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(54) METHOD FOR ANALYZING FORMYL GLYCINE RESIDUE

(57) Disclosed is a method which enables semiquan-
titative or quantitative determination of the ratio between
cysteine and formylglycine residues in a protein. The
method includes (a) a step of labeling the protein (i) with
a halogen-substituted carboxylic acid, (ii) with a halogen-
substituted carboxylic acid amide, and (iii) with a halo-
gen-substituted carboxylic acid and then with hydrazine,
or with a halogen-substituted carboxylic acid and then
by oximation, (b) a step of digesting each labeled protein

to provide a corresponding mixture of peptide fragments,
(c) a step of subjecting each mixture to reverse phase
chromatography to separate the peptide fragments from
each other to produce a chromatogram, (d) a step of com-
paring the produced chromatograms with each other to
identify the peak corresponding to the peptide fragment
that contained a cysteine residue and the peak corre-
sponding to the peptide fragment that contained a
formylglycine residue.
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Description

TECHNICAL FIELD

[0001] The present invention relates to analysis of a protein, in more detail, to a method of analysis for a formylglycine
residue generated by conversion of a cysteine residue in the peptide chain of a protein. In particular, the present invention
relates to a method for determination of the ratio between formylglycine and cysteine residues in the peptide chain of
an analyte protein, based on the peptide fragments obtained by enzymatic digestion of the protein.

[BACKGROUND ART]

[0002] Sulfatase (sulfuric ester hydrolase) has an activity to hydrolyze various biomolecules containing ester-linked
sulfate groups, releasing the sulfate groups. In a human, at least nine types of sulfatases occur which differ in their
substrate specificity. Each of these sulfatases contains a formylglycine residue (2-amino-3-oxopropionate residue) in
its peptide chain (Non-patent Document 1). This formylglycine residue, which is one of the amino acid residues constituting
the active center, is a residue generated by conversion of a certain cysteine residue originally present in the amino acid
sequence of the sulfatase just after its translation. The formylglycine residue is hydrated and occurs in a gem-diol form
in the catalytic reactions of sulfatase, and one of the two hydroxyl groups of the gem-diol is essential for the generation
of an enzyme-sulfuric acid ester intermediate, and the other hydroxyl group is required for separation of a sulfate group.
Therefore, the conversion of the cysteine residue to a formylglycine residue is essential for the sulfatase activity. In
multiple sulfatase deficiency, which is a genetic disease caused by severe reduction of all sulfatase activities, there is
no abnormality in the sulfatase gene itself, but the normal conversion of the cysteine residue to a formylglycine residue
fails to take place, and as a result, sulfatase activities are lost or markedly reduced (Non-patent Document 1, Patent
Document 1).
[0003] Thus, in quantitative determination of a sulfatase in a living body, measurement of mere its total amount is
insufficient for quantitative evaluation of its enzyme activity, and thus it is necessary to determine the ratio at which the
cysteine residue has been converted into a formylglycine residue in the sulfatase. The same is true of a recombinant
sulfatase manufactured using recombinant DNA technology. As for a recombinant sulfatase, a method for production
of arylsulfatase A has been reported, in which the cysteine residue has been converted into a formylglycine residue at
a desired ratio (Patent Document 2). With an enzyme produced by this method, too, the ratio must be determined at
which the cysteine residue has been converted into a formylglycine residue.
[0004] Iduronate 2-sulfatase (I2S) is one of sulfatases having an activity to hydrolyze sulfate ester bonds of heparan
sulfate and dermatan sulfate, both belonging to the glycosaminoglycans. In order for I2S to exhibit its enzymatic activity,
it is also necessary, like other sulfatases, that its predetermined cysteine residue located in the active center has been
converted into a formylglycine residue.
[0005] Genetic deficiency of this enzyme leads to the development of Hunter syndrome (mucopolysaccharidosis type
II), associated with such signs as skeletal abnormalities, caused by abnormal metabolism of heparan sulfate and dermatan
sulfate and resulting accumulation of their partial degradation products in the tissues such as the liver and spleen. For
patients with Hunter syndrome, enzyme replacement therapy is performed to supplement I2S. I2S employed in enzyme
replacement therapy for Hunter syndrome has been produced as recombinant human I2S using CHO cells transformed
with an expression vector with an incorporated human I2S gene. Various methods for producing recombinant human
I2S using CHO cells have been reported (Patent Documents 3 and 4).
[0006] In order for a recombinant human I2S to exhibit its enzymatic activity, it is also necessary, like naturally occurring
I2S, that the cysteine residue has been converted into a formylglycine residue. Thus, in quantitative determination of a
recombinant human I2S, measurement of mere its total amount is insufficient for quantitative evaluation of its enzyme
activity, and thus it is necessary to determine the ratio at which the cysteine residue has been converted into a formylglycine
residue in the I2S.
[0007] N-acetylgalactosamine-4-sulfatase (ASB), also called arylsulfatase B, is one of sulfatases and has an activity
to release sulfuric acid ions by hydrolyzing chondroitin-4-sulphate, dermatan sulfate and UDP-N-acetylgalactosamine-
4-sulfate. In order for ASB to exhibit its enzymatic activity, it is also necessary, like other sulfatases, that its predetermined
cysteine residue located in the active center has been converted into a formylglycine residue. Genetical deficiency of
this enzyme would cause accumulation of dermatan sulfate and the like in the lysosomes of a wide range of tissues,
which results in the development of Maroteaux-Lamy syndrome (mucopolysaccharidosis type VI), which exhibits such
symptoms as growth retardation, marked deformation of the spine and limbs, hepatosplenomegaly, and congenital
cataract. For patients with Maroteaux-Lamy syndrome, enzyme replacement therapy is performed to supplement ASB.
ASB used in enzyme replacement therapy of Maroteaux-Lamy syndrome has been produced as a recombinant human
ASB using CHO cells transformed with an expression vector with an incorporated human ASB gene (Patent Document 5).
[0008] In order for a recombinant human ASB to exhibit its enzymatic activity, it is also necessary, like naturally
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occurring ASB, that the cysteine residue has been converted into a formylglycine residue. Thus, in quantitative deter-
mination of a recombinant human ASB, measurement of mere its total amount is insufficient for quantitative evaluation
of its enzyme activity, and it is necessary to determine the ratio at which the cysteine residue has been converted into
a formylglycine residue in the ABS.
[0009] In addition to Hunter syndrome and Maroteaux-Lamy syndrome, the diseases caused by deficiency of sulfatase
include Morquio disease type A, and San Filippo syndrome A and D types, in which are found genetic deficiency of N
acetylgalactosamine-6-sulfatase, heparan-N-sulfatase, and N-acetyl glucosamine-6-sulfate sulfatase, respectively. As
for treatment of these diseases also, application of enzyme replacement therapy is conceivable employing enzymes
produced using recombinant technology, in which, too, conversion of the cysteine residue to a formylglycine residue is
essential in order for these enzymes produced using recombinant technology to exhibit their enzymatic activities. Thus,
in quantitative determination of each of these enzymes, measurement of mere its total amount is insufficient, and it is
necessary to determine the ratio at which the cysteine residue has been converted into a formylglycine residue in the
enzymes.
[0010] As a method for determination of the amount of a sulfatase in which the particular cysteine residue originally
present in the sulfatase is converted into a formylglycine residue, there is known a method comprising; digesting the
sulfatase into peptide fragments by trypsin treatment, and then subjecting the peptide fragments to reverse phase column
chromatography, and comparing, on the chromatogram thus produced, a peak corresponding to a peptide fragment
containing the formylglycine residue with a peak corresponding to a peptide fragment containing the cysteine residue
(Non-patent Document 1). This method does not allow one to identify, on a resulting chromatogram alone, the peak
corresponding to a cysteine residue-containing peptide fragment or to a formylglycine residue-containing peptide frag-
ment. According to this method, therefore, it is required to collect all the fractions corresponding to respective peaks,
and then analyze the amino acid sequence of the peptide fragment contained in each of these fractions, one by one, to
identify the aimed peptide fragments. Thus, it is very complicated to follow its procedure. And in the case of a protein
made up of a long peptide chain, its treatment with trypsin gives an increased number of peptide fragments, and so an
increased number of peaks are produced by their separation with reverse phase column chromatography. This, therefore,
makes the procedure more complicated.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0011]

Patent Document 1: JP 2006-517412
Patent Document 2: JP 2007-519404
Patent Document 3: US 5932211
Patent Document 4: US 6541254
Patent Document 5: JP 2006-510356

NON-PATENT DOCUMENTS

[0012] Non-patent Document 1: Schmidt B. et al., Cell, 82: 271-8 (1998).

