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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a device that
can be used to monitor concentrations of physiologically
relevant compounds.

BACKGROUND OF THE INVENTION

[0002] Monitoring in vivo concentrations of physiolog-
ically relevant compounds to improve diagnosis and
treatment of various diseases and disorders is a desira-
ble goal and would enhance the lives of many individuals.
Advances in this area show particular promise in the area
of facilitating adequate metabolic control in diabetics.
Currently, most diabetics use the "finger stick" method
to monitor blood glucose level, and patient compliance
is problematic due to pain caused by frequent finger
sticks. As a consequence, there have been efforts to de-
velop non-invasive or minimally invasive in vivoand more
efficient in vitro methods for frequent and/or continuous
monitoring of glucose in the blood or other biological flu-
ids.

[0003] The approaches to frequent and/or continuous
in vivomonitoring tend to fall into two general categories:
"non-invasive" and "minimally invasive." Noninvasive
monitoring determines analyte levels by directly tracking
spectroscopic changes in skin and tissue. Infrared radi-
ation and radio wave impedance spectroscopy are ex-
amples of this technology. Progress with these approach-
es has been slow due to the requirement for frequent
calibration, reproducible sample illumination, and vari-
ances in spectroscopic backgrounds between individu-
als. The "minimally invasive" approach avoids direct ex-
traction of blood from the body and relies on the moni-
toring of signal changes in biological fluids using an in-
termediate sensing element. Biosensors of this type are
devices capable of providing specific quantitative or
semi-quantitative analytical information using a biologi-
cal recognition element that is combined with a transduc-
ing (detecting) element

[0004] Most conventional systems for frequent or con-
tinuous analyte monitoring involve amperometric biosen-
sors that employ enzymes such as glucose oxidase
(GOx) to oxidize glucose to glucuronic acid and hydrogen
peroxide, generating an electrochemical signal. These
sensors are subject to inaccurate measurement due to
oxygen deficiency and buildup of oxidation by-products.
An accurate measurement of glucose concentrations re-
quires an excess of oxygen, which is generally not
present in human blood or interstitial fluid. Also, the elec-
trochemical reaction itself generates a buildup of oxida-
tion byproducts that may inhibit and degrade both the
enzyme and its protective layer.

[0005] Biosensors based on optical rather than elec-
trochemical signals have also been developed and may
offer significant improvements in stability and calibration.
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For example, referencing an analyte-dependent optical
signal against a second analyte-independent signal can
correct for sources of noise and instability in the sensor.
However, the potential of optical sensing for in vivo an-
alyte detection has not yet been realized. One reason for
this is that many current optical sensing methods rely on
enzymatic chemistry such as glucose oxidase. In one
common method, an oxygen-sensitive fluorescent dye is
used to monitor the consumption of oxygen by the GOx
enzymatic reaction. Although this is an optical biosensor,
with the fluorescence signal level varying with changing
oxygen levels, such a sensor is subject to the same prob-
lems as amperometric devices based on this same chem-
istry: oxygen deficiency and enzyme degradation.
[0006] To overcome the challenges associated with
enzyme sensing (e.g., GOx), whether electrochemical or
optical, non-enzymatic protein-based optical or fluores-
cent sensing is being explored. Labeled concanavalin A
and dextran have been used to create a competitive
FRET assay; however, this system requires entrapment
of both components, and the dynamic range of the assay
is limited. See Ballerstadt, R., Schultz, J.S.; "Competi-
tive-binding assay method based on fluorescence
quenching of ligands held in close proximity by a multi-
valent receptor." Anal. Chem. Acta 345 (1- 3): 203-212
(1997). See also, Russell, R.J., Pishko M.V., Gefrides
C.C.,McShane, M. J., Cote, G.L.; "Afluorescence-based
glucose biosensor using concanavalin A and dextran en-
capsulated in a poly(ethylene glycol) hydrogel" Anal.
Chem. 71 (15): 3126- 3132 (1999).

[0007] Another protein-based sensing chemistry uses
the Esherichia coli (E. coli) periplasmic receptor, glu-
cose-galactose binding protein (GGBP) to generate a flu-
orescence signal in response to glucose binding. See,
for example, Tolosa, L., I. Gryczynski, L. R. Eichhorn, J.
D. Dattelbaum, F. N. Castellano, G. Rao, and J. R. La-
kowicz; "Glucose sensor for low-cost lifetime-based
sensing using a genetically engineered protein" Anal. Bi-
ochem. 267: 114-120 (1999); Hellinga, H. W., and J. S.
Marvin; "Protein engineering and the development of ge-
neric biosensors." Trends Biotechnol. 16: 183-189
(1998); Salins, L. L., R A. Ware, C. M. Ensor, and S.
Daunert, "A novel reagentless sensing system for meas-
uring glucose based on the galactose/glucose-binding
protein" Anal Biochem 294: 19-26 (2001); and de Lorim-
ier, R. M., J. J. Smith, M. A. Dwyer, L. L. Looger, K. M.
Sali, C. D. Paavola, S. S. Rizk, S. Sadigov, D. W. Conrad,
L. Loew, and H. W. Hellinga. "Construction of a fluores-
cent biosensor family" Protein Sci. 11:2655-2675 (2002).
GGBP undergoes a substantial conformation change up-
on ligand binding, trapping the ligand between its two
globular domains. See, for example, Shilton, B. H., M.
M. Flocco, M. Nilsson, and S. L. Mowbray; "Conforma-
tional changes of three periplasmic preceptors for bac-
terial chemotaxis and transport: the maltose-, glucose/
galactose- and ribosebinding proteins" J. Mol. Biol. 264:
350-363 (1996). By site-specifically labeling the protein
with an environmentally sensitive fluorophore this at-
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tribute can be exploited to generate a fluorescent signal.
See, for example, Salins, L. L., R. A. Ware, C. M. Ensor,
and S. Daunert; "A novel reagentless sensing system for
measuring glucose based on the galactose/glucose-
binding protein" Anal Biochem 294: 19-26 (2001). Be-
cause GGBP neither consumes glucose nor generates
reaction products, it can be used as areagentless sensor.
This may provide greater accuracy and reliability than
amperometric biosensors.

[0008] A biosensor device corresponding to the first
part of claim 1 is disclosed in WO 00/74763 A2. This
device is provided for delivery of drugs across biological
tissue and for controlled sampling of biological fluids in
minimally-invasive, painless, and convenient manner.
The device includes an upper portion or substrate from
which a plurality of microneedles protrude. The micro-
needle device includes an integrated chemical sensor or
biosensor. The analyte sensing system can include en-
zymes that react with the analyte of interest and either
electrochemical or optical transducers that measure the
content of reaction.

[0009] US 2003/0134346 A1 discloses a composition
of mutated binding proteins containing reporter groups,
for using in analyte biosensor devices. A glucose biosen-
sor comprises at least one mutated binding protein and
at least one reporter group attached thereto for providing
a detectable and reversible signal change when said mu-
tated binding protein is exposed to varying glucose con-
centrations.

[0010] The paper of GE Xudong et al ["DUAL-LA-
BELED GLUCOSE BINDING PROTEIN FOR RATIO-
METRIC MEASUREMENTS OF GLUCOSE" ANALYTI-
CAL CHEMISTRY, AMERICAN CHEMICAL SOCIETY.
COLUMBUS, US, vol. 76, no. 5, 1 March 2004
(2004-03-01), pages 1403-1410, XP001196709 ISSN:
003-2700] describes a highly sensitive glucose monitor-
ing comprising a glucose binding protein.

[0011] US2003/0153026 A1 of the applicant company
discloses a biosensor containing mutated binding pro-
teins containing reporter groups, wherein mutated GG-
BPs are contained in a binding matrix.

[0012] While a number of groups have developed GG-
BP mutations capable of responding to glucose in the
physiological range, there have been no reports of a func-
tional biosensor device based on binding protein tech-
nology that is suitable for in vivo or in vitro analyte mon-
itoring. A functional frequent and/or continuous biosen-
sor must couple the sensing element to the optical sens-
ing elements while maintaining sensor integrity and func-
tionality as well as patient comfort. For example, the bi-
ological recognition element and accompanying trans-
ducing element should preferably be incorporated within
biocompatible material that shields the sensing element
from the immune system, permits analyte diffusion in and
out, and avoids leaching of the sensing element into the
patient blood or other biological fluid (e. g., interstitial
fluid). Since binding proteins require orientational control
and conformational freedom to enable effective use,
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many physical absorption and random or bulk covalent
surface attachment or immobilization strategies as
taught in the literature generally are either suboptimal or
unsuccessful. Further, a means forinterrogating the sam-
ple with light in a reproducible and/or controlled fashion
must be devised.

[0013] One approach generally know is to couple the
sensing element to one end of an optical fiber and to
couple the optical elements such as excitation sources
or detectors to the other end. Howewer, coupling of bind-
ing proteins to one end of an optical fiber is subject to
the above-mentioned challenge of preserving conforma-
tional and/or orientational mobility of the protein. In ad-
dition, fiber optic cabling is often impractical from a pa-
tient-use point of view since patients may need to remove
or replace the sensor periodically. Replacement of the
entire fiber can be costly and inconvenient. Finally, the
optical system, comprising, e.g., excitation sources, de-
tectors, and other optical elements must be sufficiently
robust to tolerate or correct for changes in optical align-
ment due, for example, to patient motion or drift of the
electronics in the optical reader. The optical system must
also be sufficiently sensitive to detect signal from reporter
dyes without relying on high on power consumption
and/or large-sized elements that would reader the sys-
tem unportable and hence unwearable.

SUMMARY OF THE INVENTION

[0014] It is an object of the invention to provide a bio-
sensor device for sensing a target analyte in a sample
that incorporates in its sensing element a binding protein
with conformational and/or orientational mobility, cou-
pled to optical sensing elements that provide a wearable
and robust device.

[0015] The biosensor device of the invention is com-
prising a plurality of needles having a proximal end and
a distal end and being attached to a single mount, and
at least one needle comprising a sensing element at-
tached to the inner surface of the needle. It is character-
ized in that said sensing element comprises at least one
periplasmic binding protein adapted to bind with at least
one target analyte and at least one reporter group asso-
ciated with the binding protein, wherein the reporter
group is adapted to undergo a luminescence change up-
on binding of the binding protein to the target analyte,
wherein an optical fiber having a proximalend and a distal
end is housed at least partially within the needle and the
polymeric matrix is covalently attached to the distal end
of the optical fiber via reactive groups on the polymeric
matrix.

[0016] The invention relates further to a method of
making a biosensor device for sensing a target analyte
in a sample comprising:

providing a needle having a proximal end and a distal
end including a beveled tip;
inserting adistal end of an optical fiber into the needle
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cannula;

providing polymeric matrix which entraps a sensing
element or to which a sensing element is attached,
and which polymeric matrix is covalently attached to
the distal end of the optical fiber, wherein the sensing
element (6) comprises at least one luminescent la-
beled periplasmic binding protein adapted to under-
go a luminescence change upon binding of the bind-
ing protein to the target analyte.

