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ABSTRACT

The present invention relates to a method for the
determination of cholesterol in low-density lipoprotein
(LDL) in a sample containing LDL, which comprises
eliminating cholesterol in high-density lipoprotein in the
sample, subjecting the sample to. a reaction utilizing the

action of a cholesterocl ester~hydrolyzing enzyme and the

action of a cholesterol-oxidizing enzyme or of cholesterol

oxldoreductase, and determining the amount of hydrogen
peroxide or a reduced type coenzyme generated by the

reaction.
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SPECIFICATION ™ "~~~ =

METHOD FOR DETERMINATION OF CHQOLESTEROL
IN LOW-DENSITY LIPOPROTEIN

Technical Field
The present invention relates to a method for the
determination of cholesterol in low-density lipoprotein

(LDL) {(hereinafter referred. to as ILDL cholesterol) which .is

important for the diagnosis of arteriosclerosis in the field
of clinical diagnosis. |

The conventional method for the determination of LDL
cholesterol comprises first determining the total amount of.
cholesterol in a portion of a given sample, then adding a
precipitant for LDL and very low-density lipoprotein (VLDL)
to a separate portion of the sample, centrifuging the
resultant mixture to obtain a supernatant, determining the
amount of cholesterol in high—deﬁsity lipOpréiein (HDL)
(hereinafter referred to as HDL cholesterocl) of the
supernatant, and calculating the amount of LDL cholesterol
in accordance with the Friedewald formula of conversion
[Japanese Clinic (Nippon Rinsho), Extensive Chemical Test of
Blood and Urine, Immunological Test, Volume 1, p. 615,
published by Nippon Rinshosha, 1995]. This method requires
determination of two quantities, i.e. the total amount of
cholesterol and the amount of HDL cholesterol, .and also
requires the step of centrifugation, etc., which makes the
process-complicated. However, if a blood serum sample is
directly added to a reagent containing cholesterol esterase
and cholesterol oxidase, the resultant test system is not
different from a system for the determination of total
cholesterol and has no specificity to LDL cholesterol. .

-Japanese Published Unexamined Patent Application No.
165800/83 discloses a method for directly determining the
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amount of LDL cholestercl in the presence of a special
surfactant without the step of separation. However, this
method, which allows both of HDL cholesterol and LDL
cholesterol to undergo the relevant reaction, has low LDL
S specificity and requires complicated_setting of reaction _
conditions; thus it is not readily applicable to a variety
of samples.
Japanese Published Unexamined Patent Application No.
280812/95 discloses a method which comprises aggregating
10 LDL, eliminating cholesterol in’lipoproteins other than
I.DL, resblving the LDL aggregation, and subjecting LDL
cholesterol_ _to.an. enzyme reaction to determine the amount of
ILDL cholesterol..

15 Disclosure of the Invention

The present ilnventors have found a) that LDL

cholesterol in.a sample containing LDL can be specifically
determined without particular separation thereof by

specifically eliminating HDL cholestérol.by a reaction with

20 a reagent for the reaction of cholesterol in the presence of. ... .

a reagent which inhibits the reaction cof lipoproteins other
than HDL, i.e. LDL, VLDL and chylomicron (CM)}, and then, if
necessary in the presence of a reagent which enables the
reaction of LDL cholesterocl, subjecting LDL cholestercl to

25 an enzyme reaction for the determination of cholesterol by
the use of a. reagent for the reactiocn of cholestercl, and b) .
that LDL cholesterol in a sample containing LDL can be
specifically determined without particular separation
thereof by inhibiting only the reaction of LDL, eliminating

30 cholesterol. in _lipoproteins other than LDL by a reaction
with a reagent for the reaction of cholesterol, and
thereafter subjecting LDL cholesterol to. an enzyme reaction
for the determination of cholesterol by the use of a reagent
for the reaction of cholesterol. . .The present invention has

35 thus been completed. o o

The expression "inhibiting the reaction of. lipoproteins
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other than HDL" as used herelin means enabling selectively
cholesterol in HDL to. undergc an gnzyme reaction by
aggregating lipoproteins other than HDL or lowexring the
reactivity of the outer .walls of lipoproteins other than HDL
so as Lo render. selectively unbreakable the outer walls of
lipoproteins other than HDL., The expression "enabling the
reaction of LDL cholesterol”™ means enabling LDL cholesterocl
to undergo. an enzyme reaction by breaking the outer walls of.
LDL. The expression "inhibiting only the reaction of LDL"
conversely means enabling selectively cholgsterolﬁin
Lipoproteins other than LDL to undergo an. enzyme reaction by
aggregating LDL or. lowering the reactivity of the outer -
walls of LDL sc¢.as to .render selectively unbreakable the
outer walls. of LDL. o e

The present invention relates to a method for the
determination of LDL cholesterol. in a _sample containing LDL,
which comprises eliminating HDL cholesterdl in the sample,

then subjecting the sample to a reaction utilizing the

" action of a cholestercl ester-hydrolyzing enzyme and the _

action of a cholestercl-oxidizing enzyme or of cholesterol .
oxidoreductase, 1f . necessary in the presence of a reagent
which enables the reaction of LDL cholesterol, and
determining the amount of hydrogen peroxidé.or a reduced -
type coenzyme generated by the reaction.

The present invention alsoc provides a _reagent for the
determination. of cholesterol in IDL, which contains a
reagent inhibiting the reaction ¢of lipoproteins other than
HDL and a reagent enabling the reaction of cholesterol_in

LDL; and a reagent for the. determination of cholesterxcl in .

'LDL, which is a kit composed of a reagent inhlbiting the .

reaction_of lipoproteins._othexr than HDL and a_reagent
enabling the reaction of cholesterol .in LDL. .
Further, the present invention provides a reagent for

the determination of cholesterol.in.IDIl.,, which contains a .

reagent inhibiting only the reaction of LDL; a reagent for

the determination of cholesterol . in ILDI, which contains a
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reagent inhibiting only the reaction of LDL and a reagent

enabling the reaction of cholesterol in LDL; and a reagent

for the determination of cholesterol in ILDL, which is a kit

composed of a reagent inhibiting only the reaction of LDL

and a reagent enabling the reaction of cholesterol in LDL.
In accordance with the present invention, the

determination of LDL cholesterol can be carried out as o

follows:
a) HDL cholesterol is specifically eliminated by a
reaction with a reagent for the reaction of
cholesterol in the_presence of a reagent inhibiting
the reaction of lipoproteins other than HDL, i.e.
LDL, VLDL and CM, then, if necessary in the
preserice-~0of a reagent enabling the reaction of LDL

cholesterol, the sample 1s subjected to a reaction

utilizing the action of a cholesterol ester-
hydrolyzing enzyme and the action of a cholesterol-..
oxlidizing enzyme ox of cholesterol. oxidoreductase,
and the amount of hydrogen peroxide or .a reduced . .
type coenzymé generated by the reaction is
determined; or

b} cholesterol in lipoproteins other than LDL is
eliminated by a reaction with a. reagent for the
reaction of cholesterol 1in the presence of a reagent
inhibiting only the reaction of LDL, the sample is
subijected to a reaction utilizing the action of a

cholesterol ester-hydrolyzing enzyme and the action

of a cholesterol-oxidizing enzyme or of cholesterol

oxidoreductase, and the amount of hydrogen peroxide.
or.a reduced type ccoenzyme generated by the reaction
is determined.

For example, LDL cholesterol in_a sample containing HDL

and LDL can be determined by subjecting the sample to a

reaction utilizing the action.of a cholesterol ester-

hydroelyzing enzyme and the action of _a cholestercl-oxidizing

enzyme in the presence of a reagent inhibiting the reaction
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of lipoproteins other than HDL to form hydrogen peroxide,
subsequently or simultaneously adding catalase, peroxidase
and an aniline compound, peroxidase and a phenol compound,
or peroxidase and 4-aminoantipyrine to eliminate the

5 hydrogen peroxide, and then adding a chromogen T{in
combination with peroxidase when catalase is used), and an
appropriate surfactant, cyclodextrin, or a cholesterocl
ester-hydrolyzing enzyme capable of acting on LDL to the
sample for.color .development. The expression "acting on

10 LDL" as used herein means enabling LDL cholesterol to
undergo an enzyme reaction by breaking the outer walls of
LDL of.which the reaction has been inhibited.

