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DESCRIPTION

GOVERNMENT SUPPORT

[0001] This disclosure was made with support form the United States government as
represented by the Secretary of Health and Human Services and the National Institutes of
Health (NIH) under NIH grant number# HHSN268201200360P. The United States government
has certain rights in the invention.

CROSS-REFERENCE TO RELATED APPLICATIONS

[0002] This application is an international application designating the United States of America
and filed under 35 U.S.C. §120, which claims priority to U.S. Provisional Serial Number U.S.
Provisional Serial Number 61/981,126, filed April 17, 2014, and U.S. Provisional Serial Number
62/112,019, filed on February 4, 2015.

FIELD OF THE INVENTION

[0003] The invention relates generally to devices that quantify and identify the presence or
absence of phenylalanine in a sample of bodily fluid. In some embodiments, the invention
relates to detecting the presence, absence, or quantity of phenylalanine in a sample of bodily
fluid. In some embodiments, the device is a reagentless biosensor only requiring a sample of
bodily fluid for detection and/or quantification of phenylalanine.

BACKGROUND

[0004] Numerous metabolic disorders, such as hyperammonemia and aminoacidopathies, are
characterized by a chronic elevation of a specific metabolite due to dysfunction of enzymes
involved in metabolic regulation, process and clearance. These high levels of metabolites can
be biochemically evaluated by measuring plasma levels using well defined analytical methods
and result in specific tissue toxicity, which define the symptomatology of each disease. It would
be of great utility and convenience to develop sensors able to detect specific plasma
metabolites in real time in similar fashion of what for example it has been done with glucose
and diabetes. These sensors would allow doing immediate blood level evaluation of specific
metabolites, facilitating the management, treatment and follow up of metabolic disorders.
Recent estimations of the prevalence of metabolic and endocrine disorders in USA reveal that
at least 5% of the population suffers from an endocrine disorder and more than 47 million of
US residents have a metabolic syndrome. Besides the tremendous human suffering and the
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high impact on the health care costs, the management of these diseases is difficult and
expensive not only in terms of medications, analytical monitoring, and follow-up of patients, but
in many cases results in unnecessary procedures and hospitalizations. Although important
advances have been made in specific disorders such as diabetes or hypercholesterolemia,
advances in others with lower prevalence have been delayed. For example, not much advance
has been made in obtaining new diagnostic or therapeutic solutions for patients with
Hyperammonemia and Aminoacidopathies. Currently the monitoring of metabolite levels has to
be done in a hospital equipped with a specialized mass spectrometry instrumentation, and
therefore every time that these patients have an appearance of a crisis, whether related or
unrelated to the elevation of the corresponding metabolite, they need to visit the hospital in
order for the specialized testing to be performed. Alternatively, metabolite levels such as the
levels of phenylalanine can also be measured by simpler devices (see, for example, Thiessen
et al., Analyst, 140(2), 2015, 609-615; WO 2004/091376 A2; US 5912139 A). The disclosure
addresses an advantageous unmet medical need. From both a patient quality-of-life and a
financial management standpoint, the disclosure relates to a device capable of detecting the
above-identified metabolites in real time.

SUMMARY OF INVENTION

[0005] The subject matter for which protection is sought is as defined by the claims.
The invention provides a biosensor comprising:

a light source;
a light detector; and

at least one reaction surface comprising at least one electron mediator, at least one oxidizing
agent, and at least one metabolic enzyme wherein the at least one metabolic enzyme is a
phenylalanine dehydrogenase comprising the amino acid sequence of SEQ ID NO: 1;

wherein the reaction surface does not comprise and is not attached to an electrically
conductive support; and

wherein the light source is positioned at a distance from the reaction surface sufficient to
irradiate the reaction surface and the light detector is positioned at a distance from the reaction
surface sufficient to collect irradiated light from the reaction surface.

[0006] In some embodiments of the invention the phenylalanine dehydrogenase is immobilized
on the reaction surface. In some embodiments of the invention the phenylalanine
dehydrogenase is a phenylalanine dehydrogenase from Geobacillus thermoglucosidiasus.

[0007] In some embodiments of the invention the light detector is a photodiode operably
connected to a controller and a display, such that, upon exposure of the reaction surface to an
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amount of a sample comprising an amino acid substrate, the controller receives a current from
the photodiode and correlates the current to an electrical signal corresponding to a
concentration value of the amino acid in the sample, such electrical signal being propagated to
and displayed by the display.

[0008] In some embodiments of the invention, the reaction surface holds no more than from
10 pL £ 5% to 100 pL £ 5% of fluid.

[0009] In some embodiments of the invention, the at least one oxidizing agent is chosen from:
NAD+ or FAD+.

[0010] In some embodiments of the invention, the reaction surface consists of a filter paper
comprising a mixture of the at least one lyophilized metabolic enzyme and a sugar at a
concentration from 100 mM + 5% to 400 mM + 5%.

[0011] The present invention also provides a biosensor comprising:
a light source;
a light detector; and

at least one reaction surface comprising at least one electron mediator, at least one oxidizing
agent, and at least one metabolic enzyme; wherein the at least one metabolic enzyme
comprises the amino acid sequence of SEQ ID NO: 1;

wherein the reaction surface does not comprise and is not attached to an electrically
conductive support.

[0012] In some embodiments of the invention, the at least one metabolic enzyme is a
phenylalanine dehydrogenase from Geobacillus thermoglucosidiasus. In some embodiments of
the invention, the at least one metabolic enzyme is immobilized on the at least one reaction
surface. In some embodiments of the invention, the reaction surface comprises a filter paper
and is free of and is not attached to an electrically conductive support; and wherein the light
source is positioned at a distance from the reaction surface sufficient to irradiate the reaction
surface and the light detector is positioned at a distance from the reaction surface sufficient to
collect irradiated light from the reaction surface.

[0013] The present invention also provides a system comprising a biosensor of the invention,
in operable connection to at least one computer storage memory and a computer processor in
operable connection with the at least one computer storage memory.

[0014] The present invention also provides a kit comprising a biosensor of the invention
optionally
wherein the reaction surface comprises a test strip or filter paper contained within a removable
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housing having at least one fluid inlet, and a set of instructions, optionally accessible remotely
through an electronic medium.

[0015] The present invention also provides a method of determining, identifying, or quantifying
a concentration of an amino acid in a sample of bodily fluid comprising: contacting a sample of
bodily fluid to a biosensor of the invention; and determining a quantity of amino acid in the
sample, wherein the amino acid is phenylalanine.

[0016] In some methods of the invention, the method further comprises comparing a
concentration value obtained by the quantifying or identifying steps to a threshold value
associated with one or more metabolic diseases; or

wherein the step of contacting comprises exposing the sample of bodily fluid of a subject to the
biosensor of any of claims 1 to 12, for a sufficient period of time to allow oxidation of
phenylalanine in the sample of bodily fluid by the metabolic enzyme; or

wherein the method comprises exposing the sample of bodily fluid to light emitted from light
source prior to detecting the light emitted from the reaction surface; or

wherein the sample of bodily fluid contains whole blood or serum from a subject; or

wherein the sample of bodily fluid is free of urine.

[0017] The present invention also provides a method of diagnosing a metabolic disease in a
subject comprising:

1. (a) contacting a sample of bodily fluid to the biosensor of the invention:

2. (b) quantifying the concentration value of phenylalanine in the sample;

3. (c) comparing the concentration value of phenylalanine in the sample to a threshold
value of phenylalanine concentration identified as being in a healthy range; and

4. (d) identifying the subject as having a metabolic disease if the concentration value of
phenylalanine in the sample exceeds or falls below the threshold value, optionally
wherein the metabolic disease is phenylketonuria.

[0018] The present invention also provides a method of determining patient responsiveness to
a therapy comprising:

1. (a) contacting a sample of bodily fluid to a biosensor of the invention;

2. (b) quantifying the phenylalanine concentration values;

3. (¢) comparing the phenylalanine concentration values to one or more threshold values
associated with a metabolic disease.

[0019] The present disclosure encompasses the recognition that aminoacidopathies can be
identified and/or characterized by identifying the levels or quantities of amino acids in bodily
fluid including whole blood samples. It is the purpose of the application to identify the first In
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some embodiments, the present inention relates to identyfing or diagnosing the quantity,
presence, or absence of amino acids in bodily fluids by contacting a bodily fluid to a device
disclosed herein. In some embodiments, the methods disclosed herein do not compirse
contacting the bodily fluid with any reagent prior to identifying whether one or more amino
acids are present or absent in the biodily fluid.

[0020] We envisioned the achievement of this goal immobilizing specific enzymes with sugar
molecules to a reaction surface. After exposure to light, the wavelength of light emitted from
reaction products flow can be analyzed. The concentration of the metabolite in blood correlates
with readings taken by a light detector positioned at or proximate to the reaction surface. The
disclosure relates to showing how to select the metabolite, how to choose the immobilized
enzyme, how to perform the immobilization (what polymer, what additives, etc), how to attach
the components to the reaction surface, how to make the measurement and how do develop a
prototype.

[0021] This disclosure relates to a method of measuring metabolites in whole blood of patients
in real time. Aside from the sensor disclosed herein, there are no known sensors able to
measure the proposed metabolites from whole blood in real time. In one embodiment, a small
volume of whole blood is applied to the electrode and the result is reported within several
minutes. Depending on the exact analyte, specific enzyme(s) and cofactor(s) are incorporated
onto the reaction surface and the sensor can detect the quantity of an analyte-specific reaction
and response. For example, to detect elevated phenylalanine, the enzyme phenylalanine
dehydrogenase is incorporated along with NAD+ cofactor. NADH is fluorescent when exposed
to certain wavelength of light.

[0022] The present disclosure relates to a biosensor comprising: a light source; a light
detector; and at least one reaction surface comprising at least one oxidizing agent, and at least
one metabolic enzyme or functional fragment thereof; wherein the reaction surface does not
comprise and is not attached to an electrically conductive support; and wherein the light source
is positioned at a distance from the reaction surface sufficient to irradiate the reaction surface
and the light detector is positioned at a distance from the reaction surface sufficient to collect
irradiated light from the reaction surface. In some embodiments, the reaction surface further
comprises at least one circuit connecting the light detector to a controller. In some
embodiments, the light detector is a photodiode operably connected to a light accelerator, a
controller and a display, such that, upon exposure of the reaction surface to an amount of a
sample comprising an amino acid substrate, the controller receives a current from the
photdiode and correlates the current to an electrical signal corresponding to a concentration
value of the amnio acid in the sample, such electrical signal being propagated to and displayed
by the display. In some embodiments, the reaction surface comprises at least one or a
combination of amino acids chosen from: leucine dehydrogenase, tyrosine dehydrogenase,
phenylalanine dehydrogenase, leucine oxidoreductase, tyrosine monooxygenase, alanine
dehydrogenase, or glutamate dehydrogenase; or functional fragments thereof. In some
embodiments, the reaction surface is a filter paper that comprises the at least one metabolic
enzyme or functional fragment thereof. In some embodiments, at least one metabolic enzyme
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or functional fragment thereof is lyophilized onto the reaction surface.

[0023] In some embodiments of the disclosure, the biosensor further comprises a housing that
contains at least a first fluid opening adjacent to and in fluid communication with a filter paper;
wherein the fileter paper is immediately adjacent to a microfluidic chamber that comprises the
reaction surface. In some embodiments of the invention, the reaction surface is free of one or
more of the following: (i) uricase or a functional fragment thereof; (ii) a hydrogel comprising
dextran or a derivative thereof; (iii) a bacterial cell; (iv) an electronic dipole configured for
electrophoresis; and (v) 3, 4-DHB. In some embodiments, the biosensor is free of a centrifuge
or a rotor capable of centrifugal motion mechanically linked to the reaction surface. In some
embodiments, the biosensor is at least 70% biologically active after about thirty days in storage
at 4 degrees Celsius. In some embodiments, the reaction surface holds no more than from
about 10 pL to about 100 L of fluid.

[0024] In some embodiments of the disclosure, the at least one enzyme or functional fragment
thereof is derived from a bacterial species and is immobilized on the reaction surface. In some
embodiments of the disclosure, the at least one enzyme or functional fragment thereof is
derived from a thermophillic bacterial species and is immobilized in the hydrogel. In some
embodiments of the disclosure, the at least one enzyme or functional fragment thereof
comprises at least about 70% sequence identity to SEQ ID NO: 1 or SEQ ID NO:2. In some
embodiments, the at least one enzyme is phenyalanine dehydrogenase or a functional
fragment thereof obtained from a thermophillic bacterial cell. In embodiments of the invention
the the at least one enzyme is a phenylalanine dehydrogenase comprising the amino acid
sequence of SEQ ID NO: 1

[0025] In some embodiments of the disclosure, the alginate comprises a block polymer with a
formula:

wherein m and n are any positive integer.

[0026] In some embodiments of the disclosure, the reaction surface forms at least one side of
a microfluidic chamber with a volume no greater than 20 yL. In some embodiments, the at
least one electron mediator is selected from: thionine, o-phenylenediamine, methylene blue,
and toluidine blue. In some embodiments, the at least one oxidizing agent is chosen from:
NAD+ or FAD+. In some embodiments, the reaction surface consists of a filter paper
comprising a mixture of at least one lyophilized metabolic enzymes or functional fragments
thereof and a sugar at a concentration from about 100 mM to about 400 mM.

[0027] The disclosure also relates to a biosensor comprising: at least one reaction surface
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comprising at least one electron mediator, at least one oxidizing agent, and at least one
metabolic enzyme or functional fragment thereof, wherein the at least one enzyme or
functional fragment thereof is at least 70% homologous to a phenylalanine dehydrogenase
from Geobacillus thermoglucosidiasus;, and wherein the reaction surface does not comprise
and is not attached to an electrically conductive support. In some embodiments, the biosensor
is free of an amperometer.

[0028] In some embodiments of the disclosure, the enzyme or functional fragment thereof is at
least 70% homologous to SEQ ID NO: 1 or at least 70% homologous to a functional fragment
of SEQ ID NO: 1. In some embodiments of the disclosure, the one of plurality of enzymes or
functional fragments thereof is derived from a bacterial cell.

[0029] In some embodiments of the disclosure, the at least one enzyme or functional fragment
thereof is at least 70% homologous to a phenylalanine dehydrogenase from Geobacillus
thermoglucosidiasus; wherein the reaction surface comprises a filter paper and is free of and is
not attached to an electrically conductive support; wherein the light source is positioned at a
distance from the reaction surface sufficient to irradiate the reaction surface and the light
detector is positioned at a distance from the reaction surface sufficient to collect irradiated light
from the reaction surface.

[0030] The present disclosure also relates to a system comprising a biosensor disclosed
herein in operable connection to at least one computer storage memory. In some
embodiments, the system futher comprises a sample of bodily fluid. In some embodiments, the
system further comprises a digital display in operable connection to the at least one electrically
conductive support by an electrical circuit capable of carrying an a electrical signal
corresponding to a measurement of current and/or voltage differential from the voltmeter
and/or amperometer to the digital display, wherein the digital display is a configured to display
concentration value of an amino acid in a sample when the at least one electrically conductive
support is in contact with the sample for a time period sufficient for the at least one metabolic
enzyme to catalyze the oxidation of its amino acid substrate. In some embodiments, the
system further comprises a computer processor in operable connection with the at least one
computer storage memory. In some embodiments, the metabolic enzyme is a phenylalanine
dehydrogenase immobilized to the reaction surface with one or a plurality of sugar molecules.

[0031] The present disclosure also relates to a kit comprising a biosensor disclosed herein. In
some embodiments, the reaction surface comprises a test strip or filter paper contained within
a removable housing having at least one fluid inlet, and a set of instructions, optionally
accessible remotely through an electronic medium.

[0032] The present disclosure also relates to a method of of determining or identifying a
concentration of an amino acid in a sample of bodily fluid comprising: contacting a sample of
bodily fluid to a biosensor disclosed herein, or a system disclosed herein; or any test strip
disclosed herein; and determining a quantity of amino acid in the sample. In some
embodiments, the sample of bodily fluid comprises whole blood.
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[0033] The present disclosure also relates to a method of quantifying a concentration of one or
more amino acids in sample of bodily fluid of a subject comprising contacting a sample of
bodily fluid to a biosensor disclosed herein, or a system disclosed herein; or any test strip
disclosed herein. In some embodiments, the method further comprises comparing a
concentration value obtained by the quantifying or identifying steps to a threshold value
associated with one or more metabolic diseases. In some embodiments, the step of contacting
comprises exposing the sample of bodily fluid of a subject to the biosensor disclosed herein, or
the system disclosed herein; or any test strip disclosed herein for a sufficient period of time to
allow oxidation of at least one amino acid in the sample of bodily fluid by the metabolic enzyme
or functional fragment thereof. In some embodiments, the method comprises exposing the
sample of bodily fluid to light emitted from light source prior to detecting the light emitted from
the reaction surface. In some embodiments, the sample of bodily fluid contains whole blood or
serum from a subject. In some embodiments, the sample of bodily fluid is free of urine.

[0034] The present disclosure also relates to a method of diagnosing a metabolic disease in a
subject comprising: (a) contacting a sample of bodily fluid to the to a biosensor disclosed
herein or a system disclosed herein; or any test strip disclosed herein; (b) quantifying one or
more concentration values of amino acids in the sample; (¢c) comparing the one or more
concentration values of amino acids in the sample to a threshold value of amino acid
concentration identified as being in a healthy range; and (d) identifying the subject as having a
metabolic disease if the one or more concentration values of amino acids in the sample exceed
or fall below the threshold value. In some embodiments, the metabolic disease is chosen from
at least one or a combination of: phenylketonuria, hyperammonemia, and maple syrup urine
disease.

[0035] The present disclosure also relates to a method of determining patient responsiveness
to a therapy comprising: (a) contacting a sample of bodily fluid to the to a biosensor disclosed
herein or a system disclosed herein; or any test strip disclosed herein; (b) quantifying one or
more amino acid concentration values; (¢) comparing the one or more concentration values to
one or more threshold values associated with a metabolic disease.

[0036] The present disclosure also relates to a test strip comprising at least one reaction
surface, wherein the reaction surface comprises at least one electron mediator, at least one
oxidizing agent, at least one metabolic enzyme or functional fragment thereof, and alginate;
and wherein the reaction surface does not comprise and is not attached to an electrode. In
some embodiments, the test strip is adapted for a portable device comprising a voltmeter
and/or amperometer and a digital display such that, when the test strip is contacted to the
device, the first and second electrodes become operably connected to a closed electrical
circuit comprising the voltmeter and/or amperometer and the digital display, and, upon contact
with a sample of bodily fluid, the at least one metabolic enzyme or functional fragment thereof
catalyzes oxidation of an amino acid resulting in a current on the first electrode corresponding
to a concentration value of amino acid in the sample of bodily fluid, such concentration value
readable on the display of the portable device.
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[0037] The present disclosure also relates to amethod of manufacturing a biosensor disclosed
herein or a system disclosed herein; or any test strip disclosed herein comprising: immobilizing
one or a plurality of metabolic enzymes or functional fargments thereof to the reaction surface;
encasing said reaction surface in a housing. In some embodiments, the method comprises
immobilizing the one or plurality of metabolic enzymes in a mixture of sugar wherein the sugar
is at a concentration of from about 100 to about 300 mM in a buffer that is free of or
substantially free of a salt.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038]
FIG. 1 depicts the process of converting UV light absorbance to a digital signal.

FIGs. 2A and 2B depict steps involved in the characterization of centrifuged blood using UV
light.

FIG. 3 depicts a centrifuge disc capable of containing and centrifuging blood samples.
FIG. 4 depicts a centrifuge disc containing a blood sample after centrifugation.
FIG. 5 depicts a graph showing the fluorescence peak of NADH.

FIG. 6 depicts fluorescence microscopy of filter paper containing NADH on the left side and a
control area on the right.

FIG. 7 depicts a bisected well for the extraction of amino acids.

FIG. 8 depicts a bisected well for the extraction of phenylalanine and it's detection by a
photodiode.

FIG. 9 depicts an example of a traditional fluorescence microscope.

FIG. 10 depicts a compact design to use UV light and a photodiode to detect NADH on filter
paper.

FIG. 11 depicts a graph showing the influence of sucrose on PheDH activity.

FIG. 12 depicts a graph showing the strength of PheDH when reconstituted in plasma and
water.

FIG. 13 depicts a UV light, filter, and CMOS camera fluorometer.

FIG. 14 depicts the signal processing and quantification of averaging RGB colors of a 100 pixel
area.

FIG. 15 depicts a graph showing plasma phenylalanine measurements at various
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concentrations of plasma phenylalanine.

FIG. 16 depicts a paper microfluidic test strip chamber which separates plasma from whole
blood, then draws the plasma onto a test strip.

FIG. 17 depicts a test strip next to a United States dime for size comparison.
FIG. 18 depicts a test strip in a chamber with and without the application of blood.

FIGs. 19A, and 19B depict CMOS and linearized blue channel measurements of increasing
NADH concentration.

FIG. 20 depicts an alternative embodiment of a test strip.

FIG. 21 depicts an embodiment of the disclosure in which a cuvette is centrigfuged after
application of the sample in a reaction vessel comprising a reaction surface.

FIG. 22 depicts a a linearized calibration curve of the phenylalanine detection achieved by use
of the embodiment disclosed in FIG. 21.

FIG. 23 depicts the temperature stability of the PheD enzyme. The enzyme was tested for
activity at different temperatures in the assay buffer (200mM Gly/KOH/KCI) in the presence of
different concentrations of Phe ranging from 0 to 2.5mM while keeping constant a 1mM
concentration of NAD. Initial activity was not affected by the temperature of the assay.

FIG. 24 depicts short term stability of the enzyme stored in 100mM Tris pH 10.79 at 4°C and
room temperature was tested 3 weeks after purification. The results shows that there is no
changes in the activity at different concentrations of Phe.

FIG. 25 depicts long term stability of the enzyme stored in 100mM Tris pH 10.79 at 4°C was
tested over a year after purification. The results show no significant changes in activity were
detected.

