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Abstract: Methylglyoxal is a highly reactive a-oxoaldehyde with elevated pro-
duction in hyperglycemia. It reacts with nucleophilic Lys and Arg side-chains
and N-terminal amino groups causing protein modification. In the present stu-
dy, the importance of the reaction of the Cys thiol group with methylglyoxal in
protein modification, the competitiveness of this reaction with those of amino
and guanidine groups, the time course of these reactions and their role and
contribution to protein cross-linking were investigated. Human and bovine se-
rum albumins were used as model systems. It was found that despite the very
low levels of thiol groups on the surface of the examined protein molecules
(approx. 80 times lower than those of amino and guanidino groups), a very
high percentage of it reacts (25-85 %). The amount of reacted thiol groups and
the rate of the reaction, the time for the reaction to reach equilibrium, the
formation of a stable product and the contribution of thiol groups to protein
cross-linking depend on the methylglyoxal concentration. The product formed
in the reaction of thiol and an insufficient quantity of methylglyoxal (compared
to the concentrations of the groups accessible for modification) participatesto a
significant extent (4 %) to protein cross-linking. Metformin applied in equimo-
lar concentration with methylglyoxa prevents its reaction with amino and
guanidino groups but, however, not with thiol groups.

Keywords. methylglyoxal; protein thiol group reaction; protein modification
and cross-linking; AGEs.

INTRODUCTION

Advanced glycation end products (AGEs) are elevated in diabetes and are
involved in the pathogenesis of its vascular complications, 16 as well as in other
pathological states. They are formed in the reaction of carbonyl-containing mate-
rials with N-terminal and Lys side-chain amino groups, the guanidino group of
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868 ACIMOVIC, STANIMIROVIC and MANDIC

Arg, the sulfhydryl group of Cys in proteins, and through a series of reactions
and rearrangement.” Some of the final products of these reactions are the well-
-characterized conjugates (N-(carboxymethyl)lysine, N-(carboxyethyl)lysine, N-(car-
boxymethyl)arginine, S-(carboxymethyl)cysteine, S-(carboxyethyl)cysteine and
pentosidine), which are used as markersin clinical practice.

Methylglyoxa (MG) is an a-oxoadehyde which is formed in cells primarily
from triose phosphate intermediates of glycolysis, dihydroxyacetone phosphate
and glyceraldehydes-3-phosphate.8 It is accumulated in hyperglycemia, 910 oxi-
dative stress, uremia,11 in the aging process and inflammation. As a highly reac-
tive compound (a-dicarbonyl compounds are 20,000-fold more reactive than glu-
cose in glycation reactionsl?), it participates in the modification of proteins!3 and
DNA24 and leads to the formation of AGEs. Molecules modified with methyl-
glyoxa and their derivatives can affect cellular functionality via gene expres-
sion,15 lead to micro- and macro-vascular complications in diabetes,16 contribute
to upregulation of inflammatory and tissue-injury-provoking molecules (interact-
tion of AGEs and receptor RAGE), protein cross-linking and apoptosis.1”

Amino, guanidinel® and thiol groups!3 present on protein surfaces partici-
pate in protein modification with methylglyoxal. The products formed in the first
phase of the reaction change in a series of subsequent reactions.18 The thiol
group is a strong nucleophile, at physiological pH values stronger than the amino
and guanidine groups of Lys and Arg side chains. Y et, the role of thiol group in
protein modification with MG has not been sufficiently investigated. The propo-
sed mechanism of reaction of thiol with glyoxal1® or MG13 proved the formation
of carboxymethylcysteinel®21 and carboxyethylcysteine. These products were
proposed for use as markers in pathological states'® and attempts were made for
their quantification.22 The research on Cys side-chain modifications of thiol-de-
pendent enzymes glyceraldehyde-3-phosphate dehydrogenase?3 and creatine ki-
nasel® with MG showed their inactivation during incubation. The formation of
protein aggregates was observed in the treatment of albumin with MG.18 The role
of amino and thiol groups in cross-linking via reactive compounds, such as glu-
taraldehyde,24 4-hydroxynonenal?® and acrolein?6 was stressed. The potential
importance of SH and MG reaction in protein cross-linking has only been re-
ported by Zeng and Davies.2’” They proposed that the product of the initial re-
action between athiol group and MG can be atarget for the next reaction with an
amino group or, vice versa, the initial product of a reaction between an amino
group and MG can be a target for an SH group. Since the presence and avail-
ability of thiol groups on the protein surface is marginal compared to amino
groups, the question is: what is the importance and contribution of the initia
reaction between SH and MG to cross-linking? What are the target proteins for
this reaction and what is the physiological role of the formed adducts?
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Therefore, in this study, the time progression of the reaction of protein thiol
groups (as well as of amino and guanidino groups) with methylglyoxal, detection
of protein modifications, the role and contribution of the initial reaction between
thiol and MG, i.e, the product of that reaction, as a target for protein cross-
-linking were examined. Also, the effects of inhibitors on the above-mentioned
reactions, especially during low-dose long-term exposition of albumin to MG, were
analyzed. Human (HSA) and bovine serum (BSA) albumins were chosen as mo-
del-systems by virtue of the considerably lower thiol group content on the mole-
cule surface compared to amino (and guanidino) group and because of their
abundance and reported antioxidant properties.

EXPERIMENTAL
Materials

All chemicals were purchased from Sigma, Steinheim, Germany, unless otherwise stated.
The 20 % solution of HSA was purchased from Octapharma AB, Stockholm, Sweden; thymol,
3,3",5',5"-tetrabromo-m-cresol sulphonephthalein (BCG), hydroguinone and bromine were
from Merck, Darmstadt, Germany.

