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Owing to the dramatic elasticity of elastin mimetic peptides, attention is accumulating to the molecular properties of the 

elastic polymers. This work reports on the molecular characterization of elastic deformation in an elastin mimetic 

peptide [LGGVG]3 via molecular dynamics simulation. The elastic deformation process is captured by pulling, holding 

and releasing the peptide. The molecular properties of the released peptide from being pulled are observed almost 

identical to that of the relaxed peptide, and this indicates the excellent elasticity of the elastic biopolymer. From the 

results, it is suggested that the scheme implemented in this work could be used in studies of other elastic polymers.  
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1. INTRODUCTION 

Elastin mimetic peptides are stimulus responsive 

peptide polymers that resemble the thermal and mechanical 

properties of elastin – an extracellular insoluble protein that 

is responsible for the remarkable elasticity of many 

vertebrate tissues [1 – 5]. Thanks to the temperature 

sensitive behavior and dramatic elasticity, the peptides 

have gained much attention in many research areas for 

various stimulus responsive applications, including drug 

delivery, polymer design, tissue engineering, etc. For 

example, elastin like polypeptide scaffolds for local 

delivery of antibiotics were prepared and characterized [6], 

a temperature dependent elastin-like peptide modified 

dendrimer was synthesized for drug delivery [7], the 

elastin like polypeptide polymers containing tumor 

targeting AP1 peptide was constructed [8], novel elastin 

like polypeptide-collagen composites were prepared and 

characterized [9], and sequence length dependent surface 

and adsorption characteristics of elastin like polypeptide 

coatings were investigated for developing blood contacting 

biomaterials [10]. So far, most applications have been 

focused on the temperature-induced behaviors of the 

peptides; for instance, a quantitative model that predicted 

the transition temperatures of elastin like peptides 

[VPGXG] was proposed [11], and the transition 

temperatures of elastin like polypeptide fusion proteins 

were also predicted [12]. While studies on the polymers’ 

stress related properties are few. It is therefore significant 

to probe the molecular structures and dynamics during the 

deformation of the peptide upon stain, and this is the scope 

of this work.  

To date, several commonly studied elastin mimetic 

peptides have included repeating motifs of VPGVG and 

LGGVG, and this is mainly because that the tandem 

repeats have been found in the hydrophobic domains of 

elastin and the regions have been believed to bear the 
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source of elasticity [13]. For example, the peptides 

[VPGVG]n was shown to exhibit the same temperature 

induced structural transitions as elastin by circular 

dichroism (CD) [14], and a thermal hysteresis in the 

backbone and side-chain dynamics of the peptide 

[VPGVG]3 was also revealed by 2H nuclear magnetic 

resonance (NMR) [15]. Besides, the structure of the 

peptide poly[LGGVG] was characterized by CD and NMR 

[16], and the peptide [LGGVG]n was also found to have 

structural similarities to elastin by NMR [17, 18].  

Among the techniques that characterize the properties 

of elastin mimetic peptides, molecular dynamics (MD) 

simulation has been proven to be a powerful, convenient 

scheme in determining the molecular structural and 

dynamical properties of the peptides. For instance, MD 

simulations were performed on the elastin like peptide 

[VPGVG]18 to study the dominant source of elastin’s 

elasticity and the molecular basis for the inverse 

temperature transition of elastin [19, 20]. MD simulations 

were also employed on the elastin mimetic peptide 

[LGGVG]3,7 to study the inverse temperature transition and 

the elastomeric force development of elastin [21]. In this 

work, MD simulations were performed on the elastin 

mimetic peptide [LGGVG]3 to characterize the elastic 

deformation of the peptide.  

2. METHODS 

The MD simulations were performed using the 

GROMACS package [22]. The peptide was terminated by 

the amine (-NH2) group at the N-terminus and the carboxyl 

(-COOH) group at the C-terminus. For all simulations, the 

peptide was solvated with water molecules in a box 

extending at least 1 nm in all directions, and the 

temperature of the system was regulated at 37 °C using a 

Berendsen thermostat [23]. The OPLS-AA/L force field 

model [24] was used and the SPC216 water model [25] 

was employed in this work. Initial atomic velocities were 

generated from a Maxwellian distribution and periodic 

boundary conditions were implemented. For all 
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simulations, an energy minimization was first performed 

using the steepest descent method to remove overlapping 

atoms [26], and short simulations restraining the peptide 

position and equilibrating the temperature and pressure 

were then carried out before executing the production 

simulations.  