[0017] The present invention relates to a device for
sensing the concentration of a target analyte in a sample.
The sample may be blood, saliva, tears, sweat, urine,
cerebral spinal fluid, lymph fluid, interstitial fluid, plasma,
serum animal tissue and media. The device generally
comprises: (i) an optical conduit having a proximal end
and a distal end; and (ii) a sensing element in optical
proximity to the distal end of the optical conduit that com-
prises at least one binding protein that is adapted to bind
with at least one target analyte; said sensing element
also comprising at least one reporter group.

[0018] The optical conduit, which may vary in length
from approximately 0.1 cm to 1 meter, couples light into
and out of an optical system and into and out of the sens-
ing element. For example, the optical conduit may be a
lens, a reflective channel, a needle; or an optical fiber.
The optical fiber may be either a single strand of optical
fiber (single or multimode) or a bundle of more than one
fiber. The bundle of fibers may be bifurcated. The fiber
may be non-tapered or tapered so that it can penetrate
the skin of a patent

[0019] An optical system may be connected to the
proximal end of the optical conduit. The optical system
consists of acombination of one or more excitation sourc-
es and one or more detectors. It may also consist offilters,
dichroic elements, a power supply, and electronics for
signal detection and modulation. The optical system may
optionally include a microprocessor.

[0020] The optical system interrogates the sample ei-
ther continuously or intermittently by coupling one or
more interrogating wavelengths of light into the optical
conduit. The one or more interrogating wavelengths then
pass through the optical conduit and illuminate the sens-
ing element. A change in analyte concentration results
in a change of the wavelength, intensity, lifetime, energy
transfer efficiency, and/or polarization of the lumines-
cence of the reporter group, which is a part of the sensing
element. The resulting changed luminescence signal
passes back through the optical conduit to the optical
system where it is detected, interpreted, and stored
and/or displayed. The optical system may comprise mul-
tiple excitation sources. One or more of these sources
may be modulated to permit dynamic signal processing
of the detected signal, thereby enhancing signal-to-noise
and detection sensitivity. Modulation may also be used
toreduce power consumption by the device orto increase
the lifetime of the sensing element by minimizing unde-
sirable phenomena such as photobleaching. The optical
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system can also include one or more electromagnetic
energy detectors that can be used for detecting the lu-
minescence signal from the reporter and optional refer-
ence groups as well as for internal referencing and/or
calibration. The overall power consumption of the optical
system is kept small to permit the device to be operated
using battery power.

[0021] The sensing element comprises one or more
binding proteins that are adapted to bind with atleast one
target analyte, and at least one reporter group. A suitable
binding protein may be any that is adapted for use as a
biosensor. For example, the suitable binding protein may
be any one of those described in co-pending, commonly
owned U.S. Patent Application Publication No.
2003/0153026; U.S. Patent Application Publication No.
2003/0134346; U.S. Patent Application Publication No.
2003/0130167; and U.S. Patent Application Serial No.
10/721,091 for "Compositions and Methods for Measur-
ing Analyte Concentrations" to Terry Amiss, et al. filed
on November 26, 2003. Suitable binding proteins may
also be any one of those described in US. Patent No.
6,277,627, U.S. Patent No. 6197534, or WO 03/060464
A2.

[0022] The reporter group, which is associated with
the binding protein, is adapted to undergo a lumines-
cence change upon binding of the binding protein to the
targetanalyte. As used herein, the term "associated with"
means that the reporter group is covalently or non-cov-
alently associated with the binding protein such that upon
binding of a target analyte to the binding protein, there
is a change in the reporter group’s luminescence prop-
erties such as wavelength, intensity, lifetime, energy
transfer efficiency, and/or polarization. Examples of re-
porter groups include, but are not limited to, organic dyes,
pairs of organic dyes, fluorescent or bioluminescent fu-
sion proteins, pairs of fluorescent or bioluminescent fu-
sion proteins, or any combination of the above. The re-
porter group may consist of a donor and acceptor under-
going fluorescence resonance energy transfer. Other lu-
minescent labeling moieties include lanthanides such as
europium (Eu3+) and terbium (Tb3+), as well as metal-
ligand complexes, including those of ruthenium [Ru (11)],
rhenium [Re(l)], or osmium [Os (11)], typically in complex-
es with diimine ligands such as phenanthrolines.
[0023] The sensing element is in optical proximity to
the optical conduit. "Optical proximity" means that com-
ponents of the device are close enough to one another
such that an optical signal can be transmitted to or re-
ceived from one object by another. The sensing element
may be placed in optical proximity to the optical conduit
in a number of ways, for example: attached directly to
the optical conduit; attached to a connector that is at-
tached to the optical conduit; attached to a polymer chain
or a polymer matrix that is attached to the optical conduit;
or attached to a polymer chain or a polymer matrix that
is attached to a connector that is attached to the optical
conduit. The sensing element may be permanently af-
fixed to the optical conduit or replaceably attached such
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that the sensing element can be replaced conveniently
and economically.

[0024] The sensing element may further comprise one
or more reference groups. Unlike the reporter group, the
reference group has a luminescence signal that is sub-
stantially unchanged upon binding of the target analyte
to the binding protein. "Substantially unchanged" means
the luminescence change of the reference group is sig-
nificantly less than the luminescence change undergone
by the reporter group. The reference group, which can
consist of luminescent dyes and/or proteins, is used for
internal referencing and calibration. The reference group
can be attached to any number of components of the
device including the sensing element, a binding protein
not containing the reporter group, the polymer matrix, the
polymer chain, a biomolecule thatis not a binding protein,
the optical conduit, or a tip.

[0025] The sensing element (typically this refers to the
binding protein with the associated reporter group and
optional reference group) may be attached directly to the
distal end of the optical conduit using for example cova-
lent, ionic, or van der Waals interactions, dip coating,
spin coating, plasma coating, or vacuum deposition. The
sensing element may also be attached to a connector,
which allows the sensing element to be readily detach-
able so that it becomes replaceable.

[0026] The sensing element is attached to or immobi-
lized in a polymeric matrix. As used herein, the term "ma-
trix" may be any two dimensional or three-dimensional
structure that is permeable to an analyte. The matrix may
optionally prevent substantial interference from other bi-
omolecules and may be substantially biocompatible. The
matrix allows the binding protein to retain some degree
of conformational and/or orientational mobility. The ma-
trix may consist of multiple layers, with an inner layer
serving to retain the binding protein, and one or more
outer layers to control the permeability and/or achieve
biocompatibility. For example, the polymer matrix may
be any one of those described in co-pending, commonly
owned U.S. Application 10/428,295, filed May 2, 2003.
The immobilization is accomplished by covalently linking
the sensing element to the polymer matrix. The polymer
matrix physically entraps the sensing element, the matrix
pores are sized to retain the sensing element. The sens-
ing element is attached to the matrix using, for example,
covalent or ionic linkage. The polymer matrix can be at-
tached to the distal end of the optical conduit.

[0027] The device further comprises a tip (either ta-
pered or non-tapered) that is designed to pierce the skin
to allow the sensing element to contact body fluids in the
intradermal or subcutaneous space. Preferably, the tip
is disposable. The tip maybe made of plastic, steel, glass,
polymer, or any combination of these or similar materials.
The tip may be attached directly to the optical conduit
(fiber) using adhesives or a mechanical fitting. The tip
may also be used to house the optical conduit containing
the sensing element, such that it encases the optical con-
duit and sensing element. The sensing element may be

10

15

20

25

30

35

40

45

50

55

contained within the tip.

[0028] The device may further comprise a connector
that may be used to attach the components of the device
to one another. The connector may be, for example, any
mechanical device, such as standard fiber optic connec-
tors, luer locks, plastic, metal, or glass sleeves, or spring-
loaded housings. For instance, the connector may be
used to attach the sensing element to the optical conduit,
or to attach the optical conduit to the optical system. The
primary purpose of the connector is to provide a compo-
nent that allows the other components to be readily de-
tachable so that the component becomes replaceable.

BRIEF DESCRIPTiION OF THE DRAWINGS

[0029] The invention will be more readily understood
with reference to the attached drawing figures, in which:

Figure 1 is a generalized schematic of a biosensor;

Figure 2 illustrates two possible optical configura-
tions in the optical portion of the sensor;

Figure 3 illustrates various biosensor tips;

Figure 4 illustrates an embodiment not belonging to
the invention that is a wearable in vivo optical bio-
sensor;

Figure 5 is a chart showing the performance of a
fiber optic biosensor tracking changing glucose lev-
els in an anesthetized pig;

Figure 6 is a chart showing the performance of a
fiber optic biosensor using a single 400 micron core
fiber optic sensor and the optical configuration illus-
trated in Figure 2A;

Figure 7 shows the performance of a fiber optic bi-
osensor using a single 400 micron core fiber optic
sensor and the optical configurationillustrated in Fig-
ure 2A;

Figure 8 illustrates an example including a multiple
detector and an internal reference;

Figure 9 is a chart showing the performance of an
example of a biosensor constructed in accordance
with Example 5;

Figure 10 is an exploded view of an example of a
biosensor constructed in accordance with Example
6; and

Figure 11 is a chart showing the performance of an
example of a biosensor constructed in accordance
with Example 7.
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[0030] Throughoutthe drawing figures, it should be un-
derstood that like numerals refer to like features and
structures.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0031] The preferred embodiments of the invention will
now be described with reference to the attached drawing
figures. The following detailed description of the invention
is not intended to be illustrative of all embodiments.
[0032] The present invention involves a binding-pro-
tein engineered to bind an analyte of interest within a
desired clinical or analytical range. In addition, one or
more luminescent reporter groups are associated with
the binding protein. These luminescent reporter groups
include but are not limited to, for example, organic aro-
matic dye molecules covalently coupled to cysteine res-
idues in the protein or, for example, luminescent biomol-
ecules such as proteins fused to the engineered binding
protein. Cysteine or other amino acid groups may be en-
gineered into the binding protein to provide sites of at-
tachment for the luminescent reporter molecule. Binding
of the analyte to the binding protein results in a change
in the luminescent properties of one or more reporter
groups. The luminescent property affected may be the
absorption or emission wavelength, absorption or emis-
sion intensity, emission lifetime, emission polarization,
and/or energy transfer efficiency. Binding of the analyte
is also reversible, with the unbinding resulting again in a
change in the luminescent properties of the reporter mol-
ecule.

[0033] The one or more binding proteins along with
their associated reporter groups comprise the sensing
element Optionally, the sensing element may also con-
tain one or more reference groups. Unlike the reporter
group, the reference group has a luminescence signal
that is substantially unchanged upon binding of the target
analyte to the binding protein. The luminescence signal
from the reference group provides an internal optical
standard that can be used to correct for optical artifacts
due to for example electronic drift in the optical system
or to motion of the sample or optical conduit. The refer-
ence group can also be used for calibration. The refer-
ence group can be attached to any number of compo-
nents of the device including the sensing element, a bind-
ing protein not containing the reporter group, the polymer
matrix, the polymer chain, a biomolecule that is not a
binding protein, the optical conduit, or the tip. In one em-
bodiment, the reference group is attached to a binding
protein that has been engineered to show no significant
response to the analyte at physiologically relevant con-
centrations.

