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Abstract: The insulin-like growth factor-binding protein 1 (IGFBP-1) is a
member of a family of six homologous proteins that regulate the action of the
insulin-like growth factors. IGFBP-1 is a 25 kDa protein that, in addition to its
native form, may exist in several phosphoforms (30 kDa), which are predo-
minant in the circulation of humans. Phosphorylation of IGFBP-1 is a post-
-tranglational modification that has a great influence on the action of IGF-I.
IGFBP-1 forms multimers and complexes with a2-macroglobulin (a2M). Poly-
merisation of IGFBP-1 was aso reported. In order to analyse and separate
these IGFBP-1 molecular species, affinity chromatography methods were used
in this study. The results demonstrated that most of the IGFBP-1 circulates in
complexes with a2M, which can be isolated by affinity chromatography using
immobilised anti-a2M antibodies. IGFBP-1/a2M complexes may be differen-
tiated from IGFBP-1 dimer and multimers using lectin-affinity chromatogra-
phy, since the latter do not interact with lectins. It seems that the complexes
contain not only monomeric IGFBP-1, but also its multimers. The dimer and
multimers are stable under reducing conditions, suggesting a covalent linkage
between the units. Free IGFBP-1 monomer can be separated from multimers
using Con A-affinity chromatography. The concentration of free IGFBP-1 is
relatively low in the circulation.
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INTRODUCTION
Insulin-like growth factors (IGF-I1 and IGF-I1) are polypeptides, which regu-
late cell growth, differentiation and metabolism.1 In the circulation they are asso-
ciated with IGF binding proteins (IGFBPs), a family that consists of six homo-

* Corresponding author. E-mail: draganal @inep.co.rs
# Serbian Chemical Society member.
doi: 10.2298/JSC100330090L

1481

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

2010 Copyright (CC) SCS




1482 LAGUNDZIN et al.

logous proteins that modulate the bioactivity of IGFs. IGFBPs can either inhibit
or enhance the activity of IGFs or have IGF independent effects.2 Only the free
(unbound) form of IGF is considered to be biologically active.3

IGFBP-1 is synthesised in many cell types, including hepatocytes, ovarian
granulose cells, decidualised endometri um? and cells of connective tissue It is
the predominant binding protein in amniotic fluid. In healthy individuals, the
concentration of circulating IGFBP-1 fluctuates tenfold or more within a few
hours as a response to changes in insulin concentration.3 The concentrations of
insulin and IGFBP-1 alter in opposite directions.

IGFBP-1 is a 25 kDa protein that may exist in several phosphoforms of ap-
proximately 30 kDa.® Up to five IGFBP-1 forms, varying in the degree of phos-
phorylation, have been identified.6:” Numerous studies have indicated that human
IGFBP-1 may both potentiate or inhibit IGF-1 stimulated biological activity.89
The differences in IGFBP-1 actions are due to differential phosphorylation of
IGFBP-1 that atersits affinity for IGF-1.10 Potential phosphorylation sites of hu-
man IGFBP-1 are Ser101, Ser119 and Ser169.° Highly phosphorylated |GFBP-1
is the predominant isoform of IGFBP-1 in the circulation of a healthy adult, ha-
ving affinity for IGF-I that is six- to eightfold higher than that of non-phos-
phorylated IGFBP-1.11 Since the non-phosphorylated form binds IGF-1 less tight-
ly, enhancing its actions, %11 a delicate equilibrium between phosphorylated and
non-phosphorylated isoforms is responsible for the regulation of 1GF-1 activity.

In the circulation, IGFBP-1 associates with the glycoprotein ax>-macroglo-
bulin (a2M, =700 kDa), which protects IGFBP-1 from proteolysis.6 Thus, the
IGFBP-1/aoM complex may have an important role in controlling IGF-1 action
by regulating the amount of free IGFBP-1. In tissues, IGFBP-1 was found to form
multimers, the role of which in the action of IGF remains to be determined.12

The aim of this study was to investigate IGFBP-1 isoforms, multimers and
complexes in the circulation of healthy persons, using different affinity chroma-
tography matrices. The affinity chromatography methods were based on the fol-
lowing interactions: metal ion—phosphoprotein, antigen—antibody and lectin—gly-
coprotein.

