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amenable for detection with various specific synthesis binding agents approaches. The technique merges capture and detection steps
with quantification unit suitable to provide results in a relatively shorter time current detection methods.



10

15

20

25

30

WO 2018/208840 PCT/US2018/031679

APPARATUS AND METHOD FOR DETECTING MICROBIAL CONTAMINATION

RELATED APPLICATIONS
This application claims priority to USSN 62/502,987, filed May 8, 2017, and USSN
62/503,147, filed May 8, 2017. The contents of these applications are incorporated herein by
reference in their entireties.
FIELD
The present invention relates to methods and apparatus for detecting microorganisms,

including infectious bacteria, in substances such as food, water, and bodily fluids.

BACKGROUND

Although some strains of microbes, such as bacteria, are beneficial for living beings,
there are pathogenic strains of microbes that nevertheless cause disease in humans. For
example, one of the major routes by which pathogenic bacteria infect the human body 1s via
mgestion of contaminated water or food. Foodborne pathogenic bacteria are a major cause of
morbidity and mortality in humans. Due to the huge impact of foodborne bacterial morbidity
on the community, it is important to ensure that consumers receive water and food materials
free of potential contamination by pathogens. Therefore, testing and surveying water and
food products for potential foodborne pathogens are standard procedures in many industries.

However, most of the conventional methods for testing water and food samples
require relatively long times and may also require additional time for sample enrichment to

meet the minimal detectible level for the tests.

SUMMARY

The invention is based in part on the discovery of a fast and accurate method for
screening for microbial pathogens in food products, water and bodily fluids.

In one aspect, the disclosure provides a method of detecting a food-borne pathogen.
The method comprises mixing a solution comprising a sample suspected of containing the
food-borne pathogen and a capture antibody, which specifically binds to an antigen on the
food-borne pathogen, in conditions sufficient to form a first complex between the pathogen
and the capture antibody when the food-borne pathogen is present at a concentration as low
as one viable cell per 125 g for up to 425 g of the sample, and wherein the capture antibody is

linked to an immobilization moiety. Unbound capture antibody is separated from the first
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complex, and a detector antibody is added. The detector antibody is linked to a detection
moiety and specifically binds at a distinct site on the same antigen to which the capture
antibody specifically binds. The detector antibody does not comprise an [gG Fc region. The
detector antibody is added under conditions sufficient to form a second complex between the
first complex and the detector antibody. Unbound detector antibody is separated from the
second complex, and the detection moiety is detected on the second complex, thereby
detecting the food-borne pathogen.

In some embodiments, the method further comprises culturing the solution
comprising a sample suspected of containing the food-borne pathogen under conditions
sufficient to allow for growth of the pathogen prior to mixing the solution with the capture
antibody.

In some embodiments, the pathogen is an infectious agent.

In some embodiments, the pathogen is a bacteria, e.g., an E. coli or Salmonella spp.

In some embodiments, the bacteria is an . coli O157:H7 strain.

In some embodiments, the capture antibody is an IgG antibody.

In some embodiments, the immobilization moiety is a magnetic particle.

In some embodiments, the magnetic particle has an average diameter of between 20
nm and 165 pm.

In some embodiments, the magnetic particle is coated with a protein that binds an
immunoglobulin protein, e.g., the protein is Protein A which can include, recombinant
Protein A.

In some embodiments, the detector antibody is an IgY antibody.

In some embodiments, the detection moiety is horse radish peroxidase (HRP).

In some embodiments, the detection moiety is a fluorescent dye, e.g., a fluorescent
dye with an excitation wavelength between 450nm to 700nm.

In another aspect, the disclosure features a method of a detecting an £. coli O157:H7
strain. The method comprises mixing a solution comprising a sample suspected of containing
E. coli O157:H7 and a capture antibody, which specifically binds to an antigen on £. coli
O157:H7, in conditions sufficient to form a first complex between E. coli O157:H7 and the
capture antibody when the E. coli O157:H7 pathogen is present at a concentration as low as
ong viable cell per 125 g of the sample. The capture antibody is linked to a magnetic particle
with a diameter from 20 nm to 165 pm and the magnetic particle is coated with Protein A.

Unbound capture antibody is separated from the first complex. An IgY detector antibody,
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which specifically binds at a distinct site on the same K. coli O157:H7 antigen to which the
capture antibody specifically binds, is added under conditions sufficient to form a second
complex between the first complex and the detector antibody, and unbound detector antibody
is separated from the second complex; The second complex is detected, thereby detecting £.
coli O157:H7.

In some embodiments, the method further comprises culturing the solution
comprising a sample suspected of containing the k. coli 0157:H7 under conditions sufficient
to allow for growth of the £. coli 0157:H7 prior to mixing the solution with the capture
antibody.

In a further aspect, the disclosure features a method of detecting an antigen by mixing
a solution comprising a sample suspected of containing the antigen and a capture antibody,
which specifically binds to the antigen, in conditions sufficient to form a first complex
between the antigen and capture antibody when the antigen is present in the sample at a
concentration as low as 1 cell/100ml, wherein the capture antibody is linked to an
immobilization moiety; and separating unbound capture antibody from the first complex. A
detector antibody linked to a detector moiety is added. The detector antibody specifically
binds at a distinct site on the antigen to which the capture antibody specifically binds. The
detector antibody is added under conditions sufficient to form a second complex between the
first complex and the detector antibody. Unbound detector antibody is separated from the
second complex; and the second complex is detected, thereby detecting the antigen.

In a still further aspect, the disclosure features an optical instrument for biological
analysis. The instrument comprises a light source emitting electromagnetic radiation to a
sample holder controlled by magnetic field disposed on a movable platform, the sample
holder configured to receive a plurality of biological samples; one or more optical detectors
configured to receive an emission from the biological samples; and a digital decoder in
communication with the optical detector that converts the emission to a detectable signal.

In another aspect, the disclosure features an optical instrument for biological analysis.
The optical instrument comprises an array of sample container receiving positions; at least
one light source adjacent to each sample container receiving position for providing
illumination at a first wavelength range and in a first illumination direction through a
respective sample container disposed within the sample container receiving position; and a
photodetector disposed adjacent each sample container receiving position for selectively

detecting light radiated from the respective sample container in response to illumination from
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the respective at least one light source, the detected light corresponding to a concentration of
an antigen concentration within the respective sample container.

In another aspect, the disclosure provides an apparatus comprising a capture antibody
linked to an immobilization moiety, wherein the immobilization moiety is a magnetic particle
with a diameter from 20 nm to 165 um and wherein the magnetic particle is coated with
protein; and a detector antibody linked to a detection moiety, wherein the detector antibody
does not include an IgG Fc region, and wherein the capture antibody and detector antibody

specifically bind to the same antigen at distinct sites.

The optical detection method and apparatus combines microbial capture and
detection in as little as one step. Moreover, the methods can be performed at between 20 and
60 degrees Celsius. The results can be conveniently provided as quantified in an optical
detection platform, which allows for the detection to be performed on site with minimal
technical requirements. Moreover, using different primary binding agents in the platform
allow the platform to be potentially utilized as an array for testing a constellation of various
potential bacterial contaminants of water and food on the scene.

The advantages provided by the methods and apparatuses disclosed herein
include combining bacterial capture and quantitative testing using immunomagnetic
particles and an optical detection platform. The relatively short steps required by the
methods permit the test to be conducted at room temperature and the results are
quantified in a portable optical detection platform. These features allow for the
detection to be performed on site with minimal technical expertise and requirements to
conduct the test

The micro-spherical optical platform is additionally designed to minimize or prevent a
high false negative rate. This system can be optimized to detect low counts of viable cells,
1.e., in the range 0.008 to 0.078 cells per 125g and 0.002 to 0.02 cells per 450g meat sample.
This automated multi channels detection system will reduce the detection time to 30 minutes
after a reduced enrichment time to 8 hours.

Those skilled in the art will be aware that the invention described herein is subject to
variations and modifications other than those specifically described. It is to be understood
that the invention described herein includes all such variations and modifications. The
invention also includes all such steps, features, compositions and compounds referred to or

indicated in this specification, individually or collectively, and any and all combinations of
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any two or more of the steps or features.

BRIEF DESCRIPTION OF THE FIGURES

The following figures form part of the present specification and are included to
further illustrate aspects of the present invention.

Figure 1 is a schematic representation of immunomagnetic particles used for
capturing and detecting target antigens in a food sample.

