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Abstract 
 
Insulin-like growth factor binding protein-3 (IGFBP-3) is a vital protein exist in circulation which interacts 
with high affinity to insulin-like growth factor (IGFs) altering their activities. Therefore, the interaction 
between IGFs and IGFBP-3 has a key role altering large spectrum of activities such as cell cycle progression, 
proliferation and apoptosis. Despite decades of research, the crystal structure of IGFBP-3 has not been 
identified possibly due to some technical challenge in its crystallizing. The three-dimensional (3D) structure 
of IGFBP-3 was predicted using homology modeling, Phyre2, and molecular dynamic. Its interaction with 
IGF-1 was also identified by HADDOCK software. IGFBP-3 has the most identity with other IGFBPs in N 
and C-domain; however, its linker domain has lower identity. Our data predicted that IGF-1 structurally 
interacts with N- domain and linker domain of IGFBP-3. Some conserved residues of IGFBP-3 such as 
Glu33, Arg36, Gly39, Arg60, Arg66, Asn109, and Ile146 interacts with Glu3, Asp12, Phe16, Gly19, Asp20, 
Arg21, and Glu58 of IGF-1. In addition, our data predict that the linker domain has a loop structure which 
covers post translational modification and interacts with IGF-1. The phosphorylation of Ser111 in linker 
domain, which previously has been shown to induce apoptosis make a repulsive force interrupting this 
interaction to IGF-1, which enables IGFBP-3 to induce apoptosis. The present study suggests that the linker 
domain has a key role in recognition of IGFBP-3 with IGF-1. 
 
Keywords: Docking study; IGF-1; IGFBP-3; Linker domain; Molecular dynamic. 

 

 
INTRODUCTION 

 

Insulin-like growth factors (IGFs) are 
members of the insulin super family of growth-
promoting hormones participating growth and 
homeostasis of the whole organ in the human 
body (1-3). They interact to specific receptors 
such as type 1 IGF receptor (IGF-1R) and insulin 
receptor isoforms (4,5). The IGFs also interact 
with a member of super family of high-affinity 
IGF binding proteins (IGFBPs). Binding to 
IGFBPs regulates IGFs availability for 
receptor and increase their half-lives in 
circulation (6,7). IGFBPs contain six members 
(IGFBP-1 to IGFBP-6) which share both 
structural and functional similarities, affect the 
tissue distribution of IGFs enhancing access to 
their cell receptors (8). IGFBPs are involved in 

at least two categories. First of which is called 
“IGF-depended system” including IGF-1,             
IGF-2 and IGF-1R, acid-labile subunit (ALS), 
mannose 6-phosphate/IGF-2 receptor (M6P/IGF-
2R), insulin receptor (IR), IGFBP-1 to IGFBP-6 
and their proteases (9,10) while others are 
known as “IGF-independent” system (11,12). 
For instance, in the later system, IGFBPs were 
identified as an important regulator of cell fate 
decisions such as cell differentiation, cell cycle 
progression, and apoptosis (13-16). Several 
members of IGFBPs are present in human 
tissues, while IGFBP-3 is the most abundant 
IGF binding protein in human serum (17). 
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As indicated in Fig. 1, IGFBP-3 is a                 
291-amino acids protein comprising of a 27 
amino acid signal peptide and a chain with 264 
amino acids.  

The primary structure of IGFBP-3, similar 
to other IGFBPs, has three domain structures: 
a conserved N-terminal domain (residues 9-90), 
and a thyroglobulin type-1 domain in its           
C-terminal domain (residues 183-258) 
connected by a flexible "linker" domain.           
Post-translational modifications have been 
reported in the linker domain of IGFBP-3 that 
could alter its function (18). For instance,            
N-glycosylation sites which are located in the 
linker domain (Asn89, Asn109, and Asn172) 
have been shown to probably alter its affinity 
for glycosaminoglycan of the cell surface. In 
addition, IGFBP-3 might be phosphorylated by 
casein kinase-2 on Ser111, Ser113, and 
Ser156. Moreover, Ser129 and Ser174 might 
be phosphorylated by DNA dependent protein 
kinase. Further studies have shown that these 
phosphorylation of IGFBP-3 has no effect on 
IGF affinity but alter proteolysis properties 
and cell-surface binding (19-21).  