EXPERIMENTAL
Samples

Blood samples were obtained from healthy adult volunteers (n = 10). Venous blood was

collected after 12 h fasting. The serum was separated by centrifugation within 45 min and kept

frozen at —20 °C until used. The study was approved by the local ethics committee of the
Ingtitute for the Application of Nuclear Energy.

Immobilised metal-affinity chromatography (IMAC)

Iminodiacetic acid-agarose (IDA) was purchased from Sigma-Aldrich (Steinheim, Ger-
many) and 1 mL of gel was packed into a column. After the column had been washed with
distilled water, 1.0 mL of 0.10 mol L1 ferric chloride solution was applied in order to saturate
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the column with ferric ions. Unbound metal ions were washed out with 5 ml of distilled water
and 5 ml of 0.1 % acetic acid. The column was equilibrated with dilution buffer: 0.05 mol L1
MES (2-(N-morpholino)ethanesul phonic acid)/0.5 mol L1 NaCl buffer pH 5.5.13 Serum samples
(100 pL diluted in 900 pL of dilution buffer) were circulated through the column for 1 h to
ensure maximal binding. The unbound material was washed out with 5 mL of MES buffer.
Elution of the bound molecules was performed using 8 mL of 0.2 mol L1 Na-phosphate buf-
fer pH 8.0. The column was regenerated using 10 mL of 0.1 mol L-1 Na-borate/1.0 mol L1
NaCl buffer pH 10.0 and 10 mL of distilled water, followed by saturation with ferric chloride.
The collected fractions (1.0 mL each) were kept at —20 °C until electrophoresis and immuno-
blotting were performed.

Immunoaffinity chromatography (1gY-C)

An IgY-12 column (1.2 mL of microbeads) was purchased from Beckman Coulter (Ful-
lerton, USA, Proteomelab 1gY-12 High Capacity Proteome Partitioning kit). The matrix with
immobilised antibodies enables the binding and remova of albumin, 1gG, IgA, IgM, al-an-
titrypsin, haptoglobin, transferrin, orosomucoid, a,M, HDL (apo A-l and apo A-Il) and fib-
rinogen. The IgY column was loaded with 20 pL of serum diluted with 480 pL of dilution
buffer: 10 mmol L1 Tris (tris(hydroxymethyl)aminomethane)-HCI/1 mol L1 NaCl buffer pH
7.4, and incubated for 15 min at room temperature using a rotator.24 Unbound proteins were
separated by centrifugation for 30 s at 2000 x g and the column was washed three times with
dilution buffer. Bound proteins were eluted with 500 uL of elution buffer: 0.1 mol L1 glyci-
ne-HCI buffer pH 2.5, for 3 min at room temperature using a rotator. They were separated
from the gel by centrifugation and immediately neutralised with 50 pL of 1 mol L1 Tris-HCI
buffer pH 8.0. The column was washed three times with the elution buffer, neutralised with
600 pL of 2 mol L1 Tris-HCI buffer pH 8.0 and washed with a dilution buffer prior to the
next chromatographic cycle. The collected fractions (1 mL each) were kept a —20 °C until
electrophoresis and immunoblotting were performed.

Lectin-affinity chromatography (LAC)

