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Abstract 

The hydrogen/deuterium exchange (HDX) is a reliable method to survey the dynamic behavior 

of proteins and epitope mapping. Matrix-Assisted Laser Desorption Ionization-Time of Flight 

Mass Spectrometry (MALDI-TOF MS) is a quantifying tool to assay for HDX in the protein of 

interest. We combined HDX-MALDI-TOF MS and molecular docking/MD simulation to identify 

accessible amino acids and analyze their contribution in the structural changes of profilin1 (PFN1). 

The molecular docking/MD simulations are computational tools for enabling the analysis of the 

type of amino acids that may be involved via HDX identified under the lowest binding energy 

condition. Glycine to Valine amino acid (G117V) substitution mutation is linked to amyotrophic 

lateral sclerosis (ALS). This mutation is found to be in the actin-binding site of PFN1 and prevents 

the dimerization/polymerization of actin and invokes a pathologic toxicity that leads to ALS. In 

this study, we sought to understand the PFN1 protein dynamic behavior using purified wild type 

and mutant PFN1 proteins. The data obtained from HDX-MALDI-TOF MS for PFN1WT and 

PFN1G117V at various time intervals, from seconds to hours, revealed multiple peaks corresponding 

to molecular weights from monomers to multimers. PFN1/Benzaldehyde complexes identified 20 

accessible amino acids to HDX that participate in the docking simulation in the surface of WT and 

mutant PFN1. Consistent results from HDX-MALDI-TOF MS and docking simulation predict 

candidate amino acid(s) involved in the dimerization/polymerization of PFNG117V. This 

information may shed critical light on the structural and conformational changes with details of 

amino acid epitopes for mutant PFN1s’ dimerization, oligomerization, and aggregation. 
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Introduction 

Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disorder, in which the 

motor neurons in the brain and spinal cord controlling the voluntary movement of skeletal muscles 

degenerate. As a result, voluntary skeletal muscles lose connection with motor neurons, resulting 

in muscle paralysis and eventual death of ALS patients (Zarei et al. 2015). 

Profilin1 (PFN1) is a ubiquitous protein and abundantly expressed in the body (Witke 2004, 

Lee and Kim 2015, Alkam et al. 2017). PFN1 is a small protein with 140 amino acid residues for 

its well-known function in converting G-actin to F-actin in actin polymerization. De novo PFN1 

function is necessary for all basic cellular activities during development as it is involved in the 

formation of neuronal cytoskeleton, development of axons and dendrites, synaptogenesis (Kiaei et 

al. 2018). 

Eight known mutations in PFN1 (A19T, C70G, T108M, M113T, E116G, G117V, R136W, and 

Q139L) are associated with human ALS (Wu et al. 2012, Chen et al. 2013, Kiaei et al. 2018). The 

wild type PFN1 (PFN1WT) tertiary structure is formed by seven antiparallel β-sheets and five α-

helices that two of these are located at the termini (Schutt et al. 1993, Metzler et al. 1995, Krishnan 

et al. 2009, Alkam et al. 2017). The glycine to valine (PFN1G117V) substitution and threonine to 

methionine (PFN1T108M) substitution are two mutations that cause the most changes in the protein 

stability and actin binding ability of PFN1. Therefore, we sought to understand the changes and 

the impact of these mutations. We and others previously reported that hydrophobicity of the 

interactive regions increases and the flexibility between α-helix and β-sheet decreases due to 

glycine to valine substitution, which leads to the reduction or the loss of actin binding (Alkam et 

al. 2017, Zhang et al. 2019). 

Mass spectrometry (MS) technique has become a powerful tool for the characterization of 

higher-order structure of protein (Englander 2006, Montalvao et al. 2008, Rozbesky et al. 2012, 

Hentze and Mayer 2013, Leurs et al. 2015, Xiao et al. 2015, Kochert et al. 2018, Xiao et al. 2018), 

protein dynamics, conformations (Lodowski et al. 2010, Majumdar et al. 2015), protein 

motion/flexibility (Zhou and Robinson 2014) and ligand–protein binding (West et al. 2011). 

Hydrogen-deuterium exchange linked with mass spectrometry (HDX-MS) technique is a valuable 

and powerful method for studying higher-order structure of protein (Englander 2006, Hentze and 

Mayer 2013, Leurs et al. 2015, Majumdar et al. 2015) that provides a read-out in the changes in 

solvent accessibility and hydrogen bonding exclusively and in the complexes of proteins in a 

solution (Zhang and Smith 1993, Figueroa and Russell 1999, Villanueva et al. 2000, Englander et 

al. 2003, Busenlehner and Armstrong 2005, Maier and Deinzer 2005, Englander 2006, Wales and 

Engen 2006, Palashoff 2008, Wei et al. 2014, Weis 2016). The goal of this study was to gather 

data on these and analyze the amino acids that may be affected by the mutation and determine the 

steps in the aggregation of mutant PFN1. This kind of pathology is proven to cause ALS in human 

and mouse models (Wu et al. 2012, Fil et al. 2017). 

