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bacteria such as Escherichia coli, Salnonella s .
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also the risk and likelihood that nonpathogenic microbes could also be used as pathogens afier
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 antibjotic therapy. However, bacteria are becoming alarmingly
resistant to antibiotics. In addition, there have been recent revelations of new roles that bacteria
perform in human diseases such as Helicobacter pylori as the causative agent of peptic ulcers,
Burkholderia cepacia as a new pulmonary pathogen and Chlamydia pneumoniae as a possible

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

are similarly contributing to the worldwide rise in food-borne infections by bacteria such as

Escherichia coli, Salmonella spp., Vibrio spp., and Campylobacter jejuni.



1 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 is always the risk that nonpathogenic m crobes can be engineered to
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by R ijca}sljo?c?ns 43d pathogenic microorganisms that plague animals as well as humans.

As a general proposition, bacterial contamination can be detected by ordinary light

microscopy. This technique, however, is only of limited taxonomic value. The investigation and

quantitation of areas greater than microns in size are difficult and time consuming. Many

commercially available systems rely on the growth of cultures of bactenia 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 emp]oyed may favor the
growth of bacteria with specific phenotypes. |

More sensitive and r.nore 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.



2 ~ Sayler, R S. Burlage and A. K Bej (Biotechniques 12(5), 706-717
(1992)). Those techniques enploy the polynerase chain reaction (PCR) for
anplification of bacterial] DNA or RNA, followed by nucleic acid sequencing
to detect the presence of a particular bacterial species. Such general
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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 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. 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 immunosorbent assay

(ELISA), has a detection limit of several hundred cells. This is well below the IDsg of extremely
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yed are very sensitive to variations in pH, ionic strength and

because the antibodies emplo

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 (€.g.,

microwell plates or magnetic beads) is not as high as is frequently necessary. A good summary

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

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 1s

necessary to permit and facilitate rapid diagnosis for administration of appropriate counter-

measures. A microbe/toxic protein sensor useful in such situation requires the ability to globally

discriminate between pathogens and non-pathogens. In addition, such techniques require high

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



sensitivity when less than 100 cells are present and anal ysis that can be
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overcome the foregoing disadvantages of technologies that depend upon antibodies.

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

SUMMARY OF THE INVENTION

The present invention demonstrates the ability of heme compounds, siderophores,

polysaccharides and peptides to bind to pathogenic microorganisms and their proteinaceous
toxins; taxonomic identification of a microorganism is attained thorough analysis of the number
and kind of ligands to which it binds. The development of this 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



m crobes are captured through the binding of mcrobial receptors to
specific ligands. A mcroorgani smcontaining sanple is contacted by the
I-igand, with the ligand being either 5 tethered to a surface or conjugated
to a marker. The target m crobe (bacteria, virus, fungi, protozoa,
rickettsiae, or other cell) or proteinaceous material (toxin) is then
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is washed away. Other markers, including luminescent, phosphorescent, radioactive and/or

colorometric compounds, can be conjugated to the ligand and used to identify a microbe and/or

proteinaceous toxin in a similar manner.

One specific method to detect capture of microorganisms or toxic proteins is described in

U.S. Patents 5,760,406 and 5,968,766, where electromagnetic radiation is directed, for example,

onto the surface of a ligand-conjugated substrate that has been treated with an analyte-containing

solution as outlined above. This detection method could be nsed 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-



dye conjugated to a |igand coupled to detection of a m crobe via

fl uorescence characteristic of the dye after (1) contact between the

m crobe and |ligand and (2) washing away excess dye 6 conjugated |ligand. 11
i-s inmportant to note that if optical nmethods are used to detect the .
captured mcrobe or protein the tether should not be photocl eavable, e.g.
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array deFPHISHG T&ﬁ?ﬂ?r‘%&%ﬁg’fre gg@fc‘iﬂ?)c%gigém%@@bdrr ?%c@grgf% Ght he sensor chip,
and each section has bonded thereto a different |igand capabl e of

nol eculsamplg. recogni zing a specific mcrobial protein or mcrobial
receptor, and hence the mcrobe itself Mcrobial receptors V\Dgljrhg i ncl ude,
for exanpl ej, BrOBbeEMERSIfAhamventidineensort dupstenbeadabars EIPhYeRi d6RT GiPS
cell, pilus or flagellum which is exposed to the aqueous environnent
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t he su e sensor chi an and should be varied. In general, such
| i gands maybe characteri.z a 0 bRAed ol e shemistries used to
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variety of mcroorganisnms and toxic proteins..Thes L C be
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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 honded to the surface of the sensor chip can and should be
vanied. In general, such ligands may be characterized as heme compounds, siderophores,
polysaccharides and anti-adhesion peptides capable of capturing a wide variety of
microorganisms and toxic proteins. These ligands can thus be immobilized or bonded to the
surface of the sensor chip through an appropriately sized cross-linker also having the capability
of reacting with the ligands, whereby the coupling agent establishes a chemical tether between

