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Introduction: Profilin1 (PFN1) is a ubiquitously expressed protein known for its function as 
a regulator of actin polymerization and dynamics. A recent discovery linked mutant PFN1 to 
Amyotrophic Lateral Sclerosis (ALS), which is a fatal and progressive motor neuron disease. 
We have also demonstrated that Gly118Val mutation in PFN1 is a cause of ALS, and the 
formation of aggregates containing mutant PFN1 may be a mechanism for motor neuron death. 
Hence, we were interested in investigating the aggregation of PFN1 further and searching for 
co-aggregated proteins in our mouse model overexpressing mutant PFN1.

Methods: We investigated protein aggregation in several tissues of transgenic and no-
transgenic mice using western blotting. To further understand the neurotoxicity of mutant 
PFN1, we conducted a pull-down assay using an insoluble fraction of spinal cord lysates from 
hPFN1G118V transgenic mice. For this assay, we expressed His6-tagged PFN1WT and PFN1G118V 
in E. coli and purified these proteins using the Ni-NTA column.

Results: In this study, we demonstrated that mutant PFN1 forms aggregate in the brain and 
spinal cord of hPFN1G118V mice, while WT-PFN1 remains soluble. Among these tissues, spinal 
cord lysates were found to have PFN1 bands at higher molecular weights recognized with 
anti-PFN1. Moreover, the pull-down assay using His6-PFN1G118V showed that Myelin Binding 
Protein (MBP) was present in the insoluble fraction.

Conclusion: Our analysis of PFN1 aggregation in vivo revealed further details of mutant 
PFN1 aggregation and its possible complex formation with other proteins, providing new 
insights into the ALS mechanism.
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1. Introduction

myotrophic Lateral Sclerosis (ALS), or 
motor neuron disease, also called Lou 
Gehrig’s disease, is a progressive and 
fatal neurodegenerative disorder char-
acterized by significant pathology and 
loss of upper and lower motor neu-
rons (Hardiman et al., 2017). To initiate  

the voluntary muscle movement, impulses generated 
from the motor cortex traveled down from upper motor 
neurons in the brain and lower motor nerves in the spinal 
cord to reach the neuromuscular junction and cross from 
the motor nerve to receptors on various skeletal mus-
cles. Therefore, degeneration of motor neurons leads to 
muscle wasting and loss of voluntary movement (Kiaei, 
2013). ALS is found to be in two types: Familial (fALS), 
which accounts for 10%-15% of cases, and the rest are 
sporadic (sALS). The etiology of fALS is associate with 
the mutation in the genes with varying cellular functions 
(Al-Chalabi, van den Berg, & Veldink, 2017). In addi-
tion to four significant genes (SOD1, FUS, TARDBP, and 
C9ORF72), accounting for 60-80% of fALS patients, 
other genes like PFN1 encoding profilin1 (PFN1) pro-
tein has been implicated in ALS (Brown & Al-Chalabi, 
2017). Thus far, eight ALS-linked mutations (A20T, 
C71G, T109M, M114T, E117G, G118V, R136W, and 
Q139L) have been reported in the PFN1 protein (Chen 
et al., 2013; Ingre et al., 2013; Smith et al., 2015; Wu et 
al., 2012). The locations of four mutations on the actin-
binding site linked to ALS are shown in Figure 1.

PFN1, a ubiquitously expressed protein in most cell and 
tissue types, is best known for its ability to bind G-actin via 
its actin-binding domain and regulate actin polymerization 
(Alkam, Feldman, Singh, & Kiaei, 2017). Besides being in-
volved in cytoskeletal organization, this protein has over 50 
ligands and binding partners, suggesting that it has multiple 
other functions. Most ligands were found to bind to PFN1 
Poly-L-Proline (PLP)-binding domain, which is different 
from the actin-binding site. The PFN1 protein identified in 
various organisms is highly conserved not only in primary 
sequence but also in protein folding (Jockusch, Murk, & 
Rothkegel, 2007; Witke, 2004). Single amino acid mutation 
in each binding site was found to alter the secondary and 
tertiary structures of folded PFN1 protein that may impair 
the interaction of PFN1 with its ligands (Boopathy et al., 
2015; Del Poggetto, Bemporad, Tatini, & Chiti, 2015; Del 
Poggetto, Gori, & Chiti, 2016; Nekouei et al., 2018). More-
over, these structural alterations are consistent with aggre-
gation propensities of ALS-linked mutant PFN1 proteins 
studied in vivo and in vitro (Del Poggetto et al., 2018; Fil et 
al., 2017; Wu et al., 2012; Yang et al., 2016). The cytoplas-
mic aggregate of PFN1 can also include other functional 
proteins that may play critical roles in the mechanism of 
ALS. The protein co-aggregation may contain soluble pro-
teins (Bondarev, Antonets, Kajava, Nizhnikov, & Zhourav-
leva, 2018) interacting with PFN1 by a specific binding site 
which may result in distinct cellular defects that contribute 
to the pathogenesis of motor neuron degeneration in ALS. 
As reported previously, PFN1 protein interacts with endog-
enous TAR DNA-binding protein 43 (TDP-43) (Tanaka, 
Nonaka, Suzuki, Kametani, & Hasegawa, 2016). ALS-

