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The phosphatidylinositol-3-kinase (PI3K)/mechanistic target of rapamycin complex 1 (mTORC1) sign-
aling pathway controls plenty of cellular functions regulating phosphorylation one of its mediators ribosomal
protein S6 kinase 1 (S6K1). Alternative translation of the common S6K1 transcript can generate three protein
kinase isoforms, including p85-S6K1, p70-S6K1 and p60-S6K1. The catalytic activity of S6K1 is modulated
by mitogens and growth factors via phosphorylation at three critical sites such as the activation loop (T-loop
site), turn motif (TM site), and hydrophobic motif (HM site). Both members of the PI3K/mTORCI pathway,
PDK1 and mTORC1, directly phosphorylate the T-loop site and HM site, respectively. Indeed, most studies
aimed at elucidating S6K1 regulation have focused on p70- and p85-S6K1. Meanwhile, however, the activi-
ty of p60-S6K1 and its regulation have not been elucidated so far. To test whether p60-S6K1 was an active
kinase isoform that was regulated similar to p70/p85-S6K1, we employed previously generated p85/p70-/
p60*HEK-293 cells. First, an in vitro kinase assay confirmed the ability of p60-S6K1 to phosphorylate ribo-
somal protein S6 (rpS6), a well-known S6K1 substrate. Next, analysis of p60-S6K1 phosphorylation under
different cell growth conditions showed that p60-S6K1 does not have detectable levels of phosphorylation
at PDK1- and mTORC1-regulated sites, yet this isoform undergoes phosphorylation at the TM site. Finally,
we found that activity of p60-S6KI1 was not sensitive to mitogenic stimulation and cell treatment by potent
inhibitor of the PI3K1/mTORCI-dependent signaling pathway rapamycin suggesting the existence of a PI3K/
mTORC1-independent mechanism of p60-S6K1 regulation in HEK-293. The data of the current study suggest
that the p60-S6K1 isoform possesses intrinsic kinase activity that is independent of PI3K/mTORC1 signaling
regulation in HEK-293 cells. What is more, modulation of p60-S6K1 activity via the PI3K/mTORCL signaling
pathway seems to be cell-type specific, since the p60-S6K1 isoform undergoes PDK - and mTORCI-mediated
phosphorylation in breast cancer cell line MCF-7.

Keywords: p60-S6 kinase 1 (p60-S6K1), PI3K/mTORCI signaling pathway, kinase activity, regulation by
protein phosphorylation.

ibosomal protein S6 kinase 1 (S6K1) con-
R trols a number of cellular processes, inclu-

ding protein synthesis, lipid metabolism,
cell growth, proliferation and migration, through its
kinase activity towards plenty of downstream me-
diators. The S6K1 gene, referred to as RPS6KBL in
humans, encodes two major isoforms, p70-S6K1 and
p85-S6K1 that differs by 23aa at N-terminus, which
promote all mentioned cellular functions [1, 2].

Diverse environmental cues (i.e., serum, epi-
dermal growth factor, insulin-like growth factor/
insulin, and phorbol esters) activate p70/p85 S6K1,
mainly via the PI3K/mTORCL1 signaling pathway.
Signaling by growth factors and mitogens initia-
tes phosphorylation of S6K1 on at least eight sites,
where three of them, T229/T252, S371/S394 and
T389/T412, are critical for p70/p85-S6K1 kinase
activity. Regulation of T229 and T389 occurs via
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PDK1- and mTORC1-dependent phosphorylation,
respectively. In response to growth factors and mito-
gens co-ordinate phosphorylation of both sites leads
to complete S6K1 activation. Abnormal S6K1 gene/
protein expression and function have been shown
to promote development and progression of cancer,
diabetes, obesity, and several other pathologies [1-4].

