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Abstract
This study analyzed the interaction of commercial monoclonal anti-methylglyoxal antibodies that predominantly recognize
argpyrimidine with unmodified and modified model proteins and small heat shock proteins. These antibodies specifically
recognize methylglyoxal (MG)-modified bovine serum albumin and lysozyme, but they react equally well with both unmodified
and MG-modified HspB1. Mutation R188W decreased the interaction of these antibodies with unmodified HspB1, thus indi-
cating that this residue participates in the formation of antigenic determinant. However, these antibodies did not recognize either
short (ESRAQ) or long (IPVTFESRAQLGGP) peptides with primary structure identical to that at Arg188 of HspB1. Neither of
the peptides obtained after the cleavage of HspB1 at Met or Cys residues were recognized by anti-argpyrimidine antibodies. This
means that unmodified HspB1 contains a discontinuous epitope that includes the sequence around Arg188 and that this epitope is
recognized by anti-argpyrimidine antibodies in unmodified HspB1. Incubation of HspB1 with MG is accompanied by the
accumulation of hydroimidazolones, but not argpyrimidines. Therefore, conclusions based on utilization of anti-argpyrimidine
antibodies and indicating that HspB1 is the predominant and preferential target of MG modification in the cell require revision.
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Introduction

Methylglyoxal (MG) is a natural low-molecular-weight
dicarbonyl compound that is formed both enzymatically and
non-enzymatically during the metabolism of carbohydrates,
certain amino acids, and ketone bodies (Chakraborty et al.
2014; Rabbani and Thornalley 2012). The MG concentration
is strictly regulated by glyoxalases, but in highly glycolytic
proliferating cells (i.e., tumor cells) or in cases of diabetes, its
concentration is increased, and it can modify DNA and certain
proteins combined in the dicarbonyl proteome (Rabbani et al.
2016). Chemical modifications of DNA and proteins by MG
induce changes in their structure and properties and lead to the
development of various diseases (Chakraborty et al. 2014;

Rabbani et al. 2016). Therefore, it is greatly important to iden-
tify the mainMG targets and to analyze the effects induced by
MG modifications.

To analyze the dicarbonyl proteome and to detect proteins
modified by MG, it is desirable to obtain antibodies that rec-
ognize modified proteins. Modification by MG results in the
formation of a number of different products (Rabbani and
Thornalley 2012), and therefore, the production of specific
anti-MG antibodies is a very complicated problem. Upon
searching the available antibodies, we found three types of
monoclonal anti-MG antibodies. Antibodies of 9E7 clone pro-
vided by Biorbyt, Novus Biologicals, StressMarq
Biosciences, and Arigo Biolaboratories are claimed to recog-
nize proteins modified by MG at Arg residues. Antibodies of
the 3D11 clone (Cell Biolabs, Merck) predominantly recog-
nize hydroimidazolones that are formed after arginine modi-
fication by MG. Finally, antibodies of clone 3C provided by
Abcam, the Genox Corporation, JaICA, and AdipoGen Life
Sciences are claimed to predominantly interact with the
argpyrimidine that forms after the modification of arginine
by MG. These antibodies were developed, well characterized,
and have been widely used to analyze MG-modified proteins
(Oya et al. 1999).
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By using this type of antibodies, which we refer to as anti-
argpyrimidine antibodies (AArgPyrAb), Sakamoto et al.
found that the small heat shock protein HspB1 (Hsp27) is
the main target of MG modification in a number of cancer
cells (Sakamoto et al. 2002). It was also found that modifica-
tion byMG led to the formation of argpyrimidine, that Arg188
was the predominant site of modification, and that modifica-
tion by MG was accompanied by an increase of the
antiapoptotic activity of HspB1 (Sakamoto et al. 2002).
AArgPyrAb detected HspB1 modified by MG in glomerular
mesangial cells (Padival et al. 2003). This effect was especial-
ly pronounced in diabetic rats and was accompanied by a
decrease of its affinity to cytochrome c (i.e., a decrease of its
antiapoptotic activity) (Padival et al. 2003).

