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REACTION ACCELERATING AGENT

TECHNICAL FIELD

[0001] The present invention relates to a reaction accel-
erating agent for an oxidase (examples thereof include, but
are not limited to, a reaction accelerating agent for amador-
1ase, a reaction accelerating agent for sarcosine oxidase, and
a reaction accelerating agent for cholesterol oxidase).

BACKGROUND ART

[0002] Oxidases are enzymes that catalyze oxidation reac-
tions, and are applied to various fields. For example, in the
climcal diagnostic field of diabetes mellitus, hemoglobin
Alc (HbAlc) and glycated albumin (GA) have received
attention as blood glucose control markers important for the
diagnosis or symptom management of diabetes mellitus
patients. Methods for rapidly and conveniently measuring
HbAlc and GA include enzymatic methods using amador-
1ase, which 1s one type of oxidase.

[0003] The amadonase catalyzes the reaction of oxidizing
iminodiacetic acid or a derivative thereot (also referred to as
an “amadort compound”) in the presence of oxygen to
produce glyoxylic acid or a-ketoaldehyde, an amino acid or
a peptide and hydrogen peroxide. Examples of amadoriase
include fructosyl amino acid oxidase, fructosyl peptide

oxidase, and Alc oxidase (A1cOX) and the like.

[0004] As a method for measuring HbAlc using amador-
1ase, a method which involves degrading HbAlc with pro-
tease or the like, and quantifying a glycated substrate
released from the p-chain amino terminus of HbAlc 1s
known (e.g., Patent Literatures 1 to 11). Some amadoriases
(A1cOXs) that act directly on HbAlc without the need of a

protease are also known (Patent Literatures 12 and 13).

[0005] For the measurement of HbAlc, 1t 1s desirable to
complete the reaction in a short time on the order of about
10 minutes. On the other hand, the types of A1cOXs known
to date are limited and, therefore, in some cases 1t was
necessary to incorporate the same in large amounts into the
measurement reagent to complete the reaction in a short time
on the order of about 10 minutes. However, enzymes are
generally expensive and there 1s a need for decrease 1n the
amount of A1cOX formulated into an HbAlc measurement
reagent.

[0006] Patent Literature 14 describes a compound which
shifts the detection wavelength of a phenothiazine derivative
in a method for detection of a phenothiazine derivative dye
in a reaction system by measuring the absorbance.

[0007] Sarcosine oxidase (EC 1.5.3.1) 1s an enzyme hav-
ing catalytic ability of hydrolyzing sarcosine to produce
glycine and formaldehyde. This enzyme can be used for the
measurement of the amount of creatinine in human serum or
urine and can be utilized as a diagnostic drug for various
diseases including kidney disease. Sarcosine oxidases are
known from the genus Coryrebacterium, the genus Bacillus,
the genus Cylindrocarpon, the genus Pseudomonas, the
genus Arthrobacter, and the like. For modified sarcosine
oxidases or various origins of sarcosine oxidase, see, for
example, Patent Literatures 15 to 17.

[0008] Cholesterol oxidase (EC 1.1.3.6) 1s an oxidative
enzyme that catalyzes the reaction between 33-hydroxys-
teroid and oxygen to produce the corresponding 3-oxoster-
o1d and hydrogen peroxide. Cholesterol oxidase 1s subjected
to research and development for the purpose of utilizing the
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same 1n the measurement of cholesterol concentrations in
body fluids (Patent Literature 18), etc. Cholesterol oxidase 1s
known to be produced by Streptomyces, Brevibacterium,
Rhodococcus, Pseudomonas, Burkholderia cepacia, and the
like. For cholesterol oxidase or various origins thereot, see,
for example, Patent Literature 19.

[0009] As amethod for measuring glycated albumin (GA)
using amadoriase, for example, a method which 1nvolves
degrading G A with protease or the like, and quantifying the
released glycated substrate e-fructosyl lysine (e-FK) 1s
known. See, for example, Patent Literature 20.
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SUMMARY OF INVENTION

Technical Problem

[0030] In light of the problems as mentioned above, the
present invention provides a compound accelerating (facili-
tating) enzymatic reaction catalyzed by an oxidase (ex-
amples thereol include, but are not limited to, amadonase),
1.€., an oxidase reaction accelerating agent (accelerant) (ex-
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amples thereof include, but are not limited to, an amadoriase
reaction accelerating agent). The present invention further
provides a composition comprising the oxidase reaction
accelerating agent (examples thereof include, but are not
limited to, an amadoriase reaction accelerating agent). The
present ivention further provides a method using an oxi-
dase and the oxidase reaction accelerating agent (examples
thereof include, but are not limited to, a method for mea-
suring HbA1c¢ using amadoriase and an amadoriase reaction
accelerating agent).

Solution to Problem

[0031] While there 1s scant information on compounds
capable of accelerating the reaction of oxidases including
amadoriases, the present inventors have conducted studies
and, as a result, surprisingly found a compound capable of
accelerating (enhancing) the reaction of an oxidase, thereby
completing the present invention. That 1s, the present inven-
tion encompasses the following embodiments.

[0032] [1] A method using oxidase reaction, comprising
the step of using an oxidase and an oxidase reaction accel-
erating agent represented by the following formula (I):

[Formula 1]

R N—N—R? ()

wherein

R" and R* are each independently an aromatic 5- or 6-mem-
bered monocyclic carbocyclic ring or heterocyclic ring
containming at least one nitrogen atom, sulfur atom or oxygen
atom, or a 9- or 10-membered fused ring containing the
aromatic 5- or 6-membered monocyclic carbocyclic ring or
heterocyclic ring, wherein the ring may optionally be sub-
stituted with one or more substituents, wherein

said substituent(s) 1s selected from the group consisting of
—F, —Cl, —Br, —I, —At, —C,_, alkyl, —C,_, alkenyl,
—C,_¢ alkynyl, =0, —OH, —O—C, . alkyl, —CONH.,,
—NO,, —NH,, —CO—NH, —R° —NH-R%
—NHCO—NH—R>—N—N—R°, —S0.X, —COO0X, Y,
and Z;

X 1s selected from the group consisting of —H, —Na, —K,
and —L1;
Y 1s selected from the group consisting of —H, —SO,X,

and —COOX;
Z.1s selected from the group consisting of —H, —C, ¢ alkyl,
O—C, _; alkyl, and —SO,X;
cach X, Y, and Z may be the same or diflerent;
—R>is —H, or is an aromatic 5- or 6-membered monocyclic
carbocyclic ring or heterocyclic ring containing at least one
nitrogen atom, sulfur atom or oxygen atom, or a 9- or
10-membered fused ring containing the aromatic 5- or
6-membered monocyclic carbocyclic ring or heterocyclic
ring, wherein the ring may optionally be substituted with one
or more substituents selected from the group consisting of
—F, —Cl, —Br, —I, —At, —C, _ alkyl, —C, _; alkenyl,
—C,_¢ alkynyl, =0, —OH, —O—C,  alkyl, —CONH.,,
—NO,, —NH,, and —SO;X;
—R* is an aromatic 5- or 6-membered monocyclic carbo-
cyclic ring or heterocyclic ring contaiming at least one
nitrogen atom, sulfur atom or oxygen atom, or a 9- or
10-membered fused ring containing the aromatic 5- or
6-membered monocyclic carbocyclic ring or heterocyclic
ring, wherein the ring may optionally be substituted with one
or more substituents selected from the group consisting of
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—F, —Cl, —Br, —I, —At, —C, _, alkyl, —C,_, alkenyl,
—C,_, alkynyl, —0O, —OH, —O—C, . alkyl, —CONH,,,
—NO,, —NH,, —S0O,X, —COOX., Y, and Z; and

—R> and —R° are each independently an aromatic 5- or
6-membered monocyclic carbocyclic ring or heterocyclic
ring containing at least one nitrogen atom, sulfur atom or
oxygen atom, or a 9- or 10-membered fused ring containing
the aromatic 5- to 6-membered monocyclic carbocyclic ring
or heterocyclic ring, wherein the ring may optionally be
substituted with one or more substituents selected from the
group consisting of —F, —Cl1, —Br, —I, —At, —C, . alkyl,
—C,_ alkenyl, —C,_ alkynyl, —0O, —OH, —O—C,
alkyl, —O—CH,, —CONH,, —NO,, —NH,, —SO,X,
—COO0X, Y, and Z,

[0033] provided that when R' or R® is an aromatic 5-mem-
bered monocyclic carbocyclic ring or heterocyclic ring
containing at least one nitrogen atom, sulfur atom or oxygen
atom, the heterocyclic ring 1s not substituted with —COOX.

[0034] [2] The method according to 1, wherein regarding
the reaction accelerating agent represented by formula (1),
R' and R” are each independently an aromatic 6-membered
monocyclic carbocyclic ring, or a 10-membered fused ring
containing the aromatic 6-membered monocyclic carbocy-
clic ring, wherein the ring may optionally be substituted with
one or more substituents.

[0035] [3] The method according to 1 or 2, wherein

regarding the reaction accelerating agent represented by
formula (1), R' and R* are each independently selected from

the group consisting of
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-continued -continued
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wherein X, Y, and Z are as defined 1n 1. L o
[0036] [4] The method according to 1, 2 or 3, wherein .00 \S 0.X

regarding the reaction accelerating agent represented by

formula (I), R' is selected from the group consisting of o / \ . @COOX,
/ O o
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and R~ is selected from the group consisting of

|Formula 4]
O

C—OX
COOX
O~
—/ OH
OCH;

_\_
0
'R e Re

\\/N N /—‘—

> )

wherein X 1s as defined 1n 1.

[0037] [5] The method according to 1, wherein the reac-
tion accelerating agent represented by formula (I) 1s a
reaction accelerating agent represented by the following
formula:
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|Formula 5]
. (1)
-
== /> on
R3
wherein

X 1s selected from the group consisting of —H, —Na, —K,
and —L1;

Y 1s selected from the group consisting of —H, —SO,X,
and —COOX;

cach X and Y may be the same or different;

— R? is —H or —NHCO—NH—R>—N—N—R°, or is an
aromatic 6-membered monocyclic carbocyclic ring, or a
10-membered fused ring containing the carbocyclic ring,
wherein the ring may optionally be substituted with one or
more substituents selected from the group consisting of —F,
—Cl1, —Br, —I, —At, —C, _; alkyl, —C,_, alkenyl, —C,
alkynyl, =0, —OH, —O—C, _; alkyl, —CONH,, —NO,,
—NH,, and —SO,X; and

—R> and —R° are each independently an aromatic 6-mem-
bered monocyclic carbocyclic ring, or a 10-membered fused
ring containing the carbocyclic ring, wherein the ring may
optionally be substituted with one or more substituents
selected from the group consisting of —F, —Cl, —Br, —1,

—At, —C, _, alkyl, —C,_¢ alkenyl, —C,_ alkynyl, —0O,

—OH, —O0—C,  alkyl, —O—CH,, —CONH,, —NO.,,
—NH,, and —SO;X.
[0038] [6] The method according to 1, wherein the reac-

tion accelerating agent represented by formula (I) 1s a
reaction accelerating agent represented by any of the fol-
lowing formulae:

|Formula 6]
Y
/" \
Y -,
Y
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-continued

|
_./\/N=NOOH
K/\‘

X

Y

wherein

X 1s selected from the group consisting of —H, —Na, —K,
and —L1;

Y 1s selected from the group consisting of —H, —SO,X,
and —COOQOX; and

cach X and Y may be the same or different.

[0039] [7] The method according to 1, wherein the reac-
tion accelerating agent represented by formula (I) 1s a
reaction accelerating agent represented by the following
formula:

|Formula 7]
(I11)
O
|
/C —0X
RI—N=N4</ \>— OH
wherein

R' is a benzene ring or a naphthalene ring which may
optionally be substituted with one or more substituents,
wherein

said substituent(s) 1s selected from the group consisting of
—NO,, —S0;X, and

|Formula 8]
N ——
O=C/ SO3X
\ 35,
C‘)CHg
HN_
O=—= /
Sasee
/o T\
H3CO SO;X
and

X 1s selected from the group consisting of —H, —Na, —K,
and —IL1.

[0040] [8] The method according to 1, wherein regarding
the reaction accelerating agent represented by formula (1),
R' is an aromatic 6-membered monocyclic carbocyclic ring
which may optionally be substituted with one or more
substituents, and R” is an aromatic 5-membered monocyclic
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heterocyclic ring containing at least one nitrogen atom,
sulfur atom or oxygen atom optionally substituted with one

or more substituents.
[0041] [9] The method according to 1 or 8, wherein R” is

an aromatic S-membered monocyclic heterocyclic ring con-
taining two nitrogen atoms wherein said ring may optionally

be substituted with one or more substituents, and the het-
erocyclic ring 1s substituted with

|Formula 9

|
. Cl
N (l)
o \‘ s‘—ox

X [

SO3X, O ,
X  SO5X
MY cl SO5X
\ \/

X o or Cl

wherein X 1s as defined 1n 1, and each X may be the same

or different.
[0042] [10] The method according to 1, 8 or 9, wherein R*
1S

|Formula 10]

Cl SO;X

1‘\1 Cl
—= N
H;C
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wherein X 1s as defined 1n 1, and each X may be the same
or different.

[0043] [11] The method according to any of 1 to 10,
wherein the compound represented by formula (I) 1s selected

from the group consisting of a compound represented by the
following formula:

|Formula 11]

IV
O

C—OX

Ol

wherein X 1s selected from the group consisting of —H,
—Na, —K, and —1L1,

a compound represented by the following formula:

|Formula 12]
v
O
(l! —O0OX
/
/ \ N=N 4{ \>70H
O,N

wherein X 1s selected from the group consisting of —H,
—Na, —K, and —L1,

a compound represented by the following formula:

|Formula 13]
VI
O
|
C—O0OX
N /N=N4<_\>70H
XO5S =

wherein X 1s selected from the group consisting of —H,

—Na, —K, and —I.1, and each X may be the same or
different,
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a compound represented by the following formula:

|[Formula 14]

VII

g
Y

H;CO S0;X

wherein X 1s selected from the group consisting of —H,

—Na, —K, and —L1, and each X may be the same or
different,

a compound represented by the following formula:
|Formula 15]

VIII

O

O Q
wherein X 1s selected from the group consisting of —H,

—Na, —K, and —1L1,
a compound represented by the following formula:

|Formula 16]

IX
XO3S

OO0

wherein X 1s selected from the group consisting of —H,
—Na, —K, and —1L1,
a compound represented by the following formula:

|Formula 17]

Cl S0;X

o 4</ >_ %;,E .
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wherein X 1s selected from the group consisting of —H,
—Na, —K, and —I1, and each X may be the same or
different,

a compound represented by the following formula:

|Formula 18]
XI

HO \/\‘
AN

/ \ / N/\/\!—OX

H;3C

wherein X 1s selected from the group consisting of —H,
—Na, —K, and —1L.1, and
a compound represented by the following formula:

|Formula 19]
XII
OCHx
HZN—</ \>—N=N NH,
H;C
[0044] [12] The method according to any of 1 to 11,

wherein the oxidase 1s an oxidase selected from the group
consisting of amadoriase, sarcosine oxidase, and cholesterol
oxidase.

[0045] [13] An oxidase reaction accelerating agent com-
prising a compound represented by formula (I):

[Formula 20]

RI-—N—N—R? (I)

wherein

R' and R* are each independently an aromatic 5- or 6-mem-
bered monocyclic carbocyclic ring or heterocyclic ring
containing at least one nitrogen atom, sulfur atom or oxygen
atom, or a 9- or 10-membered fused ring containing the
aromatic 5- or 6-membered monocyclic carbocyclic ring or
heterocyclic ring, wherein the ring may optionally be sub-
stituted with one or more substituents, wherein

said substituent(s) 1s selected from the group consisting of
—F, —Cl, —Br, —I, —At, —C,_ alkyl, —C,_, alkenyl,

—C,_¢ alkynyl, =0, —OH, —O—C, ¢ alkyl, —CONH,,
—NO,, —NH,, —CO—NH, —R° —NH—R%
— NHCO—NH—R>—N—N—R°, —S0.X, —COOX, Y,

and Z;

X 1s selected from the group consisting of —H, —Na, —K,
and —L1;

Y 1s selected from the group consisting of —H, —SO,X,
and —COOX;

7. 1s selected from the group consisting of —H, —C,  alkyl,
O—C, ¢ alkyl, and —SO;X;
cach X, Y, and Z may be the same or diflerent;
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— R is —H, oris an aromatic 5- or 6-membered monocyclic
carbocyclic ring or heterocyclic ring containing at least one
nitrogen atom, sulfur atom or oxygen atom, or a 9- or
10-membered fused ring contaiming the aromatic 5- or
6-membered monocyclic carbocyclic ring or heterocyclic
ring, wherein the ring may optionally be substituted with one
or more substituents selected from the group consisting of
—F, —Cl, —Br, —I, —At, —C,_, alkyl, —C,_, alkenyl,
—C,_, alkynyl, —=0O, —OH, —O—C, . alkyl, —CONH,,
—NO,, —NH,, and —SO;X;

—R* is an aromatic 5- or 6-membered monocyclic carbo-
cyclic ring or heterocyclic ring contaiming at least one
nitrogen atom, sulfur atom or oxygen atom, or a 9- or
10-membered fused ring contaiming the aromatic 5- or
6-membered monocyclic carbocyclic ring or heterocyclic
ring, wherein the ring may optionally be substituted with one
or more substituents selected from the group consisting of
—F, —Cl, —Br, —I, —At, —C, _ alkyl, —C,_, alkenyl,
—C,_ alkynyl, =0, —OH, —O—C, _; alkyl, —CONH.,,
—NO,, —NH,, —S0O.X, —COOX, Y, and Z; and

—R> and —R° are each independently an aromatic 5- or
6-membered monocyclic carbocyclic ring or heterocyclic
ring containing at least one nitrogen atom, sulfur atom or
oxXygen atom, or a 9- or 10-membered fused ring containing
the aromatic 5- to 6-membered monocyclic carbocyclic ring
or heterocyclic ring, wherein the ring may optionally be
substituted with one or more substituents selected from the
group consisting of —F, —CI, —Br, —I, —At, —C, 4 alkyl,
—C,_ alkenyl, —C,_ alkynyl, —=0O, —OH, —O—C,
alkyl, —O—CH,, —CONH,, —NO,, —NH,, —S0O,X,
—COO0OX, Y, and Z,

[0046] provided that when R' or R® is an aromatic 5-mem-
bered monocyclic carbocyclic ring or heterocyclic ring
containing at least one nitrogen atom, sulfur atom or oxygen
atom, the heterocyclic ring 1s not substituted with —COOX.
[0047] [14] The reaction accelerating agent according to
13, wherein regarding the reaction accelerating agent rep-
resented by formula (I), R and R” are each independently an
aromatic 6-membered monocyclic carbocyclic ring, or a
10-membered fused ring containing the aromatic 6-mem-
bered monocyclic carbocyclic ring, wherein the ring may
optionally be substituted with a substituent(s).

[0048] [15] The reaction accelerating agent according to
13 or 14, wherein regarding the compound represented by
formula (1), R" and R are each independently selected from
the group consisting of

|Formula 21]

Xogs%_‘_‘\/ | XO3S§”_>_,
wos—d N_. 7 \_
O O

QO O
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wherein X, Y, and Z are as defined in 13. OCH3
[0049] [16] The reaction accelerating agent according to / \
any of 13 to 15, wherein regarding the reaction accelerating /

agent represented by formula (I), R' is selected from the

. O=—=C
group consisting of %N 4§/_\>_ - _</—\>

|Formula 22]

H;CO SOgX

OO OO
7 N_ N2
acles had

XO3S SOz X OCH3
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-continued
O

HN
/
0=C
\
HN

H;CO

i)
Xogsﬂ_N=Nﬂ_,

and R” is selected from the group consisting of

|Formula 23]

C—0X

>—0X
_é_?_w{/_\}m
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-continued
/ E
X035 SO3X

H

-0 -
OO

wherein X 1s as defined 1in 13.

[0050] [17] The reaction accelerating agent according to
any of 13 to 16, wherein the reaction accelerating agent
represented by formula (I) 1s a reaction accelerating agent
represented by the following formula:

|Formula 24]
. (11)
|
O
=|= —/on
R3
wherein

X 1s selected from the group consisting of —H, —Na, —K,
and —L1;

Y 1s selected from the group consisting of —H, —SO,X,
and —COOX;

cach X and Y may be the same or different;

—R? is —H or —NHCO—NH—R°>—N—N-—R°, or is an
aromatic 6-membered monocyclic carbocyclic ring, or a
10-membered fused ring containing the carbocyclic ring,
wherein the ring may optionally be substituted with one or
more substituents selected from the group consisting of —F,
—Cl1, —Br, —I, —At, —C,  alkyl, —C,_ alkenyl, —C,_
salkynyl, —0, —OH, —O—C, _; alkyl, —CONH,, —NO,,
—NH,, and —SO,X; and

—R and —R° are each independently an aromatic 6-mem-
bered monocyclic carbocyclic ring, or a 10-membered fused
ring containing the carbocyclic ring, wherein the ring may
optionally be substituted with one or more substituents
selected from the group consisting of —F, —CIl, —Br, —1,
—At, —C, _, alkyl, —C,_¢ alkenyl, —C,_ alkynyl, —0O,
—OH, —O0—C,  alkyl, —O—CH,;, —CONH,, —NO.,
—NH,, and —SO,X.

[0051] [18] The reaction accelerating agent according to
any of 13 to 17, wherein the reaction accelerating agent
represented by formula (I) 1s a reaction accelerating agent
represented by any of the following formulae:
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|Formula 25]

Y
|
NN N=N_(_\\
—/ SOH,
A

|

Y

|
N ‘

I

Y
|
- Nﬂ{ N\
v —/\OH
N
« |
wherein

X 1s selected from the group consisting of —H, —Na, —K,
and —L1;

Y 1s selected from the group consisting of —H, —SO, X,
and —COOQOX; and

cach X, Y, and Z may be the same or diflerent.

