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. 09/999, 159 fled on Novenber 01, 2001, of
Linda S. Powers; Walther R Ellis, Jr.; and Christopher R Lloyd for
Taxonom c | i.f ) i Pat hogeni ¢ M croorgani sms and Their Toxic

Pr ot ei ns. Tﬁ%@@gﬂﬁ mmﬂ%H&NQ%BAtT H%EfgI%MCR@ORGANIEMSWANE

i dentification of pathogenic HHEIBOFQXH BROTBINSt 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 i whi ague nmanki nd. Many of

t hese bacteria have been éﬁ&ég@m&ﬁmvﬁ\@égi Ns. In additi on, there
is also the risk and |ikelihood that nonpathogenic m crobes could al so be
used as pat Hgens dfisienal agphetioo ofmeidiug pitidroapplieaipn SEsEH 29,1 ehibkedcwd d

har boring the cholera toxin). Typical pathogenic bacteria include those

responsiblegikrn1 RobUIJr s Mda08 IeRIess; IV AtHeeR  EARObErad Chiiidpher RaL1dAvsent ery,
| eprosy, neningitis, scarlet fever, syphilis and tuberculosis, to nention a

few. i_ng the.l sev . decades, the.publi er t i0n,_has been one of
non 1Pt e T A R B o PR R el TRET TERE SRR oot
successes that have been achieved in_conbating these di seases using

anti bi otic tTHemagspnt imndiortelatsaiq emethodler thedoimnagy aidsnileriiop ofpatiogemat to
antibiotics. In addition, there have been recent revel ati ons of new rol es

t hat bagiciorgmnipardna e dofechvnan idhseesascenschodsas Hel i cobacter pylori as the
causative agent of peptic ulcers, Burkholderia cepacia as a new pul nonary

pat hogen an I I: i : i j X rt
G sease. apdriioeil o BARHER A8 And PRI Shacl Bt B B0 4289
simlarly _contri buti_ng to the_worldwi de rise in food-borne i_nfeizti ons by
bact er i “ifdHaYs 2R IFPIERF Al TeAFRATNONT B SRy, dissasssi hisp plasuand
Campyl obacter jejuni.

mankind. Many of these bacteria have been proposed as biowarfare agents. In addition, there is

also the risk and likelithood that nonpathogenic microbes could also be used as pathogens after
genetic manipulation (e.g., Escherichia coli harboring the cholera toxin).

Typical pathogenic bactena include those responsible for botulism, bubonic plague,
cholera, diphtheria, dysentery, leprosy, meningitis, scarlet fever, syphilis and tuberculosis, to
mention a few. During the last several decades, the public perception has been one of near

' indifference in industrialized nations, principally because of successes that have been achieved in
combating these dise:;ses 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 Hefz’coba.cter 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-bome 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 al ways t Hetentigkinfasensarnpke hogerat cangdespiasdahattelied gnebaned At BimpRer

pat hogeni ¢ and enpl oyed as bi owarfare agents. Pathogenic m croorgani sns are
al so ofofeanegilpatho gtireinkindest Bedilliand:peid bidyYérombispdstie anditheirvaxlokoxass, have

wi | dlife managenent. For exanple, Brucella abortus causes the spontaneous
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b
exot oxi n-produci ng- m croorgani sns have been | icated In the deaths of
bird, fish and nmammal popul gtions. Mre recentl mad cow disease has been
traced eﬁlgmf:?fég&]%ﬁpact %%Eig]ﬁiaél SR pHed g3 EP&%%%F%E%%‘E?S particle not retained by
filters. Thus, there is clearly a need for rapid and inexpensive techniques
to conduct fHatogems sugrsofganismis@xd @sqeitoncers tailt Ipasivokend powtiryrindustriasias s
that plague animals as well as humans. As a general proposition, bacterial

cont anmiyat 4sQR vSRIN (R atebRehe & op ¥x ahsle NBhelld 85Vr1usTBatica TeOMontahBbss ABEHHH que,
however, is only of limted taxonom c value. The investigation and

quantitation .of areas.greater than.n.crons | 1 Z [ if.ficult.an Lme
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cultures of bacteria to obtain sufficiently |arge sanples (outgrowh) for
t he sulbseninamicaisgpn thedeatbn obbirgjifishapg mananalrmpal@gpms@ Meza iscqrgly, Mg sefes
(genus) identification. However, techniques requiring bacterial outgrowh
may f aidisebse haddt@ctraced abthe obalttranancsibii of abtateinadebss paticleh®t cxombiedby filtede
growt h nmedi a enpl oyed may favor the growh of bacteria with specific

phenot : : it - i ' iFhed in
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for Pathogen Detectiqgn in Meat and. I\/leg]tga roduct s" b% al Pk}lHIPai and S. C.

Ri cke (1§ ProtqyasAndyjatiogpmip micteprsppisms eat Pepgup 1oyl Ay e! 25 RPEsul ar
Approaches for Environnmental Monitoring of Mcroorganisns” by R M Atl as,
G As a general proposition, bactenial contamination can be detected by ordinary light

microscopy. This technique, however, i1s only of limited taxonomic value. The investigation and
quantitation of areas greater than microns in size are difficult and time consuming. Many
commercially available systems rely on the growth of cultures of bacteria to obtain sufficiently
large samples (outgrowth) for the subsequent application of differential metabolic tests for
species (genus) identiﬁcation. However, techniques requiring bacterial outgrowth may fail to
detect viable but nonculturable cells. To the contrary, the growth media employed may favor the
growth of bacteria with specific phenotypes.

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

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

“Molecular Approaches for Environmental Monitoring of Microorganisms” by R. M. Atlas, G.
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40335B | 2 Sayler, R S. Burlage and A K Bej (Bioteclmgues 12(5), 706-717
(1992)). Those techniques enploy the polynerase chain reaction (PCR) for
anplification of bacterial DNA or R 4A, followed by nucleic acid sequencing
to detect the presence of a particular bacterial species. Such general

anplification and sequenci ng_techni ques require techni cal expertise and are
not easPier, Rohprukiee solifs KaBeniBlaisagiausslo) dhor bt G920ondpes Raqucs

PCR- based techniques utilize the inference of mcrobial presence since

t hese t@anploy dugsolpnerdseddapnieyctngDSRY forengldlcysos ofbeetteiab DN Aor RiNAct t ar get
nucl ei ¢ acid sequence, not necessarily a mcrobe, is detected. PCRis also
unabl e fo‘ilgwgggg‘ﬁhcl%itaeaciﬂrsg@?éﬂgﬁcv% AL@X ke H?egéﬂa@'o?la Bﬁf&f)ﬁllr B3ct M&%ﬁ@éﬁ@é  gide
det ection of specific mcroorgani sns I n environnenta saones s nmade
difficult by th resence of materjals that. interfere with the effectual
apl | | ERETATBRFI0E 00 BRCTAInE fehigpies e ec vkl SxRsglize 114} IR AA) FSTTK of
volatile cell conponents (e.g., fatty acids) after sanple lysis or

pyr ol ysideptabls dugsite afspebiflmed {dboralatyeondibnnof P GRdtased tackmauesintilige the One
description of the nethods wused to detect mcroorganisns with this nethod

can be iheyadeiof miélaBhbstante ahtOhesf teci G QSN 6115 adeh1iBE QBN KE ihenever
Devel opnment from d obal ESI-MS/ M5 Anal yses of Cell Lysates"” by F. Xiang, G

A. Andess o I i : ~ ] ( l 72
(a8 hecr B o pusiles Hay Bl s bt R s R
unreliable as. the conpositions of a mcrobe's volatile copponents change
dependi Rgetssbhe aresersedh foxierNGTPHARERlcHS. M URPYE cBAdrtroso! smseer approach
utilizes i mmunocheni cal capture as described in "The Use of | nmunol ogi cal
Met hodsmicooddgdreats mredvirdenditd]saBalket ermadd diffiduédt Hmhe posamretof nimteridls Sehl ot t er,
B. Assnus and A Hartmann (Biotech. Adv. 13, 75-80 (1995)), followed by

opt i calinflefeRCH iR theQitethis mﬂ;ﬁﬂ?cﬁﬁﬁﬂoﬁ@ﬂg'eﬁDNﬁhﬁl ’&B‘éﬁ sB@pikar i mmunoassay
met hod, enzyne-|inked i nnnunosorbent assay (ELISA), has a detection limt

of several %Qs%rsle)gctrca? lz'.rlla?}'/sis-rohfl volatile <\:A§1| Aon?peolngn st(QE., %a%a}loac?c{s) gf(térrseanrr%lé/ lysis or

pyrolysis has been used for the detection of bacteria and viruses. One description of the methods

used to detect microorganisms with this method can be found in “Characterization of
Microorganisms and Biomarker Development from Global ESI-MS/MS Analyses of Cell

Lysates” by F. Xiang, G. A. Anderson, T. D. Veenstra, M. S. Lipton and R. D. Smith (Anal.