Figure 2 is a schematic representation of the steps for capturing and detecting a food-
borne pathogen.

Figure 3 is a schematic representation of the antibodies used for capturing and
detecting target antigens.

Figure 4 is a schematic of the sample stage of an optical instrument.

Figures SA-F show photographs of an embodiment of the optical instrument described
herein.

Figures 6A-C are bright field and fluorescent micrographs of £. co/i O157:H7 binding
to the MSM particle platform.

Figure 7 shows densitometry of HRP action on TMB substrate in three different
experiments.

Figure 8 shows densitometry of HRP action on TMB substrate following enrichment
of E. coli O:157:H7 in ground beef and in mTSB+ medium.

Figures 9A and B are micrographs showing the blue/purple stain of TMB due to the
action of HRP and localization of the stain around the spherical magnetic particle platform
where target E. coli O157:H7 is captured.

Figure 10 is a schematic view of a photodetector system for use in detecting target

antigens.

DETAILED DESCRIPTION
Pathogenic microbes, such as types of £. cofi, arc the cause of many cpidemic
outbreaks of morbidity and mortality all-over the world. Pathogenic £, cofi can cause a wide
specinim of GI diseases that can be fatal in untreated and/or undiagnosed patients. Virulent /.
coli impose a public health concern because of their low mfectious doses and casy
transmission through food and water. £, cofi infoction can causc intestinal and extra-intestinal
mantfestations. 2. coli O137:H7, {or mnstance, 1s one of the most important

enterohemorrhagic £ coli (EHEC) strains that causes diarrhea and hemorrhagie colitis, which
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may proceed to a life-threatening hemolytic wremic syndrome (HUS). K. coli OI157.H7
mfection, in the United States, is estimated to be approximately 75,000 cases anaually,

In certain embodiments, the methods and apparatuses disclosed herein use optical
platform separation (OPS), which s also known as immumomagnetic separation (IMS) o
isolate and purify specific molecules from a fluid known to or suspected of containing a
pathogen. OPS uses paramagnetic particles particles coated with aniibodies (Abs) to
specifically 1solate target antigens. By applying a magnetic ficld, the particles with the
captured antigen are atiracted o the magnet, which allows the rest of the liquid solution to be
decanted.

To capture target particles/cells, the magnetic particles are coated with a particular
ligand that binds to the target. The arrangement is shown schematically in Figures 1 and 2.
In a first step, magnetic particles are coated with an immuenoglobulin-binding protein (e.g.,
Protein A) that has pre-incubated with 2 primary or capture antibody that specifically detects
an antigen if present in the sample and allowed to form a first complex, if present n the
sample (see Figare 1 and Figure 2, pancl 2). After a brief incubation period (¢.g., 15 minutes;
Figure 2, panel 3} unbound sample is removed and a secondary or detector antibody linked o
a detection moicty 15 added, which in this figure is horse radish peroxidase (HRP) (Figure 2,
panel 4). The assay is completed by identifving a detecior moiety. When the HRP assay is
used a colorless TMB sobstrate 1s added (Figure 2, panel 5) after which a blue/purple color
reaction occurs (Figure 2, panel 6). This is also shown schematically in Figure 3.

Immunoglobulin (Ig)-binding proteins (Protein-A, Proten-G) arc suitable linker
molecules that can be coated on the surface of the magnetic particles. These proteins
specifically bind with immunoglobulin G (Ig(G) Abs and allow for easier and more precise
purification of the pathogen. According (o other embodiments, other linker molecules can
also be used to bind anfibody to the substraie.

In embodiments, OPS separation is used to combing the capture of the target antigen
with an enzyme-based detection method to allow for a simultancous colorimetric quantitation
of the target antigen. Capture Ab are bound 1o a protein A-coated surface, which specifically
captures the target antigen. The detection antibody iimked to a horse radish peroxidase (HRP)
enzyme applied to bind to the captured antigen. Addition of HRP chromogenic substrate
TMB induces a colorimetric reaction, where the color intensity of the product is proportional
to the amount of the detection Ab and thence to the amount of the captured target antigen.
Thus, quantification of the resultant colorimetric reaction allows for quantification of the

target antigen in the sample.
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For OPS separation, the substrate used 1s magnetic. In certain embodiments, the
subsiraie is maguetic particles. According to certain embodiments, the magnetic particles are
substantially spherical. According to other embodiments, the magnetic particles have an
average diameter from 20 nm to 165 um. In certain embodiments, the magnetic particles
have a diameter from 45 um o 165 pm. In general, particles with a diameter near the smaler
end of the range are used when more sensitive methods of detection are desired.
Substantially spherical magnetic particles less than 200 pm in diameter are also referred to
herein as micro-spherical magnetic (MSM) particles.

In certain embodiments, a non-magnetic substrate 1s used to bind the capture
antibody. In these embodiments, the substrate can be a solid support that can be separated
from an aqueous phase by filtering or centrifugation. In certain embodiments, the substrate is
non-magnetic particles, or beads. These particles can be the same size and shape as the
magnetic particles described herein.

The capture antibody described herein specifically binds to a desired antigen to be
detected. The capture aniibody can be either monoclonal or polyclonal. In certain
embodiments, the capture antibody is an IgG antibody. The capture antibody is typically
bound to the substrate according to the embodiments described herein. In other
embodiments, the detector antibody 1s an antigen binding portion of an antibody as described
herein.

The detector antibody described herein specifically binds to the same antigen as the
corresponding capture antibody. In certain embodiments, the detector antibody specifically
binds to this antigen at a stte distinet from which the corresponding capture antibody binds.
According to some embodiments, the detector antibody 18 not an IgG antibody and/or does
not comprise an Fc region from an 1gG antibody. In certain embodiments. the detector
antitbody 1s an IgY antibody or comprises the Fe region from an IgY antibody. According to
other embodiments, the detector antibody 1s selected from an IgA, IgD, IgE or IgM antibody.
In other embodiments, the detector antibody 1s an antibody fragment as described hergin.

In some embodiments, the detector antibody further comprises a detection moicty.
The detection moiety is any moiety that allows detection and quantitation of the presence of
the detector antibody. Detection moteties include horseradish peroxidase (HRP) and
fluorescein isothicoyanate (FITC) Other examples of detection moigties include, but are not

limited to, the following: radicisotopes or radionuclides {e.g., 'H, “*C. 78,7y, P Te. lin,

s} 31 '/7 (‘ ‘i':; N 2 1 :
1B B T4 ¥ o, or PPSm): chromogens, fluorescent labels (e.g., FITC, rhodanine,

DY

tanthanide phosphors), enzymatic labels (e.g., horseradish peroxidase, luciferase, alkaline
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phosphatase), chemiluminescent markers; bictinyl groups; predetermined polypeptide
epitopes recognized by a secondary reporter {e.g., leucine zipper pair sequences, binding sites
for secondary antibodics, metal binding domains, epitope tags): and magnetic agents, such as
gadoliniam chelates. Representative examples of labels commonly employed for
immuncassays include moicties that produce light, e. g, acridintum compounds, and moietigs
that produce fluorescence, e.g., fluorescein. In this regard, the detection motety itself may not
be detectably labeled but may become detectable upon reaction with yet another moiety.

According to certain embodiments, the antigen that the capture and detector
antibodies specifically bind to are expressed by microbes. According to certain
embodiments, these microbes are food-bome pathogens. According to other embodiments,
the microbes are bactena, protists, fungi, viruses or other parasites. According to specific
embodiments, the antigens are expressed on the surface of a food-borne pathogen.

Bacterial food-bome pathogens melude certain strains of . cofi. In certain
embodiments, the strain of £, coli 1s O157:H7. In another embodiment, the bacterial fond-
bome pathogen is a member of the Salmonella genus. In certam embodiments, the
Salmonella species 18 Salmonella enterica. Other bacterial food-borne pathogens include
Campylobacrer, Clostridium botulinum, Listeria monocyiogenes, Staphylococcus aureus,
Shigella and Vibrio vulnificus.

Viral food borne-pathogens include norovirus, hepatitis A viras and rotovirus. Fungal
food-borne pathogens inchide those that produce mycoioxins. In certain embodiments, the
mycotoxins arc aflatoxins. Fungal genera include Aspergillus, Penicillium, Paecilomyces and
Fusarium. Protist food-borne pathogens include Toxoplasma gondii, Cryptosporidium spp.
Giardia intestinalis and Cyclospora cavetanensis. Other parasiies include round worms and
tapeworms.