 

Fig. 1. Schematic flowchart of the simulations performed on the 

peptide [LGGVG]3 in this work. The time evolution of the 

simulations is indicated by arrows. The peptide states 

labelled A, B, C, D, E, F and G are the final structures 

determined from each simulation, detailed in the text 

In this work, several constrained and unconstrained 

simulations were performed to mimic the pulling and 

releasing process of this elastic polymer, and the flowchart 

is given by Fig. 1 in terms of the molecular structures of 

the peptide at the final state of each simulation. As 

indicated in Fig. 1, 4 ns unconstrained simulation was first 

computed on the peptide with a starting structure of a 

linear chain (state A in Fig. 1). It was shown in Ref. [21] 

that the duration of 4 ns was enough for the peptide to 

relax into a conformational equilibrium. From the relaxed 

state (B in Fig. 1) a constrained simulation was then 

carried out to simulate the pulling process, with the 

position of the Leu1 residue being fixed and the Gly15 

residue being pulled along the x-axis using a force of a 

1000 kJ/mol/nm2 force constant at a pulling rate of 

0.005 nm/ps. From the stretched structure of the peptide 

after 400 ps of the pulling simulation (state C in Fig. 1) 

three simulations were further calculated respectively: (1) 

4 ns unconstrained simulation to capture the release 

process whose final structure is shown as D in Fig. 1, (2) 

4 ns constrained simulation for holding the stretched 

peptide by reducing the pulling rate to zero (final state is 

indicated in E), and (3) constrained simulation that 

continued pulling the peptide with the same pulling rate of 

0.005 nm/ps for another 400 ps to a more stretched state (F 

in Fig. 1). From state F finally, one more constrained 

simulation was performed to hold the peptide in this more 

stretched state for 4 ns and the ending structure is shown as 

G in Fig. 1. 

3. RESULTS AND DISCUSSION 

To verify the validity of the simulations, the radius of 

gyration (Rg) of the α carbons (Cα) of the peptide was 

computed as a function of time for each simulation, and the 

results are plotted in Fig. 2. It is clear from Fig. 2 a that the 

Rg appears to become stable at a small value of 

approximately 0.6 nm after 1 ns, indicating the peptide 

reaches a configurational equilibrium. Fig. 2 b shows an 

increasing trend for the Rg with time, highlighting the 

peptide is being stretched in the pulling simulation. From 

Fig. 2 c it is observed that once the force is released, after 

3 nm the Rg of the stretched peptide decreases to a small 

value that is similar to the relaxed one (i.e., ∼ 0.6 nm), 

suggesting a similarity in geometric size between the 

relaxed peptide and the released peptide after being 

stretched. Fig. 2 c also shows that in both simulations of 

hold 1 and hold 2, the Rg remains stable after 2 nm at a 

higher value than 0.6 nm, indicating the stretched states are 

held, respectively. The results of Rg plotted in Fig. 2, 

concomitant with the structures shown in Fig. 1, clearly 

demonstrate the deformations that the peptide undergoes in 

different simulations.  

To further probe the deformations, the physical 

properties of the peptide were computed from the 

simulations of the peptide being in the relaxed state (B in 

Fig. 1), the released state (D in Fig. 1) and the stretched 

states (E and G in Fig. 1), respectively, by averaging the 

values over the last nanosecond of each simulation, that is, 

from 3 ns to 4 ns. The time-averaged results are tabulated 

in Table 1. 

