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Aim. The aim of our study was to investigate the tudor domain-containing protein 7 (TDRD7 ) subcellular
localization, which could be linked to diverse functions of this protein within the cell. Methods. In this study we
employed cell imaging technique for detecting TDRD7 subcellular localization, Western blot analysis of
HEK293 cell fractions with anti-TDRD7 monoclonal antibodies and bioinformatical search of possible TDRD7
isoforms in Uniprot, Ensemble, UCSC databases. Results. We have observed specific TDRD?7-containing
structures in cytoplasm as well as in the nucleus in HEK293 cells. The Western blot analysis of subcellular
fractions (cytoplasm, mitochondria, nucleus) allowed us to detect three lower immunoreactive bands, with the
aproximate molecular weight of 130, 110 and 60 kDa (we termed them as TDRD7B, TDRD7y and TDRD78) and
specific subcellular localization. The bioinformatical analysis of TDRD7 primary structure allowed us to
determine two alternative transcripts from TDRD7 gene coding for proteins with calculated molecular weight of
130 and 60 kDa. Conclusion. The presented data demonstrate the existence at protein level of potential TDRD7
isoforms: TDRD7B, TDRD7y and TDRD?73. The expression profile of these splice variants and their role in cells

remains to be elucidated.
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Introduction. Cell growth is a complex and at the same
time tightly coordinated process. It requires the presen-
ce of different stimulatory molecules and sufficient
quantities of nutrients, an appropriate work of transla-
tional apparatus and consistent cytoskeleton dynamics
[1]. The key regulators of cell growth are mTOR and
ribosomal protein S6 kinases (S6Ks), involved in the
PI3K-mTOR signaling pathway. The activity of S6Ks
and mTOR is regulated by phosphorylation/dephos-
phorylation events and requires different protein-pro-
tein interactions either with up-stream effectors or with
specific substrates, which are facilitated/regulated by
scaffold proteins [2].

One of a such possible regulators is TDRD7 (tudor
domain containing 7) protein, referred also as PCTAI-
RE2BP (PCTAIRE2 binding protein) or Trap (tudor
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repeat associator with PCTAIRE 2) or KIAA1529. Re-
cently it was identified by yeast two-hybrid system as a
S6K1-binding partner [3]. TDRD7 is a scaffold protein
with molecular weight of about 130 kDa (160 kDa in
SDS-PA-GE), first detected in a complex of Ser/Thr
PCTAIRE2 kinase [4]. TDRD7 was found to associate
with proteins which regulate microtubule dynamics,
mRNA transport and protein translation apparatus, and
thus could indirectly affect the mTOR/S6K signaling
pathway. It is a member of the tudor domains containing
proteins group, highly enriched in germ cells and in-
volved in the formation of polar/germinal granules (or
nuage), the electron-dense organelles, abundant in RNA
and proteins, crucial for spermatogenesis and some of
small RNA pathways in the germline of many orga-
nisms [5, 6].

In human cells TDRD7 is predominantly expressed
in brain and testis [4]. The TDRD7 gene is conserved in
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chimpanzee, dog, cow, mouse, rat, chicken, and zebra-
fish. The gene consists of 18 exons and its nucleotide
sequence in human displays 80-99 % identity with Mus
musculus, Rattus norvegicus, Canis familiaris, Pan tro-
glodytes (www.genecards.org). It has been reported re-
cently that human TDRD7 mutations result in the cata-
ract formation via misregulation of specific develop-
mentally critical lens transcripts, and the TDRD7 null
mutant mice develop cataract as well as glaucoma, the
latter defined by elevated intraocular pressure (IOP)
and optic nerve damage [7].

It was shown that in HeLa, COS7 cells TDRD?7 is
observed in the cytoplasm: it may localize on the peri-
phery of mitochondria through electrostatic interaction
and together with some other members of tudor-family
(TDRD1/MTR-1, TDRD®6) specifically localized in nua-
ge (chromatoid body), which contains Dicer and mic-
roRNAs, suggesting that this structure is involved in a
microRNA pathway and form a ribonucleoprotein com-
plex in spermatids [4, 8—10]. It was also reported that
after overexpression of TDRD7 in COS7 cells a small
portion of this protein was detected in nucleus [11].

According to the recent data, in cytoplasm TDRD7
is involved in complexes with ik3/Cables, a cyclin-de-
pendent kinase binding protein, and with TACCI-
chTOG-Aurora kinase A, which could control mRNA
movement depending on microtubule organization in the
establishment or maintenance of cell polarity [11-13].

