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Ca sein Kinase 2 (CK2) is phys i o log i cal bind ing part ner of ri bo somal pro tein S6 kinase 1 iden ti fied us ing of two-hy brid
yeast sys tem. The spec i fic ity of in ter ac tion be tween в-sub unit of CK2 and S6K1 was con firmed in vi tro, also it was shown
that Ser17 of S6K1 can be phosphorylated by CK2. The pre sented data sug gest that Ser17 phosphorylation is the im por tant
event of S6K1 ex port from the nu cleus. Immunoprecipitation stud ies of S6K1 and CK2 from cy to plas mic frac tion of NIH
3T3 cells in di cate the for ma tion of pro tein com plex S6K1/CK2 in the nu cleus, but not in the cy to plasm. Fur ther flu o res cent
mi cros copy stud ies dem on strated that phosphorylation mim ick ing mu tant of S6K1(S17E) is not ac cu mu lated in the nu cleus 
through the ac ti vated ex port of kinase from the nu cleus.
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In tro duc tion. The fam ily of Ser/Thr pro tein kin ases of 40S
ri bo some sub unit S6 pro tein (S6K1 and S6K2) is one of the 
reg u la tory links in PI3K/mTOR sig nal ing path way, which
is one of the main reg u la tors of ba sic cell func tions, namely
cell growth, pro lif er a tion, dif fer en ti a tion and apoptosis.
The S6K ac tiv ity is reg u lated by mul ti ple
phosphorylation/dephosphorylation events in duced by
extracellular mitogenic stimuly [1]. Re cently, we have
iden ti fied new S6K1-bind ing pro tein, reg u la tory в-sub unit 
of Ca sein kinase 2 (CK2в), by yeast two-hy brid sys tem.
The for ma tion of the com plex be tween CK2 and S6K1 was
con firmed in vi tro. Also, it was shown that CK2 can

phosporylate Ser17 on S6K1 [2]. The fur ther work was di -
rected to con firm the ex is tence of the in vivo com plex and
to de ter mine the phys i o log i cal sig nif i cance of Ser17
phosphorylation.

Ma te ri als and meth ods. The mouse fibroblast cells
(NIH3T3) were ob tained from Amer i can Type Cul ture
Col lec tion (ATCC). Anti-CK2 б an ti bod ies were from
SantaCruz (USA); anti-lamin – from Cell Sig nal ling
(USA); anti-tubulin – from Sigma (USA). The pro duc tion 
of an ti bod ies to S6K1 was de scribed ear lier [3]. The
NIH3T3 nu clear and cy to plas mic frac tions ex tracts were
pre pared as de scribed in [4]. Immunoblotting and
immunoprecipitation were con ducted ac cord ing to the
ear lier de vel oped method [5]. For immunofluorescent
anal y sis, NIH3T3 cells were tran siently trancfected by the
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ap pro pri ate plasmids, en coded S6K1, S6K S17E in frame
with EE-tag epitope [6], us ing PolyFect re agent
(QIAGEN, Great Brit ain), in ac cor dance with man u fac -
turer’s rec om men da tions. In 24 hours af ter transfection
the cells were starved in the non-se rum me dium for 36
hours with fur ther stim u la tion by ad di tion of 10% se rum.
Leptomycin B (LMB) was added 10 hours be fore stim u la -
tion by se rum. The cells were fixed and treated as de scribed
ear lier [6], and monoclonal anti-EE-an ti bod ies were used
as pri mary an ti bod ies. Con fo cal mi cro scope Zeiss
LSM510 was used to ana lyse flu o res cent stained cells.

Re sults and dis cus sions. CK2 is of ten in -
volved in the reg u la tion of subcellular lo cal iza tion of pro -
teins through their phosphorylation, there fore we made the 

sup po si tion re gard ing the role of Ser17 phosphorylation in
reg u la tion of S6K1 subcellular lo cal iza tion, mind ing the
fact that Ser17 phosphorylation of S6K1 does not in flu ence 
its ac tiv ity. To de ter mine subcellular lo cal iza tion of
S6K1/CK2 com plex on the level of en dog e nous pro teins,
nu clear and cy to plas mic ex tracts of NIH3T3 cells were
ana lysed. Fig.1.a. shows that in ter ac tion of en dog e nous
S6K1 and CK2 oc curs only in the nu cleus, re gard less that
both en zymes were de tected in nu cleus and in the cy to -
plasm (Fig.1.b). Thus, CK2-me di ated Ser17
phosphorylation of S6K1 most likely takes place in the nu -
cleus.

To de ter mine the phys i o log i cal role of Ser17
phosphorylation subcellular lo cal iza tion of re com bi nant
wild type S6K1 and mu tant form which mod u lates
phosporylated state of the kinase, were com pared in the
NIH3T3 cells. The lo cal iza tion of kinase was de ter mined
by con fo cal scan ning mi cros copy us ing ap pro pri ate an ti -
bod ies. As shown in Fig.2 both S6K1 wild type and
S6K1S17E lo cal ized pref er a bly in the cy to plasm at the ab -
sence of growth fac tors and only in 7% of the cells lo cal ized 
in the nu cleus at the same con di tions. How ever, af ter stim -
u la tion with 10% se rum for 1 hour the S6K1 wild type
translocates to the nu cleus in the ma jor ity of cells (60%).
Ap pre cia ble changes in lo cal iza tion of S6K1S17E were not 
de tected.