Both experimental and clinical findings 
have demonstrated that IGFBP-3 has a tumor-
suppressor function in some cancers including 
gastric, colorectal, and lung (22-24). However, 
other lines of studies have reported that 
IGFBP-3 shows oncogenic function in breast 
cancer (25). The IGFBP-3 effects are not 
restricted to cancer but are also observed in 
other disease states such as Alzheimer’s and 
Parkinson’s diseases as well as diabetes 
mellitus, retinopathy, cardiovascular disease, 
and brain ischemia (26-31). The precise 
mechanism delineating the role of IGFBP-3 in 
such disease is partially unknown.  

According to multifaceted role of IGFBP-3 
in the human body and lack of its 
experimentally established crystal structure 
(32), the aim of this study was theoretical 
investigation and prediction of its three-
dimensional (3D) structure using homology 
modeling and molecular dynamic. Once the 
3D structure of IGF-1/IGFBP-3 becomes 
available, it enhances rational drug design and 
development of small molecule targeting 
IGFBP-3 functions. 

 

 
Fig. 1. Schematic diagram of insulin-like growth factor binding protein 3 (IGFBP-3) and its domains which are 
processed to mature form. The C hexagonal stands and the P cycles represented respectively for carbohydrate and 
phosphorylation modifications. 
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MATERIALS AND METHODS 
 

Softwares 
Modeller 9.10, Phyre2, Gromacs, 

HADDOCK softwares were used to identify 
the interaction of IGFBP-3 with IGFs. All 
molecular images were produced using VMD 
and PyMOL. 

 
Target and template selection 

The amino acids sequence of IGFBP-3 
protein of Homo sapiens (P17936) was 
retrieved from the UniProt database 
(www.uniprot.org). All numbering of residues 
were based on excluding the signal peptide. 
Residue numbering is based on the mature 
sequence of IGFBP-3 (1-264 aa). 

The IGFBP-3 basic local alignment search 
tool (BLAST) was performed to detect the 
most important residues of IGFBP-3 along 
mammals. Then protein data bank (PDB) 
structures of known proteins which published 
previously were selected as multiple templates 
(33-36). 
 
Prediction of 3D model by protein 
homology/analogy recognition engine 2 and  
Modeller 9.10 

Molecular modeling of IGFBP-3 proteins 
was performed using protein homology/analogy 
recognition engine 2 (Phyre2) and Modeller 9.10 
(37,38). Phyre2 is a free online server for 
homology modeling. It uses principles of 
homology modeling to generate reliable 
protein models resulting in extensive 
improvement of accuracy of 3D structure 
function and mutations prediction (38). Phyre2 
also predicts and incorporates ligand binding 
sites and analyze the effects of amino acid 
variants in protein query. In addition Phyre2 
also predicts some parts of proteins which 
have no detectable homology to known 
structures. The Phyre2 server is available at 
http://www.sbg.bio.ic.ac.uk/phyre2. A typical 
structure prediction will be returned after 24 h 
of submission. Furthermore, sequence 
alignment of template and target sequences 
were carried out by protein BLASTp against 
PDB database. Structure refinement and 
energy minimization were done and then 3D 
structure files were analyzed using Swiss PDB 
Viewer andModeller 9.10. 

Ramachandran plots analysis 
Ramachandran plots analysis by 

RAMPAGE assessment of the model was 
performed to determine the stereochemical 
quality and accuracy of the predicted model 
structure (37,39). The model with the 
minimum number of residues in the outlier 
region was selected for further studies.  

 
Molecular dynamics simulations  

Molecular dynamics (MD) simulation is an 
appropriate way of optimization and completion 
of protein folding. In MD simulation step, 
proteins can undergo conformational changes 
(folding/unfolding) causing changes in their 
substrate-binding site. All MD simulations 
were carried out by the GROMACS 4 package 
using the g431a1force field (Gromos87) (39). 
The Swiss PDB Viewer was employed in 
order to structural superimposition. 

