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Association of Rictor with chromosomes during mitosis in MCF7 cells
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The mTOR kinase forms two multicomponent protein complexes (mMTORC1 and mTORC2), where protein
Rictor is a unique component of mMTORC?2. These two complexes differ both structurally and functionally and
transmit signals to distinct downstream substrates. In contrast to mTORC1, comparatively little is known
about functioning and regulation of mTORC2 and its components. Aim. The analysis of the particularity of
Rictor subcellular localization in MCF7 cells. Methods. Immunofluorescence assay using confocal micros-
copy was applied. Results. Analysis of Rictor localization with anti N-terminal mAb revealed a different pat-
tern of immunostaining in cells that was depended on cell cycle phase. For the first time it was shown that
Rictor is at the exposed edge of condensed chromatin pool in MCF7 cells. Furthermore Z-stacking of cells
revealed that character of association depends on mitosis phases. Conclusions. Our novel findings add to our
understanding of functioning of both Rictor and mTORC2 in cell cycle progression.
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Introduction

The mammalian target of rapamycin (mTOR) is ki-
nase well conserved from yeast to mammals. It plays
a central role in regulation of cellular homeostasis,
cell growth and survival pathways by acting as a sen-
sor for upstream inputs from multiple nutrient signals
[1, 2]. In mammals, there are two multicomponent
mTOR protein complexes [1, 2]: mTORCI1 and
mTORC2 which differs both structurally and func-
tionally and signal to distinct downstream substrates.

The mTORCI1 is composed of catalytic subunit
mTOR, the regulatory-associated protein of mTOR
(Raptor), mLST8 (also known as GPL), PRAS40,
Deptor and the Ttil/Tel2 complex [3]. The activity
of the mTORC1 complex is highly regulated in cells
exposed to growth factors and nutrients and is sensi-
tive to macrolide rapamycin [4]. The best-character-
ized mTORCI kinase substrates include S6K and
4E-BP1 [4].

The mTORC2 complex includes catalytic subunit
mTOR, rapamycin-insensitive companion of mTOR
(Rictor), mSIN1, Protor-1/2, mLSTS, Deptor and the
Tti/Tel2 complex [5-10]. mTORC?2 is relatively ra-
pamycin-insensitive and thought to modulate growth
factor signaling by phosphorylating the C-terminal
hydrophobic motif of some AGC kinases such as Akt
[11], SGK [12], and PKC alpha [13, 14]. In contrast to
mTORCI1, comparatively little is known about
mTORC2 biology. It has been demonstrated that
mTORC?2 plays key roles in cell survival, metabo-
lism, proliferation and cytoskeleton organization but
the detailed mechanism remains to be addressed.

Although Rictor was originally identified as a novel
binding partner of mTOR to regulate cell morphology
and migration by playing a role as the indispensable
component of mMTORC2, it is likely that Rictor carry-
ing mTORC2-independent functions also. In support
of this notion Rictor has been found to associate with
other proteins independently of mTOR, such as cul-
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lin-1 (to promote SGK1 ubiquitination and destruc-
tion) [15], Myolc (Rictor-Myo1c complex participates
in dynamic cortical actin events in 3T3-L1 adipocytes)
[16], integrin-linked kinase (ILK) (to regulate Akt
phosphorylation and cancer cell survival) [17], and
PKCC (to regulate cancer cell metastasis) [18].

To provide novel insights regarding functioning
of mTORC2 complex as well as unique functional
roles of the Rictor protein, which are independent
from its better characterized role as an interacting
protein with mTOR, subcellular distribution of
Rictor during different stages of mitosis was ana-
lyzed. This analysis revealed for the first time that
Rictor associates with chromosomes and this asso-
ciation depends on the stage of mitosis.

