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60/ 577,398, filed on June 04, 2004 and U.S.

Provi sional Application Serial Nunber 60/593, 025,

fi | ed phidturidPhased $haiih fértBcillas Ba cteotp pAatierh by
refer ein. This applrcation i1s related to: U S
Provi si onal Application Serial Nunber 60/375, 301,

filed on April 24, 2@ekatedAdplic8iondpplication Seri al
Nunmber_10/ 420, 530, fil ed il 2 2003, \whi.ch .
bot h i H3A Pﬁ?%wlﬁ‘é?séﬁ?“&p{o_rﬂéﬁef‘éorY&Sé9na|’:r’*é’Pi<iga61P§§§%al

! Nﬂﬁpéﬂ G573 PHRE SRUuh VLMD Bnd Bl BiPesvigiend rigplivation
the field of bacteriology. Mre specifically, it

r Sdriad Demtber 601893,0RMm filgd 3GR0ghavhigkarsfboth incorporated by
bagqt eri g“phg%es to infect, neutralize and detect

BEET G bAEt eri a and spores thereof. Background of

t he | nygetpsiRatlhitiseoBlcdenae. SoPropiidiabappkicaian Serdla

resistant to nost, if not all, currently avail able
ANEinhecdH 55101 afitedon Aprd Yedfite2nd Qrﬁ-tﬁP&QPatkﬂ“o%Pélm in

dern | Cdne {.S.11 { |
RS (eIl alt 2, B e Fo Pt e by
crergetde. t hat humankind is reentering the
preanti bi otics era has becone very real and the
devel opment of alternative antiinfection nodalities

has beconme one of th@iﬁghg@ggln%ﬁ@gﬂti es of nodern
nmedi ci ne and bi ot ech . Bacteriophages are

bact er Thé presentiswsntidrateldtengederabntn theifigld efdiacisrialogy. Mepre
the case qf tic _bagteriopha di.sr upt terl
rBeSGR e B¢ HEaTe i BERE B ot D1 dorREedp jter
BRgk [i?@&ﬂ?&?e%t BayBLbBRReritsRd sheret HRBdordysent ery and

st aphyl ococcal skin disease. In the 1940's,

bact eri ophage preparations were prepared and

di stributed commergially for.th ment of various
infections that i u Ofﬁleqn{w,[n%ﬁ)tn purati ng
woundsThy agbmbidesof pagidpeniabsttaty resisiant tofoeet,iibms atlf t he
upper respiratory tract and mai)toi d infecti

aveRblemiifuisioiabAEBATE PGS Ep BRRISTb gl
CORGIAvEBiAL particilafly Sbeflist 8r @B L¥ncoRiitadit MethgBases and

immunosuppressed patients. The concern that humankind is reentering the

preantibiotics era has become very real and the development of alternative
antiinfection modalities has become one of the highest priorities of modern
medicine and biotechnology.

Bacteriophages are bacterial viruses that invade bacterial cells and, in the
case of lytic bacteriophages, disrupt bacterial metabolism and cause the bacteria
to lyse (burst).

Bacteriophages have been used to treat dysentery and staphylococcal skin
disease. In the 1940's, bacteriophage preparations were prepared and distributed
commercially for the treatment of various infections that included abscesses,
suppurating wounds, vaginitis, acute and chronic infections of the upper

respiratory tract and mastoid infections. However, the efficacy of bacteriophage
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commercial production in nost of the Western world
ceased with the advent of antibiotics. Accordingly,

that can be used to detect, prevent, and treat

i nfections caused by mcrobes, particularly those for
Eﬁaﬁ@l{sfv%%tdoﬁtrmhhlabés&ict&do iolnkﬁcmﬂaﬂl (ﬁsﬁa'sdfsiaotli cs are

pr o

| emati c or i nadequate. _Summar nt i,on
TPRMMAFEH PTOFHCHRTOW TBRY Ogg‘et ?Sit‘?fBPéfﬁEi wi tﬁ‘e Pyt ot
B%p}(l, HS bacteria, particularly Bacillus anthracis.
Bact er1 ophages have several characteristics that nake
t hem aAbcmdmgkye whhieis apedet iace lmglmt@ha& ené corpisdipes that e

h| ghly S very ef.fect.i t ar gef ed
hhsrl & desestunpintaid arantno® S mBREEL 5,
gﬁjtlEulﬁfﬂf 1080 Fbr WaBcH SurkdAgy WritaBik WicaiheSardnntib@titdAR" S.
Bact eri ophages are al so adaptable to control newly
apioblamptioac tredegulate. hr eat s. Their safety and
adaptabi l ity nmake bacteri ophages a val uable tool in
conbating the increasing threat of w despread

infection by pathogihmaPpef el lavenidn as Baci | | us
anthracis, the causal agent of anthrax, .and mﬁltl
.

drug r §h¢ invepiorktey ides hioisaphages Uik b1 i 1ech Bgailis e
\glp%@ arl}l] %acz?]u‘f Snthic ?I Cﬁ]z?\é h_p%se@hﬁ@e R0 &ﬁ?ac[@ﬂfsﬁésetﬁﬁt

ar naceu frons that contaln
Rlﬁﬁke theﬂphﬁ@@(v&)th@b;b@tlb agéntdf. eR4dct@iphbgassrdlaghlyrspecific,
so provided are nethods to .u e a .bact,eri opha
ETO AR YR &y 31 PRRSIR RRESHF Do SH i AL B 4 géfuznen?ed
Bﬁg i1 DAGLEE rr?thg Untie@ E?ﬁes ih ¢he Baeis! IDastcRagHagEd e also

Invention also provides nmethods to decontani nate
andaptadniosintrbladevtiperikieg hatainl dureetd. Rheihsdelyiand adaptability

b f

R et o el g B e o gt PR Ofor
o 'bvlﬂ&}gfercl@ ﬁ{fe(ﬂloﬁ%‘if' Jattibzehid bt D8uchrhs BacHi.QanhAibishihe
contacting the organismwth a bacteriophage(s) that

\Mcallsah@smtdl antheax, liad padtipe fag resistanthasterin it pigrmakle to be
pro a rat uses and met hods for detecting
bgg?tggiwme?ﬁggiﬂﬁﬁ erial spores in a sanple. Biosensors
are al gpepventicieslss ﬁ@ivﬂé&ﬁuthenﬂlﬁeﬂlsfaﬁd ﬂbﬁrﬁﬁtedmaﬂ:lt eria
and bacterial spores. Al so provjded, ar

c spmapsiiiony t?at@a@%a@rba@ma@(g@s) abletip P%\ﬁéﬁ#@%hw% Also
L@‘écﬁfn&édoa? e ?)dg{ototxs'e% c HB#I&%@%?P} ddsBhtaliiek dPfaces that

eri op age(s bacteria and
metd@asaminated with Bacillus bactena or spores from Bacillus bacteria. The

invention also provides methods to decontaminate an organism that has been
contacted with Bacillus bacteria or spores from Bacillus bacteria. Also provided
are methods to prevent a Bacillus infection or to treat a Bacillus infection in an
organism by contacting the organism with a bacteriophage(s) that will neutralize
the bacteria. The invention further provides apparatuses and methods for
detecting bacteria and bacterial spores in a sample. Biosensors are also provided
that can be used to detect bacteria and bacterial spores. Also provided are kits
containing a bacteriophage(s) of the invention. The invention also provides
antibodies that bind to bacteriophage(s) that infect Bacillus bacteria and methods

of use for the antibodies.



W b@aiogizgeri or for anti-bacteri al

10

15

20

25

30

of use for the antibodi es. The bacteri ophage(s)
provi ded by the invention exhibit qualities that nake

conpared to bacteriophages conmonly found in the

| aboratory. These superior characteristics include a
rapi d Tlad eRteriophigeds) pravidpdtbyrthe stvabiidn ¢xhibibqulities that
virul ence mai ntenance under ?.onditi ns sg_%cifi cto

ameke hamesaperiar fapHt-Rageighapplighions B PBBHSE ! s)

%&Yérggg%z%&( 8?12&?[9/%5& ANhEBYoRRoYS Ghesd fagétoror as a

m Xt ur rent bacteriophagés. The use of nore
t thmmotamsticsyipeludé abapd dtdnd periage lahgsaimh siakility, bad vievleuen

from surviving by, devel opi resi stance . i e
B e conit R SRRy pf prsTacaplif Bt oot o
%&Yér%?ﬂaéws) RV aVethe HveRidomEy bb aged indde otigedmixture of
di rect g or in the presence of additional carriers

sdi¢fercas bactavisphpgast Theashoforors thmeenedyeeel kagleriophage

conpesi ti.on, Additianal.l. ' : t he
RORRR e LR R Rk pY BErRATh e RRABORISdncll

I pacdrlupRaR MRGtHIlig P agdasribftake@)pidvided by the invention
characteristics that are altered frqogmthose of, the
willqws ther tphe pead drsHy e i8)the pessnse @g additinal pargipisspelyas 2
CRALAG R h ! %glafnqgeH%l cdtifosBloh. MditiddRiyade t O,
cOnferenca of rug resistance, expression of antisense
nmessaiphagdets)pf dscineattod cgebegeneticileyr exgindaed i@ produce

QEREmBirad heeteronstEet St e pirressprition habiB ey font
tegﬁtg %@gggﬁﬂidg%f"‘%)iﬁéﬁdﬁaé%@ﬁ ek iBPlRAGE bisch altSrewRhhralteAyiits

in the art. The bacteriophage(s) of
t helhideyien eieomt linfitedtto,Banfetdnae ohdmgaedistandepexpegssion of

enbodi nents, the bacterjopha s) .of t I.avent i

i ARSERSeAREFIgeg Lo BW?‘?!F@%‘* & e%%@%ﬁ"’é gl S%%‘tﬁgtyr %{t/éé% i on
PERMhiESStaBBIY of ¥BREsstin AREhDRBERIE BHat Adtibdient sescridhs
that contain single or nultiple bacterigphages of th

i haaseria. dPeneia mantnulriionef bagterinphpgdmitis mieHkrovn &g those o

cont.ai ns cter] . | [ .

CRBUTATE o, ARG OpDRISG AL Lo el 2t

bagheembsdimEhe, debaketspbhias) ofuhe ineattidoriofelt B ks

allows a Bacillus spore to germnate to produce a

Bae#ragis bacteri umthat can be bound and infected by a

bact er %%P&@gﬁij, eciﬂo]grﬂfoﬁ gijov‘ﬁ’iets b byt DFesif ahtitRieterial MitHent
y t us

Prefera aci | acterium’ahd spore Is
Bamithd thst cantair siagls or Anidtiplé bavsdriophagdsefithevayeantion. An

A A0 DTEL B b LA

allows the bacteriophage(s) to bind and infect a Bacillus bacterium. The

antibacterial nutrient broth also allows a Bacillus spore to germinate to produce a
Bacillus bacterium that can be bound and infected by a bacteriophage(s)
contained within the nutrient broth. Preferably the Bacillus bacterium and spore
is Bacillus anthracis. Additionally, the invention provides an antibacterial
nutrient broth that contains a bacteriophage(s) that can infect a Bacillus
bacterium and one or more other bacteriophage(s) that can infect other types of
bacteria. For example, a pharmaceutical composition of the invention contains a

bacteriophage specific to Bacillus bacteria and another bacteriophage that is
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bacterium and one or nore other bacteriophage(s) that
can infect other types of bacteria. For exanple, a

bact eri ophage specific to Bacillus bacteria and
anot her bacteri ophage that isspecific to Sal nonell a.

ABectTRGd Bhinfnellblt Bingbdctdpiabiiitsientcbiothe cﬂ’abhemfadi@ﬁ‘bmngny
types of nutrient broths that are known (;@n the a %
i horuefenuttignt beates thatare kpqwiem the artiagd igly ‘b?tc?e‘fhnof limite

t{oV tific gl%ﬁhkﬁfyghbs %q', ﬁ&hegﬁ%{h Y Lt Ba1 B8 bt AR bnd

bro ant i cterial nutrient broth
C ZBTbﬁ‘otha IAln(Hrﬁﬁacftemal wseiehhbratisgadiefthitorap filriusain @spebific

o bl i AR e
S};‘(ﬁnalﬁ e ﬁﬁﬁfab&ﬁicala&@xﬂts S SAEIEPH RS EA Agbiits bRGecognized

C|a |ted St at es Pharrraco eia, official
Hontie péfidikl &J rﬂed Steteofeimacpeiahetficl HemegpathieP harmacopeia

O bR 0l FONIHb 20 Yo B DR SHTERE (EGOT

conposirhé ﬁ‘ﬂ’%nﬁd?ﬁéls&%ﬁhﬁbi‘ptﬁaﬁﬁ@&&tl@éﬂ ddHpbiifbes that contain
bact eri ophages of e invention. These pharnmaceuti cal

c sinplesir piudiiple aacrt@mhhgest@& thecinyvesiong dhsse RhgTBaGRYticA d

i nfect .a Bagcil|lus T

DSt oS00k SRR LR T ARSI G g
Bagk bhatfabagicslr donipokiiiahs 4sy aflavat ®Sctém«qmage(s}10rlefecﬂ a’l
sone enbodi nents, the BaC| |l us bacterium agd spore.is

BﬁéFllllrméaOéﬁﬂw thef sermmates framp @ SPOFSr ST FR q)dlments the
v i e?ﬁ% {)éc?&ﬁlMd réjlg Eﬂﬁt a;zl?t gé?pt”fﬁﬂs ﬁﬁebharmacglétlcal

I've and aci | acterl a as wel
Baeinpbsitsors maryelm utAdndal tol contrbl bnth hgetativeand nwaturp Bovillde s
phar maceut i cal gpo& tionsg.that, c

ntain a .
bgé‘ft@ﬁ %?r)ﬁ%lb%s(%‘ic’ APOTES N %@Eﬁllya%ﬁgv?qtlgg PERALSr | um
a?ﬂarﬂfé@e&fca o@ftﬁ% thRBCHnelih @ %Q&Gﬁ&ﬁ?ag&(@%aﬁ@ﬁ ihfatect

er types bacteria. For exanple phar maceuti cal
c (Bapzﬂas bacoerivnd anchend orveare other bmﬁ@rmphggds)bh@tt@n iiafpetadfect

b%&% WB%;%% %{%grg@bacii%rl'p?cguﬁ%al §8?1R8§ of thf]zhnventmn

PRaktARS @%éts@éplﬁgmﬁklt@ Bacilly bhGerisatll zi‘n@t‘heﬁbiuﬁérgﬁ)hage
variety of applications and fornmulated in_a |ar

v #rat st Spedific todafmoneld. Thepharpasentierd 60mpositignsimy 1h°>éd for

o 9igr iy BfReTat i R RRER niPer SRS o R Y

Vagbwato thbﬁﬁdféﬁkﬂl ﬁuhm aF o, expaiphs) t}&ar;ﬂianmoeungta% cmapd)setlons
adm ni stration. A phar céltlcal oSi ti n ca
e

t aaydedarngdated for, byt ngt 9, éory ‘? Vaedhe b‘&‘?"tla ose of
S lf)'u thorl t’ggl%n%%] F-]’ i [ BHrSiduaabn. CR?BQ[%Jcbﬁ’c‘ibalmy

Fsé co I'n ot maceut 1 cal agent
p l&ammmﬁ ¢amite taxglmﬁdl for aseinrespegificzpglication by thyfst of skill in
Uni ted St 1611
the art. Ap arrnaceut1cal composition may also contain other pharmaceutical
agents. Such pharmaceutical agents are recognized in the official United States
Pharmacopeia, official Homeopathic Pharmacopeia of the United States, official
National Formulary or any supplement thereof.
Also provided are methods to decontaminate an organism, such as a
human, that was contaminated with Bacillus bacteria or with the spores of

Bacillus bacteria. Preferably the Bacillus bacterium and spore is Bacillus

4
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Phar macopei a, official Homeopathi c Pharnmacopei a of the
United States, official National Fornulary or any

decont am nate an organi sm such as a human, that was
contam nated with Bacillus bacteria or with the spores

Unriacis] THSs, Bachesitian aRoaheuddsl iethods tBdecdnkansinate a surface
bact eri um and spore is Bacill usant hr%cfla rf‘F t he
i theterasicontagied vl Perids BRSIRFESOR OSNAECENP A 4541 a

S A6 AL %édscl@m@?%pﬁﬁcéﬁ&mo@a @ﬁ%lohh‘z?ge@"é?ﬁ{e' um

or a spore from a acteritum The et hods
| inveltive te el drgatisno or nffage bmammatq@hm@et(hs)Bagﬂlus bhecteria

i nvention to the qrgani. or m nat ed th
t $yeh @é&themgteﬂsefe&w%a I§{S} te@ﬁ‘i& ‘I?Féa%ﬁ%‘g{;% ®a are "

bptpdo ﬁﬁg tg@teﬁﬁgvéw Yhé ﬁﬁdt@x%hﬁge(ﬁ)r}ﬁay be contacted with a
bact erP

Al ternatively, bact eri ophage(s)
nBycilbe haotenamtthat geimhinated Beceit b 1Basillys spase.i Uhe basdgriophage(s)

o RO ar Podl kT < KRek BRI IoPRISRR Ty el GRATOS( S

(RHEﬁﬁﬁ‘fé@%th@fbaEt@ﬁolhﬂgé@)' indy nbhtkR8 Babyies Naciehfa by causing
bacteri op neutralize Bacillus bacteria,by

age(s)
cthe bacng*lft todbebeme epm%nqt@nab éarrxanplts breusiigdhe bagigria fo

ble t
rEpPPeapatt i REDHAE iSRG U piohBe REREROE, B 7
A vari &tvhn@tfy ofgidiads aﬁrlelolmmhds@ off kidH ¢o ofangpkildte at 0
mani pul ate bact eri ophage(s) of the invention i.n

obaesriopbagel) of e ineenfian i1 prit oeutakze Bacd s bpelffif-etor
bgpgaﬁ‘g? @lﬂgnbtérfa(ﬁ)la {Eggxﬁ esQ:QH bRSsdtBBEab R th@bEeridplage(s) of

e tnvention to express gene
pthedhi@hBon tmaﬁtxpwse gemmrcduoms tBatcark kaxgc toadtcdhisdacteria.

Al t t th i oph b d
N B TR S e TR R L
%ﬁﬁ%fegttg Pﬂ)dﬂ@@@n Bﬁl@%@tmés%ﬁé'té 8GRy prBagdt kédiSred by

bact e h, replication or infection. Mny
nﬁmzmsbaateelakmmwtb nepb@éloofor éndedtion; Manyenetheds age known

eng neer ct a

e o sEich the SBRIEIEY Setfobblee) M b8 Butize ¢
' Bé/c%‘éﬂa' $0Bh h$BAAILN dBRrdfere] helstsle Fukhineagiondeitehded to
bact eri ophage(s). The bact er | ophage(s) may be

athelude secr eginesred hagiereimiagaishr applied to a surface to

be dec’?lﬂ_%ﬁmér}ﬁ} g?%e%) %&ybeacld%ﬂ 1s{:é§e(d 1;3 aft oYHnlshl ¥r plied to a

medi a teriopha that are

Coutat febk dda:oﬁnana;ﬁﬁtetmmbeﬁlbﬁd: oninta vagiety dfimoddia. ofori elxample,
phar maceuti cal conposition may ge ad ni.st

obmoyh@gg(s) Bléatgﬁepcpqngaanqddn gngm,l al yyjgent rot% orma
bgﬁ%@%g QQQJ%(T@%SIW 2§ bR %ﬁhﬁlﬁgtefe'dqg b of¥anishh or be applied
to a surface. The bacteriophage(s) may be applied singly or in combination with
one or more other bacteriophage(s). Examples of organisms include, but are not
limited to, avians, plants and mammals, specifically humans. Examples of
surfaces include, but are not limited to, buildings, furniture, vehicles and food
products.
The invention also provides methods to prevent a Bacillus infection or to

treat a Bacillus infection in an organism, such as a human, by contacting the

organism with a bacteriophage(s) that will neutralize the Bacillus bacteria.
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one or nore other bacteriophage(s). Exanples of
organi sns include, but are not limted to, avians,

surfaces include, but are not limted to, buildings,
furniture, vehicles and food products. The invention
aPsferpb19\th&BSci TR Bro@siuinoardr pusiis BaciBacahhugis. 1flect i on
or to treat a Bacil]us. infection in an_organi sm such
abaceripphage(Supax bradmapistged iodhe prganiseAitgeiy 1man

b ' W Al agid
o b B o g o e Stype of
i badBatiphhgisman bl ndinssterdther inact than ophiage ¢Ehacteiopheze may

e B S eLm i et ZPUER e, ARGt srsgpese(s)

C HIPRSed: BRI AbSUAH R dloARDT Klord BthbebdcRIFIdBRA (S YhA? Enfect
adm ni stered or nore than one type of bacteri ophage

mathebiypesiof ricktriemey betradimindstered. ninscargBagn thag &s susceptible to

I
bagkstid PRagieembolidtents) iiRCdrg@lifits 4 ihage. ah diagt eri a
may be administered. Any organismthat is susceptible

t empedigentsothegrganisireistaddmdnt h Baci | | us bacteria may be
treated,agcordi t ' Nt - : .
o2 k) A0 o e
ephagiasanicsl adehs. Suganients hay be tuedumtreatloeher indications

bact eri ophage(s) nmy. be adm njstered.in conjunction
witspCigied eyithpthg Méﬂ feciionggich g worping a@@ﬁé EY 85 °be

%&?RF{SO The g,ganﬁcaﬁfcai {%h&%&;omo BSsRGhAtE Wihfreldthe

Bac usInfection, s as ‘woundi ng caused by cuts or
seffapmey ol the tpdatnemhsehetriec dor agmmple, antihiotitsmapbe used in

adm.ni stere o.i ncrease the.efficiency of ,the .

C PRI i brba R AR AT e ERBIRD CEEORP S sed
| BaGO SbthdrQUisebd Auife rhaebed. | ARNEGR(S) it BfentReoned that the
invention to conbat BacCillus bacteria or other disease

c hastenaphaie(s)obey be wgdiin comjahdtipn with dnsageniithali willdecressgthe

t he. bact er.j ophage(s) may,.be used jn ' i i.th
TSR OF HEPSTT Al et RO B Birky oy en
baskesich@l Th¥dhstetaibagsts)yf thagtventi@indaage hidisttrdbyeny
such as detergents., The bacteriophage(s) of the |

i s endin anyformeulatiom thata kaalil carp PEeWder dgeras apmopirtany
formul gt kder .

appr opai s ehRL AR A By REY K et PR bacterium or o
appaéidl yp&e ih asadsi eThe bactaribnof badterinl sporecdrled r i al

c aftbBeenic B OB b BABAGRTEE bR Rbriveh pae HAGEHT o

b@edt&hiiH Mn scdfﬁgelﬁﬁod?mgﬂg,i th Y&cteriuvm or spore is Bacillus anthracis.
In one embodiment of the invention, an apparatus includes one surface to which
at least two bacteriophages are bound. In another embodiment of the invention,
an apparatus includes two surfaces, each having at least one bacteriophage
bound thereon. In another embodiment of the invention, an apparatus has a
plethora of surfaces to which bacteriophages of the invention are bound.
Preferably the bacteriophages bound to the surfaces of the apparatuses are
bacteriophages of the invention. The surface or surfaces are coupled to an

electrically conductive material which is further coupled to a detection circuit.
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bacterium In sone enbodi nents, the bacteriumor spore
is Bacillus anthracis. In one enbodi nent of the

at | east two bacteriophages are bound. |In another
enbodi nent of the invention, an apparatus includes two

suRd daediononehit havaped & ddteatihe hiegrdsantearriabpdnegef bound
t hereon. I n another enbodi nent of thﬁ?i nventi on, . an

abAstarayer HhacteriahFROTRoMEeISeRoiBenbLNE ety creul

b . Cof . . i
S AR SR8l M0 b0 B el gk
agpa¢sahtos@ntat with ackeastitop hagesophhgdsthound (etheisoriace Phe
surface or surfaces are coupled to a&@el ectttbi cal |
cHHtGeT Piiac ABRAEHPS. WAT SRTPS fRPRHEP UGB ed® tPo ™S
dglte%htté é}po;%énr&ﬂéhﬁ cIEinHRl# tdaktaoWab@Hbphdges.adpplication 6f a
determ ne the presence or absence of a bacteriumor a
beantsle cantaimgr ahacteniuones adyastedichsnere totthe seéace o pwfpces of

circuit is sponsive .to electrical I

C b et pEEE BPraoR ofsct BRPGPEBesPHopRaks lotiene,
C R @ed orMableriat spbRAmd dowpldietieeldcaabgiecuit dlutaplttipntdtehe
surface or surfaces of t e(%plefﬁgrat uses. For exanpl e,

i plectmiealentsottiprasiides tforethe Howr trisabeEFRnS anthingfrafes the
circuit containing a t ] S :
kPR AL LBy IS LLPRAMES corgoa
bagtHphdtusePerthe m@eitn ubtasel wrtess forfthe presafceanabsence of

apparatus of the invention allo at least 't

bagm@tpm@pwag@gctﬁ@alﬁpm in g garpRlst i??ch«&ﬁ c ?{Féffmﬁ’mbo‘é‘ts’ore
a _ . C . : L OBl ok he
P BRI frbl Pofd SRR By hmpHAER LEULOB I ot T
C Ythief fieamd) AT wo ol matedsmctetiophmzes bond tothessubface er jugfasasrofa

bacterial spore in the applied sanple.. Accordi.ngly,
C S ppRREIDSEReSh § PR TP o TPt 08 PRt ot
f ﬂ{eagd}?ollg RIENGEAf 2 cAPREOFANO HecthP&G Rt URe@pp@atus ma

bacterial spore in a sanple. Electrical current in the
bnchellelmctenlifer trprovide en insreaserbignal s Frsthermozm e wsenigand

an anplifier, brid ci,rcui.t gr o . .

s s i sheag e AL Aibe PRl o BRERa I ReBha
ofsp(;liggﬂﬁpﬂ@rﬁésgﬁimggﬁ@ﬁ@nt a change in resistance,
i npedance, Or other neasurable electrjcal

char ac{Theiivengon alse provifles appagatuses cerfprungiquif sastal that
may _{ncl ude | £ t '  Nereas
RS0 e AL o LM 5P s o
NREldr @ gktile inthide) biitnee hdidingtedns, thermotropadiqeid erystals and
bacterial spores that are present in the sanﬁl % The
i ivvistdinsmagic diquidravatales Tahpcteatigs e begRatiggehly bactenm,
il B Alackin &beABAHARA thAeHBNCH scinbab e,
of a bactériral spore in a sanple. Exanples of

the bacterium is Bacillus anthracis. The bacterial spore can also be from a

pathogenic bacterium, for example, the bacterial spore can be from a Bacillus
bacterium. In some embodiments, the bacterial spore is from Bacillus anthracis.
An apparatus of the invention includes at least one liquid crystal to which at least
one bacteriophage interacts or is bound. Preferably, a plurality of bacteriophages
are bound to the liquid crystal. Preferably at least one bacteriophage of the
invention is bound to the liquid crystal. More preferably, a plurality of

bacteriophages of the invention are bound to the liquid crystal. Binding of'a

7
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bacterium for exanple, the bacteriumcan be a
Baci |l us bacterium In some enbodi nents, the bacterium
| dadtadd bi alBaceniahsp@et by a Phdetiatiage bainddp treligadcybisb be

from a pat hogeni ¢ bacterju or. exanple, the. .
b R S SaR b POy AT i 6 BB deR A st
Z ‘ri]’i ARdhIRAESe. 13fe g@%rﬁﬂ%ﬂhi_s%&%ﬁ?qdn%efarnﬂ{ﬁﬁgéﬁh&| us

raci s. An apparatus of the invention includes at
| ¢asgduoerbinito gpuepdicek signadl t o which at | east one

bact eriophage i.nteracts or .is bound. Preferabl a

o ar o FoigerpudsEhy Bisinfhued pE e BaRes pites e
Ce¥sbahsedRnehafuadion with heaskrigRgdbardssd apaageurdbr bhe
invention is bound to the liquid crystal. Mre

pbesterialisbgre. Sugh detedtprsynayfinplade e picapileiae device, pacoustic
i nvent,i on_ are bou o the ligu d c i_ndi ;

L BUSE 8 e A S R fe il oy B f st AL CLE 0P
boigRchddeeskdtte pdtenti cthatfiy séndbr dyvirdu Peferabahe bhadbiven is a
signal. Preferably this_ signal can_be_ read using

apBihestnis betierivah Vet eisrebly By bactwbie it 8retubhafienvn s
Shillg re%%gblp%eaﬁg&{eﬁflﬁi?g (ﬁ%gh{x raﬂﬁz?cgcq& eﬁrefeﬁlﬁtﬁ?f B 1ABktigR!
signal. "Further provide y the I nvention are

bispsre sfrom dyattioggnia bdetdamhoMdrh ateferablylike baeetiabspore is

conjunction with a bacteri o0 detect a hacteritim
orTO pEEcids cht%-eMogﬁEﬁ%g%@)g@F%ﬁ%wﬂprWdF g Lpciilus

piaﬁ?ﬁﬁéiﬁcffekéfal@fiﬂeofﬁmcteﬁep Ush bictMdpBagtedt th€invantion.
surtace plasnon’ resonance device, an optical fiber

devi ce Amcorlinglylthe msdntengabyidepoetbods tordetact the peasenpe of

device. Preferably the bacterjium i at '
DRBEEH O AT e Y apTspe ne Baete Pl bci 11 us
bagih8 it badvifim. AViSfesraetab1y e bha&ieh iddTBhéilRaGdcterius.
anthracis. Preferably the bacterial spore is froma

p ot geafereblyales kactemiwn ivtFasi/fys antreqit. yPrefrsaty s ghedertgrial
is f i i :
: REOB it et S BgERE ml i N b T P T AR

