-1- METHOD FOR DETECTI NG THE PRESENCE OF DORMANT CRYPTOBI OTI C M CROORGANI SMS
CROSS- REFERENCE TO RELATED APPLI CATI ONS This application clains priority
fromU S. Patent Application No. 10/054,419, filed January 22, 2002, the
entire contents of which are incorporated herein by reference. FIELD OF THE
| N\VENTI ON This invention relates to a method and apparatus for sensing the
pr-esence of aces, in air and in |liquids. BACKGROUND OF THE
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1988) . Mandrous, Z0a| it ek coREMOdS whlch ais Bdotporaial Ietin befirpieesickni ¢ acid to

i ndi cate the presence of spores, including derivative spectroscopy (A

Warth, “"Determ nation of dipigely hFamBcheviRTRaRt erial spores by derivative
spectroscopy,” Anal. Biochem ;[ vol. 130, no. 2, pp. 502-505, 1983);

intrinsic flyorescence (A Alinoya,, A, Katz E. Savage, M Shah, G
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Determining the presence of bacterial endospores by detecting the presence of pyridine-
2,6-dicarboxylic acid (dipicolinic acid) has been used by those skilled in the art for some time.
This compound comprises a significant portion of viable spores, and is otherwise rare in nature

(R. Lundin and L. Sacks, “High-resolution solid-state '*C nuclear magnetic resonance of

bacterial spores: I_dentiﬁcation of the alpha-carbon signal of dipicolinic acid,” Appl. Environ.
Microbiol., vol. 54, no. 4, pp. 923-928, 1988). Various analytical methods are used to detect
dipicolinic acid to indicate the presence of spores, including derivative spectroscopy (A. Warth,
“Determination of dipicolinic acid in bacterial spores by denvative spectroscopy,” Anal,
Biochem., vol. 130, no. 2, pp. 502-505, 1983); intrinsic fluorescence (A. Alimova, A. Katz, H.E.
Savage, M. Shah, G. Minko, D.V. Will, R.B. Rosen, S. A. McCormick and R.R.Alfano, “Native
fluorescence and excitation spectroscopic changes in Bacillus subtilis and Staphylococcus aureus
bacteria subjected to conditions of starvation,” Appl. Opt., vol. 42, no. 19, pp. 4080-4087, 2003);
luminescence following the addition of lanthanide salts (D. L. Rosen, C. Sharpless and L. B.
McGown, “Bacterial spore detection and determination by use of terbium dipicolinate
photoluminescence,” Anal. Chem., vol 69, pp. 1082-1085, 1997); mass spectrometry (M. B.

Beverly, K. J. Voorhees and T. L. Hadfield, “Direct mass spectrometric analysis of Bacillus



McGown, "Bacterial spore detection and determ nation by use of terbium

di pi colinate photolum nescence,” Anal. Chem, vol 69, pp. 1082-1085, 1997);
mass spectronetry (M B. Beverly, K J. Voorhees and T. L. Hadfield,
"Direct mass spectrometric analysis of Bacillus -2- spores,” Rapid Conmun.
Mass Spectrum, vol. 13, no. 23, pp. 2320-2326, 1999); Fourier- transform
infrared spectroscopy (H Y. Cheung, J. Cui and S. Sun, "Real -tine
nonitoring of Bacillus subtilis endospore conponents by attenuated total
refl ection Fourier-transforminfrared <pectroscopy during germ nation,"
M'crobi ol ogy, vol. 145, pp. 1043-1048, 1999); Raman spectroscopy (U. S
Pat ent spores,8, R4 1¥Inand MassSBphabva., $ol. Yamashi28app M23THhe3H4)dl 9499); THmirer-
"Laser Raman spectroscopy of |yophilized bacterial spores,” Mcrobiol.
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Application No. 10, 355,462 teaches detection of dipicolinic acid by way of
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Furthernore, the presence of dipicolinic acid (or other pyridine
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descri hbes m_crobes capabl e of achieving a dormant state). Specifically,
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Tabor, J.

Detection of endospores through the presence of calcium dipicolinate has been utilized in
U. S. Patents through detection of etther the calcium and/or the dipicolnic acid. U. S. Patent No.
6,498,041 Bl describes capture of spores based upon a molecular recognition of spore coat
components followed by detection of Ca®" by way of addition of fluorescent calcium-binding
dyes excited by light in the visible spectrtum. U. S. Patent No. 6,599,715 and U. S. Patent
Application No. 10,355,462 teaches detection of dipicolinic acid by way of luminescence from
terbium dipicolinate when excited with ultraviolet light.