Materials and Methods

Cell culture and antibodies

MCF7 cell line was cultured at 37 °C in humidified incu-
bator with 5 % CO,. For routine cell culture, the human
MCF7 were cultured in Dulbecco’s modified Eagle’s
medium (DMEM) (HyClone, Sigma, USA) supple-
mented with 10 % fetal bovine serum (FBS) (HyClone,
Sigma, USA) and penicillin 50 unit/ml (Sigma, USA)
and streptomycin 50 mkg/ml (Sigma, USA).

The mouse monoclonal antibody against Rictor
was developed previously in our laboratory [19].

Immunofluorescence analysis

MCEF-7 cells cultured on cover glasses were fixed
with methanol for 5 min at room temperature.
Thereafter, the cells were treated with 0.2 % Triton
X100 in PBS for 15 min. The samples were incubated
for 20 min in 10 mM cupric sulphate in 50 mM am-
monium acetate, pH 5.0, to eliminate autofluores-
cence. Non-specific binding was blocked after incu-
bation with 10 % FCS for 40 min at 37 °C. Antibodies
obtained from clone D4 (anti-Rictor) were used in the
concentration of 1 pg/ml. The secondary FITC conju-
gated anti-mouse antibodies were applied in dilution
1:100 (Jackson ImmunoResearch, West Grove, PA,
USA). As negative control MCF7 cells were incubat-
ed with secondary FITC conjugated anti-mouse anti-

bodies alone. Nuclei were counterstained with PI
(Sigma, USA). All microscopy studies were per-
formed using Zeiss LSM 510 META microscope
(CarlZeiss Microscopy GmbH, Jena, Germany).

Results

Rictor distribution in interphase cells

Immunofluorescence assay using antibodies against
Rictor protein previously generated in our laboratory
[19] was performed on MCF-7 cell line. Mouse
monoclonal antibody D4 mAb against N-terminal
peptide of human Rictor is highly specific in Western
blot and in immunofluorescence assay [19].

Here Rictor’s subcellular distribution in human
breast adenocarcinoma cell line MCF7 was exam-
ined. A uniform speckled cytoplasmic distribution of
the endogenous Rictor as well as immunostaining of
Rictor in nuclei was detected. Rictor is located on
the nuclear envelope, and the nuclear pattern includ-
ed punctate bodies, small dot-like speckles and
speckles in all interphase cells (Fig. 1). Moreover, at
the same sample changes in pattern of Rictor distri-
bution in metaphase cells was detected: besides cy-
toplasmic Rictor distribution and its intense accumu-
lation on condensed chromatin was observed. To
shed a light on this phenomenon I focused on Rictor
distribution at different stages of mitosis.

Distribution of Rictor in MCF-7 cells during
mitosis

To determine the dynamic distribution of Rictor in the
cells during mitosis, chromosomal DNA was stained
with PI to show the cell phase (red), and Rictor was
detected with (D4 mAb) and FITC conjugated goat
anti-mouse IgG (see “Materials and Methods”). The
samples were examined by confocal laser microscopy
(Fig. 2). At prophase the chromatin begins to condense,
the amount of Rictor small dot-like speckles and speck-
les were significantly increase comparing to interphase
cells. At metaphase all chromosomes compacted on the
equatorial plate and shaped as cylinder-like entity. The
green fluorescent signals of the Rictor on borders of the
cylinder were much stronger than that at the center.
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Pl FITC Merge

Fig. 1. Subcellular distribution of Rictor in
MCEF7 cells.

PI, chromosomal DNA stained with PI;
FITC, Rictor stained by immunofiuores-
cence with FITC conjugated antibody;
Merge, merged image of the PI and FITC
staining. Arrows indicate mitotic cells

PI FITC Merge

interphase

prophase

metaphase

anaphase

Fig. 2. Dynamic distribution of Rictor in
interphase and at different stages of mito-
sis in MCF7 cells.

