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(57) ABSTRACT

A method of determining glycated hemoglobin 1s provided,
by which a ratio of the glycated hemoglobin in a sample can
be determined accurately and easily. The ratio of glycated
hemoglobin can be determined by degrading a glycated
hemoglobin 1n a whole blood sample selectively with a pro-
tease to give a glycated hemoglobin degradation product;
causing a redox reaction between a glycation site of the gly-
cated hemoglobin degradation product and a fructosyl amino
acid oxidoreductase; and determining this redox reaction.
Further, as shown in FIG. 1, in a whole blood sample, there 1s
a correlation between the ratio of the glycated hemoglobin
determined by this method and an HbAlc concentration.
Thus, without determining the glycated c.-amino group as a
characteristic structure of HbAlc, an amount of Hbalc can be
determined accurately and easily from the determined ratio of
the glycated hemoglobin.

16 Claims, 2 Drawing Sheets
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METHOD OF SELECTIVELY DETERMINING
GLYCATED HEMOGLOBIN

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

Notice: Movre than one reissue application has been filed
for the reissue of U.S. Pat. No. 7,235,378. The reissue appli-
cations ave application Ser. No. 14/329,019 filed Jul. 11,
2014; Ser. No. 14/521,525 (the present application) filed Oct.
23, 2014; Ser. No. 14/521,528 filed Oct. 23, 2014, and Ser.

No. 14/521,534 filed Oct. 23, 2014, the last three of which are
continuation reissues of application Sev. No. 14/329,019.

TECHNICAL FIELD

The present invention relates to a method of determining an
amount of glycated hemoglobin present 1n whole blood.

BACKGROUND ART

Glycated hemoglobin 1n blood has served as an important
index for the diagnosis, treatment, etc. of diabetes because 1t
reflects previous blood glucose levels 1n vivo.

The determination of such glycated hemoglobin has been
carried out, for example, by high performance liquid chroma-
tography (HPLC), a minicolumn method, immunoassays,
and the like. According to these methods, the amount or ratio
of hemoglobin that has been glycated can be determined.
Recently, an enzymic method that enables the determination
of glycated proteins by means of a fructosyl amino acid
oxidoreductase (FAOD) has been developed, and attempts
have been made to determine an amount of hemoglobin that
has been glycated (i.e., glycated hemoglobin) by this enzymic
method.

DISCLOSURE OF INVENTION

However, the above-mentioned method has a problem as
follows. Because the glycated hemoglobin 1s a component
contained 1n a blood cell, 1t 1s absolutely necessary to hemo-
lyze the blood cell to carry out the determination of the
glycated hemoglobin. In the case where a sample to be ana-
lyzed 1s whole blood, however, the treatment for causing
hemolysis (heremafter, referred to as “hemolysis treatment™)
conducted on the whole blood brings about a state where
blood cell components and plasma components are mixed
with each other. Thus, the whole blood sample that has been
subjected to the hemolysis treatment contains not only the
glycated hemoglobin as a blood cell component but also
albumin as a high-content plasma component and glycated
albumin as a glycation product thereof, 1n particular. The
glycated albumin i1s determined together with the glycated
hemoglobin because FAOD also acts on the glycated albu-
min. On this account, a complicated process for separating,
the plasma and blood cells from the whole blood sample 1s
required in order to eliminate the effect of other glycoproteins
such as the glycated albumin and the like.

Therefore, 1t 1s an object of the present invention to provide
a method of determining an amount of glycated hemoglobin,
which allows the effect of other glycoproteins to be elimi-
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2

nated without separating plasma and blood cells 1n a whole
blood sample so that an amount of glycated hemoglobin in the
whole blood sample 1s determined accurately and easily.

In order to achieve the above object, a method of determin-
ing an amount of glycated hemoglobin according to the
present invention includes: degrading glycated hemoglobin
in whole blood selectively with a protease to give a glycated
hemoglobin degradation product; causing a redox reaction
between a glycation site of the glycated hemoglobin degra-
dation product and FAOD; and determining the redox reac-
tion to determine an amount of the glycated hemoglobin. The
term “an amount of glycated hemoglobin™ as used in the
present invention also includes a ratio of glycated hemoglo-
bin.

If the glycated hemoglobin 1s distinguished from other
proteins and peptides and 1s degraded selectively (1.e., spe-
cifically) with a protease as described above, 1t becomes
possible to determine an amount of the glycated hemoglobin
while eliminating the effect of other glycoproteins, especially
glycated albumin, without separating blood cells from the
whole blood because FAOD hardly acts on proteins or long
polypeptide chains. Thus, a sample to be used in this method
may be whole blood that has been subjected to a hemolysis
treatment, for example.

In the method of the present invention, in order to degrade
glycated hemoglobin selectively, a protease capable of
degrading the glycated hemoglobin selectively, for example,
may be used as the protease. Further, in the present invention,
a method of degrading glycated hemoglobin selectively 1s not
limited to the use of the protease capable of degrading the
glycated hemoglobin selectively. The glycated hemoglobin
may be degraded selectively by any other means. Also, the
protease capable of degrading glycated hemoglobin selec-
tively may be used in combination with one or more of ordi-
nary proteases.

It 1s preferable that the protease capable of degrading gly-
cated hemoglobin selectively 1s at least one of bromelains,
papains, trypsins derived from porcine pancreas, metallopro-
temnases, and proteases derived from Bacillus subtilis.
Examples of the proteases derived from Bacillus subtilis
include Protease N (trade name, available from Sigma Ald-
rich Co.), Protease N “AMANO” (trade name, available from
Amano Enzyme Inc.), and the like. Examples of the metallo-
proteinases include a metalloproteinase dertved from the
genus Bacillus (EC 3. 4. 24. 4) (e.g., available from Toyobo
Co., Ltd. under the trade name Toyoteam), and the like.
Among these, the metalloproteinases, bromelains, and
papains are more prelerable, and the metalloproteinases are
most preferable.

In the method of the present invention, it 1s preferable that
a substrate of the FAOD 1s at least one glycated amine
selected from the group consisting of glycated proteins, gly-
cated peptides, and glycated amino acids, and the FAOD acts
on at least one of a glycated a-amino group and a glyeated
side-chain amino group of the glycated amine to catalyze a
reaction that causes generation of hydrogen peroxide.

In the method of the present invention, the glycation site of
the glycated hemoglobin degradation product to be reacted
with the FAOD preferably 1s a glycated amino group 1n a side
chain of an amino acid residue and a glycated a.-amino group,
for example, whereas the glycation site to be reacted with the
FAOD varies depending on the catalytic reaction caused by
the FAOD to be used. Preferably, the glycation site 1s the
glycated amino group 1n a side chain of an amino acid residue
because FAOD having a catalytic function as described later
can act thereon more easily. Examples of the glycated amino
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group include a glycated amino group in a side chain of a
lysine residue, a glycated amino group 1n a side chain of an
arginine residue, and the like.