Highlights 

● Recombinant His6-tagged PFN1 proteins were purified for pull-down assay.

● Mutant PFN1 forms aggregate and complexes with myelin binding protein in hPFN1G118V mice.

● Misfolding of mutant PFN1 protein occurs earlier, and aggregation is the final product.

Plain Language Summary 

Amyotrophic Lateral Sclerosis (ALS) or motor neuron disease affects 3-5 per 100000 people worldwide. Despite the 
discovery of causative genes accounting for ~50% of familial ALS, the mechanism of how and why motor neurons 
degenerate has not been fully understood yet. Currently, there are no effective therapies available for patients suffering 
from this devastating disease. The mutation in the PFN1 gene, encoding PFN1 protein, was recently discovered as a 
new cause of ALS, and its study may provide new clues on how nerve cells will die in ALS. PFN1 protein is of great 
interest for its crucial functions contributing to neuronal morphology and long axons. In this report, our results showed 
that ALS-linked mutant PFN1 protein forms clumps in the CNS region of ALS-linked mouse models that may dam-
age the neurons and push them to die. We also found that clumping of PFN1 may form complexes with other essential 
proteins that may further cause stress and damage to neurons.

A

Nekouei, M., et al. (2021). Analysis of Mutant PFN1 Protein Aggregation. BCN, 12(2), 213-222.

http://bcn.iums.ac.ir/


Basic and Clinical

215

March, April 2021, Volume 12, Number 2

linked mutant PFN1 may serve as inclusion bodies that ini-
tiate the formation of TDP-43 aggregates by sequestration 
of TDP-43 into PFN1 aggregates (positive for ubiquitin and 
p62) and its conversion to prion-like species, which imply 
the association of mutant PFN1 toxicity with TDP-43 func-
tion (Tanaka & Hasegawa, 2016; Tanaka et al., 2016). 

To gain insight into the mechanism of ALS, various 
mouse models have been generated using some of the 
identified ALS causative genes, among which the most 
widely used is SOD1-based mouse models (Philips & 
Rothstein, 2015). Transgenic mouse lines overexpressing 
hPFN1WT and hPFN1G118V produced recently (Fil et al., 
2017) can also be used to study the molecular behavior 
of mutant PFN1 and understand its role in ALS. Accord-
ing to the previous studies, the G118V mutation, which 
is located most proximal to the actin-binding site, affects 
actin polymerization that may become unable to bind 
actin. Moreover, this mutant variant forms aggregates in 
vivo (neuronal cytoplasm) and in vitro (Brettle, Suchow-
erska, Chua, Ittner, & Fath, 2015; Fil et al., 2017; Freis-
chmidt et al., 2015; Nekouei et al., 2018; Wu et al., 
2012). Hence, this mutation can be an excellent model to 
study the mechanism of PFN1 neurotoxicity in ALS. In 
this study, we investigated the aggregation of hPFN1 pro-
tein using tissue homogenates of PFN1 mouse models by 
immunoblotting. The insoluble fractions of the brain and 
spinal cord homogenates from transgenic (hPFN1WT and 
hPFN1G118V) and non-transgenic mice showed that only 
mutant PFN1 could form aggregate, not wild type and 
non-transgenic controls. Additionally, we expressed and 
purified wild type and mutant (G118V) His6-tagged PFN1 
to identify additional candidate proteins in the insoluble 
fraction from the spinal cord by using a pull-down assay.

