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SCAVENGER PROTEIN(S) FOR IMPROVED PRESERVATION OF ANALYTE DETECTION
SENSOR(S) AND METHOD(S) OF USE THEREOF

Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The subject application claims benefit under 35 USC § 119(e) of US provisional
Application No. 62/539,018, filed July 31, 2017.

STATEMENT REGARDING FEDERALLY FUNDED RESEARCH OR DEVELOPMENT

[0002] Not Applicable.

TECHNICAL FIELD

[0003] The presently disclosed and claimed inventive concept(s) relate to an analyte
detection sensor of a blood gas, electrolyte, and/or metabolite instrument and to a method
for preventing the inactivation of at least one analyte detection sensor of a blood gas,

electrolyte, and/or metabolite instrument.

BACKGROUND

[0004] Numerous devices and methods exist for detecting analytes that may be
present in a patient’s biological fluid sample, including, for instance, a patient’s blood, urine,
serum, plasma, and/or cerebrospinal fluid sample. Such devices have been proven to be
effective in diagnostic assays that detect the presence (or non-presence) as well as the
guantity of certain analytes indicative of a patient’s health and biological profile, including,
but not limited to, analytes and conditions associated with a patient’s biological fluid sample,
such as, by way of example, a patient’s blood and/or urine sample. For instance, blood gas,
electrolyte, and/or metabolite analyzers (“BGAs”) have been used for years in the medical
industry to determine the presence and concentration of certain analytes which may be

present in a patient’s blood sample. BGAs are routinely used by doctors, scientists,
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researchers, and medical-care professionals to determine the presence and/or
concentrations of certain characteristics and/or analytes present in a patient’s blood sample,
including, without limitation: (1) blood gases (such as pH (acidity), carbon dioxide (measured
as pCO,—partial pressure of carbon dioxide), and/or oxygen (measured as pO,—partial
pressure of oxygen)); (2) electrolytes (such as sodium (Na*), potassium (K*), Calcium (Ca?*),
and/or chloride (CI)); (3) metabolites (such as glucose, lactate, biological urea nitrogen (BUN),
and/or creatinine); and/or co-oximetry concentration measurements (such as total
hemoglobin (tHb), reduced hemoglobin/deoxyhemoglobin (HHb), oxyhemoglobin (O:Hb),
saturated oxygen (sOz), carboxyhemoglobin (COHb), methemoglobin (MetHb), fetal
hemoglobin (HbF), and/or bilirubin).

[0005] BGAs rely on and comprise a sensor array having at least one analyte detection
sensor, such as at least one creatinine detection sensor, to accurately detect and/or quantify
the analyte(s) of interest present in the patient’s biological fluid sample. The consistent and
continual functioning of the at least one analyte detection sensor (such as a creatinine
detection sensor) is critical to the accurate detection and quantification of the analyte(s) of
interest. In addition, improvements that preserve and increase the functional-life of such
sensor(s) are highly desired.

[0006] To preserve the shelf-life and functionality of analyte detection sensor(s), and,
more particularly, creatinine detection sensor(s), at least one biocide may be used in
combination with the reagent(s) for the detection of the analyte(s) of interest. However,
some of these biocides (such as, by way of example, via the biocide(s) diffusing through a
sensor cover membrane) can deactivate critical enzymes necessary for performing the various
assays associated with the analyte detection sensor(s), resulting in loss of sensor functionality
and/or deterioration of the functional life of the analyte detection sensor(s).

[0007] Accordingly, a need exists for new and improved devices and methods that
preserve or increase the functional life of sensors used to detect and quantify analyte(s) of
interest which may be present in a patient’s biological fluid sample. Such new and improved
devices and methods thereby allow, by way of example and not by way of limitation, for: (1)
the accurate detection of analyte(s) of interest which may be present in a patient’s biological
fluid sample; (2) at least the preservation, if not an increase, in the functional life of the

analyte detection sensor(s); and (3) cost and time savings due to the re-usability of the of the
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analyte detection sensor(s). It is to such devices and methods that the presently disclosed and

claimed inventive concept(s) is directed.

DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0008] Figure 1 is a perspective view of a non-limiting embodiment of an improved
analyte detection sensor constructed in accordance with the presently disclosed and/or
claimed inventive concept(s).

Figure 2 is a cross-sectional view of the improved analyte detection sensor of
FIG. 1 as viewed from the cross-sectional line x of FIG. 1 in which the improved analyte

detection sensor is in fluid communication with at least one aqueous biocide.

DETAILED DESCRIPTION

[0009] Before explaining at least one embodiment of the inventive concept(s) in detail
by way of exemplary drawings, experimentation, results, and laboratory procedures, it is to
be understood that the inventive concept(s) is not limited in its application to the details of
construction and the arrangement of the components set forth in the following description
or illustrated in the drawings, experimentation and/or results. The inventive concept(s) is
capable of other embodiments or of being practiced or carried out in various ways. As such,
the language used herein is intended to be given the broadest possible scope and meaning;
and the embodiments are meant to be exemplary—not exhaustive. Also, it is to be
understood that the phraseology and terminology employed herein is for the purpose of
description and should not be regarded as limiting.

[0010] Unless otherwise defined herein, scientific and technical terms used in
connection with the presently disclosed and claimed inventive concept(s) shall have the
meanings that are commonly understood by those of ordinary skill in the art. Further, unless
otherwise required by context, singular terms shall include pluralities and plural terms shall
include the singular. The foregoing techniques and procedures are generally performed
according to conventional methods well known in the art and as described in various general
and more specific references that are cited and discussed throughout the present

specification. The nomenclatures utilized in connection with, and the laboratory procedures
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and techniques of, analytical chemistry, synthetic organic chemistry, and medicinal and
pharmaceutical chemistry described herein are those well-known and commonly used in the
art.

[0011] All of the compositions, devices, kits, and/or methods disclosed and claimed
herein can be made and executed without undue experimentation in light of the present
disclosure.

[0012] As utilized in accordance with the present disclosure, the following terms,
unless otherwise indicated, shall be understood to have the following meanings:

[0013] The use of the word “a” or “an” when used in conjunction with the term
“comprising” in the claims and/or the specification may mean “one,” but it is also consistent

n

with the meaning of “one or more,” “at least one,” and “one or more than one.” The singular

forms “a,” “an,” and “the” include plural referents unless the context clearly indicates
otherwise. Thus, for example, reference to “a compound” may refer to 1 or more, 2 or more,
3 or more, 4 or more or greater numbers of compounds. The term “plurality” refers to “two
or more.” The use of the term “or” in the claims is used to mean “and/or” unless explicitly
indicated to refer to alternatives only or the alternatives are mutually exclusive, although the
disclosure supports a definition that refers to only alternatives and “and/or.” Throughout this
application, the term “about” is used to indicate that a value includes the inherent variation
of error for the device, the method being employed to determine the value, or the variation
that exists among the study subjects. For example but not by way of limitation, when the term
“about” is utilized, the designated value may vary by £ 20% or + 10%, or + 5%, or £ 1%, or *
0.1% from the specified value, as such variations are appropriate to perform the disclosed
methods and as understood by persons having ordinary skill in the art. The use of the term
“at least one” will be understood to include one as well as any quantity more than one,
including but not limited to, 2, 3, 4, 5, 10, 15, 20, 30, 40, 50, 100, etc. The term “at least one”
may extend up to 100 or 1000 or more, depending on the term to which it is attached; in
addition, the quantities of 100/1000 are not to be considered limiting, as higher limits may
also produce satisfactory results. In addition, the use of the term “at least one of X, Y and Z2”
will be understood to include X alone, Y alone, and Z alone, as well as any combination of X,
Y and Z. The use of ordinal number terminology (i.e., “first”, “second”, “third”, “fourth”, etc.)

is solely for the purpose of differentiating between two or more items and is not meant to
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imply any sequence or order or importance to one item over another or any order of addition,
for example.

[0014] As used in this specification and claim(s), the terms “comprising” (and any form
of comprising, such as “comprise” and “comprises”), “having” (and any form of having, such
as “have” and “has”), “including” (and any form of including, such as “includes” and “include”)
or “containing” (and any form of containing, such as “contains” and “contain”) are inclusive
or open-ended and do not exclude additional, unrecited elements or method steps.

[0015] The term “or combinations thereof” as used herein refers to all permutations
and combinations of the listed items preceding the term. For example, “A, B, C, or
combinations thereof” is intended to include at least one of: A, B, C, AB, AC, BC, or ABC, and
if order is important in a particular context, also BA, CA, CB, CBA, BCA, ACB, BAC, or CAB.
Continuing with this example, expressly included are combinations that contain repeats of
one or more item or term, such as BB, AAA, AAB, BBC, AAABCCCC, CBBAAA, CABABB, and so
forth. The skilled artisan will understand that typically there is no limit on the number of items
or terms in any combination, unless otherwise apparent from the context.

[0016] As used herein, the term “substantially” means that the subsequently
described event or circumstance completely occurs or that the subsequently described event
or circumstance occurs to a great extent or degree. For example, the term “substantially”
means that the subsequently described event or circumstance occurs at least 90% of the time,
or at least 95% of the time, or at least 98% of the time.