An essential feature of TDRD7 is the presence of
Tudor repeats, which form a conserved 60-amino acid
large domain, initially described in proteins associated
with nucleic acids [14—16]. The structural analysis of
the Tudor fold reveals a barrel-like structure composed
of B-sheets forming a hydrophobic pocket surrounded
by negatively charged residues that more likely con-
stitute a protein-protein interaction surface [14, 17]. It
has been established recently, that Tudor domains are
specialized in specific recognition of methylated lysine
or methylated arginine residues, and are involved in va-
rious epigenetic functions, such as chromatin remode-
ling through histones demethylation, and RNA proces-
sing via regulation mRNA splicing machinery and
RISC activity [14, 18-20]. Moreover, it is suggested that
a possible function of Tudor domain repeats in proteins,
which carry out several such motives in their structure, is
to act like chaperones and assemble molecules that as-
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sociate with each Tudor domain into macromolecular
complexes [8, 21].

The bioinformatical studies performed recently al-
lowed identification and description of new domains in
the N-terminal region of TDRD7, named LOTUS
(Limkain, Oskar and Tudor containing proteins 5 and 7)
[22]. TDRD7 has three such domains: LOTUS 1 (1—
115 aa), LOTUS 2 (160-315 aa) and LOTUS 3 (335-
420 aa). LOTUS domains are non-conserved (17-30 %
homology) globular structures found in various pro-
teins from metazoans and plants. They are often as-
sociated with RNA-specific modules and are likely to
adopt a winged helix fold, but the exact molecular role
of LOTUS domain remains to be discovered.

The involvement of TDRD?7 in different cellular
complexes and its role in specific classes of RNA trans-
port, processing, translation regulation, microtubule or-
ganization, indicate the importance of TDRD7 func-
tions in cell and the necessity of further investigation.

Recently, a potential link between the mTOR/S6K
signaling pathway and TDRD7 has been established, as
far as this protein has been found among S6K 1 partners
in yeast two-hybrid screen [3]. In this study, we present
the data indicating the existence of potential novel
TDRD7 isoforms termed TDRD7B, TDRD7y and
TDRD78. All these forms are shorter than the main
TDRD7a (160 kDa) form and possess molecular
weight of 130, 110 and 60 kDa correspondingly.

We have observed a different subcellular locali-
zation of the TDRD7 variants by Western blot analysis
of HEK293 cellular fractions. According to our data
TDRD70 and TDRD7 isoforms predominantly exis in
cytosol, TDRD7y in mitochondrial and TDRD78 in nuc-
lear fractions respectively. These data are in agree-
ment with the results of confocal study indicating the
presence of TDRD7 not only in cytoplasm, but also in
nucleus.

Materials and methods. Bioinformatics. A new
TDRD7 splice variant was identified using Uniprot (www.
uniprot.org) and Ensemble (www.ensembl.org) databa-
ses and ASAP program [23]. This web-tool is based on
an automated method for discovering human tissue-spe-
cific regulation of alternative splicing through a geno-
me-wide analysis of expressed sequence tags (ESTs)
that involves classifying human EST libraries according
to tissue categories and Bayesian statistical analysis.
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The BLAST analysis for 290411 aa fragment (F2)
of TDRD7 was performed using BLAST Network Ser-
vice on ExPASy (http://web.expasy.org) and SCANPS
(Similarity searches using Barton’s algorithm — http://
www.ebi.ac.uk).

Western blot analysis. Cell lysate was prepared in a
lysis buffer containing 20 mM Tris-HCI, pH 7.5,
150 mM NaCl, 1 % Triton X-100, 50 mM NaF, 1 mM
EDTA, and a mixture of protease inhibitors (Roche Mo-
lecular Diagnostics). A portion of total lysate (40 pg)
was separated by SDS-PAGE and immunoblotted with
anti-TDRD7 antibodies as described previously [24].
Secondary HRP-labelled anti-mouse antibodies were
from «Cell Signaling» (USA).

Cell culture and immunocytochemistry. HEK293
cells were obtained from the American Type Culture
Collection and maintained in DMEM supplemented
with 10 % fetal bovine serum («HyClone», UK), peni-
cillin (200 U/ml) and streptomycin (200 mg/ml). For
immunofluorescent staining HEK293 cells were grown
in tissue culture chambers («Nunc», Denmark), fixed
with 3.7 % formaldehyde in PBS, and permeabilized
with PBS-T (0.2 % Tween-20) three times for 5 min.
Unspecific binding was blocked by 45 min incubation
of cells with 5 % FBS diluted in PBS-T. Afterwards
staining with primary and secondary antisera was per-
formed as described previously [25], anti-mouse Ale-
xa-Fluor 546-conjugated secondary antibodies were
from «Invitrogen» (USA). Fluorescently labelled pro-
teins were visualized with a Zeiss LSM510 confocal
microscope, and the images were analyzed using the
LSM510 image browser software [26]. Nuclei were
stained with Hoechst 33258 («Sigmay», USA).

