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CHEMICAL DETECTION ASSAYS

TECHNICAL FIELED

The present disclosure relates to the ficlds of chemistry, medicine, and diagoostics.
More particularly, the present disclosure relates to methods for analyzing a body {luid sample.
In particalar embodiments, # relates to immuano- and himinescence-based assays for
determinming fow levels of 1,5-anhydroglucitol (1,3-AHG, also written as 1,3-AG, AG, or AHG)
in body fluid, particularly in saliva as a non-invasive screening, diagnostic, or monitoring

method,
BACKGROUND

Pamage to organs and tissues by type 2 diabetes {T2D) leads eventually to severe
complications if diagnosis is not timely. 1,5-AHG is an unmetabolizable glucose analog which
ts present in human blood due predominantly to dietary ingestion. In physiclogy, the 1,5-AHG
tevel is balanced by being reabsorbed and excreted through the kKidaey and urine, tespectively.
1,53-AHG concentration in bloed decreases during times of hyperglyveemia since reabsorption is
completely infubited by glucose at fructose and mannose active transporter; Therefore,
monitoring 1,5-AHG in saliva is usefol i achieving glycemic control. A recent report has
revealed a strong association of T2D with 1,5-AHG o saliva as a noninvasive marker, a benefit
to patients who are averse to blood sampling, A principal aim of the present disclosure is

efficient screening for undiagnosed diabetes by AHG measurement in saliva.

Pyranose oxidase (PROD) has been used for determining D-glucose and 1,5-AHG in
blood in FDA-approved clinical analysis methods. PROD oxidizes the second position
hydroxy! group of 1,.5-AHG and generates hydrogen perexide which can be detected using a
variety of methods, including colorimetry, electrochemical and chemiluminescent assay.
Therefore, 1,5-AHG is indirectly determined by measuring the generated hydrogen peroxide.
However, saliva often contains D-glucose, which is also oxidized by PROD and produces
hydrogen peroxide, thus, interferes with 1,5-AHG measurement. In this case, pretreatment of
the sampie is required to keep D-glucose from reaction with PROD. As such, a need currently

exists for an improved technique for detecting analvies such as 1,5-AHG inbody fluid samples.
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SUMMARY

The present disclosure relates to methods for measuring an analyte, incloding, for
example, 1,3-anhydroglucitol (1,5-AHG), in a body fluid sample. Certain embodiments
imchuide a method for analyzing a bedy fluid sample, where the method comprises obtaming
and optionally pre-processing a sample corprising 1,5-anhydroglucitol; adding a fisst reagent
to the sample, wherein the first reagent causes a chemilominescent reaction with the sample;
measuring a first light response resulting from the first chemiluminescent reaction; and
optionally adding a second reagent to the sample. In particudar embodiments, the second
reagent is sequentially added to the sample after the fitst reagent is added to the sample; and
the second reagent causes a second chemiluminescent reaction with the sample.  In other
embodinients, the sample can be split and different reagents added to the parts of the sample.
Specific embodiments include measuring a second light response resulting from the second
chemuluminescent reaction, and comparing the first light response 1o the second light response

to determine a ratio of 1,5-anhydroglucitol and the first analyte.

in some embodiments, the present disclosure provides methods for analyzing a sample,

the method comprising:

{a) obtaining a smmple comprising of 1,5-anhydroglucitol and optionally a first
species;

(b adding a first reagent to the sample, wherein the first reagent causes a first
cheriluminescent or bioluminescent reaction with 1, 5-anhydroglucitol in the
sample; and

{c} nmieasuring a first light response resulting from the first chemilonunescent or
bicleminescent reaction,

In some embodiments, the sample has been pretreated to remove the first species. In
some enbodiments, pretreating the sample comprises purifying the sample on an adsorbent or
adding two or more enzymes to the sample.

iIn some embodiments, the methods further comprise:

(d) optionally adding a reagent or reagents to modity or remove species which
could modify the signal obtained with 1,5-anhydroglucitol;

{e) observing the amount of light produced from the sample;
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B

{2)

observing the amount of light produced from the sample a second time after a
first time period wherein the tme peried s suftficient that at least some pre-
selected fraction of the 1,5-ashyvdroglucitol bas been converted; and

estimating the 1.S-anhydroghucitol from the light produced from the sample

obtained in steps (e) and (1)

in other embodiments, the methods further comprise:

&

{c}
&

{g)
()

optionally adding a reagent or reagents to modify or remove species which
could modify the signal obtained with 1,5-anhydroglucitol;

observing the amouont of light produced from the sample;

adding one or more additional reagents, wherein the one or more additional
reagents are necessarity to cause the generation of 1,5-anhydroglucitol;
observing the amount of light produced from the samaple; and

estimating the 1S-anhydroghicitol from the light produced from the sample

obtained in steps (e) and (g}

In other embodiments, the methods are further defined as:

(@)
(b

{c)

dividing the sample into at least two aliquots;

adding to at least one aliquot a second reagent which modifies, captures or
destroys 1,5-anhydroglucitol;

adding to each aliquot the first reagent which causes a chemituominescent or
hioluminescent reaction with | S-anhvdroglucitol in the sample;

measoring the light respomse resulting from the chemiluminescent or
bioliminescent reaction in each aliguot; and

calculating a difference or ratio of the light signals obtained from each aliquot.

in other embodimends, the methods are further defined as:

{a)
{b}
{c)

{d)

(e)

dividing the sample into at least two aliquots;

adding to at least one aliquot a known amount of 1,S-anhydroglucitol;

adding to each aliquet the first reagent which causes a chenuluminescent or
bioluminescent reaction with 1, 3-anhvdroglucitol in the sample;

measuring the light response resufting from the chemiluminescent or
biohsminescent reaction in each aliquot; and

calculating a difference or ratio of the light signals obtained from cach aliquot.

In other embodiments, the methods are further defined as:

{a)

dividing the sample into at least fwo aliquots;
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(b}

{c)

{)

{e)

adding to at lcast one aliquot both a reagent which modifies, captures or destroys
1, 5-anbydroglucitol and a known amount of 1,5-ashydroglucitol;

adding to ecach aliquot the first reagent which causes a cheniiuminescent or
bioluminescent reaction with 1,5-anhydroglacitol in the sample;

nweasuring  the light response resulting from the chemiluminescent or
bioliminescent reaction in each aliguot; and

calculating & difference or ratio of the light signals obtained from ecach aliquot.

in some ersbodiments, the methods comyprise:

{a)
(b}

{c)
{d)
(€}
{(H
()

{h)

dividing the sample into at least three aliquots;

adding to at least one aliguot a reagent which medifies, captures or destroys 1,5-
anhydroglucitol;

adding to at least one aliquot a reagent which modifies, captures or destroys a
first species;

adding to at least one aliquot a reagent which modifies, captures or destroys a
first species and 1,5-anhydroglucitol

adding to at least onc aliquot a reagent which causes a chemiluminescent or
biokuminescent reaction with first species in the sample;

adding to at least fwo aliquot the first reagent which causes a chemilaminescent
or bioluminescent reaction with 1,5-ankydroglucitol in the sample

nweasuring  the light response resulting from the chemiluminescent or
biolominescent reaction in each aliguot.

calculating a difterence or ratio of the light signals obtained from each of the

aligquots.

{nn other embodiments, the methods further comprise:

(d

{e}

adding a second reagent fo the sample, wherein:

(i) the second reagent is added before or after the first reagent to the sample;
and

(i1} the second reagent causes a second chenulominescent reaction with the
first species in the sample; and

measuring a second light response vesulting trom the second chemiluminescent

reaction,

in some embodiments, the methods further comprise adding a third reagent or a second

enzyrae. In some embodiments, the methods further comprise:

{d}

adding the third reagent 1o the sample, wherein:
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{t) the third reagent is sequentiaily added to the sample; and
(1) the third reagent causes a third chemiluminescent reaction with a second
analyte in the sample; and

(2"} measuring a third light response resulting from the third chemilonynescent

reaction.

In some embodiments, the second reagent is added before the first reagent. In some
embodiments, the third reagent is added before the first reagent. In some embodiments, the
second reagent and the third reagent is added before the first reagent. o some ersbodiments,
the methods further comprise (1) comparing the first fight response to the second light response
to determine & ratio of 1, 5-anhvdroglucitol and the first species.

In some embodiments, the sample comprises saliva. in other embodiments, the sample
comprises uring. In other embodiments, the sample comprises blood. In other embodiments,
the sanple comprises interstitial fuid. br some embodiments, the methods comprise separating
the sanipie inte two or more aliquots,

in some embodimeins, the first species is present and is selected from the group
consisting of glicose, E-sorbose, D-xylose, D-galactose, glucono-8-lactone, urea, creatimine,
and creatine such ag selected from the group consisting of glucose, L-sorbose, D-xylose, D-
galactose, and ghucono-d-lactone. In some embodiments, the second species is selected from

the grogp consisting of glucose, L-sorbose, D-xylose, D-galactose, glucono-8-factone, urea,
creatinine, and creatine such as selected from the group consisting of urea, creatimine, and
creatine, In some embodiments, the second reagent is selected from the group consisting of
glucose oxidase, galactose oxidase, glucokimase, galactokinase, urease, sarcosine oxidase,
AHG-6-phosphate dehydrogenase and creatinase such as selected frors the group consisting of
glucose oxidase, galactose oxidase, glucokinase, and galactokinase. In some embodiments, the
third reagent is selected from the group consisting of glucose oxidase, galactose oxidase,
glucokinase, gatactokinase, urease, sarcosine oxidase, and creatinase such as selected from the
group consisting of urease, sarcosine oxidase, and creatinase, In some embodiments, the first
reagent and 18 selected from the group consisting of pyranose oxidase, sorbose dehydrogenase,
hexokinase, and 1,5-anhydroghucitol specific dehydrogenase. In some embodiments, pyranose
oxidase.

In some embodiments, the methods corprise adding an oxidant-temoving or reductant-
remmoving agent to the sample such as an oxidant-removing or reductant-removing agent

selected from the group consisting of uricase, ascorbase, superoxide dismutase, and catalase.
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in some embodiments, the first fight response results from the reaction of & peroxidase,
tuninol, luciferase, a dioxetane, peroxyoxalate, or an acridine ester.  In some ersbodiments,
the second light response results from the reaction of a peroxidase, luminol, laciferase, a
dioxetane, peroxyoxalate, or an acridine ester. In some embodinents, the first and second light
respouses result from the reaction of horseradish peroxidase or luminel. In some embodiments,
measuring the first light response resulting from the first chemiluminescent reaction and the
second lght response resulting from the second chemiluminescent reaction comprises
measuring photons with a light detector. Tn some embodiments, the light detector is selected
from the group consisting of a charged coupled device (CCD), avalanche diode, multi-pixel
photon counter (MPPC), silicon photomultiplier (SiPMT), conuplementary mietal-oxide~
semiconductor (CMOS) sensor, scientific CMOS (sCMOS) sensor, photomuitiplier tube
(PMT), photodiode, camera, celular phone camera, web camera, and smart watch camera.

in some embodiments, each of the reagents are added to the sample via a microfluidic
device. in some embodiments, comparing the fivst Hght response to the second light response
to determine a ratio of 1,5-anhvdroglucitol and the second analyte comprises transnuitting data
to a computer processor. In some embodiments, the methods further comprise accessing a
lockup table with the computer processor, In some embodiments, the lookup table comprises
an indication of a physiological condition. In some embodiments, the physiological condition
is related to an msulin or sugar or glycated hemoglobin level of a person from whom the sample
was obtained. In some embodiments, the methods further comprise normatizing the vatio based
ot @ measurement of a marker in the sample, In some embodiments, the marker is vrea,
creatinine, creatine, human serum albumin, or hemoglobin,

in still vet another aspect, the present disclosure provides Kits comprising:

{a} saltva sampling instrament;

(b} pyranose oxidase, sorbose dehydrogenase, hexokinase, or 1,5-anhydroghicitol

specific dehydrogenase; and

{c) a chemilununescent reagent.