In our study, the chain A of IGF-1 protein 
(1PMX) was used as a template for simulation 
of water molecules represented using a simple 
point charge (SPC216) model. Chloride 
counter-ions were added by replacing water 
molecules to ensure the overall charge 
neutrality of the simulated system that 
comprised of IGFBP-3 or IGF-1. At first, an 
energy minimization process was carried out. 
After this step, position restraint procedure 
was performed in association with canonical 
(NVT) and isothermal–isobaric (NPT) 
ensembles. An NVT ensemble was adopted at 
the constant temperature of 323 K. After 
stabilization of temperature an NPT ensemble 
was performed. In this phase a constant 
pressure of 100 kPa was employed. 
 
Docking protocol 

Docking study is generally based on                
ab initio docking and data-driven docking.               
Ab initio docking considers just on the 
coordinates of the structures, despite any 
experimental information about the system; 
and experimental data is often used to improve 
the docking results. Whereas, data-driven 
docking directly process experimental or 
predictional information. In this study, 
docking was performed by HADDOCK 
program which is a popular docking program 
that follows a true data-driven strategy and can 
be applied for docking protein-protein, 
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protein-nucleic acid, protein-oligosaccharide, 
and protein-small molecule complexes (40). At 
first, experimental data were entered in the 
form of active and passive residues of IGF-1 
and IGFBP-3. Then the data were converted 
by HADDOCK into ambiguous interaction 
restraints (AIRs) used to drive the docking. 
The docking protocol consists of three stages: 
a rigid body energy minimization, a semi-
flexible refinement in torsion angle space, and 
a final refinement in explicit solvent. After 
each of these stages, structures were scored 
and ranked, and the best structures were 
adopted for the next stage. The HADDOCK 
score is a sum of van der Waals, electrostatic, 
desolvation, and restraint violation energies 
together with buried surface area. After a 
successful docking run, clustered results were 
displayed and for every cluster, various 
energies that make up the HADDOCK score 
were presented.  
 

RESULTS 
 
Prediction of 3D for IGFBP-3 structure by 
homology modeling Phyre2 and its validation 
by Ramachandran 

A fast and accurate method for building and 
prediction 3D structure of a protein is 
homology modeling. Recently it has been 
accepted that the necessary condition for 
successful homology modeling is a sufficient 

similarity between the protein sequences. As 
indicated in Fig. 2 multiple sequence 
alignment as a reliable method for identifying 
highly conserved residues showed that the N- 
and C-domains of this protein contain 
cysteine-rich residues which are well 
conserved, while the mid-region (linker 
domain) is weakly conserved (Fig. 2). The N-
terminal domain has twelve conserved 
cysteine residues and the C-terminal domain 
has six ones. Six intra domain disulfide bonds 
are found in the N-terminal domain (residues 
13-40, 16-42, 24-43, 31-46, 54-61, and 67-87) 
and three in C-terminal domain (residues 186-
213, 224-235, and 237-258). since  no specific 
protein to use as a template is not present, this 
study used multiple-template for simulation of 
IGFBP-3 structure. The PDB ID of templates 
are as follows: 1BOE, 1H59, 2DSP and 1WQJ 
(33-36). 

In this alignment, sequence of an unknown 
protein is aligned with sequences of known 
protein structures. Therefore, the 3D structure 
of human IGFBP-3 built through homology 
modeling using the 3D structure of templates 
should be suitable for modeling of IGFBP-
3.From the 100 model produced by Modeller, 
the best model with the lowest value of the 
probability density function was selected as 
the initial model for further analysis. However, 
due to extra amount of loop in this predicted 
structure, it was not satisfying. 

