1 TAXONOM C | DENTI FI CATI ON OF PATHOGENI C M CROORGANI SM5 AND THEI R TOXI C
PROTEI NS BACKGROUND OF THE | NVENTI ON The present invention relates to a

met hod for the taxonom c identification of pathogenic mcroorgani snms and
the detection of their proteinaceous toxins. Pathogenic m croorgani sns,
particul arly pathogenic bacteria which ejther occur naturally or which have
acquired virulence factors, are responsible for many di seases which pl ague
manki nd. Many of these bacteria have been proposed as biowarfare agents. In
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could also be used as pat hogens af@XIC BROFEINS mani pul ation (e.qg.,
Escherichia call harboring the cholera toxin). Typical pathogenic bacteria
i ncl ude those responsible for botulism bubonic plague, cholera,

di phtheria, dysentery, |epBsUKGROUNDIOHF THEISRVENTIONVer, syphilis and
tuberculosis, to nention a few During the |ast several decades, the public

perception has TH@gfés?rﬂ?n\%‘;atigﬁ?Jlatle{‘tﬂiafxﬂﬁﬁ&pﬁ‘? thdtak MHIRE fdediig/fdnL | ONS,
ausé o at
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di seases usi antibiotic therapy. However, _.bacteria are .becom ng
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In addition, there is also the risk and likelihood that nonpathogenic microbes could also
be used as pathogens after genetic manipulation (e.g., Escherichia coli harboring the
cholera toxin).

) Typical pafhbgenic bacteria include those responsible for botulism, bubonic
plégue, cholera, diphtheria, dysentery, leprosy, meningitis, scarlet fever, syphilis and
tuberculosis, to mention a few. During the last several decades, the public perception has
been one of near indifference in industrialized nations, principally because of successes
that have been achieved in combating these diseases using antibiotic therapy. However,
bacteria are becoming alarmingly resistant to antibiotics. In addition, there have been
recent revelations of new roles that bacteria.perform in 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
contributing to the worldwide rise in food-bormne infections by bacteria such as
Escherichia coli, Salmonella spp., Vibrio spp., and Campylobacter jejuni.

Potential infections are also important considerations in battlefield medicine. A

number of bacterial pathogens, including Bacillis anthracis and Yersinia pestis and their



Potential infections are also inportant considerations in battlefield
nmedi ci ne. A nunber of bacterial pathogens, including Bacillis anthracis and
Yersinia pestis and their 2 exotoxins, have been used as weapons. And there
is always the risk that nonpat hogenic mcrobes can be engineered to be

pat hogeni ¢ and enpl oyed as bi owarfare agents. Pathogenic m croorgani sns are
al so of concern to the livestock and potiltry industries as well as in

wi |l dlife managenent. For exanple, Brucella abortus causes the spontaneous
abortion of calves in cattle. Water supplies contam nated with exot oxin-
produci ng m croorgani sns have been inplicated in the deaths of bird, fish
and mammal opul ati ons. More recently, d cow di sease has been traced to
the oral t FXROMRsahasR bn bSpage SRase AnddPan i ARy RERSk LR pREatsseRR L er o
Thus, there is clearly a need for rapid and inexpensive techniques to
conduct fi énigrobss sgisbe enginesxaddo be petbpeenian grplexsgeasibiowarfare agaéfani sns t hat
pl ague aninmals as well as hunmans. As a general proposition, bacterial
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quanti t at i QRGRkH& R IHSAWIIi - AShaFEREAN Fot BxaMAE B Eell 00kl Chusdthet | TE
consum ng. Many commerci ally available systens rely on the growth of

cul tures of er.i Q tain .sufficiently lar 1pl. e r h) for
Che subsequBATassliBat Rp RPERVA R ke Y Ve PR e AR RS RSO
(genus) identification. However, techniques.  requiring bacterial outgrowh
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phenot ypes.popblatioss nliore reeerlydmad cew dispass hay peengrased entbs ozaldradgsissiohed i n
"Strategies to Accelerate the Applicability of Gene Anplification Protocols
for Pat hogenpbefiebbi@patitle not retained by filters. Thus, there is clearly a need for rapid and

inexpensive techniques to conduct field assays for toxic proteins and 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, techniques
requiring bacterial outgrowth may fail to detect viable but nonculturable cells. To the
contrary, the growth media employed may favor the growth of bacteria with specific
phenotypes.

More sensitive and more rapid typing schemes are described in “Strategies to

Accelerate the Applicability of Gene Amplification Protocols for Pathogen Detection in

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

261 (1995)) and “Molecular Approaches for Environmental Monitoring of



Meat and Meat Products” by S. Pillai and S. C. Ricke (Git. Rev. Mcrobiol.
21(4), 239- 261 (1995)) and "Mdl ecul ar Approaches for Environnent al
Monitoring of 3 Mcroorganisns” by R M Atlas, G Sayler, R S. Burlage
and A. K. Bej (Biotechniques 12(5), 706-717 (1992)). Those techniques

enpl oy the polynerase chain reaction (PCR) for anplification of bacteri al
DNA or RNA, followed by nucleic acid sequencing to detect the presence of a
particul ar bacterial species. Such general anplification and sequencing
techni ques require technical expertise and are not easily adaptabl e outside
of specialized |aboratory conditions. PCR-based techniques utilize the
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unable to detect the presence of toxic microbial proteins. Moreover, the detection of

specific microorganisms in environmental samples is made difficult by the presence of

matenals that interfere with the effectual amplification of target DNA in ‘dirty’ samples.

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,

1dentification of the analyte is unreliable as the compositions of a microbe’s volatile
components change depending upon different environmental growth conditions.
Another approach utilizes immunochemical capture as described in “The Use of
Immunological Methods to Detect and Identify Bacteria in the Environment” by M.
Schlotter, B. Assmus and A. Hartmann (Biotech. Adv. 13, 75-80 (1995)), followed by

optical detection of the captured cells. The most popular immunoassay method, enzyme-



Schlotter, B. Assnus and A. Hartmann (Biotech. Adv. 13, 75-80 (1995)),
foll owed by optical detection of the captured cells. The nost popul ar

i mmunoassay net hod, enzyme 4 |inked inmunosorbent assay (ELISA), has a
detection limt of several hundred cells. This is well below the |1 D50 of
extrenely infectious bacteria such as Shigella flexneri. Piezoelectric

detection techni ques, such as those described by "Devel opnment of a

Pi ezoel ectric I nmunosensor for the Detection of Sal monella typhinmurium by
E. Prusak- Sochaczewski and J. H T. Luong (Enzyne M crob. Technol. 12:
173-177 (1990)) are -even less sensitive having a detection limtation of

about 5 x 10 ells. A.recent r entitled '.Bi.osensor,.Based on. Force
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(Biosens. & Bioelectron. 13, 731-739 (1998)) describes the use of an atomc
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little wutility outside a |aboratory setting and when the sanple volunes are
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pepti des and proteins. Mreover, the prior art has nade extensive use of
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is not as high as is frequently necessary. A good sunmary of the state of
the art, stentitled/fBiosendear Baseidon FotecvadsosebpEEedmplagy” bipyp. B. Bastls 6n U. [Lee
Tothill and A. Turner (Biosens. & Bioelectron. 11, 455-477 (1996)). Medi cal
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atomic force microscope (AFM) to detect immunocaptured cells; this method has little
utility outside a laboratory setting and when the sample volumes are large.
Immunoassays are also presently used in the trace analysis of peptides and proteins.
Moreover, the prior art has made extensive use of immobilized antibodies in
peptide/protein/microorganism capture. Those techniques likewise involve significant
problems 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