The dimerization/polymerization of PFN1WT and PFN1G117V was the subject of several recent 

studies (Lambrechts et al. 2002, Nekouei et al. 2018). We analyzed the purified PFN1WT and 

PFN1G117V protein samples expressed in E. Coli and probed to determine the structural and 



conformational changes by identification of accessible amino acids from HDX-MALDI-TOF MS. 

We then used molecular dynamic simulation as a reliable approach that enables understanding the 

structure-to-function relationships of proteins (Hospital et al. 2015) to determine the number and 

type of amino acids involved in HDX and the changes impacted the structure of mutant PFN1.  

 

Materials and Methods 

Recombinant PFN1 proteins expression and optimization of expression conditions 

Wild type PFN1and mutant PFN1G117V cDNA were cloned into pET21a (Nekouei et al. 2018). 

The PFN1 constructs transfected into E. Coli BL21 host cells and grew in LB medium (Liofilchem, 

Italy) containing 100 μg/mL ampicillin and to obtain higher yields of recombinant PFN1 proteins, 

the expression conditions optimized. IPTG concentration (0.2, 0.4, 0.6, 0.8 and 1 mM) was used 

to induce expression and the times for induction were (2 h, 4 h and overnight) in 20 ֠C to obtain 

optical density at 600 nm of 0.6 (Fedorov et al. 1994). Cells were pelleted down by centrifugation, 

resuspended, and sonicated in Tris-HCl 50 mM and NaCl 150 mM, pH 7.4. Initially, this solution 

was centrifuged for 5 min (2,000 rpm), then for 15 min (13,000 rpm). This protocol is according 

to reference (Lambrechts et al. 2002) and modified for IPTG (Isopropyl-β-D-thiogalactoside) 

concentrations, induction times, and temperatures used to increase the efficiency and yield of 

PFN1 protein. 

 

PFN1 purification by poly‐L‐proline Sepharose Column 

In this study, we prepared and used the buffers as described in Nekouei et al., (Nekouei et al. 

2018) with minor modifications to improve the coupling/binding process. So, 0.1 gram of CNBr 

activated sepharose and allowed it to be hydrated in 30 ml of 1 mM HCI until settled down. 

Sepharose resin was centrifuged for 3 min and washed with deionized water. Poly-L proline 

(Sigma-Aldrich, USA) was dissolved in the coupling buffer (0.5 M NaCl and 0.5 M NaCl, pH 8.5), 

mixed with the CNBr activated Sepharose resin, and stirred for 20 h at 4 °C. Next, Poly-L proline 

was added and allowed to bind to the resin and the mixture was washed with 0.5 M NaCl and 0.1 

M Tris-HCl (pH 8.0) for 2 h to remove any unbound poly-L proline. The resin was washed with 3 

ml of 0.1 M HCl (pH 8.0) and stirred for 2 h. The poly (L-proline)-sepharose column was 

equilibrated with a wash buffer containing (20 mM Tris, 0.2 mM NaN3, 0.1 mM CaCl2, and 2 

mM DTT, pH 7.3). This supernatant was diluted with the wash buffer and placed in an ice bath 

with moderate stirring for 2 h. The PFN1 was eluted from the poly (L-proline)-sepharose column 

with the wash buffer without adding Urea. Ultimately, Vivaspin® centrifugal concentrators (5 kDa 

molecular-weight cutoff) tubes were used to purify and concentrate PFN1 protein samples. 

 



Polyacrylamide gel electrophoresis (PAGE) analysis  

Tris glycine SDS-PAGE (15%) with Laemmli buffer (Lambrechts et al. 2002) was used to 

separate the protein samples. The sample buffer (3 M glycerol, 10% SDS, 0.5 M Tris-HCl pH 6.8, 

0.05% bromophenol blue) was added to the protein samples. Protein samples were loaded on SDS-

PAGE precast gel and the interior chamber of the gel tank filled with running buffer and electrical 

power applied to start electroproses. The gel was removed from the cast and stained with silver 

nitrate or Coomassie Brilliant Blue G-250 staining to visualize the bands. 

