TAXONOM C | DENTI FI CATI ON OF PATHOGENI C M CROORGANI SM5 AND THEIR TOXI C
PROTEI NS BACKGROUND OF THE I NVENTION This is a divisional application of
pendi ng prior application Ser. No. 091999, 159 filed on Novenber 01, 2001,
of Linda S. Powers; Walther R Ellis, Jr.; and Christopher R Lloyd for
Taxonom ¢ I dentification of Pathogenic M croorgani snms and Their Toxic

Prot ei ns. THXGNEREKE IDENEHRICATION QF #A THOGENSC MICROORGENISMS ANID ¢

i déntification of pathogenic THEROOTOXIGCIPRMBTEINS t he detection of their

pr ot ei naceous toxins. Pathogenic mcroorganisns, particularly pathogenic
bacteria which either occur naturally or which have acquired virul ence
factors, are responsible for many di seases which plague mankind. Many of
these bacteria have been EACKRSEROUINDOLWEL BYVENIHANS | n addition, there
is also the risk and |ikelihood that nonpathogenic m crobes could al so be
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mankind. Many of these bacteria have been proposed as biowarfare agents. In addition, there 1s

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 pathoéenic bacteria include those responsible for botulism, bubonic plague,
chalera, diphtheria, dysentery, leprosy, meningitis, scarlet fever, syphilis and tuberculosis, to
 mention a few. During the last several decades, the public perception has been one of near
indifference in industrialized nations, principally because of successes that have been achieved in
combating these diseases using antibiotic therapy. However, bacteria are becoming alarmingly
resistant to antibiotics. In addition, there have been recent revelations of new roles that bacteria
perform in human diseases such as Helicobacter pylori as the causative agent of peptic ulcers,
Burkholderia cepacia as a new pulmonary pathogen and Chlamydia pneumoniae as a possible
trigger of coronary heart disease. Apart from those pathogens, various socioeconomic changes
are similarly contribyting 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
medi 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
be pat hogeni c and enpl oyed as bi owarfare agents. Pathogenic m croorgani sns
are also of concern to the |livestock and poultry industries_ as well as in
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abortion of calves in cattle. Water supplies contam nated with
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techni ques to conduct field assgys for. toxic proteins and pathogenic
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Amplification Protocols for Pathogen Detection in Meat and Meat Products

by S. Prjlsaihefid cfRarlfa néddefeeraptd drdd inBgénsivt cachiigods. to 2bndurks fi2RasEHs 1995) )
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by R I\@oxétplrgtscins Gud 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 bacteria to obtain sufficiently
large samples (outgrowth) for the subsequent application of differential metabolic tests for
species (genus) identification. However, technigues requiring bacterial outgrowth may fail to
detect viable but nonculturable cells. To the contrary, thg growth media employed may favor the
growth of bacteria with specific phenotypes.

More sensitive and more rapid typing schemes are described in “Strategies to Accelerate
the Applicability of Gene Amplification Protocols for Pathogen Detection in Meat and Meat

Products” by S. Pillai and S. C. Ricke (Crit. Rev. Microbiol. 21(4), 239-261 (1995)) and

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



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
anplification and sequenci ng techni ques require technical expertise and are

not easil adapt abl e. out si de .of . speci al i I t opdi ti ons.
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Mor eov%lﬂov@é??ocfﬁ}cﬁ’éi& hQd sé?:fueﬁcﬁﬁ%"tdc deffect HeGiTeRNEANT SpEtitilactuctarahsmrial Such
sanples 1s made difficult by the presence of materials that interfere with

t he effect ual | .11 ' f 1 e [ ; | tral

anal v BEGSH R 08 O iR el e oo cxpR AR ard A RaBET (0
lysis has b ' ' . Vi .

Gescr plimablopuEiie rarssiuecs BOBHITTECURTGEE HUK DBFAHTEHEaP A BEe. met hod

can be found in "Characterization of M croorganisns and Bi omarker
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G A Anderson, T. D. Veenstra, M S. Lipton and R D. Smith (Anal. Chem
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followed by optical detection of the captured _ceI,I s. The nost popul ar
i MMunoaseyrevtthihe effesiaal menplifinktat oftangeidaNAben diryd sapplef.ELI SA), has a
detection limt of several hundred cells. This is well below the D50 of
extremely  Mass spectral analysis of volatile cell components (e.g., fatty acids) after sample lysis or
pyrolysis has been used for the detection of bacteria and viruses. One description of the methods
used to detect microorganisms with this method can be found in “Characterization of
Microorganisms and Biomarker Development from Global ESI-MS/MS Analyses of Cell
Lysates” by F. Xiang, G. A. Anderson, T. D. Veenstra, M. S. Lipton and R. D. Smith (Anal.

Chem. 72 (11), 2475-2481 (2000)). Unfortunately, identification of the analyte is unreliable as

the compositions of a microbe’s volatile components change depending upon different
environmental growth conditions.

Another approach utilizes immunochemical capture as described in “The Use of
Immunological Methods to Detect and Identify Bacteria in the Environment” by M. Schlotter, B.
Assmus and A. Hartmann (Biotech. Adv. 13, 75-80 (1995)), followed by optical detection of the
captur-ed cells. The most popular immunoassay method, enzyme-linked immunosdrbent assay

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



3 infectious bacteria such as Shigellaflexneri. Piezoelectric detection
techni ques, such as those described by "Devel opnment of a Piezoel ectric

| mmunosensor for the Detection of Salnonella typhinuriunt by E

Prusak- Sochaczewski and I H T. Luong (Enzym M crob. Technol. 12: 173-177
(1990)) are even less sensitive having a detection limtation of about 5 x

105 cells. A recent report entitled "Bl osensor Based on. Force M croscope
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contam nation by a renote sensing unit iS necessary to permt and
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t he ability Moreghabtielpyior ait fex nadeatansivetnse ehinmobidigechantdadieadh- pat hogens.
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because the antibodies employed are very sensitive to variations in pH, ionic strength and
temperature. Antibodies are susceptible to degradation by a host of proteolytic enzymes in
“dirty” samples. In addition, the density of antibody molecules supported on surfaces (e.g.,
microwell plates or magnetic beads) is not as high as is frequently necessary. A good summary
of the state of the art, still up-to-date, is “Mic:obial Detection” by N. Hobson, L Tothill and A.
Turmner (Biosens. & Biqelectron. 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 admézﬁstration 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



4 | ess than 15 m nutes. Such techni ques should be able to recognize

pat hogens and provide sonme assessnent of strain virulence or toxigenicity.
To date, comon approaches used for the identification of pathogenic