“Microbial Detection” by N. Hobson, I. 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



technol ogies. Real -tine assessnent of battlefield contam nation by a renote
sensing unit 1is necessary to permt and facilitate rapid diagnosis for

adm ni stration of appropriate 5 counter-neasures. A mcrobe/toxic protein
sensor useful in such situation requires the ability to globally

di scri m nate between pat hogens and non-ﬁathogens. In addition, such

techni ques require high sensitivity when | ess than 100 cells are present and
anal ysis that can be conpleted in the field in less than 15 m nutes. Such
techni ques shoul d be able to recognize pathogens and provi de sone
assessment of strain virulence or toxigenicity. To date, common approaches
used for the |dent|f|cab%on OL thogﬁﬁh m cr ?rganhsns and their
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I mmunol ogi cal nethods suffer fromthe sensitivity of antibodies toward pH,
i oni ¢ st rerbiliy tagldbalsndissriminate bettrsnpathopentiasd noheathekerss larddiionj ash to
proteolysis and require careful storage conditions. To overcone these

probl ens t hechpig®e rdquirk highrsehsitivideshén lesthbh €0C egilsutepreientiand anslgsinttmns and
their proteinaceous toxins using non-antibody based ligands. It is
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| i kewi se used to identify mcrobial proteins of diagnostic utility. SUMVARY
OF THE | NvEMEtdogarhenpargisbeit prateivavedantodimybaedt erapleged inenaimlbgitsl of hene
conpounds si derophores, polysaccharides and peptides to bind to pathogenic
m cr oor ganiméfoddldgiks Einimunological methods suffer from the sensitivity of antibodies toward

pH, ionic strength, and temperature; the antibodies themselves are subject to proteolysis

and require careful storage conditions. To overcome these problems the present

invention describes the capture of microorganisms and their proteinaceous toxins using

non-antibody based ligands. It is accordingly an object of the present invention to

provide a method for taxonomically evaluating microbes and proteins that 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



pr ot ei naceous toxins; taxonomi c identification of a mcroorganismis

attai ned thorough analysis of the nunber and kind of ligands to which it

bi nds. The devel opnent of this 6 nethod was done to overcone the

af orenentioned limtations of antibody-based technologies. The concept of
the present invention resides in a methgd for the taxonomc identification
of m croorganisns in which mcrobes are captured through the binding of

m crobial receptors to specific ligands. A mcroorgani smcontaining sanple
is contacted by the ligand, with the Iigand being either tethered to a
surface or conjugated to a marker. The target m crobe (bacteria, virus,
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(toxin) is then separate ontt e non- e conpohents and

unbound 1i gand by shin net| arat| n or chro
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if the ligand has been bound to the target by detecting signals endogenous
to the tar déentidicatiggy aanicrqurganisramagriieh miGrakasars eaptyred Hreughethp bimdinged t o

detect the presence of netabolites characteristic of living mcrobes, e.g.,
reduced pymidiabéal nerepoed focspscific lighidsr A ficrcorgadaniconaimbpsanipgs js @ntaeted
bi onol ecul es, e.g., notably tryptophan or tyrosine in proteins, or
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nlcroorganlsns and/or toxinS in accordance with the practice of the
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sanple w | resce r mas |ng to the cells
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conjugated to the ligand and used to identify a m crobe and/or proteinaceous
toxin in aandiunpbound lrgendes by Grashispauignictic saparation oo clrematagrapdpt Uhieallyf the
m croorgani sns or toxic proteins is
sample is interrogated by an appropriate method to determine if the ligand has been
bound to the target by detecting signals endogenous to the target or marker.
Electromagnetic radiation is one method used to detect the presence of
metabolites characteristic of living microbes, e.g., reduced pyridine nucleotides or other
fluorescent metabolites, other biomolecules, e.g., notably tryptophan or tyrosine in
proteins, or incorporated dyes for the detection of the presence of the captured
microorganisms and/or toxins in accordance with the practice of the invention. For
example, if the ligand contains a fluorescent dye, the sample will fluoresce after washing,
since the ligand is bound to the cells and the excess 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



described in U S. Patents 5,760,406 and 5, 968, 766, where el ectronmagnetic
radiation is directed, for exanple, onto the surface of a |ligand-conjugated
substrate that has been 7 treated with an anal yte-containing solution as
outlined above. This detection nmethod could be used to determne if binding
of an anal yte has occurred. Qther detection methods, appropriate for the
specific kind of marker conjugated to the ligand, can be also be enployed
to deternmine if the ligand has been specifically bound to a m croorgani sm or
toxic protein. An exanple nentioned previously uses a fluorescent dye
conjugated to a ligand coupled to detection of a mcrobe via fluorescence
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i nvention does not depend on classical antigen- antibody recognition. On the
contrary, thethedmepnreprias farttke speediering ﬁmwﬁpwnm@ddg ¢hegligand egantbie\adgoy

i nexpensive reagents in the capture of m croorgani sns and m crobial proteins
cont ai ned ibe dnfyslo g ldeterrhine dfthe dighaithaytizen sfecifivally bvend foamics@mgarism bt ps

(or beads) are enployed. These chips should be fornmed froma suitable
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plurality of sections on the surface of the sensor chip, each section
has bonded hepmed batvisen fheaierobe angdisanc askis) & agtngarax Greest qur%@\gw ¢dng a
speci 'fic microbial protein or mcrobial receptor, and hence the m crobe
itsel f. M cligipdalltis gopptant o meeithdt ifopticad setlfagls amoamplt@detect the captured

microbe or protein the tether should not be photocleavable.

Thus, the method of the present invention does not depend on classical antigen-
antibody recognition. On the contrary, the concepts of the present invention make use of
relatively inexpensive reagents in the capture of microorganisms and microbial proteins
contained in the sample.

In one embodiment of the invention, sensor chips (or beads) are employed. These
chips should be formed from a suitable support material such as glass or plastic substrates
(e.g., poly(propylene) or poly(vinyl acetate)) that will be compatible with both the
chemistries used to conjugate the linker and ligand to the surface and the detection
method employed. The sensor chip is formed of a patterned array defining a plurality 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



proteins residing in the outer nenbrane of the mcrobial cell, pilus or
flagellum which is exposed to the agueous environnment surroundi ng the
cell. The ligand for 8 pathogen/protein capture bonded to the surface of

t he sensor chip can and should be wvaried. In general, such |igands may be
characterized as heme conpounds, sideroghores, polysaccharides and
anti - adhesi on pepti des capable of capturing a wide variety of

m croorgani sms and toxic proteins. These |igands can thus be i mmbilized or
bonded to the surface of the sensor chip through an appropriately sized
cross-linker also having the capability of reacting with the |igands,
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produced. Li evel's o OX1 C m-crobi can simlarly be
identified. |t is also unnecessary to enpl oy enz s or. anti bodies in the
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and other objects, features and advantages of the present invention wll
becone appavassty efpbierentaniceaerpdnigmeanddirpigiisnd ha sensor eipsiancarraysi(brageof t he
di scl osed enbodi ments and the

exposed to a solution containing microorganisms or toxic proteins, (2) the non-binding

constituents of the solution are removed, (3) followed by interrogation of the ligand-
tethered surfaces to detect analyte binding. Analysis of the type or pattern of ligand-
tethered surfaces found to have captured the microorganism(s), or microbial proteins not
contained within intact microbial cells, can be used to taxonomically identify a
microorganism or its toxic protein.

Thus, the present invention can be used rapidly to identify microorganisms
without the need for growing a culture of the microorganism and then microscopically
examining the culture thus produced. Likewise, low levels of toxic microbial proteins
can similarly be identified. It is also unnecessary to employ enzymes or antibodies in the
capture of microbial metabolites as is often used in the prior art. These, and other
objects, features and advantages of the present invention will become apparent upon
review of the following detailed descriptions of the disclosed embodiments and the

appended claims.



appended clains. 9 BRI EF DESCRI PTION OF THE FI GURES Figure 1 shows the
capture of Sal nonella typhinmuriumon a glass mcroscope slide coated with
tethered henme. Detection of this pathogenic bacteriumwas acconplished
according to the nethod 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 m croscope slide
coated with tethered hene. Detection of this pathogenic bacterium was
acconpl i shed according to the nethod and apparatus outlined in U S. Patent
5,968, 766 to Powers. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The capture of a

pat hogeni ¢ bacterium (Sal ng I«lﬁ %&&lﬂ, q(ljpT ?Flfbltjﬁtﬁ ered hene, as
outlined in the present i rrvgﬁf-ro#ﬁw—’%\m—rr}irgure—? (The net hod and
appar at us tline . n 68, 766 was e oned for t detection
of the caﬁ#&ﬁ“&d Sg%’ﬁébrqcé‘pt“ﬁ& ?%@U@‘H”‘?{ GG R %ﬁsémﬁ’éf’éi‘%%%‘ﬁ €det ection
nmet hods could have been enployed, this nethod was used due to its ability
to detect swetedavith tetheradidems. Lidtedtian o thispashogehis bettedem)wasrasperoplisiad of t he
figure shows that the detection limt (<100 cells) of the captured

M croor gani &eordiigg tike inethde aed apirin@ud H@BRel in.ISOPetEntt 3)968, Td6do Poeser ved
usi ng i nmunol ogi cal nethods (ca. 400 cells under optiml conditions).