FIG. 26 depicts the linearity of the reaction catalyzed by the PheD enzyme. Unidentified normal
plasma was spiked with different amounts of Phe to test the linearity of the reaction catalyzed
by the enzyme in this biological matrix. Using 20yl of spiked plasma in a 100l final volume of
reaction we generated the shown standard curve. Proving that the range of expected
concentrations in human plasma can easily be detected by this method.

DETAILED DESCRIPTION OF THE INVENTION

[0039] Various terms relating to the methods and other aspects of the present disclosure are
used throughout the specification and claims. Such terms are to be given their ordinary
meaning in the art unless otherwise indicated. Other specifically defined terms are to be
construed in a manner consistent with the definition provided herein.
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[0040] As used in this specification and the appended claims, the singular forms "a,
"the" include plural referents unless the content clearly dictates otherwise.

an," and

[0041] The term "about" as used herein when referring to a measurable value such as an
amount, a temporal duration, and the like, is meant to encompass variations of £20%, +10%,
+5%, £1%, or £0.1% from the specified value, as such variations are appropriate to perform
the disclosed methods.

[0042] The term "addressable location” as used herein means a discrete surface area or
position on test strip or on the biosensor from which a signal, such as wavelength emitted from
a reaction product produced from a reaction disclosed herein performed at the reaction
surface, is obtained. can be one or a plurality of adhesion sets are immobilized or absorbed
such that exposure of the one or plurality of adhesion sets to a sample comprising a
biomaterial or cell for a sufficient time period results in contact between the cell or biomaterial
and the adhesion set. In some embodiments, the disclosure relates to an array comprising one
or a plurality of addressable locations of the biosensor with a surface no greater than 4 square
microns. As used herein, the terms "attach,”" "attachment,” "adhere," "adhered,” "adherent,” or
like terms generally refer to immobilizing or fixing, for example, a group, a compound or
adhesion set, to a surface, such as by physical absorption, chemical bonding, and like
processes, or combinations thereof.

[0043] As used herein the terms "electronic medium" mean any physical storage employing
electronic technology for access, including a hard disk, ROM, EEPROM, RAM, flash memory,
nonvolatile memory, or any substantially and functionally equivalent medium. In some
embodiments, the software storage may be co-located with the processor implementing an
embodiment of the disclosure, or at least a portion of the software storage may be remotely
located but accessible when needed.

[0044] As used herein, "sequence identity” is determined by using the stand-alone executable
BLAST engine program for blasting two sequences (bl2seq), which can be retrieved from the
National Center for Biotechnology Information (NCBI) ftp site, using the default parameters
(Tatusova and Madden, FEMS Microbiol Lett., 1999, 174, 247-250).

[0045] As used herein, the terms "biopsy" means a cell sample, collection of cells, or bodily
fluid removed from a subject or patient for analysis. In some embodiments, the biopsy is a
bone marrow biopsy, punch biopsy, endoscopic biopsy, needle biopsy, shave biopsy, incisional
biopsy, excisional biopsy, or surgical resection.

[0046] As used herein, the terms "bodily fluid" means any fluid from a isolated from a subject
including, but not necessarily limited to, a blood sample, an unprocessed whole blood sample,
serum sample, urine sample, mucus sample, saliva sample, and sweat sample. The sample
may be obtained from a subject by any means such as intravenous puncture, biopsy, swab,
capillary draw, lancet, needle aspiration, collection by simple capture of excreted fluid.
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[0047] As used herein the terms "electronic medium" mean any physical storage employing
electronic technology for access, including a hard disk, ROM, EEPROM, RAM, flash memory,
nonvolatile memory, or any substantially and functionally equivalent medium. In some
embodiments, the software storage may be co-located with the processor implementing an
embodiment of the disclosure, or at least a portion of the software storage may be remotely
located but accessible when needed.

[0048] As used herein, the term "aminoacidopathy" is meant to refer to those diseases and
disorders characterized by dysfunction of a metabolic catalysis of amino acids that results in
over production or under production of amino acids in the body of a subject.. Examples of
aminoaciopathies are listed in the definition of a metabolic disease, terms that are used
interchangeably in this application.

[0049] The term "subject" is used throughout the specification to describe an animal from
which a sample of bodily fluid is taken. In some embodiments, the animal is a human. For
diagnosis of those conditions which are specific for a specific subject, such as a human being,
the term "patient” may be interchangeably used. In some instances in the description of the
present disclsoure, the term "patient” will refer to human patients suffering from a particular
disease or disorder. In some embodiments, the subject may be a human suspected of having
or being identified as at risk to develop an aminoacidopathy. In some embodiments, the subject
may be diagnosed as having at least one aminoacidopathy. In some embodiments, the subject
is suspected of having or has been diagnosed with phenylketouria. In some embodiments, the
subject may be a human suspected of having or being identified as at risk to develop
aminoacidopathy. In some embodiments, the subject may be a mammal which functions as a
source of the isolated sample of bodily fluid. In some embodiments, the subject may be a non-
human animal from which a sample of bodily fluid is isolated or provided. The term "mammal”
encompasses both humans and non-humans and includes but is not limited to humans, non-
human primates, canines, felines, murines, bovines, equines, and porcines.

[0050] As used herein, "conservative" amino acid substitutions may be defined as set out in
Tables A, B, or C below. Metabolic enzymes include those amino acid sequences wherein
conservative substitutions have been introduced by modification of polynucleotides encoding
polypeptides of the disclosure. Amino acids can be classified according to physical properties
and contribution to secondary and tertiary protein structure. A conservative substitution is
recognized in the art as a substitution of one amino acid for another amino acid that has similar
properties. Exemplary conservative substitutions are set out in Table A.

Table A -- Conservative Substitutions |

Side Chain Characteristics Amino Acid
Aliphatic

Non-polar GAPILVF

Polar - uncharged CSTMNQ

Polar - charged DEKR
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Side Chain Characteristics Amino Acid
Aromatic HFWY
Other NQDE

[0051] Alternately, conservative amino acids can be grouped as described in Lehninger,
(Biochemistry, Second Edition; Worth Publishers, Inc. NY, N.Y. (1975), pp. 71-77) as set forth in

Table B.
Table B -- Conservative Substitutions |
Side Chain Characteristic Amino Acid
Non-polar (hydrophobic)
Aliphatic: ALIVP
Aromatic: FWY
Sulfur-containing: M
Borderline: GY
Uncharged-polar
Hydroxy!: STY
Amides: N Q
Sulfhydryl: C
Borderline: GY
Positively Charged (Basic): KRH
Negatively Charged (Acidic): DE

[0052] Alternately, exemplary conservative substitutions are set out in Table C.

Table C -- Conservative Substitutions Il

Original Residue Exemplary Substitution
Ala (A) Val Leu lle Met

Arg (R) Lys His

Asn (N) GIn

Asp (D) Glu

Cys (C) Ser Thr

GIn (Q) Asn

Glu (E) Asp

Gly (G) Ala Val Leu Pro

His (H) Lys Arg

lle (1) Leu Val Met Ala Phe
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Original Residue Exemplary Substitution
Leu (L) lle Val Met Ala Phe
Lys (K) Arg His

Met (M) Leu lle Val Ala

Phe (F) Trp Tyr lle

Pro (P) Gly Ala Val Leu lle
Ser (S) Thr

Thr (T) Ser

Trp (W) Tyr Phe lle

Tyr (Y) Trp Phe Thr Ser
Val (V) lle Leu Met Ala

[0053] It should be understood that the polypeptides comprising polypeptide sequences
associated with the extracellular matrix described herein are intended to include polypeptides
bearing one or more insertions, deletions, or substitutions, or any combination thereof, of
amino acid residues as well as modifications other than insertions, deletions, or substitutions of
amino acid residues.

[0054] As used herein, the term "prognosing" means determining the probable course and
outcome of a disease.

[0055] As used herein, the term "functional fragment" means any portion of a polypeptide that
is of a sufficient length to retain at least partial biological function that is similar to or
substantially similar to the wild-type polypeptide function upon which the fragment is based. In
some embodiments, a functional fragment of a polypeptide associated with the function of a
metabolic enzyme is a polypeptide that comprises at least 70%, 75%, 80, 85, 90, 95, 96, 97,
98, or 99% sequence identity of any polypeptide disclosed in Table 3 and has sufficient length
to retain at least partial binding affinity to one or a plurality of ligands that bind to the
polypeptide. In some embodiments, the fragment is a fragment of any polypeptide disclosed in
Table 3 and has a length of at least about 10, about 20, about 30, about 40, about 50 , about
60, about 70, about 80, about 90, or about 100 contiguous amino acids. In some
embodiments, the fragment is a fragment of any polypeptide disclosed in Table 3 and has a
length of at least about 50 amino acids. In some embodiments, the fragment is a fragment of
any polypeptide disclosed in Table 3 and has a length of at least about 100 amino acids. In
some embodiments, the fragment is a fragment of any polypeptide disclosed in Table 3 and
has a length of at least about 150 amino acids. In some embodiments, the fragment is a
fragment of any polypeptide disclosed in Table 3and has a length of at least about 200 amino
acids. In some embodiments, the fragment is a fragment of any polypeptide disclosed in Table
3 and has a length of at least about 250 amino acids.
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[0056] As used herein, the terms "polypeptide sequence associated with the metabolic
enzyme" means any polypeptide or fragment thereof, modified or unmodified by any
macromolecule (such as a sugar molecule or macromolecule), that is produced naturally by
cells in any multicellular organism and is a metabolic enzyme as disclosed herein or a
functional fragment thereof. In some embodiments, a polypeptide sequence associated with
the extracellular matrix is any polypeptide which sequence comprises any of the polypeptides
disclosed in Table 3. In some embodiments, a polypeptide sequence associated with the
metabolic enzyme is any polypeptide sequence comprising any of the polypeptides disclosed in
Table 3 or a sequence that shares 85,90,95, 96, 97, 98, or 99% sequence identity with the
polypeptides disclosed in Table 3 or a functional fragment thereof. In some embodiments, a
polypeptide sequence associated with the metabolic enzyme consists of any of the
polypeptides disclosed in Table 3 or a sequence that shares 85,90,95, 96, 97, 98, or 99%
sequence identity with the polypeptides disclosed in Table 3.

[0057] As used herein, the term "light source" refers to any device that emits electromagnetic
radiation. In some embodiments, the biosensor or system disclosed herein comprises one or a
plurality of ligh sources. Such light source may be LEDS, incandescent lamps, lasers, or the
like or any other device that can excite wavelengths of light.

[0058] As used herein, the term "light detector” refers to any device that can detect or quantify
the presence of electromagnetic radiation. In some embodiments, the biosensor or system
disclosed herein comprises one or a plurality of light detectors. Such light detectors may
include one of a combination of photodiodes, cameras (such as CMOS or CCD cameras), or
spectrophotometers. In some embodiments, a filter and/or current accelerator is used in
conjunction with the light detector.

[0059] As used herein, the term "antibody” refers to any immunoglobulin, whether natural or
wholly or partially synthetically produced. In some embodiments, an antibody is a complex
comprised of 4 full-length polypeptide chains, each of which includes a variable region and a
constant region, e.g., substantially of the structure of an antibody produced in nature by a B
cell. In some embodiments, an antibody is a single chain. In some embodiments, an antibody
is cameloid. In some embodiments, an antibody is an antibody fragment. In some
embodiments, an antibody is chimeric. In some embodiments, an antibody is bi-specific. In
some embodiments, an antibody is multi-specific. In some embodiments, an antibody is
monoclonal. In some embodiments, an antibody is polyclonal. In some embodiments, an
antibody is conjugated (i.e., antibodies conjugated or fused to other proteins, radiolabels,
cytotoxins). In some embodiments, an antibody is a human antibody. In some embodiments,
an antibody is a mouse antibody. In some embodiments, an antibody is a rabbit antibody. In
some embodiments, an antibody is a rat antibody. In some embodiments, an antibody is a
donkey antibody. In some embodiments, the biosensor or system described herein comprises
an antibody or plurality of antibodies.

[0060] Characteristic: As is used herein, the term "characteristic" refers to any detectable
feature of a sample of bodily fluid that allows it to be distinguished from a comparable sample
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of bodily fluid. In some embodiments, a characteristic is an amount or identity of an amino acid.
In some embodiments, a characteristic is an amount or sequence of a gene transcript. In some
embodiments, a characteristic is an amount, sequence of, or modification of an amino acid. In
some embodiments a characteristic is an amount of a carbohydrate. In some embodiments, a
characteristic is an amount of a small molecule.

[0061] Comparable: As is used herein, the term "comparable” is used to refer to two entities
that are sufficiently similar to permit comparison, but differing in at least one feature.

[0062] Metabolic Enzyme: As is used herein, the term "metabolic enzyme" means an enzyme
responsible for catalysis of at least one step in the metabolic pathway of one or more amino
acids. In some embodiments, the metabolic enzyme is phenylalanine dehydrogenase,
glutamate dehydrogenase, respective functional fragments or a combination thereof or a
fusion protein thereof. In the present invention, the at least one metabolic enzyme is a
phenylalanine dehydrogenase comprising the amino acid sequence of SEQ ID NO: 1.

[0063] As used herein the terms "metabolic disease” is any one of a group of disorders caused
by a defect in an enzymatic step in the metabolic pathway of one or more amino acids or in a
protein mediator necessary for transport of certain amino acids into or out of cells. In some
embodiments, the metabolic disease is chosen from: Argininemia (ARG, arginase deficiency)
Argininosuccinate acidemia (ASA, argininosuccinase) Citrulinemia type | (CIT-l,
argininosuccinate synthetase) Citrullinemia type Il (CIT-II, citrin deficiency) Defects of biopterin
cofactor biosynthesis (BIOPT-BS) Defects of biopterin cofactor regeneration (BIOPT-RG)
Homocystinuria (HCY, cystathionine beta synthase) Hyperphenylalaninemia (H-PHE)
Hypermethioninemia (MET) Maple syrup urine disease (MSUD, branched-chain ketoacid
dehydrogenase) Phenylketonuria (PKU, phenylalanine hydroxylase) Tyrosinemia type | (TYR-
1, fumarylacetoacetate hydrolase), Tyrosinemia type Il (TYR-II, tyrosine aminotransferase),
and Tyrosinemia type Il (TYR-Ill, hydroxyphenylpyruvate dioxygenase) where the
parenthetical phrases after each disease state represent an abbreviation for the disease
accompanies by the enzyme that is generally defective in the subject suffering from the
disease state. In some embodiments of the present invention the metabolic disease is chosen
from at least one or a combination of: phenylketonuria, hyperammonemia, and maple syrup
urine disease.

[0064] Polypeptide: The term "polypeptide”, as used herein, generally has its art-recognized
meaning of a polymer of at least three amino acids. Those of ordinary skill in the art will
appreciate that the term "polypeptide” is intended to be sufficiently general as to encompass
not only polypeptides having the complete sequence recited herein, but also to encompass
polypeptides that represent functional fragments (i.e., fragments retaining at least one activity)
of such complete polypeptides. Moreover, those of ordinary skill in the art understand that
protein sequences generally tolerate some substitution without destroying or significantly
reducing activity. Thus, any polypeptide that retains activity and shares at least about 30-40%
overall sequence identity, often greater than about 50%, 60%, 70%, 75%, 80%, or 85%, and
further usually including at least one region of much higher identity, often greater than 90% or
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even 95%, 96%, 97%, 98%, or 99% in one or more highly conserved regions, usually
encompassing at least 3-4 and often up to 20 or more amino acids, with another polypeptide of
the same class, is encompassed within the relevant term "polypeptide" as used herein.

[0065] As used herein, the term "threshold value” is the concentration of amino acid in a
sample of bodily fluid that indicates whether the amount of amino acid in the sample is
considered abnormally high or low resulting in a diagnosis or suspected diagnosis of a
particular disorder, such as a metabolic disease. For instance, in the case of a blood sample,
known threshold values for certain aminoacidopathies are indicated in Table 1 below:

Table 1: Aminoacidopathies and their associated amino acid markers detectable in a sample

Disorder Marker Abnormal Range

ARG Arginine > 100 umol/L

ASA Argininosuccinic acid > 4.0 umol/L
ASA/Arg >0.75

CIT-l and CIT-II Citrulline > 60 umol/L
Cit/Tyr >1.0
Cit/Arg >6.0

HCY and MET Methionine > 70 umol/L
Met/Phe >1.2

MSUD Leucine > 250 umol/L

Valine > 250 umol/L
Leu/Phe >4.0
Val/Phe >3.5

PKU, H-PHE Phenylalanine > 130 umol/L
BIOPT-BS and BIOPT-RG Phe/Tyr >2.0

TYR-A, TYRI—IIII, and TYR- Tyrosine > 250 umol/L

[0066] In some embodiments, information about a threshold value or reference sample of
bodily fluid is obtained prior to or simultaneously with information about an experimental
sample of bodily fluid. In some embodiments, information about a threshold value or reference
sample of bodily fluid is obtained prior to or simultaneously with concentration calculation or
detection about an experimental sample of bodily fluid. In some embodiments, information
about a reference cell or cell type is historical. In some embodiments, information about a
threshold value or reference sample of bodily fluid is stored for example in a computer-
readable storage medium. In some embodiments, comparison of a particular concentration
value with a threshold value or reference sample of bodily fluid differentiates the concentration
values of one or more amino acids in an experimental sample of bodily fluid with the threshold
values thereby allowing a comparison that results in diagnosing a subject with one or more
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metabolic diseases or a change in severity of one or more metabolic diseases.

[0067] Reference electrode: As will be understood from context, a reference electrode or
control electrode is an electrically conductive support such as an electrode placed in a circuit
with an at least one electrically conductive support comprising hydrogel and/or immobilized
enzymes disclosed herein, to permit a relevant comparison of voltage difference between the
reference or control electrode and the at least one electrically conductive support at which the
experimental sample will be measured. In some embodiments, the experimental electrode or
electrode comprise hydrogel and/or immobilized enzymes disclosed herein. In some
embdiments, the reference electrode does not comprise immobilized enzyme.

[0068] Reference surface: As will be understood from context, a reference surface or control
surface is such as portion of a microfluidic chamber upon which the a control reaction is run. In
some embodiments, the reference surface permits a relevant comparison of light detector
measurements between the reference or control electrode and the at least one experimental
surface where an sample will be measured. In some embodiments, the experimental surface
comprises immobilized enzymes disclosed herein. In some embdiments, the reference
electrode does not comprise immobilized enzyme.

[0069] Sample: As used herein, the term "sample” refers to a biological sample obtained or
derived from a source of interest, as described herein. In some embodiments, a source of
interest comprises an organism, such as an animal or human. In some embodiments, a
biological sample comprises biological tissue or fluid. In some embodiments, a biological
sample may be or comprise bone marrow; blood; blood cells; ascites; tissue or fine needle
biopsy samples; cell-containing body fluids; free floating nucleic acids; sputum; saliva; urine;
cerebrospinal fluid, peritoneal fluid; pleural fluid; feces; lymph; gynecological fluids; skin swabs;
vaginal swabs; oral swabs; nasal swabs; washings or lavages such as a ductal lavages or
broncheoalveolar lavages; aspirates; scrapings; bone marrow specimens; tissue biopsy
specimens; surgical specimens; feces, other body fluids, secretions, and/or excretions; and/or
cells therefrom, etc. In some embodiments of the invention, a biological sample is or comprises
bodily fluid. In some embodiments, a sample is a "primary sample" obtained directly from a
source of interest by any appropriate means. For example, in some embodiments, a primary
biological sample is obtained by methods selected from the group consisting of biopsy (e.g.,
fine needle aspiration or tissue biopsy), surgery, collection of body fluid (e.g., blood, lymph,
feces etc.), etc. In some embodiments, as will be clear from context, the term "sample" refers
to a preparation that is obtained by processing (e.g., by removing one or more components of
and/or by adding one or more agents to) a primary sample. For example, filtering using a
semi-permeable membrane. Such a "processed sample” may comprise, for example nucleic
acids or proteins extracted from a sample or obtained by subjecting a primary sample to
techniques such as amplification or reverse transcription of mMRNA, isolation and/or purification
of certain components, etc. In some embodiments, the methods disclosed herein do not
comprise a processed sample. In some embodiments, the sample is unprocessed or unfiltered
whole blood or plasma from a mammal.
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[0070] The disclosure relates to a biosensor for measuring a total concentration of one or a
plurality of specific amino acids and kits comprising the same. In some embodiments, the
amino-acid biosensor comprises an outer housing comprising at least one or at least two
layers of a barrier material (such as plastic or metal) that separates the reaction surface from a
point external to the biosensor. In some embodiments, the outer housing comprises one plastic
rectangular frame or two rectangular frames that, when adjacent to each other, form a
cartridge. At least one of the layers may have a opening on its face that exposes a divet, well,
application site or other fluid opening designed to receive a sample. The housing may also
comprise a slit or tab or a movable portion that exposes an opening to receive a filter paper
and /or any other component of the internal portion of the biosensor. In some embodmients,
for instance, the cartridge may be rechargeable with a access point such that the access point
allows the removeal and insertion of filter paper and/or a new microfluidic chamber in the
internal portion of the biosensor. In this way, the cartridge or housing provides a solid support
that separate the external environment from the reaction surface and, in some cases, the rest
of the microfluidic chamber. In some embodiments the one or two layers of plastic are laminate
plastic. In some embodiments, the entire housing comprising the microfluidic chamber and the
filter paper is no more than about 10 cubic inches. In some embodiments, the entire housing
comprising the microfluidic chamber and the filter paper is no more than about 10 cubic inches.
In some embodiments, the entire housing comprising the microfluidic chamber and the filter
paper is no more than about 10 cubic inches. In some embodiments, the entire housing
comprising the microfluidic chamber and the filter paper is no more than about 9 cubic inches.
In some embodiments, the entire housing comprising the microfluidic chamber and the filter
paper is no more than about 8 cubic inches. In some embodiments, the entire housing
comprising the microfluidic chamber and the filter paper is no more than about 7 cubic inches.
In some embodiments, the entire housing comprising the microfluidic chamber and the filter
paper is no more than about 6 cubic inches. In some embodiments, the entire housing
comprising the microfluidic chamber and the filter paper is no more than about 5 cubic inches.
In some embodiments, the entire housing comprising the microfluidic chamber and the filter
paper is no more than about 4 cubic inches. In some embodiments, the entire housing
comprising the microfluidic chamber and the filter paper is no more than about 3 cubic inches.
In some embodiments, the entire housing comprising the microfluidic chamber and the filter
paper is no more than about 2 cubic inches. In some embodiments, the entire housing
comprising the microfluidic chamber and the filter paper is no more than about 1 cubic inch. In
some embodiments, the width of the housing comprising the microfluidic chamber and the filter
paper is from about 1 inch to about 3 inches. In some embodiments, the width of the housing
comprising the microfluidic chamber and the filter paper is from about 0.5 inches to about 5
inches. In some embodiments, the length of the housing comprising the microfluidic chamber
and the filter paper is from about 1 inch to about 3 inches. In some embodiments, the length of
the housing comprising the microfluidic chamber and the filter paper is from about 0.5 inches
to about 5 inches. In some embodiments, the height or thickness of the housing comprising the
microfluidic chamber and the filter paper is from about 0.1 inch to about 1.5 inches. In some
embodiments, the height or thickness of the housing comprising the microfluidic chamber and
the filter paper is from about 0.2 inches to about 1 inch.
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[0071] In some embodiments of the disclosure, a filter paper is adjacent to at least one layer of
plastic of the housing and the filter paper is in fluid communication with at least one microfluidic
chamber positioned adjacent to or proximate to the filter paper. In one embodiment, the
biosensor comprises a housing comprising one plastic layer with a first fluid opening for
receiving a sample and a second plastic layer such as a plastic test strip support that, when
assembled allow a space therebetween in which at least one filter paper and one micrfluid
chamber are positioned. In some embodimients, the housing comprises a slit on at least one
edge through which filter paper and/or at least one microfluidic chamber may be removed or
exchanged with a new filter paper or microfluidic chamber after a filter paper and/or a
microfluidic chamber has been used for analyzing a sample. In this way and in some
embodiments, a housing in the form of a cartridge may be reused and unused filter papers
and/or microfluidic chambers may be replaced after each use of the device with one sample. in
some embodiments, the internal reaction may be performed only once and in series. In some
embodiments, the biosensor or any system disclosed herein

