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ABSTRACT 
Tiger-17 analog, a cyclo-undodecapeptide, is a promising antimicrobial peptide (AMP). This study evaluated the 
potency of the tiger-17 analog as an antimicrobial agent using molecular dynamics simulation. In this work, we 
employed 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoglycerol (POPG) and zwitterionic 1-palmitoyl-2-oleoyl-sn-
glycero-3-phosphocholine (POPC). POPG is the component of an anionic bacterial-mimicking membrane, whereas 
POPC represents the human cell membrane. We analyzed the membrane disruption by visualizing the snapshots and 
calculated some parameters, including total hydrogen bonds, area per lipid, surface accessible surface area, radial 
distribution functions, electron density profile, and nonbonded interaction energies. Our study suggested that the tiger-
17 analog approaches the POPG membrane within 100 ns of the simulation. The peptide interacts stronger with the 
POPG than the POPC membrane during the simulation, supported by all analysis parameters calculated in this work. 
The tiger-17 analog exhibits a potential antimicrobial property with selective toxicity towards the bacterial-mimicking 
membrane, according to molecular dynamics simulation results. Therefore, further development of the tiger-17 analog 
into an antimicrobial agent is worth trying. 
Keywords: Antimicrobial Peptides, Lipid Bilayer Membranes, Molecular Dynamics Simulation, Tiger-17 Analog, 
Cyclic Peptide. 
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INTRODUCTION 
Many antimicrobial agents are widely used for the treatment of many infectious diseases. They are 
massively consumed to treat various kinds of microbial infections. Antibiotics, the most general 
antimicrobial agent, are incredible medications to combat pathogenic microbes.1 However, the long-term 
and exaggerated use of conventional antibiotics has contributed to the emersion and the spread of multi-
drug-resistant microorganisms.2 Therefore, discovering modern antimicrobials with an effective mode of 
action and low resistance is urgent as an alternative to conventional antimicrobials. Interestingly, 
antimicrobial peptides (AMPs) have the essential prerequisites to solve the quest for new antimicrobials.3 
Various AMPs were found and recorded in many databases.4 The reported AMPs vary in their amino acid 
sequence, composition, and length. Some AMPs can inhibit protein biosynthesis, nucleic acid biosynthesis, 
protease activity, and cell division. However, in general, AMPs act as antimicrobial agents with broad-
spectrum by disrupting lipid bilayer membranes of pathogenic microbes.5-7 In the case of cell-disrupting 
AMPs, cationic amino acids mediate the interaction with the anionic head group of the bacterial membrane. 
In contrast, hydrophobic amino acids facilitate membrane association and damage. Interestingly, AMPs 
consist of short amino acid residues, making them economically friendly. Therefore, AMPs are applicable 
and promising as future antimicrobials.8 The shortest AMP class from amphibians is tigerinins.9 They 
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consist of 11-12 amino acids dominated by hydrophobic amino acids, whereas the composition of cationic 
amino is minor. They are characterized as AMPs with a single disulfide bridge that forms cyclic peptides 
with nine amino acid residues.9,10 In 2009, Song and colleagues isolated two novel tigerinin-like AMPs 
from the skin secretion of crab-eating frog Fejervaya cancrivora, tigerinin-RC1 (RVCSAIPLPICH) and 
tigerinin-RC2 (RVCMAIPLPLCH). Interestingly, both AMPs exhibited broad antimicrobial spectrums.11 
subsequently, in 2014, Tang and co-workers synthesized several tigerinins-based peptides to screen wound-
healing agents. They found that tiger-17, c[WCKPKPKPRCH-NH2] has the most potent wound-healing 
ability.12 For the treatment of chronic and diabetic wounds, wound-healing and antimicrobial properties of 
the therapeutics are crucial.13,14 Since tiger-17 comes from the tigerinins template and has primary cationic 
and hydrophobic residues, we expected tiger-17 to have the antimicrobial ability as well. Like tigerinins, 
the peptide also has a single disulfide bridge. However, such a disulfide bridge could be labile under many 
biological processes.15 Therefore in the present work, we designed a tiger-17 analog, assisted by 
iAMPpred,16 with head-to-tail cyclic property (c-KCWHCRPKPKP) to make the difference in the type of 
cyclic peptide. Nowadays, molecular dynamics simulation has become an accurate and reliable tool to 
investigate the behavior of lipid bilayers, including their behavior in the presence of AMPs.17 Therefore, 
we undertook two 500-ns molecular dynamics simulations using the Amber20 program. The first simulation 
involved tiger-17 analog and human-mimicking zwitterionic membrane, 1-palmitoyl-2-oleoyl-sn-glycero-
3-phosphocholine (POPC). The second simulation elaborated on tiger-17 analog and bacterial-mimicking 
anionic membrane, 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoglycerol (POPG).18 We found that the tiger-
17 analog interacts stronger with POPG rather than POPC. 

