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‘Electrode-material/redo 0

Thin carbon sputtered film with 120 0.38 9
ferricyanide redox probe .
Thin carbon sputtered film with ' 220 0.11 ' 7

ruthenium hexamine redox probe .
ITO/Au film with ferricyanide redox

probe . 260 | 0.28 23
ITO/Au film with ruthenium redox _

| probe | 230 0.14 - 22
Thin carbon sputtered film with 75 0.75 7
ferrocene carboxylic acid redox probe o
I1ZO/Au film with ruthenium redox 195 0.11 26
probe - .

-| Metalloorganic palladium thin film with |- 200 0.10 7
ruthenium hexamine redox probe '

Metalloorganic palladium thin film with . 210 ' 0;37 7
‘ferricyanide redox probe '

Notes: Ruthenium hexamine and ferricyanide
solutions: 5 mM in phospate buffer, pH 6.9.
- Ferrocene carboxylic acid solution: 1 mM in
phosphate buffer, pH 6.9. Anode size: 0.28
mm2. Scan rate: 100 mV/s.

Table 1. Summary of the cyclic voltammetry data.
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BIOSENSORS COMPRISING SEMICONDUCTING
ELECTRODES OR RUTHENIUM CONTAINING
MEDIATORS AND METHOD OF USING THE
SAME

[0001] This application claims priority to U.S. Provisional
Application No. 60/629,352, filed Nov. 22, 2004, which is
herein incorporated by reference.

[0002] The present disclosure relates to biosensors for
measuring an analyte in a bodily fluid, such as blood,
wherein the biosensor comprises unique electrodes, a unique
electron mediator or combinations thereof. The present
disclosure also provides methods of measuring analytes in
bodily fluid.

[0003] Electrochemical sensors have long been used to
detect and/or measure the presence of analytes in a fluid
sample. In the most basic sense, electrochemical sensors
comprise a reagent mixture containing at least an electron
transfer agent (also referred to as an “electron mediator”)
and an analyte specific bio-catalytic protein, and one or more
electrodes. Such sensors rely on electron transfer between
the electron mediator and the electrode surfaces and function
by measuring electrochemical redox reactions. When used
in an electrochemical biosensor system or device, the elec-
tron transfer reactions are transformed into an electrical
signal that correlates to the concentration of the analyte
being measured in the fluid sample.

[0004] The use of such electrochemical sensors to detect
analytes in bodily fluids, such as blood or blood derived
products, tears, urine, and saliva, has become important, and
in some cases, vital to maintain the health of certain indi-
viduals. For example, testing and controlling blood glucose
for people with diabetes can reduce their risk of serious
damage to the eyes, nerves and kidneys.

[0005] An exemplary electrochemical biosensor is
described in U.S. Pat. No. 6,743,635 (*635 patent) which is
incorporated by reference herein in its entirety. The 635
patent describes an electrochemical biosensor used to mea-
sure glucose level in a blood sample. The electrochemical
biosensor system is comprised of a test strip and a meter. The
test strip includes a sample chamber, a working electrode, a
counter electrode and fill-detect electrodes. A reagent layer
is disposed in the sample chamber. The reagent layer con-
tains an enzyme specific for glucose, glucose oxidase, and a
mediator, potassium ferricyanide. When a user applies a
blood sample to the sample chamber on the test strip, the
reagents react with the glucose in the blood sample and the
meter applies a voltage to the electrodes to cause redox
reactions. The meter measures the resulting current that
flows between the working and counter electrodes and
calculates the glucose level based on the current measure-
ments.

[0006] Existing glucose biosensors typically contain
potassium ferricyanide as the electron mediator. While fer-
ricyanide is suitable for electrochemical detection on certain
electrodes, it does have its drawbacks. In particular, ferri-
cyanide converts to ferrocyanide when exposed to moisture
and/or high temperature. This produces an increasing blank
which compromises the usable shelf-life of the biosensor.
Ferricyanide also requires a higher applied potential for
electrochemical detection that generates interference from
electro-oxidizable species, such as acetaminophen, ascor-
bate or uric acid, which may also be present in bodily fluids.
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[0007] A major benefit for using electrochemical biosen-
sors such as those described in the *635 patent is that only
a small amount of blood sample is required to perform the
measurement. However, as the size of the blood sample
necessary to perform the measurement is decreased, the
sensitivity of the biosensor also decreases and the ability to
measure the electron-transfer kinetics during the redox reac-
tions on the electrode surfaces must be improved to ensure
the accuracy of the measurement. Biosensors with more
efficient electron-transfer kinetics will result in enhanced
sensor performance and are thus highly desirable.

[0008] Accordingly, novel biosensors are desired that
overcome the drawbacks of current electron mediators and
improve upon existing electrochemical biosensor technolo-
gies so that measurements are more accurate.

SUMMARY

[0009] Disclosed herein are biosensors used for measuring
analyte in a bodily fluid, such as blood, comprising unique
electrodes, a unique electron mediator, or combinations
thereof. In one embodiment, a biosensor exhibiting superior
electron transfer kinetics is described that comprises at least
one or more electrodes comprising a semiconducting mate-
rial. Examples of semiconducting electrodes that may be
used include without limitation tin oxide, indium oxide,
titanium dioxide, manganese oxide, iron oxide, and zinc
oxide, or combinations of these materials, such as zinc oxide
or tin oxide doped with indium or indium oxide doped with
zine or tin.

[0010] In another embodiment, the biosensor’s electron
transfer kinetics may be improved using a biosensor com-
prising at least one or more electrodes comprising thin film
carbon material.

[0011] Also disclosed herein is a biosensor in which
improved properties result from the use of a unique electron
mediator, such as a ruthenium containing electron mediator.
In one embodiment, the ruthenium containing mediator is
ruthenium hexaamine (III) trichloride. In this embodiment,
the electrodes may be comprised of a semiconducting mate-
rial or thin film carbon as described hereinabove, or in the
alternative, the electrodes may be comprised of other more
traditional conducting electrode materials, such as metals,
including without limitation gold, platinum, rhodium, pal-
ladium, silver, iridium, steel, metallorganics, and mixtures
thereof.

[0012] Also disclosed is a method of measuring the con-
centration of an analyte in a fluid sample using the biosen-
sors of the present invention. For example, in one embodi-
ment, the method comprises contacting a biosensor
comprising at least one or more electrodes, comprised of
either a semiconducting material, a conducting material, or
a thin film carbon with a fluid sample. The reaction reagent
system of the biosensor may also comprise a ruthenium
containing electron mediator.

[0013] The method described herein further comprises
detecting an electrical signal and measuring the electrical
signal to thereby determine the concentration of an analyte
in the fluid sample.

[0014] In accordance with these and other objects which
will become apparent hereinafter, the instant invention will
now be described with particular reference to the accompa-
nying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a cyclic voltammogram associated with
the use of a tin doped indium oxide (ITO) electrode with a
ruthenium hexaamine electron mediator.

[0016] FIG. 2 is a cyclic voltammogram associated with
the use of an ITO electrode with a ferricyanide electron
mediator.

[0017] FIG. 3 is a cyclic voltammogram associated with
the use of an zinc doped indium oxide (IZO) electrode with
a ruthenium hexaamine electron mediator.

