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Aim. Generation of polyclonal antibodies specific to the ribosomal protein S6 kinase isoform — p85S6K 1
and directed to the N-terminal (1-23 aa) extension of p85S6K1. Methods. Animal immunization with
synthetic (1-23 aa) peptide, ELISA, western blot, immunoprecipitation, immunofluorescent analysis.
Results. Polyclonal antibodies have been generated, which specifically recognize only p85 but not p70
isoform of S6K1 in western blot, immunoprecipitation and immunofluorescence analysis. Conclusions.
The obtained antibodies can be recommended for studies on the p85S6K1 and other S6K 1 isoforms pos-
sessing the N-terminal extension — the identification of binding protein partners, analysis of subcellular
localization under different physiological conditions, elucidation of the signal transduction pathways
involving different S6K1 isoforms.
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Introduction

The ribosomal protein S6 kinasel (S6K1) is a serine/
threonine kinase activated in response to the growth
factors, cytokines and nutrients. S6K1 has been
linked to the diverse cellular processes, including
protein synthesis, mRNA processing, glucose home-
ostasis, cell growth and survival. Studies on model
organisms have highlighted a role that the S6K ac-
tivity plays in a number of pathologies, including
obesity, diabetes, ageing and cancer [reviewed in 1].
S6K1 belongs to the PI3K/Akt/mTOR pathway that
is one of the major signalling pathways hyperacti-
vated in many cancers causing the uncontrolled pro-
liferation, increased survival, motility, and invasive-
ness of the cancer cells [2-4].

The major known substrate of S6K1 is the 40 S
ribosomal subunit protein S6 [5, 6], however about

twenty additional S6K 1 substrates have already been
identified [reviewed in 1].

Two isoforms of the enzyme, denoted as p70S6K 1
and p85S6K1, are generated from a single gene by
the use of alternative mRNA translational start sites,
and differ only by the 23 aa N-terminal extension
unique for the p85 isoform [7]. The N-terminal ex-
tension of p85S6K1 bears a putative nuclear locali-
zation signal that targets this isoform to the nucleus
[7]. This was confirmed by immunofluorescence
analysis of the rat embryo fibroblasts (REF-52) with
p85S6K1 specific antibodies directed to the 8-23 aa
sequence within the 23aa N-terminal extension of
p85S6K1 [8]. The same authors demonstrated that
microinjection of the affinity purified anti-p85S6K1
IgG into the nucleus, but not the cytoplasm, blocked
the serum-induced initiation of DNA synthesis and
the G1/S transition.

©2015 L. O. Savinska et al.; Published by the Institute of Molecular Biology and Genetics, NAS of Ukraine on behalf of Biopolymers and Cell.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http:/creativecommons.org/licenses/by/4.0/),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited

294



Generation and characterization of polyclonal antibodies specific

Despite the absence of a classical NLS, p70S6K1
can be also localized in the nucleus due to the shut-
tling from the cytoplasm to the nucleus upon the
growth factor stimulation [9]. Moreover, phosphor-
ylation of S17 by CK2 greatly enhances the nuclear
export of p70S6K1 [10].

A number of nuclear substrates of S6K are identi-
fied so far, such as transcription factor CREM,
MDM?2 ubiquitine ligase, splicing complex protein
SKAR, etc. [reviewed in 1] but it is not clear which
of S6K1 isoforms is responsible for the phosphor-
ylation and what are the precise functions of p70S6K 1
and p85S6K1 in the nucleus.

In addition to the full-length forms of S6KI1,
novel S6K 1 shorter splice variants in mice and hu-
man that can also possess the N-terminal NLS
have been reported [11, 12]. Unlike the full-length
S6K1, the identified splice isoforms, having no
catalytical activity due to the truncation in the
catalytical domain, possess the cell transforming
activity.