Table 1. Results averaged from 3ns to 4ns of simulations for the peptide [LGGVG]3 

 relax release  hold 1  hold 2  

Rg, nma  0.61 ± 0.03  0.61 ± 0.02  0.75 ± 0.03  1.26 ± 0.04  

SASA, nm2b  12.9 ± 0.7  12.6 ± 0.6  13.9 ± 0.4  16.4 ± 0.4  

Number of side-chain contactsc  50 ± 5  53 ± 8  49 ± 5  39 ± 4  

Number of water moleculesd  112 ± 7  112 ± 7  116 ± 6  126 ± 5  

Number of H bonds within peptidee  2.32 ± 1.15  2.09 ± 1.29  1.91 ± 0.65  0.01 ± 0.12  

Number of H bonds between peptide and watere  26.9 ± 3.1  27.8 ± 3.9  29.6 ± 2.7  33.9 ± 3.3  

τc of H bonds between peptide and water, psf  2.25  2.31  2.07  1.72  

Vibrational energy, 105kJ/molg  1.19  1.06  1.81  2.19  
a Radius of gyration of the Cα. 
b Solvent accessible surface area was computed with the distance set to 0.14 nm.  
c Side-chain contacts were counted when two aliphatic carbon atoms were within 0.54 nm of each other, while atoms in neighboring 

residues were not considered.  
d Number of water molecules were counted when a water molecule was within 0.3 nm of the peptide.  
e Hydrogen bonds were counted when the hydrogen and the acceptor were within 0.35 nm and the hydrogen bonding angle was within 30o.  
f The life time (τc) of the hydrogen bonds between peptide and water was determined by fitting to the autocorrelation function of the hydrogen bonds.  
g Vibrational energy of the peptide was determined from the quasi-harmonic frequencies. 
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Fig. 2. Radius of gyration, Rg, of Cα of the peptide [LGGVG]3 as 

a function of time t: a – the relax simulation corresponds 

to the process from A to B in Fig. 1; b – the pulling 

simulation resembles the evolution from B to C to F in 

Fig. 1; c – the simulations labeled ’release’, ’hold 1’ and 

’hold 2’ relate to the procedures from C to D, C to E, and 

F to G in Fig. 1, respectively 

Table 1 presents the properties of Rg of the Cα, solvent 

accessible surface area (SASA) of the peptide, number of 

side chain contacts, number of water molecules within 

0.3 nm of the peptide, number of hydrogen bonds (H 

bonds) formed within the peptide, number and life time (τc) 

of hydrogen bonds between the peptide and water 

molecules, as well as vibrational energy of the peptide. 

Note that the metrics implemented to evaluate the physical 

properties are similar to that was employed in literatures 

[20, 21], and the details are given in the footnotes of the 

table.  

Comparing the values of Rg in Table 1, it is obvious 

that the geometric size of the released peptide is identical 

to that of the relaxed one, and that the sizes of the stretched 

ones are larger than the former two, with the peptide of 

hold 2 being the largest. This is a manifestation of the 

observations in Fig. 2. It is well known in the elastin 

community that elastin mimetic peptides tend to form a 

folded configuration when relaxed, resulting in a small 

radius of gyration. The larger values of Rg in hold 1 and 

hold 2 therefore indicate that an unfolded configuration is 

obtained for the peptide upon stress, which can also be 

visualized in Fig. 1. 

Apart from Rg, the values of all other properties 

tabulated in Table 1 are observed to be very close within 

error bars between the relaxed and the released states. This 

is a strong evidence that once the force is removed the 

stretched peptide returns to a state which is very similar to 

the relaxed state, that is to say, the deformation that the 

elastin mimetic peptide undergoes upon stress is elastic.  

Referring to Table 1, it is also found that from the 

relaxed or released state to the states of hold 1 and hold 2, 

there is an increasing trend in SASA, number of water 

molecules and number of H bonds between peptide and 

water, concomitant with a decreasing trend in number of 

side-chain contacts and number of H bonds within peptide. 

The above observations clearly illustrate that once the 

peptide is stressed an unfolded structure is formed, with 

the peptide being more exposed to the surrounding water 

molecules while the intramolecular contacts within the 

peptide being reduced.  