In certain embodiments, to prepare the sample, a sample of food or drink is incubated
for a period of time under conditions that are conducive to growing the pathogen in question.
For bacteria, a mumber of bacterial media can be used to enrnich a sample for a pathogen io
merease the chances of detection.  In one embodiment, the medium is Tryptic Soy Broth
(TSB). In certain embodiments, the TSB includes novobiocin. Other media includes LB
broth, Terrific broth and M9 minimal medium. The sample is grown in media at a desired
temperature for a period of time that allows sufficient growth of the microbe to allow its
detection. In certain embodiments, the desired temperature is about 37 °C. In other
embodiments, the period of time is from 30 minutes to 24 hours. In other embodiments, the

period of time is from 30 minutesto 1,2, 3,4, 5,6,7,8,9, 10, 11 or 12 hours.
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The methods disclosed herein can be performed on devices or instruments known in
the art and/or as disclosed herein. While the instrument and methods described herein are
useful for detecting food-borne pathogens, any antigen could be detected at low concentration
using this method.

The assay is coupled with a portable optical detection system 1o quantify the output of
the detection moicty. In certain embodiments, the detection moiety provides a change in
color intensity, for example, from the resultant HRP and TMB product as the HRP substrate
produces a blue/purple color for optimal detection by the optical detection platform.

Also provided are kits that provide in one or more containers some or all of the
reagents disclosed herein, ¢.g.. capture and/or detector antibodies disclosed herein, magnetic
particles, blocking agents (such as bovine serum-albumin or BLOTTO™ mix), as well as
reagents for detecting detection moieties of same. The kit may additionally include a sealed
container. Optionally, an instruction manual for the use of the composition and the
mformation about the composition are included in the kit.

In some embodiments, detection of antigens 1s with a commercially available
detector, ¢.g., a Thorlab Mode! PBATO0T Newton, New Jersey, to provide a numeric valug
corresponding to color intensity, which correlates with the amount of the target bacteria in the
test sample. The light source excitation wavelength and detector bandwidth range are chosen
to match sample output wavelength and are aligned to collect output from multiple sample
testing. Detection can alternatively be performed using the apparatus described herein. The
optical instrument comprises at least one light source, at least one detector and a sample
holder. The light source is capable of emitting a wavelength of light that is appropriate for
exciting or detecting the detection moiety described herein. The detector is capable of
detecting light that passes through or from a sample that is held in the sample holder.

In certain embodiments, the ight source, detector and sample holder 1s arranged as
shown i Figure 4. The arrangement improves the focus of light from the light source and
alignment in the detection chamber. The sample on this stage is subjected to two light
sources, and the mirror is placed to allow maximum concentration of light that will be
projected and collected by the detector. The automated stage will allow testing of 5 samples.

A schematic view of a photodetector system for use in detecting target antigens is
shown in Figure 10. An electrical signal output of the photodetector102 in response to the
detection of radiated sample energy 106 is amplified by an amplifier 112, analyzed by a level
sensor 114, then processed by an appropriate signal processor 116 in order to detect the signal

strength, corresponding to color intensity, of the respective sample, as a measure of antigen

9



10

15

20

25

30

WO 2018/208840 PCT/US2018/031679

concentration bound by the detection platform. Information relating to which sample is being
analyzed and the degree of color intensity may then be displayed on a display device 118 for
operator review, and/or routed to a database 120 formed in a memory associated with the
processor. Alternatively, or in addition thereto, the processor may provide a simplified
display output, such as the sample under analysis is acceptable or is not acceptable. The
display output may be configured according to the needs of and technical sophistication of
the operator. In one embodiment, the processor is further adapted for storing data associated
with each measurement, including a unique identification of each sample, and the color
intensity measurement.

{n certain other embodiments, the sample holder is motorized so that the samples are
moved from a fivst position where they are placed in the optical instrument and a second
position where they are exposed to light from the light source and adjacent the photodetecior
for detection of radiated illumination. Moving the samples to the second position hmits the
amount of ambient light that the samples are exposed to when the light source is emitting
hght. In other embodiments, the second position 1s located 1n a temperature controlled
chamber in the optical instrument. According 1o certain embodiments, this temperature
controlled chamber is kept at about 37 °C. In certain embodiments, the sample holders can
project a magnetic field to manipulate the magnetic particles that are held in the sample
holders. In certain embodiments having a motorized sample holder, the sample holders are
oriented in a substantially circular or continuous loop. Sample bearing tubes or cuvettes are
introduced proximate to the sample holder pathway, then automatically aspirated and
deposited into a cuvette prefilled with first antibody complex. Process steps according to the
foregoing disclosure are then performed automatically, including incubation, separation and
wash, and introduction of the second antibody complex prior to exposure to the light source
or sources and detection of radiated energy by the photodetector, prior to automatic ¢jection
of the sample cuvette in preparation for a new cuvette.

In certain embodiments, the optical instrument also includes one or more digital
decoders and transducers for mterpreting the results as well as a digital screen to present the
results.

In other embodiments, the optical instrument also meludes an incubation platform. In
the incubation platform, samples can be kept at the appropriate temperature to enrich the
population of microbe to be analyzed. In certain embodiments, the optical mstrument

provides power to maintain the samples at a given temperature. In one embodiment, this
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temperature 1s about 37 °C. In other embodiments, the incubation platform is also provided a
timing instrument to provide the length of time that samples are incubated.

In one embodiment, the optical instrument is provided in Figure 5. As shown in
Figure 5F, the optical instrument can be provided in a portable casing. In certain
embodiments, the casing is approximately the size of a suitcase. In certain embodiments, the
casing is 0.5-1 m wide, by 0.5-1 m long, by 0.25-0.5 m deep. In certain embodiments, the

optical instrument weighs between 5 and 10 kg.

Definitions

For convenience, certain terms used in the specification, examples and appended
claims are collected here. These definitions should be read in light of the remainder of the
disclosure and understood as by a person of skill in the art. Unless defined otherwise, all
technical and scientific terms used herein have the same meaning as commonly understood
by a person of ordinary skill in the art. The terms used throughout this specification are
defined as follows, unless otherwise limited in specific instances.

The articles “a,” “an” and “the” are used to refer to one or to more than one (i.e., to at

least one) of the grammatical object of the article.

9% ¢ 9 ¢c:

comprising” “including

9 ¢ 9% <<

The terms “comprise containing” “characterized by” and
grammatical equivalents thereof are used in the inclusive, open sense, meaning that additional
elements may be included. It is not intended to be construed as “consists of only.”

As used herein, “consisting of” and grammatical equivalent thereof exclude any
clement, step or ingredient not specified in the claim.

As used herein, the term “about” or “approximately” usually means within 20%, more
preferably within 10%, and most preferably still within 5% of a given value or range.

In some cases, a population of particles may be present. As used herein, the diameter
of the particles is an average of a distribution in a particular population.

As used herein, one g/mole is equivalent to one “dalton” (i.¢., dalton and g/mol are
interchangeable when referring to the molecular weight of a polymer). “Kilodalton™ as used
herein refers to 1,000 daltons.

The term “antibody” refers to an immunoglobulin (Ig) molecule, which generally
comprises of four polypeptide chains, two heavy (H) chains and two light (L) chains, or a

functional fragment, mutant, variant, or derivative thercof, that retains the epitope binding

features of an Ig molecule. Such fragment, mutant, variant, or derivative antibody formats are
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known in the art. In certain embodiments of a full-length antibody, each heavy chain is
comprised of a heavy chain variable region (VH) and a heavy chain constant region (CH).
The CH is comprised of three domains, CH1, CH2 and CH3. Each light chain is comprised of
a light chain variable region (VL) and a light chain constant region (CL). The CL is
comprised of a single CL. domain. The VH and VL can be further subdivided into regions of
hypervariability, termed complementarity determining regions (CDRs), interspersed with
regions that are more conserved, termed framework regions (FRs). Generally, each VH and
VL is composed of three CDRs and four FRs, arranged from amino-terminus to carboxy-
terminus in the following order: FR1, CDRI1, FR2, CDR2, FR3, CDR3, and FR4.
Immunoglobulin molecules can be of any type (e.g., IgG, IgE, IgM, IgD, IgA and IgY), class
(e.g.. IgGl, IgG2, IgG3, IgG4, IgA1 and IgA?2), or subclass. Variability exists in the
endogenous antibodies between the species.