 
Fig.-1: Structures of POPC and POPG1 

 

EXPERIMENTAL 
Materials 
This study was empowered by a personal computer with Intel Xeon 24 threads and NVIDIA GTX 1080Ti. 
Meanwhile, the software used were Amber20, Ambertools21, Biovia Discovery Studio 2019 (Dassault 
Systemes, Sandiego), Gaussian09, and UCSF Chimera. 
 

Methods 
iAMPpred 
The iAMPpred16 is a web server that can only predict the antimicrobial probability of linear peptides. 
Therefore, the linear sequence of tiger-17 analog (KCWHCRPKPKP) was submitted into the iAMPpred 
web server20 in fasta format.  
 

Modeling of Tiger-17 Analog and Membranes 
On the last update of Amber20,21 head-to-tail cyclic peptides include in their force fields. Therefore, we 
made the force field of tiger-17 analog a general organic molecule. A semi-empirical calculation using the 
PM6 method was performed using the Gaussian09 program22 to predict the 3-dimensional structure of the 
fully protonated tiger-17 analog molecule. After the structural optimization of the tiger-17 analog, the 
partial charge of each atom of the tiger-17 analog was calculated using the hybrid functional of APFD with 
basis sets of D95 for hydrogen atoms and MWB2 for carbon atoms. The calculated partial charge was 
extracted into the Amber20 format using antechamber23,24 and parmchk223 modules. The POPG and POPC 
lipid bilayers were built using the CHARMM-GUI membrane builder webserver.25,26 Each lipid bilayer was 
settled in a periodic rectangular box with 128 molecules of lipid on the upper leaflet and 128 molecules of 
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lipid on the lower leaflet with 0.15 M of KCl salt in water (including counter ions of the lipid for POPG) 
with the Monte-Carlo positioning method. The resulting PDB file from CHARMM-GUI was reformatted 
by using the tleap tool using the charmmlipid2amber.py script on the AamberTools21 package.19 On the 
latest update of the Amber20 program, head-to-tail cyclic peptides do not include in their force fields. 
Therefore, we made the force field of tiger-17 analog as a general organic molecule. A semi-empirical 
calculation using the PM6 basis set was performed using the Gaussian09 program16 to predict the 3-
dimensional structure of the fully protonated tiger-17 analog molecule. After the structural optimization of 
the tiger-17 analog, the partial charge of each atom of the tiger-17 analog was calculated with the following 
commands: job type (energy), basis set (genecp), functional (apfd), and method (custom). The calculated 
partial charge was extracted into the Amber20 format using antechamber and parmchk2 modules. A single 
protonated tiger-17 analog molecule in a physiological pH of 7 was placed parallel to the surface of each 
membrane (POPG and POPC) with a distance of 1.0 nm from the membrane's surface using the UCSF 
Chimera program.27 Cl- counter anions were added to the system. The pdb file of this system was then used 
for the next step of this modeling. 
 