[0018] FIG. 4 is a cyclic voltammogram associated with
the use of a thin carbon film electrode with a ruthenium
hexaamine electron mediator.

[0019] FIG. 5 is a cyclic voltammogram associated with
the use of a thin carbon film electrode with a ferricyanide
electron mediator.

[0020] FIG. 6 is a cyclic voltammogram associated with
the use of a thin carbon film electrode with a ferrocene
carboxylic acid electron mediator.

[0021] FIG. 7 is a cyclic voltammogram associated with
the use of a palladium thin film electrode prepared using a
metalloorganic approach with a ruthenium hexaamine elec-
tron mediator.

[0022] FIG. 8 is a cyclic voltammogram associated with
the use of a palladium thin film electrode prepared using a
metalloorganic approach with a ferricyanide electron media-
tor.

[0023] FIG. 9 is an Atomic Force Microscope (AFM)
image of an IZO/Au film according to the present disclosure.

[0024] FIG. 10 is an AFM image of a thin carbon film
according to the present disclosure.

[0025] FIG. 11 is a graph showing dose response as a
function of glucose concentration for biosensors using
mediators comprising 100, 150, and 200 mM ruthenium
hexaamine (III) trichloride.

[0026] FIG. 12 a graph showing glucose values as a
function of excitation voltage for a 100 mg/dL. blood sample
using a reagent formulation comprising a glucose oxidase
and a ruthenium hexaamine (III) trichloride mediator.

[0027] FIG. 13 is a graph showing reaction kinetics of
electrodes made with a ferricyanide electron mediator (13a)
and with a ruthenium hexaamine (III) trichloride mediator
(135) on a carbon electrode at zero wait time (zero incuba-
tion time).

[0028] FIG. 14 is a graph showing dose response on gold
and 1ZO electrodes having a chemistry solution containing
glucose oxidase (GO).

[0029] FIG. 15 is a graph showing dose response on gold
and 1ZO electrodes having a chemistry solution containing
glucose dehydrogenase (GDH).

[0030] Table 1 is a summary of the cyclic voltammetry
data.

DETAILED DESCRIPTION OF THE
INVENTION

[0031] In accordance with the present disclosure provided
herein are electrochemical biosensors developed for mea-
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suring an analyte in a non-homogenous fluid sample, such as
a bodily fluid chosen from blood, urine, saliva and tears. At
a minimum, the biosensor includes at least one or more
electrodes and a reaction reagent system comprising an
electron mediator and an oxidation-reduction enzyme spe-
cific for the analyte to be measured. In one embodiment, the
electron mediator comprises a ruthenium containing mate-
rial, such as ruthenium hexaamine (III) trichloride.

[0032] As used herein, the phrase “working electrode” is
an electrode at which the electrochemical oxidation and/or
reduction reaction occurs, e.g., where the analyte, typically
the electron mediator, is oxidized or reduced.

[0033] “Counter electrode” is an electrode paired with the
working electrode. A current of equal magnitude and of
opposite polarity to the working electrode passes through the
counter electrode.

[0034] In accordance with another aspect of the present
disclosure, provided herein are biosensors comprising
unique electrode materials, including semiconducting and
conducting materials. The conducting materials include tra-
ditional metals, as well as novel thin film carbon materials.

[0035] Examples of semiconducting material include
without limitation, tin oxide, indium oxide, titanium diox-
ide, manganese oxide, iron oxide, and zinc oxide, any or all
of which may be doped with another element. For example,
zinc oxide or tin oxide may be doped with indium. Alter-
natively, indium oxide may be doped with zinc or tin.

[0036] It has been found that the use of a ruthenium
containing electron mediator in combination with such semi-
conducting electrodes, or even with traditional conducting
electrode materials results in biosensors that are more stable
in the ambient environment and are less sensitive to expo-
sure to moisture than current biosensors. This extends the
usable shelf-life of the biosensor and reduces the bias
attributed to the background increase during the shelf-life of
the biosensor test strips. In addition, such biosensors have
also markedly reduced interference due to electro-oxidizable
species present in the biological samples since the ruthenium
containing mediator has a very low electrochemical oxida-
tion potential.

[0037] As stated, a biosensor comprising a ruthenium
containing electron mediator may also be used with a
traditional conducting electrode material. Non-limiting
examples of the conducting material include metals chosen
from gold, platinum, rhodium, palladium, silver, iridium,
carbon, steel, metallorganics, and mixtures thereof. Alterna-
tively, a biosensor comprising a ruthenium containing elec-
tron mediator may be used with thin film carbon electrodes.

[0038] Performance of electrochemical biosensors is typi-
cally determined by measuring the electrochemical proper-
ties of the electrodes. It has been determined that improved
biosensor performance is not limited to those having a
ruthenium containing mediator. Rather, biosensors having a
semiconducting electrode or a thin film carbon electrode
have now been shown to exhibit excellent electron-transfer
kinetics, and a reversible electrochemical performance.
Therefore, it is understood that when at least one of the
electrodes comprises a semiconducting material or a thin
film carbon electrode the electron mediator need not be
limited to a ruthenium containing electron mediator. Accord-
ingly, also disclosed herein are biosensors for measuring
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analyte in a fluid sample comprising at least one semicon-
ducting electrode or at least one thin film carbon electrode,
and a reaction reagent system comprising an electron media-
tor and an oxidation-reduction enzyme specific for the
analyte to be measured in the fluid sample.

[0039] In addition to a ruthenium containing electron
mediator, other mediators may used according to the present
disclosure. These mediators include transition metal com-
plex-based mediators and organic mediators. For example,
potassium ferricyanide and ferrocene and their derivatives
may be used. Further, a variety of other mediator agents are
known in the art that may be used in certain embodiments of
the present invention, including without limitation phena-
zine ethosulphate, phenazine methosulfate, pheylenedi-
amine, 1-methoxy-phenazine methosulfate, 2,6-dimethyl-1,
4-benzoquinone, 2,5-dichloro-1,4 -benzoquinone,
indophenols, osmium bipyridyl complexes, tetrathiaful-
valene and phenanonthroline quinone.

[0040] As described previously, in different embodiments,
at least one electrode may comprise a thin film carbon
material. As used herein a “carbon material” is meant to
encompass any allotrope of carbon, depending on the desire
to have a conducting or semiconducting electrode. More
specifically, an allotrope of carbon is meant to encompass
the different molecular configurations of carbon, including
without limitation diamond, lonsdaleite, (a hexagonal a
polymorph of diamond), graphite, amorphous carbon,
fullerene, and carbon nanotubes.

[0041] One example of an allotrope of carbon that is
contemplated for use in the present invention as a semicon-
ducting electrode is doped diamond, such as diamond doped
with boron, nitrogen, or phosphorous.

[0042] Carbon can also take a form that is not precisely
defined as an allotrope, such as conducting carbon in the
form of carbon black, which is defined as any of various
finely divided forms of carbon derived from the incomplete
combustion of natural gas or petroleum oil. While carbon
black is a colloidal substance consisting wholly or princi-
pally of amorphous carbon, it usually contains a certain
amount of impurities, such as acidic or basic functional
groups or other adsorbed by-products from the production
processes, such as aromatic compounds.

[0043] In addition, when the electrodes comprise at least
one conducting carbon material, the material may comprise
sputtered carbon or screen printed carbon. When sputtered,
the carbon electrode typically further comprises chromium
(Cr) that is present in the seed layer to promote carbon
adhesion to the substrate and increase conductivity of the
film.

