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Abstract

Background: Cytoplasmic sialidase (NEU2) plays an active
role in removing sialic acids from oligosaccharides, gly-
copeptides, and gangliosides in mammalian cells. NEU2
is involved in various cellular events, including cancer
metabolism, neuronal and myoblast differentiation, pro-
liferation, and hypertrophy. However, NEU2-interacting
protein(s) within the cell have not been identified yet.
Objective: The aim of this study is to investigate NEU2
interacting proteins using two-step affinity purification
(TAP) strategy combined with mass spectrometry analysis.
Methods: In this study, NEU2 gene was cloned into the
PCTAP expression vector and transiently transfected to
COS-7 cells by using PEI. The most efficient expression
time of NEU2- tag protein was determined by real-time PCR
and Western blot analysis. NEU2-interacting protein(s)
were investigated by using TAP strategy combined with
two different mass spectrometry experiment; LC-MS/MS
and MALDI TOF/TOF.

Results: Here, mass spectrometry analysis showed four
proteins; o-actin, B-actin, calmodulin and histone H1.2
proteins are associated with NEU2. The interactions
between NEU2 and actin filaments were verified by
Western blot analysis and immunofluorescence analysis.
Conclusions: Our study suggests that association of
NEU2 with actin filaments and other protein(s) could be
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important for understanding the biological role of NEU2
in mammalian cells.
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Gegmis: Sitoplasmik sialidaz (NEU2) memeli hiicrele-
rinde oligosakkaritler, glikopeptidler ve gangliosidlerden
sialik asitin uzaklastirilmasinda aktif bir rol oynamakta-
dir. NEU2, kanser metabolizmasi, néron farklilasmasi ve
miyoblast cogalmasi, farklilasmasi ve hipertrofisini iceren
farkl: hiicresel olaylarda gorev yapmaktadir. Bununla bir-
likte, hiicre igerisinde NEU?2 ile iliskili protein(ler) heniiz
tanimlanmamaistir.

Amag: Bu calismanin amaci iki-basamak afinite saf-
lastirma (TAP) stratejisi ile birlikte kiitle spektrometri
analizini kullanarak NEU2 ile etkilesen proteinleri
arastirmaktir.

Malzemeler ve Metodlar: Bu calismada, NEU2 geni pCTAP
ekspresyon vektoriine klonlandi ve PEI kullanilarak gegici
olarak COS-7 hiicrelerine transfekte edildi. Rekombi-
nant NEU2 —tag proteininin en etkili ifade siiresi, gercek
zamanli PCR ve Western blot analizi ile belirlendi. NEU2
ile etkilesen protein(ler), TAP stratejisi ve iki farkl kiitle
spektrometresi deneyi kombine ederek arastirildi; LC-MS/
MS ve MALDI TOF/TOF.

Bulgular: Burada, kiitle spektrometresi analizine gore
NEU2, a-aktin, B-aktin, kalmodulin ve histon H1.2’yi etki-
lesime girebilmektedir. NEU2 ve aktin filamentleri arasin-
daki etkilesim, Western blot ve immiinofloresan analizi ile
dogrulanmistir.

Sonug¢: Calismamiz, NEU2nin aktin filamentleri ve diger
protein (ler) ile etkilesmesinin, memeli hiicrelerinde
NEUZ2’ nin biyolojik roliinii anlamak i¢in 6nemli olabilece-
gini diislindiirmektedir.
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Introduction

Sialidases (EC 3.2.1.18, also called neuraminidases)
belong to the family of exoglycosidases and are respon-
sible for the hydrolytic cleavage of sialic acid residues
from glycoconjugates such as glycoproteins and gly-
colipids [1, 2]. They are widely distributed in nature,
from viruses and microorganisms to avian and mam-
malian species [2]. In mammals, four different siali-
dases have been purified, cloned, and characterized.
These are classified based on their subcellular localiza-
tion and enzymatic properties. NEU1, NEU2, and NEU3
are predominantly localized in the lysosomes, cytosol,
and plasma membranes, respectively, whereas NEU4 is
found in the lysosomes, mitochondria, and intracellular
membranes [3-5]. The expression levels of sialidases in
cells and tissues, as well as their substrate specificities
and optimum pH values, are variable. NEU2 is detected
in various human tissues, being relatively high in skin
(https://www.proteinatlas.org/search/NEU2) and at low
levels in placenta, testis, lung, pancreas and ovary [6].
Furthermore, NEU2 transcript was also detected at very
low levels in NT2D1 embryonic carcinoma cell line and
human fetal liver [7]. The absence of ESTs in dbEST also
confirms the level of human NEU2 is the least transcript
among the different members of gene family. Sialidases
are involved in various cellular events, such as cell pro-
liferation, differentiation, glycolipid and glycoproteins
metabolism, clearance of plasma proteins, cell adhesion
control, receptor modification, immunocyte function,
and modeling of myelin [1, 2].

