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PROTEI NS BACKGROUND OF THE I NVENTION This is a divisional application of
pendi ng prior application Ser. 09/999,159 filed on Novenber 01, 2001, of
Linda S. Powers; Walther R Ellis, Jr.; and Christopher R Lloyd for
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identification of pathogenic THERTOXAOPROGTEING t he detection of their

pr ot ei naceous toxins. Pathogenic mcroorganisns, particularly pathogenic
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PP mankind. rltflpgny of these bzu:‘ujariaJ have been proposed as biowarfare agents. In addition, there is

also the risk and likelihood 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 severa) 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 human diseases such as Helicobacter pylori as the causative agent of peptic ulcers,

Burkholderia cepacia as a new pulmonary pathogen and Chlamydia pnewmoniae as 2 possible

trigger of coronary heart disease. Apart from those pathogens, various socioeconomic changes

are similarly contributing to the worldwide rise in food-bome 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 bacterial pathogens, including Bacillis anthraces
and Yersinia pestis and their exotoxins, have been used as weapons. And
there is always the risk that nonpathogenic mcrobes can be engineered to
‘pe pat hogeni ¢ and enpl oyed as biowarfare agents. Pathogenic m croorgani sns
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toxic protems and pathogenic ISn?crl)organisms that plague animals as well as humans.

As a general proposition, bacterial contamination can be detected by ordinary hight
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
commmercially 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) identiilicaticm. 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 (1 995)) and

“Molecular Approaches for Environmental Monitoring of Microorganisms™ by R. M. Atlas, G.
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Sayler, R S. Burlage and A. K Bej (Biotechniques L2(51 706-717
(1992)). Those techniques enploy the polynerase chain reaction (PCR) for
ainplifi cation of bacterial] DNA or RNA, followed by nucleic acid
sequencing to detect the presence of a particular bacteria] species. Such
general anplification and sequencing techniques require teclu-iical
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m croorganisns with this nmethod can be found in "Characterization .of
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of Cell Lysates"” by F. Xiang, G A Anderson, T. D. Veenstra, M S
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differ row h conditions. Another approach utilizes

I mmunochem cal_ capture as described in "The f HGRl t hods
to Det BUEroQFLATISES PHWOBEIE’E“éﬁa&th’rF if ace @F‘#Iﬁnﬁgﬁtmﬁ%y %%%Eﬁ%tt?%{f, B.
Assmus and A Hartmann (Biotech. Adv. 13, 75-80 (199 %ﬁ) fol | owed by
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met hod, enzymne-linked inmmunosorbent assay (ELISA), has a detection limt
of several hypgsegduaRihSsis Bivslaiike ceklcbmpehents (ere, fally agids)rftes SEPRIFEY S &7

I nfectious bacteria such as Shigella flexneri. Piezoelectric detection
techni ifjr%?yﬁsﬁya% rl‘)eg?usteﬁ Ps5tGhe detection of bacteria and viruses. One descnption of the methods

used to detect microorganisms with this method can be found in “Characterization of
Microorganisms and Biomarker Deve]opmeﬁt 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 growﬂ; conditions.

Another approach‘utilizes immunochemical capture as described in ““The Use of
Immunological Methods to Detect and Identify Bacteria in the Environment™ by M. Schiofter, 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 immunosorbent assay

(ELISA), has a detection limit of several hundred cells. This is well below the IDso of extremely
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because the antibodies employed are very sensitive to varations 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.2.,
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, I 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 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



To date, common approaches used for the identification of pathogenic

m croorgani sns and their proteinaceous toxins have enpl oyed i nmunol ogi cal
met hodol ogi es. | mmunol ogi cal nethods suffer fromthe sensitivity of

anti bodies toward pH, ionic strength, and tenperature; the antibodies
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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 ntility.

SUMMARY OF THE INVENTION

The present invention demonstrates the ability of heme compounds, siderophores,
polysaccharides and peptides to bind to pathogenic microorganisms and their proteinaceous
toxins; taxonomic identification of a microorganism is attained thorough analysis of the number
and kind of ligands to which it binds. The development of this 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



non- bi ndi ng sanpl e conponents and unbound |igand as by washi ng, nagnetic
separation or chromatography. Finally, the sanple is interrogated by an
appropriate method to-determine if the |ligand has been bound to the target
by detecting signals endogenous to the target or nmarker. El ectronmagnetic
radiation is one nethod used to detect the presence of netabolites
characteristic of living mcrobes, e.9 reduced rA.di L i.des or
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et eet | o ML RS OB PRYELS, ! b eBAE) vk ihomnkar manjorgorcd
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colorometri ¢ 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 treated 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-



recognition. On the contrary, the concepts of the present invention nake
use of relatively inexpensive reagents in the capture of m croorgani sns
and mcrobial proteins contained in the sanple. In one enbodi nent of the

i nvention, sensor chips (or beads) are enployed. These chips should be
fornmed froma suitable support material such as glass or plastic substrates
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general , such ligands nmay be characterized as hene conpounds, siderophores,
pol ysagafplel des and anti-adhesion peptides capable of capturing a w de
variety of mcroorganisnms and toxic proteins.. These |igands can thus be
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appropriately sized cross-linker also having the capability of reacting
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detect analyte binding. Analysis of the type or pattern of
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m crobi al” proteins not contained within intact mcrobial cells, can be used
chip, and each section has bonded thereto a different ligand capable of molecularly recogmzing 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 chernical 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



to taxonomcally idenfify a mcroorgamismor its toxic protein. Thus, the
present invention can be used rapidly to identify m croorgani sns w t hout
the need for growing a culture of the m croorgani smand then
m croscopically exam ning the culture thus produced. Likew se, |low |evels
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unnecessary to enpl oy enzynmes or antibodies in the captur m crobi al
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Fi gure 1 RRAWS dh\SnOBRIcs, Of ioaialiARAeH kariwpRimIrd HIvOmpRured dxs

ope sl 1

n-:iicroscope oated w tethered heme. Detection of this

pat hogeni ¢ bact eri um was .acconpl i shed accoy di . t

appar atT§rogTAERisAkE-: PrIigrobia %nrl%gﬁtno c@g@ﬁ%gn&% ]‘Btg\%elﬁs&.%tgfﬁg%?g’ %H;%ﬁg\?\gd t he
capture of Enterobactor aerogenes diluted in_ various concentrations of
Baci | | us tagbndhigally wantéfygl raipsoarE@tiss ebpeoiq jret¥bat ed with tethered hene.
Detection of this pathogenic bacteriumwas acconplished according to the
met hod and apparnRd Etk@séﬁﬂiﬂ\ﬂeﬂ@@h iam Hd.us&d rapRiy nd idepefySnicaBr gani PosweitboutDBT Al LED
DESCRI PTI ON OF THE | NVENTI ON The capture of a pathogenic bacterium