[0072] In some embodiments of the disclosure, the filter paper comprises or consists of one or
a combination of materials set forth in Table 2. In some embodiments, the filter paper is of
sufficient width and length to adequately coat at least one side or surface of the divet, well,
application site or other fluid opening designed to receive a sample of bodily fluid. In some
embodiments the thickness of filter paper is from about 1 micron to about 1000 microns. In
some embodiments the thickness of filter paper is from about 10 microns to about 900
microns. In some embodiments the thickness of filter paper is from about 10 microns to about
800 microns. In some embodiments the thickness of filter paper is from about 10 microns to
about 700 microns. In some embodiments the thickness of filter paper is from about 10
microns to about 600 microns. In some embodiments the thickness of filter paper is from about
10 microns to about 500 microns. In some embodiments the thickness of filter paper is from
about 10 microns to about 400 microns. In some embodiments the thickness of filter paper is
from about 10 microns to about 300 microns. In some embodiments the thickness of filter
paper is from about 10 microns to about 200 microns. In some embodiments the thickness of
filter paper is from about 10 microns to about 100 microns. In some embodiments, the
thickness of the filter paper is of sufficient thickness to allow both : (i) separation of fluid
components from solid components in the sample; and (i) capillary action of the fluid
components from the divet, well, application site or other fluid opening to the at least one
microfluidic chamber. Effective capillary action through the filter paper encourages capillary
action of the fluid component of the sample throughout the microfluidic chamber and facilitates
exposure of the fluid component of the sample to the at least one reaction surface in the
microfluidic chamber.

[0073] The microfluidic chamber of the present disclosure may include one or a plurality of
channels or branches through which a fluid component of a sample may flow upon contact to
the channels or branches, wherein one end of the channel is in fluid communication with that
portion of the microfluidic chamber most proximate to the interface between the divet, well,
application site or other fluid opening and the filter paper, and the other end of the channel
may be in fluid communication with one or a plurality of reaction surfaces. In some
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embodiments, the one or plurality of channels of the microfluidic chambers may be in fluid
communication with one or a plurality of experimental reaction surface or a reference surfaces
of the microfluidic chamber. In this way a fluid component of one sample applied to the
biosensor may used for both a control or referencee measurement and an experimental
measurement. It is contemplated that in some embodiments the reference surface is free of
lyophilized enzyme or functional fragments thereof. The microfluidic chamber may be of any
width sufficient for a fluid component of one sample applied to the biosensor to move from the
section of the microfluidic chamber most proximate to the filter paper to a portion of the
microfluidic chamber that is most proximate to a reaction surface. In some embodiments, the
width of a channel is from about 1 to about 5000 microns. In some embodiments, the width of
a channel is from about 250 to about 2000 microns. In some embodiments, the width of a
channel is from about 250 to about 1800 microns. In some embodiments, the width of a
channel is from about 250 to about 1600 microns. In some embodiments, the width of a
channel is from about 250 to about 1400 microns. In some embodiments, the width of a
channel is from about 250 to about 1200 microns. In some embodiments, the width of a
channel is from about 250 to about 1000 microns. In some embodiments, the width of a
channel is from about 250 to about 800 microns. In some embodiments, the width of a channel
is from about 250 to about 600 microns. In some embodiments, the width of a channel is from
about 250 to about 400 microns. In some embodiments, the width of a channel is from about
250 to about 350 microns. In some embodiments, the microfluidic chamber comprises
channels with variable widths across the length of each channel. In some embodiments, the
channels comprise equal widths or dimensions across each of its sides. In some embodiments,
the channels comprise a width equal to the width of the portion of the microfluidic chamber that
comprises one or a plurality of reaction surfaces. In such a case, the microfluidic chamber may
appear as it does in Figure 18, whereby a portion of the microfluidic chamber most distal from
the porition of the microfluidic chamber most proximate to the filter paper comprises a reaction
surface with a width equal to the width of the channel portion. In this case, the microfluidic
chamber creates a uniform pattern of channels that appear to create a "Y" or "T" in the case of
the depicted embodiment. In some embodiments, the microfluidic chamber is branched but
comprises a reaction portion comprising at least one reaction surface with domensions greater
than the width of the channel. An embodiment of this type is depicted in Figure 16. In some
embodiments, the filter paper comprises one or a combination of: nitrocellulose, glass fiber,
cellulose, polyester. In some embodiments the filter paper is free of cellulose, glass fiber,
nitrocellulose or polyester. In some embodiments the filter paper is free of polystyrene.

[0074] In some embodiments, the microfluidic chamber of the disclosure comprises one or a
plurality of reaction surfaces. In some embodiments, if the reaction surface is for collection of
experimental data as compared to a surface used as a reference surface, the reaction surface
comprises a lyophilized metabolic enzyme disclosed herein and one or a plraulty of sugar
species. In some embodiments the sugar is trehalose. In some embodiments, the enzyme or
functional fragmen thereof is lyophilized in the presence of a sugar at a concentration of from
about 1 pM to about 500 pM. In some embodiments, the metabolic enzyme or functional
fragment thereof is lyophilized in a sugar solution with a concentration from about 1 nM to
about 999 mM. In some embodiments, the metabolic enzyme or functional fragment thereof is
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lyophilized in a sugar solution with a concentration from about 100 nM to about 999 mM. In
some embodiments, the metabolic enzyme or functional fragment thereof is lyophilized in a
sugar solution with a concentration from about 1000 nM to about 999 mM. In some
embodiments, the metabolic enzyme or functional fragment thereof is lyophilized in a sugar
solution with a concentration from about 1 pM to about 1 mM. In some embodiments, the
metabolic enzyme or functional fragment thereof is lyophilized in a sugar solution with a
concentration from about 1 uM to about 500 uM. In some embodiments, the metabolic enzyme
or functional fragment thereof is lyophilized in a sugar solution with a concentration from about
100 uM to about 500 uM. In some embodiments, the sugar solution comprises sucrose and/or
trehalose. In some embodiments, the sugar solution is free of or substantially free of a salt. In
some embodiments, the sugar solution comprises a Tris buffer.

[0075] The disclosure also relates to a system comprising the biosensors disclosed herein and
a computer processor and a display. In some embodiments, the disclosure relates to a
computer-implemented method of quantifying amino acid concentration in a sample. The
equipment necessary to measure the quantity or intensity of light at a certain wavelength
includes a light detector. A light detector can be a microscope, camera, photodiode, CCD or
CMOS camera, spectrophotometer or any other device that collects light and can either image
light or transmute the light collected to an analog and/or digital signal in the presence or
absence of a controller (a device that changes an analog signal to a digital signal). In some
embodiments, the system comprises a light detector positioned a distance from the reaction
surface sufficient for the light detector to receive light from the reaction surface after irradiating
the surface with a light source. In some embodiments, the light detector is in elcctrical
communication to a circuit that that comprises at least one controller (such as a voltmeter or
amperometer) and a display through which a digital signal displayed to a user.

[0076] In some embodiments, the disclosure relates to a system comprising a processor that
performs a computer-implemented method of quantifying amino acid concentration in a sample
of a subject. In some embodiments, the processor is a component of a controller in operable
communication with one or a plurality of circuits attached to the light detector. Any algorithm
that can receive current or analog signal and create a graph to represent the presence,
quantity, intensity or absorbance of light can be used with the biosensor. In some embodiments
the system utilizes an algorithm In some embodiments, the system comprises a processor
optionally located at or proximate to the location where the reaction is performed. In some
embodiments, the processor is accessible by internet connection, operably connected to a
computer storage memory that stores subject's concentration values over one or a plurality of
time periods.

[0077] Algorithms for transmuting a electromagnetic radiation such as light to a quantitative
output are generally known but can be found in tSensors and Actuators 8 196 (2014): 156-160.
Briefly, measures electromagnetic radia-tion from the colored test zones with the
complementarymetal-oxide-semiconductor (CMOS) sensor present in the smart-phone
camera. The algorithm processes this information asconcentrations of the analytes in each test
zone and then the app displays the corresponding value on the smartphone screen. The
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sensitivity of the colorimetric measurement is based on the accuracy of the camera's CMOS
sensor, on the color uniformity of the colorimetric reactions, and on the number of calibration
points.

[0078] The calibration step collects the calibration curve for a given colorimetricsensor and
ambient light conditions. Here, the user inputs (i) sensor type, (i) target analytes, (iii) units of
the concentration, and (iv) number of reference data points to be stored. Once this information
is entered, the user captures the images of the calibration points. The smartphone is
perpendicularly positioned over the assay at a fixed distance of 5 cm at a given ambient
condition. The distancewas kept constant in order to match the colorimetric zones with the
evaluation area defined by the software. The measurementswere performed at ambient
temperature (24°C). Capturing cali-bration points was achieved within ~1 min, and the
calibration wasstored in the smartphone memory for later use. The app was cali-brated for
measurements in pH, glucose and protein, based on 5, 4and 5 data points, respectively. The
app locates the reference col-ors (100 pixels) and transforms and averages the CMOS data
intonon-linear RGB (red, green, blue) values (Rc, Gc, Bc) for each pixel. Subsequently, the app
linearizes the RGB values (RI, GI, Bl) through the following set of equations:
055+ B, 055 + 6,4 °° 055 + B,
nE (W) = (’“ «1.2@557} Bi= {W)

R4 is the new linear value for red, G4 for green, B4 for blue.

Rj is the raw measured red levels, G54 for green, B4 for blue

[0079] Next, linear RGB values are converted to tristimulus values, X, Y,Z by the following
relationships:

X o= 01 B058; + 0.35760, + D41 4R {4}
¥ = B07238 4 071526, + D216k, (5}
7 = 085050 + 011926, + 0.01938, {6}

[0080] Finally, X, Y, Z tristimulus values are converted into the 2D (x, y)CIE 1931 chromaticity
space [17] using:
i

i «Vm.‘r____i__d__ Ly
‘?@g ” X E ¥ _?Ef ﬁ?}

¥ ”
W NIV o

[0081] After defining the values of xjand yjfor the jth concentrationdata point Cj, the app saves
the data points in an internal database to complete the calibration, before returning to the main
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screen of an mobile phone device.

Fluorescence to Colorimetric Measurements.

[0082] The user captures the image of the target assay using exactly the same conditions as
for the calibration points (e.g. distance, lighting and temperature), and the app follows the
same steps per-formed for the calibration. Briefly, the app converts the CMOS datato RGB,
which are linearized, converted to tristimulus values that are finally expressed as measured 2D
chromaticity values (xm, ym).

[0083] Then, the app computes the finalmeasurement by comparing the target data values
with respect to the calibration curve. This is achieved by an interpolation algorithm similar to
the nearest neighbor problem in computational geometry. For each point in the calibration
curve (j), the shortest distance from the measurement value to the calibration point is
determined by:

dkm\/(xk_xjﬁ"{yk"y)g (9)

where k is an integer and goes from 1 to the number of stored x and y pairs (points) in the
calibration curve, i.e. k = . The algorithm stores two shortest distances to the sample point: dks
and dkss, respectively, obtained by Eq. (9). Their x and y values obtained by Eqgs.(7) and (8),
together with their concentrations C are stored in the software memory. The concentration
range, dc, of the nearest two datapoints is calculated as:

A= 10~ Crs! (10)

where Cks and Ckss are the concentrations of the points corresponding to dks and dkss. The
distance in x and y coordinates on the chromaticity space between the two nearest points on
the calibration curve to the measurement point is calculated as

Y (=510, Vi) (1)

[0084] The app then calculates the shortest distance from that measurement point to the line
between the two calibration points, dsd,using the following expression:

me - xks)(yks - 7"gm) - (Xf(m' - xm)(‘yﬁz.i‘ . vﬁc,:s,sjl {12)

dsg =
‘\j(.xkuss - Xys)" + (};&m — Yis ‘}2

[0085] The largest among dis, dkssor dsg is determined and stored. The t variation, vz, is
calculated as a ratio or proportion, given the concentration range dcfor the largest distance as:

dmdc (13)

v
d«;{ ¥

where dn, is the largest among dis, dyss and dgq. By using a similar proportionality approach,

the distance from one of the correspond-ing calibration points to the point on the line to where
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dsq is measured, is computed as the concentration (Cm).

dyde (14)

(15)

[0086] The computed concentration, Cm, is located within the concentration range previously
calculated, but it varies based on the distance between the measurement point and the
calibration curve. After the algorithm ends, the software displays the diagnostic results for the
calculated analyte concentrations. The display can be sent to the biosensor display or be
integrated within the system as a component of the mobile phone device that collected the
colorimetric data.

[0087] In some embodiments, the subject of the subject’ healthcare provider or the subject
may access the internet to communicate with a server linked to the computer storage memory.
Subject data reports may be generated and obtained by the subject after initiating a retrieve
command through the processor. In some embodiments, the system comprises a computer
program-product that performs a function convert current signals generated bya biosensor to
concentration of a particular amino acid in a sample. In some embodiments, the disclosure
relates to a system including at least one processor and a computer readable memory, said
computer readable memory having stored thereon program code for quantifying amino acid
concentration in a sample of bodily fluid comprising: means for storing data associated with a
subject; means for, responsive to receiving a level of current response from a biosensor or its
computer storage memory, presenting a concentration value to a user as part of a user
interface. In some embodiments, the user is the subject or healthcare provider of the subject.
In some embodiments, the disclosure relates to a system that comprises at least one
processor, a program storage, such as memory, for storing program code executable on the
processor, and one or more input/output devices and/or interfaces, such as data
communication and/or peripheral devices and/or interfaces. In some embodiments, the user
device and computer system or systems are communicably connected by a data
communication network, such as a Local Area Network (LAN), the Internet, or the like, which
may also be connected to a number of other client and/or server computer systems. The user
device and client and/or server computer systems may further include appropriate operating
system software.

[0088] An enzyme selectively acts on one or a plurality of specific amino acids each serving as
a substrate. In some embodiments, the enzyme or a fuinctional fragment thereof has a
substrate affinity to each of the plurality of specific amino acids with which it comes into
contact. The enzyme is operable to catalyze a reaction in each of the plurality of specific amino
acids as a substrate so as to form a reaction product. In some embodiments comprising an
electrode having a mediator, the mediator is operable, during amino-acid concentration
measurement, to carry electrons between the reaction product and the measuring electrode.
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Further, the amino-acid biosensor is designed to apply a voltage between a measuring
electrode and a counter electrode at a measurement point in such a manner that, in an
analytical curve representing a relationship between an applied voltage and a current value in
a specific concentration for each of the plurality of specific amino acids, the applied voltage is a
voltage allowing the variety of the current values for the amino acids in the same concentration
and at the same applied voltage. In some embodiments, the biosensor or the system is free of
an electrode or electrically conductive support at the reaction surface.

[0089] In some embodiments of the disclosure, a biosensor or system disclosed herein is used
in conjunction with the following:

1. 1. a power source in electrical connection with the electrodes and capable of supplying
an electrical potential difference between the electrodes sufficient to cause diffusion
limited electro- oxidation of the reduced form of the mediator at the surface of the
working electrode; and

2. 2. at least one meter, (such as a voltmeter and/or amperometer) in electrical connection
with a circuit and capable of measuring the diffusion limited current produced by
oxidation of the reduced form of the mediator with the above-stated electrical potential
difference is applied.

[0090] The meter will normally be adapted to apply an algorithm to the current measurement,
whereby an analyte concentration is provided and visually displayed. Improvements in such
power source, meter, and biosensor system are the subject of commonly assigned U.S. Pat.
No. 4,963,814, issued Oct. 16, 1990; U.S. Pat. No. 4,999,632, issued Mar. 12, 1991; U.S. Pat.
No. 4,999,582, issued Mar. 12, 1991; U.S. Pat. No. 5,243,516, issued Sep. 7, 1993; U.S. Pat.
No. 5,352,351, issued Oct. 4, 1994; U.S. Pat. No. 5,366,609, issued Nov. 22, 1994; White et al,
U.S. Pat. No. 5,405,511, issued Apr. 11, 1995; and White et al., U.S. Pat. No. 5,438,271, issued
Aug. 1, 1995.

[0091] Many fluid samples may be analyzed. For example, human and non-human body fluids
such as whole blood, plasma, sera, lymph, bile, urine, semen, cerebrospinal fluid, spinal fluid,
lacrimal fluid and stool specimens as well as other biological fluids readily apparent to one
skilled in the art may be measured. Fluid preparations of tissues from humans and non-human
animals can also be assayed, along with foods, fermentation products and environmental
substances, which potentially contain environmental contaminants. In some embodiments,
human serum is assayed with this disclosure.

[0092] After reaction is complete, a power source (e.g., a battery) applies a current through a
circuit in electrical communication with a ligh detector. In some embodiments, the power
source When the potential difference is applied, the amount of oxidized form of the mediator at
the auxiliary electrode and the potential difference must be sufficient to cause diffusion-limited
electro-oxidation of the reduced form of theat least one mediator at the surface of the working
electrode. In some embodiments, the working electrode comprises a hydrogel disclosed
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herein. A current measuring meter (not shown) measures the diffusion-limited current
generated by the oxidation of the reduced form of the mediator at the surface of the working
electrode. The measured current may be accurately correlated to the concentration of one or
more amino acids in sample when the following requirements are satisfied:

1. 1. The rate of oxidation of the reduced form of the mediator is governed by the rate of
diffusion of the reduced form of the mediator to the surface of the working electrode.

2. 2. The current produced is limited by the oxidation of reduced form of the mediator at
the surface of the working electrode.

[0093] To manufacture biosensor a roll of metallized film is fed through guide rolls into an
ablation/washing and drying station. A laser system capable of ablating bottom plate element
14 is known to those of ordinary skill in the art. Non-limiting examples of which include excimer
lasers, with the pattern of ablation controlled by mirrors, lenses, and masks. A non-limiting
example of such a system is the LPX-300 or LPX-200 both commercially available from LPKF
Laser Electronic GmbH, of Garbsen, Germany.

[0094] In the laser ablator, the metallic layer of the metallized fiim is ablated in a
predetermined pattern, to form a ribbon of isolated electrode sets. The metallized film is further
ablated, after the isolated electrode sets are formed to create recesses positioned adjacent the
electrochemical area. The ribbon is then passed through more guide rolls, with a tension loop
and through an optional inspection camera. The camera is used for quality control in order to
check for defects.

[0095] Reagent is compounded and applied in a liquid form to the center of the
electrochemical area at a dispensing and drying station. Reagent application techniques are
well known to one of ordinary skill in the art as described in U.S. Pat. No. 5,762,770. It is
appreciated that reagent may be applied to array in a liquid or other form and dried or semi-
dried onto the center of the electrochemical area in accordance with this disclosure.

[0096] In addition, a roll or top plate element material is fed into an assembly station along with
a roll of spacer material. Liners on either side of the spacer material are removed in that
station and the top plate element or surface scaffold is applied to one side of the spacer
material to form a top plate element/spacer subassembly. The top plate element/spacer
subassembily is slit into the appropriate width for a row of biosensors. Next, a new release liner
is added to the side of the spacer material opposite the cover and the subassembly is wound
into a roll.

[0097] The ribbon of the reagent-coated bottom plate element is unwound and fed into a
sensor assembly station along with the top plate element/spacer subassembly. The liner is
removed from the spacer and the subassembly is placed on bottom plate element to cover
reagent. Next, the assembled material is cut to form individual biosensors, which are sorted
and packed into vials, each closed with a stopper, to give packaged sensor test strips.
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[0098] Although ablating recesses is described herein, it is appreciated that the method of
forming recesses in bottom plate element is also not limited. For example, the recesses may
be formed by etching (e.g., using photoligographic methods) or otherwise removing a portion
of the surface of top plate element. The nearest electrode edge is approximately 10 (im to 500
(im from the recess, preferably 100 (im to 400 (im from the recess, most preferably 200 (im to
300 (im from the recess. Biosensors that are formed with recesses in accordance with this
disclosure yield a reagent profile with generally uniform thickness of chemistry. A generally
uniform thickness of chemistry allows for more accurate sample analysis.

[0099] The processes and products described above include a disposable biosensor,
especially for use in diagnostic devices.