The cytoplasmic sialidase NEU2 plays an important
role in cancer progression. The overexpression of NEU2 in
leukemic K562 cells, in which endogenous NEU2 was not
detectable, resulted in the suppression of cell prolifera-
tion and acceleration of apoptosis by lowering the expres-
sion levels of the anti-apoptotic factors Bcl-XL and Bcl-2
(30% and 80%, respectively) [8].

Under normal conditions, cytoplasmic sialidase
expression is very low in PC12 cells, which are a favored
model for studying neuronal differentiation. However, the
NEU2 expression is significantly elevated under differ-
entiating and proliferating conditions, which indicates a
potential role of NEU2 in neuronal differentiation [9].

NEU2 also plays an important role in myoblast dif-
ferentiation by desialylation of glycoconjugates. The
function of NEU2 in myoblast differentiation has been
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demonstrated in rat L6 myogenic cells and mouse
C2C12 myoblast cells [10, 11]. A gradually increas-
ing level of NEU2 expression and enzymatic activity
was reported for in post-mitotic myoblasts, with the
highest level observed for fully matured hypertrophic
myotubes [12].

Tandem affinity purification (TAP) allows the deter-
mination of the proteins involved in protein complexes
and was originally developed by Rigaut et al. for use in
yeast cells [13]. Several dual-affinity tags have been devel-
oped to identify associated proteins in mammalian cells
[14]. The identification of partners that interact with a par-
ticular target protein can be used to define protein-protein
interactions and proteins with unknown functions. For
example, various protein complexes have been success-
fully identified in mammalian cell lines using the Inter-
Play TAP system [15-19]. As the possible substrate(s) and
product(s) of NEU2 in myofibers, cancer metabolism, and
neural differentiation remain uncertain [1]. In this study,
we focused on the identification of proteins that might
interact with NEU2. In this study, NEU2-interacting pro-
teins in COS-7 cells were identified using the InterPlay TAP
system followed by mass spectrometric analysis to shed
light on the possible biological function of NEU2 in cellu-
lar metabolism [8], neuronal [9] and myoblast differentia-
tion [11], proliferation and hypertrophy [20]. We identified
o-actin, B-actin, histone H1.2 and calmodulin as potential
NEU2-associated proteins.

Methods

DNA expression constructs

Human cytosolic sialidase NEU2 was obtained from
peripheral blood cell donated by Dr. Volkan Seyrantepe.
Briefly, total RNA was extracted from white blood
cells using TRIzol reagent (Geneaid). cDNA (50 ng/uL)
was synthesized using a High-Capacity cDNA Reverse
Transcription Kit according to manufacturer’s recom-
mendations (Applied Biosystems), NEU2 cDNA was
amplified with a primer pair of 5-AAAGGATCCATG-
GCGTCCCTTCCTGTCCTG-3" and 5-AAATTCGAACTGAG-
GCA GGTACTCAGCTGGG-3'. The resulting PCR product
was digested with HindIIl and BamHI and cloned into
the pCTAP vector (Stratagene) to generate the pCTAP-
NEU2 vector. Construction of the expression vector was
confirmed by restriction pattern analysis and sequencing
(data not shown).
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Cell lines and transfection

COS-7 cells were maintained at 37°C in Dulbecco’s modi-
fied Eagle’s medium supplemented with L-glutamine
(Lonza), 100 units/mL penicillin and 100 pg/mL Strep-
tomycin (Gibco), and 10% fetal bovine serum (Lonza) in
a humidified atmosphere containing 5% C02. COS-7 cells
were transfected using polyethyleneimine (PEI; Sigma)
at a 3:1 transfection reagent to DNA ratio of 3:1 (3 uL
1 ug/mL PEI:3 ug DNA). COS-7 cells were transfected with
either an empty expression plasmid (mock) and pCTAP-
NEU2 plasmid for 24, 36, 48 and 72 h.

