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SYSTEMS AND METHODS FOR DIAGNOSIS
AND MONITORING OF
BACTERIA-RELATED CONDITIONS

RELATED APPLICATIONS

This application claims priority from U.S. Provisional
Application Ser. No. 60/971,228 filed Sep. 10, 2007, which is
incorporated herein by this reference.

GOVERNMENT INTEREST

Subject matter described herein was made with U.S. Gov-
ernment support under Grant Number CHE-0416553
awarded by the National Science Foundation (NSF). The
government has certain rights in the described subject matter.

TECHNICAL FIELD

The presently-disclosed subject matter relates to diagnos-
ing and monitoring conditions of interest. In particular, the
presently-disclosed subject matter relates to diagnosing and
monitoring bacteria-related conditions.

INTRODUCTION AND GENERAL
CONSIDERATIONS

Bacterial quorum sensing (QS) is a cell-to-cell communi-
cation phenomenon whereby bacterial cells produce signal-
ing molecules intracellularly, which are released into the
environment. Although these signaling molecules diffuse in
and out of cells, the concentration of the signaling molecules
in the environment reflects the population of bacteria that are
present in a given environment or, in other words, the cell
density of the bacterial population. To date, a variety of sig-
naling molecules, termed quorum sensing molecules (QSM),
have been identified, including N-acyl homoserine lactones
(AHLs), which are used by many gram-negative bacteria; and
oligopeptides, which are used by many gram-positive bacte-
ria. In addition, a family of autoinducers, known as Al-2, has
been identified and is produced by both gram-positive and
gram-negative bacteria. [1] The quorum sensing process
regulates the gene expression necessary for many bacterial
activities including biofilm formation, light production, for-
mation of virulence determinants, transfer of carcinogenic Ti
plasmid, and several others. [1] The mechanism by which
bacteria cause disease involves a delay in the expression of
the genes responsible for the formation of virulence factors
until the quorum sensing process produces a large enough
bacterial population that it is capable of overwhelming the
host defense system. [3]

Further, it is appreciated that once the concentration of the
signaling molecules reaches a specific level, the bacteria can
monitor population density and alter their group behavior. [3]
In this regard, the QSMs bind to their sensor/regulatory pro-
tein, resulting in the activation of quorum sensing-dependent
virulence/target genes.

Bacteria are thought to play an important role in many
disorders ranging from infections to chronic inflammation.
Among those, there are numerous reports in both animal
models and humans that bacteria play a significant role in
gastrointestinal (GI) diseases, such as inflammatory bowel
disease (IBD). [4] Inflammatory bowel disease, which
includes Crohn’s disease (CD) and ulcerative colitis (UC), is
a chronic gastrointestinal inflammatory condition with
unknown etiology. To support the involvement of bacteria in
these diseases are the identification of serologic markers
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against microbial antigens and the successful use of antibiotic
therapy in subjects with Crohn’s disease, as well as the obser-
vation that colitis cannot be induced in animals without bac-
terial flora. [5] Additionally, there is evidence for the involve-
ment of quorum sensing in the pathogenesis of several
diseases. For instance, bacteria-producing signaling mol-
ecules have been shown to be responsible for biofilm forma-
tion in the lungs. [6] These signaling molecules have been
detected in the sputum of subjects with cystic fibrosis [7] and
have been suspected to be involved in several illnesses of the
GI Tract. [5,8,9] Interestingly, signaling molecules have been
shown to induce several chemokines and cytokines respon-
sible for inflammation, and inhibit others that are immuno-
suppressive in nature, in both in vitro and in vivo experiments.
[10]

To date, there is a lack of quick and non- or minimally
invasive methods for the monitoring of acute and chronic
bacteria-related conditions. Crohn’s disease, for example,
usually occurs in the lower part of the small intestine, i.e., the
ileum, but it can affect any part of the digestive tract, from the
mouth to the anus. Crohn’s disease exacerbation is usually
diagnosed with a combination of clinical symptoms and
blood tests for non-specific inflammatory markers, and in
some instances an endoscopy. Methods and systems allowing
for the non-invasive monitoring of subjects with Crohn’s
disease and other bacteria-related conditions would allow for
early identification of exacerbations and, consequently, for
therapy administration before the onset of a “flare-up,”
thereby decreasing the hardship that such conditions cause to
the subjects. Accordingly, there remains a need in the art for
systems and methods for diagnosing and monitoring bacteria-
related conditions.

SUMMARY

The presently-disclosed subject matter meets some or all of
the above-identified needs, as will become evident to those of
ordinary skill in the art after a study of information provided
in this document. This Summary describes several embodi-
ments of the presently-disclosed subject matter, and in many
cases lists variations and permutations of these embodiments.
This Summary is merely exemplary of the numerous and
varied embodiments. Mention of one or more representative
features of a given embodiment is likewise exemplary. Such
an embodiment can typically exist with or without the
feature(s) mentioned; likewise, those features can be applied
to other embodiments of the presently-disclosed subject mat-
ter, whether listed in this Summary or not. To avoid excessive
repetition, this Summary does not list or suggest all possible
combinations of such features.

The presently-disclosed subject matter provides, in some
embodiments, a method of diagnosing a bacteria-related con-
dition in a subject. In some embodiments, the method com-
prises providing a biological sample from a subject; deter-
mining an amount in the sample of at least one quorum
sensing molecule (QSM); and comparing the amount of the at
least one QSM in the sample, if present, to a control level of
the atleast one QSM. Ifthere is a measurable difference in the
amount of the at least one QSM in the sample as compared to
the control level, the subject can then be diagnosed as having
the bacteria-related condition of interest or a risk thereof.

In some embodiments, the QSM is an N-acyl homoserine
lactone (AHL) or an autoinducer-2 (Al-2). In some embodi-
ments, the AHL is selected from: N-butyryl homoserine lac-
tone (C4-HSL), N-hexanoyl homoserine lactone (C6-HSL),
N-(3-0x0)-hexanoyl homoserine lactone (3-oxo-C6-HSL),
N-octanoyl homoserine lactone (C8-HSL), N-(3-0xo0)-oc-
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tanoyl homoserine lactone (3-ox0-C8-HSL), N-decanoyl
homoserine lactone (C10-HSL), N-dodecanoyl homoserine
lactone (C12-HSL), N-(3-ox0)-dodecanoyl homoserine lac-
tone (3-0x0-C12-HSL), N-tetradecanoyl homoserine lactone
(C14-HSL), and combinations thereof.

In some embodiments, determining the amount in the
sample of the at least one QSM comprises determining the
amount in the sample of the at least one QSM using a cell
sensing system. In some embodiments, the cell sensing sys-
tem comprises a bacterial cell; a regulatory protein within the
bacterial cell for binding at least one QSM; and, a reporter
molecule within the bacterial cell for detecting binding of the
QSM to the regulatory protein, where the reporter molecule
generates a detectable signal upon binding of the QSM to the
regulatory protein. In some embodiments, the cell sensing
system further comprises a substrate supporting the bacterial
cell and a signal reader for detecting the signal generated by
the reporter molecule. In some embodiments, the bacterial
cell comprises a heterologous reporter gene cassette that
comprises a promoter operatively linked to a nucleotide
sequence encoding the reporter molecule. In some embodi-
ments, the reporter gene cassette is luxCDABE. In some
embodiments, the reporter gene cassette is luxCDABE, the
promoter is P,;,;;, and the regulatory peptide is RhIR. In some
embodiments, the reporter gene cassette is luxCDABE, and
the promoter and regulatory peptide are P,,, and LasR,
respectively.

Further, in some embodiments of the presently-disclosed
subject matter, the QSM-regulatory complex has binding
affinity for the promoter such that the regulatory peptide
binds the promoter and activates expression of the reporter
molecule to thereby generate a detectable signal. In some
embodiments, the detectable signal is bioluminescence. In
some embodiments, an amount of the detectable signal cor-
relates to a concentration of the QSM.

Still further provided, in some embodiments of the pres-
ently-disclosed methods, the determined amount of the at
least one QSM can be used to select or modify a treatment for
the bacteria-related condition of interest. In some embodi-
ments, a method for determining whether to initiate or con-
tinue prophylaxis or treatment of a bacteria-related condition
of'interest in a subject is provided. In some embodiments, the
method comprises providing a series of biological samples
over a time period from the subject; analyzing the series of
biological samples to determine an amount in each of the
biological samples of the at least one QSM; and, comparing
any measurable change in the amounts of the at least one
QSM in each of the biological samples to thereby determine
whether to initiate or continue the prophylaxis or treatment of
the bacteria-related condition of interest.

In some embodiments of the methods of the presently-
disclosed subject matter, the subject is human. In some
embodiments, a biological sample is provided from the sub-
ject. In some embodiments, the biological sample is a saliva
sample, and, in some embodiments, the biological sample, is
a stool sample.

In some embodiments, the bacteria-related condition is a
bacterial infection. In some embodiments, the bacteria-re-
lated condition is an inflammation, such as, in some embodi-
ments, a chronic inflammation. In some embodiments, the
bacteria-related condition of interest is a condition of the
gastro-intestinal tract. In some embodiments, the condition is
an inflammatory bowel disease (IBD), including, in some
embodiments, Crohn’s disease and ulcerative colitis.

Still further provided, in some embodiments of the pres-
ently-disclosed subject matter, is a kit for diagnosing a bac-
teria-related condition of interest in a subject. In some
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embodiments, the kit comprises a cell sensing system in
accordance with the presently-disclosed subject matter and
instructions for using the kit.

Accordingly, it is an object of the presently-disclosed sub-
ject matter to provide systems, methods, and kits for diagnos-
ing and monitoring a bacteria-related condition of interest in
a subject. This object is achieved in whole or in part by the
presently-disclosed subject matter.