Molecular Dynamics Simulation Details 
The molecular dynamics simulations between tiger-17 analog and lipid bilayers were prepared using the 
tleap tool with lipid1428 force field for lipid molecules, gaff223 force field for tiger-17 analog molecule, and 
water.tip3p29 for water molecules and ions. The system was minimized with positional restraint. This 
minimization was carried out using the steepest descent method for 300,000 cycles. These minimizations 
were performed in three steps with the gradual decrease of the restraint force using the pmemd. MPI module. 
The systems were then heated to 310K gradually 200 ps under the NVT (constant particle number, volume, 
and temperature) condition with positional restraint using the pmemd. MPI module. Position-restrained 
equilibrations were carried out with a gradual decrease of the restraint for two ns under the NVT condition 
using pmemd. MPI module, followed by equilibration for one ns under the NPT (constant particle number, 
pressure, and temperature) condition using pmemd. MPI module without restraint. Afterward, the full 
simulation of the systems was carried out for 500 ns without positional restraint using the pmemd.cuda 
module. The snapshots of the simulations were saved every 100 ps for the analytical requisite. 
 

Total Hydrogen Bonds (H-bonds) 
AMPs need to pass the charged lipid head groups on the penetration process through lipid bilayer 
membranes. These groups have high viscosity, providing abundant hydrogen bond (H-bond) networks, thus 
making lipid bilayers have low permeability. The strong H-bond between AMPs and the membrane 
indicated the deeper penetration into the membrane.30 Therefore, total hydrogen bonds may represent 
membrane damage due to AMPs. In this study, we calculated the total H-bonds between tiger-17 analog 
and the membranes for tiger-17 analog-POPG and tiger-17 analog/POPC systems using the H-bond module 
in the cpptraj tool.31 
 

Area per Lipid 
The thickness of the membrane is spanned along the z-axis. Therefore, the area per lipid is as follows: 

𝐴𝑟𝑒𝑎 𝑝𝑒𝑟 𝑙𝑖𝑝𝑖𝑑 =
𝐿௫𝐿௬

𝑁௟௜௣௜ௗ
 

Where Lx and Ly are the dimensions of a membrane in the x and y axes, whereas Nlipid is the number of lipid 
molecules in one layer, calculations of area per lipid for POPC and POPG were computed using the cpptraj 
tool.31 
 

Surface Accessible Surface Area (SASA) 
In this simulation, SASA describes the accessible surface area of peptide molecule (tiger-17 analog) with 
solvent.32 Tiger-17 analog SASA values were calculated using the linear combination of pairwise overlaps, 
which is implemented in the surf command in the cpptraj tool.31 
 

Radial Distribution Function 
The radial distribution function (RDF) parameter provides information regarding the frequency of certain 
distances.33 A higher peak of an RDF graph indicated the more hydrogen bond formed between a set of 
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atoms.30 In this work, we calculated the RDF between the head group of the membrane of each system and 
the tiger-17 analog using the RDF command in the cpptraj tool.31 
 

Electron Density Profile 
The electron density profile represents the electronic distribution of tiger-17 and phospholipid molecules 
along the z-axis. Electron density profiles of the two simulations were calculated using the density module 
in the cpptraj tool.31 
 
Nonbonded Interaction Energies 
Nonbonded interaction energies, including electrostatic and van der Waals terms, were computed using the 
NAMD Energy plugin in Visual Molecular Dynamics (VMD).  The electrostatic term is expressed as 
follows: 

𝑈௘௟௘௖ = ෍ ෍
𝑞௜𝑞௝

𝜀𝑟௜௝

௡

௝வ଴

௡

௜ୀଵ

 

Where  𝑞௜ and  𝑞௝ are charges of two atoms and 𝑟௜௝ is the distance between them, whereas ε is the solvent 
dielectric constant. The term of van der Waals is represented by the Lennard-Jones (LJ) 12-6 potential: 

𝑈௅௃ = ෍ ෍ 𝜀௜௝ ൥ቆ
𝑅௠௜௡,௜,௝

𝑟௜௝
ቇ

ଵଶ

− ቆ
𝑅௠௜௡,௜,௝

𝑟௜௝
ቇ

଺

൩

௡

௝வ଴

௡

௜ୀଵ

 

 

𝑅௠௜௡,௜,௝ is the distance between two atoms at the minimum interaction energy, whereas 𝑟௜௝ is the current 
distance between them.   
 

