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Abstract: Insulin-like growth factors (IGFs) play an important role in the regu-
lation of cell growth, differentiation and metabolism. The amount of free,
biologicaly active IGFs is regulated by the IGF-binding proteins (IGFBPS).
IGFBP-3 is the most abundant binding protein and it is known to interact with
other circulating proteins, including transferrin (Tf). In order to elucidate the
possible role of IGF/IGFBP-3 in the metabolism of iron, it is necessary to
isolate IGFBP-3/Tf complexes. Several affinity-based techniques were em-
ployed. The results showed that only the double immunoprecipitation method
with anti-Tf and anti-IGFBP-3 antibodies selectively separated the complexes
from other molecular forms, such as monomers, oligomers or fragments of
IGFBP-3 and Tf. The isolated complexes can now be used to investigate the
relationship between IGF/IGFBP-3 and iron, both in structural and metabolic
terms.
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INTRODUCTION

Insulin-like growth factors (IGF-I and IGF-I11), together with six IGF-binding
proteins (IGFBP-1 to IGFBP-6), two I GF receptors (IGF-1R and IGF-2R) and in-
sulin and its receptor (IR), comprise a complex system that plays an important
role in the regulation of cell growth, differentiation and metabolism.12 The pivo-
tal role in the regulation of the IGF action have the IGFBPs. The most abundant
in circulation is IGFBP-3.3 It forms ternary complexes (150 kea) with IGF and an
acid labile subunit (ALES).# The ternary complexes cannot cross the vascular
barrier and they are assumed to be an IGF reservoir, releasing free, biologically
active IGF upon mitogenic and/or metabolic request of the organism. IGFBP-3
is, in its native form, a glycoprotein (4045 kDa), synthesized in the liver paren-
chymal cells.® Besides its ability to bind and regulate the activity of IGFs, it was
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also reported that IGFBP-3 has |GF-independent actions, via nuclear |IGFBP-3
receptors,® and it may bind to other molecules, of which transferring is one.”

Transferrin (Tf) is a glycoprotein (70-80 kDa) functioning as the main iron
transporter.8 Regulation of the iron distribution in the organism affects the for-
mation of hemoglobin, the functionality of enzymes (having iron as a cofactor)
and redox processes.®

Since the IGF/IGFBP-3 axis promotes anabolic reactions, it would be impor-
tant to investigate its possible role in iron metabolism and the significance of the
formation of the IGFBP-3/Tf complex. In order to do so, the first step isto isolate
the complexes from other molecular forms of either IGFBP-3 or Tf, and other
blood constituents. In this work several approaches based on affinity interactions
were tested.

EXPERIMENTAL
Serum samples

Serum samples were obtained from healthy individuals. All samples were taken from
venous blood 12 h after fasting. The sera were kept frozen at —20 °C until used. This study
was approved by the local ethical committee in the Institute for the Application of Nuclear
Energy.

Immobilised metal-affinity chromatography (IMAC)

Iminodiacetic acid—agarose (IDA) was purchased from Sigma-Aldrich (Steinheim,
Germany). A column was packed with 1 mL of gel and washed with distilled water. In order
to saturate the column with ferric ions, 1.0 mL of 0.10 mol L1 ferric chloride solution was
applied. Unbound ions were washed with 5 mL of distilled water and 5 mL of 0.1 % acetic
acid. Equilibration of the column was realized with dilution buffer: 0.05 mol L1 MES (2-(N-
-morpholino)ethanesul phonic acid)/0.5 mol L1 NaCl buffer pH 5.5.10 Samples (100 pL of
sera diluted in 900 pL of dilution buffer) were applied to column and circulated for 1 h to
ensure maximal binding. 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 phosphate buffer
(PB) pH 8.0. The column was regenerated using 10 mL of 0.1 mol L1 borate/1.0 mol L-1
NaCl buffer pH 10.0 and 10 mL of distilled water, followed by saturation with ferric chloride.
The collected fractions were analysed by el ectrophoresis and immunobl otting.

