
Bacteriophages that Infect Bacillus Bacteria (Anthrax)
Related Applications This application claims priority
to U.S. Provisional Application Serial Number
60/577,398, filed on June 04, 2004 and U.S.
Provisional Application Serial Number 60/593,025,
filed July 30, 2004, which are both incorporated by
reference herein. This application is related to: U.S.
Provisional Application Serial Number 60/375,301,
filed on April 24, 2002, and U.S. Application Serial
Number 10/420,530, filed April 22, 2003, which are
both incorporated herein by reference. Field of the
Invention The present invention relates generally to
the field of bacteriology. More specifically, it
relates to the identification and use of
bacteriophages to infect, neutralize and detect
Bacillus bacteria and spores thereof. Background of
the Invention The emergence of pathogenic bacteria
resistant to most, if not all, currently available
antimicrobial agents has become a critical problem in
modern medicine. This is particularly because of the
concomitant increase in 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 bacteriophagepreparations was
controversial, restricted to only certain diseases and



commercial production in most of the Western world
ceased with the advent of antibiotics. Accordingly,
what is needed are bacteriophages and compositions
that can be used to detect, prevent, and treat
infections caused by microbes, particularly those for
which currently available vaccines and antibiotics are
problematic or inadequate. Summary of the Invention
The invention provides bacteriophages that can infect
Bacillus bacteria, particularly Bacillus anthracis.
Bacteriophages have several characteristics that make
them attractive therapeutic agents. Bacteriophages are
highly specific, very effective in lysing targeted
pathogenic bacteria, and are safe, as documented by
their sale and use in the United States in the 1940's.
Bacteriophages are also adaptable to control newly
arising bacterial threats. Their safety and
adaptability make bacteriophages a valuable tool in
combating the increasing threat of widespread
infection by pathogenic bacteria such as Bacillus
anthracis, the causal agent of anthrax, and multiple
drug resistant bacteria that are unable to be treated
with antibiotics. The invention also provides nutrient
broths and pharmaceutical compositions that contain
bacteriophage(s) able to infect Bacillus bacteria.
Also provided are methods to use a bacteriophage(s) to
decontaminate surfaces that are contaminated with
Bacillus bacteria 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.The bacteriophage(s)
provided by the invention exhibit qualities that make
them superior for anti-bacterial applications when
compared to bacteriophages commonly found in the
laboratory. These superior characteristics include a
rapid latent period, long term stability, and
virulence maintenance under conditions specific to
anti-bacterial applications. The bacteriophage(s)
provided by the invention may be used singly or as a
mixture of different bacteriophages. The use of more
than one type of bacteriophage disallows a bacterium
from surviving by developing resistance to a single
bacteriophage. The stability of the bacteriophage(s)
provided by the invention allows them to be used
directly or in the presence of additional carriers
such as a nutrient broth or a pharmaceutical
composition. Additionally, the bacteriophage(s) of the
invention can be genetically engineered to produce
recombinant bacteriophage(s) that exhibit
characteristics that are altered from those of the
wild-type bacteriophage(s). Examples of such altered
characteristics include, but are not limited to,
conference of drug resistance, expression of antisense
messages to preselected genes, altered thermal
stability, altered chemical stability or expression of
gene products that are toxic to selected bacteria.
Genetic manipulation of bacteriophage(s) is well known
to those of skill in the art. The bacteriophage(s) of
the invention infect Bacillus bacteria. In some
embodiments, the bacteriophage(s) of the invention
infect Bacillus anthracis. Accordingly, the invention
provides many types of antibacterial nutrient broths
that contain single or multiple bacteriophages of the
invention. An antibacterial nutrient broth that
contains a bacteriophage(s) of the invention 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 isspecific to Salmonella.
Antibacterial nutrient broths can be made from many
types of nutrient broths that are known in the art and
include, but are not limited to, terrific broth,
tryptic soy broth, nutrient broth Y, Luria-Bertani
broth and ZBT broth. An antibacterial nutrient broth
can be tailored for use in a specific application by
those of skill in the art. An antibacterial nutrient
broth 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.
The invention also provides pharmaceutical
compositions that contain single or multiple
bacteriophages of the invention. These pharmaceutical
compositions allow the bacteriophage(s) to bind and
infect a Bacillus bacterium. The pharmaceutical
compositions also allow a bacteriophage(s) to infect a
Bacillus bacterium that germinates from a spore. In
some embodiments, the Bacillus bacterium and spore is
Bacillus anthracis. Thus, the pharmaceutical
compositions may be utilized to control both
vegetative and mature Bacillus bacteria as well as
Bacillus spores. Additionally, the invention provides
pharmaceutical compositions that contain 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 specific to Salmonella. The
pharmaceutical compositions may be used for a large
variety of applications and formulated in a large
variety of forms well known to those of skill in the
art. For example, the pharmaceutical compositions may
be formulated for, but not limited to, topical, oral,
vaginal, rectal, pulmonary, parenteral or injectable
administration. A pharmaceutical composition can be
tailored for use in a specific application by those of
skill in the art. A pharmaceutical 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 Bacillusanthracis. Thus, the
invention also includes methods to decontaminate a
surface that was contacted with a Bacillus bacterium
or a spore from a Bacillus bacterium. The methods
involve application of a bacteriophage(s) of the
invention to the organism or surface contaminated with
the Bacillus bacteria such that the bacteria are
bound, infected and neutralized by the
bacteriophage(s). Alternatively, the bacteriophage(s)
may be contacted with a Bacillus bacterium that
germinated from a Bacillus spore. The bacteriophage(s)
may neutralize Bacillus bacteria through lysis
(bursting) of the bacteria. Alternatively the
bacteriophage(s) may neutralize Bacillus bacteria by
causing the bacteria to become nonfunctional, for
example, by causing the bacteria to become unable to
replicate, infect a host, or produce a toxic product.
A variety of methods are known to those of skill to
manipulate a bacteriophage(s) of the invention in
order to neutralize Bacillus bacteria. For example,
recombinant techniques can be used to cause the
bacteriophage(s) of the invention to express gene
products that are toxic to Bacillus bacteria.
Alternatively, the bacteriophage(s) can be engineered
through recombinant techniques to produce an antisense
message to a gene product required by Bacillus
bacteria, i.e. growth, replication or infection. Many
methods are known to those of skill in the art to
engineer bacteriophage(s) that will neutralize
bacteria such as Bacillus. Therefore, the scope of the
invention is intended to include such engineered
bacteriophage(s). The bacteriophage(s) may be
administered to an organism or applied to a surface to
be decontaminated either alone or in a variety of
media. For example, bacteriophage(s) that are
contained in an antibacterial nutrient broth or in a
pharmaceutical composition may be administered to an
organism 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.Preferably the Bacillus bacterium and spore
is Bacillus anthracis. The bacteriophage(s) may be
administered to the organism directly, in an
antibacterial nutrient broth or in a pharmaceutical
composition. A single type of bacteriophage may be
administered or more than one type of bacteriophage
may be administered that will infect Bacillus
bacteria. Additionally, bacteriophage(s) that infect
Bacillus bacteria and one or more other
bacteriophage(s) that infect other types of bacteria
may be administered. Any organism that is susceptible
to infection or infected with Bacillus bacteria may be
treated according to the invention. In some
embodiments, the organism is a bovine. In other
embodiments, the organism is a human. The
bacteriophage(s) may be administered in conjunction
with other pharmaceutical agents. Such agents may be
used to treat other indications associated with the
Bacillus infection, such as wounding caused by cuts or
scrapes. The pharmaceutical agents may also be
administered to increase the efficiency of the
treatment scheme. For example, antibiotics may be used
in conjunction with the bacteriophage(s) of the
invention to combat Bacillus bacteria or other disease
causing microbes. Additionally, it is envisioned that
the bacteriophage(s) may be used in conjunction with
an agent that will increase the efficiency of
bacterial lysis caused by bacteriophage(s) infection,
such as detergents. The bacteriophage(s) of the
invention can be administered by any route and in any
formulation that a health care provider deems
appropriate. The invention further provides
apparatuses for detecting a bacterium or a bacterial
spore in a sample. The bacterium or bacterial spore
can be a pathogenic bacterium or be from a pathogenic
bacterium, such as a Bacillus 



bacterium. In some embodiments, the bacterium 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.The detection circuit is adapted to
determine the presence or absence of a bacterium or a
bacterial spore. In one embodiment, the detection
circuit is responsive to electrical current flow
through a bacterium or bacterial spore that comes into
contact with at least two bacteriophages bound to the
surface or surfaces of the apparatuses. For example,
in one embodiment the apparatus presents an open
circuit containing at least two bacteriophages.
Application of a sample containing a bacterium or a
bacterial spore to the surface or surfaces of an
apparatus of the invention allows at least two
bacteriophages to bind the bacteria or bacterial spore
and complete the electrical circuit. Completion of the
electrical circuit provides for the flow of electrical
current and indicates the presence of a bacterium or a
bacterial spore in the applied sample. Accordingly,
the apparatuses of the invention can be used to test
for the presence or absence of a bacterium or a
bacterial spore in a sample. Electrical current in the
bound bacteria or bacterial spore is measurable using
an amplifier, bridge circuit or other means. Two or
more bacteriophages bound to the surface or surfaces
of the apparatus may present a change in resistance,
impedance, or other measurable electrical
characteristic in the detector circuit. The apparatus
may include an amplifier to provide an increased
signal. Furthermore, the current and resistance may be
measured to determine the quantity of bacteria or
bacterial spores that are present in the sample. The
invention also provides apparatuses containing a
liquid crystal that can be used to detect a bacterium
or a bacterial spore in a sample. Examples of 



liquid crystals include, but are not limited to,
thermotropic liquid crystals and twisted nematic
liquid crystals. The bacterium can be a pathogenic
bacterium, for example, the bacterium can be a
Bacillus bacterium. In some embodiments, 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
abacteria or a bacterial spore by a bacteriophage
bound to the liquid crystal produces a detectable
signal. Preferably this signal can be read using
ambient light and the naked eye. More preferably, this
signal can be amplified and transduced into an optical
signal. Further provided by the invention are
biosensors having a detector that can be used on
conjunction with a bacteriophage to detect a bacterium
or a bacterial spore. Such detectors may include a
piezoelectric device, an acoustic wave device, a
surface plasmon resonance device, an optical fiber
device or a light addressable potentiometric sensor
device. Preferably the bacterium is a pathogenic
bacterium. More preferably the bacterium is a Bacillus
bacterium. Most preferably the bacterium is Bacillus
anthracis. Preferably the bacterial spore is from a
pathogenic bacterium. More preferably the bacterial
spore is from a Bacillus bacterium. Most preferably
the bacterial spore is from Bacillus anthracis.
Preferably the bacteriophage is a bacteriophage of the
invention. Accordingly, the invention provides methods
to detect the presence of bacteria or a bacterial
spore in a sample. Preferably the bacterium is a
pathogenic bacterium. More preferably the bacterium is
a Bacillus bacterium. Most preferably the bacterium is
Bacillus anthracis. Preferably the bacterial spore is
from a pathogenic bacterium. More preferably the
bacterial spore is from a Bacillus bacterium. Most
preferably the bacterial spore is from Bacillus 



anthracis. The methods involve application of a sample
to the surface of the apparatus of the invention and
determining whether an increase in electrical current
occurs within the apparatus. The sample may be applied
in any fluid that allows the two or more
bacteriophages, which are bound to the surface of the
apparatus, to bind to a Bacillus bacterium or to a
Bacillus spore. Examples of 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 Bacillusbacteria. Such a kit containing
packaged bacteriophage(s) has utility for
decontaminating sites used for the production of
lethal forms of Bacillus bacteria such as Bacillus
anthracis and preventing dissemination of bacteria
produced within these sites. The kit may also be used
to treat an area to hinder use of the area for
production of Bacillus bacteria, particularly Bacillus
anthracis. Accordingly, the invention also provides a
method to decontaminate production facilities used to
produce lethal forms of Bacillus bacteria and to
hinder the use of an area to produce Bacillus
bacteria. Antibodies are also provided by the
invention that can bind to bacteriophage(s), which
bind to a Bacillus bacteria or to a Bacillus spore.
The Bacillus bacteria or spore can be from Bacillus
anthracis. Preferably the antibodies bind to the
bacteriophage(s) provided by the invention. In some
embodiments, the antibodies are coupled to a
detectable marker. These antibodies may be used to
detect the presence of a Bacillus bacteria or a
Bacillus spore in a sample. Accordingly, the invention
provides methods to detect a Bacillus bacteria or a
Bacillus spore through use of the antibodies of the
invention. For example, the methods can be used to
detect the presence of Bacillus anthracis or a
Bacillus anthracis spore in a sample. Preferably the 



antibody used within a detection method is coupled to
a detectable marker. Definitions A "detectable marker"
means a label that can be coupled to an antibody or
bacteriophage. Examples of labels that can be coupled
to an antibody or phage of the invention include
radioactivity, such as radioactive iodine; an enzyme,
such as alkaline phosphatase, horseradish peroxidase
or b- galactosidase; a fluorophore, such as
fluorescein or rhodamine 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).A
detectable marker may be used in direct methods and in
indirect methods. An example of a direct method is
where a labeled antibody of the invention is directly
bound to a bacteriophage, thereby allowing detection
of the bacteriophage. An example of an indirect method
is where an antibody of the invention is coupled to
biotin and bound to a bacteriophage. A label that is
coupled to avidin or streptavidin is then contacted
with the biotin coupled antibody to allow detection of
the bacteriophage. The terms "effective amount" and
"therapeutically effective amount" are terms to
identify an amount sufficient to obtain the desired
physiological effect, e.g., treatment of a condition,
disorder, disease and the like or reduction in
symptoms of the condition, disorder, disease and the
like. Such an effective amount of a bacteriophage of
the invention in the context of the disclosed methods
is an amount that results in reducing, reversing,
ameliorating, inhibiting, and the like, Bacillus
contamination or infection, or the risk of
contamination or infection. The term "neutralize"
means to cause a bacterium to become non pathogenic.
For example, a bacterium may be neutralized through
infection and lysis of the bacterium by a lytic
bacteriophage. The bacterium may also be 