SUMMARY OF INVENTION

THE PROBLEM TO BE SOLVED BY THE INVENTION

[0013] Against the above background, the objective of the present invention is to provide a method for determination
of the ratio between cysteine and formylglycine residues in the peptide chain of a protein, either semiquantitatively or
quantitatively.

MEANS TO SOLVE THE PROBLEM

[0014] In a study directed to the above objective, the present inventor found that a peptide fragment which had contained
a cysteine residue when in the original protein as well as a peptide fragment which had contained a formylglycine residue
when in the original protein, can be easily identified, and thus that the ratio between the cysteine residue and the
formylglycine residue generated by conversion of a cysteine residue in the peptide chain of the analyte protein, can be
determined, either semiquantitatively or quantitatively: by preparing a differently labeled protein by labeling the cysteine
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residue of a protein with iodoacetic acid, with iodoacetamide, or with iodoacetic acid or iodoacetamide and also with a
hydrazine compound or a hydroxylamine compound (herein referred to as "hydrazine-labeling" or "oximation-labeling",
respectively); and then digesting each of them to a peptide fragment mixture; subjecting each of the peptide fragment
mixtures to reverse phase column chromatography; and comparing between the chromatograms thus produced. The
present invention was completed based on this finding. Thus, the present invention provides what follows.

1. A method of analysis for a formylglycine residue and a cysteine residue in the amino acid residues that makes
up an analyte protein comprising,

(a) a step of converting the protein respectively into

(i) a halogen-substituted carboxylic acid-labeled protein by labeling the protein with a halogen-substituted
carboxylic acid,
(ii) a halogen-substituted carboxylic acid amide-labeled protein by labeling the protein with a halogen-
substituted carboxylic acid amide, and
(iii) a halogen-substituted carboxylic acid-hydrazine-labeled protein or a halogen-substituted carboxylic
acid-oximation-labeled protein by labeling the protein with a halogen-substituted carboxylic acid and then
with hydrazine or by labeling with halogen-substituted carboxylic acid and then by oximation,

(b) a step of digesting each of the labeled proteins to provide a corresponding mixture of peptide fragments,
(c) a step of subjecting each mixture of peptide fragments to reverse phase chromatography to separate the
peptide fragments from each other while monitoring the separated fragments with absorptiometer, producing
a chromatogram of the mixture of peptide fragments,
(d) a step of comparing the produced chromatograms with each other to identify, on the chromatograms, the
peak corresponding to a peptide fragment which contained a cysteine residue when in the analyte protein and
the peak corresponding to a peptide fragment which contained a formylglycine residue when in the analyte
protein.

2. A method of analysis for a formylglycine residue and a cysteine residue in the amino acid residues that makes
us an analyte protein comprising:

(a) a step of converting the protein respectively into

(i) a halogen-substituted carboxylic acid-labeled protein by labeling the protein with a halogen-substituted
carboxylic acid,
(ii) a halogen-substituted carboxylic acid amide-labeled protein by labeling the protein with a halogen-
substituted carboxylic acid amide, and
(iii) a halogen-substituted carboxylic acid amide-hydrazine-labeled protein or a halogen-substituted car-
boxylic acid amide-oximation-labeled protein by labeling the protein with a halogen-substituted carboxylic
acid amide and then with hydrazine or by labeling the protein with a halogen-substituted carboxylic acid
amide and then by oximation,

(b) a step of digesting each of the labeled proteins to provide a corresponding mixture of peptide fragments,
(c) a step of subjecting each mixture of peptide fragments to reverse phase chromatography to separate the
peptide fragments from each other while monitoring the separated fragments with an absorptiometer to produce
a chromatogram of the mixture of peptide fragments.
(d) a step of comparing the produced chromatograms with each other to identify, on the chromatograms, the
peak corresponding to a peptide fragment which contained a cysteine residue when in the analyte protein and
the peak corresponding to the peptide fragment that contained a formylglycine residue when in the analyte
protein.

3. The method according to 1 or 2 above, wherein the sulfhydryl group of the cysteine residue in the analyte protein
is alkylated with the halogen-substituted carboxylic acid or the halogen-substituted carboxylic acid amide in the
labeling with halogen-substituted carboxylic acid or the labeling with halogen-substituted carboxylic acid amide,
respectively.
4. The method according to 3 above, wherein the halogen-substituted carboxylic acid is a halogen-substituted
monocarboxylic acid represented by the following formula (I),
[Chem. 1]
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CmH2mX-COOH (I)

wherein X denotes halogen, and m denotes an integer of 1 to 5,
and the halogen-substituted carboxylic acid amide is a halogen-substituted monocarboxylic acid amide represented
by the following formula (II),
[Chem. 2]

CmH2mX-CONH2 (II)

wherein X denotes halogen, and m denotes an integer of 1 to 5.
5. The method according to 4 above, wherein m is an integer of 1 to 3 in formula (I) and formula (II).
6. The method according to 4 or 5 above, wherein the halogen is chlorine or iodine in formula (I) and formula (II).
7. The method according to 3 above, wherein the halogen-substituted carboxylic acid is an iodo-substituted mono-
carboxylic acid or a chloro-substituted monocarboxylic acid; and the halogen-substituted carboxylic acid amide is
an iodo-substituted monocarboxylic acid amide or a chloro-substituted monocarboxylic acid.
8. The method according to 7 above, wherein the halogen-substituted monocarboxylic acid is one selected from the
group consisting of iodoacetic acid, 2-iodopropionic acid, 3-iodopropionic acid, and chloroacetic acid, and the hal-
ogen-substituted carboxylic acid amide is one selected from the group consisting of iodoacetamide, 2-iodopropionic
acid amide, 3-iodopropionic acid amide, and chloroacetamide.
9. The method according to 7 above, wherein the halogen-substituted monocarboxylic acid is iodoacetic acid and
the halogen-substituted carboxylic acid amide is iodoacetamide.
10. The method according to 7 above, wherein the halogen-substituted monocarboxylic acid is 3-iodo-propionic acid
and the halogen-substituted carboxylic acid amide is iodoacetamide.
11. The method according to one of 1 to 10 above, wherein the labeling with hydrazine is performed using a hydrazine
compound or a salt thereof that forms a hydrazone with the carbonyl group of a formylglycine residue.
12. The method according to 11 above, wherein the hydrazine compound or the salt thereof is a 2,4-dinitrophenyl-
hydrazine or a salt thereof.
13. The method according to one of 1 to 10 above, wherein the labeling by oximation is performed using a hydroxyl
amine compound or a salt thereof that forms an oxime group with the carbonyl group of a formylglycine residue.
14. The method according to 13 above, wherein the hydroxylamine compound or the salt thereof is O-4-nitrobenzyl
hydroxylamine or a salt thereof.
15. The method according to one of 1 to 14 above, further comprising a step for determining, on the chromatogram,
the ratio of the area of the peak corresponding to the peptide fragment that contained a cysteine residue when in
the analyte protein and the area of the peak corresponding to the peptide fragment that contained a formylglycine
residue when in the analyte protein.
16. The method according to one of 1 to 15 above, wherein the analyte protein is a human sulfuric ester hydrolase.
17. The method according to 16 above, wherein the sulfuric ester hydrolase is selected from the group consisting
of iduronate-2-sulfatase, N-acetylgalactosamine-4-sulfatase, N-acetylgalactosamine-6-sulfatase, heparan-N-sulfa-
tase, and N-acetyl glucosamine-6-sulphate sulfatase.
18. The method according to 17 above, wherein the sulfuric ester hydrolase is iduronate-2-sulfatase.
19. The method according to one of 16 to 18 above, wherein the cysteine residue is that cysteine residue which
must have been converted into a formylglycine residue in order for the sulfuric ester hydrolase to exhibit its enzymatic
activity, and the formylglycine residue is that formylglycine residue which has been generated by conversion of the
cysteine residue.
20. The method according to 19 above, wherein the sulfuric ester hydrolase is iduronate-2-sulfatase, and the cysteine
residue and the formylglycine residue are those located at position 59 from the N-terminus of the mature iduronate-
2-sulfatase.
21. The method according to 20 above, wherein the iduronate-2-sulfatase is a recombinant iduronate-2-sulfatase.