An object of the presently-disclosed subject matter having
been stated hereinabove, and which is achieved in whole or in
part by the presently-disclosed subject matter, other objects
and advantages will become evident to those of ordinary skill
in the art after a study of the following description of the
presently-disclosed subject matter, Figures, and non-limiting
Examples.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 includes the chemical structures of N-acyl
homoserine lactones (AHLs) produced by different bacterial
species, and the respective LuxI homologues responsible for
AHL synthesis in each bacterial species.

FIG. 2 contains a schematic representation of AHL.-depen-
dent regulation of quorum sensing in LuxR/LuxI-type sys-
tems (FIG. 2A) and a schematic representation of the plas-
mids pSB1075 and pSB406, which contain lasR and rhIR
regulatory genes, respectively, fused with the reporter gene
cassette lnxCDABE.

FIG. 3 includes calibration curves for exemplary cell sens-
ing systems employing plasmid pSB406 (left panel) and pSB
1075 (right panel), where bacterial cells were incubated with
different N-acyl-DL-homoserine lactones, namely, N-hex-
anoyl-DL-homoserine lactone (upward-pointing triangle),
N-butyryl-DL-homoserine lactone (square), N-octanoyl-DL-
homoserine lactone (circle), N-dodecanoyl-DL.-homoserine
lactone (diamond), and N-tetradecanoyl-DL-homoserine lac-
tone (downward-pointing triangle), and where the signals
have been corrected with respect to a blank, and where data
shown are the average+one standard deviation.

FIG. 4 includes an evaluation of saliva matrix effects using
an exemplary biosensing system employing plasmid pSB406
and N-hexanoyl-DL-homoserine lactone as an analyte, where
the dose-response curve is achieved by analyte standard addi-
tion to a pool of saliva samples from four healthy subjects
(upward-pointing triangles) and the reference calibration
curve (square) is obtained during the same analytical run, and
where the signals have been corrected with respect to the
blank, and where data shown are the average+one standard
deviation.

FIG. 5 is a graph depicting levels of short and long chain
AHLs and fecal lactoferrin detected in bowel secretion
samples from inflammatory bowel disease (IBD) subjects.

FIG. 6is a graph showing a comparison between long chain
AHL levels in diseased and control subjects.

FIG. 7 contains graphs depicting levels of short and long
chain AHLs detected in saliva samples from IBD subjects and
control subjects.

FIG. 8 is a graph depicting levels of short and long chain
AHLs detected in stool samples from infants admitted to a
Neonatal Intensive Care Unit (NICU).

FIG. 9 includes a diagram of a microcentrifuge compact
disc (CD) microfluidics platform (FIG. 9A) and a diagram of
a microfluidics structure (FIG. 9B) of the CD microfluidics
platform containing small wells for the addition of sensing
bacterial cells and samples, and a detection chamber linked to
the wells by a mixing channel.
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FIG. 10 is a schematic representation of an exemplary CD
microfluidics platform attached to a rotor, where biolumines-
cent reactions in the microfluidic structures are detected by a
photomultiplier tube (PMT) attached to a transducer that
generates a readable signal.

FIG. 11 is a graph depicting results of a time-course study
using N-hexanoyl-DIL-homoserine lactone in an exemplary
CD microfluidics platform.

FIG. 12 is a graph depicting the reproducibility of an exem-
plary CD microfluidics platform for detecting quorum sens-
ing molecules (QSMs).

FIG. 13 is a graph depicting the ability of an exemplary CD
microfluidics platform to detect QSMs in a biological sample.

FIG. 14 is a calibration curve obtained using various con-
centrations of autoinducer-2 (Al-2).

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

The details of one or more embodiments of the presently-
disclosed subject matter are set forth in this document. Modi-
fications to embodiments described in this document, and
other embodiments, will be evident to those of ordinary skill
in the art after a study of the information provided in this
document. The information provided in this document, and
particularly the specific details of the described exemplary
embodiments, is provided primarily for clearness of under-
standing and no unnecessary limitations are to be understood
therefrom. In case of conflict, the specification of this docu-
ment, including definitions, will control.

While the following terms are believed to be well under-
stood by one of ordinary skill in the art, the following defini-
tions are set forth to facilitate explanation of the presently-
disclosed subject matter.

Unless defined otherwise, all technical and scientific terms
used herein have the same meaning as commonly understood
by one of ordinary skill in the art to which the presently-
disclosed subject matter belongs. Although any methods,
devices, and materials similar or equivalent to those described
herein can be used in the practice or testing of the presently-
disclosed subject matter, representative methods, devices,
and materials are now described.

Following long-standing patent law convention, the terms
“a”, “an”, and “the” refer to “one or more” when used in this
application, including the claims. Thus, for example, refer-
enceto “acell” includes a plurality of such cells, and so forth.

Unless otherwise indicated, all numbers expressing quan-
tities of ingredients, properties such as reaction conditions,
and so forth used in the specification and claims are to be
understood as being modified in all instances by the term
“about.”” Accordingly, unless indicated to the contrary, the
numerical parameters set forth in this specification and claims
are approximations that can vary depending upon the desired
properties sought to be obtained by the presently-disclosed
subject matter.

Asused herein, the term “about,” when referring to a value
or to an amount of mass, weight, time, volume, concentration
or percentage is meant to encompass variations of in some
embodiments +20%, in some embodiments 10%, in some
embodiments +5%, in some embodiments +1%, in some
embodiments +0.5%, and in some embodiments +0.1% from
the specified amount, as such variations are appropriate to
perform the disclosed method.

Bacteria communicate with neighboring bacterial cells by
producing signaling molecules intracellularly that are
released into the environment, and the concentration of these
signaling molecules reflects the cell density of the bacterial
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population. Once the concentration of the signaling mol-
ecules reaches a specific level, the bacteria can monitor their
population density and alter their group behavior, including,
but not limited to, altering and controlling the expression of
certain specialized genes depending on the size of the bacte-
rial population. This phenomenon is termed “quorum sens-
ing” and is a process whereby the expression of genes neces-
sary for many bacterial activities, such as biofilm formation,
light production, formation of virulence factors, and others, is
regulated. For example, the mechanism by which bacteria
cause disease involves a delay in the expression of genes
responsible for formation of virulence factors until the quo-
rum sensing process produces a sufficiently large bacterial
population that is capable of overwhelming a host’s defense
system.

The signaling molecules that are involved in the process of
quorum sensing are referred to herein as “quorum sensing
molecules” (QSM). Many gram-negative bacteria use N-acyl
homoserine lactones as their QSMs, while many gram-posi-
tive bacteria employ oligopeptides. Additionally, a family of
autoinducers, known as autoinducer-2 (Al-2), can function as
QSMs and are produced by both gram-positive and gram-
negative bacteria.

Given the role of the QS process and QSMs in bacterial
cell-to-cell communication, as well as the role of this phe-
nomenon in the pathogenesis of many bacteria-related con-
ditions, information about the timing and level of expression
of QSMs in bacteria-related conditions is desirable to obtain.
Systems and methods capable of identifying the presence of
and quantitating QSMs in a particular bacteria-related condi-
tion of interest can provide information useful for under-
standing how each bacteria-related condition evolves and is
maintained. Such understanding can prove useful in the diag-
nosis and characterization of a number of bacteria-related
conditions and can allow these conditions to be diagnosed
and/or monitored such that a treatment can be selected or
modified depending on the amount of QSMs in a biological
sample from a subject.

The presently-disclosed subject matter includes systems,
methods, and kits for diagnosing and/or monitoring a bacte-
ria-related condition of interest in a subject. The term “bac-
teria-related condition” is used herein to refer to conditions
whose symptoms are caused directly or indirectly by the
invasion and/or colonization of bacteria. For example, in
some embodiments of the presently-disclosed subject matter,
the bacteria-related condition can be a bacterial infection, an
acute or chronic inflammation, a condition of the gastro-
intestinal tract, or an inflammatory bowel disease (IBD), such
as Crohn’s disease (CD) or ulcerative colitis (UC).

In some embodiments, a method of detecting and/or moni-
toring a bacteria-related condition is provided, which can lead
to diagnosis of the condition. In some embodiments, the
method includes: providing a biological sample from the
subject; determining an amount in the sample of at least one
QSM; comparing the amount of the at least one QSM in the
sample, if present, to a control level of the at least one QSM,
wherein the subject is diagnosed as having the bacteria-re-
lated condition of interest or a risk thereof if there is a mea-
surable difference in the amount of the at least one QSM in the
sample as compared to the control level.

The term “biological sample” as used herein refers to a
sample capable of comprising a QSM, which is derived from
a subject. The biological sample can be utilized for the detec-
tion of the presence and/or level of a QSM of interest in the
sample. Exemplary biological fluids include, but are not lim-
ited to, saliva, stool, sputum, blood, plasma, serum, and urine.
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In some embodiments, the biological sample comprises
saliva. In some embodiments, the sample comprises stool.
In some embodiments, the QSM is selected from the
groups consisting of: N-acyl homoserine lactone (AHL) and
autoinducer-2 (Al-2). It is appreciated that the family of
QSMs known as Al-2 includes a number of QSMs that inter-
convert into each other and are capable of existing in equilib-
rium in solution. [22] Further, many different types of AHLs
have been reported in the literature. In some embodiments of
the presently-disclosed subject matter, the AHL is selected
from: N-butyryl homoserine lactone (C4-HSL), N-hexanoyl

homoserine lactone (C6-HSL), N-(3-ox0)-hexanoyl
homoserine  lactone  (3-ox0-C6-HSL),  N-octanoyl
homoserine  lactone  (C8-HSL), N-(3-oxo)-octanoyl
homoserine  lactone  (3-ox0-C8-HSL),  N-decanoyl

homoserine lactone (C10-HSL), N-dodecanoyl homoserine
lactone (C12-HSL), N-(3-ox0)-dodecanoyl homoserine lac-
tone (3-0x0-C12-HSL), N-tetradecanoyl homoserine lactone
(C14-HSL), and combinations thereof.

