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Ribosomal protein S6 kinases (S6Ks) are principal regulators of cell size, growth and metabolism. Sign-
aling via the PI3K/mTOR pathway mediates the activation of S6Ks in response to various mitogenic stimuli, nu-
trients and stresses. To date, the regulation and cellular functions of S6Ks are not fully understood. Our aim was
to investigate and characterize the interaction of S6Ks with the novel binding partner of S6Ks, Tudor domain
containing 7 protein (TDRD?7), which is a scaffold protein detected in complexes involved in the regulation of
cytoskeleton dynamics, mRNA transport and translation, non-coding piR NAs processing and transposons silen-
cing. This interaction was initially detected in the yeast two-hybrid screening of HelL.a cDNA library and further
confirmed by pull-down and co-immunoprecipitation assays. In addition we demonstrated that TDRD7 can
Jorm a complex with other isoform of S6K - S6K2. Notably, both isoforms of S6K were found to phosphorylate
TDRD7 in vitro at multiple phosphorylation sites. Altogether, these findings demonstrate that TDRD7 is a novel
substrate of S6Ks, suggesting the involvement of S6K signaling in the regulation of TDRD7 cellular functions.
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ibosomal protein S6 kinases (S6Ks) belong
R to the AGC family of Ser/Thr kinases and
are implicated in the regulation of cell size,
growth and metabolism. Mammalian cells express
two isoforms of the kinase, S6K1 and S6K2, which
are encoded by different genes (RPS6KBI and
RPS6KB2, respectively) [1—5]. Both genes encode
short and long splicing isoforms of S6Ks via the
use of alternative translational start sites [1]. The
predominant short (70 kDa) isoform of S6KI is
localized mainly, but not exclusively, within the
cytoplasm, while a nuclear localization sequence
(NLS) found within the N-terminal (23 aa.) exten-
sion of long S6K1 isoform (85kDa) may target it
to the nucleus [1, 2]. Similarly, the long (56 kDa)
isoform of S6K2 differs from the short (54 kDa)
splicing version by the presence of the NLS [3, 4]
located within the N-terminal (13 aa.) extension.
At the same time, both S6K?2 isoforms contain an
additional NLS at the C-terminus, which deter-
mines their predominant nuclear localization in
quiescent cells [5].
Deficiency of both S6Ks is associated with
a profound decrease in cell viability [6]. The ob-
served phenotype can be rescued by the expression
of either S6K isoform. The activity of S6 kinases
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is regulated by phosphorylation/dephosphorylation
events in response to various extracellular stimuli
[7, 8]. Treatment of cells with growth factors, cy-
tokines and hormones leads to a rapid activation
of S6Ks, while growth inhibitory agents, such as
steroids and TGFB, suppress their activities. Sig-
nalling via the PI3K and mTOR pathways, induced
by growth factors or nutrients respectively, are the
key events in the activation process of S6Ks [9—11].

At present, more than twenty known sub-
strates have been described for S6Ks, but only few
of them have well defined functional consequences
[12].

A number of S6K-binding partners have been
implicated in regulating its kinase activity, in-
cluding small GTPases Racl and cdc42, protein
kinases PDK1 and PKCy, protein phosphatases
PP2A and PP1 and cytoskeletal protein neurabin
[8, 12—14].

Here, we report the identification of a novel
S6K1/2 binding partner,Tudor domain containing
7 protein (TDRD7), which is known as a scaffold
protein with molecular weight of approximately
130 kDa. TDRD7 was originally identified as a
binding partner of Ser/Thr PCTAIRE2 kinase
[15]. Further investigations have led to the discove-
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ry of TDRD7 in a complex with ik3/Cables — cyc-
lin-dependent kinase binding protein [16].

TDRD7 is localized on the periphery of mi-
tochondria and together with other members of
tudor-family (TDRD1/MTR-1, TDRD®6) has been
implicated in the formation of polar/germinal
granules (nuage), which contain Dicer and micro-
RNAs. These structures are involved in the micro-
RNA pathway and the formation of a ribonucleo-
protein complex in spermatids [15, 17—19].

Other research groups suggested the involve-
ment of TDRD?7 in the complex with TACCI-ch-
TOG-Aurora kinase A, which controls mRNA fate
in conjunction with microtubule organization and
the maintenance of cell polarity [20].