2. Methods

2.1. Transgenic mice

As described previously (Fil et al., 2017), transgenic 
(hPFN1WT and hPFN1G118V) mice were generated, and 
the selected mice with and without ALS-like symp-
toms were genotyped to determine the presence of the 
transgene. All the animal work was approved by UAMS 
IACUC (University of Arkansas for Medical Sciences, 
Institutional Animal Care and Use Committees) and car-
ried out accordingly. Tissues used in this study were the 
tissue samples from mutant and wild-type PFN1 mice 
that were previously isolated as part of the research de-
scribed in Fil et al. (2017) and were stored for further 
use. To analyze the expression level of hPFN1 in the tis-
sues from these mice, brain, spinal cord, liver, and leg 
muscles were isolated and stored at -80°C till use. Then 

the frozen tissues were thawed out on the ice, and the 
whole brain, spinal cord, liver, and leg muscles were 
homogenized with RIPA buffer. After estimating protein 
concentration, an aliquot was mixed with sample buffer 
(Invitrogen), heated at 90°C for 10 min, and run on 4%-
12% Bis-Tris Gel (Invitrogen). Then the separated pro-
teins were analyzed by western blotting. Anti-PFN1 and 
anti-β-actin (Sigma Aldrich) were the primary antibodies 
followed by appropriate secondary antibodies.

2.2. Soluble and insoluble fractionation and west-
ern blotting

Previously isolated tissue samples from non-transgenic 
and transgenic (hPFN1WT and hPFN1G118V) mice stored 
at -80°C as described in Fil et al. (2017) were thawed out 
on the ice. The motor cortex was dissected out from the 
whole brain. The remaining parts of the brain (referred to 
as the brain without motor cortex) and spinal cord were 
lysed for fractionation into soluble and insoluble pro-
teins. Isolated tissues were homogenized in NP-40 lysis 
buffer containing (1% NP-40, 20 mM Tris-HCl pH 7.4, 
150 mM NaCl, 5mM EDTA, 10% glycerol, 1 mM DTT, 
10 mM sodium fluoride, 1 mM sodium orthovanadate, 
5 mM sodium pyrophosphate) with EDTA-free protease 
inhibitors (Complete, Roche). The lysates were incu-
bated on ice for 30 min and then centrifuged at 13500 
rpm for 20 min at 4°C to separate the supernatant as 
the soluble fraction. After washing the remaining pellet 
twice with lysis buffer, it was resuspended in NP-40 lysis 
buffer plus 8 M urea/3% SDS and sonicated on ice. Fur-
ther, the samples were incubated on ice for 1 hour and 
again centrifuged (13500 rpm, 20 min, and 4°C) to re-
move the supernatant as an insoluble fraction. After de-
termining protein concentration by BCA assay, 20 µg of 
each sample, mixed with sample buffer (Invitrogen) with 
and without reducing agent, was run on 4–12% gradient 
NuPAGE Bis-Tris gel (Invitrogen). The proteins sepa-
rated on the SDS-PAGE were transferred to the PVDF 
membrane using Invitrogen iBlot device. The blotted 
membranes were blocked with 5% skim milk in PBS-T 
(0.1% Tween 20) buffer for 1 hour, and then incubated 
overnight at 4°C in primary antibodies, including anti-
PFN1 (Sigma Aldrich #P7749 and Abcam #ab50667) 
diluted (1:1000) in PBS-T 5% milk. After rinsing the 
blots with PBS-T buffer, they were incubated in HRP-
conjugated secondary antibody (Amersham Corp.) for 1 
hour, followed by washing with PBS-T buffer. Finally, 
proteins were visualized using the ECL detection system 
(Amersham Corp.). 
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2.3. Cloning and purification of recombinant His6-
tagged PFN1