By using AArgPyrAb, HspB1 (Hsp27) was determined as
the main target of MG modification in endothelial cells
(Schalkwijk et al. 2006) and in human non-small cell lung
cancer (van Heijst et al. 2006). HspB1 was the major
argpyrimidine-containing protein in lens epithelial cells with
brown cataracts, and MG modification increased the
chaperone-like and antiapoptotic activity of HspB1 (Oya-Ito
et al. 2006). HspB1 was revealed as the major MG-modified
and argpyrimidine-containing protein in human hearts, and
diabetes was accompanied by an increase of its modification
and a decrease of its antiapoptotic activity (Gawlowski et al.
2009). Thus, the literature indicates that in different cells and
tissues, HspB1 is the major target of MG modification, al-
though the physiological effect of this modification remains
controversial. Certain publications indicate an MG-induced
increase of antiapoptotic activity (Oya-Ito et al. 2006;
Sakamoto et al. 2002; van Heijst et al. 2006), whereas other
publications indicate a decrease of this activity (Antognelli
et al. 2014; Padival et al. 2003; Wang et al. 2014).

An analysis of the literature data (Gawlowski et al. 2009;
Oya-Ito et al. 2006, 1999; Padival et al. 2003; Sakamoto et al.
2002; Schalkwijk et al. 2006; van Heijst et al. 2006) raises
certain questions. The first concerns why HspB1 is the major
or even the single target of MG modification among many
cellular proteins, and why MG does not modify other small
heat shock proteins that are expressed in large quantities and
very similar to HspB1. The second concerns why and how
MG selectively modifies only one Arg188 of HspB1 in the
cell. The final question concerns why modification by MG is
accompanied by the specific accumulation of only the
argpyrimidine derivative of HspB1 although this is a rather
rare product of MG modification, and these products are usu-
ally predominantly presented in the form of different
hydroimidazolones (Ahmed et al. 2005; Gao and Wang
2006). In order to answer these questions, we analyzed the
interaction of HspB1 and other small heat shock proteins with
MG in vitro. Furthermore, we investigated the interaction of
commercial anti-methylglyoxal antibodies with various MG-
modified proteins.

Materials and methods

Proteins

Recombinant human HspB1, its point mutants associated with
congenital diseases, and human HspB5 (αB-crystallin),
HspB6 (Hsp20), and HspB8 (Hsp22) were purified as de-
scribed previously and stored in buffer B (20 mM
Tris/acetate pH 7.6, containing 10 mM NaCl, 0.1 mM
EDTA, 0.1 mM PMSF and 2 mM DTT) at − 20 °C
(Chalova et al. 2014; Gerasimovich et al. 2017; Muranova
et al. 2015; Nefedova et al. 2015; Weeks et al. 2018). All
proteins were homogeneous according to SDS-gel electropho-
resis (Laemmli 1970).

MG modification

In order to remove DTT and to change the buffer, all
proteins were passed through a NAP column equilibrated
with 10 mM phosphate (pH 7.4) containing 150 mM NaCl
and 0.01% sodium azide. The protein concentration was
determined spectrophotometrically using A280

0.1% values
of 1.775, 0.694, 0.582, and 1.225 for HspB1, HspB5,
HspB6, and HspB8, respectively. All proteins (1.0–
1.5 mg/ml) were incubated with MG at concentrations in
the range of 10 μM–3 mM at 37 °C for 24–48 h. The
reaction was stopped by the addition of excess β-
mercaptoethanol, and if required, the mixture was
desalted on a NAP column. A similar procedure (except
for the addition of β-mercaptoethanol) was used for the
MG modification of bovine serum albumin and chicken
egg lysozyme.