Electrode

[0100] In some embodiments, the biosensor, system or test strip disclosed herein comprise
one or more electrodes. In some embodiments, the biosensor, system or test strip disclosed
herein do not comprise one or more electrodes at or near a reaction surface. In some
embodiments, the biosensor, system or test strip disclosed herein do not comprise one or
more electrodes. In some embodiments, the one or more electrodes transmit current variation
generated by the reaction between the metabolic enzyme or functional fragment thereof and
its one or more substrates. In some embodiments, the one or more substrates are one or
more amino acids. In some embodiments, the electrodes comprise metal. In some
embodiments, the electrodes comprise a carbon scaffold upon which a metal is deposited. In
some embodiments, the electrodes comprise a carbon scaffold of carbon nanotubes.

[0101] Electrode structures which are suitable for the present disclosure and pmethods for the
production of such structures have already been suggested in biosensor technology for other
purposes. In this regard, reference is made to U.S. Pat. No. 6,645,359. Electrodes or
Electrically conductive tracks are created or isolated on first surface. Tracks represent the
electrodes of biosensor. As used herein, the phrase "electrode set" is a set of at least two
electrodes, for example 2 to 200, or 3 to 20, electrodes. These electrodes may, for example,
be a working (or measuring) electrode and an auxiliary electrode. In some embodiments,
tracks cooperate to form an interdigitated electrode array positioned within the periphery of
recesses and leads that extend from array and between recesses toward end.

[0102] Tracks are constructed from electrically conductive materials. Non-limiting examples of
electrically-conductive materials include aluminum, carbon (such as graphite), cobalt, copper,
gallium, gold, indium, iridium, iron, lead, magnesium, mercury (as an amalgam), nickel,
niobium, osmium, palladium, platinum, rhenium, rhodium, selenium, silicon (such as highly
doped polycrystalline silicon), silver, tantalum, tin, titanium, tungsten, uranium, vanadium, zinc,
zirconium, mixtures thereof, and alloys, oxides, or metallic compounds of these elements.
Preferably, tracks include gold, platinum, palladium, iridium, or alloys of these metals, since
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such noble metals and their alloys are unreactive in biological systems. In some embodiments,
the track is a working electrode made of silver and/or silver chloride, and track is an auxiliary
electrode that is also made of silver and/or silver chloride and is substantially the same size as
the working electrode.

[0103] Tracks are isolated from the rest of the electrically conductive surface by laser ablation.
Techniques for forming electrodes on a surface using laser ablation are known. Techniques for
forming electrodes on a surface using laser ablation are known. See, for example, U.S. patent
application Ser. No. 09/411,940, filed Oct. 4, 1999, and entitled "LASER DEFINED FEATURES
FOR PATTERNED LAMINATES AND ELECTRODE". Tracks are preferably created by
removing the electrically conductive material from an area extending around the electrodes.
Therefore, tracks are isolated from the rest of the electrically-conductive material on a surface
by a gap having a width of about 5 (im to about 500 (im, preferably the gap has a width of
about 100 (im to about 200 (im. Alternatively, it is appreciated that tracks may be created by
laser ablation alone on bottom substrate. Further, tracks may be laminated, screen-printed, or
formed by photolithography.

[0104] Multi-electrode arrangements are also possible in accordance with this disclosure. For
example, it is contemplated that a biosensor may be formed that includes an additional
electrically conductive track. In a three-electrode arrangement such as the arrangement
depicted in Figure 4, the first track is a working electrode, the second is a counter electrode,
and the third electrode is a reference electrode. It is also appreciated that an alternative three-
electrode arrangement is possible where tracks are working electrodes and a third electrode is
provided as an auxiliary or reference electrode. It is appreciated that the number of tracks, as
well as the spacing between tracks in array may vary in accordance with this disclosure and
that a number of arrays may be formed as will be appreciated by one of skill in the art. in some
embodiments, the electrodes are embedded on or attached to a solid support, such as a test
strip comprising a plastic and/or paper material.

[0105] Micro-electrode arrays are structures generally having two electrodes of very small
dimensions, typically with each electrode having a common element and electrode elements or
micro-electrodes. If "interdigitated"” the arrays are arranged in an alternating, finger-like fashion
(See, e.g., U.S. Pat. No. 5,670,031). These are a sub-class of micro-electrodes in general.
Interdigitated arrays of micro-electrodes, or ID As, can exhibit desired performance
characteristics; for example, due to their small dimensions, ID As can exhibit excellent signal to
noise ratios.

[0106] Interdigitated arrays have been disposed on non-flexible substrates such as silicon or
glass substrates, using integrated circuit photolithography methods. ID As have been used on
non-flexible substrates because ID As have been considered to offer superior performance
properties when used at very small dimensions, e.g., with feature dimensions in the 1-3
micrometer range. At such small dimensions, the surface structure of a substrate (e.g., the
flatness or roughness) becomes significant in the performance of the IDA. Because non-
flexible substrates, especially silicon, can be processed to an exceptionally smooth, flat,
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surface, these have been used with ID As. In some embodiments, the at least one electrode is
a component of any IDA disclosed herein.

Filter Paper

[0107] One embodiment of the disclosure relates to a method of using a biosensor disclosed
herein for determining the concentration of amino acid in a sample. In some embodiments, the
biosensor comprises a filter paper to separate blood cells from plasma after applying the blood
sample to the filter paper. In some embodiments, the biosensor comprises filter paper but does
not comprise an electrode connected to or attached to the reaction surface. In such
embodiments, the reaction product will be a reduction product similar to the redux reaction
described below and the way to measure the amount of reduction product will be performed
through measurement of light. One of ordinary skill in the art may know how to measure the
amount of light emitted from a reaction surface comprising a reduction product, but, without an
electrode, the operator may use absorbance measurements through use of a
spectrophotometer or fluorescence measurements after excitation fo the reduction product at
the reaction surface. While an electrode may be present in such embodiments as part of a
circuit for the light detector, the electrode may be wholly absent or not physically connected or
positioned at or near the reaction surface.

Table 2

Description of Plasma Separation Choices

1. Vivid Membrane® by Pall Corporation

a. Separation by size exclusion and capillary action

b. Poly(ethyl sulfone) membrane
2. Blood Separators by GE

a. Fusion 5

b. GF/DVA - bound glass fiber filter

c. LF1 - bound glass fiber

d. MF1 - bound glass fiber

e. VF2 - Bound glass fiber

3. A solid surface comprising one or a pluirality of hemagglutination antbodies to
immobilize red blood cells and separate plasma from whole blood.

Hydrogel

[0108] In some embodiments, the biosensor is free of a hydrogel. In some embodiments, if a
hydrogel is present, the hydrogel may be a cross-linked polymeric material that swells in
aqueous fluid, such as water or plasma, but does not dissolve. It is envisioned that the
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hydrogel may be capable of absorbing at least about 1 to about 10 times, and in one
embodiment at least about 100 times, its own weight of a liquid. The hydrogel chosen for use
in the biosensor should depend directly on the method of functionalization. It is envisioned that
the hydrogel may be biocompatible. In some embodiments, the hydrogel comprises sodium
alginate. In some embodiments, the hydrogel comprises from about 0.1% to about 5% alginate
weight/volume. In some embodiments, the hydrogel comprises from about 0.1% to about 4%
alginate weight/volume. In some embodiments, the hydrogel comprises from about 0.1% to
about 3% alginate weight/volume. In some embodiments, the hydrogel comprises from about
0.1% to about 2% alginate weight/volume. In some embodiments, the hydrogel comprises from
about 0.1% to about 1% alginate weight/volume. In some embodiments, the hydrogel
comprises from about 0.1% to about 1% alginate weight/volume. In some embodiments, the
hydrogel comprises from about 0.2% to about 1% alginate weight/volume. In some
embodiments, the hydrogel comprises sodium alginate. In some embodiments, the hydrogel
comprises from about 0.3% to about 1% alginate weight/volume. In some embodiments, the
hydrogel comprises from about 0.4% to about 1% alginate weight/volume In some
embodiments, the hydrogel comprises from about 0.5% to about 1% alginate weight/volume. In
some embodiments, the hydrogel comprises from about 0.6% to about 1% alginate
weight/volume. In some embodiments, the hydrogel comprises from about 0.7% to about 1%
alginate weight/volume. In some embodiments, the hydrogel comprises from about 0.8% to
about 1% alginate weight/volume. In some embodiments, the hydrogel comprises from about
0.9% to about 1% alginate weight/volume.In some embodiments, the hydrogel comprises from
about 1.0% to about 3.0% alginate weight/volume. In some embodiments, the hydrogel
comprises from about 1.0% to about 2.0% alginate weight/volume. In some embodiments, the
hydrogel comprises from about 1.0% to about 1.5% alginate weight/volume. In some
embodiments, the hydrogel comprises about 1%, about 2%, or about 3% alginate
weight/volume. In some embodiments, the hydrogel comprises sodium alginate. The aliginate
may be any individual polymer of alginate used in bulk form or repitive pattern of monomers, G
blocks, M blocks, and/or GM blocks. In some embodiments the alignate comprises the formula:

OH
OH 0 OH
-0

1.0 -0
-1 HO \ |40

/‘\ HO .0
- wil 72
0 OH |

where m and n are any positive integer. In some embodiments, the hydrogel may be
polymerized from acrylic monomers. The acrylic monomer may be one or a combination of the
following: acrylamido-glycolic acid, acrylamido-methyl-propa-ne-sulfonic acid, acrylamido-
ethylphosphate, diethyl-aminoethyl-acrylamide-, trimethyl-amino-propyl-methacrylamide, N-
octylacrylamide, N-phenyl-acrylamide and tert-butyl-acrylamide. In embodiments in which the
device contains a cross-linking agent, exemplary cross-linking agents may be N,N'-methylene-
bisacrylamide, N,N'-methylene-bismethacrylamide, diallyltatardiamide and poly(ethylene
glycol)dimethacrylate. Examples of suitable hydrogels may also include silicon wafers,
borosilicate glass substrates, 2-hydroxyethyl methacrylate (HEMA), N-Isopropylacrylamide
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(NIPAAm), and polyethylene glycol (PEG).

[0109] The hydrogel may include any number of molecules. For example, the hydrogel may
include a polymerized monomer or hydrogel a cross linking agent and optionally a chemical or
UV-light activated inducer agent. Examples of such monomers or dimers include vinyl acetates,
vinyl pyrrolidones, vinyl ethers, olefins, styrenes, vinyl chlorides, ethylenes, acrylates,
methacrylates, nitriles, acrylamides, maleates, epoxies, epoxides, lactones, ethylene oxides,
ethylene glycols, ethyloxazolines, amino acids, saccharides, proteins, anhydrides, amides,
carbonates, phenylene oxides, acetals, sulfones, phenylene sulfides, esters, fluoropolymers,
imides, amide-imides, etherimides, ionomers, aryletherketones, amines, phenols, acids,
benzenes, cinnamates, azoles, silanes, chlorides, and epoxides, N,N'-methylenebisacrylamide,
methylenebismethacrylamide ethyl eneglycol-dimethacrylate, N,N' -methyl enebisacrylamide,
poly ethyl eneglycoldiacrylate (PEGDA), polyethyleneglycoldimethacrylate (PEGDMA),
polyethyleneglycoldiacrylate (PEGDA), polyethyleneglycoldimethacrylate (PEGDMA),
poly(vinyliden fluoride) (PVdF) based polymer, a polyacrylonitrile (PAN) based polymer, a
polymethylmethacrylate (PMMA) based polymer, a polyvinyl chloride (PVC) based polymer,
and a mixture of the poly(vinyliden fluoride) (PVdF) based polymer, polyacrylonitrile (PAN)
based polymer, polymethylmethacrylate (PMMA) based polymer, and polyvinyl chloride (PVC)
based polymer, and mixtures of any two or more thereof. IN some embodiments, the hydrogel
does not comprise 3,4-dihydroxybenzoic acid (3, 4-DHB) or an analog thereof.

[0110] Cross linking agents and optionally the chemical or UV-light activated inducer agent
may include N,N' -methylenebisacrylamide, methylenebismethacrylamide ethyleneglycol-
dimethacrylate and agent N,N'-methylenebisacrylamide. Irgacure 2959 (Ciba); 2,2-dimethoxy-
2-phenylacetophenone, 2-methoxy-2-phenylacetone, benzyl-dimethyl-ketal, ammonium
sulfate, benzophenone, ethyl benzoin ether, isopropyl benzoin ether, .alpha.-methyl benzoin
ether, benzoin phenyl ether, 2,2-diethoxy acetophenone, 1,1-dichloro acetophenone, 2-
hydroxy-2-methyl-1-phenylpropane 1-on, 1-hydroxy cyclohexyl phenyl ketone, antraquinone,
2-ethyl antraquinone, 2-chloroantraquinone, tioxantone, isopropyltioxantone, chloro tioxantone,
2,2-chlorobenzophenone, benzyl benzoate, and benzoyl benzoate, TEMED, and ammonium
persulfate (APS). In some embodiments, hydrogel comprises a protein, peptide, glycoprotein,
proteoglycans, glycosaminoglycans, and/or carbohydrate that is secreted by cells into the
extracellular environment. In some embodiments, the secreted protein, peptide, glycoprotein,
proteoglycans, glycosamainoglycans, and/or carbohydrate, or structures composed thereof.

[0111] In some embodiments, the disclosure relates to a coated biosensor device comprising
at least one reaction surface, wherein the biosensor comprises a metabolic enzyme or
functional fragment thereof covalently bound or immobilized to the reaction surface, wherein
the metabolic enzyme shares at least 70% sequence identify to SEQ ID NO:1 or SEQ ID NO:2
or shares at least 70% sequence identify to functional fragments of SEQ ID NO: 1 or SEQ ID
NO:2. In some embodiments, the disclosure relates to a coated biosensor device comprising at
least one coating, wherein the biosensor comprises a metabolic enzyme or fuinctional
fragment thereof covalently bound or immobilized within the coating, wherein the coating
comprises a composition comprising a sugar, and a bulking agent, such as a glycine/Tris
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buffer. In some embodiments, the disclosure relates to a biosensor device comprising at least
one surface, wherein the biosensor surface comprises a metabolic enzyme or a functional
fragment thereof covalently bound or immobilized to the surface, wherein the surface
comprises a composition comprising a hydrogel matrix, said matrix comprising any one or
combination of: poly(ethylene glycol) dimethyacrylate with a molecular weight of about 1000
(PEGDMA-1000), 2-hydroxy-2 methyl propiophenone (HMPP) and at least one acrylate,
wherein the acrylate is selected from the group consisting of methacrylic acid (MAA) and
methyl methacrylate (MMA), wherein the ratio of PEGDMA: Acrylate is from about 10:90 mol %
to about 70:30 mol %, and said HMPP is at a concentration of from about 0.2% to about 0.6%,
total weight. In some embodiments, the disclosure relates to a biosensor device comprising at
least one surface, wherein the biosensor surface comprises a metabolic enzyme or a
functional fragment thereof covalently bound or immobilized to the surface, wherein the
surface comprises a sugar, and a bulking agent, and a metabolic enzyme or a functional
fragment thereof. In some embodiments, the components of the reaction surface are
lyophilized or dessicated onto the reaction surface prior to use. In some embodiments, the
reaction surface is free of or substantially free of a salt, whether the nzyme or functional
fragment is desiccated or in lyophilized form.

[0112] In some embodiments, the reaction surface comprises a hydrogel. The hydrogel
solution prior to curing comprises trehalose or an analog thereof at a concentration from about
1 nM to about 999 mM. In some embodiments, the hydrogel solution prior to curing comprises
trehalose at a concentration from about 1 nM to about 10 mM. In some embodiments, the
hydrogel solution prior to curing comprises trehalose at a concentration from about 1 M to
about 9 mM. In some embodiments, the hydrogel solution prior to curing comprises trehalose
at a concentration from about 1 M to about 8 mM. In some emboidiments, the hydrogel
solution prior to curing comprises trehalose at a concentration from about 1 uM to about 7 mM.
In some embodiments, the hydrogel solution prior to curing comprises trehalose at a
concentration from about 1 uM to about 6 mM. In some embodiments, the hydrogel solution
prior to curing comprises trehalose at a concentration from about 1 uM to about 5 mM. In
some emboidiments, the hydrogel solution prior to curing comprises trehalose at a
concentration from about 1 uM to about 4 mM. In some emboidiments, the hydrogel solution
prior to curing comprises trehalose at a concentration from about 1 uM to about 3 mM. In
some embodiments, the hydrogel solution prior to curing comprises trehalose at a
concentration from about 1 uM to about 2 mM. In some embodiments, the hydrogel solution
prior to curing comprises trehalose at a concentration from about 1 yM to about 1 mM. In
some embodiments, the hydrogel solution prior to curing comprises trehalose at a
concentration from about 10 uM to about 1 mM. In some embodiments, the hydrogel solution
prior to curing comprises trehalose at a concentration from about 100 uM to about 1 mM. In
some embodiments, the hydrogel solution prior to curing comprises trehalose at a
concentration from about 200 yM to about 1 mM. In some embodiments, the hydrogel solution
prior to curing comprises trehalose at a concentration from about 300 yM to about 1 mM. In
some embodiments, the hydrogel solution prior to curing comprises trehalose at a
concentration from about 400 yM to about 1 mM. In some embodiments, the hydrogel solution
prior to curing comprises trehalose at a concentration from about 500 uyM to about 1 mM. In
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some embodiments, the hydrogel solution prior to curing comprises trehalose at a
concentration from about 600 yM to about 1 mM. In some embodiments, the hydrogel solution
prior to curing comprises trehalose at a concentration from about 700 uM to about 1 mM. In
some embodiments, the hydrogel solution prior to curing comprises trehalose at a
concentration from about 800 yM to about 1 mM. In some embodiments, the hydrogel solution
(prior to contacting with the electrode) comprises trehalose at a concentration from about 900
MM to about 1 mM.

[0113] The disclosure relates to a biosensor or system described herein that has a sensitivity
from about 125 micrmolar to about 1000 micromolar of amino acid in a sample. In some
embodiments, the biosensor or system described herein has a reduced degree of error. In
some embodiments, the sensitivity of the biosensor or system has an error of no more than
about 10% of the calculated value of amino acid concentration. In some embodiments, the
sensitivity of the biosensor or system has an error of no more than about 9% of the calculated
value of amino acid concentration. In some embodiments, the sensitivity of the biosensor or
system has an error of no more than about 8% of the calculated value of amino acid
concentration. In some embodiments, the sensitivity of the biosensor or system has an error of
no more than about 7% of the calculated value of amino acid concentration. In some
embodiments, the sensitivity of the biosensor or system has an error of no more than about
6% of the calculated value of amino acid concentration. In some embodiments, the sensitivity
of the biosensor or system has an error of no more than about 5% of the calculated value of
amino acid concentration and is capable of differentiating concentrations of 1000, 500, 250
and 125 micromolar amino acid in un processed, whole blood samples.

[0114] In some embodiments, the biosensor housing has a capacity for an unfolded swatch or
piece of filter paper.

Mediators

[0115] In some embodiments of the disclosure, the biosensor is free of an electorn mediator. in
some embodiments, the biosensor is free of at least one or a combination of electron
mediators selected from: thionine, o-phenylenediamine, methylene blue, and toluidine blue.

[0116] In some embodiments, the reaction surface comprises an electron mediator. The
mediator facilitates transport of electrons to the electrode. In some embodiments, the mediator
is attached to the electrode. In some embodiments, the mediator is embedded in the hydrogel.
In some embodiments, the hydrogel comprises one or a combination of mediators chosen
from: mediator 2-Acrylamido-2-methylpropanel, sulfonic acid IV, ethacrylic acid, 2-Sulfoethyl
methacrylate, and 2-Propene-1-sulfonic acid. U.S. Pat. No. 4,254,222 (1981; Owen) and U.S.
Pat. No. 4,351,899 (1982; Owen) disclose an assay for .beta.-hydroxybutyrate where 3-
hydroxybutyrate is oxidized to acetoacetate by .beta.-hydroxybutyrate dehydrogenase (HBDH)
in the presence of nicotinamide adenine dinucleatide (NAD.sup.+). The reduced NADH
produced from this reaction, in turn, reacts with a tetrazolium dye to form a colored formazan
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compound. The degree and intensity of the color transition correlates to the concentration of
.beta.-hydroxybutyrate in the sample solutions. U.S. Pat. No. 5,510,245 (1996; Magers) and
U.S. Pat. No. 5,326,697 (1994; Magers) disclose an improved calorimetric method that utilizes
a reductive pathway based on lipoamide dehydrogenase (LADH) and a thiol-sensitive indicator
dye such as Ellman's reagent. It was found the NADH, produced from the .beta.-
hydroxybutyrate dehydrogenase enzyme reaction, can interact with lipoamide dehydrogenase
(LADH) and D,L-lipoamide to form athiol compound (6,8-dimercaptooctamide). The 6,8-
dimercaptooctamide then interacts with a thiol-responsive indicator dye such as Ellman's
reagent. Upon reaction, the thiol-sensitive indicator dye undergoes a detectable color transition
that can be used to measure the level of 3-hydrobutyrate in the blood sample. The colorimetric
methods for 3-hydrobutyrate suffer the disadvantages of poor stability, interference from co-
existing species such as ascorbate, glutathione etc. in the blood, and insufficient sensitivity and
accuracy. NAD- and NADP-dependent enzymes are of great interest insofar as many have
substrates of clinical value, such as glucose, D-3-hydroxybutyrate, lactate, ethanol, and
cholesterol. Amperometric electrodes for detection of these substrates and other analytes can
be designed by incorporating this class of enzymes and establishing electrical communication
with the electrode via the mediated oxidation of the reduced co factors NADH and NAD PH.
NAD- and NADP-dependent enzymes are generally intracellular oxidoreductases. The
oxidoreductases are further classified according to the identity of the donor group of a
substrate upon which they act. The category of oxidoreductases is also broken down according
to the type of acceptor utilized by the enzyme. The enzymes of relevance have NAD+ or
NADP+ as acceptors. These enzymes generally possess sulphydryl groups within their active
sites and hence can be irreversibly inhibited by thiol-reactive reagents such as iodoacetate. An
irreversible inhibitor forms a stable compound, often through the formation of a covalent bond
with a particular amino acid residue that is essential for enzymatic activity. U.S. Pat. No.
6,541,216 (2003; Wilsey et al.) discloses a biosensor and method to test blood ketone bodies
using an amperometric meter. The test strip has a reagent that is reactive with B-
hydroxybutyrate in sample solution to generate an electrical output signal, which is related to
the concentration of .beta.-hydroxybutyrate in the sample solution. The reagent in this method
includes ferricyanide salt as mediator, .beta.-hydroxybutyrate dehydrogenase as the first
enzyme operative to catalyze the oxidation of .beta.-hydroxybutyrate, NAD+ as a cofactor
corresponding to the first enzyme, and diaphorase as the second enzyme operative to catalyze
the oxidation of a reduction form of the cofactor (NADH). The oxidation form of the mediator
will accept the electron from the second enzyme and generates an electrical signal at the
electrode surface, which is related to the concentration level of .beta.-hydroxybutyrate. U.S.
Pat. No. 6,736,957 (2004; Forrow et al.) and a research paper (N.J. Forrow et.al, Biosensors &
Bioelectronics, 2005, 20, 1617-1625) disclose an amperometric biosensor for .beta.-
hydroxybutyrate based on the discovery of NAD+ and NADP-mediator compounds that do not
bind irreversibly to thiol groups in the active sites of intracellular dehydrogenase enzymes.
These mediator compounds such as 1,10-phenanthroline quinone (1,10-PQ), which is used as
an electron mediator in their electrochemical measurement system, can increase the stability
and reliability response in amperometric electrodes constructed from NAD- and NADP-
dependent enzyme. The dry reagents include 1,10-phenanthroline quinone (1,10-PQ), .beta.-
hydroxybutyrate dehydrogenase andNAD+ as the cofactor. This sensor shows reliable and
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sensitive response to the concentration levels of .beta.-hydroxybutyrate in blood samples.
Meldola's Blue (MB) was also studied as a mediator in the system, but it was found that MB did
not work well in their electrochemical test system due to the inhibition of .beta.-hydroxybutyrate
dehydrogenase enzyme activity by MB and poor long term stability of the test strips.