Statistical Analysis and Graphic Generation 
R programming language was utilized for inferential statistical tests. Graphs were produced using a plotline 
library in a jupyter-notebook with a python 3.7 environment.34 Molecular graphics were generated using 
VMD and Biovia Discovery Studio 2019. 
 

RESULTS AND DISCUSSION 
In this study, we investigated the potential antimicrobial activity of tiger-17 analog. As the initial prediction, 
we submitted the linear form of tiger-17 analog to the iAMPpred webserver. The web server generates 
probability ranging from 0 to 1, where a value greater than 0.5 is considered antibacterial.14 According to 
the iAMPpred prediction result, the linear form of the tiger-17 analog has a probability value of 0.70-0.88, 
suggesting the peptide has high potency as an antimicrobial agent since the cyclic form of a peptide tends 
to have a higher bioactivity than its linear counterpart.35 At the further stage, we carried out MD simulations 
on tiger-17 analog in the human- and bacterial-mimicking membrane models, POPC and POPG, 
respectively. The use of POPC was intended to study the adverse effect of tiger-17 analog to the human 
membrane cell. The resulting MD trajectories were analyzed into the following seven parameters: visual 
inspection, total hydrogen bonds, radial distribution function (RDF), area per lipid, solvent accessible 
surface area (SASA), electron density profiles, and nonbonded interaction energies. 
 

Initial Visual Inspection 
Figure-2 depicts the sequential snapshot representations of tiger-17 analog with different membrane 
models, POPC and POPG, over 500-ns MD simulations. The snapshots reveal the ability of the tiger-17 
analog to interact with both membranes. Tiger-17 analog quickly approaches and interacts with both 
membrane surfaces on the first 100 ns. Additionally, it interacts with both membranes in distinctive 
conformations, changing over the simulations. For tiger-17 analog and the POPG membrane (Fig.-2, lower 
panel), within 100 ns, the peptide successfully approaches the phosphatidylglycerol head group of the 
membrane. The cationic site of the peptide initiates the interaction with the POPG membrane. Between 100 
and 300 ns of the simulation, the tiger-17 analog changes its conformation to widen the contact area with 
the POPG membrane. In this period, the POPG membrane undergoes disruption and deformation, especially 
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at the binding interface with the tiger-17 analog.36 When the membrane disruption occurs, water molecules 
will present across the membrane. The more considerable membrane damage will make a more significant 
membrane deformation and increase water molecules presented across the membrane.17 In the rest of the 
simulation, the tiger-17 analog penetrates deeper into the POPG membrane and may make a hole. This hole 
is the track of water molecules entering the cytoplasm and disrupts the intracellular fluid to cause bacterial 
cell lysis.37 

 

 
 

Fig.-2.: Representative Snapshots of Tiger-17 Analog in Two Different Systems, Human- and Bacterial-Mimicking 
Membrane Models, POPC and POPG. The carbon Atoms of Tiger-17 Analog are in Green Color, Whereas Its 

Nitrogen and Oxygen Atoms are in Default Colors, Blue and Red, Respectively 
 

Tiger-17 analog also moves quickly onto the surface of the POPC membrane during the simulation. 
However, tiger-17 analog does not penetrate deeper into POPC than the POPG membrane. Such observation 
may be due to the zwitterionic property of the POPC membrane that makes the interaction between POPC 
and tiger-17 analog weaker than POPG and tiger-17 analog. As shown in Fig.-2, Lys and Arg residues 
intensively interact with POPC and POPG membranes. Cationic amino acids may play an essential role in 
the interaction of tiger-17 analog with both membranes. According to visual inspection (Fig.-2), positively 
charged residues of tiger-17 analog penetrates deeper into the membrane system of POPG than POPC. 
However, the selectivity of tiger-17 analog towards POPG and POPC membranes is not clear from visual 
inspection. Thus, in the following steps, we conducted further analyses to investigate the selectivity of tiger-
17 analog towards both membranes. 
 