(Sal monel | a tyohi purd 1w ) Wt d; ' mitDscdpidallynegdmiing fie qulwsent
i nvent iHSEA,%Fg‘gﬂgg}%Cpﬁmﬁioémce&f?&%gﬁgﬁgma?%g%ﬁ%gﬁap% altyus outligned in 8 U
S. Patent 5,968,766 was e oyed.for the.detecti .t :
bact er ithus BRPQWS‘@IQ%S(CW%P%%‘%IB H{){H‘icblpb@r%bé%tpé?t%g‘? ragg%lg{cl Plﬁg m%ﬁg&g 3L
have been enpl oyed, this nmethod was _used due to its abi I'i]tl)épt ﬁiet ect such
smal | ralsshmnscesfarptictreptpy exzymeser gntikpdies 1p fhefapir ol BIcTeRia F’BB %5 8hBws
that the detection limt (<100 cells) of the captured m croorgani smusing a
t et her eghen REMEL thepnet atts Theveand beher dhjatts dhateres eud edvantpgesniihsIrseicahl

met hods (ca. 400 cells under

invention will become apparent upon review of the following detailed descriptions of the

disclosed ermbodiments and the appended claims.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows the capture of Sa/monella ‘typhimurium on a glass microscope shide
coated with tethered heme. Detection of this pathogenic bacterium was accomplished according
1o 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 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 heme, as

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



optimal conditions). Binding between the m croorgani smand the hene |igand
I,s not as sensitive to pH, ionic strength and tenperature as is binding to
an antibody. The hene ligand is also | ess expensive, requires |ess 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 tqQ the same,.concentr.ation. i i ons of
a nogp&i.ﬁza@@hﬂnt .85 764 vias grrIBye oy .8’8 feshipy atfufnr? C&WB‘\'/%ﬁ}aﬁtgFat elﬁ]? g%ered

hene-coated slide is able to effectively caf)ture t he E};thog_enic bacteria
H

f r om a pa@letts @BmPYile binerid detenpopatthogerou dhavstttesry empioaed.ghisgnethppd Wes
Detection of the captured bacteria was acconplished with the apparatus

out i n%ged Sieo .ié'abil#ya{oe&ttecl‘? suchBBuallGhinitRrfoMRERriabn tiendideybimdpention odfthe he

present T nvention, a sanple containing a biological analyte, such as, an
unknown. anal yte m croorgani $m. ' ' | Smickd s bas9h ek edeti¥rddne
Iigand.ﬁgmler'n%mlwlsé%aﬁg’e %é%%%ipgﬁ%reggélﬁ D)Bg{hgﬁéra a(r:éedsn(%fc el ther a ¢ i p or bead.
Bi nding efficiency is dependent upon.the length of the t obes
are fotechetligahd isdowersthastha; ehserter yising ;Wﬂwggqaﬂ@gthgp%&aa‘%@%}l% %4?8 ong.
Ligands directed to microbes are covalently attached to the substrate,

sur f acepil] EHdRRIS). Biatingibetvaden emmticrdds ganism anéihptliema liggad dsnefi 38 SEPLEAYS o
prot ei naceous toxins are at |east six Along. The analyte is then

physi cal Ly Repaabes {0 ki deuAo bidiado sauRlifodyATak Yk e liganptaulodlcby

| i gand ere a surfiace can be separated from non-bindi ng conponents
of the sanple by. sinpl shing the : L8 9f alReRdbodiRe
surfacéxéﬁnst‘ﬁereélﬁﬁgst]ggft%:q SE“P{&% @%Ilﬁﬁgﬁug%g’%lg% tB? gotg@?e? mne if binding of
the analyte to the ligand has occurred. The detection.of . boun ].Crobes
on the. subs Tigire 2sbewage tehsi e Beme EPIUICiat S MHHOZERE Sy or R R et

fl uorescence, conjugate dye fluorescence, radioactjvi t}/, | um nescence,
Phos phQlepsfARg €hat AR RN dilpteidaatheaame thagentationimracltions o ROMIAMIED N cr obe
or protein is determned by the identity of the Iligand. It is inportant

to noteglh R ARy bt oeleavatl alideisgble toredfectveipr
?ggaﬁ%%%{aggzzb?%s ﬁ%ﬂfé‘ﬂh@w@ﬂ{at BE tef ideisgb

shoul d or othenvise chemcally labile in the solution

used t Ocaéﬁ?ehth% %%thlo!gg]?p g 1L e &L 84otution 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 tpxins are at least six
A long. 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



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 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

| i gands are capable of binding, tot nal yt r r

pres en@ém@i%aﬁq‘ﬁéocﬂéﬁﬂ}%@d%@a%g g @aﬁg%%etﬁf )éléglﬁdsllfla%’gocgﬁﬁ&u o?aeesﬁég%é;eo%eof
detection system for exanple, disclosed and clainmed in U.S. flPatents
5, 760, 4@fndmitrob3a8, ti6Sibamale vifacetten barrdda syt PRSPy BT HEHESCEPCS
prot ei naceous toxins. Thus, the ligand of each of the sections of the

sensor cB{x]iu atB@5e th6resRaD rAdibattiofy, daminsstamge aphospwesstensendngY gbirdicak el | or
m crobi a grot ein. The used chip can be saved and used to grow out the

capt ur %gﬁ)?i)%{cgg?}%]% &ﬁﬂﬁgnaa%ﬂy%lcmﬂerbr 1@intie BBRtAined by dictaaititgfof tiedigand.

