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A nuclear localization signal is required for the nuclear
translocation of Fign and its microtubule-severing function
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Abstract. It is commonly known that the specific function
of a given ATPase associated with diverse cellular activities
protein (i.e., a member of the AAA superfamily of proteins)
depends primarily on its subcellular location. The micro-
tubule-severing protein fidgetin (Fign) possesses a nuclear
localization signal (NLS) that facilitates its translocation to
the nucleus, where its assembly is finalized; here, Fign contrib-
utes to the regulation of microtubule configuration by cutting
and trimming microtubule polymers. In the present study,
Fign was found to be a nuclear protein, whose N-terminal
sequence (SSLKRKAFYM; residues 314-323) acts as an NLS.
Following substitution (KR to NN; 317-318) or deletion (NT;
314-323) mutations within the NLS, Fign, which is predomi-
nantly expressed in the nucleus, was found to reside in the
cytoplasm of transfected cells. Furthermore, Fign was found to
have an essential role in microtubule severing by preferentially
targeting highly-tyrosinated microtubules (tyr-MTs). Mutation
of the Fign NLS did not affect its microtubule-severing func-
tion or the cleavage of tyr-MTs, but did affect the cellular
distribution of the Fign protein itself. Taken altogether, an
NLS for Fign was identified, and it was demonstrated that the
basic amino acids K317 and R318 are necessary for regulating
its entry into the nucleus, whereas an increase in Fign in the
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cytosol due to mutations of the NLS did not affect its cleavage
function.

Introduction

The cell cytoskeleton provides shape and structural support (1,2)
and consists of microfilaments, intermediate filaments and
microtubules. Microtubules and actin filaments cooperate to
facilitate the assembly, organization and remodeling of the
cytoskeleton, which is critical for different stages of cellular
development (3,4). Microtubules perform a variety of func-
tions, including tracking intracellular trafficking, localizing
organelles, mediating intracellular signals and maintaining
cellular structure (5). Microtubule defects cause various abnor-
malities and disorders of microtubule-mediated processes;
moreover, studies have illustrated that several developmental
defects are associated with mutations in microtubule-related
genes, such as those of the microtubule-associated proteins,
motor-associated regulators, microtubule-severing proteins
and microtubule-based motor proteins (6-8). However, a
number of the underlying molecular mechanisms regarding
the severing of microtubule-based structures have yet to be
elucidated.

Fidgetin (Fign), a member of the ATPase associated with
diverse cellular activities (AAA) protein family, belongs
to the same subfamily as microtubule-severing proteins,
such as spastin and katanin (9-14). AAA proteins are
involved in a diverse range of cellular activities, including
membrane fusion, peroxisome biogenesis, proteasome
function, vesicle-mediated transport and microtubule
dynamics (15-17). Fign mutations frequently result in devel-
opmental abnormalities of the brain, eyes, inner ear and
specific bones (12). It is predominantly localized in the
nucleus due to the presence of a bipartite nuclear localiza-
tion signal (NLS) in its central region (11). As reported, the
function of Fign is closely associated with its subcellular
localization (18); however, the mechanism of nuclear import
during these cellular events is poorly understood. Although
the majority of microtubule-severing proteins preferentially
act on the stable domain of the microtubule, Fign acts at
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the labile domains (19). However, whether an alteration in
its cellular distribution affects its microtubule-severing
function remains to be elucidated.

Based on the phenotype of Fign-mutant mice, Fign was
revealed to be involved in the regulation of signaling pathways,
particularly those involved in developmental processes (11).
Since the specific function of an AAA protein depends on its
interacting partners and precise subcellular location (9), it is
important to assess the distribution of Fign and the mechanism
of its regulation between the cytoplasm and the nucleus.