Chemical cleavage of HspB1

CNBr cleavage of HspB1 was performed either in 70%
trifluoroacetic or 70% formic acid at a molar ratio
CNBr/HspB1 of 100/1 for 24 h at 37 °C. HspB1 contains
only two Met residues (Met 1 and Met 169), which means
that CNBr cleavage leads to the formation of large (resi-
dues 2–169) and small (residues 170–205) peptides.
Cleavage at a single Cys137 was performed as follows.
HspB1 (4.5 mg/ml) was incubated in 6 M urea containing
150 mM Tris/acetate pH 8.0 and 1.5 mM EDTA with
0.5 mM DTT for 30 min at 37 °C. An equal volume of
10 mM 5,5′-dithiobis(2-nitrobenzoic acid) dissolved in
urea buffer was added to the protein solution, and the
incubation at 37 °C was continued for another 30 min.
Solid KCN was added up to the final concentration of
50 mM, and the resulting mixture was incubated for
24 h at 37 °C.
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Crosslinking of synthetic peptide to bovine serum
albumin

The peptide IPVTFESRAQLGGP containing C-terminal cys-
teine and corresponding to the sequence restricted by residues
181–194 and containing Arg188 of HspB1 was synthesized
by Peptide 2.0 (USA). This peptide was crosslinked to bovine
s e r um a l b um i n b y s u l f o s u c c i n im i d y l - 4 - ( N -
maleimidomethyl)cyclohexane-1-carboxylate (Pierce) by
using the procedure recommended by the manufacturer.

HeLa cell culture

HeLa cells were obtained from the cell culture collection of
the Institute of Cytology Russian Academy of Sciences, St.
Petersburg. The cells were cultured in Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 1 mM sodium
pyruvate, 10 μg/ml gentamycin, and 10% fetal bovine serum.
The medium was renewed 2 to 3 times per week. The cells
were lysed by sonification in a Branson S250D ultrasonic
disintegrator in lysis buffer at pH 7.4 and containing 20 mM
HEPES, 10 mM NaCl, 1 mM MgCl2, 1 mM EDTA, 1 mM
EGTA, 50 mM NaF, 14 mM mercaptoethanol, and 0.1 mM
PMSF. The protein concentration of lysates was estimated
using a Bradford microassay (Bradford 1976).

Electrophoresis and blotting

Electrophoresis was performed in 12.5–15% polyacrylamide
gel in the presence of SDS (Laemmli 1970). Proteins and
peptides were transferred to nitrocellulose or PVDF mem-
brane in Towbin buffer (Towbin et al. 1979) (25 mM Tris,
193 mM glycine, 10–20% ethanol) in the presence or absence
of 0.1% SDS. The membrane was blocked by TBST buffer
(10 mM Tris/HCl, 150 mM NaCl pH 7.5, 0.1% Tween-20)
containing 5% nonfat dry milk. Afterwards, blots were incu-
bated with primary mouse anti-methylglyoxal antibodies 3C
ab194226 Abcam predominantly interacting with
argpyrimidine or 3D11mouse anti-methylglyoxal monoclonal
antibodies STA-11 (Cell BioLabs), or with 9E7methylglyoxal
antibodies conjugated with HRP orb396689 (Biorbyt). After
washing, the blots were incubated (if needed) with secondary
antimouse antibodies conjugated with horseradish peroxidase
and developed in TBS buffer (50 mM Tris/HCl, pH 7.5) con-
taining 0.06% diaminobenzidine and 0.003% hydrogen
peroxide.

Results

All recombinant proteins used in this investigation were ho-
mogeneous according to SDS-gel electrophoresis. However,
in order to exclude any posttranslational modifications, we

determined the molecular weight of all proteins by means of
mass spectroscopy (MS). According to the MS data, the hu-
man recombinant HspB1 used in this investigation had a mo-
lecular weight of 22,652, which corresponds to the molecular
weight of human HspB1 (22,651.33) lacking the first Met
residue (Fig. 1a). The data indicate that the analyzed protein
does not contain any posttranslational modifications.

