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Abstract 
The RANK-TRAF6 metabolic pathway is commonly associated with osteoporosis and development of breast and prostate 
cancer. Therefore, the inhibition of binding between RANK and TRAF6 has been studied. One of the hypotheses is through 

decoy peptides that bind to one of the targets blocking the binding. The aim of this thesis is the prediction of decoy peptides 

based on RANK that binds to TRAF6 and their synthesis. The 3D structures of the selected peptide-based sequences were 
predicted, and a molecular docking study was performed to analyze and validate their stability with TRAF6. Molecular 

docking assessment was done through a balance between HADDOCK score, percentage of residues at the interface and 

the RMSD, allowing to reach the most stable complex for each peptide. The peptides were synthesized in solid phase, 
followed by purification by RP-HPLC, and a purity >95% was obtained for all peptides. Biological studies will be further 

performed to evaluate their efficiency in inhibiting RANK-TRAF6 binding. 

Keywords: TRAF6, Protein-Protein Interaction, Computational Chemistry, HADDOCK score, Solid-Phase Peptide 
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Introduction 
According with the World Health Organization 

(WHO) in 2020, 10 million deaths were counted 
due cancer, where 2.26 million were from breast 

cancer and 1.41 million from prostate cancer[1].  

Studies show relationship between breast and 
prostate cancer with the propensity to 

metastasize to bone[2]. The structural and 

metabolic integrity of bone is maintained through 

the dynamic process of bone remodeling, by two 
main kinds of bone cells, osteoblasts and 

osteoclast, osteoblasts are responsible for the 

formation of new bone and osteoclasts for bone 
resorption[3]. When cancer cells block this 

process, they speed up the action, meaning there 

is an increase in the activity of regulators of bone 
causing osteolysis and abnormal new bone 

formation[4][5]. Currently, no efficient therapy or 

treatment has been found yet, so there are  

several therapeutic targets for it, namely the 
receptor activator of nuclear factor-kappaβ 

(RANK) signaling pathway[6][7]. This pathway is 

important because it is responsible for osteoclast 
activation, and as previously mentioned, breast 

and prostate cancer have a propensity to 

metastasize to bone. 

NF-Kβ is a heterodimer composed of 
two subunits, p65 and p50, and he is inactivated 

in the cytoplasm bound to the inhibitor Kappa-

βeta (iKβ) protein, forming the NF-Kβ/iKβ 

complex[8][9]. To activate NF-Kβ an extracellular 
stimulus is needed. Afterward an intracellular 

pathway is activated leading to the activation of 

NF-Kβ. After its activation, NF-Kb will cross to 

nucleus, binding to a specific DNA and activate 

the expression of the target gene responsible for 

osteoclast formation, and carry out its 

transcription[8][10].  

Extracellular stimulation resides in the protein-
protein interaction between RANK and its ligand 
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RANKL, members of tumor necrosis factor (TNF) 

cytokine family. However, the same interaction 

needs to be mediated by TNF receptor-
associated factors (TRAFs) for an intracellular 

signaling pathway be activated. This way NF-KB 

is recruited, subsequently by intermediate factors 
NF-Kβ is free in the cytoplasm and then enters in 

the nucleus and carry out the target gene, leading 

to the activation of osteoclasts[10][11].  

TRAFs were first discovered as adaptor 
proteins that couple the tumor necrosis factor 

receptor family to signaling pathways[12]. Among 

all seven TRAFs, TRAF6 is the only one that can 
activate NF-Kβ, because although TRAF6 has 

the same structural characteristics of the other 

members of the family, he is the less conserved 
in is TD, more specifically in the TRAF-C domain, 

since he only shares 30 % of the sequence 

identity with the others TRAFs members (1-5). So 

he does not have the same binding site as the 
others, meaning that TRAF6 binds in a different 

region of the RANK than TRAFs 1, 2, 3, 5 and 7 

[12][13][14]. 