Preparation of glycated samples

HSA or BSA solutions (33 mg/mL, i.e., 0.50 mM) were prepared in 0.10 M phosphate
buffer (pH 7.2) under sterile conditions (sterile zone) and incubated in capped vias at 37 °C
with different concentrations of MG as follows: BSA with 50 mM MG for 168 h; HSA with
100 mM MG for 24 h; HSA with 10 mM MG for 24 days. All solutions were sterile-filtered
prior to incubation. For the investigations of the inhibition of the reactions, glutathione (GSH)
and metformin (10 and 20 mM) were used.

Monitoring of changes of HSA and BSA molecules during incubation with MG

Aliquots of the reaction mixtures were taken at predetermined intervals during incubition
and subseguently extensively dialyzed against deionized water (3 times within an hour). The
albumin concentrations after dialysis were assayed by the BCG method.28 Protein changes du-
ring incubation with different methylglyoxal concentrations were monitored using native and
SDS PAGE. In brief, to 5.0 mL of 0.04 mM BCG in 0.10 M Gly buffer (pH 3.8), 0.02 mL of
sample was added. The absorbance at 628 nm was measured against the reagent after 30 s.

Protein changes during the incubation with different MG concentrations were monitored
using native and SDS PAG (10 % of acrylamide) electrophoresis according to protocol of Ho-
effer scientific instruments.2® 7 pL of protein samples (0.05-0.15 mg/mL) were applied. Gels
were stained by Coomassie Brilliant Blue G-250 (CBB).

In each aliquot, the contents of the reactive groups were determined in triplicate.
Thiol assays

Free thiol groups were assayed spectrophotometrically according to a modified Ellman
method.30 5,5' -Dithiobis(2-nitrobenzoic acid) reagent (100 uL of 2.0 mM solution) was mixed
with 10 pL—100 pL of the sample, 100 pL of 1.0 M Tris buffer (pH 8.0) and filled up with
water to 1300 pL. To avoid interferences of the browning state of modified albumin, the ab-
sorbance was measured at 412 nm against a sample blank, using a Beckman DU 50 spectro-
photometer. In addition, dilution of samples (13—130 times) contributed to the minimization of
the influences. Standard solutions of 2-mercaptoethanol (0.143-1.43 mM) were used for the
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construction of a standard curve (y = 0.01013 + 0.7225x; r = 0.9999, p < 0.0001). The SH
group concentration was also calculated using the extinction coefficient 13600 mol 2 dm® e,

As commercially available albumin preparations aready contain oxidized Cys34,31
the content of free thiol group was determined in untreated BSA/HSA (0.73/0.76 mole
per mole of protein, respectively). The amounts of reacted thiol groups were expressed as
percentages of these contents.
Guanidine assay

A spectrophotometric method32 was used for the determination of guanidino groups.
To 1.0 mL 0.020 % thymol in 1.0 M NaOH, 10 pL—100 pL sample and 100 uL 2.0 % Br,
in 5.0 % NaOH were added and the mixture was filled up with water to 2.1 mL. The ab-
sorbance at 470 nm was measured against a reagent blank. A standard curve was prepa
red with standard arginine solutions in the concentration range 0.125-1.25 mM (standard
curve: y = —0.01407 + 0.30933x, r = 0.9992, p < 0.0001).
Determination of amino groups

The spectrophotometric determination of amino groups was performed as follows:32 100
uL sample, 100 puL 1.0 M phosphate buffer (pH 7.2), and 40 puL 0.10 M p-benzoquinonein di-
methy! sulfoxide were mixed and water was added to a volume of 1500 pL. The absorbance at
480 nm was measured against reagent blank. A standard curve was constructed with aaninein
the concentration range from 10-90 mM (y = 0.03225 + 0.00695x, r = 0.9966, p < 0.0001).
Satistical analysis

Data are expressed as the meantstandard deviation (SD) from a minimum of three expe-
riments. Statistical analysis was performed by the Student’ st-test.

RESULTS AND DISCUSSION

BSA and HSA were used as model systems to investigate the role of thiol
groups in the modification and cross-linking of protein molecules via methyl-
glyoxal. These proteins were chosen due to the fact that the number of amino
acid side-chains is known, i.e., the number of reactive groups on the protein sur-
face that MG can react with,18:34 and the number of thiol groups (only one) is con-
siderably lower compared to the number of Lys (59) and Arg (24) side-chains.
Considering the higher reactivity of the SH-group compared to the amino and
guanidine groups at physiological pH vaues and the substantially lower avai-
lability for reaction, it was of interest to investigate the importance of this reac-
tion for protein modification at different MG concentrations. On the other hand,
the abundance of HSA in the serum may point to its additiona role in carbonyl
stress.

Modification of BSA in reaction with methylglyoxal

A reaction mixture of BSA (0.50 mM) and methylglyoxal (50 mM) in 0.10
M phosphate buffer (pH 7.2) was incubated for 7 days at 37 °C. A considerably
higher concentration of MG than the physiological one (free MG in plasmais<5
M35 with > 90 % MG bound to proteins!3) was used in order to monitor and
compare the reaction rates of each group (thiol, amino and guanidino) accessible
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for modification. In addition, the employed MG concentration was higher (by 19
%) than the sum of reactive groups per mole of BSA surface of the protein mole-
cule. BSA modification was monitored over time by native and SDS PAGE
(Figs. 1A and 1B, respectively).

A considerable change in the mobility of BSA during native electrophoresis,
i.e., adecrease in the positive charge of the protein, was observed after 2 and 4 h
of incubation (Fig. 1A, lanes 2 and 4, respectively). The mobility of the protein
band increased with incubation time. A broadening and higher diffuseness of the
protein bands during native and SDS PAGE was detected as early as after 46 h
of incubation, which continued as the incubation proceeded further. These bands
tailed to higher molecular mass valuesin the period from 1 to 7 days of incubation.

