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Background [ 00043Conventi onal bionedical sensors, including

i mmunoassays based systens, have been used to report the presence
and/ or concentration of a wide variety of anal ytes. |Imunoassays are
generally classified into two categories: conpetition assays and
sandwi ch assays. In a conpetition assay, the antigen in the test
sanple is mxed with an antigen-probe conplex (commonly referred to
as a report &r1856rM8Bex Nl ahthetforegoiny ralerendehere mosrpertied Heain by redemgeetio
the anti boGyei lRpakisadiiel | munoassay, the antigen in the test
sanple binds to ?he ant1 body and then a second anti body- probe conpl ex
binds to the antigen. In these prlqéqégt assay nethods, one or nore
washi ng steps are usually required a3, hi ng steps can introduce

conplexity into the assay procedure and can generate bi ohazardous
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target ana éte inafluid sanple, the devi ce conprising; a reaction
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quantitative methods involve expensive pieces of equipment, such as scintillation
counters (for monitoring radioactivity), spectrophotometers, spectroflucrimeters (see,
e.g., U.S. Pat. No. 5,156,972), surface plasmon resonance instruments (see, e.g., U.S.
Pat. No. 5,965,456), and the like. It would therefore be advantageous to develop an
immunoassay that is both inexpensive and simple enough to use to be suitable for
home or field use. Such an biosensor would preferably require no centrifugation,
dilution, pipetting, washing, or liming steps, and would generate minimal waste.

Summary

[0006] Some embodiments of the disclosure comprise a device for detecting a
target analyte in a fluid sample, the device comprising: a reaction chamber, wherein the
reaction chamber comprises internal surfaces, a binding agent and a probe agent, the
probe agent comprising a binding partner and a vehicle, wherein the binding partner is
bound to the vehicle, wherein the target analyte in the fluid sample can react with the
binding agent or the binding partner; a detection chamber; and a fluid passageway
between the reaction chamber and the detection chamber, wherein the device is

adapted to move the reacted fiuid sample from the reaction chamber to the detection
2



bound to the vehicle, wherein the target analyte in the fluid sanple
can react with the binding agent or the binding partner; a detection
chanber; and a fluid passageway between the reaction chanber and the
detection chanber, wherein the device is adapted to nove the reacted
fluid sanple fromthe reaction chanber to the detection 2 chanber

through the fluid passageway via capillary action, and wherein the
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pariicle can comprise liposomes, vesicles, cellular organelles, and the like. The

blocking agent can comprise at least one selected from a surfactant and a blocking

protein. The blocking protein can comprise bovine serum albumin.

[0008] The binding agent molecules and the probe agent molecules can be

bound to different internal surfaces of the reaction chamber.

[0008] The binding agent can comprise at least one magnetic bead. The device
can comprise a magnetic field to serve fo confine the binding agent coated on magnetic

beads in the reaction chamber.

[0010] The vehicle of a probe agent molecule can comprise at least one copy of
an activating agent. The vehicle can comprise from about 10 to about 100000 copies of
an activating agent. The actlivating agent can be encapsulated within a vehicle which
can comprise at least one lipidic particle. A lipidic particle can comprise lipcsomes,
vesicles, cellular organelles, and the like. The activating agent can be surface bound to
a vehicle which can comprise at least one polymer. The polymer can comprise a

dendrimer.

[0011] The binding partner of the probe agent can be adapted to bind to the
binding agent, or the target analyte which is bound tc the binding agent, or the target

analyte which is not bound to the binding agent.



bound to different internal surfaces of the reaction chanber.

[ 0009] The bi ndi ng agent can conprise at |east one magnetic bead. The
devi ce can conprise a magnetic field to serve to confine the binding
agent coated on nmagnetic beads in the reaction chanber. [0010] The
vehi cl e of a probe agent nol ecule can conprise at | east one copy of
an activating agent. The vehicle can conprise fromabout 10 to about
100000 copi pief an Taetréavibih Digana@e Ban cﬂHWlsa(hhiM&bﬂv@@d%@ﬁﬂimﬁ’@ﬁiliﬁi_ in
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chanmber, wherein the unactivated agent can Boun
unencapsul diédez8le: i vat i ng agent The unactivated agent can conprise at
| east one magnetic bead, and can be confined within the reaction
chanmber by proragnet iToe fdeddotion chamber can comprise a liberating agent, wherein the

liberating agent can liberate the activating agent from the vehicle. The liberating agent
can comprise at least one agent selected from a mild detergent, a lytic paptide, an
enzyme, heating, cooling, ultrasonication and a light source together with a
photochemically activated lysing agent which is incorpeorated into the vehicle. The mild
detergent can comprise one detergent selected from n-octyl-B-D-glucopyranoside,
tween 20, brij 35 and triton X-100. The lytic peptide can comprise one peptide selected
from mellitin, and one of a class of phospholipases, a component of the complement
system. The enzyme comprises one enzyme selected from a protease and trypsin.
The liberating agent can comprise a physical means, such as, for example, ¢oaling,
heating, ultrasonication, or a combination of physical and chemical meayns, such as, for
example, a photochemical reaction initiated by a light source directed into the sensor.

[0015] The activating agent can comprise a cofacior for an enzyme. The
detection chamber can comprise an apo-enzyme which can be activated by the
cofactor. The enzyme can comprise glucose oxidase. The cofactor/apo-enzyme pair
can comprise flavin adenine dinuclectide and apo-glucose oxidase. The enzyme can
comprise a glucose dehydrogenase. The cofactor/apo-enzyme pair can comprise
pyrolloguinoline quinone (PQQ) and apo-glucose dehydrogenase (GDH). The
detection chamber can further comprise an enzyme substrate. The enzyme substrate
can comprise an oxidizable substrate. The oxidizable substrate can comprise one
substrate selected from galactose, maltose, xylose, and acetic acid. The enzyme
substrate can comprise glucose. The detection chamber can further comprise at least
one mediator. The mediator can comprise at least one substance selected from
dichlorophenolindophenol, phenazine ethosulphate, ferricyanide, ferrocene and
complexes between transition metals and nitrogen-containing heteroatomic spacies.
4



[0013] The fill chanber and/or the reaction chanber can conprise a
buffer which can adjust the pH of a fluid sanple. The buffer can
conpri se a substance sel ected from phosphate, citrate, citraconate,
nellitate, tris, pipes, nops, hepes, phthal ate, imdazole. [0014] The
detecti on chanber can conprise a liberating agent, wherein the

| i berating agent can |iberate the activating agent fromthe vehicle.
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detection chamber by capillary action such that the unbound probe agent moves to the
detection chamber; and detecting presence of the probe agent in the detection chamber
via a detecting agent. The sample can be delivered to the device through a fill chamber
of the device via a capillary action. The detecting agent can comprise an apo-enzyme.
The vehicle can comprise at least one copy of an activating agent, wherein one copy of
the activating agent can activate at least one copy of the detecting agent. Moving the
sample from the reaction chamber to the detection chamber can comprise opening a
vent. The detecting can comprise quantifying electrical signals received from the
detection chamber, wherein the magnitude of the electrical signals can be dependent
on the concentration of the target analyte in the sample fluid.



E0O0171The detection chanber can conprise at |east two el ectrodes for
detecting an el ectrochem cal reaction in the detection chanber. At

| east one of the el ectrodes can be fornmed froman electrically
conductive layer. The detection chanber can conprise a break in the
electrically conductive |layer that can serve to define at |east one
edge of the electrode in the detection chanber. At |east one

el ectrode can conprise palladium platinum gold, iridium carbon,
carbon m xed with binder, indiumoxide, tin oxide or a m xture
thereof A change in the anount of the probe agent in the detection
chamber can be detected vi a Bii¢f EpegintioendficBlawingsct i on in the
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Description of the Drawings [0019]Figure 1A illustrates an exenplary
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Part 81s wiieg éCtiheandacti on and detecti on can occur:

[0027] Figure 5D is a cross-sectional view of the biosensor of Figure 4 along the
line 4D-4D;

[0028] Figure 6 is a top view of another embodiment of a biosensor disclosed
herein;

[0029] Figure 7 is a cross-sectional view of the biosensor of Figure 4 or Figure 6,

illustrating the location of the chemisiry.



[0021]Figure 2 is a top view of one enbodi nent of an bi osensor
di scl osed herein; [0022]Figure 3 is a cross-sectional view of the
bi osensor of Figure 2 along line 2-2; [0023]Figure 4 is a top view of
anot her enbodi nent of a biosensor disclosed herein; [0024] Fi gure 5A
Is a cross-sectional view of the biosensor of Figure 4 along the |ine
4A-4A; [0025]Figure 53 is a cross-sectional view of the biosensor of
Figure 4 along the |ine 4B-4B; Detailed Description
[0030] Various exemplary embodiments are discussed in detail below including a
preferred embodiment. While specific implementations are discussed, it should be
understocd that this is done for illustration purposes only. A person skilled in the
relevant art can recognize that the systems, methods and features provided herein can
be used without parting from the spirit and scope of the invention. Furthermore, any

and all references cited herein shall be incorporated herein by reference.

[0031] Glucose dehydrogenase (GDH) is a pyrolloquincline quinone (PQQ),
which can comprise bacterial enzyme, commergcially available in recombinant form both

with and without its PQQ cofactor.

[0032] In an exemplary embodiment, a biosensor can comprise an
electrochemical cell using a potentiostat capable of measuring changes of 1
microampere per minute, it can be estimated that 1ug/mi of GDH added to whole blood
can be electrochemically detected using a glucose solution containing Potassium
Ferricyanide previously dried down in the chamber. Potassium ferricyanide can act as
the mediator for transport of electrons from the substrate o the electrode. If, in addition,
a second mediator, such as Phenazine Ethosulphate (PES), which can make this
transfer process more efficient, can also dried down into the chamber of the biosensor,
as little as 50nginl GDH can he reliably detected using the same potentiostat.

[0033] in an exemplary embodiment, if GDH can be coupled to antibody in a way
that maintains both binding activity of the antibody and the GDH activity, then using the
electrochemical detection system described above, 50 ng/ml for an antigen the same
size as GDH, or 500 pM in molar terms, can be detected. For many antigens, for
example, C reactive protein and D dimer, this can be sufficient io allow the
measurement of the full range of concentrations found in an exemplary patient

population.

[0034] However, there can be many antigens for which the useful clinical range
can be lower than the foregoing. These include, for example, many cytokines,
hormones such as Thyroid Stimulating hormone (TSH) and the myocardial infarction
markers such as Troponin | and Pro BNP. In exemplary embodiments, these can be
present at much lower concentrations, for example, 1-10pM or sub pM ranges.



[ 0026] Figure 5C is a cross-sectional view of the biosensor of Figure
4 along the line 4C4C, and [0027]Figure 5D is a cross-sectional view
of the biosensor of Figure 4 along the line 4D-4D; [0028] Figure 6 is
a top view of another enbodi ment of a biosensor disclosed herein;
[0029] Figure 7 is a cross-sectional view of the biosensor of Figure 4
or Figure 6, illustrating the location of the chem stry. Detailed
Descri pti on[0035] in an exemplary embodiment, a method ¢an be provided which can allow

rapid detection of antigens at these lower levels. The method can use a format similar
to U.S. Application Serial No. 11/284,097, but can combine this with the two addition
properties of the bacterial GDH enzyme. In exemplary embodiments, firstly there can
be a requirement for activity for the cofactor PQQ, and secondly the inactive apo-
enzyme and PQQ can recombine under normal pH conditions to form stable active

anzyme.
Mechanism

[0036] As stated above, the present embodiments can be applicable to a
disposal or non-disposable biomedical strip or sensing device which can be used to
report the presence and/or concentration of a wide variety of analytes via, such as, for
example, binding reactions. As used herein, a binding reaction can refer to any
reaction which involves at least two species binding together. It can comprise a
competitive binding assay, a displacement binding assay, a double-antibody sandwich

assay, or the like.

[0037] Merely for the purpose of convenience, the mechanism of how such a
biosensor can wark is described in terms of a biosensor with two chambers, a reaction
chamber and a detection chamber, which can be used to test the presence andior
concentration of a target antigen in a fluid sample. It is understood that this is done for

ilustration purpose only, and is not intended to limit the scope of the disclosure.

