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Our previous studies have shown that S6K1 and S6K2 protein kinases form the complexes with newly identified
adaptor protein TDRD7, which is involved in regulation of cytoskeleton dynamics, mRNA transport, protein
translation, piRNAs processing and transposons silensing. Aim.Determination the subcellular localization of
S6K1-TDRD7 and S6K2-TDRD?7 protein complexes. Methods. Immunofluorescense microscopy was used to
study co-localization of S6K1/S6K2 and TDRD7 in HEK293, HEPG2 cell lines as well as in rat primary
hippocampal neurons using primary polyclonal anti-S6K 1 antibodies, monoclonal anti-S6K2 and anti- TDRD7
antibodies. Results. It was found that S6K1 is co-localized with TDRD7 in perinuclear region of HEK293 cells.
S6K1 and S6K2 were also co-localized with TDRD?7 in perinuclear region of HEPG2 cells and in soma of
primary rat hippocampal neurons. Conclusions. In this report we provide an additional experimental evidences
of possible S6K1-TDRD7 and S6K2-TDRD7 complexes formation in cells of different tissue origins that may
reflect their potential physiological importance. However, elucidation of the exact composition of these comple-

xes and their role in cell physiology requires additional studies.
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Introduction. The ribosomal protein S6 kinases (S6Ks)
are serine/threonine kinases, which belong to the fa-
mily of AGC kinases [1]. The activation of S6Ks is co-
ordinated via the mitogen-stimulated PI3K and the nut-
rient sensing mTOR pathways [2]. S6Ks are involved
in the regulation of diverse cellular processes and func-
tions including protein synthesis, RNA splicing, trans-
cription, cell growth and survival [1, 2]. Mammalian
cells express two S6K forms: S6K1 and S6K2, and each
of them exists in long (S6K1/I and S6K2/I) and short
(S6K1/1I and S6K2/11) splicing variants.

The predominantly expressed in cells short (70 kDa)
isoform of S6K1 is localized mainly but not exclusive-
ly within the cytoplasm. A nuclear localization sequence
(NLS) found within the N-terminal (23 aa) extension of
long S6K1 isoform (85 kDa) may target it to the nucleus
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[3, 4]. Similarly, the long (56 kDa) isoform of S6K2 dif-
fers from the short (54 kDa) splicing version by the pre-
sence of the NLS [1, 4] located within the N-terminal
(13 aa) extension. At the same time, both S6K2 iso-
forms contain additional NLS at the C-terminus, which
can determine their nuclear localization [5, 6].

While S6K 1 and S6K2 share a very high degree of
similarity in their kinase domains (more then 80 %), the
N- and C-terminal regulatory regions exhibit only 20 %
identity. These regions contain different binding motifs
and regulatory sites, which may recruit S6K isoforms
to different cellular complexes/compartments and/or
modulate their stability and enzymatic activity. At pre-
sent, more than twenty substrates have been identified
for S6Ks, but only few of them have well defined func-
tional significance [2].

A number of S6Ks-binding partners have been im-
plicated in the regulating of their kinase activity, inclu-
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ding small GTPases Racl and cdc42, protein kinases
PDK1 and PKCy, protein phosphatases PP2A and PP1
and cytoskeleton protein neurabin [2, 7-9].

Previously, in the course of yeast-two hybrid scree-
ning of HeLa cDNA library by S6K1 as a bite we have
identified a novel S6K1/2 binding partner — Tudor do-
main containing 7 protein (TDRD7) [10]. Further studi-
es confirmed the formation of S6K1/TDRD7 and S6K2/
TDRD7 complexes in vivo [11]. In addition we have re-
vealed the existence of several S6K-mediated phospho-
rylation sites within TDRD7 protein sequence that was
confirmed by in vitro kinase assay [11]. TDRD7 protein
is known as a scaffold protein with molecular weight
about 130 kDa. It was originally identified as a binding
partner of Ser/Thr PCTAIRE2 kinase [12]. Subsequent
investigations have led to the discovery of TDRD7 in a
complex with ik3/Cables — cyclin-dependent kinase
binding protein [13].