EFFECTS OF INVENTION

[0015] The present invention enables one to analyze an analyte protein, either semiquantitatively or quantitatively, for
the ratio between its cysteine residue and its formylglycine residue generated by conversion of a cysteine residue, in
the peptide chain of the protein molecules. Thus, the present invention enables one to determine, either semiquantitatively
or quantitatively, the proportion of active enzyme molecules in an analyte enzyme, such as an enzyme which, like
sulfatases, requires for exhibiting its activity that a certain cysteine residue located at its active center has been converted
into a formylglycine residue.
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BRIEF DESCRIPTION OF DRAWINGS

[0016]

[Fig. 1] Fig.1 shows chromatograms obtained as a result of analysis by reverse phase column chromatography of
mixtures of peptide fragments prepared by trypsin digestion of iodoacetic acid-labeled rhI2S or iodoacetamide-
labeled rhI2S, respectively aligned, the one upper and the other lower, with their elution time matched with each
other. The upper of the chromatogram shows the result of analysis of iodoacetic acid-labelled rhI2S, and the lower
of iodoacetamide-labelled rhI2S. The vertical axis represents absorbance (215nm), and the horizontal axis the
elution time. The arrows indicate the peaks of peptide fragments which had contained cysteine residues when in
the analyte protein. Peaks (1) and (2) correspond to peptide fragments which had contained Cys59 when in the
analyte protein, and peak (3) corresponds to a peptide fragment which had contained FGly59 when in the analyte
protein.
[Fig. 2] Fig. 2 shows chromatograms obtained as a result of analysis by reverse phase column chromatography of
mixtures of peptide fragments prepared by trypsin digestion of iodoacetic acid-labeled rhI2S or and iodoacetic acid-
DNPH-labeled rhI2S, respectively, aligned, the one upper and the other lower, with their elution time matched with
each other. The upper of the chromatograms shows the result of analysis of iodoacetic acid-labeled rhI2S, and the
lower of iodoacetic acid-DNPH-labeled rhI2S. The vertical axis represents absorbance (215nm), and the horizontal
axis the elution time. Peak (3) corresponds to peptide fragment which had contained FGly59 when in the analyte
protein, and peak (2) corresponds to a peptide fragment which had contained Cys59 when in the protein.

[DESCRIPTION OF EMBODIMENTS]

[0017] Conversion of a cysteine residue to a formylglycine residue in the peptide chain of a protein is represented by
the following formula (1).

[0018] In the present invention, the reaction utilized to label a protein with a halogen-substituted carboxylic acid
(halogen-substituted carboxylic acid-labeling reaction) is an alkylation reaction in which the sulfhydryl group of a cysteine
residue is alkylated with a halogen-substituted carboxylic acid, and is exemplified by the reaction of labeling a protein
using iodoacetic acid (iodoacetic acid-labeling reaction) as represented by the following formula (2), and the reaction
product is herein referred to as "halogen-substituted carboxylic acid-labeled protein". When the protein labeled using
this reaction is an enzyme, especially a lysosomal enzyme, more especially iduronate-2-sulfatase (I2S), and still more
especially a recombinant human iduronate-2-sulfatase (rhI2S), the resulting product is herein referred to as "halogen-
substituted carboxylic acid-labeled enzyme", especially "halogen-substituted carboxylic acid-labeled lysosomal enzyme",
more especially "halogen-substituted carboxylic acid-labeled I2S", and still more especially "halogen-substituted car-
boxylic acid-labeled rhI2S", respectively, in the present specification. Further, a cysteine residue alkylated with a halogen-
substituted carboxylic acid in a halogen-substituted carboxylic acid-labeled enzyme or its fragments, is herein referred
to as "halogen-substituted carboxylic acid-labeled cysteine residue", and the moiety modified with a halogen-substituted
carboxylic acid in a halogen-substituted carboxylic acid-labeled cysteine residue is referred to as "halogen-substituted
carboxylic acid-labeled residue".
[0019] In the present invention, when the halogen-substituted carboxylic acid used for labeling a protein is iodoacetic
acid, the product produced by the reaction [iodoacetic acid-labeling reaction represented by the following formula (2)]
is herein referred to as "iodoacetic acid-labeled protein". When the protein labeled by this reaction is an enzyme, especially
a lysosomal enzyme, more especially iduronate-2-sulfatase (I2S), and still more especially a recombinant human idur-
onate-2-sulfatase (rhI2S), the resulting product is herein referred to as "iodoacetic acid-labeled enzyme", especially
"iodoacetic acid labeled-lysosomal enzyme", more especially "iodoacetic acid-labeled I2S", and still more especially
"iodoacetic acid-labeled rhI2S", respectively. Further, a cysteine residue alkylated with iodoacetic acid in an iodoacetic
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acid-labeled enzyme or its fragments, is referred to as "iodoacetic acid-labeled cysteine residue", and the moiety modified
with iodoacetic acid in the iodoacetic acid-labeled cysteine residue is referred to as "iodoacetic acid-labeled residue".
[0020] Products produced by labeling with other halogen-substituted carboxylic acids than iodoacetic acid, are referred
to in the same manner as the product labeled using the iodoacetic acid-labeling reaction.

[0021] In the present invention, any halogen-substituted carboxylic acid amides may be employed without particular
limitation as far as they can alkylate the sulfhydryl group of a cysteine residue of a protein, though preferred are those
represented by the general formula (I) (in the formula, X denotes halogen, m denotes an integer of 1 to 5), and are those
in which a hydrogen atom in the hydrocarbon chain of acetic acid, propionic acid, butyric acid, valeric acid, or caproic
acid is substituted by a halogen, and more preferred are those in which a hydrogen atom in the hydrocarbon chain of
acetic acid, propionic acid, or butyric acid is substituted by a halogen, and particularly preferred are those in which a
hydrogen atom in the hydrocarbon chain of acetic acid or propionic acid is substituted by halogen. Further, in the above
general formula (I), halogen is preferably iodine, chlorine, or bromine, and particularly preferably, iodine or chlorine.
Preferable halogen-substituted carboxylic acids include iodoacetic acid, 2-iodopropionic acid (2-iodine propanoic acid),
3-iodopropionic acid (3-iodine propanoic acid), and chloroacetic acid, and more preferable are iodoacetic acid and 3-
iodopropionic acid.
[0022] In the present invention, the reaction utilized to label a protein with a halogen-substituted carboxylic acid amide
(halogen-substituted carboxylic acid amide-labeling reaction) is an alkylation reaction in which the sulfhydryl group of a
cysteine residue is alkylated with a halogen-substituted carboxylic acid amide, exemplified by the reaction for labeling
a protein with iodoacetic acid amide (iodoacetic acid amide-labeling reaction) as represented by the following formula
(3), and the reaction product is referred to as "halogen-substituted carboxylic acid amide-labeled protein" When the
protein labeled using this reaction is an enzyme, especially a lysosomal enzyme, more especially iduronate-2-sulfatase
(I2S), and still more especially a recombinant human iduronate-2-sulfatase (rhI2S), the resulting product is referred to
as " halogen-substituted carboxylic acid amide-labeled enzyme", especially "halogen-substituted carboxylic acid amide-
labeled lysosomal enzyme", more especially "halogen-substituted carboxylic acid amide-labeled I2S", and still more
especially "halogen-substituted carboxylic acid amide-labeled rhI2S", respectively. Further, a cysteine residue alkylated
with a halogen-substituted carboxylic acid amide in a halogen-substituted carboxylic acid amide-labeled enzyme or its
fragments, is referred to as " halogen-substituted carboxylic acid amide-labeled cysteine residue", and the moiety mod-
ified with the halogen-substituted carboxylic acid amide in the halogen-substituted carboxylic acid amide-labeled cysteine
residue is referred to as "halogen-substituted carboxylic acid amide-labeled residue".
[0023] In the present invention, when the halogen-substituted carboxylic acid amide used for labeling a protein is
iodoacetamide, the product produced by the reaction [iodoacetamide-labeling reaction represented by the following
formula (3)] is referred to as "iodoacetamide-labeled protein". When the protein labeled by this reaction is an enzyme,
especially a lysosomal enzyme, more especially iduronate-2-sulfatase (I2S), and still more especially a recombinant
human iduronate-2-sulfatase (rhI2S), the resulting product is referred to as "iodoacetamide-labeled enzyme", especially
"iodoacetamide-labeled lysosomal enzyme", more especially "iodoacetamide-labeled I2S", and still more especially
"iodoacetamide-labeled rhI2S", respectively. Furthermore, a cysteine residue alkylated with iodoacetamide in an iodoa-
cetamide-labeled enzyme or its fragment, is referred to as "iodoacetamide-labeled cysteine residue", and the moiety
modified with iodoacetamide in the iodoacetamide-labeled cysteine residue is referred to as "iodoacetamide-labeled
residue".
[0024] Products which are labeled with other halogen-substituted carboxylic acid amides than iodoacetamide also are
referred to in the same manner as the products labeled through the iodoacetamide-labeling reaction.