In the method of the present invention, it 1s preferable that
the protease 1s added to the whole blood so that a content of
the protease per milliliter of the whole blood 1s in a range from

1,000 to 10,000,000 U. Further, 1t 1s preferable that the FAOD
1s added to the whole blood so that a content of the FAOD per
milliliter of the whole blood 1s 1n a range from 300 to 40,000

U.

In the method of the present invention, 1t 1s preferable that
determining the redox reaction 1s determining an amount of
hydrogen peroxide generated by the redox reaction or an
amount of oxygen consumed by the redox reaction. In the
method of the present invention, 1t 1s preferable that the
amount of the hydrogen peroxide 1s determined using a per-
oxidase (hereinafter, referred to as “POD”) and a substrate
that develops color by oxidation.

In the method of the present 1invention, the substrate that
develops color by oxidization 1s not specifically limited and
can be, for example, N-(carboxymethylaminocarbonyl)-4,4'-
bis(dimethylamino )diphenylamine sodium, orthophenylene-
diamine (OPD), and a substrate obtained by combining a
Trinder’s reagent and 4-aminoantipyrine. Examples of the
Trinder’s reagent include phenols, phenol dernivatives, aniline
derivatives, naphthols, naphthol derivatives, naphthylamine,
naphthylamine derimvatives, and the like. Further, in place of
the above-mentioned 4-aminoantipyrine, it 1s possible to use
aminoantipyrine dertvatives, vanillin diamine sulfonic acid,
methyl benzothiazolinone hydrazone (MBTH), sulfonated
methyl benzothiazolinone hydrazone (SMBTH), and the like.
Among these chromogenic substrates, N-(carboxymethy-
laminocarbonyl)-4,4'-bis  (dimethylamino)diphenylamine
sodium 1s most preferable.

Next, a method of determining an amount of HbAlc
according to the present invention includes: preparing a cali-
bration curve based on a correlation between an amount of
glycated hemoglobin determined by the method of determin-
ing an amount of glycated hemoglobin according to the
present invention and an amount of HbAlc¢; and substituting,
the amount of glycated hemoglobin 1n a whole blood sample
determined by the method 1nto the calibration curve to deter-
mine an amount of HbAlc in the whole blood sample.

Through a further intensive study, the inventors of the
present invention have found that there 1s a strong correlation
between an amount of glycated hemoglobin 1n a whole blood
sample determined according to the method of the present
invention and an amount of Hbal ¢ in the whole blood sample.
HbAlc 1s a glycated hemoglobin 1n which the N-terminal
a-amino group in the -chain of hemoglobin has been gly-
cated. Among various glyeated hemoglobins, Hbalc has
served as a particularly important index for the diagnosis etc.
of diabetes. According to conventional methods of determin-
ing Hbalc, 1t 1s necessary that FAOD specifically acts on the
glycated N-terminal c.-amino group in the -chain, which 1s
the characteristic structure of Hb Alc, among its glycation site
and thereafter, the redox reaction caused by the FAOD 1s
determined. In this case, special techniques are required
because 1t 1s necessary that FAOD to be used has high sub-
strate specificity to the glycated o-amino group and that the
FAOD acts on the glycated a-amino group suificiently, for
example. In contrast, according to the method of determining
HbA]1c of the present invention, HbA1c as an important index
for the diagnosis of diabetes can be determined accurately
and easily so that the determination of HbAlc can be made
practical 1n clinical tests eftc.
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In the method of determining Hbalc of the present inven-
tion, 1t 1s preferable that the calibration curve is prepared
based on a correlation between a known amount of Hbalc in
a standard sample and an amount of glycated hemoglobin 1n
the standard sample determined by the method of determin-
ing an amount of glycated hemoglobin according to the
present 1nvention.

Next, a kit used for determining an amount of glycated
hemoglobin according to the present invention includes a
protease that distinguishes a glycated hemoglobin from other
proteins and peptides to degrade the glycated hemoglobin
selectively. By using this kit, the method of the present inven-
tion can be carried out easily.

In the kit of the present invention, the protease 1s at least
one protease selected from the group consisting of brome-
lains, papains, trypsins derived from porcine pancreas, met-
alloproteinases, and proteases dertved from Bacillus subtilis.
Further, 1t 1s preferable that the kit further includes FAOD.
Furthermore, it 1s preferable that a substrate of the FAOD 1s at
least one glycated amine selected from the group consisting
of glycated proteins, glycated peptides, and glycated amino
acids, and the FAOD acts on at least one of a glycated
a.-amino group and a glycated side-chain amino group of the
glycated amine to catalyze a reaction that causes generation
of hydrogen peroxide. Still further, it 1s preferable that the kat
further includes POD and a substrate that develops color by
oxidization. The substrate that develops color by oxidization
preferably 1s N-(carboxymethylaminocarbonyl)-4,4'-bis
(dimethylamino)diphenylamine sodium.

Next, a reagent used for determining an amount of glycated
hemoglobin according to the present imvention includes a
protease that distinguishes a glycated hemoglobin from other
proteins and peptides to degrade the glycated hemoglobin
selectively. By using this reagent, the method of the present
invention can be carried out easily.

In the reagent of the present invention, the protease 1s at
least one protease selected from the group consisting of bro-
melains, papains, trypsins derived from porcine pancreas,
metalloproteinases, and proteases derived from Bacillus sub-
tilis. Further, 1t 1s preferable that the reagent further includes
FAOD. Furthermore, it 1s preferable that a substrate of the
FAOD is at least one glycated amine selected from the group
consisting of glycated proteins, glycated peptides, and gly-
cated amino acids, and the FAOD acts on at least one of a
glycated o-amino group and a glycated side-chain amino
group of the glycated amine to catalyze a reaction that causes
generation of hydrogen peroxide. Still further, 1t 1s preferable
that the reagent further includes POD and a substrate that
develops color by oxidization. The substrate that develops
color by oxidization preferably i1s N-(carboxymethylami-
nocarbonyl)-4,4'-b1s (dimethylamino)diphenylamine
sodium.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a graph showing the correlation between an
Hbalc concentration and an absorbance in a method of deter-
mining an amount of glycated hemoglobin according to one
example of the present invention.