B1 nding. Detpgeh X A6 TR ORRARDL PRRACDEeDERT: iaRAth | & iglcoRenefiplt 1 ve to

ionic ngt nperature as Is ng to an anti body. The hene
Ilgand i's aI

ensi U|re ess erand..i s
suscepti bl € tﬁ%cﬂﬁ'&gg& Ef”é ag s F‘écr HRPF ElbcLe ate ﬁ‘gﬂ%‘ d?’ﬁg\%s r?ﬁ;lecnf)%to er ed
hene capture of a pat hogenl c bacterium

this pathogenic bacterium was accomplished according to the method and apparatus

outlined in U. S. Patent 5,968,766 to Powers.

DETAILED DESCRIPTION OF THE INVENTION

The capture of a pathogenic bacterium (Salmonella typhimurium) with tethered
heme, as outlined in the present invention, is shown in Figure 1. (The method and
apparatus outlined in U. S. Patent 5,968,766 was employed for the detection of the
captured bacteria. Although numerous compatible bacterial detection methods could
have been employed, this method was used due to its ability to detect such small numbers
of bacteria on the slide.) Inspection of the figure shows that the detection limit (<100
cells) of the captured microorganism using a tethered heme ligand is lower than that
observed using immunological methods (ca. 400 cells under optimal conditions).
Binding between the >microorganism and the heme ligand is not as sensitive to pH, ionic
strength and temperature as is binding to an antibody. The heme ligand is also less
expensive, requires less careful storage and is not susceptible to proteolysis as are
antibodies.

Figure 2 shows the tethered heme capture of a pathogenic bacterium

(Enterobactor aerogenes) that has been diluted to the same concentration in solutions of



(Ent er obact or aerogenes) that has been diluted to the sane concentration in
solutions of 10 a nonpathogen (Bacillus globigii). This figure shows that
the tethered hene-coated slide is able to effectively capture the

pat hogeni c bacteria froma solution even when the nonpathogen to pathogen
ratio is 107:1. Detection of the capturgd bacteria was acconplished with
the apparatus outlined in U S. Patent 5, 968,766 to Powers. In one

enbodi ment of the present invention, a sanple containing an unknown analyte
m croorgani smor protein toxin is first contacted by the ligand. The |igand
can be tethered to a surface of either a chip or bead. Binding efficiency

s depe”de%gﬂ(rjb"al%é‘e fBa ({ﬁat 198 10p1 z)tﬂ%stfg&{%?)?w%%% ﬁ}%%éth ShE@Eant%Hsmé"d most

efficiently ar aroun Irected to
m crobes are fovagéntl attach t he substrate surface b hers t hat

are at | ealStabq torekleRty Yﬁaﬂt\érﬁg}ﬁenpat ?&j?a}?&?cmﬂﬁéaﬂéa splguion, FYfnGY }r‘ﬁilctg%us t oXi ns
are at least six A long. The anal yr7e is then physically separated fromthe
non- bi ndi ngonpafwigen toypethggengaitaistllr dd Dsjectipgahths cepturadrbagterie wassur f ace can
be separated from non-bi ndi ng conmponents of the sanple by sinmply washing

the surfacecwinplishel eith fhetippbead.ouflilird sl 3cRatodt 5 b8 36t P@dtes.i s t hen
interrogated to determne if binding of the analyte to the Iigand has

occurred. The det ged dbbdneRUIMRE ﬁegén?hﬁ»%n%,fa*aﬁm RURdSTE AL dga%m&@% can be

made with: mcroscopy, intrinsic fluorescence j ugat e fl uorescence,

| Gent1 11 Lé'fi%%%tﬁ%ﬁ%ﬁgsﬁsﬁﬁ 5 RRBL SIRSE P P By cshg 31 [P o

the ligand. It is ortant. to note that_the tether should not be
phot ocl eav itheedio ?b%% s erthanashiprbgad.| Bidme sthciepey is depndght WweB e o wash
the ligand-tethered surface. In one enbodi nent of the invention, a sanple

cont ai ni nglengthuofithe tathean Migtobes ariefowral tgdnmdsmostrefficienthi to ligends thettare ont act ed

with the sensor chip. The sensor chip is
around forty A long. Ligands directed to microbes are covalently attached to the
substrate surface by tethers that are at least fifteen 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 interrogated to determine if binding
of the analyte to the ligand has occurred. The detection of bound microbes on the
substrate surface can be made with: microscopy, intrinsic fluorescence, conjugate dye
fluorescence, radioactivity, luminescence, phosphorescence, and/or optical absorbance.
Identification of the microbe or protein is determined by the identity of the ligand. It is
important to note that the tether should not be photocleavable or otherwise chemically
labile in the solution used to wash the ligand-tethered surface.

In one embodiment of the invention, a sample containing an unknown analyte

microorganism or protein is first contacted with the sensor chip. The sensor chip is

formed of a substrate, such as glass, having a series of sections on the surface thereof.



formed of a substrate, such as glass, having a series of sections on the
surface thereof. 11 Each section has a different |igand bonded thereto, so
as to be capable of binding to specific analytes. The |igands are capable
of binding to the analyte for capture, and the presence of the captured
anal yte is detected using a fluorescencg detection system for exanple,

di sclosed and clainmed in U S. Patents 5,760,406 and 5, 968, 766 and via the
intrinsic fluorescence of the proteinaceous toxins. Thus, the |igand of each
of the sections of the sensor chip has the capability of capturing a
specific mcrobial cell or mcrobial protein. The used chip can be saved
and used t row out the captured  mcrqorganisnms as well. Jn an alternate
enbodi ment S3PN BH5EOR hewhitHon g%l@ﬁ%ﬁﬁ%ﬁ%rﬁpﬁ@ tahe aff—n#ilmf binging i e

(m croorgani sm proteinaceous toxin or other protein) is first contacted
with a |igpenificandlytgnt Bt ligands angrckpable ¢ iuhdidg hgythetanalyteofor captineeahditbe a
fluorescent dye. The non- binding sanpl e conponents and excess ligand are
separ at ed fpr@ehddef the @?mle@@nmsite iadatyécusingdi Susepahad deectivarsyhtem, for
acconplished by centrifugation (for cells), magnetic sedinentation or

chr omat ogr %Rli%gfef ﬁi@cl%é&ta‘?ﬂd’&@ime& Q?U%??%Hsgr,%@ﬁdﬁi disnskoricagnidfie anal yte
and thu i dent

and |igand, s taxonom c Ication of the analyte, is

Gye- con) uoavenhs TRkSERg PebSinfelolf loak imsHEBHEREREE XL %8 T vent i on

a sanpl e contai ning an unknown anal yte (nicroqrganisn1or_prqteini is first
cont act ed iEEtPTs of fgasasar ehimeag the (sbab Eivsd capivEng aspealic migrobiakbealioficer  of
appropriate |l ength, as noted above. Physical separation and washing renove
non- bi ndi ngnicorpad pesttim. dhetused slop van pnsavéd and wdedbe geppoeidhacapdured t hose
skilled in the art, the captured m croorganismor protein can be treated
Wi th a reachicksdrgmhdfe as wéll.ovi ded the marker does not react with either the
substrate surface or the |igands.

In an alternate embodiment of the invention, a sample containing an unknown
analyte (microorganism, proteinaceous toxin or other protein) is first contacted with a
ligand conjugated to a marker, 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 identification of the analyte, is accomplished by
detection of the marker (e.g., fluorescence of the dye-conjugate in the example above).

In another embodiment of the invention, a sample containing an unknown analyte
(microorganism or protein) is first contacted with a ligand tethered to a substrate surface
with a linker of appropriate length, as noted above. Physical separation and washing
remove non-binding components of the solution. As will be appreciated by those skilled
in the art, the captured microorganism or protein can be treated with a reactive marker,

provided the marker does not react with either the substrate surface or the ligands.



