; e3e(<6T(pz METHOD AND APPARATUS FOR DETECTI NG THE PRESEN AND
DETERM NI NG THEI R PHYSI OLOGI CAL STATUS Thi's i nvention rel Mﬂuﬁﬂ“mﬁw
and apparatus for sensing the presence of mcrobes (bacteri'd X

protozoa, rickettsiae and/or other nicroorgani sns) and spores O¥%'WON-1i ving

surf aceﬁ\T{EiTPI(ﬂi AI\&“B‘%IJP'A {FiYs %l}?{%@ﬁ%ﬁ_ﬁjﬁ%ﬁPﬁﬁm'Wﬁ@gﬁ At
al'e A S of their

cour se nentary t r
cellular activity thﬁ?’u r@‘g\f(? 921%1%% Sgggi%?sati on occurs in

living cells, pyridine nucleotides are reduced, flavins are oxidized, and
ot her coenzynesllandvenstoabelates ¢sa arethodrand appadatupfor eensintg the pyesemsdies are
found to be abundant with a calciumdipicolinic acid conplex (a fluorescent
conpound ahiaeibek ERicledib Sfuhf, ﬁx@‘tdﬂo@) rick¢tigacoatidiba oti@R nfi¢dbazanfsmBy sndpaces

nucl eoti des, flavins and ot her cofactors, and/or the presence of cal cium
di pi col i ”%qlongl?xﬂn%ﬁlrﬁic@liﬁ ng&yﬁlllyquﬁsyci dated by concurrent excitation of
each conponent  with the appropriate' el ectronagnetic radiation followed by
detection of the characterj st | q. -l o t hese i ndi vi dual
f1 uor ophores. Simult aneous=ex&; IV h mul tiple energies
characteristic of the excitation for flugrescent cellular and endgspore
conponent's wi t Ht isid cayrse elgimepiercibpt dkmicsbia selluripdeds ewsryfiobtheiriceuland
reflected/scattered |ight energies (both associated with and i ndependent of
t he fl uor gehvitetyroughgppaitior! 4 célbildrueghamatnt edcufsan living atds.aoridore of

m crobes in a sanple or on a non-living surface by the nethod descri bed
herei n. Theclefiéstdordoded, 88Whe ABDxRIdISaridbthi@abensyiled af@metadsliies arlade nore
reliable by the aforenentioned nethod for two reasons. First, the

si mul't a”ecdﬂlx'édlﬁé&i kﬁgﬁgﬂv&?, dsﬁln%fﬁ QREB Y toBé! e{ohxﬁ’da‘ﬁt G lalcaidien dﬁﬁ‘@c{lﬁlﬂi@é“ci@”d

ensui ng cdil nci dent det ect nuner ous fluorescence signal's reduces the

chance of |nterfer s the probabili . i . C rce
duplicati ncamtpﬁééc @hfglr%geg%een rLHPee ocgﬁ?mhsgrl%)réslgﬁt%}ogh%r;)éggfds}] SE%? ?gmal y
5??725v1 doc. *@0002% snmal |, Second, the relative quantities of the
i ntrinsi c AEdRsAveleatdesflgyipgand Qﬁﬁertcﬂ CPOé%ﬁ?‘E/ PhGe PIGEREE &A™ ™  gnal s, have
been found to fall within defined Physi ol ogi cal ranges.,

dipicolinate, can be simultaneously elucidated by concurrent excitation of each

component with the appropriate electromagnetic radiation followed by detection of the
characteristic radiation emitted by these individual fluorophores. Simultaneous excitation
of a sample with multiple energies characteristic of the excitation for fluorescent cellular
and endospore components with the subsequent collection and detection of emitted and
reflected/scattered light energies (both associated with and independent of the
fluorophores, respectively) is fundamental for the detection of microbes in a sample or on
a non-living surface by the method described herein.

The detection of respiring cells in real world samples is made more reliable by the
aforementioned method for two reasons. First, the simultaneous excitation of microbes
by multiple excitation energies and ensuing coincident detection of numerous
fluorescence signals reduces the chance of interference, as the probability of an

interference source duplicating the characteristics of numerous fluorophores is extremely

| ENRIOAT g

522725vI doc *G00002*



Anal ysis of the signals is achieved with a nmethod capable of two things:
(1) separating the detected fluorescgnt signals originating from any

m crobes present frominterferences or background signals and/or scattered
excitation signals, and (2) a requirenment that the intensities O the

si gnal s f smailnSeconkd) the retatvebmhnt tdes, of thecinbinksialmat argpicese aidsthan df thpor e
conponents fall wi thin physiological ranges. Thus, the basis for the

det ection ré%ﬁlt{fﬁg(i‘m?é’s&dt 3 gﬁal§ anpk %eéﬁsfoﬁmrfhﬁ Q4 déﬁlﬁdfpﬁPhQI‘Ugf&Ql 2hgdaS:
first, excitation of a sanple sinultaneously mnth mul tiple excitation

ener gi es qlaragtn ShLeial 8Ll At RLARALLLGR. o tlaiahal  Fapaneat s, and

spore conpon subsequen on o rou
|nd|V|duaI5Hgyores nce signals (associ ated mnth the maxi ma and_ m ni ma of
the enissit t@fedttﬁ@é%scgsééi%la 0#9&“&‘88@ PP THALPORS PREPeTY fTOBMMSTET oY t he
collected signals with a nethod capabl e of renoving background fl uorescence
and conpapi bagkghmeind elgatls wed/si spatibredwrrgifatiodsignd$, amdt(Apoteqhieemerd thkatdvn
physi ol ogi cal ranges. Long-established technol ogi es and nmethods used for

m crobi al ifleisettdsiofther sedrialsURON ndlelodR efabolitef) naidtoblas co@Pbidntsghdfshore
met abol i ¢ reactions, inmunol ogical capture or the anplification of expected

nucl eot | de?lﬁgorop&ﬁ%ggsléﬁ; ool od BRRL | NGBl AN 1k eBLEARNY] Ul L1 Pl e

intrinsic es coup an analysis of the
relative a due_ t.0 ithe Q h not anly

et o i ne Hhaors BasAra s Eateads MER o3RS BAE B 3B PRBP RN at i ng
bet ween vi abl e cel non viabl e cells and s ores,

appar at us S%B?‘1ﬁ?il4ye‘§’éléﬁlﬂ1§’pl? BNy er}%glﬁgn"gbé‘ Actarisiic HP%@PE?\AW%ME@SS anpl e,
and delivers ‘real-tine' results. szz~zs~i ao~ There are other m crobi al
det ect i onTHeiohigH somprenist andisperefqopoagis ewnd Mha yuliequens coliastion of et r y
nmet hodol ogies rely on the fluorescence of dye nol ecul es conjugated to

i mmunol ogihumkrops atdevidsal flappetende signalh éassovited withh the mixdmasind ndninexafithé e of

this can be found in U S. Patent 4,745,285 (to Recktenwald et al.). O her

f 1 uor escesgéssivas b@dﬁsm@nwﬂec&bﬁhww esdfilly@iadiad dfahelysifecrd sthrelserilj ugat es
(as in U S. Patent 4,900,934 to Peeters, et al). Sone of the

f1 uor escea@@euktﬁﬁ&%amgf%eovdﬁ'gt@afekgmwaa&e&eh&%ﬁ%o fahh fhel tBlafil1Si C
cellular fluorophores. One nethod S. Patent to Reyes, et

cal .) si mployal magnitudes of metabolites to known physiological ranges.

Long-established technologies and methods used for microbial detection rely
upon detection of products resulting from metabolic reactions, immunological capture or
the amplification of expected nucleotide sequences. Since this invention employs
detection of multiple intrinsic fluorophores from microbes, coupled with an analysis of
the relative amount of signals due to these fluorophores, it can not only determine the
presence of microbes, but is also capable of differentiating between viable cells, non-
viable cells and spores. This method and apparatus uses no reagents, requires no physical

contact with the sample, and delivers ‘real-time’ results.
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conpares the fluorescence spectra of the sanple with a library of spectra.
The nmethod described in U S. Patent 5 4%4,910 to Al fano, conpares the
fluorescence of a sanple surface to that of a clean surface. A popul ar
intrinsic fluorophore used in mcrobial detection nethods is the reduced
pyridi ne nucl eq{hgféearé\'@@é& mlic@ol%l d%tecggﬁ ﬁl@{htoﬁs thadutlt? huBrdPencN Ry o
cted Tna forced alrs t sa

ence.
fl uorescence is dete ream contai ni ng e Ife and

conpared to bl ank. Alternatively, the ratio of DH fl uorescence to
i ther t héeso %ﬁowﬂmqﬂe%q%ﬁwsgpwg|thf'oﬁuw%ﬁwerq P UEES COREEPDIS | s

used in U S. patents to Powers (5,760,406 and 5,968,766). In U S. Patent
Nos. 5, 760 #@BuBeldgisalgesteing Gargeted torthe smaligd ofntereste Angg8malechf1lgis Can bher
1999, respectively, and which are incorporated herein by reference, there

i s di scl og@thdan TR @ateArd] 740D (@ Reckiaivald)e: siot €rhérduogdscence mdiBsdsaRe
non-living surfaces and sanples. The sanple to be examned is excited with
el ect r omagagl fydiadbAlthAbdiitleyBe 18 Bnigel @Rat D grieakieu dohansgs0 nm
causing the excitation of pyrirdine nuc1 eoti des present in mcrobial cells,
and (2) h%v%qg %6¥§velength bel ow 340 nm as a neasure of other
char act er i §TT¢s%d¥ 't he environnent The ratios of the nicrobi al pyri di ne
nucl eoti de s~z~zs~i ao~_3 fl uorescence em ssion (resul tanh fromthe
excitation at tRECAfheerescRredesinIcEdedstachen pethodelogigs Blitzs Birinse
signals are cal cul ated and conpared, as the basis for both the detection
and quant icelatlarofuayppheares dh@gnnﬁe@élht&@ﬁtenh%%”a?éﬂ fe Reyes, of abhedmplyon is abl e
to locate and quantitate m crobes on non-living, surfaces, including neats.
Wher eas t bemahies drefhicresoadepptotntos tiezaiplvewish ad@pengofigpectra. afhcométhudr escence
for the detection of a single netabolite, the present invention utilizes

excitati odeRkibed e O S Mitaht 51479000 ROA Fend; @RbALs WetrlioRBcskeorf b kdplehat
subtracts the detected signals due to the scattered/refl ected excitation

ener g es- o3 (il F POk LS AR RRrELOARk 0N [BER S biteoBl  ent

invention better able to detect and quantitate m<cro on non-l1ving

surtces, ek AR Pl P BRI TR RERIES B s, The

current invention I's super ot etection
SRR S AT AR N AR

compared to a blank. Alternatively, the ratio of NADH fluorescence to either the

scattered excitation signal or other fluorescence emissions is used in U. S. patents to

Powers (5,760,406 and 5,968,766).