i nventi e contal ning an unknown analyte (m croorganisir4
protei naceous toxin or other . protein) is {j Vit d? sBohlagrnd
conj ugdt dmpeamn toaeig diat &Ieﬁﬁ"lhgbq?ﬁ%f,d rlﬂ’]hje H%{){Oﬁeﬁn&at%%é%’?g% f1USr escent dye.
The non-binding sanple conponents and excess Iigand r .aseﬁgr %t eg from
the | igjanstableiina ottemaisy themicallysiabidpir the sefutiemused QV‘QE]&MWE SHIBY
centrifugation (for cells), magnetic sedinentation or cluomatography (for

prot ei ng)celne detection of binding between the analyte and I|igand, and
thus taxonormc 10 identification of the analyte, 1is acconplished by

det ecti on of Lhe HREKSIen(6r fle imEbSE G368PRRRTiNiNEan UMerosannatiate i n {he

exanpl e aboJ‘B)o.neF an Iment of the invention, a sanple containing
an unknown anal yte m cr,oor gani sm o [ Qf ei .St c acteRleMorR a

| i gand MUSIAPEEaRPR BT &roﬁegbgtf}?rsaltrgngﬁﬁﬁg]geﬁ'l @nﬁ £ %n%gml?l#'ng% Eo Daggl? opri af e

| ength, as noted above. Physical separation and washing. r ve non i ndi ng
conponenbsran, shtteassphssthavimg %@ﬂpwpfﬂecﬁ@sa%%ﬂ’%é?%‘fcgdgﬁﬁgf[ hﬁgc Sseﬁﬁ?? h%ﬁbﬂl n the

art, the captured mcroorganismor protein can be treated with a reagti ve
mar ker , 4 §E:@M Klesdbadémahero, so as to be capable of binding to specific analytes. The hgands

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
(microorganism, proteinaceous toxin or other protein) is first contacted with a ligand conjugated
to a marker, includm;g, but not linﬁtcd 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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does not react with either the substrate surface, or the |I|igands.
Detection of the marker on the area of the surface associated with the

| igand(s) that have been exposed to the analyte indicates the presence
of a specific analyte. 1In a preferred enbodi nent of the invention, the
I'igands wused in the present invention may be taken fromthe group

ol | Gos SUEHBFHIELY SRR RE: RirstPTa N AR op R IOREERA S Tort e 8, |

the art, ani mal pathogens generally possess hene uptake capability, and
t hus hﬂemonjagqsioumﬂis csanplséiba¥®@d to capture a nunber of pathogenic
species. In addition to hene conpounds, other ligands in the form of

hi gh- af f i ni 1y andth@ensdvdiraémarcs the igestion) 4 sanpaé emntal@ilmnasﬂm@w?@l@ﬁ@p’rﬁ)r es, can
al so be used to capture many strains of pathogenic bacteria. Included

anDng c@oo h&%%g%‘[ﬁ ) Bfftst @htdlel Hifh 2 1 FHHEQBREINS a sibspatzasiurface with 2
staphyl err rio actl ns and yersinrabactins. As is also wel I known

h killed h
i el TBET RS GERSPB RIS "EG° e SIRGBUE %Qﬁﬁéﬁam%%ﬁﬁ%%%ores BBt have

been | abeled wth markers is also ossr bI e. f@ﬁa exa e%egoul d i nchude t he
i ncubathimiinpéorhementsiodthesatutioni g Wi &GGPP@H@ %‘rl 1 i here
conpound that has been conjugated with a fl uorescent I I lum nescent,
phosphay, gﬁgqﬁl,cmo@@ﬁﬁgnl Biho eSS edit he todatadavditioa ceactive madwmmelvldﬁd thermevkehi ng
the cells, detection of animal pathogens can be nmade by standard

1 uor efgéﬁé‘&ﬁ rﬁac? Wltﬂrét]tﬂaltflé Eu&'iratersﬁﬁh&tdr% Hedes! Detcti®f biihe weskerldiethbi ndi ng

of ani pat 0 hene corrpoun s and siderophores that are tethered

to a support can al so he xp s }%bﬁ%l E H¥icat
envi r orfeRTdRe YURHE é%m@tﬂg %ﬁﬁ%@%ﬁ?éﬁo gsegltggncent ‘ation and/ or

purification. In addition to hene conpounds and si derophores, eukaryotic
sur f acé¢he ppsanopeta gprsdiciadelie.or carbohydrates), which are recogni zed by
m crobial cell receptors, can |ikew se be used as |igands in the practice
of the presant préfeeed bipodiease the maendion; thelligdndsiaged irafhiepreseRiIny PRIEPN may

be taken from the group comprised of heme compounds, siderophores, polysaccharides
(including oli gosacch-aride.s) 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 ycrsim'ab actins.

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,

11



ol i gosacchari des and pol ysaccharides as well as those avail able by chem cal
synthesis. Qther oligosaccharides and their affinity to pathogens from
various mcroorgani snms are described by K A Karlsson "M crobial
Recognition of Target Cell dycoconjugates” (Structural Biolog 5:622-635
(1995)). The characteristics of a nunmber of pathogenic bacterial organisns,

S R A R

ores, oIt gosacchari des hene conpounds are
set forth in Table |. These characteristics ﬁa@ tie used in ik heeé%oé ure and
i dent i foeBndrioetiar ofsandnalapeiagens capdisais DY AFaY ‘UHETFPi% 8T PY 5B enti fi ed
by affinity panning of libraries of oligopeptides and then synthesized
cheni cabditionMsierionhaheigubgafistsbioding bbapmatipaibeLasy to bemead@aPOERERGsi s or
i solation fromspent mcrobial culture media. digosaccharide |igands can

be pr OCLEH%?@hQ}’ <GB T Salh S BAEHSorOFani 5] tal gidited o sepapaty thiesecmi drelasefrortier ne
conpounds can ebe produced typically by chem cal synthesis using

protoporphyrin | X as.a startjn o Ba&ebhdbication.