in particular embodinents, the sample comprises saliva, uring, blood, and/or interstitial
fluid. In some embediments, the fisst analyte is glucose, L-sorbose, D-xvlose, D-galactose,
glocone-d-lactone, urea, creatining, or creating, In specific embodiments, the first reagent is
glucose or galactose kinase, dehydrogenase, or oxidase, and or in some embodiments, the
second reagent is pyranose oxidase, sorbose dehydrogenase, hexokinase, or 1,5-

anthvdroglucitol specific dehvdrogenase. In specific embodiments, measyring the fisst Hght
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response resulting from the tirst chemiluminescent reaction and the second light response
resuiting from the secoud chemiluminescent reaction comprises measuring photons with a light

detector,

in certain embodiments, the Hght detector is selected from the group consisting of a
charged coupled device (CCD), avalanche diode, multi-pixel photon counter (MPPC), siticon
photonultiplier (SiPMT), complementary metal-oxide—semiconductor {CMOS) seasor,
scientific CMOS {sCMOS) sensor, photomultiplier tube (PMT), photodiode, camera, cellular
phone camera, web camera, or smartwatch camera. In particular embodiments, the first reagent
and the seccond reagent are added to the sample via a microfluidic device. In somwe
embodinents, comparing the first light response to the second light response to determune a
ratio of 1,5-AHG and the first analyte comprises fransnitting data to a computer processor,
Specific embodiments further comprise accessing a lookup table with the computer processor,
In certain erabodiments, the lookup table comprises an indication or waming of a physiological
condition or a potentially inaccurate test. In particular embodiments, the physioiogical
condition is related to the insulin, glucose, or HbAlc fevel of a person from whom the sample
was obtained. Some embodiments further comprise normalizing the ratio based on a
measyrement of a marker in the sample. In specific embodiments, the marker is urea,
creatinine, creatine, human serum albumin, or hemoglobin,  In certain embodiments, the

sample comprises urine, blood or saliva.

in certain embodiments, the sample comprises tears saliva, uring, blood and/or
wterstitial fluad, or dried forms of these such as dried saliva spots or dried blood spots, or these
along with preservatives, absorbents, or adsorbents. In some embodiments, saliva samples may
be collected as whole saliva by draining, spitting, suction, or swab {absorbent) or as specific
glandular secretions by canmulation, Lashley/Carlson-Crittenden cup, Wolff apparatas, or
suction. Additionally, saliva production may be stimulated by coramon stimul such as chewing
gum, citric acid, or chewing on paraffin wax {e.g., Parafitm® M}. In particular embodiments,
the first analyte is glucose, urea, creatinine, or creatine. In sorse embediments, the first reagent
is ghucose oxidase. In specific embodinments, the second reagent is pyranose oxidase. In certain
embodiments, the first data comprises a first measure of photons velating o the first
chenuluminescent reaction; and the second data cornprises a sccond measure of photons
relating to the second chemiluminescent reaction.  In particular embodiments, the light

detection device is selected from the group consisting of a charged coupled device (CCD),
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avalanche diode, multi-pixel photon counter (MPPC), sificon photonwitiplier (SiIPMT},
complementary metal-oxide-semiconductor (CMOS) sensor, scienfitic CMOS {(sCMOS)
sensor, photomultiphier tube (PMT), photodiode, camera, celt phone camera, web camera, or
smartwatch camera. In some embodiments, the computer processor 1s configured to normalize
the ratio based on a measurement of a marker in the sample. In specific embodiments, the
marker is urea, creatinine, creatine, human serum albumin, or hemogiobin,  In certain

embodiments, the sample comprises urine, blood or saliva,

Exemplary embodiments of the present disclosure include chemiluminescence-based
photon detectors for determining low-level 1,5-AHG in body fluid in a mobile format,
including for example, as a smart phone accessory, for use in screening or momtoring diabetes.
In onc embodiment saliva AHG is measured along with or alternatively with blood AHG,
glucose, or glycated protein such as hemoglobin, e.g., HbAlc, or glycated albumin, In one
embodiment of the assay format, the inventors first oxidized 1,5-AHG in a sample solution
with PROD to produce hydrogen peroxide, followed by adding 5-amino-2,3-dihydro-1,4-
phthalaxinedione {luminol) and horseradish peroxidase (HRP), The emitted light from the
turainol reaction was detected using photon sensors, including the avalanche photodiode (APD)

arrays or photomultiplier tube (PMT).

Particular embodiments telate to luminescence-based assay and point-of-care {(POC)
photon detection for defermining low-level analytes in body fluid, s @ nomnvasive screening
method. In an assay format, an analyte of interest is treated with reagents in fight-gencrating
reactions to produce photons an output signal. The enutted photons are detected using a POC
detector device that can be controlled and monitored via devices with computing and displaying

capability, including, for example, mobile devices such as a smart phone,

Other embodiments relate to the use of an immunochemical, aptamer or another atfinity
measurement of AMG or a compound obained from AHG by enzymatic or chemical
transformation. These measurements may be made in « lateral- or vertical-flow format, orina
weli plate or microfluidic device. In preferred embodiments, the assay format is competitive
or anti-mietatope, an astibody or other binding to AHG or a competitor is transduced to an
optical signal such as light erission or Huorescence, or to an clectrochemical signal such as

electrochemiluminescence, current, or voltage.
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Other erabodiments relate to the electrochemical measurement of AHG or other
biochemicals. hx an embodiment, both glucose and galactose are enzyatically converted to
non-interfering forms, for example by pbosphorylation or oxidation, and then AHG is
measared electrochemically, This electric chemical measurement may be made using an
eazyue, by electrochemical impedance spectroscopy, by cyclic voltamametry, amperometry, or
coulometry, optionally in the presence of a stabilizer or redox mediator. These nmeasurements
may mvolve the production of kydrogen perogide, which is then measored electrochemically.

AHG 15 preferably measured in saliva in these embodiments.

Saliva is preferably collected at east 30-90 minutes after cating ov drinking. It may be
dituted, filtered, precipitated, pH adjusted, heated, or treated with an adsorbent prior o the
measurement. A known concentration of AHG may be spiked into an aliquot of the saliva,
before or after sample preparation, as a separately-measured spike and recovery standard, used

to calculate the AHG concentration i the original saliva sample.

Interfering glucose, ascorbic acid, uric acid, galactose, efc, may be enzymatically
eliminated or converted by any of a variety of enzymes. In exemplary embodiments, glucose
is eliminated or converted by oxidizing with glucose oxidase or phosphorylating glucose with
hexckinase, with glucose oxidase and gluconolactonase or glucese dehydrogenase and
gluconolactonase, or by reacting glucose into fructose-1,6-diphosphate with hexokinase,
phosphohexose isomerase, and 6-phosphofructokinase or ghicose isomerase, fructokinase, and
6-phosphofructokinase.  Alternatively, glucose may be modified with glucokinase or
bexokinase. In these modifications, glucose is converted to non-nterfering compounds such
as glacono-1.3-lactone, glucose-6-phosphate, gluconic acid, fructose-6-phosphate, or fructose-
1.6-diphosphate. Similar enzymatic modificatious of galactose and other biochemicals are well

kaown, especially kinases and oxidoreductases.

in an embodiment, the analyte of interest is 1,5-anhydroglacitol, glucose, creatine,
creatinine, urca, mctabolites, a protein, a peptide, a hormone, a biomarker, 8 toxin, or a

maodified (e.g., phosphorylated or acetylated) protein,

fn an embodiment, the saliva used for analysis i3 obtained using a dried saliva spot
(DSS) sampling technigue. In this method, saliva is first collected by passive drool in a vial

and immediately spotted onto a filter paper and allowed to dry. Affer spotting, the dried saliva
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is extracted by an acetonitrile solution and vortexed for some time. Finally, the agueous phase

of the extraction is removed for analysis.

in accordance with an embodiment of this disclosure, a specimen is optionally pre-
treated for concentration of the analyte, removal of particulates, contaminants, interferences,
or reaction inhibitors, reduction of viscosity, improvement of handbing properties, or to modify
the analyte for improved detection. Filtration, precipifation, and collection in porous matrices

are favored pre-treatment methods.

In an addittonal embodiment, the methods to selectively remove or modify the
mterferences or contaminants iclude the uses of antibody capturing, aptamer capturing,
enzymatic reactions, chemical modifications ov chromatography techaigues such as jon

exchange, HIC, metal chelate, boronate, or affinity.

In an crbodiment, the readout method by wihach the analvte is detected is the cnussion
of fight by chemiluminescence, bicluninescence, clectrochemiluminescence, fluorescence,
FRET, quenching or any method may be used for generating a light signal in the method of the

present disclosure.

in an embodiment, the analyte 1s reacted o produce hydrogen peroxide through
enzyruatic coupled reaction. Hydrogen peroxide is detected by a chemiluminescent reaction

with a chemiluminescent substrate to prodoce a light signal.

In an embodiment, the reagents used to generate light output are chemiluminescent
substrates, such as luminel, isoluminol, luciferin, luciferin precursors, 1,2-dioxetancs,

peroxyoxalate compounds, pyridine sucleotide detectors and dyes.

in an embodiment, the lummescent signal is generated by the reaction of a
chemiluminescent substrate and hydrogen peroxide that s catalyzed by an enzyme, such as a

peroxidase.

fn an embodiment, the luminescent signal is generated by the reaction of a
chemiluminescent substrate or precursor thereto, and reduced nicotinamide adenine dinucleotide

(NADH) or reduced nicotinamide adenine dinucleotide phosphate (NADPH).

10
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in another embodiment, the luminescent signal is generated by the reaction of a
chemiluminescent substrate and hydrogen peroxide with metal vanoparticles, such as silver

nanoparticles.

in an embodinent, the luminescent signat is obtained without enzyme by reacting luminol

and hydrogen peroxide in the presence of a fersicyanide ion.

in an embodiment, the luminescent signal is obtained by reacting luminol and hydrogen

peroxide in the presence of iren exide nanoparticles.

In an ernbodiment, the luminescent sigpal is obtained by reacting luminol and hydrogen

peroxide in the presence of a silver catalyst.

in an embodiment, the laminescent signal is obtained by reacting lucigenin with hydrogen

peroxide in the presence of a metal ion.

In an embodiment, the luminescent signal is obtained by reacting an aryl oxalate such as
bis{2,4,6-trichlorophenyl) oxalate with hydrogen peroxide in the presence of a fluorescent

substance.

In an embodiment, the assay is done on a nucrofluidic device which comprises of nuuitiple
functional aspects: separation or removal of inferferences, reaction to generate a sigaal, and
optical signal readout areas. In an additional embodiment, the mucrothidic device contains
multiple separation‘removal, reaction, and signal readout areas for multiplexing, where more
than one amalyte can be assessed. In an embodiment, the separation arca in the microfluidic
device contains adsorbent or absorbent to separate or remove mierferences from analytes. In
another embodiment, the separation arca in the microfluidic device contains an cnzyme {0

comvert interferences o non-interferences,

In another embodiment, the interferences are enzymatically converted to hydrogen
peroxide which reacts with a chemitumninescent substrate to gencrate a light signal. Interferences
and hydrogen peroxide are consumaed in the process and their signal, which is read by a light
detector, can be used for calibration. Subsequence steps then convert analyte to a light signal and

read out by a light detector,

11
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fn an embodiment, the luminescent signal output is collected by collection optics and
subsequently detected by hight detector such as but not limit to, charged coupled device (CCD),
avalanche diode, (multi-pixel photon counter) MPPC  or silicon photomuitiplier {(SiPMT),
charged coupled device (CCD) sensor, complementary metal-oxide—semiconductor {CMOS)
sensor, scientitic CMOS (sCMOS) sensor, photomultiplier tubes (PMT). The light detector can
function as a point-of-care device connected and controlled via wired or wireless connection by
a personal compuoter, laptop, tablet, smartphone, smartwatch, or any similar devices with

computing and displaying capabilities.

Certain terminology is used in the following description are for convenience only and

% \'h‘i

ig not limiting. The words “right,” “left,” *lower,” and “upper” designate direction in the
drawings to which reference is made. The words “inner”™, “outer” refer to directions toward
and away from, respectively, the geometric center of the described feature or device. The
words “distal” and “proximal” refer to directions taken in the context of the tem described and,
with regard to the instruments herein described, are typically based on the perspective of the

LT

surgeon using such instruments, The words “anierior,” “posierior,” “superior,” “inferior,”
“medial,” “lateral,” and related words and‘or phrases designate preferred positions and
orientation in the human body 1o which reference is made. The terminology includes the above-

listed words, derivatives thereof, and words of similar import,

in the following, the term “coupled” is defined as connected, although not necessarily

directly, and not necessarily mechanicatly.

33

The vse of the word “a" or “an”, when used in conjunction with the term “comprising”™
in the claims and’or the specification, may mean “one,” but it is also consistent with the
meaning of “ome or more” or “at least one.” The terms “about,” “approximately,” or
“substantially” means, in general, the stated value plus or minus 5%. The use of the term “or”
in the claims is used to mean "andior™ unless explicitly mdicated to refer to alternatives only
or the altersative are mutually exclusive, although the disclosure supports a definition that

refers to only alternatives and "and‘or,”

The terms “comyprise” {and amy form of comprise, such as “congprises” and
“comprising”™), “have™ {and any form of have, such as “has™ and “haviag™}, “include” (and any
form of nclude, such as “includes™ and “mclhuding”™) and “contain™ (and any form of contass,

w6

sach as “contains” and “containing”) are open-ended linking verbs. As a result, a method or
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device that “comiprises,” ““has,” “mcludes™ or “contains” one or more steps or clements,
possesses those one or 1ore steps or elerients, but is not Hinvited to possessing only those one
or more elements. Likewise, a step of a method or an element of a device that “comprises,”
“has,” “mclodes™ or “containg™ one or more features, possesses those one or more features, but
1s not limited to possessing only those one or more features, Furthermore, a device or structure
that is configured i a certain way is configured in at least that way but may also be contigured

in ways that are not listed.