A B
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LR
+

¢c 0305 1 ¢ 2 4 6 8 24 48 0305 1 ¢ 2 4 ¢ 6 8 24 48

Fig. 1. Native (A) and SDS-PAGE (B) showing the changes of BSA e ectrophoretic mobility
resulting from reaction with methylglyoxal. BSA (0.50 mM) was treated with 50 mM MG in
0.10 M phosphate buffer (pH 7.2) at 37 °C for 7 days. Lane ¢ shows nontreated BSA. The
marks of other lines correspond to time of incubation (h) of BSA with MG. The
electrophoresis was performed on 10 % polyacrylamide gels and the bands
were visualized by CBB, as detailed in the Experimental.

Comparison of the reactivity of the thiol, amino and guanidine groups of the BSA
amino acid side chains with methylglyoxal

In order to determine the role and contribution of the thiol groups and to
compare them with the contributions of the amino and guanidino groups to the
changes in BSA as observed in the electrophoregrams, the progress of reactions
of these groups with MG was monitored by their quantification in aiquots of the
reaction mixture during incubation (Fig. 2).

The changes in the amounts, i.e., the percentages, of reacted guanidino and
thiol groups in the reaction mixture after 7 days were very similar. After 24-hour
incubation, 66 % of the arginine side chains, 53 % of the thiol groups and only 21 %
of the amino groups had reacted. In the following two days of incubation, the
percentage of the reacted guanidino groups rose to 81 % and of thiol to 77 %, at
which levels they remained until the end of incubation (7 days). The content of
amino groups changed moderately from the first to the seventh day of incubation
(24.8+£2.4 %).
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It is of interest to compare the changes in the contents of the reactive groups
during the first 8 h of reaction, the period when modification of the protein mo-
lecules was detected by electrophoresis. The amount of guanidino groups de-
creased by 26 % in the first 2 h of incubation and had decreased by 37 % after 4
h. In the same time period, the amount of thiol groups decreased by 20 and 30 %,
respectively. After 8 h, under the employed incubation conditions, only about 8 %
of amino groups had reacted.

The contribution of the reaction of individual reactive groups to the changes
of the BSA molecules observed by electrophoresis can be better redlized if the
percentages of the reactive groups are converted to the corresponding number of
amino acid side-chains (mole) reacted per molecule (mole) of BSA (Table ).
After a three-day incubation (the equilibrium state), the total content of amino
acid side-chains reacted per BSA molecule was 36 (43.1 %).The contribution of
MG reaction with guanidino groups to the decrease of the positive charge of BSA
was higher compared to the contribution of the amino groups. The percentage of
modified thiol groups to the total content of modified amino acid residues (1.55 %)
was almost two times higher than that in untreated BSA (0.87 %). Modification
of the SH groups can contribute to a broadening of protein bands in electropho-
resis. The increased broadening of the protein bands with time reflects the pro-
duction of multiple modified forms of the protein (modification with different
numbers of MG molecules and different sites).

Some previous studies3® showed that a decrease in the free thiol content in
BSA could be the result of an oxidation process rather than of the glycation pro-
cess with MG. For this reason, the potential oxidation of thiol group in BSA due
to influence of temperature (37 °C) and the presence of oxygen in the solutions
was followed by determining of the —SH content in untreated albumin (control).
During the incubation, the content of —SH groups changed insignificantly. After
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168 h, it had decreased by only 8 %. Since in the first hours of BSA incubation
with MG, the registered decrease of free SH groups was by 20-30 % (Table I),
thisis mainly the result of the glycation reaction. According to the proposed me-
chanism, 13 thiochemiacetal is formed in the reaction of SH group and MG, which
is converted by a Cannizzaro-type rearrangement into (1-carboxyethyl)cysteine
or participates in the cross-linking of protein molecules.2”

TABLE |. Content of reacted amino acid side-chains. BSA (0.50 mM) was treated with 50
mM MG in 0.10 M phosphate buffer (pH 7.2) at 37 °C for various time periods

Reacted groups (mol/mol of BSA)

— "
Incubation time, h Thiol Amino Guanidno  Tod  »

2 014940010 0662012  629:015 710 _ 850
4 0220:0012  325:015  8.91+039 1236 148
8 0247+0001  472¢032  964:015 1577 189
24 03900007 1250+115 1593:015 2891 345
48 0468+0.011  1396:092 1586:1.08 3029 362
72 0564+0014  1598+1.15 1951+0.77 3605 431
168 067740009  1636+1.01 2025:0.77  37.28 445

*Total reacted groups as the percent of the total number of available groups
Inhibition of methylglyoxal-induced modifications of BSA by GSH and metformin

The experiment of BSA (0.50 mM) incubation with MG (50 mM) was also
performed in the presence of glutathione (GSH) and metformin as inhibitors of
MG reaction with amino acid side chains. The experiments were performed
separately; the concentration of the inhibitors was 20 mM (2.5 times lower com-
pared to the MG concentration). The results of monitoring BSA modification by
native and SDS electrophoresis in the presence of GSH and metformin are shown
inFig. 3.

Changes in BSA mobility in native electrophoresis were observed in the pre-
sence of both inhibitors (Fig. 3A) but to a smaller extent in the presence of met-
formin (lanes 3, 6, and 9). Relative electrophoretic migration (REM) was deter-
mined by calculating the ratio of migration of modified BSA with nontreated al-
bumin (Table I). Significant decreases in REM were found for BSA modified in
presence of metformin compared to BSA-MG and BSA-MG + GSH after four (p <
< 0.01 for both) and eight (p < 0.001; p < 0.05, resp.) hours of incubation. These
results are consiste3(17‘[3\évith the findings which underlined metformin as potent
glycation inhibitor.” ™ On the other hand, in the presence of GSH, significant
decrease of REM (p < 0.001 vs. BSA-MG) was found only after eight hours of
incubation. Thus, positive charge of BSA molecules in presence of metformin is
higher than in presence of GSH. A broadening of MG modified BSA (BSA-MG)
bands in SDS PAGE was also found in the presence of both inhibitors after only
4 hours of incubation (Fig. 3B), but to a smaller extent in the presence of GSH
(lanes 2, 5, 8) compared to the system with metformin (lanes 3, 6, 9) and without
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inhibitor (lanes 1, 4, 7) for the same period of time. These findings confirm the
importance of —SH reaction with MG in protein modification as well as the role
of compounds that contain reactive thiol group as competitive inhibitor of gly-
cation. The obtained results are in agreement with the established depletion of se-
rum thiol levels and erythrocytic GSH in diabetics compared to healthy indivi-
duals.39.40