{0038} The reaction chamber of the biosensor can comprise antibodies to the
target antigen. The antibodies can be immobilized within the reaction chamber. The
reaction chamber can comprise probe agent molecules which can bind to the
immobilized antibodies and/or the target antigen. The probe agent molecules which are
not bound to the immobifized antibodies due to the presence of the target antigen in the
fluid sample can move to the detection chamber with the fluid sample. Each of the
probe agent molecules can comprise multiple copies of an activating agent. The
detection chamber can comprise detecting agent molecules which can be activated by
the activating agent. The activated detecting agent can generate a signal which can be
measured in the detection chamber, and the results can indicate, qualitatively and/or
quantitatively, the presence and/or concentration of the target antigen in the fluid
sample. The reaction chamber and detection chamber can be arranged such that the
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f0030] Vari ous exenpl ary enbodi nents are discussed in detail bel ow
including a preferred enbodi nent. While specific inplenmentations are
di scussed, it should be understood that this is done for illustration
pur poses only. A person skilled in the relevant art can recogni ze
that the systens, nmethods and features provided herein can be used

wi thout parting fromthe spirit and scope of the invention.
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[0041] To facilitate an understanding of cerfain exemplary embodiments, an
example can be used of the binding agent comprising an antibody, the target analyte
comprising an antigen which can bind to the binding agent, and the probe agent
comprising an antigen which can bind fo the binding agent, but with lower binding
affinity compared to the target analyte. The antibody can be immobilized by coated
onto a magnetic bead which is confined in the reaction chamber by a magnetic field.
The probe agent can comprise an encapsulated enzyme cofactor for pyrolloquinoline
quinone {(PQQ) glucose dehydrogenase (GDH). The cofactor can combine with the apo
GDH enzyme in the detection chamber, which can lead to the production of an
electrical signal. If an encapsulated particle comprises, for example, 100 or more PQQ
molecules, each of these can bind to and aclivate cne apo-GDH molecule, then the
inhibition of a single antibody-PQQ-liposome binding to the magnetic beads can lead to
the activation of 100 or more GDH molecules. in this way, as liitle as 5pM antigen, for



[0035] I n an exenpl ary enbodi ment, a nethod can be provided which can
allow rapid detection of antigens at these |ower |evels. The nethod
can use a format simlar to U S. Application Serial No. 111284, 097,
but can conbine this with the two addition properties of the
bacterial GDH enzyne. In exenplary enbodinents, firstly there can be
a requirement for activity for the cofactor PQQ and secondly the
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such that tc@?diovasoular diseases can be measured at the same time in one test, which can
provide more accurate prediction and/or monitoring of the status of the disease. If the
device have two or more chambers, any pair of these chambers can be in direct fluid
communication with each other. As used herein, "direct” indicates that the pair of
chambers can be in series connection and/or can exchange fluid directly, not through a
third chamber. Some chambers can be in parallel connection and/or can exchange
fluid through a third chamber. There can be a fluid passageway between a pair of
chambers through which the fluid sample can flow from one chamber {o the other, The
flow through the fluid passageway can be controlled by a force balance via, such as, for
example, a capillary action, a pneumatic pressure, an external force, or the like, or any
combination thereof.
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fluid sanple can flow fromthe reaction chanber into the detection
chanber in a controlled manner. (00391A fluid sanple can enter the
reacti on chanber, wherein conponents of the fluid sanple can undergo
an i mmunol ogi cal reaction. For exanple, one target antigen can bind
to one immobilized anti body and/ or one probe agent nol ecule. After
t he i mmunol ogi cal reaction has taken place in the reaction chanber,
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circuit. Reaction chamber 22 can comprise immobilized binding agent molecules 44 on
one internal surface, and probe agent molecules 50 on an oppaosing internal surface.
Detection chamber 28 can comprise electrodes 54 and 52, reagents coated on at least
one internal surface, such as, enzyme substrate 84, and vent 30 at the distal end of the
chamber. The ocuter layers 42 and 46 extend lengltudinal through sensor 20, and are
not pierced initially. A portion of layer 46 can be removed at 56 to open the vent 30.
Vent 56 can be opened in a variety of ways, including, for example, by puncturing an
outer layer of the device, by removing a portion of the outer layer of the device, andfor

by tearing away a portion of the device.
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[00421However it is to be explicitly understood that (1) the binding
agent, and/or the target analyte, and/or the probe agent can be, for
exanpl e, any species that can bind to one another, (2) the probe
agent can be, for exanple, any agent which can |ead to a detectable
signal in the detection chanber, wherein the probe agent can activate
mul tiple signal generation agent nolecules in the detection chanber,
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di spl aced by, gpfipii H.n%ggm%egtfo«% &f %g”&ﬂeﬁ Jg Jahgv.ﬁgg%sn§mo@& LN

into reaction chanber e react
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arger than tJé?né/do by rglr?qoemg aes:[egt?c;[nl gpgce?g?rer 13% but leaving upper layer 132 and
lower layer 134 intact. Contact area 103 can be formed by removing a section of lower
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[0046] Figure 3 is a cross-sectional view of the biosensor of Figure 2
along line 2-2. The m ddl e sheet 36 of sensor 20 has an aperture
defining the sidewalls of reaction chanber 22 and detecti on chanber
28. M ddle sheet 36 is sandwi ched between one or nore additi onal

| ayers 32, 34, the additional layers 32 and 34 having an aperture
corresponding only to reaction chanber 22. Wth respect to detection
chanber 28, laystyisaand dpast 134r 486 sGaf thaar BectRedly wehdgi@Dsurfade of uSper
top and botton1 rfaces of the chanber. The end walls 60 and 62 of
the detecti'Bff 8nprise el ectrodes 54 and 52, electrically
connect abl e, V|a connectlon means, to a measuring circuit. Reaction
chanber 22 E52¢onprrigses § imsheemplay embriiment ahe RosersPe c lNedioseasyivapne
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t he vent 3(?‘eo€féﬁ%5 ®b can be opened in a variety of ways, including,
for exanple, by puncturing an outer |ayer of the device, by renoving
a portion O[f0015|3§3 OUtFéyurd Ajsex crods-deotiordbuewe ef thabdkarsobyf Rigas # ngFigua@)s, a
portion of vi.ce 0471.El IS e
enbodi nent o 9%‘9@ gh%séorcaﬁogﬂ of eéngzgrgr%'s% Tﬁeﬁ rgQC’”\&F %Keg{‘beﬁ%% garn‘d{j fise
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chanber s arfolbdlisiehh %{e gama@@r&érﬂa dupratEr nﬁe%p ;ht@mfai gurfﬂace can be a top
communi cation. Scratc can | ocate near

det ection RSB “i?’ém %%FXii@b‘“@éPP figjeciira C%Hm’feﬁeTB‘? E‘E@F“ 'Bﬁ’ﬂ’%?”rface
det ecti on charbeprise2Bhotiohedédticaals) anrhaah eaeahmioltfd detdidnanshmbd3 Taan

el ectricall onnect the sensor t 048] Fi gur.e 5A.i s..a
cr oss: seet PO BBt oo e e Tar ke sbpldd in QG ot Rag e
4A-AA. Fil |maﬂmahmeeadxomnd:&ncoména‘ddmﬁmdtmyrea@mwhﬂgb@dma orangf(3) avbe

layer 134 apfoRRAGRE séR¥ET Ti?ﬁrob@%e«'wte&wﬁ)%p%&@bd @M%Euiéé”@nc%?gﬂated

seal i ng Iayer 142 i nt act can dher ed

out si de f ad¥thisrlipoggrass (fézﬁnﬁr?d’dtf‘érpa%ﬁ‘@eTh%\F?tﬁGttq’?éhng%'scaﬁfcof“ﬁése apo-
cut-out seciDNG dnthé ayeakermbBdurRbel ahdGtrrndeteationrchddidiry FeaghbME 17)2on the
capillary %h nnel r\f‘\% Bfls capabl e of drawing sanple into it by

capillary KO e ﬁ—ggure 58 is a cross-sectional view of the

bi osensor of FI gure 4 along the line 46-4B. Vent hole 130 can
i ncor por at d@0FAt o détieditusl ehiRERIEONTE U5) A BifbRATRIC Slets BAR aB?UthO

}OI erci ngdumﬂmrtedsameaésslﬁan (aedsutlswmnamb@y@neé&mn abd)ted ridfte@abr 1B than
am nat e 1

At as et gt B HBREE bAES Btn bt S Wilifert oy Sl Lok 2 LR N9 lege

| ayer 142 dizam dbeuipd evlidienls, roe fesy éehntabowpemilliitentor leed thad 300 mjcddis0s, ler as e

SCis a croas 6t LB Hicrih&Y & ield'fal ! B5GVHR! mfoifetd UF Bsd 1AL BE
microliters, or less than about 10 microliters, or less than about 1 microliter, or less than
about 0.5 microliters, or less than about 0.3 microliters, or less than about 0.1
microliters.

[0055] The biosensor can comprise at least one reaction chamber. The reaction
chamber can have a proximal end and a distal end. A fluid sample can enter the
reaction chamber from the proximal end, and can exit the reaction chamber and/or flow
into the detection chamber through the fluid passageway from the distal end.
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line 4C-4C. Portions of the electrically conductive filmon the upper
and |l ower |ayers 132, 134 provides el ectrodes 152, 154 for perform ng
el ectrochem cal reactions. Sealing |ayer 142 can be adhered to the
outside face of layer 134. The portion of the bottom surface of |ayer
134 which is not covered by |ayer 142 can provide an el ectrical
contact area which can electrically connect the sensor to a neter.
Reaction chpodsen 122Mhanchatlet eahibencahampese 4téaist ame bal odhned define the

renmoving a 'r%ﬂ B S RRAGRL: of B-leadid hQHEenJ e OHQQ\%H og' %rgg'g!on
Spr BB paNREEE ol B baditlisn
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| ayer 142 %3 Bk trﬁd’%@?t@a MRl CHL ELTRIECt 3 Hler o PN §% 1N SRR HERN1EH
chanber 12Zdieade, berbaefsiling dldly, anemoviking: tAergeict i on of spacer | ayer 136,
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on the bot t@asint er ARk rsHdfidréG@mber can comprise a capillary distance, hy. The capillary
distance can refer fo the dimension of the reaction chamber andfor its cross sections
which determines the magnitude of the capillary force to the fluid sample. The capillary
distance can be the smallest dimension of the interior of the reaction chamber. The
magnitude of the capillary force can be inversely related to the capillary distance. The
capillary distance can be less than about less than about 1 centimeter, or less than
about 5 millimeters, or less than about 2 millimeters, or less than about 1 millimeter, or
less than about 500 micrometers, or less than about 200 micrometers, and less than
about 100 micrometers, or less than about 50 micrometers. If the biosensor is used by
a user who and/or with an apparatus which can generate an external force to transfer
the fluid sample between or among different chambers of the device, the device and/or

its chambers can comprise a bigger dimension. Merely by way of example, the
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capillary & SElntlerwap; Thqﬁ%acgéﬁmcp@pryse for example, magnetic beads. The support

can have at least one of the following benefits. Firstly, it can increase the surface area
where the reagents, such as, for example, the binding agent, the probe ageni, can
attach, and/or where the binding reaction can occur within the reaction chamber. This
can decrease the reaction time, andfor the chances for an undesirable process (e.g.,
contamination, clotting, etc) to occur. Secondly, it can increase the capillary force to
the fluid sample by decreasing the capiilary distance of the reaction chamber. The
reaction chamber can comprise a vent that is open to the atmosphere, thus allowing air
displaced by the sample to escape. The fluid sample can be drawn into the reaction
chamber uniil the reaction chamber is filled up to the reaction chamber veni,
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di stance can refer to the dinmension of the reaction chanber and/or
its cross sections which determ nes the magnitude of the capillary
force to the fluid sanple. The capillary distance can be the snall est
di rension of the interior of the reaction chanber. The magnitude of
the capillary force can be inversely related to the capillary

di stance. The capillary distance can be | ess than about |ess than
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one internal surface of the reaction chanber via chem cal bonds. The
bi ndi ng agent can be coated onto beads which can be confined in the
reacti on chanber throughout a test. Merely by way of exanple, the
beads can be magnetic beads, and the biosensor can conprise a
magnetic field to confine the magnetic beads with a coating of

bi ndi ng agent in the reaction chanber. For exanple, a magnet bel ow

t he reacti atirecthanbdiratin priewerite binding ragastt @nateaf§ onragneaiats abe aes pabd

i £ ot |y 2zt fob8ep Bl B diae BBk cs WS, B ap repppiens
pr obe ageniemﬁﬂdémﬂteﬁmﬁémﬂt (ﬁnqlewefleblMlb@ﬂégénth@nﬁﬂaefmpe@eadﬂsca@ be

resul t, in AdhsexRNMPRIMRIGOHBRE , THRIARRnEEHRIY cmeﬁﬁédoﬁ%f t‘éﬂ}et 9941:5@@
to the magnetlc bgads a be measured in the detection chanb

amount  and/"dr"% 8K rF"SF“p{eaFﬁféPe driaegtie the, aWHéﬂfchnﬁeatr@wféhe
for exanpl mroMgebEwmawaneﬂ.réleaédmentammtdoﬂﬁmcmﬁtueat|on of the probe
agent which can be released into the detection chanber. [0063] The

probe agent(eaA; COMAhbSRore RidMdicaY BABARCS tAlthe?od PRl Ghea ERRIe. The
binding partner can be bound to the surface of the vehicle. The vehicle can comprise at
least one copy of an activating agent. The binding partner can facilitate a probe agent
molecule bound to an immobilized binding agent molecule, or to a free target analyte
which is not bound to an immobilized binding agent molecule, or to a target analyte
which is bound to an immobilized binding molecule. The at least one copy of the

activating agent can be surface coated onto or encapsulated within the vehicle.