neutralized through infection of the bacterium by a
bacteriophage that disables the bacterium from, i.e.
reproducing, infecting a host, or producing a toxin. A
"nutrient broth" includes any fluid in which a
bacterium can survive and multiply. Examples of a
nutrient broth include Luria-Bertani medium, NZCYM
medium, NZYM medium, NZM medium, Terrific 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 elementaffects
expression of the coding DNA sequence (i.e., that the
coding sequence or functional RNA is under the
transcriptional control of the promoter). Coding
sequences can be operably-linked to regulatory
elements in sense or antisense orientation. A
"pharmaceutical agent" is a substance that may be used
in the diagnosis, cure, mitigation, treatment, or
prevention of disease in a human or another animal.
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.
Pharmaceutical agents that may be used in conjunction
with the bacteriophages of the invention include, but
are not limited to, vasodilators, nucleoside analogs,
urinary tract agents, vaginal agents, ophthalmic
agents, antianesthetics, prostaglandins, respiratory
agents, sedatives, skin and mucous membrane agents,
anti-bacterials, anti-fungals, anti-neoplasties,
cardiovascular agents, antithrombotics, central
nervous system stimulants, cholinesterase inhibitors,
contraceptives, gastrointestinal agents, hormones, 



immunomodulators, analgesics, general or local
anesthetics, anti-convulsants, anti-infectives, muscle
relaxants, immunosuppressives, non-steroidal anti
inflammatory drugs (NSAIDs), (see Physicians' Desk
Reference, 55 ed., 2001, Medical Economics Company,
Inc., Monrvale, New Jersey, pages 201-202). Those of
skill in the art realize that the bacteriophages of
the invention may be combined with many pharmaceutical
agents to achieve a desired result. A "regulatory
element" is a nucleic acid sequence that participates
in the transcription or translation of an operably
linked nucleic 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. IA-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 werecontrolled by use of
catalase crystals (Luftig, 1968). FIG. IA provides
images of NikoA (insert: q>29). FIG. IB provides
images of DDBa. FIG. 1C provides images of MHWa. FIG.
IA features an internal standard, phage f29 (inset),
included with the examined sample for size reference
with phage Niko. The photographic 'insert' of f29 was
taken from the same electron microscopy negative as
the Niko image, with no alteration of magnification.
Magnification of original images was at 60,000. Bar:
100 nm. FIG. 2 represents a graph of partial culture
lysis by bacteriophages NikoA, DDBa and MHWa. Early
log phase cultures of B. cereus 569 UM20 (A26o- 0.03,
2 ml) were inoculated with bacteriophages NikoA, DDBa
or MHWa, briefly shaken and incubated for 4 hours at
250C. Inoculated and control (noninoculated) cultures
were monitored for changes in cell density by
determination of optical density at 600 nm wavelength
(using a Spectra Max Plus spectrophotometer, Molecular
Devices, Sunnyvale, CA). Experiments "1" and "2"
provide the results of two independent experiments.
NP: no 



bacteriophage. FIG. 3 represents a graph of
bacteriophage stability at 370C. Remaining infectivity
(measured in plaque forming units / mL) of clear
plaque forming bacteriophages NikoA (squares) and DDBa
(triangles) was determined by standard plaque assay
following incubation of high titre lysates at 370C for
0 to 96 hours. FIG. 4A-B illustrate agarose gel
electrophoretic separation of bacteriophage DNAs
isolated using CTAB methodologies. FIG. 4A shows
pulsed field gel after electrophoretic separation of
bacteriophage DNAs in 1% agarose gels in 0.5X TBE
buffer (pH 8.3) at 18 0C, 16 V/cm 1 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.FIG. 6 is a diagram
showing one embodiment of the apparatus of the
invention that may be used to detect Bacillus bacteria
or spores in a sample. FIG. 7 illustrates one
embodiment of the present system adapted to detect or
analyze bacteria or spores. FIGs. 8A illustrates one
embodiment of the present system adapted to detect or
analyze bacteria or spores. FIG. 8B illustrates an
elevation view of one embodiment of the present system
adapted to detect or analyze bacteria or spores.
Figure 9 illustrates one embodiment of the present
system adapted to detect or analyze bacteria or
spores. FIG. 10 illustrates an elevation view of one
embodiment a detector apparatus and a detector
circuit. FIG. 1IA-C illustrate agarose gel
electrophoretic separation of 



bacteriophage DNA isolated from bacteriophages by
cetyltrimethylammonium bromide precipitation (Del Sal
et al. 1989 and Ralph and Berquist 1967). FIG. 1IA
shows pulsed field gel electrophoretic (PFGE)
separation of phage DNA in 1% agarose gels in 0.5X TBE
buffer, pH 8.3 at 4 0C, 6 V cm 1 and a 120 included
angle for 24 h with a 1-12 s switch time (ramped up
from 1 s at 1 sec / 2 h). Lanes were loaded with DNA
from: 1, DDBa; 2, SP50; and 3, NikoA. Lane 4 contains
Low Range PFG Marker DNA (New England BioLabs,
Beverly, MA). Numbers at right indicate DNA size in
kilobases. FIG. 1IB shows PFGE separation of
bacteriophage DNA as in FIG. 1IA, but for 15 h (with a
1-7 s switch time). Lanes were loaded with DNA from:
1, f29; 2, MHWa. Lane 3 contains Low Range Marker DNA,
as in FIG. 1IA. 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 Rl (Promega,
Madison, WI) at 370C. Lanes 1, 3, 5, 8 and 10 were
loaded with DNA from NikoA, SP50, DDBa, MHWa, and f29
respectively. Lanes 2, 4, 6, 9 and 11 were loaded with
Eco i?I-treated DNA from NikoA, SP50, DDBa MHWa, and
f29 respectively. Lane 12 contained a ' 1 kb DNA
Ladder' (Promega) size markers. Numbers at right
indicate DNA size in kilobases (kb).FIG. 12A-B
illustrate electrophoretic separation of DNA from
bacteriophages DDBa, NikoA and MHWa. FIG. 12A shows
electrophoretic separation of DNA from bacteriophages
DDBa (lanes 2-3) and NikoA (lanes 4- 5), either
undigested or digested with restriction enzyme Eco RI.
Standard DNA size reference Lambda Hind III is
included as a molecular weight marker in the first
lane. FIG. 12B shows electrophoretic separation of DNA
from bacteriophage MHWa (lanes 2-3) either undigested
or digested with restriction enzyme Eco RI. Standard
DNA size reference Lambda Hind III is included as a
molecular weight marker in the first lane. Gels were
standard 1% agarose gels and electrophoresis was run
at 80 V for 2 h in TBE buffer pH 7.5. Bacteriophage
DNA extraction and purification is as described
herein. 



FIG. 13A-B provide electron micrographic images as
well as a description of the structure and taxonomy of
SBPIa (FIG. 13A) and SBP8a (FIG. 13B). 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 controlled by use of
catalase crystals (Luftig, 1968). This figure also
summarizes the dimensions of phages SBPIa and SBP8a
and provides a taxonomy assignment in the associated
panels. Bar: 200 nm. FIGs. 14A provides a comparative
analysis of MHW, phi 129, NikoA, DDBa and SP50 by
polyacrylamide gel electrophoretic separation of phage
proteins. CsCl-purified bacteriophages were denatured
and separated by denaturing polyacrylamide gel
electrophoresis on 12.5% acrylamide gels run at 150
volts (constant) for 55 minutes in 25 mM Tris buffer
(pH 8.3). Gels were silver stained. 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
SBPIa (lane 1), SBP8a (lane 2), and gamma (lane 3)
phage proteins. Arrows at the left designate
structural proteins that distinguish SBPIa phage from
SBP8a phage. Arrows at the right designate structural
proteins that distinguish gamma phage from phages
SBPIa and SBP8a. Figure 15 depicts results of spray
treatments of various concentrations of Bacillus
anthracis Sterne spores (columns) with
fixedconcentrations of phages SBPIa (top row), SBP8a
(middle row) or SBPIa and SBP8a together (bottom row).
As illustrated, in this assay both SBPIa and SBP8a
phages inhibit bacterial growth from spores at
concentrations ranging FIGs. 16A-C show that SBP8a
phage inhibit bacterial growth from pathogenic B.
anthracis Ames spores. Due to the pathogenicity of
these spores, experiments were carried out in a
Bio-Safety Level 3 facility. Different concentrations
of Bacillus anthracis Ames spores were combined as 100
mL of phage, the suspension was mixed at ambient
temperature for 5 minutes and then 10 mL (1/20) of
200mL total volume was plated (deposited as 'dot') on
TSA 



plates. FIG. 16A shows approximately how many phage
were present in each phage/spore location on the
plates shown in FIG. 16B-C. FIG. 16B depicts a plate
with Ames spores at 5 x lOVlOml concentration, while
FIG. 16C depicts a plate with Ames spores at 5 x
10/10ml concentration. FIG. 17 provides a schematic
diagram illustrating that spraying the SBPIa and SBP8a
phage isolates of the invention onto dried spores of
Bacillus anthracis effectively eliminates growth of
bacteria from those spores. FIG. 18 illustrates one
embodiment of the present system adapted to detect or
analyze spores. Detailed Description of the Invention
The present disclosure describes novel bacteriophages
isolated from Iowa soil that are virulent on Bacillus
bacteria and methods for their use. Early
bacteriophage based anti-bacterial research included
targeting Bacillus anthracis (the causal agent of
anthrax) in mice (Cowles and Hale, J. Inf. Pis. , 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 O157: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.Natl. Acad. ScL, USA, 93:
3167-3168 (1996); Levin and Bull, The American
Naturalist 147: 881-898 (1996)). Many bacteriophage
based anti-bacterial applications would require
virulent bacteriophages with rapid latent period and
long term stability under application and storage
conditions. Known laboratory bacteriophage strains may
not posses such characteristics. However, the
invention provides new bacteriophage strains that were
isolated from natural sources that may be better
suited for development of anti-bacterial applications.
The novel bacteriophages of the invention were
isolated from Iowa soil and are virulent on Bacillus
bacteria. For example, the 



invention provides bacteriophage strains SBP 1a and
SBP8a that were deposited with the American Type
Culture Collection (10801 University Blvd., Manassas,
Va., 201 10-2209 USA (ATCC)) as ATCC Accession Nos.
PTA-5057 and PTA- 5072, respectively. Methods for
using these bacteriophages are also provided. 1.
Bacteriophage(s) able to infect Bacillus bacterium The
invention provides bacteriophages able to infect
Bacillus bacterium. More specifically, the invention
provides bacteriophages which are able to infect
numerous species of Bacillus that include the
pathogenic species Bacillus anthracis. These
bacteriophages were isolated from soil samples and
have been deposited with the American Type Culture
Collection, Manassas, Virginia, USA 201 10-2209. The
bacteriophages are named SBPIa (ATCC accession number
PTA-5057) and SBP8a (ATCC accession number PTA-5072).
Other bacteriophage strains previously isolated by the
inventor include NikoA (ATCC accession number
PTA-4171), DDBa (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,
SBPIa and SBP8a bacteriophages. FIGs. 4, 11 and 12
indicate that bacteriophage DNA can be readily
isolated from such bacteriophages anddigested with
common restriction enzymes under standard conditions.
Thus, bacteriophage DNA can be prepared and
manipulated according to methods well known in the
art. Methods for propagation of bacteriophages and
extraction of DNA from the bacteriophages are well
known in the art. Also, recombinant methods for
manipulating DNA isolated from bacteriophage and for
producing recombinant bacteriophages are well known.
Such methods are described in detail in Sambrook et
al., Molecular Cloning: A Laboratory Manual, 2nd
edition, Cold 



Spring Harbor Press, Cold Spring Harbor, N.Y. (1989)).
Briefly, the bacteriophage of the invention can be
propagated in culture through infecting a suitable
host, such as a Bacillus bacterium as disclosed in the
examples herein, with a bacteriophage and allowing the
bacteriophage infected host to propagate in a growth
medium. Following a growth period, a bacteriophage
broth may be prepared by centrifuging the growth
medium to clear it of bacteria. The remaining
clarified bacteriophage broth may be filter sterilized
through use of a suitable commercially available
filter (Millipore, Bedford, MA; Schleicher and
Schuell, Keene, NH). Bacteriophage broth may be used
to infect new cultures of bacteria to produce
additional bacteriophage. Additionally, bacteriophage
broth may be used within the methods of the invention
to decontaminate organisms and surfaces that are
contaminated with Bacillus bacteria. Such methods
include use of sterile bacteriophage broth as well as
non-sterile bacteriophage broth that was produced
through use of non-pathogenic strains of Bacillus
bacteria. 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 centrifugation. The collected
bacteriophage may be further purified by
centrifugation 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).The-extracted
bacteriophage DNA maybe manipulated according to any
procedure known in the art. Examples of such
procedures include, but are not limited to, digestion
with restriction enzymes, sequencing and ligation. The
bacteriophage DNA may also be used as a cloning vector
to insert exogenous DNA into the bacteriophage DNA to
produce a recombinant molecule. Many exogenous DNA
sequences may be inserted into the bacteriophage DNA.
Examples include, but are not limited to, genes that
confer drug 



resistance, such as resistance to tetracycline,
ampicillin, streptomycin or rifampicin. Also,
expression cassettes containing regulatory sequences
that are operably linked to a selected nucleic acid
sequence may be cloned into the bacteriophage DNA. An
example of such a construct would have a Bacillus
promoter operably linked to a nucleic acid sequence
that produces an antisense message to a gene required
by a Bacillus bacterium. Thus, if a bacteriophage
having such a construct inserted into its genome were
to infect a Bacillus bacterium, the antisense message
would be produced and would interfere with the
metabolism of the bacterium. This construct is
provided as an example only and one of skill in the
art realizes that the invention includes many types of
constructs that may be inserted into DNA obtained from
the NikoA, DDBa, MHWa, SBPIa and SBP8a bacteriophages.
A recombinant bacteriophage DNA molecule may be
packaged into a bacteriophage molecule by transforming
the recombinant molecule into a bacterial host and
then isolating recombinant bacteriophage particles
that are produced. These bacteriophage particles may
be selected through use of a selectable marker such as
one that confers drug resistance or through 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, singlestrand and replicative forms of
the bacteriophage DNA. Bacteriophage DNA may be
isolated from bacteria through use of a variety of
procedures well known in the art. Examples of these
procedures include organic extraction, such as phenol
.chloroform extraction, or use of column
chromatography (Qiagen, Chatsworth, CA). 