In addition to the well-studied p70- and p85-
S6K1 isoforms, there is evidence that the S6K1 gene
encodes another isoform, referred to as p60-S6K1
[5]. However, our knowledge about p60-S6K1 ex-
pression, regulation and activity remains quite limi-
ted. It has been suggested that p60-S6K1 originates
from an alternative translation event [5, 6] and rep-
resents the N-terminally truncated S6K1 isoform
(53 amino acids from the N-terminus of p85-S6K1,
AN53-p85) lacking the mTORCI1 binding site, called
the TOS motif [5]. Although p60-S6K1 does not
possess the TOS motif, it was reported in [5] that
the S6K1 isoform is modulated by phosphorylation
at the mTORC1-regulated site (T359 in p60-S6K1)
in MCF-7 cells, as well as it is subjected to S371
(S341 in p60-S6K1) and T421/S424 (T391/S394 in
p60-S6K1) phosphorylation similar to the major
p70-S6K1 isoforms in the same cells. Nevertheless,
analysis of p60-S6K1 phosphorylation in that study
was limited and did not include identification of p60-
S6K1 phosphorylation at the PDK1-regulated T229
site (T199 in p60-S6K1). Whether the p60-S6K1
isoform possesses kinase activity remains a pending
question. Although, several S6K1 structure-function
studies demonstrated that different N-terminally
truncated S6K1 mutants reminding p60-S6K1 dis-
played low Kinase activity towards ribosomal pro-
tein S6 in vitro [7, 8]. However, these data should
be interpreted with caution since all tested S6K1
mutants either did not correspond completely to the
p60-S6K1 N-terminal amino acid sequence or were
epitope-tagged from the N-terminus.

Recently, applying the CRISPR/Cas9 approach,
we generated HEK-293 cells with knockout of p70-
and p85-S6K1 (p85/p70/p60*HEK-293) allowing
the cells to exclusively express the p60-S6K1 iso-
form [6]. Expression of p60-S6K1 in these cells was
shown to rescue a rate of cell proliferation and mi-
gration as compared to HEK-293 with knockout of
all three isoforms (p85/p70-/p60-HEK-293). Results
of the study emphasized a possible role of p60-S6K1
in the modulation of cell proliferation and motility in
HEK-293, thus drawing our attention to the nature of
p60-S6K1 action and its regulation in the cell.
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In this study, we utilized the p85/p70-/
p60"HEK-293 cells to examine the ability of p60-
S6K1 to catalyze the transfer of a phosphate group
to ribosomal protein S6 (rpS6), a known S6K1 sub-
strate, in vitro. By employing an in vitro Kinase as-
say, we have determined that the p60-S6K1 isoform
possesses kinase activity similarly to the major
p70/p85-S6K1 kinase. Next, we estimated a phos-
phorylation status of p60-S6K1 in the p85/p70/
p60*HEK-293 cells under different growth condi-
tions. Analysis of p60-S6K1 phosphorylation has
shown that p60-S6K1 does not undergo phospho-
rylation at mTORC1- and PDK1-regulated sites in
p85/p70-/p60*HEK-293, thus implying the existence
of the mechanism of p60-S6K1 activity regulation
other than that for p70/p85-S6K1. Indeed, suppor-
ting this hypothesis, we found that the activity of
p60-S6K1 is not regulated by mitogenic stimuli and
is not responsive to cell treatment with potent inhibi-
tor of PI3K1/mTORC1-dependent signaling pathway
rapamycin. Consistent with the data of Kim et al. [5]
our study also revealed that modulation of p60-S6K1
activity seems to be cell-type specific, since the
p60-S6K1 isoform undergoes PDK1- and mTORC1-
mediated phosphorylation in breast cancer cell line
MCEF-7. Taken together, our data suggest that p60-
S6K1 represents a kinase active isoform that can be
modulated by the PI3K/mTORCL signaling pathway
depending on a cell type. Future work will be re-
quired, however, to define the function of p60-S6K1
and the mechanisms underlying its regulation in the
cell.