Furthermore, the presence of dipicolintc acid {or other pyridine dicarboxylic acid analogs
with closely related chemical siructures) has been reported for other cryptobiotic
microorganisms. (Cryptobiotic describes microbes capable of achieving a dormant state).
Specifically, dipicolinic acid has been utilized to detect Clostridium spores, (M. W. Tabor, .
MacGee and J. W. Holland, “Rapid determination of dipicolinic acid in the spores of Clostridium

Species by gas-liquid chromatography,” Appl. Environ. Microbiol.,, vol. 31, no. 1, pp. 25-28,

1976); Sporosarcina spores (C. A. Loshon and P. Setlow, “Levels of small molecules in dormant

spores of Sporosarcina species and comparison with levels in spores of Bacillus and Clostridium



MacGee and J. W Holland, "Rapid determ nation of dipicolinic acid in the
spores of Clostridium species by gas-liquid chromatography,” Appl. Environ.
Mcrobiol., vol. 31, no. 1, pp. 25-28, 1976); Sporosarcina spores (C. A
Loshon and P. Setlow, "Levels of small nolecules in dormant spores of

Spor osarci na speci es and conparison with levels in spores of Bacillus and
Clostridium-3- species,” Can. J. Mcrobiol., vol. 39, no. 2, pp. 259-262,
1993); Sarcina spores (R S. Thonpson g@_d E. R Leadbetter, "On the

i sol ation of dipicolinic acid from endospores of Sarcina ureae,” Arch.

Mkrobiol., vol. 45, . 27-32, 1963); .and Met abact erium spor.es . Stunkel,
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10/ 054,419, filed January 22, 2002, and incorporated herein by reference,
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Thus, the mcrobial cells and spores to be sanpled (and nore specifically
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conponents) contained therein emt fluorescence that can be neasured. The
col | ecteghtbdives @eeeMeaniagomidrsorgfragraci ated with the signals emtted from
the cellular/viral/spore conponents) are analyzed with a method capabl e of
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surfaces and samples in which samples are exposed to electromagnetic radiation of nmumerous

specific energies capable of exciting fluorescence from varnious metabolites, cofactors and
cellular and spore components. Thus, the microbial cells and spores to be sampled (and more
specifically the excited metabolites, cofactors and other cellular, viral and/or spore components)
contained therein emit fluorescence that can be measured. The collected fluorescence signals
(associated with the signals emitted from the cellular/viral/spore components) are analyzed with
a method capable of (1) removing any background and/or reflected and scattered excitation
signal, and (2) comparing the relative fluorescent signals of metabolites, cofactors and spore
components to known physiological ranges. Specifically, U.S. Patent Application No.
10/054,419 teaches the detection of spores by excitation of calcium dipicolinic acid with
ultraviolet electromagnetic radiation (light) in the 270 nm — 290 nm and 310 nm — 330 nm ranges
(singly or concurrently), with detection of fluorescence energies in the 460 nm — 480 num and 400
nm — 430 nm regions, respectively. The aforementioned application also teaches the detection of

spores by excitation with electromagnetic radiation (light) in the 610 nm — 670 nm range with



10/ 054, 419 teaches the detection of spores by excitation of cal cium
dipicolinic acid with wultraviolet electromagnetic radiation (light) in the
270 run - 290 run and 310 nm- 330 run ranges (singly or concurrently),

wi th detection of fluorescence energies in the 460 run - 480 rimand 400 nm
- 430 rimregions, respectively. The aforenenti oned application al so teaches
the detection of spores by excitation with electromagnetic radiation
(light) in the 610 urn - 670 rimrange with -4- detection of |ight energies
in the 730 nm- 800 nmregion. This novel enission was observed in enission
spectra frqn1a9qeous bacterial spore sanples and .in a _non-viable Bacill us

t hur i ngdesessips of Eaht energins|ia thes?30 1o st 80 re2onF; HUs BOSH eBRSSIAeWaT obeREAtiP oned
application. Uilizing these novel |ower energy excitation and em ssion
ranges #missibingpedes o apcafs teprriesspos: aemddsiandat a asn{vidble BeciBus tmringtankie
interference and/or overlap fromother mcrobial fluorophores, (2)
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fluorescence is a formof |umnescence. [Fluorescence and phosphorescence
are def infefirease tfiygre shiolbgiphldt-déninednergerinceirgpercty gnetlyyreliced, ind| 69| greatdr .
and S. R Crouch, Spectrochem cal Analysis, pp. 438, 1988, Prentice-Hall,

I nc. ). ] excititonp berBiadodlidepr e ahbeahmpen chil wer egeerde and phespheieransse i s
the emission lifetimes (I. Tinoco, Jr., K Sauer and J. C Wang, Physical
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in the mcrosecond and short range; . phosphaorescence.refers to em Ssion
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As 1s known to those skilled in the art, fluorescence i1s a form of luminescence.

[Fluorescence and phosphorescence are defined as types of photoluminescence spectrometry (J.