2. The invention provides many types of antibacterial
nutrient broths that contain a single or multiple
bacteriophages of the invention The invention provides
an antibacterial nutrient broth in which one or more
bacteriophages selected from NikoA, DDBa, MHWa, SBPIa,
SBP8a, or recombinant forms thereof are contained. The
invention also includes antibacterial nutrient broths
containing at least one bacteriophage selected from
NikoA, DDBa, MHWa, SBPIa, SBP8a, a combination or
recombinant form thereof. Such antibacterial nutrient
broths can have another bacteriophage that is not a
NikoA, DDBa, MHWa, SBP 1a, SBP8a or a recombinant form
thereof. Many nutrient broths are known to those of
skill in the art for the preparation and storage of
bacteriophage. Preferably the nutrient broth provides
a stable storage medium for long term storage of a
bacteriophage contained therein. Also, nutrient broths
are preferred that provide a proper environment for
the growth of Bacillus bacteria, preferably Bacillus
anthracis, and infection of the Bacillus bacterium by
a bacteriophage. Many examples of such nutrient broths
are well known and include, but are not limited to,
Luria-Bertani medium, NZCYM medium, NZYM medium, NZM
medium, Terrific Broth, SOB medium and SOC medium.
Methods for preparing nutrient broths 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 directapplication to the organism. For
example, antibacterial nutrient broths may be produced
that are isotonic with biological fluids, such as
blood. Methods of administration for the antibacterial
nutrient broths of the invention include aerosols and
rectal infusions or surgical wound treatments. 



The antibacterial nutrient broths of the invention may
also be administered to an organism in many forms that
include tables, capsules, liquid preparations, sprays,
aerosols, infusables, injectables and in combination
with food. Those of skill in the art realize that any
route of administration may be used that allows for
productive infection of a bacterium by a
bacteriophage. The antibacterial nutrient broths of
the invention may be used for many human and
veterinary applications that include treatment of
Bacillus infection, decontamination of Bacillus
contaminated organisms and surfaces and prophylactic
use against contraction and spread of a Bacillus
infection. 3. The invention also provides
pharmaceutical compositions that contain a single or
multiple bacteriophages of the invention The invention
provides a pharmaceutical composition containing one
or more bacteriophages selected from NikoA, DDBa,
MHWa, SBPIa, SBP8a, combinations or recombinant forms
thereof are contained. The invention also includes
pharmaceutical compositions containing at least one
bacteriophage selected from NikoA, DDBa, MHWa, SBPIa,
SBP8a, combinations or recombinant forms thereof in
combination with another bacteriophage that is not
NikoA, DDBa, MHWa, SBPIa, SBP8a or a recombinant form
thereof. The invention also includes pharmaceutical
compositions containing at 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.A
pharmaceutical composition includes at least one
bacteriophage of the invention in combination with a
pharmaceutically acceptable carrier. Examples of
acceptable carriers include a solid, gelled or liquid
diluent or an ingestible 



capsule. One or more of the bacteriophages of the
invention, or a mixture thereof, may be administered
orally in the form of a pharmaceutical unit dosage
form comprising the bacteriophage in combination with
a pharmaceutically acceptable carrier. A unit dosage
of the bacteriophage may also be administered without
a carrier material. The pharmaceutical compositions of
the invention may be prepared in many forms that
include tablets, hard or soft gelatin capsules,
aqueous solutions, suspensions, and liposomes and
other slow-release formulations, such as shaped
polymeric gels. An oral dosage form may be formulated
such that the bacteriophage(s) of the invention are
released into the intestine after passing through the
stomach. Oral liquid pharmaceutical compositions may
be in the form of, for example, aqueous or oily
suspensions, solutions, emulsions, syrups or elixirs,
or may be presented as a dry product for constitution
with water or other suitable vehicle before use. Such
liquid pharmaceutical compositions may contain
conventional additives such as suspending agents,
emulsifying agents, nonaqueous vehicles (which may
include edible oils), or preservatives. The
bacteriophages according to the invention may also be
formulated for parenteral administration (e.g., by
injection, for example, bolus injection or continuous
infusion) and may be presented in unit dosage form in
ampoules, prefilled syringes, small volume infusion
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)).For topical administration to the
epidermis, the bacteriophage(s) may be formulated as
ointments, creams or lotions. Ointments and creams
may, for 



example, be formulated with an aqueous or oily base
with the addition of suitable thickening and/or
gelling agents. Lotions may be formulated with an
aqueous or oily base and will in general also contain
one or more emulsifying agents, stabilizing agents,
dispersing agents, suspending agents, thickening
agents, or coloring agents. Pharmaceutical
compositions suitable for topical administration in
the mouth include unit dosage forms such as lozenges
comprising a bacteriophage(s) of the invention in a
flavored base, usually sucrose and acadia or
tragacanth. Pastilles comprising one or more
bacteriophages in an inert base such as gelatin and
glycerin or sucrose and acacia are also provided.
Mucoadherent gels and mouthwashes comprising a
bacteriophage(s) of the invention in a suitable liquid
carrier are additionally provided. Pharmaceutical
compositions suitable for rectal administration are
most preferably presented as unit dose suppositories.
Suitable carriers include saline solution, nutrient
broths, and other materials commonly used in the art.
Pharmaceutical compositions suitable for vaginal
administration may be presented as pessaries, tampons,
creams, gels, pastes, foams or sprays that contain a
carrier in addition to a bacteriophage. Such carriers
are well known in the art. For administration by
inhalation, the bacteriophage(s) according to the
invention are conveniently delivered from an
insufflator, nebulizer or a pressurized pack or other
convenient means of delivering an aerosol spray.
Pressurized packs may comprise a suitable propellant
such as dichlorodifiuoromethane,
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 bepresented in unit dosage form in,
for example, capsules or cartridges or, e.g., gelatin
or blister packs from which the powder may be
administered with the aid of an inhalator or
insufflator. For intra-nasal administration, the
bacteriophage(s) of the invention maybe administered
via a liquid spray, such as via a plastic bottle
atomizer. For topical administration to the eye, the
bacteriophage(s) according to the invention can be
administered as drops and gels. Pharmaceutical
compositions of the invention may also contain other
adjuvants such as flavorings, colorings,
anti-microbial agents, or preservatives. The invention
also provides kits containing packaging and a
bacteriophage(s) of the invention. It will be
appreciated that the amount of the present
bacteriophages, required for use in treatment will
vary not only with the particular carrier selected but
also with the route of administration, the nature of
the condition being treated and the age and condition
of the patient. Ultimately the attendant health care
provider may determine proper dosage. 4. Methods to
prevent contamination or to decontaminate an organism
or surface that may be contaminated with Bacillus
bacteria or with the spores of Bacillus bacteria The
invention provides methods to prevent contamination or
to decontaminate an organism or a surface that may be
contaminated with Bacillus bacteria or spores of
Bacillus bacteria. The method involves contacting the
organism or surface with a bacteriophage(s) of the
invention such that 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 ofbeing exposed to Bacillus anthracis or to
Bacillus anthracis spores. The methods of the
invention may be used to decontaminate many surfaces
that include, for example, furniture, machinery,
vehicles, buildings and food products. Preferably the
methods of the invention may be used to decontaminate
articles that come into contact with humans. It is
also envisioned that the bacteriophage(s) of the
invention may be applied to foods. Examples of foods
include animals and plants such as fruits, vegetables,
grains, nuts and roots. A bacteriophage selected from
NikoA, DDBa, MHWa, SBPIa, SBP8a, or a combination or
recombinant form thereof may be applied to the
organism or surface alone or in combination with
another bacteriophage(s) or pharmaceutical agent. One
of skill in the art will recognize that a
bacteriophage of the invention may be applied in a
variety of forms to suit a particular circumstance.
For example, the bacteriophage(s) may be applied in a
powdered form to the organism such that the
bacteriophage(s) will be reconstituted in the bodily
fluid. The reconstituted bacteriophage(s) can then
infect Bacillus bacterium contacting the organism or
Bacillus bacteria that germinate from spores
contacting the organism. Alternatively, the powdered
bacteriophage(s) may be applied to an organism or
surface and then reconstituted with a fluid that
allows the bacteriophage(s) to infect a Bacillus
bacterium present on the organism or surface or a
Bacillus bacterium that germinates from a spore
present on the organism or surface. The
bacteriophage(s) of the invention may also be applied
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, SBPIa,
SBP8a, a combination or a recombinant form thereof to
the organismsuch that the bacteriophage infects and
neutralizes the Bacillus bacteria causing the
infection. Preferably the Bacillus bacteria are
Bacillus anthracis. The bacteriophage may be
administered singly or in combination with additional
bacteriophages or pharmaceutical agents. The methods
of the invention may used in a variety of
circumstances that can be assessed by one of skill in
the art. For example, the methods of the invention
have many veterinary applications that include
prevention and treatment of Bacillus infections,
particularly Bacillus anthracis. The bacteriophage(s)
of the invention may be fed or administered to
animals, such as cattle, as a prophylactic measure to
protect the cattle from contact with Bacillus bacteria
or with spores from Bacillus bacteria. The
bacteriophage(s) may be applied in many forms that
include a reconstitutable powder, a nutrient broth and
a pharmaceutical composition. In another embodiment,
the bacteriophage(s) of the invention may be
administered to animals, such as cattle, that are
infected with Bacillus bacteria through use of methods
described herein or known in the art. The methods of
the invention are particularly useful for preventing
Bacillus infection of humans and for treating humans
that are already infected with Bacillus bacteria,
particularly Bacillus anthracis. Methods for treating
humans and other organisms with a bacteriophage are
known in the art and have been extensively described
within the following documents and the documents cited
therein. Sulokvelidze et al., Antimicrobial Agents and
Chemotherapy, 45:649-659 (2001); Alisky et al., Jour,
of Infect. 36:5-15 (1998); Carlton RM., Arch. Ommunol.
Ther. Exp. (Warsz) , 47:267-74 (1999); Barrow et al.,
Clin. Diagn. Lab. Immunol 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 thatcontains a bacteriophage selected from
NikoA, DDBa, MHWa, SBPIa, SBP8a, a combination or a
recombinant form thereof and an anti-inflammatory
agent, an antiviral agent, an antibiotic or other such
pharmaceutical agents. The bacteriophage(s) may be
administered to a patient by many art recognized
routes and as described herein. For example, the
bacteriophage(s) may be administered orally, rectally,
vaginally, topically, by injection or inhalation. In
one embodiment, the bacteriophage(s) are administered
to an organism, particularly a human, orally in the
form of a capsule that releases the bacteriophage(s)
in the intestine of the organism after passing through
the stomach. Thus, the invention includes topical and
internal administration of bacteriophage(s) to animals
and humans to prevent or treat infection of the animal
of human by Bacillus bacteria, particularly Bacillus
anthracis. 6. An antibody that binds to a
bacteriophage that can bind to a Bacillus bacterium.
The invention provides antibodies against
bacteriophage(s) which are able to bind Bacillus
bacteria, including the pathogenic species Bacillus
anthracis. Such antibodies are exemplified by those
that bind to the bacteriophages NikoA, DDBa, MHWa,
SBPIa, SBP8a, a combination or a recombinant forms
thereof. The antibodies of the invention may be used
in conjunction with the bacteriophage(s) of the
invention to label Bacillus bacteria and the spores of
Bacillus bacteria. Such labeling allows detection of
Bacillus bacteria or Bacillus spores in a sample. The
antibodies of the invention can also be used in
conjunction with an apparatus for detecting Bacillus
bacteria or 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).The
preparation of polyclonal antibodies is well-known to
those skilled in the art. Green et al., Production of
Polyclonal Antisera, in Immunochemical Protocols
(Manson, ed.), pages 1-5 (Humana Press 1992); Coligan
et al., Production of Polyclonal Antisera in Rabbits,
Rats, Mice and Hamsters, in Current Protocols in
Immunology, section 2.4.1 (1992). The preparation of
monoclonal antibodies is also well known in the art.
Kohler & Milstein, Nature 256:495 (1975); Coligan et
al., sections 2.5.1-2.6.7; and Harlow et al.,
Antibodies: A Laboratory Manual, page 726 (Cold Spring
Harbor Pub. 1988). Briefly, monoclonal antibodies can
be obtained by injecting mice with a composition
comprising a bacteriophage, verifying the presence of
antibody production by removing a serum sample,
removing the spleen to obtain B lymphocytes, fusing
the B lymphocytes with myeloma cells to produce
hybridomas, cloning the hybridomas, selecting positive
clones that produce antibodies to the bacteriophage,
and isolating the antibodies from the hybridoma
cultures. Monoclonal antibodies can be isolated and
purified from hybridoma cultures by a variety of
well-established techniques. Such isolation techniques
include affinity chromatography with Protein-A
Sepharose, size-exclusion chromatography, and
ion-exchange chromatography. Coligan et al., sections
2.7.1-2.7.12 and sections 2.9.1-2.9.3; Barnes et al.,
Purification of Immunoglobulin G (IgG), in Methods in
Molecular Biology, Vol. 10, pages 79- 104 (Humana
Press 1992). Monoclonal antibodies may be produced in
vitro through use of well known techniques. Production
in vitro provides relatively pure antibody
preparations and allows scale-up to yield 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.Alternatively, an anti-bacteriophage antibody
may be derived from a humanized monoclonal antibody.
Humanized monoclonal antibodies are produced by
transferring mouse complementarity determining regions
from heavy and light variable chains of the mouse
immunoglobulin into a human variable domain, and then
substituting human residues in the framework regions
of the murine counterparts. General techniques for
cloning murine immunoglobulin variable domains have
been described. Orlandi et al., PNAS (USA), 86:3833
(1989). Techniques for producing humanized monoclonal
antibodies have also been described. Jones et al.,
Nature , 321:522 (1986); Riechmann et al., Nature ,
332:323 (1988); Verhoeyen et al, Science 239:1534
(1988); Carter et al., PNAS (USA), 89:4285 (1992);
Sandhu, Crit. Rev. Biotech. , 12:437 (1992); and
Singer et al., J. Immunol., 150:2844 (1993). Antibody
fragments of the invention can be prepared by
proteolytic hydrolysis of the antibody or by
expression in E. coli of DNA encoding the fragment.
Antibody fragments can be obtained by pepsin or papain
digestion of whole antibodies by conventional methods.
For example, antibody fragments can be produced by
enzymatic cleavage of antibodies with pepsin to
provide a 5S fragment denoted F(ab')2. This fragment
can be further cleaved using a thiol reducing agent,
and optionally a blocking group for the sulfhydryl
groups resulting from cleavage of disulfide linkages,
to produce 3.5S Fab' monovalent fragments.
Alternatively, an enzymatic cleavage using pepsin
produces two monovalent Fab1fragments and an Fc
fragment directly. These methods have been described.
Goldenberg, U.S. patents No. 4,036,945 and No.
4,331,647; Porter, Biochem. J., 73:1 19 (1959);
Edelman et al., Methods in Enzymology, 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.7. Apparatuses for detecting a
bacterium or a bacterial spore in a sample .
Apparatuses are provided for detecting the presence of
a bacterium or a bacterial spore in a sample. In one
embodiment, an apparatus include at least two
bacteriophages that are connected within an electrical
circuit such that contact of a bacterium or a
bacterial spore with at least two of the
bacteriophages will complete the electrical circuit.
Completion of the electrical circuit produces a change
in electrical current that indicates the presence of a
bacterium or a bacterial spore in the applied sample.
The apparatuses of the invention can be used to detect
any bacterium or any bacterial spore to which a
bacteriophage binds. Preferably the bacterium is
pathogenic to humans or animals. More preferably the
bacterium is a Bacillus bacterium. Most preferably the
bacterium is Bacillus anthracis. Preferably the
bacterial spore is from a pathogenic bacterium. More
preferably the bacterial spore is from a Bacillus
bacterium. Most preferably the bacterial spore is from
Bacillus anthracis. The apparatus may include any
bacteriophage that is able to bind to a bacterium or a
bacterial spore, such as M13, fX174, l phage, Pl, P22,
and the like. Preferably the apparatus includes at
least two bacteriophages selected from NikoA, DDBa,
MHWa, SBPIa, SBP8a, or a recombinant form thereof. In
one embodiment, the presence of a bacterium or a
bacterial spore can be detected using an electronic
detection circuit. The detection circuit may be
integrated with a micro-electro mechanical system
(MEMS), microfabricated circuit or nanofabricated
circuit for the detection and analysis of a bacterium
or a bacterial spore. The apparatus, as well as the
detection circuit, may be fabricated using
semiconductor fabrication techniques, methods and
systems. FIG. 6 illustrates one embodiment of the
apparatus (50) of the invention. In the figure,
detector circuit 75 is coupled by conductors 7OA and
7OB to 