Eleven agarose-immobilised lectins purchased from Vector Laboratories (Burlingame,
CA, USA) were packed into columns: Con A (lectin from Canavalia ensiformis), SNA (Sam-
bucus nigra agglutinin), RCA-I (Ricinus communis agglutinin 1), PHA-E (Phaseolus vulgaris
erythroagglutinin), PHA-L (Phaseolus vulgaris leukoagglutinin), WGA (wheat germ aggluti-
nin), succinylated WGA, ECL (Erythrina cristagalli lectin), UEA (Ulex europaeus aggluti-
nin), LCA (Lens culinaris agglutinin) and MAL (lectin from Maackia amurensis). All co-
lumns except Con A- and LCA-agarose were equilibrated in 0.01 mol L1 HEPES buffer, con-
taining 0.15 mol L-1 NaCl, 0.8 g L' NaN3, pH 7.5 (HBS). The Con A-agarose was equilib-
rated in 0.02 mol L-1 HEPES buffer containing 0.5 mol L-1 NaCl, 0.8 g L-1 NaN3, 1.0 mmol L1
CaCl,, MgCl, and MnCl,, pH 7.5, whereas the L CA-agarose was equilibrated in 0.01 mol L1
HBS containing 0.8 g L' NaN3, 0.1 mmol L1 CaCl, and 0.01 mmol L1 MnCl,, pH 7.5. The
HBS used for ECL-, SNA-, UEA- and MAL-agarose equilibration contained 0.1 mmol L-1
CaCl,, whereas the HBS used for the equilibration of PHA-E and PHA-L-agarose contained
0.1 mmol L1 CaCl, and 0.01 mmol L1 MnCl,. The pH of the HBS for the PHA-E-agarose
equilibration was 8.0. Serum samples (100 pL diluted with 900 uL of the corresponding HBS)
were circulated through the columns for 1 h. The unbound material was washed out with 20
mL of the appropriate HBS. The elution of the bound glycoproteins was generally performed
in two consecutive steps. 1) neutral elution using hapten sugar dissolved in 15 mL of the ap-
propriate HBS, pH 7.5 and 2) acidic elution with 7 mL of hapten sugar solution in 0.1 M
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acetic acid, pH 3.0. The PHA-E and PHA-L-agarose columns were eluted in one-step only,
using 10 mL of a0.1 mol L1 acetic acid solution. The hapten sugars used for specific elutions
were: 0.5 mol L1 lactose for MAL- and SNA-agarose, a mixture of 0.2 mol L1 methyl-a-glu-
copyranoside and 0.2 mol L1 methyl-a-mannopyranoside for Con A- and LCA-agarose, 0.2
mol L1 lactose for the RCA |- and ECL-agarose, 0.5 mol L1 N-acetyl-glucosamine for the
WGA- and succinylated WGA-agarose and 0.1 mol L-1 fructose for the UEA-agarose.l® The
most concentrated protein fractions (1 ml each) were collected and the acidic fractions were
immediately neutralised using 150 pL of 2 mol L1 Tris-HCI buffer pH 8.9. The fractions
were dialysed first against distilled water for 3 h at room temperature and then against 0.15
mol L1 NaCl overnight at 4 °C. After being concentrated to approximately 1.0 ml on Micro-
con centrifugal filter device (Millipore, Billerica, MA, USA) with a 10 kDa cut-off mem-
brane, the samples were kept frozen at —20 °C until electrophoresis and immunoblotting.
Electrophoresis and Western immunabl otting (WIB)

The most concentrated protein fractions obtained after affinity chromatography were
subjected to: native polyacrylamide gel electrophoresis (NnPAGE), denaturing non-reducing
sodium dodecy! sulphate—polyacrylamide gel electrophoresis (SDS-PAGE) and denaturing
reducing SDS-PAGE with 10 % 2-mercaptoethanol (v/v) in the sample buffer (rSDS-PAGE)
using 12 % gels.16

Immunoblotting was performed using goat polyclonal anti-IGFBP-1 antiserum (DSL,
Webster, USA), followed by an anti-goat 1gG antibody coupled to horseradish peroxidase
(Biosource, Camarillo, CA, USA) and a rabbit polyclonal anti-o2M antibody (1gG fraction,
ADbD Serotec, Oxford, UK), followed by an anti-rabbit 1gG antibody coupled to horseradish
peroxidase (Pierce Biotechnology, Rockford, IL, USA). The immunoreactive proteins were
visualised using an enhanced chemiluminescence (ECL) reagent kit (Pierce, Minneapolis,
MN, USA).16 Molecular mass markers were from BioRad Laboratories (Hertfordshire, UK)
and the cytosol from human placental cells was used as a source of a physiological marker of
IGFBP-1.17

RESULTS AND DISCUSSION

Severa post-trangational modifications are known to modify the affinity of
IGFBPs for IGFs, including phosphorylation,’-18 proteolysis!® and polymerisa-
tion.20 The mechanisms accounting for these changes remain to be elucidated.12
Phosphorylation of human IGFBP-1 leads to inhibition of IGF-I action.911 The
non-phosphorylated isoform forms multimers more rapidly and to a greater ex-
tent compared to the phosphorylated isoform.12 When complexed to aoM,
IGFBP-1 is protected from proteolysis, but till able to bind IGFs and, thus may
be expected to influence the | GF action as well .6

In order to assess the importance of various molecular forms of IGFBP-1, it
is crucial to develop analytical tools for their investigation. To fulfil this goal,
affinity chromatography methods based on three types of molecular recognition,
i.e, IMAC, immunoaffinity chromatography and LAC, were employed. Electro-
phoretic separation followed by immunoblotting of the fractionated proteins was
used to identify the different molecular forms of IGFBP-1. Fractions of al serum
samples were subjected to SDS-PAGE, rSDS-PAGE and nPAGE. Since al
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samples showed the same pattern of IGFBP-1 distribution upon immunoblotting,
only the representative results are shown in the figures.