Immunoaffinity chromatography (1gY-C)

An IgY-12 column (1.2 mL of microbeads) was purchased from Beckman Coulter
(Fullerton, USA, Proteomelab 1gY-12 High Capacity Proteome Partitioning Kit). According
to the manufacturer’s description, the matrix with immobilised antibodies enables the binding
of the 12 most abundant proteins from human plasma: albumin, 1gG, IgA, IgM, al-anti-
trypsin, haptoglobin, fibrinogen, orosomucoid, a,M, HDL (apo A-lI and apo A-Il) and Tf.
Samples were prepared by diluting 20 uL of serawith 480 pL of dilution buffer: 10 mmol L1
Tris (tris(hydroxymethyl)aminomethane)-HCI/1.0 mol L1 NaCl buffer pH 7.4, and incubated
for 15 min at room temperature using a rotator.! Separation of the unbound proteins was
performed by centrifugation for 30 s at 2000xg, followed by washing the column three times
with dilution buffer. The bound proteins were eluted with 500 L of elution buffer: 0.1 mol L1
glycine-HCI, pH 2.5, for 3 min at room temperature using a rotator, separated from gel by
centrifugation and immediately neutralised with 50 pL of 1 mol L1 Tris-HCI buffer pH 8.0.
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ISOLATION OF IGFBP-3/TRANSFERRIN COMPLEXES 609

The elution was repeated three times. The column was neutralised with 500 pL of 2 mol L1
Tris-HCI buffer pH 8.0 and washed with dilution buffer prior to the next chromatographic
cycle. The collected fractions were analysed by electrophoresis and immunoblotting.
Lectin affinity chromatography (LAC)

Eleven agarose-immobilised lectins, purchased from Vector Laboratories (Burlingame,
CA, USA), were packed in columns: SNA (Sambucus nigra agglutinin), LCA (Lens culinaris
agglutinin), Con A (lectin from Canavalia ensiformis), PHA-E (Phaseolus vulgaris erythro-
agglutinin), PHA-L (Phaseolus vulgaris leukoagglutinin), RCA-I (Ricinus communis aggluti-
nin l), WGA (wheat germ agglutinin), succinylated WGA, ECL (Erythrina cristagalli lectin),
MAL (Maackia amurensis lectin) and UEA (Ulex europaeus agglutinin). All buffers and
hapten sugars were prepared following procedures recommended by the producer. The exact
composition of each buffer was published elsewhere.12 Serum samples (100 pL) diluted in
900 uL of the corresponding buffers were circulated through columns for 1 h. Unbound
material was washed out with 20 mL of the dilution buffers. The elution of bound glyco-
proteins was performed with 7 mL of hapten sugar (0.2-0.5 mol L1, as suggested by the
producer) in 0.1 M acetic acid, pH 3.0. The PHA-E and PHA-L columns were eluted using a
0.1 mol L1 acetic acid solution. The collected fractions were immediately neutralised using
2 mol L1 Tris-HCI buffer pH 8.9, dialysed against distilled water overnight at 4 °C and
analysed by electrophoresis and immunoblotting.
Immunoelectrophoresis (IEP)

Immunoel ectrophoresis (IEP) was performed in a standard manner.13 Serum samples (5
pL) were applied in sample wells, and antibodies in channels (100 pL): polyclona anti-Tf
antibodies (INEP, Belgrade, Serbia), and polyclona anti-lIGFBP3 antibodies (DSL, Webster,
TX, USA). The samples were incubated with antibodies in a humid chamber for 24 h at room
temperature, to allow immunopreci pitation to occur.