LDL cholesiercol in a sample containing LDL can be
determined by adding a cholesterol ester~hydrolyzing enzyme,

15 a cholesterol=oxidizing enzyme, and a chromogen to the
sample in the presence of a_reagent inhibiting only the
reaction of LDL to develop a c¢olor, and measuring the change -~ -
in absorbance of the sample subsequent to the reaction of
cholesterol in lipoproteins other than LDL.

20 LDL cholesterol in a sample containing LDL can also be
determined by subjecting the sample to a reaction utilizing
the action of a cholesterol ester-hydrolyzing enzyme and the
action of a cholesterol-oxidizing enzyme'in the presence of ...
a reagent inhibiting only the reaction of LDL (which is not

25 required when the cholestercl. ester-hydrolyzing enzyme
mentioned above.inhibits only the reaction of LDL) to form
hydrogen peroxide, subseduently or simultanecusly adding
catalase, .peroxidase and an aniline compound, peroxidase and
a phenol compound, or peroxidase and._4-amincantipyrine to

30 eliminate the hydrogen peroxide, and then adding a chromogen
(in combination with peroxidase when catalase 1s used), and
a reagent enabkling the reaction of LDL cholesterol (which is
not required when the cholesterol ester-hydrolyzing enzyme
mentioned below enables the reaction of LDL tholesterol) and

35 a cholesterol ester-hydrolyzing enzyme (which i1s not

required when the initially added cholesterol ester-—.
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hydrolyzing enzyme 1s enabled to react with LDL cholesterocl . ..

by the reagent enabling the reaction_of LDL cholestercl) to
the sample for color development.
The method of the present invention can be applied to
body f£luid samples containing LDL such as blood and urine.
Representative procedures for the determination

according to the present invention are described below. .

Procedure 1

-The determination is carried ocut by (1) adding a
neutral buffer sclution containing a reagent inhibiting the
reaction of. lipoproteins other than HDPL to a prescribed
amount of a sample, followed by, for example, heating at
37°C for several minutes, to inhibit the reaction of LDIL,
VLDL, and CM; (2} adding to the sample a cholestercl ester-
hydrolyzing enzyme which is unreactive to LDL {(preferably a
chemically modified cholesterol ester-hydrolyzirig enzyme), a
cholesterol-oxidizing enzyme which is unreactive to .LDL
(preferably_a chemically modified cholesterol-oxidizing
enzyme) [or cholesterol oxidoreductase (preferably
chemically modified cholesterol oxidoreductase)], and
catalase, perocoxidase and an aniline compound, peroxidase and
a phenol compcound, or percxidase and 4-aminoantipyrine [or
NAD (P)] to eliminate HDL cholestercl by the reaction; (3)
adding to the sample a surfactant, cyclodextrin, a chelating
agent, a cholesterol. ester-hydrolyzing enzymé capable of
acting on LDL (preferably a chemically unmodified
cholesterol ester-hydrolyzing enzyme), a_cholesterol-
cxidizing enzyme capable of acting on LDL (preferdbly a
chemically unmodified cholesterol-oxidizing eniyme) oOr
cholesterol oxidoreductase .capable of. acting on LDL
(preferably chemically unmodified cholesterol .. .. . _ .
oxidoreductase), and a chromogen [which is not added or
replaced with NAD (P} when chelesterol oxidoreductase is
used] for the reaction of LDL cholesterol to form hydrogen -

peroxide and .to develop a celor [or to form NAD(P)H]; and
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(4) measuring the absorbance of the formed pigment at the
maximum wavelength with a spectrophotometer [measuring the
increase of the NAD(P}H in terms of the absorbance at 300-
500 nm, preferably 330-400 nm, for example at 340 nm, when
cholesterol oxidoreductase is used. (otherwise forming a
formazan pigment by the addition of diaphorase and a
tetrazolium salt, followed by colorimetric determination of
the formazan plgment)]. The expression "being unreactive to
LDL" .as used herein means failing to break the outer walls
of LDL to enable LDL cholesterol to undergo an enzyme
reaction. The amount of LDL cholesterol is calculated on
the basis of the absorbance separately determined by using a
standard solution containing LDL cholestercl at a known
concentration under the same conditions:- Steps (1) and (2)
may be carried out at the same time.

An example of the reagent inhibiting the reaction of
lipoproteins other than HDL is a combination of an
aggregating agent and a divalent metal salt. Examples of .
the aggregating agent are heparin and salts thereof,
phosphotungstic acid and salts. thereof, dextran sulfuric.
acid and salts thereof, polyethylene glycol, sulfated
cyclodextrin and salts thereof, sulfated oligosaccharide and

salts thereof, and mixtures thereof. . Examples of the

cyclodextrin are O-cyclodextrin, PB-cyclodextrin, and 7y-

cyclodextrin. Examples of the oligosaccharide are

maltotriose, maltotetraose, maltopentaose, maltohexacse, and
maltoheptaocse. Examples of the salt are sodium salt,
potassium salt, lithium salt, ammonium salt, and magnesium
salt. Examples of the divalent metal salt are magnesium
salt, calcium salt, manganese salt, nickel salt, and cobalt
salt.. . L Ll

Specifically, as the aggregating agent, 0.02-10 mM
heparin having a molecular weight of 5,000-20,000 or a salt
thereof, 0.1-10 mM phosphotungstic acid having a molecular
weight of 4,000-8,000 or a salt thereof, 0.01-5 mM dextran

sulfuric acid having a molecular weight of 10,000-500, 000 or
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a salt thereof, 0.1-20 mM dextran sulfuric.acid having a
molecular weight of 1,000-10,000 or a salt thereof, 0.3-100
mM polyethylene glyceol (PEG) having a molecular weight of
4,000-25,000, 0.1-50 mM sulfated cyclodextrin having a

5 molecular weight of 1,000-3,000 or a salt thereof, 0.1-50 mM
sulfated oligosaccharide having a molecular weight of 400-
3,000 or.-a’salt_theéreof, or any of the mixtures thereof is
used. Preferably, 0.03-1 mM heparin having a molecular
welght of 14,000-16,000 or a salt thereof, 0.1-3 mM

10 phosphotungstic acid having a molecular weight of 5,000-
7,000 or a salt therecf, 0.01-5 mM dextran sulfuric acid
having a molecular weight of 150,000-=250,000 or a salt
thereof, 0.1-10 mM dextran sulfuric acid having a molecular .
weight of 1,000-5,000 or a salt thereof, 1.0-50 mM PEG

15 having a molecular weight of 5,000-22,000, 0.1-10 mM
sulfated cyclodextrin having a molecular weight of 1,000-
2,000 or a salt thereof, 0.1-10 mM sulfated oligosaccharide
having a molecular weight of 400-2,000 or a salt thereof, or
any of the mixtures thereof is used.

20 . As the divalent metal salt, 0.1-50 mM magnesium salt,
calcium salt, manganese salt, nickel salt, cobalt salt, etc.
is used. Preferably, 0.1-50 mM magnesium salt is used.

As the reagent inhibiting the reaction of lipoproteins
cther than HDL, an antiapo-B antibody, an antiapo-C

25 antibody, etc. may also be used. Examples of the antiapo-B
antibody and antiapo-C antibody are: an IgG fraction which
is obtained by immunizing rabbits against apoprotein B or
apoprotein C purified from human blood serum, collecting
antiapo-B antiserum or antiapo-C antiserum from the

30 i1mmunized rabbits, and subjecting the antiapo-B antiserum or
antiapo=C antiserum to ammonium sulfate precipitation and
salting out; and an antliapc~B moncoclonal antibody or an
antiapo-C monoclonal antibody which is obtained by
immunizing mice against the apoprotein B or apoprotein C

35 mentioned above [Introductilon to Experimental Procedure for.