SDS-PAGE reveded that ailmost all immunoreactive IGFBP-1 forms bound
to the IDA column (Fig. 1a). Anti-IGFBP-1 antibodies recognised high molecular
mass species as a very wide protein band (or several bands that could not be
clearly distinguished) at ~100 kDa, a protein at ~60 kDa together with proteins at
the start. IGFBP-1 monomer (=30 kDa) was hardly visible. Matrices with immo-
bilised IDA and chelated ions are widely used for the isolation of phosphopro-
teins.13 Phosphate groups are el ectron-donors and, hence, can serve as ligands for
coordination of metal ions. lons that have the greatest affinity for binding to
phosphoproteins are Fe3*, Ga3* and Ni2*, Fe3* being the most widely used metal
ion in IMAC.132122 According to the presented results, different molecular
species of IGFBP-1 could not be separated using IMAC, since al of them bound
to the matrix. rSDS-PAGE was performed in order to investigate the stability of
IGFBP-1 complexes in the presence of 2-mercaptoethanol. Almost al high mole-
cular mass complexes, both in the bound and unbound fractions, dissociated,
which resulted in the appearance of proteins of predominantly ~60 and ~30 kDa
(Fig. 1b). This result implicates the existence of disulphide bonds that maintain
molecules within the complex. It also suggests that the ~ 60 kDa form is stable
and resists dissociation into IGFBP-1 monomers. nPAGE was performed aiming
to differentiate between the phosphoforms of |GFBP-1 monomer. Unfortunately,
al isoforms appeared clustered in the middle of the gel and they could not be
clearly separated from one another (Fig. 1c). Only proteins at the start were iden-
tified by immunoblotting with anti-aoM antibodies (Fig. 1d), suggesting that these
species of very high molecular mass were IGFBP-1/o,M complexes. Cytosol

a) d)

kDa kDa kDa
-97 -97 -97
- 66 ~66 . _66
_45 - 45 - _45

-31 -3

=21 -21

- 14
UuB B C UB B C uB B C U B C

Fig. 1. Immunoblotting of the unbound (UB) and bound (B) fractions obtained after IMAC
with anti-lGFBP-1 antibodies after a) SDS-PAGE, b) rSDS-PAGE c) nPAGE, aswell as
with anti-a,M antibodies after d) SDS-PAGE. IGFBP-1 from placenta cytosol (C)
was used as a physiological marker. The positions of the molecular
mass markers are indicated on the right side.
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gave a different protein profile than that of serum, mostly in terms of the inten-
sity of the bands, as it contains a different proportion of IGFBP-1 molecular
forms than serum. The positions of some protein bands in the two types of samp-
les varied dlightly due to a difference in sample milieu (the number and abun-
dance of other proteins).

After 1gY-C, proteins in the bound fraction were identified as at least three
bands of high molecular mass (Fig. 2a), one band at ~60 kDa and a weak band at
~30 kDa. In the unbound fraction, high molecular mass bands appeared together
with monomer IGFBP-1. In rSDS-PAGE (Fig. 2b) high molecular mass species
dissociated giving predominantly a ~60 kDa protein band in the bound fraction
and a =30 kDa protein band in the unbound fraction. NnPAGE (Fig. 2c), again,
proved itself not to be useful for the study of the isoform pattern of IGFBP-1.
Immunoblotting with anti-aoM antibodies (Fig. 2d) confirmed that only proteins
at the start of the gel were IGFBP-1/aoM complexes.

a) b) c)

d
kDa kDa ) kDa
-97 -97 ’_97
-66 _66 66
-45 -45 N .
=31 -3 -31
=21 21 . i 21
-14 14 & ~14

UB B C UuB B C UB B C UB B C

Fig. 2. Immunoblotting of unbound (UB) and bound (B) fractions obtained after IgY-C with
anti-lGFBP-1 antibodies after 8) SDS-PAGE, b) rSDS-PAGE c) nPAGE, as well as with anti-
a,M antibodies after d) SDS-PAGE. IGFBP-1 from placental cytosol (C) was used as a phy-
siological marker. The positions of the molecular mass markers are indicated on the right side.