Materials and Methods

Cell culture and transfection. HEK-293 and
p85/p70-/p60*HEK-293 cells were maintained in
Dulbecco’s Modified Eagle’s Medium (DMEM)
(GIBCO) containing 10% fetal bovine serum (FBS)
(GIBCO), 100 units/ml penicillin, and 100 pg/ml
streptomycin. Development of cell clones modified
with CRISPR/Cas9 targeting p85- and p70-S6K1
was described in [6]. For experiments involving
serum stimulation, rapamycin and LY294002 in-
hibition, cells were washed twice with phosphate-
buffered saline (PBS) and after that serum-starved
for 24 h in DMEM deprived of serum. Then the
cells were either incubated with 20% FBS for 1 h or
treated with 50 pM LY294002 (LC Laboratories) or
20 nM rapamycin (CST) for 30 min with subsequent
serum stimulation for 1 h.
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Plasmids and recombinant proteins. Genera-
tion of the pSpCas9(BB)-2A-Puro (PX459) V2.0
DNA vector containing anti-p85/p70 was described
previously [6]. Purified recombinant 6X-His-tagged
rpS6 was a gift from Garifulin O. M. (Department
of cell signalling, IMBG of NASU, Kyiv, Ukraine).

Cell lysis and Western blot analysis. All cells
were rinsed once with PBS and lysed in ice-cold
cell lysis buffer containing 25 mM Tris-HCI, pH 7.5,
150 mM NaCl, 1 mM EDTA, 0.5% Triton X-100,
5% glycerol, 1 mM Na,VO,, 2.5 mM Na pyrophos-
phate, 1 mM B-glycerophosphate supplemented with
a cOmplete EDTA-free protease inhibitor cocktail
tablet (Roche) and phosphatase inhibitors (Sigma-
Aldrich). After incubation of scraped cell lysates for
20 min at 4 °C the lysates were cleared by centrifu-
gation at 12,000 x g for 10 min at 4 °C. Coomassie
Protein Assay Reagent (Thermo Fisher Scientific)
was applied to measure protein concentration in
soluble fractions of whole-cell lysates and samples
containing equal amount of protein were resolved
by 10% SDS-PAGE. The protein samples subjected
to SDS-PAGE were transferred to a polyvinylidene
difluoride (PVDF) membrane (Immobilon®-P, Mil-
lipore). The membrane was probed with a specific
primary antibody followed by incubation with an
appropriate secondary antibody diluted 1 : 10000.
Thereafter, a signal was developed with enhanced
chemiluminescence (GE Healthcare). Primary an-
tibodies used in this study were diluted according
to the manufacturer’s instructions and obtained
from: C-terminal S6K1 (generated as described
in [9]) diluted 1 : 2500 (0.4 pg/ml), phospho-p70-
S6K1 (Thr389) (#9234, CST), phospho-p70-S6K1
(Ser371) (#9208, CST), phospho-p70-S6K1 (Thr229)
(MABB8964, R&D Systems), phospho-p70-S6K1
(Serd21/Thr424) [#9204, CST], phospho-rpS6
(Ser240/244) (#5364, CST), 6x-His Tag (clone HIS.
HS, #M A1-21315, Thermo Fisher Scientific), f-actin
(clone AC-15, #A5441, Sigma-Aldrich). Secondary
anti-mouse and anti-rabbit antibodies were obtained
from Jackson ImmunoResearch. The secondary anti-
rabbit light chain specific antibody was purchased
from Millipore.