) Chem. 72 (11), 2475-2481 (2000)). Unfortunately, identification of the analyte is unreliable as
| the compositions of a microbe’s volatile components change depending upon different
environmental growﬂ; conditions.

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

(ELISA), has a detection limit of several hundred cells. This 1s well below the IDsg of extremely



3 infectious bacteria such as Shigella flexnieri. Piezoelectric detection

t echni ques, such as those described by "Devel opment of a Piezoelectric

| mmunosensor for the Detection of Salnonella t)phinmurium by E.

Prusak- Sochaczewsld and J. H T. Luong (Enzynme M crob. Technol. 12: 173-177
(1990)) are even less sensitive having a detection I[imtation of about 5 Xx

105 cel |fFectiBus hRGEM suceBOSHicINT f1dhes. 'P?dz@@@ﬁﬁl@rdeﬁ@ﬁ@ﬂte@lﬁhl?ﬁHSCﬁch BRSEOPE
Technol ogy" by D. R Baselt G U Lee and R J. Colton (Biosens.

Bi oel eC&és@H? )&ié%‘ I?g\;e(ljo en §1)e%oeq§c§19{ hﬁ)ﬁgn ﬁfdﬁ‘g} tﬁfe I%'f'ecuﬁﬁ g?}%’ﬁln cﬁfe?l? le

m cr oscope i hundnocapt ur e 'S et

utility outS|deaIaborator settlngadvvnenthe sanp vol s are large.
I mmnoa@’é’é‘;ﬁﬁ” we By Bd m%ﬁ?‘\esooé%%qzﬁwéﬁééd il RHt “ﬁMm@d@%M ldes and
proteins. Mreover, the prior art has made extensive use of inmobilized

ant i bodi &5 17h(19p8Ptai deskpiast stmsitiviednome gatiestivg diptitatien of Hasie S tetlinetsed

| i kewi se involve significant problens because the anti bodi es enpl oyed are
very senghitirdfort &m‘ﬂ%&*ﬁfdsaﬁ%r BAscldn A& Mlcsfwc%@gt:riaclﬁﬁqiooyt g@r@t%@h G.

Ant i bodi es are susceptl ble to degradation by a host of profeol yt| C enzynes
in "di dditi t.he de d cu es
supportft'ﬂjdi‘f‘)‘?ﬁe11 ijé)g @@Mﬁ 7%% %&ﬁ%%ﬁg?s\ég 8%1)Se P5%hot as
high as is frequently necessary. A good sunma of the state of the art,
still upome: @agcenicrescopd (D) taldetsst @@numvapr%ellsbtb@meﬂwd haoithE utilishd A,
Turner (Biosens. & Bioelectron. 11, 455-477 (1996)). Medical and mlitary
consi degatideasatoadtbryfseninpehd ehet el samaievglahboge narget Bohunsessdygeahdglsogi es.
Real -ti me assessnent of battlefield contam nation by a renote sensing unit
i's necllgz[%gm 1 Reh&Lcand E@.%E‘b!ﬁ#t g_ﬁ@ iogbifd agnosi s for adm nistration of
appropriate tounter- mneasur cro oxic protein sensor useful in such
situation r ires he abi | h | obal gl scr nat e .bet vveen pat hogens
and non- pat h é"?‘?é’er= ¥ PIRG AT B%magﬁ RS eh%ied) éxgmroﬁﬁﬁeg *>Bensitivity
when |l ess than 100 cells are present and anal ysis that can be conpleted in
t he fi epaptide/protein/microorganism capture. Those techniques likewise involve significant problems

because the antibodies employed are very sensitive to vanations in pH, lonic 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, 1. Tothill and A.

Tumer (Biosens. & Bioelectron. 11, 455-477 (1996)).

Medical and military considerations call for better toxin and pathogen detection
technologies. Real-time assessment of battlefield contamination by a remote sensing unit is
necessary to permit and facilitate rapid diagnosis for administration of appropriate counter-
measures. A microbe/toxic protein sensor useful in such situation requires the ability to globally
discriminate between pathogens and non-pathogens. In addition, such techniques require high

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



4 | ess than 15 m nutes. Such tecl m 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 mrunol ogi cal
net hodol ogi es. | mmunol ogi cal methods suffer fromthe sensitivity of

ant i bodiegshirOViamthupdd, Subhteehsighengbhid bandld terpeygatzspathoghes andnirbbiddisese

t hensel ves are subject to proteolysis and require careful storage
ConditH%R%mn&ﬂonMﬁﬁ%9HEmEQ&§£xREﬁPﬁﬁ”B the present invention describes the
capture of mcroorgani'sns and their’ protei naceous toxins using non-antibody
based ligands. .1t is accordingly an.object of the resent invention to
rovi de. o neliA-CORTTSAHERE L 50 Sediuarr et poBEESSRe B baieAt ot
overcone the foregoing di sadvantages of technol ogi es that depend upon

ant i bodinggheil projesnageonsitexispbavefanplaysi emmuaplogheal methedelogiest dnprselageca

nmet hod for taxonomcally evaluating mcrobes and proteins that has the
capabi Irhétbfo@fsuﬁielsﬁémhw@hisﬂﬂigit]b@f WRBAdRP e Ard ©H, forse ebdrath, 3p€ CdrgSeratnad; iegens
and nonpat hogens, and can be |ikew se used to identify mcrobial proteins
of dia i: LLLEN.. S o : L.aventd on
dem)ns'?a?‘ g?é@&gﬁéﬁ%ﬁéi %@Hyﬂ%@é’n%%éé%osf %Eé\(g[‘ ??c\]éé‘;rr%@hsg‘ﬁrgg‘?e%&%%‘gag chari des
and peptides to bind to pathogenic m croorganisns and their proteinaceous

t oxi ns;OVERRBISARGSE PFRPFRS IR PESPHANYINGN APETBEY §8 ARG &f TRICFr RS BhEbugh
anal ysis of the nunber and kind of ligands to which it binds. The
devel)oph@nprotdindchos toehhodngasn-daitedy bawed digendse 1t ishecaidorgtyrendbjectet the
limtations of antibody-based technol ogi es. The concept of the present

i nvent ipaehigal Gedn kd pRvIRENAELS @ for tRnbRAKANG BY Slubkiehidrb KA tdn@Pr&tbins that
m croorgani sns in which mcrobes are captured through the binding of

m crobial receptors to cific ligapds, A ..m ¢roorgani smcont ai ni ng sanpl e
s cont™SEERTE I ERecIBgG SRirds of T QB Ry LI L AP ReF oot
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 1s attained thorough analysis of the number
and kind of ligands to which it binds. The development of this method was done to overcome
the aforementioned limitations of antibody-based technologies. The concept of the present
invention resides in a method for the taxonomic identification of microorganisms in which
microbes are captured through the binding of microbial receptors to specific ligands. A

microorganism-containing sample is contacted by the ligand, with the ligand being either