Co-immunoprecipitation (Co-I1P)

Immunoprecipitation of protein complexes was performed using Pierce® Co-Immu-
noprecipitation Kit (Pierce Biotechnology, Rockford, IL, USA). Following the manufacturer’s
instructions, AminoLink®Plus Coupling Resin (50 pL of 50 % slurry) was loaded into spin
columns and 5 pg of anti-IGFBP-3 antibodies (Santa Cruz Biotechnology, Santa Cruz, CA,
USA) or 10 pg of anti-Tf antibodies (INEP, Belgrade, Serbia) were immobilised. Serum
samples (10 pL) were diluted in 190 pL of the buffer: 2.5 mmol L1 Tris/0.15 mol L1
NaCl/1.0 mmol L=2 EDTA/1% NP-40/5 % glycerol, pH 7.4 and incubated overnight at 4 °C
with a resin having immobilised anti-Tf antibodies. Separation of the unbound proteins was
performed by centrifugation for 30 s at 2000xg, followed by washing the column three times
with dilution buffer. The bound proteins were eluted with 110 pL of the elution buffer pH 2.8
(provided within the Kit), separated by centrifugation and immediately neutralised with 2 pL
of 2 mol L1 Tris-HCI buffer, pH 8.9. Specifically eluted anti-Tf immunoreactive proteins
were further incubated with aresin having immobilised anti-lGFBP-3 antibodies, overnight at
4 °C. The removal of the unbound and the elution of the bound proteins followed the same
procedure as previously. The collected fractions were analysed by electrophoresis, dot and
immunoblotting.

Electrophoresis, dot and Western immunoblotting (WIB)

Protein fractions obtained by IMAC, I1gY-C, LAC, and Co-IP were subjected to dena-
turing non-reducing sodium dodecyl sulphate/polyacrylamide gel electrophoresis (SDS-
—PAGE) using 10 % gels.1* The separated proteins were transferred to a nitrocellulose mem-
brane and stained with Ponceau S.
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The WIB procedure was performed using goat polyclonal anti-IGFBP-3 (DSL, Webster,
TX, USA) and sheep polyclona anti-Tf (INEP, Belgrade, Serbia) primary antibodies, fol-
lowed by anti-goat secondary antibodies coupled to horseradish peroxidase (Biosource, Ca-
marillo, CA, USA). The immunoreactive proteins were visualised with an enhanced chemi-
luminescence (ECL) reagent kit (Pierce, Minneapolis, MN, USA).14 Molecular mass markers
were obtained from BioRad Laboratories (Hemel Hempstead, UK). Recombinant IGFBP-3
(29 kDa, DSL, Webster, TX, USA) and Tf (INEP, Belgrade, Serbia) were used as protein
markers.

The presence of IGFBP-3/Tf complexes was also confirmed by dot blotting, employing
anti-lGFBP-3 and anti-Tf antibodies.

Ligand-binding assay

An in-house made matrix, CNBr-activated Sepharose 4B,1516 was used to immobilise
sheep anti-Tf antibodies (INEP, Belgrade, Serbia). This immunoaffinity resin was employed
to test the ability of IGFBP-3 complexed to Tf to bind the ligand.

Serum samples (100 pl) were incubated with 121-labelled IGF-11 (1291-1GF-11, 300 000
cpm) at 4 °C overnight, loaded onto a column packed with immunoaffinity resin and re-
circulated for 1 h. The column was left with the sample at 4 °C overnight and the next day, the
sample was recirculated for a further 1 h. The unbound proteins were washed out with the
dilution buffer: 0.05 mol L1 PBS/0.15 mol L1 NaCl, pH 7.2, and elution of the bound
fraction was performed using the elution buffer: 0.1 mol L1 glycine/HCI, pH 3.7. Fractions
were immediately neutralised with 2 mol L Tris-HCI buffer pH 8.9. The radioactivity and
the Aygg Of the collected fractions were measured.

Ultrafiltration

Protein fractions containing IGFBP-3/Tf complexes were subjected to ultrafiltration, in
order to concentrate samples and remove small proteins. Microcon YM-50 filters were used
(Millipore Corporation, Billerica, USA).