Immunoprecipitation and kinase assay. Whole-
cell lysates from 6 x 106 cells were prepared as de-
scribed above in the section “Cell lysis and Western
blot”. For immunoprecipitation of S6K1 10 ul of
swollen protein G agarose equilibrated in cell lysis
buffer were mixed with 2.5 pg of polyclonal anti-
S6K1 (against the C-terminus) and the mixture was

incubated for 1 h at room temperature with shaking.
During the next step of immunoprecipitation, the an-
tibodies attached to protein G agarose were incuba-
ted with the whole-cell lysates overnight at 4 °C with
shaking. For negative controls equilibrated protein G
agarose was directly incubated with the cell lysates
avoiding the step of antibody addition. Immuno-
precipitates and G agarose as the negative control
were washed 3 times with cell lysis buffer followed
by washing with kinase buffer (25 mM Tris-HCl,
pH 7.5, 10 mM MgCl,, 2 mM DTT, 0.1 mM Na,VO,,
5 mM f-glycerophosphate). After the washing step
samples were incubated with 6X-His-rpS6 in the
presence of | mM ATP in reaction buffer containing
250 mM Tris-HCI, pH 7.5, 100 mM MgCIl,, 20 mM
DTT, 1 mM Na,VO,, 50 mM B-glycerophosphate.
After 30 min incubation at 37 °C, reactions were
terminated by adding SDS sample buffer (2X final
relative concentration) and subjected to western blot
analysis as described above.

Results and Discussions

We recently reported that HEK-293 cells
expressing only the p60 isoform (p85/p707/
p60*HEK-293 cells) display higher rates of cell pro-
liferation and cell migration compared to HEK-293
with knockout of all isoforms [6]. These observations
suggest that p60-S6K1 could be involved in the con-
trol of cell proliferation and motility. A possible role
of p60-S6K1 in mediating cellular functions raises
some questions of the nature of p60-S6K1 intrinsic
activity, through which it could exert its cellular ef-
fects, as well as modes of regulation of this activity.
To date, however, mechanisms of p60-S6K1 action
and regulation have not been elucidated. Thus, the
present study was focused on investigating these
matters.

Since p60-S6K1 comprises a kinase domain
within its amino acid sequence, it could possess
catalytic activity similar to p70-S6K1. To determine
whether endogenous p60-S6K1 is catalytically ac-
tive we immunoprecipitated the p60-S6K1 protein
from p85/p70/p60*HEK-293 cells displaying eleva-
ted p60-S6K1 expression level [6] and performed an
in vitro kinase assay using a typical S6K1 substrate,
ribosomal protein S6 (rpS6). Results demonstrated
that immunoprecipitated p60-S6K1 phosphorylates
in vitro rpS6 at Ser-240/244 (Fig. 1). According to
these results, however, p60-S6K1 kinase activity
towards rpS6 is somewhat lower compared to p70/
p85-S6K1.
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Fig. 1. p60-S6K1 represents a kinase active isoform of S6K1 as revealed by the in vitro kinase assay. A — HEK-
293 cells were modified by the anti-p85/p70 gRNA/Cas9 system. A clone expressing exclusively p60-S6K1
was selected and analyzed by western blot. Cell lysates from wtHEK-293 and p85/p70-/p60*HEK-293 were
immunoblotted with C-terminal S6K1 antibodies and fS-actin antibodies used as a loading control. 1 — wild-
type HEK-293; 2 — p85/p70/p60*HEK-293. B — S6K1 isoforms were immunoprecipitated from the indicated
cells by the polyclonal C-terminal S6K1 antibodies and kinase activity of immunoprecipitates was determined
using 6X-His-tagged rpS6 as a substrate. Analysis of kinase reaction was performed using western blot.
S6K1 — S6 kinase 1; rpS6 — ribosomal protein S6, His — histidine

It should be noted, however, that there have
been several S6K1 mutagenesis studies which used
a number of S6K1 mutants resembling p60-S6K1
to define a mechanism of p70/p85 activation. In
one study [7] a small deletion of the p85-S6K1 N-
terminus, A58-p85, resulted in the kinase inactive
S6K1 mutant, whereas authors of the other report
[8] employed an N-terminal deletion of p70-S6K1,
A53-p85, and the generated mutant exhibited signifi-
cantly reduced kinase activity relative to the wild-
type protein. Yet the S6K1 mutant used in [7] repre-
sented a deleted form of p60-S6K1, A58-p85, lacking
five extreme N-terminal amino acids. Although an
amino acid sequence of the S6K1 mutant generated
in [8] showed complete resemblance to p60-S6K1, it
was amino-terminally tagged with the HA-epitope,
which complicates interpretation of the data. In ad-
dition, both studies employed cell models different
from that used in the current study, assuming that
p60-S6K1 could differently be regulated in a distinct
cell type. This may account for why there has been
a discrepancy between the results obtained by these
authors and the data of our study.

