
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

38
0 

98
9

B
1

(Cont. next page)

TEPZZ ¥8Z989B_T
(11) EP 2 380 989 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
01.07.2015 Bulletin 2015/27

(21) Application number: 10731334.8

(22) Date of filing: 19.01.2010

(51) Int Cl.:
C12Q 1/26 (2006.01) C12N 1/20 (2006.01)

C12N 9/02 (2006.01) G01N 33/53 (2006.01)

(86) International application number: 
PCT/JP2010/050565

(87) International publication number: 
WO 2010/082665 (22.07.2010 Gazette 2010/29)

(54) METHOD AND REAGENT FOR DETERMINING MEVALONIC ACID, 3-
HYDROXYMETHYLGLUTARYL-COENZYME A AND COENZYME A

VERFAHREN UND REAGENZ ZUR BESTIMMUNG VON 3-HYDROXYMETHYLGLUTARYL-
COENZYM A UND COENZYM A

PROCÉDÉ ET RÉACTIF POUR DÉTERMINER LA PRÉSENCE DE L’ACIDE MÉVALONIQUE, DE LA 
3-HYDROXYMÉTHYLGLUTARYL-COENZYME A ET DE LA COENZYME A

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HR HU IE IS IT LI LT LU LV MC MK MT NL NO PL 
PT RO SE SI SK SM TR

(30) Priority: 19.01.2009 JP 2009009177

(43) Date of publication of application: 
26.10.2011 Bulletin 2011/43

(73) Proprietor: Asahi Kasei Pharma Corporation
Tokyo 101-8101 (JP)

(72) Inventor: MATSUOKA, Takeshi
Tokyo 101-8101 (JP)

(74) Representative: Forstmeyer, Dietmar et al
BOETERS & LIECK 
Oberanger 32
80331 München (DE)

(56) References cited:  
JP-A- 6 273 417 JP-A- 7 159 400
JP-A- 9 281 045 JP-A- 2006 042 722
JP-A- 2007 306 821  

• M. HEDL ET AL: "Class II 3-Hydroxy-3-
Methylglutaryl Coenzyme A Reductases", 
JOURNAL OF BACTERIOLOGY, vol. 186, no. 7, 
17 March 2004 (2004-03-17), pages 1927-1932, 
XP055047561, ISSN: 0021-9193, DOI: 10.1128/JB.
186.7.1927-1932.2004

• G. S. SAINI: "Validation of the LC-MS/MS method 
for the quantification of mevalonic acid in human 
plasma and determination of the matrix effect", 
THE JOURNAL OF LIPID RESEARCH, vol. 47, no. 
10, 1 July 2006 (2006-07-01), pages 2340-2345, 
XP055047616, ISSN: 0022-2275, DOI: 
10.1194/jlr.D600018-JLR200

• WOOLLEN B H ET AL: "Determination of 
mevalonic acid in human urine as mevalonic acid 
lactone by gas chromatography-mass 
spectrometry", JOURNAL OF 
CHROMATOGRAPHY B: BIOMEDICAL 
SCIENCES & APPLICATIONS, ELSEVIER, 
AMSTERDAM, NL, vol. 760, no. 1, 25 August 2001 
(2001-08-25), pages 179-184, XP004274003, ISSN: 
1570-0232, DOI: 10.1016/S0378-4347(01)00247-X

• LOWRY O H: "Amplification by enzymatic 
cycling.", MOLECULAR AND CELLULAR 
BIOCHEMISTRY 20 NOV 1980, vol. 32, no. 3, 20 
November 1980 (1980-11-20), pages 135-146, 
XP009165660, ISSN: 0300-8177

• MATSUOKA TAKESHI ET AL: "An ultrasensitive 
enzymatic method for measuring mevalonic acid 
in serum.", JOURNAL OF LIPID RESEARCH SEP 
2012, vol. 53, no. 9, September 2012 (2012-09), 
pages 1987-1992, XP009165622, ISSN: 0022-2275

• VERHILLE S. ET AL.: ’Pseudomonas gessardii 
sp. nov. and Pseudomonas migulae sp. nov., two 
new species isolated from natural mineral waters’ 
INT. J. SYST. BACTERIOL. vol. 49, no. 4, 1999, 
pages 1559 - 1572



2

EP 2 380 989 B1

• WEN A. ET AL.: ’Phylogenetic relationships 
among members of the Comamonadaceae, and 
description of Delftia acidovorans (den Dooren 
de Jong 1926 and Tamaoka et al. 1987) gen. nov., 
comb. nov.’ INT. J. SYST. BACTERIOL. vol. 49, 
no. 2, 1999, pages 567 - 576

• TABREZ KHAN S. ET AL.: ’Isolation and 
characterization of a new poly(3- 
hydroxybutyrate)-degrading, denitrifying 
bacterium from activated sludge’ FEMS 
MICROBIOL. LETT. vol. 205, no. 2, 2001, pages 
253 - 257

• BEACH M.J. ET AL: ’Cloning, sequencing, and 
overexpression of mvaA, which encodes 
Pseudomonas mevalonii 3-hydroxy-3- 
methylglutaryl coenzyme A reductase’ J. 
BACTERIOL. vol. 171, no. 6, 1989, pages 2994 - 
3001

• POPJAK G. ET AL.: ’Determination of mevalonate 
in blood plasma in man and rat. Mevalonate 
’’tolerance’’ tests in man’ J. LIPID RES. vol. 20, 
no. 6, 1979, pages 716 - 728

• FRIESEN J.A. ET AL: ’The 3-hydroxy-3- 
methylglutaryl coenzyme-A (HMG-CoA) 
reductases’ GENOME BIOL. vol. 5, no. 11, 2004, 
page 248



EP 2 380 989 B1

3

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] The present invention relates to a method and a reagent for measuring mevalonic acid, 3-hydroxymethylglutaryl
coenzyme A, and coenzyme A.

Background Art

[0002] To keep track of the amount of a cholesterol synthesized in the body is very important for diagnoses of various
pathological conditions and the like. In the body, a cholesterol is synthesized by the mevalonate pathway from acetyl
coenzyme A via 3-hydroxymethylglutaryl coenzyme A (hereinafter also referred to as HMG-CoA), mevalonic acid (here-
inafter also referred to as MVA), and the like. As the conversion of HMG-CoA to MVA catalyzed by hydroxymethylglutaryl
coenzyme A reductase is a rate-determining step in this mevalonate pathway, the amount of a cholesterol synthesized
in the body can be estimated by measuring the amount of mevalonic acid (Non Patent Literature 1). So far, MVA in a
biological sample has been measured by a radioenzyme assay (Non Patent Literature 2), gas chromatography-mass
spectrometry (GC-MS) (Non Patent Literature 3 and 11), liquid chromatography-mass spectrometry (LC-MS) (Non Patent
Literature 4), an assay using antibody (Non Patent Literature 5), and the like. As shown in the above-mentioned docu-
ments, however, serum MVA concentrations are very low (63 to 200 nM [Non Patent Literature 1], 20 to 75 nM [Non
Patent Literature 2], 18 nM [Non Patent Literature 3], 7.7 to 86.2 nM [Non Patent Literature 6]), and measurement of
serum MVA concentrations by a colorimetric assay using an enzyme has not been reported so far. As in the case of
MVA, HMG-CoA is also thought to be important as an indicator for the cholesterol metabolism in the body, but meas-
urement of HMG-CoA concentrations by a colorimetric assay using an enzyme has not been reported so far.
[0003] Mevalonic acid has two optical isomers, which are expressed as D-mevalonic acid and L-mevalonic acid by
the D/L notation and as R-mevalonic acid and S-mevalonic acid by the R/S notation. While D-mevalonic acid (may be
expressed as R-mevalonic acid) is metabolized and it can serve as a substrate of mevalonate kinase and hydroxymeth-
ylglutaryl coenzyme A reductase in the body, L-mevalonic acid (may be expressed as S-mevalonic acid) is not metabolized
in the body.
[0004] In the present specification, a term "D,L-mevalonic acid" or "D,L-MVA" represents racemic mevalonic acid,
which is a mixture of the D form and the L form. When a term "mevalonic acid" or "MVA" is simply used in the present
specification, the term represents D-mevalonic acid or R-mevalonic acid.
[0005] Similarly, 3-hydroxymethylglutaryl coenzyme A also has two optical isomers, which are expressed as D-3-
hydroxymethylglutaryl coenzyme A and L-3-hydroxymethylglutaryl coenzyme A by the D/L notation and as R-3-hy-
droxymethylglutaryl coenzyme A and S-3-hydroxymethylglutaryl coenzyme A by the R/S notation. While D-3-hy-
droxymethylglutaryl coenzyme A (may be expressed as S-3-hydroxymethylglutaryl coenzyme A) is metabolized (can
serve as a substrate of hydroxymethylglutaryl coenzyme A reductase) in the body, L-3-hydroxymethylglutaryl coenzyme
A (may be expressed as R-3-hydroxymethylglutaryl coenzyme A) is not metabolized in the body.
[0006] In the present specification, a term "D,L-3-hydroxymethylglutaryl coenzyme A" or "D,L-HMG-CoA" represents
racemic 3-hydroxymethylglutaryl coenzyme A, which is a mixture of the D form and the L form. When a term "3-hy-
droxymethylglutaryl coenzyme A" or "HMG-CoA" is simply used, the term represents D-3-hydroxymethylglutaryl coen-
zyme A or S-3-hydroxymethylglutaryl coenzyme A.
[0007] Furthermore, coenzyme A (hereinafter also referred to as CoA) is thought to be important as an indicator or
the like of lipid metabolism in the body. However, convenient measurement of CoA concentrations by a colorimetric
assay using an enzyme has not been reported so far.
[0008] An enzyme cycling method has been reported as a method for measuring the concentration of an analyte with
high sensitivity by a colorimetric assay using an enzyme. The enzyme cycling method is a method of amplifying a signal
derived from an analyte A by an enzyme cycling reaction involving a hydrogen acceptor X and a hydrogen donor Y (here,
the hydrogen donor Y and the reduced hydrogen acceptor X are not the same substance). The outline of the enzyme
cycling method is represented by a combination of the following Reaction Formula 3:
[Formula 1]

A + Hydrogen acceptor X → A(Oxide) + Reduced hydrogen acceptor X (Reaction Formula 3)

and Reaction Formula 4:
[Formula 2]

A + Oxidized hydrogen donor Y ← A(Oxide) + Hydrogen donor Y (Reaction Formula 4)
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Here, A is an analyte, the hydrogen donor Y and the reduced hydrogen acceptor X are not the same substance, and an
enzyme that catalyzes Reaction Formulas 3 and 4, a hydrogen acceptor X, and a hydrogen donor Y are added to a test
solution containing the analyte A to bring about the above-mentioned enzymatic reactions. The analyte A is cycled
between A and A (oxide) during the reaction, and the reduced hydrogen acceptor X and the oxidized hydrogen donor
Y are produced depending on the number of cycles. A signal derived from the analyte A is therefore amplified, and the
analyte A can be measured with high sensitivity by colorimetrically measuring the amount of the reduced hydrogen
acceptor X, the oxidized hydrogen donor Y, the decreased hydrogen acceptor X, or the decreased hydrogen donor Y.
[0009] In general, when the amount of an enzyme added to a reaction mixture is increased in an enzyme cycling
reaction, the number of enzyme cycling reactions per unit time is increased, thereby improving sensitivity. However, it
is impossible to add an enzyme to a reaction mixture in a certain amount or more, or to improve measurement sensitivity
due to: 1) the reaction rate constant (kcat) of an enzyme involved in a reaction; 2) the amount of an enzyme that can
be dissolved in a reaction mixture; 3) purity of the enzyme used; and the like. Therefore, the enzyme cycling reaction
has a lower limit of the measurable concentration of an analyte. When the hydrogen acceptor X is oxidized thionicoti-
namide-adenine-dinucleotide (hereinafter also referred to as T-NAD) or oxidized thio-nicotinamide-adenine-dinucleotide
phosphate (hereinafter also referred to as T-NADP), and the hydrogen donor Y is reduced nicotinamide adenine dinu-
cleotide (hereinafter also referred to as NADH) or reduced nicotinamide adenine dinucleotide phosphate (hereinafter
also referred to as NADPH) in the above-mentioned enzyme cycling method, the lower limit of the measurable concen-
tration of an analyte is usually approximately 1 to 10 mM (Patent Literatures 1 and 2 and Non Patent Literatures 7 and 8).
[0010] Examples of the lower limit of the measurable concentration in a highly sensitive assay using the enzyme
cycling method include: 0.2 mM when the analyte A is cholic acid, and the enzyme that catalyzes the enzyme cycling
reaction is 3α-steroid dehydrogenase (Patent Literature 3); 0.2 mM when the analyte A is glucose-6-phosphate, and the
enzyme that catalyzes the enzyme cycling reaction is glucose-6-phosphate dehydrogenase (Patent Literature 4); and
0.1 mM when the analyte A is a cholesterol and the enzyme that catalyzes the enzyme cycling reaction is cholesterol
dehydrogenase (Non Patent Literature 9). Further, when the hydrogen acceptor X is oxygen and the hydrogen donor Y
is NADH or reduced NADPH, concentrations to the lower limit of 0.03 mM could be measured by using glycerol-3-
phosphate as an analyte, which is obtained by degrading lysophosphatidic acid with lysophosphatidic acid lipase, and
using glycerol-3-phosphate oxidase and glycerol-3-phosphate dehydrogenase as enzymes catalyzing a cycling reaction
and detecting hydrogen peroxide, which is a reduced hydrogen acceptor X, with peroxidase, 4-aminoantipyrine, and
TOOS (Non Patent Literature 10).
[0011] In particular, known enzyme cycling reactions in which the hydrogen acceptor X is T-NAD or T-NADP and the
hydrogen donor Y is NADH or NADPH are, for example: a reaction represented by a combination of the following Reaction
Formula 5:
[Formula 3]

A + T-NAD(P) → A(Oxide) + T-NAD(P)H (Reaction Formula 5)

and the following Reaction Formula 6:
[Formula 4]

A + NAD(P) ← A(Oxide) + NAD(P)H (Reaction Formula 6)

using a dehydrogenase for the analyte A (Patent Literatures 1, 3, and 4 and Non Patent Literatures 7 and 8); a reaction
represented by a combination of the following Reaction Formula 7:
[Formula 5]

Glutamic acid + H2O + T-NADP → α-Ketoglutaric acid + NH3 + T-NADPH (Reaction Formula
7)

and the following Reaction Formula 8:
[Formula 6]

Glutamic acid + H2O + NADP ← α-Ketoglutaric acid + NH3 + NADPH (Reaction Formula 8)

wherein the analyte is glutamic acid, α-ketoglutaric acid, or ammonia, and a glutamate dehydrogenase is used for these
analytes (Patent Literature 2); or a reaction represented by a combination of the following Reaction Formula 9:
[Formula 7]

D-Glyceroaldehyde-3-phosphate + Phosphoric acid T-NAD → 1,3-Diphosphoglyceric acid + T-
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NADH (Reaction Formula 9)

and the following Reaction Formula 10:
[Formula 8]

D-Glyceroaldehyde-3-phosphate + Phosphoric acid + NAD ← 1,3-Diphosphoglyceric acid +
NADH (Reaction Formula 10)

wherein the analyte is D-glyceroaldehyde-3-phosphate, inorganic phosphorus, or 1,3-diphosphoglyceric acid, and a D-
glyceroaldehyde-3-phosphate dehydrogenase is used for these analytes (Patent Literature 5), and the like. Furthermore,
it has been reported in Patent Literature 2 that the lower limit of the ammonium chloride that can be measured is 40 mM,
the lower limit of the L-glutamic acid that can be measured is 40 mM, and the lower limit of L-leucine that can be measured
is 4 mM in an enzyme cycling reaction in which leucine dehydrogenase was used instead of glutamate dehydrogenase,
and glutamic acid was replaced with leucine and α-ketoglutaric acid was replaced with 2-oxoisocaproate in Reaction
Formulas 7 and 8. It has been reported in Patent Literature 4 that the lower limit of the phosphoric acid that can be
measured is 10 mM, and that the lower limit was 0.2 mM when measurement was performed using 3-phosphoglycerate
kinase after 3-phosphoglyceric acid was converted into 1,3-diphosphoglyceric acid.

Citation list

Patent Literatures

[0012]

Patent Literature 1: Japanese Patent Laid-Open No. 04-158799
Patent Literature 2: Japanese Patent Laid-Open No. 04-278099
Patent Literature 3: Japanese Patent Laid-Open No. 03-224498
Patent Literature 4: Japanese Patent Laid-Open No. 04-335898
Patent Literature 5: Japanese Patent Laid-Open No. 04-349898
Patent Literature 6: Japanese Patent Laid-Open No. 01-144976

Non Patent Literatures

[0013]

Non Patent Literature 1: Proc Natl Acad Sci U S A. 1982 May; 79(9): 3037-41
Non Patent Literature 2: J Lipid Res. 1979 Aug; 20(6): 716-28
Non Patent Literature 3: J Lipid Res. 1991 Jun; 32(6): 1057-60
Non Patent Literature 4: J Lipid Res. 2006 Oct; 47(10): 2340-5
Non Patent Literature 5: Clin Chem. 1998 Oct; 44(10): 2152-7
Non Patent Literature 6: Rapid Commun Mass Spectrom. 2003; 17(15): 1723-34
Non Patent Literature 7: Clin Chim Acta. 2003 Feb; 328(1-2): 163-71
Non Patent Literature 8: Clin Chem. 1994 May; 40(5): 817-21
Non Patent Literature 9: Clin Chem. 2002 May; 48(5): 737-41
Non Patent Literature 10: Clin Chim Acta. 2003 Jul 1; 333(1): 59-67
Non Patent Literature 11: J Chromatogr B 2001 Aug 25:760(1): 179-184

Summary of Invention

Technical Problem

[0014] Of conventional techniques to measure MVA in a biological sample as an indicator of the amount of a cholesterol
synthesized in the body, for example, a radioenzyme assay uses a radioactive isotope, GC-MS and LC-MS require
special devices, and an assay using an antibody uses an antigen-antibody reaction, and therefore, these methods can
not treat many specimens or measure substances conveniently with ultrahigh-sensitivity and high precision. As in the
case of MVA, for HMG-CoA, which is thought to be important as an indicator of the metabolism of a cholesterol in the
body, and for CoA, which is thought to be important as an indicator of lipid metabolism in the body, a method that can
treat many specimens conveniently with ultrahigh-sensitivity and high precision was not known so far.
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[0015] Furthermore, even when an enzyme cycling method is used, the detection limit of an analyte in a test solution
is thought to be approximately 0.03 mM from the previous reports. Therefore, when the concentration of an analyte in a
test solution is lower than 30 nM, for example, 20, 10, 1, 0.5, or 0.25 nM, the substance could not be measured with
high sensitivity or high precision even when an enzyme cycling method was used. In particular, in an enzyme cycling
reaction represented by a combination of Reaction Formula 5 and Reaction Formula 6 in which the hydrogen acceptor
X is T-NAD or T-NADP and the hydrogen donor Y is NADH or NADPH, when the concentration of an analyte in a test
solution is lower than 100 nM, for example, 50, 25, 20, 10, 1, 0.5, or 0.25 nM, the substance could not be measured
with high sensitivity and high precision.
[0016] Furthermore, as described above, as to an enzyme cycling reaction in which the hydrogen acceptor X is T-
NAD or T-NADP, and the hydrogen donor Y is NADH or NADPH, although: a reaction system in which only a hydrogen
acceptor X, a hydrogen donor Y, and an analyte A alone are involved; a reaction system in which phosphoric acid is
involved in addition to a hydrogen acceptor X, a hydrogen donor Y, and an analyte A; or a reaction system in which
water and ammonia are involved in addition to a hydrogen acceptor X, a hydrogen donor Y, and an analyte A has been
carried out, an enzyme cycling reaction using a reaction system in which coenzyme A is involved in addition to a hydrogen
acceptor X, a hydrogen donor Y, and an analyte A has not been carried out. Furthermore, as shown in combinations of
Reaction Formulas 3 and 4, Reaction Formulas 5 and 6, Reaction Formulas 7 and 8, and Reaction Formulas 9 and 10,
these reactions are one-step reactions involving hydrogen transfer between a one-molecule substrate and a one-molecule
hydrogen acceptor or a one-molecule substrate and a one-molecule hydrogen donor. For example, an enzyme cycling
method comprising a three-step reaction including a two reaction steps of a hydrogen transfer between a one-molecule
substrate and a two-molecule hydrogen acceptor or a one-molecule substrate and a two-molecule hydrogen donor is
unknown so far.
[0017] An object of the present invention is to provide a method for measuring MVA and HMG-CoA which are indicators
of the amount of a cholesterol synthesized in the body and coenzyme A which is an indicator of lipid metabolism in the
body in a biological sample conveniently with ultrahigh-sensitivity and high precision, as well as a measuring reagent
used for the measurement.

Solution to Problem

[0018] The inventor conducted various researches to achieve the foregoing object. As a result, the inventor found a
convenient method for colorimetrically measuring mevalonic acid, 3-hydroxymethylglutaryl coenzyme A, or coenzyme
A in a test solution by an enzyme cycling method using hydroxymethylglutaryl coenzyme A reductase with ultrahigh-
sensitivity and high precision, and thus accomplished the present invention.
[0019] Mevalonic acid dehydrogenase that catalyzes the reaction in which the analyte A is mevalonic acid in the above-
mentioned Reaction Formulas 5 and 6 has not been reported so far. Hydroxymethylglutaryl coenzyme A reductase
(EC1.1.1.34 and/or EC1.1.1.88: hereinafter also referred to as HMGR. "Enzyme Handbook: Asakura Publishing Co.,
Ltd. 1982") is known as an enzyme that acts on mevalonic acid. A reaction catalyzed by HMGR is a two-step reaction
involving hydrogen transfer between a one-molecule mevalonic acid and a two-molecule hydrogen acceptor or a one-
molecule HMG-CoA and a two-molecule hydrogen donor as shown in Reaction Formula 11:
[Formula 9]

Mevalonic acid + Coenzyme A + 2NAD(P) → 3-Hydroxymethylglutaryl coenzyme A +
2NAD(P)H (Reaction Formula 11)

and Reaction Formula 12:
[Formula 10]

Mevalonic acid + Coenzyme A + 2NAD(P) ← 3-Hydroxymethylglutaryl coenzyme A +
2NAD(P)H (Reaction Formula 12)
Genome Biol. 2004; 5(11): 248 and Protein Sci. 2000 Jun; 9(6):12, 26-34 suggest that the above Reaction Formulas 11
and 12 are composed of a three-step reaction including two reaction steps of a hydrogen transfer as shown in the
following Reaction Formula 13:
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and Reaction Formula 14:

[0020] Accordingly, when only the portion of the reaction of mevalonic acid and mevaldehyde in Reaction Formulas
13 and 14, i.e., an enzyme cycling reaction as a one-step reaction involving hydrogen transfer represented by a com-
bination of the following Reaction Formula 15:

and Reaction Formula 16:

is carried out using HMGR in the absence of coenzyme A, a one-molecule T-NAD(P)H is produced by a one-step reaction.
Mevalonic acid may be therefore measured with high sensitivity because the T-NAD(P)H production efficiency is in-
creased as compared with production of a two-molecule T-NAD(P)H by a three-step reaction. Furthermore, when only
the portion of the reaction of mevadyl coenzyme A and HMG-CoA in Reaction Formulas 13 and 14, i.e., an enzyme
cycling reaction as a one-step reaction involving hydrogen transfer represented by a combination of the following Reaction
Formula 17:

and Reaction Formula 18:

is carried out using HMGR in the absence of coenzyme A, HMG-CoA may be similarly measured with high sensitivity.
Contrary to expectations, however, it was found that an enzyme cycling reaction represented by a combination of the
above-mentioned Reaction Formulas 15 and 16 does not progress when the concentration of MVA is low, for example,
45 nM or lower in a reaction mixture (90 nM or lower in case of D,L-MVA) or 9 nM or lower (18 nM or lower in case of
D,L-MVA), thereby preventing measurement of mevalonic acid with high sensitivity. Furthermore, an enzyme cycling
reaction represented by a combination of the above-mentioned Reaction Formulas 17 and 18 similarly does not progress
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when the concentration of HMG-CoA is low, for example, 9 nM or lower in a reaction mixture (18 nM or lower in case of
D,L-HMG-CoA), thereby preventing measurement of HMG-CoA with high sensitivity.
[0021] On the other hand, because an enzyme cycling reaction comprising a three-step reaction including two reaction
steps of a hydrogen transfer represented by a combination of the following Reaction Formula 19:

and Reaction Formula 20:

is a multistep reaction, it has been thought that the enzyme cycling reaction does not progress, or the reaction efficiency
is very low as compared with the previously reported enzyme cycling reaction comprising a one-step reaction. Surprisingly,
the inventor found that this enzyme cycling reaction efficiently progresses, enabling measurement of mevalonic acid or
HMG-CoA in the test solution with ultrahigh-sensitivity that has never been achieved.
[0022] In other words, the inventor found that: 1) that an enzyme cycling reaction involving coenzyme A that has not
been known can be brought about; 2) an enzyme cycling reaction represented by a combination of Reaction Formulas
11 and 12 which comprises a three-step reaction including two reaction steps of a hydrogen transfer can be brought
about using enzyme HMGR; and, further, 3) even when the concentration of MVA, HMG-CoA and/or coenzyme A in a
test solution is lower than 100 nM, for example, a concentration such as 50, 25, 20, 10, 1, 0.5, or 0.25 nM, MVA, HMG-
CoA, and/or coenzyme A can be colorimetrically measured by the above-mentioned enzyme cycling reaction of 2) with
ultra high sensitivity that has never been achieved, and thus accomplished the present invention.
[0023] Specifically, the present invention relates to the following.
[0024] A method for measuring a concentration of an analyte in a test solution wherein the analyte is mevalonic acid
and/or 3-hydroxymethylglutaryl coenzyme A, comprising the following steps (p) and (q): (p) a step of allowing an enzyme
that catalyzes a reaction represented by Reaction Formula 1:
[Formula 19]

Mevalonic acid + Coenzyme A + 2 Hydrogen acceptor X → 3-Hydroxymethylglutaryl coenzyme A +
2 Reduced hydrogen acceptor X (Reaction Formula 1)

and an enzyme that catalyzes a reaction represented by Reaction Formula 2:
[Formula 20]

Mevalonic acid + Coenzyme A + 2 Oxidized hydrogen donor Y ← 3-Hydroxymethylglutaryl coenzyme
A + 2 Hydrogen donor Y (Reaction Formula 2)

to act on the test solution containing mevalonic acid and/or 3-hydroxymethylglutaryl coenzyme A in the presence of a
hydrogen acceptor X, a hydrogen donor Y, and coenzyme A; and (q) a step of measuring an amount of: a reduced
hydrogen acceptor X that is produced; or an oxidized hydrogen donor Y that is produced; or a hydrogen acceptor X that
is decreased; or a hydrogen donor Y that is decreased, wherein the hydrogen donor Y and the reduced hydrogen acceptor
X are not the same.
[0025] A method for measuring a concentration of an analyte in a test solution wherein the analyte is coenzyme A,
comprising the following steps (p’) and (q’): (p’) a step of allowing an enzyme that catalyzes a reaction represented by
Reaction Formula 1:
[Formula 21]

Mevalonic acid + Coenzyme A + 2 Hydrogen acceptor X → 3-Hydroxymethylglutaryl coenzyme A +
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2 Reduced hydrogen acceptor X (Reaction Formula 1)

and an enzyme that catalyzes a reaction represented by Reaction Formula 2:
[Formula 22]