[0034] The sensing element, comprising one or more
binding proteins, one or more reporter groups, and op-
tional reference groups, may be immobilized at the end
of the optical conduit or inside a disposable tip that inter-
faces with the optical conduit. Immobilization of the sens-
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ing element in the optical conduit or inside the disposable
tip may be accomplished by depositing a thin layer of the
sensing element, for example, by dip or spin coating,
covalent attachment, plasma treatment, and the like di-
rectly onto the optical conduit or tip. Alternately, the sens-
ing element can be firstimmobilized in a polymeric matrix
and the matrix then attached to the optical conduit, or tip
by covalent interactions.

[0035] The optical system is capable of interrogating
the luminescent response of the reporter and reference
groups by passing light from an electromagnetic excita-
tion source down the optical conduit to the distal end
containing the sensing element The optical system also
monitors and interprets the return signals generated by
the luminescence response of the reporter group and
reference group. The luminescent properties of the re-
porter group, either wavelength, intensity, lifetime, ener-
gy transfer efficiency, or polarization, change inresponse
to analyte binding or unbinding from the binding protein.
[0036] Now with reference to Figure 1, a specific ex-
ample will be described. The optical system 2 includes
a combination of elements including but not limited to
electromagnetic energy emitters, electromagnetic ener-
gy detectors, various mirrors, filters, electronics, holo-
graphic optics, dichroic elements, and optical standards
needed to send interrogating radiation from the electro-
magnetic energy emitter down the optical conduit to the
sensing element and then to resolve and interpret the
return luminescent signal. The return luminescent signal
from the reporter group changes in response to changing
concentrations of the analyte to be detected. The optical
system 2 may also comprise a computer or microproc-
essor 3 which handles signal processing, mathematical
manipulation of one or more signals, and data storage
and handling. The computer or microprocessor 3 may be
in physical contact with the other components of the op-
tical system or, preferably, may be physically separated
by up to several meters from the other components of
the optical system. Information from the electromagnetic
energy detectors and electronic processing elements in
the optical system is then communicated wirelessly to
the computer or microprocessor 3. The computer or mi-
croprocessor 3 may also store calibration information
specific to the sensing element. Light of one or more
wavelengths produced in the optical system 2 is chan-
neled down an optical conduit 4 to the sensing element
6. Optical conduit 4 may be either an optical fiber or a
short lightguide that transmits light with minimal loss. The
sensing element 6 consists of one or more binding pro-
teins with one or more associated luminescent reporter
groups eitherimmobilized in a polymeric matrix, attached
to a polymer chain, incorporated in a disposabile tip, at-
tached directly to the distal end of the optical conduit, or
attached to a connector. The sensing element 6 can also
consist of additional luminescent reference groups that
are optionally attached to biomolecules, polymers, or or-
ganic molecules for the purpose of providing a reference
or calibration signal. Sensing element 6 is attached to
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the distal end of optical conduit 4 via a polymer matrix.
[0037] Figure 2is an enlargement of the optical system
2 in two typical embodiments. In Figure 2A, a dichroic
mirror or beamsplitter 11 is used to direct light from an
electromagnetic energy source 7 to the optical conduit
4. Excitation sources may consist of, but are not limited
to, for example arc lamps, laser diodes, or LBDs. In this
embodiment, the optical conduit 4 is a fiber optic cable,
and the same fiber is used to transmit excitation light from
electromagnetic energy source 7 to the sensing element
6 and also to transmit the luminescence signals from the
reporter or reference groups back to the optical system
2. A dichroic element 11 preferably separates the return
signal from the excitation light and directs the signal to
electromagnetic energy detectors 8. Detectors may con-
sist of, but are not limited to, for example, photodiodes,
CCD chips, or photomultiplier tubes. In the event that
multiple luminescent signals are returned from the sens-
ing element, additional dichroic elements may be used
to direct portions of the return signals to multiple detec-
tors. Preferably, a luminescent reference group that is
analyte insensitive is included along with the analyte-de-
pendent reporter molecule to provide a reference signal.
This reference signal can be used, for example, to correct
for optical or electronic drift.

[0038] Figure 2B illustrates a second embodiment in
which a bifurcated optical bundle or fused optical fiber
arrangement is used to transmit light to and from the
sensing element. Here, light from excitation source 7 is
transmitted down one arm of the bifurcated fiber bundle.
Return luminescent signals from the sensing element are
detected using the second arm of the bifurcated fiber, so
that in this case the fiber bundling serves to separate
excitation from return luminescence. Dichroic optics,
beamsplitters, or polarizers may additionally be used to
further divide the return luminescence, based for exam-
ple on wavelength or polarization. Optionally, bandpass
filters 12 can be used to select the luminescent wave-
length to be detected. Power supply 9 supplies power to
the optical system 2.

[0039] Figure 3 illustrates various representative
methods or means of attaching the sensing element 6 to
the end of an optical conduit 4, when, for example, the
optical conduit comprises an optical fiber. One skilled in
the art will recognize that in all of the representative at-
tachment methods shown in Figure 3, attention must be
given to design considerations such as obtaining suffi-
cient or intimate contact between the sensing element 6
and the optical fiber 4, preventing delamination of the
sensing element 6 from the optical fiber in operation to
ensure that light is efficiently transmitted to and from the
sensing element 6. Furthermore, maintaining the integ-
rity of the sensing element during operation is important
toensure thatareliable signal response may be obtained.
For example, when used in vivo sensing element 6 may
be subject to various environments which may cause
shrinkage; swelling, deterioration, or negatively impact
other desirable functional characteristics including signal
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intensity, luminescence, response time, etc. Thus, opti-
mal attachment methods or means may vary depending
on the characteristics, configuration, and dimensions of
the particular sensing element or particular application.
Although Figure 3 generally depicts the distal end 10 of
optical fiber 4 as a flat surface at a right angle to the axis
of optical fiber 4, the distal end 10 may be a complex/
compound/curved surface and/or may be tapered or an-
gled with respect to the axis. The attachment methods
shown in Figure 3 may be used either individually or in
combination.

[0040] The sensing element6 may be attached directly
to the distal end 10 of the optical fiber 4 using covalent
interactions. Referring to Figure 3A, the sensing element,
comprising the binding proteins, associated reporter
groups, and optional reference groups, can be attached
to a polymer 13, such as for example a monolayer or long
chain polymer, and the polymer 13 attached directly to
the distal end 10 of the optical fiber 4 using for example,
dip or spin coating, plasma coating, vacuum deposition,
covalent, ionic, or van der Weals interactions, ink jet tech-
nology, or combinations thereof.

[0041] Referring to Figure 3B, the sensing element 6
may be immobilized in a polymeric matrix 14 and the
polymer matrix 14 is attached to the distal end 10 of the
optical fiber 4 using covalent interactions. Reactive
groups of the polymer matrix 14 and protein may be used
to covalently bond the sensing element 6 directly to the
optical fiber 4, such as for example by introducing amine
groups on the distal tip or surface 10 of a glass or silica
fiber. Matrix 14 is preferably configured and dimensioned
to optimize signal transmission or signal magnitude ver-
sus response time. In this regard, the height or distance
15 that matrix 14 extends from the distal surface 10 of
optical fiber 4 is between about 5 microns or less to about
1 mm. For example, in one exemplary operation the re-
sponse time was about 3 seconds when matrix height 15
was about 50 microns. Generally, as matrix height 15 is
lessened, a shorter response time is achieved, however
the signal response time may vary depending on other
conditions, such as, for example, the exact dimensions,
hydration state, or the particular application. The distal-
most surface 16 of matrix 14 may include a reflective or
light scattering material layer with the light reflecting sur-
face facing optical fiber 4 to improve luminescence and/or
amplify the return signal. In one variation, the reflective
material layer may comprise a plasma or sputter coating
or a thin film light scattering surface attached to matrix
14. Light reflecting particulate matter may be dispersed
throughout the matrix to increase the light scattering ef-
fect.

[0042] Referring to Figure 3C, a plastic or polymer
sleeve 17 may be positioned over the distal end of the
optical fiber 4 to house and/or protect the sensing ele-
ment (not shown). The sensing element may be en-
trapped in or attached to a polymer matrix as shown in
Figure 3B. The polymer matrix, either containing the
sensing element or without, can be introduced into the
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sleeve either by injection, pouring, or dipping and can
then be cross-linked or polymerized within the sleeve 17.
If the polymer matrix is introduced into the sleeve without
the sensing element, the sensing element may be sub-
sequently introduced or diffused into the polymer matrix
to entrap, bind or covalently attach the sensing element
to the matrix. Alternatively, the sensing element 6 may
be polymerized within the sleeve 17 prior to insertion of
the optical fiber 4. In operation, sleeve 17 including sens-
ing element 6 and optical fiber 4 may be implanted in
vivofor continual or episodic use. When sensing element
6 is positioned within sleeve 17, sleeve 17 may be re-
movably coupleable to optical fiber 4 and optical fiber 4
may be removably insertable into and out of sleeve 17
such that all or part of sleeve 17 may remain in vivo and
optical fiber 4 may be inserted and removed as desired
for episodic use. Different housings may be used in place
of sleeve 17.