[0044] In another embodiment, the above-described elec-
trodes further comprise an inert support material onto which
a thin layer of the semiconducting, conducting or thin film
carbon material is deposited. As used herein “thin film” is
meant to encompass a range from 50 angstroms to 400 pm.

[0045] Non-limiting examples of the support material
include polymeric or plastic materials, such as polyethylene
terepthalate (PET), glycol-modified polyethylene tereptha-
late (PETG), polyvinyl chloride (PVC), polyurethanes,
polyamides, polyimide, polycarbonates, polyesters, polysty-
rene, or copolymers of these polymers, as well as ceramics,
such as such as oxides of silicon, titanium, tantalum and
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aluminum, and glass. In addition to the insulating properties,
the particular support material is chosen based on tempera-
ture stability, and the desired mechanical properties, includ-
ing flexibility, rigidity, and strength.

[0046] Also disclosed herein are methods of measuring the
concentration of an analyte in a fluid sample using the
electrochemical biosensors of the present invention. An
exemplary method comprises the steps of contacting a
biosensor with fluid, wherein the biosensor comprises at
least one or more electrodes comprising semiconducting
material, a conducting material or a thin film carbon material
and a reaction reagent system comprising a ruthenium
containing electron mediator and an oxydo-reductase
enzyme specific for an analyte;

[0047] Applying voltage across the electrodes;

[0048] Detecting the sample fluid as it fills the reaction
chamber;

[0049] Applying an excitation potential across the elec-
trodes;

[0050] Measuring the resulting current; and

[0051] Converting the measured current to the concentra-
tion of the analyte in the fluid sample. In one embodiment,
the meter can be turned on by inserting the strip.

[0052] The methods are not limited to using a biosensor
that comprises a semiconducting electrode and a reaction
reagent system comprising a ruthenium containing electron
mediator. Rather, the methods can comprise the use of any
of the biosensors contemplated as the present invention. For
example, when the reaction reagent system comprises a
ruthenium containing electron mediator, at least one or more
of the electrodes may comprise a conducting material or a
thin film carbon material.

[0053] Alternatively, the method may use a biosensor
comprising, at least one or more electrodes comprising a
semiconducting material and a reaction reagent system
comprising an electron mediator that is not limited to
containing ruthenium. For example, when the method com-
prises the use of a biosensor having at least one or more
semiconducting electrodes, the mediator may comprise fer-
rocene carboxylic acid or a ferricyanide material, such as
potassium ferricyanide, as well as any of the other previ-
ously mentioned mediators, e.g., phenazine ethosulphate,
phenazine methosulfate, pheylenediamine, 1-methoxy-
phenazine methosulfate, 2,6-dimethyl-1,4-benzoquinone,
2,5-dichloro-1,4-benzoquinone, indophenols, osmium bipy-
ridyl complexes, tetrathiafulvalene or phenanonthroline
quinone.

[0054] In yet another embodiment, the method of measur-
ing the concentration of an analyte in a fluid sample may
comprise the use of a biosensor comprising at least one or
more electrodes comprising a thin film carbon material. As
previously discussed, a thin film carbon material may
include any form of carbon, including any allotrope of
carbon. When an electrode comprises a carbon material, the
electron mediator may be chosen from a ruthenium contain-
ing mediator (such as ruthenium hexaamine (III) trichloride)
as well as traditional mediators, such as ferrocene carboxylic
acid or a ferricyanide material, such as potassium ferricya-
nide, as well as any of the other previously mentioned
mediators, e.g., phenazine ethosulphate, phenazine metho-
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sulfate, pheylenediamine, 1-methoxy-phenazine methosul-
fate, 2,6-dimethyl-1,4-benzoquinone, 2,5-dichloro-1,4-ben-
zoquinone, indophenols, osmium bipyridyl complexes,
tetrathiafulvalene or phenanonthroline quinone.

[0055] The electrochemical biosensors described herein
can be used to monitor analyte concentration in a non-
homogeneous bodily fluid, such as blood. Non-limiting
examples of such analytes include analytes of glucose,
cholesterol, lactate, osteoporosis, ketone, theophylline, and
hemoglobin Alc. The specific enzyme present in the fluid
depends on the particular analyte for which the biosensor is
designed to detect, where representative enzymes include:
glucose oxidase, glucose dehydrogenase, cholesterol
esterase, cholesterol oxidase, lipoprotein lipase, glycerol
kinase, glycerol-3-phosphate oxidase, lactate oxidase, lac-
tate dehydrogenase, pyruvate oxidase, alcohol oxidase,
bilirubin oxidase, uricase, and the like.

[0056] In one embodiment where the analyte of interest is
glucose, the enzyme component of the redox reagent system
is a glucose oxidizing enzyme, such as glucose oxidase,
PQQ-dependent glucose dehydrogenase and NAD-depen-
dent glucose dehydrogenase.

[0057] The electrochemical biosensors described herein
may all be used in a system for measuring glucose concen-
tration in blood, as described in U.S. Pat. No. 6,743,635 B2,
which was previously incorporated by reference in its
entirety.

[0058] When used to measure analytes in blood, the reac-
tion reagent system typically further comprises a red blood
cell binding agent for capturing red blood cells. Such
binding agents include lectins.

[0059] Depending on the analyte of interest, the reaction
reagent system may include such optional ingredients as
buffers, surfactants, and film forming polymers. Examples
of buffers that can be used in the present invention include
without limitation potassium phosphate, citrate, acetate,
TRIS, HEPES, MOPS and MES buffers. In addition, typical
surfactants include non-ionic surfactant such as Triton
X-100® and Surfynol®, anionic surfactant and zwitterionic
surfactant. Triton X-100® (an alkyl phenoxy polyethoxy
ethanol), and Surfynol® are a family of detergents based on
acetylenic diol chemistry. In addition, the reaction reagent
system may optionally include wetting agents, such as
organosilicone surfactants, including Silwet® (a polyalky-
leneoxide modified heptamethyltrisiloxane from GE Sili-
cones).

[0060] The reaction reagent system further optionally
comprises at least one polymeric binder material. Such
materials are generally chosen from the group consisting of
hydroxypropyl-methyl cellulose, sodium alginate, microc-
rystalline cellulose, polyethylene oxide, polyethylene glycol
(PEG), polypyrrolidone, hydroxyethylcellulose, or polyvi-
nyl alcohol.

[0061] It has been discovered that the use of certain
optional ingredients can lead to reagent formulations con-
taining Ru mediator that spread more uniformly and that are
more tolerant of slight misalignment of dispense location.
Such uniform spreading of reagent on the sensors tend to
eliminate thicker deposition typically occuring on the edge
of reagent deposition (referred to as the “coffee ring” or
“igloo” effect). As a result, sensor repeatability or precision
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performance is improved and outlier strips due to uneven
reagent deposition or misaligned deposition are reduced or
eliminated. For example, formulation containing polyvinyl
alcohol (PVA) and/or Natrosol (a hydroxyethylcellulose
from Aqualon, a division of Hercules, Inc.) and Triton X-100
or Silwet will produce very uniform reagent spreading.