bacteriophages 6OA and 6OB, 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.In one embodiment, detector circuit 75
includes user input 80, output 85, processor 90, and
memory 95. Other elements may also be included, such
as, for example, an amplifier to elevate the signal
strength from conductors 7OA and 7OB. User input 80
includes user controls such as a keyboard or other
data entry device. Output 85 includes a display,
indicator light, audio transducer, printer, data
storage device, or other output device. Processor 90,
in one embodiment, includes a microprocessor and
programming suitable to control the analysis and
detection of bacteria or bacterial spores. Memory 95
may provide storage for test data or programming. In
one embodiment, the apparatus is placed into a fluid
filled chamber such that bacteria or spores added to
the chamber can contact bacteriophage 6OA and 6OB.
FIG. 7 illustrates one embodiment of present system
10OA. In the figure, detector circuit 120A is coupled
by conductors 115A and 115B to contact surfaces HOA
and HOB, respectively. In the embodiment shown,
surfaces HOA and 11OB are positioned substantially
parallel, however, in other embodiments, the surfaces
may be non-parallel. Non-parallel alignment may allow
ingress and egress of bacteria or bacterial spores.
Referring again to the figure, the inner surfaces are
positioned sufficiently close to allow a bacterium or
bacterial spore to migrate into the void between the
surfaces and establish electrical contact with
bacteriophage 4, herein shown distributed on both
surfaces 11OA and HOB. In one embodiment, detector
120A includes user input 125, output 130, processor
135 and memory 140. Other elements may also be
included, such as, for example, an amplifier to
elevate the signal strength from surfaces 11OA and 



HOB. User input 125 includes user controls such as a
keyboard or other data 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 10OB. Apparatus IOOB includes a
platform 150A with a void 155 lined on two sides with
surfaces HOC and HOD. Other embodiments include
conductive surfaceson more than two sides. Apparatus
IOOB may be fabricated using semiconductor fabrication
techniques such as photolithography or nanofabrication
techniques. The physical dimensions of void 155 are
adapted to allow capillary action to migrate bacteria
or spores into contact with surfaces HOC and HOD. FIG.
8B illustrates a view of apparatus IOOB along the
dashed-line in FIG. 8A. Void 155 is illustrated to b e
closed on one end with a flat surface, however, in one
embodiment, the surfaces 11OC and HOD may be
positioned to form a ridge or void 155 maybe open and
allow passage of fluids. An open void may allow test
sample fluids to flow past surfaces HOC and 11OD. FIG.
9 illustrates system IOOC with a perspective view of
detector apparatus 150B. Detector 150B includes a
plurality of conductive surfaces, some of which are
marked 11OE and 11OF. Surfaces 11OE is marked with a
"+" sign and surface 11OF is marked with a "-" sign to
indicate polarity. In the figure, opposite polarities
exist on adjacent conductive surfaces, however, the
same polarity may also b e used. Conductors 115C and
115D are coupled to detector circuit 120B and to
respective contact surfaces of apparatus 150B.
Bacteriophages are coupled to the contact surfaces of
apparatus 150B such that they may contact a bacterium
or a bacterial spore that is applied to the contact
surface. FIG. 10 illustrates system IOOD including a
view of detector apparatus 150C having contact
surfaces HOG and a plurality of surfaces 11OH.
Apparatus 150C is coupled to detector circuit 120C by
conductors 115E and 115F. 



Bacteriophages are coupled to surfaces 11OG and 11OH
such that they may contact a bacterium or a bacterial
spore that is applied to the detector apparatus. 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,indicates that the sample
contains a bacterium or a bacterial spore. The
current, or other electrical characteristic, noted
following the application of a sample suspected of
containing a bacterium or a bacterial spore may also
be compared to that obtained following application of
a control sample that does not contain a bacterium or
a bacterial spore. Such a control may act to reduce or
eliminate false positive results caused by any
increase in conductivity due to non-bacterial
components within the sample. It is particularly
envisioned that the bacteriophages of the invention
may be used with such an apparatus to detect the
presence of Bacillus bacteria or Bacillus spores in a
sample. According to the invention, the mounting
surface 65 (or surfaces 110AF) can be quartz. Quartz
is particularly useful as a mounting surface for the
bacteriophage because minute changes in mass (e.g.,
one or more bound bacteria or spores) alter the
resonant frequency of the quartz crystal. The
resulting crystal frequency shift is mathematically
expressed as follows, by the Sauerbrey equation. Af =
-2.26 x 10 6 / 2 Dm/A wherein: Dm is the mass of the
substance bound to the phage on the crystal (e.g. the
mass of the bound bacteria or spores), A is the
crystal electrode area (cm2), and/is the crystal
fundamental frequency (Hz). Thus, quartz is a useful
surface upon which phage or antibodies capable 



of binding phage can be bound. When the surface with
the phage and/or antibodies is exposed to a sample,
bacteria or spores can be detected if the phage can
bind to those bacteria or spores. 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 surfaceswill produce a
measurable change in an electrical characteristic
between the first and the second surfaces. For
example, an electrical potential may be applied to the
first surface and the second surface. Contact of a
bacterium or spore with a bacteriophage bound to the
first surface and a bacteriophage bound to the second
surface will change the resistance, or impedance, of
the detector apparatus, thus result in an increase in
current flow. The increased current flow between the
two surfaces can be measured. Thus, an increase in
electrical current between the first surface and the
second surface resulting from the application of a
sample to the space between the two surfaces indicates
that the sample contains at least one Bacillus
bacterium or Bacillus spore. In one embodiment, an
electrical signal is delivered to the bacteria or
bacterial spore via an electrical connection to one
surface. A second surface is used to detect a change
in the electrical signal following conduction through
the bacteria or bacterial spore. In one embodiment, a
resistance change, or current change, is measured
based on the presence or absence of a bacterium or
bacterial spore. In addition to detecting bacterium or
bacterial spores, the present system may also be used
to quantify the number of bacteria or bacterial spores
contained 



within a sample. FIG. 18 further illustrates an
apparatus for detecting Bacillus spores using crystal
technology. FIG. 18 depicts a system where the fluid
sample is delivered into a micro-volume chamber that
features 2 quartz oscillator devices. Both oscillators
have been coated with phages (that act as affinity
reagents). The 'sample oscillator1has spore-binding
phages attached to it (such as one of the SBPIa and/or
SBP8a phage isolates, or a combination 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
asurface are commonly used in immunosorbant assays,
such as radioimmunoassays and ELISA assays. Methods to
directly link a bacteriophage to a surface include,
but are not limited to, use of glutaraldehyde,
periodate, succinimide ester and
maleimidobensoyl-N-hydroxysucinimide ester. Kitagawa
and Aikawa, J. Biochem. , 79:233 ( 1976); O' Sullivan
et al, Anal. Biochem., 100:100 (1979); Nakane and
Kawaoi, J. Hist. Cytochem. , 22:1084 (1974); Tijssen
and Kurstak, Anal. Biochem. , 136:451 (1984); Avrameas
and Ternynck, Immunochemistry , 8:1 175 (1971);
Avrameas, Immunoehemistrv , 6:43 (1969); Anrameas and
Ternynck, Immunochemistry , 6:53 (1969); Bayer and
Wilchek, Meth. Biochem. Anal. , 26:1 (1980); Bayer et
al., FEBS Lett. 68:240 (1976); Guesdon et al., J.
Hist. Cytochem. , 27:1131 (1979). Bacteriophages can
also be attached to a surface of the apparatus through
an antibody linkage. In this case, an antibody that
binds to a bacteriophage may be linked to a surface of
the apparatus. A bacteriophage is then contacted with
the immobilized antibodies and is thereby bound to the
surface through an antibody linkage. Alternatively,
antibodies that bind to the bacteriophages of the 



invention can be linked to a molecule that binds to
another molecule that is bound to a surface of the
apparatus. For example, an antibody that binds to a
bacteriophage of the invention can be coupled to
biotin and used to bind a bacteriophage of the
invention to a surface that is coated with avidin or
streptavidin. Those of skill in the art realize that
many methods may be used to bind a bacteriophage of
the invention to the surface of an apparatus of the
invention. In other embodiments, the invention
provides apparatuses that include a liquid crystal 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, fX174, l
phage, Pl, P22, and the like. Preferably the
apparatuses include a bacteriophage selected from
NikoA,DDBa, MHWa, SBPIa, SBP8a, a combination or a
recombinant form thereof. Preferably the bacterium is
a pathogenic bacterium. More preferably the bacterium
is a Bacillus bacterium. Most preferably the bacterium
is Bacillus anthracis. Preferably the bacterial spore
is from a pathogenic bacterium. More preferably the
bacterial spore is from a Bacillus bacterium. Most
preferably the bacterial spore is from Bacillus
anthracis. In one embodiment, the liquid crystal is a
thermotropic liquid crystal. Methods to make
thermotropic liquid crystals have been reported and
are well known in the art. Briefly, a liquid crystal
cell can be made by preparing thin films of
polycrystalline gold by controlled deposition to
introduce an anisotropic roughness within the films.
The anisotropic gold films are then coated with one or
more bacteriophages. Spinke et al., J. Chem. Phys.
99:70 12 ( 1993); Prime and Whitesides, J. Am. Chem.
Soa,  5:10714 (1993). Liquid crystal cells are then
formed by separating two coated gold films with a
spacer and adding a drop 



of 4-cyano-4'-pentylbiphenyl into the cavity between
the two films. In another embodiment, the anisotropic
gold films are coated with an antibody that binds to a
bacteriophage. Bacteriophages are then contacted with
the antibody coated gold films to attach the
bacteriophage or bacteriophages to the gold film.
These gold films are then used to create liquid
crystals as described above or through other
techniques known in the art. Preferably the antibody
used to coat the gold film is an antibody that binds
to a bacteriophage the binds to a Bacillus bacterium,
as described herein. In another embodiment, the liquid
crystal is a twisted nematic liquid crystal. The
twisted nematic liquid crystal can also be patterned
according to known methods such as microcontact
printing. Twisted nematic liquid 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, Phvs. Rev. E. 54:4540 (1996); Kumar
et al., Ace. Chem. Res. 28:219 ( 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 readwith the naked eye. The output from a liquid
crystal of the invention can also be used in
conjunction with additional means to modify the
output. For example, a liquid crystal of the invention
may be used with a microscope, amplifier, various
polarizers, and the like. Those of skill in the art
recognize that liquid crystals may be made through use
of a large number of techniques. Therefore, the scope
of the invention includes liquid crystals manufactured
through use of known techniques which have at least
one bacteriophage bound thereon. The invention also
provides biosensors that utilize a bacteriophage in
conjunction with a number of detectors known in the
art to detect a bacterium or a bacterial spore in a
sample. A bacteriophage may be coupled to a detector
and used to immobilize a bacterium or a bacterial
spore in a sample, thus allowing 



