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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 antibioﬁcs. In addition, there have been recent revelations of new roles that bécten'a
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. asa 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
nmedi ci ne. A nunber of bacterial pathogens, including Bacillis anthracis and
Yersinia pestis and their exotoxins, have been used as weapons. And there
s always the risk that nonpat hogenic m crobes can be engi neered to be

pat hogeni ¢ and enpl oyed as bi owarfare agents Pat hogenic m croorgani sns are
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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 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 Microorganisms” by R. M. Atlas, G.



enpl oy the polynmerase chain reaction (PCR) for anplification of bacteria]
DNA or RNA, followed by nucleic acid sequencing to detect the presence of a
particul ar 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

i nference of mcrobial presence since these techni ques provide only a
positive anal ysis whenever an intact target nucleic acid sequence, not
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cells. This is well below the | D50 of extrenely 3 infectious bacteria such
as Shi gel |ateffereridythe efficaiplpmmpddication oféareettiDom It dafnisgurles: such as t hose
descri bed by "Devel opnent of a Piezoelectric Imunosensor for the Detection
of Sal monel | a Mass spectral analysis of volatile cell components (e.g., fatty acids) after 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 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-linked imnunosorb ent assay

(ELISA), has a detection limit of several hundred cells. This is well below the IDsg of extremely



Ophi nzuriton" by E. Prusak-Sochaczewski and J. H T. Luong (Enztnne M crob.
Tecl ol . 12: 173-177 (1990)) are even |ess sensitive Navin; a detection
Limtation of about 5 x 105 cells. A recent report entitled "Bi osensor
Based on Force M croscope Technol ogy” by D. R Baselt, G U Lee and R J.
Colton (Biosens. & Bioelectron. 13, 731-739 (1998)) describes the use of an
atom c force mcroscope (AFM to detect inmunocaptured cells; this method
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pat hogen detection technologies. Real-tine assesspent of battlefield
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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 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) 1s not as high as is frequently necessary. A good surmmary

) of the state of the art, still up-to-date, 1s “Microbial Detection” by N. Hobson, 1. Tothill and A.

Turner (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 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



and their proteinaceous toxins have enpl oyed i nmunol ogi cal net hodol ogi es.

| mmunol ogi cal nethods 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 croorgani sns and
t hei r- protei naceous toxins using non-antibody based ligands. It is
accordingly an object of the present invention to provide a nethod for
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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 a.nd.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 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



.the ligand has been bound to the target by detecting signals endogenous to
the target or nmarker. Electronagnetic radiation is one nethod used to detect
the presence of netabolites characteristic of living mcrobes, e.g.,
‘reduced pyridine nucleotides or other fluorescent netabolites, other

bi onol ecul es, e.g., notably tryptophan or tyrosine in proteins, or

i ncorporated dyes for the detection of the presence of the captured

m croorgani snms and/or toxins in accordance with the practice of the
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detection nmethod could be used to deternmine if binding of an . analyte has
occurred. O herElgetaeasgpeis ragetingds oncapghebisca tedstest thepecsepse of mctabRliigel of

mar ker conjugated to the ligand, can be also be enployed to determne if the
| i ggnd has clzeertensipedd igahicyobed) e1gn deduoedpynidaremarlgetides on @hertfhwoiascqmt ot ei n. An
exanpl e nenti oned previously uses a fluorescent dye conjugated to a |igand
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1s 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-comjugated substrate that has been tréated 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.nexpensi ve reagents in the capture of m croorgani sns and m crobial proteins
contained in the sanple. In one enbodi nent of the invention, sensor chips
(or beads) are enployed. These chips should be forned froma suitable
support. material such as glass 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
met hod -enpl oyed. The sensor chip is forned of a patterned array defining a
plurality obnsgtdd lggasd.ohistimporsant foamee thht if bigicglanstbpds ahiged taddeat detrapmeddi on
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tet her between Intdme embodimes obfhetiimensem sasocthips (ankatld)erd éngaoytdc dihatd ahips
reaction with a variety of different nmicroorganisns and proteins. The
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m croorgani sns or toxic proteins, (2) the non-binding constituents of the
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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 pathogen/protein capture bonded to 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 a solution



Thus, the present invention can be used rapidly to identify m croorgani sns
wi thout the need for growing a culture of the m croorgani smand then

m croscopically exam ning the culture thus produced. Likew se, |low |evels
of toxic mcrobial proteins can simlarly be identified. It is also
unnecessary to enploy enzynmes or antibodies in the capture of m crobi al
metabolites as is often used in the prior art. These, and other objects,
features and advantages of the present _invention will becone apparent upon
review of SRERITIRG MEKPG BAEISAT ledC resHEsi Bl the menindingeongitaaiafdie whgiisent s
and the appended clains. BRI EF DESCRI PTI ON OF THE FI GURES Figure 1 shows the
capt ur e of reBaberp (50| blkovedMyiintam ogammnf the hads ethired ogtaspetosieiedeanatytabiedingd t h
tethered heme. Detection of this pathogenic bacteriumwas acconplished

accor di ng AhQysiduf thefypeer ranemai fiasmdtihered burfaeedfound 1d. hale cdpairedihe5, 968, 766 to
Powers. Figure 2 shows the capture of Enterobactor aerogenes diluted in
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apparatus outlined in 8 U S, Patent 5,968,766 was enpl oyed for the

det“zct i on u5ed foi @revapg a Y haldhe @O ST He R FEse R C P e inB et hp S8 | al
detecti on nethods coul d have been enpl oyed, this nethod was used due to its
abi l ity t chusgtreditcedubtresnallow tayabof oxfmiomwbiadpioteimsran henikklyde identifispelt ts on
of the figure shows that the detection Iimt (<100 cells) of the captured
M Cr 00r gandlsmnt&debgratotegiphsreadymdiementitod@nth the cdpowe bf infrasbifilhadtatabiseray ed

usi ng i nmunol ogi cal nethods (ca. 400 cells under optimal conditions).

