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SYSTEMS AND METHODS FOR ASSAY OF BIO-CONTAMINANTS IN WATER

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The benefit under 35 U.S.C. 119 of U.S. Provisional Patent Application No. 61/532,122
filed September 8, 2011 in the name of Sergei S. Makarov for “SYSTEMS AND METHODS FOR
ASSAY OF BIO-CONTAMINANTS IN WATER” is hereby claimed. The disclosure of such U.S.
provisional patent application is hereby incorporated herein by reference in its entirety, for all

purposes.

FIELD

[0002] The present disclosure relates to water assays and to systems and methods for

characterizing water with respect to bio-contaminants therein.

DESCRIPTION OF THE RELATED ART

[0003] In recent years, attention has been increasingly focused on water quality for agricultural,
industrial and consumer consumption. This has been the result of increasing awareness of the
incursion of contaminants into water supplies as a result of the shortcomings of effluent water
treatments, e.g., in municipal sewage plants and industrial effluent abatement systems, as well as
water conditioning and purification systems in the first instance, to achieve total removal of
contaminants from water being processed.

[0004] Traditional water treatment for supply of potable water is focused on disinfection of by
halogen, aeration, oxygenation or ozonation treatments, but such treatments in many instances are
grossly deficient to remove contaminants that pose a health or safety risk to consumers. Likewise,
effluent treatment of wastewaters is typically directed to effecting gross reduction of biological
oxygen demand (BOD) and/or chemical oxygen demand (COD) and may likewise be highly
inadequate in achieving removal of contaminants that pose risks from a health and safety perspective.
[0005] These concerns have been fueled by well-publicized instances of pollution and fouling of
water supplies in recent years, relating to agricultural pesticide, herbicide and animal waste incursions
into watercourses and groundwater, increases in levels of cosmetic components, contraceptive
ingredients, heavy metals and myriad other contaminants deriving from water recycling and reuse,
increasing acidification of municipal water supplies as a result of corresponding deteriorations in air
quality and entry of carbon oxides, sulfites, nitrates and other airborne contaminants into water
supplies from the ambient atmosphere, and the threat posed to water quality by increasing

industrialization and large-scale farming operations.
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[0006] Current water safety control systems are based on lists of hazardous substances (e.g.,
bacterial products, chemical toxins, pesticides, cancerogenes, mutagens, heavy metals, endocrine
disruptors, etc.) that are commonly found in drinking water. The maximal tolerable concentrations for
these hazardous contaminants are then established and approved by legislative or regulatory
authorities. Subsequently, the concentrations of the listed hazardous contaminants in water samples
are analyzed by using analytical methods (e.g., using physico-chemical detectors, analytical
chemistry, biochemical tests, etc.), and drinking water then is considered safe if concentrations of all
evaluated toxicants are within permissible levels.

[0007] Such current water safety control systems, however, are insufficient in a number of
respects. Each year, thousands of new chemical and biological compounds with unknown toxic
properties, such as pesticides, industrial chemicals, and emergent pathogens, enter the environment.
The current water control safety systems are focused on a limited number of known threats, but leave
thousands of others unaccounted for in assessing the safety and potability of water. The incursion of
new chemical and biological contaminants also holds the threat of interactions and reactions that may
cause innocuous substances to combine and produce toxic effects that cannot be predicted by current
analytical methods.

[0008] This poses a dilemma. Of the myriad contaminants extent in water worldwide, only a
small number of chemical and biological hazards can be monitored. Current regulatory and
enforcement schemes therefore are focused on only the most dangerous threats, viz., those
contaminants frequently found in drinking water in harmful concentrations. These current regulatory
safety efforts do not address known but non-monitored contaminants. These include spurious toxic
substances that are unlikely to be found in drinking water in hazardous concentrations. The risks
associated with these substances are acknowledged, but such substances are not monitored.

[0009] In addition to the foregoing threats, the thousands of new chemical and biological
compounds with unknown toxic properties annually entering the environment and ultimately the
water supply represent the most serious contaminant threat.

[0010] In addition to the foregoing, the shortcomings of current water safety systems increase the
risk of stealthy terrorist attack on national water supplies. Water safety thus has a strong national
security component.

[0011] As shown by the foregoing, compliance with the current standards does not guarantee or
provide a reliable basis for concluding that drinking water is safe.

[0012] The foregoing considerations reflect a continuing need for improved testing and
assessment technologies that enable water to be characterized as to its purity, safety and biological

impact on humans and other animals and organisms, in a ready, reproducible and accurate manner.
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SUMMARY

[0013] The present disclosure relates to characterization of water, and more specifically to
systems, methods and kits for assessing the presence and biological effects of contaminants in water
for consumption by humans and other animals and organisms.
[0014] The disclosure in one aspect relates to a method of determining water quality of a water
sample, comprising:

exposing the water sample to a test cell system so that the test cell system responds to the
water sample by change in transcription factor activity in said test cell system;

generating from the test cell system response an output correlative to the change of
transcription factor activity in said test cell system; and

determining from comparison of said output with a transcription factor activity reference
standard the quality of the water sample.
[0015] In another aspect, the invention relates to a method of determining water quality of a
water specimen, comprising quantifying impact of contaminants in said water specimen on activities
of multiple transcription factors in a test cell system.
[0016] In a further aspect, the invention relates to a method of determining relative quality of
different water samples, comprising:

exposing each different water sample to a corresponding biosensor comprising multiple
transcription factors, wherein the corresponding biosensor is adapted to manifest a transcription factor
signature in response to the exposure; and

comparing transcription factor signatures of the corresponding biosensors, or of their
expression products, to determine relative water quality of the different water samples in relation to
one another.
[0017] In another aspect, the present invention relates to a method of determining water quality
of a water sample, comprising:

introducing into a test cell system comprising a multiplicity of transcription factors, a
plurality of reporter constructs whose promoters are regulated by the transcription factors;

exposing the test cell system to the water sample to induce corresponding changes in activities
of said multiplicity of transcription factors; and

determining water quality of the water sample from a plurality of reporter transcripts
produced by the reporter constructs and/or a plurality of reporter proteins produced by the reporter
constructs in response to the changes in activities of said multiplicity of transcription factors upon
exposing the test cell system to the water sample.
[0018] Another aspect of the disclosure relates to a kit for carrying out water quality

determination of a water sample, comprising transcription factor signatures for reference library water

-3



WO 2013/052237 PCT/US2012/054336

standards in a graphical format, for visual determinations of relatedness of a transcription factor
signature to reference library signatures, to thereby determine water quality of the water sample.
[0019] A further aspect of the disclosure relates to a kit for carrying out determinations of water
quality of water samples, comprising biosensors, contacting containers in which cells may be
contacted with water samples for evaluation, and instructional documents containing protocols for
conducting the contacting operation and the further processing of the contacted cell samples for
analysis of transcription factor signatures.

[0020] Yet another aspect of the disclosure relates to a water quality monitoring system,
including a central facility including a relational database operatively coupled with a server
communicationally connected to one or more remote facilities, wherein said one or more remote
facilities are arranged for collection and processing of local water samples to generate transcription
factor activity profiles therefor, and to transmit same to the server, wherein the relational database
contains transcription factor activity profiles of reference standards accessible by the server, and
wherein the server is configured to determine from local water sample transcription factor activity
profiles transmitted to it, in relation to transcription factor activity profile(s) of reference standards
accessed from the relational database, the water quality of the local water samples.

[0021] Other aspects, features and embodiments of the invention will be more fully apparent

from the ensuing disclosure and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 is a schematic representation of an illustrative water sample assessment system 10,
according to one embodiment of the present disclosure.

[0023] FIG. 2 is a polar coordinate graphical representation of capillary electrophoresis data
showing relative fluorescent values of reporter peaks indicative of transcription factor activity, as a
function of transcription factor species, in which the transcription factor activity is the activity
generated by interaction of a water composition of interest with a host cell containing reporter
transcription factor units for each of the transcription factor species shown on the graph.