Mevalonic acid + Coenzyme A + 2 Oxidized hydrogen donor Y → 3-Hydroxymethylglutaryl coenzyme
A + 2 Hydrogen donor Y (Reaction Formula 2)

to act on the test solution containing coenzyme A in the presence of a hydrogen acceptor X, a hydrogen donor Y, and
mevalonic acid; and (q’) a step of measuring the amount of: a reduced hydrogen acceptor X that is produced; or an
oxidized hydrogen donor Y that is produced; or a hydrogen acceptor X that is decreased; or a hydrogen donor Y that is
decreased, wherein the hydrogen donor Y and the reduced hydrogen acceptor X are not the same.
[0026] The above-mentioned measuring method, wherein the concentration of the analyte is lower than 30 nM, and
the step of measuring the amount of: the reduced hydrogen acceptor X that is produced; or the oxidized hydrogen donor
Y that is produced; or the hydrogen acceptor X that is decreased; or the hydrogen donor Y that is decreased is performed
by a colorimetric analysis.
[0027] The above-mentioned measuring method, wherein the hydrogen acceptor X is selected from a group of oxidized
nicotinamide adenine dinucleotides.
[0028] The above-mentioned measuring method, wherein the hydrogen donor Y is selected from a group of reduced
nicotinamide adenine dinucleotides.
[0029] The above-mentioned measuring method, wherein the oxidized nicotinamide adenine dinucleotides are selected
from the group consisting of an oxidized nicotinamide adenine dinucleotide, an oxidized nicotinamide adenine dinucleotide
phosphate, an oxidized thionicotinamide adenine dinucleotide, an oxidized thionicotinamide adenine dinucleotide phos-
phate, an oxidized acetyl nicotinamide adenine dinucleotide, and an oxidized acetyl nicotinamide adenine dinucleotide
phosphate, and combinations thereof.
[0030] The above-mentioned measuring method, wherein the reduced nicotinamide adenine dinucleotides are selected
from the group consisting of a reduced nicotinamide adenine dinucleotide, a reduced nicotinamide adenine dinucleotide
phosphate, a reduced thionicotinamide adenine dinucleotide, a reduced thionicotinamide adenine dinucleotide phos-
phate, a reduced acetyl nicotinamide adenine dinucleotide, and a reduced acetyl nicotinamide adenine dinucleotide
phosphate, and combinations thereof.
[0031] The above-mentioned measuring method, wherein: the concentration of the analyte is lower than 100 nM; the
hydrogen acceptor X is an oxidized thionicotinamide adenine dinucleotide or an oxidized thionicotinamide adenine
dinucleotide phosphate; the hydrogen donor Y is a reduced nicotinamide adenine dinucleotide or a reduced nicotinamide
adenine dinucleotide phosphate; and the step of measuring the amount of: the reduced hydrogen acceptor X that is
produced; or the oxidized hydrogen donor Y that is produced; or the hydrogen acceptor X that is decreased; or the
hydrogen donor Y that is decreased is performed by a colorimetric analysis.
[0032] The above-mentioned measuring method, wherein the enzyme that catalyzes the reaction represented by
Reaction Formula 1 is hydroxymethylglutaryl coenzyme A reductase.
[0033] The above-mentioned measuring method, wherein the enzyme that catalyzes the reaction represented by
Reaction Formula 2 is hydroxymethylglutaryl coenzyme A reductase.
[0034] The above-mentioned measuring method, wherein the hydroxymethylglutaryl coenzyme A reductase is derived
from the genus of Pseudomonas, Variovorax, Delftia, Comamonas, or Archaeoglobus.
[0035] The above-mentioned measuring method, wherein the enzyme that catalyzes the reaction(s) represented by
Reaction Formula 1 and/or Reaction Formula 2 is: (i) a protein having an amino acid sequence represented by any of
SEQ ID NOS: 1 to 3; or (ii) a protein having an amino acid sequence which includes deletion, addition, and/or substitution
of one or several amino acids in the amino acid sequence represented by any of SEQ ID NOS: 1 to 3 and having an
activity of catalyzing the reaction(s) represented by Reaction Formula 1 and/or Reaction Formula 2.
[0036] The above-mentioned measuring method, wherein the test solution contains mevalonic acid and 3-hydroxymeth-
ylglutaryl coenzyme A, the analyte is 3-hydroxymethylglutaryl coenzyme A, and the method further comprises the fol-
lowing step (o) before the step (p): (o) a step of removing mevalonic acid from the test solution.
[0037] The above-mentioned measuring method, wherein the step (o) is performed by an enzymatic reaction, preferably
a mevalonate kinase reaction.
[0038] The above-mentioned measuring method, characterized in that the step (o) is performed by a mevalonate
kinase reaction, and then the step (p) is performed without performing an isolation procedure.
[0039] The above-mentioned measuring method, wherein the above-mentioned mevalonate kinase is: (i) a protein
having an amino acid sequence encoded by a nucleotide sequence of SEQ ID NO: 5; or (ii) a protein having an amino
acid sequence which includes deletion, addition, and/or substitution one or several amino acids in the amino acid
sequence encoded by a nucleotide sequence of SEQ ID NO: 5 and having an activity of catalyzing a reaction represented
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by Reaction Formula 21:
[Formula 23]

Mevalonic acid + ATP → Mevalonic acid phosphate + ADP (Recation Formula 21)

[0040] The above-mentioned measuring method, wherein the test solution contains mevalonic acid and 3-hydroxymeth-
ylglutaryl coenzyme A, the analyte is mevalonic acid, and the method further comprises the following step (o’) before
the step (p): (o’) a step of removing 3-hydroxymethylglutaryl coenzyme A from the test solution.
[0041] The above-mentioned measuring method, wherein the step (o’) is performed by an enzymatic reaction.
[0042] The above-mentioned measuring method, wherein the enzymatic reaction is a hydroxymethylglutaryl coenzyme
A lyase reaction.
[0043] The above-mentioned measuring method, wherein the step (o’) is performed by a hydroxymethylglutaryl coen-
zyme A lyase reaction, and then the step (p) is performed without performing the isolation procedure.
[0044] The above-mentioned measuring method, wherein the hydroxymethylglutaryl coenzyme A lyase is: (i) a protein
having an amino acid sequence of SEQ ID NO: 7; or (ii) a protein having an amino acid sequence which includes deletion,
addition, and/or substitution of one or several amino acids in the amino acid sequence of SEQ ID NO: 7 and having an
activity of catalyzing a reaction represented by the Reaction Formula 22.
[Formula 24]

3-Hydroxymethylglutaryl coenzyme A → Acetoacetic acid + Acetyl coenzyme A (Reaction
Formula 22)

[0045] The present invention also relates to the following.
[0046] A reagent for measuring mevalonic acid and/or 3-hydroxymethylglutaryl coenzyme A, comprising a hy-
droxymethylglutaryl coenzyme A reductase, a coenzyme A, an oxidized thionicotinamide adenine dinucleotide (phos-
phate), and a reduced nicotinamide adenine dinucleotide (phosphate).
[0047] The above-mentioned measuring reagent, wherein the mevalonic acid is not substantially contained in the
reagent.
[0048] A method for producing a reagent for measuring mevalonic acid and/or 3-hydroxymethylglutaryl coenzyme A
comprising a hydroxymethylglutaryl coenzyme A reductase, a coenzyme A, an oxidized thionicotinamide adenine dinu-
cleotide (phosphate), and a reduced nicotinamide adenine dinucleotide (phosphate), wherein the method comprises a
step of removing contained mevalonic acid using mevalonate kinase.
[0049] The above-mentioned measuring reagent, wherein the 3-hydroxymethylglutaryl coenzyme A is not substantially
contained in the reagent.
[0050] A method for producing a reagent for measuring mevalonic acid and/or 3-hydroxymethylglutaryl coenzyme A
comprising a hydroxymethylglutaryl coenzyme A reductase, a coenzyme A, an oxidized thionicotinamide adenine dinu-
cleotide (phosphoric acid), and a reduced nicotinamide adenine dinucleotide (phosphate), wherein the method comprises
a step of removing 3-hydroxymethylglutaryl coenzyme A using a 3-hydroxymethylglutaryl coenzyme A lyase.
[0051] A reagent for measuring coenzyme A, comprising a hydroxymethylglutaryl coenzyme A reductase, a mevalonic
acid, an oxidized thionicotinamide adenine dinucleotide (phosphate), and a reduced nicotinamide adenine dinucleotide
(phosphate).
[0052] A reagent for measuring 3-hydroxymethylglutaryl coenzyme A, comprising a hydroxymethylglutaryl coenzyme
A reductase, a mevalonate kinase, a coenzyme A, a phosphate donor, an oxidized thionicotinamide adenine dinucleotide
(phosphate), and a reduced nicotinamide adenine dinucleotide (phosphate).
[0053] A reagent for measuring mevalonic acid, comprising a hydroxymethylglutaryl coenzyme A reductase, a hy-
droxymethylglutaryl coenzyme A lyase, a coenzyme A, an oxidized thionicotinamide adenine dinucleotide (phosphate),
and a reduced nicotinamide adenine dinucleotide (phosphate).
[0054] A bacterial strain Pseudomonas sp. 1-MV (FERM BP-11063) or a mutant thereof which has a 16S rDNA
sequence having 97% or higher homology to a sequence of SEQ ID NO: 8 and an ability to produce a protein having
an activity of catalyzing the reaction represented by Reaction Formula 1 or 2.
[0055] A bacterial strain Variovorax sp. 5-MV (FERM BP-11064) or a mutant thereof which has a 16S rDNA sequence
having 97% or higher homology to a sequence of SEQ ID NO: 9 and an ability to produce a protein having an activity
of catalyzing the reaction represented by Reaction Formula 1 or 2.
[0056] A bacterial strain Delftia sp. 12-MV (FERM BP-11065) or a mutant thereof which has a 16S rDNA sequence
having 97% or higher homology to a sequence of SEQ ID NO: 10 and an ability to produce a protein having an activity
of catalyzing the reaction represented by Reaction Formula 1 or 2.
[0057] A bacterial strain Comamonas sp. 25-MV (FERM BP-11066) or a mutant thereof which has a 16S rDNA se-
quence having 97% or higher homology to a sequence of SEQ ID NO: 11 and an ability to produce a protein having an
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activity of catalyzing the reaction represented by Reaction Formula 1 or 2.
[0058] A protein according to any of the following (A) to (C): (A) a protein having an amino acid sequence of SEQ ID
NO: 1; (B) a protein having an amino acid sequence which has deletion, addition, and/or substitution of one or several
amino acids in the amino acid sequence of SEQ ID NO: 1 and an activity of catalyzing a reaction represented by Reaction
Formula 1 or 2; and (C) a protein which has an amino acid sequence having 90% or higher homology to an amino acid
sequence of SEQ ID NO: 1 and an activity of catalyzing a reaction represented by Reaction Formula 1 or 2.
[0059] A standard mevalonic acid measuring method for accurately measuring an amount of mevalonic acid in a
sample, the method comprising at least the following steps (i) to (iv):

(i) a step of allowing a mevalonate kinase to act on the mevalonic acid in the sample in the presence of ATP thereby
converting mevalonic acid and ATP to mevalonic acid phosphate and ADP;
(ii) a step of allowing a ADP-dependent hexokinase to act on the ADP produced in the step (i) in the presence of
glucose, thereby producing glucose-6-phosphate and AMP;
(iii) a step of allowing a glucose-6-phosphate dehydrogenase to act on the glucose-6-phosphate produced in the
step (ii) in the presence of an oxidized nicotinamide adenine dinucleotide (phosphate) thereby producing 6-phos-
phogluconolactone and a reduced nicotinamide adenine dinucleotide (phosphate); and
(iv) a step of measuring the reduced nicotinamide adenine dinucleotide (phosphate) produced in the step (iii) using
absorbance.

[0060] A standard mevalonic acid measuring method for accurately measuring mevalonic acid in a sample, comprising
at least the following steps (i) and (ii):

(i) a step of allowing a hydroxymethylglutaryl coenzyme A reductase to act on the mevalonic acid in the sample in
the presence of an oxidized nicotinamide adenine dinucleotide (phosphate) and coenzyme A, thereby producing 3-
hydroxymethylglutaryl coenzyme A and a reduced nicotinamide adenine dinucleotide (phosphate); and
(ii) a step of measuring the reduced nicotinamide adenine dinucleotide (phosphate) produced in the step (i) using
absorbance.

[0061] A mevalonic acid reference material with an accurate value of mevalonic acid concentration assigned by the
above-mentioned standard measuring method.

Advantageous Effect of Invention

[0062] According to the present invention, MVA and/or HMG-CoA in a biological sample which is an indicator of the
amount of a cholesterol synthesized in the body or CoA in a biological sample which is an indicator of lipid metabolism
in the body can be measured conveniently with ultrahigh-sensitivity and high precision. The above-mentioned measure-
ment can be performed for many specimens using a general-purpose automated analyzer. Therefore, many specimens
can be measured accurately in routine clinical tests and the like, which is useful for diagnoses of pathological conditions
and the like.

Brief Description of Drawings

[0063]

[Figure 1] Figure 1 is a graph showing results of the measurement of MVA using the enzyme cycling reaction in
Example 21.
[Figure 2] Figure 2 is a graph showing results of the measurement of HMG-CoA using the enzyme cycling reaction
in Example 21.
[Figure 3] Figure 3 is a graph showing results of the measurement of a residual activity of HMGR-V in Example 25.
[Figure 4] Figure 4 is a graph showing results of the measurement of a residual activity of HMGR-D in Example 25.
[Figure 5] Figure 5 is a graph showing results of the measurement of a residual activity of HMGR-C in Example 25.
[Figure 6] Figure 6 is a graph showing results of the measurement of a residual activity of HMGR-P in Example 25.
[Figure 7] Figure 7 is a graph showing results of the measurement of a residual activity of HMGR-A in Example 25.
[Figure 8] Figure 8 is a graph showing results of the measurement of a relative activity of HMGR-V at each pH in
Example 25.
[Figure 9] Figure 9 is a graph showing results of the measurement of a relative activity of HMGR-D at each pH in
Example 25.
[Figure 10] Figure 10 is a graph showing results of the measurement of a relative activity of HMGR-C at each pH
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in Example 25.
[Figure 11] Figure 11 is a graph showing results of the measurement of a relative activity of HMGR-P at each pH
in Example 25.
[Figure 12] Figure 12 is a graph showing results of the measurement of a relative activity of HMGR-A at each pH
in Example 25.
[Figure 13] Figure 13 is a graph showing results of the analysis of reaction time courses using the MVK method in
Example 29.
[Figure 14] Figure 14 is a graph showing results of the analysis of reaction time courses using the HMGR method
in Example 30.

Description of Embodiments

[0064] The present invention relates to a method for measuring an analyte in a test solution using an enzyme cycling
reaction represented by a combination of Reaction Formula 1:
[Formula 25]

Mevalonic acid + Coenzyme A + 2 Hydrogen acceptor acceptor X → 3-Hydroxymethylglutaryl coen-
zyme A + 2 Reduced hydrogen acceptor X (Reaction Formula 1)

and Reaction Formula 2:
[Formula 26]

Mevalonic acid + Coenzyme A + 2 Oxidized hydrogen donor Y ← 3-Hydroxymethylglutaryl coenzyme
A + 2 Hydrogen donor Y (Reaction Formula 2)

[0065] In the present specification, the term "test solution" means a solution in which MVA, HMG-CoA and/or coenzyme
A, analytes in the measuring method of the present invention, are dissolved. It can be a solution containing water, acids,
bases, metal ions, saccharides, alcohols, amino acids, proteins, salts, buffer components, surfactants, chelating agents,
and other organic compounds. Examples of test solutions of food include beers, juices, liquid extracts from solid food,
and diluted aqueous solutions thereof. Examples of test solutions of biological samples include blood, plasma, serum,
intracellular fluids of blood cells and the like, urine, saliva, tear, tissue extracts, and diluted aqueous solutions thereof.
Examples also include solutions obtained by adding additives such as acids, bases, metal ions, saccharides, alcohols,
amino acids, proteins, salts, buffer components, surfactants, chelating agents, and other organic compounds to above-
mentioned test solutions in order to improve stability of an analyte, decrease attachment to a container, improve meas-
urement sensitivity, and the like.
[0066] When a test solution is urine, as an indicator of the concentration of the urine, the concentration of a substance
in urine, for example, the creatinine concentration, is measured, and the value obtained by dividing the concentration
of MVA, HMG-CoA, or CoA in urine by the creatinine concentration can also be used as the indicator.
[0067] In the present specification, the term "hydrogen acceptor" means a substance that receives an electron in an
oxidation reaction of a substrate by an enzyme in a broad sense. More specifically, it means the substance that receives
a hydrogen atom extracted from a substrate. Examples of hydrogen acceptors include oxidized nicotinamide adenine
dinucleotides, oxidized quinones, flavins, indophenols, tetrazolium compounds, oxygen molecules, compounds having
an SH group, such as cysteine, ferredoxin, cytochrome c3, and cytochrome c6. Examples of oxidized nicotinamide
adenine dinucleotides include oxidized nicotinamide adenine dinucleotide (hereinafter also referred to as NAD), oxidized
nicotinamide adenine dinucleotide phosphate (hereinafter also referred to as NADP), oxidized thionicotinamide adenine
dinucleotide (hereinafter also referred to as T-NAD), oxidized thionicotinamide adenine dinucleotide phosphate (here-
inafter also referred to as T-NADP), oxidized acetyl nicotinamide adenine dinucleotide, and oxidized acetyl nicotinamide
adenine dinucleotide phosphate. Examples of flavins include FAD, FMN, and riboflavin. Examples of indophenols include
2,6-dichlorophenolindophenol. Examples of tetrazolium compounds include Nitrotetrazolium Blue, WST-1, WST-3, and
WST-8.
[0068] In the present specification, the term "hydrogen donor" means a substance that gives an electron in a reduction
reaction of a substrate by an enzyme in a broad sense. More specifically, it means the substance that provides a hydrogen
atom to a substrate. Examples of hydrogen donors include reduced nicotinamide adenine dinucleotides, reduced qui-
nones, reduced riboflavins, and compounds having an S-S bond, such as glutathione. Examples of reduced nicotinamide
adenine dinucleotides include reduced nicotinamide adenine dinucleotide (hereinafter also referred to as NADH), reduced
nicotinamide adenine dinucleotide phosphate (hereinafter also referred to as NADPH), reduced thionicotinamide adenine
dinucleotide (hereinafter also referred to as T-NADH), reduced thionicotinamide adenine dinucleotide phosphate (here-
inafter also referred to as T-NADPH), reduced acetyl nicotinamide adenine dinucleotide, and reduced acetyl nicotinamide
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adenine dinucleotide phosphate.
[0069] The hydrogen acceptor in the present specification may also be generally referred to as an electron acceptor,
which represents a condition in which an electron of an electron carrier is easily accepted (oxidized). Meanwhile, the
hydrogen donor in the present specification may also be commonly referred to as an electron donor, which represents
a condition in which an electron of an electron carrier is easily released (reduced). Here, the electron carrier is a generic
name of compounds responsible for an electron transfer reaction and may be referred to as a hydrogen carrier.
[0070] Examples of the hydrogen acceptor X in the above-mentioned Reaction Formula 1, include oxygen, oxidized
quinones, and oxidized nicotinamide adenine dinucleotides. When the enzyme that catalyzes the reaction represented
by Reaction Formula 1 is HMGR, the hydrogen acceptor X is preferably selected from a group of oxidized nicotinamide
adenine dinucleotides. Specific examples thereof include NAD, NADP, T-NAD, T-NADP, oxidized acetyl nicotinamide
adenine dinucleotide, and oxidized acetyl nicotinamide adenine dinucleotide phosphate.
[0071] Examples of the hydrogen donor Y in the above-mentioned Reaction Formula 2 include reduced quinones and
reduced nicotinamide adenine dinucleotides. When the enzyme that catalyzes the reaction represented by Reaction
Formula 2 is HMGR, the hydrogen donor Y is preferably selected from a group of reduced nicotinamide adenine dinu-
cleotides. Specific examples thereof include NADH, NADPH, T-NADH, T-NADPH, reduced acetyl nicotinamide adenine
dinucleotide, and reduced acetyl nicotinamide adenine dinucleotide phosphate.
[0072] A combination of T-NAD and NADH, T-NAD and NADPH, T-NADP and NADH, or T-NADP and NADPH is
preferably used as a combination of a hydrogen acceptor X and a hydrogen donor Y in a measuring method using an
enzyme cycling reaction represented by a combination of Reaction Formulas 1 and 2 catalyzed by an enzyme such as
HMGR in which an analyte is MVA and/or HMG-CoA or CoA, since the amount of T-NADH or T-NADPH produced by
the enzyme cycling reaction can be measured by absorbance at wavelength of 380 to 430 nm. A suitable combination
can be selected depending on the reactivity of an enzyme used, such as HMGR. For example, when HMGR derived
from the genus Pseudomonas, Variovorax, Delftia, Comamonas, or Archaeoglobus is used as the enzyme, a combination
of T-NAD and NADH is preferred.
[0073] The measuring method of the present invention comprises the step of allowing an enzyme that catalyzes the
above-mentioned reactions represented by the Reaction Formulas 1 and 2 to act on the test solution. Such enzymes
are not particularly limited so long as the enzymes catalyze the reactions represented by Reaction Formulas 1 and 2
and bring about an enzyme cycling reaction by a combination thereof. Representative examples of such enzymes include
a hydroxymethylglutaryl coenzyme A reductase (HMGR).
[0074] HMGR is an enzyme that catalyzes the reactions represented by Reaction Formulas 1 and 2, more specifically,
the reaction represented by Reaction Formulas 11 and the reaction represented by 12, which is a reverse reaction of
the reaction represented by Reaction Formulas 11. Therefore, all previously reported HMGRs, such as HMGRs present
in mammals such as humans, mice, and rats, yeasts, archaea, eubacteria, and the like, can be used in the measuring
method of the present invention. Furthermore, as with the measuring method in Example 1 described later, the HMGR
activity can be determined using Measuring Reagent A. As the presence or absence of HMGR in an extract of a tissue,
a cell, or the like can be easily confirmed by this measurement, a novel HMGR can be discovered, and the novel HMGR
can be used as the HMGR of the present invention. As novel HMGRs, the inventor discovered HMGRs derived from
the genera of Pseudomonas, Variovorax, Delftia, Comamonas, and Archaeoglobus, more specifically, HMGRs derived
from Pseudomonas sp. 1-MV (FERM BP-11063), Variovorax sp. 5-MV (FERM BP-11064), Delftia sp. 12-MV (FERM
BP-11065), and Comamonas sp. 25-MV (FERM BP-11066).
[0075] Specifically, the present invention provides the above-mentioned bacterial strains, Pseudomonas sp. 1-MV
(FERM BP-11063), Variovorax sp. 5-MV (FERM BP-11064), Delftia sp. 12-MV (FERM BP-11065), and Comamonas
sp. 25-MV (FERM BP-11066) and mutants of these bacterial strains whose 16S rDNA sequence has 95% or higher,
preferably 97% or higher, more preferably 98% or higher, further preferably 98.5% or higher, particularly preferably
98.7% or higher homology to that of any of these bacterial strains and which have an ability to produce a protein having
an activity of catalyzing the reaction of Reaction Formula 1 or 2. It is generally known that bacterial strains having a 16S
rDNA sequence of 97% or higher, in particular, 98.7% or higher homology are very likely to belong to the same species
(Microbiology Today 2006; 33: 152-155).
[0076] Furthermore, as an enzyme that catalyzes the reactions represented by Reaction Formulas 1 and 2, a protein
which has an amino acid sequence (if HMGR has a transmembrane domain, preferably an amino acid sequence excluding
a sequence for the portion of the transmembrane domain) having 60% or higher, preferably 75% or higher, more preferably
90% or higher homology to that of a known HMGR (for example, HMGR shown in Table 1 of Genome Biol. 2004; 5(11):
248) and catalyzes the reactions represented by Reaction Formulas 1 and 2 can also be used. For example, proteins
having an amino acid sequence of any of SEQ ID NOS: 1 to 3 have the HMGR activity and therefore, these proteins
can be used. Furthermore, enzymes catalyzing the reactions represented by Reaction Formulas 1 and 2 which have an
amino acid sequence including deletion, addition, and/or substitution of one or several (for example, one to nine, more
preferably one to five) amino acids in an amino acid sequence obtained by modifying a nucleotide sequence or an amino
acid sequence of HMGR, or any of such an amino acid sequence to which another protein or peptide is fused to improve
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performances such as reactivity, stability, productivity, and purification efficiency can also be used. Enzymes catalyzing
the reactions represented by Reaction Formulas 1 and 2 which are obtained by chemically modifying HMGR with PEG
or the like or polymerizing HMGR to improve performances such as reactivity and stability can also be used. When a
human HMGR inhibitor, such as a statin drug, is contained in a test solution, HMGR that is not inhibited by the inhibitor
or is inhibited to a minimal extent (for example, HMGR which is not derived from humans, altered HMGR, modified
HMGR, or the like) can be used, or a high concentration of HMGR can be used so that a reaction is not affected by the
inhibitor. For example, HMGR derived from Pseudomonas sp. 1-MV (FERM BP-11063) can be used because this HMGR
is not inhibited by mevastatin or mevinolin.
[0077] When HMGR is used as an enzyme that catalyzes the reactions represented by Reaction Formulas 1 and 2,
HMGR can be produced according to techniques known to those skilled in the art as described below. For example,
yeasts, archaea, eubacteria, and the like that produce HMGR are cultured to accumulate HMGR in the cells or to secrete
HMGR into the culture broth, and then the HMGR can be purified according to an enzyme purification method. The
yeasts, fungi, archaea, eubacteria, and the like that produce HMGR can be cultured in a medium suitable for increasing
the amount of HMGR produced (a medium wherein yeast extracts, nitrogen sources such as ammonium chloride, carbon
sources such as glucose, salts, and the like are added in combination, and additives which may increase the production
of HMGR, such as mevalonic acid, are added if necessary) under appropriate culture conditions (appropriate pH, tem-
perature, amount of dissolved oxygen, and culture time are set). Genetically-modified organisms that produce HMGR
efficiently can be prepared by preparing a fragment in which the HMGR gene is positioned downstream of an appropriate
promoter, linking the fragment to an autonomously replicating plasmid, and introducing the plasmid into a bacterium
such as Escherichia coli, a yeast, a fungus, an insect cell, a mammal cell, and the like or incorporating the fragment into
chromosomal DNA of a bacterium such as Escherichia coli, a yeast, a fungus, an insect cell, or a mammal cell. The
HMGR genes and promoters can be obtained by cloning genomic DNA or cDNA of organisms which have these genes
and promoters by employing known methods or chemically synthesizing these genes and promoters based on sequence
information. For example, HMGR can be expressed in a recombinant Escherichia coli by preparing a fragment in which
the HMGR gene is linked downstream of inducible promoters, such as lac promoter, trp promoter, PL promoter, and T7
promoter, or non-inducible promoters, such as pyruvate oxidase promoter (hereinafter also referred to as POP promoter.
See SEQ ID NO: 4 and Patent Literature 6), incorporating the fragment into autonomously replicating multicopy plasmids,
such as pUC18 and pHSG396, and introducing the plasmids into Escherichia coli. To purify the HMGR accumulated in
cells, microbial cells are isolated from a culture broth by filtration, centrifugation, or the like, suspended in a buffer with
appropriate pH (for example, pH 5.0 to 8.0 for phosphate buffer or pH 7.0 to 10.0 for Tris buffer), with the addition of
surfactants, metal salts, saccharides, amino acids, polyols, chelating agents, and the like, if necessary, and disrupted
with lysozyme, osmotic pressure, ultrasonication, glass beads, French press, homogenization, or the like, and insoluble
matters are then removed by filtration, centrifugation, or the like to obtain a crude HMGR-containing solution. To purify
HMGR secreted in a culture broth, microbial cells are removed from a culture broth by filtration, centrifugation, or the
like to obtain a crude HMGR-containing solution. Purified HMGR can be obtained by treating the obtained crude HMGR-
containing solution with known measures for purifying proteins and enzymes. For example, HMGR can be purified by
suitably selecting and using in combination common enzyme purification methods, such as fractional precipitation using
organic solvents such as acetone and ethanol, salting out using ammonium sulfate or the like, heat treatment, ion
exchange chromatography, hydrophobic chromatography, affinity chromatography, hydroxyapatite chromatography,
and gel filtration. A solution obtained by adding salts, surfactants, metal salts, saccharides, amino acids, polyols, chelating
agents, coenzymes, and the like to a buffer with appropriate pH can be used as required during the purification process.
The purified HMGR can be stored as a solution, a frozen product, a lyophilized product, or the like with the addition of
one or more of stabilizers, such as, for example, salts, buffer components, surfactants, metal salts, saccharides, amino
acids, polyols, chelating agents, coenzymes, and the like in combination, if necessary.
[0078] When an analyte in a test solution is MVA and/or HMG-CoA, in a step of allowing an enzyme that catalyzes
the reactions represented by Reaction Formulas 1 and 2 to act, coenzyme A, oxidized nicotinamide adenine dinucleotides,
reduced nicotinamide adenine dinucleotides, acids, alkalis, buffer components, salts, surfactants, chelating agents,
metal ions, saccharides, amino acids, peptides, proteins, nucleic acids, dyes, alcohols, polyols, organic solvents, pre-
servatives, and the like can be suitably selected and appropriate amounts of these components can be added as
components of a reaction mixture used to allow the enzyme to act, so that an enzyme cycling reaction represented by
a combination of the reactions represented by Reaction Formulas 1 and 2 should appropriately progress, and that
influences of impurities derived from raw materials constituting the test solution or the reaction mixture can be avoided.
[0079] More specific examples of substances that can be added to the above-mentioned reaction mixture are listed
below, but such substances are not limited to these examples. Examples of oxidized nicotinamide adenine dinucleotides
and reduced nicotinamide adenine dinucleotides include the substances already mentioned above. Examples of acids
include hydrochloric acid, sulfuric acid, nitric acid, phosphoric acid, citric acid, and acetic acid. Examples of alkalis include
sodium hydroxide, potassium hydroxide, ammonia, ethanolamine, and ethylenediamine. Examples of buffer components
include acetate buffers, citrate buffers, phosphate buffers, carbonate buffers, borate buffers, ethanolamine buffers, amino
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acid buffers such as glycine buffer, Tris buffers, and Good’s buffers such as HEPES, PIPES, CAPS, and CAPSO.
Examples of salts include inorganic and organic sodium salts such as sodium chloride, sodium sulfate, sodium carbonate,
sodium bicarbonate, sodium acetate, and sodium nitrate and similar potassium salts, ammonium salts, and lithium salts.
Buffer components and salts comprising carbonate ions and hydrogencarbonate ions are preferred to avoid influences
of carbon dioxide in the atmosphere when the liquid reagent has high pH (for example, pH 8.5 or higher or pH 9.0 or
higher). Examples of surfactants include anionic surfactants such as SDS and SLS, cationic surfactants such as DTAC,
ampholytic surfactants such as palmitoyl lysolecithin, CHAPS, and CHAPSO, nonionic surfactants such as Triton and
Tween, surfactants having a steroid skeleton such as DOC, surfactants having a sugar skeleton such as n-decyl-β-D-
maltoside or n-octyl-β-D-glucoside, and surfactants such as N-acylamino acid salts and alkylether carboxylates. Exam-
ples of chelating agents include EDTA, EGTA, IDA, NTPO, and TPEN. Examples of metal ions include ions of metals
such as sodium, potassium, lithium, magnesium, calcium, zinc, iron, gold, silver, and copper. Examples of saccharides
include monosaccharides and polysaccharides, such as glucose, fructose, xylose, inositol, sorbitol, sucrose, and treha-
lose. Examples of amino acids include D- and L-amino acids, such as glycine, alanine, ornithine, and norleucine. Examples
of peptides include peptides having a length of about two to 10 amino acids, such as, for example, dipeptides, tripeptides,
and protein hydrolysate obtained by proteases. Examples of proteins include lysozyme, albumin, sericin, casein, catalase,
and peroxidase. Examples of nucleic acids include various deoxyribonucleotides and ribonucleotides. Examples of dyes
include chlorophyll, chlorophyllin, tartrazine, methylene blue, methyl red, and phenolphthalein. Examples of alcohols
include methanol, ethanol, and octanol. Examples of polyols include ethylene glycol, glycerol, and propylene glycol.
Examples of organic solvents include dimethyl sulfoxide, dimethyl formamide, and phenol. Examples of preservatives
include antibacterial substances such as sodium azide, Kathon CG, and ProClin, bacteriostatic substances, and antibi-
otics such as kanamycin.
[0080] When an analyte in a test solution is MVA and/or HMG-CoA, in the step of allowing an enzyme that catalyzes
a reaction represented by Reaction Formulas 1 and 2 to act, the reaction conditions of the enzyme can be suitably
adjusted. For example, 20°C to 55°C, preferably 25°C to 45°C, more preferably 30°C to 40°C can be used as a reaction
temperature, one minute to two hours, preferably three minutes to 35 minutes, more preferably five minutes to 31 minutes
can be used as reaction time, and pH 6.0 to 11.0, preferably pH 7.0 to 11.0, more preferably pH 7.5 to 11.0, further
preferably pH 8.5 to 10.5 can be used as pH. Furthermore, the concentration of a buffer component based on a total
volume of a reaction mixture can be 5 to 500 mM, preferably 10 to 200 mM, more preferably 20 to 100 mM, for example,
when Tris buffer, HEPES buffer, phosphate buffer, carbonate buffer, glycine buffer, CAPS buffer, or CAPSO buffer is
used. The concentration of coenzyme A can be 0.001 to 20 mM, preferably 0.01 to 10 mM, more preferably 0.1 to 5 mM.
[0081] When an analyte in a test solution is MVA and/or HMG-CoA, and the hydrogen acceptor X is T-NAD(P), the
concentration of the hydrogen acceptor X based on the total volume of the reaction mixture is 0.01 to 20 mM, preferably
0.1 to 10 mM, more preferably 0.2 to 4 mM, preferably 0.5 to 8 mM in the step of allowing an enzyme that catalyzes the
reactions represented by Reaction Formulas 1 and 2 to act. When a hydrogen donor Y is NAD(P)H, the concentration
of the hydrogen donor Y is 0.001 to 5 mM, preferably 0.01 to 2 mM, more preferably 0.02 to 1 mM. When the enzyme
that catalyzes the reactions represented by Reaction Formulas 1 and 2 is HMGR, the concentration of the enzyme based
on the total volume of the reaction mixture can be adjusted to achieve appropriate sensitivity, and is 1 to 1000 U/mL,
preferably 10 to 500 U/mL, more preferably 20 to 200 U/mL, for example. Here, one unit of enzyme activity is defined
as the amount of an enzyme required to produce one micromole of NADH per minute at 37°C in the presence of MVA,
CoA and NAD.
[0082] Examples of methods for measuring the amount of a reduced hydrogen acceptor X or an oxidized hydrogen
donor Y that is produced in the step of allowing the enzyme to act, or the amount of a hydrogen acceptor X or a hydrogen
donor Y that is decreased by the step include methods using colorimetric analysis, fluorescence, chemiluminescence,
or bioluminescence, methods for measuring a voltage or a current using electrodes, such as voltametry or amperometry,
and a method using colorimetric analysis is desirable in view of convenient measurement. For example, when a reduced
hydrogen acceptor X is T-NADH or T-NADPH, colorimetric analysis of absorbance at a wavelength of 380 to 430 nm is
desirable. In the present specification, the term "colorimetric analysis" is also called absorption spectrometry or absorption
photometry and is a method of measuring absorbance by passing a light having a particular wavelength (for example,
a light having a wavelength of 340 6 5 nm) through an analyte solution and determining the concentration of a substance
present in the analyte solution from the obtained absorbance according to the Lambert-Beer law.
[0083] Even when the concentration of an analyte in a test solution is very low, the concentration can be measured
with ultrahigh-sensitivity and high precision in the measuring method of the present invention. For example, when an
analyte in a test solution is MVA and/or HMG-CoA, the concentration of MVA and/or HMG-CoA in the test solution is at
least the minimum detection limit concentration and 1000 nM or lower, preferably 500 nM or lower, more preferably 250
nM or lower, further preferably 100 nM or lower, and further more preferably 50 nM or lower. Here, the minimum detection
limit concentration of MVA and/or HMG-CoA in a test solution is 20 nM or lower, preferably 10 nM or lower, more
preferably 5 nM or lower, further preferably 2.5 nM or lower, further more preferably 0.5 nM or lower. The term "minimum
detection limit concentration" used herein represents the minimum concentration at which the range of the mean 6 3