 

Identification of protein using MALDI-TOF MS 

Intact PFN1 protein samples were analyzed by MALDI-TOF MS (Applied Bio systems model 

4800 MALDI-TOF MS, Waltham, Massachusetts, USA) according to the protocol described in 

(Lambrechts et al. 2002) using α-cyano-4-hydroxycinnamic acid matrix solution containing 50% 

acetonitrile containing 0.1% trifluoroacetic acid. To calibrate the system, equine cytochrome c 

(average mass 12,362 Da) as internal standards and Equine Apo-myoglobin (average mass 16,952 

Da) as external standards were used. The protein samples were mixed with matrix at a ratio of 1:2 

and then 1 µL of mixture was spotted onto the chilled MALDI plate and placed under a chiller 

until spots dried. The matrix and samples were incubated on ice and vortexed before use. MALDI-

TOF MS analysis was done in linear positive mode. Also, PFN1 proteins were identified by in-gel 

trypsin digestion. Spots/bands of protein of interest were selected and excised. To wash out the 

stain from the excised bands, they were washed with a bicarbonate buffer and acetonitrile. IAA 

alkylating agent was used to reduce disulfide bonds (Shevchenko et al. 2006). Trypsin used to 

digest the protein samples at the peptide bonds from carboxyl terminal where arginine and lysine 

can be found. The peptides samples and α-cyano-4-hydroxycinnamic acid matrix were mixed at a 

ratio of 1:2 and then 1 µL aliquot was spotted onto the MALDI plate and analyzed in reflector 

positive mode. The Swiss-Protein database was used to search the data generated in this study. 

Preparation of protein sample for HDX by MALDI-TOF MS  

Experiments were carried out to evaluate rates of deuterium (D2O) into the amide positions in 

PFN1WT and PFN1G117V proteins. For non-deuterated procedure, samples of PFN1 (1000 ppm) 

were diluted in 150 mM NaCl plus 8.3 mM Tris pH 7.3 at a ratio of 1:3 in H2O solution at 0°C for 

1 min. Then, 36 µl of the quenched solution was added to 24 µl of protein sample and incubated 

for 1 min on ice. Protein samples were incubated in a D2O buffer (150 mM NaCl pulse 8.3 mM 

Tris, pH 7.3, in D2O) at a ratio of 3:1 in for 10 s and 2, 4, 10 and 420 min. 

Analysis for HDX used the MALDI-TOF MS operated in MS Linear positive mode with the 

optimized source settings factors for HDX and intact samples: mass range 10,000-20,000 Da and 

detector voltage 0.84 with the laser intensity 5700. Also, the exact mass of PFN1WT and PFN1G117V 

was calculated in the https://web.expasy.org/compute_pi/ tool to calculate the mass changes for 

before and after deuteration. 

 

https://web.expasy.org/compute_pi/


Molecular dynamic simulation technique 

The PFN1G117V mutation, which is the same as G118V for rodents, structure has not yet been 

resolved in the protein data bank (rcsb.org), and in this study a point mutation (G117V) was 

inserted using the Swapaa command by the Chimera program software (Ferrin et al. 1988, 

Pettersen et al. 2004). Molecular dynamics simulation for 100 ns was carried out to obtain protein 

structure profile. The appropriate PDBID: 1FIK structure was obtained from the Protein Data Bank 

(rcsb.org) and prepared by UCSF Chimera program. The Swapaa command of chimera program 

was used to create G117V point mutation on PFN1, and the final structure of the mutated PFN1 

(PFN1G117V) was obtained by performing 100 ns of molecular dynamics simulation by the 

Gromacs 2018 program (Lemkul 2018). The structure of the PFN1WT was also simulated for 100 

ns by Gromacs (Figs. 1, 2). Fragments such as acetaldehyde and benzaldehyde were used to find 

the hotspots of a protein used. Once the structure of two small fragments were downloaded from 

the PubChem data bank (e.g. Kim et al. 2019), we began to optimize their energy structure by 

Gaussian03 optimized fragment structures (Gaussian03 2004) were randomly probed 220 times 

around PFN1WT and PFN1G117V by the Autodock 4 program.  The regions of tendency to be 

coupled with the corresponding binding energy were finally clustered and identified (Table 1S-

4S). Small fragments such as acetaldehyde and benzaldehyde are used to find the hotspots of a 

protein in a method known as FTMAP (Ngan et al. 2012). Spots that group molecular fragments 

predict the drug's sites of interest for binding. In this study, we used two small molecular structures 

called acetaldehyde and benzaldehyde. 

 

Obtaining, modeling and optimization of structures 

Small fragments  

The primary structures of acetaldehyde and benzaldehyde were obtained from PubChem 

structural database with unique chemical identification (CID) 177 and 240, respectively. These 

were optimized for geometrical energy and spatial structure. The Gauss View program provided 

the necessary outputs for the Gaussian03 program while making initial changes (Frisch et al. 

2004). In this program, using the DFT/B3LYP protocol, we obtained the optimal structure by the 

command line, thus providing the acetaldehyde and benzaldehyde small ligand model for further 

use (Table 1). 