In U.S. Patent Nos. 5,760,406 and 5,968,766, which issued 02 June 1998 and 19

October 1999, respectively, and which are incorporated herein by reference, there is

disclosed a method and apparatus for the detection of microbes on non-living surfaces

and samples. The sample to be examined is excited with electromagnetic radiation (1)

having a wavelength greater than 350 nm causing the excitation of pyridine nucleotides

present in microbial cells, and (2) having a wavelength below 340 nm as a measure of

other characteristics of the environment. The ratios of the microbial pyridine nucleotide
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interferences. The detection of mcrobes with the foregoing nethod and
apparatus will have uses in biowarfare aljent detection, cell sorting,

medi cal diagnostics, sterilization verification, water quality testing,
food production and preparati on safety, and errergency response teans tasked

with the detection deco and. rot Ub|IC I Rf rastructure
Faci 1111 eDTORoeRey GBERon b nCEnE oG MR T SfteanPii tahdd
foodstuffs (neats, poultry, seafood, juices, fruits and vegetables), there
has been Eeflgeisd eﬁ@t%wa\ﬂgaélsaler@ﬂ%wdam cappaicdt asthe hagis PaRodhesed t o
detect such mi crobial contam nation in foods, on foods and on food

pr epar at i detectiomfamdemantifhtien cvfenihmbeapudsemppmrlmtsamplea§rlﬁmi110hjtmntis abletthre

i nvention, should be operated inexpensively and rapidly in, for exanple,

meat and r&uﬂetaw qREAME hlieRbESS Adntm@g s@?aaaﬁﬁaelud;l@gcmeéts It is yet another
obj ect of the |nvent|on to provide a method and apparatus for use in the

det ection of mygroplal. SoNLANTNALINAN, BA0GS R WER Alientluieocapce of

pyri di ne nucl eot’i des, tavins acto S a spore conponents are
excited b ct.ro netlcr atlonto dIStIn h the netabolic reactions
and spor e}i@d:;ﬁ{ﬁﬁ ggg gpelgit eﬁ%’&b—ﬂ? PSSt IPY%%IGEUHIZ?S&&H%{PH OBEOT owi ng

m crobi al contam nation 011 foods to be determ ned wi thout contact with

sai d foodmorg flieroplearet enupkdyvinarodpasthmdhat spedrictstbp deteeted sigprladielto a net hod
and apparatus that can be used in the detection of mcrobial contam nation
on non- | i thHersgatsawed/medlested excilation etsgiandltas diffefenca irsgesignfand nodtheditlogf t he

i nvention, the nmethod and apparatus can be used to find m crobes and

M crobi al naRes BB cHaéit G enfieX PRIS b kY daad ah@ghdtyaté icrbBds oPlieng
heal th-care facilities, research | aboratorl es, water treatnent and testing

stations, gkl Gy thhé’hﬁtﬂﬁ a"f’ﬂ‘éla‘t’lo 31 ol e%f:én%lz%et &ds' Smé%n%ﬂﬁt her obj ect

of the invention t pI’OVI de a rret apparat us use i n the detection

of m crobi cont t nan aces and guid and air
campl o1 HESHTSREBRAR 08 %lr %@%%#8106%’“&8‘965&? e SRR WA PG o

ot her cofactors and s ents are excite el ectromagneti c
radi at i onﬁP‘&mH PR Pﬁj’ﬂ? %P ?"i‘lée RASHEEITBTS!s g¥ E%@E“ nd/ or

presence of spores fromt he background of the
interferences. The detection of microbes with the foregoing method and apparatus will

have uses in biowarfare agent detection, cell sorting, medical diagnostics, sterilization
verification, water quality testing, food production and preparation safety, and emergency
response teams tasked with the detection, decontamination and protection of public
infrastructure facilities.

With recent announcements of bacterial contamination in foodstuffs (meats,
poultry, seafood, juices, fruits and vegetables), there has been a need to provide a method
and apparatus that can be used to detect such microbial contamination in foods, on foods
and on food preparation surfaces. This method and apparatus, as an object of the
invention, should be operated inexpensively and rapidly in, for example, meat and

poultry production facilities.
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media or scattering, allowi ng mcrobial contam nation in sanples to be
determ ned without contact with said sanple. It is yet another object of
the invention to provide a nmethod and apparatus for use in the
differentiation between viable cells, non-viable cells, spores and

non- cont am nated sanples in which the fluorescence of idin cl eoti des,
flavine and o fids YEGRAEREPYechn (ieBrap SRERES BrEoGRI waaapy fof ise

el ectromagnetic radiation with the differences in the s?zns~t, do~

rel ati ve gutatdeteciéon of michebialreoniamdiation bu doasls rowdechi the Baerhscgseedft o

di stingui sh the presence of mcrobes f1' 0111 the background of the nedia or

scat t er i ngyri GLbRRYot(des, TtdRidsNYENTHOMb fldiers aad epdt Sofbotiches 49¢ essfet bynvent i on
reside in a nmethod and apparatus for the detection of mcrobes in which

sanpl es aéﬁcﬁgﬁggi%gcﬁ-éhiﬁloﬁ% Vdﬁﬁgg@% e 1ﬂe?é%ifpﬁ$ LR Gs A 61@‘&5111?81?&&5 o€

ener gi es capa excliting escence 1romvaril ous tabolites,

f d | ul ar..and .. Th h ] i al | 1 d
Cpores. t obaobs bRt iRl noR8SuET RO RERerRl Sonb b BuThEO R 1CE '

cofactors and/or other cellular, viral and/or spore conponents) contained
therei n efftermpingeFediedroatachuith 63 fand. neasured. The col | ected fl uorescence
signals (associated with the m nima and/or maxi ma of the signals emtted
from the cel | ultas Asdordihglymorob)ecooftbemvtsionde pravidd y methodiahd appanasthihdt
capable of ( 1 ) renoving any background or reflected/ scattered excitation

signal , abgh §)sedERIdef@tibh6f meréihlonfahiiditios ©aHonSivinEedusfacds, Bt i t es,
cof actors and spore conponents to known physiol ogi cal ranges. Thus, the

met hod an%@aea{@alé?e&ﬁc bhiectyrefenberiBY &R hRthoblAY lafSa @8 cdiRessd ve and
rapid way 1n which to scan sanples to detect and quantitate the presence of

. bi al o AN et Wit h Le . Bai ;

vl uat o S B BELL b B oo o BB i SOt BB e
isk O introducing. t am nat.i I i th thi 01111 O th

| nvent i on Pt PRGN ESFoRRdrtnpaet Gt IrriTen TeS83AEEy PINIY 1| ng

el ectromagnetic radi ati on above 200 nm I n accordance with the present form

of the i nPeidingmnand opethe baiHetieddi tted by the 1ight source is specific to or

filtered to pass therethrough el ectronagnetic radiation of energies
specific to exd is getappihgi alesect of the invention to provide a method and apparatus for use

in the detection of microbial contamination on non-living surfaces and in liquid and air
samples in which the fluorescence of pyridine nucleotides, flavins and other cofactors
and spore components are excited by electromagnetic radiation to distinguish the
metabolic reactions of microbes and/or presence of spores from the background of the
media or scattering, allowing microbial contamination in samples to be determined
without contact with said sample.

It is yet another object of the invention to provide a method and apparatus for use
in the differentiation between viable cells, non-viable cells, spores and non-contaminated
samples in which the fluorescence of pyridine nucleotides, flavins and other cofactors

and spore components are excited by electromagnetic radiation with the differences in the
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nucl eoti des, flavins, pol phoryns, cofactors and/or cal ci umdipicolinate.
s??~?s~i ao~ I n accordance with anot her enbodi nent of the invention, it
is possible, and sonetinmes desirable, to direct electronagnetic radiation
of ultraviolet energies (wavel engths between 200 and 3001ull) at the

sanpl e. The_ul trav | et n

aci ds, soh@a%vfe WitdY tges Or%téés?lgﬁls}c)s(fﬁ{é)eq%?] o&gé’%?%c'h 1sg(mo IStﬁ@%ﬁltﬁe greaelg ? rally
exciting cal ciumdipicolinate and pyrjdine nucl eotides, sone of whose

eni ssi on McIsBes framdby brskemyné F\Ethéé‘r?ﬁla@lsﬁatteﬂmﬁ exciting cofactors (e g.,
flavins), part of whose em ssion is used to excite porphyrins and ot her
flavins. The fluorescent enSEMMARYODE {HE BVBNEI@Ne col | ect ed and anal yzed
as described previously. The use of ultraviolet light results in a

rel atively shaltheWwos®pR! dffise ReRat mebiten réedd A OhetBod a:sfpé@alaltﬁs RegRr dance
wi th anot her enbodi ment of the invention, it is possible, and sonetines

deS|rabIe 0 bl e of
exciting spttee(g‘l1 |6ch(rﬁrf§ o%g?ﬁ{{vﬂi’m%@%l %reggdsg(?jkoc@f’(ﬁuﬁlﬂ%ﬁ étgdol(r%glaglgﬁﬁgnents and
al so ener%| es t hat not .i nt er ct .with e mcroqw Thus, (t:cordance
with thi s BRE0Y? ﬁ%‘?ﬂl I HES §aRG ﬁPf B‘r‘f”“’t FEEHE é“f’iﬂéﬂﬂsé%eé i gnal
emanating fromthe sa rr@ é@éboth fromthe mcrobial conponents and those

si nply r efpBetoEsnsicstly TROBTEOIRONEHFT &), ﬁﬁnms@bwé&gléﬁ@d SRAES thie
presence of m crobes determ ned by conparing the ratios of the emtted

si gnal s f $arfji¢d (dndenotecsped fsallyohpeanceel motabbiosg coficioectieiddrstixdrtcellddr,f r om t he
sanple. In accordance with the practice of the invention, a sensor is used
t o det ect vialand@/dr¥pbie&ohlpdpéts conemedtieadiatRd fordsbanck it caAsbembhsuesdophor es
but also to detect the reflected or scattered el ectronagnetic radiation.