In order to reach the TRAF6 binding motif, several 
studies and hypotheses were conducted, a 

sequence alignment based on the structure of 

TRAF6 binding sites in mouse and human, was 
performed. Based on that sequence alignment it 

was able to  conclude that TRAF6 binding motif, 

in RANK (TRANCE-R), and other TNFR family 
members, is a generalized amino acid sequence 

pattern, designated Pro-X-Glu-X-X-(Ar/Ac). Were 

Ar is an aromatic and Ac an acid residue. The 
residue Glu have been designated in position P0, 

Pro in position P-2 and Ar/Ac in position P3. These 

residues are the most crucial for TRAF6 
interaction and essential for maintaining the 

integrity of the interface[15][13].  

Which lead us to the aim of this thesis, the 

synthesis of peptides that inhibit RANK-TRAF6 
binding. For that in silico methods were used to 

predict 3D structure of the selected peptides and 

then submitted to a molecular docking in order to 

understand how occurs the interaction with 
TRAF6 and validate their stability. 

Materials and methods 
Decoy peptides 
Ann T. Poblenz suggests that T6DP3 

(RKIPTEDEY) is the most effective RANK-

TRAF6 peptide inhibitor[16]. 

Based on this study, 4 sequence-based peptides 
were designed. The difference between Peptide 

1 and Peptide 2 is the alanine mutation at active 

residues that are experimentally described as 
important in the interaction RANK-TRAF6. Thus, 

it is possible to check if they are really key 

residue. Peptide 3 and Peptide 4 have the same 
sequence of Peptide 1 and 2 plus a Cell 

Penetrating Peptides (CPP) which will facilitate 

the internalization of peptide into cell. The CPP 
used is, AAVALLPAVLLALLAP, a hydrophobic 

sequence of the Kaposi fibroblast growth factor 

signal peptide. The sequence of four peptides are 

present in table 1. 

TABLE 1: PEPTIDES TO BE PRODUCED. 
Peptide Sequence 

Peptide 1 RKIPTEDEY 

Peptide 2 RKIATADEA 

Peptide 3 
AAVALLPAVLLALLAP 

RKIPTEDEY 

Peptide 4 
AAVALLPAVLLALLAP 

RKIATADEA 

 

Computational Chemistry 

3D structure prediction 
PEP-FOLD 3 and I-TASSER webservers will be 

used to predict 3D structures of Peptide 3 and 4. 
As I-TASSER only predicts structures longer than 

10 amino acids , PEPstrMOD webserver will be 

used to predict the tertiary structure of Peptide 1 
and 2. The five best models for each sequence 

will be analysed in the ProSA-Web webserver, 

which allows us to select the best and most robust 
model[17][18][19][20][21][22][23][24][25][26]. 

Molecular Docking 
The molecular docking study was performed 

using the HADDOCK (High Ambiguity Driven 
protein-protein DOCKing) server[27][28]. 
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HADDOCK starts with a randomization of 

orientations and rigid body energy minimization 

(1000 solutions), then occurs semi-rigid 
simulated annealing in torsion angle space (200 

solutions), finally occurs a refinement in Cartesian 

space with an explicit solvent (200 solutions). 
HADDOCK also uses biological information to 

drive docking, introducing ARIs (Ambiguous 

Interaction Restrains). 

Two docking runs were performed for each 
peptide, where in the first docking the active 

residues chosen for Peptides 1, 2, 3 and 4 are 

those that are experimentally described as 
important in the interaction with the TRAF6 and in 

the second docking all residues belonging to the 

peptides are considered active (table 2). 

Beyond the HADDOCK score, the top 10 was 
analyzed according to their percentage of 

interfacial residues and RMSD. The HADDOCK 

score is provided by HADDOCK allowing to 

perceive which is the most stable complex 
obtained through an energies algorithm; the 

percentage of interface residues is calculated 

considering: i) the active residues that are 
experimentally described as important in the 

interaction with the TRAF6 protein 

(TRAF6_Seq_1; TRAF6_Seq_2; TRAF6_Seq_3 
and TRAF6_Seq_4) and ii) all residues of the 

peptide sequence. (TRAF6_Seq_1_1, 

TRAF6_Seq_2_1, TRAF6_Seq_3_1 and 
TRAF6_Seq_4_1). The RMSD was calculated in 

PyMOL, where the complex with the lowest 

RMSD is the most similar to crystal (1LB5). 