 

Molecular docking simulation 

Molecular docking simulation by Autodock 4.2 software was used to identify the hotspots of 

PFN1 protein. In the first phase, acetaldehyde and benzaldehyde were randomly displaced at the 

PFN1 surface, took 220 runs to find their ideal PFN1 binding site as hotspots (Morris et al. 2009). 



Insertion of point mutation on PFN1 and docking simulation to identify hotspots 

To find the amino acids involved in the hotspot of mutant protein (G117V), the protein structure 

with the mutation needed to be generated first, since the structure of the mutant protein was not 

found in the protein database. To obtain this structure, we used the method of inserting a point 

mutation by the Swapaa command line by UCSF-Chimera. The position of residue 117 was 

changed from Glycine to Valine. A change in any amino acid can affect the overall structure of 

any protein which appears to be the case for PFN1. To observe the changes in the tertiary structure 

of the mutant PFN1, the structure was simulated by a molecular dynamics program for 100 ns. 

This condition of molecular dynamics simulation will show the amino acid residues in a most 

optimal dynamic state. The simulation of the molecular dynamics residue 117 reveals its effects 

on the structure. To further investigate the effects of G117V mutation on PFN1, we carried out 

molecular dynamic simulations using the Gromacs 2018 package. The x-ray crystal structures data 

of PFN1 (PDB ID:1FIK) is from wild type protein and G117V mutation introduced and molecular 

dynamic simulations ran for 100 ns in three replicates. The generated trajectories were evaluated 

according to their RMSD, RMSF, RG, intramolecular Hb characteristics. 

 

Results and Discussion 

Protein expression optimization, affinity purification and mass spectrometry 

Bacterial culture from transfected cells were used to express wild type and mutant PFN1 

proteins (Fig. 1S). The protein synthesis induction time was from 4 h to 20 h (Table 4S), and 

overnight at 20°C (Fig. 2S), and the recovery and purification of PFN1 protein improved 

significantly (10-20%). To extract PFN1 protein from E. Coli bacterial culture, bacterial cells were 

separated from the media at low speed (2000 rpm), to prevent lysis initially and then pelletized at 

13,000 rpm. The suspended pellet was separated into water-soluble and insoluble proteins 

fractions. A small volume from each fraction was prepared to load on SDS-PAGE to analyze the 

expressed proteins and confirmed the protein in the band around size (14–15 kDa) as PFN1, as it 

is close to the size of the recombinant PFN1 (Fig. 3S). 

This was further confirmed by MALDI-TOF MS peaks (Fig. 3). The purification of PFN1WT 

and PFN1G117V were performed without urea, to maintain protein folding and conformation, and 

eliminate the need of dialysis. The bands were excised, digested, and analyzed with MALDI-TOF 

MS. The peptides sequences were obtained and searched in Swiss-Prot database. Among the 

mixture of peptide sequences, 14 peptides obtained for the complete digestion of PFN1WT (71% 

sequence coverage) and 9 peptides from the incomplete digestion of PFN1G117V (47% sequence 

coverage). 

 



HDX analysis using MALDI-TOF MS  

The idea of using HDX was to examine the active sites of PFN1WT in comparison to PFN1G117V. 

This assay allows the monitoring of the speed of dimerization/polymerization using HDX and 

MALDI-TOF MS as useful parameters in understanding the mechanisms in controlling/developing 

ALS. This approach allowed us to predict possible hotspots regions in the PFN1 protein to 

introduce suitable candidates to indicate binding with these points. We calculated molecular 

weights of 16,763 Da for PFN1WT and 16,662 Da for FPN1G117V by using the spectra related to 

PFN1WT and PFN1G117V samples. The ratio of the masses for PFN1WT  in 10 s, 2 min, 4 min, 10 

min and 7 h were 23, 40, 86, 97 and 238 Da and for PFN1G117V, were 14, 40, 65, 133 and 242 Da, 

respectively. These differences indicate that the active hydrogens in the first minutes and the other 

hydrogens with less activity in the following minutes would participate in the exchange reaction 

(Table 2).  

These results are consistent to our previous findings reported in Nekouei et al.,(Nekouei et al. 

2018) that the dimerization/polymerization of PFNG117V related to PFN1WT was rather rapid 

MALDI-TOF MS showed dimer and polymer form of PFNG117V in the samples of mutant PFN1 

as observed by the appearance of cloudiness in the solution indicating spontaneous 

oligomerization. The lower values in HDX for PFNG117V compared with PFN1WT samples can be 

related to speed of dimerization and reduced available hydrogen for exchange than in the PFN1WT 

that is in monomer form. 