A
= po Fig. 3. Native (A) and SDS
- ) )

- ® - s » » -PAGE (B) showing the chan_ges

of BSA (0.50 mM) resulting

v from the reaction with MG (50
1 . g 4 4 . . 5 mM) in the presence (20 mM)
time of e i ~ and absence of GSH and met-
incubation — g5h ’ 4h i sh ~  formin. The incubation was per-
B : formed in 0.10 M phosphate buf-

fer (pH 7.2) at 37 °C for 7 days.
The marks of the lanes: lane ¢ —
— untreated BSA; lanes 1, 4 and
7 — BSA+MG; lanes 2, 5 and
8 — BSA+MG+GSH; lanes 3, 6
& i - and 9 — BSA+MG+metformin.
The electrophoresis was perfor-
med on 10 % polyacrylamide gels

¢ . 2 3 4 5 6 ¢ T 8 9 gid the bands were visualized
time of i i i
with CBB, as detailed in the Ex-
5 i} 1 I | —— ’
incubation” 4 5 4h 8h perimental.

TABLE I1. Relative electrophoretic migrations (REM) of BSA modified with MG (BSA-MG)
and in the presence of inhibitors (BSA-MG + GSH; BSA-MG + metformin). Data of REM are
presented as mean+SD (n = 3) and statistical analyses were performed using the t-test

Time, h REM
' BSA-MG BSA-MG + GSH BSA-MG + metformin
0.5 1.044+0.007 1.055+0.027 1.043+0.008
4 1.222+0.007 1.220+0.008 1.186+0.009%
8 1.347+0.011 1.259+0.013° 1.222+0.012%°

ap < 0.01 compared with BSA-MG and BSA-MG + GSH; b’Cp < 0.001, compared with BSA-MG; 0'p < 0.05,
compared with BSA-MG + GSH

HSA modification in the reaction with methylglyoxal

The investigation of BSA modification with a small excess (19 %) of MG
compared to the total amount of reactive groups (8418) showed a significant re-
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duction in the content of thiol groups and did not give cross-linking of the protein
molecules. The obtained results were the basis for design of the experiments (re-
garding the MG concentration and duration of incubation) for the examination of
HSA changes with MG. In order to determine the dependence of modification of
the amino acids of the protein side chains on the MG concentration, HSA was in-
cubated in the presence of an excess or shortage of MG compared to the total
amount of reactive groups on the protein surface.

First, HSA (0.50 mM) was incubated with MG at a concentration (100 mM),
considerably higher than the physiological concentration3® and higher than the
total amount of reactive groups on the protein surface!8. The reaction mixture in
0.10 M phosphate buffer pH 7.2 was incubated at 37 °C for 24 h because after
this time, intensive modification of protein molecules was detected in the expe-
riment with BSA. The progress of MG reaction with thiol, amino and guanidino
group of HSA was monitored by measuring levels of these groups in aliquots of
the reaction mixture with time.

The reaction rate of the guanidine group was the highest: 48 % of available
groups reacted during the first 30 min of the reaction, after which it remained un-
changed (48.6+3.9 %) during the next 10 h of reaction. In the first 30 min, only
20 % of the available amino groups had reacted and after 4 h the percentage had
doubled, after which time there was a gradual increase (to 49 %) after up to 10 h
of incubation. The data for the progress of SH-group reaction indicates that 30 %
of the groups had reacted after 30 min, 55 % after 2 h and 65 % after 10 h. At the
end of the incubation period (24 h), approx. 70 % of the amino and guanidine
groups and 85 % of the SH-groups had reacted.

HSA modification under these conditions was also monitored by native and
SDS PAGE (Fig. 4). Changesin the charge of HSA were detected by native elec-
trophoresis after 15 min of incubation (Fig. 4A). During 24 h of incubation, the
positive charge of HSA continually declined. The changes in the charge of the
HSA molecules are consistent with the change in the amounts of reacted
guanidino and amino groups per HSA molecule (Table I11). They were the most
pronounced during the first two hours of incubation (maximum percentage of
guanidino and a significant percentage of amino groups had reacted). The
contribution of MG reaction with the amino groups to the change of the HSA
charge increased with time.

SDS PAGE anadysis (Fig. 4B) of MG modified HSA (MG-HSA) showed
marked changes from unmodified HSA: there was a broadening of the peak of
molecular mass 66 kDa corresponding to MG-HSA monomers. This band tailed
to higher molecular mass values (extending to 90 kDa) after a very short time of
incubation (about 30 min) and became more intensive with time. Also, the pre-
sence of dimers (of molecular mass ca. 130 kDa) and oligomers was found.
These findings indicate intensive fragmentation and cross-linking of fragments (a
broad band ranging between molecular masses 48-90 kDa), aswell asHSA cross-
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Fig. 4. Native (A) and SDS-PAGE (B) showing the changes in the mobility of HSA resulting
from the reaction with MG. HSA (0.50 mM) was treated with 100 MM MG in 0.10 M phos-
phate buffer (pH 7.2) at 37 °C for 24 h. Lane c shows untreated HSA. The marks of other
lanes correspond to the time incubation (h) of BSA with MG. Lane m — high-molecular
mass standards (34, 48, 86 and 120 kDa). The electrophoresis was performed on 10 % poly-
acrylamide gels and the bands were visualized with CBB, as detailed in the Experimental.