Other objects, features, and advantages of the present disclosure will become apparent
from the following detatled description. It should be understood, bowever, that the detailed
description and the specific examples, while indicating specific embodiments of the disclosure,
are given by way of illustration only, since various changes and modifications within the spirit
and scope of the disclosure will be apparent to those skilled i the art from this detailed

description
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DETAILED DESCRIPTION

Early detection of type 2 diabetes (T2D) is important to reduce the complications of
diabetes, T2D 1s a chronic metabolic disorder with markedly increasing presence in the world
population in the past three decades. As discussed above, one of the major problems of T2D 1s that
at early stages of discase development, practically no symptoms are observed, a reason to classify
T2D as a silent disease. Healthy habits could be recommended for patients in order to improve life
quality over the years. Nevertheless, considering that at early stages no signs can be easily detected,
pre-diabetie patients tend to follow a non-healthy lifesivie which could increase the risk of heart
failure, blindness, kidney failure, lower limb ampuiation and premature dead.

Molecular diagnostic technigues and point-of-care advances represent an important tool
for the development of novel, fast and accurate assays for screening of chronic degenerative
diseases, including T2D.For screening of tvpe 2 diabetes, one can measure metabolites, such as
{,5-anhydroglucitol (1,5-AG), HbAlc and glucose in blood samples. Recent reports have
established a strong association of type 2 diabetes with 1,5-AG n saliva, This makes 1,5-AG a
promising non-tvasive marker lor point-of-care {(POC) screening of type 2 diabetes because it
does not require fasting or blood draws, Detecting 1,5~AG in saliva requires both highly sensitive
assays and detectors,

The existing methods to detect 1,5-anhydroglucitol in blood use colorimetry as the readout
signal, The 1,3-anhydroglucitol concentration in saliva and other body fluids is low, and there are
a variety of interferents in saliva, Thus the current colorimelric assays would got be appropriate,
The present disclosure concerns improved mwethods for assaving 1.5-anhydroglucitol and the
devices to measure the assay signal. 1t is generalizable to other analytes, such as creatine and urea,
ard to other types of reporting methods. The emitted photons from the chemiluminescent reaction
are detected using a photon detector device. A combination of chemustry optinyization, interforent
clearance, sensifive chenuluminescence-based assay and highly sensilive photon detector device
atlow the determination of low-level 1,5-anhydroglucitol. This disclosure describes assay
methods potentially  supenior to our previcusly-disclosed chemttuminescent assavs, as well

as immuncchemical and eloctrochemical detection of Tdeoxyghicose and other metabolites.
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1. Type 2 Diabetes

Diabetes meliilos type 2 (also known as type 2 diabetes) is a long-term: metabolic disorder
that 1s characterized by high blood sugar, insulin resistance, and refative lack of insulin. Common
symptoms include increased thirst, frequent urination, and unexplained weight loss, Symptoms
may also inchude increased hunger, feeling tired, and sores that do not heal. Often symptoms come
on slowly, Long-term complications [rom high blood sugar include heart disease, strokes, diabetic
retinopathy which can result in blindness, kidoey fathure, and poor blood flow in the hmbs which
may lead to anyputations. The sudden onset of hyperosmolar hyperglycemic state may occur;
however, ketoacidosis 1s wiconumon.

Type 2 diabetes primarily occurs as a result of obesity and fack of exercise. Seme people
are more geneticaily at risk than others. Type 2 diabeles makes up about 90% of cases of diabetes,
with the other 10% duc primarily to diabetes mellitus type 1 and gestational diabetes. In diabetes
mellitus type { there is a lower total level of insulin to control blood glucose, due to an autoimmune
induced loss of insulin-producing beta cells in the pancreas, Diagnosis of diabetes is by blood tests
such as fasting plasma glucose, oral glucose tolerance test, or glveated hemoglobin (A1C),

Type 2 diabetes is partly preventable by staying a normal weight, exercising regufarly, and
cating properly. Treatment involves exercise and dietary changes. If blood sugar levels are not
adequately lowered, the medication metformin is typically recommended. Many people may
gventually also require insulin injections. In those on msulin, rouwtinely checking biood sugar levels
is advised; however, this may not be needed in those taking pills. Bariatric surgery often improves
diabetes in those who are obese.

Rates of type 2 diabeies have mcreased markedly since 1960 in parallel with obesity. As
of 20135, there were approximalely 392 million people diagnosed with the discase compared to
around 30 million in 1985, Typically, the age of onset is niiddle or older age, although rates of
type 2 diabeles are increasing in young people. Type 2 diabetes is associated with a ten-year-
shorter tife expectancy. Diabetes was one of the first diseases described. The importance of insulin
in the discase was determined in the 19205

The classic symptoms of diabetes are polyuria {frequent unination), polydipsia (increased
thirst), polyphagia (increased hunger), and weight loss. Other symptoms that are comnionly
present at diagnosis include a history of blurred vision, itchiness, peripheral neuropathy, recurrent

vaginal infections, and fatigue. Many people, however, have no symptoms during the first few
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vears and are diagnosed during routine testing. A small muniber of people with type 2 diabetes
nellitus can develop a hyperosmelar hypergiyecemic staie (a condition of very high blood sugar
associated with a decreased fevel of consciousness and low blood pressure).

Type 2 diabetes is typically a chronic disease associated with a ten-year-shorter life
expectancy. This 1s partly due to a number of complications with which 1t 1s associated, ncluding
two to four tunes the nisk of cardiovascular disease, such as ischeniic heart disease and siroke, a
20-fold Increase in lower Himb amputations, and increased rates of hospitalizations. In the
developed world, and increasingly elsewhere, type 2 diabetes is the fargest cause of nontraumatic
blindness and kidney failure. It has also been associated with an increased risk of cognitive
dysfunction and dementia through discase processes such as Alzheimer's disease and vascular
dementia. Other complications nciude acanthosis wigricans, sexual dysfunction, and frequent
infections.

Type 2 diabetes is due to insufficient nsulin prodection from beta celis i the setting of
msulin resistance. Insulin resistance, whicl is the imability of cells to respond adeguately to normal
levels of nsulin, occurs primarily within the muscles, liver, and [atf fissue. In the liver, insulin
normally suppresses glucese release. However, in the setting of insulin resistance, the liver
inappropriately releases glacose into the blood. The proportion of insulin resistance versas beta
cell dysfunction differs among individuals, with some having primanily msulin resistance and only
a minor defect in insulin secretion and others with shight insulin resistance and primarily a lack of
msulin secretion,

Other potentially important mechanisms associated with type 2 diabetes and insulin
reststance include increased breakdown of hipids within fat cells, resistance lo and lack of incretin,
high glucagon levels in the blood, increased retention of salt and water by the kidneys, and
mappropriate regulation of metabolism by the central nervous system. However, not all people
with insulin resistance develop diabetes, since impairment of insulin secretion by pancreatic beta
celfs 13 also required.

The World Health Organization definition of diabeles (both type | and type 2) is for a
single raised glucose reading with symptoms, otherwise raised values on two occasions, of cither:

fasting plasma glucose > 7.0 mmol/ (126 mg/dl}, or

a plasma glucose > 11,1 mmol/l (200 mg/dl) follwing an oral glucose tolerance test
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A random blood sugar of greater than 111 mmoll (200 mg/dl) in association with fypical
symptoms or glyecated hemoglobin (HbA ) concentration of = 48 mmol/mol (= 6.5 DCCT %) 15
another method of diagnosing diabetes. In 2009 an International Expert Commiittee that included
representatives of the American Diabetes  Association {(ADA), the International Diabetes
Federation (IDF), and the European Association for the Study of Diabetes (EASD) recommended
that a threshold of = 48 mmol/mol = 6.5 DCCT %) should be used to diagnose diabetes. This
reconuncndation was adopied by the American Diabetes Association in 2010, Positive tests should
be repeated uniess the person presents with typical symiptoms and blood sugars >11.1 numoli]
{>-200 mg/dl).

The threshold for diabetes diagnosis is based on the relationship between results of glucose
tolerance tests, fasting glucose or HbAy and complications such as retinal problems. A fasting or
random blood sugar (s preferred over the glucose tolerance test, as they are more convenlent for
people. Although fasting ts not required, and concentration of the analyte renains stable in the
body for a longer period of time than glicose, HbA . testing is a more expensive procedure than a
typical blood glucose measurement. |t is estimaled that 20% of diabetes cases in the United Siates
are undiagnosed, meaning that one-fifth of diabetics are unaware that they have the discase.

Diabetes mellitus type 2 is characterized by high blood glucose in the coniext of insulin
resistance and refative insulin deficiency. This is in contrast o diabetes mellitus type 1, in which
there 1s an absolute insulin deficiency due to the destruction of islet cells in the pancreas and
gestational diabetes mellitus that is a new onset of high blood sugars associated with pregnancy.
Type | and type 2 diabetes can typically be distinguished based on the presenting clrcumstances,
If the diagnosis is unclear, antibody testing may be useful to confirm type 1| diabetes, and C-peptide
levels may be useful to confirn: type 2 diabetes, with C-peptide levels normal or high in type 2
diabetes, but low in type | digbetes.

Management of type 2 diabetes focuses on lifestvie interventions, lowering other
cardiovascular risk factors, and maintaining blood glucose levels in the normal range. Self-
monitoring of blood glucose for people with newly diagnosed type 2 diabetes may be used in
combination with education. However, the benefit of self monitoring in those not using multi-dose
insulin 18 questionable. In these who do not want to measure blood levels, measuring urine levels
may be done, Managing other cardiovascular risk factors, such as hypertension, high cholesterol,

and microalbuminuria improves a person's life expectancy, Decreasing the systolic blood pressare
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to less than 140 mmHg is associaled with a lower nisk of death and betler ouicomes. Tntensive
blood pressure managenent {foss than 130/80 mmHg) as opposed to standard blood pressure
management (fess than 140/85-100 mmHg) resulis in a slight decrease in stroke risk but no effect
on overall risk of death.

Intensive blood sugar fowering (HbA1:<6%), as opposed to standard blood sugar lowering
{HbAlc of 7-7.9%), does not appear to change mortality. The goal of treatment is typically an
HbAre of 7 to 826 or a fasting glucose concentration of less than 7.2 nimol/L (130 mg/dl). However
these goals may be changed alter professional clinical consultation, taking inte sccount the
particular risks of hypoglycemia and life expectancy. Despite guidelines recommending that
mtensive blood sugar control be based on balancing immediate harms with long-term benefits,
many people — for example, people with a life expectancy of fewer than nine years who will not
benefit, are over-treated.

It is recommended that all people with type 2 diabetes receive rouline eye exantinations.
There 1s weak evidence suggesting that treating gum disease by scaling and root planing may result
tn small, short-term: improvement in blood sugar levels for people with diabetes. There 1s no
evidenee to suggest that the improvement in blood sugar levels is maintained for longer than 4
months. There is also not enough evidence to determine il medications to treat gum disease are

effective at lowering blood sugar levels,

1% 1,5-Anhydroglucitol

1.5-Anhydrogluciiol, also known as 1,3-AHG, 1s a naturally occwring monosaecharide
found 1n nearly all foods. Blood concentrations of 1,5-anhvdroglucitol decrease during times of
hyperglycemia above 180 mg/dl and return 1o normal levels after approxumately 2 weeks w the
absence of hyperglycemia. As a resuli, it can be used for people with either type-1 or type-2
diabetes mellitus to identify glycemic variability or a history of high blood glucose even if current
glycemic measurenients such as hentoglobin Ale (HbAlce) and blood glucose monitoring have
near normal values. Despite this possible use and its approval by the FDA, 1,5-AHG tests are
rarely ordered. There is some data suggesting that 1,5-AG values are useful to fill the gap and offer
complementary information to HbAlc and fructosamine fests.

The role of 1,5-AG was first inferred in 1981 when it was demonstraied decreased 1,3~

AHG levels in diabetic patients. This observation was enhanced in 1983 when it was seen that
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plasma 1,5-AHG fell to undetectable fevels in diabetic patients who did not receive tnsulin, Further
studies showed that patienis receiving medication to lower biood ghucose had lasting improvement
in 1.5-AHG levels. If medication stopped, 1,5-AHG decreased to pre-treatment fevels, b 2003,
1.5-AG began to be looked at by researchers in the United States and was shown to be a valuable
short~term glycensic monitor. In 2006, 1,5-AHG showed its most compelling clinical use when it
was demonstrated that an assay (GlvecoMark, developed by Nippon Kavaku, Inc.} for postprandial
hyperglycemia was able to dillerentiate two patients who had similar, near goal, hemoglobin Alc
values, yet very different glucose profiles as shown by continuous bleod glucose monitoring - one
of the patients having excessive glycentic variability. I 2014, 1,.5-AHG in saliva was shown (o
mirror 1,5~-AHG in blood, indicating that it could be used as a non-invasive marker of short-term
glycemic control.