Plasmid DNA constructs for human His6-tagged PFN1, 
both wild type (PFN1WT) and mutant (PFN1G118V), were 
kindly gifted by Prof. Weishaupt laboratory at the Uni-
versity of Ulm, Germany, as described in Freischmidt 
et al. (2015) (Freischmidt et al., 2015). His6-PFN1 was 
expressed for 4 hours upon IPTG (SinaClon) induction 
(1 mM) at 37°C in E. coli BL21(DE3) (Novagen). Bac-
terial cells were collected and sonicated in lysis buffer 
(20 mM Tris-HCl and 500 mM NaCl buffer with 10 
mM imidazole, pH 7.5) containing EDTA-free protease 
inhibitor (Roche). After removing the bacterial cell de-
bris by centrifugation (11000g, 20 min), the supernatant 
was subjected to Ni–NTA Agarose beads (Thermo Fisher 
Scientific), pre-equilibrated with lysis buffer. Recombi-
nant His6-PFN1 was purified under native conditions in 
a batch mode, according to the manufacturer’s protocol. 
Buffers containing (20 mM Tris-HCl and 500 mM NaCl) 
with 25 mM and 250 mM imidazole at pH 7.5 were used 
as wash and elution buffers, respectively. The expression 
and proteomic identification of recombinant His6-PFN1 
proteins were assessed by SDS-PAGE and MALDI-TOF, 
as reported in our previous work (Nekouei et al., 2018). 

2.4. Pull-down assay

For pull-down assay (Louche, Salcedo, & Bigot, 2017), 
purified His6-tagged PFN1G118V in lysis buffer was in-
cubated with equilibrated Ni-NTA Agarose beads for 2 
hours at 4°C with constant rotation. After centrifugation 
of flow through at 700g for 1 min, insoluble fraction of 
spinal cord lysate from transgenic (hPFN1G118V) mice was 
diluted, added to the column, and further incubated for 2 
hours. Then, the beads were washed with wash buffer, and 
finally, interacting proteins were eluted from the column 
with elution buffer, as described above. To eliminate non-
specific interaction of proteins with beads, the spinal cord 
lysate without His6-tagged PFN1 was used as the negative 
control. Samples were run on 15% SDS-PAGE accord-
ing to Laemmli protocol (Laemmli, 1970) and detected by 
Coomassie Brilliant Blue G-250 or silver nitrate staining.

The protein bands of interest were excised from 
the Coomassie blue-stained gels and digested in-gel 
with trypsin. Then, MALDI mass spectrometry (Ap-
plied Biosystems 4800 MALDI-TOF/TOF) in posi-
tive reflector mode was used to analyze the digested 
proteins as described previously (Nekouei et al., 2018; 
Shevchenko,Tomas, Havlis, Olsen, & Mann, 2007). Be-
fore MALDI analysis, equal volumes of the resulting 
peptide mixtures and α-cyano-4-hydroxycinnamic acid 

matrix solution were thoroughly mixed, and then 1 μL 
of the solution was deposited on a MALDI plate. The 
mass analysis was followed by data processing of the 
monoisotopic peptide mass values of tryptic peptides us-
ing the MASCOT peptide mass fingerprinting program 
to identify the proteins. All reagents used in this section 
were purchased from Sigma-Aldrich.

3. Results

The transgenic mutant PFN1 mice, which we have cre-
ated, developed ALS-like phenotypes and pathologies 
(Fil et al., 2017). Here, we have studied the effect of mu-
tant PFN1 further. We found that hPFN1 (WT or G118V) 
driven by prion promoter is selectively expressed in the 
brain, spinal cord, and leg muscles of transgenic mice 
compared with non-transgenic, whereas no expression of 
hPFN1 was observed in the liver of these mice (Figure 2). 
The ALS-causing mutations in PFN1 are supposed to af-
fect the PFN1 protein folding and 3D-structural assembly 
that drive the mutant PFN1 to aggregate. We have found 
evidence of aggregation of PFN1 in our mutant PFN1 
mice and reported this initially in Fil et al. (2017). To fur-
ther investigate the mechanism of PFN1 aggregation in 
vivo, we lysed the spinal cord, motor cortex, and brain 
without motor cortex of non-transgenic and transgenic 
(hPFN1WT and hPFN1G118V) mice with a buffer containing 
mild non-ionic detergent (NP-40). Western blot analysis 
of soluble fractions, separated from insoluble proteins by 
centrifugation, showed the presence of PFN1 proteins in 
all tissue homogenates. As shown in Figure 3A, dense 
bands recognized by anti-PFN1 as hPFN1 monomers 
are detected in the insoluble fractions of the spinal cord, 
motor cortex, and brain without motor cortex of mutant 
transgenic mice; whereas no monomeric bands of hPFN1 
protein were detected in the insoluble fractions of wild 
type and non-transgenic controls. Besides, we observed 
other bands with higher molecular weights ranging from 
30-50 kDa (likely to be dimers and trimers of PFN1) in 
the insoluble fraction of the spinal cord compared with the 
insoluble fractions of the motor cortex and brain without 
motor cortex isolated from transgenic (hPFN1G118V) mice. 
These bands, along with high molecular weight species, 
were retained in the stacking gel (shown by an arrow), 
represent stable interactions against urea, detergents, and 
reducing agents (Figure 3A).