Priefnes 8bkylut betdaet. eMosphrafseablptha baaetisirsporiagemdBacing
i nvention. Accordi ngl %, the i nvention provi des, net r}?ds
t gntisedst Themethpdsimielye gppligatior pf a54pplg i thesuracg of the

Za?{)ﬁaﬂug of"th%mhﬁon Eﬁ@%éﬂhﬁg@?%@f% ?{g:géégé {nSel@trical |

ogeni'c bacterium re pr acteritumis
a cBaeitldcosrs dthirethie apparbtnst The sfhgri@abiay belappliact eny flmdi that

Baci |l ys anthracis. Preferably. the bacteri.al ore.is
F el Ui ROg BT bisAthr i Hish e E S BIS o of the
b%gézﬁﬁﬂuél to DRRAE al FrciIhRBasteBRIdr kd'S BRETLE5H e EddAsHles of
preferably the bacterial spore is fromBacillus
such fluids include, but are not limited to, blood, urine, mucous, water, nutrient
broth, or other fluids that can be used to swipe an area suspected of being
contaminated.
The invention also provides a kit containing a packaged form of
bacteriophage(s) that are able to infect and neutralize a Bacillus bacterium.
Preferably the Bacillus bacterium is a Bacillus anthracis bacterium. These

packaged bacteriophage may be placed into tablets, pills, capsules or other forms

that are easily transported and delivered to sites suspected of harboring Bacillus

8
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occurs within the apparatus. The sanple nay be applied
in any fluid that allows the two or nore

betegini SRERYES combingly micRaded lbn@tem@phage(s)shusﬁmw fof the
apparatus, to bind to a Bacil| i)a]aﬂtlgr um ztéf g .
B&pmtmsna@p@mées L‘E%hf%lﬂé%l’féflu‘éﬁﬁ‘éﬁ’f gt gieus gagtena
aAlEh ngfzézg Lﬁzﬁi’ a'i:zg"anhl 98}%1 Itg (‘33 ?}]ﬁ%{fbﬁl{ﬁ’ba&@ﬁ@ﬁmdmed

nutrien or ot at can be used to
swithie these ait@a Thu kftansedsobe trei ngtregnnantatatguler Feef the

t | /). des kit t kaged
o PG B e e BT P EEr and
nﬁ%oﬁc?hgl%leth@ iRRAlOA HBo BRFARE lh WBthd Bf RESkhiinkRSroduction

Baci bacteriumis a Bacillus anthracis bacterium
Thesitiepask agpodbecicthal fymagé Bacil/ubeachiracad t¢ hinder the use

t | ets, l]s, .capsules or other fornms that are

Rk qﬁogﬁgdagﬁﬁgaﬁ@ﬁh %%lﬁ vered to sites suspected of
har borAﬂﬂbcﬁ@e@,iaké M%ﬁ@ﬁfeﬂ% tigReriokithatean biidns ng
packaged bact eri ophage(s as utility for

d@t}tﬁmoahagﬁ:éﬂ),l Wgick inddo adesgilfug bagteda ?frtﬁ mql lists spere. The
f Bac
a f{ﬁﬁz Cl?a§ egﬁ 89 ore g nr{ !)éjﬁro%%c}cﬁﬁ)s %nfhlllg re lei, His

reve i'Ssem na acteria
PaRbdeRe bitidttd e Habt%ﬁ@pﬁdgte@ proviied Iblytthenmyemicmo Iibeorns ed
to treat an area to hinder_ use of the a
perabribimienls, the ansihories gge goapled io édetﬁéﬁameé’ﬂﬁr Fit %B%?m |l us

n%}itﬁ gl%% ’?na&eg BE GOLALNBL Kt the Eﬁﬁhﬁb\é@ﬂw Bh@zlﬂjsgb‘ﬂctﬁﬁ@é(ﬂ éj§z§czﬁus

contam nate production facilities used
pspoatizen daatpheal Adcordinglyf thBamichtiarspioaizies micthoamth detect a

Beaes beoennor poar Qs Spac el i pyofices the
' f?l\(fgﬂt 0ok @J@éﬁnpﬂ@ NhOhiehdde chasd Bkl @PIRER (180 prestit Lo

0 a Bacillus bacteria or to a Bacillus spore.
TReciBecantthnasisvae Bacillbs onthepns spocain hwnfple nPiiesdbly the
ant cis., Prefera t he atlbod
abeRy pagire s BRsvetag R 4 Aot Hie A hst e Eer,
enbodi nents, the antibodies are coupled to a
detectabl e marker. These anti bodies may be used to
detect the presence of aDeARitionss bacteria or a

Baci | | }l{s‘d%{%ﬁﬁﬁas arker gﬁ%}@a ldﬁgctﬁﬁtldﬁaﬂgle%ou}%l@@to' MERRbOG

provi des e od aclllus bacteria or a

Ba€hdcleipbipel Extinpley olfilabsi tindt ciree ecnipildnkidlaasnmifodlym
i nventi on. For exanp %r t he. met hods agn be us g to
Ta

dekagerof fhednysntier fredudsiradigastivityssugh phiadiqatiys iodine; an
B&Ey&ﬂeﬂ"&uﬁ% Qﬂ(@ﬁﬁépﬁﬂﬁﬁeﬁaée,nh&sém Ferokiagdegbl y the

galactosidase; a fluorophore, such as fluorescein or thodamine isothiocyanate; a
biosynthesis label, such as growing antibody secreting hybridomas in the
presence of radioactive amino acids such that radioactivity is incorporated into
the secreted antibodies; and a binding protein, such as biotin. Methods to couple
a label to an antibody or bacteriophage are well known in the art and are
described in Harlow et al., Antibodies: A Laboratory Manual, page 319 (Cold
Spring Harbor Pub. 1988).
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anti body used within a detection nmethod is coupled to
a detectable marker. Definitions A "detectable marker"

bact eri ophage. Exanpl es of |abels that can be coupl ed
to an anti body or phage of the invention include
r adi oag diteéthdle nsdikdt Ay bewked acdirace metddids end @rindiney ne,

such as al kal i ne phosphat ase,. horseradi.s er oxi dase

grethodsy fhperaanleg ?éfhr_%t mﬁﬂ@fiéwgiﬂé’,a lgh%ﬁfp 3ibody of i

fih%}{tﬁfi(fse&i%cﬁ bgl}ﬁ?djﬁfﬁ ﬂ%téri%ﬂﬁ&ﬁe?ﬁ%ﬂe‘ﬂgtaﬁbwﬁig detection of the
abel, suc

bi'osynt hesi s as grow ng anti body secreting
Hydateridpies. Am dxhampper @fsmriodireof metod onwherean antibnelyaditios

uch that joactivity is | ted intp,t :
Setmices anpladaisn SidombiSHrRGBPBts r Ratldfetds
B&gg iefl-to %ﬁ&ﬁ%%ﬁ%ﬂaﬁ@ﬁﬁ% €he cbAfBled WAthARe Bidtih ROEH T

eriophage are well known in the art and are
dasibodpecllow ddedtionoéthedlacterigpttaigbodi es: A Laborat ory

Manual age 3 .Col d _Spri ng.Harbor. Pub 8 »
det .ectyﬁf)t@%fﬁreiéft(’%%}n% used tﬁl?%a%‘%“?%%lfy er%et% ﬁged%mghn P
| Reths @GHeEY o S oudibueiadmkeomhinahdidsaet phpidiogcil ifect,
where a | abel ed anti body of the invention is directly

bogntieatment dfacoaditiophdiserder; diseasppndihedikiesyredustian inon
f the b ' . i adi d
s hE ST aE s St A Srdthe AR SithiaBRbE BRSO

bdRéuirm oﬁﬁlﬁadﬂétwgﬂag@oﬂhb asiegtidgnophhgeontdktlofitheldischaed i s

coupled to avidin or streptavidin is then contacted

wingthodiis 2p pEoppt et israe RGBTV SRR BUPIRE®S: i on of

El{ﬂﬁib?tﬂggté d 8 Eﬁ?g,eB cpﬁ% dofifalEnatiohof Hiftdon2BOHE Hsk 81d
erapeutically effective anobunt” are terns to

i chedrhihyticrordmeatidn.suf fi ci ent to obtain the desired

physi ol ogi cal_effect, e.qg., treatnent of condi ti on,
di sor d&he teg s’é"a‘g@ﬁéﬁ dm?fﬁg t prige Bﬁ’a?tsla‘&‘&t? g??ofnr? non-

S hdctePfim HhPOE A&tralideSBARSh AiFdctidieand
I?ﬁ%ﬁgﬁbﬁgg%%@g’gﬁ%te&a%un}f of aablact,eri gphag% of !
t lysisiofitherbecterivinrbyt dkytic bactesiaphage t Fee hiickeiugsiaay Ao hods

S an.anmpunt 1h res i n_reduci ' .
SRR DRt AP} Pt U ot
CoRbaskeRah iR, k. tepfritinginfeafing B@ost] Skproducing a toxin.
contam nation or i”r]f ection. The term"neutralize"
means Adneigsibrathtdeeladesny flgidiavdiel abprtgheFeRTEYe
For . exam| cleer | WE ized theaugh
[ ?’ﬁdergyﬁlgﬁ' ' gEﬁ( gﬁp ;i/)egl Oéf%or*u%e gg{tigir?llgg %ﬁlglf} a yltI?c ’
bRZIOAN epidage, NAYRI hediver, NIZW edivah stertific Broth, SOB medium
and SOC medium. Methods of preparing nutrient broth are well known in the
art and are disclosed in Sambrook et al., Molecular Cloning: A Laboratory
Manual, 2nd edition, Cold Spring Harbor Press, Cold Spring Harbor, N.Y.
(1989)). An “antibacterial nutrient broth” is a nutrient broth that contains a
bacteriophage of the invention.

"Operably-linked" refers to the association of two or more nucleic acid
fragments to form a single nucleic acid fragment so that the function of one of
the fragments is affected by the other. For example, a regulatory element is said
to be "operably linked with a DNA sequence that codes for an RNA or a

polypeptide if the two sequences are situated such that the regulatory element
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neutralized through infection of the bacteriumby a
bact eri ophage that disables the bacteriumfrom i.e.

"nutrient broth" includes any fluid in which a
bacterium can survive and nultiply. Exanples of a
nuffette Btpré&ssivntofithe tadies DNA sqBarct §i., thredhe podidZ €dhvence or

nFné‘iHT b SESCTHEB i RGBS BT s PRERGL 1P o
nSL s Qa6 bp&gﬂ'\/g’rhdk@d H}%%ﬁﬁttoryaélgnﬁﬁ@ itlbheé OsAfisbite

et al | ecul ar oning: A Laboratory
I\/kmaaﬂauonan edition, Cold Spring Har bor Press Col d

Spring Har bor 89) er|

nut ri ert p@?ﬁ??f‘e%%alé‘gﬂ’gt }Sla)eSHPSt%r}CS?ﬂat ‘?gl the o
A BbE @bﬁ%&l@éaﬁohe&édﬁ‘ﬁ@rﬂt drGfreventibe b bis&asé im&Béhnan or

re ers to e association of two or nore nucleic acid

f ragireranémnalo Sugh n?hwmcnlglcel FegBts areresegnizeadin feetticish

ba?r{l'ﬁg 'éga{wﬁz %trtl}g%?o pgls agﬁ%la?hohﬁgggtfl L H{lfcl {ée?ia %E ]Eh%%rﬁged

s &tsted, offleml m@ﬁamoymhlany@ohnwswplama&m&eqﬁxence t hat
codes for an RNA or a tﬁOI ypeptide if the two filfquuences

are si Phamageatinehageiy thataay kegired b FguBIEAR i e ct s
expr he
i S A S R
t rrﬁa&cgld@dnamgaj urtxeiny tradt agénts, vegiprloagehisy Qphtlﬁrhdlq’@ents anti-
sequences c e operably-linked tq re at or
C FORGHE G o ST, Y @Bl BEor S G i ST mucous

a, fifHghRt T8 dRR adtn Rl
B R
P ragamsgtannnhmmbubmlse asetrdl memohusystenostimplontsholingstastse

ot PRETIE, BT G £ 0 OB T PRSPPI T ol

F@Hﬁﬁﬂ@fn@ﬂﬂaﬁ?@%ﬁﬁ P&, ?erféfal bR chiNink el etfls pdniSconvulsants,
official National Formulary or any suppl enent_t her eof .

Praanna’ﬁm;mauseé@mxgntshlatmmumeasy@a nog-stesif el iy on
t t s
arlgﬁ SOy ngé Rﬁgsgs(g%g Il’ﬁégl%langvﬁg ﬁ&eﬂe@&! gg%fl 696'(51

tors nuc €e0sl| de ana
urNfedical Hcélﬂﬁhwélg)%ﬁi;ﬁny,\lﬁgj MahtvalgeNew Jenphipagtsd 202)

agents, antianesthetics, prostaglandins, respirato
3@@@@ of skilbiign the e realice thak e WBB&%W%% HVEREND l’s"ag’/be

ar«]:togn PR R @ Macé&ﬁ@gil ﬁﬂs AN dhi R ARl aRdd r%§1lt

car di ovascu ents antit mboti cs, centr al
ner vousA ‘Smgmlamrﬁ tlemehtris s nudéio Iac1dessd;1mnas that pertidipates &) the

contraceptive stroi ntes or nones,
transcnptlgn or transle%ﬁ)n of an opera lglyrimh(egl guc':]elc acid sequence.

Examples of regulatory elements include, but are not limited to, ribosome
binding sites, promoters, repressor binding sites, introns, enhancers and the like.

Such elements are well known in the art.

Brief Description of the Drawings

FIG. 1A-C provide images obtained by electron microscopy of B. cereus
phages MHWa, NikoA and DDBa. Phage preparations were negatively stained
with 1% phosphotungstate pH 7.0, observed, and images recorded in a JEOL

1200EX scanning and transmission electron microscope. Magnifications were

11
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i mmunonodul at ors, anal gesics, general or | ocal
anest hetics, anti-convul sants, anti-infectives, nuscle

i nflammat ory drugs (NSAIDs), (see Physicians' Desk
Ref erence, 55 ed., 2001, Medical Econom cs Conpany,
| rontrolMdriyvak @f ciMelaselaysdy (LyftgeO6B).1FIRD2A profhuiseimodges

skill. in the art. r i.ze that the ba i 0 es of .
© S Nk s domy " B uBsh idts e aenBhn RGOS alivides
agﬁﬂg& S RIAWY. 185, 3 AdRSK 8 n (R SHhL starfard! SRS (Yhset),

element” s a nucleic acid sequence that partl Ci pat es
| nnctltn@dtmﬁn@crempmnrmd SmpbfwﬁaﬁfﬂnmC@ﬁVIMMEe% yThe

nked nucl.ei c_acj equ ul at or

oI ERR . dsGuast Ba S BRES o BF B iRy ik Eidby
blrﬁ:gmfv@ a§ kﬁ&ﬂlkoﬂfrﬁ@@tvﬁﬂﬁno A RPRATI mAphiTidhtiéh. SMagsification
i ntrons, enhancers and the |ike. Such elements are

westfloriginakimages whe atn0,0008Bast 1 08ewwr i pti on of t he

Draw n E [ ron
m cr os%\z%yi %p r%.%ngear %P\sﬁ gﬁggggﬂmgsﬁi@goﬁcangﬁﬁg
PheigeA PDPBaat NHW VR £lyneg plidsy elilyurss aff 3)edrands t559 1120
phosphotun%st ate pH 7.0, observed, and jmages recorded

i {Aae0 FEH3, 2200 E%@f% H’é’ﬁﬁlﬁﬁé “amapwgﬁghag@fww IRI2B Bh
CALPRE Bny YRARh bh Bl fes HE 100 B5°CP AnBukMeE R

i rmgmi (odninb dodated)i cubteres wegRitored €ar chiigps mlcaiihk:nsny by

es ofDDE vi des i.ma of . FlLG
| e? ratigrso ?Pti'ﬁl g"r‘ﬁ’é}’a ﬁ‘é%Wévelﬁ?éEélS*%ga% ‘?ﬁ’%&[ax
I rrqh @&{raghbtbrﬁé%@r SIABUNE DeSRED ISEnhPFales C28. E%@r’iﬁ@&t@ ‘17
Ni ko. The photographic '"insért” of f2

t aslnd h2’f pmmdtelﬂee sanits &l twotindspendent ogeomgntse JEY: | me as
I\/E) rrage wth no alteration of magnification.
ﬁelf“i’ f'on of original inages was at 60, 000. Bar:

100 NMEIE! Srepedefidfa of bactdfi @fsta&@iﬁf 4ta@7°C U Rlebagin
lysis by bactpgrl ophz)lg‘;'?sllt Ni KOA, @%%éa and . Early s

| agfeptnafsfe(n@amtracﬂ ﬁsplequeéom@g anis 558) em_igar(pmfomgs

or i) DA R -h PR R EPag i S

2 S0ndart pjuk akﬁgi falrltdvmg mtcnbdtlo(nnﬁrhm gtoiited Igtael) atSUPC tisresto
were nonitored for changes in cell density by
detodioHisnat i on of optical density at 600 nm wavel ength

(usi N G SPRAS 1AhslYEE aPhrtise SPERLEGRIARTRI£Aor Y ecul ar
R1 and "2

Devi ces, Sunnyva per|
p rhavﬂeﬂ@mge Dl\éémisbhtedfusmg@"ﬁm amﬂmﬂetugleex PEGI 4k sh®ys
N%ulsgg field gel after electrophoretic separation of bacteriophage DNAs in 1%
agarose gels in 0.5X TBE buffer (pH 8.3) at 18 °C, 16 V/em™ for 30 hours.
Lanes were loaded with DNA from 1:CP-51c; 2:NikoA; 4:DDBa and 5: MHWa.
Lane 3 contains Low Range PFG Marker DNA (New England Biolabs).
Numbers at left indicate DNA size in kilobases (kb). FIG. 4B shows 1% agarose
gel after electrophoresis of CP-51 DNA in 0.5X TBE (pH 8.3). Lanes were
loaded with DNA from: 1:1 kb ladder (Promega) size markers; 2:CP-51c DNA;
3:CP-51t DNA. Numbers at left indicate DNA size in kilobases (kb).

FIG. 5 illustrates the effect of various treatments on infectivity of

bacteriophage community lysate. Bars = standard deviation.
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bacteriophage. FIG 3 represents a graph of
bact eri ophage stability at 370C. Remaining infectivity

pl aque form ng bacteriophages N koA (squares) and DDBa
(triangles) was determ ned by standard plaque assay
f ol | oWy 6ii9 6 dbiaidnd shavfing bahembddimehysfabesppatat@/dThé or

0 to 96 h . FIG 4A-B il ) .gel
RN (T TCDET T .
i sol afﬁ?% Zﬁgﬂ%realgg’g)?te @ﬁﬁ)giﬁﬁ@n@Sf e Pré:s!m@syé‘:@msdla%d to detect

pul sed er el ectrophoretic Separation of
bacinalyze phagin MMhsresn 1% agar ose gels in 0.5X TBE

buf f H 8. 18 0C 6 f .
L:\n eg r W&fpse&gdg ay““\ﬁ/ioflﬁ elﬁmgwgﬁﬁ?’q&‘éﬁf%% ggﬁgfﬁﬁﬁ%ﬁd to

430683 angh2 baMdh or k&, 3 contains Low Range PFG
Mar ker DNA ( New Engl glﬁg Bi ol abs). Nunbers at | eft

i ndi cafk. BRAllpjtratesi an di¢viatipagisy ¢ficae emppdmenBot thepsesenk

agar ose |, . after, el ectrophoresi f CP-51 DNA in 0.5X
T%I‘:S{efib?—ﬁiagseﬁl)tf) dﬁtgﬁtecgaﬁé eolﬁ%:gealgé) "W ? T DNA from 1:1 kb
| adder FipRfcBRakated &R diEokan&it o2 tHhrisbat P Aapled B t
DNA. Nunbers at left indicate DNA size in kil obases

( detyet oFpI@lyS hiaclerie OF 8R05SS- t he ef fect of vari ous

treat ' i vi i . _
| yeat of Rl ERh e el AT ABRARaCOTRAL Y |
S hepatdngs idex dudetstioifenit. of the apparatus of the

invention that nay be used to detect Bacillus bacteri
or spofks lilA-§ 1g1és‘qs@;equa1;o|sQ;gelpqutqoggcgrp‘réq ¥paghen of - 112
e ' t: : :

R e
ebhodieprtipithtidh@e Selset at. 19§% trehRalgh pod BetquistiéP@E0t FHs.

| b ' N i .
SNEs Mg 26 RBhSRr e Rr QD erutiin SR Cnain
al gﬁ& st 8146t 65K DEE BBAY R PRGLATE, B WEMS RAEAI20°

Fi e 9 r'llustrates one enbodi ment of the present
syt aoglp fed4owikadel2 oswitahaime Gramaed ep framok s at 1 sec/

2B eGPV BParl. LRS! oLl e

Cil hfdMd bontdth§ovRemEe PFGUMAKeE BPNagaN&s Bnglehd BioLabs, Beverly,

el ectrophoretic separation of
MA). Numbers at right indicate DNA size in kilobases. FIG. 11B shows PFGE
separation of bacteriophage DNA as in FIG. 114, but for 15 h (witha 1-7 s
switch time). Lanes were loaded with DNA from: 1, 929; 2, MHWa. Lane 3
contains Low Range Marker DNA, as in FIG. 11A. Numbers at the right
indicate DNA size in kilobases. FIG. 11C shows electrophoretic separation
(non-pulsed field) of bacteriophage DNA subjected to restriction endonuclease
digestion. Standard 1% agarose gel electrophoresis (as above) of bacteriophage
genomic DNA following an 8 hour digestion by restriction endonuclease Eco RI
(Promega, Madison, W1) at 37°C. Lanes 1, 3, 5, 8 and 10 were loaded with
DNA from NikoA, SP50, DDBa, MHWa, and ¢29 respectively. Lanes 2,4, 6,9
and 11 were loaded with Eco Rl-treated DNA from NikoA, SP50, DDBa
MHWa, and 929 respectively. Lane 12 contained a ‘1 kb DNA Ladder’

(Promega) size markers. Numbers at right indicate DNA size in kilobases (kb).
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bact eri ophage DNA i sol ated from bact eri ophages by
cetyl trinmet hyl ammoni um brom de precipitation (Del Sal

shows pul sed field gel electrophoretic (PFCGE)
separation of phage DNA in 1% agarose gels in 0.5X TBE
buf f erFiGeH28.-B 1Hﬁst141te()érect1®ph/orem depardion ol PINA frohuded

le f 24 -12 tch
¢ boisriopbagse DDBacUIos o Mt o2 FERtred SR IR B
L 5 atitn oPEREA fom R s PO (180 2 afd fsahess-
Bé&) eit]hey untiestediorrtheegedwith irg;trictionchnz;)an@E@f\N s$tanddrg DNA
ki | obase B 0 E atjon
osies B apinAgm s g 5 Pelaaed ps BRIEhngR <Rt mopigr o
1f17$t PanéV‘FItF hopi sﬁgovs elle@t[’(ﬁ)‘hoi‘@k%eﬂ)&@t‘ij&lcbf\MNR fEINA from

. Lane contai ns Low Range Marker DNA,
abaqtemdfah@e MIHAV a Khaneset- %) cither h@dlg%gfrdtorudrm@dt\*éﬂuwmﬁﬁl%

AR ENCE romn G DR PPE G B TP B s neiod oo

S Wil R 1a el ght hRglkdriif the Ghste N0 r(E’élb Gafesstahidgeisit% aparose gels
St andard 1% agar ose gel el ectrophoresns (as above) of

bawed destopphatpsisgessan et 3K fpiod h Wl HE PaAeBPIA du:

di.gest i b

VESFR e Pri& Bk gibh Al BRSO SER UK Rplell, OTP9%

I oadedFv@tlliBADBApL rﬁﬁdﬁgl&ﬂi@ﬁmmﬁﬁ’@@ph@ﬁﬁi&ges MI 11 asad f2t9h
r t anes (0]

Eggsgggﬂléf;/ g’fét £ SHUEHNK apd &%owwmf S§%é%)3F Iﬁ@mﬁﬁ%

L B, PIBECBALE W cpalilfs WerciRBMP aifled witn/ths AN

| phosphdtenBtifte pEZ 0] cbskived) nad émagdsiycorded.in 8JROB. 1200EX

b ST A S Ian e R OR ey e Pt ek Bpgrotted
ng‘aEé &fﬂ!&@e{lé‘ée'cgs%aﬁp&@a q196g’)‘ TN b0 MIsh aGinBTatioe g es

[ anes 2 and Ni (lanes 4- 5), either
u lddn@smne df phagds §BE{ @@nd/ﬁBBSar?elslmrpw@waé@wmamm n

ndar d ence Lanbda Hnd Il is
%}lﬁaﬁ%oé;bat%maepe#ﬁ)e% P@?%l ght marker in the first
I ane. FiGs. 14 E’%r&hl@%a ediesdratdRhoRBkIs of MEPW, philan, Niko BNA
from bact eri ophage MHWA_ (| anes 2-3) either undi gested

o DR ayash T Ot leameieu geheledqpharetie semrrationiof phagey

g ecgﬁeﬁfﬁkﬁ%a?&?ﬁ?ﬁ?ﬁ@ Riedebatb e HAReAEL T

Stdalmﬂlairik Myﬁgﬂams(&: ghtiscteoptiomsisatn 816 naylamidagels um at

PNED Bl Gonstan 31'%35;55?% it Ty 165 BT AR Dot were

h&fi§irtained. Molecular weight markers are included in lanes 1 and 7 (high and
low range from Biorad).

FIG. 14B provides an image of a polyacrylamide gel after electrophoretic
separation of SBP1a (lane 1), SBP8a (lane 2), and gamma (lane 3) phage
proteins. Arrows at the left designate structural proteins that distinguish SBPla
phage from SBP8a phage. Arrows at the right designate structural proteins that
distinguish gamma phage from phages SBP1a and SBP8a.

