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MODIFIED-DEXTRANS FOR USE IN OPTICAL GLUCOSE ASSAYS

TECHNICAIL FIELD
The invention relates to optical analyte assays, and in particular, fluorescent

competitive binding assays for sensing glucose.

BACKGROUND OF THE INVENTION

Maintaining normal glucose levels in vivo is a crucial way that diabetic
patients can avoid the long term problems associated with diabetes such as
retinopathy, circulatory problems and other sequelac. For this reason, diabetic
patients regularly monitor their blood glucose levels to, for example, optimize insulin
dosing. In this context, a variety systems and methods have been developed for
monitoring blood glucose levels. One strategy detects glucose levels using
fluorescent compounds, for example with a competitive binding assay where glucose
and fluorophore labeled glucose ligands/analogs compete for the binding site of
glucose receptors and the resulting change in fluorescence is translated to a glucose
concentration.

In certain competitive glucose binding assays, dextran is used as a
displaceable glucose ligand. In such assays, dextran can be labeled with a lipophilic
(and cationic) dyes such as hexamethoxy crystal violet-1 (HMCV1). However, the
presence of a large number (e.g. greater than 10) of lipophilic dye molecules coupled
to the flexible poly-(1,6)-glucose backbone of dextran can cause such labeled dextran
molecules to adopt less water soluble conformations, which can result in the
precipitation of these molecules. Moreover, such dye-induced conformal changes can

drive the labeled dextran into a more lipophilic state, which can cause adverse

Date Regue/Date Received 2021-06-15



CA 03055980 2019%-10-11

WO 2018/200967 PCT/US2018/029814

16

2

N

L

0

changes on the binding ability of dextran to the glucose receptor as well as affecting
ity Forster Resonance Energy Transfer (FRET) efficiency. In addition, m
conventional systems, dyes can be shiclded mtra-molecularly on the dexiran, a
phenomenon which can result n the calibration of the assay changing over time,
thereby mtroducing wstability into the assay.

Reference dyes are also used in certain fluorescence assays in order to track of
vanations in the expenmental setup, ¢.z. light souwrce fluctuations, changes in the
optical path {couphing hight into hight guides, mechanical pertwbations like bending,
temperature variations, etc.).  Traditionally, optical or fluorescence-based sensing
systems have otilized reference fluorophores that are red-shified relative to the
assaying fluorophore. However, by exciting fluorophores using fight of a lower
wavelength with more energy than needed, there is an increased risk that the
clectronic transition in the fluorescent molecule will occur from the clectronic ground
state {50} to the sccond excited state (82) and not to the first excited clectronic state
{(51). Molecules mn 52 are much more likely to decompose than the same molecule in
S, Hence, faster photobleaching occurs if the fluorophores are excited to 52 wnstead
of only 51

Accordingly, there is a need in the art for optical glucose assays that utilize
agents and materials selected to enhance assay stability. The mvention disclosed
herein meets this need for example, by using assays designed to mclhude multi-fabeled
glucose analogs/ligands {(e.g. dextran coupled/labelled with agents that promote
bydrophilicity) and/or blue-shifted reference fluorophores.  As discussed below,
glucose assays designed to include the multi-labeled glucose analogs and/or blue-
shifted reference fluorophores cxhibit improvements in material properties such as

assay stabiliy.

SUMMARY OF THE INVENTION

The invention provides optimized materials and methods for use in glucose

assayvs. As discussed in detail below, clements in certain fluorescent glucose assavs
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can be selected and/or modified in order to, tor example, optimize the hydrophilic-
hydrophobic balance of the constellation of elements vsed to form the assay complex.
In doing so, mmproved assays are generated, ones where fewer undesirable conformal
changes to assay clements occur over time. Hlustrative modifications to glucose assay
complexes imclude those where dextran s modified by coupling this molecule with
agents selected to prevent dextran from becoming undoly negatively or positively
charged.  Such modifications produce assays that are more stable than their
vnmodified cquivalents.  Additionally, in embodiments of where a reference
fluorophore is selected for its hydrophilic/hydrophobic profile and/or to be blue-
shifted relative to an assay or indicator fluorophore (tustead of the typical red-shifted
reference fluorophores that can become photo-labile due to low wavelength
excitation), the stability of the reference fluorophore and the assay complex as a
whole can be increased.

Emboduments of the invention comprise competitive glhicose binding affinity
assays, and methods for making and using these assavs. Typicallv, the assay
comprises a glucose receptor labeled with an assay fluorophore and a glicose analog
iabeled with both a referense fluorophore and a quencher dye. In embodiments of the
mvention, the glucose receptor can be selected from the group consisting of mannan
binding lectin (MBL), Concanavalin A, glucose galactose binding protem, an
antibody, and Boronic acid. In typical embodiments, the glucoss receptor is mannan
binding lectin, Fn an illustrative embodiment, the glucose analog is dextran, the assay
fluorophore and reference fluorophore are Alexa Fluors™, and the quencher dye is
hexamethoxy crvstalviclet-1 (HMCV1). In some embodiments, the assay fluorophore
and reference fluorophore are individually selected from the group consisting of
Alexa Fluor™ 647 (AF647) and Alexa Fluor™ 700 (AF700), and the assay
fhuorophore and reference fluorophore are different. Typically, in such embodiments,
one or more elements of the complex (e.g. dextran) is coupled to or labelled with an
agent selected to have a charge and/or hydrophilicitv/hydrophobicity profile that

contributes to the stability of the agent within the complex and consequently the
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glucose sensing complex as a whole. Embodiments of the invention also include
methods for making and using these improved glucose assays.

In other embodiments of the invention, the assay comprises a glucose receptor
labeled with an assay fluorophore and a glucose analog labeled with a reference
fluorophore, wherein the reference fluorophore is blue shifted relative to the assay
fluorophore. In some embodiments, the glucose analog is further labeled with a
quencher dye (e.g. hexamethoxy crystalviolet-1, HMCV1). The glucose receptor may
be selected from the group consisting of mannan binding lectin (MBL), Concanavalin
A, glucose galactose binding protein, an antibody, and Boronic acid. In one instance,
the glucose receptor is mannan binding lectin. Typically, the glucose analog is
dextran and the assay fluorophore and reference fluorophore are Alexa Fluors™.,
Typically, the fluorophore and quencher dye form a Forster Resonance Energy
Transfer (FRET) pair. The fluorophore and/or quencher dye is also typically water
soluble. In a typical embodiment, the assay fluorophore and reference fluorophore are
individually selected from the group consisting of Alexa Fluor 594 (AF594), Alexa
Fluor 647 (AF647), and Alexa Fluor 700 (AF700), wherein the reference fluorophore

has a shorter wavelength than the assay fluorophore.

BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the drawings in which like reference numbers represent

corresponding parts throughout:
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Figures 1A-C illustrate a PreciSense™ Optical with a fluorescing ligand, in
accordance with one or more embodimenis of the nvention. Figure 1A illustrates the
guencher being changed from a dye to a fluorophore and omitting the reference
fluorophore. Figure 1B is a graph ilustrating the changes in absorbance and cmission
spectra. Figure 1C 15 a graph sflustrating glucose concentration measurerents and
sensor dose response loss (DR loss).