Next, we performed molecular docking simulation and identified the amino acids involved in 

the binding of PFN1WT and PFNG117V to the small ligands like acetaldehyde and benzaldehyde 

(Table 3).  

Based on predictions by molecular docking simulation and according the lowest binding 

energy, in the binding of PFN1WT and PFNG117V to acetaldehyde ligand, the amino acids Gln 79, 

Thr 64, Lys 25, Asn 99, Leu 78 and Arg 55, Tyr 24, Lys 25 were found to be involved in this 

binding positioned on the surface of PFN1WT and PFNG117V, respectively. We found 16 and 22 

exchangeable hydrogen, comparing them to experimental change of mass to charge related to 

PFN1WT and PFNG117V, 14 and 23 Da changes after 10 seconds of incubation with deuterium based 

HDX method. Therefore, we conclude that these amino acids are hotspot residues on the surface 

of the PFN1WT and PFNG117V that begin to be exchanged in the first minutes. It is possible to 

propose that these amino acids and related hydrogens are the initial steps of the 

dimerization/polymerization of PFNG117V related to PFN1WT. The experimental and in silico data 

are consistent and confirm the hotspots by mass-spectroscopy, MD simulations and Molecular 

Docking simulations. 

Also, the change of mass to charge related to PFN1WT and PFNG117V was 40 Da after 2 min 

incubation in both cases. This is consistent with the pre-folded structures of PFN1WT and 

PFN1G117V where β-sheet and α-helices have not formed yet for their special dimension structures. 

Therefore, PFN1WT and PFN1G117V show similar HDX behavior. In molecular docking simulation, 

surface amino acids which participate in binding with PFN1WT to benzaldehyde and acetaldehyde 

and PFN1G117V to benzaldehyde complexes are Trp 31, Arg 74, Arg 135, Asn 99, Gln 79, Thr 64, 



Lys 25, Leu 78 and Val 118, Lys104, Asp 54, Asn 124, Ile 123, Tyr59, Asp106, Lys 25, Tyr 54 

with 40 and 37 accessible hydrogens, respectively (Table 3).  

In the longer incubation, the PFN1 proteins incubated during 4 min with deuterium. The 

changes of mass to charge for PFN1WT and PFNG117V in mass spectrometry results were 86 and 65 

Da, Respectively. Based on native mass spectrometry data of PFN1, we discover the second type 

of hydrogens after 4 min of incubation which do not appear in the first wave to HDX, which could 

be because they were hidden in the folded structures of PFN1.  

In molecular docking simulation, time isn’t taken as a parameter during interactions analysis 
and benzaldehyde and acetaldehyde interactions followed as the next step, with PFN1 and looked 

for any correlation between the docking data and experimental HDX data. The amino acids located 

on the surface of PFN1 that may participate in binding to benzaldehyde and acetaldehyde 

complexes were found to be Arg 55, Tyr 24, Lys 25, Phe 83, Val 118, Lys104, Asp 54, Asn124, 

Ile 123, Tyr59, Asp106, Lys 25, Tyr 54. The surface amino acids which participate in binding with 

PFN1WT to benzaldehyde and acetaldehyde complexes found to be Trp 31, Arg 74, Arg 135, Asn 

995, Gln 79, Thr 64, Lys 25, Leu 78 with the intra-amino acids with lower activity than surface 

amino acids with 54 and 86 accessible hydrogens, respectively (Table 1S-4S). The molecular 

docking simulation of PFN1G117V using computer programs is presented in the form of figures 

(Figs. 5, 6) and tabulated data presented in table 3 and further demonstrated with a short animation 

(Supp. Movie). 

According to the results and comparison of the experimental and molecular docking simulation 

data, the amino acids identified as hotspots on the surface of the PFN1WT and PFN1G117V have been 

located.  

  



Conclusion 

In this study we optimized the method to express recombinant wild type and mutant PFN1 

proteins for HDX MALTI-TOF MS analysis. The optimization enabled higher yield and recovery 

by varying the time and IPTG concentration. HDX MALDI-TOF MS results were compared to 

molecular dynamic study of HDX of the PFN1WT and PFN1G117V. 

After the incubation of PFN1WT and PFN1G117V within 10 seconds, 2, 4 minutes with deuterium, 

changes of mass to charge were investigated, and we found that in 10 seconds, PFN1WT and 

PFN1G117V showed a change of 23 and 14 Da, respectively. This indicates that only the active 

amino acids on the protein surface were exchanged during this short period of time. During the 2 

minutes incubation, the mass-to-charge ratio of PFN1WT and PFN1G117V changed to 40 Da for both 

proteins, and in 4 minutes, that increased to 86 and 65 Da, respectively. This indicates that other 

active amino acids on the surface have exchanged. Also, in the study of molecular docking 

simulation and comparison of results based on the lowest binding energy, surface amino acids Gln 

79, Thr 64, Lys 25, Asn 99, Leu 78 and Arg 55, Tyr 24, Lys 25 that have participated in the binding 

of PFN1WT with acetaldehyde and PFN1G117V with acetaldehyde have 22 and 16 hydrogen 

exchangeable, respectively. We have noticed consistency between the theoretical data obtained 

using in silico programs and experimental data using wet laboratory devices, and they happen to 

be in agreement with each other in identifying the amino acids that are most likely involved and 

may be affected with Gly117Val mutation. 