When starting our investigation, we analyzed the specific-
ity of AArgPyrAb obtained from Abcam (Fig. 2). As expect-
ed, the antibodies recognized bovine serum albumin (BSA)
and lysozyme modified by MG and did not stain unmodified
proteins (Fig. 2a, b). These antibodies recognized MG-
modified monomers (apparent molecular weight ~ 25 kDa)
and MG-crosslinked dimers (apparent molecular weight ~
50 kDa) of HspB1 (Fig. 2c). However, even unmodified
HspB1 immunoreacted with these antibodies (Fig. 2c). This
unexpected result could be explained if our sample of HspB1
had already been subjected to posttranslational modifications.
However, based on the MS data, we can exclude this
possibility.

Another possible explanation is based on the suggestion
that all small heat shock proteins with a highly homologous
α-crystalline domain are non-specifically detected by
AArgPyrAb. We checked this suggestion by immunostaining
five unmodified human small heat shock proteins with these
antibodies (Fig. 3). Among all proteins analyzed, only unmod-
ified HspB1 was recognized by anti-methylglyoxal antibod-
ies. These data indirectly indicate that the antigenic determi-
nant recognized by these antibodies is located outside of the
conservative α-crystalline domain of HspB1. To check this
suggestion, we analyzed the interaction of AArgPyrAb with
a panel of point mutants of HspB1 associated with Charcot-
Marie-Tooth disease (Fig. 4). All point mutants analyzed ex-
cept for R188W were equally recognized by the antibodies.
The data could indirectly indicate that the antigenic determi-
nant recognized by these antibodies is located near Arg188
and outside of the α-crystalline domain of HspB1.

We tried to find proteins with primary structure identical to
that around Arg188 of HspB1. We found that human and
rabbit tropomyosins TMP-1 contain pentapeptide ESRAQ ex-
actly corresponding to the pentapeptide at Arg188 of HspB1.
We compared the staining of unmodified HspB1, its unmod-
ified R188W mutant, and human and rabbit tropomyosins
with anti-methylglyoxal antibodies (Supplement 1). As ex-
pected, the R188W mutant was poorly immunostained,
whereas neither of the two tropomyosins was recognized by
anti-methylglyoxal antibodies. We supposed that the epitope
recognized by the analyzed antibodies is larger than five res-
idues, and therefore, tropomyosins containing only short pen-
tapeptide ESRAQ identical to that of HspB1 were not stained
by these antibodies. Thus, we synthesized a larger peptide,
IPVTFESRAQLGGP, with primary structure identical to that
at Arg188 of HspB1 and analyzed its antigenic properties.
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This peptide was not recognized by anti-methylglyoxal anti-
bodies in an isolated state or when crosslinked to bovine se-
rum albumin (Supplement 2).

Since we were unable to exclude the possibility that the
antigenic determinant is very large, we decided to obtain very
large fragments of HspB1 and analyze their interaction with
AArgPyrAb. HspB1 contains only one Cys residue Cys137.
Therefore, cleavage at this residue leads to the formation of
two peptides, 2-136 and 137-205.The cleavage at Cys137 was
incomplete, but we detected two expected peptides in SDS
electrophoresis and confirmed their presence by MS (Fig. 5).
Western blotting indicated that only uncleaved HspB1 was
recognized by AArgPyrAb, whereas the N- or the C-
terminal peptides remained unstained (Fig. 5 inset). Similar
results were obtained after CNBr cleavage of HspB1 at Met
residues. In this case, we expected to obtain two peptides

restricted by residues 2-169 and 170-205. Unfortunately, ac-
cording to the MS data, we obtained a mixture of peptides
restricted by residues 2-48, 2-161, 49-205, 162-205, and
170-205 (data not shown), which was due to the non-
specific acid hydrolysis in addition to the two aforementioned
peptides. Neither of these peptides was recognized by
AArgPyrAb. Thus, the data indicate that AArgPyrAb recog-
nizes and interacts with a highly stable discontinuous structur-
al determinant in HspB1.