TDRD?7 contain several unique domains in
its structure. In particular, there are three LOTUS
domains at the N terminus, which are associated
with small RNA pathways in the germline [21].
A distinctive feature of TDRD?7 is the presence
of Tudor domains (Tudor 1 (460-582aa), Tudor 2
(649-776aa) and Tudor 3 (909-1027aa)). It is a
large conserved domain, initially described in pro-
teins associated with nucleic acids [22, 23]. Re-
cent studies demonstrated that Tudor domains are
specialized in the recognition of methylated lysine
or methylated arginine sites, and are involved in
chromatin remodelling (through histones dimethy-
lation and RNA processing) [22—24]. Moreover,
Tudor domain-containg proteins were shown to
have chaperone-like activity, especially in the pro-
cess of macromolecular complex formation [18, 22,
24-217].

In this study, we describe for the first time
regulatory complexes between ribosomal protein
S6 kinases (S6K1 and S6K2) and TDRD?7. Spe-
cific phosphorylation of TDRD7 by both isoforms
of S6K has been demonstrated in vitro, but the
functional consequence of the TDRD7-S6K1 and
TDRD7-S6K2 association in mammalian cells re-
mains to be investigated.

Materials and Methods

Production and purification of fusion proteins.
Full-length coding sequence of TDRD7 and seve-
ral cDNA fragments (F1 (1-290 aa); F2 (181-411
aa); F3 (381-620 aa); F5 (620-873 aa); F6 (860-
1098 aa) were amplified by PCR using specific
oligonucleotides. Amplified cDNA fragments were
purified and cloned into pET30a vector (Nova-
gen) in frame with the N-terminal and C-terminal
6His-tags. The expression of 6His-fusion recombi-
nant proteins was performed in BL21 DE3 E. coli
strain by induction with IPTG for 3 h at 30 °C.
Recombinant His-TDRD7 fusion proteins were
affinity purified on TALON resin (BD-Clon-
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tech, USA) from soluble fractions according to
the manufacturer’s recommendations. The qulity
of purified fusion proteins was analysed by SDS-
PAGE.

EE-S6K1 and S6K2 proteins were purified
from insect cells infected with recombinant S6K1
or S6K?2 baculoviruses as previously described (14).

Reagents, antibodies and cell culture. Genera-
tion of anti-TDRD7 mAbs (specific to 181-411aa
sequence), anti-S6K2 mAbs (2B) (specific to the
N-terminal region of S6K2) and anti-S6K1 poly-
clonal antibodies (specific to the C-terminal region
of S6K1) has been described previously [28—30].
Anti-His antibodies were purchased from Santa
Cruz.

Human embryonic kidney cells HEK293 (ob-
tained from ATCC) were maintained at 37 °C and
5% CO, in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% fetal bovine se-
rum (FBS; Life Technologies, Inc.), 50 U/ml peni-
cillin and 50 pg/ml streptomycin.

TDRD7-S6KI pull-down assay. 0.1 g of 6His-
tag TDRD7 fusion proteins were incubated with
HisLink resine (Promega) for 1 h at 4 °C in lysis
buffer (20 mM Tris-HCI (pH 7.5), 150 mM NacCl,
1% Triton X-100, 50 mM NaF, 5 mM EDTA, and
a mixture of protease inhibitors (Roche Molecu-
lar Diagnostics, Meylan, France). The beads were
then washed three times and incubated at 4 °C for
3 h in the same buffer with 50 ng of baculovirally
produced EE-S6K1 protein obtained previously
[31] (Panasyuk et al., 2006). Bound proteins were
eluted by boiling in Laemmli sample buffer, re-
solved by SDS-PAGE, transferred to PVDF mem-
brane and detected by immunoblotting with anti-
S6K 1 polyclonal antibodies.

Immunoprecipitation. Supernatants of HEK
293 cells were prepared from total lysate and sub-
jected to immunoprecipitation using appropriate
antibodies and protein A-Sepharose beads (Amer-
sham). Briefly, 1pg of mAbs in a total volume of
1 mL was incubated at 4 °C for 3h with supernat-
nats, containing 500 pg of total cellular protein
and 15 pL of 50% slurry of protein A-Sepharose
preliminary washed with lysis buffer. Then, beads
were washed three times with 1 mL of lysis buffer
and boiled for 5 min in Laemmli sample buffer.

Immunoblolot analysis. Immune complexes or
total cell lysates were separated by SDS—PAGE.
Resolved proteins were electroblotted onto PVDF
membrane and treated with appropriate antibodies
as described previously [28]. The antigen—antibody
complexes were detected using the ECL system
(Millipore).