Real-time PCR

The relative expression of NEU2-tag mRNA was deter-
mined using LightCycler-480-SYBR-Green-I-Master Mix
(Roche) with the glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) gene as an internal control. Total RNA was
extracted from mock, 24, 36, 48, and 72 h pCTAP-NEU2
post-transfection COS-7 cells (n=3) using TRIzol reagent
(Geneaid). cDNA (50 ng/uL) was synthesized using a
High-Capacity cDNA Reverse Transcription Kit (Applied
Biosystems), and 75 ng of the cDNA was used in the 20 uL
reaction mixture, which included 40 pmol of each primer
and 1x Roche LightCycler 480 SYBR Green I Master Mix.
The PCR conditions were as follows: one cycle of 10 min
at 95°C; followed by 45 cycles of 20 s at 95°C, 15 s at 61°C,
and 22 s at 72°C, and reading was performed after each
cycle. At the end, one cycle of 30 s at 95°C, and 10 s at 60°C
was performed. The following primer pairs were used for
genes of interest: NEU2; NEU2F (5-CAAGCAAGAAGGAT-
GAGCACG-3"), NEU2R (5-TGCAAAGGTGGACCACTCC-3),
GAPDH; GAPDHF (5-CCCCTTCATTGACCTCAACTAC-3),
and GAPDHR (5"-ATGCATTGC TGACAATCTTGAG-3").

Cell lysis and Western blot analysis

Forty-eight hours after transfection, the cells were rinsed
twice with cold phosphate-buffered saline (PBS) and
lysed using 0.5 mL of lysis buffer (25 mM Tris-HCI, 1%
Triton X-100, 1% sodium deoxycholate, 0.15 M NaCl, 1 mM
ethylenediaminetetraacetic acid (EDTA) per 2x 107 cells.
Prior to use, 0.1% protease inhibitor mixture (Sigma) and
100 mM of phenylmethlysulfonyl (PMSF) (Sigma) were
added to the required volume of lysis buffer.

The protein concentrations were estimated using the
Bradford colorimetric method with bovine serum albumin
as standard. Twenty microgram protein samples were run
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on 10% polyacrylamide gels and transferred to nitrocellu-
lose membranes. The blots were then blocked in 1x PBST
(1xPBS, 0.05% Tween-20) containing 5% non-fat milk
for 1 h. The primary antibodies used were as follows:
anti-NEU2 (1:2000, Novus Biologicals, NBP2-00783), anti-
B-actin (1:5000, Santa Cruz), anti-calmodulin binding
protein epitope tag primary antibody (1:5000, Merck Milli-
pore), and y-tubulin primary antibody (1:1000, Santa Cruz).
The incubation was performed for 1 h at room temperature
in 1xPBST containing 0.5% non-fat milk. The blots were
then washed five times in 1 x PBST for 10 min. The second-
ary antibody used was: rabbit polyclonal to mouse IgG H
and L (1:5000, Santa Cruz). The incubation was performed
for 1 h at room temperature in 1xPBST containing 0.05%
non-fat milk and was followed by washing five times with
1xPBST for 10 min. SuperSignal West Dura Extended
Duration Substrate (Thermo Scientific) was used to visu-
alize the blots.

Enzyme activity assay

Sialidase activity in the 48-h post-transfected COS-7
cells was assayed using 2’-(4-methylumbelliferyl)-o.-D-N-
acetylneuraminic acid sodium salt hydrate (4-MU-NeuAc)
(Sigma 69587). Mock and pCTAP-NEU2 transfected COS-7
cells were homogenized in 0.4 M sodium acetate buffer
(pH 4.3) by sonication at 60 V for 10 s. The homogenate,
including 80 ug protein, was then incubated in sodium
acetate buffer containing 0.5 mM substrate for 30 min at
37°C. The reaction was stopped by the addition of 0.2 M
glycine buffer (pH 10.8). Measurements were performed
using a fluorescence spectrophotometer (Shimadzu) at
an excitation wavelength of 365 nm and an emission
wavelength of 445 nm. The protein concentrations in
the samples were determined with the Bradford reagent
(Sigma) and used to calculate specific enzyme activities.