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 conmponents and unbound |igand as by washi ng, magnetic separation or
chromat ography. Finally, the sanple is interrogated by an appropriate nethod
t o det efethersd tb b sutfhe: dri @angateaso beaarkddoThe tdrgettrierdbanpeterby vitas, danging
signal s endogenous to the target or nmarker. Electromagnetic radiation is one

met hod 151%%905,%0@%%&2 of D&ePERS %f‘ﬁﬁt&?ac@?ﬁﬁggﬂeh&e@oxi%@'ﬂl?e%ts%f).hﬁfeid%d?ﬂ fhd Vi ng

m crobes, e.d., ré uced pyridine nucleotides or other fluorescent

net abol it es; ..ot her bi onol ecul es . g.,..notabl.y tryptophan .or tyrposine in

pr ot ei n%QI]%Pd?]ﬁé@PBngQP@@HCI&IE’%d ?@Pg?q\ggﬂ’éﬁéﬁg’i %#ﬁ’fg’ f’)}%&ﬂ?ﬂ"e%e&?ﬁ%‘ BTt he
captured m croorgani sns and/or toxins in accordance with the practice of

t he i nvémethatagrapby. Bialplthe saniple ranieitgaridd bphn abproraate myghed ermgyell t he
sanple will fluoresce after washing, since the ligand is bound to the cells

and t hethekg&sish asibzemBoiricto a@trceCbNdtedtitiohkeediBils dndebeidiung thermimeseantrker.
phosphor escent, radioactive and/ or” col oronetri c conmpounds, can be

conj ugat ed tﬂe%tp&lééngﬁggad?ﬂgn%gge ﬁlgth-bﬁiﬁggéltfoyde?ecmhg %%anaenéy ﬁétabo(}ites
I'n a simlar manner. e specli |p c]to

pr ot ei naceous toxl c netho et ect

capture of m.croorgani sns or toxic proteips is described i U.S.  Patents
5. 760, 4UBTAITISES SRVBICK %ﬁss»gem?&e?cﬁpaggﬂ%% Pecleolifies Py %tg‘@i SuerFseERt ed, f or
exanple, onto the surface of a |ligand-conjugated substrate that has been

t r eat edneibdiitesy ofirrabipnel exndsaé. pi, nofably diyptdpban astyvesineg ingotabisy er inGripsrated
detection nethod could be used to determne if binding of an analyte has

occur r efles frgs dsledtRetdf o sreldneslss the BRIteRA indikf ot Shidhienaneabting iki nd of
mar ker conjugated to the 1igand, can be also be enployed to determne if

the |igand.has heen specifigall ungd t ] ¢ .gani s, . '
or ot ef HECARES ARSF Be BT b hERe o Blictsy Bede™ FATH AR SR BORobat ca
to a Iug?nd coupl ed to detection of a mcrobe via fluorescence
char act®F; 8¢ sample wilfhioggsee aftgrayashing, spasithe g wbarnd idharelioviy thaaxsssgand
and (2) washi ng away excess dye '
1s washed away. Other markers, including luminescent, phosphorescent, radioactive and/or
colorometric compounds, can be conjugated to the ligand and used to identify a microbe and/or
proteinaceous toxin in a similar manner.
One specific method to detect capture of microorganisms or toxic proteins is described in
) U.S. Patents 5,760,406 and 5,968,766, where electromagnetic radiation is directed, for .example,
onto the surface of a ligand-conjugated substrate that has been treated with an analyte-containing
solution as outlined above. This detection method could be used to determine if binding of an
analyte has occurred. Other detection methods, appropriate for the specific kind of marker
conjugated to the ligand, can be also be employed to determine if the ligand has been specifically
bound to a microorganism or toxic protein. An example mentioned previously uses a fluorescent

dye conjugated to a ligand coupled to detection of a microbe via fluorescence characteristic of

the dye after (1) contact between the microbe and ligand and (2) washing away excess dye-



6 conjugated ligand. It is inportant to note that if optical nmethods are
used to detect the captured mcrobe or protein the,tether should not be
phot ocl eavabl e, e.g. the tether should be photostable. Thus, the nethod of
t.he present invention does not depend on classical antigen-antibody
recognition. On the contrary, the concepts of the present invention nmake use
of rel agamugaied ligaed plé rsimperteridgenteshitnf onfecatmsthode arsfuspd by drieajalke eapturahd

m crobial proteins contained in the sanple. In one enbodi ment of the

i nvent i @itrolee pedteid Mhdisthep shdudbalsbedheloepl ANE &, g. Tiegthee liqusd bs phstbstatie.
formed froma suitable support material such as glass or plastic substrates

(e.g., poly L J ' . ac L ds pimatthle with
both the chelfrllﬂfssi?@?égeﬂﬁc}sdeogﬂ%egﬁe%e(g)lmn&égﬁogi ﬁ?%‘il??% tg{r}é’lglrll a%gl%%%ﬁﬁfé(}pt ﬁe%g rface
and the detection nethod engloyed. TEglsensor. chip i% forngd of. patterned
array dEPIERITRY Oplhacaptiay, (BF CACep’s GheaRee RSt CACRASTUSEIRE THRIGY  chi p,
and each section has bonded thereto a different |igand capabl e of

mol ecul meipensiec wggis mghacaptywe of hilcromigenisins ahd prigbbkiahpwteins condiined irtdeept or
and hence the mcrobe itself. Mcrobial receptors would include, for
exanpl egappot eins residing in the outer menbrane of the mcrobial cell,
pilus or flagellum which is exposed to the aqueous enviromment surroundi ng

th . T Li f : tein.: t : f
the sensor dfiB EaRoamsRLa Rl HRBERD G i eRL U s R b SheBkbHES e
characterized as henme conpounds, siderophores, polysaccharides and
ant i ) adheslidds fpepd s a s |ppert @é@&r@ﬁ) PR 3 Blsaer Plesliesypsiates (e.g.,

m croorgani snms and toxic proteins. These |igands can thus be i mmbilized or
bonded pddy(progyleseirdrapoty(atiyl dvetaggnthar withhepeontpattighwiginbeth pho grdanateley usédzted
cross-linker also having the capability of reacting with the |igands,

wher eby, 8 ¢ MPhAKRd : R0BEHh 4 85 HRRLEfahes dan s haBitRAl mEBbh shp RSLIe #Re thRos Ur f ace
f

of the sensor chip and the Iigand capable of reaction wth a variety of

i1 e e s T SiA% 930k 38 B08) R0 IPraRFor 80800 PR30 Aid¥l) 2re
chip, and each section has bonded thereto a different ligand capable of molecularly recognizing a
specific microbial protein or microbial receptor, and hence the microbe itself. Microbial
receptors would include, for example, proteins residing in the outer membrane of the microbial
cell, pilus or flagellum, which is exposed to the aqueous environment surrounding the cell. The
ligand for pathogen/protein capture bonded to the surface of the sensor chip can and should be
varied. In general, such ligands may be characterized as heme compounds, siderophores,
polysaccharides and anti-adhesion peptides capable of capturing a wide variety of
microorganisms and toxic proteins. These ligands can thus be immobilized or bonded to the
surface of the sensor chip through an appropriately sized cross-linker also having the capabﬂity
of reacting with the ligands, whereby the coupling agent establishes a chemical tether between

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

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



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 sn(s), or mcrobial proteins not contained w thin intact

m cr obi @htatéhd Sijcreagabens sewxid mrotedso () nhced-yindngrbndtitnentsioLheapysinh sm or
its toxic protein. Thus, the present invention can be used rapidly to

i dent i fyqBl&f eOTERSIBy WhdRME of BEthe Tie8sh-{c@ler&l QWMaRE: @ detct Hﬁeﬁ%@fbiﬁ&iﬁ’g.

m croorgani sm and then "'m croscopi cally exam ning the culture thus produced.