The term “specificity” refers to the ability of a binding protein to selectively bind an
antigen.

The term, “affinity” refers the strength of the interaction between a binding protein
and an antigen, and is determined by the sequence of the CDRs of the binding protein as well
as by the nature of the binding protein and the antigen, such as their size, shape, and/or
charge. Binding proteins may be selected for affinities that provide desired therapeutic end-
points while minimizing negative side-effects. Affinity may be measured using methods
known to one skilled in the art (e.g.,US 20090311253, incorporated by reference herein).

The term “control” refers to a composition known to not contain an analyte or test
substance (“negative control™) or to contain an analyte or test substance (“positive control”).
A positive control can comprise a known concentration of an analyte or test substance. A
“positive control” can be used to establish assay performance characteristics and is a useful
indicator of the integrity of reagents (¢.g., analytes or test substances). “Control,” “positive
control,” and “calibrator” may also be used interchangeably herein to refer to a composition
comprising a known concentration of an analyte or test substance.

The term “Fc region™ defines the C-terminal region of an immunoglobulin heavy
chain, which may be detached from the variable region of the immunoglobulin by papain
digestion of an intact immunoglobulin. The Fc region may be a native sequence Fc region or
a variant Fc region. The Fc region of an immunoglobulin generally comprises two constant
domains, a CH2 domain and a CH3 domain, and optionally comprises a CH4 domain.

Replacements of amino acid residues in the Fc portion to alter antibody effector function are
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known in the art (e.g., US Patent Nos. 5,648,260 and 5,624,821, incorporated herein by
reference).

The term “antigen binding portion™ or “antigen binding site” or “target binding site™
of a binding protein means one or more fragments of a binding protein (e.g., an antibody or
receptor), such as an immunoglobulin variable domain (e.g., VH or VL), that retain the
ability to specifically bind to an antigen or target. The antigen binding portion of a binding
protein can be performed by fragments of a full-length antibody, as well as bispecific, dual
specific, or multi-specific formats; specifically binding to two or more antigens. Examples of
binding fragments encompassed within the term “antigen binding portion™ of an binding
protein include (i) an Fab fragment, a monovalent fragment consisting of the VL, VH, CL
and CH1 domains; (ii) an F(ab’)2 fragment, a bivalent fragment comprising two Fab
fragments linked by a disulfide bridge at the hinge region; (iii) an Fd fragment consisting of
the VH and CH1 domains; (iv) an Fv fragment consisting of the VL. and VH domains of a
single arm of an antibody, (v) a dAb fragment, which comprises a single variable domain;
and (vi) an isolated complementarity determining region (CDR). Furthermore, although the
VH and VL of the Fv, which are encoded by separate genes, can be joined using recombinant
methods by a synthetic linker that enables them to be made as a single protein chain in which
the VH and VL regions pair to form monovalent molecules (known as single chain Fv (scFv).
Such scFvs are also encompassed within the term “antigen binding portion™ as are other
forms of single chain antibodies, such as diabodies and “linear antibodies™ comprising a pair
of tandem Fv segments (VH-CH1-VH-CH1) which, together with complementary light chain
polypeptides, form a pair of antigen binding sites. Not every amino acid of an antigen
binding portion may bind to an antigen. For example, variable domains of an antibody
comprise both complementarity determining regions (CDRs) and framework regions (FRs).

The term “CDR” means a complementarity determining region within an
immunoglobulin variable region sequence. There are three CDRs in each of the variable
regions of the heavy chain and the light chain, which are designated CDR1, CDR2 and
CDR3, for each of the heavy and light chain variable regions. The term “CDR set” refers to a
group of three CDRs that occur in a single variable region capable of binding the antigen.
The exact boundaries of these CDRs have been defined differently according to different
systems. The system described by Kabat (Kabat et al. (1971) Ann. NY Acad. Sci. 190:382-
391; Kabat et al. (1987) Sequences of Proteins of Immunological Interest, Fourth Edition. US
Govt. Printing Off. No. 165-492; Kabat et al. (1991) Sequences of Proteins of Immunological
Interest, Fifth Edition. NIH Publication No. 91-3242 incorporated herein by reference) not

13



10

15

20

25

30

WO 2018/208840 PCT/US2018/031679

only provides an unambiguous residue numbering system applicable to any variable region of
an antibody, but also provides precise residue boundaries defining the three CDRs. These
CDRs may be referred to as Kabat CDRs. The terms “Kabat numbering”, “Kabat
definitions™ and “Kabat labeling™ are used interchangeably herein to refer to a system of
numbering amino acid residues that are more variable (e.g., hypervariable) than other amino
acid residues in the heavy and light chain variable regions of an antibody. Chothia and
coworkers (Chothia and Lesk (1987) J. Mol. Biol. 196:901-917; Chothia et al. (1989) Nature
342:877-883) found that certain sub- portions within Kabat CDRs adopt nearly identical
peptide backbone conformations, despite having great diversity at the level of amino acid
sequence. These sub-portions were designated as L1, L2 and L3 or H1, H2 and H3 where the
“L” and the “H” designates the light chain and the heavy chain regions, respectively. These
regions may be referred to as Chothia CDRs, which have boundaries that overlap with Kabat
CDRs. Other boundaries defining CDRs overlapping with the Kabat CDRs have been
described by Padlan (1995) FASEB J. 9:133-139 and MacCallum (1996) J. Mol. Biol.
262(5):732-45). Still other CDR boundary definitions may not strictly follow one of the
herein systems, but will nonetheless overlap with the Kabat CDRs, although they may be
shortened or lengthened in light of prediction or experimental findings that particular residues
or groups of residues or even entire CDRs do not significantly impact antigen binding. The
methods used herein may utilize CDRs defined according to any of these systems.

The methods and apparatuses disclosed herein can be used on any substance for
which microbial contamination is known or suspected. Thus, substances can include, liquids,
¢.g., water, milk, urine, blood, wine, honey, coffee, juices, solids, ¢.g., soil, beef, poultry,
vegetables, or fruits, and gases ¢.g., air, water vapor, or oxygen.

In some embodiments, the pathogen is a food-borne pathogen. The food can be any
food which is ingested by a host animal, e.g., a human or a mammal. The food can be
obtained from an animal or plant source.

Any pathogen for which suitable capture and detection methods exist can be used in
the methods and apparatuses of the invention. Therefore, pathogens include any eukaryotic
or prokaryotic organism known to or suspected of causing disease in a host (typically a
mammalian host such as a human).

In one embodiment, the pathogen is £. coli O157:H7. These bacteria are among the
major causative agents for foodborne illnesses, which can cause diseases when present in
food or water even at as low bacterial numbers as about 50 colony-forming unit (CFU),

where the presence of a single CFU in any tested food sample denotes that at least a single
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living organism is present in the sample. Contaminated ground beef is the most common
vehicle for E. Coli O157:H7 outbreaks. Beef products may become contaminated during
slaughter, and the process of grinding beef may transfer pathogens from the surface of the
meat to its interior. Therefore, if ground beef is incompletely cooked, the bacteria can
survive. E. coli O157:H7is an enterohemorrhagic strain capable of inducing discases in
humans through production of Shiga toxins. It has been reported to be associated with
several outbreaks of hemorrhagic colitis, which can proceed to life-threatening hemolytic
uremic syndrome (HUS), particularly in undiagnosed or untreated cases. The incidence rate
of E. coli O157:H7 infection is estimated to be approximately 75,000 cases per year in the
United States.

Another suitable pathogen for use in the methods and apparatuses of the invention is
Salmonella spp., which are the most common cause of meat-associated food borne illness in
the United States. Suitable strains include, e.g., S. agona, S. anatum; S. enteritidis; S.
havana; S. krefeld; S. lilee; S. melegredis; S. montevideo; S. munster; S. newport; S.
saintpaul; S. schwarzengrund, S. tennessee; S. typhimurium or S. worthington.

The methods and apparatuses disclosed herein can also be used to identify antigens of
interest in biological fluids. Biological fluids include, ¢.g., whole blood, serum, plasma,
spinal cord fluid, urine, and/or saliva. The antigen can be associated with a presumptive or
known pathogen, or can be an endogenous antigen.