FIG. 2 1s a graph showing the correlation between Hbalc
(%) determined using a calibration curve and Hbalc (%)
measured using an automatic measuring apparatus i a
method of determining an amount of glycated hemoglobin
according to another example of the present invention.
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BEST MODE FOR CARRYING OUT TH.
INVENTION

L1

In a method of determining an amount of glycated hemo-
globin according to the present invention, FAOD capable of
catalyzing a reaction represented by Formula (1) below pret-
erably 1s used.

R!'—CO—CH,—NH—R*+H,0+0,_.»"
CHO+NH,—R?+H,0,

CO

(1)

In Formula (1), R'—CO—CH,—NH—R?” denotes a gly-
cated protein, glycated peptide, and glycated amino acid, for
example. In Formula (1), R' denotes a hydroxyl group or a
residue derided from a sugar that 1s not yet subjected to the
glycation reaction (i.e., sugar moiety). The sugar moiety (R")
1s an aldose residue when the unreacted sugar 1s aldose, and 1s
a ketose residue when the unreacted sugar 1s ketose. When the
unreacted sugar 1s glucose, for example, the sugar 1n the
glycated product takes on the fructose structure after the
glycation reaction due to Amadori rearrangement. In this
case, the sugar moiety (R") is a glucose residue (aldose resi-
due). This sugar moiety (R") can be represented, for example,

by

_ [CH(OH)],—CH,OH

where n denotes an 1nteger of O to 6.

In Formula (1), R? is not specifically limited. However, itis
to be noted that R* varies depending on which of an a.-amino
group and an amino group other than the a-amino group 1s
glycated.

In Formula (1), in the case where an o-amino group 1s
glycated, R* is an amino acid residue or a peptide residue
represented by Formula (2) below.

—CHR?>—CO—R* (2)

In Formula (2), R® denotes an amino-acid side chain group.
R* denotes a hydroxyl group, an amino acid residue, or a
peptide residue, and can be represented, for example, by
Formula (3) below. In Formula (3), n denotes an mteger of O
or more, and R> denotes an amino-acid side chain group as
described above.

 (NH—CR?*H-CO) —OH (3)

In Formula (1), 1n the case where an amino group other than
the a-amino group 1s glycated (i.e., an amino-acid side chain
group is glycated), R* is represented by Formula (4) below.

R°—CH(NH—R®)—CO—R’

In Formula (4), R” denotes a portion other than the glycated
amino group 1n the amino-acid side chain group. For
example, 1n the case where the glycated amino acid 1s lysine,
R” is as follows.

—CH,—CH,—CH,—CH,—

On the other hand, 1n the case where the glycated amino
acid is arginine, for example, R° is as follows.

~ CH,—CH,— CH, NH—CH(NH,)—

In Formula (4), R® denotes hydrogen, an amino acid resi-
due, or apeptide residue, and can be represented, for example,
by Formula (5) below. In Formula (5), n denotes an integer of
0 or more, and R> denotes an amino-acid side chain group as
described above.

— (CO—CR’H—NH),—H (5)

In Formula (4), R denotes a hydroxyl group, an amino acid
residue, or a peptide residue, and can be represented, for
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6

example, by Formula (6) below. In Formula (6), n denotes an
integer of 0 or more, and R? denotes an amino-acid side chain

group as described above.

— (NH—CHR?*—CO),—OH (6)

A catalytic reaction caused by FAOD to be used in the
method of the present invention 1s not specifically limited as
long as 1t 1s a reaction represented by Formula (1). However,
in Formula (1), 1t 1s preferable that the FAOD acts on the
glycation site 1n which a sugar 1s bound to an amino group
other than an c.-amino group (i.e., R* has a structure as rep-
resented by Formula (4)). Further, the catalytic function of the
FAQOD 1s not limited to such function. In addition to the above
catalytic function, the FAOD further may have a catalytic
function to act on the glycation site 1n which a sugar 1s bound
to an o.-amino group (i.e., R* has a structure as represented by

Formula (2)).
Examples of such FAOD include those derived from the
genus Fusarium, the genus Gibberella, and the genus

Aspergillus. More specifically, commercially available
FAODs such as Fructosyl Amino Acid Oxidase (trade name,

available from Asahi Chemical Industry Co., Ltd.), Ketoam-
ine Oxidase (trade name, available from Genzyme Corpora-
tion), and the like can be used, for example.

Hereinatter, an example of a method of determining an
amount of glycated hemoglobin according to the present
invention will be described.

First, the whole blood 1s hemolyzed. The method of hemo-
lyzing the whole blood 1s not specifically limited, and can be,
for example, a method using a surfactant, a method using
ultrasonic waves, and a method utilizing the difference in
osmotic pressure. Among these, the method using a surfactant
1s preferable on account of the ease of operation.

As the surfactant, nonionic surfactants such as polyoxyeth-
ylene-p-t-octylphenyl ether (Triton-type surfactant etc.),
polyoxyethylene sorbitan alkyl ester (Tween-type surfactant
etc.), polyoxyethylene alkyl ether (Brij-type surfactant etc.),
and the like can be used, for example. More specifically,
Triton X-100 (trade name), Tween-20 (trade name), Brij 35
(trade name), and the like can be used, for example. Gener-
ally, the treatment with the above surfactant can be carried out
under the following conditions: 1n the case where the solution
to be treated contains 1 to 10 vol % of blood cells, the surtfac-
tant 1s added to the solution so as to give a concentration o1 0.1
to 1 wt % and the resultant mixture 1s stirred at room tem-
perature for about 5 seconds to 1 minute.

Further, when utilizing the difference 1n osmotic pressure,
to the whole blood was added 2 to 100 times 1ts volume of
purified water to cause hemolysis, for example.

Subsequently, the above-mentioned hemolysate sample 1s
treated with the above-mentioned protease, thereby selec-
tively degrading glycated hemoglobin 1n the sample. Gener-
ally, this protease treatment 1s carried out in a buffer. The
treatment conditions are decided as appropriate, for example,
depending on the type of the protease to be used, the amount
of the glycated hemoglobin, and the like.

In the case where the hemolysate sample 1s treated using a
papain as the protease, the treatment generally 1s carried out
under the following conditions: the protease concentration in
the reaction solution in the range from 100 to 30,000 U/L, the
hemoglobin concentration 1n the reaction solution i1n the
range {from 0.1 to 40 g/L, the reaction temperature in the range
from 15° C. to 60° C., the reaction time 1n the range from 10
minutes to 40 hours, and the pH in the range from 5 to 9.
Further, the type of the butler 1s not specifically limited, and
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can be, for example, Tris-HCI butter, EPPS buffer, PIPES
butfer, phosphate bufier, ADA builer, citrate buifer, acetate
bufter, and the like.