[0064] The probe agent molecules can be supported on at least one internal
surface of the reaction chamber. The internal surface of the reaction chamber and the
method for coating of the probe agent molecules can be chosen such that only weak
bonds between the probe agent molecules and the internal surface can exist. This way
the probe agent molecules can be liberated into the sample when the internal surface is
wet by the sample. The rate of dissolution of the probe agent molecules from the
internal surface can be chosen such that little dissolution has occurred during the time
taken for the sample to fill the reaction chamber. In this manner, the probe agent
molecules can be evenly distributed throughout the area of the reaction chamber after
filling. The internal surface(s) where the probe agent molecules are supported can be
the same as, or different from that (those) where the binding agent molecules are

immobilized.

[0065] In some embodiments, the probe agent molecules can be separate from
andfor not bound to the binding agent molecules before a fluid sample fills the reaction
chamber and dissolves the probe agent molecules. In some embodiments, after
dissolved by the fluid sample in the reaction chamber, the probe agent molecules can
bind to the immobilized agent molecules, but with a lower binding affinity compared to
the target analyte, to form a competitive assay. The lower binding affinity of a probe
agent molecule through its binding partner to an immobilized binding agent molecule
can be due to at least one of the following reasons. Firstly, a probe agent molecule can
17



bi ndi ng partner can be bound to the surface of the vehicle. The
vehi cl e can conprise at |east one copy of an activating agent. The

bi ndi ng partner can facilitate a probe agent nol ecule bound to an

i mobi |i zed binding agent nolecule, or to a free target anal yte which
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nol ecul e the target analyte is bound an immaobilized binding agent mofecule in this manner, the
amount/concentration of the target analyte in the fluid sample can be inversely related
to the amount/concentration of the probe agent molecules released to the detection
chamber where the probe agent molecules can be measured qualitatively and/or
quantitatively. A competitive binding assay can form if a probe agent molecule, when
dissolved by the fluid sample in the reaction chamber, can bind to a free target analyte
with a higher binding affinity than it binds to the immobilized binding agent molecule. A
free target analyte, as used herein, refers to the target analyte which is not bound to an
immobilized binding agent molecule. {n this manner, the amount/concentration of the
target analyte in the fluid sampie can be positively relaied to the amountfconcentration
of the probe agent released to the detection chamber where the probe agent molecules
can be measured qualitatively and/or quantitatively.

[0068] In some embodiments, the probe agent molecules can be bound to the
immobilized binding agent molecules when the biosensor is manufactured and/or
before a test of a fluid sample using such a biosensor. The binding partner of such a
probe agent molecule can comprise a pseudo-analyte, a modified analyte, or the like.
As used herein, a pseudo analyte can comprise one which can bind to the immobilized
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can be due to at |east one of the follow ng reasons. Firstly, a probe
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bi osensor . IFHEPING AIRSUIS: a1 Aot akayt O 4Gk BOIRGWRT. Grit das) BPRA00

ﬁormrl se a:ab‘éwimabyt& ataeém@béutezboaiaaéxmg anoléduldsher bi st Aputised
ereln,
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anal yte. Mabeling bpleselps,0ér axeagl a#;out fioohe lstarigemdacaleyt e asleasthabman
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versi on of suc % or a pig protei
A nodified "WPV{% cearpectisei Wethg rierfasreni Balveyicler oenrapsiiaied wikip fth%d
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bi ndi ng agent nol ecul e can be due to at | east one of the follow ng
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conprise a polyner. The activating agent nol ecul es can be bound to
the surface of the polynmer. The polymer can conprise a dendriner, or
the like. [0068]1n other enbodinents, the vehicle can conprise at

| east one copy of an activating agent. The vehicle can conprise a
plurality copies of an activating agent. The vehicle can conprise at
| east about 5 copies, or at |east about 10 copies, or at |east about
50 copi es, d@mpase & gaﬁme;ahmubctm&g:@hmoleaﬁesadanIbeamncaﬂaaw sugfabe of the
copi es, or at Iea agougcggqygqslesenlg 310” ﬁﬁ about 1, 000 copies,
or at Ieastoégbut ESpr sLTPGF @ ({ Bt %a 10, 000 copies, or
at | east about 50, 000 copies, or at |east about 100,000 copies of an
activating H9&R1. Tﬁb°@€&@0§¥Wﬁ@ﬁ%é@%YaW$?@HUFE@”E%@*E@ﬁdﬁgﬂ@ayeﬁaﬁhe
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can conpr i Seasbrleoyp &P tchoibe os et leestetiodiriOmcapiks, pmstbhseﬁ abesti 0eopies|dr at ar
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can conprise an apo-e rvating agent can conpti
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ape- gl ucos ggaxintiseuied dar |b@%dﬂméd@ﬁhé‘%uﬂéd&ugﬂ gat ;bdﬂﬁnerTh%@la@wemm
and cof actor Ball’ an conpr apo- gl ucose dehydrogenase and PQQ

[ 0070] The rF8REYT%H W&%ét‘”@&ﬁ K&onprise other agents besides the

bi ndi ng agent and the probe agent, such as, for exanple, a bl ocking
agent, an UR8€%#1 vat &d aghieting agent arrwecebrﬁwmtwaﬁ] atdgtacket aggnd OpIEpatEén

bl ocki ng agentietc@Rn %%Berrg%n LG sfigin‘éi Sirnghi Q&we?éte@ﬁn@gagéte@nmréhhﬁy
i mobi |l i zed bindin robe agent, and/or the internal

surface(s) WPB?W"?%%%%%‘?“B?\ 95%%?0 PAse aagemﬂee a’hd 6 /pvetne agent
| east one peaesenpriden tdigctdd which mrazh&té meb@zfuﬁét gd a raere Bpéstiic dxample,

exanpl e, rtlnorallpldlc arti el C can be
at | east oﬁ@e getl%ctE A 8g?nrtocﬁnacqr?%%sone%p%er\'/z s:aéclag8 tg e \%'f‘g Ag%m “en
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agent sel e%b@-@mf:é&%ﬁdé%le%ﬁif@gmpard‘éﬁiﬁé @in@&gotﬁ‘ie. The apo-enzyme and cofactor

pair can comprise apec-glucose dehydrogenase and PQQ.

[0070] The reaction chamber can comprise other agents besides the binding
agent and the probe agent, such as, for example, a blocking agent, an unactivated

agent, or any combination thereof.

[0071] The blocking agent can block non-specific binding of an agent onto the
immobilized binding agent, the probe agent, and/or the internal surface(s) within the
reaction chamber. The agent can comprise at least one present in the fluid sample to
be tested, such as, for example, a protein or a lipidic particle. The lipidic particle can be
at least one selected from a liposome, a vesicle, a cellular organelle, and the like. The
blocking agent can comprise at least one agent selected from a blocking protein and a

20



surfactant. The bl ocking protein can conprise, for exanple, bovine
serum protein. A nonionic surfactant may al so be used as such an
agent, e.g., TRITON X100 manufactured by Rohm & Haas of Phil adel phi a.
Pa., or TVVEEN nanuf-actured by ICl Anericas of WIlmngton, Del. In
sonme enbodi nents, the nonionic surfactant sel ected does not denature
proteins. The bl ocking agent can be coated onto any internal
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chanber can have a proxinmal end and a distal end. After a fluid
sanple finishes the reaction within the reaction chanber, the reacted
fluid sanple exiting the reaction chanber fromthe distal end of the
reaction chanber can enter the detection chanber fromits proxinal
end through the sanpl e passageway. The detecti on chanber can be
configured such that it can detect a signal generated in the

det ecti o GlaaRBAscd i BNSGiASASAURTH, AN R"E BRRREANAOTark e

anmpunt of e probe agent er tot tection
chanber . [Gm]atm%eaéétc@w@ mﬁe%wﬁmtheaﬁﬁcwhihar@ér 2t a méa%ecﬁcaﬂé wal |
whi ch can define the exterior and/or the interior of the detection
chanber . At[doeag;t onnée wadcliorothanther dat estprisa achérbehicic amn edjngirtihes pH af
filler. I n

et ect i on Chanaadehal, frlefibis A reaRfen tanpdint Bird o Bhofle deleast
[ 0077] The deeettheoieagdivmivehe mfl%ﬁwﬂbsédqwgu manefachire and/er EorRes- uhes

at | east paauﬁeMan%mﬁhs&@&&%na@%&woma bitbsbhfte fditktid] cBaPFHaR, mENRite,

vol une can be | ess than about ?Allllters or less than about 50
mi i1t er 4N GIPSP.JRQPs: PEpgS: ASHIMAEPP  jters, or |ess than about 10
mlliliters, or less than about 5 mlliliters, or |ess than about 3
mllilitersl0088]1| esdhe Feastibiodie Ragion|chpmberrogn take frassabauh8n sapegs ta
mlliliter, g8t é@%sméaarbr 5@91 Hib&ﬁ ql §dcBh® to Qﬁodt%smfnh@z@ a,bfm a%@Qt 10

mcroliters, or less than ab m cro ‘isr fl bout
50 mi crol i tSEFYsdp aP% §5t”1’f8‘r’fe%1t?6df’mﬁ5’ol'ﬁ %Or %*?CPP © abBFt ?%@E’” Sal DUt
1 m crolit ebput®0 deessistthabout 15 minutes, or from about 1 minute to about 10 minutes, or

from about 2 minutes to about 8 minutes, or from about 3 minutes {o about 5 minutes.

[0075] The device can comprise at least one detection chamber. The detection
chamber can have a proximal end and a distal end. After a fluid sample finishes the
reaction within the reaction chamber, the reacted fluid sample exiting the reaction
chamber from the distal end of the reaction chamber can enter the detection chamber
from its proximal end through the sample passageway. The detsction chamber can be
configured such that it can detect a signal generated in the detection chamber in a
manner dependent on the presence and/or the amount of the probe agent molecules

that transfer to the detection chamber.

[00761] The detection chamber can comprise at least one wall which can define
the exterior andfor the interior of the detection chamber. At least one wall of the
detection chamber can comprise a filler. The design of the at least one wall and the
filler of the detection chamber can be similar to those of the reaction chamber.