[0043] Referring to Figure 3D, the optical fiber 4 is held
within the inside of a needle 18. As used herein, the term
"needle" includes but is not limited to micro-needle. The
needle 18 may have a modified distal end 19 such as a
bevel 20 to control piercing depth and/or one or more
side ports to permit access of the analyte to the sensing
element 6 contained in needle 18. The sensing element
6 may be positioned inside the needle 18 such that it may
be attached directly to optical fiber 4 using any of the
methods described in the discussion of Figures 3A, 3B,
or 3C or, alternatively, may have only mechanical contact
with optical fiber 4. The distal end of needle 18 may be
crimped to mechanically fix sensing element 6 to needle
18. The external diameter 23 of optical fiber 4 is between
about 50 - 400 microns, preferably between about 50 -
200 microns and the internal diameter 27 of needle 18
is dimensioned slightly larger than the external diameter
23 to accommodate the insertion of optical fiber 4 into
needle 18. In one variation, needle 18 may be mechan-
ically fixed to optical fiber 4 by, for instance, friction fit or
crimping needle 18 onto optical fiber 4. Optical fiber 4
may be chemically fixated inside needle 18 by glue or
any other suitable means known to those skilled in the
art. In this regard, a biosensor tip assembly including a
needle with an integrated optical fiber and sensing ele-
ment may be manufactured to be disposable for episodic
use or may remain in vivo for continual use. Optical fiber
4 may be removably insertable into and out of needle 18
such that needle 18 may remain in vivo and optical fiber
4 may be inserted and removed as desired for episodic
use. The proximal end 28 of needle 18 includes an optical
coupling member configured and dimensioned to receive
an attachable optical component thereto for instance to
connect or interface to an optical system such as that
shown in Figures 2A or 2B. Needle 18 may be a straight
needle, although in alternate embodiments needle 18
may be have one or more bends or bending portions
anywhere along its length. Furthermore, in another alter-
native form shown in Figure 3E, the distal end of needle
18 may include a bent tip portion 29 at distal end 19 ex-
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tending distally beyond and adjacent to matrix 14 and
may include a reflective, or light scattering surface or
layer 30 with the light reflecting surface facing optical
fiber 4 to improve luminescence and/or amplify the return
signal. Referring to Figure 3F, another version of aneedle
assembly is shown wherein the distal end 19 of needle
18 includes one or more ports or holes 31 through which
the analyte may flow or migrate to permit access of the
analyte to the sensing element 6 contained in needle 18.
[0044] Figure 4 shows an exemplary embodiment of a
wearable optical biosensor not according to the inven-
tion. In this embodiment, the tip body 21 comprises a
steel needle approximately 1-10 mm in length containing
within it the sensing element 6 immobilized or fixed onto
an optical fiber 22. The fiber 4, sensing element 6, and
needle 21 are positioned in amount 24. The tip body or
needle 21, containing the optical fiber 4 and the sensing
element 6, is inserted perpendicularly into the skin of a
patient so that the sensing element 6 resides in either
the intradermal or subcutaneous space. In an exemplary
embodiment, needle 21 is fixedly mounted on a mount
24 suchthatacontrolled insertion depth may be obtained.
In this regard, needle 21 preferably extends into the skin
of a patient a distance between about 0.1 mm to about
10 mm, most preferably between about 1mm to about 2
mm. Adhesive ring 25 then holds the mount plus needle
assembly in place. The optical system 2 then clamps
over the mount plus needle assembly, with the connector
26 interfacing the optical fiber 22 with the optical system
2. The optical reader can also be separated from the
platform by, for instance, approximately 0.02 - 1 meter
and connected to the rest of the system with an optical
fiber. The optical system can be designed, for example,
according to either optical embodiment shown in Figures
2A. or 2B. Excitation sources may consist of, but are not
limited to, for example arc lamps, laser diodes, or LBDs.
Detectors may consist of, but are not limited to, for ex-
ample, photodiodes, CCD chips, or photomultiplier
tubes. Deviations from Fig. 4 a plurality of tip bodies or
needle assemblies 21 is attached to a single mount 24.
In this regard the tip bodies or needle assemblies may
be configured to test multiple analytes wherein each nee-
dle assembly is configured to test a single analyte. In
another embodiment, tip bodies or needle assemblies
may be attached to mount 24 such that a drug may be
delivered through at least one tip body or needle assem-
bly. Thus, a drug delivery system may be designed such
that a proper dosage of drug may be calculated based
upon the testing of an analyte and delivered via a tip body
or needle assembly attached to the same biosensor
mount 24. In this embodiment, the tip body or needle
assembly used for drug delivery may comprise one or
more ports to deliver the drug therethrough. Inyetanother
embodiment, a temperature probe may be contained
within, adjacent to, or attachedto at least one tip body or
needle assembly. This temperature probe could be, for
example, athermocouple or an optical temperature mon-
itor using, for example, a temperature sensitive fluoro-
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phore. In another variation, the biosensor tip can be in-
corporated into a wearable patch device, wherein the
proximal end of the tip body is attached to a patch and
the patch is configured and dimensioned to be worn on
the exterior skin of the patient. In another embodiment,
the biosensor tip may be incorporated into a watch,
wherein the proximal end of the tip body is attached to a
watch and the watch is configured and dimensioned to
be worn on the exterior wrist area of the patent.

[0045] In all of the aforementioned examples, the as-
sembled fiber and sensing element or manufactured tip
device is sterile. In this regard, "sterile" means essentially
free of microorganisms or bacteria. In one method of
manufacture, the assembled components may be steri-
lized periodically after each step of manufacture. For ex-
ample, in the example shown in Figure 3C, the sleeve
may be sterilized after each step of manufacture ultimate-
ly ending in an aseptically packaged device. Alternative-
ly, the assembled fiber and sensing element or manu-
factured tip device can be sterilized in a terminal step.
[0046] The following examples illustrate certain pre-
ferred examples and are merely intended to be illustra-
tive. Labeled mutated binding proteins with fluorophore
reporter probes are used herein in accordance with the
procedure set forth by Cass et al., Anal. Chenz. 1994,
66, 3840-3847, or as otherwise described.

EXAMPLE 1

[0047] According to one example, glucose galactose
binding protein (GGBP) was used with a triple mutation
including a cysteine substituted for an glutamic acid at
position 149, an arginine substituted for an alanine at
position 213 and a serine substituted for leucine at posi-
tion 238 (E149C/A213R/L238S). The protein was labeled
at the 149 position with N,N- dimethyl-N-(io-
doacetyl)-N’-(7-nitrobenz-2-oxa- 1,3 -diazol-4-yl)ethyl-
enediamine (IANBD amide)oxy. This mutated GGBP
(E149C/A213R/L238S) is specific for glucose, and the
reporter group undergoes a fluorescence intensity
change in response to glucose binding.

[0048] A multicoated or multilayer matrix was prepared
as follows. A core matrix was formed by mixing 1 part
luminescent or dye-labeled binding protein (15uMin PBS
buffer, pH 7.4, prepared as described in
PCT/US03/00203) with 2 to 4 parts 3 wt % alginate (v/v)
in a scintillation vial and vortexing at slow speed. 3 mL
of the resulting protein-alginate mixture was placed in a
syringe and infused at a rate of 10 mL/hr into 200 ml of
1 M CaCl, on a mixer, thereby forming beads of about
0.4 to 1.5 mm in diameter. The beads were mixed in
CaCl, solution on the mixer for 15- 60 minutes. A con-
tainment layer was then formed by placing the beads
from above in a solution of poly-L-lysine 0.01 %w/v in
water, approximately 10 mL, for 1 hour, then drying the
poly-lysine coated beads on an absorbent towel for 15
to 30 minutes. At this point the sensor was ready to be
used.
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[0049] The fiber used in this example was a bifurcated
fiber optic. It contained six 400um fibers arranged around
a central 400 um fiber. The six fibers were used as the
excitation conduit and the central fiber as the detection
conduit. The total diameter of the fiber was 1.4 mm. Once
the fiber was polished, Loctite 401 1medical grade glue
was used to adhere the sensing element to the distal end
of the fiber optic. The proximal end of the fiber was bifur-
cated, with one arm going to an excitation source and
the other arm going to a detector. A 470 nm LED was
used as the excitation source, and a commercial fluores-
cence spectrometer was used as the electromagnetic
energy detector. The emission intensity at 540 nm was
then measured.

[0050] In atrial, the distal end and sensing element of
a biosensor formed in this manner was inserted through
a 13 gauge needle into the side of an anesthetized pig,
approximately 1-2 mm under the skin. Alternating solu-
tions of lactated ringer’s with and without 10% dextrose
were infused through the ear vein of the pig to increase
and decrease the pig’s glucose levels in a controllable
fashion. Atintervals, blood samples were pulled from the
vena cava of the pig through a throat catheter, and blood
sugar readings were tested on a handheld blood glucose
meter. The fluorescence intensity of the biosensor was
observed to track changing glucose levels in the anes-
thetized pig, as shown in Figure 5.

EXAMPLE 2

[0051] Inanotherexample, the binding protein was glu-
cose galactose binding protein (GGBP), with a cysteine
substituted for an glutamic acid at position 149, an ar-
ginine substituted for an alanine at position 213 and a
serine substituted for leucine at position 238
(E149C/A213R/L238S). The protein was labeled at the
149 position with N,N’-dimethyl-N-(iodoacetyl)-N’-(7-ni-
trobenz-2-oxa- ,3-diazol-4-yl)ethylenediamine (IANBD
amide). The biosensor was prepared by inserting the tip
of a 400 micron core diameter fiber into a short piece of
catheter tubing, and allowing the catheter tubing to over-
hang the fiber tip by 0.1 - 1 mm. The fiber comprised a
silica core, silica cladding, and polyimide buffer. The fiber
diameter was 400/440/470 microns, where the slashes
denote diameters measured from the core cladding buff-
er exteriors.

[0052] The immobilization matrix was a crosslinked al-
ginate-based hydrogel, prepared by covalently crosslink-
ing Pronova™ UP LVG alginate through the carboxyls
with adipic acid dihydrazide (AAD) via carbodiimide
chemistry. Pronova™ UP LVG was selected in this ex-
ample for its low viscosity and high guluronic to man-
nuronic ratio. A 2% alginate solution was prepared by
dissolving 1 gram of alginate in 50 mL 0.1 M MES buffer
(pH 6.5) and then adding 110 mg of AAD and 79 mg of
hydroxybenzotriazole (HOBt). The solution was stored
at 4°C until used. To the alginate solution, 145 mg of 1-
ethyl-3- (3-dimethylamino-propyl) carbodiimide (EDC)
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was added per 10 mL of solution, using a dual-syringe
mixing technique. The alginate, AAD, HOBt, EDC mixture
was aspirated into a 1 mL syringe, and a blunt 30 gauge
needle was attached to the syringe. The needle was
primed, and then the tip was inserted into the catheter
tubing mold on the optical fiber. The catheter tubing on
the fiber was filled, ensuring good contact between the
tip of the fiber optic and the alginate matrix. The matrix
was allowed to cross-link for 15 minutes, and then the
fiber tip and matrix assembly were transferredto a 0.1M,
6.5 pH MES solution, where they were stored for 2 hours.
At the end of the two hours, the sensing tips were placed
in excess phosphate buffer solution (PBS, 0.0027 M po-
tassium chloride, 0.137 sodium chloride, pH 7.4 where
they were stored a minimum of 30 minutes to quench the
reaction.

[0053] To attach binding protein, the tips were incubat-
ed in a solution of labeled GGBP in PBS buffer [NBD-
E149C/A213R/L238S GGBP] (53 uM, 50 uL) for approx-
imately 8 hours. The sensors were protected from ambi-
entlight during incubation. After 8-24 hours of incubation,
50 uL of EDC/NHS (200 mM/50/0 mM) was then added
to the incubation tube. After 40 minutes, the sensor tips
were removed and placed in 50 uL of 1M, pH 8.5 eth-
anolamine to quench the reaction. After 20 minutes in
the ethanolamine solution, the sensor tips were trans-
ferred to PBS solution, where they were allowed to sit for
at least 24 hours while unreacted protein diffused out.
The sensors were then transferred to fresh PBS and
stored in the dark until ready to use.

[0054] The fiber in this example was a single, 400 um
core multimode fiber (silica core, silica cladding, polyim-
ide buffer). Since in this example the same fiber transmits
both the excitation and luminescence signal, dichroic op-
tics were used to separate the luminescence from the
excitation, as shown in Figure 2A. Excitation was with a
470 nm LED. A commercial dichroic filter was used to
reflect the 470 nm excitation towards the input end of the
fiber and transmit the fluorescence, centered at 550 nm,
to the detector. Glass aspheric lenses were used both
for beam collimation and to focus light into the fibers and
onto the detectors. Scattered excitation was further re-
moved from the detector using a 550 nm bandpass filter.
SMA connectors permitted rapid connection and discon-
nection of the fiber optic sensors. The electromagnetic
energy detector of this example was a single photon
counting photomultiplier tube. Data acquisition was per-
formed on a laptop computer communicating with the
detector through an RS-232 connection.