Column PI, chromosomal DNA stained
with PI; Column FITC, Rictor stained by
immunofluorescence FITC conjugated an-
tibody; Column Merge, merged image of
the PI and FITC staining

telophase
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Some of strong fluorescent immunostaining was local-
ization on the border of the cylinder of the condensed
chromosome; namely, the Rictor protein location is
overlapping with condensed chromosome (yellow). It
indicates the association of Rictor with chromosomes.
When sister chromosomes were getting apart after cen-
tromeric fission, the cells enter anaphase. There is
stronger fluorescent signal of Rictor in the separating
chromosomes in outer pool of condensed chromatin in
compare to metaphase cells forming a “ring”-like struc-

Pl FITC

ture. At telophase the separated chromosomes started to
uncoil and became less condensed, immunofluores-
cence in outer pool of chromatin was considerably
weaker and tended to one in interphase cells.

Determination of character of Rictor associa-
tion with chromatin

To determine the character of Rictor association with
chromatin Z-stacking was performed and allow us to
obtain a composite image of multiple images taken

Merge

Fig. 3. Z-Stack of mitotic MCF7 cells.

A — Z-stack was performed using confocal
microscopy. A picture of the cell was taken
on several planes, ranging from upper to
lower levels. Images demonstrate that Ric-
tor is exposed on the surface of condensed
chromatin pool only (yellow). A. Upper
image of cells. B — E. Every next image
was taken in 1 pm deeper than previous
one. Column PI, chromosomal DNA
stained with PI; Column FITC, Rictor
stained by immunofluorescence with FITC-
conjugated antibody; Column Merge,
merged image of the PI and FITC staining
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at different focal distances [20]. 5 slices per Z-stack
with 1 um z-step of mitotic cells revealed that Rictor
is localized at the exposed edge of condensed chro-
matin pool only (yellow) (see Fig. 3).

Discussion

There are controversial data about localization of
mTORCI and mTORC2 complexes and its compo-
nents in the cell [21]. mTORCI localization is well
characterized in mammalian cells. Newest data demon-
strate a wide distribution of mTORCI in the plasma
membrane, cytosol, lysosome and the nucleus although
in some cases the evidence is questionable [21-23]. In
contrast to mTORC1, the mTORC2 localization is
more obscure. Recently Betz et al. revealed that
mTORC2 localizes at mitochondria-associated ER
membranes [24]. Another group shown that mTORC2
detected in a minor fraction on lipid rafts at the plasma
membrane [18]. Moreover, there is evidence that
mTORC?2 is localized in the nucleus [24-27], while a
nuclear function for mTORC2 is so far unknown.
Intriguing, recently Sarbassov’s group has discovered
novel localization of mTOR on nuclear envelope where
it associates with a critical regulator of nuclear import
RanBP2 [28]. This association is dependent on the
mTOR kinase activity and is not affected by inhibition
of mMTORCI or deficiency of mTORC?2 [28].

There are longstanding speculations about subcel-
lular localization of Rictor and mTORC?2. Although
Rictor and mTORC2 can to be localized to the cyto-
plasm and the nucleus it is still unclear how transloca-
tion from the cytoplasm into the nucleus is regulated
and what is the functional relevance of this transition.

In the present study, indirect immunofluorescent la-
beling and confocal laser microscopy was used to exam-
ine subcellular localization of Rictor protein and dynam-
ic of its distribution in human breast adenocarcinoma
cell line MCF7 at mitosis. The results show that Rictor
has primarily uniform speckled cytoplasmic distribution.
Immunostaining of Rictor in the nucleus indicates its lo-
cation on the nuclear envelope, and the varying minor
nuclear staining pattern in interphase cells. The detailed
analysis of mitotic MCF7 cells revealed the different pat-
tern of Rictor distribution characterized by accumulation
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on condensed chromatin and gradual increasing of'its as-
sociation through mitotic stages. Moreover the dynamic
distribution of Rictor in the MCF7 cells is correlated
with mitosis progress temporally and spatially: Rictor
was at the exposed edge of condensed chromatin pool
only; the weak Rictor association with condensed chro-
matin started in minor at prophase of MCF7 cells and
reached maximum at anaphase.