In the case where the hemolysate sample 1s treated using a
metalloproteinase as the protease, the treatment 1s carried out,
for example, under the following conditions: the protease
concentration in the reaction solution 1n the range from 10 to
10,000 KU/L, the hemoglobin concentration in the reaction
solution 1n the range from 0.02 to 40 g/L, the reaction tem-
perature in the range from 15° C. to 60° C., the reaction time
in the range from 2 minutes to 40 hours, and the pH 1n the
range from 6 to 11; preferably, the protease concentration in
the reaction solution in the range from 100 to 8,000 KU/L, the
hemoglobin concentration in the reaction solution in the
range from 0.1 to 10 g/L, the reaction temperature in the range
from 15° C. to 60° C., the reaction time in the range from 2
minutes to 1 hour, and the pH 1n the range from 7 to 10. As the
bufter, the above-mentioned various butters also can be used.
Further, other proteinases also can be used.

Next, the glycated hemoglobin degradation product
obtained through the above-mentioned protease treatment 1s
treated with FAOD. This FAOD treatment catalyzes the reac-
tion represented by Formula (1) above. More specifically,
FAOD acts on a glycated amino group 1n a side chain of a
lysine residue and a side chain of an arginine residue in the
glycated hemoglobin degradation product, for example. Fur-
ther, depending on the type of the FAOD to be used, the FAOD
turther may act on a glycated a.-amino group according to 1ts
catalytic function.

Similarly to the above-mentioned protease treatment, this
FAOD treatment preferably 1s carried out 1 a buffer. The
butler 1s not specifically limited, and the same buffers as used
in the protease treatment also can be used 1n the FAOD treat-
ment.

The FAOD treatment 1s carried out, for example, under the
tollowing conditions: the FAOD concentration in the reaction
solution in the range from 200 to 30,000 U/L, the hemoglobin
concentration in the reaction solution 1n the range from 0.02
to 30 g/L, the reaction temperature in the range from 15° C. to
3’7° C., the reaction time 1n the range from 1 to 20 minutes,
and the pH 1n the range from 7 to 9; preferably, the FAOD
concentration in the range from 1,000 to 20,000 U/L, the
hemoglobin concentration in the reaction solution 1n the
range from 0.1 to 5 g/L, the reaction temperature 1n the range
from 15° C. to 37° C., the reaction time 1n the range from 1 to
5> minutes, and the pH 1n the range from 7 to 9.

Next, the amount of the hydrogen peroxide generated by
the FAOD treatment 1s determined utilizing a redox reaction,
by using the POD and a substrate that develops color by
oxidization.

The redox reaction caused by the POD generally 1s induced
in a buller under the conditions decided as appropriate, for
example, depending on the concentration of the hydrogen
peroxide and the like. Generally, the redox reaction 1s induced
under the following conditions: the POD concentration in the
reaction solution in the range from 1 to 100,000 IU/L, the
substrate concentration 1n the range from 0.0001 to 1 mmol/
L, the reaction temperature 1n the range from 20° C. to 37° C.,
the reaction time 1n the range from 1 to 5 minutes, and the pH
in the range from 6 to 9; preferably, the POD concentration in
the reaction solution 1n the range from 1,000 to 50,000 IU/L,
the substrate concentration in the range from 0.0002 to 0.1
mmol/L, the reaction temperature in the range from 20° C. to
3’7° C., the reaction time 1n the range from 1 to 5 minutes, and
the pH 1n the range from 6 to 9. Further, the buifer is not
specifically limited, and the same butlers as used in the FAOD
treatment also can be used.
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It 1s to be noted here that the amount of the hydrogen
peroxide can be determined not only by the above-mentioned
enzymic method using the POD etc. but also by an electrical
method, for example.

In the case where the substrate that develops color by the
above oxidization 1s used, the concentration of the hydrogen
peroxide can be determined by measuring the color develop-
ment (1.e., the absorbance of the reaction solution) with a
spectrophotometer. From the concentration of the hydrogen
peroxide, the concentration of the glycated hemoglobin in the
sample can be determined.

In the process of determining an amount of glycated hemo-
globin as described above, the respective treatment steps may
be performed individually as described above, or some of the
treatment steps may be performed simultaneously 1n the fol-
lowing combinations, for example.

1: hemolysis treatment+protease treatment

2: protease treatment+FAOD treatment

3: FAOD treatment+POD treatment

Also, the order 1n which the FAOD, the POD, and the
substrate are added 1s not specifically limited.

Heremaftter, an example of a method of determining Hbalc
according to the present invention will be described.

First, an amount of glycated hemoglobin 1n a whole blood
sample 1s determined 1n the above-mentioned manner. On the
other hand, a glycated hemoglobin standard solution in which
an amount of Hbalc i glycated hemoglobin 1s known 1s
provided. Then, an amount of glycated hemoglobin 1n this
standard solution 1s determined 1n the above-mentioned man-
ner. After that, a calibration curve 1s prepared that shows the
relation between the amount of glycated hemoglobin thus
determined and the known amount of Hbalc 1n this standard
solution. Since there 1s a correlation between the determined
amount of glycated hemoglobin and the known amount of
HbAlc as described above, an amount of Hbalc in the whole
blood sample can be determined by substituting the amount
of glycated hemoglobin in the whole blood sample deter-
mined by the method of the present invention into this cali-
bration curve. In the preparation of the calibration curve, the
determined amount of glycated hemoglobin i1s not limited to
the value finally obtained though the method of the invention,
and can be an absorbance of the reaction solution obtained by
the POD treatment during the determination process, or an
amount ol hydrogen peroxide determined based on this absor-
bance. As described above, according to the method of deter-
mining an amount of Hbalc of the present invention, an
amount of Hbalc in whole blood can be determined accu-
rately and easily based on an amount of glycated hemoglobin

determined by utilizing the correlation discovered by the
inventors of the present ivention.

EXAMPLES

Example 1

Samples containing glycated hemoglobin and glycated
albumin were treated with a papain. Then, a redox reaction
thereol was caused by FAOD, and the amount of hydrogen
peroxide generated was determined. The samples, reagents,
and method used 1n the determination will be described in the
following.

(Samples)
Human serum albumin with glycation ratio of 22.5%
(S1igma Chemical Co.)
Human hemoglobin with glycation ratio of 14%
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The above human hemoglobin sample was prepared in the
following manner, and the glycation ratio thereotf was deter-
mined by HPLC using an 1on exchange column.

(Preparation of Human Hemoglobin)

Whole blood of a healthy subject was centrifuged (1500 G,
10 min) and blood cells were collected. After washing the
blood cells with a physiological salt solution several times, a
substantially equivalent amount of purified water was added
to the blood cells to cause hemolysis. The hemolysate was
then centrifuged to remove cell membranes. The solution thus
obtained was supplied to GLYCO-GEL II (trade name, avail-
able from Pierce Chemical Company). A fraction containing
a glycated protein was separated and collected according to
the usual method, and the solution thus obtained was used as
the human hemoglobin sample.