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

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



the surface of the sensor chip and the |igand capable of reaction with a
variety of different mcroorganisnms and proteins. The sensor chips and
arrays (1) are exposed to a solution 7 containing mcroorgani sns or toxic
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present invention can be used rapidly to identify m croor%%&t%gs W t hout

the nagd ko %fﬂ{eqyﬁm rttei dflieandfethdrel surfaceioyas ichAvaRaP
mi croscoprcal [y exam ning the culture thus produced. Likew se, |ow |levels

of toxic mcrobial nroteht B S h8i dodtainedbeitid enbdtfhierbbidl cells cambg ysed
unnec e SEFPYTEAHSE, 1%yﬁt5§°%%rrgg&op ant i bodi es in the capture of nicrobi al
nmetabolites as is  often used in.the pri .. These, and ot her objects,

f eat ur tstaxerpraigybndgRdY aé’FJC’EOr?éga[S”rs&%"?s tf}’(rzl{\r‘/:é%?t%%}h wi || become apparent upon
review of the follow ng detailed descriptions of ft he _disc} s%éitﬁém%é ment s
and the app@nde theprasentinvBRicERaDESCRITEPIGN ERIfR i‘f%@gaﬁ%&e shows t he
capture of Sal monella typhinuriurn on a glass mcroscope slide oat drevvi th

tet her %gemgg'rou%é 6 6hin@8 oOthetrhicipopginisagan themadcresdopiraili §* HEEBHpIE
according the” net hod and apparatus outlined in U S. Patent 5,968, 766

Lo Power s - Ehddl L& R0 B eI aPbUISnRfobEN brsislascapsindiaripgendsitdiadutied i n

var i oudhWdH acl s globigii on a glass mcroscope slide
coated with tethered hene. Detection af thi QLA ShiRiagERbbliES WAl
acconplaﬂsgh@ﬂe%é&?&‘merﬁlﬁﬁ?bc%eﬁﬁf H&ﬂ”ﬁ‘rﬁ’at’ﬁ;%éﬁ tus outlined in U S

often used in the prior art. These, and other objects, features and advantages of the present

invention will becomé 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 bacterium was accomplished according to the method and apparatus outlined in U. S.

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

The capture of a pathogenic bacterium (Selmonella typhimurium) with tethered heme, as

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



Patent 5,968,766 to Powers. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
capture of a pathogenic bacterium (Sal nonella typhinmuriunm with tethered
heme, as outlined in the present invention, is showm in Figure 1. (The
met hod and apparatus outlined in 8 U. S. Patent 5,968,766 was enpl oyed for
the detection of the captured bacteria. Al though nunerous conpatible

bacterial detection nethods .coul ave been I i.S: f s used
due t o U.tSsPatent 5,968,165 %te@&lo)é%cfgr ﬂ}m%fmﬁa%g@g Cogt%geé’c‘%agireﬁ%ﬁgﬁmtg ﬁ%ﬂf li de.)

| nspection of the figure shows that the detection limt (<100 I of
the caphmeststbnpadigbaiteial deesiipraneiboferadd hashsen F@’Qﬂ}?&eés‘%ﬁd})@&% ﬁ‘)aaﬁ t hat
observed using i nmunol ogi cal nethods (ca. 400 cells under optinal

condi t i, gns}.e BiRdhig, Referresudhimall minsiergeftiasteriand thhdidsontnspecgan@fthe not
as sensitive to pH™ionic strength and tenperature as is binding to an

antibody. The h | i ' ' [cesptbaesm hemg actathefad|
st oragg.?/gélﬁoel'ﬁo Sﬁ%%ﬁ}%@%ﬁ?’;‘ %Fg{ (t%gogr@%'?%gi?g%?gﬁ%gﬁa?e an;gi bodi g?:g Figure 2

shows the tethered hene capture of a pathogeni . t or
aer ogerbenip lighad 15H@‘§5T65@hthéfq’tl§‘?%'88 USSR Dbcgh%%torﬂgt#g%égﬁélg&?ﬁ? 1|C ons of

a nonpat hogen (Bacillus globioii}. This figure shows that .the tet her.gd
hene- coptigd] &drditonss Bibding betvedeh ot injcspgrganiapant 18 KPOISARGJRAPIASSERY RYT a
froma solution even when the nonpat hogen to pathogen ratio is 107:1.

Det ect i,0 Bﬁgfoﬂ;‘r%eﬁgtﬁtaﬂa eSnRastieY dsds WadirRao anphiilsityd ThethonteHigang pudle less

outlined Patent 5, 968, 766 to Powers. | n one enbodi nent of the

present invention, sanpl | LB 16 rotefgkiy ae are Mitibbdias, an
unk nowf*BF&! EQHF‘ES?‘S%r"g%ﬁﬁsS%&g eaﬁpﬂryoﬂtaglf)ﬁﬂ?% | ?Kf)i r?tl contacted by the

ligand. The ligand can be tethered to a sur of el t-hera.chin:gr bead.
Bi ndi ng ef f iigwREphpYs @éﬁ%‘h%a?‘mﬁﬁ&wﬁ@ﬂPeahb%fggmgfbaﬁ?éﬁlﬁe(tﬂﬂér. M cr obes
are found to bind nost efficiently to ligands that are aroun%la40 A | ong.
Li gandsaefdgened) dtht has bies dolbted tathe semeoBeRITILER F]a'ﬁ’ﬁf@lﬂmﬁ 6f A RENRARE T at e
surface '

(Bacillus globigiiy. This figure shows that the tethered heme-coated slide is able to effectively
capture the pathogenic bacteria from a solution even when the nonpathogen to pathogen ratio 1s
107:1. Detection of the captured bacteria was accomplished with the apparatus outlined in U. S.
Patent 5, 968,766 to I;owers.