Tandem affinity purification

Ten 150-mm plates of pCTAP-NEU2 transfected COS-7
cells were obtained 48-h post-transfection. The cells were
then washed twice with cold PBS and purified using the
InterPlay Mammalian TAP system (Agilent Technologies)
according to the manufacturer’s protocol. The whole
cell lysate was first bound to streptavidin beads and
then washed twice with the streptavidin binding buffer
to remove unbound proteins, and bound proteins were
subsequently eluted with the streptavidin elution buffer
which contains 2 mM biotin. The eluate was subsequently
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bound to Ca?" activated calmodulin beads and calmodulin
binding buffer was used to remove unbound proteins. The
bound proteins were eluted with the calmodulin elution
buffer, which contains the chelating agent ethylene gly-
col-bis  (B-aminoethylether)-N,N,N’,N’-tetraacetic acid
(EGTA) at 5 mM concentration. The final eluate containing
the protein of interest (NEU2) and the proteins that associ-
ate with it, was analyzed by LC-MS/MS.

LC-MS/MS analysis

The proteins purified by the two-step affinity purification
strategy were concentrated by dialysis (3-7 kDa cutoff).
Proteolytical digestion of proteins was carried out by the
filter-aided sample preparation protocol (FASP) [21]. In
this protocol, 50 ug of protein was washed with 6 M urea
(Sigma-Aldrich) and free thiols were then alkylated with
10 mM iodoacetamide (IAA) (Sigma-Aldrich) in the dark at
room temperature for 20 min. Subsequently, the samples
were washed with 6 M urea and 50 mM ammonium bicar-
bonate (NH4HCO3) (Fluka) and then trypsinized at 37°C
overnight (1:100 trypsin to protein ratio). The samples
were prepared at a peptide concentration of 100 ng/mL.
The LC-MS/MS analysis was performed following a
previously published protocol [22]. A sample volume of
2 uL (containing 500 ng of the tryptic peptide mixture) was
loaded onto the LC-ESI-qTOF system (nanoACQUITY ultra
performance liquid chromatography (UPLC) and SYNAPT
high-definition mass spectrometer with NanoLockSpray
ion source, Waters). The MS instrument was used in the
positive ion and data-independent acquisition mode
(MSE). MS and MS/MS spectra were acquired at 1.5 s inter-
vals with 6 V low-energy and 15-40 V high-energy colli-
sions over a scan range of m/z 50-1600. The m/z data and
product ion formation were used to determine the amino
acid sequences. The acquired MS/MS spectra were trans-
formed in the Micromass (pkl) file format and used for
peptides identification with the online version of Mascot.
Spectral data were obtained in the pkl file format.
The MS/MS spectra were analyzed against the SwissProt
database using the Mascot search engine (Matrix Science
Ltd., London, UK) (http://www.matrixscience.com/).
The Mascot search parameters were set as follows: tax-
onomy human; “trypsin” as enzyme allowing up to one
missed cleavages; cysteine carbamidomethylation as a
fixed modification; N-terminal acetylation, deamidation
of asparagine and glutamine, and oxidation of methio-
nine as variable modifications; 0.6 Da fragment mass
tolerance; and 0.6 Da peptide mass tolerance. Prior to
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protein identification, sequences corresponding to tryptic
contaminants or keratin contaminants were filtered.

MALDI-TOF-TOF analysis

The proteins purified by the two-step affinity purifica-
tion strategy (72 ug) were diluted in rehydration buffer
(8 M urea, 2% 3-[(3-cholamidopropyl)dimethylammonio]-
1-propanesulfonate hydrate (CHAPS), 4 mM dithiothreitol
(DTT)) applied onto immobilized pH gradient (IPG) strips
(pH 3-10). Protein transfer into the strips was performed
actively at 50 V for 15 h using an isoelectric focusing
system (Bio-Rad Protean IEF Cell) with subsequent iso-
electric focusing at 20°C. The strips were incubated in
equilibration buffer (6 M urea, 0.375 M Tris-HCl pH 8.8, 2%
SDS, 20% glycerol, 2% DTT) for 15 min and then applied to
SDS polyacrylamide gels. Electrophoresis was carried out
at 220 V for 6 h (Bio-Rad Protean II xi cell). After staining
the gels with Coomassie Brilliant Blue, two detected spots
were subjected to MALDI TOF/TOF analysis (Bruker Auto-
flex III Smartbeam, Bremen, Germany).