EP 2 380 989 B1

16

5

10

15

20

25

30

35

40

45

50

55

SD obtained by plural measurements of test solutions having several concentration series does not overlap the range
of mean 6 3 SD obtained by measurement of the test solution having a concentration of 0 using the same technique.
Here, SD refers to standard deviation.
[0084] When an analyte in a test solution is CoA, in the step of allowing an enzyme that catalyzes the reactions
represented by Reaction Formulas 1 and 2 to act, the above-mentioned reaction mixture in which the analyte is MVA
and/or HMG-CoA can be used as the reaction mixture for enzyme action by replacing CoA with MVA. Here, the con-
centration of MVA can be 0.0005 to 10 mM, preferably 0.005 to 2.5 mM, more preferably 0.05 to 0.5 mM. Although D,L-
MVA can be used, the concentration of the D,L-MVA is about twice the above-mentioned MVA concentration, which is
an indicator used in the present invention.
[0085] Furthermore, the concentration of an analyte in a test solution can be measured with ultrahigh-sensitivity and
high precision in the measuring method of the present invention. When the analyte in the test solution is CoA, the
concentration of CoA in the test solution is therefore at least the minimum detection limit concentration and 10 mM or
lower, preferably 5000 nM or lower, more preferably 1000 nM or lower, further preferably 500 nM or lower. Here, the
minimum detection limit concentration in the test solution is 100 nM or lower, preferably 50 nM or lower. The term
"minimum detection limit concentration" used herein represents the minimum concentration at which the range of the
mean 6 3 SD obtained by plural measurements of test solutions having several concentration series does not overlap
the range of mean 6 3 SD obtained by measurement of the test solution having a concentration of 0 using the same
technique.
[0086] In the measuring method according to the present invention, when an analyte in a test solution is MVA or HMG-
CoA, and both MVA and HMG-CoA are present in the test solution, the sum of concentrations of both the substances
is obtained by the measurement, but the concentration of either MVA or HMG-CoA alone cannot be obtained. Accordingly,
when both MVA and HMG-CoA are present in a test solution, and the concentration of HMG-CoA alone is to be measured,
it is desirable that: 1) two samples, i.e., a sample from which HMG-CoA in the test solution is removed and a sample
from which HMG-CoA is not removed, are prepared, and an enzyme that catalyzes the reactions represented by Reaction
Formulas 1 and 2 is allowed to act on either sample, and the concentration of HMG-CoA in the test solution is calculated
from the difference between these measurements; or that 2) the step of removing MVA from the test solution is performed
before the step of allowing an enzyme that catalyzes the reactions represented by Reaction Formulas 1 and 2 to act on
the test solution. The above 1) can be performed by preparing a sample obtained by removing HMG-CoA from the test
solution by the step of removing HMG-CoA from a test solution described later. The step of removing MVA from the test
solution for the above 2) is not particularly limited so long as MVA can be removed without removing HMG-CoA, which
is the analyte. For example, a method of treating a test solution with an adsorbent specific to MVA or a membrane
selective to MVA, a method of converting MVA to a substance that is not involved in the reaction represented by Reaction
Formula 1, and the like can be employed. Examples of the method of converting MVA to a substance that is not involved
in the reaction represented by Reaction Formula 1 include methods using an enzymatic reaction. For example, as shown
in the following Reaction Formula 21:
[Formula 27]

Mevalonic acid + ATP → Mevalonic acid phosphate + ADP (Reaction Formula 21)

MVA can be converted to mevalonic acid phosphate, which is not involved in the reaction represented by Reaction
Formula 1, using an enzyme in the presence of a phosphate donor such as ATP and a magnesium ion or a manganese
ion. Examples of the enzyme include mevalonate kinase (EC2.7.1.36: hereinafter referred to as MVK). In the step of
removing MVA by an enzymatic reaction, pH, buffer, salt concentration, and the like of the reaction mixture can be
optimized. Furthermore, phosphomevalonate kinase (EC2.7.4.2), which further phosphorylates mevalonic acid phos-
phate produced by Reaction Formula 21, phosphoenolpyruvate and pyruvate kinase for removing ADP, or glucose and
ADP-dependent hexokinase can be added as required.
[0087] When the step of removing MVA in a test solution using an enzymatic (for example, MVK) reaction is performed
as described above, and the test solution is subjected as it is to an enzyme cycling reaction represented by a combination
of Reaction Formulas 1 and 2, the above-mentioned enzyme (for example, MVK) acts on MVA, which is converted from
HMG-CoA by Reaction Formula 2. After the step of removing MVA from the test solution using an enzymatic reaction,
it is therefore desirable to remove the used enzyme or terminate the reaction of the enzyme. For example, the enzyme
can be removed by ultrafiltration using a membrane. When the enzyme is MVK, for example, MVK can be removed
without removing HMG-CoA by ultrafiltration using a membrane having a molecular weight cut off of 5000 to 30,000.
Furthermore, to terminate the reaction of the enzyme, methods for inactivating a required enzyme without degrading
HMG-CoA, such as heat treatment, acid treatment, alkali treatment, and addition of a substance that inactivates the
enzyme, methods of adding a substance that inhibits the activity of an intended enzyme (for example, MVK) but does
not inhibit the activity of an enzyme that catalyzes the reactions of Reaction Formula 1 and 2 (for example, HMGR) to
the reaction mixture, and the like can be employed. Examples of a substance that inhibits a reaction of MVK but does
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not inhibit an enzyme cycling reaction of HMGR include chelating agents that forms a chelate with a magnesium ion (for
example, EDTA, EGTA, and NTA). Of the above-mentioned methods of removing an enzyme or methods of terminating
the reaction of the enzyme, the methods using alkali treatment and the methods of adding a chelating agent are preferred
because an isolation procedure is not required, and a series of procedures can be performed in the same reaction vessel
using an automated analyzer. The term "isolation procedure" used herein refers to a column chromatography procedure,
a membrane filtration procedure, an adsorption isolation procedure, an extraction isolation procedure, a precipitation
isolation procedure, and the like that are performed during a series of steps of measuring HMG-CoA in a test solution.
[0088] The enzyme that can be used in the step of removing MVA is not limited so long as the enzyme can convert
MVA to a substance that is not involved in the reaction represented by Reaction Formula 1. For example, an enzyme
that catalyzes the reaction represented by Reaction Formula 21 can be used. Specific examples of such enzymes include
MVKs derived from mammals such as humans, mice, and rats, eukaryotes such as yeasts, and prokaryotes such as
Enterococcus faecalis. Furthermore, proteins having an amino acid sequence of 60% or higher, preferably 75% or higher,
more preferably 90% or higher homology to the amino acid sequences of these MVKs and can remove MVA by an
enzymatic reaction can also be suitably selected and used as the enzymes, taking into account stability, reactivity,
productivity, and the like of these enzymes. For example, a protein having an amino acid sequence encoded by a
nucleotide sequence of SEQ ID NO: 5 derived from Saccharomyces cerevisiae (Curr. Genet. 1991 Jan; 19[1]: 9-14) is
an enzyme that catalyzes the reaction represented by Reaction Formula 21 and can therefore be used. Furthermore,
enzymes that can remove MVA by an enzymatic reaction can also be used which are obtained by modifying a nucleotide
sequence or an amino acid sequence of MVK to include deletion, addition, and/or substitution in the amino acid sequence
to improve performances such as reactivity, stability, productivity, and purification efficiency. Enzymes that can remove
MVA by an enzymatic reaction can also be used in which MVK is chemically modified with PEG or the like or polymerized
to improve performances such as reactivity and stability.
[0089] Enzymes that can be used in the step of removing MVA can be produced according techniques known to those
skilled in the art as described about the production of HMGR above. For example, MVK is produced by culturing yeasts,
archaea, eubacteria, and the like that produce MVK to accumulate MVK in the cells or to secrete MVK into the culture
broth, and then the MVK can be purified according to common enzyme purification methods.
[0090] When an enzymatic reaction is used in the step of removing MVA from a test solution, phosphate donors,
magnesium compounds, acids, alkalis, buffer components, salts, surfactants, chelating agents, metal ions, saccharides,
amino acids, peptides, proteins, nucleic acids, dyes, alcohols, polyols, organic solvents, preservatives, and the like can
be suitably selected as components and added in appropriate amounts to the reaction mixture in addition to the enzyme,
so that MVA should be appropriately removed by the enzyme, and that influences of impurities derived from raw materials
constituting the test solution and the reaction mixture can be avoided. As phosphate donors, nucleotides such as GTP,
CTP, TTP, UTP, and ITP may be used in addition to ATP. Magnesium compounds are not limited so long as these
compounds contain magnesium ions, and magnesium sulfate, magnesium chloride, magnesium acetate, magnesium
nitrate and the like may be used. Manganese compounds may also be used instead of magnesium compounds.
[0091] When an enzymatic reaction is used in the step of removing MVA from a test solution, the reaction conditions
can be suitably adjusted. For example, 20°C to 55°C, preferably 25°C to 45°C, more preferably 30°C to 40°C can be
used as the reaction temperature, 0.5 minutes to 24 hours, preferably one minute to 30 minutes, more preferably one
minute to five minutes can be used as the reaction time, and pH 6.0 to 11.0, preferably pH 7.5 to 11.0, more preferably
pH 8.5 to 10.5 can be used as pH. Furthermore, the concentration of a buffer component in the total volume of the
reaction mixture can be 5 to 500 mM, preferably 10 to 200 mM, more preferably 20 to 100 mM, for example, when Tris
buffer, HEPES buffer, phosphate buffer, carbonate buffer, glycine buffer, CAPS buffer,or CAPSO buffer is used. When
the phosphate donor is ATP, the concentration can be 0.01 to 20 mM, preferably 0.1 to 10 mM. When the magnesium
compound is magnesium chloride, the concentration thereof can be 0.01 to 20 mM, preferably 0.1 to 10 mM, and the
concentration of MVK can be 0.01 to 1000 U/mL, preferably 0.1 to 10 U/mL. Here, one unit of enzyme activity is defined
as the amount of an enzyme required to produce one micromole of NADH per minute at 37°C in the presence of MVA,
ATP, NAD, glucose, ADP-dependent hexokinase, and glucose-6-phosphate dehydrogenase.
[0092] When an enzymatic reaction is terminated by alkali treatment after using the enzymatic reaction in the step of
removing MVA from a test solution, for example, NaOH is added to the reaction mixture at a concentration of 0.01 to
0.5 M, preferably 0.02 to 0.2 M to adjust pH to a higher level and thereby inactivate the enzyme. After 0.1 to 10 minutes,
preferably 0.5 to five minutes, a buffer such as glycine is added to the reaction mixture at a concentration of 0.01 to 0.5
M, preferably 0.02 to 0.2 M, and an acid such as citric acid is added to the reaction mixture at a concentration of 0.005
to 0.1 M, preferably 0.01 to 0.05 M, to adjust pH, so that the enzyme that catalyzes the reactions represented by Reaction
Formulas 1 and 2 can react. Then, the enzyme catalyzing the reactions represented by Reaction Formulas 1 and 2 is
allowed to act, and the concentration of HMG-CoA can be measured.
[0093] Furthermore, when EDTA is added as a chelating agent to inhibit a reaction of an enzyme after an enzymatic
reaction is used in the step of removing MVA from a test solution, EDTA is added in a molar quantity of 0.5 to 50 times,
preferably one to 20 times the molar quantity of magnesium ions added to the reaction mixture for the enzymatic reaction.
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Then, the enzyme that catalyzes the reactions represented by Reaction Formulas 1 and 2 is allowed to act, and the
concentration of HMG-CoA can be measured.
[0094] When MVA is contained in a measuring reagent for measuring MVA and/or HMG-CoA, the above-mentioned
technique can be used to remove MVA and obtain a measuring reagent containing substantially no MVA. When MVK,
for example, is used in the above-mentioned technique:a technique of carrying out an enzymatic reaction using one to
100 days, preferably one to 30 days as the reaction time, 2°C to 20°C as the reaction temperature, and 0.0001 to 1
U/mL as the concentration of MVK; or a technique of carrying out an enzymatic reaction using one minute to three hours
as the reaction time, 25°C to 40°C as the reaction temperature, and 0.001 to 10 U/mL as the concentration of MVK; can
be used(for example, see Examples 18 and 19 described later). For example, a measuring reagent can be used which
contains MVA decreased to 50% or lower, preferably 30% or lower, more preferably 20% or lower as compared with
before the removal of MVA. When the measuring reagent thus obtained is used for measuring MVA and/or HMG-CoA,
the blank reaction is decreased, and the S/N ratio is improved, and therefore, the measurement sensitivity is also improved.
[0095] Meanwhile, when both MVA and HMG-CoA are present in a test solution in the measuring method according
to the present invention, and the concentration of MVA alone is to be measured: 1) two samples, i.e., a sample obtained
by removing MVA from the test solution and a sample from which MVA is not removed, are prepared, an enzyme that
catalyzes the reactions represented by Reaction Formulas 1 and 2 is allowed to act on either sample, and MVA in the
test solution is calculated from the difference between the measured amounts of these samples; or 2) it is desirable to
perform the step of removing HMG-CoA in the test solution before the step of allowing an enzyme that catalyzes the
reactions represented by Reaction Formulas 1 and 2 to act on the test solution. In the above 1), a sample obtained by
removing MVA from the test solution can be prepared using the above-described step of removing MVA from the test
solution. The step of removing HMG-CoA from the test solution for the above 2) is not particularly limited so long as
HMG-CoA can be removed without removing MVA, which is the analyte, and examples thereof include methods of
treating a test solution with an adsorbent specific to HMG-CoA or a membrane selective to HMG-CoA and methods of
converting HMG-CoA to a substance that is not involved in the reaction represented by Reaction Formula 2. Examples
of the methods of converting HMG-CoA to a substance that is not involved in the reaction represented by Reaction
Formula 2 include methods using an enzymatic reaction. Examples of methods using an enzymatic reaction include: a
method of converting HMG-CoA to acetoacetic acid and acetyl coenzyme A using an enzyme such as hydroxymethyl-
glutaryl coenzyme A lyase (EC4.1.3.4: hereinafter also referred to as HMGL), as shown in the following Reaction Formula
22:
[Formula 28]

3-Hydroxymethylglutaryl coenzyme A → Acetoacetic acid + Acetyl coenzyme A (Reaction
Formula 22);

a method of converting HMG-CoA to 3-hydroxymethylglutaric acid and coenzyme A using an enzyme such as hy-
droxymethylglutaryl coenzyme A hydrolase (EC3.1.2.5), as shown in the following Reaction Formula 23:
[Formula 29]

3-Hydroxymethylglutaryl coenzyme A + H2O → 3-Hydroxymethylglutaric acid + Coenzyme
A (Reaction Formula 23);

and a method of converting HMG-CoA to acetyl coenzyme A and acetoacetyl coenzyme A using an enzyme such as
hydroxymethylglutaryl coenzyme A synthetase (EC2.3.3.10), as shown in the following Reaction Formula 24:
[Formula 30]

3-Hydroxymethylglutaryl coenzyme A + Coenzyme A → Acetoacetyl coenzyme A + Acetyl coenzyme
A + H2O (Reaction Formula 24).