for detection of the bacterium or bacterial spore.
Alternatively, a bacteriophage may be bound to a
bacterium or bacterial spore that has been immobilized
on the detector through use of another means, such as
an antibody. The bacteriophage may be coupled to a
detectable marker through methods disclosed herein and
known in the art. For example, such methods may be
modified from those used to couple a detectable marker
to an antibody. Preferably the bacterium is a
pathogenic bacterium. More preferably the bacterium is
a Bacillus bacterium. Most preferably the bacterium is
Bacillus anthracis. Preferably the bacterial spore is
from a pathogenic bacterium. More preferably the
bacterial spore is from a Bacillus bacterium. Most
preferably the bacterial spore is from Bacillus
anthracis. Such biosensors include detectors that
include piezoelectric or acoustic wave devices that
detect a change 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. Suchbiosensors and
methods for their use and construction have been
described. Wijesuriya et al., A rapid and sensitive
immunoassay for bacterial cells. In: Proc. 1993 ERX)EC
Scientific Conference on Chemical Defense Research ,
16-19 November, D. A. Berg, J . D. Williams and P. J.
Reeves (eds.) Report No. ERDEC-SP-024, August 1994,
pp. 671-677 (1994); Cao et al., J. Clin. Microbiol.
33:336 (1995); Konig and Gratzel, Anal. Letts. ,
26:1567 (1993); Paddle, Biosensors Bioelectronics ,
:1079 (1996); Grate et al., Anal. Chem., 65:987A
(1993); Fagerstam and O'Shannessy, Handbook of
Affinity Chromatography, Chromatogr. Sci. Ser. ,
63:229 (1993); Ngeh-Ngwainbi et al., J. Am. Chem. Soa,
108:5444 (1986); Prusak-Sochaczewski et al., Enzyme 



Microbiol. Technol. , 12:173 (1990); North, Trends
Biotechnol. , 3:180 (1985); Anis et al., Anal. Letts.
, 25:627 (1992); Ogert et al., Anal. Biochem. ,
205:306 (1992); Lee and Thompson, Fibre optic
biosensor assay of Newcastle Disease Virus. Defense
Research Establishment Suffield, Canada. Suff eld
Report No. 580, pp. 1-36 (1993); Parce et al.,
Detection of cell-affecting agents with a silicon
biosensor. Science (Washington, D.C ), 246 :243
(1989); Owicki et al., Ann. Rev. Biophys. Biomol.
Struct. , 23:87 (1994); Libby and Wada, J . Clin.
Microbiol , 27:1456 (1989). 8. Methods to detect the
presence of bacteria or bacterial spores in a sample
The invention provides methods to detect bacteria or
bacterial spores. In some embodiments, the bacterium
is a pathogenic bacterium. For example, the bacterium
can be a Bacillus bacterium such as Bacillus
anthracis. In some embodiments, the bacterial spore is
from a pathogenic bacterium. For example, 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, fX174, l phage, Pl,
P22, and the like. Preferably the bacteriophages are
selected from NikoA, DDBa, MHWa, SBPIa, SBP8a, a
combination or a recombinant form thereof.In one
embodiment, the presence of bacteria or bacterial
spores can be determined by measuring a change in an
electrical characteristic. For example, an increased
electrical current may indicate the presence of a
spore. The sample may be applied to the apparatus in
any manner that allows a bacterium or spore to
complete an electrical circuit formed by
bacteriophages attached to the apparatus of the
invention. For example, the sample maybe applied to
the apparatus in a drop of liquid that allows a
bacterium or spore to contact bacteriophages that are
bound to the apparatus. A powdered sample may be
applied to the apparatus and then a liquid may be
added to reconstitute the sample and allow for binding
of bacteriophages to a bacterium or spore. A 



liquid or powdered sample may also be added to liquid
contained on the apparatus such that a bacterium or
spore contained in the sample can contact
bacteriophages bound to the apparatus. One skilled in
the art can readily determine many sample compositions
that may be applied to the apparatus of the invention
and used to detect the presence of bacteria or spores
in the sample. Samples may be prepared from any
accessible surface or organism suspected of being
contaminated with bacteria. For example, samples may
be obtained by swabbing a surface or organism with an
absorbent material such as filter paper. Methods for
obtaining biological samples are well known in the
art. Biological fluids may also be used as samples
within the method. Biological fluids include blood,
urine, saliva and other such fluids suspected of
containing bacteria or spores. Biological tissues can
also be used within the method. For example, skin
samples may be obtained and tested for contamination.
Any sample that is obtained may be mixed with another
component, such as saline, nutrient broth, a
pharmaceutical composition or other components that do
not 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 thatis coupled to a
detectable marker is then contacted with the complex
and thereby forms a complex containing the bacterium,
bacteriophage and the coupled antibody. The unbound
antibody is then separated from the complex and the
presence of a Bacillus bacterium or a Bacillus spore
is indicated by the presence of the detectable marker.
Other examples of the invention include immobilization
of the antibody, the bacterium or the bacteriophage on
a surface followed by addition of the other components
as described above to form a detectable complex
containing the 



bacterium, the bacteriophage and the labeled antibody.
Thus, the invention includes embodiments wherein one
of the components necessary to form a detectable
complex is immobilized and the other components are
contacted with the immobilized component to form a
complex. One of skill in the art recognizes that there
are many combinations and binding conditions that fall
within the scope of the invention. A sample may also
be contacted with a biosensor of the invention to
detect bacteria or bacterial spores present in the
sample according to the methods described above and
known in the art. 9. A kit containing a packaged form
of bacteriophage(s) that are able to infect and
neutralize Bacillus bacterium A kit containing
packaging material and a bacteriophage selected from
NikoA, DDBa, MHWa, SBPIa, SBP8a, a combination or a
recombinant form thereof is provided by the invention.
Such kits can include the bacteriophage(s) of the
invention that are contained in the pharmaceutical
compositions as disclosed herein. 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 andareas include tablets,
capsules, boxes, ampoules, squeeze tubes and the like.
Such kits allow delivery of a bacteriophage(s) of the
invention to devices, such as fermentors, that are
suspected of being contaminated with Bacillus
bacteria. It is particularly envisioned that the
bacteria are Bacillus anthracis. Such packaged forms
are particularly useful for decontamination of
surfaces and areas because they may be delivered to a
surface or area from a safe distance. This decreases
the danger for personnel given the responsibility of
cleaning the 



surface or area. The invention is further illustrated
by the following non-limiting Examples. EXAMPLE 1
Bacteriophages and bacteria Bacteriophages CP-51ts45
(from Dr. Terri Koehler, Department of Microbiology
and Molecular Genetics, University of Texas-Houston
Medical School), f29 and SP50 (from Dr. H. -W.
Ackermann, Department of Medical Biology, Laval
University, Quebec) were purchased from collections or
obtained as gifts. Bacterial host B. cereus 569 UM20
(from Dr. Terri Koehler, Department of Microbiology
and Molecular Genetics, University of Texas- Houston
Medical School, Houston, TX), B. cereus 7064, B.
cereus 55609 (from American Type Culture Collection
(Manassas, VA 201 10-2209), B. cereus 14579, B. cereus
var. mycoides 6462, B. megaterium 4581, B.
thuringiensis 13366 (from Carolina Biological Supply
Co. (Burlington, NC 27215), B. subtilis HWA 1243 (from
Dr. 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, Iowa) in 10 mL
NBY (Difco Nutrient broth: 8 g/ L, Difco yeast extract
(Difco Laboratories, Detroit MI 48232): 3 g/L,pH 6.8)
with B. cereiis 569 at 300C for 24 hours. Cultures
were lysed and clarified by stirring with 1/10 volume
chloroform (250C for 10 minutes) followed by low speed
centrifugation at 12,100 x g (10,000 RPM) for 10
minutes at 40C in a Beckman (Palo Alto, CA) model
J2-HS centrifuge with a J2- 20 rotor. Lysate was held
at 250C for 24 hours to eliminate the least stable
bacteriophages. Plaque assays were carried out on B.
cereus 569 according to standard methods (Adams. M.
H., Bacteriophages , New York, Interscience 



Publishers, Inc., (1959); Thome, J. Virol., 2:657-662
(1968)) and yielded numerous large plaques (>1 mm),
most of which formed within 4-5 hours. Other plaques
formed within 8-10 hours. Plaques were either turbid
or clear and some featured concentric rings. Three
plaques were picked, isolated by triple serial
transfer (NikoA, DDBa, and MHWa) and grown. In a
separate experiment, three new phage isolates were
obtained (Spore-Binding Phage (SBP) numbers Ia, 8a and
12a). After initial characterization, the SBP12a
isolate was not pursued further. General
characteristics of the NikoA, DDBa, MHWa, SBPIa and
SBP8a bacteriophages are presented in Table 1.
Bacteriophages NikoA, DDBa, MHWa, SBPIa, SBP8a and
SBP12a were grown by standard soft agar plate lysis,
modified from Thorne (SAP, Thome, L Virol , 2:657-662
(1968)) on B. cereus 569. In the case of f29 and SP50
the host was B. subtilis 1243. Bacteriophages NikoA,
DDBa, SP50, SBPIa, SBP8a and SBP12a were purified by
differential centrifugation of bacterial plate lysates
and consisted of two rounds of low speed
centrifugation (as above) followed by 126,090 x g
(35,000 RPM), for 15 minutes, at 40C in a Beckman L-70
Ultracentrifuge, using a Type 70Ti rotor. Smaller
bacteriophage (MHWa and f 29) were purified similarly,
but ultracentrifugation was for 45 minutes.
Bacteriophage pellets were resuspended and
bacteriophages were stored in TSG buffer (10 rnM
Tris-HCl pH 7.5, 150 mM NaCl, 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 (Thome and Holt, J . Virol., 14:1008-1012
(1974); Yelton and Thome, J. Bacterioi , 102:573-579
(1970)). Phage isolates DDBa, NikoA, SBPIa and SBP8a
appear to belong to the family Myoviridae and may be
tentatively placed in the "SPOllike virus" genus
according to the most recent taxonomic key of the
I.C.T.V. (van Regenmortel et al., Virus taxonomy, 7th
report of the International Committee on Taxonomy of
Viruses. Edited by van Regenmortel, M. H. V., Fauquet,
C. M., Bishop, D. H L., Carstens, E. B., Estes, M. K.,
Lemon, S. M., Maniloff, J., Mayo, M. A., McGeoch, D.
J., Pringle, C. R., and Wickner, R. B. 



Academic Press, San Diego pp. 43-52 (2000)). Tail
sheaths on about half of the NikoA bacteriophages
appeared to be contracted. Similarly, bacteriophage
isolates SBPIa and SBP8a had contractile tails. Many
bacteriophage DDBa virions displayed a "tube" of
approximately 53  9.5 run extending beyond the base
plate, also suggesting a contractile tail sheath.
Bacteriophage MHWa is best placed with the "f29-like
viruses" of the Podoviridae (Ackermann and Dubow,
Family Podoviridae. van Regenmortel, M. H. V.,
Fauquet, C. M., and Bishop, D. H. L. In Virus
Taxonomy: Classification and Nomenclature of Viruses.
Seventh Report of the International Committee on
Taxonomy of Viruses. 7th Report, pp. 106- 109 (2000)),
due to its elongated head, collar appendages,
noncontractile, short tail and approximately 19 kb
genomic DNA (see below). Short term stability of NikoA
and DDBa was demonstrated by holding cleared lysates
at 370C for up to 96 hours (FIG. 3) and testing for
infectivity by plaque assay. MHWa was not tested
because it forms a turbid plaque. The infectivity of
DDBa after 96 hours decreased by only one order 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 ml 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, SBPIa 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
MHWaby growth on B. cereus 55609 and on B.
thuringiensis 13366. In contrast to SP50, neither
NikoA nor DDBa infect B.subtilis HWA 1243. MHWa,
although morphologically very similar to f29, does not
infect B. subtilis HWA 1243 as does f 29. Host range
tests confirmed CP-5 1 as a broader host range
bacteriophage (Thome, Bacteriol Rev., 32:358-361
(1968); Thome, J. Virol. 2: 657-662 (1968)) and
distinguished CP-5 1 from bacteriophages NikoA, DDBa
and MHWa 



only on the basis of infection of B. cereiis 7064
(Table 2). As expected, all soil bacteriophage
isolates selected on UM20 were virulent on B.
anthracis Sterne. Bacteriophages NikoA and DDBa shared
host ranges and were distinguished from MHWa only on
B. cereiis 55609 and B. thuringiensis 13366. None of
NikoA, DDBa and MHWa infected control B. subtilis HWA
1243 (host of SP50 and f29). Although bacteriophage
NikoA resembles bacteriophage SP50 (FIG. 1, Eiserling
and Boy de Ia Tour, Path. Microbiol , 28:175-180
(1965)), NikoA apparently does not infect B. subtilis
and so is distinguished from SP-50. None of the
bacteriophages grew on B. cereus var. mycoides 6462 or
B. megaterium 458 1, but all grew on B. cereus 14579.
Determination of latent period Latent periods were
determined by single step growth experiments carried
out according to standard techniques (Carlson and
Miller, Working with T4. In Molecular biology of
bacteriophage T4. Edited by Karam, J . D. ASM Press,
Washington DC. pp. 421-437 (1994); Ellis and
Delbriick, J . Gen. Physiol , 22:365-384 (1939)).
Preliminary experiments suggested that CP-51 best
infected UM20 cell cultures in very early log phase
(A6oo = 0.03). Inoculation with CP-51 (multiplicity of
infection, MOI approximately 1) produced free
bacteriophages at approximately 50 min. Note that
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).Plaque
assays Turbid and clear plaques were observed in
varying proportions in nearly all original
sub-isolates of CP-51, yet different particle
morphologies were never observed in electron
micrographs (not shown). Clear (CP-5 1c) and turbid
(CP- 5It) plaque isolates were separated as stable
isolates by serial transfer and both 