RESULTS AND DISCUSSION

In order to isolate IGFBP-3/Tf complexes from human serum, several affi-
nity-based techniques were employed. As IGFBP-3 and Tf are glycosylated!?.18
and IGFBP-3 is aso phosphorylated,3 methods based on the following interac-
tions were applied: metal ion—amino acid or phosphate residue,19 |ectin-saccha-
ride moiety20-22 and antigen—antibody.23

In the IMAC method, al IGFBP-3 (Fig. 1A) and Tf (Fig. 1B) immunore-
active species were bound to the matrix: native IGFBP-3 (doublet at ~45 kDa),
an IGFBP-3 fragment (=30 kDa),24 oligomeric/complexed forms of IGFBP-3
(>80 kDa), aswell as Tf (70-80 kDa) and complexes of Tf (>100 kDa).

In the IgY-C method,2® the immobilised antibodies recognised and bound
complexes of IGFBP-3 (>100 kDa), whereas native and fragmented IGFBP-3
species remained among the unbound proteins (Fig. 2A). There were also IGFBP-3
immunoreactive bands at ~45 kDa and ~70 kDa, which might have originated
from dissociated complexes. Immunoblotting with anti-Tf antibodies (Fig. 2B)
indicated binding of native Tf, a Tf fragment (=40 kDa)26 and Tf complexes. In
the 1gY-unbound fraction, anti-Tf antibodies recognised a protein at <70 kDa
(Fig. 2B). It isknown that Tf exists in several glycoforms2? and the results of this
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experiment suggested that the antibodies immobilised on the IgY—-C matrix were
unable to bind the Tf isoform that was less glycosylated.
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Fig. 1. Immunoblotting of the bound (B) and unbound (U) fractions of serum samples
obtained after IMAC with A) anti-IGFBP-3 and B) anti-Tf antibodies. The positions
of the IGFBP-3 monomer and Tf are indicated on the left side, whereas
the positions of the molecular mass markers are indicated on the right side.

A)
kDa

=97

B U

B)
kDa
-
=110
- 07
Tf-'- .
- 66

IGFBP-3= . - 45

- 31

B U

Fig. 2. Immunoblotting of the bound (B) and unbound (U) fractions of serum samples
obtained after 1gY-C with A) anti-IGFBP-3 and B) anti-Tf antibodies.
The positions of the IGFBP-3 monomer and Tf are indicated on the left side,
whereas the positions of the molecular mass markers are indicated on the right side.

Lectins are established as an important analytical tool in glycoproteomics.
As both IGFBP-3 and Tf are glycoproteins, the LAC method was the next me-
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thod of choice. The lectins used in this experiment were those that are known to
interact with serum glycoproteins.282° Of the eleven lectins that were employed
in the LAC method, only six (PHA-E, RCA-I, Con A, WGA, SNA and LCA)
bound native IGFBP-3 at =45 kDa (Fig. 3A) and five of them (except LCA) bound
Tf at ~80 kDa (Fig. 3B). Beside monomer forms (and in some cases fragments),
higher molecular mass proteins that were both IGFBP-3 and Tf immunoreactive
were not detected (except at the start). The tested lectins were, therefore, unable
to bind IGFBP-3/Tf complexes.
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Fig. 3. Immunoblotting of the bound fractions of serum samples obtained after LAC with
A) anti-IGFBP-3 and B) anti-Tf antibodies. The presented samples were eluted from:
PHA-E-agarose (lane 1), RCA-I-agarose (lane 2), Con A-agarose (lane 3), WGA-agarose
(lane 4), SNA-agarose (lane 5) and LCA-agarose (lane 6). The positions of the IGFBP-3
monomer and Tf are indicated on the | eft side, whereas the positions of
the molecular mass markers are indicated on the right side.