[0062] Inoneembodiment, a reagent formulation contain-
ing 1% Natrosol, 250 L. and 0.05% Triton-X 100 showed a
precision performance of better than 4% at clinically impor-
tant 75 mg/dL. glucose level. In another embodiment, a
reagent formulation containing 2% PVA and 0.15% Triton-X
100 showed better than 4% precision at all glucose levels. In
addition, examination of sensors under magnification
showed no misaligned deposition (“off-centered” reagent
deposition).

[0063] For example, in one embodiment, 0.01 to 0.3%,
such as 0.05 to 0.25% of a non-ionic surfactant such as
Triton X-100 may be used in combination with 0.1 to 3%,
such as 0.5 to 2.0% of a polymeric binder material, such as
PVA.

[0064] Other optional components include dyes that do
not interfere with the glucose reaction, but facilitates inspec-
tion of the deposition. In one non-limiting embodiment, a
yellow dye (fluorescein) may be used.

[0065] In addition to the enzyme specific for the analyte
and the electron mediator, the reaction reagent system
mentioned above may also include the previously described
optional components, including the buffering materials, the
polymeric binders, and the surfactants. The reagent layer
generally covers at least part of the working electrode as
well as the counter electrode.

[0066] When used as an electrochemical blood glucose
sensor, the chemical constituents in the reagent layer reacts
with glucose in the blood sample in the following way. The
enzyme, such as glucose oxidase, initiates a reaction that
oxidizes the glucose to gluconic acid and reduces the
electron mediator. For example, when used, ferricyanide is
reduced to ferrocyanide. When ruthenium hexaamine
[Ru(NH,)4]** is used, it is reduced to [Ru(NH,)s[**. When
an appropriate voltage is applied to the working electrode,
relative to the counter electrode, the electron mediator is
oxidized. For example, ferrocyanide is oxidized to ferricya-
nide, thereby generating a current that is related to the
glucose concentration in the blood sample. When ruthenium
hexaamine [Ru(NH,),F** is used, it is oxidized to
[Ru(NH,)s]**. To determine the efficiency of such reactions,
the following electrochemical analysis was performed.

Electrode Materials and Evaluation

[0067] The electrode materials according to the present
disclosure include thin films of: semiconductors; sputtered
carbon; and metal films that may be deposited using vapor
deposition techniques, such as sputtering, or which may be
derived from metalloorganic compounds. Performance of
these materials was compared with the performance of gold
films, since gold is well established as an excellent electrode
material.
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[0068] The physical properties of these materials were
evaluated using standard techniques, which included the
following:

[0069] Conductivity measurement: Van der Paaw four
point contact resistivity measurements were made to deter-
mine sheet resistance.

[0070] Electrochemical Performance: Cyclic voltammetry
with phosphate buffer (background current), was used in
conjunction with various electron mediators, including with-
out limitation ferricyanide, ruthenium hexaamine and fer-
rocene carboxylic acid.

[0071] Film properties: Electron and optical microscopy
was used to evaluate the film for uniformity and defects.

[0072] Morphology: Atomic force microscopy (AFM) was
used to determine surface roughness of the electrode mate-
rials.

[0073] Crystallographic texture and crystallinity: X-ray
diffraction was used to determine crystal structure, particu-
larly for semiconductor films.

Experimental Procedure For Cyclic Voltammetry

[0074] Electrochemical data were obtained using the vari-
ous biosensors described herein. The biosensor “samples”
were placed in an electrochemical cell as the working
electrode. Pt wire was used as the counter electrode, and
Ag/AgCl electrode was used as the reference. The solution
of interest was placed over the working electrode with the
counter and reference electrodes being immersed in it. A
potential was applied using a CHI 600A electrochemical
analyzer within the potential limits specified on FIGS. 1-8,
and the resulting current was recorded.

[0075] The relevant parameters of interest in cyclic vol-
tammograms include: peak current, peak potential and peak
separation. Larger oxidation peak current indicates a larger
signal that can be obtained using a particular mediator, at a
specified mediator concentration and scan rate. Peak sepa-
ration is an indication of the electron-transfer kinetics; for an
ideal system, it should be 60 mV/n, where n is the number
of electrons exchanged between the redox probe and the
electrode surface.

Analysis of the Electrodes Physical Properties

[0076] The process of electron transfer is a function of the
interface between the electrode and electrolyte. Thus, the
redox kinetics are influenced by the physical properties of
the electrode, including surface area and density of active
electron-transfer sites. To analyze such properties, including
morphology and surface roughness, atomic force micros-
copy was used. Typical morphologies for electrode materials
are shown in FIGS. 9 and 10, for IZ0O/Au films and carbon
films, respectively.

[0077] Surface roughness of the electrodes typically
increased with increasing chamber pressures during film
deposition. While not wishing to be bound by any theory, it
is believed that higher pressures have the effect of thermal-
izing the ions incident on the surface, which results in
greater surface roughness.

[0078] Generally, increased surface roughness resulting
from increased chamber pressure during film deposition
leads to an increase in charging current. However, there is
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not typically a significant difference in peak separation and
peak current with such rougher surfaces.

Evaluation of a Glucose Biosensor

[0079] The resulting biosensor was also evaluated as a
function of analyte and mediator concentration. In particu-
lar, dose response and glucose values were measured as a
function of glucose concentration and excitation voltage,
respectively, for a ruthenium mediator. For example, FIG.
11 shows the dose response as a function of glucose con-
centration for biosensors using mediators comprising 100,
150, and 200 mM ruthenium hexaamine (III) trichloride. At
150 mM and 200 mM, the biosensor response was nearly
identical, especially at higher glucose levels.

[0080] FIG. 12 shows glucose values as a function of
excitation voltage for a 100 mg/dL. blood sample using a
reagent formulation comprising a glucose oxidase and a
ruthenium hexaamine (III) trichloride mediator. In particu-
lar, a biosensor comprising a reagent formulation containing
2000 U/ml. glucose oxidase and 100 mM ruthenium
hexaamine (III) trichloride was evaluated.

Shortened Test Time

[0081] Test times for the resulting biosensors were also
analyzed as a function of the mediator. It was discovered that
strips made using a Ru mediator showed no degradation of
precision, stability or temperature sensitivity even at zero
incubation time. Incubation time is defined as the time
between sample detection and applying excitation voltage.

[0082] As shown in FIG. 13, strips made with a ruthenium
mediator showed better kinetics with a zero-wait than strips
made with a ferricyanide mediator. In particular, FIG. 13(b)
shows that there is no rise in the ruthenium signal early in
the kinetics as there is for the ferricyanide signal 13(a). For
this reason, the precision is worse in the ferricyanide strips
early in the response since the early (rising) phase of the
ferricyanide kinetics is more variable with high glucose
samples than it is for ruthenium.

[0083] The present disclosure is further illuminated by the
following non-limiting examples, which are intended to be
purely exemplary of the invention.

EXAMPLE 1

Semiconductor Electrodes

[0084] This example summarizes the results of physical
and electrochemical analysis on various semiconducting
electrodes according to the present disclosure. Tin doped
indium oxide (“ITO”) and zinc doped indium oxide (“IZ0”)
films were deposited by sputtering (dc Magnetron Sputter)
using 90/10 indium oxide/tin or zinc oxide targets. In order
to achieve high conductivity of the film in a cost effective
manner, ITO and IZO were deposited on a thin layer of Au
(60-100 A).