12 Detection of the marker on the area of the surface associated with the

| i gand(s) that have been exposed to the analyte indicates the presence of a
specific analyte. In a preferred enbodi nent of the invention, the |igands
used in the present invention may be taken fromthe group conprised of hene
conpounds,  si derophores, polysaccharid (i ncluding oligosaccharides) and
peptides. As is also well known to those skilled in the art, aninal

pat hogens generally possess hene uptake capability, and thus hene conpounds
can be used to capture a nunber of pathogenic species. In addition to hene
conpounds, other ligands in the form of high-affinity iron chelators,

general l'y rl%t&{%fo%q)f TS xgxﬁrk%} gL ngﬁ]a% %ﬁﬁm@ Ia&%cila?eﬁ%ﬁpthta % éﬁﬁ(ﬂ?)t tHathaVBNY

strains of pat hogeni ¢ bacteri a. anbng sucn si der ophores are

al cal i gin, cobactins, pyaocheli.n, staphyl oferrin, .yibriobactins and

yersi ni abacb[rpiéﬂg’.(po@‘li quﬂ’ﬁlaggl%f"ilhcﬁ% Pr e’i‘cr?cfgjé Sgﬁqlﬁféﬂalm'the art and as
mentioned above, discrimnation of animal pathogens by binding to hene
conmpounds and silaerppleored smbpdimenhedthe reventiomithd kgands viedriathepresans al so
possi bl e. An exanple would include the incubation of bacteria-containing
sol uti ons wntént@nsnaeseogakar fomnthdgioep compnssdct ftheaik colmpsuliendeopharggt ed wit h
a fluorescent, |um nescent, phosphorescent, chem | um nescent, or

radi oacti vepdt Bdes MhdIBAinYBRE AR 8hd Peptidl ection of ani mal pat hogens
can be nmade by standard fluorescence, colorinetric or radiation detection

techni ques. The APisQﬁ'g'ot g %@@k {Egrh%s%as‘i(ﬂf’e%%ﬁ]eta% Q%F;ga(l) Bgt@g%gﬁgpﬁg@to

si derophores that" are ( support can a
e e Lo R SR B Bl e b
and si derophores, eukaryotic surface epitopes (peptides or carbohydrates),
whi ch are rauolgriof pathbgems speoigs.aln aiditionr te hepesompowrads, other ligands in the form

of high-affinity iron chelators, generally referred to as siderophores, can also be used to

capture many strains of pathogenic bacteria. Included among such siderophores are

alcaligin, mycobactins, pyochelin, staphyloferrin, vibriobactins and yersiniabactins.

As is also well known to those skilled in the art and as mentioned above,

discrimination of animal pathogens by binding to heme compounds and siderophores that

have been labeled with markers is also possible. An example would include the

incubation of bacteria-containing solutions with a siderophore or heme compound that

has been conjugated with a fluorescent, luminescent, phosphorescent, chemiluminescent,

or radioactive compound. After washing the cells, detection of animal pathogens can be

made by standard fluorescence, colorimetric or radiation detection techniques. The

binding of animal pathogens to heme compounds and siderophores that are tethered to a

support can also be exploited to separate these microbes from environmental samples,

e.g., water, for the purpose of concentration and/or purification.

In addition to heme compounds and siderophores, eukaryotic surface epitopes

(peptides or carbohydrates), which are recognized by microbial cell receptors, can



13 Ilikew se be used as ligands in the practice of the present invention.
These ligands include naturally occurring oligosaccharides and

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

ol i gosaccharides and their affinity to pathogens from various

m croorgani sns are described by K A | sson "M crobial Recognition of
Target Cell d ycoconjugates” (Structur Bi ol ogy 5:622-635 (1995)). The
characteristics of a nunber of pathogenic bacterial organisnms, including the
di sease caused by each species and their binding characteristics with

si derophores, oligosaccharides and hene conpounds are set forth in Table I.
These characteristics can be used in the capture and identification of such
speci es. Pdisewise bejugethessligands inythe peactice efthe prepent invertiry Bhese higendsgaginderg of
libraries of oligopeptides and then synthesized chem cally. Siderophore

| i gands camatwealpradurag digosachkarideabnd polytueshasides as well at those dvadlabls pgnt

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

chem cal sypthRa] ssynqresiss@tﬁéreaﬂlgbgéeemﬁwlégaxymeﬁ affiniSUs patREER fr&AVRGMRdS can
be produced typically by chem cal syntheS|s usi ng protoporphyrin I X as a

starting r %gg)g}%%ngg%ﬁe@ﬁé &Pﬁg arl%% r“gf&%%la? kggg%rlt%rhcﬁ' ﬂ?éé?@”éﬂr e

d i gosacchari erla sease

Pr oduceds 3%%orﬁ§§at§atmm@°t gl e°§e@a%$3wi9%s%p3?k3%2r y Bﬁ'kE%@nB'aE?LP%Q
toxin oligosaccharide Bordetella Wiooping Al caligin, Nacetyl- Yes
pertussis toxi n Theeharasiessttesugta nomthsr of pathagsaiabiapterial organisms, including the
disease caused by each species and their binding characteristics with siderophores,
oligosaccharides and heme compounds are set forth in Table I. These characteristics can

be used in the capture and identification of such species.

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

compounds can be produced typically by chemical synthesis using protoporphyrin IX as a

starting reagent.



Cl ostridi um Bot ul i sm unknown unknown Yes botulinum botulinumtoxin A

Cl ostridium Gas gangrene unknown unknown unknown a-toxin perfringens
Clostridiumtetani Tetnus unknown unknown unknown tetanus toxin
Corynebact eri um Di pht heri a Aerobacti n unknown unknown di phtheri a

di phthariae toxin Escherichia colt Nu ous many d obobi ose, Yes Shiga-like
0157: 117 infections others toxin, others Haenophilus Meningitis

Ent erobactin Gal NAc(1- Yes unknown influenzae 4 )Gl , others Helicobacter
Gastric ul cers unknown a nucosal unknown vacuol ating |oci oligosaccharide
cytotoxin A Klebsiella Nunmerous many Gal NAc(1l- Yes unknown pneunoni ae

I nfections 4)@Gl, others Mycobacterium Tubercul osis Mycobactin T unknown
unknown unknown tubercul osis Neisseria Meningitis nmany unknown Yes unknown

eruginosa | RROE aend: ettt o araonieee Dlfiehidy mile T B

typhoi d f ever nmany unknown._Yes Yes Serratia nunerous Aerogbhactin- Yes Yes

serral ysi n| Baieriascens | PiFdeet i ons Sierephopsani Qligosgecharide | Hemin Exotoxin
Species Caused Binding? Binding? Binding? Produced?
Bacillus anthracis | Anthrax unknown a pulmonary unknown anthrax toxin

oligosaccharide
Bordetella Whooping Alcaligin, N-acetyl- Yes pertussis toxin
pertusis cough others glucosamine
Clostridium Botulism unknown unknown Yes botulinum
botulinum toxin A
Clostridium Gas gangrene | unknown unknown unknown a-toxin
perfringens
Clostridium tetani | Tetnus unknown unknown unknown tetanus toxin
Corynebacterium | Diphtheria Aerobactin unknown unknown diphtheria
diphthariae toxin
Escherichia coli Numerous many Globobiose, Yes Shiga-like
0157:H7 infections others toxin, others
Haemophilus Meningitis Enterobactin GalNACcpB(1- Yes unknown
influenzae 4)Gal, others
Helicobacter Gastric ulcers | unknown a mucosal unknown vacuolating
pylori oligosaccharide cytotoxin A
Klebsiella Numerous many GalNAcP(1- Yes unknown
pneumoniae infections 4)Gal, others
Mycobacterium Tuberculosis | Mycobactin T unknown unknown unknown
tuberculosis
Neisseria Meningitis many unknown Yes unknown
meningitidis
Pseudomonas Numerous Pyochelin, Asialo Gy, Yes exotoxin A,
aeruginosa infections others others elastase, others
Salmonella typhi | typhoid fever | many unknown Yes Yes
Serratia IUMmMerous Aerobactin, Yes Yes serralysin
marescens infections Ferrioxamine B
Shigella dysentery Enterobactin, Yes Yes Shiga toxin
dysenteriae Aerobactin
Staphylococcus numerous Staphyloferrin, | GalNAcP(1-4)Gal | Yes several
aureus infections others superantigens
Streptococcus pneumonia, 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



Shi gel l a dysentery Enterobactin, Yes Yes Shiga toxin dysenteriae Aerobactin
St aphyl ococcus nunerous Staphyl oferrin, GalNAc(1-4) Gl Yes several aureus

i nfections others superantigens Streptococcus pneunoni a, unknown

G cNAcetyl (1- Yes streptolysin O pneunoniae Meningitis 3 Gal, others Vibrio
chol erae cholera Vibriobactin, Yes Yes gholera toxin others Yersinia pestis
| buboni ¢ Yersiniabactin, unknown Yes YopE, others plague others Toxins
that contain at | east one tryptophan or a few tyrosi nes per nol ecul e can be
detected by tryptophan/tyrosine fluorescence after capture using a tethered
peptide. A 15 variety of mcrobes, including algae, fungi, and bacteri a,
export exotwaefiSoftrhiatobas,GncladiBp alphae, fhfpi daidaticietin, dtpbA@xbioknsiteathrol ogy.