[0077] The detection chamber can comprise an interior with a volume, at least
part of which can be accessible to the fiuid sample. The volume can be less than about
100 milliliters, or less than about 50 milliliters, or less than about 20 milliliters, or less
than about 10 milliliters, or less than about 5 milliliters, or less than about 3 milliliters, or
less than about 2 milliliters, or less than about 1 milliliter, or less than 500 microliters, or
less than about 200 microliters, or less than about 100 microliters, or less than about 50
microliters, or less than about 10 microliters, or less than about 1 microliter, or less than

about 0.5 microliters, or less than about 0.3 microliters, or less than about 0.1
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about 0.5 mcroliters, or less than about 0.3 microliters, or |ess
than about 0.1 22 mcroliters. The interior of the detection chanber
can conprise a cross-sectional shape of square, rectangul ar,
circular, oval, biangular, rhonboid, trapezoidal, or the like. A
cross-section can be perpendicular to the direction of the bulk flow
of the fluid sanple within the detection chanber. The cross-sections
can be uni fgiciliters. SThaentéitd bDihe SB@pRnahanBerichr cothprietd DossAectidnal dhabk
flow. The crfoss-sectti ons_can Pe var itat%l raI%(‘)n tlcp% dérg ]:io(r)t eo{fket hﬁg
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about 100 GROELERIA hamBér 1,098 tehatkianst inaPoBe tdARSLERmmRF, H, HShe
t han about 20 centinete ss than about 10 cent)jpeters, or |ess

s, or | ,
t han about MPSERSH i'rdfest EY o) e IRLDN R AT FRPAEANT RSP RN RECTGISR
her ei n, t hextzhea &ctecwitshiler therfigidreanefedretwdan drlaencdy alifieteat clafmieheof the

smal |l est cifgle tﬂ@id%!?icgﬁg@%ﬁﬁ%b%% Eér?o&r%é’r%?@é%@é%ré’@@}an%ﬂ f A6,

the detection chanber. e Interior o on chanber
can conpr i dereit thegdernalfercertioes nal ingudef the dorcaaendraied P gl usslfof eres (thy

can conpri S@n@R hd\i@sdish cMahbdri m&ém@* wﬁﬁ'o’f Sxatpi€ L advicdath RembAR a
cross-sectional shape and/ or vol ungqpo the interior of the detection

chanber. TRE2RREETS ”QMP?%‘E'@? §§° ?%‘H’Bﬁeése of RSk hemalut 89 ceptimelesst
one i ndependent trad@poutt20wehimdéteishe I@sttiest dbont hasmteeters] belessthar aalut

wal | (s) an r.the in engdent pport. of th i.on.ch
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vent can resi@RalibdeordicidbcishthRfosthe detection chamber. An

[0079] The interior of the detection chamber can comprise at least one internal
surface. The internal surface(s) can comprise an internal wall/internal walls which can
define the cross-sectional shape andfor volume of the interior of the detection chamber.
The internal surface{s) can comprise that/those of at least one independent support
within the detection chamber. The internal wall(s) and/or the independent support of

the detection chamber can be similar {o that/those of the reaction chamber.

[00801 The detection chamber can comprise a vent that can be open to the

atmosphere. The vent can reside at the distal end of the detection chamber. An

exemplary configuration is shown as vent 30 in Figure 2 and vent 130 in Figure 4. The
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exenplary configuration is shown as vent 30 in Figure 2 and vent 130
in Figure 4. The 23 vent can be initially closed. This way, when the
reaction chanber fills with a fluid sanple, the sanple passageway to
t he detection chanber can be bl ocked by a pneumatic pressure
generated by the air trapped within the detection chanber. This
pneumati c pressure can substantially prevent the fluid sanple from
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reaction cHaRpele: enEnt srerkeadnened dpng ﬁé’ﬁ?d‘?éia@f@"%hy Bé‘sﬁr%\ﬁ Haoisyin

Slﬁll t Sbl y Cané imfegertiriehi inbarrdaled 381 tHeak@Re OpRAY ltr%aféht o Qshﬁrﬂnecnsp@d%@d of
the detectl,0 a

ch er nd/or,.b osing.the capi r nce for
Lhe et oct 1S RaMEE Fne Sa6s i Yiaf PRptidhnaphete Bcarh S, Can
chanber hl.redimesthagneumhte plessuwle sdinh eancpmavdre toe dwd dantple frba filling the

det ecti on GIAIRGH cbln Y TRY aOREDENDLS Qcﬁmé&@& ’su%ﬁ‘lgﬂjﬂg chBift bd-BdiARY

ot her extern ce generate e us an ex devi ce,
such as, fdkicegampedn the sigieptiay ¢ r@twuﬁgmher ﬁﬁe@tw@? pespYdnnBatrsactiphe

filling of &qa@ab&etmm&éhse@aggn% ﬁa»eetclaﬁ bé rp?c@ﬁiee@} shi awycto&ﬁ@nh@m%ﬂhl be
control |l ed b¥f3 Q? ternal force g user or _an external

devi ce, sucH R PR e i) % SR GREMIOR. S QP RAEE oR
t her eof . Arcagmr@rdimdncé dercibe datectinsthabeeskypl deetnalisr tass thap lof thentadtiyn
force to fl

det ect i onng:égrr%%fh\ nlﬂég(ﬁ %{Tg{ﬁ e %Hagblgacalnl aErji‘/a 'gtlaatﬂgéetegpmdc%amber
t he ext er n&imiply by epeivusthegent \ﬂmoubl@qwh@ fror geergeieateh fosek dppermtadsurthe o
open the V%ér ioP by e éi@r@cﬁtdb@!?e %Iﬁmgrfopéﬁxan&@é aembtea SW BC1IAGther

[ 0081] The praobe e%ent mol ecul es can be transferred to et ection
chamber wi t9NPAEEEatedling o the delartipechapmher By edfrasted: ﬂ‘t"l’\éarb?‘%ﬁ%n be

agelnt ol eG::dhiﬁSIeté rbytah&axtéﬁta&ﬁ:ﬁ%ﬁ)gljbnlehﬂéﬂ)w a Q84T dpen drkerel eslice, su.llchbasl for
qualtatlve n U at|ve S:0 nerat ape ng
o ecur es. HERPae Blpd bR L XS donlnaBbf R IRD B AL TR o R0 bt
fluor ophor s9ppliat ab @asippiomentaryl forcefo mhee tﬂletﬂe@taaamleo‘hmrtberre@ém Preamber
per meabl e twtﬁefb%te%h&n@rla%b@@megdak@ﬁiuﬁme %Hm ﬁgﬁe'p@%@@h%w e extdRlp! Y

by way of exarrp | east one detection can

t r anspar entoe® dges %l"%ﬁtidS Aheeferee demtedied Pﬁ%do Bpen the VeRldD diesdtesyes

and t he radhahb&byClanstendid)@ieeatg. ve of a presence or absence of the

probe agent nol ecules in the detection chanber. [0082] The presence of

t he probe agent nolecules in the detection chanber can be detected

qualitatively and/or quantitatively by an el ectrochem cal reaction.
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agent in the antioxidant case or oxidized redox agent in the oxidant
case. In the case of a potentionetric sensor wherein the potential of
the sensing electrode is indicative of the I evel of analyte present,
at |l east one other electrode can act as a reference electrode to
provide a reference potential. In the case of an anperonetric sensor
wherein the sensing electrode current is indicative of the | evel of
anal yte in t¢sidanplie ravbd agest noleeules bar b@trem}tferwdeo trEndaiedtioashamber
counter el egh Glercherel AR Sl hei‘h@';ﬁ"%ernbg%lf 0% bRHL lageRNALBLUE n the

reference el ectrod Al ternati vel unt er e
ref erence e‘l’%‘é‘i“PBd‘é‘aE@ﬁ‘ 15an t Rfo d§@5‘§? atweliativadt Ppe/es qUPG@%Wf’N by siggpls

on;e of Ithe SrRedis DBL BbEIRY ;ﬁ@éﬁaﬁdssammsem@&émgal HaMao@@tBQet:&Ckhr\éﬁmphores
mat eri a SUc, cOo ni c romu
Sreel st o oBhbpes APl ori will tThHP ke A e e et St ke

carbon ni X egigls genpratetely, such tibelingoroldelest i Merely ibgl evay af emmhle:tat legst one
pol yner, 0" adtodtbX LHfinde h/?d’iletﬁfw qmﬁangsérgms d ,%d*an?n @Iﬁm &'GPSB{?%M fal
cell can conprise an e ectrica conducti ve ?

exanpl e, al @Hieisaiepes sphe f%ﬁ'@iwelcancbﬁ Hefcative @‘t%@tesemeacrrnatégec%@fe@ﬁ

platinum pabbasddiiincRalEOR theCatdr@bn Bhar@sdrwi t h a binder, indium
oxide, tin oxide, mxed indiunitin oxides, gold, silver, iridium a

SSPS%: : anﬂfg}g&rfﬂ Seﬁ]% u&%née‘ &‘fﬁ‘?e gxrob@aiﬁ%ﬁFn%ie%ul%?ﬁ\rtﬁé)ﬁ?te;r 3G RONFYGLENY
pol yacet yl efh?ede'fﬁfﬁeci Aealitatively aeg/oraauepiitBiivein yoan @'h‘é?ﬂéhﬁmﬂm@@hweln suchhe

el ect r ochendg@ddirkdthd, 1N @dtodtioh REaBb&Tah QG@]{;ﬁQe EArS eam%ﬁé}meélrl%u WhlcA can
contact with oxidi 2| nsq substancg%édurl ng devi ce manuf acture or
rafesc ot Ip

storage, caP PHRpAERSAFO PRRPSING eShong s H(NiRcReitadeiaag
such as, f oatlessaomd equnfeiradiéranes elgalotadThenstep af bararmitiag henredexes oitht h
2i Ibilg(rj?rl rl;ﬁ%e‘élgge%( h%?e ulte% th Qlé'rg%tecmlu)a(c? gam@%'ggr%%gres% a%{)(?ym%(%g)%:%htial
t her eof . ThHetwenndibet $amgm9@|0m eleetrpdcomsir theecoustroefersncef electedanipl tbe
pol ypyrr ol E‘eié&m@r@nﬁ@ﬁ eLiy Lad gheallrink Qxeculrr'ekte wh@r’éiﬂQh@ QLWFHnE‘ Mg tqnﬁftﬁigg'

Materials suitable for use as el ectrodes can mpat i bl e wi't
reagents praé‘éi@ﬁtq“fa?f’t?*W@ igdcatie  of dgrerope atgﬁé‘y‘”d@e H@?Ct?%ﬁ‘éﬂ@ serele Balhey
with the reﬁg@nm caimbdre wpieh enahilal aafuaitbBieCand/@nglizatitatidl indigatRBNGOfhe

fabricatio and/ or usage. The opposing el ectrodes
can conpri gaeg?ﬂanaglt’e mttconug]ﬁ |ve material, or different materials.

