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Abstract: Human Sep15 (selenoprotein 15KDa) is a selenoprotein altered in different cancers. Recently, it has 
been demonstrated that Sep15 is up-expressed in cell lines and tissues with hepatocellular carcinoma (HCC). Its 

three-dimensional structure is composed by a N-terminal region having few regular secondary structure 

elements and a more structured core with mixed -helices and -strands. The residue interaction network 
analysis on Sep15 model evidenced the presence of three HUB residues, Glu74, Phe154 and Leu159. 

To understand the role of these residues for stabilizing the protein structure, we modeled eight mutants for 
Sep15 structure. In details, we replaced the three residues with Ala and Gly, and Glu74 and Phe154 with Asp 

and Trp, respectively, to study the role played from the length and charge of these  HUB residues. 
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1. INTRODUCTION 

Some studies have evidenced that the selenium (Se) is able both to block the cellular oxidative 
damage and to play an important role in cancer development [1]. However this element is 
incorporated in the selenoproteins as selenocysteine [2]. Recently our group has focused its attention 

on human Sep15 (selenoprotein 15kDa) [3] that is involved in the quality control of the glycoproteins 

folding [4] and is highly expressed in organs such as prostate, liver, kidney, testes, and brain [5-6] 

even if its expression was found altered in lung, breast, colon and prostate cancers [7-8]. In particular, 
we have demonstrated by RT-qPCR that Sep15 is up-expressed in the two cell lines of hepatocellular 

carcinoma (HCC), like HepG2 and Huh7, compared to normal hepatocytes [9-10]. This result was 

also confirmed in thirty HCC tissues of patients, compared to normal liver samples, suggesting the 
possibility of using this protein as a putative index of endoplasmic reticulum (ER) stress levels in the 

presence of HCC [10]. Moreover, we modeled the 3D structure of Sep15 to understand the molecular 

mechanism at the basis of its function [10]. The obtained model showed few regular secondary 
structure elements at level of the N-terminal region, but a core of α/β structure mixed with some 

disordered loops. The molecular dynamics simulation evidenced that the structure was enough stable 

with a highly fluctuating N-terminal region, and, in particular, was stabilized by H-bonds, π-cation 

interactions, salt bridges and π-stacking interactions and showed three well conserved residues, 
Glu74, Phe154 and Leu159, which possessed pivotal characteristics to be considered as structural 

HUB nodes [10].  
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Since the HUB nodes are important residues in determining the protein structural stability, in this 
work we modeled the mutants of the human Sep15 to evaluate their role by replacing Glu74, Phe154 

and Leu159 with Ala or Gly residues to evaluate the structural effects resulting from the substitution 

of these amino acids, characterized by very specific side chains, with two residues with very short or 

absent side chain. Moreover, we modeled also other two mutants by replacing Glu74 and Phe154 with 
Asp and Trp, respectively, to understand if in Sep 15 the structural role of the negative charge as well 

as that of the aromatic side chain is dependent on the length of the respective side chains.  

2. MATERIALS AND METHODS 

2.1. Modeling of Human Sep15 and its Mutants 

To model the eight mutants of human Sep15 we used the same procedure reported in an our paper 

[10]. In details, we performed a comparative modeling strategy using as template the Sep15 structure 
from Drosophila Melanogaster (PDB: 2A4H) [11] for human region (47-134) and an “ab-initio” 

method selecting “Intensive” option in Phyre server [12] for the N-terminal region. To select the best 

models, we used the ProSA program to check the fitness of the sequences relative to the obtained 
structures and to assign a scoring function [13] and the on-line tool Ramachandran plot 2.0 by 

dicsoft1 server [14].  

All mutant models were subjected to Molecular Dynamics (MD).  

2.2. Molecular Dynamics (MD) Simulation and MD Analysis  

Molecular Dynamics (MD) simulations of mutants were performed for 20ns at neutral pH and 300K 

with GROMACS software package (v3.3.1) [15] in agreement with our previous works [10, 16-17]. 

Each model was inserted in a cubic box filled with SPC216 water molecules using GROMOS43a1 all-
atom force field. The systems were subjected to several cycles of energy minimizations and position 

restraints to equilibrate the protein and the water molecules around the protein. GROMACS routines 

were used to analyze the trajectories in terms of RMSD, RMSF, H-bonds, secondary structures, 
gyration radius, energy, cluster and principal components analysis (PCA) [10, 16-17].  

Conformations of Sep15 mutants at zero time and after 5, 10, 15 and 20 ns of MD simulation were 

also studied by construction networks of interacting amino acid pairs (nodes), and focusing on the 

type of interaction between the different nodes represented as edges in terms of H-bonds, π-cation, π-
stacking, salt bridges and interactions with their closest atoms (IAC) as already reported for the wild-

type Sep15 [10].  