Figures 2A-C iliustrate a PreciSense™ Optical with a combination Ligand, in
accordance with one or more embodiments of the invention. Figure 2A illustrates the
reference fluorophore labeled onto the same ligand as the dyve quencher, thereby
eliminating the need for a reference carrier. Figure 2B is a graph illestrating the
changes in absorbance and emission spectra. Figure 2C 15 a graph illustrating glucose
concentration measurements and sensor dose response loss (DR loss}).

Figure 3 is a graph dlustrating ORS SITS data for an AF594-MBL/AF647-dex
assay, in accordance with one or more embodiments of the mvention.

Figure 4 is a graph dlustraimg ORS SITS data for an AF394-MBL/AY647-
HMCV1-dex assav, in accordance with one or more embodiments of the invention.
The same 18 used for Rat trial 76 and 77 as shown in Figures 5-7 below.

Figure § 13 a graph illustrating data from Rat study 76: Rat #1, ORS sensor #2,
m accordance with one or more embodiments of the invention.  Sensor calibrated
during fow-high transition, first clamp.

Figures 6A-D illustratc data from Rat studv 76: Rat #1, ORS sensor #2 for
clamp 1 (Figure 6A), clamp 2 (Figure 6B), and clamp 3 (Figure 6C}, m accordance
with one or more embodiments of the invention. Figure 6D s a picture of an explant.

Figures 7A-B tllustrate data from Rat study 77, in accordance with one or
more embodiments of the mvention. Figure 7A illustrates the basclines of assay and

cference fluorophores. Note the stable assay and reference basehines. Figure 7B
lustrates glucose concentration measurements from Rat study 77.
Figure 8 1s a graph ilustrating data from an AF594/AF647 assay, m

accordance with one or more embodiments of the invention.

(¥4
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Figure 9 i3 a graph illustrating data from AFSU4MBL/AF647-Dex and
AF394/AF647-HMUV1-Dex assays: optimum ratio between AFS94 and AF647
fluoresceonce, in accordance with one or more embodiments of the invention.

Figure 10 15 a graph illustrating data from filter configuration for AF394-
MBL/647-Dex and AFS94-MBL/AF647-HMCV 1-Dex assays, in accordance with one
or more embodiments of the invention.

Figure 11 ilustrates the filter configuration for an AF594/647 assay, m
accordance with one or more embodiments of the ivention,

Figures 12A-C provide examples of degree of labeling (DOL) determination
for multi-labeled dextran (MLD), in accordance with one or more embodiments of the
mvention. Figure 12A 15 a graph illustrating the normalized absorbance spectra for
HMCVE and AF647. Figure 12B is a graph illostrating the absorbance spectra of
conjugates #478 (HMCV1T X5 and AF647 X15) and #479 (HMCY1 X135 and AF647
X5}, Figure 12C 15 a graph iHlustrating conjugate 479 (HMCV ] X 15 and AF647 X35)
spectra and linear combination of the HMCV ! and AF647 abs spectra. The DOL of
MLE conjugates carrying HMCVT and AF647 inclede: DOL #472 AWX10) =57/
4.1, DOL #478 (X5/X15)=3.6/94, and DOL #479 (X15/X5)=8.1/2.1

Figure 13 is a graph illustrating smgle-labeled dextran performance, m
accordance with one or more embodiments of the imvention. The graph shows Dose
Response (DR} development for five groups of sensors all build using a single labeled
dextran in the glucose responding assay. DR is calculated as the differonce between
the normalized intensity at 400mg/dL glucose and 40mg/dL glucose relative to the
normalized ntensity at 40mg/dL glucose. The DR loss relative to the start DR is
between 3% to 6% per day. Dextrans labeled with HMCV 1 only extubits large Dose
Response (DR) loss.

Figure 14 15 a graph illustrating multi-labeled dextran  performance
HMCVI-AF647-Dextran, in accordance with one or more embodiments of the

mvention,
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Figure 15 is a graph illustrating multi-labeled dextran performance
HMCV1-AF700-Dextran, in accordance with one or more embodiments of the
invention.

Figure 16 is a graph illustrating multi-labeled dextran performance
HMCV1-HMCV3-Dextran, in accordance with one or more embodiments of the
invention.

Figure 17 is a graph illustrating multi-labeled dextran performance
HMCV1- Dextran succinylated, in accordance with one or more embodiments of the
invention.

Figure 18 is a graph illustrating normalized absorption and emission spectra of
different dyes and fluorophores in a capsule sensor, in accordance with one or more
embodiments of the invention.

Figure 19 is a table illustrating that a combination ligand with different DOL
values, their DR, and intensity levels in capsule sensors, in accordance with one or

more embodiments of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Unless otherwise defined, all terms of art, notations and other scientific terms
or terminology used herein are intended to have the meanings commonly understood
by those of skill in the art to which this invention pertains. In some cases, terms with
commonly understood meanings are defined herein for clarity and/or for ready
reference, and the inclusion of such definitions herein should not necessarily be
construed to represent a substantial difference over what is generally understood in
the art. Many of the techniques and procedures described or referenced herein are
well understood and commonly employed using conventional methodology by those
skilled in the art. In the description of a typical embodiment, reference may be made
to the accompanying drawings which form a part hereof, and in which is shown by

way of illustration a specific

Date Regue/Date Received 2021-06-15
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embodiment in which the invention may be practiced. It is to be understood that other
embodiments may be utihized and structural changes may be made without departing
from the scope of the present invention.

Biood glucose is commonly monitored by diabetic patients with the use of
commercially available calorimetnic test strips or clecirochemical biosensors (e.g.
enzyme ¢lectrodes), both of which require the regular use of a lancet-type instrument
to withdraw a suitable amount of blood cach time a measurement is made. This
imposcs a considerable burden on the diabetic patient, both in financial terms and n
terms of pain and discomfort, particularly 1n the fong-term diabetic who has to make
regular use of a lancet to draw blood from the fingertips. Thus, there have been a
number of proposals for glucose measurement techniques that do not require blood to
be withdrawn from the patient. It has been observed that the concentration of
analytes 1 subcutancous fluid correlates with the concentration of satd analytes m the
blond, and consequently there have been scveral reports of the use of glucose
monitoring devices which are sited i a subeutaneous location.  The wvse of
competitive binding assays for glacose which can be remotely imterrogated is of
particular micrest.

A typical method of assaying a competitive binding is to usc a proximity-
based signal generating/moduolating motety pair (see, e.g. U.S. Pat. No. 6,232,120},
which 1s tvpically an energy transfer donor-acceptor pair {comprising an energy donor
moicty and an energy acceptor moicty).  The energy donor moicty s
photolunminescent (asually fluorescent). In such methods, an energy transfer donor-
acceptor pair i3 brought mto comntact with the sample {such as subcutancous fluid) to
be analyzed. The sample is then illuminated and the resultant emussion detected.
Fither the energy donor moicty or the energy acceptor moiety of the donor-acceptor
pair is bound to a receptor carrigr, while the other part of the donor-acceptor pair
{bound to a ligand camier} and any analyie present compete for binding sites on the
roceptor carncr, Hnorgy transfor oceurs between the donors and the acceptors when

they are brought together, which produces a detectable lifetime change (reduction) of