The terms “diagnosing” and “diagnosis” as used herein
refer to methods by which the skilled artisan can estimate and
even determine whether or not a subject is suffering from a
given bacteria-related condition. The skilled artisan often
makes a diagnosis on the basis of one or more diagnostic
indicators. The presently-disclosed subject matter provides
for the measurement of one or more QSMs as diagnostic
indicators, the amount (including presence or absence) of
which is indicative of the presence, severity, or absence of a
bacteria-related condition.

Along with diagnosis, clinical prognosis is also an area of
great concern and interest. [t is important to know the aggres-
siveness of particular bacteria-related conditions and the like-
lihood of remissions and/or exacerbations in order to plan the
most effective therapy. Crohn’s disease, for example, is man-
aged by several alternative strategies. In some cases, antibi-
otic therapy may be successfully utilized, while, in other
cases, anti-inflammatory, steroid, or antibody therapies, or
combinations thereof, are employed. If a more accurate prog-
nosis can be made, appropriate therapy, and in some instances
less severe therapy for the subject can be chosen. Measure-
ment of one or more QSMs can be useful in order to separate
subjects with good prognosis, who will need no further
therapy, from those more likely to have recurring symptoms
or exacerbations, who might benefit from more intensive
treatments.

As such, “making a diagnosis” or “diagnosing”, as used
herein, is further inclusive of making a prognosis, which can
provide for predicting a clinical outcome (with or without
medical treatment), selecting an appropriate treatment (or
whether treatment would be effective), or monitoring a cur-
rent treatment and potentially changing the treatment, based
onthe measure of QSMs present in a sample. As such, insome
embodiments, a method of diagnosing a bacteria-related con-
dition is provided that further comprises selecting or modi-
fying a treatment for the bacteria-related condition that is
based on the determined amount of the at least one QSM.
Further, in some embodiments of the presently-disclosed sub-
ject matter, multiple determinations of the amounts of QSMs
over time can be made to facilitate diagnosis and/or progno-
sis. A temporal change in the amount of QSMs can be used to
predict a clinical outcome, monitor the progression of the
bacteria-related condition and/or efficacy of appropriate
therapies directed against the bacteria-related condition of
interest. In such an embodiment, for example, one might
expectto see a decrease in the amount of QSMs in a biological
sample over time during the course of effective therapy.
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The presently-disclosed subject matter further provides, in
some embodiments, a method for determining whether to
initiate or continue prophylaxis or treatment of a bacteria-
related condition of interest in a subject. In some embodi-
ments, the method comprises providing a series of biological
samples over a time period from the subject; analyzing the
series of biological samples to determine an amount of at least
one QSM in each of the biological samples; and comparing
any measurable change in the amounts of the at least one
QSM in each of the biological samples. Any changes in the
amounts of the at least one QSM over the time period can be
used to predict clinical outcome, determine whether to initiate
or continue the prophylaxis or therapy of the bacteria-related
condition, and whether a current therapy is effectively treat-
ing the bacteria-related condition. For example, a first time
point can be selected prior to initiation of a treatment and a
second time point can be selected at some time after initiation
of the treatment. QSM levels can be measured in each of the
samples taken from different time points and qualitative and/
or quantitative differences noted. A change in the amounts of
the QSM levels from the first and second samples can be
correlated with prognosis, determining treatment efficacy,
and/or progression of the disease in the subject.

The terms “correlated” and “correlating,” as used herein in
reference to the use of diagnostic and/or prognostic biomar-
kers, such as QSMs, refers to comparing the presence or
quantity of the QSM in a subject to its presence or quantity in
subjects known to suffer from, or known to be at risk of, a
given condition (e.g., Crohn’s disease); or in subjects known
to be free of a given condition, i.e. “normal subjects” or
“control subjects”. For example, a level of a QSM in a bio-
logical sample can be compared to a QSM level determined to
be associated with a specific type of bacteria-related condi-
tion. The sample’s QSM level is said to have been correlated
with a diagnosis; that is, the skilled artisan can use the QSM
level to determine whether the subject suffers from a specific
type of bacteria-related condition, and respond accordingly.
Alternatively, the sample’s QSM level can be compared to a
control QSM level known to be associated with a good out-
come (e.g., the absence of a bacteria-related condition), such
as an average level found in a population of normal subjects.

In certain embodiments, a diagnostic or prognostic biom-
arker is correlated to a condition or disease by merely its
presence or absence. In other embodiments, a threshold level
of a diagnostic or prognostic biomarker can be established,
and the level of the indicator in a subject sample can simply be
compared to the threshold level.

As noted, in some embodiments, multiple determinations
of one or more diagnostic or prognostic biomarkers can be
made, and a temporal change in the marker can be used to
determine a diagnosis or prognosis. For example, a diagnostic
marker can be determined at an initial time, and again at a
second time. In such embodiments, an increase in the marker
from the initial time to the second time can be diagnostic of'a
particular type or severity of bacteria-related condition, or a
given prognosis. Likewise, a decrease in the marker from the
initial time to the second time can be indicative of a particular
type or severity of bacteria-related condition, or a given prog-
nosis. Furthermore, the degree of change of one or more
markers can be related to the severity of the bacteria-related
condition and future adverse events.

The phrase “determining an amount,” and grammatical
variations thereof, when used herein in reference to a QSM,
refers to a qualitative (e.g., present or not present in the
measured sample), quantitative (e.g., how much is present),
or both, measurement of a QSM. The “control level” is an
amount (including the qualitative presence or absence) or
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range of amounts of a QSM found in a comparable biological
sample in subjects free of a bacteria-related condition, or at
least free of the bacteria-related condition of interest being
tested. As one non-limiting example of calculating the control
level, the amount of a QSM present in a normal biological
sample (e.g., blood, serum, plasma, urine, sputum, saliva,
pleural fluid, peritoneal fluid, or cerebral spinal fluid) can be
calculated and extrapolated for whole subjects.

In certain embodiments of the presently disclosed subject
matter, determining the amount in the sample of the at least
one QSM comprises determining the amount in the sample of
the at least one QSM using a cell sensing system. The cell
sensing system can include, in some embodiments, a bacteria
cell, e.g., Escherichia coli; a regulatory protein within the
bacterial cell for binding the at least one QSM; and a reporter
molecule within the bacterial cell for detecting binding of the
QSM to the regulatory protein, wherein the reporter molecule
generates a detectable signal upon binding of the QSM to the
regulatory peptide.

The phrase “cell sensing system” is used herein to refer to
genetically engineered whole-cell biosensors, where genetic
constructs are employed, and in which a regulatory peptide
capable of recognizing a molecule of interest, such as a QSM,
controls the expression of a reporter molecule. For example,
when the target analyte, e.g. a QSM, is present in a sample, the
regulatory protein recognizes the target analyte and activates
transcription of the reporter molecule to generate a detectable
signal. As such, when the transcription of the reporter mol-
ecule is induced in the presence of a target analyte, the
reporter gene is expressed in a dose-dependent fashion and,
consequently, the concentration of the inducing, target ana-
lyte can be determined by measuring the detectable signal
that is generated by the reporter molecule.

In some embodiments, the regulatory protein of the cell
sensing system is RhIR or a fragment thereof, or LasR or a
fragment thereof The terms “protein,” “polypeptide,” and
“peptide,” which are used interchangeably herein, refer to a
polymer of the 20 protein amino acids, or amino acid analogs,
regardless of its size or function. Although “protein” is often
used in reference to relatively large polypeptides, and “pep-
tide” is often used in reference to small polypeptides, usage of
these terms in the art overlaps and varies. The term “polypep-
tide” as used herein refers to peptides, polypeptides, and
proteins, unless otherwise noted. The terms “protein”,
“polypeptide” and “peptide” are used interchangeably herein
when referring to a gene product. Thus, exemplary polypep-
tides include gene products, naturally occurring proteins,
homologs, orthologs, paralogs, fragments and other equiva-
lents, variants, and analogs of the foregoing.

The term “fragment” refers to a sequence that comprises a
subset of another sequence. When used in the context of a
nucleic acid or amino acid sequence, the terms “fragment”
and “subsequence” are used interchangeably. A fragment of a
nucleic acid sequence can be any number of nucleotides that
is less than that found in another nucleic acid sequence, and
thus includes, but is not limited to, the sequences of an exon
or intron, a promoter, an enhancer, an origin of replication, a
5'or 3' untranslated region, a coding region, and a polypeptide
binding domain. It is understood that a fragment or subse-
quence can also comprise less than the entirety of a nucleic
acid sequence, for example, a portion of an exon or intron,
promoter, enhancer, etc. Similarly, a fragment or subse-
quence of an amino acid sequence can be any number of
residues that is less than that found in a naturally occurring
polypeptide, and thus includes, but is not limited to, domains,
features, repeats, etc. Also, similarly, it is understood that a
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fragment or subsequence of an amino acid sequence need not
comprise the entirety of the amino acid sequence of the
domain, feature, repeat, etc.

A fragment can also be a “functional fragment,” in which
the fragment retains a specific biological function of the
nucleic acid sequence or amino acid sequence of interest. For
example, a functional fragment of a regulatory peptide can
include, but is not limited to, a DNA binding domain and an
analyte binding domain.

Further, a bacterial cell of the presently-disclosed subject
matter can be, for example, a transformed bacterial cell. The
terms “transformed”, “transgenic”, and “recombinant” refer
to a cell, such as a bacterial cell, into which a heterologous
nucleic acid molecule has been introduced. The nucleic acid
molecule can be stably integrated into the genome of the cell,
and/or the nucleic acid molecule can be present as an extra-
chromosomal molecule (e.g., a plasmid). Such an extrachro-
mosomal molecule can be auto-replicating. Transformed
cells are understood to encompass not only the end product of
atransformation process, but also transgenic progeny thereof.
A “non-transformed,” “non-transgenic”, or “non-recombi-
nant” host refers to a wild type organism, e.g., a cell, which
does not contain the heterologous nucleic acid molecule. For
example, in some embodiments, the bacterial cell has been
transformed with a plasmid, such as a pSB406 or a pSB1075
plasmid, comprising a heterologous polynucleotide reporter
gene cassette comprising a promoter operatively linked to a
gene encoding the reporter molecule.