‘m croorgani sns and their proteinaceous toxins have enpl oyed i munol ogi cal
met hodol ogi es. | mmunol ogi cal methods suffer fromthe sensitivity of
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conditions. To overcone these problens the present invention describes the
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non-anti body based ligands. It is accordingly an object of the present

i nvention t @R 88nRn %ﬂ&@aaefs%ed fx ardadedichyoeubpatiddeng miccombassand
proteins that overcone e foregoi ng di sadvant ages of technol ogi es that
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has the capability of discrimnating, betwee pecific I cr opi al ecl.es,
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proteins of diagnostic utility. SUWARY OF THE | NVENTI ON The, present
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pol ysacchari des and peptides to bind to pathogenic mcroorgani snms and their
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the present invention resides in a nethod for the taxonomc i'deinli £ (%ati on
of m croseLdnyentisntnpiniders mefhed &1 daxoaprically CUAIBAME TS ehE PERIRAF (R of
m crobial receptors to specific ligands. A mcroorgani smcontaining sanple
i s contgaeiceshe e fobepolrigghisudyantages of krehholgginsithbedepgné ipereantibodies.
Tt is 2 more specific object of the invention to provide a method for taxonomically
évaluating 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 éntibody—based tcchnologies.r 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



5 tethered to a surface or conjugated to a marker. The target m crobe
(bacteria, virus, fungi, protozoa, rickettsiae, or other cell) or
prot ei naceous material (toxin) is then separated fromthe non-binding
sanpl e conponents and unbound |igand as by washi ng, nagnetic separation or
chromat ography. Finally, the sanple is interrogated by an appropriate
method to determine if the |ligand has_been bound ta the.target Qy
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determne if the ligand has been specifically bound to a m croorgani sm or
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conjugated to a ligand coupled to detection of a m crobe via fluorescence
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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. Pateﬁts 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 ﬁlcthods, 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-



6 conjugated ligand. It is inportant to note that if optical nmethods are
used to detect the captured mcrobe or protein the tether should Dot be
phot ocl eavabl e, e. a. the tether should be photostable. Thus, the method O
‘the present invention does not depend on classical antigen- antibody
recognition, On the contrary, the concepts of the present invention nake

use of relatively _inexpensive reagents in the. capture of nc r l
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"invention, sensor chips (or beads) are enployed. These chips shoul d_be
f or ned riitobe ar puitdiatiegethepgontd m'abeph@bcbwﬂ?k’a@ggﬂﬁé%thﬁrShﬁllglsh Rh0 1%-at es
(e.g., poly(propylene) or poly(vinyl acetate)) that will be, conpatible

wi th both t hgns Ghemedbfic®shdisesnt Rveidnjdegahe: depend dmilessichdntigegeandibbdy t he
surface and the detection nethod enpl oyed. The sensor chip is fornmed of a
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woul d include, for exanple, proteins residing in the outer nenbrane of the

m cr obisaplecel | , pilus. or flagellum which is exposed to the aqueous
envi ronnment surrounding the cell. The ligand for pathogen/protein capture

bonded to tleosMEfBSEmeht &itBe BRBSEIN, 6dbiser chips (@nbealspark @mployedarTihest chips
general, such ligands nmay be characterized as hene conpounds, siderophores,
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vari etf Foorgani Sns an oxi c protelns.” These |igands can thus be

i rmobi |i zed or_bonded, to the s ce..af -the.sens i
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with the |igands, whereby the coupling agent establ|shes chenj cal tether
bet weeronjnpate the firder st ligand te dresoriaesang t %éetﬁﬂ@nlmﬁf&%e@aggﬁﬁle%? SFEREt i on
with a variety of different mcroorganisns and proteins. The sensor chips

and ar reayss foinedro apufasedatroy éefimigd plorelity of sections on the surface of the sensor
chip, and each section has bonded thereto a different ligand capable of molecularly recognizing a
specific microbial protein or microbial receptor, and hence the microbe itself. Microbial
receptors would include, for example, proteins residing in the outer membrane of the microbial
cell, pilus or flagellum, which is exposed to the aqueous environment surrounding the cell. The
ligand for pathogen/protein capture bonded to the surface of the sensor chiin 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 vanety of
microorganisms and toxic proteins. These ligands can thus be immobilized 61’ 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 qf different

microorganisms and proteins, The sensor chips and arrays (1) are exposed to a solution



7 containing mcroorgani sns or toxic proteins, (2) the non-binding

constituents of the solution are renoved, (3) followed by interrogation of

the ligand-tethered surfaces to detect analyte binding. Analysis of the

type or pattern of |igand-tethered surfaces found to have captured the

m.croorgani sm(s), or mcrobial proteins not contained within intact

m crobial cells, can be used  to taxo&g cal | |dent|f%lg%l m oor n| srén or
ket
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identify mcroorganisms wthout the need for growing a culture of the
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produced. Likew se, low |levels of toxic mcrobial proteins can simlarly be
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becore SESAPEEBbA PITEN P R oA a i ePLARGR clTah B |
di scl osed enbodi nents .and the appended cl ai ns. .BRI EF DESCRI PTI ON OF THE

FI GURESP Faxguemicelly ssiv vaicgesednem of USHXOREIS S t yphi muri um on a gl ass

m croscope slide coated with tethered heme. Detection of this pathogenic
bact er i um wWahuacthe pysérs hedntec cardianged tapidifiéo idsnhbomisreprappEraviBoyihe i ned
in U S Patent 5,968,766 to Powers. Figure 2 shows the capture of

Ent er Ol‘ﬁ%&i FHI g?@&f?@%%ﬁm@'df%&%drébr\iﬁﬁtr@ Wfid fRAGEIBosedicully examiBag e andture
gl obi gi'| | ass microscope sli de coated with tethered hene. Detection

appar ot RSN B RACARR P DIE0 RS RE, Srlryde fpfErananisand

aten to Powers. TAI LED
DESCRI PTI ON OF THE | NVENTI ON The ca e.of a t enl
(Sal Mool EAmESESFATHIR FBRHPY G ESEX %M’%éﬂ@e %E%T W%@?ﬂbﬁa T?ﬁ@“%% 880
I nvention, is showmn in Figure 1. (The nethod and apparatus outlined in
often used in the prior art. These, and other objects, features and advantages of the present
invention will become apparent upon review of the following detailed descriptions of the

disclosed embodiments and the appended claims.