Bi ndi ng bejisgatedtilehdPrior Or TRk Sl aiher dHjtd fiBirdsl Al RavantagBObS ASpeesi ti ve

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 slide coated with tethered heme. Detection of this
pathogenic bacterinm 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 heme, 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 hene
ligand is also | ess expensive, requires |less careful storage and is not
susceptible to proteolysis as are antibodies. Figure 2 shows the tethered
henme capture of a pathogenic bacterium (Enterobactor aerogenes) that has
been-diluted to the sanme concentration in solutions of a nonpathogen
(Bacillus globigii). This figure shows that the tethered hene-coated slide
is able to_effectivel capture the pat hogenic bacteria froma solution even
when t-he anﬁaﬂarr@géﬁéil Ooprastrarperyed &iths detectiqmat the capaired bickmiaofAligegle apt ur ed
bacteria was acconplished wth the apparatus outlined in U S. Patent 5,
968, 766 t onPoserssompatiigekactariabditermt methodsheupst lsye heen empaoperd othis aetbedphe
containing a biological analyte, such as, an unknown anal yte m croorgani sm
or pr ot ei nudedNidito iisebility stdetzordualcired] hynbehefbagatdon the bigdel )i bapettioans the
tethered to a surface of either a chip or bead. Binding efficiency is

dependent ﬁgkﬂé)ﬁlqotul%@hzh ﬁ{&@ﬂe&c@én fhe (d1eb Bars) oMue Eh@sd ﬁﬁ&o&ga&ﬁgn LeinBiaRgtherest
efficiently to |igands that are around 40 A long. Ligands direcfed to

i crobes ae, sgugl g0t éflt LARRSAAD NS HARIEALR HERRE. dBYcaRtaLs | hat

are at |eas to pro aceous toxins are at

oo bi il gt %ﬁﬁ%@ﬂ ?‘Ja@?%%gt g%ﬁqndf?felaw&ﬁ%n%%é ?aﬁ%er ) ed@isrliq’gaﬁmléecan

be separated_from non-bindi ng conponents of the _sa y washi ng

t he\\sur f ac® P65 iamestighgth 2p¢ tesv@aﬁturemés Elmilfl&écearb%mltbﬂ@y sﬂﬁél@mathéalp%IStaFﬁ@desg
interrogated to determne if binding of the analyte to the ligand has
occurred. SHpensiist quirasiess tarelybsipdenirgnope sussaptitietosprbiselysis es gaphigndiasan be
made with: mcroscopy, intrinsic fluorescence, conjugate dye fluorescence,
radi oactivi ty, Higurt delsoanhetetlptuddipine casee nf epathogthizrbacpiiimg dEnteadbaemwbance.

I dentification of the mcrobe or protein is determned by the identity of

the |'i gandaerpdehed) $hat FRMebAditutddto ARtsBmE Bdicehtii@ioh & &iticnH Ofd Sorpathoben
phot ocl eavable (e. g., the tether should be photostable), or ot Rer wi se

chem cal Iy d.80l,d £10biBiif M SHLME {00s HEPHle tethfaSilnldI& ot IAAA: L REEALL: BN T ace.

capture the pathogenic bacteria from a solution even when the nonpathogen to pathogen ratio is
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 a 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 six
Along. The analyte is then physically separated from the non-binding sample. Analytes
captured by ligands tethered to a 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 is then



I'n one enbodi nent of the invention, a sanple containing an unknown anal yte
m croorgani smor 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. Each section has a different |igand bonded thereto,
so as to be capable of binding to specific analytes. The ligands are
capabl e of binding to the analyte for capture, and the presence of the
captured analyte is detected using a fluorescence detection system for
exanpl e, dinEEPeseldodfgrepaif hEwingpitheasmalyitp d ligagd peocswsedanidiesietrsBoye and
via the intrinsic fluorescence of the proteinaceous toxins. Thus, the

| i gand of achmidrotichen ectbsats soffadelven benlacberwthilpicmsoptyhmtltapafbiolretswnco;f
capturing a specific mcrobial cell or mcrobial protein. The used chip can
be saved addjudsiedyd DuEOsicothdibingivitg aphiheednd¥ sha3pl@esdtimeFandtor welital 1 n an

al ternate enbodi nrent of the invention, a sanple containing an unknown

anal yte (Jpk&haRE IRRh Batid Bl RASARYS pIo@éﬁh 0% cféfen%ﬁ@ by {eQl&HtRD) of tBe ﬁ1'o£r§1t
contacted wth a |igand conjugated to a mark i ncluding, but not limted

to, a fl ! E}%ﬁ&%m@%ﬁo@hﬁ ﬂ‘i‘eot@ 1 {1lﬂ%ofwlo?%ch%9£m9 eﬁttﬁ e Bl S |1 gand

are separate and oun ana I's sepat’ati on can

acconplish centr ells magnetj c sedj nme. n oy

chr omat ogrpg’ﬁ ?]F}oror Olzj @?lcgﬁl%l@blge 1&‘“1)5108‘}111031“566]1 tﬁd"aﬁb n@?@@e“? ¢ anal yte
and | i gand, and t hus taxononlc 10 identification of the analyte, is

acc IisH@dmﬁy detection of the marker (e.g., fluorescence of the
dye-conjugate in the exanple above). In another enbodi nent of the invention,
a sanpl e cont ailmpmegenzhodmrekhefthe aveittipnea safnplesootryagniswmkopwpeotlgien) is first
contacted with a ligand tethered to a substrate surface with a |inker of
appr opr i atrgictoefy@hiom cagromii BdiratleonactedPivits izaknsseftap aThosensdrdhipas birfigd beaove
non- bi ndi ng conponents of the solution. As will be appreciated by those

skil'led i nybdh@tedsilch a Dfss, KARIoU LHeIBIGERBNOG NS FurPice REPLE! Ea61REchBn hheat ed
with a reactive marker, prOV|ded the marker does not react with either the

substrate d?ffé’rglﬁ(flﬁarfdrbotil@(% dlérgt%ps%sas 1§6L &%51519 Bf lﬂfldﬁlg?o {'p@&%lg Emﬁﬁe&. hlghe 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 and used to grow out the
captured microorganisms as well.