Chromatin is the complex of DNA and proteins
that are packed within the nucleus of mammalian
cells. Up to date little is known about the interaction
of Rictor with DNA or DNA-binding proteins, such
as histones or non-histone proteins. Rictor posseses
two domains in its N-terminus (ARM-like and ARM-
type fold), which are the super-helical structures and
presents an extensive solvent-accessible surfaces that
are well suited to binding large substrates such as
proteins and nucleic acids [29]. So, hypothetically,
there is sufficient prerequisite for direct Rictor inter-
action with chromosomal DNA. The biological func-
tion of such interaction remains to be elucidated.

The other possibility is that Rictor binds to his-
tones and thus determines the target of phosphoryla-
tion by mTORC2 whereupon phosphorylated histone
gets involved in cytokinesis. But it is unclear whether
such late histone phosphorylation is possible.

However, strong Rictor spreading all over the chro-
mosomes at metaphase and anaphase may suggest
that it is able to bind exposed the telomeric regions of
chromosomes. This binding might be either direct or
indirect, mediated by telomere binding proteins and
play role in maintaining of chromosome stability.

The detection of one component of TORC2 com-
plex does not necessarily reflects localization of an
entire complex. However, it is known that a majority
of the Rictor staining overlaps with mTOR and this
observation makes Rictor a valuable marker in pursu-
ing the subcellular localization of mTORC?2 [30]. In
conclusion, our findings are in agreement with the
notion that mTOR complexes are hyperactive during
mitosis and suggest that all or at least part of their
components (e.g., Raptor [31-34] and Rictor) may
physically and functionally interact with the mitotic
and cytokinetic apparatus during cell division. It re-
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mains to be demonstrated the functional significance
of Rictor association with chromatin as well as to
determined its interacting target (DNA or proteins),
besides to be elucidated whether Rictor acts alone or
in complex with mTOR, and finally the precise
mechanism of regulation of Rictor association dur-
ing mitosis and cytokinesis.

Altogether, these novel findings add to our under-
standing of the Rictor complex, independent of
mTOR, which may play a role in the regulation of
cell proliferation. It will be of great interest for the
future to investigate the molecular mechanisms by
which mTORC2 complex or Rictor alone are func-
tioning and are regulated in normal and malignant
cells, which will advance our understanding of this
signaling network and facilitate the identification of
potential targets for treating human cell division-re-
lated diseases, including cancer and aging.
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Acouiamnis Rictor 3 xpoMocomamu mig yac MiTo3y
B KiaiTuHax jginii MCF7

Mananuyk O. M.

Kinaza mTOR ¢opmye mBa MyJIETHKOMIIOHEHTHUX KOMIUIEKCH
(mTORC1 ta mTORC?2, yHiKaJbHIM KOMIIOHEHTOM OCTAQHHBOIO €
Rictor), sIi BiIpI3HAIOTECS SIK CTPYKTYPHO, TaK 1 (QyHKI[IOHAIBHO, Ta
MaroTh pizHi MimreHi. Ha Bigminy Bix mTORCI, BigHOCHO Mauio Bino-
MO TIpo (yHKITIOHYBaHHS i peryrmmito kommiekcy mTORC?2 i Horo
xomrioHeHTiB. MeTa. AHaii3 ocoGimiBOCTeH CyOKIIITHHHO] JTOKATi3a-
mii Rictor B kinitnaax MCF7. Metomu. ImynOdyoprcIieRTHII aHa-
73 i3 BUKOPUCTaHHAM KOH(OKAIBbHOI Mikpockomii. Pesyasrarm.
Amnai3 gokam3amnii Rictor 3a TOIOMOror0 MOHOKIOHATIBHUX aHTHTLT
1o N-TepMiHaBHOTO (pparMeHTy Rictor mponeMoHCTpyBaB udepen-
HiliHNA atepH iMyHO(MapOyBaHHS KJIITHH B 3aJIG)KHOCTI Bi CTail
KJIITHHHOTO LKITY. Briepiiie BUsABIICHO 3Ha4IHY MTOBEPXHEBY ACOLIIAIIIF0
Rictor 3 korneHcOBaHIM XpomarrHoM B Ki1iTnHax MCF7. Binbi Toro,
Z-CTeKiHT KIIITHH J]aB MOYKITHBICTB 3pO3YMITH XapaKTep acolliarlii, sKa,
SIK BUSIBIUIOCH, 3aJISKUTH Bil (hazu MiTo3y. BucnoBku. [laHi, orprvani
HaM{ BIIEpIIE, BHOCSATh BKJIAJ B PO3YyMIHHA (DYyHKIIOHYBAaHS SIK
oinkaRictor, Tak i komruiexkca mMTORC2 B mporpecii KIITHHHOTO 1H-
KITy.