The term “reporter gene cassette” refers to a nucleic acid
molecule capable of directing expression of a particular
nucleotide sequence in an appropriate host cell, comprising a
promoter and/or other regulatory sequences operatively
linked to the nucleotide sequence of interest which can be
operatively linked to termination signals. It also typically
comprises sequences required for proper translation of the
nucleotide sequence. The coding region usually encodes a
polypeptide of interest but can also encode a functional RNA
of interest. The reporter gene cassette comprising the nucle-
otide sequence of interest can be chimeric, meaning that at
least one of its components is heterologous with respect to at
least one of its other components. The reporter gene cassette
can also be one that is naturally occurring but has been
obtained in a recombinant form useful for heterologous
expression.

Typically, however, the reporter gene cassette is heterolo-
gous with respect to the host; i.e., the particular DNA
sequence of the reporter gene cassette does not occur natu-
rally in the host cell and was introduced into the host cell or an
ancestor of the host cell by a transformation event. The
expression of the nucleotide sequence in the reporter gene
cassette can be under the control of a constitutive promoter or
of an inducible promoter that initiates transcription only
when the host cell is exposed to some particular external
stimulus.

The term “gene” is used broadly to refer to any segment of
DNA associated with a biological function. Thus, genes
include, but are not limited to, coding sequences and/or the
regulatory sequences required for their expression. Genes can
also include non-expressed DNA segments that, for example,
form recognition sequences for a polypeptide. Genes can be
obtained from a variety of sources, including cloning from a
source of interest or synthesizing from known or predicted
sequence information, and can include sequences designed to
have desired parameters.

The terms “heterologous”, “recombinant”, and “exog-
enous”, when used herein to refer to a nucleic acid sequence
(e.g. a DNA sequence) or a gene, refer to a sequence that
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originates from a source foreign to the particular host cell or,
if from the same source, is modified from its original form.
Thus, a heterologous gene in a host cell includes a gene that is
endogenous to the particular host cell but has been modified
through, for example, the use of site-directed mutagenesis or
other recombinant techniques. The terms also include non-
naturally occurring multiple copies of a naturally occurring
DNA sequence. Thus, the terms refer to a DNA segment that
is foreign or heterologous to the cell, or homologous to the
cell but in a position or form within the host cell in which the
element is not ordinarily found. Similarly, when used in the
context of a polypeptide or amino acid sequence, an exog-
enous polypeptide or amino acid sequence is a polypeptide or
amino acid sequence that originates from a source foreign to
the particular host cell or, if from the same source, is modified
from its original form. Thus, exogenous DNA segments can
be expressed to yield exogenous polypeptides. In contrast, a
“homologous” nucleic acid (or amino acid) sequence is a
nucleic acid (or amino acid) sequence naturally associated
with a host cell into which it is introduced.

The terms “associated with”, “operably linked”, and
“operatively linked” refer to two nucleic acid sequences that
are related physically or functionally. For example, a pro-
moter or regulatory DNA sequence is said to be “operatively
linked with” a DNA sequence that encodes an RNA or a
polypeptide if the two sequences are operatively linked, or
situated such that the regulator DNA sequence will affect the
expression level of the coding or structural DNA sequence.

In some embodiments of the presently-disclosed subject
matter, an exemplary cell sensing system further comprises a
substrate supporting the bacterial cell, and a signal reader for
detecting the signal generated by the reporter molecule. In
some embodiments, for example, the substrate can be a
microfiuidic platform, a container (e.g., a test tube or awell of
a microtiter plate), an optic fiber, or a paper strip.

As one exemplary embodiment of a microfluidic platform
using a sensing bacterial cell described herein, the presently-
disclosed subject matter provides an effective packaging
method for the storage, transport, and use of sensing bacterial
cells adapted to a microcentrifugal microfluidics platform.
The microfluidic platform can comprise a structure of low
microliter to nanoliter-volume reservoirs connected by
micrometer-dimension channels manufactured, for example,
by computer numerical control (CNC) machining. An exem-
plary embodiment of a microfiuidic platform 10 is shown in
FIG. 9A. In some embodiments, the platform 10 comprises a
poly(methyl methacrylate) (PMMA) substrate and has a disk-
shape similar to that of a compact disk (CD). With reference
to FIG. 9B, the force used for pumping solutions from reser-
voirs 12 and 14 through reservoir channels 16 and 18 in flow
communication with reservoirs 12 and 14, respectively, is a
centrifugal force exerted on the fluids when the disk platform
10 is spun on a rotor. The rpm at which a solution will flow
from a given reservoir 12 or 14 into a reservoir channel 16 or
18 can be controlled by the size of a burst valve 13 or 15
positioned at the juncture of the reservoirs 12 and 14 and the
reservoir channels 16 and 18. Surface tension and fluid/sub-
strate interactions can effectively trap a flowing fluid where a
reservoir 12 or 14 meets a burst valve 13 or 15 until these
forces are overcome by sufficient centrifugal force.

The reservoirs 12 and 14 can be sealed and one can com-
prise the presently-disclosed sensing bacteria cells suspended
in aliquid formulation, while the other reservoir can comprise
a sample of interest, e.g. a saliva or stool sample known to or
suspected of containing a QSM. The suspension or samples
can be added in advance and sealed in the reservoirs 12 and
14, or added just prior to addition of centrifugal force. When
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the microfluidic platform 10 is spun, the sensing bacterial
cells and the sample of interest are forced from the reservoir
12 or 14, through the reservoir channels 16 or 18, and into a
mixing channel 20 where fluids from each of reservoirs 12
and 14 are mixed with each other, and if desired, other
reagents. The sensing bacterial cells and sample of interest
are thus mixed together and pool in a detection chamber 22,
wherein a detectable signal is then generated if there is an
amount in the sample of at least one QSM.

In one particular embodiment, for example, an aliquot
(e.g., 15-25 ul) of the sensing bacterial cells are placed in a
first reservoir (e.g., reservoir 12) and an aliquot (e.g., 15-25
pl) of asample of interest is placed in a second reservoir (e.g.,
reservoir 14). Upon spinning the CD microfluidic platform
10, the sensing bacterial cells and sample of interest are
released from the two different reservoirs 12 and 14, respec-
tively, pass through reservoir channels 16 and 18, respec-
tively, mix passing through mixing channel 20, and pass into
detection chamber 22. Expression of a reporter molecule by
the sensing bacterial cells is then indicative of the presence of
a QSM in the sample of interest, which can be measured by a
signal reader, such as a photomultiplier tube (PMT). Thus, the
entire assay can be performed directly on the microfluidics
platform 10. The presently-disclosed platform is readily
adaptable and provides for on-site testing not only in bedside
and physician’s office monitoring, but also in home-based
disease management.

As discussed hereinabove, in some embodiments of the
methods and systems making use of a cell sensing system, the
transformed bacterial cell can include a heterologous reporter
gene cassette comprising a promoter operatively linked to a
nucleotide sequence encoding the reporter molecule. In some
embodiments, the QSM-regulatory protein complex can have
a binding affinity for the promoter, such that the regulatory
peptide binds the promoter and activates expression of the
reporter molecule, thereby generating a detectable signal.

Reporter molecules capable of generating a detectable sig-
nal are known to those of ordinary skill in the art and include,
but are not limited to, reporter molecules such as green fluo-
rescent protein (GFP), p-galactosidase, and luciferase. Fur-
ther, it is appreciated that genes encoding various reporter
molecules can be inserted into a reporter gene cassette and
used to monitor induction of an operon, depending on the
desired detection system.

In some embodiments of the presently-disclosed subject
matter, the reporter gene cassette is luxCDABE. In some
embodiments, the reporter gene cassette is luxCDABE, the
promoter is P,,,;;, and the regulatory peptide is RhIR. In some
embodiments, the reporter gene cassette is luxCDABE, the
promoter is P, and the regulatory peptide is LasR. The
genes luxA and luxB in the luxCDABE reporter gene cassette
encode bacterial luciferase, which, upon expression, can gen-
erate a bioluminescent signal upon reacting with its substrate,
luciferin, and offers a low detection limit of approximately
107'® mol. In this regard, it is noted that the genes luxC, luxD,
and luxE of the reporter gene cassette encode the enzymes
required for the synthesis and recycling of the bioluminescent
substrate, and thus the cell sensing systems of the presently-
disclosed subject matter offer the advantage of not requiring
the external addition a substrate. In some embodiments, the
detectable signal is bioluminescence. Further, in some
embodiments, the intensity of the detectable signal can be
quantitative, and it can be correlated to a concentration of the
QSM.

The presently-disclosed subject matter further provides, in
some embodiments, a kit for diagnosing a bacteria-related
condition of interest in a subject. In some embodiments, the
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kit comprises a cell sensing system in accordance with the
presently-disclosed subject matter and instructions for using
the kit.