-linking under the employed incubation conditions during this period of time.
Taking into account that:

— the percentage of reacted guanidino groups was the highest during the first
30 min and did not change during further incubation,

— oligomers were easily detected during SDS-PAGE after two hours of incu-
bation, during which time the amount of reacted amino and SH-groups increased
(TableI11) and

— the cross-linking of proteins increased with time (and the amounts of free
amino and SH-groups decreased),
it can be concluded that lysine and cysteine residues play a more important role
in the cross-linking of protein molecul es than those of arginine.

Lysine side chains participate in HSA cross-linking via MG-SH (hemithio-
acetal) or MG-NH» products formed during the first step, which is consistent
with an earlier proposal.2” The obtained results are also in agreement with the
proposed mechanism of MG reaction with the guanidino group,13 in which the
product of the first step participates in an intramolecular reaction with the guani-
dino residues of arginine, forming an imidazolone derivative, thus preventing any
further linking.
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TABLE I1l. Content of reacted amino acid side-chains. HSA (0.50 mM) was treated with 100
mM MG in 0.10 M phosphate buffer (pH 7.2) at 37 °C for various time periods

Reacted group (mol/mol of HSA)

. . 0, a
Incubation time, h Thiol Amino Guanidino Total &
0.5 0.222+0.009 11.80+0.52 11.52+0.35 23.54 28.10
2 0.413+0.009 18.90+0.38  10.15+0.17 29.46 35.17
4 0.417+0.004 24.06+0.61  11.80+0.52 36.27 43.31
8 0.459+0.013 25.28+0.52  10.96+0.43 36.70 43.81
10 0.495+0.006 28.91+0.46  11.93+0.40 41.34 49.35
24 0.647+0.004 40.71+0.48 16.8+0.33 58.16 69.43

“total reacted groups as the percent of the total number of available groups

Comparison of results obtained for modified BSA and HSA (Tables | and I11)
indicate that the total amount of reacted amino acid side-chains per mole of HSA,
after 24 h of incubation, was two times higher than per mole of BSA (58.16 vs.
28.91). It could be said that this result conforms to the fact that the concentration
of MGO in reaction mixtures with HSA was two times higher. During the entire
incubation period, the amounts of reacted —SH groups were also approximately
two times higher in HSA compared to BSA. The amounts of reacted Arg residues
in HSA and BSA were similar after 8 and 24 h of incubation. However, it is noti-
ceable that during the entire incubation period, the contribution of the reaction of
MG with amino groups to the modification of HSA was severa times higher
compared to BSA. Changes in the content of amino groups brought about differ-
ences in electrophorisograms of the modified HSA compared to those obtained
for BSA.

The HSA modifications and the contributions of the amino acid side chains
to the changes described above result from HSA incubation with an amount of
MG (200 mmol/mol HSA) that was considerably higher than the sum of the avai-
lable groups (8418). However, it was important not only to determine the role,
contributions and reactivity of each type of group (—-SH, amino and guanidino) in
protein modification when the amount of MG was lower than the sum of the
available groups, but also to monitor changes over a longer period of time. There-
fore, HSA (0.50 mM) was incubated with 10 mM MG in 0.10 mM phosphate
buffer (pH 7.2) at 37 °C for 24 days. The chosen MG concentration was 10 times
lower than the concentration used in the previous HSA incubation experiment
and approx. 4 times lower than the sum of amino, guanidino and SH-groups on
the surface of the protein molecule.

The changes in the amount (mol) of the thiol, amino and guanidino groups
per mole of HSA during 24 days are shown in Table IV. In the case of MG re-
action with guanidino and amino group, equilibrium was achieved after one day
of incubation, with approx. 50 % (47.2+3.8 %) of the guanidino and 35 % of the
amino groups reacted. Also, HSA mobility during native electrophoresis changed
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considerably after the first day of incubation (Fig. 5A, lane 1), and changed
dightly in the following days (lanes 2-8); differences between REM values ob-
tained for those bands are not significant). Due to the high reaction rate of MG
with the guanidino group, the percentages of Arg residues reacted during 24 h
both in the case of insufficient and excess amount of MG were very high (50 and
70 %, respectively, Table V). Thisindicates asimilar contribution of this reaction
to the change in the HSA charge at different MG concentrations. The difference
in the percentage of reacted amino groups at both shortage and excess of MG was
more significant (35 and 69 %, respectively). Y et, the contribution of the reaction
of the amino groups to the change of the HSA charge even at insufficient amount
of MG was very high. After 24 h of incubation, 20.7 mol of Lys residues per
mole of HSA had reacted (Table 1V), which makes approx. 63 % of the total
number of modified amino acid residues.

TABLE IV. Content of reacted amino acid side-chains. HSA (0.50 mM) was treated with 10
mM MG in 0.10 M phosphate buffer (pH 7.2) at 37 °C for 24 days

Reacted group (mol/mol of HSA)
Thiol Amino Guanidino Total

Incubation time, days %?

1 0.198+0.009 20.75+0.70  11.97+0.08 32.92 39.3
3 0.430+0.006  20.39+0.83  10.40+0.23 31.22 37.3
5 0.494+0.003 23.69+0.96  11.51+0.39 35.69 42.6
7 0.528+0.012 24.08+1.11  12.22+0.23 36.83 44.0
9 0.509+0.015 28.70+0.42  13.20+0.08 42.40 50.6
15 0.514+0.010 27.45+0.14  10.85+0.23 38.81 46.3
24 0.550+0.008 29.13+0.36  10.51+0.20 40.19 48.0