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 2 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 51X
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 (?,hip or bead. The surface of the substrate is then



by tethers that are at least 15 Ain length; ligands directed to
prot ei naceous toxins are at least six A long. The analyte is then

physi cally separated fromthe non-binding sanple. Analytes captured by
ligands tethered to a surface can be separated from non-bi ndi ng conponents
of the sanple by sinply washing the surface of the chip or bead. The
surface of the substrate is then 9 interrogated to determne if binding of
the anaihbéh@%ﬁt@d tdetdringand binden sodabe sraidhvte Thie digtethasorcwied. bBumdrteationsbes on

the substrate surface can be made with: mcroscopy, intrinsic fluorescence,

conj ug atgogpg %ﬁ?r]:){) %Eoc{netgg m&aﬁegﬁﬁg%}l b¥ infafe WitHTnflEREERSLintiitas haeszaedce,

and/ or I cal' "absor bance. entification of the mcrobe or protein is
determ ned by the Identity of the ligand. It .is,i n t.ey that the
ot her  SRIGH B UBESHHEL SR TY R pRi TR Br L R
pbotostable), or otherwise chemcally labile in the solution ug d 1to ﬁ/ash
the | i gebserbhmeeh ddantificationfofdle migiokser PeRiBEAF ApteTiBed by e HERIHY PHHIC 1B np) e
cont ai ni ng an unknown anal yte mcroorganismor protein is first contacted

Wi th t heisSeRsRint e hete iHEReheSteMEthold ot bs phemoiedvable @.g. shbstthasbouldbeh as
gl ass, having a series of sections on the surface thereof Each section has

a diff %g%%;;{;b,g%%%:f%gﬂ?Igg%r%{nigﬁffaﬁi]e ﬁl%ég?lﬁf?oﬁﬁse@w%ﬁgﬁt}ﬁzfli hadétheretio

speci fi are capable of binding to the analyte for
capture, and the presence of the captured analyte is detected using a
f 1 uor estidde® det ecti on system for exanple, disclosed and clained in U S
Patents 5, 760,406 and 5,968, 766 and via the intinsic fluorescence of the
pr ot ei naceous ohexinhsdimeThefshe triventiony asample centeiies a BRSO FGHEE of t he
sensor ebip has the capability of capturing a specific mcrobial cell or

M cr obi Blerdd S4r@ind or froRin R e steldhfceawvibahe sarser dngl Thestnser gripiw foumed hia
captured m croorganisns as well. In an alternate enbodi nent of the

or ot omi BB SRt TP L o D e e P

con ugac%iigfgrent ligand bonded thereto, so as to be capable of binding to specific analytes. The ligands
are capable of binding to the analyte for capture, and the presence of the captured analyte 1s
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 cel] 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

(micToorganism, proteinaceous toxin or other protein) is first contacted with a ligand conjugated
to a marker, including, but not limited to, a fluorescent dye. The non-binding sample
components and excess ligand are separated from the ligand-bound analyte; this separation can

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

proteins). The detection of binding between the analyte and ligand, and thus taxonomic

10



to a marker, including, but not limted to, a fluorescent dye. The
non- bi ndi ng sanple conponents and excess |igand are separated fromthe

| i gand- bound anal yte; this separation can be acconplished by
centrifugation (for cells), magnetic sedinentation or chromatography (for
proteins). The detection of binding between the analyte and |igand, and
thus taxonomc | 10 identification of the analyte, is acconplished by

det ect ijgenidiatidreofBE ketyté ds geconfpllishedscdstenionfol themadigelccbnilirgatcansediithe
exanpl e above), In another enbodi nent of the invention, a sanple containing

an unkngQun_a: - ' ismor protein) is first contacted with a
BURERE e S eanees

| i gand to a trate’'surface with a |inker of appropriate

| ength, as noted above., Physi.cal. separa ' SRV eneR: bi nding
conponent s aWNBm§HWﬁFFBﬁ¥O EWPY?RWQ’%%%&ggpgpg%ﬁgvﬂgﬁ%ggwskPI?gh in the
art, the captured m croorganismor protein can be treate ith.a reactive
mar ker ,(microwigemamtdr@rateink sriirsigeatickedwitea b gang 1?@*’@&%@@?%@&%@?? gf@ 4

surface or the ligands. Detection of the marker on the area of the surface

associ giyger ¥ dpProphiate legan s sibiedhbbvdaRieysivebsepenapios el weshingremmie o8-

I ndicates the presence of a specific analyte. In a preferred enbodi nent of

the | ”%?r?&i}ég&mﬁ&%gisiog@ﬁds%m&%d AN RpRSRN By hess dkdilediayhe e, thaken from
aprised o

t he group ene conpounds, Siderophores, polysaccharides

(i ncluding oligosaccharides) .and .pept | des. i . - ose
ski | | ecFaPHTadHBICERQrSanism %Pm%)%‘?ﬁ c%%ﬂﬁ%%%??@%%&%é%@? ’ ré‘r’rlge@%tﬁé%é{w

capability, and thus henme conpounds can be used to, captu a_ nunber . of
pat hogelvecnapent ssth ditherabiel isehsgaterssrineses thoHEBdad thGPE%P% &'icd%ﬂ & 9hhPhe
formof high-affinity iron chelators, generally referred to as

si der opher @She §afacahsociardvaadht tigaaifs)tha hmeyest axposesl tofthe gl e gdicates
bacteria. Included anong such si derophores axe al caligin, nycobactins,

pyoc heltilg'presence of a specific analyte.