This_servanebOIANATIrEEchAs R AMRkoANN CHIRAISAIRALR/OY RakAld iR | N the

signal that m ght otherw se be caused by the use of varying distances

b
di 1 or ont SEaRpFud® 08 MR BN SRR R LR Gy Bl Bl U l%tet#%? ound t hat
by rapi dl Xapa@ﬁe oqj(T)qretm%%megl Sl%/tbragkrm& tolr %efjiecged%cat?ered excitation signal, and (2)

comparing the relative fluorescent signals of metabolites, cofactors and spore

components to known physiological ranges.

Thus, the method and apparatus of the present invention provides an inexpensive
and rapid way in which to scan samples to detect and quantitate the presence of microbial
contamination without contact with the sample. Being able to evaluate microbial
contamination in a sample without contact reduces the risk of introducing contamination.

In accordance with this form of the invention, it is frequently desirable to utilize
light source(s) emitting electromagnetic radiation above 200 nm. In accordance with the
present form of the invention, the light emitted by the light source is specific to or filtered
to pass therethrough electromagnetic radiation of energies specific to excite pyridine

nucleotides, flavins, porphoryns, cofactors and/or calcium dipicolinate.
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directed to the sanple at frequencies different than 60 Hertz, the effects
of anmbient light (and particularly fluorescent |ight) can be substantially
m nim zed The nodul ati on of the excitation energy also permts the sensor
to be noved to direct the el ectromagnetic radiation to various parts of a
sanpl e w t hout . L al; ectil - - Lhesaeasur enment  of
the m crobi al é@lr%?cz)trl]@%k/gjsltil%(l:lgtﬁﬁérle%ﬁdglgpé&g\gg%ﬁg%@g&rlﬁqglr%%gmggt a(:ﬂgt ors rely
on the grow h.of microbial cultures to pbtain sufficiently l.arge sanples
(out or out RPTFUmER PR a8 BHeH IAIB PGSR ROA BOTR G USTEL ST818E abol 1 t oot s
for species (genus) identification. However, techniques requiring bacterial
out gr owt h (wayelérgths hatw ekt Adtand 386 hen) buthe samplal The aiasiodes(light excdaver sel y,
the grom h nedi a enpl oyed may favor the growh of bacteria with specific
phenot ypesirorfidtiteimiap peidashtsuddc Midd, ehhabl dhbérehiigionde pelfidbipbs tiyhdhe

i mrunol ogi cal capture of either the m crobes thenselves or their

conponent : : W1t *E sitd

i mmunosor Eglﬁgﬁgsegﬁa%@h? %EP*SUAS?@ ﬁlﬁaamgﬁrl g%ﬁgictﬁ%ggfargg? ?gcri]ﬁ ??(r?tgo%%‘eg’?g\%grogl hundr ed
cells. (Thi,s is well .bel t he 0 of extrenely.. nf i ous bacteria such
e shi gol PRpF EpfiBin) B HE hT s Rl eRtiohe sk ol G vy

probl ens because the anti bodi es enployed are very sensitjve to variations
in pH, i ofPE O WHERERISEHAR 1% & Et BCIIF BOTPAMR i ostier Javiaet She fIowHErbbi al
conponents not only are relatively expensive to devel op and produce, but
are al so sussipsiobitle saopdkeye aolkaciedrandynalytrdsas descripedprsgiopsive Tdsayeres in
“dirty' sanples. In addition, the density of antibody nol ecul es supported
on surf acestrdviviet lightresuhsil 4 refatiatle Shalfowsepipding pedstadsn) deghodt sasplei gh as is
frequently Necessary. 522725v1 doc More sensitive but |ess rapid typing

schemes utilizen L@@y WBhassthehahbbdifaatdf ek ibhatbn fiofs peRblef idat i on of
bacterial DNA or RNA, followed by nucleic acid sequencing to detect the

presence %E)m@tilﬁ@g Elés%ldi)l%,r to%%&teerléc?llonﬁgﬁ%icquia&'l‘?& eﬂ%%?é's%la%m& éﬂcﬁﬁ{gi on and
sequenci ng t'echni ques require techni al expertise and are not easi Yy

adapt abl e outside, of ..speci.alized, | aboratory conditions, PCR-base

Feohn quesPrn PEEBpHER RREuf 8 MR ShaE Yot Rab el docihab it de
technig ueSnoP {ll?e\{‘!cl(g%vit ntlh>e/ 1naic1%8<§sl. t"llh\lllg, ig rz}gclgﬁalm%e {V(l)tgl tl?ig ellngggi%ent of the

invention, the resulting fluorescent signal emanating from the sample (both from the
microbial components and those simply reflected/scattered from the sample) can be
measured and the presence of microbes determined by comparing the ratios of the
emitted signals from the microbes compared to those reflected/scattered from the sample.
In accordance with the practice of the invention, a sensor is used to detect not
only the fluorescence generated by the intrinsic fluorophores but also to detect the
reflected or scattered electromagnetic radiation. This serves to normalize the signal and
compensate for variations in the signal that might otherwise be caused by the use of
varying distances between a probe and the sample being scanned and variations between

different samples or surfaces.
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target nucleic acid sequences, not necessarily m crobes. Mreover, the
detection of specific mcroorganisns in environnental sanples is made
difficult by the presence of materials that interfere with the effectual
anplification of target DNAin "dirty' or real world sanples. Mass spectra
anal ysis of volatil ell _conponents.(e.g.,.fatt ci ds fter sanple lysis
or pyrolysis hd mﬁég‘ﬁ%ﬁglbﬁ’uflgﬁmf ﬁ%la(%{lgggqngwggée é&@f%??%\leﬁﬁaad\%tﬁoases
Unfortunately, identification of the analyte is unreliable as the

conposi t i discted tathpisenplbet Gequeheies didfetenhibon 6pHistteHhngHedepbidbingt lighon
different environnental growth conditions. Imunol ogical, nmass spectral and
PCR- based (amei guoisi [ @tyefladréscemndight) cho baswirtahfilty minimized 00&s niodutaien sanpl e
were vi abl e. I munol ogi cal and PCR-based net hods both use relatively

expensi ve i £a0aRch iifly Aqhhe; BRSEIRE Wb 788 1 EoRiAladet coti on

met hod and appar at us cribed hereinis able to determn e viability of
det ect ed hagt.eri.a, funai ot 0zga, .and rickett.si The, net hod a

appar at us Foatity Betibans BEE AOAAE v BRELE PSR R B RPN e ve 10
performand delivers real-tinme' results. These, and other objects,

feat ures HHISHEVEHAJesmisFoliHCopieBsent i nvention will become apparent upon
review of the follow ng detail ed descriptions of the disclosed enbodi nents
and t he appendédost cammsrciadly-avaidable magsebe deBRIGEFrehEFSTRICFETO@N @iiTHbIF| GURES
Figure 1 is a block diagram of the nost basic features of the invention.

Fi gure 2 shiomss tdsbtsinissHicient] s pegd sampdds (autgmiwih) fon tirfsubswuettiappidsion of us
thuringiensis) in low fluorescing nedia when excited with radi ati on of 345

nm The solgighrbhtRe nh®WAC fcbe f&*ﬂpéé'e&{gﬁﬁ&gg&ehaﬁ@afﬁoh,hﬁotm&@Eécﬁniaﬁés_ the dashed
| ine indicates the contribution of e Rayleigh scattering to this spectra.

Figure 3 2%11‘%1}{‘{3@ 1) 3&%1%th§§?ﬁg;f{aimo°cfeté@t gﬁ%l%tbg{al![l(hmuﬂﬁgbl\éiC%Hé.e cel | ‘and

spore (Ba uringi énsi's I ons e varrous'intrinsic

o Mo, S5EL o oY CORD I BRI RESL P i

fl uorescenfe signals (nornalized to the em ssion at 440 run after
backgr oun®@"€¥ReEct i on) between viabl e cells, non-viable cells

Other approaches to microbial detection depend upon the immunological capture
of either the microbes themselves or their components. The most popular immunoassay
method, enzyme-linked immunosorbent assay (ELISA), has a best detection limit of
several hundred cells. (This is well below the IDsg of extremely infectious bacteria such
as Shigella flexneri.) These techniques likewise involve significant problems because the
antibodies employed are very sensitive to variations in pH, ionic strength and
temperature. Antibodies directed to microbial components not only are relatively
expensive to develop and produce, but are also 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.
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and spores of Bacillus thuringiensis in solution. Figure 5 shows the
distribution of the 440 nmto 4801ull fluorescence em ssion ratios after
background subtraction for 22 species of bacteria. Figure 6 shows the
response of the reduced pyridine nucleotide (RPN) fluorescence em ssion of
one enbodi ment_of the inyention to viable and.non:viable Salnonella typh
cell o on a st eMare it aLE! eps Gaidyng AR HAHabp BRSECHRe EHE FeRion
fluorescence em ssion of Eschericahia coli on the surface of turkey. Figure