To date, evidence shows that Thr229 (T-loop
site, Thrl99 in p60-S6K1), Ser371 (TM site, Ser341
in p60-S6K1) and Thr389 (HM site, Thr359 in p60-
S6K1) represent the main sites phosphorylation of
which is crucial for p70-S6K1 activity of [10-18]. Di-
rect regulators of Thr229 and Thr389 include PDK1
[10-11] and mTORC1 [14, 15, 17], respectively, which
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are components of the PI3K/mTORCL signaling
axis, whereas the identity of Ser371 kinase remains
unclear [18]. In the meantime, phosphorylation of
Ser411, Ser418, Thr421 and Ser424 (Ser381, Ser388,
Thr391 and Ser394 in p60-S6K1) reflects an early
step in p70-S6K1 activation in response to growth
factors and mitogens [19, 20], and, likewise Ser371,
physiological kinases for these sites remain to be
identified. These four proline-directed sites lie in the
C-terminal autoinhibitory domain that interacts with
the N-terminal domain in the inactive state [21, 22].
Nevertheless, phosphorylation of S6K1 at these sites
is not critical for kinase activity, even if it contribu-
tes to the active state [17, 23, 24].

After revealing p60-S6K1 kinase activity, we
concentrated on studying its regulation via phos-
phorylation at above-described sites to find out
whether the p60-S6K1 isoform undergoes the simi-
lar mode of phosphorylation as the p70- and p85-
S6K1 isoforms in response to extracellular stimuli.
Surprisingly, analysis of p60-S6K1 phosphorylation
at T-loop and HM sites by immunoblotting showed
that no detectable level of Thr229 (Thr199) and
Thr389 (Thr359) phosphorylation was observed in
the p85/p70-/p60*HEK-293 cells at different growth
conditions (Fig. 2, A) and at different time points
after serum stimulation (Fig. 3). This suggests that
p60-S6K1 could not be subjected to Thrl99 and
Thr359 site-specific phosphorylation in these cells.
Hence, kinase activity of p60-S6K1 in p85/p70/



l. V. Zaiets, V. V. Holiar, A. S. Sivchenko et al.

A p85-/p70-/p60*
wtHEK-293  HEK-293
Serum: Control — + Control — +

B o i
p70-S6K1 .
D60-SOK1 —| “—— e
T
—

p70-S6K1 —>

- - anti-p-S6K1
P70-S6K1 —>>| e ey (T421/S424)
— ——
P85-SOKL —3» | s s s
p70-S6K1 —> anti-S6K1
P60-S6K1 —> e e =

W e = wmw Wy | anti-B-actin

anti-p-S6K1 (S371)

anti-p-S6K1 (T389)

70-S6K1 —3 q
P ' anti-p-S6K1 (T229)

B WtMCF-7
Serum: Control — +
P85-S6KL [T
p70-S6K1 —3 anti-p-S6K1
p60-SB6KL —3 (T389)
) anti-p-S6K1
p70-S6K1 — (T229)
anti-S6K1
anti-B-actin