Far-Western blot analysis. EE-S6K1 (0.4 pg/
line) was resolved by SDS-PAGE and transferred
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to PVDF membrane. The membrane was blocked
with 2% BSA in TBS buffer (50mM Tris-HCI,
pH 7.4, 150 mM NacCl) for 1 h at 4 °C. Membrane
strips were incubated in TBS buffer for 14 h at
4 °C with one of the recombinant TDRD7 pep-
tides (F1, F2 or F6) diluted to 1 pg/ml or GST as
a control. After washing three times with TBS-T
(TBS buffer with 1% Tween 20), strips were incu-
bated with anti-His antibodies for 1 h at 4 °C in
TBS buffer, washed three times with TBS-T and
incubated with anti-rabbit secondary antibodies in
1 : 5000 dilution (Promega, USA) for 1 h at 4 °C.
Alternatively, strips were incubated with anti-S6K1
antibodies according to the procedure described
above. Finally, the antigen—antibody complexes
were detected using the ECL system (Millipore).
In vitro kinase assay. 0.1 pg of recombinant
EE-S6K1 or EE-S6K?2 was incubated with 10 puCi
[y-2P] ATP and 0.2 pg of purified TDRD7 pro-
teins as substrates in 30 pl of kinase assay buffer
(10 mM MOPS, pH 7.2, 5 mM B-glycerophosphate,
0.5 mM EGTA, 10 mM MgCl, and 0.5 mM DTT).
GST protein (Abcam) was used as a negative con-
trol for S6Ks. We used myelin basic protein (MBP)
from Millipore to test the activity of S6Ks, as it is

commonly used as a substrate for determining the
activity of protein kinases in vitro [32, 33].

The reactions were carried out at 30 °C for
1 hour and stopped by adding Laemmli sample
buffer. Protein complexes were separated by SDS-
PAGE, and phosphorylation of substrates was visu-
alized by autoradiography, using Agfa X-ray films.

Results

The yeast twohybrid screen of a HeLa cDNA
library with S6K1 as a bait allowed us to identify a
number of known and novel binding partners [34].
Among them, 17 cDNA clones contained full-
length coding sequence for TDRD7 protein. No-
tably, all cDNAs had 5 non-coding sequences of
various lengths and therefore originated from dif-
ferent mRNAs. The interaction of wild type S6K1
with TDRD7 in yeast cells was also confirmed in
mating assay [34]. In this study, we focused on
examining the specificity of TDRD7/S6Ks interac-
tion in vitro and in mammalian cells, and on test-
ing TDRD?7 as a substrate for S6K1 and 2.

S6K1 interacts with TDRD7 in vitro. To con-
firm the interaction between S6K1 and TDRD7,
recombinant proteins were used in in vifro binding
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Fig. 1. In vitro and in vivo association between S6KI and TDRD7. A — S6K1 interacts with C-terminal frag-
ment of TDRD7(F6) in pull-down assay. B — S6K1 interacts with C-terminal fragment of TDRD7 in Far-
Western blot. C —S6K1 is co-immunoprecipitated with TDRD7 in HEK293 cell lysate
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assays. The EE-tagged S6K1 was generated using
baculovirus expression system and assessed for its
capability to interact with a panel of His-TDRD7
fusion proteins bound to the HisLink resin (see
Matherials and Methods). The specificity of
interaction between His-TDRD?7 proteins and
S6K1 was analysed by immunobloting with anti-
S6K1 antibodies. As shown in Fig. 1A, specific
interaction was only observed between EE-S6K1
and the F6 fusion protein, corresponding to the
C-terminal region of TDRD?7.

Furthermore, we confirmed the interac-
tion between EE-S6K1 and the C-terminal re-
gion of TDRD7 by Far-Western blot analysis.
As Fig. 1B shows, the C-terminal fragment of
TDRD7 interacts specifically with EE-S6K1 and
this interaction is possibly mediated via the Tudor
domains.

TDRD7 forms a complex with S6K1 in vivo. The
association of S6K1 with the C-terminal fragment
of TDRD?7 in a pull-down assay and Far-Western
blot encouraged us to test the interaction between
endogenous S6K1 and TDRD7 in HEK 293 cells.
For this purpose, we analyzed TDRD7 complexes
immunoprecipitated from HEK 293 cell lysate us-
ing anti-TDRD7 mAbs [28]. The presence of S6K1
in the immune complex was detected by specific
anti-S6K1 antibodies. As shown in Fig. 1C, S6K1
forms specific complex with TDRD7 in HEK293
cells. In a control experiment, we coupled anti-
GFP mAbDs to beads and probed them with cell

IP:aS6K2 (2B)

lysates. No binding of endogenous S6K1 with anti-
GFP beads was detected in this analysis.