8 shows t RCRYfer empkiention ofbaeieial DANA ReRNA & lkyediyenvelfisanibsrqgpedts a of

paper and various sanples of envel opes. 5??735vl doc 1 Figure 9 shows the
response aof ddtéue thegrkgnoseie gatitidattadterBGpeadies | Suoh gsnealceplifeaticd amf one
enbodi ment of the invention to several mlligrans of Bacillus thruingiensis

spores ing u&%‘x@f&cﬁﬂg@é&@ ireREchiM daF&Y e h P Te ot €41y et AYEDH f@blo Fhe

basic el enents tor the apparatus described by this invention are shown as a

oxcitat oft ¢ et By Eond "5t PRt SRR Sl 0B MeRbePEL T o o

and detectors,, Electromagnetic radiation is directed fromthe |ight source
t owar ds t HECTeBIRLPIESENERSHICA hash FeshjAuEsHEO W de PRl Ripssitive pradysds fok@n ietisi ng
optics if necessary, to excite the intrinsic fluorophores in the sanple.
The scat t targsd nagldicraeid sequenges ol negedsamlymaidiohes. ovioreavem thewdetetiothef eni t t ed
fluorescence radiation, are collected with the collection optics and

di rect ed tmsoificdaicidegadidecinensiromnesaisanples istraade dffsuttdytthapressnky of he
energies of interest are neasured. Various enbodi nents of the invention,

i ncl udi ngnfidrfaftBitineaBle il feicpasuanehpiitichtichl dTdargbvVBNASH COFRORSRAIS, are
possi bl e. The fundanental conponents for this mcrobial detecCtion nmethod
permt: t%rlggg{hé@i on of nmultiple intrinsic mcrobial fluorophores,

col l ection an ection of emtted and reflected/scattered |ight energies,

o0 B ol LSRRGS ARUR A TR, PR o

known phyfyisglocr)%iylgo?)llsis has been used for the detection of bacteria and viruses. Unfortunately,
identification of the analyte is unreliable as the compositions of a microbe’s volatile
components change depending upon different environmental growth conditions.

Immunological, mass spectral and PCR-based methods are all unable to ascertain

if microbes in the sample were viable. Immunological and PCR-based methods both use
relatively expensive reagents that require special handling. The microbial detection
method and apparatus described herein is able to determine the viability of detected
bacteria, fungi, protozoa, and rickettsiae. The method and apparatus requires no reagents,
no contact with the sample, inexpensive to perform and delivers ‘real-time’ results.
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.
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paranmeters. The configurati on and conponents enpl oyed in any apparatus
using this nmethod should be matched with the application requirenents and
expected interferences. It is possible, and sonetinmes desirable, to utilize
a light source that provides a broad band illum nation. The kind of |ight
source enployed is influepnced byl ahil ity fo_produce el ectronmagnetic
radi ati on of the wavel ength FTed e A IIRES i hsi ¢ 522725v1 doc
11 m crobi al conponents of interest. Additionally, it is sometines
desirablelﬁwunéésa%gw

envi ronment al background during the off cycle. The |light sources that can
be used i Figuide JhawpsherehRsivaEpeotis oDasddstideo fthacte iR (BatiNus thidvgS&81) in
deuterium xenon), light emtting diodes (LEDs), and diode |asers specific

for the r Wiﬁlﬁgﬁs&ﬁ%%ﬂeﬁﬁaj WherSRe & %l ra-ﬁlh‘?iolﬁio@g#)gml. MRk SPHACSoWr R depends

upon the intensity excitation radiation needed and detection Iimt

required. The.excitati nd em SSi 0 ijters.used.in the various

erbod meneaio et e PaRe R et hr b RUR G et b Bt P e

gl ass, series. of cutoff fjilters, gelatin filters, nonochroneters, gratings
and t he | Regleigheatisryif todhie 8P§cUghar act eri stics of the enission filters used
depend on how nuch of the scattered and refl ected excitation radiation

si gnal caWigpgeBahewatlalehigsivhepeatiad i sinldle pell,mod-viableverit ardepertBaeills mit i s
required. If light sources having only the energies of interest are

enpl oyed, thdrthgengis) sdlutionsfdubterhs varyusrintinbie feephsss ¥xciiell at Bigfeldnght sour ce
is collimted (such as a |aser) then the focusing optic may not be

required. ylBenpYs peRe bUketdidfsaarRting. optic is to direct the excitation
radi ation to the sanpling area or volune.) It is inportant to note that

Cthomufti " f AtLan. Lt i : i :
energi s FUALStSFERAS BibBRubd aeroOn s e et s (MR M o e
The purpose.of t

h ollection opti.cs is.ta. deliver .the light emtted from

The Excrt stistoagedfm ity STt end o Besdhie bt b eyl r om
the sanple to the detez;prsh If interference filters are utilized to
di scri m ndPESRONES RAGHEs 1B gierHile 01U #Hen the col l ected |ight needs to be
collimated for these filters to work optimally. Fiberoptic cables can also
be used t Figaed shews e distnibutesrcofithe #4hnm sf8Q v rdluctesediee siansion ralins t o
collect the emtted radiation and direct it towards the detectors. It is
possi bl e, afieibackground subtraction for 22 species of bacteria.

Figure 6 shows the response of the reduced pyridine nucleotide (RPN) fluorescence

emission of one embodiment of the invention to viable and non-viable Salmonella typhi

cells on a sterile surface.

Figure 7 shows the response of the RPN fluorescence emission of Escherichia coli on the

surface of turkey.

Figure 8 shows the spectroscopic window in the fluorescence emission spectra of paper

and various samples of envelopes,

10

522725v1 doc



Szz~~s~i ao~ 12 sonetinmes desirable, to utilize polished netal
reflective, sapphire, fused silica, quartz, MF2, and/or CaF2 opti cal
conponent as many optical conponent exhibit fluorescence in the ultraviolet
and visible range. The detectors are used to convert the emtted

el ect romagnet | adigtion into.an electrical si t hat can be nmeasured.
Nuner ous e SohEvs fis henr & BRpLERuRFore el Mok Hbr<§Rer SA 1 b
enbodi ments of the invention; photonultiplier tubes (PMIs), aval anche
phot odi odé&oeapmaydimsnipf dheoaaentiontbseverhmitligeams WeBact s tyatngiansts sepi§sen
woul d depend 11p011 the energy of the radiation to be detected, the
strengt h af a tdadedesmvsiopen signal, and the required detection [imt of the
apparatus. The coll ected em ssion energies, having been converted to

anplified electrical shgpRiSED PEECRIETXREDPMTEE RVINTEW capabl e of
removi ng any background fTuorescence and scattered excitation

contributions. -JThe_choi ce of- excitat] ( 1.S81 i S in a
peci i o enbodiMeRE aesaRts apoh ohe P SRRl HRE Helfo Y ibect e
physiolog%gﬁ status. _Table | lists the exci aﬁion and em ssi on ranges of
some of t RECKkdfagraibifhBighte §-nths FpERRNS|IcORYES Rt S GRS ENfAIS M HEF ™S n " var i ous
m crobes (and protei naceous toxins) and indicates their |ikely presence in
each. (Pr&casingoebes coilestiobioplicst erispien Elersisnd deteetorse Flepsiompendticss met hod and
apparatus in a manner simlar to that used for the detection of viruses.)
5?2725v1 daitatibn is Taddted fromBkeliglatsowne towchrdsnthe singyl e RavgesthirarghNher obi al

Fl uor ophores. Excitation Range (111n)Em ssion Range (nn) Fl uorophoreVi abl e

excitation filters and focusing optics if necessary, to excite the intrinsic fluorophores in

the sample. The scattered and reflected excitation radiation, along with the emitted
fluorescence radiation, are collected with the collection optics and directed towards the
detectors. Emission filters ensure that only the energies of interest are measured.
Various embodiments of the invention, including different configurations and
utilizing diverse components, are possible. The fundamental components for this
microbial detection method permit: the excitation of multiple intrinsic microbial
fluorophores, collection and detection of emitted and reflected/scattered light energies,
and analysis of the detected signals with a method that is able to correct for backgrrund
interferences and compare the relative signal strengths to known physiological
parameters. The configuration and components employed in any apparatus using this
method should be matched with the application requirements and expected interferences.
It is possible, and sometimes desirable, to utilize a light source that provides a
broad band illumination. The kind of light source employed is influenced by its ability to

produce electromagnetic radiation of the wavelengths required to excite the intrinsic
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Cel I sNon- viable Cells Spores Viruses Toxi ns260 - 285340 - 360Nucl ei c

Aci dsXXXX265 - 280340 - 360Tryt ophanXXXXX265 - 280340 - 360Tyrosi neXXXXX270
- 280380 - 400ATPX270 - 290460 - 480Ca-Di isX310 - 330400 - 430Ca-D isX320
- 330430 - 450RPNX340 - 365430 - 450RPNX340 - 360470 - 490RPNX430 - 450S20
- 535F| avi nsX470 - 485560 - 580F| ayj,nsX560 - 585615 - 680Poi h -insXX560 -
580620 - m@mbae\?ica@m@ o A0 OB R hSRRREBE® 658909505 BBHknown XX
(In Table I, ATP is adenosine triphosphate and RPN refers to the reduced
pyri di ne right soricddmwingingasueenzens hbihs envieonarents bakgspadtdusing theafheysteer i al
solution (Bacillus thurigiensis in a mnimally fluorescing nedi a when
excited wtHa lghg8uréds tigd 2abelied s0ldd Ihhpewih ousodshlelis.er, vetcweyi ssi on
spectra of the bacteria and the dashed |ine indicates the contribution of

the Rayl eicsgl Sc%?rlia%l‘%%géﬁ 19, xteﬂo%mg%lt%ﬂl%hg giod tEfIf’s‘):,taklﬁ'aiche 154%?8 h@if&h

backgr oun observe ectra results 1n"the true em ssion spectra
due to the netabolites.excited 4 | ight (Figure D). ..The magni t ude
of “the badRBTOLRE PR RagIeEs th THe KURal TBE SPoqdved thgid vpn biioisa
described by the equation: | = AA74 + C, (In this equation, | is the

i nt ensi t y cdFExeitasion srdigfonmepdeghand dateckoryland reduited by t he experi ment al
conditions; the value for the constant Cis typically determ ned by the

charact eri st i csThefextiteionnasd eossion filsethsedirctbk vawtustehiodmanty ofthe conbi ned
em ssion szz~zs~i ao~ 14 spectrum O the bacterial solution when excited

