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It had been proved by scientific research that in the case of a pathogen attack the 
antimicrobial peptides are key players of the innate immune system. The antimicrobial 
peptides have been found in all organisms from plants to humans, and even in the 
microorganisms. The viscotoxins belong to thionine class of antimicrobial peptides and are 
produced by leaves and stems of Viscum album. In this paper was analyzed the dynamics 
stability in molecular simulation experiments for seven viscotoxin structures. The 
conformational structure of the peptide sequence is linked to biological activity and 
dynamic parameters analysis led to the identification of amino acid residues which show 
the most important flexibility. 
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1. Introduction 
 
The antimicrobial peptides represent a topic of research increasingly addressed because of 

the biotechnological potential they possess. The research is targeted both in the direction of 
identification and characterization of antimicrobial peptides and achieving practical application of 
these peptides. For selective identification of antimicrobial peptides interesting from therapeutic 
point of view, various strategies have been applied, with varying results. AMPs are generally 
defined as sequences of less than 100 amino acid residues with a molecular weight less than 
10,000 Da, with a total positive electrical charge (usually between +2 and +9), which present as a 
particularity  the presence of  multiple lysine and arginine residues and a substantial part (30% or 
more) of hydrophobic residues.  [1]. 

Antimicrobial peptides have diverse structures and functions and interact with cell 
membranes of invading cells by disrupting the membrane integrity. This action leads to cell lysis 
and, later, to their death [2]. Microbes are the cause of many infectious diseases. The increasing 
microbial resistance to common antibiotics has become a serious threat in maintaining human 
health and extensive research is conducted in order to find practical solutions to this issue. Due to 
their characteristics, antimicrobial peptides have become attractive and safe subjects for 
researchers who are intensively searching for solutions regarding the resistance to antibiotics [3-6]. 
The knowledge of the way how a peptide sets its conformation represents the first step in 
determining the mechanisms underlying its activity (eg antimicrobial activity) and in designing of 
rational treatments. Another important direction of research is the study of antimicrobial peptides 
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molecular massively parallel) [24, 25]. Simulation analysis was performed with GROMACS and 
VMD programs. 

 
3. Results and discussion 
 
The trajectories from molecular dynamics simulation experiments for seven native 

structures of viscotoxin were analyzed comparatively.  
Analyzing the dynamics evolution of RMSD for all protein atoms of viscotoxin can be 

observed that the peptides 1JMN and 1JMP show some variations of approx. 0.4 nm being stable 
along the entire trajectory, and 1ORL presents a variation of almost 0.2 nm on intervals of  5-10 
ns. The rest of the variations are around 0.1 nm, and the other 4 structures show variations below 
the value of 0.1 nm along the entire dynamics recorded.(figure 3).  

 
Fig. 3. RMSD graphic for all protein atoms 

 
Depending on the comparative evolution of the RMSD of the seven structures, the 

residues have been classified in four categories as follows: 
- very stable residues in all 7 structures – residues 9, 16, 20, 26, 31 present a  variation of 
the RMSD below 0.03 nm; 
- stable residues in all 7 structures  - residues 2, 5, 7, 8, 12-14, 18, 21, 22, 27, 30, 32, 36-38, 
40-42 show a variation of the RMSD between 0.03 nm and 0.1 nm; 
- stable residues in some of the structures and unstable in other structures - residues 3, 4, 6, 
10, 11, 15, 17, 18, 19, 24, 44 (figure 4); 
- slightly unstable residues in some structures and unstable in others - residues 23, 25, 28, 
29, 33, 35, 43 (figure 5); 
- unstable residues in all 7 structures - residues 34, 39 (figure 6). 
 

