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Phospho-mTOR (Ser2481) colocalizes with condensed chromosomes

during metaphase
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Aim. To study the subcellular localization of phospho-mTOR (Ser2481) in cultured cells of human cancer cell
lines. Methods. Immunofluorescent analysis of phospho-mTOR (Ser2481) subcellular localization in cultured
MCF-7 (human breast adenocarcinoma) and HepG2 (human liver carcinoma) cells. Results. For the first time
phospho-mTOR (Ser2481) was detected as bright spots situated in the equatorial region of chromosomes and
co-localized with condensed chromosomes during metaphase. Conclusions. In this study, we describe for the first
time the co-localization of phospho-mTOR (Ser2481) and chromosomes of the metaphase plate in the MCF-7
and HepG?2 cells. Our data support the hypothesis that phospho-mTOR (Ser2481) could act as a CPP (chromo-
somal passenger protein)-like kinase, which takes part in the regulation of mitosis progression.
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Introduction

The mammalian target of rapamycin (mTOR) is a pro-
tein kinase involved in the regulation of cell growth and
aging affecting numerous biosynthetic processes and
cell metabolism [1]. Deregulation of mTOR is ob-
served in many pathologies, including cancer, meta-
bolic and neurodegenerative disorders [2, 3].

Phosphorylation is one of the main posttranslational
modifications that regulate kinase activity [4]. Usually,
gradual modification of several phosphorylation sites
is needed for full activation of protein kinases.
Phosphorylation could also play an important role in
the regulation of kinase subcellular localization [5, 6].

mTOR kinase has four characterized phosphory-
lation sites: Ser1261 localized at the HEAT domain
and three other sites Thr2446, Ser2448, Ser2481 — at
regulatory domain, which is important for the mTOR
kinase activity [7, 8]. Phosphorylation of serine 2481
is detected only in vertebrates and is known to be
[an] autophosphorylation site. [9].

Previous studies showed that phospho-mTOR
(Ser2481) is located at the midzone and cleavage
furrow of the dividing cells. It was proposed that
phospho-mTOR (Ser2481) could be a mitotic kinase
[10]. However, the role of Ser2481 phosphorylation
and targets of phospho-mTOR (Ser2481) during mi-
tosis are unknown.

In this study we have shown for the first time that
phospho-mTOR (Ser2481) localized as discrete foci
at metaphase plate during mitosis in human cell lines
MCF-7 and HepG2. Our data support the hypothesis
proposed earlier that phospho-mTOR (Ser 2481)
could act as a CPP (chromosomal passenger protein)-
like kinase during mitosis [11].

Materials and Methods

Cell culture

MCF-7 and HepG2 cells were cultivated in DMEM
culture medium supplemented with 10 % FCS,
4 mM glutamine, 50 units/ml penicillin, 50 pg/ml
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streptomycin, medium was changed every third day.
For immunofluorescent analysis the cells were seed-
ed onto sterile glass coverslips and cultured for 2-3
days in 24 well plates.

Immunofluorescent analysis

Cultured MCF-7 or HepG2 cells were fixed with
methanol for 10 min at room temperature. Thereafter,
the cells were permeabilized with 0.2 % Triton
X-100 in PBS for 10 min and incubated for 30 min at
room temperature in 10 mM cupric sulphate and
50 mM ammonium acetate, pH 5.0 to eliminate au-
tofluorescence. Non-specific binding was blocked
after incubation with 10 % FCS in PBS for 30 min at
37°C. Between incubations the cells were washed
with PBS three times for 3 min.

Double immunofluorescent analysis was per-
formed by addition of the primary antibody mix:
rabbit a- phospho-mTOR (Ser2481) + mouse a-
Ki-67, a -mTOR antibodies for 1 h at 37 °C in hu-
midifying chamber.

The following dilutions of antibodies were used:
rabbit polyclonal anti-phospho-mTOR (Ser2481)
antibody (09-343 Merck Millipore, USA) 1:100,
anti-Ki-67 antibody 1:1000 (generated and tested in
our laboratory [12]), mouse a- mTOR (clone F11,
MABS14, Merck Millipore, USA) 1:50, rabbit
a-mTOR (N-19, sc-1549, Santa Cruz Biotechnology,
USA) 1:50, rabbit a-mTOR (7C10, #2983, Cell
Signaling Technology, USA) 1:50.

The secondary FITC conjugated anti-mouse anti-
bodies, Texas Red conjugated anti-rabbit antibodies
(Jackson ImmunoResearch Laboratories, Pennsyl-
vania, USA) were applied as a mix in dilution 1:400
for 45 min at 37°C in humidifying chamber. In some
cases DNA was counterstained with Hoechst 33342.
Samples were washed and embedded into Mowiol
medium (Sigma-Aldrich, St. Louis, USA) contain-
ing 2.5 % DABCO (Sigma-Aldrich, St. Louis, USA).