[0052] [19] The reaction accelerating agent according to
any of 13 to 17, wherein the reaction accelerating agent
represented by formula (I) 1s a reaction accelerating agent
represented by the following formula:

|Formula 26]
(I11)
O
|
/C — 00X
RI—N=N4</ \>—OH
wherein

R' is a benzene ring or a naphthalene ring which may

optionally be substituted with one or more substituents,
wherein

said substituent(s) 1s selected from the group consisting of
—NO,, —S0;X, and

Oct. 17,2019

|Formula 27]
HN——

OCH;

HN—

/
0=—C

AV N=N_</ \>
— —\

H,CO S0;X

and

X 1s selected from the group consisting of —H, —Na, —K,
and —L1.

[0053] [20] The reaction accelerating agent according to
13, wherein regarding the reaction accelerating agent rep-
resented by formula (I), R' is an aromatic 6-membered
monocyclic carbocyclic ring which may optionally be sub-
stituted with one or more substituents, and R* is an aromatic
S-membered monocyclic heterocyclic ring containing at
least one nitrogen atom, sulfur atom or oxygen atom option-
ally substituted with one or more substituents.

[0054] [21] The reaction accelerating agent according to
13 or 20, wherein R” is an aromatic 5-membered monocyclic
heterocyclic ring containing two nitrogen atoms wherein
said ring may optionally be substituted with one or more
substituents, and the heterocyclic ring 1s substituted with

|Formula 28]

A Cl

/\4\
/

X S—OX
SO3X, T

O
X SO,X

2 \‘
/K/\/ Cl
X

wherein X 1s as defined 1n 13, and each X may be the same
or different.

[0055] [22] The reaction accelerating agent according to
13, 20 or 21, wherein R” is

|Formula 29]

X
/é\
HO ‘
e
J N X

‘ SOz X,
N
H;3C



US 2019/0316174 Al

-continued
Cl
\ /
HO ‘ Tl)
1|\I/ N ﬁ_ ox
N O
H;C
X
(/\4\
HO ):_SO:;X or
J X
| X
N
H,C
Cl SOx X
\ 3
HO Z ‘
1|\T/ X .
N

H;C

wherein X 1s as defined 1n 13, and each X may be the same
or different.

[0056] [23] The reaction accelerating agent according to
any of 13 to 22, wherein the compound represented by
formula (I) 1s selected from the group consisting of a
compound represented by the following formula:

|Formula 30]
IV
O
[
/C — 00X
O,N 4</_>7 N=N 4</ \>— OH
a compound represented by the following formula:
|Formula 31}
-
O
[
/C —0OX
/ \ N=N 4</_\>70H
0,N

wherein X 1s selected from the group consisting of —H,
—Na, —K, and —1L1,
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a compound represented by the following formula:

|Formula 32]
VI
O
[
C—O0OX
/
/\/\/N=N4</ \>—OH
XO3S/\/\/

wherein X 1s selected from the group consisting of —H,

—Na, —K, and —Li1, and each X may be the same or
different,

a compound represented by the following formula:

|Formula 33]

VII
O

>—0X

N %\N%_\%Nﬂ@%
N N\ v\
L

H,CO SO;X

wherein X 1s selected from the group consisting of —H,

—Na, —K, and —I.1, and each X may be the same or
different,

a compound represented by the following formula:

|Formula 34]

I
XO—>H N= —N O

|

O L/
wherein X 1s selected from the group consisting of —H,
—Na, —K, and —L1,
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a compound represented by the following formula:

|Formula 35]

X
X3S

OO0

a compound represented by the following formula:

|Formula 36]

Cl S0,;X
HO

NS

H,;C

wherein X 1s selected from the group consisting of —H,
—Na, —K, and —Li1, and each X may be the same or
different,

a compound represented by the following formula:

|Formula 37]
X1

Cl
HO

O

H;C

wherein X 1s selected from the group consisting of —H,
—Na, —K, and —1L.1, and

a compound represented by the following formula:

|Formula 38]

X1I
OCH;

HzN / \ N=N NH2

H,C

[0057] [24] A composition comprising the reaction accel-
erating agent according to any of 13 to 23 and an oxidase.
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[0058] [25] The composition according to 24, wherein the
oxidase 1s an oxidase selected from the group consisting of
amadoriase, sarcosine oxidase, and cholesterol oxidase.
[0059] The present specification encompasses the contents
disclosed 1n Japanese Patent Application No. 2016-138547
on which the priority of the present application 1s based.

Advantageous Effects of the Invention

[0060] As an advantage (eflect) of the present invention, 1t
1s possible to accelerate the enzymatic reaction catalyzed by
an oxidase. This can lead to reduction of the amount of the
enzyme necessary for measurement, shortening of reaction
time even when using the same amount of enzyme, or
enhancement ol measurement sensitivity. In one embodi-
ment, for example, the enzymatic reaction catalyzed by
amadoriase can be accelerated. This can lead to decrease 1n
the amount of the amadornase formulated, for example, the
amount of A1cOX formulated, into an HbA1c measurement
reagent, or the amount of the amadoriase formulated into a
GA measurement reagent, as compared with the case of not
adding the amadoriase reaction accelerating agent (reaction
accelerator) of the present invention. If the same amount of
amadoriase 1s formulated, then since enzymatic reaction 1s
accelerated, higher sensitivity of measurement and/or short-
ening of reaction time can be achieved. The same goes with
other types of oxidases (e.g., sarcosine oxidase and choles-
terol oxidase and the like).

BRIEF DESCRIPTION OF THE DRAWINGS

[0061] FIG. 1 shows results of measuring the absorbance
(Ago, and A, ) of a reaction solution for light at wave-
lengths of 694 nm and 751 nm over time for 10 minutes after
mixing of a diluted sample with the first reagent. The
abscissa depicts time (min), and the ordinate depicts Ao 4/-5,
(Agos-A-<;). The relationship between Ay, -5, and AA

Omir

and AA,, . 1s also shown.
DESCRIPTION OF EMBODIMENTS
[0062] In one embodiment, the present invention provides

an oxidase reaction accelerating agent. The term oxidase
reaction accelerating agent refers to a compound capable of
accelerating the enzymatic reaction catalyzed by an oxidase.
The phrase “accelerate the enzymatic reaction catalyzed by
an oxidase” means that a larger amount of product (hydro-
gen peroxide, and the like) 1s produced in the same reaction
time, or the reaction 1s completed or almost completed 1n a
shorter time, 1n the presence of the oxidase reaction accel-
erating agent of the present invention in a system as com-
pared to the absence of the oxidase reaction accelerating
agent 1n the system.

[0063] The oxidase reaction accelerating agent of the
present invention 1s capable of accelerating the reaction of
various oxidases. In one embodiment, the oxidase reaction
accelerating agent of the present invention 1s capable of
accelerating the reaction of an amadorase. In this case, the
oxidase reaction accelerating agent of the present invention
may also be referred to as an amadoriase reaction acceler-
ating agent. In one embodiment, the oxidase reaction accel-
erating agent of the present invention 1s capable of acceler-
ating the reaction of a sarcosine oxidase. In this case, the
oxidase reaction accelerating agent of the present invention
may also be referred to as a sarcosine oxidase reaction
accelerating agent. In one embodiment, the oxidase reaction
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accelerating agent of the present invention i1s capable of
accelerating the reaction of a cholesterol oxidase. In this
case, the oxidase reaction accelerating agent of the present
invention may also be referred to as a cholesterol oxidase
reaction accelerating agent. These names are given merely
for the sake of convenience. For example, the same reaction
accelerating agent compound may accelerate the reaction of
an amadoriase and accelerate the reaction of a sarcosine
oxidase. Such reaction accelerating agent falls under an
amadoriase reaction accelerating agent and also falls under
a sarcosine oxidase reaction accelerating agent. Thus, the
designated names such as an amadoriase reaction acceler-
ating agent must not be interpreted as a limiting the reaction
accelerating agent of the present invention in any way. In the
present specification, the reaction accelerating agent of the
present invention means an oxidase reaction accelerating
agent unless otherwise specified.

[0064] In one embodiment, the oxidase reaction acceler-
ating agent of the present invention 1s capable of accelerat-
ing the reaction of an amadoriase. In one embodiment,
examples of the amadoriase whose reaction 1s to be accel-
erated 1nclude, but are not limited to, amadoriases which
recognize a-fructosyl valine (aFV), a-fructosyl valyl histi-
dine (aFVH), and/or a-fructosyl hexapeptide (aF6P) as a
substrate. In one embodiment, examples of the amadornase
whose reaction 1s to be accelerated include amadoriases
which recognize e-fructosyl lysine (e-FK) as a substrate. In
one embodiment, examples of the amadoriase whose reac-
tion 1s to be accelerated include amadoriases capable of
acting directly on hemoglobin Alc, 1.e., hemoglobin Alc
oxidase (AlcOX). In this case, the amadornase reaction
accelerating agent of the present imvention may also be
referred to as a hemoglobin Alc oxidase reaction acceler-
ating agent.

[0065] In one embodiment, the present invention provides
a method comprising the step of using an oxidase and an
oxidase reaction accelerating agent. In one embodiment, the
present invention provides, for example, a method for mea-
suring an oxidase reaction product, comprising using an
oxidase and an oxidase reaction accelerating agent. In
another embodiment, the present invention provides a
method for synthesizing a product, comprising using an
oxidase and an oxidase reaction accelerating agent. In an
alternative embodiment, the present invention provides a
method for producing hydrogen peroxide, comprising using
an oxidase and an oxidase reaction accelerating agent. This
method 1s applicable to, for example, sterilization, washing,
or oxidation reaction using the produced hydrogen peroxide.

[0066] In one embodiment, the present invention provides
a method for measuring a substance to be measured, com-
prising the step of using an oxidase and an oxidase reaction
accelerating agent. In one embodiment, the method of the
present 1nvention comprises the steps of: adding a first
reagent containing peroxidase and the oxidase reaction
accelerating agent to a sample which may contain the
substance to be measured, followed by warming; adding
thereto a second reagent containing a color developing agent
and the oxidase whose reaction 1s to be accelerated, followed
by warming; and measuring the absorbance of the sample.
The first reagent containing a peroxidase and the oxidase
reaction accelerating agent may be a single reagent or may
be a combination of a plurality of reagents containing the
individual components respectively. The second reagent
containing a color developing agent and the oxidase whose
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reaction 1s to be accelerated may be a single reagent or may
be a combination of a plurality of reagents containing the
individual components respectively. In another embodiment,
the measurement method of the present invention comprises
the steps of: adding a first reagent containing a peroxidase,
a color developing agent and the oxidase reaction acceler-
ating agent to a sample which may contain the substance to
be measured, followed by warming; adding thereto a second
reagent containing the oxidase whose reaction 1s to be
accelerated, followed by warming; and measuring the absor-
bance of the sample. Still, each component in the reagent
may be a single reagent or may be a combination of a
plurality of reagents containing the individual components
respectively. The measurement may be qualitative or quan-
titative.

[0067] In an alternative embodiment, the measurement
method of the present imvention comprises the steps of:
adding a measurement reagent containing peroxidase, the
oxidase reaction accelerating agent, a color developing
agent and the oxidase whose reaction 1s to be accelerated to
a sample which may contain the substance to be measured,
followed by warming; and measuring the absorbance of the
sample. The measurement reagent containing a peroxidase,
the oxidase reaction accelerating agent, a color developing
agent and the oxidase whose reaction 1s to be accelerated
may be a single reagent or may be a combination of a
plurality of reagents containing the individual components
respectively.

[0068] In one embodiment, the present invention provides
a method for measuring HbAlc, comprising the step of
using amadoriase and an amadoriase reaction accelerating
agent. In one embodiment, the Hb Alc measurement method
of the present invention comprises the steps of: adding a first
reagent containing a peroxidase and the amadoriase reaction
accelerating agent to a sample which may contain HbAlc,
followed by warming; adding thereto a second reagent
containing a color developing agent and the amadoriase,
followed by warming; and measuring the absorbance of the
sample. The first reagent containing (comprising) a peroxi-
dase and the amadoriase reaction accelerating agent may be
a single reagent or may be a combination of a plurality of
reagents containing the individual components respectively.
The second reagent containing a color developing agent and
the amadoriase may be a single reagent or may be a
combination of a plurality of reagents contaiming the 1ndi-
vidual components respectively. In another embodiment, the
HbAlc measurement method of the present invention com-
prises the steps of: adding a first reagent containing a
peroxidase, a color developing agent and the amadoriase
reaction accelerating agent to a sample which may contain
HbAlc, followed by warming; adding thereto a second
reagent containing the amadoriase, followed by warming;
and measuring the absorbance of the sample. Again, each
component in the reagent may be a single reagent or may be
a combination of a plurality of reagents containing the
individual components respectively. The measurement may
be qualitative or quantitative. In one embodiment, total
hemoglobin 1n the sample can be further quantified in the
step of adding a first reagent containing a peroxidase and the
amadoriase reaction accelerating agent, followed by warm-
ing. In one embodiment, the ratio of glycated hemoglobin to
total hemoglobin, HbAlc %, in the sample can be further
calculated from the quantified total hemoglobin and glycated
hemoglobin.
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[0069] In an alternative embodiment, the HbAlc measure-
ment method of the present invention comprises the steps of:
adding a measurement reagent containing peroxidase, the
amadoriase reaction accelerating agent, a color developing
agent and the amadoriase to a sample which may contain
HbAlc, followed by warming; and measuring the absor-
bance of the reagent. The measurement reagent containing,
peroxidase, the amadoriase reaction accelerating agent, a
color developing agent and the amadoriase may be a single
reagent or may be a combination of a plurality of reagents
containing the individual components respectively.

[0070] In one embodiment, an amadoriase capable of
acting on a glycated substrate such as aFV, aFVH and/or
aF6P can be used as the amadoriase. In this case, the HbAlc
measurement method of the present invention may further
comprise the step of pretreating HbAlc with protease. Any
protease known in the art can be used as the protease. In
another embodiment, amadoriase acting on &-FK can be
used as the amadoriase. This can be utilized 1n a method for
measuring glycated albumin (GA). In this case, the GA
measurement method may further comprise the step of
pretreating GA with a protease. In an alternative embodi-
ment, hemoglobin Alc oxidase (Al1cOX) acting directly on
HbAlc can be used as the amadoniase. In this case, pretreat-
ment with protease need not be performed.

[0071] In one embodiment, the present invention provides
a method for measuring sarcosine, comprising the step of
using sarcosine oxidase and the reaction accelerating agent
of the present invention. This measurement method may
additionally comprise, as an upstream step, the step of
converting creatinine to creatine with a creatinine amidohy-
drolase (also referred to as creatininase), and converting the
creatine to sarcosine with creatine amidinohydrolase (also
referred to as creatinase). This provides a method for mea-
suring creatinine or creatine. In one embodiment, the mea-
surement method of the present imvention comprises the
steps of: adding a first reagent containing peroxidase and the
reaction accelerating agent of the present invention to a
sample which may contain the substance to be measured
(sarcosine), followed by warming; adding thereto a second
reagent containing a color developing agent and the sar-
cosine oxidase, followed by warming; and measuring the
absorbance of the sample. The first reagent containing
peroxidase and the reaction accelerating agent of the present
invention may be a single reagent or may be a combination
of a plurality of reagents containing the individual compo-
nents respectively. The second reagent containing a color
developing agent and the sarcosine oxidase may be a single
reagent or may be a combination of a plurality of reagents
containing the individual components respectively. In
another embodiment, the measurement method of the pres-
ent mnvention comprises the steps of: adding a first reagent
contaiming peroxidase, a color developing agent and the
reaction accelerating agent of the present invention to a
sample which may contain the substance to be measured,
followed by warming; adding thereto a second reagent
contaiming the sarcosine oxidase, followed by warming; and
measuring the absorbance of the sample. Again, each com-
ponent 1n the reagent may be a single reagent or may be a
combination of a plurality of reagents containing the indi-
vidual components respectively. The measurement may be
qualitative or quantitative.

[0072] In an alternative embodiment, the measurement
method of the present invention comprises the steps of:
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adding a measurement reagent containing a peroxidase, the
reaction accelerating agent of the present invention, a color
developing agent and the sarcosine oxidase to a sample
which may contain the substance to be measured, followed
by warming; and measuring the absorbance of the reagent.
The measurement reagent containing peroxidase, the reac-
tion accelerating agent of the present invention, a color
developing agent and the oxidase whose reaction 1s to be
accelerated may be a single reagent or may be a combination
of a plurality of reagents containing the individual compo-
nents respectively.

[0073] In one embodiment, the present invention provides
a method for measuring cholesterol, comprising the step of
using a cholesterol oxidase and the reaction accelerating
agent of the present invention. This measurement method
may additionally comprise, as an upstream step, the step of
converting cholesterol ester to cholesterol with cholesterol
esterase. In one embodiment, the measurement method of
the present invention comprises the steps of: adding a first
reagent containing peroxidase and the reaction accelerating
agent of the present mvention to a sample which may
contain the cholesterol, followed by warming; adding
thereto a second reagent containing a color developing agent
and the cholesterol oxidase, followed by warming; and
measuring the absorbance of the sample. The first reagent
containing peroxidase and the reaction accelerating agent of
the present invention may be a single reagent or may be a
combination of a plurality of reagents containing the indi-
vidual components respectively. The second reagent con-
taining a color developing agent and the cholesterol oxidase
may be a single reagent or may be a combination of a
plurality of reagents containing the individual components
respectively. In another embodiment, the measurement
method of the present mmvention comprises the steps of:
adding a first reagent containing peroxidase, a color devel-
oping agent and the reaction accelerating agent of the
present invention to a sample which may contain the cho-
lesterol, followed by warming; adding thereto a second
reagent contaiming the cholesterol oxidase, followed by
warming; and measuring the absorbance of the sample. Still,
cach component in the reagent may be a single reagent or
may be a combination of a plurality of reagents containing
the individual components respectively. The measurement
may be qualitative or quantitative.

[0074] In an alternative embodiment, the measurement
method of the present invention comprises the steps of:
adding a measurement reagent containing peroxidase, the
reaction accelerating agent of the present invention, a color
developing agent and the cholesterol oxidase to a sample
which may contain the cholesterol, followed by warming;
and measuring the absorbance of the reagent. The measure-
ment reagent containing peroxidase, the reaction accelerat-
ing agent of the present invention, a color developing agent
and the cholesterol oxidase may be a single reagent or may
be a combination of a plurality of reagents containing the
individual components respectively.

[0075] The final concentration of the reaction accelerating
agent of the present invention added to the sample solution

1s not particularly limited and can be in the range of, for
example, 0.01 to 200 mM, 0.02 to 150 mM, 0.03 to 100 mM,

0.04 to 80 mM, 0.05 to 60 mM, 0.06 to 50 mM, 0.08 to 40
mM, 0.1 mM to 30 mM, 0.15 to 20 mM, 0.2 to 10 mM, 0.3
to 5 mM, or 0.4 to 3 mM, for example, 0.05 to 10 mM. The

final concentration of the reaction accelerating agent of the
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present invention added to the sample solution 1s not par-
ticularly limited and can be, for example, 0.001 to 5% (w/v),
0.003 to 3% (w/v), 0.005 to 1% (w/v), 0.01 to 0.5% (w/v),
0.02 to 0.3% (w/v), or 0.03 to 0.1% (w/v). The order of
addition of the reaction accelerating agent, other enzymes,
and reagents 1s not limited, and these components may be
added concurrently or sequentially.

[0076] For example, when the substance to be measured i1s
a glycated substrate and the glycated substrate concentration
in the sample solution 1s O to 0.5 mM, the final concentration
of the amadoriase reaction accelerating agent added thereto

can be, for example, 0.01 to 20 mM, for example, 0.02 to 10
mM

[0077] For example, when the substance to be measured 1s
HbAlc and the HbAlc concentration in the sample solution
1s 0 to 0.5 mM, the final concentration of the amadoriase
reaction accelerating agent added thereto can be, for
example, 0.01 to 20 mM, for example, 0.02 to 10 mM.

[0078] For example, when the substance to be measured 1s
sarcosine and the sarcosine concentration in the sample
solution 1s 0.1 to 2 mg/dL, the final concentration of the
sarcosine oxidase reaction accelerating agent added thereto
can be, for example, 0.01 to 20 mM, for example, 0.02 to 10
mM. In the present specification, the method in which
sarcosine 1s the substance to be measured encompasses a
method comprising, as an upstream step, the step of con-
verting creatinine to creatine with creatinine amidohydro-
lase (also referred to as creatininase), and converting the
creatine to sarcosine with creatine amidinohydrolase (also
referred to as creatinase).

[0079] For example, when the substance to be measured i1s
cholesterol and the cholesterol concentration in the sample
solution 1s 1 to 1000 mg/dL, the final concentration of the
cholesterol oxidase reaction accelerating agent added

thereto can be, for example, 0.01 to 20 mM, for example,
0.02 to 10 mM.