[0017] As used herein, the phrase “associated with” includes both direct association
of two moieties to one another as well as indirect association of two moieties to one another.
Non-limiting examples of associations include covalent binding of one moiety to another
moiety either by a direct bond or through a spacer group, non-covalent binding of one moiety
to another moiety either directly or by means of specific binding pair members bound to the
moieties, incorporation of one moiety into another moiety such as by dissolving one moiety
in another moiety or by synthesis, and coating one moiety on another moiety.

[0018] As used herein, the term “biocide(s)” will be understood to include any
substance or combination of substances, including, without limitation, preservatives,
antimicrobial agents (including, but not limited to, germicides, antibiotics, antibacterials
(including, bactericides), antivirals, antifungals, antiprotozoals, and/or antiparasites), anti-

fouling agents, disinfectants, and/or pesticides (including, but not limited to, fungicides,
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herbicides, insecticides, algicides, molluscicides, miticides, and/or rodenticides) which are
used for the control of organisms that are harmful to human and/or animal health and/or
that cause damage to natural or manufactured products. Biocides, as used herein, can be of
any form, including, without limitation, aqueous (i.e., a fluid) or solid (i.e., a powder). In one
non-limiting embodiment, the biocides utilized in accordance with the presently disclosed
and/or inventive concept(s) comprise or consist of MIT, Proclin™ 300, and combinations
thereof.

[0019] The term “biological fluid sample” as used herein will be understood to include
any type of biological fluid sample that may be utilized in accordance with the presently
disclosed and claimed inventive concept(s). Examples of biological fluid samples that may be
utilized include, but are not limited to, whole blood or any portion thereof (i.e., plasma or
serum), saliva, sputum, cerebrospinal fluid (CSF), intestinal fluid, intraperitoneal fluid, cystic
fluid, sweat, interstitial fluid, tears, mucus, urine, bladder wash, semen, combinations, and
the like. In one non-limiting embodiment, the biological fluid sample utilized in accordance
with the presently disclosed and/or claimed inventive concept(s) is blood. The volume of the
biological fluid sample utilized in accordance with the presently disclosed and claimed
inventive concept(s) can be from about 0.1 microliter to about 300 microliters, or from about
0.5 microliter to about 290 microliters, or from about 1 microliter to about 280 microliters, or
from about 2 microliters to about 270 microliters, or from about 5 microliters to about 260
microliters, or from about 10 microliters to about 260 microliters, or from about 15 microliters
to about 250 microliters, or from about 20 microliters to about 250 microliters, or from about
30 microliters to about 240 microliters, or from about 40 microliters to about 230 microliters,
or from about 50 microliters to about 220 microliters, or from about 60 microliters to about
210 microliters, or from about 70 microliters to about 200 microliters, or from about 80
microliters to about 190 microliters, or from about 90 microliters to about 180 microliters, or
from about 100 microliters to about 170 microliters, or from about 110 microliters to about
160 microliters, or from about 120 microliters to about 150 microliters, or from about 130
microliters to about 140 microliters. In one non-limiting embodiment, the volume of the fluid
sample is in a range of from about 100 microliters to about 200 microliters.

[0020] The term “circuitry” as used herein includes, but is not limited to, analog
and/or digital components, or one or more suitably programmed processors (e.g.,

microprocessors) and associated hardware and software or hardwired logic. The term
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“component” may include hardware, such as but not limited to, a processors (e.g.,
microprocessor), an application specific integrated circuit (ASIC), field programmable gate
array (FPGA), a combination of hardware and software, and/or the like. The term “software”
as used herein may include one or more computer readable medium (i.e., computer readable
instructions) that when executed by one or more components cause the component to
perform a specified function. It should be understood that the algorithms described herein
may be stored on one or more non-transient memory. Non-limiting exemplary non-transient
memory may include random access memory, read only memory, flash memory, and/or the
like. Such non-transient memory may be electrically-based, optically-based, and/or the like.
[0021] The term “patient” includes human and veterinary subjects. In certain
embodiments, a patient is a mammal. In certain other embodiments, the patient is a human,
including, but not limited to, infants, toddlers, children, young adults, adults, and elderly
human populations. "Mammal" for purposes of treatment refers to any animal classified as a
mammal, including human, domestic and farm animals, nonhuman primates, and zoo, sports,
or pet animals, such as dogs, horses, cats, cows, etc.

[0022] The terms “peptide”, “polypeptide” and “protein” are used herein to refer to a
polymer of amino acid residues. The term “polypeptide” as used herein is a generic term to
refer to native protein, protein fragments, or analogs of a polypeptide sequence. Hence,
native protein, protein fragments, and analogs are species of the polypeptide genus. In one
non-limiting embodiment of the presently disclosed and/or claimed inventive concept(s), the
peptide(s), polypeptide(s), protein(s), and/or polymer(s) comprise thiol(s) and/or thiol-
containing constituents.

[0023] Turning now to particular embodiments, the presently disclosed and claimed
inventive concept(s) relate to device(s) and method(s) for preserving and/or improving the
functional life and performance of analyte detection sensor(s) of blood gas, electrolyte,
and/or metabolite instrumentation. While a patient’s biological fluid sample is primarily
discussed herein in the context of a patient’s blood sample, it should be readily understood
by a person having ordinary skill in the art that the presently disclosed and/or claimed
inventive concepts have applications to all types of a patient’s biological fluid sample. More
specifically, the presently disclosed and claimed inventive concept(s) relate to device(s) and
method(s) for improving the functional life and performance of at least one creatinine

sensor(s) of a blood gas, electrolyte, and/or metabolite instrumentation via the use of a
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scavenger protein layer comprising at least one scavenger protein.

[0024] Biocides are often used to preserve analyte detection sensor(s) of a sensor
array present in a blood gas, electrolyte, and/or metabolite instrument. However, when such
analyte detection sensor(s) are creatinine detection sensor(s), these biocides inactivate some
or all of the enzymes present on and/or in the creatinine sensor(s). In the context of creatinine
sensors, such sensors rely on enzymes containing free sulfhydryl groups (-SH) for the proper
and continuous functioning of the sensors. Such free sulfhydryl groups chemically react with
the biocide(s) that result in the inactivation of the creatinine sensor’s(s’) enzymes, thereby
resulting in decreased (or total loss) of functional utility and/or functional life of the creatinine
sensor(s). In fact, as shown in more detail below in the tables, such inactivation can occur (in
the absence of at least one scavenger protein) as soon as four (4) days after exposure of the
creatinine sensor(s) with such biocide(s).

[0025] Non-limiting examples of enzymes utilized in accordance with the presently
disclosed and/or claimed inventive concept(s) include creatininase, creatinase, and sarcosine
oxidase, and combination thereof.

[0026] Non-limiting examples of biocides utilized in accordance with the presently
disclosed and/or claimed inventive concept(s) include, without limitation,
methylisothiazolinone (“MIT”) and, for instance, Proclin™ 300, which comprises a
combination of 5-chloro-2-methyl-4-isothiazolin-3-one (“CMIT”), MIT, proprietary glycol, and
modified alkyl carboxylate, and which is commercially offered for sale by Sigma-Aldrich
Corporation and/or the Dow Chemical Company.

[0027] The scavenger protein(s) utilized in accordance with the presently disclosed
and/or claimed inventive concept(s) is/are a protein(s) capable of complexing and/or
associating with the biocides, including proteins having free thiol/sulfhydryl functional groups
and/or sulfide/disulfide bonds. A Scavenger protein according to the present invention is
bovine serum albumin (“BSA”), thioredoxin, urease, glutathione, cadystin, phytochelatin,
homoglutathione, homophytochelatin, desGly peptide, desglycine phytochelatin,
hydroxymethyl-glutathione, hydroxymethyl-phytochelatin, and/or combinations thereof. In
one non-limiting embodiment of the presently disclosed and/or claimed inventive concept(s),
the scavenger protein comprises or consists of BSA, which itself comprises one sulfhydryl
functional group and seventeen (17) disulfide bonds. Alternatively or in addition to, the

reduced form of BSA may be used as a scavenger protein in accordance with the presently
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disclosed and/or claimed inventive concept(s). The reduced form of BSA is formed by exposing
the BSA protein to a reducing agent(s), such as, by way of example only, [laundry list of
reducing agents]. The reduced form of BSA rearranges the disulfide bonds of the BSA to
thereby increase the number of free thiol/sulfhydryl groups available for reacting with the
biocide(s). In such non-limiting embodiments, BSA (and/or reduced BSA) is a desired
scavenger protein given its chemical makeup which allows for it to easily associate with
biocides, but also due to it being inexpensive, which allows for substantial cost savings. In
addition, BSA can be easily integrated into current and/or next generation blood gas,
electrolyte, and/or metabolite instruments without substantively altering the existing
reagents, protocols, or structures of such instruments.