[0025] In the present invention, any halogen-substituted carboxylic acid amides may be employed without particular
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limitation as far as they can alkylate the sulfhydryl groups of a cysteine residue of a protein, though preferred are those
represented by the general formula (II) (in the formula, X denotes halogen, m denotes an integer of 1 to 5), and are
those in which a hydrogen atom in the hydrocarbon chain of acetic acid amide (acetamide), propionic acid amide, butyric
acid amide, valeric acid amide or caproic acid amide is substituted by halogen, and more preferred are those in which
a hydrogen atom in the hydrocarbon chain of acetic acid amide, propionic acid amide and butyric acid amide is substituted
by halogen, and particularly preferred are those in which a hydrogen atom in the hydrocarbon chain of acetic acid amide
and propionic acid amide is substituted with halogen. Further, in the general formula above, halogen is preferably iodine,
chlorine, or bromine, and particularly preferably iodine or chlorine. Preferable halogen-substituted carboxylic acid amides
include iodoacetic acid amide, 2-iodopropionic acid amide (2-iodine propanoic acid amide), 3-iodopropionic acid amide
(3-iodine propanoic acid amide), and chloroacetic acid amide, and more preferable are iodoacetic acid amide or 3-
iodopropionic acid amide.
[0026] In the present invention, the reaction utilized to label a formylglycine residue in a protein with a hydrazine
compound or a salt thereof (hydrazine-labeling reaction) is a reaction in which a hydrazone is produced from the carbonyl
group of a formylglycine residue and a hydrazine compound, and the resulting product is referred to as "hydrazine-
labeled protein". When the protein labeled using this reaction is a halogen-substituted carboxylic acid-labeled protein,
especially a halogen-substituted carboxylic acid-labeled lysosomal enzyme, more especially halogen-substituted car-
boxylic acid-labeled I2S, and still more especially a halogen-substituted carboxylic acid-labeled rhI2S, the resulting
product is referred to as "halogen-substituted carboxylic acid-hydrazine-labeled protein", especially "halogen-substituted
carboxylic acid-hydrazine-labeled lysosomal enzyme", more especially "halogen-substituted carboxylic acid-hydrazine-
labeled I2S", and still more especially "halogen-substituted carboxylic acid-labeled hydrazine", respectively.
[0027] Furthermore, when the protein labeled using this reaction is an iodoacetic acid-labeled protein, especially an
iodoacetic acid-labeled lysosomal enzyme, more especially iodoacetic acid-labeled I2S, and still more especially io-
doacetic acid-labeled rhI2S, the resulting product is referred to as "iodoacetic acid-hydrazine-labeled protein", especially
"iodoacetic acid-hydrazine-labeled lysosomal enzyme", more especially "iodoacetic acid-hydrazine-labeled I2S", and
still more especially "iodoacetic acid-labeled hydrazine ", respectively.
[0028] When the halogen-substituted carboxylic acid-labeled protein is other halogen-substituted carboxylic acid-
labeled protein than iodoacetic acid-labeled protein, the product produced from it using the hydrazine-labeling reaction
is also referred in the same manner as the product which is produced by hydrazine-labeling of the above iodoacetic
acid-labeled protein.
[0029] In the present invention, any hydrazine compounds or salts thereof may be employed without particular limitation
as far as they can form a hydrazone with the carbonyl group of a formylglycine residue in a protein, though preferred is
2,4-dinitrophenyl hydrazine or a salt thereof, in particular, 2,4-dinitrophenylhydrazine hydrochloride.
[0030] The following formula represents the reaction in which the carbonyl group of a formylglycine residue is labeled
with 2,4-dinitrophenylhydrazine hydrochloride, one of hydrazine compounds (DNPH-labeling reaction). The product is
referred to as "DNPH-labeled protein", and when the protein labeled according to this reaction is an iodoacetic acid-
labeled protein, especially an iodoacetic acid-labeled enzyme, more especially an iodoacetic acid-labeled lysosomal
enzyme, still more especially an iodoacetic acid-labeled I2S, and most especially iodoacetic acid-labeled rhI2S, the
resulting product is referred to as "iodoacetic acid-DNPH-labeled protein", especially "iodoacetic acid-DNPH-labeled
enzyme", more especially "iodoacetic acid-DNPH-labeled lysosomal enzyme", still more especially "iodoacetic acid-
DNPH-labeled I2S", and most especially "iodoacetic acid-DNPH-labeled rhI2S", respectively.

[0031] In the present invention, instead of a halogen-substituted carboxylic acid-labeled protein, a halogen-substituted
carboxylic acid amide-labeled protein may also be labeled with hydrazine. Its reaction with 2,4-dinitrophenylhydrazine
(DNPH) used as a hydrazine compound, is also as shown in the formula above. When the halogen-substituted carboxylic
acid amide is iodoacetamide, the product produced by the hydrazine-labeling reaction using DNPH is referred to as
"iodoacetamide-DNPH-labeled protein". When the iodoacetamide-labeled protein which is labeled by this reaction is, in
particular, an iodoacetamide-labeled enzyme, especially an iodoacetamide-labeled lysosomal enzyme, more especially
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an iodoacetamide-labeled I2S, and still more especially an iodoacetamide-labeled rhI2S, the resulting product is referred
to as "iodoacetamide-DNPH-labeled enzyme", especially "iodoacetamide-DNPH-labeled lysosomal enzyme", more es-
pecially "iodoacetamide-DNPH-labeled I2S", and still more especially " iodoacetamide-DNPH- labeled rhI2S", respec-
tively.
[0032] In the present invention, instead of using a hydrazine compound such as 2,4-dinitrophenylhydrazine, a protein
may be labeled using a compound that can form an oxime group (including herein those which are esterified at the
hydroxyl moiety) by the reaction with the carbonyl group of a formylglycine residue, especially hydroxylamine compounds.
Labeling by this reaction is referred to as oximation-labeling, and the resulting product is called "oximation-labeled
protein." When the protein labeled by this reaction is especially an iodoacetic acid-labeled protein, more especially an
iodoacetic acid-labeled-enzyme, still more especially an iodoacetic acid-labeled lysosomal enzyme, even more especially
an iodoacetic acid-labeled I2S, and most especially an iodoacetic acid-labeled rhI2S, the resulting product is referred
to as "iodoacetic acid-oximation-labeled protein", "iodoacetic acid-oximation-labeled lysosomal enzyme", "iodoacetic
acid-oximation-labeled I2S", and "iodoacetic acid-oximation-labeled rhI2S".
[0033] Further, when the protein labeled by this reaction is an iodoacetamide-labeled protein, especially an iodoa-
cetamide-labeled enzyme, more especially an iodoacetamide-labeled lysosomal enzyme, more especially an iodoaceta-
mide-labeled I2S, and most especially an iodoacetamide-labeled rhI2S, the resulting product is referred to as "iodoa-
cetamide-oximation-labeled protein", especially "iodoacetamide-oximation-labeled-enzyme", still more especially "io-
doacetamide-oximation-labeled-lysosomal enzyme", still more especially "iodoacetamide-oximation-labeled I2S", and
most especially "iodoacetamide-oximation-labeled rhI2S", respectively.
[0034] In this specification, the oxime group is represented by the following formula (5), and the hydroxylamine com-
pound is represented by the following formula (6).

[0035] In formula(5), R1 is selected from hydrogen, linear or branched alkyl, benzyl, aryl, linear or branched- alkenyl,
alicyclic (a group consisting of alicyclic compound radical), or from combinations or derivatives thereof; the number of
carbon atoms of the alkyl group is preferably 1 to 20, more preferably 1 to 12, still more preferably 1 to 6, and particularly
preferably 1 to 3; the benzyl group may have a substituent on the benzene ring thereof and the substituent may be nitro;
the number of carbon atoms of the alkenyl group is preferably 2 to 20, more preferably 2 to 12, still more preferably 1
to 6, and particularly preferably 2 to 3, and, the alkenyl group is an allyl group, for example; the number of carbon atoms
of the aryl group is preferably 6 to 10; the number of carbon atoms of the alicyclic group is preferably 4 to 12, more
preferably 4 to 10, and still more preferably 4 to 6.