with 325 nnvendion MBlrRAnerderends BN Bmptcahited plRa, sdikd onbutafdilRh) gtlid . The
measured fl uorescence intensities at 515nm and 850111n are used to

cal cul ate : e f 3! guat i on,
i g el T B A B e o ¢ he

det ect ed Se:mq&%ﬁ %ilg%g %%)eﬁi cﬁpen QST g Q@tglrekrg{agtglgg gf‘nﬁ g«%ﬂegge%eggitét%

particul arTy sul quid and arr iredi a exhi bi t
di fferent back rounags nd can C'Q_ reated with the appropriate methods
(6. 0. M SoCEiTh SETH.gon B e by eana VR BRhop 108 AL RETSoR QTS r act od
em ssion spectra_of viable bacteria, non-viable bacteria and spore .
sol uti ons PBAER| Lkl sewresiherms ol be eergise o lintarestiarei cmmloxedi beexdtstionhor es
excited at 280 nm (A), 315 nm(B), 325 nm (C), 345 11nl (D), 570
filters may not be necessary; if the light source is collimated (such as a laser) then the
focusing optic may not be required. (The purpose of the focusing optic is to direct the
excitation radiation to the sampling area or volume.) It is important to note that with
multi-photon excitation it is possible to use light sources with energies less than the
excitation energies of the fluorophores of interest.
The purpose of the collection optics is to deliver the light emitted from the excited
microbial fluorophores and that scattered and reflected from the sample to the detectors.
If interference filters are utilized to discriminate these emission energies, then the
collected light needs to be collimated for these filters to work optimally. Fiberoptic

cables can also be used to both deliver the excitation radiation to the sample and to

collect the emitted radiation and direct it towards the detectors. It is possible, and

12
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171n (E) and 660 nm (F). Figure 4 shows the obvious differences of the
fluorescence signals (normalized to the em ssion at 4401>1n after
background subtraction) between said viable cell (A), non-viable cell (B)
and the spore (C) solutions. The anal ysis nmethod uses these differences
between the viable cells, non-viable cells and spore solutions to

di st i ngui SRMsEMREdesieblsste liize apkihed metah eefleghve, sippayediseddli¢fefieditZed and
background subtracted signals are used to quantitate the nunber of m crobes
i n the sandpk, ahdiot GaF,ampéicarbogbnent asofiartyhmticalventpiooents ediebitifleommscence
excitation filters at 325 nm 345 111n and 570 nm woul d all ow for the

det ecti on iphhaANgadbReiddVifiBlel aizePet ween |ive cells, dead cells and spores.
These excitation filters would allow the excitation of reduced pyridine

nucl eoti des, vag] | avi |.ci i.k.col i Qt: el d ot her
conponent s. Thgms?g#geg{%g%ﬂeg? edf t|%IactO g{rlégl{%gf mtltﬁég éé%%@&a%&@?@@b?%@?% t he
excited fl yorophores woul d include those at 405 111n, ,440 nl1l1,.480111n and
55011m 1 HLSHTA PR 6P} B FeRIT Nanrne seems il SEEt s8Rt 1 he
excited flurophores. Additionally, szz7~s~i ao~ 15 other emi ssion filters
(54S nm arfén 8s0tilipaddn teserplndimpris gbtheiniepaen: Ghoomudtidicriipes (RMEshf t he

refl ected/ scattered background, To achieve a | ow detection limt, the

f ol | owi ng avelfdigyhatadordesnesPDOnpinrdiates,dCChs,pnt sedikee e detaciprwhassensed as
the Iight source with interference excitation filters. A focusing optic is

added to Geddid aBIead ib6n tiedRbrgh el eHearalingon Rt defRACRkirtd AR 8 thEhe focusi ng
and coll ection optical pieces were constructed from polished reflective

optics to el:dmnal I | The. parabolic collection
optics, V\he?l{clhsrl%cl{(; %gaé’té t@ﬂ&hgﬁ%@ecﬁﬁg(ﬂgﬁfﬁﬁgg&&a@na', were fitted with
interference em,ssign filters, collimating optics.and P The. i nstrunent
functi ons. - dat A RaeTged ShEiRn e Tk A oR i L dteg He Bl d by a
m crocontroller. In this enbodi rent of the invention, the detection nethod
required tSHERRegRPY¥zedYily8 mahadirapeple eliemevigdny Rawer JidTHBeardCed
signals to lie within certain _physiol ogical ranges. Analysis of greater

t han S00 safpraisrddrexgitainneontintionge ntlie cipice of exritageandeynigsion geargics a and
spores showed that the nunerous ratios could be used to ensure a

st ati st i calséd/insi gpecific canbodinttmb tiefendatpamrihe FirgatmeciSbesrmdgheihexmctetr i but i on
for just one of these ratios (440 nm480 nmratio after background
subtract i gphysiofogtdl speasi Bsblof liadieanxciationlng efhedsioni rngeet BE some of the more

abundant intrinsic fluorescent compounds found in various microbes (and proteinaceous
toxins) and indicates their likely presence in each. (Proteinaceous microbial toxins can
be detected using this method and apparatus in a manner similar to that used for the

detection of viruses.)

13
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physi ol ogi cal range required for the detection nethod. The nmethod coul d

al so discrimnate bacteria-containing solutions fromsterile nmedia and

ot her bi ochem cal buffers. Using a variety of methods and the foll ow ng
rati os (6S0/405, 40S/ 440, 480/ 440, 650/440, 40S/ 480 and 6S0/480), e g.,

Neyl nan- Pear son test, fuzzy logic and a trained netural network (utilizing
a nultilayer perceptron), these gave a 99% 9S.6% and 100% probability of
detection, respectively for the presence of bacteria. (False alarm

probabi lities of Table ISBRcithiva apdEntissiondkanges for Mibbal Broraphorss. al gori t hns
were as follows: Neyman-Pearson (0.01 %, fuzzy logic (0 %, and neural net
(0 9% .) sapf&stionePErifsion Hl gure 6 showsiagrt @ Ndgnonl one em ssion (RPN) |of
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Figure 2 shows the emission spectra of a bacterial solution (Bacillus

thuringiensis) in a minimally fluorescing media when excited with light at 345nm. The

solid line shows the observed emission spectra of the bacteria and the dashed line

indicates the contribution of the Rayleigh scattering to this spectra. Subtraction of the

Rayleigh background from the observed spectra results in the true emission spectra due to

the metabolites excited by 345 nm light (Figure 3 D). The magnitude of the background

from Rayleigh scattering at wavelength A can be described by the equation: I = A/A* + C.

(In this equation, I is the intensity of the incident light; A is determined by the

experimental conditions; the value for the constant C is typically determined by the

characteristics of the instrument used to collect the data.) The combined emission

522725v1 doc
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envel ope. The enbodi nents of the present invention described above are
intended to be nerely exenplary, with other configurations, variations and
nodi fications utilizing the 522725v1 doc 1 fore mentioned basic ideas
avail able to those skilled in the art without departing fromthe spirit of

the i tion. Th .of thi t h d t t m b
 ncl udes. GPRIERS! R DR Aol o R SR DA o 1B HSn e AR e

m crobi al fluorophores with subsequent anal ysis of the.detected eni ssions
wi t h et haaiginhacar §bhowrand $60 yracbisungastied fivarskepnet densitigaal S 5amd apéqui re
said signals to Iie wthin physiological ranges, All variations,

modi fi cat igg0suramnd veaitbicglenatd B Snictvn Aheded dnd Mo thbbforérhentivaepe of the
present invention as defined in the appended clains. s~?~?s~i aoc 1 g

VHAT |'S Clepl) ruﬁn{a%lggﬁom f5Re %tn%&wnoamébmkgfoaﬁgﬁigga%ﬁ fleng a.

exciting at' ['eadt one intrinSic mcrobial fluorophore Ing a specific
range of el ectr.om I,c, radi ati.on vel engt.h _above 200 nli1l: .whereby said
mcrobe. oo A et si BT R RERY Bl Dty B eatence.
and; b, detecting.the fluorescence signals associated with the m nina and
maxi ma of MK WGl WHPFsEPIHB; BMPLY laecﬁlésﬂablég&f?%ﬁ;ba@egr%weﬁ PREEIVRS t he r
efl ected/ scattered excitation energi es and background fromthe detected
si gnal s oftreated vestcthe epprapate biediods (e r Meesreteringaeicoby t he enunerati on of
m crobes is determ ned by the magni tude of the detected fluorescence. 2.

The nethod as $egurt Orshéws the Gadighuhd-subracéderhiision epeatrh W€ viableitastedd, mul ti pl e
det ect ed, background-corrected signals are determ ned; whereby the

det ecti on @fi-idife BRYRIaOnA%bsRsoRtiBALFRE RN Mgl ARSI dep aRdaridpon the

requi renent that the ratios of the background-corrected fluorescence

signal s |16, Wit MuBrpREES Ek@Rd at 280 nm (A), 315 nm (B), 325 nm (C), 345 nm (D), 570
nm (E) and 660 nm (F). Figure 4 shows the obvious differences of the fluorescence
signals (normalized to the emission at 440 nm after background subtraction) between said
viable cell (A), non-viable cell (B) and the spore (C) solutions. The analysis method uses
these differences between the viable cells, non-viable cells and spore solutions to
distinguish between these in samples. The magnitudes of the detected and background-
subtracted signals are used to quantitate the number of microbes in the sample.