S6K2 interacts with TDRD7 in HEK293
cells. Our finding of the TDRD7/S6K1 complex
in mammalian cells, prompted us to investigate
whether TDRD7 has the potential to interact with
the second S6K isoform, S6K2. Endogenous S6K2
was immunoprecipitated with anti-S6K2 mAbs
(2B) specific to the N-terminal regulatory region
and the immune complexes probed in Western
blotting with anti-TDRD7 mAbs. The data pre-
sented in Fig. 2 clearly indicate that TDRD7 is
specifically co-immunoprecipitated from HEK293
cell lysate with S6K2.

Both S6K isoforms phosphorylate TDRD7 in
vitro. To address functional consequences of the
TDRD7-S6K1 and TDRD7-S6K2 interactions
in mammalian cells, we examined whether S6K1
or/and S6K2 can phosphorylate TDRD7 in vitro.
Initially we performed a bioinformatic analysis
of TDRD7 amino acid sequence for the presence
of potential S6K1 or S6K2 phosphorylation sites,
using different online resources, including Phos-
phoNET (www.phosphonet.ca), HPRD (www.hprd.
org), PSP (www.phosphosite.org), PPSP (http://
ppsp.biocuckoo.org) [32, 35—37].

Bioinformatic analysis revealed the presence
of several potential phosphorylation sites for S6Ks
in TDRD7. Notably, some of these phosphoryla-
tion motifs were located in F1, F2, F5 and F6
TDRD?7 constructs (Fig. 3A). In total, the analysis
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Fig. 2. In vivo association between S6K2 and TDRD7. S6K2 was immunoprecipitated from cell lysates with
anti-S6K2 (2B) mAbs. The immune complexes were eluted by boiling in Laemmli sample buffer, resolved by
SDS—PAGE and analysed by anti-TDRD7 mAbs and anti-S6K2 C-terminal polyclonal antibodies. Beads incu-
bated with anti-S6K2 (2B) or HEK 293 lyzate along were used to test the specificity of co-immunoprecipitation
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Fig. 3. S6K1 and S6K2 specifically phosphorylates TDRD7 fragments in vitro. A — Bioinformatical analysis of
TDRD?7 structure, with an indication of potential S6K phosphorylation sites. B — SDS-PAGE analysis of puri-
fied recombinanr peptides (0,2 ug/lane) of TDRD7 (left panel) and recombinant S6K1 (1 ug/lane) and S6K2
(1 ug/lane) (right panel) used for in vitro kinase reaction. C — In vitro phosphorylation of TDRD7 fragments
by S6K1. D — In vitro phosphorylation of TDRD?7 fragments by S6K2

revealed five potential sites for S6 kinase phospho-
rylation (according to the highest predicted score)
within the TDRD7 sequence. Two of them (Ser35
and Ser92) are located within the F1 fragment,
one (Ser319) in F2, two (Thr837 and Ser862) in F5
fragment and one (Ser862) in the C-terminal F6
fragment. The highest probability was for Ser319
and Ser862, mapped to peptides F2 and F6, re-
spectively (Fig. 3A).

To verify the bioinformatic prediction, we
performed an in vitro S6K1 and S6K2 kinase assay
using as a substrate different His-TDRD?7 fusion
proteins. The data presented in Fig. 3C clearly in-
dicate that both S6K1 and S6K?2 readily phospho-
rylate F2, F5 and F6 proteins. No phosphorylation
of FI and F3 was detected in several independent
experiments. High level of S6K1 and S6K2 au-
tophosphorylation in this assay indicated the use
of highly active recombinant S6Ks.
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Discussion

In summary, our results demonstrate for the
first time that both S6K1 and S6K2 directly in-
teract with TDRD7 protein in vitro and in mam-
malian cells. In addition, bioinformatic analysis
revealed the existence of several S6K1 and S6K2
phosphorylation sites in TDRD7 (presumably
Ser319, Thr837 and Ser862). Phosphoryaltion of
TDRD?7 by recombinant S6K1/2 was confirmed
in in vitro kinase assay.