Fig. 2. Distinct phosphorylation pattern of the p60-S6K1 isoform in different cell lines. Wild-type HEK-293
(A), p85/p70-/p60*HEK-293 (A) and wild-type MCF-7 cells (B) were subjected to a starvation in serum-deple-
ted DMEM for 24 h. Afterwards the cells were stimulated with 20% FBS for 1 h. Cell lysates were analyzed by
western blot using the indicated antibodies. p-actin was used as a loading control

p60*HEK-293 could be regulated by mechanisms
and/or signaling pathways other than that of p70-
S6K1. In contrast, results reported by Kim et al. [5]
indicate that p60-S6K1 is phosphorylated at the Thr-
389 site in the breast cancer cell line MCF-7. Such
controversy may arise from the usage of different
cell models for the analysis of Thr-389 phosphoryla-
tion levels. Considering this fact, p60-S6K1 could
display different modes of regulation of its activity
depending on a cell type-specific context. Thus we
applied MCF-7 cells to investigate a phosphorylation
status of p60-S6K1. Indeed, as our results demon-
strate, in these cells p60-S6K1 is highly phosphoryl-
ated at PDK1- and mTORC1-regulated sites (Fig. 2,
B), which is consistent with the results shown in [5].

Although Ser371-specific kinase has not been
identified so far, this phosphorylation event is also
critical for p70-S6K1 kinase activity as indicated by
mutagenesis studies [18]. Despite levels of p60-S6K1
phosphorylation at Thr229 (Thr199) and Thr389
(Thr359) was not observed, p60-S6K1 displayed
detectable levels of Ser371 (Ser341) phosphorylation
(Fig. 2, 3). In this study, we also assessed status of
p60-S6K1 phosphorylation at C-terminal sites, in-
cluding Thr-421/Ser-424 (Thr391/Ser394). Although
phosphorylation at these sites was observed (Fig 2),
dynamics of this event induced by serum was sig-

nificantly distinct from that of p70/p85-S6K1, un-
like p60-S6K1 phosphorylation at the Ser341 site
(Fig. 3). Thus phosphorylation of p60-S6K1 at Thr-
421/Ser-424 (Thr391/Ser394) displayed clear peaks
of increased and decreased phosphorylation after
5-20 min and 1h after serum stimulation correspon-
dently. In contrast, p70-S6K1 did not display clearly
defined peaks of up and down phosphorylation at
Thr-421/Ser-424. Although, a slight increase in
p70-S6K1 (Thr421/Ser424) phosphorylation was ob-
served. Interestingly, prolonged exposure to growth
factors induced elevated levels of p60-S6K1 ex-
pression starting from 3 h of serum stimulation in
the p85/p70-/p60*HEK-293 cells and 2 h of serum
stimulation in wild-type counterparts.

As current evidence suggests, the activation
status of p70/p85-S6K1 is controlled by the PI3K1/
mTORCL1 signaling pathway in response to growth
factor and mitogenic stimuli [1]. The absence of
Thr229 (Thr199) and Thr389 (Thr359) phospho-
rylation in p60-S6K1 that is a most critical for
p70/85-S6K1 led to an assumption that regulation
of p60-S6K1 activity occurs in PISBK/mTORC1-
independent manner at least in HEK-293. To test if
PI13K1/mTORC1-dependent signaling regulates the
activity of p60-S6K1, we introduced cell treatment
with mTOR-specific inhibitor rapamycin. The p85/
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Fig 3. The p60-S6K1 isoform reveals different time-dependent dynamics of phosphorylation in HEK-293 cells
at S371 and T421/S424, under conditions of growth factor stimulation. wtHEK-293 and p85/p70-/p60*HEK-293
cells were serum-starved for 24 h and then stimulated with 20% FBS for indicated periods of time. After in-
cubation with serum, the cells were lysed and protein fractions were resolved by SDS-PAGE with subsequent
blotting against the indicated antibodies. To confirm equal loading of protein samples, antibodies against
[-actin were applied. All numbers indicating phosphorylation sites correspond to p70-S6K1