In the step of removing HMG-CoA by an enzymatic reaction, pH, buffer, salt concentration, and the like of the reaction
mixture can be optimized. Furthermore, an enzyme that further acts on a product (for example, acetoacetic acid decar-
boxylase (EC4.1.1.4), which degrades acetoacetic acid produced by the Reaction Formula 22, into carbon dioxide and
acetic acid) can be added if necessary.
[0096] When the step of removing HMG-CoA from a test solution using an enzymatic (for example, HMGL) reaction
is performed as described above, and the test solution is subjected as it is to the enzyme cycling reaction represented
by a combination of Reaction Formulas 1 and 2, the above-mentioned enzyme (for example, HMGL) acts on HMG-CoA,
which is converted from MVA by the Reaction Formula 1. After the step of removing HMG-CoA from the test solution
using an enzymatic reaction, it is therefore desirable to remove the used enzyme or terminate the reaction of the enzyme.
For example, the enzyme can be removed by ultrafiltration using a membrane. When the enzyme is HMGL, for example,
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HMGL can be removed by ultrafiltration using a membrane having a molecular weight cut off of 5000 to 30,000 without
removing MVA. Furthermore, to terminate the reaction of the enzyme, methods for inactivating an intended enzyme
without degrading MVA, such as heat treatment, acid treatment, alkali treatment, and addition of a substance that
inactivates the enzyme, methods of adding a substance that inhibits the activity of an intended enzyme (for example,
HMGL) but does not inhibit the activity of an enzyme that catalyzes the reactions represented by Reaction Formulas 1
and 2 (for example, HMGR) to the reaction mixture, and the like can be used. Of the above-mentioned methods of
removing the enzyme or terminating the reaction of the enzyme, the method by alkali treatment is preferred because
an isolation procedure is not required, and a series of procedures can be performed in the same reaction vessel using
an automated analyzer. The term "isolation procedure" used herein refers to a column chromatography procedure, a
membrane filtration procedure, an adsorption isolation procedure, an extraction isolation procedure, a precipitation
isolation procedure, and the like during a series of steps of measuring MVA in a test solution.
[0097] The enzyme that can be used in the step of removing HMG-CoA is not limited so long as the enzyme can
convert HMG-CoA to a substance that is not involved in the reaction represented by Reaction Formula 2. For example,
the above-mentioned enzymes that catalyze the reactions represented by Reaction Formulas 22 to 24 can be used.
Specific examples of such enzymes include HMGLs derived from mammals such as humans, mice, and rats and prokary-
otes such as Pseudomonas mevalonii. Furthermore, proteins having an amino acid sequence of 60% or higher, preferably
75% or higher, more preferably 90% or higher homology to the amino acid sequences of these HMGLs and can remove
HMG-CoA by an enzymatic reaction can also be suitably selected and used as the enzymes, taking into account stability,
reactivity, productivity, and the like of these enzymes. For example, the inventor found that a protein derived from
Pseudomonas putida KT2440 (ATCC47054) having an amino acid sequence of SEQ ID NO: 7, which has 60% homology
to the HMGL derived from Pseudomonas mevalonii having an amino acid sequence of SEQ ID NO: 6 (J Bacteriol. 1989
Dec; 171(12): 6468-72), is an enzyme that catalyzes the reaction represented by Reaction Formula 22. Therefore, this
enzyme can be used. Furthermore, an enzyme that can remove HMG-CoA by an enzymatic reaction and is obtained
by modifying a nucleotide sequence or an amino acid sequence of HMGL to include deletion, addition, and/or substitution
in the amino acid sequence, thereby improving performances such as reactivity, stability, productivity, and purification
efficiency, can also be used. Enzymes that can remove HMG-CoA by an enzymatic reaction can also be used in which
HMGL is chemically modified with PEG or the like or polymerized to improve performances such as reactivity and stability.
[0098] Enzymes that can be used in the step of removing HMG-CoA can be produced according to techniques known
to those skilled in the art as described about the production of HMGR above. For example, HMGL is produced by culturing
yeasts, archaea, eubacteria, and the like that produce HMGL to accumulate HMGL in the cells or to secrete HMGL in
the culture broth, and then the HMGL can be purified according to common enzyme purification methods.
[0099] When an enzymatic reaction is used in the step of removing HMG-CoA from a test solution, acids, alkalis, buffer
components, salts, surfactants, chelating agents, metal ions, saccharides, amino acids, peptides, proteins, nucleic acids,
dyes, alcohols, polyols, organic solvents, preservatives, and the like can be suitably selected as components and added
to the reaction mixture in appropriate amounts in addition to an enzyme, so that HMG-CoA should be appropriately
removed by the enzyme, and that influences of impurities derived from raw materials constituting the test solution and
the reaction mixture can be avoided.
[0100] When an enzymatic reaction is used in the step of removing MVA from a test solution, the reaction conditions
can be suitably adjusted. For example, 20°C to 55°C, preferably 25°C to 45°C, more preferably 30°C to 40°C can be
used as the reaction temperature, 0.5 minutes to 24 hours, preferably one minute to 30 minutes, more preferably one
minute to five minutes can be used as the reaction time, and pH 6.0 to 11.0, preferably pH 7.5 to 11.0, more preferably
pH 8.5 to 10.5 can be used as pH. Furthermore, the concentration of a buffer component in the total volume of the
reaction mixture can be 0.1 to 500 mM, preferably 1 to 100 mM , more preferably 3 to 50 mM, for example, when Tris
buffer, HEPES buffer, phosphate buffer, carbonate buffer, glycine buffer, CAPS buffer, or CAPSO buffer is used. The
concentration of HMGL can be 0.01 to 1000 U/mL, preferably 0.1 to 10 U/mL. Here, one unit of enzyme activity is defined
as the amount of an enzyme required to decrease one micromole of NADH per minute at 37°C in the presence of HMG-
CoA, NADH, and 3-hydroxybutyrate dehydrogenase.
[0101] When the enzymatic reaction is terminated by alkali treatment after using an enzymatic reaction in the step of
removing HMG-CoA from a test solution, for example, NaOH is added to the reaction mixture at a concentration of 0.01
to 0.5 M, preferably 0.02 to 0.2 M to adjust pH to a higher level and thereby inactivate the enzyme. After 0.1 to 10
minutes, preferably 0.5 to five minutes, a buffer such as glycine is added to the reaction mixture at a concentration of
0.01 to 0.5 M, preferably 0.02 to 0.2 M, and an acid such as citric acid is added to the reaction mixture at a concentration
of 0.005 to 0.1 M, preferably 0.01 to 0.05 M to adjust pH, so that the enzyme that catalyzes the reactions represented
by Reaction Formulas 1 and 2 can react. Then, the enzyme that catalyzes the reactions represented by Reaction
Formulas 1 and 2 is allowed to act, and the concentration of MVA can be measured.
[0102] When HMG-CoA is contained in a measuring reagent for measuring MVA and/or HMG-CoA, the above-men-
tioned technique can be used to remove HMG-CoA and obtain a measuring reagent containing substantially no HMG-
CoA. When HMGL, for example, is used in the above-mentioned technique: a technique of carrying out an enzymatic
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reaction using one to 100 days, preferably one to 30 days as the reaction time, 2°C to 20°C as the reaction temperature,
and 0.0001 to 1 U/mL as the concentration of HMGL; or a technique of carrying out an enzymatic reaction using one
minute to three hours as the reaction time, 25°C to 40°C as the reaction temperature, and 0.001 to 10 U/mL as the
concentration of HMGL; can be used (for example, see Example 20 described later). When the measuring reagent thus
obtained is used for measuring MVA and/or HMG-CoA, the blank reaction is decreased, and the S/N ratio is improved,
and therefore, the measurement sensitivity is also improved.
[0103] The present invention also provides measuring reagents for measuring MVA, HMG-CoA, or CoA. In the present
specification, the term "measuring reagent" (also referred to as "measurement reagent") includes not only one reagent
but also a combination of reagents consisting of two or more reagents. When the measuring reagent consists of two or
more reagents, all the reagent can be used simultaneously at the time of measurement of an analyte or each of the
reagents can be used separately at individual steps. When the reagent consists of two to four measuring reagents, two
or more reagents may be added simultaneously or may be added successively to the sample by selecting appropriate
timings at which a required reaction is completed after the addition of each reagent, for example, at intervals of one
second to 30 minutes, preferably one minute to 10 minutes.
[0104] A measuring reagent used to measure MVA and/or HMG-CoA in a test solution contains an enzyme that
catalyzes the reactions represented by Reaction Formulas 1 and 2, CoA, a hydrogen acceptor X, and a hydrogen donor
Y. More specifically, it contains HMGR, CoA, oxidized nicotinamide adenine dinucleotides, and reduced nicotinamide
adenine dinucleotides. Furthermore, acids, alkalis, buffer components, salts, surfactants, chelating agents, metal ions,
saccharides, amino acids, peptides, proteins, nucleic acids, dyes, alcohols, polyols, organic solvents, preservatives,
and the like can be suitably selected and added in combination, taking into account that the measuring reagent is made
preferable for an enzyme cycling reaction represented by a combination of Reaction Formulas 1 and 2, that influences
of impurities in the test solution and the reaction mixture are avoided (for example, so that the composition should be
the same as that of the reaction mixture in the above-mentioned method for measuring MVA and/or HMG-CoA), or that
storage stability of the measuring reagent is improved.
[0105] In particular, a measuring reagent used to measure HMG-CoA in a test solution preferably contains substances
used for the step of removing MVA from a test solution, more specifically, MVK and a phosphate donor in addition to
the above-mentioned reagent for measuring MVA and/or HMG-CoA. Examples of such a measuring reagent include
measuring reagents containing HMGR, MVK, CoA, a phosphate donor, T-NAD(P), and NAD(P)H. Here, the measuring
reagent preferably consists of two or more reagents, and: MVK and a phosphate donor; and HMGR; CoA; T-NAD(P);
or NAD(P)H; are contained in separate reagents. Furthermore, acids, alkalis, buffer components, salts, surfactants,
chelating agents, metal ions, saccharides, amino acids, peptides, proteins, nucleic acids, dyes, alcohols, polyols, organic
solvents, preservatives, and the like are suitably selected and can be added in combination to the measuring reagent
to be preferably used for an enzymatic reaction for removing MVA or terminating the enzymatic reaction after removing
MVA (for example, so that the composition should be the same as that of the reaction mixture in the above-mentioned
HMG-CoA measuring method including the enzymatic reaction catalyzed by MVK).
[0106] In particular, a measuring reagent used to measure MVA in a test solution preferably further contains substances
used in the step of removing HMG-CoA from a test solution, more specifically, HMGL in addition to the above-mentioned
reagent for measuring MVA and/or HMG-CoA. Examples of such a measuring reagent include measuring reagents
containing HMGR, HMGL, CoA, T-NAD(P), and NAD(P)H. Here, the measuring reagent preferably consists of two or
more reagents, and HMGR and HMGL are contained in separate reagents. Furthermore, acids, alkalis, buffer compo-
nents, salts, surfactants, chelating agents, metal ions, saccharides, amino acids, peptides, proteins, nucleic acids, dyes,
alcohols, polyols, organic solvents, preservatives, and the like are suitably selected and can be added in combination
to the measuring reagent to be preferably used for an enzymatic reaction for removing HMG-CoA or terminating the
enzymatic reaction after removing HMG-CoA (for example, so that the composition should be the same as that of the
reaction mixture in the above-mentioned MVA measuring method including the enzymatic reaction by HMGL).
[0107] The measuring reagent used to measure CoA in a test solution contains an enzyme that catalyzes the reactions
represented by Reaction Formulas 1 and 2, MVA, a hydrogen acceptor X, and a hydrogen donor Y. More specifically,
it contains HMGR, MVA, oxidized nicotinamide adenine dinucleotides, and reduced nicotinamide adenine dinucleotides.
Furthermore, acids, alkalis, buffer components, salts, surfactants, chelating agents, metal ions, saccharides, amino
acids, peptides, proteins, nucleic acids, dyes, alcohols, polyols, organic solvents, preservatives, and the like are suitably
selected and can be added in combination to the measuring reagent, taking into account that the measuring reagent is
made preferable for an enzyme cycling reaction represented by a combination of Reaction Formulas 1 and 2, that
influences of impurities in a test solution and a reaction mixture are avoided (for example, so that the composition should
be the same as that of the reaction mixture in the above-mentioned CoA measuring method), and that storage stability
of the measuring reagent is improved.
[0108] The above-mentioned measuring reagent can be stored in forms of a solution, a frozen product of a solution,
a lyophilized product, and a dissolved solution thereof, and the like. Furthermore, it is desirable that the above-mentioned
measuring reagent before use consists of one to four measuring reagent solutions.
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[0109] For example, a reagent for measuring MVA and HMG-CoA can consist of one to four reagents. When the
reagent consists of one reagent, the reagent consists of a reagent containing at least four components of HMGR, CoA,
NADH, and T-NAD. When the reagent consists of two reagents, the above-mentioned four components are suitably
divided into two taking into account stability of the reagent. For example, the reagent can consist of: a reagent containing
at least HMGR, CoA, and T-NAD; and a reagent containing at least NADH. When the reagent consists of three reagents,
the above-mentioned four components are divided into three. For example, the reagent can consist of: a reagent con-
taining at least HMGR and T-NAD; a reagent containing at least CoA; and a reagent containing at least NADH. When
the reagent consists of four reagents, the above-mentioned four components are divided into four. For example, the
reagent can consist of: a reagent containing at least HMGR; a reagent containing at least T-NAD; a reagent containing
at least CoA; and a reagent containing at least NADH.
[0110] For example, when both MVA and HMG-CoA are present in a test solution, a reagent for measuring the
concentration of HMG-CoA alone can consist of two to four reagents. When the reagent consists of two reagents, four
components of HMGR, CoA, NADH, and T-NAD are suitably divided into: a first reagent containing at least a component
essential to allow the reaction represented by Reaction Formula 21 catalyzed by MVK to progress; and a second reagent
containing at least a component for terminating the reaction catalyzed by MVK; taking into account stability of the reagent
and the like, so that an enzyme cycling reaction starts when the second reagent is added. For example, the reagent can
be composed so that the first reagent should contain MVK, ATP, and magnesium chloride, and the second reagent
should contain EDTA, HMGR, CoA, NADH, and T-NAD. When the reagent consists of three reagents, four components
of HMGR, CoA, NADH, and T-NAD can be divided into: a first reagent containing at least a component essential to allow
the reaction represented by Reaction Formula 21 catalyzed by MVK to progress; a second reagent containing at least
a component for terminating the reaction catalyzed by MVK; and a third reagent containing a component for allowing
an enzyme cycling reaction to be started after the addition of the third reagent; taking into account stability of the reagent
and the like. Alternatively, when the reagent consists of three reagents, four components can be suitably divided into:
a first reagent containing at least a component essential to allow the reaction represented by Reaction Formula 21
catalyzed by MVK to progress; a third reagent containing at least a component for terminating the reaction catalyzed by
MVK and a component for allowing an enzyme cycling reaction to be started after the addition of the third reagent; and
a second reagent containing other components; taking into account stability of the reagent and the like. When the reagent
consists of four reagents, four components of HMGR, CoA, NADH, and T-NAD can be divided into: a first reagent
containing at least a component essential to allow the reaction represented by Reaction Formula 21 catalyzed by MVK
to progress; a second reagent containing at least a component for terminating the reaction catalyzed by MVK; a fourth
reagent containing a component for allowing an enzyme cycling reaction to be started after the addition of the fourth
reagent; and a third reagent containing other components; taking into account stability of the reagent and the like.
Alternatively, when the reagent consists of four reagents, the four components can be divided into a first reagent containing
at least a component essential to allow the reaction represented by Reaction Formula 21 catalyzed by MVK to progress;
a third reagent containing at least a component for terminating the reaction catalyzed by MVK; a fourth reagent containing
a component for allowing an enzyme cycling reaction to be started after the addition of the fourth reagent; and a second
reagent containing other components; taking into account stability of the reagent and the like. Alternatively, when the
reagent consists of four reagents, the four components can be divided into a first reagent containing at least a component
essential to allow the reaction represented by Reaction Formula 21 catalyzed by MVK to progress;, a fourth reagent
containing at least a component for terminating the reaction catalyzed by MVK and a component for allowing an enzyme
cycling reaction to be started after the addition of the fourth reagent; and a second reagent and a third reagent containing
other components; taking into account stability of the reagent and the like.
[0111] For example, when both MVA and HMG-CoA are present in a test solution, a reagent for measuring the
concentration of MVA alone can consist of two to four reagents. When the reagent consists of two reagents, four
components of HMGR, CoA, NADH, and T-NAD are suitably divided into: a first reagent containing at least a component
essential to allow the reaction represented by Reaction Formula 22 catalyzed by HMGL to progress; and a second
reagent containing at least a component for inactivating HMGL and a component for allowing an enzyme cycling reaction
to be started after the addition of the second reagent; taking into account stability of the reagent and the like. When the
reagent consists of three reagents, four components of HMGR, CoA, NADH, and T-NAD can be divided into: a first
reagent containing at least a component essential to allow the reaction represented by Reaction Formula 22 catalyzed
by HMGL to progress; a second reagent containing at least a component for inactivating HMGL; and a third reagent
containing a component for allowing an enzyme cycling reaction to be started after the addition of the third reagent;
taking into account stability of the reagent and the like. Alternatively, when the reagent consists of three reagents, four
components can be divided into: a first reagent containing at least a component essential to allow the reaction represented
by Reaction Formula 22 catalyzed by HMGL to progress; a third reagent containing at least a component for inactivating
HMGL and a component for allowing an enzyme cycling reaction to be started after the addition of the third reagent;
and a second reagent containing other components; taking into account stability of the reagent and the like. When the
reagent consists of four reagents, four components of HMGR, CoA, NADH, and T-NAD can be divided into: a first reagent
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containing at least a component essential to allow the reaction represented by Reaction Formula 22 catalyzed by HMGL
to progress; a second reagent containing at least a component for inactivating HMGL; a fourth reagent containing a
component for allowing an enzyme cycling reaction to be started after the addition of the fourth reagent; and a third
reagent containing other components; taking into account stability of the reagent and the like. For example, when the
reagent consists of four reagents, the reagent can consist of: a first reagent containing HMGL; a second reagent containing
sodium hydroxide; a third reagent containing buffer components, acids, HMGR, CoA, and T-NAD; and a fourth reagent
containing NADH. Alternatively, when the reagent consists of four reagents, the four components can be divided into:
a first reagent containing at least a component essential to allow the reaction represented by Reaction Formula 22
catalyzed by HMGL to progress; a third reagent containing at least a component for inactivating HMGL; a fourth reagent
containing a component for allowing an enzyme cycling reaction to be started after the addition of the fourth reagent;
and a second reagent containing other components; taking into account stability of the reagent and the like. Alternatively,
when the reagent consists of four reagents, the four components can be divided into: a first reagent containing at least
a component essential to allow the reaction represented by Reaction Formula 22 catalyzed by HMGL to progress; a
fourth reagent containing at least a component for inactivating HMGL and a component for allowing an enzyme cycling
reaction to be started after the addition of the fourth reagent; and a second reagent and a third reagent containing other
components; taking into account stability of the reagent and the like.
[0112] In general, when the amount of a substance A present in a test solution is measured using a measuring reagent
by converting the amount to the intensity of a signal such as absorbance, the amount of luminescence, or the quantity
of electricity, a calibration curve obtained by using a test solution containing a known amount of the substance A (referred
to as a "calibrator") is required. The calibration curve represents a relationship between signal intensity and the concen-
tration of the substance A. Therefore, in a usual laboratory, an unknown amount of a substance A in a test solution is
measured using not only measuring reagents but also a calibrator.
[0113] When the amount of a substance A is measured at different laboratories, there may be a gap between the
amounts of the substance A in a test solution measured at a "laboratory a" and the amounts measured at a "laboratory
b". This gap occurs because of differences in measuring reagents and measurement procedures thereof, measuring
apparatuses, calibrators, measurers, and the like. Minimizing these gaps between laboratories is required at clinical
laboratories and the like in medical practice. To minimize these gaps between laboratories, it is sufficient to establish
traceability of measurement of a substance A, i.e., establish a reference material of the substance A and standard
method for measuring the substance A, assign the value of the substance A concentration present in a routinely used
calibrator based on the reference material and the standard method to measure the substance by a routine measuring
method (Clin Chem. 2009 Jun; 55(6): 1067-75).
[0114] Here, to establish the traceability of MVA measurement, a reference material and a standard measuring method
need to be established first. In this regard, precise purity of MVA and D,L-MVA (for example, D-Mevalonolactone [Product
Code M1374] of Tokyo Chemical Industry Co., Ltd and (6)-Mevalonolactone [DL-mevalonic acid lactone] [Product
Number M4667] of Sigma) marketed as general reagents is unknown. As to their purity measuring methods, only methods
with low specificity, such as titration, methods that cannot measure absolute amounts without a reference material, such
as gas chromatography (GC), methods using polarimetry or NMR that measure only the content ratio of optical isomers
(J Lipid Res. 1982 May; 23(4): 645-52), and a method of measuring decreases of NADH by coupling pyruvate kinase
and lactate dehydrogenase to MVK (Methods Enzymol. 1969; 15: 393-454), which appears to have inadequate precision
as described later, are known. Therefore, there has been no appropriate reference material or standard measuring
method. Accordingly, as a candidate standard measuring method, the inventor developed two methods for measuring
an accurate amount of MVA based on the absorbance coefficient of NAD(P)H in a reaction system in which NAD(P)H
is increased, utilizing enzyme specificity.
[0115] One method is a method using reactions represented by Reaction Formula 21 using MVK:
[Formula 31]

Mevalonic acid + ATP → Mevalonic acid phosphate + ADP (Reaction Formula 21)

Reaction Formula 25 using ADP-dependent hexokinase (ADP-specific glucokinase [EC2.7.1.47]):
[Formula 32]

Glucose + ADP → Glucose-6-phosphate + AMP (Reaction Formula 25)

Reaction Formula 26 using glucose-6-phosphate dehydrogenase (EC1.1.1.49):
[Formula 33]

Glucose-6-phosphate + NAD(P) → 6-Phosphogluconolactone + NAD(P) (Reaction Formu-
la 26)
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and Reaction Formula 27 using 6-phosphogluconolactonase (EC3.1.1.31):
[Formula 34]

6-Phosphogluconolactone → 6-Phosphogluconic acid + H2O (Reaction Formula 27)

in combination, wherein all MVA (D-MVA) molecules can be converted to NAD(P)H, and an accurate amount of MVA(D-
MVA) can be measured using the absorbance coefficient of NAD(P)H. Here, the reaction represented by Reaction
Formula 27 progresses without being catalyzed by an enzyme, when pH is adjusted (for example, to 8.0 or higher,
preferably 8.5 or higher, more preferably 9.0 or higher). Therefore, 6-phosphogluconolactonase (EC3.3.3.31) may not
be used in some cases. Furthermore, it is possible to use a substrate on which ADP-dependent hexokinase acts instead
of glucose in the reaction represented by Reaction Formula 25, and perform a reaction corresponding to Reaction
Formula 26 using a dehydrogenase to the product.
[0116] Another method is a method using a reaction represented by Reaction Formula 11 using HMGR:
[Formula 35]

Mevalonic acid + Coenzyme A + 2NAD(P) → 3-Hydroxymethylglutaryl coenzyme A +
2NAD(P)H (Reaction Formula 11)

preferably using Reaction Formula 22 using HMGL:
[Formula 36]

3-Hydroxymethylglutaryl coenzyme A → Acetoacetic acid + Acetyl coenzyme A (Reaction
Formula 22)

in combination, wherein all MVA(D-MVA) molecules can be converted to NAD(P)H, and an accurate amount of MVA(D-
MVA) can be measured based on the absorbance coefficient of NAD(P)H. Here, Reaction Formula 22 can be replaced
with Reaction Formula 23 using hydroxymethylglutaryl coenzyme A hydrolase (EC3.1.2.5):
[Formula 37]

3-Hydroxymethylglutaryl coenzyme A + H2O → 3-Hydroxymethylglutaric acid + Coenzyme
A (Reaction Formula 23)

or Reaction Formula 24 using hydroxymethylglutaryl coenzyme A synthetase (EC2.3.3.10):
[Formula 38]

3-Hydroxymethylglutaryl coenzyme A + Coenzyme A → Acetoacetyl coenzyme A +
H2O (Reaction Formula 24)

[0117] In an aqueous solution, it is considered that MVA is in an equilibrium state of lactone in which a hydroxy group
and a carboxyl group in a molecule are dehydrated and hydroxycarboxylic acid generated by hydrolysis of lactone. It is
considered that MVK or HMGR acts on not MVA of lactone state but on MVA of hydroxycarboxylic acid state, in view of
a substrate involved in the reaction and a structure of the product. The optimal pH of a reaction from MVA to mevalonic
acid phosphate by MVK and a reaction from MVA to HMGcoA by HMGR is in a high pH region. One of the reasons why
this pH region is optimal is that lactone is hydrolyzed with a high pH region, and the equilibrium thereby shifts towards
hydroxycarboxylic acid. Therefore, to measure MVA accurately by an enzymatic reaction using MVK or HMGR, it is
important to shift the equilibrium towards hydroxycarboxylic acid. For this purpose, lactonase for hydrolyzing lactone of
MVA may be added, but it is desirable in view of convenience that pH of the reaction is in the high pH region (pH of a
reagent or a reaction mixture is 8.5 or higher, preferably 9.0 or higher, more preferably 9.5 or higher, further preferably
10.0 or higher). Meanwhile, optimal pH of a reaction by dehydrogenase or the like to produce NAD(P)H is in a high pH
region so long as stability of components involved in a reaction, such as an enzyme and an substrate, can be maintained.
Also, it is generally known that optimal pH of a reaction to produce NAD(P) is in the low pH region so long as stability
of components involved in a reaction, such as an enzyme and an substrate, can be maintained. When an increase of
NAD(P)H by dehydrogenase is measured, it is desirable that pH is in a high pH region. When a decrease of NAD(P)H
is measured, it is desirable that pH is in a low pH region. In the above-described method of measuring a decrease in
NADH by coupling pyruvate kinase and lactate dehydrogenase to MVK, however, there is a problem of contradictory
pH setting that the high pH region is desirable in a reaction catalyzed by MVK, whereas the low pH region is desirable
in a reaction catalyzed by lactate dehydrogenase (pH was set at 7.3 to 7.4 in Methods Enzymol. 1969; 15: 393-454). In
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addition, the amount of NADH that can be added to a reaction system is limited due to a problem of absorbance, and
there are also problems of a reaction with high blank absorbance and others. Therefore, this reaction system is inadequate
to measure an accurate amount of MVA. Furthermore, as described above, when accurately measuring MVA by an
enzymatic reaction using MVK or HMGR, it is important that reaction pH is in a high pH region, for example, pH of a
reagent or a reaction mixture is 8.5 or higher, preferably 9.0 or higher, more preferably 9.5 or higher, further preferably
10.0 or higher to shift the equilibrium towards hydroxycarboxylic acid. However, in view of stability of a coenzyme (for
example, CoA ) and stability and reactivity of MVK, HMGR, and coupling enzymes used with MVK and HMGR, one
could never think that a reaction can progress stably and sufficiently in such a high pH region. To their surprise, however,
the inventor found that the reaction progresses stably and adequately in the above-mentioned reaction system using
MVK or HMGR in which NAD(P)H is increased, and found a method for measuring an accurate amount of MVA based
on the absorbance coefficient of NAD(P)H by a short-time (for example, within 30, 15, or 10 minutes) reaction with high
precision.
[0118] By these methods, a reference material with an accurate assigned value of MVA concentration can be provided,
and traceability of MVA measurement can be established.
[0119] In the case of CoA, similar to the case of MVA, a reference material with an accurate assigned value of CoA
concentration can be provided and traceability of CoA measurement can be established by a method of using reactions
represented by reaction formulas for HMGR and HMGL in combination, a method of using reactions represented by
reaction formulas for HMGR and hydroxymethylglutaryl coenzyme A hydrolase in combination, or a method of using
reactions represented by reaction formulas for HMGR and hydroxymethylglutaryl coenzyme A synthetase in combination.
[0120] In the case of HMG-CoA, similar to the case of MVA, a reference material with an accurate assigned value of
HMG-CoA concentration can be provided, and traceability of measurement of HMG-CoA can be established by a method
of producing MVA and CoA from HMG-CoA by HMGR and using the produced MVA in reactions represented by above-
mentioned reaction formulas for the MVK, ADP-dependent hexokinase, glucose-6-phosphate dehydrogenase, and 6-
phosphogluconolactonase in combination.
[0121] Furthermore, additives such as acids, bases, metal ions, saccharides, alcohols, amino acids, proteins, salts,
buffer components, surfactants, chelating agents, blood components, and other organic compounds may be suitably
added to such a reference material of MVA, CoA or HMG-CoA to improve performances such as storage stability, and
the form may be a solution, a frozen product, or a lyophilized product.

Examples

[0122] Hereafter, the present invention will be more specifically described with reference to the Examples. However,
the scope of the present invention is not limited to the following Examples and the like. The media and the reagents
used in each Example will be summarized in Preparation Examples described later.
[0123] In tables and figures in the following Examples as well as in the present specification, when a term "D,L-
mevalonic acid" or "D,L-MVA" is used, the term represents a racemic mevalonic acid, which is a mixture of the D form
and the L form. When a term "mevalonic acid" or "MVA" is simply used, the term represents D-mevalonic acid or R-
mevalonic acid.
[0124] Furthermore, in tables and figure in the following Examples as well as in the present specification, when a term
"D,L-3-hydroxymethylglutaryl coenzyme A" or "D,L-HMG-CoA" is used, the term represents 3-hydroxymethylglutaryl
coenzyme A, which is a mixture of the D form and the L form. When a term "3-hydroxymethylglutaryl coenzyme A" or
"HMG-CoA" is simply used, the term represents D-3-hydroxymethylglutaryl coenzyme A or S-3-hydroxymethylglutaryl
coenzyme A.
[0125] Furthermore, in Examples, M4667 manufactured by Sigma was used as D,L-MVA, and H6132 manufactured
by Sigma was used as D,L-HMG-CoA, unless otherwise specified. The concentrations of MVA (i.e., concentrations of
D-MVA) and the concentrations of HMG-CoA (i.e., concentrations of D-HMG-CoA) in Examples were calculated and
expressed as half values of those of D,L-MVA and D,L-HMG-CoA.
[0126] When Automated Analyzer 7170S (Hitachi, Ltd.) was used for measurement, the specified measurement wave-
length was used as the main wavelength, and 660 nm was used as the sub-wavelength for measurement. Similarly,
when Automated Analyzer BM9020 (JEOL Ltd.) was used for measurement, the specified measurement wavelength
was used as the main wavelength, and 658 nm was used as the sub-wavelength for measurement.

[Example 1] Production of HMGR derived from Pseudomonas sp. 1-MV (FERM BP-11063)

Identification of Pseudomonas sp. 1-MV (FERM BP-11063)

[0127] Pseudomonas sp. 1-MV (FERM BP-11063) isolated from soil was identified as a Pseudomonas sp. closely
related to Pseudomonas migulae based on the characteristics shown in Table 1 below and the 16S rDNA sequence
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(SEQ ID NO: 8) and deposited at International Patent Organism Depositary, National Institute of Advanced Industrial
Science and Technology Tsukuba at Central 6, 1-1-1 Higashi, Tsukuba, Ibaraki, Japan on November 13, 2008.
[Table 1]

Table 1

Culture temperature (°C) 30

Cell morphology rod-shaped (0.6-0.7 x 0.9-1.2mm)

Gram staining -

Spore formation -

Motility +

Colony morphology Medium nutrient agar
Culture time 48 hr
Diameter 1.0-2.0mm
Color Light yellow
Form Round
Elevation Convex

Margin Entire
Surface Smooth
texture
Transparency Opaque
Consistency Buttery

Growth temperature test (°C) 4 +
37 +

41 -
45 -

Catalase reaction +
Oxidase reaction +
Acid and/or gas production from glucose -/-
Oxidation/fermentation (O/F) test -/-
Lecithinase -
Production of fluorescent pigment on King’s B medium +

Biochemical tests Nitrate reduction -
Indole production -

Glucose acidification -
Arginine dihydrolase +
Urease -
Esculin hydrolysis -
Gelatin hydrolysis -
β-Galactosidase -

Cytochrome oxidase +
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Production of HMGR derived from Pseudomonas sp. 1-MV (FERM BP-11063)

[0128] Three 500-mL conical flasks each containing 167 mL of Medium A were prepared, and about one third of one
colony of Pseudomonas sp. 1-MV (FERM BP-11063) was inoculated in each of the flasks. The bacteria were cultured
in these conical flasks at 28°C for approximately 18 hours with shaking. After the culture, the culture broth was centrifuged
(8 krpm, 20 min) to collect bacteria, and the bacterial cells were suspended in 30 mL of 10 mM Tris hydrochloride buffer
(pH 7.5), disrupted by ultrasonication, and solubilized. After solubilization, the solution was centrifuged (15 krpm, 50
min) to obtain a crude enzyme solution.
[0129] The obtained crude enzyme solution was adsorbed to DEAE Sepharose FF Column (14.5 x 90 mm) equilibrated
with 10 mM Tris hydrochloride buffer (pH 7.5) and eluted with NaCl at a gradient of 0 → 0.5 M to collect a fraction having
HMGR activity. Ammonium sulfate was added to the obtained fraction at 13%, and the fraction was adsorbed to Phenyl
Sepharose FF Column (14.5 x 90 mm) equilibrated with 12% ammonium sulfate and 10 mM Tris hydrochloride buffer
(pH 7.5) and eluted at gradients of 12% ammonium sulfate and 0% ethylene glycol → 0% ammonium sulfate and 20%
ethylene glycol to collect a fraction having HMGR activity. The obtained fraction was dialyzed against 10 mM Tris
hydrochloride buffer (pH 7.5), adsorbed to Blue Sepharose CL6B Column (14.5 x 90 mm) equilibrated with the 10 mM
Tris hydrochloride buffer (pH 7.5), and eluted at gradients of 0 M NaCl and 0% ethylene glycol → 1 M NaCl and 20%
ethylene glycol to collect a fraction having HMGR activity. The fraction was dialyzed against 10 mM Tris hydrochloride
buffer (pH 7.5), then subjected to ultrafiltration with a membrane having a molecular weight cut off of 10,000 to concentrate
the fraction to obtain 17 U of purified HMGR.

Method for measuring HMGR activity

[0130] 0.45 mL of Reagent B was poured into a test tube and preliminarily heated at 37°C for five minutes, 0.05 mL
of an enzyme solution was added, and the mixture was reacted at 37°C for five minutes. After completion of the reaction,
1 mL of 0.1 N HCl was added to terminate the reaction, and absorbance (Aa) at a wavelength of 550 nm was measured.
The same procedure was further performed using an enzyme dilution buffer (10 mM Tris hydrochloride buffer (pH 9),
0.1% Tween 80) as a blank instead of an enzyme solution, and absorbance (Ab) was measured. From the difference
between these absorbances (Aa - Ab), 1 U of enzyme activity per milliliter of the enzyme solution is calculated as U/mL
= 0.316 x (Aa - Ab). It should be noted that one unit of enzyme activity was defined as the amount of an enzyme required
to produce one micromole of NADH at 37°C per minute, and the enzyme solution was diluted with the enzyme dilution
buffer as required.