2]
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the fluorescence of the energy dovor moiety. Also, a proportion of the fluorescent
signal emitted by the cnergy donor moiety 15 guenched.  The lifetime change is
reduced or even climinated by the competitive binding of the analvte. Thus, by
measuring the apparemt luminescence lifetime, for example, by phase-modulation
5 fluorometry or time-resolved flucrometry (see Lakowicz, Principles of Fluorescence
Spectroscopy, Plenum Press, 1983, Chapter 3), the amount of analyte in the sample

can be deternuned.
In addition fo the hifctime of the cxcited state, the wntensity of the omitted
fluorescence also correlates to the glucose concentration.  In contrast to a lifetime
16 wasurement, the measured mtensity of the emutted fluorescence is affected by the
mtensity of the hght source and the coupling between the assay and the optical system.
Therefore, the ntensity measurement requires an internal reference fluorophore to be
incorporated into the assay. The reference fluorophore must differ from the assay

fluorophore n a way that the cmitted fluorescence from the assay and that from the

e
L

reference may be separated from one another, ¢.g., by having different absorption
spectra or entission spectra. The reference fluorophore may be, ¢ g, Alexa Floor'™
594 (AF594) labeled onto Human Serum Albumin {HSA) or another macro molecule,
which largely does not bind to the glucose receptor. Alexa Fluor™ 700 (AF700) may
be excited simultancously with the AF594 as thewr absorption spectra spectrally
20 owverlap. The emission spectrum from AF594 is slightly blue-shifted with respect to
AF700, which makes it possible to detect their respective fluorescence emissions in
separate wavelength regions.  As they are exeited simultaneously by the same light
source, any changes in the intensity of the light source will scale fluorescence from

AF594 and AF700 cqually. As such, any cffect originating from changes in the

2

mtensity of the light source mav be canceled out. The cxcitation, as well as the
detection, of the emitted fluorescence for the assay and the reference follow the same
optical path from the optical system to the assay. As such, the detected signal from

the reference serves as a measure for the optical coupling between the optical
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miterrogating system and the assay. Any effect onginating from changes n the optical
coupling such as alignment may be canceled out.

A special property of Huorescence known as Férster resonance energy transfer
(FRET) occurs when the energy of the excited electron of one fluorophore (i.e. donor),
passcs onfo a ncarby acceptor dye, either a guencher {non-cnutting chromophore) or
another fluorophore, which has an excitation spectrum that overlaps with the emission
spectrum of the donor. Encrey transfer occurs without the appearance of a photon
and 1s the result of long-range dipole-dipole mteractions between the donor and
acceptor.  An important characteristic of FRET is that it occurs over distances
comparable to the dimensions of biological macromolecules. The distance at which
FRET 18 50% efficient, called the Forster distance, 18 typically in the range of 20-60
A Forster distances ranging from 20 to 90 A are convenient for competitive binding
studies. WO91/09312 describes a subcutaneous method and device that cmploys an
affinity assay based on glucose (incorporating an energy transfer donor-acceptor pair)
that s interrogated temotely by optical means.  Examples WO1997/19188,
WO2000/0204%, WO2003/006992 and WO2002/30275 cach describe glucose sensing
by energy transfer, which produce an optical signal that can be read remotely.

The wvention disclosed herein 1s generally directed towards optical or
fluorescence-based assays and analyte sensing compositions.  In  ilustrative
embodiments of the invention. the assays, compositions, systerns, and methods of the
mventton are described with reference to gluiose as the analyie whose
fevel/concentration is to be determined. However, this is by wayv of illustration and
not limitation, as the principles, devices, systems, and methods of the present
mvention may be used for sensing and/or determming the level of a vanety of other
phvsiological parameters, agents, characieristics, and/or compositions.

As described hercin, erabodiments of the invention provide sensors designed
to mchude compositions disposed in specific areas of the sensor 1n order to provide the
sensors with enhanced functional and/or matenial properties. The disclosare further

provides methods for making and vsing such sensors. Embodiments of the invention

10
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described herein such as those discussed in the paragraph immediately below can be
adapted to and implemented with a wide variety of elements in sensors having sensing
complexes that generate an optical signal that can be correlated with the concentration
of an analyte such as glucose. A number of these sensors and elements are disclosed,
for example in U.S. Patent Nos. 6,6761,527, 7,228,159, 7,884,338, 7,567,347,
8,305,580 and 8,691,517, and U.S. Patent Application Publication Nos. 2008/0188723,
2009/0221891, 2009/018708, 2009/0131773, 2013/0060105 and 2014/0200336.

The invention disclosed herein have a number of embodiments. An
illustrative embodiment is a glucose sensing complex comprising mannan binging
ligand coupled to an assay fluorophore, a reference fluorophore (e.g. Alexa Fluor 647
(AF647) or Alexa Fluor 700 (AF700)); dextran that functions in the assay as a glucose
analog and is coupled to the reference fluorophore, an agent that enhances the
hydrophilicity of the dextran, and a quenching agent (e.g. hexamethoxy crystal violet-
1 (HMCV1)). In this embodiment, the assay fluorophore and quenching agent form a
Forster Resonance Energy Transfer (FRET) pair. Typically, the fluorophores and/or
quencher dye are water soluble. Optionally, the Degree of Labeling (DOL) of the
fluorophore is at least 4.1 and the DOL of the quencher dye is at least 5.7. In some
embodiments of the invention, the agent that enhances the hydrophilicity of the
dextran is the quenching agent. Optionally, the dextran is modified by an anhydride
compound (e.g. so as to couple the dextran to a moiety that modulates the
hydrophilicity of the dextran). Typically, the dextran comprises less than 1500
glucose units. In some embodiments of the invention, the glucose sensing assay
complex exhibits a sensor dose response (DR) loss of less than 2.5% per day.

Embodiments of the invention can comprise a competitive glucose binding
affinity assay comprising a glucose receptor labeled with an assay fluorophore, and a
glucose analog labeled with both a reference fluorophore (e.g. Alexa Fluor 647
(AF647) or Alexa Fluor 700 (AF700)) and a quencher dye. In certain embodiments

of the invention, the glucose receptor is selected from the group consisting of mannan

11
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binding lectin (MBL), Concanavalin A, glucose galactose binding protein, an

antibody, and Boronic acid, the giucose analog 18 dextran, the assay fluorophore and

reference fluorophore are Alexa Fluors, and the quencher dve is a hexamethoxy

crystal viodet compound. In typical cmbodiments, the dextran is coupled to or
5 modified by a compound that enhances its hydrophilicity.

Another embodiment of the method of sensing glucose in a solution {e.g.
mterstitial fluid or blood) comprising contacting the solution with a glucose sensing
complex comprising mannan binging higand coupled to an assay fluorophore, a
reference fluorophore, dextran selected to function in the assay as a glucose analog

10 and which i1s further coupled to the reference fluorophore.  This complex further
comprises an agent that enhances the hvdrophilicity of the dextran, and a quenching
agent. Optionally, the agent that enhances the hydrophiheity of the destran is the
quenching agent  In this embodiment, the assay fluorophore and quenching agent

form a Forster Resonance Encrgy Transfer (FRET) pair.  The method mncludes

e
L

observing the glucose sensing complex for signals mdicative of the presence of
glocose, and then correlating observed signals with the concentration of ghicose.