In an alternate embodiment of the invention, a sample containing an unknown analyte
(microorganisim, proteinaceous toxin or other protein) is first contacted with a ligand conjugated
to 2 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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area of the surface associated with the ligand(s) that have been exposed to
the anal yte indicates the presence of a specific analyte. In a preferred
enbodi ment of the invention, the ligands used in the present invention nay
be taken fromthe group conprised of heme conpounds, siderophores,

pol ysacchari des (including oligosaccharides) and peptides. As is also well
known to those skilled in the art, aninmal pathogens generally possess hene
upt ake capafi hus. hene cq nd ) capt er
of - “pat hog ! lion e bt drerge AR, Bk el B R s O AR e
f or m of hlgg aff|n|t iron.c tors, generally referred to as

si der ophor ;“@&ﬁmﬁPg@eﬁgmﬂ%% %% capture many strains of pathogenic
bacteria. Included anong such siderophores are al caligin, nycobactins,
pyochel i n, st dBlpotbaEmbadimenefithh e TIAB, AAmPIFEOERRIRIACIKAGYD Al al so
wel |l known to those skilled in the art and as nentioned above,

di scri m natmicvorgefisiani pmteiy)at ogemscteyd whthradigagd tethetrdrte a(suhmemrsdlsfacandith a

si derophores that have been |labeled w th markers is al so possible. An
exanpl e Wolhi@r bﬂ@ht@ﬁaﬁ: e gihngutdedd BBV fPHReied] egpantion Rh@ VAN remol&hoONS Wi th
a siderophore or hene conpound t hat has been conjugated with a fluorescent,

11 I'um nesggfhe c&ﬁ%@rﬂ%ﬁﬁ@?&ﬁnon‘? hargiliwe Bﬁ)ﬂ?@cﬁzﬁ@d‘ﬁ th@ke ﬂcﬁi@d%@fe'a&&eﬂféo mpound.
After washing Tthe I'l's, detection of aninal paI%ogens can be made by

st a”dar d fégm ﬁl‘ﬁ]%%{%%f’%o%&'o% o‘?&{% céncbe%axedaiﬂfgaatﬁeé% vgﬁmﬁ&F ﬁﬂu&e%‘iﬂ%‘hﬂki&? The

b|n i ng of ens ene co S an ores are

t et hered t a su rt e, ex I0|t d to ara t cropes from
envir ormen G %td%?}é@h wb%e s&%ﬁ?ré}e h}eﬁnrc%og)éteﬁ %{}E f PBHH*Cand/ or
purification. In addition to hene conpounds and si derophores, eukaryotic
surface epietifdbe Pipiapn asersiptedgriththe Benydt Seblave bogi GROsEIdO Fl@@agmez@@cw

m crobial cell receptors, can |ikew se be used as |igands in the practice
of the pre@epﬁmﬁmweﬁK$MMﬁC$hé6e | i gands i nclude naturally occurring

ol i gosacchari des and pol ysaccharides as well as those avail able by chem cal
synt hesi s. O héti a preferred embodiment of the invention, the ligands 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-affinity

iron chelators, generally referred to as siderophores, can also be used to 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,
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ol i gosaccharides and their affinity to pathogens from various m croorgani sns
are described by K A Karlsson "M crobial Recognition of Target Cel

G ycoconj ugates” (Structural Biology 5:622-635 (1995)). The characteristics
of a nunber of pathogenic bacteria] organi sns, including the disease caused
by each species and their binding characteristics with siderophores,

ol i gosacchari des and hene conpounds are set forth in Table |I. These
characteristics can_be used in the capture and identification of_ such

speci es. PEPREEEILPFaFHIescsAt ERSHIEEINSFCHE O RPACHY P IR A f A RFT Y25y of
libraries of oligopeptides and then synthesized chem cally. Siderophore

| i gands canﬂbﬂkﬁmb@u@g@hmvPa@h9ﬁ$@a1b@mmkﬁv§ﬁgdmﬂfh@U$Gmb®n0bﬁUwﬂ§pEnt

m crobial culture nedia. digosaccharide |ligands can be produced by

chemi cal syidiaties i&edion teethighesd The bimddlofayimbi gathdgssite heie caepaedpanhds can
be produced typically by chem cal synthesis using protoporphyrin I X as a

starting r ga&gﬁﬂoreﬁ@aﬁ&h&ﬁerkd &a@%ﬁméaans@nﬂfé&%bh&i foGEpdrAE thebHhAl PR TR m

A i gosaccharide and Heroin Binding Bacteria sease Si derophore

d i gosacchar.k i i i Calse i ndi ng? . Rindi: > _Bi ndi ng?
Proguced? agggﬁPFﬁgkgﬁgﬁg%gﬁgﬂﬂﬁfﬁ?gkﬁﬁﬁknomnggﬁgggﬁg%gg§&gﬁ?ﬁ%&ﬁﬁanthrgx
toxin oligosacchar.i.de Bordetel |l a Wooping. Al caligin,. Nacety]l- Yes ..
bortussis Lou b ARapPETeRt ChEartol Rar SathiotS A Pes DeRPF iohesiGRusdes
unknown unknown_ Yes hotulinum botu]inumtoxin A Costridium Gas gangrene
unkmywn  unRTFEARDYFARAEDWIDIEE BEXPIPSBRY 1t FISERANS C8 GSEHPa ER ATARERR

unknown unknown unknown tetanus toxin . . .
ligands in the practice of the present invention. These ligands include naturally occurring

ohigosaccharides and polysaccharides as well as those available by chemical synthesis. Other
oligosaccharides and their affinity to pathogens from various microorganisms are described by

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

5:622-635 (1995)).