[Example 2] Production of HMGR derived from Variovorax sp. 5-MV (FERM BP-11064)

Identification of Variovorax sp. 5-MV (FERM BP-11064)

[0131] Variovorax sp. 5-MV (FERM BP-11064) isolated from soil was identified as a Variovorax sp. belonging to the
genus Variovorax based on the characteristics shown in Table 2 below and the 16S rDNA sequence (SEQ ID NO: 9)
and deposited at International Patent Organism Depositary, National Institute of Advanced Industrial Science and Tech-
nology Tsukuba at Central 6, 1-1-1 Higashi, Tsukuba, Ibaraki, Japan on November 13, 2008.

(continued)

Culture temperature (°C) 30

Assimilation tests Glucose +
L-Arabinose +
D-Mannose +
D-Mannitol +

N-Acetyl-D-glucosamine -
Maltose -
Potassium gluconate +
n-Capric acid +
Adipic acid -
dl-Malic acid +

Sodium citrate +
Phenyl acetate +
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[Table 2]

Table 2

Culture temperature (°C) 30

Cell morphology rod-shaped (0.6-0.7 x 1.5 2.0mm)

Gram staining -

Spore formation -

Motility +

Colony morphology Medium nutrient agar
Culture time 48 hr

Diameter 1.0-2.0mm
Color Yellow
Form Round
Elevation Convex
Margin Entire
Surface texture Smooth

Transparency Opaque
Consistency Viscous

Growth 37 +
temperature test (°C) 45 -

Catalase reaction +
Oxidase reaction -
Acid and/or gas production from glucose -/-
Oxidation/fermentation (O/F) test -/-
Anaerobic growth -

Biochemical tests Nitrate reduction -
Indole production -
Glucose acidification -

Arginine dihydrolase -
Urease -
Esculin hydrolysis -
Gelatin hydrolysis -
β-Galactosidase -
Cytochrome oxidase -

Assimilation tests Glucose +
L-Arabinose +

D-Mannose +
D-Mannitol +
N-Acetyl-D-glucosamine +
Maltose -
Potassium gluconate +
n-Capric acid +

Adipic acid -
dl-Malic acid +
Sodium citrate -
Phenyl acetate -
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Production of HMGR derived from Variovorax sp. 5-MV (FERM BP-11064)

[0132] 10 U of purified HMGR was obtained from the above-described Variovorax sp. 5-MV (FERM BP-11064) by the
same technique as described in Example 1, except that Medium A was replaced with Medium B.

[Example 3] Production of HMGR derived from Delftia sp. 12-MV (FERM BP-11065)

Identification of Delftia sp. 12-MV (FERM BP-11065)

[0133] Delftia sp. 12-MV (FERM BP-11065) isolated from soil was identified as a Delftia sp. closely related to Delftia
acidovorans based on the characteristics shown in Table 3 below and the 16S rDNA sequence (SEQ ID NO: 10) and
deposited at International Patent Organism Depositary, National Institute of Advanced Industrial Science and Technology
Tsukuba at Central 6, 1-1-1 Higashi, Tsukuba, Ibaraki, Japan on November 13, 2008.
[Table 3]

Table 3

Culture temperature (°C) 30

Cell morphology rod-shaped (0.5-0.6 x 0.9-1.0mm)

Gram staining -

Spore formation -

Motility +

Colony morphology Medium nutrient agar
Culture time 48 hr
Diameter 3.0-0.4mm
Color Light yellow
Form Round
Elevation Convex

Margin Rhizoid
Surface texture Smooth
Transparency Opaque
Consistency Buttery

Growth 37 +
temperature test (°C) 45 -

Catalase reaction +
Oxidase reaction +
Acid and/or gas production from glucose -/-
Oxidation/fermentation (O/F) test -/-

Biochemical tests Nitrate reduction +
Indole production -
Glucose acidification -

Arginine dihydrolase -
Urease -
Esculin hydrolysis -
Gelatin hydrolysis -
β-Galactosidase -
Cytochrome oxidase +
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Production of HMGR derived from Delftia sp. 12-MV (FERM BP-11065)

[0134] 60 U of purified HMGR was obtained from the above-described Delftia sp. 12-MV (FERM BP-11065) by the
same technique as described in Example 1.

[Example 4] Production of HMGR derived from Comamonas sp. 25-MV (FERM BP-11066)

Identification of Comamonas sp. 25-MV (FERM BP-11066)

[0135] Comamonas sp. 25-MV (FERM BP-11066) isolated from soil was identified as a Comamonas sp. closely related
to Comamonas testosteroni based on the characteristics shown in Table 4 below and the 16S rDNA sequence (SEQ
ID NO: 11) and deposited at International Patent Organism Depositary, National Institute of Advanced Industrial Science
and Technology Tsukuba at Central 6, 1-1-1 Higashi, Tsukuba, Ibaraki, Japan on November 13, 2008.
[Table 4]

(continued)

Culture temperature (°C) 30

Assimilation tests Glucose -
L-Arabinose -
D-Mannose -
D-Mannitol +

N-Acetyl-D-glucosamine -
Maltose -
Potassium gluconate +
n-Capric acid +
Adipic acid +
dl-Malic acid -

Sodium citrate -
Phenyl acetate +

Table 4

Culture temperature (°C) 30

Cell morphology rod-shaped (0.6-0.7 x 0.9-1.0mm)

Gram staining -

Spore formation -

Motility +

Colony Medium nutrient agar
morphology Culture time 48 hr

Diameter 3.0-4.0mm
Color Light yellow
Form Round
Elevation Convex

Margin Entire
Surface texture Smooth
Transparency Opaque
Consistency Buttery

Growth 4 -
temperature 37 +
test (°C) 42 + w

45 -
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Production of HMGR derived from Comamonas sp. 25-MV (FERM BP-11066)

[0136] 27 U of purified HMGR was obtained from above-described Comamonas sp. 25-MV (FERM BP-11066) by the
same technique as described in Example 1 except that Medium A was replaced with Medium C.

[Example 5] Expression in Escherichia coli and purification of HMGR derived from Pseudomonas sp. 1-MV (FERM BP-
11063)

[0137] PCR was performed using chromosomal DNA of Pseudomonas sp. 1-MV (FERM BP-11063) in Example 1 as
a template and primers having sequences of SEQ ID NOS: 14 and 15 to obtain a DNA fragment including the HMGR
gene (SEQ ID NO: 12). A fragment obtained by digesting the obtained DNA fragment with XbaI and SacI was ligated to
a fragment obtained by similarly digesting plasmid pPOW1 with XbaI and SacI, wherein the plasmid pPOW1 was obtained
by replacing the region of HindIII site to the EcoI site in the multicloning site of plasmid pHSG398 with a DNA fragment
(SEQ ID NO: 24) including a POP promoter sequence. The obtained plasmid pPOW1-HMGRps was introduced into the
Escherichia coli W3110 strain to obtain HMGR-producing recombinant bacteria. These bacteria were cultured in 1.6 L
of a medium containing 3% yeast extract, 4.5% sorbitol, 0.1% Antifoam 028, and 30 mg/mL chloramphenicol at 30°C for
two days while controlling pH of the culture so that the lowest pH should be 7.2. After bacterial cells were obtained from
the culture broth by centrifugation, the bacterial cells were suspended in 10 mM Tris hydrochloride buffer (pH 7.5) and
5 mM EDTA. Then, lysozyme was added, and the suspension was treated at 37°C for 30 minutes to disrupt bacterial
cells and centrifuged to remove insoluble matters to obtain a crude enzyme solution.
[0138] The obtained crude enzyme solution was adsorbed to Q Sepharose Big Beads Column (45.5 x 510 mm)
equilibrated with 10 mM Tris hydrochloride buffer (pH 8.5) and eluted with 10 mM Tris hydrochloride buffer (pH 8.5), 0.1

(continued)

Culture temperature (°C) 30

Catalase reaction +
Oxidase reaction +
Acid and/or gas production from glucose -/-
Oxidation/fermentation (O/F) test -/-

Lipase activity (Tween 80) -

Biochemical Nitrate reduction +
tests Indole production -

Glucose acidification -
Arginine dihydrolase -
Urease -
Esculin hydrolysis -
Gelatin hydrolysis -
β-Galactosidase -

Cytochrome oxidase +

Assimilation Glucose -

tests L-Arabinose -
D-Mannose -
D-Mannitol -
N-Acetyl-D-glucosamine -
Maltose -

Potassium gluconate +
n-Capric acid -
Adipic acid +
dl-Malic acid +
Sodium citrate -
Phenyl acetate -
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M NaCl and 0.1% Tween 80 to collect a fraction having HMGR activity. Ammonium sulfate was added to the obtained
fraction at 37.5%, the precipitates were collected by centrifugation and then dissolved in 10 mM Tris hydrochloride buffer
(pH 8.5), and the solution was dialyzed against 10 mM Tris hydrochloride buffer (pH 8.5) and 5% glycerol. The dialyzed
solution containing HMGR was adsorbed to DEAE Sepharose FF Column (22.5 x 210 mm) equilibrated with 10 mM Tris
hydrochloride buffer (pH 8.5) and 5% glycerol and eluted with NaCl at a gradient of 0 → 0.25 M to collect a fraction
having HMGR activity. Ammonium sulfate was added to the obtained fraction at 20%, and the fraction was adsorbed to
Phenyl Sepharose FF Column (22.5 x 410 mm) equilibrated with 20% ammonium sulfate, 10 mM Tris hydrochloride
buffer (pH 7.5), and 5% glycerol and eluted at gradients of 20% ammonium sulfate and 0% Tween 80 → 0% ammonium
sulfate and 0.1% Tween 80 to collect a fraction having HMGR activity. The obtained fraction was dialyzed against 10
mM bis Tris hydrochloride buffer (pH 6.0) and 5% glycerol, then adsorbed to Blue Sepharose CL6B Column (45.5 x 310
mm) equilibrated with 10 mM bis Tris hydrochloride buffer (pH 6.0) and 5% glycerol, and eluted at a gradient of 0 M
NaCl and 0% Tween 80 → 2.5 M NaCl and 0.1% Tween 80 to collect a fraction having HMGR activity. The obtained
fraction was dialyzed against 10 mM bis Tris hydrochloride buffer (pH 6.0) and 5% glycerol, then adsorbed to a hy-
droxyapatite column (25.5 x 210 mm) equilibrated with 10 mM bis Tris hydrochloride buffer (pH 6.0), 5% glycerol, and
0.1% Tween 80, and eluted at a gradient of 10 mM bis Tris hydrochloride buffer (pH 6.0) → 80 mM potassium phosphate
buffer (pH 6.0) to collect a fraction having HMGR activity. The fraction was concentrated by ultrafiltration with a membrane
having a molecular weight cut off of 10,000 to obtain 13 kU of purified HMGR.

[Example 6] Expression of HMGR derived from Pseudomonas mevalonii (J Bacteriol. 1989 Jun; 171(6): 2994-3001) in 
Escherichia coli

[0139] A DNA fragment was chemically synthesized in which a XbaI site is linked to the 5’ end and a SacI site is linked
to the 3’ end of the HMGR gene (SEQ ID NO: 13) of Pseudomonas mevalonii. A fragment obtained by digesting this
DNA fragment with XbaI and SacI was ligated to a fragment obtained by similarly digesting plasmid pPOW1 with XbaI
and SacI. The obtained plasmid pPOW1-HMGRpm was introduced into the Escherichia coli W3110 strain to obtain
HMGR-producing recombinant bacteria. This bacteria were inoculated in 160 mL of a medium (pH 7.5) containing 3%
yeast extract, 0.3% sorbitol, and 30 mg/mL chloramphenicol and cultured at 37°C for one day. Approximately 0.2 U/mL
of HMGR activity per milliliter of the culture broth was confirmed.

[Example 7] Expression in Escherichia coli and purification of HMGR derived from Archaeoglobus fulgidus (NBRC100126) 
(Protein Sci. 2000 Jun; 9(6): 1226-34)

[0140] PCR was performed using chromosomal DNA of Archaeoglobus fulgidus (NBRC100126) as a template and
primers having sequences of SEQ ID NOS: 16 and 17 to obtain a DNA fragment including the HMGR gene. A fragment
obtained by digesting the obtained DNA fragment with XbaI and SacI was ligated to a fragment obtained by similarly
digesting plasmid pPOW1 with XbaI and SacI. The obtained plasmid pPOW1-HMGRaf was introduced into the Es-
cherichia coli W3110 strain to obtain HMGR-producing recombinant bacteria.
[0141] The obtained bacteria were inoculated in five flasks each containing 160 mL of a medium (pH 7.5) containing
3% yeast extract, 0.3% sorbitol, and 30 mg/mL chloramphenicol and cultured at 37°C for two days. Bacterial cells were
obtained from the culture broth by centrifugation and then suspended in 10 mM Tris hydrochloride buffer (pH 7.5). Then,
the bacterial cells were disrupted by ultrasonication, and insoluble matters were removed by centrifugation to obtain a
crude enzyme solution containing 315 U of HMGR. The obtained crude enzyme solution was subjected to heat treatment
at 80°C for 30 minutes, then insoluble matters were removed by centrifugation, and the solution was adsorbed to DEAE
Sepharose FF Column (14.5 x 90 mm) equilibrated with 10 mM Tris hydrochloride buffer (pH 8.5) and eluted with NaCl
at a gradient of 0 → 0.5 M to collect a fraction having HMGR activity. Ammonium sulfate was added to the obtained
fraction at 15%, and the fraction was adsorbed to Phenyl Sepharose FF Column (14.5 x 35 mm) equilibrated with 15%
ammonium sulfate and 10 mM Tris hydrochloride buffer (pH 7.5) and eluted at gradients of 15% ammonium sulfate, 0%
glycerol, and 0% Tween 80 → 0% ammonium sulfate, 5% glycerol, and 0.1% Tween 80 to collect a fraction having
HMGR activity. The fraction was concentrated by ultrafiltration with a membrane having a molecular weight cut off of
10,000 to obtain 17 U of purified HMGR.

[Example 8] Expression in Escherichia coli and purification of MVK derived from Saccharomyces cerevisiae (NBRC1136)

[0142] Using chromosomal DNA of Saccharomyces cerevisiae (NBRC1136) as a template, PCR was performed with
primers having sequences of SEQ ID NOS: 18 and 19 to obtain a DNA fragment corresponding to the first half of the
MVK gene and with primers having sequences of SEQ ID NOS: 20 and 21 to obtain a DNA fragment corresponding to
the last half of the MVK gene. PCR was performed using these obtained DNA fragments corresponding to the first half
and the last half as templates and primers having sequences of SEQ ID NOS: 18 and 21 to obtain a DNA fragment
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including the full-length MVK gene. The MVK gene in the obtained DNA fragment had a sequence of SEQ ID NO: 5 in
which A was replaced with T in the 819th position, but the translated amino acid sequence was unchanged. A fragment
obtained by digesting the obtained DNA fragment including the full-length MVK gene with XbaI and SacI was ligated to
a fragment obtained by similarly digesting plasmid pPOW1 with XbaI and SacI. The obtained plasmid pPOW1-MVK was
introduced into the Escherichia coli W3110 strain to obtain MVK-producing recombinant bacteria.
[0143] The obtained bacteria were inoculated in three flasks each containing 160 mL of a medium (pH 8.0) containing
3% yeast extract, 0.3% sorbitol, and 30 mg/mL chloramphenicol and cultured at 25°C for three days. Bacterial cells were
obtained from the culture broth by centrifugation and then suspended in 10 mM Tris hydrochloride buffer (pH 7.5). Then,
the bacterial cells were disrupted by ultrasonication, and insoluble matters were removed by centrifugation to obtain a
crude enzyme solution containing 5660 U of MVK. The obtained crude enzyme solution was adsorbed to DEAE Sepharose
FF Column (14.5 x 90 mm) equilibrated with 10 mM Tris hydrochloride buffer (pH 7.5) and eluted with NaCl at a gradient
of 0 → 0.5 M to collect a fraction having MVK activity. Ammonium sulfate was added to the obtained fraction at 15%,
and the fraction was adsorbed to HiTrap Phenyl FF (highsub) Column (5 mL) equilibrated with 15% ammonium sulfate
and 10 mM Tris hydrochloride buffer (pH 7.5) and eluted at a gradient of 15% of ammonium sulfate → 0% ammonium
sulfate to collect a fraction having MVK activity. The fraction was concentrated by ultrafiltration with a membrane having
a molecular weight cut off of 10,000 to obtain 3304 U of purified MVK.

Method for measuring MVK activity

[0144] 0.5 mL of Reagent C was poured into a test tube and preliminarily heated at 37°C for five minutes, and then
0.01 mL of enzyme solution was added to bring about a reaction at 37°C for five minutes. After completion of the reaction,
1 mL of 0.1 N HCl was added to terminate the reaction, and absorbance (Aa) at a wavelength of 550 nm was measured.
The same procedure was performed using Reagent Cb to measure absorbance (Ab) as a blank. From the difference
between these absorbances (Aa - Ab), 1 U of enzyme activity per milliliter of an enzyme solution was calculated as U/mL
= 1.589 x (Aa - Ab). It should be noted that one unit of enzyme activity was defined as the amount of an enzyme required
to produce one micromole of NADH at 37°C per minute, and the enzyme solution was diluted with an enzyme dilution
buffer (10 mM Tris hydrochloride buffer [pH 7.5], 0.1% BSA) for measurement as required.

[Example 9] Expression in Escherichia coli and purification of HMGL derived from Pseudomonas putida KT2440 
(ATCC47059)

[0145] PCR was performed using chromosomal DNA of Pseudomonas putida KT2440 (ATCC47054) as a template
and primers having sequences of SEQ ID NOS: 22 and 23 to obtain a DNA fragment including the HMGL gene. A
fragment obtained by digesting the obtained DNA fragment with XbaI and SacI was ligated to a fragment obtained by
similarly digesting plasmid pPOW1 with XbaI and SacI. The obtained plasmid pPOW1-HMGL was introduced into the
Escherichia coli W3110 strain to obtain HMGL-producing recombinant bacteria.
[0146] The obtained bacteria were cultured in 1.6 L of a medium containing 3% yeast extract, 4.5% sorbitol, 0.1%
Antifoam 028, and 30 mg/mL chloramphenicol at 30°C for two days, while controlling pH in the culture so that the lowest
pH should be 7.0 to obtain a culture broth having 35.7 U/mL HMGL activity. The bacteria were also cultured in 1.6 L of
a medium having the same composition at 30°C for two days while controlling pH in the culture so that the lowest pH
should be 6.5 to obtain a culture broth having 36.7 U/mL HMGL activity. These culture broths were centrifuged together
to obtain bacterial cells and then suspended in 10 mM Tris hydrochloride buffer (pH 7.5). Then, bacterial cells were
disrupted by ultrasonication, and insoluble matters were removed by centrifugation to obtain a crude enzyme solution
containing HMGL. The obtained crude enzyme solution was adsorbed to Q Sepharose Big Beads Column (45.5 x 510
mm) equilibrated with 10 mM Tris hydrochloride buffer (pH 7.5), the column was washed with 10 mM Tris hydrochloride
buffer (pH 7.5) and 0.1 M NaCl, the solution was eluted with 10 mM Tris hydrochloride buffer (pH 8.5) and 0.3 M NaCl
to collect a fraction having HMGL activity. Ammonium sulfate was added to the fraction at 37.5%, precipitates were
collected by centrifugation and dissolved in 10 mM Tris hydrochloride buffer (pH 8.5), and the solution was dialyzed
against 10 mM Tris hydrochloride buffer (pH 8.5). The dialyzed solution containing HMGL was adsorbed to DEAE
Sepharose FF Column (22.5 3 210 mm) equilibrated with 10 mM Tris hydrochloride buffer (pH 8.5) and 5% glycerol
and eluted with NaCl at a gradient of 0 → 0.5 M to collect a fraction having HMGL activity. Ammonium sulfate was added
to this fraction at 15%, and the fraction was adsorbed to Phenyl Sepharose FF Column (22.5 3 100 mm) equilibrated
with 15% ammonium sulfate and 10 mM Tris hydrochloride buffer (pH 7.5) and eluted at gradients of 15% ammonium
sulfate and 0% ethylene glycol → 0% ammonium sulfate and 10% ethylene glycol to collect a fraction having HMGL
activity. The obtained fraction was dialyzed against 10 mM Tris hydrochloride buffer (pH 7.5), and the fraction was
concentrated by ultrafiltration with a membrane having a molecular weight cut off of 10,000 to obtain 20 kU of purified
HMGL.
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Method for measuring HMGL activity

[0147] 0.070 mL of Reagent D1 and 0.006 mL of an enzyme solution were placed in a cell and incubated at 37°C for
five minutes, then 0.020 mL of Reagent D2 was added. The mixture was reacted at 37°C for five minutes, and the
absorbance rate (Aa) per minute was measured from the part where absorbance at a wavelength of 340 nm after the
addition of Reagent D2 was linearly decreased. The same procedure was further performed as a blank using an enzyme
dilution buffer (10 mM Tris hydrochloride buffer [pH 9]) instead of an enzyme solution to measure the absorbance
decreasing rate (Ab) per minute. From the difference between these absorbance decreasing rates (Aa - Ab), one unit
of enzyme activity per milliliter of an enzyme solution was calculated as U/mL = 2.54 3 (Aa - Ab). It should be noted
that one unit of enzyme activity was defined as the amount of an enzyme required to decrease one micromole of NADH
at 37°C per minute, and the enzyme solution was diluted with the enzyme dilution buffer as required. Measurement was
performed using Automated Analyzer BM9020 (JEOL Ltd.).

[Example 10] Measurement of MVA and HMG-CoA by enzyme cycling method using HMGR derived from Pseudomonas 
sp. 1-MV (FERM BP-11063) that was expressed in Escherichia coli

[0148] 135 mL of any of Reagents E1 to E5 as a first measuring reagent was added to 15 mL of a sample solution
(distilled water, 10, 50, or 100 nM MVA or 10, 50, or 100 nM HMG-CoA) at 37°C, 15 mL of Reagent E11 or E12 as a
second measuring reagent was added five minutes later, and then changes in absorbance [mABS] at a wavelength of
410 nm at 37°C over five minutes were measured. Measurement was performed using Automated Analyzer BM9020
(JEOL Ltd.). The results are shown in Table 5. It is shown that both MVA and HMG-CoA in a sample solution can be
quantified at least in the range of 10 to 100 nM in the presence of CoA. As an enzyme cycling reaction did not occur in
the absence of CoA, it is shown that the enzyme cycling reactions represented by Reaction Formulas 15 and 16 did not
occur, and that the enzyme cycling reactions represented by Reaction Formulas 17 and 18 did not occur either. In the
presence of HMGL, an enzyme cycling reaction did not occur even in the presence of CoA when a sample contains
MVA. Therefore, it is shown that the enzyme cycling reactions represented by Reaction Formulas 15 and 16 did not
occur, and that the enzyme cycling reactions that occurred are multistep reactions represented by Reaction Formulas
19 and 20 in an enzyme cycling method. In the presence of MVK, an enzyme cycling reaction did not occur even in the
presence of CoA when the sample contains HMG-CoA. Therefore, it is shown that the enzyme cycling reactions repre-
sented by Reaction Formulas 17 and 18 did not occur, and that the enzyme cycling reactions that occurred are multistep
reactions represented by Reaction Formulas 19 and 20 in an enzyme cycling method. Furthermore, when Reagent E3
was used as the first measuring reagent, absorbance of a sample of distilled water was increased as compared with
when Reagent E2 was used, and the increase was inhibited when Reagent E4 was used. From these results, it is
suggested that MVA is present in ATP.
[Table 5]

Table 5

Reagent Sample solution

Second measuring 
reagent

MVA HMGCoA
First measuring reagent DW 10nM 50nM 100nM 10nM 50nM 100nM

E1 E11 +HMGR 1.2 1.1 1.2 1.1 0.6 1.1 10
E1 E12 0.8 0.8 0.8 0.8 0.8 0.6 0.8

E2 +CoA E11 +HMGR 5.0 14.4 50.0 97.2 9.7 26.4 42.0
E2 +CoA E12 0.7 0.7 0.7 0.8 0.7 0.7 0.6

E3 +CoA+ATP+Mg E11 +HMGR 26.3 35.3 68.9 112.8 30.8 45.9 60.1
E3 +CoA+ATP+Mg E12 0.6 0.8 0.8 0.7 0.8 0.8 0.8

E4 +CoA+ATP+Mg+MVK E11 +HMGR 1.6 1.4 1.7 2.0 1.7 2.3 3.0
E4 +CoA+ATP+Mg+MVK E12 0.9 1.0 0.9 0.8 0.6 0.8 0.9

E5 +CoA+HMGL E11 +HMGR 1.9 1.9 1.8 2.0 1.7 1.5 1.8
E5 +CoA+HMGL E12 1.2 1.5 1.3 1.1 1.3 1.1 1.3
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[Example 11] Measurement of MVA by enzyme cycling method using HMGR derived from Pseudomonas sp. 1-MV 
(FERM BP-11063) that was expressed in Escherichia coli

[0149] 180 mL of Reagent F1 was added to 20 mL of a sample solution (in which MVA was dissolved in distilled water
or Control Serum Consera N [Nissui Pharmaceutical Co., Ltd.] to obtain 0, 0.25, 0.5, 1, 2.5, 5, 10 , 25, or 50 nM), and
the mixture was let stand at 37°C for five minutes. Then, 20 mL of Reagent F2 was added, and then changes in absorbance
at a wavelength of 405 nm over 17 minutes were measured. Measurement was performed in quadruplicate using
Automated Analyzer 7170S (Hitachi, Ltd.). The results are shown in Tables 6 and 7. The measurement limit of MVA is
shown to be 0.5 nM in Table 6 and 0.25 nM in Table 7.
[Table 6]
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[Table 7]
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[Example 12] Measurement of CoA by enzyme cycling method using HMGR derived from Pseudomonas sp. 1-MV 
(FERM BP-11063) that was expressed in Escherichia coli

[0150] 135 mL of Reagent G1 was added to 15 mL of a sample solution (distilled water, 100 or 1000 nM CoA), and
the mixture was incubated for five minutes. Then, 15 mL of MVA solution (0, 0.0005, 0.005, or 0.05 mM) was added,
and changes in absorbance [mABS] at a wavelength of 410 nm over 26 minutes were measured. The results are shown
in Table 8.
[Table 8]

[0151] Similarly, 135 mL of Reagent G1 was added to 15 mL of a sample solution (distilled water, 10, 20, 50, 100, or
200 nM CoA), and the mixture was incubated for five minutes. Then, 15 mL of MVA solution (0.5, 2.5, or 5 mM) was
added, and changes in absorbance [mABS] at a wavelength of 410 nm over five minutes were measured. The results
are shown in Table 9.
[Table 9]

[0152] Furthermore, 135 mL of Reagent G2 was similarly added to a sample solution (distilled water, 5, 10, 20, 50, or
100 nM CoA), and the mixture was incubated for five minutes. Then, 15 mL of MVA solution (2.5 mM) was added, and
changes in absorbance [mABS] at a wavelength of 410 nm over five minutes were measured in quadruplicate. The
results are shown in Table 10.
[Table 10]

Table 8

CoA Sample
MVA SOLUTION 0nM 100nM 1000nM

0.05mM 39.13 51.14 145.65
0.005mM 8.39 9.27 18.13

0.0005mM 5.33 5.1 5.98
0mM 4.98 4.1 4.51

Table 9

CoA Sample
MVA SOLUTION 0nM 10nM 20nM 50nM 100nM 200nM

63.44 72.45 73.68 78.64 86.68 102.81
0.5mM 178.89 184.18 186.28 194.82 207.40 231.64
2.5mM 5mM 287.91 291.88 295.75 304.31 317.0 341.95
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[0153] It is shown that the CoA concentration of the minimum detection limit is at least 50 nM or lower. Measurement
was performed using Automated Analyzer BM9020 (JEOL Ltd.).