The data pre sented show that Ser17 phosphorylation
ei ther blocks nu clear im port in duced by se rum or ac ti vates
nu clear ex port of S6K1. Re gard ing the ex is tence of
S6K1/CK2 com plex only in the nu cleus of the cell the lat -
ter as sump tion seems to be more prob a ble. To con firm this
as sump tion the lo cal iza tion of both forms of S6K1 un der
nu clear ex port block ing con di tions was an a lyzed.

The pro tein ex port from the nu cleus is an ac tive pro -
cess which takes place in sev eral known ways, among
which the CRMI-de pend ant ex port is the most stud ied
one. We used di rect in hib i tor of CRMI – LMB [7]. Fig.2
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Fig.1. Western blot analysis of endogenous S6K1 and catalytic subunit of CK2 interaction in nuclear and cytoplasmic fractions of cells: a – Western blot
analysis of immunoprecipitates with anti-CK2 antibodies from cytoplasmic (1) and nuclear (3) fractions of growing NIH3T3 cells with the use of
anti-S6K1 and anti-CK2б antibodies; nonspecific binding of S6K1 and CK2 to protein A sepharose beads was tested in cytoplasmic (2) and nuclear (4)
fractions; b – Western blot analysis of cytoplasmic (1) and nuclear (2) extracts of NIH3T3 cells with the use of anti-S6K1, anti-CK2б, anti-Lamin
(marker of nuclear fraction) and anti-tubulin (marker of cytoplasmic fraction) antibodies.

Fig.2. Analysis of subcellular localization of S6K1 wild type and S17E
mutant by confocal microscopy. NIH3T3 cells transiently transfected by
S6K1 wild type or S6K1 S17E mutant, expressed in frame with EE-tag,
were starved without serum 24 hours. After that LMB (5nM) was added to 
marked samples and cells were additionally incubated for 12 hours, than
cells were stimulated with 10% serum for 1 hour. Cells were fixed, probed
with anti-EE antibody and fluorescein isothiocyanate-labeled
anti-mouse immunoglobulin G, and analyzed by confocal microscopy.
The number of cells showing nuclear (1), nuclear-cytoplasmic (2) or
cytoplasmic (3) staining for each case was counted, and the percentage
was calculated. At least 150 cells were counted for each condition.  



shows that LMB treat ment of the cells leads to ac cu mu la -
tion of wild type S6K1 in the nu cleus both in star va tion and 
stim u la tion con di tions. As it was pre dicted in the case of
S6K1S17E, the sig nif i cant in crease of cells with nu clear lo -
cal iza tion of the kinase (up to 55%) was ob served, which
in di cates the ex is tence of ac tive im port of S6K1S17E mu -
tant to the nu cleus. The ob tained re sults al low to make a
con clu sion that CK2 phosphorylation of S6K1 Ser17 is in -
volved in the reg u la tion of S6K1 ex port from the nu cleus.

To sum ma rize the men tioned-above re sults we pro -
pose the model of reg u la tion of nu clear-cy to plas mic
CRM1-de pend ent S6K1 trans port in duced by growth fac -
tors. The model pre dicts ac tive, in duced by growth fac tors,
im port of S6K1 to the nu cleus, how ever the char ac ter of
im pulses and mo lec u lar mech a nisms of this pro cess are not 
de fined yet. We can sup pose that post-translational mod i -
fi ca tions of S6K1 can ful fill this role. On the other hand,
S6K1 ex port from the nu cleus is CRM1-de pend ent, where
the phosphorylation of S6K1 Ser17 by CK2 is a re quire -
ment. Tak ing into ac count lit er a ture data, CK2 ac tiv ity is
con sti tu tive and is not de pend ent on growth fac tors, so the
reg u la tion of S6K1 ex port from the nu cleus, most likely,
takes place on the level of func tional CK2/S6K1complex
for ma tion.
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Регуляция субклеточной локализации киназы рибосомного белка

S6 казеинкиназой 2 

Резюме

Ка зе ин ки на за 2 (СК2) как фи зи о ло ги чес ки свя зы ва ю щий ся пар тнер
ки на зы S6 ри бо сом но го бел ка (S6K1) иден ти фи ци ро ва на с ис поль зо ва -
ни ем дрож же вой дву гиб рид ной сис те мы. Спе ци фич ность вза и мо де -
йствия меж ду ре гу ля тор ной b-суб ъ е ди ни цей CK2 и S6K1
под твер жде на in vitro, кро ме того, по ка за но, что  S6K1 мо жет быть
фос фо ри ли ро ва на CK2 по Ser17. Пред став лен ные дан ные сви де т -
ельству ют о том, что фос фо ри ли ро ва ние Ser17 – важ ный этап ре гу -
ля ции экс пор та S6K1 из ядра. Иссле до ва ни я ми по
им му ноп ре ци пи та ции S6K1 и CK2 из ядер ной и ци топ лаз ма ти чес кой
фрак ций кле ток ли нии NIH3T3 по ка за но су щес тво ва ние ком плек са
S6K1/CK2 в ядре, но не в ци топ лаз ме. С ис поль зо ва ни ем флу о рес цен -
тной мик рос ко пии віяв ле но, что мутант S6K1 (S17E) не
накапливается в ядре благодаря активированному экспорту киназы из 
ядра.
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