[0117] The dehydrogenase enzymes such as, for example, glucose dehydrogenase, D-3-
hydroxybutyrate dehydrogenase (HBDH), and lactate dehydrogenase et.al are known to be
common dehydrogenases for construction of biosensors. As disclosed by Forrow et al., there
are certain mediators that are considered efficient mediators for NADH but are irreversible
enzyme inhibitors such as Meldola's blue, 4-methyl-1,2-benzoquinone (4-MBQ), 1-methoxy
phenazine methosulphate (1-Meo-PMS) and 2,6-dichloroindophenol (DCIP), which cause
losing the activity of enzymes, insensitive response and poor stability in sensors containing
dehydrogenase enzymes. In some embodiments, the biosensor, system, or test strip comprise
any one or more of the mediators disclosed herein. In some embodiments, the mediator is
chosen fromone or a combination of. ortho-quinones, para-quinones and quinoneimines in
their basic structural elements. The representative examples of the quinoid structure type
include, but are not limited to, benzo-.alpha.-phenazoxonium chloride, Meldola's Blue (MB),
3,4-methyl-1,2-benzoquinone, 1-methoxy phenazine methosulphate, 1,10-phenanthroline
quinone (1,10-PQ). in some embodiments, the at least one mediator is selected from one or a
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[0119] Any one or more metabolic enzymes may be chosen to be used with the present
disclosure. Metabolic enzymes that can be used individually or in combination with the
biosensor, system or test strip disclosed herein include: any bacterial clone of phenylalanine
dehydrogenase, histidine ammonia lyase, mistidine oxidase. pheylalanine lyase, glutamate
dehydrogenase. In some embodiments of the disclosure the enzyme is chosen from any one
or combination of enzymes disclosed below or their respective functional fragments that are at
least 70%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% homoglous to the full-length enzyme
or nucleic acid encoding such enzyme. In embodiemtns of the present invention the at least
one metabolic enzyme is a phenylalanine dehydrogenase comprising the amino acid sequence

of SEQ ID NO: 1.
Table 3
Organism Enzyme GenBank SEQIDNO
Accession

Thermoactinomyces phenylalanine D00631.1 2

intermedius dehydrogenase

Solanum lycopersicum phenylalanine XMO004246602 {7
ammonialyase

Thermoactinomyces phenylalanine DD421709.1 {8

intermedius dehydrogenase

Caenorhabditis remanei  jphenylalanine XM_003102740 {9

Arabidopsis thaliana glutamate NMJ.21822.3 {10
dehydrogenase

Spirochaeta africana Hisitidine ammonia lyase § NC_017098.1

SEQIDNO:2

MRDVFEMMDRY GHEQVIFCRHPQTGLKANTALHNTTAGPALGGC

RMIPYASTDEALEDVLRLSKGMTYKCSLADVDFGGGKMVIIGDPKKDKSPELFRVIGR
FVGGLNGRFYTGTDMGTNPEDFVHAARESKSFAGLPKSYGGKGDTSIPTALGVFHGMRAT
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ARFLWGTDQLKGRVVAIQGVGKVGERLLQLLVEVGAYCKIADIDSVRCEQLKEKYG
DKVQLVDVNRIHKESCDIFSPCAKGGVVNDDTIDEFRCLAIVGSANNQLVEDRHGALL
QKRSICYAPDYLVNAGGLIQVADELEGFHEERVLAKTEAIYDMVLDIFHRAKNENITT
CEAADRIVMERLKKLTDIRRILLEDPRNSARR

SEQIDNO:7

MASSTVONGHVNGEAMDLCKKSINVNDPLNWEMA AESLRGSHLD
EVKKMVDEFRKPIVKLGGETLTVAQVASIANVDNKSNGVKVELSESARAGVKASSDWV
MDSMGKGTDSYGVTTGFGATSHRRTKNGGALQKELIRFLNAGVFGNGTESSHTLPHSA
TRAAMLVRINTLLQGYSGIRFEILEATTKLINSNITPCLPLRGTITASGDLVPLSYIA
GLLTGRPNSKAVGPNGEKLNAEEAFRVAGVTSGFFELQPKEGLALVNGTAVGSGMASM
VLFESNILAVMSEVLSAIFAEVMNGKPEFTDYLTHKLKHHPGQIEAAAIMEHILDGSS
YVKAAQKLHEMDPLQKPKQDRYALRTSPQWLGPQIEVIRAA TKMIEREINS VNDNPLI
DVSRNKALHGGNFQGTPIGVSMDNTRLALASIGKLMFAQFSELVNDYYNNGLPSNLTA
GRNPSLDYGLKGAEIAMASYCSELQFLANPVTNHVQSAEQHNQDVNSLGLISARKTAE
AVDILKLMSSTYLVALCQAIDLRHLEENLRSAVKNTVSQVAKRTLTMGANGELHPARF
CEKELLRVVDREYVFAYADDPCSSTYPLMQKLRQVLVDHAMKNGESEKNVNSSIFQKI
VAFEDELKAVLPKEVESARAVVESGNPAIPNRITECRSYPLYRLVRQELGSELLTGEK
VRSPGEEIDKVFTAMCNGQIDPLLECLKSWNGAPLPIC

SEQIDNO:8

atgcgegacg tgtttgaaat gatggaccge tatggccacg ageaggteat tttttgecgt 61
catccgeaaa ceggtcetcaa agegatcate gecttgeata atacaaccge ggggccgget 121
ttggotpgat gccgeatgat cecgtatget tcgacggacy aagecttgga goatgtttte 181
cggttgteca aaggeatgac ctataaatge agtctggegg atgtggactt tggeggggga 241
aaaatggtta tcatcggega tecgaaaaaa gataaatege cggagttgtt tegegtgate 301
goccgtttte togocpgott aaacggcegt ttctataccg gaaccgacat ggeaaccaat 361
ccggaagatt ttgtecatge cgecagggaa tegaaatett ttgccggatt gecgaaateg 421
tacggcggaa aggggeacac atccaticee accgegeteg ggptatttca cggaatgegg 481
gccaccgece ggtttttatg ggegacggat cagetgaaag ggegtgtggt tgecatccaa 541
guagtcggea aggtgggagca gegcttattg cagetttteg tegaagtegg gocttactge 601
aaaattgecg acatcgatte ggtgegatge gaacagetga aagaaaagta tggegacaag 661
gtccaattgg tggatstgaa ceggatteac aaggagagtt gegatatttt ctegeettge 721
gecaaaggeg gegtggteaa tgatgacacc attgacgagt teegttgect ggeeattgte 781
ggatcegeca acaaccaact ggtggaagac cggcatgggg cactgettca aaaacggage 841
atttgttatg cacccgatta tetggtgaat geecggegggc tgattcaagt ggetgatgaa 901
ctggaaggct tccatgaaga gagagtgcte gecaaaaccg aagegattta tgacatggte 961
ctggatattt ttcaccgggce gaaaaatgag aatattacca cttgtgagge ageggacegg 1021

ategtgatgg agegtttgaa aaagttaace gatattegee ggatettgtt ggaggatcec1081

cgcaacageg caaggageta a
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SEQIDNO:9

MDFKAKLLAEMAKKRKAVSGLEVKEGGAKFVRGADLESKRTOQEY
EAKQEELAIKKRKADDEILQESTSRAKIVPEVPEAEFDEKTPMPEIHARLRQRGQPIL
LFGESELSVRKRLHQLEIEQPELNEGWENEMQTAMKFIGKEMDKAVVEGTADSATRHD
TALPQGYEEDNWKSIEHASTLLGVGDEMKRDCDIILSICRYILARWARDLNDRPLDVK
KTAQGMHEAAHHKQTTMHLKSILMTSMEKYNVNNDIRHHLAKICRLLVIERNYLEANNA
YMEMAIGNAPWPVGVTRSGIHQRPGSAKAYVSNIAHVLNDETQRKYIQAFKRLMTKLQ
EYFPTDPSKSVEFVKKSV

SEQIDNO:10
MNALAATNRNFKLAARLLGLDSKLEKSLLIPFREIKVECTIPKD
DGTLASFVGFRVQHDNARGPMKGGIRYHPEVDPDEVNALAQLMTWKTAVAKIPYGGAK
GGIGCDPSKLSISELERLTR VFTQKIHDLIGIHTDVPAPDMGTGPQTMAWILDEYSKF
HGYSPAVVTGKPIDLGGSLGRDAATGRGVMFGTEALLNEHGK TISGQRFVIQGFGNVG
SWAAKLISEKGGKIVAVSDITGAIKNKDGIDIPALLKHTKEHRGVK GFDGADPIDPNS
ILVEDCDILVPAALGGVINRENANEIKAKFIIEAANHPTDPDADEILSKK GV VILPDI
YANSGGVTVSYFEWVQNIQGFMWEEEKVNDELK TYMTRSFKDLKEMCK THSCDLRMGA
FTLGVNRVAQATILRGWGA

Solid Support

[0120] There are many forms of amino acid measuring devices; one common type is
represented by hand-held electronic meters which receive blood samples via enzyme-based
test strips. In using these systems, the patient may for example lances a finger or alternate
body site to obtain a blood sample, the strip is inserted into a test strip opening in the meter
housing, the sample is applied to the test strip, microfluidic chamber, and/or filter paper and,
after exposure to light from a light source, the reaction products of the redox reaction
(particularly the oxidizing agent) can be detected by the known wavelength of light being
emitted at the reaction surface. Electronics in a light detector positioned at a distance form the
reaction surface sufficient to obtain electromagnetic radiation from the reduction ragent or
reaction products convert a light measurement in the biosensor to a current. A normalized
reading of a current can be changed to a digital signal correpsionding to an amino acid
concentration value.

[0121] Solid supports of the disclosure may be solid state but are a flexible substrate.
According to the disclosure, the filter paper and/or microfluidic chamber disposed proximal to,
e.g., on, a flexible substrate. To act as a flexible substrate, a material must be flexible and also
insulating, and is typically relatively thin. The substrate should be capable of adhering
components of an IDA, or additional components of a sensor, to its surface. Such thin,
insulative, flexible substrates are known in the art of flexible circuits and flex circuit
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photolithography. "Flexible substrates" according to the present disclosure can be contrasted
to non-flexible substrates used in integrated circuit (IC) photolithography but not in flexible
circuit photolithography. Examples of non-flexible substrates used in IC photolithography
include silicon, aluminum oxide, and other ceramics. These non-flexible substrates are chosen
to be processable to a very flat surface. Typical flexible substrates for use in the disclosure are
constructed of thin plastic materials, e.g., polyester, especially high temperature polyester
materials; polyethylene naphthalate (PEN); and polyimide, or mixtures of two or more of these.
Polyimides are available commercially, for example under the trade name Kapton®, from |.E.
duPont de Nemours and Company of Wilmington, Del. (duPont). Polyethylene naphthalate is
commercially available as Kaladex®, also from duPont. A particularly preferred flexible
substrate is 7 mil thick Kaladex®film.

[0122] The filter paper and/or microfluidic chamber can, for example, be used in conjunction
with an electrochemical sensor used in combination with known electrochemical detection
methods. Electrochemical detection methods operate on principles of electricity and chemistry,
or electrochemistry, e.g., on principles of relating the magnitude of a current flowing through a
substance, the resistance of a substance, or a voltage across the substance given a known
current, to the presence of a chemical species within the substance. Some of these methods
can be referred to as potentiometric, chronoamperometric, or impedance, depending on how
they are practiced, e.g., whether potential difference or electric current is controlled or
measured. The methods and sensors, including sensors of the disclosure, can measure
current flowing through a substance due directly or indirectly to the presence of a particular
chemical compound (e.g., an analyte or an electroactive compound), such as a compound
within blood, serum, interstitial fluid, or another bodily fluid, e.g., to identify levels of amino
acids, blood urea, nitrogen, cholesterol, lactate, and the like. Adaptations of some
electrochemical methods and electrochemical sensors, and features of their construction,
electronics, and electrochemical operations, are described, for example, in U.S. Pat. Nos.
5,698,083, 5,670,031, 5,128,015, and 4,999,582.

Methods

[0123] The disclosure relates to a method of diagnosing or prognosing a clinical outcome of a
subject with PKU, maple syrup urine disease, or hyperammonemia, comprising contacting a
sensor, system, or test strip disclosed herein with a sample of bodily fluid from the subject, and
quantifying a level of amino acid in the sample; and comparing the level of amino acid in the
sample to a threshold value of what is considered normal level of amino acid level in the bodily
fluid. In some embodiments, the method relates to to a method of diagnosing or prognosing a
clinical outcome of a subject suspected of having or having been previously diagnosed with at
least one aminoacidopathy. In some embodiments, the method relates to to a method of
diagnosing or prognosing a clinical outcome of a subject suspected of having or having been
previously diagnosed with at least one PKU, maple syrup urine disease, or hyperammonemia.

[0124] The disclosure relates to a method of detecting the presence or absence of amino
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acids in bodily fluids, the disclosure also relates to a method of quantifying the concentration of
amino acids in bodily fluids of a subject. Quantification can occur at the point-of-care due to the
quick enzymatic reaction readout caused by the generation of a detectable current within a
circuit after exposure of a sample to a reaction surface. In some embodiments, the device or
system described herein may be utilized to detect if a person has abnormally high levels of
amino acids in the blood, after which an electronic message or display may then be provided to
the user of the device or system or activated on a display by one or more processors that
remotely or directly access one or more storage memories comprising one or more
concentration values of the subject. In some embodiments, multiple concentration values may
be obtained either simultaneously or in series, compared or analyzed by the one or more
processors operably connected to the device or system disclosed herein. In some
embodiments, multiple concentration values of a subject over a time period may be compared
or analyzed by the one or more processors operably connected to the device or system
disclosed herein, after which a message comprising the concentration value and/or threshold
values are displayed. In some embodiments, the message optionally includes a signal
indicating that the subject should seek medical treatment or alter diet to control amino acid
levels in the subject.

[0125] The present disclosure relates generally to definition and/or use of concentration values
that characterize a subject's modification of behavior, in some embodiments, the concentration
values corresponding to the concentration of amino acids in a sample of bodily fluid may
characterize the degree to which a subject is advised to modify a diet or seek medical
treatment.

[0126] In some embodiments, the present disclosure provides biosensors or test strips for use
in diagnostic assays. In some embodiments the biosensor and/or test strips are provided as
part of a diagnostic or detection kit. In certain embodiments, kits for use in accordance with the
present disclosure may include one or more reference samples; instructions (e.g., for
processing samples, for performing tests, for interpreting results, etc.); media; and/or other
reagents necessary for performing tests.

[0127] The disclosure provides a test strip comprising: a solid support and a microfluidic
chamber, wherein the microfluidic chamber comprises at least one or a plurality of reaction
surfaces. In some embodiments, the solid support is a slide optionally coated with a polymer.
In some embodiments, the solid support is coated with a polymer. In some embodiments, the
polymer is polyacrylamide. In some embodiments, the solid support is a material chosen from:
polysterene (TCPS), glass, quarts, quartz glass, poly(ethylene terephthalate) (PET),
polyethylene, polyvinyl difluoride (PVDF), polydimethylsiloxane (PDMS), polytetrafluoroethylene
(PTFE), polymethylmethacrylate (PMMA), polycarbonate, polyolefin, ethylene vinyl acetate,
polypropylene, polysulfone, polytetrafluoroethylene, silicones, poly(meth)acrylic acid,
polyamides, polyvinyl chloride, polyvinylphenol, and copolymers and mixtures thereof. In some
embodiments, the test strip is a paper product. In some embodiments, solid support is free of
an electrode.
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[0128] According to some embodiments, the disclosure provides a software component or
other non-transitory computer program product that is encoded on a computer-readable
storage medium, and which optionally includes instructions (such as a programmed script or
the like) that, when executed, cause operations related to the calculation of amino acid
concentration values. In some embodiments, the computer program product is encoded on a
computer-readable storage medium that, when executed: quantifies one or more amino acid
concentration values; normalizes the one or more amino acid concentration values over a
control set of data; creates an amino acid profile or signature of a subject; and displays the
profile or signature to a user of the computer program product. In some embodiments, the
computer program product is encoded on a computer-readable storage medium that, when
executed: calculates one or more amino acid concentration values, normalizes the one or
more amino acid concentration values, and creates an amino acid signature, wherein the
computer program product optionally displays the amino acid signature and/or one or more
amino acid concentration values on a display operated by a user. In some embodiments, the
disclosure relates to a non-transitory computer program product encoded on a computer-
readable storage medium comprising instructions for: quantifying one or more amino acid
concentration values; and displaying the one or more amino acid concentration values to a
user of the computer program product. The computer product prudct may be integrated any
sustem disclosed herein and may be digitally accessible through direct attachment to the circuit
disclosed herein or by the internet on a processor accessible to the internet. In some
embodiments, the software is stored on a memory accessible through the internet, wherein the
memory and/or software is on a mobile phone.

[0129] In some embodiments, the step of calculating one or more amino acid concentration
values comprises quantifying an average and standard deviation of counts on replicate trials of
contacting the device or test strip with one or more samples of bodily fluids. In some
embodiments, the step of normalizing one or more amino acid concentration values comprises
quantifying an average and standard deviation of counts on replicate trials of contacting the
device or test strip with one or more samples of bodily fluids.

[0130] In some embodiments, the one or more test strips, filter papers or microfluidic
chambers are attached to a solid phase support. In some embodiments, a solid phase support
comprises any solid or semi-solid surface. In some embodiments, a solid phase comprises any
traditional laboratory material for growing or maintaining cells in culture including petri dishes,
beakers, flasks, test tubes, microtitre plates, and/or culture slides. In some embodiments, a
solid phase comprises a glass slide, a plastic slide, a paper test strip, or combination thereof.

[0131] In some embodiments, the one or more test strips, filter papers or microfluidic
chambers are attached to discrete addressable sites on a solid phase support. In some
embodiments, a solid phase comprises polyamides, polyesters, polystyrene, polypropylene,
polyacrylates, polyvinyl  compounds (e.g., polyvinyl  chloride), polycarbonate,
polytetrafluoroethylene (PTFE), nitrocellulose, cotton, polyglycolic acid (PGA), cellulose,
dextran, gelatin, glass, fluoropolymers, fluorinated ethylene propylene, polyvinylidene,
polydimethylsiloxane, polystyrene, silicon substrates (such as fused silica, polysilicon, or single
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silicon crystals) or combinations thereof.

[0132] In some embodiments, the disclosure relates to a catalogue of medical records relating
to a subject comprising test results from the one or plurality of methods described herein. Such
catalogue, in some embodiments, being stoed on a computer readable medium being
accessible remotely through a wireless internet connection.

[0133] As described above, certain embodiments of the present disclosure may be used to
distinguish between samples of bodily fluid obtained from a subject who does or is suspected
of having an aminoacidopathy and a subject who does not have a metabolic disease. This
system is potentially useful, for example, when testing blood samples of a subject to determine
whether disease is present. Diagnosing a patient using one or more amino acid concentration
values would include, for example, comparing one or more amino acid concentration values of
a sample from a subject with the measured reference values or threshold values of a subject.

[0134] The disclosure relates to a method of adhering any one or plurality of enzymes or
functional fragments thereof to a reaction surface by desiccating or lyophilzing a sample of an
enzyme or functional fragment thereof in the presence of a sugar and, optionally in the
presence of a bulking agent.

[0135] In some embodiments in which the biosensor comprises a paper-based detection
system, the method of detecting concentration of an amnio acid within a sample doe not
comprises a step of centrifugation.

[0136] In some embodiments, the methods of the disclosure do not require any operator
action except for the application of a sample to the application site of the biosensor.