For in-gel tryptic digestion, the spots were washed in
50% (v/v) methanol and 5% (v/v) acetic acid overnight at
room temperature. After dehydration using acetonitrile,
the spots were digested overnight with 20 ng/ul modi-
fied trypsin in 50 mM ammonium bicarbonate buffer at
37°C. The supernatant of the tryptic digest and the pep-
tides remaining in the gel were subjected to two rounds
of extraction in 50% (v/v) acetonitrile and 5% (v/v) formic
acid. The volume of the extract was reduced in a vacuum
centrifuge and 1% acetic acid was added. Samples were
desalted using C18 ZipTips (Millipore) and eluted with
50% acetonitrile in 0.1% TFA. a-Cyano-4-hydroxycinnamic
acid (CHCA, 5 mg) was dissolved in 1 mL of 20% metha-
nol in acetone and of 2.5-dihydroxybenzoic acid (DHB,
20 mg) was dissolved in 1 mL of 20% acetonitrile in 0.1%
TFA. The protein samples (1 uL) were mixed with a CHCA/
DHB (1:2, v/v) matrix mixture (5 uL) by vortexing and then
deposited onto the target. The spectra were processed and
analyzed using Autoflex III Smartbeam (Bruker) which
uses internal Mascot software (Matrix Science, London,
UK) for searching the MS/MS data.

The MS/MS ions were analyzed against the SwissProt
database using the Mascot search engine. The Mascot
search parameters were set as follows: taxonomy all
entries; “trypsin” as enzyme allowing up to one missed
cleavage, cysteine carbamidomethylation as a vari-
able modification, £0.6 Da fragment mass tolerance and
+100 ppm peptide mass tolerance.
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Immunofluorescence

COS-7 cells grown on microscope slides were transfected
with the pCTAP-NEU2 plasmid and 48 h after transfection
fixed with 4% paraformaldehyde for 30 min at room tem-
perature. They were then washed three times with PBS for
5 min each time and permeabilized using PBS containing
0.3% TritonX100, followed by blocking with PBS contain-
ing 10% goat serum and 0.3% TritonX100). Primary anti-
bodies used were as follows: anti-NEU2 (1:200, Novus
Biologicals - NBP2-00783), and anti-fB-actin (1:200, Sigma,
A2066) and incubation was performed overnight at 4°C.
The cells were extensively washed with PBS containing
0.05% Tween 20. The secondary antibodies used were
as follows: Alexa Fluor 488 conjugated goat anti-mouse
(1:500, Cell Signaling, 4408) and Alexa Fluor 568 conju-
gated goat anti-rabbit (1:500, Abcam-ab175471) and incu-
bation were performed for 1 h at room temperature. The
cells were mounted with Fluoroshield mounting medium
with  4’,6-diamidino-2-phenylindole (DAPI, Abcam,
ab104139). The images were acquired by fluorescence
microscopy (Olympus).

Statistical analysis

All experiments were repeated at least three times. Graph-
Pad statistical software was used for the statistical anal-
ysis. All values are expressed as the mean+SEM. The
differences were tested using one-way-ANOVA and t-tests.
A p-value of less than 0.05 was considered statistically
significant.

Results

Expression of NEU2-tag in COS-7 cells

The human NEU2 gene was cloned into the pCTAP expres-
sion vector (Stratagene) to produce a NEU2-tag protein
fused with streptavidin- and calmodulin-binding peptides
at the C-terminus. A transient transfection procedure
using PEI was used for COS-7 cells. For each transfection
of the NEU2-tag, control transfections were carried out
using pEGFP-N2 in parallel with a fraction of the same cell
population. GFP gene was the reporter gene to monitor
transfection efficiency and productivity.

COS-7 cells were transfected with the pCTAP-NEU2
expression vector. The total RNA and proteins were iso-
lated at 24, 36, 48, and 72 h after transfection. The real-time
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PCR (Figure 1A) and Western blot analysis (Figure 1B, C)
revealed that the expression of NEU2-tag protein signifi-
cantly increased in the 48-h post-transfection COS-7 cells.
The band at 51 kDa indicates that the NEU2-tag protein
was expressed only in the pCTAP-NEU2 transfected cells
but not in the mock cells.