All microscopy studies were performed using
Leica DM 1000 fluorescent microscope (Leica
Microsystems, Wetzlar, Germany) and Zeiss LSM
510 META microscope (Carl Zeiss Microscopy
GmbH, Jena, Germany).
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Results

Double immunofluorescent analysis was performed
on cell lines MCF-7 and HepG2 to study the pecu-
liarities of the phospho-mTOR (Ser2481) subcellu-
lar localization. Antibody to the proliferating cell
antigen Ki-67 was applied to visualize and distinct
the different stages of cell cycle.

Interphase cells showed very low level of phos-
pho-mTOR (Ser2481) fluorescence signal. In con-
trast, mitotic cells demonstrated bright staining,
which had dramatically different subcellular local-
ization of phospho-mTOR (Ser2481) during mitosis
progression.

Phospho-mTOR (Ser2481) was detected at the
midbody and the cleavage furrow in the anaphase
and telophase (Fig. 1 A, small arrow) as it was re-
ported earlier [11]. However, we observed phospho-
mTOR (Ser2481) as bright dots among the arms of
condensed chromosomes in metaphase for the first
time (Fig. 1 A, long arrows). Double immunofluo-
rescent analysis revealed phospho-mTOR (Ser2481)
at the metaphase plates of HepG2 (Fig. 1 B) and
MCF-7 (Fig. 1 C) cells.

At the same time the antibodies against different
parts of non-phosphorylated mTOR molecule
showed diffuse staining in the cytoplasm of mitotic
cells (Fig. 2). Namely the antibodies against
N-terminal, C-terminal regions and central part of
mTOR molecule were applied. No convincing reac-
tion among the arms of condensed chromosomes
was revealed. Only after chromosomes separation in
anaphase, a bright positive reaction on mTOR was
detected (data not shown). Phosphorylation of
mTOR on Ser2481 could change the conformation
of molecule that will make phospho-mTOR
(Ser2481) inaccessible for the antibodies against
non-phosphorylated mTOR.

Discussion

Serine 2481 is one of four characterized phospho-
sites of mTOR kinase. It is known to be autophos-
phorylated by mTOR. Serine 2481 localizes at the
regulatory domain of the kinase and could be in-
volved in the modulation of its activity [8, 9].
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In mammalian cells mTOR exists as a core en-  specific mTOR inhibitor rapamycin treatment did
zyme of two different complexes: mTORC1 and not affect Serine 2481 phosphorilation. So, it was
mTORC?2 [13, 14, 15]. Earlier studies showed that hypothesized that phospho-mTOR (Ser2481) is a
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Fig. 1. 4 — Immunofiuorescent detection of phospho-mTOR (Ser2481) (red) and Ki-67 antigen (green) in HepG2 cells. B — Immu-
nofluorescent detection of phospho-mTOR (Ser2481) (red) and Ki-67 antigen (green) in metaphase plates of HepG2 cells. C — Im-
munofluorescent detection of phospho-mTOR (Ser2481) (red) and Ki-67 antigen (green) in metaphase plates of MCF-7 cells. Cells
in the metaphase are pointed with long arrows, the cleavage furrow in telophase are [is] pointed with small arrow.
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unique feature of mTORC2 [16]. However, further  Also, it was revealed that phosphorylation of Ser
investigations demonstrated that the growth factors 2481 in both complexes was sensitive to wortman-
such as insulin stimulate the autophosphorylation of  nin, a phosphatidylinositol 3-kinase (PI3K) inhibi-
mTOR associated with both mTORC1 and mTORC2. tor. This finding indicates that insulin promotes
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Fig. 2. Immunofluorescent detection of mTOR kinase in proliferating MCF-7 cells. 4 — antibodies against central region of mTOR
molecule (clone F11, Merck Millipore), B — antibodies against C terminal part of mTOR (7C10, Cell Signaling Technology), C —
antibodies against N-terminus of mTOR kinase (N19, Santa Cruz Biotechnology). DNA was counterstained with Hoechst 33342.

Cells in the metaphase are pointed with arrows.
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Ser2481 autophosphorylation in both complexes -
mTORC1 and mTORC2 [17].

Our immunofluorescent analysis revealed that
mTOR phosphorylated at Ser2481 localized at the
specific compartments of the mitotic cells and con-
centrated to the midzone and midbody during ana-
phase and telophase. The previous data showed that
at cytokinesis mTOR, phosphorylated at Ser2481,
appeared as a doublet at the apical ends of two
daughter cells [10]. These data suggest that phospho-
mTOR (Ser2481) could play an important but yet
unknown role in mitosis and cytokinesis regulation.

The recent studies have shown that phospho-
mTOR (Ser2481) co-localizes with chromosomal
passenger proteins (CPPs) during cell cytokinesis
[11]. It was revealed that phospho-mTOR (Ser2481)
and CPPs INCENP and Aurora B overlaped during
anaphase, telophase and cytokinesis. Therefore, it
was hypothesized that phosphorylated mTOR may
behave as a CPP-like protein at the spindle midzone
and at the cleavage furrow [11]. Our findings strong-
ly support this hypothesis. We also detected mTOR
at the midbody and the cleavage furrow, but unlike
the above data we demonstrated for the first time that
phospho-mTOR (Ser2481) localized at the chromo-
somes of the metaphase plate in mitotic MCF-7 and
HepG2 cells. The differences between our studies
and previous work could be explained by possible
discrepancies of the immunostaining protocols and
technique of image acquisition.