Li kew s | ow levels of toxig.mcrobial proteins can simlarly. be

Cdent | ALYt RETPE PRt SELER ftﬁt%Fk?déﬁﬁg%eﬁ f%‘h‘Wﬂé“é‘"%PaP&WteFﬁ%%i es in the
capture of mcrobial netabolites as is often used in the Fri or art. These,
and ot Heicroshgaasys), peataelas! prattisdws penigesd withihatagt msenbial ¢ahlsetan kerisgfl | |
becone apparent upon review of the follow ng detail ed descriptions of the

di scl osedxenbhaidhne itestinomideorappiandedts edxad pwteiBRI EF DESCRI PTI ON OF THE
FI GURES Figure 1 shows the capture of Salnonella typhimuriumon a glass

m croscope i e t . i 3l ni c
bact eri um mzﬂélhggg%ﬁ%%lgﬁlﬁh g@é%@cﬁb ﬁ{;sg&i%%?ﬁéo %@ﬁ?&hggﬁgﬁ%“ﬁlg?ﬁ@%gﬁ?ﬁ ned
in U S tent 5,6968, 766 .to Powers. Figu 2 shows the capture

of Ent erlSBhLt GHORE BGINE Ofiie mEEoq BAR S Ao hef SRICERE e A e STBR B Pl
globigii on a glass mcroscope slide coated with tethered hene. Detection of
thils phttogdied bacwise om lsusls af tormphicstied pacteos damgintitarkyte idetifed. dht
apparatus outlined in U S. Patent 56,968,766 to Powers. DETAILED

DESCRI Rldo@hinédesshiiFtd SMITHT IR @& r eaiddie iR thetcapai HONRNr6biRBGERBbE1RY as is

(Sal monel la typhinmurium with tethered home, as outlined in the present

| nventi 90y uid i BHd A FBUEE ada oGB! HOSLARDd FRARLALYS o PHEJASH: 1 1

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 Péwers.

Figure 2 shows the capture of Enterobactor aerogenes diluted in various concentrations
of Bacillus globigii on a glass microscope slide coated with tethered heme. Detection of this
pathogenic bacterium was accomplished according to the method and apparatus outlined in U. S.
Patent 5,968,766 to Powers.

DETAILED DESCRIPTION OF THE INVENTION

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

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



8. U S. Patent 5,968,766 was enployed for the detection of the captured
bacteria. Although nunerous conpatible bacterial detection nmethods could
have been enpl oyed, this nmethod was wused due to its ability to detect such
smal | nunbers of bacteria on the slide.) Inspection of the figure shows
that the detection limt (<100 cells) of the captured m croorgani smusing a
t et her etd. Shatent|5, W& iveas|eowoyedfantht dateciadysel the dapigtied §astamundlibgigal

nmet hods (ca. 400 cells under optiml conditions). Binding between the

i Cr oor ganksi éitipdide BieiRial ddedidnisetheds R81dSIeRNS bty @nplbPed ithis ntsthed whd engt h
and tenperature as is binding to an anti body. The hene li1gand is also |ess

EXPENSI Y& duE Wil grﬁli‘é qﬁ%e%@trs%fcﬂl 1§f1951%g§1's%@%aét?i£'81§ th%téﬁﬁg.gtlh £tib2of the
proteol ysis as are antT boar es. Ellgure Shows The t et her e me capture of a
pat hogeni ¢ bacterium (Ent erobactor aerogenes) that .has been di.luted to. the
Same CoRBERERAS BA "ihﬁ%%‘&ﬂﬂq Ry <6%00aceﬁlah<b§8ﬁs wegelgar@maaagsnbv%%%gitfftsle.reérm s
figure shows that the tethered hene-coated slide is able to effectively

capt ur eherheligmtdho tpaver thabdbat@bsarvéd emginsohnnlpginalenathodsien 4Meelonpddrhogen to
pat hogen ratio is 107:1. Detection of the captured bacteria was

acconpl psihesl WhdiRohd)eBARPRY BerkhSerPBit liBRErdaRiskh and the Rahe 'ﬂgmlﬁi isH8ay ERisitiVe

Powers. I n one enbodi nent of the present 1nvention, a sanple containing a

bi ol ogi cal.,anal yt e such_as, .an _unkno nal m C rganj.sm-or _protein
Coxi e P et gt ateimBeafE of PRt BBl RSl Al Rats ABa %S 5
surface of either a chip or bead. Binding efficiency is dependent upon the
| engt h S¥Pensiee, reauss lesyfaselybeiarage angd sured Sesemiiel lonrgsteobEs) asiagnantipodiss| | gands
that are around 401 |ong. Ligands directed to mcrobes are covalently
attached t o Figereauhotvs aicctefisrdddeme daptured hepahddeatc mcenam (Bagbbd&oA i n

| ength; ligands directed to proteinaceous toxins are at |least six A |ong.

The anakyh g9 thgtgﬁ% B&Xl,sdiﬁﬁéél' % tﬁé‘*‘f]ﬁg 2 Beertfa0i6h Lo s RirAdloRParhEem e

Anal ytes Tapt'ure y ligands tet to a surface can be separated from

oD 85 IR e BB e R B 520 L, e
capture the pathogenic bacteria from a solution even when the nonpathogen to pathogen ratio is
107:1. Detection of the captured bacteria was accomplished with the apparatus outlined in U. S.
Patent 5, 968,766 to Powers.

In one embodiment of the present invention, a sample containing a biological analyte,
) such as, an unknown analyte microorganism or protein toxin, is first contacted by the ligand.

The ligand can be tethered to a surface of either a chip or bead. Binding efficiency is dependent
upon the length of the tether. Microbes are found to bind most efficiently to ligands that are
around 40 A long. Ligands directed to microbes are covalently attached to the substrate surface
by tethers that are at least 15 A in length; ligands directed to proteinaceous toxins are at least six
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 mcrobes on the substrate surface can be
made with: mcroscopy, intrinsic fluorescence, conjugate dye fluorescence,
radi oactivity, |um nescence, phosphorescence, and/or optical absorbance.

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

the | i gagogatetl td Seteming (famdih®omnint endlh@tio tieligaeid has osduoneid Thetdetretion of
phot ocl eavabl e (e.g., the tether should be photostable), or otherw se

chem cal| 1dl§ﬁprio|b@s 51?’(11% hep SQldd-AP: Usest H21aRRA: hiteodcborntihek TRl enlyr f ace.
odi nent o Kk [

In one e the 1 nvention, a sanple containi'ng an unknown anal yte
m croorgani s r protein is.first contacted with the sensor . chip, The sensor
i p 1 s Bied s R oS Pa BS i R G B P RRb Y A R aPRGE OBFact | ons
on the surface thereof. Each section has a different |igand bonded thereto,
so as t@spdanscepdbedifichtiv eidhamitrobs prapiteinisateiariess. byTthe ident ihelsthe hgend.
capabl e of binding to the analyte for capture, and the presence of the

capt ur el igiRgloyth tb hotedritakd Reher Showd Rotfleydioastansise deg edfeitehesyisudhbe f or
exanpl e, disclosed and clained in U.S. Patents 5, 760,406 and 5, 968, 766 and

via they] NSi r I 14081 Bl e
(i Gand AeRsS fr RURLETARRRGTlaon G B RLRIBREAND N AN I Harliier ',
capturing.,a specific mcrobial cell or mcrobial protein. The used chip can
be saveW Bfd used to grow out the captured nicroorganisns as well. In an

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

anal yte (milorooergdniisment pf the giveatey asampk containiog ke unjrarreirdlytes fir st
contacted with a ligand conjugated to a marker, including, but not limted

to, a fhitedsReaRHh of lﬁteiﬁr t&q*u@tgﬂn&ma iWith G8BNRr cEIPMIAB e ailf ieXERRa ofhgand
m e

are separat ed fro | i gand- bound anal yte; this separation can be

scconpl 4 Shegs BP AL HOR o0 LL ALk SRRl et EROLALLORLEYs
and 11 gdeill%gr’en‘?l?gmsi %ggdgd%ﬁgg‘g)fﬁsoc 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 conjugated
to a marker, including, but not lilllited to, a fluorescent dye. The non-binding sample
components and excess ligand are separated from the ligand-bound analyte; this separation can

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

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

10



10 identification of the analyte, is acconplished by detection of the marker
(e.g., fluorescence of the dye-conjugate in the exanple above). |In another
enbodi ment of the invention, a sanple containing an unknown anal yte
(mcroorganismor protein) is first contacted with a ligand tethered to a
substrate surface with a |inker of appropriate |length, as noted above.
Physi cadent&patoatdf olfe @anbtayas hicogplicmiby detavtiobiohdiengartanfe@idhtosesebndend the
solution. As will be appreciated by those skilled in the art, the captured

M cr 00ugaRh§AYAL iPhekinheapoRs. treated with a reactive marker, provided the
mar ker “~does not react wth either the substrate surface or the |igands.