p70/p60*HEK-293 cells were serum-starved and
then incubated in the presence of rapamycin fol-
lowed by serum stimulation. After that, p60-S6K1
was immunoprecipitated from whole-cell lysates and
its activity was analyzed by an in vitro kinase assay
(Fig. 4). The obtained data revealed that p60-S6K1
represents rapamycin-insensitive kinase, as well as
this isoform is insensitive to growth factor starva-
tion and stimulation. These findings indicate that
PI3K/mTORC1-dependent signaling indeed does
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not modulate p60-S6K1 kinase activity in HEK-
293 cells. On the contrary, inhibition of the PI3K/
mTORC1 pathway in the p85/p70/p60*HEK-293
cells caused complete suppression of endogenous
rpS6 phosphorylation at Ser-240/244, similar to
wild-type HEK-293 cells (Fig. 5). This could occur
due to distinct substrate specificities for p60-S6K1
and p70/p85-S6K1, implying that rpS6 might not
represent a physiological substrate for the p60-S6K1
kinase-active isoform.
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p85-/p70-/p60*

wWtHEK-293 HEK-293
starvation + + + + +
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anti-p-rpS6 (S240/244)

anti-S6K1
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Fig. 4. Kinase activity of the p60-S6K1 isoform in HEK-293 cells is not dependent on mTORC1 activity. The
indicated cell lines were deprived of serum for 24 h, incubated in the presence or absence of either 20 nM
rapamycin (rapa) for 30 min and then stimulated with 20% serum for 1 h. S6K1 isoforms were extracted
from the lysates by immunoprecipitation with anti-S6K1/C-terminus antibodies. Immunoprecipitated S6K1
and 6xHis-rpS6 as a substrate were used for the in vitro kinase assay that was analyzed by Western blot using
anti-p-rpS6(5240/244) antibodies. The amount of S6K1 and His-rpS6 in the kinase reaction was monitored by
Western blot analysis with anti-S6K1 and anti-His antibodies

p85-/p70-/p60*

WtHEK-293 HEK-293
serum + + + + +
rapa - — + _
LY - + — — +

anti-p-rpS6 (S240/244)

anti-S6K1

anti-B-actin

Fig. 5. HEK-293 cells with selective expression of p60-S6K1 exhibit similar extent of inhibition of rpS6 phos-
phorylation under the condition of treatment with PI3K/mTORCI-specific inhibitors as compared to wild-type
HEK-293 cells. The cells were serum-starved for 24 h, incubated in the presence or absence of either 20 nM
rapamycin (rapa) or 50 uM LY294002 (LY) for 30 min followed by restimulation with 20% serum for 1 h. The
cells were lysed and cell lysates were immunoblotted with the indicated antibodies

The data presented indicate that (i) p60-S6K1
represents a kinase active isoform phosphorylating
in vitro its substrate ribosomal protein S6 and (ii)
modulation of p60-S6K1 kinase activity via PI3K/
mTORCI signaling depends on a cell type-specific
context. Unlike MCF-7, the HEK-293 cells do not in-