The soluble and insoluble fractions obtained from spi-
nal cord homogenate were subjected to SDS-PAGE with 
and without reducing agent in the loading sample buf-
fer (Figure 3B). Migration pattern based on reducing 
and non-reducing conditions is different and reveals new 
protein aggregation and complexes with PFN1. Proteins 
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with molecular weights heavier than 40 kDa are more 
abundant in insoluble fractions of hPFN1G118V mice spi-
nal cord without reducing agent vs. soluble fraction and 
insoluble fractions in the presence of reducing agent. We 
also observe smears of hPFN1G118V proteins that may in-
dicate oligomers and represent the formation of disulfide 
bonds in the absence of Dithiothreitol (DTT) as a reduc-
ing agent. Interestingly, there is a difference between the 
blots of the two soluble fractions in the number of visible 
bands shown by arrows (Figure 3B). 

As shown by SDS-PAGE in Figure 4A, we did not ob-
serve identical protein distributions in the soluble and 
insoluble fractions of the hPFN1G118V mice spinal cord. 
Prominent bands detected on SDS-PAGE of the insol-
uble fraction may be complexes of PFN1 protein and 
other proteins entrapped in the aggregation. To identify 
what could be in the aggregate complex, we performed 
a pull-down assay using recombinant His6-PFN1G118V. 
We used a negative control column without recombi-
nant His6-PFN1G118V to eliminate the nonspecific inter-
acting proteins of spinal cord insoluble fraction with 
the affinity chromatography resin. Further, the purified 

Brain                           Spinal cord                              Liver                          Skeletal muscle

hPFN1

mPFN1

β-actin ~43kDa

NTG               TG              NTG              TG                NTG              TG                NTG                TG

Figure 2. Western blot analysis of PFN1 (~15kDa) expression level in the brain, spinal cord, liver, and leg muscles isolated from 
non-transgenic and transgenic (hPFN1G118V) mice at 27 days of age

 Samples identities are as labeled in each lane (30 µg of total lysates). β-actin was used as a housekeeping gene for this western 
blot analysis.
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Figure 1. Schematic illustration of profilin1-actin complex based on a bovine structure (PDB: 2BTF) 

Predicted structure of human β-actin (green) and profilin1 (yellow, red, light blue) complex showing the critical position of 
G118V, M114T, C71G, and E117G (benign mutation) mutations on the actin-binding motif demonstrated in the cartoon.
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His6-PFN1G118V protein (Figure 4B) was subjected to 
Ni-NTA column again under pull-down assay condition 
to control for any co-purified, nonspecific host cell pro-
teins. The arrows in Figure 3C points to PFN1-bound 
protein bands that are present in the eluted fraction of the 
sample, whereas almost none were detected in the eluted 
fraction of the controls. Before Matrix-Assisted Laser 
Desorption/Ionization (MALDI)-Time-of-Flight (TOF) 
analysis of proteins, the differential protein bands were 
excised from the polyacrylamide gels and processed 
with in-gel digestion. The detected peptide masses were 
searched against non-redundant protein sequence data-
bases (NCBI) using the Mascot search program. These 
analyses enabled us to reveal that hPFN1 is one of the 
proteins in the insoluble fraction which interacts with 
recombinant His6-PFN1G118V. These data confirm that 
mutant PFN1 proteins tend to interact with each other 
and form aggregates. Furthermore, we found that Myelin 
Basic Protein (MBP) is present in the complex with a 
score of 80 and 44% sequence coverage (Table 1). MBP 
is an essential protein involved in forming and stabiliz-
ing myelin membranes in the Central Nervous System 
(CNS) (Boggs, 2006). Coincidentally, while searching 
the literature, we saw a previously published study that 

described that the prion-like aggregation of MBP formed 
during demyelination might contribute to the neurotox-
icity mechanism of multiple sclerosis (Frid et al., 2015). 
Hence, the presence of MBP in the insoluble fraction of 
the ALS-linked spinal cord is of great importance and 
may be relevant to the loss of motor neurons in ALS.