The characteristics of a number of pathogenic bacterial organisms, including the disease
caused by each species and their binding characteristics with siderophores, oligosaccharides and
heme compounds are set forth in Table I. 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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Corynebact eri um Di pht heri a Aerobacti n unknown unknown di phtheri a
Numer ous many @ obobi ose,
Haermophi | us Meningitis Enterobactin

di pht hari ae

toxin

Escheri chi a col

0157X7 infections others toxin,
i njluenzae 4) Gl ,

GalNAcp(1- Yes unknown
unknown a nucosal

ot hers

unknown vacuol ating pylori

others Heli

cobact er

Yes Shiga-like

Gastric ulcers

Kl ebsi el | a Nunmerous many GalNAcp(1l- Yes unknown pneunoni ae infections
4) Gal , ot hers Mycobact eri um Tubercul osis Mycobactin T unknown unknown

unknown

I neningitidis Pseudononas Numer ous Pyochelin,

tubercul osis Neisseria Meningitis many unknown Yes unknown
Asial o GVr, Yes exotoxin A

aer ugi nosa i nfledt i Bagerl Rbaractotdies &r Sldgaphere, Obgdserchari Bnddieaiih Bindphi

typhoi d fever

serral ysin
Ent er obact i

nunmer ous St ¢

others su e
strept ol ysi

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

ol i gosacchari de cytotoxin A

nmany unknown Yes Yes Serratia nunerous Aerobactin, Yes Yes

ARregisicens i dsesd | ong SikepghbeXa *rbmgasdaclﬁlfi«iegj, Hemindy S ¢ Bka@oxjh
nSpeess Yes $Kpwged t oxi Bindidg?’sent eBingies’Aer oba8inding™St apivdhwdbeclis
hpreyflofrdroes mAnGat NAC pitdnoppGal  Yerimeeyer al | whorveus | pifededons

anti _ens $treptococcus pneu '\P\llggifﬁchﬁﬂ%mn G-cNAcetyl(1-_Yes
Codeiefeunoni d600rERi npRETERs) Gal NetPhers | Ve pertussis toxin
periusis cough others glucosamine

Clostridium Botulism unknown unknown Yes botulinum

botulinum toxin A

Clostridium Gas gangrene | unknown unknown urknown a-toxin
perfringens

Clostridium tetani | Tetmus unknown unknown unknown tetanus toxin

Corynebacterium | Diphtheria Aerobactin unknown unknown - | diphtheria

diphthariae toxin

Escherichia coli Numerous many Globobiose, Yes Shiga-like

0157:H7 infections others toxin, others
Haemophilus Meningitis Enterobactin GalNAcP(1- Yes unknown

influenzae 4)Gal, others

Helicobacter Gastric ulcers | unknown a mucosal unknown vacuolating

pvlori oligosaccharide cytotoxin A
Klebsiella Numerous many GaINAcp(1- Yes unknown
pneumoniae 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 mfections 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 DUMErous Staphyloferrin, | GaINAcB(1-4)Gal | Yes several

aureus infections others superantigens
Streptococcus pueumonia, 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

detected by tryptophan/tyrosine fluorescence after capture using a tethered peptide. A variety of
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Vi b-io cholerae cholera Vibriobactin, Yes Yes cholera toxin others

Yer si ni apesti s buboni c Yersiniabactin, unknown Yes YopE, others plague
others Toxins that contain at |east one tryptophan or a few tyrosines per
nol ecute can be detected by tryptophan/tyrosine fluorescence after capture
using a tethered peptide. A variety of 13 mcrobes, including algae, fungi,
and bacteria, export exotoxins that are anenable to detection wusing this

technol ogy. . Tabl e | 1. contains les of toxic, bacterial ins t hat
be (1) camristee RIS BRerinl oy teses] e HE ot e SHES0)0 B Mt el y

detected via neans of their intrinsic fluoresence. It is inportant to note
that, for WSingghylsEyILs aureus enterotoxin B, which represents the nost
unfavorable case in Table Il (due to the presence of just one Trp and 22

Tyr), the foll Gublagdl confainsreasugncel texiadpctefial phaeinsihet cBnpe ( Biapueedhamg the
appeared: B. R Singh, M L. Evenson and M S. Bergdahl "Structural

Anal ysi s okclbblgihyesotingd dateird-alie(20 hhxiansy B:teue @h ndmisnd tifsinriauingic flubreséncoi sm
and Fl uorescence Spectroscopy"” (Biochem stry 27: 8735-8741 (1988)). As is

wel | knowmisti@pbRse rotd thdte@r kRphhseodkils auital eabloRRiOR, waﬁe?@a_émé ¥ @i ne
fluorescence (normalized to the scattered excitation signal) is sufficient

to | ndi ool ehBabi00/ AT DAAR!E. Seldse oL aBhETpVBgob ALY BhBEHARE Al o

fungal cells, viruses, or a mcro oXi n are presen ound to a
| i gand) on,the surface of a, .sector of the se hi . 14 Table %{ Am no
AP o Chun LTSI H B e ehla TP e 20041 RBCerBn ch ot TR Dkitn ERGPECRANL Rc! s
No. Tm No._Tyr_ _ B. anthraces protective antigen 753 7 27 . )