[0028] Disclosed herein is an improved analyte detection sensor array. The improved
analyte detection sensor array comprises at least one analyte detection sensor which is in
fluid communication with a biocide preservation fluid. The improved analyte detection sensor
array is well adapted for incorporation and use in blood gas, electrolyte, and/or metabolite
instrumentation. The improved analyte detection sensor array may be contained within a
housing, for instance, a cartridge for use in a blood gas, electrolyte, and/or metabolite
instrument. The improved analyte detection sensor array may comprise any number of
analyte detection sensors in order to accomplish the presently disclosed and/or claimed
inventive concept(s). For instance, by way of example only, the improved analyte detection
sensor array may comprise 1, 2,3,4,5,6, 7, 8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65,
70, 75, 80, 85, 90, 95, or greater than or equal to 100 analyte detection sensors.

[0029] Referring now to the Figures, and, in particular FIG. 1, shown therein is a non-
limiting embodiment of the at least one analyte detection sensor 10 constructed in
accordance with the presently disclosed and/or claimed inventive concept(s). In such non-
limiting embodiment, the at least one analyte detection sensor 10 comprises a substrate 12,
an enzyme layer 38, a scavenger protein layer 46, at least one electrode 48, and a sensor
membrane cover 50.

[0030] The substrate 12 comprises a first side 14, a second side 16, a third side 18, a
fourth side 20, a top surface 22, and a bottom surface 24. While shown in FIG. 1 as being
substantially rectangular in shape, it should be readily understood to a person having ordinary
skill in the art that the substrate 12 can be any shape conducive for accomplishing the

presently disclosed and/or claimed inventive concept(s). Such shapes include, but are not



10

15

20

25

30

DK/EP 3661420 T3

10

limited to, a circle, triangle, square, diamond, pentagon, hexagon, heptagon, octagon,
nonagon, decagon, rhombus, trapezoid, rhombus, and parallelogram. The substrate 12 can
be constructed of any inert material(s) that accomplish the presently disclosed and/or
claimed inventive concept(s), including, without limitation, ceramic(s), nitrocellulose,
cellulose acetate, polyethylene terephthalate, polycarbonate, polystyrene, and combinations
thereof.

[0031] In one non-limiting embodiment, and as shown in FIG. 1, the substrate 12
further comprises a reaction cavity 26. In such embodiment (and as further shown in FIG. 2),
the reaction cavity 26 is located between the top surface 22 and bottom surface 24 of the
substrate 12. The reaction cavity 26 comprises a first side 28, a second side 30, a third side
32, and a fourth side 34, and an opening (not numbered) located near the top surface 22 of
the substrate 12, the opening being defined by the first side 28, the second side 30, the third
side 32, and the fourth side 34 of the reaction cavity 26. As shown in FIG. 1, the first side 28
of the reaction cavity 26is substantially parallel to the first side 14 of the substrate 12.
Similarly, the second side 30, the third side 32, and the fourth side of the reaction cavity 28
are each substantially parallel to the second side 16, the third side 18, and fourth side 20 of
the substrate, respectively. While shown in FIG. 1 as comprising a reaction cavity 26, it should
be readily understood to a person having ordinary skill in the art that the substrate 12 need
not comprise the reaction cavity 26 to accomplish the presently disclosed and/or claimed
inventive concept(s). For instance, as further described herein, the enzyme layer 38, the
scavenger protein layer 46, the at least one electrode 48, and the sensor membrane cover 50
may all be located on or substantially on the top surface 22 of the substrate 12. In addition, it
should be readily understood to a person having ordinary skill in the art that the substrate 12
may comprise more than one reaction cavity 26 to accomplish the presently disclosed and/or
claimed inventive concept(s). For instance, by way of example only, the substrate 12 may
comprise 2,3,4,5,6,7,8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90,
95, or greater than or equal to 100 reaction cavities.

[0032] The at least one analyte detection sensor 10 (for instance, by way of example
only, at least one creatinine detection sensor) comprises an enzyme layer 38 that comprises
at least one enzyme 42. While shown in FIG. 1 as comprising a single enzyme layer 38, it should
be readily understood to a person having ordinary skill in the art that the at least one analyte

detection sensor 10 may comprise more than one enzyme layer 38. For instance, by way of
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example only, the at least one analyte detection sensor 10 may comprise 2, 3,4,5,6,7, 8,9,
10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or greater than or equal to
100 enzyme layers. The at least one enzyme 42 comprises or consists of creatininase,
creatinase, sarcosine oxidase, and/or combinations thereof. The at least one enzyme 42
functions by associating with the analyte of interest (i.e., creatinine) to provide for accurate
detection and concentration of the analyte of interest which may be present in a patient’s
biological fluid sample, which, in one non-limiting embodiment, is a patient’s blood sample.
As shown in FIG. 1, the enzyme layer 38 comprises at least one immobilized enzyme(s) 42, the
enzyme layer 38 being substantially disposed in the reaction cavity 26. However, it should be
readily understood to a person having ordinary skill in the art that the enzyme layer 38 may
be disposed on the at least one electrode 48 (discussed further hereinbelow), the at least one
electrode being located in the reaction cavity 26 or otherwise imbedded within the top
surface 22 of the substrate 12.

[0033] The at least one analyte detection sensor 10 further comprises a scavenger
protein layer 46 that comprises at least one scavenger protein (not shown). While shown in
FIG. 1 as comprising a single scavenger protein layer 46, it should be understood by a person
having ordinary skill in the art that the at least one analyte detection sensor 10 may comprise
more than one scavenger protein layer 46. For instance, by way of example only, the at least
one analyte detection sensor 10 may comprise 2, 3,4,5,6, 7, 8, 9, 10, 15, 20, 25, 30, 35, 40,
45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or greater than or equal to 100 scavenger protein
layers. The at least one scavenger protein of the scavenger protein layer 46 comprises at least
one free sulfhydryl functional group; however, a person having ordinary skill in the art should
readily understood by a person having ordinary skill in the art that the at least one scavenger
protein can contain any number of sulfhydryl functional groups (and/or sulfide and/or
disulfide bonds) that accomplishes the presently disclosed and/or claimed inventive
concept(s). For instance, by way of example and not by way of limitation, the scavenger
protein(s) may comprise 1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 20, 25, 30, 35, 40, 45, 50,
55, 60, 65, 70, 75, 80, 85, 90, 95, or greater than or equal to 100 sulfhydryl functional groups.
In one non-limiting embodiment, the at least one scavenger protein comprises from about 1
to about 20 free sulfhydryl functional groups. Similarly, the scavenger protein(s) may
comprise 1,2,3,4,5,6,7,8,9,10,11, 12, 13, 14, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70,
75, 80, 85, 90, 95, or greater than or equal to 100 sulfide and/or disulfide bonds. The
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scavenger proteins utilized in accordance with the presently disclosed and/or claimed
inventive concepts is selected from the group consisting of BSA, thioredoxin, urease,
glutathione, cadystin, phytochelatin, homoglutathione, homophytochelatin, desGly peptide,
desglycine phytochelatin, hydroxymethyl-glutathione, hydroxymethyl-phytochelatin, and/or

combinations thereof. In one non-limiting embodiment, the scavenger protein comprises

BSA.
[0034] As shown in FIG. 1 (and further detailed in FIG. 2), the scavenger protein layer
46 is disposed above the enzyme layer 38, such that the scavenger protein layer 46

shields and/or protects the enzyme layer 38 from a biocide (discussed in further detail herein
below). Accordingly, the shielding and/or protection of the enzyme layer 38 by the scavenger
protein layer 46 mitigates and/or eliminates the inactivation of the at least one enzyme 42 of
the enzyme layer 38 by the biocide. In one non-limiting embodiment, the scavenger protein
layer 46 comprises a dry film-like layer that, when exposed to a buffer and/or wash solution,
reconstitutes into an aqueous or semi-aqueous layer that shields the enzyme layer 38 from
the biocide(s). The shielding and/or protection by the protein scavenger layer thereby
increases the functional life of the improved analyte detection sensor 10 by preventing the
inactivation of the enzyme layer 38 by the biocide. The scavenger protein layer 46 may
comprise: (1) an aqueous solution of the at least one scavenger protein that is located above
and in fluid communication with the enzyme layer 38; (2) scavenger protein(s) that are
immobilized on or within the enzyme layer 38 (such as, by way of example only, immobilized
scavenger protein(s) associated with the at least one enzyme 42 that is/are cross-linked with
one another within the enzyme layer 38); and/or (3) the at least one scavenger protein can
be incorporated via polymerization into the sensor membrane cover 50.