In the present study, a Fign mutant was used to confirm
its nuclear translocation and microtubule-severing function.
An NLS motif was also identified to mediate the nuclear
import of the protein. Furthermore, the results indicated that
Fign did not sever microtubules into visibly shorter frag-
ments; rather, that Fign and its mutants decreased the number
of tyrosinated microtubules (tyr-MTs) at the cell periphery.
Collectively, the findings of the present study indicate that
Fign is a nuclear protein, and that the basic amino acids K317
and R318 within its NLS are key to its nuclear localization and
microtubule-severing function.

Materials and methods

Reagents. The pEGFP-N1 (cat. no. 6085-1; Addgene, Inc.)
plasmid was maintained within our laboratory. Normal Donkey
serum (cat. no. D9663) was purchased from Sigma-Aldrich;
Merck KGaA. Opti-MEM, DMEM high glucose medium,
trypsin and FBS were purchased from Gibco; Thermo Fisher
Scientific, Inc., and Lipofectamine® 2000 and TRIzol® were
purchased from Invitrogen; Thermo Fisher Scientific, Inc.
Anti-o-tubulin and anti-tyrosinated tubulin antibodies were
supplied by Sigma-Aldrich; Merck KGaA. The homolo-
gous recombination kit (cat. no. C122-02; Vazyme Biotech
Co., Ltd.), DNA Polymerase (cat. no. P508-d1; Vazyme
Biotech Co., Ltd.) and PrimeScript™ IV l1st strand cDNA
synthesis mix (cat. no. 6215A; Takara Biotechnology Co., Ltd.)
were used for construction of the recombinant plasmid, and
the water used in the present study was ultra-pure (R=18 M
Q/cm).

Cell culture and transfection. 293T and HeLa cells were
purchased from Shanghai Institutes for Biological Sciences.
The cells were routinely resuscitated, seeded into T25 cell
culture flasks and cultured in DMEM high-glucose medium
(containing 10% FBS and 100 U/ml penicillin and strep-
tomycin) at 37°C in a 5% CO, humidified atmosphere.
At 70-80% confluency, 293T and HeLa cells were transfected
with 5 ug GFP, Fign-GFP wild-type and mutant plasmids
using a Lipofectamine® 2000 transfection kit. Following a
30-h incubation period at 37°C in a 5% CO, humidified atmo-
sphere, the cells were harvested for western blotting.

Plasmid construction and mutagenesis. A construct containing
the full-length coding sequence of Fign was synthesized
from rat hippocampi using general PCR with gene-specific
primers (listed in Table I) designed from the rat Fign gene
(NM_001106484.1). PCR was performed as follows: 95°C for
3 min, followed by 34 cycles of 95°C for 30 sec, 59°C for 30 sec
and 72°C for 1 min, then 72°C for 7 min. The hippocampus
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was dissociated from four 1-day-old Sprague-Dawley rats.
The rats were purchased from the animal experimental center
of Sun Yat-sen University and immediately sacrificed upon
arrival. Briefly, the newborn rats were exposed to carbon
dioxide at 20% chamber replacement rate, and declared
dead when the heart stopped beating, following which brain
tissue was dissected. All animal procedures were performed
in strict accordance with the recommendations in the Guide
for the Care and Use of Laboratory Animals produced by the
National Institutes of Health. The protocol was approved by
the Institutional Animal Care and Use Committee at Jinan
University. The gene was cloned into the Bg/II and EcoRI
sites of pEGFP-NI to generate the Fign-GFP plasmid. To
construct the Fign-mNLS-GFP and Fign-DNLS-GFP plas-
mids, two-step PCR method was used to substitute or delete
the basic amino acid residues in Fign. During the first PCR
reaction step, complementary oligonucleotide primers were
used to generate two DNA fragments with overlapping ends
that contained the mutated or deleted bases. The overlapping
ends were annealed, and the resulting fusion product served as
a template for the second PCR reaction. Ligation of the mutant
and deleted Fign fragments into the PEGFP-NI1 vector was
conducted using the homologous recombination kit, according
to the manufacturer's protocols; colony PCR and agarose gel
electrophoresis (1% w/v agarose gel) experiments verified the
fragments were successfully ligated to PEGFP-NI1. Automated
sequencing was used to confirm successful mutagenesis or
deletion, and plasmid DNA was purified using the Plasmid
Maxi kit (cat. no. 12163; Qiagen, Inc.), according to the
manufacturer's instructions.