Monocloal Antibody, written by Tamie Ando, Kodansha



10

15

20

25

30

35

CA 02190282 2001-06-04

3

Scientific, 21 (1921)].
As the enzymes, commercially available enzymes can be

used. For example, cholesterol esterase and lipoprotein

lipase derived from animals, plants or microorganisms having
the ability to hydrolyze cholesterol ester, cholesterol

oxldase derived from animals, plants or microorganisms

having the ability to oxidize cholesterol to form hydrogen
peroxide, and cholesterol dehydrogenase derived- from

animals, plants or microorganisms may pbe used. In order to

improve the specificity and stability of these enzymes, they

may be chemically modified with a group having polyethylene
glycol as a main component, a group having polypropylene
glycol as a main component, a group having a saccharide in
the structure such as a water—-soluble oligosaccharide
residue, a sulfopropyl group, a polyurethane group, etc.
Further, enzymes which are obtained by introduction of genes
of the enzymes mentioned above into other microorganisms and

subsequent expression thereof, optionally followed by

chemical modification, and enzymes which are obtained by

modification of genes of the enzymes mentioned above and

subsequent expression thereof, optionally followed by

chemical modification, can also be used.

r—

Examples of the reagent for modifying the enzymes

(chemical modifier) are compounds wherein polyethylene
glycol and a group which1®ﬁn be bonded to an amino group are
connected [e.g. Sunbright VFM4101 (NOF Corporation) wherein
polyethylene glycol and a group which can be bonded to an
amino group such as N-hydroxysuccinimido group are

connected], Sunbright AKM series, ADM series, and ACM series

[NOF Corporation: Chemical Engineering Monographs (Kagaku

Kogaku Ronbunshu), 20 (3), 459 (1994)], which are compounds
having the polyalkylene glycol structure and the acid

anhydride structure, compounds wherein a copolymer of
polyethylene glycol and polypropylene glycol and a group
which can be bonded to an amino group are connected,

copolymers of polyethylene glycol monomethacryl monomethyl
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ether and maleic anhydride, etc. Further, polyurethane
P4000 activated (Boehringer Mannheim, Directions for Enzyme
Modification Set) which _is & chemical modifier for
polyurethane, Dextran T40, TCT-activated {(same as above)
which is a chemical modifier for dextran, 1, 3-
propanesultone, etc. are also . usable. By the use of these
chemical modifiers, the enzymes can be modified with a group
having polyethylene glycol as a main component, a group
having polypropylene glycol as a main. component, a group
having a copolymer of polypropylene glycol and polyethylene
glycol, a group having a saccharide. in the structure, a

sulfopropyl group, a polyurethane group, etc.

A method. for _the reaction ¢©f an enzyme with a chemical. . . ..

modifier is described below. It should be noted, however,
that the method is not limited to this method. First, the
enzyme 1is dissolved in a buffer such as HEPES buffer of pH 8
or above, and then, for example, Sunbright (0.01-500 times
molar guantity of the enzyme) 1s added .to the solution at 0-
50°C, followed by stirring for 5-60. minutes. The resulting
reaction mixture is used as it is, or it is used after
removal of. low molecular weight compounds by
ultrafiltration, if necessary. The cholestercl ester-
hydreolyzing enzyme, cholesterol-oxidizing enzyme, and
cholesterol oxidoreductase are advantageously used at a

concentration of 0.1-100 .u/ml.
It is preferred that the cholestercl ester-hydrolyzing
enzyme, cholesterol-oxidizing enzyme and cholesterol
oxidoreductase which are unreactive to LDL be chemically
modified with a group having polyethylene glycol as a main
component, a group having polypropylene glycol as a main

componerit., a group having a saccharide in the structure such .

as a water-soluble cligosaccharide residue, a sulfopropyl
group, a polyurethane group, etc.

As the cholesterol._ester-hydrolyzing enzyme,
cholesterol-oxidizing enzyme and cholesterol oxidoreductase-

which are capable of acting on LDL, chemically unmodified
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enzymes are preferred. However, enzymes slightly modified

—

for the sake of stabilization can be used insofar as they

—
=

are capable of acting only on LDL. An example of the

modifier to be used is Sunbright VFM4101 (NOF Corporation)

mentioned above. The amount of the enzyme to be used 1s

preferably 0.5-100 u/ml.

As the surfactant which 1s used for the purpose of

: . : : . . TM
rendering LDL reactive, nonionic surfactants such as Triton

X-100, cationic surfactants and anionic surfactants are used

in an amount of 0.02-10%. The cyclodextrin which 1s used

for the purpose of rendering LDL reactive includes O-

cyclodextrin, P-cyclodextrin, Yy-cyclodextrin, dimethyl-o-
cyclodextrin, dimethyl-P-cyclodextrin, dimethyl-y-
cyclodextrin, hydroxypropyl-o-cyclodextrin, hydroxypropyl-P-
cyclodextrin, hydroxypropyl-Y-cyclodextrin, 2,3,6-0-methyl-P-

cyclodextrin, and poly—-PB-cyclodextrin. The cyclodextrin is

used in an amount of 0.1-10%. As the chelating agents which
are used for the purpose of rendering LDL reactive,
compounds which are capable of forming complexes with

magnesium are advantageously used. For example,

ethylenediaminetetraacetic acid (EDTA),
triethylenetetraminewN,N,N‘,N",N‘",N‘"~hexaacetic_acid
(TTHA), and trans-1,2-cyclohexanediamine-N,N,N', N'-
tetraacetic acid (CyDTA) monohydrate are used in an amount
of 0.005-2%. As the chromogen which serves as a substrate

.y

for the cholesterol-oxidizing enzymes for the detection of

hydrogen peroxide, combinations of 4-aminocantipyrine and
Trinder’s reagents {[General Catalog of Dojin Kagaku
Kenkyusho, 19th ed. (1994)] can be used, as well as
generally employed combinations of 4-aminoantipyrine and

phenols such as phenol, 4-chlorophenol, m-cresol and 3-

hydroxy-2,4, 6-triiodobenzoic acid (HTIB). Examples of the

Trinder’s reagent are anilines such as N-sulfopropylaniline,

N-ethyl-N-(2-hydroxy-3-sulfopropyl)-m-toluidine (TOOS), N-

, TR TPk ettt e o T D G o e O S ey i b ) AR e R 1 G s gl oy U = e e £ Ly TSR s LA g AT V) 4 S 8 e 1 AT A P 67 Db AN 40 e o e SN vy e o e o e gl W N S e DR DY R S SNV o s e e Ll T e S T




2190282

12

ethyl-N-(2-hydroxy-3-sulfopropyl) -3, 5-dimethylaniline
(MAOS), N-ethyl-N-(2~-hydroxy-3—-sulfopropyl)-3,5-
dimethoxyaniline (DAQS), N-ethyl-N-sulfopropyl-m-tcluidine
(TOPS), N-(2-hydroxy-3-sulfopropyl)-3,5-dimethoxyaniline

5 (HDAOS), N,N-dimethyl-m-toluidine, N,N-disulfopropyl-3,5-
dimethoxyaniline, N-ethyl-N-sulfopropyl-m-anisidine, N-
ethyl-N-sulfopropylaniline, N-ethyl-N-sulfopropyl-3,5-
dimethoxyaniline, N-sulfopropyl-3,5-dimethoxyvaniline, N-
ethyl-N-sulfopropyl-3, 5~dimethylaniline, N-ethyl-N-{2-

10 hydroxy-3-sulfopropyl)-m-anisidine, N-ethyl-N-{(2-hydroxy-3-: -
sulfoPropy;)aniline and N—ethyl-N—(21hydro§y—3—sulfopropyl)—
3,5-dimethoxyaniline, N-ethyl-N-(3-methylphenyl)-N'-
succinylethylenediamine (EMSE), and N-ethyl-N-(3-
methylphenyl)~N'-acetylethylenediamine. As the chromogen of

15 high sensitivity, 10-(N-methylcarbamoyl)}=-3,7-
bis (dimethylamino)phenothiadine (MCDP) disclosed in Japanese
Published Examined Patent Application No. 33479/85, bis[3-
bis (4-chlorophenyl)methyl-4-dimethylaminophenyl]lamine (BCMA)
disclosed in Japanese Published Examined Patent Application

20  No. 27839/92, the chromogens. disclosed in Japanese Published.
Unexaminedugatent Application No. 296/87, etc. ¢an be used.
These chromogens of high sensitivity may be used in
combination with 4-amincantipyrine or with the Trinder’s
reagents enumerated above. .. The concentration of the

25 chromogen is preferably 0.01-10 mg/ml, and is limited by the
solubility.