[0024] FIG. 3 is a schematic depiction of the process of generating a transcription factor
signature for a host cell biosensor in exposure to an evaluated water sample and water standard.
[0025] FIG. 4 shows a tabulation listing of identified reporter transcription units, the
corresponding induction transcription factors, and associated biological pathways.

[0026] FIG. 5 is a schematic representation of a transcription factor signature generation

process, in which a library of reporter transcription units (FACTORIAL™ library (mix)) comprising
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reporter transcription factor units TF1, TF2, ..., TFn are transfected into appropriate test cells, e.g.,

HepG2 cells, to form a biosensor cell population.

[0027] FIG. 6 is a simplified schematic diagram of the process described in connection with FIG.
5.
[0028] FIG. 7 is a polar coordinate radar graph for response of test cells to an endocrine

disruptor, using a HepG2 cells in the test cell system, in exposure to bisphenol A, which is known to
affect estrogene receptors (ER) and pregnane X receptors (PXR) and xenobiotic responses.

[0029] FIG. 8 shows a radar graph for test cell system transcription factor signature, for cellular
response to a dioxine in HepG2 cells.

[0030] FIG. 9 shows a radar graph for transcription factor signatures in response to a heavy
metal, cadmium, as determined for cellular response 24 hours after exposure.

[0031] FIG. 10 is a polar coordinate radar graph showing transcription factor signature for
response of the test cell system cells to endotoxin (lipopolysaccharide, LPS), 24 hours after exposure.
[0032] FIG. 11 is a polar coordinate radar graph for response of cells in the test cell system to a
pesticide, triphenyltin, after 24 hours from initial exposure.

[0033] FIG. 12 shows a transcription factor signature graph for tap water and for ultra pure
(bidistilled/deionized) water sampled at Research Triangle Park, North Carolina, and exposed to a test
cell system comprising human hepatocytic HepG2 cells.

[0034] FIG. 13 is a radar graph for a repeated assessment of the tap water sample whose
signature is shown in FIG. 12, after prolonged storage (20 days at 40°C).

[0035] FIGS. 14, 15, 16 and 17 show tap water and purified control water signatures over a time
frame of four weeks.

[0036] FIGS. 18-22 show tap water quality at selected geographic locations in the United States,
in respective transcription factor signatures in the illustrated radar graphs.

[0037] FIGS. 23-26 show transcription factor signatures of evaluated water and control water, for
various water sources.

[0038] FIG. 27 is a schematic representation of a water quality monitoring system, including a
central water quality administration facility, arranged for sample handling and storage, biosensor (test
cell) cell culturing, cell plating and processing, database and data analysis, and linked in
communication relationship with remote sample input and processing facilities, which may be
optionally supplied with reagents, biosensor (test cell) products, and process equipment support from

the central facility.

DETAILED DESCRIPTION
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[0039] The present disclosure relates to systems and methods for characterizing and qualifying
water, based on the use of cell-based biosensors.

[0040] The biological systems utilized for characterization of water in accordance with the
present disclosure comprise biosensors. Such biosensors comprise cells, which may be present in a
variety of forms, including, without limitation, individual cells, cell cultures, single-cell organisms,
microbial populations, multicellular organisms, biological specimens taken or derived from such
organisms, such as organs, tissue samples, and tissue cultures. The cells may be endogenous cells,
exogenously modified cells, or synthetic cells. The cells can be of any suitable types, and can include
human cells, animal cells (such as swine cells, rodent cells, canine cells, bovine cells, ovine cells
and/or equestrian cells) cloned cells, plant cells, or the like. The cells may be blood cells, cultured
cells, biopsied cells, or cells that are fixed with a preservative or bound to a substrate. The cells can be
nucleated, such as white blood cells or suspended endothelial cells, or non-nucleated, such as platelets
or red blood cells.

[0041] As used herein, the singular forms "a", "an" and "the" are intended to include the plural
forms as well, unless the context clearly indicates otherwise.

[0042] The various elements, features, aspects, implementations, and embodiments described
herein are intended to be non-limitingly construed, and the disclosure therefore is to be understood
and interpreted, as encompassing all potential permutations and combinations of such elements,
features, aspects, implementations, and embodiments, or a selected one or ones thereof with other
elements, features, aspects, implementations, and embodiments, as being within the scope of the
disclosure.

[0043] The present disclosure enables the assessment of water in a simple, effective and
reproducible manner. The disclosure is based on the discovery that in response to hazardous agents,
cells activate stress-response pathways that initiate defensive gene expression programs, and such
cellular response can be utilized to characterize water in a highly effective manner. The disclosure
reflects the fact that different hazards produce distinct stress responses, e.g., inflammatory, metabolic,
heat-shock, genotoxic, oxidant stresses, etc. As a result of such distinctive stress responses, the
spectrum of stress responses is a signature of a specific hazardous agent when cells are exposed to
such agent.

[0044] The disclosure thereby is based on a simple premise, that by observing the cellular
reaction to sampled water, one can determine if the water is safe to drink, by the criterion that safe
water in the assay of the present disclosure produces a minimum of stress responses. The methods and
systems of the present disclosure rely on cellular assays that provide effective surveys of the multiple
cellular response pathways.

[0045] The present disclosure enables the assessment of the quality of a specific water sample,
and comparison of its impact on gene regulatory pathways in a test cell system, in which the test cell

system is exposed to the water sample to be evaluated, and the profiles of ensuing changes in stress
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responses of the cell are analyzed to determine the presence or absence of contaminants and the
overall quality of water in relation to an analytical standard or specific stress response profile
correlative to water of a clean and safe character.

[0046] The present disclosure contemplates various specific implementations, in which the
change in activities of multiple transcription factors is analyzed by introducing into a test cell system
a plurality of reporter constructs whose promotors are regulated by the transcription factors, and the
activities of reporter constructs are assessed by analyzing a plurality of reporter transcripts produced
by the reporter constructs and/or a plurality of reporter proteins produced by the reporter constructs.
[0047] Alternatively, changes of activities of transcription factors can be analyzed by assessing
changes in DNA-binding activities in cell extracts, e.g., by using a gel-shift assay.

[0048] As a still further alternative, the changes in transcription factor activities can be assessed
by analyzing changes in cellular localization of transcription factors (e.g., nuclear translocation of
transcription factors) or any other parameters that are associated with transcription factor activities.
[0049] The test cell system can be substantially varied in the practice of the present disclosure.
For example, the test cell system can comprise an in vitro culture of primary cells or transformed cells
or the test cell system can comprise a mixture of different cell types. The test cell system in other
embodiments can be or comprise an in vitro organ culture, e.g., a tissue slice culture. In still other
implementations, the test cell system can be or comprise organs or tissues of live animals.

[0050] In various embodiments, the transcription factor profile can comprise from 2 to 100
transcription factor activities, with lower limits and narrower ranges being useful in specific
applications, e.g., from 2 to 50 transcription factor activities, from 2 to 40 transcription factor
activities, from 2 to 20 transcription factor activities, or from 2 to 10 50 transcription factor activities.
[0051] In algorithmic representations, the transcription factor activity profiles can be represented
by vectors with coordinates x1, x2...xN, where xi is the activity of the i transcription factor, TF,.
Comparison of transcription factor profiles can then be carried out by different techniques, e.g., by
analyzing correlation of transcription factor profiles, as previously described, or by assessing the
Euclidian distance between the transcription factor activity vectors.