Western blotting. After transfection, the 293T and HeLa cells
were lysed in lysis buffer [150 mM NaCl, 20 mM Tris, | mM
EDTA, 1% Triton X-100 and protease inhibitors cocktail
(Sigma-Aldrich; Merck KGaA)] on ice for 30 min. The lysates
were centrifuged at 13,000 x g for 15 min at 4°C. A bicincho-
ninic acid protein assay was used to quantify the total protein
concentration of each sample. The protein samples (~30 ug
/lane) were separated by SDS-PAGE on a 10% gel, and trans-
ferred to PVDF membranes (EMD Millipore). The membranes
were blocked with 5% non-fat milk in TBS, 0.1% Tween-20
(TBST) at room temperature for 1 h, and incubated overnight
at 4°C with the following primary antibodies: Anti-a-tubulin
(1:2,000; cat.no.ab18251; rabbit polyclonal; Abcam); anti-tyros-
inated tubulin (1:2,000; cat. no. ab6160; rat monoclonal;
Abcam); anti-GFP (1:5,000; cat. no. ab290; rabbit polyclonal;
Abcam); anti-GAPDH (1:5,000; cat. no. ab181602; rabbit
monoclonal; Abcam) and anti-Fign (1:400; cat. no. sc-68343;
rabbit polyclonal; Santa Cruz Biotechnology, Inc.). After three
washes in TBST, the membranes were incubated with horse-
radish peroxidase-conjugated donkey anti-rabbit (1:5,000;
cat. no. AS038; ABclonal Biotech Co., Ltd.) or goat anti-mouse
secondary antibodies (1:5,000; cat. no. AS003; ABclonal
Biotech Co., Ltd.) at room temperature for 1 h, and visual-
ized using enhanced chemiluminescence reagents. Western
blot bands were quantified by densitometric analysis using
Image-Pro Plus 7.0 (Media Cybernetics, Inc.)

Immunocytochemistry assays. The HeLa cells were seeded
onto glass cover slips (Thermo Fisher Scientific, Inc.) in 24-well
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Table I. Primer sequences for PCR.
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Gene Primer sequence (5'—3")
Fign-GFP F: GATTCTAGAGCTAGCGAATTCGCCACCATGCCGTACATCTTTGCCTTTT
Fign-GFP R: GATCGCAGATCCTTCGCGGCCGCTTACAATCCTGTGGCTCCCAA

Fign-mNLS-GFP
Fign-mNLS-GFP
Fign-ANLS-GFP
Fign-ANLS-GFP

F: CGGCAAGTTCTCTCAATAATAAAGCTTTCTATATGG
R: CCATATAGAAAGCTTTATTATTGAGAGAACTTGCCG
F: ACCAACAGTTCGGCAGCAGGGCAAGGAGAC

R: GTCTCCTTGCCCTGCTGCCGAACTGTTGGT

Letters in underlined italics indicate induced restriction enzyme-recognized sites. F, forward; R, reverse; Fign, fidgetin; NLS, nuclear localiza-

tion signal.