BRIEF DESCRIPTION OF THE FIGURES

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

Figure 2 shows the capture of Enterobactor aerogenes diluted in various concentrations
of Bacillus globigii on a glass microscope 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 presen't invention, is shown in Figure 1. (The method and apparatus outlined in



8 US. Patent 5,968,766 was enpl oyed for the detection of the captured
bacteria. Although nunerous conpatible bacterial detection nmethods could
have been enployed, this nmethod was used due to its ability to detect such
smal | nunbers of bacteria on the slide.) Inspection of the figure shows
that the detection limt (<l 00 cells) of the captured m croorgani sm using

atethered hene ligand is |ower than that observed H%I nt% A ”@tﬁﬁﬁ.ﬁg’i cal
met hoddJ. ScPatent GO 68616 sv asretployed fen thaldeicaiwan o BRSIPVISE RAFRY2h t he
m croorgani smand the hene ligand is not as sensitive to pH, ionic

st r engtimafds EGRPAIA bcera déisctingéthglstooulianbetodyployod thiemeethodjurd i s
al so Il ess expensive, requires |ess careful storage and is not susceptible

t t eal ySi.s..as.: i podi ' at. { thapt

o R 8 D e e e S B o ol R et a1
to th tration in soluti th (Baci.

G obi giEye SPAVS e ts delce Rl 04 oot St hE PRI eRep g HRehered

effectively capture the patbogenic bacteria froma %?H ution even_ when the
nonpat hegetigiral isdwmdlem thattdbseived using mmungegieetpeiRost (cen Q:%"Elt’b‘fl@?f
bacteria was acconplished with the apparatus outlined in U S Patent 5,

968, 766{0aRNBHBns) BidISs BERREH tRGhicRlordgdenpmesthehemetigand Gmotas sensiiive
cont ai nan a biological analyte, such as, an unknown anal yte m croorgani sm

or protein toxin, is first o {3209 Thd R8mk ligantisa 1be
t et her é‘ﬂpﬁdoﬁmsgﬂ??%ﬁgn %{e%n |efaf%'§1re%ggsgﬂ?%¥6w%eg%. B‘?ndi ng ef fllgci ency is
dependent upon the length of the tether. Mcr.obes are £o -bi Agd nost
ef fi ci expangive.cenRiEraness cagil storage a&h&ﬂ?ﬂi SHEF Rl IBE%PTOE‘TOS%%%%%F%%& 6, o

m crobes are covalently attached to the substrate surface _by tethers that
are at | easFighte Ashaws thatptlered heyamerptute pée patiosBUGPIAE R EBHELHE¥ ns ar e
at least six A long. The analyte is then physically separated fromthe

non- bi ngi ag,Sepal Bas vhaRhYkteS o BapirtE eshcbyrdtiopandsiutiehelraubrpsthegsur f ace can
be separafed from non-bindi ng conponents of the sanple by sinply washing

the s ur( gc?ﬁusogfloéigg). CHliPs Blre REAL thiBe SthdrafRerRd-chdted Slihsk kBleqo efetthely

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

Tn one embodiment of the present invention, a sample containing a biological analyte,
such as, an unknown énalyie microorganism or protein toxin, is first contacted by th.e ligand.
The ligand can be tethered to a surface of either a chip or bead. Binding efficiency is dependent
upon the length of the tether. Microbes are found to bind most efficiently to ligands that are
around 40 A long. Ligands directed to microbes are covalently attached to the substrate surface
by tethers that are at least 15 A in length; ligands directed to proteinaceous toxins are at least six
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



9 interrogated to determine if binding of the analyte to the Iigand has
occurred. The detection of bound microbes on the substrate surface can be
made with: mcroscopy, intrinsic fluorescence, conjugate dye fluorescence,
radi oactivity, |lum nescence, phosphorescence, and/or optical absorbance.
Identification of the mcrobe or protein is determned by the identity of
the ligand. It is inportant to note that the tether should 1no% be.

phot ocl atviaBtied fedeierminenié birshing:o! thyaalite e the ligane Baspewyed. o [ e SfEFHAnaS
chemcally labile in the solution used to wash the |igand-tethered

sur f acebouhd nfit@bedaotie sErstratfsutfhee ¢ambembadenyitta rsiargsteye oritadin flngreasenamik nown
anal yte mcroorganismor proteinis first contacted with the sensor chip.

The Sen&%{}ugﬁ%h@g iﬁﬁofe@éé‘[@@, rQ{lioﬁctiv%??l%ﬁﬁﬁés@anc@,%sﬁﬁor&lc&%& afitilyt Gygtical seri es

of sectio e surtace thereo Each section has a different |igand

bonded thereto, as_t | f _bi ndi L fi h
7 gandsosabe e SN ERIoTInT A ol o yPah el B HEn T MRgendn®
(et oct 11bfs myponinio pole St Anieier haskl w98 PP IPRAIEE i ERer PABAES

5,760,406 and 5,968,766 and via the intrinsic fluorescence of the
pr ot ei NaRedwbld)wfioterwisg Bhianickiielabilgantie sblutiax hsefto twaeh Seedigapdgetderedne
sensor chip has the capability of capturing a speciic mcrobial cell or
m crobialrprotein. The used chip can be saved and used to grow out the
captured mcroorganisns as well. In an alternate enbodi nent of the

I nventi on, sanmpl ont ai ni ng_an.. unk : ' kem
pr ot ei nac eo?rrg QPBQWE‘)%F’CB?WQI?‘B %}VSP%?%)agf%ﬁﬁfei%rgﬁa}%g%?éc egg‘\?\}r %ﬁﬂg | i gand
conjugated to_a marker, including, but not i rgjt ed to, a fl uosgit%sceén dye.
The normisrordganisT arppiein isdHpGRarRCEd HEP thy 6aser $1ipahhe SERSOLER IS0THST Phfn t he
| i gand- bound anal yte; this separation can be acconplished by
cent ri fgupatdtgrudd aarglasel Has)ng amgieedf eciedi amghe aurifane thareath r Beekt segierphas 4 f or
proteins). The detection of binding between the analyte and Iigand, and
thus taXapeM Feand bonded thereto, so as to be capable of binding to specific analytes. The ligands
are capable of binding to the analyte for capture, and the presence of the captured analyte is
detected using a fluorescence detection system, for example, disclosed and claimed in U.S.
Patents 5,760,406 and 5,968,766 and via the intrinsic fluorescence of the proteinaceous toxins.
Thus, the ligand of each of the sections of the sensor chip has the capability of capturing a
specific microbial cell or microbial protein. The used chip can be saved 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 conjngated
to a marker, including, but not limited to, a fluorescent dye. The non-binding sample
components and excess ligand are separated from the li gand-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



10 identification of the analyte, is acconplished by detection of the
‘marker (e.g., fluorescence of the dye-conjugate in the exanple above). In
anot her enbodi nent of the invention, a sanple containing an unknown anal yte
(m croorganismor protein) is first contacted with a ligand tethered to a
substrate surface with a |inker of appropriate |length, as noted above.