The cwrent lype of assay measures blood levels of [,5-anhydroglucitol. 1,3-AHG is
ingested from nearly all foods during the course of a regular diet. R is nearly 100% nen-
metabolized and remains in & refatively constant amount in the blood and tissues. 1,3-AHG i
carried i the bloodstream and filtered by the glomerulus, where it enters the kidney. Once in the
kidney, 1,5-AHG 1s re-absorbed back into the blood through the renal proxumal tubule, A small
anount, equal to the amount ingested, of 1,5-AHG 1s released via urine fo mainiain 8 constant
amount in the blood and tissue, This process occurs in people who do not have their blood glucose
values rising over 180 mg/dL.

When a diabetic person's blood glucose exceeds 180 mg/dL for any pertod of time, the
kidney cannot re-absorb all glucose back into the blood. The rest is excreted in the urine
{glacosuria). The additional glucose i the kidney blocks 1,5-AHG from being re-absorbed into
the blood and 1,5-AG is excreted in the urine at a higher rate than normal. Blood levels of 1,5-
AHG deerease immediately and continue to decrease until glucose values go below 180 mg/dL.
Once hyperglveemia is corrected, 1,5-AHG begins to be reabsorbed from the kidney back into the
blood at a steady rate. Il a person's glucose levels remain below 180 mg/dL for approximately 4
weeks, 1,5-AHG will retumn to s normal levels.

It 1s this competitive inhibition of 1,5-AHG by glucose whach allows assaying of 1,5-AHG
to reflect any hyperglycemic episodes over 180 mg/dL accurately. A comprehensive evaluation of
the assay has been described in the literature, as well as in U.S. Patent 8,465,940, which is

incorporated herein by reference. The assay can be run on almost any open chemistry analyzer,
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mclading those found in physician oflice laboratories. Two reactions take place during the
neasarement:

Reaction 1 is a pretreatment of the sample performed by adding glucokinase to
convert glucose to glucose 6-phosphate in the presence of adenosine triphosphate, pyruvate
kinase, and phosphoenoi pyruvate. The purpose of this step s to alter glucose, which is
tound wn the blood sample, so that it cannot react during reaction 2.

Reaction 2 uses pyranose oxidase to oxidize the second hydroxyt of 1,5-AG,
generating hydrogen peroxide, The amount of hydrogen peroxide is detected by
colorimetry using peroxidase, which is in direct relationship to the serum 1,5-AG
concentration.

Resulis are presented in pg/mi. Lower values indicale worsening glucose control, with more
frequent and prolonged glucose values over 180 mg/dl. 10 yg/mbl of 1,5-AG correlates to an
average post-meal glocose of 185 mg/dL and is the target value in people with diabetes, Values
over 10 yg/mb indicate glucose on average i1s below 180 mg/dL. Those with values below
10 pgml could benefii from nutritional counscling and medications which target post-meal
glucose spikes, such as pramiintide, exenatide, sitagliptin, saxaghiptin, repaglinide or rapid-acting

insulins.
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111.  Metheods of Detecting 1,5-AHG

In this emibodiment, a sample containing 1,5-anhydroglucitol and possibly another analyte
that would be detected. In particuiar embodiments, the other analyvie may be glucose, galactose,
urea, creatinine, and/or creatine.

In this embodinent, an initial step fo pre-treat the specimen to conceatrale the analyte,
remove particulates, conlanunants, interlerences, or reaction inhibitors, reduce viscosity, improve
handling properties, or to modify the analyie for improved delection may be eraployed. Filiration,
precipitation, and collection in porous matrices are favored pre~ireatiment methods. Enzymatic
depletion of interferences is also suitable and would involve depleting compounds similar to §,5-
arhydroglucitol that could be falsely detected as the analyte of interest,

In this embodiment, a [irst reagent may be added to detect another analyte in the sample,
producing a first chenuluminescent reaction light response. Foellowing this step, the first light
response is measured.

In this embodiment, a first reagent is added to produce another chemical species from 1,5~
anhydroglucitol that will be detected in the following step. In particular embodiments, this reagent
may be pyranose oxidase, sorbose dehydrogenase, hexokinase, or 1, 5-anhydroglucitol
dehydrogenase.

In this embodiment, a third reagent is sequentially added to the sample, where the third
reagent causes the second chemiluminescent reaction with the species produced in the preceding
step. Following the addition of the third reagent, the hight response of the second chemiluminescent
reaction is measured.

In particodar embodiments, measuring the light response resulting from the first
chemiluminescent reaction and the second light response resulting from the second
chennieminescent reaction comprises measuring photons with a light detecior. In specific
embadiments, the light detector may be a charged coupled device (CCD), avalanche diode, multi-
pixel photon counter (MPPC), silicon photomultiplier (SiPMT), compiementary metal-oxide~
semiconductor (CMOS) sensor, seientific CMOS (sCMOS) sensor, photomudtiplier tube (PMT),
photodiode, camera, cellular phone camera, web camera, or smartwatch camera,

In addition, this embodiment may have a step to compare the first light response to the
second light response to determine a ratio of 1,5-anhydroglucitol and another analyte. In certain

embodiments, comparing the first light response to the second light response to determine a ratio
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of 1,5-ashvdroglucitol and the first analvte comprises transmitting data fo a computer processor.
In some embodiments, the {ookup table may comprise an indication of a physiological condition,
including, for example, a physiological condition that is refated to an insulin level of a person from
whom the sample was obtained.

It is understood that other embodiments of the present disclosure may include additional
or fewer steps than those described above. Certain embodiments may comprise kits configured to
perform methods such as those described herein.

The specimen to be used in the present disclosure may be body [luid to assay 1,5-AHG
contained therein, An enzymatic chemiluminescent reaction will be carried out in order to enut
hight for detection with the apparatus disclosed in the present disclosure. One aspect of the present
disclosure comprises removing all sugars such as glucose from such specimen that can react with
the aloremeniioned chemituminescent reaction, to give appropriale samples.

This can be carried out, for example, by using glucose phosphorylation or column
depletion, according to the methods disclosed in Nowatzke W, et al. (2004), Clinica Chimica Acta.
350: 201-209 and Yabuuchi M, et al. (1989}, Clin. Chem, 35/10, 2039-2043, respectively, Namely,
glucokinase or any other glucose phosphorylation cnzyme 1s added to the saliva sample, and the
obtained mixture is incubated at the appropriate temperature and time, preferably at ambient
tenperature {20-40°C), and from 5-10 minutes, This can be carried out alone or coupled to a
depletion colunm method where the treated or untreated sample Is passed through a column packed
with a strong anion exchange resin lo remove glucose, from sample.

Afterward, an electron acceptor, such pyranose oxidase is emploved (o generate hvdrogen
peroxide, which is employed as a substrate for any number of available methods that give a
chemifuminescent response in the presence of any other substrates, The most commonly employed
mcthod employs the catalytic enzyme horseradish peroxidase (HRP) and laminol to show
chemiluminescence,

Measurements may be made on nuldtiple samples [rom the same person, or on multiple
aliquots of a sample, and/or in muiltiple steps. Background, assay inhibition or response factor,
spike recovery, or nonspecific signal may be observed or estimated from measuremenis on
separate samples or sample aliquots, or by repeated measurements on the same sample, with or
without addition of reagents, Measurements may be muldtiplexed, for example by time, color,

voliage, or position, In one embodiment, background is measured after an analyte such as AHG
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has been signilicantly reduced by chenucal or enzymatic conversion. In another embodiment,
background is measurcd before an analyte reporting reagent such as an enzyme is contacted with
a sample,

Aliquots of a sample may be treated separately, and the results combined. In one such
example, one aliguot of a sample is depleted of analyte to alfow estimation of background signal,
In another example, one aliquot of a sample is spiked with a koown quantity of analyte such as
AHG to provide a reference lor deterniination of analyte concentration in another aliguot of the
same or a related sample. In another example, the concentration of analyte in a sample or aliquot
is reduced, and a known concentration of analyte is added before the measurement, Compounds
related to the analyte, interferents or inhibitors can be used in these methods,

Background, spike-recovery and reference measurements of these types may be combined
to provide an estimate of AHG or other analyie conceniration in a variety of known ways. These
methods include dividing one value by another, subtracting one value from another, applying a
multiplicative or scaling factor derived from one measurement to another, and/or establishing a
curve fit, calibration curve, equation, or lookup table to be used in analysis of multiple

measurements {0 estimate conceniralion.

V.  Kits

In certain embodiments, the clements described above are included in a one or more
reaction kits compatible with the method and apparati of the present disclosure and can be
presented in an easy-to-use manner. For example, reagents in the form of powders or filrs,
optionally included in or packaged with an excipient, in cither dry or Hguid form. Furthermore, the
kit may provide a slandard reference in order to calibrate the apparatus, as well as instructions for
treating samples, perforniing the reactions, and/or measuring the results.

The kits will thus comprise, in suitable container means, one or more reactants and’or
detection reagent, optionally along with buffers, conirols, and receptacles for nuxing and reacting
the same. The components of the kits may be packaged esther in agqueous media or in Iyophilized
formi. Recepiacles may include at least one vial, test tube, flask, boitle, syringe or other container
means, into which the reagents may be placed, or suitably aliquoted. The kits of the present

disclosure will also typically include a means for containing the reagents and receptacles and any
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other element in close confinement for commercial sale. Such containers may include injection or

blow-molded plastic containers inio which the desired vials are retained.

V., Embodiments
1, A method for analyzing & sample, the method comprising:
(ay  obtaining a sample comprising of 1,5-anhydroglucitel and optionally a first species;
(b}  adding a first rcagent to the sample, wherein the first reagent causes a [irst
chenufuminescent or bioluminescent reaction with 1,3~anhydroglucitol in the
sampie: and
{c} measuring a first light response resulting from the [irst chemituminescent or

bioluminescenl reaction.

2. The method of embodiment 1, wherein the sample has been pretreated to remove the first
species.
3 The method of erabodiment 2, wherein pretreating the sample comprises purifying the

sample on an adsorbent or adding two or more enzymes to the sample.

4, The method of embodiment 1, further comprising:

(&}  optionally adding a reagent or reagents to modify or remove species which could
modify the signal obtained with 1,5-anhydroglucitol;

{c} observing the amount of Light produced from the sample;

{f) observing the amount of light produced from the sample a second time after a first
time period wherein the time period is sufficient that at least some pre-selected
fraction of the 1,3-anhvdroglucitol has been converted; and

(g) estimating the 1,5-anhydroglucitol from the fighi produced from the sample

obtained in steps () and ([}
5. The methed of embodunent 1, further comprising:

(&}  optionally adding a reagent or reagents o modify or remove species which could

modify the signal obtained with 1,5-anhydrogluciiol;
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observing the amount of light produced from the sample;

adding one or more additional reagents, wherein the one or nmiore additional reagents
are necessarily to cause the generation of 1, 5-anthydroglucitol;

observing the amount of light produced from the sample; and

gstimating the 1.5-anhydroglucitol from the light produced from the sample

obtained in steps (e) and (g).

The method of embodiment 1 further defined as:

(a)
(b)

(c)

(d)

()

dividing the sample into at least two aliquots;

adding to at least one aligquot a second reagent which modifies, captures or destroys
1. 5-anhydroglucitol;

adding to cach aliquot the first reagent which causes a chemiluminescent or
bioluminescent reaction with 1,5-anhydrogluctitol in the samiple:

measuring  the light response resulting from the chemilunsnescent or
bioluminescent reaction in each aliquot; and

calculating a difference or ratio of the light signals obtained from each aliquot.

The method of embodiment § further defined as:

(a)
(b}
(¢}

(d)

(e)

dividing the sample into at feast two aliquots;

adding to at least one aliquot a known amount of 1,5-anhydroglucitol;

adding to each aliquot the first reagent which causes a chemiluminescent or
bioluminescent reaction with 1,5-anhydroglucitol in the sampie;

measuring  the light response  resulting [rom  the chemiluninescent or
bioluminescent reaction in each aliquot; and

calcufating a difference or ratio of the light signals obtained from each aliquot.