[0052] Biosensors in the practice of the systems and methods of the present disclosure are
utilized to interact with water compositions in a manner eliciting a biological response of the
biosensor involving transcription factor activity in the cell(s) of the biosensor. The biosensor cells in
the methods of the disclosure undergo transformation in response to the compositions with which the
cells interact, so that the cells manifest altered transcription factor activity relative to activity in the
cell prior to the interaction with the water composition of interest. By use of a same biosensor, e.g.,
respective aliquots of a homogeneous cell population, transcription factor activity profiles (referred to
herein as “transcription factor signatures”) attributable to interaction of different water compositions
with the same biosensor can be compared by any of various suitable comparative techniques to

determine water quality.
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[0053] Although the systems and methods described herein are primarily directed to assay of
water for presence of contaminants therein, it will be recognized that the general approaches, systems
and methodologies of the present disclosure are likewise applicable to food characterization, including
liquid nutritional compositions, and foodstuffs of widely varied character.

[0054] In order to evaluate water quality in accordance with the present disclosure, multiple
stress response pathways of the test cell system is evaluated by biosensors incorporating the
transcription factor reporter system, from which reporter signatures are detected, e.g., for an unknown
water sample, and a pure water standard sample, to quantitate the nature and extent of stress responses
by the test cell system in each instance, to determine whether a sufficiently weak stress response is
present to indicate the tested water sample to be safe, or that the test water sample contrariwise
induces a strong stress response in the test cell system indicative of an unsafe character of the tested
water sample.

[0055] For such purpose, a transcription factor signature is generated for each of the unknown
water sample and a reference standard water sample. The transcription factor signature can be
rendered in any suitable form, including algorithmic, data, and/or graphical forms, as requisite for
subsequent analytical comparison, and reporting or other responsive output, using computer(s) and/or
networked computer systems that are specially adapted for data acquisition and data processing.
Methods of the types described in U.S. Patent 7,771,660 and in U.S. Patent Application Publication
2010009348, and corresponding assays commercially available from Attagene, Inc. (Research
Triangle Park, North Carolina) under the trademark FACTORIAL can be employed to generate
transcription factor signatures in the practice of the present disclosure.

[0056] In a specific implementation, the transcription factor signature is generated by
constructing a library of reporter transcription units (RTUs), in which each RTU is constructed to
include a common plasmid backbone and a unique transcription factor-inducible promoter that is
fused to a transcribed reporter sequence. When co-introduced into a cell of interest, e.g., a HepG2 cell,
the RTUs produce reporter RNAs in amounts that are commensurate with the activities of the
corresponding transcription factors present in the cell. In order to provide equal detection
opportunities for different transcription factors, all RTUs are supplied with essentially identical
reporter sequences. To distinguish reporter sequences produced by different RTUs, each sequence is
provided with a short processing tag, e.g., a Hpal restriction cleavage site, the position which varies
among the RTUs.

[0057] By such arrangement, reporter sequences can be discriminated upon cleavage with a
corresponding processing enzyme. The cleaved reporter species subsequent to such enzymatic
processing are separated by high resolution capillary electrophoresis (sequencing) and quantified. All
operational steps of this assay protocol can be performed using a homogeneous set of reagents in a
single reaction tube, thereby providing highly uniform conditions for detecting multiple transcription

factors.
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[0058] Multiplexed detection of transcription factors can be carried out by introducing the
transcription factor reporter library into cells of interest using standard transfection techniques. After
transfection, total cellular RNA is isolated and submitted to reverse transcription. Reporter cDNAs are
amplified by polymerase chain reaction (PCR) using a pair of primers that is common for all
reporters. PCR products then are labeled with fluorescent dye and digested by the Hpal restriction
enzyme, producing a distribution of fluorescently labeled DNA fragments of different lengths that are
resolved by capillary electrophoresis (CE) and detected as separate fluorescent peaks.

[0059] The capillary electrophoresis data can be processed in any suitable manner to provide an
output fluorescence spectrum of reporter peaks that is amenable to further analysis and output using
standard spreadsheet computer programs. In one embodiment, the capillary electrophoresis data are
processed using Attagraph™ CE processing software (Attagene, Inc., Research Triangle Park, North
Carolina), to algorithmically subtract background fluorescence and enable precise sizing of reporter
peaks and noise/reporter peak discrimination. Fluorescence values of individual peaks may be
normalized to the sum of signals of all peaks, to generate standardized data. The resulting relative
fluorescence values of the individual reporter peaks, and corresponding RTU activity values, as
transcription factor signatures, can then be exported into Microsoft Office® Excel® or other
spreadsheet for further analysis, e.g., quantitative comparison of respective transcription factor
signatures, to assess the quality of an unknown water sample against a reference standard sample.
[0060] In addition to the foregoing illustrative technique, as a methodology enabling the
concurrent assessment of activities of many dozens of transcription factors to obtain a transcription
factor signature, alternative methods may employ profiling of transcription factors in a panel of
multiple parallel reporter cell lines. In general, the number of transcription factors employed to
provide the transcription factor signature may be varied, as necessary or desirable for a specific cell or
cell line to generate a signature that is sufficient for reliably assessing water quality. Thus, in some
instances, the transcription factor signature may be based on the profiling of 50 transcription factors,
while in other instances, 5-10 transcription factors may be sufficient. It will therefore be recognized
that the number and type of transcription factors may be substantially varied in the broad practice of
the present disclosure, from a single transcription factor to 50 or more transcription factors.

[0061] The generalized method of the present disclosure can be practiced to assess water quality
of an unknown water sample in a simple and reproducible manner, by obtaining a transcription factor
signature of the unknown water sample in test cells and obtaining a transcription factor signature of a
reference water standard in the same (type) test cells, following which the respective transcription
factor signatures can be compared utilizing any appropriate algorithms in a computer-implemented
determination process. Illustrative algorithmic determinations may for example employ Pearson
methods, Chebyshev correlation coefficients, Fuclidean distance techniques, non-parametric methods,

etc.
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[0062] The approach of the present disclosure, involving exposure of a water sample to a test cell
system to evaluate the profile of the stress responses by using a transcription factor assay, represents a
major advance and numerous advantages over prior art analytic techniques in which previously
identified, i.e., “listed,” hazardous substances in water samples were evaluated by analytical assays to
determine whether concentration of specific analyzed substances exceeded permitted levels. The
biosensor-based assay of the present disclosure detects toxic substances regardless of their chemical
structures or biologic composition, and can distinguish different biological effects of the toxicants on
the cells of the test cell system.

[0063] Water quality determinations in accordance with the present disclosure can be carried out
in computer systems, networks and apparatus that are specially adapted to perform one or more of the
actions constituting the water quality assessment methods variously described herein.

[0064] The disclosure thus contemplates data acquisition, data transmission, and data processing
apparatus that may be arranged to conduct, or to assist the conduct of, water quality determinations.
Accordingly, the water quality determination capability, or components thereof, can be implemented
as a computer system or computer program product. Computer program product embodiments include
a computer program mechanism embedded or otherwise incorporated in a computer readable storage
medium.

[0065] Any of the methods, or constituent actions of such methods, as variously described
herein, can be embodied as a computer program product. The computer program product can be a CD-
ROM, a magnetic disk storage product, or any other computer readable data or program storage
product. The software in the computer program product may also be distributed electronically, via the
Internet or otherwise, by transmission of a computer data signal (in which the software modules are
embedded) on a carrier wave operatively transmitted from a transmission locus device to a receiving
locus device.

[0066] Computer systems or networks employed to determine water quality of unknown water
samples, in accordance with the present disclosure, can include databases and/or memories containing
reference transcription factor signatures for various water compositions, as a library of signatures
against which specific water compositions can be compared for same or similar biosensors, to assess
water quality of an evaluated water composition in relation to one or more water compositions for
which transcription factors reside in the database. The water compositions in the database and/or
memory can be of any suitable type for the water quality determination, e.g., distilled or otherwise
purified water standards, or reference samples from earlier assays to determine longitudinal
improvement or deterioration of water quality in a specific water locus such as a particular river,
stream, subterranean aquifer, etc.

[0067] The database and/or memory can include any other data or information useful for
conducting the water quality determination, including cellular data associated with specific

transcription factor signatures, protocols for conducting the water quality determination, monitoring
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data logs for longitudinal studies of water quality improvement and deterioration, trans-acting factor
profiles, cis-regulatory element activity profiles, bibliographies of relevant publications, research field
contacts, and any other information related to water quality determinations.