Physi cal separation and washi ng renpove non-. bi ndin onponents of the

01 ut | Gt sa 0f R apEF ae PECBIP SRR TSSPaR o A APy HLoTeRent SEPE e
m croorgani smor protein can be treated with a reactive marker, provided

t he mardyerconjigess imthe exmaple ahbvd). ei t her the substrate surface or the

| i gands. Detection of the marker on the area of the surface associ ated

with the |igangdéisd dhakihanes branyvexeasLtnige theaahal atmknodneatlyse t he
presence of a specific analyte. In a preferred enbodi nent of the invention,

the Ii ggﬁ&g?r‘éﬁ@g@i 02 gi?ggﬂﬁg%ﬁﬁ@oaia@%ﬁ Qb SR tetﬁ@reﬁ%gguﬁsrn%@( §1fi’ﬁ|09'§da%pa

conpri s, “siderophores,“pol ysacchari dcs I ncl udi ng
those skilled in

ol i gosacchari des) and pepti des, is.also well .kno t

Che ar ImkaneiARPapReNOYS 25 SAER APPYE. TGS LSS PPRaHe? Tl HREREPIBTIIY —and

t hus hene conpounds can be used to capture a nunber of _pathogeni c species.
| n additinding tempeeetsob thecohdon. distvll Heiagprediatadrby thesef altadon the gi-tBef i nity
iron chelators, generally referred to as siderophores, can also be used to

capt ur &, ikl S or PRtNOELTbeOrdatll with Areadctivd mddr,airongded tiehmarker
si derophores are afcaligin, mycobactins, pyochelin, staphyloferrin,

v o o0t A S RAE LSl & BB e kpaI e pserek | o

i one ove, discrimnation of aninal pathogens by

bi ndi ng to heme conpounds _an i der ophores that have en | abel ed ..wiih

ot ke s R oirfags BbHEted AR B AT bl e paaPoiea T MR AR Y pdids
bacteria-containing solutions with a siderophore or hene conpound that has
been cahg pigadred ofa specHicfdnabtescent

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

As is also well known to those skilled in the art, animal pathogens generally possess
heme uptake capability, and thus heme compounds can be used to capture a number of
pathogenic species. In addition to heme compounds, other ligands in the form of high-affinity
iron chelators, generally referred to as siderophores, can also be used to capture many strains of
pathogenic bacteria. Included among such siderophores are alcaligin, mycobactins, pyochelin,
staﬁhyloferrin, 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-contaimng

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

11



11 | um nescent, phosphorescent, chem | um nescent, or radioactive conmpound.

"After washing the cells, detection of aninal pathogens can be nade by

standard fluorescence, colorinmetric or radiation detection techniques. The

bi ndi ng of ani mal pathogens to hene conpounds and siderophores that are

tethered to a support can also be exploited to separate these m crobes from

envi ronnental sanples, e.g., water, for the pureose of c qggntr%%%ﬁggand/or
r

puri f i damirmscent, phagiiioresemtcheme FRTEEFHHb A ARt Ve FRBPY %
surface epitopes (peptides or carbohydrates), which are recogni zed b
M cr obi gljs GRectisreeRphasipattagend dakdwisalciy strddrdafiuoreicgaitd SOlORMEREE Pr act i ce
of the present invention. These |igands include naturally occurring

ol 1 905 aGhAY) Has:RY l‘i'?oﬁgm{g)ﬁ%écﬂﬁé\ﬁh(ﬂﬁg Rl barRSgcbbaserny abhpbiras ayd cheni cal

synt hesi's. osaccharides and their inity to pathogens from

vari ous m croorgani sns_are described b K. A . I

Recogni %“ilfé?Ph(?FeS%%%‘@éette@&Tq t@aﬁﬁ%(gﬁ?z’ﬁg%ioebsam? @tn}régyﬂ E%gfht%l SF%%%GSS:%OZ%- 635
(1995)). The characteristics of a nunber 041 pat ho?eni C })act ef.i | organi sns,
i ncl udi enyiroireendilsempiss, cauWalEr.dyr B8 PRTOPRE] WRCEHEUCREPYOh PHY “h%“m-
characteristics with siderophores, oligosaccharides and hene conpounds are
set forth i nphalkien lo hebresanmhadamidsidabpluses ankargoticursidce ppitanss Gagptidée and
identification of such species. Peptide |igands can typically be identified

by affini ?@g{ |k DreRb infisedty mrbligReN rédigtoraren likewiss potubabsaszed
chenicéFf%&mg' ng%ﬁﬁﬁﬁz#?ﬁﬁnﬂs ca%nge pr oduced Ey chem cal synthesis or

isolation fromspent m.robial culture I b hakiidecdirgands can

be prod]é&f’é@ls’r?&]l?:ﬁr@m“&?é}f @Wf?@%f@e%&}'s—gﬁg% g%an??%%ck}%ryot?ccti s%e. Her ne

conpounds can be produced typically by chem cal ni hesi s usin

pr ot oposljgoyacicharidxs ard pol¥tagehandgs FeRfbAt ﬂm&eza‘*i*ﬁ%lsgy C%qac ffyé‘l%esg' Other

Characteristics for Siderophore, digosaccharide and Hem n Bi ndi n%
oligosaccharides and their affinity to pathogens from various microorganisms are described by

tic
y

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 speciés and their binding characteristics with siderophores, oligosaccharides and
heme compounds are set forth in Table 1. These characteristics can be used in the capture and
identification of such species.

Peptide ligands can typicall.y be identified by affinity panning of libraries of
oligopeptides and then synthesized chemically. Siderophore ligands can be produced by
chemical synthesis or isolation from spent microbial culture media. Oligosaccharide ligands can
be produced by chemical synthesis or isolated from eukaryotic tissue. Heme compounds can be

produced typically by chemical synthesis using protoporphyrin IX as a starting reagent.