The sialidase enzyme activity of the NEU2-tag was
determined using 4-MU-NeuAc following to the 48-h
pCTAP-NEU2 transfection in COS-7 cell (Figure 1D). There
was a significant (16-fold) increase in the activity of siali-
dase in the pCTAP-NEU2 transfected cells compared to
the mock transfection. The presence of endogenously
expressed NEU2 in the COS-7 cells leads to low sialidase
activity in the mock transfection. The presence of the
fused protein was confirmed by Western blot analysis with
the anti-calmodulin binding protein epitope tag primary
antibody (Figure 2D).

Identification of NEU2 interacting proteins
by mass spectrometry

The cytoplasmic sialidase NEU2 interacting proteins were
obtained by a two-steps purification method according
to the manufacturer’s recommendations (Agilent Tech-
nologies). The tight binding of the streptavidin-binding
peptide (SBP) to streptavidin beads allowed the capture
of NEU2 and its associated proteins which could subse-
quently be eluted in the presence of an excess amount of
biotin. The calmodulin-binding peptide (CBP) tag, which
binds to calmodulin beads in the presence of calcium was
then used in a second purification step, after which the
CBP-containing proteins could be eluted in the presence
of EGTA to chelate the Ca?. The final eluate contained all
of the proteins that form complexes with NEU2-tag.

Five proteins; namely calmodulin, sialidase-2 (NEU2),
o-actin, B-actin, and histone H1.2 were identified using
InterPlay Mammalian TAP System followed by LC-MS/MS
analysis as shown in Table 1. The MS/MS spectra were
analyzed against the SwissProt database using the Mascot
search engine. Ten different amino acid sequences belong-
ing to o-actin and B-actin were identified by the LC-MS/MS
analysis. Some of these arerelated to either o-actin or B-actin
but some are found in both proteins (Figure 2A, B). o-Actin
and B-actin consist of 377 and 375 amino acid, respectively.
The sequences that were identified by LC-MS/MS analysis
were matched to the amino acid sequences of a-actin and
B-actin (19% and 27%, respectively) (Figure 2A, B). Further-
more, among three different sets of amino acid sequence
data, one matched (18%) to the sequence of the 213 amino
acid protein histone H-1.2 (Figure 2C).
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Figure 1: Transient expression of sialidase Neu2 in COS-7 cells.

NEU2-tag expression in COS-7 cells which were transiently transfected with the pCTAP-NEU2 plasmid (A) Real-time PCR analysis of NEU2-tag
mRNA at 24, 36, 48 and 72 h after transfection. The relative levels of NEU2-tag mRNA were normalized using GAPDH as an internal control.
(B) Western blot analysis of NEU2-tag protein using Anti-NEU2 primary antibody at 24, 36, 48 and 72 h after transfection. (C) The relative
levels of NEU2-tag protein were normalized using B-actin as an internal control based on Image J. At 48 h after transfection (D) a significantly
increase in sialidase activity against 4-MU-NeuAc was detected by enzyme activity assay and (E) NEU2-tag protein was determined using
Anti-Calmodulin Binding Protein Epitope Tag (anti-CBP) primary antibody by Western blot analysis. Molecular weights of NEU2-tag and
B-actin were 51 kDa and 42 kDa, respectively. The data are represented as the mean + SEM (n=3). One way and unpaired t-test were used for

statistical analysis (*p<0.05, **p <0.01 and ****p <0.0001).

Ten different amino acid sequences (Table 1) with 65%
sequence coverage (Figure 2D) to the calmodulin amino
acid sequence were identified by the LC-MS/MS analysis.
The CBP tag has a high affinity for the calmodulin resin in
the presence of calcium. In our study, we found that the
CBP tag is bound to both calmodulin and calmodulin resin
during the second step of the purification, leading to false
positive results. Nevertheless, calmodulin is a calcium-
binding protein that regulates a multitude of different
protein targets and, thereby affects many different cellu-
lar functions. In response to the calcium level, calmodulin
might have different subcellular locations [23]. Therefore,
we do not exclude the possibility that calmodulin inter-
acts with NEU2.

MALDI TOF//TOF analysis was also performed on
the proteins obtained using the InterPlay Mammalian
TAP System. The MS/MS ions were analyzed against the
SwissProt database using the Mascot search engine, and
MS/MS spectra corresponding to sialidase-2 (NEU2) and
conserved peptides of a-actin and B-actin (Figure 3A, B)
were detected.