[Example 13] Measurement of MVA and HMG-CoA by enzyme cycling method using HMGR derived from Pseudomonas 
sp. 1-MV (FERM BP-11063) that was expressed in Escherichia coli after treatment of sample using MVK derived from 
Saccharomyces cerevisiae (NBRC1136) that was expressed in Escherichia coli

[0154] 100 mL of Reagent H1 or H2 was added to 100 mL of a sample solution (distilled water, 250 nM MVA, or 750
nM HMG-CoA), and the mixture was incubated at 37°C for five minutes. Then, 1) MVK was removed by ultrafiltration
with a membrane having a molecular weight cut off of 10,000, or 2) 1 mL of 100 mM EDTA solution was added to terminate
the reaction catalyzed by MVK. Then, 180 mL of Reagent F1 was added to 20 mL of the sample of 1) or 2), and the
mixture was let stand at 37°C for five minutes. 20 mL of Reagent F2 was added, and then changes in absorbance [mABS]
at a wavelength of 405 nm over five minutes were measured. The measurement after the filtration with a membrane or
the addition of EDTA was performed using Automated Analyzer 7170S (Hitachi, Ltd.). The results are shown in Table
11. It is shown that treatment with MVK removed MVA from the sample, and that treatment with MVK does not affect
the measurement of HMG-CoA.
[Table 11]

[Example 14] Measurement of HMG-CoA by enzyme cycling method using HMGR derived from Pseudomonas sp. 1-
MV (FERM BP-11063) that was expressed in Escherichia coli and MVK derived from Saccharomyces cerevisiae that 
was expressed in Escherichia coli (NBRC1136) (alkali treatment)

[0155] 80 mL of Reagent J1(+) or J1(-) was added to 16 mL of a sample solution (distilled water, 10, 50, or 100 nM
MVA, or 10, 50, or 100 nM HMG-CoA) at 37°C, and the mixture was incubated for 1.7 minutes. Then, 24 mL of Reagent
J2 was added, the mixture was further incubated for 3.3 minutes, then 40 mL of reagent J3 was added, and the mixture
was further incubated for 3.8 minutes. Then, 16 mL of Reagent J4 was added, and then changes in absorbance [mABS]
at a wavelength of 410 nm over 22.0 minutes were measured. Measurement was performed using Automated Analyzer
BM9020 (JEOL Ltd.). The results are shown in Table 12. It is shown that approximately 99% of MVA in the sample was
removed by treatment with MVK in 1.7 minutes. Furthermore, it is also shown that measured values of HMG-CoA in the
sample are not affected by treatment with MVK. Furthermore, it is also shown that MVA contaminated in Reagent J1(+)
was removed by treatment with MVK.
[Table 12]

Table 11

sample 1 sample 2 sample 3
MVA [nM] 0 250 0
HMGCoA [nM] 0 0 750

1) membrane

Reagent G1 8.3 126.2 311.5
Reagent G2 6.3 5.9 319.5

2) +EDTA

Reagent G1 4.6 119.4 341.2
Reagent G2 2.6 3.2 356.0

Table 12

Reagent Sample

MVA HMGCoA
DW 10nM 50nM 100nM 10nM 50nM 100nM

J1 (+), J2. J3, J4 16.55 16.76 17.31 18.37 23.39 50.48 85.16
J1 (-), J2, J3, J4 65.43 85.15 160.91 246.04 71.20 97.74 130.10
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[Example 15] Measurement of HMG-CoA by enzyme cycling method using HMGR derived from Pseudomonas sp. 1-
MV (FERM BP-11063) that was expressed in Escherichia coli and MVK derived from Saccharomyces cerevisiae 
(NBRC1136) that was expressed in Escherichia coli (EDTA treatment)

[0156] 80 mL of Reagent K1 (+) or K1 (-) was added to 16 mL of a sample solution (aqueous solution of MVA and
HMG-CoA with concentrations shown in Table 13) at 37°C, and the mixture was incubated for 1.7 minutes. Then, 24
mL of Reagent K2 was added, and the mixture was further incubated for 3.3 minutes. Then, 40 mL of Reagent K3 was
added, and the mixture was further incubated for 3.8 minutes. Then, 16 mL of Reagent K4(+) or K4(-) was added, and
changes in absorbance [mABS] at a wavelength of 410 nm over 22.0 minutes were measured. Measurement was
performed using Automated Analyzer BM9020 (JEOL Ltd.). Combinations of reagents used for measurement and the
results are shown in Table 13.
[Table 13]
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[0157] Similarly, the above-described measurement was performed for solutions obtained by adding the sample so-
lution to control serum so that the concentrations of MVA and HMG-CoA should be concentrations shown in Table 14.
The results are shown in Table 14.
[Table 14]

[0158] It is shown that up to 50 nM MVA present in the sample was removed, with less than 1% remaining. Furthermore,
it is shown that treatment with MVK does not affect measurement of HMG-CoA.

[Example 16] Measurement of MVA by enzyme cycling method using HMGR derived from Pseudomonas sp. 1-MV 
(FERM BP-11063) that was expressed in Escherichia coli and HMGL derived from Pseudomonas putida KT2440 
(ATCC47054) that was expressed in Escherichia coli (membrane filtration)

[0159] 70 mL of Reagent L1 or L2 was added to 70 mL each of Sample Solutions 1 to 6 shown in Table 15, and the
mixture was incubated at 37°C for five minutes. Then, HMGL was removed by ultrafiltration with a membrane having a
molecular weight cut off of 10,000. Then, 180 mL of Reagent F1 was added to 20 mL of a filtered sample, the mixture
was let stand at 37°C for five minutes, 20 mL of Reagent F2 was added, and then changes in absorbance [mABS] at a
wavelength of 405 nm over five minutes were determined. After the filtration with a membrane, measurement was
performed using Automated Analyzer 7170S (Hitachi, Ltd.). The results are shown in Table 16. It is shown that treatment
with HMGL removed HMG-CoA from the sample. Furthermore, it is shown that treatment with HMGL does not affect
measurement of MVA.
[Table 15]

[Table 16]

[Example 17] Measurement of MVA by enzyme cycling method using HMGR derived from Pseudomonas sp. 1-MV 
(FERM BP-11063) that was expressed in Escherichia coli and HMGL derived from Pseudomonas putida KT2440 
(ATCC47054) that was expressed in Escherichia coli (alkali treatment)

[0160] 80 mL of Reagent M1(+) or M1(-) was added to 16 mL of a sample solution (aqueous solution of MVA or HMG-
CoA at concentrations shown in Table 17) at 37°C, and the mixture was incubated for 1.7 minutes. Then, 24 mL of
Reagent M2 was added, and the mixture was further incubated for 3.3 minutes, then 40 mL of Reagent M3 was added,
and the mixture was further incubated for 3.8 minutes. Then, 16 mL of Reagent M4 was further added, and then changes
in absorbance [mABS] at a wavelength of 410 nm over 22.0 minutes were measured. Measurement was performed
using Automated Analyzer BM9020 (JEOL Ltd.). Combinations of reagents used for measurement and the results are
shown in Table 17.
[Table 17]

Table 14

Reagent sample1 sample2 sample3 sample4 sample5 sample6 sample7
0nM 5nM 10nM 25nM 50nM 50nM 50nM MVA
0nM 5nM 10nM 25nM 50nM 100nM 250nM HMGCoA

K1(+), K2, K3, K4(+) 24.22 24.75 26.75 31.38 39.55 56.21 107.52
K1(-), K2, K3, K4(-) 29.61 37.54 47.20 74.46 120.27 13524 181.37

Table 15

sample1 sample2 sample3 sample4 sample5 sample6

MVA 50nM 50nM 50nM 0nM 0nM 0nM

HMGCoA 0nM 250nM 750nM 0nM 250nM 750nM

Table 16

sample 1 sample 2 sample 3 sample 4 sample 5 sample 6

Reagent L1 136.7 136.0 132.8 19.1 20.1 20.2

Reagent L2 135.9 407.3 769.4 20.3 336.6 706.6
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[0161] Similarly, solutions prepared by adding MVA and HMG-CoA to Control Serum Consera N (Nissui Pharmaceutical
Co., Ltd.) at concentrations shown in Tables 18 and 19 were used as sample solutions to perform the above-described
measurement. The results are shown in Tables 18 and 19.
[Table 18]

[Table 19]

[0162] It is shown that up to 250 nM HMG-CoA present in samples was removed, with lower than 4% remaining. It is
also shown that up to 100 nM HMG-CoA was removed, with lower than 1% remaining. Furthermore, it is shown that
treatment with HMGL does not affect measurement of MVA.

[Example 18] Production of enzyme cycling reagent for measuring MVA and/or HMG-CoA, comprising step of removing 
contaminated MVA using MVK derived from Saccharomyces cerevisiae (NBRC1136) that was expressed in Escherichia 
coli (EDTA addition)

[0163] 10 mL each of: Reagent N2 prepared by adding 1 mM ATP and 1 mM magnesium chloride to Reagent N1;
and Reagent N3 prepared by adding MVK to Reagent N2 at 0.3 U/mL; were let stand at 37°C for 20 minutes. Then, 0.1
mL of 0.5 M EDTA was added to each of these reagents to prepare Reagents N2E and N3E.
[0164] 135 mL of Reagents N1, N2E, or N3E was added to 15 mL of a sample solution (distilled water or a solution of
570 U/mL HMGR derived from Pseudomonas sp. 1-MV [FERM BP-11063] that was expressed in Escherichia coli and
dissolved in 10 mM Tris-HCl [pH 7.5]) at 37°C, 15 mL of distilled water or 50 nM MVA solution was added five minutes
later, and then changes in absorbance [mABS] at a wavelength of 410 nm over 22 minutes were measured. Measurement
was performed using Automated Analyzer BM9020 (JEOL Ltd.). The results are shown in Table 20.
[Table 20]

[0165] By removing MVA present in Reagent N1 with MVK, absorbance of a blank decreased from 70.85 to 13.92,
and the sensitivity at the time of measurement of 50 nM MVA slightly improved from 121.27 (calculated by 192.12 -
70.85) to 135.02 (calculated by 148.94 - 13.92). Furthermore, by removing MVA present in Reagent N2E with MVK,

Table 18

Reagent sample1 sample2 sample3 sample4 sample5 sample6 sample7
0nM 0nM 0nM 0nM 0nM 0nM 0nM MVA
0nM 5nM 10nM 25nM 50nM 100nM 250nM HMGCoA

M1(+), M2, M3, M4 22.66 22.76 22.75 22.18 22.26 22.65 23.53
M1 (-), M2. M3, M4 22.09 22.68 23.73 25.93 29.99 3929 62.20

Table 19

Reagent sample1 sample2 sample3 sample4 sample5 sample6 sample7
0nM 5nM 10nM 25nM 50nM 50nM 50nM MVA
0nM 5nM 10nM 25nM 50nM 100nM 250nM HMGCoA

M1(+), M2, M3, M4 22.66 28.18 34.78 53.46 83.90 82.72 83.21
M1(-), M2. M3, M4 22.09 27.73 35.30 55.70 88.77 98.06 120.26

Table 20

Reagent Sample
DW 570U/ml HMGR

N1, DW 2.62 70.85
N2E, DW 3.86 96.01
N3E, DW 2.12 13.92

N1, 50nM MVA 2.65 192.12
N2E. 50nM MVA 3.91 226.48

N3E, 50nM MVA 1.97 148.94
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absorbance of a blank decreased from 96.01 to 13.92, and the sensitivity at the time of measurement of 50 nM MVA
was virtually equal, with 130.47 (calculated by 226.48 - 96.01) vs. 135.02 (calculated by 148.94 - 13.92). MVA that may
be contaminated in CoA, T-NAD, NADH, ATP, and the like and MVA that may be contaminated in during the step of
producing reagents can be reduced by treatment with MVK to 17.3% or lower and 12.8% or lower, respectively, of the
amounts before treatment, and reagents with high sensitivity and high precision and with low absorbance in a blank
reaction which are preferable for measurement were obtained.

[Example 19] Production of enzyme cycling reagents for measuring MVA and/or HMG-CoA, comprising step of removing 
contaminated MVA using MVK derived from Saccharomyces cerevisiae (NBRC1136) that was expressed in Escherichia 
coli (membrane filtration)

[0166] 2 mL each of: Reagent N4 prepared by adding 1 mM ATP and 1 mM magnesium chloride to Reagent N1; and
Reagent N5 prepared by adding MVK to Reagent N4 at 0.4 U/mL; were let stand at 37°C for 20 minutes. Then, ultrafiltration
with a membrane having a molecular weight cut off of 10,000 was performed to prepare Reagents N4F and N5F.
[0167] 135 mL of Reagent N4F or N5F was added to 15 mL of a sample solution (distilled water or a solution of 320
U/mL HMGR derived from Pseudomonas sp. 1-MV [FERM BP-11063] that was expressed in Escherichia coli and
dissolved in 10 mM Tris-HCl [pH 7.5]) at 37°C, 15 mL of distilled water or 50 nM MVA solution was added five minutes
later, and then changes in absorbance [mABS] at a wavelength of 410 nm over 26 minutes were measured. Measurement
was performed using Automated Analyzer BM9020 (JEOL Ltd.). The results are shown in Table 21.
[Table 21]

[0168] By removing MVA present in Reagent N4F with MVK, absorbance of a blank decreased from 58.57 to 10.41,
and the sensitivity at the time of measurement of 50 nM MVA was virtually equal, with 70.47 (calculated by 129.04 -
58.57) vs. 76.37 (calculated by 86.78 - 10.41). MVA that may be contaminated in CoA, T-NAD, NADH, ATP, and the
like and MVA that may be contaminated in during the step of producing reagents could be reduced to 9.1% or lower by
treatment with MVK, similar to Example 18, reagents which are preferable for measurement with high sensitivity and
high precision and with low absorbance at a blank reaction were obtained.

[Example 20] Production of enzyme cycling reagents for measuring MVA and/or HMG-CoA, comprising step of removing 
contaminated HMG-CoA using HMGL derived from Pseudomonas putida KT2440 (ATCC47054) that was expressed in 
Escherichia coli (membrane filtration)

[0169] 2 mL each of: Reagent N6 prepared by adding HMGL to Reagent N1 at 0.5 U/mL; Reagent N7 prepared by
adding HMG-CoA to Reagent N1 at 125 nM; and Reagent N8 prepared by adding HMGL to Reagent N7 at 0.5 U/mL;
were let stand at 37°C for 20 minutes. Then, ultrafiltration was performed with a membrane having a molecular weight
cut off of 10,000 to prepare Reagents N1F, N6F, N7F, or N8F.
[0170] 135 mL of Reagents N1F, N6F, N7F or N8F was added to 15 mL of a sample solution (distilled water or 10, 50
or 100 nM MVA solution) at 37°C. Five minutes later, 15 mL of a solution (solution of 320 U/mL HMGR derived from
Pseudomonas sp. 1-MV (FERM BP-11063) that was expressed in Escherichia coli and dissolved in 10 mM Tris-HCl (pH
7.5)) was added, and then changes in absorbance [mABS] at a wavelength of 410 nm over 4.6 minutes were measured.
Measurement was performed using Automated Analyzer BM9020 (JEOL Ltd.). The results are shown in Table 22.
[Table 22]

Table 21

Reagent Sample

DW 320U/ml HMGR

N4F, DW 5.17 58.57

N5F, DW 5.53 10.41

N4F, 50nM MVA 5.23 129.04

N5F, 50nM MVA 5.61 88.78
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[0171] By removing HMG-CoA present in Reagent N7F with HMGL, absorbance of a blank decreased from 305.99
to 3.81, and the sensitivity at the time of measurement of 100 nM MVA improved from 50.71 (calculated by 356.70 -
305.99) to 67.41 (calculated by 71.22 - 3.81). Even if HMG-CoA is contaminated during the reagent-producing step,
HMGL treatment could completely remove 125 nM of HMG-CoA, and reagents which are preferable for measurement
with high sensitivity and high precision and with low absorbance in a blank reaction were obtained.

[Example 21] Measurement of MVA and HMG-CoA by enzyme cycling method using HMGR derived from Archaeoglobus 
fulgidus (NBRC100126) that was expressed in Escherichia coli

[0172] 135 mL of Reagent N3E described in Example 18 was added to 15 mL of a sample solution (distilled water or
MVA solutions or HMG-CoA solutions shown in Table 23) at 37°C. Five minutes later, 15 mL of 12 U/mL HMGR solution
dissolved in 10 mM Tris-HCl (pH 7.5) was added, and changes in absorbance [mABS] at a wavelength of 410 nm over
26 minutes were measured. Measurement was performed using Automated Analyzer BM9020 (JEOL Ltd.). The results
are shown in Table 23 and Figures 1 and 2. It is shown that MVA and HMG-CoA could be measured with high precision.
[Table 23]

[Example 22] Enzyme cycling reaction using HMGR produced from Pseudomonas sp. 1-MV (FERM BP-11063)

[0173] 180 mL of Reagent P1(+) or P1(-) was added to 10 mL of HMGR solution (3.3 U/mL HMGR solution produced
by the method described in Example 1 or 3.3 U/mL HMGR solution produced by the method described in Example 1
and subjected to hydroxyapatite column chromatography in the same manner as described in Example 5) at 37°C. Five
minutes later, 20 mL of Reagent P2 was added, and changes in absorbance [mABS] at a wavelength of 405 nm over
five minutes were measured. Measurement was performed using Automated Analyzer 7170S (Hitachi, Ltd.). The results
are shown in Table 24. It is shown that an enzyme cycling reaction occurred, and MVA could be measured. Furthermore,
it is shown that when a high purity HMGR solution which was subjected to hydroxyapatite column chromatography was
used, the blank signal was low and the measurement sensitivity was high.
[Table 24]

[Example 23] Enzyme cycling reaction using HMGR produced from Variovorax sp. 5-MV (FERM BP-11064)

[0174] 180 mL of Reagent P1(+) or P1(-) was added to 10 mL of HMGR solution (6.3, 3.2, or 1.6 U/mL HMGR solution
produced by the method described in Example 2) at 37°C. Five minutes later, 20 mL of Reagent P2 was added, and

Table 22

Reagent MVA

DW 10nM 50nM 100nM

N1F 4.25 10.56 35.99 70.07

N6F 4.23 11.13 36.73 72.16
N7F 305.99 311.02 334.36 356.70
N8F 3.81 10.62 36.23 71.22

Table 23

DW MVA[nM] HMGCoA[nM]
5 10 25 50 5 10 25 100

14.31 15.73 17.37 22.23 30.13 14.59 15.62 18.02 31.09

Table 24

Produced as described in Example 1 + Hydroxyapatite

HMGR 3.3U/ml HMGR 3.3U/ml

P1 (+) MVA 0.01mM 935.7 1315.9

P1 (-) MVA 0mM 535.6 20.5

delta 400.1 1295.4
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changes in absorbance [mABS] at a wavelength of 405 nm over five minutes were measured. Measurement was per-
formed using Automated Analyzer 7170S (Hitachi, Ltd.). The results are shown in Table 25. It is shown that an enzyme
cycling reaction occurred, MVA could be measured, and the measurement sensitivity was increased when the amount
of HMGR was increased.
[Table 25]

[Example 24] Enzyme cycling reaction using HMGR produced from Delftia sp. 12-MV (FERM BP-11065) and HMGR 
produced from Comamonas sp. 25-MV (FERM BP-11066)

[0175] 180 mL of Reagent P1(+) or P1(-) was added to 10 mL of HMGR solution (12.0 U/mL HMGR solution produced
by the method described in Example 3 or 5.4 U/mL HMGR solution produced by the method described in Example 4)
at 37°C. Five minutes later, 20 mL of Reagent P2 was added, and changes in absorbance [mABS] at a wavelength of
405 nm over five minutes were measured. Measurement was performed using Automated Analyzer 7170S (Hitachi,
Ltd.). The results are shown in Table 26. It is shown that an enzyme cycling reaction occurred, and MVA could be
measured.
[Table 26]

[Example 25] Physicochemical properties of HMGR (HMGR-V) derived from Variovorax sp. 5-MV (FERM BP-11064), 
HMGR (HMGR-D) derived from Delftia sp. 12-MV (FERM BP-11065), HMGR (HMGR-C) derived from Comamonas sp. 
25-MV (FERM BP-11066), HMGR (HMGR-P) derived from Pseudomonas sp. 1-MV (FERM BP-11063) that was ex-
pressed in Escherichia coli, and HMGR (HMGR-A) derived from Archaeoglobus fulgidus (NBRC100126) that was ex-
pressed in Escherichia coli

<Heat stability>

[0176] Each HMGR was dissolved in 10 mM Tris-HCl (pH 7.5) and 0.05% BSA to obtain approximately 0.4 U/ml
solution. This enzyme solution was treated at various temperatures for 10 minutes, and then a residual activity (%) was
measured. The results are shown in Table 27.
[Table 27]

Table 25

HMGR [U/ml]
6.3 3.2 1.6

P1(+) MVA0.01mM 1154.6 629.2 303.3
P1(-) MVA 0mM 94.5 47.9 25

delta 1060.1 581.3 278.3

Table 26

Delftia sp. 12-MV Comamonas sp. 25-MV

HMGR 12.0U/ml HMGR 5.4U/ml

P1(+) MVA0.01mM 462.4 497.3

P1(-) MVA 0mM 377.4 468.7

delta 85.0 28.6

Table 27 Heat stability (%)

°C HMGR-V HMGR-D HMGR-C HMGR-P HMGR-A

4 100 100 100 100 100
37 91 100 94 99 106
42 - 100 - - -

50 95 103 - - -
55 103 96 - 98 -
60 103 40 81 97 -
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<pH stability>

[0177] Each HMGR was dissolved in 20 mM buffer with various pH and 0.05% BSA to obtain approximately 0.4 U/ml
solution. These enzyme solutions were treated for 10 minutes at the following temperature: HMGR-V at 72.5°C, HMGR-
D at 60°C, HMGR-C at 65°C, HMGR-P at 65°C, and HMGR-A at 80°C. Then, a residual activity (%) was measured. The
following buffers were used: acetic acid-sodium acetate at pH 4.0 to 6.0, potassium phosphate at pH 6.0 to 7.5, Tris-
HCl at pH 7.0 to 10.0, and CAPS at pH 9.5 to 11.0. The results are shown in Figures 3 to 7. These enzyme solutions
were stable at the following pH: HMGR-V at pH 6.0 to 8.0; HMGR-D at pH 5.5 to 8.5; HMGR-C at pH 4.0, pH 6.0 to 10.0
and pH 11.0; HMGR-P at pH 4.5 to 8.5; and HMGR-A at pH 4.0 and pH 6.0 to 11.0.

<Optimal pH>

[0178] Each HMGR was diluted with 10 mM Tris-HCl (pH 7.5) and 0.05% BSA at approximately 0.4 U/ml. HMGR
activity of these enzyme solutions was measured in a reaction mixture containing 0.05% BSA, using Reagent B in which
50 mM Tris-HCl (pH 8.5) was replaced with 50 mM buffers at various pH. The relative activity (%) at each pH is shown
in Figures 8 to 12. The following buffers were used: potassium phosphate at pH 6.0 to 7.5, Tris-HCl at pH 7.0 to 10.0,
and CAPS at pH 9.5 to 11.0. The activity was the highest at pH 9.0 to 10.5 in all HMGR solutions. The optimal pH values
are as follows: HMGR-V, pH 7.5 to 10.0; HMGR-D, pH 8.5 to 10.0; HMGR-C, pH 7.0 to 10.0; HMGR-P, pH 7.0 to 10.0;
and HMGR-A, pH 7.0 to 10.5.

<Km value: MVA>

[0179] The concentration of MVA in Reagent B was changed from 0.005 mM to 5 mM to determine the Km value of
each HMGR. The Km values were as follows: HMGR-V, 0.36 mM; HMGR-D, 0.18 mM; HMGR-C, 0.66 mM; HMGR-P,
0.47 mM; and HMGR-A, 0.25 mM.

<Km value: CoA>

[0180] BSA was added to Reagent B at 0.5%, the concentration of CoA was changed from 0.01 to 5 mM, and the Km
value of each HMGR was determined. The Km values were as follows: HMGR-V, 0.066 mM; HMGR-D, 0.038 mM;
HMGR-C, 0.073 mM; HMGR-P, 0.097 mM; and HMGR-A, 0.035 mM.

<Km value: NAD>

[0181] BSA was added to Reagent B at 0.5%, the concentration of CoA was set at 0.5 mM, the concentrations of NAD
were changed from 0.005 to 5 mM, and the Km value of each HMGR was determined. The Km values were as follows:
HMGR-V, 0.19 mM; HMGR-D, 0.08 mM; HMGR-C, 0.26 mM; HMGR-P, 0.29 mM; and HMGR-A, 0.17 mM.

<Molecular weight: gel filtration>

[0182] Using TSK gel G3000SWxL (Tosoh Corporation), the molecular weight of each HMGR was determined by gel
filtration using 50 mM Pi-K (pH 7.5), 0.2 M sodium sulfate, and 0.05% sodium azide as mobile phases. The molecular
weights were as follows: HMGR-V, 330,000; HMGR-D, 260,000; HMGR-C, 270,000; HMGR-P, 280,000; HMGR-A,
410,000.

(continued)

°C HMGR-V HMGR-D HMGR-C HMGR-P HMGR-A

65 102 1 29 26 -

70 93 - 15 - -
72.5 55 - - - -

75 11 - - - -
80 - - - - 41
85 - - - - 35
90 - - - - 27
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<Molecular weight: SDS-PAGE>

[0183] The molecular weight of each HMGR was determined by SDS-PAGE. The molecular weights were as follows:
HMGR-V, 42,000; HMGR-D, 42,000; HMGR-C, 42,000; HMGR-P, 45,000; and HMGR-A, 40,000.

<Amino acid sequence>

[0184] The N terminal amino acid sequence of HMGR-V is shown in SEQ ID NO: 25, but the first amino acid is Met
or Val. The N terminal amino acid sequence of HMGR-D is shown in SEQ ID NO: 26, but the first amino acid is Met,
Val, or Thr, and the 24th amino acid is Asp or Ala. The N terminal amino acid sequence of HMGR-C is shown in SEQ
ID NO: 27, but the first amino acid is Met, Ala, or Thr, the 23rd amino acid is Thr or Leu, and the 35th amino acid is Leu or Glu.