[0035] The concentration of the at least one scavenger protein of the scavenger
protein layer 46 (for instance, by way of example only, the BSA scavenger protein comprising
an aqueous solution above the enzyme layer 38) can be from about 0.1 milligram per milliliter
(“mg/mL”) to about 200 mg/mL, or from about 0.5 mg/mL to about 195 mg/mL, or from about
1 mg/mL to about 190 mg/mL or from about 5 mg/mL to about 185 mg/mL, or from about 10
mg/mL to about 180 mg/mL, or from about 15 mg/mL to about 180 mg/mL, or from about 20
mg/mL to about 175 mg/mL, or from about 25 mg/mL to about 170 mg/mL, or from about 30
mg/mL to about 165 mg/mL, or from about 35 mg/mL to about 160 mg/mL, or from about 40

mg/mL to about 155 mg/mL, or from about 45 mg/mL to about 150 mg/mL, or from about 50
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mg/mL to about 145 mg/mL, or from about 55 mg/mL to about 140 mg/mL, or from about 60
mg/mL to about 135 mg/mL, or from about 65 mg/mL to about 130 mg/mL, or from about 70
mg/mL to about 125 mg/mL, or from about 75 mg/mL to about 120 mg/mL, or from about 80
mg/mL to about 115 mg/mL, or from about 85 mg/mL to about 110 mg/mL, or from about 90
mg/mL to about 105 mg/mL, or from about 95 mg/mL to about 100 mg/mL, or less than or
equal to about 100 mg/mL. In one non-limiting embodiment, the concentration of the at least
one protein scavenger (for instance, by way of example only, the BSA protein scavenger) is
from about 0.1 mg/mL to about 50 mg/mL.

[0036] The improved analyte detection sensor(s) further comprise at least one
electrode 48 for the detection of at least one analyte of interest present in a patient’s fluid
sample. In one non-limiting embodiment and as shown in FIGS. 1 and 2, the at least one
electrode 48 rests below the enzyme layer 38 within the reaction cavity 26 of the substrate
12. In one non-limiting embodiment, the at least one electrode 48 comprises an
amperometric electrode system that comprises at least one working electrode, at least one
counter electrode, and at least one reference electrode in which the enzyme layer is disposed
on or substantially on the at least one working electrode. When an analyte of interest (for
instance, creatinine) comes into contact with the enzyme layer 38 (which, in one non-limiting
embodiment, comprises at least one enzyme 42 including, without limitation, creatininase,
creatinase, sarcosine oxidase, and/or combinations thereof), reaction product(s), such as ions
and/or detection molecules (such as, by way of example only, hydrogen peroxide) are
generated from the reaction of the analyte of interest and the at least one enzyme 42 of the
enzyme layer 38. Such reaction product(s), when in contact with the at least one electrode
48, generate an electric current or changes in an electric current (typically measured in
amperes or nano amperes) which are readily detected and measured by the at least one
electrode 48. The current generated by the at least one electrode 48 is directly proportional
to the concentration of the particular analyte of interest being tested, which, in one non-
limiting embodiment, is creatinine. A non-limiting embodiment of the at least one electrode
48 that may be utilized in accordance with the presently disclosed and/or claimed inventive
concept(s) includes a bare metal electrode. However, other electrode(s) that are capable of
functioning as described or otherwise contemplated herein are well known in the art and
encompassed by the presently disclosed and/or claimed inventive concept(s), and, therefore,

no further discussion thereof is deemed necessary.
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[0037] The improved analyte detection sensor 10 further comprises at least one
sensor membrane cover 50 that, in one non-limiting embodiment, substantially covers the
top surface 22 of the substrate 12 (as well as the entirety of the reaction cavity 26, the enzyme
layer 38, the scavenger protein layer 46, and the at least one electrode 48) of the improved
analyte detection sensor 10. However, it should be readily understood to a person having
ordinary skill in the art that the at least one sensor membrane cover 50 need not substantially
cover the entirety of the top surface 22 of the substrate 12 to accomplish the presently
disclosed and/or claimed inventive concept(s). For instance, when the improved analyte
detection sensor array comprises more than one analyte detection sensor, each of the analyte
detection sensors may be covered by a separate sensor membrane cover(s), which may be
constructed of the same or different material(s). In addition, rather than substantially
covering the top surface 22 of the substrate 12, the at least one sensor membrane cover 50
may cover the at least one scavenger protein layer 46 rather than the entirety of the top
surface 22 of the substrate 12.

[0038] The at least one sensor membrane cover 50 can be constructed of any permeable
material capable of accomplishing the presently disclosed and/or claimed inventive
concept(s), including, but not limited to, cellulosic and/or polymeric (such as, by way of
example, polyurethane) materials, and/or combinations thereof. The at least one sensor
cover membrane 50 acts as a permeable cover for the analyte detection sensor 10 in which
the biocide (as shown in FIG. 2) diffuses through the at least one sensor cover membrane 50
such that the biocide is in fluid communication with the scavenger protein layer 46 (as well as
the scavenger protein(s) comprising the scavenger protein layer 46).

[0039] Referring now to FIG. 2, shown therein is a cross-sectional view of the
improved analyte detection sensor 10 of FIG. 1, wherein the analyte detection sensor 10 is in
fluid communication with at least one aqueous biocide 52. As previously discussed herein, the
at least one aqueous biocide 52 functions as a preservative of the at least one improved
analyte detection sensor 10 of the sensor array to thereby increase a functional life of the
improved analyte detection sensor 10. The functional life of the improved analyte detection
sensor 10 is preferably equal to or greater than 14 days or greater than or equal to 28 days.
The at least one analyte detection sensor 10 comprises a creatinine detection sensor and
certain biocides 52, such as, by way of example only, MIT and Proclin™ 300, can inactivate the

at least one enzyme 42 of the enzyme layer 38 due to the chemical interactions between the
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sulfhydryl functional groups of the enzyme(s) 42 and the biocide(s) 52. In some instances, the
inactivation of the enzyme(s) 42 of the creatinine analyte detection sensor 10 occurs in as
short as 1-4 days after exposure to the biocide(s) 52. Accordingly, the presently disclosed
and/or claimed inventive concept(s) utilize a scavenger protein layer 46 comprising at least
one scavenger protein (not shown) for decreasing and/or eliminating the chemical
interactions between the enzyme(s) 42 of the enzyme layer 38 of the creatinine analyte
detection sensor(s) 10 and the biocide(s) 52 to thereby increase the functional life of the
creatinine analyte detection sensor(s) 10.

[0040] When the at least one aqueous biocide 52 and the at least one scavenger
protein are in fluid communication with each other (via diffusion of the at least one aqueous
biocide 52 through the sensor membrane cover 50—as represented by the downward arrows
in FIG. 2), the at least one aqueous biocide 52 complexes and/or associates with the sulfhydryl
functional group(s) (and/or the sulfide and/or disulfide bond(s)) of the at least one scavenger
protein (for instance, the at least one scavenger protein of the scavenger protein layer 46).
As a result of this association, detrimental effect(s) resulting from the biocide’s(s’) 52
association with the at least one enzyme 42 of the enzyme layer 38 of the at least one analyte
detection sensor(s) 10 (for instance, the at least one creatinine sensor) is/are mitigated, if not
eliminated in its/their entirety. Accordingly, the preservative effects of the at least one
biocide 52 is maintained (i.e., for non-creatinine detection sensor(s)), while the detrimental
effects resulting from the biocide’s(s’) 52 association with the sulfhydryl functional groups
present in the at least one enzyme 42 of the enzyme layer 38 of the analyte detection sensor
10 are mitigated (or even eliminated), thereby improving the functional life of the analyte
detection sensor(s) 10, including, without limitation, the at least one creatinine detection
sensor.

[0041] The concentration of the at least one aqueous biocide 52 can be any
concentration(s) capable of accomplishing the presently disclosed and/or claimed inventive
concept(s). For instance, when the aqueous biocide 52 comprises Proclin™ 300, the
concentration of Proclin™ 300 in the aqueous biocide 52 can be from about 0.1% to about
2.0%, or from about 0.2% to about 1.9%, or from about 0.3% to about 1.8%, or from about
0.4% to about 1.7%, or from about 0.5% to about 1.6%, or from about 0.6% to about 1.5%, or
from about 0.7% to about 1.4%. In one non-limiting embodiment, the concentration of

Proclin™ 300 in the aqueous biocide 52 is from about 0.1% to about 2.0%. Similarly, when, for
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instance, the aqueous biocide 52 comprises MIT, the concentration of MIT in the biocide 52
can be from about 1 to about 200 parts per million (“ppm”), or from about 2 ppm to about
190 ppm, or from about 5 ppm to about 185 ppm, or from about 10 ppm to about 180 ppm,
or from about 15 ppm to about 175 ppm, or from about 20 ppm to about 170 ppm, or from
about 25 ppm to about 165 ppm, or from about 30 ppm to about 160 ppm, or from about 35
ppm to about 155 ppm, or from about 40 ppm to about 150 ppm, or from about 45 ppm to
about 145 ppm, or from about 50 ppm to about 140 ppm or from about 55 to about 135 ppm,
or from about 60 ppm to about 130 ppm, or from about 65 ppm to about 125 ppm, or from
about 70 ppm to about 120 ppm, or from about 75 ppm to about 115 ppm, or from about 80
ppm to about 110 ppm, or from about 85 ppm to about 105 ppm, or from about 90 ppm to
about 100 ppm. In one non-limiting embodiment, the concentration of MIT in the biocide 52
is in a range of from about 1 ppm to about 150 ppm.