Bergdahl ”Structural Analysis of Staphylococcal Enterotoxins B and C1 Using Circular

Dichroism and Fluorescence Spectroscopy” (Biochemistry 27: 8735-8741 (1988)). As is 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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_B. authracis lethal factor 770 5 35 B.cereus phospholipase C 245 9 15 B.
pertussis pertussis toxin 952 11 50 C botulinumtoxin A 1296 15 67 C d
ffcile toxin A 2366 25 166 C. pefi-ingens iota-toxin 346 4 18 C. tetani
‘tetanus toxin 1421 13 78 C. diphtneriae diphtheria toxin 534 5 16 E. CON
al pha- henol ysin 1023 3 38 H. pylori vacuolating cytotoain A 808 8 14 L.
nonocyt ogenes listeriolysin O 523 7 23 P. aerugi nosa el astase 301 4 22 S.
maresce>s serralysin 470 7 19 S. dysenteriae Shiga toxin 638 7 17 S.
aureus enterotoxin B 239 1 22 S. aureus toxic-shock toxin-1 194 3 9 d is
tethered to each of the B4 iloAsnind Atldeoulbts,Schsted ERetetifictbxaBove, a
different |igan sensor chip. The sensor chip is then contacted wwth a sanple
cont ai ni NgRakkROWN _Or ganicsis Or _ pr ot eNaminsacieby spacidic |igamgs on the
surface of ,the chip bind to .specific anal yt%?, sel ectively capfuring them
The unbound anal'ytes ar €' then $hed away W th an appropriate solution (such
as a phosphatieedsuf f er ed 1ebd fepier) ; and the sefi8or chipsis then sitbjected to an
appropriatg.ggt ection tgebnigiec One possifbe technigque used {0 detect the
presence of bacteria on the sections of the957sensor ri pis di OcI osed in U
S. Patents B89, 406 and“5*86&™66, wherei n the described appatatus utilizes
el ect r omaghédiligur adi at i omximod appropri ate wav®d engt hs1f o excit eéf | uorescence

C difficile toxin A 2366 25 166
C. perfringens lota-toxin 346 4 18
) C. tetani tetanus 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 7 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 5,760,406 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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characteristic of the presence of bound analytes. 15 As is well known to
those skilled in the art, if a tethered |ligand used to capture an anal yte
is itself fluorescent then this fluorescence may change upon binding to the
anal yte. (This change in fluorescence could be manifest as either a change
inintensity or a shift of the characteristic fluorescence energy.) This
change in the fluorescence of the tethered |igand can be used to confine

detection of the .anal,yte. |In, the presence of the present invenfion, a.sanple
Contai ni g unkrioiin Tl S tode S BORS e Pt RS e BT B SR oy
one or nore receptors of the bacteria react wth various different |igands
tethered t'dBHeIupIscEshes dus flapgscarcempry cBpgs ipahBindng hathe apdyiss EBHE ehapEe t he
chip. can be neasured with a probe for the purpose of detecting which of the
secti ons off flubxesesaeswuld ehhgnifesiee eidlren b ghasge bonigasityt drarsbifioof thschaxesinpists,
nycobacteri al siderophores can be used to capture nycobacteria such as
Mycobact er flubreédenice et gwl) @hisShanigeln e flacesepe ddilie tedereb & gaaipfatbedsedusi ng

tet hered N-acetyl neuroam nyl - al pha- 2, 3- gal act ose. The pepti de:

GADRSYL SFI ddeYREEANSFE e GRAlyiRe tethered, by means of the termnal cysteine
group to expressly capture free Staphylococcus aureus toxic-shock toxin-1.

The peptide: J h%'ﬁlr_!_s' f th%l%Pesplﬁ iﬁ\%ﬁtti"oq{ ?Ean%@ Q?J?Xinﬁqg %Hléno(&fn (#xiia?obteg Eﬂ)‘ %al

cystei ne group, to‘spécifically capture’the “surtace-~exposed protern A of

St aphyl ococcus aureus, and hence this organismitself. The St | ococcus
AUr Oy oeEAaRd HiE L5 P rEE QP DY RATHG BEBITSE e Hoe P DR R
Sato, et al. in "ldentification froma Phage Display Library of Peptides
that Bi nd dierariisandspigibeeed 1o haiyasivns srolqng o1 theshiry ﬁfﬁ)eﬁlu%ﬂlmrfsm% OBty to
Maj or Hi stoconpatibility Conplex (MHC) Cass Il Ml ecules" (Biochemstry
35, 10441-ceohgmegspg@eyih 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. Hel icobac;er 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 Inlubit Its Binding to Major Histocompatibility Complex (MHC)

Class I Molecules” (Biochemistry 35, 10441-10447 (1996)).
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16 As indicated above, determ ning the presence of a single captured

m croorgani smor discrete mcrobial protein can identify sone of the

anal ytes of interest. in other cases, however, a series of two or nore
captured analytes of interest is indicative of the identity of a particular
anal yte. As an exanple, consider a sensor chip having an area of three
sections along the horizontal axis and three sections along the vertical
axis.as illustr e 1B anpl e, the
sections |dent|‘1éj‘15|t eg Cgtgén%ve%mmﬁmé%h? es%\ﬁgg?%in%ecgaﬁ%?d 9 1c1§$1§ar§§( ﬁgr ed to
a specific_sectign as. set fort thef able ion Location 3 X
3 Array Li a6 DAFroRe) PRy ! CQQH Hepgrqrt ﬁgnf}'r%gﬁémewst g 0 RIREY 3BRFVeT B2
alcaligin B3 fibronectin (peptide fragnent) anti-S. aureus protein A
peptide C2sgieaphiyost &ors ¢rptuca! malyies 0% amlf:ﬁélsenqh@atwwf Beadentibleid rapzular
Pseudononas aerugi nosa can be identified as the m croorganism when anal ytes
are det ect etlytn Seat éxempleAdonsidd,a séisor 28 havidg BBareSdithieastoponStlaphtheococcus
aureus can be identified when sections A2, Bl, B3, C, C2 and C3 contain
anal yt e capdrizogd axiddeRse sebionk Ricsg BaSerticaPpidiisallehran baloalt yte in section C
is sufficient for taxonomc