Figure 15 depicts results of spray treatments of various

concentrations of Bacillus anthracis Sterne spores (columns) with fixed

14
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FIG 13A-B provide el ectron m crographic i mages as
wel|l as a description of the structure and taxonony of

weBebas2Bd G 13A) and SBP8a (FI G 13B). Phage PCT/US2005/019644
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preparati ons were negatively stained with 1%
phosphotungstate pH 7.0, observed, and inmages recorded
I Bo@ethﬁonl%@QEéges SBRNA (t0p advd), SBH&as(msldle(mwQ be8BPbmand
nm cr oscope. nifications were control I %f
cﬁBBBa%eéwyﬁftogﬂO@ tonint O ks in tnp sy St SR
gﬂ@ Bﬁ’f‘% &%lgbﬁé}&ngﬂ%vtﬁf&oﬂh 3 atsgtﬁic@nlfi‘ﬁﬂ)n@@f

pr es a taxonony assign in the associ ate
p&ﬂﬁi 5x10Bas sxWOQfinm Fl Gs. 14A pr OVI des a conparative
anal ysi_s_of nd . SP5
pol yacF¥Partfdes ﬁ@gwéhaéggp %Hﬁarg@tl{‘}ggfgﬁcg?%ll %wt&bf}/% age
P h%{ﬁ% ! a%c BEShid i AhEEGoRACTRIEIO BRAAAD cWEERY Gﬁﬂﬁﬁdﬁp@fés

arated by denaturing pol yacryl am de
e kepringpihowes crrind 01121r5e0/8m$@fkfanhe@el Yyersity.u lféQreI].tSO

| t t 25
( BeicanaEoril Yagh 8ol b Eocad e Fainbsd R Do i of
”Bﬁﬂfggcr theaiSpdnBioh ¥R Ghik &l Atarsent tafiftrafurefbgh ndnetesd anﬂ then
range fromBiorad). FIG 14B provides an inma

péDyléc(diaOé@f a@()}g{etotﬁfvpblmee‘l"@dﬂﬂt@é kispetited as e?fgr)aﬁq B of

ﬁlgit g@% gho %?m&}n?{égh@vr n@ﬁ?aﬂ%ﬂmﬁe é?é%@m%ﬁ each

Eh&lg‘d/épbﬁé lop#t@nedrithe plagds showi imnBid. SEBSBPFIEG plitdgdepiatoam
SBP8a phage. Arrows at the right desig a]g t.ur.al
pnpbatt@mfb A sparese AgUOSROaonecnRERR ¥ ﬁﬁlg‘h ééé gepicts a
SERkEWANh RE GRrest 94180 ABudRRLGHAE RS Ul LS OF spray

vari ous concent rati ons of Bacill us
ant hr a@ls. Bl proviles poctesatic diagraxs jllusirating that spraying the

(SR end SaPSaphamsrsh o B my e et Bfed Bites kT
A%mﬂ hM$ Eﬁ@%ﬁﬂély élﬂmhabs%%@%wf hRidia SRR thodd shostP8a

hages 1 n bacteri growm h from spores at
c oncentflGt i &dhlstrangonegenﬁw@@nem&&ﬂ@ psereTt Pistem BRpEA to
pﬁ?% i nhipit bacterial growh from pathogenic B.
PLY AR SPURYres. Due to the pathogenicity of
these spores, experiments were carried out in a
Bi o-Safety Level 3 facility. D fferent concentrations
of Bacillus ant Hetailed Deneription of thednyentiofhhi ned as 100

mL of

Commgr D Reschl BualaRe @gg%ﬁgmﬁl 46l faefRLBRA from lowa
2Q08irkhak ateadirul et iR dels phaertdar(ddeghedstfodthas useLot ) on
TSA

Early bacteriophage based anti-bacterial research included targeting
Bacillus anthracis (the causal agent of anthrax) in mice (Cowles and Hale, J. Inf.
Dis., 49: 264-269 (1931)). Recent anti-bacterial applications of bacteriophages
include Salmonella outbreaks (Akimkin et al., Zh Mikrobiol Epidemiol
Immunobiol., 85-86 (1998)), Escherichia coli 0157:H7 (Kudva et al., Appl.
Environ. Microbiol., 65:3767-3773 (1999)) and E. coli in chickens and calves
(Barrow et al., Clin. Diagn. Lab. Immunol., 5, 294-298. (1998)). Several recent

articles and reviews have focused on potential applications of bacteriophages
against other dangerous bacteria (Alisky et al., J. Infect., 36, 5-15 (1998);
Barrow and Soothill, Trends Microbiol., 5, 268-271 (1997); Lederberg, Proc.
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plates. FIG 16A shows approxi mately how many phage
were present in each phage/spore |ocation on the

with Anes spores at 5 x | OVIQOnl concentration, while
FIG 16C depicts a plate with Anmes spores at 5 X
1aA 0N tad; SBiCams A,83: 0h67-F168 (1296)pLevih ded BallsTheAaterican

di [ | ustrat t he. SBPI d
puagauss' A RN S P AR R
HehtiShsAP5d1E ?tﬁ]o fre SlrhiRAL Béé?ér%&ﬁigemtrﬁﬁldgﬁt@f(ﬁﬂ%n&ﬁ and

baterlafrom se spores illustrates one
etdmgdeﬂ’rembmfy irder :ﬂppélsamn ayistargeadagitios.t Enowen daboragery
ze s ores. Detailed Desmilbc tion of the Invention
%-Il StEﬁl%SGP%‘&‘?té’oﬁsﬁé? BAARSTRICShact er | ophages
' soI at e wel OMileQirensith brotvliﬁﬁs n8¥ DadtefibpIRist sRAinBhet Werds
bacteria and nethods for their use.
baotated ffmprhalgmrz!iagvde%th@ﬁ manbe b@ﬁeasmteéieragwlqpﬁ&%@fe d

t t th

R AP ARy el B g S elep ey O BBl P bergy
2661 28Prr6ch I8 doil MCLBYiraRhi otdBediBisi llctegippFof a:tanqme; tiof
bact eri ophages i nclude Sal nonel | a outbreaks (Aki nk

mv&nuon Dovidex bastirisiphesst satAsoiBR! Anpd SBPSe that W%@POSlted

CASRIN I BRI THBR B iyt
| IVaC QO‘BKE—BBO%USAC(NI‘(KS)) (BATOOW @kssidn NoCIHTA- SDJShgraL PTA-

Lab. I nmunol 1998 S I t
=807 repeaily, VP OAR: REVEE DR iR SIPPBBES S Ao brovided.

applications of bacteriophages agai nst other dangerous
bacteria (Alisky et al., J. Infect., 36, 5-15 (1998);
Bar r owBanidriSolotehis) dble T infints BhbiduOictdrium 5, 268-271

(1997) . Lederberg, Proc. Natl, A

{167, éifés?lt"%r@@% ropids? Fcitipriptes aglﬁﬁ SRl e Dacterium.

N‘WI&E @ﬁéc?ﬁcailﬂt'?the %ﬁﬁ&ﬁp&%ﬂ%@ﬁc’cer&ﬁ %3@ JatieH hroRBRYS infect
u

based antl-bacterla pp I catl ons wo req uire
Vinpers spmetsexle@pzWag gt mctuﬁiert@madquan@ﬁpecp@wwl@nd

|l ong ter er. a L AGE

c%’g’i’ ?‘f’% Sﬁ(ﬁgﬁﬁl(@]ﬁ%‘?ﬂ Bry i Lage??iléérggg age81 23? PRI NS r?gen
Ndkpdasd %th&hl@hn@ha&racwmmre e:oudsd@oﬁvmnas*shsevlrglma USA
i nvention provi des new bacteri SE e strai ns that V\%re

i 281 H-220% rﬂmh@a&eu@ahnagﬁwﬁ@é@e ﬁé&Tfe‘@ 45e§spigp nUM
#‘[‘Ae§o§ ??ké) g&‘ﬁ@& agéesgigfl aBGIEFA %b7§)0 Rhih&at i ons.

novel eri ages o e I nvention were
| pattatiqghake gmﬂlmavmﬁs;ly isatutedlyyethe imvehton incdudeBdiko Al(AFCC
bacteria. For exa

accession number PTA IZ{.5)716) Db%a (ATCC accession number PTA-4172) and
MHWa (ATCC accession number PTA-4173).

These bacteriophages are stable and are highly virulent. The growth and

physical characteristics are presented for each of these bacteriophages in Table 1
and FIGs. 1, 2, 3, 11, 12 and 13. The bacteriophages can also be identified based
on their infectivity, protein pattern and DNA restriction digestion pattern, as
presented in Table 2 and FIGs. 11, 12 and 14.

The invention also provides recombinant forms of the NikoA, DDBa,
MHWa, SBP1a and SBP8a bacteriophages. FIGs. 4, 11 and 12 indicate that
bacteriophage DNA can be readily isolated from such bacteriophages and
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i nvention provides bacteriophage strains SBP la and
SBP8a that were deposited with the American Type
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Va., 201 10-2209 USA (ATCC)) as ATCC Accessi on Nos.
PTA- 5057 and PTA- 5072, respectively. Methods for

U bdaeedtwWiels EorR6h Ristrivploa easyradsamdtisarianiéagditiond . Thus,
Bact eri oph%}ﬁs) able to infect, Baci]lus bacteri um Th

ibagleripplage pNbAcaie be Bisped iBo mapwylaigs accordinep dagthods we
FEVrdBOEEL ot i ophages which are able to infecr
numer qusthspefir popagatBacifibhasriofhapes and| axtrectidneof DNA from
e R
U5 TRREFHR SERLLEA e o gy T o

Hectegivplqpes gesveal leomanrsicBBRItlzds ARG sedadss detail Aunber
PTA- 5057 n BP8a ( ATCC essi on, nunhe TA- 50
é%ro%%‘rt az'r M%&E’é Cé‘?r}l%:r@ iél?oé g6 a§}H;|qS orfd;efd@ao 3‘7% %hw e
ig[pfﬁi}t ' i%‘h’ NCL388®N). nunmber

PTA- 1@%?{){]%%%26?%T §g§a§§§%on .ﬁ(unbgg?] PTA-4172) and
MHVa (Raty, sdesistiophage i dhe ipvotion 7ay be prapagated in culture

b i.oph b - i .
oGueh SRa T e ToRupEnREd A2l btk of HlsbRled id e
eaGhpMs &F@ﬁ,&viﬂﬁ&bﬂéﬂ?hmdi aloWaty the bactadophhGsinfekted

2, 3, 11, 12 and 13. The bacteri ophages car},@ﬁl so be
i shto propapatseis erowthipedivm; dodevinga §rowHh BN pat t er n

o pased . . ,
eopnIgET bty A S5 84 b B tne Boufih BRANNEG | 1
gaBgz?ti id@sodarc%eBiggﬂrhﬂ ﬁdm?ailﬁi_ng nfﬁriﬁkd bhrr;clalﬂébﬂsphage bﬂbli:bBaaay M:al-lg\ktgar

a an a bacterilo ages. . .
i steilézed dhtongh ussd eepiidln E@ngﬂefaﬁ‘{ aﬁ%‘ﬁ? ghe @@ﬂmm,
B AIE VA QM SYRD aRPSLRIIIORBRGERHFNAdi gest ed wi th

>

i
conmon’restriction enzynmes under standard conditions.
Thus, Bageropheghlagth DhAbE asedde infecs paweahltyreg of bacteria to

mani_pul at ed accordi t o ,nget hod )] _.known.i

ettt GeleBhasn A G B r DA phln g be
exdelifiHiR heQhethNA JrHR It ARidRas Hedonepliage sr@nBmsahd
known in the art. Al so, reconbi nant met hods faor

nenfaced thef avg cONaminetsdaviduBaeites testeriar Sephmgthodsinclude use
2355 Ml SR 00 gL MSBBEE Bkt g v
2%1;0{1}1%%' tﬁ%)‘glr)% asddfadnigthodehiabtiias of Badibmiscteriand
Bacteriophage DNA may be prepared from the bacteriophage broth
through the methods disclosed in the examples described herein. Alternatively,
bacteriophage DNA may be prepared by adding polyethylene glycol to the
bacteriophage broth to precipitate the bacteriophages and then collecting the
bacteriophages by cenrifugation. The collected bacteriophage may be further
purified by centrifagation in cesium chloride. Bacteriophage DNA can be
extracted from the collected bacteriophages according to methods known in the

art, such as use of organic extraction or commercially available procedures

(Quiagen, Chattsworth, CA).
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Spring Harbor Press, Cold Spring Harbor, N'Y. (1989)).
Briefly, the bacteriophage of the invention can be

w@e@pagased in culture through infecting a suiPebUs2005/019644

host, such as a Bacillus bacteriumas disclosed in the
exanpl es herein, wth a bacteriophage and allow ng the

bact erherkagged tHcesiophadedSNA teayscopagiatiatddraceording i ny
medi um Fol | owi_ng aég(r owt h peri od, bact ﬁr' o&)pa e
preseRuedpoma i et aﬁaph??é\%ﬁlﬂthﬁia?%&quﬂ%c b‘#% e not
Ldm, ¢ 6@ ithtre@ictACES i888hdiPfion. Th
gﬁghﬂ% ’e‘gg éc?gﬁ#’gﬁﬁéﬁtgﬁﬁng%@gﬁg%@%g&fﬁ ‘lgla?g rlgsltoé1 ril i62ed
bhctetighhags ®NA nmaysiltottehised ssoneleniog akétyr mvinsdrigisbgenous

filter (MIlipore, ford, MA: Schl eicher an

bR thadisHiopRige AP F A TEOBRIA MalFRE: used
to inf jeAniedteR @6 WeEhacterioph
addi t il\g%ﬁgl %&%&%ﬁ%@{m%g}aﬁﬂgﬁﬁ I ; , 1bact eraiCtoegﬁggaég °

Ah Examples incbets, bittané pottlindteddo.fesnss Bt ednderidmigent i on

Pt e et e S e S T AT
itk pien. USRo Qfkpidsfibh b&sbias eatithiappaggulbiony keqasncsettlat as

non-sterile bacteriophage broth that was ]gr oduced
topeahlyhlinked tof selenedaudhagasif scaiened may be clened Mfq fge

acteri,a. eni aoph I f he
Bace Py Bisr 9 PECR TR g o p s AR R AT
tREém6teR bpdratly taked fokadichit fiidiseqAbiic@rthattpiradicoys an antisense
bact eri ophage DNA may be prepared by ddlfn :
pagsyagerto aeggae rpapEed by 8 Bagduy %Wbpﬁ”g 1 ti’rgf@ﬁ?nt)ﬂlage
HaBloRlbEh EoddlioNRAGERE LRI Aels hitld 4RO the
bact &ri ophages %y centritugation. The collected
actegung fleagtsdmy messafe wohkbepuodiced dndyould interfere with

trifugation i i hl ori de. Bacterioph
SR siobB R AL e FFFBTT ML R BET EPPACEbP DhHages oy
30N 0P kit &n HRLRAENIACS AW the AnveRBoR idcludes &lAnR ypes 6f Of

organi c extraction or commercially avail abl e

moostexhty st thQubaigsertedGhiat PN Mobtaineddnym theNkwers BEEag

ri age e.mani pul ated according to any
W%@ﬁﬁ%ﬁﬁgﬁ%‘gerﬁ .ag%Xanpl es of such
pr oc edy k&S nibfahtBeterphag BNAGholetule 2§ Hegackliggd it an
Wth restriction enzynes, sequencing and |igation. The

Haetesipplegsis analemigbygnsioraingie greombimany malesledpioect or
t,0 Insert. ex . [ £ & iNArd O
5 FIEBREAR P e s it
Eg@ﬂkﬁ:l&d.e TheRbaberiopimge padiclenimybeackatet drboghinesgef DNA.
anmpl es include, but _are not limted to, genes that
cSkE ledp%er such as one that confers drug resistance or thirough many other
types of selective methods known in the art. Alternatively, a bacterium may be
transformed with the recombinant DNA molecule and then be infected with a
helper bacteriophage that will package the recombinant DNA molecule into
bacteriophage particles. Such methods are routine and well known to those of
skill in the art.
Bacteriophage DNA may also be isolated from bacteria that are infected
with the bacteriophage. Bacteriophage DNA can often be isolated from bacteria

in various forms that are useful for various procedures that include, cloning,

sequencing and mutagenesis. These forms may include double-stranded, single-
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resi stance, such as resistance to tetracycline,
anpicillin, streptonycin or rifanpicin. Al so,

that are operably linked to a selected nucleic acid
sequence may be cloned into the bacteri ophage DNA. An
exan® hel Rblisitieb faneafshe lbmtenvxp]nﬂgé Disive BacBaiophdga PNA

pronnter operably Iinked uclelc Cld e
A&t biselgird deomy Racieita @%@ ‘éaéie%o B ﬁgé‘a‘?@ﬁ?“é’&’ n
Q}{ 1 eﬁ?cﬁ)&iﬁ esb(ﬁctﬁc%%' %@edl]_rleéjﬁcldd@ ?%atﬁ?&éﬁfab@cﬂhm as
havi ng ‘'such "a constr Inserted into its genone were
tphehoif dhidroforBasirhétion, blamee)rf relpmntdheornaip grophic €ipgsds age
mould bﬁgﬁ&ﬁduced and would interfere with the
f the bacterium This construct is

provided as an exanple only and one of skill in the
art reallzes that tge |nvent|on |nclgdes nany_tyoes of

pack agﬂfé 1'n%r@10ﬁ pb@aa@rancaahs@eeﬂm hetmhmbm 1hlvﬁmh‘ @temirng
t he reconbi nant nol ecul e i nto a bacter.i al host ﬁ%gi
tihers bagisrigphaggs selestatbiroratik %&@BP%& & Sl @ or

tggcgtg 18%1%’[&{811?% ?1@1%0 SR RRE L PAL ARG a8 itnbl‘ﬁh@ss may

rough use of a selectable marker such as
ofiftibh&ratial etfeat Brodtslt@nfaﬁﬁngitameom bacharmpligersaleyted ilvax

f | ect th dn.th t. .
Aﬁgﬁn ‘j’mé;; ﬂ\iﬁwg BB Lo P AR T e
ﬁﬁﬁ’{sﬁt lﬂ’Gt‘ﬂs E%@%nbﬂfeﬁﬁi%o%ié& tBat is

Fper acterlop at w Il package the reconbi nant
DM almlkeAuDBBanNﬁ{Wa;:SBP 1 ﬁBE@zeomrqcombe@nt form thereof.

met hods._ are r.out,i ne and wel | nown .t.0.,t.h il
| n t heMapy nut@ﬁ%&@?ﬁ’ﬁﬁ‘@ﬁ@ gflgg BHe ggffrfhlé

fre Sld Sorhhadf ‘t?a'é%rﬂoﬁlfla%@t Qﬁeféﬁlﬂb’ tHa&trient broth provides
bact eri ophage. Bacteri ophage DNA can often be |solated

f a gebloator: @el inaedivmfarr loog kermotoraea ofe bigtesiopBege FPIIREED
}%ts E d S %ﬁ{ﬁésg%rte fpé&grrelﬂdtﬁat p%l) 1'% ggyrop%? gﬁkﬁﬂfﬁiﬂéﬂt for

B By 1 NC
dfh@ Swihlof @'&gﬂlds badtere, psdferablst B s e:pkhram iané irffectivn off

t he bacteri ophage DNA. Bact eri ophage rr%/ g
|@QIBaxé@Sbﬁ@Pﬁl%@b’@rhaﬁteﬂHP@%h ¥ eas?ma ey gF fush putgient

e
Nmfnwdﬁﬁrﬁm yA 11 m@dl.um; iINZD4 enedfune,STanrific Broth, SOB medium

ngoggac;ggd?gmhy l\/iet ods gr pr%‘a%tné\,\nggerr]ﬁ br%ﬁ)xs' are well known in the
art and are described in Sambrook et al., Molecular Cloning: A Laboratory
Manual, 2nd edition, Cold Spring Harbor Press, Cold Spring Harbor, N.Y.
(1989).

The antibacterial nutrient broths of the invention may be modified to
provide optimized characteristics for specific applications. Examples of such
modifications include addition of antibiotics, pharmaceutical agents, salts, agents
to promote bacteriophage infection of bacteria, chelating agents, agents to
control viscosity and metal ions. Antibacterial nutrient broths of the invention

may also be made biocompatible with an organism, such as a human, for direct
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nutrient broths that contain a single or nmultiple
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an anti bacterial nutrient broth in which one or nore
bact eri ophages sel ected from Ni koA, DDBa, MW, SBPI a,
MiRatiH to HRSOHERAIBANFof elaftplé, hatienterai euitionttabthe dlay'ﬁﬂ:e
i nvention al so includes antibacteri ent broths
cpioda¢edithal asg ISP@BQW%@OQW@WQN?&@%E‘ n@l"% ted from

Ni koA, \ PRE: 5p iSRRG !)r?forgg ?iba&e TAHRERE biofhsT the

reconbi mant - fof m t her €0 antl acterial nutrient
b f@%ﬂ&rﬁﬂﬂuﬁ@ﬁ@oﬂﬂ@ﬁﬂtﬁmthﬂanﬁmm& phageicahweundsreatinerys.

koA, _DDBa B SBP8a or a re i hant rm
t b @afbactmwwuw e ti e DR o by B A1
gtahlsfnrlnh{’a%g% 5t 1'hﬂﬁdept”a€1@§r %)étﬂéb ﬁ@ﬁ’id%&éﬁfaﬁ&l@n@f
eri opha erab y the nutrient broth provides
as@’aﬁ) bﬁosﬂsg nm@mbh@d injevtables ahé irycqmbinntéanowislyoagf Those of

h d th
a?lg TR S g T e
& H5RMibte ﬁ’lffecﬁ_%ﬁblfla%ctgﬂﬁﬁ 8y |aébacﬂ@f16161ﬁgab| y Bacillus
ant racis, and infection of the Bacillus bacter.i um by

a bact é“hc mpiﬂ:ag@nall\mﬁsleré Reoths efdhe inveniion may pe Byed f Bfrlaﬁw.é,

nown and
R e e e R A e L
MReionimiR@Idn Jfi Bac BhgtdontabiBtedad pattisanshdSOTomdindm
Met hods for preparloépgr nutrient broths are vv?II known
i praphelagiic ussrigampeconiaeion ad spisadghd Feglusinicefion.
Mol ecul ar C oning: A Laboratory Manual, 2nd editi on,
Col d Spring Harbor Press, Cold Spring Harbor, NY.
( 3989) Thd evennidri ae bewvidas phrwnteticalbronidositiofs thkcontain a
invention may be mdified to v1 de ot|mzed
char acsidgleqrinultiplgbagterophag Pns. Exanpl es of

such mag ﬁﬂ\%ﬁfib@gl%vid'ég lclgﬂ”mﬁggitfchpébnﬂfosﬁi&hlcbhtﬁimrﬁg%ne or
utica

phar mace ts, agents to pronote
bawdre ba@megasmebcteddmnnmmac DIHBa MURNE, 8BPhyy SBJSat s,

age s t.o control
H’@fl%‘?‘% 0&1’6(;9&1}1{1@% 61%/%%0@&1‘6? %allnén(\g en ellg}f]entlon also
allﬁcﬁu&@ ARAR cHItREPEMRAddshiofs ¥brithinRig 20 18ting fbhctﬁu@ﬂhags a
human, fpor di rect apé)l ication to the organism For

exelopcé fromtikode DEMBa MEiWer SBRE2, SBESACORNNAYONS Phduced

that _are isoto $hat is not
ortesaoinel FotS Misfedt il §2h photls orcfthe@hat s po
Nikb £MODBAOVIFEW RS SBIE, SBB&Mn rcombinantefome thesaifs Thad
rectal infusions or surg ail wound treatnents
invention also includes pharmaceutlca compositions containing a’c least one
bacteriophage selected from NikoA, DDBa, MHWa, SBP1a, SBP8a, or a

combination or recombinant form thereof and other pharmaceutical agents that

are known in the art.

The bacteriophage(s) of the invention may be administered in a
powdered form in combination with additional components. The additional
components can include stabilizing agents, such as salts, preservatives and
antibiotics. The additional components can include nutritive components, such
as those used to make a nutrient broth as described herein, or other useful

components as determined by one skilled in the art.
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The antibacterial nutrient broths of the invention may
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aerosol s, infusables, injectables and in combination
with food. Those of skill in the art realize that an

r out e Aofhaaeladdntisdl catpositiomincheeustddast hat bagidriopbage the
productive infectiaon of a bacter

bra\cepasm temunatipRavIA PRIHBRCSHH G Yn%ﬁ"?%%tﬂ? CHFigE Hxagples
céep%gf%t Ja Q5L IRYIRE 2 YSIRG thH’éd SRYoidBigt 8ingh ingestible
nary applications that include treatment of
Baszulld WGnd difre@t |o<ﬁ the hetenoplageneaf the invehti@n e p myxture

cont ani nat ed ani sns_.and,,sw fac n

e clgarnet “UBITHE] POH dhiapragns ofn opeR (Rddsee

fﬁltn?e&h nggthe-ggaeh { inQddnedisAioRrwivi 8plarmaceutically
t| cal conposifions that contain a single or

rmbdptqjﬂl@calma@t e iip Hesges ofghe baderiorhsge ma alsp deiAvErsteEH
i des a {)har euti cal conposition containing one
d’i“ F &CHPHE fhages sel ected from N koA, DDBa,

MV, 15BRham2BRRal canphitvat of s invention antyibeapn¢pafeadring
t hereof are contai ned. The mvengfon al so i ncl ude ﬁflé
1018,

pharynﬁauewlatlaplud@mb&%barér?g el BEIRTRICARS U JUSS 58
bact MV
R S e e A S

h&rd gl A bl doihérmbhacy be prtm@g@i guklathat thenot
i KoA, DDBa, MAWA, SBPla, SBPS @ conb ant form
thretesiophagthie of the SeBON AP LTeR5 igdhe B T
%_f%%ﬁltﬁ ? ontaining at |east one bacterlophage
d ¥rom N koA, DDBa, MAa, SBPla, SBPSa, or a
conbi nadal tiquid pharecoatsicabemfositions Itréib’é?@fln thedforsm RE for

phar maceuti cal agents that a known
b@@m% stean o iorspenonn Bhosh Hilutichs uddr it or
ng Ef@gé?ﬁ&ﬁasfaocfrw SHueofeP b&%&lhﬂi&)n\wlﬂi‘lw&éﬂoﬁ dtherabitable
co nts. The ad ti onal conponents can incl ude

Stehinilé baﬁ:)wglsag §mlshqlsqh Dhﬁ@@c@éllcﬁlsconmoélé@?ﬁ/@@y geaign g

antlblotl The addit|
oo P R shs SRR ing ARRE S AAGAD et itk
Nythleb@WehlIRl(Whash rﬂ@sﬁiblubeédmmcﬂlsn or presevhitivesus ef uI

conponents as determ ned by one ski.lled i h
phar nafemjbacmopb%gﬁp geordien 10 He frFRLOR Mo éggﬁ’ gﬂ@““a"ed

ﬁ)Ct o %P 1%31% QiR éé g @f}dj%oh NEot @R ﬁ@tﬂoﬁﬂ; Mfebtibror
L PREESHT Feal'ty acceptabl e'carrier. Exanpl es of
a@&ﬁﬁh&w igfugRny ket may be:pneskmteﬂ imainitosags! o irgmpaudes, gre-

di | uent or an j ngesti
filled syringes, small vglume 1nl’us1on containers or multi-dose containers with

an added preservative. The pharmaceutical compositions may take such forms
as suspensions, solutions, or emulsions in oily or aqueous vehicles, and may
contain formulatory agents such as suspending, stabilizing and/or dispersing
agents. Alternatively, the bacteriophage(s) of the invention may be in powder
form, obtained by lyophilization from solution, for constitution with a suitable
vehicle, e.g., sterile saline, before use. Methods for use of bacteriophage in
injectable form have been described. (Merrill et al., PNAS (USA), 93:3188
(1996)).
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capsul e. One or nore of the bacteriophages of the
invention, or a mxture thereof, nmay be adm ni stered
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form conprising the bacteriophage in conbination with
a pharmaceutically acceptable carrier. A unit dosage
of t h@obapian kdphageatiomio the spideaniagdite hicserephdgels)tthauie
a carrier material. The pharmaceutical conpositi ops of
thenI#io At piGHTARLY TSIO8I DHRURSAY O FTFEmE i 10

ieQﬁllngféebé i%l%lﬁfa?ed VR gh Quesd &r A8/ Bt Bith dRsadadson of
aqueous sol utions, suspensions, “and |iposones and
alahiatle Blickeningl andse gélongageants. dogjons nwy bedowmdged with an
pol ymeri c_gel s. An,ﬁ[al dosage fO{n1n%y be faormilated
Sautrskaoily heseisdoull i gmegl ebp oRi S o it PBRSLYE
fa?eﬁé,%@ﬂ)ﬂ'iﬂﬁg a%e!ﬁ?s, iRb&ihk; ABerd, sBEpeRABE hHhtd, MKiclkugimg he
stonmach. O a i qui d pharmaceuti cal conpositions my
kegents, drivelorimgrgerdts. f or exanpl e, aqueous or oily

: Luti Lsi ’ ' XD RS
e S s B e R
Whbith Yed§le (it RIBRS fosil duhlag lozehes|cembabiap @ basteriophagé(s)
I'i qui d pharmaceutical conpositions may contain

ofribeeiny ensival in adbivered dases uetellz sugi cja g Bpgasanth.
.si fying. t ' i )
P PR B e U s Tkt

]?cﬁﬁt g@’*deﬂﬁ fgﬁ ?t&&os’tﬁa@ld fckicitgart @lsbpeovidete nvhandhayntagetsmnde
ornmul ated for parenteral adminisiration (e.q., .
i MpebYRHes coBPriEng APIerigphRgR(s) Qﬁ'st@% HBvERLogn égmﬁi‘tﬁ% figrad

i&%&iaggad%wrymg@degr esented in unit dosage formin

anpoul’es, ed syringes, small volune infusion
cont ai Maksaauticallcbinpokisenscnitelsle fierrschal administraitioeate most

preseryative. The pharnmaceut.ical ¢o Siti.ons take
SRIEPrabbY PSS eTeb RSB EFOMPPORITF 1 SREDIGrar i faf s e
Ol o mAALEASHY Sl GRS mafills RYnReNy 8idd if @ieatt.at ory

agents such as suspendi ng, stabilizing and/or

dPlspercsiutigal agmpositiony suiabla fonsaisinal edrainisiretiet mephage ( s)

f the . ti. be | i
iR RETOHE ¢ BHenS vtk B esled GO B BRR Ity
SstinkARh 8avRPircA®itid -t a baskBspiage s Shétne@yridee brerveelLis®wn in

Met hods for use of bacteriophage in injectable form
hég¢ertbeen described. (Merrill et al., PNAS (USA),

0 AR A SR B e

OinRbiRAtase caiveaieatlpdeliveteddism afimsuffiatdrsnebntizaroeans

n}?%ésuiigerd pack or other convenient means of delivering an aerosol spray.
Pressurized packs may comprise a suitable propellant such as
dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane,
carbon dioxide or other suitable gas. In the case of a pressurized aerosol, the
dosage unit may be determined by providing a valve to deliver a metered
amount.