Total Hydrogen Bonds between Tiger-17 Analog and Membranes 
AMPs, like tiger-17 analog, need to move through the charged lipid head groups on the penetration process 
through lipid bilayer membranes. These groups have high viscosity, providing an extensive hydrogen bond 
network, thus making lipid bilayers have low permeability. The strong H-bond between AMPs and the 
membrane indicated the deeper penetration into the membrane.30 Therefore, total H-bonds may represent 
membrane damage due to AMPs. Using the H-bond module in the cpptraj tool, we calculated the total H-
bonds between tiger-17 analog and two membranes, POPC and POPG systems. The result of the H-bond 
analysis (Fig.-3) is consistent with the visualization inspection (Fig.-2), where the tiger-17 analog has more 
H-bonds with POPG than POPC, supported by a one-sided Wilcoxon rank-sum test (p-value = 1.25 × 10-

7). H-bond analysis result indicates a stronger interaction in the system of tiger-17-analog/POPG than tiger-
17-analog/POPC, suggesting the peptide causes more damage to POPG than the POPC. We also found no 
conserved H-bond on the interaction between the tiger-17 analog and the membranes (data not shown). 
However, cationic residues of tiger-17 analog play a crucial role in the interaction between tiger-17 analog 
and both membranes. 
 
Radial Distribution Function 
Radial distribution function (RDF) was performed to investigate the passage of tiger-17 analog in the POPC 
and POPG membrane systems. We used phosphatidylcholine (PC) and glycero-3-phosphoglycerol (PGR) 
residues as POPC and POPG membrane probes, respectively. Below 15 Å, the tiger-17 analog/POPG 
system (Fig.-4) shows a higher RDF than the corresponding POPC system. This observation indicates that 
the tiger-17 analog more intensively interacts with the POPG than the POPC membrane, consistent with 
the total hydrogen bond calculation (Fig.-3).  
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Fig.-3: Total Hydrogen Bonds Formed by Tiger-17 Analog with POPC (Blue) and POPG (Orange) Membranes in 

500-Ns MD Trajectories   
 

 
Fig.-4: Radial Distribution Function (RDF) between Tiger-17 Analog and Two Different Membrane Models, POPC 
(blue) and POPG (orange). The RDFs were calculated from two 500-ns MD Trajectories, Tiger-17-Analog/POPC 

and Tiger-17-Analog/POPG.  Phosphatidylcholine (PC) and Glycero-3-Phosphoglycerol (PGR) Residues were 
applied as POPC and POPG Membrane Probes, respectively. 

 

Electron Density Profiles 
In this work, we also calculated the electron density profiles of POPC and POPG systems at the initial stage 
and the intervals of 0-100 ns and 400-500 ns as another parameter to analyze membrane damage. If the 
electron density plots of the tiger-17 analog and lipid bilayer overlap, the peptide penetrates the membrane. 
The electron density profile of the tiger-17 analog in the POPG system shifted along the z-axis during the 
MD simulation. This graph shows the approaching and penetrating of the tiger-17 analog to the POPG 
membrane (Fig.-5). The same trend also occurs for the tiger-17 analog in the POPC system. Peptide 
penetration depth in both systems is slightly similar (Wilcoxon rank-sum test with a p-value of 0.43), which 
may be due to the insufficient number of peptide molecules in both simulations. Nonetheless, based on our 
study, the damage to the membrane due to the presence of peptides could be analyzed. The trend is 
consistent with the data reported by Zhao and co-workers.18 