  



Legends: 

Table Legends: 

Table 1. Molecular formula, CID, CAS#, and 2D, 3D structure of benzaldehyde / acetaldehyde. 

Table 2. Experimental data of accessible amino acid hydrogens in protein samples. 

Table 3. Molecular docking simulation of PFN1 demonstrate interaction with small ligands 

 

  



Supplementary Table Legends: 

 

Table 1S. Distinct conformational clusters found, out of 220 runs of acetaldehyde over PFN1G117V, 

using RMSD -tolerance of 2.0 A 

 

Table 2S. Distinct conformational clusters found, out of 220 runs of acetaldehyde over PFN1WT, 

using RMSD -tolerance of 2.0 A 

 

Table 3S. Distinct conformational clusters found, out of 220 runs of benzaldehyde over 

PFN1G117V, using RMSD -tolerance of 2.0 A 

 

Table 4S. Distinct conformational clusters founding, out of 220 runs of benzaldehyde over 

PFN1WT, using RMSD-tolerance of 2.0 A 

 

 

  



Figure Legends: 

Figure 1. Backbone RMSD and Radius of Gyration (Rg) of PFN1G117V a. The RMSD for the 

backbone atoms of the mutant-type structure at 300k shown as a function of time. b. the Rg for the 

Ca atoms of the mutant-type PFN1 at 300k is shown as a function of time. 

 

Figure 2. RMSF of the Mutant-type PFN1 and intramolecular hydrogen bond (Hb). a. The RMSF 

of the PFN1 Mutant type at 300k is shown. b. The number of intra-molecular Hb formed at 300k 

throughout the simulations is shown as a functions of time. 

 

Figure 3. a. Silver nitrate staining in SDS-PAGE related to PFNWT and PFN1G117V purification 

using poly‐L‐proline sepharose column. Proteins band showed that in molecular weight of 14–15 

kDa is related to PFN1 proteins. b. MALDI-TOF MS spectra related to intact PFN1WT. c. MALDI-

TOF MS spectra related to intact PFN1G117V. Black arrows point to pure PFN1 band stained with 

silver staining. 

 

Figure 4. MALDI-TOF MS spectrum of time dependent deuterated and non-deuterated samples 

a. spectrum related to ND PFN1WT. b. The spectrum related to ND PFN1G117V. c. Pulse deuterated 

PFN1WT during 10s. d. Pulse deuterated PFN1G117V during 10s. e. Continues deuterated related to 

PFN1WT during 2 min. f. Continuous deuterated related to PFN1G117V during 2 min. g. Continuous 

deuterated related to PFN1WT during 4 min. h Continuous deuterated related to PFN1G117V during 

4 min. i. Continuous deuterated related to PFN1WT during 10 min. j. Continuous deuterated related 

to PFN1G117V during 10 min. k. Continuous deuterated related to PFN1WT during 7 h. l. Continuous 

deuterated related to PFN1G117V during 7 h. 

 

Figure 5. Molecular docking simulations of binding of PFN1WT to Acetaldehyde and 

Benzaldehyde. a. The hotspots amino acids on the surface of PFN1WT related to 

PFN1WT/Acetaldehyde by Lys25, Thr64, Leu78, Gln79 and Asn 99. b. The amino acids involved 

in the hotspots on the surface of PFN1WT related to PFN1WT/ Benzaldehyde are Trp31, Arg 74 and 

Arg135. An animated presentation of this data is available in supplementary data section. (Supp. 

movie) 

 

Figure 6. Molecular docking simulations of binding of PFN1G117V to Acetaldehyde and 

Benzaldehyde. a. The amino acids involved in the hotspots on the surface of PFN1G117V related to 

PFN1G117V/Acetaldehyde by Tyr24, Lys25, Arg55, Tyr59, Val60 and Phe83. b. The amino acids 

involved in the hotspots on the surface of PFN1G117V related to PFN1G117V/ Benzaldehyde are 

Tyr24, Lys25, Asp54, Tyr59, lys104, Asp106, Val118, Ile123, and Asn124. An animated 

presentation of this data is available in supplementary data section. (Supp. movie) 

  