3. RESULTS AND DISCUSSION 

3.1. Modelling of Sep15 Mutants   

Recently we modeled the three-dimensional structure of the human Sep15 analyzing its structural 

stability by MD simulations and evaluated the residues that play a key role in structural terms by a 
residue interaction network (RIN)analysis, identifying three HUB residues, Glu74, Phe154 and 

Leu159. Since the HUB nodes are important residues in determining the protein structural stability, 

we modeled the mutants of the human Sep15 to evaluate their importance. The mutants have been 
named as: Glu74-Ala, Glu74-Gly, Glu74-Asp, Phe154-Ala, Phe154-Gly, Phe154-Trp, Leu159-Ala, 

and Leu159-Gly. The 3D models of the mutants were built with the same modeling strategy already 

described in [10]. The analysis of the energetic quality of eight models evidenced that they had a 

ProSA Z-score ranging by -2.13 to 2.62 that was lower than that obtained for wild-type Sep15 (ProSA 
Z-score = -2.67) suggesting that even one only mutation is able to induce a little loss of stability. The 

models of the eight mutants, as well as that of wild-type Sep15 [10], showed few regular elements of 

secondary structure at level of the N-terminal region, and a core of α/β structure mixed with some 
disordered loops. They were subjected to MD simulations to evaluate their stability in comparison to 

the wild-type protein. 

3.2. Molecular Dynamics of Sep15 Mutants of Glu74 

The MD analysis of Glu74-Ala, Glu74-Gly, and Glu74-Asp mutants compared to the wild-type Sep15 

has evidenced that i) Glu74-Ala and wild-type Sep15 had similar trend of RMSD and gyration radius, 

reaching a relative stability after 6 ns, ii) Glu74-Asp quickly reached the stability after only 3 ns while 

iii) Glu74-Gly showed an initial instability reaching a stable state after 11 ns and was stabilized from 
a lesser number of H-bonds (Figures 1A, B and C). The RMSF plots showed that the core regions of 
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all the mutants were quite rigid, while their N-terminal regions (residues 1-55) were highly fluctuating 
(Figure 1D). Moreover, the energy evaluation has evidenced that the Lennard Jones and coulomb 

potential tended to decrease in all the four MD simulations even if it is evident that Glu74-Gly is the 

more instable mutant (Figures 1E and F), in according to the other analysis (Figures 1A-D).  

 

Figure1. Analysis of MD simulations conducted on Glu74 mutants of Sep15 in terms of: (A) root mean square 

deviation (RMSD) plot, (B) gyration radius plot, (C) H-bonds plot, (D) root mean square fluctuation (RMSF), 

(E) Lennard Jones energy and (F) Coulomb energy. 

The evolution of the secondary structure during the MD simulation showed small changes in the N-

terminal regions of these mutants (Figure 2). In fact, in the wild-type Sep15 the residue Glu74 is 

positioned at the end of the short third helix in the N-terminal region, but this helix is lacked in the 

Glu74-Gly model. It is also interesting to note that the helix length decreased in the Glu74-Asp model 

and increased in the Glu74-Ala model, in good agreement with the relative values for the helical 

propensity exerted by Asp and Ala. Even the PCA analysis (Figure 3) did not show large differences 

between wild-type Sep15 and its Glu74 mutants except for the mutant Glu74-Asp, which was less 

moving as already visible in RMSD plot (Figure 1A). Moreover, from the covariance analysis we 

evidenced that the wild-type Sep15 and the Glu74-Ala had very similar ranges (from -0.378 to 0.783 

and from -0.314 to 0.59 respectively) whereas the Glu74-Asp mutant showed a shorter range (from -

0.129 to 0.214) (Figure 4).  
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Figure2. Secondary structure evolution obtained for wild-type Sep15 and the eight mutants during MD 

simulation.  

 

Figure3. 2D projection of simulations onto the plane spanned by the two principal eigenvectors of PCA 

performed over the C-alpha coordinates for wild-type Sep15 (A), Glu74-Ala (B), Glu74-Gly (C), Glu74-Asp (D), 

Phe154-Ala (E), Phe154- Gly (F), Phe154-Trp (G), Leu159-Ala (H) and Leu159-Gly (I) mutants. 
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Figure4. Covariance matrix from PCA analysis obtained during MD simulations for wild-type Sep15 (A), 

Glu74-Ala (B), Glu74-Gly (C), Glu74-Asp (D), Phe154-Ala (E), Phe154- Gly (F), Phe154-Trp (G), Leu159-Ala 

(H) and Leu159-Gly (I) mutants. 