 
Fig.-5: Comparison of the Electron Density Profile Membranes and Tiger-17 Analog in both POPC and POPG 

Systems 
 

Area per lipid 
If the tiger-17 analog penetrates the membrane surface, the membrane and the peptide molecules will share 
the same x-y plane with one another. Such a phenomenon can be observed through the area per lipid 
parameter, which defines the region occupied by every lipid molecule in the membrane on the x-y plane of 
the MD simulation box. The lower area value per lipid indicates a higher degree of membrane damage.38 
Area per lipid plots of POPC and POPG in the presence of tiger-17 analog are presented in Fig.-6. As shown 
in Fig.-6, the POPG membrane has a lower area per lipid than the POPC membrane in the presence of the 
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tiger-17 analog. We carried out a one-sided Wilcoxon rank-sum test to confirm such a notion. The test 
result supports our notion that the area per lipid of the POPC membrane is significantly lower than that of 
the POPG membrane (p-value < 2.2 × 10-16). Therefore, the area per lipid analysis suggests that the tiger-
17 analog causes more damage to the POPG than the POPC membrane.  

 
Fig.-6: Area Per Lipid of the POPC (blue) and POPG (orange) Membranes in the Presence of Tiger-17-Analog 

during 500 ns of MD Simulations 
 

The first decrement started from 70 ns, which indicates the beginning interaction between the tiger-17 
analog and the membrane (Fig.-8). At 70 ns of the MD trajectory, the molecular interaction between tiger-
17 analog and POPG membrane was visually analyzed to characterize the membrane-interacting amino 
acids. This analysis (Fig.-7) found that two lysine residues and one arginine residue initialize the interaction 
between the peptide and POPG membrane through hydrogen bonds. This finding is consistent with the 
electronic property of the POPG membrane (anionic) and tiger-17 analog (cationic). 
 

 
Fig.-7: Molecular Interaction between Tiger-17 Analog and POPG Membrane (t = 70 ns) 

 

Solvent Accessible Surface Area (SASA) 
Another parameter to identify membrane damage due to tiger-17 analog is solvent accessible surface area 
(SASA) of the peptide. If tiger-17 analog diffuses to the membrane, its SASA will decrease. Therefore, the 
lower SASA values of the tiger-17 analog may reflect the more severe membrane damage due to the peptide. 
Fig.-8 portrays SASA plots of POPC and POPG membranes in the presence of tiger-17 analog. After 200 
ns of MD simulations, SASA values of tiger-17 analog tend to decrease in POPG than in the POPC 
membrane system. The calculated one-sided Wilcoxon rank-sum test also supports such visual inspection, 
where tiger-17 analog significantly has lower SASA values in the POPG than in POPC membrane system 
(p-value < 2.2 × 10-16). Therefore, SASA analysis also suggests that the tiger-17 analog causes more damage 
to the POPG than the POPC membrane. 

 
Fig.-8: SASA Profiles of Tiger-17 Analog in POPC (Blue) and POPG (Orange) Membrane Systems. SASA Values 

Were Calculated From 500-Ns MD Trajectories Using Cpptraj Module in Ambertools 
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Fig.-9: Molecular Interaction between Tiger-17 Analog and POPG (t = 470 ns) 

 