Yet another embodiment of the invention 15 a glucose sensing complex
comprismg a glucose bindmg agent (¢.g. mannan binding lectin} coupled 10 an assay
fluoropbore and a glucose analog coupled to a reference fluorophore.  In this
20 embodiment, the reference fluorophore selected for use in this complex is blue shifted
relative to the assay fluorophore. Typically, the reference fluorophore has a lower
wavelength than the assay fluorophore. Optionally, the assay fluorophore exhibits a
wavelength that is at least 50 nanometers greater than the wavelength of the reference

fluorophore.  Optionally, the glucose analog 1s further coupled o a quenching agoent

2

¢.g. a hexamethoxy crystal viclet compound}. In certain embodiments, the glucose
receptor is selected from the group consisting of mannan binding lectin (MBLY,
Concanavalin A, glocose galactose binding protein, an antibody, and Boronic acid;
and/or the ghicose analog 1s dextran {¢.g. dextran having a molecular weight between

90kDa-110kDay.  In certain embodiments, the assay fluorophore and reference
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fluorophore are individually selected from the group consisting of Alexa Fluor 594
{AF594), Alexa Fluor 647 (AF647), and Alexa Fluor 700 (AF700). Typically, the
reference flucrophore and guencher agent are water soluble, form a Forster Resonance

Another embodiment of the invention 13 a method of making a glucose sensing
complex comprising forming a glicose sensing complex by coupling a glucose
binding agent (c.g. mannan binding lectin (MBL)) to an assay fluorophore and
coupling a glucose analog {(c.g. dextran) fo a reforcnce fluorophore.  In this
embodiment, the reference fluorophore and the assay fluorophore are selected so that
reference fluorophore enuts light at a wavelength that is blue shifted relative to light
emitted bv the assay fluorophore.  Typically, the assay fluorophore exhibits a
wavelength that 1s at least 30 nanometers greater than the wavelength of the reference
flusrophore. Typically, the assay fluorophore exhibits a wavelength that is not more
than 100 nanometers from the wavelength of the reference flucrophore. In certamn
mstances, the glucose analog is further treated with succinic acid anhydride.
Typically, the dextran i1s approumately 100kBa.  In certain cmbodiments, the
composition exhibits 3 sensor dose response (DR} loss of less than 2.3% per dav. In
one mstance, the Degree of Labeling (DOL) of the fluorophore 1s at least 4.1 and the
DOL of the quencher dve is at least 5.7,

Another embodiment of the invention i1s a method of sensing glucose in a
sofution {(c.g. mterstitial fluid or blood) comprising contacting the solution with a
glucose sensing complex having a glucose binding agent coupled to an assay
fluorophore. and a ghucose analog coupled to a reference fluorophore, where the
reference thuorophore 15 selected to be blue shified relative 1o the assay fluorophore.
This method comprises obscrving the glucose sensing complex for signals indicative
of the presence of glucose, and correlating observed signals with the concentration of
glucose. Optionally the method comprises exciting the reference fluorophore and the
assay fluorophore with two difforent light sources. Typically, the assay fluorophore

exhibits a wavelength that 1s not more than 100 nanometers from the wavelength of

13
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the reference fluorophore and the assay fluorophore exhibits a wavelength that is at
fcast 50 nanometers greater than the wavelength of the reference fluorophore.

There are a variety of permutations of the invention. As described herein, the
analyte receptor is typically a lectin, which includes any carbohydrate-binding protem.
In typical embodiments, the glucose receptor is a tluorophore labeled mamnan binding
fectin {(MBL, also called mannose/mannan binding protein, Sheriff et al, Structural
Biology, 1:789-794 (1994); Dumestre-Perard ot al,, Molecular Immunology, 39:465-
473 (2602)). Tvpically, the lectin provides a stable signal in the assay for at least 10
days, more tvpically for at feast 14 days. It is particularly preferable that a stable
signal 1s provided when the sensor is implanted in the human body. Surprisingly,
MBL has been found to be stable n a glucose assay for atf least 17 days.

Other analyie receptors or analyvte binding moicties may be uvsed instead in the
assays and sensor systems described herein. For example, the analyte receptor may
be a human lectin denived from the human body, mcluding human pulmonary
surfactant protein A (SP-A, Allen, ot al, Infection and Tmmunity, 67:4563-4369
{1999)}, human pelmonary sarfactant protein B (SP-D. Persson et al, The Joumal of
Biological Chemistry, 265:5755-5760 (19903 or CL-43 (a human serum protein).
Alernatively, the lectin may be a recombinantly manufactured fectin or a humanized
ammal fectin, for example a humanized bovine fectin, The lectin may alternatively be
an animal lectin, bird lectin, fish lectin, vertebrate lectin, invertebrate lectin {(e.g.
msect lectin) or plant lectin. Suitable animal lectins include conglutinin, collectin-43
{c.g. bovine CL-43}, pulmonary surfactant proteins (lung collectins}, PC-lectin (1JS
2003/0216300, US 2004/0265898), CTL-1 (US 2010/179528), Keratinocvie
membrane lecting (Parfuemernic und Kosmetik 74, 164-80), CDO4 (Eur J Immunol 23,
2433-7), P35 {synonvm: human L-ficolin, a group of lecting) (Immuwol Lett 67, 109-
12}, ERGIC-33 {synonym: MR&0)Y (Mol Biol Cell, 7, 483-93), HIP/PAP (Eur ]
Biochem 267, 1665-71), CLECSFZ (BEur § bmmunol 34, 210-20), DCL {group of
lecting) {Appl no 00231996/US), and GLUT famiy proteins, especially GLUTI,
GLUT4 and GLUTL1 (PNAS 97, 1125-30). Further sintable animal lecting are set out

14
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m Appendices A, B, and C of “Handbook of Anumal Lectins: Propertics and
Biomedical Applications”, David C. Kilpatrick, Wiley 2000, Suitable plant lecting or
phvichemoagglutinins {(PHA s} include concanavalin A {Con A) and those derved
from pisum sativam (pea), lathyrus odoratus (sweet pea), lens culinans (lentil),
narcissus pscudonarcissus {daffodil), vicia faba (fava bean}, and vicia sativa {garden
vetch). The analyte receptor may also be a periplasmic glucose/galactose-binding
receptor, antibody raised aganst glucose-like molecules or boronic acid.

As deseribed horein, the analvie analog can comprise a plurality of
carbohvdrate or carbohvdrate mumetic moietics which bind to the binding sites of the
anabyte receptor. The analyte analogue should bave a molecular weight hich enough
to prevent escape from the sensor but low enough that precipitation does not occur
when the analyte analog binds to the analyvte receptor. The analyte analog may have a
weight in the range of 25 to 250 kDa and more typically between 90 1o 120 kDa. In
typical embodiments where glucose 15 the analvte, dextran is used as the displaceable
glucose analog/ligand. Dextran is a flexible macromolecule consisting of up to 1500
glocose units.  In certain instances, dextran consists of approximately 600 ghicose
units (~100 kDa), or consists of between 300-700 glucose units.