Isolation and preparation of cell fractions. Cell
fractions were obtained using different centrifugation
conditions according to the protocol [27]. Briefly, HEK
293 cells were washed with phosphate buffered saline
two times. Cells were scraped in 400 pl ice-cold IB-1
buffer (225 mM manitol, 75 mM sucrose, 30 mM
Tris-HCI, pH 7,4, and 0,1 mM EGTA), homogenized
and then centrifuged at 600 g for 5 min at 4 °C. The
pellet, which contains nuclear fraction was freezed and
stored at —20 °C. Supernatant was collected and centri-
fuged at 7000 g for 10 min at 4 °C. Supernatant was
separated, freezed and stored at —20 °C. The pellet
(containing mitochondrial fraction) was gently resus-

pended with IB-2 buffer (225 mM manitol, 75 mM suc-
rose, 30 mM Tris-HCIL, pH 7,4), frozen at —20 °C.

Results and discussion. Previous molecular clo-
ning of TDRD7 fragments allowed us to develop speci-
fic monoclonal antibodies against this protein directed to
290411 aa part of TDRD7 [23]. This fragment contains
a part of LOTUS domain identified recently using the
sequence profile analysis. BLAST Network Service on
ExPASy and SCANPS for this amino acid sequence re-
vealed the presence of this fragment exclusively in
TDRD?7 protein in human cells.

It has been already demonstrated that TDRD7 is
localized on the mitochondria outer membrane and in
cytoplasmic structures called chromatoid bodies [5, 6].
We employed an immunofluorescent-confocal micro-
scopy and anti-TDRD7 (E6) monoclonal antibody for
more precise studying TDRD?7 intracellular localizati-
on. The data of confocal studies (Fig. 1, see inset) in-
dicate that a red fluorescent signal corresponding to
TDRD7 was detected not only in the cytoplasm, but in
the nucleus as well. Especially strong TDRD7 positive
signal was observed in the perinuclear zone and in the
region of mitotic spindle formation (marked with ar-
rows). These data show that some fraction of endoge-
nous TDRD7 is present in the nucleus of wild HEK293
cells, the fenomenon, which has been observed previ-
ously only for COS7 cells overexpressing TDRD7[11].

To get an additional evidence supporting the TDRD7
nuclear localization we have performed a subcellular
fractionation of HEK293 cells with subsequent Western
blot analysis. Surprisingly, we have detected the presense
of not only 160 kDa TDRD?7 protein band (TDRD7a.),
but also additional bands of about 130 kDa (TDRD7p) in
cytosolic fraction. At the same time protein bands of
110 kDa (TDRD7y) and 60 kDa (TDRD70) recognized
by TDRD7 mAbs were detected in mitochondrial and
nuclear fractions (Fig. 2). These data indicate the existen-
ce of additional isoforms of TDRD7 named as TDRD7j,
TDRD7y and TDRD70 correspondingly.

To analyse a possibility of TDRD7 isoforms exi-
stence we made an extensive bioinformatical analysis.
The performed search confirmed the presence of only
one gene coding for TDRD7 in the mammalian ge-
nome. However, the screening of UniProt and En-
semble databases led to the identification of two alter-
native TDRD?7 transcripts (short and long) with open
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Fig 2. TDRD7 isoforms detected in different subcellular fractions of
HEK?293 cells. HEK293 cells were lyzed and subcellular fractions we-
re obtained using different centrifugation conditions and manitol accor-
ding to the protocol [25]. All forms of TDRD7 are presented in total cell
lysate; TDRD7a. (160 kDa) and TDRD7p (130 kDa) only in cytosolic
fraction, while TDRD7y (110 kDa) in mitochondrial and TDRD78
(60 kDa) in nuclear fractions respectively / — cytoplasm; 2 — mitochond-
ria; 3 — nucleus; 4 — total cell lysate
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In UCSC database there are some TDRD7 EST clo-
nes corresponding to the protein, which contains N-ter-
minal sequences and lacks the C-terminal sequence of
TDRD7. Hence, it is possible that the predicted
TDRD76 is a product of specific C-terminal splicing of
TDRD7a.. However, additional studies should be per-
formed to analyse either they represent just fragments
of known TDRD7a or novel isoforms of TDRD?7.