[0055] FIG 6: In a trial, the distal end and sensing el-
ement of a biosensor formed in this manner was inserted
into solutions of porcine serum containing different glu-
cose concentrations. All procine serum solutions were
filtered through a 200 micron filter, and glucose levels in
the solutions were measured on a clinical analyzer. Fig-
ure 6 illustrates the in vitro performance of the sensor.
The initial glucose level in the serum was measured to
be 56 mg/dL. Serum samples at 150 and 300 mg/dL were
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prepared by spiking concentrated 1M glucose in PBS
into serum aliquots.

EXAMPLE 3

[0056] In another example, a biosensor was formed
by covalent attachment of a thin film to the surface of an
optical fiber. The binding protein was glucose galactose
binding protein (GGBP), with a cysteine substituted for
a glutamic acid at position 149, an arginine substituted
for an alanine at position 213 and a serine substituted
for leucine at position 238 (E149C/A213R/L238S). The
protein was labeled at the 149 position with N,N’-dime-
thyl-N-(iodoacetyl)-N’-(7- nitrobenz-2-oxa-1,3-diazol-3-
yl)ethylenediamine (IANBD amide).

[0057] The biosensor was prepared by covalent at-
tachment of an alginate matrix to the amine-functional-
ized surface of a silica fiber. The fiber comprised a silica
core, silica cladding, and polyimide buffer. The fiber di-
ameter was 400/440/470 microns, where the slashes de-
note diameters measured from the core/cladding/buffer
exteriors.

[0058] The polyimide buffer was removed from the tip
of the optical fiber by exposing the last few millimeters
of the fiber to a torch for approximately 1 - 2 seconds.
The residual polyimide was then wiped away. The tip with
the buffer removed was then placed in 1 M sulfuric acid
for 1 hour. Tips were then rinsed with distilled water,
placed in ethanol for 15 minutes, and then submerged in
anhydrous toluene for 15 minutes. The cleaned tips were
then placed in warm (60°C) anhydrous toluene contain-
ing 1% 3-aminopropyltriethoxysilane (APTES) and al-
lowed to react for 5 minutes. The tips were then removed
from the APTES solution and washed with ethanol for 15
minutes. Atthe end of this process, the presence of amine
groups on the surface of the fiber was verified by photo-
electron spectroscopy.

[0059] An alginate matrix was then applied to the
amine-functionalized fiber surface as follows. The immo-
bilization matrix was a crosslinked alginate-based hydro-
gel, prepared by covalently crosslinking Pronova™ UP
LVG alginate, selected for its low viscosity and high gu-
luronic to mannuronic ratio, through the carboxyls with
adipic acid dihydrazide (AAD) via carbodiimide chemis-
try. A 2% alginate solution was prepared by dissolving 1
gram of alginate in 50 mL 0.1 M MES buffer (pH 6.5) and
then adding 110 mg of AAD and 79 mg of hydroxyben-
zotriazole (HOBt). A 0.5 mL aliquot of this solution was
then mixed with 10 mg of EDC in 50 uL of MES buffer
using a dual-syringe mixing technique. The total volume
of the solution was approximately 0.55mL. The alginate,
AAD, HOBt, EDC mixture was then transferred to micro-
centrifuge vials, and the APTES-functionalized fiber tips
were submerged in the alginate solution for 3-4 minutes
or until the matrix began to solidify. The tips were then
removed from the alginate solution, allowed to continue
reacting in air for approximately 1-10 minutes, and then
transferred to 0.1M, 6.5 pH MES buffer. The tips were
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allowed to sitin the MES buffer for 2 hours, and then they
were quenched in excess phosphate buffer solution
(PBS, 0.0027 M potassium chloride, 0.137 sodium chlo-
ride, pH 7.7) for a minimum of 30 minutes.

[0060] To attach the binding protein, the tips were in-
cubated in a solution of labeled GGBP in PBS buffer
[NBD-E149C/A213R/L238S GGBP] (20 - 60 uM, 50 uL)
for several hours. The sensors were protected from am-
bient light during incubation. After approximately 2-8
hours of incubation, 50 uL of EDC/NHS (200 mM/50 mM)
were added to the incubation tube. After 5 - 40 minutes,
the sensor tips were removed and placed in 50 uL of 1M,
pH 8.5 ethanolamine to quench the reaction. After 20
minutes in the ethanolamine solution, the sensor tips
were transferred to PBS solution, where they were al-
lowed to sit for at least 8 hours while unreacted protein
diffused out. The sensors were then transferred to fresh
PBS and stored in dark until ready to use.

[0061] In a trial of the above described example, the
optical reader was the same as described in the previous
example, with the exception that the 470 nm excitation
was modulated using a solenoid-driven shutter. In addi-
tion to interfacing with and controlling the shutters and
detectors, the software permitted timed acquisition of flu-
orescence reading, graphical display of the results, and
data analysis and calibration algorithms.

[0062] The distal end and sensing element of a bio-
sensor formed in this manner was then inserted in the
side of an anesthetized pig. Insertion was done by insert-
ing the fiber either intradennally or subcutaneously
through a hole in the skin formed by a 18 - 24 gauge
needle. Alternating solutions of lactated ringer's with and
without 10% dextrose were infused through the ear vein
of the pig to increase and decrease the pig’s glucose
levels in a controllable fashion. At intervals, blood sam-
ples were pulled from the vena cava of the pig through
a throat catheter, and blood sugar readings were tested
on a handheld glucose meter. The fluorescence intensity
of the biosensor was observed to track changing blood
glucose levels in the anesthetized pig, as shown in Figure
7.

EXAMPLE 4

[0063] Inanother example, dual wavelength detection
with an internal optical reference group was performed.
The binding protein was glucose galactose binding pro-
tein (GGBP), with cysteine substituted for a glutamic acid
at position 149, an arginine substituted for an alanine at
position 213 and a serine substituted for leucine at posi-
tion 238 (E149C/A213R/L238S). The protein was labeled
atthe 149 position with the reporter group N,N’-dimethyl-
N-(iodoacetyl)-N’-(7- nitrobenz- 2- oxa- 1,3- diazol- 4- yl)
ethylenediamine (IANBD amide). The reference group
was Texas Red® C2 maleimide attached to GGBP with
a cysteine substituted for a glutamic acid at position 149
(TR-E149C GGBP). Over the physiological range of glu-
cose concentrations, the luminescence from TR-E149C
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GGBP is substantially unchanged, and thus TR-E149C
GGBP serves as an internal reference for the signal from
the analyte-dependent binding protein and reporter
group (NBD-E149C/A213R/L238S GGBP].

[0064] The biosensor was prepared by inserting the
tip of a 400 micron core diameter fiber into a short piece
of catheter tubing, allowing the catheter tubing to over-
hang the fiber tip by 0.1 - 0.5 mm. The fiber comprised
a silica core, silica cladding, and polyimide buffer. The
fiber diameter was 400/440/470 microns, where the
slashes denote diameters measured from the core/clad-
ding/buffer exteriors.

[0065] The immobilization matrix was a crosslinked al-
ginate-based hydrogel, prepared by covalently crosslink-
ing Pronova™ UP LVG alginate, selected for its low vis-
cosity and high guluronic to mannuronic ratio, through
the carboxyls with adipic acid dihydrazide (AAD) via car-
bodiimide chemistry. A 2% alginate solution was pre-
pared by dissolving 1 gram of alginate in 50 mL 0.1 M
MES buffer (pH 6.5) and then adding 11 0 mg of AAD
and 79 mg of hydroxybenzotriazole (HOBt). The solution
was stored at 4°C until used. Using a dual-syringe mixing
technique, a 0.5 mL aliquot of the alginate solution was
then mixed with a 50 uL MES solution containing 10 mg
of 1 -ethyl-3- (3-dimethylamino-propyl) carbodiimide
(EDC) and 90 p.L of 60 uM TR-E149C GGBP, The algi-
nate, AAD, HOBt, EDC, TR-E149C mixture was aspirat-
ed into a 1 mL syringe, and a blunt 30 gauge needle was
attached to the syringe. The needle was primed, and then
the tip was inserted into the catheter tubing mold on the
optical fiber. The catheter tubing on the fiber was filled,
ensuring good contact between the tip of the fiber optic
and the alginate matrix. The matrix was allowed to cross-
link for 15 minutes, and then the fiber tip and matrix as-
sembly were transferred toa 0.1 M, 6.5 pH MES solution,
where they were stored for 2 hours. At the end of the two
hours, the sensing tips were placed in excess phosphate
buffer solution (PBS, 0.0027 M potassium chloride, 0.137
sodium chloride, pH = 7.4) where they were stored a
minimum of 30 minutes to quench the reaction.

[0066] To attach binding protein, the tips were incubat-
ed in a solution containing IANBD labeled GGBP in PBS
buffer [NBD-E149C/A213R/238S GGBP]. The solution
ofNBD-E149C/A213R/L238S GGBP and TR-E149C
GGBP was 60 uM concentration in both species. During
the incubation period, the sensors were protected from
ambient light. After approximately 2 - 8 hour of incubation,
50 uL of EDC/NHS (200 mM/50 mM) were added to the
incubation tube. After 5-40 minutes, the sensor tips were
removed and placed in 50 uL of 1M, pH 8.5 ethanolamine
to quench the reaction. After 20 minutes in the eth-
anolamine solution, the sensor tips were transferred to
PBS solution, where they were allowed to sit for at least
8 hours while unreacted protein diffused out. The sensors
were then transferred to fresh PBS and stored in the dark
until ready to use.

[0067] In a trial of the above described example, the
fluorescence signal was read using an optical system
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following the configuration illustrated in Figure 2A. A470
nm LED (LS-450) was used for excitation, and two single
photon counting photomultiplier tubes were used as elec-
tromagnetic energy detectors. A commercial dichroic
beamsplitter was used to reflect the 470 nm light from
the electromagnetic energy emitter towards the fiber and
to transmit the luminescence signals from the reporter
and reference groups towards the detectors. A second
dichroic beamsplitter was used to separate the lumines-
cence signals from the reporter and reference groups,
directing the emission from NBD-E149C/A213R/L238S
towards one detector and the emission from TR-E149C
GGBP towards the other detector. A 550 nm bandpass
filter in front of one detector and a 610 nm bandpass filter
in front of the other detector were used to achieve further
spectral resolution for NBD-E149C/A213R/L238S and
TR-E149C GGBP, respectively.