f ooesi The sensi ng/ wor ki ng el ect rode and the counter/reference
el ectrode céR8ftsi ddNeAeaYNg @getodg fan ibfsepsitie todhg aweundrof repiced redox

det ection @@anmﬁﬁne iexiopRessdgr (ﬁ(ﬁtﬁéﬂrr@&iﬁsag@ﬁﬂn% eliemi Edsealih Yhe case

insul ated t h er before th ete chanber. i s |II
LheltTurd ERTEn At refpo et dus e 58 Sttt Mgt
two opposi rilga ddvet bf ad@stevwrennanateibmtonecethéryefectsudba&mng:t nest @ rrei@tencer
by creati n%l&tr@éee% pIQJUJngh %f&gltl{]é E&Ltj\t%l C?rp%c&{s}é a?ygﬁpe%m%th{; g%nsgpe
opp05|ng el ectrodes SAMB i Nt ernal  sur erent
i nternal s EERResENiREelgetads cLBent ihiadpaiive oThe leppdsnalytedn Betsaoudss

can be sepa @aeﬂorm/oza&wéct@dmcaﬁ QBRLE Sourfér AR%dbe aeDccmwét@rﬂWé Sk &ric’
about 15 m cronet

m croneters, or ab
ni cr omet er W% a&ﬁ’{%t %erﬁ?‘i?r Siﬁéfoéjles Aflematlygie t@SC‘?H”f?r’ cﬁﬁ%:?ré?% angd the
about 40 nirefeened eesrodercaabe o sEpardcsiometes.s, or about 50
m croneters, or about 75 mcroneters, or about 100 m croneters, or

about 125 rfipgk@TEt RS jecl oﬁ’é)@mhelégctmdgé %a;etc%gnse%n @Q@M&a@@mumg
m crometers, or about &r em crometers, or about 250 m.croneters, or

about 300 M BhetEh &s: XHBRIE: FHHHe CORRST P el Ghrogigh Stagiostainiess
m cr onmet er steeh palddamt, pEEOum] gitd) ireltuet, Sarbon, @b tmiddOvith Hrdeeidrs oxitd,
about 600 l% CEQ&@ t gr ?cﬂg@éﬁn b ngngP Oormac rrﬁﬁgllee'{r%e’rﬁ?? %8 uéﬁtﬁoq% m the

m croneters, or abou meters, or abo m il
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relative position, the opposing el ectrodes can be in a parall el
opposing rel ationship, or a side-by-side relationship, or a parall el
but offset relationship, or a coplanar relationship. The opposing

el ectrodes can be identical or substantially simlar in size, or can
be of different sizes and/or different shapes. [0086] The device can
conprise nore than two el ectrodes. Merely by way of exanple, the

devi ce can denmprhs@ca dehidad @:In&mtsaé @declpdtiically camiustveamaterial, such as, for
counter/ref e r er el r can
be el ectrica E%oﬁhﬁ@% ?@@ 8ﬁ§ﬁ@§%d%g%an 6%ﬁ]§E%fr@9§@
with the swﬁ%wmmrwnngaré%@tm@wh atvinger, indivmoeddec tin e¥ide, fiediinriuratin

the reacti agideh; rs.@nd/.&m tmon@@étﬁ@bbtwaemam@ka owsrnﬁituretﬁyerwymé
exanpl e, the fil e reaction chamber detected égcan

used as a s{OgA4ting 83‘%‘?7%&%’”&””?? rﬁ“%a%lé?/ﬁ %@”@l‘?cHO'VWéftO'et%é’OPyé 195
ti me can beorcientikepbt @ dorabidation teeréd| [Tamiangresihele ebctrch@sital cellahd/asthe

for exampl e kioans] Ghih et D 536 LML Wisdosauml Sub8tbe dfheckian

chanber, canb
anot her exangiuéctyre ot $ieragdeiiag eoro@rmprait b@@t ma@led@rp@tytcp@ducummierﬁ@ sughach

detection Cé%a@%&arﬁ;ﬁé‘ dl%@iﬁ%' &.ﬁia&}@ﬁ &RRHAL @Jrﬁ&r?&%@%ﬁﬁa%lr@@rt fn‘a%w ox?déd
the two det ectl on chanbers can share one sensi ng ?q el ectrode

ext endi ng tit BEERMEFET BTSN fferpAs sivep indiion ae“r?ﬁﬁ‘é‘it‘ﬁ%ﬁ gmery gighe like,
el ectrical ®igmaigecenedie THat ajndeding boghrr h@sbombwzﬂuﬁ &g lfor example,

iati t
{2br 1 cat 1 o Werd BESReRIRe R kS s8R B Get B G s &
| east a poruse@s abfctrovrs oin heheonipatile mah treurcharnds leeswneﬁ thetdegice,oramely,
chamber Cth&P&H)ﬁéteraéf‘ cﬁ&ﬁi@é&&%t\ﬁhé %‘égénté’ét tfw!e' A %hctﬁﬁ’d& Bror _Ig:iri].mng

el ectrically ‘connected to but extended beyond e el ectrodes.
ext ended coROREt fabdcatiany epndier Florage.c anpre “E@@d é@ea"%ﬁ’t‘&&'e%@é@ RRer e

the devi ce dompaéemt shtdlkbyiucorneateal o aifsrat heeriglevi ce, such as, for
exanple, a meter, In certain enbodiments, the detection chanber can

conprise t%ob? ferngpe %Hﬁénv@\ﬁérk%@ e‘i‘é&tr&&é@ﬁd ﬁ]% &Qxﬂgg%tférgr?ceféléd%d@'a% or

are el ectrical connect ed 0slI ng
el ectrical |r9€-f%§a| &t 'éaSttQPee&‘éﬁﬁ”%tsﬁécﬁce i3 th?sé%teﬁ@ﬁe‘fhﬁimb%utﬁ?aq&ppam y"

rrEanf g Bg/t eﬁctrb?@séana{%o&%ctﬁ&%’% w?;(:la@ﬁ th @aﬁa\t otatgr%gfoé?%?g%}éct@h chiﬁrﬁ%r is
abou (0] r.a abo .0 ea apou or. a
Sbout 800 i Bim B R RRMe. oats Rhefiin pERBE Rhathe e stureigp e Moy

t he two i ntoppositg destfodeewitaarcledatadiyinaiibingehaetdal, &l byeatrgnadretk vrean

mat eri al . | 0 ti j i nu
ot or nod, EehEEATAGRe MR | 1 bhadls ettt Radh Bl Snedbame
el ect rodes 'Wﬂé'rﬁlﬁfﬁée eoditierent 'oférrtab&é@é% oft the deteglfongghaeberc t Thedwpasied a

contact ar ctrédier &nbd REpHaBY agt abodl @&m@z@me@r@carréb%aé hw nf@bmeeks, bhe

el ectrode ta ou n1Sen)'(ntcreo¥nr]e el,rs doerva guet ZOSn%grgm%tsers o(r)gaboeué%fa mlcrometers E)l"e about 30
micrometers, or about 35 micrometers, or about 40 micrometers, or about 45
micrometers, or aboui 50 micrometers, or about 75 micrometers, or about 100
micrometers, or about 125 micrometers, or about 150 micrometers, or abouf 175
micrometers, or about 200 micrometers, or about 250 micrometers, or about 300
micrometers, or about 350 micrometlers, or about 400 micrometers, or about 450
micrometers, or about 500 micrometers, or about 600 micrometers, or about 700
micrometers, or about 800 micrometers, or about 900 micrometers, or about 1
millimeter, or greater than about 2 millimeters, or greater than about 3 millimeters, or

greater than about 4 milimeters, or greater than about 5 millimeters. In terms of the
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[ 00891There can be a scratch on at |east on of the internal surface
of the detection chanber. An exenplary illustration can be Scratch
106 in Figure 4. The scratch can generate a break in the electrically
conductive filmw thin the detection chanber. The break can be
affected by patterning the conductive filmwhen it is |laid dowm or by
creating the break during manufacture. Scratch 106 can be affected by

scrat ching fhavd bdsl‘ﬂon Scﬁé 3Ry lé&rcirodéfs cra.hse frid gfara»éwppogihg Fdi&dhdnip, or a

t chi th t
Cayer ot 19RO OF ATV 618 Poale B AR e Phe SobRHACE TP B
or fil m canTreesppesitg electnodearchn baadianiea! tohsulastdntislly sbhiectin side @roaa befof
t he detecti i I i solating the conductive coated
in the det e@ﬁrgﬂ%‘%g%ﬁ%ﬁ%ﬁ%h@gl% t he reactgl on chanber. This can
be advant ageo a revent any electric t hat
ot horve Se PaERAr " e dBaBERT CBmpRRUPEeghaT Mo Reclibaes o MEeE BY oy of
chanber fr omaeipfee el degick ken temprigees thirt leclfbie sdcatahbe arobaevwetieence
erough Lo rediahky TR SO chlifa LRI SRy SRIME L Uechleal M oriBuEs heT @

the scratch resrd rom Cr'ossi ng
it, such agthird Qhecfé@c@rﬁ@néomumwwwm 1119 awyslrwéwrbng emh@wmfetﬁm@ﬁe%e

from about e mhﬁ%%ﬁmeex’ea&t%n]c@xa%brl hipsahs »deféEﬁdcneér%mbﬁr f Mé?%lya’élg
m croneters to net e nd nost preferably froma

m cronet er §XF6‘?§b8\§tf""28@f e dpeiar éP%“befﬁéteatﬁg thin ey et V\?elé%?dt&}?ea 3'9“3*
scrat ch andotdvevais eXtiming denide Gluch hieat ded eﬁctl@ﬂttmbmbei’e catrolel afer a
1% or about 5‘V 0 or. about 1 t about
250 “or " anaiodits BPas: 52" ioP Rl Yibwaf M Ika gyl Saf PG 0 .
50% or grebe @stepﬂmncf%%t)fcan He tdgm%ef@rtﬁewef@termmed pmextnef] tirendAand
the distal a?z@ﬁwe?fexérg@edﬁttﬁ&td'eﬁ% %B%Bﬁ’s%% tm&o&?&]taéﬁ ch%@érs 08L&l fliEdiBR!

surface of the detection chanber can be coated w th detection agent.
The det ect |Q§‘ﬁm§§reﬁ’?” cEamRgEe &@s@?%ﬁ’rﬁ?’eﬁ?ﬁj/%@”@?fa@ g tyvg ‘i’sﬁ%f"“on

fluid sanpldamBetsheardeh@et éen s@mﬁgnmrkm@rmecﬁraae batepaial ed Editha/ﬂe{ectxon
internal surface o on, ch % tthe

ctl
dot ect on” S5BRESEalBEF SEAFE kR G S 6r ise et e EDRRSY Fonp
sanpl e. Such a detection agent can be coated in the vicinity of vvhere
the detecti®983hn b&thidariategs s elgcirdessonliourgiiog sracly. archeSiHetRD ©r

t he di st angguraali@ssolbeRitindedebRCdrit@uiagrile. or the derivative of
them can be detected by, such as, for exanple, the el ectrodes. The

d t d
act i vat cd by PR r ot Font BrIon e QB AITREGH R IF I oDl e
carried to %ACONPiaR Bi Mdutispriiyer oy fxmh@/htghcpgé @g@ﬁ‘fmcaﬂbrﬂow@&ﬁ—ﬁl% but he

activating e&%aéd bé%ﬁd the BB 6lid<0 T ha @Ridhd&Pddn8 RS Fa§& oamnemse§ geh
ucose e nase.

as, for exa cos ase,

Gt eot! on et whRa e BRUER SereuiS ot b Mo S St o

activati ng exgepk, surdtacan otiia combdimentsethe ajasutiat ercérrWet barcangpise heo

agent mol equl e carrled, Lo, %Qr%prf&%tc%%&uc?{? %;ﬁ%"é?\%for ‘%Ye éaQ&nJa |g'c9nn%%(er8't§

The detection agent ‘8 '?

apo- enzyrret%dipmswgc@ﬁ%tmdéis bwl@qtqpabxy mm@teéfmese&hmt@r t'h% uged Befeinon

agent and a&}us%aéwgm@g@s%am1&&@&&@% be& I@é%;@gdudm@% Bt R A
flavin adeni ne di nucI eotid the detecti on agent and activati n% agent

pair can cogricsét 5p¥- %’Pﬁtc%é YR LPRMEERP R LIRSS ahut 5R%: EloPyet
t he target aboal yoee opéElSQsﬁtabbtﬁt %h’eoffd{tueltbf?elﬁ’IWOGntGmérﬁsfp@&’sdﬁe toaten @ith
gégg? ??:Rts ]leg?nlpgl o‘:ﬁd@% é:)teélg i %{:ht Ilé%:rtTJrf):any Lponggctlve ﬂﬁpcaanctg %/o?‘l% I!wo%s or
acti vat i ng ratigined.c hpr excrrivleathe patierngdtcenductive Eygesan fwm mﬁi@tmées which
generate a a%lé‘b&no‘af:tw%'tg Rath othBeBr QH%leEt%&é £b 4 8endcRbQ8! whIEh YAL skt
correspond to nultiple units of signal. This can Increase the
sensitivity, and/or accuracy, and/or rate of the test. [0091] The
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or its derivative to produce a detectable signal. An exenplary
illustration is enzynme substrate 64 in Figure 3. The enzyme substrate
can be of sufficient anount such that the rate of reaction of the
detection agent or its derivative present with the enzynme substrate
is determ ned by the anbunt of detection agent or its derivative
present in the detection chanber. The enzyne substrate can conprise

an oxi di zabdrea sabslkt@tfly cditRcokt diez@dtleqo aHRSteFral SviRNs AR fof BxaPiMfe,
substrate sel eft ed from gal actose, nmaltose, xylose, and acetic acid.
For instanc® the detection agent or its derivative is glucose

oxi dase or Iucose dehydr ogenase, the enzyne substrate can conprise
gl ucose. [ODPBPThe de®ECEIDRE chafBieh wafl EawM Sethet inleeeb sudase of the