“total reacted groups as the percent of the total number of available groups

The broadening of the HSA bands in SDS PAGE with tails to higher mole-
cular mass values (Fig. 5B, lanes 3 and 5, obtained after 3 and 5 days of incuba
tion) points to cross-linking of the protein molecules even with an insufficient
amount of MG. The high content of reacted amino groups (compared to the MG
concentration, 20 mM) as early as after 24 h of incubation points to their rolein
the cross-linking. Over a longer incubation period (from 9-24 days), fragmenta-
tion aso emerges (the occurrence of bands with lower molecular mass values,
lanes 9 and 24, Fig. 5B). Zeng and Davies?’ suggested that the initial addition of
the thiol to the dicarbonyl compound and subsequent reaction with an amine can
lead to cross-link formation. It could be asked what is the contribution of the SH-
-groups in the formation of aggregates under conditions of an insufficient amount
of MG, since the number of SH-groups on the surface of the HSA molecule is
negligible compared to the number of amino and guanidino groups (1:59:24).18
After the first day of HSA incubation with 10 mM MG, 26 % of the SH-groups
had reacted (0.198 mol/mol HSA), 51 % after the second day (0.388 mol/mol
HSA) and equilibrium was achieved after 5 days when 65 % of the groups had
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reacted (0.494 mol per mole HSA) (Table IIl1). During this period, bands with
expressed tailing to higher molecular mass values were obtained during SDS
PAGE. In addition, a slight increase of reacted amino groups was found (from 35
to 40 %), which indicates the possibility of reaction with the hemithioacetal and
the role of SH-group in protein modification and cross-linking. Taking into ac-
count the MG concentration (10 mM) in reaction mixture, the HSA concentration
(0.50 mM), the number of reactive groups on the protein surface, the amount of
reacted amino (40 %) and guanidino (50 %) groups, it can be concluded that 8.0
mM amino groups participated in cross-linking after 5 days of incubation under
these conditions. Based on the amount of reacted SH-groups (65 %), i.e., hemithio-
acetals formed during 5 days of incubation, it could be concluded that approx. 4 %
of the cross-linking of the protein molecules was a consequence of hemithioace-
tal reaction with an amino group. This percentage is not negligible taking into
account the extremely low distribution of SH-groups on the protein surface com-
pared to amino and guanidino groups.

A

¢ 1 2 ¢ 1i 2i|¢ 3 4 ¢ 4i 5i|lc 6 7 8 7 8i

A A N A A A AL N AL - e

c 3 5 3 | e 81 9 13 15 9 | ¢ 17 19 24 21i 24i 24

Fig. 5. Native (A) and SDS-PAGE (B) showing the changes of the mobility of HSA (0.50
mM) resulting from the reaction with methylglyoxal (10 mM). The incubation was performed
in 0.10 M phosphate buffer (pH 7.2) at 37 °C for 24 days, with (10 mM) and without
metformin. Lane ¢ shows HSA without metformin and lanes 2—24 with MG. The number
of the lane corresponds to the number of incubation days. The label i beside the lane
number shows that the incubation was performed in the presence of metformin. The
electrophoresis was performed on 10 % polyacrylamide gels and the bands
were visualized with CBB, as detailed in the Experimental.
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880 ACIMOVIC, STANIMIROVIC and MANDIC

TABLE V. Dependence of the levels of reacted thiol, amino and guanidino groups of HSA
(%) on the MG concentration and incubation time. The concentration of HSA was 0.50 mM

MG concentration, mM
100 | 10

Group Incubation time

30 min 2h 10h 1 day 1 day 2days 5days
Thiol 30 55 65 85 26 51 65
Amino 20 34 49 69 35 35 40
Guanidino 48 No change 70 50 No change

The modification of albumin through glycation and the subsequent formation
of AGEs have been shown to contribute to vascular complications in patients
with diabetes. Some studies have focused on the changes of its antioxidant pro-
perties36:41-43 and role of the thiol group (Cys 34) in these changes. Faure?3
suggested that MG can strongly impair the structure and antioxidant properties of
abumin in vitro, leading to a modified protein similar to that isolated from dia-
betic patients. The results of the quantification of the reactive groups and parallel
electrophoretic monitoring of HSA changes, especially at low-dose long-term ex-
position of albumin to MG (obtained in this paper) showed that the —SH group, in
addition to the amino group, plays arole in the modification of proteins with MG
and cross-linking. The significant decrease of the content of —SH groups by 26 %
after 1 h incubation, i.e., 72 % after 24 h of incubation, in the presence of MG
may have as a consequence a decrease of the anti-oxidative capacity of albumin,
which is consistent with the results of Faure et al.43

To investigate the influence of inhibitor on low-dose long-term exposition of
HSA to MG, metformin was chosen. It was found that oxidative stress and glyca-
tion were significantly lower in metformin-treated patients with Type 2 diabetes
mellitus.38 In addition, experiments with BSA showed that the change of the po-
sitive charge of the BSA molecule was lower in the presence of metformin than
in the presence of GSH.

The inhibitor metformin in an equimolar concentration with MG (during
low-dose long-term exposition of albumin to MG), under conditions of an insuf-
ficient amount of MG, decreased the amounts of amino and guanidino groups
that reacted in the first day by two to three times compared to the system without
inhibitor. After a 24-h incubation, 15 % of the guanidino groups, (3.6 mol Arg
residues per mole of HSA), approx. 8 % of the amino (4.7 moles of Lys side-
-chain per mole of HSA) and 86 % of the —SH groups (0.653 mol Cys thiol per
mole of HSA) had reacted (Fig. 6). The obtained results are in agreement with
the smaller changesin HSA mobility (protein charge) during native electrophore-
sisin the presence of metformin (Fig. 5A, lanes 1i, 2i, 4i, 5i, 7i and 8i) compared
to the bands obtained without this inhibitor. Relative electrophoretic mobilities
obtained for HSA bands in the presence of metformin were significantly lower
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(p < 0.001 for 1i to 7i and p < 0.01 for 8i) compared to the same ones without
inhibitors. However, in the presence of this inhibitor, a broadening of the bands
with tails to higher molecular mass values was recorded in SDS PAGE (Fig. 5B).
Since all thiol groups reacted under these conditions, the product of reaction bet-
ween SH-group and MG is the target for the Lys side-chain amino groups in pro-
tein cross-linking.