D. Ingle, Jr. and S. R. Crouch, Specirochemical Analysis, pp. 438, 1988, Prentice-Hall, Inc.).]

The primary difference between fluorescence and phosphorescence is the emission lifetimes (I

Tinoco, Jr.,, K. Sauer and J. C. Wang, Physical Chemistry: Principles and Applications in

Biological Sciences, pp. 577, 1995, Prentice-Hall). (Fluorescence refers to emission lifetimes

that are in the microsecond and shorter range; phosphorescence refers to emission lifetimes are
typically in the millisecond or longer range.) Thus, without data of emission lifetimes,
phosphorescence and fluorescence are experimentally indistinguishable using traditional
emission spectroscopy. In this case, the ‘apparent fluorescence’ from the intrinsic chromophores
(chemical components that absorb excitation energies and emit radiation of lower energy) may
arise from either phosphorescence or fluorescence. Detection of apparent fluorescence from

intrinsic microbial components confers the ability to detect dormant cryptobiotic microbes (1)



phosphorescence and fl uorescence are experinental |y indistinguishable using
traditional em ssion spectroscopy. In this case, the "apparent
fluorescence' fromthe intrinsic chronophores (chem cal conponents that
absorb excitation energies and emt radiation of |ower energy) may arise
from ei ther phosphorescence or fluorescence. Detection of apparent
fluorescence from intrinsic mcrobial conponents confers the ability to
detect dormant cryptobiotic mcrobes (1)5-5- w thout making physical contact
with the sanple, (2) very rapidly, and (3) w thout the use of any added

reagents. As can be readily appreciated, it woul d be y useful to he able
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m croorgani snms in hospitals, food preparation areas, water supplies,

bui | di regderedgonts. t he battlefield as these microbes require the greatest
effort to eradicate. This nmethod and apparatus, as an object of the

i nvention, stwuidbbeaeadipesiredatbd)ex pensd \vel yerandefidnb diey able, tof dterasmhe,
food production facilities. SUMVARY OF THE | NVENTI ON The concepts of the
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cryptobiotic (dornmant, ore-tformng) mcr In whith sanpl es "are’ exposed

to electro netic radiati.on.in.the 610 nm- 680 nmregi on and detected
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(more specifically the calciumdipicolinate contained therein) emt
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emtted fromthe cal cium pyridine dicarboxylic acid salts) is analyzed with
a met hagperavipadlpengdbely embraphidy an jorleaakgleoived prodicliec faditexci t at i on ener gi es
and/ or scattered light. Thus, the nethod and apparatus of the present

i nvention provides an inexpensive and rapid way in which to scan sanples to

detect and quantitate the presenpaA®y oRcrpbinaly/EeoNHaM nati on w t hout

The concepts of the present invention reside in a method and apparatus for the detection
of cryptobiotic (dormant, spore-forming) microbes in which samples are exposed to
electromagnetic radiation in the 610 nm — 680 nm region and detected from emissions in the 730
nm — 860 nm region. The spores to be sampled (more specifically the calcium dipicolinate
contained therein) emit electromagnetic energy that can be measured. The collected emission
signal emitted from the calcium pyridine dicarboxylic acid salts) is analyzed with a method
capable of removing any background, reflected excitation energies and/or scattered light. 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.

It is an object of the invention to provide a method and apparatus for use in the detection
of cryptobiotic microbial contamination on foods in which emission signals arising from calcium

pyridine dicarboxylic acid compounds are detected in the 730 nm - 860 nm region when excited



contact with the sanple. Being able to evaluate mcrobial contamnation in a
sanpl e without contact reduces the risk of introducing contamnation. It is
an object of the invention to provide a nethod and apparatus for use in the
detection of cryptobiotic mcrobial contam nation on foods in which

em ssion signals arising fromcal cium pyridine dicarboxylic acid conpounds
are detected in the 730 nm- 860 nmregi on when excited -6- by

el ectromagnetic radiation in the 610 nm 680 run region, allow ng dormant

m erobial contamination on foods to be determi ned quantitatively without
contact with said food. It is another object of the invention to provide a
met hod gndleappasgtctic radistion an the 6UE adn i-n 680 en degient rlbewing daryypnbBhietobial

m crobi al contam nation on non-living surfaces, in liquids and air. As a
speci f i sonhjiegtonan fobés th be@bteiaimed Ghentatkddwaheht appacatidssadfodde used to
find cryptobiotic mcrobes and m crobial contam nation inexpensively and

rapidly in, £ grang{r%p?ﬂg@d.o@%?e' ihPerft@dh o pf@?c%é de} ffiDd aﬁ@ﬁ%ﬁ!{i‘ﬁgs H%g@ é’{léeﬁgm "

wat er treatnent a sting stations, bui ngs and o ttlefire

is yet anather object, of .the ipvention.t rovi de. a net hod and. apparatus for
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inliquid and air sanples in which the em ssion of calciumpyridine
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said sanple. In accordance with this formof the invention, it is
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;gvgggg%ﬁkﬁknf light emtted by the light source is specific to or filtered

It is yet another object of the invention to provide a method and apparatus for use in the
detection of microbial contamination on non-ltving surfaces and in liquid and air samples in
which the emission of calcium pyridine dicarboxylate compounds  are excited by
electromagnetic radiation in the 610 nm ~ 680 nm region and detected in the 730 nm — 860 nm
region, allowing microbial contamination in samples to be determined without contact with said

sample.