{redl at gr V\/ruéséu.ear&thé;gla@t AY BXentdiey drbefioh @an &@%&%@ﬁ 16§ $n Fll;@[uleVﬁt Itwue
0O produce a ect abl e si |.a n.pe_.o | Cl.en
oot oot 56 8%0eE ©P b A TeoRedr P aoBar TBr Al e o
derivati ve g¢gheedent The bileak han B@nﬁmcspgbmtﬁanrm ihs cdediwetiva filedviey it kdaid
amount of dgf,ect A ﬁ&ﬁ@tm%@a&%ﬁﬁ%%ﬁ gtarep@asteﬁ 1'@@ %R%e%%asé b

chanber. in an e wher ei n rochem cal ection Sys
is used, fercrateyhingdiasraintapralipt tbIfibn mway.athemicatix ﬁ@hm@ thet mdeotwe

medi at or s qmr@emm |Ieﬁ5@r @iﬁﬁlr@%@@érﬂdc’tf\fé %veﬂbpmﬁnwr @EH&? RRtHoBgloghiaral1os

and co Iexe et anS| i on et al en- cont ainin
o or ot one T GAaENe HYB" Feliadin GRVE IS Ao B el B G S BUO e o

nedi at ors whe @ilatecm chmn*rbeasﬁ elehigicaligtimlahg dah«a edreittive ncosddi itr@ndatection

certain entadhiEny sy HOORAINEEh SRAON. CHATRER (£RBATRELES A oo

buf f er whi can a
t he detect |R§¢we@haﬂm@ﬁctﬂ¢ﬁ@nmw &an @ﬁwn@wmw raiz@e @anitesa@t lamte opfilmsHe

reagents innpd Fh%cﬁtﬁ{ &hinRPH&h %ﬁb&rng %rﬂe&qe%@ufTa@tsufaﬁcha:aﬂ/b@rm&é HRGE-
The buffer ca npri se ance selected fromp hate, citrate,

citraconatd®” P‘P’lbf%ﬁkéhe aﬁPi:tg‘:‘?‘? fPTpstetion Rl thae layrg yere tﬁﬁls[;'rg}cgtr%s:de but not
i madazol e. s[oGﬂ%}asT hﬁoreﬁmyﬂt&! Sarbstossibeis, sﬁﬂdé@ﬁartelﬁanﬁledjrﬁbmwtlla@dicﬁdm
t he buffer r ff uant uantifies
such that t%g rziatt f’ récrla%%\ %)Dgﬁéﬁ?ﬁ'gcfghmelt%fg?éct |'lgn tS%eP{e eﬁ%% about 18
deri vat i ve micometdne teabauiné ngligster,cand mest Iprafireldd fioln atlest Ahoismaérstthe
detection agemo0d miblofeflfl | MR Aidendareiftth thd'sdrhten B8 A& botdindt BATBARe

detection chamber can be about 1%, or about 5%, or about 10%, or about 15%, or
about 20%, or about 25%, or about 30%, or about 35%, or about 40%, or about 45%, or
about 50%, or greater than 55% of the distance between the proximal end and the

distal end of the detection chamber.

[0080] At least one internal surface of the detection chamber can be coated with
detection agent. The detection agent can be dissolved by and/or diffusible in the fluid
sample in the detection chamber, and can be coated on any internal surface of the
detection chamber. In some embodiments, the detection agent cannot be dissolved by
or diffusible in the fluid sample. Such a detection agent can be coated in the vicinity of
where the detection can be made. As used herein, “vicinity” means within the distance
across which the detection agent or the derivative of them can be dstected by, such as,
for example, the electrodes. The derivative of the detection agent means a species
generated and/or activated by the reaction of the detection agent with a species carried
to the detection chamber by the probe ageni, for example, the activating agent. The
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[ 0096] There can be a sanpl e passageway between a pair of chanbers

t hrough which the fluid sanple can flow from one chanber to the

ot her. For exanple, there can be a sanpl e passageway 38 between the
reaction chanber and the detection chanber, as illustrated in Figure
2. The flow through the fluid passageway can be controlled by a force
bal ance via, such as, for exanple, a capillary action, a pneunatic
pressure, atdetestiverpeait deorcompriserart dreyinekeich @, fanyxavgid iangiddoss okileseeaf .
The f1uid PaSSAESRRAY6HMaEETRAL | §OORNIRER PARSARRYEX < spE88s bhith dan oo

passageway can conprise an en sem p
and/ or can 3VERA O enpREisEige ﬁSﬁ”tc%#ff?&? ﬁo@]ﬁ*e‘?!it‘éﬂ aneprpylaies V\tlth@ Q)Pﬁ)éﬁs

based on, fagenexrnelie,caficdqo tmaﬂaéte@mn Qﬁﬁiﬂb@rrﬂyttﬁe Qi dahtfid. | Ky dQBctRAY
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0099] The fill chanmber can conprise a capillary distance. A fluid
sanpl e can be drawn into the fill chanber. The capillary distance can
be larger than that of the reaction chanber. It can allow for a fluid
sanple to flow fromthe fill chanber to the reaction chanber via
capillary action alone, i.e., in the absence of an external force. As
used herein, an external force does not include the force generated
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[0086] There can be a sample passageway befween a pair of chambers through
which the fluid sample can flow from one chamber to the other. For example, there can
be a sample passageway 38 between the reaction chamber and the detection chamber,
as illustrated in Figure 2. The flow through the fluid passageway can be controlled by a
force balance via, such as, for example, a capillary action, a pneumatic pressure, an
external force, or the like, or any combination thereof. The fluid passageway can
comprise an open passageway. The fluid passageway can comprise an entity. The
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bi osensor as descri bed herein are described in terns of several
exenpl ary enbodi nents. However, it is understood that it is for
illustration purpose only, and is not intended to limt the scope of
t he disclosure. [001031The bi osensor 20, illustrated in Figures 2 and
3, conprises a detection chanber 28 conprising an el ectrochem cal
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[ 00107] Contact area 101, for electrically contacting a | ower |ayer
134 carrying the | ower conductive film can be formed by extending

| oner | ayer 134 out past the end of a spacer |ayer 136 and the upper
| ayer 132. Contact area 102 can be forned by renoving sections of

| ayers 134 and 136 to expose a section of upper |ayer 132. Contact
area 103 can be simlarly formed by renoving a section of |ower |ayer

134 and spag&i abeyter nicbit@s of RWNham abb@ WIS rSifolt61s056 1€ GhardAb&X .31 n
Figure 4) n be formed by renoving sections

of Lower Ia{'é'g'fpiltfégﬂfmﬁﬁftgﬂh% r”{?i%‘f‘ro’ 98, but |eaving upper |ayer 132
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filling chabglonkiée clikiewcan allow to draw liquid fromthe filling
chanber 122 into the reaction chanber 128 by capillary action. The
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m xi ng of co ents In e reactio PR e aspect, reacti
chamber 122’@&?1 indpdie 8 chaveberat Bieatardgyedistpnest carmee é@rgfﬂ’pfh?b ‘taat| dviha r
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chanber 128 can formed in a simlar fashion to ? reactian

chanber 122‘9%‘10? e*aﬁmeagﬁaga@m PERNGoneré- é’b%é‘l"s?'}&% an Sgeqp)fpree. As
| eaving t hexsécapiafem 234xtamd! b2 dods act incllidd the &drty gerdiged BY @akéran open

I N T L R
det ecti on @lnmmtjmeng'_szghebylmd sample can transfer from one chamber {o the other upon
opening the vent at the distal end of the detection chamber by, for example, piercing.
The capillary force can be manipulated by, for example, the coating on at least one of
the internal surface of the fill chamber. If the biosensor is configured {o use an external
force generated by a user or an apparatus, such as, for example, a pump, syringe, or
the like, the capillary distance of the fill chamber can be smaller than that of the reaction

chamber.

[00100] At least one internal surface of the fill chamber can be coated with a
blocking agent. The blocking agent in the fill chamber can be similar to that in the
reaction chamber. At least one internal surface of the fill chamber can be coated with a
buffer. The buffer can be similar to that in the reaction chamber and/or in the detection

chamber.

[06101] The biosensor can comprise at least one sealing layer which can prevent
leakage of fluid and/or electrical signal. Exemplary materials for a sealing layer can
comprise, for example, plastics (e.g. PET, PETG, polyimide, polycarbonate, and/or
polystyrene), silicon, ceramic, glass, and any combination thereof. A sealing layer can

comprise, or be formed substantially of, an adhesive. If the detection chamber
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removi ng sections of or piercing upper layer 132 (or |ower |ayer
134). A layer 146 shown in Figure 5B (cross-section 8-Bin Figure 4)
can be lam nated to the upper face of the strip to seal off the
opening. Alternatively; if a portion of lower |ayer 134 is renoved,
sealing | ayer 142 can be pierced/renoved to open vent hole 130.
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patterning the conductive filmwhen it is laid down or by creating
the break ddetheryoimeanyfagt¥eire. Scratch 106 can be affected by
scratching the film scraping part of the filmaway, chemcally
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with different
embodiments. However, it is understood that it is for iliustration purpose only, and is

not intended to limit the scope of the disclosure.

[00103] The biosensor 20, illustrated in Figures 2 and 3, comprises a detection
chamber 28 comprising an electrochemical cell and a reaction chamber 22 containing
immobilized binding agent molecules and probe agent molecules. The detection
chamber 28 and reaction chamber 22 can be prepared by forming an aperiure
extending through a sheet of electrically resistive spacer material 38. The aperture can
be shaped such that it defines a sidewall of both the reaction chamber 22 and detection
chamber 28, as well as a sample passageway 38 beiween chambers 22, 28. By
extending the aperture from a proximal end 24 of reaction chamber 22 through to an
edge 37 of sensor 20, a sample ingress 25 can be formed. In one embodiment, the
thickness of sheet 36 can define the height of the reaction chamber 22 and detection
chamber 28, and the chambers can have an equal height. According to this
embodiment the capillary force in the detection chamber can be greater than that in the
reaction chamber. This can be achieved by meodifying the surfaces of the reaction
chamber andfor detection chamber or by adding filling materials, such as those herein
disclosed, to the detection chamber.
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functionalities and snmall nol ecul e inclusions are well known in the
literature. For exmaple, see Liposones: A Practical Approach (Second
Edition, Editors: VA Torchilin and V Weissig, Oxford University
2003). Alternative antibody can be added indirectly. For exanple, a
biotinlyated lipid such as Biotin DI -1PE (N-(biotinoyl)-1,2-

di hexadecanoyl - sn- gl ycer o- 3- phosphoet hanol am ne), can be incorporated
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below.

[00105] In one aspect, the electrodes 52 and 54 can be placed in electrical
connection with a meter (not shown) through the connection end 66. The connection
end can allow a meter (not shown) to electrically communicate with the electrodes 52
and 54 in the detection chamber 28 via electrically conductive tracks (not shown}. The
meter in connection with the connection area 66 can apply a potential between the
electrodes 52 and 54 in the detection chamber 28 and detecting the electrical signals

generated during an elscirochemical reaction.