types increased for protein and DNA comparison (see
below). Previous investigations of cold temperature
instability of CP-5 1were extended (Thome and Holt, J.
Virol. , 14:1008-1012 (1974); Van Tassel and Yousten,
Can. J. Microbiol., 22:583-586 (1976)). Bacteriophage
(104 pfu) were incubated in 200 mL of tryptic soy
broth (Difco) containing 20 mg/mL CAA and various
concentrations of Mg+ , Mn+ 4 or Ca for 2 h at 0, 4 or
17 0C, followed by plaque assay. Previously published
tests of divalent cation concentrations were limited
to 10 mM Mg4 treatments (Thome and Holt, J . Virol ,
14:1008-1012 (1974)). It was determined that 50 mM Mg
or Mn best maintained most bacteriophage infectivity
during 00C and 4C storage. No additive effect was
observed for combinations of divalents. Additionally,
the infective stability of NikoA and DDBa was
determined by holding bacteriophages NikoA or DDBa (as
cleared lysates) at 370C for several days (FIG. 3).
Bacteriophage lysis of liquid host cell cultures
Bacteriophages were tested for the ability to lyse
(clear) liquid host cell cultures by inoculation of 2
ml of early log phase UM20 cells (A6O0 = 0.03) with
bacteriophages (MOI approximately 1), followed by
brief agitation and 5 hours incubation at 250C.
Inoculated and control (noninoculated) cultures were
monitored for changes in cell density by determination
of optical density at 600 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 (FIG. 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 weretested for
infectivity immediately after each treatment or stored
for a brief time at 40C. Infectivity was tested by
standard plaque assay (on B. cereiis 569 UM20 or B.
anthracis Sterne) of at least three samples from each
replicate. Filtration 



tolerance was tested by passing 2-3 mL of lysate
through 0.45 mM nylon filters (Fisher Scientific).
Aerosol treatments were carried out by pumping 0.5 mL
of lysate through a nasal sprayer. Lysate was pumped
through a hole of 0.2 mm diameter at 0.23 mL / second.
Aliquots were pumped through the sprayer into sterile
glass vials. The spraying was carried out 3 times per
aliquot. Temperature trials involved incubation 100 uL
lysate at -20, 0, 25, 37, 55, or 650C for twelve hours
in sealed glass tubes. Tolerance to sunlight was
tested by incubation of 100 mL lysate in sealed glass
tubes in direct sunlight at ambient temperature (3O0C)
for four hours. The effect of sun-drying was tested by
incubation of 100 mL lysate in open glass tubes in
direct sunlight at ambient temperature (3O0C) for
three hours. The effects of calf erythrocytes, calf
serum or human perspiration was determined by
incubating 100 mL of lysate with an equal volume of
calf serum or erythrocytes (Colorado Serum, Denver,
CO) or human perspiration at 370C for eight hours.
Ultraviolet (UV) light tolerance was tested by direct
exposure of 200 mL drops of lysate (on a sterile
plastic petri dish) to UV light (at a distance of
eight cm from a standard shortwave UV sterilization
lamp (0.70 amps, Ultra-Violet Prod. Inc., San Gabriel,
CA, Model C81)). Bacteriophage particle structural
protein analysis Bacteriophage particle structural
protein analysis was carried out using 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-5 It profile, but not visible from theCP-5 1c
profile (data not shown). Other distinctions in
protein profiles of the CP-5 1 isolates were limited
mostly to intensity differences of several bands 



above 45 kDa. The difference between these profiles
reflects differences at the level of bacteriophage
strain because CP-5 It arose from a purified CP-51
culture, then was maintained as a stable isolate.
Bacteriophages NikoA, DDBa and MHWa all displayed a
prominent doublet of approximately 50 kDa and
otherwise had protein patterns distinct from CP-5 1.
NikoA, DDBa and MHWa differed in terms of abundance
and size of bands of 55-60 kDa and of 21-26 kDa. The
protein profile of MHWa closely resembled that of f
29, but MHWa featured a strong doublet at about 50 kDa
where f29 displayed a single band, thus supporting
placement of MHWa in the "f29-like virus" genus.
Protein profiles produced from SP50 resembled the
NikoA protein profile, but differed in sizes and
abundance of bands below 45 kDa. Bacteriophage
structural protein analysis was also conducted to
investigate apparent similarities between NikoA, DDBa,
SP50, MHWa and f29. Bacteriophages were separated as
bands in approximately 1.5 g/ml cesium chloride
gradients by centrifugation in a Beckman L-70
ultracentrifuge, using an SW-55 rotor at 32,000 RPM
for 2 hours at 2O0C. Structural proteins of cesium
chloride-purified bacteriophages were denatured by
boiling for 4 minutes with sodium dodecyl sulfate and
separated by SDS-polyacrylamide gel electrophoresis on
12.5% acrylamide gels run at 150 constant volts for 65
minutes in 25 mM Tris buffer, pH 8.3. Gels were silver
stained using a silver stain kit (Biorad, Hercules,
CA) according to the manufacturer's instructions.
NikoA, DDBa and MHWa all displayed prominent bands of
approximately 50 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 f 29, but the MHWa profile featured
one strong protein band between 66 kDa and 97 kDa,
where the f29 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 DDBaand SP50 profiles. SP50 also
lacked several bands of about 45 kDa that were present
in both NikoA and DDBa. 



Analysis of bacteriophage DNA Bacteriophages were
pelleted by high speed centrifugation and host DNA and
RNA eliminated from resuspended pellets by digestion
with DNase and RNase (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 DNA was obtained from
resuspended bacteriophage pellets through
cetyltrimethylammoniumbromide (CTAB) precipitation
(Del Sal et al., Biotechniques , 7:51 4-5 19 ( 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 separated by pulsed
field DNA electrophoresis (Steward et al., Limnology
and Oceanography , 45:1697-1706 (2000)) at 18 0C, 6 V
cm 1 for 30 h with switch time increasing from 1to 12
seconds at a rate of 2 sec every 2 hrs, on 1% agarose
gels in 0.5X TBE (tris-borate-EDTA) buffer, pH 8.3.
Genomic DNA from DDBa (FIG. 4A, lane 4, approximately
80 kb) appeared slightly larger than DNA from NikoA
(FIG. 4A, lane 2, approximately 70 kb), both migrating
below the 97 kb marker. IfDDBa and NikoA are
tentatively assigned to the "SPOl -like virus" genus,
both genomic DNAs (less than 97 kb) are small for the
genus (140- 160 kb). MHWa DNA migrated just below the
23.1 kb marker as expected for a "f29-like"
bacteriophage. CP-5 1c and CP-5 It DNAs consistently
displayed 6-8 bands in electrophoretic separation
(pulsed field or standard gels, FIG. 4A, lanel; FIG.
4B, lanes 2 & 3), the top band of which measured
approximately 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 (Thome
and Holt, J. Virol., 14:1008-1012 (1974)). The DNA
from purified 



particles is suggested to be "what is left" in
bacteriophage particles after asubstantial proportion
of the bacteriophage population has undergone the
contractile conformational shift and the extruded DNA
has been digested by DNase during bacteriophage
purification for DNA analysis. The intensities of the
bands in the profile suggest that a low proportion of
the particles in a sample contain whole, genomic DNA
(ca. 20 kb). The sizes of the smaller DNA "fragments"
were consistent over many DNA preparations, so the
extrusion of CP-51 DNA may occur through a series of
"discrete" steps, leaving predictable lengths of DNA
in the bacteriophage particle. Although micrographs of
both NikoA and DDBa showed strong evidence of
contracted tails, DNA from these isolates did not show
any evidence of fragmentation. It was observed that
the "genomic" DNA of CP-51 c appeared somewhat larger
than that of CP-511in standard electrophoresis gels
(1% agarose, 0.5X TBE, FIG. 4B, lanes 2 and 3). The
three DNA bands between 9 and 4 kb of CP- 51c appeared
to match the pulsed field gel size estimates. The
corresponding DNA bands from CP-51t all appeared
approximately 1 kb smaller, as did minor bands below 4
kb. Certain isolates of Cl-51c would occasionally give
rise to a small proportion of turbid plaques, but
CP-51t isolates never gave rise to clear plaques.
Overall, these observations are consistent with the
possibility of a deletion in CP-5 I c having given
rise to CP-51t and the loss of the ability to form a
clear plaque. All bacteriophages were susceptible to
digestion by restriction endonucleases. In addition to
digestion with Eco RI, (FIG. 11C), phage NikoA, SP50,
DDBa, MHWa and phi29 demonstrated additional
susceptibility to digest by Kpn I, Xma I, Sac I and
Xba I and Him II (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
wasseparated by a pulsed field DNA electrophoresis
procedure modified from Steward (Steward et al.,
Limnology and Oceanography , 45: 1697-1706 (2000)).
Electrophoresis was carried out at 40C, 6 volts cm 1
for 15-20 hours with switch time increasing from 1 to
12 seconds at a rate of 1 second every 2 hours, on 1%
agarose gels in 0.5X TBE
(tris-borate-ethylemediaminetetra-acetate (EDTA)
buffer), pH 8.3. DNA from DDBa (FIG. 1IA) appeared
slightly larger than DNA from NikoA or SP50, which
both migrated below the 97 kb marker. MHWa DNA was
approximately 23 kb (FIG. 11B, migrating with the 23
kb marker) and slightly above the f 29 DNA. MHWa also
displayed two additional but weak DNA bands between 9
and 20 kb. DNAs from NikoA, DDBa, MHWa and f 29 were
all susceptible to digestion by restriction
endonuclease Eco RI (Promega, Madison, WI).
Electrophoretic separation (in 1% agarose, non-pulsed
field electrophoresis, FIG. HC) of bacteriophage DNA
subjected to 8 hours restriction endonuclease
digestion at 370C (according to the manufacturer's
instructions) revealed that only SP50 DNA was not
susceptible to digestion by Eco RI, further
distinguishing it from NikoA and DDBa. The restriction
pattern of Eco RI digested MHWa DNA revealed different
fragments and was clearly different than the pattern
from f29. Digestion of DDBa DNA (approximately 29400
basepairs) with Eco RI produced DNA fragments of the
following approximate sizes (basepairs): 18036, 14510,
11375, 9286, 7987, 7207, 4093, 3771, 3342, 2805, 2537,
2298, 2264, 2197, 2132, 2054, 1761 and 1096 (data not
shown). Digestion of NikoA DNA (approximately 22427
basepairs) with Eco RI produced DNA fragments of the
following approximate sizes (basepairs): 16801, 14691,
5679, 4690, 3934, 3057, 2309, 1973, 161 1 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, 8 117, 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 RI in
particular, as well as other endonucleases that are
well known and commonly used in the art, will produce
unique fragment patterns known as restrictionmapping.
Restriction mapping is a common method used to
characterize and to identify nucleic acids,
particularly large pieces of DNA that have not been
sequenced. Such methods have also been used to
characterize and identify viruses and bacteriophages
such as Adenovirus-2, l phage, M13 and fX174. Methods
and materials for restriction mapping are well known
in the art and are available commercially. (Watson et
al., Molecular Biology of the Gene, Benjamin Cummings
Publishing Company, Inc. (Menlo Park, CA)(1987);
Sambrook et al., Molecular Cloning: A Laboratory
Manual, 2nd edition, Cold Spring Harbor Press, Cold
Spring Harbor, N.Y. (1989); New England Biolabs,
Beverly, MA; Lewin, Genes VII, Oxford University
Press, New York, NY (2000)). Such methods generally
allow the size of DNA fragments to be determined with
a 10% error, preferably 5% error, and more preferably
1% error or less. (Elder et al., Anal. Biochem.
128:223 (1983)). Electron microscopy Bacteriophage
suspensions were placed on copper grids with
carboncoated Formvar films and negatively stained with
1% phosphotungstate pH 7.0 and observed in a JEOL
1200EX scanning and transmission electron microscope
(FIG. 1) (Japan Electron Optics Laboratories, Boston,
MA) at the Bessey Microscopy Facility (Department of
Botany, Iowa State University, Ames, IA).
Magnifications were controlled by use of catalase
crystals (Electron microscopy Sciences, Ft.
Washington, PA)(Luftig, J. Ultrastruct. Res.
JID-0376344 20:91- 102 (1967)). Bacteriophage f29 was
included as an internal standard (head 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, SBPIa and SBP8a are distinct isolates that
differ from SP50 and f 29. MHWa is f29-like and maybe
considered an unassigned species of the family
Podoviridae. NikoA, DDBa, SBPIa and SBP8a may be
unassigned species of the Myoviridae. The previous
work on CP-51 was extended to include DNA and protein
analysis and forther observations on stability. The
apparent requirement for very early host log phase
(for infection) and the long latent period (50 min)
suggest that the latent period of CP-51 coincided with
host growth somewhat later in log phase (and less
susceptible to infection) and may explain why CP-51
never cleared liquid cultures. The DNA data disclosed
herein suggest that the MW of CP-51 DNA is closer to
20 kb than to 84 kb (between 54.3 x 106 and 61.6 x 106
Daltons, (Yelton and Thome, J. Virol. , 8: 242-253
(1971)) as first suggested before common use of DNA
gel electrophoresis. Alternatively, CP-51 genomic DNA
may actually be close to 84 kb in size, but particle
instability prevented the full length DNA from being
observed. The CP-5H and CP-51c strains are useful for
investigating the molecular basis of turbid versus
clear plaque formation for this bacteriophage group.
MHWa latent period is rapid and stability is
relatively high. In addition, both NikoA and DDBa
display characteristics that are thought to be
necessary for development of bacteriophage in
anti-bacterial systems. Both bacteriophages are
stable, form clear plaques and can at least partially
clear liquid culture. Such bacteriophages, capable of
rapid attachment and lysis, are thought to be very
useful in developing systems for detecting bacteria,
lowering the infectivity of large bacterial cultures
or assisting in decontamination efforts. Further, the
characterization of bacteriophages NikoA and DDBa
confirm that B. anthracis specific, virulent, stable
bacteriophages may be isolated from natural
sources.Table 1. General characteristics of CP-51,
NikoA, DDBa, MHWa, SBPIa and SBP8a. 