KawuoBi caoBa: Rictor, mTORC2, imyHodurooprcieHist,
CyOKJTITHHHA JIOKaJIi3allisl, MiTO3.

Accouuanus Rictor ¢ xpomocomamu BO BpeMsi MUT032
B KjeTkax JuHun MCF7

Mananuyk O. H.

Kunaza mTOR ¢opmupyer /18a My/TBTHKOMIOHEHTHBIX KOMILTEKCa
(mTORC1 m mTORC2, yHHKaIBHBIM KOMIIOHEHTOM HOCIEIHETO
sBIsIeTcs Rictor), KOTOpBIE OTIMYAIOTCS KaK CTPYKTYypHO, Tak U
(yHKIMOHAIBHO M WMEIOT pasHble MUIIeHH. B ommumm or
mTORC1, oTHOCHTENBHO MaJI0 U3BECTHO O (PYHKIMOHMPOBAHUH H
perymsimmn  kommuiekca mTORC2 u ero xommoHeHToB. Llesb.
Amnam3 0coOeHHOCTEH CyOKIIeTOYHOM JIoKamm3auy Rictor B kitet-
kax MCF7. Mertonpl. IMMyHO(ITIOOPHCIICHTHBIN aHAIU3 C HC-
MOJTb30BaHNEM  KOH(OKaIbHOH — MHKpockormmd.  Pe3ysbrarbl
AmHanum3 gokaam3auy Rictor ¢ TOMOIIBI0 MOHOKIIOHAIBHBIX aHTH-
Ten K N-TepMuHansHOMY (hparMeHTy Rictor BersiBr muddeperim-
aNbHBIHN MaTTePH MIMMYHOOKPAIIIMBAHKS KJIETOK B 3aBUCHMOCTH OT
CTaJMM KJIETOYHOTO IIMKIIA. BriepBbIe ynanock nokasark 3Ha9UTENb-
HyIO MOBEPXHOCTHYIO acconmanuio Rictor ¢ KOHAEHCHPOBAHHBIM
xpomaruHoM B Kitetkax MCF7. Bonee Toro, Z-CTeKuHT KJIETOK 110~
3BOJIJI TIOHSATH XapaKTep acCOLMAIMH, KOTOopast, KaK OKa3aloch, 3a-
BHCHT OT (pa3bl MuTO3a. BBIBOABI [laHHBIC, MOMyYEHHbIC HAMU
BIIEPBbIC, BHOCAT BKJIaJ B IIOHUMaHHE (DYyHKIIMOHMPOBAHMS Kak
6enka Rictor, Tak u komruiekca mTORC2 B mporpecciu KIeTo4Ho-
TO LIUKJIA.

KnwueBsie ciaosa: Rictor, nTORC2, uMMyHO(TFOOpHCTICH-
1HsL, CyOKJICTOUHAS JIOKATU3AIHSI, MUTO3.
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