The method of embodument } further defined as:

(a)
(b)

(c)

dividing the sample into at least two aliquois;
adding {o at least one aliquot both a reagent which modifies, captures or destroys
1,5~anhydroglucitol and a known amount of 1,S-anhydroglucitol;

adding to cach aliquot the first reagent which causes a chemiluminescent or
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bioluminescent reaction with 1,5-anhydroglucitol in the sample;
measuring  the light response vesulting fromy the chemiluminescent or
bioluminescent reaction in cach aligquot; and

calculating a difference or ratio of the light signals obtained from each aliquot.

The method for analyzing a sample, the method comprising:

(a)
(b}

{c)

dividing the sample into at feast three aliquots;

adding to at least one aliquot a reagent which modifies, captures or destroys 1,5-
anhydrogiucitol;

adding to at feast one aliquot a reagent which modifies, captures or destroys a first
species;

adding to at feast one aliquot a reagent which modifics, captures or destroys a [irst
species and 1,5-anhydrogiucitol

adding to at least one aliquot a reagent which causes a chemiluminescent or
bioluminescent reaction with first species in the sample;

adding to at least two aliquot the first reagent which causes a chemiluminescent or
biohuminescent reaction with 1,5-anhydroglucitol in the sample

nmeasuring the light response resulting from the chemilununescent or
bioluminescent reaction in each aliquot,

calcudating a difference or ratio of the light signals obtained from each of the

aliquots.

The method of embodiment 1, further comprising:

(d)

adding a sccond reagent to the sample, wherein:

{1} the second reagent is added before or after the first reagent to the sample;
and

{i1) the second reagent causes a second chemiluminescent reaction with the first
species in the sample; and

measuring a second light response resulting from the second chemiluminescent

reaction.
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The niethod according to any one of embodiments I-10, wherein the method further

comprises adding a third reagent or a second enzyme.
The method of embodiment 11, wherein the method further comprises:
(dy  adding the third reagent to the sample, wherein:
{1 the third reagent is sequentially added to the sample; and
(i}  the third reagent capses a third chemiluminescent reaction with a second
analyte in the sample; and
(¢  measuring a third hight response resulting from the third chemiluniinescent

reactlon,

The method according to any onc of embodiments 1-12, whereln the second reagent is

added before the first reagent.

The method according to any one of entbodiments 11-13, wherein the third reagent is added

before the first reagent.

The method according o any one of embodinients 11-14, wherein the second reagent and

the third reagent is added before the first reagent.

The method of embodiment 10, further comprising (f) coraparing the first light response to

the second light response to determine a ratio of §,5-anhvdroglucitol and the first species.

The method of embodiment 1, wherein the sample comprises saliva,

The method of embodiment 1, wherein the sample comprises urine.

The method of embodiment {, wherein the sample comprises blood.

The method of embodiment 1, wherein the sample comprises interstitial fuid.
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21, The method of embodiment 1, wherein the method comprises separating the sample into

two or more aliquots.

22, The method of embodiment 1, wherein the first species is present and is selected from the
group consisting of glucose, L-sorbose, D-xvlose, D-galactose, glucono~-d-lactone, urea,

hael -

creatining, and crealine.

[
T

The method of embodiment 22, wherein the first species is selected from the group
consisting of glucose, L-sorbose, D-xylose, D-galactose, and glucono-d-lactone,

24, The method according to any one of embodiments 1-23, wherein the second species 15
sclected from the group consisting of glucose, L-sorbose, D-xylose, D-galactose, ghucono-

o-lactone, urea, creatining, and creatine,

25, The method of entbodiment 24, wherein the second species is sclected from the group
consisting of urea, creatinine, and creating.
26. The method ol embodiment 1, wherein the second reagent is selected from the group

consisting of glucose oxidase, galactose oxidase, glucokinase, galactokinase, urease,

sarcosine oxidase, AHG-~6-phosphate dehvdrogenase and creatinase.

27.  The method of embodument 26, wherewn the second reagent is selecied [rom the group

consisting of glucose oxidase, galactose oxidase, glucokinase, and galactokinase,
28, The method according to any one of embodiments 127, wherein the third reagent is
selected from the group consisting of glucose oxidase, galactose oxidase, glucokinase,

galactokinase, urease, sarcosing oxidase, and creatinase.

29.  The method of embodiment 28, wherein the third reagent is selected from the group

consisting of urease, sarcosine oxidase, and creatinase.

28



(b
2]

33.

34.

(¥
N

fuy
e

38,

WO 2020/041591 PCT/US2019/047708

The method of embodiment 1, wherein the first reagent and is selected from the group
consisting of pvranose oxidasg, sorbose dehydrogenase, hexokinase, and 1,5-

arthydroglucitel spectfic dehydrogenase.

The method of embodiment 30, wherein the first reagent is pyranose oxidase.

The method according to any one of embodiments 1-31, wherein the method comprises

adding an oxidani-removing or reductant~-removing agent to the sanwple,

The method of embodiment 32, wherein the oxidant-removing or reductant-removing
agent is selected from the group consisting of uricase, ascorbase, supcroxide dismulase,

angd catalase.

The miethod according to any one of embodiments 1-33, wherein the first light response
resuits front the reaction of a peroxidase, luminol, luciferase, a dioxetane, peroxyoxalate,

or an acridine ester.

The method according to any one of embodimenis 1-34, wherein the second light response
results from the reaction of a peroxidase, uminol, fuciferase, a dioxetane, peroxyoxalate,

oF an acridine ester,

The method according to any one of embodiments 1-33, wherein the first and second light

responses result from the reaction of horseradish peroxidase or fuminol.

The method of embodiment I, wherein measuring the first light response resulting from
the first chemiluminescent reaction and the second light response resulting from the second

chenufuminescent reaction comprises measuring photons with g light detector.
The method of embodiment 37, wherein the light detector is selected from the group

consisting of a charged coupled device (CCD), avalanche diode, multi-pixel photon counter

{MPPC)}, silicon photomuitiplier (SiPMT). complementary metal-oxide—semiconducior
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{CMORK) sensor, scientilic CMOS {(sCMORS) sensor, photomultiplier tube (PMT),

photodiode, camera, cellular phone camera, web caniera, and smart waich camera.

39, The method of embodiment 10, wherein each of the reagents are added to the sample viaa

microfluidic device.

40.  The method of embodiment 16, wherein comparing the first light response to the second
Hight response to determine a ratio of 1,5-anhydroglucitol and the second analyte comprises

transmitting data to a computer processor.

41, The method of embodiment 40, {further comprising accessing a lookup lable with the

computer processor.

42, The method of embodiment 41, wherein the lookup table comprises an Indication of a

physiological condition,

43, The method of embodiment 42, wherein the physiological condition is related to an insulin

or sugar or givcated hemoglobin level of a person from whom the sample was obtained.

44, The method of embodiment 16, further comprising normalizing the ratio based on a

measurement of a marker in the sample,

A
LI

The method of embodiment 44, wherein the marker Is urea, ¢reatinine, creatine, human

serum atbumin, or hemoglobin,

46, A kit comprising:
(a) saliva sampling nstrument,
{b} pyranose oxidase, sorbose dehydrogenase, hexokinase, or 1,5-anhydrogiucitol
specific dehydrogenase, and

{c) a chemiluminescent reagent,
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VI. Examples

The following examples are included to illustrate various aspects of the disclosure further,
It should be appreciated by those of skill in the art that the techniques disclosed in the examples
which lollow represent technigues and/or compositions discovered by the inventor to function well
in the practice of the disclosure, and thus can be considered to constitute preferred modes for Hs
practice. However, those ol skill in the art should, in light of the present disclosure, appreciate
that many changes can be made n the specific embodiments which arve disclosed and still obtain a

tike or similar result without departing from the spirit and scope of the disclosure,
Example I: Detection of 1,5-AHG with enzvmatic reaction pretreatment

Early diagnosis of type 2 diabates (T2D) Is paramount inwportant to reduce the
complications of diabetes. For the glycemic monitoring in T2D, one can measure metabolic
analytes, such as 1,5-anhwvdroglacitol (1,5-AHG), HbA lc and glucose i1 blood samples, A recent
report has revealed a strong association of T2D with 1,5-AHG in saliva as a non-invasive marker,
which may benefit patients who adverse o blood sampling. 1,5-AHG 1s unmetabolizable glucose
analog which ts present i human blood due predominantly {o dietary ingestion. In physiology, the
1.5-AHG level is balanced by being reabsorbed and excreted through kidney and wurine,
respectively. The normal range of 1,5-AHG level in the human body is around 6.8-32.3 ug'ml
1,5-AHG concentration in blood decreases during times of hyperglycemia since reabsorption is
completely inhibited by glucose at fructose and mannose active transporter; Therefore, monitoring
1,5-AHG in saliva is useful in achieving glycemic control. Another application ol the present
technology is the use of saliva measurements of AHG for ongoing monitoring of the glyeemic
control of diabetics who already have been diagnosed. 1n one embodiment, the present salivary
monitoring technology would be combined with occasional measurements by established methods

such as hemogiobin Alc or fasting blood glucose.

To deternuine the conceatration of 1,5-AHG, conventional methods such as hiquid
chromatography, gas-liquid chromatography, HPLL, or mass spectromieiry can be used. An
alternative method s to use an enzymatic reaction assay. Pyranose oxidase (PROD) has been used
for deternuining D-ghucose and 1,5-AHG in clinical analysis. PROD oxidizes the second position

hvdroxyl group of 1,5-AHG and generates hydrogen peroxide which can be deiected using a
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varicly of methods. Therefore, 1,5-AHG s indirectly determined by measuring the generated
hydrogen peroxide). However, saliva samiple contains D-glucose, which is also oxidized by PROD
ared produces hydrogen peroxide, thus, interferes with 1,5-AHG measurement. In this case,
pretreatment of the sample is required to keep D-glucose from reaction with PROD.

In this example, 1,5~-AHG i saliva is measured by its reaction with sorbose dehydrogenase
from Stnorhizobium sp. 97507 and nicotinamide adenine dinucleotide (NAD) or nicotinamide
adenine dinucleotide phosphate (NADP) to produce §,5-anhydrolructose (1,.5-AHF), NAD(PMH,
ardd hydrogen cations. A subsequent reaction of NAD(PYH with a pyridine nucleotide detection
chemifuminescent substrate produces light which can be detected using a high sensitivity light
detector. However, other monosaccharides present in saliva, such as D-glucose and D-galactose,
are also reactive with sorbose dehydrogenase. Therefore, these compounds are first depleted by
glucose oxidase and galactose oxidase or glucokinase and galactokinase,

In aneother modification, 1,5-AHG in saliva is measured by one of the products of iis
reaction with pyranose oxidase, 1,5-AHF. NAD(P)H-dependent 1,5-AHF reductase is used in
addition to NAD(P)H to form NAD(P) and 1,5-AHG from ihe 1,5-AHF produced by the preceding
reaction. The depletion of the NAIDPH by this reaction is then measured by the light intensity
produced by a pyridine nucleotide detection chemiluminescent substrate. In this modilication, the
depletion of other monosaccharide compounds is not required as they are not reactive with 1,5-
AHF reductase,

In another modification, 1,5-AHG in saliva is measured by one of the produets of its
reaction with pyranose oxidase, 1,5-AHF. NAD(PYH-dependent 1,5-anhydromannitol forming
reductase is used w addition to NAD(PIH to form NAD(P) and i,5-anhydromannitol from the 1,5-
AHF produced by the preceding reaction. The depletion of the NAD(PYH by this reaction Is then
measured by the light intensity produced by a pyridine nucleotide detection chemiluminescent
substrate, In this modification, the depletion of other monesaccharide compounds Is not required
as they are not reactive with 1,5-anhydromannitol forming reductase.

In another modilication, 1,5-AHG in saliva is measured by tls reaction with hexokinase
and adenosine triphosphate (ATP) to form 1,5-AHG-6-phosphate. Following this reaction, 1,5-
AHG-~6-phosphate dehydrogenase and NAD(P) are used to produce 1,5-AHF-6-phosphate,
NAD(PYH, and hydrogen cations. A subsequent reaction of NAD(PYH with a pyridine nucleotide

detection chemituminescent subsirate produces light which can be detecied using a high sensitivily
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light detector. Although hexokinase is reactive with all hexoses, the 1,5-AHG-6-phosphate enzyme
is specific to AHG-6-phosphate and will not react with other phosphorylated hexoses present afier
the hexokinase reaction,

In another modification, 1,5-AHG in saliva is measured by ils reaction with 1,5-AHG-
specific dehydrogenase and NAD(P) to form 1,5-AHF, NAD(PYH, and hydrogen cations. A
subsequent reaction of NAD(P)H with a pyridine nucleotide detection chenuluminescent substrate

produces light which can be detected using a high sensitivity light detector,

Example 2: Detection of 1,5-AHG with aqueous-two phase extraction (ATPS) and
enzymatic reaction pretreatment

I a modification to Example 1, a saliva sample containing 1,5-AHG is pretreated by both
ATPS and enzymatic depletion of interfering conmpoands. Here, a saliva sample (s introduced {o
an ATPS system composed of polyethylene glycol (PEG)-potassiun phosphate and water, After
the saliva is mixed with the phase components, the system is allowed to settle. After settlement,
the bottom, sali-rich phase is extracted. Following the exiraction, enzymes used to depleie D-
ghucose and D-galactose, such as glucose oxidase, galactose oxidase, ghicokinase, galactokinase,
glucose dehydrogenase, or galactose dehvdrogenase, are added to the extracted bottom: phase.
Finally, the concentration of 1,5-AHG in the saliva sample is measured using the methods

previousty shown in Example 1.