12



Bact eri al Di seaseSi der ophored i gosacchari deHer ri nExot oxi n
- Speci esCausedBi ndi ng?Bi ndi ng?Bi ndi ng?Pr oduced? Baci | | us
ant hr aci sAnt hr axunknowna pul nmonar yunknownant hrax t oxi n ol i gosacchari de

Bor det el | awhoopi ngAl cal i gi n, N-acetyl

pert usi scoughot her sgl ucosami ne
Costri di unBot ul i snunknownunknownYesbot ul i num toxin A botul i num

-Q ostridiunbras gangreneunknownunknownunknownoc-toxin erfr-in ens
Cl ostridiumtetani Tet nusunknownunknownunknownt et anus t oxin

Cor ynebact gl

-Yespertussis toxin

f?]l'é TR aPRE Eﬁfﬂa@ﬁ@ér%lﬂ@§ for ISudHEs Moy K ipoward hirtereandi Hernmd indiig

Btlgz?ir :_f'?i:a Escherichi a c9 | }ltlumer ous ma};yGl obobi ose, YesShi ga- i ke
: R H’E‘ﬁ e Dlicosaccharide | Hemin Exotoxin
g?ﬁg?ghl pegigs Hlﬂi‘?' t I]Szgnf%r obagp Einﬁl in$@SUNKNOWihdingt | YemrahedRGal
) Lcut “B{kh&b Kno 3 PRl UNKRaEwEAC Uahdtak rgin
pyl ori ol Cy Ot OXI oligosaccharide
Kl ebsi el C 5 UnkKT : : : _
others M FEhE ( hlcahﬁﬁ:s QutefpREUNDN| e nf ect|ipersd) Gah
pe. éd,@rcul 0B by cobact|ighicduka ownlinknownurlknown
Clostridium Botulism unknown unknown Yes botulinum
botulinum toxin A
Clostridium (as gangrene | unknown wiknown unknown o-toxin
perfringens
Clostridium tetani | Tetmus unknown unknown unknown tetagus toxin
Corynebacterium | Diphtheria Aerobactin unknown unknown diphtheria
diphthariae toxin
Escherichia coli Numerous many Glohobiose, Yes Shiga-like
0157:H7 infections athers toxin, others
Haemophilus Meningitis Enterobactin GalNAep(1- Yes unknown
influenzae 4)Gal, others
Helicobacter Gastric ulcers | unknown a mucosal unknown vacuolating
pylori oligosaccharide cytotoxin A
Klebsiella Numerous many GalNAch(1- Yes unknown
preumoniae infections 4)Gal, others
Mycobacterium Tuberculosis | Mycobactin T | unknown unknown unknown
tuberculosis
Neisseria Meningitis many unknown Yes unknown
meningitidis
Pseudomonas Numerous Pyochelin, Asialo Gy, Yes exotoxin A,
aeruginosa infections others others elastase, others
Salmonella typhi | typhoid fever | many unknown Yes Yes
Serratia Dumerous Aerobactin, Yes Yes serralysin
marescens ‘infections Ferrioxamine B
Shigella dyseniery Enterobactin, Yes Yes Shiga toxin
dysenteriae Aerobactin
Staphylococcus DUMETous Staphyloferrin, | GalNAcB(1-4)Gal | Yes several
aureus infections others soperantigens
Streptococcus poeumonia, unknown GlcNAcetyil(1- Yes streptolysin O
pneumoniae meningitis 3)Gal, others
Vibrio cholerae cholera Vibriobactin, Yes Yes cholera toxin
others
Yersinia pestis bubonic Yersiniabactin, | unknown Yes Y opE, 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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t uber cul osi s Nei sseri aMeni ngi ti smanyunknownYesunknown nenin itidis
‘PseudononasNuner ousPyochel i n, Asi al o Gvt, Yesexot oxi n A,

aer gi nosai nf ecti onsot her sot her sel astase, others Sal nonel |l a typhityphoid

f ever mmnyunknownYesYes Serrati anunmer ousAer obactin, YesYesserral ysin

mar escensi nf ecti onsFerri oxam ne B Shi gel | adysent er yEnt er obacti n, YesYesShi ga
toxi n dysenteriaeAerobactin, . r ) :

'St aphy FMBEwbEY IMIRERS 3G ZH8)H WP AP IR a-EIPRAG FP T Im Ral Preighle Jp detection

aur eusi nf ect i onsot her ssuper anti gens

St r ept aeingchis perdnoiogy.a, unknownGlcNAcet yl (1- Yesstreptolysin 0

pneunroni aeneningitis3)@l, others Vibrio

chol er aecholpaMi e it@hastdnipl des Yesie nlcaial proxdins thbtan ek erapturedusing the
pesti sbuboni cYer si ni abacti n, unknownYesYopE, others pl agueothers Toxins that

g (Ca)tntagit gﬁi%g}ﬂ)g??%%c gﬁ% f#}r?l{}}t %g{‘@g uﬁ{mzﬂﬂ}g%\é{e&ﬁéﬁ Q8 MBSHsRETheitin B iel CfleRBseace.

pto P uoréscence after capture using a tethered

peptide. A variety of 13 mgropes, including, algae,fungi I,
e rmati Sk v PSSR AL O A P e
Table Il contains exanples of toxic, bacterial proteins that fﬁn be (1)
capt ur eefaveiable ¢dsein Table I (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. 5.

Bergdahl ”Structural Analysis of Staphylococeal 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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t echnol ogy described herein, and (2) ultinmately 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
FI (due to the presence of just one Trp and 22 Tyr), the follow ng
fluorescence study of the sole Trp residue has appeared: B. R Singh, M L.
Evenson and M S. Bergdahl "Structural Analysis of Staphyl ococcal
Enterotoxins B and O Usi n}gmo rcul ar DICh%fg ggnd Fl yorescence

Spectroscopy” ( Bi ocRebidk rimpp: Aggmpuptsfar amﬁéal SR | known to
those skilled in the art, detection of tryptophan/tyrosine fluorescence
(nor malBazesnt 0t he schakbered excitatioohmsp4edd ) is NouT®i ci entNe-&Y ndi cat e
t hat spé)rq}smmnonw abl g, cell.Saig¥l abl e vegatggti ve bac7t erial or 3‘7unga| cells,
Vi ruses, i Crobi toxin are present (7 , d to a gand) on the
surfaced erffhramsect or ofleteh@ct&ensor chip. 14 G\'abl e IL Am no ACI Count s f or
Sel ect ef Bagteri al ToxpirgndBgeed €r i uniroxi nNa4s Ami no Ad dsNo. Tr_PNo. Tyr B.
anthraci sprot ective antigen753727 B. anthrgagi sl et hal,;factor 77035 B.

cer eusph82pisl i pase CPABEIS™B! pertussisperfussis toxin9g521150 C.