In the one embodiment of the invention, the use of excitation filters at 325 nm,

345 nm and 570 nm would allow for the detection of and discrimination between live
cells, dead cells and spores. These excitation filters would allow the excitation of
reduced pyridine nucleotides, various flavins, calcium dipicolinate, hemoproteins and
other components. The selection of filters for the emission detection of the excited

fluorophores would include those at 405 nm, 440 nm, 480 nm and 650 nm; these filters

correspond to maxima in the emission spectra of the excited flurophores. Additionally,

15
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physi ol ogi cal ranges and that the enuneration of the mcrobes is determ ned
by the nmagnitude of said detected signals whose relative ratios lie within
sai d expected ranges. A nethod as set forth in Claiml, wherein said

m crobe fluorephores are selected fromthe group consisting of nucleic acid

olymers, t t gphan-cont ai ni n rotein tyrosi pe-cont.ai ni r ot ei ns,
hdenosi ne @th 1'%%5%% fers (SAsarmANd B0 nrg) %Iocw o eteraienar B\%ﬂﬁ%ﬁnﬂéée
nucl eotides, flavins, porphyrin-containing proteins, and other conponents
exci t ed i roftthereflettedzGtierndrtagkgrounds . ToTdsbiene & hod detct@indimit,thesmlosiing t he
vi abl e m crobes to be detected include bacteria, fungi, protazoa, and

rickettsi agnégghatibewabtéishated MAGuERE AEndnl 10H MRI AE@SasUBeHglitGodiet @¢th t he
m crobes include nucleic acid polynmers, tyrosine-containing proteins,

trypt OphaWin%?@fe%%@%f@taﬁé@gﬁéﬁ?.fa f@éﬁ?iﬂgi%hﬂgistaﬁhé’&%_so%ﬂﬁﬁﬁﬁ H{eg%i]&? B&foRYhé di ne

nucl eot i des, avins, p yrin-cont I ng proteins, ers excited in

the 6l 0-670 on T t hod i.m 1 wher.ei -vi abl.e. @i crobes t
be dot oct AT RET RO BAC T oF 1o RaAg TSP ST LORer B R e b Chees P the

intrinsic mcrobial fluorophores used to detect the m crgbes inglude

nucl ei ¢ achdispsl igastive opfigpioshiarate ot Rackeieyng Heerescgace. tiheqerabelie ont ai ni ng
proteins reduced pyridine nucleotides, flavins, porphyrin-containing

prot ei ns, @hdctamhmptiss,exitch edlected thed064 Of BF @mittadrsigriagrwer&fittdhwithret hod of
Claim1 wherein the mcrobes to be detected are bacterial endospores and

t he intri ngicefefdnb®E:@RBRAERteLE B6llinatifed Bk abdBMVERA TP diseamencfudeteonblucl ei ¢
acid polyners, tyrosine-containing proteins, tryptophan-containing

proteins, &gl &ideldH, PleQhiidt snPhiaSsis 3ok QAeNis 6y & hli&dcddidiee 610-670 nm
region. 7. The method of claiml ereln the mcrobes to be detected

include vir usesy tﬁllggmtbgﬁmﬁem Ef t'ﬂ? iianeMi(%O'Elleoci%i]e%fi81§1llléﬁl%g 1'%@i1%8t[ﬁecltélatﬂbg viruses
pol'ymers, "tyro arni ng proteins an

i ncl ude nucl ei ¢c7ac Si né-con

L YPtophar conl LS BEGLAL I e Lol Lor L st sl Lo mstobee

ul traviol ertanges. Analysis of greater than 500 samples from more than twenty different species of
bacteria and spores showed that the numero;ls ratios could be used to ensure a statistically
significant identification. Figure 5 shows the distribution for just one of these ratios (440
nm/480 nm ratio after background subtraction) of 22 species of bacteria, thus defining the
physiological range required for the detection method. The method could also
discriminate bacteria-containing solutions from sterile media and other biochemical
buffers. Using a variety of methods and the following ratios (650/405, 405/440, 480/440,
650/440, 405/480 and 650/480), e.g., Neyman-Pearson test, fuzzy logic and a trained
neural network (utilizing a multilayer perceptron), these gave a 99%, 95.6% and 100%
probability of detection, respectively for the presence of bacteria. (False alarm

probabilities of the 500 data points taken for these detection algorithms were as follows:

Neyman-Pearson (0.01 %), fuzzy logic (0 %), and neural net (0 %).)
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el ectromagneti c radi ati on havi ng wavel engt hs between 200 and 3001ull,

wher eby szZ>>s~i ao~ 20 any mcrobes present containing intrinsic

fl uorophores are excited to emt fluorescence, solve of whose fluorescence
is self absorbed to excite other mcrobial fluorophores that in turn emt
fluorescence; h, detecting the fluoresce i gnal.s, associ.ated with the
ot and TP SERES b OB PIRETSBTIREN) 90N B RSRRREHT (T SEF L i ng ¢ he
fluorescence fromthe refl ected/scattered excitation energi es and

backgr oundiohrvirhle Ae/ndaelbet it csligomihs surdang od 2 elpss slide nihegh Hereneeetyvednat i ve
rati os of the detected, background-corrected signals lie wthin

physi ol ogivatlle srangesviabib ety thd@giah fromrthisifluprestenichés dleatr dhese 7 shalet er mi ned
by the nmagnitude of the detected signals whose relative ratios lie within

physi ol 0gig@lesp HiPEBthe RPN MREDA Bssché_fr‘cgm‘; bt 5‘% t]}éjs_u@afei dPtfhkeyh@rei n the

intrinsic mcrobial fluorophores of said mcrobes include one or nore of

the group NSi St.i F ucl.ei ¢, aci ol.yvner.s, .t.r an- i ning

prot o ne. ERETRTIRESR] nAbE R BuBid AR Srrbl S ORIRE B8 Bunas” 10,
met hod as set forth in Caim8, wherein secondar <ex%ited m ¢r obi al

f1 uor ophor°§§e"|‘"i"ﬂ:llllf6@‘t5ﬂ"e Vg HoHbihe nesd fPhkeAgRBIF tgeing s £ FabUrEsFci um

di pi ci nol ate, reduced pyridine nucl eotides, flavins, polphyrin-containing
proteins, cel | dhanotbemgahraiment of thetiegniion, (L@ s31eotesirrond )i asd, 668meh t he
|ike. 11. The nethod of Claim8 wherein the viable mcrobes to be detected
i ncl ude baed esedao etdireghe cqmminazis) foumddn sparkedridsicaé celiscshbive in Aigures<ilc

m crobi al fluorophores used to detect the m crobes are selected fromthe

group conghgBENGigre BYRIWI e 3BIiHioRQPSARI0F pafet hRS b_a@om%?iea bhenwIYesi NS,
trypt ophan-cont ai ni ng proteins, adenosi he szz~~s~i aoc 2 tri phosphat e,

reduced pyyydiREitdiAGR AR 866 hAY hB 3o Rk RITY fiike SRA 1B 15WAtiBE 8F §e"S

emission expected from spores and non-viable cells at this excitation. As the paper and
envelopes contain this spectroscopic window it is possible to detect bacterial endospores
behind paper and inside envelopes. It is possible, and sometimes desirable, to include
excitation at 570 nm as the resulting emission from non-viable cell component(s)
between 610 and 680 nm excites the spore components that fluoresce in the
aforementioned spectroscopic window. Figure 9 shows the differences between the 780
nm background-corrected fluorescence signals of an envelope and a sample of freeze-
dried Bacillus thuringiensis spores sealed inside of the same envelope. With this
embodiment of the invention it is possible to quickly detect spores in envelopes without
the need for reagents, sample processing, contact with the sample or opening the
envelope.

The embodiments of the present invention described above are intended to be

merely exemplary, with other configurations, variations and modifications utilizing the
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and cel lul ar conponents excited in the 610-670nmregion 12. The nmethod O
Claim 8 wherein the non-viable mcrobes t0 be detected include bacteria,
fungi, protazoa, and rickettsiae and the intrinsic mcrobial fluorophores
used to detect the mcrobes are selected fromthe group consisting of

nucleic acid polynmer.s, tyrosine-containin roteins, t t ophan- cont ai ni ng
pr ot ei ns, %‘?lgd]g%’é%’nﬁép"i‘%“i ltqéasr‘?ﬁ ElllaZ’J)et fioglb%s,e S*(’Ing@ ﬁh&e oY IBW)‘}F Ef%_a tg}ﬁa@?lﬂ ?l?“ueg
proteins, and cellular conponents excited in the 610-670111n regi on. 13.
The net hodpisit ofthsi iy @tigher Bhascoprohthisnariaed and appaighis de delectanierabset er i al
spores and the intrinsic fluorophores used to detect the spores include
nucl ei ¢ adndudesluyibieatin dfginodianecus @rtigdtion pfmuitoteintdsid migpdmghan- cont ai ni ng
proteins, calciumdipicolinic acid, and spot a conponents excited in the

610- 670 NnMubRGHBFREs whth suﬁ%ﬁéxﬁ%@lﬁi%f hBQedelkg ehiQnolvitifdpORSKAN @
non-living surface or in air or liquid conprising: a. neans for directing

el ectroma I.C Latl ) [ . sal.d .4 dtoemt
radiationggﬁéﬁﬁwggq%%%gg@égg é%@?%gﬁgggﬂPFggggaggigﬁggﬁ}ﬁ%gﬁhghicrobiaI

fl uorophore; .b. at | east qpe detector, for electro netic radiation capable
of converﬂoﬁﬁaokos@awgqsed’ﬁl Griahens, BRCHiEALRIR DA CRR P WS PEISE BBt 1 i cal
signal s, said detector adapted to detect electromagnetic radiation at

wavel engt Mgthibthescapoalthnpresent swvertion asalefined irdhatpendsd ddiingssoci ated with
the fluorescence em ssion of said mcrobial fluorophores; and sz>>zs,-i ao~
22 c, neans for analyzing the electrical signals corresponding to the
fluorescence of the intrinsic mcrobial fluorophores, and the
reflected/scattered excitation energies to deternmine the presence of

m crobes. 15. The nethod as defined in claim1l wherein the el ectromagnetic
waves are directed towards the m crobes in tine-nodul ated pul ses. 16. The
apparatus defined in Caim14 wherein the neans for directing