cell culture plates (Corning Inc.) at a density of 1x10°/ml, 24 h
prior to transfection. At a confluence of 40-50%, HeLa cells
were transfected with 1 ug/well GFP, Fign-GFP wild-type and
mutant plasmids using a Lipofectamine 2000 transfection kit.
The transfection rate of HeLa cells in each group was ~70%.
At 24 h post-transfection, the cells were fixed in 4% parafor-
maldehyde for 40 min at 4°C, blocked with blocking buffer
(TBST in 3% normal donkey serum) at room temperature for
1 h, and incubated overnight with an anti-a-tubulin (1:200)
or anti-tyrosinated tubulin (1:500) primary antibody at 4°C.
Next, the cells were incubated with a goat anti-mouse FITC
secondary antibody (1:1,000; cat. no. ab150115; Abcam) for 2 h
at room temperature. After staining, the cells were mounted on
glass slides using Fluoro Gel II with DAPI (cat. no. 17985-50;
Electron Microscopy Sciences) for confocal microscopy
(LSM 700; Zeiss GmbH). Images were acquired with the same
optical slice thickness in every channel using magnification
x63 oil objective and a resolution of 1,024x1,024 pixels.

NLS prediction. Online prediction software (http:/nls-mapper.
iab.keio.ac.jp/cgi-bin/NLS_Mapper_form.cgi) was used to
predict the Fign NLS. cNLS Mapper software accurately
predicts NLSs specific to the importin af3 pathway by calcu-
lating NLS scores (level of NLS activity); higher scores of
Fign indicates stronger NLS activity.

Statistical analysis. Comparisons between different experi-
mental groups were analyzed using one-way ANOVA. All
data were tested for normal distribution; if the data were
normally distributed and had similar variances, then one-way
ANOVA was performed to compare the means among all
measured variables followed by Bonferroni's post hoc test,
P<0.05 was considered to indicate a statistically significant
difference. All statistical analyses were performed using
SPSS version 12.0 software (SPSS, Inc.). Data are expressed
as the mean + SEM of 3-5 separate experiments for each
assay.

Results

Fign is predominantly located in the nucleus. In order to deter-
mine the cellular distribution of Fign, a eukaryotic expression
vector containing the Fign coding sequence was constructed,
which was amplified from rat cDNA. Colony PCR was used

to determine successful insertion of the Fign sequence into
the pEGFP-NI plasmid. Fig. 1A shows the result of agarose
gel electrophoresis of the representative colony PCR products.
To further clarify whether Fign-GFP proteins were expressed
from the corresponding plasmids, 293T cells were transfected
with the Fign-GFP plasmids; western blotting with a GFP
antibody revealed a major dominant band of the expected size
(~105 kDa; Fig. 1B). Next, the GFP epitope-tag was detected
to delineate the subcellular localization of Fign in HelLa
cells. With the exception of a small degree of cytoplasmic
localization, the fusion protein was predominantly detected
in the nucleus (Fig. 1C). However, no signal was detectable
in the nucleoli of the GFP-positive cells, indicating that the
overexpression of Fign-GFP fusion protein was localized to
the nucleoplasm. Collectively, the results indicated that Fign
is a nuclear protein.

A signal peptide sequence controls the translocation of Fign
from the cytoplasm into the nucleus. Numerous studies have
indicated that Fign is primarily involved in microtubule
severing (19,20), and the present study indicated that it is local-
ized to the nucleus. As the NLS is an amino acid sequence
that tags a protein for import into the nucleus, in the present
study, the NLS of Fign was mutated to alter its cellular distri-
bution, and the subsequent effects on microtubule severing
were assessed. Using online NLS prediction software, the
potential NLS of Fign was indicated to comprise amino acids
314-323, a sequence that is relatively well conserved in rats,
mice and humans (Fig. 2A). To further confirm that this puta-
tive sequence was a nuclear targeting sequence, the integrity
of the NLS was disrupted by substituting amino acids 317
and 318 (KR to NN; Fign-mNLS-GFP), or removing the NLS
entirely (Fign-ANLS-GFP; Fig. 2B). The sequencing results
demonstrated that the mutagenesis was successful, and the
colony PCR results showed bands in lanes 4 and 8 that were
consistent with the molecular weight of Fign (Fig. 2C). The
293T cells were then transfected with the mutant plasmids,
and Fign expression was detected by western blotting. Both
proteins were successfully expressed in 293T cells (Fig. 2D).
In order to evaluate the potential contribution of the NLS
to nuclear localization, HeLa cells were transfected with
Fign-mNLS-GFP and Fign-ANLS-GFP. It was also revealed
that the Fign-mNLS-GFP and Fign-ANLS-GFP mutants were
expressed in both the cytoplasm and the nucleus, compared
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Figure 1. Construction of the Fign-GFP plasmid and subcellular localization of Fign primarily expressed in the nucleus. (A) Agarose gel electrophoresis of
PEGFP-NI universal primers. Lane 1, plasmid-positive colony of Fign-GFP; lanes 2-3, plasmid-negative colony; lane M, 2 kb - DNA ladder marker. (B) Fign
protein expression detected by western blotting. (C) Subcellular localization of Fign-GFP in 293T cells. Fign, fidgetin.