[0042] One aspect of the presently disclosed and/or claimed inventive concept(s)
embodies a method for preventing the inactivation of at least one analyte detection sensor
10 (for instance, by way of example only, a creatinine detection sensor(s) and as previously
described herein with respect to the presently disclosed and/or claimed inventive concept(s))
for use within blood gas, electrolyte, and/or metabolite instrumentation. The method
comprises the step of introducing at least one aqueous biocide 52 (such as, by way of example
only, MIT, Proclin™ 300, and/or combinations thereof), such that the at least one aqueous
biocide 52 is in fluid communication with at least one analyte detection sensor 10. The at least
one biocide 52, via diffusion through a sensor membrane cover 50, thereafter comes into fluid
communication with a scavenger protein layer 46 comprising at least one scavenger protein
having at least one free sulfhydryl functional group (such as, by way of example, BSA,
thioredoxin, urease, and/or combinations thereof). As a result of this fluid communication
between the at least one biocide 52 and the scavenger protein layer 46, the at least one
aqueous biocide 52 complexes and/or associates with the at least one free sulfhydryl
functional group of the at least one scavenger protein of the scavenger protein layer 46
thereby forming a complexed biocide.

[0043] Following the formation of the complexed biocide, the complexed biocide is
brought into fluid communication with the at least one analyte detection sensor 10 (for
instance, the creatinine sensor). Via this contact, the complexed biocide (due to the

association between the at least one free sulfhydryl functional group of the at least one



10

15

20

25

30

DK/EP 3661420 T3

17

scavenger protein of the scavenger protein layer 46 and the at least one aqueous biocide 52)
prevents the inactivation of at least one enzyme 42 comprising the enzyme layer 38 of the
analyte detection sensor(s) 10. Accordingly, the at least one enzyme 42 of the enzyme layer
38 is not (or is at least mitigated from being) inactivated by the aqueous biocide 52 as a result
of the association, which thereby extends the functional life of the at least one analyte

detection sensor 10.

EXAMPLES OF UTILIZING BSA AS ASCAVENGER PROTEIN OF MIT AND PROCLIN™ 300 BIOCIDES
FOR PRESERVATION OF SARCOSINE OXIDASE AND CREATININASE ENZYMATIC ACTIVITIES OF
A CREATININE SENSOR

[0044] The tables below represent varying conditions utilized to test the effectiveness
of BSA as a viable scavenger protein of aqueous MIT and Proclin™ 300 biocides, as well as
BSA’s preservation effects on sarcosine oxidase and creatininase enzyme activities—enzymes
utilized in accordance with the creatinine sensor(s) of the presently disclosed and/or claimed
inventive concept(s).

[0045] Tables 1-4 depict aqueous solutions comprising varying concentrations of BSA
(at concentrations of 0 mg/mL, 5 mg/mL, 25 mg/mL, and 50 mg/mL), varying concentrations
of MIT (at concentrations of 50 parts per million and 100 parts per million) or Proclin™ 300
(at concentrations of 0.7% and 1.4%) biocides over a particular time period (measurements
were taken at days 0, 4, and 14 after exposure of the enzyme(s) to the aqueous solutions) and
the associated enzyme absorbance measurements for sarcosine oxidase (commercially
offered for sale by BBI Solutions and Toyobo). Absorbance measurements of the sarcosine
oxidase enzyme(s) were taken via spectrophotometer for each aqueous solution (represented
as columns 1-5in Tables 1-4—column 6 is a blank), the absorbance being directly proportional
to the enzyme activity being measured—which for Tables 1-4 is sarcosine oxidase enzyme
activity. Accordingly, the higher the absorbance measurement, the higher the enzyme activity
of sarcosine oxidase. Columns 7-11 represent five replicate readings in which the aqueous
solution only contains BSA (i.e., there is no biocide(s) present in the aqueous solution). In
addition, the mean values, standard deviations, and coefficients of variation are also
presented for the enzyme activity/absorbance of each aqueous solution. All measurements
were taken at 37° C.

[0046] As depicted below in Table 1, sarcosine oxidase (commercially offered for sale
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by BBI Solutions) enzyme activity is measured against various concentrations of MIT (biocide)
and BSA (scavenger protein) over a period of 14 days (with absorbance measurements taken
at0, 4, and 14 days) for five different aqueous solutions (represented as columns 1-5—column
6 is a blank). In addition, five replicate solutions were also tested (represented as columns 7-
11—column 12 is a blank) in which such replicate solutions contain only BSA and do not
include any concentrations of the MIT biocide. As can be clearly seenin Table 1, at days 4 and
14, the aqueous solutions (columns 1-5) comprising 5 mg/mL, 25 mg/mL, and 50 mg/mL
concentrations of BSA show increased absorbance of the sarcosine oxidase enzyme (as
compared to the samples containing 0 mg/mL of BSA). Such absorbance readings confirm the
preservative effect of the BSA scavenger protein on the sarcosine oxidase enzyme activity in
the presence of MIT biocide. In addition, solutions 7-11, which only contain BSA and no MIT
biocide, also show increased (or at least maintained) sarcosine oxidase absorbance at days 4
and 14, which further illustrates BSA’s preservative effect on sarcosine oxidase enzyme

activity.

TABLE 1: BBI Solutions Sarcosine Oxidase Enzyme Absorbance with BSA and MIT

250 mgimL
LOmaiml G 1463 1459 1507 lAr4 1AT7 00397 148 7002 . 1.3

¢ 5mg/mL 1.484
25 mg/mL 1.385

§mgimL "
25 mg/mL

100 ppm MIT

50 ppm MIT

[0047] As depicted below in Table 2, sarcosine oxidase (commercially offered for sale

by Toyobo) enzyme activity is measured against various concentrations of MIT (biocide) and
BSA (scavenger protein) over a period of 14 days (with absorbance measurements taken at 0,
4, and 14 days) for five different aqueous solutions (represented as columns 1-5—column 6
is a blank). In addition, five replicate solutions were also tested (represented as columns 7-

11—column 12 is a blank) in which such replicate solutions contain only BSA and do not
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include any concentrations of the MIT biocide. As can be clearly seenin Table 2, at days 4 and
14, the aqueous solutions (columns 1-5) comprising 5 mg/mL, 25 mg/mL, and 50 mg/mL
concentrations of BSA show increased absorbance of the sarcosine oxidase enzyme (as
compared to the samples containing 0 mg/mL of BSA). Such absorbance readings confirm the
preservative effect of the BSA scavenger protein on the sarcosine oxidase enzyme activity in
the presence of MIT biocide. In addition, solutions 7-11, which only contain BSA and no MIT
biocide, also show increased (or at least maintained) sarcosine oxidase absorbance at days 4
and 14, which further illustrates BSA’s preservative effect on sarcosine oxidase enzyme

activity.

TABLE 2: Toyobo Sarcosine Oxidase Enzyme Absorbance with BSA and MIT

145 745 T 1478 1464 0039 7 144 T 002 1.40 1547 424 42 14260 0047 Y 140 0.04 | 267

100 ppm MIT

50 ppm MIT .. 0 o Y A A e LT A e

Day0 . 2 . 3 . 4~ 5 & MEAN | Stdev GV . 7 . 8 . 9 . 10 . 1 T2 MEAN _ Stdev | GV | %Bias

26

100 ppm MIT

50 ppm MIT -

Day 14

100 ppm MIT :

50 ppm MiT L. 2mo/mL o 0324 @ 0828 : 0328 : 032 ; D343 0 004 029 00 280 [ 0829 : 038 [ 038 p 0s2r ;0w 0
ppm MIT el

[0048] As depicted below in Table 3, sarcosine oxidase (commercially offered for sale
by BBI Solutions) enzyme activity is measured against various concentrations of Proclin™ 300
(biocide) and BSA (scavenger protein) over a period of 14 days (with absorbance
measurements taken at 0, 4, and 14 days) for five different aqueous solutions (represented
as columns 1-5—column 6 is a blank). In addition, five replicate solutions were also tested
(represented as columns 7-11—column 12 is a blank) in which such replicate solutions contain
only BSA and do not include any concentrations of the Proclin™ 300 biocide. While the level
of preservation is not as pronounced as in Tables 1 and 2, at days 4 and 14, the aqueous
solutions (columns 1-5) comprising 5 mg/mL, 25 mg/mL, and 50 mg/mL concentrations of BSA

show increased absorbance of the sarcosine oxidase enzyme (as compared to the samples
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containing 0 mg/mL of BSA). Such absorbance readings confirm the preservative effect (albeit
mild) of the BSA scavenger protein on the sarcosine oxidase enzyme activity in the presence
of Proclin™ 300 biocide. In addition, solutions 7-11, which only contain BSA and no Proclin™
300 biocide, also show increased (or at least maintained) sarcosine oxidase absorbance at
days 4 and 14, which further illustrates BSA’s preservative effect on sarcosine oxidase enzyme

activity.