In a preferred embodiment of the invention, the ligands used in the present invention may
be taken from the group compriseci 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 uiatake 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 bactena. 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-contaiming

solutions with a siderophore or heme compound that has been conjugated with a fluorescent,

11



staphyloferrin, vibriobactins and yersiniabactins. As is also well known to
those skilled in the art and as nentioned above, discrimnation of aninal
pat hogens by bididing to hene conpounds and si derophores that have been

| abeled wth markers is al so possible. An exanple would include the

I ncubation of bacteria-containing. solutions with a siderophore or hene
conpound that has been conjugated with a fluorescent, 11 |um nescent
phosphangiesdtit, phbeioteseainh ebemilomirescent ¢ir oaliescuise eORPOIdd Afpgreveashipgdhs n g
the cells, detection of aninmal pathogens can be nmade by standard

f1uor E%%ﬁp(agtc GQ! & dRLIdafhoREns dufBleabddernydeindaid Muvréseedve] cplesmelfiteorbi ndi ng
of ani mal ’pat ﬁogens to hene“conpounds and sl derophores that are tethered to

a support. can,al so he.exploit.ed.t - ' d

envi roﬁﬁé’ﬁtﬂ% d%%?ﬁ‘ﬁ}’g%cm}élﬁﬁsf%gil%ﬁng E gfﬁ{lﬁ’tﬁgp%ﬁf%gss{eg 015 cﬁ%@l@%ﬁon and/ or
purification. In addition to heme conpounds and siderophores, eukaryotic
sur f ac esidepirhores $hat pegpiethgesd to 8 SURROTHGR WRORCSEP ,O“\ﬁi itQ:T’Fp&‘r%ée &Sﬁéolaf‘ﬁré{técé)% 7

m crobial cell receptors, can |likew se be used as ligands; in the practice

of the frEsARéntilIRERPles ., Whtes dor thg pugesé pitdondantralivy ead/pypwdizeationng
ol i gosacchari des and pol ysaccharides as well as those avail able by chem cal

synthesis. @ hekiioRkd uhaesh BRdkrbiRirs, alifrutickutfacoafitvpgepepfidem

vari ous mcroorgani snms are described by " K A Karlsson "M crobi al
Recogni tion of Target. Cell G ycocaonjugates" I LAl 1B 09Y usedt ££22- 635
(1995) )or Cﬂb@hﬁ{éﬁe%t"b‘%ﬁ @%0%?2%0'%%}&}%@?"?@“@%2%‘1%%5 F%l Egézt erral organi sms,
i ncluding the disease caused by each specigs and their binding .
char actligands indke miattcesif dles Rpseat BF entym; Q%E%Pélgﬁ & H’&mrﬂ&r@c‘%ﬁ?ﬁﬁ)u nds are
set forth in Table |I These characteristics can be used in the capture and
i dent i fdipatdceRbridles saholgqediaeides Raptll aithbiegamisble ay charpicelsynihesis. st fi ed
by affinity panning of libraries of oligopeptides and then synt h_esi zed
chem caf| ¥ 2L He{P I Biekr LEBRGS0 pathophs BrdRs! VaeshsBiicroorganisms 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
cansed 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 pamning 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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I solation fromspent mcrobial culture nedia.

( . be produced by chem cal synthesis or isolated
from eukaryotic tissue. Heme conpounds can be produced typically by
chenical synthesis using protoporphyrin | X as a starting reagent. 12 Table
| Bacteria] Characteristics for Siderophore, Oigosaccharide and Heroin

Bi ndi ng Bacterial Di seaseSi der ophored i gosacchari deHem nExot oxi n

Speci esCausedBi ndi ng?Bi ndi ng?Bi ndi ng?Pr oduced? Bacillus anth

raci sAnt hr axunknowna pul nonar yunknownant hrax toxi n ol i gosacchari de

chenical synthesis or
A i gosaccharide |igands can

Bor der el | ayhnenimeALepthahaehbiRs BndidcYsmeE, lsgdsscchan i nageiemii Binding
Bothersglucosan&ne Clospr|C|unBotuI|snunknomnunknomnYésbotul|num
R A M B S
Cor ynd (;ge;“ . LG seolzlI o afﬂ e i W_ﬁi’ﬂiﬁﬂm’\m Pl toxin
diphtrgﬂ’ggfgﬁﬁasErg é?lchilﬁ'allNuﬁg‘yﬁﬂMdﬂ&nOWE bi A e toxin
0157 ) | g¢§§§m%gg3 D |ose YesShi ga-1i Ke
Haerer"Br ”' 18 f ;_”U:_:b( LWh%Eﬁ:;gUX' 'hlca‘ﬁ? Her 5 N-acetyl- Yes pertussis toxin

pan§ grth, p.ero NAgR b dm@sunkpown i nf | uenzae4d) G4l ,
ot her 4 T HLgbact ey _%#{IL qbﬁg@§unKn MiaowhuC oS al IigknoWnV aest@lnaial Ng {Mori ol |
osacch%,b,g:%,yt otoxin toxin A

Clostridium Gas gangrene | unknown unknown unknown o-toxin

perfringens

Clostridium tetani | Tetmus nunknown unknown unknowm 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 GalNAcB(1- Yes unknown

influenzae 4)Gal, others

Helicobacter Gastric ulcers | unknown a mucosal unknown vacuolating

priori oligesaccharide cytotoxin A

Klebsiella Numerous many GalNAcpB(1- Yes unknown

prneumoniae infections 4)(Gal, others

Mycobacterium Tuberculosis | Mycobactin T | unknown unkmown unknown

tuberculosis

Neisseria Meningitis many unknown Yes unknown

meningifidis

Pseudomonas Numerous Pyochelin, Asizalo Gy, Yes exotoxin A,

aeruginosa infections others others elastase, others

Salmonella typhi | typboid fever | many unknown Yes Yes

Serratia NUmMErous Aerobactin, Yes Yes serralysin

marescens infections Ferrioxamine B

Shigella dysentery Entercbactin, Yes Yes Shiga toxin

dysenteriae Aerobactin

Staphylococcus DUIETOUs Staphyloferrin, | GalNAcP(1-4)Gal | Yes several

aureus infections others superantigens

Streptococcus prneumonia, unknown GlcNAcetyl{1- Yes streptolysin O

pneumoniae meningitis 3)Gal, others

Vibrio cholerae cholera Vibriobactin, Yes Yes cholera toxin

others
Yersinia pestis bubonic Yersiniabactin, | unknown Yes YopE, others
plague others
Toxins that contain at least one tryptophan or a few tyrosines per molecule can be
detected by tryptophan/tyrosine fluorescence after capture using a tethered peptide. A variety of
13