Detection of_the marker. on t .area of the,surface associated wth the

| i gand(s) tE%?mﬁlévgnﬁag@ﬁw&Bgﬁ]gdmt'eg%??iéu Sgﬂlglky%%ﬁ?lﬂ]&ligcagtuéén O\at”lll%n’)f!)Yi gsence of a
specific analyte. hi a preferred enbodi mnent of the invention, the |igands
used i (MIiCKROTEABYR AT PIoHRBIE (5% craipctedwith adigang (ghsrehdo yrdspalesuprrsedlel hene
conpounds, siderophores, polysaccharides (including oligosaccharides) and
pept i dégkerA$ apsroptise langth, aknonad abevet Phgscakepdradon mdwashargtren@e moh-

pat hogens general |y possess hene uptake capability, and thus hene conpounds

can benggﬁgoc:oﬁga‘rbﬂfﬁt%ﬁlé‘s&‘m@ .;AgfwillBé‘%ﬁﬁ?&&ﬂe@fbﬁﬂﬁ&ée‘%ﬁﬂleh’i‘n aldi{ kpn to here

conpoun igands I nt ormo gh-affinity 1ron chelators,

generally referred to as siderophores, .can al so.be used to.capture ny
Strai neebyrel BAPROMERIE BARPER 2 OF derisd daharsag: CBH KEp B AP S ke

al caligin, nycobactins, pyochelin, staphyloferrin, vibriobactins and
yer si ndedsawt raast witk eitler Sesbaipdte siefrsanr the lidande BRietticacpfithe madkeaon thaid as
menti oned above, discrimnation of aninmal pathogens by binding to hene

conpoum@s ofid ssifeley Rpdrateswithale lwﬂﬁpﬂﬁﬂhi\%hﬁleﬁ@xpcweﬁ o ket indicale§o
possi bl e. An exanple woul d i ncl ude the incubation of bact eri a- cont ai ni ng

sol uti %?r&e{i&o@"ﬂp@&ﬁ@%ﬂ%. or hene conpound that has been conjugated with

a fluorescen

In a preferred embodiment of the invention, the ligands used in the present mvention may
be taken from the group comprised of heme compounds, siderophores, polysaccharides
(mcluding oligosacch‘arides) 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
1ron 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 1s also well known to those skilled in the art and as mentioned above, discrimination
of animal pathogens by binding to heme compounds and siderophores that have been labeled
with markers is also possible. An example would include the incubation of bacteria-containing

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

11



11 lum nescent, phosphorescent, chem |rmunescent, or radioactive conpound.
After washing the «cells, detection of animl pathogens can be nmade by
standard fluorescence, colorinmetric or radiation detection techniques. The
bi ndi ng of ani mal pat hogens to hene conpounds and siderophores that are
tethered to a support can also be exploited to separate these mcrobes from
envi r onfeminedceapipisphoresseyt, chevatleninesasnt, vhrzadmacpos eorapoundn deter reashivg thard/ or
purification. In addition to hene conpounds and siderophores, eukaryotic

sur f ace celpl t@pg®n(Fepinkd@sthoénsGah Be made 8 eshdardiiohesatieel @tagntERbrby
ni crobial cell receptors, can |ikew se be used as ligands in the practice

of the h o r y
ol i gosag{:(ﬁafr%??e G&Y&p{ec %%%C?ﬁlgrbl 139@‘91%&19? ﬁé ‘a?o @ o{ébel?egl{l/eaﬁoﬁg%%a%& chem cal
synthesis. Q her osac hari des and th t ho en from
vari ousSWFT@P]é‘BFb@ﬁF %f cihered (R EFPIEF AR IS0 e explo R\;%] %@B e from
Recognition of Target Cell dycoconjugates"” (Structural Bioloey 5:622-635
(1995) ) envitvanechtl satmEes, stg.,ovataf fa thepdposeaff cpatenugem endjergierficatiomr gani sns,
i ncludi ng the di sease caused by each species and their binding

characteri st hﬁa’iid‘[ﬂclnﬂo%'eﬁx%rcgﬁﬁ)@ﬁ&% mn@'sldﬁfb%Sfé@aém\%%u@@&fa&%?ﬁ opils are
set forth in Table I. These characterl stics can bé used in the capture and

identification.of su eci es. t|de i be identified
by af 11 By ey BRARsRY Gher B e RaiEgBY foplsh B Raflu R BN el B e
chenm cal ly. Siderophore Ii gands can be produced by chem cal synthesis or

i sol at i beats gnihs peasticapibe Bresentcnyentics Fraescdigauis igelide apral o crig@ads can
be produced by chenical synthesis or isolated fromeukaryotic tissue. Hene
conpoundigmsarthbedespnd guisestchypdesak wellhy tiokeavaiablesyyndteasts systherds. Other
protoporphyrin I X as a starting reagent. 12 Table | Bacteri al

Char act gligihdchigridRrandt it SRARY & pdthd BRSAGHENAKLESHANHofdais s Bl Wshigbed by

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

5:622-635 (1995)).

The characternstics of a number of pathogenic bacterial organisms, including the disease
caused by each species and their binding characteristics with siderophores, oligosaccharides and
heme compounds are set forth in Table I. These characteristics can be used in the capture and
identification of such~ species.

Peptide ligands can typically be identified by affinity panning of libranes of
oligopeptides and then synthesized chemically. Siderophore ligands can be produced by
chemical synthesis or 1solation from spent microbial culture media. Oligosaccharide higands 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



Bacteri al

Caused Bi ndi ng? Bi ndi ng? Bi ndi ng? Produced?
unknown a pul nonary unknown ant hrax toxin ol
Yes pertussis toxin

VWhoopi ng

D sease Si derophore digosaccharide Hetnin Exotoxin

Al cal i gi n,

N acet yl -

Bo

Speci es

Baci | | us ant hraces Ant hr ax
osacchari de.
ertusis cough others

rdetell a

gl ucosam ne C ostridi um Botul i sm unknown unknown Yes botulinum botulinum

toxin A dostridium Gas gangrene unknown unknown unknown a-toxin
Temus unknown unknown unknown tetanus toxin