(Composition of Redox Solution A)

FAOD (Asahi Chemical Industry Co., Ltd., heremafter 2.09 KU/L
the same)

POD (Type III: Toyobo Co., Ltd., hereinafter the same) 730 U/L
N-(carboxymethylaminocarbonyl)-4.4'-bis(di- 1.46 mmol/L
methylamino)diphenylamine sodium (Trade name DA 64:

Wako Pure Chemical Industries, Ltd., hereimafter the

same)

Tris-HCI butfer (pH 8.0) 73 mmol/L

(Method) First, 1 mL of a 1 KU/L papain (available from
Sigma Aldrich Co.) was added to 1 mL of the above-men-
tioned respective samples (human serum albumin, human
hemoglobin), and the mixtures were reacted at 40° C. for 24
hours. To 0.018 mL of the thus-obtained solutions was added
0.15 mL of the above redox solution A to cause a redox
reaction. Then, 5 minutes after the start of the reaction, the
absorbance of these reaction solutions was measured at the
main wavelength of 694 nm and the sub-wavelength of 884
nm using a biochemical automatic analysis apparatus (the
trade name JCA-BM 8: available from Japan Electron Optics
Laboratory Co. Ltd., heremnafter the same). The results are

shown 1n Table 1 below.

Example 2

The above-mentioned respective samples (human serum
albumin, human hemoglobin) were treated 1n the same man-
ner as in Example 1 except that 1 mL of a 1g/LL bromelain
(available from Amano Enzyme Inc., heremaiter the same)
was used 1n place of the papain, and the absorbance thereof
was measured in the same manner as in Example 1. The
results are shown 1n Table 1 below.

Comparative Example 1

The above-mentioned respective samples (human serum
albumin, human hemoglobin) were treated 1n the same man-
ner as i Example 1 except that 1 mL of a 1g/L. a-chymot-
rypsin was used 1n place of the papain, and the absorbance
thereol was measured 1n the same manner as 1n Example 1.
The results are shown i Table 1 below.

TABL

(L.

1

Human serum

albumin Human hemoglobin
Protease (Abs.) (Abs.)
Example 1: Papain 0.014 0.090
Example 2: Bromelain 0.0008 0.037
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TABLE 1-continued

Human serum

albumin Human hemoglobin
Protease (Abs.) (Abs.)
Comparative a-chymotrypsin 0.063 0.042

Example 1:

As shown 1n Table 1, in the case where the papain and
bromelain were used as 1 Examples 1 and 2, the human
hemoglobin sample exhibited a high absorbance while the
human serum albumin sample exhibited a very low absor-
bance. These results demonstrate that the papain and brome-
lain can degrade glycated hemoglobin selectively and hardly
degrade glycated albumin. In contrast, 1n the case where the
w-chymotrypsin was used as in Comparative Example 1, both
the samples exhibited a high absorbance. These results dem-
onstrate that the w-chymotrypsin acts not only on glycated
hemoglobin but also on glycated albumin and thus does not
degrade glycated hemoglobin selectively.

Example 3 and Comparative Example 2

Whole blood, plasma, and blood cells were used as
samples, and the amount of glycated hemoglobin 1n the
respective samples were determined after treating the respec-
tive samples with various proteases.

(Preparation of Whole Blood Samples)

Whole blood was collected from a healthy subject using a
blood-collecting vessel containing heparin sodium. The
whole blood was diluted 8-fold with purified water to hemo-
lyze the blood cells contained therein. The resultant solution
was used as whole blood samples.

(Preparation of Plasma Samples)

Whole blood collected from the above-mentioned healthy
subject was centrifuged (1500 G, 10 min) to remove blood
cells, and the supernatant obtained was diluted 8-fold with
purified water. The resultant solution was used as plasma
samples.

(Preparation of Blood Cell Samples)

The blood cells obtained though the above-mentioned cen-
trifugation were diluted 16-1old with purified water to cause
hemolysis. The resultant solution was used as blood cell
samples.

(Proteases)

A bromelain, papain (available from Hoffmann-La Roche
Inc.), elastase (available from Wako Pure Chemical Indus-
tries, Ltd.), a-chymotrypsin (available from Wako Pure
Chemical Industries, Ltd.), and proteinase K (available from
Wako Pure Chemical Industries, Ltd.) were dissolved 1n puri-
fied water, respectively, to prepare 4g/L. solutions of the
respective proteases.

(Composition of Redox Solution B)
POD 20 KU/L
DA 64 (trade name) 0.04 mmol/L
Potassium phosphate butfer (pH 7.0) 0.1 mol/L
(Composition of Redox Solution C)
FAOD 14.3 KU/L
Potassium phosphate buifer (pH 7.0) 0.1 mol/L
(Determining Method)
First, 0.1 mL of each of the protease solutions and 0.7 mL

of potassium phosphate butfer (pH 7.0) were mixed with 0.2
ml. of the above-mentioned respective samples, and the
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resultant mixtures were reacted at 37° C. for 24 hours. There-
aiter, the reaction solutions were supplied to Ultra Free 4 Unait
SK (trade name, available from Millipore Corporation) so
that the reaction solutions were centrifuged and the superna-
tants were collected. Subsequently, 45 ul. of the redox solu-
tion B was added to 25 ul of the respective supernatants, and
20 ul of the redox solution C was further added after 5 minutes
to cause a redox reaction. Then, 5 minutes after the start of the
reaction, the absorbance of the respective reaction solutions
was measured at the main wavelength of 694 nm and the
sub-wavelength of 884 nm using the above-mentioned bio-
chemical automatic analysis apparatus. The results are shown
in Table 2 below. The bromelain and papain were used 1n
Example 3, and the elastase, a-chymotrypsin, and proteinase
K were used 1n Comparative Example 2.

TABLE 2
Plasma Bloodcells Whole blood
Sample Protease (Abs.) (Abs.) (Abs.)
Example 3 Bromelain 0.0 0.009 0.002
Papain 0.001 0.021 0.015
Comparative Elastase 0.012 0.019 0.015
Example 2 c-chymotrypsin 0.015 0.016 0.013
Proteinase K 0.036 0.027 0.034

Ascan be seen from Table 2, in Example 3, substantially no
absorption was observed in the plasma samples. These results
demonstrate that the proteases used in Example 3 can degrade
glycated hemoglobin selectively and hardly degrade glycated
albumin etc. dertved from plasma, for example. In contrast, 1n
Comparative Example 2, absorption was observed in the
plasma samples even though the plasma samples contained
no glycated hemoglobin. The reason for this 1s considered to
be that, because the proteases used in Comparative Example
2 degrade glycated proteins without distinguishing glycated
hemoglobin from other glycated proteins, glycated albumin
and the like also are degraded in the plasma samples, for
example, thereby allowing the absorption to be observed 1n
the plasma samples.

