for the Detection of Uropathogenic Bacteria”

(Bio/Technology 12: 1376-1378 (December 1994)).
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(Bi o/ Technol ogy 12: 1376-1378 (Decenber 1994)). 19 Illustrative of such
reactions are those used to tether ferroxannine as a ligand to the surface
of a glass sensor chip. Inthe first stage, a glass surface containing free
hydroxyl groups 1is first reacted with a 2% solution of ga

nxna- N- (am nopropyl ) - gamrmr a- am nopropyl tri nmet hoxysilane to attach the
silane to the glass surface: @ ass----OH + (C2H3) 30 Si (CH2) 3NH( CH2) 3NH2 W
() dass-O i i-(CH2)3NH(CH2)3NH2 The product of that reaction can then be
reacted with gll‘ﬂ%;@lfa’f’ibéigﬂ)ﬁgﬁreﬁ&io@s el (e adeows tebhet ferfovaralne ag hBgawrie &¥pondi ng
al dehyde: 0 11 ass-0O Si --(CH2) 3NH(CH2) 3N =C(CH2) 3--CH The al dehyde, in

turn, can be_.reacte j - diam bdob }a 41855 Yin@icd cbifaiminkiZide Blirpt ZNIrups
2) 3NH( CH2) %WW%%&%)%@N@H(S&%};&-é}ji -{EZH aNuenxt, t he product of

t he preceding reactiaon i.s, reacte i ; .0 introduce a

(ter Iron' nal ) Il%ﬁéfé?&&?él"ﬂﬂ]oﬁ{r’?/? 5@6 'q Dagwi}glk#ﬁ %@%@ﬁﬁ%%%% 3NI =CH( culj ) 3CH=N( CH2

12N =CH( CH2) 3CHO | whi ch h b i. NaCNBH3 t i el d:

b ass. O S seurppaNATetbYaM e BNPETBPE INHE A o4 e
Glass—OH + (CyHs)s0—SKCHy)sNH(CH);NH; ——>

(D
Glass—O—Si—(CHy)sNH(CH);NH:

The product of that reaction can then be reacted with glutaraldehyde at a pH of about 8 to form

the corresponding aldehyde:

O
I
GIESS—"O—SIi—(CHg)3NH(CH2)3N =C(CHy);—-C—H

(D
The aldehyde, in turn, can be reacted with a diamine (III) to yield IV:
HyN(CHy)12NH;
ny
G]ass-—O—-S|i-—(CH2)3NH(CH2)3N =CH(CH,); CH=N(CH;),2NH>
av

Next, the product of the preceding reaction is reacted with glutaraldehyde to introduce a

(terminal) aldehyde group:

20




| The foregoing silane coupling agent bonded to the surface can then be
derivatized by reaction with deferrioxamne B (or DFA) at an al kaline pH
to yield: CH=NH-DFA d ass-0O Si-(CH2) 3NH( CHz) 3NH( CH2) $NH( CHZ) 12NH( CH2) 4 |
The DFA can then be conplexed with Fe by reaction with a ferrous salt in
aqueous nediumto formthe ligand. it will be understood that various
changes and nodifications can be nmade in the determ nation, procedure, and
formul ati on without departing fromthe spirit of the invention, especially
as defined in the follﬁmnng claims: 21 CLAI M5 Wat Is Clained: 1. A nethod

exposi ng 8 Sol GO T Ak HOE AN ET G HCR T NN pec e { he

anal yte of interest t||1at has been covalent]y tet hered to a substrate
surface with a photostable |inker at a distance of at |east six A f or(Mhe
capture of proteins; (b) separating the bound analyte fromthe non-binding

conponent sy, chfcﬁﬁha%élﬁeu&@duﬁﬁnNaCNBHgtdﬁeldanal yte by physical separation,
washi ng or oth and (c) |nterrogat|on of the ligand-tethered substrate

surface for analyte bi ndi n 2. The net hod of cIa|n11 wherein the
or ot o1 naceous. th?é@,ais%%'of L RS SRR R S o o
(V1)
The foregoing silane coupling agent bonded to the surface can then be derivatized by

reaction with deferrioxamine B (or DFA) at an alkaline pH to yield:

Glass—O—S|i—(CHz)3NH(CH2}3NH(CH2)5NH(CH1)1gNH(CH2)4CH=NH—DFA
(VID)
The DFA can then be complexed with Fe by reaction with a ferrous salt in agueous

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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3. The method of claim1l1l, wherein the ligand is a peptide, usually three to
twenty amno acids |long, specific for a proteinaceous toxin. .4. The

met hod of claiml1l, wherein the ligand is a peptide, usually three to twenty
am no acids long, specific for a proteinaceous hornone. 5. The method of
claiml, wherein the ligand is a peptide, usually three to twenty am no
acids long, specific for a cytosolic protein. 6. The nethod of claim1,
wherein the ligand is a peptide that does not contain tryntophan or
tyrosine and detection of the captured analyte is acconplished through the
intrinsic fluorescence of the protein CRRMS The nethod of claim1l, wherein
the detection of the captured analyte is acconplished through the

f1 uor escenge,of chaie@ct i ve dye conjugate exposed to the protein before
capture of the analyze by the tethered |igand surface. S. The nethod of

claimi, V\’h?r el L h8d (}&Itg%thgﬂﬂ i@énti&i@ﬁioﬁ 3Ph YRt ANBlakkEcdntprafgonp! i shed

trough the fluorescence o reactive dye conjugate ‘exposed to the protein

it ture of th Lyte by the teth | . t hod
of claim 1. whdrbi n FERETRALRRIrDR R TR e At e AR uf B oD 0

f U t _ ured e’1's acco _
bef or e capt ur o of - N JoB) CORETLERERSS  HOSHEE Sreaeeh s hobrh®
met hod of claim 11, ;herein the detection of the captured analyte is
acconpl i shed t hr oughinkéiat # digteecsc jatlieasy s far e sentiof eiRfund exposed to
the protein after capture by the tethered ligand surface. 11. The nethod of
claim1, wherei(h) t hecetieg thedousf anzhte fepthemedbadalgycomprentodf dipsalyivad

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

() interrogation of the ligand-tethered substrate surface for analyte binding.