bot ul i nuEsmsia AL296156& . difficil et oxi 129236625166 C. 67

perfri (gggaslota t oxi n%é&@rﬂS C. teianitetanyg toxinl4311378 C. 166
& PHEH

di phth i pht heri a Yoxi n534516 E. col i aLgha- hem)l4ysi n1023331% H.

pyl or i V@geafinggts ng cyt oflaierR AS08814
C. tetfani tetanus toxin 1421 i3 78
C. diphtheriae diphtheria toxin 534 5 16
E. coli alpha-hemolysin 1023 3 38
H plori vacuolating cytotoxin A 808 B 14
L. monocytogenes listeriolysin O 523 7 23
P. aeruginosa elastase 301 4 22
S. marescens serralysin 470 7 19
S. dysenterine * Shiga toxin 638 7 17
S. aureus enterotoxin B 239 1 22
S. aureus toxic-shock toxin-1 194 3 9

Thus, as described above, a different ligand is tethered to each of the sections of the
sensor chip. The sensor chip is then contacted with a sample containing unknown organisms or
proteins, whereby specific ligands on the surface of the chip bind to specific analytes, selectively
capturing them. The unbound analytes are then washed away with an appropriate so]ﬁtion (such
as a phosphate-buffered saline); and the sensor chip is then subjected to an appropriate detection
technique. One possible technique used to detect the presence of bacteria on the sections of the
sensor chip is disclosed in U. S. Patents 5,760,406 and 5,968,766, wherein the described

apparatus utilizes electromagnetic radiation of appropriate wavelengths to excite fluorescence

characteristic of the presence of bound analytes.
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L. nonocytogeneslisteriolysin 0523723 P. aerugi nosael ast ase301422 S.

‘mar escensserral ysin470719 S. dysenteri aeShi ga toxi n638717 S.

aureusent erot oxi n B239122 S. aureustoxi c-shock toxin-119439 Thus, as
descri bed above, a different ligand is tethered to each of the sections of
the sensor chip. The sensor chip is then contacted with a sanple

_sensor ch nsor chip is t! h a sa i
Curtace of vics BRDETBNAD B6vetibed mabstinye I E K adRbke | oo P A Bn8 oo

The unbound anal ytes are then washed away with an.apg{ opriate sog| ution

(such isisself flvosspra tlenbis faoedceak nrey)chapgedpeon dirding iy the apglyies (Fhisghange
subjected to an appropriate detection technique. One possible technique

used tﬁﬂ&&r%&tenw@oummesﬁ&%seﬁs haet echmeein iesigot b ohist afftht bisaragemsior chi p
is disclosed in U S. Patents 5, 760, 406 and 5, 968, 766, wherein the

descri bed apparat us L I QBgnsd | L B f r tcat e
wavel eE‘b‘PWécet%ge 81}(36%.%%#1}5”%1?1@%%@”@%%(: har ggét E()afr:tlhé '?%1:&%# H’?ﬁg cp?kﬁ g? el%g‘iatogf bound
analytes. 15 As is well known to those skilled in the art, if a tethered

| i gand corfEen egc@iwptodthe amalihal yte is itself fluorescent then this

fl uorescence may change upon binding to the analyte. (This change i

f | uor escencén theiprebehee afde present inyeniioh @sampPEFRRERNLAE LRSI GFORRS Céng’ﬁi ft

of the characteristic fluorescence energy.) This change in the

f1uor e%ﬁﬁﬂ&@d Qhih tesdh&rRANE WHeteBgdEle cRmMoRErebgRokstof thectmofdriameate wtht vasious|
the analyte. In the presence of the present invention, a sanple containing

unk nomgg%%%g%%ic}ﬁ?@ggg to QY AGLEG b bARERENTRER, G PuordbteheDf BB ehigr

nor e _ eria react wth vartous ‘different |igands

Eﬁf Ber ?:gn %Jg mteggxré/dagv}tg lél%ro%%cfg} e %uroﬁcosé QF de%pcltig'g wm&nof ﬁl@ SedoHObLfHEqBER Of the
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-acetylneurcaminyl-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 orgamsm itself. The
Staphylococeus aureus toxic-shock syndrome toxin-1-binding peptide was described by A. Sato,
ot 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 Il Molecules™ (Biochemistry 35, 10441-10447 (1996)).
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can be nmeasured with a probe for the purpose of detecting which of the
sections of the sensor chip have anal ytes bonded thereto. As exanpl es,
nycobact eri al siderophores can be used to capture nycobacteria such as
Mycobact eri um tubercul osis. Helicobacterpylori can be captured using
tet hered N-acetyl neuroam nyl - al pha- 2, 3- gal act ose. The pepti de:

GADRSYL SFI HLYPEL AGA can be tethered, by.npa 1 st ei ne
group to expkdBIryed VG etF?TBElngé}feaIffﬁWS%é %ﬁlgglzeuc(r?iétﬁ% Eoic?éz&g%g%}ﬁ%%foxi n-1.
The peptide: GBHKHHHGGEEC can be tethered al so b¥ means _of the term nal

cyst ei niscratomsrobiel peti dandaentify eerpe of GierRdYiEs of Hi@este b SREHCHEHIONEVE: of
St aphyl ococcus aureus, and hence this organismitself. The Staphyl ococcus
aur eus £ @XCofsHBGK nfrdekpRiRd heaites of inkirexingdipetied afithedentitysaa tredcgr A,

Sato, et al. in "ldentification froma Phage D splay Library of Peptides
that Bind to Joxic sShock  Syndroms. Taxingyile ahdrdaXithrb idaohs Albig Biendi ng to
Maj or Hg qunspaé]telg‘bl |95f go%o%lﬁcg%%f\mc? d %ss Il Ml ecul es" (Bi (g)chem stry

35, 30441-10447 (1996)). 16 i ndi cat ed, above, ,ng the presence of
a si ngll@né%ﬁ@l&xmt@%é‘?’c&&ﬁﬁéﬁ?%ﬂw varuce) ﬁlﬁaﬁﬁllgg% t%ﬁélg{?’bt ein can identify
sone of the analytes of interest In other wever, a series of two
or nore captured anal ytes |of Bdterést #8 in icaﬁve of the identity of a
particular analyte. As an ex®@iple| coB2ider aB¥nsor chip having an area
of three sections along the Tgrizontagzaxis ar@Bt@ee sections along the
vertical axis as illustratedbetrow ArAZA3 BIBZB3 A C2C3 In this exanple,
the sections identified can be provided with the followi ng |igands