+ % ¢« « < amino
o= « A = = gyanidine
—_— 9 = _SH

100 4
804

607 Fig. 6. Quantification of thiol, ami-

no and guanidino groups (% of the

404 ones reacted) during the incu-

bation of 0.50 mM HSA with 10

4 _ 2 _‘ —2 mM methylglyoxal in the presence

Y T Ay - of metformin (10 mM), in 0.10 M
15

2044 A

Amount of groups reacted, %

——— phosphate buffer (pH 7.2) at 37 °C
20 25 30 for 24 days. The data are the means
Time of incubation, day from three determinations.

In hyperglycemia, the glycation process is accompanied by an oxidation pro-
cess. By applying metformin as an antihyperglycemic agent in patients with Type
2 diabetes mellitus, the oxidation of the albumin thiol group was decreased.38
Metformin decreases the content of toxic dicarbonyl and thereby inhibits the de-
velopment of AGESs. In the present study, at the equimolar concentration of MG
and metformin almost all the —SH groups reacted. This indicates that in the
mixture where MG is the only reactive species, the glycation reaction of the albu-
min thiol group is proceeding.

An absence of fragments of lower molecular mass value (formed during 9—
—24 days of incubation, lanes 9 and 24, Fig. 5B) in the presence of metformin
(Fig. 5B, lanes 13i, 15i, 17i, 19i, 21i, 24i), indicates the role of the reaction of
guanidine with MG in the unfolding and fragmentation of the protein.

CONCLUSIONS

The results obtained indicate that thiol group reaction, despite the very small
presence of thiol groups on the surface of the protein molecule, (80 times less
available compared to amino and guanidino groups in HSA18) plays an important
role in protein modification with MG and in cross-linking. Since these changesin
proteins can be a cause of the development of secondary complications in dia-
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betes,16 modification of signal transduction!®44 and the cause of various patho-
logical states,17 the application of MG scavenger substances is of importance in
clinical practice. To date, various inhibitors of MG reactions with thiol, amino
and guanidino groups have been tested, providing differences in their inhibition
potency. The results presented in this paper show that metformin at equimolar
concentration with MG inhibits its reaction with guanidino group but not, how-
ever, with the thiol group.
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U3BOJI
VYJIOT'A TUOJIHE TPYIIE Y MOAUO®UKALININ ITPOTENHA CA METUJITJIMOKCAJIOM

JEJIEHA M. ARUMOBUR, BOJAHA 1. CTAHUMUPOBWR u JbVBA M. MAH/IUR
Xemujcku gaxyaitieiti, YHusep3auitieiti y beozpaoy, i.ip. 51, 11158 beozpao

MeTmirnmokcan je BeoMa peakTHBHH (-OKCOAJIEXH/ KOjU ce noBehaHo cTBapa y XHUIEpIrI-
kemuju. Pearyje ca HyxieopmiHiM rpynama 6ounnx ocrataka Lys, Arg u N-TepMuHaIHOM aMHHO-
-IPyIOM, LITO JIOBOAHW 10 MOAM(HKALMje IPOTCHHA. Y OBOM pajy HCIUTHBAHU Cy 3HA4aj peaKiinje
SH rpyne ca MeTHJITIHOKCAIOM Y MOANU(HUKAIMjH NPOTEHHA, KOHKYPEHTHOCT OBE peakiuje y oJ-
HOCY Ha PeaKIije ca aMMHO- U TBAHUAWHO-TPYIIOM, TOK OBHMX pEakKifja H BHXOBa yJIora u JIOIpH-
HOC y yMpeKaBawy npoTerHa. Kao Mozaen-cucteMn ynorpebsbeHn Cy XyMaHU M ToBehu cepyM-ai-
OymuH. YTBpheHo je na u mopen BeoMa Majie 3acTyMJbeHOCTH SH rpymne Ha MOBPLIMHH HCIHUTH-
BaHUX MoJiekyJia nporerHa (oko 80 myTa Mama y OfHOCY Ha YKyIHaH Opoj aMHHO- U I'BaHHJIHHO-
-rpynma), oHa pearyje y Beiukom npoueHty (ox 25-85 %). Konnunna unspearopanux SH rpyna u
Op3uHa peakiyje, BpeMe yCIOCTaB/baba PABHOTEKE PEaklije, CTBapama CTabMIHOT IPOM3aBoja 1
JonpuHoc SH rpyna yMmpexkaBarmy HPOTEHHA 3aBHCE OJ KOHLEHTpalWje MeTWIrinokcana. IIpo-
U3BOJI CTBOPEH Y peakiuju SH rpymna u HeoBoJbHE KOJIMYMHE METHIITIMOKCala (y OJHOCY Ha KOH-
LEHTPAIHjy IpyNa JOCTYIHHX 3a MOJU(DHKAIHN]Y) YUECTBYje y YMPEXKaBamy MPOTCHHA Ca 3HAJaj-
HUM yzenoM (4 %). Y eKBUMONIapHOj KOHLCHTPALM)H ca METHIITIIHOKCAIOM MET(OPMHUH CIIpeyaBa
CTOBY PEaKI[Hjy Ca aMUHO U T'yaHHUIMHO rpynama aj0yMHHa, ajld HEe U Ca THOJI IPYIIOM.

(TTpumsbero 26. HoBemGpa 2008, pesuarpatno 9. pedpyapa 2009)

REFERENCES

1. P. J. Beisswenger, L. L. Moore, T. Brinck-Johnsen, T. J. Curphey, J. Clin. Invest. 92
(1993) 212

2. T.J Berg, H. J. Bangstad, P. A. Torjesen, R. Osterby, R. Bucala, K. F. Hanssen, Metab.
Clin. Exp. 46 (1997) 661

. Y. Aso, T. Inukai, K. Tayama, Y. Takemura, Acta Diabetol. 37 (2000) 87

M. Kaousova, J. Skrha, T. Zima, Physiol. Res. 51 (2002) 597

. J. Misselwitz, S. Franke, E. Kauf, U. John, G. Stein, Pediatr. Nephrol. 17 (2002) 316

K. Hirata, K. Kubo, Endocr. J. 51 (2004) 537

M. Brownlee, A. Cerami, H. Vlassara, N. Eng. J. Med. 318 (1988) 1315

. S. A. Phillips, P. J. Thornalley, Eur. J. Biochem. 212 (1993) 101

. A. C. McLéllan, P. J. Thornalley, J. Benn, P. H. Sonksen, Clin. Sci. 87 (1994) 21

©ONODO U AW

Available online at www.shd.org.rs/JSCS

2009 Copyright (CC) SCS

EY HC MO



10

11.