A \\\Eb F
A& v 3 GFP DAPI Merge
«F @ ) po
& Ca 2 _\\Qc’
314-323519 526-533 581-586 723-756

[ meantrese | ] ¢ 1]
1 65

R.norvegicus VPGYTYQGHGLTPIAPSALTNSSASSLKRKAF YMAGQGDMDSSYG
M.musculus VPGYTYQGHGLTPIAPSALTNNSASSLKRKAFYMAGQGDMDSSYQ
H.sapiens  WPGYTYQGHGLTPIAPSALTNSSASSLKRKAFYMAGQGDMDSSYG

B 31]4 3?3
Fign-GFP SA |SSLKRKAFYM [AG
Fign-mNLS-GFP SA|SSLNNKAFYM|AG

C1234M567 8M

Fign-GFP

Figure 2. Schematic representation of the putative NLS and subcellular localization of Fign-mNLS-GFP and Fign-ANLS-GFP proteins. (A) Schematic
representation of Fign protein and the putative NLS (amino acids 314-323). (B) Schematic representation of the NLS and its mutants. Fign-mNLS-GFP, KR
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colony PCR; lane 8, Fign-ANLS-GFP colony PCR; lanes 1 and 2, N-terminal fragments and C-terminal of Fign-mNLS-GFP; lanes 5 and 6, N-terminal and
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was almost exclusively located in the nucleus (Fig. 2E and F).  SSLKRKAFYM), and that K317 and R318 are key sites for
Taken together, the results indicated that the Fign NLS the nuclear localization process. Furthermore, the mutation
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Figure 3. Fign and its mutants do not sever total microtubules. (A) Total microtubules in cells transfected with Fign and its mutants. (B) Quantification of
the relative fluorescence intensity of a-tubulin protein using Image-Pro Plus 7.0 software; compared to the GFP group, n=12. (C) The expression of mutant
protein was confirmed by western blotting. (D) Representative western blotting result showing that there are no change of a-tubulin between Fign and its
mutant. (E) Statistical data showing no change of a-tubulin protein after Fign overexpression. The data are shown as mean + SE. Fign, fidgetin; NLS, nuclear

localization signal.

or deletion of this potential NLS subsequently affected the
translocation of Fign into the nucleus.

Fign preferentially severs tyr-MTs. To investigate whether Fign
regulates microtubule severing, thus altering their dynamics,
HeLa cells were selected to observe microtubule morphology.
As shown in Fig. 3A, both Fign-GFP wild type and mutant
plasmids were successfully expressed in HeLa cells. Because
Fign is primarily expressed in the nucleus, the microtubules
of the transfected cells showed no obvious morphological
changes, and were not cut into short fragments. Also, there
were no significant differences in fluorescence intensity or
protein expression (Fig. 3A and D). Of note, no significant
changes in a-tubulin were observed in cells transfected with
Fign-mNLS-GFP or Fign-ANLS-GFP compared with control
cells (Fig. 3B and E). As Fign remained in the cytoplasm
following NLS mutation or deletion, these data suggested
that Fign did not alter microtubule dynamics by cutting the
microtubules into short fragments.