Table Il contains exanples of toxic, bacterial proteins that can be (1)

captured 'ﬁﬁb&Qgdh@&hﬂp&Q%%nga&&gﬁﬁ “herein, and (2) ultimately detected

via neans o eir 1ntrinsi oresernce. It is inportant to note that, for

St aphyl { t OXi whj ch th t f bl
cace | n Tabl o 111 O DBIExaREsAbExEs aietel Berna: Spd) RAed e ©

foll owi ng fluorescence study of the sole Trp residue has appeared: . B. R
Singh, M Lusirgthaieshnelagy fescabeddeqreipatind (2heltimataly detegtpd vipgneangiof their
St aphyl ococcal Enterotoxins B and O Using G rcular Dichroismand
FI uor escendetriseciucrssengey "It is(iBiporthetno advteyha?, ffor 8Bk 8dottul Ai198RY nterdoxirs wel |
known to those skilled in the art,
B, which represents the most 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 Analysis of Staphylococcal
Enterotoxins B and C1 Using Circular Dichroism and Fluorescence Spectroscopy”
(Biochemistry 27: 8735-8741 (1988)). As is well known to those skilled in the art,
detection of tryptophan/tyrosine fluorescence (normalized to the scattered excitation
signal) is sufficient to indicate that spores, nonviable cells, viable vegetative bacterial or

fungal cells, viruses, or a microbial toxin are present (i.e., bound to a ligand) on the

surface of a sector of the sensor chip.



detection of tryptophan/tyrosine fluorescence (normalized to the scattered
nonvi abl e cel |l s,

excitation

vi abl e vegetative bacterial or
are present (i.e.,

Bacterium Toxin No. Amino Acids No. Trip No. Tyr
antigen 753 7 27 B. anthracis |ethal

perfringens iota-toxi
di pht heri ae di pht heri

signal)

f ungal

cells,
bound to a ligand) on the

f act or

is sufficient to indicate that spores,
viruses, or

a m crobi al

toxin

surface of a sector of the
sensor chip. 16 Table 11. Armino Acid Cgygnts for Selected Bacterial Toxins

770 5 35 B.

n

cereus
phosphol i pase C 245 9 15 B. pertussis pertussis toxin 952 11 50
C botulinumtoxin A 1296 15 67 C. difficile toxin A 2366 25 166 C.

B. anthracis protective

el Ao i B IR Bl oAt 1005 538

pylori vacuol ating cytotoxin A 808 8 14 L. nonocytogenes listeriolysin O
523 7 23 PBazmimmgi nosa el dstimse 301 4 22NoJminmkadscens NerTml ysi nNo. 470 7
19 S. dyseptgpipe Shiga toxin 03R4 17 S. aupgus entergtoxin B 239 1 22
S. aureus toxic- sﬁock t oxi g 1 194 89

B. anthracis lethal factor 770 5 35

B. cereus phospholipase C 245 9 15

B. pertussis pertussis toxin 952 11 50

C. botulinum toxin A 1296 15 67

C. difficile toxin A 2366 25 166

C. perfringens iota-toxin 346 4 18

C. tetani tetanus toxin 1421 13 78

C. diphtheriae diphtheria toxin 534 5 16

E. coli alpha-hemolysin 1023 3 38

H. pylori vacuolating cytotoxin A 808 8 14

L. monocytogenes listeriolysin O 523 7 23

P. aeruginosa elastase 301 4 22

S. marescens serralysin 470 7 19

S. dysenteriae Shiga toxin 638 7 17

S. aureus enterotoxin B 239 1 22

S. aureus toxic-shock toxin-1 194 3 9

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

the sensor chip. The sensor chip is then contacted with a sample containing unknown

organisms or proteins, whereby specific ligands on the surface of the chip bind to specific

analytes, selectively capturing them. The unbound analytes are then washed away with

an appropriate solution (such as a phosphate-buffered saline); and the sensor chip is then

subjected to an appropriate detection technique. One possible technique used to detect

the presence of bacteria on the sections of the sensor chip is disclosed in U. S. Patents

5,706,406 and 5,968,766, wherein the described apparatus utilizes electromagnetic

radiation of appropriate wavelengths to excite fluorescence characteristic of the presence

of bound analytes.



Thus, as described above, a different ligand is tethered to each of the
sections of the sensor chip. The sensor chip is then contacted with a
sanpl e cont ai ni ng unknown organi sns or proteins, whereby specific |igands
on the surface of the chip bind to specific analytes, selectively capturing
them The unbound anal ytes are then washed away with an appropriate
solution (such as a phosphate-buffered saline); and the sensor chip is then
subj ected to an appropriate detection techni que. One possible techni que used
to detect the presence of bacteria on the sections of the sensor chip is
disclosed in U S Patents 5,706,406 and 5,968, 766, wherein the described

apparatus utili 28Ss @leB&hbATRG ARIsE SkillE@H @k bR If AtctBdrBd Hpindalsed heeghhs to
excite fluorescence characteristic of the presence of bound analytes. 17

As is well i -] £ d ed: | d used to
capt ur o an SH)s LS ARREEH it Bubiefoefidmoy shae} FROFLBGAEIRR e e
upon binding to the analyte. (This ch e in. fluorescence coul.d be nmanifest
i ther ATl bR shaeh Sip{etince SR B At e LR AdbRET i EnETty O
fluorescence energy.) This change in the fluorescence of the tethered

| i gand can atshifueletdie charedersticriupseseendesnergly.) t Tds elramigy iethe|fhorgseense e5thgce of
the present invention, a sanple containing unknown m crobes can be

cont act ed wéthéred hgasbraadie uséd o conffiemeleiecaneofthe andalgter ecept ors of the
bacteria react with various different |ligands tethered to the various

sections of the jghidpresti6dof ﬂa@?res@ﬁtqﬁﬁéﬁféﬁfﬁﬁrﬁ%ﬁe ¢dMRaiffhlgRInkAGW DR CFBRSUT ed
with a probe for the purpose of detecting which of the sections of the

sensor chi n t bonde heret o, As exa es cterd al
=1 der ophor 52 B SR AR bR ARG D oeby e BY RO ERemto o BRRGLRER
t ubercul osis. Helicobacterpylori can be captured using tethered

N- acet yl nedfashiityManous %Efng,t hgands dethered to ‘%ﬁ HAQSSCEfEons of the chip. Then, the

fluorescence 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)).



GADRSYLSFI HLYPELAGAGGEGC  can be tethered, by nmeans of the term nal cysteine
group to expressly capture free Staphylococcus aureus toxic-shock toxin-1.
The peptide: GHHKHHHGGGEC can be tethered al so by neans of the term nal
cysteine group, to specifically capture the surface-exposed protein A of

St aphyl ococcus aureus, and hence this of anismitself. The Staphyl ococcus
aur eus toxic-shock syndrone toxin-I-bindi ng peptide was described by A
Sato, et al. in "ldentification froma Phage Display Library of Peptides
that Bind to Toxic Shock Syndrome Toxin-1 and that Inhibit Its Binding to
Maj or Hi stoconpatibility Conmplex (MHC) Cass Il Ml ecul es" (Biochemstry
35, 10441-10447 AJ33Bhled abbve, AStetdil B@g{ei@&.\é%fa@ﬁ%ﬁ%?ﬂhé@nﬁ&ﬁor%ﬁﬁ%ﬁnce of

a single captured mcroorganismor discrete m crobial otein can’identify

sone of the_analytes of. jnterest...In.other ses however [l f two
or more cant aratrG i §hial M Fioeliedisse o FEbuys o iftes: dndet §e8r &
particul ar anal yte. As an exanple, consider a sensor. chip havi an area of
three sectlo¥R¥eap SHEESIH WA OF Mmesheapturad pralWas ot infeasst isdpdicaiiee ‘éﬂg?]tjgflwé(
vertical axis as illustrated below Al A2 A3 Bl1 B2 B3 C1L C C31In this
exanpl e, t hd agactiqubarsinakytntAs aneekanple, bengpdeanaiscesdr vhip thaving ahardaofithege| i gands
tethered to a specific section as set forth in the followng table: Section
Locati on 3 s¢ctforAlalcty the BamgbntaNaxid ah@ti@edddttions along the vertical axis as illustrated

below:
Al A2 A3
J B1 B2 B3
Cl1 C2 C3

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

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

Section Location 3 x 3 Array Ligand
Al asialo Gmy
A2 hemin
A3 pyochelin
) B1 GalNAcBGal
B2 alcaligin
B3 fibronectin (peptide fragment)
C1 anti-S. aureus protein A peptide
C2 staphyloferrin
C3 ferrioxamine B

It has been found that Pseudomonas aeruginosa can be identified as the
microorganism when analytes are detected in sections Al, A2, A3, B1 and C3.