Furthermore,  the very light red color of the Glu74-Asp mutant suggested a lower amplitude of the 

fluctuations compared to the other two models of mutants as we can also appreciate by means of the 
RMSD plots and the PCA. Also, the cluster analysis evidenced that the total number of the clusters 

was enough similar between the Glu74-Ala mutant and the wild-type Sep15, while it was smaller in 

the Glu74-Asp mutant and higher in the Glu74-Gly (Figure 5). To have more details about the 

stability of these mutants we evaluated H-bonds, -cations, -stackings, IACs, and salt bridges of the 
three mutants as well as of the wild-type Sep15 after MD simulation. The comparison evidenced that 
the wild-type protein had the largest number of total H-bonds (92 versus the average number in the 

mutants of 83). Focusing on residue 74 (Table 1), we can see that in all the proteins this residue was 

always involved in a main chain-main chain (MM) H-bond even if with different residues, such as 

Gly85 in the wild type Sep15, Cys71 in the Glu74-Ala, Leu159 in the Glu74-Gly and Gly69 in the 
Glu74-Asp. Moreover the Glu74-Ala and Glu74-Gly mutants showed the smallest number of IACs, 

probably due to the little extension of the Ala and Gly side chains, reducing their ability to form many 

contacts with other amino acids (Table 1).  

 

Figure5. Number of clusters for wild-type Sep15 (A), Glu74-Ala (B), Glu74-Gly (C), Glu74-Asp (D), Phe154-

Ala (E), Phe154- Gly (F), Phe154-Trp (G), Leu159-Ala (H) and Leu159-Gly (I) mutants. 
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In overall all these data evidenced that i) the presence of Ala in 74 position did not induce evident 
change in the protein stability compared to Gly and ii) the presence of the negatively charged residues 

in position 74 did not alter the protein structure suggesting that in this position it is important the 

negatively charged residue.  

3.3. Molecular Dynamics of Sep15 Mutants of Phe154 

The MD analysis on the Phe154-Trp, Phe154-Ala and Phe154-Gly mutants compared to the wild-type 

Sep15 showed that the Phe154-Trp, Phe154-Gly and wild type Sep15 reached a similar stable 

equilibrated state (with RMSD values of about 1.2 nm) (Figure 6A). However, for all the four models 
the trend of gyration radii decreased while the H-bond number increased suggesting that the four 

structures became more compact during the simulation (Figures 6B and C). Moreover RMSF plots 

(Figure 6D) evidenced that there were differences of conformational fluctuation mainly in the N-

terminal region and in the region 100-110, probably due to the absence of IACs between the mutated 
amino acid 154 and the region 100-102 (as visible in Table 1). The energy evaluation has evidenced 

that the Lennard Jones and coulomb potentials tended to decrease, suggesting the important role of the 

electrostatic forces (Figures 6E and F). The secondary structure evolution (Figure 2) showed that i) 
Phe154-Trp had a shorter length of the last helix, containing the residue 154, perhaps for a sterical 

bulk due to a greater volume of the Trp side chain, and ii) that the helix containing the residue 74 was 

shorter and unstable in both Phe154-Trp and Phe154-Ala, while it was lacking in Phe154-Gly. This 
last result can be explained considering that, due to mutation, the residue 154 has lost some important 

interactions, such as that with Leu159, with a resulting local destabilization. The PCA (Figure 3) 

showed that Phe154-Ala and Phe154-Gly were more dynamic and conformationally heterogeneous in 

respect to wild type Sep15 and Phe154-Trp. This result was also confirmed from the covariance 
analysis which evidenced similar covariance ranges between Sep15 w.t. and Phe154-Trp (from -0.378 

to 0.783 and from -0.333 to 1.00, respectively) (Figure 4).  

Table1. Interactions between HUB residues with other protein residues. We underline the H-bonds in blue, π-

stacking interactions in yellow, and the residues involved in both H-bonds and π-cation interactions in cyan. 
The residues involved in IAC interactions are reported in black. 

a.a. 74 contact map 
 

a.a. 154 contact map 
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Figure6. Analysis of MD simulations conducted on Phe154 mutants of Sep15 in terms of: (A) root mean square 

deviation (RMSD) plot, (B) gyration radius plot, (C) H-bonds plot, (D) root mean square fluctuation (RMSF), 

(E) Lennard Jones energy and (F) Coulomb energy. 