It was demonstrated recently that loss-of-function
mutations in TDRD7 as well as Tdrd7 nullizygosity may
cause cataracts or glaucoma formation in mammals and
also cause an arrest in spermatogenesis [14].

TDRD7 is localized in cytoplasm and together with
other members of Tudor-family (TDRDI1/MTR-1,
TDRD6) has been implicated in the formation of polar/
germinal granules (nuage), which contain Dicer and
microRNAs. These structures are involved in the micro
RNA pathway and the formation of a ribonucleoprotein
complex in spermatids [12, 15-17]. In addition it was
suggested the involvement of TDRD?7 in the complex
with TACC1-chTOG-Aurora kinase A, which controls
mRNA fate in conjunction with microtubule organiza-
tion and the maintenance of cell polarity [18].

Our previous studies allowed us to determine
TDRD?7 distribution in HEK293 cells [19]. Using anti-
TDRD7 monoclonal antibodies (E6) we had demonstra-
ted that a large fraction of this protein was localized in
the nucleus and perinuclear region of HEK293 cells.

In this report, we present the data regarding pos-
sible co-localization of S6K1 and S6K2 with TDRD7
protein in specific subcellular compartments of HEK293,
HEPG2 cells, and rat primary hippocampal neurons.

Materials and methods. Antibodies. Monoclonal
anti-TDRD7 (specific to 181-411 aa sequence), anti-
S6K2 polyclonal (specific to the C-terminal region of
S6K2) and anti-S6K1 polyclonal antibodies (specific

to the C-terminal region of S6K1) have been described
previously [20, 21].

Anti-mouse and anti-rabbit secondary antibodies
labelled with FITC Alexa Fluor 488 (green) and Alexa
Fluor 568 (red) («Invitrogen», USA) respectively were
used for immunocytochemical analysis. To decrease
the autofluorescence background the preparations were
incubated for 30 min in 10 mM CuSO, and 50 mM of
CH,COONH, at pH 5.0. Control preparations were in-
cubated without primary antibodies.

Cell culture and immunocytochemical analysis.
HEK293 (human embryonic kidney) and HEPG2 (hu-
man hepatocellular carcinoma) cells were obtained from
the American Type Culture Collection and maintai-
ned in DMEM supplemented with 10 % foetal bovine
serum («HyClone», UK), penicillin (200 U/ml) and
streptomycin (200 mg/ml).

Culture of rat primary hippocampal neurons was
kindly gifted from laboratory of molecular biophysics,
Bogomoletz Institute of Physiology.

For immunofluorescent staining, HEK293 cells we-
re grown in tissue culture chambers («Nuncy, Denmark),
fixed with 3.7 % paraformaldehyde in PBS, and permea-
bilized with PBS-T (0.2 % Tween-20) three times for 5
min. Unspecific binding was blocked by 45 min incuba-
tion of cells with 10 % FBS diluted in PBS-T. After-
wards, incubation with primary and secondary antibodies
was performed as described previously [22]. Fluorescent-
ly labelled proteins were visualized using a Zeiss LSM510
confocal microscope, and the images were analyzed using
the LSM510 image browser software [23]. Nuclei were
stained with Hoechst 33258 («Sigma», USA).

Results and discussion. It has been already demon-
strated that the 23- and 13-amino-acid extensions at the
N-termini of S6K1/I and S6K2/I contain nuclear loca-
lization signals (NLSs) that target these isoforms consti-
tutively to the nucleus [24, 25]. It is known that S6K1/
II isoform is predominantly cytosolic, but it can also be
accumulated in the nucleus when cells are treated with
inhibitor of nuclear export in human cells leptomycin B
(LMB) [26]. It is believed that the presence of an addi-
tional NLS at the C terminus of the S6K2/I1 determines
its predominantly nuclear localization. Nucleocytoplas-
mic shuttling has been reported for both cytoplasmic
forms of S6K, but the mechanisms of its regulation ha-
ve not been elucidated [27-29].
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It was reported previously that TDRD7 was localized
on the mitochondria outer membrane and in cytoplas-
mic structures called chromatoid bodies [16, 28]. Our re-
cent studies with employment of immunofluorescent-
confocal microscopy and anti-TDRD7 (E6) monoclonal
antibody indicated the presence of TDRD?7 not only in
the cytoplasm, but in the nucleus as well. Especially
strong TDRD7 positive signal was observed in the peri-
nuclear zone and in the region of mitotic spindle forma-
tion [19].