Char acteé‘?’liréﬂl‘?fgalfsﬁ?lplegﬂ GYer gﬁ%ﬁggft%%glﬁ%og%éﬁ%&é??ﬁa ugﬁd Hen‘F n Bi ndi ng
Bact eri al Di seaseSi der ophoreQ i ggsacchari deHerri nExot oxi : .
Speci es Caus@@ﬁﬁbﬁ&?ﬂ@ﬁ¢WﬁﬁW‘%ﬁ%§%@d§“@ﬁ?qq ace epitopes (peptides
ant hracesAnt hr axunknowna pul nonar yunknownant hrax toxin oli osaccharide
Bor det el l.a¥hppihiegAibivhiage recdgzet iy mivesdpacel seieptors)ean likewise be used as

er ! usi scoughot her sgl ucosan-i ne

Qostrig 30 | {THel isthedemnozinodourri
0S r'l%aﬂ@g{ﬁ'é ggﬁ%@mm@m&m ek ligande rilyodurring

Clostri ngr ene wnunknownunknowna-toxin erf in ens
oligosaccharides and polysaccharides as well as those available by chemical synthesis. Other

oligosaccharides and their affinity to pathogens from various microor ganisms 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, oligosacchandes 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 chemicaily. Siderophore ligands can be produced by
chemical synthesis or isolation from spent microbial culture media. Oligosacchande 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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C ostridium tetani Tet nusunknownunknownunknownt et anus toxin
Cor vnebact er i unDi pht her i aAcr obact i nunknownunknowndi pht heri a di
ht hari aet oxi n Escherichi a col t Nuner ousmanyd obobi ose, YesShi ga-1i ke

0157, X7! nf ecti onsot her st oxi n,
Haenophi I usMeni ngi ti sent er obacti nGal NAcp(| - Yesunknown i nfl uenzae4) Gal
ot hers HelicobacterGastric ul cersunknowna nucosal unknownvacuol ati ng 1

7407eo0l |
pneunoni aei nf ecti ons

4) Gal ,

ot hers

Tunknownunteagwn BakBeMWTCHahedristitofir Siderophore, Oligosaccharide and Hemin Binding
Nei sseri aMeni ngi ti smanyunknownYesunknown nenin 'tides

osacchari dec otoxin A Kl ebsiel | aNunerousnmanyGal NAcp( | - Yesunknown
ot hers Mycobact eri umluber cul osi sMycobactin

2’2?”"9”" BN OUS AYRIGHE T, PEhabmholVl | (Rl esehonden | Memin | Exotoxin
\er ugl nosgl fjLect | onslqiheksot hepsehast ase Bishrer s Sal| Bordeg? a |tRrphiced?phoj d
frever man BITSHIOTIEE Yoo T at | AMEGWR OUSAaalasdy N, YésNesee! |ahpsik mpxio
mar escenpi nf ectionsHerri oxam ne B Shi gel|loaglysentiér yEnt er obadtin, YesYeslSl ugs
toxi n dyFEITRLBFEACT O0RLdobill Alcaligin, N-acetyl- Yes pertussis toxin
St aphy| ofgegisnuner oq\g@lap%yl Dbteery | N, Gal|Nhe@brhing) Gal Yessever al
aur eus! NI gELL A OT NGIESiliRRr  N| wfthksvn unknown Yes botulinum
St r ept ochggusaneunoni a, unknownd cNAcet yI|( | - Yesst reptiol ysin (toxinA
Clostridium Gas gangrene | unknown unknown unknowrn o-toxin
perfringens
Clostridium tetani | Tetnus unknown unknown unknown tetanus toxin
Corynebacterium | Diphthenia Aerobactin unknown unknown diphtheria
diphtharige toxin
Escherichia coli | Numerous many Globobiose, Yes Shiga-like
0i57:H7 infections others toxin, others
Haemophilus Meningitis Enterobactin GalNAcB(1- Yes unknown
influenzae 4)(Gal, others
Helicobacter Gastric ulcers | unknown a mucosal unknown vacuolating
pviori oligosaccharide cytotoxin A
Klebsiella Numerous many GalNAcB(1- Yes unknown
pneumoniae infections 4)Gal, others
Myecobacterium Tuberculosis | Mycobactin T unknown unknown unknown
tuberculosis
Neisseria Menmgitis many unknown Yes unknown
meningitidis
FPseudomonas Numerous Pyochelin, Asialo Gy, Yes exotoxin A,
aerugingsa infections others others elastase, others
Salmonella typhi | typhoid fever | many unknown Yes Yes
Serratia numerous Aerobactin, Yes Yes serralysin
marescens infections Ferrioxamine B
Shigella dysentery Enterobactin, Yes Yes Shiga toxin
dysenteriae Aerobactin
Sraphylococcus TMErous Staphyloferrin, | GalNAcB(1-4)Gal | Yes several
aureus infections others superaptigens
Streprococcus pneumonia, unknown GlcNAcetyl(1- Yes streptolysin O
preumoniae meningitis 3)Gal, others
Vibrio cholerae cholera Vibriobactin, Yes Yes cholera toxin
others
Yersinia pestis bubonic Yersiniabactin, | voknown Yes YopE, others
plague others

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

detected by tryptophan/tyrosine fluorescence after capture using a tethered peptide. A variety of
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pneur noneni ngitis3)Gal, others Vibrio
chol eraechol eraVi bri obacti n, YesYeschol era toxin others Yersinia

‘pesti sbhuboni cYer si ni abacti n, unknown YesYopE, others A plagueothers-- - -
Toxins that contain at | east one tryptophan or a few tyrosi nes per nol ecul e
can be detected by tryptophan/tyrosine fluorescence after capture using a