[0080] In one embodiment, the total reaction time can be
60 minutes or shorter, 30 minutes or shorter, or 20 minutes
or shorter, preferably 15 minutes or shorter, preferably
approximately (about) 10 minutes. For example, the warm-
ing after the addition of the first reagent described above can
be performed for 30 minutes or shorter, 20 minutes or
shorter, 15 minutes or shorter, or 10 minutes, for example,
approximately 5 minutes, and the warming after the addition
of the second reagent described above can be performed for
30 minutes or shorter, 20 minutes or shorter, 15 minutes or
shorter, or 10 minutes, for example, approximately 5 min-
utes. The concentration of each component 1n the measure-
ment reagent with respect to the concentration range of the
substance to be measured (e.g., glycated hemoglobin) pre-
sumably contained 1in the sample can be adjusted such that
the reaction mediated by the oxidase (e.g., amadoriase) 1s
completed or almost completed. The phrase “reaction 1s
completed” means that the 100% of the substance to be
measured (e.g., glycated hemoglobin or a glycated substrate)
contained 1n the sample has reacted. The phrase “reaction 1s
almost completed” means that, for example, 90% or more,
95% or more, 96% or more, 97% or more, or 98% or more,
for example, 99% or more, of the substance to be measured
(e.g., glycated hemoglobin or a glycated substrate) con-
tained 1n the sample has reacted.

[0081] The measurement wavelength 1n the absorbance
measurement can be selected depending on the color devel-
oping agent. The measurement wavelength of the absor-
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bance can be, for example, 340 to 900 nm, 590 to 900 nm,
600 to 751 nm, or 610 to 730 nm. In one embodiment, the
measurement may be performed at two measurement wave-
lengths A, and A,, and the difference therebetween (also
referred to as A,—-A, or A,/A,) can be obtained. The two
measurement wavelengths A, and A, can be any two wave-
lengths 1n the range of 590 to 900 nm. For example, A, can
be set to the absorption wavelength of a dye, and A, can be
set to a background wavelength and then the difference
therebetween (A, -A,) can be calculated. In the case of using
a phenothiazine derivative dye, the measurement wave-
length of the absorbance can be 590 to 730 nm, for example,
610 to 710 nm. In the case of using a phenothiazine
derivative dye, the background wavelength can be selected
from a region where the phenothiazine derivative dye 1is
rarely absorbed, for example, the range of higher than 710
nm and 900 nm or lower. For example, when A, 1s Ao, and
A, 18 A5, Asos—A-,5, may be calculated therefrom. The
absorption wavelength may be set to A,=A,.,. The absor-
bance measurement may be performed using an automatic
analysis apparatus.

[0082] The color developing agent 1s not particularly
limited and may preferably be a compound that changes
absorbance through the catalytic reaction of peroxidase in
the presence of hydrogen peroxide. Examples of the color
developing agent include 4-aminoantipyrine, ADOS
(N-ethyl-N-(2-hydroxy-3-sulfopropyl)-m-anisidine), ALOS
(N-ethyl-N-(2-hydroxy-3-sulfopropyl)aniline), TOOS
(N-ethyl-N-(2-hydroxy-3-sulfopropyl)-m-toluidine

sodium), DA-67 (10-(carboxymethylaminocarbonyl)-3,7-
bis(dimethylamino)-phenothiazine), and DA-64 (N-(car-
boxymethylaminocarbonyl)-4,4'-bis(dimethylamino)-dipbe-
nylamine). ADOS, ALOS, and TOOS develop color when
condensed with 4-aminoantipyrine. DA-64 and DA-67
develop color by mere incorporation alone without the need
of 4-aminoantipyrine. In any of the cases, the coloring
reaction 1s catalyzed by peroxidase. Further examples of the
color developing agent include, but are not limited to,
methylene blue, 10-(acetylaminocarbonyl)-3,7-bis(dimeth-
ylamino)phenothiazine, 10-(carboxymethylaminocarbonyl)-
3,7-bis(dimethylamino )phenothiazine, 10-(phenylcarbo-
nyl)-3,7-bis(dimethylamino )phenothiazine, 10-(3-
(methylcarboxyamino)-hexamethyl-amino)-henothiazine,
10-((3-(methylcarboxyamino)-4-methyl-phenyl ))-amino)-
phenothiazine, 10-((3-(methylcarboxyaminomethyl)-phe-
nyl)-methylamino)-phenothiazine, 10-(1-naphthale-
neamino )-phenothiazine, 10-(methyl)-phenothiazine, 10-
(phenylamino)-phenothiazine, 10-(methylamino)-
phenothiazine, azure A, azure B, azure C, toluidine blue O,
1,9-dimethyl-3,7-bis(dimethylamino)phenothiazine salt,
methylene green and salts thereot, and leuco forms thereof.
The color developing agent can be added such that 1ts final
concentration 1n the reaction solution 1s 0.001 to 10 mM, for
example, 0.005 to 2 mM.

[0083] Any amadoriase, sarcosine oxidase, or cholesterol
oxidase known 1n the art can be used as the oxidase,
although the oxidase 1s not limited thereto. For sarcosine
oxidases known 1n the art, see, for example, Patent Litera-
tures 15 to 17. For cholesterol oxidases known 1n the art, see,
for example, Patent Literature 19. The contents of these
literatures (documents) are incorporated herein by reference
in their entirety. Mutants or equivalents thereof may also be
used.
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[0084] Any amadoriase known 1n the art can be used as the
amadoriase. Examples of the amadoriase include those act-
ing on a glycated substrate such as aFV, aFVH and/or a.F6P.
See, for example, Patent Literatures 1 to 7 and 8 to 11. Other
types of amadoriase known 1n the art may also be used.
Further examples of the amadoriase include A1cOX acting
directly on HbAlc, for example, those described 1n Patent
Literatures 12 and 13. Other types of A1cOX having func-
tions equivalent thereto may also be used. Further examples
of the amadonase include amadoriase acting on e-FK, for
example, those described in Patent Literature 20. The con-
tents of these literatures are incorporated herein by reference
in their entirety.

[0085] For the amadornase reaction, amadoriase 1s added
to a sample solution which may contain a glycated substrate
or HbA1c so that the amadoriase can act on the substrate to
produce hydrogen peroxide. In this procedure, the amador-
1ase reaction accelerating agent of the present invention 1s
also included 1n the system.

[0086] The amadoriase acts on a glycated amino acid, a
glycated peptide or a glycated protein having a glycated a-
and/or e-amino group and catalyzes the reaction of produc-
ing hydrogen peroxide and a-ketoaldehyde. In this proce-
dure, this reaction 1s accelerated 1n the presence of the
amadoriase reaction accelerating agent of the present inven-
tion 1n the system. However, the present invention 1s not
bound to any specific mechanmism of action.

[0087] The amadoriase reaction can be performed in a
buflering solution (bufler solution). In the case of perform-
ing a pretreatment using a protease, the same or different
buflering solution as or from that for the pretreatment
reaction can be used 1n the amadoriase reaction. The pH of
the reaction solution 1s not particularly limited and can be,
for example, 3 to 11, 4 to 10, or 5 to 9, for example, 6 to 8.
The reaction temperature can be, for example, 10 to 45° C.,
10 to 38° C., or 20 to 37° C., for example, 25 to 37° C. The
reaction time can be 0.1 to 60 minutes, 0.1 to 30 minutes, 0.1
to 20 minutes, 0.1 to 15 minutes, or 0.1 to 10 minutes, for
example, 0.1 to 5 minutes.

[0088] The reaction using the sarcosine oxidase can be
performed 1n a buflering solution. In the case of using
creatininase and creatinase in an upstream step and convert-
ing creatinine to creatine and then to sarcosine, the same or
different builering solution as or from that for the reaction 1n
the upstream step can be used i1n the reaction using the
sarcosine oxidase. The pH of the reaction solution 1s not
particularly limited and can be, for example, 3 to 11, 4 to 10,
or 5 to 9, for example, 6 to 8. The reaction temperature can
be, for example, 10 to 45° C., 10 to 38° C., or 20 to 37° C.,
for example, 25 to 37° C. The reaction time can be 0.1 to 60
minutes, 0.1 to 30 minutes, 0.1 to 20 minutes, 0.1 to 15
minutes, or 0.1 to 10 minutes, for example, 0.1 to 5 minutes.

[0089] The reaction using the cholesterol oxidase can be
performed 1n a bullering solution. In the case of performing
pretreatment using cholesterol esterase, the same or different
buflering solution as or from that for the pretreatment
reaction can be used 1n the cholesterol oxidase reaction. The
pH of the reaction solution 1s not particularly limited and can
be, for example, 3 to 11, 4 to 10, or 5 to 9, for example, 6
to 8. The reaction temperature can be, for example, 10 to 45°
C., 10 to 38° C., or 20 to 37° C., for example, 25 to 37° C.
The reaction time can be 0.1 to 60 minutes, 0.1 to 30
minutes, 0.1 to 20 minutes, 0.1 to 15 minutes, or 0.1 to 10
minutes, for example, 0.1 to 5 minutes.
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[0090] The oxidase (e.g., amadoriase) can be added, for
example, at a final concentration of 0.01 to 50 U/mlL, 0.1 to
20 U/mL, or 0.2 to 10 U/mL, for example, 0.5 to 10 U/mL,
to the sample, although depending on the amount of the
substrate (e.g., a glycated substrate) contained 1n the sample
solution. The enzymatic activity “U” of amadoriase against
aFV as a substrate can be defined such that the amount of
enzyme that produces 1 umol of hydrogen peroxide in 1
minute with aFV as a substrate 1s 1 U. The enzymatic
activity “U” of amadoriase against o FVH as a substrate can
be defined such that the amount of enzyme that produces 1
umol of hydrogen peroxide in 1 minute with aFVH as a
substrate 1s 1 U. The enzymatic activity “U” of amadoriase
against €-FK as a substrate can be defined such that the
amount of enzyme that produces 1 umol of hydrogen
peroxide mn 1 minute with €-FK as a substrate 1s 1 U. The
enzymatic activity “U” of amadoriase against oF6P as a
substrate can be defined such that the amount of enzyme that
produces 1 umol of hydrogen peroxide in 1 minute with
aF6P as a substrate 1s 1 U. The enzymatic activity “U” of
amadoriase against HbAlc as a substrate can be defined
such that the amount of enzyme that produces 1 umol of
hydrogen peroxide in 1 minute with HbAlc as a substrate 1s
1 U. The enzymatic activity “U” of sarcosine oxidase against
sarcosine as a substrate can be defined such that the amount
of enzyme that produces 1 umol of urea 1n 1 minute with
sarcosine as a substrate 1s 1 U. The enzymatic activity “U”
of cholesterol oxidase against cholesterol as a substrate can
be defined such that the amount of enzyme that produces 1
umol of hydrogen peroxide 1n 1 minute with cholesterol as
a substrate 1s 1 U. In the present specification, the enzymatic
activity “U” of the amadonase 1s defined such that the
amount of enzyme that produces 1 umol of hydrogen
peroxide 1n 1 minute with HbAlc as a substrate 1s 1 U,
unless otherwise specified.

[0091] Any peroxidase known 1n the art can be used as the
peroxidase. The peroxidase catalyzes the oxidation-reduc-
tion reaction between hydrogen peroxide and the color
developing agent. The color developing agent develops
color due to this reaction. The conditions for using the
peroxidase are not particularly limited. The pH of the
reaction solution, for example, 1s 5 to 9, and the treatment
temperature, for example, 1s 1n the range of 10 to 40° C.,
preferably 25 to 37° C. The treatment time 1s not particularly
limited and can be 0.1 to 60 minutes or 0.1 to 10 minutes,
for example, 0.1 to 5 minutes. The peroxidase can be added
at a final concentration of 0.01 to 300 KU/L, for example,
0.5 to 50 KU/L, to the reaction solution. The activity “U” of
the peroxidase 1s defined such that the amount of the enzyme
(POD) producing 1 mg of purpurogallin 1n 20 seconds under
the following reaction conditions 1s 1 purpurogallin unat:

[0092]
A. 5% (W/V) pyrogallol aqueous solution

B. 0.147 M H,0O, solution (1.67 ml of a 30% (W/V) H,O,
solution 1s diluted to 100 ml with distilled water)

C. 0.1 M phosphate bufler solution, pH 6.0 (for reaction
mixture and enzyme dilution)

D. 2.0 N H,SO, solution

Enzyme solution: an enzyme preparation 1s dissolved 1n a
0.1 M phosphate butler solution, pH 6.0 cooled 1n ice 1n
advance, and the solution 1s diluted to 3.0 to 6.0 purpuro-
gallin U/P with the same bufler solution as above and
preserved under 1ce cooling.

Reagent:
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[0093] Procedures:

1 A reaction mixture of the components given below 1is
prepared 1 a test tube (32¢x200 mm) and preliminarily
warmed at 20° C. for approximately 5 minutes.

14.0 ml of distilled water

2.0 ml of an aqueous pyrogallol solution (A)

1.0 ml of an aqueous H,O, solution (B)

2.0 ml of a phosphate bufler solution (C)

2 The reaction 1s started by the addition of 1.0 ml of an
enzyme solution.

3 After reaction at 20° C. for precisely 20 seconds, the
reaction 1s terminated by the addition of 1.0 ml of a H,SO,
solution (D). After the termination of the reaction, the
produced purpurogallin 1s extracted from the mixture with
15 ml of ether. This operation 1s repeated 5 times, and the
extracts are combined. Ether 1s further added thereto to
adjust the whole amount to 100 ml. The absorbance of this
solution 1s measured at 420 nm (OD test).

4 For a blind test, the reaction mixture 1 1s left at 20° C. for
20 seconds. Then, 1.0 ml of the H,SO,, solution (D) 1s added
thereto, followed by mixing. Subsequently, 1.0 ml of an
enzyme solution 1s added thereto for preparation. This
solution 1s subjected to ether extraction and absorbance
measurement in the same manner as above (OD blank).

The calculation formula 1s as follows:

U/ml=A0D{(0OD test — OD blank) X Dilution ratio/

(0.117 %1 ml)
= AOD x8.547 x Dilution ratio

U/mg=U/mlx1/C

0.117: absorbance of 1 mg % purpurogallin ether solution at
420 nm

C: enzyme concentration (¢ mg/ml) at the time of dissolution
1 purpurogallin unit corresponds to 13.5 international units
(under reaction conditions of 25° C. with o-diamisidine as a
substrate).

[0094] The absorbance measurement can be carried out
with any spectrophotometer or detection instrument known
in the art. The absorbance of the reaction solution indicates
the amount of the color developing agent that has developed
color. The concentration of the substance to be measured
(e.g., HbAlc) 1n the sample can be determined therefrom.
For example, the absorbance of a standard material contain-
ing a substrate having a known concentration (e.g., glycated
hemoglobin or a glycated substrate having a known con-
centration) 1s measured, and the relationship between the
concentration and the absorbance can be plotted to prepare
a calibration curve. Subsequently, the absorbance of a
sample containing a substrate (e.g., glycated hemoglobin or
a glycated substrate) of unknown concentration 1s measured,
and the concentration of the substrate (e.g., glycated hemo-
globin or a glycated substrate) can be determined from the
calibration curve.

[0095] In one embodiment, the present invention provides
a composition comprising an oxidase reaction accelerating
agent. This composition may optionally comprise an oxi-
dase, peroxidase, a bufler, a stabilizer, a color developing
agent, a surfactant, and the like. An additional enzyme or
reagent for measurement of a marker or a compound may
also be added to the composition of the present invention.
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[0096] In one embodiment, the present invention provides
a composition for HbAlc measurement comprising an ama-
doriase reaction accelerating agent. This composition may
optionally comprise amadoriase, peroxidase, a bufler, a
stabilizer, a color developing agent, a surfactant, and the
like. An additional enzyme or reagent for measurement of a
marker other than HbA1c or a compound may also be added
to the composition of the present invention.

[0097] In one embodiment, the present invention provides
a composition for sarcosine measurement comprising a
sarcosine oxidase reaction accelerating agent. This compo-
sition may optionally comprise creatinine amidohydrolase,
creatine amidinohydrolase, sarcosine oxidase, peroxidase, a
bufler, a stabilizer, a color developing agent, a surfactant,
and the like. Creatine or creatinine can be measured by use
of creatinine amidohydrolase, creatine amidinohydrolase,
and peroxidase. Thus, in one embodiment, the present
invention further provides a composition for creatine or
creatinine measurement comprising a sarcosine oxidase
reaction accelerating agent, creatinine amidohydrolase, cre-
atine amidinohydrolase, sarcosine oxidase, and peroxidase.

[0098] In one embodiment, the present invention provides
a composition for cholesterol measurement comprising a
cholesterol oxidase reaction accelerating agent. This com-
position may optionally comprise cholesterol oxidase, cho-
lesterol esterase, peroxidase, a bufler, a stabilizer, a color
developing agent, a surfactant, and the like.

[0099] Examples of the bufler include N-[tris(hydroxym-
cthyl)methyl]glycine, phosphate, acetate, carbonate, tris(hy-
droxymethyl)-aminomethane, borate, citrate, dimethylgluta-
mate, Tricine, HEPES, MES, Bis-Tris, ADA, PIPES, ACES,
MOPSO, BES, MOPS, TES, DIPSO, TAPSO, POPSO,
HEPPSO, EPPS, Tricine, Bicine, TAPS, phthalic acid, and
tartaric acid. The composition of the present invention may
be appropriately further supplemented, 1f necessary, a solu-
bilizer, a stabilizer, a reactivity improving agent, an HbAlc
denaturant, or the like, such as a surfactant (n-octyl-3-D-
glucoside, n-octyl-p-D-thioglucoside, n-dodecyl-3-D-
maltoside, n-tetradecyl-f3-D-makoside, n-octyl-f-D-malto-
side, 1 -dodecylpyridinium salt, hexadecyl
trimethylammonium salt, tetradecyl trimethylammonium
salt, dodecyl trimethylammonium salt, Triton X-100, Bridge
35, Bridge 58, Tween 80, cholate, n-heptyl-p-D-thiogluco-
side, 3-oxatridecyl-a-D-mannoside, n-nonyl--D-thio-
maltoside, n-decyl-f-D-maltoside, n-undecyl-p-D-malto-
side, trehalose C8, trehalose C10, trehalose C12, trehalose
C14, trehalose C16, BIGCHAP, deoxy-BIGCHAP, MEGA -
8, MEGA-9, MEGA-10, hexadecylpyridinium salt, octade-
cyl trimethylammonium salt, decyl trimethylammonium
salt, nonyl trimethylammonium salt, octyl trimethylammo-
nium salt, hexyl trimethylammonium salt, sodium dodecyl
sulfate, and the like), a reducing agent (dithiothreitol, mer-
captoethanol, L-cysteine, and the like), nitrite, bovine serum
albumin, or a saccharide (glycerin, lactose, sucrose, and the
like).

[0100] When the amadonase 1s A1cOX and the glycated
substrate 1s HbAlc, HbAlc may be denatured 1n advance 1n
order to enhance the reaction efliciency between A1cOX and
HbAlc. Denaturation can be performed by surfactant treat-
ment, heat treatment, or treatment with an acid or an alkals.
In the case of performing both surfactant addition and heat
treatment as the denaturation treatment, the order thereof 1s
arbitrary (not restricted). The heat treatment can be per-
formed using a temperature and a time suflicient for dena-
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turing all or some of HbAlc. The treatment temperature can
be, for example, 60° C. or lhigher, 70° C. or higher, 80° C.

or higher, or 90° C. or higher, for example, 98° C. The
treatment time can be, for example, 10 seconds or longer, 20
seconds, 30 seconds or longer, 1 minute or longer, or 2
minutes or longer, although depending on the temperature.
Examples of the surfactant are as mentioned above, and the
surfactant can be added at an appropriate concentration.

[0101] In one embodiment, the oxidase reaction acceler-
ating agent of the present imnvention 1s a compound repre-
sented by the following formula (I):

[Formula 39]

R N—N—R? (I)

wherein

R' and R” are each independently an aromatic 5- or 6-mem-
bered monocyclic carbocyclic ring or heterocyclic ring
contaiming at least one nitrogen atom, sulfur atom or oxygen
atom, or a 9- or 10-membered fused ring containing the
aromatic 5- or 6-membered monocyclic carbocyclic ring or
heterocyclic ring, wherein the ring may optionally be sub-
stituted with one or more substituents, wherein

said substituent(s) 1s selected from the group consisting of
—F, —Cl, —Br, —I, —At, —C, _; alkyl, —C,_. alkenyl,

—C,_¢ alkynyl, =0, —OH, —O—C, _ alkyl, —CONH.,,
—NO,, —NH,, —CO—NH,, —R°’, —NH—R%
—NHCO—NH—R>N=N—R° —S0,X, —COO0X, Y,
and Z;

X 1s selected from the group consisting of —H, —Na, —K,
and —L1;

Y 1s selected from the group consisting of —H, —SO, X,
and —COOX;

Z.1s selected from the group consisting of —H, —C, ¢ alkyl,
O—C, _; alkyl, and —SO.X;
cach X, Y, and Z may be the same or diflerent;

— R’ is —H, or is an aromatic 5- or 6-membered monocyclic
carbocyclic ring or heterocyclic ring containing at least one
nitrogen atom, sulfur atom or oxygen atom, or a 9- or
10-membered fused ring containing the aromatic 5- or
6-membered monocyclic carbocyclic ring or heterocyclic
ring, wherein the ring may optionally be substituted with one
or more substituents selected from the group consisting of
—F, —Cl, —Br, —I, —At, —C,, alkyl, —C,_ alkenyl,
—C,_¢ alkynyl, =0, —OH, —O—C, . alkyl, —CONH.,,
—NO,, —NH,, and —SO,X;

—R* is an aromatic 5- or 6-membered monocyclic carbo-
cyclic ring or heterocyclic ring contaiming at least one
nitrogen atom, sulfur atom or oxygen atom, or a 9- or
10-membered fused ring containing the aromatic 5- or
6-membered monocyclic carbocyclic ring or heterocyclic
ring, wherein the ring may optionally be substituted with one
or more substituents selected from the group consisting of
—F, —Cl, —Br, —I, —At, —C,_, alkyl, —C,_, alkenyl,
—C,_¢ alkynyl, =0, —OH, —O—C, . alkyl, —CONH.,,
—NO,, —NH,, —S0,X, —CO0X, Y, and Z; and R” and R°
are each independently an aromatic 5- or 6-membered
monocyclic carbocyclic ring or heterocyclic ring containing
at least one nitrogen atom, sulfur atom or oxygen atom, or
a 9- or 10-membered fused ring containing the aromatic 5-
to 6-membered monocyclic carbocyclic ring or heterocyclic
ring, wherein the ring may optionally be substituted with one
or more substituents selected from the group consisting of

—F, —Cl, —Br, —I, —At, —C,, alkyl, —C,_ alkenyl,
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—C,_¢ alkynyl, =0, —OH, —O—C, . alkyl, —O—CH,,
—CONH,, —NO,, —NH,, —S0O,;X, —COOX, Y, and Z,
[0102] provided that when R" or R” is an aromatic 5-mem-
bered monocyclic carbocyclic ring or heterocyclic ring
containing at least one nitrogen atom, sulfur atom or oxygen
atom, the heterocyclic ring 1s not substituted with —COOX.