The presence of actin filaments in two independ-
ent experiments, MALDI TOF//TOF and LC-MS/MS, sup-
ported the association of NEU2 with actin filaments. Actin

filaments (both o-actin and B-actin) are an important part
of the cytoskeleton. The polymerization and depolymeri-
zation of actin filaments are dynamic processes within the
cells and they occur continuously to control cell shape,
adhesion, division, and migration [24]. However, there
may be other NEU2-associated protein(s) expressed at low
level(s) in the mammalian cells. Their binding to NEU2
and mass spectrometric identification could be challeng-
ing as a result of the high concentration of actin filaments.

Confirmation of NEU2-tag association with
B-actin protein

The localization of the NEU2-tag protein in the cell was
determined by immunofluorescence analysis at 48 h after
transfection with pCTAP-NEU2. It was found that the
NEU2-tag protein was localized in both the nucleus and
cytoplasm of the cell (Figure 4A, B). Immunofluorescence
analysis was used to further elucidate the NEU2-tag and
B-actin association in in vivo conditions. Double-immu-
nocytochemical staining of cells showed colocalization
of NEU2-tag with B-actin by fluorescence microscopy.
The cells were stained with anti-NEU2 and anti-B-actin
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Figure 2: The amino acid sequences of identified proteins by LC-MS/MS analysis.
The sequence of coverage of (A) a-actin, (B) B-actin, (C) histone 1.2 and (D) calmodulin protein was shown. 19% of a-actin, 27% of B-actin,
18% of histone 1.2 and 65% of calmodulin amino acid sequence was matched with identified peptides. Matched peptides were shown as
the bold red character.

Table 1: Proteins detected in TAP following the 48 h post transfection with pCTAP-NEU2 in cos7 cells by LC-MS/MS analysis.

DE GRUYTER

Identified proteins® Accession number® Mascot scorec Matches/significant matches! Sequences/significant sequences® Massf
Calmodulin P62158 258 14/10 9/7 16,827
Sialidase-2 Q9Y3R4 205 11/9 9/7 42,683
a-Actin P62736 79 6/3 6/3 42,381
B-Actin P60709 73 9/5 8/4 42,052
Histone H1.2 P16403 44 3/2 3/2 21,352

aSignificant protein hits (p <0.05) are shown; p-value for extensive homology was calculated by Mascot database search.

"The Uniprot accession number was shown here.

‘Mascot score >34 indicates identity for the matched peptides.
INumber of peptide matches to the protein/peptide matches with p <0.05.
eNumber of distinct sequences matched to the protein/distinct peptide sequences with p<0.05.
*Molecular mass of identified protein in Dalton.
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Figure 3: MS/MS spectra of peptides obtained from the Mascot search engine by MALDI-TOF/TOF analysis.

Mass ranges (m/z) are (A) 0-410 and (B) 410-1420 for trypsin digeste
acids were shown in each spectrum.

to localize NEU2-tag and actin filaments, respectively.
The colocalization of NEU2-tag and (-actin was observed
as yellow color (Figure 4A, B). Statistic for quantifying
colocalization of pCTAP-NEU2 and B-actin was deter-
mined based on the Pearson correlation coefficient as 0.8
(Figure 4C). There was no colocalization between NEU2-
tag and B-actin in mock transfected cell.

To validate the interaction of NEU2-tag with f-
actin protein, the Western blot analysis was performed
using anti-CBP, anti-B-actin and ¢y-tubulin antibodies
(Figure 4D). We found that the housekeeping protein -
actin interacts with NEU2. This interaction was conserved
through the two-step purification involving elution from
streptavidin and calmodulin beads with biotin and EGTA,
respectively. However, we found no association with the
other housekeeping protein such as y-tubulin, as it was
not detected in the proteins eluted from the streptavidin or
calmodulin beads. This demonstrated that 3-actin clearly
interacts with NEU2-tag under in vitro conditions.

d SYELPDGQVITIGNER peptide of a-actin and B-actin. Identified amino

Discussion

Cytosolicsialidase (NEU2) plays animportantrole in cancer
metabolism [8], neuronal [9] and myoblast differentiation,
proliferation, and hypertrophy [10-12] by removing sialic
acids from oligosaccharides, glycoproteins, and ganglio-
sides [2]. However, one important and unresolved ques-
tion has been the identification of the possible protein(s)
within the cell that interact(s) with NEU2 as it carries out
its function [1, 2]. To identify the protein(s) that specifi-
cally interact with NEU2, we performed tandem affinity
purification and mass spectrometry analysis. o-Actin,
B-actin, histone H1.2 and calmodulin were identified as
potential proteins that associate NEU2. Further investiga-
tions are required to show the association of NEU2 with
histone H1.2 and calmodulin.