In accordance with this form of the invention, it is frequently desirable to utilize light
source(s) emitting electromagnetic radiation around 630 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 calcium dipicolinate.

In accordance with another embodiment of the invention, it is possible, and sometimes
desirable, to direct electromagnetic radiation around 580 nm at the sample. The 580 nm light
excites flavins and heme compounds in microbes, some of whose emission is self-absorbed by

the sample sequentially exciting calcium dipicolinate with emission in the 610 nm — 680 nm



t her et hrough el ectromagnetic radiation of energies specific to excite
calciumdi picolinate. In accordance wth another enbodi nent of the
invention, it is possible, and sonetinmes desirable, to direct

el ectromagnetic radi ation around 580 run at the sanple. The 580 nm | i ght
excites flavins and henme conpounds in mcrobes, sone of whose em ssion is
sel f-absorbed by the sanple sequentially exciting calciumdipicolinate with
em ssion in the 610 nm- 680 urn -7- range. The apparent fl uorescent
em-ssions of the sanple are collected and anal yzed as descri bed previously.
| - accordance with another enbodi nent of the invention, it is possible, and
somet i mesge. d8si appbicat luwestentemisadrsctitonsagmet g coldited rghansflyzsdas gﬁ@slbed
capabl e of exciting calciumdipicolinate and also energies that do not

i nt er acpreVibtidly.t he spores. Thus, in accordance with this enbodiment of the
invention, the resulting fluorescent signal emanating fromthe sanple (both
fromthe marobh@ln@OURPREALS @hdias HrShiRnial gt allsBN0/al SBaARLiHEL o
fromthe sanple can be neasur an the presence o eterm ned by
conpari tigs,o the ) fr e m.crobes
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gener at &4 a8p Reissihatidagios IdeTRE FOBhGE SBOTSHt Thiss %Céoiﬂétl%ecwltb s saeREEAd,
reflected and/or scattered el ectromagnetic radiation. This serves to
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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
emission generated by the intrinsic chromophores but also to detect the background, reflected
and/or scattered clectromagnetic radiation. This serves to normalize the signal and compensate
for variations in the signal that mght otherwise be caused by the use of varying distances
between the detector and the sample being scanned and vanations between different samples or
surfaces.

It has also been found that by rapidly changing the electromagnetic radiation directed to
the sample at frequencies different than 60 Hertz, the effects of ambient light (and particularly
fluorescent light) can be substantially minimized. The modulation of the excitation energy also
permits the sensor to be moved to direct the electromagnetic radiation to various parts of a
sample without substantially affecting the accuracy of the measurement of the microbial content.

The microbial detection method and apparatus described herein is able to determine the
presence and physiological status of cryptobiotic microorganisms while at the same time

requiring no reagents, no contact with the sample, is inexpensive to perform and delivers ‘real-



fluorescent light) can be substantially mnimzed. 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 sanple wthout
substantially affecting the accuracy of the measurenent of the m crobial
content. The m crobial detection nmethod and apparatus described herein is
able to determ ne the presence and physiological status of cryptobiotic
m croorgani sms while at the same tinme rgquiring no reagents, no contact
with the sanple, is |nexpenS|ve to perforntand delivers "real -8- tine

results, Thes d ot her at ur r esent
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that can be used to practice the nost basic features of the invention.

Fi gur e @nisldowentt el ibheppenadd sltamsct ur es of dipicolinic acid

(pyridi ne-2, 6-di carboxylic acid, A) and chelidamc acid

(4-hydroxypyridi ne- 2, 6- di GERIEPNESCRACTION BF. T}FEWN@ISO\AB the emi ssion
spectra of 20 nNIsqutlons of caIC|un1d|p|coI|nate () when excited at 630

nm and ws
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excited with radiation of 630 rru The solid I|ne shovvs the em ssi on spectra
of the ¥dPSHVEHIP and the dashed |ine shows the enission spectra of the
saturated solution. Figure 5 shows the eni ssion spectra of aqueous cal ci um
di pi col Figatee2 whews ecihtmitadstragsennl dpijolmiia@ddpymdite-2.6-Eegboryle shdws) t he
em ssion spectra (270 nmexcitation) of a pure calciumdipicolinic acid

and chelidamic acid (4-hydroxypyridine-2,6-dicarboxylic acid, B).