Other analyte analogs and higands may be used msicad in the ilustrative
assays and sensor systems described herein.  The analyte analog may be a synthetic
polvmer which bears different carbohvdrate or carbohydrate mimetic moieties of
different affinity for MBL and sinular lectins. Alemativelv, the analyvite analog may
be a carhohydrate-protein conjugate or a carbohydrate-dendrimer conjugate.
Examples of suitable carbohydrates for use in such conjugates are monosaccharides
and oligosaccharides. Suitable monosacchanides are optionally derivatized tetroses,
pentoses, hexoses, heptoses or higher homologous aldoses or ketoses, for example
optionally derivatised D-ghucose, B-mannose, N-acetyl-D-ghicosamine, L-fucose, D-
fructose, D-tagatose or B-sorbitol.  Suifable oligomers may be linear or branched
homooligomers or muxed oligomers, for cxample contaming from 2 to 50

carbohydrate units.
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As descnbed herein, fluorophores or fluorochromes are chemical compounds
that are able to absorb light encrgy of a specific wavelength and re-emit light energy
at a longer wavelength, Fluorophores can also be used to quench the fluorescence of
other fluorescent dves or to relay their fluorescence at even longer wavelengths
(FRET). Typically, Alexa Fluor™ (AF) 394, 647 and/or 700 are used as reference
and assay fluorophores for respectively labeling the glucose analog and glucose
roceptor.  Those skilled 1n the art understand that other fluorophores surtable for
optical glucose assays may also be used instead, for example, coumarin, thodamine,
xanthene, cyaning, and Alexa Fluor dyes that cover other excitation and emission
wavelengths {e.g. AF330, AF405, AF488, AF332 AF546, AF335, AF368, AF394,
AF680, AF750).

An energy acceptor which does not emit fluorescence is referred to as a
quenching moicty. The HMCV dyes described in W005/059037 are suitable energy
acceptor moicties for use n the mvention. These dyves are stabilized carbenium ions.
In typical embodiments, hexamethoxy crystal violet-1 (HMCV1) is used as the
quencher/acceptor dye.  Altematively, QSY 21 may be ased as an energy accepior
motety with AF594 as an energy donor moiety.

The binding assav gencrating the optical signal should typicallv be reversible
such that a continuous monttoring of fluctuating levels of analyte can be achieved.
This reversibility is a particular advantage of the use of a binding assay format n
which the components of the assay are not consumed. Typically, the sensor is
suitable tor the detection or measurement of glucose m body flud, for example
subcutancous fhnd. It is desirable for the sensor to be suitable for use in vivo.
Typically, the assav is capable of measuring blood glucose for concentrations over at
least part of the range of 0 1o 35 mM gluacose, tvpically over the range of 2 to 10 mM
ghicose. Suitable detection technigues include FRET, fluorescence energy transfer,
fluorescence polarization, fluorescence guenching, phosphorescence, luminescence

enhancement, luninescence quenching, diffraction or plasmon resonance. Typically,
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the sensor of the mvention incorporates an assay which generates an optical readout
using the technique of FRET.

As discussed above, there is a need in the art for optical or fluorescence-based

assays with enbanced stability and that require a lower calibration frequency of the

5 optical sensor. In one aspect of the mvention, an analyie sensing composttion with

significantly improved stability and solubility is provided. The analyte scnsing

composition comprises an analyte analog labeled with both a fluorophore and a

guencher dyve. In typical cmbodiments, the analyic sensing composition 15 a glucosce

sensmg composition comprising a mudti-labeled glucoese analog (e g dextran) labeled

10 with both a fluorophore (e g. Alexa Fluor™ 647, Alexa Fluor'™ 700} and a quencher
dve (c.g. hexamethoxy crystal violet-1, HMCV 1),

In another aspect of the invention, a competitive analyte binding affinity assay

based on the analyvte sensing composition is provided. The competitive analyte

binding affinity assav comprises an analvte receptor labeled with an assay fluorophore

e
L

and an analvie analog labeled with both a reference fluorophore and a quencher dye.
In cortain instances, the reference fluorophore 13 blue-shifted relative to the assay or
mdicator fluorophore, which improves the stability of the assay, and more specifically
the reference fluorophore. In typical embodiments, the competitive analyte binding
affinity assay is a competitive glucose binding affimity assay comprising a glacose
20 receptor/iectin (¢.g. mannan binding lectin, MBL) labeled with an assay fluorophore
(Alexa Fluor™ 647, AF647) and a multi-labeled glucose analog (e g. dextran) labeled
with both a reference fluorophore (e.g. Alexa Fluor™ 594, AF594) and a quencher
dve {e.g. HMCV 1),

In embodiments of the invention, the binding berween the MBL and glucose-

2

fike molecules (¢.g., dextran) 1s reversible. When no glucose 1s present, MBL and
dextran will predominantly be bound together. When glucose is added to the assay, i
will compete off g part of the dextran population, such that the assay enters a new
cquilibrimm state.  The equbibrium state at all times corresponds to the glucose

concentration. In order to determine this equubtbrium state, MBL s labeled with a

[
.
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fluorophore {(¢.g. AF647, AF700) and the dextran is nmlti-labeled with a guencher
dye {¢g. HMCVI) and a reference fluorophore (e.g. AF594). The donor assay
fluorophore and the acceptor quencher dve together form a Forster Resonance Energy
Transter (FRET) pair— i1.¢., the emission spectrum of the assay fluorophore and the
absorption spectrum of the quencher dye overlap. It 1s noted that the fluorophore and

dye are typically water soluble, as they are to function in an agueous environment.

Mubti-Labeled Analvie Analogs

Embodiments of the invention include glucose assay compleses comprising
dextran as a glucose analog. Dextran 15 a flexable macromolecule made up of up to
1500 glucose units. In certamn typical instances, dextran 13 made up of approximately
600 glucose units (~100 kxa). Dexiran may be used as a displaceable analvie
analog/higand 10 an optical mannan binding lectin (MBL)-based glicose responding
competitive assay. In order to function m the Férster Resonance Energy Transtfer
{FRET) assay, dextran is typically (heavily) labeled with a lipophilic (and cationic)

dye such as hexamethoxy crystal violet-1 (HMCV1). The presence of a large number

y

{greater than 10} of lipophilic dyes on the flexible polv-(1.6)-glucose backbone of
dextran can canse the HMCV 1-Iabeled dextran 1o fold to Jess soluble conformations
and hence create precipitations  Dye-induced conformal changes turn the HMCVi-
iabeled dextran into a more fipophilic state which causes varicus problems, including
adverse changes on the binding ability of dextran to the glucose receptor as well as
affecting its Forster Resonance Energy Transfer (FRET) efficiency.  An mner filter
effect also oecurs due to the dyes being shielded intra-molecularly on the dextran,
which causes the calibration of the assay to change, 1.¢. during this process the assay
behaves unstably.

In onc aspect of the invention, dextran is co-substituted with a typical
guencher {eg. HMCV1} together with dyes or other components having a more
hvdrophilic character, which allows for a better hvdrophilic-hvdrophobic balance

where less conformal changes to the glucose hgand/analog over time occurs. The co-

18
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substitution can also comprise of positive and negative charged substitutes which
prevent dextran from becoming fully negative or posttive.  Hhustrative experiments
have shown that these factors allow for a significantly more stable assay for the
optical sensor.

In one embodiment, as shown 1o FIG. 1A, the quencher 15 changed from a dye
to a flucrophore and the reference fluorophore is omitted. This improves the stability
of the assay by improving the solubility of the higand. It also reduces complexity of
the assay as the AF647-labeled dextran acts as both an acceptor and a reference at the
same time. Additionally, this improves the photo stability of the assay by exciting the
reference flucrophore. In this context, blue shifting the reference fluorophore tfowards
the excitation source will prevent fluorophore excitation to the sccond oxeited state, a
phenomenon which can lead to dye degradation. By shifting the dye towards the light
source excitation wave length we can obtain less photo bleaching {(UV light bleaches
visible dves more than wvisible hight). Blue shifted reference dyes useful
embodiments of the invention {depending on, for example, the excitation filter and the
wavelength width of the light soarce} include Alexa Floor (AF) 546, AF533, AF568,
AFS94 and Cv3, Cy3B and (Cy35. These are the blue shifted reference dyes
compatible with the AF647 donor and HMCV ] aceeptor FRET svstemn.