[0103] Examples of the 5- or 6-membered monocyclic
ring include 5- or 6-membered carbocyclic rings and 3- or
6-membered heterocyclic rings. The 9- or 10-membered
fused ring may be a fused ring of a heterocyclic ring and a
heterocyclic ring, a fused ring of a carbocyclic ring and a
heterocyclic ring, or a fused ring of a carbocyclic ring and
a carbocyclic ring.

[0104] In the case of a 5S-membered monocyclic ring, the
monocyclic ring may optionally be substituted with 1, 2, 3,
or 4 substituents. In the case of a 6-membered monocyclic
ring, the monocyclic ring may optionally be substituted with
1, 2,3, 4 or 5 substituents. In the case of a 9-membered fused
ring, the fused ring may optionally be substituted with 1, 2,
3,4, 5, or 6 substituents. In the case of a 10-membered fused
ring, the fused ring may optionally be substituted with 1, 2,
3,4, 5, 6 or 7 substituents.

[0105] Examples of the aromatic monocyclic carbocyclic
ring include a benzene ring. Examples of the fused ring of
an aromatic carbocyclic ring and carbocyclic ring include a
naphthalene ring.

[0106] Examples of the 5-membered heterocyclic ring
include, but are not limited to, pyrroline, imidazoline, pyra-
zoline, pyrrolidine, imidazolidine, pyrazolidine, tetrahydro-
thiophene, tetrahydrotfuran, and tetrahydropyrrole.

[0107] Examples of the 6-membered heterocyclic ring
include, but are not limited to, piperidine, piperazine, mor-
pholine, tetrazine, and oxazine.

[0108] Examples of the aromatic 5-membered heterocy-
clic ring include, but are not limited to, imidazole, pyrazole,
oxazole, 1soxazole, thiazole, 1sothiazole, thiophene, oxadi-
azole, e.g., 1,2,3-oxadiazole, 1,2,4-oxadiazole, 1,2,5-oxadi-
azole (also referred to as furazan), 1,3,4-oxadiazole, furan,
pyrrole (1H-pyrrole, 2H-pyrrole), triazole (1,2,3-triazole,
1,2,4-tnnazole), tetrazole, pentazole, and thiadiazole.

[0109] Examples of the aromatic 6-membered heterocy-
clic compound include, but are not limited to, pyridine,
pyrazine, pyrimidine, pyridazine, and triazine (1,2,3-triaz-
ine, 1,2,4-triazine, 1,3,5-triazine).

[0110] Examples of the fused ring include, but are not
limited to, benzimidazole, benzoxazole, benzisoxazole, 1,3-
benzodioxole, benzothiophene, benzo[c|thiophene, benzo-
thiazole, indole (2,3-benzopyrrole), indazole, 1soindole,
purine, quinoline, 1soquinoline, phthalazine, and 1sobenzo-
furan having a 9-membered ring.

[0111] Examples of the fused ring include, but are not
limited to, benzodioxane, 1,4-benzodioxin, naphthyridine,
quinoxaline, quinazoline, cinnoline, and pteridine having a
10-membered ring.

[0112] Examples of the —C, _; alkyl include methyl, ethyl,
propyl (n-propyl, 1sopropyl), butyl (n-butyl, sec-butyl,
1sobutyl, tert-butyl), pentyl (n-pentyl, tert-pentyl, neopentyl,
1sopentyl, sec-pentyl, 3-pentyl), and hexyl (n-hexyl, 1so-
hexyl, neohexyl) groups.

[0113] Examples of the —C,_ alkenyl include an ethenyl
group (vinyl group), a 1-propenyl group, a 2-propenyl group
(allyl group), a 1-butenyl group, a 2-butenyl group, a 3-bute-
nyl group, a pentenyl group, and a hexenyl group.
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[0114] Examples of the —C,_, alkynyl include an ethynyl _continued
group, a 1-propynyl group, a 2-propynyl group, a 1-butynyl ,
group, a 2-butynyl group, a 3-butynyl group, a pentynyl N YT /\

group, and a hexynyl group.

[0115] The —O—C, _, alkyl may also be referred to as a ‘

C,_ alkoxy group and examples thereof include linear or
branched alkoxy groups such as methoxy, ethoxy, propoxy,
butoxy, pentyloxy, and hexyloxy.

o~
/4 /_
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[0116] In one embodiment, R' and R* are each indepen- XO5S | , / \
dently an aromatic 6-membered monocyclic carbocyclic . _

ring, or a 10-membered fused ring containing the aromatic
6-membered monocyclic carbocyclic ring, wherein the ring ‘
may optionally be substituted with one or more substituents.

[0117] In one embodiment, R' and R* are each indepen-

dently a group selected from the group consisting of / \
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HN‘{ \>_N=N / \\\/> OOOOO _< X \ \>
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[0118] In the formulae, X, Y, and Z are as defined above.
[0119] In embodiment, R' is selected from the group
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and R” is selected from the group consisting of

|Formula 42 ]
O
[
C—O0OX
COOX
S =g
/7 o
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-continued

_</_\\§N=N\<=l—/ ,

wherein X 1s as defined above.

[0120] In one embodiment, the oxidase reaction acceler-
ating agent of the present invention comprises a compound

represented by the following formula:

|Formula 43]
OO
=|= —/on
R3
wherein

(1D

X 1s selected from the group consisting of —H, —Na, —K,

and —L1;

Y 1s selected from the group consisting of —H, —SO,X,

and —COOX;

cach X and Y may be the same or different;

—R? is —H or —NHCO—NH—R°>—N=—N—R°, or is an
aromatic 6-membered monocyclic carbocyclic ring, or a
10-membered fused ring containing the carbocyclic ring,
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wherein the ring may optionally be substituted with one or
more substituents selected from the group consisting of —F,
—Cl, —Br, —I, —At, —C, ; alkyl, —C,_, alkenyl, —C,
alkynyl, =0, —OH, —O—C, _; alkyl, —CONH,, —NO.,,
—NH,, and —SO,X; and

R> and R° are each independently an aromatic 6-membered
monocyclic carbocyclic ring, or a 10-membered fused ring
containing the carbocyclic ring, wherein the ring may
optionally be substituted with one or more substituents
selected from the group consisting of —F, —Cl, —Br, —1,
—At, —C, ¢ alkyl, —C,_, alkenyl, —C,_ alkynyl, —0O,
—OH, —0—C,  alkyl, —O—CH,, —CONH,, —NO.,,
—NH,, and —SO,X.

[0121] In one embodiment, the oxidase reaction acceler-
ating agent of the present invention comprises a compound
represented by any of the following formulae:

|Formula 44 ]
|
Q@
N=N
AN N
\Y
|
N=N / _\
Z | v __Xon
SN
Y

|
N
~
NF

v

X

Qe

G
wherein

X 1s selected from the group consisting of —H, —Na, —K,
and —L1;

Y 1s selected from the group consisting of —H, —SO,X,
and —COOX:; and

cach X and Y may be the same or different.

[0122] In one embodiment, the oxidase reaction acceler-
ating agent of the present invention comprises a compound
represented by the following formula:
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|Formula 45]
(111)
O
|
/C —0OX
RI—N=N 4<_\>— OH
wherein

R' is a benzene ring or a naphthalene ring which may
optionally be substituted with one or more substituents,
wherein

said substituent(s) 1s selected from the group consisting of
—NO,, —S0O,X, and

|Formula 46]

HN_
O_C/ SO;X
o \\ 34X,

lCH3

HN_
0= {

)

/ A\
H3CO SO;X
and

X 1s selected from the group consisting of —H, —Na, —K,
and —L1.

[0123] In one embodiment, R’ is an aromatic 6-membered
monocyclic carbocyclic ring which may optionally be sub-
stituted with one or more substituents, and R is an aromatic
S-membered monocyclic heterocyclic ring containing at
least one nitrogen atom, sulfur atom or oxygen atom wherein
said ring may optionally be substituted with one or more
substituents.

[0124] In one embodiment, R* is an aromatic 5S-membered
monocyclic heterocyclic ring containing two nitrogen atoms
wherein said ring may optionally be substituted with one or

more substituents, and the heterocyclic ring 1s substituted
with

|Formula 47]

;Xf\tﬂ Cl
SO4X, S—OX,

O
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-continued
SO3X or Cl SOz X

Y
P

X

Cl

wherein X 1s as defined above, and each X may be the same
or different.

[0125] In one embodiment, R is

|Formula 48]

X
o 4\”"}
Y N/\/\
| SO;X.,
N
I
N/ A %—OX,
,./ll\T O
T S0sX o
N
X
A

Cl S0;X

Cl

\gb/

H;C

wherein X 1s as defined above, and each X may be the same
or different.

[0126] In one embodiment, the oxidase reaction acceler-
ating agent of the present invention 1s an azobenzene deriva-
tive, for example, an azobenzene derivative that exhibits
water solubility, for example, a compound having an
azobenzene-4-sulfonic acid skeleton.

[0127] In one embodiment, the oxidase reaction acceler-
ating agent of the present invention 1s a compound selected
from the group consisting of
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a compound represented by the following formula:

|Formula 49]

IV

C—0X

02N4©7N=N OH

wherein X 1s selected from the group consisting of —H,
—Na, —K, and —1L1,

for example, Mordant Orange 1 (CAS 2243-76-7) repre-
sented by the following formula:

|Formula 50]

O

C—0ONa

ad \ywjf\;m

Mordant Orange 1

a compound represented by the following formula:

|[Formula 51}
v
O
!—OX
/
/ \ N=N4</ >70H
O>N

wherein X 1s selected from the group consisting of —H,
—Na, —K, and —1L1,

for example, Alizarin Yellow GG (CAS 584-42-9) repre-
sented by the following formula:

|Formula 52]

O

N—<_§—OH

Alizarin Yellow GG

a

O,
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a compound represented by the following formula:

|Formula 53]

VI
O

C—O0X

=N{/_\>_OH

wherein X 1s selected from the group consisting of —H,

—Na, —K, and —Li1, and each X may be the same or
different,

for example, Chrome Yellow (CAS6054-97-3) represented
by the following formula:

|Formula 54]
i
C—ONa
=N / \ OH
Z o
NaO.s” X
Chrome Yellow

a compound represented by the following formula:

|Formula 53]

VII

Ramege
ENaSES

H,;CO

SO3X

wherein X 1s selected from the group consisting of —H,

—Na, —K, and —I.1, and each X may be the same or
different,
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for example, Direct Yellow 44 (CAS8005-52-5) represented
by the following formula:

|Formula 56]

O
RSN

H3CO

SOgNa
Direct Yellow 44

a compound represented by the following formula:

|Formula 57]

A OO

VIII

wherein X 1s selected from the group consisting of —H,
—Na, —K, and —1L1,

for example, Acid Red 151 (CAS6406-56-0) represented by
the following formula:

|Formula 58]

A OO t

Acid Red 151

a compound represented by the following formula:

|Formula 59]

IX
XO3S

OO0

wherein X 1s selected from the group consisting of —H,
—Na, —K, and —1L1,
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for example, Acid Yellow 36 (CAS587-98-4) represented by
the following formula:

|Formula 60]

a compound represented by the following formula:

-0

Acid Yellow 36

|Formula 61]
X
Cl\/\/SO;;X
HO |
S VN
N Cl
XO3S—<_>—N=N 4 |
S /N
H;C

wherein X 1s selected from the group consisting of —H,
—Na, —K, and —I.1, and each X may be the same or
different,

for example, Xylene Fast Yellow 2G (CAS 6359-98-4)
represented by the following formula:

|Formula 62]
Cl SO3Na
NN
HO |
/ \ / N /\/\Cl
NaO3S N=N |
—N
H3C

Xylene Fast Yellow 2G

and a compound represented by the following formula:

|Formula 63 ]

XI

Cl
HO

O

3C

wherein X 1s selected from the group consisting of —H,
—Na, —K, and —L1,
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for example, Acid Yellow 34 (CAS 6359-90-6) represented
by the following formula:

|Formula 64]
Acid Yellow 34
Cl\ /\
HO ‘ 0
|
/ \ / N/ \/\S—ONa
N=N | |
L N O
H;C

and Disperse Diazo Black 3BF (CAS 6232-57-1) repre-
sented by the following formula:

|Formula 65]
Disperse Diazo Black 3BF
OCH;
H2N4< \>—N=N—</_§—NH2
H,C
[0128] The compound represented by the following for-

mula (Tartrazine, C A S 1934-21-0) 1s excluded from the
reaction accelerating agent of the present invention:

|Formula 66]
NaOOC N —
=" N\
N—<\_>—SogNa
N e
‘/\/ N
OH
NaO3S/ A

Tartrazine

[0129] These compounds may be commercially available

products, or salts thereof may be used. Other compounds of
formula I may be synthesized by use of a routine approach
or may be commercially available products, or salts thereof
may be used.

[0130] In one embodiment, the oxidase reaction acceler-
ating agent of the present invention 1s capable of accelerat-
ing the reaction of amadornase. Examples of such reaction
accelerating agent (also referred to as an amadoriase reac-
tion accelerating agent) include, but are not limited to, the
compounds described above, for example, the compounds of
formula I, formula II, and formula III, the compound of
formula IV, for example, Mordant Orange 1, the compound
of formula V, for example, Alizarin Yellow GG, the com-
pound of formula VI, for example, Chrome Yellow, the
compound of formula VII, for example, Direct Yellow 44,
the compound of formula VIII, for example, Acid Red 151,
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the compound of formula IX, for example, Acid Yellow 36,
the compound of formula X, for example, Xylene Fast
Yellow 2G, the compound of formula X1, for example, Acid
Yellow 34 and the compound of formula XII, for example,
Disperse Diazo Black 3BF.

[0131] In one embodiment, the oxidase reaction acceler-
ating agent of the present invention 1s capable of accelerat-
ing the reaction of sarcosine oxidase. Examples of such
reaction accelerating agent (also referred to as a sarcosine
oxidase reaction accelerating agent) include, but are not
limited to, the compounds described above, for example, the
compounds of formula I, formula II, and formula III, the
compound of formula IV, for example, Mordant Orange 1,
the compound of formula V, for example, Alizarin Yellow
GG, the compound of formula VI, for example, Chrome
Yellow, the compound of formula VII, for example, Direct
Yellow 44, the compound of formula VIII, for example, Acid
Red 151, the compound of formula X, for example, Xylene
Fast Yellow 2G, and the compound of formula XII, for
example, Disperse Diazo Black 3BF.

[0132] In one embodiment, the oxidase reaction acceler-
ating agent of the present invention 1s capable of accelerat-
ing the reaction of cholesterol oxidase. Examples of such
reaction accelerating agent (also referred to as a cholesterol
oxidase reaction accelerating agent) include, but are not
limited to, the compounds described above, for example, the
compounds of formula I, formula II, and formula m, the
compound of formula IV, for example, Mordant Orange 1,
the compound of formula V, for example, Alizarin Yellow
GG, the compound of formula VI, for example, Chrome
Yellow, the compound of formula VII, for example, Direct
Yellow 44, the compound of formula VIII, for example, Acid
Red 151, the compound of formula IX, for example, Acid
Yellow 36, the compound of formula X1, for example, Acid
Yellow 34 and the compound of formula XII, for example,
Disperse Diazo Black 3BF.

[0133] (Example of HbAlc Measurement Method)

[0134] Examples of the HbAlc measurement reagent and
measurement method of the present invention will be
described below. However, the present invention 1s not
limited by these examples.

[0135] The following reagents for HbAlc measurement
are prepared.

HbAlc standard material

Certified Reference Material for Measurement of HbAlc,
JCCRM 423-9b (manufactured by Reference Material Insti-
tute for Clinical Chemistry Standards)

Total hemoglobin concentration: 133 g/l,

HbAlc concentration, 3 levels (NGSP values: 5.61%,
7.71%, 10.55%)

First reagent (solution containing peroxidase and leuco dye)
30 mM MOPS-NaOH bufler solution, pH 6.5

15 mM Tris

[0136] 0.2% (w/v) n-dodecyl-p-D-maltoside (manufac-
tured by Dojindo Laboratories)

4 mM NaNO,

[0137] 10 U/ml peroxidase PEO-301 (Toyobo Co., Ltd.)

0.023 mM 10-(carboxymethylaminocarbonyl)-3,7-bis(dim-

ethylamino)phenothiazine sodium (DA-67, manufactured
by Wako Pure Chemical Industries, Ltd.)

Second reagent (solution containing AlcOX)
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10 mM MOPS-NaOH bufler solution, pH 6.5

5.3 mg/ml CFP-DH4 (A1cOX)

[0138] HbAIc 1s measured according to the following
procedures using Bio Majesty JCA-BM 1650 (manufactured
by JEOL Ltd.). 8 ul of the HbAlc standard material diluted
12.5-fold with 10on-exchange water 1s added to 96 ul of the
first reagent, and the mixture 1s incubated at 37° C. for 5
minutes. Then, 24 ul of the second reagent 1s added thereto,
and the quantitative reaction of hydrogen peroxide resulting
from the oxidation of the [3-chain amino terminus of HbAlc
1s allowed to progress at 37° C. for 5 minutes. The absor-
bance (Aqo, and A.<,) of the reaction solution for light at
wavelengths of 694 nm and 751 nm 1s measured over time
for 10 minutes after the mixing of the diluted standard
material with the first reagent to determine Ay, -5, (Agos—
A <,). The concentration of the HbAlc standard material 1s
plotted on the abscissa against A.,,,-<, 10 minutes after the
mixing of the diluted standard material with the first reagent
on the ordinate to prepare a calibration curve representing
the correlation between the HbAlc concentration and A,
751.

[0139] Next, the same measurement as above 1s performed
using a sample of unknown HbA1c¢ concentration instead of
the HbAlc standard material. The HbAlc concentration of
the sample 1s determined using A.,,,-5; 10 minutes after the
mixing of the diluted sample with the first reagent, and the
calibration curve prepared above.

[0140] Whether or not the compound accelerates oxidase
reaction can be evaluated by comparing the progression of
the reaction with the addition of a candidate compound to
the system and the progression of the reaction without the
addition (of candidate compound).

[0141] (Example of Measurement Method Using Sar-
cosine Oxidase)

[0142] Examples of the measurement reagent and the
measurement method using sarcosine oxidase will be
described below. However, the present invention 1s not
limited by these examples. The enzymatic activity of the
sarcosine oxidase 1s defined such that the enzymatic activity
of the sarcosine oxidase producing 1 umol of urea 1n 1
minute with sarcosine as a substrate 1s 1 unit (U).

[0143] A. Preparation of Reagent

[0144] The following solutions are prepared as reagents
for reaction.

1) 0.2 M sarcosine, 100 mM Tris-HCI, 2 mM KCl, 0.05%
Triton-X100, pH 7.7

2) 80 U/ml POD solution
3) 0.2% phenol solution
4) 0.2% 4-aminoantipyrine solution

5) 0.3% SDS solution

6) 20 mM Tri1s-HC1, 1 mM KCl, 0.2% BSA, pH 7.7 (enzyme
diluting solution)

[0145] Subsequently, these solutions are mixed in the
following amounts to prepare an activity measurement solu-
tion.

1) S ml

2) 1 ml

3) 2 ml

4) 1 ml

[0146] B. Measurement Method

[0147] The measurement 1s performed as follows.

1) 0.95 ml of the activity measurement solution 1s preincu-
bated at 37° C. for 5 minutes.
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2) 0.05 ml of an enzyme solution (adjusted to 0.04 U/ml to
0.16 U/ml with the enzyme diluting solution) 1s added
thereto, followed by mixing.

3) The mixture 1s reacted at 37° C. for 10 minutes.

4) After the reaction for 10 minutes, the 0.3% SDS solution
1s mixed therewith.

5) The mixture 1s left at 25° C. for 10 minutes, followed by
the measurement of absorbance at 495 nm (OD sample).

[0148] A blank value 1s measured by mixing the 0.3% SDS
solution before the mixing of the enzyme solution OD
blank).
[0149] (Activity Conversion Expression)

U/ml=(0OD sample-OD blank)x0.95
[0150] (Example of Measurement Method Using Choles-
terol Oxidase)
[0151] Examples of the measurement reagent and the

measurement method using cholesterol oxidase will be
described below. However, the present invention 1s not
limited by these examples. A method for measuring the
amount of hydrogen peroxide will be taken as an example of
the method for measuring the enzymatic activity of the
cholesterol oxidase. In the activity measurement of the
cholesterol oxidase given below, cholesterol 1s used as a
substrate unless otherwise specified. The enzymatic titer of
the cholesterol oxidase 1s defined such that the amount of the
enzyme producing 1 umol of hydrogen peroxide in 1 minute
when measured with cholesterol as a substrate 1s 1 U.
[0152] A. Preparation of Reagent

(1) Reagent 1: Cholesterol Solution

[0153] 500 mg of cholesterol (manufactured by Wako
Pure Chemical Industries, Ltd.) 1s added to 5.0 ml of Triton
X-100 and dissolved by stirring on a heater. To this solution,
90 ml of 10n-exchange water 1s added. Then, the mixture 1s
boiled and then cooled on ice, and 4.0 g of sodium cholate

(manufactured by Nacalai Tesque, Inc.) 1s added thereto and
dissolved. Then, the mixture 1s brought to 100 ml.