Figure 3 shows the emission spectra of 20 mM solutions of calcium dipicolinate ( ) when
excited at 630 nm and calcium chelidamate (------ ) when excited at 670 nm.

Figure 4 shows the emission spectra of solid and a solution of calcium dipicolinate when excited
with radiation of 630 nm. The sohid line shows the emission spectra of the solid salt and the
dashed line shows the emission spectra of the saturated solution.

Figure 5 shows the emission spectra of aqueous calcium dipicolinate when excited at 315 nm

(——) and 630 nm (—-).

Figure 6 shows the emission spectra (270 nm excitation) of a pure calcium dipicolinic acid

solution ( ), the aqueous calcium dipicolinate extract from Bacillus thuringiensis spores (—
—-), the aqueous calcium dipicolinate extract from Saccharomyces cerevisiae spores (------ ), and
the aqueous calcium dipicolinate exiract from Cryptosporidium parvam oocysts (~—=*—++=) to

which Tb®* had been added.

Figure 7 shows the derivative optical density spectra of a pure calcium dipicolinic acid solution

(——), the aqueous calcium dipicolinate extract from Bacillus thuringiensis spores ( ), and

the aqueous calcium dipicolinate extract from Saccharomyces cerevisiae spores (------).



solution (-), the aqueous cal ciumdipicolinate extract from Bacill us
thuringiensis spores (- -), the aqueous cal ciumdi picolinate extract from
Saccharonyces cerevisiae spores (------ ), and the aqueous cal cium

di pi colinate extract from Cryptosporidi um parvum oocysts (---) to which
Tb3+ had been added. Figure 7 shows the derivative optical density spectra
of a pure calciumdipicolinic acid solution (-), the aqueous cal ci um

di picolinate extract fromBacillus thuripngiensis spores (), and the
aqueous cal ci um dipicolinate extract from Saccharonyces cerevisiae spores
(----- -9- Figure 8 shows the em ssion spectra (630 nn excitation) of

bact er i Kigusp8rbogpihgteamsssionofrei (430 yan exmphemceiacterial wers solugonsfdcdfusuns
(-), Bacillus subtilis (------ ) and Bacillus thuringiensis (---). Figure 9
shows t hetherissgi-on-)spBetiia (630raninam ekeitat ibm)hof shadiser(-al--)( -andamthcybast
(------ ) spore solutions. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The basic
el ement g, t9khiie(-appgratus that can be used to carry out one embodi ment of
the method described by this invention are shown as a bl ock diagramin

i gure FiegllS FBREUA UisrEONELART 630 1t LhGboROU GRIrXELLE) LOR EhL 8L
focu5|ngg% iCSs, ect eni ssion ters an tectors.

El ectromagneti ¢ radlatlon i's dlrected fromthe |light source towards the
sanpl e, SPPRIUYHESt hr ough the excitation filters and focusing optics if
necessary, to excite the |ntr|nS|c chronnphores |n t he sanple. The
scattered and refl ect b ) e e DY’ fXHNthe emtted

radi ation, are collected with the collection optlcs and directed towards the
detectors. B sSlclerhédid ﬁﬁ$hc£ﬁ]?ﬁfaﬁlstthﬂtcaﬂ bk yisé¢d® @Ryt 88e emhbbdihenest thar e
measured. Various enbodi nent the invention, including different

confi gupahl,@nRs@Med bl this2hMhtion are shown as a block diagram in Figure 1. The apparatus

consists of a light source, excitation filters, focusing optics, collection optics, emission filters and
detectors. Electromagnetic radiation is directed from the light source towards the sample,
passing through the excitation filters and focusing optics if necessary, to excite the intrinsic
chromophores in the sample. The scattered and reflected excitation radiation, along with the
emitted 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: (1) the excitation of calcium pyridine dicarboxylate salts in the 610 nm to 680
nm region, (2) collection and detection of emitted electromagnetic radiation in the 710 nm to 860
nm region, background (ambient) light, reflected excitation light and scattered light energies, and
(3) analysis of the detected signals with a method that is able to correct for background
interferences. The configuration and components employed in any apparatus using this method

should be matched with the application requirements and expected interferences.