{00106] The biosensor 120, illustrated in Figures 4, 5 and 7, or the biosensor
ilustrated in Figure 8, comprises three chambers. The sensor can include a fill
chamber 107 in addition to a reaction chamber 122 and a detection chamber 128.
Sensor 120 can be formed from multiple layers as described above, including for
example, a sealing layer 142, a lower layer 134, a spacer layer 136, and an upper layer
132. In one aspect, sach layer can comprise an insulating material, while upper and
lower layers 132, 134 additionally include an electrically conductive film as discussed in
more detail below. By removing portions of the layers at different points in the sensor,
a fill chamber 107, reaction chamber 122, and a detection chamber 128 are formed. In
addition, exposing portions of the electrically conductive film on the upper and lower
layers 132, 134 provides electrodes 1562, 154 for performing elecirochemical reactions
and provides electrical contact areas 101, 102, 103 for electrically connecting the

sensor {o a meter.
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reagent can be applied to an internal surface within a chanber and
allowed to dry. A reagent, such as, for exanple, an imobilized

bi ndi ng agent and/or a probe agent can be dried onto an i ndependent
support materials, which can then be placed into the reaction
chanber. Alternatively, either the innmobilized binding agent or the
probe agent can be incorporated onto an i ndependent support materi al
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001191After a given tine, for exanple, about two mnutes, a venthole
can be punched, which can allow the transfer of reacted fluid sanple
by capillary action to the detection chanber. The detection chanber
can conprise the reagents for the el ectrochem cal neasurenent of the
enzyne activity. The detection chanber can be sufficiently filled,
nanely, that sufficient sanple is transferred to the detection
chalnberdsgcgenﬁ:h@% atiRgsivRs, eﬁ@?ﬁfﬁlrﬁf aahclsaa@sagzeémtgcmnc@'\gd @G{\&Wg@d hatnfhelt
anal yze e de i on et ho e ne el ow t he
reaction ch BYes i?ﬁt We@%*v?%eanggg%g%e g %&%Y?% Je siﬁg”‘faﬂlé
pr obe agentconoliaige filescancuenaepared he cdrtiagl é.9. hbyosmgitet d:!:@tmg nrohqn;pnagzeﬁng)
mol ecul es. hé% E?éé'étﬁcan' fksis'ﬂvim%;é mlﬁxré’sﬁﬁﬁg%éﬁﬂﬁu él’% %a&é?{)get
e fewer agent

analyte int Iu ds Aol ecul es. can
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and features discussed above, as well as other known equival ents for
each confi giﬁ?mﬁiq“&’ﬁ‘”{%‘f"”feature can be m xed and mat ched by one of
ordinary skill in this art to performnethods in accordance with
princi pl es M93&4] bedefmdei for Making nombuaneest dodpedvate extanslifesent
descri bed afibdiidd b Shal idledty RRBESNL Al weRRA0AT G BRL lithiaflrd | Ny s

to the scope of the invention.
exmaple, see Liposomes: A Practical Approach (Second Edition, Editors: VA Torchilin

and V Weissig, Oxford University 2003). Aliernative antibody can be added indirectly.
For example, a bidtinlyated lipid such as Biotin DHPE (N-{bictinoyl}-1,2-
dihexadecanoyl-sn-glycero-3-phosphoethanclamine}, can be incorporated into the
liposome, then streptavidin or avidin added and then finally a bictinlyated antibody. In
addition, methods are known for construction of polymers with small molecule
attachment. For example, see “In Vitro Targeting of Synthesized Antibody-Conjugated
Dendrimer Nanoparticles” by Thomas et al. (Biomacromolecules, 5(6); 2268-2274,
November 8, 2004).

[00115] Reagents for use in the biosensor, e.g., immobilized antibody/antigen,
probe-linked antigen/antibody, buffer, mediator, enzyme substrate, and the like, can be
supported on the walls the reaction chamber 22, 122 or on an independent support
contained within chambers, within a matrix, or can be self supporting. [f the reagents
are to be supported on the infernal chamber walls or the electrodes, the chemicals can
be applied by use of printing techniques, e.g., ink jet prinfing, screen printing,
lithography, and the like. In an aliernative embodiment, a solution containing the
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(00123] All patents, patent applications, publications of patent
applications, and other material, such as articles, books,

speci fications, publications, docunents, things, and/or the |ike,
ref erenced herein are hereby incorporated herein by this reference in
their entirety for all purposes, excepting any prosecution file
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chanber, wiertbé apédns to tbaraagecheﬁ demqegﬂeabiarebe mclubed ted.elc bibinesdva rbisdtd

and dependeft[x]é n%Bn&FC d}eea%gtin ?h pe %EJ}PC';;% taﬂ& tg %@%et%r% o'n’(v) I?novmg to the
detection chamber. For example, the immobilized binding site can be positioned on
magnetic beads within the reaction chamber.

Method of use

[00118) Merely for the purpose of convenience, methods of using a biosensor
described herein are described in terms of the embodiments illustrated in Figures 4-7.
It is understoed it is for illustration purpose only, and is not intended fo limit the scope of

the disclosure.

[00117] In use, a user can first introduce a fluid sample into the fill chamber and/or
the reaction chamber. The sample can be drawn inio the fill chamber and/or the
reaction chamber under the influence of capiilary or wicking action. The sample can be
drawn into the fill chamber and/for the reaction chamber by an external force generated
by a device such as, for example, a syringe, and/or a pump, and/or the user. The
reaction chamber can comprise a vent that is open to the atmosphere, thus allowing air
displaced by the sample to escape. Or the filling of the fill chamber and/or the reaction
chamber by a fluid sample can displace air to the detection chamber. The volume of
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2. The device of claim1l1, further conprising a fill chanber, wherein
the fill chanber conprises internal surfaces. 3. The device of claim
1 or claim2, wherein the internal surfaces conprise internal walls.
4. The device of claiml1l or claim2, wherein the internal surfaces
conprise surfaces of at |east one supporting material. 5. The device
of claim1l1l or claim2, wherein the reaction chanber conprises an

openi ng t o rédutiomtinapsyzin @22 can ifie chbben stexd et leasiaiqnallo anhpretsrabl IBger

reaction CQhannBFe V&or‘rgu;f%e%?t%dp %%}ér%l& 3gent, wherein the bl ocki ng

agent is capa reven non-specific binding of proteins or

lipidic particles tg the |nternal surfaces of the reaction chanber,
7. The devil@81881 c| &Ny of avelpdsdh semaler stgh ghahplerbleashpniaineg & target

bl ocki ng ?gﬁﬁ@?.e \gd”uear@mmet ae dﬂhg&;klirl‘ﬂ@t}&gﬁgbtldnSciﬁﬁm&bbenQfspafse\/remrieﬂ@ |
non- SpECI I N roterLns or | dl C part I.nt er na
surfaces of f‘g Pr?m ‘%e 'Htgrﬂ?g?”ﬁa% an?hnéo T L EYEOERS; %e é}ﬁ ronter )
wher ei n t heullhasc KThegmagretit beagsptansescaated \@ststhecm@ilr@eag@et @d!etmi@sn #he

sur fact ant apg, a, Bloeki @Qmﬂrrs%tﬁ‘\ Ontige: THCAB ?"a@@wtodcancéo%pﬂ%a MhERE! N

t he bl ocki ng pr otel n conprises bovine serum a e devi ce
of clai m 1PRURREAEFR YalC!hi FieR bipdiag Ritneasen Phan srinsy adishtcan indds dhri
to differemdrgetndrtibdakn Serfiaciesn®@tat BRdrieaed indRolliRad®eiding agent, but with

lower binding affinity. The vehicle can comprise, for example, PQQ encapsulated
within a liposome, or PQQ surface bound to a polymer, such as a dendrimer. Each
liposome can encapsulate multiple copies of PQQ. The presence of the target analyte
in the sample can interfere the binding of the probe agent molecules to the binding

agent molecules coated on a magnetic bead in a dose dependant manner,

fo0119} After a given time, for example, about two minutes, a venthcle can be
punched, which can allow the transfer of reacied fluid sample by capillary action to the
detection chamber. The detection chamber can comprise the reagents for the
electrochemical measurement of the enzyme activity. The detection chamber can be
sufficiently filled, namely, that sufficient sample is transferred to the detection chamber
such that the presence of probe agent can be detected and analyzed by the detection

method employed.

[00120] Magnets below the reaction chamber can prevent the transfer of magnetic
beads and the probe agent molecules bound to the beads through the binding agent
molecules. As a resulf, in this exemplary embodiment, the more target analyte in the
fluid sample, the fewer probe agent molecules can bind to the immaohilized binding
agent molecules, and the more probe agent molecules can move fo the detection

chamber to be detected in the detection chamber.

[o0121] The detection chamber can comprise apo-GDH and a liberating agent
which can release the PQQ from the vehicle, and allow the interaction with the apo-
GDH. If one vehicle contains, for example, 100 or more PQQ molecules, and each of
these can bind and activate one apo-GDH, then the inhibition of a single antibody-PQQ-
liposome probe agent binding to the magnetic beads can lead to the activation of 100 or
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11. The device of claim1l, wherein the binding agent conprises at

| east one magnetic bead. 12. The device of claim 11, further
conprising a magnetic field to serve to confine the binding agent in
the reaction chanmber. 13. The device of claim1l, wherein the vehicle
conprises at |east one copy of an activating agent. 14. The device
of claim1, wherein the vehicle conprises fromabout 10 to about
100000 copi esreoGDanmaktilyat imghiagant as litle.asThm (iatigeme fofexahmplemcdd ber

14, wherei ndét@c%ec? (l:ftf{) V@am%% é‘a\%ﬁ {Bosome C%H}%ullﬁa %M %b&mt IP ez%c\(xec%ht%{ns

16. The device ein the vehicle dnpr Ses

one |ipidi c1P@RQ@se. 17. The device of claim 13 or 14, wherein the
activating agent is bound to the vehicle. 18. The device of claim
17, wherein mmez\]ehmie@kmmmsaﬂss [ edco@reﬁeme @pg;caﬂhty Warsoud&)nfsalhratxons

deV|ce of cI 0

Govi oo of iy Babifes WORL FndehlEmBRINAEY defedad TR MVaintaPadun doiays
i mobi | | zedcqnﬁgurhf@nsmdtfeajwes hi&mmﬁgi abprey @ el e lenmd@pwateedvagémfor
can bind t 0,20 HARRHRGN OF rHRRNCAPE L8 Ind hlak¥Rl b 8nd G- inary skill in this

art to perform methods in accordance with principles described herein. It is to be
understood that examples described are for ilustration purposes only, and are not

limifing as to the scope of the invention.

[00123] All patents, patent applications, publications of patent applications, and
other material, such as articles, books, specifications, publications, documents, things,
and/or the like, referenced herein are hereby incorporated herein by this reference in
their entirety for all purposes, excepting any prosecution file history associated with
same, any of same that is inconsistent with or in conflict with the present document, or
any of same that may have a limiting affect as fo the broadest scope of the claims now
or later associated with the present document. By way of example, should there be any
inconsistency or conflict between the description, definition, and/or the use of a term
associated with any of the incorporated material and that associated with the present
document, the description, definition, and/or the use of the term in the present

document shall prevail.
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21. The device of claim 20, wherein the unactivated agent conprises at
| east one magnetic bead. 22. The device of any one of clains 13-21,
wherein the detection chanber conprises a |iberating agent, wherein
the liberating agent can |liberate the activating agent fromthe
vehicle. 23. The device of claim22, wherein the |iberating agent
conprises at | east one agent selected froma mld detergent, a lytic
peptide, an _enzyme, heating, cooling, ultrasonication and a |ight
source togefl#Ps with a photochenically activated |ysing agent which
is incorporated into the vehicle. 24. The device of claim 23,

wher ei n t he1mAl divide fee tigiedingconel sed/ioina filet@npenthesielviee tatprisiram
n-octyl - B-D- gl ucopyranosicle, tween 20, brij 35 and triton X-100.

25. The device @fregdidh thaBber\\8E8hhd RRCHN dNamBEPEdfIFisEOMRI I 8§ RBS
pepti de sel egt ed fromnellitin, and one of a class Of@ bg\E‘OSphOl i pases,

a conponent @ 8NIPAEIRY RPT BIREINE A9FRY Big ProbegrgefioNBEYNG ing|Pg[tiRT2ed a
wher ei n t heveitdy MheNpe ibiEhgQaeneTiz yotndse tieclabitid wbalch e elrgasealqad

trypsin. 27.. T i 0 of c] al 13-2 wherein the
activating 'égtréen{lﬁ%gﬁrkiggaéque%&%%“ %e%'?cj"?%%gaeg{r:&eﬂﬁez?/”r‘r‘gﬁg p?@.e "“The devi ce
of claim 27, wherein the detection chanber conprises an apoenzyne
whi ch can be ac@dpEcEy PymPReaedf actor. 29. The device of claim 27

herein the enzynme conprises gl ucose oxi dase,
a fluid passageway between the reaction chamber and the detection chamber,

wherein the device is adapted to move the reacted fluid sample from the reaction
chamber to the detection chamber through the fluid passageway via capillary action,

and

wherein the presence of the target analyte in the fluid sample at a concentration
results in a change in the amount of probe agent that moves with the reacted fluid
sample to the detection chamber, wherein the change is detectable in the detection

chamber and dependent on at least a threshold of the concentration.