The immunohistochemical analysis of S6K1 in
different human breast, endometrial and thyroid tu-
mours, revealed an increased level of S6K1 and al-
terations in the S6K1 subcellular localization [13—
15]. In 25 % of breast adenocarcinoma cases and in
8 % of endometrial tumours the nuclear localization
of S6K1 has been detected [16—18]. However, it
was not clear which of two S6K1 isoforms was de-
tected in the nucleus since the antibodies used were
specific to the C-terminal sequence common for the
p70S6K1 and p85S6K1 isoforms.

The aim of this work was to generate the poly-
clonal antibodies specific to the N-terminal (1-23
aa) extension unique for p85S6K1 that could dis-
tinguish the p70 and p85 isoforms of S6K1. This
type of antibodies may be used for the analysis of
the subcellular localization of the S6K 1 isoforms in
cells under different physiological conditions as
well as in tumour cells of different types. In addi-
tion they may be very useful for the analysis of
S6K1 dependent cell signalling in context of differ-
ent functions of the p70 and p85 isoforms of S6K1
and the recently discovered oncogenic S6K1 splice
isoforms [11, 12].

Materials and Methods

Antibodies. Mouse monoclonal (C3/10) and rabbit
polyclonal (anti-S6K1/C) antibodies specific to the
C-terminal (454-525 aa) sequence of p85S6K 1 have
been generated as described previously [19, 20]. For
the generation of mouse polyclonal antibodies (a-
S6K1/1-77) specific to the N-terminus of S6K1 as
an antigen we used recombinant peptide correspond-
ing to the 1-77 aa sequence of p8§5S6K1 (unpublished
data). Rabbit monoclonal antibodies (clone 16) spe-
cific to the N-terminal sequence (1-122 aa) of
p70S6K1 were from BD Bioscience (USA).

Generation of polyclonal antibodies specific to
the N-terminal extension of p85S6K1. As an antigen
for immunization we used a «spider» construct. For
this purpose, the synthetic peptide CRS0 (MRRRRRR
DGFYPAPDFRHREAED) that corresponded to the
N-terminal (1-23 aa) extension of p85S6K1 was im-
mobilized on the surface of sepharose beads by
chemical crosslinking (Provided by Alta Bioschience,
Birmingham, UK).

For immunization we used one rabbit (New Zea-
land White Rabbits, weight — 3 kg, age — 6 months).
The antigen/adjuvant mixture was inoculated into ten
sites subcutaneously along the back. We used 0.1 ml
of the mixture per site. 0.5 ml of «spider» suspension
(equivalent to CR50 peptide concentration of 1 mg/
ml) was mixed with 0.5 ml of Complete Freund’s
Adjuvant (for initial inoculation) and 0.5 ml of In-
complete Freund’s Adjuvent (for the following injec-
tions). The immunizations were performed every four
weeks. When the titer of antiserum reached 10 the
blood was collected for the anti-serum preparation
and further purification of the antibodies.

Purification of the anti-p85S6K1 antibodies was
performed by affinity chromatography. The CR50
peptide was immobilised on NHS-activated Sepha-
rose (Amersham) according to the recommendation
of manufacturer. Then 5 ml of anti-sera diluted with
PBS (1:1) were incubated overnight at +4 °C on the
wheel in 10ml column with Iml of the affinity ma-
trix priory washed in PBS. After incubation the af-
finity matrix was washed five times with 10 ml of
PBS. Elution of the anti-CR50 antibodies was per-
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formed by 100mM Glycine (pH 2.5) with immediate
neutralisation of the antibody eluates by 1M Tris (pH
8.8). After dialysis in PBS the purified antibodies were
aliquoted and stored at — 70 °C with 50 % glycerol.