2. The method of claim 1, wherein the biological analyte is selected from the group
comprised of:

(a) proteinaceous toxins; and

) cytosolic proteins.
3.  Themethod of claim 1, wherein the ligand is a peptide, usually three to twenty amino
acids long, specific for a proteinaceous toxin.
4. The method of claim 1, wherein the ligand is a peptide, usnally three to twenty ammo
acids long, specific for a proteinaceous hormone.
5.  Themethod of claim 1, wherein the ligand is a peptide, usually three to twenty amino

acids long, specific for a cytosolic protein.

6. Themethod of claim 1, wherzin the ligand is a peptide that does not

contain tryptophan or tyrosine and detection of the captured analyte is accomplished through the

intrinsi¢ fluorescence of the protein.
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t hrough the | um nescence of a reactive dye conjugate exposed to the protein
before capture of the analyte by the tethered ligand surface. 12. The

nmet hod of claim 1, wherein the detection of the captured analyte is
acconplished through the |um nescence of a reactive dye conjugate exposed
to the protein after capture of the analyte by the tethered |igand
surface. 13. The nethod of claim 1, wherein the detection of the captured
anal yte is acconplished through the phosphorescence of a reactive dye
conj'ugat e exposed to the protein before capture of the analyte by the
tethered |i gandTembde®el d3ml4, whbeinnks iwodiiod othatapriredbiaes 13 sbbenglshelct i on
of the captured analyte is acconplished though the phosphorescence of a
reactive d i . ( el - i e cabhhige 8MAd Vi e
by he ¢ et B e e ARy L PE PR Befele eep e AR
detection of ,the captured.anal yte is acconplished through the optical
absorbancea%¥ﬁ5g}gﬁ@?ﬁ%%P%ﬁggé%#ﬁﬁgate exposed to the protein be?ore
capture of_the_anal yze .the tethered, |iaand surface 16. The nethod of
Craim . whdr o BanelaeaiTon shthar sy Sravdre weMddmnEs

t hrough the optical absorbance of a reactive dye conjugate exposed to the
sanpl e af t Broughsha fusraseence Rba HARI G e PRI FBITE FC PO Bt GRPMEELT they

The nmethod of claim'1; wherein the detection of the captured analvte is
acconpl i sheauhlythbyiths tathesed f 3206 egéasnt quenchi ng of the fluorescent tethered
| i aand surface upon binding of the protein. 18. A nethod for identification
of a protei$ andlehehddorfatainacebasn tiexietecim aythompturel apelytais a}conmpiplddsi ng:
through the radioactivity of a reactive compound exposed to the protein before capture of the
analyte by the tethered ligand surface.
10.  The method of claim 1, wherein the detection of the captured analyte is accomplished
through the radioactivity of a reactive compound exposed to the protein after capture by the
tethered ligand surface.
11. The method of claim 1, wherein the detection of the captured analyte is accomplished
through the luminescence of a reactive dye conjugate expased to the protein before capture of the
analyte by the tethered ligand surface.
12.  Themethod of claim |, wherein the detection of the captured analyte is accomplished
through the luminescence of a reactive dye conjugate exposed to the protein after 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 phosphorescence of a reactive dye conjugate exposed to {he protein before capture of

the analyte by the tethered higand surface.

23



(a) exposing a solution containing the -protein analyte to an an array of
different peptide |igands which have been covalently tethered with a
photostabile |linker to a substrate surface at a distance of at |east six A
fromthe substrate surface: (b) separating the bound protein analvte on
the liaand array fromthe non- binding conponents of the solution by

physi cal separation. washing or both. and (c) interrogating the

| i aand-t et hered substrate surface for protein analvte binding. 24

" 14. The method of claim 1, wherein the detection of {he captured analyte is accomplished
througlh the phosphorescence of a reactive dye conjugaie exposed to the protein after capture of
the analyte by the tethered ligand surface.

15, The method of claim '3, wheyein the detection of the captured analyte is accomplished
through the optical absorbance of a reactive dye conjugate exposed to the protein before capture
of the analyie by the tethered ligand surface.

16. The method of claim 1, wherein the detection of the captured analyte is accomphshed
through the optical absorbance of a reactive dye conjugate exposed to the sample after capture of
the analyte by the tethered ligand surface.

17.  Themethod 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
protein.

18. A method for identification of a protein analvte {proteinaceous toxin or
cytosolic protein) comprising:

(a) exposing a solution containing the protein analyte to an artay of different
peptide ligands which have been covalently tethered with a photostabile
linker to a substrate surface at a distance of at least six A from the substrate
surface;

b separating the bound protein analvte on the ligand array from the non-
binding components of the solution by physical separation. washing or
both: and

{c) interrogating the ligand-tethered substrate surface for Dprotein analyte

binding.
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