This invention also provides optical instrumentation specific for the optical
platform. The optical platform allows specific, rapid, and sensitive detection of
microbial contaminants in solid, liquid, and gaseous samples in comparison to the
conventional standards of detection. This method will provide qualitative that can be
quantified to determine concentration of contaminants.

This invention uses different synthesized binding agents which are coated on to
micro sized particles. Those synthesized agents are specific to the target bacteria to
detected. The tested sample is added to the detection platform which will generate a
measurable optical change to be measured by the designed optical instrumentation.

If desired, the apparatus can be used as a benchtop instrument. Although the
subject matter has been described in considerable detail with reference to certain
embodiments thercof, other embodiments are possible. As such, the spirit and scope of
the appended claims should not be limited to the description of the specific

embodiments contained therein.
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EXAMPLES

The disclosure will now be illustrated with working examples, which are
intended to illustrate embodiments of the disclosure and not intended to add any
limitations to the scope of the present disclosure. Unless defined otherwise, all
technical and scientific terms used herein have the same meaning as commonly
understood to one of ordinary skill in the art to which this disclosure belongs. Although
methods and materials similar or equivalent to those described herein can be used in the
practice of the disclosed methods and compositions, the exemplary methods,
instruments and materials are described herein.
Materials and Methods
Micro-spherical Magnetic Particles

Micro-spherical magnetic (MSM) particles were made with a spherical shape that
provides a large surface to utilize for detection. The diameter range used was between 20 nm
and 165 pum. The MSM particles surfaces were synthesized with protein A to on their

surfaces.

Bacteria and Inoculum Preparation

The bacteria used in the study were E. coli O157:H7 (ATCC 700728) and E. coli
0104:H4 (ATCC BAA-2326). E. coli O104:H4 was used as a negative control throughout the
study. E. coli (EC) broth and mTSB+Novobiocin were used for culturing and selective
culturing of the £. coli bacteria. Culture conditions were maintained with 8 h of incubation

time at 37 °C.

Immobilization of antibody on the protein-A microspherical magnetic (MSM) particles

Ecoli O157:H7 mouse monoclonal total IgG1 antibody (4pg/ul) was immobilized on
protein A-coated magnetic particles to serve as the capture-antibody specific to the
epitopesO157 and H7 on the surface of whole £. coli O157:H7 bacteria in test samples.

The magnetic particles are supplied as a 10% particle suspension in phosphate-
buffered saline (PBS) with 20% ethanol. 1 ml of 10% particle suspension contains 100 pl
magnetic particles and the size of the magnetic particles ranges from 20 nm to 165 pm.

The magnetic particles volume was maintained at 10% (v/v) in the working solutions
(10ml sterile PBS, 5% BSA and 10% Magnetic particles) and the capture anti . coli O
157:H7 mouse IgG1 monoclonal antibody (4-5.5 pg/ul) in PBS pH 7.2 and 0.09% sodium
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azide and 5% w/v of Bovine Serum Albumin (BSA) purchased from (Sigma Life Science;
Sigma-Aldrich, St. Louis, USA).

According to the product’s specifications, 90% binding of the protein A particles was
achieved after 60 min reaction with rabbit IgG at the concentration of (4 mg/ml) and the
maximum binding capacity is accomplished at 6 mg human IgG/ml as determined by
overloading tests. To saturate the binding capacity of the magnetic particles, the
concentration of the anti £. coli O157:H7 capture-antibody was maintained as close as
possible to the maximum binding limit of the magnetic particles and the working solution

was incubated at 4 °C degrees for at least one hour prior to testing (stored at 4 °C).

Antibody (Ab) Immobilization

To validate the Ab immobilization process, FITC-labeled mouse anti- £. coli
O157:H7 Mab was used in the immobilization procedure, as mentioned above. After
immobilization, the Ab-immobilized MSM particles were subjected to spectrofluorometric
emission scanning (at AEx494 nm) and fluorescence microscopic analysis. A standard graph,
using the emission results of various known quantities of FITC-labeled AB, was used to find

the maximum quantity of the Ab that became bound to the Protein-A MSM particles.

TRITC Labeling of Bacteria

To produce the desired number of cells, the culture was incubated for 8 hours; then 10
ml of the culture was centrifuged. The pellets were washed twice with PBS and resuspended
in 1 ml of 2 mM TRITC in PBS. The content was mixed by pipetting and was then incubated
for 10 min (4 °C) before the extra TRITC was centrifuged out. The resultant pellets were
mixed with 0.5 ml of PBS and transferred to the Dye Removal Column for the removal
ofexcess dye. Excess dye was removed per the manufacturer's instructions. The recovered

TRITC-labeled bacteria were used for detection.

Capturing Antigen

In this step, 50 ul of FITC-labeled bacteria were added to the Ab- immobilized MSM
particle mixture and mixed briefly (total reaction volume maintained at 250 pl using PBS).
The mixture was incubated for 15 min at room temperature with gentle shaking. After
incubation, the excess bacteria were washed out using PBS, while the MSM particles in the

tube were retained with a magnet. After washing, the MSM particles were resuspended in
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PBS and plated on agar plates for verification of the bacterial binding and to provide the CFU

bacterial count.

Quantification of Bacteria

To quantify bacteria in this test, a standard graph was prepared using 10 different
dilutions of TRITC labeled bacteria. Various dilutions were subjected to an emission scan at
AEx541 nm. The peak values of the emission scan were taken for standard graph preparation
in addition to the bacterial concentrations of the respective dilutions. The bacterial

concentration of each dilution was identified using colony forming unit (CFU) analysis.

Saturation Limit for Detection

To find the maximum bacterial population that would bind with 10 ul of Ab-
immobilized MSM particles, saturation point analysis was performed. Different dilutions of
TRITC-labeled bacteria were prepared and subjected to the antigen capturing process as
described above. The emission values of each dilution were used in calculations with the

standard curve to determine the bacterial concentrations.

CFU Analysis

Each diluted sample was subjected to CFU analysis to obtain bacterial concentrations.
For serial dilutions, sterile deionized water was used; subsequently, the dilutions were plated
on tryptic soy agar. Inoculated plates were incubated for 24 h at 37 °C. After incubation, the
plates were observed and the recorded values used in calculations for the number of CFU
present in each dilution. To enumerate the mixed culture of both E. coli strains, dilutions

were plated on MacConkey sorbitol agar.

Testing Beef and Spinach Samples

The methods and instrument were tested for their ability to detect bacterial
contamination by E. coli O157:H7 (ATCC 700728). E. coli O157:H7 (ATCC 700728).and
E. coli 0104:H4 (ATCC BAA-2326) were obtained from American Type Culture Collection
(ATCC, USA). The E. coli O104:H4 strain was used as a control to verify the specificity of
the detection method.

Both growth broth or agar plates were used. £. coli (EC) broth and selective media of
modified Tryptic Soy Broth with Novobiocin (mTSB+n) from (Fluka Analytical, USA) were
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used for culturing and selective enrichment of the bacteria in accordance with (FSIS, 2015)
with incubation of cultures for 18 h at 37 °C.

Preparation of the growth media is performed by weighing the required amount of the
media as indicated by the manufacturer on the bottle for a given volume of 0.5-1 L and
autoclaved at 121 °C, 15 Psi for 15 min.

For preparation of agar plates for colony forming unit CFU enumeration, the media
are prepared similar to the steps mentioned above and prior to autoclaving agar granules are
added to melt with the media during autoclaving. Then immediately after autoclaving and
before the agar solidify, the media with melted agar are poured in 60 mm or 100 mm petri
dishes (purchased from Fisher Sci).

The agar plates were prepared under the hood preferably to avoid contamination of
the plates. After complete solidification, the agar plates were stored at 4 °C until used in
plating.

Binding of the £. coli O157:H7 to the magnetic particles-capture antibody complexes
and cell count of bound bacteria was verified by a fluorescence assay and CFU enumeration.
Serial dilutions of £. coli O157:H7 in PBS were prepared and plated on the selective mTSB+
Novobiocin agar plates for CFU analysis to determine the correspondent bacterial
concentrations. The detection limits and sensitivity of the immunomagnetic particles were
determined by a series of serial dilutions, capture testing of various bacterial concentrations
and concomitant selective plating and CFU counting.

Under a hood in aseptic conditions, 10ml of the previously prepared sterile media is
pipetted using sterile 10ml serological tubes (Fisher Sci) and placed in sterile 15ml tube.