[0068] Computer systems or networks employed to determine water quality of water
compositions, in accordance with the present disclosure, can also include data transmission devices,
components and capability, e.g., for inputting or transmitting transcription factor data, reference
transcription factor signatures, etc. to the system or network, such as to a data acquisition module
and/or data processing module thereof, and for outputting or transmitting transcription factor data,
signatures and water quality information, for reporting or further processing purposes.

[0069] Transmission forms of data and other information in such respect can be tangible or
intangible, can be embodied in texts, tables, diagrams, photographs, graphs, charts, emails, images or
any other visual forms, can be recorded on a tangible media such as paper, plastic transparency sheets,
film, and the like, or embodied in computer readable forms (e.g., electronic, electromagnetic, optical
or other signals). Information in computer-readable form can be stored in a computer usable storage
medium (e.g., CDs, optical disks, magnetic tapes, digital video discs and the like) or in computer(s) in
temporary or permanent computer storage, and may reside in "raw” data (ie., collected but
unanalyzed), partially analyzed, or completed analyzed forms.

[0070] In an illustrative computer system for determining water quality in accordance with the
present disclosure, the computer system includes a central processing unit, a main non-volatile storage
unit such as a hard disk drive for storing software and data, controlled by a storage controller, a
system memory such as high speed random-access memory (RAM) for storing system control
programs, data and application programs, including programs and data loaded from the non-volatile
storage unit, a system memory that may also include read-only memory (ROM), a user-interface
including input devices such as a keyboard or voice input interface, a display or other output device, a
network interface card for connecting to a wired or wireless communication network such as a LAN,
WAN, WLAN, or Internet network, internal bus members for interconnecting components of the
system, and a power source for the system.

[0071] Operationally, the aforementioned computer can be controlled primarily by an operating
system that is executed by the central processing unit (CPU) of the computer system. The operating
system can be stored in system memory, which may include a file system for controlling access to the
various files and data structures of the computer system, a data structure for storing transcription
factor signatures and related data, and a data analysis algorithm module for comparing transcription
factor signatures and generating an appertaining water quality determination.

[0072] The computer system thus can comprise various software program modules and data
structures, in which the data structures can comprise any form of data storage system including,
without limitation, a flat ASCII or binary file, an Excel spreadsheet, a relational database (SQL), or an

on-line analytical processing (OLAP) database (MDX and/or variants thereof). In particular
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embodiments, the data structures can each be in the form of one or more databases that include
hierarchical structure and/or non-hierarchical structure, as appropriate to the system configuration and
operation. The data structures may be single data structures, or they may comprise plural data
structures, such as databases, spreadsheets, files, archives, etc., which may be hosted on the same
computer or on different computers in a network that may be selectively accessed by a computer user.
[0073] The computer system correspondingly can include modules and data structures on one or
more remote computers, and can be implemented as web-based system, e.g., in which a data analysis
algorithm module and/or other modules reside on a central server that is linked in network
communication with a client computer, or alternatively in which such modules reside on a client
computer that is linked in network communication with a central server including a database of
reference transcription factor signatures that is available to the client computer for computational
determination of water quality of a specific water sample in relation to reference water standards for
which reference transcription factor signatures reside on the central server in a central database library
or file. The central server may for example host an interactive webpage linking to or providing
computational ability for the data analysis algorithm module.

[0074] In one embodiment, the computer system and associated facilities are arranged for water
quality determinations in a configuration that includes a detection facility equipped with apparatus
and instrumentation for carrying out detection protocols, including RNA isolation, reverse
transcription, PCR amplification, fluorescent labeling, restriction enzyme digestion, sample cleanup,
capillary electrophoresis, primary data analysis and data storage. The detection facility may be
operationally linked with a tissue culture facility that is compliant with biosafety requirements and is
adapted to perform cell-based steps of the water quality determination, including cell storage,
propagation, cell plating for screening experiments, transfection and exposure to compositions. The
detection and tissue culture facilities may in turn be operationally linked to a sample handling and
storage facility that performs intake, aliquotting, reformatting and storage of samples received for
water quality determinations. Samples processed up a sample handling and storage facility may
include stabilized cell lysates, RNA preparations, and chemical compositions. The respective
detection, tissue culture and sample handling and storage facilities may be situated in an integrated
manner at one geographic location, or alternatively such facilities or selected ones or components
thereof may be sited remotely from other(s), as necessary or desirable in a given implementation of
the computer system and associated facilities.

[0075] The present disclosure also contemplates the provision of various kits as useful for
carrying out water quality determinations for unknown water samples.

[0076] In one embodiment, the kit comprises transcription factor signatures for reference library
water compositions in a graphical format, to facilitate threshold visual determinations of a
transcription factor signature to reference of an unknown water sample in relation library signatures,

e.g., as a toxicological or epidemiological tool to quickly rule in or rule out environmental and
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etiological contaminants in water samples, on the basis of perceived visual similarity or dissimilarity
of graphical format transcription factor signatures in relation to reference library signatures.

[0077] In another embodiment, the kit comprises biosensors, e.g., specific cell line cells that have
been transfected with reporter transcription units, and contacting containers in which the cells may be
contacted with unknown water samples, together with instructional documents containing protocols
for conducting the contacting operation, and the further processing of the contacted cell samples for
analysis of transcription factor signatures. Kits in other embodiments may comprise, or further
comprise, lyzing media, transfection vectors, restriction enzymes, reverse transcription reagents, PCR
primers, fluorescent dyes, discs or flash drives containing capillary electrophoresis data processing
software, transcription factor signature-generation software, and/or software for conducting other of
the component operations in the water quality determination.

[0078] In still other embodiments, kits may be constituted with any one or more of the foregoing
kit components.

[0079] The features and advantages of the systems and methods of the present disclosure are
more fully shown with respect to the following non-limiting drawings figures and appertaining
description.

[0080] FIG. 1 is a schematic representation of an illustrative water quality assay system 10,
according to one embodiment of the present disclosure. The system 10 includes a transcription factor
signature data acquisition module 12 operationally linked in information transmission relationship, by
information transmission link 16, to transcription factor signature data analyzer module 14 adapted to
output information related to the water quality assay determination for the test water sample
composition 18§ introduced to the transcription factor signature data acquisition module 12. Such
output information from transcription factor signature data analyzer module 14 may for example
comprise water quality report for the test composition 18§, e.g., in relation to reference composition 20
introduced to the transcription factor signature data acquisition data module 12. Alternatively, the
output information from the transcription factor signature data analyzer module 14 may comprise a
data signal that is further processed to generate a water quality determination, such as by input to a
network for communication to a central server adapted to generate such water quality determination,
and to communicate such determination back to the transcription factor signature data analyzer
module 14 and/or to other devices coupled by wired or wireless connections to the network.

[0081] FIG. 2 is a polar coordinate graphical representation of capillary electrophoresis data
showing relative fluorescent values of reporter peaks indicative of transcription factor activity, as a
function of transcription factor species, in which the transcription factor activity is the activity
generated by interaction of a water sample of interest with a host cell containing reporter transcription
factor units for each of the transcription factor species shown on the graph.

[0082] The transcription factor activity graph of FIG. 2 shows the fluorescence peaks of the

activated transcription factors as radially outwardly projecting from a baseline circle representing a
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non-activated state of corresponding transcription factors whose data points appear at the baseline
circle, and with the radial extent of the fluorescence peaks being in arbitrary fluorescence units. In this
graph, 36 transcription factors have been assayed, and their alphabetic designations appear around the
outer periphery of the polar graph.

[0083] It is evident from visual inspection of the graph that the transcription factors Spl,
TCF/Bcat, AP-1, ISRE, TAL, NF-xB, CMV, Xbpl, CRE, ARE, Oct, SREBP, p53, BRE, HIF-1q,
NRF1, and C/EBP show increased activity in relation to the other transcription factors, and that the
polar graph provides a "fingerprint” of the interaction of the transcription factor units-containing host
cell and the water sample of interest.