[Example 26] Measurement of MVA in human plasma and serum by enzyme cycling method using HMGR derived from 
Pseudomonas sp. 1-MV (FERM BP-11063) that was expressed in Escherichia coli and MVK derived from Saccharomyces 
cerevisiae (NBRC1136) that was expressed in Escherichia coli

[0185] 150 mL of Reagent Q1A or Q1B was added to 5 mL of a sample solution (distilled water, 50 nM MVA [100 nM
D,L-MVA], Plasma 1, Plasma 2, Serum 1, or Serum 2), and the mixture was let stand at 37°C for five minutes. Then, 50
mL of Reagent Q2 was added, and one minute after the addition, changes in absorbance at wavelength of 405 nm (sub-
wavelength, 660 nm) over four minutes were measured. The results are shown in Table 28. The calculated values using
the measured values after removal of MVK shows more accurate D-MVA concentrations because a blank value by
reaction of HMGcoA present in the sample or non-specific reaction was subtracted. Measurement was performed using
Automated Analyzer 7170S (Hitachi, Ltd.). The plasma and serum samples were purchased from Kohjin Bio Co., Ltd.
(Plasma 1: normal human plasma (pooled) with sodium citrate; Plasma 2: normal human plasma (pooled) with heparin;
Serum 1: normal human serum (pooled); Serum 2: normal human serum(individual subject))
[Table 28]

[Example 27] Measurement of MVA in human urine by enzyme cycling method using HMGR derived from Pseudomonas 
sp. 1-MV (FERM BP-11063) that was expressed in Escherichia coli and MVK derived from Saccharomyces cerevisiae 
(NBRC1136) that was expressed in Escherichia coli

[0186] 120 mL of Reagent R1 was added to 7.5 mL of a sample solution (distilled water, 50 nM MVA [100 nM D,L-
MVA], Diluted Urine 1 [Urine 1 200-fold diluted with distilled water], Diluted Urine 2 [Urine 2 200-fold diluted with distilled
water]), and the mixture was let stand at 37°C for five minutes. Then, 30 mL of Reagent R2 was added, and then changes
in absorbance at a wavelength of 410 nm over 10 minutes were measured. Measurement was performed using Automated
Analyzer BM9020 (JEOL Ltd.). Urines 1 and 2 were collected from the same subject at 4:00 and 17:00 on the same
day. Creatinine in the urine sample was measured using a creatinine measuring reagent (L Type Wako CRE · M: Wako
Pure Chemical Industries, Ltd.). The results are shown in Tables 29 and 30. The value corrected with creatinine serves
as an indicator with reduced influence of the concentration of urine.
[Table 29]

Table 28

ReagentQ1A Δ405 D-MVA ReagentQ1B Δ405 Calculation Δ405 (Q1A- Q1B) D-MVA

sample [mABS] [nM] [mABS] [mABS] [nM]

DW 13.15 0.0 10.25 2.90 0.0

50nM D-MVA 32.20 50.0 10.40 21.80 50.0
Plasma 1 34.90 57.1 16.50 18.40 41.0
Plasma 2 27.70 38.2 12.90 14.80 31.5
Serum 1 64.40 134.5 11.15 53.25 133.2
Serum 2 40.55 71.9 18.65 21.90 50.3

Table 29

sample Δ405 [mABS] D-MVA [nM]

DW 27.8 0.0
50nM D-MVA 86.0 50.0
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[Table 30]

[Example 28] Measurement of MVA in food by enzyme cycling method using HMGR derived from Pseudomonas sp. 1-
MV (FERM BP-11063) that was expressed in Escherichia coli and MVK derived from Saccharomyces cerevisiae 
(NBRC1136) that was expressed in Escherichia coli

[0187] 80 mL of Reagent K1(+) or K1(-) was added to 16 mL of a sample solution (distilled water, MVA solution, Samples
1 to 12 in Table 33) at 37°C, the mixture was incubated for 1.7 minutes, 24 mL of Reagent K2 was further added, the
mixture was incubated for further 3.3 minutes, 40 mL of reagent K3 was added, and the mixture was incubated for further
3.8 minutes. Then, 16 mL of Reagent K4(+) or K4(-) was added, and changes in absorbance at a wavelength of 410 nm
over 22.0 minutes [mABS] were measured. Measurement was performed using an automated analyzer BM9020 (JEOL
Ltd.). Combinations of reagents used for measurement and measured values are shown in Tables 31 and 32. The
measured values MVA [nM] were obtained by drawing a calibration curve, using distilled water and D-MVA 100 nM (200
nM as D,L-MVA). When distilled water was measured, differences in absorbance [mABS] were noted among combinations
of Reagents K1(+), K2, K3, and K4(+) and Reagents K1(-), K2, K3, and K4(-). This may be caused by MVA contained
in reagents as explained in Example 19. The methods for preparing Samples 1 to 12 are shown in Table 33. The sample
numbers in Table 33 correspond to the sample numbers in Tables 31 and 32.
[Table 31]

[Table 32]

(continued)

sample Δ405 [mABS] D-MVA [nM]

Diluted urine 1 57.7 25.7

Diluted urine 2 41.0 11.3

Table 30

D-MVA [nM] Creatinine [mg/dL] D-MVA/Cre [nM·dL/mg]

Urine 1 5137 243 21.1
Urine 2 2268 120 18.9

Table 31

DW MVA 
2.5nM

MVA 
5nM

MVA 
25nM

MVA 
50nM

MVA 
100nM

sample 
1

sample 
2

sample 
3

K1 (+), K2, K3, K4 
(+) [mABS] 11.8 12.3 12.5 11.9 12.6 13.4 22.9 29.6 12.5
K1 (-), K2, K3, K4 
(-) [mABS] 121.8 130.3 140.1 206.1 282.6 413.2 303.0 169.9 348.4

delta [mABS] 110.0 118.0 127.6 194.2 270.0 399.8 280.1 140.3 335.9
Measured value 
MVA [nM] 0.0 2.8 6.1 29.1 55.2 100.0 58.7 10.5 78.0

Table 32

sample 
4

sample 
5

sample 
6

sample 
7

sample 
8

sample 
9

sample 
10

sample 
11

sample 
12

K1 (+), K2, 
K3, K4 (+) 
[mABS] 25.6 16.7 13.1 13.3 16.4 15.6 9.1 13.4 12.6
K1 (-), K2, 
K3, K4 (-) 
[mABS] 235.1 128.8 404.3 363.9 195.2 221.6 129.2 198.6 246.0
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[Table 33]

[Example 29] Standard MVA measuring method (MVK method) and MVA reference material

[0188] D,L-Mevalonic acid lactone (Sigma M4667) was accurately weighed to prepare a 0.5 M solution, and this
solution was accurately diluted to prepare 0.05, 0.1, 0.2, and 0.5 mM D,L-MVA solutions. D-Mevalonic acid lactone
(Tokyo Chemical Industry M1347) was accurately weighed to prepare a 0.5 M solution, and this solution was accurately
diluted to prepare 0.05, 0.1, 0.2, and 0.5 mM D-MVA solutions.
[0189] Two aqueous NADH solutions A and B were prepared. The 1-cm absorbances measured at 340 nm using a
double monochromator spectrophotometer (Shimadzu UV-2550) were 1.0915 and 2.683.
[0190] To confirm precision of the automated analyzer BM9020 (JEOL Ltd.) at a measurement wavelength of 340 nm
and a sub-wavelength of 658 nm, 75 mL of distilled water was added to 25 mL of aqueous NADH solution A or B at 37°C,
absorbance Aa was measured, 75 mL of distilled water was further added 8.8 minutes later, and absorbance Ab was
measured. The absorbance Aa and the absorbance Ab of aqueous solution A were 0.23602 and 0.13452, respectively.
The absorbance Aa and the absorbance Ab of aqueous NADH solution B were 0.59107 and 0.33786, respectively.
Device coefficients of BM9020 for these solutions were 0.86 (= 0.23602/1.0915 3 25/[25 + 75]), 0.86(= 0.13425/1.0915
3 25/[25 + 75 + 75]), 0.88 (= 0.59107/2.683 3 25/[25 + 75]), and 0.88 (= 0.33786/2.683 3 25/[25 + 75 + 75]), with the
mean of 0.87.
[0191] MVK derived from Saccharomyces cerevisiae (NBRC1136) that was expressed in Escherichia coli was used.
[0192] 75 mL of Reagent S1 was added to 25 mL of distilled water, a D,L-MVA solution, or a D-MVA solution at 37°C,

(continued)

sample 
4

sample 
5

sample 
6

sample 
7

sample 
8

sample 
9

sample 
10

sample 
11

sample 
12

delta 
[mABS] 209.5 112.1 391.2 350.6 178.8 206.0 120.1 185.2 233.4
Measured 
value MVA 
[nM] 34.3 0.7 97.0 83.0 23.7 33.1 3.5 25.9 42.6

Table 33

sample Product Preparation method

1 Apple juice Dilute 100% juice 25-fold with distilled water.

2 Pineapple juice Dilute 100% juice 5-fold with distilled water.

3
Flour Suspend 100 mg of flour in 1 mL of distilled water, centrifuge, and dilute the supernatant 

20-fold.

4
Carrot Suspend 500 mg of grated carrots in 12 mL of distilled water, centrifuge, and dilute the 

supernatant 5-fold with distilled water.

5 Black tea Dilute black tea 5-fold with distilled water.

6 Japanese sake Dilute Japanese sake 100-fold with distilled water.

7 Beer Dilute beer 100-fold with distilled water.

8 Whiskey Dilute whiskey 5-fold with distilled water.

9
Bread Suspend 200 mg of bread in 1 mL of distilled water, centrifuge, and dilute the 

supernatant 5-fold with distilled water.

10
Rice Suspend 200 mg of rice in 1 mL of distilled water, centrifuge, and dilute the supernatant 

5-fold with distilled water.

11
Yogurt Suspend 300 mg of yogurt in 1 mL of distilled water, centrifuge, and dilute the 

supernatant 5-fold with distilled water.

12
Salmon meat Suspend 200 mg of salmon meat in 1 mL of distilled water, centrifuge, and dilute the 

supernatant 20-fold with distilled water.
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75 mL of Reagent S2 was added 8.8 minutes later, and absorbance [ABS] A1 before addition of S2 and absorbance
[ABS] A2 at 6 minutes after addition of S2 were measured at a measurement wavelength of 340 nm using Automated
Analyzer BM9020 (JEOL Ltd.). The reaction time courses when the samples were distilled water, 0.5 mM D,L-MVA, and
0.5 mM D-MVA are shown in Figure 13.
[0193] From these results and the molar absorbance coefficient of NADH 6.3 3 1000 (1/[mol·cm]), produced NADH
was calculated as follows: 

The amount of NADH produced from D-MVA is difference between the value of produced NADH and the value from a
blank reaction using a sample of distilled water. By this equation, the amount of D-MVA contained in D,L-MVA solution
or D-MVA solution was determined. The results are shown in Table 34. The mean D-MVA content in D,L-Mevalonic acid
lactone (Sigma M4667) was 0.50, and the mean D-MVA content in D-Mevalonic acid lactone (Tokyo Chemical Industry
M1347) was 0.88. Thus, it is shown that an accurate amount of MVA can be measured by establishing the standard
measuring method, and the MVA reference material can be prepared.
[Table 34]
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[Example 30] Standard MVA measuring method (HMGR method) and MVA reference material

[0194] D-MVA solutions at various concentrations prepared in Example 29 were used.
[0195] As the apparatus coefficient for Automated Analyzer BM9020 (JEOL Ltd.), 0.87, which was determined in
Example 29, was used.
[0196] HMGR derived from Pseudomonas sp. 1-MV (FERM BP-11063) and expressed in Escherichia coli and HMGL
derived from Pseudomonas putida KT2440 (ATCC47054) and expressed in Escherichia coli were used.
[0197] 75 mL of Reagent T1 was added to 25 mL of distilled water, a D,L-MVA solution, or a D-MVA solution at 37°C,
75 mL of Reagent T2 was added 5 minutes later, absorbance [ABS] A1 before the addition of T2 and absorbance [ABS]
A2 at 13 minutes after the addition of T2 were measured at a measurement wavelength 340 nm using an automated
analyzer BM9020 (JEOL Ltd.). The reaction time courses when the samples were distilled water, 0.5 mM D,L-MVA, and
0.5 mM D-MVA are shown in Figure 14.
[0198] From these results and the molar absorbance coefficient of NADH of 6.3 3 1000 (l/[mol·cm]), produced NADH
was calculated as follows: 

The amount of NADH produced from D-MVA is difference between the value of produced NADH and the value from a
blank reaction using a sample of distilled water. By this equation, the amount of D-MVA contained in a D,L-MVA solution
or a D-MVA solution was determined. The results are shown in Table 35. The mean D-MVA content in D,L-Mevalonic
acid lactone (Sigma M4667) was 0.50, and the mean D-MVA content in D-Mevalonic acid lactone (Tokyo Chemical
Industry M1347) was 0.90. Thus, it is shown that an accurate amount of MVA can be measured by establishing the
standard measuring method, and that the MVA reference material can be prepared.
[Table 35]
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[Preparation Example 1] Media

[0199] The media used in the above-mentioned Examples are described below.

Medium A

[0200] Medium A was prepared by adding 3% A2 and 0.5% A3 to A1.

Medium B

[0201] Medium B was prepared by adding 3% B2 and 0.5% B3 to B1.

Medium C

[0202] Medium C was prepared by adding 3% C2 and 0.5% C3 to C1.

[Table 36]

A1 A2 A3

0.7% Yeast extract 128g/L Na2HPO4-7H20 5% D,L-mevalonic acid

1 mg/L thiamine 30g/L KH2PO4 (Sterilized by filtration)
2 mg/ml riboflavin 5g/L NaCl
2 mg/L niconinic acid 10g/L NH4Cl

2 mg/L calcium panthothenate (Adjusted to pH 5.5 then autoclaved)
2 mg/L pyridoxine HCl
0.1 mg/L biotin
1 mg/L p-aminobenzoic acid

0.1 mg/L folic acid

(Adjusted to pH 5.5 then autoclaved)

[Table 37]

B1 B2 B3

0.7% Yeast extract 128g/L Na2HPO4-7H20 5% D,L-mevalonic acid

1 mg/L thiamine 30g/L KH2PO4 (Sterilized by filtration)
2 mg/ml riboflavin 5g/L NaCl
2 mg/L niconinic acid 10g/L NH4Cl

2mg/L calcium panthotrenate (Adjusted to pH 7 then autoclaved)
2 mg/L pyridoxine HCl
0.1 mg/L biotin
1 mg/L p-aminobenzoic acid
0.1 mg/L folic acid

(Adjustedto pH 7 then autoclaved)

[Table 38]

C1 C2 C3

0.7% Yeast extract 128g/L Na2HPO4-7H20 5% D,L-mevalonic acid

1mg/L thiamine 30g/L KH2PO4 (Sterilized by filtration)
2mg/ml riboflavin 5g/L NaCl

2mL niconinic acid 10g/L NH4Cl

2mg/L calcium panthothenate (Adjusted to pH 9 then autoclaved)
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[Preparation Example 2] Reagents

[0203] Compositions of the reagents used in the above-mentioned Examples are shown below:

(continued)

C1 C2 C3

2mg/L pyridoxine HCl

0.1 mg/L biotin
1 mg/L p-aminobenzoic acid
0.1 mg/L folic acid

(Adjusted to pH 9 then autoclaved)

[Table 39]

Reagent A

50mM Tris-HCl(pH8.5)
0.005% ntro blue tetrazolium chloride

0.2mM coenzymeA
0.1% triton X-100
1mM NAD
1mM NADP
5U/ml Diaphorase(manufactured by Toyobo Co., Ltd.)

5mM D,L-mevalonic acid

[Table 40]

Reagent B

50mM Tris-HCl(pH8.5)
0.005% ntro blue tetrazolium choloride

0.2mM coenzymeA
0.1% triton X-100
1mM NAD
5U/ml Diaphorase(Manufactured by Toyobo Co., Ltd.)

5mM D,L-mevalonic acid

[Table 41]

Reagent C

50mM TrisHCl(pH7.5)
0.005% ntro blue tetrazolium choloride
5mM Glucose
1mM MgCl2

1mM NAD
1mM ATP
5U/ml ADP-dependent Hexokinase (ADP-HKP II: Manufactured by Asahi Kasei Phama Corporation)

5U/ml Glucose-6-phosphate dehydrogenase (Manufactured by Toyabo Co., Ltid.)

5U/ml Diaphorase (Manufactured by Toyobo Co., Ltd.)

2mM D,L-mevalonic acid
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[Table 42]

Reagent Cb

50mM Tris-HCl(pH7.5)
0.005% ntro blue tetrazolium choloride
5mM Glucose
1mM MgCl2
1mM NAD

1mM ATP
5U/ml ADP-dependent Hexokinase (ADP-HKP II: Manufactured by Asahi Kasei Pharma Corporation)

5U/ml Glucose-6-phosphate dehydrogenase (manufactured by Toyobo Co., Ltd.)
5U/ml Diaphorase (Manufactured by Toyobo Co., Ltd.)

[Table 43]

Reagent D1

25mM Tris-HCl(pH9.0)
0.25mM NADH
6.25U/ml 3-Hydroxybutyrate Dehydrogenase (3-HBDH II: Manufactured by Asahi Kasei Pharma 

Corporation)

[Table 44]

Reagent D2

0.75mM D,L-HMGCoA

[Table 45]

Reagent E1

50mM Glycine-NaOH(pH10.0)
1mM T-NAD
0.2mM NADH

[Table 46]

Reagent E2 50mM Glycine-NaOH(pH10.0)
1mM T-NAD
0.2mM NADH
1mM CoA

[Table 47]

Reagent E3 50mM Glycine-NaOH(pH10.0)
1mM T-NAD

0.2mM NADH
1mM CoA
1mM ATP
1mM MgCl2
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[Table 48]

Reagent E4 50mM Glycine-NaOH(pH10.0)
1mM T-NAD
0.2mM NADH
1 mM CoA

1mM ATP
1mM MgCl2
1U/ml MVK

[Table 49]

Reagent E5 50mM Glycine-NaOH(pH10.0)
1mM T-NAD
0.2mM NADH
1mM CoA
1U/ml HMGL

[Table 50]

Reagent E11 10mM Tris-HCl(pH8.0)

400U/ml HMGR

[Table 51]

Reagent E12 10mM Tris-HCl(pH8.0)

[Table 52]

Reagent F1 50mM Glycine-NaOH(pH10.0)
1mM T-NAD

57U/ml HMGR

[Table 53]

Reagent F2 50mM Glycine-NaOH(pH10.0)

0.2mM NADH

[Table 54]

Reagent G1 50mM Glycine-NaOH(pH10.0)

1mM T-NAD
0.2mM NADH
32U/ml HMGR

[Table 55]

Reagent G2 50mM Glycine-NaOH(pH10.0)
1mM T-NAD
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(continued)

0.2mM NADH
63U/ml HMGR

[Table 56]

Reagent H1 20mM Glycine-NaOH(pH9.0)
2mM ATP
2mM MgCl2

[Table 57]

Reagent H2 20mM Glycine-NaOH(pH9.0)
2mM ATP
2mM MgCl2

2U/ml MVK

[Table 58]

Reagent J1(+) 20mM Glycine-NaOH(pH10.5)
2mM ATP
2mM MgCl2
2U/ml MVK

[Table 59]

Reagent J1(-) 20mM Glycine-NaOH(pH10.5)
2mM ATP
2mM MgCl2

[Table 60]

Reagent J2 0.222M NaOH

[Table 61]

Reagent J3 200mM Glycine-NaOH
44.5mM Citric acid
4mM CoA
4mM T-NAD

160U/ml HMGR
pH 5.7

[Table 62]

Reagent J4 50mM Glycine-NaOH(pH10.0)
1.8mM NADH
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[Table 63]

Reagent K1(+) 20mM Glycine-NaOH(pH10.5)
2mM ATP
2mM MgCl2
2U/ml MVK

[Table 64]

Reagent K1 (-) 20mM Glycine-NaOH(pH10.5)
2mM ATP

2mM MgCl2

[Table 65]

Reagent K2 200mM Glycine-NaOH(pH10-0)

[Table 66]

Reagent K3 50mM Glycine-NaOH(pH10.0)

4mM CoA
4mM T-NAD
50U/ml HMGR

[Table 67]

Reagent K4(+) 50mM Glycine-NaOH(pH10.0)
50mM EDTA
1.8mM NADH

[Table 68]

Reagent K4(-) 50mM Glycine-NaOH(pH10-0)
50mM EDTA
1.8mM NADH
10U/ml MVK

[Table 69]

Reagent L1 20mM Tris-HCl(pH9.0)
11U/ml HMGL

[Table 70]

Reagent L2 20mM Tris-HCl(pH9.0)
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[Table 71]

Reagent 10mM Tris-HCl(pH9.0)

M1(+) 0.4U/ml HMGL

[Table 72]

Reagent M(-) 10mM Tris-HCl(pH9.0)

[Table 73]

Reagent M2 10.222M NaOH

[Table 74]

Reagent M3 200mM Glycine-NaOH

44.5mM Citric acid
4mM CoA
4mM T-NAD
50U/ml HMGR
pH 5.7

[Table 75]

Reagent M4 50mM Glycine-NaOH(pH10.0)
1.8mM NADH

[Table 76]

Reagent N1 50mM Glycine-NaOH(pH10.0)
1mM T-NAD

0.2mM NADH
1mM CoA

[Table 77]

Reagent P1(+) 50mM Tris-HCl(pH8.5)
1mM T-NAD
1mM CoA
0.01mM MVA

[Table 78]

Reagent P1(-) 50mM Tris-HCl(pH8.5)
1mM T-NAD
1mM CoA
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[Table 79]

Reagent P2 50mM Tris-HCl(pH8.5)

2mM NADH

[Table 80]

Reagent Q1A 50mM Glycine-NaOH
0.18mM NADH
30mM NaHCO3
0.7mM MgCl2
0.7mM ATP

0.07% Tween80
0.05% NaN3
pH 9.4

[Table 81]

Reagent Q1B 50mM Glycine-NaOH
0.18mM NADH
30mM NaHCO3
0.7mM MgCl2

0.7mM ATP
0.07% Tween80
0.05% NaN3
0.8U/ml MVK
pH 9.4

[Table 82]

Reagent Q2 100mM HEPES
6mM EDTA
2.4mM CoA

30mM T-NAD
67U/ml HMGR
0.02% ProClin300
pH 6.0

[Table 83]

Reagent R1 100mM Glycine-NaOH(pH8.5)
1.84mM T-NAD
1.23mM CoA
20U/ml HMGR

[Table 84]

Reagent R2 989mM Glycine-NaOH(pH9.5)
1.13mM NADH
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[0204] This application is based on Japanese Patent Application No. 2009-009177 filed on January 19, 2009, and the
content thereof is hereby incorporated by reference into this application.

Industrial Applicability

[0205] According to the present invention, MVA and/or HMG-CoA in a biological sample which is an indicator of the
amount of a cholesterol synthesized in the body or CoA in a biological sample which is an indicator of lipid metabolism
in the body can be measured conveniently with ultrahigh-sensitivity and high precision. The above-mentioned measure-
ment can be performed for many specimens using a general-purpose automated analyzer. Therefore, many specimens
can be accurately measured in routine clinical tests and the like, and thus the present invention has industrial applicability
in diagnoses of pathological conditions and the like.

Free Text For Sequence Listing

[0206]

SEQ ID NO: 1 is the amino acid sequence of HMGR derived from Pseudomonas sp. 1-MV (FERM BP-11063).
SEQ ID NO: 2 is the amino acid sequence of HMGR derived from Pseudomonas mevalonii.
SEQ ID NO: 3 is the amino acid sequence of HMGR derived from Archaeoglobus fulgidus (NBRC100126).
SEQ ID NO: 4 is the nucleotide sequence of POP promoter.
SEQ ID NO: 5 is the nucleotide sequence of the MVK gene of Saccharomyces cerevisiae (NBRC1136).
SEQ ID NO: 6 is the amino acid sequence of HMGL derived from Pseudomonas mevalonii.
SEQ ID NO: 7 is the amino acid sequence of HMGL derived from Pseudomonas putida KT2440 (ATCC47054).
SEQ ID NO: 8 is the nucleotide sequence of 16S rDNA of Pseudomonas sp. 1-MV (FERM BP-11063).
SEQ ID NO: 9 is the nucleotide sequence of 16S rDNA of Variovorax sp. 5-MV (FERM BP-11064).

[Table 85]

Reagent S1 10mM Glycine-NaOH(pH10.5)
5mM Glucose
1mM MgCl2
1mM NAD

1mM ATP
0.5U/ml MVK
10U/ml ADP-dependent Hexokinase (ADP-HKP II: Manufactured by Asahi Kasei Pharma 

Corporation)

[Table 86]

Reagent S2 10mM Tris-HCl(pH8.5)
5U/ml Glucose-6-phosphate dehydrogenase (Manufactured by Toyobo Co., Ltd.)

[Table 87]

Reagent T1 50mM Glycine-NaOH(pH10.5)
2mM NAD
2mM CoA

5U/ml HMGL

[Table 88]

Reagent T2 10mM Tris-HCl(pH8.5)

5U/ml HMGR
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SEQ ID NO: 10 is the nucleotide sequence of 16S rDNA of Delftia sp. 12-MV (FERM BP-11065).
SEQ ID NO: 11 is the nucleotide sequence of 16S rDNA of Comamonas sp. 25-MV (FERM BP-11066).
SEQ ID NO: 12 is the nucleotide sequence of the HMGR gene derived from Pseudomonas sp. 1-MV (NBRC-11063).
SEQ ID NO: 13 is the nucleotide sequence of HMGR gene derived from Pseudomonas mevalonii.
SEQ ID NO: 14 is the nucleotide sequence of a forward primer for amplification of HMGR derived from Pseudomonas
sp. 1-MV (FERM BP-11063).
SEQ ID NO: 15 is the nucleotide sequence of a reverse primer for amplification of HMGR derived from Pseudomonas
sp. 1-MV (FERM BP-11063).
SEQ ID NO: 16 is the nucleotide sequence of a forward primer for amplification of HMGR derived from Archaeoglobus
fulgidus (NBRC100126).
SEQ ID NO: 17 is the nucleotide sequence of a reverse primer for amplification of HMGR derived from Archaeoglobus
fulgidus (NBRC100126).
SEQ ID NO: 18 is the nucleotide sequence of a forward primer for amplification of the first half of MVK derived from
Saccharomyces cerevisiae (NBRC1136).
SEQ ID NO: 19 is the nucleotide sequence of a reverse primer for amplification of the first half of MVK derived from
Saccharomyces cerevisiae (NBRC1136).
SEQ ID NO: 20 is the nucleotide sequence of a forward primer for amplification of the last half of MVK derived from
Saccharomyces cerevisiae (NBRC1136).
SEQ ID NO: 21 is the nucleotide sequence of a reverse primer for amplification of the last half of MVK derived from
Saccharomyces cerevisiae (NBRC1136).
SEQ ID NO: 22 is the nucleotide sequence of a forward primer for amplification of HMGL derived from Pseudomonas
putida KT2440.
SEQ ID NO: 23 is the nucleotide sequence of a reverse primer for amplification of HMGL derived from Pseudomonas
putida KT2440.
SEQ ID NO: 24 is the nucleotide sequence of POP promoter and a cloning site linked thereto.
SEQ ID NO: 25 is the N terminal amino acid sequence of HMGR derived from Variovorax sp. 5-MV (FERM BP-11064).
SEQ ID NO: 26 is the N terminal amino acid sequence of HMGR derived from Delftia sp. 12-MV (FERM BP-11065).
SEQ ID NO: 27 is the N terminal amino acid sequence of HMGR derived from Comamonas sp. 25-MV (FERM BP-
11066).

SEQUENCE LISTING

[0207]

<110> Asahi Kasei Pharma Corporation

<120> Method and reagent for measuring mevalonic acid, 3-hydroxymethylglutaryl coenzyme A and coenzyme A

<130> F109202

<150> JP2009-009177
<151> 2009-01-19

<160> 27

<170> PatentIn version 3.5

<210> 1
<211> 428
<212> PRT
<213> Pseudomonas sp.

<400> 1
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<210> 2
<211> 428
<212> PRT
<213> Pseudomonas mevalonii

<400> 2
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<210> 3
<211> 436
<212> PRT
<213> Archaeoglobus fulgidus

<400> 3
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<210> 4
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<211> 202
<212> DNA
<213> Aerococcus viridans

<400> 4

<210> 5
<211> 1332
<212> DNA
<213> Saccharomyces cerevisiae

<400> 5
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<210> 6
<211> 301
<212> PRT
<213> Pseudomonas mevalonii

<400> 6
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<210> 7
<211> 299
<212> PRT
<213> Pseudomonas putida

<400> 7
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<210> 8
<211> 1528
<212> DNA
<213> Pseudomonas sp.

<400> 8
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<210> 9
<211> 1526
<212> DNA
<213> Variovorax sp.

<400> 9
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<210> 10
<211> 1524
<212> DNA
<213> Delftia sp.

<400> 10
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<210> 11
<211> 1524
<212> DNA
<213> Comamonas sp.

<400> 11
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<210> 12
<211> 1287
<212> DNA
<213> Pseudomonas sp.

<400> 12
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<210> 13
<211> 1287
<212> DNA
<213> Pseudomonas mevalonii

<400> 13
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<210> 14
<211> 40
<212> DNA
<213> Artificial Sequence

<220>
<223> primer (FW) for amplifying HMGR derived from Pseudomonas sp.

<400> 14
ggctctagag gaataacacc atgagtatcg attcgcgcct 40

<210> 15
<211> 36
<212> DNA
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<213> Artificial Sequence

<220>
<223> primer (RV) for amplifying HMGR derived from Pseudomonas sp.

<400> 15
ggcgagctct cacagcgcgc gcttttgctt gagcag 36

<210> 16
<211> 40
<212> DNA
<213> Artificial Sequence

<220>
<223> primer (FW) for amplifying HMGR derived from Archaeoglobus flugidus

<400> 16
ggtctagagg aataacacca tgcaggttct tagactcgac  40

<210> 17
<211> 39
<212> DNA
<213> Artificial Sequence

<220>
<223> primer (RV) for amplifying HMGR derived from Archaeoglobus flugidus

<400> 17
ccgagctctc agcttcttaa cctctccaga acctccttg 39

<210> 18
<211> 48
<212> DNA
<213> Artificial Sequence

<220>
<223> primer (FW) for amplifying anterior half of MVK derived from Saccharomyces cerevisiae

<400> 18
ggctctagag gaataacacc atgtcattac cgttcttaac ttctgcac 48

<210> 19
<211> 28
<212> DNA
<213> Artificial Sequence

<220>
<223> primer (RV) for amplifying anterior half of MVK derived from Saccharomyces cerevisiae

<400> 19
cacccatggc atcaagaatt ggcttcat  28

<210> 20
<211> 28
<212> DNA
<213> Artificial Sequence

<220>
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<223> primer (FW) for amplifying posterior half of MVK derived from Saccharomyces cerevisiae

<400> 20
atgaagccaa ttcttgatgc catgggtg 28

<210> 21
<211> 39
<212> DNA
<213> Artificial Sequence

<220>
<223> primer (RV) for amplifying posterior half of MVK derived from Saccharomyces cerevisiae

<400> 21
ggcgagctct tatgaagtcc atggtaaatt cgtgtttcc 39

<210> 22
<211> 45
<212> DNA
<213> Artificial Sequence

<220>
<223> primer (FW) for amplifying HMGL derived from Pseudomonas putida

<400> 22
ggctctagag gaataacacc atgtccttgc ccaaacacgt ccgcc 45

<210> 23
<211> 39
<212> DNA
<213> Artificial Sequence

<220>
<223> primer (RV) for amplifying HMGL derived from Pseudomonas putida

<400> 23
ggcgagctcc tattgtgcgc tgcacgcccg tgctacccg 39

<210> 24
<211> 294
<212> DNA
<213> Artificial Sequence

<220>
<223> POP promotor flanked with artificial cloning sites

<400> 24
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<210> 25
<211> 36
<212> PRT
<213> Variovorax sp.