Western blot analysis — The cell lysates were
prepared using a lysis buffer containing 20 mM
Tris-HCL pH 7.5, 150 mM NaCl, 1 % Triton X-100,
50 mM NaF, 5 mM EDTA, and a mixture of pro-
tease inhibitors (Roche Molecular Diagnostics,
France). The cell lysates (25 pg) were separated by
SDS-PAGE and transferred onto Immobilon-P
membrane (Millipore, USA). The membrane was
blocked with 5 % skim milk in TBST (50 mM Tris-
HCI, pH 7.4, 150 mM NacCl and 0.05 % Tween-20)
for 1 h at RT, and then incubated with correspond-
ing antibodies dilutions for 1 h at RT. After wash-
ing with TBST, membrane was incubated with the
HRP-conjugated goat anti-mouse IgG in 1:6000 di-
lution for 1 h at RT. (Jackson ImmunoResearch,
USA). Finally, the membrane was developed using
an ECL kit (GE Healthcare, USA) and then exposed
to Agfa X-ray film.

Immunoprecipitation — 1 ug of mAbs purified from
ascites or 1ug of affinity purified polyclonal antibod-
ies was incubated with 25 pl of 50 % protein G-Se-
pharose and 500 pg of cell extract in a total volume
of 500 pl of lysis buffer and rotated at + 4°C for 3h.
Immune complexes bound to Protein G Sepharose
beads were recovered by brief centrifugation and
washed three times by lysis buffer. Finally, samples
were boiled in Laemmli sample buffer for 5 min,
separated by SDS-PAGE and immunoblotted with
the corresponding antibodies. As a negative control
we used Protein G Sepharose beads incubated with
cell lysates and mAbs 2B specific to S6K2 isoform.

Immunofluorescence analysis — MCF-7 cells cul-
tured on glass slides were fixed with neutrally buff-
ered 10 % formalin (Sigma, USA) for 15 min at
room temperature. Thereafter, the cells were treated
with 0.2 % Triton X-100 in PBS (50 pl) for 15 min.
Then the samples were incubated for 30 min in 50
mM ammonium acetate (pH 5.0) with 10 mM cupric
sulphate to eliminate autofluorescence. Nonspecific
binding was blocked by the incubation with 10 %
FCS for 30 min at room temperature. The rabbit pol-
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yclonal antibodies (1 pg/ml) were applied in PBS
(50 pul) at + 4 °C in humidified atmosphere overnight.
(In experiment for deprivation of the CR50 antibod-
ies the synthetic peptide CR50 (10 pg/ml ) was add-
ed to the dilution of the CR50 antibodies prior to
incubation with the cell samples). The secondary
FITS-conjugated anti-rabbit antibodies were applied
in PBS in dilution 1:400 for 1 h at + 30 °C (Jackson
ImmunoResearch, USA). All microscopy studies
were performed using Leica DM 1000 microscope
(Leica, Wetzlar, Germany).

Results and Discussion

Since the discovery and molecular cloning of the
S6K1 gene only two isoforms of the kinase have been
known for a long time and referred to as p85S6K1
(525 aa) and p70S6K1(502 aa) (Fig. 1). It is common-
ly accepted that these isoforms originated as a conse-
quence of realization of the alternative mRNA transla-
tional starts [7]. However, recently several splice iso-
forms in mice (S6K1 Iso-2, 316 aa) [11] and human
(hS6K1-h6A, 209 aa and S6K1-h6C, 219 aa) [12]
possessing cell transforming properties have been
identified.

According to the literature data S6K1 implicated
in numerous cellular processes, including protein
synthesis, mRNA processing, glucose homeostasis,
cell growth and survival targeting about twenty pro-
tein substrates with different subcellular localization
including the nuclear compartment [1]. It is not clear
so far, whether p85S6K1, that have exclusively nu-
clear localization according to the immunofluores-
cence data [8], and the cytoplasmic p70S6K1 form,
that in fact may shuttle between cytoplasm and nu-
cleus [10] in response to the extracellular stimuli,
have similar or different functions and whether they
have the common substrates. Additionally, the im-
munohistochemical analysis of different tumor tis-
sues revealed an increased level of S6K1 in the nu-
clear compartment [13—15] but which of the S6K1
isoforms is overrepresented is not clear as well.