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 Arrav Ligand
Al asialo Gan
A2 hemin
A3 pyochelin
Bl GalNAcBGal
B2 alcaligin
B3 fibronectin {peptide fragment)
C1 anti-S. aureus protein A peptide
C2 staphylofernn
C3 ferrioxamine B

It has been found that Pseudomonas aeruginosa can be identified as the microorganism
when analytes are detected in sections Al, A2, A3, Bl and C3. Simularly, Staphylococcus
qureus 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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tethered to a specific section as set forth in the follow ng table: Section
Location 3 x 3 Array Ligand Al asialo GM A2 hemin A3 pyochelin Bl
GalNAcl Gal B2 alcaligin B3 fibronectin (peptide fragnent) Cl anti-S.
aureus protein A peptide C2 staphylofenin C3 ferrioxam ne B It has been
found that Pseudononas aerugi nosa can be identified as the m croorgani sm

when anal ytes are_ detecfed i.n secti , . Bl e dMiharly,
'St aphy it Eeation. &?P%%OE%QS%S?CHBﬁgEf%QI%ﬁ 3&@&% %hns’:ﬂgg? ﬁ%f?"%é{; 1, 2
and C3 contain analyte captured thereon. In this case, capture of an
anal yt éndofposatixtnl afimiiple $igaudsf taxgicting 2 gioen ERPBISORIC2 LASPIFINR:i1P icEggt Bermits
Capture of cells in sections A2, Bl, B3, C2 and C3 reinforces the result.

The i fﬁ&ﬁﬁﬁ@,fiﬁa LAnd&Hh afidtydek Y Be bdrgadeis saiggadinglg sanpey Ehisdnaeyee thnt o a
sensor chi'p, in'effect, permts nmnultiple, independent anal yses to be

carried t using.a singl Z@QP IS increases the statistical
reli abis}aﬁ%&ya&e@%&%ﬁféﬁ%ﬁ?ﬁé oh@g%ﬁrgg. The various ligands are preferably
tethered to a substrate by negns of organic c¢o in '
{hemmel ves. F VaRASEA YR aSaeRkbIFBHURAP £ FERIAC SREn® gL r L Ehadhe
substrate, or a plastic whose surface that has been chem cally_ oxidized to
pr oducegexpeiiet ardhemealyts welblpmyn foshosersbilipd i dre ashi When BSINg aiga8quent | y
preferred to enploy, in the practice of the

substrate, or a plastic whose surface that has been chemically 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 R, are each selected from the group consisting of hydrogen, alkyl groups
containing 1 to 6 carbon atoms, aryl groups containing 6-12 carbons and alkoxy groups
containing 1 1o 4 carbon atoms, with at least one of Ry, Ra and R; being an alkoxy group. Ry is
an organic group containing at least three carbon atoms and also containing a long linker beaning
a functional group capable of reaction with the ligand. Without limiting the invention, suitable
organic groups compI:ising the linker include po]yanﬁn¢5, polyethers and poly(glycine). Also
suitable for use in the practice of the invention are coupling agents containing other functional
groups such as epoxy groﬁps, 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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i nvention, organosilane conmpounds have the follow ng general structure:
wherein RL through R4 are each selected fromthe group consisting of

hydr ogen, al kyl groups <containing 1 to 6 carbon atons, aryl groups
containing 6-12 carbons and al koxy groups containing | to 4 carbon atons,
with at | east one of RI, R2 and R3 being an al koxy group. RqQ is an organic

group containing at |east three carbon atons an ipifg, a | ong
H%F C[Dg'l ?lﬁ@wﬁﬁ@hﬂs rt@ B

i nker phederebliig teaminalfErgtvnal ETgHR op REAPBEBI08 fon W t e’li-and.
Wthout limting the invention, suitable _organic groups ﬁﬁ.rrpr%si t he
i nker hyielyzdiiepiitoxaerompstiapoidyditchdy to hagilisel §O8) %ith%gﬁpa L0 ISR bl e for
use in the practice of the invention are coupling agents containing other

functi %ﬂ-@%ﬂy TRBURSsSHE o B BREXY: [5Rlpshstatd sfahgsmepscharsd TnsempHag agent
functi onal -“groups, hydroxyl "groups, thiol groups and the like, which are

capabl e of reagtion with VA LGSk e@ ands: by Vitsheudbting theiphiengsitahe with
i nvent i(%er%ilggtg aqeﬁg&y}»,e allt%/ltﬁlgtsl\%g?:l evegﬂet Rat t h))éﬁlsi gand reacts with the

functional group, 18 preferahly a ternmnal fungcti I L DEker t

or ganoghd snace o @WOWPQ%Bﬂ‘@em&el%em%?%%dzn gg’? Led‘%ﬁﬁgﬁ?/&‘g%’ Sup- at t ached
directly to the silicon atomhas the capability of reactin irectly wth
the sunfagensilitdiesighasThetigmidis then tetibred taths srfagarf %afgx&?orgﬂ?sﬁlg%xfﬁglg
coupling agent (extended silane) nmay be alternativel ybﬁonsgégﬁqedfi n situ
by fir 1 b DGerd: 6. RAERbeaSink @tcorpnliblinkdrp Burttfegdbe bifker s §6f chip,
foll ow‘;tgﬁ%o?%ﬁﬁ% Eheﬁ cal reacti %ns needed to attach the linker to the

i mmobi |i zed silane. The |l.4i i : faaethekutfine
0L RGP e i (0 o bkt o o

., Silane bearing the organic

i nker). Further, the |inker should. be of ..s i &l : esent the
| i gand the chipe ThistabrgVateNds BRREE Op AT ﬁﬂ&@*ﬁ%%géﬂrsg?nﬁﬁ\déétwk g?:sgg%?f t he

chip. This observation is based on our determ nation that shorter distances
r esul t Sec@asedearedsballvagtuerdffitiened.| capture efficiency. Thus the |igand
tethered to the glass surface nay be illustrated by the following: G ass--

O - Si- (Chp)k 3NeKad E2herddid(Be biRasy sur2bbHEi by iBiated by takghlowing:

Glass—-—b—-Sli—(CH2)3NH(CH2)3NH(CH2)12NH(CH2)5NH—LIGAND

The ligand tethered to an oxidized plastic surface may be illustrated as above by replacing the
“Glass-O-Si” moiety with C (carbon from the plastic polymer). The chemicgl reactions used 1n
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 foundin G. T. Hermanson Bioconjugate
Techniques (San Diego: Academic Press, 1966), Hansson et al., “Carbohydrate-Specific
Adhesion of Bacteria to Thin Layer Chromatograms: A Rationalized Approach to the Study of