 

 
Fig. 2. Multiple sequence alignments of mature forms of N and linker domains of IGFBP-3 with other IGFBP1-6 in 
human. There are numerous amino acids indicated in black color which strongly conserved almost in all sequences. 
Also amino acids indicated by stars, show conserved sites which are important in binding with IGF-1. Serine111 is 
indicated by a circle. Conserved in linker domain is low. 
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Phyre2 predicted structure for total 
sequence of IGFBP-3, similar with model 
predicted by Modeller software was not 
satisfying. In order to use Phyre2 its sequence 
was divided in three sections prior to 3D 
structure prediction. First part of this mature 
protein which includes residues of 1 to 97 
called N-domain. The best homologous 
template was growth factor binding domain 
suggesting that this hydrophobic residues of 
the N-terminal domain participate in IGF 
binding properties which is confirmed by 
several studies (32,41).  

Second parts of its structure which contains 
98 to 183 residues called linker, has no 
satisfying structural homology with known 
proteins. Third domain called C-domain starts 
from 184 to 264 residues. Therefore, both the 
N- and C-domains of the IGFBP-3 act in a 
cooperative manner to bind IGF preventing 
IGF receptor binding which results in IGF 
activity reduction.  

The structure prediction of IGFBP-3 has 
shown that 35.6 % of this protein contains 
15.9% alpha helix (and 19.7% β-sheet (which 
can make flexibility to this protein for various 
interactions by other proteins like IGF-1 and 
IGF-2, transmembrane protein 219 (TMEM 
219), ALS, retinoid X receptor (RXR) etc (42-
44).  

Comparison of six members of IGFBPs N-
domain, that belong to IGF binding domain of 
IGFBP-3 with other N-domain of IGFBPs are 
shown in Table 1 and Fig. 3 illustrating that N-
domain of IGFBP-5 have most identity in 
primary and secondary structure. The C-
domain of IGFBP-3, which belongs to 
thyroglobulin type I domain, with C-domain of 
IGFBPs have shown most identity to IGFBP-5 
(43). Because of the lack of IGFBP-5 
structure, next similar protein is IGBPP-6 
suggesting that maybe there is a motif 
containing a helix and an anti-parallel β-sheet 
in the structure of IGFBP-3. 

 
Table 1. Comparison of insulin-like growth factor binding protein 3 (IGFBP-3) domains with other IGFBPs domains. 
Percentage of amino acid sequence identity BP3 and its domains in comparison with IGFBPs domain. 
 BP3 BP1 BP2 BP4 BP5 BP6 

Protein size (1-264) (1-234) 
28.6% 

(1-290) 
29.5%

(1-237) 
33.3%

(1-252) 
42.5% 

(1-213) 
35.2%

N-domain   
 

(9-90) (1-82) 
43.2% 

(1-97) 
49.5%

(2-82) 
47.4%

(2-82) 
56.8% 

(2-82) 
37.9%

C-domain   (183-258) (150-230) 
29.9% 

(187-269) 
35.1%

(148-228) 
29.9%

(171-242) 
54.5% 

(133-207) 
39% 

Protein sequences accession numbers are as follows: BP1, P08833; BP2, P18065; BP3, P17936; BP4, P22692; BP5, P24593; BP6, 
P24592. 

 
 

 

 
Fig. 3. Overview of predicted secondary structure of insulin-like growth factor binding proteins (IGFBPs). Comparison 
of N-domain of insulin-like growth factor binding protein 3 (IGFBP-3) with IGFBP-4 (PDB code, 1WQJ), IGFBP-5 
(PDB code, 1H59), and IGFBP-6 (PDB code, 2JM2). C-domain comparison of IGFBP-3 with IGFBP-1(PDB code, 
1ZT5), IGFBP-2 (PDB code, 2H7T), IGFBP-4 (PDB code, 2DSP), and IGFBP-6 (PDB code, 1RMJ). 
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Fig. 4. Three dimensional structure of insulin-like growth factor 1 (IGF-1) (PDB code, 1PMX). (A) Before molecular 
dynamics (MD), (B) after MD, and (C) structural superposition of IGF-1 before MD and after MD. IGF-1 structure 
change in helix-1 gives rotation angle of about 30°, which is main changing of IGF-1 through MD. 
 