[0068] In atrial, the distal end and sensing element of
a biosensor formed in this manner was inserted into so-
lutions of PBS buffer containing different levels of glu-
cose. Glucose levels in the solutions were measured on
a clinical analyzer. Figure 8 shows the sensor response
to changing glucose levels. The 550 nm signal from the
IANBD reporter group tracks changing glucose levels.
The 610 nm emission from the Texas Red® reporter
group is substantially unchanged as glucose levels vary.
However, in this example, a portion of the reporter
group’s emission also occurs at 610 nm. The detector in
the optical system that tracks the 610 nm luminescence
signal detects both the emission of the reference group
and also the portion of the reporter group (IANBD) emis-
sion that occurs in this wavelength region. Since the con-
tribution to the 610 nm signal from the reporter group is
a constant fraction of the 550 nm signal, this contribution
can be mathematically subtracted from the 610 nm signal
to generate the signal due to the reference group alone.
When this mathematical manipulation is performed, the
610 nm signal is substantially unchanging with glucose
concentration as shown in Figure 8.

EXAMPLE 5

[0069] In another example, a biosensor was formed
by covalent attachment of a thin film to the surface of an
optical fiber. One end of the optical fiber was coupled to
a fluorescence detection device, while the other end con-
tained an approximately 50 micron film of an alginate
matrix covalently bonded to the surface of the optical
fiber.

[0070] Coupling of the alginate matrix to the optical
fiber was accomplished by first coating the fiber with
APTMS via a plasma treatment process. The fiber optic
was placed in the midplane of a 12-inch diameter by 18-
inch tall upright cylindrical vacuum chamber. An open 1-
inch diameter by 2-inch tall vial containing about 5 cubic
centimeters of APTMS was placed on an electrode in the
chamber. The system was initially evacuated by a turbo-
molecular pump, backed with a rotary vane roughing
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pump, to a pressure of about 8 milliTorr. The valve in the
pumping line was then throttled back to allow the pres-
sure of the vaporizing monomer to rise to a constant 85
millitorr. The electrode was then excited by a 13.56 MHz
radio frequency power generator, in series with a match-
ing network to deliver 22 watts of power. The plasma so
produced was operated for 60 seconds to polymerize the
monomer vapor into a film on the fiber surface.

[0071] An alginate-based hydrogel matrix was then
coupled to the APTMS coating. The alginate hydrogel
matrix was prepared by covalently cross-linking Prono-
va™ UP LVG alginate through the carboxyls with adipic
acid dihydrazide (AAD), via carbodiimide chemistry. Pro-
nova™ UP LVG was selected its low viscosity and high
guluronic to mannuronic ratio. A 2% alginate solution was
prepared by dissolving 1 gram of alginate into 50 mL 0.1
M MES buffer (pH 6.0) and adding 110 mg of AAD and
79 mg of hydroxybenzotriazole (HOBt). The solution can
be stored at 4°C until needed. To the alginate solution,
196 mg of 1-ethyl-3-(3-dimethylamino-propyl) carbodi-
imide (EDC) was added per 10 mL of solution, using a
dual-syringe mixing technique. The alginate/AAD/
HOBt,/EDC mixture was then dispensed into a vial, and
the APTMS treated tips of the fiber optic sensor were
dipped into the alginate mixture to form an approximately
50 micron thick coating. The alginate matrix was then
allowed to cross-link for approximately 2 hrs in a hydra-
tion chamber. The sensing tips were then placed in ex-
cess pH 8.5 ethanolamine for 15 minutes to quench the
reaction and stored in excess .1M MES PH 6.5.

[0072] To attach the binding protein, the tips were in-
cubated in a solution of labeled glucose-galactose bind-
ing protein (GGBP) in .1M MES PH 6.5 buffer (100uM,
50 uL) for approximately 2 hours. The GGBP used in this
biosensor was a mutant GGBP, wherein a cysteine was
substituted for an glutamic acid at position 149, an ar-
ginine was substituted for an alanine at position 213 and
a serine was substituted for leucine at position 238
(E149C/A213R/L238S). The mutant GGBP protein was
labeled at the 149 position with N-((2-iodoacetoxy)
ethyl)-N-methyl)amino-7-nitrobenzoxadiazole (IANBD),
as referred to in U.S. Patent Application Publication No.
20030134346A1, It should be noted, however, that other
labeled proteins may be used. The sensors were shield-
ed from ambient light during incubation. After 2 hours of
incubation, 50 uL of a solution of 1-ethyl-3-(3-dimethyl-
aminopropyl)carbodiimide 20mM (EDC)/N-hydroxysul-
fosuccinimide5mM/50 mM (sulfo-NHS- Sigma/Fluka)
was then added to the incubation tube. After 4 hours, the
sensor tips were removed and placed in 50 uL of 1M pH
8.5 ethanolamine to quench the reaction. After 20 min-
utes in the ethanolamine solution, the sensor tips were
transferred to excess PBS solution, where they were al-
lowed to sit for at least 8 hours while any unreacted pro-
tein diffused out. The sensors were then transferred to
fresh PBS and stored in the dark until ready to use.
[0073] Figure 9 shows the response of the glucose bi-
osensor to changes in glucose concentrations in swine
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blood. The sensing end of the fiber was dried to remove
excess water outside the protein containing matrix, and
then the dried fiber optic sensor was dipped into a 1 mi-
croliter sample of pig blood containing 3.6 mg/dL glucose.
The fluorescence of the sensor increased in response to
the glucose levels in the blood sample, reaching its full
fluorescence response in approximately 2.4 seconds.

EXAMPLE 6

[0074] Inanotherexample, shownin Figure 10, a stain-
less steel tube 100 was used to mate a biosensor tip 102
to an optical conduit 104. The biosensor tip 102 consisted
of a small piece of optical fiber (approximately 3 cm),
mounted inside a stainless steel needle 106. One end
(the "sensing end") of the optical fiber was coated with
glucose sensing chemistry, and the other end was pol-
ished to provide good optical transmission. The sensing
end of the optical fiber was fully contained within the nee-
dle and extended approximately 200 - 400 microns past
the heel of the needle bevel at the distal end of the bio-
sensor tip 102.

[0075] The fiber used in this example comprised a sil-
ica core, silica cladding, and polyimide buffer. The fiber
diameter was 400/440/470 +/-~3 microns, where the
slashes denote diameters measured from the core/clad-
ding/buffer exteriors. The sensing end of the fiber was
amine-functionalized using plasma deposition of
APTMS, as described in Example 5 above. Alginate ma-
trix and binding protein were also applied as described
in Example 5 with one exception the alginate matrix was
applied during cross-linking to the bevel of the needle
using one of the mixing syringes with a small blunt needle
attached. The binding protein used in this biosensor was
a mutant glucose-galactose binding protein (GGBP),
wherein a cysteine was substituted for an glutamic acid
at position 149, an arginine was substituted for an alanine
at position 213 and a serine was substituted for leucine
at position 238 (E149C/A213R/L238S). The mutant GG-
BP protein was labeled at the 149 position with N-((2-
iodoacetoxy)ethyl)-N-methyl)amino-7-nitrobenzoxadia-
zole (IANBD).

[0076] The proximal end of the biosensor tip 102 was
then reproducibly detached and re-attached from/to the
optical conduit 104 leading to the optical instrumentation
using a stainless steel connector tube 100. Referring to
Figure 10, in the example given, the connector tube 100
was sized so that the inner diameter of the tube was
approximately 20-26 micrometers greater than the outer
diameter of the fiber optic/ needle and optical conduit
assemblies (Optimally this could be smaller, i.e. about
1-12micrometer size difference). The proximal end of the
biosensor tip 102 and the distal end of the optical conduit
104 are polished flat and mate under pressure inside the
stainless steel connector tube 100 to facilitate optical
transmission from the sensor to the optical instrumenta-
tion. The biosensor tip 102 could then be treated as a
disposable by releasing it from the stainless steel con-
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nector and the optical conduit 104.
EXAMPLE 7

[0077] In another example, a biosensor was formed
by covalent attachment of an alginate matrix to the sur-
face of an optical fiber contained inside a 21 gauge nee-
dle. The optical fiber used comprised a silica core, silica
cladding, and polyimide buffer. The fiber diameter was
400/440/470 microns, where the slashes denote diame-
ters measured from the core/cladding/buffer exteriors.
The proximal end of the optical fiber was polished and
mounted into a standard SMA fiber optic connector for
attachment to an optical fluorescence instrument. The
distal end of the fiber was then inserted into a 21 gauge
stainless steel needle, with the tip of the fiber extending
approximately 200 - 500 microns past the heel of the
needle bevel.

[0078] The fiber optic, needle assembly was then
placed in a vacuum chamber for plasma treatment. The
fiber optic was placed in the midplane of a 12-inch diam-
eter by 18-inch tall upright cylindrical vacuum chamber.
An open 1-inch diameter by 2-inch tall vial containing
about 5 cubic centimeters of APTMS was placed on an
electrode in the chamber. The system was initially evac-
uated by a turbomolecular pump, backed with a rotary
vane roughing pump, to a pressure of about 8 milliTorr.
The valve in the pumping line was then throttled back to
allow the pressure of the vaporizing monomer to rise to
a constant 85 milliTorr. The electrode was then excited
by a 13.56 MHz radio frequency power generator, in se-
ries with a matching network to deliver 22 watts of power.
The plasma so produced was operated for 60 seconds
to polymerize the monomer vapor into a film on the fiber
surface.

[0079] An alginate-based hydrogel matrix was then
coupled to the APTMS coating. The alginate hydrogel
matrix was prepared by covalently cross-linking Prono-
va™ UP LVG alginate through the carboxyls with adipic
acid dihydrazide (AAD), via carbodiimide chemistry. Pro-
nova™ UP LVG was selected its low viscosity and high
guluronic to mannuronic ratio. A 2% alginate solution was
prepared by dissolving 1 gram of alginate into 50 mL 0.1
M MES buffer (pH 6.0) and adding 110 mg of AAD and
79 mg of hydroxybenzotriazole (HOBt). The solution can
be stored at 4°C until needed. To the alginate solution,
145 mg of 1-ethyl-3-(3-dimethylamino-propyl) carbodi-
imide (EDC) was added per 10 mL of solution, using a
dual-syringe mixing technique. The alginate, AAD, HOBt,
EDC mixture was aspirated into a 1 mL syringe, and a
blunt 30 gauge needle was attached to the syringe. The
needle was primed, and then the tip was inserted into
the bevel of the needle containing the optical fiber. The
bevel of the needle was filled, ensuring good contact be-
tween the tip of the fiber optic and the alginate matrix.
The matrix was allowed to cross-link for 15 minutes, and
then the tip and matrix assembly were transferred to a
0.1M, 6.5 pH MES solution, where they were stored for
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2 hours. At the end of the two hours, the sensing tips
were placed in excess phosphate buffer solution (PBS,
0.0027 M potassium chloride, 0.137 sodium chloride, pH
7.4 where they were stored a minimum of 30 minutes to
quench the reaction.

[0080] To attach binding protein, the tips were incubat-
ed in a solution of labeled GGBP in PBS buffer [NBD-
E149C/A213R/L238S GGBP] (53 uM, 50 uL) for approx-
imately 8 hours. The sensors were protected from ambi-
entlight during incubation. After 8-24 hours of incubation,
50 uL of EDC/NHS (200 mM/50/0 mM) was then added
to the incubation tube. After 40 minutes, the sensor tips
were removed and placed in 50 uL of 1M, pH 8.5 eth-
anolamine to quench the reaction. After 20 minutes in
the ethanolamine solution, the sensor tips were trans-
ferred to PBS solution, where they were allowed to sit for
at least 24 hours while unreacted protein diffused out.
The sensors were then transferred to fresh PBS and
stored in the dark until ready to use.