Similarly, Staphylococcus aureus can be identified when sections A2, B1, B3, C1, C2



A2 hemn A3 pyochelin Bl GalNAcGal B2 alcaligin B3 fibronectin (peptide
fragnent) Cl anti-S. aureus protein A peptide C2 staphyloferrin C3
ferrioxamine B It has been found that Pseudonbnas aerugi nosa can be
identified as the m croorgani smwhen analytes are detected in sections Al
A2, A3, Bl and C3. Simlarly, Staphylogpccus aureus can be identified mhen
sectlons A2, Bl, B3, d, C2 19 and C3 contain analyte captured thereon. In
this case, capture of an analyte in section Cl is sufficient for taxonomc
identification. Capture of cells in sections A2, Bl, B3, C2 and C3
reinforces the result. The incorporation of nultiple Iigands targeting a

gi ven anal ont nsor in eff permts endent
anal yses to%gi "l?f“Bdm mcaagxir?pgtharegpndp 1§ 53561 ‘éapmfﬁf’gyr} ?‘W’F}ggyb {jﬂ
statisti cal rellablllt of the analytical outcone. The various |igands are
pref er abl y Gkisrafleientdontaeonnnic adantibpatinnar{sapire of erlkiie se%@uﬁwnglaé’e

whi ch are thenselves well known to those skilled in the art. Wen using a
gl ass substandt(@3 reimfoecep tiesiesudt. Viltesiacapohtor of iaitiphaligadnde tar gdtimgiacal dry
oxi di zed to produce exposed hydroxyl groups, for the sensor chip, it is

frequent!ly RaefebhRth deAssERIP R eﬂfé?:t tdaﬁmtpﬁﬁmw& %&beﬁdaﬁt 4r2¥RB¢ 10X carried
or ganosi | ane conpounds have 'the follow ng general structure: R,
out using a single sample. This increases the statistical reliability of the analytical
outcome.
The various ligands are preferably tethered to a substrate by means of organic
coupling 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 chemically oxidized to produce

exposed hydroxyl groups, for the sensor chip, it is frequently preferred to employ, in the

practice of the invention, organosilane compounds have the following general structure:

wherein R, through R4 are each selected from the group consisting of hydrogen, alkyl
groups containing 1 to 6 carbon atoms, aryl groups containing 6-12 carbons and alkoxy
groups containing 1 to 4 carbon atoms, with at least one of R;, R; and R; being an alkoxy
group. Ry is an organic group containing at least three carbon atoms and also containing
a long 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



| R2-Si-R4 R3 wherein RlL through R4 are each selected fromthe group
consi sting of hydrogen, alkyl groups containing 1 to 6 carbon atons, aryl
groups containing 6-12 carbons and al koxy groups containing | to 4 carbon
atonms, with at |least one of RI, R2 and R3 being an al koxy group. R4 is an
organi c group containing at |least thre arbon atons and al so containing a
| ong i nker bearing a functional group capable of reaction with the |igand.
Wthout Ilimting the invention, suitable organic groups conprising the

| i nker include polyam nes, polyethers and poly(glycine). Al so suitable for
use in the practice of the invention are coupling agents containing other
functional fldQuReuFANEd RS SRPEOUPS, %'y&x%xyﬁ@oﬁﬁ‘s %@llgéuﬁsoandetﬁélhldé\&ﬂﬁbﬁ akeed
functional groups, hydroxyl groups, thiol groups and the |ike, which are

capabl e of Jaﬁgtﬁyo??ea\%&f\lw et\BZhdﬁ ‘?#é’t%?ﬁ cﬁa"b@'ﬁ u‘("hhﬂﬁh‘ét tlﬁ@&h%flé &)ethlz&!ent' on

as to theor | gan reac uncti o

group, prefer functi Qup .on the n05|lan conpound
Shi 1B ¢ he’ rEkhant v it Demdrearts i the ARGRO Bl BredARR GG IBR: he
silicon atom has the capability of reacting directly with the surface of
the gl ass ofungticnal group@ibshe engenesilanheorsprigdrwhile the reattily bydrolyzrblaglkagunt
(extended silane) may be alternatively constructed in situ by first reacting
the parent gup anached diredthetoshie §iicen stbmtHae tiscsapatilighs fireadtinlgldireettly Wwyth ttie

chem cal reactions needed to attach the linker to the inmmobilized sil ane.

The | i gand é&fa’é@%ﬁtﬁeegtlﬁgb?ﬁlagt?c SBAYDS B6cfor chiBS. ShRsBulimglgRat i ¢ Lhrough

the coupling agent (i~ e., ane bearing the organic linker). ~ Further, the
i ot ance (45ERGES %%Ei I GO R
based on Ousr,llane with the surface of the sensor chip, followed by the chemical reactions needed to

attach the linker to the immobilized silane. The ligand is then tethered to the surface of

the glass or plastic through the coupling agent (i.¢e., silane bearing the organic linker).

Further, the linker should be of sufficient length to present the ligand at the optimal

distance (40 Angstroms) from the surface of the chip. This observation is based on our

determination that shorter distances results in decreased bacterial cell capture efficiency.

Thus the ligand tethered to the glass surface may be illustrated by the following:
) Glass—O—Si—(CH;);NH(CH;,)sNH(CH,); ,NH(CH;)sNH—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
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



determnation that shorter distances results in decreased bacterial cell
capture efficiency. Thus the ligand tethered to the glass surface may be
illustrated by the following: @ ass-O Si-(CH2)3NH(CH2) 3NH( CH2)t

2NH( CH2) 5NH- LI GAND The ligand tethered to an oxidized plastic surface may
be illustrated as above by replacing tE? "dass-OSi" noiety wwth C (carbon
fromthe plastic polynmer). The chem cal reactions used in tethering |igands
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.

Her manson Bi oconj ugate Techni ques (San D ego: Academ c Press, 1966); Hansson
et al., "

bohydr at e- Spegj fi.£,.Adbesi an,.qf Bacterija-~to Thin er
Chr omat ogr aﬁ%@ﬂ——éﬂ%@gngﬁi%ﬂﬁg%o@@nNﬁas°Pﬁga@t ﬁga%f)hléf&el%éﬁnsﬁ ycolipid
Recept or s” é}@nal ytical 21 Biochem stry 146: 158-163 1985)&; and, Nilsson
et al., "A SwassHorthsDetestion ohSsppatimgenisBactesia (Bﬁmﬁﬁ&eb&é/ 2:9376-1378
Ur opat hogeni ¢ Bacteria" (Bi o/ Technol ogy 12: 1376-1378 (Decenber 1994)).