To summarise the above results, none of the applied affinity-chromatogra-
phy methods was able to selectively recognise IGFBP-3/Tf complexes and sepa-
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ISOLATION OF IGFBP-3/TRANSFERRIN COMPLEXES 613

rate them from the monomeric, oligomeric and fragmented forms of IGFBP-3
and Tf. AsIgY-C seemed the most promising tool, other immunochemical tech-
niques were tested for the isolation of the complexes. immunoel ectrophoresis,
preparative immunoaffinity chromatography and the immunoprecipitation method.30

In the IEP method, the idea was to analyse immunoprecipitated proteins. The
IGFBP-3/Tf complexes were expected to travel at arate different to those of their
subunits. Since the concentration of Tf in serum3! is much greater than the con-
centration of IGFBP-3,32 the search for complexes was performed in the region
where free Tf was not expected to be found, but where the reaction with anti-
IGFBP-3 antibodies was positive. Two samples (Fig. 4A, spots 1 and 2), from the
immunoprecipitating line formed by the interaction of serum with anti-IGFBP-3
antibodies were analysed. Immunoblotting with anti-lIGFBP-3 antibodies revealed
that an IGFBP-3 fragment and, probably, a dimer (=70 kDa), were the only im-
munoreactive species in this part of the immunoprecipitated line (Fig. 4B). No
band at the expected molecular mass of the IGFBP-3/Tf complexes (=110 kDa)
was observed.
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Fig. 4. A) IEP of a serum sample, with applied antibodies indicated on the right side; selected
spots from the immunoprecipitating line (1 and 2) were subjected to B) immunoblotting with
anti-IGFBP-3 antibodies; C) in preparative immunoaffinity chromatography, the amount of
the eluted proteins (A,gg) Was measured. D) In preparative immunoaffinity chromatography,
radioactivity of the eluted ligand-binding | GFBP-3/Tf complexes (cpm) was measured; E) dot
blot and F) Western immunoblotting with anti-lGFBP-3 and anti-Tf antibodies of the isolated
IGFBP-3/Tf complexes after co-immunopreci pitation. The positions of the IGFBP-3 monomer
and Tf are indicated on the left side, whereas the positions of the
molecular mass markers are indicated on the right side.

Preparative immunoaffinity chromatography is widely appreciated for the
isolation and purification of immunoreactive species.33 Since the commercia IgY
matrix was able to bind IGFBP-3/Tf complexes, a matrix for the isolation of the
anti-Tf antibody reactive molecules was prepared in-house, using CNBr activated
resin.34 The antibodies were coupled directly. The amount of bound immunore-
active proteins was, unfortunately, very small (Fig. 4C, Aggg), probably due to an
improper orientation of the antibodies. The yield of the bound proteins could pos-
sibly be improved by using spacer molecules, such as carbodiimide,34 or protein
A35 in order to immobilise the antibodies via their C-terminal ends and leave
their N-terminal, antigen-binding sites, free.36 The same experiment was re-
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peated with serum samples pre-incubated with 1291-|GF-11. Radioactivity mea-
surement (Fig. 4D, cpm) demonstrated that a certain amount of 125-IGF-1I was
bound to the immoabilised anti-Tf antibodies, suggesting that IGFBP-3 in the
IGFBP-3/Tf complexes retains its ability to bind ligand.

Finally, a co-immunoprecipitation method was employed, using a commercial
activated resin to immobilise separately anti-IGFBP-3 and anti-Tf antibodies.
The immunoprecipitation method is among the most specific techniques to isolate
atarget protein with the least amount of contaminating substances. In this study,
a double immunoprecipitation was performed. Samples were alowed to interact
with the immobilised anti-Tf antibodies in the first step and, after elution of the
bound proteins, this fraction was alowed to interact with anti-IGFBP-3 antibo-
dies. Due to the high affinity of antigen—antibody interactions, the elution neces-
sitated the employment of rather harsh experimental conditions (pH 2.8). In order
to test whether the IGFBP-3/Tf complexes had survived such conditions, their
existence was investigated by dot blotting (Fig. 4E). The result demonstrated that
complexes mostly resisted dissociation. The proteins that were eluted after the
second step contained almost exclusively IGFBP-3/Tf complexes (Fig. 4F). Frag-
ments (=30 kDa) were present in minor amounts and they were completely
removed by ultrafiltration.