Example 4

(Preparation of Glycated hemoglobin Standard Solutions)

HbA ¢ standard reagents (available from SRL, Inc.) were
dissolved in purified water to prepare glycated hemoglobin
standard solutions containing Hbalc at concentrations 4.3%,
7.8%, 11.2%, and 14.7%, respectively, while containing 10
g/, hemoglobin. Further, Hbal ¢ standard reagents (available
from International Regents Corporation) were dissolved 1n
purified water to prepare glycated hemoglobin standard solu-
tions containing HbA1c¢ at concentrations 5.5% and 10.8%,
respectively, while containing 10 g/I. hemoglobin.
(Preparation of Various Protease Solutions)

A 2 g/LL solution of a bromelain F (available from Amano
Enzyme Inc.)and a 1 g/L solution of a papain (available from
Hoffmann-La Roche Inc.) were prepared by dissolving the
respective proteases 1n purified water.

(Determining Method)

First, 0.4 mL of each of the protease solutions and 0.1 mL
of a 1.0 mol/LL potasstum phosphate bufler (pH 8.0) were
mixed with 0.5 mL of the above-mentioned respective gly-
cated hemoglobin standard solutions with different hemoglo-
bin concentrations. The mixtures were reacted at 37° C. for 24
hours. Thereatter, the reaction solutions were supplied to
Ultratree-MC 35000 MW (trade name, available from Milli-

pore Corporation, heremnafter the same) so that the reaction
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solutions were centrifuged and the supernatants were col-
lected. Then, 25 uL. of the supernatants were diluted 2-fold
with purified water. Subsequently, 45 ul. of the redox solution
B was added to the respective diluted solutions, and 20 ul of
the redox solution C was further added after 5 minutes to
cause a redox reaction. Then, 5 minutes after the start of the
reaction, the absorbance of the respective reaction solutions
was measured at the main wavelength of 694 nm and the
sub-wavelength of 884 nm using the above-mentioned bio-
chemical automatic analysis apparatus. The results are shown
in Table 3 below and in the graph shown i FIG. 1.

TABLE 3
HbAlc (%)
Protease 4.3 5.5 7.8 10.8 11.2 14.7
Papain 0.010  0.016 0.026 0.043 0.041  0.059
Bromelain 0.002  0.004 0.005 0.014 0.008  0.010

FIG. 1 1s a graph showing the correlation between an
Hbalc concentration and an absorbance in the glycated
hemoglobin standard solution. In the case where the papain
was used, the correlation equation was y=210x+2.2 and the
correlation coefficient was r—=0.998. On the other hand, in the
case where the bromelain was used, the correlation equation
was y=1321x+1.0 and the correlation coellicient was
r=0.968.

As shown 1n Table 3 and FIG. 1, the absorbance increases
linearly with an increase in the Hbalc concentration 1n the
glycated hemoglobin standard solution. These results dem-
onstrate that there 1s a strong correlation between an HbAlc
concentration and an absorbance (which corresponds to an
amount of glycated hemoglobin determined by the method of
the present invention). Therefore, by preparing the calibration
curve showing the correlation between the Hbalc concentra-
tion and the absorbance in advance, 1t becomes possible to
determine an amount of HbAlc in a whole blood sample
indirectly using the calibration curve and the amount of gly-
cated hemoglobin in the whole blood sample determined 1n
the above-mentioned manner.

Example 5

Hemolysate samples were treated with a metalloprotein-
ase, a papain, and a protease derived from Bacillus subtilis,
and the amounts of glycated hemoglobin 1n the respective
samples were determined according to the method of the
present invention. Further, the amounts of Hbalc in the
respective samples were determined based on the amounts of
glycated hemoglobin thus determined. The samples,
reagents, and method used 1n the determination will be
described 1n the following.

(Preparation of Samples)
Whole blood was collected from healthy subjects and dia-

betic subjects (12 subjects 1n total), and allowed to stand for
about 6 hours so that red blood cells contained therein were
settled. Then, to 0.1 mL of the blood cell fractions were added
1.4 mL 010.05 wt % Triton X-100 aqueous solutions, respec-
tively, to cause hemolysis. The resultant solutions were used
as hemolysate samples.
(Preparation of Standard Solutions)

Hbalc standard reagents (available from International
Regents Corporation) were dissolved 1 0.05 wt % Triron
X-100 aqueous solutions to prepare glycated hemoglobin
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standard solutions containing HbA1c¢ at concentrations 5.5%
and 10.5%, respectively, while containing 200 g/I. hemoglo-
bin.

(Preparation of Protease Solutions)

A metalloproteinase (available from Toyobo Co., Ltd.),
Protease N “AMANO” (trade name, available from Amano
Enzyme Inc.), and a papain (available from Hoffmann-ILa
Roche Inc.) were dissolved in purified water to prepare 1 g/L.
solutions of the respective proteases.

(Composition of Redox Solution D)

POD 20 KU/L
DA-64 (trade name) 0.04 mmol/L
Phosphate buffer (pH 8.0) 0.8 mol/L

(Composition of Redox Solution E)

14.3 KU/L
0.1 mmol/L

FAOD
Potassium phosphate buffer (pH 8.0)

(Method of Determining Amount of glycated hemoglobin)
First, 0.16 mL of each of the protease solutions and 0.04
mL of a 1.0 mol/L potassium phosphate butier (pH 8.0) were
mixed with 0.2 mL of the above-mentioned respective
samples. The mixtures were reacted at 37° C. for 36 hours.
Thereaiter, the reaction solutions were supplied to the
Ultratree-MC 3000 MW (trade name) so that the reaction
solutions were centrifuged and the supernatants were col-
lected. Then, 25 uL of the supernatants were diluted 2-fold
with purified water. Subsequently, 45 uL. of the redox solution
D was added to the respective diluted solutions, and 20 ul of
the redox solution E was further added after 5 minutes to
cause a redox reaction. Then, 2 minutes after the start of the
reaction, the absorbance of the respective reaction solutions
was measured at the main wavelength of 751 nm and the
sub-wavelength of 884 nm. The absorbance thus measured
corresponds to the amount of glycated hemoglobin.
(Method of Determining Hemoglobin Concentration)
Hemoglobin concentrations in the respective samples were
determined according to the cyanmethemoglobin method
using Hemoglobin Test Wako (trade name, available from
Wako Pure Chemical Industries, Ltd.).
(Preparation of Calibration Curve) Hbalc concentrations (%)
of the above-mentioned respective standard solutions were
measured using an automatic measuring apparatus (the trade
name HA-8130: available from ARKRAY, INC.). On the
other hand, with regard to the above-mentioned respective
standard solutions, the absorbances corresponding to the
amounts of glycated hemoglobin were measured by the
method of determining an amount of glycated hemoglobin
according to the present invention and hemoglobin concen-
trations were determined by the above-mentioned method of
determining a hemoglobin concentration. Then, primary
regression equations were prepared for the respective stan-
dard solutions based on the percentages (%) obtained by
dividing the absorbances corresponding to the amounts of
glycated hemoglobin by the hemoglobin concentrations and
the measured values (%) given by the automatic measuring,
apparatus. The primary regression equations thus obtained