Kl ebsi el | aNunmer ousmanyGal NAcp( 1- Yesunknown pneunoni aei nf ecti ons4) Gal ,
ot hers Mycobact eri unmluber cul osi sMycobacti n Tunknownunknownunknown
t uber cul osi s Nei sseri aMeni ngi ti smanyunknownYesunknown neningitidis
PseudonmonasNuner ousPyochel i n, Asial o Gn |, Yesexot oxi n A,

aer ugi nosai nf ecti onsot her sot her sel ast ase, others Sal nonella typhityphoid
fever mmnyunknownYesYes Serrati onuner ousAerobactin, YesYesserral ysin .

mar escemgirotfeedhtlodiaEeleat.dagi aesl BCBhiagRIPOE BRSNS YR "e%%‘?i’@f‘i %‘#@?9@% Shi ga
toxi n dysenteri aeAerobactin

St aphy | @epoaiiseiBIogys St aphyl of errin, Gal NAcp(1- 4) Gal Yessever al

aur eusi nfecti onsot her ssuperanti gens

Strept ococcuspiey qg@gég,f g@&\gg %@gﬁgﬁd&r{a@tpﬁéﬁé fHRPERI BeS Nedbtured using the

neur noni aene oIt ro

chol eraechol eraVi bri obactin, Yeschol e xi.n_ot her L -

pest i sbigHmelayaieasried B ﬁ“gﬁﬁ h@%@@é’\f%%ééaovﬁgﬂﬁénsp?%%{gg)nt%blltqagrl gﬂ]'f%rf Phs t hat
contain at | east one tryptophan or a few tyrosines ger ngl ecul e cgn be

det ect el isiynportypitto phtzihatyfoo Stapéylbrassregwencerapiosin Bayhish deRIEIHE e &her ed

peptide. A variety of 13 ]
unfavorable case in Table II (due to the presence of just one Trp and 22 Tyr), the following

fluorescence study of the sole Trp residue has appeared: B. R. Singh, M. L. Evenson and M. S.
Bergdahl "Structural ;fmalysis 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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m crobes, including algae, fungi, and bacteria, export exotoxins that are
anenable to detection wusing this technology. Table Il contains exanpl es of
t oxi c, bacteria] proteins that can be (1) captured using the technol ogy
described herein, and (2) ultimtely detected via neans of their intrinsic
fluoresence. It is inportant to note that, for Staphyl ococcus aureus
enterotoxin B, which represents the nost unfavorable case in Table |l (due
to the presence of just one Trp and 22 Tyr), the following fluorescence
study of the sol e Trpble &isuinochasd dopearfedSelB:tedBaGemajloxMs L. Evenson and
M S. Bergdahl "Structural Analysis of Staphyl ococcal Enterot oxins B and
a Using £ldeul ar  Dialgiei sm and Fl ugiegenaadsSpect nastopy” ( Bi@gkem stry
27: 8735-874T (19 88)). As is well known Lo tl }ﬁc) t hose |IIed in fhe art,

det ect DALY 1 ypt ophé.’FP/‘etc?/‘rcGEtigﬁ‘b f I uor escénte (nor rral ized to the scattered
exci t ats efnradignal ) i s 1awf faited ent to i ndi cale that spgores, nonvisable cells,
viable  ve etatlve bac;]erl0 & fungal celhs, viruses, or a mgrobial toxin
are preBs .e., boun(ip}f | i gand) on t e surface of a sector of the
sensor R:hﬂrqgswm Tabl epbrFUSSISAm'Iho Acid Count®d2for Sel déted Bactel al Toxins
Bact er i agilaxiaNo. Am pQ;Aci dsNo. TrpNo. TL 1B ant hr agespr ot ect i are
antigen/53727 B. anthracesl et hal factor77g5%5 cer, usphospholl pase
C245915 Bfficifer t ussi spéPtussi s t oxi n952115 bot ul i um oxi n Af8961567 C.

di fci | et geghigah?36625168a-Gxinper f ri ngensi ot @46 oxi n346418 C. tet aldi t et anus

iipasc

toxin 145 :tlégfz%i78 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 listeriotysin O 523 7 23
P. aeruginosa elastase 301 4 22
S. marescens serralysin 470 7 19
S. dysenteriae Shiga toxin 638 7 17
8. qureus enterotoxin B 239 1 22
S. aureus toxic-shock toxin-] 194 3 9

Thus, as described aiaove, 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
techmique. 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 elfectromagn'etic radiation of appropriate wavelengths to excite fluorescence

characteristic of the presence of bound analytes.
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C. diphtheri aedi pht heria toxi n534516 E. coil al pha-henol ysi n1023338 H.

pyl orivacuol ati ng cytotoxin A808814 L. nonocyi ogeneslisteriolysin 0523723
P. aerugi nosael ast ase301422 S. marescensserral ysi n470719 S.
dysent eri aeShi aa toxi n638717 S. aureusenterotoxin B239122 S.

aur eust oxi c-shock toxin-119439 Thus, as descri bed above, a different |igand
I's tethered to each of the sectjons of the sensar.chip. .The sensqr LD 1S
t hen cont act48 IW%lhlﬂaW@a‘ﬁﬁh‘égeéM]teai%ﬁW@%HCI@rTB Eﬂ%ﬂ’&ﬁﬂ‘# E?ﬁg 13 caPES e%n%g{tg
wher eby specific ligands on the surface of the chip bind to specific

anal yt es jtseléflectesasat then tapflusresngnedveny chidnge updyobindingria the s yvie. el pethangs ned
away With an appropriate solution (such as a phosphate-buffered saline);

and { NeinSRRAQERBIBLdbe ERtaURIARL A Hanee iARAtaNNTAbel dblhechaanierisic
t echni que. e possi bl e technique used to detect the presence of bacteria

th ti f the.. chi B i S, i Sgl N 760, 406
and 5. SRETPEEICR MRS PR Eh et FBaH SuSkie el B ek e FRL PR 0 107,

radi ati on of appropriate wavel engths to excite fluorescence characteristic
of the @mésemetechen pblindnangl ytes. 15 As is well known to those skilled in
the art, if a tethered ligand used to capture an analyte is itself

f| uorescent mmhaeptesire bf therpeaeanioeentay, £ Senmje cupaining uneyn FHCIORES &Ryt e.