[0085] The semiconducting films of ITO were sputter
deposited at room temperature. X-ray diffraction analysis of
the as-sputtered films showed they were amorphous and
electrochemical characterization of the amorphous samples
showed voltammograms with poor or non-existent signals,
indicating poor electron transfer properties. In contrast, after
annealing the amorphous films at 250° C. for 1 hour, the
films showed strong crystalline peaks, indicating a polycrys-
talline film was formed.
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[0086] Electrochemical properties performed on the poly-
crystalline samples showed voltammograms with strong
signals, indicating more efficient electron transfer than the
amorphous samples.

[0087] The polycrystalline and amorphous samples were
each tested with a ruthenium hexaamine electron mediator
and with a ferricyanide electron mediator. These analytes
were chosen because of their charge differences and the fact
that their electrochemical behavior on a variety of electrode
materials is well-documented and understood.

[0088] As shown in FIGS. 1 and 2, the ITO film per-
formed well with both ruthenium hexaamine and ferricya-
nide, with a more ideal voltammogram associated with the
use of the ruthenium hexaamine (FIG. 1) when compared to
ferricyanide (FIG. 2). In addition, as shown in FIG. 3, the
cyclic voltammogram associated with the use of IZO with a
ruthenium hexaamine mediator showed excellent electron
transfer kinetics.

EXAMPLE 2

Sputtered Carbon Electrodes

[0089] This example summarizes the results of physical
and electrochemical analysis on sputtered carbon electrodes
according to the present disclosure.

[0090] A thin film of carbon was sputtered (dc Magnetron)
onto a polyethylene terephthalate (PET) substrate. The sput-
tering technique involved sputtering Cr as a seed layer and
gradually decreasing the power on the Cr target while
simultaneously increasing the power on the carbon target.
The resulting film was 0.5 um thick and had the conductivity
of' 8 ohms/square. Because Cr was first sputtered as the seed
layer, the resulting film contained about 5% Cr. FIG. 10
shows an AFM of a carbon film electrode.

[0091] As shown in FIG. 4, cyclic voltammograms of
ruthenium hexaamine obtained on the previously described
carbon films show excellent electron-transfer kinetics. The
performance of the carbon films with ferricyanide as the
electron mediator is shown in FIG. 5, which electrochemical
properties are acceptable for use in biosensors applications.
In addition, as shown in FIG. 6, the carbon film gave ideal
cyclic voltammetric response with ferrocene carboxylic acid
as the electron mediator.

EXAMPLE 3

Performance of Zinc-Doped Indium Oxide
Electrodes in Glucose Biosensors

[0092] Zinc-doped idium oxide (IZO) electrodes were
used to assemble glucose sensor strips with the goal of
evaluating sensor performance. IZO film was sputtered on
top of a 10 nm thick gold layer to yield an overall conduc-
tivity of 25 ohms/square. Electrodes were formed by laser
ablation with spacing of at least 100 um between each
electrode. Sensors were assembled using two different
chemistry solutions that contained either glucose oxidase
(GO) or glucose dehyrogenase (GDH). In all cases, ruthe-
nium hexaamine was used as the mediator. In the case of
GDH, sucrose was added to the formulation as a stabilizer
for the enzyme. Sensors assembled using gold electrodes
were tested in parallel with the sensors made with 1ZO
electrodes.
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[0093] A summary of the data on gold and IZO sensors
having a chemistry solution that contained glucose oxidase
(GO) is shown in Table 2.

TABLE 2
Target Blood  Average

Sensors Chemistry Level (mg/dL) (nA) S.D. % CV
Gold Ruthenium 0 191 6.14 3.22
hexaamine, 75 626.6  11.82 1.89

GO, PVA 245 2017.6  31.12 1.54

600 4985.6  31.00 0.62

12O Ruthenium 0 55 2.11 3.84
hexaamine, 75 398.6 4.55 1.14

GO, PVA 245 19209 2639 1.37

600 4322.2  33.89 0.78

[0094] The results of Table 2 are also graphically shown in
FIG. 14. These results demonstrate that IZO sensors gave
comparable signal and precision to gold sensors. In addition,
170 sensors had a much lower background signal than gold
sensors, which might lead to improved stability and linearity
of'the calibration curves. Lower background signal is clearly
observed in the dose response graph (FIG. 14), which is
linear for both types of sensors and shows the offset for the
170 sensors that is derived from the lower background.

[0095] A summary of the data on gold and IZO sensors
having a chemistry solution that contained glucose dehy-
drogenase (GDH) is shown in Table 3.

TABLE 3
Target Blood
Sensors Chemistry Level (mg/dL) Average (nA) % CV
Gold Ruthenium 0 241.2 8.10
hexamine, 75 1099.4 5.50
GDH, PVA, 245 2861.8 4.95
sucrose 600 5888 5.11
170 Ruthenium 0 355 18.10
hexamine, 75 942.1 493
GDH, PVA, 245 3010.2 3.82
sucrose 600 5677.3 2.71
[0096] The results of Table 3 are also graphically shown in

FIG. 15. These results demonstrate that the difference in the
background signal between gold and IZO electrodes was
even more pronounced for GDH-based chemistry than for
GO-based chemistry.

[0097] In addition to offering performance benefits, IZO
may be more compatible with different meter connector
designs, since it is much more scratch resistant than gold.

EXAMPLE 4

Moisture Sensitivity Analysis

[0098] This example illustrates the significant improve-
ments of moisture sensitivity for reagent formulations con-
taining ruthenium hexaamine (III) trichloride as mediator.

[0099] Separate sensor strips were prepared with reagent
formulations containing either (1) potassium ferricyanide as
mediator or (2) ruthenium hexaamine (III) trichloride as
mediator. The sensor strips were stored in desiccated vials.
One set of vials have intentionally punctured holes on the
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lids and were exposed to high moisture environment (30°
C./80% RH) for 5 days. Another set of vials were kept intact
and stored normally at room temperature as a control.

[0100] After 5-day incubation in high humidity, strips
were tested using glucose control and blood sample with 110
mg/dl, glucose. The test results are summarized in Table 4
and Table 5.

TABLE 4

Glucose Control Test Results

Ruthenium
Ferricyanide Ruthenium formulation with
formulation formulation  0.1% Natrosol 250L
Control strips 128 195 231
stored at RT
Strips exposed to 293 201 234
30° C., 80% RH for
5 days

[0101] As shown in Table 4, sensors made with ferricya-
nide as mediator showed an increase of 165 mg/dL. in
glucose recovery value, while sensors made with ruthenium
as mediator showed an increase of only 3-6 mg/dL. It is
important to note that glucose recovery value may be
different for different reagent formulation when tested with
the same glucose control and only the change of glucose
recovery value is indicative of the sensitivity to environ-
ment. Thus, the ruthenium hexaamine (III) trichloride
mediator was found to be much less sensitive to moisture
exposure when compared to ferricyanide which is used as
mediator for many glucose test strips currently on the
market.