Example 3: Detection of 1,5-AHG with a chromatography column
In an example, the sample is run through a chromatography colunm, such as ion exchange,
HIC, metal chelate, boronate, or affinity, to remove glucose and other interferences. The sluent
containing 1,5-anhydroglucitol is mixed with 10 gl of pyranose oxidase for 5 ming at room
temperature. Alter the reaction of pyranose oxidase and 1,5-anhydroglucitol, 30ul. of luminol
solution and 1 gg/mL peroxidase are added to the 1.5-AHG solution, followed by light intensity

measurement using the poini-of-care (POC) photon detector.

Example 4: Additional sample pretreatment to remove interferences

Depending on the sample sources, the presence of some monosaccharides can interfere
with the 1,5-AHG detection assay. Some of the known interferences when using pyranose oxidase

as 1.5-AHG detection enzyvme include D-alucose. L-sorbose, D-xylose, D-galactose, and glucono-
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o-tacione. The complexity of pretreatment varies with the tvpe of body thuds. In a normal blood
sampie, D-ghucose is the major interference, requiring pretreaiment methods as described in
Examples 1 and 2. For samples from other body [luids, a mixture of enzymes is used instead of
just glucose oxidase. Such enzyme mix contains enzymes that can convert or modify the
mnterlerences to non-interfering molecules. An example of the composition of the enzyme nix
inctudes glucose oxidase, L-sorbose oxidase, D-xviose oxidase, D-galactose oxidase, glucono-6-
lactone oxidase.

Another configuration of the enzynie mix consists of using glucokinase and galactokinase
with ATP lo form D-glucose-6-phosphate and D-galactose-2-phosphate from D-glucose and D-
galactose, respectively, which are uvnreactive with pyranose oxidase. Similarly, glucose
dehydrogenase and galaclose dehydrogenase NAD{P) can also deplete D-glucose and D-galactose
to form species unreactive with pyranose oxidase—D-glucono-1,5-lactone and D-galactono-1,5-
lactone. Additionally, other configurations include a combination of glucokinase/ATP and
galactose dehydrogenase/NAD(P) or glucose dehydrogenase/NAD(P) in conjunction with

galactokinase/ATP.

Example 5: Detection of 1,5-AHG in microfluidic device

In this example, the sample is applied to a microfiuidic device then inserted into a reader,
in which the sample is sphit into two fractions by the Y-junction in & microfluidic ¢hannel, The
fractions are pumped to two separated reaction chambers. In the first reaction chamber, a solution
containing glucose oxidase is pumped in and mixed with the sample to produce hydrogen peroxide
from the oxidation of glucose, In the sccond chamber, reaction buffer containing or 1,5~AHG
dehydrogenase 1s pumped and mixed in to produce NAD(P)YH. Aficr a specific time which allows
the reactions 1o go to completion, the contents of the first reaction chamber are mixed with a
chemituminescent substrate followed by a light intensity measurement through the optical window
with a (POC) photon detector. The signal from the first chamber i3 interpreted as glucose
concentration. The countent of the second reaction chamber is mixed with a bielununescent
sabstrate such as Promega NAD(P3H-Glo™ and followed by light intensily measurement thru the

optical window with a photon detector. The signal is interpreted as the concentration of 1,5-
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anhydroglucitol, Corrected 1,5-anhydroglucitol conceniration in the sampie s calculated from the
two signals or by lookup table using the values of the signals.

In another example, the enzyme in the first reaction chamber is galactiose oxidase.
Hydrogen peroxide is produced from the sample by oxidation of galactose. The signal from the
first chamber is interpreted as galactose concentration.

In another examiple, the enzyme mix in the fiest reaction chamber contains glucose oxidase
aril galactose oxidase, Hydrogen peroxide is produced from the sample by oxidation of glucose
ared galactose. The signal from the first chamber is interpreted as glucose and galactose

concentration.

~

Example 6: Detection of 1,5-AHG in lateral flow assay (LFA) format

In another example, a sample contaiming 1,5-anhydroglucitol 1s muxed with horseradish
peroxidase and chemiuminescent substrate. The sampie and reagent nuxture is then apphied to a
membrane strip using laeral flow assay (LFA) lechnology. The membrane strip s composed of
nitrocellulose, a glass fiber membrane such as Faslon 3, cellulose membrane, or any material that
has wicking capability. The strip contains at least three enzyme lines, with glucose oxidase
galactose oxidase being the first line and second line. Additional enzymes can be immobilized on
the lines between the second and last lnes. Pyranose oxidase Is immobilized on the last line that
the sample will encounter as it travels along the strip. As the sample moves over the glucose
oxidase lne (first line), glucose is oxidized by glucose oxidase {o hydrogen peroxide, Hydrogen
peroxide reacts with a chemilunsnescent substrate with horseradish peroxidase as the enzyme to
produce a light signal at the first line. The glucose depleted sample then travels to the second line
where pyranose oxidase converts i,5-anhvdroglucitol to hydrogen peroxide. Hydrogen peroxide
reacts with a chemiluminescent substrate with horseradish peroxidase as the enzyme to produce a
light signal at the sccond line. A High sensitivity light detector, such as a CCD camera, PMT,
avalanche diode, S-CMOS camera, CMOS camera, or high sensitivity smartphone camera, can be
used to perforni light intensity measurement of the lines. lntensity measurement from the first line
15 inferpreted as glucose concentration, and the intensity measurement from the second line is
mnterpreted as 1,5-anhydroglucitel concentration,

In another modification, a sample containing 1,5-anhydroglucitol is mixed with a

chenuiuminescent subsirate, The sample and subsirate mixture is then applied to a membrane strip
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using lateral flow assay (L.FA} technology. The membrane sirip is composed of nitrocellulose, a
glass fiber membrane such as Fusion 3, cellulose membrane, or any malterial that has wicking
capability. The strip contains four enzyme lines: the first fine 1s glucose oxidase, the second line
i3 horseradish peroxidase, the third line Is pyranose oxidase, and the fourth line as iIs horseradish
peroxidase. The ordering is in the flow direction of the sample that will encounter as it travels
atong the strip. The widths of the first and second lines are separaiely determined by the enzymatic
reaction times of cach enzyme. As the sample move over the glucose oxidase line {(first line),
glucose is oxidized by glucose oxidase o hydrogen peroxide. Hydrogen peroxide reacts with a
chemifuminescent substrate with horseradish peroxidase on the second line as the enzyme {o
produce a light signal at the second line, The glucose depleted sample then travels to the third line
where pyranose oxidase converts 1,5-anhydroglucitol to hyvdrogen peroxide. Hyvdrogen peroxide
reacts with a chemiluminescent substrate with horseradish peroxidase on the fourih line as the
enzyme Lo produce a light signal at the {ourth line. A High sensitivity light detector, such asa CCD
camera, PMT, avalanche diode, S-CMOS camera, CMOS camera, or high sensitivity smartphone
camera, can be used to perform light intensily measurement of the hines. Intensity measarement
from the second ling is interpreted as glucose concentration, and the intensity measurement from
the fourth line is interpreted as 1,5-anhydroglucitol concentration,

In another miodification, a sampic containing 1,5-anhydrogluciiol is mixed with a
chemiluminescent substrate. The sample and substrate mixture is then applied to a membrane strip
using lateral flow assay {LFA) technology. The membrane strip i1s composed of nitroceliulose, a
glass fiber membrane such as Fusion 3, cellulose membrane, or any malterial that has wicking
capability. The strip contains two enzyme lines, with a mixtere of ghucose oxidase and horseradish
peroxidase as the first line and mixture of pyranose oxidase and horseradish peroxidase as the
second line, in which sample will encounter as it travels along the strip. As the sanple move over
the glucose oxidase line (first line), glucose is oxidized by glucose oxidase to hydrogen peroxide,
Hydrogen peroxide reacts with a chemiluminescent substrate with horseradish peroxidase as the
enzyme to produce a light signal at the {irst line. The glucose depleled saniple then travels {o the
second line where pyranose oxidase converts 1,5-anhydroglucitol to hydrogen peroxide. Hydrogen
peroxide reacts with a chemiluminescent substrate with horseradish peroxidase as the enzyme to
produce a light signal at the second line. A High sensitivity light detector, such as a CCD camera,

PMT, avalanche diode, S-CMOS camera, CMOS camera, or high sensitivity smartphone camera,
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can be used lo perform light intensity measurement of the lines. Intensily measurement from the
first Hine is interpreted as glucose conceniration, and the intensity measurement from the second
tine is interpreted as 1,5-anhydrogluciiol concentration,

In another example, 1,5-anhydrogliucitol can be detected and measured in an indirect
competitive chemiluminescent- lateral Bow assay. The membrane strip is composed of
nitrocelhulose, glass fiber membrane such as Fusion 5, cellulose membrane, or any material that
has wicking capability. The strip contains two lines: fest line and controf line. The fest is an area
where anti-1,5-anhydroglucitol antibody is immobilized. The control line is an area where anti-
HRP antibody is immobilized. Sample containing 1,5-anhydroglucitol is mixed with known
amount of HRP-1,5-anhydrogiucitol conjugate. The mixture is applied to the membrane strip and
nyigrates along the strip by capilary action. When reaching the area of the strip where the anti-1,5-
anhydrogluciiol antibody is tmmobilized, the 1,5-anhydroglucitol in the sample competed with
HRP-1,5-anhydroglucitol for binding a fixed and limited amount of immobilized anti-1,5-
anhydroglucitol antibody. Unbound reagents continued to migrate until they reached the area of
the sirip where excess HRP-1,5-anhvdroglucitol conjugate was capiured by immobilized anti-
HRP antibody. In the detection step, a chemilupmunescent substrate for HRP is added Lo the strip
and the resuliing chemiluminescent signal is imaged using the high sensitivity light detector, such
as a CCD camera, PMT, avalanche diode, S-CMOS camera, CMOS camera, or high sensitivity

smartphone camera,

Example 7: Calibration curve for determining ghucose with the use of glucose oxidase

Phosphate bulfer {monobasic and dibasic sodium phosphate) pH 6.5 at 0.2 M, TRIS-HCI
Buffer, pH 8.5 at 50mM, 3-«(N-Ethyl-3-methylanilino)-2-hydroxy-propanesulfonic acid sodium
salt (TOOS) at 10 mg/ml, 4-Amincantipyrine (4~-APP) 14 mg/ml., Glucose Oxidase at 18,3 UsmlL,
and HRP at 0.57 mg/mb (194 Umg). 40 uL of a given dilution of glucose standard with 50 pg/mL
concentration are mixed with 60 il of a reagent contaiming 1 mi of TOOS, 1 ml. of 4-APP, iml
of HRP and 7 mL of TRIS-HCI and 60 ul. and 80 yL of a reagent containing S0mi of phosphaie

bulfer pH 6.5 and Smg of Glucose Oxidase. After 5 minutes, the absorbance of the reaction, carried
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out in transparent microplates of 96 wells is read at a wavelength of 546nm in an Epoch reader

(BioTek).

Example 8: Calibration curve for determining 1,5-AHG with the use of pyranose oxidase

166 ul. of a [inal reaction containing 32.14 mM of TRIS-HCL, pH 9, 10.71 mM of MgClz,
234 M ol ATP, 6.25 U/mL of Glucokinase, 6.56 mM of TRIS-HCI pH 8.5, 6.35 mM of TOOS,
129.16 mM of 4-APP, 1.07 Uimil. of HRP and 2.18 U/ml of pyranose oxidase, with the
correspondent dilutions ol 1,5-AHG at 50 mg/mi. arc iaken and absorbance read at 546 nm. The

calibration curve can be creaied from the results,

Example 9: Calibration curve to quantify 1,5-AHG in saliva

Standards of 1,5-AHG diloted in cleared saliva (i.¢., saliva that has been depleted of pyran
compounds such as glucose, galactose, and 1,3-AHG) are used as a calibration to quantify 1,5-
AHG in a saliva sampie. Dilutions of 1,5-AHG in PBS buffer at 5, 3.75, 2.5, 1.25, and 0 gg/mL
are prepared, and 10 L of cach dilution are pipetted into a single well of a white 96-well half-area
microplate. To each well, 40 pl. of cleared saliva is added, making the final concentrations of the
calibration standards 1, 0.75, 0.5, 0.25, and 0 pg/mil. of 1,5-AHG in cleared saliva. Addiionally,
10 pl of PBS and 460 ul. ol sample saliva {(i.¢., saliva that has been depleted of all pyran compounds
except 1,5-AHG) are added to three separate wells, To begin the oxidation of 1,5-AHG, specific
quantities of pyranose oxidase are added to each well, and the microplate is then incubated at 37°C.
Alter incubating for some time, chemiluminescence reagent is added to each well, and the kinetic

juminescence 1s immediately measured.