Kits

[0137] In some embodiments, kits in accordance with the present disclosure may be used to
quantify amino acid concentration is samples of bodily fluid. In some embodiments, kits in
accordance with the present disclosure may be used to interrogate an addressable surface
with a light emitter, such that light from the light emottier excites a reaction surface. In some
embodiments, the kits are used to isolate plasma from whole blood samples and prepare the
plasma samples for interrogation or excitation of light emitted from a light source. in some
embodiments, the kit comprises a container that comprses one or a plurality of UV light
emitters or a light-emitting diode (LED). In some embodiments, the kit comprises one or a
pluarality of test strips that comprise one or a plurality of immobilized metabolic eznymes or
functional fargments thereof. Any array, system, or component thereof disclosed may be
arranged in a kit either indivudally or in combination with any other array, system, or
component thereof. The disclosure provides a kit to perform any of the methods described
herein. In some embodiments, the kit comprises at least one container comprising one or a
plurality of polypeptides comprising a polypeptide sequence associated with a test strip or filter
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paper. In some embodiments, the kit comprises at least one container comprising any of the
polypeptides or functional fragments described herein. In some embodiments, the polypeptides
are in solution (such as a buffer with adequate pH and/or other necessary additive to minimize
degradation of the polypeptides during prolonged storage). In some embodiments, the
polypeptide are lyophilized or desiccated for the purposes of resuspension after prolonged
storage. In some embodiments, the kit comprises: at least one container comprising one or a
plurality of polypeptides comprising a polypeptide sequence associated with or coated in sugar
molecules (or functional fragments thereof); and a reaction surface upon which the one or
plurality of polypeptides may be affixed.

[0138] In some embodiments, the kit optionally comprises instructions to perform any or all
steps of any method described herein. In some embodiments, the kit comprises an array or
system described herein and instructions for implementing one or a plurality of steps using a
computer program product disclosed herein. It is understood that one or a plurality of the steps
from any of the methods described herein can be performed by accessing a computer
program product encoded on computer storage medium directly through one or more
computer processors or remotely through one or more computer processors via an internet
connection or other virtual connection to the one or more computer processors. In some
embodiments, the kit comprises a computer-program product described herein or requisite
information to access a computer processor comprising the computer program product
encoded on computer storage medium remotely. In some embodiments, the computer
program product, when executed by a user, collects imaging data and quantitates the level of
light at a certain wavelength that corresponds with the amount of amno acid in a sample
exposed to the reaction surface. In some embodiments, the quantities of light that correspond
to the amount of amino acid in a sample exposed to the reaction surface are normalized to the
one or more normalized light values, and the processor generates one or more probability
scores that indicates a concentration level or range of concentration levels of amino acid in a
sample as compared to a control value. In some embodiments, the kit provides for a system
that generates a signature or one or more amino acid concentrations to provide a real-time
indication of the amount of amino acid in the blood at a particular time period. In some
embodiments, the kit provides for a system that provides a user a profile of the user's amino
acid levels in a sample, such as whole blood. The system may display the profile, and/or
displays any one or more of the normalized light values, raw data or signatures, amino acid
concentration profiles over a time period to a user.

[0139] In some embodiments, the kit comprises a computer program product encoded on a
computer-readable storage medium that comprises instructions for performing any of the steps
of the methods described herein. In some embodiments, the disclosure relates to a kit
comprising instructions for providing one or more quantity or amount of light at certain
wavelengths. In some embodiments, the kit comprises a filter that is positioned between the
reaction surface and the light detector which that light being light from the reaction surface
trvaels to the filter and only one or a range of wavelengths corresponding to the amount of
amino acid in a sample at the reaction surface is calculated by a processor. In some
embodiments, the kit comprises a computer program product encoded on a computer storage
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medium that when, executed on one or a plurality of computer processors, quantifies a
normalized light value, determines an amino acid signature or amino acid profile of s subject,
and/or displays the amino acid signature, normalized light value, amino acid concentration,
and/or any combination thereof. In some embodiments, the kit comprises a computer program
product encoded on a computer storage medium that, when executed by one or a plurality of
computer processors, correlates the absorbance of light at a certain wavelength with the level
of amino acid in a sample exposed to the reaction surface. In some embodiments, the kit
comprises a processor that quantifies absorbance levels and/or fluorescence levels of one or
more samples and determines a signature based at least partially upon the absorabance levels
and/or the fluroescnec levels. In some embodiments, kit comprises one or more cameras upon
which the biosensor may be adapted. In some embodiments, the kit provides a biosensor
configured for use with a cellular phone or camera embedded within a cellular phone. In some
embodiments, the kit provides a camera to act as a light detector such that image data of the
reaction surface is collected and analyzed for the amount of light collected at a particular
wavelength that corresponds to the amount of amino acid in a sample.

[0140] In some embodiments, instructions for accessing the computer storage medium,
quantifying amino acid concentration values, normalizing amino acid concentration values,
determining an amino acid signature of sample (such as whoel blood), and/or any combination
of steps thereof. In some embodiments, the computer-readable storage medium comprises
instructions for performing any of the methods described herein. In some embodiments, the kit
comprises an array or system disclosed herein and a computer program product encoded on
computer storage medium that, when executed, performs any of the method steps disclosed
herein individually or in combination and provides instructions for performing any of the same
steps. In some embodiments, the instructions comprise an instructions on how to reconstitute
or immoblize any one or plurality of polypeptides disclosed herein to a reaction surface such as
a filter paper.

[0141] The disclosure further provides for a kit comprising one or a plurality of containers that
comprise one or a plurality of the metabolic enzymes or fragments thereof disclosed herein. In
some embodiments, the kit comprises vial or other container into which a blood sample may be
collected and temporarily stored before exposure to the reaction surface. In some
embodiments, the kit comprises: a biosensor disclosed herein, a filter paper or reaction surface
disclosed herein, and a computer program product disclosed herein optionally comprising
instructions to perform any one or more steps of any method disclosed herein. In some
embodiments, the kit comprises a solid support free of any one individual pair of polypeptides
disclosed herein. In some embodiments, the kit comprises a device such as a lance or needle
to draw blood from a subject.

[0142] The kit may contain two or more containers, packs, or dispensers together with
instructions for preparation and/or usage of the biosensor. In some embodiments, the kit
comprises at least one container comprising biosensor described herein and a second
container comprising a one or a plurality of filter papers disclosed herein. In some
embodiments, the kit comprises a container comprising any polypeptide disclosed herein in
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solution or lyophilized or dried and accompanied by a rehydration mixture. In some
embodiments, the polypeptides and rehydration mixture may be in one or more additional
containers.

[0143] Compositions included in the kit may be supplied in containers of any sort such that the
shelf-life of the different components are preserved, and are not adsorbed or altered by the
materials of the container. For example, suitable containers include simple bottles that may be
fabricated from glass, organic polymers, such as polycarbonate, polystyrene, polypropylene,
polyethylene, ceramic, metal or any other material typically employed to hold reagents or food;
envelopes, that may consist of foil-lined interiors, such as aluminum or an alloy. Other
containers include test tubes, vials, flasks, and syringes. The containers may have two
compartments that are separated by a readily removable membrane that upon removal
permits the components of the compositions to mix. Removable membranes may be glass,
plastic, rubber, or other inert material.

[0144] Kits may also be supplied with instructional materials. Instructions may be printed on
paper or other substrates, and/or may be supplied as an electronic-readable medium, such as
a flash drive, CD-ROM, DVD-ROM, zip disc, videotape, audio tape, or other readable memory
storage device. Detailed instructions may not be physically associated with the kit; instead, a
user may be directed to an internet web site specified by the manufacturer or distributor of the
kit, or supplied as electronic mail.

[0145] FIG. 10 depicts a schematic of a biosensor 900 in accordance with the present
disclosure. Biosensor 900 includes a plasma separating filter 910 coated at one end with a
lyophilized metabolic enzyme or a functional fragment thereof 930. Light emitted from three
light sources (in this case LEDs) 920 emit light onto the reaction surface where redux reaction
products such as NAD for NADH+. When excited, the NADH+ emits a blue light which is sent
through a bandpass filter 940 and then captured by a photidiode. Specialty filter paper can
separation plasma from blood cells through capillary action. The enzyme and cofactor will be
lyophilized on this paper. The reaction will proceed producing NADH which fluoresces at an
excitation of 340-370 nm and an emission of ~450 nm. The generated 450 nm light passes
through a bandpass filter which prevents other wavelengths of light from passing through. The
450 nm light passing through the bandpass filter then strikes a photodiode which generates an
electrical current proportional to the concentration of NADH present which can be correlated to
phenylalanine or other biochemical factor present.

EXAMPLES

Example 1: Phenylalanine Processing Enzyme

[0146] Two biosensors are fabricated from either phenylalanine dehydrogenase cloned from
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Geobacillus thermoglucosidasius or phenylalanine ammonia lyase.

Example 2: Phenylalanine Separating Membrane

[0147] To separate out interfering small molecules, proteins and cells a filter membrane is
utilized which allows for permeation of phenylalanine but prevents interfering species. This
membrane can comprised of poly(ether sulfone), Nafion, polytetrafluoroethylene, cellulose
acetate, cellulose, polypropylene, cellulose ether or other dialysis or filter membranes. An
embodiment is depicted in FIG. 8. The presented design shall allow for rapid, effective point-of-
care detection of phenylalanine. The sensor depicted utilizes a phenylalanine processing
enzyme including but not limited to phenylalanine dehydrogenase as well as thermophilic
derivations of the enzyme. The sensor shall consist of a well, microfluidic or other fabrication
subdivided by a membrane filter. One division would contain the enzyme and any necessary
cofactor or other reagents. The biomatrix analyzed, which includes but is not limited to blood,
urine, saliva, feces or other serum, would be added to the other division. Phenylalanine would
pass through the membrane rapidly while other interfering molecules, proteins or cells would
be inhibited from passing through the membrane. As the phenylalanine is processed by the
sensing enzyme the resulting products of the enzyme reaction shall be measured using a
photodiode, photoresistor or other electromagnetic measurement device.

Example 3: Sensor Housing Fabrication

[0148] To fabricate the sensor housing a subdivided well shall be produced from injection
molding, 3D printing, soft lithography or stereolithography of silicone polymers, polystyrene,
acrylonitrile butadiene styrene or other polymers.

Example 4: Sensor Fabrication

[0149] To fabricate the sensor a well, channel or fluidic was prepared. The system was
subdivided by a filter membrane such as cellulose acetate. On the reaction side of the well, a
solution of 40 units of phenylalanine dehydrogenase and 5mM of ~-nicotinamide adenine
dinucleotide hydrate was added. On the analyte side of the well, the phenylalanine containing
blood was added. The phenylalanine was allowed to diffuse across the membrane to the side
containing the enzyme for at least 10 minutes. The solution containing the enzyme was then
probed to measure the concentration of the reduced form of the ~-nicotinamide adenine
dinucleotide hydrate by measuring the absorbance or transmittance of 340nm wavelength light
using a photodiode. The volume of both the reaction solution and the analyte can vary
between 10 and 100 microliters.

Example 5: Phenylalanine Dehydrogenase Cloning
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[0150] To address shortcomings of long day-long wait times for diagnosing PKU, a sensor
analogous to a blood glucometer would greatly improve detection time and quality of life for the
patient. Development of this type of sensor for ammonia and various amino acids is being
currently undergoing. The first metabolite to be investigated will be phenylalanine. High serum
levels of phenylalanine are generally associated with the aminoacidopathy, phenylketonuria. To
determine concentrations of phenylalanine an enzyme based amperornetric electrochemical
sensor will be employed. The specific enzyme that will be examined is phenylalanine
dehydrogenase.

[0151] The gene coding for the phenylalanine dehydrogenase (PheDH) from Geobacilus
thermoglucosidiasius C56-YS93 was cloned and the protein will be expressed using a bacterial
cloning/expression system as shown in Figures 18 and 19. Three different versions of the
enzyme were generated: N-His tag, C-His tag and No tag by using custom designed primers
and different expression vectors (pET24aand pET28a).

[0152] Briefly, DNA from Geobacillus thermoglucosidiasius was isolated and the PheDH gene
was amplified by PCR using the following primers:

Foward 5'-TGTGCTAGCATGAATACCGTTACCAATCAGTGGAAAGC-3' (SEQ ID NO:3)

Reverse 5'-CTCGAGTCATTACCGGCGGATATCCCACTTCG-3' (SEQ ID NO:4)

[0153] Forward primer introduces a Nhel restriction site and the reverse primer introduces two
extra STOP codons along with a Xhol restriction site. Amplification product size was
determined by agarose electrophoresis. The DNA sequence cloned from the isolated genome
sequence encodes the following amino acid sequence that is the PheDH protein from

Geobacillus thermoglucosidiasius:
MNTVINQWKAVDIFTQIRDHEQVVFCNDKNTGLKAITATHDTTL

GPALGGCRMYPYATVEDALFDVLRLSKGMTYKCLAADVDFGGGKAVIIGDPHKDKTPE
LFRAFGQFVESLNGRFYTGTDMGTTPDDFVHAMKETNCIVGVPEEYGGSGDSSVPTAL
GVIYGIQATNKVIWGSDELHGKTYAIQGLGKVGRKVAERLLKEGADLYVCDIHPTAIE

AIVSYAKKLGANVKVVQGTEIYRTDADIFVPCAFGNVVNDNTIHVLKVKAIVGSANNQ
LLDVRHGQLLKEKGILYAPDYIVNAGGLIQVADELYGLNKERVLQKTKAIYSTLLHIY
SRAEADHITTIEAANRFCEERLQQRSRRNDFFTHRKQPKWDIRR

(SEQ ID NO:1).

[0154] PCR product was purified directly from the PCR reaction mixture using the Qiagen® kit
using the manufacturer's instructions and subsequently used for subcloning onto pCR-Bluntll
TOPO vector using the Invitrogen kit with manufacturer's instructions. Subcloning reaction was
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used to transform TOP10 chemically competent cells (Invitrogen®) and positive colonies were
selected by resistance to the antibiotic kanamycin. The plasmids presents in the kanamycin
resistant colonies were isolated using the Qiagen® kit using the manufacturer's instructions
and screened for the presence of the insert in the plasmid by restriction enzymes (Nhel and
Xhol). Positive colonies were identified by the presence of a band corresponding to the PCR
product size after digestion with the restriction enzymes. One positive colony was selected for
isolation of larger amount of plasmid DNA using the Qiagen® maxiprepr kit in accordance with
manufacturer's instructions. For cloning of the desired gene, destination vectors (expression
vectors) pET24a and pET28a (Figures 18 and 19) were digested at the same time as the
selected positive plasmid with the restriction enzymes Nhel and Xhol and the digested
fragments to be used were isolated from the agarose gel in which they were separated. For
cloning of the gene onto the expression vectors we used a ratio 1:3 vector to insert for the
ligation reaction. Once the ligation reaction was concluded it was used directly to transform
TOP10 chemically competent cells. Plasmid containing colonies were selected by resistance to
the antibiotic kanamycin and positive colonies (those that had the gene inserted onto the
plasmid) were screened by digestion with restriction enzymes and the resulting fragments were
separated by agarose electrophoresis. On positive colony was selected for isolation of larger
amount of plasmid DNA using the Qiagen® maxiprepr kit in accordance with manufacturer's
instructions.

[0155] Positive plasmid was introduced by transformation onto the expressing cell line Rosetta
2 commercilaly available from Novagen®. Protein production was induced when cells reached
mid-log phase by adding a final concentration of 100uM of IPTG. Protein was purified from
inclusion bodies after induction and its activity tested by determining the amount of
phenylalanine consumed after 30 minutes at 37°C by amino acid analysis.

pET24a Vector Sequence (SEQ ID NO:5)

1 atccggatat agttectect ttcagcaaaa aacccctcaa gaccegttta gaggecccaa
61 gggpottatee tagttattee tcageggtee cageageeaa cteagettee tttcgggett
121 tgttagcage cggatcteag tggtgatest gatggtgcte gagtgcgace geaagettgt
181 cgacggaget cgaattcgga tectagaggg gaattgttat cegetcacaa ttecectata
241 gtgagtcgta ttaatttcge gggatcgaga tetegatect ctacgecgga cgeategtgg
301 ccggeatcac cggegecaca ggtgeggtte ctggegeeta tatcgeegac atcaccgatg
361 gggaagatcg ggetegecac ttegggetea tgagegettg titeggegte ggtatggteg
421 caggececgl ggecggggga clgligggeg ccalelecll geatgeacea tlcetigegg
481 cggeggtect caacggecte aacctactac tgggetgett cetaatgeag gagtegeata
541 agggagageg tegagateee ggacacceate gaatggegca aaaccttteg cggtatggea
601 tgatagecgece cggaagagag teaattcagg stggteaatg teaaaccagt aacgttatac
661 gatgtcgeag agtatgeegg tgtetettat cagacegttt cecegegtggt gaaccaggee
721 agccacgttt ctgegaaaac gegggaaaaa gtggaagegg cgatgecgea getgaattac
781 attcccaace gegtggeaca acaactggeg ggeaaacagt cgttgetgat tggegttace
841 acctceagte tggcectgea cgegeegteg caaattgtcg cggegattaa atctegegee
901 gatcaactgg gtgccagegt ggtegteteg atggtagaac gaageggegt cgaageetgt
961 aaagcggegg tgcacaatet tetegegeaa cgegteagtg gectgateat taactateeg

1021 ctopatoace agpatoccat toctotooaa octocctoca ctaatotice oocottattt
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1081 cttgatgtct ctgaccagac acccatcaac agtattattt tetcecatga agacggtacg
1141 cgactgggey tggagceatet ggtegeattg geteaccage aaatcgeget gttagegggc
1201 ccattaagtt ctgtetegge gegtetgegt ctggetgget ggcataaata tetcactege
1261 aatcaaattc agccgatage ggaacgggaa ggegactgga gtgecatgte cggttttcaa
1321 caaaccatge aaatgctgaa tgaggecate gtteccactg cgatgetgst tgecaacgat
1381 cagatggegce tggececaat gegegecatt acegagtecg ggctgegegt tggtecggat
1441 atetcggtag tggeatacga cgataccgaa gacageteat gitatatcce geegttaace
1501 accalcaaac aggallilcg celgelggge caaaccageg lggacegell gelgeaacle
1561 tetcaggece aggeggtgaa gggeaateag ctgttgeceg tetcactggt gaaaagaaaa
1621 accaccetgg cgeecaatac geaaacegee teteceegeg cgttggeega ttcattaatg
1681 cagetggeac gacaggttte ccgactggaa agegggeagt gagegcaacg caattaatgt
1741 aagttagctc actcattagg caccgggate tcgacegatg cecttgagag ceticaacce
1801 agtcagcetee ttccggtgee cgeggggeat gactategte gecgeactta tgactgtett
1861 clllatcalg caaclcglag gacagglgee ggeagegele lggelealll lcggegagga
1921 ccgetttcge tggageecga cgatgategg cotgtegett geggtatteg gaatcttgea
1981 cgeecteget caagectteg teactggtee cgecaccaaa cgtitcggeg agaageagge
2041 cattatcgee ggeatggegg ceccacgggt gegeatgate gtectectat cgttgaggac

2101 ccggelagge (ggegggell geellacigg tlageagaat gaalcaccga lacgegageg
2161 aacgtgaage gactgetget geaaaacgte tgegacctga geaacaacat gaatggtett
2221 cggtttcegt stttcgtaaa gtetggaaac geggaagtoa gegeectgcea ceattatgtt
2281 ccggatetge atcgeaggat getgetgect aceetgtgga acaccetacat ctgtattaac
2341 gaagegetgg cattgaccct gagtgatttt tetetggtee cgecgeatee ataccgecag
2401 ugtitacce lcacaacgli ccaglaaccg ggealglica lcalcaglaa cecglalegl
2461 gagcatecte tetegtitca teggtateat tacccccatg aacagaaate ccecttacac
2521 ggaggcatea gtgaccaaac aggaaaaaac cgeccttaac atggecegct ttatcagaag
2581 ccagacatta acgettetgg agaaactcaa cgagetggac geggatgaac aggcagacat
2641 ctgtgaateg cttcacgacce acgctgatga getttaccge agetgecteg cgegtttegg
2701 tgatgacggl gaaaacclcl gacacalgea gelcccggag acggleacag cliglelgla
2761 agcggatgee gggageagac aageecgtea gggegegtea gegggtatty gegggtgteg
2821 ggecgcagee atgacccagt cacgtagega tageggagte tatactgget taactatgeg
2881 gcatcagage agattgtact gagagtecac catatatgeg gtgtgaaata cegeacagat
2941 gegtaaggag aaaataccge atcaggeget cticegetic ctegeteact gactegetge
3001 geteggtegt teggetgegg cgagegetat cageteacte aaaggegeta atacggttat
3061 ccacagaalc aggggalaac gcaggaaaga acalglgage aaaaggeeag caaaaggeca
3121 ggaaccgtaa aaaggecgeg ttgetggegt ttttecatag getcegeece cetgacgage
3181 atcacaaaaa tcgacgetca agtcagaggt ggcgaaacce gacaggacta taaagatace
3241 aggegtttee cectggaage tecctegtee getetectgt tecgacectg cegettaceg
3301 gatacctgte egecetitete ccttegggaa gegtegcget ticicatage tecacgetgta
3361 ggtatctecag ttcggtgtag gtegtteget ccaagetggg ctgtgtgcac gaacceceeg
3421 ttcagecega cogetgegee ttatceggta actategtet tgagtecaac ceggtaagac
3481 acgacttate gecactggea geagecactg gtaacaggat tagcagageg aggtatgtag
3541 geggtactac agagttcttg aagtggtgec ctaactacgg ctacactaga aggacagtat

3601 ttegtatete cectetecte aagecagtta cettcggaaa aagagttest agctctteat
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3661 ccggeaaaca aaccaccget ggtagegete etttttttpt ttgcaageag cagattacge
3721 gcagaaaaaa aggalclcaa gaagalccll tgalctlilc lacggggicl gacgclcagl
3781 ggaacgaaaa cteacgttaa gggattttgg tcatgaacaa taaaactgte tgcttacata
3841 aacagtaata caaggggtgt tatgageeat attcaacggg aaacgtettg ctetaggeeg
3901 cgattaaatt ccaacatgga tgetgattta tatgggtata aatggecteg cgataatgte
3961 ggpcaatcag gtgcgacaat ctatcgattg tatgggaage cegatgegee agagttettt
4021 ctgaaacatg gcaaaggtag cgttgecaat gatgttacag atgagatggt cagactaaac
4081 tggcigacgg aalliatgee (ellccgace alcaageall Latccglac leclgalgal
4141 geatggttac teaccactge gatccceggg aaaacageat tccaggtatt agaagaatat