[0036] In formula (6), R1 is as defined above.
[0037] Further, the following formula (7) shows an example of oximation-labeling, i.e., a reaction wherein the carbonyl
group of a formylglycine residue is labeled with O-4-nitrobenzyl hydroxylamine hydrochloride.
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[0038] Under acidic conditions, such as in a trifluoroacetic acid aqueous solution, a residue labeled with a halogen-
substituted carboxylic acid (e.g., iodoacetic acid-labeled residue) tends to have a lower charge and a higher hydrophobicity
than a halogen-substituted carboxylic acid amide-labeled residue (e.g., iodoacetamide-labeled residue). Therefore, a
protein (or its fragment) labeled with a halogen-substituted carboxylic acid and the same protein labeled with a halogen-
substituted carboxylic acid amide, will differ in their elution time when subjected to reverse phase column chromatography
under an acidic condition, and the protein (or its fragment) labeled with a halogen-substituted carboxylic acid will take
a longer time to be eluted, as a general tendency.
[0039] For example, when a protein labeled with iodoacetic acid and the same protein labeled with iodoacetamide are
compared after their decomposition into peptide fragments and subjection to reverse phase column chromatography
under an acidic condition to obtain corresponding chromatograms, peptide fragments containing no cysteine residue, a
residue which can be labeled either with iodoacetic acid or iodoacetamide, exhibit identical elution patterns with each
other. On the other hand the elution patterns of peptide fragments containing a cysteine residue, a residue which can
be labeled either with iodoacetic acid or iodoacetamide, differ from each other. Thus, the peaks corresponding to peptide
fragments containing a cysteine residue can be easily identified on the chromatograms. As a general tendency, it takes
a longer time for peptide fragments labeled with iodoacetic acid to be eluted.
[0040] In the present invention, when labeling a protein either with a halogen-substituted carboxylic acid (e.g., iodoacetic
acid-labeled) or a halogen-substituted carboxylic acid amide (e.g., iodoacetamide-labeled), the protein is pretreated in
either case. This pre-treatment, which is performed to label all the cysteine residues contained in the peptide chains of
the protein, consists of two steps. The first step is a step to destroy the higher-order structure of the protein using a
protein denaturant. The second step is a step to reduce disulfide bonds into cysteine residues with a reducing agent.
Through in these steps, three-dimensional structure of the protein is destroyed and disulfide bonds reduced, all the
cysteine residues present in the peptide chains are exposed in a state at which they are available for labeling. Though
there is no particular limitation as to protein denaturants used in the first step as long as they can destroy the higher
order structure of proteins and do not inhibit the labeling reaction, guanidine or hydrochloride salt thereof is preferred.
Reducing agents to be used in the second step, though there are no particular limitation as to them as long as they can
reduce disulfide bonds in the protein and do not hinder the labeling reaction, are preferably dithiothreitol and 2-mercap-
toethanol, and more preferably dithiothreitol.
[0041] In the present invention, it is desirable that the protein labeled with halogen-substituted carboxylic acid (e.g.,
iodoacetic acid-labeled) or labeled with halogen-substituted carboxylic acid amide (e.g., iodoacetamide-labeled) is pu-
rified, following the labeling reaction, by gel filtration column chromatography, to reduce noises in the result of analysis.
[0042] In the present invention, when labeling a protein with hydrazine (such as with DNPH) or by oximation, it is
preferable that the protein is first subjected to halogen-substituted carboxylic acid labeling (e.g. iodoacetic acid-labeling),
or halogen-substituted carboxylic acid amide labeling (e.g. iodoacetamide-labeling), and then is subjected to hydrazine-
labeling or oximation-labeling, though it is also possible to carry out hydrazine-labeling or oximation-labeling first, and
then halogen-substituted carboxylic acid-labeling or halogen-substituted carboxylic acid amide-labeling.
[0043] In the present invention, a protein labeled with a halogen-substituted carboxylic acid (e.g. iodoacetic acid-
labeling), halogen-substituted carboxylic acid amide (e.g. iodoacetamide-labeling), hydrazine-labeling, or by oximation-
labeling is decomposed into peptide fragments using a method which allows cutting of the peptide bond of the protein,
at specific positions selectively or preferentially. As such methods, there are enzymatic methods in which a protein is
decomposed using a proteolytic enzyme (peptidase) and chemical methods in which a protein is decomposed by cya-
nogen bromide or the like without using a peptidase. Suitable peptidases to be used in an enzymatic method include
trypsin, chymotrypsin, lysyl endopeptidase, glutamine endopeptidase, peptidyl-Asp metalloendopeptidase, and the like,
among which trypsin is particularly preferred. As the chemical method, preferred is a method to decompose a protein
using cyanogen bromide, 2-nitro-5-thiocyanobenzoic acid, or o-iodosobenzoic acid.
[0044] Peptide fragments obtained by the above method can be separated into respective molecular species by reverse
phase column chromatography. Under acidic conditions, e.g., in a trifluoroacetic acid aqueous solution, an iodoacetic
acid-labeled residue has a lower tendency to become electrically charged and is more hydrophobic than iodoacetamide-
labeled residue. Therefore when subjected to reverse phase column chromatography under acidic conditions, peptide
fragments labeled with iodoacetic acid and those labeled with iodoacetamide will differ in their elution time when subjected
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to reverse phase column chromatography under an acidic condition, with peptide fragments labeled with iodoacetic acid
taking a longer time to be eluted than those labeled with iodoacetamide, as a general tendency. Therefore, it is possible
to easily identify a peak corresponding to a peptide fragment which contained a cysteine residue when in the analyte
protein, by analyzing the peptide fragments of the iodoacetic acid-labeled protein and the iodoacetamide-labeled protein,
respectively, using reverse phase column chromatography under an acidic condition, and then comparing their chro-
matograms. This is because the positions of respective peaks corresponding to peptide fragments which contained no
cysteine residue when in the analyte protein will match between both chromatograms, whereas the positions of the peak
corresponding to a peptide fragment which contained a cysteine residue when in the analyte protein will differ between
both chromatograms.
[0045] Furthermore, by analyzing the protein labeled with hydrazine or by oximation in the same manner as described
above, it is possible to identify the peaks corresponding to peptides which contained a formylglycine residue. This is
because when a hydrazine-labeled or oximation-labeled protein and the non-labeled protein are respectively analyzed
and compared on their chromatograms, the peaks corresponding to peptide fragments which contained a formylglycine
residue when in the analyte protein will appear at different positions in accordance with whether the protein was labeled
or not, since a formylglycine residue undergoes hydrazine-labeling or oximation-labeling.
[0046] Thus, according to the present invention, by combinations of respective labeling of a protein using a halogen-
substituted carboxylic acid (e.g., iodoacetic acid-labeling), a halogen-substituted carboxylic acid amide (e.g., iodoaceta-
mide-labeling) and hydrazine (i.e., by oximation-labeling), it is possible to easily identify the peptide fragment which
contained a formylglycine residue and the peptide fragment which contained a cysteine residue, respectively, in the
analyte protein, as corresponding peaks on the chromatograms. It is also possible to determine, semiquantitatively or
quantitatively, the ratio between the peptide fragments which contained the cysteine residue and the peptide fragment
which contained the formylglycine residue, based on the area of thus identified peaks.
[0047] The term "semiquantitative" analysis, regarding the ratio between peptide fragments which contained one of
those residues in the analyte protein, herein means a method in which relative evaluation of the levels of corresponding
analytical values of an analyte protein lot is made based on comparison with a standard analytical value derived from
particular one or more protein lots of: for example, by setting, as a standard, the analytical value or values of particular
one or more protein lots, and determining, for another protein lot, the ratio between peptide fragments which contained
a cysteine residue and those which contained a formylglycine residue, respectively, in comparison with the standard
value. On the other hand, the term "quantitative" analysis means a method in which a protein containing a known amount
of cysteine residue and of formylglycine residue, respectively, is labeled and digested; the resulting peptide fragments
were analyzed by reverse phase column chromatography; the area of the respective peaks on the chromatogram
produced from the peptide fragments are compared with the area of the respective peaks produced from the peptide
fragments of an analyte protein; and based on this comparison, the ratio is directly calculated.
[0048] In the present invention, the cysteine residue and the formylglycine residue to be analyzed are, in particular,
the cysteine residue that has a potential to get converted into a formylglycine residue in the peptide chain of a protein
and a formylglycine residue generated by conversion of such a cysteine residue. Because such conversion of a cysteine
residue into a formylglycine residue is brought about by a highly specific enzymatic reaction, it is only a particular cysteine
residue that can get converted into a formylglycine residue. In the case of sulfuric ester hydrolase, for example, the
cysteine residue that can get converted into a formylglycine residue is just the one that is part of the active center.
[0049] In the reaction in which a cysteine residue is to get converted into a formylglycine residue, when the cysteine
residue has not been fully converted into a formylglycine residue, a mixture will result containing the portion of the protein
in which the cysteine residue remains unconverted and the portion of the protein in which the residue has been converted
into a formylglycine residue. In this case, analysis of the protein using the method of the present invention allows one
to determine, semiquantitatively or quantitatively, the ratio between the protein in which the cysteine residue remains
intact and the protein in which the residue has been converted into a formylglycine residue.
[0050] When the protein is a sulfuric ester hydrolase, the above analysis is very important. This is because in order
for a sulfuric ester hydrolase to exert its enzyme activity, it is essential that a particular cysteine residue located in its
active center has been converted into a formylglycine residue. Analysis of a sulfuric ester hydrolase using the method
of the present invention enables determination of the ratio of active enzyme, i.e., the enzyme in which the cysteine
residue has been converted into a formylglycine residue.
[0051] Such analysis of sulfuric ester hydrolase is particularly important when a sulfuric ester hydrolase of interest is
that which was produced by recombinant technology. This is because a sulfuric ester hydrolase produced by recombinant
technology may be used as a medical drug, and in such cases, it is required from the viewpoint of quality control to find
out the ratio of the enzyme that has the enzyme activity.
[0052] There are sulfuric ester hydrolases which can be used as medical drugs, namely, iduronate-2-sulfatase, N-
acetylgalactosamine-4-sulfatase, N-acetylgalactosamine-6-sulfatase, heparan-N-sulfatase and N-acetyl glucosamine-
6-sulfate sulfatase. These can be used in enzyme replacement therapy for patients with Hunter syndrome, Maroteaux-
Lamy syndrome, Morquio disease A-type, San Filippo syndrome A-type and D-type, respectively.
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[0053] Though there is no particular limitation as to analyte proteins in the present invention as far as they contain a
formylglycine residue in their peptide chain, preferred are sulfuric ester hydrolases, more preferred are iduronate-2-
sulfatase, N-acetylgalactosamine-4-sulfatase, N-acetylgalactosamine-6-sulfatase, heparan-N-sulfatase and N-acetyl
glucosamine-6-sulfate sulfatase, and still more preferred is iduronate-2-sulfatase, and these enzymes produced using
recombinant technology are particularly preferred.
[0054] Regarding each of iduronate-2-sulfatase, N-acetylgalactosamine-4-sulfatase, N-acetylgalactosamine-6-sulfa-
tase, heparan-N-sulfatase and N-acetyl glucosamine-6-sulfate sulfatase, the cysteine residue converted into a formylg-
lycine residue is the cysteine residue (Cys59) located at position 59 from the N-terminus of the mature form of iduronate-
2-sulfatase; the cysteine residue (Cys55) located at position 55 from the N-terminus of the mature form of N-acetylga-
lactosamine-4-sulfatase; the cysteine residue (Cys53) located at position 53 from the N-terminus of the mature form of
N-acetylgalactosamine-6-sulfatase; the cysteine residue (Cys50) located at position 50 from the N-terminus of the mature
form of heparan-N-sulfatase; and the cysteine residue (Cys55) located at position 55 from the N-terminus of the mature
form of N-acetyl glucosamine-6-sulfate sulfatase.
[0055] Based on the ratio between the cysteine and the formylglycine residues determined by the analysis according
the method of the present invention, it is also possible to set a standard value and establish upon it a standard test for
an enzyme prepared using recombinant technology.