Previously, it was reported that NEU2 is preferen-
tially localized in the nucleoplasm of rat skeletal muscle
fibers, as determined using immunogold particles [25].
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Figure 4: NEU2-tag protein was associated with B-actin in 48-h post transfected COS-7 cells.

Double-immunocytochemical staining of cells showed colocalization of NEU2-tag with B-actin. Scale bar, (A) 10 um and (B) 20 um.

B-Actin protein was visualized in red, NEU2-tag in green, nuclei in blue. A yellow signal signified colocalization of NEU2-tag and B-actin.
(C) Colocalization analysis of NEU2-tag with B-actin was determined by using Coloc 2 based on Pearson’s coefficients on Image J (n=10).
(D) Western blot analysis of TAP-purified proteins showed that the interaction between NEU2-tag and B-actin was conserved during the
step by purification. y-Tubulin expression served as a negative control. Molecular weights of NEU2-tag, 3-actin, and y-tubulin were 51 kDa,
42 kDa, and 48 kDa, respectively. T, Total proteins isolated from the COS-7 cell at 48 h after transfection with pCTAP-NEU2; SEP(s), proteins
obtained at the streptavidin elution step; CEP(s), proteins obtained at the calmodulin elution step. The data are represented as the

mean+ SEM. The unpaired t-test was used for statistical analysis (****p <0.0001).

Here, we have shown that the NEU2-tag protein was local-
ized in both the nucleus and cytoplasm of the COS-7 cells
(Figure 4A, B). We speculate that the localization of the
cytosolic sialidase to the chromatin might be mediated by
histone H1.2 which is the histone linker protein involved
in nucleosome spacing and gene regulation [26].

The role of NEU2 in cancer metabolism was shown
in K562 cells which normally lack NEU2. However, the
study showed that after transfection with a plasmid car-
rying NEU2, these cells quickly underwent apoptosis [6].
It was also known that Bcr/Abl binds to monomeric and
filamentous actin via an actin-binding domain at the C
terminus of the protein [27]. This interaction is necessary
for Bcr/Abl localization to the plasma membrane, induc-
tion of cytoskeletal changes, alterations of cell adhesion,
and transformation of cells [28]. Deletion of the actin-
binding domain of Bcr/Abl decreased its transformation
ability. At least 70% of the Bcr/Abl protein is localized to
the cytoskeleton [29]. Based on our study, we speculate

that the reason for apoptosis in the NEU2-transfected
cells might be the high amount of NEU2, which inter-
acts with the actin filaments and then leads to decrease
in the interaction between the Bcr/Abl protein and the
cytoskeleton.

In another study, it has been shown that the overex-
pression of NEU2 in myoblast cells induces myoblast dif-
ferentiation [11]. The regulation of myoblast fusion into
multinucleated myofibers involves an orderly sequence
of events, from initial recognition and adhesion to align-
ment, and finally plasma membrane fusion. These pro-
cesses depend upon coordinated remodeling of the actin
cytoskeleton [30]. The pharmacological inhibition of actin
polymerization leads to decreased myoblast fusion by
actin cytoskeleton remodeling [31]. The role of NEU2 in
myoblast differentiation might be related to the effects
of actin cytoskeleton remodeling on myoblast fusion. We
suggest that NEU2 might play a role in the activation of the
remodeling of the actin cytoskeleton.
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The influence of NEU2 on neuronal differentiation
was also studied in PC12 cells [9]. It has been shown that
the maturation of dendritic spines in developing neurons
during synaptogenesis is facilitated by actin remodeling
[32]. Therefore, we speculate that NEU2 might be also
involved in neuronal differentiation by the remodeling of
actin through desialylation.

In this study, NEU2 associated protein(s) in mam-
malian cells was identified first time by using a two-step
tandem affinity purification technique followed by mass
spectrometry analysis. o-Actin, B-actin, histone H1.2 and
calmodulin were identified as proteins that associating
with NEU2 and contribute to its biological role in various
cellular events.
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