a clear or turbid, shape, without or with concentric
rings. b SAP - soft agar preparation. All isolates
were prepared on over 15 occasions. c pfu - plaque
forming units * ND - not determinedTable 2. Partial
host ranges. * ND: not determined Bacteriophage
increase Naturally occurring soil bacteriophages were
grown by incubation of 5 g topsoil (Black Hawk County,
Iowa, fine ground) with 30 ml NBY (Difco Nutrient
broth: 8 g/L, Difco yeast extract (Difco Laboratories,
Detroit, MI 48232): 3 g/L, pH 6.8) broth and 3 ml log
phase B. anthracis Sterne (vaccine strain, a gift from
Dr. J. Jackson, Johns Hopkins University Applied
Physics Laboratory) or 3 ml B. cereus 569 UM20
(obtained from Dr. Curtis Thome: Univ. of Amherst,
retired, courtesy of Dr. Terri Koehler: Dept. of
Microbiology and Molecular Genetics, University of
Texas-Houston Medical School). Mixtures were shaken at
150 RPM for 12 hours at 300C. 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 0C 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 storedfor a brief
time at 40C. Infectivity was tested by standard plaque
assay (on B. cereus 569 UM20) of at least 4 samples
from each replicate. Filtration tolerance was tested
by passing 2-3 ml of undiluted cleared lysate through
0.45 mm nylon filters (Fisher Scientific). Aerosol /
atomization treatments were carried out by pumping 0.5
mLs of undiluted cleared lysate through a nasal
aerosol sprayer. Cleared lysate was pumped through a
hole of 0.2 mm diameter at a rate of 0.23 mL/sec.
Aliquots were pumped through the sprayer into sterile
glass vials. The spraying was carried out 3 times per
aliquot. Temperature trials involved incubating 100 ml
cleared lysate at -20, 0, 25, 37, 55 or 650C for 12
hrs in sealed 



glass tubes. Tolerance to sunlight was tested by
incubation of 100 ml cleared lysate in sealed glass
tubes in direct sunlight at ambient temperature (30
0C) for 4 hours. The effect of sun-drying was tested
by incubation of 100 ml cleared lysate in open glass
tubes in direct sunlight at ambient temperature (3O
0C) for 3 hours. The effects of calf erythrocytes,
calf serum or human perspiration was determined by
incubating a 100 ml of cleared lysate with an equal
volume of calf serum or erythrocytes (Colorado Serum,
Denver, CO) or human perspiration (supplied by the
author) at 370C for 8 hours. Ultraviolet (UV) light
tolerance was tested by direct exposure of 200 ml of
cleared lysate (large drops on plastic petri dishes)
to UV light (at a distance of 10 cm from a standard
Shortwave UV Sterilization Lamp (0.70 amps,
Ultra-VioletProd. Inc., San Gabriel, CA, Model C81).
Bacteriophage description Although NikoA, DDBa, SBPIa
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, SBPIa and SBP8a 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 f29 group, but MHWa is a
separate strain based on host range and protein
analysis.Titres of naturally occurring soil
bacteriophages were approximately 10 10 plaque forming
units (PFU)/ml whether increased on B. anthracis
Sterne or B. cerens. The infectivity of the B. cereus
bacteriophage community proved surprisingly resilient
and retained the ability to lyse B. cereus following
most treatments. The cleared bacteriophage lysate was
most sensitive to drying, high temperatures and
prolonged direct sunlight. The bacteriophages survived
filtration, aerosolization and treatments with various
body fluids. Calf serum and UV treatment both reduced
infectivity by about an order of magnitude. 



Incubation at 55 0C reduced infectious titre
considerably, while 65 0C or 80 0C deactivated
bacteriophage completely (not shown). Sun drying also
completely eliminated infectivity (not shown).
Aerosolization, 25 0C treatment and treatment with
erythrocytes all appeared to increase the infectivity
of the cleared lysate. The above tests demonstrate
that natural populations of B. cereus/anthracis
bacteriophages contain members that maintain
infectivity under conditions bacteriophages might
experience if deployed as anti-bacterials. These tests
ensure that expensive animal testing of bacteriophage
can be focused on the bacteriophage candidates best
suited to the application. Additional screens may be
used for particular applications, such as electronic
sampler/detectors or specialized decontamination
formulations. Bacteriophage may also be selected to
withstand particular combinations of factors by use of
"selection" steps, incorporating the conditions of
interest during bacteriophage increase to select for
variants resistant to those conditions. 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 known
in the art, one of skill in the art is well equipped
to respond to these factors.EXAMPLE 2: Bacteriophage
SBPIa and SBP8a are Structurally Distinct from NikoA,
DDBa and MHWa Bacteriophage isolates SBPIa and SBP8a
were isolated and initially characterized as described
in Example 1. As described in this Example, structural
analyses of bacteriophage SBPIa and SBP8a were
conducted to determine whether or not bacteriophages
SBPIa and 8a are separate isolates of the same
bacteriophage strain and to ascertain whether
bacteriophages SBPIa and 8a are the same or different
from bacteriophage strains NikoA, DDBa, SP50, MHWa and
f29. 



Thus, bacteriophage structural protein analysis was
conducted to investigate apparent similarities and
differences between SBPIa, SBP8a, NikoA, DDBa, SP50,
MHWa and f29. Bacteriophages were separated as bands
in approximately 1.5 g/ml cesium chloride gradients by
centrifugation in a Beckman L-70 ultracentrifuge,
using an SW-55 rotor at 32,000 RPM for 2 hours at
2O0C. Structural proteins of cesium chloride-purified
bacteriophages were denatured by boiling for 4 minutes
with sodium dodecyl sulfate and separated by
SDS-polyacrylamide gel electrophoresis on 12.5%
acrylamide gels run at 150 constant volts for 65
minutes in 25 mM Tris buffer, pH 8.3. Gels were silver
stained using a silver stain kit (Biorad, Hercules,
CA) according to the manufacturer's instructions. As
shown in FIG. 14, NikoA, DDB and MHW all displayed
prominent bands of approximately 50 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 f29, but the
MHWa profile featured one strong protein band between
66 kDa and 97 kDa, where the f29 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 SBPIa and SBP8a
bacteriophage isolates are different anddistinct, not
only from each other, but also from the NikoA, DDBa
and MHWa bacteriophage strains previously isolated by
the inventor. Bacteriophage SBPIa was deposited under
the terms of the Budapest Treaty on March 14, 2003
with the American Type Culture Collection (10801
University Blvd., Manassas, Va., 201 10-2209 USA
(ATCC)) as ATCC Accession No. PTA-5057. Bacteriophage
SBP8a was deposited under the terms of the Budapest
Treaty on February 18, 2003 with the American Type
Culture Collection (10801 



University Blvd., Manassas, Va., 201 10-2209 USA
(ATCC)) as ATCC Accession No. PTA-5072. EXAMPLE 3:
Bacterial Growth is Diminished Following Spray
Treatment of Dried Bacillus anthracis Spores with
Phages. For phages of the anthrax bacterium (Bacillus
anthracis), the ability to bind to spores and
vegetative bacterial cells is of importance in
developing phage-based therapeutic, prophylactic and
decontamination applications. The ability of
individual phages, selected from the original
assemblage on the basis of spore-binding ability, to
reduce the outgrowth of vegetative bacteria from B.
anthracis Sterne spores treated by spraying with
individual and limited combinations of phages is
described herein. Some characteristics of phages SBPIa
and SBP8a, structural-protein based means of
distinguishing such similar phages, and initial data
toward determining binding saturation kinetics of
phages of B. anthracis are also described. 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 mL volumes of
mixed phage assemblage were incubated with B.
anthracis Sterne spores (lOOmL) in TSG buffer (pH 7.4)
at 37C 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 selectedand described as to
morphology, plaque characteristics, structural
proteins, spore-binding ability and capacity for
killing B. anthracis Sterne vegetative bacteria when
applied to dried spores. Some comparisons were made to
other phages, including morphologically similar phages
of the SPOl group. Phages selected through the
spore-binding method were distinct from phages
dominating the populations increased from the original
soil assemblage, indicating that some phage
sub-population had been selected from the mixed 



assemblage. Based on virion morphology and other
characteristics, both selected phages appear to be
members of the SPOl -like phage group. Structural
protein profiles (SDS-PAGE 10-20% gradient gels,
silver stained) revealed 8-15 structural protein bands
for both phage isolates. Selected phages were able to
lower B. anthracis vegetative cell yield from dried
spores. Bacteria germinating from a dried 10 mL drop
(containing 104-108 CFU of spores) were almost
completely eliminated following spraying of spores
with approximately 108 PFU/mL of both selected phages.
Decreased levels of sprayed-on phages allowed
increased bacterial growth. Thus, selecting phages for
the ability to bind B. anthracis spores can be
important for developing phage-based therapeutic and
decontamination applications, and B. anthracis phages
can be useful in decreasing risk from spores deployed
as bio-terror or bio-warfare agents. Methods Phages
were isolated and increased from triple-serially
isolated plaques by standard soft agar plate method
(Adams, 1959) on TS agar, isolated, chloroform
clarified and purified through ultracentrifugation
(9OK x g for 30 min at 40C). Spore-binding phages were
selected and enriched by incubating 100 mL 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 JEOL1200EX
electron microscope. Magnification was calibrated
using catalase crystals. Phage structural proteins
were obtained from suspensions of high speed
centrifugation phage pellets, denatured (Laemmli,
1970), and separated by electrophoresis on 10-20%
gradient gels by S.D.S.-P.A.G.E. according to standard
methods. Gels were stained using the BioRad Silver
Stain Kit (BioRad, Hercules, CA). Phage DDB structural
proteins were also analyzed courtesy of 



Caliper Life Sciences (Mountain View, CA) using Lab
Chip 90 Electrophoresis System, a microfluidic chip
(column) protein analysis system. Spores of B.
anthracis Sterne were grown (Guidi-Rontani et al.,
1999) in brain-heart infusion broth (Difco) for 7 days
(30C), washed 5 times with distilled water, and heated
to 65C for 30 min. Aside from vigorous vortexing and
pipetting previous to spore use in experiments, no
special techniques were used to separate possible
chains of spores, or to make spores similar to
weaponized varieties. Phage spray treatments were
carried out by spotting spores onto TS agar plates or
sterile depression slides as 5 mL aliquots under a
sterile transfer/containment hood. Phage spray
mixtures were made up as 500 mL dosages in SM buffer
(pH 7.5, no gelatin, glycerol 10%, Tween-20 0.1%) and
sprayed at horizontal targets from 15 cm distance, at
an angle of approximately 45, by pumping through a
metered aerosol spray device (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 (30C) for outgrowth of bacteria.
Dried spores were recovered from slides in 5 mL of TS
broth and transferred to TSA plates, incubated (30C)
for 16 h and photographed to record growth.
Bacteriarphage binding trials were carried out in 100
mL volumes with 106 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 22C, followed by 20 minutes at
37 (Adams, 1959; Thome, 1968a). Unbound phage was
removed by addition of ImL of TSB, followed by
centrifugation (5000 X g, 2.5 minutes) at 22C, and
removal of supernatant from bacterial pellet. Pellets
were washed by addition of 1000 mL TSB and 3 times
gentlypumping the mixture up and down using an
electronic Finnpipette(r) BioControl pipette, on the
slowest setting. Mixtures were transferred to fresh
tubes at each of 3 washings. Bacterial pellets (and
presumed bound phages) were suspended in 100 mL TSB
and bound phages detected by standard plaque assay on
B. cerens. 