[0084] Accordingly, by comparison of the transcription factor signature on each of respective
polar graphs, with respect to peak coordinates specifying a radial distance from the base circle,
comparisons of water quality of difference samples used to generate the corresponding graphs can be
quantitatively ascertained from the relational congruence of the respective transcription factor
signature graphs for such water samples.

[0085] FIG. 3 is a schematic depiction of the process of generating a transcription factor
signature for a host cell biosensor in exposure to an evaluated water sample. As shown, a reporter
library ("FACTORIAL™ reporter Library”) including plasmid constructs incorporating reporter
transcription factor units is transfected into appropriate test cells, e.g., HepG2 cells, to form a
biosensor cell population ("FACTORIAL™ biosensors”). The biosensor cell population is then
exposed to the "evaluated water sample,” i.e., the water composition for which the transcription factor

3

signature is to be generated, as well as exposure of the biosensor cell population to the “water
standard,” as the reference water specimen for comparison purposes. After exposure to the evaluated
substance, reporter RNA produced in the cell by action of the reporter transcription units in the
transfecting plasmids is isolated from the exposed biosensor cells. As previously described, the
amounts of the respective RNAs are commensurate with the activities of the corresponding
transcription factors present in the transfected cell(s) in response to the exposure to the evaluated
water sample, and to the water standard.

[0086] The isolated RNAs tagged with variably positioned cleavage site tags are processed by
reverse transcription to form reporter cDNAs that are amplified by PCR using a primer pairs that are
common for all reporters, following which the PCR products are labeled with fluorescent dye and
contacted with restriction enzyme to produce a distribution of fluorescent labeled DNA fragments of
different lengths. These different length fragments are resolved by capillary electrophoresis and
detected as separate fluorescent peaks.

[0087] The transcription factor signature then is generated in polar coordinate graphs of the
fluorescent peaks that in the aggregate reflect the profile of changes in activities of the reporter

transcription units (“Differential RTUs activities™). In this manner, the biosensors are employed for
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assessing the imprint of a water sample on activities of multiple transcription factors in test cells, i.e.,
the transcription factor signature for that water sample (evaluated water sample or water standard).
[0088] FIG. 4 shows a tabulation listing of identified reporter transcription units, the
corresponding induction transcription factors, and prototypic, and associated biological pathways. cis-
FACTORIAL™ assay thus comprises profiling of more than 50 transcription factor families in a
single well of test cells using the reporter transcription factors as described in Romanov, S., et al,,
Nature Methods (2008).

[0089] FIG. 5 is a schematic representation of a transcription factor signature generation process,
in which a library of reporter transcription units (FACTORIAL™ library (mix)) comprising reporter
transcription factor units TF1, TF2, ..., TFn are transfected into appropriate test cells, e.g., HepG2
cells, to form a biosensor cell population. The biosensor cell population then is exposed to a water
sample for which the transcription factor signature is to be generated. After exposure, reporter RNA
produced in the cells by action of the reporter transcription units is isolated from the biosensor cell,
following which the isolated RNAs are processed by reverse transcription, polymerase chain reaction
(RT-PCR) and the PCR products are labeled with fluorescent dye and contacted with the restriction
enzyme (Hpal) to produce distribution of fluorescently labeled DNA fragments of different lengths
that are then processed by electrophoresis. The resolved different length fragments are detected in the
electrophoresis operation as separate fluorescent peaks in a polar coordinate radar graph, with FIG. 5
showing an outputted graph generated by action of the analysis software (ATTAGRAPH™ Analysis
Software). This polar coordinate graph of the fluorescent peaks is the transcription factor signature for
the specific water sample employed in the exposure of the test cells, and represents the profile of
changes of activities of the reporter transcription units as a result of the exposure to the specific water
sample.

[0090] FIG. 6 is a simplified schematic diagram of the process described in connection with FIG.
5. As shown in FIG. 6, the library of reporter transcription units (RTUs) includes differently
positioned restriction enzyme cleavage sites, together with an appertaining promoter. Such RTUs
constructs then generate corresponding reporter RNA in the test cells upon exposure to the water
sample of interest, and the reporter RNA then is isolated and utilized to form reporter cDNAs that are
amplified, labeled and digested to form the labeled fragments submitted to electrophoresis, generating
a corresponding electrophoresis spectrum and an output radar graph of the transcription factor
signature (OUTPUT).

[0091] By such process, a suitable number of stress-response and toxicity pathways of the test
cells can be evaluated. For example, an appropriate number of reporter transcription units can be
employed for evaluation of 10, 20, 30, 40, 50 or more such pathways. For example, the pathways may

include illustratively identified below:
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[0092] FIG. 7 is a polar coordinate radar graph for response of test cells to an endocrine
disruptor, using a GPG2 cells in the test cell system, for bisphenol A, which is known to effect
estrogene receptors (ER) and pregnane X receptors (PXR) and xenobiotic responses.

[0093] The radar graph of FIG. 7 is a composite graph with individual data spectra obtained at
concentrations of 20 uM, 5 uM and 1.25 pM, 24 hours after test cell system exposure to bisphenol A.
Also set out in FIG. 7 is an induction folds plot for this assay.

[0094] FIG. 8 shows a radar graph for test cell system transcription factor signature, for cellular
response to a dioxine in HepG2 cells. The dioxine in this assay was 6-formylindolo-[3,2-b] carbazole,
in which the transcription factor signature was determined after 24 hours exposure to the dioxine.
[0095] FIG. 8 also shows the induction folds plot for this assay. The specific pathway shown by
fluorescence peak manifestation is the Ahryloxane receptor (AhR) as being dioxane specific in
character.

[0096] FIG. 9 shows a radar graph for transcription factor signatures in response to a heavy
metal, cadmium, as determined for cellular response 24 hours after exposure. The cadmiuvm exposure
involved contacting the cells and the test cell system with cadmium dichloride with successive assays
being performed to generate respective transcription factor profiles at concentrations of 2.5 uM, 0.6
uM, 0.16 pM and 0.04 uM. The assay showed that the cellular response was most pronounced for the
metallothionein response element (MRE) and the heat shock-response element (HSE). The induction
folds plot is included in FIG. 9.

[0097] FIG. 10 is a polar coordinate radar graph showing transcription factor signature for
response of the test cell system cells to endotoxin (lipopolysaccharide, LPS), 24 hours after exposure.
This assay therefore shows the response spectrum of cells following exposure to a bacterial toxin,
showing the most affected reporter transcription units to be NF-kappaB and Interferon-specific
response element (ISRE).

[0098] FIG. 11 is a polar coordinate radar graph for response of cells in the test cell system to a
pesticide triphenyltin, after 24 hours from initial exposure, showing the most affected reporter
transcription units to be the cellular heat shock response element (HSE), the peroxisome proliferator
activating protein (PPAR) and the oxidative stress-specific RTU, NRF-2/ARE.