The IgY matrix contains immobilised antibodies against oM and, according
to the intensity of the stained protein band, the maority of IGFBP-1 in circu-
lation is engaged in complex formation with apM. The presence of other protein
bands in the bound fraction after SDS-PAGE was most likely due to the disso-
ciation of complexes either during the elution of the sample (acidic buffer) and/or
during sample preparation for electrophoresis. Since anti-aoM antibodies recog-
nised only proteins positioned at the start, the immunoreactive bands of ~100 and
~60 kDa do not contain fragments of oM. These proteins are likely to be multi-
mers of IGFBP-1. The immunoreactive band of ~60 kDa most likely represents
dimeric IGFBP-1, the formation of which may be catalysed by a transglutami-
nase.12 To date, dimers were identified only in tissues consisting predominantly
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of the non-phosphorylated IGFBP-1 form. IGFBP-1 forms having a mass grester
than 60 kDa are most likely higher multimers, resisting the reduction by 2-mer-
captoethanol. Multimers of ~100 kDa were also found in tissues.12

Another way to differentiate IGFBP-1 complexes with aoM from IGFBP-1
multimers is to employ lectins. Lectins have become very important analytical
tool in glycoproteomics.23 In the present study, complexes of IGFBP-1 with gly-
coprotein aoM were expected to interact with certain lectins, whereas |GFBP-1
multimers were not, since IGFBP-1 is not glycosylated. The reactivity was tested
with eleven immobilised lectins covering a wide range of saccharide specificity.
IGFBP-1 immunoreactive forms were detected in pH 7.5 eluates from: Con A-,
SNA-, RCA-I- and WGA-agarose as well asin pH 3.0 eluates from Con A- and
PHA-E-agarose (Fig. 3a). As expected, anti-IGFBP-1 antibodies recognised only
the high molecular mass species (complexes with aoM).

a) b)

kDa kDa
SR L T e

- 97

- 66 - 66

L - 45

- 31
=3

e 21
=14 - - 14
1 2 & 4 & 8 1 2 2 4 &5 B 7 8 ©
Fig. 3. Immunoblotting with anti-IGFBP-1 antibodies of the bound fractions obtained after
LAC and SDS-PAGE. a) The presented samples were eluted from: Con A-agarose (pH 7.5
and 3.0; lanes 1 and 2), SNA-agarose (pH 7.5; lane 3), RCA-1-agarose (pH 7.5; lane 4),
PHA-E-agarose (pH 3.0; lane 5) and WGA-agarose (pH 7.5; lane 6); b) The presented
samples were eluted from Con A-agarose: in the presence of Ca2*, M2 and Mg?* (pH 7.5
and 3.0; lanes 1 and 2), in the presence of Ca2* and Mg?* (pH 7.5 and 3.0; lanes 3 and 4),
in the presence of Ca2* and Mn?* (pH 7.5 and 3.0; lanes 5 and 6) and in the presence of
MnZ* and Mg?* (pH 7.5 and 3.0; lanes 7 and 8). IGFBP-1 from placental cytosol (C)
was used as a physiological marker. The positions of the molecular mass markers are
indicated on the right side.

Despite the fact that IGFBP-1 is not glycosylated at all, it bound to Con A
and was eluted with the pH 3.0 buffer (Fig. 3a, lane 2). In order to investigate
further the nature of this interaction, a series of experiments were performed by va-
rying the presence of ions required for Con A activation (Ca2*, Mn2* and Mg2*).
It was demonstrated that all three ions are necessary for the interaction between
IGFBP-1 and Con A (Fig. 3b). The absence of Mg2* and Mn2* reduced the bind-
ing of IGFBP-1 to some extent, while the absence of Ca2* inhibited the interact-
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tion completely. Lectin Con A is a metalloprotein, the 3D structure of which can
adopt two conformational states, a “locked” form and an “unlocked” form.24 The
unlocked form of Con A weakly binds metal ions and a saccharide ligand, while
the locked form binds two metal ions per monomer, enabling its full binding ca-
pacity for the saccharide. Many metastable complexes can be formed as well. Bi-
nary, ternary and quaternary complexes having both Con A conformers were iden-
tified.2> Although Con A preferably binds methyl a-D-mannopyranoside and a-D-
mannosy! groups, the synthesised ligand peptides, which structurally imitate these
saccharides, can also bind to this lectin.26 The specificity of Con A is not limited
to saccharide units, but sugar-mimics may be identified by Con A binding sites as
well. Therefore, the binding of IGFBP-1 monomer to Con A-agarose could be
explained in the light of the appropriate conformational recognition. Metal ions,
especially Ca2*, are crucial for the interaction to occur.