3D Structure of IGF-1  

IGF-1 is a 70-amino acid protein showing 
many growth-promoting and metabolic activities 
(44). There are several crystallography 3D 
structures of IGFs by both nuclear magnetic 
resonance (NMR) spectroscopy and X-ray 
crystallography (44-46). Structure of IGFs 
consists of four parts and IGFs belongs to three 
helix bundle. The secondary structural principle 
of IGF-1 and IGF-2 is α-helix. The A part 
consists of helix 2 (Ile43-Cys47 of IGF-1 and 
Glu44-Phe48 of IGF-2) and helix 3 (Arg56-
Tyr60 of IGF-1 and Ala54-Tyr59 of IGF-2), 
whereas the B part contains helix 1 (Gly7-
Cys18 of IGF-1 and Gly10-Val20 of IGF-2) 
(46). The IGF-1 C and D parts with loop 
structure are highly flexible in solution              
(Fig. 4A). Mutagenesis studies have shown 
that three disulfide bonds including Cys6-
Cys48, Cys18-Cys61, and Cys47-Cys52 
stabilize its 3D fold (47). 

MD simulation of IGF-1 proceed in 20 ns, 
shown changing of the conformation. As 

shown changing of the conformation. As 
shown in Fig. 4B, MD influenced GF-1 
folding as compacted structure. Superposition 
of IGF-1 before and after MD with Swiss PDB 
Viewer showed that helix-1 in IGF-1 rotated 
around 30° (Fig. 4C).  
 
Docking prediction of IGFBP-3/IGF-1 
Active and passive residues of IGF-1 should 
be entered to software  

The selected template was then forwarded 
for the Modeller analysis and then final 
models predicted are shown in Fig. 5A. The 
active residues of IGF-1 involved in the 
interaction with IGFBP-3 are provided in               
Fig 5B, 5C and Tables 2 and 3. All listed 
residues in Table 3 are located on the surface 
of IGF-1.The active residues Glu3, Glu9, 
Asp12, Phe16, Val17, Gly19, Asp20, Arg21, 
and Glu58 have central importance for the 
interaction (48,49). The distance side chain of 
these amino acids with corresponding amino 
acids in IGFBP-3 is less than 5 Å. 
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Fig. 5. Prediction of protein-protein interaction of insulin-like growth factor binding protein 3 (IGFBP-3) with insulin-
like growth factor 1 (IGF-1). (A) This predicted strucure showed that IGF-1 binds to N-domain and linker domain of 
IGFBP-3. (B) Underlined residues of IGFBP-3 are interacting with helix 1 of IGF-1. (C) This predicted structure 
showed that serine111 of IGFBP-3 is located near to Glu9 of IGF-1 whose phosphorylatin might interrupts this 
interaction through repulsive forces between phosphate group and glutamic acid. (D) Ramachandran plot of IGFBP-3. 
The dark, medium dark and white area represents respectively most favored, allowed, and disallowed regions. 

 
Table 2. The best cluster produced by HADDOCK for insulin-like growth factor binding protein (IGFBP-3) and insulin-like 
growth factor 1 (IGF-1). 

Parameters Unit 

HADDOCK score (a.u.) -9.5 ± 8.0 

Cluster size 16.0 
RMSDa from the overall (Å) 
lowest-energy structure  

5.3 ± 0.1 

Van der Waals energy (kcal mol-1) -76.3 ± 7.0 

Electrostatic energy (kcal mol-1) -296.6 ± 49.3 

Desolvation energy (kcal mol-1) 46.7 ± 9.0 

Restraints violation energy (kcal mol-1) 794.7 ± 54.9 

Buried Surface Area (Å2) 2116.5 ± 173.6 

Z-Score -1.4  
a RMSD, root mean square deviation.  