Al A2 A3
Bl B2 B3
) 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 3 x 3 Array Ligand
Al asialo Gy
A2 hemin
A3 pyochelin
B1 GalNAcPBGal
') 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, 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 is sufficient for taxonomic
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17 identification. Capture of cells in sections A2, Bl, B3, C2 and C3
reinforces the result. The incorporation of nultiple |igands targeting a
gi ven anal yze onto a sensor chip, in effect, permts nultiple, independent
anal yses to be carried out using a single sanple. This increases the
stati.stical reliability of the analytical outcone. The various |ligands are
preferably tethered to a substrate by neans of organic coupling agents

whi ch are thensel ves well known to those skilled in the art. Wen using a
gl ass - sub#ienrticationy Cantupt efselleingvas 44rBhds, CRand haseiblwss divapiudialliby
oxi di zed to produce exposed hydroxyl groups, for the sensor chip, it is
frequent | yinospbetisred idtigeplops targetihfe givemenal ye ontb atshiesor ciny . antetfedt, permits
organosi | ane conpounds have the foll ow ng general structure: Rl | R -Si-R4
R3  wher ei fuffpld HaepeaienRdhadfses Baeharsiet eatuetlg sl ALY dUR i6&BsEeSTheng Of
hydr ogen, al kyl groups containing 1 to 6 carbon atons, aryl groups

containingggkg&ﬂgéﬁgﬂgﬁﬁq@g5§hﬁgééu%&ﬂgps containing 1 to 4 carbon atons,

with at | east one o elng an allcoxy group. R4 is an organic

a1 oup CONt &l i g 3l SRS RALAINALONS, AR AL SORSBNLALALAY Bulin0

| i nker bearing " & onal” group reactron wth

Wthout Iimting.the [nvention, suitable organi royps canprising the

| i nker incF%H%V%H%f§H¥aﬂ%”FSﬁ@p§é@ﬁépéh§ﬁde%fVW T%%iﬁ@f?uﬁggﬁga§hitable for
use in the %ractice of the invention are coupling agents containing other

f uncy i onal subgfratt P52 plagls e sepoige Gatdapeenghemicallr vupschiadrefisacxnoatded
functional groups, hydroxyl groups, thiol groups and the |Iike, which are
capabl e of hydemgyt grompsyiot thetstisovdrip, otus fbqugathylprefeviet boertiploy,iimiliei pmartichef the
invention as to theory, it is believed that the ligand reacts with the

funct i onal in@éBuR, orgahSsilane compounds have the following general structure:

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 R;, R; and R; being an alkoxy group. Ry is
an organic group containing at least three carbon atoms and also containing a long Iinker 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 and unsaturated functional groups, hydroxyl groups,
thiol groups and the like, which are capable of reaction with the various ligands. Without

limiting the invention as to theory, it is believed that the ligand reacts with the functional group,
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preferably a term nal functional group on the organosilane conpound whil e
the readily hydrolyzable al koxy group attached directly to the silicon atom
has the capability of reacting directly with the surface of the glass or

pl astic substrate of the sensor chips. This coupling agent (extended

silane) may be alternatively constructed in situ by first reacting the

parent silane with the surface of the sensor chip, followed by the chem ca
reactions needed to attach the linker to the immbilized silane. The |igand
i s then tepherady b ernbel Sustfaeesofp dhie gleassilate dhpshidwhily theighadily he
coupling agent (i.e., silane bearing the organic linker). Further, the

| i nker shoy (ﬂolpﬁdb@a‘ alkc%dﬂlfafré@' a@t@&heﬁ%ﬂ%tﬁf th ﬂleml%&@ aﬁomt e tHe cﬁﬁé’b@htgfoﬁéa@n @pt i nal
di stance (40 Ahgstrons) fromthe surface of the chip. This observation is

based On Ol IFLRETNa N, ANEL ShOLLEL FhabAnaoR: LB Lhps! s U5RISRREEY

bacterial cell”capture e us t and tethe gl ass

surface ma e.il r at

- (Cr) 3N ﬁ%@?%&@fﬂ%ﬁﬁ%ﬂ@ ey soni N SH TR P isar Hlsmg it

oxi di zed Iastlc surface may be illustrated as above by repIaC|ng t he

"d ass- O sr e swéqcao&ﬂwmm@h@é?lwﬁdfbe/él%ﬁ ehpica] igatioas psashisrajtachmhe gk e cal
reactions used in tethering ligands to the surface of the sensor chip are
known to tthegemskiliz¢dedlans Thehgant istheh tathered dethe sinthaed of thetgtees o1 plestiattiovgh Such
reactions may be found in G T. Hermanson Bi oconi ugate Techni ques (San

Di egQ: Acatieab@pling @gs (129 61ne beaiigshdoginialinker). Carthahihdliake-shbpas bé ot

Adhesi on of Bacteria to Thin Layer Chromatograns: A Rationalized Approach to

the Study @fffici#$dngb préstnteod 153%&%13@&@%% istah A\@D Wb &AmPreaheat sty 146!