Example 10: Calibration curve to quantify ghicose in saliva

Glucose standards diluted in glucose-free saliva (e, saliva that has been depleted of all
glucose that appears naturally in the sample) are used as a calibration to quantify glucose in a
saliva sample. Ditutions of glucose in PBS buffer at 500, 373, 250, 125, and 0 pg/mL are prepared,
and 10 pL of each dilution are pipetted into a single well of a white 96-well half-area microplate,
To cach well, 40 pL of glucose-free saliva is added, making the final concentrations of the
calibration standards 100, 73, 30, 25, and 0 ug/mL of glucese. Additionally, 10 4L of PBS and 40

ubs of plain, untreated saliva are added to three separate wells, To begin the oxidation of glucose,
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specific quantities of glucose oxidase are added to each well, and the microplale is then incubated
at 37°C, After incubating for some time, chemilununescence reagent is added 1o gach well, and

the kinetic luminescence is immediately measured,

Example 11: Assay of glucose depletion with use of pretreatment column
A column s filled with 100 gL of SP Sepharose {cation cxchanger, user for the
equilibration of the effluent), followed by 400 ul of Q Sepharose (anion exchanger). The column
is washed with 300 L of water (3X), After this, 100 pL of a sample, namely glucose or 1,5-AHG,

are passed through the column. 10 pL. of the effiuent are assayed,

Example 12: Light Kinetics obtained with the use of HRF and luminol
The reagents employed for this experiment are: HRP solution (270 ng/mLb), HaO2solutions
(12.3-98mM} and luminoi {0.424 mg/L). These reagents are mixed in the next proportion in a black
microplate: 35 ul of HRP, 75 pL of luminol and 50 pl of H:0, The microtiter plate is then

placed 1n a luminometer and measurements are taken every muinute for 20 minutes,

Example 13: Fuall method of 1,5-AHG measurements with HR¥ and luminol

This reaction buffer is prepared as following: 0.4 mL of 56.13 mg/'mL MgCls, 0.6 mL of
66.13 mg'mL ATP, 0.7 mL distilled water are added to 8.4 mL of 75mM TRIS-HCI pH 9. 80 pL
of this reaction buffer arc added to 10 ul of 1,5 AHG and 25 gL of water, The reaction buffer with
1,3 AHG is mixed with 35 gL of HRP, 73 uL of luminel and 60 ub of pyranose oxidase, and the

fuminescent signal is read lfor 20 nin.

Example 14: 1,5-AHG measurement with Lumigen® HyPerBlu chemiluminescent substrate

Dilutions of 1,3~-AHG standard sofution in PBS bualler are distnibuted into a white

microtifer plate. Pyranose oxidase or sorbose dehydrogenase 1s then added to each well. After
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mcubation at 37°C, Luomigea® (Southfield, M) HyPerBlu chemiluminescent subsirate 1s added to

gach well ina 1:1 velume ratio and the huminescent signal is read for 30 nun.

Example 15: 1,5-AHG measurement with Promega NAD(P)H-Glo™ detection system

Dilutions of a 1,5-AHG standard solution in PBS buffer are distribuied into & whiie
microtiter  plate.  NAD(P)H-dependent  1,5-AHF  reductase, NAD{PY-dependent  [,5-
arthydromannitol forming reductase, 1,5-AHG-6-phosphate dehydrogenase, or 1,5-AHG-specilic
dehydrogenase is then added to cach well, After incubation at 37°C, Promega (Madison, W)
NAD(PYH-Glo™ substrate is added to cach well in a 1:1 volume ratio and the luminescent signal
is read for 30 min. The chemiluminescent substrate contains a prouciferin reductase substrate that
18 reduced in the presence of NAD(P to form tuciferin. The luciferin 1s then quantified by

reconthinant luciferase also present in the NAD(PIH-Glo™,

Example 16: 1,5-AHRG measurement and calibrated with glucose or galactose using
NAD(PYH and hydrogen peroxide detection system
In this example, saliva sample comtaining 1,3-anhydroglucitol is treated with an enzyme
mix containing glucose dehydrogenase and galactose dehyvdrogenase to remove glucose and
galactose. Glucose and galactose are converted into D-glucono-1,5-lactone and D-galactono-1,5-
lactone, respectively, with the generation of NAD(PYH. Afier incubation at 37°C, & bioluminescent
subsirate that reacts with NAD(P)H such as Promega NAD(P)H-Glo™ is added to the sample. The
chemiluminescent substrate contains a proluciferin reductase substrate that 1s reduced in the
presence of NAD(PIH to form luciferin. The light signal from reaction generated by luciferin and

recombinant lucilerase is read as the sample’s internal calibrator.

Subsequently, pyranose oxidase is mixed with the treated sample to catalyze the oxidation
of 1,S-anhydroglucitol to hydrogen peroxide. Alier the reaction with pyranose oxidase, a
chemiluminescent reagent that reacis with hydrogen peroxide such as HyperBlu s added, then
mmmediately followed light intensity measurement. Intensity measurement is inferpreted as 1,5~
arthydroglucitol concentration,

In a modification, the internal calibrator is generated by ireating the saliva sample
containing 1,5-anhvdroglucitol with enzyme nux conlaining glucose kinase and galactose

dehydrogenase. Glucose is converted glucose-6-phosphate. Galactose is converted to D-galactono-
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{,5-lactone with the generation of NAIXPYH. After incubation at 37°C, a bioluminescent substrate
that reacts with NAD(P)H such as Promega NAD{PYH-Glo™ is added to the sampile. The light

signal from the reaction is read as the concentration of galactose and is used as internal calibrator,

In another modification, the internal calibrator is generated by treating the saliva sample
conlaining 1,S-anhydroglucitol with enzyme mix containing glucose dehvdrogenase and galactose
kinase, Glucese is converted D-glucono-1,5-lactone with the generation of NAD(P)H. Galactose
is converted to galactose-1-phosphate.  After incubation at 37°C, a biolonunescent substrate that
reacts with NAD(PYH such as Promega NAD(PYH-Glo™ is added to the sample. The light signal

from the reaction is read as the concentration of glucose and 18 used as an internal cabibrator.

Analyvtes. In exemplary embodiments, an analyte of interest may include 1,5-
anhydroglucitol, glucose, creating, creatinine, urea, metabolites, a protein, a peptide, a hormone, a

biomarker, a toxin, or a modificd {e.g., phosphorvialed or acetylated) protein.

Analytes sources, In exemplary embodiments, the specimen 10 which the analyvte is to be
detected may comprise a biopsy specimen, blood, serum, plasma, stool, saliva, sputum, CSF,
tavage fluid, nasal wash, urine, cell fysate, drinking water, natural water, sea water, soil water, soil
leachale, fresh tissne, frozen fissue, neutral [ormalin-treated tissue, formalin fixed paraffin

embedded tissue block, or an ethanol-fixed paraffin-embedded tissue block.

Sample pretreatment. In exemplary embodiments, a specimen nmay be optionally pre-
treated to concentrate the analyte, remove particulates, contaniinants, terferences, or reaction
inhibitors, reduce viscosily, umprove handling properties, or to modify the analyie for improved
detection. The methods io sclectively remove or modify the interforences or contaminants include
the uses of antibody capturing, aptamer captaring, enzymatic reactions, chemical modifications or

chromatography techniques such as ion exchange, HIC, metal chelate, boronate, or affinity.

Reagents. In exemplary embodiments, the readout method by which the analyte is detected
may be the emission of light by chemiluminescence, bioluminescence, or any method may be used
for generating the light signal in the method of the present disclosure. Reagents to generate light
output are chemuuminescent substrates, such as luminol, isoluminel, 1,2-dioxetanes,

peroxyoxalate compounds and dyes, or bioluminescent substrates, such as laciferin, The signal
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generation reaction can be generated with or without enzyme. Among the available methods,
oxidization of various chemilunyinescent subsirates with hydrogen peroxide catalyzed by
peroxidase is the most commoen, There are other known methods for detecting hydrogen peroxide
through chemiluminescence without using peroxidase, for example, the luniinescence can be
obtained with luminol and hydrogen peroxide in the presence of laccase. Luniinescence can also
be obtained without enzyme by reacting lominel and hydrogen peroside in the presence of a
ferricyanide ion, by reacting lucigenin with hydrogen peroxide in the presence of a metal ton, by
reacting an aryl oxalate such as bis(2,4,6-trichiorophenyl) oxalate with hiydrogen peroxide in the
presence of a tluorescent substance, and by reacting luminof and hydrogen peroxide in the present

of silver nanoparticles or iron oxide nanoparticles, or silver catalyst.

Assay apparatus. Inexemplary embodiments, the assay may be done on a microftuidic device
which comprises multipie functional aspects: separation or removal of interferences, reaction to
generate a signal, and optical signal readout areas. In additional embodiments, the microfiuidic
device may contain multipie separation/removal, reaction, and signal readout areas for multiplexing,
where more than onc analyte can be assessed. The separation area in the microfluidic device contains
adsorbent or absorbent {o separate or remove nterferences from analyies, In another enmibodiment,
the separation arca in microfluidic device contains an enzvme to convert interferences o non-
interferences. The apparatus can be made by a 3D printer, injection mold, blow molding, extrusion

molding, vacuum forming, conpression molding or any other manulacturing techniques.

Detector devices. In exemplary embodiments, the luminescent signal output may be
detected by a light detector such as, but not limited to, a charged coupled device {(CCD), avalanche
diode, (muiti-pixel photon countery MPPC or silicon photomultiphier (SiPMT), complementary
metal-oxide-semiconductor (CMOS) sensor, scientific CMOS (sCMOS) sensor, photomultiplier
tubes (PMT), photodiode, camera, cell phone camera, web camera, smartwaich camera, or any
light detector. The hight detector can [unction as a point-of-care device connected and coatrolied
via wired or wireless connection by a personal compuier, laptop, tablet, smartphone, smart watch,
or any similar devices with compuling and displaying capabilitics. The wireless connection

includes, but is not himited to, Bluctooth, Wi-Fi, and near field communication (NFC).
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The assay can be done in plate format wherein the signals are read by a plate reader
equipped with photenmitiplier tubes (PMT), an avalanche diode, mulil-pixel photon counter
(MPPC) or silicon photomuitiplier (SiPMT), charged coupled device (CCD) sensor,
complementary metal-oxide-semiconductor (CMOS) sensor, or scientific CMOS (sCMOS)

SCRSOL.

Example 17: Clearing of inhibitors for chemiluminescent assays

Antioxidanis arc esseniial to the body’s defense system. They neuiralize free radicals, such
as reactive oxvgen species {ROS) that damage cells. The primary antioxidants in saliva include
uric actd, ascorbic acid, atbunun, glutathuone and antioxidant enzymes. Therr antioxidative activity
can also interfere with a chemiluminescent reaction, which is an oxidation process. The presence
of antioxidants In a chemilunminescent reaction can diminish or delay light signal output, In fact,
the time delay of the light signal is sometinmes used to guantify the concentration of antioxidants
in the samples. The removal of these antioxidanis s necessary for some chemiluninescent

reactions, sucl as those using luminol-based reagents,

In an example, before the chemiluminescent reaction, 300 pd of saliva is treated with 0.05U
of uricase, 0.05U of ascorbase, and enzynies and incubated for 10 min at 37 °C to remove small
antioxidants that inhibit the chemuluminescent reaction. Catalase is added to remove hydrogen
peroxide produced from the oxidation of these antioxidants. The sample is then filtered with a 3kD
molecular weight cut-oft (MWCO) filter to remove the bigger antioxidant melecules such as
superoxide dismutases (SODs), as well as catalase, ete, Similarly, these molecules may be removed
by ion exchange or hydrophobic or melal-affinity chromatography or by heating the sample to a
temperatare known te denature the enzymes. Catalase-specific inhibitors, such as 3-amino-1,2,4-
iriazole, may also be used to umpede the reduction of hydrogen peroxide during the
chemiluminescent reaction. Once cleared of antiosidants, the metabolites 1n the samiple can be

assayed with chemiluminescent reaction read out.