TABLE 3: BBI Solutions Sarcosine Oxidase Enzyme Absorbance with BSA and Proclin™ 300

: Stdev cv 7 3 9:
0.02 1.89 1419 1.411 1.399

1.289 1.285

300
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[0049] As depicted below in Table 4, sarcosine oxidase (commercially offered for sale
by Toyobo) enzyme activity is measured against various concentrations of Proclin™ 300
(biocide) and BSA (scavenger protein) over a period of 14 days (with absorbance
measurements taken at 0, 4, and 14 days) for five different aqueous solutions (represented
as columns 1-5—column 6 is a blank). In addition, five replicate solutions were also tested
(represented as columns 7-11—column 12 is a blank) in which such replicate solutions contain
only BSA and do not include any concentrations of the Proclin™ 300 biocide. At days 4 and 14,
the aqueous solutions (columns 1-5) comprising 5 mg/mL, 25 mg/mL, and 50 mg/mL
concentrations of BSA show increased absorbance of the sarcosine oxidase enzyme (as
compared to the samples containing 0 mg/mL of BSA). Such absorbance readings confirm the
preservative effect of the BSA scavenger protein on the sarcosine oxidase enzyme activity in
the presence of Proclin™ 300 biocide. In addition, solutions 7-11, which only contain BSA and

no Proclin™ 300 biocide, also show increased (or at least maintained) sarcosine oxidase
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absorbance at days 4 and 14, which further illustrates BSA’s preservative effect on sarcosine

oxidase enzyme activity.

Day 0

0.02

1.4% Proclin
300

: 50mg/mL

3

L OmgimL 0143 0138 0132 0f41: 0138 00327 0

© 5mg/mL
25 mg/mL

300

300

1.4% Proclin
300 :

0.7% Proclin

[0050] Table 5-8 depict aqueous solutions comprising varying concentrations of BSA
(at concentrations of 0 mg/mL, 5 mg/mL, 25 mg/mL, and 50 mg/mL), varying concentrations
of MIT (at concentrations of 50 parts per million and 100 parts per million) or Proclin™ 300
(at concentrations of 0.7% and 1.4%) biocide over a particular time period (measurements
were taken at days 0, 4, and 14 after exposure of the enzyme(s) to the particular aqueous
solutions) and the associated enzyme absorbance measurements for creatininase
(commercially offered for sale by BBI Solutions and Toyobo). Absorbance measurements of
the creatininase enzyme(s) were taken via spectrophotometer for each aqueous solution
(represented as columns 1-5 in Tables 5-8—column 6 is a blank), the absorbance being
directly proportional to the enzyme activity being measured—which for Tables 5-8 is
creatininase enzyme activity. Accordingly, the higher the absorbance measurement, the
higher the enzyme activity of creatininase. Columns 7-11 represent five replicate readings in
which the solution only contains BSA (i.e., there is no biocide(s) present in the solution). In
addition, the mean values, standard deviations, and coefficients of variation are all presented
for the enzyme activity/absorbance of each aqueous solution. All measurements were taken

at37° C.
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[0051] As depicted in Table 5, creatininase (commercially offered for sale by BBI
Solutions) enzyme activity is measured against various concentrations of MIT (biocide) and
BSA (scavenger protein) over a period of 14 days (with absorbance measurement taken at 0,
4, and 14 days) for five different aqueous solutions (represented as columns 1-5—column 6
is a blank). In addition, five replicate solutions were also tested (represented as columns 7-
11—column 12 is a blank) in which such replicate solutions contain only BSA and do not
include any concentrations of the MIT biocide. As can be clearly seenin Table 5, at days 4 and
14, the aqueous solutions (columns 1-5) comprising 5 mg/mL, 25 mg/mL, and 50 mg/mL
concentrations of BSA show increased absorbance of the creatininase enzyme (as compared
to samples containing 0 mg/mL of BSA). The creatininase absorbance measurement is highest
at BSA concentrations of 5 mg/mL, but all concentrations show increased (even if mild)
absorbance measurements. Such absorbance readings confirm that preservative effect of the
BSA scavenger protein on the creatininase enzyme activity in the presence of the MIT biocide.
In addition, solutions 7-11, which only contain BSA and no MIT biocide, also show increased
(or at least maintained) creatininase absorbance at days 4 and 14 (with the highest
absorbance being measured at BSA concentrations of 5 mg/mL), which further illustrate BSA’s

preservative effect on creatininase enzyme activity.

TABLE 5: BBI Solutions Creatininase Enzyme Absorbance with BSA and MIT
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5 mg/mL

SOPPMMIT : ssmgmL | 0751 | 0713 | 0818 . 0713 | 073 | 0108 T 054 © 0.04 | 7.99 07% © 0712 0 0709 0 0752 . 0746 : 0211 7 052 7 002 : 378 48
D 0mg/mL | 0773 © 0779 © 0748 ~ 0755 : 07656 : 0207 ¥ 0.56 © 0.01 . 226 0750 © 0723 © 0742 0 0773 | 0777 0224 ¥ 054 T 002 [ 414 | 36
1 1 : T o202 : : : ! 0212 : .
Day 4 . o1 2 : 38 4 5 . 6 . MEAN . Stdev ] 7 . 8 . 8 . 10 1 12 . MEAN . Stdev : GV *Bias
© Omg/mL | 0616 : 0604 : 0597 & 0597 & 0523 : 0224 7 038 7 0.04 9.76 0615 : 056 0599 @ 0625 @ 0604 & 0226 7 039 7 002 : 643 2.3

5mgimL
25mgimL

100 ppm MIT :
L omami : : . : . : : s oesr o
h

100 ppm MIT

: : L1027 11067
0.02 290 0931 0918 I 0882 : 0905 | 092 - 0258
: ot 0T

smgmL_: : : : :
25mg/mL : 0946 : 0906 : 0898 . 0922 ~ 0928 @ 0.27
: 50mg/mL :

50 ppm MIT :

[0052] As depicted in Table 6, creatininase (commercially offered for sale by Toyobo)

enzyme activity is measured against various concentrations of MIT (biocide) and BSA
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(scavenger protein) over a period of 14 days (with absorbance measurement taken at 0, 4,
and 14 days) for five different aqueous solutions (represented as columns 1-5—column 6 is a
blank). In addition, five replicate solutions were also tested (represented as columns 7-11—
column 12 is a blank) in which such replicate solutions contain only BSA and do not include
any concentrations of the MIT biocide. As can be clearly seen in Table 6, at days 4 and 14, the
aqueous solutions (columns 1-5) comprising 5 mg/mL, 25 mg/mL, and 50 mg/mL
concentrations of BSA show increased absorbance of the creatininase enzyme (as compared
to samples containing 0 mg/mL of BSA). The creatininase absorbance measurement is highest
at BSA concentrations of 5 mg/mL, but all concentrations show increased (even if mild)
absorbance measurements. Such absorbance readings confirm that preservative effect of the
BSA scavenger protein on the creatininase enzyme activity in the presence of the MIT biocide.
In addition, solutions 7-11, which only contain BSA and no MIT biocide, also show increased
(or at least maintained) creatininase absorbance at days 4 and 14 (with the highest
absorbance being measured at BSA concentrations of 5 mg/mL), which further illustrate BSA’s

preservative effect on creatininase enzyme activity.

TABLE 6: Toyobo Creatininase Enzyme Absorbance with BSA and MIT
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[0053] As depicted in Table 7, creatininase (commercially offered for sale by BBI
Solutions) enzyme activity is measured against various concentrations of Proclin™ 300
(biocide) and BSA (scavenger protein) over a period of 14 days (with absorbance

measurement taken at 0, 4, and 14 days) for five different aqueous solutions (represented as
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columns 1-5—column 6 is a blank). In addition, five replicate solutions were also tested
(represented as columns 7-11—column 12 is a blank) in which such replicate solutions contain
only BSA and do not include any concentrations of the Proclin™ 300 biocide. As can be seen
in Table 7, at day 4 and at Proclin™ 300 biocide concentrations of 0.7%, the aqueous solutions
(columns 1-5) comprising 5 mg/mL, 25 mg/mL, and 50 mg/mL concentrations of BSA show a
mild increase in the absorbance of the creatininase enzyme (as compared to samples
containing 0 mg/mL of BSA). At day 14, the creatininase enzyme activity remains unaffected
by the presence of BSA in the preservation fluids. However, solutions 7-11, which only contain
BSA and no Proclin™ 300 biocide, show increased (or at least maintained) creatininase
absorbance at days 4 and 14 (with the highest absorbance being measured at BSA
concentrations of 5 mg/mL), which illustrates BSA’s preservative effect on creatininase

enzyme activity.