Alternatively, for administration by inhalation or insufflation, the

bacteriophage(s) of the invention may take the form of a dry powder
composition, for example, a powder mix of the bacteriophage(s) and a suitable

powder base such as lactose or starch. The powder composition may be
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exanpl e, be fornmulated with an aqueous or oily base
wWith the addition of suitable thickening and/or

w@edobiogxzsagent s. Lotions may be fornul at ed w t PCEDNS2005/019644
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aqueous or oily base and will in general also contain
one or nore emul sifying agents, stabilizing agents,
dprepeiesl ingintgivsage, fommspéancﬁxaglpkg eayissles vhéarksligehaor, e.8.,
agent s, or col ori ent r maceut i cal

C OB sHeS Pack<n BRDr B BEY GG 9 GBI IEFROWih e aid
tQFaxﬁHHélE‘tokBPL gﬁlawglt dosage forms such as | ozenges

conprising a bacteriophage(s) of the invention in a
f Fwntredast:ﬁsémmSmabh yhe bastesphagels)ad i lavenﬂon may be

1é‘fsl ‘E lquﬁ %fﬁ%f %@&f&%@ég%@ﬁ@%b&ge té’ fna% i'n and
g Féﬁct%ﬁlbé‘l éél'imﬁiéfrﬁ@c%ﬁto WleRC BeibACRII6pIRIE®) ﬁl‘fc@irdlﬁ@ﬂb the
Micoadherent gel s and nout hwashes conprising a
barytemrqnoc@né:g@(dg)lm@tﬁreﬂwe dropsendigels- in a suitable liquid
carri eﬂ\&%%ﬁgea t aogl?p%ls 1¥)n§) Bpt\ﬁ' grﬁgn‘aEMEQEﬁg l&)]!lt%ﬁll other

conpos rect mnistration are

Mg Lvantediehab EMVMI%&&Y(M(&& g8 saniirmicrelosiegsntpue pirésorvatiges.
Suitabl e carriers include saline so|uti nut.ri.ent

b be hwentigiplen Bevidenkiss foptainiag ﬁ’ﬁ?}?ﬁﬂwgﬁgé bagferipphage(s) of
ng%r th cal conpositions suitable for vaginal

mnis ratl on may be presented as pessaries, tanpons,
cr eans]t vgitllbe, appecstaees, thitdhersmount sy tmmeaehabacmmphams,a

carrier in addition to abacter h carrlers
aFeduired forwse htreaimentavil] ary ot P Eﬂﬁ
| phadiat b Msolheh BRESRE bP%ﬁ‘ﬂ%@ﬁ)w@Qﬁ@ﬁa@m@ @t ddﬁﬁmon

i nvention are conveniently delivered from an

i heing freattdand Hemgk prdcondliticn qfitbe patient dditipeatly dhe ajienpdant

t f, del I
PG gt e ek reeo i el 2bi e pr opei | ant

such as di chl orodi fi uoronet hane,
trichl orofl uoronet hane, dichlorotetrafl uoroethane,
c4r bonMiithodsde praveriicnteminationtr éo d&wntanml&t%é&@m a

g;e;fg%;égiqed% {Rat 0 OS¥|ODe cohfARS R Gn Wh-hn i BYci 8% &e\kffﬁ ffiened

Al t er ngbdr¥ebiyBadilbis backetini stration by inhal ation or
insufflation, the bacteri ophage s) of the i.nvention

ey talkbe Ervention povKenmapdp RISy Ere 69RSTEINAHEM O For
g ?I%Uaﬂtﬂﬁiemgte RRWShisH & Plurkle thifag bl COlAGSHafl v BaCillus

bacteria or spores of Bacillus bacteria. The method involves contacting the

organism or surface with a bacteriophage(s) of the invention such that a Bacillus
bacterium, or a Bacillus bacterium produced by germination of a spore, present
on the organism or surface will be infected by the bacteriophage(s) and
neutralized.

The bacteriophage(s) of the invention may be applied to any organism
that is suspected of being contaminated with a Bacillus bacterium or spore.
Preferably the Bacillus bacterium or spore is Bacillus anthracis. It is envisioned
that methods of the invention may have veterinary application toward animals
used for food production, such as cattle. It is particularly envisioned that the

methods of the invention may be used to decontaminate humans suspected of
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or blister packs from which the powder may be
adm nistered wwth the aid of an inhalator or
| e é}lp@tsétf to Brellluls ahifieadiasedo Bdiiiniast/ratis spores. HEhe

bact eri ophage(s) of t venti on maybe adm %{?d
vlinatha $9 PH“@B gymay %Hsegéo QF%%%P §ﬁaélyt§'8&€?eé a
é%r é%}ln&elle gﬁeﬁlﬁé@t YN bhitihfearRBod t he

er’ op accof to the i nventl on can be
apmﬂmtst E;reﬁedalﬂg thetrmq:thocwnf t@@insentmanmh@uﬁed d@decontaminate

conpositions of th |nv tio | so cont a her
st Crale e s s o lre guioonal fathe
gégé)%ftmﬁ%rﬁlon%ayme%sﬁmol 6. Eiﬁaﬁlpl@s\/cﬁ’lﬁidd@n
e€s kits containi ng packagi ng and

bmctuda |ampl'@sga(@larr§$ suches ifipitariteigetables, tsraing, |nup§eand roots.
apprect %ﬁ‘g&g agFa ﬁ‘ft? untNﬁ’( At B%EQJ Pla SPPSa

bacter For usé in trea m’ant

Vel y cdi%mé’c[ﬂr%r%doﬁﬂﬁxﬁ@t P thetebfmag 8é apsifedse |tlﬁ:drgaiue’mm br
also with the route of adn1n|strat|on the nature of

t srsfase alding oo in taibimgtion utheanofica batigriophasH M RbEmacYiral
of tpe patient. Utimtely the attendant health care
p? ‘der nmay determni ne proper dosage. 4. Methods to

pr evenDné ontidlimhe Iaﬁnvﬂlrrettdgntkedhaﬂaé)mma'bldl@n of thgamiegtion

or surface that nmay be contaminated wt illu
bﬁ)@y beiapplind ijarvariety @tf)£%r5é§ Sgif B%IFP%%“M%‘FF aﬁelfhe

g@lé e Qﬁ&éﬂo@ﬁ%ﬁ (Qg%%sﬁ%‘ﬁh@({ BV w SR fMn18 iHieOn 0 r

an1nat or a surface that nay
c Otyamb dla\l\lﬂ'lelbaﬁan()}bhalgs(Sdet be reaorc.stlugpﬁbmetbe bedily fluid.

e e B S T G e
' ﬁl‘é%?%élﬂﬁn %P@BczilMacﬁ?ﬁ'tﬁdt WSriRia&te i 8porey contdBeas ihleu s

bact eri um produced by germ nation of a spore, present

onrgahismorAéernativelys tf@mom@dmapﬂenbﬁlag%bmaﬁ deigypligddo an

bacterio d neut.r age(s
P ShAereT SR e kBl Eah & Hift RRCHRMRIRDCHS)
| BactbiSdpRat&S) t@ﬁnfb@la%dimmbaﬁkﬁamqﬂes&nt én the Bagznidmisr

bact erium or spore. Preferably the Bacillus bacterium

osurEzss o6 aiBgcilys baqterivn Hah ggarigatey Foma spATA RIFSRELR Pfiat
ng Ql.gl%ﬁ‘{ gr su% Ee. ' %%He%?ﬁ@é(s? 8l'the Yﬁﬁeﬁﬁbxpﬁfay also be applied

owar ani na
to an organism or surface while contained in a nutrient broth or pharmaceutical

composition that allows the bacteriophage(s) to infect a Bacillus bacterium.

5. The invention provides methods to prevent a Bacillus infection or to treat

a Bacillus infection in an organism by contacting the organism with a

bacteriophage(s) that will neutralize the Bacillus bacteria causing the

infection.

The bacteriophages of the invention may be used to treat an organism
that is infected with Bacillus bacteria. The method involves administering an
effective amount of a bacteriophage selected from NikoA, DDBa, MHWa,

SBP1a, SBP8a, a combination or a recombinant form thereof to the organism
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used for food production, such as cattle. It is
particularly envisioned that the nethods of the

suspected of bei ng exposed to Bacillus anthracis or to

Baci | lus anthracis spores. The nethods of the

| SRVIe tHat e U&Bt)én&;ﬂlags adedtoamtboantirds b Bagibimsybasterih sausing

t hat incl ude, exa np} furni ture,. machi ner

vtheinfecion. @mfprablﬁg%e afd 1%‘6%?%%@?@”“%4’@? é%ﬂ'{} t he

%Egﬁﬁéh Cg {ﬁ)e AANE R AR y BEint&thidiod EaNddmonal e

articles cone into contact wth humans. It is

akﬁﬂwﬁpMuﬁsonﬁﬂnhhamutﬁegbasterlophage(s) of the

i nvention ied to foods

ot udeemr TR ety 8 30 0 pAY of Sy Elm S e

%{a& H%\sasse@égd%y%g of 9@11Sn R ReARekaRPlagBe Sedtiands edthbr om
, SBPla, SBP8a, or a conblnatlon or

rmanimmrham nriany vetetiears epplinaionscthaiiprlpdeipreyentioa and

ani sm . I
N TR e s S L S
olgac%ﬂo ha%qe(‘s)bhﬁhe@ﬁ\ten%h mayerduhbzeininateral to anlmals such as
bacterio e of the invention may be applied

\Iétaithleatay 2 oforbolastis MEXSEA 10 piOfserthe Eaifla froB) W&%W&ﬂ Eacillus
or, ex
p%%ae amw &5 vsflgir sr%o{lzg f@%?b%hﬁ?ﬁ&%?{as )Th E%ﬁct@ﬁo;ﬂrﬁ%&dsﬁqw Pe 2

e or gani sm suc
b&}ﬁih@d ORBAY &S} that iﬂchhh arrecamnttutdble paivden, & nsriend brdtly and

| plsrinagsticr) oaPBepbr HLACGSH ERLOAACIE B GRPRRe) of

B@l%IIJIXL #ﬁox‘? ﬁ'fak%r: Lamidatred %5 Hhifale chhQ@cﬁlﬂ@ I'@8t are infected
contac e organi sm Al'ternati vel Y, the powder ed

batth @aw@zh boeérs) thrmrgh mse afpleiheds dascrabpeddregeinios hlilqwn in the
surface and then reconstituted with a fluid that
affows the bacteri ophage(s) to infect a Bacillus

bact er TH@}BE&%@%};Q thvichBorP k@ aRitRmadly el A @réventing
Baci | | us cteriumthat germ nates froma spore

pBes#int infevtivh ef lnmyznsicarhfor treatipg Aumansihat are already infected
of. t

P36 RRARASGE) pohich MR AT Y, RERRR ol

Nt b i d R r i sRIR AW RS Baktériupha geoarp o wi dmth betnd have

al l ows the bacteriophage to infect a Bac Ih

bb@etneqm‘tftmveb’ dearibef] it &wﬁowwg é@gulﬁ%‘ttwajst g focuments

f & t:llxereﬁl %ﬁﬁ)‘l{%lﬂﬁe epéle%ntﬁﬁcr%&ai AL ahd @hgﬁgt'hbﬂa
an or Uy—wm—actg— the organi sm

\é\;f4546|4|9r659g201)’19 Oﬁﬂh;age( ﬂ), Jotmabf lmifédt., Bl@ﬁtlﬁe(lli?% Caron RM.,
aci |l l us bacteria Casnt e n

Axeh QramBnRele thess Exn, Qéqn{{}a@b%@ ggléraw 66a1[ lgf
ai’m%gﬁ% Sifﬂmunol 5:294-298 (1998); Markoishvili et al., Exp. Clin. Med.,
2:83-84 (1999); Solodovnikov et al., Zuurnal., Mikrobiol. Epidemiol.
Immunobiol., 47:131-137 (1970). The bacteriophage(s) of the invention can be

applied to a human in many forms that include a powdered form, a nutrient broth
or in a pharmaceutical composition. One skilled in the art can formulate a
dosage form that will deliver an effective amount of the bacteriophage(s) to a
patient in need thereof. It is envisioned that the bacteriophage(s) of the
invention can be formulated to address a specific set of conditions by one skilled

in the art. For example, a pharmaceutical composition may be prepared that
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SBP8a, a conbination or a reconbi nant formthereof to
the organi snsuch that the bacteri ophage infects and

neutaial 4 BRtrivpleagéaeletied SronaNilen, DB MHY/ 4, BBP 1a, SBP8a, a
i nfecti on. Preferabl the Bacj | lus bacteria ar
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panbodmmblat; thy baacmphage(ahuh raémrgstewﬁ to pmetzaRiFBpPrAGRYA)Y 2

il ot MG e dBmy B ¢ P g BT M EleRO e n g

Pheke&d of e opahikineatler pAIsH@ITh@EGED vhetstber |l us bacteria
or with spores fromBacillus bacteria. The

bact er Tl g épventiominchslea impigebeand interral 9dm€rlﬁ%atl% af
' Phe L gln%ﬁa%%a 55 i‘t:ogglﬁﬁllafs%ﬁ% aH?Véidq%ven@oP L b0 tlog o‘P'ﬂ{-]: and

OSI n anot er e

t ehﬁmbmﬁlﬁﬁnaﬁfbbaﬂze(lﬁbs battetifgaitivaianlyi Rueilfmyanieacis.
adm nistered to animals, such as cattle, that are
infected wwth Bacillus bacteria through use of nethods

dgscri RE IS Yinds 0 WadibiddhRedithat cahBind B 4104151141
the i usefu or preventing
Baci | | bctériufrect i on of hurrans and for treati ng humans
t hat re already |n a
part i cPaPVsnteRdreYides a&ﬁ‘gﬂ‘g\nﬁ%ﬁl msﬁ)ﬁ?ﬁ’i %“? t%%} 89

hibTRRSHiIRA BB NEha BBt chIMnNhE Pathofaid §lckiRpBaghuAr e
known 1n the art and have been extensively descri bed

wirtthiagist Haich entibodiesgraiocmpified ba hose Hat Bddadst s ci t ed

i ionea KL R08E BenPup i SFP IR BbiaNgS, BC
Ofechmbright fodhs tﬁeﬁe@f (TROMtibodi@s bf the niRMntlopP\fnah be Q;mtunol
Ther. Exp. (Warsz) , 47:267-74 (1999)

opqrmuncgpag‘ﬁ thebncteripphaga(s)Hf 21@4m'2g{§10(1 'tq %@Baczﬁus bacfetia
% Vr'ﬁé 6f czlﬂls bact%ﬁg S&}H IQbe‘i\j}%ddilows %lef%g’tl&fbf(Bl:z%gﬁl)s
0 o

ov e robi ol . Epidem ol.
| m&mmmrcﬂaauus 4pordSihr alSinpld ITH) antibbdiebafthe nnvmpihmg@@gﬂso

O S oot S0 B S0, 10.5, WD DB,
Bacillus spores in a sample.

Antibodies of the invention include polyclonal antibodies, monoclonal
antibodies, humanized antibodies, chimeric antibodies and fragments of
antibodies. These antibodies may be coupled to a detectable marker. Examples
of detectable markers include, but are not limited to, radioactivity, a fluorescent
tag and an enzyme. Methods for labeling antibodies are well known in the art
and are described in Harlow et al., Antibodies: A Laboratory Manual, page 319
(Cold Spring Harbor Pub. 1988).
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or in a pharmaceutical conposition. One skilled in the
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in need thereof. It is envisioned that the
bact eri ophage(s) of the invention can be fornulated to
addr esTha pﬁdpe@hbh of peltycloﬁalemn@bdtésom svebiyknoma te Kidst eldlled

th . F I
o e aar e 4L o etir iat o ToGIear] Bpetge R EraLLeerr e
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'P%%ﬁ% 1%}2%139 AT, R%P Rl1as (FRRTRA Préss A90D); RalibAIetal, a
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a@esttuctiomo Rl yolonad IAmigenatin RabbitsnRatsi Mt ¢ecand Haptskrss, isuch

p maceuti c ents. The ba [ ge(s) may be
Shﬁ’lrﬁ?fl%]?@?oéﬂlat‘%%gnﬁg’t) fogHyse tif’n%ém (E&{BT ecogni zed

rout es g re%ﬁra@i@ﬁ %fh%@clbﬁcﬂ @hibodialis 8XaMRll&nowhen the art.

bact eri ophage(s) be adm ni stered orally, rectal Irg7

v &phteal& gdﬂsteup |mywﬁ (AP E01 Coligapret imhhwktzams @rd- 14
d
© 654 PSP FC A RR 2R SPhGRIP REEY, Base PRTCOION RS

f QIdﬂbd}fPu@ DRy UBE et} ahoﬂoelmmlbbmes &&Eltfecrbtamémemjﬁctmg
in the intestine of the organismafter pgl?sm t hr oug t%
(o4

mcw@ha@ﬁmpqrﬁugn C‘E’lﬁén$lﬁg/éh@qt@7fpﬂhﬁ%ff: YEEYHIBF BERSCES

TSR RAAOL80h y ShcBA adghepcal o
OfB lymp!hbcﬁys, Bamg the B lyaphecyita, wﬁanquekoniaaaellyto&&odudeus

th tibody that binds. to
ggsab%q?cfr%%h%l@@ngﬁlaq RO ABFieEE BSiYa ciehen et BrLHss

ThGHbIW &N 'tl%rbagge?i\\lf\)lh %:e ﬁﬂfl%@@t%gstﬁe 2@ NBLs from the hybridoma

bact eri ophage(s are able to bind Bacillus
baalteres.alMohod bued |an‘gb¢d1® qabhphtédasimpuifed fiBachybridoma

Rt b rargR T Bl B RO TR & Bkt fues

SBRlI&de %%chr@mﬁﬂ%ﬁﬁh@%ﬂfh@fel@Ar%ﬁﬁﬂéb@ @ﬁ&-eﬁﬂﬁﬁ&n
thereof. ThHe anti bodieS of the invention nay be used

i chromgtegrentivo ndriontexchengs sbroaratagstiiye (Z0ligat etghesections
abel ) t f
par P eafigs R4 Bt A B Por o5 °

Baginhindslobaled €ri€G ) in Beaiodk iisMsonlas Bislogy, Yallgpagth @9-
anti bodies of the invention can also be used in

c IR (HBmpemPigps 198 apparatus for detecting Bacillus
bact er ig, rclo%@f:érlqbldglé Bﬁﬁr % phdiuRe SRR r@ HRedrgsof

the invention inc Fonal - ant I es,

Mknowhoevhhiqaed. i ]hoduc&&n ih mmnrpmﬁdesanetatﬂvekyl pass antibpder i c

arf)trelzp%?ac’lc{o%ss andq ﬁlcfwtsas gl?apl}psto %fgeld large amounts of the desired
antibodies. Large scale hybridoma cultivation can be carried out by
homogenous suspension culture in an air reactor, in a continuous stirrer reactor,
or immobilized or entrapped cell culture. Multiplication in vivo may be carried
out by injecting cell clones into mammals histocompatible with the parent cells,
e.g., osyngeneic mice, to cause growth of antibody-producing tumors.
Optionally, the animals are primed with a hydrocarbon, especially oils such as
pristine tetramethylpentadecane prior to injection. After one to three weeks, the

desired monoclonal antibody is recovered from the body fluid of the animal.
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anti bodi es. These anti bodies may be coupled to a
det ect abl e marker. Exanpl es of detectable markers
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fluorescent tag and an enzynme. Methods for |abeling
anti bodies are well known in the art and are descri bed
i N Har Abwnetivedy,.an aAtitbabiedogimge mﬁMganire;demmlﬁbm a

319 (Col d Spri Har b Pub.
DR apa airopas onB b PG HOS AR b OB P AR iSR W 1 o
Pgll% e%lf) ltl‘ gifeh{hgt ﬁ@u&@omp%@arﬁ& dlerminfpqesiehd #6mof

t| Ser a, I munochem cal Protocol s
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%@rgz{blq\gogéa%g%g I o O&§t§8tl 1%’%'1 onal WA g {llgrslg:?[ a4 a}mergorE r&fi()ns
! Hf@l'l@%tﬁ’lﬁh@ co@rﬁ&%)hﬁ@ Gerfordl téolaﬁﬁlzl)ss fo_fhﬁ)nﬁl{gﬁﬂ@ﬁﬁ i on of
[

monocl onal anti bodies is also well known in the

KohinenogiotMlinyedable dneains daysisen dssqribgdsyrlandhet; aéaB_ét_

AEsabEF bR oBaR o Tetury SR BB E M Bh ) moperinl,

HasxtdieRUbve dL9389en (Bﬁdrﬁfeﬂylonéﬁmabj Natate, ant: 5223(2!196@ can
be obt ai ned by inj ect it

mce with a co osition.

c Bigshingithet 2 &Rgéb"%%ewrhwﬁg cf ﬁp SeALAELY
LA AR A e e
Lm% 4B7dk1399m3 @ay Sagenet ., mhlmltr)rmmgl L£HQ: 384t4|c(1?ﬁ3c)duce g

ri domas oni n ridomas, se e i ve
cl)/ones ApRbedy; ?ﬁl@ﬁ‘é’gs %ﬁl}ﬁ? B%Sliltlégl (iaB PECHIK bé’rqq"&%ﬂ
< u?? u s%tf %@d ?‘rtﬁyb%ké%&oﬁ KO S0 IRA IcHdtEng the

nocl onal danti bodi es can be i sol ated and
p lﬁﬂaglfnbﬁd Afntiboayn frbgincigrearchd ehiriped b)yp@SumTlp@P@m @igestion of

Il - est.ab hed tech Le
E e e e R S
SeRDBs AS8uced 'b%l%h%%ﬁbﬁ@él@ﬁfagé%ﬂi‘ﬁﬂ)@@l%ﬁﬁ/ﬁm ,pels%iﬁﬁi to provide a
i on- exchange chr omat o%r aphy. Coligan et al., sections

2 5% fiagmeftt, mo@d&(@e)@t i aEneeny can e Birtheglepved gpingp thiol

Purjficati f 0 t in
vErdetne el O bRty Brcip ety

PE@%&m@%&’ﬁ cleMarge off arzalfida ibk4pes te provhye BSS (Habduomwayalent

vitro through use of well knovvn t echni ques. Producti on

i Araginents Pitevitedyr @ @eypals lpage BHbe B?R:Wl produces two

pr
AR LD B 5355 i 1l s v
hyberd deribeduGbideniérpU Sapatérs dar 4,086, 9¢xandiyo. rﬂﬁﬂig@?o us

zu%p 2128}3' gggo g@c tu:él t%’ ?ld 89%55 %lder:hnragae 2110 rMetlhods m%%rz] o%l}Jl,S
Vol. 1, page 422 (Academic Press 1967); and Coligan et al. at sections 2.8.1-
2.8.10 and 2.10.1-2.10.4. Other methods of cleaving antibodies, such as

separation of heavy chains to form monovalent light-heavy chain fragments,
further cleavage of fragments, or other enzymatic, chemical, or genetic
techniques may also be used, so long as the fragments bind to the bacteriophage
that is recognized by the intact antibody.
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or immobilized or entrapped cell culture.
Mul tiplication in vivo may be carried out by injecting

parent cells, e.g., osyngeneic mice, to cause growh
of antibody-producing tunmors. Optionally, the animals
are prAﬁmlamd;dsffoﬁdd‘ang edatieriumes peai@titlysporel ig asanbleas

t tet th t.ad [
A tor SmRTEE P CROLER Lo Gelret e B BEreh B o o o
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* POt BF4 PG RGn SEs bR et Sy erBl 8P Rt igphes
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i mmunogl obulin into a human vari abl e donmai n, and then
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F}%%%%b%l? }nrﬁtgg % nﬁe%rsgﬁlg EF ;\5})%9&].1 e]ts oF @'n%é%ﬁo Qﬁn be

aril a omal NS

bged t6l @ét@é’tlah?(@actaihrﬂrw lan}ebaoﬁénal s WhiSkh ba&ﬁn&lﬁﬁ@e
(1989). Techni ques for produci ng humani zed | onal

ahmidp dRretesatin the bactssupds pathesseiq Wewmany H%%n“é‘ﬁps ore
haapn

NS5y p3hiRARy 3 A30% i1 CoRalRA R lro o ccrum

SS ﬂsgﬁgaﬁ)llus gaflﬁ”e&zs ePreﬁrably BWkﬁc(etiﬂA@por@ﬁ TbaBHp{thoS)G
andhu it. Rev. Biotech. 12: 4 1992).; .
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f’e? 62§ ergﬁ eﬁx bieQB o RNBASIN zﬁﬁﬂﬁ@zﬁl b¥e apparatus

prot yt| C of the anti body or by

emwaﬁuderamyrba&encpﬂiage tfat ENAleéndmdi focp hah‘@nﬂmag@@ptenal

Ant i bod r n, be

RS ORI R B PRT, S R AREF Bl e S, "
Fapp AR BB deLRIERPH6 BARAFBRYSs Sabcteeirmhotke/IDDBA,

enzymatl c cleavage of antibodies with pepsin to

p M WdeSRP b SBPSarmsratreensrtvrand fapatiteyepf. This fragnent

can befurth clev ,
and opltl Sies gt B PSR o8 bhlBliph R U B 3B can
gbhedpscté®6dthd hngletti@iit ddiedoagircoit. The ddtédtide circuik agede
to produce 3.5S Fab' nonoval ent fragne

Alntegrafed bl amicsprelentsq sehanical siiesy g“&ﬂi%ﬂ&é‘b@bﬁwed
PLRAHESSh Y8 gl abtl EFQ(Y alisﬁnetfof RL Y tre £Hdsan§1@7§iis ®PabGcterium or a

f ragment se net ave béen descri bed.
Cohelatdb epae. tthéSappmates; s whb as me(}iiaﬁacﬁqﬁ ciagvit, May be fabricated

4,331, 647; (g]ort Bi. OCh %8 & 959)
EdSingaFigpndyctor ‘ﬁB‘&% e é§,an °0%- - page
422 (Appgl %lﬁst?e[t@ssﬁle]e%%hlméﬁﬂ @f Rl dpgaatus (5®lof th'?H invention.

sections . O.
In the ﬁgure detector circuit 75 is coupled by conductors 70A and 70B to

bacteriophages 60A and 60B, which are mounted on mounting surface 65. The
mounting surface 65 can be a semiconductor or a piezoelectric surface. In some
embodiments, the mounting surface 65 is quartz. In the embodiment shown, two
bacteriophages are illustrated, however, in other embodiments more than two
bacteriophages may be present. Referring again to the figure, the bacteriophages
are positioned sufficiently close to allow binding of the bacteriophages to a

bacteria 55.
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cl eavage of fragnents, or other enzymatic, chem cal,

or genetic techniques nmay al so be used, so long as the
f r agment ghelinfiddirertt hiztdeas e tiio ph agdudeh ater iput 86.0nwput &4,
by the intact antibody, 7. par at uses for. detecti a
RSERL, 6RO EEBTREY 831 Qihes HBREn ey Qs fgelna, shélFafor
Ae}ga%{ l YA S pier R Q¥ g6 e Fi%ﬁal‘%%reﬁgﬁl'iﬂ)% tRRUBORSRIIC S Df
a bact el ymior a bacteria spore in a sanple. In one
em®dUs&ihputaB0 iagipdesaserssontrals sdeh at a keyhsardowother data entry
bact eri ophages. that ar.e connected.w.thi.n an el ectri cal
CRPYit {OWTBHF 3 MSPIETREISRIEY: GPOiaa B gty oY Gfhsducet, rinte?
bagh @troh%le RPRE Sor'led offpul &A%de. tPABCERborHDEIn one embodiment,
bacteri 6phages will conplete the electrical circuit.
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[ | ectrical . t. that indi

o AEEBE LB et BB L0 e e Ap By B R festor
That #RPaF fbysenRk. thend dverihen, tenphieatus achlieddeb ect
any bacteriumor any bacterial spore to which

a

bdiotdefilledpthandensush shat braseriar espgras addssde the ¢hambeg can

pat hogenic .t g hu s or~animals. Mire preferably the

bﬁgggq??’ﬁ?ﬁe?g&aagggg‘glalngg()%act erium Mst preferably the

bact er Fum 7 BluBasted drutsensbodiinat iof préewtfsgstan| 1P0Ahdn the figure,

bacterial spore is from a pathogenjc bacterium Mre
] Fromds 1B

prdeteetpreirapit 1294 cowehby euiveto dPepgiect
SRTHEL YoM .08 SLGEARY, LD Rk Bogsealy o
bacbguhd pheR erd faitionsd afbsntiadlybpavalld dosvelyers ireetherm or a
Lo HER e PFages i Ry Npreett el Hisaen HEr
Iwﬁﬂg‘?’ i%%ﬁs?d?ﬁ%%%gi%%ﬁ&l%@ beatesl shoresn Rétkatng dobiBao the

, or a reconbinant formthereof. In
orfeuegtiedinastrfatd arqpostionedsufficientiy elpes foailogra acterium or

g &2&%41 glno%ﬁg Elﬁ ’gl%?eni?ﬁ):th% ggteigcote%gee%sthg glrﬁ@esﬁzian?(: éagﬁélf:

ctron crrcurt

| N Relcal &t Whthdablefibsiagt @Clidreinrshona distitlutalmt soth
(MEMS), mcrofabricated circuit or nanofabricated
cisndades 1104 anfd 188t ecti on and anal ysis of a bacterium

or a bacteria _ .
0 o PHEREL bRyl PAPRIRINGs ol 25l
S §fFbceeNdE UgH afid irrbioke #40. ddthted bmenfs esy alsetbeduidudaddsuch as,

S oy el e HaSa BT TR e i nd

geglt%%ﬁ) fseFinbitl s ihAuls SAURIEHIRICKE MEIEHBAR of OfheRBSta
entry device. Output 130 includes a display, indicator light, audio transducer,
printer, data storage device or other output device. Processor 135, in one
embodiment, includes a microprocessor and programming suitable to control the
analysis and detection of bacteria or bacterial spores. Memory 140 may provide
storage for test data or programming.

FIG. 8A illustrates a perspective view of detector apparatus 100B.