A variety of other agents can be coupled to dextran to improve is
conformation and/or hydrophilic-hydrophobic  balance, typically to  enhance
bydrophilicity. Hhustrative agents include cyclic anhydrides (e.g. Phthalic
anhydnde), Tartraic anhydnde denvates (e.g. 0,0-Diacetyl-L-tartaric anhydnde), and

the agents shown in Table I below:

13



CA 03055980 2019%-10-11

WO 2018/200967 PCT/US2018/029814

Common
nams

HUPAC name Structure

Lacid | acid

e
9 Buccinic butanadioic Woﬁ\r@msgfm 4.21 8.4

§3§G§utar§cac-id gﬁmdm E\M' .ﬁ\\@ 4o 2 A
HET T ol

: : : Qf H i
Pl hevanedioic | .
4 Adipic acid | acd W»\w N 447 5 41

 heptanedioic
. acid

{ & | Pimelic acid

. petanedieic
16 | Subenc acid |

acid m'\\\\\\*\m

&

P pepanedioic
T Azelaicacid
L | acid

 Sebacic decanedioic
i acid : acid

In another embodiment, as shown in FIG. 2A, the reference fluorophore is

iabeled/coupled onto the same higand as the dve quencher, thereby eliminating the
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need for a reference cammer. This improves the stability of the assay by improving the
solubility of the ligand. This has shown cven better stability than the fluorescing
figand. It also reduces the complexity of the assay as the AF647-labeled dextran acts
as acceptor and reforence at the same time.  Additionally, this improves the photo
stability of the assay by exciting the reference “where 1t absorbs more”. Tt also
enables further dose response optimization.

It has been found that when using a ligand labeled with only a fluorophore (c.g.
AF647-100Dex({(d)), increasimg (AF647-100Dex(d)) concentration m the assay results
in higher reference (REF) signal (risk of saturating REF) and more bleed-over mto the
assay {ASY) channel, which reduces sensor dose response {BR). There is a limit to
{dex) concentration and the degree of labchng (BOL) of the pure AF647 hgand duc to
the above issues. High DOL HMCV1-dex has problems with solubility and AF647-
dex appears more sohuble in Tris or water. Adding HCMV1E to an AF647 ligand
lowers the REF signal and bleed-over without reducing the quenching abihity. Adding
AF647 to an HMCV1 ligand increases solubility. Thus, specific embodiments of the
mvention provide adding AF647 to the HMCV I-dextran, thereby forming an AFG47-
HMCVi-Dex Ligand with improved solubility, which improves assay stabiliy.
AF647 may be substituted with AF700. The combination ligand as well as just a
HMCVi-Dex hgand may be slightly succinylated to further improve assay stability.

In ancther aspect of the invention, a method is provided for making the multi-
labeled/combination glucose analog/ligand. In typical embodiments, the combination
figand 1s a dextran that carries both a guencher dve and a fluorophore, for example
both HMCV 1 and AF647. The two dyes are stained simultancously to the dextran. In
one instance, 10X of HMCVI-S8E and 10X of AF647-SE are added to 100Dex(d).
This s typically followed with punification, dialvsis or passing through a small gel
permeation chromatography (GPC) cohumn.

The degree of labeling {(DOL} of the mdividual dyes on a multi-labeled
dextran (MLD} is determined by UV~Vis spectroscopy. The DOL is varied for both

dyes to get a best fit. The resalting spectrum A from the two dyes on the dextran is
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a linear combination of the spectra of the individual dyes Sover) and 8oyl gnd the
respective dve concentration (Dyvex). The dve concentration 1s determined by solving
the equation below for all L m the three recorded spectra (using HMOV] and AF647

as gxample).

A
|

() = Bupcys (UX[HMEVL] xd + Ejppr(R) x[AFE47] xd

ALY = Fypacyr M IX[DEXIXDOL oy X0 + T (h) X[DEXIXDOL,eg,7 Xd
ernicvi{Amax) = 42000 Mlom!
eatedr(hmax) = 270000 Mlem™?
As a performance evaluation of the sensors, a sensor dose response (DR) is

10 calculated using the followmg cquation:

Foom — £
DR = SRC A% a0
do

where 7, and 7 arc the normalized intensitics at 400mg/dL and 40 me/dL glucose.

The loss in sensor dose response (DR loss) is calculated using the following equation:

Relative Loss per day (Diff) = & ﬁﬁ@?ﬁ'mw‘ - ¥ 160%
ERsopre™Watare~ Panet

-
L

or from a lincar regression of the DR vs. time (Excel function slope):

Relative Loss per day (Slope) = {— 1} # S"&@g@{Eﬁﬁﬁﬁi&wﬁ%;ﬁm\g} % 10096
EBgsare
The relative DR loss 1s used as a key parameter i evaluating the quality of the sensor.
Historically, the torm was DR loss and hence a negative development in the DR turns
out to be a positive loss, hence the (-1} mubltiplication in the “Slope”™ formula
20 Baseline drifi is evaluated but drifts much less. In illustrative experiments, as shown
in FIGS. 13-17, single-labeled dexiran exhubits relative DR loss between 3% to 6%
per day, whereas the multi-labeled-dextran surprisingly only drifis between 0.5% and

2.59%.

2
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Blue-Shified Reference Dve

Embodiments of the invention include group different fluorcscent dyes {e.g. a
reference fluorophore and an assay fluorophore) that are selected to for use together
due to their wave length profiles.  Reference dves in (imtensity) fluorescence assays
are needed in order to keep track of vanations m the experimental setup ¢.g. light
source fluctuations, changes m the optical path (coupling light into light swides,
mechanical perturbations like bending, temperature vanations, cte).  Traditionally
optical or fluorcacence bascd scnsing systems have chosen references fluorophore that
are red-shified relative to the assayving fluorophore. Exeiting fluorophores using light
of a lower wavelength with more energy than needed there 1s an increased risk that
the electronic transition in the fluorcacent molecule will occur from the electronic
ground state (50} to the second excited state (52) and not to the first excited electronic
state (S1). Molecules in 52 are much more likely to decompose than the same
molecule in 81, hence if excited to 52 faster photo-bleaching 1s obtained than if only
51 got occupted. Since a reference dye has to be very stable, the use of a reference
fluorophore red-shifted relative to the assay fluorophore can be a suboptimal choice.

Instead of the usual red-shifted reference fluorophore that could appear photo-
labile due to low wavelength excitation, certain emboduments of the invention use a
reference floorophore blue-shifted relative to the assay or indicator fluorophore
mstead. In other words, the reference fluorophore has a shorter wavelength/increased
frequency than the assay fluorophore. In visible light, the reference fluorophore is
closer to the blue end of the spectrum whereas the assay fluorophore is closer to the
red end. This improves the stability of the reference fluorophore, which is a key
property in providing accurate assay measurements. {n one or more embodiments, a
competitive glucose binding aftinity assay comprnses a ghucose receptor/lectin {e.g.
mannan binding lectiny labeled with an assay flucrophore (Alexa Fluor™ 647y and a
multi-labeled glucose analog (e.g. dextran) labeled with both a reference fluorophore
{c.g. Alexa Fluor™ 594) and a quencher dyve {c.g. hexamecthoxy crystal violet-1},

wherein the reference fluorophore is blue-shifted relative to the assay fluorophore.