Taking together, our results demonstrated the pos-
sible existence of novel isoforms of TDRD7 named
TDRD7B, TDRD7y and TDRD75, which are charac-
terized by different subcellular localization. But etc.,
an additional research, and first of all PCR analysis of
c¢DNA from HEK293 cells, has to be performed to pro-

Fig. 3. Bioinformatic analysis indicates the existence of potential splicing isoforms of TDRD?7 protein: a — alternative transcripts of the human
TDRD7 gene predicted by UniProt and Ensemble (/ — main form; 2 and 3 — splice variants). The existence of 2 potential splice variants of TDRD7
mRNAs is indicated (2 and 3). Introns are shown as lines and exons are shown as boxes; b — schematic presentation of domain organization in

splicing forms of TDRD7

reading frame coding for hypothetical 130 and 60 kDa
TDRD7 isoforms. The sequence analysis revealed the
absence of exon 2 in the long transcript and several
exons (1-9, 11) in the short one. Fig. 3, a, shows the in-
tron/exon boundary of known TDRD7 form (TDRD7a.)
and new splicing variants. The existence of possible
TDRD?7 alternative transcripts was further confirmed
with ASAP program and UCSC database (http://geno
me.ucsc.edu/).

Analysing the data received we may predict that
TDRD7P detected by Western blot analysis represents
130 kDa TDRD7 isoform expressed from the long alter-
native TDRD?7 transcript revealed by bioinformatical
search. The short alternative TDRD?7 transcript (Fig. 3)
coding for 60 kDa protein represents different from
TDRD76 isoform with similar molecular weight. The
specific epitope for anti-TDRD7 mAbs (290— 411 aa)
used in WB is absent in the short transcript protein
product (Fig. 3).
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ve that the identified protein bands represent novel
TDRD7 isoforms. Moreover, the screening of the
TDRD7 isoforms in different cell lines and tissues at
RNA and protein levels is necessary to determine the
physiological importance of the new isoforms. The pre-
sence of N-terminal LOTUS domains which can bring
TDRD7 into the complexes with RNA-protein modu-
les could explain the appearence of TDRD78 isoform
in perinuclear and nuclear zones. Using a panel of
TDRD7 siRNAs or shRNAs it would be possible to
get an additional evidence of novel TDRD7 isoform
existence.

Conclusions. In summary, we have provided evi-
dence for the existence of novel, most probably alter-
natively spliced isoforms of TDRD7, named TDRD7p,
TDRD7y and TDRD75. According to the confocal mic-
roscopy studies and Western blot analysis of subcel-
lular fractions of HEK293 cells we have suggested the
presense of TDRD7f isoform in cytoplasm (together
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Fig. 1. TDRD?7 localization in
HEK?293 cells. Cells were fi-
xed with 3.7 % formaldehyde
and stained with anti-TDRD7
antibodies as secondary anti-
bodies Alexa-Fluore 546-con-
jugated anti-rabbit antibodies
were used (@); nuclei were stai-
ned with Hoechst (b). Picture
(c) represents a merge of sig-
nals x 100
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with the canonical TDRD7a form), TDRD7y in mito-
chondrial and TDRD78 in nuclear fractions respecti-
vely. The expression profile of these splice variants and
their role in cells remain to be elucidated.

Acknowledgements. The work was supported with
grants from the National Academy of Sciences of Uk-
raine. We thank Dr. V. Gorchev and Dr. S. Karahim for
help in confocal studies.

O. M. Ckopoxoo, /J]. O. I'vokosa, B. B. @inonenxo
Businenns HoBux i30¢opm TDRD7

Jlep>xaBHa KJIF0U0Ba J1a00paTopist MOJEKYISIPHOI 1 KIITHHHOI Oi0JT0T i1
[HcTuTyT MOJIeKysipHOT Gionoril i renetukn HAH Ykpainu
Byin. Akazgemixa 3abonornoro, 150, Kuis, Ykpaina, 03680