Argpyrimidine is a rather rare product of MG modification
since the formation of this product requires 2 mol of MG per
mole of arginine. Therefore, we decided to analyze the nature
of the products that accumulate after the incubation of isolated
HspB1 with methylglyoxal. HspB1 (1 mg/ml) was incubated
with 1 mM MG at 37 °C for 24 h. MG modification was
accompanied by an increase of the molecular weight of
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Fig. 1 MALDI mass
spectroscopy of unmodified
human HspB1 (a) and of HspB1
incubated at 37 °C with 1 mM
MG for 24 h (b). Representative
data of two independent
experiments are presented

Fig. 2 Western blotting of bovine serum albumin (a), lysozyme (b), and
HspB1 (c) with anti-argpyrimidine antibodies. Analyzed proteins were
incubated for 24 h in the absence (0 mM) or presence of 1 or 3 mMMG.
Arrows indicate positions of molecular weight standards (in kDa).
Representative data of five experiments are demonstrated

Fig. 3 Western blotting of unmodified HspB1, HspB5, HspB4, HspB6,
and HspB8 with anti-argpyrimidine antibodies. About 100 ng of each
protein was subjected to SDS-gel electrophoresis followed by Western
blotting. Arrows indicate position of molecular weight markers.
Representative results of three experiments are presented

422 M. V. Sudnitsyna, N. B. Gusev



HspB1 from 22,652 up to 23,299 and broadening of the pro-
tein peak (Fig. 1b). Unmodified and modified HspB1 were
subjected to hydrolysis by GluC endopeptidase, and the mass
spectra of the peptides obtained were compared (Fig. 6). Six
peptides containing extra mass of 54 were detected. This extra
mass exactly corresponds to hydroimidazolones that formed
after the reaction of MG with Arg. At the same time, we were
unable to detect any peptide with extra molecular mass of 80
corresponding to the formation of argpyrimidine.

We identified five peptides containing one or two Arg
residues modified by MG (Table 1). The modified Arg

residues were located in either the N-terminal (residues
2–40) or in the beginning of the α-crystalline domain (res-
idues 41–100). We failed to detect modified Arg residues
located in the C-terminal half of HspB1 and converted to
argpyrimidine. The data indicated that incubation even
with a very high concentration (1 mM) of MG was not
accompanied by the accumulation of argpyrimidine in the
structure of HspB1 and that the main modification prod-
ucts were hydroimidazolones.

We tested three types of commercial antibodies that have
been declared to recognize predominantly argpyrimidine
(Abcam), hydroimidazolones (Cell Biolabs), or different
products of MG-modified Arg (Biorbyt) for their ability to
interact with modified and unmodified HspB1, bovine serum
albumin, lysozyme, and HeLa cell lysate. As mentioned, anti-
argpyrimidine antibodies (AArgPyrAb) specifically recog-
nized MG-modified bovine serum albumin and lysozyme
and non-specifically interacted with unmodified HspB1 (Fig.
2). These antibodies detected only one band with electropho-
retic mobility corresponding to HspB1 in HeLa cell lysate
(Fig. 7b). The western blot data (Fig. 7a) indicate that the
Biorbyt anti-MG antibodies did not interact with unmodified
bovine serum albumin, lysozyme, and HspB1 and effectively
stained these proteins modified by MG. Similar results were
obtained with Cell Biolabs antibodies. Again, these antibodies
recognized only MG-modified bovine serum albumin, lyso-
zyme, and HspB1 and did not cross-react with unmodified
proteins (Supplement 3). None of the protein with apparent
molecular weight ~ 25 kDa was detected in total HeLa cell
lysates by these antibodies.