A 1 pl aliquot of growing bacteria is inoculated into the media and incubated at 37 °C to
grow over night.

Immobilization of capture Anti £. coli O157:H7 antibody on Protein A-coated
magnetic particles, Anti . coli O157:H7 mouse monoclonal total [gG1 antibody (4pg/ul)
was performed on protein A-coated magnetic particles to serve as the capture-antibody
specific to the epitopes O157 and H7 on the surface of whole E. coli O157:H7 bacteria in test

samples.

Example 1. Microscopic Analysis

Fluorescence and light microscopic analysis were performed using an inverted
microscope for possible green (FITC) and red (TRITC) fluorescence on the particles.
Captured images were processed using LAS AF6000 (2.5.0.6735) software. The
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presence of green fluorescence on the Protein-A MSM particles confirmed the
immobilization of Ab (FITC), and red fluorescence confirmed the presence of whole
cell £. coli O157:H7 AG (TRITC).

The results are shown in Figure 6. Figure 6A Ishows a low magnification (5X)
broad view of a bright field microscopic image of the magnetic particles coated with
FITC-conjugated capture antibody. Figure 6A2 is the corresponding fluorescence
microscopic image of FITC-labeled capture antibody-coated magnetic particles, while
Figure 6A3 and Figure 6A4 are their respective high magnification (40X) counterparts.
Figure 6B shows bright ficld microscopy of magnetic particles (40X): Figure 6B1
depicts Protein-A coated magnetic particles. Figure 6B.2 shows magnetic particles
incubated with E. coli O157:H7 for 15 min in the absence of the capture antibody.
Figure 6B3 shows the addition of anti £. coli O157:H7 capture antibody. Figure 6B4
depicts magnetic particles- capture antibody- £. coli O157:H7 complexes after washing
with PBS. Figure 6C shows fluorescence microscopy (40X) of magnetic particles with
FITC-labelled E. coli O157:H7 (whole cells): Figure 6C1 shows signal obtained in the
absence of the capture anti £. coli O157:H7 antibody, while Figure 6C2 shows signal
obtained in the presence of the capture anti £. coli O157:H7 with post-capture washing

of the unbound cells.

Example 2. Testing bacterial contamination using a meat sample

To find the specificity and sensitivity of the test, combinations of different samples
were prepared and tested with fluorescence microscopy. The scan was performed at an
excitation wavelength of AEx541 nm. One set of samples was taken for microscopic analysis.

The instruments and methods were used to detect £. coli O157:H7 in food samples.
Ground beef was bought from the local supermarket. In a Stomacher® bag, 25 g of meat was
mixed with 50 ml of EC broth. This sample was inoculated with 132 + 2 CFU of E. coli
O157:H7 (calculated by plating the inoculum) and homogenized using a Stomacher® 400
Circulator. In the same way, a second set of samples was prepared by inoculating both E. coli
O157:H7 (132 £ 2) and E. coli O104:H4 (131.5 + 1) cells as a mixed culture. The third set of
samples was prepared only with £. coli O104:H4 (with 131.5 + 1 CFU) and used as a
negative control. The same inoculation and homogenization were performed with raw ground
beef samples as well. To identify whether the purchased ground beef was naturally infected

with £. coli O157:H7, a set of raw samples were processed without inoculating E. coli
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0157:H7. After homogenization, the bag was incubated at 37 °C for 12 h. After incubation,
the sample was briefly homogenized again with the Stomacher® machine. Then, 10 ml of
solution was collected and centrifuged to retrieve the cell pellet. The pellet was then washed
and suspended in 1 ml PBS. This prepared sample was mixed with the Protein-A MSM
particles, described above. Positive control was maintained with a pure culture of £. coli
0O157:H7 inoculated (132 £ 2 CFU) in the EC broth. Triplicates were maintained for all
preparations in the study.

The specificity test showed accurate results for the samples containing bacteria with
their respective Ab. The E. coli O157:H7 sample showed the highest fluorescence value with
anti-£. coli O157:H7 pAb.

The results are shown in Figure 7. The figure shows results from replicated
experiments (n=3) of ground beef samples enriched with E. coli O157:H7. Results were
verified by conventional plating and counting of the resultant colony forming units (CFU)
after the indicated periods of enrichment.

Significant fluorescence from the test of £. coli O157:H7- infected meat samples
shows that the method is able to accurately capture the target bacteria from the infected
food sample. There was no variation observed between the raw and inoculated meat
samples. The control did not show any significant fluorescence. This means the locally
purchased meat sample was not naturally infected with the . coli O157:H7 pathogen.
This food sample was enriched for 8 h; this time period was determined based on a
separate experiment carried out using different time intervals to achieve a bacterial
concentration that resulted in the maximum detection limit, as discussed previously. The
bacteria infecting the meat (£. coli O157:H7) were able to grow in enrichment broth to
a concentration of 8.55 + 0.21 x 10° CFU ml™. This concentration was achieved when
the initially infected concentration of E. coli 0157:H7 was only 2.6 CFU ml™. This
showed that the enrichment process allows high sensitivity detection in food samples.
This enrichment process also substantially reduced the time when compared to the
methods for E. coli O157:H7 recommended by the US Food and Drug Administration
(FDA) in their Bacteriological Analytical Manual (BAM).

Maximal capture of . coli O157:H7 cells occurred with the polyclonal
antibody, which also had the highest fluorescence value. In addition, the studies
validated the accuracy of the instrument in testing contaminated meat samples.

100% accurate results were observed with all samples containing . coli O157:H7

cells in these studies. Incubation of the infected meat sample was performed to mimic the
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natural contamination process, whereby the bacteria alive in the meat sample would begin to
multiply in an enrichment media to reach a desirable bacterial concentration for detection. In
addition, results obtained with the instrument were verified in conventional plating and

counting of the resultant colony forming units (CFU) replicated experiments (n= 3).

Example 3. Sample testing using anti E. coli O157:H7 - chicken IgY

100wl of the magnetic particles-capture antibody working solution (equivalent to 10
ul of magnetic particles) was loaded into 1.5ml Eppendorf tube for each sample tested. For
every experiment an Eppendorf tube was set as a negative control to test a sterile PBS sample
or a non-inoculated sample.

Magnetic particles and samples were incubated at room temperature for 15 minutes
with shaking at 40 RPM to allow gentle but thorough mixing of samples and magnetic
particles for maximum binding. After the 15 minutes incubation, the magnetic particle
complex formed by the mixing was washed twice in 0.5 ml sterile PBS with gentle mixing at
40 RPM at room temperature to wash away unbound bacteria.

Following the washing steps, the magnetic particles-bacteria were immersed in 600 ul
of sterile PBS and mixed gently by pipetting. Then 300 pl (half of the magnetic particle
complex) was plated and spread on the agar plates for simultancous verification of the CFU
count of the bound bacterial cells for later comparison.

The efficiency of the magnetic particles in capturing bacteria was determined by
comparison of the CFU of bound bacteria and CFU of raw tested samples. Efficiency was
usually 30-50% (data not shown). If serial dilutions were tested or high bacterial
concentration was expected from undiluted samples or due to extended periods of
enrichment, then serial dilutions were made of the sample of interest to facilitate countable
CFUs and cell count of the original samples . Magnetic particle-sample complexes were
incubated with the enzyme-linked detection anti £. coli O157-Horseradish Peroxidase (HRP)-
linked mouse Mab (Img/ml).

The immunomagnetic particle complexes were then incubated in blocking buffer 5%
BSA (Sigma Life Science; Sigma-Aldrich, St. Louis, USA) in PBS or 5% nonfat dry milk in
PBS.

HRP-linked anti £. coli O157:H7 chicken IgY antibodies were purified to be used as
detection Ab. The antibodies were produced by immunization of chicken embryo to elicit the
formation of anti E. coli O157:H7 [gY antibody from the yolk sac, which was purified and
then conjugated with HRP enzyme to be used as a detection antibody in the platform.
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Therefore, while the detection protocol and steps are the same as for mammalian-based
antibody detection, the advantage of this approach is that HRP-linked chicken IgY antibodies
will not bind to protein A.