The obtained data are in accordance with the obser-
vation of another research group which had demonstr
ated that the pool of endogenous TDRD?7 is present in
the nucleus of COS 7 cells overexpressing TDRD7
[13].

To determine possible co-localization sites of
TDRD7 with S6K1 and S6K2 we applied an immuno-
cytofluorescent analysis. For the first time, we detected
co-localization of TDRD7 with S6K1 kinase in HEK293
cells. According to our observations S6K1/TDRD7
complexes are distributed within cytoplasm and nuclei
of'the cells and a large amount of S6K 1 and TDRD7 are
concentrated in perinuclear region and peripheral zone
of HEK293 cells (Fig. 1). Such co-localization of S6K1
and TDRD?7 could reflect physiological impor- tance of
possible S6K1-TDRD7 complex formation.

The results obtained encouraged us to enquire whe-
ther TDRD7 and S6K1 are co-localized in the other cell
types. It was revealed that endogenous S6K1 is co-loca-
lized with TDRD7 protein and demonstrates weak level
of co-localization in the cytoplasm of HEPG2 cells,
partly in perinuclear region, but not so apparently as in
HEK?293 (Fig. 2, 4, see inset).

Further, taking into account that TDRD7 also forms
complex with S6K2 [11], we decided to check whether
TDRD?7 is co-localized with S6K2 kinase.

It has been already mentioned that both S6K?2 iso-
forms contain additional NLS at the C-terminus, which
determines their predominant nuclear localization in
quiescent cells [6]. So, the next question was whether
co-localization of TDRD7 with S6K2 kinase will be dif-
ferent from that observed for S6K1.

According to our data, TDRD7 may be co-localized
with S6K2 in HEPG2 cells, predominantly in perinuc-
lear region (Fig. 2, B, see inset). Such co-localization
was similar to that observed in HEK293 cells for S6K1.

Finally, as far as TDRD7 is known to be overex-
pressed in neural tissue [ 12], we decided to examine the
possible subcellular co-localization of S6K1-TDRD7
and S6K2-TDRD?7 in rat hippocampal primary neurons
culture (Fig. 3, see inset).

Immunocytochemical analysis revealed that S6K1-
TDRD7 and S6K2-TDRD7 complexes are localized pre-
dominantly in soma of neurons rather than in neurits.

It has been reported previously, that in quiescent
cells S6K1 is mostly concentrated in cytoplasm [5, 9,
27, 29]. Nevertheless, keeping in mind that S6K 1 long
1soform contains NLS, some fractions of S6K1 were ex-
pected to be present in nucleus. According to our obser-
vation a large amount of S6K1 and TDRD7 are concen-
trated in perinuclear region of HEK293. Co-localiza-
tion of S6K1 and TDRD7 in HEPG2 was weak, whe-
reas co-localization of TDRD7 and S6K2 in these cells
was much more stronger.