The antibodies specific to the 1-23 aa N-terminal
extension of p85S6K1 that may discriminate the p85
and p70 kDa isoforms of S6K1 may be very useful
for such analyses. Earlier it has been claimed the
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generation of polyclonal antibodies directed to the
8-23 aa extension of p85S6K1 [8]. However, for so-
me reason the authors excluded the 1-7 aa sequence
(MRRRRRR) bearing the nuclear localization site
from the synthetic peptide used for immunization
that could increase the specificity of antibodies.

The aim of this study was to produce the polyclo-
nal antibodies specific to the entire N-terminal 1-23
aa extension of the p85 isoform of S6K1 that differ it
from a shorter p70 isoform. For this purpose, as an
antigen for immunization we used the synthetic pep-
tide CR50 (MRRRRRRDGFYPAPDFRHREAED)
corresponding to the N-terminal extension of p85S6K 1
immobilised on a sepharose carrier. The animal im-
munization was performed according to the regular
protocol. The titer of anti-p85S6K1 before final
bleeding was 10, The specificity of affinity purified
CR50 polyclonal antibodies has been analysed with
several tests. According to the data of western blot
analysis of the MCF7 and HEK293 cell lysates, the
CR50 polyAbs efficiently detected a 85 kDa band
corresponding to the p85 isoform of S6K1 (Fig. 2).
The specificity of the p85 isoform recognition by the
CR50 antibodies was confirmed by western blot
analysis of the same cell lysate with the anti-S6K1
antibodies of other origin (Fig. 2). All antibodies
used as a referent specifically recognised the same
p85 kDa band. Since these antibodies were generat-
ed to the common for the p85 and p70 isoforms se-
quences (located in the N- or C-terminal regions of
S6K1), all of them efficiently recognised the
p70S6K1 isoform. The C3/10 mAbs were generated
in our laboratory previously and they are specific to
the C-terminal (454-525 aa) sequence of p85S6K1
[19]. Commercially available mAbs (clon 16) from
BD Bioscience are directed to the N-terminal se-
quence (1-122 aa) of p70 S6K1 and the polyclonal
antibodies a-S6K 1/1-77 were generated to the N-te-
rminal (1-77 aa) sequence of p85S6K1 (unpublished
data). Interestingly, all types of antibodies recog-
nised a unique spectrum of additional minor bands
that may reflect some non-specific binding of anti-
bodies or recognition of the novel isoforms of S6K1.
For example mAbs 16 (BD Bioscience) directed to
the N-terminal region, common for p85 and p70,

MRRRRRRDGFYPAPDFRHREAED

| p85S6K1

1 23 525 a.a.
[ | p70S6K1

1 502 a.a.

Fig. 1. Schematic representation of S6K1 isoforms — p85S6K1

and p70S6K1 that differs by N-terminal (1—23 aa) extension
present in p85S6K 1 and originated due to realization of alterna-
tive translation start

100 kDa
p85S6K 1
70 kDa p70S6K 1

55 kDa
40 kDa

WB:

CR50 a-S6K1(1-77) 16(BD) C3/10

Fig. 2. Western blot analysis of cell lysates with anti-S6K1 anti-
bodies of different origin: CR50, anti-S6K1 (1-77 aa), 16 (BD
Bioscience) and C3/10. Cell lysates: 1 — MCF7 (25 ng); 2 —
HEK?293 (25 pg). p85S6K 1 and p70S6K 1 isoforms are indicated
by asterisk
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100 kDa

p85S6K 1

70 kDa p70S6K1

55 kDa 1gG heavy
chain

40 kDa
WB:

CR50

a-S6K1(1-77) C3/10

Fig. 3. Western blot detection of S6K1 isoforms immunopre-
cipitated from MCF7 cell lysates by anti-S6K1 antibodies (C3/