"tethered peptide. A variety, of 13 nicrobe L NG L dadie foBéctioand
o b SRS g, Rhgae

bact er imgrosspimeindinesigiri HBZL RS DAY % AR ection using this
technol ogy. Table Il contains exanples of toxic, bacterial proteins that
can beuéiﬁgﬂﬁsaﬁétzlufo%gyusi ng the technology described herein, and (2)
ultimately detected via neans of their intrinsic fluoresence. It is

I mportant to Note didlse 'Eﬁlgle%to@@m,@weﬁuq;raameﬂm cambefld caxpredpisingdhe b
represents tAE Aost unfavorabl e case in Table II (due to the presence of

jjust one_ Trp and 22 r), t - 0 L, 85580 6 £their ustyinsit fluoesssmdee Tr p
r esi du@Ch%@oﬁb%aﬁwﬁ%@?m’ﬁlgg?L@hl,n%ﬁ]y %tcgé\g/déﬁsaon and M S. Ber gdahl

"Structural Analysis of Staphyl ococcal Enterotoxi: : HOmost
Gi r cul aris ifpartanblosyateihat, FaTuSeRRyEsREGLS GHERS FB‘&&Og?)?&BSBBi“E‘éﬂ{e]’%PgS%&@ T

8735-8741 (1988)). As is well known to those skil Igg hn t@%ﬂt : %et ection
of tryphapbapiiiEesiTile 1 (dierteskeepresenmof inell angddp £Bd 2¢ &M e P RPN
excitation signal) is sufficient to indicate that spores, nonviable cells,

v |r 2b :O e é]élv%gceet& 8l %ng Bp@,g 351%241% Qéslic_fdémﬁ@hp}ﬁ@ieﬁs B. Ri. Sirsgas M. &+ ExensonradBiMi S-t oxi n

8 ..~ boun igand) on the surface of a sector of the

sensor Bce?gidpaiﬂ ’:’LS4tru-|(:,?utr)zlil?A11|a5ysisA<\)r? é%z%nh@?cicgccg?ﬂﬂﬁotf)ﬂhs BelhaatieUsiBacienlaal Toxi ns

Dichroism and Fluorescence Spectroscopy” (Biochemistry 27: 8735-8741 (1988)). As 1s well

known to those skilled in the art, detection of tryptophan/tyrosine fluorescence (normalized to

fhe 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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ino Acids A No. TNo. Tvr N Bacteriunfloxinm o. B. anthraci [
antigen753727 B. anthracislethal factor770535 B. ceremphggbﬁor{ggggtE¥25915
g:ffertu55|spertu55|s t oxi n9521150 C. bot uhnunt oxi n A12961567 C
thikihgiagéén A236625166 C. perfringens iota-toxin346418 C. tetani tetanus
o C. diphtheriae diphtheria toxin534516 E. colial pha-henolysin
( 8 H. pylorlvacuotatlng cytotoxin A808814 L. nobnocytogenes
listeriolysin 0523723 P. aerugi noso el astase301422 S. marescens

serral ysin470719 S. gysent esxnas Shd s S . 8 _
B239122 S. aureustox?c-shdéﬁﬁaoxin-??EZSQEH SBABagEnAdAent er ot oxi n

Bacterium Toxin No. Arnino Acids No. Trp No. Twr
B. anthracis protective antigen 753 7 27
B. anthracis lethal factor 770 3 35
B. cereus phospholipase C 245 9 15
B. pertussis pertussis toxin 952 11 50
C. botulinum toxin A 1296 15 &7
C. difficile toxin A 2366 25 166
C. perfringens jota-toxin 346 4 18
C. tetani tetampus toxin 1421 13 78
C. diphtheriae diphtheria foxin 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. geruginosa elastase 301 4 22
S. marescens serralysin 470 7 19
S. dysenterige Shiga toxin 638 7 17
S. aureus enterotoxin B 239 i 22
5. aureus toxic-shock toxin-1 154 3 9

Thus, as described above, a different ligand 1s teth

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

ered to each of the sections of the

g unknown Organisms or

proteins, whereby specific ligands on the surface of the chip bind to specific analytes, selectively
capturiﬁg 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 ié disclosed in U. S. Patents 5,760,406 and 5,968,766, wherein the described

apparatus utilizes glectromagnetic radiation of appropriate wavelengths to excite fluorescence

characteristic of the presence of bound analytes.
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Thus, as described above, a different ligand is tethered to each of the
sections of the sensor chip. The sensor chip is then contacted with a
sanpl e 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

chipist hgyisﬁwt?i 1&@&&%&905%&@1@9 KO st 6f sletiecsd logend tiechioi appbire GhenPBSsi bl e
(0]

t echni que ‘use etect the presence of bacteria on the sections of the

sensor .chip is disclosed,in_ U. RAot0aRE a1 P€ 8 (Thi6 ch ein
t he d’éé‘é"rlfBﬁﬁescﬁﬁb@r"%ﬁ%ﬂﬂ?ﬁcfclegésme?%g@r%rﬁaﬁgg €% adi at i o%éof( apgrgﬁ% ate

wavel engths to excite fluorescence characteristic of..t f bound
anal yineBioresgents cpeldemanidesias oftBC heRBSS ki ]Ini? ﬁ?’ R ¢ g}gﬂac’? ﬁh eog}ﬁ%@%%ttﬁer ed

ligand used to capture an analyte is itself fluorescent then this
f | uor gssrefesem¥rsNamgie clipase ibitrdilwgesconed el tantathared higapg QU ORASER i n
fluorescence coul'd be mani fest as either a change in intensity or a shift

of theg@hard%f;etqﬁ(gljE Fing an%g#pr escence energy.) This change in the

f1 uor & ce o e tet ed 1li -and can be used to confirmdetection of

the analyte. In the presence of the p I\AMENEE BRmoR SRR Eescanbal ni ng
unknown m]élrtB?JB‘ées?%ﬁ"Bg‘BHfﬁsrﬁlgl \%rghovr\ﬁ’?%%ﬁﬁfee dsognsor"’chimp, wher eby one or

nore. receptors of the bacteria react with variou ifferep I:
t et hetethctad witethezeiou shipeWhpighy 0Bg OF W@fecfﬁFiEtor?ﬁgﬂ‘,ed“taﬁ{éS%taﬁﬁ%:rt &g&%g@ugf t he

chip can be neasured with a probe for the pur[.l)_ose of detecti ng&@hiﬁ% of
the S@etiaREeafis tdiBers® rsthe vantissetans ofitl §itips Therh deediliiEsEn s CTAS ER%npl es,
nycobact eri a% si derophores can be used to capture nycobacteria such as