Results Enrichments for spore-binding yielded several
phages, of which phages SBPIa and SBP8a were selected
for further work. Both are similar to the SPOl phages
of the Myoviridae {see Table 1, FIG. 13). SBP 1a and
SBP8a can be distinguished by analysis of virion
structural proteins (FIG. 14B; arrows designate
structural proteins that distinguish phage SBP Ia from
SBP8a; arrowheads designate structural proteins and
that distinguish gamma phage from phages SBPIa and
SBP8a.). An alternate method (avoiding slab gels) for
displaying phage structural proteins involves use of
electropherograms and instrument readout from phage
DDB on the Caliper Life Science LC 90 (data not
shown). Phages selected through the spore-binding
method (SBPIa and SBP8a) were distinct from phages
dominating the original soil assemblage, indicating
that phage sub-populations had been selected from the
mixed assemblage. FIG. 15 depicts results indicating
that phage spray treatments reduced vegetative
bacterial outgrowth from spores following direct spray
treatments of spores on plates. 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 104 PFLVmL.
The identification and distinction of different
strains of phage may be assisted by use of phage
structural protein profiles. Although current
slabgradient gel based SDS-PAGE systems are
sufficient, high-throughput screenings of phages from
the enormously diverse soil assemblages may require
the use of faster, more efficient, systems, such as
the Caliper LC 90. EXAMPLE 4: SBPIa and SBP8a Are
Active Against B. anthracis spores - Even Pathogenic
Anthrax Spores 



This Example further illustrates that phage isolates
SBPIa and SBP8a are effective at controlling growth
from spores of both pathogenic and non pathogenic B.
anthracis. Hence, the present phage isolates are
active against B. anthracis spores. Although the
action of the phages is naturally against the
vegetative bacteria (VB) and the VB actually cause
disease, the demonstrated effectiveness of phages
against spores has important ramifications because
spores represent the most likely 'deployed' form of
the bio-terror / bio-warfare agent and the most likely
causal agent of anthrax disease. Possibly more
significantly, phage isolates SBP 1a and SBP8a were
effective against B. anthracis Ames spores, an actual
pathogenic strain of B. anthracis. Thus, the SBPIa and
SBP8a phage exhibit a strong ability to kill
pathogenic anthrax bacteria emerging from spores,
indicating that SBPIa and SBP8a will be successful in
tests involving the control of anthrax disease in
mice, which are now underway. Methods Phage testing
against the pathogenic Bacillus anthracis Ames strain
was carried out under BSL-3 conditions, necessitated
by the use of spores of an 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 mL of phage in SFI (Standard Saline for
Injection) and mixed with 100 mL of spores in SFI at
ambient temperature for 5 min. Ten mL (1/20) of 200mL
total volume was plated (deposited as 'dot') on TSA
plates. Plates were then observed following
approximately 18 hrs incubation at 35C, and plate
images recorded with the use a hand-held digital
camera.Phage testing against B. anthracis Sterne
spores involved application of the B. anthracis Sterne
spores to TSA plates as small 'dots', then spraying
with 0.5 mL of phage at various dilutions or, as a
control, spraying with buffer only, as described in
the previous Example. Plates were incubated overnight
at 30C and the presence or absence of B. anthracis
Sterne colonies was noted. In some instances, plate
images recorded with the use a hand-held digital
camera. 



Results Both SBPIa and SBP8a phage isolates lowered B.
anthracis Sterne vegetative cell yield from dried
spores (FIG. 15). Bacteria germinating from a dried 10
mL drop containing 104-108 CFU of spores were almost
completely eliminated following spraying of spores
with approximately 108PFU/mL of either phage type
(FIG. 15). When less phage was applied increased
bacterial growth was observed. Thus, the inhibition of
B. anthracis Sterne vegetative growth from spores by
SBP1a and SBP8a phage isolates was dose-dependent.
Phage isolate SBP8a was just as effective against B.
anthracis Ames spores, an actual pathogenic strain of
B. anthracis. These results are shown in FIG. 16A-C.
As illustrated, a dose-dependent inhibition of B.
anthracis Ames cell growth from spores treated with
varying amounts of SBP8a phage was observed, with
phage amounts ranging from about 5x1 04 to about 5x1
06 pfu being the most effective. These results show
that phage isolates SBPIa and SBP8a are highly
effective inhibitors of B. anthracis cell growth, even
when treating just the B. anthracis spores that give
rise to such cell growth. FIG. 17 provides a schematic
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 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.EXAMPLE 5 : SBPIa and SBP8a Phages Are Broadly
Active Against Numerous Strains of Bacillus This
Example illustrates the host range of phage isolates
SBPIa and SBP8a. Phage testing against the Bacillus
strains listed in Table 3 was carried out 



under BSL-3 conditions, because many of the strains
tested were pathogenic Bacillus strains.In spot
assays, phages SBPIa and SBP8a showed complete lysis
of B. anthracis strains AMES-I-RIID, AMES-RIID, ANR-I,
240, 937, 4229, 4728, 6602, 6603, 8705, 9660, 11949,
11966, 14578 and 14185. Phages SBPIa and SBP8a showed
partial lysis of B. anthracis strains Sterne, 10 and
14186. Phage SBPIa showed partial lysis of B.
anthracis strain 14187 where phage SBP8a showed
complete lysis. Neither phage SBPIa nor SBP8a lysed
Bacillus cereus strains 14579, 11778 or 11950. Phage
SBP 1a completely lysed B. thuringiensis strains
700872, DIPEL, 33679 and 10792. Phage SBP8a did not
lyse B. thuringiensis strains 700872, DPEL, 33679 and
10792. None of the following Bacillus strains were
lysed by either phages SBPIa 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. atrophaeus 6537, B. atrophaeus
7972, B. atrophaeus 9372, B. atrophaeus5 1189, B.
atrophaeus 49337, B. brevis 11031, B. circiilans 4153,
B. coagulans 7050. Thus, phage isolates SBP 1a and
SBP8a were highly effective inhibitors of Bacillus
anthracis strains AMES-1-RIID, AMES-RIID, STERNE, ANR-
1, 10, 240, 937, 4229, 4728, 6602, 6603, 8705, 9660,
11949, 11966, 14186, 14187, 14578, and 14185. Phage
isolates SBPIa and SBP8a were highly effective
inhibitors of Bacillus thuringiensis strains 700872,
DIPEL, 33679, and 10792. Documents Ackermann 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). 
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pertains, and each such referenced patent or
publication is hereby incorporated by reference to the
same extent as if it had been incorporated by
reference in its entirety individually or set forth
herein in its entirety. Applicants reserve the right
to physically incorporate into this specification any
and all materials and information from any such cited
patents or publications. The specific methods and
compositions described herein are representative of
preferred embodiments and are exemplary and not
intended as limitations on the scope of the invention.
Other objects, aspects, and embodiments will occur to
those skilled in the art upon consideration of this
specification, and are encompassed within the spirit
of the invention as defined by the scope of the
claims. It will be readily apparent to one skilled in
the art that varying substitutions and modifications
may be made to the invention disclosed herein without
departing from the scope and spirit of the invention.
The invention illustratively described herein suitably
may be practiced in the absence of any element or
elements, or limitation or limitations, which is not
specifically disclosed herein as essential. The
methods and processes illustratively described herein
suitably may be practiced in differing orders of
steps, and that they are not necessarily restricted to
the orders of steps indicated herein or in the claims.
As used herein and in the appended claims, the
singular 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
antibodypreparations) of such antibodies, and so
forth. Under no circumstances may the patent be
interpreted to be limited to the specific examples or
embodiments or methods specifically disclosed herein.
Under no circumstances may the patent be interpreted
to be limited by any statement made by any Examiner or
any other official or employee of the Patent and
Trademark Office unless such statement is specifically
and without qualification or reservation expressly
adopted in a responsive writing by Applicants. The
terms and expressions that have been employed are used
as terms of description and not of limitation, and
there is no intent in the use of such terms 



and expressions to exclude any equivalent of the
features shown and described or portions thereof, but
it is recognized that various modifications are
possible within the scope of the invention as claimed.
Thus, it will be understood that although the present
invention has been specifically disclosed by preferred
embodiments and optional features, modification and
variation of the concepts herein disclosed may be
resorted to by those skilled in the art, and that such
modifications and variations are considered to be
within the scope of this invention as defined by the
appended claims. The invention has been described
broadly and generically herein. Each of the narrower
species and subgeneric groupings falling within the
generic disclosure also form part of the invention.
This includes the generic description of the invention
with a proviso or negative limitation removing any
subject matter from the genus, regardless of whether
or not the excised material is specifically recited
herein. Other embodiments are within the following
claims. In addition, where features or aspects of the
invention are described in terms of Markush groups,
those skilled in the art will recognize that the
invention is also thereby described in terms of any
individual member or subgroup of members of the
Markush group.WHAT IS CLAIMED: 1. An isolated SBP 1a
bacteriophage, a culture of which was deposited with
the American Type Culture Collection as ATCC Accession
No. PTA- 5057 or an isolated SBP8a bacteriophage, a
culture of which was deposited with the American Type
Culture Collection as ATCC Accession No. PTA-5072. 2.
The bacteriophage of claim 1, wherein the
bacteriophage is coupled to a detectable marker or a
solid substrate. 3. The bacteriophage of claim 2,
wherein the detectable marker is an enzyme, a
fluorescent tag, a radioactive tag or a colorimetric
tag. 4. The bacteriophage of claim 1, wherein the
bacteriophage can lyse B. anthracis strains
AMES-I-RIID, AMES-RIID, ANR-I, 240, 937, 4229, 



4728, 6602, 6603, 8705, 9660, 11949, 11966, 14578,
14187 or 14185. 5. A pharmaceutical composition
comprising a SBP1a bacteriophage (ATCC Accession No.
PTA-5057) or a SBP8a bacteriophage (ATCC 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).9. The antibody of claim 8,
wherein the antibody is a monoclonal antibody, a
polyclonal antibody, a single-chain antibody, a
chimeric antibody or a humanized antibody. 10. The
antibody of claim 8, wherein the antibody is coupled
to a detectable marker or a solid substrate. 11. A
method to decontaminate a surface that is contaminated
by a Bacillus anthracis bacterium or a Bacillus
anthracis spore comprising applying to the surface a
composition comprising a carrier and a bacteriophage
selected from SBPIa bacteriophage (ATCC Accession No.
PTA-5057) or SBP8a bacteriophage (ATCC Accession No.
PTA-5072). 12. The method of claim 11, 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. 13. The method of claim 11, wherein the
composition 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-I-RIID, AMES-RIID, ANR-I, 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
SBPIa bacteriophage (ATCC Accession No. PTA-5057) or
SBP8a bacteriophage (ATCC Accession No. PTA-5072).16.
The method of claim 15, 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. 17. The method of claim 15, wherein the
composition is inhaled by the organism, ingested by
the organism, or applied to a surface of the organism.
18. The method of claim 15, wherein the organism is a
mammal. 19. The method of claim 15, wherein the mammal
is a human. 20. The method of claim 15, wherein the
composition can lyse B. anthracis strains AMES-I-RIID,
AMES-RIID, ANR-I, 240, 937, 4229, 4728, 6602, 6603,
8705, 9660, 11949, 11966, 14578, 14187 or 14185. 2 1.
A method for treating or preventing a Bacillus
infection in an organism comprising administering to
the organism a composition comprising a carrier and a
bacteriophage selected from SBPIa bacteriophage (ATCC
Accession No. PTA-5057) or SBP8a bacteriophage (ATCC
Accession No. PTA-5072). 22. The method of claim 2 1,
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. 23. The method of claim 2 1, wherein the
Bacillus is a Bacillus anthracis bacterium or a
Bacillus anthracis spore. 24. The method of claim 2 1,
wherein the organism is a mammal.25. The method of
claim 21, wherein the organism is a human. 26. A
method to detect Bacillus in a sample comprising: (a)
contacting the sample with two or more bacteriophages
that are incorporated into an electrical circuit,
wherein binding of the bacterium or the bacterial
spore to two or more bacteriophages changes an
electrical characteristic, and (b) detecting the
changed electrical characteristic to indicate that a
bacterium or a bacterial spore was present in the
sample; (c) wherein the two or more bacteriophages are
selected from SBP1a bacteriophage (ATCC Accession No.
PTA-5057) or SBP8a bacteriophage (ATCC Accession No.
PTA-5072). 27. The method of claim 26, wherein the
Bacillus is a Bacillus anthracis bacterium or a
Bacillus anthracis spore. 28. A method to determine if
a sample contains Bacillus comprising: (a) contacting
the sample with an antibody and 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 (c) detecting the presence of bound
antibody to determine whether the sample contains a
Bacillus; wherein the bacteriophage is selected from
SBPIa bacteriophage (ATCC Accession No. PTA-5057) or
SBP8a bacteriophage (ATCC Accession No. PTA-5072). 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:(a) contacting the sample
with a liquid crystal to which a bacteriophage is
bound; and (b) determining whether or not a signal
results from binding of the bacteriophage with a
bacterium or bacterial spore wherein the bacteriophage
is selected from SBP 1a bacteriophage (ATCC Accession
No. PTA-5057) or SBP8a bacteriophage (ATCC Accession
No. PTA-5072). 31. A method to determine whether or
not a sample contains a bacterium or a bacterial spore
comprising: (a) contacting the sample with a quartz
crystal to which a bacteriophage is bound; and (b)
determining whether or not a signal results from
binding of the bacteriophage with a bacterium or
bacterial spore. 32. The method of claim 31, wherein
the bacteriophage is selected from SBPIa bacteriophage
(ATCC Accession No. PTA-5057) or SBP8a bacteriophage
(ATCC Accession No. PTA-5072). 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 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) a means for detecting the changed electrical
characteri stic wherein the two or more bacteriophages
are selected from SBPIa bacteriophage (ATCC Accession
No. PTA-5057) or SBP8a bacteriophage (ATCC Accession
No. PTA-5072).34. The apparatus of claim 33, wherein
the Bacillus is a Bacillus anthracis bacterium or a
Bacillus anthracis spore. 35. The apparatus of claim
33, wherein the mounting surface is quartz. 



36. An apparatus comprising: (a) a liquid crystal; and
(b) a bacteriophage bound to the liquid crystal;
wherein the bacteriophage is selected from SBP Ia
bacteriophage (ATCC 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. 38. The apparatus of claim 36, further
comprising: c) 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 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: (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 spore to the bacteriophage.
42. The apparatus of claim 40, wherein the
bacteriophage is selected from SBPI a bacteriophage
(ATCC Accession No. PTA-5057), SBP8abacteriophage
(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. 43. A biosensor comprising a
detector operatively coupled to a bacteriophage
selected from SBPIa bacteriophage (ATCC Accession No.
PTA-5057) or SBP8a bacteriophage (ATCC Accession No.
PTA-5072). 44. 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. 45. 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 SBPIa
bacteriophage (ATCC Accession No. PTA-5057) or SBP8a
bacteriophage (ATCC Accession No. PTA-5072). 46. A kit
comprising a bacteriophage selected from SBPIa
bacteriophage (ATCC Accession No. PTA-5057) or SBP8a
bacteriophage (ATCC Accession No. PTA-5072). 