di verse conponents, are possible. The fundanental conponents for this

m crobi al detection nethod permt: (1) the excitation of cal cium pyridine
di carboxylate salts in the 610 ran to 680 urn region, (2) collection and
detection of emtted el ectromagnetic radiation in the 710 nmto 860 run
regi on, background (anmbient) light, reflected excitation |ight and scattered
light energies, and (3) analysis of the detected signals with a nethod that
is able to correct for background interlferences. The configuration and
conponents enpl oyed in any apparatus usi IQQ this method should be natched
with the application requirements and expected. interferences, -10- It is
possi bl e, anH isprfebisyaad spaastimgs desirable, (@ Pithizee Meht seiee SBLPEEdsR O des a
broad band illum nation. The kind of |ight source enployed is influenced by
i ts abi lliumindtonpr ddieclkend edfetighto magere einplayadi iat inBnerskd t e itwasslin gt orodoei r ed
to excite the intrinsic mcrobial conponents of interest. Additionally, it

i S someticpRsmAlasid akhatbe ssaehd puaadi ighliraous cexci@l g ingimiRasyicesmeat of
t he environnmental background during the off cycle. The light sources that
can be i.ncl ud Sy WM: & rj : :

deuteri 3%18&%5%&@&%%%&&@# (%talﬁg’ghg‘?%8@?1\?%%%3#*)%?8%%?%%? (ra]lr ?ggléciefi o
for the required excitation enerqgies,, The kind.of .light source. .used depends
upon ¢ nalPHPEHERRGOBF G st aReag Bk i ddute M ta et 157 LER fhurces
required. The excitation and emi ssion filters used in the various

enbodi mint eanoe vied ielyémiamms Withgiuens Gufsdeferresreerys fungstes, denipregnsaned),

gl ass, series of cutoff filters, gelatin filters, nonochroneters, gratings,
rugat e fighiteatisingritbdeb €LEDKE and dede ilghts sputifit forcthatragptied iestita®nainetdies. The

em ssion filters used depend on how nuch of the scattered and refl ected
excitati Labil i : | what
et eot i ST e B R B B g kot

interesli. re er‘rHI oyed, the excitation filters may not be necessary; if
imit required.

The excitation and emission filters used in the various embodiments of the invention
include interference filters, impregnated glass, series of cutoff filters, gelatin filters,
monochrometers, gratmgs, rugate fifters and the hke. The light cutoff characteristies of the
emission filters used depend on how much of the scattered and reflected excitation radiation
signal can be tolerated by the analysis method or what detection limit is required. If light sources
having only the energies of interest are employed, the excitation 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 chromophores of interest.

The purpose of the collection optics is to deliver the light emitted from the excited
microbial chromophores 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. Fiber-optic cables can also be used to



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 sanpling area or volune.) It is inmportant to
note that with nulti-photon excitation it is possible to use |ight sources
with energies |ess than the excitation energies of the chronophores of
interest. The purpose of the collection optics is to deliver the |ight
emtted fromthe excited mcrobial chrqgophores and that scattered and
reflected fromthe sanple to the detecto interference filters are
utilized to discrimnate these em ssion energies, then the collected |ight
needs t dothalebivdr| theraxwidtiemradistiesdo thd saamse el Woroklegphe paitisd ragiayen apgtdirgct
cables can also be used to -11- both deliver the excitation radiation to the
sanpl e anthwhaisCik | d@tdctdrihie lerd thbedbleadidtbmatiang ddiiradl, toidtilizevpsitkhed heetal
detectors. It is possible, and sonetinmes desirable, to utilize polished

metal  re{dleEl L n%ﬁ)hlr\gaﬁlpéﬂ' difea, GHSeM Nf%}‘*z! m/op@ﬁn%mﬂ%&poﬁe% Qg n%%peesy cal

conponent's as y optical ~c¢onponents exhibit fluorescénce in

g: Ea{:?:‘“og‘lﬁlg\ﬁ%}acgg e?d&l :it HOBERCBH%egl J[Tlh%lt? Cttagﬁ%lsablgr % dto Convert t he emtted

an el ectrical P gn that can be neasured.
Nunmerous detectors, with different sensitivities, can be utilized in the
enbodi ments of the inventiagn: photormultipl eir t ubes (PMIs), aval anche
ki

phot odi odes Thedeastors i usedlda anvarcihg emj ﬁ@rqnﬁé@etwrwéwa@eéewn elrersed

woul d depend upon the energy of the radiation to be detected, the strength
of the eigndshmnasbgmadasurahdNuherawsgisiaceds, datlediffecmt bdnsittvitiest cathbe appasdatus.
The col |l ected em ssion energies, having been converted to anplified

el ectri ¢l emBbANRhE. offige anahyized phbibudipiet hasksc anatbe SfaldRABVHGo BB¥es
background em ssi on, reflected ex0|tat|on | ight and/or scattered excitation

Sianal SRBAN! BLIgns: cFhOLLS 2. aboent be.ahemccal St @Hﬁdpeapai i dRkgg! dpni €

acid (pyr oxyllc aC| Idamc a
(4-hydr ?lg(eyxgégtlloqll t%%e de?ectedc %{ebs?r)%gtkcofatge 931issio Pgrngl %nc? I&le requlred detection limit

of the apparatus. The collected emission energies, having been converted to amplified electrical
signals, are analyzed with a method capable of removing any background emission, reflected

excitation light and/or scattered excitation signal contributions.