  

    C 
 

B 
 

A 
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Table 3. Residues of insulin-like growth factor 1 (IGF-1) interacting with insulin-like growth factor binding protein 3 
(IGFBP-3) in the best predicted models with interaction distance between residues 

Residues of IGF-1 Residues of IGFBP-3 distance between residues [Å] 

Glu 3 Ile 146 2.78 

Glu 9 Se 111 3.11 

Asp 12 Asn 109 1.69 

Phe16/Val17 Arg 60 4.20-4.41 

Gly 19 Gly 39 2.08 

Asp 20 Arg 36 2.05 

Arg 21 Glu 33 3.12 

Glu 58 Arg 66 3.80 

 
Active and passive residues of IGFBP-3 
should be entered to software 

Computational docking is the prediction of 
the 3D structure of a bimolecular complex 
which uses the individual molecules. For 
IGFBP-3/IGF-1 interaction, HADDOCK 
clustered 159 structures in 16 clusters. Table 2 
displays the best scoring structure with lower 
energy and Z-score that indicates standard 
deviations of a given cluster is separated from 
the mean of all clusters from the average. The 
best clusters of the predicted structure have 
some residues of IGFBP-3 and their distance 
which are interacting with the related structure 
of IGF-1 (Table 3). Z-score -1.4 and RMSD 
5.3 Å for docking experiment suggested that 
the complex structure of IGFBP-3/IGF-1 is an 
acceptable model.  

Fig.5B and Fig. 5C summarize the active 
residues of IGFBP-3 correspond to interface 
residues of IGF-1 identified by docking 
experiment. The active residues Ile146, S111, 
Asn109, Arg60, Gly39, Arg36, and Glu33and 
Arg66 of IGFBP-3 are identified on the 
surface of protein.  

Data obtained were rechecked by 
Ramachandran plot. This finding showed that 
92.8% residues are in the most favored 
regions, 4.1% residues are in allowed regions 
while 3.1% residues are in disallowed region 
(Fig. 5D). 

IGFBP-3 fragments with different lengths 
including the first 97 residues (1-97 IGFBP-3) 
are capable of binding IGFs, though with a 
lower affinity than intact IGFBP-3. The N-
domains of IGFBP-3 like IGFBP-4 and -5 has 
rigid globular structures, whereas the C-
domains of IGFBP-3 adopt a thyroglobulin 
type 1 fold contain some more flexible regions 

like that seem in IGFBP-1,-2 and -6 (Fig. 3). 
Abundant evidences show the importance of 
amino-terminal IGFBPs residues in interacting 
with the IGFs. (50,51).  