were used as calibration curves. It 1s to be noted that the
above-mentioned percentages are proportional to the ratios
(%) of the glycated hemoglobin. The primary regression
equations used as calibration curves in the case where the
above-mentioned respective proteases were used are shown
in the following.

10

15

20

25

30

35

40

45

50

55

60

65

14

(Calibration Curve)

Protease Primary Regression Equation
Metalloproteinase y=15846x + 3.2
Protease N “"AMANO” y=10659X + 3.3
Papain y=17258x+34

(Method of Determining Hbalc)

With regard to the above-mentioned respective hemolysate
samples, the absorbances corresponding to the amounts of
glycated hemoglobin were measured by the above-mentioned
method of determiming the amount of glycated hemoglobin,
and hemoglobin concentrations were determined by the
above-mentioned method of determining a hemoglobin con-
centration. Then, the percentages obtained by dividing the
absorbances corresponding to the amounts of glycated hemo-
globin by the hemoglobin concentrations were regarded as
the ratios of the glycated hemoglobin, and the amounts of
Hbalc in the respective hemolysate samples were determined
by substituting the thus-obtained ratios into the above-men-
tioned respective calibration curves. Further, as controls, the
amounts of Hbalc in the respective hemolysate samples were
measured using the above-mentioned automatic analysis
apparatus. The results are shown 1n FIG. 2. FIG. 2 1s a graph
showing the correlations between the amounts of Hbalc
determined using the calibration curves according to the
method of the present invention and the amounts of HbAlc
measured using the automatic measuring apparatus.

As can be seen from FIG. 2, correlation coefficients
between HbAlc (%) determined using the calibration curves
according to the method of the present invention and HbAlc
(%) measured using the automatic measuring apparatus were
very high. More specifically, a correlation coetficient in the
case where the metalloproteinase was used was 0.9937; a
correlation coelficient in the case where the Protease N was
used was 0.993: and a correlation coellicient in the case where
the papain was used was 0.9941. These results demonstrate
that the method of determining an amount of Hbalc accord-
ing to the present mvention can determine the amount of
HbAlc with an accuracy comparable to that of the automatic
analysis apparatus.

Example 6

Hemolysate samples to which plasma samples have been
added were treated with a metalloproteinase. Amounts of
glycated hemoglobin 1n the respective samples were deter-
mined to examine the change in the amounts of glycated
hemoglobin caused by the addition of the plasma samples.
(Preparation of Samples)

Whole blood collected from a healthy subject (1 subject)
and diabetic subjects (diabetic subject 1 and diabetic subject
2) was centrifuged (1000 G, about 15 min), and blood cell
fractions and plasma fractions of the respective subjects were
collected. Thereatter, predetermined amounts (0 mL, 0.005
mlL, 0.010 mL, 0.015 mL, and 0.020 mL) of the plasma
fractions of the respective subjects were added to 0.01 mL of
the blood cell fractions of the corresponding subjects. Then,
to the respective mixtures was added 0.3 mL of the following
hemolysis reagent. The resultant solutions were used as
hemolysate samples.

Subsequently, 0.065 mL of the following metalloprotein-
ase reagent was added to 0.01 mL of the respective hemoly-
sate samples. The mixtures were incubated at 37° C. for 5
minutes. Then, 0.045 mL of the following redox solution F
was further added, and the resultant mixtures were incubated
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at 37° C. for 2 minutes. Thereafter, the absorbance of the
respective reaction solutions was measured at the main wave-

length of 751 nm and the sub-wavelength of 805 nm. The
absorbance thus measured corresponds to the amount of gly-
cated hemoglobin. Because the amount of the reaction solu-
tions varies depending on the amount of the plasma fractions
added thereto, the absorbances shown in Table 4 are the
values that have been corrected to show the absorbances per
equivalent amounts of the respective reaction solutions.

(Hemolysis Reagent)

g/
mmol/L

Polyoxyethylene lauryl ether 9
CHES butfer (pH 9.4) 100
(Metalloproteinase Reagent: pH 5.5)

Metalloproteinase (Toyobo Co., Ltd.) 4000 KU/L

WST-3 (Dojindo Laboratories) 2 mmol/L

MES 5 mmol/L

CaCl2 5 mmol/L

Na(l 50 mmol/L
*WSHT-3:  2-(4-1odophenyl)-3-(2.4-dimitrophenyl)-3-(2,4-disulfophenyl)-2H-tetrazo lium

monosodium salt

(Redox Solution F)
FAOD 30 KU/L
POD 90 KU/L
DA-64 0.06 mmol/L
Phosphate buffer (pH 7.0) 200 mmol/L

TABLE 4
Added Amount of
Plasma fraction

(mL) Healthy subject Diabetic subject 1 Diabetic subject 2
0 0.0215 0.0283 0.0348
0.005 0.0216 0.0278 0.343

0.010 0.0196 0.0283 0.350

0.015 0.0204 0.0289 0.354

0.020 0.0212 0.0288% 0.359

As can be seen from Table 4, even when the plasma frac-
tions were added to the blood cell fractions to give different
concentrations, the resultant absorbances differed only
slightly. These results demonstrate that, according to the
method of the present invention, the amount of glycated
hemoglobin can be determined without being affected by the
glycated proteins present in plasma.

INDUSTRIAL APPLICABILITY

As specifically described above, according to the method
ol present invention, a ratio of glycated hemoglobin 1n a
whole blood sample can be determined easily and accurately
without separating plasma and blood cells 1n the whole blood
sample. Further, since there 1s a strong correlation between an
amount of glycated hemoglobin determined by the method of
the present invention and an amount of Hbalc, by preparing a
calibration curve based on this correlation 1n advance, it
becomes possible to determine an amount of Hbalc 1n a
whole blood sample accurately and easily by merely deter-
mimng the amount of glycated hemoglobin 1n the whole
blood sample. Therefore, by applying the method of the
present invention 1n the field of clinical tests etc., for example,
it becomes possible to evaluate a large number of subjects
casily, which further increases the reliability and the impor-
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tance of glycated hemoglobin, especially Hbalc, as an index
for the diagnosis and the like of diabetes.