[0099] The foregoing transcription factor signatures reflect quantifiable indicia of cellular

exposure and response. Corresponding water samples containing such contaminants are therefore
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susceptible to assay in which the contamination of the water specimen is readily detectible and can be
assessed in a manner permitting reproducible characterization of the water quality testing operation.
[00100] Biocontamination of water can thereby be quantitatively assessed in a suitable manner. In
one embodiment, the quantitative assessment of biocontamination is carried out as an integral
function of individual stress-responses, utilizing each of the stress-responses in the assay for
calculation of a biocontamination rating, which algorithmically may be stated as:

Biocontamination = X(log K)* = (log K)* + (log Ky)* + (log Ks)? + ... (log Ky)?
wherein K is the value of the stress-response for a specific stress response pathway, i.
[00101] By such algorithmic characterization, the biocontamination of specific ones of multiple
water samples can be characterized against water quality standards as well as against one another.
[00102] FIG. 12 shows a transcription factor signature graph for tap water and for ultra pure
(bidistilled/deionized) water sampled at Research Triangle Park, North Carolina, and exposed to a test
cell system comprising human hepatocytic HepG2 cells, showing the comparative character of tap
water versus purified water at such geographic location.
[00103] FIG. 13 is a radar graph for a repeated assessment of the tap water sample whose
signature is shown in FIG. 12, after prolonged storage (20 days at 40°C). Signature data is shown at
day 0 and day 20.
[00104] Thus, as shown by FIG. 12 and 13, longitudinal studies can be made of water quality
utilizing the methodology of the present disclosure.
[00105] FIGS. 14, 15, 16 and 17 show tap water and purified control water signatures over a time
frame of four weeks, with FIG. 14 showing signature data at week 1, FIG. 15 showing signature data
at week 2, FIG. 16 showing signature data at week 3 and FIG. 17 showing signature data at week 4. In
this assessment, evaluated tap water samples were collected weekly from a same faucet, and show
changes in tap water contamination over the appertaining time frame.
[00106]  FIGS. 18-22 show tap water quality at selected geographic locations in the United States,
in respective transcription factor signatures in the illustrated radar graphs. FIG. 18 shows the
transcription factor signature of tap water in Jersey City, New Jersey. FIG. 19 shows the transcription
factor signature of tap water in Laurel, Maryland, FIG. 20 shows the signature for tap water in
Whippany, New Jersey, FIG. 21 shows the signature of tap water in Fort Lee, New Jersey, and FIG.
22 shows tap water quality signature in New Orleans, Louisiana.
[00107] FIGS. 23-26 show transcription factor signatures of evaluated water and control water for
various water sources. FIG. 23 shows the transcription factor signature for bottled water (AQ) and
control water. FIG. 24 shows corresponding signatures for bottled water (DS) and control water. FIG.
25 shows signatures of bottled water (DP) and control water. FIG. 26 shows signatures of tap water
and control water for comparison purposes. Taken together, FIGS. 23-26 provide a comparison of

biocontamination levels of three bottled water brands (DP, AQ, DS) and a tap water sample. The data
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show that water biocontamination levels comparatively were as follows: DP <AQ<DS<<TAP.
Accordingly, the bottled waters exhibit significantly better quality than tap water.
[00108] The foregoing show that biocontamination levels of drinking water samples can be
readily assessed by evaluating a sum of stress responses induced by the evaluated samples in a test
cell system, such as the human liver cell line (HepG2) utilizing the biosensor system and
methodology of the present disclosure. Biocontamination levels can be assessed regardless of
chemical or biological composition of contaminates, and the type of stress-responses indicate
probable deleterious effects Tap water samples collected at different time points elicited distinct
patterns of stress responses in the cellular assay, indicative of variations of biocontaminants over time.
Some tap water samples inhibited key tumor suppressors (e.g. pS53), suggesting carcinogenic
propensities. Bottled water, in general, induced substantially weaker stress responses than tap water,
consistent with significantly reduced levels of biocontamination in bottled water as compared to tap
water, in the illustrative samples discussed herein.
[00109] The methodology of the present disclosure can be implemented in a variety of water assay
system arrangements. For example, a centralized water assay facility can be established, which
receives regular samples of water to be evaluated, from a variety of geographic locations, industrial
plants or other source group population, and/or assay operations that are of longitudinal temporal
character, so that progressions of biocontamination in specific water sources (e.g., lakes, rivers, etc.)
can be monitored as a function of time, in support of legislated environmental water quality standards,
or to monitor water quality under comparative or other assessment conditions.
[00110]  The disclosure also contemplates the provision of water quality test kits, that may be
utilized for field collection of water samples and performance of assays or assay component activities,
as coordinated with a central water quality monitoring facility adapted to produce transcription factor
signatures, or other output reports or information reflecting the water samples locally collected for
assessment.
[00111]  Kits may include transcription factor signatures for specific water standards to enable
ready visual determination of whether or not biocontamination is or may be present in a particular
sample for which a transcription factor signature is generated.
[00112] It will be recognized that the apparatus and methodology of the present disclosure enable
the quantitative determination of biocontamination water in a simple, effective and accurate manner.
[00113]  Various aspects of the disclosure are further described below, in specific implementations
and embodiments, as contemplated by the disclosure.
[00114] In one aspect the disclosure relates to method of determining water quality of a water
sample, comprising:

exposing the water sample to a test cell system so that the test cell system responds to the

water sample by change in transcription factor activity in said test cell system;
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generating from the test cell system response an output correlative to the change of
transcription factor activity in said test cell system; and

determining from comparison of said output with a transcription factor activity reference
standard the quality of the water sample.
[00115]  Such method may be conducted with the output being one or more profile(s) correlative
to the change of transcription factor activity, e.g., a quantitative measure of the cumulative impact on
transcription factor activity of cells of a test cell system. The operation of determining the quality of
the water sample in such method may include use of a transcription factor activity reference standard
that has been generated for a calibration water sample of specific character, e.g., purity, age, historical
significance, geolocational attribute, etc. For example, the standard water sample may be a sample
that is taken at a specific time and/or location in a longitudinal study to monitor progressionary
degradation or improvement of water samples taken at different times and/or locations. The water
sample may be a triple distilled deionized water sample.
[00116] In the transcription factor activity reference standard, and the output correlative of
transcription factor activity in the sample of interest, the reference standard and the output may
include profiles as described elsewhere herein, in which the transcription factor peaks in the output
spectrum of the capillary electrophoresis plot or the polar coordinate radar graph may be weighted in a
cumulated manner to generate the respective profiles.
[00117] In such method, a transcription factor signature may be generated for each of said
generated profiles, by constructing a library of reporter transcription units (RTUs), in which each
RTU is constructed to include a common plasmid backbone and a unique transcription factor-
inducible promoter that is fused to a transcribed reporter sequence, and transfecting the library of
RTUs into cells of the test cell system.
[00118]  The transfected library of RTUs in such method produce reporter RNAs in amounts that
are commensurate with the activities of the corresponding transcription factors present in the cells of
the test cell system. All RTUs are supplied with essentially identical reporter sequences. Each
reporter sequence is tagged with a processing tag comprising a restriction cleavage site, the position
of which varies among the RTUs.
[00119] The above-described method may be carried out, wherein said generating said at least one
profile comprises cleaving the restriction cleavage site to yield cleaved reporter species. The cleaved
reporter species can then be resolved by capillary electrophoresis. In such method, the cleaved
reporter species are advantageously fluorescently labeled. The cleaved reporter species in such
method can be produced from the reporter RNAs by reverse transcription and cDNA amplification by
polymerase chain reaction using common pairs of primers for all reporter species. Following such
operations, profiles can be generated in the form of polar coordinate radar graphs. The generated

profile resulting from such methodology may then be subjected to spreadsheet analysis.
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[00120] In the above-described method, at least one of the generated profiles of ensuing changes
in activities of transcription factors in said test cell systems in response to said exposing, and
determining from the generated at least one profile the water quality of the water specimen, comprises
a computer-implemented processing operation. In specific embodiments, both of the generating and
determining comprise computer implemented processing operations. The data from the capillary
electrophoresis can be processed to algorithmically subtract background fluorescence for sizing of
reporter peaks and noise flash reporter peak discrimination. Fluorescence values of individual reporter
peaks may be normalized with the sum of signals of all reporter peaks.

[00121]  In the above-described method, the transcription profiles can comprise profiles of from 1
to 50 transcription factors, e.g., profiles of from 2 to 10 transcription factors.

[00122]  The method may be carried out wherein respective transcription factor signatures are
algorithmically compared in the determining operation, in a computer-implemented determining
process. Such method may be carried out wherein said exposing, generating and determining
operations are conducted for at least one water specimen and one or more water standards.