158-163 (1985)); and, Nilsson et al A Car bohydrat & Bi osensor Surface for
t he Det ect FB?WP& Bagt )/ e 1378
(Decenber %88%?)Th%38 ugggg%fve Eﬁ%ﬁné§%§€?§ﬁs a#gg%ﬁ%égxégil to tether

ferroxam n urface of a glass sensor chip. In the first
stage, a g egxsegseg&ra?tg’éag Cﬁlj)%atpgl‘rﬁl ﬁ%lefl?yee hydr oxyI groups is first reacted
with a 2% sol ution of gapuna-N- (am nop rqP annm a

Thus the ligand tethered to the glass surface may be 1llustrated by the following:

Glass—0—Si—(CH,)sNH(CH;)sNH(CH;),NH(CH,)sNH—LIGAND

The ligand tethered to an oxidized plastic surface may be illustrated as abo{rc by replacing the
) “Glass-0O-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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am nopropyl trinethoxysila ne to attach the silane to the glass surface:
dass-OH + (C2H3) 30 Si (CH2) BNH(CH2) 3NH, (1) dass-O S i-(CH2) 3NH( CH2) 3NH2
The product of that reaction can then be reacted with gl utaral dehyde at a pH
of about 8 to form the correspondi ng al dehyde: 101 d ass-O

li-(CH2)3NH(CH, )3N=C(CH,)3-C-H (Il) The aldehyde, in turn, can be reacted
with a diatnine (I11l1) to yield TV: H2N(CH2) 12NH2 (m) d ass

-0 Si - (CH2) 3NH(M)&§W%%§%N(@%} &ee%W?eﬂ(ek WrroxNe¥e as h ieaRf @act of the

preceding reaction is reacted with gl utaral dehyde to introdue a (termnal)
al dehyde

NeoH on), ) SO (AR A R T R By oo

3 ass-0- Si 3NH NH( .CH2).5NH 12N 4 CHO (VI) The foregoing
si | ane couBﬁFﬁézﬁﬁgﬁégg bed &Fﬁcﬁh@nggE%Q@Bnﬁéﬁﬁg%%ﬁmﬁ% derivatized by
reaction with deferrloxanlne at an alkaline pHto yield: dass-O
i i - (CH2) SNFRICRRPBRIEs By Eﬁza}t Icihe glasmpface:

Glass—OH + (C2H3)3O—Si(CH2)3NH(CH2)3NH2. —

@D
G]ass——O——S',i—-(CHz)3NH(CH2)3NH2

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

the corresponding aldehyde:

0
I
Glass—O—Sli—(CHz)3NH(CH2)3N=C(CH2)3~C—H

(In)
The aldehyde, in turn, can be reacted with a diamine (III) to yield IV:
) HoN(CH,)1,NH,
eny
Glass—O-—SIi——(CHz)gNH(CHZ)3N =CH(CH,); CH=N(CH,);,NH,
V)

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

(terminal) aldehyde group:.
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(M'1) 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 nodi fications can be nmade in the determnation, procedure, and
formul ati on without departing fromthe spirit of the invention, especially
as defined in the following clains: 21 CLAIMS Wat Is Cained: 1. A nethod
for taxonom c identification of a protein analyte conprising: (a) exposing a
sol ution containing the protein analyte to a ligand specific for the

anal yte of interest that has been covalently tethered to a substrate surface
with a phot os@ﬁ%?q_iﬁ@@HMC%hNEC%@J%MQﬁ?WQ@)hé]r:'e@Hf(&{ﬁ@ﬂl@strate
surface wherein said photostable [inker has a | ength of between 35 A and 50
A, (b) separating the bound analyte fromthe non-binding conponents ofnhhe
solution containing the analyte by physical separation, washing or bo(t h;
and (c) intg I | d substrate surface for analyte
bi ndi ng, V\hgﬁég%’aﬁl!grggenlt%l&%cfehg§§+%%QQ$BPEEJ1§%1§I yte is provided through
detection of binding between the analyte and the specific
substrate-tethered |igand. | 2. The method of claim 1, wherein the biol ogical
anal yte i s sel ect etilzfrofirthe- (I yNH(CBNPRHESD) OFH(CHa), .G 4&8@ ous t oxi ns;
(b) proteinaceous hor m)nest and (c) cytosolic proteins, wherein said protein
is obtained fromthe m croorgani smby exposing the m croorgani sm cont(gbni ng
san%le to conditions that result in the

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-—Sli—(CH2)3NH(CH2)3NH(CH2)5NH(CHZ)1gNH(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 ‘;hat 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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rupture of said m croorganismand the spilling of said mcroganisms
contants into a solution. 3. The nmethod of claiml, wherein the ligand is a
peptide, usually three to twenty am no acids long, specific for a
prot ei naceous toxin. 4. The nethod of claim1l, wherein the ligand is a
peptide, usually three to twenty amno acids long, specific for a

pr ot ei naceous hornone. 5. The nmethod of claiml, wherein the ligand is a
peptide, usually three to twenty amn gds | ong, specific for a cytosolic
protein. 22 6. The method of claiml1, in the ligand is apeptide that
does not WaatlaiOmiiney:nt ophan or tyrosine and detection of the captured
arialyte is acconplished through the intrinsic fluorescence of the protein.
7. The net-hod Hme (ﬁﬁﬁﬁ@xmﬁmﬁﬁékﬁ“ﬁ%@oﬂéf%éﬁﬁ%ma@¥W€ﬁ@mE%%B&red anal yze is