WCObgﬁE}%{é%&H%ﬁPé‘ﬁﬁ% $or thé"?ﬁ' 6 ehaidesctiny wdrich cfthe bestioapoiithedensgsi ng
p

t et here acetyl ueuroam nyl - a- 2, 3-gal actose . The pepti de:

GADRSYL SFI HLYPEL Al bR dag beiused t e
\qu QW@EETR%%%%@F%&?T‘E‘E eﬁ%@%{},%co‘%ﬂc@ﬁﬂ&ﬁieﬁfph giuged tocy st ei ne

gr oup® phylococcus aureus toxic-shock toxin-1.

The pgagatt&rggycobacteﬁa such as Mycobacterium tuberculosis. Helicobacter pylori can be captured

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

can be tethered, by means of the terminal cysteme group to expressly capture free

Staphylococeus aureus toxic-shock toxin-1. The peptide:

GHHKHHHGGGC
‘can be tethered also By means of the terminal cysteine group, to specifically capture the surface-

exposed protein A of Staphylococcus aureus, and hence this organism itself. The

Staphylococcus aureus toxic-shock syndrome toxin-1-binding peptide was described by A. Sato,

et al. in “Identification from a Phage Display Library of Peptides that Bind to Toxic Shock

Syndrome Toxin-1 and that Inhibit Its Binding to Major Histocompatibility Complex (MHC)

Class I Molecules” (Biochemistry 35, 10441-10447 (1 996)).
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GhEX EBGGEC 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 Phase D splay Library of Peptides that Bind
to Toxic Shock Syndronme Toxin-1 and that Inhibit Its Binding to Myjor

Hi st Ocorma% %%{%‘3 @gﬂ‘%l EXernliMiEIhe (FhRase b1 2 Nbplecaptesd niBr@eiSBIONY 35,

104" 1-104 % As indicated above, determ ning the presence of a
si ngl e. captured.m croorganism L 56 L 6F oliadt pf ofhel easefihomaent, i fy
some 8#scEe 1%&11{‘)1%9;”1”0‘%“il‘?ﬁnélrfggs%n.léj#frslt?%?{%ﬂ%ases,1 however, a series of
two or nore captured analytes of interest .is. indicatiyv ' ity of
a par iseidsarf twanamprecapiyed anaRshp] Bte! H?slpa]éfm‘ée%% %'éjr%n@ iO|tofD’(F;‘Paa\ll;":ij ﬁg an area
.of three sections along the horizontal axis and three sections _along the
verti gally@Xiss adsexhinples toraideda belsomehiAhAZNS aBTR2BS erCEeEOPHAIPRS Plexanyl e,
the sections identified can be provided with the follow ng |igands

tetheped,{ il | QB @heSetichDatifad Miubireed bdlbwwi ng tabl e: 3 x 3
ALt aLihS%%‘?a%g%i‘ﬁ&E‘JE’%&&%SB%*B% e SRtichDitin ad Miu

Al A2 A3
B1 B2 B3
Cl 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 G
A2 hemin
A3 pyochelin
Bl GalNAcPGal
B2 ' alcaligin -
B3 fibronectin (peptide fragment)
Cl anti-S. aureus protein A peptide
C2 _ staphylofernn
C3 ferrioxamine B

Tt has been found that Pseudomonas aeruginosa can be identified as the microorganism
when analytes are detected in sections Al, A2, A3,B1 and C3. Similarly, Staphylococcus
aureus can be identified when sections A2, Bl, 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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C3 asialo GM hemin pyochelin GalNAc (3 Gal alcaligin fibronectin
(peptide fragnent) anti-S. aureus protein A peptide staphyloferrin
ferrioxamine B It has been found that Pseudonbnas aericginosa can be
identified as the m croorganism when analytes are detected in sections
Al, A2, A3, Bl and C3. Simlarly, Staphylococcus aureus can be identified
when sections A2, Bl , B3, d, C2 and C3 contain analyte cqgtlgr?g

t her egny aL A dihi SR8 8f caRAh ue@iont AAnBanAb yE2athCa sap{ogrFs & 1S suf FF ci ent
for taxonomc 17°identification. Capture of cells in se.ctionfEﬂ QZ i‘fgb{; B3,
C2 and C3 rei nforces,.t o h@venl AaBAPOHIatal sensco thapulnt 4Ice He ds

t ar gaB§HRPIAYi Q;Oéﬂﬁglﬁgllg?ﬁgaﬁﬁ%'%hg;sgé’nsor c%’:t p, in effect, permits nultiple,

I ndependent anal yses to be carried out -uUsips Shiy eTisamel@seslihes
i ncr easléple ndepevtamntiagplyess to P& LAY I°?1P§/51%§5%%§%ana%ical out cone. The

various ligands are preferably tethered to a substrate by nmeans of organic
coupl g NBticAgaEbIitwof the aarlyticdi@niséMfes wel | known to those skilled in the
art. Wen using a glass substrate, or a plastic whose sgrfac.e thal%1 has
been chenigal|.yio0x]i i€ drd preRibiiuetheradioseuibstigie by ANy P oRFEE™ BHP e
sensor chip, it Is frequently preferred to enploy, in the practice of the
invention, organ silane. u%ﬁme&H(ilétlﬁ@&@kill@@irfmblaﬁwwgerg@maglaS& ructure: R

agents whichrar

substrate, or a plastic whose sutface that has been chemically oxidized to produce exposed
hydroxyl groups, for the sensor chip, it is frequently preferred to employ, in the practice of the

invention, organosilane 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 Ry, R» and R being an alkoxy group. Ryis