Apparatus 100B includes a platform 150A with a void 155 lined on two sides

with surfaces 110C and 110D. Other embodiments include conductive surfaces
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mounti ng surface 65. The nounting surface 65 can be a

W@ esnoog8RIct or or a piezoel ectric surface. | n BONES2005/019644

10

15

20

25

30

enbodi ments, the mounting surface 65 is quartz. In the
enbodi ment shown, two bacteriophages are illustrated,
hewayRlthad Rvadiber sppantisMoBanapbefabhicated wong semiconductor

bact er i ophag b . Referring. .
Fbigtangion bavbn st Sich apRBIG AP pbS T RO CEPrEL RSy
Ch%%lylgigalgrg QR&iBASH AR Pf5 4B GadRsd BTalIoRNagEE &bti?g to
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v TS0 Ripwpedaen it Bl pASIRA i, Rl befvpif B ooy est
| nfYIEAEIAD estioR Past suFfedesd@6C andil COPr ocessor and
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o B TSR LR b R o R el

I @hdrﬁee%f \ﬁlgialﬁf’@ﬁrmakem 1 10BdindoBlOFe rSuafaces 14 pBriesadadedthta”
1e chanber can contact bacteri.ophage. 60A and 6

Tng;l ard gurfags | @K @sm@}?%é @H‘gadr L%Eg to gglﬁ?ts%ﬁaﬂ“q%y’gﬁ@%

o0 et el el gt el 200 movaupne

agutheHOBarity @sayeadsd betsgd. Conduvore kbae anreht 513 Argweeupled to

f HOA and 110B , it d [
s odABhand i FaiehaR SOBUATERS F SREeU B e
@Xct%sﬁﬁggésoﬁé abipitd oA cRRERkInGAcebl HpaRIALs IFOPB sath chat

I ngres d egress of bacteria or bacterial_ spores.
Réibg nmaiyrogniagha badterivnher 4 bapterial spave thehisapphed fodbe sondact
positi oned sufficiently close to allow a bacterium or
b&t%Fi al spore to migrate into the void between the
sur f acers. and11estady sysbmel 000t intlading @ vivvaof detedtbr apparatus

bact eri ophage 4, herein shown distributfd 0 th
reeabif fpparats

sLFAGbadng saacs farfages] 106 aptha pErHBY PhBEER
L1500 ot S, P 5 g

| Batteil@shagssmb caspled orsuefsesspll16G ad 140#3 sl @t they may

© lcc?n\{ggt (251 btacr:]t%riﬁrlngor}%l bagttelr*iglns%%pe tLerlt%naSplflreIi %: ﬁlse d]éile%r aa[r)]garatus.

In one embodiment, a detector apparatus and detector circuit are
fabricated on a single chip, wafer or surface.

Consider next the operation of the present system. The presence of a
bacteria or bacterial spore completes an electrical circuit including two or more
bacteriophages which bind to the bacteria or bacterial spore. A change in an
electrical characteristic is detected by the detector circuit. In one embodiment,
the change in an electrical characteristic includes an increased current flow
corresponding to the presence of a bacterium or a bacterial spore. An increase in

electrical current, coinciding with the addition of a sample to the apparatus,
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HOB. User input 125 includes user controls such as a
keyboard or other data entry device. Qutput 130

printer, data storage device or other output device.
Processor 135, in one embodinent, includes a
MindicaRk @R Man@[&boﬁta(ﬁg;reamﬁdﬁ@nsmﬂ a terotegiat spoconthaoturteht
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o bR o e k0 P SE phRfiiE Rfebtthe
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le fluid fl
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. some of which are
mefkeidnl11CE and 11CF. Surfaces 11CE is marked with a

"+" sign an suré%erﬂ)k% rked with a"-" signto

i ndi cate polarit e opposite polarities

exi st QfeAGh-aReNE QNI G 'tﬁées,uﬁétﬁﬁc@%@ﬁmd fome piige dnftBe
sanme polarity may also b e used. Conductors 115C and
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3??1%2 Mo AXeS léercéysi?L)iL}% agletngaltﬁ%g@ glg%)t’ surfaces of
appar atipgs, ez suckyefud @ﬁrfdob@pomhloh@hhg&:br amtllbadibecaipahhe
or a bacterial spore that is applied (o30) iS/a
sof bading rhage cabq haupdt Wﬂ%ﬁ‘@éh%%faéwv&f? Pif?ch B8R
VI e Od‘ e 1§ L2508 toaaD A Wcrdal @}’é G 6€ ﬁEt@Qﬂed if the phage
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conductors 115E and 115F.
In one embodiment, a first and a second surface are placed parallel to

each other. Each surface has at least one bacteriophage of the invention bound
thereon. The space between the first and the second surface is sized to allow a
bacterium or bacterial spore to pass between the first and second surfaces and is
also great enough to prevent a bacteriophage bound to the first surface from
contacting a bacteriophage bound to the second surface. The space between the
first and the second surfaces is small enough to allow contact of a bacterium or
bacterial spore contained between the two surfaces with a bacteriophage bound
to the first surface and a bacterium bound to the second surface. Thus, a

bacterium or a bacterial spore located between the first and the second surfaces
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Bact eri ophages are coupled to surfaces 110G and 110H
such that they may contact a bacteriumor a bacteri al
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one enbodi ment, a detector apparatus and detector
circuit are fabricated on a single chip, wafer or

SHI fpRsdRice Eatakdst]e Digatige il en elperiedli charaoteristhebgiwesnehe first
system The presence of baci eria
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ge in an ctrical characteristic is
%@bteﬁblﬂﬁgb]tomﬂaﬁo diet Bt nrfack podid bacténippbage bernddp hepecond

t he, chan in an electrical

S M S s
%su"ft 19%tllﬁ,l}ééémrpcfurﬁnpﬁ&®e Mh8 incedd9éEcurtdnt G MRASE@ ithe two
ectric current, coinciding wwth the addition of a

sarfptes ctm)be heaalpq;iarﬁmsan mdfee%ﬁl@@lqcm eureens hetyeen the

Cf&?tlt,szll %ﬂd tgic:: }s]egg)}ug nggath Ir%su 1n§h ar 11 esa?)?fl? tloyl)? a sargple to

fiRd Lt | Bgtwtegﬁth@@@b IsGi@hded Mnditated thanipd engpls pﬁﬂ:ﬁﬁd atdéast one
containing a bacteriumor a bacterial spore may al so

b%zccz]b?ﬂvapfedum@rﬁﬁaﬂlu@Eit%Pned fol | owi ng application of
a con
2 bact® I,olngle ggélmehp%cﬁgﬁ%apﬁ%na? Fere"ﬁ'vgrea 1§ AL LHATHPT

ore a con act to reduce or
&alctetinpdpord Ah 8. clRoSichll coaneamultd sne::amﬁaed Byseeongd surface is

Ic?sgé &?&?@é gwﬁﬁ?g% ;r? %ﬂ?\g é%’hiﬂ&l glgn'tﬁtf n1| ”wxﬁ% %pﬂil}ﬂ%gp |t1§;ough the
e%xa%? 9 &EM%%&Q € Irﬁ&‘fet ShbRIRREHES relfstadnbe chdﬂ}é@ Y c@ent

€ use Such an apparatus to detect the
pdhaﬁgé} ¢emedsuBddiabddum the presenca oorbacs df alsactaybimeer hagtegial
sanple. According to the invention, the nounting
siPPface 65 (or surfaces 110AF) can be quartz. Quartz

| s par, éﬁﬁltﬁ)ﬁlté( d&te &gl badRridm R bAteAS spoFek e pfeatnt biitem
bact eri ophage because m nute changes in mass

amey elso e ngedo gnantifa Stearinabes pf asriasyr bastedpl SP(H@S Soritained

t f f
T
e%%?&%%ﬁ{% c%§stafl @échﬁcWé %y \t/)\zledr} 2? dSpme;rdxryet;eneqha'e Itln)&nﬂu@ac =
n:

ssmlgmhb@gqh gth piere-yohuge c}@ﬁll:teﬁ gha& %ei;g{rgq? 2? @éara osizlﬁétor

c %S)ict'eg{ Bté’p“e CSt% es aa?r%g)%%ﬁ g%%?éd Wil ;)ﬁfges t@aﬂcaat/ g{'gﬁmty

f 1R Ntk 'shin mﬁmmamwo@' Hizp spo'fb}bmdntgjphagzs attached toéff (gich

Seltjsr onaecoef tllljepé)]gP l1a and/or SBIQSea Igilragg 1nsE) a?e% dc|>reaS conabt ng{lon thereof).
The ‘reference oscillator' has non-spore-binding phages attached. The oscillators
are electronically 'zeroed' with reference to each other. When anthrax spores
bind the sample oscillator, the electronic components detect a vibrational
frequency change and this change is displayed on the display.

The bacteriophages can be attached to the surface or surfaces through
direct interaction of the bacteriophages with the surface. Such interactions may
include hydrophobic interactions, electrostatic interactions, or covalent bonding
between molecules of the bacteriophages and the surface to which the

bacteriophages will be bound. Methods to link molecules, such as proteins, to a
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of bi ndi ng phage can be bound. When the surface with
t he phage and/or antibodies is exposed to a sanpl e,

wWhawbms3288 or spores can be detected if the phaPET/TsIW05/019644
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bind to those bacteria or spores. In one enbodi nent, a
first and a second surface are placed parallel to each
aufBEe arbashmdHIy @ee ihasmatosbibast assays, hmbier i oph ag e of

th t b dth Th
i disiabastis S6b BhISA ares 7 Gods aireet I gpdetiophase
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secon surfaces an Is also ar eat enoug
Rfuedaiida ehacind madgihddebednsayhil-hypdrokgsutinirside @&trﬂf deigagawa

fromcontactin d to th

SFHEEY T cSheBe IDebabLiT U RE SPTRGD okt AME GRS

SHfof 9(397% 'eaﬁ@m%oi 9. Fikst. QW SBBIACD: 1084 81974);
bact eri t bacterial spore contai ned between the two

sTijdsac sl Kitstak aA balc Bichemh 434 Do (1984); o vrpraedsiapd ferynck,

i 1 bt O A ey i AR AR A 8080y

t RBrafden$ Bn@MnH& 8@ aRcthemistaceS%i(1 969y Bajiee endWilchek,

nmeasur abl e change 1 n an electrlcal charactgrr 8
bmwmmn@%% BekRs bl a0 i576);

e l e, gn y be applied to the
épg@og ﬁ?ﬁ ggi gr fﬂ? Contact of a

bact er BadRe@phs@Rcan wisb ﬂbe&tthﬂned & & sapifm:ge)f Bewapdaraivs thyeugh
first surface and a bacteriaq t he second
S #nfibedyiinkazeh hes G TS BeRGE DB o BEAHRRREg iRy
tE? ?@(ﬁe:dqg%%ﬁr AR MardiUSh 634 dphhge RMhdiNGHABRE with

he in ased current fT ow bet ween the
t e imuidbiltRs antibodis and astherebly bmlmdst;o thersurface duewghi an

ek I g NS O
SRRk Qn'tiGRBPRR RBINER Thdk Bk WOusIGasAEul s Wiiat e5

the sanple contains at | east one Bacill us
beeurek tb ursucaceBeth¢ dppsratporfior examplacanesriadyibat bindgfo 2

ectri S dellvere [
heuiaranee SuRomyehtor CanbsEpfifled fo Bilin ARFLEH Fufila
SYadi@ssphads SERORS et @G facatheris coatde tvithtavicdrange
in the electrical signal fol|ow ng conduct ont roug

t beertaddiar Thossrofiskil iarthe prt sgalizethaf magyme fpse
bgﬁjlélﬁ%ﬁ eripg ha%g%?the v EHoh §0he SOARG O f a'grsdg?ﬁ@ HBPﬂﬁe

esence or absence o rium or
baglegtibm! spore. In addition to detecting bact er| um or

(o quah Pihg! EHocHa e b BRCEGY P OB TRHEREP I BRoned

¢ ?ﬂh%‘ c??s%l to which a bacteriophage is bound. Methods to manufacture liquid
crystals are well known in the art and have been reported. Gupta et al., Science,
279:2077 (1988); S. Chandrasekhar, Liquid Crystals (Cambridge Univ. Press,
New York, ed. 2, 1992); de Gennes and Prost, The Physics of Liquid Crystals
(Oxford Univ. Press, New York, ed. 2, 1993)). The apparatuses can be used to

determine whether or not a sample contains a bacterium or a bacterial spore.
The apparatuses may include any bacteriophage that is able to bind to a
bacterium or a bacterial spore, such as M13, X174, A phage, P1, P22, and the
like. Preferably the apparatuses include a bacteriophage selected from NikoA,
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within a sanple. FIG 18 further illustrates an
apparatus for detecting Bacillus spores using crystal
wo ewhogd2eg)y. FI G 18 depicts a system where t heCT/U820d5/019644
sanple is delivered into a mcro-vol unme chanber that
features 2 quartz oscillator devices. Both oscillators
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10 Oﬁ kIR TR IRY B D Eon St denp e R s an BBgpiecpic
Hest Qithidhe M@th@ﬁnso‘%ﬂéﬁfb #3d IR Sk Aon doBted with one
asu ace are conmonly used in inmunosor bant assays,

suehmare hagigiiophazano8siske/ss ahnt GhemSRhus SVH) 1 2r(/é.‘t>%c)dlénmo

oub el AR EhiEh AP0 FSHe) T3y det Sos are

pethen dahrd b§'l$@§arﬂﬂ1 } 6k R8fel lzoRNElims with a spacer and adding a drop
mal ei m dobensoy]| - droxgsu0|n|n1de ester. Kitagawa

15 atn@f ‘fpkaa\@g -psgywlmmg éﬁ ziau@ééae(v;qe‘iﬁbs twqﬁlnwhé;an@ﬂier
e ;
a n;fgﬂiﬁhkieﬁgyﬁﬁmgih are th:ig *‘gﬁﬁﬁﬂf{lﬁ Hii%iifﬂ% i%i;z ’
AU & s G i eSoripee obbiescHonbBe 1 s kb Bl e
Te T CEdN g&s adgwgg Rtk Yi u dwals &8@%%%%%)%% (firone

20 aI OthelFtE@@iq_@S knoss 112'41@ aftl 9?®r,ab@1hs awibody usdd. tp cdat the gold

a1 Bl i BB 540 € A eSOt A SRR R Y ough

anb@[gﬂuhpgydégcﬂkgcgﬁerelhn this case, an anti body t hat
binds to a bacteriophage may be |linked to a surface of

t he ap pleiraaptb@r emberdiprent; the glqatsecriysiak in e iwisted tngotatid liginidh

LT 0 ARSI SRk 0
25 anltndw)ﬂh&hodm%h Bk ﬁﬂcrbébntd&ﬁplbﬁﬁige rTwighkd@esand 1i§le crystals

and such patterned crystals are known in the art and have been described. (B.

Bahadur, Ed., Liquid Crystals: Applications and Uses (World Scientific,

Singapore, 1990); Gupta and Abbott, Langmuir, 12:2587 (1996); Gupta and

Abbott, Phys. Rev. E., 54:4540 (1996); Kumar et al., Acc. Chem. Res., 28:219
30 (1995); Gupta and Abbott, Science, 276:1533 (1997)).

It is envisioned that the bacteriophage bound liquid crystals of the
invention can be used to amplify and transduce the binding of a bacterium or a

bacterial spore on the surface of the crystal into an optical output that can be read
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i nvention can be linked to a nolecule that binds to
anot her nolecule that is bound to a surface of the

bact eri ophage of the invention can be coupled to
biotin and used to bind a bacteri ophage of the

| AN@Nhd fkell @y@ The bdtp@ fidmah ligsidaopdta dfvietihvaniodican also be
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t o det eheiRnHREAIBE profidesBlosénsSRNPAtatiliods Badi&idphage in
bacterium or a bacterial spore. The apparatuses may
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appe B limardilize el iaderiamrathatictplhpge inal sempkdtus afowing

Ni koA DDBa, MHWA, SBPI a SBPaia, a conbi natjion or a

r descietsichemef e brcteHEn b Pactpial sRaED Py THE Vet R HridPPase
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" (O RRAE o PRELELY T bl RE8) ok Paphlsieb PuRBTiiRdd e
i glefBator thrargzharst bf andtler niRaes, snetbhsyan dndibbdic t Blrd kectesiophage
is from a pathogenic bacterium Mor ref erabl,y the
bR arPED i %3?@0%15 ma§<%§EPP$fh@e§£5i @Pﬁﬁ?ﬁ% Hepsdg &nd
PLGHEH BPIhY abth P acdefié, BliciPRRiBds Mal e MJAAEdd fréth those used
anthracis. In one enbodinent, the lTiquid crystal is a

t e ronpla opétecthtilquiagker toyat atitibofiat Resderably thedhasterium is a

thernotropi ¢ 1i quj tals..h

L R et e I R
C Aibst prdferhisly MROign Rt iuRT i€ Bakiling ahihiréici§. Preterably the bacterial
pol ycryst al ?,i ne gold by controlled deposition to i

| $DPI diLiEem yPathnigeicbag a0 YA prderaply thgbactaial Rogg is

T . . 4 fi . .
e e e
OUnMad ( 1993); Prinme and Wiitesides, J. Am Chem
Soa, 5:10714 (1993). Ljquid t al N e th .
For ed SH5h Bepa AR g s AsTEUe Bt GieFRRCR R dooustc

SRASE QAP ANt & B8P in mass caused by the binding of an

immobilized bacteriophage to a bacterium or to a bacterial spore. Detectors also

include surface plasmon resonance devices that detect refractive index changes
at the surface of thin metal films caused by binding of a bacterium or a bacterial
spore to an immobilized bacteriophage. Detectors also include optical fiber
devices that detect binding of a bacterium or a bacterial spore of a bacteriophage
through detection of a signal, such as altered fluorescence. Light addressable
potentiometric sensors may also be used as a detector through conjunction with

bacteriophages to detect a bacterium or a bacterial spore in a sample. Such
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of 4-cyano-4'-pentyl bi phenyl into the cavity between
the two filns. In another enbodi nent, the anisotropic

w@odod/ 08328818 are coated with an anti body that bPeTES1005/619644
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bact eri ophage. Bacteri ophages are then contacted with
the anti body coated gold filns to attach the
bafk&isbiphd geetisdsdacher usphaigeastnoctioh daa'gﬁb&d:nfdie‘dqribed
These gold filns are_then used to cre
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i nvention can be used_to an(PIlf and tr duce1 ﬂe
bi(Kfi2hd-esrand Thaewer: bipre pric pgesnars aspay ol Grtle Eease
SYFifACBeRhsd NG el Bk i)héhme‘ﬁt hrRRE U&ﬁidaogﬁﬂﬁlétd R

be re € ou rom a

c ug_t;fpl 1686 (29e8)i BaxemtuamnDcwnum eﬁce&ieafﬁes‘eug agants w1th a

o tlie Do Sefppre asnifion J5 81l PO Biioi o s

%bﬁe{f' FS8piYst Bidtndll SRS COPLT (WA, i TfibisF andvWad USClin.
polrarizers, and the Ttke. Those of skill in the art

r ddioghicle 27H466 (1989).d crystal s may be nmade through use
of a | arge nunber of techni ques. Therefore, the scope
of the invention includes liquid crystals nmanufactured
t g ougMiéiE&dsab déremhe brredite @ bsctivid @lbabiiel spbrdséms tample
one bacteri ophage bound thereon. The i nvention, al so
provi d@ebmwéﬂ%ﬁfoé’ldleﬁmethﬂdﬁ to detet begleriapey RisHEighsoges. In

con th

T e e e
s afmdeﬁum/éab ae h@a‘bxmh bgerivay sieh asARuei/bd anthrecis elvesotmer
and used to |m’mb|I]1tze a hacteri mor a bacte

s pavediments, thehacieriak spgee 13 Hoghp ﬁ@t ogenic bacterium. r]#"Oa}rlexample,

bacterial spore can be from a Bacillus bacterium such as Bacillus anthracis. The

method involves contacting a sample with an apparatus that contains at least two
bacteriophages that bind to the bacterium or bacterial spore to allow an electrical
current to pass through the bacterium or the bacterial spore via those two
bacteriophages. The bacteriophages that can be used within the method include
M13, X174, ) phage, P1, P22, and the like. Preferably the bacteriophages are
selected from NikoA, DDBa, MHWa, SBP1a, SBP8a, a combination or a

recombinant form thereof.
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for detection of the bacteriumor bacterial spore.
Alternatively, a bacteriophage may be bound to a

on the detector through use of another neans, such as
an anti body. The bacteri ophage may be coupled to a
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interfere with binding of the bacteria or spore with bacteriophages that are bound
to the apparatus.

Bacillus bacteria or Bacillus spores may also be detected through use of
the bacteriophages of the invention in conjunction with an antibody of the
invention.

In one example, a sample that is being tested for the presence of a
Bacillus bacterium or a Bacillus spore is mixed with a bacteriophage that binds

to the bacterium or spore to form a complex. An antibody of the invention that
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pPEdelelectPlRAKEr i a or bacterial spores in a sanple

The i NYRALH XBmBIeO BT R SnvERtBR fihide ifRiodizahas beihe antiody,
bacterial spores. In sone enbodi nments, the bacterium

i @@bqgmugemnhc bissariaphagmen Feirfass Sotsiveed ttpsddifiontod theather

can_be a_ Baci bact er i

aﬁ?’ﬁ’lpg%ei%s a3 es%%’r?g E%e t&ﬂﬁgﬂfl ;Aetef%ﬁ §l%lpiee|rX i A amm e o
f badfedurn 2thb ®geBiisphade hRT the MbefedranBbaiyp I Ehus xae irﬁzrentain
spore can be froma Bacillus bacterium such as

Ben,qlmdea smbadimeats wherqin@ngef Hesomporgnjeaecesataioipmya a

5
SERL a0 ERRPORH A P SORL R Bl ol
s }ﬂwlmm@blatédxunqnna{te@ farhcatomplex.e@he dHskpldgsthiehrtough
the bacteriumor the bacteri al @ég{)e via those two

b&eCeRIZED IRk bETe %@%&?@?mém Mg conditioas thabfll

de ML3, fX174, | phage, PI,
\é\’%‘gm %Qgﬁﬁ@%mﬁ& Pre erably the bacteriophages are
sel ect edsdniplanisy kixA beODBacteliith, a I88Rhsgr cEBRSmyemion to

C B8 s el SSBNEL BRI PEATEb bt P e methods

SRBEDeE Ao REnd&hEWHINEE bty measuring a change in an
el ectrical characteristic. For exanple, an increased
electrical current may indicate the presence of a
Spor e. ] . |
anty makhs gininga patkage 0 Galys doe(s) t%%e%%let%
conpl eﬁﬂeamnaln@@twizeaacmu@ @uuénﬁl@r rred by

bact eri ogltages attached to the apparatus of th

i nvent ifokit crypinmgngpkaging matesahgsde h@ﬁ&?ﬂ@l’%ﬂ@ﬁlsfﬂéﬁe‘i fom
b Iiﬁ]t«‘?g pﬁb%tauﬁ/lﬂ\ﬁa 3S]_5Ei{1%p Sﬁ%SA a%ld{n%mtaﬂafl ﬁll Lé?:\ﬁﬁlbﬂjant form
ac o ¢ton

eri'um ot spore act bacteriophages that are
b ehurebfliopioveded rbp alieainuentiof. [Suehl kitechndacpdethedypctogophage(s)

applied to the apparatus .and then a |.iquid may be
it @W{l&ﬂl@&é@é@#@@%ﬂ@éﬂ@%ﬁam%ﬁaﬁ o pompetonsien o ng

ofyiRAstPhdphages to a bacteriumor spore. A
A kit may also include packed forms of the bacteriophage(s) of the

invention for decontamination of surfaces and areas. Examples of such
packaged forms include containers that may be used to decontaminate an area by
placing the container into the area and providing for continued release of the
bacteriophage(s) from the container. Such release may be achieved through
release of pressure from a pressurized container, application of a mechanical
force such as a pump or through use of an explosive charge that will deliver the

bacteriophage(s) to a surface. Other kits for decontamination of surfaces and
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contai ned on the apparatus such that a bacterium or
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bact eri ophages bound to the apparatus. One skilled in
the art can readily determ ne many sanpl e conpositions
t fiads iHBMdO BbRRP LRIk bdxbe aippaleaisyteeat titles andihe tike.on
and used to detect the presence of bacteria or spore

i puahHatsadlap dslivery o pbacigrgphgge(pl e By ertigIhiogisyices, suc
acce r : 0 :
SRR B P AR e P T HRRE S e s Mtcri
br iopiracady &wisoveddihatghabstmiaaceBaorilloy gahiam Buth an
absorbent material] such a i |.ter paper. t hods for
R RGBS B BECH TS e bt dF BT P Dsar s ad oreas
' e€This
R B S T S P SR
udéonensessthk idwezenfiot petsoenclsireh thd iesmsibilidpof clsdning the
cont.ai ni ng bacteria or spores. Biological tissues can
af¥Bha #S&d within the nethod. For exanple, skin
sanpl eshdBYeRBnaP FiatiRednansted 85 iRdollOKingaidhamifiag i on.
Any sanple that is obtained nmay be m xed with anot her
cBrpoplent , such as saline, nutrient broth, a
phar maceuti cal conposition or other conponents that do
not interfere with binding of the bacteria or spore
wi t h bact eri ophages thatEgxsppgnd to the apparat us.
Baci | | us bacteria or Bacillus spores may al so be
det ect ed t hrough uBacteriophagepapd bactgHaages of t he
Cnvent i . j gk . . v
 nvont Panel(bER AR ek DR KRB Pkt of
t BHtebiolay dnidlgleadanGenetits, AnBaciilyl af S evacHenstomMedical

poresel 624 el S0 @rh o -Dpokek oo PP EgHgF Bledicah
aﬁﬁdl@%}g&aggl I}rﬁ'ﬁeéélﬂ)f @ﬂfebéeﬁz v&e?@%ﬂrx%h&@d‘ﬁbﬁldco‘lﬁcﬁ)ns or obtained

det ec mar I's"then contacted with the conpl ex
aadgifth.c Bettyridl hostsB. areonmpbe IMUhif@iom Dnglartidashlst.er i um

bact eri oph and .t he | e ti body, .The, u und
Pepshng ol YirdRiows i MRen R ekBo ST o L Re
PR ER6E MM caPSBR6L, HMStRATKR B, UbRens T@6ABBC bérelis5 55p9 (Rom
is indicated by the presence of the detectable marker.

OAmearicex Appd ©ultuse GoHection/(Manpesas, i it POHKO-22RP00F- Iceresf i on

AR B B s By BN WSS P AR DO

a$3 36 EfonbestoBROB 1S gicdl Supply Che(Raliagion, NQRTReN), B. subtilis

¢ %%g' lrf}.l42r’>] %ﬁ(t)rpl %r. H.-W. Ackermann) and B. anthracis Sterne vaccine strain
(from Dr. J. Jackman, Johns Hopkins University Applied Physics Lab, Laurel,
MD) were purchased from collections or obtained as gifts. All phages and host

bacteria were isolated as single plaques or colonies, respectively, before growth.

Isolation and characterization of new bacteriophages

that are able to infect Bacillus anthracis

Stable, highly virulent bacteriophages were obtained by rapidly stirring 5
g of local topsoil (Black Hawk County, Jowa) in 10 mL NBY (Difco Nutrient
broth: 8 g/ L, Difco yeast extract (Difco Laboratories, Detroit MI 48232): 3 g/L,
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bacterium the bacteriophage and the | abel ed anti body.
Thus, the invention includes enbodi nents wherein one

conplex is inmobilized and the other conponents are
contacted wth the i mobilized conponent to forma

CRHW. 8 XvitH R &efus SKO bt 30T fdne4 abtrs! €ub@ris2ase Iybal addner e
are man%/hcorrm nati ons and bi nding conditions that fall

wilatified etlrgng)p@thdf/ 1@ yedumawbleraferm (% Sdapl @migesy| so
ongact t

o ERR BE AR st R REROEERECT2, o £ R BUERPAG or 2.

Saimlte A0 Becktnﬁnnt @almmcm@ rdedad [Ii?.-mﬂtlc@mfuge with a J2-

k th t
s b o L B BB el
Bg% tt%rg)lphé es. B falq{lé l[fsssa%a\%lgrc'aﬂﬁh’%ukbx% Bcgé}%ﬁé 5H9nclgcord1ng to

: er a a bacteriophage selected from
Nitkadhrd BlBB@ds Mdladns. BRI aBa&BRBﬁag@ NewbY ovdtt intenscpamca

mbi f h '
SEeR R ol e HeViabe S0t GtmEoes) Sad Mg °"
' Hﬁ(lﬁ@ltohg fhr egkﬁ&qsu%g &> CRRD MBS 'vﬂn&hﬁnﬁ@@ KARGEALS heds.

05|t|o disclosed herein. A kit may al so
i @mﬂlem piaqpecioaded within &10 hbu;s bBletyessi wrh aghf(r@rbdf ortdigar and

i nvention for decontam f

ERO BT OGN BERBGLL f BRI TR et dnrdrergite
t BaHal BBYsFRqNUGRH DIBASRA MAW ) 3hE gRfwiR I Ba sfeyar@tbam ng
the container iAto the area and providing f

C exprariment] thre¢ ey ehage ip¢latep W@te@ht%%@@eseﬁmdm Bhage
|ner re
TR iAo S L o AT B0 SOt OH, Bbp 120

alﬂs@ldt@@hé 61 pafsuad fEeRa nGeIaelraﬁoﬁmeteﬁm oatsh@NmuApoBa
thro h use of an expl osive charge that wl| dellver

aeSBPiwﬁaSg%R@)ba@@nap@gﬁﬁ %r@@resemﬁé in kpkle 1 or
d econt %%t@@(‘é}! escithk%?{r F)ggf?as MG §B§1 gn& aBp ?iaswere

capsul &s, ’squeeze tu es and the lik
Sgedwikby ﬁalﬁlafdeﬂC@ar phteylysxﬁ modified omoPivage ()P, a’lhotrhe I

RS B0 i B s o
bﬁgét%e{s% stBrild %2@?r35&91]1 ha esQQikbAl Pth 5Pad, S'B'PQa SBPS8a

erra are | us ant cis. Such packaded forns
aaged SBP12cwiraphyified by diffdrmtlaﬂmmlﬁugmmmf bantendl plate lysates

f b i
S 74 SoBie o rea iR pLASe shse i eabo S Sbl Fiiohgaby
t fi% éé@g%r(ﬁﬁ 860 REMBORREK nihied) ot B fesBeAsiRIll-70y of

cl eani ng t
Ultracentrifuge, using a Type 70Ti rotor. Smaller bacteriophage (MHWa and

$29) were purified similarly, but ultracentrifugation was for 45 minutes.
Bacteriophage pellets were resuspended and bacteriophages were stored in TSG
buffer (10 mM Tris-HC1 pH 7.5, 150 mM NacCl, 0.3% gelatin, (Carlson and
Miller, Experiments in T4 genetics. In Molecular biology of bacteriophage T4.
Edited by Karam, J. D. ASM Press, Washington DC. pp. 432-433 (1994)).