N2
O8]
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As is known in the art, with such systems, spectra and available light sources
dictate the selection of the fluorophores and the design of the optical set-up. There
are a varigty of semiconductor light sources (LED s} useful with embodiments of the
mvention such as those found m the MIGHTEX SYSTEMS LED Wavelength

5 Portfolio. In addition, m embodiments of the invention, continuum hght sources
{white light sources with laser characteristics} can be filtered to select a particolar
waveciength range for excitation to provide an arbitrary wavelength{range)

Typically, for a red-shitied reference the concentration of the reference can
prnciple be increased to reduce the effect of the assay fluorophore “red” tail bleed

10 over and must be separated approximately 50nm to avoid reference fluorophore
“bluc”™ tail bleed over to the assay fluorophore and thereby reduce dose response. For
a blae-shifted reference the Auorophore must tyvpically be blue-shified approximately
300m to avoid referonee assay “bluc” tail bleed over to the referenee flusrophore and

thereby make the reference insemsitive fo assay fluorophore fluorescence level

e
L

Reference fluorophore concentrations can in this case be reduced in order to avoid
dose response reduction by reference “red” tail bleed into the assay fluorophore
emission. For most fluorophore pairs, it 18 typically difficult to separate flucrophores
more than 100nm and still be able to excite the most red-shifted fluorophore
stmudtapeousty with the blue-shifted. One way to circamvent this 1s to exciie with two
20 different fight sources, and increase the complexity of the optical system as it is
required to monitor the output of the light sources to compensate for changes in

output.

Nomenclature

2

As described berewn and in the figures, the different dextran conjugates have
the following general nomenclature:
Dyel-DBye2-XXXDex(Y)succ{a/b/Xc)
As described herein and i the figures, the different MBL conjugates have the

following general nomenclature:

N2
£
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Dvel-zMBL{a}

Dvel and Dye2 arc abbroviations of the dye names;

XXX is the Mw of the dextran in kDa;

Y is the lon Exchange Chromatography (IEX) fraction of the amino-dextran;

Z, 13 cither °r” for recombinant MBL, “p” for plasma MBL, “UHP” for Ultra
Highly Purified MBL,;

suce denotes if the dextran is treated with succinie acid anhydrde i molar
excess “¢”. I suce is not stated the dextran is stamed with dye(s) only; and

{a/b/Xc) denotes the Degree Of Labeling {(DOL) of the dyes and excess of
saccinic acid anhydnde used. “a” 15 the DOL of Dyel, “b” is the DOL or Byel and
“X¢” the molar excess of succinic acid anhvdnde used. DOL 15 defined as number of
dyes per dextran t.e. a dimensioniess mumber.

Hustrative examples are as follows:

HMCVI-AF647-100Dex{d}{(5.2/3.9)

This conjugate 15 a 100 kDa Dextran IEX peak-d labeled with HMCV! and

AF647 and having respectively BOLs of 5.2 and 3.9,
HMCVI-100Dex{c)suce(12.1/X19)

This conjugate is a 100 kDa Dextran IEX peak-c labeled with HMCV] and
succinie acid aphydride baving DOL of 12.1 and 10 times molar excess of succinic
acid anhvdride used for modification.

AF647-rMBL{O.5T)

This conjugate 15 recombinant MBL labeled with AF647 having DOL of 0.51.

Assays are described as MBL and ref-conjugates {(when needed) from the
same nomenclature and the concemtrations of the individual conjugates i square
brackets (PP:DID:RR) where PP 1s the concentration of MBL (fMBL) m uM, DD s
the ligand dextran concentration (Dex) m pM and RR 15 the reference dextran
concentration in pM.

Further aspects and cmbodmments of the mmvention are disclosed m the

following examples.

N2
L
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EXAMPLES

Example 1. Hlustrative Multi-Labeled Dextrans Generated

HMCVI-AF647-Dextran

Dextran carrving both HMCVT guencher dve and AF647 fluorophore. Both
HMCV and AF647 acts as quencher to the AF594 donor in the glucose sensing assay.
AF647 also functions as reference in the system. The emitted fluorescence from the
direct excitation from the light source is much larger than the glucose dependent

fluorescence origin from the FRET in the svstem.

HMCVI-AF700-Dextran
Dextran carrving both HMUV1 guencher dye and AF700 fluorophore.
HMCVT acts as guencher to the AF394 donor m the glucose sensing assay. AF700

functions as reference in the system.

HMCVI-HMCV3-Dextran

Dextran carrying both HMCV1 gquencher dyve and HMCV3 guencher dye.
HMCV3 15 a negatively charged version of HMCV I (that 1s posttively charged). Both
HMCVE and HMCV3 acts a guencher 1o the AF394 donor in the glucose sensing

assay. 4 reference 1s needed in the system e.g. heavily succinylated AF700-Dextran.

HMCOV!-Dextran-succinlyiated

Dextran carrying HMCVI guencher dyve and further treated low excess
saceinic acid anhydride. HMCVY 1 acts as quencher to the AFS94 donor in the ghicose
sensing assay. The low degree of succinylation prevents the dextran from fast
obtaining a lipophilic structure. A reterence s needed m the system e.g. heavily

succinylated AF700-Dextran.

2
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Example 2: Expenment With Blue-Shifted Reference Fluorophore

In the glucose responding assay, the assay has traditionally been bult from
two or three comjugates. Option | {three higands) using red-shifted reference. AF394-
rMBL, HMCVI1-100Dex{d), AF700-100Dex(ajsucc; AF700 on the non-binding
Dex{ajsuce acts as a reference. Option 2 {two bigands) using red-shafted reference:
AF594-rMBL, HMCV1-AF647-100Dex(d); AF647 on the binding Dex{d) will act a
reference since the fluorescence from direct excitation is much stronger than the
fluorescence ongimating from the FRET. Changing the system to a bluc-shifted
reference becomes: AF647-rMBL and HMCV 1-AF394-100Dex(d), resulting in better
stability and lower calibration frequency of the optical sensor.

The assay was been built but vefortunatelv the AF594-DOL of the HMCV -
AF394-100Dex(d}(6.0/6.3) was far too large (5ITS6017). This resulted in foll
saturation in hoth the REF and ASY channel during testing. New assays were made,
but not tested (closing of siie) Option 11 AF647-rMBLL0.24)/HMCV 1 -
H30Dex(d)succ(17. 1/X3)/AF594-100Dex(aisuce(2.0);  (10:40:1) and (10:40:0.3).
Cyption 2 AF&AT-rMBL(O 24y HMOV 1-T0Dex{dsucc{ 13 8/X5)/AF594-
100Dex(ajsuce(2.0) (10:40: 1) and (10:80:1}. Option 3: AF647-rMBL{O.24)y/HMCV |-
HMCV3-100Bex{disuce{14 2 AF394-100Dex(ajsuce(2.0; (16:40:1) and (10:40:0.1);
AF647-rMBL0 24 HMCV 1-HMCVY3-100Dex()succ(18.6)/AF594-
100Dex{aysuce(2.0) (10:40:1} and (10:40:0.1).