4. Discussion

Different identified mutations located in actin- and 
PLP-binding sites of PFN1 protein (Figure 1) may im-
pact various functions of PFN1, leading to ALS disease 
by diverse neurotoxicity mechanisms. Of those, the ex-
pression of hPFN1C71G and hPFN1G118V in two recently 
generated transgenic mice models displayed ALS-like 
phenotypes, spinal cord motor neuron degeneration, 
and aggregation of mutant PFN1 (Fil et al., 2017; Yang 
et al., 2016). As shown in Figure 2, mutant PFN1 has 
been primarily expressed in the CNS (brain and spi-
nal cord) region: two major organs implicated in ALS 
disease. Based on these results, we further confirmed 
the aggregation of mutant PFN1 and observed higher 
molecular weight complexes in the spinal cord, brain 
without motor cortex, and motor cortex tissues obtained 

15

25

40

50

115

30

Spinal Cord    
S(+)     S(-)

80

50

40

15

115
140

?
?

Ins(+)   Ins(-)

>50 
kDa

A. B.
M   WT  NTG  M   WT   NTG    M   WT  NTG

Insoluble Fraction
S. cord M. cortex Brain

PFN1

Figure 3. Dense bands recognized by anti-PFN1 as hPFN1 monomers 

A: Western blot analysis of the insoluble fractions of the spinal cord, motor cortex, and brain without motor cortex homog-
enates from non-transgenic and transgenic (hPFN1WT and hPFN1G118V) mice; Protein bands were recognized by the C-terminal 
anti-PFN1 antibody. High molecular weight species were shown by the arrow. 

B: Western blot analysis of soluble (S) and insoluble (Ins) fractions of spinal cord homogenates from transgenic hPFN1G118V 
mice; 

 The N-terminal anti-PFN1 antibody was used to detect protein bands. Sample buffer with (+) and without (-) reducing agent 
was added to all samples and boiled for 10 min at 70˚C. In soluble fraction without reducing agent, bands shown by the arrow 
and question mark are missing.
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from transgenic (hPFN1G118V) mice compared with wild 
type and non-transgenic mice (Figure 3). The accumu-
lation of larger forms of PFN1 in the insoluble protein 
aggregate might be because of their more resistance to 
the degradation process. Our previous finding can sup-
port this hypothesis that a thick smear of ubiquitinated 
proteins larger than 50 kDa was found in the insoluble 
fraction of hPFN1G118V mice relative to wild type and 

non-transgenic (Fil et al., 2017). Our preliminary west-
ern blot analysis also revealed that mutant PFN1 form 
aggregate in the lumbar spinal cord was significantly 
higher in full-symptomatic and end-stage disease (Fil 
et al., 2017). These results are consistent with previous 
findings in vitro and in mammalian cells, confirming the 
aggregation tendency of mutant PFN1 relative to wild 
type (Alkam et al., 2017). 

20

A. C.

11
17

25

48

100

35

Sample   ControlS            Ins     Ins (sup)   

Spinal cord of hPFN1G118V mice Elution fractionPurified His6-tagged PFN1

WT       G118V

B.

His6-PFN1
MBP

MBP
PFN1

Figure 4. Pull-down assay of insoluble fractions of spinal cord homogenates from transgenic (hPFN1G118V) mice

A. Coomassie blue-stained SDS-PAGE of soluble (S) and insoluble (Ins) fractions of spinal cord homogenates from transgenic 
(hPFN1G118V) mice. Ins (sup) indicates the collected flow-through of insoluble fraction after incubating with Ni-NTA beads 
immobilized with recombinant His6-PFN1G118V; B. Silver-stained SDS-PAGE of purified recombinant His6-tagged PFN1WT and 
PFN1G118V by Ni-NTA column; C. Silver-stained SDS-PAGE of the eluted fraction of the sample (insoluble fraction incubated 
with recombinant His6-PFN1G118V) and the control (insoluble fraction incubated without recombinant His6-PFN1G118V), indicat-
ing the PFN1G118V -bound proteins shown by arrows. Myelin Binding Protein (MBP) isoforms and PFN1 were identified in 
the elution fraction of the sample.