Supplementary Figure Legends: 

 

Figure 1S. Coomassie blue SDS-PAGE related to the IPTG concentration optimization of PFN1WT 

and PFN1G117V. a. Optimization of IPTG concentration related to PFN1WT in different IPTG 

molarity. From left to right: ladder, before induction (BI) ,0 mM, 0.2 mM, 0.4 mM, 0.6 mM, 0.8m 

M and 1 mM of IPTG during 20 h after induction. b. Optimization of IPTG concentration related 

to PFN1G117V in different IPTG molarity, from left to right: before induction, ladder, 0 mM, 0.2 

mM, 0.4 mM, 0.6 mM, 0.8 mM and 1 mM of IPTG during 20 h after induction. Black arrow points 

to protein band, PFN1, expressed the most at 0.4 mM IPTG in the case of WT PFN1 and at 0.8 

mM IPTG for PFN1G117V. 

 

Figure 2S. Coomassie blue stained SDS-PAGE related to the time of induction optimization of 

PFN1WT and PFN1G117V, from left to right: Ladder, before induction (BI), 2 h, 4 h and 20 h after 

induction (PFN1WT), before induction (BI), 2 h, 4 h and 20 h after induction (PFN1G117V). Black 

arrow points to protein band, PFN1G117V, that required 20 hrs of induction for either WT or mutant 

PFN1. 

 

Figure 3S. Sonication of the bacterial cells at 20°C related to PFN1WT and PFN1G117V. From left 

to right; a. Ladder, before induction (BI), before sonic (BS), after sonic (AS), pellet after 

centrifugation in 2000 rpm (P2000), supernatant after centrifugation in 2000 rpm (S2000), 

supernatant after centrifugation in 13000 rpm (S13000) and pellet after centrifugation in 13000 

rpm (P13000). b. Ladder, before induction (BI), before sonic (BS), after sonic (AS), pellet after 

centrifugation in 2000 rpm (P2000), supernatant after centrifugation in 2000 rpm (S2000), 

supernatant after centrifugation in 13000 rpm (S13000) and pellet after centrifugation in 13000 

rpm (P13000). Arrow points to most pure PFN1 at S13000 rpm. 

  



Tables: 

Table 1.  

Structures Molecular Formula 2D Structure 3D Structure 

Acetaldehyde 

C2H4O or CH3CHO 

CID :177 

CAS: 75-05-0 

 
 

  #opt b3lyp/3-21g geom =connectivity 

Benzaldehyde 

C7H6O or C6H5CHO 

CID : 240 

CAS : 100-52-7 

 

  



Table 2:  

Sample  MW 

(Da) 

Amino 

acids  

10 s 2 

min 

4 

min 

10 

min 

7 h 

PFN1WT 16,763 140 23 40 86 97 238 

PFN1G117V 16,662 140 14 40 65 133 242 

 

  



Sample  
MW, 

(Da) 

Amino 

acids  

Ami

no acids 

in found 

in the 

crystal 

structur

e data 

Amin

o acids 

that 

participa

ted in 

PFN1-

acetalde

hyde 

interacti

on 

accordin

g to the 

lowest 

binding 

energy 

Accessi

ble 

hydrogen 

in 

molecular 

docking 

simulation 

in PFN1-

acetaldehy

de 

complex 

Amin

o acids 

that 

participa

ted in 

PFN1-

benzalde

hyde 

interacti

on 

Accessi

ble 

hydrogen 

in 

molecular 

docking 

simulation 

in PFN1- 

benzaldeh

yde 

complex 

Total 

number 

of 

accessib

le 

hydroge

ns  

PFN1W

T 
16763 140 139 

Q79, 

T64, 

K25, 

N99, 

L78 

22 

T31, 

R74, 

R135 

18 40 

PFN1G1

17V 
16662 140 139 

R55,

Y24, 

K25, 

T59,V60

, F83 

16 

V118,

K104, 

D54,N12

4, 

I123,Y5

9, 

D106,D2

5, Y54 

37 53 

Table 3 

  



Supplementary Tables: 

 

Table 1S. 

Cluster 

Rank 

Lowest Binding 

Energy(kcal/mol) 

Run Mean Binding 

Energy 

(kcal/mol) 

Numbers of 

Clusters 

1 -2.89 113 -2.80 197 

2 -2.49 13 -2.43 4 

3 -2.47 180 -2.47 16 

4 -2.28 39 -2.28 3 

  



Table 2S.  

Cluster 

Rank 

Lowest Binding 

Energy(kcal/mol) 

Run 

 

Mean Binding 

Energy 

(kcal/mol) 

Number in 

Cluster 

1 -2.68 159 -2.67 183 

2 -2.55 78 -2.54 18 

3 -2.32 44 -2.32 1 

4 -2.32 151 -2.32 18 

 

  



Table 3S.  