CP-51 has been previously described and micrographs published (Thorne
and Holt, J. Virol., 14:1008-1012 (1974); Yelton and Thorne, J. Bacteriol.,
102:573-579 (1970)). Phage isolates DDBa, NikoA, SBP1a and SBP8a appear
to belong to the family Myoviridae and may be tentatively placed in the “SP01-
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surface or area. The invention is further illustrated
by the follow ng non-limting Exanples. EXAMPLE 1

(fromDr. Terri Koehler, Departnent of M crobiol ogy
and Mol ecul ar Genetics, University of Texas-Houston

Mekkd Gidhs” SeMRQcordingSo Qlﬁ@m&ﬁ5&:eﬁf faQbndhic Kely of the L.C.T.V.
Acker mann, Departnent of Medical Biol O%F Laval

wﬁan&egﬁmﬂ@éﬁeéjlﬂwéﬁ@l}?%’cﬁ@%l@ff phie dueralianebns or
al n
(af)mlml & ST OHE%Xe W{Wﬁé %ldzz‘ t?é)é %1 R?&R%n%ﬁelbﬁlﬁ I—iJNEO

erri Hhi'er” par crobi 6l 6gy
apsuigvet, eI:M ABiskeH@.IHEE,, Clzlmets;BJ By Eetks, Tdxias Letdon,ss. dvi.,

featietr 5128{%83& Mo MereoetD -y Fsinelss Cuie 00 Vigkior ok, B-
( X@Q@e?ﬁ@?r aé%gétp §%2@39 152 (B00H eﬁ%ﬂ%héﬁﬁs%% abBut 1E8f Stifie

var. rryc:0| rrega eri um 4581
t N&ltdmgzitm;)hag’hs 2ppearéd torheCantoddtera Sm@]adg,l toafleriSphpgk y

oeottes 5P AR R et ey iy SRRt

Sb{@hﬁl g(sgﬁ%a Db o%f&‘dﬁﬁate%%ns 0 HaRK exendiid ¥&Josl e

ysics Lab, Laurel wer e purchased from
cbzhsleqx}ztte als® sugg&sbngamentrmlegalﬂ sleathy Baqﬁmé@ed\r‘lhwﬁ@)ﬁ

S alacpy Bty Ty SRTURGriaRe, of etk P i SLkehRail b
Cb%@@t F»Jlméa bmn%eneaﬁ R@g‘é]ﬁxbtt@queSVt Rafquay; €. Bb) ad
to infect Bacillus anthracis Stable, %Ilgﬂi vi rul ent

bB@Sh@p; Rohdgel VisreTowmnamyedlassifieationdng enelafge of g

S selsBRD Rinont oY i SRR il L Rork ?Lact

( Difuses. talrpattopp. 696- 100t 2EIM), Mle %&&'ﬁ’eﬂbynga&dg]/ehd pbllf. 8)
with B. cereiis 569 at 300C for 24 ho%i,{'slﬂ Cul ture
t

weprengasscoarenteichile, shatitapnd ppnreig!t K pepnyis)
Eg? 9]1;0 m (250C for 10 minutes) followed by | ow speed
rifugation at 12,100 x g (10,000 RPM for 10
m nut eShat tedGtdbility oB&ikeraand PRIBa wdst dEm(ﬁA)atﬂbbbeholding

2 lepsd5iss a0 b b k696 Rt haPes Fid UGS TEE® by
b g&gﬁé hé%%g ANEBV 2 3 ABELeFES BYBuNEE Corfidlalthsh Slbdued hB.

us 5 accordi ng to standard net hods éAdarrB M
Hinfe@aity ef DEBraafes 96 ety deoreksed ibiytomi s eneerder of magnitude,

while that of NikoA dropped by three orders of magnitude.

Host range testing

Host range tests were carried out by application of 5 pl drops of
bacteriophage suspension on NBY nutrient agar plates spread with 10,000 or
more cfu (colony forming units) of bacteria. Plaque formation indicated that
NikoA, DDBa, MHWa, SBP1a and SBP8a were virulent on B. anthracis Sterne
(see Table 2). These results demonstrate that the tested bacteriophages are able
to infect Bacillus anthracis. In addition to particle morphology differences,
NikoA and DDBa differed from MHWa by growth on B. cereus 55609 and on B.
thuringiensis 13366. In contrast to SP50, neither NikoA nor DDBa infect B.
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wonek/osf2ssvhi ch forned within 4-5 hours.

10

Publ i shers, Inc., (1959); Thone, J. Virol., 2:657-662
(1968)) and yi el ded nunerous | arge plaques (>1 mm),

formed within 8-10 hours. Plaques were either turbid
or clear and sone featured concentric rings. Three
pI aufuidis HWAel 113c RdH W, sbllltangh atndryhdlo Ziphlty wey biadilar to $29,

d
SeRRRARL RS CF PR M, Lo PBage ol ai es wer e
obt ai neﬁoéé&ﬁ%@fe?t’s Qgﬁfg‘ﬂ}eggﬁgﬂ ési%?)oaﬂ&'ﬁ?ﬁr%%ac%oﬁﬂgge

12a). After initial
i s6lTzree, Basteniot Rpwy 3218%8-34ir (1868); Themer BIVirol., 2: 657-662

SREREh Ry Bl anShed O D ﬁﬂffbﬁ%@%’é’ﬁh?gﬁg—%&%%D%a A MEwWa

Baehi§loh IR 880 hhfeeflon HDB2er é}{w@m EBilen). %%Fé%ae&&ﬂ all soil

SBP12a were grown by standard soft agar 'plate |ysi's
nobaqwr@@hagwme@ rsdect(:@mpUNma\me virwlant o B, arth 65T B6Re.

1 n ereu e, case of f29 nd SP5
{ nBaiblortlaB aufSACHR IR shfed R B3R SR eBRPeiite
DDBam NA%0a 018@%@8 c@%& 35609hn3BP Haa inesRisN9864.1 REndYr
differential centrifugation of bacterial plate |ysates

anl’imﬁ%\n SRz andMH We infgeiedieontiol Bosybsthie VA 1243 (host of SP50

OB 00gH B2 ARANE N80 HESRY ehErigheX sBsp e

LJI u}ﬁe@mg afdiBey deidd Tkglr,aPale 8&10?&]&)1 L8t IGF 183@@659)" N11|<0A
acterl 2 were purified simlarly,
bufPR3FL gg@% ??tﬂ%?&lﬁ dﬁbWSanfi@P lﬂ@lsgﬂi‘gﬁ‘éﬁﬁl@% from SP-50. None
Ba I [ S ;
et B8 LARIAGRBE LBk 2y LG L ENIDE B e g

15 Tr #881Homt aﬁi@réw@nﬂfﬂ@;amkﬂlm 0.3% gelatin, (Carlson

20

25

30

and MIler, Experinents in T4 geneti cs. In Ml ecul ar
bi ol ogy of bacteriophage T4. Edited by Karam J. D.

ASM Press, Washi ngmﬂergﬁ:}latﬂﬂrof‘l%nf' &16&994)) CP-51
has been previ ousl y descri be m

pu bl i shleaterit Piesings wears detsrmined by SMgkmtep gl‘Mthl@Q%nmmB

o550 B0 PSS 195, S48

aprp«earn Mmeb@lhﬂbgldg@r dffb@cté@dphhge Wy OXib LR Aash, TAY. RSM
tentatlvel%/lgpl aced in the PA i ke virus' enus

ackisPs rghingtanHCripns 21432 ﬁlt99f1)a)56h-‘b?ﬁch¢4b®ﬂC fJ. Qea. Physiol.,

I \/; | 7th

A RO PR s b AR st

Vi infisted UMD tceld ctilyuresin veggainlyds g phase A gl 0\03). Eﬁi¢qlaﬁbn
W% CPE?I &wﬁﬁmm foﬂﬂfecf%r ﬁ@f@m%vmﬂefy 15/%%93‘%@?@ fipe

J bac&’:ﬁbﬁ!ﬁg@s alappFoxim@f) 3/ Gl Wote Fhat Bacillus is frequently found

in chains of cells, and so it is difficult to list MOI with close accuracy.

Bacteriophages NikoA, DDBa and MHWa were released at 25-35 min after

inoculation (Table 1). Bacteriophages were similarly tested for culture clearing
by inoculation of 2 mL of early log phase UM20 culture with bacteriophage
(MOI approximately 1), followed by brief agitation and 4 hrs incubation at
25°C. In 2 experiments, cultures were partially cleared by DDBa, NikoA and
MHWa, but not by CP-51 (FIG. 2).
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Academ ¢ Press, San Diego pp. 43-52 (2000)). Tail
sheat hs on about half of the N koA bacteri ophages
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i sol ates SBPla and SBP8a had contractile tails. Mny
bact eri ophage DDBa virions displayed a "tube" of
approximately 53 9.5 r Pmdget884isng beyond the base

pl at e, aI S0 suggesting a contractile tail sheath.

Bact er T8 ‘%’F—Mﬁ’ lageyweke Qbsev eIy A HNE REPPOFiXS|in Rearly

A0 R g G e

Fabguet in Elecivbn nacrdgBplshiapt shbwnM. Clear (GP-¥1 ¢)usd turbid (CP-

Sl AP isplafe Ve STt B s Bdres S fausighand Doth
%éﬁ@%ea@éd 4 pH5I&8 and DNPB&B‘H}ISJHSOH Psee %@l@w) 18R4xR00) ),
du co

to its el ohgated head | ar appendages,
namegigatiant of cold thpetattraidstabildy appPeXi were @kgrenel@i Wyorne

2t Bl aaet L NG PO RE oh TrsirRokinbiehy S ™
alMl&%Qfal fo3. 593158@ (BF6ho Wa@teﬁa'bw}%\%z@)o“ B0 weeStniciBatéDHm 200
nfectivity by plague assa was not tested

belbalﬁ @"ferpﬁl@ SCde?Tﬂﬁ”l @1feqy mr@alpmaée ang/TheCAAfaadtvaipes of
ter 9 d d
B BRI e S REAR S B POS Sl Slpae

Ofassﬁ'?gl’lﬂebidﬁigly ﬂd@ﬁ&heﬂ&élﬂﬁ)ﬂcﬁﬁdléﬂﬂ @athiﬁﬁéonbétﬁ@ﬁoh@ﬁfbﬁ lirgit el
carried out, by application of 5

b&tt‘ém%M%gﬁe%tH@p@ﬂh@“ﬁe et HEN, Iuiol Gt O 4920 T

f-
o ileithind i 30ARAET EEMET U Bl T iR
DDB’@thVWnn§BF’CamandCSBP&&. WMy &l dvti veldffeot wasotBerved for
ant hracis Sterne r{(tsee Tabl e 2). . These result

deBhigri st Adtisnslly e indPstbisaBsy af Mk d o

[ \

ISy BAGhlec B RORlethaclcflofiuel NitbA 5 PDBa (8 Hearcd
Mtdaisy) a BBNE Horarev&al dags ERIS. 55609 and on B.
thuringiensi g 13366 .

Ni KOA nor Bacteriophaged

al t ho“BQct@H%B%b@%b&%étéﬁ %ﬁ‘flﬁé a%ﬂﬂy k@{ysé gw‘a &@ﬁe%t eal

i nfect as does ran
tesllttsrescbmfnpcuieimlorﬁﬁf 25m10ﬁ®ﬂa( log plase Nm&ceﬂsdﬁg@ 0.03) with

D PR RS R TR AL hBlowBR by sl 5 hours
d infubatui 28 NS oduldtell BRNGIAG! fonaRiealgRe) dilked wEoBa

and
monitored for changes in cell density by determination of optical density at 600

nelther

nm wavelength using a Spectra Max Plus spectrophotometer (Molecular
Devices, Sunnyvale, CA). In two experiments, cell density decreased in cultures
(indicating partial lysis) inoculated with NikoA, DDBa or MHWa (F1G. 2)
compared to noninoculated controls.

Bacteriophage resilience under various conditions

The effect of various treatments on the infectivity of bacteriophages was
tested (FIG. 5). A cleared lysate was prepared that contained a community of
bacteriophages. All treatments of undiluted cleared lysate were carried out in

triplicate, using three replicates of each treatment. Treated bacteriophages were
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only on the basis of infection of B. cereiis 7064
(Table 2). As expected, all soil bacteriophage

anthracis Sterne. Bacteriophages N koA and DDBa shared
host ranges and were distingui shed from VMVHW only on

Btes@8 &t ihfecRvPP FndBdatBly dflaH Eddhak@REES ol 33RA. foNBEefaime
N koA a and MHWA infected control B. subtilis HM

128C( Hfsttivty @mBiestadhbly standard plagne assay (MRck-@eras RAYEM20

Ni_kgA b i.oph = i
PR Bl R T B iy
( 136800, wdNi tkAd BPPaLRRLLYmIOS] y4Hed thiduigh Ot45BuMSiyidér filtes

and so is distinguished from SP-50. None of the

g fiisher Soishtiids Aprespl beatBentsayease saryigd outyopineriag 8.LapL of
megat ef,i 458 b

bedF AR Sy hrdiegn o oS Blp N Rugf RIGR TR

dglaferer a0 2B YnIS| @b, SARquA wetdpuiied throegh thesprayeridto
out according to standard techni ques (Carl son and
\vsterikerglaspayals: nBhasprayingiway ¢arfel @il d HREIHE PBERP  of

b . _ )
CISAPSHRRLRRR Mo BB SR g B 159157 05
EP)GB"lﬂI_T foir ekelvd hourSamsealedyeddse tub,es.ZIZJdl&ﬁﬁGeSS 4uiflighB gfm tested by
relinmnary experinments s t t hat CP- .
ey R0 1S clyFare (h seeled G e {1 i gy g Abient
S0 . ! ) Lt DLic: ¢
00987l AOESHATHL DA S gbiciny ©
bagiBatioppifa 9o sulalysap i apeh ghdse tubed th ditent subight dthatbient

Bacillus is frequently found i hai f | 1ls, d
s dEmnerdared D ) raedopss el iegi o ol gatirsaisn Gferm

28r L RAGRRT b e eio b B ol ORI 5L SR i an
e e RR T
\évih_tlw?lba%rf@ra’f@ﬁr%éé C‘(ﬁ%eﬁiggbi_bg%% ﬁ’&?@éfﬁﬁaﬂ%g@ﬁf@%ﬂ?%ws
o0 3Rt e B AodiE SR B R oR, serleplpdlt el
NidlstPeodmd 1\t aldistanne bt bightGia fibn( FitGdan) steraque UV

o atepliresopropB 80 AGPT LI Bratk e SRaabich CA, Model

s%]hsol ates of CP-51, yet different particle
nor phol ogi es were never observed in el ectron
m cr ogr aphsB4ctatioginpemhrtidt earnc(uesl groteid anakysisur bi d

| col at BebieoRthEs an Rl TGl T pFu SRR LT Vaf Bkl Btusing

cesium chloride step gradient purified bacteriophages (Carlson and Miller,

Experiments in T4 genetics. In Molecular biology of bacteriophage T4. Edited
by Karam, J. D. ASM Press, Washington DC. pp. 432-433 (1994)), proteins
from which were separated by denaturing polyacrylamide gel electrophoresis on
12.5% acrylamide gels run at 150 V (constant) for 55 min (Laemmli, Nature,
227:680-685 (1970)). Gels were stained using the BioRad Silver Stain Kit
(BioRad, Hercules, CA) according to manufacturer’s instructions. Protein
profiles from CP-51c and CP-51t were nearly identical, differing in an
approximately 48 kDa band visible in the CP-51t profile, but not visible from the
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types increased for protein and DNA conpari son (see
bel ow). Previous investigations of cold tenperature
wo p@baki2Bs ty of CP-5 lwere extended (Thone andP&DUB2003019644
Vi roI , 14:1008-1012 (1974); Van Tassel and Yousten,
Can. J. Mcrobiol., 22:583-586 (1976)). Bacteriophage

( IQASIB‘ ‘!@gdﬁtalﬂaﬁslﬁ&IrﬁdOtﬁbrammﬂﬁon@ﬁn proyéih ipEofHey/of the
broth (Di cont ai ni n / mL CAA and vari ous

c &%’céhtspbﬁt%dﬁ@e bfm mosg)wﬂmaerwy disferepcepotpeyerabbangs or
Zlbg&é 4§f21§ re%éﬂé{%e@éﬁﬁ% 1185%% svdlpfggh&em@ﬂle
tests O Iva

catl on concentrati ons were
t devkDoMAMGH hﬁ@ﬁnmﬁ@adsﬂ@ﬂﬁltaam‘selﬂﬂm a pirified/CPedl

14:1008-1012 (1974)) dth
5 oruliprepthsp %M@ﬁl%%a%gﬁ Bl %?e .rlg%{ﬁ]%@& ch é@@?ﬂ?ﬁg
dypj M{%%l%gplﬁﬁdza bRt &&@a% bpt6xiglh @6 50 W% and

observed for co tions of divalents. Additionally,
t loéherwise dind peoteit phitdring ¢istrdict KiokwBP & d NikBa, WBBa and MHWa

c RuTa Ry eCsbaeado 5af vt oLBYRr el s ey @Darpaor 3126
B@&jae THRIPEEE Ir¥fleDt MIHTWab LIRS E] that it 1»9 %t MHWa
Bact eri ophages were tested for the ability lyse

10 ( déaawe) alsirqug dodtdetat aledult 56 d{Dtaumleese 39 dmplau&ha fingledand
m._of early | ph UNVRO 60 = Q.03 i th
&&Séupgéfﬁégéﬁa%@mat% MO e ‘W(‘ﬁ}ke g Seis- Hyotein
I?OC lfégllega Iﬁlg%éféggﬂﬁf%d'tﬂgfipg eligateﬁI Lﬂn%ﬁgacbut differed

contro noni nocu turés were
rmnnsﬂzesrmzﬂ zﬂmndaﬂcan@%ds beloel 45 klensi ty by determ nation

of optical depsit 00 nm veI engt.h us
Spectr Stsrophase Spdted BONOr onaves VeRpre Coi B ces,
15 S‘fﬁkfé\éﬂgété a%)[%%nt sfnﬂlah‘ﬁ@s BtRREH RRIAS DISIS, SP@@ NI Wa and ¢29.

decr eased cultures (indicating partial |ysis)
| Bacteriaprapesivtere ddphratkd aE)BBaadscm ammn(aﬁ'dlsal 52¢/md oegpam ed

nocul ated c rol s.. resil.ience.
LBl B B et emiting ket CoR GapsaitueS Bing an
U ISSRI93E R a93‘2 BMRPM‘( 86D hblifsdat Qf)"Cb FAhRAIrAIFISEAE 0fREIUm
tested (FIG 5). Acleared | ysate was repar ed t hat

c @hloalldnelﬂlnﬁed bmt@mnp&lygqsfwenia deratired by eiding Apr 4 minutes with

tr e ted ar rried
20 ¢SSR Re st bt SR B PR ARE 2801
t leRRtrbPdresid b€ 22.8% RadiaidegRhawn et vw@hstamed)ufscmr 65
i nfectl Vlt?_}%/ i mMedi ately after each treatnent or stored

f Ringtein &7 MM s RutfaneH §.hf Gel AR §ilvgastamed paigg gyilver
AT e e
r &iko A ADPBakFantd (MEWaoiil displayed prominent bands of approximately 50
25  kDa, but differed overall in terms of size and number of bands, especially in the
range from 55 to 60 kDa. The protein profile of MHWa closely resembled that
of $29, but the MHWa profile featured one strong protein band between 66 kDa
and 97 kDa, where the $29 profile displayed a multiplicity of bands in this
range. The protein profile produced from SP50 resembled that of NikoA and
30 DDBa in the 50 kDa range, but NikoA protein was distinguished by a very

prominent, sharp band of about 97 kDa, which was absent from both the DDBa
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tol erance was tested by passing 2-3 nL of |ysate
through 0.45 mMnylon filters (Fisher Scientific).

of |ysate through a nasal sprayer. Lysate was punped
through a hole of 0.2 mnmdianeter at 0.23 nL / second.

ALhSISPES p il Q. IBPRD Mo Udtked S etdl BarkiR ¥ BSuti4B3tkDaSthevidre
glass vials. The spraying was carried out 3 tinmes per

abregerstin bodrpigpAtanf ®RBa-al s i nvol ved i ncubation 100 uL

| ysate at -20, O, 325} 37: 5 [ ggo&,lf:or twel ve hours
in sealed glass t Jeyst fba%tm% hage i ght was
t est ed BayteliophHpas were peilett80ymigh spsad eenimifugatidnethddlostdSNA

tubes in direct sunlight at anbient tenperature (300C
{ 6nd ROUy chiotmisd L resPAREERCOTeLgs T ST Wale L7t by

i T{%ﬁ??k&é&[ﬁoﬁfaﬁé %llg‘%ﬁéﬁﬁ&té P, eﬂ«l:sa?igl\éf)c ﬁ?a(r) .'belogy of

dite unl't ght "at “anbi ent tenperature
t baaeridyhiaps T4 Theiief heKuamy. Bak$Medhrgssh Meashingon @I fp. 432-

" AeChrong Gba1 R Ref Sliaiea JiSi e Sisoetibag et anheespelets
%rggél‘?ﬁéﬂug%ﬁﬁetﬁgfﬁéﬁﬁ{%ﬁ%nﬁ%@Aﬁﬂ%r&ﬁﬁﬂiﬁon%@ygﬂ et al.,

n perspiration at 0C f'or e1ght hours.

UBtistastinpdues, 1:604-519 ¢I989); Rlatpheand Bevgusstt Septaeadiopypf girpses into

exposur e  of 0 dr, of A e.(o teril
N e W Y
eiRPto Vel I O Mcadentia el NS YoHWY e1d3V5 45 @D6T)).ZBINADas
lamp (0.70 anps, U tra-Violet Prod. Inc., San Gabri el
Caepangie by 08l83q fielBAVY A elespnplpsesie(Staveard ebaly, hémnelagy and

prot ei n_anal ysi ' particle .
DR Y51 SRR %Y S R AR
Stief iERERE froRUr fof I26@chas ek tapbies &venil B omimd
MIller, Experinments in T4 genetics, In Ml ecular
biagtress/eds ingheX difoliriaberattaEDES) belderppHidat- £agnomic BNA
ASM P i shi 0 .
e
PONAdy dilkate ([IE 48| kat 2 opipesxmbislycrd KY), Béth adgmpliagbelew

R A G TN M —
LRGB! ?&Eﬁg, bokth c%{j) a& @.N%ﬂléss Qﬁh@m? afdednfll 188 the GBhus (140-

accord ng to cturer’'s instructions. Protein
prl66 kbl SMEFWmDORA BligratedduEbelont the@d.d kbanarker ascapedteskfor a

dif 1 in an,a i mat band visibl e i

¢ e TS et rRe. Il ot b oL BB R PBr Enefioded o
Phahdd i efdabphdolic EPAWNIN (PR Feld sitstdhabidogiss, FIG. 4A,
protein profiles of the -5 1 isolates were limted
miatell yFiCo 4Balames P &y 3)l theftep bardeef varick mgasuaed #nprergmately 20

kb in size after pulsed field gel electrophoresis (FIG. 4A, lane 1). The set of
3 DNA bands between 9.4 and 4.3 kb measured approximately 8, 7 and 5.5 kb

(top to bottom), which sums to 20.5 kb. The smaller “fragments” are consistent
with DNA from partially filled heads or partial DNA extrusion accompanying
“premature” tail contraction (in the absence of host contact). CP-51 lability is
thought to result from such tail contraction under cold conditions and electron
micrographs depicting the contracted tails have been previously published
(Thorne and Holt, J. Virol., 14:1008-1012 (1974)). The DNA from purified

particles is suggested to be “what is left” in bacteriophage particles after a
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above 45 kDa. The difference between these profiles
reflects differences at the | evel of bacteriophage

wa@reoaioss2Because CP-5 It arose froma purified BPF5$2005/019644
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culture, then was nmai ntai ned as a stable isol ate.
Bact eri ophages N koA, DDBa and MHWA al | displ ayed a

PSBRIaREAl tprolHIb s £ tBE b@cnai@hhg@ﬁc?hmnaﬂ hisPanduigbne the
ot herwi se had protein patterns stinct fromCP-5

NPaosrActi ippRafosmatiqualghifl japg é’feé‘dtm#dtlé]ﬂﬁshaéfbeﬁfb%é%%’c@
D 4 L R PR B g

2fhe bands ivthiéplotiktsupeeht thash imgoﬂomnbheif theet paaticied inaGakpe

wh f di spl d
p¢0§%§w§1% %%3%4%5@&% 28 fkgb b@@kﬂézeép hesniztan é’mg
N i% T PRI L& rf?g’v'&ergarf}f o ??g&r;{tﬁﬁ@ng%l tgd eﬁtﬂﬁlon of

proteln pro but din sizes and
abbid oA oy bandthréredhovseribs ddifdiscBaet senisolshuigg predictable

08t PEBNLIHED SRSt BartEe o Al bR e o st
KA MdBDRAdhw& st%gteefdeﬁ&fmeﬁum&@taw MRCARE Bfse

bands in approximately 1.5 g/ cesium chloride
gisalates idndgyshewany ﬁvldgmelocflfra@mﬂdamkrran L-70

ul trac ntrl <an SW, ot
for 2 gﬁ(}v% tﬂ% geﬁlgfnd?%pr g‘tﬁeﬁ %Esc pegreeg Slg}r%%hat
cht iﬂdﬁi tmtrdfbpesiltb@@ﬁa@dar@ phagphoeisqetiqned agaeshe) b(ysx
boi for 4 mnutes with sodi um dodecyl sulfate and
2 B o thjansbanb 5y Aty e INA Gendhegvesod il b oF G
1 50/ 5
1 A BREX SELAR 5 Asd B8 SAISE T Bl tp
SD)NA'\EﬂldlS gﬂohg Ch-53t hiV eppeatedi appﬂoxﬁnz(tﬂydrlddsm%r (0: 1} Idﬁlsmmor
CA) accordi to the rranufaturer i nst.ru

% omih kB ceriaismasolaiss af playey dp?%ﬁ%%aﬁﬁf Prfie toe
aﬁﬁzglpgﬂn g&trﬁﬁ)ln)bf ﬁgb%l%a L%y thudchIgE %glagééq{e%lj ga'v@ n‘é@forfﬁea‘i’f

si ze unber of especially in the range from
Splatees6 @vieRdl, thEIsmotmeo/taeoms pe ocﬁnsiseentbﬁvnﬂn-ﬂhﬁpcdsalewf a

RCER B -RRoRB11E HERIFBH dor (860 Mo logh of G iy o Fom

Woglegr f1igue 29 profile displayed a nultiplicity of
bands in this range. The protein profile produced from
SP50 r&ddnpicdophages Wete sNidepiible FridiRetigniby resEctEm k Da

but S Y,
RS SRR BaghE o B B R e R,
apB50) DINB A WIHW dunldhthi IDRaesidtr SRS diti odl kesteptBihi taidest
| acked several bands of about 45 kDa that were present

i by BBt B Xak b ASsAfopReg [ and Hine Il (not shown). Thus, FIG. 11

demonstrates that restriction digestion and mapping of DNA from

bacteriophages NikoA, DDBa and MHWa is possible.