As the phenol compocund and the aniline compound to be
used in combination with peroxidase in the elimination of

HDL, the phenols and the anilines enumerated above are

30 similarly usable. |
As the buffer, Tris buffer, Good’s buffer, etc. are
advantageously used as well as phosphéte"buffer, The
concentration of the buffer is preferably 5-500 mM. The pH
value thereof is preferably 5-9. |
35
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Procedure 2

The determination is carried out by (1) adding a sample
to a buffer containing ascorbic acid.oxidase, and adding to
the resultant mixture a reagent containing a cholesterol
ester-hydrolyzing enzyme having low reactivity to LDL
(inhibiting only the reaction of LDL), a cholesterol-
oxidizing enzyme having low reactivity to LDL (or
cholesterol oxidoreductase having low reactivity to LDL),
peroxidase and a chromogen [or NAD(P)]; and (2) subsequently
to completion of the reaction of cholesterol in lipoproteins
other than LDL, measuring the change in absorbance with a
spectrophotometer, and calculating the amount of LDL
cholesterol on the basis of the absorbance separately

determined by using a standard solution containing LDL

. ¢cholesterpol at a known concentration under the same

conditions.

As the cholesterol ester-hydrolyzing enzyme having low
reactivity to LDL, a chemically modified cholesterol ester-
hydreolyzing enzyme is preferably used. As the cholesterol-
oxidizing erizyme or cholesterol oxidoreductase having low
reactivity to LDL, a chemically modified or unmodified
cholesterol—oxidizing enzymé or a chemically modified or
unmodified cholesterol. oxidoreductase.can be used. An
example of the modifier. is .Sunbright VFM4101 (NOF

Corporation) mentioned above. The amount of the enzyme to

be used is preferably 0.5-100 u/ml.
As the chromogen and the buffer, the chromogens and the

buffers enumerated in Procedure 1 are similarly usable.

Procedure 3

The determination is carried out by (1) adding a sample
to a buffer containing a reagent inhibiting only the
reaction of LDL (which is not required when the cholesterol
ester-hydrolyzing enzyme mentioned below inhibits only the
reaction of LDL), a cholesterol ester-hydrolyzing enzyme, a

cholesterol-oxidizing enzyme (or cholesterol
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oxidoreductase)}), and catalase, peroxidase and an aniline
compound, peroxidase and a phenol compound, or peroxidase
and 4-aminocantipyrine [or NAD(P)] to eliminate cholesterol
in lipoproteins other than LDL by the reaction; (2} adding a
reagent enabling the reaction of LDL cholesterol (which 1is
not required when the cholestercl ester-hydrolyzing enzyme
mentioned below enables the reaction of LDL cholesterol), a
cholesterol ester-hydrolyzing enzyme (which is not reguired.
when the initially added checlesterol ester-hydrolyzing
enzyme 1s enabled to react with LDL cholesterol by the
reagent enabling the reaction of LDL.cholesterol), and a
chromogen [which may be unnecessary or replaced with NAD(P) ]
(in combination with peroxidase when catalase 1s used) for
the reaction of LDL. cholesterol to_form hydrogen peroxide
and to develop a color {or to.form NAD(P)H]; and (3)
measuring the absorbance of the formed pigment at the
maximum wavelength with a spectrophotometer [measuring the
increase of NAD(P)H in terms of the. absorbance-at. 300-500
nm, preferably 330-400 nm, for example at 340 nm when
cholesterol oxidoreductase .1s used (otherwise forming a
formazan pigment by the addition ¢f diaphorase and a
tetrazolium salt, followed by colorimetric determination of
the formazan pigment)]}. The amount of LDL'cthestenol 15
calculated on the basis of .the absorbance separately
determined by using a standard solution containing LDL
cholesterol at a _known concentration under the same
conditions. ._.. .. ...  _. L U

As the reagent inhibiting only the reaction of LDL, a
cholesterol ester-hydrolyzing enzyme capable of inhibiting
only the reaction of LDL etc. can be used. As the reagent
enabling the reaction of LDL cholesterol, a cholesterol .
ester~hyvdrolyzing enzyme enabling the reaction of LDL
cholestercl, a surfactant, a chelating agent, etc. can be
used.

As.the surfactant and.the chelating agent, the

surfactants and_the chelating agents enumerated in Procedure
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1l are similarly usable.

As the enzymes, the enzymes enumerated in Procedure 1
are similarly usable.

As the cholesterol ester-hydrolyzing enzyme capable of
inhibiting only the réaction of LDL, a cholesterol ester-
hydrolyzing enzyme prepared by adding to a cholesterol
ester-hydrolyzing enzyme derived from an animal, a plant or
a mlcroorganism a chemical modifier (not less than 10 times
molar gquantity of the enzyme), and a cholesterol ester-
hydrolyzing enzyme derived from an animal, a plant or a
microorganism which has similar specifity, or which is
endowed with similar specificity by modification of genes of
the enzymes mentioned above and.subseguent expression
thereof, can be preferably used. Specifically, the product
of the reaction of cholesterol esterase derived from a
microorganism belonging to the genus Pseudomonas,

Chromobacterium, etc. in an agueocus solution with the

chemical modifier mentioned in Procedure 1 (not less than 10
times molar quantity of the enzyme) may be cited as an
example. The molar ratio of the chemical modifier to the
enzyme 1s preferably 10-500:1 and is determined considering
the effect of endowing specificity and the degradation of
activity by the modification. As the chemically unmodified
cholesterol ester-hydrolyzing enzyme, for example, an enzyme
obtained by the following steps can be used: randomly

altering a part of the DNA sequence of lipase derived from a
microorganism belonging to the genus Brevibacterium,

introducing the altered gene into other microorganism such
as E. ¢oll, allowing it to be expressed therein, selecting
by screening a strain which prododuces cholestercl esterase
exhibiting the enzymatic activity and possessing-the ability
to inhibit only the reaction of LDL, and mass culturing the
strain. The cholesterol ester~hydrolyzing enzyme is
advantageously used at a concentration of 0.1-100 u/ml. For
the purpose of .enhancing the specificity mentioned above,

heparin, phosphotungstic acid, dextran sulfuric-acid;
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sulfated cyclodextrxrin, sulfated oligosaccharide, or a salt
thereof, or polyethylene glycol may be added together with a
divalent metal salt such as magnesium salt, calcium salt,
manganese salt, nickel salt and cobalt salt during the step
of (1) mentioned above in an-amount not so large as to
induce aggregation of LDL. As the cyclodextrin,
oligosaccharide, and salt, the cyclodextrins,
oligosaccharxides, and salts enumerated in Procedure 1 are
similarly usable.

As the cholesterol ester-hydrolyzing enzyme enabling
the reaction of LDL cholestercl, unmodified cholesterol
esterase is preferred. It .1ls preferable toc.use the enzyme
at a concentration of 0.5-100 u/ml.

As the cholesterol-oxidizing enzyme oOr cholesterol
oxldoreductase, cholestercol oxidase dereived from
microorganisms having the ability of oxidizing cholesterol
to form hydrcogen peroxide, and cholesterol._dehydrogenase
derived from an_animal or a microorganism are advantageously
used.  The enzymes menticned above may be chemically
modified with a group having pdlyethylené glycol as a main
component or a water-soluble oligosaccharide. residue for the
purpose of enhancing the specificity and stability thereof.
The molar ratio ¢f the chemical modifier to.the enzyme is

preferably 0.1-500:1 and is determined considering the

- effect of stabilization and the degradation of activity by

the modification. The cholesterol-oxidizing enzyme and
cholesterol oxidoreductase are advantageously used at a
concentration of 0.1-100. u/ml.