After incubation with test samples, the immunomagnetic particles complexes were
incubated with the enzyme-linked detection anti £. coli O157- chicken IgY (customized Ab
linked to Horseradish Peroxidase (HRP) at 2mg/ml). The anti £. coli O157:H7 Chicken IgY
detection antibody working solution was prepared in a 15 ml sterile tube containing sterile
PBS, 5% BSA and 50 pl-150 pl of IgY i.e., 100-300 pg of the antibody, which is tailored on
the basis of the intensity of the resultant color intensity and consequently times of washing
and volume of HRP-chromogenic substrate 3,3',5,5'-tetramethylbenzidine (TMB) substrate
used as well as the time of reaction. The lowest effective volume of detection antibody was
recommended, in contrast to the capture antibody, where the highest concentration possible
was preferable.

In addition to the use of high concentrations of the capture antibody to saturate the
magnetic particles binding capacity, 5% BSA or 5% Nonfat dry milk blocking buffers were
used to reduce the potential nonspecific direct binding of the detection antibody to the
magnetic particles and consequently the inadvertent false positive results.

Following the incubation with the detection antibody, the immunomagnetic
particle-complexes were washed with PBS to remove the excess unbound detection
antibody. In contrast to the capture antibody that could be recollected prior to the addition
of sample the detection antibody was not recollected and was decanted.

After the addition of the detection IgY antibody (300 ul of the working solution to
cach sample) the samples are incubated according to the protocol for 15 minutes at room
temperature with gentle shaking at 40 RPM.

The detection antibody was aspirated and decanted while the magnetic particles were
firmly held to the side of the tube using a magnetic field. The magnetic particles complexes
were immersed in 0.5-1 ml of sterile PBS with shaking at room temperature for 5 minutes,
2-3 times. The washout was decanted while the magnetic particles were held by the magnet.
A washing tube was used as an internal control, which receives only the detection antibody
and was washed similarly and tested by adding the enzyme substrate to check for color
formation i.e., remainder of the detection antibody to control for adequacy of washing.

The HRP reagent used was HRP-chromogenic substrate 3,3',5,5'-
tetramethylbenzidine (TMB). Pierce 1-Step Ultra TMB was added and the tube contents
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with 1ml of TMB were then transferred to a counterpart clean and dry transparent
cuvettes to be measured and results recorded.

The enrichment of E. coli O:157:H7 in ground beef and mTSB+ medium is shown in
Figure 8. Shown is the Relative Densitometry (% Negative Control) at 0 hr (Col 1), 2 h (Col
2), 4 hr (Col 3), 6 hr (Col 4) or PBS (Col 5; negative control). For each time point, the results
were obtained using the platform for capture and detection in triplicate of ground beef
samples inoculated with E. coli O157:H7 non-virulent mutant variant.

Using a SigmaPlot version 13.0 statistical software, an ANOVA test was performed to
calculate the statistical significance of the differences between the means of the color
intensity among the various samples. The differences in the mean values among the different
samples were greater than would be expected by mere chance (p< 0.0/). Moreover, Holm-
Sidak ANOVA post-hoc testing shows that the mean values of the samples inoculated with
the target bacteria are in particular significantly different from the negative control (PBS) as
well as ground beef samples at 0 hrs of enrichment.

Figure 9 shows the blue/purple stain of TMB due to the action of HRP and
localization of the stain around the spherical magnetic particle platform where target £. coli
0157:H7 is captured. Figure 9A contains magnetic particle platform + £. coli O157:H7+
HRP-capture antibodies (Ab) (IgY) + TMB. In this sample, an 1gG linker Ab 1is not present
to bind to protein A, which is coated on the magnetic particle platform. After the addition of
E. coli O157:H7 no binding will take place to the platform. Then after the wash of that step,
the pathogens will wash off. When HRP-capture antibodies (Ab) (IgY) are added and
washed, only the magnetic particle platform remained when TMB was added. There was no
reaction as shown. Figure 9B shows the magnetic particle platform + IgG (Ab) bound to
protein A. . coli O157:H7 is added to the matrix then incubated for 15 minutes then washed.
Under these conditions the magnetic particle platform coated with protein A and IgG had E.
coli O157:H7 bound to primary IgG (Ab). After this HRP-capture Antibodies (Ab) (IgY)
were added and washed. This step lead to the binding of HRP-secondary Antibodies (Ab)
(IgY) to E. coli O157:H7, which is also bound to the primary IgG (Ab). Then TMB is added,
which reacts with HRP to produce a purple/blue color.

This figure shows that the blue/purple stain of TMB is due to the action of HRP and

localization of the stain around the magnetic particles where target £. coli is captured.

Example 4. Testing of ground beef sample processed for prolonged enrichment
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3.6 £ 0.1 g of ground beef, 90-100% lean were weighed under septic conditions
and either placed in a sterile Stomacher® bag or sterile 50 ml tube and submersed in 10 ml of
mTSB+n. Cultures were inoculated with 0.5 ml SD-8 E. coli O157:H7 and incubated at 37
°C for the following time points: 0, 2, 4, 6, 12, 18, 24, 48 hours. An uninoculated negative
control was also provided. 1 ml of enriched broth was spun for 10 seconds to precipitate
meat debris and fat, and 0.5 ml was collected as sample from the supernatant and tested
with 200 pl preincubated magnetic particlest [gG anti £. coli Ab for 20 min followed by
washing two times for 5 min each in Iml PBS with constant shaking. Magnetic particle
complexes were resuspended in Iml sterile PBS. Half of the suspension, 0.5 ml, was plated
for CFU count while 0.5 ml was kept in the 1.5 ml tube. The magnetic particles were
retained with a magnet and excess PBS was aspirated. The magnetic particle complex
were then incubated with 0.5 ml of IgY HRP detection Ab for 20 min with shaking at room
temperature followed by washing three times in 1ml PBS for 5 minutes each with shaking.

Iml of TMB substrate was added. Color was measured after 10-20 minutes.
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WE CLAIM:

1. A method of detecting a food-borne pathogen, the method comprising

mixing a solution comprising a sample suspected of containing the food-borne
pathogen and a capture antibody, which specifically binds to an antigen on the food-borne
pathogen, in conditions sufficient to form a first complex between the pathogen and the
capture antibody when the food-borne pathogen is present at a concentration as low as one
viable cell per 125 g for up to 425 g of the sample, and wherein the capture antibody is linked
to an immobilization moiety;

separating unbound capture antibody from the first complex;

adding a detector antibody, which specifically binds at a distinct site on the same
antigen that the capture antibody specifically binds to, linked to a detection moiety under
conditions sufficient to form a second complex between the first complex and the detector
antibody, wherein the detector antibody does not comprise an IgG Fc region; and

separating unbound detector antibody from the second complex; and

detecting the detection moiety on the second complex, thereby detecting the food-

borne pathogen.

2. The method of claim 1, further comprising culturing the solution comprising a sample
suspected of containing the food-borne pathogen under conditions sufficient to allow for

growth of the pathogen prior to mixing the solution with the capture antibody.

3. The method of claim 1, wherein the pathogen is a bacteria.

4. The method of claim 3, wherein the bacteria is an E. coli or Salmonella spp.

5. The method of claim 4, wherein the bacteria is an £. coli O157:H7 strain.

6. The method of claim 1, wherein the capture antibody is an [gG antibody.

7. The method of claim 1, wherein the immobilization moiety is a magnetic particle.
8. The method of claim 7, wherein the magnetic particle has an average diameter of

between 20 nm and 165 pm.
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9. The method of claim 1, wherein the magnetic particle is coated with a protein that

binds an immunoglobulin protein.

10. The method of claim 8, wherein the protein is Protein A.

11. The method of claim 1, wherein the detector antibody is an [gY antibody.

12. The method of claim 1, wherein the detection moiety is horse radish peroxidase

(HRP).

13. A method of a detecting an K. coli O157:H7 strain, the method comprising

mixing a solution comprising a sample suspected of containing £. coli O157:H7 and a
capture antibody, which specifically binds to an antigen on £. coli O157:H7, in conditions
sufficient to form a first complex between E. coli O157:H7 and the capture antibody when
the . coli O157:H7 pathogen is present at a concentration as low as one cell per 125 g of the
sample, wherein the capture antibody is linked to a magnetic particle with a diameter from 20
nm to 165 pm and wherein the magnetic particle is coated with Protein A ;

separating unbound capture antibody from the first complex;

adding an IgY detector antibody, which specifically binds at a distinct site on the
same F. coli O157:H7 antigen that the capture antibody specifically binds to, under
conditions sufficient to form a second complex between the first complex and the detector
antibody;

separating unbound detector antibody from the second complex; and

detecting the second complex, thereby detecting . coli O157:H7.