Further on, the discussion involves the residues that differ in primary structures of the 
seven viscotoxins. SER 6 from the structure 3C8P structure shows a high stability, with a variation 
of the RMSD below 0.02nm, with an evolution different from ASN6 from the 6 other structures 
that have variations between 0.1 nm and 0.15 nm.  The residue ASP11 from the structure 2V9B 
had a similar behavior with ASN11 from structures 3C8P, 1ED0, 1JMP, 1OKH, with RMSD value 
of 0.7 nm. ASN11 residues from the structures 1JMN and 1ORL were unstable, with RMSD 
variations of 0.11nm. PHE18 from the structures 1JMN and 1ORL do not behave differently from 
LEU18 from the other five structures. Both residues LEU18 and PHE18 showed a high instability 
and had the value of RMSD variation between 0.1 nm and 0.17 nm.  On the position 19 in three of 
the structures was THR (3C8P, 1OKH and 1ED0), and in the other three structures was GLY 
(1JMN, 1JMP and 2V9B) and in the structure 1ORL can be found ALA. GLY19 and ALA19 are 
stable residues with RMSD variations of 0.3 nm, respectively 0.4 for ALA19. THR19 exhibits 
instability in all structures and presents a variation of RMSD of 0.13 nm. Residue 21 had a high 
stability in all 7 structures, residue SER21 from the structure 3C8P had a RMSD variation value of 
0.07 nm, variation of RMSD of ALA21 from  the structures 1OKH and 1ED0 is 0.03 nm,  and 
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GKY21 showed the lowest RMSD variation, namely 0.01 nm. The residue PRO24 from the 
structures 1OKH and 1ED0 was stable and has a variation of the RMSD value of 0.035 nm. The 
residues GLN24 from the structures 1JMN and GLU24 from the other four structures behave 
similarly and showed a variation of RMSD between 0.1nm and 0.16 nm. 
 
re
s 
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Fig. 4.  The dynamics evolution of RMSD for the residues stable in some structures and unstable in other 

structures  
 
 

The residue THR25 from the structures 3C8P, 1OKH and 1ED0 was stable with a value of 
RMSD below 0.05 nm. The residues VAL25 and ARG25 were unstable, but ARG25 showed 
higher instability during the entire dynamics recorded with a RMSD value of 0.2 nm, while 
VAL25 oscillated between two stable states, and had a variation value of 0.12nm. The residue 
SER28 from 1JMN, 1JMP and 2V9B was a stable residue, showing an identical behavior in all 
three structures and had a RMSD value of 0.07 nm. LYS28 from the other four structures was 
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unstable with variations between 0.1 nm and 0.16 nm. The residues GLU37 and ALA37 were 
stable in all seven structures and have RMSD values of 0.3nm. 
 

re
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Fig. 5.  The dynamics evolution of RMSD for the residues slightly unstable in some structures  

and unstable in others  
 

 
The residues ILE34 and THR39 from all seven viscotoxin structures showed high 

instability. ILE34 belongs to the second beta-stand and had RMSD values between 0.14 nm and 
0.17 nm. The flexibility of this residue is very important in the movement of the "scissors". This 
residue is involved in the approach of "scissors blades". THR39 is positioned in the neighborhood 
of the disulfide bridge CYS3-CYS40, being in the same plane with the residue ILE34, but on the 
opposite side of the structure (Figure 7).  The RMSD value of THR39 for all structures was 0.12 
nm. The distance Cα - Cα between the two residues did not present significant variations, which 
leads to the idea that these two have a coordinated movement. 
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Fig. 6.  The dynamics evolution of RMSD for  the unstable residues in all 7 structures  
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Fig. 7.  CPK representation of residue 34 and 

39 
Fig. 8.  Distribution of dihedral angles with 
respect to the secondary structure elements 

 
In Figure 9 are compared the variations in distribution of dihedral angle values reported to 

secondary structure elements as they are described by Ramachandram plot (Figure 8.).  The 
residues that are not found in Figure 9 do not show variations in dynamics nor any differences 
between the structures. It can be observed that the most important changes were in beta-sheet type 
structures: residues 2, 3, 4, from the structure 1JMN and 1JMP, residues 40-44 from the structure 
1JMN, residues 39, 40, 43 and 45 from the structure 1JMP. Residues 34, 36, 37 and 38 show 
instability in all structures, in some cases being clearly defined two areas of distribution - residue 
36 from the structures 1OKH, 1EDO and the residue 37 in all structures. 
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Fig. 9. Ramachandran plot for viscotoxins 
 