The functional consequence of TDRD7-S6K1
and TDRD7-S6K?2 interactions in cells is intrigu-
ing and remains to be answered. Although the role
of TDRD7 in cell is still insufficiently studied,
nevertheless this protein is of a great interest due
to its presence in complexes that are involved in
the regulation of gene silencing, small non-coding
mRNA processing, mRNA transport and transla-
tion, microtubule dynamics and centrosomal or-
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ganization [13, 15]. The above data allow us to
speculate that S6Ks may influence TDRD7 adap-
tor functions through site-specific phosphoryla-
tions, which can drive the formation of regulatory
complexes, consisiting of signalling proteins and
RNAs.

Subcellular localization of TDRD7/S6K1 and
TDRD7/S6K2 complexes is another interesting
question which remains to be examined. It has
been previously reported that TDRD?7 is localized
to P-bodies and so-called germinal granules (for
germ cells), which are mainly detected in close
proximity to mitochondrial and nuclear mem-
branes. Notably, TDRD7 was also detected in cy-
toplasmic structures of unknown functions [18]. It
was speculated that these cytosolic structures may
contain the TACC-chTOG-PCTAIRE-TDRD7
complexes, involved in mRNA transport and the
regulation of translation [20]. We can not exclude
that the phosphorylation of TDRD7 by S6K1 or/
and S6K2 may influence TDRD7 association with
other proteins/RNAs and its subcellular localiza-
tion. Taking into account that S6K1 and S6K?2
possess NLS-motifs, the interaction with TDRD7
also may be important for the regulation of S6K1
and/or S6K2 nucleocytoplasmic shuttling.

Therefore, further investigation of theTDRD7-
S6K1 and TDRD7-S6K?2 functional complexes in
cells could shed light on many hidden aspects of
S6Ks signalling within the cell.
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BUBYEHHSA TUDOR-
JTOMEHBMICHOTI'O 7 ITIPOTEIHY SIK
HOBOTI'O ITAPTHEPA TA CYBCTPATY
KIHA3 PUBOCOMHOTIO ITPOTEIHY
S6 — S6K1 I S6K2

O. Ckopoxoo®’, I. Ilanacrx', 1. Hemazanuit',
1. Tym"?, B. @ironenko'’

'THCTUTYT MOJIEKY/IIPHOI 0i0JIOrii i TeHETUKU
HAH VYkpainu, Kuis;
2YHIBEpCUTETCHKMIA KOJIEIXK
Jlongona, Benuka bpuranis;
3JlepxkaBHa KJIIOYOBA JIaOOPATOPist MOJIEKYJISIPHOL
i kiiTuHHOI Giojorii, KuiB, Ykpaina

Kinasu pubocomHoro mpoteiny S6 (S6K)
€ OIHMMM 3 TOJOBHMUX PEryJsSITOPiB PO3Mipy
KJIiTUH, iXHbOI'O pocTy Ta MeTabojizmy. PI3K/
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mTOR-3a1eXXHUIT CUTHAJIBHUIA LIJISIX KOOPIUHYE
perynsainiro S6K y BiAnmoBiab Ha pi3Hi MiTOreHHi
CTUMYJM, MOXUBHiIi peyoBUHM Ta cTpec. On-
HaK perynsauig ta kKiaiTuHHi GyHkuii S6K Ha
CbOTOJIHI OCTAaTOYHO He3’sicoBaHO. MeTol Ha-
IIKUX OOCHiAXEeHDb OYyJIO OJOCIIAUTU Ta oXapakKTe-
pusyBatu B3aeMoniro S6K Ta HOBOro mporeiHy-
naptHepa Tudor-moMeHBMIiCHOIO 7 IpPOTEIHY
(TDRD7), 110 € aganTepHUM MPOTEIHOM i1 AKUU
BUSIBJICHO B KOMILJIEKCAX, 3aJIy4YEHUX J0 PeryJisiiii
peopraHizaiii LUTOCKeJeTa, TPaHCIOPTY Ta
TpaHcaguii MPHK, mpouecuHry HeKoayruux
piPHK Tta akTuBHOCTiI TpaHcno3oHiB. Ilomepen-
HBO BUSBJEHY B3aemofio Mix S6K1 ta TDRD7
y OBOTIOpUAHIN cUCTeMi ApixKIXiB MiJ Yyac CKpU-
nyBaHHs kJIHK 6ioniotexku xjgitun Hela Oyio
MNiATBEPIXKEHO peaklli€lo 3B’I3yBaHHS in Vitro Ta
METOAOM Ko-iMyHompeuuiiTamii. Kpim Toro Bcra-
HoBJeHOo, 1o TDRD7 3mareH ¢popMyBaTu KOM-
MJIEKC 3 iHIIIOI0 BUCOKOTOMOJIOTIYHOI 130(hOpMOIO
S6K — S6K2, i mo o6uaBi kiHa3u 3matHi pocho-
punoBatu TDRD?7 in vitro 3a nexiibkoMa caiita-
mu. OpepkaHi pe3yabTaté cBiguath, o TDRD7
€ HOBUM cyoOcTpaToM 1t S6K-KiHa3, i BKa3yloTh
Ha 3any4yeHHs1 S6K-3aJIeXKHOr0 CUTHAJIIOBAHHS 10
peryasuii KiauiTuHHuX GyHkuiin TDRD?7.