(This change in fluorescence could be manifest as either a change in

change. Tl S B B e aan be- used to conti rm
detect &?fm%];lt fi E&d@?ﬁlé%f fo the various sections of the chip. Then, the flucrescence of the chip
can be measured with a probe for the purpose of detecting which of the sections of the sensor
chip have analytes bonded thereto. As examples, mycobacterial siderophores can be used to
capture mycobacteria such as Mycobacterium tuberculosis. Helicobacter pylori can be captured

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

GADRSYLSFIHLYPELAGAGGGC

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

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

GHHKHHHGGGC

can be tethered also by means of the terminal cysteine group, to specifically capture the surface-
exposed protein A of Staphylococcus aureus, and hence this organism itself. The
Staphylococcus aureus toxic-shock syndrome toxin-1-binding peptide was described by A. Sato,
et al. in “Identification from a Phage Display Library of Peptides that Bind to Toxic Shock

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

Class II Molecules” (Biochemistry 35, 10441-10447 (1996)).
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In the presence of the present invention, a sanple containing unknown

m crobes can be contacted with the sensor chip, whereby one or nore

receptors of the bacteria react with various different ligands tethered to

the various sections of the chip. Then, the fluorescence of the chip can

be neasured with a probe for the purpose of detecting which of the sections

of the sensor chip have anal ytes bonded thereto, As exanpl es
e e

nycobact er i ahs widitaicd phvicedetempintie thepigsense of 4 Sing FEPIEANSTN as

Mycobact eri um tubercul osis. Helicobacterpylori can be captured using

t.et her edlsdvtaggtnsbnepromantamyienstifpham? pBthganatasd intéteet. doptlicdeases, however,

GADRSYLSFI HLYPELAGAGGEC can be tethered, by neans of the term nal cysteine

group t | ’ GORRD R&IEMUS idePitLos chlaxi n- 1.
fseﬁéfﬁ%@lm&eﬁ LyteSbRRMNLS i i Loipals

The pepti can be’tethered al so by neans of the term nal

cysteine grou to specifically captur h in A of
St aphy| &8 s %}h?)@ﬂg{?&’ 89{@1(%.@ﬁégns(oﬁflglpglraglggiag%l}%afo ggpfe gé%ﬁ%ﬁgéﬁ é‘gﬁ% ococcus
aur eus toxic-shock syndrong toxin-I-binding pe&i de s, described by A
Sato, lerizemtal 4xis anddbuse peqtions rlons thediertacabpiges %B?‘%@%E]PB’F ary of Peptides
that Bind to Toxic Shock Syndrone Toxin-1 and that Inhibit Its Binding to
Maj or Hi stoconpatibility Comgl ex |[(MH&R CiassABl Ml ecul es” iochem stry 35,
10441- 10447 (1996)). 16 [AS tgidi cqt edgabove, dggernining the presence of a
singl e captured m croor gam oy or Urgsrere m ggobi al protein can identify
sone of the anal ytes of Y-nterest—+n—othet—cases;—however, a series of two
or nore captured analytes of interest is indicative of the identity of a
particul ar analyte. As an exanple, consider a sensor chjp having.an area
of three sednitiinexamminghe sestionrodentfiedaian B provided Wib & foHeVIms1EaRdng t he
vertical axis as illustrated bel ow. Al A2A3

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)
Ci anti-S. aureus protein A peptide
C2 staphyloferrin

C3 fermioxamine B

1t has been found that Pseudomonas aeruginosa can be identified as the microorganism
when analytes are detected in sections Al, A2, A3, Bl and C3. Similarly, Staphylococcus
aureus can be identified when sections A2, B1, B3, C1, C2 and C3 contain analyte captured
thereon. In this case, capture of an analyte in section C1 is sufficient for taxonomic
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B1B2B3 C1C2C3 In this exanple, the sections identified can be provide |
the following ligands tethered to a specific section as set folroth I n '(tjh\tla\”h
f-ol lowing table: Section Location 3 x 3 Array Li and Al asialo GM A2
hemin A3 pyochelin Bl Gal NAcj3Gal B2 alcaligin B3 fibronectin (peptide
fragnent) C anti-S. aureus protein A peptide C2 staphyloferrin C3

ferrioxamne B It has been found th danon er ugi
i dent i fdestifiesionh &apues elovelfa %‘-’rﬁmWn&&r gﬁ%&alﬁyﬁgﬁgg néejg’%ir(rél&gltéc Ions Al
A2, A3, Bl and C3. Simlarly, Staphylococcus aureus can be identified wheh

sect i ongoAdratidh, of Btk lig@Risdagc O & gvemanelaisainia 2SERptIRAD SHRE BIRIS) 1
this case, capture of-an analyte in section ClL is sufficient for taxonomc