In Fig. 10 are represented the dynamic structures of the seven viscotoxins on every 10 ns 
aligned by backbone. It is noted that it started from a compact structure and the area from the 
beginning of the "scissors" remained compact along the entire dynamics, for all structures.  The 
structure is changed in the “scissors" peak and expanded its volume. The structures 1JMP and 
1JMP showed the most visible changes and highest volume. 
 

 

0 ns 10 ns 20 ns 30 ns 

  

40 ns 50 ns 60ns 70 ns 

  

 1ED0 
 1JMN 
 1JMP 
 1OKH 
 1ORL 
 2V9B 
 3C8P 
 80 ns 90 ns 100 ns 

Fig. 10. Frames from molecular dynamics simulation trajectories of viscotoxins  
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4. Conclusions 
 
From the analysis of the molecular dynamics simulation of the seven structures of 

vicotoxins it was concluded that the sequences are preserving the key elements of secondary 
structure, but the structure volume increases. The largest variations of dynamic parameters 
appeared in the structures 1JMN and 1JMP. Regarding the differences linked to the amino acids 
recorded in the primary structure, they do not significantly influence the molecular dynamics. 

 
 
Acknowledgement 
 
This work has been funded by the Sectorial Operational Programme Human Resources 

Development 2007-2013 of the Romanian Ministry of Labour, Family and Social Protection 
through the Financial Agreement POSDRU/89/1.5/S/52432. 

 
References 
 

  [1] A. Giuliani, G. Pirri, S. F. Nicoletto, Central European Journal of Biology 2(1), 1 (2007) 
  [2] C. Aisenbrey, P. Bertani, P. Henklein, B. Bechinger, Eur Biophys J., 36(4-5), 451 ( 2007) 
  [3] H. Duclohier,  Curr Pharm Des., 16(28), 3212 (2010)  
  [4] J.G. Routsias et all, Peptides., 31(9), 1654 (2010)  
  [5] S.E. Blondelle, K. Lohner,  Curr Pharm Des., 16(28), 3204 (2010) 
  [6] B. Findlay, G.G. Zhanel, F. Schweizer, Antimicrob Agents Chemother., 54(10), 4049 (2010) 
  [7] M.R. Craddock, J.T. Huang, E. Jackson, N. Harris, E.F. Torrey, M. Herberth, S. Bahn,  
         Molecular & Cellular Proteomics, 7, 1204-1213 (2008) 
  [8] Y. Mohri et all, Br J Cancer., 101(2), 295-302 (2009) 
  [9] M. Pascariu, A. Nevoie Anghelache, D. Constantinescu, D. Jitaru, E. Carasevici, T. Luchian,   
        Digest Journal of Nanomaterials and Biostructures  7(1), 79  (2011) 
[10] Patrick A. M. Jansen, Diana Rodijk-Olthuis, Edward J. Hollox, Marijke Kamsteeg, Geuranne  
        S. Tjabringa, Gys J. de Jongh, Ivonne M. J. J. van Vlijmen-Willems, Judith G. M. Bergboer,  
        Michelle M. van Rossum, Elke M. G. J. de Jong, Martin den Heijer, Andrea W. M. Evers,  
        Mieke Bergers, John A. L. Armour, Patrick L. J. M. Zeeuwen, Joost Schalkwijk, β-Defensin- 
        2 Protein Is a Serum Biomarker for Disease Activity in Psoriasis and eaches Biologically  
        Relevant Concentrations in Lesional Skin, PLoS ONE, 4(3), e4725 (2009)  
[11] A. Stavrakoudis, I.G. Tsoulos, Z.O. Shenkarev, T.V. Ovchinnikova, Molecular dynamics  
        simulation of antimicrobial peptide arenicin-2: β-Hairpin stabilization by noncovalent  
        interactions, Peptide Science, 92( 3), 143–155 (2009) 
[12] A.M. Namba, M.R. Lourenzoni, L. Degreve, Molecular dynamics study of the differences in  
        the human defensin behaviornear a modelled water/membrane interface, Journal of the  
        Brazilian Chemical Society, 18(3), 611-621/ (2007) 
[13] H. M. Berman, J. Westbrook, Z. Feng, G. Gilliland, T. N. Bhat, H. Weissig, I. N. Shindyalov,  
         P. E. Bourne, The Protein Data Bank, Nucleic Acids Research, 28, 235 (2000) 
[14] A. Pal, J.E. Debreczeni, M. Sevvana, T. Gruene, B. Kahle, A. Zeeck, G.M. Sheldrick,  
        Structures of viscotoxins A1 and B2 from European mistletoe solved using native data alone,  
        Acta Crystallogr., Sect.D64, 985-992 (2008) 
[15] J.E. Debreczeni, B. Girmann, A. Zeeck, R. Kratzner, G.M. Sheldrick, Structure of viscotoxin  
        A3: disulfide location from weak SAD data, Acta Crystallogr., Sect.D59: 2125 (2003) 
[16] S. Romagnoli, R. Ugolini, F. Fogolari, G. Schaller, K. Urech, M. Giannattasio, L. Ragona, H.  
         Molinari, NMR structural determination of viscotoxin A3 from Viscum album L., Biochem.  
         J. 350, 569-577 (2000) 
[17] A. Coulon, A. Mosbah, A. Lopez, A.M. Sautereau, G. Schaller, K. Urech, P. Rouge, H.  
        Darbon, Comparative membrane interaction study of viscotoxins A3, A2 and B from  
        mistletoe (Viscum album) and connections with their structures, Biochem. J. 
        374, 71-78 (2003) 
 