Further, with regard to the methods, systems, and kits of the
presently-disclosed subject matter, the term “subject”
includes both human and animal subjects. Thus, veterinary
therapeutic uses are provided in accordance with the pres-
ently disclosed subject matter. As such, the presently dis-
closed subject matter provides for the treatment of mammals
such as humans, as well as animals of importance to humans

The practice of the presently-disclosed subject matter can
employ, unless otherwise indicated, conventional techniques
of cell biology, cell culture, molecular biology, transgenic
biology, microbiology, recombinant DNA, and immunology,
which are within the skill of the art. Such techniques are
explained fully in the literature. See e.g., Molecular Cloning
A Laboratory Manual (1989), 2nd Ed., ed. by Sambrook,
Fritsch and Maniatis, eds., Cold Spring Harbor Laboratory
Press, Chapters 16 and 17; U.S. Pat. No. 4,683,195; DNA
Cloning, Volumes I and II, Glover, ed., 1985; Polynucleotide
Synthesis, M. J. Gait, ed., 1984; Nucleic Acid Hybridization,
D. Hames & S. J. Higgins, eds., 1984; Transcription and
Translation, B. D. Hames & S. J. Higgins, eds., 1984; Culture
Of Animal Cells, R. I. Freshney, Alan R. Liss, Inc., 1987;
Immobilized Cells And Enzymes, IRL Press, 1986; Perbal
(1984), A Practical Guide To Molecular Cloning; See Meth-
ods In Enzymology (Academic Press, Inc., N.Y.); Gene
Transfer Vectors For Mammalian Cells, J. H. Miller and M. P.
Calos, eds., Cold Spring Harbor Laboratory, 1987; Methods
In Enzymology, Vols. 154 and 155, Wu et al., eds., Academic
Press Inc., N.Y.; Immunochemical Methods In Cell And
Molecular Biology (Mayer and Walker, eds., Academic Press,
London, 1987; Handbook Of Experimental Immunology,
Volumes I-1V, D. M. Weir and C. C. Blackwell, eds., 1986.

The presently-disclosed subject matter is further illustrated
by the following specific but non-limiting examples.

EXAMPLES
Materials and Methods for Examples 1-8

Materials

Vitamin-free casamino acids needed for preparing AB
media, and Luria Bertani (LLB) agar and broth were obtained
from Difco (Sparks, Md.). Ampicillin and all N-acyl
homoserine lactone (AHL) standard compounds were
obtained from Sigma (St. Louis, Mo.). The chemical struc-
tures of exemplary AHLs tested are provided in FIG. 1. Auto-
inducer-2 (Al-2) was obtained from Omm Scientific (Dallas,
Tex.). Acetonitrile was of high performance liquid chroma-
tography (HPLC) grade and was from Fisher Scientific (Pitts-
burgh, Pa.). Distilled deionized water (Milli-Q Water Purifi-
cation system, Millipore, Bedford, Mass.) was used for all the
experiments. The 96-well microtiter plates were purchased
from Costar (Corning, N.Y.).

The microcentrifuge utilized was from Eppendorf (West-
bury, N.Y.). The orbital shaker incubator utilized was from
Fisher Scientific (Fair Lawn, N.J.). Bioluminescent measure-
ments were made using the FLUOSTAR OPTIMA™ micro-
plate reader (BMG Labtech, Durham, N.C.).

Plasmids, Bacterial Strains, and Culture Conditions for
AHL Sensing Systems

The bacterial strain Escherichia coli IM109 was purchased
from Stratagene (Cedar Creek, Tex.). Plasmids pSB406 and
pSB1075 were transformed respectively into competent .
coli IM109 cells using the standard protocol provided by the
manufacturer. The transformed cells were grown at 37° C.
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overnight on [.B agar plates containing 50 ug/ml. ampicillin.
Cells from a single colony were grown overnight at 37° C.,
250 rpm in LB broth containing the same amount (w/v) of
ampicillin. Glycerol stocks were prepared from those cell
cultures and stored at -80° C. Fresh cell cultures were
obtained from the glycerol stocks and grown in an orbital
shaker at 37° C., 250 rpm until an optical density at 600 nm
(ODgo0 ) 01 0.45-0.50 was reached.

Plasmids, Bacterial Strains, and Culture Conditions for
Al-2 Sensing Systems

AB media used to grow V. harveyi strain BB170, a geneti-
cally modified strain that produces light in response to Al-2,
was prepared as described previously. [23] The BB170 sensor
strain was grown overnight in AB medium at 30° C. and 175
rpm. The following day, overnight grown BB170 culture was
diluted in AB medium to obtain a final O.D., ,,,, 0£ 0.010.

Sample Collection and Preparation for the Detection of
AHLs

Saliva and stool samples were employed for the detection
of AHLs. The saliva samples were obtained from diseased
and healthy (control) subjects. The stool samples were also
obtained from diseased and healthy (control) subjects, and
included samples from infants in the Newborn Intensive Care
Unit (NICU) situated at the University of Kentucky (Lexing-
ton, Ky.). The saliva samples were collected in the mornings
after brushing the teeth to minimize bulk collection of debris
and the presence of oral bacteria. The samples were then
processed by centrifuging them in sterile Eppendorf tubes at
13000 rpm for 2-3 min at room temperature. Supernatants
were stored at —80° C. until analyzed. The stool samples were
prepared by suspending and diluting the collected samples in
distilled, deionized water. The final working dilution
employed for stool samples was 1:1600 (w/v) in distilled,
deionized water.

Sample Collection and Preparation for the Detection of
Al-2

Human saliva samples used for the detection of AI-2 were
also collected in the morning after brushing the teeth to mini-
mize debris and oral bacteria. Any visible debris was removed
by centrifuging the samples for up to 20 minutes at 14000 rpm
atroom temperature. The samples were then stored at -80° C.
until needed.

Dose-Response Curves for AHLs

Commercially available AHLs were dissolved in acetoni-
trile to obtain 1x1072 M stock solutions, which were serially
diluted with distilled, deionized water. AHL standard solu-
tions of concentrations ranging from 1x107* to 1x10~° M
were obtained. A 1% solution of acetonitrile in distilled,
deionized water was used as blank. The highest percent
amount of acetonitrile used, i.e., 1% in water, did not prove to
be toxic forthe sensing cells. A total of 100 pl. of each of these
solutions was added in triplicate to culture tubes containing 1
mL of cell culture grown to an OD, ,,,, 0£ 0.45-0.50. These
culture tubes were then incubated in an orbital shaker at 37°
C. at 250 rpm for 2 h. The induced bioluminescence was then
measured using a microplate reader after transferring 200 pl
aliquots in triplicate from each culture tube into a 96-well
micro titer plate. The total measuring time/well was 0.20 s.
The light intensity was expressed in relative light units
(RLU). The results were plotted using the software GraphPad
Prism 4 (GraphPad Software, Inc., San Diego, Calif.).

Dose-Response Curves for AHLs in Sample Matrix

Dose-response curves were obtained in the sample matrix
for both types of samples employed and described herein in
the Examples, i.e., saliva and stool. Saliva samples from four
healthy subjects were collected and then centrifuged. Equal
volumes of the supernatants were mixed to obtain a pooled
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saliva sample. Acetonitrile 1x1072 M stock solutions of AHL
compounds, e.g., C6-HSL and C14-HSL for the pSB406 and
pSB1075 sensing systems, respectively, were serially diluted
with the pooled saliva to obtain solutions of concentration
ranging from 1x107* to 1x10~° M. A 1% acetonitrile solution
in pooled saliva was used as blank. A total of 100 L. of each
of these solutions was added in triplicate to culture tubes
containing 1 mL of cell culture, and the assay was performed
as described hereinabove. A dose-response curve without
matrix was also obtained as a reference in the same analytical
run.
Stool samples from infants admitted to the NICU were
collected and mixed in equal amounts to obtain a pooled stool
sample. This was suspended and diluted 1:800 (w/v) in dis-
tilled, deionized water. Acetonitrile 1x10™2 M stock solutions
of C6-HSL and C14-HSL were serially diluted in distilled,
deionized water to obtain standard solutions with concentra-
tions ranging from 2x107* to 2x10™° M. Equal volumes of
these standard solutions and the 1:800 (w/v) pooled stool
suspension were mixed to obtain AHL final concentrations
ranging from 1x107* to 1x10™° M in a 1:1600 (w/v) stool
suspension. A 1% acetonitrile solution in 1:1600 (w/v) pooled
stool suspension was used as blank. A total of 100 pL. of each
of these solutions was added in triplicate to culture tubes
containing 1 mL of cell culture, and the assay was performed
as described above. A dose-response curve without matrix
was also obtained as a reference in the same analytical run.

Selection of Optimum Temperature for Sample Storage

Temperature stability studies of AHLs in saliva and stool
samples were performed. Saliva samples were collected and
divided into four aliquots of 450 pl. each, before processing
them. Three of these aliquots were kept at room temperature,
4° C., and -20° C., respectively, for 1 day and then centri-
fuged as described above. Supernatants were stored at —80°
C. until analyzed. The fourth 450 pL. aliquot was processed
the same day it was collected, and the supernatant was kept at
-80° C. until analyzed. Similarly, stool samples were col-
lected and divided in aliquots that were stored at 4, =20, and
-80° C. for up to 3 days. Aliquots of the same samples were
processed and analyzed on the same day they were collected.

Analysis of Samples for AHLs

Saliva and stool samples were collected and processed as
described hereinabove. A total of 100 pl. of each of the
processed biological samples, either saliva or stool, was
added in triplicate to culture tubes containing 1 mL of cell
culture, and the assay was performed as described above.
Calibration curves using standard AHLs for both sensing
systems were obtained in each analytical run.