4201 cctgattcag gtgaaaatat tgttgatgeg ctgecagtat tectgegecg gttgcatteg
42061 attectgttt gtaattgtce tittaacage gatcgegtat ticgtetege tcaggegeaa

4321 (cacgaalga ataacgglll ggligalgeg aglgallllg algacgageg laalggelgg
4381 cctgttgaac aagtetggaa agaaatgeat aaacttttge cattctcace ggattcagte
4441 gteacteatg gtgatttcte acttgataac cttatttttg acgaggggaa attaataggt

4501 tgtattgatg ttggacgagt cggaatcgea gacegatace aggatcttee catectatgg
4561 aactgectecg gtgagtttte tectfcatta cagaaacgge tttttcaaaa atatggtatt

4621 gataatcctg atatgaataa attgeagtit catttgatge tegatgagtt titctaagaa

4681 ttaattcatg agcggataca tatttgaatg tatttagaaa aataaacaaa taggggttcc
4741 gegcacalll ccecgaaaag lgecacclga aaliglaaac gllaatallt (gitaaaall

4801 cgcegttaaat ttttgttaaa tcagetcatt ttttaaccaa taggecgaaa tcggeaaaat

4861 cccttataaa tcanaagaat agaccgagat agggttgagt gitgttccag titggaacaa
4921 gagtccacta ttaaagaacg tggactceaa cgtcaaaggg cgaaaaaccg tetatcageg
4981 cgatggccca ctacgtgaac catcaccecta atcaagtttt ttgggetega ggteccgtaa
5041 agcactaaat cggaacccta aagggagece ccgatttaga gettgacggg gaaageegge
5101 gaacstegce agaaaggaag ggaagaaage gaaaggagee ggegctagge cectgecaag
5161 tgtageggte acgetgegeg taaccaceac acccgeegeg ctiaatgege cgctacaggg
5221 cgegleccal legeca

pET28a Vector Sequence (SEQ ID NO:6)

1 atccggatat agttectect ttcageaaaa aacccctcaa gaceegttta gaggeeccaa
61 ggepttatge tagttattge tcageggteg cageagecaa cteagettec tttegggett
121 tgttagcage cggatctcag tggtggtest gotogtecte gagtgegece geaagettgt
181 cgacggaget cgaattcgga tecgegacce atttgetgte caccagteat getagecata
241 tggetgeege geggeaccag geegelgelg Lgalgalgal gatgatgeet gelgeccalg
301 gtatatctee ttcttaaagt taaacaaaat tatttctaga ggggaattgt tatcegeteca
361 caattccect atagtgagtc gtattaattt cgegggateg agatetegat cetetacgec
421 ggacgeateg tggceggeat caceggegee acaggtgegg ttgetggcge ctatategee
481 gacatcaccg atggggaaga tegggctege cacttcggec tcatgagege ttgtttegee
541 gtggetateg tgpcaggece cgtggecgge goactgttes ecgccatete cttecatgca
601 ccatteettg cggeggeget getcaacgge ctcaacctac tactggectg cticctaatg
661 caggagtcge ataagggaga gegtegagat ceceggacace atcgaatgge geaaaacctt
721 tegeggtatg geatgatage geccggaaga gagteaatte agggtggtga atgtgaaace
781 agtaacgtta tacgatgtcg cagagtatge cggtgtetet tatcagaccg tticcegegt

oA
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¥4 1 ggtgaaccag gecagecacg Itictgegaa aacgegggaa aaagigeaag cggegatgec

901 ggagctgaat tacattccca accgegtgee acaacaactg gegggcaaac agtegttget
961 gattggegtt gecaccteea gtetggecet geacgegeeg tegeaaattg tegeggegat
1021 taaatctege geegaleaac lggglgecag cglgglggle legalgglag aacgaagegg
1081 cgtcgaagec tgtaaagegg cggtgcacaa tettctegeg caacgegtea gtgggctgat
1141 cattaactat ccgetggatg accaggatgce cattgetgte gaagetgect geactaatgt
1201 tccggegtta tttcttgatg tetetgacca gacacccate aacagtatta ttttctccca

1261 tgaagacggt acgegactgg gegtggagea tetggtegea ttggpgteace agcaaatege
1321 gelgilageg ggeecaltaa glictglele ggegeglelg cgiclggelg gelggealaa
1381 atatctcact cgcaatcaaa ttcagecgat ageggaacgg gaaggegact ggagtgccat
1441 gtceggttit caacaaacca tgcaaatget gaatgaggge atcgticeca ctgegatget
1501 ggtteccaac gatcagatgg cectgggege aatgcgegec attaccgagt ccgggotgeg
1561 cgtiggtecg gatatctegg tagtgggata cgacgatace gaagacagct catgttatat
1621 cccgecgtta accaccatca aacaggattt tcgectgetg gggcaaacca gegtggaccg
1681 cttgctgeaa ctetetcagg gecaggeggt gaagggeaat cagetgttge cegtetcact
1741 ggtgaaaaga aaaaccacce tggegeccaa tacgeaaace gectetecee gegegttgac
1801 cgattcatta atgcagetgg cacgacaggt ttecccgactg gaaageggge agtgagegea
1861 acgcaattaa tgtaagttag ctecactcatt aggcaccggg atctcgaceg atgececttga
1921 gagecttcaa ceccagteage tecttceggt ggpegegggg catgactate gtcgecgeac
1981 ttatgactgt cttctttatc atgcaactcg taggacaggt gecggeageg ctetgggtea
2041 ttttcggega ggaccgettt cgetggageg cgacgatgat cggectgteg ctigeggtat
2101 teggaatett geacgeccte getcaagect tegtcactgg teccgecaee aaacgttteg
2161 gegagaagea ggecattate gecggeatgg cggccecacg ggtgcgcatg ategtactee
2221 tgtegttgag gacceggeta ggetggcgey sttocettac tggttageag aatgaatcac
2281 cgatacgcga gegaacgtga agegaciget getgeaaaac gtetgegace tgageaacaa
2341 catgaatggt cttcggttic cgtgtttcgt aaagtctgga aacgeggaag tcagegeect
2401 geaccattat gttccggate tgcatcgeag gatgetgetg getaccctgt ggaacaccta
2461 catctgtatt aacgaagegce tggcattgac cetgagtgat ttttetetgg teccgeegea
2521 tecataccge cagttgtita cecteacaac gticcagtaa cegggcatgt teatcatcag
2581 taacccgtat cgtgageate ctetetegtt teategptat cattacecce atgaacagaa
2641 atccecctta cacggaggca tcagtgacca aacaggaaaa aaccgcectt aacatggece
2701 getttatcag aagccagaca ttaacgette tggagaaact caacgagetg gacgeggatg
2761 aacaggcaga catctgtgaa tegettcacg accacgetga tgagetttac cgeagetgec
2821 tcgegegttt cggtgatgac ggtgaaaace tetgacacat geageteecyg gagacggtea
2881 cagettgtet gtaageggeat gecgggagea gacaageecg teagggegeg teageggets
2941 uggeggelg cggggegea gecalgaccee agicacglag cgalagegga glglataclg

3001 gettaactat geggeatcag ageagattgt actgagagte caccatatat geggtetgaa
3061 ataccgeaca gatgegtaag gagaaaatac cgeatcagge getetteege ttectegete
3121 actgacicge tgegeleggl cgilegeclg cggegagegg talcagelea clecaaaggeg
3181 gtlaalacggl tatccacaga alcaggggat aacgeaggaa agaacalglg agcaaaagge
3241 cagcaaaagg ccaggaaccg taaaaaggee gegttgetgg cgttttteca taggeteege
3301 ccceetgacg ageatcacaa aaatcgacge tcaagtcaga ggtggegaaa cccgacagga

3361 ctataaagat accaggcett tcccectgga ageteecteg tgcgetetee tgttecgace

DK/EP 3132049 T3



3421 ctgeegetta ceggatacct gteegecttt cteecttegg gaagegtegc gotttetcat
3481 agetcacget gtaggtatet cagttcggty taggtegttc getccaaget gggetgtete
3541 cacgaaccce cegttcagee cgaccgetge geettateeg gtaactateg tettgagtee
3601 aacccggtaa gacacgactt atcgecactg geageageea ctggtaacag gattageaga
3601 gegagetatg taggegetec tacagagttc ttgaagtget gecctaacta cggetacact
3721 agaaggacag tatttggtat ctgegetetg ctgaagecag ttaccttcgg aaaaagagtt
3781 ggtagetett gatccggeaa acaaaccace getggtageg gtggtititt tgtttgecaag
3841 cagcagatta cgcgeagaaa aaaaggatct caagaagate ctitgatett tictacggge
3901 tctgacgete agtggaacga aaactcacgt taagggattt tggtcatgaa caataaaact
3961 gtetgettac ataaacagta atacaagggg tgttatgage catattcaac gggaaacgtc
4021 ttgctetagg ccgegattaa attccaacat ggatgetgat ttatatgggt ataaatggge
4081 tcgegataat gteggecaat caggteegac aatctatega ttgtatggea ageecgatge
4141 gecagagtiy tttctgaaac atggeaaagg tagegttgee aatgatgtta cagatgagat
4201 getcagacta aactggetga cggaatttat geetettecg accatcaage attttatceg
4261 tactcctgat gatgeatggt tactcaccac tgegatccee gggaaaacag cattccaggt
4321 attagaagaa tatcctgatt caggtgaaaa tattgtigat gegetggeag tgttcetgeg
4381 ceggttgeat togattectg titgtaattg tecttttaac agegategeg tatttegtet
444] cgctcaggeg caatcacgaa tgaataacgg titggtigat gegagtgatt ttgatgacga
4501 geglaalgge Lggeelgllg aacaaglelg gaaagaaalg calaaaclll (gecallele
4561 accggattca gtegteacte atggtgattt ctcacttgat aaccttattt ttgacgaggg
4621 gaaattaata ggttgtattg atgttggacg agtcggaate geagaccgat accaggatet
4681 tgecatecta tggaactgee teggtgagtt tictecttca ttacagaaac ggetttttca
4741 aaaatatggt attgataatc ctgatatgaa taaattgeag tttcatttga tgctcgatga
4801 gtttttctaa gaattaattc atgagegeat acatatttga atgtatttag aaaaataaac
4861 aanalaggggl lccgegeaca Lilcceegaa aaglgecace laaallglaa gegllaalal
4921 titpttaaaa ttcgegttaa atttttgtta aatcagetea ttttttaace aataggecga

4981 aatcggcaaa atcccttata aatcaaaaga atagaccgag atagggttga gtettetice
5041 agtttggaac aagagtceac tattaaagaa cgtggactee aacgtcaaag ggegaaaaac

5101 cgiclalcag ggegalggee caclacglga accalcacee laalcaagll Llilggggle
5161 gaggtgcegt aaageactaa atcggaacce taaagggage cecegattta gagettgacg

5221 gggaaagecg gegaacgleg cgagaaagga agggaagaaa gegaaaggag ceggegctag

5281 gecgetgeca agtgtagege tcacgetgeg cgtaaccace acaceegecg cgcttaatge
5341 gecgetacag ggegegtece attegeca

DK/EP 3132049 T3

[0156] A thermally stable form of phenylalanine dehydrogenase was cloned and used to
generate NADH in presence of Phe (FIG. 11 and FIG. 12). The PheDh can be stored for a year
with minimal activity loss and as a lyophilized powder if stored with sucrose. NADH produced

by the reaction was quantified by fluorescent measurement

Cloning validation (Prophetic)
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[0157] Cloned genes will be sequenced for confirmation prior to subcloning onto expression
vectors. Proteins will be purified using nickel-affinity chromatography (His-tagged versions) or
by precipitation of undesired proteins by heat (No-tagged versions). Enzyme activity will be
improved, if necessary, by site directed mutagenesis to increase the affinity for the substrates
or the stability. Such modifications will be made based on crystallographic and biochemical
studies performed in other members of the dehydrogenases family of enzymes. We will isolate
and purify two versions of each of phenylalanine dehydrogenase and glutamate
dehydrogenase from G. thermoglucosidiasius and Thermus thermophilus organisms,
respectively. Purification can be completed for example after harvesting cell culture, lysing the
cells and running the cellular lysate over a Nickel-tagged column that has affinity for His-tagged
protein sequences followed by standard elution.

Example 6: Phenylalaine Sensor Fabrication with combination Light emission and
Electrochemical sensing (Prophetic)

[0158] Dehydrogenases generally affect amino acids by cleaving off the primary amine thereby
generating ammonia. A cofactor to these enzymes is nicotinamide adenine dinucleotide
(NAD+). During the catalytic event NAD+ is reduced to NADH. This is advantageous as NADH
is a reducing agent that can be detected using electrochemistry. If this reaction is performed on
an exposed electrode under a certain voltage, NADH will liberate electrons to the electrode
producing a current. The magnitude of this current can then be correlated to the concentration
of phenylalanine.

[0159] To fabricate a hydrogel matrix (the schematic for which appears in FIG. 5) a 1mL stock
solution in IX phosphate buffered saline containing the following will be prepared as follows:

1. a. 40units of phenylalanine dehydrogenase

2.b. 20mL of 0.05M Toluidine Blue(the mediator)

3. ¢. 5mM B-Nicotinamide adenine dinucleotide, reduced dipotassium salt
4. d. 1% weight/volume sodium alginate from brown algae

10mL of the pre-gel solution will be spread onto a three electrode screen printed carbon
electrode. The electrode contains both a counter and working electrode as well as a
silver/silver chloride reference electrode. The working electrode acts as the sensing electrode.
The pre-gel solution on the electrode will then be sprayed with a 0.1M CacClI2 solution using a
Badger 200N airbrush at 7.5psi for 1 second, depositing ~5mL of the CaCl2 solution. The gel
will be allowed to cure for 30minutes in a humid environment.

[0160] The electrode above will be combined with the reaction surface described herein using
either a cuvette or other solid support comprising reaction surface such as a filter paper and
microfluidic chamber.
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[0161] Additional components such as varying concentration of trehalose will be added to the
hydrogel matrix mixture above. Additional component of the hydrogel may also include: one or
more anionic monomers and crosslinkers.

Anionic Monomers (Prophetic)

[0162] Several candidates for enhancement of an anion filter have been identified, each of
which contain a negative charge in order to repel any anions that may interfere with the
electrode. 2-acrylamido-2- methylpropane sulfonic acid (AMPS) is a sulfonic acid containing
monomer with a permanent negative charge that can be polymerized via radical polymerization
in solution with the enzyme, cofactors and crosslinker. Other suitable anionic monomer
candidates include methacrylic acid, 2-sulfoethyl melthacrylate, and 2-propene-1-sulfonic acid.
Enzyme activity will be verified in conjunction with the other hydrogel components through

amperometric detection with a potentiostat for each composition.
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[0163] Easily reduced molecules termed mediators can facilitate propagation of the
electrochemical event. Mediators effectively shuttle electrons from the NADH to the electrode
allowing for higher sensitivity and protection of the integrity of the electrode surface. Ideally
mediator molecules are immobilized close to the electrode surface to eliminate diffusion as a
rate-limiting step in the propagation of electrons. Common mediators for shuttling electrons
from NADH include thionine, o-phenylenediamine, methylene blue and toluidine blue.

[0164] Toluidine blue will be immobilized onto the surface of the electrode by
electropolymerization. Additionally if the enzyme is present during this electropolymerization
event, the enzyme can be entrapped in the polymerized layer of the mediator and optional
alginate solution. The advantage of such an immobilization lies in that the enzyme will produce
NADH directly in the vicinity of the polymerized mediator layer, completely eliminating diffusion
as a rate limiting step of propagation of the current response.

Crosslinkers (Prophetic)
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[0165] Polyethylene glycol dimethacrylate (PEGDA) or tetraethylene glycol diacrylate (TEGDA)
will be used as optional crosslinkers in the anionic and mediator polymers, creating a hydrogel
that serves as a molecular weight cut off filter and an immobilizing mechanism for the enzyme
and its cofactors.

[0166] Varying the amount and molecular weight of these polyethylene glycol derivatives will
yield different enzyme stabilities and kinetics due to diffusion and steric hindrance as well as
alter the molecular weight cut off filter mesh size. Polyethylene glycol derivatives are the choice
for the crosslinker because they will minimize interactions and modifications with the enzyme
preventing adsorption. Both PEGDA and TEGDA will be polymerized in the monomer solution
that contains the enzyme and cofactors via free radical polymerization. Enzyme activity will be
verified in conjunction with the other hydrogel components.

[0167] Upon successful production of phenylalanine dehydrogenase, electrochemical detection
of phenylalanine will be performed under ideal conditions in buffered solution. Phenylalanine
dehydrogenase concentrations, NAD+, and toluidine blue will be dissolved in phosphate
buffered saline (PBS) and placed on screen printed carbon electrodes containing a silver/ silver
chloride reference electrode, working (or measuring) electrode, and counter electrode. After
the electrode equilibrates, stock solutions of phenylalanine in PBS will be: directly added to the
enzyme solution on the electrode and current will be measured by amperometric detection
using a potentiostat. Detection will be carried out at an operating voltage determined by cyclic
voltammetry. Concentrations of phenylalanine ranging in concentrations between 60 and 1200
mM will be used to generate a standard curve within the physiological range of healthy
individuals and individuals with PKU. A variety of techniques for data analysis will be utilized to
identify the most accurate and reproducible method of correlating current generation to
phenylalanine concentration. This task will demonstrate the ability to detect physiological
phenylalanine concentrations as well as determine the enzyme and cofactor concentrations
necessary for accurate detection in this range.

[0168] After the best candidates for immobilization of phenylalanine dehydrogenase and its
cofactors are identified, current generation will be quantified via amperometric detection of
phenylalanine concentrations in the range of 60 and 1200 mM. This will be used to generate a
standard curve within the physiological range of healthy individuals and individuals with PKU. A
variety of techniques for data analysis will be utilized to identify the most accurate and
reproducible method of corresponding current generation to phenylalanine concentration.
Sensor stability will be assessed through long-term storage at room temperature, about 4
degrees Celsius, and about -20 degrees Celsius. Detection sustainability will then be
determined at 1, 3, 5, and 10 weeks for each storage condition using stock solutions of
phenylalanine in PBS.

[0169] Any phenylalanine dehydrogenase immobilize dto a microfluidic chamber will be
lyophilized ro desiccated in a sugar/bulking agent solution comprising from about 100
micrmolar to about 500 micrmolar sugar in Tris/glycine buffer.
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Example 7: Alternative Phenylalanine Sensor (Prophetic)

[0170] Rather than rely on only one method to measure the quantity of phenylalanine in a
bodily fluid such as a blood sample or plasma, other embodiments of the device will be made
utilizing the same deposition chemistry for microfluidic chambers. Phenylalanine
dehydrogenase will be replaced in an embodiment with immobilization of phenylalanine
ammonia-lyase (PAL), (SEQ ID NO:7 or functional fragments thereof that are at least 70%
homolgous to SEQ ID NO:7). This enzyme will catalyze a reaction of phenylalanine and
produce cinnamic acid and ammonia. Cinnamic acid can be measured spectrophotometrically
since it produces a blue color in the presence of Fe and KOH. Ammonia release in the
presence of hydrogen peroxide will produce an electron transfer to an electrode coated with
hydrogel. Current from electron trasnfers similar to the above-described methods can be
detected by the working electrode.

Example 8 - Test strip platform for plasma separation and sample distribution

[0171] Microfluidics is a commonly investigated option for near-patient device construction.
The micro-channels allow for the rapid processing of small volumes of blood. Their transition
from the lab bench to mobile devices has been hindered by the requirement of hand or
electrically operated pumps. Additionally their construction is cumbersome and can be difficult
to mass-produce. Recently, paper microfluidics have garnered a growing interest due to
distinct advantages over traditional microfluidics for test strip construction. Paper-based test
strips rely on the passive capillary action of the hydrophilic polymer pores for fluid transport
without the need of pumps or motors as required in traditional microfluidics. Coupling this with
the low cost of filter paper, makes paper microfluidic test strips an attractive option.

[0172] Microfluidic test cassettes are traditionally constructed from silicone polymers and
require electrically or hand driven pumps to process the sample. The silicone polymer
construction requires complex techniques such as photolithography or ultra-high resolution 3D
printing. Additionally the reliance on pumps results in large test cassettes requiring significant
power consumption. These issues can easily be resolved by use of paper-based microfluidics
which do not require pumps or motors as the hydrophilic pores of the paper allow for passive
fluid transport through capillary action. A two part paper test strip will be investigated consisting
of a plasma separating membrane and a paper fluidic for sample distribution and mixing with
the PheDh enzyme. The plasma separating membrane utilizes increasingly smaller pores in
the cross-section of the paper that draw up plasma through increasing capillary pressure while
leaving blood cells behind. Separated plasma can then be extracted by use of the paper fluidic
and distributed to sections for both reference and analyte measurements. The paper was
patterned to include these channels and sections by use of CO, laser cutting, a common

technique commonly used to cut thin sheet of acrylic. We have demonstrated that CO5 laser

cutting can be used to pattern paper effectively. The PheDh enzyme was lyophilized directly
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onto the paper fluidic. We have demonstrated that PheDh can be lyophilized with no loss in
activity if done in the presence of 300 mM sucrose, which stabilizes the native enzyme
structure.

[0173] The test strip was designed to contain a 1 cm? pad of the plasma separating paper.
This corresponded to a maximum sample size of 20 mL (plasma separating paper void volume

of ~20mL/cm?). A 40 W CO, laser cutter was utilized to pattern a separate piece of filter paper

with both an absorbing pad that is in contact with the plasma separating membrane and
channels to distribute plasma to a reference and measurement section, also patterned by the
CO5 laser. The resulting paper microfluidic had a total volume of 6 mL, approximately equal to

the expected volume of plasma extracted (FIG. 16). Different materials were investigated for
their efficiency in wicking plasma away from the blood separation paper. They included
cellulose, nitrocellulose, and poly(ethylsulfone) treated cellulose. Extraction efficiency was

measured using 2.5 cm? pieces of each material exposed to the blood separation paper after
20 mL of whole blood has been applied. The spot sized generated was measured and the
resulting volume of plasma extracted calculated.