17 i denthdii€ahiQRnddRBIAN s & beeiried bt usetd dngle A2nplBl Thisd
_ , _ neré€xseatlie C3
relnforcesﬂthe éryeasult. 21'.Ime i ncor poration of rrultipII)e | igands targeting a

gi ven ang%%tag@%gé{ﬁw?%@ﬁ%%%ﬁﬁ?m Putcdeef fect, permts multiple, independent

2{1:{ %lzftigcal oo el f sing a single sanple. This increases the
preferably fTae e ligghds & Etﬂgﬁc??rgﬁglt%ér%&g%gg%?&% & JI‘F‘%“% 5 Bﬁ#ﬁg L are
agents which are themselves well known to those skilled in the art. When using a glass
substrate, or a plastic whose surface that has been cherucally oxidized to produce exposed
hydroxy] 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, Ry and R; being an alkoxy group. Rsis
an organjc group containing at least three carbon atoms and also containing a long linker bearing
a functional group capable of reaction with the ligand. Without limiting the invention, suitable
organic groups comprising the linker include polyamines, polyethers and poly(glycine). Also
suitable for use in the practice of the invention are coupling agents containing other functional
groups such as epoXy groups, amino groups 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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agents which are thensel ves well known to those skilled in the art. Wen
using a glass substrate, or a plastic whose surface that has been

chem cally oxidized to produce exposed hydroxyl groups, for the sensor
chip, it is frequently preferred to enploy, in the practice of the

i nvention, organosilane conmpounds have the foll ow ng general structure:
wherein R7 through R4 are each selected fromthe group consisti of

hydr ogeprefeaitity b teymong) Sanct oal STGVPrig: the P@%O%]&PES?FHH‘P‘B}%B","IHB? Fr s
containing 6-12 carbons and al koxy groups containing 1 to 4 carbon atons,
Wi th athje@stanskety foup BRached diectlyad tige iiccal kaxhagthowppatiityi of rezgiingr gani ¢
group containing at |east three carbon atons and al so containing a | ong

li nker a‘fe%m/ Wtk tﬁ? %ME PRl o181 %PEIaQ@tpéhl%lsﬁat@Bf {1RaehdoPBhipk ! Thishupliganagent
inrting S bl

W t hout e 1 nvention, Itable organic groups conprising the

use i EREndLERRERIBY bt Rler VLR o e leamby Y Semare ohfe e e

functional groups such as epoxy groups, am no groups .apd unsaturated

f unct i othakurfacewishe sepstr ckipl qu}owégy the ehesnca) reaspeneRrgdehio atag ,th'?/\ﬁ‘i‘liaﬁ Qre
capabl e of reaction with the various ligands. Wthout |imting the

i nvent i @B i@sobRizbMe0dnE, THe licgn® @ thevetherdiato thhrsurficgafitherghass tos plastih thrpiegh
functional group, 18 preferably a term nal functional group on the

b . o tFeGI el | ttached
o oo e BRI el b€ obdig A0 ealic HAKENO FUARR, Bedinkexshofidbbofl t A

reacting directly with

th f f th I | ast.i bst.r at f [ '
coupl | o BgERIenst I AR e EaRLY! thegP B anded IR RN PR B

by first reacting the parent silane with the surface of the sensor chip,
f ol | owettie bitipt Athictterivetdn isdasadi aorpir detstaination Biat shortet AELAPLERIEFWISID ¢t he
i mobilized silane. The ligand is then tethered to the surface of the glass

or pl asddcfeabdlt RHeEHal tdlcapaPtifiognagent (i.e., silane bearing the organic
linker). Further, the |inker should be of sufficient length to present the

|1 gand_at the, anbl MBladbdERRES e Hhsl 00 Fc oS bd Ok P PciBIOwIg: (e

chip. This observa S base our determnation that shorter distances
results in

Glass—O—-SI i—(CH,);NH(CH,);NH(CH,);,NH(CH)sNH—LIGAND

The ligand tethered to an oxidized plastic surface may be illustrated as above by replacing the
“Glass-0-51” 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 Uropathogem'c Bacteria”

(Bio/Technology 12: 1376-1378 (December 1994)).
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decreased bacterial cell capture efficiency. Thus the ligand tethered to
the glass surface may be illustrated by the followng: dass-OS

i #( CH2) 3NH( CH2) 3NH( CH2) 12NH( CH2) 5NH- LI GAND | The ligand tethered to an
oxi di zed plastic surface may be illustrated as above by replacing the
"dass-OSi" noiety with C (carbon fromthe plastic polynmer). The chem cal

reactions used in tethering ligands to é‘he Tz}ur ace of the s%n$9()rt1]%hi p are
known to t hoBlastsiveodguahreagiions i hasg vsrhto tHDELIETHEFT 2 AUEPT & Hrur e,
Such reactions may be found in G T. Hermanson Bioconjugate = Techni ques
(San Di gghce éCaglnd senfrebip, 18665t Heges s ghasesurfice contamngofgedn X )SEaUPsi ¢
Adhesi on of Bacteria to Thin Layer Chromatograns: A Rationalized Approach

to the ; d Jash 268dolutfnd YhinkidN Reeabeds/])-Amahyt i cal Bi ochemi stry
146: 151?6{%%64(% e985)) ; anc(JI),u Ni | sSon et l;@l : ,&@&)A%ar bohydr at e Bi osensor

Surface for the Detectiagn of LUr i La..- (Bi o/ Technol ogy 12:
1376- 1%“??583@%&?3%9@@%’39 tofga%f)ﬁtﬁggg%t%@%@%@ gsghlgﬁci'eacti ons are those
used to tether ferroxamne as a ligand to the surface of a glass sensor

chip. In the first +gq@g§)3@utgmgz)gpm©j{%mg{2f+ee—hydr oxyl groups
is first reacted wth a Z% sol ution of ganima- N-(am nopropyl )-gar ma-

am nopropyl trinethoxysilane to attach the silane to the glass surface:

d ass-OH + (C2H3) 30 S(CH2) 3NH( CH2) 3NH2 (1) d ass-- O Si - ( CH2) 3NH( CH2) 3NKR
The product of that reaction can then be reacted with glutaral dehyde at a
pH of about 8 to form the correspo'ndi ng al dehyde: O