[00123] In the above-described method, the test cell system can comprise cells selected from the
group consisting of individual cells, cell cultures, single-cell organisms, microbial populations,
multicellular organisms, biological specimens taken or derived from such organisms, organs, tissue
samples, tissue cultures, endogenous cells, exogenously modified cells, synthetic cells, human cells,
animal cells, cloned cells, plant cells, blood cells, platelets, cultured cells, biopsied cells, cells fixed
with preservatives, cells bound to substrates, nucleated cells, and non-nucleated cells.

[00124] In the method, the generating and determining may comprise assessing changes in DNA-
binding activities in cell extracts; may comprise use of a gel-shift assay; and may analyze changes in
cellular localization of transcription factors.

[00125] In the method described hereinabove, the changes in cellular localization of transcription
factors may comprise nuclear translocation of transcription factors.

[00126]  The method herein comprises representing transcription factor activity profiles by vectors
with coordinates x1, x2...xN, where xi is the activity of the it transcription factor, TF;, and said
determining comprises assessing Fuclidian distance between transcription factor activity vectors.
[00127] The above-identified method can be conducted over a period of time to determine
improvement or deterioration of water quality in water samples taken at different times from a same
water source.

[00128] In a further aspect the invention relates to a method of determining water quality of a
water specimen, comprising quantifying impacts of contaminants in said water specimen on activities
with multiple transcription factors in a test cell system.

In another aspect of the invention, a method of determining relative quality of different water samples,

comprising:
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exposing each different water sample to a corresponding biosensor comprising multiple
transcription factors, wherein the corresponding biosensor is adapted to manifest a transcription factor
signature in response to the exposure; and

comparing transcription factor signatures of the corresponding biosensors, or of their
expression products, to determine relative water quality of the different water samples in relation to
one another.
[00129]  In another aspect the present invention relates to a method of determining water quality of
a water sample, comprising:

introducing into a test cell system comprising a multiplicity of transcription factors, a
plurality of reporter constructs whose promoters are regulated by the transcription factors;

exposing the test cell system to the water sample to induce corresponding changes in activities
of said multiplicity of transcription factors; and

determining water quality of the water sample from a plurality of reporter transcripts
produced by the reporter constructs and/or a plurality of reporter proteins produced by the reporter
constructs in response to the changes in activities of said multiplicity of transcription factors upon
exposing the test cell system to water sample.
[00130] In still another aspect, the invention relates to an apparatus for determining water quality
of a water sample, comprising a computer system adapted to carry out an operation of a method as
herein described. In such apparatus, the computer system may comprise networked computers. The
networked computers can comprise a central server computer and a client computer.
[00131] FIG. 27 is a schematic representation of a water quality monitoring system, including a
central water quality administration facility, arranged for sample handling and storage, biosensor (test
cell) cell culturing, cell plating and processing, database and data analysis, and linked in
communication relationship with remote sample input and processing facilities, which may be
optionally supplied with reagents, biosensor (test cell) products, and process equipment support from
the central facility.
[00132] The water quality monitoring system 800 includes a central water quality administration
facility 816, in which is disposed a server assembly 811 comprising multiple server units operatively
linked to a relational database 812 that may for example contain a library of transcription factor
activity reference standards for reference water samples of particular characteristics, as well as
protocols for conducting water quality assays using the transcription factor activity methodology of
the present disclosure, historical records of longitudinal studies, and other data, accessible to the
server units for computational and communicational operations.
[00133] The central water quality administration facility 816 also includes a storage inventory of
supplies 824, for conducting water quality assays in accordance with the present disclosure, including

reverse transcription, PCR, and fluorescent labeling reagents, capillary electrophoresis equipment and
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supplies, biosensor (test cell) units, cell plating equipment and supplies, computational devices
adapted for use at remote sample input and processing facilities, sample collection apparatus, etc.
[00134] The central water quality administration facility 816 further includes a water sample
processing unit 826 in which a water sample can be contacted with the biosensor (test cells),
following which the test cells can be submitted to total RNA isolation, reverse transcription, PCR
amplification, fluorescent labeling, restriction digestion, sample clean-up, and capillary
electrophoresis. The central facility 816 also includes a primary data analysis unit 828 arranged to
receive output from the processing unit 826 and to generate profiles therefor, e.g., for reference
samples, or for samples to be assayed as received from a remote sample input and processing facility
860, as hereinafter more fully described.

[00135]  The system 800 illustratively shown in FIG. 27 includes multiple remote sample input
and processing facilities 830, 844, and 860. Each of the remote sample input and processing facilities
may be located at substantial distances from the central facility, e.g., in different cites or countries, or
even different continents. The remote sample input and processing facilities can be variously
constituted, but each is coupled in communication relationship with the central water quality
administration facility 816 for bidirectional transmission and receipt of data and signal
communications. Such communication coupling may comprise interconnection via a worldwide
communication network such as the internet, or other network.

[00136] The remote sample input and processing facility 830 is arranged for collection and
processing of local water samples 836 that may be introduced to the remote facility as schematically
indicated by arrow 840, and assayed in accordance with the transcription factor activity methods of
the present disclosure, in processing module 834 which is supplied with equipment and supplies from
the supply module 832. The supply module 832 in turn may be supplied from the storage inventory of
supplies 824 from the central facility 816, as schematically indicated by arrow 838.

[00137] Local water sample assay data generated by the processing module 834 may be
transmitted to the central processor unit (CPU) 820 for further processing and transmission to the
servers 811 of the central facility 816. The servers 811 then may effect an algorithmic comparison of
a transcription factor activity profile for the water sample 836 with a reference standard transcription
factor activity profile, and provide resulting comparison data back to the central processor unit (CPU)
820 for local usage at the remote sample input and processing facility 830.

[00138]  The remote sample input and processing facility 844 is likewise arranged for collection
and processing of local water samples 850 that may be introduced to the remote facility as
schematically indicated by arrow 852, and assayed in accordance with the transcription factor activity
methods of the present disclosure, in processing module 848 which is supplied with equipment and
supplies from the supply module 846. The supply module 8§46 in turn may be supplied from the
storage inventory of supplies 824 from the central facility 816, as schematically indicated by arrow

856.
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[00139] Local water sample assay data generated by the processing module 848 may be
transmitted to the central processor unit (CPU) 821 for further processing and transmission to the
servers 811 of the central facility 816. The servers 811 then may effect an algorithmic comparison of
a transcription factor activity profile for the water sample 850 with a reference standard transcription
factor activity profile, and provide resulting comparison data back to the central processor unit (CPU)
821 for local usage at the remote sample input and processing facility 844.

[00140] The remote sample input and processing facility 860 includes a supply module 862 that
can be supplied with equipment, reagents, and other supplies from the storage inventory of supplies
824 from the central facility 816, as schematically indicated by arrow 876. The supplies from the
local supply module 862 are used in processing module 864, which receives local water sample 866,
as schematically indicated by arrow 870. In the processing module 864, a local water sample assay is
conducted in accordance with the transcription factor activity methodology of the present disclosure,
with resulting data being passed to the smartphone 822 of user 810 at the remote facility, and then
transmitted to the servers 811 of the central facility, for referential comparison of the transcription
factor activity profiles generated at the remote facility 860, to generate a water quality output that is
transmitted back to the smartphone, for real-time determinations of the local water quality.

[00141] Alternatively, the local water sample 866 can be transmitted directly by the remote
facility 860 to the central facility 816, as schematically indicated by arrow 868.

[00142]  The central facility 816 can also be arranged to provide technical support to the remote
facilities, e.g., with updated algorithms, protocols, regulatory updates, etc., as communicated by
server units 811 to the remote facilities.

[00143] A further aspect of the disclosure relates to a kit for carrying out water quality
determination of a water sample, comprising transcription factor signatures for reference library water
standards in a graphical format, for threshold visual determinations of relatedness of a transcription
factor signature to reference library signatures.