 

Cluster 

Rank 

Lowest Binding 

Energy(kcal/mol) 

Run 

 

Mean Binding 

Energy(kcal/mol) 

Number in 

Cluster 

1 -3.80 128 -3.77 21 

2 -3.77 27 -3.76 163 

3 -3.75 80 -3.74 14 

4 -3.74 14 -3.70 15 

5 -3.67 107 -3.67 2 

6 -3.56 143 -3.56 1 

7 -3.54 94 -3.52 2 

8 -3.51 73 -3.50 2 

 

  



Table 4S.  

 

Cluster 

Rank 

Lowest Binding 

Energy(kcal/mol) 

Run 

 

Mean Binding 

Energy(kcal/mol) 

Number in 

Cluster 

1 -4.42 240 -4.39 130 

2 -4.40 40 -4.39 14 

3 -3.92 10 -3.88 50 

4 -3.84 69 -3.83 9 

5 -3.76 110 -3.72 15 

6 -3.60 118 -3.60 2 

 



Figures: 
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Fig. 2. 

 

 

 

 

  



Fig. 3. 
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Supplementary data: 

 

Fig.1S. 

 

 

  



Fig. 2S. 

 
 

  



Fig. 3S. 

 

 

 

  



Supplementary Movie. 

Supp. Movie. An animation of molecular simulation of mutant PFN1G117V and Wild type with small 

molecules (Acetaldehyde and Benzaldehyde) to demonstrate the hotspots and amino acids 

involved on the surface of PFN1 in relation to Actin, PLP. 

https://doi.org/10.6084/m9.figshare.13551218 

  

https://doi.org/10.6084/m9.figshare.13551218
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Figures

Figure 1

Backbone RMSD and Radius of Gyration (Rg) of PFN1G117V a. The RMSD for the backbone atoms of
the mutant-type structure at 300k shown as a function of time. b. the Rg for the Ca atoms of the mutant-
type PFN1 at 300k is shown as a function of time.

Figure 2

RMSF of the Mutant-type PFN1 and intramolecular hydrogen bond (Hb). a. The RMSF of the PFN1
Mutant type at 300k is shown. b. The number of intra-molecular Hb formed at 300k throughout the
simulations is shown as a functions of time.



Figure 3

a. Silver nitrate staining in SDS-PAGE related to PFNWT and PFN1G117V puri�cation using polyL
proline sepharose column. Proteins band showed that in molecular weight of 14–15 kDa is related to
PFN1 proteins. b. MALDI-TOF MS spectra related to intact PFN1WT. c. MALDI-TOF MS spectra related to
intact PFN1G117V. Black arrows point to pure PFN1 band stained with silver staining.



Figure 4

MALDI-TOF MS spectrum of time dependent deuterated and non-deuterated samples a. spectrum related
to ND PFN1WT. b. The spectrum related to ND PFN1G117V. c. Pulse deuterated PFN1WT during 10s. d.
Pulse deuterated PFN1G117V during 10s. e. Continues deuterated related to PFN1WT during 2 min. f.
Continuous deuterated related to PFN1G117V during 2 min. g. Continuous deuterated related to PFN1WT
during 4 min. h Continuous deuterated related to PFN1G117V during 4 min. i. Continuous deuterated



related to PFN1WT during 10 min. j. Continuous deuterated related to PFN1G117V during 10 min. k.
Continuous deuterated related to PFN1WT during 7 h. l. Continuous deuterated related to PFN1G117V
during 7 h.

Figure 5

Molecular docking simulations of binding of PFN1WT to Acetaldehyde and Benzaldehyde. a. The
hotspots amino acids on the surface of PFN1WT related to PFN1WT/Acetaldehyde by Lys25, Thr64,
Leu78, Gln79 and Asn 99. b. The amino acids involved in the hotspots on the surface of PFN1WT related
to PFN1WT/ Benzaldehyde are Trp31, Arg 74 and Arg135. An animated presentation of this data is
available in supplementary data section. (Supp. movie)

Figure 6

Molecular docking simulations of binding of PFN1G117V to Acetaldehyde and Benzaldehyde. a. The
amino acids involved in the hotspots on the surface of PFN1G117V related to PFN1G117V/Acetaldehyde
by Tyr24, Lys25, Arg55, Tyr59, Val60 and Phe83. b. The amino acids involved in the hotspots on the



surface of PFN1G117V related to PFN1G117V/ Benzaldehyde are Tyr24, Lys25, Asp54, Tyr59, lys104,
Asp106, Val118, Ile123, and Asn124. An animated presentation of this data is available in supplementary
data section. (Supp. movie)