A method for the reaction of an enzyme with a chemical
modifier is described below. _It should be noted, however,
that the method is not limited to this method. _First, the
enzyme 1s dissolved in a buffer such as HEPES buffer of pH 8
or .above, and then a prescribed molar quantity of Sunbright
is added to the solution at 0-50°C, followed by stirring for
1-24 hours. The resulting reaction mixture is used as it

is, or it is used after removal of low molecular weight
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compounds by ultrafiltration, if necessary.
As the phenol compound and the aniline compound to be
used in combination with peroxidase in_the . _elimination of. i
cholesterol in lipoproteins other than LDL, the phenols and
5 the anilines enumerated above are.simjilarly usable. As the
chromogen and the buffer, the chromogens and the buffers
enumerated _above .are similarly usable.
Since the systems of the present invention described
above each . includes _an ordinary system for the determination
10 of cholesterol, a surfactant or cholic acid which is often
used to activate_a cheolesterol-oxidizing enzyme can also be .. -
employed. Further, various salts for solubilizing proteins
such as globulin may be used. As the suxfactant, nonionic,
anionic, and cationic surfactants are used in_an amount of
15 0-1%. Examples of the cholic acid axe chelic acid,
deoxycholic acid, taurochelic acid, and chenodeoxycholic
acid. .. The cholic_acid is used in_an ampunt of 0-5%.
" Examples of the salt are sodium ¢thloxride, sodium sulfate,
potassium chloride, potassium sulfate, magnesium chloride,
20 "magnesium sulFfate, magnesium acétate, magnesium nitrate,
lithium chloride, lithium sulfate, ammonium chloride,
ammonium sulfate, calcium chloride, calcium nitrate, calcium
acetate, nickel chloride, nickel nitrate, hickel acetate,
cobalt chloride, and cobalt nitrate.._The salt is used at a

25 concentration of 0-100 mM. _

Brief Description of the Drawings . __

Fig. 1 is a graph showing the correlation between the

dilution of blood serum containing 228.4 mg/dl LDL
30 cholesterol and_the absorbance as determined by the method |
of Example 1. = . _ . . . —

Fig. 2 is a graph showing the time course of the
absorbance as derermined with an autocanalyzer (Hitachi 7250)
by the method of Example 9 using HDL, LDL and VLDL separated

35 by ultracentrifugation method and human blood serum.

Fig. 3 is. & graph showing the correlation between the
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dilution of blood serum containing 228.4 mg/dl LDL
cholesterol.and the absorbance as determined by the method

of Example 11.
Examples of the present invention are shown below.

1 4
== VO g e ® ar. g Jyut the g navencicn

Example 1  Determination of LDL cholesterol

(1) Chemical modification of enzymé-
Cholesterol. esterase. derived from a microorganism
belonging to the genus Pseudomonas (1 g) was dissolved in
100 mi of a 20 mM phosphate buffer (pH 8), followed by
cooling to 5°C. . To the solution was added 15 ¢ of Sunbright
VEM4101 (NOF Corporation}, and the mixture was subjected to .
reaction_ for 4 hours. The resulting reaction mixture was
used as the PEG-modifled cholesterol. esterase in Reagent B
(molecular weight of PEG moiety = 6000). Separately, 1 g of
cholesterol oxidase derived from a microcorganism belonging
to the genus Brevibacterium and 0.1 g of Sunbright VFM4101

were subjected . fo reaction in the same manner as above. The
resulting reaction mixture was used.as_the PEG-modified
cholesterdl oxidase” in Reagent B (molecular weight of PEG
molety = 6000).

(2) Determination of LDL cholesterol. .

Reagent A 3-Morpholinopropane sulfonic
acid (MOPS} buffer ___ ... _ - ..20._ mM (pH 7)
Dextran sulfuric acid.._. ... 0.7 g/l
Mg sulfate heptahydrate 7.5 g/l
- Sodium azide . L. 0.1 g/1
Ascorbic acid oxidase - .. _. = 3. u/ml
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Reagent B MOPS buffer. | e e = 220 MM (pH 7))
Peroxidase — 230 u/ml
PEG-modified. cholesterol i
esterase. 1 u/ml
PEG-modified cholesterol
oxidase L o 3 u/ml
Sodium cholate . 5 g/l
EMSE 0.3 g/1
Reagent C MOPS buffer .20 mM (pH 7)
L - . .Unmodified cholesterol
esterase - 2 cu/ml
4-Amincantipyrine 0.4 g/1

The followling samples were used: (1)

containing 228.4 mg/dl LDL cholesterol,

a blood serum

a 8:10 dilution

of the serum of (1) with physiological saline, (3) a 6:10

dilution of the serum of
a 4:10 dilution of the serum of (1)
saline, (5)
physiclogical saline,

a 2:10 dilution of the serum of

(1). with physiological saline, (4)
with physiological

(1) with

and (6) physiological saline.

To 2.25 ml of Reagent A was added 20 Ul of a sample,

and the mixture was__incubated at 37°C_for. 5 minutes.

. Then,

0.75 ml of Reagent B was added thereto and the mixture was

incubated at 37°C for 5 minutes to eliminate HDL

cholesterol, and the absorbance

After addition ©of 0.75 ml of Reagent C,

(BE1l) was measured at 555 nm.

the mixture was

and the absorbance
The

further incubated at 37°C for 5 minutes,
(E2) was measured at a wavelength of. 555 nm.
concentration of _LDL cholesterol was _calculated by
separately subjecting a standard solution of cholesterol at
a concentration of 200 mg/dl to the same procedure and
comparing the respective values of (E2-El1) x dilution ratio.
The term "dilution ratio" used herein means the volume ratio
of (Reagent A + Reagent B)/(Reagent A + Reagent B + Reagent

C). U L o
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The results obtained by using the blood serum

containing 228.4 mg/dl LDL cholestexol_are shown in Fig. 1.

Example 2

Blood serum. samples were subjected to the determination
of LDL cholesterol using Reagent B and Reagent C described
in Example 1 (2) and the combinations of an aggregating
agent and a divalent metal salt shown_beLwain'Reagent A
(4. L1 of sample, 270 Ul

90 ul of Reagent B, and 90 Ul of Reagent C).

with an autoanalyzer (Hitachi 7070)
of Reagent A,
Separately, the sample was.subjected to the determination of

ILDL cholesterol. in accordance with the method described in

"Igaku no Ayumi®, 94 (8), 359

(1975).. (ultracentifugation

method) using a rotor. (Hitachi RPL 42 _T).. As apparent from

Takle 1, the results obtained by using Reagents A,

showed good agreement with the result obtained by the

ultracentrifugation method.

- <A> Phosphotungstic acid — . 10 mg/ml
. Mg sulfate heptahydrate _ 7.5 mg/ml
<B> Scdium dextran sulfate (MW: 4000) 1 mg/ml
Mg sulfate heptahydrate . - 10 m¢/ml
<C> Heparin sodium salt 10 mg/ml
Ca chloride dihydrate 1.0 mg/ml
<D> PEG 20000 _ 50 . mg/ml
'Mg sulfate heptahydrate . - 5 mg/ml
<E> Phosphotungstic acid .10 mg/ml
Sodium dextran sulfate (MW: 200000) . 7.5 mg/ml
Mg sulfate heptahydrate . L . 7.5 mg/ml
<F>_" Phosphotungstic acid . . -7 2._10 ..mg/ml
| Heparin sodium salt 7.5 mg/ml

Mg sulfate heptahydrate . 7.5 mg/ml
<G> Phosphotungstic acid _ 10 mg/ml
PEG 6000 = _ . 7.5 mg/ml

Mg sulfate heptahydrate 3 7.5

mg/ml

B and C
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Table 1. .. . _..__
Reagent A R Value found
<A> -_T77T7'mg/dl —]
<B> 178.8 "
<C> 178.1 .
<D> 177.2 "
<E> 179.0 "
<F> 178.8 "
<G> 176.5 . " T
Ultracentrifugation method 178.4 " "—_T

Example 3 . = _ L L

Chemical modification of the enzymes was carried out by
the same procedure as in Example 1 (1) except that Sunbright
AKM1511 (NOF Corporation), polyvurethane P4000 activated
(Boehringer Mannheim), and Dextran T40, TCT-activated
(Boehringer Mannheim) were respectively used in place of
Sunbright VFM4101l. The same blood serum samples as used in
Example 2 were subjected to. the determination.of LDL
cholesterol in a similar_ manner -as-in-Example 2 using
Reagent A and Reagent C described in Example 1. .(2) and using
the chemically modified enzymes obtained above in place .of. __.
the PEG-modified cholesterol esterase and the PEG-modified
cholesterol oxidase in Reagent B. The concentration of LDL
cholesterol were determined to be 178.0 mg/dl, 179.1 mg/dl,
and 179.8 mg/dl, respectively, which showed good agreement

with the result obtained by the ultracentrifugation method.