(2) Reagent 2: 6.0% Phenol Solution

[0154] 6.0 g of phenol 1s dissolved 1n 10n-exchange water
into 100 ml.

(3) Reagent 3: 0.15% Peroxidase Solution

[0155] 150 mg 1s dissolved in 100 ml of a 0.1 M potassium
phosphate bufier (pH 7.0).

(4) Reagent 4: 4-Aminoantipyrine Solution

[0156] 1.76 g of 4-aminoantipyrine (manufactured by
Wako Pure Chemical Industries, Ltd.) 1s dissolved in 1on-
exchange water, and the solution 1s brought to 100 ml.

[0157] B. Measurement Method

[0158] 4.0 ml of reagent 1 and 51 ml ofa 0.1 M potassium
phosphate bufler solution (pH 7.0) are mixed. Then, 2.0 ml
of reagent 2, 2.0 ml of reagent 3, and 1.0 ml of reagent 4 are
added thereto 1n order, followed by mixing. This mixture 1s
aliquoted (dispensed) at 3.0 ml/test tube and preserved under
ice cooling. For measurement, the 3.0 ml aliquot 1s warmed
at 37° C. for 5 minutes, and 50 ul of enzyme solution 1s
added thereto, followed by mixing. The absorbance 1s mea-
sured at 500 nm using a spectrophotometer (U-3010, manu-
factured by Hitachi, Ltd.). The measurement value
(AODxtest) 1s defined as change in absorbance per minute
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from 2 minutes later to 4 minutes later at 500 nm. The
control solution (AODblank) 1s the same as above with the
exception that 50 ul of a 20 mM potassium phosphate buller
solution (pH 7.0) containing 0.2% bovine serum albumin 1s
added instead of the enzyme solution. A value calculated
according to the following expression was used as an
enzymatic activity value (U/ml).

AOD /min(AODrtest — AODblank) X

3.05(ml) X D1lution ratio
13.78x1/2x1.0x0.05 (ml)

|[Mathematical Formula 1]

U/ml=

13.78: the mmol molecular extinction coefficient (cm?/
micromole) under the measurement conditions described
above

1/2: the coeflicient based on 1 molecule of Quinoneimine
dye formed from 2 molecules of H,O, produced by the
enzymatic reaction.

1.0: light path (cm).

EXAMPLES

[0159] The present invention will be described more spe-
cifically with reference to the Examples given below. How-
ever, the present invention 1s not limited by these examples.
Commercially available products were used as the reagents
unless otherwise specified.

[Example 1] Preparation of Plasmid
pKK?223-3-CFP-DH2 Carrying an Amadoriase
Gene

[0160] The amino acid sequence of an amadoriase acting
on HbAlc (CFP-DH2, see International Publication No. WO
2015/060429) 1s shown in SEQ ID NO: 1. In order to prepare
pKK223-3-CFP-DH2, a pKK223-3 vector having an insert
of CFP-DH2 gene (SEQ ID NO: 2), an £. coli IM109 strain
comprising pKK223-3-CFP-DH2 was 1noculated to 3 ml of
LB-amp medium [1% (w/v) Bacto Tryptone, 0.5% (w/v)
peptone, 0.5% (w/v) NaCl, 50 ug/ml ampicillin] and shake-
cultured at 37° C. for 16 hours to prepare the culture.
[0161] The culture was centrifuged at 10,000xg for 1
minute to harvest and a bacterial body was obtained. From
this bacterial body, pKK223-3-CFP-DH2 was extracted and
purified using GenFlute Plasmid Miniprep Kit (manufac-
tured by Sigma-Aldrich Co. LLC) to obtain 2.5 ug of
recombinant plasmid pKK223-3-CFP-DH2.

[Example 2] Site-Directed Mutagenesis of
pKK223-3-CFP-DH?2

[0162] PCR reaction was performed under conditions
given below with the obtained pKK?223-3-CFP-DH2 as a

template using synthetic oligonucleotides of SEQ ID NOs:
3 and 4 and KOD-Plus-(manufactured by Toyobo Co., Ltd.).

[0163] That 1s, 5 ul of 10xKOD-Plus-butler solution, 5 ul
of a mixed solution of dNTPs prepared to contain 2 mM
each of dNTPs, 2 ul of a 25 mM MgSO, solution, 50 ng of
the templated pKK223-3-CFP-DH2, 15 umol each of the
synthetic oligonucleotides, and 1 umit of KOD-Plus-were
mixed, and the whole amount was adjusted to 50 ul with
sterilized water. The prepared reaction solution was incu-
bated at 94° C. for 2 minutes, followed by 30 repetitive
cycles each mvolving “94° C. for 15 seconds”-*50° C. for
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2?2 &¢

30 seconds”-*68° C. for 6 minutes”, using a thermal cycler
(manufactured by Eppendort AG).

[0164] To the obtained reaction solution, a restriction
enzyme Dpnl (manufactured by NEW ENGLAND BioLabs
Inc.) was added, and the mixture was reacted at 37° C. to
cleave the template DNA remaining therein. Then, E. coli
IM109 was transformed with the resultant and spread on
LB-amp agar medium. A grown colony was inoculated to
LB-amp medium and shake-cultured, and plasmid DNA was
1solated 1n the same manner as 1n Example 1. The nucleotide
sequence of DNA encoding the amadoriase in the plasmid
was determined using a multi-capillary DNA analysis sys-
tem Applied Biosystems 3130x]1 Genetic Analyzer (manu-

factured by Life Technologies Corp.) to obtain a plasmid
(pKK223-3-CFP-DH3) carrying the gene of a mutated ama-

doriase (CFP-DH3, SEQ ID NO: 5) in which arginine at
position 64 of the amino acid sequence of SEQ ID NO: 1 1s
substituted with glycine.

[0165] Subsequently, PCR reaction under the atoremen-
tioned conditions using pKK223-3-CFP-DH3 as a template,
oligonucleotides of SEQ ID NOs: 6 and 7, and KOD-Plus-,
the transformation of £. coli IM109, and the sequencing of
DNA encoding amadoriase 1n plasmid DNA carried by a

grown colony were carried out. As a result, a plasmid
(pKK223-3-CFP-DH4) was obtained, carrying a gene of a

mutated amadoriase (CFP-DH4, SEQ ID NO: 8) in which
arginine at position 64 1s substituted with glycine and
leucine at position 110 of the amino acid sequence of SEQ

ID NO: 1 1s substituted with tyrosine, respectively.

[Example 3] Production and Purification of
pKK?223-3-CFP-DH4

[0166] The E. coli IM109 strain harboring the plasmid
(pKK223-3-CFP-DH4) carrying the CFP-DH4 gene was
inoculated to 200 ml of LB-amp medium supplemented with
IPTG (final concentration: 0.1 mM), and cultured at 25° C.
for 16 hours. Each cultured bacterial body thus obtained was
washed with a 2 mM potasstum phosphate butler solution
(pH 8.0) and then, the bacterial body was suspended 1n the
same buffer solution as above, ultrasonicated, and centri-
fuged at 20,000xg for 10 minutes to prepare 40 ml of a crude
enzyme solution.

[0167] A column loaded with Q-Sepharose FF (manufac-
tured by GE Healthcare Japan Corp.) was equilibrated with
a 2 mM potassium phosphate builer solution (pH 8.0). Then,
the prepared crude enzyme solution containing CFP-DH4
was applied thereto to allow the amadoriase to bind to the
anion-exchange resin. Then, 20 column volumes of 4 mM
potassium phosphate bufler solution (pH 8.0) was 1njected
thereto to elute contaminating proteins. Then, the protein
bound to the resin was eluted with a 4 mM potassium
phosphate builer solution (pH 8.0) containing 30 mM NaCl,

and a fraction exhibiting amadoriase activity was recovered.

[0168] Fach fraction exhibiting amadoriase activity thus
obtained was concentrated with Amicon Ultra Ultracel-30K
(manufactured by Millipore Corp.) and purified with HilLoad
26/60 Superdex 200. A 10 mM potasstum phosphate builer
solution (pH 6.5) containing 150 mM NaCl was used for the
equilibration of the resin and the elution. The purity of each
eluted fraction was evaluated by SDS-PAGE, and a fraction
free of contaminating proteins was recovered and used as a
purified preparation of CFP-DH4.
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|[Example 4] Measurement of Absorbance when
HbAlc Detection Reaction was Completed

[0169] In this Example, the amount of change in absor-
bance when an excess amount of A1cOX 1s used and HbAlc
detection reaction was completed 1s determined.

[0170] A reagent for HbAlc measurement having the
following composition was prepared, and the measurement
of HbAlc was carried out using Bio Majesty JCA-BMI650
(manufactured by JEOL Ltd.).

(Sample)

[0171] Blood cells (10.4% HbAlc (NGSP value))
(First reagent-A)
30 mM MOPS-NaOH bufler solution, pH 6.5

15 mM Tris

[0172] 0.2% (w/v) n-dodecyl-p-D-maltoside (manufac-
tured by Dojindo Laboratories)

4 mM NaNO,

[0173] 10 U/ml peroxidase PEO-301 (Toyobo Co., Ltd.)

0.023 mM 10-(carboxymethylaminocarbonyl)-3,7-b1s(dim-

ethylamino)phenothiazine sodium (DA-67, manufactured
by Wako Pure Chemical Industries, Ltd.)

0.04% (w/v) of the compound of Comparative Example 2
(Wako Pure Chemical Industries, Ltd.), any one compound
of the present invention (all from Tokyo Chemical Industry
Co., Ltd. except for Acid Yellow 34 from MP Biomedicals,
LLC), or compound-free (Comparative Example 1) 1on-
exchange water as shown 1n Table 1

(Second Reagent-A)

[0174] 10 mM MOPS-NaOH bufler solution, pH 6.5
5.3 mg/ml CFP-DH4 (A cOX)

[0175] 8 ul of the sample diluted 51-fold with 10n-ex-
change water was added to 96 ul of the first reagent-A, and
the mixture was incubated at 37° C. for S minutes. Then, 24
ul of the second reagent-A was added thereto, and the
quantitative reaction of hydrogen peroxide resulting from
the oxidation of the p-chain amino terminus of HbAlc was
allowed to progress at 37° C. for 5 minutes. The absorbance
(Ago, and A-<,) of the reaction solution for light at wave-
lengths of 694 nm and 751 nm was measured over time for
10 minutes after the mixing of the diluted sample with the
first reagent-A to determine the value subtracting of A, .,
from A.o,, 1.€., the value Ay,-5,;. Subsequently, AA was
calculated by subtracting, from A.,.,-5,, the value of (104/
128) times Aqo.75; 4.8 minutes after mixing the diluted
sample with the first reagent-A. Incidentally, 4.8 minutes
after the mixing of the diluted sample with the (first
reagent-A represents the time immediately before the addi-
tion of the second reagent-A. AA 9 minutes and 10 minutes
after the mixing of the diluted sample with the first reagent
(AA,, . and AA,,, . ) are shown in Table 1. Further, as an
example, the relationship between A..,,-<; and AA,_. and
AA of Comparative Example 2 1s shown 1n FIG. 1.

1071z
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TABLE 1
AAQ min A‘AIO min

Not added 0.009 0.009
(Comparative Example 1)

Tartrazine 0.032 0.032
(Comparative Example 2)

Mordant Orange 1 0.016 0.016
(Present invention 1)

Alizarin Yellow GG 0.016 0.016
(Present invention 2)

Chrome Yellow 0.024 0.024
(Present invention 3)

Direct Yellow 44 0.017 0.017
(Present invention 4)

Acid Red 151 0.014 0.014
(Present invention 5)

Acid Yellow 36 0.011 0.011
(Present invention 6)

Xylene Fast Yellow 2G 0.015 0.015
(Present invention 7)

Acid Yellow 34 0.011 0.011

(Present invention 8)

[0176] As shownin Table 1, no difference between AA, .
and AA ., . was observed for the compounds of the present
invention and Comparative Examples. In other words, 1t can
be recognized that the quantitative reaction of HbAlc, 1.e.,
the quantitative reaction of hydrogen peroxide resulting
from the oxidation of HbAlc, was completed in 10 minutes
after the mixing of the diluted sample with the first reagent-
A. Accordingly, in Examples 4 and 5, AA,,,. 1n each
Comparative Example or the present invention was defined
as AA when 100% of the quantitative reaction of HbAlc
progressed under each condition (AA, 0, )-

[Example 5] Calculation of Effect of Accelerating
HbAlc Detection Reaction by the Compound of
Present Invention

[0177] Next, in this Example, the degree of acceleration of
HbAlc detection reaction by the compound of the present
invention was determined using a small amount of A1cOX.

[0178] A reagent for HbAlc measurement having the
following composition was prepared, and the measurement
of HbAlc was carried out using Bio Majesty JCA-BM1650
(manufactured by JEOL Ltd.).

(Sample)

[0179] Blood cells (10.4% HbAlc (NGSP value))
(First reagent)
30 mM MOPS-NaOH bufler solution, pH 6.5

15 mM Tris

[0180] 0.2% (w/v) n-dodecyl-3-D-maltoside (manufac-
tured by Dojindo Laboratories)

4 mM NaNO,

[0181] 10 U/ml peroxidase PEO-301 (Toyobo Co., Ltd.)

0.023 mM 10-(carboxymethylaminocarbonyl)-3,7-bis(dim-

ethylamino)phenothiazine sodium (DA-67, manufactured
by Wako Pure Chemical Industries, Ltd.)

0.04% (w/v) of the compound of Comparative Example 2,
any one compound of the present invention, or compound-
free (Comparative Example 1) 1on-exchange water as shown

in Table 2

31
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(Second Reagent-B)

[0182] 10 mM MOPS-NaOH bufler solution, pH 6.5

1.1 mg/ml CFP-DH4 (A cOX)

[0183] 8 ul of the sample diluted 51-fold with 10n-ex-
change water was added to 96 ul of the first reagent, and the
mixture was incubated at 37° C. for 5 minutes. Then, 24 ul
of the second reagent-B was added thereto, and the quanti-
tative reaction of hydrogen peroxide resulting from the
oxidation of the [-chain amino terminus of HbAlc was
allowed to progress at 37° C. for 5 minutes. The absorbance
(Agss and A-<,) of the reaction solution for light at wave-
lengths of 694 nm and 751 nm was measured over time for
10 minutes after the mixing of the diluted sample with the
first reagent to determine the value of subtraction of A,
from A, 1.€., the value A, ,--,. Subsequently, AA was
calculated by subtracting, from Ao, -<,, the value of (104/
128) times A.o,-5; 4.8 minutes after the mixing of the
diluted sample with the first reagent. Incidentally, 5 minutes
after the mixing of the diluted sample with the first reagent
represents the time immediately before the addition of the
second reagent-B.

[0184] Next, AA calculated in this Example was divided
by AA, 00, defined 1n Example 4 to calculate the degree of
progression of HbAlc detection reaction. The degree of
progression of HbAlc detection reaction 7.5 and 10 minutes
after the mixing of the diluted sample with the first reagent
(1n other words, 2.5 and 5 minutes after the addition of the
second reagent-B) 1s shown 1n Table 2.

TABLE 2
Degree of Degree of
progression progression

of reaction (%)
after 10 minutes

of reaction (%)
after 7.5 minutes

Not added 51 73
(Comparative Example 1)

Tartrazine 38 62
(Comparative Example 2)

Mordant Orange 1 80 94
(Present invention 1)

Alizarin Yellow GG 76 91
(Present invention 2)

Chrome Yellow 53 77
(Present invention 3)

Direct Yellow 44 77 96
(Present invention 4)

Acid Red 151 55 80
(Present invention 5)

Acid Yellow 36 53 81
(Present invention 6)

Xylene Fast Yellow 2G 58 83
(Present invention 7)

Acid Yellow 34 75 95

(Present invention )

[0185] As shown in Table 2, Mordant Orange 1, Alizarin
Yellow GG, Chrome Yellow, Direct Yellow 44, Acid Red
151, Acid Yellow 36, Xylene Fast Yellow 2G, and Acid
Yellow 34 were found to have the eflect of accelerating the
HbA]lc detection reaction.

[Example 6] Measurement of Absorbance when
Fructosyl Valyl Histidine Detection Reaction
Mediated by Fructosyl Peptide Oxidase was

Completed

[0186] In this Example the amount of change in absor-
bance 1s determined when the detection reaction of the
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substrate fructosyl valyl histidine was completed using an
excess amount of fructosyl peptide oxidase (FPOX-CET),
which 1s an oxidase.

[0187] Areagent for fructosyl valyl histidine measurement
having the following composition was prepared, and the
measurement of fructosyl valyl histidine using fructosyl

peptide oxidase was carried out using Bio Majesty JCA-
BM16350 (manufactured by JEOL Ltd.).

(Sample)

[0188] 32 uM fructosyl valyl histidine (manufactured by
Kikkoman Biochemifa Company)

(First Reagent-B)

[0189] 30 mM MOPS-NaOH bufler solution, pH 7.0
0.2% (v/v) Triton X-100 (manufactured by Wako Pure
Chemical Industries, Ltd.)

10 U/ml peroxidase PEO-301 (Toyobo Co., Ltd.)

0.023 mM 10-(carboxymethylaminocarbonyl)-3,7-bis(dim-
ethylamino)phenothiazine sodium (DA-67, manufactured
by Wako Pure Chemical Industries, Ltd.)

0.04% (w/v) of the compound of Comparative Example 2,
any one compound of the present invention, or compound-
free (Comparative Example 1) 1on-exchange water as shown

in Table 1

(Second Reagent-C)

[0190] 10 mM MOPS-NaOH bufler solution, pH 7.0

4.8 U/ml FPOX-CET (manufactured by Kikkoman Bio-
chemifa Company)

[0191] 8 ul of the sample was added to 96 ul of the first
reagent-B, and the mixture was incubated at 37° C. for 5
minutes. Then, 24 ul of the second reagent-C was added
thereto, and the quantitative reaction of hydrogen peroxide
resulting from the oxidation of fructosyl valyl histidine was
allowed to progress at 37° C. for 5 minutes. The absorbance
(Ago, and A, ,) of the reaction solution for light at wave-
lengths of 694 nm and 751 nm was measured over time for
10 minutes after the mixing of the sample with the first
reagent-B to determine the value of subtraction of A, from
Acou, 1.€., the value A o, ,-5,. Subsequently, AA was calcu-
lated by subtracting, from A, ,,-,, the value of (104/128)
times Aqo4-5; 4.8 minutes after the mixing of the sample
with the first reagent-B. Incidentally, 4.8 minutes after the
mixing of the sample with the first reagent-B represents the
time 1immediately before the addition of the second reagent-
C. AA 9 minutes and 10 minutes after the mixing of the

diluted sample with the first reagent-B (AA,, . and AA,,, .. )
are shown 1n Table 3.
TABLE 3
AAQ min AJAIO min
Not added 0.016 0.016
(Comparative Example 1)
Chrome Yellow 0.064 0.064
(Present invention 3)
Direct Yellow 44 0.043 0.043
(Present invention 4)
Xylene Fast Yellow 2G 0.027 0.027
(Present invention 7)
Acid Yellow 34 0.032 0.033

(Present invention 8)
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[0192] As shown in Table 3, no difference between AA, .
and AA,,, .. was observed for the compounds of the present
invention and Comparative Examples. In other words, 1t can
be recognized that the quantitative reaction of fructosyl valyl
histidine, 1.e., the quantitative reaction of hydrogen peroxide
resulting from the oxidation of fructosyl valyl histidine, was
completed 1n 10 minutes after the mixing of the diluted
sample with the first reagent-B. Accordingly, in Examples 6
and 7, AA,,, .. 1n each Comparative Example or the present
invention was defined as AA when 100% of the quantitative
reaction of HbAlc progressed under each condition

(AAl OO%) ’

[Example 7] Calculation of Effect of Accelerating
Fructosyl Valyl Histidine Detection Reaction
Mediated by Fructosyl Peptide Oxidase by the
Compound of Present Invention

[0193] Next, in this Example, the degree of acceleration of
fructosyl valyl histidine detection reaction by the compound
of the present invention was determined using a small
amount of fructosyl peptide oxidase.

[0194] A reagent for fructosyl valyl histidine measurement
having the following composition was prepared, and the

measurement of fructosyl valyl histidine was carried out
using Bio Majesty JCA-BM 1650 (manufactured by JEOL

Ltd.).

(Sample)

[0195] 32 uM fructosyl valyl histidine (manufactured by
Kikkoman Biochemifa Company)

(First Reagent-B)

[0196] 30 mM MOPS-NaOH bufler solution, pH 7.0

0.2% (v/v) Triton X-100 (manufactured by Wako Pure
Chemical Industries, Ltd.)
10 U/ml peroxidase PEO-301 (Toyobo Co., Ltd.)

0.023 mM 10-(carboxymethylaminocarbonyl)-3,7-bis(dim-

ethylamino)phenothiazine sodium (DA-67, manufactured
by Wako Pure Chemical Industries, Ltd.)