TABLE 7: BBI Solutions Creatininase Enzyme Absorbance with BSA and Proclin™ 300

Day0 . BSA 1 T MEAN oV 7 . 8 . 8§ - 10 11 12 . MEAN . stdev . GV “Bias

T T OmgimL 0766 00695 1072600658 0712 T 0218 Y 0.5 T 0.04 T 786 00702 00682 10685 0067 0698 0223 T 047 Yoo 273072

1.4%Proclin © Smg/mL : 0711 | ! B 6.01 : 0679 ! Y001 3.05 3.9
300 : 25mg/mL | 0667 ° Tom T 6.54 0624 0644 0207 T Y001 © 350 15

:s0mgimL Ce22 001
ma/mL _ ¢ :

1

0.7%Proclin |
300

300

: 25mg/mL

“somg/mL (0308 1 0202 020 . 0296 © 0200 | 0225 * 0.08 * 0.01 870 0671 | 0651 | 06% . 0677 | 0657 0227 ¥ 044 ¥ 001 | 251 316
: : . i " 0.216 : : : : T 0222 : :

Day 14 ————7 3 Z 5 CV___ %bias
T omgimL Y0238 T 0235 00229 00286 0234771777024 7777700177 0,00 02795 065 0655 0862 T 0648068402437 04804 165 97.27
14%Proclin © Smg/mL 1 0220 © 0221 | 0218 . 0215 0221 | : : 250 1003

300 25mgmL : : D08z -
0.7% Proclin

300
[0054] As depicted in Table 8, creatininase (commercially offered for sale by Toyobo)

enzyme activity is measured against various concentrations of Proclin™ 300 (biocide) and BSA
(scavenger protein) over a period of 14 days (with absorbance measurement taken at 0, 4,
and 14 days) for five different aqueous solutions (represented as columns 1-5—column 6 is a
blank). In addition, five replicate solutions were also tested (represented as columns 7-11—
column 12 is a blank) in which such replicate solutions contain only BSA and do not include

any concentrations of the Proclin™ 300 biocide. As can be seen in Table 8, at day 4 and at
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Proclin™ 300 biocide concentrations of 0.7%, the aqueous solutions (columns 1-5) comprising
5 mg/mL, 25 mg/mL, and 50 mg/mL concentrations of BSA show increased (albeit a mild
increase) absorbance of the creatininase enzyme (as compared to samples containing O
mg/mL of BSA). At day 14, the creatininase enzyme activity remains low, but there is an
increase in the absorbance for preservation fluids 1-5 as the concentration of BSA is increased
from 5 mg/mL to 25 mg/mL to 50 mg/mL. However, solutions 7-11, which only contain BSA
and no Proclin™ 300 biocide, show increased (or at least maintained) creatininase absorbance

at days 4 and 14 (with the highest absorbance being measured at BSA concentrations of 5

mg/mL), which illustrates BSA’s preservative effect on creatininase enzyme activity.

1.4% Proclin
300

o7 : : ,
326 | 0520 1 049 1 0506 i 0514 !
13861 | 0.973 1 1685 | 1801 | 1.683

0.7% Proclin D053 !
300  © 25mgmL 0534 :
CsomgmL 0182 :

: : : B X ECI

Day 4 1.2 . 3 7 5 . 6 .
© Omg/mL : 0357 : 0853 : 0355 @ 0354 - 035% @ 0235 0.
1.4%Proclin © 5mg/mL : 0331 : 0322 : 0322 : 0314 = 0320 . 0216 *

300 ;. 25mg/mL_:

300

1.4% Proclin
300

032
Po0228 : : : : : ; :
Y0228 T 0218 © 0214 0216 . 022 | 0218 T 0.00 0.01 45031 144 i3 T iid2s T 1481 1441 1 0219 T 092 0.01 1.33

© 50 mg/mL

© . 0mg/mL

0.7% Proclin © 5 mg/mL
300

NON-LIMITING EXAMPLES OF THE INVENTIVE CONCEPT(S)

[0055] An improved analyte detection sensor of a blood gas, electrolyte, and/or
metabolite instrument, comprising: a substrate, the substrate comprising a top surface and a
bottom surface; an enzyme layer, the enzyme layer comprising at least one enzyme, wherein
the enzyme layer is disposed on the top surface of the substrate; a scavenger protein layer,
the scavenger protein layer comprising at least one scavenger protein having at least one free
sulfhydryl functional group, wherein the scavenger protein layer is disposed on the top
surface of the substrate such that the scavenger protein layer substantially covers an entirety

of the enzyme layer; at least one electrode, wherein the at least one electrode is disposed on
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the top surface of the substrate such that the at least one electrode is substantially covered
by the enzyme layer; and a sensor membrane cover, the sensor membrane being disposed
over the scavenger protein layer.

[0056] The improved analyte detection sensor, wherein the at least one analyte
detection sensor comprises a creatinine detection sensor, further wherein the at least one
enzyme is selected from the group consisting of creatininase, creatinase, sarcosine oxidase,
and combination thereof.

[0057] The improved analyte detection sensor, wherein the scavenger protein layer
comprises an aqueous layer upon being reconstituted with a buffer or wash solution.

[0058] The improved analyte detection sensor, wherein the at least one scavenger
protein of the scavenger protein layer is selected from the group consisting of bovine serum
albumin, thioredoxin, urease, glutathione, cadystin, phytochelatin, homoglutathione,
homophytochelatin, desGly peptide, desglycine phytochelatin, hydroxymethyl-glutathione,
hydroxymethyl-phytochelatin, and combinations thereof.

[0059] The improved analyte detection sensor, wherein the at least one scavenger
protein of the scavenger protein layer consists of bovine serum albumin comprising a
concentration of from about 0.1 milligram per milliliter to about 50 milligrams per milliliter.
[0060] The improved analyte detection sensor, wherein the at least one scavenger
protein of the scavenger protein layer comprises from about 1 to about 20 free sulfhydryl
functional groups.

[0061] The improved analyte detection sensor, wherein the analyte detection sensor
array is contained within a housing.

[0062] The improved analyte detection sensor, wherein the housing comprises a
cartridge for use in a blood gas, electrolyte, and/or metabolite instrument.

[0063] A method for preventing the inactivation of at least one analyte detection
sensor of a blood gas, electrolyte, and/or metabolite instrument, the method comprising the
steps of: introducing at least one aqueous biocide such that the at least one aqueous biocide
is in fluid communication with at least one analyte detection sensor, the at least analyte
detection sensor comprising: a substrate, the substrate comprising a top surface and a
bottom surface; an enzyme layer, the enzyme layer comprising at least one enzyme, wherein
the enzyme layer is disposed on the top surface of the substrate; a scavenger protein layer,

the scavenger protein layer comprising at least one scavenger protein having at least one free
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sulfhydryl functional group, wherein the scavenger protein layer is disposed on the top
surface of the substrate such that the scavenger protein layer substantially covers an entirety
of the enzyme layer; at least one electrode, wherein the at least one electrode is disposed on
the top surface of the substrate such that the at least one electrode is substantially covered
by the enzyme layer; and

a sensor membrane cover, the sensor membrane being disposed over the scavenger protein
layer; reacting the at least one aqueous biocide and the at least one scavenger protein of the
scavenger protein layer such that the at least one aqueous biocide associates with the at least
one free sulfhydryl functional group of the at least one scavenger protein of the scavenger
protein layer to thereby form a complexed biocide; and contacting the at least one analyte
detection sensor with the complexed biocide fluid, such that the complexed biocide prevents
inactivation of the at least one enzyme of the enzyme layer.

[0064] The method, wherein the at least one analyte detection sensor comprises a
creatinine detection sensor.

[0065] The method, wherein the at least on enzyme is selected from the group
consisting of creatininase, creatinase, sarcosine oxidase, and combinations thereof.

[0066] The method, wherein the at least one agueous biocide is selected from the
group consisting methylisothiazolinone, Proclin™ 300, and combinations thereof.

[0067] The method, wherein the methylisothiazolinone comprises a concentration of
from about 1 part per million to about 150 parts per million.

[0068] The method, wherein the Proclin™ 300 comprises a concentration of from
about 0.1% to about 2.0%.

[0069] The method, wherein the scavenger protein layer comprises an aqueous layer
upon being reconstituted by a buffer or wash solution.

[0070] The method, wherein the at least scavenger protein is selected from the group
consisting of bovine albumin serum, thioredoxin, urease, glutathione, cadystin,
phytochelatin, homoglutathione, homophytochelatin, desGly peptide, desglycine
phytochelatin, hydroxymethyl-glutathione, hydroxymethyl-phytochelatin, and combination
thereof.

[0071] The method, wherein the at least one scavenger protein consists of bovine
serum albumin comprising a concentration of from about 0.1 milligram per milliliter to about

50 milligrams per milliliter of a total volume of the preservation fluid.
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[0072] The method, wherein the at least one scavenger protein comprises from about

1 to about 20 free sulfhydryl functional groups.

[0073] The method, wherein the analyte detection sensor array is contained within
ahousing.
[0074] The method, wherein the housing comprises a cartridge for use in a blood gas,

electrolyte, and/or metabolite instrument.