CONCLUSION

This concludes the description of the typical embodiment of the present
mvention, The foregoing description of one or more embodiments of the invention
has been preseoted for the purposes of illustration and descrption. It is not wmiended to
be exhaostive or to bimit the invention to the precise form disclosed. Many

modifications and variations are possible in light of the above teaching.
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CLAIMS:

1. A glucose sensing complex comprising:
a mannan binding ligand, wherein the mannan binding ligand is coupled to an
5  assay fluorophore;
a reference fluorophore;
dextran, wherein the dextran functions in the assay as a glucose analog and is
coupled to the reference fluorophore;
an agent that enhances the hydrophilicity of the dextran; and
10 a quenching agent,
wherein:
the assay fluorophore and the quenching agent form a Forster
Resonance Energy Transfer (FRET) pair; and
the glucose sensing assay complex exhibits a sensor dose response

15 (DR) loss of less than 2.5% per day.

2. The glucosc scnsing complex of claim 1, whercin the agent that cnhances the

hydrophilicity of the dextran is the quenching agent.

20 3. The glucose sensing complex of claim 2, wherein the quenching agent is

hexamethoxy crystal violet-1 (HMCV1).

4. The glucose sensing complex of claim 1, wherein the reference fluorophore is
Alexa Fluor 647 (AF647) or Alexa Fluor 700 (AF700).

25
5. The glucose sensing complex of claim 1, wherein the reference fluorophore,

the assay fluorophore, and/or quenching agent are water soluble.

28
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6. The glucose sensing complex of claim 1, wherein the dextran is modified by

an anhydride compound.

7. The glucose sensing complex of claim 1, wherein the dextran comprises less

than 1500 glucose units.

8. The glucose sensing complex of claim 1, wherein:
the Degree of Labeling (DOL) of cither one of the reference fluorophore and
the assay fluorophore is 4.1; and

the DOL of the quenching agent is 5.7.

9. The glucose sensing complex of claim 1, wherein the agent that enhances the
hydrophilicity of the dextran comprises a cyclic anhydride, a tartaric anhydride
derivate, a succinic acid, a glutaric acid, an adipic acid, a pimelic acid, a suberic acid,

an azelaic acid, or a sebacic acid.

10. A competitive glucose binding affinity assay comprising:
a glucose receptor labeled with an assay fluorophore; and
a glucose analog labeled with both a reference fluorophore and a quencher

dye.

11.  The assay of claim 10, wherein:

the glucose receptor is selected from the group consisting of mannan binding
lectin (MBL), Concanavalin A, glucose galactose binding protein, an antibody, and
Boronic acid;

the glucose analog is dextran;

the assay fluorophore and reference fluorophore are Alexa Fluors; and

the quencher dye is hexamethoxy crystalviolet-1 (HMCV1).

29
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12.  The assay of claim 11, wherein the glucose receptor is mannan binding lectin.

13.  The assay of claim 11, wherein the reference fluorophore is Alexa Fluor 647

(AF647) or Alexa Fluor 700 (AF700).

14.  The assay of claim 11, wherein the dextran is coupled to a compound that

enhances its hydrophilicity.

15. A method of sensing glucose in a solution comprising:
(a) contacting the solution with a glucose sensing complex comprising:
a mannan binding ligand, wherein the mannan binding ligand is
coupled to an assay fluorophore;
a reference fluorophore;
dextran, wherein the dextran functions in the assay as a glucose analog
and is coupled to the reference fluorophore;
an agent that enhances the hydrophilicity of the dextran; and
a quenching agent, whercin the assay fluorophore and the quenching
agent form a Forster Resonance Energy Transfer (FRET) pair;
(b) observing the glucose sensing complex for signals indicative of the
presence of glucose; and
(c) correlating observed signals with the concentration of glucose; wherein
the glucose sensing complex exhibits a sensor dose response (DR) loss of less than

2.5% per day.

16.  The method of claim 15, wherein the solution comprises interstitial fluid or
blood.

17.  The method of claim 15, wherein the glucose sensing complex is disposed in

vivo without involving any steps of surgery.

30

Date regue / Date received 2021-11-25



10

15

20

25

18.  The method of claim 15, wherein the agent that enhances the hydrophilicity of

the dextran is the quenching agent.

19.  The method of claim 15, wherein the quenching agent is hexamethoxy crystal

violet-1 (HMCV1).

20.  The method of claim 15, wherein the dextran is modified by an agent selected
to enhance its hydrophilicity.

21. A glucose sensing complex comprising:

a mannan binding ligand, wherein the mannan binding ligand is coupled to an
assay fluorophore;

a reference fluorophore;

dextran, wherein the dextran functions in the assay as a glucose analog and is
coupled to the reference fluorophore;

an agent that cnhances the hydrophilicity of the dextran, wherein the agent that
enhances the hydrophilicity of the dextran comprises a cyclic anhydride, a tartaric
anhydride derivate, a succinic acid, a glutaric acid, an adipic acid, a pimelic acid, a
suberic acid, an azelaic acid or a sebacic acid; and

a quenching agent, wherein the assay fluorophore and the quenching agent

form a Forster Resonance Energy Transfer (FRET) pair.

22.  The glucose sensing complex of claim 21, wherein:
the Degree of Labeling (DOL) of cither one of the reference fluorophore or the
assay fluorophore is 4.1; and

the DOL of the quenching agent is 5.7.

31
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23.

The glucose sensing complex of claim 21, wherein the dextran comprises

about 600 glucose units.

24.

The method of claim 15, wherein the reference fluorophore is Alexa Fluor 647

(AF647) or Alexa Fluor 700 (AF700).

25.

The method of claim 15, wherein the reference fluorophore, the assay

fluorophore, and/or quenching agent are water soluble.

26.  The method of claim 15, wherein the dextran is modified by an anhydride
compound.
27.  The method of claim 15, wherein the dextran comprises less than 1500

glucose units.

28.

The method of claim 15, wherein:

the Degree of Labeling (DOL) of either one of the reference fluorophore and

the assay fluorophore is 4.1; and

29.

the DOL of the quencher dye is 5.7.

A method of sensing glucose in a solution comprising:
(a) contacting the solution with a glucose sensing complex comprising:

a mannan binding ligand, wherein the mannan binding ligand is
coupled to an assay fluorophore;

a reference fluorophore;

dextran, wherein the dextran functions in the assay as a glucose analog
and is coupled to the reference fluorophore;

an agent that enhances the hydrophilicity of the dextran, wherein the
agent that enhances the hydrophilicity of the dextran comprises a cyclic

32
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anhydride, a tartaric anhydride derivate, a succinic acid, a glutaric acid, an
adipic acid, a pimelic acid, a suberic acid, an azelaic acid or a sebacic acid;
and
a quenching agent, wherein the assay fluorophore and the quenching
5 agent form a Ferster Resonance Energy Transfer (FRET) pair;
(b) observing the glucose sensing complex for signals indicative of the
presence of glucose; and

(c) correlating observed signals with the concentration of glucose.

10  30. The method of claim 29, wherein:
the Degree of Labeling (DOL) of cither one of the reference fluorophore and
the assay fluorophore is 4.1; and

the DOL of the quencher agent is 5.7.

15 31.  The method of claim 29, wherein the dextran comprises about 600 glucose

units.

32.  The method of claim 29, wherein the reference fluorophore is Alexa Fluor 647
(AF647) or Alexa Fluor 700 (AF700).
20

33
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Filter configuration for AF594-MBL/647-Dex
and AF594-MBL/AFB47-HMCV1-Dex assays
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