10; CR50; a-S6K1(1—77)) and immunostained with different
specificity anti-S6K 1 antibodies. MCF7 cell lysate (25 pg)

could recognise a 65 kDa band that was not detected
by the C3/10 mAbs directed to the C-terminal region
common for both isoforms as well. On the other
hand, C3/10 could recognise a 60 kDa band that is
invisible for the mAbs 16. We cannot exclude as well
that these bands represent proteolytically truncated
either from N- or C-terminus forms of S6K1.
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anti-S6K 1/C

CR50 Hoechst

Fig. 4. Immunofluorescent localisation of
endogenous p85S6K1 and p706SK1 in
MCEF7 cells. Exponentially growing MCF7
cells were cultured on coverslips as desc-
ribed in Materials and methods) and im-
munostained with the polyclonal antib-
dies specific to: C-terminus of S6K1 (an-
ti-S6K1/C) and N-terminal extension of
p85S6K1 (CR50)

Merge

Fig. 5. Immunofluorescent localisation of endogenous p85S6K1 in MCF7 cells. Exponentially growing MCF7 cells were cultured
on coverslips as described Materials and methods) and immunostained with the polyclonal antibodies CR50 (A) and mixture of CR50

antibodies (B) with immunogenic synthetic peptide corresponding to the N-terminal (1—23 a.a.) extension of p85S6K1. The localiza-

tion of nuclei in cells is depicted by Hoechst

For further validation of the CR50 polyAbs spe-
cificity we performed an immunoprecipitation of
S6K1 from the cell lysates with a next analysis of the
immunoprecipitates with different types of the anti-
S6K1 antibodies. According to the data presented in
Fig. 3 CR50 Abs precipitated p85 S6K 1 but did not

298

precipitate p70S6K1. As it was expected in western
blot analysis of C3/10 mAbs immunoprecipitates
that contain both p70kDa and p85 kDa S6KI1 iso-
forms (since they are immunoblotted by C3/10)
CR50 detected only p85S6K1. Several additional
bands that were detected by the C3/10 mAbs in
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CR50 immunoprecipitates (marked by asterisk) may
reflect the proteolytical degradation of p85S6K1.

According to Thomas et al. [8] the antibodies to
the 8-23 aa sequence of p85S6K1 detected this iso-
form exclusively in the nucleus. According to our
data the CR50 polyAbs also detected S6K 1 predom-
inantly in the nucleus in immunocytochemical anal-
ysis of MCF7 cells in contrast to the anti-S6K1/C
polyAbs specific for both S6K1 isoforms that detect-
ed S6K1 in the cytoplasm and in the nucleus to the
similar extent (Fig. 4). The specificity of CR50 anti-
bodies was further confirmed by the application of
the synthetic CR50 peptide used as an antigen for
immunization for the depletion of the CR50 antibod-
ies in immunofluorescence analysis (Fig. 5). Im-
munostaining MCF7 cells by the mixture of CR50
antibodies and CR50 synthetic peptide completely
abolished the nuclear staining.

As a conclusion, in this study we claim the gen-
eration of polyclonal antibodies specific to the N-ter-
minal extension of the p85 isoform of S6KI1 that
could be also present in the recently identified S6K 1
splice isoforms [11, 12] possessing cell transforming
properties. A high specificity of the antibodies ana-
lysed in various assays such as western blot, immu-
noprecipitation and immunofluorescence analysis
suggests the possibility of their application for the
evaluation of the S6K1 isoforms functions by analy-
sis of the S6K 1 isoforms protein-protein interactions
(identification of upstream regulators and down-
stream targets), subcellular localization under differ-
ent physiological conditions or at different extracel-
lullar stimuli and alterations of the S6K1 isoforms
expression and subcellular localisation in the malig-
nant cells of different tumour types.
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CTBOpEHHS Ta XapaKTePUCTHKA MOJIiKJIOHAIbHUX
aHTUTLI cneuudiyamnx 10 p8S izodpopmu kinazu
pudocomHoro oinka S6 (p85 S6K1)

JI. O. Casinceka, O. M. Kiina, A. 1. XopysxeHKko,
K. A. llIkapuna, O. M. I'apidymnin, B. B. ®inonenko