Solid-Phase Peptide Synthesis 

Solid-phase peptide synthesis 
Two Resins were used, Rink Amide MBHA resin 
(Novabiochem®) with a substitution coefficient of 

0.78 mmole/g, used for peptide 1, and Rink 

Amide MBHA resin (Novabiochem®) with a 

substitution coefficient of 0.38 mmole/g used for 
peptide 2, 3 and 4.  

The resin was weighed and transferred to the 

polymeric reactor. The resin was swollen, where 

it was washed three times with DMF (CARLO 
ERBA reagents) and three times with DCM 

(CARLO ERBA reagents), respectively. After 

swelling, the resin was deprotected with 4 mL of 
20 % piperidine (SIGMA-ALDRICH®) solution in 

DMF, this was added to the reactor and it was 

sealed and taken to an ultrasonic bath for 5 to 10 
min. After this, the deprotection solution was 

discarded and the resin was washed with DMF 

and DCM (three times). At the end of 
deprotection, a Kaiser test was performed. 

The first amino acid was conjugated with a 

solution containing 3.5 amino acid equivalents 

and 3.5 equivalents of HBTU (activator) (Iris 

Biotech GmbH) in 1mL of DMF solution, the 
solution was taken to an ultrasonic bath for 5 min 

to promote amino acid activation. 10 equivalents 

of DIPEIA (activating base)(SIGMA-ALDRICH®) 
were added to the solution and taken to the 

ultrasonic bath for 1 min. The solution was 

transferred to the reactor where the first amino 
acid goes coupling for 10 min in the ultrasonic 

bath. After conjugation, the solution is removed 

and the resin is washed. At the end of each 
coupling, a kaiser test was performed and then 

the deprotection of the amino acid is carried out 

in order to conjugate the next one. This is 
repeated until the end of the peptide chain is 

reached. All amino acid used were from 

Novabiochem®. 
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TABLE 2: CONDITIONS FOR EACH DOCKING. 

 Run Name (ID) 
Resíduos Activos 

Chain A à TRAF6 

Resíduos Activos 

Chain B à Peptídeos 

Resíduos ativos dos 

peptídeos são os 

descritos pela 

literatura 

TRAF6-Seq_1 

392, 410, 473, 471, 

432, 459 

4,6,9 

TRAF6-Seq_2 4,6,9 

TRAF6-Seq_3 20,22,25 

TRAF6-Seq_4 20,22,25 

Todos os resíduos do 

peptídeo são 

considerados ativos 

TRAF6-Seq_1_1 1,2,3,4,5,6,7,8,9 

TRAF6-Seq_2_1 1,2,3,4,5,6,7,8,9 

TRAF6-Seq_3_1 

1,2,3,4,5,6,7,8,9, 

10,11,12,13,14,15, 

16,17,18,19,20,21, 

22,23,24,25 

TRAF6-Seq_4_1 

1,2,3,4,5,6,7,8,9, 

10,11,12,13,14,15, 

16,17,18,19,20,21, 

22,23,24,25 

The final step is the cleavage of the peptide, 

where the resin with the chain was swollen, 

deprotected, followed by a Kaiser test. After these 
steps, a 4 mL cleavage solution (cocktail) was 

prepared containing 95 % trifluoracetic acid 

(TFA)(3.8 mL) (SIGMA-ALDRICH®) 2.5 % 
deionized water (0.1 mL) and 2.5 % 

triisopropylene (TIS)(0.1 mL)(SIGMA-

ALDRICH®). Then the solution was added to the 
reactor and left for four hours in constant 

agitation, after the liquid was transferred to a 

falcon, where the excess of TFA was evaporate 
by nitrogen flow. Ether was added to the falcon in 

a 1:10 ratio of TFA to ether, it was homogenized 

and then it was centrifuged (centrifuge HERMLE) 

for 5 minutes at 5000 rpm and an acceleration of 
5. The precipitated peptide was separated from 

the supernatant. The process of ether addition, 

centrifugation and removal of the supernatant 
was repeated three times. At the end of the third 

time, the excess ether was removed and finally 

the nitrogen dried peptide was obtained.  