Restriction mapping was conducted on bacteriophages NikoA, DDBa and
MHWa as follows. Bacteriophage DNA was obtained from bacteriophages
purified through one round of differential centrifugation and subjected to
cetyltrimethylammonium bromide (CTAB) DNA precipitation (Del Sal et al.,
Biotechniques, 7: 514-519 (1989); Ralph and Berquist, Separation of viruses into
components. In Methods in Virology. Edited by Maramorosch, K. and
Koprowski, H. Academic Press, New York. pp. 463-545 (1967)). DNA was
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Anal ysi s of bacteri ophage DNA Bacteri ophages were
pel |l eted by hi gh speed centrifugation and host DNA and

with DNase and RNase (Carlson and M Iler, Experinents
in T4 genetics. In Mlecular biology of bacteriophage

T4epdested 8¢ 2 BylskafialMDN A. eldtropialbdrs pmeddfasmdngﬁmnm
pp. 432- 433 (1994)). CP-51 DNA was obtai ned fr

r &%géﬁﬂ@wa@g@pb{ Ligmeloey agd Ocgd 3 @i} 1697- 1706 (2000))

SRR PO 5P RS gy

Rainmdﬁmafedsﬁgfrqm Isto, 12%pemhtat oratodf l/sercoﬂésveryadxours onl %
conponents,

w@gan%? glein J R¢ Tgﬁd? Bb%@%f?%ﬁﬁ gxlﬂ@glgfé%?aga b?ﬁéf‘s@%bv
engr)D%& 846 %ﬁﬁ%ﬁﬁ HIYBA (FIENY pRfied rsﬁglﬁf& IngePﬂhlaﬁ ed

electro oresit s St ewar . LCi mol ogy
N Sxferam b@kcaspbuyspsmsfhimmm@a@ @»emw that971<8 rma@cera v

DN et ek A 2 Ty 13 R Wi TG AP e

Soh B o TP o T dlﬁﬂgads;f'rvﬁg?%r;nﬂ

8 uk palaPptabands betwghn |9ylndaﬂ Qbr than DNA from Ni koA

bel ow (RS FoRY HaAkBPL4 FRous afd i i A ike I
t i %é@ﬁbly 6Y Yes@izBbH @%nh@leﬁié%co WronllégiﬁeMéﬂszﬁ wgenus,

genom ¢ DNAs (less than 97 kb) are small for t he
g éfrlenstro(phdl@tlc depdraiioh (InMINAZIDN, mrgpaksgﬂﬁpldﬂecbepmmﬁ &1G.

it P piR Bhe G EARRI b sy bk endpuplsnes

di 'cﬁ sayest $°6 (Rabdisng 1o thé ﬁﬁﬁﬁf@&h@f‘@ﬁﬂs&u&t@@ﬁ) flvbA&d that
sed field or standard g&h FIG 4A, lanel; FIG
e

@nly SREEDN Agv@)not segepigpe sepn RbiifeR Rehstiered

r,.OX Ve 2 after pul sed field gel
el éStltnlg%%ﬁlggétsflms?Q Pé?oéaﬂibiﬁa ahe 1). The set of 3 DNA

bands bEewesictbnbattrth of. Eokill dipeaied MH WapDNaxichalel y 8,
7 and 5.5 kb (top to bOtt,dgt) whi ch_suns tq 20.5 kb.
Trfferenl ﬁr@nenfSraaé reastcdearly datferenidhan e patiste AroohNg2%-r om
] |
ISR PPN ARy 2oRhg BRELK) Wi R0 11
ak;ﬁ@dubed D)Nm ﬁrsgmenm bﬁmb)follcﬁﬁng Apﬂ»rabmhaté ylzeﬂbhdepmg;m 18086,
contractio

o0 10AEgRH s o s St d8hs PR 20R2264,
CoasbRsy e et batlas s Tou
f (epprpxiniatdl 22427 basepairs) with Eco RI produced DNA fragments of the
following approximate sizes (basepairs): 16801, 14691, 5679, 4690, 3934, 3057,
2309, 1973, 1611 and 1357. Digestion of MHWa DNA (approximately 19839 to
21484 basepairs) with Eco RI produced DNA fragments of the following
approximate sizes (basepairs): 19290, 16547, 11062, 9026, 8117, 8373, 8020,
7737, 7180 and 6245.
These restriction patterns can be used to identify bacteriophages such as

NikoA, DDBa or MHWa. Endonuclease digestion of DNA with Eco Rl in

particular, as well as other endonucleases that are well known and commonly

used in the art, will produce unique fragment patterns known as restriction
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particles is suggested to be "what is left" in
bact eri ophage particles after asubstantial proportion

contractile conformational shift and the extruded DNA
has been di gested by DNase during bacteriophage

Pbappih€ aR b@fctidrmiPiin@ial isinfon rhbol nkeisichiracterdie dndeo
bands 1n the profile suggest that a | ow proportjon of
t ientpfymurisiceasidsnpartiqyaghy Bracanecss of kbt g}at B%‘ﬁdwf {%eeBNA

( ge%ger?cgd.k gﬁ%h hBRoS FRR 285 bhiEusaRb flralMy e dnbi 3ETRRY S
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exirises hihbfericPhipks Bivh aveydeacvinus-2,Hr phagh, M13 end ¢X134.

"di screte"” steps, |eaving predictable | engths of
i Methods padmateralsHagestsiahon @P@ln&ﬁ%‘?ﬂ?}biﬁﬂqwfb%]@? %%A ol

bat . N i f

oBiaadle MR R RORNED, MISBA MBI (R Gene
aBynjemird€maminds Fubhghipg Campany, Ind. (MeslodhslerGA(l 28T xt

t he "gepom.c" of CP-51 ear S at...|

t RaRDRRRE s oS Glouna LA ROBR L KeubRb Pal Rt gR

(&% TRE. | . ;
HC el e e e

t Bevaatys MA Heevpn) Gews MIBIQkford | Uivensity Bressratess Y orkh

carrespandi n ban rom CP-51 | .appear
IS B Rae LS s BB b ¥ The S &t AR A PBBABE EEhe ow 4
KBetefmfihb@ivith h90VR&ESE, PlefcrdblP3% Ml shdaeRIréfaablyyl %gierer
rise to a small proportion of turbid plaques, but

op: Bt (Fldel einbsAnalyBiochen:.e128:383 €1983)ear pl aques.
Overall, these observations are consistent with the
possibility of a deletion in CP-51 c¢ having given

rise to CP-51t and t hElet®@6® niérdsBepyabi ity to forma
cl ear plaque. Al bacteriophages were susceptible to

di gest Basfetigphase suspensions VErRuRIALRd anewper giisyhth -1 o
LRt i 0Bl 5 B S g SO0
s iscetpeivei in 4 JEOD 18DGEX tscamyingpamd|tranymission eaon magrdscope
X | d Hi I 1 t h T . F

2 0h 4§ Dt Tottan Ootss AR siict oo DA LHAS B hg of
DNAclob QP Iaciisy (rphasRat MiBeAy, RRRRSARIUNMAit), Ames, 1A).

possi bl e’ Restriction mappi ng was conducted on

bMrgeificetitragese bhikmhled bPpBse efnehtalapsrystals dileesies microscopy

s RSP A ER D LR IS A BB 3001

Cepa (194 ?@a@t@ﬂ%gé Y20 & Bkl dedGR ta lihteinaPdtindaagiead um

brom de (CTAB) precipitation (Del Sal et al., .
dimensions about 50 nm long x 40 nm wide)(Ackerman and Dubow, Family

Podoviridae. van Regenmortel et al. In Virus Taxonomy: Classification and
Nomenclature of Viruses. Seventh Report of the International Committee on
Taxonomy of Viruses. 7th Report, pp. 106-109 (2000)) in the NikoA sample
examined by electron microscopy.

Analysis of bacteriophage

The characterizations disclosed herein, including electron micrographs,
host range studies, protein and genomic DNA analysis and/or restriction
endonuclease digestion establish that NikoA, DDBa, MHWa, SBP1a and SBP3a
are distinct isolates that differ from SP50 and $29. MHWa is $29-like and may
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7737, 7180 and 6245. These restriction patterns can be
used to identify bacteri ophages such as N koA, DDBa or
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Mixtures were shaken at 150 RPM for 12 hours at 30°C. Mixtures were

centrifuged at 10,000 x g for 10 min and the supernatant stirred for 15 min with

5 mLs of chloroform, followed by an additional centrifugation (as above).

Supernatant (cleared lysate) was stored at 4°C with 1/30 volume of chloroform.

Bacteriophage treatments

All treatments of the cleared lysate (a community of bacteriophages)

were carried out in triplicate, using 3 replicates of each treatment. Treated

replicates were tested for infectivity immediately after each treatment or stored
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a clear or turbid, shape, without or with concentric
rings. b SAP - soft agar preparation. Al isolates

formng units * ND - not determ nedTable 2. Parti al
host ranges. * ND: not determ ned Bacteriophage
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t ﬂyqatq ipapen glass tnbes3n daptt swaligy abdmbiguhtemperature (30.°C) for
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nmLs of undiluted cleared |lysate through a nasal

a@@%@ﬁhﬁb%% rhghtﬁaéﬁfl@éﬁnl‘?? gﬁl%cmégonpaﬁﬁa@%ﬁrd Rhertga eV
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guot s wer through the sprayer into stef
gIG':Ssl$ vials. The spraying was carried out 3 times per

aliquot. Tenperaturge trials inyolved incubating 100 m

cleared |ysate at -Eﬂﬁ‘iﬁ,ﬁ’ﬂé&&-@m"—%r 650C for 12

hrs in Q8RLEENIkoA, DDBa, SBP1a and SBP8a resemble SP50 in
morphology (see Table 1, FIG. 1), their host range studies, protein and DNA
suggest that all differ from SP50. Thus, NikoA, DDBa, SBP1a and SBP8a can
be assigned to the "SP50-morphotype," but are distinct in terms of host range,
structural protein or DNA structure. NikoA, DDBa, SBP1a and SBP§a are
SP50-like bacteriophages, unassigned members of the Myoviridae family. Based
on morphology, MHWa belongs in the family Podoviridae, and is a member of
the $29 group, but MHWa is a separate strain based on host range and protein

analysis.
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dﬂ I ogy, MW belongs in the fanmi |y Podoviridae,
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ot DR sonTirdhS PR e g tor S

incorporating the condit1ons of interest during bactenophage increase to select
for variants resistant to those conditions.

25 There are factors that may be considered when subjecting a wild,
presumably diverse bacteriophage community to selective screenings. One
consideration is whether the treatment alters infectivity. Another consideration
is whether the treatment affects bacteriophage diversity or species richness.
Given the direction and guidance of the present disclosure, coupled with what is

30  known in the art, one of skill in the art is well equipped to respond to these

factors.
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| ncubation at 55 OC reduced infectious titre
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conpletely elimnated infectivity (not shown).
Aerosolization, 25 0OC treatnent and treatment with

er gXINMPY Ees Bbéteﬁﬁpli@g"eeshlﬂa ANICS BPSEatd Stradthefly Distiyct
of the cleared |ysate. The above tests denonstrate
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ed mh n_subj

fact t hat d

et PR e B R BRI Sl M,
S@ITAT, ISPS0 %HWQMIQ?@ DL GRPBAER WAk SpakadedRahgy int he
treatnent alters infectivity. Another conS| deration is

whgritheimatdie 1 Srgfe resinm shloeide graimotsdryi asphigfygatiah wzea Sity

o] e chne G ven t clli
PRS0k F AR Riass 62 ST bl Y s
| Bt 40%€. Biructuf rérbing bf bdsﬂnﬂcﬁl&@d tiri fiicl U@{ehoﬁwgbﬁﬁeﬁ
to respond to these factors. EXAMPLE 2: Bacteri ophage

sém@lraql] by beibgg fer emotescvith sadiym dpdecyhsulfate angh srparated by

ws RSl B PRBs o do 2o F Ber il B ITR0
| BorsxaPoles for 6Amia@ssin 25&611\/1 Trid buiffer a8, eGelsmmluezal

anal yses, of bacter.i age SBPI a_an BP8a_ wer e
c Siatngd peige g sil a%tsgaﬁiﬁg Fculﬁsgl apRoeding iodbRages

Sgphgfa%pehg%s@ﬁlgu&%par ate |soI ates of the sane

bact eri ophage strain and to ascertai n whet her
bact er Asphage ;. HEP| 14, NilchA3 DB end N8 Waaikdisplaydd fpf@nisant

]]: 58{33 ) %}t)per{);(mPatgg%Oﬁ(Haa'LlﬂSdlf%re oVerzla?anaferrﬁf gto §ize|\é|;1“é\é}1u%1nbder

of bands, especially in the range from 55 to 60 kDa. The protein profile of
MHWa closely resembled that of $29, but the MHWa profile featured one
strong protein band between 66 kDa and 97 kDa, where the $29 profile
displayed a multiplicity of bands in this range. The protein profile produced
from SP50 resembled that of NikoA and DDBa in the 50 kDa range, but NikoA
protein was distinguished by a very prominent, sharp band of about 97 kDa,
which was absent from both the DDBa and SP50 profiles. SP50 also lacked
several bands of about 45 kDa that were present in both NikoA and DDBa.
However, as shown in FIG. 14B, the SDS-PAGE electrophoretic patterns
of proteins from the SBP1a and SBP8a bacteriophage isolates are different and
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Thus, bacteriophage structural protein analysis was
conducted to investigate apparent simlarities and

walkdobesetes bet ween SBPl a, SBP8a, N koA, DDBaPCBBSD5/019644
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MHWA and f29. Bacteriophages were separated as bands
in approximately 1.5 g/m cesiumchloride gradients by
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MAWaessioofNd. 8TRed 1% ed one strong protein band between
66 kDa and 97 kDa, where the f29 profile displayed a
multiplicity of bands in this range. The protein

PrEgX A IVEPTEY, 96 Ui ebridl @RGSR & DRsiaiEhka & ollb@ingS pridy Kkréaaneht
DDBa in the 50 kDa range, but N koA protein was

di sti ngui shed DyjecaBaeillys grtbraciscrrores withdhagess of about

or of 1 152! Mo 8Fihe ARAER b ARNBh Pk AR A abiiEto
k Band thaporeesel weendnt badterlad tdllsNs kbinpumtin&@DBalevtlopmger

as_shown in FI G  14B, .the SDS- PAGE el ectrophoretic
pabegsrhasedtherpeitis, ﬁgopﬂlwgﬁﬁu‘mé fg’ewtama}?&% igations.” The

P . . = BFS. _
I s pie sogate e oppasdnl ot gt
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e e T e B A
WicB&bhﬁﬁmﬁrEﬁ‘lrﬂhg@% id YORribel Hedéif. Somle@Bilratbridtitd 80 phages

University Bl'vd., Manassas, Va., 201 10-2209 USA |
( ARECR pnch§BRICGIrpetuesd-pradein Rasedpmrns o6 distimpishing Bish sheilar

TN R AN T
CulriBub iRl £6 hise dedcHBE 1
Wild assemblages of mixed Bacillus anthracis phages were grown from

urban topsoil slurry, increased through one rounds of soft agar growth using
standard methods, purified and concentrated by differential centrifugation, and
resuspended in sterile SM buffer, pH 7.3. Several phages were then selected by
binding to B. anthracis spores: one hundred pL volumes of mixed phage
assemblage were incubated with B. anthracis Sterne spores (100pL) in TSG
buffer (pH 7.4) at 37°C for 60 minutes with gentle rocking in siliconized tubes.
Spores were then washed repeatedly with sterile buffer to remove unbound
phages. Phages remaining bound to spores were detected by standard plaque

assay, using dilutions of washed spores. Two wild phage isolates were selected
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Uni versity Blvd., Mnassas, Va., 201 10-2209 USA
(ATCC)) as ATCC Accession No. PTA-5072. EXAMPLE 3:

Treatnment of Dried Bacillus anthracis Spores with
Phages. For phages of the anthrax bacterium (Bacillus
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g POO#IN prqﬁhaiﬁ@&a%@ﬁsm -10% lgmdﬂcgnt gﬁlﬁcﬁﬂe(afs%%ln@d) revRgtedonkd

ﬁc?tfrglggr f’e lt&;gﬁg z(hrt r é%l 12 qgsf ZéreZe%?e% %aggst\yé)rg%ble to

c edVher Bl HRMEd R veg@EvE eéilJﬁBEll”fﬁﬁﬂ dried spees. | BacfMaluetthiiating
pH 7. 3. Several phages were,then selected by binding

t drom. a drindnkOuek dropdsprigining 0’ rrdﬁd &Y Qiﬁ_spv@lsh‘i‘f%@ agpost

L R S
atPFEAAL bobothGeletted hhsgead %c@&sﬁille\/eﬂs}@ﬂspmged—nn phages
siliconjzed tubes Spor she edly
witlpwehigprepsediarieds] rgite #&8&& i %\aﬁ@ég

r %ﬂﬂ'zﬁ 2R chy%résocaﬁ%%ﬁ?o%ﬁﬁ %o%%hﬁg Bx esﬁa%e&iar d

pl ague assay, ‘uslng Ions of was sp ores
V\Atlheuiappmxgmd deobmibmsnatien episislaticnss dadhd. cddmzcw kpédg@@an be

| a e char act ristics, ruct

Y e e S S S T T
Kighdrtsdg B. anthracis Sterne vegetative bacteria when
applied to dried spores. Sonme conparisons were nmade to
ot her phages, including norphologically simlar phages

E}gtfﬁ SPA group. Phages sel ected through the

| ndi ng nmet hod were distinct from phages

dom naPh#}@s Weee RoRtddahd measmﬁemeglefseﬁmﬂy elaadi plaquas
soi | assenbl age, i ndicat.i gg that sone

S OB 5540 86 ARPTIRRIC PRt SAREBE D) oY AT risRlated
chloroform clarified and purified through ultracentrifugation (90K x g for 30 min

at 4°C). .
Spore-binding phages were selected and enriched by incubating 100 pL

of phage assembly with spores of B. anthracis Sterne for 1 hour, followed by 3
washes to remove unbound phages in supernatant. Spore-bound phages were
detected by plaque assay.

Phage suspensions on carbon-coated Formvar copper grids were

negatively stained with 1% phosphotungstate pH 7.0 and observed in a JEOL
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assenbl age. Based on virion norphol ogy and ot her

characteristics, both sel ected phages appear to be
woreibesRsof the SPA -1i ke phage group. StructRPCHEUS2005/019644

protein profiles (SDS-PAGE 10-20% gr adi ent gel s,

silver stained) reveal ed 8-15 structural protein bands
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compl ot B RARRR PO PSR ER U RhTBE ofhigh speed
W tdntiafagatdon phadge ipyllté) SeRftiedi(l admfati] 1979, |aad sathrnbdes .
Decreased | evel s of spraye

d-on phages allowed .
> i neleeErpdarastanetd-207 grasiing gel?hyé-D%ePeAeﬁ-%acwég&wf or
the.adkd hfe¥hotdg. BLodeR steﬁﬂ&ﬂgsglgé_ e PORLLSIRRS s Kit (BipRad,

i nportant tor developing p ased therapeutic an
detlerttiben) QA).i BhagedpDB carvdtomns proagids Berealsbhnalyrel @hagssof

oo Lot ol Sienshs (o Mars GASnies ThEfRpdD HeBimbotesis
eSOl A1 &BEAR dHiP(CBRARY ok IO dhlyBl syshanl al | ¥

i sol ated pl aques by ‘standard soft agar plate nethod .
10 ( Adans, Spe€9pf BrurifiBasigdtené weteagrewn (GhildoRofitanhet al., 1999) in

(BRI BB b ' Gy Yt 6F Wikt D5 8o
selggli&bwaf a8 hbabER d3YCiHEIPRGH NAsidORoRilvigdroRa@xing

assenbly with spores of B. anthracis Sterne for 1
hotrd pip@ting RERYiNp 1B SROaS RSN EEPITERSNS N0 SPRSiH deghniyes wiere
S URGh Q@Eégp%ate Eg%{b?é Q%ﬂ{édof@,g&% 6 hkd to?e"sts‘%ﬂ'lg%to
pl aque  assay. ageé suspensi oris onh car on-coat e

15 Fowvemmhizdpageti@r i ds were negatively stained with 1%
phosphot ungstate pH 7.0 and observed in_a JEOL1200EX
el ect r oRbagesPHYdERENenthypiercREind; Q3 bysrotiéng snoFestaadp TS agar

t’ékl@&s %ﬁgt@ﬁ?eé&]p%sylﬁﬁ Qlli&s a? ? %%galg#JBﬁ%gﬁér%J st&‘ggt ei ns

e obtained from suspensi spee
c etransifdricgataimmephage Rlelgk epray ndetvatsweeelmataepnas 500 pL

1910 SRR DLl S5k 8RR P ke -SSR ap
20 TP O g A g ) B LB
pr 61°eby pumeing thtough amatered derosnlsprag yleaee (Apothecary Products,
Inc.) with an opening of 2 mm, at approximately 0.23 mL/sec. Targets were
subjected to partial drying (5 min in hood). Directly sprayed plates were
transferred to growth chambers (30°C) for outgrowth of bacteria. Dried spores
25  were recovered from slides in 5 pLL of TS broth and transferred to TSA plates,
incubated (30°C) for 16 h and photographed to record growth.

Bacteria:phage binding trials were carried out in 100 pL volumes with
10° CFU log host (in tryptic soy broth (TSB)) and phage at 1:1 (vol) and various
concentrations of phage, in 1.5mL micro-centrifuge tubes for 10 minutes at

30 22°C, followed by 20 minutes at 37° (Adams, 1959; Thorne, 1968a). Unbound
phage was removed by addition of ImL of TSB, followed by centrifugation
(5000 X g, 2.5 minutes) at 22°C, and removal of supernatant from bacterial

pellet. Pellets were washed by addition of 1000 pL T'SB and 3 times gently
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Cal i per Life Sciences (Muntain View, CA) using Lab
Chip 90 El ectrophoresis System a mcrofluidic chip

W@ c@b/083288 prot ei n anal ysis system Spores of BPCT/US2005/019644

10

15

20

25

30

anthracis Sterne were grown (Quidi-Rontani et al.,

1999) in brain-heart infusion broth (Difco) for 7 days
( 3Rfadpi %A@ﬁhﬁ&t@r ub BB ddWh Dsifls §h blebichid B &DipAPE A16E% R/
to.65p(13n or 30 m'enb Asi de f?logn Vi goro&s vng"%{pexi ng ancf
pimppttte, g ther dewesti setting. sidortares seerd transfepred itorneststubaoat each

specj al .t echny gues re used to separ at ssi bl e

I ReshiSp Sadler peTet (d e s ouad piipds) Ve stspended

WEA[00iZ TS B ahdl BbirRipha Pt cs3Ystdnd St flBR HeSas¥E ¢ B.

carried out by spotting spores onto TS agar plates or

sta@ir¢4se depression slides as 5 nL aliquots under a

sterile transfer/contai nnent hood. Phage spray

m xtures were made up as 500 nlL dosages in SM buffer

( pkbsalts, no gelatin, glycerol 10% Tween-20 0.1% and

sprayed_at horizontal targets from 15 cm di stance, at

an angl@ughmestsigysnert-bindingryielded ssueral phypses of wdichphages
I L GRS .

e o ERR B er i) o R S SR G PO

mphsees. of The Ybtogiridae &es bpledt EHG.t118).pABP 1 @ahnddSBP Srgeahihe

¢ SR AR ¢ b B BBt S - e gPYe,
Drdeelgnae QRS ?ﬁ)téiﬁscﬂﬁedi&ﬁl&fufsﬁ'ﬁh%é $5814 flom JHpsal TS

broth and transterred to TSA plates, incubated (300
f crrordrehdsadndi gohiststyetarsh podteins ansictbatdliginguish gamma phage from

Bact eri h indi trial . ed t .in. 100
s SHETRE HIBE Gho At Fhafrolied PR vl e Bt ok
( EEPldyindphapagactatal proleind/idhdlvadiehe VR ble@Spherograms and

concentrations of ph in 1.5nL mcro-centrifuge

{ BB repgow frarm phazADBOn tho L Rines bl Sermcnd FUllatapot
37 LT 96 L1
- ShOOHE TroetsilecdBlhn MNPl RE A AIGHE 4984 sepaa)

cendre distigetftan phofe dokirgiting tHe drlgnil 66i) asdtmBRGe, iAdidating
re{lmv | of supernatant  frombacterial pellet. Pellets
wepad pﬁé&%w-wu&@em hasibesn selpgied Fpmthpmirrd assemblage.
gently [ : ] [

ol et} o EAebin sl iRl RRE DB S i redyced
s [vegeistivestetctariagoutifoxtthi frem speres foll@viaf direddptay tfaatsdnts of
tubes at each of 3 washings. Bacterial pellets (and
prBYSHE PHS®nd phages) were suspended in 100 mL TSB
and bound phages detected by standard plaque assay on

B. cerens.
Discussion

Therapeutic, prophylactic or decontamination applications of B.
anthracis phages against spores may require a well defined mixture of several
phages to increase efficacy and to decrease bacterial resistance. The
experiments described herein indicate that single phages, or combinations of two
phages, can control vegetative growth from B. anthracis Sterne spores and are
effective when sprayed at concentrations, for example, as low as 5 X 10*
PFU/mL.

The identification and distinction of different strains of phage may be

assisted by use of phage structural protein profiles. Although current slab-
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Results Enrichnments for spore-binding yielded several
phages, of which phages SBPla and SBP8a were sel ected

wo orocfs2Bher work. Both are similar to the SPQPCPOSeT019644
of the Myoviridae {see Table 1, FIG 13). SBP la and
SBP8a can be distingui shed by analysis of virion

St gragiedt 2d1 bRSQASDHNPATH SstehtsBire ST AWSE, ARBLE
stgﬂjctur%% pr ot ei ns thaﬁsdl st ﬁ}gwlsh ph%e SBgﬁﬁ)a from

Sm@nlrwswéwhm groghetdie gn@nr@ugb/rdy‘cqrm wil aspepnlelpges naaydequire

o4 Ot Ry S DR TR e 5 208 o

di spl ayi ng phage structural proteins i nvol ves use of
el ectropherograns and instrunent readout from phage

5 DDB on t he EEAMEBEE 4:j $BPLR pud SBPBTAgwe Adtivea\grinst
h t
oot hon ( cprarnREls3EhAS HEI A BlInbeGIC AR RO
doni nat Thig Bxhmpterfugherallusiatds thes @hzrgml iagjates SBgll ? atd S\ElI:Sa are
th h b- I had t romthe
s A T T S e L S SR A
(Egéﬁﬂ:eB %'ﬁﬁ%cz} r ﬁ@ﬁd@ﬂfe rés%ﬁltlt?ﬁg? }é\%gi%saa!ré ¥&ive aéalnst B.

bacterlal outgrowth from spore direct Spray
10 t r@gbmeistspors. #itbowsh the aghicat afshe Iihagesussnatmally against the

Th t I t' or decont ami nat i

aptac et biderdy OB i Brenig aise ditrves esfsemoasrael
I eshed ckiQerfesy\Bf phadeyf dg@ﬁﬁt éEoi‘és%a@ 1@50%?%@50&%1@ Becdut

i ncrease efficacy and to decrease bacteri al

r esposasappIesenThe r@ospbkttlﬁe&ﬂpéos@ésfonn@é thenteip-demon /rbd¢-watfere

hat f h
comer e REbEsRARAG bRt AR bRt < st erne

15 s por es Pomdibly mo&l‘sﬁ@ﬁﬁmayvmage &BIa@ééGSBIaIta and SBP8a were
congentrations, for exanple, as low as 5 X 104 PFLVnL.

THeTecHER peansE & ey asH MES $H0MRS: AbRetwsl pathpgenie irain of B.