[0174] A major obstacle in low sample volume analysis on paper is rapid evaporation of the
biomatrix. To circumvent this issue, the patterned paper test strips will be sandwiched between
two pieces of 0.2 mm thick sheets of transparent acrylic. This will prevent sample evaporation
as well as provide a stable support to increase durability of the paper test strip for ease of
handling. The acrylic will be cut with a CO5 laser to fashion it with a blood application window

for access to the plasma separating membrane. The resulting test strip should have
dimensions of 1 cm X 2 cm, which is small and compact yet still easy to handle.

[0175] Patterned filter paper test strips were loaded with 10 mL aliquots of a 300 mM solution
of sucrose in 100 mM Tris-HCI containing 0.28 mg of the PheDh. The 300 mM sucrose solution
assisted in the stable lyophilization of the enzyme. The loading took place in the measurement
zone of the test strip. The assay buffer for the enzyme, 200 mM Glycine KOH KCI, was be
loaded on the test strip. Two different patterns were created as depicted in FIG. 16 and FIG.
20.

[0176] Enzyme loaded test strip was challenged with whole human blood spiked with serially
increasing phenylalanine concentrations ranging from 20-1200 mM. This representation of
healthy to diseased concentrations of phenylalanine, allowed for evaluation of the test strip in
tandem with the handheld fluorometer. 20 mL of the whole blood was applied to the sample
application zone of the test strip. After 5 minutes the compact fluorometer will take a
fluorescent image of both the reference zone and the sample zone containing the enzyme.
The image will be processed and the red, green and blue channels will be extracted. A
calibration curve will then be generated using this range of blood phenylalanine concentrations
as an initial evaluation of the efficacy of the test strip.

Example 9 - Quantitative compact fluorometer
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[0177] Precise biochemical analysis is a ubiquitous challenge in the diagnosis and
management of inborn errors of metabolism (IEMs). Newborn screenings for these genetic
disorders allow healthcare workers to rapidly respond with treatment and management
protocols, preventing neurodevelopmental complications from manifesting. Once the disorder
is identified, regular biochemical analysis becomes a lifelong need for these patients and must
be performed to ensure the toxic metabolites associated with the IEMs are kept to a minimum
by dietary intervention and pharmaceuticals. Techniques currently being used for detecting and
managing IEMs include enzymatic assays, high performance liquid chromatography (HPLC)
and mass spectroscopy. These techniques require expensive equipment and professionally
trained personnel, which lends themselves well to inpatient testing but not for outpatient clinics
or at home. The time intensive task of either shipping samples or traveling to major hospitals
and laboratories dramatically lowers patient compliance. In fact, it has been demonstrated that
patients with phenylketonuria (PKU), an IEM for phenylalanine (Phe) metabolism, only had
40% of measured Phe levels within the prescribed range. In maple syrup urine disease, an IEM
for branched amino acid metabolism, only 34% of the patients had leucine levels within the
prescribed range. This is due to the currently unmanageable task of efficient and timely
monitoring blood metabolites and responding with appropriate treatment.

[0178] There is a need for a platform that offers rapid biochemical analysis outside of the
clinical setting providing a means for biomarker detection not only at home but in emergency
scenarios as well, in a manner similar to a blood glucometer. An effective device should
perform the analysis directly on whole blood with little to no training or decisions in its
operation, while remaining compact enough to allow for handheld operation by the patient or
near the patient by a caretaker. A near-patient device with such qualities can be accomplished
by the proposed approach through investigation of paper microfluidics for blood sample
processing in conjunction with handheld fluorometry for analyte detection. This approach was
investigated to detect phenylalanine as a model for future devices for near-patient biochemical
analysis. A phenylalanine processing enzyme, phenylalanine dehydrogenase (PheDh) will be
utilized. PheDh reduces its cofactor, NAD+, to the energetic molecule NADH, as it processes
Phe. The stochiometrically produced NADH molecule is fluorescent and can be exploited for
Phe quantification.

[0179] Photometric detection, is a commonly used technique in microfluidic research for the
evaluation of enzymatic reactions, immunoassays or colorimetric chemical reactions. Recently,
photometric, colorimetric and fluorescent detection in handheld devices have been made
possible by advances in low power ultra-violet LED technology and compact imaging devices.
There have been efforts to leverage these advances by measuring absorbance and
reflectance on paper devices, but the fibrous nature of paper causes scattering of the probing
light, resulting in poor signal to noise ratios. Alternatively, fluorescent techniques measure light
emitted from the sample, rather than losses from a probing light source, and therefore have
excellent signal-to-noise ratios for paper-based measurements.
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[0180] Despite its superior signal to noise ratio, fluorescence measurements can potentially be
hindered by endogenous molecules in blood that have similar fluorescent properties to NADH.
To circumvent this obstacle, the fluorescent events will be quantified by use of a
complementary metal-oxide semiconductor (CMOS) imaging device. By capturing an image, as
opposed to measuring the emitted light directly, fluorescence intensity can be quantified in
multiple sites on the paper microfluidic using the algorithm support beginning on page 23 of the
specification. This would allow for the inclusion of reference regions that contain no sensing
element (i.e. PheDh) and allow for simultaneous background measurements to be made.

[0181] An in-line fluorometer was constructed consisting of two bandpass filters, a UV-LED and
a CMOS camera (Figure 13). This design provides a compact device measuring only 2x1x1
inches. NADH was excited at 365 nm using a 50 mW, UV-LED. The LED has a low energy tail
in emission and thus has a small output within the emission band of NADH, at approximately
450 nm. To circumvent this issue a colored glass optical filter with a spectral bandgap of 275-
375 nm was used as an excitation filter. NADH produced within the paper-based test strip
emitted blue light with a peak wavelength of 450 nm during excitation (Fig. 14 - grey scaled
image provides light hue in blue wavelength as compared to the red and green wvaelengths).
The emitted light passed through a dielectric bandpass filter with a peak transmittance
wavelength of 457 nm with a 10 nm full-width-at-half-maximum. This emission filter prevented
the excitation light source from reaching the CMOS device. Raw data from the CMOS device
integrated on a smart phone captured the fluorescence event (FIG. 19A) and subsequent
image analysis was used to determine normalized NADH concentration (see algorithms on
page 23 of the specification). Figure 15 is a graph of linearized fluorescence readings from the
use of a CMOS camera mounted on a mobile phone using microfluidic chamber, housing and
filter paper depicted in FIG. 16. FIG. 15 demonstrates the effectiveness of measuring
phenylalanine in plasma samples by use of fluorescence on a paper-based test strip. Use of a
camera allows for both multiplexed and reference measurement made simultaneously.
Quantification of fluorescent event was performed by averaging the RGB colors of a 100 pixel
area of the paper test strip.

[0182] The paper based Phe sensor utilizes fluorescence to detect the NADH molecules
produced by the enzyme. NADH has a fluorescent excitation of 365 nm and an emission of 450
nm.

[0183] Fluorescence is advantageous as signal gain is being measured rather than signal loss,
which is the case in absorbance and reflectance measurements. This is especially important
for paper based measurements, where the paper can scattering probing light sources used in
absorbance measurements, whereas in the case of fluorescence this issue does not exist. The
fluorescence based device utilized a 365 nm 50 mW ultra-violet LED. The light shines light
through an excitation filter to ensure that no light from the LED bleeds into the measurement
region (450 nm) of the emission event. The light then reaches the paper-based test strip
containing the enzyme. The fluorescently excited NADH produced by the enzyme then emits
light with a wavelength of 450 nm. This emission even can be detected by a photodiode or by a
complementary metal-oxide semiconductor camera or by a charge-coupled device camera.
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The use of a camera can be advantageous to the use of a photodiode as it allows multiple
regions (i.e. reference) to be measured at the same time. The paper-based test strip itself
consists of a plasma separating membrane and of a paper fluidic. Whole blood can be applied
to the plasma separating membrane, and then the paper fluidic can extract plasma from this
membrane by capillary action. The paper fluidic was loaded with the Iyophilized enzyme and
the buffer needed for the enzyme to operate. The plasma separating membrane and the paper
fluidic will be bound to the surface of an optically transparent, plastic support (acrylic,
polystyrene, polycarbonate, etc.). A top support can then be used to sandwich the
components. Alternatively, the top support can be replaced by a lamination process or by
optically transparent tape. Relevant size of the microfluidic chamber is depicted in FIG. 17.
Figure 19B depicts data collected and normalized using a slightly different microfluidic chamber
depicted in FIG. 18. These measurements were taken using only 10 microliters of plasma.
Concentrations ranging from 125-1000 micromolar were measured, with an errors as low as
5%. The constructed test strip in FIG. 18 could perform real-time separation of the plasma
from a whole blood sample and distribute the plasma to different region on the paper fluidic
containing the enzyme.

[0184] The distances between each component was varied between 0.5-5 mm. Shorter
distances provided a stronger signal, but could potentially cause saturation of the excitation
event. Signal-to-noise ratios were determined for each distance to optimize the setup. Precise
modulation of the distances was performed using an optical table and filter paper charged with
10 mL of 100 mM NADH or deionized water.

[0185] The use of a CMOS device has distinct advantages over photodiodes for detecting
emitted light from the fluorescent probe. Specifically, multiplexed and reference detection can
be performed by analyzing various defined regions in the image of the test strip. Captured
images by the CMOS device will be analyzed by averaging the 400 pixel areas of the analyte
and reference sections. These algorithms will be computed by an onboard microcontroller.
Once this quantification protocol has been established, NADH was analyzed using 10 mL
aliquots of concentrations ranging from 0.1-1000 mM.

[0186] This was performed in different biomatrices to demonstrate the effective use of a
reference well in subtracting any intrinsic fluorescence of the sample (FIG. 16 microfluidic
versus FIG. 18). This was performed using 5 samples of each concentration in water, serum
and separated plasma.

Example 10 - Centrifuging disc platform for plasma separation and sample distribution

[0187] In addition to paper-based microfluidics, separating plasma from whole blood can be
performed by centrifugation. A fast and proven method, centrifugation involves rapidly spinning
blood sample to separate the lighter plasma from the heaver blood cells. Due to the need of a
motor to work the centrifuge, power consumption should be held to a minimum. A centrifuging
disc was investigated which consists of a microfluidic channel containing PheDh enzyme on
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one of side, and a counterweight on the other. The disc is constructed of a clear acrylic or
other non-reactive, sturdy material (FIG. 2A). Whole blood was applied to a small hole in the
channel side of the disc, and is dawn into the channel by capillary action (FIG.2A). The disc
was then placed in a small, brushless centrifuge and rapidly spun, allowing the heavier blood
cells and other elements to be pushed to the far end of the channel. The lighter plasma
separates from the rest of the blood and remains toward the center of the disc (FIG. 1).

[0188] In this embodiment, the NADH produced by the phenylalanine dehydrogenase was
measured through use of absorbance. A 340 nm ultra-violet LED was powered and the light
and shone through a cuvette containing plasma, the enzyme and the cofactor, NAD+. As
NADH was produced, the amount of ultra-violet light absorbed would increase, resulting in less
light reaching the photodiode. Less light reaching the photodiode resulted in lower generated
current. This was actually constructed as seen in FIG. 21. It also produced the calibration
curve as depicted in FIG. 22, which could detection plasma phenylalanine concentrations
ranging from 60-1000 micromolar, with an error as low as 5%.

[0189] Once the separation is complete, the disc can be placed in front of a compact
fluorometer. The presence of the PheDh enzyme led to the creation of NADH (FIG. 2B), and
because the disc is clear, the fluorometer took measurement without having the blood
removed from the channel (FIG. 6).

[0190] An alternative embodiment of the centrifugation disc is one with two microfluidic
channels in parallel on the same side of the disc, one containing PheDh enzyme and one
without as a control A disc was designed to centrifuge blood samples. The mold of the disc was
produced, and designed to be utilized with a brushless motor. The disc was produced using
PDMS but can be made out of any optically transparent polymer material. As seen in the
figures below, the disc could effectively separate whole blood into plasma and red blood cells
within 5 minutes. (FIG. 3). Blood applied to the small hole filled both channels equally, and a
larger counterweight will compensate for the increase in blood volume. After centrifugation, the
blood plasma area of both channels was adjacent to each other, allowing for the fluorometer to
measure both the enzyme and control channels at once (FIG.4). Raw data appears in (Fig. 6).
In either embodiment, the compact fluorometer took a fluorescent image after 5 minutes from
centrifugation. The image was processed and the red, green and blue channels will be
extracted. The presence of the PheDh enzyme led to the creation of NADH (FIG. 5).

Example 11 - Validation of paper fluidic compared with conventional detection

[0191] We will determine the accuracy, precision, and lower limit of quantification of the sensor.
Progressively lower concentrations of the phenylalanine in whole blood will be examined to
determine the lower limit of quantification (LLoQ) as compared to a blank sample. This will
demonstrate the sensitivity of the sensor per accepted regulatory guidelines. From this point
retrospective and prospective patient samples can be tested and correlated with the same
blood phenylalanine tests being performed using conventional techniques. Demonstrating that
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the constructed near-patient device correlates with HPLC will prove the feasibility of using
handheld fluorometry for the biochemical analysis. Patients with PKU will have blood drawn for
their regular biochemical analysis. The samples will be de-identified and measured using the
phenylalanine sensor. The measured concentration will then be compared to measurements
taken using HPLC.

[0192] The developed Phe sensor's performance will be evaluated using the Centers for
Disease Control and Prevention (CDC) report on good laboratory practices for biochemical
genetic testing. A varied sampling of patient and 'normal’ blood draws will be utilized to
determine the accuracy, precision and lower limit of quantification (LLoQ).

[0193] Initially a calibration curve will be generated utilizing whole blood spiked 1200 mM Phe
and serially diluted to produce a range of concentrations from 20 mM to 1200 mM Phe. The
whole blood used will have its Phe levels measured using HPLC to determine its true value.
Measurements will then be taken in quintuplicate of each serial dilution to produce the
calibration curve.

[0194] De-identified samples obtained from patients coming for regular biochemical analysis
will be split. One half of the sample will be analyzed conventionally by HPLC. The other half will
be analyzed using the developed, handheld Phe sensor. The accuracy of the sensor will be
determined using at least 32 patient and 'normal' samples. The measurements are expected to
fall within 15% of the true value determined by HPLC. Additionally the correlation between the
developed Phe sensor and HPLC will be determined.

[0195] The precision will be determined by testing the at least 3 patient samples of known Phe
concentration at least 5 times within the same day. The same samples will then be tested
several times over the course of 3 days with whole blood and over the course of 8 weeks with
plasma samples as whole will not stay viable for multiple weeks. Finally the same samples will
measured using at least 6 different operators. These precision measurements will determine
the day-to-day, run-to-run, within-run and operator coefficient of variance.

[0196] The LLoQ will be determined by analyzing 5 different 'blank’ samples in quintuplicate.
The LLoQ will be defined as the lower concentration of Phe detected which produces a signal
that is at least 4 standard deviations higher than the average signal of blank samples. This
defined LLoQ will ensure that 99.5% of results at the LLoQ will be fit for use.

Equivalents

[0197] Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the disclosure
described herein. The scope of the present disclosure is not intended to be limited to the
above Description, but rather is as set forth in the following claims:
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PATENTKRAV

1. En biosensor omfattende:

en lyskilde;

en lysdetektor; og

mindst en reaktionsoverflade omfattende mindst en elektronmediator, mindst
et oxidationsmiddel og mindst et metabolisk enzym, hvor det mindst ene me-
taboliske enzym er en phenylalanindehydrogenase omfattende aminosyrese-
kvensen ifglge SEQ ID NO: 1;

hvor reaktionsoverfladen ikke omfatter og ikke er fastgjort til en elektrisk le-
dende understgtning; og

hvor lyskilden er placeret i en afstand fra reaktionsoverfladen, der er tilstrek-
kelig til at bestrale reaktionsoverfladen, og lysdetektoren er placeret i en af-
stand fra reaktionsoverfladen, der er tilstreekkelig til at opsamle bestralet lys

fra reaktionsoverfladen.

2. Biosensor ifglge krav 1, hvor phenylalanindehydrogenasen immobiliseres pa reak-

tionsoverfladen.

3. Biosensor ifglge et hvilket som helst af kravene 1 eller 2, hvor phenylalanindehy-

drogenasen er en phenylalanindehydrogenase fra Geobacillus thermoglucosidiasus.

4. Biosensor ifglge krav 1, hvor lysdetektoren er en fotodiode, der er operativt forbun-
det til en controller og et display, saledes at ved eksponering af reaktionsoverfladen
for en mangde af en prgve omfattende et aminosyresubstrat, modtager controlleren en
strgm fra fotodioden og korrelerer strgmmen til et elektrisk signal svarende til en kon-
centrationsverdi af aminosyren i prgven, et sadant elektrisk signal bliver overfgrt til

og vist af displayet.

5. Biosensor ifglge et hvilket som helst af kravene 1 til 4, hvor reaktionsoverfladen er

fri for en eller flere af fglgende: (1) uricase; (ii) en hydrogel omfattende dextran eller



10

15

20

25

30

DK/EP 3132049 T3

2

et derivat deraf; (iii) en bakteriecelle; (iv) en elektronisk dipol konfigureret til elektro-

forese; og (v) 3, 4-DHB.

6. Biosensor ifglge et hvilket som helst af kravene 1 til 5, hvor reaktionsoverfladen

ikke indeholder mere end fra 10 pl + 5% til 100 pl + 5% veaske.

7. Biosensor ifglge et hvilket som helst af kravene 1 til 6, hvor det mindst ene oxidati-

onsmiddel er udvalgt blandt: NAD+ eller FAD+.

8. Biosensor ifglge et hvilket som helst af kravene 1 til 7, hvor reaktionsoverfladen
bestar af et filterpapir omfattende en blanding af det mindst ene frysetgrrede metaboli-

ske enzym og et sukker i en koncentration fra 100 mM + 5% til 400 mM £ 5 %.

9. En biosensor omfattende:

en lyskilde;

en lysdetektor; og

mindst én reaktionsoverflade omfattende mindst en elektronmediator, mindst
et oxidationsmiddel og mindst et metabolisk enzym, hvor det mindst ene me-
taboliske enzym omfatter aminosyresekvensen 1 SEQ ID NO: 1;

hvor reaktionsoverfladen ikke omfatter og ikke er fastgjort til en elektrisk le-

dende understgtning.

10. Biosensor ifglge krav 9, hvor det mindst ene metaboliske enzym er en phenylala-

nindehydrogenase fra Geobacillus thermoglucosidiasus.

11. Biosensor ifglge krav 9 eller 10, hvor det mindst ene metaboliske enzym er immo-

biliseret pa den mindst ene reaktionsoverflade.

12. Biosensor ifglge et hvilket som helst af kravene 9 til 11, hvor reaktionsoverfladen
omfatter et filterpapir og er fri for og ikke er fastgjort til en elektrisk ledende under-
stgtning; og
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hvor lyskilden er placeret 1 en afstand fra reaktionsoverfladen tilstrekkelig til at be-
strale reaktionsoverfladen og lysdetektoren er placeret i en afstand fra reaktionsover-

fladen, der er tilstraekkelig til at opsamle bestralet lys fra reaktionsoverfladen.

13. System omfattende biosensoren ifglge et hvilket som helst af kravene 1 til 12, i
operativ forbindelse til mindst én computer lagringshukommelse og en computerpro-

cessor 1 operativ forbindelse med den mindst ene computer lagringshukommelse.

14. Kit omfattende biosensoren ifglge et hvilket som helst af kravene 1 til 12, eventu-
elt

hvor reaktionsoverfladen omfatter en teststrimmel eller filterpapir indeholdt 1 et afta-
geligt hus med mindst et veskeindlgb og et s®t instruktioner, der eventuelt er tilgen-

geligt eksternt elektronisk medium.

15. Fremgangsmade til bestemmelse, identifikation eller kvantificering af en koncen-
tration af en aminosyre i en prgve af kropsvaeske omfattende: at bringe en prgve af
kropsvaske 1 kontakt med biosensoren ifglge et hvilket som helst af kravene 1 til 12;

og bestemmelse af en m@&ngde aminosyre 1 prgven, hvor aminosyren er phenylalanin.

16. Fremgangsmade ifglge krav 15, hvor fremgangsmaden yderligere omfatter sam-
menligning af en koncentrationsverdi opnéet ved kvantificering eller identifikations-
trin med en terskelvaerdi forbundet med en eller flere metaboliske sygdomme; eller
hvor kontakttrinnet omfatter eksponering af prgven af kropsvaske fra et individ til
biosensoren ifglge et hvilket som helst af kravene 1 til 12 i en tilstreekkelig periode til
at tillade oxidation af aminosyren 1 prgven af kropsvaeske af det metaboliske enzym;
eller

hvor fremgangsmaden omfatter eksponering af prgven af kropsvaske for lys udsendt
fra lyskilde fgr detektering af det lys, der udsendes fra reaktionsoverfladen; eller

hvor prgven af kropsvaske indeholder fuldblod eller serum fra et individ; eller

hvor prgven af kropsvaske er {ri for urin.

17. En fremgangsmade til diagnosticering af en metabolisk sygdom hos et individ

omfattende:
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(a) at bringe en prgve af kropsvaske i kontakt med biosensoren ifglge et
hvilket som helst af kravene 1 til 12;

(b) kvantificering af koncentrationsvardien af phenylalanin i prgven;

(c) sammenligning af koncentrationsvardien af phenylalanin i prgven med en
terskelvaerdi for phenylalaninkoncentration identificeret som varende inden
for et sundt omrade; og

(d) identifikation af individet for at have en metabolisk sygdom, hvis koncen-
trationsvaerdien af phenylalanin i prgven overstiger eller falder under teer-

skelverdien, eventuelt hvor den metaboliske sygdom er phenylketonuri.

18. En fremgangsmade til at bestemme patientens modtagelighed over for en terapi

omfattende:

(a) at bringe en prgve af kropsvaske i kontakt med biosensoren ifglge et
hvilket som helst af kravene 1 til 12;

(b) kvantificering af phenylalaninkoncentrationsvardierne; og

(c) sammenligning af phenylalaninkoncentrationsvaerdierne med en eller flere

terskelvaerdier forbundet med en metabolisk sygdom.
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