TABLE 5

Blood Sample Test Results

Ruthenium
Ferricyanide Ruthenium formulation with
formulation formulation  0.1% Natrosol 250L
Control strips 109 117 120
stored at RT
Strips exposed to 319 136 130
30° C., 80% RH for
5 days

[0102] As shown in Table 5, similar results were observed
when strips were tested with blood samples. Sensors made
using ruthenium hexaamine (III) trichloride as mediator
were far less sensitive to moisture than sensors made using
ferricyanide as mediator. For example, sensors containing
ruthenium hexaamine (III) trichloride mediator showed an
increase of about 10-20 mg/dl, while sensors containing
ferricyanide as mediator increased about 210 mg/dL.

[0103] Unless otherwise indicated, all numbers expressing
quantities of ingredients, reaction conditions, and so forth
used in the specification and claims are to be understood as
being modified in all instances by the term “about.” Accord-
ingly, unless indicated to the contrary, the numerical param-
eters set forth in the specification and attached claims are
approximations that may vary depending upon the desired
properties sought to be obtained by the present invention.
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[0104] Other embodiments of the invention will be appar-
ent to those skilled in the art from consideration of the
specification. Other embodiments of the invention will be
apparent to those skilled in the art from consideration of the
specification and practice of the invention disclosed herein.
It is intended that the specification and examples be con-
sidered as exemplary only, with a true scope and spirit of the
invention being indicated by the following claims.

What is claimed is:
1. A biosensor for measuring analyte in a fluid, said
biosensor comprising:

at least one semiconducting electrode; and

a reaction reagent system comprising a ruthenium con-
taining electron mediator and an oxidation-reduction
enzyme specific for said analyte.

2. The biosensor of claim 1, wherein said ruthenium
containing material comprises ruthenium hexaamine (I1I)
trichloride.

3. The biosensor of claim 1, wherein the at least one
semiconducting electrode comprises a material chosen from
tin oxide, indium oxide, titanium dioxide, manganese oxide,
iron oxide, and zinc oxide.

4. The biosensor of claim 3, wherein the at least one
semiconducting electrode comprises zinc oxide doped with
indium, tin oxide doped with indium, indium oxide doped
with zinc, or indium oxide doped with tin.

5. The biosensor of claim 1, wherein the at least one
semiconducting electrode comprises an allotrope of carbon
doped with boron, nitrogen, or phosphorous.

6. The biosensor of claim 1, wherein the analyte is chosen
from glucose, cholesterol, lactate, acetoacetic acid (ketone
bodies), theophylline, and hemoglobin Alc.

7. The biosensor of claim 6, wherein the analyte com-
prises glucose and the at least one oxidation-reduction
enzyme specific for the analyte is chosen from glucose
oxidase, PQQ-dependent glucose dehydrogenase and NAD-
dependent glucose dehydrogenase.

8. The biosensor of claim 1, wherein the fluid comprises
blood and the

reaction reagent system comprises a red blood cell bind-
ing agent for capturing red blood cells from the fluid,
said red blood cell binding agent comprising lectins.

9. The biosensor of claim 1, wherein the reaction reagent
system further comprises at least one buffer material com-
prising potassium phosphate.

10. The biosensor of claim 1, wherein the reaction reagent
system further comprises at least one surfactant chosen from
non-ionic, anionic, and zwitterionic surfactants.

11. The biosensor of claim 1, wherein the reaction reagent
system further comprises at least one polymeric binder
chosen from hydroxypropyl-methyl cellulose, sodium algi-
nate, microcrystalline cellulose, polyethylene oxide,
hydroxyethylcellulose, polypyrrolidone, PEG, and polyvi-
nyl alcohol.

12. The biosensor of claim 1, wherein the reaction reagent
system comprises 0.01 to 0.3% of a non-ionic surfactant and
0.1 to 3%, of a polymeric binder material.

13. The biosensor of claim 12, wherein the reaction
reagent system comprises 0.05 to 0.25% of an alkyl phenoxy
polyethoxy ethanol and 0.5 to 2.0% of polyvinyl alcohol.

14. A biosensor for measuring analyte in a fluid, said
biosensor comprising:
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at least one conducting electrode; and

a reaction reagent system comprising a ruthenium con-
taining electron mediator and an oxidation-reduction
enzyme specific for said analyte.

15. The biosensor of claim 14, wherein said ruthenium
containing material comprises ruthenium hexaamine (III)
trichloride.

16. The biosensor of claim 14, wherein the at least one
conducting electrode comprises a metal chosen from or
derived from gold, platinum, rhodium, palladium, silver,
iridium, carbon, steel, metallorganics, and mixtures thereof.

17. The biosensor of claim 16, wherein the at least one
carbon electrode further comprising Cr.

18. The biosensor of claim 14, wherein the analyte is
chosen from glucose, cholesterol, lactate, acetoacetic acid
(ketone bodies), theophylline, and hemoglobin Alc.

19. The biosensor of claim 18, wherein the analyte
comprises glucose and the at least one oxidation-reduction
enzyme specific for the analyte is chosen from glucose
oxidase, PQQ-dependent glucose dehydrogenase and NAD-
dependent glucose dehydrogenase.

20. The biosensor of claim 14, wherein the fluid com-
prises blood and the reaction reagent system comprises a red
blood cell binding agent for capturing red blood cells from
the fluid, said red blood cell binding agent comprising
lectins.

21. The biosensor of claim 14, wherein the reaction
reagent system further comprises at least one buffer material
comprising potassium phosphate.

22. The biosensor of claim 14, wherein the reaction
reagent system further comprises at least one surfactant
chosen from non-ionic, anionic, and zwitterionic surfactants.

23. The biosensor of claim 14, wherein the reaction
reagent system further comprises at least one polymeric
binder chosen hydroxypropyl-methyl cellulose, sodium algi-
nate, microcystalline cellulose, polyethylene oxide,
hydroxyethylcellulose, polypyrrolidone, PEG, and polyvi-
nyl alcohol.

24. The biosensor of claim 14, wherein the reaction
reagent system comprises 0.01 to 0.3% of a non-ionic
surfactant and 0.1 to 3%, of a polymeric binder material.

25. The biosensor of claim 24, wherein the reaction
reagent system comprises 0.05 to 0.25% of an alkyl phenoxy
polyethoxy ethanol and 0.5 to 2.0% of polyvinyl alcohol.

26. A biosensor for measuring analyte in a fluid, said
biosensor comprising:

at least one semiconducting electrode; and

a reaction reagent system comprising an electron mediator
and an oxidation-reduction enzyme specific for said
analyte.

27. The biosensor of claim 26, wherein the at least one
semiconducting electrode comprises a material chosen from
tin oxide, indium oxide, titanium dioxide, manganese oxide,
iron oxide, and zinc oxide.

28. The biosensor of claim 26, wherein the at least one
semiconducting electrode comprises zinc oxide doped with
indium, tin oxide doped with indium, indium oxide doped
with zinc, or indium oxide doped with tin.

29. The biosensor of claim 26, wherein the at least one
semiconducting electrode comprises an allotrope of carbon
doped with boron, nitrogen, or phosphorous.
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30. The biosensor of claim 26, wherein the analyte is
chosen from glucose, cholesterol, lactate, acetoacetic acid
(ketone bodies), theophylline, and hemoglobin Alc.

31. The biosensor of claim 30, wherein the analyte
comprises glucose and the at least one oxidation-reduction
enzyme specific for the analyte is chosen from glucose
oxidase, PQQ-dependent glucose dehydrogenase and NAD-
dependent glucose dehydrogenase.