KnaiouoBi cmosa: S6KI, S6K2, TDRD7,
Tudor-nomeH, pochopuirroBaHHS.

MN3YYEHUE TUDOR-
JOMEHCOJIEPXKAIIIEI'O 7 TIPOTENHA
KAK HOBOTI'O ITAPTHEPA U
CYBCTPATA KUHA3 PUBOCOMHOI'O
INPOTENHA S6 — S6K1 U S6K2

A. Cropoxo0d-3, I. Ilanaciox!, U. Hemazanwiit!,
U. I'ym'?, B. @uaonernxo’?

'MHCTUTYT MOJIEKYJISIPHOI OMOJIOTUM
u reHetukn HAH Yxpaunsl, Kues;
2YHUBEPCUTETCKUM KOJIIEIK
Jlonnona, Benukoopuranusi;
STocygapcTBeHHas KIlo4ueBast
J1abopaToOpUsT MOJIEKYISIPHON M KJIETOUHOM
ouonoruu, Kues, Ykpanna

Kwnaszpr pubocomuoro mnporenHa S6 (S6K)
SIBJISIIOTCS OMHUMMU U3 TJaBHBIX PETYISITOPOB KJle-
TOYHOTO pa3Mmepa, pocta Ta Merabonusma. PI3K/
mTOR-3aBUCUMBII CUTHAJBHBINA MYyTh KOOPAU-
HupyeT peryasiuuio S6K B oTBeT Ha pa3Hble MU-
TOT€HHBIE CTUMYJIbI, MUATATEIbHbIC BeIlleCTBa U
crpecc. OmHAKO Peryiasauus U KJIETOUHblE (yHK-
uuy S6K 10 HacTosIILEero BpeMeHU OKOHYATeIbHO
He onpeneyseHbl. Llenblo HalMX MCCAeAOBaHMM
OBbLJIO M3YYWTh M OXapaKTepU30BaTh B3aMMOJCH-
ctBre S6K 1 HOBOro mpoTerMHa-IapTHepa KUHas,
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Tudor-nomeHconep:xaiero 7 mpoTerHa, KOTOPBIA
SABJISETCS aJalTEPHBIM MPOTEMHOM U HAXOIUTCS B
KOMIIJIEKCAX BOBJIEUEHHBIX B PETYJSIIMIO peopra-
HU3aLUU LIUTOCKEJIETA, TPAHCIIOPT U TPAHCISLIMIO
MPHK, npoueccunra Hekogupyowmux piPHK u
AKTMBHOCTb TpaHCIO30HOB. [IpenBapuTtesibHO
oOHapyXeHHOe B3ammopeiicTBue Mexay S6KI
u TDRD7 B nABOruOpMIHON CHUCTEME IOPOXKXKEH
npu ckpuHupoBaHuu KJHK 6ubimoreku KiaeTok
Hela 6b1710 moATBepXKACHO peaKlMeil CBI3bIBAHU S
in Vvitro 1 METOAOM KO-UMMYHONPELUIIUTALIUU.
Kpome Toro, ycranopieHo, uto TDRD7 criocoben
(hopMMpPOBATH KOMILJIEKC C APYTOil BHICOKOTOMOJIO-
ruuHoit nsodopmoit S6K — S6K2 u uyto obe xu-
Hasbl S5K cniocobHbl hochopunuposars TDRD7
in vitro o HECKOJbKUM caiiTaM. IlojrydeHHbIe pe-
3yJIbTaThl CBUAETEILCTBYIOT 0 ToM, uTo TDRD7
ABJSETCS HOBBIM cybcTpaToM ais S6K-kunHas,
4TO yKas3blBaeT Ha ydactue S6K-3aBucuMOro
CUTHAJIMHTA B PETYJISLMUUA KJIETOYHBIX (DyHKIIAA
TDRD7.
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