14. The method of claim 13, further comprising culturing the solution comprising a
sample suspected of containing the £. coli 0157:H7 under conditions sufficient to allow for

growth of the E. coli 0157:H7 prior to mixing the solution with the capture antibody.

15. A method of a detecting an antigen, the method comprising
mixing a solution comprising a sample suspected of containing the antigen and a

capture antibody, which specifically binds to the antigen, in conditions sufficient to form a
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first complex between the antigen and capture antibody when the antigen is present in the
sample at a concentration as low as 1 cell/100ml, wherein the capture antibody is linked to an
immobilization moiety;

separating unbound capture antibody from the first complex;

adding a detector antibody, which specifically binds at a distinct site on the antigen
that the capture antibody specifically binds to, linked to a detector moiety under conditions
sufficient to form a second complex between the first complex and the detector antibody;

separating unbound detector antibody from the second complex; and

detecting the second complex, thereby detecting the antigen.

16.  An optical instrument for biological analysis, comprising:

an array of sample container receiving positions;

at least one light source adjacent to each sample container receiving position for
providing illumination at a first wavelength range and in a first illumination direction through
a respective sample container disposed within the sample container receiving position; and

a photodetector disposed adjacent each sample container receiving position for
selectively detecting light radiated from the respective sample container in response to
illumination from the respective at least one light source, the detected light corresponding to

a concentration of an antigen concentration within the respective sample container.

17.  An apparatus comprising

a capture antibody linked to an immobilization moiety, wherein the immobilization
moiety is a magnetic particle with a diameter from 20 nm to 165 um and wherein the
magnetic particle is coated with protein; and

a detector antibody linked to a detection moiety, wherein the detector antibody does
not include an IgG Fc region, wherein the capture antibody and detector antibody specifically

bind to the same antigen at distinct sites.

28



PCT/US2018/031679

WO 2018/208840

1710

[ 9an31yg

xajduios (speaq sgauliey-Apogiuy- uabpuy)

-fey (uedsemol s0 SLRAZUR)
ApOgBUE 308 "3 Nue pejlege

{ ualing} 10y '3

fysga)
wejoid Busyookg

ApOTUE Y00 "3 U peljegEn

A 4

.

_

spesq speuliew pejeos-y BlS)0ig



PCT/US2018/031679

WO 2018/208840

2/10

7 2In3Ig

saieay RGN S,
(need Bappy

A s Sy

13 38 0L QY 392 UL
{ermsugy
syt Bappy

HBIABE PRTESGUS BHEHS

oy Rapsiagg iy fogeaos
EE0G WAUBRY PARYAS Y Bty



PCT/US2018/031679

WO 2018/208840

3/10

¢ an3iy

Wy AT



WO 2018/208840

Light Goroe

"

ZZ

Sampies Stage

= \\\

Detuntor

DN

PCT/US2018/031679

4/10

Figure 4



PCT/US2018/031679

WO 2018/208840

5/10

S 2an3iy




PCT/US2018/031679

WO 2018/208840

6/10

9 3an3I




PCT/US2018/031679

WO 2018/208840

7110

[, 3IN3L
|W/ N40 |W/ N40 W/ N4D W/ N4d
0 v0L €L ¥ 0 0 v0L €L ¥ 0 0 v0L €L ¥ O abesany
[30-9A [30-9A [30-9A
+S8d 49 4y J4¢ 4o 0 +S8d 49 4y J4¢ 4o 0 +S8d 49 4y ¢ 40 0
- 0 02 F02 (o sad
- O - O -0V o) ongear %)
- 09 - 09 - 09
- 08 - 08 F 08 Ajowoysua(
- 001 - 001 - 001 malaeyd)y
ajesysqns gL
JWig JWig
9zIs qI
3|qeJedwo)
qy 109 "3 jue ul
ujos 320js

m EmE:maxm

IW/nQoz

rA EmE:maxm

~Ww/nooz

| Juawadx3y

uonegnauiaid

_E\ INOOL speag anaubepy

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/031679

WO 2018/208840

8/10

ON
ON
ON
ON
ON
ON
ON
SOA
SOA
SOA
050°0>d

000°}
¢LL0
96/°0
/%80
¢G50
¢09°0
LZ10
6%0°0
¢l00
7100
d

7100 -¢loQsA | 100 EEEES
7100 - 100 SA | 100 ke
7100-z100sA ) 100 EEE]
7100 -¢ 109 sA | 100 EZA
y100-¢100sh 100 N

0000
€990
6¢60
6¢6°0
65’1
65’1
981C
0517°¢
6.EY
mmm._\

Q N3

0000 €100 'SA ¢ 0D
199 7100 'SA | 10D
geee ¢ 100 'SA {100
geee €100 'SA§ |00
000 €100 'SA | 0D
0001 ¢ 100 'SA | 10D
0002 | 100 'SAG 0D
1998 7100 'SA G 10D
000°}1 €100 'SA G 0D
000°11 ¢ 100 'SA G 0D
suesajpj joyig  uosuedwo)
:10J0B} 10} uosLedwon

G0'0 = [9A8] 3oueIUBIS ||BJBAQ
‘(poyiew YepIS-wioH) SaInpaadn.d uosuedwo) ajdynyy asimiied (v

WNIpaw N+gS LW PUe ja3g punoio ul ZH:2G10 1109 3 JO JusWyduu3

(1m0 an-) sad

8000 9¢99
d 1

0000
eee’)
000°¢C
000°¢
000°}
W3s

eeLve vl
L9%6 19916 0l
191709 190/ ¥
S SS id
0000  000°00} 0
60€C  €ECL6 0
yor'€ 00068 0
961G 00068 0
¢eL’l  000°¢6 0
AR(Q PIS

[EJoL

[EnpisaYy

sdnouc) usamag
uoljeLieA Jo 991n0g

€

€
€

G109
7100
€100
¢ 100
1 100

uealy Buissiy N dwep dnoig
(000°| = d) pessed :(ayjhsio4-umo.g) 3sd] asueuep jenb3
(180°0 =d) passed :(yim-onideygs)isa) AjjeutioN
0'€l ﬂo_QmEm_w :92.n0S eje(
doueLep Jo sisfjeuy Aepy auQ

s9|dweg juswyduu3 JH:/GLO 1109 '3

149 Wy yz 4o A
- 02
5 - 0
m - 09
e - 08
” ‘s =001
_ | 4}

(lonuog anneBaN v)
Anowo)suaq anne|oy

SUBSTITUTE SHEET (RULE 26)



WO 2018/208840 PCT/US2018/031679

9/10

3 \ R

Figure 9




PCT/US2018/031679

WO 2018/208840

10/10

81T | Ll 0zl




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US18/31679

A.
IPC
C

CLASSIFICATION OF SUBJECT MATTER

- GO1N 33/02, 33/537, 33/541, 33/569, 33/58 (2018.01)
GO1N 33/02, 33/56911, 33/56916, 33/537, 33/541, 33/583

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
v

X CN 1033813577 A (JINHUA, L et al.). 9 July 2014; abstract; paragraphs [0004], [0006], [0010], 15

- [0012), [0014), [0017]

Y 1-11, 13-14, 17

X US 6,331 438 B1 (AYLOTT, JW et al.) 18 December 2001; abstract; column 2, lines 39-40; 16
column 3, lines 40-41; column 6, lines 53-54; column 10, lines 4-8, lines 61-63; claim 14; claim
48; Figure 2

Y CN 102043053 A (LEI, J et al.) 4 May 2011; abstract 1-14, 17

Y US 5,958,706 A (MATSUNAGA, T et al.) 28 September 1999; abstract; column 2, lines 59-61; 7-10, 13-14, 17
column 15, lines 3-4

D Further documents are listed in the continuation of Box C.

|:] See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L™ document which may throw doubts on priority claim(s) or which is
cited 1o establish the publication date of another citation or other
special reason (as specified)

“Q” document referring to an oral disclosure, use, exhibition or other
means - : R

“P”  document published prior to the international filing date but later than

the priority date claimed

“T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art -

“&” document member of the same patent family

Date of the actual completion of the international search

5 July 2018 (05.07.2018)

Date of mailing of the international search report

23 JUL 2018

Name and mailing address of the ISA/

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Shane Thomas

PCT Helpdesk: 5§71-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - wo-search-report