St LA RRis0 fThfag' HESBPYa 81? ﬁ[ﬁgaﬁ}kﬁg% ?S s@én@ﬁ{ﬁ?@@ to kill

structural protein pro curr
s| @tigrgedicenthrgebackamethebits Bﬁ%pspest mﬂ&;aﬁngthat SBPla and

PR gt i et e Beprtit o i aitmsdn

20 tl}ﬁldéS@hngaf@ﬁ;\@ﬁndemg efficient, systems, such as
the Caliper LC 90. MPLE 4: SBPI a and SBP8a Are

Active Against B. anthracis spores - Even Pathogenic
A das SPOT es
Phage testing against the pathogenic Bacillus anthracis Ames strain was
carried out under BSL-3 conditions, necessitated by the use of spores of an
25  actual pathogenic host strain. Bacillus anthracis Ames spores were not placed
on ‘dried’ TSA plates and phage sprayed thereon. Instead, Bacillus anthracis
Ames spores were combined as 100 pL of phage in SFI (Standard Saline for
Injection) and mixed with 100 pL of spores in SFI at ambient temperature for 5
min. Ten pL (1/20) of 200pL total volume was plated (deposited as ‘dot’) on
30 TSA plates. Plates were then observed following approximately 18 hrs
incubation at 35°C, and plate images recorded with the use a hand-held digital

camera.
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This Exanple further illustrates that phage isol ates
SBPl a and SBP8a are effective at controlling growh

wo e@a083288 es of bot h pat hogeni ¢ and non pat hogeel/tSB05/019644

anthracis. Hence, the present phage isolates are
active against B. anthracis spores. Although the

action phadehestinBagaast B AdtrbFiablenagdtashvdNgI application of
vegetative bacteria (VB) and the VB actually cause
di gﬁmae@w

anthraes demsreporaatte d Séfflates asvomadk'dotst, t ing with

agai S tant ramfications hecau

SO0 IAL T BPLE Do I P E bR T o
t hes fhésoribelrin die gredibos BRarhple e PRESMeratubited 6R&hight 46803C
causal agent of anthrax _di sease. Possibly nore

Si @?ﬂa the PEGEGE O Bhaegee PLB) aridgcisBiernecolariesBrseotok  ka some
ef hawe j A Gl EF o ual
B R R e L e el
SBP8a phage exhibit a strong ability to kill

pat.hogeni ¢ ant hrax bacteria energing from spores,

in eﬁ‘gfsi ng that SBPla and SBP8a wi Il be successful in

tests i Byl IBMY shBSBPRAPhAke 19612 W R B $BBSEisSRerme
m ce, which are now underway. Methods Phage testing

10 agu¢gstative kell pigtdoere nried Bpares (FIS. BNt Maatris ghmeinatitg faom a

) [ t nd L- di.ti , hecessitated
by SR G LE I opbfEE 40 50RO ar SaeP B REOR bunbletcly
st glahihateBaGIdWiHE spAYRERE sSor&Wih Wbﬁﬁnéﬁﬁ% eohEtu/plased
on "dried TSA %at es and phage sprayed thereon.

| ngithesghagedynd (Flfs. BNt Aher lessmbage wpoanpdieddnageasehirictreial

' S d li.ng, f .
2800 o BN AL TSR g
15 angioenli fiosrgpereaby ISBHeand SBPBa pHape istlatéslwaddoseldep ek,

total volunme was plated (deposited as 'dot') on TSA
pl at es. legaﬂ@é,a%ngg% WanJushasesitipative againshPngithracis Ames

: e . 3 | at .
engchsd RSNt WAL 00 6 RO S
c afiét. d 6RRAg Astlbstrated, adedendperdentainhibithal & BStoaringcis Ames

spores involved application of the B. anthracis Sterne
SB lero Slefrfsf Beatedw PIYIgRIRQuNts @ RAF Sanhags Wes
20 WM $tkeRred, With MlagPBARENATaY AR AR aHbhikx10PR) é%utfg(gof’%ﬁl

b
control, spraying with butfer only, as describ
t Heeipg g inmnsteffoctingl e. Pl at es were i ncubat ed overni ght

2 20 BRSPS A FRRED SO Mo BB B
| neEgREve BAMIGRHIE. LRihes dapgawhaRded ®heh fbAinbdst the B.
¢ aarlzeirzr?zbis spores that give rise to such cell growth. FIG. 17 provides a schematic
25  diagram illustrating that spraying the SBP1a and SBP8a phage isolates of the
invention onto dried spores of Bacillus anthracis effectively eliminates growth
of bacteria from those spores.
Thus, phages selected for an ability to bind B. anthracis spores can
provide important new therapeutic and decontamination agents for combating
30  Anthrax, even when the infection or contamination involves spores that are
typically viewed as being impervious to many currently available therapeutic

agents. B. anthracis phages of the invention are therefore useful in decreasing

risk from spores deployed as bio-terror or bio-warfare agents.
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Results Both SBPl a and SBP8a phage isol ates | owered B.
anthracis Sterne vegetative cell yield fromdried
WGepwro83284-1 G 15). Bacteria germ nating from aPdr/uszol/019644
mL drop containing 104-108 CFU of spores were al nost
conpl etely elimnated foll owi ng spraying of spores
w th approxi mately 108PFU nL of either phage type
(FIG 15). Wen | ess phage was applied increased
bacterial growh was observed. Thus, the inhibition of
B. ant hr agi roe t I fr S
SBPla ang%lég\gggﬁp 'agsggﬁiggo?&§ ieég 8\%\@@ os‘érgﬁ‘r&ﬁg%%[cuw
Phage isol ate SBBEgaumsNuma{mﬁStlaiﬂsatha&umal nst B.
ant hraci s Anres spores, an actual pathogeni c strain of
5 B ant hr Hif ExampleBisiiatss thedios ianghpiaes less SBAlxand
As ddpdistrated, a dose-dependent inhibition of B.
anthracis Ares cell growth from spores treated with
Var yi ng RnpetesinpigaiBPle Rivdle swams bibtedrin #dble\3i was carried out
ha s rangi ng from about 5x1, 04 to about 5x1
%ﬁaralggﬁ ﬁgwpﬁléw%a?%caéﬁ? Sy Qbthepifals eV eie PafhggPnic
th ol ates SBPla and SBP8a are highly
ef eaggpi\%g&firﬁlgl bitors of B. anthracis cell growth, even
10when tr eat Talgle J3ushost hengs.of phage mol%esﬁibPhsaumSBPga ve

VI UC O A O\Jllcllutl \ 3

di agram. i | | ust rati iyl Efa St%?ayl ng the SBPla and SBPSal
phage P SHRIY o5 af t heDWRPBHt | on| ont3BR2 ed qnnSBES%f

Baci | Bugntractr adi s AVEScH-RIB) y el | Gomatess gr ofomplite
bact eBi anthrasin t Hose AAYMBSERID Thus, @oagkse sel eCoagldior

an| abpl itrgrdeey biind B.STHRMEaci s | spoPgsiacan |pr oPhsial
| mpor pagkmpagw tTerapeuiNge-1and decopbapldpat 1[on cagpits
fo Cgﬂ&)}ﬂh}a@% [ nrax, f)(yen wrien t nﬁaﬂlgi ect | OnPglrtlal

N 0712 I e DA . “1»%%..” Complelg, o
t hera p@r’ﬂﬁ’?‘zcﬁ’nzrl‘ QP B. 934t hraci & n@‘amla fhgompiete
i nienBi @lEics t Her ef or#23%eful i n @@l@p@é&l ng Ersplete om
spor e8. deptagised |as bi 04T ror or bCompketd arle Complete
agent 8. fAMelsE 5 : SBP6602and SBP8aChihplpes Ar e CBmptd v
Activg Mgardest Numer oussdst rai ns|ofCBapletd Uy Tlbiplete
EX ANPRE, I} ART T dT €S Theyi30ST TangecqhpRIA9Y 1 e8hdldes
St A hsc | TadCoddet T MY FORETRbIddTe BB ke

o tn cninh ~Al ﬂr n\Al- h EI f" 7 nrovi-deoce A cecharmmt | ~
rI\U 'qu\J

st Fa-g5s ted—m—Table g was—carrEee ot
B anthracis 11929 Complete Complete
B. anthracis 11966 Complete Complete
B. anthracis 14186 Partial Partial
B. anthracis 14187 Partial Complete
B. anthracis 14578 Complete Complete
B. anthracis 14185 Complete Complete
B. cereus 14579 No No
B. cereus 11778 No No
B. cereus 11950 No No
B. thuringiensis 700872 Complete No
B. thuringiensis DIPEL Complete No
B. thuringiensis 33679 Complete No
B. thuringiensis 10792 Complete No
B. licheniformis 14580 No No
B. mojavensis 51516 No No
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was®aypsi28phages SBPl a and SBP8a showed conpl et BCT/YS1085/019644
anthracis strains AMES-1-RIID, AVES-RI I D, ANR-I,

under BSL-3 cond

itions,

because many of the strains

tested were pathogenic Bacillus strains.|ln spot

of B.
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at 1t ophaewsh@As4,

| iN\O
28, B'. No
ils 49899 B

4320,

SP

¢ o

’ 64551 77~
Ao7,§ﬁ§4 B o
subt |6§37q 6051

s 22350978, atrgphaed¥ 6455, B. No
B. at ®3phaeus 6537, N&. at rjophaéNs

l’ T r

LS

U.
y

ST ERN

7972,B.Brrophddaphaleus 93¥A89B. at nophagles5 1189, Bio
at 1 og;n@,%mfe%s B. bJ;g@\_f,vs 11031, BynoCircifil anyN4#153,
B. coa@u%,aer‘}& 709 |nu§1,03[pnage ISOI aN%s SBH Ta W
SBIP8 agnere N 'gili CIIC!Z”Ig e—nhirbi-tots—of &
anthraef LC4E S s AMES 3R! 1D AMES-RA D § 0
1, n§ coagilanny | 4020 10553 6602 6 8 M0,
11949 11966 14186 14187 14578 and 14185 Phage
]%BFS
[ nﬁ#gﬁ(ﬁgﬁf sSSa@ p%@g% us é?‘rﬁiur |P%§ :g}e}%‘g%%cg%l%genIXSI%BB@?Z,
Dl Rhathradis 6ttéins AMES—QYEHD ENHSRNTE ASRE TR0No3d229, 4728,
Dubow Fam n%%/ Podovi r i dae, van ?e%enrmrt el et al. In
008216003 B85 9@%%?49 d896% A4 aiftendotfd$e) Bhages S&Pla and
5V 'SR shARUERA TSRO OE BOSnsk Rt hong !
on Taxor?gny (ﬁl%va gses? riﬁ ’%g’éos% > %g@afggmé ﬁﬁage
( 2@®BP1a showed partial lysis of B. anthraczs strain 14187 where phage SBP8a
showed complete lysis.
Neither phage SBP1a nor SBP8a lysed Bacillus cereus strains 14579,
11778 or 11950.
Phage SBP1a completely lysed B. thuringiensis strains 700872, DIPEL,
33679 and 10792.

Phage SBP8a did not lyse B. thuringiensis strains 700872, DIPEL, 33679
and 10792.

10

None of the following Bacillus strains were lysed by either phages
SBP1a or SBP8a: Bacillus licheniformis 14580, B. mojavensis 51516, B.
Sphaericus 4525, B. sphaericus 14577, B. subtilis 23059, B. subtilis 49760, B.
subtilis 31028, B. subtilis 6633, B. subtilis 6051, B. subtilis 49822, B.
amyloliquifaciens 22350, B. atrophaeus 6455, B. atrophaeus 6454, B.

15

atrophaeus 6537, B. atrophaeus 7972, B. atrophaeus 9372, B. atrophaeus
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pertains, and each such referenced patent or

publication is hereby incorporated by reference to the
w@a00e/083288Nnt as if it had been incorporated byPCT/US2005/019644

reference in its entirety individually or set forth

herein in its entirety. Applicants reserve the right

t ovahysdselahndyy dudear O PVBcrbBiof, 21"5’83%@6‘(19‘76951“ on any
and all naterials and Information fromany such cited

paWéH@rsetélr urisent MiciobipdoeyTHE, $188(3008). met hods and
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S those Skompay; - (Menle Parky 608 i deration of this

i d e )
PR bR o ARHIFRGRTRASERE Mhmhlel -EPL00),
cl‘delnm anHlT}umiel J Bacteweldillog: SGHpare(ov70o one skilled in
art t titutions and nodifications
rmh?el Mn@éﬁ@ PZ t osed herein without
departl ng from the scope and spirit of the invention.

The invention illustratively described herein suitably
10 may be All patentsadd publtchboms@wed’br mmytmied tmerzin ae

S oot i the tav s pE i Or Bioss HOLER buBER 1o hER s in¥8ion
MByJAQES, MAGaBK SEDTEREented dpb%ﬂt@tr ‘d@lhdétlgﬁﬁq{ek&%n&ﬁ-b&ht@d
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illustratively described herein suitably may be practiced in differing orders of
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30  herein or in the claims. Asused herein and in the appended claims, the singular
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forms “a,” “an,” and “the” include plural reference unless the context clearly
dictates otherwise. Thus, for example, a reference to “an antibody” includes a

plurality (for example, a solution of antibodies or a series of antibody
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features shown and descri bed or portions thereof, but
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in terms of any individual member or subgroup of members of the Markush

group.
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4728, 6602, 6603, 8705, 9660, 11949, 11966, 14578,
14187 or 14185. 5. A pharmaceutical conposition

w@oimpse8s1g a SBPla bact eri ophage (ATCC AccessPONUNIDNS/019644

10

15

20

25

PTA-5057) or a SBP8a bacteri ophage (ATCC Accessi on No.
PTA— 5072), and a pharmaceutically acceptable carrier.

6. wHETIS@osiNEpa of claim5, wherein the conposition
is formul ated as an aerosol, a paste, a powder, or an

i njectable fornulation. 7. The phar maceuti cal

COMPOSi A QB1.84d @ﬁ'a@aéﬁenﬂ@%g@' Dedifige R kil Fgﬁﬁ)oslt?(d with

further conprises a bacte phage selected f
( ATCC dbe dssiroan TiyrehEultir® Sollédtion, as DORC AATESicadde $31Aon

nunber - 4172 (LATCC accessi nu r

BT 4179507 05 S8 BRI GO AT OF BRI r eof
8. An i ®pbatadvitithé Mﬂahcw &enint tS1k&ich as ATCC
bact eri ophage sel ected fr BPla bact eri ophage (ATCC

Accessideesison PrAEH50Y2. or SBP8a bact eri ophage (ATCC
Accession No. PTA-5072).9. The antibody of claimS8,
wherein the antibody is a nonocl onal antibody, a

pd.ycl oifwlbagtetipplagy of elagn i givbereinghabanigridpbegs isaoupled to a

chi meri d anti body. 10. The

ant i bocff?te&[]a%bﬁ ‘ﬁ?@%&?@@?ﬁst@ﬁe anti body is coupl ed
to a detectable marker or a solid substrate. 11. A
m;ithod o ,decant,am nate. a_surface that i co t am nat ed
b

a Badielhagerigphegs gEFlaim 2 vhseiRhodetactabie marke 1s an

ant hr aGs$y AR BuotQERHtitSd, '&ga&%ﬂtﬁ(/b'&% JrQ doimsitage a
conposition conprising a carrier and a bacteri ophage

sel ected from SBPI a bact eri ophage (ATCC Accessi on No.

P 50 [ i
 Sooie e eches phags NEptegeLan D
conposidnitionck GﬁdliHaAl\/fEBF@fREBSAMHSaRH@g i A8Ralg @46 138 c4 29,

(AToC 4R 0bR R bR 11985 11 ket R S BE LS,

nunber PTA-4173), a conbination or a reconbi nant form
thod of claim.11,

f Th th
grrpggﬂi P%WH@FW?@ raesition |°8]§‘P5ﬁP$1P§g_%§ Eé@?@?ﬁ & or
Baci | | ya Toitt Re@gdisn RABCPEALIIRYY s SBRSDRakREhiIATCC

Accession No. PTA-5072), and a pharmaceutically acceptable carrier.

6. The composition of claim 5, wherein the composition is formulated as an

aerosol, a paste, a powder, or an injectable formulation.

7. The pharmaceutical composition of claim 5, wherein the composition
further comprises a bacteriophage selected from NikoA (ATCC
accession number PTA-4171), DDBa (ATCC accession number PTA-
4172), MHWa (ATCC accession number PTA-4173), a combination or a

recombinant form thereof

8. An isolated antibody that can bind to a bacteriophage selected from
SBP1a bacteriophage (ATCC Accession No. PTA-5057) or SBP8a
bacteriophage (ATCC Accession No. PTA-5072).
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W@ 2008/08328AVES- | - RI | D, AMVES-RI I D, ANR-1,

10

15

20

25

the Bacillus anthracis spore. 14. The method of claim
11, wherein the conposition can |lyse B. anthracis

4728, 6602, 6603, 8705, 9660, 11949, 11966, 14578,
14187 or 14185. 15. A nethod to decontam nate an

organi sThd &abodipst RARNS, GAREr&A tRManibbiy Bathbhdtonal antibody,
anthracis or with a Bacillus anthraci's spore

conpri s# P@Yd@lﬁﬁl anishaslyi mgingls-chaim aptibedy, srehineorptbody ara
COﬁpr%& - {lley and a bacteri ophage sel ected from
SBPl a bactert op age’( ATCC Accession No. PTA-5057) or
SBP8a bact eri ophage (ATCC Accession No. PTA-5072).16.
od erei.n th onpos It

o er TRGHbrGLd it VRFEE At BafORRaTM b B dtacupble
(ATCC aaeResh kol RiisraRIA- 4171), DDBa (ATCC
accessi on nunber PTA-4172), MHWA (ATCC accession

nunber PTA-4173), a conbination or a reconbi nant form

t heyr eof A rdefhodltb AedtiiiRiflala GiREMMhibs cwﬁ‘tﬁﬁlﬁia@edﬂiﬁa Bacﬂlus
conposition is inhaled by the organism ingestéd by

t he or guaithrees bfmterappbt eBacilunagliatiasporefcomipasiog geplyimmio
18. Th t 15. wherein the ani s |sa
o) 08 Sueiia PO FpEiR £ ey i HRfED

i's a hukRtedZRdm JBR14BId@bpRhee(ATTT AocestidaNg). PTIAhﬁ)57) or
conmposition can |yse B. anthracis strains AVES-I1-RIID,

AVES- RI S@Sammnopf@ge (AGEY, Agzsgon NyoBTAEHE2). 6603,
8705, 9660, 11949, 11966, 14578, 14187 or 14185. 2 1.
A nethod for treating or preventing a Bacillus

i ni2ect i methethoforgfaml ks vhesein tesiompositinn firgies comprises a

t he or a carr

bact or RnleTTiel SIRAS hb ANARARAI b Bosf A iter PRk
Accessiqni )\IODDE&T@EE(% b¢caRsioSBh@BerTaA -an TDPNVEYW a (ATCC

Accession No. PTA-5072). 22. The nethod of claim2 1,

wher ei RCEEHEI0B FHHBEY R%ﬁl 173), piserbinghipn psEecambinant form
bact er iy g%@ge sel ected from N koA (ATCC accessi on
nunber 4171), DDBa (ATCC accessi on nunber
PTA-4172), MHWA ( ATCC accessi on nunber PTA-4173), a

cqAbi n altﬂe%etﬂcgd & crleﬁﬁloﬁb WiRRin th% rEﬂnposmon kills the Bacillus

anthracis bacterium or Bacillus anthracis bacterium that germinated from

the Bacillus anthracis spore.

14.  The method of claim 11, wherein the composition can lyse B. anthracis
strains AMES-1-RIID, AMES-RIID, ANR-1, 240, 937, 4229, 4728,
6602, 6603, 8705, 9660, 11949, 11966, 14578, 14187 or 14185.

15. A method to decontaminate an organism that has been contacted with
Bacillus anthracis or with a Bacillus anthracis spore comprising
administering to the organism a composition comprising a carrier and a
bacteriophage selected from SBP1a bacteriophage (ATCC Accession No.
PTA-5057) or SBP8a bacteriophage (ATCC Accession No. PTA-5072).
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thereof. 23. The nethod of claim2 1, wherein the

Bacillus is a Bacillus anthracis bacteriumor a
wW@Bawil0B1288 ant hraci s spore. 24. The net hod of cPEI/ISR03/019644

wherein the organismis a mammal . 25. The net hod of

claim21l, wherein the organismis a human. 26. A

et hod trhe GRIRELBREM! 15UHhbRiALS 2REMbEsi GRS Rdeiprisdd a

contacting the sanple with two or nobre bact eri ophages

t hat ar bagtercaphpey selented oo NikoA (ATCL asa¢ssivnmumber PTA-

wher ei n ,bi ndi f bact eri um ok t.h terla
spore 4D BPal o e TR rana A B flarcc
el ect ri aadessidifaab&ATHA 473 )anebnbihatitat &G deb@nBifgt form
changed el ectrical characteristic to indicate that a
Sbacteri th®f a bacterial spore was present in the
sanple; (c) wherein the two or nore bacteri ophages are
sel ected from SBPla bacteriophage (ATCC Accession No.
PTAZ505 The sethogpg glaiadide whegsidhe comraitioris adwledbyNbe
PTA-5072). 27..Th od of .claim2 wherein t
Baci | | us%}%ag%lgl’ §§8§Fﬁ§ ﬁﬁen?r%?‘né%?’sor@%‘?ééirﬁoua ug?cea()fqﬁe
Baci | | usraanisar aci s spore. 28. A nethod to determne if
a sanpl e contains Bacillus conprising: (a) contacting
the sanple with an anti body and a bacteri ophage,

whegei NThe ﬁlem_ato%ia@ﬁhagefh@ﬂemﬁe bfahfdfh BaGhdnkdsl. and
the anti body binds to the bacteriophage; (b) treating

the sanple to separate unbound anti body from bound

10 anf 9 bodyhe ARholl ©F cAhaG! (fitkefnBe RIaAHRA¢Ea RimAQUN
antibody to determ ne whether the sanple contains a

Baci | | us; wherein the bacteriophage is selected from

SBPha bast fidRRIRiHAThACHIRS jb&ﬂpmionpcl;ﬁqgs%? hnBgcis
SBP8a bact eri ophage (ATCC Accession No. PTA-5072). 29.
The met bivainoAMASal -RIVZ, AMESRIID, tANRBac#0,1933, 422924728,

opore. - 36 R EnE PEOGLEATRGE BTkl 4R ot S °
sanpl e contains a bacteriumor a
21. A method for treating or preventing a Bacillus infection in an organism
15 comprising administering to the organism a composition comprising a
carrier and a bacteriophage selected from SBP1a bacteriophage (ATCC
Accession No. PTA-5057) or SBP8a bacteriophage (ATCC Accession
No. PTA-5072). )

22.  Themethod of claim 21, wherein the composition further comprises a
20 bacteriophage selected from NikoA (ATCC accession number PTA-
4171), DDBa (ATCC accession number PTA-4172), MHWa (ATCC
accession number PTA-4173), a combination or a recombinant form

thereof,

23. The method of claim 21, wherein the Bacillus is a Bacillus anthracis

25 bacterium or a Bacillus anthracis spore.

24.  The method of claim 21, wherein the organism is a mammal.
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bacterial spore conprising:(a) contacting the sanple

with a liquid crystal to which a bacteriophage is
whownds32esd (b) determ ning whet her or not a sPQIEB2005/019644

results from binding of the bacteriophage with a

bacterium or bacterial "spore wherein the bacteriophage

i s25el eghemhefHodBreRinba, WastRthopHasRmRlGemAgcessi on
No. PTA-5057) or SBP8a bacteri ophage (ATCC Accession

No. PTA-5072). 31. A nethod to determ ne whether or

nodsa SanhétRod QAR Basi B £hbipR Mmprilget erial spore
conprising: (a) contacting the sanple wth a quartz

crystal to ww)clentctegthesiophagth v drooord bactedoptiapes that

determ ni ng whether or nof. a signal. results. from. ..

bi ndi ng. of ¢ ho BAEEeRPERTLgR T T o) SErut peA Pinding of
5bacterial spor ghe Bateriih€orBt haderodl s%dn@itm@élmﬁ‘i@&' ein

the bacteriophage is selected from SBPl a bacteriophage
( ATCC Accessi orbapstiopipges 9bangepen gppggalshenetelisgih agd
(ATCC Accessj . - BYRd eleai arat us. f.or
detecting a @2@6%88%5 %@ﬁgfgﬁlgﬁl& reilge:g 4)“ g%r%geﬁl ﬁﬁ? ﬁogmdlcate that

surface to whi clbacwsiuarormbactelialciperd WRNRERE! @Althe Banple;
wherei n the bacteri.ophages can bind to the bacterium
or the bact et ayhessis the tWor mege hacterinphagesarasalgsted rom

10 €l ectrical si g@Pl%%a&t‘éﬁ%{ag{f&’?c@%&cﬁ%ﬁ(@ﬁ@?%A-IS057) or

wherei n contact of the um or t eria
spore with the SBRSabactexoghapat BECC oplragim MaPih -5072)he
nmounti ng surface changes an el ectrical characteristic;
and (c) a neans for detecting the changed el ectri cal

ch2T.act €hd msthod ofblaire 26, wheteih e Bicilliy i€ alBacillek hophrges
are selected from SBPla bacteri ophage (ATCC Accessi on

No. PTARastssiim o2 Bagtus #iluacis sehage ( ATCC Accessi on
No. PTA-5072).34. The apparatus of claim 33, wherein
the Bacillus js a Bacillus anthracis bacteriumor a

Batt-| | u8 TetRadt tecdeteraiig i€ a sguple voriainp Bacdlug soraprivngii m
15 33, wherein (tcls1 %oﬁrtg&fﬁé #19 szﬁﬁ'ﬂlg %R alnsdnﬂg&i}; fnd a bacteriophage,
wherein the bacteriophage binds to the Bacillus and the
antibody binds to the bacteriophage;
(b) treating the sample to separate unbound antibody from bound
antibody; and
20 (c) detecting the presence of bound antibody to determine
whether the sample contains a Bacillus;
wherein the bacteriophage is selected from SBP1a bacteriophage (ATCC
Accession No. PTA-5057) or SBP8a bacteriophage (ATCC Accession
No. PTA-5072).

25  29. The method of claim 28, wherein the Bacillus is a Bacillus anthracis

bacterium or a Bacillus anthracis spore.

30. A method to determine whether or not a sample contains a bacterium or a

bacterial spore comprising:
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36. An apparatus conprising: (a) a liquid crystal; and
(b) a bacteriophage bound to the liquid crystal;
wob@ecms28t he bacteri ophage is sel ected from SBRCT/ES2005/019644
bact eri ophage (ATCC Accessi on No. PTA-5057) or SBP8a
bact eri ophage (ATCC Accessi on No. PTA-5072). 37. The

appar at us of (3§ lc8hab36; thebeh brovﬂlfhehéldlalullygtap{ox«ﬁﬁl@hal S a
twisted nematic liquid crys or a thernotropic

liquid crystal ba@snonl’mge@ptmn@xamé of claim36, further
conpri si ng: transducin .

o uced by & SBieRERATe VRGnhIRRR Y SRt Bl HaR tingine of
39. The appar atiusbaterobbid® vich a Big&ing of BiRtcraPasoRE US
conpri ses anot her bacteri ophage sel ected from N koA

5 (ATCC avkersdthebagiernphageriaselggted frompipil a(b@mmphage (ATCC

nurber DTSy PR 05 E: Sl bditispidk RTERE Ak gsion
An appaNatRBA-GOMDY.i sing: (a) a quartz crystal; and (b)

a bacteriophage bound to the liquid crystal. 41. The
apparatus of claim40, further conprising: c¢) a neans

fog) tr aRsEdd @ Rt hIRAVhRERHES %ne&%whﬁﬂs 2baderium or a
spore to t

bacteriumor a bacteri al acteri op age.
10 42. Thebaampla}aiomsccmﬁpmﬂl@ m 40, wherein the

bacterlophag |s selected from. SBPI a bacterio e
(ATOC Acbes SRbORBETRAE SueHly Wi Bekemutla ok BHRBGE

(ATCC Accessi opaderio @;@egq,z,gm aikoA (ATCC acceSS| on
nunber PTA-4171), a (ATCC accessi on nunber PTA-

4172) and M%d(emmm:wb@mr@m nntm;enal Ppalte fip8) hinding af
r econbi nant for m t h ner eo{5 ¢ tosens sing a
det ector oper at 1S ESF0B aﬁe“&h(% WPEEY & a&%ﬁ‘“ﬁ%”re

15 sel ected from SBPI a bact eri ophage (ATCC Accessi on No.
PTA-5057) or SBP8a bacteri ophage (ATCC Accessi on No.
PT3-5078he method vhelaiyn 3 Lapsein e bacterionbage inseleaipieireinn

the Aot 88 bl R PLRTRIROALLSS RN oPraRD AR ORI,

wave device ["asnmon resonance
bacteriophage (ATCC Accessmn No. PTA-5072).

20  33.  An apparatus for detecting a Bacillus comprising:

(a) a mounting surface to which two or more bacteriophages are
bound, wherein the bacteriophages can bind to the bacterium
or the bacterial spore;

(b) means for providing an electrical signal to two or more

25 bacteriophages, wherein contact of the bacterium or the
bacterial spore with the two or more bacteriophages bound to
the mounting surface changes an electrical characteristic; and

(c) ameans for detecting the changed electrical characteristic.

wherein the two or more bacteriophages are selected from SBP1a
30 bacteriophage (ATCC Accession No. PTA-5057) or SBP8a
bacteriophage (ATCC Accession No. PTA-5072).
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optical fiber device or a |light addressable
potentionetric sensor device. 45. A biosensor

w@oivp8BB8$1g sol i d substrate and an anti body opPCHUB2065/§19644
coupled to the solid substrate, wherein the antibody
can bind a bacteriophage that is selected from SBPI a

bagt er iRKPPR (A LEC a0 38S5hbinNRe BRiAnO92 Bachlus 2BMSis
bact eri ophage (ATCC Accessi on No. PTA-5072). 46. A kit

conpr i $eeigrismpaetRacilbyBageacieipett-ed from SBPI a
bact eri ophage (ATCC Accession No. PTA-5057) or SBP8a
bact eri ophage (ATCC Accessi on No. PTA-5072).

35.  The apparatus of claim 33, wherein the mounting surface is quartz.

36.  An apparatus comprising:
(a) aliquid crystal; and
(b) a bacteriophage bound to the liquid crystal;
wherein the bacteriophage is selected from SBP1a bacteriophage (ATCC
10 Accession No. PTA-5057) or SBP8a bacteriophage (ATCC Accession
No. PTA-5072).

37.  The apparatus of claim 36, wherein the liquid crystal is a twisted nematic
liquid crystal or a thermotropic liquid crystal.
15
38.  The apparatus of claim 36, further comprising: ¢) a means for

transducing a signal produced by binding of the bacteriophage to a target.

39.  The apparatus of claim 36, wherein the apparatus comprises another
20 bacteriophage selected from NikoA (ATCC accession number PTA-
4171), DDBa (ATCC accession number PTA-4172) and MHWa (ATCC

accession number PTA-4173), or a recombinant form thereof.

40.  An apparatus comprising:
25 (a) a quartz crystal; and
(b) a bacteriophage bound to the liquid crystal.

41.  The apparatus of claim 40, further comprising: c) a means for
transducing a signal produced by binding of a bacterium or a bacterial

30 spore to the bacteriophage.

42.  The apparatus of claim 40, wherein the bacteriophage is selected from
SBP1a bacteriophage (ATCC Accession No. PTA-5057), SBP8a
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43.

44.

45.

46.

bacteriophage (ATCC Accession No. PTA-5072), NikoA (ATCC
accession number PTA-4171), DDBa (ATCC accession number PTA-
4172) and MHWa (ATCC accession number PTA-4173), or a

recombinant form thereof.

A biosensor comprising a detector operatively coupled to a bacteriophage
selected from SBP1a bacteriophage (ATCC Accession No. PTA-5057) or
SBP8a bacteriophage (ATCC Accession No. PTA-5072).

The biosensor of statement 43, wherein the detector is a piezoelectric
device, an acoustic wave device, a surface plasmon resonance device, an

optical fiber device or a light addressable potentiometric sensor device.

A biosensor comprising solid substrate and an antibody operatively
coupled to the solid substrate, wherein the antibody can bind a
bacteriophage that is selected from SBP1a bacteriophage (ATCC
Accession No. PTA-5057) or SBP8a bacteriophage (ATCC Accession
No. PTA-5072).

A kit comprising a bacteriophage selected from SBP1a bacteriophage

(ATCC Accession No. PTA-5057) or SBP8a bacteriophage (ATCC
Accession No. PTA-5072).
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