[0075] An improved analyte detection sensor of a blood gas, electrolyte, and/or
metabolite instrument, comprising: a substrate, the substrate comprising a top surface and a
bottom surface; a reaction cavity, the reaction cavity having a first side, a second side, a third
side, and fourth side, the reaction cavity being located between the top surface and the
bottom surface of the substrate with the first side, second side, third side, and fourth side
defining an opening of the reaction cavity substantially near the top surface of the substrate;
an enzyme layer, the enzyme layer comprising at least one enzyme, wherein the enzyme layer
is disposed substantially within the reaction cavity; a scavenger protein layer, the scavenger
protein layer comprising at least one scavenger protein having at least one free sulfhydryl
functional group, wherein the scavenger protein layer is disposed on the top surface of the
substrate such that the scavenger protein layer substantially covers the opening of the
reaction cavity; at least one electrode, wherein the at least one electrode is disposed within
the reaction cavity below the enzyme layer; and a sensor membrane cover, the sensor
membrane being disposed over the scavenger protein layer.

[0076] Thus, in accordance with the presently disclosed and claimed inventive
concept(s), there have been provided devices and methods for detecting at least one analyte
present in a patient’s low-volume liquid test sample. As described herein, the presently
disclosed and claimed inventive concept(s) relate to embodiments of an improved analyte
detection sensor comprising at least one scavenger protein, as well as methods of inhibiting
the inactivation of at least one enzyme of the improved analyte detection sensor. Such
presently disclosed and/or claimed inventive concept(s) fully satisfy the objectives and

advantages set forth hereinabove.
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PATENTKRAV
1. Forbedret analyt-detekteringssensor for et maleapparat til blodgas, elektrolyt-

ter og/eller metabolitter, omfattende:
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et substrat, hvilket substrat omfatter en overside og en under-
side;

et enzymlag, hvilket enzymlag omfatter mindst eet enzym,
hvorved enzymlaget er arrangeret pa substratets overflade, og
hvorved det mindst ene enzym er udvalgt fra gruppen, der be-
star af kreatiniase, kreatinase, sarcosin-oxidase og en kombina-
tion deraf;

et renseproteinlag, som er i stand til at danne et kompleks
og/eller en forbindelse med biociderne, hvorved renseproteinla-
get omfatter mindst eet renseprotein med mindst én fri sulthy-
drol-funktionsgruppe, hvorved renseproteinlaget er arrangeret
pa substratets overside, saledes at renseproteinlaget i det vee-
sentlige deekker hele enzymlaget;

mindst én elektrode, hvorved den mindst ene elektrode er ar-
rangeret pa substratets overside, saledes at den mindst ene
elektrode i det vaesentlige er deekket af enzymlaget; og

et sensormembrandaekke, hvorved sensormembranen er ar-
rangeret over renseproteinlaget, hvorved den mindst ene ana-
lyt-detekteringssensor omfatter en kreatinin-detekteringssensor,
og hvorved det mindst ene renseprotein i renseproteinlaget er
udvalgt fra gruppen, som bestar af serumalbumin fra kvaeg, thi-
oredoxin, urease, glutathion, cadystin, phytochelatin, homoglu-
tathion, homophytochelatin, des-gly-peptid, desglycinphy-
tochelatin, hydroxymethyl-glutathion, hydroxymethyl-
phytochelatin og kombinationer deraf, hvorved koncentrationen
af det mindst ene renseprotein er mellem cirka 0,1 milligram per
milliliter og cirka 50 milligram per milliliter,

hvorved analyt-detekteringsensoren er i fluidkommunikation

med en biocidkonserveringsvaeske.
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2. Forbedret analyt-detekteringssensor ifalge krav 1, hvorved renseproteinlaget

omfatter et vandigt lag efter rekonstitution med en buffer- eller vandopl@sning.

3. Forbedret analyt-detekteringssensor ifalge krav 1, hvorved det mindst ene

renseprotein i renseproteinlaget omfatter fra 1 til 20 sulfhydrol-funktionsgrupper.

4. Forbedret analyt-detekteringssensor ifelge krav 1, hvorved analyt-

detekteringssensor-arrayet er indeholdt i et hus.

5. Forbedret analyt-detekteringssensor ifalge krav 4, hvorved huset omfatter en

patron til anvendelse i et blodgas-, elektrolyt- og/eller metabolitinstrument.

6. Fremgangsmade til forhindring af inaktivering af mindst én analyt-
detekteringssensor for et blodgas, elektrolyt og/eller metabolitinstrument, hvil-

ken fremgangsmade omfatter trinnene:

indfering af mindst eet vandigt biocid, saledes at det mindst ene
vandige biocid er i fluidforbindelse med mindst én analyt-
detekteringssensor, hvilken mindst ene analyt-

detekterinssensor omfatter:

et substrat, hvorved substratet omfatter en overside og
en underside;

et enzymlag, hvorved enzymlaget omfatter mindst eet
enzym, hvilket enzymlag er arrangeret pa substratets
overside;

et renseproteinlag, hvilket renseproteinlag omfatter
mindst eet renseprotein med mindst én fri sulfhydryl-
funktionsgruppe, hvorved renseproteinlaget er arrange-
ret pa substratets overside, saledes at renseproteinla-
get i det veesentlige deekker hele enzymlaget;

mindst én elektrode, hvorved den mindst ene elektrode

er arrangeret pa substratets overside, saledes at den
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mindst ene elektrode i det vaesentlige er deekket af en-
zymlaget; og
en sensormembranafdeekning, hvorved sensormem-

branen er arrangeret over renseproteinlaget;

I-reaktion-bringe det mindst ene vandige biocid og det mindst
ene renseprotein i renseproteinlaget, saledes at det mindst ene
vandige biocid kommer i forbindelse med den mindst ene frie
sulfhydryl-funktionsgruppe i det mindst ene renseprotein i ren-
seproteinlaget for derved at danne et biocid-kompleks; og

bringe den mindst ene analyt-detekteringssensor i kontakt med
biocid-komplekset, saledes at biocid-komplekset forhindrer in-

aktivering af det mindst ene enzym i enzymlaget.

7. Fremgangsmade ifelge krav 6, hvorved den mindst ene analyt-

detekteringssensor omfatter en kreatinin-detekteringssensor.

8. Fremgangsmade ifelge krav 7, hvorved det mindst ene enzym er udvalgt fra
gruppen, som bestar af kreatiniase, kreatinase, sarcosin-oxidase og kombinati-

oner deraf.

9. Fremgangsmade ifalge krav 7, hvorved det mindst ene vandige biocid er ud-
valgt fra gruppen, som bestar af methylisothiazolin, Prochin ™ 300 og kombina-

tioner deraf.

10. Fremgangsmade ifalge krav 9, hvorved methylisothiasolinet har en  kon-

centration pa cirka 1 ppm (parts per million) til cirka 150 ppm.

11. Fremgangsmade ifalge krav 9, hvorved Prochin™ 300 har en koncentration,

som er fra 0,1 % til cirka 2,0 %.

12. Fremgangsmade ifelge krav 6, hvorved renseproteinlaget omfatter et van-

digt lag efter at veere rekonstitueret med en buffer- eller en vandig oplasning.
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13. Fremgangsmade ifglge krav 6 eller 12, hvorved det mindst ene renseprotein
er udvalgt fra gruppen, der bestar af albuminserum fra kveeg, thioredoxin, urea-
se, glutathion, cadystin, phytochelatin, homoglutathion, homophytochelatin,
des-Gly-peptid, desglycin-phytochelatin, hydroxymethyl-glutathion, hydro-

xymethyl-phytochelatin og kombinationer deraf.

14. Fremgangsmade ifglge krav 13, hvorved det mindst ene renseprotein bestar
af serumalbumin fra kvaeg, omfattende en koncentration, der er fra cirka 0,1 mil-
ligram per milliliter til cirka 50 milligram per milliliter af et totalvolumen af kon-

serveringsfluidet.

15. Fremgangsmade ifglge krav 6 eller 7, hvorved det mindst ene renseprotein

omfatter fra 1 til 20 frie sulfhydryl-funktionsgrupper.



DK/EP 3661420 T3

DRAWINGS

L Ol

7 ;
4 Y ;
i :
i
i
’
7
;
4 7
A A
7 ] H
:::::::: o e
¢ S P
ssssss [ I S |
Ed “
\.,. / ’ a1 ;Qm
R el T N B
S SN SOV Y B
ps p 5 gty g g i 84
IS Ay SR Y
P i
; [ i
o st § A I |
—— o o~ d 3
s i1 PRI

gl TSI I

{hiseged [ bl
R.wl)(\ixwm!)i . m\?l!mw -, ;NN
;o mm

o+



DK/EP 3661420 T3

¢ Old

RS % % & > : oy S
-, " o
% , R ™,
D N >, O >,
%,
., N . ", -, " > >
o SRR S, N ", %, ", .
.,
7 ", s,
, . ,
#
AR N X ", R ~, o
o ) N "
3 \ ., O
N NN N N D
NN NN N
NN )

™, , A R R R
N NN \ ., AR
AR RS S R RN



	Page 1 - ABSTRACT/BIBLIOGRAPHY
	Page 2 - ABSTRACT/BIBLIOGRAPHY
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - CLAIMS
	Page 32 - CLAIMS
	Page 33 - CLAIMS
	Page 34 - CLAIMS
	Page 35 - DRAWINGS
	Page 36 - DRAWINGS