Host Cell Glycolipid Receptors” (Analytical Biochemistry 146: 158-163 (1985)); and, Nilsson et

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

(Bio/Technology 12: 1376-1378 (December 1994)).
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| The ligand tethered to an oxidized plastic surface may be 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. Hermanson

Bi oconj ugat pé%glg,?:o?%u%ﬁ Aéﬂ?;%gnﬂrg%?dsg’gg%ﬂ?%tﬁeﬂ’cﬁ%ﬁami%@@@h lighladgstae et al .,

" Car bohydr at esion o ia to Thin Layer romat ograns: A

Rat i onal i zed Approach to the Study of Host Cell dyvcolipd o <Anal
oal Bl whonis) spasnsor b1 Gu e 0BT 30e. A RTe SR gnmegyé IRRERA Bidtpe

Car bohydrat e Bi osensor Surface for the Detection of Uropathogenic Bacteria"
( Bi o/ Teg pakagiedbath 43%6GokAds of Pemerbérammdonopy)iEmn3-ust rati ve of such
reactions are those used to tether ferroxamne as a ligand to the surface
of a gl as: St Rysi t ihe Silarttagies glassghiefase: sur f ace cont ai ni ng
free hy%ﬁ%&@ﬁegﬁrﬁggbﬂisgﬁﬁtﬁsapgclz'%ﬂgct ed with a 2% sol uti on of '

gama- N- (am nopropyl ) - gamma- am nopropyl tri net hoxysilane to attach the

silane to the gl assGufare: (G,HssOrSHCHOMH(GR)SNHOH 3N CH2) 3NH2 (1)

Gass-O i i-(CH2)3NH(CH2)3NI'l 2 The product of that reaction can then be
reacted with glutaral dehyde at a pH of about 8 to form the correspondi gg
al dehyde: 0 Gass--0--S i---(CH2)3NH(CH2)3N =C(CH2)3-C-H | The al dehy(§ ,

in turn, can be reacted with a diamne (I1l1) to yield IV:

Glass—O—Si—(CHy)sNH(CH,):NH;

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

the corresponding aldehyde:

0
I
Glass—O—Si—(CHy)sNH(CH,)sN=C(CH,);—C—H

Im
The aldehyde, in turn, can be reacted with a diamine (III) to yield IV:
H,N(CHy)1;NH;
(1)
Glass—0—Si—(CHysNH(CHy)aN =CH(CH,);:CH=N(CH»)12NH;
1v)

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

(terminal) aldehyde group:
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H2N( CH2) 12NH2 (H) d ass-O S i-(CH2) 3NH( CH2) 3N =CH(CH2) 3 CH=N (CH2) 12NH2
‘Next, the product of the preceding reaction is reacted wth gl utaral dehyde
to introduce a (terninal) al dehyde group: 20

d-ass--0 Si - (CH2) 3NH( CH2) 3N=CH( CH) ) 3CH= N(CH2) 12N=CH(CH2) 3CHO 1 (V) which
can then be reduced using NaCNBH3 to vyield:

3 ass-O-Si _ (CH2) 3NH( CH2) 3NH( CH2) 5NH( CH2) 12NH( CH2) 4CHO The foregoi ng sil ane
coupl i ng agent bonde|d to the surface can then be _deri vatiée? ﬁy f—l action
with def er riGhserOre SB—(6H, BRNA)Chl): Mir=aHKaH e HpHN () 2 g H(CH2)C

d ass- O -Si - (CH2) SNH( CH2) 3NH( CH2) 5NH( CH2) 12NH( CH2) 4CH =NH DFA (VI1) The DFA
can then be conplexed with Fe by reaction with a ferrous salt in aquequy
mediumto formthe ligand. It will be understood that various changes and
nodi fications can be made in the determpation, procedure, and formulation
Wi t hout wilisb@e they beretecediasispNaCNBS: 1 HEld nvent i on, especial |y as defi ned
inthe followng clainms: 21 CLAIMS A nethod for identification of a
protein conprising: (a) gexposing the solution containing mcroorgani sns to

conditions resulbing Hn ¢ p ) NH(CH,);NE(CH,)sNH(CHz)2NH(CH,),CHO
VD)

The foregoing silane coupling agent bonded to the surface can then be denvatized by

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

Glass—O—Si—(CH,);NH(CH,)sNH(CH,)sNH(CHy) sNH(CH;),CH=NH—DFA
(VID
The DFA can then be complexed with Fe by reaction with a ferrous salt in agueous

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 claims:
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the rupture of the mcroorganismand spilling of the contents into the
solution selected fromthe group conprising chem cal treatnent, holies,
enzymatic treatnment, freeze-thaw cycling, bacteriophage infection, plasm
di scharge and phyS|caI treatment; (b) exposing a solution containing the
protein analyte to a |igand speC|f|c for the analyte of interest that has
been covalently tethered with a photgstgaphe |inker to a substrate surface;
(c) separating the bound analyte fromthe non-binding conponents of the

soi uti ony cont,aj o sical . separation; and (d)

i nterrogat| nga]tl Eth ?f&r 15’@1%[@%%%&} tgypsrﬁ{%}?oé‘f%lsélﬂ'face for analyte binding 2.

wherein the }Ljga L of at t forty A fromthe

substrate SUH acga\ pkfﬁuelc' ﬁ%ﬁﬁ%h@g&i BI& n%dsl%.&%%\ﬁel}l%ﬁﬁmﬁ? i Od]ﬁﬁng{‘lltéucampept i de
specific for the cBrOtel n qof interest. 3. The nethod of claim1l., wherein

the detection is ¢ gRiHE of ferisscezan sworubwelios obthetdeatentsiptathed pr ot ei n,

22
solution selected from the group comprising chemical treatment, holins,

enzymatic treatment, freeze-thaw cycling, bacteriophage infection, plasma
discharge and physical treatment;
{b)  exposing a solution containing the protein analyte to a ligand specific for

the analyte of interast that has been covalently tethered with a photostable

linker to a substrate surface;
(c) separating the bound analyte from the non-binding components of the
soiution containing the analyte by physica! separation; and
(d)  interrogating the ligand-tethered substrate surface for analyte binding
wherein the ligand is tethered at a distance of at least  forty A from the
substrate surface.
7. The method of claim 1, wherein the ligand is a peptide specific for the protein of
interest.

3. The method of claim 1, wherein the detection is via the intrinsic fluorescence of the

captured protein.