0.04% (w/v) of the compound of Comparative Example 2,
any one compound of the present invention, or compound-

free (Comparative Example 1) 1on-exchange water as shown
in Table 1

(Second Reagent-D)

[0197] 10 mM MOPS-NaOH bufler solution, pH 7.0

0.48 U/ml FPOX-CET (manufactured by Kikkoman Bio-
chemifa Company)

[0198] 8 ul of the sample was added to 96 ul of the first
reagent-B, and the mixture was incubated at 37° C. for 5
minutes. Then, 24 ul of the second reagent-D was added
thereto, and the quantitative reaction of hydrogen peroxide
resulting from the oxidation of fructosyl valyl histidine was
allowed to progress at 37° C. for 5 minutes. The absorbance
(Ago, and A<, ) of the reaction solution for light at wave-
lengths of 694 nm and 751 nm was measured over time for
10 minutes after the mixing of the sample with the first
reagent-B to determine the value of subtraction of A<, from
Aco,y. 1.€., the value A o, ,-5,. Subsequently, AA was calcu-
lated by subtracting, from A..,-<,, the value of (104/128)
times Aqo4-5; 4.8 minutes after the mixing of the sample
with the first reagent-B. Incidentally, 5 minutes after the
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mixing of the sample with the first reagent-B represents the
time 1immediately before the addition of the second reagent-
D.

[0199] Next, AA calculated in this Example was divided
by AA, 000, defined 1n Example 6 to calculate the degree of
progression ol fructosyl valyl histidine detection reaction.
The degree of progression of fructosyl valyl histidine detec-
tion reaction 7.5 and 10 minutes after the mixing of the
sample with the first reagent-B (1in other words, 2.5 and 5

minutes after the addition of the second reagent-D) 1s shown
in Table 4.

TABLE 4

Degree of
progression
of reaction (%)
after 7.5 minutes

Degree of
progression
of reaction (%)
after 10 minutes

Not added 57 81
(Comparative Example 1)

Chrome Yellow 62 86
(Present invention 3)

Direct Yellow 44 66 88
(Present invention 4)

Xylene Fast Yellow 2G 63 96
(Present invention 7)

Acid Yellow 34 62 86

(Present invention 8)

[0200] As shown in Table 4, Chrome Yellow, Direct
Yellow 44, Xylene Fast Yellow 2G, and Acid Yellow 34

were found to have the eflect of accelerating the fructosyl
valyl histidine detection reaction.

[Example 8] Measurement of Absorbance when
Fructosyl Valine Detection Reaction Mediated by
Fructosyl Amino Acid Oxidase was Completed

[0201] In this Example, the amount of change in absor-
bance 1s determined when the detection reaction of the
substrate fructosyl valine was completed using an excess
amount of fructosyl amino acid oxidase (FAOD-E), which 1s
an oxidase.

[0202] A reagent for fructosyl valine measurement having
the following composition was prepared, and the measure-
ment of fructosyl valine using fructosyl amino acid oxidase
was carried out using Bio Majesty JCA-BM 1650 (manu-
factured by JEOL Ltd.).

(Sample)

[0203] 32 uM fructosyl valine (manufactured by Kikko-
man Biochemifa Company)

(First Reagent-C)

[0204] 30 mM MOPS-NaOH bufler solution, pH 8.0
0.2% (v/v) NYMEEN F-215 (manufactured by NOF Corp.)
10 U/ml peroxidase PEO-301 (Toyobo Co., Ltd.)

0.023 mM 10-(carboxymethylaminocarbonyl)-3,7-bis(dim-
ethylamino)phenothiazine sodium

(DA-677, manufactured by Wako Pure Chemical Industries,
Ltd.)

0.04% (w/v) of the compound of Comparative Example 2,
any one compound of the present invention, or compound-
free (Comparative Example 1) 1on-exchange water as shown

in Table 1
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(Second Reagent-E)

[0205] 10 mM MOPS-NaOH bufler solution, pH 8.0

21.4 U/ml FAOD-E (manufactured by Kikkoman Bio-
chemifa Company)

[0206] 8 ul of the sample was added to 96 ul of the first
reagent-C, and the mixture was incubated at 37° C. for 5
minutes. Then, 24 ul of the second reagent-E was added
thereto, and the quantitative reaction of hydrogen peroxide
resulting from the oxidation of fructosyl valine was allowed
to progress at 37° C. for 5 minutes. The absorbance (A %
and A, ;) of the reaction solution for light at wavelengths of
694 nm and 751 nm was measured over time for 10 minutes
after the mixing of the sample with the first reagent-C to
determine the value of subtraction of A, from A4, 1.€., the
value Aqq4-5;- Subsequently, AA was calculated by sub-
tracting, from A, ,-5,, the value of (104/128) times A o,,-5,
4.8 minutes after the mixing of the sample with the first
reagent-C. Incidentally, 4.8 minutes after the mixing of the
sample with the first reagent-C represents the time 1imme-
diately before the addition of the second reagent-E. AA 9
minutes and 10 minutes after the mixing of the diluted

sample with the first reagent-C (AA and AA,, . ) are
shown 1n Table 5.

Omin

TABLE 5
AAQ min AZAIO min

Not added 0.023 0.024
(Comparative Example 1)

Mordant Orange 1 0.049 0.051
(Present invention 1)

Alizarin Yellow GG 0.044 0.046
(Present invention 2)

Chrome Yellow 0.066 0.067
(Present invention 3)

Disperse Diazo Black 3BF 0.062 0.061

(Present invention 9)

[0207) -
and AA,, . was observed for the compounds of the present
invention and Comparative Examples. In other words, 1t can
be recognized that the quantitative reaction of fructosyl
valine, 1.e., the quantitative reaction of hydrogen peroxide
resulting from the oxidation of fructosyl valine, was com-
pleted 1n 10 minutes after the mixing of the diluted sample
with the first reagent-C. Accordingly, in Examples 8 and 9,
AA,,, .. 1n each Comparative Example or the present inven-
tion was defined as AA when 100% of the quantitative
reaction of HbAIc progressed under each condition

(AA 600%)-

As shown 1n Table 5, no difference between AA

[Example 9] Calculation of Effect of Accelerating

Fructosyl Valine Detection Reaction Mediated by

Fructosyl Amino Acid Oxidase by the Compound
of Present Invention

[0208] Next, 1n this Example, the degree of acceleration of
fructosyl valine detection reaction by the compound of the
present invention was determined using a small amount of
fructosyl amino acid oxidase.

[0209] A reagent for fructosyl valine measurement having
the following composition was prepared, and the measure-
ment of fructosyl valine was carried out using Bio Majesty

JCA-BM1650 (manufactured by JEOL Ltd.).
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(Sample)

[0210] 32 uM fructosyl valine (manufactured by Kikko-
man Biochemifa Company)

(First Reagent-C)

[0211] 30 mM MOPS-NaOH bufler solution, pH 8.0
0.2% (v/v) NYMEEN F-215 (manufactured by NOF Corp.)
10 U/ml peroxidase PEO-301 (Toyobo Co., Ltd.)

0.023 mM 10-(carboxymethylaminocarbonyl)-3,7-bis(dim-
ethylamino)phenothiazine sodium (DA-67, manufactured
by Wako Pure Chemical Industries, Ltd.)

0.04% (w/v) of the compound of Comparative Example 2,
any one compound of the present invention, or compound-
free (Comparative Example 1) 1on-exchange water as shown

in Table 1

(Second Reagent-F)

[0212] 10 mM MOPS-NaOH bufler solution, pH 8.0
2.14 U/ml FAOD-E (manufactured by Kikkoman Bio-
chemifa Company)

[0213] 8 ul of the sample was added to 96 ul of the first
reagent-C, and the mixture was incubated at 37° C. for 5
minutes. Then, 24 ul of the second reagent-F was added
thereto, and the quantitative reaction of hydrogen peroxide
resulting from the oxidation of fructosyl valine was allowed
to progress at 37° C. for S minutes. The absorbance (Aqo,
and A<, ) of the reaction solution for light at wavelengths of
694 nm and 751 nm was measured over time for 10 minutes
after the mixing of the sample with the first reagent-C to
determine the value of subtraction of A, from A, 1.€., the
value Aqo4-5;. Subsequently, AA was calculated by sub-
tracting, from A, -5, the value of (104/128) times Ao, -5,
4.8 minutes after the mixing of the sample with the first
reagent-C. Incidentally, 5 minutes after the mixing of the
sample with the first reagent-C represents the time 1imme-
diately before the addition of the second reagent-F.

[0214] Next, AA calculated in this Example was divided
by AA, 440, defined in Example 8 to calculate the degree of
progression of {fructosyl valine detection reaction. The
degree of progression of fructosyl valine detection reaction
7.5 and 10 minutes after the mixing of the sample with the
first reagent-C (1in other words, 2.5 and 5 minutes after the
addition of the second reagent-F) 1s shown 1n Table 6.

TABLE 6

Degree of
progression
of reaction (%)
after 7.5 minutes

Degree of
progression
of reaction (%)
after 10 minutes

Not added 29 48
(Comparative Example 1)

Mordant Orange 1 37 59
(Present invention 1)

Alizarin Yellow GG 38 62
(Present invention 2)

Chrome Yellow 43 68
(Present invention 3)

Disperse Diazo Black 3BF 86 89

(Present invention 9)

[0215] As shown in Table 6, Mordant Orange 1, Alizarin
Yellow GG, Chrome Yellow, and Disperse Diazo Black 3BF
were found to have the eflect of accelerating fructosyl valine
detection reaction.
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[Example 10] Measurement of Absorbance when
Sarcosine Detection Reaction Mediated by
Sarcosine Oxidase was Completed

[0216] In this Example, the amount of change in absor-
bance 1s determined when the detection reaction of the
substrate sarcosine (N-methylglycine) was completed using
an excess amount of sarcosine oxidase (SOD-TE), which 1s
an oxidase.

[0217] A reagent for sarcosine measurement having the
following composition was prepared, and the measurement
ol sarcosine using sarcosine oxidase was carried out using

Bio Majesty JCA-BM 1650 (manufactured by JEOL Ltd.).

(Sample)

[0218] 32 uM sarcosine (manufactured by Wako Pure
Chemical Industries, Ltd.)

(First Reagent-D)

[0219] 30 mM MOPS-NaOH bufler solution, pH 8.0
0.2% (v/v) NP-10 (manufactured by HELM)

10 U/ml peroxidase PEO-301 (Toyobo Co., Ltd.)

0.023 mM 10-(carboxymethylaminocarbonyl)-3,7-bis(dim-
ethylamino)phenothiazine sodium (DA-67, manufactured
by Wako Pure Chemical Industries, Ltd.)

0.04% (w/v) of the compound of Comparative Example 2,

any one compound of the present invention, or compound-
free (Comparative Example 1) 1on-exchange water as shown

in Table 1

(Second Reagent-G)

[0220] 10 mM MOPS-NaOH bufler solution, pH 8.0

123 U/ml SOD-TE (manufactured by Kikkoman Bio-
chemifa Company)

[0221] 8 ul of the sample was added to 96 ul of the first
reagent-D, and the mixture was incubated at 37° C. for 5
minutes. Then, 24 ul of the second reagent-G was added
thereto, and the quantitative reaction of hydrogen peroxide
resulting from the oxidation of sarcosine was allowed to
progress at 37° C. for 5 minutes. The absorbance (Ao, and
A- <) of the reaction solution for light at wavelengths of 694
nm and 751 nm was measured over time for 10 minutes after
the mixing of the sample with the first reagent-D to deter-
mine the value of subtraction of A, from A,,,, 1.€., the
value Aqo.5,- Subsequently, AA was calculated by sub-
tracting, from A,y,-<,, the value of (104/128) times A % s
4.8 minutes after the mixing of the sample with the first
reagent-D. Incidentally, 4.8 minutes after the mixing of the
sample with the first reagent-D represents the time 1imme-
diately before the addition of the second reagent-G. AA 9
minutes and 10 minutes after the mixing of the diluted
sample with the first reagent-D (AA and AA,,, . ) are
shown 1n Table 7.

Omirn

TABLE 7
AAQ min AZAIO min
Not added 0.082 0.083
(Comparative Example 1)
Mordant Orange 1 0.327 0.328
(Present invention 1)
Alizarin Yellow GG 0.197 0.197

(Present invention 2)
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TABLE 7-continued

AAQ min A‘AIO min
Chrome Yellow 0.186 0.186
(Present invention 3)
Direct Yellow 44 0.315 0.315
(Present invention 4)
Acid Red 151 0.212 0.212
(Present invention 5)
Xylene Fast Yellow 2G 0.158 0.158
(Present invention 7)
Disperse Diazo Black 3BF 0.156 0.156

(Present invention 9)

[0222] As shownin Table 7, no difference between AA, .
and AA,, . was observed for the compounds of the present
invention and Comparative Examples. In other words, 1t can
be recognized that the quantitative reaction of sarcosine, 1.€.,
the quantitative reaction of hydrogen peroxide resulting
from the oxidation of sarcosine, was completed i 10
minutes after the mixing of the diluted sample with the first
reagent-D. Accordingly, in Examples 10 and 11, AA,,,.. 1n
cach Comparative Example or the present invention was
defined as AA when 100% of the quantitative reaction of
sarcosine progressed under each condition (AA | 00, )-

|[Example 11] Calculation of Effect of Accelerating
Sarcosine Detection Reaction Mediated by
Sarcosine Oxidase by the Compound of Present
Invention

[0223] Next, 1n this Example, the degree of acceleration of
sarcosine detection reaction by the compound of the present
invention was determined using a small amount of sarcosine
oxidase.

[0224] A reagent for sarcosine measurement having the

following composition was prepared, and the measurement
of sarcosine was carried out using Bio Majesty JCA-

BM16350 (manufactured by JEOL Ltd.).

(Sample)

[0225] 32 uM sarcosine (manufactured by Wako Pure
Chemical Industries, Ltd.)

(First reagent-D)

30 mM MOPS-NaOH buliler solution, pH 8.0

0.2% (v/v) NP-10 (manufactured by HELM)

10 U/ml peroxidase PEO-301 (Toyobo Co., Ltd.)

0.023 mM 10-(carboxymethylaminocarbonyl)-3,7-bis(dim-
ethylamino)phenothiazine sodium

(DA-6"7, manufactured by Wako Pure Chemical Industries,
Ltd.)

0.04% (w/v) of the compound of Comparative Example 2,

any one compound of the present invention, or compound-
free (Comparative Example 1) 1on-exchange water as shown

in Table 1

(Second Reagent-H)

[0226] 10 mM MOPS-NaOH bufler solution, pH 8.0
12.3 U/ml SOD-TE (manufactured by Kikkoman Bio-
chemifa Company)

[0227] 8 ul of the sample was added to 96 Cl of the first
reagent-D, and the mixture was incubated at 37° C. for 3
minutes. Then, 24 ul of the second reagent-H was added
thereto, and the quantitative reaction of hydrogen peroxide
resulting from the oxidation of sarcosine was allowed to

35
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progress at 37° C. for 5 minutes. The absorbance (Ao, and
A- <) of the reaction solution for light at wavelengths of 694
nm and 751 nm was measured over time for 10 minutes after
the mixing of the sample with the first reagent-D to deter-
mine the value of subtraction of A, from A,,,, 1.€., the
value Ao, -5,. Subsequently, AA was calculated by sub-
tracting, from A, ,-5,, the value of (104/128) times A o,,-5,
4.8 minutes after the mixing of the sample with the first
reagent-D. Incidentally, 5 minutes after the mixing of the
sample with the first reagent-D represents the time 1imme-
diately before the addition of the second reagent-H.

[0228] Next, AA calculated in this Example was divided
by AA 00, defined 1n Example 10 to calculate the degree of
progression of sarcosine detection reaction. The degree of
progression of sarcosine detection reaction 7.5 and 10 min-
utes after the mixing of the sample with the first reagent-D
(1n other words, 2.5 and 5 minutes after the addition of the
second reagent-H) 1s shown 1n Table 8.

TABLE 8
Degree of Degree of
progression progression

of reaction (%)
after 10 minutes

of reaction (%)
after 7.5 minutes

Not added 60 82
(Comparative Example 1)

Mordant Orange 1 67 88
(Present invention 1)

Alizarin Yellow GG 64 86
(Present invention 2)

Chrome Yellow 65 87
(Present invention 3)

Direct Yellow 44 68 89
(Present invention 4)

Acid Red 151 68 89
(Present invention 5)

Xylene Fast Yellow 2G 64 86
(Present invention 7)

Disperse Diazo Black 3BF 63 84

(Present invention 9)

[0229] As shown 1n Table 8, Mordant Orange 1, Alizarin
Yellow GG, Chrome Yellow, Direct Yellow 44, Acid Red
151, Xylene Fast Yellow 2G, and Disperse Diazo Black 3BF
were found to have the eflect of accelerating sarcosine
detection reaction.

[Example 12] Measurement of Absorbance when
Cholesterol Detection Reaction Mediated by
Cholesterol Oxidase was Completed

[0230] In this Example the amount of change 1n absor-
bance 1s determined when the detection reaction for the

substrate cholesterol was completed using an excess amount
of cholesterol oxidase (CHO-CE), which 1s an oxidase.

[0231] A reagent for cholesterol measurement having the
following composition was prepared, and the measurement

of cholesterol using cholesterol oxidase was carried out
using Bio Majesty JCA-BM 1650 (manufactured by JEOL
Ltd.).

(Sample)

[0232] 32 uM cholesterol (manufactured by Wako Pure
Chemical Industries, Ltd.)

5.0% (v/v) Tnton X-100 (manufactured by Wako Pure
Chemical Industries, Ltd.)
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4.0% (w/v) sodium cholate (manufactured by Wako Pure
Chemical Industries, Ltd.)

(First Reagent-E)

[0233] 30 mM MOPS-NaOH bufler solution, pH 7.0

10 U/ml peroxidase PEO-301 (Toyobo Co., Ltd.)

0.023 mM 10-(carboxymethylaminocarbonyl)-3,7-bis(dim-
ethylamino)phenothiazine sodium

(DA-6"7, manufactured by Wako Pure Chemical Industries,
Ltd.)

0.04% (w/v) of the compound of Comparative Example 2,
any one compound of the present invention, or compound-
free (Comparative Example 1) 1on-exchange water as shown

in Table 1

(Second Reagent-I)

[0234] 10 mM MOPS-NaOH bufler solution, pH 7.0

11.6 U/ml CHO-CE (manufactured by Kikkoman Bio-
chemifa Company)

[0235] 8 ul of the sample was added to 96 ul of the first
reagent-E, and the mixture was incubated at 37° C. for 3
minutes. Then, 24 ul of the second reagent-I was added
thereto, and the quantitative reaction of hydrogen peroxide
resulting from the oxidation of cholesterol was allowed to
progress at 37° C. for 5 minutes. The absorbance (Ao, and
A, ) of the reaction solution for light at wavelengths ot 694
nm and 751 nm was measured over time for 10 minutes after
the mixing of the sample with the first reagent-E to deter-
mine the value of subtraction of A,., from A, 1.€., the
value Aqo.75,. Subsequently, AA was calculated by sub-
tracting, from A, -, the value of (104/128) times Ao, -5,
4.8 minutes after the mixing of the sample with the first
reagent-E. Incidentally, 4.8 minutes after the mixing of the
sample with the first reagent-E represents the time immedi-
ately before the addition of the second reagent-I. AA 9
minutes and 10 minutes after the mixing of the diluted
sample with the first reagent-E (AA and AA,,, . ) are
shown 1n Table 9.

Omir

TABLE 9
AAQ min A‘AIO min

Not added 0.022 0.022
(Comparative Example 1)

Mordant Orange 1 0.041 0.041
(Present invention 1)

Alizarin Yellow GG 0.039 0.039
(Present invention 2)

Chrome Yellow 0.071 0.072
(Present invention 3)

Acid Red 151 0.036 0.036
(Present invention 5)

Acid Yellow 36 0.033 0.033
(Present invention 6)

Acid Yellow 34 0.033 0.033
(Present invention 8)

Disperse Diazo Black 3BF 0.028 0.032

(Present invention 9)

[0236] As shown in Table 9, no difference between AA,
and AA ., . was observed for the compounds of the present
invention and Comparative Examples. In other words, 1t can
be recognized that the quantitative reaction of cholesterol,
1.€., the quantitative reaction of hydrogen peroxide resulting
from the oxidation of cholesterol, was completed 1 10
minutes after the mixing of the diluted sample with the first
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reagent-E. Accordingly, in Examples 12 and 13, AA,,,.. 1n
cach Comparative Example or the present invention was
defined as AA when 100% of the quantitative reaction of
cholesterol progressed under each condition (AA, ,q.,.)-

[Example 13] Calculation of Effect of Accelerating
Cholesterol Detection Reaction Mediated by
Cholesterol Oxidase by the Compound of Present
Invention

[0237] Next, 1n this Example, the degree of acceleration of
cholesterol detection reaction by the compound of the pres-
ent invention was determined using a small amount of
cholesterol oxidase.

[0238] A reagent for cholesterol measurement having the
following composition was prepared, and the measurement
of cholesterol was carried out using Bio Majesty JCA-BM

650 (manufactured by JEOL Ltd.).

(Sample)

[0239] 32 uM cholesterol (manufactured by Wako Pure
Chemical Industries, Ltd.)
5.0% (v/v) Tnton X-100 (manufactured by Wako Pure
Chemical Industries, Ltd.)

4.0% (w/v) sodium cholate (manufactured by Wako Pure
Chemical Industries, Ltd.)

(First reagent-E)
30 mM MOPS-NaOH bufler solution, pH 7.0
10 U/ml peroxidase PEO-301 (Toyobo Co., Ltd.)

0.023 mM 10-(carboxymethylaminocarbonyl)-3,7-bis(dim-
ethylamino)phenothiazine sodium

(DA-6'7, manufactured by Wako Pure Chemical Industries,
Ltd.)