Clostridi

um t et ani

Cor vnebact Qfab}émﬂ%c%tah@ﬁé@cté%feb%atsl@el PRV g&lé&ﬂl\éﬂdéimﬂiﬁiéﬁﬁﬂ Binding

oboblose

Yes Shlga i ke

dlphtharlae t oxin Escherlchla coli Numerous nany
e 7 S K 1 > ’SlderoB'hoEe ggnnos{ﬁm,&e oot £ RRlerope
Gal NAC(3 Epecnetns unkno(\e{f'qsed nf l Uellais: ) C\ ndif? 5 l!uﬁrpopac Q% 't ri¢
ul cers Ul Iy A o acllkb Rﬂfn urm‘nuvw vacuooratin ¥I Of LHII\D QoS zgﬁ xt&&'n _
cytotoxin A ki'ebsi ﬁ‘ner)us many GaﬁMKgﬁﬁ idy'ey U nknown|  Pneumoni ae
I nfectiou ‘déléﬁral ; 'Wh?)’o &ghlg UnT TR ET LU OST'S g..UUd.(,r [ ﬁmlssﬂrtb&ﬂl el
unknown ypgngym tube&ggl L Sseria Nk g&&ls many unknown Yes unknown
Clostridium Botulism unknown unknown Yes botulinum
botulinum toxin A
Clostridium Gas gangrene | unknown unknown unknown o-toxin
perfringens
Clostridium tetani | Tetnus unknown unknown unknown tetanus toxin
) Corynebacterium | Diphtheria Aerobactin unknown unknown diphtheria
diphthariae toxin
Escherichia coli | Numerous nmany Globobiose, Yes Shiga-like
0157:H7 infections others toxin, others
Haemophilus Meningitis Enterobactin GalNAcB(1- Yes unknown
influenzae 4)Gal, others
Helicobacter Gastric ulcers | unknown a mucosal unknown vacuolating
_pvlori oligosaccharide cytotoxin A
Klebsiella Numerous many GalNAcP(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 numerous 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 v superantigens
Streptococcus pneunionia, unknown GIcNAcetyl(1- Yes streptolysin O
neumoniae meningitis 3)Gal, others
Vibrio cholerae cholera Vibriobactin, Yes Yes cholera toxin
. others
Yersinia pestis bubomnic Yersiniabactin, | unknown Yes YopE, others
plague others

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

detected by tryptophan/tyrosine fluorescence after capture using a tethered peptide. A variety of

13
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meni ngi ti di s Pseudononas Nunerous Pyochelin, Asialo GM, Yes exotoxin A,
aeru inosa infections others others el astase, others Sal nonella typhi
typhoi d fever many unknown Yes Yes Serratia nunerous Aerobactin, Yes Yes
serralysin marescens infections Ferrioxam ne B Shigeila dysentery

Ent erobactin, Yes Yes Shiga toxin dysenteriae Aerobactin Staphyl ococcus
nuner oudicsibephntlodiag rigas, foagiNard RarterpEiponex owavsrihit araupengdld tafdstactions

ot hers superantigens Streptococcus pneunoni a, unknown GlLcNAcetyl (1- Yes

st r ept olsyigd thisQechpolegoni ae neningitis 3)Gal, others Vibrio cholerae cholera
Vi briobactin, Yes Yes cholera toxin others Yersinia pestis bubonic

Yer si ni abact e HOkON B8 XOBFoR! bRt Sial plAGHEaL B8NS (ToxiAReh Jahogant ai n

¢!
at | east one trypt op%an or a $ w tyfosi nes” per ecul e ‘can"be cted by

t t ophan/ i n ) ft capture in t.et hered_pepti de. A
Vi Lot Jeamologl BeiciPen adoin Rt LG ar g AE Rt e (Bt BT BhECe

exotoxins that are anenable to detection wusing this technol ogy. Table I
cont ai N$isex@aphrso ote thakifor Sioakrlecdcaks prenseinterotokat B cuhich eenrasentsape mosd
using the technol ogy described herein, and (2) ultimately detected via
means afnfivdedle ¢3¢ i TEICT(BuOfoas e pfetence bf jusSondP@rdnank 1y0), med Sllohatg f or

St aphyl ococcus aureus enterotoxin B, which represents the npst
fluorescence study of the sole Trp residue has appeared: B. R. Smgh, 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 2 microbial toxin are present (i.e., bound to a

ligand) on the surface of a sector of the sensor chip.
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unfavorabl e case in Table Il (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

Anal ysi s of Staphyl ococcal Enterotoxins B and € Using Circular D chroism
and Fl uorescence Spectroscopy"” (Biochem stry 27: 8735-8741 (1988)). As is
well known to those skilled in the art, detection of tryptophan/tyrosine
fl uorescence (nornali t t he t i.Lafi | |:).is sufficient
to indicate that spor ﬁg,glen@néf%% é‘%gde(tfﬁél?sd@?g@l&ét“&\%gtgi g??‘\?}e&lsbact eria] or
fungal cells, viruses, or a mcrobial toxin are pre (i.e., bound to a
Iigand)E’ﬂ@ﬁl‘—‘F‘-he—s-urfacg%@——a—seet or o?‘—"fﬁ%‘“—%—%ﬁ%@or chiigfn—i‘:h Tab™-HE.  Ami no
Aci d Cauntisacdsor Sel ecphedctBaeaitgend al Toxi ns753Bact eri urh Toxi n No.27Am no Aci ds
No. Tr . Tvr B. anthracis protective igen 753 7 27 B. amthracis

| et hal %f‘él\{lpg”bcfs 770 5 3 ¥hallifgcgoéer eus phosphola}fb}oase C 21315 9 15 B.%gpertussi s
pertusdi erquoxi n 952 1phosgholi@elfot ul i nun: t&%Kin A 1298 15 67 Clidiflicile
toxin A 230625 166 (. perhidngens iota-texin 346 4,18 C. tetgni tetanus
toxin 1421 13 78 C. diphtheriae diphtheria toxin 534 5 16 E. _coli

al pha- Heb&pi n 1023 988 H. pylori vacud¥®dting cytdtoxin A 868 8 14 L.
monocytoggnes |isterigkysin 0 523 7 23  Pa3sgenugi noga el ast ases01 4 22

C. perfringens 1ota-toxin 346 4 18
\ C. tetani tetanus toxin 1421 13 78
" C diphtheriae diphthenia 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 1s tethered to each of the sections of the
sensor chip. The senso.r 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
capturihg them. The unbound analytes are then washed away with an appropriate solution (such
as a phosphate-buffered saline); and the sensor chip 1s then subjected to an appropriate detection
technique. One possible technique used to detect the presence of bacteria on the sections of the
sensor chip ié disclosed in U. S. Patents 5,760,406 and 5,968,766, wherein the described
apparatus utilizes electromagnetic radiation of appropriate wavelengths to excite fluorescence

characteristic of the presence of bound analytes.
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S. marescens serralysiin 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 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
cont ai ni ng unl mrown organi sns or proteins, whereby specific |igands on the

surface of the chip bind_.to specifigc analytes, | ecti vel capt uri hem

The unbound*dn 3169&18 W 1Q thogg, ﬁl‘la&i Hletg‘e éla/agf avhe‘ﬁlﬁf“‘%ﬁl%%% P%ef)i rt%4 af %t?tg% lh%l}q%ﬁg (such
as a phosphate-buffered saline); and the sensor chip is then sybjected to an
appr op¥ itsstfeflupseseentitm thisdiyoresgerce Mopecings UpPRLMEEKAP Hifcangbae tJ1IHeIWEE t he
presence of bacteria on the sections of the sensor chip is disclosed in U

S. Patigfitsrebrer6dcAlBbandnBe Da8eiliEd 2 cvimegeeinrintehetydescshihefitiepharaatanstieit i | i zes
el ectromagnetic radi ati on of appropriate wavel engths to excite fluorescence

char a?‘fgﬁ%ﬁsféleligg ﬁl?gr%%.zefé{?s{ Qﬁ%@gﬁq @t ﬂﬁefggge@@%lfﬂ EiSthered 1780 Sayed Lisdg@Wn to

t hose In i a tethered |gan§ used to capture an anal yze
is itself fluorescent then this fluorescence may change upon binding to the
analyf@E“PWﬂ?@xEWéﬁ35a34$W1uorescence coul d be manifest as either a change
inintensity or a shift of the characteristic fluorescence energy.) This
change i n théefpressnesefdhe presénttientien evaatblt cedmdingamkpewn suerobes CoOve | ne
detection of the analyte. In the presence of the present invention, a sanple

cont aicBhtaced VR AN st 6T RRE SvHeadbyRRe of altraedcRpion 6fhé bacteensatt with parisvier eby
one Qr nore receptors of the bacteria react with various )different |igands

teth 1.0, i L . .. , | .of th
chi p gferbf 1 LM To ARAGNS Blioh dlclty, TIER: 0 B ol S P BREP The
sections of the sensor have anaégges.boqgedo}hereto. %§texa | es,

mycob&&t be M@suqud\g}i]éﬁﬁgﬁbggggtgﬁ PBBOsE 8HAgtgcting 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 IT Molecules” (Biochemistry 35, 10441-10447 (1996)).
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capture nycobacteria such as Mycobacterium tubercul osis. Helicobacter pylori
can be captured wusing tethered N acetyl neuroam nyl -al pha-2, 3-gal act ose. The
pepti de: GADRS YLS FI HLYPELAGA GG GC can be tethered, by nmeans of the

term nal cysteine group to expressly capture free Staphylococcus aureus

t oxi c-shock toxin-1. The peptide: GHF*KH HGGGC can be tethered al so by neans

of the ternmbalgiGytBLHe W@l Mhind Qe PRREMI Yal divo1€ aRitited nliBRosdnidg 8r _exposed
protein A of Staphyl ocodcus aureus, and hence this organismitsel f. The