Exanmple 4

The same blcood serum sample as used._in Example 2 was
subjected to.the determination of LDL cholesterol in a
similar manner as in Example 2 using Reagent A,&escribed in .
Example 1 (2), using catalase at a concentration of 300 u/ml
in place of peroxidase in Reagent B, and using additionally

peroxidase at .a.concentration.of 30 uw/ml _in Reagent C. The
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concentration of LDL cholestercl.was, determined to be 178.6
mg/dl, which showed good agreement with the result obtained

by the ultracentrifugation method.

Example o

The same blood serum samples as used in Example 2 were
subjected to the determination of LDL cholesterol in a
similar manner as in Example 2 using Reagent A and Reagent C

described in Example 1 (Z2) and using TOOS {measurement at

555 nm), DAOS {(measurement at 593 nm), MAOS (measurement at

630. nm) , and TOPS (méadsurement at’550 nmj, réspectively, at
a concentration of 0.3 g/l in place of EMSE in Reagent B.
The concentraticns of LDL cholesterol. .were determined to be
177.9 mg/7dl, 177.8 mg/dl, 179.2 mg/dl, and 178.8 mg/dl,
respectively, which showed good agreement with the result

obtained by the ultracentrifugation method.

Example 6 o i o

The same blood serum samples as used .in Example 2 were
subjected to the determination of LDL_cholesterol in a
similar manner as in Example 2 using Reagent A and Reagent B
described in Example 1 (2) and using MCDP (measurement at
666 nm) and BCMA {(measurement at 755 nm), respectively, at a
concentration:ofmo.l_mg/ml“in_place.Qf,éfaminoantipyrine in
Reagent C. _The concentrations of LDL cholesterol were .
determined to be 178.3 mg/dl and 179.0 mg/dl, respectively,
which showed good agreement with the result obtailned by the

ultracentrifugation method. . e

Example 7 " . ___ 777 . o ...l
The same blood serum sample as used i1n Example 2 was

subjected to the_determination of LDL. cholesterol in a

similar manner as in Example 2 using Reagent A and Reagent B .

described in Example 1 (2) and using dimethyl-P-cyclodextrin

at a concentration of 20 mg/ml in place of the unmodified

- -y
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cholesterol esterase _in Reagent C. The concentraticn of LDL
cholestercol was determined to be 177.4 mg/dl, which showed
good agreement with the result obtained by the

ultracentrifugation method.

Lxample 8

Reagent A and Reagent B described in Example 1 (2) were
mixed at a ratio of 3:1 .to prepare Reagent D. To 3 ml of
Reagent D was added 20 U1 of the same blood serum sample as
used in Example 2, and after incubation at 37°C for.5
minutes, the absorbance (El) was measured at 555 nm. After
addition of 0.75 ml of Reagent C, the mixture was further
incubated at 37°C for 5 minutes, and the absorbance (E2) was
measured at a wavelength of 555 nm. The concentration of
LDL cholesterol was calculated by separately subjecting a
standard solution ¢f cholesterol at a concentration of 200
mg/dl to the same procedure and comparing the respective
values of (EZ-El) x diluticon ratio. The term "dilutlion
ratio” used herein means the volume ratio of (Reagent
D)/ (Reagent D + Reagent C). The concentration of LDL
cholesterol was determined to be 177.6 mg/dl, which showed
good agreement with the result obtained by the

ultracentrifugation method.

Example 9 .

Reagent A MOPS buffer . . - — .. .10 rmM (pH 7)
Na sulfate 2 mg/ml
EMSE 0.3 mg/ml
Ascorbic acid oxidase . — .. 3. u/ml
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Reagent B MOPS buffer . | . . 1Q0. . mM (pHE 7)
d-Aminoantipyrine 0.5 mg/ml
Sodium cholate - : 3. mg/ml
PEG-modified cholesterol
5 esterase : - -, - - 5 u/ml

Unmodified cholesterol.

oxidase i 7 u/ml
Peroxidase . o 10 u/ml
10 The same PEG-modified cholesterol esterase as used in

Example 1 was used in this Example.

The same blood serum sample as used in Example 2 was
subjected to the determination of LDL cholesterol with an
autoanalyzer (Hitachi 7250) using the reagents mentioned

15 above. . The change of absorbance (E3) between 3.5 minutes
and 5 minutes after the addition of Reagent B was measured.
The concentration of LDL cholesterol was calculated by
separately subjecting a standard sclution of cholesterol at
a concentration of 200 mg/dl to the same procedure to

20 measure the change of absorbance (E4) and comparing the
values of E3 and E4. The concentration of LDL cholesterol
was detefmined to be 178.6 mg/dl, which showed good
agreement with the result obtained by the
ultracentrifugation method.

25 - Fig. 2 shows the time course of the absorbance as
determined using HDL, LDL and VLDL separated by the

ultracentrifugation method and human blood serum.

35 - o ST
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Example 10
Reagent A MOPS buffer. .. _ . __. . . 10 mM (pH 7)
Sodium dextran sulfate _
(MW: 500000) o 0.5 mg/ml
5 Mg sulfate heptahydrate S mg/ml
EMSE 0.3 mg/ml
Peroxidase 10 u/ml
PEG-modified cholesterol |
esterase . a2 ou/ml
10 i Unmodified cholesterol . . ... . -
oxidase 3 u/ml
Ascorbic acid oxidase ... ... ... ._.3 .._u/ml
Reagent B _ MOPS buffer .. _ . .10 mM (pH 7)
4-Aaminocantipyrine - 0.5 mg/ml
15 " . . . Triton X-100 L L3 mg/ml
EDTA tetrasodium salt = -5 u/ml

The same PEG-modified cholesterol esterase as used in
Example 1l.was used in this Example.

20 . . The same blcod serum sample as used 1in Example 2 was
subjected to the determination of LDL_cholesterol with an
autoanalyzer (Hitachi 7250) using théf}eé@ents ment ioned
above (absarbance: E5). The concentration of LDL
cholesterol was calculated . by separately subjecting a

25 standard solution of cholesterol at a—cdoncentration 0f 200
mg/dl to the same procedure (abscrbance: E6) and comparing
the values of .E5.and E6.  The concentration of LDL
cholestercol was determined to be. 177.3 mg/dl, which showed
good agreement with the result obtained by the

30 ultracentrifugation method. The absorbance measurements
with the autoanalyzer were made 5 minutes after the addition

of Reagent B.

e 1] . e

35 (1) Chemical modification of enzyme

Cholesterol esterase derived from a microorganism .
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belonging to the genus Pseudomonas (l.g) was dissolved in

100 ml of a 20 mM phosphate buffer. (pH 8), followéd by
cooling to 15°C.. To the solution was added 25 g of
Sunbright VEM4101 (NCF Corporation), and the mixture was

3 subjected to reaction for 4 hours. The resulting reaction
mixture was used as the PEG-modified cholesterol esterase in
Reagent B (molecular weight of PEG moiety = 6000).
Separately, 1 g of cholesterol oxidase derived from a
microorganism belonging to the génusiﬁgﬁx;hgggg;ium and 0.5

10 g of Sunkright VFM41l0l were . subjected to reaction in the
same manner as above. The resulting reaction mixture was
used as the PEG-mocdified cholesterol oxidase._in Reagent A
(molecular weight of PEG moiety = 6000).

15 (2} Determination ¢of LDL chelesterol. . .. .__ L

Reagent A MOPS buffer. .. .. . . . . _-.20 . mM (pH 7)
Mg sulfate heptahydrate - 2 g/l
Peroxidase e e Th.. 3D u/ml

PEG-modifled cholesterol. . .