The invention claimed 1s:

[1. A method of determining an amount of glycated hemo-
globin 1n a sample comprising glycated hemoglobin and gly-
cated albumin from whole blood, comprising:

selectively degrading the glycated hemoglobin 1n the

sample with a protease to give a glycated hemoglobin
degradation product;

reacting a glycation site of the glycated hemoglobin deg-

radation product and a fructosyl amino acid oxidoreduc-
tase 1n a redox reaction;

determiming a product produced by the redox reaction; and

correlating the amount of the product produced with the

amount of glycated hemoglobin in the sample.}

[2. The method according to claim 1, wherein the protease
1s at least one protease selected from the group consisting of
bromelains, papains, trypsins derived from porcine pancreas,
metalloproteinases, and proteases derived from Bacillus sub-
tilis.}

[3. The method according to claim 1, wherein the glycation
site of the glycated hemoglobin degradation product that
reacts with the fructosyl amino acid oxidoreductase 1s a gly-
cated amino group in a side chain of an amino acid residue.}

[4. The method according to claim 3, wherein the glycated
amino group in the side chain of the amino acid residue 1s a
glycated amino group 1n a side chain of at least one of a lysine
residue and an arginine residue,]

[5. The method according to claim 1, wherein determining
the redox reaction 1s determining an amount of hydrogen
peroxide generated by the redox reaction or an amount of
oxygen consumed by the redox reaction.}

[6. The method according to claim 5, wherein the amount
of the hydrogen peroxide 1s determined using a peroxidase
and a substrate that develops color by oxidization.]

[7. The method according to claim 6, wherein the substrate
that develops color by oxidization 1s N-(carboxymethylami-
nocarbonyl)-4,4'-bis(dimethylamino )diphenylamine
sodium.}

[8. The method according to claim 1, wherein the protease
1s added to the whole blood so that a concentration of the
protease per milliliter of the whole blood 1s 1n a range from
1,000 to 10,000,000 U.]

[9. The method according to claim 1, wherein a substrate of
the fructosyl amino acid oxidoreductase 1s at least one gly-
cated amine selected from the group consisting of glycated
proteins, glycated peptides, and glycated amino acids, and the
fructosyl amino acid oxidoreductase acts on at least one of a
glycated a-amino group and a glycated side-chain amino
group of the glycated amine to catalyze a reaction that causes
generation of hydrogen peroxide.]

[10. The method according to claim 1, wherein the fructo-
syl amino acid oxidoreductase 1s added to the whole blood so
that a concentration of the fructosyl amino acid oxidoreduc-
tase per milliliter of the whole blood 1s 1n a range from 500 to
40,000 U ]

[11. The method according to claim 1, wherein a sample to
be used 1n the method 1s whole blood that has been subjected
to a hemolysis treatment.}

12. A method of determining an amount of glvcated hemo-
globin in a sample comprising glvcated hemoglobin and gly-
cated albumin from whole blood, comprising:

treating the sample with a protease that selectively

degrades the glycated hemoglobin over the glycated
albumin to give a glyvcated hemoglobin degradation
product, wherein the protease is a metalloproteinase
derived from the genus Bacillus;
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reacting a glycation site of the glyvcated hemoglobin deg-
radation product and a fructosyl amino acid oxi-
doreductase in a redox reaction;

determining a product produced by the redox reaction; and

correlating the amount of the product produced with the

amount of glycated hemoglobin in the sample.

13. The method according to claim 12, wherein the glyca-
tion site of the glvcated hemoglobin degradation product that
reacts with the fructosyl amino acid oxidorveductase is a gly-
cated amino group in a side chain of an amino acid residue.

14. The method accovding to claim 13, wherein the gly-
cated amino group in the side chain of the amino acid rvesidue
is a glvcated amino group in a side chain of at least one of a
lvsine residue and an arginine residue.

13. The method according to claim 12, wherein determin-
ing the redox reaction is determining an amount of hydrogen
peroxide generated by the redox reaction or an amount of
oxygen consumed by the vedox reaction.

16. The method accovding to claim 15, wherein the amount
of the hydrogen peroxide is determined using a peroxidase
and a substrate that develops color by oxidization.

17. The method according to claim 16, wherein the sub-
strate that develops colov by oxidization is N-(carboxymethy-
laminocarbonyl)-4,4’-bis(dimethviamino)diphenyiamine
sodium.

18. The method according to claim 12, wherein the pro-
tease is added to the whole blood so that a concentration of
the protease per milliliter of the whole blood is in a range
from 1,000 to 10,000,000 U.

19. The method according to claim 12, wherein the glyca-
tion site of the glvcated hemoglobin degradation product
upon which the fructosyl amino acid oxidorveductase acts is at
least one glycated amine selected from the group consisting of
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glycated proteins, glycated peptides, and glvcated amino
acids, and the fructosyl amino acid oxidoveductase acts on at
least one of a glvcated o-amino group and a glycated side-
chain amino group of the glycated amine to catalyze a reac-
tion that causes generation of hydrogen peroxide.

20. The method according to claim 12, wherein the fructo-
svl amino acid oxidorveductase is added to the whole blood so
that a concentration of the fructosyl amino acid oxidoreduc-
tase per milliliter of the whole blood is in a range from 500 to

40,000 U.

21. The method according to claim 12, whevein the fructo-
svl amino acid oxidoveductase is selected from the group
consisting of Fusarium, Gibbervella and Aspergillus.

22. The method according to claim 12, wherein the treat-
ment of the sample with the protease is carried out in a buffer.

23. The method according to claim 22, where the buffer is
selected from the group consisting of 1ris-HCI buffer, EPPS
buffer, PIPES buffer, phosphate buffer, ADA buffer, citrate
buffer and acetate buffer.

24. The method according to claim 12, wherein the treat-
ment of the sample with the protease is carried out at a pH in
a range from 6 to 11.

25. The method according to claim 12, whervein the sample
to be used in the method is whole blood that has been sub-
Jected to a hemolysis treatment.

26. The method according to claim 25, wherein the hemoly-
sis treatment is selected from the method consisting of using
ultrasonic waves and utilizing differences in osmotic pres-
sure.

27. The method accovding to claim 12, wherein the whole
blood sample to be used in the method has been centrifuged.
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