CONCLUSION

Isolation of the IGFBP-3/Tf complexes from human serum was achieved by
using an immunoaffinity method, whereas metal- and lectin-affinity techniques
were unsuccessful. Among several immunochemical approaches, only the double
immunoprecipitation method selectively separated the complexes from other mo-
lecular forms, such as monomers, oligomers or fragments of IGFBP-3 and Tf. A
further study of the relationship between IGFBP-3, Tf and Tf saturation with iron
is expected to elucidate the possible role of IGF/IGFBP-3 in iron metabolism.
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the Republic of Serbia, Grant No. 173042.

U3BOJI

N30JIOBAILE KOMIIVIEKCA ®OPMUPAHOI' USMEDBY BE3VJVYREI IIPOTEMHA 3A
WHCYJIMHY CJIIMYHE ®AKTOPE PACTA 31 TPAHCO®EPUHA N3 XYMAHOI' CEPYMA

I'OPAH MUJbYII, MUOMMUP ITETPOBW'R n OJITMIIA HEJIUh
Hncimuinyi 3a ipumeny HykaeapHe enepzuje — MHETI, Ynueepauitieiti y beozpaoy,
Banaicka 316, 11080 beozpao-3emyn
Wucynuny cnuynau dakropu pacra (IGF) mmajy BaxHy yiory y pacty henuja, HBHXOBO]
mudepeHnmjamju 1 Metabonusmy. Kommuuny cio6oxHor, 6uonomkn aktuBHor |GF perymuiry
IGF Besyjyhu nporeunu (IGFBP). IGFBP-3 je npucyran y HajBehoj KONMHYMHK U ©Ma CIIOCOOHOCT
Jla MHTeparyje ca IpyruM MpOTeHHHMA U3 MUpKyianuje, ykipyayjyhu tpancdepun (Tf). da 6u ce
yrBpamina moryha ymnora |GF/IGFBP-3 y meraGonm3my rBokha, HEOMXOIHO je H30JOBATH KOM-
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mwiekc |GFBP-3/Tf. V 0Boj cTynuju je mpuMemneHO HEKOJIMKO TEXHHUKA 3aCHOBAHUX HA aHHUTET-
HHUM HHTepakijama. Pe3ynraTu cy nokasaiy Ja caMo MeToJia ABOCTPYKE MMYHOIPELUITHTALIH]E ca
antu-Tf, a 3atum ca antu-|GFBP-3 anTuTeIMMa, CENEKTHBHO 0/1Baja KOMIUIEKCE O] OCTAINX MOJIE-
KYJICKHX ()OPMH, Kao0 IITO Cy MOHOMepH, onuromepu win ¢parmentu |GFBP-3 u Tf. Oako uso-
JIOBaHU KOMIUIEKC CE€ MOXKE JIaJbe aHAIM3UPaTH y by yTBphuBama oquoca msmely |GF/IGFBP-3
u rBoxkha, y CTpYKTYpHOM U METa0OIMYKOM CMHUCITY.

agrwdeE

o

10.

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21
22.

23.
24.

25.
26.
27.

28.
29.

(Mpumsseno 31. aBrycra, peBuaupano 7. geriembpa 2011)

REFERENCES

M. Annunziata, R. Granata, E. Ghigo, Acta Diabetol. 48 (2011) 1

D. Le Roaith, Exp. Diab. Res. 4 (2003) 205

S. M. Firth, R. C. Baxter, Endocr. Rev. 23 (2002) 824

R. C. Baxter, J. L. Martin, V. A. Beniac, J. Biol. Chem. 264 (1989) 11843

E. Arany, S. Afford, A. J. Strain, P. J. Winwood, M. J. P. Arthur, D. J. Hill, J. Clin.
Endocrinol. Metab. 79 (1994) 1871

K. W. Lee, B. Liu, L. Ma, H. Li, P. Bang, H. P. Koeffler, P. Cohen, J. Biol. Chem. 279
(2004) 469

S. A. Weinzimer, T. B. Gibson, P. F. Collet-Solberg, A. Khare, B. Liu, P. Cohen, J. Clin.
Endocrinol. Metab. 86 (2001) 1806