el ectromagnetic radi ati on includes neans for tine-nodul ating the

el ectromagnetic radiation, 17, A nmethod for the detection of m crobial

pr ot ei naceous toxins conprising: a. exciting at |least one intrinsic

m crobi al fluorophore having a specific range of
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el ectromagnetic radi ati on wavel engt h above 200 nm whereby said m crobe
present containing intrinsic fluorophores is excited to emt fluorescence,
and; b. detecting the fluorescence signals associated with the m nina and
maxi ma of the excited mcrobial fluorophores, and; c. subtracting the
reflected/scattered excitation energi es and background fromthe detected
signals of the excited mcrobial fluoresence; whereby enuneration of the
m crobial toxin is determ ned by the njtude of said detected background
corrected fluorescence. 18. A Hod | §%§%@Aﬁgith in Caim1l7, wherein said
m crobe fluorephores are selected fromthe group consisting of

t r ypt ophai- conttamatihng fprtot édtesionnd ntigrpbesicompeisingai ni ng proteins. 19. A

nmet hod for the detection of non-viable bacteria and spores conprising: 23
a. exciting at al egsitingeleadilont MetissicintdobibRfludrbphor ORNOLLa BpveiMgaagsprci fi c
range of el ectromagnetic radiation having wavel engt hs between 5S0 and 700
run; whereby saj.d:. o' iRl 1 I asd : es is
xci ted o e EeF R AP RO g
associated with the.ntnkna 2@%_ Xima OfYHEF exyéted m_cr obi al

f I uor ophores, SNYAIE IBEHPF Ioﬁgokﬁ’ﬁés%’f? CtBY] SEUPIEPEd #%ci t at i on
energi es and background fromthe detected sjignals of the excited m crobial
f1 uoresence; wRer &iSelingdediorsseece signels assgpiated aHhethe miniers AdgperigBees is
determ ned by the magni tude of the detected fluorescence. 20. The nethod as
set forth in Ctlaexcited mivhendi fluordphiores) andi ve rati os of nultiple detected,
background-corrected signals are determ ned; whereby the distinction

bet ween spor es canghibfradtingitkdie@ehiod/tcrited degiands chypgias biebickgtoundfnd  t hat
the ratios of the background-corrected fluorescence signals lie within

speci fied physi Q85 sifRRIEShABQitNRAlcrbtS MBI RL WABB], gores is
determ ned by the magnitude of said detected signals whose relative ratios

lie within sai d GrosRbed hANNRSSs Rlmhel By el btk piazgei n the

intrinsic mecr uor ophores use etect”the non-viable bacteria and

bacteri al sporﬁﬁogggm%glected froma group including

2. The method as set forth in Claim 1, wherein the relative ratios of multiple
detected, background-corrected signals are determined; whereby the detection of
the physiological state of the microbes depends upon the requirement that the
ratios of the background-corrected fluorescence signals lie within specified
physiological ranges and that the enumeration of the microbes is determined by
the magnitude of said detected signals whose relative ratios lie within said
expected ranges.

3. A method as set forth in Claim 1, wherein said microbe fluorephores are selected
from the group consisting of nucleic acid polymers, tryptophan-containing

proteins, tyrosine-containing proteins, adenosine triphosphate, calcium
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fl avi ns, porphyrin-containing proteins, other conponents excited in the
610-670 nmregion. szz~zs,-i ao~ 24 22, The nmethod of C aim 19 wherein

t he non-vi abl e bacteria and bacterial spores are detected on surfaces,

i nsi de paper envel opes, through paper, in solution and in aerosols. 23, A
met hod for the.det.ection,of .spores. and. vi abl e bacteria conpri.sing: a.
exci ati on of ARRUTONE rageo R ee e RaR AR T b e SrbREL e pRiLiRL

el ectromagneti c radi ati on havi ng wavel engt hs bet ween 550 and 640 nm wher eby
any spores andabalign GHEROnBRis e¥ited llml@ééﬁt67eaml'5gwnng intrinsic

fl uorophores are excited to emt fluorescence, sone of whose fluorescence
is self absorb&te tetlexciftdaiot heheispohe viablgoniophes ®detdetctadnntludan emi t
fluorescence; b, detecting the fluorescence signals associated with the

m ni ma and nmexbiderdd, filE pREELdLhdiEleithdland tHéan@PBie MESiobtl flsbidbhaes | ng the
fl uorescence fromthe reflected/ scattered excitation energi es and
background fro 1 y . d, 1.NJ 1 he relative
rati os of the gge%dggtdgtggtetgélgﬁcgr?%%Egélg%erlﬁ{gggég%ldsj\%gﬁg@}ss’ 1%‘%1%@ ?c{lllltatrlll%g
physi ol ogi cal ranges, whereby the enuneration of the non viable bacteria
e bactar  al EBUAES wBleRbEBtoR SRt e HaDAE SRR oG8t Ect od o gnal s
whose relative ratios lie wthin physiological ranges. 24. A nethod as set
forth in d ai nPeadingAeegtides {laving parpisria-centaiing aroleinps, spbpthemseycigd 183 d

m crobes include one or nore of the group consisting of flavins, polphyrin
cont ai ni ng pr otheiti§;678nmuh mghex  conponents excited in the 610-670 nmregion
25. A nmethod as set forth in Caim 23, wherein secondary-excited m crobial
fl uorophoses i Mat uehodrnd QMimTDivaerefn ionevighloncrolsiso bt degeted irichidei nsi ¢
conponent excited in the 610-680 nmregion, and the |ike. 5~~, ~5~~ doc 25

R L e

and in aerosol Hsed to detect the microbes include nucleic acid polymers, tryptophan-containing
proteins, tyrosine-containing proteins, reduced pyridine nucleotides, flavins,
porphyrin-containing proteins, and others excited in the 610-670 nm region.

6. The method of Claim 1 wherein the microbes to be detected are bacterial
endospores and the intrinsic fluorophores used to detect the endospores include
nucleic acid polymers, tyrosine-containing proteins, tryptophan-containing
proteins, calcium dipicolinic acid, and others excited in the 610-670 nm region.

7. The method of claim 1 wherein the microbes to be detected include viruses, and
the intrinsic fluorophores used to detect the viruses include nucleic acid polymers,
tyrosine-containing proteins and tryptophan-containing proteins.

8. A method for the detection of microbes comprising:

a. excitation of multiple intrinsic microbial fluorophores with ultraviolet

electromagnetic radiation having wavelengths between 200 and 300 nm, whereby
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27. A nmethod as set forth in Claim23, wherein the spores and non-viabl e
bacteria are detected inside paper envel opes and the secondary-excited
m crobi al fluorophores are excited by em ssions fromthe excited paper
products. 5~~~~5~~ do~ 26 .Ar. A2. A(f.AAAAY AA . AAAA.AAA
. AN. AN. AN. Aa. A(. A. AS ANh=Y] Z[ . ] A6 : .
| vgl gb] X] ca] ca E‘é]“é?i%@?]lﬁfaﬁ/& @&Y{%%]@ S&:%f]l%%?B‘bf]"%safl@a?f‘e%idcta]eeai ca] ca] ca] ca
] ca] ca] ca] ca] ca] c”a] ca] ca] ca] cal ca!
| YNVJ) 2QKT[ | wolflgatesdanas.canie }xdla]q:fém@sama]xw]lﬁavp@@p&matp@&]e@a] ca] ca]cal c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]cal \ Wv$67=065@ xsni d_Z] c] ca] ca
] ca] ca] ca] ca] ca]161@];raaﬂua]opac]lea]haa]mahea]lcﬂﬂcﬁedce@deca] ca)] ca] ca]ca]ca] ca]ca]ca
]calcalcalcalcalcal UQ p } yrerotp”
ADHHSSSSSIMOA ESEK oring kil fHEYL G Alghak el A PRI iRl CaliGRb Rk o2l ca] cal
cal ca] ca] ca] ca] cal ca] ca] ca | ca] caU] ca] ca] ca] ca] ca] ca] ca] cal
1(\(u
(?:("(v( WM N? /e]xlcﬁ]{; i 101;11%51uor pho eSa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca]ca]ca]c a calc cal ca]calc”a 'l QOON111K222N333E4WU4
] 4114G{355}_6k%5x 6]2‘6} tr]??tVJEGEV§B%FMJCWC]r#R%’]ﬁ ?]e] f]é %f]a} ]‘?:‘3]{Tl EXBHPR &1 & Ea] cal] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]j ca] ca] ca] ca] ca] ca] ca] cal U999: U: :
W and background from the detected signals; and

I\/I<<<Q=g =w==>x>>#7} ??"' @QAOAONAA3B{ vgl gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] cal ca] cd] cédiaraliniap cladk derelaii cardiicad] thafieradted el grayiciadosebzd] ca! 3BBB1C
CC7DDDDD$EbEK E{ E~EE* FOFFFFF+GGEGGHHgHHHT71 } xr mhe” Y1 gb] X] ] ] ca] ca] ca] ca] caV] ca]
ca] ca] ca] ca] caVigaaviiealitah pRYscd £iadl eampbs IetedlyaRd Ealntralmalreid ;akerkcal cal ¢

aj cal ca

e

VWANABXXXFY| wr mh&h C%)g]’}cye?] Wﬁ%a} ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] \ca] C
I FYYYb

ket 2 sttt ) et SRR

] ca] ca] ca] ca] ca]. ca] ca])ca] cal] ca] ca] ca] ca] ca] ca] ca] ca! _aaabbVb_b" brmbbc" ccdj dd
ef eyeeeeee! f uf Faidugrobpsiigligk pag Wléla]oé}i]e(ﬁ]ﬂﬁh‘]%]séw ebqueigeagida) cal cal cal ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] caV] caV] ca] ca] ca] ca] ca] ca] ca! 7hEhXhhi "i i

j aj j kVKKI VI | mmpolymers, tryptophan-containing proteins, adenosine triphosphate and calcium

m( m mRm_ncngnmmznn$oGoKowoo| wr mhb] XV] ] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] caliadiasthealamoaadsca) ca)] ca) ca] ca] cal ca] ca] ca] caV] ca! opnpp! g} qq6
rrrOsss.tttt, u8uCuJuuu

VV 7YV HmOX XX AUkihal Wha abealoeheak odleréheadonahgaxkial ;akandicaV] caV] cal cal

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! xxxx9yyy' z{zzzzz' {x{{{¢&]

31518l |17} }} 6-TrusropRode %Hls%ﬁ]]%?e] m]l&g]]oﬁﬁk& v]&ﬁg%?]:é\a/fdlﬁladlgﬁlgﬁ?%&al cal c

a] ca] ca] ca] caj ca]nog caJ ca] ca] ca cal ca Hn" k} xsn
d Z

0.2 o2 cal o sallcol ol lesbeabeal AR SR R Pl ol ool
ca] ca] ca] ca]ca]ca ca calc ca] cal] ca] ca] ca] ca] ca] ca

] ca] ca]I {f]B 7}_) F ?E%l}?i‘%?’%? 2% ]‘%S]Q:%] ]1&%41%] Bg}ltei]l@a] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca] ca] ca] ca] caf] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!, [ INVK™ 56#p} xsni d_Z]

ca] ca] ca] 4] ca]rlla}’—lﬁél}c@eq CAlpiom vaipred Ba) whlconiceaics i) kedasertesknelsfiea] ca] cal cal

caj] ca] ca] ca] ca]ca] ca] ca] ca!l

, (xVj Z* Aq( ~} xs bededd, e gi afrompea hudiidaltsiat em] thalictahsahdapbial fajropljced ca) ca] ¢

a)J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca!