Our observation suggests some physiological im-
portance of the S6K1/TDRD7 and S6K2/TDRD7 comp-

Fig. 1. TDRD7 co-localized with S6K 1 in HEK293 cells. HEK293 cells were fixed with 3.7 % FA; S6K1 (green) (B) and TDRD7 (red) (C) content
(subcellular localization) was revealed using corresponding antibodies. As secondary antibodies Alexa-Fluore 488 (green) and Alexa Fluor 568
(red) antibodies were used. Nuclei were stained with Hoechst 33258 (4). Picture (D) represents a merge of signals. White arrows indicate

co-localization signals of TDRD7 and S6K1. Oc.10x; ob. 100x
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Fig. 2. TDRD7 co-localized with S6K1 (4) and S6K2 (B) in HEPG?2 cells. HEPG?2 cells were fixed with 3.7 % FA. S6K1 and S6K2 (red in 4 and
B, respectively) (a) and TDRD7 (green) (c) content was revealed using corresponding antibodies; as secondary antibodies Alexa-Fluore 488 and
Alexa Fluor 568 (green and red, respectively) antibodies were used. Nuclei were stained with Hoechst 33258 (b); d — a merge of signals; white
arrows indicate co-localization signals of TDRD7 and S6K1 (4) and TDRD7 and S6K2 (B); oc.10x; ob. 100x

Fig. 3. TDRD7 co-localized with S6K 1 (4) and S6K2 (B) in rat hyppocampal primary neurons culture. Cells were fixed with 3.7 % FA. S6K1 and
S6K2 (red in 4 and B, respectively) (a) and TDRD7 (green) (¢) content was revealed using corresponding antibodies; as secondary antibodies
Alexa-Fluore 488 and Alexa Fluor 568 (green and red respectively) antibodies were used. Nuclei were stained with Hoechst 33258 (b); d —a merge
of signals; white arrows indicate co-localization signals of TDRD7 and S6K1 (4) and TDRD7 and S6K2 (B); oc.10x; ob. 100x
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lexes formation. We could assume that perinuclear lo-
calization of both complexes may reflect a possible role
of TDRD7 in the regulation of S6K 1 and/or S6K2 nuc-
leo-cytoplsmic shuttling.

In addition, taking into account that TDRD7 serves as
a substrate for S6K1 as well as for S6K?2 in vitro [11],
we may speculate that S6Ks also can influence TDRD7
intracellular localization and its functions in vivo.

In this report we provide the additional experimen-
tal evidences of possible S6KI1-TDRD7 and S6K2-
TDRD7 complexes formation in cells of different tis-
sue origin. Taking into consideration our previous re-
sults [10, 11] the obtained data also support the idea of
possible physiological importance of these complexes
formation. However, determination of the exact compo-
sition of complexes and elucidation of their role in cells
require additional studies.
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Ananropuuii 6inoxk TDRD7 cniBinokamizyeTses 3 KiHa3aMu S6
pubocomuoro 6inka S6K1 1 S6K2 y KIITHHHEX JiHIAX pi3HOTO

TKaHUHHOTO IMOXOKCHHS

Pestome

Paniwe namu noxasaro, wjo npomeinosi kinasu S6K1 i S6K2 ¢popmy-
10Mb KOMIIEKCU 3 HeWOOABHO I0eHMUDIKOBAHUM AOANMOPHUM OIIKOM
TDRD7, 3anyuenum 00 pe2ynsyii OUHAMIKU YUMocKeaiemy, mpaHcnop-
my mMPHK, mpancaayii 6inkis, npoyecunzy niPHK ma caunencunzy
mpancnoszonis. Mema. Busnauents cyOKIimuHHOL T0KAN3ayii MO#CIU-
sux komnuexcie S6KI1— TDRD7 i SOK2-TDRD7. Memoou. Knimunni
ainii HEK293, HEPG2 i nepgunna Ky1bmypa netipomie 2inoKamny uy-
Pa BUKOPUCTAHO Ol IMYHOGDIIYOPeCYeHmno2o anaiisy i3 3acmocyean-
HAM nonikioHanbhux aumu-S6K1 anmumin ma MOHOKIOHATbHUX aHMU-
S6K2 i aumu-TDRD7 anmumin. Pesynemamu. Bussneno, wo S6KI
cnignoxanizyemuvcsa 3 TDRD7 nepesaxcHo 6 Ha8KON0a0epHill 30HT Ki-
mun HEK293. Oxpim mozo, S6K1 i S6K2 cnienokanizytomocs 3 TDRD7
MaKodic nepesaxcHo y naskonoadepuii oinanyi xiimun HEPG2 ma 6
COMI NepeunHoi Kylbmypu Heupownie 2inokamny wypa. Bucnoexu.
Ompumano 000amKo8i eKxCnepumMeHmanbHi c8i0UeHHs: wooo opmy-
sanns komniexcie SOK1— TDRD7 i S6K2—TDRD7 y kaimunax pizHozo
MKAHUHHO20 NOXOOICEHHS, WO, UMOBIPHO, NIOMEEPOACYC IXHIO Pi3io-
JO2IUHY 3HAUYWicmb. Bmim, 01 eusnavenus mouyHoeo cKiady Komn-