EXAMPLES

[0056] Though the present invention will be described in further detail below with reference to examples, it is not
intended that the present invention be limited to those examples.

[Iodoacetic acid-labeling of human iduronate-2-sulfatase]

[0057] A purified product of recombinant human iduronate-2-sulfatase (rhI2S) was prepared as an analyte according
to a known method (U.S. Patent No. 5,798,239, International Publication WO2012/101998). Namely, 0.1 mg of rhI2S
was dissolved in 50 mL of a protein lysis solution (prepared by dissolving 66.8 g of guanidine hydrochloride, 6.1 g of
trishydroxymethylaminomethane, and 0.372 g of disodium ethylenediaminetetraacetic acid in water, adjusting the pH to
8.5 with 1N HCl, and then adding water to make 100 mL), and after 4 mL of a reducing solution (prepared by dissolving
10 mg of dithiothreitol in 50 mL of the protein lysis solution) was added and mixed by shaking, the solution was left
standing for 30 minutes at room temperature. Four mL of a blocking solution (prepared by dissolving 25 mg of iodoacetic
acid in 60 mL of 1N sodium hydroxide) then was added and mixed by shaking, and the solution was left standing in the
dark for 30 minutes at room temperature. Then, the resulting reaction product was subjected to gel filtration column
chromatography, and the fractions containing rhI2S were collected. This gel filtration column chromatography was
conducted by subjecting the reaction product to a Sephadex (trade mark) G-25 superfine (5 mm column diameter, 150
mm column length, GE Healthcare) that had been equilibrated with purified water, and flowing purified water at a flow
rate of 1 mL/min at room temperature while monitoring absorbance at a wavelength of 215 nm using an ultraviolet
absorption photometer. The rhI2S-containing fraction thus collected was evaporated to dryness under reduced pressure.
The resulting product was designated iodoacetic acid-labeled rhI2S.

[Iodoacetamide-labeling of human iduronate-2-sulfatase]

[0058] 0.1 mg of rhI2S was dissolved in 50 mL of the protein lysis solution (prepared by dissolving in water 66.8 g of
guanidine hydrochloride, 6.1 g of trishydroxymethylaminomethane, and 0.372 g of disodium ethylenediaminetetraacetic
acid, adjusting the pH to 8.5 with 1N HCl, and then adding water to make 100 mL), and after 4 mL of a reducing solution
(prepared by dissolving 10 mg of dithiothreitol in 50 mL of the protein lysis solution) was added and mixed by shaking,
the solution was left standing for 30 minutes at room temperature. Four mL of a blocking solution (prepared by dissolving
25mg of iodoacetamide in 60mL of 1N sodium hydroxide) was added and mixed by shaking, and and the solution was
left standing in the dark for 30 minutes at room temperature. Then, the resulting reaction product was subjected to gel
filtration column chromatography, and the fractions containing rhI2S were collected. This gel filtration column chroma-
tography was conducted by subjecting the reaction product to a Sephadex (trade mark) G-25 superfine (5 mm column
diameter, 150 mm column length, GE Healthcare) that had been equilibrated with purified water, and flowing purified
water at a flow rate of 1 mL/min at room temperature while monitoring absorbance at a wavelength of 215 nm using an
ultraviolet absorption photometer. The rhI2S-containing fraction thus collected was evaporated to dryness under reduced
pressure. The resulting product was designated iodoacetamide-labeled rhI2S.
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[DNPH-labeling]

[0059] The iodoacetamide-labeled rhI2S dried under reduced pressure was dissolved in a 2-4-dinitrophenylhydrazine
(DNPH) solution (prepared by dissolving 1.3 mg of DNPH hydrochloride (Tokyo Chemical Industry) in 1 mL of 50%
acetonitrile-0.5% TFA aqueous solution), the resulting solution was left standing for 1 hour at room temperature, and
then evaporated to dryness under reduced pressure. The resulting product was designated as DNPH-labeled rhI2S.

[Trypsin treatment]

[0060] Each of the iodoacetic acid-labeled rhI2S, the iodoacetamide-labelled rhI2S, and iodoacetic acid-DNPH-labeled
rhI2S, which had been evaporated to dryness under reduced pressure as mentioned above, was dissolved in 65 mL of
purified water, and mixed by shaking after addition of 5 mL of 1 mol/L ammonium bicarbonate aqueous solution. Then,
10 mL of trypsin solution (prepared by dissolving 25 mg of trypsin in 50 mL of 1 mmol/L hydrochloric acid) was added
and mixed by shaking, and the mixture was left standing for 9 hours at 2 to 8 °C to allow the reaction to proceed. After
the trypsin treatment, trypsin was inactivated by heating for 5 min at 95 °C, and the resulting product was designated
trypsin-treated product.