P. Aisen, C. Enns, M. Wessling-Resnick, Int. J. Biochem. Cell. Biol. 33 (2001) 940

P. T. Gomme, K. B. McCann, Drug Discov. Today 10 (2005) 276

M. Machida, H. Kosako, K. Shirakabe, M. Kobayashi, M. Ushiyama, J. Inagawa, J.
Hirano, T. Nakano, Y. Bando, E. Nishida, S. Hattori, FEBSJ. 274 (2007) 1576

O. Nedi¢, R. Masnikosa, J. Chromatogr., B 877 (2009) 743

R. Masnikosa, O. Nedi¢, I. Baric¢evi¢, D. Lagundzin, Biochimie 92 (2010) 97

I. Raitt, J. Brostoff, D. Male, Immunology, Mosby, London, UK, 1996, p. 406

O. Nedi¢, R. Masnikosa, Metab. Clin. Exp. 57 (2008) 658

T. Korpela, K. Kurkijérvi, Anal. Biochem. 104 (1980) 150

B. J. Ryan, C. O’ Fagéin, BMC Biotechnol. 7 (2007) 1

H. R. Bergen, J. M. Lacey, J. F. O’'Brien, S. Naylor, Anal. Biochem. 296 (2001) 122

S. M. Firth, R. C. Baxter, J. Endocrinol. 160 (1999) 379

N. Imam-Sghiouar, R. Joubert-Caron, M. Caron, Amino Acids 28 (2005) 105

X. W, L. Li, Briefings Funct. Genomics Proteomics 8 (2008) 104

H. Geyer, R. Geyer, Biochem. Biophys. Acta Proteins Proteomics 1764 (2006) 1853

J. Zhao, D. M. Simeone, D. Heidt, M. A. Anderson, D. M. Lubman, J. Proteome Res. 5
(2006) 1792

J. M. McDowell, Plant Immunity, Humana Press, Blackburg, VA, 2011, p. 295

M. M. Weber, G. Spéttl, C. Gosd, D. Engelhart, J. Clin. Endocrinol. Metab. 84 (1999)
1679

L. Huang, X. Fang, Methods Mol. Cell Biol. 425 (2008) 41

D. Grenier, V. Goulet, B. Britigan, K. Nakayama, Infect. Immun. 72 (2004) 4351

V. Sanz-Nebot, E. Balaguer, F. Benavente, C. Neusil3, J. Barbosa, Electrophoresis 28
(2007) 1949

S. Miyamoto, Curr. Opin. Mol. Ther. 8 (2006) 507

M. V. Novotny, M. Madera, B. Mann, Y. Mechref, J. Sep. ci. 31 (2008) 2722

Available online at www.shd.org.rs/]SCS

2012 Copyright (CC) SCS



30.

31.
32.
33.

35.
36.

ISOLATION OF IGFBP-3/TRANSFERRIN COMPLEXES 617

J. A. P. Bons, E. C. H. J. Michielsen, D. de Boer, F. G. Bouwman, J. Jagken, M. P. van
Diejen-Visser, M. E. Rubio-Gozabo, W. K. W. H. Wodzig, Clin. Chem. Acta 387 (2008) 59
G. de Jong, J. P. van Dijk, H. G. van Eijk, Clin. Chim. Acta 190 (1990) 1

A. Juul, Growth Horm. IGF Res. 13 (2003) 113

I. Roy, K. Mondal, M. N. Gupta, J. Chromatogr., B 849 (2007) 32

W. Xu, Y. Luo, K. Huang, A. Deng, B. Zhai, H. Zhao, Y. Li, Z. Liang, Afr. J. Food Sci. 1
(2007) 24

M. Tich4, Z. Kucerovg, J. Frydlov4, J. Chromatogr., B 800 (2004) 109

L. J Lee H. He, Y. Yuan, Biotechnol. Bioeng. 102 (2009) 891.

Available online at www.shd.org.rs/]SCS

2012 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