.. . o
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
o

organic groups comprising the linker include polyamines, polyethers and poly(glycine). Also
1=

. : . .. gl
suitable for use in the practice of the mvention are coupling agents contaiung other functior

groups such as epoxy groups amino groups and unsaturated functional groups, hydroxyl groups,
P 2

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

eved that the ligand reacts with the functional group,
18
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R2-Si-R4 R3 wherein R1 through R4 are each selected fromthe group

consi sting of hydrogen, alkyl groups containing | to 6 carbon atons, aryl
groups containing 6-12 carbons and al koxy groups containing 1 to 4 carbon
atonms, with at |least one of RI, R2 and R3 being an al koxy group. R4 is an
organi c group containing at |east three carbon atons and al so containing a
long Iinker bearing a functional group capable of reaction with the

i ganPW@?bﬁ gq L m qcﬂgnﬁlhﬁodpn&{eﬂ%'o%noﬁ%ﬂn%%@x'nﬁom@l @8t thegeadips conpri si ng

the | ethers and pol y(gl yci ne) Al so
suitable for uselnthe ractlc nve ! QY S

cont ahydrelyzabl halkoh ugrerp 8 %hed&FB‘i}B’ tos}{’]"cﬂ l%&“ 3{)}1 Sglﬁ%‘hg%ﬁ mS‘%rg gr 6ups and
unsaturated functional groups, hydroxyl groups t hi ol \}ﬁlﬁ?, d thetl i ke,
whi chqpsaycanpiab eurtidce rof et dlass oniptastie Bbstrateio Hie JenERIIFRPS. “8 PRI ng

t he |nvent|on as to theory, it is believed that the |igand reacts with the

funct| Pfi%dec%lfﬁﬁ{% m bepﬁl?écrﬁitﬁféh)yco%sﬁr@dtéﬂ maditufyriott eactingghoppreorsitane with
or ganosilT'ane ound while t'he readily hydrolyzabl e al koxy group

attached 're tly tot thg1Bapakidel ty apichripatihkergo
di r ecthepuiipde %%Seg?ﬁrfc %1# “? ?lggbsghglﬁalpr?astl G substrate of the sensor

chips. This coupllng agent (extended si|a I o
const thedmatbilized stancpylhq lhgand r‘%é?&’fl |teﬁ]§jer’r¢1k’ %ﬁ%@ﬁa%sqqﬁ%eﬁégﬁ#ﬁﬂﬁgetmg ur r? ace

of the sensor chip, followed by the chem cal reactions needeLﬂ E} ?ttach t he
| i nkeelc@uplidteadenm(@bi kilane desiih@the organiclivker) gaweer. $he v SR 88 to the
surface of the glass or plastic through the coupling agent (i.e., S|Iane

bear i ng. ebdr kel ) eanBur B @ptimahdistahedk@od Atestibahsh Sowt the swfasedient
| engt B tﬁ&régtrlgé%ﬁ?é@ |gandanat th?rpoptl mal di stance (40 . Angstrons) from

t he Spre rﬂHf i e é\glgn R baIPc'tl Sn DRSS A RnitSat BRS@S BNaries radelteinm nat i on

t hat glgsgﬁ results rn decreased bacterial cell capture
ef ficiency. Thus the |i et hered to the glass surface may be
i | | usteaieased bycteried celbea ﬁ 1C1E¥%Yss- O - S i - (CH, ) BNH( CHI ) 3NH( CH, 12NH( CH, ~) ;

NH- - - LI GAND
Thus the ligand tethered to the glass surface may be illustrated by the following:

Glass"-O—S|i———(CHz)sNH(CHﬂsNH(CHﬂIzNH(CHz)sm{‘“LIGAND

" The ligand tethered to an oxidized plastic surface may be illustrated as above by replacing the
““(lass-0-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: Academuc Fress, 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 Bactena”

(Bio/Technology 12: 1376-1378 (December 1994}).
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The ligand tethered to an oxidi zed plastic surface maybe illustrated as
above by replacing the "G ass-OSi" noiety with C (carbon fromthe plastic
pol ymer). The chemical reactions used in tethering ligands to the surface
of the sensor chip are known to those skilled in the art and are descri bed
inthe literature. Such reactions may be found in G T. Hennanson

Bi oconi ugate  Techni ques (San Di ego: Academ c Press, 1966); Hansson et

al ., " Car bphydnAker SRaGlhdtfons A Bsicancdio Bt BricxamemeTsiatigaag ée the

Chromat ograns: A Rationalized Approach to the Study of Host Cell

d ycol i pid Receptors" Analyti i <8 curkd@ con@8rdb fed RRBBXY], grammk,

Ni | ss&¥laag 0 %Bl.a,gs Saﬁsﬁﬁwm%gfrlé;?}em g?gﬁgg?gfs%urface for?bthe Det ecti on of

Ur opat hogeni ¢ Bacteria"  (Bi /Tech&o(l otrv oj\;‘fj-o 8-1378 (Decenber 1994)).
19 || Esfbtreactadewish 2 SHciP WERnes BHENUNE AR Rised to tether ferroxam ne as
a ligand to the surface of a glass sensor chip, In the first stage, a

gl ass agitopRpeltimethakinge fo gtachyi Biye tothe gJ38S SUEECEi rst reacted with a 2%
solution of gamma- N (anm nopropyl)-gammna- am nopropyltrinethoxysilane to

ttach the sil to the gl face: .
(%) 30 S ( ) sxbperad BV T s N 3 ) s The

product of that reaction can then be reacted with glutaral dehyde at a{IlpH of
about 8 to form the correspondi ng al dehyde: 0

3 ass- O Si - (CH2) 3NH( CH2) 3N=C(CH2) 3- C-H The al dehyde, in turn, can be
reacted with a diamine (111) to yield IV: HN(CH)12NH

d ass- O Si _( CH2) 3NH( CH2) 3p\g6HOH2S i3 CHEING SR CII2MHRHL Next, the product of the

precedi ng reaction is reacted w tI||1 gl ut aral dehyde to introduce a

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

the correspending aldehyde:

@]
| I
Glass— O—Si—(CHa),NH(CH)sN=C(CHz);—C—H

(1)
The aldehyde, in turn, can be reacted with 2 diamine (I} to yield IV:
H,N(CH3)12NH3
eny
G}BSS—“"O—SIi_(CHg)3NH(CH2 );N=CH(CHa); CH=N(CHa); 2NH>
Iv)

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

(terminal) aldehyde group:
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(termnal) al dehyde group: 20 d ass-0O Si- (CH2); NH(CH2) 3N=CH( CH2) 3CFI
N(CH,)12N= CH(CH2)3CHO | which can then be reduced using NaCNBH3 to
yield: dass-O-Si-(CH?)3NH(CH, )3NH(CH, ); NH(CH2 ) t 2NH(CH?)aCHO | The
foregoi ng 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: dass --OSi- (CH2} 3NH(CH2) 3NH( CH, 5NH( CH, ) 12NH( CH ) 4CH=? - DFA
. (V) (Vii) The A can then be cornplexed wth ?erycir;fq?ﬁt)LfgﬂQ\f th a
ferrous salt in agueg ﬁ,ﬁggc' e=CEIaH HICHHEN@L) 2 NFE 2 der st ood
t hat variglﬁs‘gﬁ)an ’es@%&"rm |¥I|5§](3:§ti on(s c%%ﬁ-be made in the determnation,
procedure, and fornulation wi thout departing fromthe spirit of the (v
invention, especially as defined in the follow ng clainms: 21 CLA I\/é \/{hat
is Cained: 1. A nmethod for taxonom c identification of a biol ogical

anal YiBicn & Eﬁﬁéf» Py cd)sieNeSNBEtthgiekbl ution containing the analyte to a
Iigan‘ﬁ Spécific ror the analyte of interest that has been conjugated to a

mar ker ; |
GlaSS—-'O—'Si—"(CHg)3NH(CH3)3NH(CH3)5NH(CH2)| »NH(CH,),CHO

(VI)

' ' T erivatized b
The foregoing silane coupling agent bonded to the surface can then be d ¥

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

Glass——O—Si——(CH2)3NH(CH2)3NH(CH2)5NH(CH3)13NH(CH3)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.

1t will be understood that various changes and modifications can be made in the

determination, procedure, and formulation without departing from the spirit of the mvention,

especially as defined in the following claims:
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(b) separating the bound analyte fromthe excess marker-conjugated

| igands; (c) interrogation of the analyte for ligand binding via detection
of the conjugated marker. 2. The nethod of claim1, wherein the biol ogical
analyte is selected fromthe group conprised of. (d) bacteria; (e)
viruses; (f) proteinaceous toxin; (g) rickettsiae; (h) protozoa; (1)
fungi; and (j) cytosolic protein. 3. The nethod of claim11, wherein the

separation ox the bound anal yte fr%rI%BvEShe excess conjugated ligand is

acconpl i shed via chronmat ography. 4 “met hod of claim11, - wherein the
Iiganﬂfis.c njugated to a magnetic particle and the separation of the bound
anaMe "1bH 4 HE Hon- bi ndi ng conponents of the analyte solution is

acconpl i shed by nagnetic separation with the |igand being tethered to the
magneti ¢ pardihed foy taabnanic idad:fichomt of shiblogicabpiitecafpmdigg.oor gan_rsns. 22
5.. The nethod of claim1,, wherein the ligand is a herne conpound. 6.

The net hodapf ch@bsthd iheWdRiBh RobiBRild BEBLhI1LS 1&a SLARS QR £ t hod
of claim clj( pvvhergi n the I'1--and i sla:’ pol ysg%cﬁgr F%e.ﬁg&%ﬁgr %’é’taﬁg@?ﬁo claim
1, wherein the |] IS epti.de,specific for an outer menbrane Protean.
9. The net hod Igf%grﬁa%ﬁn%wf?jE\Q/\%g?”é]ilgr‘?mtdﬁg alnflzﬂg?lrd is a peptide specific for a

conjugated lipid. | ) _
(b) - seperating the bound analyts from the excess marker-conjugated ligands;

(c) mterrogation of the analyte for ligand biﬁding via detection of the conjugated
marker.
2. The method of claim 1, wherein the biological analyte is selected from the group
comprised of:

(d) bacteria;

(e) VITuses;
(H) proteinaceous toxin;
(g nickettsiae; .

(h) = protozoa;
(1) - fungi; aﬁd
0) cytosolic protein.
3. Themethod of claim 1, wherein the separation of the bound analyte from

the excess conjugated ligand is accomplished  via chromatography.

4. The method of claim 1, - wherein the ligand is conjugated to a magnetic

particle and the separation of the bound analyte from the non-binding components of the analyte
solution 1s accomplished by magnetic separation with the ligand being tethered to the magnetic

particle. - at aroimd forty A for capture of microorganisms.

22



10. The nethod of claim1, wherein the marker is fluorescent and the
detection is via f luorescence . 11. The nethod of claim1l, wherein the

marker is |um nescent and the detection is via |lum nescence. 12. The net hod
of clains 1, wherein the nmarker is radioactive and the detection is via
radi oactivity. 13. The nethod of claim1,; wherein the marker is
phosphorescent and the detection is via phosphorescence, 23

5. Themethod of claim 1,, whereia the ligand is a heme compound.

6. The method of clatm 1, wherein the ligand is a siderophore.

7. The method of claim 1, wherein the ligand is a polysaccharide.

8. The method of claim 1, wherein the ligand is a peptide specific for an outer membrane
protein.

9. The method of claim 1, wherein the ligand is 2 peptide specific for a conjugated lipid.
10.  The method of claim 1, whersin the marksr is fluorescent and the detection is via
fluorescence.

11.  Themethod of claim 1, wherein the marker is luminescent and the detzction is via
luminescence.
i2. The method of claim 1, wherein the marker is radioactive and the detection is via

radioactivity.

13.  The method of clatm 1,, wherein the marker is phosphorescent and the detection is via
phosphorescence,
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