Meta OTpumaTi MOMIKIOHAIBHI aHTHUTLIA crierudivni 10 p8S
i3opopmu SO6K1 u cnpsimosasi 10 N-kinmesoro (1-23 a.k.) mo-
nowkeHHst p85S6K1 Metoau. IMMyHM3aIist TBApHH CHHTETHY-
HuM (1-23 a.x.) mentugom, IDA, BecTepH OroT, iMMyHOTIpeIIH-
miTamis, IMMYHOIIUTOXUMIYHUI aHami3. PeyasTarn. OTpruMano
MOJTIKJIOHABHI aHTHUTINA, 1[0 PO3Mi3HaIOTh p8S, ane He p70 i30-
¢dopmy S6K1 B BectepH OnoT aHanmu3i, iMMyHONperMmiTarii i
IMMYHOLMTOXIMHYHOMY aHaii3i. BucnoBku. Otpumani aHTH-
TiTa MOXYTb OyTH PEKOMEHJOBAHUMH JUISL JIOCIIiKESHHS
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p85S6K1 Ta iHmmx izopopm S6K1, mo marote N- KiHIIEBE MO-
JOBKEeHHsI — 1eHTH(iKanii OLIKiB-IapTHEPIB, aHaJi3y CyOKIi-
THHHOI JIOKaJIi3amii 3a pi3sHuX (i310JI0TIIHIX yMOB, aHAMTI31 poi
S6K1 i30¢opM B CUTHABHIN TPaHCTYKIIIi.

Kawuosi ciosa: kinasza pudocomHoro 0iky S6 (S6K1), i30-
dbopmu SO6K 1, p70 S6K 1, p85 SO6K 1, monikioHanbHI aHTUTLIA.

Ionyyenue u XapaKkTepHCTHKA MOTHKIOHAIbHBIX
aHTHUTe] cneuupUIHBIX K P85 n3opopme KMHaA3BI
pudocomHuoro oesika S6 (p85 S6K1)

JI. A. CaBunckas, O. H. Kiuna, A. 1. XopyxeHko,
K. A. lllkapuna, O. M. I'apudynun, B. B. dunonenko

Hens. [TomyunTs NOMMUKIOHATBHBIC AHTUTENA CTIC(IIHBIC K P85
modopme S6K1 1 HanpasnerHble mpotus N-koHIeBoro (1-23 a.x.)
yamunenus p8SS6K1. Meroabl. IMMyHH3a1ms )KUBOTHBIX CHHTE-
trdeckuM (1-23 a.x.) nenrugoM, MDA, BectepH OG0T, IMMYHOII-
pELMIHMTALS, MMMYHOLUTOXHMHYECKNH aHanmm3. Pesyasrarsbl.
Tlomy4ens! MoNMKIIOHANBHBIE AHTHUTENA pacHo3HAroMe p8S, HO He
p70 modopmy S6K1 B BecTepH 00T aHaM3e, IMMYHOIIPELIUITHTA-
LMK ¥ UIMMYHOLIUTOXUMUUYECKOM aHan3e. BuiBoabl. [lomyuenHble
AQHTUTENIAa MOTYT ObITh PEKOMEH/IOBAaHbI At n3yyeHus p8SSOK1 u
npyrux u3odopm S6K1 obnanarorimx N-KOHIIEBBIM YTTHHEHACM —
WJIEHTU(UKAIY OSJIKOB NMapTHEPOB, aHAIM3E CYOKIICTOYHOHN JIOKa-
JIM3aIUN TIPU Pa3HBIX (DH3HONOTHYSCKHX YCIIOBHSIX, aHAJN3E POJIH
S6K 1 n30¢opM B CHTHAIBHOM TPAaHCTYKIIUH.

KuawueBble cJ10Ba: kuHa3a pudbocomasHor 6enka S6 (S6K 1),
nzodopmber S6K1, p70 S6K1, p85 S6K 1, monukioHambHbIC aH-
TUTETIA.
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