0.04% (w/v) of the compound of Comparative Example 2,
any one compound of the present invention, or compound-

free (Comparative Example 1) 1on-exchange water as shown
in Table 1

(Second Reagent-J)

[0240] 10 mM MOPS-NaOH bufler solution, pH 7.0

231 U/ml CHO-CE (manufactured by Kikkoman Bio-
chemifa Company)

[0241] 8 ul of the sample was added to 96 ul of the first
reagent-E, and the mixture was incubated at 37° C. for 5
minutes. Then, 24 ul of the second reagent-J was added
thereto, and the quantitative reaction of hydrogen peroxide
resulting from the oxidation of cholesterol was allowed to
progress at 37° C. for 5 minutes. The absorbance (Ao, and
A- <) of the reaction solution for light at wavelengths of 694
nm and 751 nm was measured over time for 10 minutes after
the mixing of the sample with the first reagent-E to deter-
mine the value of subtraction of A, from A,,,, 1.€., the
value Aqq4-5;- Subsequently, AA was calculated by sub-
tracting, from A, ,-,, the value of (104/128) times Ao, -5,
4.8 minutes after the mixing of the sample with the first
reagent-E. Incidentally, 5 minutes after the mixing of the
sample with the first reagent-E represents the time immedi-
ately before the addition of the second reagent-J.

[0242] Next, AA calculated in this Example was divided
by AA 00, defined 1n Example 12 to calculate the degree of
progression of cholesterol detection reaction. The degree of
progression of cholesterol detection reaction 7.5 and 10
minutes after the mixing of the sample with the first
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reagent-E (1in other words, 2.5 and 5 minutes after the
addition of the second reagent-J) 1s shown in Table 10.

TABLE 10
Degree of Degree of
progression progression

of reaction (%)
after 10 minutes

of reaction (%)
after 7.5 minutes

Not added 65 88
(Comparative Example 1)

Mordant Orange 1 74 94
(Present invention 1)
Alizarin Yellow GG 73 93
(Present invention 2)
Chrome Yellow 67 91
(Present invention 3)
Acid Red 151 74 94
(Present invention 5)
Acid Yellow 36 73 92
(Present invention 6)
Acid Yellow 34 72 92
(Present invention 8)
Disperse Diazo Black 3BF 66 97

(Present invention 9)

[0243] As shown in Table 10, Mordant Orange 1, Alizarin
Yellow GG, Chrome Yellow, Acid Red 151, Acid Yellow 36,
Acid Yellow 34, and Disperse Diazo Black 3BF were found
to have the effect of accelerating cholesterol detection
reaction.

[0244] Incidentally, the reaction accelerating agent of the
present invention may also accelerate enzymatic reaction
catalyzed by peroxidase. However, under the conditions of
the present Examples, an excess amount of peroxidase is

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 8
<210>
<211>
<212>
<213>

SEQ ID NO 1

LENGTH: 434

TYPE: PRT

ORGANISM: Coniochaeta sp.

<400> SEQUENCE: 1

Oct. 17,2019

added to the system and it 1s believed that hydrogen peroxide
resulting from the enzymatic reaction of the various types of
oxidases 1s immediately degraded by the peroxidase. There-
fore, 1t 1s believed that the above results of reaction accel-
eration are mainly due to acceleration of the enzymatic
reaction of the various types of oxidases by the reaction
accelerating agent of the present invention.

INDUSTRIAL APPLICABILITY

[0245] By using the oxidase reaction accelerating agent of
the present invention 1t 1s possible to decrease the amount of
an oxidase formulated into a reagent for clinical diagnosis
such as a HbAlc measurement reagent, a GA measurement
reagent, a sarcosine measurement reagent, or a cholesterol
measurement reagent. Furthermore, use of the oxidase reac-
tion accelerating agent of the present invention enables
shortening the reaction time and enhancing detection sensi-
tivity.

BRIEF DESCRIPTION OF SEQUENCE LISTING

[0246] SEQ ID NO: 1—Amino acid sequence of CFP-
DH?2

SEQ ID NO: 2—Nucleotide sequence of CFP-DH2 gene
SEQ ID NO: 3—Primer for R64G 1ntroduction

SEQ ID NO: 4—Primer for R64G 1ntroduction

SEQ ID NO: 5—Amino acid sequence of CFP-DH3

SEQ ID NO: 6—Primer for L110Y introduction

SEQ ID NO: 7—Primer for LI 10Y introduction

SEQ ID NO: 8—Amino acid sequence of CFP-DH4
[0247] All publications, patents and patent applications

cited herein are incorporated herein by reference in their
entirety.

Met Thr Ser Asn

1

Gly

Ala

Gln

Asn

65

Glu

ASpP

Thr

Pro

Ser

50

Asp

Glu

Leu

Asn

Ile

Ala

35

Ala

Val

Glu

His

His

115

Glu

Gly
20

Asn

Gly

Asn

Leu

Thr

100

AsSP

AsSpP

Arg
5

Ser

Ile

His

Leu

Phe

85

Pro

Ala

Ala

Ala

Ser

Thr

ASP

Gln

70

Gln

Gly

Ile

ASpP

Thxr

Val

Leu

55

Met

Pro

Gly

Ala

Leu

Thr

Ala

Leu

40

Asn

Serxr

Phe

Ile

Gly

120

Ser

Arg

Leu
25

Asp

Leu

Phe

Glu
105

Leu

Val

10

His

Thr

Ile

Glu

His

S50

Lys

Glu

Met

Ile

Leu

Phe

Met

Ala

75

Asn

Leu

Pro

Val

Val

Pro

Gly

60

Arg

Thr

Thr

Leu

Val

Arg

Ile

45

Ile

Gln

Gly

His
125

Leu

Gly

Ser

30

Pro

Asp

Met

Arg

Leu

110

Ala

Gln

Gly

15

Gly

Serxr

His

Trp

Met

55

Trp

Arg

Gly

Tyr

Ala

Arg

Lys

80

Asp

Gln

Leu

Asp
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Gln

145

Ala

Gly

Phe

Thr

Pro
225

Glu

Phe

Val

305

Serxr

Ala

Ile

Val

385

Met

Arg

His

<210>
<211>
<212>

<213>

<400>

130

Ile

Ala

Val

AsSP

Lys

210

Thr

Ala

Pro

Phe

Lys

290

Pro

Glu

AsSP

ASP

Leu

370

Gly

Ala

Arg

ASP

Gln

Ala

AsP

195

Leu

His

Val

Gly

275

Glu

Arg

Val

Ser
355

Ala

Ala

atgacctcaa

tcctcecgaccy

gatacgtttc

atcgaccacc

gaagatgaac

Gly

Phe
180

Glu

Val

Ile

Val

260

Val

His

Ser

Ser

Pro

340

Thr

Thr

Gln

Ala
420

SEQUENCE :

Trp

Ala

165

Gly

Gly

Ala

Asp

Gln

245

Ile

Gln

His

Ile

325

Leu

Leu

Gly

Val

Trp

405

Pro

SEQ ID NO 2
LENGTH :
TYPE: DNA

ORGANISM: Coniochaeta sp.

1305

2

accgtgctga

ctctgcatet

cgatcccgag

gtaacaaagt

tgttccagcec

Lys

150

Ile

Phe

Thr

Asp

Leu

230

Leu

His

Pro

Ala

310

Phe

Leu

Asp

Val

390

Arg

Pro

135

Ala

Asn

Gly

Thr

Lys

215

Glu

Thr

Gly

Val

Tyr
295

Asn

Met

Ser

375

Glu

Trp

Ile

Ala

Gly

Cys

200

Val

ASP

Pro

Glu

Cys

280

Gly

His

Ala

Arg

Cys

360

Gly

Leu

Arg

AsSP

tacccgtgtt

ggtgcgtagt

cgcccagtcet

taatctgcag

gtttttccat

Trp

Ile

Ala

185

Ile

Val

Gln

Glu

Phe

265

ASpP

Ala

Pro

Ile

Ala

345

Glu

His

Ile

Pro

Leu
425

Serx

Gly
170
Gly

Gly

Leu

Glu
250

Gly

Glu

Pro

Thr

Ala

330

Leu

His

Serx

Glu

Gly

410

Ala

Gln

155

Gln

Serx

Val

Ala

Cys

235

Ala

Phe

Phe

Ser

ASP

315

Thr

Pro

Phe

Gly

395

Gly

Asp

attgttgttg

ggctatgctc

gcaggccatg

atgagcctgg

aacaccggcc

33

-continued

140

Asp

Phe

Phe

Glu

Ala

220

Ser

Ala

Phe

Pro

Pro

300

Thr

Phe

Trp

Lys
380
Arg

Asp

Met

Gly

Leu

Thr
205

Gly

Phe

Gly
285

Leu

Trp

365

Ile

Leu

Ala

Pro

Gly

Gln

190

Ala

Ala

Ala

Tyr

Glu

270

Phe

Arg

Pro

Pro

Thxr

350

Lys

Leu

Pro

Leu

Gly
430

gtggtggtgyg

cggcgaacat

atctgaataa

aagcgcgceca

gtatggactyg

Trp

Glu

175

Pro

AsSP

Trp

Trp

Lys

255

Pro

Ser

Ile

ASP

Arg

335

AsSP

Asn

Pro

Glu

Lys

415

Trp

Leu
160

Arg

Leu

Gly

Ser

Val

240

Gly

AsSP

Arg

Ser

Ala

320

Phe

Thxr

Phe

Asn

Glu

400

Ser

tacgattggc

taccgtcectg

aattatgggt

aatgtggaaa

cgaacacacg

60

120

180

240

300

Oct. 17,2019
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39

-continued
ccgaaaggta tcgaaaaact gaaaaaactg taccaaaaac tgcatgatgce cggcgcaggt 360
ctggaaaaaa cccacgcctg gcectggataac gaagacgcaa ttctgagcaa aatgccgcetyg 420
ctgcagcgtg atcagattca aggttggaaa gccatctggt ctcaagacgg cggttggcectyg 480
gcagcagcaa aagctattaa tgcgatcggce cagtttctga aagaacgcgg cgtgaaattce 540
ggttttggcg gtgcaggttce ttttaaacaa ccgctgttcecg atgacgaagg caccacgtgt 600
atcggtgttg aaaccgctga tggcacgaaa tattacgcgg acaaagtggt tcectggcectgca 660
ggtgcatgga gtccgaccct ggtcgatctyg gaagaccagt gctgttccaa agecgtgggtyg 720
tatgcgcata ttcaactgac gccggaagaa gccgcaaaat ataaaggctg cccecggtcegtyg 780
taccacggcg aatttggctt tttctttgaa ccggatgaat ttggcgtgat caaagtttgt 840
gacgaatttc cgggtttttc acgtttcaaa gaacatcagc cgtatggtgc gceccecgtcecgcecg 900
aaacgtatta gcgttceccgeg ctcectcatgcece aaacacccga ccgatacgta cccggacgca 960
agtgaagtct ccattaagaa agcgatcgcg acctttcectgce cgcecgtttcaa agataaaccyg 1020
ctgtttaatc gcgcactgtg ctggtgtacc gatacggceccg acagcacact gctgatgtgce 1080
gaacatccga aatggaaaaa ctttattctg gcgaccggcecg attcaggtca ctcecgttcaaa 1140
atcctgeccga atgtgggcaa atatgttgtc gaactgattg aaggtcgcecct gceccggaagaa 1200
atggcttacc agtggcgttg gcgtceccecgggce ggtgatgceccece tgaaaagtcg ccgtgcectgcet 1260
ccgccgaaag acctggcectga tatgeccecgggce tggaaacatg actaa 1305
<210> SEQ ID NO 3
<211> LENGTH: 30
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer
<400> SEQUENCE: 3
gtggtcgata cccataattt tattcagatc 30
<210> SEQ ID NO 4
<211> LENGTH: 30
«<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: primer
<400> SEQUENCE: 4
tgggtatcga ccacggtaac aaagttaatc 30

<210> SEQ ID NO 5

<211> LENGTH: 434

<212> TYPE: PRT

<213> ORGANISM: Coniochaeta sp.

<400> SEQUENCE: 5

Met Thr Ser Asn Arg Ala Asp Thr Arg Val Ile Val Val Gly Gly Gly

1 5 10 15

Gly Thr Ile Gly Ser Ser Thr Ala Leu His Leu Val Arg Ser Gly Tyr

20 25 30

Ala Pro Ala Asn Ile Thr Val Leu Asp Thr Phe Pro Ile Pro Ser Ala
35 40 45

Gln Ser Ala Gly His Agsp Leu Asn Lys Ile Met Gly Ile Asp His Gly
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Asn
=)

Glu

Asp

Gln

145

Ala

Gly

Phe

Thr

Pro
225

Glu

Phe

Val

305

Ser

Ala

Ile

Val
385
Met

Arg

His

50

AsSP

Glu

Leu

Agn

130

Ile

Ala

Val

ASP

Lys

210

Thr

Ala

Pro

Phe

Lys

290

Pro

Glu

AsSP

ASP

Leu
370

Gly

Ala

Arg

ASP

Val

Glu

His

His

115

Glu

Gln

Ala

ASpP

195

Leu

His

Val

Gly

275

Glu

Arg

Val

Ser
355

Ala

Ala

Asn

Leu

Thr

100

AsSP

AsSP

Gly

Phe

180

Glu

Tyr

Val

Ile

Val

260

Val

His

Ser

Ser

Pro

340

Thr

Thr

Tyr

Gln

Ala
420

Leu
Phe

85

Pro

Ala

Ala

Trp

Ala

165

Gly

Gly

Ala

Asp

Gln

245

Ile

Gln

His

Ile

325

Leu

Leu

Gly

Val

Trp
405

Pro

<210> SEQ ID NO 6

«<211> LENGTH:

29

Gln
70

Gln

Gly

Ile

Lys

150

Ile

Phe

Thry

Asp

Leu

230

Leu

His

Pro

Ala

310

Phe

Leu

Asp

Val
390

Arg

Pro

55

Met

Pro

Gly

Ala

Leu

135

Ala

Asn

Gly

Thr

Lys

215

Glu

Thr

Gly

Val

Tyr
295

Asn

Met

Ser
375

Glu

Trp

Ser

Phe

Ile

Gly

120

Ser

Ile

Ala

Gly

Cys

200

Val

ASP

Pro

Glu

Cys

280

Gly

His

Ala

Arg

Cys

360

Gly

Leu

Arg

ASP

Leu

Phe

Glu

105

Leu

Trp

Ile

Ala

185

Ile

Val

Gln

Glu

Phe

265

ASpP

Ala

Pro

Ile

Ala

345

Glu

His

Ile

Pro

Leu
425

Glu

His

90

Glu

Met

Ser

Gly

170

Gly

Gly

Leu

Glu

250

Gly

Glu

Pro

Thr

Ala

330

Leu

His

Serx

Glu

Gly
410

Ala

Ala
75

Asn

Leu

Pro

Gln

155

Gln

Ser

Val

Ala

Cys

235

Ala

Phe

Phe

Ser

Asp

315

Thxr

Pro

Phe
Gly
395

Gly

ASP

40

-continued

60

Arg

Thr

Thr

Leu

140

Asp

Phe

Phe

Glu

Ala

220

Ser

Ala

Phe

Pro

Pro

300

Thr

Phe

Trp

Lys
380
Arg

Asp

Met

Gln

Gly

His
125
Leu

Gly

Leu

Thr
205

Gly

Phe

Gly
285

Leu

Trp
365

Ile

Leu

Ala

Pro

Met

Arg

Leu

110

Ala

Gln

Gly

Gln

190

Ala

Ala

Ala

Tyr

Glu

270

Phe

Arg

Pro

Pro

Thr
350
Lys

Leu

Pro

Leu

Gly
430

Trp

Met

55

Trp

Arg

Trp

Glu

175

Pro

ASP

Trp

Trp

Lys

255

Pro

Ser

Ile

AsSP

Arg

335

AspP

Agsn

Pro

Glu

Lys
415

Trp

Lys

80

AsSP

Gln

Leu

AsSP

Leu

160

Arg

Leu

Gly

Ser

Val

240

Gly

AsSP

Arg

Ser

Ala

320

Phe

Thr

Phe

Asn

Glu
400

Ser

Oct. 17,2019
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«<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: primer
<400> SEQUENCE: 6

ttttttcagt ttttcgatac cttteggeg

<210>
<211l>
<212>
<213>
<220>
<223 >

<400>

aaaaactgaa aaaatattac caaaaactgc

SEQUENCE :

30

SEQ ID NO 7
LENGTH :
TYPE: DNA

ORGANISM: Artificial
FEATURE :
OTHER INFORMATION: primer

7

<210> SEQ ID NO 8

«<211> LENGTH:

<212> TYPE: PRT
<213> ORGANISM: Coniochaeta

<400> SEQUENCE:

Met Thr Ser Asn

1

Gly

Ala

Gln

Asn

65

Glu

Asp

Gln
145

Ala

Gly

Phe

Thr

Pro
225

Thr

Pro

Ser

50

AsSP

Glu

Leu

Asn

130

Ile

Ala

Val

AsSP

Lys

210

Thr

Ala

Ile

Ala

35

Ala

Val

Glu

His

His

115

Glu

Gln

Ala

Asp

195

Tyr

Leu

His

Gly

20

Asn

Gly

Asn

Leu

Thr

100

ASP

AspP

Gly

Phe
180

Glu

Val

Ile

434

8

Arg

5

Ser

Ile

His

Leu

Phe

85

Pro

Ala

Ala

Trp

Ala
165

Gly

Gly

Ala

Asp

Gln
245

Ala

Ser

Thry

Asp

Gln

70

Gln

Gly

Ile

Lys

150

Ile

Phe

Thry

Asp

Leu

230

Leu

Asp

Thr

Val

Leu

55

Met

Pro

Gly

Ala

Leu

135

Ala

Asn

Gly

Thr

Lys

215

Glu

Thr

Sp .

Thr

Ala

Leu

40

Asn

Ser

Phe

Ile

Gly

120

Ser

Ile

Ala

Gly

Cys

200

Val

ASP

Pro

Arg
Leu

25

ASpP

Leu

Phe

Glu

105

Leu

Trp

Ile

Ala

185

Ile

Val

Gln

Glu

Val

10

His

Thr

Ile

Glu

His

90

Glu

Met

Ser

Gly

170

Gly

Gly

Leu

Glu
250

Ile

Leu

Phe

Met

Ala

75

Asn

Leu

Pro

Gln
155

Gln

Ser

Val

Ala

Cys

235

Ala

41

-continued

Val

Val

Pro

Gly

60

Arg

Thr

Thr

Leu
140
Asp

Phe

Phe

Glu

Ala

220

Serxr

Ala

Val

Arg

Ile

45

Ile

Gln

Gly

His
125

Leu

Gly

Leu

Thr
205

Gly

Gly

Ser

30

Pro

AsSP

Met

Arg

Tyr

110

Ala

Gln

Gly

Gln
190
Ala

Ala

Ala

Gly

15

Gly

Ser

His

Trp

Met

55

Trp

Arg

Trp

Glu
175

Pro

AspP

Trp

Trp

Lys
255

Gly

Ala

Gly

Lys

80

AsSP

Gln

Leu

AsSP

Leu

160

Arg

Leu

Gly

Ser

Val
240

Gly

29

30

Oct. 17,2019
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Glu

Phe

Val

305

Serxr

Ala

Ile

Val

385

Met

Arg

His

1. A method using oxidase reaction, comprising the step
of using an oxidase and an oxidase reaction accelerating

Pro

Phe

Lys

290

Pro

Glu

AsSP

ASP

Leu

370

Gly

Ala

Arg

ASP

Val

Gly

275

Glu

Arg

Val

Ser
355

Ala

Ala

Val

260

Val

His

Ser

Ser

Pro

340

Thr

Thr

Gln

Ala
420

Tyr

Ile

Gln

His

Ile

325

Leu

Leu

Gly

Val

Trp

405

Pro

His

Pro

Ala

310

Phe

Leu

Asp

Val

390

Arg

Pro

Gly

Val

Tyr

295

Lys

Lys

Asn

Met

Ser

375

Glu

Trp

Glu

Cys

280

Gly

His

Ala

Arg

Cys

360

Gly

Leu

Arg

AsP

Phe

265

ASP

Ala

Pro

Ile

Ala

345

Glu

His

Ile

Pro

Leu
425

Gly

Glu

Pro

Thr

Ala

330

Leu

His

Serx

Glu

Gly

410

Ala

Phe

Phe

Ser

ASP

315

Thr

Pro

Phe

Gly

395

Gly

Asp

agent represented by the following formula (I):

[Formula 1]

42

-continued

Phe

Pro

Pro

300

Thr

Phe

Trp

Lys
380
Arg

Asp

Met

Phe
Gly
285

Lys

Leu

Trp

365

Ile

Leu

Ala

Pro

R N—N—R? ()

wherein
R' and R” are each independently an aromatic 5- or

said substituent(s) 1s selected from the group consisting of

6-membered monocyclic carbocyclic ring or heterocy-
clic ring containing at least one nitrogen atom, sulfur
atom or oxygen atom, or a 9- or 10-membered fused
ring containing the aromatic 5- or 6-membered mono-
cyclic carbocyclic ring or heterocyclic ring, wherein
the ring may optionally be substituted with one or more
substituents, wherein

—F, —Cl, —Br, —I, —At, —C,  alkyl, —C,_. alk-
enyl, —C, . alkynyl, —0, —OH, —O—C, _, alkyl,
—CONH,, —NO,, —NH,, —CO—NH,, —R~°,
—NH—R", — NHCO—NH—R>—N—N—R°,
—S0,X, —COO0OX, Y, and Z;

X 1s selected from the group consisting of —H, —Na,

—K, and —Li;

Y 1s selected from the group consisting of —H, —SO, X,

and —COQOX;

7. 1s selected from the group consisting of —H, —C,

alkyl, —O—C, _; alkyl, and —SO,X;

cach X, Y, and Z may be the same or diflerent;
— R is —H, or is an aromatic 5- or 6-membered mono-

cyclic carbocyclic ring or heterocyclic ring containing
at least one nitrogen atom, sulfur atom or oxygen atom,

Glu

270

Phe

Arg

Pro

Pro

Thr

350

Leu

Pro

Leu

Gly
430

Pro

Ser

Ile

ASP

Arg

335

AspP

Asn

Pro

Glu

Lys

415

Trp

Oct. 17,2019

AsSP
Arg
Ser

Ala
320

Phe
Thr
Phe
Asn

Glu
400

Ser

or a 9- or 10-membered fused ring containing the
aromatic 5- or 6-membered monocyclic carbocyclic
ring or heterocyclic ring, wherein the ring may option-
ally be substituted with one or more substituents
selected from the group consisting of —F, —Cl, —Br,
—I,—At, —C, _alkyl, —C, . alkenyl, —C,_, alkynyl,
—0O, —OH, —O0—C,_ alkyl, —CONH,, —NO,,
—NH,, and —SO;X;

—R* is an aromatic 5- or 6-membered monocyclic car-

bocyclic ring or heterocyclic ring containing at least
one nitrogen atom, sulfur atom or oxygen atom, or a 9-
or 10-membered fused ring containing the aromatic 5-
or 6-membered monocyclic carbocyclic ring or hetero-
cyclic ring, wherein the ring may optionally be substi-
tuted with one or more substituents selected from the
group consisting of —F, —Cl, —Br, —I, —At, —C,
alkyl, —C,_ alkenyl, —C,_ alkynyl, —0O, —OH,

O—C, _; alkyl, —CONH,, —NO,, —NH,,, —SO, X,
—COO0OX., Y, and Z:; and

—R> and —R® are each independently an aromatic 5- or

6-membered monocyclic carbocyclic ring or heterocy-
clic ring containing at least one nitrogen atom, sulfur
atom or oxygen atom, or a 9- or 10-membered fused
ring containing the aromatic 5- to 6-membered mono-
cyclic carbocyclic ring or heterocyclic ring, wherein
the ring may optionally be substituted with one or more
substituents selected from the group consisting of —F,
—Cl, —Br, —I, —At, —C, _ alkyl, —C,_ alkenyl,
—C, ¢ alkynyl, =0, —OH, —O—C, _; alkyl, —O—
CH;, —CONH,, —NO,, —NH,, —S0,X, —COOX,
Y, and Z,
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provided that when R' or R is an aromatic 5-mem-

bered monocyclic carbocyclic ring or heterocyclic

ring containing at least one nitrogen atom, sulfur

atom or oxygen atom, the heterocyclic ring 1s not
substituted with —COOX.