Kaiser test was used to monitor the synthesis. In 
a teste tube containing a few dry resin spheres 

were added two drops of three different solutions: 

A (5 g of ninhydrin in 100 mL of ethanol); B (80 g 

of phenol in 20 mL of ethanol) and C (2 mL of 
0.001 M of aqueous potassium cyanide (KCN) in 

98 mL of pyridine). The tube was placed in a 

water bath for 5 to 10 minutes, after the resin 
spheres were thoroughly observed.  

Peptides biological characterization and 
purification 

Reverse-Phase Analytical High Performance 
Liquid Chromatography (RP-HPLC) 
A solution with 200 μL of water with 0.1% TFA 

was prepared with a small portion peptide. 
Sometimes it is necessary to add one or two 

drops of ACN (CARLO ERBA REAGENTS®). We 

took about 35 μL of the solution of each peptide 
and injected it into the analytical RP-HPLC, the 

time between runs is about 45-50 min, depending 

on the method used. The system is composed 
with a pump (PerkinElmer® 200 Series Pump), a 

detector (PerkinElmer® 200 Series UV/Vis), a 

degasser (PerkinElmer® 200 Series vacuum 
degasser) and a column (Supelco Analytical, 
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Discovery® BIO Wide Pore C18-5, 25 cm X 4.6 

mm, 5 μm, SIGMAALDRICH®). The UV detection 

was between 210 nm to 220 nm, the eluents used 
in the system were H2O with 0.1% TFA and ACN 

in 0.1% TFA, in channel A and B, respectively. 

Having peptides with different sizes, two HPLC 
methods were optimized, one for the smaller ones 

and the other for the larger ones, both methods 

are described in table 3 and 4. 

TABLE 3: OPTIMISED METHOD FOR THE SMALLEST 
PEPTIDES (PEPTIDE 1 AND 2). 

Time 
(minutes) 

Eluent 
A (%) 

Eluent 
B (%) 

Flow 

(ml/min) 

- 95 5 

1 

3 95 5 

28 75 25 

30 0 100 

33 0 100 

35 95 5 

 

TABLE 4: OPTIMISED METHOD FOR THE MAJOR 
PEPTIDES (PEPTIDE 3 AND 4). 

Time 
(minutes) 

Eluent 
A (%) 

Eluent 
B (%) 

Flow 

(mL/min) 

- 90 10 

1 

3 70 30 

28 40 60 

30 0 100 

33 0 100 

35 90 10 

 

Reverse-Phase Preparative High Performance 
Liquid Chromatography (RP-HPLC) 
A solution with 10 mL of H2O with 0.1% TFA was 

prepared with a small portion peptide, the volume 
injected was 1000 μL. The system is composed 

with a pump (Waters 2535 Quaternary Gradient 

Module), a detector (Waters 2998 Photodiode 
Array Detector), a degasser (Uniflows, DG- 3210) 

and a column semi-preparative (MACHEREY-

NAGEL Nucleosil® 100-5 C18, 250 cm x 8 cm). 
The UV detection was between 210 nm and 220 

nm, the eluents used in the system were H2O with 

0.1% TFA and ACN in 0.1% TFA, in channel A 

and B, respectively. The HPLC methods used 

were the same as applied in the analytical part. 
During purification, three fractions of the pure 

peptide are removed and then lyophilized 

(CoolSafe 100-9 Pro). 

Mass Spectrometry (MS) 
Analysis by electrospray mass spectrometry 

(ESI-MS) of compounds was performed with the 

aid of an electrospray ionization (ESI) mass 
spectrometer (Bruker HCT Esquire 3000 plus®). 

This analysis was performed according to the 

methodology developed by the research group of 
Radiopharmaceutical Sciences from Center for 

Nuclear Sciences and Technologies (C2TN). 

The molecular weight of each peptide was 

calculated through Expasy and the molecular ions 
of each peptide were then calculated by hand 

[29][30][31]. 

Results and discussion 
Computational Chemistry 

3D structure prediction 
Five models were generated for each peptide. 

They were further analyzed in the ProSA-Web 
webserver according to their z-score and 

visualized in the PyMOL to observe their 

structure. The models selected as well as their z-
score are shown in table 5 [26][25]. 

TABLE 5: FINAL 3D STRUCTURE OF EACH PEPTIDE 
AND Z-SCORE. 