32. The biosensor of claim 26, wherein the fluid com-
prises blood and the reaction reagent system comprises a red
blood cell binding agent for capturing red blood cells from
the fluid, said red blood cell binding agent comprising
lectins.

33. The biosensor of claim 26, wherein the reaction
reagent system further comprises at least one buffer material
comprising potassium phosphate.

34. The biosensor of claim 26, wherein the reaction
reagent system further comprises at least one surfactant
chosen from non-ionic, anionic, and zwitterionic surfactants.

35. The biosensor of claim 26, wherein the reaction
reagent system further comprises at least one polymeric
binder chosen from hydroxypropyl-methyl cellulose,
sodium alginate, microcrystalline cellulose, polyethylene
oxide, hydroxyethylcellulose, polypyrrolidone, PEG, and
polyvinyl alcohol.

36. The biosensor of claim 26, wherein the reaction
reagent system comprises 0.01 to 0.3% of a non-ionic
surfactant and 0.1 to 3%, of a polymeric binder material.

37. The biosensor of claim 36, wherein the reaction
reagent system comprises 0.05 to 0.25% of an alkyl phenoxy
polyethoxy ethanol and 0.5 to 2.0% of polyvinyl alcohol.

38. The biosensor of claim 26, wherein the electron
mediator comprises a ferricyanide material, ferrocene car-
boxylic acid or a ruthenium containing material.

39. The biosensor of claim 38, wherein the ferricyanide
material comprises potassium ferricyanide and the ruthe-
nium containing material comprises ruthenium hexaamine
(I1I) trichloride.

40. A biosensor for measuring analyte in a fluid, said
biosensor comprising:

at least one thin film carbon electrode; and

a reaction reagent system comprising an electron mediator
and an oxidation-reduction enzyme specific for said
analyte.

41. The biosensor of claim 40, wherein the electron
mediator comprises a ferricyanide material, ferrocene car-
boxylic acid, or a ruthenium containing material.

42. The biosensor of claim 41, wherein the ferricyanide
material comprises potassium ferricyanide and the ruthe-
nium containing material comprises ruthenium hexaamine
(I1I) trichloride.

43. The biosensor of claim 40, wherein the at least one
thin film carbon electrode comprises sputtered carbon or
screen printed carbon.

44. The biosensor of claim 43, wherein said sputtered
carbon further comprises Cr.

45. The biosensor of claim 40, wherein the analyte is
chosen from glucose, cholesterol, lactate, acetoacetic acid
(ketone bodies), theophylline, and hemoglobin Alc.

46. The biosensor of claim 45, wherein the analyte
comprises glucose and the at least one oxidation-reduction
enzyme specific for the analyte is chosen from glucose



US 2006/0113187 Al

oxidase, PQQ-dependent glucose dehydrogenase and NAD-
dependent glucose dehydrogenase.

47. The biosensor of claim 40, wherein the fluid com-
prises blood and the reaction reagent system comprises a red
blood cell binding agent for capturing red blood cells from
the fluid, said red blood cell binding agent comprising
lectins.

48. The biosensor of claim 40, wherein the reaction
reagent system further comprises at least one buffer material
comprising potassium phosphate.

49. The biosensor of claim 40, wherein the reaction
reagent system further comprises at least one surfactant
chosen from non-ionic, anionic, and zwitterionic surfactants.

50. The biosensor of claim 40, wherein the reaction
reagent system further comprises at least one polymeric
binder chosen from hydroxypropyl-methyl cellulose,
sodium alginate, microcystalline cellulose, polyethylene
oxide, hydroxyethylcellulose, polypyrrolidone, PEG, and
polyvinyl alcohol.

51. The biosensor of claim 40, wherein the reaction
reagent system comprises 0.01 to 0.3% of a non-ionic
surfactant and 0.1 to 3%, of a polymeric binder material.

52. The biosensor of claim 51, wherein the reaction
reagent system comprises 0.05 to 0.25% of an alkyl phenoxy
polyethoxy ethanol and 0.5 to 2.0% of polyvinyl alcohol.

53. A method of measuring the concentration of analyte in
a fluid, said method comprising:

contacting said fluid with a biosensor comprising:
at least one semiconducting electrode; and

a reaction reagent system comprising a ruthenium
containing electron mediator and an oxidation-re-
duction enzyme specific for said analyte;

detecting an electrical signal from said biosensor; and

measuring the electrical signal to thereby determine the

concentration of the analyte in the liquid.

54. The method of claim 53, wherein said ruthenium
containing material comprises ruthenium hexaamine (III)
trichloride.

55. The method of claim 53, wherein the at least one
semiconducting electrode comprises a material chosen from
tin oxide, indium oxide, titanium dioxide, manganese oxide,
iron oxide, and zinc oxide.

56. The method of claim 55, wherein the at least one
semiconducting electrode comprises zinc oxide doped with
indium, tin oxide doped with indium, indium oxide doped
with zinc, or indium oxide doped with tin.

57. The method of claim 53, wherein the at least one
semiconducting electrode comprises an allotrope of carbon
doped with boron, nitrogen, or phosphorous.

58. The method of claim 53, wherein the analyte is chosen
from glucose, cholesterol, lactate, acetoacetic acid (ketone
bodies), theophylline, and hemoglobin Alc.

59. The method of claim 58, wherein the analyte com-
prises glucose and the at least one oxidation-reduction
enzyme specific for the analyte is chosen from glucose
oxidase, PQQ-dependent glucose dehydrogenase and NAD-
dependent glucose dehydrogenase.

60. The method of claim 53, wherein the fluid comprises
blood and the reaction reagent system comprises a red blood
cell binding agent for capturing red blood cells from the
fluid, said red blood cell binding agent comprising lectins.

Jun. 1, 2006

61. The method of claim 53, wherein the reaction reagent
system further comprises at least one buffer material com-
prising potassium phosphate.

62. The method of claim 53, wherein the reaction reagent
system further comprises at least one surfactant chosen from
non-ionic, anionic, and zwitterionic surfactants.

63. The method of claim 53, wherein the reaction reagent
system further comprises at least one polymeric binder
chosen from hydroxypropyl-methyl cellulose, sodium algi-
nate, microcystalline cellulose, polyethylene oxide,
hydroxyethylcellulose, polypyrrolidone, PEG, and polyvi-
nyl alcohol.

64. The method of claim 53, wherein the reaction reagent
system comprises 0.01 to 0.3% of a non-ionic surfactant and
0.1 to 3%, of a polymeric binder material.

65. The method of claim 64, wherein the reaction reagent
system comprises 0.05 to 0.25% of an alkyl phenoxy poly-
ethoxy ethanol and 0.5 to 2.0% of polyvinyl alcohol.

66. A method of measuring the concentration of analyte in
a fluid, said method comprising:

contacting said fluid with a biosensor comprising:
at least one conducting electrode; and

a reaction reagent system comprising a ruthenium
containing electron mediator and an oxidation-re-
duction enzyme specific for said analyte;

detecting an electrical signal from said biosensor; and

measuring the electrical signal to thereby determine the

concentration of the analyte in the liquid.

67. The method of claim 66, wherein said ruthenium
containing material comprises ruthenium hexaamine (I1I)
trichloride.

68. The method of claim 66, wherein the at least one
conducting electrode comprises a metal chosen from or
derived from gold, platinum, rhodium, palladium, silver,
iridium, carbon, steel, metallorganics, and mixtures thereof.