Pesrome

Mema. Mema 0ocniddxcensb nonseana y 6Uus4eHHi 6HympiuiHbOKAIMUH-
Hoi nokanizayii TDRD7, wo mooice 6ymu nog’sa3aHo 3 pisHumu QhyHK-
yismu danoeo 6inka ¢ kiimunax. Memoou. 3acmocosarno memoo imy-
Hoyumoximii ons demexyii cyoxnimunnoi aoxanizayii TDRD7, eec-
mepn-6n0m ananiz kiimunnux @paxyiu HEK293 3 euxopucmanusim
anmu-TDRD7 monoknoHanbHux anmuminz ma 6ioikpopmamuyruii no-
wiyx mooicnusux izogpopm TDRD7 y b6asax oanux Uniprot, Ensemble,
UCSC. Pesynemamu. Cneyugiuni TDRD7-emicHi cmpykmypu 6use-
eno 6 yumonaasmi, a maxooic y aopax knimun HEK293. Imynobnom-
AHAni3oM CYOKNIMUHHUX paryii (yumonaazma, Mimoxouopii, 10po)
0emeKmo8ano mpu iMyHOpeakmughi CMyau 3 MOIEKYIAPHUMU MACAMU
130, 1101 60 k/Ja (mu nazeanu ix TDRD7B, TDRD7y i TDRD79), siki 00
Ccb020OHI He Oyau oxapaxmepusosani. Bioingopmamuunum ananizom
nepeunnoi cmpykmypu TDRD7 eusnaveno 06a anbmepHamugHux
mpanckpunmu TDRD7-2ena, npodykmu mpanciayii skux 6ionogioa-
10Mb 080M 2iNOMemudHUM i30popmam, i0eHmupikosanum 6 imynoo.10-
mi (TDRD7B (130 x/]a) ma TDRD76 (60 k/a)). Bucnosku. Ompu-
MaHi 0ami 6KA3VI0OMb HA MONCIUBICIb ICHYBAHHSA NOMEHYIIHUX [30-
@opm TDRD7: TDRD7B, TDRD7y i TDRD73 y knimunax HEK293 na
binkogomy pigHi. 3’sacysanus ocobaugocmeti excnpecii ma poii HO8UX
¢opm TDRD?7 y kaimunax nompe6ye nooanbuiux 00CaioH#ceHbs.
Knrouosi cnosa: TDRD7, S6 kinasa, isogpopma, niPHK, mpancasyis.

A. H. Cropoxoo, [. O. I'yokosa, B. B. @unonenro
Wnentudukanus Hobix u3opopm TDRD7

Pestome

HLens. Lenv uccnedosanus cocmosna 6 uzy4eHuu GHympukiemoyHou
nokanusayuu TDRD7, umo moodxcem Oblmb C6A3AHO C pA3TUYHBIMU
Qynxyusamu oannozo benxa 6 kiemrax. Memoowt. Ilpumenen memoo
UMMYHOYUMOXUMUYU  ONIsL OemeKyuu CyOKIemoYHOl NOKAAUAYUU
TDRD7, eecmepn-6aom ananusz kiemounvix ¢paxyui HEK293 c uc-
noavzosagnuem anmu-TDRD7 MOHOKIOHANbHBIX anmumen u OUOUH-
popmamuueckuil nouck 03modxcrvix uzogpopm TDRD7 6 6azax oan-
noix Uniprot, Ensemble, UCSC. Pesynsmamut. Cneyughuuecxue
TDRD7-codeparcawue cmpyKkmypbl Gbli6leHbl 8 YUMONIA3Me, d MaK-
oce 6 adpax kniemoxk HEK293. Hmmynobrom-ananuzom cyokiemou-
HbIX (Dparkyuil (Yumoniazma, Mumoxonopuu, s0po) onpeoeiervl mpu
UMMYHOpeaKmugHvle noaocyl ¢ Monekyaapuvimu maccamu 130, 110 u
60 k/la (mur nazeanu ux TDRD7B, TDRD7y u TDRD73), komopeie 00

Hacmoswe2o epemeHu He OblIU OXapakmepuzosanul. buoungopma-
muyeckum aHanuzom nepguunoi cmpykmypol TDRD7 demexmuposa-
Hbl 06a anvmepHamuenvix mparckpunma TDRD7-cena, npooykmol
MpancaAyuu KOmMopvlixX COOMBEMCMBYION O08YM 2UNOMemuieckum
usoghopmam, udenmuguyuposanuvim 6 ummynoosome (TDRD7B (130
x/la) u TDRD73 (60 k/la)). Bergoowt. Ilonyuennvie dannvie ykasvléa-
10M HA 603MOJICHOCMb CYUWECMBOBAHUL NOMEHYUANbHBIX U30(HOpM
TDRD7: TDRD7B, TDRD7y u TDRD7S 6 knemkax HEK293 na oenxo-
60M yposHe. Buisicnenue ocobennocmeil dKCpeccuu u poiu HOGbIX
¢opm TDRD?7 6 kiemkax mpebyem 0anbHeuuux uccie008aHull.

Kniouesvie cnosa: TDRD7, S6 kuuasza, uszopopma, nuPHK,
MPAHCAAYUSL.
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