With a careful check on the numbers of H bonds 

shown in Table 1, it is arguable that the time-averaged 

values alone may not be sufficient to distinguish the states 

against each other. It is therefore more appropriate to study 

the histogram of the H bonds during the last nanosecond of 

each simulation, as presented in Fig. 3. It is obvious from 

Fig. 3 that for the H bonds both within the peptide and 

between the peptide and water, the histograms of the 

relaxed state and the released one are analogous, and are 

both different from the stretched states. As the stress is 

increased, the peak center of the profile for the H bonds 

within the peptide shifts to a lower value, while the one 

between peptide and water moves towards a larger value, 

resulting in the trend observed in the time-averaged H 

bonds values given in Table 1.  

 

Fig. 3. Histograms of the H bonds: a – within the peptide;  

b – between the peptide and water. For both, plot i 

corresponds to the relaxed state in Table 1, ii the release, 

iii the hold 1, and iv the hold 2. The histograms were 

counted from 3 ns to 4 ns of each simulation 

From the hydrogen bonds at any given time t, the 

autocorrelation function of all hydrogen bonds can be 

obtained by: 

 )()()(C  tsts ii , (1) 

where si (t) = [0,1] for H bond i at time t. By fitting the 

autocorrelation function with multi-exponential fits 

detailed in Ref. [27], the lifetime, τc, of the H bonds 

between peptide and water was determined, and the results 

are also shown in Table 1. It is clear that τc for hold 1 and 

hold 2 is shorter than that for relax or release, with hold 2 

the shortest, indicating an increase in the mobility of the 

peptide-water system as the strain of the peptide is 

increased. A similar trend was also observed in our 

previous experimental study of localized water and protein 

backbone dynamics in mechanically strained elastin, where 

the correlation time of the random tumbling motion of 

water and the correlation times of the carbonyl and 

aliphatic carbons were all found to decrease, revealing also 

an increase in the mobilities of the localized water and the 

protein backbone upon strain [28]. This observation may 

be correlated to the increasing trend in the vibrational 

energy of the peptide presented also in Table 1, which 

reveals an increase in the peptide’s mobility with 

increasing the strain. Note that the vibrational energy was 

computed from the quasi-harmonic frequencies in the 
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quasi-harmonic approximation with the standard equation 

[29]: 
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where ℏ is the reduced Planck’s constant; kB is the 

Boltzmann’s constant; and T is the temperature. ωj is the 

quasi-harmonic frequency that was determined by the 

eigenvalues of the mass-weighted covariance matrix 

derived from the simulated trajectories [29]. Referring to 

Table 1 again, both the values of τc and vibrational energy 

are observed similar between the relaxed and the released 

peptide, indicating an elastic recovery of the system in 

terms of dynamics after the force is released.  

Lastly, the Ramachandran plots of the leucine residues 

were computed to further probe the configurational 

properties of the peptide, and the results are given in Fig.4. 

It is evident that the Ramachandran plots for relax and 

release are similar, and are both different from the 

stretched ones. The major difference between the stretched 

ones and the relax or release one is that there is no 

population in the area around (-60o, -45o) for hold 1 and 

hold 2, whereas some occurrences are present in this α-

helix region for the relax and the release, indicating that 

upon strain less configurations can be possessed by the 

peptide. 

 

Fig. 4. Leucine Ramachandran plots computed from 3 ns to 4 ns 

of simulations for the peptide [LGGVG]3 in the state:  

a – relax; b – release; c – hold 1; d – hold 2 

4. CONCLUSIONS 

To sum up, molecular dynamics simulations have been 

performed on the elastin mimetic peptide [LGGVG]3 to 

study the deformation of the peptide upon stress. The 

simulation results have demonstrated that once the peptide 

is stretched with stress, the configurational and dynamical 

properties are varied from the relaxed state, and that as the 

stress is increased, the variation is increased. The results 

have also shown that once the force is released, the 

configurational and dynamical properties return to a state 

which is almost identical to the relaxed one, revealing an 

elastic deformation of the elastin mimetic peptide. Based 

on this work, the simulation scheme used here may also be 

useful in studies of other elastic polymers. 
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