[0081] In a trial, the tip of the biosensor, including the
needle, fiber, and sensing element, were inserted to an
approximately 1 - 2 mm depth into the side of an awake
diabetic Yukatan pig. The pig had been rendered diabetic
via the administration of the drug streptozotozin. During
the trial, the pig was alternately treated with insulin and
food to adjust the glucose levels. Atintervals, blood sam-
ples were taken through a throat catheter, and blood sug-
ar readings were tested on a handheld blood glucose
meter. The fluorescence intensity of the biosensor was
observed to track changing glucose levels in the awake
pig, as shown in Figure 11. In Figure 11, the solid curve
represents the fluorescence signal from the biosensor,
with units shown on the left hand y-axis. The triangles
represent the blood glucose levels determined on the
handheld meter, with values read off the right-hand y-
axis.

Claims

1. A biosensor device for sensing a target analyte in a
sample comprising a plurality of needles (21) having
a proximal end and a distal end and being attached
to a single mount (24), and at least one needle (21)
comprising a sensing element (6) attached to the
inner surface of the needle (21);
characterized in that
said sensing element (6) comprises at least one lu-
minescent labeled periplasmic binding protein
adapted to bind with at least one target analyte and
adapted to undergo a luminescence change upon
binding of the periplasmic binding protein to the tar-
get analyte, and said sensing element (6) is en-
trapped in or attached to a polymeric matrix (14)
wherein an optical fiber (4) having a proximal end
and a distal end is housed at least partially within the
needle (21) and the polymeric matrix (14) is cova-
lently attached to the distal end of the optical fiber
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(4) via reactive groups on the polymeric matrix (14).

The device of claim 1, further comprising an optical
coupling member for attaching the optical fiber (4)
to an optical system (2) and being configured and
dimensioned to receive an attachable optical com-
ponent thereto.

The device of claim 1, further comprising at least one
reference group associated with the periplasmic
binding protein, wherein the reference group produc-
es a luminescent signal that is substantially un-
changed upon binding of the target analyte to the
periplasmic binding protein and is used for internal
referencing and calibration.

The device of claim 1, wherein the needle (21) con-
taining said sensing element (6) is further adapted
to be inserted into or through the skin of a patient.

The device of claim 1, wherein the needle (21) and
sensing element (6) are sterile.

The device of claim 1, wherein the polymeric matrix
(14) extends from the distal end of the optical fiber
(4) a distance between 5 um to about 1000 pwm.

The device of claim 1, wherein the polymeric matrix
(14) includes a proximal surface attached to the op-
tical fiber (4) and a distal surface spaced from the
proximal surface, wherein the distal surface compris-
es a reflective or scattering surface (16).

The device of claim 7, wherein the polymeric matrix
(14) includes light scattering particles.

The device of claim 8, wherein the optical fiber (4)
and sensing element are housed within the needle
(21).

The device of claim 8, wherein the needle extends
from a proximal end to a distal end and the sensing
element is positioned adjacent the distal end of the
needle.

The device of claim 10, wherein the distal end in-
cludes a beveled tip.

The device of one of claims 1-11, wherein the needle
(21) has one or more ports.

The device of claim 12, wherein said one or more
ports are positioned between the proximal end and
the distal end.

The device of claim 12 or 13, wherein the one or
more ports allow access of the analyte to the sensing
element.
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The device of claim 12 or 13, wherein the one or
more ports allow delivery of a therapeutic agent
therethrough.

The device of one of claims 1-15, further comprising
a temperature sensing element for sensing the tem-
perature of the sample.

The device of claim 9, wherein the distal end of the
needle (21) includes a bent tip portion (29) extending
distally beyond and adjacent the sensing element

(6).

The device of claim 17, wherein the bent tip portion
(29) includes a light reflecting surface (30) facing the
optical fiber (4).

The device of one of claims 1-18, insertable into the
body of a patient for sensing a target analyte in a
sample.

The device of one of claims 1-19, wherein at least a
portion of the proximal end of the at least one needle
(21) is configured to remain outside the body of the
patient when the device is worn, and wherein at least
a portion of the distal end of the needle (21) is con-
figured to remain inside the body of the patient when
the device is worn.

The device of claim 20, further comprising a depth
limiting device attached to at least one needle (21),
wherein the depth limiting device limits the depth that
the distal end of the tip body may be inserted into
the body of the patient.

The device of claim 20, wherein the proximal end of
at least one needle (21) is attached to a patch (24)
and the patch is configured and dimensioned to be
worn on the exterior skin of the patient.

The device of claim 20, wherein the proximal end of
the at least one needle (21) is attached to a watch
and the watch is configured and dimensioned to be
worn on the exterior wrist area of the patient.

The device of one of claims 1-23, wherein the sens-
ing element (6) is configured to transmit an optical
signal in response to sensing glucose.

The device of one of claims 1-24 wherein the reactive
groups on the polymeric matrix (14) are covalently
bound to the optical fiber (4) via amine groups on
the distal end of the optical fiber (4).

A method of making a biosensor device for sensing
a target analyte in a sample comprising:

providing a needle (21) having a proximal end
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(28) and a distal end (19) including a beveled
tip (29);

inserting a distal end of an optical fiber (4) into
the needle cannula;

providing polymeric matrix (14) which entraps a
sensing element (6) or to which a sensing ele-
ment is attached, and which polymeric matrix
(14) is covalently attached to the distal end of
the optical fiber, wherein the sensing element
(6) comprises at least one luminescent labeled
periplasmic binding protein adapted to undergo
a luminescence change upon binding of the
binding protein to the target analyte.

The method of claim 26, further comprising immobi-
lizing the sensing element (6) in the polymeric matrix
(14).

The method of claim 26, further comprising attaching
the matrix (14) to the needle cannula adjacent the
distal end of the needle.

The method of claim 26, wherein the reactive groups
on the polymeric matrix (14) are covalently bound to
the optical fiber (4) via amine groups on the distal
end of the optical fiber (4).

Patentanspriiche

1.

Biosensorvorrichtung zum Erfassen eines Zielana-
lyten in einer Probe, umfassend eine Vielzahl von
Nadeln (21) mit einem proximalen Ende und einem
distalen Ende, die an einem einzigen Gestell (24)
befestigt sind, und wenigstens eine Nadel (21), die
ein Sensorelement (6) umfasst, das an der inneren
Oberflache der Nadel (21) befestigt ist;

dadurch gekennzeichnet, dass

das Sensorelement (6) wenigstens ein lumineszenz-
markiertes periplasmatisches Bindungsprotein um-
fasst, das an wenigstens einen Zielanalyten binden
kann und beim Binden des periplasmatischen Bin-
dungsproteins an den Zielanalyten eine Lumines-
zenzanderung erfahren kann, und das Sensorele-
ment (6) in einer polymeren Matrix (14) eingeschlos-
sen oder an dieser befestigt ist, wobei eine Lichtleit-
faser (4) mit einem proximalen Ende und einem di-
stalen Ende wenigstens teilweise innerhalb der Na-
del (21) untergebracht ist und die polymere Matrix
(14) Gber reaktive Gruppen an der polymeren Matrix
(14) kovalent an das distale Ende der Lichtleitfaser
(4) gebunden ist.

Vorrichtung gemaR Anspruch 1, die weiterhin ein op-
tisches Kupplungselement zur Befestigung der
Lichtleitfaser (4) an einem optischen System (2) um-
fasst und so konfiguriert und dimensioniert ist, dass
sie eine daran befestigbare optische Komponente
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aufnehmen kann.

Vorrichtung gemaR Anspruch 1, die weiterhin we-
nigstens eine Referenzgruppe umfasst, die mit dem
periplasmatischen Bindungsprotein assoziiert ist,
wobei die Referenzgruppe ein Leuchtsignal erzeugt,
das beim Binden des Zielanalyten an das periplas-
matische Bindungsprotein im Wesentlichen unver-
andert bleibt und als interne Referenz und zur Ei-
chung verwendet wird.

Vorrichtung gemafl Anspruch 1, wobei die Nadel
(21), die das Sensorelement (6) enthalt, weiterhin in
oder durch die Haut eines Patienten eingeflihrt wer-
den kann.

Vorrichtung gemafl Anspruch 1, wobei die Nadel
(21) und das Sensorelement (6) steril sind.

Vorrichtung gemaf Anspruch 1, wobei sich die po-
lymere Matrix (14) Gber eine Strecke von 5 pum bis
etwa 1000 pm vom distalen Ende der Lichtleitfaser
(4) erstreckt.

Vorrichtung gemafn Anspruch 1, wobei die polymere
Matrix (14) eine proximale Oberflache, die an der
Lichtleitfaser (4) befestigt ist, und eine distale Ober-
flache, die von der proximalen Oberflache beabstan-
det ist, aufweist, wobei die distale Oberflache eine
reflektierende oder streuende Oberflache (16) um-
fasst.

Vorrichtung gemafn Anspruch 7, wobei die polymere
Matrix (14) lichtstreuende Teilchen umfasst.

Vorrichtung gemafl Anspruch 8, wobei die Lichtleit-
faser (4) und das Sensorelement innerhalb der Na-
del (21) untergebracht sind.

Vorrichtung gemaf Anspruch 8, wobei sich die Na-
del von einem proximalen Ende zu einem distalen
Ende erstreckt und sich das Sensorelement neben
dem distalen Ende der Nadel befindet.

Vorrichtung gemaf Anspruch 10, wobei das distale
Ende eine abgeschragte Spitze umfasst.

Vorrichtung gemaR einem der Anspriiche 1 bis 11,
wobei die Nadel (21) einen oder mehrere Anschlis-
se aufweist.

Vorrichtung gema Anspruch 12, wobei sich der eine
oder die mehreren Anschliisse zwischen dem pro-
ximalen Ende und dem distalen Ende befinden.

Vorrichtung gemar Anspruch 12 oder 13, wobei der
eine oder die mehreren Anschlisse den Zugang des
Analyten zum Sensorelement ermdglichen.
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24,

30

Vorrichtung geman Anspruch 12 oder 13, wobei der
eine oder die mehreren Anschlisse die Abgabe ei-
nes therapeutischen Mittels durch dieselben hin-
durch ermoglichen.

Vorrichtung gemaf einem der Anspriiche 1 bis 15,
die weiterhin ein Temperatursensorelement zum Er-
fassen der Temperatur der Probe umfasst.

Vorrichtung gemafl Anspruch 9, wobei das distale
Ende der Nadel (21) einen gebogenen Spitzenteil
(29) umfasst, der sich distal neben dem Sensorele-
ment Uber dieses hinaus erstreckt.

Vorrichtung gemaR Anspruch 17, wobei der gebo-
gene Spitzenteil (29) eine lichtreflektierende Ober-
flache (30) umfasst, die zur Lichtleitfaser (4) gerich-
tet ist.