CONCLUSIONS

The results obtained in this study demonstrated that most of the IGFBP-1
circulates associated with a,M. These complexes can be isolated by affinity chro-
matography with immobilised anti-a,M antibodies. |GFBP-L/a,M complexes
may be differentiated from IGFBP-1 dimer and multimers using lectin-affinity
chromatography, since the latter do not interact with lectins. It seems that the
complexes contain not only monomeric IGFBP-1, but also its multimers. Dimer
and multimers are stable under reducing conditions, suggesting covalent linkage
between the units. Free IGFBP-1 monomer can be separated from the multimers
using Con A-affinity chromatography. The concentration of free IGFBP-1 in cir-
culation isrelatively low.
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U3BOJ

HUCIINTUBABE PA3JIMUNTUX |GFBP-1 MOJIEKYJICKUX ®OPMU ITPUMEHOM
AOUHUTETHE XPOMATOI'PA®UIE CA UMOBUJIM30BAHUM METAJIHUM JOHOM,
AHTUTEJIMMA U JIEKTUHUMA

JIPATAHA JIAT'YHIIMH, POMAHA MACHHKOCA, TOPAH MUJbYIII, IPATAHA POBAJAILL u OJI'MIJA HEAWh
Hnciuuiniyi 3a ipumery Hykaeapue enepzuje — MHEII, Ynueepsuitieii y beozpady, Banaiticka 316, 11080 Beozpao

Besyjyhu nporeus tun 1 3a uncynuny cnuune ¢pakrope pacra (IGFBP-1) je wian dammnuje
KOja CaIpXH IIecT XOMOJOTHX Be3yjyhmx NHpoTenHa, 4dja je yJjora y peryianuju akTUBHOCTH
uHCynuHy cinuaux ¢akropa pacra. IGFBP-1 je mporeun on 25 kDa, koju ocuM HaTUBHE, MOXKE
nocrojat U 'y 00auKky Hekoiuko pochopopmu (30 kDa), koje qOMUHUPAjY y HUPKYIALHjH JbY/IH.
dochopuosame |GFBP -1 je moct-TpaHcnanuona Moqudukanyja Koja iMa BEJIMKK yTUIA] HA aK-
tuBHOCT |GF-1. IGFBP-1 dopmupa Mysnrumepe u KOMILIEKCE ca ap-MakporiobyinuaoM (apM). V
by aHanu3e u pasnasajamba | GFBP-1 Monekynckux Bpcra, y OBOM pafy Cy HpHMEHhEHEe METOone
adunuTeTHE XpoMarorpaduje. Pesynraru cy mokasanu ga ce Behuna |GFBP-1 y nupkynanuju Ha-
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Ja3d y KOMIUIEKCHMa ca oM, KOji ce MOTy M30JI0BaTH MPUMEHOM aUHHUTETHE XpoMaTorpaduje ca
nmobunn3oBanuM antu-a,M antutenuma. |GFBP-1/a,M kommiekcu ce Mory pas3aBOjUTH Of
IGFBP-1 numepa u MynTumepa IpiMeHOM aQUHUTETHE XpoMarorpaduje ca IMOOMIN30BAaHUM Jie-
KTHHUMA, TIOIITO CE OJIMTOMEPH He Be3yjy 3a JiekTHHe. J[uMepHa popmMa U MyJITUMEpH Cy CTaOMITHH
MPU PEAYKIMOHUM YCIIOBMMA, IITO YKa3yje Ha KOBaJeHTHY Be3dy m3mely jemununa. Crno0GoaHu
IGFBP-1 moHOMEp je mpucCyTaH y pelaTHBHO Majoj KOHIIHTPALMjH y IUPKYJIAalUjH U MOXE ce
Pa3ABOjUTH OO MyJITHMEpa MPHMEHOM apUHHUTETHE Xpomarorpaduje ca IMOOMIN30BaHIM JIEKTH-
Hom Con A.

(IIpumsseno 30. mapta, peuaupano 2. jyiaa 2010)
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