, (XV] Z* Aq( ~} xs kel 18] detekc kGl oBEcat sadsiel Baherd salp a&rss@shﬁgbmﬂ&ab gélica] ca] c

a] ca] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cah=YeF3 10%& ()- Y F10%& () -

oL 200 () y TR TR T SR PP ﬁ%‘@@ié%m@%%‘ﬁ?%m 0-
$&! 109448 () "110%4& ()- f 10%4& ()- 10%4& ()-]A6 dE3&610%4& ()-
310%4& ()-31 10%4& ()-/10%4& () - 3s- 10%4& ()- Y+ 10%4& ()-6
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[bCY' ! 109%& ()-' 109%& ()-3s10%& ()-t 10H 10H

10HF=s! 10944& ()-3S8M 10%4& ()-[ g g dEbCF 10%& ()-L 10%& ()- 10%& ()-
109%& ()- ! 10%& ()-f 109%& ()-g | YJEbC& &10%& () - 310%3&' () 1 10%& () -
S110%8& ()- 10%8& ()-- 10%8& () - YNVEDC- 10%¢& () - +10%8& (

10m Tomb 0%’ (1O PHOUAN DL AR ) el o ) sl ¥tk () o

10%& ()-"!10%& ()- 10%)&' () -[\WIELC! " 10%& ()-1S 10%& ()-S 10%& () -
10%& () - 10%0&-21(191 cglulgogeriponenpy @Ebtggtuuhqé%gjé o, region.
10%& ()-*GLOYD& ()-' 10%& ()-%

10%&' () - #B10%E&' (1) et vGBAEE Z i B @hsikii9the &b-yiablhictdies 10bOdQedME! (hphde

10%& ()-2- 10%& ()-sO0 10%& ()-7=0dEnbC10% u& ()-y1l0% u& ()-Lz10% u& () -

f 10% u& () - 91Q%eibda (fﬁlrigl 10tazoa andnckett51ae and the 1nt11nsm microbial ﬂumo hores
10% ug& ()- 065dEan/10 % 0L ()= 10% U& ()-310% u& ()-f 10% u& ()- @

10% u& ()- @10%,
10% U& () - # 1005 u ( etq%%%%b%ﬁg%%&té&ﬁ%%%ﬁ 2:01}ﬁistllng Jp_(gnuclelc acid
10-u0: 10% u&' ()
10% u&' () - 210%’8@“{%‘3 BYIPB9E GRAEIPING PralEs fRYP{gPhan-cpnigininggprpieins, redpead: [ kv
10-ul0% u& ()-y 10% u& ()-L 110% u& ( %JO 10% u& ()-s10% u& ()-L10% u&' (0)-
10-u["" #b##$5$aEdvne 1oclgatisgs ikavins, pEphiR- eetaining pidome@nd pellugr
10% u& ()-:110% u& ()-10% u& ()-53$$9%04 &JE: /
components excited in the 610-670 nm region.

13, The method of Claim 8 wherein the microbes to be detected are bacterial spores
and the intrinsic fluorophores used to detect the spores include nucleic acid
polymers, tyrosine-containing proteins, tryptophan-containing proteins, calcium
dipicolinic acid, and spore components excited in the 610-670 nm region.

14.  Apparatus for the detection of microbes on a non-living surface or in air or liquid
comprising:

a. means for directing electromagnetic radiation towards the sample, said means
adapted to emit radiation energies capable of exciting at least one intrinsic
microbial fluorophore;

b. atleast one detector for electromagnetic radiation capable of converting the
emitted, or reflected/scattered radiation into electrical signals, said detector
adapted to detect electromagnetic radiation at wavelengths above 320 nm to
detect the minima and maxima associated with the fluorescence emission of said

microbial fluorophores; and
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10-u9*10% u& ()- ( 10% u& ()-9%&10% u& ()-#10% u& ()-!
10% u& ()- " 10% u& ()-1&S&&' Y''''"'dE:/ 10-. 10-.910% .& ()-4!10% u& ()- 2
10% u& ()-0M 10% u& ()-.L10% u& ()-f,10% u& ()-'" (\(u(()mxY:/ 10-.-
10%& () - SGLOYDE& () -& 10%& ()- 10%& ()- 10%& ()-s!10%& ()- 10-.n)) *w*
+{+dE:/ 10-.f 10%& oihe D& (a8 L OB hik 5 el ) s
1% %& ()-{ +++D:l-', @%E)gl%g%dgf%g(tﬂe elé&r@ﬁ‘s@]aﬁ C&Qc@&l&%g & MRS bdence of

- x! 0, ! o 0, ! -0 0, ! - H 0, ! - 0, ! - 0, ! -F---
10 Ny Idéo //dofo(g)the iilgfngAi%(glLlli ?oblél !ﬂ%grégﬁor(sg, aﬁd al%{deof%ec(tgd/s!c%g'e g‘xc(it)atig)'l?e/iﬁoe%gi 2 F---R
108910%B& () -40910%& ()-210%& ()-0! 10%& ()-Y.!'10%& ()-,,10%& ()-//N//1
000xY:/ 108g 10osde)insthe@rasenqe)of gidnves’ () - 10%<& () - @0%& ()-y 10%& () -
1080N111K222dE: / 108ST 10%& ()-9z 10%& ()- 10%& ()- 10%& ()- 109%& ()-
10%<& () - 2N333Ehd AtHihidd at ASAAOPmRIaih-1' whel o6t (]yctAdhDUn&id Wavks are directed
109%<& () -!nl09%& ()-10%& ()-4G555L6k626{6| 6dE:/ 10< 10<0

910%& () - 410%&vdrlis thb HAUEBed ht3RGHIY Sl bul¥es. .
109%& ()-,, 10%<& ()-| 6}66' 7} 7708V8xY:/ 10<S1090& ()- 10%% ()- @ 10%0& () -

@ 10908 ( 10%6%" () - LOYER: ()~ < bﬁ Q o()-S
10%0& () - Y10%K! )‘I‘ﬁ’lflafé‘%%%‘ %‘!“lé%bﬁﬁ?) i 3‘33) E(1 1ea%%?& o ;“( ]
10<9*109&" ()- ( 1109%& .()-& . 10%0% ()-#10%0&..() -] %0 ()-10%0% () -;
Mc<<Q=g=t :u:v:GE?VrOTB@ei’é%ﬁ%W %)“5%5%%%‘ & -ez%égzgﬁ“t tg‘%) 10908 () - .
10908 ()-S, 10908 () - v=w==>x>>#7?} ?xY:/ 100
10% u& () - y&10%keqRopygmtic oadiaten( ) - 10% u& ()- 10% u& ()-10% u& () -
10C ??" @ag@oAdE: / 100y 10% u&' () - 10% u& ()-F1l0% u& ()-y 10% u& ()-S
10% u&' () 1F10%AuRethpd @RARSBBBL0d Bf inidiotiak proteinaceous toxins comprising:
10% u& ()-(310% u& ()-9% 10% u& ()-#:10% u& ()-!10% u& ()-F10% u& ()-1CCC7DD
DDDDAE: / a. exciting at least one intrinsic microbial fluorophore having a specific range of
electromagnetic radiation wavelength above 200 nm; whereby said microbe
present containing intrinsic fluorophores is excited to emit fluorescence, and,;
b. detecting the fluorescence signals associated with the minima and maxima of
the excited microbial fluorophores, and;
c. subtracting the reflected/scattered excitation energies and background from
the detected signals of the excited microbial fluoresence; whereby enumeration of
the microbial toxin is determined by the magnitude of said detected background-
corrected fluorescence.
18. A method as set forth in Claim 17, wherein said microbe fluorephores are selected
from the group consisting of tryptophan-containing proteins and tyrosine-

containing proteins.

19. A method for the detection of non-viable bacteria and spores comprising:
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10%&' () -z 10%sad (1)iebb&hsént <BNANHEOORRdE G dhborp@it 020 &d (19 ex&’it— 10%& () -
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c. subtracting the reflected/scattered excitation energies and background from
the detected signals of the excited microbial fluoresence; whereby the
enumeration of non-viable bacteria and spores is determined by the magnitude of
the detected fluorescence.

20.  The method as set forth in Claim 19, wherein the relative ratios of multiple
detected, background-corrected signals are determined; whereby the distinction
between spores and non-viable bacteria depends upon the requirement that the
ratios of the background-corrected fluorescence signals lie within specified
physiological ranges and that the enumeration of spores is determined by the
magnitude of said detected signals whose relative ratios lie within said expected
ranges.

21. A method of Claim 19 wherein the intrinsic microbial fluorophores used to detect
the non-viable bacteria and bacterial spores are selected from a group including
flavins, porphyrin-containing proteins, other components excited in the 610-670

nm region.
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containing protel

N

ns, and other compg%e-nts excited in the 610-670 nm region.
25. A method as set forth in Claim 23, wherein secondary-excited microbial
fluorophores include one or more of the group consisting of intrinsic components

excited in the 610-680 nm region, and the like.
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