volve the PI3BK/mTORCL signaling pathway to exert
their control on p60-S6K1 function. However, a pre-
cise mechanism of such control remains unknown
and future research will be required to determine
molecular steps which govern p60-S6K1 activity in
HEK-293.
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p60 € HOBOIO I30®OPMOIO S6
KIHA3MH 1, AKA MA€ KIHA3HY
AKTUBHICTD I BIIPIBHACTBCS 3A
CIIOCOBOM PET VJISIIII BIJ p70 TA
p85 I30POPM
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PI3K/mTORC1 curnanpHuii nuisgx 3amyde-
HUN 70 KOHTPOJIO 0araThbOX KIITHUHHUX (YHKIIH,
0 PeryioTh (GochopuyBaHHS OZHOTO 3i CBOIX
MeniaTopiB — KiHa3u 1 pubocomHoOro mpoteiny S6
(S6K1). 3a paxyHOK anpTepHAaTHBHOI TpaHCIALIi
3arajgbHOro S6KI1 TpaHCKpUNTY MOXe BinOyBaTH-
csl MPOAYKLisl TPhOX 130(hopM, 30kpema p85-S6K1,
p70-S6K1 ta p60-S6K1. KaranmitnyHa akTHBHICTH
S6K1 mopymioeTbesi MiTOreHaMH Ta POCTOBUMH
(akropamu 1uIsAXoM (GochOopHITyBaHHS 3a TPbOMa
KPUTUYHUMH CaliTaMH, TaKUMH SIK aKTHBaliiiHa
netis (T-loop caiit), Motus noBopoty (TM caiit) Ta
rigpodpobuuii motuB (HM caiit). OOuaBa komrio-
HeHTH PI3K/mTORCI nusixy, PDK1 ta mTORCI,
Hanpsamy ¢docdopuntorots BignosigHno T-loop Tta
HM caiitu. [Ipore OinblIicTh MOCHIJKEHB, SKi
CIpsIMOBaHO Ha BHMBYEeHHs perymsnii S6K1, Oyio
HampaBieHo Ha p/0- ta p85-S6KI1, y Toil yac sk
BUBYCHHIO aKTUBHOCTI 1 peryisuii p60-S6K1 ne
OyJio mpuineHo yBaru. s Toro, mo0 nepeBipuTu
yu Bosogie p60-S6K1 kiHa3HOIO aKTUBHICTIO 1 pe-
ryneTbes mofiono 1o p70/p85-S6K1, Oyno BUKO-
PHCTaHO MONEPEIHHO CTBOPEHI HAMHU KJIITUHU P85/
p70/p60*HEK-293. CrnouaTtky in Vitro xinazuwuii
TecT miaTBepauB 3natHicTh p60-S6K1 dochopu-
nyBaTH pubocoMHUE mpoTein S6 (rpS6), Bizomwuii
cyoctpar S6KI1. [lami ananiz ¢ocdopunyBaHHs
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p60-S6K1 3a pi3HUX yMOB pOCTY KIIITHH IOKa3aB
BiJICYTHICTH hochopunyBanus p60-S6K1 3a PDKI-
ta MTORCI-peryiaboBaHUMHU caliTaMH, MPOTE LIt
i3ohopma Oyisa dochopruiboBana 3a TM caiitom.
Hapemri, Mu 3’sicyBanu, mo akTuBHICTh p60-S6K1
€ HEYYTJIUBOIO JI0 MITONEHHOI CTUMYJISIIi Ta 00-
pOOKM KIIITHH MNOTYXHUMH iHTiOiTopamu PI3K/
mTORCI-3a51€)kHOr0 CUTHATBHOTO HUIAXY panami-
urHoM 3a HasgBHOCTI PI3K/mTORCI-He3anexHoro
mexaHizmy peryisuii p60-S6K1 B HEK-293. 3a
pe3yabTaTaMu JOCIHIKEHHS MOYKHAa TPUITYCTUTH,
mo i3opopma p60-S6K1 BusiBisie BiacHy KiHa3-
HY aKTHBHICTb, SIKa PETYIIOETHCS HE3alIe)KHO BiJl
PI3K/mTORCI curHaipbHOro mIIsiXy B KIITHHAX
HEK-293. Bisbi Toro, Moaysisiist akTHBHOCTI p60-
S6K1 yepes PI3K/mTORCI curnanpHUil nuisx 3a-
JICKUTh, WMOBIPHO, BiJ THUIY KIITHHH, OCKIJIBKH
i3ohopma p60-S6K1 nignsrae PDK1- Ta mTORCI-
orocepeKoBaHOMY (HochOpHIIYBaHHIO B KIITHH-
Hill niHii paky MonouHoi 3a103u MCF-7.

KnmouoBi cmoBa: p60-S6 xinaza 1 (p60-
S6K1), PI3K/mTORCI1 curnanpHU# max, KiHa3Ha
aKTHBHICTB, PETYIALisl NUIAXOM GochopuiryBaHHS
MIPOTEIHY.
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