The understanding of structurally disordered states requires an ensemble interpretation that has been 

achieved by means of the cluster analysis (Figure 5). This analysis showed that wild type Sep15, 

Phe154-Ala and Phe154-Trp had a comparable number of highly populated clusters whereas Phe154-

Gly showing an higher number of clusters during the MD, evidenced that the change of the residue 
154 without an appreciable side chain, induced a greater fluctuation, and, hence, a destabilization of 

the interacting network between the N-terminal region and the core domain.  

In conclusion, the change made at the level of the residue 154 produces a loss of interactions and, in 
particular, of π-cation and π-stacking interactions compared to the wild type protein (Table 1) 

whereas only the Trp154 in the mutant Phe154-Trp showed a great number of IACs, due the greater 

volume of its side chain (Table 1). Relatively to the amino acid 154, its contact maps for the three 
different mutants showed that this residue interacted through H-bonds with residues 150 and 158 

present in the region of closest contacts (149-159).  

In overall, the data for the mutants of Phe154 evidenced that i) the presence of Ala or Gly in 154 

position resulted to destabilize the core domain of Sep15, and ii) Phe154-Trp had a comparable 
number of highly populated clusters compared to wild type Sep15 and showed a great number of 

IACs. Hence, we can highlight the importance of the presence of an aromatic residue in 154 position.  

3.4. Molecular Dynamics of Sep15 Mutants for Leu159 

MD analysis for Leu159-Ala and Leu159-Gly compared to the wild-type Sep15 showed that all the 

models reached a stability after 7 ns and a similar compactness in terms of gyration radii and H-bond 

number (Figures 7A - C). The RMSF plots showed that the core remained more rigid in all the 

mutants and that the N-terminal region was equally mobile in wild-type Sep15 and Leu159-Gly, while 
appears more static in Leu159-Ala (Figure 7D). The energy evaluation has evidenced that the 

Lennard Jones and coulomb potentials tended to decrease (Figure 7E-F). The secondary structure 
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evolution evidenced that in the two mutants no evident changes were visible at the end of the last 
helix where is located Leu159, while some changes were located in the helix containing Glu74 found 

involved in -helix (Figure 2). PCA (Figure 3) showed that Leu159-Ala had a smaller movement 
compared to Leu159-Gly and wild-type Sep15. These observations were also confirmed by the 

covariance matrices and cluster analysis (Figures 4 and 5), which evidenced a more coordinate 

movement and a smaller number of clusters for Leu159-Ala compared to Leu159-Gly and wild-type 
Sep15. The total number of H-bonds and IACs in wild-type Sep15 and in the two mutants gave 

comparable results but a detailed evaluation of Leu-159 showed that: i) it did one H-bond in all the 

structures, ii) the number of IAC interactions was smaller in the two mutants, and iii) it did not 

interact both with Glu74 and Phe154 as in the wild type protein but in Leu159-Ala only with Phe154 
and in Leu159-Gly only with Glu74 (Table 1). This last observation reasonably explains the 

instability of the helix containing Glu74. 

In overall, the data for the mutants of Leu159 evidenced the importance of  Leu in position 159 to 
maintain the protein structural integrity and the interactions between the N-terminal region and the 

core domain. 

 

Figure7. Analysis of MD simulations conducted on Phe154 mutants of Leu159 in terms of: (A) root mean 

square deviation (RMSD) plot, (B) gyration radius plot, (C) H-bonds plot, (D) root mean square fluctuation 

(RMSF), (E) Lennard Jones energy and (F) Coulomb energy. 

4. CONCLUSIONS 

To confirm the importance of these HUB residues on protein stability, we modeled eight mutants of 

the human Sep15 replacing Glu74, Phe154 and Leu159 with Ala or Gly residues, and Glu74 and 

Phe154 with Asp74 and Trp154, respectively, to study the role of charged or aromatic or  
hydrophobic amino acids in those positions and of their length.  

The analyses of the trajectories evidenced that: i) in position 74 it is important the presence of a 

negatively charged residue, regardless of the length of its side chain length because Asp, with a side 
chain shorter than Glu, did not alter the protein structure, ii) the mutations in position 154 induced 

some structural changes both in the last helix and in the helix including the residue 74, and iii) the 

presence of Leu in position 159 proved important for maintaining the structural integrity of the protein 



Conformational Analysis of Human Sep15 Mutants to Understand the Role Played from HUB Residues 

 

International Journal of Research Studies in Biosciences (IJRSB)                                                      Page | 74 

and the fundamental interactions existing between the N-terminal region and the core domain because 
its mutation induced the lack of contacts at level of Glu74 or Phe154. Therefore we can conclude that 

Glu74, Phe154 and Leu159 play a critical role in the structural stability of the human Sep15.  
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