20 esterase 4 u/ml

PEG—-modified cholesterol .

oxidase ' ' - -5 u/ml
Sodium cholate L 1 g/l
EMSE 0.3 g/l
25 Ascorbic acid.oxidase .. .. ... 3_.. u/ml
Reagent B MOPS buffer _. i - 2. 200 mM (pH 7)
Unmodifled cholesterol.
esterase - . S s 3 20 u/ml

4-Aminoantipyrine - ——0.4 g/1
300 . Lo L . e em e S
The following samples were used:. (1) a blood serum
containing 228.4 mg/dl LDL cholestercl as determined by the
ultracentrifugation method, (2) a 8:10 dilution of the serum
of (1) with physiclogical saline, (37 a 6:10 dilution of
35 the serum of (1) with physiological saline, (4) a 4:10

dilution of the serum of (1) with physiclogical saline, (5)
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a 2:10 dilution ®f. the serum of (1) with physiological

gsaline, and (6) physiological saline. .
To 2.25 ml of Reagent A was added 20 Ul of a sample,

and the mixture . was incubated at 372C. for 5. .minutes to
eliminate cholesterol. in lipoproteins other than LDL. After
addition of 0.75 ml of Reagent B, the mixture was further

incubated at 37°C for 5 minutes, and_the absorbance was

measured at a wavelength of 600 nm.  The xesulis are shown. . _

in Fig. 3.
Separately, to a 3:1 mixture of Reagent A and Reagent B

was. added 20 1l of a.standard solution_of cholesterol at a

concentration of 200 mg/dl,_ the mixture was incubated at .
37°C for 5% minutes, and the absorbance was measured at a
wavelength of 600 nm. The concentration of IDL cholesterol
in the blood serum sample mentioned above. was calculated

based on the absorbance thus obtained. . The concentration of

showed good agreement with the result. gbtained by the

ultracentrifugation method.

. .- . - = J3ta -—

Exagple 12 = - o

The same blood serum samples as used in Example 11 (Z2)
were subjected to the determination of LDL cholesterol.using
Reagent B described in Example 11 (2) and using additionally
the combinations of an aggregating agent and a divalent
metal salt.shown_ below in Reagent A with_an autcanalyzer
(Hitachi 7070) (4 U1l of sample, 270 {1l of Reagent A, and 90
Ll of Reagent B). _Separately, the sample was subjected to
the determination of LDL chelestercl in accordance with _the
method described in Modern Medical Treatment (Gendai Iryo).,.

23 (1), 113 (1991) (ultracentrifugation method) using a
rotor (Hitachi RPL 42 T). _As apparent from Table 2, the
results cobtained by using Reagents A and B showed good
agreement. with the result obtained by the _

ultracentrifugation method.

(- . - - - e = - - - - A an ™ - - -
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<A> Phosphotungstic acid 0.1 mg/ml
Mg sulfate heptahydrate 1 mg /ml
<B> Sodium dextran sulfate (MW: 20000) 0.1 mg/ml
Mg sulfate heptahydrate | .2 . mg/ml
<C> . Heparin sodium salt 0.3 mg/ml
Ca chloride dihydrate _ 3., mg/ml
<D> PEG 20000 - . 20 mg/ml
Mg sulfate heptahydrate '3 mg/ml
<E> Phosphotungstic acid . - 0.1 mg/ml
Sodium dextran sulfate (MW: 200000)" 0.1 mg/ml
Mg sulfate. heptahydrate | 2 mg/ml
<F> Phosphotungstic .acid - 0.1 mg/ml
Heparin sodium salt - 0.1 mg/ml
Mg sulfate heptahydrate _ 2 mg/ml
<G> _Dextran sulfuric acid (MW: 500000) 0.1 mg/ml
PEG 6000.. =~ = ST T 5 mg/ml
Mg sulfate heptahydrate 2 mg/ml

Table 2

Reagent A Value found

<A> ] 224.5 mg/dl —
‘ <B> 229.1 B

<C> B 06 6"

<D> T 227.3 "

<E> 227.0 " I

<F> 230.8 i

<G> 225.9 ™
__aifngentrifugation method 228 .4 e

Chemical modification of the enzymes was tarried out by
the same procedure as in Example 11 (1) except that
Sunbright AKM1511

activated (Boehringer Mannheim), arnd Dextran T40, TCT-

(NOF Corporation), polyurethane P4000

activated (Boehringer Mannheim} were respectively used in
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place of. Sunbright VFM4101. The same blood serum samples as
used in Example 11 (2) were subijected to the determination
of LDL cholestercl in a similar manner as in Example 11 (2)
using Reagent B described in Example 11 (2) and using the
chemically modified enzymes obtained above in place of the
PEG-modified cholesterol esterase and the PEG-modified
cholesterol oxidase in Reagent A. The concentrations of LDL
cholesterol were determined to be 228.0 mg/dl, 229.1 mg/dl,
and 226.8 mg/dl, respectively, which showed good agreement
with the result obtained by the ultracentrifugation method.

bExample 14 o

The same blood serum sample as used in Example 11 (2)
was subjected to the determination of LDL cholesterol in a
similar manner as in Example 11 (2) using catalase at a
concentration of 300 u/ml in place of peroxidase in Reagent
A described in Example 11 (2) and using additionally 300
u/ml peroxidase.and 0.5 mg/ml sodium _azide in Reagent B.

The concentration of LDL cholesterol was determined to be

.228.6 mg/dl, which showed good agreement with the result

obtained by the ultracentrifugation method.

The same blood serum samples as used in Example 11 (2)
were subjected to the determinationm of LDL cholesterol. in a
similar manner as in Example 11 (2) using Reagent B
described in Example 11 (2) and using TOOS. (measurement at
5255 nm), DAOS (measurement at 593 nm), MAQS (measurement at
630 nm), and TOPS (measurement at 550.nm), respectively, at
a concentration of 0.3 g/l in place ©f EMSE in Reagent A.
The concentrations of LDL cholesterol were determined to be
227.9 mg/dl, 227.4 mg/dl, 225.2 mg/dl, and 224.8 mg/dl,
respectively, which showed good agreement with the result

obtained by the ultracentrifugation method.
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The same blood serum samples as used in Example 11 (2)
were subjected to the determination of LDL cholesterol in a -
similar manner as in Example 11 .(2) using Reagent A free of . _ ..

5 EMSE and using MCDP (measurement at 666 nm) and BCMA sulfate
{measurement at. 755 nm), respecﬁively, at a concentration of
0.1 mg/ml in place of 4-aminocantipyrine in Reagent B. The
concentrations of LDL cholesterol were determined to be .
228.3 m§/dl and 229.0 mg/dl, respectively, which showed good
10 .agreement with the result obtained by the

ultracentrifugation method.

The same blood serum samples as.used in Example 11 (2)

15 were .subjected to the determination of LDL cholestercl.in a
similar manner as in Example 11 (2} using Reagent A
described in Example 11 (2) and using additionally 5 mg/ml
polyoxyethylene monolaurate, 5 mg/ml Triton X-100, and 1
mg/ml sodium dodecylbenzenesulfonate, respectively, in

20 Reagent B. The reactions were conpleted within 3 minutes.
The concentrations of LDL cholesterol were determined to be
228.6 mg/dl, 226.1 mg/dl, and 227.0 mg/dI, respectively,
which showed good agreement with the result obtained by the
ultracentrifugation method. I

25 -~ _

The same._ blood serum samples as-used in-Example 11 (2)

were subijected to the determination of LDL cholesterocl in a
gsimilar manner as 1in Example 11 (2) using Reagent A

30 described.in Example 11 (2) and using 5 mg/ml
polyoxyethylene monolaurate, 5 mg/ml Triton X-100, and 1
mg/ml sodium dodecylbenzenesulfonate, respectively, in place
of the unmodified cholesterol_esterase in Reagent B. The
reactions were completed within 3 minutes. The

35 concentrations of LDL cholesterol were determined to be
227.9 mg/dl, 229.2 mg7dl, and 226.1 mg/dl, réspectively,
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which showed good agreement with the result obtained by the

ultracentrifugation method.

The same blood serum samples as used in Examplé 11 (2)
were. subjected to the determination of IDL cholesterol in a
similar manner as in Example 11 (2) using Reagent B
described in Example 11 (2) and using deoxycholic acid and
taurocholic. acid, respectively, at a concentration of 1 g/l
in place of cholic acid in Reagent A. The concentrations of
LDL cholesterol were determined to .be 229.9 mg/dl and 225.7
mg/dl, respectively, which showed good agreement with the

result obtained by the ultracentrifugation method.