Figure 2 shows the chemical structures of dipicolinic acid (pyridine-2,6-dicarboxylic
acid) and chelidamic acid (4-hydroxypyridine-2,6-dicarboxylic acid). Figure 3 shows the
emission spectra of calcium dipicolinate (excited at 630 nm) and calctum chelidamate (excited at
670 nm). Emission of energy in the 710 nm to 860 nm region when excited with electromagnetic
energy in the 610-680 nm region is a property of alkali earth metal pyridine dicarboxylic acid
salts, demonstrating the utility of this emission from calcium dipicolinate (or other intrinsic
pyridine dicarboxylic acid analogs with closely related chemical structures resulting from either
alternate biosynthetic pathways or subsequent innate reactions of dipicolinate) for the detection

of dormant cryptobiotic microorganisms.



em ssion spectra of calciumdipicolinate (excited at 630 Tm) and cal ci um
chelidamate (excited at 670 ran). Em ssion of energy in the 710 nmto 860
nm regi on when excited with el ectronagnetic energy in the 610-680 nmregion
is a property of alkali earth netal pyridine dicarboxylic acid salts,
depmonstrating the utility of this em ssion from cal ciumdipicolinate (or
other intrinsic pyridine dicarboxylic acid analogs with closely rel ated
chemi cal structures resulting fron1eith§r al ternate bi osynthetic pat hways
or -subsequent innate reactions of dipic"anate) for the detection of
dormant cryptobiotic m croorganisns. -12- Figure 4 shows the em ssion
spectra a solfigrsanhbes ditderaissiat upatrad stlduatpie afd €attarasd eilpdaobf pati@mahen
excited with radiation of 630 nm The solid |line shows the eni ssion spectra

of the dgﬁwl a6 fen@Ritdangigd asinedn lir 880 SHOWhetBRd BHE SRIWANhS BEGIA QbcitD6r
saturated so h

ution. The spectra of both solid and aqueous cal ci um

di pi col ijnat e. show en, ssjon at ar.,ound.780 run, thou t he spectrum of the
sol 1 0" sdhpraid S arpl e gl FOUN wlc S b Y ok SFWFREC TR HE
solid calciumdipicolinate spectrum may be quenched due to concentration.)
Fi gur e 5pedrews bpiesolid apd gaungus @%@lﬂmadlafwhw%glw EEISsI0n i AToyne g18P ma. heudin
excited at 315 nm(--) and 630 nm (-), illustrating the relative signal

st r engt theodpetthen nbthelsplidl exnpines dgpressedsiarve $o greablutiehat Theemtssionhd thanaid

cal ciumdi picolinate fluorescence em ssion (R Nudel man, N. Feay, M Hirsch,

S, EfrichRiuaNdipoliBae Ndpectrth URLLHE QeRhRl d&éﬁb%hﬂﬁ%&ﬁbdm%r@ Passi PR
Conmponent of the (Observed UV Em ssion Spectra of Bacterial Spores" SPIE

vol . 3533, . - 998)-. _Fi. . L $Sl.0N spec 0 nm
exci t at L R pdch R e Gl b e SBKR8 £ S B-PRALAATR
extract from Bacil.l us thijr_i ngj ensis s oreﬁ %@3 t he aqueous . extract from
Sacchar émycesTediEvg Siedsladise pigaalsteength. of the Reyvel HeWGBYLETISROR stdnat Fmve

Ci ypt ospori di um parvum oocysts to which Th3+ had been added (according to

t he met othe known calcium dipicolinate fluorescence emisston (R. Nudelman, N. Feay, M. Hirsch, S.

Efrima and B. Bronk, “Fluorescence of Dipicolinic Acid as a Possible Component of the

Observed UV Emission Spectra of Bacterial Spores” SPIE vol. 3533, pp. 190 — 195, 1998).

Figure 6 shows the emission spectra (270 nm excitation) of a pure calcium dipicolinic

), the aqueous extract from Bacillus thuringiensis spores (

acid solution ( ), the aqueous
extract from Saccharomyces cerevisiae spores (-—----- ), and the aqueous extract from

Cryptosporidium parvum oocysts to which Tb*" had been added (according to the method

described in Anal. Chem., vol 69, pp. 1082-1085, 1997). Figure 7 shows the derivative optical

density spectra of a pure calcium dipicolinic acid solution ( ); this figure also shows the
aqueous extracts from Bacillus thuringiensis spores (——), and Saccharomyces cerevisiae
spores (----—) to which Ca®" had been added (according to the method described in Anal.
Biochem., vol. 130, no. 2, pp.502-505, 1983). These figures clearly show the presence of
periodic table Group I (alkali earth metals, including Mg™*, Ca”, and the like) pyridine

dicarboxylic acid compounds i a variety of dormant cryptobiotic microorganisms: yeast spores,

bacterial spores and paramecium oocysts. Figure 8 shows the emission spectra (630 nm



described in Anal. Chem, vol 69, pp. 1082-1085, 1997). Figure 7 shows the
derivative optical density spectra of a pure calciumdipicolinic acid
solution O this figure also shows the aqueous extracts from Bacill us

t huringi ensis spores (-), and Saccharomyces cerevisiae spores (------ ) to
whi ch. Ca2+ had been added (according to the nethod described in Anal.