Analysis of Samples for AI-2

Saliva samples were collected and processed as described
hereinabove. The available stock of AI-2 was 3.9 mM. AI-2
standard solutions with concentrations ranging from 2.5x
107* M to 107’M were then prepared by using distilled,
deionized water. 10 pulL of AI-2 standard solution was incu-
bated with 90 pL of BB170 bacterial culture at O.D.., ,,..,
0.010, in triplicate on a microtitre plate. 10 pl. water incu-
bated with 90 ul. of BB170 served as a blank. An orbital
shaker set at 30° C. and 175 rpm was used for incubation.
Bioluminescence was then measured over a period of time. In
order to evaluate the effect of saliva matrix, saliva samples
were also spiked with a particular concentration of AI-2 and
then incubated with the BB170 strain. For comparison pur-
poses, the AI-2 concentration used for spiking was also incu-
bated with the sensor strain. Calibration curves using stan-
dard AI-2 concentrations were obtained in each analytical run
(FIG. 14).
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Example 1

Whole-Cell Sensing Systems for Detecting AHLs

Two different whole-cell sensing systems were used, har-
boring either the pSB406 or pSB1075 plasmid, which are
based on P, aeruginosa quorum sensing regulatory systems.
[18] The plasmids pSB406 and pSB 1075 incorporate the
genes rhlR and lasR, respectively, and the reporter gene cas-
sette luxCDABE under transcriptional control of the promot-
ers of the genes rhll and lasl (P,,;; and P,, ;) respectively.
Since the rhll and lasl genes code for the synthases for the
AHLs, they are not cloned into plasmids used for sensing.
When AHLs are present in the environment of the sensing
bacterial cells, they bind to the regulatory proteins RhIR and
LasR. Subsequently, the regulatory protein-AHL complex
binds to the corresponding promoter and activates gene tran-
scription (see, e.g., FIG. 2A for a schematic representation of
AHL.-dependent regulation of quorum sensing in LuxR/LuxI-
type systems, and FIG. 2B for a schematic representation of
plasmids pSB1075 and pSB406). As a result, the luxCDABE
cassette is expressed and a bioluminescent signal is produced.
Further, the bioluminescence signal produced is directly pro-
portional to the amount of the target AHL. molecule present.

Example 2
Whole-Cell Sensing System for Detecting AI-2

Vibrio harveyi bioluminescent strain BB170 was used for
the detection of Al-2 and was modified from the wild type ¥
harveyi so that it induces lux expression exclusively in
response to Al-2. [23] Al-2 is detected by BB170 when it
binds to the periplasmic protein LuxP. [24] AI-2 bound LuxP
then activates inner membrane protein LuxQ. LuxQ is a
hybrid two component kinase system, which includes peri-
plasmic sensor domain, cytoplasmic histidine domain and
response regulatory domains. At low cell density LuxQ acts
as a kinase while at high cell density LuxQ acts as a phos-
phatase. As akinase, it phosphorylates histidine residues in its
histidine domain which in turn evokes a series of phophory-
lation steps leading to phosphorylation of phosphotransferase
protein LuxU. LuxU transfers a phosphate group to LuxO
which s a response regulator. Without wishing to be bound by
any particular theory, it is thought that phosphorylated LuxO
along with o™* activates expression of an unknown repressor
X which represses the transcriptional activator LuxR. At high
cell density, LuxQ changes from kinase to phosphatase by the
action of AI-2 bound LuxP. As a phosphatase, LuxQ reverses
the flow of the phosphoryl group from LuxO to LuxU to
LuxQ. The dephosphorylated form of LuxO is inactive and
repressor X is not expressed. LuxR is not repressed and thus
binds the luxCDABE promoter, activating transcription of
luciferase resulting in the production of light. BB170 also has
a luxS gene producing its own AI-2 once it reaches high
density. As such, the present assays were carried out using a
BB170 culture of optimum density when inherent AI-2 pro-
duction is at a minimum and Al-2 sensing system is active
enough to respond to Al-2 present in the environment.

Example 3

Characterization of Whole-Cell Sensing Systems for
Detecting AHLs

Characterization of the whole-cell biosensing systems for
the detection of AHLs was performed by incubating the bac-
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terial cells with standard N-acyl homoserine lactone com-
pounds with acyl side chains of different lengths. It has been
reported that variations in length and substitutions in acyl side
chains have significant eftects on the binding/transcriptional
activity of LuxR homologues, with the natural ligand gener-
ally being the most effective agonist. [19] In the experiments
described herein, an increase in bioluminescence intensity
was observed with increasing concentrations of the AHL
compounds used. The molecules C4-HSL and C6-HSL, at the
highest concentration tested (1x10~* M), induced the maxi-
mum response in the biosensing system employing plasmid
pSB406 (FIG. 3, left panel). Both compounds could be
detected at concentrations as low as 1x10™° M, with a
dynamic range of 4 orders of magnitude. The limit of detec-
tion was defined as the analyte concentration that produced a
signal equal to or higher than the average signal produced by
the blank plus three standard deviations. AHLs with longer
acyl side chains were also able to activate the RhIRI regula-
tory system, although they did not induce the maximum
response of the sensor and exhibited higher limits of detection
as compared to C4-HSL and C6-HSL (Table 1).

TABLE 1

Analytical characteristics of the whole cell sensing system harboring
the plasmid pSB406.

Signal Intensity at Limitof = Dynamic Range
AHL 1x 107 M (x10°, RLU)  Detection (M) (M)
C4-HSL 19.99 = 0.00 1x10° 1x107%-1x10™*
C6-HSL 19.64 £ 0.25 1x107® 1x107%-1x10™
C8-HSL 6.87 +0.23 1x10° 1x107%-1x10™
C12-HSL 8.40 = 0.55 1x10° 1x10%-1%x107°
C14-HSL 422022 >1x107° —

Data shown for signal intensity is the average + one standard deviation.
The limit of detection was defined as the analyte concentration that produced a signal equal

to or higher than the average signal produced by the blank plus three standard deviations.

The molecule C14-HSL, at the highest concentration
tested (1x10™* M), induced the maximum response in the
whole-cell sensor bearing the plasmid pSB1075 (FIG. 3, right
panel). The limit of detection was 1x10~° M for C14-HSL, as
well as C12-HSL. Compounds with shorter acyl side chains
either induced a response only at high concentrations or did
not induce any response (Table 2).

TABLE 2

Analytical characteristics of the whole cell sensing system harboring
the plasmid pSB1075.

Signal Intensity at Limitof = Dynamic Range

AHL 1x10™*M (x10°, RLU)  Detection (M) (M)

C4-HSL 1.87 = 0.06 1x107  1x107-1x 10
C6-HSL 2.53 £ 1.15 >1x10* —

C8-HSL 7.94 =0.70 1x107°  1x107-1x107
C12-HSL 8.99 £0.17 1x10® 1x10%-1x107°
C14-HSL 11.74 £ 0.09 1x10° 1x107%-1x10™

Data shown for signal intensity is the average + one standard deviation (n = 3).
The limit of detection was defined as the analyte concentration that produced a signal equal

to or higher than the average signal produced by the blank plus three standard deviations.
These results are in agreement with those from other stud-
ies, which showed that long-chain AHLs induced the RhIRI
regulatory system to a lesser extent than the LasRI regulatory
system, while short-chain ARLs exhibited opposite behavior.
[18] Both whole-cell sensing systems proved to be precise
and reproducible, with intra- and interassay coefficients of
variation less than 7%. Improved analytical performance was
observed when the sensing cells were allowed to grow until
the bacterial suspension reached an optical density of 0.45-
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0.50 at 600 nm. Substantially higher cell density values,
which are accompanied by an increase in pH due to cell
metabolism, were avoided because high pH values canlead to
opening of the AHL lactone ring. [20]

These results were obtained using racemic mixtures of
AHL compounds, rather than L.-isomers. Although the AHLs
present in nature are in the form of L-isomers, racemic mix-
tures proved to be representative of the single L-isomer activ-
ity. To confirm this, an exemplary whole-cell sensing system
containing the plasmid pSB406 was incubated with either the
L-isomer or DL-racemic mixture of 3-oxo-C6-HSL. The
dose-response curves obtained showed no significant difter-
ences in the limit of detection, dynamic range, and maximum
signal intensity at the highest analyte concentration.

The plasmids used in these studies have been constructed
by taking advantage of the Rhll/RhIR and Lasl/L.asR quorum
sensing systems of the Gram-negative bacterium P. aerugi-
nosa. N-Butanoyl-L-homoserine lactone and N-(3-oxodode-
canoyl)-L-homoserine lactone are known to be the respective
cognate activator molecules, i.e., the natural ligands that P.
aeruginosa synthesize and sense, and to which P. aeruginosa
respond. [1] The ability of the present cell sensing systems to
respond to AHLs other than the cognate compound corre-
sponding to the regulatory system broadens the applicability
of these whole-cell sensing systems and renders them viable
tools for the study of a wide range of bacteria-related condi-
tions, which can involve a variety of microorganisms that use
different AHLs as autoinducers in their quorum sensing regu-
latory systems.

Example 4
Analysis of Biological Samples for AHLs

Since the detection of AHLSs in biological samples such as
saliva and stool could be affected by components of the
sample matrix, it was evaluated whether such an effect
occurred with the whole-cell sensing systems by generating
dose-response curves in pooled saliva and stool samples,
respectively. The dose-response curves for the saliva and
stool-based studies were obtained as described hereinabove
in the Examples and were then compared with the reference
calibration curves obtained in the absence of the biological
matrix during the same analytical run.

Saliva contains viscous components that may render
sample handling difficult and pipetting inaccurate and impre-
cise. Removal of viscous components and debris by centrifu-
gation allowed for not only an improved sample quality but
also eliminated sample matrix effects. Indeed, the dose-re-
sponse curves generated in saliva exhibited slopes nearly
identical to those corresponding to the reference calibration
curves. For the stool-based study, the elimination of matrix
effects was achieved by simple dilution of stool samples with
deionized water, as shown by the nearly identical slopes
observed for the dose-response curves obtained in the pres-
ence and absence of stool matrix. Overlapping curves were
expected when analyte standard solutions were added to a
sample originally containing no analyte. The dose-response
curves in matrix showed higher signals when compared to the
reference calibration curves, thus indicating the presence of
AHLs in the pooled saliva and stool samples. FIG. 4 includes
a representative example showing the response of the bio-
sensing system employing plasmid pSB406 to N-hexanoyl
homoserine lactone added to a pool of saliva samples. In the
stool-based study, a dilution of 1:1600 (w/v) of stool sample
in distilled, deionized water was chosen for all of the experi-
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ments since it allowed significant reduction in the matrix
effect, when compared to lower dilution factors.