St aphyl.ococcus_ aureus .t oxi c-sheck syndrone Xihn-1 - bi ndi p i )
deoor | HeRCEe Rl BifTeih 3Hh GRSt R TR Gtnier e & Bl EEr a0
Library of Peptides that Bind to Toxi c Shock Syndronme Toxin-1 and that

| nhi bi & sgries ORIy tES M eranpl ias ¢é aripratt IpindiedfivesiBicagentitypfepartguiis | |

Mol ecul es” (Biochem stry 35, 104" 1-10447 (1996)). 16 As indicated above,
det er munaiyng Abhen pressacenslera shaglctipdapinyg adirea of thedegacti @madong tHescr et e

m crobial protein can identify sone of the analytes of interest. In other
.Cas_es,h&{%\%ﬁt\sggm ax?d%%e's_@@tio% {8 (% vdPRER 2L APL Wi GFaRABkMLeS Of interest is
indicative o t%e Identity ofa a-particular anaﬁ yte. As an exanpl e, consider
a sensor chip having an area—ef—three %eciri ons—at-ong the horizontal axis
and three sections al ong he Adertilcal Adxis las ustrated below. A A2 A3
Bl B2 B3 O C2 C3In thils eddnple. tB8 sectioBd identified can be provided
with the followi ng |igands &theried 038 a gspecCBic section as set forth in
the follow ng table: Section Location 3 x 3 Array Ligand

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

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

Section Location 3 x 3 Array Ligand
Al asialo Gy
A2 hemin
A3 pyochelin
Bl GalNAcBGal
_) B2 ' alcaligin
| B3 fibronectin (peptide fragment)
Cl anti-S. aureus protein A peptide
C2 , staphyloferrin
C3 ferrioxamine B

It has been found that Pseudomonas aeruginosa can be 1dentified as the microorganism
when analytes are detected in sections Al, A2, A3, Bl and C3. Similarly, Staphylococcus
aureus can be 1dentified 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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Al asialo GM Al hemn A3 pyochelin Bl GalNAcpGal B2 alcaligin B3
fibronectin (peptide fragnent) C anti-S. aureus protein A peptide C2
staphyloferrin C3 ferrioxamne B It has been found that Pseudonobnas
aerugi nosa can be identified as the m croorganism when anal ytes are
detected in sections Al, A2, A3, Bl and C3. Simlarly, Staphyl ococcus

aureu ﬁ@ﬁc Bgn ggﬁhh 6@c%llme&cﬁﬁ%tw N$ A% BlngB J];cgfmcggtb%rfdsrﬁs fgntain

analy cap ure ereo casé, cap ture o} nal'yte in section C
is sufficient fg axonom c 17 identifi caHr on. ture of ceh] S in sections
A2, Bincopsratiep ofHyltpie hgpis SHreedg ha VEparalyte OT‘FFea lﬁ%“rhb%r”éue B¢ BFRHA ti pl e
| i gands targeting a given analyte onto a sensor chip, in effect, permts

mul t i plugiplé, moepenideninadysas oseescatioedomit caing edsimggit sarsplag Taisshorgises enpl e. Thi s
increases the statistical reliability of the analytical outcone. The

vari ogrgtl§tgcgrag§1§3l@t@%f@rﬁﬁrﬁﬁghyo&&;nh@r ed to a substrate by nmeans of organic
coupling agents which are themsel ves wel | known to those skrlled in the

art. \Wen in sub t L C.whose a as been
cheni cal | yjr%d% Oilego?lbdsﬁf%%rﬁ 23’(%31% 8d90h§%}r iraebgr%eané%%l rU%mtc E%Hgor
chip, it is frequentl preferred to enploy, .in the practice of the

i nventgeals, WiBekyars sbamnsshes dediegHado rpse skINed ipihedR \&heéh%rer g¥sfucture: R

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 Ry are each selected from the group consisting of hydrogen, alkyl groups

) containing 1 to 6 carbon atoms, aryl groups containing 6-12 carbons and alkoxy groups
containing 1 to 4 carbon atoms, with at least one of Ry, R2 and Rj 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 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,
18



| R-Si-RA R wherein R 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 1 to 4 carbon
atonms, with at |east one of Rl, R2 and R3 being an al koxy group. R4 is an
organic group containing at |least three carbon atonms and al so containing a
{N(') ?ﬁolﬂr&kﬁh‘ at 1&'11?1 efuﬁ%tgloglﬁ %1'0(31{)] 3k & alér neo%ﬂQl%béom}%cund%%P tgg négfjl g the l ! gand.
| i nker |nclude ol yam nes, pol ethers and ycine). Also SU|tabIe for
use idly@w@fzablaélfw% getupt el drrcilpie alreéﬂtf@n {qnhéa%@ér‘iﬁ%abé]étb{toilr?ﬁcﬁﬁaot her
functional groups such as epoxy groups, am no groups and unsaturated

f unct idometly with thesurfhyeds faky blags ougisstic substate off theipansanchipheThis keypluty agenar e

capabl e of reaction with the various |igands. Wthout Ilinmting the
I nvent o B8 ofjfhe} Hﬁig ¥ ’altklrnafﬁel %J)ﬂs%’{l@féd th&ky b8k FORARL ﬂﬁ?ﬁﬁ éht ‘éﬂﬁrﬂz JAne
functional group; pre era term naf functional gro p on

organgsi | ape c¢ oun di drol yzabl r at tached
it P T 8%3%5>fﬂ et [E Sy er S e 3@@»?139 Wi th
the surface of the glass or plastic substrate of the sensor chips. This
coupl ithyinop@nkizeds@xace ndbelligirdaa dienrfeense tallestatd oldhy stash st plagttcetdirqughsi t u
by first reacting the parent silane with the surface of the sensor chip,

f ol | oveskooylitdeseah@r, ¢ddneraght Girorgeeditdry Rirtheehht hekdrishégd te@f t he
|nnDb|I|zed silane. ' The Ilgand is then tethered to the surface of the

o 0 SQRhEBLL L EOUA e §B8aSPUp G RERAed (rPhna bbb R oBEAL LGN
d a mal t ance ons) fr nlthe rface
preseﬁéﬂi luga‘ig'sgﬂ& QR NPORT Py GSBIGE SHara s SRR short o1
di st ances results in decreased bacterial cell capture efficiency.

decreased bacterial cell capture efficiency.