Fig. 5 MALDI mass
spectroscopy of peptide mixture
obtained after cleavage of
unmodified HspB1 at Cys137 and
SDS electrophoresis of this
mixture (stained by Coomassie
Blue) (SDS) and western blotting
of this gel stained by anti-
argpyrimidine antibodies (WB).
Arrows indicate position of
molecular weight markers (in
kDa). The data of two
independent experiments are
presented

Fig. 4 Interaction of anti-argpyrimidine antibodies with unmodified
different point mutants of HspB1. Equal quantities (100 ng) of the wild-
type protein (HspB1 WT) or its point mutants were loaded on the gel
followed by western blotting. The representative results of two
independent experiments are demonstrated
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Discussion

Analysis of dicarbonyl proteome is impossible without using
antibodies that recognize MG-modified proteins. At the same
time, incubation with MG leads to the formation of a large
number of different conjugates, and therefore, it is desirable to
have antibodies that recognize only specific products. Such
highly specific anti-argpyrimidine antibodies were obtained
by Oya et al. (Oya et al. 1999). To our knowledge, these are
the only highly specific antibodies that recognize
argpyrimidine, and therefore, they have been produced com-
mercially and are widely used for the detection of MG-
modified proteins. All investigations dealing with the MG
modification of HspB1 have actually been performed using
these antibodies (Bair 3rd et al. 2010; Gawlowski et al. 2009;
Oya-Ito et al. 2006, 2011; Padival et al. 2003; Sakamoto et al.
2002; Schalkwijk et al. 2006; van Heijst et al. 2006).

To our surprise, we found that these antibodies
(AArgPyrAb) effectively interacted with unmodified HspB1
(Fig. 2). Similar results were reported by Oya-Ito et al. (2011)

(see Fig. 3 of this paper). However, this fact was overlooked.
We tried to localize the epitope detected by these antibodies in
HspB1. By using a panel of point mutants, we found that the
R188W mutant of HspB1 was less effectively stained by
AArgPyrAb than any other mutant or the wild-type protein
(Fig. 4). These data agree with the results of Sakamoto et al.
(Sakamoto et al. 2002), which indicate that the mutation
R188G decreased or completely prevented the interaction of
these antibodies with HspB1. These data indicate that Arg188
is somehow involved in the formation of an epitope recog-
nized by AArgPyrAb.

To our surprise, AArgPyrAb recognized neither tropo-
myosin containing pentapeptide with a primary structure
identical to that at Arg188 of HspB1 nor a longer peptide
containing residues 181-194 of HspB1 (Supplements 1,
2). Moreover, even larger peptides containing residues 2-
136 and 137-205 were not stained by these antibodies
(Fig. 5). Therefore, we have to conclude that these anti-
bodies recognize a stable discontinuous structural epitope
of HspB1.
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Fig. 6 Comparison of MALDI
mass spectra of peptides obtained
after GluC cleavage of HspB1
incubated at 37 °C with 1 mM of
MG for 24 h (a) and peptides
obtained after GluC cleavage of
unmodified HspB1 (b). Extra
molecular weight (Δ54)
corresponds to peptides
containing Arg residues
converted to hydroimidazolones.
The corresponding peptides with
residues numbering are indicated
in frames

Table 1 Composition of HspB1 peptides containing hydroimidazolones formed by modification of Arg by methylglyoxal

Mr exp Mr cal Residues Composition

1127.66 1126.63 31–40 D.QAFGLPRLPE.E

1220.58 1219.57 22–30 D.WYPHSRLFD.Q

1624.84 1623.83 88–100 E.IRHTADRWRVSLD.V

2201.10 2200.12 4–21 E.RRVPFSLLRGPSWDPFRD.W

4967.77 4967.02 41–87 E.EWSQWLGGSSWPGYVRPLPPAAIESPAVAAPAYSRALSRQLSSGVSE.I

Potentially modified Arg residues are marked red
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Amazingly, this structural epitope was recognized by
monoclonal antibodies even after SDS-gel electrophoresis
and blotting. Although this is not very common, there are
several examples of such stable epitopes in the literature. For
instance, four monoclonal antibodies against hepatitis E virus
reacted with a corresponding antigen on western blotting and
also recognized discontinuous epitopes in the protein structure
(Zhou et al. 2007). Similar results were obtained with mono-
clonal antibodies to vaccinia virus B5 protein (Chen et al.
2006) and monoclonal antibodies recognizing receptor-
induced binding sites in Glu-plasminogen (Han et al. 2011).