69. The method of claim 68, wherein the at least one
carbon electrode comprises sputtered carbon or screen
printed carbon.

70. The method of claim 69, wherein said sputtered
carbon further comprises Cr.

71. The method of claim 69, wherein the analyte com-
prises is chosen from glucose, cholesterol, lactate, acetoace-
tic acid (ketone bodies), theophylline, and hemoglobin Alc.

72. The method of claim 71, wherein the analyte com-
prises glucose and the at least one oxidation-reduction
enzyme specific for the analyte is chosen from glucose
oxidase, PQQ-dependent glucose dehydrogenase and NAD-
dependent glucose dehydrogenase.

73. The method of claim 66, wherein the fluid comprises
blood and the reaction reagent system comprises a red blood
cell binding agent for capturing red blood cells from the
fluid, said red blood cell binding agent comprising lectins.

74. The method of claim 66, wherein the reaction reagent
system further comprises at least one buffer material com-
prising potassium phosphate.

75. The method of claim 66, wherein the reaction reagent
system further comprises at least one surfactant chosen from
non-ionic, anionic, and zwitterionic surfactants.

76. The method of claim 66, wherein the reaction reagent
system further comprises at least one polymeric binder
chosen from hydroxypropyl-methyl cellulose, sodium algi-
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nate, microcystalline cellulose, polyethylene oxide,
hydroxyethylcellulose, polypyrrolidone, PEG, and polyvi-
nyl alcohol.

77. The method of claim 66, wherein the reaction reagent
system comprises 0.01 to 0.3% of a non-ionic surfactant and
0.1 to 3%, of a polymeric binder material.

78. The method of claim 77, wherein the reaction reagent
system comprises 0.05 to 0.25% of an alkyl phenoxy poly-
ethoxy ethanol and 0.5 to 2.0% of polyvinyl alcohol.

79. A method of measuring the concentration of analyte in
a fluid, said method comprising:

contacting said fluid with a biosensor comprising:
at least one semiconducting electrode; and

a reaction reagent system comprising an electron
mediator and an oxidation-reduction enzyme specific
for said analyte;

detecting an electrical signal from said biosensor; and

measuring the electrical signal to thereby determine the

concentration of the analyte in the liquid.

80. The method of claim 79, wherein the at least one
semiconducting electrode comprises a material chosen from
tin oxide, indium oxide, titanium dioxide, manganese oxide,
iron oxide, and zinc oxide.

81. The method of claim 80, wherein the at least one
semiconducting electrode comprises zinc oxide doped with
indium, tin oxide doped with indium, indium oxide doped
with zinc, or indium oxide doped with tin.

82. The method of claim 79, wherein the at least one
semiconducting electrode comprises an allotrope of carbon
doped with boron, nitrogen, or phosphorous.

83. The method of claim 79, wherein the analyte is chosen
from glucose, cholesterol, lactate, acetoacetic acid (ketone
bodies), theophylline, and hemoglobin Alc.

84. The method of claim 83, wherein the analyte com-
prises glucose and the at least one oxidation-reduction
enzyme specific for the analyte is chosen from glucose
oxidase, PQQ-dependent glucose dehydrogenase and NAD-
dependent glucose dehydrogenase.

85. The method of claim 79, wherein the fluid comprises
blood and the reaction reagent system comprises a red blood
cell binding agent for capturing red blood cells from the
fluid, said red blood cell binding agent comprising lectins.

86. The method of claim 79, wherein the reaction reagent
system further comprises at least one buffer material com-
prising potassium phosphate.

87. The method of claim 79, wherein the reaction reagent
system further comprises at least one surfactant chosen from
non-ionic, anionic, and zwitterionic surfactants.

88. The method of claim 79, wherein the reaction reagent
system further comprises at least one polymeric binder
chosen from hydroxypropyl-methyl cellulose, sodium algi-
nate, microcystalline cellulose, polyethylene oxide,
hydroxyethylcellulose, polypyrrolidone, PEG, and polyvi-
nyl alcohol.

89. The method of claim 79, wherein the electron media-
tor comprises a ferricyanide material, ferrocene carboxylic
acid, or a ruthenium containing material.

90. The method of claim 89, wherein the ferricyanide
material comprises potassium ferricyanide and the ruthe-
nium containing material comprises ruthenium hexaamine
(1) trichloride.
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91. The method of claim 79, wherein the reaction reagent
system comprises 0.01 to 0.3% of a non-ionic surfactant and
0.1 to 3%, of a polymeric binder material.

92. The method of claim 91, wherein the reaction reagent
system comprises 0.05 to 0.25% of an alkyl phenoxy poly-
ethoxy ethanol and 0.5 to 2.0% of polyvinyl alcohol.

93. A method of measuring the concentration of analyte in
a fluid, said method comprising:

contacting said fluid with a biosensor comprising:
at least one thin film carbon electrode; and

a reaction reagent system comprising an electron
mediator and an oxidation-reduction enzyme specific
for said analyte;

detecting an electrical signal from said biosensor; and

measuring the electrical signal to thereby determine the

concentration of the analyte in the liquid.

94. The method of claim 93, wherein the electron media-
tor comprises a ferricyanide material, ferrocene carboxylic
acid, or a ruthenium containing material.

95. The method of claim 94, wherein the ferricyanide
material comprises potassium ferricyanide and the ruthe-
nium containing material comprises ruthenium hexaamine
(I1I) trichloride.

96. The method of claim 93, wherein the at least one thin
film carbon electrode comprises sputtered carbon or screen
printed carbon.

97. The method of claim 96, wherein said sputtered
carbon further comprises Cr.

98. The method of claim 93, wherein the analyte is chosen
from glucose, cholesterol, lactate, acetoacetic acid (ketone
bodies), theophylline, and hemoglobin Alc.

99. The method of claim 98, wherein the analyte com-
prises glucose and the at least one oxidation-reduction
enzyme specific for the analyte is chosen from glucose
oxidase, PQQ-dependent glucose dehydrogenase and NAD-
dependent glucose dehydrogenase.

100. The method of claim 93, wherein the fluid comprises
blood and the reaction reagent system comprises a red blood
cell binding agent for capturing red blood cells from the
fluid, said red blood cell binding agent comprising lectins

101. The method of claim 93, wherein the reaction reagent
system further comprises at least one buffer material com-
prising potassium phosphate.

102. The method of claim 93, wherein the reaction reagent
system further comprises at least one surfactant chosen from
non-ionic, anionic, and zwitterionic surfactants.

103. The method of claim 93, wherein the reaction reagent
system further comprises at least one polymeric binder
chosen from hydroxypropyl-methyl cellulose, sodium algi-
nate, microcystalline cellulose, polyethylene oxide,
hydroxyethylcellulose, polypyrrolidone, PEG, and polyvi-
nyl alcohol.

104. The method of claim 93, wherein the reaction reagent
system comprises 0.01 to 0.3% of a non-ionic surfactant and
0.1 to 3%, of a polymeric binder material.

105. The method of claim 104, wherein the reaction
reagent system comprises 0.05 to 0.25% of an alkyl phenoxy
polyethoxy ethanol and 0.5 to 2.0% of polyvinyl alcohol.
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