Specifically, the inventors can measure glucose, galactose, and 1,5-anhydrogiucitol (AHG)
e one antioxidant-cleared sample. Antioxidant-clearcd sample containing 1,5-anhydrogiucitol i1s
mixed with 10 gl of an enzyme mix containing glucose oxidase, peroxidase, and a

chenufuminescent substrate, then immediately followed by light intensity measurement using the
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photon detector. The light signal is interpreted as glucose concentration. After the [irst reaction is
completed, galactose oxidase is added then immediately followed by a light intensity measurement
using the high sensitivity liglt detector. The signal is interpreted as galactose concentration.
Finally, pyranose oxidase is added, then immediately followed by light intensity nicasurement
using the photon detector. The signal is interpreted as AHG concentration. The ratio of 1,5~
anhvdroglucitol to glocose or galactose can be used to correct for the variations in sample

collection.

In a modification, after 10 minutes incubation at 37 °C with enzymies to remove
antioxidants, the sample 1s heated at 95 °C for 10 minutes fo mactivate all the enzyvmes and other
macromelecule antioxidants such as superoxide dismutases (SODs), catalase, ete. Once clear of
antioxidanis, the metabolites in the sample can be assayed with chenmuluminescent reaction read

oul.

In another modification, before the chemiuminescent reaction, 300 i of saliva collected
by Salivette or frec drooling is treated with (LOSU of uricase, 0.05U of ascorbase, ghucose oxidase,
galactose oxidase, and other to remove small antioxidants that inhibit the chemiluminescent
reaction and to remove interferents in the AHG reaction. Catalase is also added fo remove
lydrogen peroxide produced from the oxidation of these antioxidants, The sample 1s incubated at
37 °C for 1 to 90 minuies, typically, 10 minutes. The sample is then filtered or heated {o remove
or inactivate the bigger antioxidant molecules such as superoxide dismutases (SODs), catalase,
etc. Once clear of antioxidants and interferents, the AHG in the sample can be assayed with
chemifuminescent reaction read out, Antioxidant and interferents c¢leared sampie containing 1,5~
anhydrogiucitol is niixed with 10 pb of an enzyme mix containing pyranose oxidase, peroxidase
arl a chemiluminescent substrate, then immediately followed by light intensity measurement

using the photen detector. The light signal is interpreted as AHG concentration.

In another example, before the chenninminescent reaction, SO0 pl of saliva sample 1s
fitered or heated to remove or inactivale the bigger anlioxidant molecules such as superoxide
disnrutases (SODs), catalase-like enzymes, ete. Saliva is then treated with .05U of uricase, 0.05U
of ascorbase, and other cnzymes and incubated for 10 minutes at 37 °C to convert small

antioxidants that inhibit the chemilwminescent reaction to hydrogen peroxide. The hydrogen
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peroxide produced from the oxidation of these antioxidants is quantified by chemiluminescent
reaction with HRP and luminol substrate. The signal can be used o normalize other measurements
for ditution by saliva production. Once cleared of antioxidants, the sample can be assayed with

conventional chenmiluminescent reaction read out,

In a modification, the treated sample 1s urine, It 1s known that urine contains a high level
of uric acid. Removal of uric acid and other antioxidants is necessary for assays using luminol-
based chemiluminescent substrate. In another modilication, the sample treated with the enzyme
mix is blood, which contains catalase and other antioxidants. In another modification, the

peroxidase 1s derived from sweet potato, or 1n a preferred modilication, from soybean,

Alternatives to lnminol chemistry. The presence of antioxidants in bodily {luids makes
sensitive fuminel-based chemiluminescent assay unreliable without any pretreatment. The
presence of antioxidants in the chemiuminescent reaction can diminish or delay hight signal
cutput. Among the chemiluminescent methods to detect hydrogen peroxide, peroxyoxalaie

chemistry and acridininm ester chemistry are inpervious to antioxidant interference.

Peroxyoxalate chemistry detection method. An example of a substrate for
peroxyoxalate chemistry is bis(2,4,6-trichlorophenyl) oxalate (TCPO) which is used in glowsticks,
Other variations of TCPO molecule have been synthesized for solvent compatibility and also can

be used.

A fluorescer such as peryiene is added at a concentration of 50 mg/l. The fluorescer can
be chosen to spectrally mateh fo the spectral sensitivity of an electronic detector to be used, A
small amount of base catalyst, trimethylamine (50 pl/l) is added to make the chentiluminescent
substrate. This TCPO subsirate can be used to detect metabolites or other compounds in samples
such as saliva, urine, blood, food, beverages, or natural or process waters. For example, a sample
containing 1,3-anhydroghucitol 1s mixed with 10 uL of an enzyme nux confaining glucose oxidase
and TCPO chemiluminescent substrate, then immaediately followed by Light inlensity measurement
using the point-of-care {(POC) photon detector, The light signal is interpreted as glucose
concentration. Afier the first reaction compleied, galactose oxidase 1s added then immediately

followed by light intensity measarement for galactose signal. Finally, pyranose oxidase is added
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then imumediately followed by a light intensity measurement using the high sensitivity light
detector, The signal 1s interpreted as 1,5-anhydroglucitel concentration. The ratio of 1,5-

anhydroglucitol to glucose can be used to correct for the variations in sample collection method.

Sample Preparation and Pre-concentration. When the target molecule is a low
molecular weight monosaccharide, it may be processed according to traditional carbohydrate-

concentration techniques, including thermal treatments.

As a first modification, a collecled saliva sample can be concentrated using freeze
concentration, or by a freeze-drying procedure similar to that reported by Daughters et al. First, a
fresh sampie is centrifuged at 4 °C and 1600 x g for 15 min. The supernatant is transferred to a
fresh 2 mL tube and the pellet discarded. The fresh cleared supernatant is then frozen for a 24 hr
period at -80 °C. Considering that the solvent of the saniple 1s mainly water, the concentration step
resides in a tyophilization step lo be perfornied overnight ((rom 12-16 h approximately considering
the nature and volume of the sample). After freeze-drying, sanples should be stored at -20 °C, |t
has been determined thal freeze-dried saliva samples under these conditions are stable for
molecular studies up to 2 weeks. Afier these procedures, the samples could be sabjected to AHG

conlent analysis.

A second protocol for sample concentration could inciude evaporative concentration. After
collection of a saliva sample, the sample could be centrifuged at 15,000 x g and 30 min at 24 °C.
The supernalant would then be fransierred to a fresh 2 mL tube and then subjected to concentration
with a GeneVac EZ-2 plus at 30 °C for 2 hr. A reduction of 10-15-fold in volume is achicved.
Finally, concentrated samples are subjected to AHG content analysis. An alternative instrument
that could be used in this approach is the Savant DNA 120 SpeedVae Concentrator (Thermo

clectron corporation).

In a third mwodification, a sample of saliva or urine, etc., is cleared of solids by
centrifugation, then treated by addition of an equal vohume of cool acetone or chioroform and held
at 4 °C overnight (12-16 h). Then, a centrifugation step at 15,000 x g for 30 min at 4 °C is
performed, the supernatant then removed and irealed with a Savant DNA 120 SpeedVac

Concentrator. The final samipie 1s then analyzed.
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A fourth method of sample pre-concentration is precipitation. Centrifugally-cleared saliva
is muixed with 1 volume of an ammonium suifate solution at 50% saturation. After a 10 min
incubation period at room temperature, the sample is centrifuged at 15,000 x g for 30 min at room
tentperature, The supernatant is discarded.  Alier another cyele of ammonium sulfate +
centrifugation step and discarding of the second supernatant, the final pellet is resuspended and

subjected to analysis.

A fifth method of preconcentration i1s  anion-exchange, metal chelate-affinity or

hydrophobic interaciion or reverse~phase adsorption, optionally using an internal-surface reverse
yArog plion, ¥y g

phase or another access-controlled adsorbent. For anion-exchange adsorption of sugars, operation

at high pH (=9} 1s preferred.
EIE I A I I

All compositions and methods disclosed and claimed herein can be made and executed
without undue experimentation in light of the present disclosure, While the compositions and
methods of this disclosure have been described in terms of preferred embodiments, 1t will be
apparent o those of skill in the art that variations may be applied to the compositions and methods,
and in the steps or in the sequence of steps of the methods described herein without departing from
the concept, spirit and scope of the disclosure. More specifically, it will be apparent that ceriain
agents which are both chemically and physiclogically related may be substituted for the agents
described herein while the same or similar results would be achieved. All such sintilar substitutes
and modifications apparent to those skilled in the art are deemed to be within the spirii, scope, and

concept of the disclosure as delingd by the appended claims.
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A method for analyzing a sample, the method comprising:

{a)
(b}
(c)

(d)

obtaining a sample comprising ,5-anhydrogiuciiol and optionally a first specics;
optionally pretreating the sample to remove the first species

adding a first reagent to the sample, wherein the first reagent causes a [irst
cheniiuminescent or bioluminescent reaction with 1,5-anhvdroglucitel in the
sample; and

measuring a first light response resuiting from the first chenuiominescent or

biohuminescent reaction.

The method of claim 1, further comprising:

()

(D
(g}

(k)
(i)

optionally adding a reagent or reagents to modify or renwove species which could
modify the signal obtained with 1,5-anhvdroglucitol;

observing the amount of light produced from the sample;

adding one or more additional reagents to cause the generation of light from 1,5+
anhydrogluciiol;

observing the amount of light produced from the saniple; and

estimating the 1,5-anhydrogluciiol from the hght produced from the sampie

obtlained in steps () and (h).

The method of claim 1, turther comprising:

(d)

(e)

adding a second reagent to the sample, wherein:

{1} the second reagent is added before or alier the first reagent to the sample;
and

(i)  the second reagent causes a second chemiluniinescent reaction with the first
species in the sample; and

measuring a second light respense resulting from the second chemilununescent

reaction,

The method according to any one of claims §-3, wherein the method further comprises

adding a third reagent.
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The method of claim 3, further comprising (f) comparing the [rst light response to the

second light response to determine a ratio of 1,5-anhydroglucitol and the first species.

The method of ¢laim 1, wherein the sample comprises saliva.

The method of claim 1, wherein the sample comprises urine, blood or interstitial fluid,

The method of claim 1, wherein the method [urther comprises separating the sample into

two or more aliquots,

The method according to any one of clatms 1-3 or 5-8, whereln the first species is present
and is selected from the group consisting of glucose, L-sorbose, D-xylose, D-galactose,

glucono-o-lactone, urea, creatinine, and creatine.

The method according to any one of claims -3 or 5-8, wherein the method comprises
addition of a reagent selected from the group consisting of glucose oxidase, galactose
oxidase, glucokinase, galactokinase, urcase, sarcosine oxidase, AHG-6-phosphate

dehydrogenase and creatinase,

The method of claim 1, wherein the first reagent s selected from the group consisting of
sotbose  dchydrogenase, 1,5-anhydroglucitol phosphate-specific  dehydrogenase,
hexokinase, 1.5-anhydroglucitol specific oxidase and 1,5-anhydroglucitol specific

dehydrogenase.

The method according to any one of claims 1-3, 5-8, or 11, wherein the method comprises

adding an oxidant-renioving or reductant-removing ageat to the sample.
The method according to any one of claims 1-3, 53-8, or 1 1. wherein the first light response

results from the reaction of a peroxidase, luminel, luciferase, a dioxetane, peroxyoxalate,

or an acridine esier.

50



4.

17

I8

19,

20.

WO 2020/041591 PCT/US2019/047708

The method of claim 1, wherein measuring the {irst light response comprises nieasuring
photons with a light detector selected from the group consisting of a charged coupled
device {CCD), avalanche diode, nmilti-pixel photon counter (MPPC), silicon
photomultiplier (SIPMT), complementary metab-oxide-seniconductor (CMOSY sensor,
scientific CMOS (sCMOS) sensor, photomudtiplier tube (PMT), photodiode, camera,

cellular phone camera, web camera, and smart walch camera.

The method of claim 1, wherein one or more of the reagents are added to the sample via a

microfluidic device.,

The method of claim 3, wherein comparing the first light response to the second light
response to determine a ratio of 1,5-anhydroglucitol and the second analyte comprises

transmitting data to a computer processor.

The mthod of claim 16, further comprising accessing a lookup table or performing a
calculation with the compuier processor, wherein the table lookup or calculation provides

an indication of a physielogical condition.

The method of claim 3, further conprising normalizing the ratio based on a measurement

of a marker in the sample.

The method of any one of ¢laims 1-3. 5-8. 11, or 14-18 which {further comprises measuring

blood glucose or hemoglobin Alc,

A kit comprising:

(a) saliva sampling nstrument,

{b} sorbose dehvdrogenase, 1,5-anhydroglucitol phosphate-specific dehydrogenase,
hexokinase, 1.5-anhydroglucitol specific oxidase or 1.5-anhydroglucitol specilic
dehydrogenase, and

{c} a chemiluminescent reagent.
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