After assay optimization, the whole-cell sensing systems
were employed to detect the presence of AHLs in saliva and
stool samples collected from healthy and diseased subjects.
Different levels of AHLs were detected in saliva of normal
subjects and a subject affected by Crohn’s disease, a chronic
autoimmune inflammatory bowel disease that presents
altered relative balance of the beneficial and detrimental com-
mensal bacteria present in the gut (Table 3).

TABLE 3

Detection of AHLs in saliva samples from five healthy volunteers and
one Crohn’s patient using the sensing system harboring plasmid pSB406.

Signal Percent Relative Standard
Subjects Intensity (x10°, RLU) Deviation (% RSD)
CD Patient 0.54 £0.07 2.65
Healthy Volunteers
1 2.12 £0.06 1.50
2 0.89 £0.03 1.11
3 1.29 £0.05 1.31
4 1.35+0.12 3.46
5 2.03 £0.09 2.13

The signals have been corrected with respect to the blank.
Data shown is the average + one standard deviation (n = 3).

The levels varied significantly between normal subjects,
while they were shown to be consistent for each individual
over a period of time. Distinct levels of AHLs were detected
also in stool samples of newborns admitted to the Neonatal
Intensive Care Unit for various disorders (Table 4).

TABLE 4

Detection of AHLs in stool samples of infants in NICU (Newborn
Intensive Care Unit) using the sensing system harboring plasmid pSB406.

Signal Percent Relative Standard Deviation
Subjects  Intensity (x10°, RLU) (% RSD)
1 0.88 £ 0.05 2.44
2 0.92 £0.01 0.49
3 1.25£0.01 0.59
4 1.19 £0.03 1.22

The signals have been corrected with respect to the blank.
Data shown is the average + one standard deviation (n = 3).

Analysis of triplicates of individual saliva and stool
samples showed that the present methods are also precise
when applied to biological samples. These results were
obtained on fresh samples that were processed and analyzed
immediately after collection.

An assessment was further made of the stability of AHLs in
saliva and stool samples depending upon storage conditions.
In this assessment, it was demonstrated that saliva samples
can be stored at least 1 day at room temperature, 4° C., and
-20° C., while stool samples can be stored up to 3 days at
-80° C., without observing significant differences in the
amount of AHLs detected. Overall, the results achieved
showed that the methods described herein can be successfully
employed for the detection of AHLs in these samples.

Example 5
Analysis of Biological Samples for AI-2
Saliva samples were assayed for the presence of AI-2.

Incubation of the samples with saliva with AI-2 sensing bac-
teria BB170 was performed in order to evaluate the effect of
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saliva matrix. Further, two saliva samples were spiked with a
particular concentration of AI-2 and then incubated with the
BB170 strain. Both saliva samples were spiked with AI-2 to
obtain a final incubation concentration of 107 M AI-2. For
comparison purposes, the Al-2 concentration used for spiking
is also incubated with the sensor strain. Calibration curves
using standard AI-2 concentrations were obtained in each
analytical run (FIG. 14). Analysis of individual saliva
samples showed that the present methods are precise when
applied to biological samples and can be used for the detec-
tion of AIl-2 molecules in saliva samples (Table 5).

TABLE 5

Analysis of saliva samples for AI-2 (S.S. = Spiked Saliva). Values
shown are after 2.5 hours of incubation with the BB170 sensor strain.

Average

Signal Std. C.V.

Sample (RLU) Dev. (%)
1 S.S.1 160155 3862 2
2 S.S.2 527940 43995 8
3 Saliva 1 90185 4354 5
4 Saliva 2 403008 33383 8
5 Blank 228672 6789 3
6 1077 M AI-2 324218 9773 3

Example 6

Detection of AHLs in Inflammatory Bowel Disease
(IBD) Subjects

Bowel secretion samples were obtained from inflamma-
tory bowel disease (IBD) subjects and healthy control sub-
jects presenting to endoscopy for procedures associated with
their IBD or for screening colonoscopy, respectively. A total
ot 40 bowel secretion samples were analyzed directly, with-
out sample pretreatment, for the presence of AHLs. Two
whole-cell sensing systems, based on bioluminescent geneti-
cally engineered bacterial cells bearing plasmid pSB406 or
pSB1075, as described herein in the Examples, were used to
allow for the detection of short and long chain AHLs, respec-
tively. Twenty-eight out of 40 samples were shown to contain
detectable levels of short chain AHLs, with concentrations
ranging from 1x107% to 1x10~° M. Thirty-three out of 40
samples were shown to contain detectable levels of long chain
AHLs, with concentrations also ranging from 1x107% to
1x107% M. Samples were considered to be positive for AHLs
when their signals were equal to or higher than the average
signal of the blank plus 3 standard deviations. The bowel
secretion samples were also analyzed for fecal lactoferrin, a
molecule that is suggested to be a non-invasive, sensitive and
specific biomarker representing intestinal inflammation in
patients with IBD. For that, a commercially available immu-
noassay kit was employed. The AHL and fecal lactoferrin
levels detected in bowel secretions are shown in FIG. 5.

A statistically significant difference in the levels of long
chain AHLs was observed between IBD patients and controls
(FIG. 6). An unpaired, two tailed t-test with Welch’s correc-
tion was performed using GraphPad Prism version 5.00
(GraphPad Software, San Diego, Calif.).

Saliva samples were also collected from IBD patients and
healthy controls. Short and long chain AHLs were detected in
all of the patient samples analyzed, while both types of AHLs
were detected in 3 out of 6 control samples (FIG. 7).
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Example 7

Detection of AHLs in Newborn Infants

AHLs were detected in stool samples from newborns
admitted to a Neonatal Intensive Care Unit (NICU). It is
appreciated that the NICU provides a diverse community of
infants at an increased risk of inflammatory or infectious
diseases. Bowel inflammation (necrotizing enterocolitis) and
bacterial sepsis are typical examples of such illnesses affect-
ing neonates. Thirty-four newborns were enrolled and moni-
tored for a period of time, with stools collected once or twice
a week. FIG. 8 reports the results obtained from the analysis
of the samples collected from each infant upon admission/
enrollment in the study. The presence of AHLs was detected
in the stool of the majority of neonates, indicating the pres-
ence of gram-negative bacteria in their gut and pointing
toward establishment of microflora early on in these neo-
nates.

Example 8
Compact Disc Microfluidic Platform

To make the present methods, employing the whole-cell
sensing systems, amenable to bedside and physician’s office
monitoring as well as home-based disease management, the
bacterial cells harboring the plasmids pSB1075 and pSB406
were integrated into a compact disc microfluidics platform
(FIG.9A). In one experiment, an overnight culture of pSB406
sensing cells was grown at 37° C. and refreshed 1:15 the next
day. A culture with an O.D. 4 ..., 0f 0.45-0.50 was then used
in the platform. Serial dilutions of AHL. were prepared rang-
ing from 1x10™* M to 1x10~"M and 23 pL of a given concen-
tration of AHL. was added directly into the detection chamber
of microfluidic structure (FIG. 9B). In one of the small wells,
7 uL of cell culture was added. Each structure was sealed
carefully with clear tape. The disk was spun initially at a high
velocity of 1200 rpm to insure simultaneous mixing of the
solutions in each structure. The disk was then spun continu-
ously at 800 rpm and readings were measured in a continuous
manner by measuring the resulting bioluminescent signal
from the bacteria in the detection chamber using a photomul-
tiplier tube (PMT) attached to a transducer capable of gener-
ating “read-out” of the bioluminescent signal (FIG. 10). Min-
iaturization of the system resulted in an analytical
performance that was similar to that observed previously for
the whole-cell sensing systems not contained in a microfiu-
idics platform, both in terms of detection limit (FIG. 11), i.e.,
1x10~"M AHL, and reproducibility (FIG. 12). Further, the
microfluidics platform was capable of detecting AHLs in a
saliva sample obtained from a subject (FIG. 13).

Discussion of Examples 1-8

There is a need for understanding the mechanism involved
in bacterial cell-to-cell communication as well as the role of
this phenomenon in the onset and course of disease. This is
important because it could provide useful insight in the patho-
genesis of many bacteria-related disorders. Thus, there is a
need for technologies capable of detecting bacterial commu-
nication in vivo, in real time, at low levels, and in biological
samples. Although physical-chemical methods for the detec-
tion of AHLs and AI-2 are available, they are not quantitative
and, therefore, appropriate for detailed investigations of quo-
rum sensing mechanisms in biological matrixes, and for the
design and evaluation of QS inhibitors as potential antimicro-
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bial drugs. On the other hand, whole-cell biosensing systems
are capable of providing information on the activity of the
compounds present in a sample, and often detecting them
directly, with no or minimal sample pretreatment. Addition-
ally, they can easily, rapidly, and sensitively investigate large
numbers of samples or compounds. Microorganisms are tol-
erant of suboptimal assay conditions and can be prepared in
unlimited quantities relatively inexpensively. These charac-
teristics make whole-cell sensing systems amenable to high-
throughput screening, miniaturization, and automation. [13]

In the studies described herein in the Examples, methods
were developed that are based on living whole-cell sensing
systems. The methods were validated by employing them in
the detection of AI-2 or in the detection of AHL s in saliva and
stool samples from subjects with GI disorders. Saliva and
stool analysis presents the advantage of enabling noninvasive
collection of specimens. Further, the AI-2 and AHL concen-
trations in saliva or stool samples reflects systemic and gas-
trointestinal concentrations of an AI-2 and AHL, respectively.
Indeed, fecal stream provides a mixture of gut flora, while the
saliva concentrations of many molecules such as hormones
and drugs have been demonstrated to reflect their blood con-
centrations. [15] Additionally, salivary levels of immunoglo-
bulins of different classes, 1gG, IgM, and IgA, have been
reported to correlate with the status of subjects with GI dis-
orders when compared with healthy controls. [16]

The methods, systems, and kits of the presently-disclosed
subject matter can be employed in the diagnosis and manage-
ment of various bacteria-related disorders. For instance,
exemplary methods, systems, and kits of the presently-dis-
closed subject matter can be used to assess the correlation of
QSMs in stool and saliva with diet, health indicators, and
general health status of subjects with a variety of conditions
associated with bacteria-related conditions. Demonstration
of such correlation allows QSMs to be employed as biomar-
kers of these diseases.