The utilization of AArgPyrAb was based on assumption
that modification by MG is accompanied by the formation
of argpyrimidine in the structure of HspB1. However, this
assumption is questionable. The formation of argpyrimidine
requires the participation of two molecules of MG for arginine
modification, and therefore, argpyrimidine is accumulated lat-
er than the primary product of MG modification (i.e.,
hydroimidazolone).Moreover, the formation of argpyrimidine
is much rarer than the formation of hydroimidazolones
(Ahmed et al. 2005; Brock et al. 2007; Oya-Ito et al. 2011).
Indeed, according to Oya-Ito et al. (2011), the incubation of
HspB1 with 5 mM of MG results in the modification of 22
Arg residues, among which only two were presented in the
form of argpyrimidine. In our case, the incubation of isolated
HspB1 with 1 mMMGwas accompanied by the formation of
at least nine different hydroimidazolones and not
argpyrimidine.

The intracellular concentration of MG is in the range of 1–
4 μM (Rabbani et al. 2016). Therefore, the specific and ex-
clusive modification of Arg188 of HspB1 with the formation
of argpyrimidine postulated earlier (Sakamoto et al. 2002)
seems to be highly improbable. Indeed, the incubation of

HspB1 with a very high concentration of MG (1 mM) was
accompanied by the accumulation of only hydroimidazolones,
which were detected in only the N-terminal half of the HspB1
molecule (Fig. 6; Table 1). Under the conditions used, we
were unable to detect any argpyrimidine in the HspB1 struc-
ture. Therefore, the utilization of AArgPyrAb predominantly
interacting with argpyrimidine for the investigation of MG-
induced modification of HspB1 seems to be very
questionable.

The interaction of MG with proteins leads to the for-
mation of a number of different products (Rabbani and
Thornalley 2012). Therefore, it is impossible to obtain
monoclonal anti-MG antibodies that effectively recognize
all products of MG modification. In any case, these anti-
bodies will preferentially interact with concrete products
and will not recognize other products of MG modifica-
tion. We compared three types of commercially available
anti-MG antibodies. The anti-argpyrimidine antibodies
developed in laboratory of Dr. Uchida (Oya et al. 1999)
and provided by Abcam are widely used in HspB1 inves-
tigations and cross-react with unmodified HspB1. These
antibodies detected only one protein band in HeLa cell
lysates (Fig. 7b). This is the reason why HspB1 was pos-
tulated to be the major target of MG modification. The
antibodies provided by Biorbyt preferentially interact with
MG-modified Arg residues, and the antibodies provided
by Ce l l B i o l a b s p r e f e r e n t i a l l y i n t e r a c t w i t h
hydroimidazolones. These antibodies recognized only
MG-modified HspB1 and failed to stain any protein bands
in HeLa cell lysates (Fig. 7a, Supplement 3). Summing
up, we conclude that HspB1 cannot be considered to be
the major target of MG modification and that earlier pub-
lished data concerning this problem require revision.

Fig. 7 Western blotting of HspB1, model protein substrates, and HeLa
cell lysates. aWestern blotting of unmodified (0 mM) and MG-modified
(1 or 3 mM of MG) model proteins (bovine serum albumin (BSA) and
lysozyme), HspB1, and HeLa cell lysates stained by Biorbyt anti-
methylglyoxal antibodies (HRP). b Western blotting of unmodified

HspB1 and HeLa cell lysates stained by anti-argpyrimidine antibodies
of Abcam. About 500 ng of individual protein or 100 μg of total
protein lysate was loaded on the gel. Representative results of three
independent experiments are presented
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