Vorrichtung gemaf einem der Anspriiche 1 bis 18,
die in den Korper eines Patienten eingefliihrt werden
kann, um einen Zielanalyten in einer Probe zu erfas-
sen.

Vorrichtung gemaf einem der Anspriiche 1 bis 19,
wobei wenigstens ein Teil des proximalen Endes der
wenigstens einen Nadel (21) so konfiguriert ist, dass
er aulerhalb des Korpers des Patienten bleibt, wenn
die Vorrichtung getragen wird, und wobei wenig-
stens ein Teil des distalen Endes der Nadel (21) so
konfiguriert ist, dass er innerhalb des Korpers des
Patienten bleibt, wenn die Vorrichtung getragen
wird.

Vorrichtung gemafR Anspruch 20, die weiterhin eine
Tiefenbegrenzungsvorrichtung umfasst, die an der
wenigstens einen Nadel (21) befestigt ist, wobei die
Tiefenbegrenzungsvorrichtung die Tiefe begrenzt,
in die das distale Ende des Spitzenkorpers in den
Korper des Patienten eingefiihrt werden kann.

Vorrichtung gemaR Anspruch 20, wobei das proxi-
male Ende wenigstens einer Nadel (21) an einem
Pflaster (24) befestigt ist und das Pflaster so konfi-
guriert und dimensioniert ist, dass es auf der dufe-
ren Haut des Patienten getragen wird.

Vorrichtung gemaR Anspruch 20, wobei das proxi-
male Ende der wenigstens einen Nadel (21) an einer
Armbanduhr befestigt ist und die Armbanduhr so
konfiguriert und dimensioniert ist, dass sie im duRe-
ren Handgelenksbereich des Patienten getragen
wird.

Vorrichtung gemaf einem der Anspriiche 1 bis 23,
wobeidas Sensorelement (6) so konfiguriertist, dass
es als Reaktion auf das Erfassen von Glucose ein
optisches Signal Gbermittelt.
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Vorrichtung gemal einem der Anspriiche 1 bis 24,
wobei die reaktiven Gruppen an der polymeren Ma-
trix (14) Gber Amingruppen am distalen Ende der
Lichtleitfaser (4) kovalent an die Lichtleitfaser (4) ge-
bunden sind.

Verfahren zur Herstellung einer Biosensorvorrich-
tung zum Erfassen eines Zielanalytenin einer Probe,
umfassend:

Bereitstellen einer Nadel (21) mit einem proxi-
malen Ende (28) und einem distalen Ende (19),
die eine abgeschragte Spitze (29) umfasst;
Einfuhren eines distalen Endes einer Lichtleit-
faser (4) in die Nadelkaniile;

Bereitstellen einer polymeren Matrix (14), die
ein Sensorelement (6) einschliet oder an der
ein Sensorelement befestigt ist, wobei die poly-
mere Matrix (14) kovalent am distalen Ende der
Lichtleitfaser befestigt ist,

wobei das Sensorelement (6) wenigstens ein lu-
mineszenzmarkiertes periplasmatisches Bin-
dungsprotein umfasst, das beim Binden des
Bindungsproteins an den Zielanalyten eine Lu-
mineszenzanderung erfahren kann.

Verfahren gemafR Anspruch 26, das weiterhin das
Immobilisieren des Sensorelements (6) in der poly-
meren Matrix (14) umfasst.

Verfahren gemafR Anspruch 26, das weiterhin das
Befestigen der Matrix (14) an der Nadelkanile neben
dem distalen Ende der Nadel umfasst.

Verfahren gemal Anspruch 26, wobei die reaktiven
Gruppen an der polymeren Matrix (14) tber Amin-
gruppen am distalen Ende der Lichtleitfaser (4) ko-
valent an die Lichtleitfaser (4) gebunden sind.

Revendications

Dispositif biocapteur pour détecter dans un échan-
tillon une substance a analyser cible, comprenant
une pluralité d’aiguilles (21) ayant une extrémité
proximale et une extrémité distale et reliées a un
élément de fixation unique (24), au moins une
aiguille (21) comprenant un capteur (6) relié a la sur-
face interne de I'aiguille (21), caractérisé en ce que
ledit capteur (6) comprend au moins une protéine de
liaison périplasmique marquée par une substance
luminescente adaptée pour se lier a au moins une
substance a analyser cible et adaptée pour subir un
changement de luminescence lorsque ladite protéi-
ne de liaison périplasmique se lie a ladite substance
a analyser cible, ledit capteur (6) étant abrité dans
oufixé a une matrice polymére (14), une fibre optique
(4) ayant une extrémité proximale et une extréemité
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distale étant logée au moins partiellement a l'inté-
rieur de l'aiguille (21), et la matrice polymére (14)
étant fixée de maniére covalente a'extrémité distale
de la fibre optique (4) par l'intermédiaire de groupes
réactifs sur la matrice polymére (14).

Dispositif selon la revendication 1, comprenant en
outre un élément d’accouplement optique pour relier
la fibre optique (4) a un systeme optique (2) et étant
configuré et dimensionné pour se raccorder a un
composant optique amovible.

Dispositif selon la revendication 1, comprenant en
outre au moins un groupe de référence associé a la
protéine de liaison périplasmique, le groupe de ré-
férence produisant un signal luminescent qui de-
meure sensiblement inchangé lors de la liaison de
la substance a analyser cible a la protéine de liaison
périplasmique et qui sert a réaliser des indexations
et des étalonnages internes.

Dispositif selon la revendication 1, dans lequel
l'aiguille (21) comprenant ledit capteur (6) est en
outre adaptée pour étre insérée dans ou sous la peau
d’un patient.

Dispositif selon la revendication 1, dans lequel
l'aiguille (21) et ledit capteur (6) sont stériles.

Dispositif selon larevendication 1, dans lequel la ma-
trice polymére (14) dépasse de I'extrémité distale de
la fibre optique (4) d’une distance comprise entre 5
pm et environ 1000 pm.

Dispositif selon larevendication 1, dans lequel la ma-
trice polymere (14) comporte une surface proximale
reliée a la fibre optique (4) et une surface distale a
distance de la surface proximale, la surface distale
comprenant une surface réfléchissante ou diffusante
(16).

Dispositif selon larevendication 7, dans lequel la ma-
trice polymere (14) comprend des particules qui dif-
fusent la lumiére.

Dispositif selon la revendication 8, dans lequel la fi-
bre optique (4) et le capteur sont logés a l'intérieur
de laiguille (21).

Dispositif selon la revendication 8, dans lequel
l'aiguille s’étend d’une extrémité proximale a une ex-
trémité distale et le capteur est disposé sur un plan
adjacent a I'extrémité distale de l'aiguille.

Dispositif selon la revendication 10, dans lequel I'ex-
trémité distale présente une pointe biseautée.

Dispositif selon 'une des revendications 1a 11, dans
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lequel l'aiguille (21) présente un ou plusieurs trous.

Dispositif selon la revendication 12, dans lequel les-
dits trous, au nombre de un ou plus, sont disposés
entre I'extrémité proximale et I'extrémité distale.

Dispositif selon la revendication 12 ou 13, dans le-
quel lesdits trous, au nombre de un ou plus, permet-
tent a la substance a analyser d’accéder au capteur.

Dispositif selon la revendication 12 ou 13, dans le-
quel lesdits trous, au nombre de un ou plus, permet-
tent la délivrance d’'un agent thérapeutique.

Dispositif selon 'une des revendications 1a 15, com-
prenant en outre une sonde de température pour
détecter la température de I'échantillon.

Dispositif selon la revendication 9, dans lequel I'ex-
trémité distale de I'aiguille (21) comporte une partie
de pointe recourbée (29) s’étendant distalement au-
dela et adjacent au capteur (6).

Dispositif selon la revendication 17, dans lequel la
partie de pointe recourbée (29) comporte une surfa-
ce réfléchissant la lumiére (30) faisant face a la fibre
optique (4).

Dispositif selon I'une des revendications 1 a 18, pou-
vant étre inséré dans le corps d’un patient pour dé-
tecter une substance a analyser cible dans un
échantillon.

Dispositif selon 'une des revendications 1a 19, dans
lequel une partie au moins de I'extrémité proximale
de ladite au moins une aiguille (21) est congue de
fagon a demeurer a I'extérieur du corps du patient
lorsque le dispositif est porté, et dans lequel une par-
tie au moins de I'extrémité distale de l'aiguille (21)
estcongue de fagon ademeurer al’intérieur du corps
du patient lorsque le dispositif est porté.

Dispositif selon la revendication 20, comprenant en
outre un dispositif limitant la profondeur relié a au
moins une aiguille (21), ledit dispositif limitant la pro-
fondeur limitant la profondeur de pénétration de I'ex-
trémité distale de la pointe de 'aiguille dans le corps
du patient.

Dispositif selon la revendication 20, dans lequel I'ex-
trémité proximale d’au moins une aiguille (21) est
reliée a un timbre (24), ledit timbre étant congu et
dimensionné pour étre porté a I'extérieur, surla peau
du patient.

Dispositif selon la revendication 20, dans lequel I'ex-
trémité proximale de ladite au moins une aiguille (21)
est reliée a une montre, ladite montre étant congue
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et dimensionnée pour étre portée a I'extérieur, au
poignet du patient.

Dispositif selon I'une des revendications 1a23, dans
lequel le capteur (6) est congu pour transmettre un
signal optique en réponse a une détection de gluco-
se.

Dispositif selon I'une des revendications 1a 24, dans
lequel les groupes réactifs de la matrice polymére
(14) sont liés de fagon covalente a la fibre optique
(4) via des groupes amine sur I'extrémité distale de
la fibre optique (4).

Procédé de préparation d’'un dispositif biocapteur
pour détecter dans un échantillon une substance a
analyser cible, comprenant :

- la fourniture d’une aiguille (21) ayant une ex-
trémité proximale (28) et une extrémité distale
(19) comportant une pointe biseautée (29) ;

- I'insertion d’'une extrémité distale d’'une fibre
optique (4) al'intérieur de la canule de l'aiguille ;
- la fourniture d’'une matrice polymere (14) qui
abrite un capteur (6) ou a laquelle est relié un
capteur, ladite matrice polymére (14) étant liée
de fagon covalente a I'extrémité distale de la fi-
bre optique, ledit capteur (6) comprenant au
moins une protéine de liaison périplasmique
marquée par une substance luminescente
adaptée pour subir un changement de lumines-
cence lorsque ladite protéine de liaison se lie a
la substance a analyser cible.

Procédé selon la revendication 26, comprenant en
outre I'immobilisation du capteur (6) dans la matrice
polymeére (14).

Procédé selon la revendication 26, comprenant en
outre la fixation de la matrice polymeére (14) a la ca-
nule de l'aiguille sur un plan adjacent a I'extrémité
distale de I'aiguille.

Procédé selon la revendication 26, dans lequel les
groupes réactifs de la matrice polymeére (14) sont
liés de fagon covalente a la fibre optique (4) via des
groupes amine sur I'extrémité distale de la fibre op-
tique (4).
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