[Analysis by reverse phase column chromatography]

[0061] The trypsin-treated product obtained above was, after evaporated to dryness under reduced pressure, dissolved
in purified water to make a sample solution, and 30 mL of it was subjected to reversed phase column chromatography
for analysis. The reverse phase column chromatography was carried out using a high-performance liquid chromatography
apparatus (Shimadzu HPLC LC-20A system), which was fitted with a reverse phase column (Vydac 218TP54, inner
diameter: 4.6 mm, length: 250 mm, particle size: 5 mm, Grace Vydac). Solution A, which was an a 0.1 % trifluoroacetic
acid aqueous solution, and solution B, which was a 0.1 % trifluoroacetic acid-70 % acetonitrile aqueous solution, were
respectively prepared. The reverse phase column was equilibrated with a mobile phase consisting of a mixed solution
prepared by mixing solution A and solution B at a ratio [solution A:solution B = 98:2 (v/v)], and then each sample solution
was applied to the column and chromatography was performed. The proportion of solution B in the mobile phase was
linearly increased from 2 % to 60 % over 46 minutes, and then the proportion of solution B in the mobile phase was
linearly increased up to 99% over 7 minutes, and further the mobile phase in which the proportion of solution B was to
99% was allowed to flow through the column for 12 minutes. The flow rate of the mobile phase and column temperature
were set to 0.5 mL/min and 50 °C, respectively, and a fluorescence detector was installed on the flow path downstream
of the column outlet, and absorbance was recorded at 215 nm to produce a chromatogram.

[Results of analysis]

[0062] Comparison of chromatograms of iodoacetic acid-labeled rhI2S and iodoacetamide-labeled rhI2S (the upper
and the lower, respectively, in Figure 1) revealed multiple peaks which did not match between two chromatograms (those
peaks indicated by arrows in Figure 1). They were separately collected and their amino acid sequences were examined.
As a result, it was found that all peaks corresponded to peptide fragments which had contained a cysteine residue when
in the analyte protein. In particular, peak (1), coming from the iodoacetamide-labeled protein, and peak (2), coming from
the iodoacetic acid-labeled protein, were isolated and their amino acid sequences were determined. Both peaks corre-
sponded to a peptide fragment (amino acid sequence: SPNIDQLASHSLLFQNAFAQQAVCAPSR: SEQ ID NO 1) con-
taining the cysteine residue (Cys59) at position 59 from the N-terminus of the mature form of rhI2S, which lacked the
signal sequence. As the theory had predicted, peak (2), which corresponded to the peptide derived from the iodoacetic
acid-labeled protein, delayed in elution time compared with peak (1), which corresponded to to the peptide derived from
the iodoacetamide-labeled protein. Thus, it was confirmed that the peptide fragments which had contained a cysteine
residue when in an analyte protein can be identified by comparing the chromatograms produced on the iodoacetic acid-
labeled protein and on the iodoacetamide-labeled protein obtained by the present method.
[0063] Next, focusing on peak (2) in Figure 1, further analysis was made. Namely, the chromatograms produced on
the iodoacetic acid-labeledrhI2S and the iodoacetic acid-DNPH-labeled rhI2S (the upper and lower, respectively, in
Figure 2) were compared. In the chromatogram produced on the iodoacetic acid-DNPH-labeled rhI2S, while peak (2)
corresponding to the peptide fragment containing the cysteine residue (Cys59) appeared at the same position as in the
chromatogram produced on the iodoacetic acid-labeled rhI2S, peak (3), which had appeared in the chromatogram
produced from the iodoacetic acid-labeled rhI2S, was unobserved. The fact that peak (3) appeared when no DNPH
labeling was involved while not seen when DNPH-labeling was involved, suggested that peak (3) was a peak to be
corresponding to the peptide fragment which had contained a formylglycine residue when in the analyte protein. So, the
fraction corresponding to peak (3) appearing in iodoacetic acid-labeled rhI2S was isolated and its amino acid sequence



EP 2 799 862 A1

14

5

10

15

20

25

30

35

40

45

50

55

was determined, which confirmed that it corresponded to a peptide fragment in which the cysteine residue which had
been located at position 59 (Cys59) from the N-terminus when in the mature form of rhI2S, had been converted into a
formylglycine residue (FGly59). As the area of a peak in a chromatogram is substantially proportional to the amount of
a corresponding peptide fragment, it was now ascertained that the ratio between the labeled cysteine residue (Cys59)
and the formylglycine residue (FGly59) can be determined quantitatively or semiquantitatively by comparing the area of
peak (2) and peak (3) appearing in the chromatogram produced on the iodoacetic acid-labeled rhI2S. Meanwhile, as
the peak (3) corresponding to the peptide fragment containing the formylglycine residue (FGly59) is supposed to appear
at the same position in respective chromatograms produced by analysis of an iodoacetic acid-labeled rhI2S and an
iodoacetamide-labeled rhI2S (the upper and the lower in Figure 1), peak (1) shown in the result of analysis of the
iodoacetamide-labeled rhI2S (the lower Figure 1) consists of overlapping peaks: the one corresponding to the peptide
fragment containing the iodoacetamide-labeled cysteine residue (Cys59) and the other corresponding to the peptide
fragment containing the formylglycine residue (FGly59) (i.e., peak (3)).
[0064] The above results indicate that the peak corresponding to a peptide fragment which contained a cysteine
residue when in an analyte protein, can be identified by respectively labeling the analyte protein with iodoacetic acid or
iodoacetamide, digesting each product into peptide fragments, subjecting them to reverse phase column chromatogra-
phy, and then comparing both chromatograms thus produced; that the peptide fragment which contained a formylglycine
residue when in the analyte protein, can be identified by respectively labeling the analyte protein with iodoacetic acid or
iodoacetic acid-DNPH, digesting each product into peptide fragments, subjecting them to reverse phase column chro-
matography, and then comparing both chromatograms thus produced; and that the ratio between cysteine and formylg-
lycine residues in the analyte protein can be determined semiquantitatively or quantitatively by comparing the area of
the peaks corresponding to the peptide fragment which contained a cysteine residue with the peptide fragment which
contained a formylglycine residue.
[0065] It is also possible to determine semiquantitatively or quantitatively the ratio between cysteine and formylglycine
residues in the protein by labeling an iodoacetamide-labeled protein, instead of an iodoacetic-acid labeled protein, with
DNPH, and then analyzing the iodoacetic acid-labeled protein, the iodoacetamide-labeled protein, and the iodoaceta-
mide-labeled-DNPH-labeled protein in the same manner as shown above.
[0066] Further, a specification test for rhI2S produced by recombinant technology may be established by setting a
standard value upon analysis of a standard compound and calculation of the ratio between its cysteine and formylglycine
residues. It is also allowed to set as a standard value the mean of the values obtained from analysis of multiple different
lots of a compound.

[3-iodopropionic acid-labeling of human iduronate-2-sulfatase]

[0067] Analogous to the iodoacetic acid-labeling of human iduronate-2-sulfatase, 3-iodopropionic acid, instead of
iodoacetic acid, was used for labeling rhI2S (3-iodopropionic acid-labeling). Further, 3-iodopropionic acid DNPH-labeled
rhI2S was obtained by labeling 3-iodopropionic acid-labeled rhI2S with DNPH in the same manner as described above.
Then, each of 3-iodopropionic acid-labeled rhI2S, 3-iodopropionic acid-DNPH-labeled rhI2S and iodoacetamide-labeled
rhI2S was analyzed by reversed phase column chromatography in the same manner as described above. As a result,
it was found that even if 3-iodopropionic acid, instead of iodoacetic acid, was employed for labeling, those peptide
fragments can be identified which contained a formylglycine residue when in the analyte protein; and that the ratio
between cysteine and formylglycine residues in the analyte protein can be determined, semiquantitatively or quantita-
tively, by comparing the area of the peak corresponding to a peptide fragment which contained a cysteine residue when
in the analyte protein with the area of the peak corresponding to a peptide fragment which contained a formylglycine
residue.