Throughout this document, various references are men-
tioned. All such references are incorporated herein by refer-
ence, including the references set forth in the following list:
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It will be understood that various details of the presently-
disclosed subject matter can be changed without departing
from the scope of the subject matter disclosed herein. Fur-
thermore, the foregoing description is for the purpose of
illustration only, and not for the purpose of limitation.

What is claimed is:

1. A method of diagnosing a bacteria-related condition of
interest in a subject, comprising:

providing a biological sample from a subject;

determining an amount in the sample of at least one quo-

rum sensing molecule (QSM), comprising one or more

QSMs selected from the group consisting of

an autoinducer-2 (AI-2), and

at least one short-chain N-acyl homoserine lactone
(AHL) and at least one long-chain N-acyl homoserine
lactone; and

comparing the amount of the at least one QSM in the

sample, if present, to a control level of the at least one
QSM, wherein the subject is diagnosed as having the
bacteria-related condition of interest or a risk thereof if
there is a measurable difference in the amount of the at
least one QSM in the sample as compared to the control
level, wherein the bacteria-related condition of interest
is an inflammatory bowel disease (IBD).

2. The method of claim 1, wherein the subject is a human.

3. The method of claim 1, wherein the biological sample is
a saliva sample.

4. The method of claim 1, wherein the biological sample is
a stool sample.

5. The method of claim 1, wherein the at least one QSM
comprises Al-2, and further comprises an N-acyl homoserine
lactone (AHL).

6. The method of claim 5, wherein the AHL is selected
from:

N-butyryl homoserine lactone (C4-HSL),

N-(3-0x0)-octanoyl homoserine lactone (3-oxo-C8-HSL),
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N-decanoyl homoserine lactone (C10-HSL),

N-dodecanoyl homoserine lactone (C12-HSL),

N-(3-0x0)-dodecanoyl homoserine lactone (3-ox0-C12-
HSL),

N-tetradecanoyl homoserine lactone (C14-HSL), and

combinations thereof.

7. The method of claim 5, wherein the AHL is a short-chain
AHL.

8. The method of claim 5, wherein the AHL is a long-chain
AHL.

9. The method of claim 5, wherein the AHL is selected
from:

N-butyryl homoserine lactone (C4-HSL),

N-hexanoyl homoserine lactone (C6-HSL),

N-(3-0x0)-hexanoyl homoserine lactone (3-0x0-C6-HSL),

N-octanoyl homoserine lactone (C8-HSL),

N-(3-0x0)-octanoyl homoserine lactone (3-0x0-C8-HSL),

N-decanoyl homoserine lactone (C10-HSL),

N-dodecanoyl homoserine lactone (C12-HSL),

N-(3-0x0)-dodecanoyl homoserine lactone (3-ox0-C12-

HSL),

N-tetradecanoyl homoserine lactone (C14-HSL), and

combinations thereof.

10. The method of claim 1, wherein the IBD is selected
from Crohn’s disease (CD) and ulcerative colitis (UC).

11. The method of claim 1, wherein determining the
amount in the sample of the at least one QSM comprises
determining the amount in the sample of the at least one QSM
using a cell sensing system.

12. The method of claim 1, further comprising selecting a
treatment or modifying a treatment for the bacteria-related
condition of interest based on the determined amount of the at
least one QSM.

13. The method of claim 1, wherein the at least one QSM
comprises an Al-2, and further comprises a short-chain AHL,
and a long-chain AHL..

14. The method of claim 11, wherein the cell sensing
system comprises:

a bacterial cell;

aregulatory protein within the bacterial cell for binding the

at least one QSM; and

a reporter molecule within the bacterial cell for detecting

binding of the QSM to the regulatory protein, wherein
the reporter molecule generates a detectable signal upon
binding of the QSM to the regulatory protein.

15. The method of claim 14, wherein the cell sensing
system further comprises a substrate supporting the bacterial
cell and a signal reader for detecting the signal generated by
the reporter molecule.

16. The method of claim 14, wherein the bacterial cell
comprises a heterologous reporter gene cassette comprising a
promoter operatively linked to a nucleotide sequence encod-
ing the reporter molecule.

17. The method of claim 16, wherein the QSM-regulatory
protein complex has binding affinity for the promoter, and
wherein the regulatory peptide binds the promoter and acti-
vates expression of the reporter molecule, thereby generating
a detectable signal.

18. The method of claim 16, wherein the reporter gene
cassette is luxCDABE.

19. The method of claim 16, wherein the reporter gene
cassette is luxCDABE, the promoter is P,,,;, and the regula-
tory peptide is RhIR.

20. The method of claim 16, wherein the reporter gene
cassette is lnxCDABE, the promoter is P, ;,, and the regula-
tory peptide is LasR.
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21. The method of claim 14, wherein the detectable signal
is bioluminescence.

22. The method of claim 14, wherein an amount of the
detectable signal correlates to a concentration of the QSM.

23. A method for determining whether to initiate or con-
tinue prophylaxis or treatment of a bacteria-related condition
of interest in a subject, comprising:

(a) providing a series of biological samples over a time

period from the subject;

(b) analyzing the series of biological samples to determine
an amount in each of the biological samples of at least
one QSM, comprising one or more QSMs selected from
the group consisting of
an autoinducer-2 (AI-2), and
at least one short-chain N-acyl homoserine lactone

(AHL) and at least one long-chain N-acyl homoserine
lactone; and

(c) comparing any measurable change in the amounts of the
at least one QSM in each of the biological samples to
thereby determine whether to initiate or continue the
prophylaxis or treatment of the bacteria-related condi-
tion of interest, wherein the bacteria-related condition of
interest is an inflammatory bowel disease (IBD).

24. The method of claim 23, wherein the at least one QSM
comprises an Al-2, a short-chain AHL, and a long-chain
AHL.

25. The method of claim 23, wherein the subject is a
human.

26. The method of claim 23, wherein the biological sample
is a saliva sample.

27. The method of claim 23, wherein the biological sample
is a stool sample.

28. The method of claim 23, wherein the at least one QSM
comprises Al-2, and further comprises an N-acyl homoserine
lactone (AHL).

29. The method of claim 28, wherein the AHL is selected
from:

N-butyryl homoserine lactone (C4-HSL),

N-hexanoyl homoserine lactone (C6-HSL),

N-(3-0x0)-hexanoyl homoserine lactone (3-oxo0-C6-HSL),

N-octanoyl homoserine lactone (C8-HSL),

N-(3-0x0)-octanoyl homoserine lactone (3-oxo-C8-HSL),

N-decanoyl homoserine lactone (C10-HSL),

N-dodecanoyl homoserine lactone (C12-HSL),

N-(3-0x0)-dodecanoyl homoserine lactone (3-oxo-C12-
HSL),

N-tetradecanoyl homoserine lactone (C14-HSL), and

combinations thereof.

30. The method of claim 28, wherein the AHL is selected

from:

N-butyryl homoserine lactone (C4-HSL),

N-(3-0x0)-octanoyl homoserine lactone (3-oxo-C8-HSL),
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N-decanoyl homoserine lactone (C10-HSL),

N-dodecanoyl homoserine lactone (C12-HSL),

N-(3-0x0)-dodecanoyl homoserine lactone (3-ox0-C12-
HSL),

N-tetradecanoyl homoserine lactone (C14-HSL), and

combinations thereof.

31. The method of claim 28, wherein the AHL is a short-
chain AHL.

32. The method of claim 28, wherein the AHL is a long-
chain AHL.

33. The method of claim 23, wherein the IBD is selected
from Crohn’s disease (CD) and ulcerative colitis (UC).

34. The method of claim 23, wherein determining the
amount of the at least one QSM in each of the biological
samples comprises determining the amount in the sample of
the at least one QSM using a cell sensing system.

35. The method of claim 34, wherein the cell sensing
system comprises:

a bacterial cell;

aregulatory protein within the bacterial cell for binding the

at least one QSM; and

a reporter molecule within the bacterial cell for detecting

binding of the QSM to the regulatory protein, wherein
the reporter molecule generates a detectable signal upon
binding of the QSM to the regulatory protein.

36. The method of claim 35, wherein the detectable signal
is bioluminescence.

37. The method of claim 35, wherein an amount of the
detectable signal correlates to a concentration of the QSM.

38. The method of claim 35, wherein the cell sensing
system further comprises a substrate supporting the bacterial
cell and a signal reader for detecting the signal generated by
the reporter molecule.

39. The method of claim 35, wherein the bacterial cell
comprises a heterologous reporter gene cassette comprising a
promoter operatively linked to a nucleotide sequence encod-
ing the reporter molecule.

40. The method of claim 39, wherein the QSM-regulatory
protein complex has binding affinity for the promoter, and
wherein the regulatory peptide binds the promoter and acti-
vates expression of the reporter molecule, thereby generating
a detectable signal.

41. The method of claim 39, wherein the reporter gene
cassette is luxCDABE.

42. The method of claim 39, wherein the reporter gene
cassette is lnxCDABE, the promoter is P,,,;, and the regula-
tory peptide is RhIR.

43. The method of claim 39, wherein the reporter gene
cassette is luxCDABE, the promoter is P,,;, and the regula-
tory peptide is LasR.
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