Illustrati v@akembach9%4¢ncti ons are those used to tether ferroxam ne as a
ligand to the surface of a glass sensor chip. In the first stage, a gl ass

surface contai ni NEstrhGR SOAER¥Aktiord 28!1Dsd Sseliitd &lthdrdasdBehineé hdn H%%%@ﬂ{dﬂi on
of gamma- N- (am nopropyl ) - gamma am nopropyl tri nmet hoxysil ane to attach the

G ass o & - (B Sbel raRFpeni ke S o i tumhc il e hulleg 1)

ith gl | deh . f f [
;Fggh; ge\:M B gro%péJ Es%rgt rdegctgcg’1 vewtﬂta 2%A) Fé’(l)_futcl)on gp goamUtma8-I\)t-?amm8£rrgp§'1 -%ar(r:lglrar- espondi ng

aminopropyltrimethoxysilane to attach the silane to the glass surface:

Glass—OH + (C;H3):0—S8¥CH;);NH(CH;,);NH; ——>

M
G]aSS_O—Sl—(CH2)3NH(CH2)3NH2

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

form the corresponding aldehyde:

0
I
Glass——O—SIi-—(CHz)3NH(CH2)3N=C(CH2)3—C—H

1)
The aldehyde, in turn, can be reacted with a diamine (III) to yield IV:
HoN(CH2)1oNH

(I1T)
Glass—O—Si—(CH,);NH(CH,);N=CH(CH,); CH=N(CH,);,NH;

Iv)



G ass-OS i-(CH2)3NH(CH2) BN=C(CH2) 3-C-H (I1) The al dehyde, in turn, can be

reacted wwth a diamne (Il11) to yield I'V: HZN(CH2) 12NH2 (I11)

d ass- O

l'i - (CH2) 3NH( CH2) 3N=CH( CH2) 3CH=N( CH2) 12NH2 (1V) 22 Next, the product of the
preceding reaction is reacted with glutaral dehyde to introduce a (termnal)
al dehyde group: |1 G ass-0O Si-(CH2) 3NH( Clz-g) 3N=CH( CH2) 3CH=N( CH2) i

2N=CH(CH2) 3CHO I (V) which can then be"Teduced using NaCNBH3 to vyield:

d ass- O Si - ( CH2) 3NH( CH2) 3NH( CH2) 5NH( C H2) 12NH( CH2) 4CHO | (V1)

The foregoing

sil ane coupling agent bonded to the surface can then be derivatized by

reaction with deferrioxamne B (or DFA) at an al kaline pH to

yi el d:

d ass- O i - ( CH2) 3NH( CH2) 3NH( CH2) 5NH( CH2) 12NH( CH2) 4CH=NH-DFA (Vi 1) The DFA

can then be conplexed with Fe by reaction with a ferrous salt
mediumto formthe |igand.

i n agueous

wi || be understood that varioys changes and

It .
modi fi cations caneBethfRERIuCHok the pregeding rarpian s seacisd yaturlreraldshyde & nul ati on

w t hout departing fromthe spirit of the
introduce a (terminal) aldehyde group:

Glass—O—Si— (CH2)3NH(CH2)3N :CH(CH2)3CH=N(CH2)1 2N=CH(CH2)3CHO

which can then be reduced using NaCNBHj to yield:

Glass—O—Si—(CH,);NH(CH, );NH(CH,)sNH(CH,),,NH(CH,),CHO

V)

(VD

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:

G]aSS"‘—O""SIi—(CH2)3NH(CH2)3NH(CH2)5NH(CHz) 1 2NH(CH2)4CH=NH— DFA

(VID

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

medium to form the ligand.

It will be understood 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:



invention, especially as defined in the followng clainms: 23 CLAIMS Wat
Is Cained: 1. A nethod for taxonom c identification of a biological analyte
conprising: (a) exposing a solution containing the analyte to a |igand
specific for the analyte of interest that has been covalently tethered to a
substrate surface with a photostable |I|inker at a distance of 40 A for the
capture of mcroorgani sns; (b) separating28he bound analyte fromthe
non- bi ndi ng conponents of the solution containing the analyte by physical
separation, washing or both; and (c) ingenfegation of the |igand-tethered
substrate surface for analyte binding. 2. The nethod of claim1, wherein the
bi ol ogi cal a0 tx%gkh§\§elected fromthe group conprised of. (a) bacteri a;
(b) viruses; c rlcﬁéttsiae; (d) protozoa; and (e) fungi. 3. The method
of claim1, wherein the ligand i.s a.hene conpaound., 4. The nethod of claim
1, wherei n the A Mg ??rstaégnﬁna@ﬂ%aﬂéfaémn T Ao Balys CARBHIHE, wher i n
the ligand is a pol ysaccharide. 6. The nmethod of claim1, wherein the |igand
is a peptide s@Eecxposing asolahomennsaining iy anabyte pr oligdnd. spgcifiTier theardddeof cl ai m
1, wherein the ligand is a peptide specific for a conjugated |ipid.

interest that has been covalently tethered to a substrate surface with a photostable

linker at a distance of 40 A for the capture of microorganisms; ’
(b) separating the bound analyte from the non-binding components of the solution
containing the analyte by physical separation, washing or both; and
(c) interrogation of the ligand-tethered substrate surface for analyte binding.
2. The method of claim 1, wherein the biological analyte is selected from the group
comprised of:
(a) bacteria;
(b) viruses;
(c) rickettsiae;
(d) protozoa; and
(e) fungi.
3. The method of claim 1, wherein the ligand is a heme compound.
4. The method of claim 1, wherein the ligand is a siderophore.
5. The method of claim 1, wherein the ligand is a polysaccharide.
6. The method of claim 1, wherein the ligand is a peptide specific for an outer membrane

protein.

7. The method of claim 1, wherein the ligand is a peptide specific for a conjugated lipid.



24 8. The method of claim1l, wherein the detection of the captured anal yte
is acconplished through mcroscopy. 9. The nethod of claim1l, wherein the
detection of the captured analyte is acconplished through the intrinsic
fluorescence of the target. 10. The nethod of claim 11, wherein the detection
of the captured analyte is acconplished through the fluorescence of a
reactive dye conjugate exposed to the sanphe before capture of the anal yte
by the tethered ligand surface. 11. The nethod of claim1, wherein the

detection ofg 121% n?é%li’éd%ﬁ%ﬁﬁﬁ'vyﬁe?elh%h@&@&'ﬁ@h'o?ﬁfe@apﬁﬁ’é@éiﬁbfté B%cf:&rﬁﬁl‘is%&ence

of a reactive ye conj ugate exposed to the sanple after capture of
anal yte by EB & 1 t.et hc%s%d | i gand surface. 12. The nethod of claim1, V\/nerel n
the detecti l?f c§B¥ured anal yte i s acconplished through the

radloact|V|t of ar ve conpound expos t he sappl e before captuyre of
the anal yte b h@wéeth@f ‘htfa‘rl@ﬂl b vagnein S 4e onfé%eﬂ%@t%@r@ﬁ%fs époipRished
wherein the detection of the captured analyte is acconplished through the
r adi oact i vi tthroogh therintsinsic Yorsegnoantithestprgsled to the sanple after capture by
the tethered ligand surface. 14. The method of claim1l, wherein the

det ecti on of10t Mhe eaplicd eftldmal, Wierdis thecdztsrribn shthd captnredumalytdiz accompleshedénce
of a reactive dye conjugate exposed to the sanple before capture of the

T Yo, TR SR T o i s e
o nesCencergl g U RURSSBLLRAL G rooeed [0 Che same afler capiure
11. The method of claim 1, wherein the detection of the captured analyte is accomplished
through the fluorescence of a reactive dye conjugate exposed to the sample after capture of
the analyte by the tethered ligand surface.
12. The method of claim 1, wherein the detection of the captured analyte is accomplished
through the radioactivity of a reactive compound exposed to the sample before capture of
the analyte by the tethered ligand surface.
13. The method of claim 1, wherein the detection of the captured analyte is accomplished
through the radioactivity of a reactive compound exposed to the sample after capture by the
tethered ligand surface.
14. The method of claim 1, wherein the detection of the captured analyte is accomplished
through the luminescence of a reactive dye conjugate exposed to the sample before capture
of the analyte by the tethered ligand surface.
15. The method of claim 1, wherein the detection of the captured analyte is accomplished

through the luminescence of a reactive dye conjugate exposed to the sample after capture

of the analyte by the tethered ligand surface.