[Oximation-labeling]

[0068] Instead of DNPH-labeling, iodoacetic acid-labeled rhI2S was labeled by oximation using O-4-nitrobenzyl hy-
droxylamine. Oximation-labeling was carried out in the following manner. Namely, iodoacetic acid-labeled rhI2S which
had been evaporated to dryness under reduced pressure was dissolved in an O-4-nitrobenzyl hydroxylamine hydro-
chloride solution [prepared by dissolving 1.3 mg of O-4-nitrobenzyl hydroxylamine hydrochloride (Tokyo Kasei Kogyo)
in 1 mL of 50% acetonitrile-0.5% TFA aqueous solution], the resulting solution was left standing for 1 hour at room
temperature, and then evaporated to dryness under reduced pressure. The product thus obtained was designated
iodoacetic acid-oximation-labeled rhI2S
[0069] Iodoacetic acid-labeled rhI2S, iodoacetic acid-oximation-labeled rhI2S and iodoacetamide-labeled rhI2S were
respectively analyzed in the same method as above using reversed phase column chromatography. As a result, it was
found that oximation-labeling using O-4-nitrobenzyl hydroxylamine, instead of DNPH-labeling, also allows identification
of the peptide fragments which contained a formylglycine residue when in the analyte protein; and further that the ratio
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between cysteine and formylglycine residues when in the analyte protein, can be determined, semiquantitatively or
quantitatively, by comparing the area of the peaks corresponding to peptide fragments which contained a cysteine
residue with the area of the peaks corresponding to peptide fragments which contained a formylglycine residue in the
analyte protein.

[INDUSTRIAL APPLICABILITY]

[0070] The present invention enables quantitative or semiquantitative determination of the ratio at which a certain
cysteine residue originally present in sulfatase has been converted into a formylglycine residue. Thus, it provides, for
example, a method for determination of the proportion of enzymatically active part of a sulfatase produced by recombinant
technology, which can be utilized in designing for the optimum manufacturing process of a sulfatase with increased
enzymatic activity, and in quality controlling of the products produced by such a process.

Claims

1. A method of analysis for a formylglycine residue and a cysteine residue in the amino acid residues that makes up
an analyte protein comprising,

(a) a step of converting the protein respectively into

(i) a halogen-substituted carboxylic acid-labeled protein by labeling the protein with a halogen-substituted
carboxylic acid,
(ii) a halogen-substituted carboxylic acid amide-labeled protein by labeling the protein with a halogen-
substituted carboxylic acid amide, and
(iii) a halogen-substituted carboxylic acid-hydrazine-labeled protein or a halogen-substituted carboxylic
acid-oximation-labeled protein by labeling the protein with a halogen-substituted carboxylic acid and then
with hydrazine or by labeling with halogen-substituted carboxylic acid and then by oximation,
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(b) a step of digesting each of the labeled proteins to provide a corresponding mixture of peptide fragments,
(c) a step of subjecting each mixture of peptide fragments to reverse phase chromatography to separate the
peptide fragments from each other while monitoring the separated fragments with absorptiometer, producing
a chromatogram of the mixture of peptide fragments,
(d) a step of comparing the produced chromatograms with each other to identify, on the chromatograms, the
peak corresponding to a peptide fragment which contained a cysteine residue when in the analyte protein and
the peak corresponding to a peptide fragment which contained a formylglycine residue when in the analyte
protein.

2. A method of analysis for a formylglycine residue and a cysteine residue in the amino acid residues that makes us
an analyte protein comprising:

(a) a step of converting the protein respectively into

(i) a halogen-substituted carboxylic acid-labeled protein by labeling the protein with a halogen-substituted
carboxylic acid,
(ii) a halogen-substituted carboxylic acid amide-labeled protein by labeling the protein with a halogen-
substituted carboxylic acid amide, and
(iii) a halogen-substituted carboxylic acid amide-hydrazine-labeled protein or a halogen-substituted car-
boxylic acid amide-oximation-labeled protein by labeling the protein with a halogen-substituted carboxylic
acid amide and then with hydrazine or by labeling the protein with a halogen-substituted carboxylic acid
amide and then by oximation,

(b) a step of digesting each of the labeled proteins to provide a corresponding mixture of peptide fragments,
(c) a step of subjecting each mixture of peptide fragments to reverse phase chromatography to separate the
peptide fragments from each other while monitoring the separated fragments with an absorptiometer to produce
a chromatogram of the mixture of peptide fragments.
(d) a step of comparing the produced chromatograms with each other to identify, on the chromatograms, the
peak corresponding to a peptide fragment which contained a cysteine residue when in the analyte protein and
the peak corresponding to the peptide fragment that contained a formylglycine residue when in the analyte
protein.

3. The method according to claim 1 or 2, wherein the sulfhydryl group of the cysteine residue in the analyte protein is
alkylated with the halogen-substituted carboxylic acid or the halogen-substituted carboxylic acid amide in the labeling
with halogen-substituted carboxylic acid or the labeling with halogen-substituted carboxylic acid amide, respectively.

4. The method according to claim 3, wherein the halogen-substituted carboxylic acid is a halogen-substituted mono-
carboxylic acid represented by the following formula (I),
[Chem. 1]

CmH2mX-COOH (I)

wherein X denotes halogen, and m denotes an integer of 1 to 5,
and the halogen-substituted carboxylic acid amide is a halogen-substituted monocarboxylic acid amide represented
by the following formula (II),
[Chem. 2]

CmH2mX-CONH2 (II)

wherein X denotes halogen, and m denotes an integer of 1 to 5.

5. The method according to claim 4, wherein m is an integer of 1 to 3 in formula (I) and formula (II).

6. The method according to claim 4 or 5, wherein the halogen is chlorine or iodine in formula (I) and formula (II).

7. The method according to claim 3, wherein the halogen-substituted carboxylic acid is an iodo-substituted monocar-
boxylic acid or a chloro-substituted monocarboxylic acid; and the halogen-substituted carboxylic acid amide is an
iodo-substituted monocarboxylic acid amide or a chloro-substituted monocarboxylic acid.
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8. The method according to claim 7, wherein the halogen-substituted monocarboxylic acid is one selected from the
group consisting of iodoacetic acid, 2-iodopropionic acid, 3-iodopropionic acid, and chloroacetic acid, and the hal-
ogen-substituted carboxylic acid amide is one selected from the group consisting of iodoacetamide, 2-iodopropionic
acid amide, 3-iodopropionic acid amide, and chloroacetamide.

9. The method according to claim 7, wherein the halogen-substituted monocarboxylic acid is iodoacetic acid and the
halogen-substituted carboxylic acid amide is iodoacetamide.

10. The method according to claim 7, wherein the halogen-substituted monocarboxylic acid is 3-iodo-propionic acid and
the halogen-substituted carboxylic acid amide is iodoacetamide.

11. The method according to one of claimz 1 to 10, wherein the labeling with hydrazine is performed using a hydrazine
compound or a salt thereof that forms a hydrazone with the carbonyl group of a formylglycine residue.

12. The method according to claim 11, wherein the hydrazine compound or the salt thereof is a 2,4-dinitrophenylhydrazine
or a salt thereof.

13. The method according to one of claim 1 to 10, wherein the labeling by oximation is performed using a hydroxyl
amine compound or a salt thereof that forms an oxime group with the carbonyl group of a formylglycine residue.

14. The method according to claim 13, wherein the hydroxylamine compound or the salt thereof is O-4-nitrobenzyl
hydroxylamine or a salt thereof.

15. The method according to one of claims 1 to 14, further comprising a step for determining, on the chromatogram,
the ratio of the area of the peak corresponding to the peptide fragment that contained a cysteine residue when in
the analyte protein and the area of the peak corresponding to the peptide fragment that contained a formylglycine
residue when in the analyte protein.

16. The method according to one of claims1 to 15, wherein the analyte protein is a human sulfuric ester hydrolase.

17. The method according to claim 16, wherein the sulfuric ester hydrolase is selected from the group consisting of
iduronate-2-sulfatase, N-acetylgalactosamine-4-sulfatase, N-acetylgalactosamine-6-sulfatase, heparan-N-sulfa-
tase, and N-acetyl glucosamine-6-sulphate sulfatase.

18. The method according to claim 17, wherein the sulfuric ester hydrolase is iduronate-2-sulfatase.

19. The method according to one of claims 16 to 18, wherein the cysteine residue is that cysteine residue which must
have been converted into a formylglycine residue in order for the sulfuric ester hydrolase to exhibit its enzymatic
activity, and the formylglycine residue is that formylglycine residue which has been generated by conversion of the
cysteine residue.

20. The method according to claim 19, wherein the sulfuric ester hydrolase is iduronate-2-sulfatase, and the cysteine
residue and the formylglycine residue are those located at position 59 from the N-terminus of the mature iduronate-
2-sulfatase.

21. The method according to claim 20, wherein the iduronate-2-sulfatase is a recombinant iduronate-2-sulfatase.
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