It is known that CPPs localizes initially along
chromosome arms, but progressively concentrates at
inner centromeres through prometaphase and meta-
phase. There they regulate the chromosome structure
and correction of kinetochore—microtubule attach-
ment [18]. The discovered phospho-mTOR
(Ser2481) localization at the metaphase plate shows
the pattern similar to CPPs, but the real role and
function of Ser2481 phosphorylation during mitosis
are still unknown. It suggests that it participates in
the formation of a niche for future midbody. From
the other hand, our finding also raises a question
about phospho-mTOR (Ser2481) co-localization
with centromere proteins and its possible participa-

tion in the chromosomal passenger complex func-
tioning.
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Phospho-mTOR (Ser2481) cniBiokanisyerses
3 KOHJI€HCOBAHUMH XPOMOCOMAaMH MijJ yac MeTadaszu

B. P. Kocay, 1. O. TuxonxkoBa, O. B. Uepennuk,
B. B. ®inonenxo, A. 1. XopyxeHKo

Mera. [locniauTi BHYTpIIHBOKIITHHHY JIOKami3amiro phospho-
mTOR (Ser2481) B niHisIX pakoBHX KIITHH JiropguHu. MeTtonu.
Iongiiiauii imyHO(ITyOopeciieHTHHI aHaui3. KymsTHBOBaHI KITiTH-
uu niHii MCF-7 (ageHoKapIHOMa MOJIOYHOI 3aJI03H JIIOAWHM) 1
HepG2 (xaprmuoma medinku Jromyau). Pesynasrarn. Bnepime
phospho-mTOR (Ser2481) Oy BusiBNIeHHH Y BUIVISIAI ICKPABHX TO-
YOK, SIKi PO3TAILIOBYBAIMCH B €KBATOPiaJIbHIN 00NACTI KIITHHU Ta
CITIBJIOKAJIi3yBAIUCh 3 KOHJCHCOBAaHUMH XPOMOCOMaMH IIiji dac
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meradazu. BUCHOBKH. Y 1IbOMY HOCTIIPKEHHI MH BIIEpIIE OIHCY€E-
Mo criBiokaiizaniro phospho-mTOR (Ser2481) i xpomocom meTa-
¢azHoi mnactuHky y kiituHax it MCF-7 1 HepG2. Hauni nani
HiJKPIILTIOOTH rinoresy, o phospho-mTOR (Ser2481) moxe Bu-
ctynartu B sskocti CPP-kiHa3m 1 Oparyl y4acTb y peryssiiii mpoxo-
JOKCHHS MITO3Y.

Kuaw4dosi ciaosa: mTOR, phospho-mTOR (Ser2481), mitos,
dochopumoansst mTOR, meradasa.

Phospho-mTOR (Ser2481) konoxausupyercs
¢ KOHJIeHCHPOBAaHHBIMH XpOMOCOMaMH B MeTada3ze

B. P. Kocau, U. A. Tuxonxosa, O. B. UepenHux,
B. B. ®unonenxo, A. U. XopyxeHKo

Lens. MccnenoBars BHYyTPHKIECTOUHYIO JIOKain3awuio phospho-
mTOR (Ser2481) B pakoBBIX KJIETOYHBIX JIMHHSIX YEJIOBEKA.
Metonpl. [[BoiiHOH nMMyHO(ITyOpecieHTHBI aHanmm3. Kynbru-
BupoBaHHbIe KieTku JuHUH MCF-7 (ameHoKapriiHOMa MONOY-
HOH xerne3sl yenoBeka) 1 HepG2 (kaprHOMa IEYeHH YeI0BEKa).
Pesynbrarsl. Briepsoie phospho-mTOR (Ser2481) 6bu1 06Hapy-
JKEH B BUJIE SIPKUX TOYEK, KOTOPHIE PacIoiarajiich B 9KBaTOPH-
QIBHON 00MACTH KIIETKH U KOJIOKaJIH3HPOBAIUCEH C KOHACHCHPO-
BaHHBIMH XPOMOCOMaMH BO BpeMs MeTadasbl. BeiBoabl. B sToM
UCCIIEZIOBAaHUM MBI BIIEPBBIE ONMCHIBAEM  KOJIOKAIU3AIHIO
phospho-mTOR (Ser2481) u xpomocom Merada3HO MITACTHHKH
B kietkax auHuit MCF-7 u HepG2. Hamm naHHbIe OAKPETUISIOT
runotesy, 4to phospho-mTOR (Ser2481) MoxeT BBICTyTIaTh B Ka-
yectBe CPP-KkHHA3bI ¥ y9acTBOBAaTh B PETyISIUM ITPOXOMKICHUS
MHTO3a.

KawueBbie caoBa: mTOR, phospho-mTOR (Ser2481), mu-
103, hocopmmposanre mTOR, meradasza.
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