 
DISCUSSION 

 
IGFBP-3 is one the most abundant protein 

in serum which interacts with IGFs. Despite 
decades of unremitting research, the crystal 
structure of IGFBP-3 has not been elucidated; 
therefore, the present study was designed to 
predict 3D structure of IGFBP-3 in interaction 
with IGF-1. IGFBPs share the similar overall 3 
domain structures, with N-, linker and C-
domain. Linker connects N- and C-domains. 
Our results indicate that N-domain primary 
and secondary structure of IGFBP-3 is similar 
to N-domain of IGFBP-5 (Table 1 and Fig. 3). 
Forbes et al. indicated that N-domain of 
IGFBP-6 has different structure compared to 
IGFBP-4 and -5 (31). The predicted secondary 
structure of N-domain seen in IGFBP-3 
contains stranded β-sheet and α-helix that 
comparable to IGFBP-4 and 5 (33). 
Comparative secondary structures of N-
domain of IGFBPs are shown in Fig. 3 which 
might be involved in IGF binding. The 9th to 
12th conserved cysteine residues of IGFBP-1 
to IGFBP-5 located in N-domain. Site-directed 
mutagenesis in N-domain of IGFBPs is 
necessary for association with IGF binding 
affinity (48-52). The secondary structure of C-
domain in IGFBPs adopt to thyroglobulin typ-
1 structure. Fig. 3 also shows that C-domain of 
IGFBP-3 possess folding similar to 
thyroglobulin (41). The current study predicted 
that contains large amount of loop which     
make high flexibility for this protein (Fig. 5).             
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Kalus, et al. describe the flexibility of IGFBP-
5 (32) which may enable it to bind to its 
partners such as IGFs, TMEM-219 and ALS 
(52,53). On the other hand, IGF-1 due to its 
flexible structure has a vital role in various 
stage of growth and metabolism (1,2,8). In this 
regard, our MD experiments showed that IGF-
1 structure is flexible. The conformational 
rearrangement about 30° in helix-1 of IGF-1 
enables high affinity interaction with IGFBP-3 
(Fig. 4). Subsequently, this ability makes it a 
partner for various proteins such as IGF-1R 
and IGFBPs (12,45). Recently it has been 
shown that linking N- and C-domain of 
IGFBP-3 in collaboration with N-domain 
elevates affinity of IGF binding. Therefore 
isolated N-domain led to 10-fold reduction in 
IGF binding affinity than indicted IGFBP-3            
(2,51,54). In addition, mutational studies of 
IGFBP-3 have revealed that Gly217Ser and 
Gln223Ala in C-domain disrupted IGF binding 
by 4 to 11 folds (55). Further studies have 
shown that mutation of residues 215-232 in 
IGFBP-3 interrupts interaction with ALS 
suggesting that its C-domain is more important 
in IGF-1 function (54). Taken together the N- 
and C-domains of IGFBP-3 were similar with 
corresponding domains in other IGFBPs. But, 
the linker is more likely to be different 
between IGFBPs (Fig. 2). Our data showed 
that most of post translational modifications of 
this protein are occurred in the linker (Fig. 1) 
(18, 20). Mutagenesis studies by Song et al. on 
C-domain of IGFBP-5 revealed that the 
mutation of Gly217Ser and Gln223Ala 
disrupted the IGF binding affinity (53). Our 
docking studies have identified residues of 
IGFBP-3 that interact with IGF-1. This 
residues form the deep binding clef into IGF-1. 
The experimental results obtained from 
mutants of IGF-1, Glu3, Gly7, Leu10, Val17, 
and Phe25 have shown that these mutants are 
important residues for IGFBPs binding (9). 
Other important IGFBP-binding determinants 
of IGF-1 include Gln15 and Phe16 in the B-
part and Phe49, Arg50, and Ser51 residues in 
A-part (48). Based on the model of the tertiary 
structure of IGF-1 proposed by Blundell, et al. 
it may be concluded that residues 3-4, 49-51, 
and 55-56 are on the surface of the IGF-1 
molecule in locations suitable for interaction 

with IGFBP-3 (49). The α-helical region of the 
B-domain (residues 8-18) also plays a critical 
role. Residues of Phe23, Tyr24, and Phe25 of 
IGF-1 are critical for IGF-1R binding; thus 
binding of IGF-1 to IGFBPs hinders its 
interaction with the IGF-1 receptor (49). 
Clinical and practical studies have shown that 
phosphorylation of Ser111 located in the linker 
of IGFBP-3 significantly led to the induction 
of apoptosis (19,56). Therefore, our data 
suggested that this modification either 
interrupts hydrogen bond between Asp12 of 
IGF-1 and Gly108/Asn109 of IGFBP-3 or 
make repulsion force to repel Glu9 of IGF-1 
(Fig. 5). Taken together, phosphorylation of 
Ser111 leads to separation of IGFBP-3 to 
induce apoptosis.  
 

CONCLUSIONS 
 

This study represents predicted structure of 
IGFBP-3 and defines contact residues that 
interact with IGF-1. These residues are located 
on surface of IGFBP-3 and affected the 
affinity of IGF-1. Our findings suggest that 
phosphorylation of IGFBP-3 (ser111) make a 
repulsive force to interrupt this interaction 
which enables IGFBP-3 to induce apoptosis. 
We propose employment of the information of 
this protein-protein interaction to develop new 
peptide drugs to treat various cancers. In 
addition, understanding of molecular 
interaction of IGFBP-3 to other ligands 
provides the basis of a specific tool or strategy 
for manipulation in IGF-depend and IGF-
independ action. 
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