e bt e -

16. The method of claim1l, wherein the detection of the captured analyte is
acconpl i shed through the phosphorescence of a reactive dye conjugate
exposed to the sanple before capture of the analyte by the tethered |igand
surface. 17. The nethod of claim 1, wherein the detection of the captured
anal yte is acconplished through the phosphorescence of a reactive dye

conj ugate exposed to the sanple after capture of the analyte by the
tethered ligand surface. 18. The nethod of claim1l, wherein the detection of

the captured_ angl yte i:S » i t i SQr. . a
reactive dyg6bgﬁfé§§Fg(g%%%gggb%%ﬂﬁﬂgwégﬁgﬁ%pgéﬁgFéﬁﬁggg%@?%igﬁggﬁgﬁgﬁ%1yte
by the tethered. ||gand surface. 19. The thod of claim1, wherein the
dutecti on ofirovah bEBRowBArescEarG PES Feactive Dimseals KRG B HERGHEeR
absorbance of a reactive dye conjugate exposed to the sanple after capture
of the anal 9@I§u®30fﬁh?ealla§ft¢lg}’§lftP‘ihQ@ddngmWi@é?- 20. The nethod of claimi1,
wherein the detection of the captured analyte is acconplished through the

f 1 uor escent 1qudhe hietwdaff cldima If, Whereds the rietec dhef thd chptgeed dinslytd ia @ecomgrished
binding of the analyte. 21. A nmethod for taxonomc identification of a

bi ol ogi cal aRshyH Be pROFPhbELEGIce 6AI rQ¥RRSARREL 0 uERleWihOik G HicAiaftiphaftdie
analyte to an array of ‘different ligands that have been covalently tethered

to a SUbStr)%}aIﬁm%%rfft%g&ﬁ%‘i é?%%tﬁgg%gﬁggﬁ%%i;&g#he bound anal yte on the

ligand arra rom-t t he sol ution by physi cal

ubet rat o sdbr abbe Rebodedr i Topibelry e selec of RS cohsve Goa ok afsampianed
wherein the biological analyte is selected fromthe group conprising:
through the optical absorbance of a reactive dye conjugate exposed to the sample before
capture of the analyte by the tethered ligand surface.
19. The method of claim 1, wherein the detection of the captured analyte is accomplished
through the optical absorbance of a reactive dye conjugate exposed to the sample after
capture of the analyte by the tethered ligand surface.
20. The method of claim 1, wherein the detection of the captured analyte is accomplished
through the fluorescent quenching of the fluorescent tethered ligand surface upon binding
of the analyte.
21. A method for taxonomic identification of a biological analyte comprising:
(a) exposing a solution containing the analyte to an array of different ligands that have
been covalently tethered to a substrate surface at 40 A;
(b) separating the bound analyte on the ligand array from the non-binding components of

the solution by physical separation, washing or both; and

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



(a) bacteria; (b) viruses; (a) proteinaceous toxin; (b) rickettsiae; (c)
protozoa; (d) fungi; and (e) cytosolic protein. 23. The nmethod of claim 21,
wherein a ligand is a hene conpound. 24. The method of claim21, wherein one
or nore of the ligands is a siderophore. 25. The nethod of claim 21,
wherein one or nore of the ligands is a pol ysaccharide. 26. The nethod of
claim 21, wherein one or nore of the ligasds is a peptide specific for an
outer nmenbrane protein. 27. The nethod of claim 21, wherein one or nore of

the ligands_ js,.a peptid eqi.fic for onjugated.lipid. . 28 The nethod of
cl ai m 21, r@?ﬁ?‘ﬁ‘@dﬂgffﬂﬁ? iihmw Frel tB%E‘PfﬂgéJ@l‘jﬁ?at&‘Sd? ﬁei‘?f’?%q’r&?'g HEOUPI i shed
t hrough m croscopy. 29. The nethod of claim21l, wherein the detection of the
capt ured ane@R®INE acconpli shed through the intrinsic fluorescence of the
target. 30. The nmethod of claim 21, wherein the detection of the captured
anal yte i s acdenpadtgied through the fluorescence of a reactive dye

conj ugat e exposed to the sanple before capture of the analyte by the
tethered |igang) sitadedce. 27 31. The nethod of claim 21, wherein the
detection of the captured analyte is acconplished through the fluorescence

of a reactive(gyﬁn&gﬁkagﬁgﬁng&posed to the sanple after capture of
(b) rickettsiae;
(c) protozoa;
(d) fungi; and
(e) cytosolic protein.
23. The method of claim 21, wherein a ligand is a heme compound.
24. The method of claim 21, wherein one or more of the ligands is a siderophore.
25. The method of claim 21, wherein one or more of the ligands is a polysaccharide.
26. The method of claim 21, wherein one or more of the ligands is a peptide specific for
an outer membrane protein.
27. The method of claim 21, wherein one or more of the ligands is a peptide specific for
a conjugated lipid.
28. The method of claim 21, wherein the detection of a captured microorganism is
accomplished through microscopy.
29. The method of claim 21, wherein the detection of the captured analyte is accomplished
through the intrinsic fluorescence of the target.
30. The method of claim 21, wherein the detection of the captured analyte is accomplished
through the fluorescence of a reactive dye conjugate exposed to the sample before capture

of the analyte by the tethered ligand surface.



the analyte by the tethered |igand surface. 32. The nethod of claim 21,
wherein the detection of the captured analyte is acconplished through the
radi oactivity of a reactive conmpound exposed to the sanple before capture of
the analyte by the tethered |igand surface. 33. The nethod of claim 21,
wherein the detection of the captured analyte is acconplished through the
radi oactivity of a reactive conpound expoged to the sanple after capture by
the tethered ligand surface. 34. The nmethod of claim 21, wherein the

detection ofy 1 GRRLHLP 4RI Yhfert ACAAURIO SR RUONANS: haiThARSRANC

of a reactive g@e conjugat e éxpose ore capture

analyte by the tethered ligand surface. 35. The nethod.of claim 21, wherein
The. tet ect i GrPush e BoaRsenioR ek SORUEBRERPORALD HermaaG it otite OF

| um nescence of a reactive dye conjugate exposed to the sanple after capture
of the anal theandlytetyethe éaqthrsp@ligan ckurface. 36. The nmethod of claim21,
wherein the detection of the captured analyte is acconplished through the

phosphor escgnhcEhoiethod @fclaing @ 1 dwheremthel dattaioaqiolsechptued healgaiphaeotnglisired
capture of the analyte by the tethered |ligand surface. 37. The nethod of

claim 21, whesihhé BRiHEEGeF bONreabtive®nfaRhd Egshsad R the Sarh fle e fREBAPNER &

t hrough t he phosphorescence of a reactive dye conjugate exposed to the

sanpl e afteéhfe a@?lﬁfemygti}ﬂ%‘ggd ﬁgﬂ[d%%ﬁgg%{et he tethered |igand surface. 28 38.

The net hod erei ction of the captured analyte is
xposed to- vhe  MEHABPY SbeRER ¢ CuhaRahe Acerion S FETSY FRAVEL HEPERTgand
surface. 39. The nmethod of claim2l, wherein the detection of the captured
anal yte is Beeuglphe sdiactivity of a reactive compound exposed to the sample after capture by the
tethered ligand surface.
34. The method of claim 21, wherein the detection of the captured analyte is accomplished
through the luminescence of a reactive dye conjugate exposed to the sample before capture
of the analyte by the tethered ligand surface.
35. The method of claim 21, wherein the detection of the captured analyte is accomplished
through the luminescence of a reactive dye conjugate exposed to the sample after capture
of the analyte by the tethered ligand surface.
36. The method of claim 21, wherein the detection of the captured analyte is accomplished
through the phosphorescence of a reactive dye conjugate exposed to the sample before
capture of the analyte by the tethered ligand surface.
37. The method of claim 21, wherein the detection of the captured analyte is accomplished

through the phosphorescence of a reactive dye conjugate exposed to the sample after

capture of the analyte by the tethered ligand surface.



t hrough the optical absorbance of a reactive dye conjugate exposed to the
sanple after capture of the analyte by the tethered |ligand surface. 40. The
met hod of claim 21, wherein the detection of the captured analyte is
acconplished through the fluorescent quenching of the fluorescent tethered
| i gand surface upon binding of the analyte.

28

38. The method of claim 21, wherein the detection of the captured analyte is
accomplished through the optical absorbance of a reactive dye conjugate exposed to the
sample before capture of the analyte by the tethered ligand surface.

39. The method of claim 21, wherein the detection of the captured analyte is accomplished
through the optical absorbance of a reactive dye conjugate exposed to the sample after
capture of the analyte by the tethered ligand surface.

40. The method of claim 21, wherein the detection of the captured analyte is accomplished
through the fluorescent quenching of the fluorescent tethered ligand surface upon binding

of the analyte.