Microtubules undergo various forms of post-translational
modification. Since tyrosine modification increases microtu-
bule instability, the microtubule-severing function of Fign in
unstable microtubules was assessed. Immunocytochemistry
assays and western blotting were used to detect tyr-MTs in
the transfected cells. Although Fign was not responsible for
cutting tyr-MTs into visibly shorter fragments, the fluores-
cence intensity and protein expression levels of these tyr-MTs
were significantly reduced (Fig. 4A and C) compared with
those of the control cells. Moreover, when cells were trans-
fected with Fign-mNLS-GFP or Fign-ANLS-GFP, these

parameters were also significantly reduced (Fig. 4B and D),
collectively suggesting that Fign primarily exerts its effects
on tyr-MTs.

Discussion

In the present study, online software was used to predict the
potential NLS of Fign, and to identify its contribution to nuclear
localization and microtubule severing. Since epitope-tagged
Fign was predominantly localized to the nucleus, it was
revealed to be a nuclear protein. Furthermore, amino acids
K317 and R318 of the N-terminal sequence of Fign were iden-
tified to be necessary for its nuclear localization, and mutation
of the NLS affected its nuclear transport. Moreover, Fign was
indicated to preferentially sever tyr-MTs.

AAA proteins contain a highly conserved 230 amino-acid
AAA domain, which forms hexameric rings essential for
their ATPase activity (20-22). Similar to spastin and katanin,
Fign efficiently severs microtubules in an ATP-dependent
manner, resulting in their destruction (9,23). By severing the
lattice or removing tubulins directly from the tubule ends,
microtubule-severing enzymes fulfill a key role in creating
and maintaining microtubule arrays in a variety of cell types;
creating new ‘bare ends’ renders microtubules highly respon-
sive to other regulators in the local microenvironment (20).

The results of the present study provide important and
complementary insights into the understanding of the nuclear
export of Fign. Firstly, the N-terminal SSLKRKAFYM
sequence (amino acids 314-323) was identified to be an NLS,
enabling Fign to return to the cytoplasm from the nucleus. It
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Figure 4. Fign and its mutants sever tyr-tubulin. (A) Tyr-tubulin in cells transfected with Fign and its mutants. (B) Quantification of the relative fluorescence
intensity of tyr-tubulin protein using Image-Pro Plus 7.0 software; compared to the GFP group, n=12. (C) Representative western blotting result showing
that Fign and its mutant overexpression cultures have a lower ratio of tyr-tubulin to a-tubulin than GFP cultures. (D) Statistical data showing a decrease of
tyr-tubulin protein after Fign and its mutants were overexpressed. The data are shown as the mean = SE. "P<0.05 vs. Control group. Fign, fidgetin; tyr-, tyrosine;

NLS, nuclear localization signal.

was also revealed that Fign is predominantly localized in the
nucleus, and is thus a nuclear protein.

Nuclear localization is essential for controlling the tran-
scription of protein-coding genes (24,25). The majority of NLSs
contain basic amino acid sequences of 4-30 residues, which are
too short to form independent structures, and typically exist
within nuclear proteins. The NLS is required for the transport
of large proteins (>60 kDa) from or into the nucleus (26-28).
As the NLS loses its capacity to bind to components within
the nucleus, by default, the associated protein will be exported
back into the cytoplasm (29-32). Since the molecular mass of
Fign is ~80 kDa, the Fign-GFP fusion protein exceeds the size
of the nuclear pore complex (40-60 kDa; utilized for simple
diffusion), suggesting that an active transport mechanism was
necessary for the nuclear distribution of the fusion protein.