accompl i shed . & o4dbosies LRASBRENAS: B pibuiRARILS SHGMRABLURPES fPOSSd

to the protein befor ture he 't i gand
surface. 8. The rretalnml@tem‘f intb@stnthat hamb&m&ionaléﬂtl@/ tdﬁb&dtto @@ubsiraﬁeherfmpﬁmlrzed
anal yte is acconplished b%q@){ugh e fl uorescen gf a reacti v

conj ugat e exposed tRGOtRE &5 spid fipker cpvglently dethered frpa S‘ﬁ‘ﬁ'é?tﬁts'é”c?ﬁ"f gin

tethered |igand sursaﬁcp@mto%tabmhﬁlkeﬁ{a@qder%ih&ﬂ&tvveeh 35Wghe5MAL he detection of
the captured analyte i's acconplished through the radi oactivity of a

reactive conpdbhd espasten thobound apalytedfrom Befronevindipg conapasients loé theanlaitipn e by

the tethered Ilgand surf.ac net hod of t he
detection of the cap ﬂ tﬁﬁﬁpﬁwgl;ryé)h&sd%%ﬁ?ﬂafaé'ﬁgdwasﬁ{'rgo%\gﬁﬁ% d.'r adi oactivity
of a reactive @pnNPaHiRetogiiRADEthetIpahdtectitied RibsirAt §iface fHtanhgteBindilg wHepdbiyer ed
i gand surface. 11. The nethod of claim1, wherein the detection of the

captured anal yt e i ddeptidisaginn efifeqianalyte is provided through detection of binding between the
analyte and the specific substrate-tethered ligand.

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

comprised of:

(a) proteinaceous toxins;

(b) proteinaceous hormones; and

(c) cytosolic proteins, wherein said protein is obtained from the microorganism by
exposing the microorganism-containing sample to conditions that result in the
rupture of said microorganism and the spilling of said microganism’s contants

into a solution.

3. The method 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, usually three to twenty amino

acids long, specific for a proteinaceous hormone.

5. The method of claim 1, wherein the ligand is a peptide, usually three to twenty amino

acids long, specific for a cytosolic protein.
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t hrough the | um nescence of a reactive dye conjugate exposed to the protein
before capture of the analyze by the tethered ligand surface. 12. The

met 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 claim1l, wherein the detection of the captured analyte is
acconpl i shed r .nh A f ive e conj ugate
exposed tg théﬁ%?gﬁg?%ag%?g}g%ggg%ﬁﬁéqﬁgﬁjgﬁga§@§%§§gxﬁvg¥he tethered |igand
surface. détaldrynbghanet yadsind arel detertidn ofthe cqptirel AGalgietie aédoaiplistedith@ugapt ur ed

anal yte i% accommpl i shed through the phosphorescence of a reactive dye
conj ugat engXpuREGTEgescpree Rt sheprRtellv t er capture of the analyte by the
tethered ligand surface. 15. The nethod of claiml , wherein the detection

of the captured analyze is acconplished through the optical absorbance of a
reacti ve dye cdhg mgthiod ofrlpos édwhareinhiee datextien nf thefcapteredaaglyze 8 aodfontphicheinal yt e

by the tether | 1 gand surf.ace. .16. The. met hod of claim 1, erein th

ot ect i ontngtieh the MERRGeEE oL ALFisHE fie RaLERS FRREYS PR PEUTH bERE SHRrcar
absor bancge @halpte b9 W teth@redRakPRirfi@@t € exposed to the sanple after capture
of the analyze by the tethered |igand surface. 17. The nmethod of claim1l,

wherein the detection of the captured analvte is acconplished through the

fluorescept qu hi of the floor. escent tethered |igan urface upo

bi ndi ng ob ¢ na g Mo e chal¥ 1 BT kb oh e RhtR R AR5 Gl
anal yt e copqughshefliorésadnc@ofaséaedvedyedotfugte egparkdtdih grdté'lﬁ aflérdaBluie GiAd Yt e
to an array of different peptide |igands which have been covalently

t et her ed ¥abyie bnihedsetherpd igandsvefpee.  said |inkers covalently tethered to a
substrate surface wherein said photostable

9. 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 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 exposed to the protein before capture of

the analyze by the tethered ligand surface.

12. 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 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 the protein before capture

of the analyte by the tethered ligand surface.
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| i nker has a |l ength of between 35 A and 50 A; (b) separating the bound
protein analyte on the ligand array fromthe non- binding conponents of the
sol ution by physical separation washing or both; and (c) interrogating the
| i gand-t et hered substrate surface for protein analyte binding, whereby

i dentification of the analyte is provided through detection of binding

bet ween the analyte and the specific substrate-tethered ligand in the
appropriate place on the array. 24

14.  The method of claim 1, wherein the detection of the captured analyte is accommplished
through the phosphorescence of a reactive dye conjugate exposed to the protein after capture of

the analyte by the tethered ligand surface.

15.  The method of claim |, wherein the detection of the captured analyze is accomplished
through the optical absorbance of a reactive dye conjugate exposed to the protein before

capture of the analyte by the tethered ligand surface.

16.  The method of claim 1, 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 analyze by the tethered ligand surface.

17.  The method of claim 1, wherein the detection of the captured analvte is accomplished
through the fluorescent quenclung of the floor escent tethered ligand surface upon binding of

the protein.

18. A method for identification of a protein analyte comprising:
(a) exposing a solution containing the protein analyte to an array of different
peptide ligands which have been covalently tethered with photostable linkers,
said linkers covalently tethered to a substrate surface wherein said photostable
linker has a length of between 35 A and 50 A;
(b) separating the bound protein analyte on the ligand array from the non-
binding components of the solution by physical separation washing or
both; and
(o) interrogating the ligand-tethered substrate surface for protein analyte
binding, whereby identification of the analyte is provided through detection of
binding between the analyte and the specific substrate-tethered ligand in the

appropriate place on the array.
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