Glass—O—Si—(CHy);NH(CH,)sNH,

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—S]i——(CHz)gNH(CHg)3N=C(CH3)3—C—H

In
The aldehyde, in turn, can be reacted with a diamine (III) to yield IV:
H;N(CH2)12NH;
oy
Glass—O—Si—(CH,)sNH(CH,);N=CH(CH;); CH=N(CH,);,NH;
Iv)

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

(terminal) aldehyde group:
20



d ass- O --Si - (CH2) 3NH( CH2) 3N=C(CH2) 3- C-H The al dehyde, in turn, can be
reacted with a diamne (Il11) to yield I'V: H2ZN(CH2) 12NH2

G ass-O Si---(CH2) 3NH(CH2) 3N =CH(CH2) 3 CH= I\ T(CH2) 12NH, Next, the product
of the preceding reaction is reacted with glutaral dehyde to introduce a
(term nal) al dehyde group: 20

d ass- O --Si - (CH2) 3NH( CH2) 3N- CH( CH2) 3CH=N( CH2) 12N=CH(CH2) 3CHO | (V) which
can then be reduced usi ng NaCNBH3 to vyiel d:

A ass- - O ShadCHR)-HN (@@M@@wmmgcw@ﬁmﬂ@cmgmh%@i ng

silane coupling agent bonded to the surface can then be derivati zeczv?y

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

NH( CH2) 5NH( CH2) 12NH( CH2) 4CH NH-DFA d aSS-O il - (CH2) 3~(CH2) 3 The DFA can

t hen beyigaganekerbevetiveFasiy NAa@How welth a ferrous salt in aqueous

mediumto formthe ligand. It will be understood that various changes and

nodi fi cati ons can lTe made in the determ nation, procedure, and fornmul ation
f

wi t hout departin romthe spirit of j ti ially as defined
in the fol G@mﬁfsmw@m@@mwﬁ@%{}%ﬁ%&%\ﬁ%@ﬂ@%ﬂfﬁa bi ol ogi cal
analyte onto a subgtrate wherein: (a) the ligands used are sel ectgg) from
the group consisting of. hene

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—Si—(CHa)sNH(CH,);NH(CH,)sNH(CH,); sNH(CH,);CH=NH—DFA
(VID)

The DEA can then be complexed with Fe by reaction with a ferrous salt in aqueous

medium to form the ligand.

Tt will be understood that various changes and modifications can be made in the
determination, procedure, and formulation without departing from the spirit of the invention,

especially as defined in the following claim:
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conpounds, siderophores, polysaccharides, and peptides specific for outer
menbr ane proteins, conjugated |ipids prions, and mcrobial protein targets;
(b) the ligand is tethered at a distance of around forty A fromthe
substrate surface for the capture of mcroorganisns; (c) the substrate is

suitable for a colum packing; (d) theibielogi cal anal ytes are sel ected
fromthe groups of. bacteria, viruses, rickettsiae, protozoa, fungi,
prions and m crobial

: protein_targets:. () the Yieyviafeih€ bi ol ogi cal
anal yzeslon thewedwsder eapdie of ﬁg'é"g"gf]‘oatj aP‘&g{ O(‘:](l[‘)bn%%ﬁﬁlaltei on of the bi ol ogi cal
analyte fromwater sanples; (f) the capture of the biological analyzes on

the substrat ey s ygarhah@d udehare epodnomtiiogons carsestingofoggretl anal yte from
nedi cal sanpl'és (g) the capture of the biological analytes on the substrate

is used for the concentratio t | ' : BEPIN et gEt Nary
sanpl es: (h) the E%Pwsbslﬂetr??eh%%?bopglﬁ%g ﬂglr?dlaajytd?sgﬁ%%éstes e substrate is
used for the concentration of the biological analyvte fr.o];rllJ ag .acgrgégl (1)
the capture of theepilotnsgiretginsrarygais Ends prerns gk I RPIRLPIGIRIY 37 he
concentration of the biological analvte fromfood product slurries;

(J)
the capture gé) t he,bli Bhoe ©alkreanahb visesmeeanft he subst r atoend ot Adfreisrthe he
concentration ‘of the biological analyte fromfood ingredient slurries: and

(k) the capture of _the biological - the.gubstrate is used for the
concentration of tsﬁlémﬁfeoslubﬁ?%gf ﬁl(anca @%ée/&ﬁ?%c?n&slmﬁﬁs sl'urries, 22
(c) the substrate is suitable for a column packing;

(d)  the biological analytes are selected from the groups of: bacteria, viruses,
rickettsiae, protozoa, fungt, prions and microbial protein targets;

(e) the capture of the biological analytes on the substrate is used for the
concentration of the biological analyte from water 5a111ples;

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

(g)  the capture of the biological analytes on the substrate is used for the
concentration of the biclogical analyte from veterinary samples:

(v} the capture of the biological analytes on the substrate is used for the
concentration of the biological analvte from an aerosol;

(i the capture of the biological analytes on the substrate 1s used for the
concentration of the biological analyte from foéd product slurmes;

(1) the capture of the biological analytes on the substrate is used for the
concentration of the biclogical analvte from food ingredient slurmies: and

(1) the capture of the biological analytes on the substrate 1s used for the

concentration of the biclogical analvte from soil slurmies,
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