12.
13.

14.
15.

16.
17.
18.
19.
20.
21.

22.

23.
24.
25,
26.
217.
28.
29.

30.
31.

PROTEIN SH-GROUP AND METHYLGLYOXAL REACTION 883

A. Lapolla, R. Flamini, A. Dalla Vedova, A. Senesi, R. Reitano, D. Fedele, E. Basso, R.
Seraglia, P. Traldi, Clin. Chem. Lab. Med. 41 (2003) 1166

H. Odani, T. Shinzato, Y. Matsumoto, J. Usami, K. Maeda, Biochem. Biophys. Res.
Commun. 256 (1999) 89

P. J. Thornalley, Ann. NY Acad. Sci. 1043 (2005) 111

T. W. Lo, M. E. Westwood, A. C. McLellan, T. Selwood, P. J. Thornalley, J. Biol. Chem.
269 (1994) 32299

P. J. Thornalley, Biochem. Soc. Trans. 31 (2003) 1372

D. Yao, T. Taguchi, T. Matsumura, R. Pestell, D. Edelstein, |. Giardino, G. Suske, N.
Ahmed, P. J. Thornalley, V. P. Sarthy, H. P. Hammes, M. Brownlee, Cell 24 (2006) 275
J. W. Baynes, S. R. Thorpe, Free Radical Biol. Med. 28 (2000) 1708

R. Ramasamy, S. F. Yan, A. M. Schmidt, Cell 124 (2006) 258

M. E. Westwood, P. J. Thornalley, J. Protein Chem. 14 (1995) 359

J. Zeng, M. J. Davies, Chem. Res. Toxicol. 18 (2005) 1232

S. R. Thorpe, J. W. Baynes, Amino Acids 25 (2003) 275

N. Alt, J. A. Carson, N. L. Alderson, Y. Wang, R. Nagai., T. Henle, S. R. Thorpe, J. W.
Baynes, Arch. Biochem. Biophys. 425 (2004) 200

A. A. Mostafa, E. W. Randell, S. C. Vasdev, V. D. Gill, Y. Han, V. Gadag, A. A. Raouf,
H. El Said, Mal. Cell Biochem. 302 (2007) 35

P. E. Morgan, R. T. Dean, M. J. Davies, Arch. Biochem. Biophys. 403 (2002) 259

K. Okuda, I. Urabe, Y. Yamada, H. Okada, J. Ferment. Bioeng. 71 (1991) 100

T. Ishii, E. Tatsuda, S. Kumazawa, T. Nakayama, K. Uchida, Biochemistry 42 (2003) 3474
A. Furuhata, M. Nakamura, T. Osawa, K. Uchida, J. Biol. Chem. 277 (2002) 27919

J. Zeng, M. J. Davies, Chem. Res. Toxicol. 19 (2006) 1668

B. T. Doumas, W. A. Watson, H. G. Biggs, Clin. Chim. Acta 31 (1971) 87

Hoeffer Scientific Instruments. Electrophoresis Instruments and Accessories. Techniques
and Exercises, Hoeffer scientific instruments. San Francisco. USA, 1991

G. Bulgj, T. Kortemme, D. P. Goldenberg, Biochemistry 37 (1998) 8965

D. Bar-Or, R. Bar-Or, L. T. Rael, D. K. Gardner, D. S. Slone, M. L. Craun, Crit. Care
Med. 33 (2005) 1638

. C.S. P. Sastry, M. K. Tummuru, Food. Chem. 15 (1984) 257

D. A. M. Zaia, W. J. Barreto, Anal. Chim. Acta 277 (1993) 89

S. Sridharan, A. Nicholls, B. Honig, Biophys. J. 61 (1992) A174.

P. J. Thornalley, Gen. Pharmacol. 27 (1996) 565

P. Rondeau, N. R. Singh, H. Caillens, F. Tallet, E. Bourdon, Rad. Biol. Med. 45 (2008) 799

. S. Rahbar, J. L. Figarola, Arch. Biochem. Biophys. 419 (2003) 63

P. Faure, C. Polge, A. Faviers, S. Halimi, Clin. ci. 114 (2008) 251

. H. Pasaoglu, B. Sancak, N. Bukan, Tohoku J. Exp. Med. 203 (2004) 211

P. J. Thornalley, A. C. McLéllan, T. W. Lo, J. Benn, P. H. Sonksen, Clin. Sci (London) 91
(1996) 575

. M. Soriani, D. Pietraforte, M. Minetti, Arch. Biochem. Biophys. 312 (1994) 180
. M. Roche, P. Rondeau, N. R. Singh, E. Tarnus, E. Bourdon, FEBS Lett. 582 (2008) 1783

P. Faure, L. Troncy, M. Lecomte, N. Wiernsperger, M. Lagarde, D. Ruggiero, S. Halimi,
Diabetes Metab. 31 (2005) 169

A. A. Akhand, K. Hossain, H. Mitsui, M. Kato, T. Miyata, R. Inagi, J. Du, K. Takeda, Y.
Kawamoto, H. Suzuki, K. Kurokawa, |. Nakashima, Free Radical Biol. Med. 31 (2001) 20.

Available online at www.shd.org.rs/JSCS

2009 Copyright (CC) SCS





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