The present invention provides a simple method for the

determination of LDL cholesterol. which does not require

complicated .separation steps.
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CLAIMS

1. A method for the determination of cholesterol in low-density
lipoprotein (LDL) 1n a sample containing LDL which comprises:

reacting cholesterol in high-density lipoprotein (HDL) in the sample
with a reagent for the reaction of cholesterol in the presence of a reagent inhibiting the

reaction of LDL,

subjecting the sample to a reaction utilizing the action of a cholesterol
ester-hydrolyzing enzyme and the action of a cholesterol-oxidizing enzyme or of

cholesterol oxidoreductase,

determining an amount of hydrogen peroxide or a reduced type
coenzyme generated by the reaction, and

correlating the amount of hydrogen peroxide or a reduced type
coenzyme with the quantity of cholesterol in LDL 1n said sample, wherein

said method occurs without separating HDL cholesterol from said

sample or without precipitating LDL by nucleating particles from said sample.

2. The method according to claim 1, wherein the reaction utilizing
the action of a cholesterol ester-hydrolyzing enzyme and the action of a cholesterol-
ox1idizing enzyme or of cholesterol oxidoreductase is carried out in the presence of a

reagent which enables the reaction of cholesterol in LDL.

3. The method according to claim 2, wherein the reaction of
cholesterol in HDL 1s carried out by a reaction utilizing the action of a chemically
modified or unmodified cholesterol ester-hydrolyzing enzyme and the action of a

chemically modified or unmodified cholesterol-oxidizing enzyme or of chemically

modified or unmodified cholesterol oxidoreductase in the presence of a reagent inhibiting

the reaction of lipoproteins other than HDL.
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4, The method according to claim 3, wherein said reagent inhibiting
the reaction of lipoproteins other than HDL 1s a combination of a divalent metal salt, and
heparin or a salt thereof, phosphotungstic acid or a salt thereof, dextran sulfuric acid or a
salt thereof, polyethylene glycol, sulfated cyclodextrin or a salt thereof, sulfated

oligosaccharide or a salt thereof, or a mixture thereof.

. The method according to claim 3, wherein said reagent inhibiting
the reaction of lipoproteins other than HDL 1s an antiapo-B antibody or an antiapo-C

antibody.

6. The method according to any one of claims 3-5, wherein the
modified moiety of said chemically modified cholesterol ester-hydrolyzing enzyme,
chemically modified cholesterol-oxidizing enzyme, and chemically modified cholesterol
oxidoreductase 1s a group having polyethylene glycol as a main component, a group
having polypropylene glycol as a main component, a group having a copolymer of
polypropylene glycol and polyethylene glycol, a group having a saccharide in the structure,
a sulfopropyl group, or a polyurethane group.

7. The method according to any one of claims 3-6, wherein said
reagent which enables the reaction of cholesterol in LDL is a nonionic, cationic or anionic
surfactant, cyclodextrin, a chemically modified or unmodified cholesterol ester-
hydrolyzing enzyme capable of acting on LDL, a chemically modified or unmodified
cholesterol oxidizing enzyme capable of acting exclusively on LDL, or chemically

modified or unmodified cholesterol oxidoreductase capable of acting on LDL.

8. The method according to claim 1, wherein the reaction of

cholesterol in HDL is carried out by eliminating cholesterol in lipoproteins other than LDL
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1in the presence of a reagent inhibiting only the reaction of LLDL.

9. The method according to claim 8, wherein said elimination of
cholesterol 1n lipoproteins other than LDL is followed by the addition of a reagent which

enables the reaction of cholesterol in LDL.
10.  The method according to claim 9, wherein said reagent inhibiting
only the reaction of LDL 1s a chemically modified or unmodified cholesterol ester-

hydrolyzing enzyme capable of inhibiting only the reaction of LDL.

11. The method according to claim 10, wherein the modified moiety
of said chemically modified cholesterol esterase 1s a group having polyethylene glycol as a
main component, a group having polypropylene glycol as a main component, a group
having a copolymer of polypropylene glycol and polyethylene glycol, a group having a

saccharide 1n the structure, a sulfopropyl group, or a polyurethane group.

12. The method according to any one of claims 9-11, wherein said
reagent which enables the reaction of cholesterol in LDL is a cholesterol ester-hydrolyzing

enzyme enabling the reaction of cholesterol in LDL.

13. The method according to any one of claims 9-11, wherein said

reagent which enables the reaction of cholesterol in LDL 1s a surfactant or a chelating

agent.

14. The method according to any one of claims 1-13, wherein said
cholesterol ester-hydrolyzing enzyme, cholesterol-oxidizing enzyme or cholesterol
oxidoreductase i1s an enzyme derived from an animal, a plant or a microorganism, an
enzyme obtained by introducing the gene of such an enzyme into another microorganism

and subsequently expressing said gene encoding said enzyme, or an enzyme obtained by
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modifying the gene of such an enzyme and subsequently expressing it.

15. The method according to any one of claims 1-14, wherein the
determination of hydrogen peroxide is carried out by converting hydrogen peroxide into a

pigment by the action of peroxidase and a chromagen, and determining the pigment.

16. A reagent for the determination of cholesterol in LDL, which
comprises a first component and a second component, said first component inhibiting the
reaction of lipoproteins other than HDL, said first component binding the lipoproteins

other than HDL to render same unbreakable by said second component, said second

component enabling the measurement of cholesterol, said second component enabling the

reaction of cholesterol in LDL.

17.  The reagent according to claim 16, wherein said first component

aggregates the lipoproteins other than HDL.

18.  The reagent according to claim 16 or 17, wherein said first
component 1s a combination of a divalent metal salt, and heparin or a salt thereof,
phosphotungstic acid or a salt thereof, dextran sulfuric acid or a salt thereof, polyethylene

glycol, sulfated cyclodextrin or a salt thereof, sulfated oligosaccharide or a salt thereof, or

a mixture thereof.

19.  The reagent according to claim 16 or 17, wherein said first

component 1s an antiapo-B antibody or an antiapo-C antibody.

20.  The reagent according to any one of claims 16-19, wherein said
second component 1s a nonionic, cationic or anionic surfactant, cyclodextrin, a chemically

modified or unmodified cholesterol ester-hydrolyzing enzyme capable of acting on LDL, a
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chemically modified or unmodified cholesterol-oxidizing enzyme capable of acting
exclusively on LDL, or chemically modified or unmodified cholesterol oxidoreductase

capable of acting on LDL.

21. A reagent for the determination of cholesterol in LDL, comprises

a component which selectively binds to LDL and prevents the measurement of LDL

cholesterol.

22. A reagent for the determination of cholesterol in LDL, which
comprises a first component which selectively binds to LDL and prevents the

measurement of LDL cholesterol and a second component enabling the reaction of

cholesterol in LDL.

23.  The reagent according to claim 22, wherein said first and second

components are separate from one another.

24.  The reagent according to any one of claims 22 and 23, wherein
said first component is a chemically modified or unmodified cholesterol ester-hydrolyzing

enzyme capable of inhibiting only the reaction of LDL.

25.  The reagent according to claim 24 or 29, wherein the modified
moiety of said chemically modified cholesterol esterase 1s a group having polyethylene
glycol as a main component, a group having polypropylene glycol as a main component, a
group having a copolymer of polypropylene glycol and polyethylene glycol, a group

having a saccharide in the structure, a sulfopropyl group, or a polyurethane group.

26.  The reagent according to claim 22 or 23, wherein said second

component 1s a cholesterol ester-hydrolyzing enzyme enabling the reaction of cholesterol



10

CA 02190282 2003-05-01

37

in LDL.

27.  The reagent according to claim 22 or 23, wherein said second

component 1s a surfactant or a chelating agent.

28. The reagent according to any one of claims 16-20, wherein said

first and second components are separate from one another.

29. The reagent according to claim 21, wherein said component 1s a
chemically modified or unmodified cholesterol ester-hydrolyzing enzyme capable of

inhibiting only the reaction of LDL.
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