JIeKCi8 [ 3’5CY8aHHA IXHbOT poali Y KAIMUHAX HeoOXioHi 000amKosi 0o-
CIOAHCEHHSL.

Knouosi cnosa: S6K1, S6K2, TDRD7, imyHoyumodghnyopecyernm-
HULl AHANI3.

A. H. Cropoxoo, A. U. Xopyowcenro, B. B. Quionenro

Ananropusiit 6etok TDRD7 konokanusupyercs ¢ kuHazamu S6K 1
1 S6K2 pubocomuoro Genka S6 B KJIETOUHBIX JMHUSX PA3JIMYHOIO
TKaHEBOT'O IIPOUCXOXKICHUS

Pestome

Panee namu nokasamno, umo npomeunosvie xunazvl S6KI1 u S6K2
opmupyrom Komniekcol ¢ HeOa8HO UOSHMUDUYUPOBAHHBIM A0ANMOP-
uoim 6enkom TDRD7, yuacmeyrowum 6 pe2yisyuu OUHAMUKU YUMO-
ckenema, mparcnopme mPHK, mpanciayuu 6enxa, npoyeccunze nuPHK
u caunencunze mpancnosonos. Llenwv. Onpedenenue cyornemounii no-
Kaausayuu 803modicHulx komniexkcog S6KI1-TDRD7 u S6K2—TDRD?7.
Memoowt. Knemounvie nunuu HEK293, HEPG2 u nepeuunas Kynomy-
Pa HetipoHOs8 2UNNOKAMNA KPbICb UCNOJIb306aHbL OJis UMMYHODIyopec-
YEeHMHO20 aHAU3A C NPUMEHEHUEM NONUKIOHANbHbIX aumu-S6K 1 an-
mumen u MOHOKIOHANbHBIX anmu-S6K2 u anmu-TDRD7 anmumen. Pe-
synomamut. Oonapyoiceno, umo S6K 1 xonoxanuzyemes ¢ TDRD7 npe-
UMYUeCmeeHHo 8 0K0L0s10epHol 30He Kiemok HEK293. Kpome mozo,
S6K1 u S6K2 xonoxanuzyromesa ¢ TDRD7 maxoice npeumyujecmeenno
6 okososioeprotl oonacmu kiemok HEPG2 u 6 come nepsuunotl Kyib-
mypbl HEelPOHOE 2UNNOKAMNA Kpbicbl. Boieodwt. Ilonyuensvt dononnu-
menbHble IKCHEPUMEHMATbHBIE OOKA3AMENbCMEBA (POPMUPOBAHUSL KOMN-
nexcog SOKI1—TDRD7 u S6K2-TDRD7 6 kiemkax pazno2o mkanegozo
NPOUCXOICOCHUS, UMO, BO3MOIICHO, NOOMBEPIICOAen UX (husuoIoeUec-
Kyio 3nauumocmy. OOHaKo O onpedenenus mMo4Ho20 CoCmagd KOMN-
JIeKCO8 U BbIACHEHUs UX PONU 8 KIeMKAX He0OX00UMbl OONOIHUMENb-
Hble UCCIe00B8ANUL.

Knioueswie crosa: S6K1, S6K2, TDRD7, ummynoyumoguyopec-
YEHMHDBIL AHATU3.
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