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Abstract. A significant future challenge for humanity is the rise of infectious disease epidemics stemming from bacterial
antibiotic resistance. The Histatin family exhibits antimicrobial properties against drug-resistant strains and promotes
wound healing. This study aimed to engineer a novel mutant of Histatin 3 to enhance its antimicrobial efficacy. Initially,
molecular dynamics simulations of Histatin 3 were conducted in the presence of water molecules and ions, as well as a
Sodium Dodecyl Sulfate (SDS) micelle, which serves as a model for bacterial membranes, using the GROMACS 5
software for a duration of 50 ns. Subsequently, to augment antibacterial properties, eight mutations were designed, and
their structures were prepared, followed by individual MD simulations under the same conditions for each mutation. The
binding free energy of the peptides with the SDS micelle was calculated using the MM/PBSA method. Ultimately, 950
ns MD simulation revealed that the D1A-G9W mutation exhibited the most favorable binding free energy to the SDS
micelle, indicating enhanced interaction of this mutant with microbial membranes. Both this peptide and the wild-type
Histatin 3 were synthesized, and their antimicrobial properties were assessed experimentally. The microbiological tests
(MIC) on gram-negative and gram-positive stains demonstrated that this peptide was effective against gram-positive
bacteria. The findings of this research suggest that, in designing mutations to enhance antimicrobial properties, attention
should be given to both the reduction of negative charge and hydrophobicity.
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Figure 1. The backbone root means square deviation of peptides during simulation time in existence of water molecules
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Table 2. The average of parameters during the last 30 ns of 50 ns MD simulation for wild type and mutated peptides in
existence of water molecules
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Figure 2. The plot of backbone root means square fluctuations (RMSF) of peptides during the last 30 ns of MD

simulation in existence of water molecules
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Figure 3. The Root means square deviation (RMSD) of peptides in existence of SDS micelle during simulation time
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Table 3. The average of parameters during the last 30 ns simulation in existence of SDS micelle.

oSl o | b oles olaxs | e ol | o mha el RMSD

RMSF | 5 siny ons | soein sloppr | JS oy | gy | ool B
S dore | G SDS | ety | GRegl) (e

(agil) sl (&5 10 il)

IYE oA FA-E OY/A VIO /Y YOINE \/F VoY RV | e Ny iy St
IYE /¥ FAANE YF/F NINERIAN TYIVE Q] | cAAEY | VEO RNY G23A
SNYE Y OYFIVE YAV AR YVI-sENNE | VYY RY | oY H/Y F141
IYAE )8 OFFIVE FY/) VEY £10 YAROE VXS | VYN EY | ) HAY D1H
INVE Jef YOY/VE $F/0 ARBEAR YYNAENYE | A5 EY | YA R0 D1A
IYE [0 FEYIYE VAR VA0 £NY YYNYE VY | QFHY | /R EY Gow
VAL <[+ A FATE VAN VIAS £/ YEFE /) VAR RY | FE 10 D1A-GOW
NaE - \# OFAIAE VYV VYA EYY YASOL VAY | VY ENY NELE IR D1H-G23A
-jot ¥ FYAFE AY/A V5 £NA YA f£ )/ VYN HF | LYY 28 D1H-GSW

L (6 iy Bllanil zals Sibles 4 el (05T 2>y T o
Gl b g el Ol el 45 Cens SDS Jus jga 50 ooy
ool Sinlan SDS Lo y3> o Lol Sl RMSD

cdsol Gllog mp Sk Hdo Olpas jloges ¥ S
apd o olis |y SDS Juos yea> 58 oty (RMSF) Lol

Slade ol 5l 2aS SDS Jus o> 0 laosy RMSF &l s

52/bY


http://dx.doi.org/10.22034/NBR.11.3.44
https://dor.isc.ac/dor/20.1001.1.24236330.1403.11.3.4.8
https://nbr.khu.ac.ir/article-1-3642-en.html

[ Downloaded from nbr.khu.ac.ir on 2025-10-21 ]

[ DOR: 20.1001.1.24236330.1403.11.3.4.8 ]

[ DOI: 10.22034/NBR.11.3.44 ]

Nova Biologica Reperta 11(3): 44-60 (2024) (VEX) Fo-FF ¥ o)l N Vale i) ple )0 (g slaazily

-4

A

RMSF [nm)

ladls & tLad
lAss @ jas

—Wid Type G23A —F14] D1H —_—D1A

—_—GEW — D1A-GEW —— D1H-G23A —— D1H-GIW

SDS Jus jpa> 50 laaiy (RMSF) clilag oo (il jdo lyass Jloges —F 8o
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Table 4. The distance that the most probability existence of peptides to SDS micelle occur
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Table 6. The results of MM/PBSA binding free energy of peptides with SDS micelle during the last 30 ns of MD
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