Bi ochem, vol. 130, no. 2, pp.502-505, 1983). These figures clearly show the
presence of periodic table Goup I (aHEaIi earth nmetal s, including Mt +,
Cat+, and the like) pyridine dicarboxyl'rc acid conpounds in a variety of
dormant cryptobiotic m croorgani snms: yeast spores, bacterial spores and

par aneckexghatac)y sf pactéiajupere8salhtoms ¢thEaehiis smonagpeluaibus 68Qaterium, -Aiillus
excitation) of bacterial spore solutions of Bacillus anthracis, Bacillus
negat er iuy;s Bagi BhdiSus Sblictensis anthBaedskhdéSol M tAGieNSliScol e aBIde sRNEGRNOf
the calciumdipicolinic acid em ssion between 710 nm and 860 nm shows the
ubi qui t Qus pr f Cl 1 pj.col i i - rJ

pores. SEgal o 6] A U b bR Foerlh i o B8 B s, o
(Bacillus spp.)., and yeast (Saccharonmyces .spp.) sp solutions, illustrating
the uti Pf P5eteral y(oFg w&re??oﬁwms—tﬁée@ﬂﬁw@W%%ﬁao??rﬁo?md@%cgé?wnot#m al
as well as bacterial spores. Uilizing the novel |ower energy en ssion of

i ntri nsiBzcdlusaipp.) ead tylastébedchgrprivdesnspp. diposs Brdxiydnsc ilhisiretingathe sutitik o using
possi ble to quickly detect dormant cryptobiotic mcrobes without the need
for anytrddednt egg@nhemistnpioe dgeaassifinggal o weldad baterisl tforede sanpl e. The
enbodi nents of the present invention described above are intended to be
nmerely exenplary, with other configurations, variations and nodifications

utilizing they; ' b Gl AV :h i1 n .t he
S emEnidane it doapo o bl o Sl s

art w thout depar romthe spirit o

e Si OFICBPOT GRS FHBAKFY Y PROMLS B A BPToRBEH By hlinat P ey BIHH o

acid salts in the 710 run to 860 nm ) )
the need for any added reagents, sample processing, or contact with the sample. The
embodiments of the present invention described above are intended to be merely exemplary, with
other configurations, variations and modifications utilizing the aforementioned basic ideas
available to those skilled in the art without departing from the spirit of the invention. The scope
of this method to detect dormant crypiobiotic microbes includes utilization of the emission of
light from intrinsic alkali earth metal pyridine dicarboxylic acid salts in the 710 nm to 860 nm
region when excited with electromagnetic energy in the 610 nm to 680 nm region. An important
embodiment includes excitation of this intrinsic chromophore with subsequent analysis of the
detected emission with methods that concurrently account for background signals, scattered

excitation signal and reflected excitation signal. All variations, modifications and configurations

are intended to be within the scope of the present invention as defined in the appended claims.



regi on when excited with el ectromagnetic energy in the 610 amto 680 nm
region. An inportant enbodi nent includes excitation of this intrinsic
chromophore wi th subsequent analysis of thg_ detected emi ssion w th nethods
that concurrently account for background signals, scattered excitation
signal and reflected excitation signal. Al variations, nodifications and
configurati e.l ed to be within the scope of the present invention
as defined ﬁagThgéa$%§%§§g'clains. -14- WHAT IS CLAIMED: 1. A nethod for the
detection of dormant cryptobiotic mcroorgani sns wherein the dormant

cryptobiotic mcroorganisnms _include fungal spores and protozoa oocysts and
wherei n thel- detkctM®h8f saPd cEypt oBRGECE 1RNcr Gdr galf EIANG s ORI Ahed

via fluores I.on ar.o0 har [ 1 or gani (Nt
oo bo SolEacreTASrLhen LSRR e SO dPTLOR SETLATBd
el ect romagnet¢tudadifaingal | Bpbhes6lihd nprba ce8@ novtange, avhier ehBrsahd the
m cr obe chromaphores are selected fromthe group consisting of alkalj earth
met al - pyri@?%%cﬂ+%%r85XWQ%gEﬁﬁ¥P%@@%%ﬁlc microorganisms 15 accomplished

via fluorescence detection of chromophores in said
microorganisms in the 710nm to 860 nm emission wavelength
range when excitated with electromagnetic radiation in the 610
nm to 680 nm range, wherein said microbe chromaphores are
selected from the group consisting of alkali earth metal-

pyridine dicarboxylic acid salts.