Interestingly, the SASA plot (Fig.-8) of the tiger-17 analog in the POPG system shows the same period 
with the area per lipid graph (Fig.-6) for the most drastic decrement. Therefore, SASA and area per lipid 
profiles show a consistent relationship and support each other. The decrement of SASA indicates the deeper 
penetration of the tiger-17 analog of each membrane. The penetrated part of the tiger-17 analog will not be 
accessible to the water molecules due to the different polarity between the water molecules and the tail 
group of lipid molecules. Interestingly, some SASA increments for the tiger-17 analog/POPG system are 
observed before the values drop steeply (Fig.-8). Thus, the repulsion of the tiger-17 analog by the membrane 
may occur. In addition, specifically within 480 ns of the simulation, there was a significant increase in the 
SASA. Initially, we assumed that the tiger-17 analog molecule was repulsed out of the membrane. However, 
the molecular interaction of the tiger-17 analog and the POPG membrane at 470 ns does not show any 
peptide repulsion. The peptide molecule still interacts with the POPG membrane during that period (Fig.-
9). This phenomenon may be due to the water penetration into the membrane layer through the wall forms 
from the peptide penetration. Therefore, the SASA values of the tiger-17 analog increase significantly. By 
referring to the graphical trend before 480 ns of the simulation, we expected a decrease in SASA values 
after 500 ns of the simulation. Therefore, if we extend the duration of each simulation, POPG has more 
potential to penetrate the membrane deeper than we observed in this work. On the other hand, in the tiger-
17 analog/POPC, the SASA of the tiger-17 analog was relatively stable after 200 ns of the simulation. 
Therefore, we could not expect deeper penetration of the tiger-17 analog if the simulation was extended. 

 

Nonbonded Interactions Energies 
To measure the interaction between tiger-17 analog and the membrane systems, we calculated non-bonded 
interaction energies, including electrostatic and van der Walls terms. The non-bonded interaction energies 
were calculated by using NAMD energy plugin every 100 ps of all 500-ns MD trajectories. The results 
(Fig.-10, left panel) clearly show that the tiger-17 analog has stronger electrostatic interactions with POPG 
(median -924.02 kcal/mol) than the POPC membrane (median -571.66 kcal/mol). Similarly, in Fig.-10, 
right panel, the peptide shows stronger van der Waals interactions with POPG (median -44.87 kcal/mol) 
than POPC membrane (median -35.29 kcal/mol), which also is supported by Wilcoxon rank-sum test with 
a p-value lower than 2.2 × 10-16.  
 
 

 
Fig.-10.: Non-Bonded Interactions Energies Between Tiger-17-Analog and Two Different Membrane Systems, 

POPC, and POPG Membrane. The Left Panel Shows Electrostatic Energy Profiles, Whereas the Right Panel Depicts 
Van Der Waals Energy Profiles 

 

Through non-bonded interaction energies, we could clearly distinguish the binding selectivity of the tiger-
17 analog. Tiger-17 analog showed a much more favorable binding energy to POPG than POPC. The ionic 
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interaction of tiger-17 analog cationic residues and an anionic head group of POPG is the major contributor 
to the binding energy of the tiger-17 analog/POPG system. Therefore, the Tiger-17 analog interacts more 
specifically with the POPG membrane than the POPC membrane. In the microbial-infected human body, a 
membrane-disrupting antimicrobial molecule will have a competitive interaction between the human 
membrane and microbial membrane. However, the molecule will likely interact energetically with a more 
favorable membrane, namely the microbial membrane. 
 

CONCLUSION 
We have conducted an in silico study to investigate the potential antimicrobial activity of tiger-17 analog. 
As the preliminary prediction, the iAMPpred webserver suggests that the linear form of tiger-17 analog has 
a high probability as an antimicrobial agent. In the further step, we performed detailed MD simulation 
analysis of tiger-17 analog in human- and bacterial-mimicking membrane models, POPC and POPG, 
respectively. Based on the obtained results, tiger-17 analog can be expected to have specific toxicity to the 
microbial membrane when applied to a microbial-infected human body even if tiger-17 analog was also 
able to disrupt the human-mimicking membrane, POPC. Of this fact, we have solid confidence to develop 
tiger-17 analog as an antimicrobial agent on a wet lab basis. Tiger-17 analog can be a promising 
antimicrobial molecule with strong activity and low toxicity to the human cell. Thus, the synthesis of the 
tiger-17 analog and its antimicrobial evaluation is the next step for developing this antimicrobial agent 
further. 
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