In order to identify the basic amino acid residues respon-
sible for the nuclear localization of Fign, online software
was used to predict its potential NLS. To generate Fign-NLS
mutants, two conserved residues were then replaced, or the
putative NLS was deleted entirely. Disruption of the NLS
resulted in Fign expression in both the cytoplasm and the
nucleus, indicating that the identified NLS was important for
its cellular distribution. To identify the amino acid residues
responsible for nuclear transport, a KR-to-NN mutation
was generated in the Fign NLS, and its cellular distribution
was assessed. The results showed that this mutation ablated
nuclear translocation, and suggested that K317 and R318 are

key residues for transportation regulation. Yang et al (11) have
reported that Fign is a nuclear protein with a binary NLS that
reveals two small clusters of essential amino acids (K366,
K369, R378 and K379), similar to the canonical binary NLS.
After comparison, the present study reported a different NLS
than Yang et al (11).

A number of studies have emphasized the importance of
the microtubule-severing function of Fign, which primarily
influences microtubule dynamics (19,20). It was also identi-
fied that Fign preferentially severs tyr-MTs (33). In addition
to maintaining cell shape and structure, microtubules are
involved in intracellular transport, cellular motility and the
positioning of organelles (34). Microtubules are heterogeneous
and highly dynamic both in vivo and in vitro, and undergo
cycles of polymerization and rapid depolymerization (35).
This ‘dynamic instability’ is an intrinsic property that has a
key role in microtubule functioning (36). The present study
revealed that, unlike spastin, another microtubule-severing
protein, Fign, does not cut microtubules into short fragments,
suggesting that it may not act on stable microtubules.

Although Fign does not have a significant effect on the
shortening of intact, full-length microtubules, its influence
on post-translationally modified microtubules remained to
be elucidated. In order to determine whether Fign acted on
modified microtubules, intracellular detection of tyr-MTs was
conducted in the present study. The results showed that Fign
and its mutants caused a significant decrease in the expression
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of tyr-MTs compared with wild-type Fign. It has been reported
that tubulin is post-translationally modified in various ways,
including phosphorylation, ubiquitination, sumoylation, and
palmitoylation (37,38). However, detyrosination, A2-tubulin
generation, polyglutamylation, polyglycylation and acetylation
occur less frequently. Different microtubule post-translational
modifications, alone or in combination, alter the binding state of
tubulin proteins and confer specific cellular functions (39-42).
Detyrosination has been linked to microtubule stability, as
stable microtubules are detyrosinated in multiple different cell
types (43). Because tyrosine modification increases microtu-
bule instability, the results of the current study suggested that
Fign may preferentially sever tyrosine-modified and unstable,
rather than stable, microtubules. Hu er al (33) reported that
Fign has an essential role in cultured astrocyte migration by
preferentially targeting tyr-MTs. The present study yielded
consistent results with those of Hu et al (33). Before the
experiment, it was hypothesized that mutations in the Fign
NLS might lead to two outcomes. The first is that the muta-
tion disrupts the function of Fign targeting the cleavage of
tyr-MTs, resulting in an increase in tyr-MTs. The second is
that the mutation does not affect the function of Fign, and the
increased level of Fign in the cytoplasm enhances the cleavage
of tyr-MTs. However, in fact, the Fign mutation did not result in
a significant change in tyr-MTs compared with wild-type Fign,
suggesting that the cellular distribution of the Fign protein
itself does not affect the function of microtubule severing.
Spastin and katanin, two other microtubule-severing proteins,
destabilize local microtubule lattice contacts by pulling on
the disordered and negatively-charged C-terminal tails of
tubulin, which is dependent on the orientation of tubulin (44).
As a microtubule-severing protein, Fign may utilize similar
mechanisms.

In conclusion, the present study revealed that Fign is a
nuclear protein that targeted and severed tyr-MTs, and that
K317 and R318 (located at the N-terminus of the Fign gene)
are key residues for its nuclear translocation. Further studies
are required, however, to elucidate the mechanisms of the
K317/R318-associated nuclear entry of Fign and the precise
function of its signal peptide sequence.
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