<400> 25

<210> 26
<211> 26
<212> PRT
<213> Delfitia sp.

<400> 26

<210> 27
<211> 36
<212> PRT
<213> Comamonas sp.

<400> 27

Claims

1. A method for measuring a concentration of an analyte in a test solution wherein the analyte is mevalonic acid and/or
3-hydroxymethylglutaryl coenzyme A, comprising the following steps (p) and (q):
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(p) a step of allowing an enzyme that catalyzes a reaction represented by Reaction Formula 1:

Mevalonic acid + Coenzyme A + 2 Hydrogen acceptor X → 3-Hydroxymethylglutaryl coen-
zyme A + 2 Reduced hydrogen acceptor X (Reaction Formula 1)

and an enzyme that catalyzes a reaction represented by Reaction Formula 2:

Mevalonic acid + Coenzyme A + 2 Oxidized hydrogen donor Y ← 3-Hydroxymethylglutaryl
coenzyme A + 2 Hydrogen donor Y (Reaction Formula 2)

to act on the test solution containing mevalonic acid and/or 3-hydroxymethylglutaryl coenzyme A in the presence
of a hydrogen acceptor X, a hydrogen donor Y, and coenzyme A; and
(q) a step of measuring an amount of: a reduced hydrogen acceptor X that is produced; or an oxidized hydrogen
donor Y that is produced; or a hydrogen acceptor X that is decreased; or a hydrogen donor Y that is decreased,

wherein the hydrogen donor Y and the reduced hydrogen acceptor X are not the same.

2. A method for measuring a concentration of an analyte in a test solution wherein the analyte is coenzyme A, comprising
the following steps (p’) and (q’):

(p’) a step of allowing an enzyme that catalyzes a reaction represented by Reaction Formula 1:

Mevalonic acid + Coenzyme A + 2 Hydrogen acceptor X → 3-Hydroxymethylglutaryl coen-
zyme A + 2 Reduced hydrogen acceptor X (Reaction Formula 1)

and an enzyme that catalyzes a reaction represented by Reaction Formula 2:

Mevalonic acid + Coenzyme A + 2 Oxidized hydrogen donor Y ← 3-Hydroxymethylglutaryl
coenzyme A + 2 Hydrogen donor Y (Reaction Formula 2)

to act on the test solution containing coenzyme A in the presence of a hydrogen acceptor X, a hydrogen donor
Y, and mevalonic acid; and
(q’) a step of measuring the amount of: a reduced hydrogen acceptor X that is produced; or an oxidized hydrogen
donor Y that is produced; or a hydrogen acceptor X that is decreased; or a hydrogen donor Y that is decreased,

wherein the hydrogen donor Y and the reduced hydrogen acceptor X are not the same.

3. The method according to any one of claims 1 or 2, wherein:

the hydrogen acceptor X is selected from a group of oxidized nicotinamide adenine dinucleotides; and/or
the hydrogen donor Y is selected from a group of reduced nicotinamide adenine dinucleotides.

4. The method according to claim 3, wherein:

the oxidized nicotinamide adenine dinucleotides are selected from the group consisting of an oxidized nicoti-
namide adenine dinucleotide, an oxidized nicotinamide adenine dinucleotide phosphate, an oxidized thionico-
tinamide adenine dinucleotide, an oxidized thionicotinamide adenine dinucleotide phosphate, an oxidized acetyl
nicotinamide adenine dinucleotide, and an oxidized acetyl nicotinamide adenine dinucleotide phosphate, and
combinations thereof; and/or
the reduced nicotinamide adenine dinucleotides are selected from the group consisting of a reduced nicotinamide
adenine dinucleotide, a reduced nicotinamide adenine dinucleotide phosphate, reduced thionicotinamide ade-
nine dinucleotide, a reduced thionicotinamide adenine dinucleotide phosphate, a reduced acetyl nicotinamide
adenine dinucleotide, and a reduced acetyl nicotinamide adenine dinucleotide phosphate, and combinations
thereof.

5. The method according to any one of claims 1 to 4, wherein:

the enzyme that catalyzes the reaction represented by Reaction Formula 1 is hydroxymethylglutaryl coenzyme
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A reductase; and/or
the enzyme that catalyzes the reaction represented by Reaction Formula 2 is hydroxymethylglutaryl coenzyme
A reductase.

6. The method according to any one of claims 1 to 4, wherein the enzyme that catalyzes the reaction(s) represented
by Reaction Formula 1 and/or Reaction Formula 2 is:

(i) a protein having an amino acid sequence represented by any of SEQ ID NOS: 1 to 3; or
(ii) a protein having an amino acid sequence which includes deletion, addition, and/or substitution of one or
several amino acids in the amino acid sequence represented by any one of SEQ ID NOS: 1 to 3 and having an
activity of catalyzing the reaction(s) represented by Reaction Formula 1 and/or Reaction Formula 2.

7. The method according to any one of claims 1 and 3 to 6, wherein the test solution contains mevalonic acid and 3-
hydroxymethylglutaryl coenzyme A, the analyte is 3-hydroxymethylglutaryl coenzyme A, and the method further
comprises the following step (o) before the step (p):

(o) a step of removing mevalonic acid from the test solution.

8. The method according to claim 7, wherein the step (o) is performed by a mevalonate kinase reaction.

9. The method according to claim 7, wherein:

the step (o) is performed by a mevalonate kinase reaction, and then the step (p) is performed without performing
an isolation procedure; and
the mevalonate kinase is:

(i) a protein having an amino acid sequence encoded by a nucleotide sequence of SEQ ID NO: 5; or
(ii) a protein having an amino acid sequence which includes deletion, addition, and/or substitution one or
several amino acids in the amino acid sequence encoded by a nucleotide sequence of SEQ ID NO: 5 and
having an activity of catalyzing a reaction represented by Reaction Formula 21:

Mevalonic acid + ATP → Mevalonic acid phosphate + ADP (Recation Formula
21)

10. The method according to any one of claims 1 and 3 to 6, wherein the test solution contains mevalonic acid and 3-
hydroxymethylglutaryl coenzyme A, the analyte is mevalonic acid, and the method further comprises the following
step (o’) before the step (p):

(o’) a step of removing 3-hydroxymethylglutaryl coenzyme A from the test solution.

11. The method according to claim 10, wherein the step (o’) is performed by an enzymatic reaction.

12. A reagent for measuring mevalonic acid and/or 3-hydroxymethylglutaryl coenzyme A, comprising:

a hydroxymethylglutaryl coenzyme A reductase;
a coenzyme A;
an oxidized thionicotinamide adenine dinucleotide and/or an oxidized thionicotinamide adenine dinucleotide
phosphate; and
a reduced nicotinamide adenine dinucleotide and/or a reduced nicotinamide adenine dinucleotide phosphate.

13. A reagent for measuring coenzyme A, comprising:

a hydroxymethylglutaryl coenzyme A reductase;
a mevalonic acid;
an oxidized thionicotinamide adenine dinucleotide and/or an oxidized thionicotinamide adenine dinucleotide
phosphate; and
a reduced nicotinamide adenine dinucleotide and/or a reduced nicotinamide adenine dinucleotide phosphate.
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14. A reagent for measuring 3-hydroxymethylglutaryl coenzyme A, comprising:

a hydroxymethylglutaryl coenzyme A reductase;
a mevalonate kinase;
a coenzyme A;
a phosphate donor;
an oxidized thionicotinamide adenine dinucleotide and/or an oxidized thionicotinamide adenine dinucleotide
phosphate; and
a reduced nicotinamide adenine dinucleotide and/or a reduced nicotinamide adenine dinucleotide phosphate.

15. A reagent for measuring mevalonic acid, comprising:

a hydroxymethylglutaryl coenzyme A reductase;
a hydroxymethylglutaryl coenzyme A lyase;
a coenzyme A;
an oxidized thionicotinamide adenine dinucleotide and/or an oxidized thionicotinamide adenine dinucleotide
phosphate;and
a reduced nicotinamide adenine dinucleotide and/or a reduced nicotinamide adenine dinucleotide phosphate.

Patentansprüche

1. Verfahren zum Messen einer Konzentration eines Analyten in einer Testlösung, wobei der Analyt Mevalonsäure
und / oder 3-Hydroxymethylglutaryl- Coenzym A ist, umfassend die folgenden Schritte (p) und (q):

(p) ein Schritt, bei dem einem Enzym, das eine Reaktion katalysiert, welche durch die Reaktionsformel 1 dar-
gestellt ist:

Mevalonsäure + Coenzym A + 2 Wasserstoffakzeptor X → 3-Hydroxymethyglutaryl-Coenzym
A + 2 reduzierter Wasserstoffakzeptor X (Reaktionsformel 1)

und einem Enzym, das eine Reaktion katalysiert, welche durch die Reaktionsformel 2 dargestellt ist:

Mevalonsäure + Coenzym A + 2 oxidierter Wasserstoffdonor Y → 3-Hydroxymethyglutaryl-
Coenzym A + 2 Wasserstoffdonor Y (Reaktionsformel 2)

gestattet wird, auf eine Testlösung, die Mevalonsäure und / oder 3-Hydroxymethylglutaryl- Coenzym A in der
Gegenwart von einem Wasserstoffakzeptor X, einem Wasserstoffdonor Y, und Coenzym A enthält, einzuwirken;
und
(q) ein Schritt des Messens einer Menge von: einem reduzierten Wasserstoffakzeptor X, der erzeugt wird; oder
einem oxidierten Wasserstoffdonor Y, der erzeugt wird; oder einem Wasserstoffakzeptor X, der verringert wird;
oder einem Wasserstoffdonor Y, der verringert wird,

wobei der Wasserstoffdonor Y und der reduzierte Wasserstoffakzeptor X nicht gleich sind.

2. Verfahren zum Messen einer Konzentration eines Analyten in einer Testlösung, wobei der Analyt Coenzym A ist,
umfassend die folgenden Schritte (p’) und (q’):

(p’) ein Schritt, bei dem einem Enzym, das eine Reaktion katalysiert, welche durch die Reaktionsformel 1
dargestellt ist:

Mevalonsäure + Coenzym A + 2 Wasserstoffakzeptor X → 3-Hydroxymethyglutaryl-Coenzym
A + 2 reduzierter Wasserstoffakzeptor X (Reaktionsformel 1)

und einem Enzym, das eine Reaktion katalysiert, welche durch die Reaktionsformel 2 dargestellt ist:

Mevalonsäure + Coenzym A + 2 oxidierter Wasserstoffdonor Y → 3-Hydroxymethyglutaryl-
Coenzym A + 2 Wasserstoffdonor Y (Reaktionsformel 2)
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gestattet wird, auf eine Testlösung, die Coenzym A in der Gegenwart von einem Wasserstoffakzeptor X, einem
Wasserstoffdonor Y, und Mevalonsäure enthält, einzuwirken; und
(q’) ein Schritt des Messens der Menge von: einem reduzierten Wasserstoffakzeptor X, der erzeugt wird; oder
einem oxidierten Wasserstoffdonor Y, der erzeugt wird; oder einem Wasserstoffakzeptor X, der verringert wird;
oder einem Wasserstoffdonor Y, der verringert wird,

wobei der Wasserstoffdonor Y und der reduzierte Wasserstoffakzeptor X nicht gleich sind.

3. Das Verfahren nach einem der Ansprüche 1 oder 2, wobei:

der Wasserstoffakzeptor X ausgewählt ist aus einer Gruppe von oxidierten Nikotinamid- Adenin- Dinukleotiden;
und/oder
der Wasserstoffdonor Y ausgewählt ist aus einer Gruppe von reduzierten Nikotinamid- Adenin- Dinukleotiden.

4. Das Verfahren nach Anspruch 3, wobei:

die oxidierten Nikotinamid- Adenin- Dinukleotide ausgewählt sind aus der Gruppe, bestehend aus einem oxi-
dierten Nikotinamid- Adenin- Dinukleotid, einem oxidierten Nikotinamid- Adenin- Dinukleotidphosphat, einem
oxidierten Thionikotinamid- Adenin- Dinukleotid, einem oxidierten Thionikotinamid- Adenin- Dinukleotidphos-
phat, einem oxidierten Acetyl- Nikotinamid- Adenin- Dinukleotid, und einem oxidierten Acetyl- Nikotinamid-
Adenin-Dinukleotidphosphat, und Kombinationen derselben; und / oder;
die reduzierten Nikotinamid- Adenin- Dinukleotide ausgewählt sind aus der Gruppe, bestehend aus einem
reduzierten Nikotinamid- Adenin- Dinukleotid, einem reduzierten Nikotinamid- Adenin- Dinukleotidphosphat,
einem reduzierten Thionikotinamid- Adenin- Dinukleotid, einem reduzierten Thionikotinamid- Adenin- Dinukle-
otidphosphat, einem reduzierten Acetyl- Nikotinamid- Adenin- Dinukleotid, und einem reduzierten Acetyl- Ni-
kotinamid- Adenin-Dinukleotidphosphat, und Kombinationen derselben.

5. Das Verfahren nach einem der Ansprüche 1 bis 4, wobei:

das Enzym, das die Reaktion katalysiert, welche durch die Reaktionsformel 1 dargestellt ist, Hydroxymethyl-
glutaryl-Coenzym A-Reduktase ist; und / oder
das Enzym, das die Reaktion katalysiert, welche durch die Reaktionsformel 2 dargestellt ist, Hydroxymethyl-
glutaryl-Coenzym A-Reduktase ist.

6. Das Verfahren nach einem der Ansprüche 1 bis 4, wobei das Enzym, das die Reaktion(en) katalysiert, welche durch
die Reaktionsformel 1 und / oder die Reaktionsformel 2 dargestellt ist / sind, ist:

(i) ein Protein mit einer Aminosäuresequenz, die durch eine der SEQ ID NOs: 1 bis 3 dargestellt ist; oder
(ii) ein Protein mit einer Aminosäuresequenz, welche eine Deletion, Addition, und / oder Substitution von einer
oder mehreren Aminosäure(n) in der Aminosäuresequenz, die durch eine der SEQ ID NOs: 1 bis 3 dargestellt
ist, enthält und eine Aktivität zum Katalysieren der Reaktion(en), die durch die Reaktionsformel 1 und / oder
die Reaktionsformel 2 dargestellt ist / sind, aufweist.

7. Das Verfahren nach einem der Ansprüche 1 und 3 bis 6, wobei die Testlösung Mevalonsäure und 3-Hydroxyme-
thylglutaryl-Coenzym A enthält, der Analyt 3-Hydroxymethylglutaryl-Coenzym A ist, und das Verfahren vor dem
Schritt (p) ferner den folgenden Schritt (o) umfasst:

(o) einen Schritt des Entfernens von Mevalonsäure aus der Testlösung.

8. Das Verfahren nach Anspruch 7, wobei der Schritt (o) mit Hilfe einer Mevalonat-Kinase-Reaktion durchgeführt wird.

9. Das Verfahren nach Anspruch 7, wobei:

der Schritt (o) mit Hilfe einer Mevalonat-Kinase-Reaktion durchgeführt wird, und dann der Schritt (p) durchgeführt
wird, indem kein Isolierungsverfahren durchgeführt wird; und
die Mevalonat-Kinase:
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(i) ein Protein mit einer Aminosäuresequenz ist, die durch eine Nukleotidsequenz der SEQ ID NO: 5 codiert
ist; oder
(ii) ein Protein mit einer Aminosäuresequenz ist, welche eine Deletion, Addition und / oder Substitution von
einer oder mehreren Aminosäure(n) in der Aminosäuresequenz, die durch die Nukleotidsequenz der SEQ
ID NO: 5 codiert ist, enthält und eine Aktivität zum Katalysieren der Reaktion, die durch die Reaktionsformel
21 dargestellt ist, aufweist:

Mevalonsäure + ATP → Mevalonsäurephosphat + ADP (Reaktionsformel 21).

10. Das Verfahren nach einem der Ansprüche 1 und 3 bis 6, wobei die Testlösung Mevalonsäure und 3-Hydroxyme-
thylglutaryl-Coenzym A enthält, der Analyt Mevalonsäure ist, und das Verfahren vor dem Schritt (p) ferner den
folgenden Schritt (o’) umfasst:

(o’) einen Schritt des Entfernens von 3-Hydroxymethylglutaryl- Coenzym A aus der Testlösung.

11. Das Verfahren nach Anspruch 10, wobei der Schritt (o’) mit Hilfe einer enzymatischen Reaktion durchgeführt wird.

12. Ein Reagenz zum Messen von Mevalonsäure und / oder 3-Hydroxymethylglutaryl- Coenzym-A, umfassend:

eine Hydroxymethylglutaryl- Coenzym A- Reduktase;
ein Coenzym A;
ein oxidiertes Thionikotinamid- Adenin- Dinukleotid und / oder ein oxidiertes Thionikotinamid- Adenin-Dinukle-
otidphosphat; und
ein reduziertes Nikotinamid- Adenin- Dinukleotid und / oder ein reduziertes Nikotinamid- Adenin-Dinukleotid-
phosphat.

13. Ein Reagenz zum Messen von Coenzym A, umfassend:

eine Hydroxymethylglutaryl- Coenzym A- Reduktase;
eine Mevalonsäure;
ein oxidiertes Thionikotinamid- Adenin- Dinukleotid und / oder ein oxidiertes Thionikotinamid- Adenin-Dinukle-
otidphosphat; und
ein reduziertes Nikotinamid- Adenin- Dinukleotid und / oder ein reduziertes Nikotinamid- Adenin-Dinukleotid-
phosphat.

14. Ein Reagenz zum Messen von 3-Hydroxymethylglutaryl- Coenzym A, umfassend:

eine Hydroxymethylglutaryl- Coenzym A- Reduktase;
eine Mevalonat- Kinase;
ein Coenzym A;
einen Phosphatdonor;
ein oxidiertes Thionikotinamid- Adenin- Dinukleotid und / oder ein oxidiertes Thionikotinamid- Adenin-Dinukle-
otidphosphat; und
ein reduziertes Nikotinamid- Adenin- Dinukleotid und / oder ein reduziertes Nikotinamid- Adenin-Dinukleotid-
phosphat.

15. Ein Reagenz zum Messen von Mevalonsäure, umfassend:

eine Hydroxymethylglutaryl- Coenzym A- Reduktase;
eine Hydroxymethylglutaryl- Coenzym A- Lyase;
ein Coenzym A;
ein oxidiertes Thionikotinamid- Adenin- Dinukleotid und / oder ein oxidiertes Thionikotinamid- Adenin-Dinukle-
otidphosphat; und
ein reduziertes Nikotinamid- Adenin- Dinukleotid und / oder ein reduziertes Nikotinamid- Adenin-Dinukleotid-
phosphat.
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Revendications

1. Procédé de mesure d’une concentration d’un analyte dans une solution à tester, dans lequel l’analyte est l’acide
mévalonique et/ou la 3-hydroxyméthylglutaryl coenzyme A, comprenant les étapes (p) et (q) suivantes:

(p) une étape dans laquelle il est permis à une enzyme qui catalyse une réaction représentée par la formule
réactionnelle 1:

acide mévalonique + coenzyme A + 2 accepteurs d’hydrogène X → 3-hydroxyméthylglutaryl
coenzyme A + 2 accepteurs d’hydrogène X réduits (Formule réactionnelle 1)

et une enzyme qui catalyse une réaction représentée par la formule réactionnelle 2:

acide mévalonique + coenzyme A + 2 donneurs d’hydrogène Y oxydés ← 3-hydroxyméthyl-
glutaryl coenzyme A + 2 donneurs d’hydrogène Y (Formule réactionnelle 2)

d’agir sur la solution à tester contenant l’acide mévalonique et/ou la 3-hydroxyméthylglutaryl coenzyme A en
présence d’un accepteur d’hydrogène X, d’un donneur d’hydrogène Y et de coenzyme A; et
(q) une étape de mesure d’une quantité : d’un accepteur d’hydrogène X réduit qui est produit ; ou d’un donneur
d’hydrogène Y oxydé qui est produit ; ou d’un accepteur d’hydrogène X qui est diminué ; ou d’un donneur
d’hydrogène Y qui est diminué,

dans lequel le donneur d’hydrogène Y et l’accepteur d’hydrogène X réduit ne sont pas identiques.

2. Procédé de mesure d’une concentration d’un analyte dans une solution à tester, dans lequel l’analyte est la coenzyme
A, comprenant les étapes (p’) et (q’) suivantes :

(p’) une étape dans laquelle il est permis à une enzyme qui catalyse une réaction représentée par la formule
réactionnelle 1:

acide mévalonique + coenzyme A + 2 accepteurs d’hydrogène X → 3-hydroxyméthylglutaryl
coenzyme A + 2 accepteurs d’hydrogène X réduits (Formule réactionnelle 1)

et une enzyme qui catalyse une réaction représentée par la formule réactionnelle 2:

acide mévalonique + coenzyme A + 2 donneurs d’hydrogène Y oxydés ← 3-hydroxyméthyl-
glutaryl coenzyme A + 2 donneurs d’hydrogène Y (Formule réactionnelle 2)

d’agir sur la solution à tester contenant la coenzyme A en présence d’un accepteur d’hydrogène X, d’un donneur
d’hydrogène Y et d’acide mévalonique; et
(q’) une étape de mesure de la quantité: d’un accepteur d’hydrogène X réduit qui est produit; ou d’un donneur
d’hydrogène Y oxydé qui est produit; ou d’un accepteur d’hydrogène X qui est diminué ; ou d’un donneur
d’hydrogène Y qui est diminué,

dans lequel le donneur d’hydrogène Y et l’accepteur d’hydrogène X réduit ne sont pas identiques.

3. Procédé selon l’une quelconque des revendications 1 ou 2, dans lequel:

l’accepteur d’hydrogène X est choisi dans un groupe comprenant des nicotinamide adénine dinucléotides oxy-
dés; et/ou
le donneur d’hydrogène Y est choisi dans un groupe comprenant des nicotinamide adénine dinucléotides réduits.

4. Procédé selon la revendication 3, dans leque:

les nicotinamide adénine dinucléotides oxydés sont choisis dans le groupe constitué par un nicotinamide adénine
dinucléotide oxydé, un phosphate de nicotinamide adénine dinucléotide oxydé, un thionicotinamide adénine
dinucléotide oxydé, un phosphate de thionicotinamide adénine dinucléotide oxydé, un acétyl nicotinamide adé-
nine dinucléotide oxydé et un phosphate d’acétyl nicotinamide adénine dinucléotide oxydé, et leurs combinai-
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sons; et/ou
les nicotinamide adénine dinucléotides réduits sont choisis dans le groupe constitué par un nicotinamide adénine
dinucléotide réduit, un phosphate de nicotinamide adénine dinucléotide réduit, un thionicotinamide adénine
dinucléotide réduit, un phosphate de thionicotinamide adénine dinucléotide réduit, un acétyl nicotinamide adé-
nine dinucléotide réduit et un phosphate d’acétyl nicotinamide adénine dinucléotide réduit, et leurs combinaisons.

5. Procédé selon l’une quelconque des revendications 1 à 4, dans lequel:

l’enzyme qui catalyse la réaction représentée par la formule réactionnelle 1 est l’hydroxyméthylglutaryl coenzyme
A réductase ; et/ou
l’enzyme qui catalyse la réaction représentée par la formule réactionnelle 2 est l’hydroxyméthylglutaryl coenzyme
A réductase.

6. Procédé selon l’une quelconque des revendications 1 à 4, dans lequel l’enzyme qui catalyse la ou les réactions
représentées par la formule réactionnelle 1 et/ou la formule réactionnelle 2 est:

(i) une protéine possédant une séquence d’acides aminés représentée par l’une quelconque des séquences
SEQ ID NO: 1 à 3; ou
(ii) une protéine possédant une séquence d’acides aminés qui comprend une délétion, une addition et/ou une
substitution d’un ou de plusieurs acides aminés dans la séquence d’acides aminés représentée par l’une quel-
conque des séquences SEQ ID NO: 1 à 3 et possédant une activité de catalyse de la réaction ou des réactions
représentées par la formule réactionnelle 1 et/ou la formule réactionnelle 2.

7. Procédé selon l’une quelconque des revendications 1 et 3 à 6, dans lequel la solution à tester contient de l’acide
mévalonique et de la 3-hydroxyméthylglutaryl coenzyme A, l’analyte est la 3-hydroxyméthylglutaryl coenzyme A,
et le procédé comprend en outre l’étape (o) suivante avant l’étape (p) :

(o) une étape d’élimination de l’acide mévalonique de la solution à tester.

8. Procédé selon la revendication 7, dans lequel l’étape (o) est réalisée par une réaction d’une mévalonate kinase.

9. Procédé selon la revendication 7, dans lequel:

l’étape (o) est réalisée par une réaction d’une mévalonate kinase, puis l’étape (p) est mise en oeuvre sans
réaliser de procédure d’isolemen ; et
la mévalonate kinase est:

(i) une protéine possédant une séquence d’acides aminés codée par une séquence nucléotidique de SEQ
ID NO: 5; ou
(ii) une protéine possédant une séquence d’acides aminés qui comprend une délétion, une addition et/ou
une substitution d’un ou de plusieurs acides aminés dans la séquence d’acides aminés codée par une
séquence nucléotidique de SEQ ID NO : 5 et possédant une activité de catalyse d’une réaction représentée
par la formule réactionnelle 21:

acide mévalonique + ATP → phosphate de l’acide mévalonique +
ADP (Formule réactionnelle 21)

10. Procédé selon l’une quelconque des revendications 1 et 3 à 6, dans lequel la solution à tester contient de l’acide
mévalonique et de la 3-hydroxyméthylglutaryl coenzyme A, l’analyte est l’acide mévalonique, et le procédé comprend
en outre l’étape (o’) suivante avant l’étape (p):

(o’) une étape d’élimination de la 3-hydroxyméthylglutaryl coenzyme A de la solution à tester.

11. Procédé selon la revendication 10, dans lequel l’étape (o’) est réalisée par une réaction enzymatique.

12. Réactif permettant de mesurer l’acide mévalonique et/ou la 3-hydroxyméthylglutaryl coenzyme A, comprenant:
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une hydroxyméthylglutaryl coenzyme A réductase;
une coenzyme A;
un thionicotinamide adénine dinucléotide oxydé et/ou un phosphate de thionicotinamide adénine dinucléotide
oxydé; et
un nicotinamide adénine dinucléotide réduit et/ou un phosphate de nicotinamide adénine dinucléotide réduit.

13. Réactif permettant de mesurer la coenzyme A, comprenant:

une hydroxyméthylglutaryl coenzyme A réductase;
un acide mévalonique;
un thionicotinamide adénine dinucléotide oxydé et/ou un phosphate de thionicotinamide adénine dinucléotide
oxydé; et
un nicotinamide adénine dinucléotide réduit et/ou un phosphate de nicotinamide adénine dinucléotide réduit.

14. Réactif permettant de mesurer la 3-hydroxyméthylglutaryl coenzyme A, comprenant:

une hydroxyméthylglutaryl coenzyme A réductase ;
une mévalonate kinase;
une coenzyme A;
un donneur de phosphate;
un thionicotinamide adénine dinucléotide oxydé et/ou un phosphate de thionicotinamide adénine dinucléotide
oxydé; et
un nicotinamide adénine dinucléotide réduit et/ou un phosphate de nicotinamide adénine dinucléotide réduit.

15. Réactif permettant de mesurer l’acide mévalonique, comprenant:

une hydroxyméthylglutaryl coenzyme A réductase;
une hydroxyméthylglutaryl coenzyme A lyase;
une coenzyme A;
un thionicotinamide adénine dinucléotide oxydé et/ou un phosphate de thionicotinamide adénine dinucléotide
oxydé; et
un nicotinamide adénine dinucléotide réduit et/ou un phosphate de nicotinamide adénine dinucléotide réduit.
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