[00144] Another aspect of this disclosure relates to a kit for carrying out determinations of water
quality of water samples, comprising biosensors, contacting containers in which cells may be
contacted with water samples for evaluation, and instructional documents containing protocols for
conducting the contacting operation, and the further processing of the contacted cell samples for
analysis of transcription factor signatures.

[00145] Such kit may comprise one or more of lyzing media, transfection vectors, restriction
enzymes, reverse transcription reagents, PCR primers, fluorescent dyes, discs or flash drives
containing capillary electrophoresis data processing software, transcription factor signature-generation
software, and/or software for conducting other component operations in the water quality

determination.
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[00146] While the disclosure has been set forth herein in reference to specific aspects, features and
illustrative embodiments, it will be appreciated that the utility of the disclosure is not thus limited, but
rather extends to and encompasses numerous other variations, modifications and alternative
embodiments, as will suggest themselves to those of ordinary skill in the field of the present
disclosure, based on the description herein. Correspondingly, the invention as hereinafter claimed is
intended to be broadly construed and interpreted, as including all such variations, modifications and

alternative embodiments, within its spirit and scope.
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THE CLAIMS

What is claimed is:

1. A method of determining water quality of a water sample, comprising:

exposing the water sample to a test cell system so that the test cell system responds to the
water sample by change in transcription factor activity in said test cell system;

generating from the test cell system response an output correlative to the change of
transcription factor activity in said test cell system; and

determining from comparison of said output with a transcription factor activity reference

standard the quality of the water sample.

2. The method of claim 1, wherein a transcription factor signature is generated for said generated
output, by constructing a library of reporter transcription units (RTUs), in which each RTU is
constructed to include a common plasmid backbone and a unique transcription factor-inducible
promoter that is fused to a transcribed reporter sequence, and transfecting the library of RTUs into

cells of the test cell system.

3. The method of claim 2, wherein the transfected library of RTUs produce reporter RNAs in amounts
that are commensurate with the activities of the corresponding transcription factors present in the cells
of the test cell system.

4. The method of claim 3, wherein all RTUs are supplied with essentially identical reporter sequences.

5. The method of claim 4, wherein each reporter sequence is tagged with a processing tag comprising

a restriction cleavage site, the position of which varies among the RTUs.

6. The method of claim 5, wherein said generating said output comprises cleaving the restriction

cleavage site to yield cleaved reporter species.

7. The method of claim 6, further comprising resolving the cleaved reporter species by capillary

electrophoresis.

8. The method of claim 7, wherein the cleaved reporter species are fluorescently labeled.
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9. The method of claim 8, wherein the cleaved reporter species are produced from the reporter RNAs
by reverse transcription and cDNA amplification by polymerase chain reaction using common paits of

primers for all reporter species.

10. The method of claim 9, further comprising generating the output in the form of polar coordinate

radar graph(s).

11. The method of claim 9, further comprising subjecting the generated output to spreadsheet analysis

to determine water quality of the water sample.

12. The method of claim 1, wherein generating the output correlative to change in activities of
transcription factors in said test cell systems in response to said exposing, and determining from the
generated output the water quality of the water specimen, comprises a computer-implemented

processing operation.

13. The method of claim 12, wherein both of said generating and determining comprise computer-

implemented processing operations.
14. The method of claim 8, wherein data from the capillary electrophoresis is processed to
algorithmically subtract background fluorescence for sizing of reporter peaks and noise/reporter peak

discrimination.

15. The method of claim 14, wherein fluorescence values of individual reporter peaks are normalized

to a sum of signals of all reporter peaks.

16. The method of claim 1, wherein the transcription factors profiles comprise profiles of from 1 to 50

transcription factors.

17. The method of claim 1, wherein the output correlative to transcription factor activity change

comprises profiles of from 2 to 10 transcription factors.

18. The method of claim 2, wherein respective transcription factor signatures are algorithmically

compared in said determining, in a computer-implemented determining process.

19. The method of claim 1, wherein said exposing, generating and determining operations are

conducted for at least one water specimen and one or more water standards.
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20. The method of claim 1, wherein the test cell system comprises cells selected from the group
consisting of individual cells, cell cultures, single-cell organisms, microbial populations, multicellular
organisms, biological specimens taken or derived from such organisms, organs, tissue samples, tissue
cultures, endogenous cells, exogenously modified cells, synthetic cells, human cells, animal cells,
cloned cells, plant cells, blood cells, platelets, cultured cells, biopsied cells, cells fixed with

preservatives, cells bound to substrates, nucleated cells, and non-nucleated cells.

21. The method of claim 1, wherein said generating and determining comprise assessing changes in

DNA-binding activities in cell extracts.
22. The method of claim 21, comprising use of a gel-shift assay.

23. The method of claim 1, wherein said generating and determining comprise analyzing changes in

cellular localization of transcription factors.

24. The method of claim 23, wherein the changes in cellular localization of transcription factors

comprise nuclear translocation of transcription factors.

25. The method of claim 1, wherein the generating comprises representing transcription factor activity
profiles by vectors with coordinates x1, x2...xN, where xi is the activity of the it transcription factor,
TF, and said determining comprises assessing Fuclidian distance between transcription factor activity

vectors.

26. The method of claim 1, as repetitively conducted over a period of time to determine improvement

or deterioration of water quality in water samples taken at different times from a same water source.

27. A method of determining water quality of a water specimen, comprising quantifying impacts of
contaminants in said water specimen on activities of multiple transcription factors in a test cell

system.

28. A method of determining relative quality of different water samples, comprising:

exposing each different water sample to a corresponding biosensor comprising multiple
transcription factors, wherein the corresponding biosensor is adapted to manifest a transcription factor
signature in response to the exposure; and

comparing transcription factor signatures of the corresponding biosensors, or of their
expression products, to determine relative water quality of the different water samples in relation to

one another.
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29. A method of determining water quality of a water sample, comprising:

introducing into a test cell system comprising a multiplicity of transcription factors, a
plurality of reporter constructs whose promoters are regulated by the transcription factors;

exposing the test cell system to the water sample to induce corresponding changes in activities
of said multiplicity of transcription factors; and

determining water quality of the water sample from a plurality of reporter transcripts
produced by the reporter constructs and/or a plurality of reporter proteins produced by the reporter
constructs in response to the changes in activities of said multiplicity of transcription factors upon

exposing the test cell system to water sample.

30. An apparatus for determining water quality of a water sample, comprising a computer system

adapted to carry out an operation of a method according to any of claims 1 to 29.

31. The apparatus of claim 30, wherein the computer system comprises networked computers.

32. The apparatus of claim 31, wherein the networked computers comprise a central server computer

and a client computer.

33. A water quality monitoring system, including a central facility including a relational database
operatively coupled with a server communicationally connected to one or more remote facilities,
wherein said one or more remote facilities are arranged for collection and processing of local water
samples to generate transcription factor activity profiles therefor, and to transmit same to the server,
wherein the relational database contains transcription factor activity profiles of reference standards
accessible by the server, and wherein the server is configured to determine from local water sample
transcription factor activity profiles transmitted to it, in relation to transcription factor activity
profile(s) of reference standards accessed from the relational database, the water quality of the local

water samples.

34. A kit for carrying out water quality determination of a water sample, comprising transcription
factor signatures for reference library water standards in a graphical format, for visual determinations
of relatedness of a transcription factor signature to reference library signatures, to thereby determine

water quality of the water sample.

35. A kit for carrying out determinations of water quality of water samples, comprising biosensors,

contacting containers in which cells may be contacted with water samples for evaluation, and
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instructional documents containing protocols for conducting the contacting operation, and the further

processing of the contacted cell samples for analysis of transcription factor signatures.

36. The kit of claim 34, further comprising one or more of lyzing media, transfection vectors,
restriction enzymes, reverse transcription reagents, PCR primers, fluorescent dyes, discs or flash
drives containing capillary electrophoresis data processing software, transcription factor signature-
generation software, and/or software for conducting other component operations in the water quality

determination.
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