10 
 
[18] S. Romagnoli, F. Fogolari, M. Catalano, L. Zetta, G. Schaller, K. Urech, M. Giannattasio,  
        L. Ragona, H. Molinari, NMR solution structure of viscotoxin C1 from Viscum album       
        species Coloratum ohwi: toward a structure-function analysis of viscotoxins, Biochemistry  
        42: 12503-12510 (2003) 
[19] D. Van Der Spoel, E. Lindahl, B. Hess, G. Groenhof, A. E. Mark, H. J. Berendsen.  
        GROMACS: fast, flexible, and free, J Comput Chem 26 (16), 1701 (2005) 
[20] V. Hornak, R. Abel, A. Okur, B. Strockbine, A. Roitberg, C. Simmerling, Comparison of  
         multiple AMBER force fields and development of improved protein backbone parameters,   
         Proteins 65, 712-725 (2006) 
[21] B. Hess, H. Bekker, H. J. C. Berendsen, J. G. E. M. Fraaije, LINCS: A linear constraint solver  
        for molecular simulations. J. Comp. Chem. 18,1463 (1997) 
[22] J. Hsin, A. Arkhipov, Y. Yin, J. E. Stone, K. Schulten, Using VMD: an introductory tutorial,  
        Current Protocol in Bioinformatics,  5, 5.7 (2008) 
[23] W. Humphrey, A. Dalke, K. Schulten, VMD - Visual Molecular Dynamics, J. Molec.  
         Graphics, 14, 33-38 (1996) 
[24] S. J. Plimpton, B. A. Hendrickson, A New Parallel Method for Molecular–Dynamics  
        Simulation of Macromolecular Systems, J. Comput. Chem., 17(3), 326–337 (1996) 
[25] J. M. Squyres, A. Lumsdaine, A Component Architecture for LAM/MPI, Proceedings, 10th  
        European PVM/MPI Users' Group Meeting, Venice, Italy, Springer-Verlag, series Lecture  
        Notes in Computer Science, 2840, 379-387 (2003)  
 
 
 