Table 1. PMFa search result for the excised and trypsin-digested gel band from sample lane (Figure 4C) and MALDI-TOF mass 
spectrometry analysis

Observed Mass* Expected Mass Calculated Mass Position Peptide Sequences

859.4371 858.4299 857.4831 6-12 K.RPSQRSK.Y

1336.5261 1335.5188 1335.6241 13-24 K.YLATASTMDHAR.H

1337.6041 1336.5962 1335.6241 13-24 K.YLATASTMDHAR.H

1339.5833 1338.5760 1338.7004 31-42 R.HRDTGILDSIGR.F

1460.5298 1459.5225 1459.7096 78-89 R.TQDENPVVHFFK.N

810.3681 809.3608 810.4236 96-103 R.TPPPSQGK.G

1800.7314 1799.7242 1799.8380 112-128 R.FSWGAEGQKPGFGYGGR.A

861.0219 860.0146 860.4286 162-169 R.SGSPMARR.-

Protein identified as myelin basic protein (Swiss-Prot database accession #P04370-5);

a Peptide Mass Fingerprinting search in Mascot server; * [M+H]+.
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In this work, we have used two different anti-PFN1 
antibodies, C-terminal and N-terminal, which exhibited 
different banding patterns (Figures 3A and B). As shown 
in Figure 3A, prominent bands of mutant PFN1 dimer 
and high molecular weight proteins were recognized by 
C-terminal anti-PFN1 antibody in the insoluble fraction 
of transgenic (hPFN1G118V) mice. This can be the conse-
quence of conformational and structural alteration that 
occurred in PFN1G118V (Del Poggetto et al., 2015; Nek-
ouei et al., 2018). Our recent in silico study reveals the 
impact of mutations on the amino acids near the muta-
tion sites (Kiaei et al., 2018). We conclude that the sub-
stitution of glycine to valine enhances the hydrophobic-
ity and the rigidity of the actin-interacting loop region. 
In that report, our results showed that mutant forms of 
PFN1 had different fluctuation patterns and salt bridges 
and hydrogen bond formation between critical residues, 
compared to wild type (Kiaei et al., 2018). Therefore, 
we propose that the single amino acid mutation of PFN1 
(e.g. G118V) may cause ALS by losing normal function 
and or by the gain of toxicity. Based on our biochemical 
analysis of the hPFN1G118V spinal cord, different protein 
profiles were observed in the soluble and insoluble frac-
tions due to the toxicity and aggregation of PFN1. The 
result of the pull-down assay can shed light on whether 
mutant PFN1 can interact with other proteins and form 
aggregates. Among the detected co-aggregated proteins 
shown in Figure 4, the bands corresponding to MBP, a 
critical protein in the CNS myelination, were more abun-
dant on the silver nitrate stained gel. Based on the litera-
ture, MBP is a multifunctional protein like PFN1, which 
interacts in vitro with cytoskeletal proteins, including 
actin, and causes actin polymerization and bundling of 
microfilaments (Harauz, Ladizhansky, & Boggs, 2009). 
We recently reported that separation and vacuolization 
of the myelin sheath is one of the cellular abnormalities 
that occur in the ventral root motor axons of hPFN1G118V 
transgenic mice (Fil et al., 2017). Additionally, degener-
ating myelinated axons and glia containing phagocytized 
myelin were found in sciatic nerves of end-stage hPF-
N1G118V transgenic mice (Fil et al., 2017). 

Protein aggregation is the hallmark of all neurodegen-
erative diseases. Thus the investigation of the aggre-
gation of mutant PFN1 in the brain and spinal cord of 
the ALS mouse model may provide new clues on how 
PFN1 contributes to the loss of upper (corticospinal mo-
tor neurons in layer V) and lower (ventral horn) motor 
neurons in hPFN1G118V mice. This study suggests that the 
proteinopathy of mutant PFN1 maybe a critical cause of 
neuronal stress and death. High molecular weight bands 
detected with anti-PFN1 may also indicate oligomers’ 

formation with their PFN1 and complexes appearance 
with other proteins.
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