2. The device of claim 1, further comprising a fill chamber, wherein the fill chamber

comprises internal surfaces.

3. The device of claim 1 or claim 2, wherein the internal surfaces comprise internal

walls.

4. The device of claim 1 or claim 2, wherein the internal surfaces comprise surfaces of

at least one supporting matetial.

5. The device of claim 1 or claim 2, wherein the reaction chamber comprises an

opening to the atmosphere.

6. The device of claim 1, wherein the reaction chamber comprises a blocking agent,
wherein the blocking agent is capable of preventing non-specific binding of proteins or

lipidic pariicles to the internal surfaces of the reaction chamber.
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30. The device of claim?29, wherein the cofactor conprises flavin
adeni ne &nucl eotide. 31. The device of claim 30, wherein the

det ecti on chanber conprises apo-gl ucose oxi dase 32. The device of
claim 27, wherein the enzynme conprises a glucose dehydrogenase. 33.
The device of claim 32, wherein the cofactor conprises

pyr ol | oqui nol i ne qui none. 34. The device of claim 33, wherein the

det ecti on chamhefesRPtiafmes, AiRdeid iGN $Bardedh\d MPESRASRocking agerth@herein
devi ce of c] aibr‘n gz vvhetr.ei n trlle fcof act.or co\rﬁrﬁr ifsebﬁf‘dfl a\é,i n tadeni Ny
di nucl eot i d&® PN ARETHR PRI P RPYTTINS PON-RfH S B 196! RERIBILE iep P
chanber f urpdréslescotprinsewl sutfacewof e fdubsmbat e, 37. The device of
claim 36, wherein the enzyne substrate conprises an oxidi zabl e

substrate. g83%ne ddWRed\¢iaf® 6@t clgid?, Whdlsin MaaNRking bhént @¥iprisea bl Rast one
substrate con%rl ses one syb§t rdatel ﬁ(el ected from gal act ose, naltose,
actant ana a blocking protein.

xyl ose, and*&t&S PR PYT

9. The device of claim 8, whertein the blocking protein comprises bovine serum

albumin,

10. The device of claim 1, wherein the binding agent and the probe agent are bound to

different internal surfaces of the reaction chamber.

11. The device of claim 1, wherein the binding agent comprises at least ong magnetic
bead.

12. The device of claim 11, further comprising a magnetic field to serve to confine the

binding agent in the reaction chamber.

13.The device of claim 1, wherein the vehicle comprises at least one copy of an

activating agent.

14. The device of claim 1, wherein the vehicle comprises from about 10 to about

100000 copies of an activating agent.

15. The device of claim 13 or 14, wherein the activating agent is encapsulated within the

vehicle.

16. The device of claim 15, wherein the vehicle comprises at least one lipidic particle.
17. The device of claim 13 or 14, wherein the activating agent is bound to the vehicle.
18. The device of claim 17, wherein the vehicle comprises at least one polymer.

19. The device of claim 18, wherein the polymer is a dendrimer.

20. The device of any one of claims 13-19, wherein an unactivated agent is immobilized
in the reaction chamber, wherein the unactivated agent can bind to an unbound or

unencapsulated activating agent.
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39. The device of claim 37, wherein the enzynme substrate conprises

gl ucose. 40. The device of claim27, wherein the detection chanber
further conprises at |east one nediator. 41. The device of claim 40,
wherein the medi ator conprises one substance sel ected from

di chl or ophenol i ndophenol , phenazi ne et hosul phate, ferricyanide,
ferrocene and conpl exes between transition netals and

ni t r ogen- copt. Ahdidegcd of erdatoomateepeticamactivhted ddeat devipGs oft 164sRiom:

27, wherein . jce further conprising a buffer capable of
adj usting trﬁé&%ﬁ?%{&fhe sanple. 43. The device of claim42, wherein

the buffer conprises a substance sel ected from phosphate, citrate,
ci t raconat 22 hed fgvicgraf any ppgof ‘iﬁ“ﬁ%%?‘zﬁrﬂﬂﬁm'ﬁé‘ﬁé&%}e%?ﬁ Flamhep comprises a
i mdazol e. livkébtind BGerdl eWher€in e IWeriting dgeniet Bbdnatt e Wtivaling GgParfiofeihe Of
the probe %% ni, is adapted to bind to the binding agent. 45. The
devi ce of cTAlCH 1, wherein the bi ndi ng partner of the probe agent is
adapted to bind to the target analyte. 46. The device of claim 45,
wher ei n t he2% Bigeevicerell Ja8 42s WBeaRdE BPrABgIAgREl ¢ PagRNEL least phe pgent
devi ce of cdepdciadl froher @lilg b&eigentl Sa aytkepéptidd, taRe efliyieal he@tigh, Ofodliite
det ection cﬁanber., . . . . .
ultrasonication and a light source together with a photochemically activated lysing agent

which is incorporated into the vehicle.

24.The device of claim 23, wherein the mild detergent comprises one detergent

selected from n-octyi-B-D-glucopyranocside, tween 20, brij 35 and triton X-100.

25.The device of claim 23, wherein the Iytic peptide comprises one peplide selected
from mellitin, and one of a class of phospholipases, a component of the complement

system.

26. The device of claim 23, wherein the enzyme comprises one enzyme selected from a

protease and trypsin.

27.The device of any one of claims 13-26, wherein the activating agent comprises a

cofactor for an enzyme.

28.The device of claim 27, wherein the detection chamber comprises an apcenzyme

which can be activated by the cofactor.
29. The device of claim 27, wherein the enzyme comprises glucose oxidase,
30. The device of claim 29, wherein the cofactor comprises fiavin adenine dinucleotide.

31.The device of claim 30, wherein the detection chamber comprises apo-glucose

oxidase.
32. The device of claim 27, wherein the enzyme comprises a glucose dehydrogenase.

33. The device of claim 32, wherein the cofactor comprises pyrolloguinoline quinone.
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48. The device of claim47, wherein the vent can be opened by piercing
an outer |layer of the device. 49. The device of claim47, wherein
the vent can be opened by renoving a portion of an outer |ayer of the
device. 50. The device of claim1l, wherein the detection chanber
conprises at least two electrodes for detecting an el ectrochem cal
reaction in the detection chanber. 51. The device of claimb50,
wherei n at 343ks devies of chhe 38) ebtreodhe dgedior nhainbarcronqnsad egd-gllcsk| y
conductive &g%a% ordd further wherein there is a break in the
electrically onauct|Ve | ayer that serves to define at | east one edge
of the elecér?de in ng deéeg%ion chanber. 52. The device of claim
50, wher ei n°%t "F SHEE BHREMEPR HPEHENE SHBFPSRs REsES TRin@dpips dbrdientpe.
gold, iridium carbon, carbon m xed with binder, indiumoxide, tin
oxi de or a ¥ Xbeideviehof edgim 275 3vheTéip the vietsstiof coaraban Boherwinemmsises an
change in tdeyaRusdarRf the probe agent in the detection chanber is
detectable via an el ectrochem cal reaction in the detection chanber.
54. A met hody0f,, dgl GCt of'tath }3@@@&@%%' hSrhd shslbid! SR S oxidizable
conpri sing: deliveéring RC urd”sanprl e £0"%a evi Ce, grern THE
devi ce conpubstieaiea reacti on chanber and a detection chanber, the
reacti on chanber conprising a binding agent and a probe agent, the
probe agent3scomPdeddeNg ofairhi ITdivAgrePathé RRIGIzaNE sabstaltl enirised babngtrate
reaction to E&ggg%g in‘%Qg rglctio? chagber.betmeen t he bi ndi ng agent
and the proBs Rgeii" SUMERTE HAWRE PIBEHNELET e target analyte in
the fluid sanple at a concentration results in changes in the anount
of probe ag¥hthaffyied of Aol . weaeln thd eeyERFEbstairicanPriepedlsasant  of
unbound probe agent, wherein the changes are dependent on the
concent r at i4nThef dévive ¢f alagyet27amnbbgtnethe mistecty ¢tHaenbee acthedcaanipéeaf kastd
fromthe regction,chanber Into the detection chanber by capillary
action such that the unbound probe agent noves to the detection
chanber; anzﬂ.The device of claim 40, wherein the mediator comprises one substance selected
from dichlorophenolindophenol, phenazine ethosulphate, ferricyanide, ferrocene and

complexes between fransition metals and nitrogen-containing heteroatomic species.

42.The deavice of claim 27, wherein the device further comprising a buffer capable of
adjusting the pH of the sample.

43. The device of claim 42, wherein the buffer comprises a substance selected from

phosphate, citrate, citraconate, mellitats, tris, pipes, mops, hepes, phthalate, imadazole.

44. The device of claim 1, wherein the binding pariner of the probe agent is adapted to
bind to the binding agent.

45. The device of claim 1, wherein the binding partner of the probe agent is adapted to
bind to the target analyte.

46. The device of claim 45, wherein the target analyte is bound to the binding agent.
47.The device of claim 1, wherein there is a vent in the distal end of the detection

chamber.
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detecting presence of the probe agent the detection chanber via a
detecting agent. 55.The nethod of claimb54, the delivering of the
sanple to the device conprising delivering the sanple to the reaction
chanber through a fill chanber of the device. 56. The method of
claim55, wherein the delivering the sanple fluid to the fill chamnber
conprising a capillary action. 57. The nethod of claimb54, the

det ecti ng affenbe deminsr of saim 4R, wiprisia ey vest carbiBe offtned g tolesdndén oltal layes4,
t he vehi cl e, gdicel Ng at | east one copy of an activating agent,
wherei n one copy of the activating agent can activate at | east one

copy of thedieheeling,anent: 20, e imthad ol chol Dt shereln phe

novi ng of t e reac
chanber contpﬁqarsi:ﬁwgoiiipede\r@-a vent. 60. The nethod of claimb54,
further conprising quantifying electrical signals received fromthe

det ection cmmrdewwat &iaim tUheyvispgmithdl detebtiont BRintlepCbmbadts &i l@aal ol S

]‘3' Fg:agdent Oe act ro esC %pgggétiliigtalrt %Pecto cf:chFerp'i%af reacgtion in lijizei lcigt%te:[tolnr}:hgp'i ers anpl

51.The device of claim 50, wherein at least one of the electrodes is formed from an
electricaily conductive layer, and further wherein there is a break in the electrically
conductive layer that serves to define at least one edge of the electrode in the detection
chamber.

52.The device of claim 50, wherein at least one electrode comprises palladium,
platinum, gold, iridium, carbon, carbon mixed with binder, indium oxide, tin oxide or a

mixture thereof.

53. The device of claim 50, wherein a change in the amount of the probe agent in the
detection chamber is detectable via an electrochemical reaction in the detection

chamber.
54. A method of detecting a target analyte in a fluid sample, comprising:

delivering the fluid sample to a device, wherein the device comprises a reaction
chamber and a dstection chamber, the reaction chamber comprising a binding
agent and a probe agent, the probe agent comprising a binding partner and a

vehicle;

allowing a reaction to proceed in the reaction chamber between the binding
agent and the probe agent, wherein the presence of the target analyte in the fluid
sample at a concentration results in changes in the amount of probe agent
bound in the reaction chamber and in the amount of unbound probe agent,

wherein the changes are dependent on the conceniration of the target analyte;

moving the reacted sample fluid from the reaction chamber info the detection
chamber by capillary action such that the unbound probe agent moves to the

detection chamber; and
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detecting presence of the probe agent in the detection chamber via a detecting

agent.

55.The method of claim 54, the delivering of the sample to the device comprising

delivering the sample {o the reaction chamber through a fill chamber of the device.

56. The method of claim 55, wherein the delivering the sample fiuid to the fill chamber

comprising a capillary action.
57. The method of claim 54, the detecting agent comprises an apo-enzyme.

58.The method of claim 54, the vehicle comprising at least one copy of an activating
agent, wherein one copy of the activating agent can activate at least one copy of the

detecting agent.

59.The method of claim 54, wherein the moving of the sample from the reaction

chamber to the detection chamber comprising opening a vent,

60. The method of claim 54, further comprising quantifying electrical signals received
from the detection chamber, wherein the magnitude of the electrical signals is

dependent on the concentration of the target analyte in the sample fluid.
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