Thus the ligand tethered to the glass surface may be illustrated by the following:
Glass—0O—Si—(CHa)sNH(CH, );NH(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
Techmques (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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Thus the ligand tethered to the glass surface may be illustrated by the
followng: dass-0OSi-(CH )3NH(CH7) 3NH(CH2) i 2NH( CH2) 3NH- LI GAND The | i gand
tethered to an oxidized plastic surface may be illustrated as above by
replacing the "dass-OSi" noiety with C (carbon fromthe plastic pol yner).
The chem cal reactions used in tethering ligands to the surface of the
sensor chip,,are.kno o those skilled.n.the art and are.. described in the
literatur e&ll%@HV‘? QQ@H% b‘?‘f‘omﬂﬁsyarﬁghqﬂﬁ HeRe 1P ﬁEtEfr fa*la’l.m%]ﬁlﬁﬁé 8ﬁ1g§1cgﬁoottlﬁe uoat e
Techni cues (San Di ego: Acadenic Press, 1966); Hansson et al.,
" Car botiyfareatt ¢-gBise serfsorchipd heBiednsiotagBac glass sirfeee Witaningyfese IOMronRLOYPams: A
Rati onal i zed Approach to the Study of Host Cell dycolipid Receptors”
(Anal yit isateaBe@ahitard Bk cylulidh of EaBmid3 ({nli98hhopyl) aRehmdN | sson et al ., "A
Car bohydr ate Bi osensor Surface for the Detection of Uropathogenic Bacteria"
(Bi o/ Tec 12; (-6~ g l.lustrative of such
reactiaﬁ@gépgﬁléﬁlé&gég%%g %ggé({aﬁg}g%g%}%%%ﬁﬁﬂ%% Sélga{f'l igand to the surface
of a glass sensor chip. Inthe first stage, a glass surface containing free
hydroxyl groups igadliel wt‘%@QHﬁQbWSi(f@}PJ?M@{%NH?fOL—»
gamma- N- (am nopr opyl ) - ganma- arni nopropyltri methoxysilane to attach the
silane to the glass surface: dass-OH + (C2H3) 30-Si (CH2) 3NH( CH2) 3NH2 {H~ (I)
3 ass- O Si - (CH2) 3NH( CH2) 3NH2 The product of that reaction can then be
reacted with glutaral dehyde at a pH of about 8 to form the corresponding
al defqyde: 0 dass-0-Si-(CH2)3NH(CH, )3N=C (CH,)3 -CH (I1)

) GlaSS—O—'S'I*—(CHz)3 (CH,)3NH,

I

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

the correspending aldehyde:

O

|
GlﬂSS_O-"Sjl——(CHg)3NH(CH2)3N =C (CH2)3 —C—H

)
The aldehyde, in turn, can be reacted with a diamine (III) to yield IV:
H,oN(CH,)12NH,
) ey
G]EISS—O'—Sli*‘(CH2)3NH(CH3)3N :CH(CH2)3 CH:N(CH2)1 2NH2
av)

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

(terminal) aldehyde group:
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The al dehyde, in turn, can be reacted with a diamne (I1l) to yield IV

H2N( CH2) 12NHL (111) G ass- O Si - (CH2) 3NH( CH2) 3N=CH( CH, ) 3CH=N( 2) 2NH2 (1V)
Next, the product of the preceding reaction is reacted with glutaral dehyde
to introduce a (termnal) aldehyde group: 20 i

G ass- O Si - (CH, ) 3NH( CH2) 3N=CH( CH2) 3CH=N(CH, ) i, N=CH(CH2) 3 CHO 01) which can
t hen be reduced u5| ng NaCNBH3 to y| el d: d ass- 0 Si - (CH)) 3NH( CH7

bontied ¢ 25{%’;&%&2‘1’%5@%’%&% e@H@%h@ﬁ%&cﬂg&eN g coupLipg agent

deferrioxamne B (or DFA) at an alicaline pHto yield:
d ass- O Si - (CH) ) 3NH( CH2) 3NH( CH7) SNH( CH2) 12NH( CH2) 4CH=NHDFA (VI1)  Tha/)DFA
can then be conplexed with Fe by reaction with a ferrous salt in agueous

medi ur@}%&&(ﬁrt%&&e ldb&% 5111°N%¢1M3hag% gLéﬂ,lder stood that various changes and

nodi ficatli ons Canh rm nation, procedure, and fornulation
W t hout departing from the spirit of the invention, especially as defined
in the foll ow ng clair’rﬁ: 21

Glass—O~E’ii—(CH2)3NH(CH3)3NH(CPI2)5NH(CH2)13NH(CH2)4CHO
(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:

Glass-——O—Sli—(CH2)3NH(CH2)3NH(CHz)5NH(CH3)]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
dete;mination, procedure, and formulation without departing from the spirit of the invention,

especially as defined in the following claims:

21



-CLAIMS What is Clainmed: 1. A nethod for taxonom c identification of a

bi ol ogi cal anal yte conprising: (a) exposing the solution containing the
.analyze to a ligand specific for the analyte of interest that has been
conjugated to a marker; (b) separating the bound anal yte fromthe excess

mar ker - conj ugated |ligands; (c) interrogation of the analyte for |igand

bi ndi ng via detection of the conjugatizggg?rker. 2. The nethod of claim1,
wherein the biological analyte is se fromthe group conprised of: (d)
bacteria; (e) viruses; (1) proteinaceous toxins; (.g) rickettsiae; (h)

pr ot ozodhat 1§ Claimenigi ; and (j) cytosolic proteins. 3. The nethod of claim1
wherein the separation of the bound analyze from the excess conjugated

ligand 1is aGCRRRlodTheEx ¥henichH T QEE A Y biotbeichh endFpk Reghpaking! ai m 1, wherein
the ligand is conjugated to a magnetlc partlcle and t he separatlon of the

bound anal y fromthe .ndi n % & nal olution s
acconpl i she by r?‘é@?’nsé]h e S@Batl]lpgt tﬁe?‘ﬂ lﬁ‘eﬂaa& %Bg ﬁ%e{%z}?e a{lﬁe Pﬁe
magnetic particle. at around forty A for capture of m croorgani sns.
mterest that has been conjuaated to a marker;
(b) - separating the bound analyte from the excess marker-conjugated ligands;
()  interrogation of the analyte for ligand binding via detection of the conjugated
marker.
2. The method of claim 1, wherein the biological analyte is selected from the group
comprised of:
(d) bactena;
(e) viruses;
3] proteinaceous toxins;

(g)  nckettsiae; -

(h) ~ protozos;

(i) - fungi; and
()  cytosolic proteins.
3. The method of claim 1, wherein the separation of the bound analvie from

the excess conjugated ligand is accomplished  via chromatography.

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

particle and the separation of the bound analyte from the non-binding components of the analvte

solution 18 accomphshea by magnetic separation with the ligand being tethered 1.0 the magnetic

particle. - at around forty A for capture of microorganisms.
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5.. The nethod of claim1,, wherein the ligand is a home conpound. 6. The
nmet hod of claiml1, wherein the ligand is a siderophore. 7. The nethod of
claim1l1, wherein the ligand is a polysaccharide. 8. The nethod of claim1,
~-wherein the ligand is a peptide specific for an outer nenmbrane Protein. 9.
The nethod of claim1, wherein the ligand is a peptide specific for a
conjugated lipid. 10. The nethod of claiml1l, wherein the marker is

f | uorgscemte anthddef ctigmet) wabretistheildand |sudigscangeundl. The method of claim
1, wherein the marker is |lum nescent and the detection is via |um nescence.
12. e i n.1; er.el : rKelo adi oactive and the

det e-c%?i oﬁ’\g%%”gjd &ac?ﬁmga}:t iw@i'l”g{. {ﬂig@%‘% "ngc%ﬁeggm(%‘f' claim1l,; wherein the

mar ke; i s_phosphorescent. and the_detection is via. phosphorescence, 23
. The method of claim 1, wherein the ligand is a polysaccharidz.

8. The method of claim 1, wherein the ligand 1s a peptide specific for an outer membrane
protein.
9. The method of claim 1, wherein the ligand 1s a peptide specific for a conjugated lipid.

10.  The method of claim 1, wherzin the markar is fluorescent and the detection 1s via
flucrescence.

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

12. The method of ciaim 1, whersin the marker 1s radioactive and the detection is via
radioaciivity.

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

phosphorescence,