Peptide z-score Final Structure 

Peptide 

1 
- 1.42 

 

Peptide 

2 
- 1.40 

 

Peptide 

3 
- 4.86 
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Peptide 

4 
- 3.22 

 

 

These final structures will be used in molecular 

docking studies. 

Molecular Docking 
The 10 best complexes were selected according 
to the HADDOCK score considering that the more 

negative the better [27][28]. A balance between 

the three parameters described above allowed to 
select the most stable complex from each 

peptide. The chosen complexes are described in 

table 7.  

Synthesis, Characterization and Purification 
of Peptides 
After synthesis, characterization, evaluation and 

purification of the peptides were performed. The 

chromatograms of the synthesized peptides after 
purification are illustrated in figure 1.  

In figure 1, the retention time of peptide 1 is longer 

than the retention time of peptide 2, 17.40 

minutes and 11.35 minutes, respectively. This 
difference may be related to the fact that the 

peptide sequences are different. 

The retention times of peptide 3 and 4 are 

very close, 18.86 minutes and 18.71 minutes, 
respectively. The proximity of the retention times 

is not only due to the similarity between the two 

peptide chains, where the mutated active 
residues are the same as in peptides 1 and 2, but 

also possibly due to their peptide sequence being 

longer (25 amino acids) and these mutated amino 

acids does not interfere.  

Table 5 shows the purities of each peptide. 

TABLE 5: PURITY OF EACH AMINO ACID AFTER 
PURIFICATION. 

Peptide Sequence 
Purity  

(%) 

Peptide 1 RKIPTEDEY-NH2 96 

Peptide 2 RKIATADEA-NH2 99 

Peptide 3 
AAVALLPAVLLALLAP 

RKIPTEDEY- NH2 
97 

Peptide 4 
AAVALLPAVLLALLAP 

RKIATADEA- NH2 
>99 

 

Based on table 5, it can be concluded that all 

4 peptides are pure (>95%). 

ESI-MS was performed to validate the 

presence of the peptide. The m/z ratio of each 
peptide is shown in table 6. 

TABLE 6: M/Z RATIO OF EACH PEPTIDE OBTAINED BY 
ESI-MS. 

 m/z 

Peptide [M+1H+]
+ 

[M+2H+]2+ [M+3H+]3+ 

Peptide 1 1149,6 575,4 - 

Peptide 2 973,6 487,3 - 

Peptide 3 - 1324,5 883,5 

Peptide 4 - 1236,4 824,6 

 

Through table 6, it is possible to conclude that all 

peptides were present in the sample, since their 

molecular ions were found. 
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TABLE 6: FINAL COMPLEX OF EACH PEPTIDE. 
Peptide Complex Final Structure 

TRAF6_Seq_1_1 Complex_154w 

 

TRAF6_Seq_2_1 Coplex_9w 

 

TRAF6_Seq_3_1 Complex_109 

 

TRAF6_Seq_4_1 Complex_50w 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a) 

(b) 

(c) 

(d) 

FIGURE 1: HPLC CHROMATOGRAM: (A) PEPTIDE 1, (B) PEPTIDE 2, (C) PEPTIDE 3 AND (D) PEPTIDE 4. 
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Conclusion 
The aim of this work was the Prediction of the 3D 

structure, selection and synthesis of peptides that 
potentially inhibit the RANK-TRAF6 interaction. 

3D structures of each peptide were predicted, and 

were subjected to molecular docking in order to 

predict the best pose of the complexes (peptides-

TRAF6). Through the simulations performed, a 
balance between the parameters HADDOCK 

score, interfacial residues percentage and 

RMSD, allowed the choice of the most stable 
complex. 

The synthesis of all peptides was successfully 

with >95% of purity, making them ready to be 

further used in in vitro studies. 

This work served as a kickoff for the molecular 
dynamics’ simulation studies of the studied 

complexes. Thus, through these computational 

tools, we can understand at the atomic level how 
the peptides interact with the target protein. Next, 

the evaluation of the biological ability of the 

synthesized peptides to interact with the TRAF6  
will be made. Finally, and if the results are 

promising, in vivo studies will allow a better 

understanding of the behavior of these peptides 
in the biological systems. 
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