2. The method according to claim 1, wherein regarding

the reaction accelerating agent represented by formula (1),

R' and R” are each mdependently an aromatic 6-membered

monocyclic carbocyclic ring, or a 10-membered fused ring
contaiming the aromatic 6-membered monocyclic carbocy-
clic ring, wherein the ring may optionally be substituted with
one or more substituents or wherein regarding the reaction

accelerating agent represented by formula (I), R' and R* are
cach independently selected from the group consisting of
|Formula 2]

wos—d N—o 0 N
O Q

X058

Q-0 O

SOgX

%\% Q

NH,
P 7 F 7

‘ X038 —— ‘
DA p N F
Y
Z |/\/ 7 l/\/
NN NN

Y X058
e N | A
\ \ I
\/\‘ N~ | N~ |
Y X058
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-continued
: X035/ N\ _OH |
Xogs—: o
/ \
X
OH OX

<\ />
_</ >70H, / \(COOX
— —/\>OH
ﬁ—ox OCH
/ 3
—</ >70H, NH,,
/\ HO 4 \\(COOX
S ’_) ,

\ / Y>L/>

XO;;S

RRaS

OCH3
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-continued -continued
O=C}/IN4<_\>_ —</ >7N=N
Oy
— — \__/

SO OO
O 00

OCH; wheremn X, Y, and Z are as defined 1n claim 1.
0 3. (canceled)
>—OX, 4. The method according to claim 1, wherein regarding
the reaction accelerating agent represented by formula (1),

4(_\>7 4</_>7 R' is selected from the group consisting of
HN N=N OH

/ \— _

—C

noa O O
- XOQ <

DO D
_|_\ v _§_§ | % \% N 4/_\>_

\ _//<Y \ / .

_‘_ | | |
—~ == Y T Y
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-continued

et
N/ N\ ../ X
)=

et
A Yo )

» _
T\ /N

>—0X,

arat

{/_\}={/_\>_

and R~ is selected from the group consisting of

|Formula 4]
i

W\ _-COOX, C—0OX,
&
AN

—/ "OH / \ OH

OCH;3
OH

45
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-continued

500
s EhiRe

~O0+-0

wherein X 1s as defined 1n claim 1.
5. The method according to claim 1, wherein the reaction

accelerating agent represented by formula (I) 1s a reaction
accelerating agent represented by the following formula:

|Formula 5]
(1)
|
—‘— —/Non
R3
wherein
X 1s selected from the group consisting of —H, —Na,
—K, and —Li;

Y 1s selected from the group consisting of —H, —SO;X,
and —COOX;

cach X and Y may be the same or different;

— R’ is —H or —NHCO—NH—R>—N—N—R°, or is
an aromatic 6-membered monocyclic carbocyclic ring,
or a 10-membered fused ring containing the carbocy-
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clic ring, wherein the ring may optionally be substi-
tuted with one or more substituents selected from the
group consisting of —F, —Cl, —Br, —I, —At, —C, ¢
alkyl, —C,_, alkenyl, —C,_. alkynyl, —0O, —OH,
O—C,  alkyl, —CONH,, —NO,, —NH,, and
—S0,X; and
—R> and —R° are each independently an aromatic
6-membered monocyclic carbocyclic ring, or a
10-membered fused ring containing the carbocyclic
ring, wherein the ring may optionally be substituted
with one or more substituents selected from the group
consisting of —F, —Cl, —Br, —I, —At, —C, _, alkyl,
—C,  alkenyl, —C, . alkynyl, —0O, —OH,
O0—C,  alkyl, —O—CH,, —CONH,, —NO.,,
—NH,, and —SO;X.

6. The method according to claim 1, wherein the reaction
accelerating agent represented by formula (I) 1s a reaction
accelerating agent represented by any of the following
formulae:

|Formula 6]
Y (3,
A
e\
/\I/\/N_N_(_/\OH
Q\\/Q./ N
K Y
/" \
N=N

‘/\/ _<;/\OH, or
A \‘

DA

Y

Y
=)

Y—: —/\OH

A

<
wherein
X 1s selected from the group consisting of —H, —Na,

—K, and —L1;
Y 1s selected from the group consisting of —H, —SO, X,
and —COOX; and

cach X and Y may be the same or diflerent.

7. The method according to claim 1, wherein the reaction
accelerating agent represented by formula (I) 1s a reaction
accelerating agent represented by the following formula:

Oct. 17,2019

|Formula 7]

(I1T)

- <y

wherein

R' is a benzene ring or a naphthalene ring which may
optionally be substituted with one or more substituents,
wherein

said substituent(s) 1s selected from the group consisting of
—NQO,, —S0O,X, and

|Formula 8]
N —
O=C/ SO3X
\ 3K,
(‘)CH:;
N ——
O=C/
T\
H3;CO SOz X

and

X 1s selected from the group consisting of —H, —Na,
—K, and —L.1.

8. The method according to claim 1, wherein regarding
the reaction accelerating agent represented by formula (1),
R' is an aromatic 6-membered monocyclic carbocyclic ring
which may optionally be substituted with one or more
substituents, and R* is an aromatic 5-membered monocyclic
heterocyclic ring containing at least one nitrogen atom,
sulfur atom or oxygen atom optionally substituted with one
or more substituents.

9. The method according to claim 1, wherein R* is an
aromatic S-membered monocyclic heterocyclic ring contain-
ing two nitrogen atoms wherein said ring may optionally be
substituted with one or more substituents, and the hetero-
cyclic ring 1s substituted with

|Formula 9]

X
4'\/ Cl\/\
| | o
N /\/\!—ox
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-continued
SO3X  or (] SO;X

\/\/\‘

P .¢ Cl
X

wherein X 1s as defined in claim 1, and each X may be the
same or different or wherein R” is

X

"
0 4\j
N/ \/\
/ | SO3X,
N
H»C
Cl
HO ﬁ
| i
N O
H,C
X
4\4\
E ):—803X or
N /\/\
/ ‘ X
N
H»C
Cl SO;X
HO
ll\T Cl
N
H;C

wherein X 1s as defined 1n claim 1, and each X may the same
or different.

10. (canceled)

11. The method according to claim 1, wherein the com-
pound represented by formula (I) 1s selected from the group
consisting of a compound represented by the following
formula:

|Formula 11}

IV
O

C—OX

OO

Oct. 17,2019
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wherein X 1s selected from the group consisting of —H,
—Na, —K, and —IL1 a compound represented by the
following formula:

|Formula 12]
v
O
!— OX
/
/ \ N=N 4</ \>7 OH
O>N

wherein X 1s selected from the group consisting of —H,
—Na, —K, and —L1,

a compound represented by the following formula:

|Formula 13]
VI

/\/\/N=N4</_\>70H
N ‘\/

XO3S/\/

wherein X 1s selected from the group consisting of —H,

—Na, —K, and —I.1, and each X may be the same or
different,

a compound represented by the following formula:

|Formula 14]

O o
Sasea

Hj CO SO3X

VII

wherein X 1s selected from the group consisting of —H,
—Na, —K, and —I.1, and each X may be the same or
different,
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a compound represented by the following formula:

|Formula 15]

VIII
HO
O
A OO
g

wherein X 1s selected from the group consisting of —H,
—Na, —K, and —1L1,
a compound represented by the following formula:

|Formula 16]
IX

DO

wherein X 1s selected from the group consisting of —H,
—Na, —K, and —L1, a compound represented by the
following formula:

X038

|Formula 17]

Cl SO X
\/ 3

HO |

X
Xo3s—</ \>—N=N I\\T -
— /N
H

:C

wherein X 1s selected from the group consisting of —H,
—Na, —K, and —IL1, and each X may be the same or
different,

a compound represented by the following formula:

|Formula 18]
X1
Cl
\/
HO
L
7/ \ NN S—O0X
N=N | |
. N O
H;C
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wherein X 1s selected from the group consisting of —H,
—Na, —K, and —I1, and a compound represented by the
following formula:

|Formula 19]
XII
OCH;3
H>N —</ \>7 N=—=N —</_\§7 NH»>
— /_
H;C

12. The method according to claim 1, wherein the oxidase
1s an oxidase selected from the group consisting of amador-
1ase, sarcosine oxidase, and cholesterol oxidase.

13. An oxidase reaction accelerating agent comprising a
compound represented by formula (I):

[Formula 20]

RI-—N—N—R” (D)

wherein

R' and R* are each independently an aromatic 5- or
6-membered monocyclic carbocyclic ring or heterocy-
clic ning containing at least one nitrogen atom, sulfur
atom or oxygen atom, or a 9- or 10-membered fused
ring containing the aromatic 5- or 6-membered mono-
cyclic carbocyclic ring or heterocyclic ring, wherein
the ring may optionally be substituted with one or more
substituents, wherein

said substituent(s) 1s selected from the group consisting of
—F, —Cl, —Br, —I, —At, —C, _ alkyl, —C,_ alk-
enyl, —C, . alkynyl, —0, —OH, —O—C,  alkyl,
—CONH,, —NO,, —NH,, —CO—NH,, —R",
— NH—R", — NHCO—NH—R>—N—N—R°,
—S0,X, —COOX., Y, and Z;

X 1s selected from the group consisting of —H, —Na,
—K, and —L1;

Y 1s selected from the group consisting of —H, —SO, X,
and —COOX;

7. 1s selected from the group consisting of —H, —C, .
alkyl, —O—C, _ alkyl, and —SO,X;

each X, Y, and Z may be the same or different;

—R? is —H, or is an aromatic 5- or 6-membered mono-
cyclic carbocyclic ring or heterocyclic ring containing
at least one nitrogen atom, sulfur atom or oxygen atom,
or a 9- or 10-membered fused ring containing the
aromatic 5- or 6-membered monocyclic carbocyclic
ring or heterocyclic ring, wherein the ring may option-
ally be substituted with one or more substituents
selected from the group consisting of —F, —Cl, —Br,
—I,—At, —C, alkyl, —C, . alkenyl, —C,_, alkynyl,
—(0, —OH, —O—C,_ alkyl, —CONH,, —NO,,
—NH,, and —SO;X;

—R* is an aromatic 5- or 6-membered monocyclic car-
bocyclic ring or heterocyclic ring containing at least
one nitrogen atom, sulfur atom or oxygen atom, or a 9-
or 10-membered fused ring containing the aromatic 5-
or 6-membered monocyclic carbocyclic ring or hetero-
cyclic ring, wherein the ring may optionally be substi-
tuted with one or more substituents selected from the
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group consisting of —F, —Cl, —Br, —I, —At, —C, _continued

alkyl, —C,_ alkenyl, —C,_ alkynyl, —0O, —OH,
O—C,_;alkyl, —CONH,, —NO,, —NH,, —S O, X, /\ X
A VN
X

/

—COO0OX., Y, and Z; and

F
< : . | ‘ X038 ——
—R” and —R"” are each independently an aromatic 3- or ~
\/\
Y

\

6-membered monocyclic carbocyclic ring or heterocy-

clic ring containing at least one nitrogen atom, sulfur

atom or oxygen atom, or a 9- or 10-membered fused

ring containing the aromatic 5- to 6-membered mono- =

cyclic carbocyclic ring or heterocyclic ring, wherein

the ring may optionally be substituted with one or more AN / F

substituents selected from the group consisting of —F, K033

—Cl, —Br, —I, —At, —C, _ alkyl, —C,_, alkenyl,

—C,_¢ alkynyl, =0, —OH, —O—C, _, alkyl, —O s
N

CH,, —CONH,, —NO,, —NH,, —S0,X, —COOX, ‘
Ya and Za \/

provided that when R' or R is an aromatic 5-mem- ‘
bered monocyclic carbocyclic ring or heterocyclic

: . : R X
ring containing at least one nitrogen atom, sulfur /v /§/ A
. . Y XO3S
atom or oxygen atom, the heterocyclic ring i1s not
substituted with —COOX. , X038/ N\ OH
14. The reaction accelerating agent according to claim 13, I / \
wherein regarding the reaction accelerating agent repre- AO33— 1~ —
sented by formula (I), R' and R* are each independently an F
aromatic 6-membered monocyclic carbocyclic ring, or a ‘
10-membered fused ring containing the aromatic 6-mem- N
bered monocyclic carbocyclic ring, wherein the ring may
optionally be substituted with a substituent(s) or wherein OH OX
regarding the compound represented by formula (I), R' and _I_
R* are each independently selected from the group consist- _\
ing of AUSS ’ \ M
‘_// Y
Y

|Formula 21}

\_/
. XOsS // \ y,CO0X
<7 X % O G
oS ioi o O P

SO;X

% >_ <_2_ _{é ) HOZ,, \\;coox
\ 7/ \_/
FASNOS vy

OO e

H;
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-continued contlnued

. as 8
\\\ /
A /\ /\ "‘
S —~ )=
QN%‘}={/_7 HO\ /

N2 2R H
R
O OO0
HN4< >_ / wherein X, Y, and Z are as defined 1n claim 13.
15. (canceled) | |

16. The reaction accelerating agent according to claim 13,
0CH3 wherein regarding the reaction accelerating agent repre-
O sented by formula (I), R' is selected from the group con-

sisting of
>—OX,

) e ) o R
ﬂi{/ - (% wos—_)—

H3CO/_ §=>_ <=2_

XO3S>” N\ e N\ XOsS 05X

A A -
-0

—|— _%:% ONQ N \_>_
(B oo

H,N

X038
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-continued
O
_ 7 |
X038 ——
\NH2 N
C
X058 N
SO;X

O
/ \ />
ESASSS,

Fats
A Yl

H;CO SO3X,

) ~COOX,

O
-

OCH3
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and R” is selected from the group consisting of

|Formula 23]

HO

SO;X

wherein X 1s as defined in claim 13.

17. The reaction accelerating agent according to claim 13,
wherein the reaction accelerating agent represented by for-
mula (I) 1s a reaction accelerating agent represented by the
following formula:
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|Formula 24 ]
(1I)
|
-—r— —/>on
R3
wherein
X 1s selected from the group consisting of —H, —Na,
—K, and —1L.1;
Y 1s selected from the group consisting of —H, —SO, X,
and —COQOX;

ecach X and Y may be the same or different;

—R? is —H or —NHCO—NH—R>—N=—N—R°, or is
an aromatic 6-membered monocyclic carbocyclic ring,
or a 10-membered fused ring containing the carbocy-
clic ring, wherein the ring may optionally be substi-
tuted with one or more substituents selected from the
group consisting of —F, —Cl1, —Br, —I, —At, —C,
alkyl, —C,_ alkenyl, —C,_. alkynyl, —0O, —OH,

O0—C,_ alkyl, —CONH,, —NO,, —NH,, and
—S0,X; and
—R> and —R° are each independently an aromatic

6-membered monocyclic carbocyclic ring, or a
10-membered fused ring containing the carbocyclic

ring, wherein the ring may optionally be substituted
with one or more substituents selected from the group

consisting of —F, —Cl1, —Br, —I, —At, —C,_; alkyl,
—C, , alkenyl, —C, . alkynyl, —0O, —OH,

O—C, , alkyl, —O—CH,;, —CONH,, —NO.,,
—NH,, and —SO,X.

18. The reaction accelerating agent according to claim 13,
wherein the reaction accelerating agent represented by for-
mula (I) 1s a reaction accelerating agent represented by any
of the following formulae:

|Formula 25]

\
/

E
A~
5

4
X
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-continued

|
| - jN==N___<ij>?“0}1
A ‘

X

wherein
X 1s selected from the group consisting of —H, —Na,
—K, and —L1;

Y 1s selected from the group consisting of —H, —SO,X,

and —COOX; and

cach X, Y, and Z may be the same or different.

19. The reaction accelerating agent according to claim 13,
wherein the reaction accelerating agent represented by for-
mula (I) 1s a reaction accelerating agent represented by the
following formula:

|Formula 26]
(I1)
O
|
/C —0OX
Rh—aczﬂq——<<? T>F——OH
wherein

R' is a benzene ring or a naphthalene ring which may
optionally be substituted with one or more substituents,
wherein

said substituent(s) 1s selected from the group consisting of
—NQO,, —S0O,X, and

|Formula 27]
HN_

O C/

— SOz X
\ \/ 3<%y
A e
OCH;

HN_

O_C/
%N // \\ N==h%——<f ‘>>

H3CO \SO3X
and
X 1s selected from the group consisting of —H, —Na,
—K, and —L.1.

20. The reaction accelerating agent according to claim 13,
wherein regarding the reaction accelerating agent repre-
sented by formula (1), R' is an aromatic 6-membered mono-
cyclic carbocyclic ring which may optionally be substituted
with one or more substituents, and R* is an aromatic 5-mem-
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bered monocyclic heterocyclic ring containing at least one
nitrogen atom, sulfur atom or oxygen atom optionally sub-
stituted with one or more substituents.

21. The reaction accelerating agent according to claim 13,
wherein R” is an aromatic 5-membered monocyclic hetero-
cyclic ring containing two nitrogen atoms wherein said ring
may optionally be substituted with one or more substituents,
and the heterocyclic ring 1s substituted with

|Formula 28]
X Cl\/\
AP SN
XX N5 —ox
SO3X, g :
SOX

/l/\/\ Cl

wherein X 1s as defined 1n claim 13, and each X may be the
same or different or wherein R is

|Formula 29]

@
N SO3X
.4--“'
O
|
| o
N O
H;C

o f\/\

—SO3X
e
N
H3C or
Cl SOz X
N 3
00 Z ‘
1|\I/ AN o
N
H;C

herein X 1s as defined in claim 13, and each X may be the
same or different.

Oct. 17,2019

22. (canceled)

23. The reaction accelerating agent according to claim 13,

wherein the compound represented by formula (1) 1s selected
from the group consisting of

a compound represented by the following formula:

|Formula 30]

IV
O
C—OX
a compound represented by the following formula:
|Formula 31]
>

O

250 SN/ N
Oy

wherein X 1s selected from the group consisting of —H,
—Na, —K, and —1L1,

a compound represented by the following formula:

|Formula 32]

VI
O

C—O0X

4
P -

wherein X 1s selected from the group consisting of —H,
—Na, —K, and —I.1, and each X may be the same or
different,

P\

Z N\ X
e e U

X058
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a compound represented by the following formula:

|Formula 33]
VII

Patant o
)

H,;CO SO3X

wherein X 1s selected from the group consisting of —H,
—Na, —K, and —Li1, and each X may be the same or
different,

a compound represented by the following formula:

|Formula 34 ]
VIII

O

A OO J'

O

wherein X 1s selected from the group consisting of —H,
—Na, —K, and —1L1,

a compound represented by the following formula:

|Formula 35]
IX
X038

Oct. 17,2019

a compound represented by the following formula:

|Formula 36]

Cl S0;X
HO

/ \ N Cl
X058 N=—N |
N

H,C

wherein X 1s selected from the group consisting of —H,
—Na, —K, and —I.1, and each X may be the same or
different,

a compound represented by the following formula:

|Formula 37]
X1
Cl\/\
HO ‘ 0
|
/ \ N/\/\Sl—OX
N=N | [
L =N O

wherein X 1s selected from the group consisting of —H,
—Na, —K, and —L1, and a compound represented by the
following formula:

|Formula 38]

XII
OCH;

H;C

24. A composition comprising the reaction accelerating
agent according to claim 13 and an oxidase, wherein the
oxidase 1s an oxidase selected from the group consisting of
amadoriase, sarcosine oxidase, and cholesterol oxidase.

25. (canceled)
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